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Introduction to the Series 

The series The Chemistry of Heterocyclic Compounds, published since 1950 under 

the initial editorship of Arnold Weissberger, and later, until Dr. Weissberger’s 

death in 1984, under our joint editorship, was organized according to compound 

classes. Each volume dealt with syntheses, reactions, properties, structure, 

physical chemistry, and utility of compounds belonging to a specific ring system 

or class (e.g. pyridines, thiophenes, pyrimidines, three-membered ring systems). 

This series, which has attempted to make the extraordinarily complex and diverse 

field of heterocyclic chemistry as readily accessible and organized as possible, has 

become the basic reference collection for information on heterocyclic 

compounds. 

However, many broader aspects of heterocyclic chemistry are now recognized 

as disciplines of general significance which impinge on almost all aspects of 

modern organic and medicinal chemistry. For this reason we initiated several 

years ago a parallel series entitled General Heterocyclic Chemistry which treated 

such topics as nuclear mangetic resonance of heterocyclic compounds, mass 

spectra of heterocyclic compounds, photochemistry of heterocyclic compounds, 

the utility of heterocyclic compounds in organic synthesis, and the synthesis of 

heterocyclic compounds by means of 1,3-dipolar cycloaddition reactions. These 

volumes were intended to be of interest to all organic chemists, as well as to those 

whose particular concern is heterocyclic chemistry. 

It has become increasingly clear that this rather arbitrary distinction between 

the two series creates more problems than it solves. We have therefore elected to 

discontinue the more recently initiated series General Heterocyclic Chemistry, 

and to publish all forthcoming volumes in the general area of heterocyclic 

chemistry in The Chemistry of Heterocyclic Compounds series. 

Edward C. Taylor 

Department of Chemistry 

Princeton University 

Princeton, New Jersey 08544 
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Preface 

Over the last couple of decades, there has been a remarkable expansion in 

heterocyclic chemistry. This has been accompanied by the publication of new 

journals and books in the field. Abstracting journals efficiently alert the reader 

about new syntheses and reactions, but the retrieval of methods of forming a new 

heterocyclic ring fused to a carbocyclic or heterocyclic ring is difficult. In our own 

research programmes, we felt the need for such cyclizations to be classified 

according to the functional groups present in the precursor. We were unable to 

find any source of such information, and this book was developed from a 

collection of such references. 

It is not possible in one volume to include examples of all types of ring closures, 

and I apologize to any reader who fails to find his favourite cyclization. Most of 

the two thousand or so references cited were published since about 1970 and each 

of these provides further references to earlier work. This enables a collection of 

relevant references to be obtained with minimum of time and effort. Few if any 

books are entirely free of errors, and I shall appreciate being informed of any that 

have escaped my notice. 
Without the help of a large computer and a well-written program, I doubt 

whether it would have been possible to complete the work of writing this book. I 

am therefore greatly indebted to my colleague Dr. Peter M. May (now of 

Murdoch University, Australia) who wrote the complex program and patiently 

showed me how to use it. I am grateful also to Dr. Gillian L. Christie and Mrs. 

A. E. Bisgood who gave me valuable computing assistance towards the end of the 

task; Dr.Kevin M. Quinlan too gave valuable help with the program. I would like 

to thank Professor Hans Suschitzky for advice and encouragement and Professor 

Edward C. Taylor for a continuing dialogue and for advice. Dr. R. W. White of 

Chemical Abstracts Service kindly enlightened me on some of the finer points of 

nomenclature. 

My interest in heterocyclization was stimulated over several years by my 

research colleagues. I am grateful to Dr. T. M. Romney-Alexander for his willing 

help over a few weeks during which he acted as honorary postdoctoral assistant! I 

thank the staff of John Wiley for their encouragement and assistance at every 

stage. 

xi 
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I owe many thanks to Mrs. P. M. Bevan, who patiently transformed the text of 

my manuscript into a typescript which was a delight to publisher and printer. 

Finally, I thank my wife for surviving many hours of isolation while the book was 

being written—we met only at meal times! As always, she provided invaluable 

and willing help as literary adviser and proof reader. 

October 1986 G. P. Ellis 
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I. AIMS 

This book is intended to provide a convenient way of locating papers (and 

reviews) on methods for the synthesis of a heterocyclic ring which is fused to 

another ring. Figure 1.1 shows diagrammatically the types of cyclizations 

covered. The a-ring may be either homocyclic or heterocyclic and be of any size; 

the newly formed /Tring is heterocyclic and contains five to eight atoms at least 

one of which is nitrogen, oxygen or sulphur (Z). Atoms A and B may or may not 

be identical and may be carbon or nitrogen (or rarely, sulphur in which case it 

would not have a substituent, X or Y, attached to it). X and Y are usually 

functional groups but one of them may be hydrogen. It is rare for both to be 

hydrogen. When A is a double-bonded or pyridine-type nitrogen, then X is not 

present or is an Ar-oxide function. 

The book is divided into chapters according to the identities of X and Y, the 

arrangement being alphabetical as far as possible. For example, reactants in 

which X and Y are amine and carboxamide, respectively, are considered in 

Chapter 46 while those where X and Y are hydroxy and methylene are contained 

in Chapter 99. Where only a few examples of a particular X and Y combination 

were found in the literature, these are integrated with closely related groups, for 

P z 

.A. 

Figure 1.1 

1 



2 Introduction 

example, Chapter 20 contains ring closures of acylamine or amine and thiocya¬ 

nate. It is sometimes scientifically logical also to discuss two related groups 

together. The contents list at the beginning should therefore be scanned for any 

particular combination of X and Y; the index may also be useful. 

Another aim of the book is to show the IUPAC-approved way of drawing each 

of the fused heterocycles whose synthesis is described. From this, it follows that 

the overall peripheral numbering of each ring system can be deduced by applying 

IUPAC rules [B-1 ]. Although there is much to be said for drawing all ring 

systems according to IUPAC recommendations (as in this book), a few of the 

simpler ones (for example, quinoline) and others (for example, /Mactam 

antibiotics) are often drawn differently in the literature. Formulae of reactants are 

drawn so as to require the minimum of alteration during their conversion into the 

product and are therefore not necessarily drawn in accordance with IUPAC 

rules. 
Thirdly, the approved name of the product ring system is given under the 

formula but this omits dihydro-, tetrahydro-, etc. prefixes and functional groups 

except endocyclic carbonyl or thiocarbonyl. The basis of this distinction is that a 

heterocyclic ring containing one or more endocyclic carbonyl groups usually 

requires a radically different method of synthesis from the non-carbonyl parent, 

and compounds of this kind are sometimes of considerable biological or 

industrial importance; the two types of ring systems are also separated in the 

index so that they may be more easily found. During the preparation of this book, 

it was noted that many ring systems were erroneously named in papers. These 

have been corrected and some notes on the application of IUPAC rules to 

polycyclic heterocycles are included in an appendix. 

II. SCOPE 

In recent years, heterocyclic chemistry has greatly expanded its boundaries and 

complexity. The formation of a new fused heterocyclic ring is an important type of 

reaction which is often difficult to search for in abstracting journals. The book 

contains a classified selection of papers, published since about 1970, which 

describe a wide variety of heterocyclizations. Each of these is likely to contain 

citations of earlier relevant papers and the reviews cited in the book should 

provide additional references. In this way, the reader may often locate suitable 

references more easily than by using abstracting journals. Although this book 

cannot cover all heterocyclic ring systems, the methods described can be applied 

to the synthesis of many more by varying the reactant and/or reagent. 

Spiro and mesoionic products are not included, neither are reactions which 

have been proved to proceed by an ANRORC mechanism [551] or other courses 

in which a heterocyclic ring is opened and closed again into a different one; these 

types of reactions are already covered by monographs [B-2, B-3], Exceptions to 

this rule are cyclic anhydrides, imides, epoxides or diketene. The newly formed 

fused ring is usually unsaturated or contains one or more endocyclic carbonyl 

groups but a few examples of saturated heterocyclic rings are included. 
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III. USE OF THE BOOK 

The aims of this book have been outlined in Section I; examples of how these may 

be achieved and other explanatory comments are now given. 

1. One- and Two-step Reactions 

Let us assume that the nitro-ester (1.1) is to be converted into the novel tricyclic 

compound (1.2) which is assumed for illustrative purposes to be a novel ring 

system also. No useful references are to be found in Chapter 72 (carboxylic acid or 

its derivative and nitro) because the nitro group has to be reduced before this kind 

of cyclization occurs. Chapter 48 which includes cyclization of amino-esters is 

more promising and Section II. 1 offers at least one example of the direct 

conversion of a nitro-ester into a pyridin-2-one ring and the conditions given 

[562] are likely to be applicable to the synthesis of triazine (1.2) also. 

There are two points worthy of comment regarding this example. First, two- 

step conversions such as this where the intermediate is not isolated but its identity 

is known beyond doubt are classified according to the functional groups of that 

intermediate. It is then to be found amongst similar cyclizations in which the 

intermediate had been isolated. Ring closures where the structure of an 

intermediate may be in some doubt are classified according to the functional 

groups of the compound actually placed in the reaction vessel. 

Secondly, potentially relevant information may be gleaned by examining other 

cyclizations to be found in Chapter 48. For example, a glance at Section 1.1 shows 

that variations in the reductive cyclization of nitro-esters are possible; should the 

ring closure of (1.1) give an unexpected product, knowledge of the alternative 

course taken by an apparently similar reaction [345] may be useful. Minor 

changes in reaction conditions may affect yields and Sections II.4 and III.3 of the 

same chapter show potentially useful variations. 

2. Naming of Functional Groups 

For most reactants, identification of the functions which participate in the ring 

closure reaction is easy (as in the example in Section III. 1) but several others 

presented difficulties. Brief comments on how the problems have been resolved 

may help the reader to appreciate the basis of classification. Several of the 

difficulties are collected in the (mythical?) compound (1.3) which has four 
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functions, each of which has to have an unambiguous name which is to appear in 

the chapter heading. 

(1.3) 

The primary amine group may also be regarded as a disubstituted hydrazine but 

since its reactions resemble those of primary amines and can only occur at one of 

the nitrogen atoms, it is classified as an amine group. For example, the cyclization 

of (1.4) appears under 1, 2-diamine (Chapter 76). 

HoNN 

H2N' 

+ (RzCO)„ 

(1.4) 

EtOH rVn^Vr1 
36-100% 

[1874] 

Pyrozolo[l,5-A] [1,2,4]- 

triozine 

The ethoxycarbonyl group, being attached to a nitrogen, differs somewhat in 

reactivity from an ester and is classified as a carbamate. 

The carbonyl group is part of a cyclic urea and is also capable of tautomerism; it 

cannot therefore be regarded as a typical ketone or amide. Similarly, the thiol can 

tautomerize to a thione and its properties are likely to differ from those of a 

c—c—c c —c—c. 
II ora | 
S SH 

Cyclic —NH—CO— and their sulphur analogues are therefore classified as 

lactam carbonyl and lactam thiocarbonyl respectively, whatever the size of the 

ring. Cyclization of lactam (1.5) is classified as between amine and lactam 

carbonyl (Chapter 11). The difficulties of naming cyclization products which 

contain an endocyclic lactam carbonyl or thiocarbonyl group are discussed in 

Section III.3 of this chapter. 

N%^Ar xylene,TiCI4, A 

52-94% 
[1959] 

(1.3) Pyridazino[l ,6-0]- 

benzimidazole 

Formulae (1.6) and (1.7) show other functions which present problems of 

classification. The former has a group which may be regarded as either a ureide or 

a carboxamide and is classified as a carboxamide in this book. Since it is the ester 

group of (1.7) that reacts in the second cyclization, the conversion is classified 

under carbamate and ring-nitrogen (Chapter 61). 
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H2N'Y*N\^ HC(OEt)s,A 

H-NCN-N 62% 
II 
0 

(1.6) 

[58] 

[l, 2,4]T riazolo[l, 5—£7]— 

[l, 3, 5]triazin-7-one 

(1.7) 

Pyrazolo[1,5-o]- 1,3,5- 

triazin-4-one,2-thioxo- 

[1785] 

3. Approved Names and Formulae 

Recommendations have been made by the International Union of Pure and 

Applied Chemistry (IUPAC) [B-l] regarding the drawing and naming of fused 

heterocycles; these are followed carefully by Chemical Abstracts in their indexes 

but some authors neglect some or all of the recommendations, especially those 

relating to the correct alignment of the formula. This is regrettable because a 

formula which is properly drawn is more likely to have its correct peripheral 

numbering. The IUPAC report [B-l] and a review [2014] give the basic rules; the 

appendix to this book contains some additional hints. 

The confusion that can arise when the formula of a relatively simple fused 

heterocycle is wrongly drawn may be illustrated with a tricyclic compound which 

may be drawn in several ways, some of which are shown in (1.8) to (1.12). None of 

these is in accord with IUPAC recommendations but (1.13) is the correct version. 
Peripheral numbering of this is shown and its name is pyrazino[2', 3':4,5]thieno- 

[3,2-d]pyrimidin-4(3H)-one. 

(1.11) (1.12) (1.13) 
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Names of the hetrocyclic ring systems synthesized are given under the formulae 

and efforts have been made to ensure that, as far as possible, these comply with 

IUPAC recommendations. As mentioned in Section I of this chapter, functional 

groups do not appear in these names except to distinguish those which have an 

endocyclic carbonyl (or thiocarbonyl) group from those which do not. Some of 

these compounds are tautomeric but firm evidence for either keto or enol form is 

rarely available. For consistency, those tautomeric compounds which have ring- 

nitrogen atoms are shown as their oxo (or thioxo) form (as indexed in Chemical 

Abstracts) even though some authors have assumed (without any published 

supporting evidence) that they exist as the enols. Examples are compounds which 

are mono- or di-carbonyl (or their thiocarbonyl) derivatives of azoles, 

diazoles, diazines or triazines. For example, compound (1.14) is named as its 

diketo tautomer, (1.15), namely, pteridine-2, 4-dione (lumazine), the designation 

of the added hydrogens being omitted since, in general, the names refer to the ring 

system and not to individual compounds. 

4. Format 

Each equation which shows a cyclization is intended to provide as much 

information as space allows. Figure 1.2 is a typical example and shows the 

reactants on the left of the arrow. Sometimes, when the reagent is a small molecule 

or its name is easily abbreviated, it is placed above the arrow. Solvent (s), catalyst 

and promoter (acid, base or other compound) are shown above the arrow and 

when the reaction temperature is higher than that of the surroundings, a delta (A) 

is then added above the arrow. Its absence means that the reaction proceeds at or 

below ambient temperature. When the name of a solvent or reactant is 

abbreviated, reference should be made to Section IV of this chapter for the full 
name. 

+ 

R1 = H, Me,Ph; 

R2= Me,Et,CI,MeO, 

N02,CN,C00Me 

MeS02NS0 
PhH,pyr,A 

6-88% A„. 
[808] 

2,1 — Benzisothiazole 

Figure 1.2 

The figures below the arrow indicate the yield quoted in the paper (s) cited; this 

consists of one value when the equation shows the synthesis of one particular 
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compound, or an approximate value (for example, ss 65 per cent) when the yields 

for several related products fall within a range of ± 5 per cent of the value shown, 

or as in Figure 1.2, shows the lowest and highest values for variations of the 

substituents R1 and R2 shown under the reactants. As mentioned earlier, the 

IUPAC-approved name and formula of each product are shown on the right of 

the arrow and are followed by the reference number (s) (assigned by a computer 

on which the references are stored). A list of the references is to be found towards 

the end of the book. References to relevant reviews or monographs are cited 

either in the text or below the name of the product whichever is the more suitable. 

Books and monographs are listed separately just in front of the list of references. 

With the compressed information supplied, it is hoped that the reader can 

judge the suitability of a particular reaction to his or her own work and then need 

only consult the most promising papers. 

IV. ABBREVIATIONS 

The following abbreviations are used in equations and occasionally in the text 

Ac acetyl 

CDI carbonyldi-imidazole 

DBO 1,4-diazabicyclo[2.2.2]- 

octane 

DBU 1,5-diazabicyclo[5.4.0]- 

undec-5-ene 

DCC dicyclohexylcarbodi- 

imide 

DDQ 2,3-dichloro-5,6- 

dicyano-1,4- 

benzoquinone 

DEG diethyleneglycol 

diox 1,4-dioxan 

DMA iVjiV-dimethyl- 

acetamide 

DMAD dimethyl 

acetylenedicarboxylate 

DMAP iV,7V-dimethyl-4- 

pyridinamine 

DME dimethoxyethane 

DMF Af,N-dimethyl- 

formamide 

DMFDEA N,N-dimethyl- 

formamide 

diethyl acetal 

DMFDMA VjiV-dimethyl- 

formamide 

dimethyl acetal 

HMPT hexamethylphosphoric 

triamide 

LDA lithium di- 

isopropylamide 

LTA lead tetra-acetate 

MCPBA 3-chloroperbenzoic 

acid 

Mes mesitylene sulphonyl 

mor morpholine 

NBS N-bromosuccinimide 

NCS N-chlorosuccinimide 

NIS N-iodosuccinimide 

PEG polyethyleneglycol 

Pip piperidine 

Phth phthaloyl 

PPA polyphosphoric acid 

PPE polyphosphoric acid 

ethyl ester 

pyr pyridine 

RaNi Raney nickel 

tet 5-tetrazolyl 

Ts 4-tolylsulphonyl 
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Cyclization of o-aminobenzaldehydes and similar heterocyclic compounds was 

reviewed in 1980 [1018]. Acetal-amines are included in this chapter because they 

are often converted into the aldehyde-amines under the reaction conditions, for 

example, in mineral acids. Cyclization of one or two examples of the oxime or 

semicarbazone of an amino-aldehyde are included in this chapter. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

o-Aminophenylacetaldehyde acetals and similar compounds cyclize to indoles on 

warming with mineral acid. The products are usually 2,3-unsubstituted indoles. 

When the semicarbazones of such aldehydes are hydrogenolysed, ring closure 
occurs. 

X = CH,N 

Indole 

Pyrrolo[2,3-c]pyridine 

[1510] 

8 
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Another ring system synthesized similarly: 

o 

Pyrrolo[2,3-^]pynmidin-4-one 

[1739] 

Reaction of an acetal-amine with an a-bromoketone alkylates the amine which 
then cyclizes on deacetalation with hot mineral acid. 

+ PhCChUBr 
II 2 
0 

1 . DMF,NaHC03 
2. HBr, A 

50-75% 

COPh [20] 

2. Imidazole 

In a variation on the cyclization of arylacetaldehyde acetals (Section 1.1), this 
side-chain is attached to an endocyclic nitrogen atom and an imidazole ring is 
formed. 

[1172,1991] 

3. 1,2,3-Triazole 

A modification of the aldehyde-amine groups enables this ring to be formed. The 
oxime of the aldehyde adjacent to an /V-amino group is converted by hot PPA to 
the triazole in good yield but only when the E-form of the oxime is present. 
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r PPA , A 

CH = NOH 
6 4% 

MesO' [l ,2,3]Triazolo[l,5-a]pyridine 

(review [1694]) 

[1329] 

4. Isoxazole 

When an o-nitrobenzaldehyde is reduced with tin-acetic acid, cyclization to the 

2,1-benzisoxazole occurs; reviews of the chemistry of these heterocycles have 

been published [1674, 1900]. 

AcOH —Zn, A 

73%' 

2,1-Benzisoxazole 

[546] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine 

The conversion of an oaminoaldehyde into a pyridine ring by reaction with a 

ketone is a well-known cyclization called the Friedlander synthesis (review 

[1093]). The ketone has a —CH2CO— group which may be part of an open 

chain or a ring (as in the case of the tautomeric 4-hydroxycoumarin or 4- 

oxobutyrolactone) and cyclizes under basic conditions, for example, in the 

presence of piperidine, alkoxide or aqueous alkali. In the Borsch modification of 

the Friedlander synthesis, the imine (Schiffs base) derived from the aldehyde 

reacts more readily with the ketone [31]. 

R1 = alkyl,Ph, heteroaryl; 

R2= H,Me,Ph,C00H 

NaOH or MeONa, A 
-« 

50-87% 

x = ch,n [36,1198] 

Quinoline 

1,7- Naphthyridine 

(review [1648]) 
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Bis[l]benzopyrano[2,3 — b- 3',4'- e] — 

pyridine — 6,8 — dione 

[1040] 

R1 

R' = H,Phj R2= Ph,4-BrCgH4 or Pyrido[2,3-c]quinoline 

r’r2=(CH2)4; Ar = 4- MeC6H4 

Other ring systems synthesized similarly: 

X = CH, Y = N 

8enzo[^][l ,7]naphthyrid ine 

X = N ,Y = CH 

Benzo[A] [l ,6]naph thy ri dine 

Pyrido[3,2-c]pyridazine 

[92] [113] 

Pyrazolo[3,4-A]pyridine 

[453] [827] 

Pyrazolo[3,4— A] quinoline 

Pyrido[2,3-r/]pyrimidine- 

2,4-dione 

[1629] [1759] 

1,8— Naphthyridine 

(review [1648] ) 
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Isoxazolo[5,4- Ajquinoline 

[35] 

[ 1 ] Benzopyrano[4,3-A]quinolin- 6-one 

[l]Benzopyrano[4,3 — A][l,8]naphthyridin — 6 —one 

X = CH,N 

Furo [3,4 - A]quinolin-1- one 

[490] 

Furo[3,4-6] [1,8]naphthyridin-1-one 

Benzyl cyanides and malonic acid derivatives, under basic conditions, 

condense with aminoaldehydes to form a new pyridine ring but weakly acidic or 

neutral conditions suffice with the more reactive malonic derivatives. 

H2N' 
,N. 

I + ArCH2CN 

ohc-^v^'N 

R = H, alkyl; Ar = aryl, heteroaryl 

E tONa,EtOH, A _ 

19-81%' 

H0N 

[437] 

Pyrido[2,3 — 4] pyrimidine 

0 

R = H,alkyl,Cl,MeO 

[ l] Benzopyrano[2,3-A]pyridin-5—one 

Other ring systems synthesized similarly: 

X = CH,N 

Quinoline 

[37,38,1903] 

1,8- Naphthyridine 
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Alkynoic esters or nitriles annulate aminoaldehydes on heating, sometimes 
with a tertiary amine. 

An appropriately positioned aldehyde (or protected aldehyde) group in a side- 

chain reacts with the o-amino group to give a pyridine ring (cf. the formation of a 
pyrrole ring. Section 1.1). 

2. Pyridin-2- or -4-one 

o-Aminobenzaldehyde is cyclized by reaction with ethyl cyanoacetate and a base 

to give a new pyridine ring (see Section II. 1) but a 5-aminopyrazole-4- 

carbaldehyde in boiling acetic acid gives a pyridin-2-one ring in high yield. 

CH-CN 

I 2 
COOEt 

AcOH.A 

81% 

H 

°yN' 
Ph 

J Me 
[113] 

Pyrazolo[3,4-A]pyridin-6-one 

A synthesis of the interesting 3-hydroxyquinolin-4-ones is by condensation of 

o-aminobenzaldehydes with glyoxal bisulphite in the presence of potassium 

cyanide. 

R= H, Me 

NHR 

+ (CHO)2 

CHO + KCN 

+ NoHSO, 

aq.No2C03 

33-64% [19] 

4-Quinolinone 
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3. Pyrimidine and Pyrimidin-2-one 

Formamide or formamidine provides the required C-N fragment to form a 

pyrimidine ring. A doubly fused pyrimidine is formed when the amino and acetal 

groups are attached to different rings. 

H2Ns N nh2 EtOCH2 

. [ +.. H0CH2,A f I 

0HC-' 

SMe 

-+■ H C — NH2 
50%' 

1 

SMe 

Pyrimido[4,5 - ^Jpyrimidine 

HCNH2 
II 
0 

A 
-► 
60% 

Ph 
.IV 

if [113] 

Me 

Pyrazolo[3,4 — <^] pyrimidine 

aq. AcOH —?-. 
66-84% 

Thieno[2,3 —e] [1,2,3]triazolo- 

[l ,5-oJpyrimidine 

Reaction of an aminoaldehyde with an isocyanate gives moderate yields of a 

fused pyrimidin-2-one. 

R= Me ,Ph [11 Ben zopyrono[2,3—tf] pyrimidine— 

2,5—dione 

4. Pyrazine 

Suitably placed amino and aldehyde groups react to form a pyrazine ring; the 

former may sometimes be prepared in situ by a Curtius rearrangement of an acyl 

azide. 
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'CON, 

T CHO 

H20,A^ 

74 %* [452] 

Pyrrolo[1,2 —a]thieno[3,2-e]- 

pyrazine 

5. 1,4-Oxazine 

This ring is formed by heating an o-acylamino-formylmethoxybenzene in an 
acidic medium. 

0CH2CH(0Me)2 

NH Ac 

PhH,T$OH, A 
---’—► 

66% 

Ac 

1,4 — Benzoxazine 

[1795] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,4-Diazepin-2- or -5-one 

An unusual reduction-cyclization occurs to a nitroaldehyde with the formation of 

a saturated —NH—CH2— bond which is part of a diazepine ring [1218], 

presumably by further reduction of a —N = C bond but when a less active 

catalyst (Pd-BaS04) is employed in a similar reaction, the imine linkage is 

retained [1934,1936]. 

H2,Pd-C 

67%* 

Pyrazolo[5,1 -c] [l,4]benzodiazepine 

The following ring systems were synthesized similarly: 

Pyrrolo[2,1-c'][l,4]benzodiazepin-5-one 

[1936] 

Pyrido[2,1-d[b4lbenzodiazePin-12_one 
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2. 1,4-Oxazepine 

This ring is formed by a similar reduction of a nitro group and spontaneous 

condensation of the amino and aldehyde groups to give the expected 

—N = CH—bond which is a part of the new oxazepine ring. 

% 

02N''\c^ 
CHO 

FeS04,NH3, A 

62%*’ 
[1037] 

Pyrido[2,3—£][l,4]benzoxazepine 

Other ring systems synthesized similarly: 

[1227] 

X=CH,N 

Thieno[3,2-£][l,4lbenzoxazepine 

Pyrido[3,2-/]thieno[3,2-£][l,4]- 

oxazepine 

/=N 
Y^n 

[1037] 

Pyrido[4,3—Z>] [l ,4]benzoxa zepine 

[1227] 

Thieno[2,3 — £] [1,4] benz oxazepine 

r [1227] 

Dithieno[3,2-Z>:2,3 — /r][l,4]oxazepine 

X = CH,N 

[1227] 

Thieno[3,2 — b] [1,5]benzoxazepine 

Pyrido[2,3-£]thieno[2,3-/r][l,4]- 

oxazepine 
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In this chapter, cyclizations of the following two types are listed, X containing one 

or more carbon and/or nitrogen, oxygen or sulphur atoms and R is an alkyl 

group or (OR)2 may be an ethylenedioxy ring. 

Although aldehydes are usually more readily available than their acetals, 

halogeno- and amino-acetaldehyde dialkylacetals are often used as reagents and 

give acetals as products. The latter can be directly cyclized to a heterocyclic ring. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

Under Friedel-Crafts conditions, acetal groups in a side-chain attack an 

endocyclic carbon or nitrogen with the formation of a pyrrole ring. The indole 

sulphonamide is formed only when the ortho position is unsubstituted [892]. 

17 
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[759] 

Pyrrolo[3,2,1-*/]phenothiazine 

SO?Me 
-N„ 

CH(0Et)2 

PhMe ,T iCI 4, A 

6-58% 
[892] 

R = H,4-Me,4- halogen o, 4-MeO Indole 

COOEt 
I .0. 

(EtO)2CH CHCH —rj 

R N 

Me/X'Me 

R = H,CH2COOEt 

-Me 

COOEt 

PhMe.CF.COOH, A R 
---► 

78-98% [1712] 

Pyrrolo[2 ,!-/>] [l ,3]oxazine 

2. Imidazole 

When the side-chain (see preceding section) contains a nitrogen atom, an 

imidazole ring is formed under Friedel-Crafts conditions. This reaction appears 

to be regioselective towards nitrogen as in the following example. 

(MeO)?CH 
*1 

N^/NHCH2 
PhMe ,TiCI4, A 

70%*’ 
[1374] 

Imidazo[2,1 — c]pyrido[2,3-e] [1,4]- 

oxazine 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine 

In a modified Pomeranz-Fritsch cyclization under very mild conditions, an 

acetal in acid solution reacts with an adjacent position of the benzene ring to give 

a reduced pyridine ring in good yield but when a similar reaction is done in 

boiling dioxan with chlorosulphonic acid, or in orthophosphoric acid, a high 

yield of the annulated pyridine or dihydropyridine is usually obtained. 
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R = H,Me; Ar = 2 —BrCgH4 
Isoquinoline 

1,3-Dioxolo[4, 5-<7]isoquinoline 

[311] 

^V^CHNTs 

/ 
CH, 

(MeO)2CH 

R1—H,alkyl; R2=H,alkoxy. 

/, HCI —diox. or CISO^H 

[263,588,760] 

1,6 —Naphthyridine 

(review [1648]) 

[272] 

2. Pyrazine 

An acetal group attacks an endocyclic imine under the influence of phosphorus 

oxychloride and PPA to form a six-membered ring—a pyrazine in this example. 

CR=NCH, 

I 
CH(OEt) 

2 

POCL.PPA,A 
-—--—► 

— 20% [1740] 

R = H,Me Pyrrolo[1,2 —o]pyrazine 

(review [1659] ) 

3. Pyran 

2//-Chromenes (2/7-benzopyrans) may be prepared by the regioselective cycliz- 

ation of an acetal-ether under mildly acidic conditions. 

fi?^\T^0(CH2)2CH 

R = H,Me, PhCH20 

PhH,TsOH,A 

14-60% 

[1210] 

2/y-1-Benzopyron 
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III. FORMATION OF A SEVEN-MEMBERED RING 

1. Azepine 

A terminal acetal in a side-chain containing four carbons and a nitrogen can form 

a fused azepine ring. 

CH2CH(OEt)2 

MeO^%/^CHCH,NH 
I 
CH2Ph 

MeO 

> 23%” MeO 

HCI, A 

[1905] 
CH2Ph 

3— Benzazepine 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

The best of several methods of cyclizing N-acyl 2-benzoylanilines uses the 

dichloroacetanilide as precursor; potassium cyanide is believed to form a 

cyanohydrin at the benzoyl carbonyl before ring closure under basic conditions. 

^s\/NHC0CHCI2 

KCN 

•COPh 

EtOH,NoI,A 

92% 

[2] 
ZH-indole 

2. Oxazole 

Under the influence of PPA and phosphorus oxychloride, an oxazole ring is 

readily formed from an acylamine-ketone. 

[l]8enzopyrano[3,4 —</]oxazol —4 —one 

21 



22 Acylamine and Aldehyde or Ketone 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridin-2-one 

Hot ethanolic alkali converts a 2-acylaminoketone into a fused pyridin-2-one 

ring. 

[886] 

Thieno[3,4 — £]pyridin- 2 — one 

2. Pyrimidine or Pyrimidin-2-one 

An aldehyde or ketone containing an adjacent acylamino group reacts with 

ammonia to form a pyrimidine ring but a 2-ethoxalylamino-aldehyde gives a 

fused pyrimidin-2-one ring [9], 

MeO 

II 
O 

+ nh3 
hcoonh4,a 

69%*’ 

[1372] 

Quinazoline 

(reviews[874,167l]) 

Other ring systems synthesized similarly: 

[9] 

Pteridine 2-Pteridinone 

[9] 

3. 1,4-Oxazine 

When the alkyl ketone is joined to the ring through an ether oxygen, a 1,4- 

oxazine ring is formed, the position of the double bond depending on whether the 

N-acyl group is hydrolysed or not. The stability of 1, 4-benzoxazines vary but a 

3-t-butyl group stabilizes this molecule. 

HCI, A 

84%* 
[1211,1795] 

R = tBu,Ph 1,4 —Benzoxazine 
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[1795] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,4-Diazepine or 1,4-Diazepin-2-one 

When the side-chain contains a suitable number of atoms, the diazepine is formed 

in good yield. 

COOEt 

N(CH2)2NHAc 

COR 

R = Me,Ph 

H2SO,,A 

~72%* [856] 

Benzofuro[3,2-e]-1,4-diazepine 

NHCOCH2CI 

COPh 

+ nh3 

[885] 

Thieno[3,4-e] - 1,4-diazepin- 2-one 
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This chapter, in addition to covering o-acylamino amines, also includes examples 

of cyclizations of the related o-aminocarbamates (A), o-aminoacylhydrazines (B, 

R = alkyl or aryl) and the carbamates (B, R = EtO). 

(A) 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Imidazole 

Cyclization of a 2-acylaminoaniline into a benzimidazole is often a convenient 

method because it avoids the need to prepare pure, but readily oxidized diamine. 

Heating the stable 2-acylaminoanilines with mineral acid is the most frequently 

used method of cyclization (for example, for the synthesis of 5-ethoxy- 

2-methylbenzimidazole [1896]) but phosphorus oxychloride in hot diethylaniline 

or an arylamine with TEA-P2Os also give good yields. Prolonged reaction with 

hot water is sometimes preferable where acidic conditions are to be 

avoided. 

24 
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OH ArNH 

ArNHc 
P20s,TEA,A^ 

16-94% 

6n4 

Me 

[1827] 

Imidazol 4,5-c][l, 2,6]thiadiazine 

2,2-dioxide 

[1009] 

[1199] 

Two reactions effected under mild conditions and in which the acyl group is 

retained on the nitrogen are of interest but a mixture of positional isomers is 

obtained when R / H and varying amounts of the AM deacylated thiol are also 

formed. 

[312] 
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2. Imidazol-2-one 

o-Amino-carbamates are often used as precursors of the imidazol-2-one ring. 

r’n 
NR3C00Et 

'NHR 

1 s' \ 
aq.NaOH,A^ R N |j £1702J 

49-85% 

R’-R4=H,Me 

Other ring systems synthesized similarly: 

[1810] 
-NH 

2-Benzimidazolone 

-NR 
o^ ^n: 

2,6,8 —Purinetrione 

[1702] 

o-Acylhydrazino- or o-ethoxycarbonylhydrazino-arylamines cyclize by treat¬ 

ment with ethyl chloroformate-pyridine or (for the carbamates) methanolic 

hydrogen chloride. 

R=Me,Et,Ph,EtO 

+ CICOOEt 
Pyr, A 

41-59% 
[1796] 

2-Benzimidazolone 

NH- 

MeOH,HCI, A 

84%' J-NH 

[1205] 

Imidazo[4,5-c]pyridin-2-one 

3. 1,2,4-Triazole 

Heating with an anhydride or acyl chloride gives high yields of the JV-acyl-2- 
substituted triazole. 

COR 

[l,2,4]Triazolo[1,5-o]- 
R= Me, Et, Ph 

benzimidazole 

[1554] 
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II. FORMATION OF A SIX-MEMBERED RING 

1. Pyrimidin-4-one or Pyrimidine-2,4-dione 

An amine and an adjacent carbamate (or an ethoxycarbonylhydrazinyl) group 

cyclize thermally or in hot quinoline to give pyrimidine-2,4-dione. When the 

precursor is an acylhydrazide, acid-induced cyclization yields a pyrimidin-4-one. 

[956] 

R\R^= H,Me Pyrimido[4,5-tf jpyrimidine- 

2,4,5,7-tetraone 

2,4—Quinazolinedione 

[994] 

R = Ph,4-N02C6H4 4-Quinazolinone 

[1357] 

An alternative method of cyclizing 2-amino-N2-acylhydrazides is to treat 

them with an orthoester in hot DMF. 

H 

AcNHHNC^ 
II 
0 

N 
+ HC(OEt)3 

DMF,A 
-777*- 

49% 
[271] 

Pyrazolo[3,4-<7]pyrimidin-4-one 

2. 1,2,4-Triazine or 1,2,4-Triazin-3-one 

Cyclization of a 2-amino-acylhydrazine occurs spontaneously when the 2-nitro- 

precursor is reduced either catalytically or chemically; a triazine is formed except 
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when an ethoxycarbonylhydrazine is present. This leads to the formation of a 

triazinone ring. 

o 

R = Me,PhCH2,H0CH2 

No2S2°4 ^ 

57-70% 

Pyrimido[5,4-tf]-l,2,4-triazin-5-one 

[844] 

Other ring systems synthesized by one of the methods mentioned: 

'j [1215] 

H 
0 

Pyrimido[5,4-^]-1,2,4- 

benzotriazine-6,8-dione 

1,2,4-Triazino[5,6-c]quinolin-3-one 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1, 3-Diazepine 

When the amino and acylamino groups are separated by four carbon atoms, 

treatment of the compound with phosphorus pentachloride in boiling chloro¬ 

form or with thionyl chloride-pyridine gives a moderate yield of the 

benzodiazepine. 

NHMe 

ch2chnhcor 

Ph 

[8] 

1,3-Benzodiazepine 
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I. FORMATION OF A SIX-MEMBERED RING 

1. Pyrimidin-4-one or Pyrimidine 1-Oxide 

A 2-acylamino-carboxamide is converted into a pyrimidin-4-one ring by heating 

under nitrogen [50,1074,1328] or by treatment with a base (alkali or ammonia) 

[11,216,1002] or with hydrogen chloride-ethanol [1206]. 

/^?\/NHCOR 

-C0NH- 

R = Ph,4-MeOC6H4, 

PhCH = CH 

N2,A 

60-01% 
► 

0 

4-Quinazolinone 

[50,1328] 

Other ring systems synthesized similarly: 

Pyrrolo[2,3-^]pyrimidin-4-one Pyrimido[4,5—b] [1,8]- 

naphthyridin-4 —one 

[11] 

0 
[1 ]Benzothieno[2,3—d~\— 
pyrimidin - 4 —one 

[1002,1206] 

Thieno[2,3-<7]pyrimidin-4-one 

29 
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Triethyloxonium fluoroborate in boiling methylene dichloride converts 2- 

acylamino-carboxamides into pyrimidin-4-ones. 

nhcor' 

C0NHR2 

Et30 BF4 

r'= alkyl,aryl; R^= alkyl 

ch2ci2,A^ 

16-76% 
[1412] 

4-Quinazolinone 

When the carboxamide group is replaced by its more reactive oxime (prepared 

from the nitrile and hydroxylamine), a fused pyrimidine /V-oxide is formed in high 

yield. 

f' 

k 
-NHAc 

AcOH.A 

m- 'C = NOH 
I 
NH, 

79% 

nh2 

Pteridine 3 —oxide 

[244] 

2. Pyrimidine-2,4-dione 

This ring is produced by either heating a 2-carbamoyl-carbamate in a high- 

boiling alcohol or treatment with alkali at ambient temperature [784, 1859]. 

R* 
NCOOEt 

C0NHc 

R’ = alkyl,PhCH2,Ph 

4-HoC6H4; R2=H,Me 
Py r rolo [2,3— d] pyrimidine-2,4-dione 

Other ring systems synthesized using alkali: 

[1859] [784] 

x=o,s 

Pyriml do [4,5-A] indole-2,4-dione 

Pyrimido[4,5 —6 ]indol-2-one,4-thioxo- 

2,6— Purinedione 
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3. 1,3-Oxazin-2-one 

A reversed carbamate (oxygen is attached to the principal ring) which has a 

neighbouring nitrile group is cyclized by heating with an aryl isocyanate and a 

tertiary amine. 

[864] 

1,3 —Benzoxazin-2-one 
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A few reactants containing the thioacylamine (-NHCSR), carbamate 

(-NHCOOEt) or thiocarbamate (-NHCSOEt) group are included. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

Dimethyl acetylenedicarboxylate (DMAD) reacts with an o-acylamino carboxy¬ 

lic acid in acetic anhydride with the formation of a pyrrole ring. The reactions of 

DMAD with A-heterocycles have been reviewed [1725], 

f 
C00H 

NCOR 

R = H,Me,PhCH2,Ph 

CCOOMe 

CCOOMe 

COOMe 

[1463] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridin-2-one 

When the ester group is separated from the ring by two carbon atoms, cyclization 

is induced by hot mineral acid; otherwise, lithium borohydride-THF is effective. 

32 
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• NHCOtBu 

(CH2)2COOEt 

HCI.A X' 
-► 

-45% 

X=CH,N 

2 —Quinolinone 

1,7- Nophthyridin-2—one 

[313] 

OOMe 

(CH2)2NHCCH?Ar 
II * 
0 

LiBH4,THF 

77% 

0 

[339] 

Ar = 4-MeOC6H4 

2. Pyrimidin-4-one 

A wide variety of reagents and conditions have produced this fused ring from 

acylaminocarboxylic acids or their esters [874]. The reagent has to supply the 3- 

nitrogen atom which may or may not be substituted in the product. For the latter, 

ethyl carbamate or formamide is chosen but ammonium chloride may be used 

provided the cyclization is effected in the presence of hot phosphorus pentoxide 

and a t-amine. 

NH, 

COOEt 4 3% 
[925] 

4 — Quinolinone 

NH Ac 

02N 

NHCHO 

COOMe 

+ hconh2 
HC00NH4iA 

~88% 

[675] 

[1 ]Benzothieno[3,2 — <7]pyrimidin-4—one 

[1628] 

/,C6HnNMe2 P2®5 4 —Quinazolinone 
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AcHN 

EtOOC 

RNH2 

R = Me,Et 

/, CgH11NMe2~"PgOs 

''.A 
28% 

*• [1625] 

1,2,3— Triazolo [4,5 — d~\— 

pyrimidin— 4 —one 

(review[2023]) 

Other ring systems synthesized similarly: 

[1627] 

[1 ]Benzothieno[2,3—d\~ Py r ido[2,3 — d\ pyrimidin-4 -one 

pyrimidin— 4-one 

0 

Pyrrolo [2,3—d] pyrimidin — 4 —one 

[778] 

2-Acylaminocarboxylic esters and hydrazine yield 3-aminopyrimidin-4-ones; 
the thioacylamino analogues appear to give high yields. The use of hydrazine in 
heterocyclic synthesis has been reviewed [1437], Alkyl- or aryl-amines instead of 
hydrazine give 3-substituted fused pyrimidinones and replacement of the ester by 
a carboxylic acid group needs the presence of triethyl phosphite, PPA or 
phosphorus pentachloride and phosphorus oxychloride. 

R^alkenyl; PhCH = CH(CH2)2, 

4-MeC6H4; R2=Me,EtjX = 0,S 4-Quinazolinone 

[14,1157] 

^^/NHCOR1 
R R3NH- 

-COOH 

A 

54-90% 

R — alkyl,CICH2, Ph; 

R2=H,CI,S02NH2; 

R^= Bu,Ph ,2 —MeCgH4, 2 —Cl —pyrid —2 —yl. 

[82,476, 
855,925] 

/,P(0Et)3,PCI5-P0CI3,PPA or PCI3 
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S 

R — H, PhCH2,NH2 4 —Quinazolinone 

3. 1,3-Oxazin-6-one 

When the source of N3 (such as an amine) is omitted from the reactions of 

carboxylic acids or esters mentioned in the preceding section, A l,3-oxazin-6-one 

ring is obtained. The cyclization is effected in boiling pyridine or acetic anhydride 

(for carboxylic acids), or cold sulphuric acid (for esters). 

_oA 
80-96% 

-► 

R' = Me, Phj R^H^e; R3=H,CI,S02NH2 

/, P(0Ph)3 — pyr, or Ac20 orH2S04at18 °C 3,1-Benzoxazin-4-one 

[32,476,925,1955] 

4. 1,3-Thiazine-6-thione 

When ethyl 2-acylaminobenzoates are heated with Lawesson’s reagent (7.1) 

[1826] cyclization to a 3, l-benzothiazine-4-thione occurs. 

NHCOR 

COOEt 

R = alkyl, P h 

(7.1) A 
-► 
20-99% 

s 
3,1 -Benzothiazine-4- thione 

[353] 

s c s 
\/ \// 

4-Me0C6H4P PCgH4— 4 —MeO 

(7.1) 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,2-Diazepin-3-one 

Carbamate and ester groups in side-chains interact at room temperature when 
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stirred with hydrogen chloride-ether to give a high yield of this fused ring 
compound. 

COOMe 
I 
C = NNHCOOtBu 

CH2C00Me 

COOMe 

2,3- Benzodiazepin-4-one 

[587] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrazole 

In this cyclization, an anion from a —COCH2CO— or a —CH2COOH 

displaces a methylthio group and the amine attacks the carbonyl to form a 

pyrazole ring. 

Ph 

COR’ 
I 
ch2cor 

„ DMF,tBuOK,A 
* -1 

50-75% 
Ph \COR2 

[820] 

R1=Me,Pr,HO,Phj Pyrazolo[ 1,5— tfjpyridine 

R2=Me,MeO,EtO 

2. 1,2,4-Triazole 

A methylthio group attached to ^-deficient ring is usually readily displaced and in 

this base-catalysed reaction one molar proportion each of base and aryl nitrile 

react with the methylthio-amine to form a triazole ring. 

MeS 

4- ArCN 

H2NN-J SMe 

Ar = Ph,Me-,CI-C6H4 

t BuOK ,t BuOH.A 

— 80%*' YY"f 
N-N-u—SMe 

1,2,4 — Triazolo[4,3 —A]- 

[1535] 

[1,2,4]- triazole 

37 
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3. 1,3,4-Oxadiazole 

A thermal cyclization of a 2-methylthio-acylamine yields a fused oxadiazole. 

Me 

R=alkyl,PhCH2,Ph, 

Me0-,CI-,N02-C6H4 

Me 

1,3,4 — Oxadiazolo[3,2 —a] — 

pyrimidine 

[121] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyrimidine 

Displacement of a nuclear methylthio group by an amine attached to another 

ring gives a new N-containing ring. 

1.SnCI2,HCI 

2.N0OH 

56-70% 

Pyrimido[2,1 -£]quinazolin-4- one 

[1137] 

2. 1,2,4-Thiadiazine 1-oxide 

This ring is obtained by treatment of a 2-acylamino-sulphoxide with hydrazoic 

acid. 

^\^S0Ph 

+ NaN, 

-NHC0R" 

R1= H,CI; 

R^=Me,CICH2,CI2CH 

CHCIs,H2S04 

36-96%* 
[1954] 

1,2,4-Benzothiadiazine 1-oxide 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,4-Diazepin-5-one 

Displacement of an ethoxy group by an amine attached to an adjacent ring is 

promoted by PPA and good yields of the doubly fused diazepinone are 
obtainable. 
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S 

R = H,CI,F 

PPA, A ^ 

73-87% 
[493] 

Thieno[3,4-£][l,4]benzodiazepin-9-one 

Another ring system synthesized similarly: 

H 

Thieno[3,4 —4] [1,5]— 

benzodiazepin-10-one 

[493] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

2-Iodoanilines, when treated with an aldehyde or ketone and t-butoxide-liquid 

ammonia and irradiated in liquid ammonia, give good yields of indoles. 

Alternatively, when copper (I) iodide-mediated arylation of sodium enolates is 

applied to 2-iodoaniline in this way, ethyl acetoacetate yields ethyl 2-methyl- 

indole-3-carboxylate in 60 per cent yield. 

R2= Ac,PhC0,C00Et 

[1605] 

[1565] 

40 
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When 1,2-di(chloroaryl)ethylenediamines are heated, the product depends 
largely on the positions of the chlorine atoms in the rings. The 2, 6- 

dichlorophenyl derivatives (both racemates and meso-forms) produce high yields 

of a 4-chloro-2-(2, 6-dichlorophenyl) indole but the racemates also give a smaller 

yield (a: 23 per cent) of an indolo[2,3-b]indole (9.1). 2, 4-Dichlorophenyl 
compounds do not cyclize to indoles. 

[505] 

[1880] 

(9.1) Indolo[2,3—6]indole 

When the amine and halogen are on different rings, a doubly fused pyrrole is 

formed by heating the substrate either in acetic acid or with palladium 

tetrakistriphenylphosphine in THF. 

Ph 
,N 

■NH2 X^ 
T 

\Ac 

AcOH A, 

60-78% 

X = Br, Cl 
Pyrrolo[3,2-£]indole 

[1229] 

COOMe COOMe 

COOMe COOMe 

[1566] 

2. Oxazole, Thiazole or Thiazole-2-thione 

Cyclization of a halogenoacylamine can yield either an oxazole or a thiazole 

depending on the reagent chosen; PPA-phosphorus oxychloride gives the 
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oxazole while phosphorus pentasulphide-pyridine produces a thiazole. The 

chemistry of thiazolopyridines has been reviewed [1865]. 

/or /'/ 

24-43% 
► 

R = Me,Ph,3— CICgH4,2 — fury I, 

2 — thienyl; 

/, ppa,poci3,x=o 

//,P2S5-pyr,X=S 

- 
Y R 

[1499] 

X = 0,S 

Oxazolo[5,4 — Z>]pyridine 

Thiazolo[5,4-£]pyridine 

Several reagents convert 2-halogenoamines into a thiazole ring, for example, a 

thioxoester and a Grignard reagent, the copper salt of a carbothioic acid, or an 

isothiocyanate. 

R1==H,CI; R^= Ph,H-CIC6H4, 

2 — furyl, 2-thienyl 

EtMgBr.THF 

60—72% 

r'^n' 

Y^ 
v 

• N 

T hiazolo[5,4-£]pyridine 

(review[l865]) 

[1707] 

HMPT, A 

43-96%* 
[1013] 

R1= H,Me; R2= HjMejS^-benzo Benzothiazole 

+ RNCS 

-NHC 

EtOH or diox , A 
-!__* 

30-80% 

Y^ 
Y NHR 

[1288] 

R=alkyl,aryl,PhCH2,PhCO, Thiazolo[5,4-6]pyridine 

Ph(CH2)2,C00Et 

NHR2 

+ I 
csnh2 

R’=H,Me,CI,CF3j R2=H,Me,Bu 

i, (Ph3P)2NiCI,NaBH3CN 

/, DMF, A^ 

~85%* [1952] 
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Other ring systems synthesized similarly: 

Pyrozolo[3,4-tf]thiozole Thiazolo[4,5-c]pyridine 

[1228] 

When carbon disulphide (review of its reactions [2017]) is heated with the 

halogenoamine in a basic medium, a thiazole-2-thione is formed in moderate 
yield. 

Naphtho[2,3—Jthiazole- 2— thione 

3. Isothiazole-5-thione 

The relatively stable trifluoromethyl group is hydrolysed on heating with sodium 

sulphide and DMSO; an isothiazole-5-thione ring is formed. 

-NHR 
Na2S,DMS0,A^ | 

L i 33-55% ^ 1 4 
R = Me,Ph 2,1-Benzisothiazole-3-thione 

[564] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridin-2-one or Pyridin-4-one 

2-Alkenoic esters react with halogenoamines under the influence of palladium 

chloride and TEA and under pressure with the formation of a new pyridin-2-one 

ring. 

r1 
R2CH MeCN,PdCI2,TEA, A^ 

R3CCOOEt 40-70% 

Me 

R1 = H,alkyl,Phj R2,R3=H,Me Pyrido[2,3-tf]pyrimidin-7-one 

Strongly basic conditions induce cyclization of o-chloroacylhydrazines to a 

pyridin-4-one in a regiospecific synthesis which yields the antibacterial com¬ 

pound amifloxacin in high yield. 
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Cl 

F 

Cl 

HNNMeCHO NaH-DMF.A 
1 - 

CC = CH 82% 
II I 
0 COOEt 

MeNCHO 
I 

0 

COOEt 

4-Quinolinone 

[1864] 

2. Pyrazine 

Amine and reactive chlorine functions on different rings (joined by a nitrogen 

atom) interact to form a doubly fused pyrazine ring on heating in DMSO. 

dmso^A 

— 95%* 
[1927] 

Pyridazmo[3,4-A]quinoxoline 

3. 1,4-Oxazine 

Benzoins (a-hydroxyketones) condense with halogenoamines to give a 1,4- 

oxazine ring. Base-induced ring closure of the suitably placed functions is an 
efficient method of synthesizing phenoxazines (review [1923]); a Smiles re¬ 

arrangement (review [1883]) may occur under these conditions. Diphenyl ethers 

(R3 = H) which failed to cyclize under basic conditions gave acceptable to high 

yields when heated for long periods with dimethyl methylphosphonate which 

also cyclized an ether in which NHR3 was replaced by NMe2. Phenoxypyridines 

cyclized in a shorter time. 

ArCO 
i 

ArCHOH 

EtOH,A 

— 60% 
► [1305] 

Pyrozolo[4,3- A] [l ,4]oxazine 

^\/NHR3 Cl^x^ 

17-99% 

R’=H,Me,CI j R^HjCI; 

R3=Me,Me2N(CH2)3 

/ ,k2co3-dmf,x=ch 

//,(MeO)2POMe,X = CH,N 

[920,934] 

Phenoxazine 

(review[l923]> 

Pyrido[3,2 — b] [l,4]benzoxazine 
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4. l,3-Thiazine-2,4-dithione 

The o-trifluoromethylaniline mentioned in Section 1.4 reacts with carbon 

disulphide and sodium sulphide to give this six-membered ring in good yield. 

H 

s 
3,1-Benzothiazine-2,4-dithione 

[564] 

5. 1,4-Thiazine 

As in the formation of the 1,4-oxazine ring, basic conditions may be used for the 

formation of this ring, but a Smiles rearrangement is likely to occur (see Section 

II.3). A strongly acidic medium (hydrochloric acid) avoids this complication but 

o ,, o 

RN 
I 

N 

NR 
I [1581] 

N 

Dipyridozino[4,5-4: 4',5'-e] [1,4]- 

thiozine- 1,9— dione 

CH2Ph 
O 

NR 
[1581] 

0 

Dipyridazino[4,5—4: 4',5'-eJ [1,4]- 

thiazine —1,6-dione 

0 

RN 

NR 

[1581] 

0 

Dipyridazino[4,5—Z>• 4',5'-e] [l,4]~ 

thiazine - 1,6-dione 

[1581] 

Dipyridazino[4,5-/>: 4',5'-e] [l ,4]— 

thiazine — 4,6 — dione 
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cyclization is accompanied by debenzylation. A thorough study of this reaction 

[1581] shows that four products, namely, 10-benzyl-1,6-dione, 10-benzyl-4,6- 

dione, and the debenzylated 1,6-dione and 1,9-dione, may be synthesized from 

the two isomeric sulphides shown in the equations. In a study of another related 

cyclization [506], a Smiles rearrangement was observed to occur in acetic or 

dilute mineral acid. 
Other ring systems synthesized similarly: 

Pyridazino[4,5-A]pyrido- Pyridazino[4,5 - A]pyrido- 

[3,2—e] [l,4]thiazin-9-one [3,2— e] [l,4]thiazin-6-one 

Reactions of this kind may be catalysed by copper-copper (I) iodide to give 

high yields of phenothiazines, provided they are conducted under nitrogen. 

6. 1,3,4-Oxadiazine 

Pyrolysis of a 2-bromomethyl-NN-diacylamine yields a fused oxadiazole ring. 

(Ar C0)gNN 

Ar1, Ar2=Ph,CI—, MeO-, 

NO2 CgH^j 

tetralin, K2C03) A 

20-66% 
[1732] 

[l,2,3lTriazolo[l,5-c/]- 

[l,3,4] oxadiazine 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,4-Diazepin-5-one 

Heating a 2-chloropyridine JV-oxide containing an amino group on another ring 

in a high-boiling solvent with mineral acid gives a high yield of the cyclized 

product but, in the absence of the N-oxide function, PPA (review [B-21]) is a 
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more efficient medium. 
47 

— 1 > DEG monomethyl ether, 

n = 0, PPA 

Pyrido[2,3-£][i,4]- 

benzodiozepin-6-one 

(1-oxide) 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole or Pyrrol-2-one 

Cyclocondensation under dehydrating conditions converts 4-aminoalcohols into 

fused pyrroles in moderate yields; since phosphorus pentachloride is also an 

effective reagent, the reaction may then be dehydrohalogenation. 

/OH 

C=C COOEt 
I 
COOEt 

Xylene 

^2^5 or A^ 

42-53% 

COOEt 

•COOEt 

Pyrrolo[2,3- c]pyridine 

[565] 

R = Me,PhCH2 (review [308]) 

Carbon monoxide (generated in situ) reacts with a carbonium ion (formed by 

loss of hydroxyl ion) and cyclizes with the amine group to produce a fused pyrrol- 

2-one ring. 

48 
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HC00H,H2S04 

68% 

H 

nY° 
-Ph 

[1912] 

Indol - 2 —one 

2. Oxazole 

2-Acylaminophenols cyclize readily into benzoxazoles under the influence of hot 
mineral acid, all the atoms required being present in the substrate. Dean and 

Stark conditions are often effective. On the other hand, a wide variety of reagents 
can be used to cyclize 2-aminophenols. It is likely that the acylamine may be 

present as an intermediate when an acyl chloride, a carboxylic acid or an imidate 

is used. Formamide has also been used [96,325]. 

HCI, A ^ 

~80%* 
[785] 

R=H,N02j Ar = 4-Me-,4-N02-C6H4, Benzoxozole 

PhCH = CH 

1 ,^V0H 
+ R2C0CI 

/.A 

12-62% 

r'= H,N02i 
2 

R = aryl,heteroaryl 

/,TE A, H2S04, xylene, 

Dean and Stark method or pyr. 

X=CH,N 

Benzoxazole 

Oxazolo[4,5 —Ajpyridine 

[98,1296] 

/ or //', A 
-► 
47-98% 

'V 
-N 

[98,1485,1559] 

R = alky I, ary I, heteroaryl 

/, RCOOH,PPA or Me^Si ester of PPA; 

//, RC = NH,EtOH 
I 
OEt 

Methyl cyanodithioic ester reacts at both functional groups to give a complex 

product but the selenium analogues of both ester and amide give good yields at 

moderate temperatures. 
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[1630] 

[1231] 

[403] 

R1=H j R2=aryl,heteroaryl 

Condensation with an aromatic aldehyde gives the imine (Schiff s base) which, 

on oxidation, cyclizes to the oxazole. 3,3-Dimercapto-l-phenyl-2-propen-l-one 

on heating under Dean and Stark conditions behaves similarly. 

r2cho 
LTA, A 

47-85% 
*- R - V 

R1=H,N02j R2=Ph,Me2N~, Benzoxazole 

Me 0-,H0-CgH4,2-thienyl 

[98] 

•NH, 

II 2 
+ PhCCH 

II 
0 

xylene , A 

42%* 

CH2COPh 

[1373] 

2-Aminobenzoxazoles may be prepared from the aminophenol by reaction 

with dichloromethylenesulphonamide, the pyrrolidinecarbimidoyl chloride or 

diphenyl cyanocarbimidate, all of which appear to give good yields under 

relatively mild conditions. 

NH, 

/,// or iii A 
-TTT* 

65-90% 
Y NHR1 

[99,305,1754] 

R2S02N = CCI2, PhMe, R2= Me,aryl j Benzoxazole 

r'=NHS02R2 

//. r'n = c-n' 

Cl 

,DME,TEA;R = 4-N02C6H4 

Hi, (Ph0)2C = NCN,/Pr0H; r’ = CN 
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3. Oxazol-2-one or Oxazole-2-thione 

The C-2 atom of these two rings may be provided by phosgene, carbonyldiimid- 
azole or thiophosgene. 

EtOOC 

[354] 

X = 0,S 

Pyrano[2,3-e]benzoxazole-2,6-dione 

Pyrano[2,3-e]benzoxazol-6-one, 

2-thioxo- 

Other ring systems synthesized similarly: 

Oxazolo[4,5-A]pyridin-2-one 

[1698] 

[354] 

X = 0, s 

Pyrano[3,2 — /']ben zoxazole —2,8- dione 

Pyrano[3,2 — /]benzoxozol-8-one,2-thioxo- 

C PI, T HF, A _ 

73-97% [104] 

R = H,Me,Me0,N02 2 —Benzoxazolone 

Carbon disulphide can be the source of a 2-thione group of N-substituted 

benzoxazole-2-thiones. 

+ RCH0 

+ CSo 

R = PhCH2,4-Me2NC6H4CH2, 

2,4-(MeO)2C6H3CH2 

MeOH,NoBH4 
KOH, A 

-» 
19-81% 

Y 
— NR 

[1167] 

2 —Benzoxazolethione 

4. Thiazole 

Treatment of a 2-mercapto-lV-acylamine with hot mineral acid annulates 2- 

acylamino-thiols into a thiazole ring. A similar ring is formed by heating with an 

a-bromoketone. 
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EtOOC 

Me^ 

-SH 

-NHAc 

AcOH,H2S04, A 

07%' 

0 
II 

EtOC 
S\ xMe 

Kl 
Me^ 

Thieno[3,2 —^Jthiazole 

[737] 

PhCCHpBr 
II 
0 

EtOH, A^ 

70 %* 
rNvs 
I-n — 

-COPh 

-Me 

Imidazo[2,1- A]t hi azole 

[930] 

Malononitriles, imidates or isothiocyanates react with amino-thiols under 

relatively mild conditions to form a fused thiazole in high yield. 

[848] 

[1419] 

[959] 

Compounds containing an activated methyl or methylene are capable of 

reacting in one several ways. 2-Methylbenzimidazole yields 2-(benzimidazol-2-yl)- 

benzothiazole while the very reactive benzoylacetonitrile reacts only at the 

carbonyl group. The ester group of ethyl benzoylacetate, however, is the most 

reactive function when it is heated in xylene with o-aminothiophenol. Aroyl 
chlorides give a rather low yield. A more promising method is to treat the amino- 

thiol with a carboxylic acid in the presence of the trimethylsilyl ester (PPSE) 

of polyphosphoric acid. Selenium homologues of carboxylic derivatives, 

DMFDMA and chloroimines are also sources of the C-2 atom of a fused 

thiazole. 

nh2 

+ DMFDMA 

X = CH ,N 

Benzothiazole 

Thiazolo[5,4-A]pyridine 

(review [1865]) 

DMF, A 

26-76% 
[1683] 
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/ or // or/// or /v 
'S\/R [334,403, 

1231,1296, 
1559] 

-ch2cn [150] 

CH2C0Ph 

[1373] 

[1754] 

nhso2ft 

[305] 

///, MeCOOH, PPSE j R = Me ; 

iv, RCX,EtOH or pyr, A; R = alkyl,heteroarylJX = EtO,NH2 
II 
Se 

Ar=4-N02C6H4 

Benzothiazoles carrying a 2-alk-2-enyl group are difficult to prepare because of 

the inaccessibility of the corresponding carboxylic acid precursors but the 

problem has been eased by condensing the amino-thiol with alk-2-en-l- 

ynamines. 

nh2 

R1=Et,Pr; R2=H,Me 

MeCR‘:= CH 
EUO 

R^NC= C -68% 
Y CH2CH = CRMe 

[1813] 

5. 1,2,3-Oxathiazole 2-oxide 

2-Tosylaminophenol reacts with thionyl chloride to give the benzoxathiazole 2- 

oxide in high yield. 

[1099] 

1,2,3-Benzoxathiazole 2-oxide 
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6. 1,2,3-Thiadiazole 

Acylation of both amino and thiol groups followed by reaction with nitrosyl 

chloride gives a good yield of this thiadiazole. 

-SAc 

•NHAc 

+ N0CI 
AcONa, P205^ 

70%' 

1,2,3- Be nzo thiadiazole 

[1130] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine 

A dimethylaminomethyl group can form a reactive methide (=CH2). When this 

is adjacent to a carbonyl, a primary arylamine condenses thermally (through the 

Schiffs base) to form a new pyridine ring. 

PhNH; [732] 

[l ]Benzopyrano[4,3-£]quinolin-6-one 

2. Pyrazine 

Annulation of a 2-hydroxyethylideneimine to a neighbouring amino group 

proceeds at ambient temperature in DMSO to give a fused pyrazine ring. 

h2n- 
Me 

'N\ ^o 

Me 

T 
CH= N' 

CH20H o 

NMe 

DMS0,HgCI2 

6 2%' 
[33,1209] 

3. Pyran 

A doubly fused pyran is formed by heating a compound containing amino and 

phenolic groups attached to different rings. 

[l]Benzopyrano[3,2-c]pyridin —1-one 
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4. 1,4-Oxazine 

The additional pair of carbon atoms required for oxazine formation may be 

provided by a 1,2-dibromoethane, a-halogenoketone, a-halogenoquinone or 2- 

chloroacrylonitrile. A rather unusual source of two carbon atoms is cyanogen di- 

N-oxide (obtained from dichloroglyoxime and alkali); it reacts at low tempera¬ 

ture with aminophenols to yield the di(hydroxyimino)benzoxazine. 

BrCH2 

BrCH 
I 
COOMe 

Me2CO, K2COs,A 

66% 
■*- 

COOMe 

[326] 

1,4 —Benzoxozine 

0 

R1=Me,C5H1t,Ph(CH2)„(/> = 1-4), 

or 4 - MeOOC C6H4; H, Me 

EtOH, A 
-—► 
61-94% 

[651,1077] 

Pyrimido[4,5-£] [l,4]oxozine 

Another ring system synthesized similarly: 

Pyrido[4,3-A]-1,4-oxazine 

[824] 

R = H,CI,Me, X = Br,CI Benzo[>]phenoxazin-5-one 

/, PhH, AcOK or MeOH, KOH 

[834] 

2 

+ CICCN 
II 
CH2 

1,4-Benzoxazine 

[450] 
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Me + C = NO 

C = NO 

CHCI, 

~45%* 
Me 

0\^NOH 

H 

[1843] 

5. 1,4-Oxazin-2- or -3-one (or -thione) 

When difunctional compounds such as chloroacetyl chloride and the monoimi- 

date of diethyl oxalate (ethyl (ethoxycarbonyl)formimidate) react with amino- 

phenols, the more nucleophilic amino group displaces the acyl chlorine and the 

ethoxy, respectively. Ring closure at the hydroxy group thus gives the 3-one and 

2-one, respectively. The use of a phase transfer reagent (benzyltriethylammonium 

chloride) gives high yields of the pure oxazin-3-one [1159]. 

1,4-Be nzoxazin-2-one 

[1159] 

[1419] 

l,4-Benzoxazin-2-ones are obtained by reaction of aminophenols with a- 

oxocarboxylic acids or esters. 

EtOH,H2, 
RoNi 

41-82% 

The use of a-halogenohydrazones (or hydrazidoyl halides) as sources of 

nitrilimines has been widely applied in the synthesis of a variety of heterocycles 

and has been the subject of a review [1753]. Their reaction with o-hydroxyamines 

is capable of yielding more than one product but the following example gives a 

single oxazinone. 

r^V^0H 

-NH- 

Ar Cl EtOH,TE A, A 
1 1 -KT+ 
NHN = CCOOEt —90% 

Ar = Ph,4-MeC6H4 
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6. 1,3- or 1,4-Thiazine 

An aminobenzyl alcohol when heated with thiourea in an acidic medium gives a 
3,1-benzothiazine. 

^ 3,1 -Benzothiazine 

In situ oxidation of a 3-(aminoethylthio)catechol to a quinone may occur 
during the synthesis of 1,4-benzothiazine. The chemistry of this system has been 

reviewed [1772]. 

1,4-Benzothiazine 

[961] 

a-Halogeno-hydrazones have a wide applicability in the synthesis of hetero¬ 

cycles; this is demonstrated in a review [1753], Another review is confined to 

reactions of these hydrazones with sulphur compounds [1065], Several examples 

illustrate the base-catalysed synthesis of a fused 1,4-thiazine ring in high yields 
from different halogeno-hydrazones. Phenacyl halides in acid solution give 

similar products [824]. 

Cu 

COOMe MeCN,TEA 
+ I -TT^ 

CIC = NNHAr 78-97% 
nh2 

Ar= 3-CF3-,2-COOMe-C6H4 

COPh 
I 

BrC = NNHAr 

Ar = Ph,4-MeOC6H4 

EtONo, EtOH 

92%* 

EtO^CHN SZn 

NH; 

ArCCHgBr AcOH. 

Et02CHN 

25-40% 
[824] 

NH 2 Ar=Ph,MeOCgH4 
Pyridof 4,3—A]—1,4-thiazine 

Readily available enols, such as those of 1, 3-diones, undergo thermal 

cyclization with amino-thiols to give 2-acyl-1, 4-benzothiazines. Alkynones 

readily react with di(2-aminophenyl)disulphides to yield the 2-acyl derivatives. 
A reduced benzothiazine is obtained by base-induced reaction with 1, 2- 

dibromoethane [151]. 
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R’=H,Me,MeO,CI; 

R = Me,Ph,MeO; 

R3=Me,Ph 

HCCOR2 

HOCR3 

DMSO,A> R 

4 5-75% 

[761,1048, 
1438] 

2 

R’=H,Ph,COOMe; 

R^=Ac,COOMe,COOEt 

2 R'C = CCR 
II 
0 

2 EtQH, A ^ 

65-96% 

1,4- Benzothiazine 

[806] 

A 1,4-thiazine ring fused on both sides to a benzene ring is the parent 

compound of the medicinally important phenothiazines. These may be obtained 

from amino-thiols by reaction with activated o-bromonitrobenzenes, p- 

benzoquinones or a 2-chlorophenol (see also Chapter 81, Section II.3). Thermal 

cyclization of an aminothiol is achieved by treatment with a cyclic 1,3-diketone 
[149]. 

EtOH,NoQH,A^ 

60-75% 

[583] 

3-Phenothiazlnone 

-4aA, 
73% 

/,Zn,NaOH,EtOH 

[581] 

7. l,4-Thiazin-2- or -3-one 

This ring is readily formed by heating the amino-thiol with chloroacetic acid in 

aqueous alkali, or with a quaternary ammonium salt or with diketene (the 

reactions of this versatile reagent have been reviewed [2018]). 
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Ac 
I 

CIC = NNHPh 

EtOH.TEA, 

~80%* 

1,4- Benzothiazin- 2-one 

[1085] 

~nh2 

R = H,Me,CI,N02 

/,CHCI3,PhCH2NEt3CI,NaHC03 

or aq.NaOH 
1,4 - Benzothiazin-3-one 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,4-Oxazepine-5,7-dione 

Carbon suboxide (1, 2-propadiene-l, 3-dione) (review of reactions: [100]) reacts 
with aminophenols under mild conditions to give moderate yields of the 
oxazepine. 

[208] 

1,5-Benzoxazepine-2,4-dione 

2. 1,4-Thiazepine or 1,4-Thiazepin-7-one 

An a/I-unsaturated aryl ketone reacts with an amino-thiol to give a 1,5- 
benzothiazepine in good yield. Diketene (review [2018]) in benzene gives a 
mixture of isomeric benzothiazepinones in contrast to the benzothiazin-3-one 
formed by the same reagent in DMSO (Section II.7). 

Ar 

1,5- Benzothiozepin-2-one 
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Heterocycles which contain a carbonyl (or thiocarbonyl) adjacent to an 

unsubstituted nitrogen atom in the ring are tautomeric and can react in either oxo 

or enol form depending on the reagents and conditions. The term ‘lactam 

carbonyl’ (or thiocarbonyl) covers both of these possibilities. In this chapter, 

isolated examples are given of an amidino or hydrazino group reacting with a 

lactam carbonyl. 

■'s 
N 

,C — XH X = 0,S 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

Cyclodehydration in high yield occurs between amino and lactam carbonyl 

groups by heating the compound in DMF. 

60 
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1,2,4 - Triazino[5,6-A]~ 

indole-3-thione 

2. Imidazole 

The cyclization of a 2-acylamino-lactam carbonyl by reaction with a primary 

arylamine takes different courses according to the degree of steric hindrance at 

the ortho positions of the aryl ring. In this example, Ar1 has substituents at both 2 

and 6 positions while Ar; has only one or no ortho substituent. 

NHr 

NHAc 

Me A NAr' 

II 
MV ^ N^O 

H 

[1794] 

Ar, = 2,6-R2C6H3, R = Me,CI; 

Ar2=2-Me-,2-CI-,2-F, 

2-Ph-C6H4 

An amine and lactam carbonyl in different rings may react in hot acetic acid to 

form a doubly fused imidazole ring. 

AcOH, 

— 73% 
[1561] 

Another ring system synthesized similarly: 

-N ^1 
kJ 

[l ,2,4]Triazino[2,3-o]- 

benzimidozol-3-one 

[1959] 

Pyridazino[l,6-o]- 

benzimidozole 

3. 1,2,4-Triazole 

An N-amidino group adjacent to a lactam thiocarbonyl cyclizes when treated 

with methyl iodide at ambient temperature but an electron-attracting aromatic 
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ring (for example, 2-pyridyl or 4-nitrophenyl) at Ar2 inhibits the reaction. 

Ar1,Ar2=Ph,4-M8C6H4 [l,2,4]Triozolo[l,5-c]- 

quinazoline 

[1861] 

Refluxing a 2-thioxo-hydrazinomethyl heterocycle in benzene causes ring 

closure to a triazole and the same ring may be formed from an IV-amino- 

thiolactam, an aryl nitrile and a strong base. 

Ph\^0\^S 
N-NCH2NHNH2 

1,2,4-Triazolo[3,4-£]- 

[l,3,4]oxadiazole 

[911] 

Me 

+ ArCN 
tBuOK , tBuOH,A ^ 

50-84% 
[1844] 

Ar = Ph,Me-,CI-,MeO-C6H4 

3-or 4- pyridinyl 

1,2,4-Triazolo[4,3-A]- 

[l,2,4]triazole 

4. Oxazole 

An oxazole ring may be obtained by dehydrative cyclization of a hydroxy-amine 

with hot acetic anhydride or an acyl chloride. 

0xozolo[5,4-A] [1,8]- 

naphthyridin-8-one 

Another ring system synthesized similarly: 

V 
[1296] 

Oxazolo[4,5-£]pyridine 
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5. Thiazole 

Several reagents can convert an amino-lactam thione (or its tautomer) into a 

fused thiazole ring, for example, an orthoester, ethyl xanthate salt, DMFDMA or 

a tetra-alkoxymethane. 

-N 

V -NH, 

R =H,Me 

[1070] 
N 

Thiazolo[4,5-£]pyrazine 

-SH 

DMFDM A,DMF, A 
-I-2—» 

26-76% 

S 

Y 

k 

r 
—N 

'1 
—N 

[1070] 

[1683] 
'X 

X = CH,N 

Benzothiazole 

Thiazolo[5,4-6]pyridine 

(ro)4c 
AcOH 

~ 40% ̂
 rTT 

1 -n 

Thiozolo[5,4-4]pyrimidine 

[698] 

6. 1,2,3-Thiadiazole or 1,2,3,4-Thiatriazole 

Diazotization of a 2-thioxo-amine converts these functions into a fused 

thiadiazole ring and when the amino group is attached to a ring nitrogen, a 

thiatriazole ring is obtained. 

Y 
NH- 

Cl 

R = H, alkyl 

NoN02,CF3COOH,AcOH 

33-68% 
[1224] 

1,2,3-Thiadiazolo[5,4-</]- 

pyrimidin-4-one 

NaHOo.HCI 
-—-► 

65% 
Ph 

IM 

X 
[l,2,4]Triazolo[4,3-o']- 

1,2,3,4-thiatriazole 

[911] 
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Another ring system synthesized similarly: 

o 

Et 

[l,2,3]Thiadiazolo[5,4-6][l,e]- 

naphthyridin-8-one 

[1989] 

7. 1,3,4-Thiadiazole 

This ring is formed when an N-amino-thiolactam is heated with a carboxylic acid 

and phosphorus oxychloride (or mineral acid) or an aryl isothiocyanate. A fused 

1,3,4-thiadiazole-2-thione is obtained in low yield when a carbon disulphide- 

pyridine mixture is warmed with the amino-thiolactam [917], 

0 

R1=Me)PhiR2=MeCH = CH, 

Ph,PhCH=CH 

POOL,A R 

20-92% 

N% 
N 

N-Nx R 

0 
[1.3.4] Thiadiazolo[2,3-c]- 

[1.2.4] triazin-4-one 

[1985] 

+ RNCS 
_DMFiA 

~56%* 

R = Ph,Me-,CI-,Br-, 

MeO-C6H4, PhCO 

Other ring systems synthesized similarly: 

1,2,4-Triazolo[3,4-£]- 

[l,3,4]thiadiazole 

[1534] 

f T a t1985] 
N-N--U 

1,2,4-T riozolo[3,4-£]~ 

[l,3,4]thiadiazole 

1,2,4-T riazolo[3,4-A]- 

[l,3,4]thiadiazole-6-thione 

[917] 

[138,1540] 

[l,3,4]Thiadiazolo[2,3-<?]- 

[l ,2,4]triazin-4-one 
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II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine 

When amino and lactam carbonyl groups are in different rings linked by a 

methylene group, heating in acetic acid results in the formation of a pyridine ring. 

R1= H,Mej R^=H,NH2> R3=H,0 1,2,4-Triazino[5,6-/>]- 

/ ,R^=H= EtOH,AcOH j quinolin-3-one 

/■/',R3= 0: Fe S04) Ba(OH)2, NH3 

[303,2016] 

2. Pyridazine 

Inter-ring annulation may be effected by reaction of a diazonium salt and a 

lactam carbonyl, the two nitrogen atoms bridging the two rings. The chemistry of 

heterocyclic diazonium compounds has been reviewed [1326]. 

1,2,4-Triazino[5,6-c]~ 

cinnolin-3-one 

3. 1,4-Oxazine 

3-Bromo-3-methylbutan-2-one cyclizes the (tautomeric) aminohydroxypyrimi- 

dinone (11.1) to form a new 1,4-oxazine ring. 

-+• AcCMe2 

0 

EtOHjNoHCOj, 

76%^ 
[1790] 

Pyrimido[4,5-6][l,4]oxazin-4-one 

4. 1,4-Thiazine or l,4-Thiazin-3-one 

A fused thiazine ring is formed in high yield by heating a 2-amino-thiolactam (or 

its tautomer) with phenacyl bromide or an a-halogeno-ester. In a strongly basic 

medium, the latter reaction leads to a thiazin-3-one. 
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HS^N NH2 
+ PhCCH?Br - ’/-► 

H2N^VNH 0 ° 

_* N He 

NH 
[1047] 

Pyrimido[4,5-^][l,4]- 

thiazin- 4-one 

R^=H,Me,CH2C00H 

aq.NaOH,A 

17-69% 

R2 /S 

£Q 
H R1 

Pyrimido[4,5-i>][l,4]- 

thiazin-6-one 

[1841] 

HS-v/ NH, 

+ 

h2n 

COR 
I 

CHgBr 

NH, 

R = Ph,COOEt 

AcONa.EtOH 
--7T* 

36-68% 
R^N' 

NH, 

[1610] 

NH, 

Pyrimido[4,5-A]- 

[l ,4]thiazine 

5. 1,3,4-Thiadiazine 

When the a-bromo-ketone (see previous section) is cyclic, a doubly fused 

thiadiazine is obtained on heating the bromoketone with an N-amino-thiolactam 

in ethanol or in ethanol containing carbonate. 

XN 

H2NN-^—R 

R =H, alkyl 

EtOH.A^ 

60-90% 

0 

H H 

Pyrimido[4,5-e]-1,2,4-triazolo- 

[3,4-/>][l,3,4]thiadiazine-7,9-dione 

[1811] 

Another ring system synthesized similarly: 

1,2,4-Triazolo[3,4-A]- 

[l, 3,4] thiadiazine 

[917] 



Formation of a Seven-membered Ring 67 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,4-Diazepin-5-one 

In this inter-ring cyclodehydration between an amino and lactam carbonyl, 

heating with phosphorus pentoxide gives good results. 

H H 

Pyrido[2,3-A][l,4]- 

benzodiozepin-6-one 

[858] 

2. 1,3,4-Thiadiazepine 

The versatile iV-amino-thiolactam can be converted into this seven-membered 

ring by heating with a 3-arylpropynal. 

Ar 

R = PhCH2,Ph,Br-)F-, 1,2,4-Triozolo[3,4-A]- 

Me2N-C6H4;Ar=Ph,4-BrC6H4 [1,3,4]thiadiazepine 

[479] 
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The term methylene includes the less commonly met reactive methyl and reactive 

methine groups; in a few examples, the amine has been converted into an imine. In 

this chapter, a carbamate is regarded as an acylated amine. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

Basic conditions generate an anion which attacks the neighbouring acylamine 

group to form a pyrrole ring—a reaction known as the Madelung indole 

synthesis [B-8]. Lithiation and treatment with an ester converts an N- 

trimethylsilyl-o-toluidine into a 3- or 2,3-substituted indole in moderate yield 

[2007], aNHCOR 

Me 

R = alkyl, or yl 

tBuOK,tBuOH,A| 

60-92% 

Indole 

[550] 

68 

Me 

Pyrrolofl ,2-o]quinoline 



Formation of a Five-membered Ring 

Another ring system synthesized similarly: 

Pyrrolo[ 2,1-o] isoquinoline 

69 

[906] 

An imine (prepared from the amine and an aldehyde) cyclizes readily (even at 

ambient temperature) with a reactive methylene to yield a fused pyrrole ring. A 

reactive methyl condenses with oxalate ester and the product cyclizes at ambient 

temperature in acid solution by reaction with a neighbouring ethoxymethylen- 

imine. 

nr N=CHAr 
H 

-N. ^.Ar 

^5l/^CH2COOH 

Ar = Ph,2-Me0C6H4, 

2-pyridyl 

MeCN, A 

56-86% •C00H 
[1505] 

Indole 

EtOCH = N 

,N—0 Et0K,(C00Et)2 

• 60% 

KT 

"0 —C=CH 
I 

COOEt T 
EtOOC 

HCI. 

N\+ - 
N—0 

HN- 

Pyrrolo[3,2-c]pyridazine 

2-oxide [1987] 

2. Pyrazole 

The formation of an anion is a step in this cyclization too and the strength of the 

base that is needed varies inversely with the acidity of the methylene hydrogen 

atoms. Trichloroacetonitrile supplies a carbon atom in a base-catalysed synthesis 

of pyrrolopyrazoles (review [1600]). 

r-^^NHAc 

+ NOCI 

Ac20,Ac0K, 

PhH,A f 
66-94% 

Pyrazolo[3,4-c]pyridine 

[1279] 

PhCCH 

+ CI3CCN 
EtOH,TEA,A 
----—* 

~ 65% 
PhC^ 

II 
0 

H 
,N„ 

R 

[95] 
'NH; 

R = H,Ph Pyrrolo[2,3-d]pyrazole 
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Another ring system synthesized similarly: 

H 

[1599] 

Pyrazolo[4,3-b] pyridine 

3. Imidazole 

Oxidative cyclization occurs when a carbamate containing a neighbouring 

methylene group is treated with a mild oxidant. The uses of lead tetra-acetate in 

organic chemistry have been reviewed [B-36], 

NHCOOEt 

PhN02 or LTA 

-78% 

0 H 

► MeljTy" [1122] 

-N 

2,6-Purinedione 

O' "N 
Me 

4. Isothiazole 

This ring is formed by treatment of an o-toluidine with N- 
sulphinylmethanesulphonamide. The chemistry of the resulting ring system, 2,1- 
benzisothiazole, has been reviewed [1775], 

2 

+ MeS02NS0 
PhH.pyr.A^ R 

6-88% 

R1 

[808] 

R^h^MejPh; R2=Me,Et,CI,MeO, 

N02,CN,C00Me 

2,1 -Benzisothiazole 

Other ring systems synthesized similarly: 

Benzo[l,2-c : 3,4-c': 5,6 

tri isothiazole 

[809, 810] 

X = CH,N 

Benzofl, 2-c: 3,4-c']~ 

diisothiazole 

Isothiazolo- 

[4,3-e]-2,1,3-benzo- 

thiadiazole 
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5. Furazan 

Oxidative cyclization of the 2-aminoisonitroso derivative (prepared from the 
CH2 and alkyl nitrite) yields a fused furazan. 

NOH 

°2S\NiJ5fi\NH2 

H 

[1.2.5] Oxadiazolo[3,4-c]- 

[1.2.6] thiadiazine 5,5-dioxide 

[1199] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine or Pyridin-2-one 

Pyridine ring formation occurs under basic conditions (as for pyrazole, see 

Section 1.2). A carbon atom is supplied by DMFDMA, triethyl orthoformate, 

LDA-carbon dioxide or a reactive carboxylate group. A secondary amine often 

gives a higher yield than a primary amine. Thiazolopyridines have been reviewed 

[1865], 

-NHCOR‘ 

^^^•COCHoCONHR3 

T HF, DMAP 

39-88% 

R^I-^CbFjCFj; R2= H,alkyl,CI CH2, 

CI2CH,CF3,CH2=CH; R3=4-MeC6H4, 

2-thiazolyl 

Quinoline 

OH 

SMe 
, , pyr,AcOH 
(MeO?CHNMeP ---—► 

2 2 ~ 90% 

EtOOC SMe 

Thiazolo[4,5-A] pyridine 

Thieno[3,2-£]pyridine 

[1423] 

R = H,Me 

P'P, A 
36-81% 

[1134, 1135] 
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%^\CCH„R2 
II 2 
0 

+ (COOEt)2 

R1—R3= H, alkyl, Ho, MeO,CI,Ph 

EtONo ,E tOH,A ^ 

24-90% 

[1014] 

Benzo[/'y ] [ 2,7]naphthy ridine 

Pyrido[3,2-<y ]pyrimidine- 

2,4-dione 

2. 1,2,4-T riazin-3-one 

An aryldiazonium salt (review [B-28]) couples with a reactive methylene and 

reaction with an adjacent carbamate ester group leads to cyclization in high 

yields. 

Ar = Ph, 4-CI-, 4-F-,4- AcNH-, 

4-C00Et-C6H4 

0 

[l,2,4]T riazino[4,5-o]- 

benzimidazol-1-one 

[1000] 

3. 1,4-Thiazine 

In the presence of a strong base such as lithium diisopropylamide, a proton is 

abstracted from a methylene adjacent to sulphur, sulphoxide or sulphone and 
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good yields of benzothiazines ([1772] for a review) are obtained. 

73 

0„ 
ch2r 

^/"^NCOR2 

R’-R3=H,Me,Ph; 

n = 0,1,2 

LDA 

66-90%* 

R3 

1,4-Benzothiazine 

1,4-Benzothiazine 1-oxide 

1,4-Benzothiazine 1,1-dioxide 

[1156] 
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The cyclization of o-amino-nitriles was comprehensively reviewed in 1970 [525], 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

Catalytic reduction of a 2-aminobenzyl nitrile followed by heating the resulting 

diamine is a convenient method (called the Pschorr-Hoppe reaction) of 

preparing some indoles. It is also possible to reduce the nitro-nitrile but the 

overall yield is lower. 

conr'r2 

CON^R2 

[1235] 

NR'r^ NMe2, NHPh, N(CH2)4, N (CH2)5j 

R3=H,Me,MeO,F,CF3,NH2,S02NMe2 

74 

Indole 



75 Formation of a Six-membered Ring 

Another ring system synthesized similarly: 

OMe 

Pyrrolo[3 ^-o^pyrimidine 

[17] 

2. Pyrazole 

When hydrogen chloride is passed into a solution of an A-amino-nitrile, a 
pyrazole ring is obtained in high yield. 

32 r>2 R 
I 

NCC 
Me 

,N 
V N 
... II Bl 

H,NN 

HCI-diox 

—-80%* 

HgN 
Me 

[1631] 

R^MejMeS; R2=CN,C00Me Pyrazolo[5,1-<?]-1,2,4-triazole 

3. Imidazole 

Reduction of a 2-nitrophenylcyanamide in a hot acidic solution yields a 2- 

aminobenzimidazole. 

\ ll Fe,AcOH, A^ 
r ll 

N. ~ 60% 
T 

NH.- 

[374] 

Benzimidozole 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine or Pyridin-2-one 

Malononitriles with piperidine as catalyst react with many amino-nitriles to 

form a fused pyridin-2-one ring in good yield but failed to condense with the 

pyrazole (13.1) although ethyl cyanoacetate and a strong base converted the 

pyrazole into a pyrazolopyridine in rather low yield. 

+ R2CH(CN)2 
DMF, pip, 

55-70% 

R^-HOCeh^CH^ 

R^ CN,PhCO 

[126] 

1,6-Nophthyridine-2,7-dione 
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CHpCN 
I 2 
COOEt 

[1138] 

Pyrozolo[3,4-A]pyridine 

The reaction with malonic acid derivatives may be in two steps, the 

intermediate 2-aminobenzylidenemalonate being isolated and then cyclized. In 

this way, the synthetically useful 2-aminoquinoline-3-carboxamide may be 

prepared. 

AcOH,DMF,Fe,A 
------—► 

50-94% 

R = Br,CI,MeO,MeS,PhCH20 

Quinoline 

[38] 

2. Pyrimidine 

When an o-acylamino-nitrile is heated with a fourfold excess of a secondary 

amine, a fused pyrimidine ring is formed in high yield (review [874, B-5]) but a 

twofold excess of dimethylammonium chloride yields a thieno[2,3-d]pyrimidin- 

4-one [434], 

/s\^NHC0Ph 

R1_ 

^CN 

+ r|nh 

R1=H,Me,Ph;R|N = (CH2)5N, 

c-C6Ht1N,0[(CH2)2]2N Thieno[2 ^-c/lpyrimidine 

[434] 

A fused pyrimidine ring is obtained from amino-nitriles by reaction with 

formamidine (or its salt) or chloroformamidine in refluxing ethanol, t-butanol, 
ethoxyethanol or diglyme. 

l-yvr 

R = PhCH20(CH2)20CH 

NH2 

HC = NH 

AcO- 

2 

2 

OEt 
I 

(CH2)2OH,A^ 

71%*' 

Pyrazolo[4,3-tf]pyrimidine 

[1804] 

^m^cn 

% T2f 
+ cic=nh2 

Cl- 

R=CI,PhS 

DMSO, A 

31-83% 

Pyrido[3; 2-^]pyrimidine 

[1471] 
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Other ring systems synthesized similarly: 

H 

[111] 

Purine X=CH,N 

Quinazoline 

Pyrido[2,3-c/]pyrimidine 

IM 

k 
1 [108,110,127-130,405,1750] 

X 
[1376] 

Thieno[3,2-sr]pteridine Pteridine 

[404] 

An orthoester reacts first with the amino group to give an —N=CHOEt 

function; ammonia, an amine or hydrazine displaces the labile ethoxy and the 

—N=CHNHR group reacts with the neighbouring nitrile group to form a 

pyrimidine ring. Another cyclization which proceeds under mild conditions is 

that with an imidate or thioimidate. The nitrile itself may also be converted into 

an imidate which is cyclized at ambient temperature by methoxycarbonyl 

isothiocyanate (review [860]). 

OMe 

+ 
COOMe 

I 
NCS 

R = Sugar residue 

MeO 

I 
COOMe 

Purine 

[2030] 

H 

NH 
II 

+ RCSCH2Ph 
CHCI3, pyr, R— 

H 

60% 
NC- 

R = Me,pentosyl 

[700] 

NHC 

Pyrazolo[3,4-c7]pyrinnidine 
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Other ring systems synthesized similarly: 

[l]Benzothieno[2,3-tf]- Pyrrolo[2,3-tf Jpyrimidine 

pyrimidine 

Amidines (which are freed in situ from their salts by a base) or guanidines 

usually give high yields of the 2,4-diaminopyrimidine derivative. 

+ (H2N)2C = NH 

HCI 

MeONa,A 

79%*" 

R = Me,(MeO)2CH, 

4-tBu00CC6H4 

NH2 

Pyrido[2,3-c/]pyrimidine 

(review [1647]) 

[107,746,1750] 

NH, 

NH; 

[1778] 

Other ring systems synthesized similarly: 

• N. /S. 

[503] [125, 404, 405, 569] 

Isothiazolo[4,5-$]pteridine X =CH,N 

Quinazoline 

Pteridine 

[57] [111] 

Pyrimido[4,5-tf]- 

pyrimidine 

Purine 
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Thieno[3,2-^]pteridine 

Pyrido[43':4;5]thieno 

[2,3-4]pyrimidine 

T hieno[2,3-tf]~ 

pyrimidine 

[129] 

[130] 

o-Aminonitriles react with other nitriles in the presence of hydrogen chloride 

to give a 2-substituted 4-aminopyrimidine ring while N,N-dimethyl- 

phosgeniminium salt with anthranilonitrile gives a high yield of 4-chloro- 

quinazoline under mild conditions. 

R1/ 

-NH- 

-CN 

+ R2CN 

r'= Me,Ph; 

R2=Me,PhCH=CH 

diox ,HCI (9) 

35-65% 
[63,1789] 

X = NPh,0,S 

Pyrrolo[2,3-^]pyrimidine 

Furo[2,3-tf]pyrimidine 

Thieno[2,3-4]pyrimidine 

+ CI2C = NMe2 

R = H,Me,CI Cl 

Quinazoline 

3. Pyrimidin-2- or -4-one or Pyrimidine-2,4-dione or their Sulphur 
Analogues 

Treatment of N-acyl (or thioacyl) anthranilamide-type substrates with either acid 

or base converts them into pyrimidine-4-ones (or -thione). 

R1,R2=Me, Ph; 

R3=H,Me 

EtOH,HCI,A^ 

60-73%* 

0 
X = CH,N 

4-Quinazolinone 

Pyrido[2,3-d] 
pyrimidin-4-one 

[18,1416,1660] 
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[1212] 

Pyrido[l',2': 1,5]pyrazolo- 

[3,4-^]pyrimidine-4-thione 

Another ring system synthesized similarly: 

[1483] 

Pyrrolo[2,3-tf]pyrimidin-4-one 

Several reagents which contain a C=0 or C=S convert aminonitriles into a 

new pyrimidine-2-thione or -2,4-dithione. Carbonyl sulphide can produce a 4- 

thioxo-2-one derivative in alkaline medium. 

EtOH, A ^ 

~50%* 

R = alkyl,Ph 

H 

NH 

2-Ouinazolinethione 

[114] 

NC' 

+ cs2 MeOH,NoOH,A^ 

27%*" 
[1355] 

Isothiazolo[5,4-tf]pyrimidine-4,6-dithione 

+ COS 

R = H,Me 

EtONo,A ^ 

~ 95% 

Thienc[2)3-^]pyrimidin-2-one, 

4-thioxo- 

[254] 
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Other ring systems synthesized using carbonyl sulphide: 

81 

[254] [254] 

Py razolo[3,4-d] pyrimidin¬ 

e-one, 4-thioxo- 

Pyrazolo[4,3-c7 Ipyrimidin- 

5-one,7-thioxo- 

4. l,3-Thiazine-2-thione or 1,4-Thiazine 

Annulation of an amino-nitrile by reaction with carbon disulphide (review 

[2017]) in pyridine produces a 1,3-thiazinethione ring in good yield. 

H 

Ph^ \CN 

pyo A 
76% 

H H 

NH 

Pyrrolo[2,3-tf ] [l,3]~ 

thiazine-2-thione 

[1834] 

When 2-aminophenylthioacetonitrile is treated with ethanolic hydrogen 

chloride, 3-imino-l,4-benzothiazine is obtained. 

1,4-Benzothiazine 

[131] 

5. 1,2,6-Thiadiazine 1,1-Dioxide 

Hexamethylsilazane facilitates acylation of an amino group by formation of 

—NHSiMe3; treatment of this successively with sulphamoyl chloride and alkali 

leads to the formation of the thiadiazine ring. 

^CN 

/',h2nso2ci 

//,NaOH 

(Me3Si)2NH 

H H 

NH2 

Pyrazolo[3,4-c][l,2,6] 

thiadiazine 2,2-dioxide 

[109] 
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III. FORMATION OF A SEVEN-MEMBERED RING 

1. Azepin-2-one 

When both acylamino and nitrile groups are in side-chains, a seven-membered 

ring is produced when the compound is heated with aqueous alkali. 

R2 

EtOH,aq.NaOH,A . 
-1-b*- R 

— 82% 
,NMe Ac 

R^MeOjOCHgO; R2=H,ArCH2; 3-Benzazepin-2-one 

Ar=MeOC6H4 

^^/CHCN 

•(CH2). 

2. l,4-Diazepin-5-one 

An extension of the reaction in the preceding section to amino-nitriles which have 

another nitrogen in the side-chain leads to a diazepinone being formed in good 

yield. 

[652] 

Thieno[3,2-/']- l,4-diozepin-5-one 
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Reactions in which the nitro-amine is reduced in situ to a diamine are discussed in 
Chapter 76. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Imidazole 3-Oxide 

Mild partial catalytic reduction of a 2-nitro-N-acylaniline is an improved method 

of synthesizing benzimidazole 3-oxides but a (phenyl) substituent on the amino 

nitrogen is essential for this cyclization. 

Ph 

-NCOR .. /R 

[393] 
H2,Pd-C,pyr.^ 1 

62-78% 1 X. 
-N—0 

R = Me,Ph Benzimidazole 3-oxide 

2. Furazan or its 1-Oxide 

Benzofurazan 1-oxides (also called benzofuroxans) are of considerable interest 

and have been reviewed [1690, 1726]. These compounds are obtained by 

treatment of a nitroamine with alkaline hypochlorite. 
o- 

EtOH.NaOCl.NaOH -----1 
~8 5% 

i 
=N 

Benzofurazan 1-oxide 

[1675] 

83 
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Other ring systems synthesized similarly: 

0 —N^°\ 

,N 

[1236] s 
I 
N- 

N 

[1609] 

[l,4]Dioxino[2,3-f] - 2,1,3- 

benzoxadiazole 1-oxide 

[l,2,5]Thiadiazolo[3,4-e]- 

2,1,3-benzoxadiazole 1-oxide 

Thermolysis of a 2-nitrocarbamate is a convenient method of synthesizing a 
benzofuran. 

^ 1 A ¥ R 
1 20—50%"" 

'o 
1 

-N 
[1435] 

R = H,Me,Me0,CI,N02 Benzofurozon 

II. FORMATION OF A SIX-MEMBERED RING 

1. 1,2,4-Triazine 1-Oxide 

o-Nitroanilines may be converted into 1,2,4-benzotriazine 1-oxide by reaction 
with cyanamide either thermally or in an acidic medium. 

0” 

R =H,Me,CI,MeO 1,2,4-Benzotriazine 1-oxide 

/', A or HCI,AcOH,A 

2. 1,4-Thiazine 

Under alkaline conditions, an acylamine anion displaces a nitro group and a 
Smiles rearrangement [1883] then gives a phenothiazine. 

3. 1,3,4-Oxadiazine or 1,3,4-Thiadiazine 

In acylhydrazines which have a 2-nitro group, the latter is displaced under 
strongly alkaline conditions to give a 1,3,4-oxadiazine; thioacylhydrazines yield 
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1,3,4-thiadiazines. 

Ph 

/NNHCPh 

Y 

X = CH ,N; Y = 0,S X = CH,Y=0 

4.1.2- Benzoxadiazine 

X =CH,Y=S 

4.1.2- Benzothiadiazine 

X = N,Y =0 

Pyrido[2,3-<?][l,3,4]oxadiazine 

X = N,Y = S 

Pyrido[2,3-e] [l,3,4]fhiadiazine 

[361] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Imidazole 

A 2-nitroso-amine may be cyclized by heating with an aldehyde to give a fused 

imidazole ring. Some 7-hydroxyxanthine (7-hydroxypurine-2, 6-dione) was also 

formed. 

HN 

A 
NO 

' NH; 

+ ArCHO 

Ar 

[838] 

Ar = Ph,CI-, MeO-CgH4 2,6-Purinedione 

An a-amino N-oxide may be cyclized by heating with a phenacyl halide. 

nh2 

+ ArCCH5Br 

N-o- n 

EtQH,A^ 

~ 36% 

Ar = Ph,4-Br-,4-N02-C6H4 

Another ring system synthesized similarly: 

n- 

Ar 

-OH 

Imidazo[i ,2-o]pyridine 

[406] 

[1704] 

Imidazo[2,1-o] 

phfholazine 

86 
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2. Furazan 

Oxidation of a 2-nitroso-amine with lead tetra-acetate gives a high yield of a 
furazan ring at ambient temperature. 

NO 
AcOH,LT A 

~80% 
nh2 R 

R = H,Me)NH2,Me2N,MeS,Ph [i,2,5]Oxadiazolo[3,4-c/] 

pyrimidine 

n. FORMATION OF A SIX-MEMBERED RING 

1. Pyrazine or Pyrazin-2-one 

Two additional carbon atoms to form a pyrazine ring may be supplied by an 

activated acetylene, malononitrile, or pyrimidinetriamine. The potassium salt of 

an enolized 1,3-diketone also gives a pyrazine but a 2-ketoaldehyde yields an N- 
hydroxypyrazinone. The chemistry of quinoxalines has been reviewed [1669]. 

Phosphorus-containing anions have also supplied two carbon atoms to 
complete a pyrazine ring in reactions which proceed at ambient temperature. 

When R2 is COOEt, pteridin-7-ones are obtained in high yield. 

+ 
CCOOMe 
III 
CCOOMe 

MeOOC\^> 

63% 
MeOOC 

Me 

'N^° 

NMe 
[323] 

2,4-Pteridinedione 

AcHN^ 

+ ch2(cn)2 
EtOH.TEA,A 
----—I 

26-94% 

NC-^^ 

[503] 

R = Me,MeS Isot hiazolo^j 5>—Z>] pyrazine 

AcHN> 

ON' 
-Me 

n^nh2 

N ^ N 

NH- 
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[1208] 

0 
II _ 4 2 

+ (EtOgPCR'Fx 

R1=H,MejR2=CN,R3=NH2i 

R^=PhCO,R3=Ph 

[1506] 

2. 1,2,4-Triazine 

With hydrazine hydrate and a benzaldehyde, a 1,2,4-triazine ring is formed. 

Me 

o 

Ar = Ph,3,4-0CH20C6H4 

ArCHO,DMF, A 

55% 

Pyrimido[4,5-e]-1,2,4- 

triazine-5,7-dione 

[462] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

A C-triphenylphosphinylmethyl adjacent to an acylamino group cyclizes under 

basic conditions to give high yields of the fused pyrrole. The reactions of 

phosphorus-containing compounds used in heterocyclic synthesis have been 

reviewed [1724]. 

[411] 
/NCOR^ 

PhMe,MeONa,A  
1 1 | 

| + _ 80-96% ^ 1 1 

R'=H,Phj R2=Me,CH2=CMe, 

Ph,4-Me0-;4--NCgH^ 

Indole 

2. 1,2,4-Triazole 

Iminophosphoranes which have a neighbouring amino group cyclize to a triazole 

in high yields at ambient temperature on reaction with an arylaldehyde. 

A r1 HN 

Ph3P = NN 

2 PhH 
+ Ar CHO 7o-90%* 

Me 

[1282] 

Me 

Ar1,Ar2=Ph,4-CI-,4-MeO-C6H4 
[l, 2,4]Tr iazolo [5,1-Fi¬ 

ll,2,4]triazin-4-one 

89 
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3. Furan 

A 2-acyloxybenzyl alcohol or bromide reacts with triphenylphosphine hydro¬ 

bromide to give the benzylphosphonium salt which is converted by triethylamine 

into a benzofuran. 

r3 

^\^ocor' 

+ Ph3p 
MsCN.TEA, 

38-50% 

R'=Me,Ar; R2=H0,Br; Benzofuran 

R3=3,4-0CH20,Me0,Ac0 

[742,1493] 

2-Hydroxybenzylphosphonium bromide is cyclized to a benzofuran by 

treating it successively with DMAP, a benzoic acid and DCC. 

OMe 

R = Ac,MeOCH2 

[1700] 

II. FORMATION OF A SIX-MEMBERED RING 

1. 2//-or 4//-Pyran 

A 2-hydroxybenzyltriphenylphosphonium bromide and a ketone in the presence 

of a strong base cyclizes to a 2H-benzopyran on heating in an inert solvent but the 

corresponding 2-acyloxy salt (prepared in situ from the bromide) cyclizes to a 4H- 

benzopyran in good yield on heating in an inert solvent (without base). 

•* 4 MeONa.PhMe.A 
+ R3R4CH -7, ►» R 

•CH2PPh3Br 2 1 
R2C0 

R^H^cjR^HjMeO^ejArj 

R3= H,Me,Phj R^HjMe 4-l. 

35-57% 
RH [628] 

2 

2H-\-Benzopyran 

OCOR 

+ 2 R CH PPh-, 

■CH2Br 

R^alkyl, Ph ; R^HjPhCOO; 

R3= Ac,COOMe,Ph 

PhMe, A d2 
-► K 

66-98% 

4//-1-Benzopyran 

[627] 
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2. Pyran-4-one 

Chromones are formed when a 2-acylphenol containing a triphenylphosphine 

group is heated with an acylating agent or its O-acyl derivative is heated in 

ethanol-toluene. 

^^/OCOR1 
PhMo.EtQH, 

30-55% 
[1401,1755] 

R’=Me,Ph; R^=MeO,PhNH 

COR" 

l-Benzopyron-4-one 

[1392] 

R = Me,CH2=CMe,Ph,4-Me0C6H4 

3. l,3-Oxazin-4-one 

An iminophosphorane derived from a 2-acyloxycarboxamide cyclizes at ambient 

temperature to give a 1,3-benzoxazin-4-one. 

ocor' 

-sr* Ri 
10-65% 

CN = PPh, 
II 3 
0 

R1=Me,Ph;R2=H,Me 1,3-Benzoxazin-4-one 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrazole 

An A-acylhydrazine on treatment with Vilsmeier reagents (review [1676]) 

produces a pyrazole ring but the yield is depressed by a side-reaction in which a 2- 

CCl=CMe2-pyrazolopyridazin-4-one is produced. 

Me 
NNHAc 

Pyrazolo[3,4-c/]— 

pyridazin-4-one 

DMF-P0CI3,A. 

50% MeN 
[1722] 

2. Oxazole 

Thermal cyclization of a l-acylaminonaphthalene-8-azide gave rather low yields 

of the napth[l,2-d]oxazole by an acid-catalysed decomposition which also 

involves the azide group. A similar but intermolecular mechanism probably 

explains the cyclization of 3-azidobenzanilide. 

92 



Formation of a Five-membered Ring 93 

Benzoxozole 

[1956] 

3. Thiazole 

The diacyl derivatives of benzoquinone imine are cyclized in acid by reaction with 

thiolacetic acid; this is a convenient method of obtaining 2,6-disubstituted 

benzothiazoles. Plumbophosphates have been used to convert thiobenzanilides 

into benzothiazoles under mild conditions. 

RCN; 
ii ^ HC1,A [ II 
0 0 + MeCSH - ’ » 

L II II —47 /o J 1 
•NCR 

[16] 

R = Me,Ph Benzothiazole 

r il c /,MeOH,A p 1 

^ 1 ̂ II 55-72% Y J Y Ph 

' NHCPh 

R = H,Me,CI 

/,[ Pb(H2P04)2(HP04)2]H2 

[1849] 

4. 1,2,4-Dithiazole 

The comparatively rare annulation to an endocyclic sulphur simultaneously 

converts it into a tetravalent atom. 

R1 = Et,PhCH2i 

R^HjMe 

PhMe,P2SB,A^ 

30-50% 
[1743] 

[l,2,4]Dithiazolo[l,5-A]- 

[l,2,4]dithiazole 
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II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine or Pyridin-4-one 

Cyclization of a 2-acylaminoethylbenzene with phosphorus oxychloride, phos¬ 

phorus pentachloride or phosphorus pentoxide is known as the Bishler- 

Napieralski reaction—a much used method discovered in 1893 for the synthesis 

of reduced isoquinolines. Amongst recent variations is the replacement of the 

phosphorus compounds mentioned by polyphosphoric ester [264] or PPA 

trimethylsilyl ester [1559] and the use of nitriles (such as acetonitrile, propioni- 

trile or benzonitrile) as solvents; it appears that the latter have a role other than as 

solvent. Such reaction conditions have enabled acylated 1,2-diarylethylamines 

containing electron-releasing substituents in the aryl rings to be cyclized. The 

newly formed ring may be fused to two other rings. 

R, = CMe2C00Et,4-N02C6H4j 

R2=3,4-(MeO)2C6H3; R3=H,MeO. 

/,PhMe-P0CI3,MeCN-P0CI3,Et20-PPE 
or MeCN-PCI5 

Pyrido[3,4 -bjindole 

PhN02,P0CI3,A^ 

~ 60% * 

(review [1616] ) 

[435] 

Other ring systems synthesized similarly: 

Pyrido[4,3-A]indole 

Me 

Me 

Pyrrolo[3,2-c] pyridine 

[355] 
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Acylated aromatic (including heterocyclic) primary amines undergo a very 

useful cyclization when subjected to the Vilsmeier reagents and the newly formed 

pyridine ring may be simultaneously chlorinated when an excess of phosphorus 

oxychloride is used (review [1676]). Sensitive groups such as CH2C1 are 

unaffected. Another variation is to increase the proportion of reagents even 

further and thus synthesize a 2-chloro-3-formylpyridine ring. 

Rl=Me,MeO; R2=H,alkyl,CICH2,CI2CH,CN,CH2C00Me,Ph 

Other ring systems synthesized similarly: 

[1478] 

Thieno [2,3-£] pyridine 

(review [1669]) 

Thieno[3,2-/>]pyridine 

[1478] 

Thieno [3,4-/)] pyridine 

[1478] 

A-Formyl-fV-methylaniline may be cyclized in high yield to a quinolinone by 

reaction with malonic monoester chloride. This is an efficient method for the 

preparation of quinolinone-3-carboxylic acids. 

Me 
I 
NCHO COOMe 

I 
CH2C0CI 

1 .POCIj, A 
2. NaOH 

— 98%*' 
[1384] 

2. Pyrimidin-4-one 

This ring may be formed by cyclodehydration of an N-acylarylamine and ethyl 

glycinate mixture. 
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-NCR" 
CH-NhU 

+ I 2 2 
COOEt 

V 
R1=H,MeiR2=olkyl,PhCH2 

[1069] 

3. Pyrazine 

Phosphorus oxychloride brings about the cyclization of an acylamino group to a 

reactive ring like that of pyrrole. 

R=Me,tBuCH2 Pyrido[2,3-/?]pyrrolo- 

[l,2-o]quinoxaline 

[711] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,4-Diazepine 

A diazepine ring fused at three of its sides is produced by the action of phosphorus 

oxychloride on a suitable substrate containing an acylamino group. 

Indolo[1,7-<7A][l,5]benzodiazepine 

[928] 

2. 1,4-Oxazepine 

Acylated 2-aminoethoxybenzenes cyclize to the oxazepines by the action of 

phosphorus oxychloride with or without phosphorus pentoxide. 

^\/0(CH2)2NH 

0=CAr 

R=H,Me0)0CH20,Ph 

Ar = Ph,3-CIC6H4 1,4-Benzoxazepine 

[340, 1574] 
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3. 1,4-Thiazepine 

PPA is an effective reagent for cyclizing acylamino groups on to reactive benzene 

rings. 

CHO 
I 

PPA, 

67-78%* 

R=H,Me,MeO Dibenzo[6f] [l,4]thiazepine 

[952] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Imidazole 

Annulation of an acylamino group on to an adjacent endocyclic nitrogen atom to 

form an imidazole ring is a frequently used method. The amide carbon atom 

becomes C-2 of the new ring and a variety of substituents can thus be introduced 

at this position by choice of the acyl group. It is not necessary to isolate the pure 

amide as it can be formed from the amine and treated in situ with the cyclizing 

agent—usually phosphorus oxychloride or PPA, but phosphorus trichloride- 

TEA in THF reduces tar formation in some cyclizations [929], 

R 

[553,792,929,1327] 

R^hqPh; R2=H,Me;PhSCH2, 

N3CH2,COOEt,MeOCH2,CIC6H4) 

3-CF3C6H4,4-CIC6H4(CH2)2i 

/',poci3-ckch2)2; 

/7,PCI3-TEA,THF 

X=CH,N 

Imidazo[l,5-a]pyridine 

Imidazofl ,5-o]pyrazine 

[269] 
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Other ring systems synthesized similarly: 

Imidazo[l ,5-6] 

[l,2,4]triazole 

[652] 

T 
o 

NH 

Imidazo[5,1-r][l,2,4] - 

triazin-4-one 

[741,792,1214] 

o 

Imidazo[5,1 — ^ILl ?2,4] — 

triazin—4—one 

[1214] 

o 

[l]Benzothieno[2,3-d]imidazo- 

[l,5-o]pyrimidin-10-one 

Reaction of 2-acylaminopyrimidin-4-one with PPA varies with temperature: at 

about 110 °C, cyclization to the imidazo[l, 5-a]pyrimidin-4-one occurs normally 

but at about 190 °C, the pyrimidine ring is opened and a good yield of 

imidazo[4,5-h]pyridine is obtained. 

Imidazo[4,5-6]pyridine 

R = a Ik y I 

Imidazo[l ,5-o]— 

pyrimidin-4-one 

[695] 

2. 1,2,4-Triazole 

Cyclization of a 2-acylhydrazinopyridine gives a 1,2,4-triazole fused at its 3,4- 

bond. This widely used method may be effected in acetic acid, formic acid, PPA, 

phosphorus oxychloride or methoxyethanol. 



100 Acylamine or Acylhydrazine and Ring-nitrogen 

1J2,4-Triazolo[4,3-o]- 

pyridine 

Other ring systems synthesized similarly: 

1)2,4-Triozolo[4,3-/>]- 

isoquinollne 

[1163] 

X 

Me 
N 

1,2,4-Triazolo[4,3-/>]- 

[l,2,4]triazin-7-one 

Thiazolo[5,4-/f] [l,2,4]- 

triozolo[4,3-(7j [1,4]- 

dlazepine 

[983] 

Bisfl ,2,4jtriazolo[4,3-Z> = 4',3'- 

[1,2,4] triazepine 

1>2,4-Triazolo[3,4-7]- 

[l,2,4]triazin-8-one 

Pyrazolo[3,4-e][i,2,4]triazolo- 

[3,4-e] [l,2,4]triazine 

1,2,4-Triazolo[3',4':2,3]pyrimido- 

[4,5-cJquinolin-ll-one 

[394] 

[1148] 

[748] 

[1213] 

[1474] 



101 Formation of a Six-membered Ring 

n. FORMATION OF A SIX-MEMBERED RING 

1. Pyrimidine 

A doubly fused pyrimidine ring is formed when the acylamino group is suitably 

placed with respect to an endocyclic nitrogen of another ring. 

R = H,Ph,Me-,Br-,Me0-,CN-CgH4 [l,2,4]Triazino[4,3-c]- 

quinazoline 

Another ring system synthesized similarly: 

[1328] 

[433] 

1,3,4-Thiadiazolo[3,2-<?]quinazoline 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Imidazole or 2-Imidazolone 

When a 2-amino-thiourea is heated with mercury(II) oxide (review [B-22]), 

hydrogen sulphide is eliminated and a 2-aminobenzimidazole is formed but the 

corresponding urea in an acidic medium gives the benzimidazolone. 

NHCNHPh 
II 
S 

nh2 

R = H,CI,Me,MeO,CF3 

EtOH,HgO, A 
NHPh 

[292] 

Benzimidazole 

1 .Fe-Ac0H,2 .HCI p T 

50-74% 
[374,412] 

2-Benzimidazolone 

II. FORMATION OF A SIX-MEMBERED RING 

1. 1,2,4-Thiadiazine 1,1-Dioxide 

This ring is formed when 2-acylamino-sulphonamide is treated with aqueous 

alkali [971], ammonium hydroxide [183] or alkoxide [1345], The amino- 

102 
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sulphonamide requires a carboxylic acid [183, 1543], an aldehyde [93] or an 

orthoester [459] to convert it into the same ring and yields are usually high. The 

imidazole (19.1, R = H) resisted cyclization under some conditions but successive 

treatment with benzoyl thiocyanate and alkali gave the thiadiazole [117]. 

55-83% 

r' = H,alkyl,Cl,S02NH2; 

R2=Me,C00Et,AcCH2,Ph 

/',oq.NaOH, Aj/'/,NH40H,Et0H 

///, MeONa,MeOH 

^\/S02NH, 

-NHCOR 

1,2,4-Benzothiadiazine 

1,1-dioxide 

[183,971,1345] 

R 
^/n\/S02NH2 

(19.1) 

R=H,Me,PhCH2 

HC(OEt)3,EtOH, A^ 

~ 80%^ 

Imidazo[4,5-e]-1,2,4- 

thiadiazine 1,1-dioxide 

[459] 

The imine (prepared from 2-aminobenzenesulphonamide and ethyl acetoace- 

tate) cyclizes in high yield when heated with alkoxide but disproportionation of 

the side-chain occurs under the basic conditions to give 3-methyl-1,2,4- 

benzothiadiazine 1,1-dioxide in 96 per cent yield [1334], 

^\/S02NH2 
EtONa.EtOH, A 

96% 
-N=CCHpC00Et 

I 
Me 

[1334] 

2. 1,2,4-Thiadiazine-3-thione 1,1-Dioxide 

Amino-sulphonamides are cyclized by warming with thiophosgene; the 3-thione 

or its tautomeric 3-thiol is formed. 

[1333] 

1,2,4-Benzothiadiozine- 

3-thione 1,1-dioxide 



104 Acylamine or Amine and Sulphonamide, Thioureide or Ureide 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,2,4-Triazepin-7-one 

An A^-aroylthiosemicarbazide reacts with an amino group on the benzene ring 

under the influence of DCC to give high yields of the triazepinone ring. 

NHR 

0 

R = Bu,CH2=CHCH2,PhCH2, 

NH [936] 

1,3,4-Benzotriazepin-5-one 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Thiazole 

2-Amino- or 2-acylamino-thiocyanates readily rearrange and cyclize on heating 

in ethanol, mineral acid or ethyl benzoate to give a 2-amino- or 2-acylamino- 

thiazole ring. 

Ph 

NCS' 

EtOH, H2N 

-Ph 98% S 

Ph 

-Ph 

Pyrazolo[3,4-^]thiazole 

Other ring systems synthesized similarly: 

[455] 

T hi eno[2,3-c/] thiazole 

o2n- 
—N 

[402] 

[374] 

Benzothiazole 

Y NHAc AcHNv. 

[782] Y 
NHAc 

[1641] 

Thieno[3,2-tf]thiazole T hiazolo[5; 4-d] thiazole 

h2n- NH- 

[805] 

Thieno[3,2-cO 4, 5-<C]bisthiazole 

105 
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The amino-thiocyanate may more conveniently be formed in situ by treatment 

of the arylamine with sodium thiocyanate-bromine. 

-NH, 

R = Me,CI,F,MeS 

+ NaSCN 

+ Bfp 

MeOH 

21-74% 

SCN 

^YsyNH2 

SCN 

Benzothiazole 

[1611] 

2. 1,2,3-Thiadiazole 

Diazotization of an amino-thiocyanate gives good yields of the fused thiadiazole. 

h2n- -NH- 

ncs^s^scn 

Na2S,NaN02,HCI^ 

80% 

% 
[805] 

Thieno[3,2-d ■ 4,5-0'']' 

bis[l ,2,3]thiadiazole 

II. FORMATION OF A SIX-MEMBERED RING 

1. 1,4-Thiazin-3-one 

The thiocyanate group behaves quite differently when treated with bromoacetic 

acid and alkali; the C-N moiety is lost and the product is a fused thiazinone ring. 

HgN- 'NH, 

NCS^^ 

Br 
I 

+ CHgCOOH NoOH, a 

70%' 

H 

VN' 

'SCN + Na2S 

H 

Thieno[2,3-A : 5,4-£']bis[l ,4]- 

thiazine- 2,8-dione 

[805] 
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Cyclizations of compounds containing an acyl halide function are usually 

discussed with those of the parent acid but in view of the relatively large number 

of cyclizations involving reaction between an acyl halide and a ring-carbon or 

ring-nitrogen atom, these are considered separately in this chapter. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrol-2-one 

In spite of its low basicity, a pyrrole nitrogen is acylated intramolecularly by an 

acyl halide and a pyrrolizin-3-one is formed. 

ch2ci2^ 

50% 

3-Pyrrolizinone 

[818] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridazin-4-one 

Intramolecular cyclization of a hydrazonomalonyl chloride leads to the form¬ 

ation of a fused pyridazin-4-one ring. 

107 
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H 
'NN 

R = H,MeO,N02 

C(COCI) [352] 

COOH 

2. Pyrazine-2,5-dione 

This ring is formed by reaction of an indole-2-carbonyl chloride with a glycine 

ester. 

r'= H,PhCHgO;R2=H,Me 

[1216] 

3. Pyran-4-one 

A Friedel-Crafts intramolecular acylation of a phenoxyheterocyclic acid 

chloride forms a new pyran-4-one ring—a reaction which is a variation on the 

more common attack on a benzene ring by a carboxyl group (see Chapter 73). 

[l ]Benzopyrano[2,3-b] 

quinoxalin-12-one 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. Azepin-3- or -4-one 

Intramolecular Friedel-Crafts acylation is used to prepare these rings, the 

catalyst being aluminium chloride. The parent dicarboxylic acid (21.1, R = OH) 

failed to cyclize with PPA but one of the acid chloride groups reacted 

preferentially under very mild conditions (0°C) in the presence of aluminium 

chloride. 

o 
ii 

CIC 

^^NCHR2)2-N 

R1=H,Br!CI,N02,CNi 

R2=H,CI 
Pyrrolo[2,1-£][3]benzazepin-1l-one 
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0 
II 

RC~ 

Ts 

(21.1) 

R = CI 

[436] 

2. Oxepin-4-one or Thiepin-4-one 

A doubly fused oxepin-4-one or thiepin-4-one ring is formed by an intra¬ 

molecular Friedel-Crafts reaction using a mild catalyst and dichloromethane as 

solvent. 

i ,soci2 
2.SnCI4, 

— 4 5%*’ 

Ar=Ph)4-Br,4-CI-C6H4i 

X = 0,S 

[270] 

o 

x = o,s 

[1 ]Benzoxepino[4,3-c7']oxazol-4-one 

[l ]Benzofhiepino[4,3-^i)xazol-4-one 

Other ring systems synthesized similarly: 

o 

[j1 [270] 
N 

[l]Benzoxepino[3,4-<Y]— 

1,2,3-thiodiozol-IO-one 

O 

[549] 

Dithieno[3,2-£'• 2',3'-e]— 

thiepin-9-one 

0 

X = S,Y=CH 

Dithieno[2,3-£; 3',2'-e]- 

thiepin-4-one 

X=CH,Y=S 

Dithieno[3,2-b- 3',2'-eJ- 

thiepin-4-one 

[549] 

Dithieno[2,3-b ■ 2 ,3-e]- 

thiepin-4 -one 

[549] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrazole 

Phenylhydrazine adds on to an a/Tunsaturated cyclic ketone under mild 

conditions to form a fused pyrazole ring. The carbonyl or the alkene may be 

endocyclic. 

+ PhNHNH2 
py.P'P 

50% [440] 

Indeno[1,2-c]pyrazol-4-one 

[634] 

Ar=Ph,4-N02C6H4 

110 

[l]Benzopyrano[4,3-c]- 

pyrazole 
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II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine or Pyridin-2-one 

Cyclic a/l-unsaturated ketones may be converted into a pyridine ring by 

prolonged heating with either ammonium formate or ethyl cyanoacetate- 

ammonium acetate. In the former reaction, two molecules of reactant combine to 

form a doubly fused pyridine. The indanone (22.1) yields a mixture of products. 

RN^^CHAr 
+ HCONH. 

II 
0 

EtQH,A ^ 

21-66% 

R = alkyl,PhCH2, 4-Br-, 

4-C00Et-C6H4 

Ar = Ph,4-Me06H4 

Dipyrrolo[3,4-6'- 3',4'-e]- 

pyridine-3,5-dione 

ChUCN 
+ I ^ 

COOEt 

(22.1) 

AcONHa , A 
-——► [318] 

R = H,55%,R = CN,35% 

Indeno[1,2-4]pyridin-2-one 

Thermal cyclization of a 2-vinyl-aldehyde oxime occurs in decalin in good 

yield. 

R 

HON=CPK 

R = H,Me,Ph T hieno[3,2-c] pyridine 

[1405] 

Another ring system synthesized similarly: 

Pyrido[4,3-/>]indole 

[405] 

2. Pyridazine 

This ring is formed when an oxoalkyne is treated with hydrazine and an acid in 

boiling toluene. 
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U 

-I -CsCPh 
+ n2h4 

OH 

[442] 

3. Pyrimidine 

A fused 2-aminopyrimidine ring may be built from a 2-enone and guanidine. 

o 

RN 
+ C(NH2)2 

^CHPh NH 

EtOH,A RN 
/NH, 

-40% 
[474] 

R=PhCH2,4-BrC6H4 
V 

Ph 

Pyrrolo[3,4-oOpyrimidin-7-one 

4. Pyran 

Under acid catalysis at ambient temperature, an o-alkenyl-ketone is converted 

into a pyran ring in high yield. 

riPh [1061] 
>o °‘ ^1 

^ NPh H,S0, 
--— I 

~ 75% 
RC- 

II 
0 

R-Me,Et,Ph,PhCH = CH Pyrano[4 ;3-c]pyrazol-3-one 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,2-Diazepine 

Conversion of the substrate aldehyde or ketone to its tosylhydrazone and heating 

this with an alkoxide causes ring closure to a fused 1,2-diazepine in good yield. 

H = CHR 

R1 = H,alkyl; R^HjMejPh; 

EtONa.DME,A 3 
-R 

41-88% 

R3=H,MeO 

Other ring systems synthesized similarly: 

■n [1583, 1604] 

2,3-Benzodiazepine 

/ 
[1603] 

Thieno[2,3—o'] [1,2]— 

diazepine 

r 
\ 

N-^ 

Thieno[3,2-c/][l,2]- 

diazepine 

[1603] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrazole 

Reaction of the carbonyl group with hydrazine hydrate followed by heating 

(sometimes with acetic acid) yields a new pyrazole ring in high yield. An o- 

azidoketoxime behaves similarly on heating in toluene (only the £-oxime of a 

diphenyl ketone cyclizes). This shows that one nitrogen atom of the azido group 

remains to form the new ring; similarly, an o-azidoaldehyde phenylhydrazone 

cyclizes thermally to give a 2-phenylaminoindazole. A nitrene is probably an 

intermediate in several of these cyclizations [B-23]. 

+ N2H4 

R = H)Me,PhCH2, Ph, 

4-Me0C6H4CH2; 

1-naphthylmethyl 

EtOH,AcOH,A( 

75-91% 

Indazole 

[843,1697] 

+ rnhnh2 
EtOH 

75-90%* 

Me R 

0 

Pyrazolo[3,4-c/]pyrimidine- 

4,6-dione 

[81] 

113 
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PhMe or 
o-CI2C6H4,A^ 

20-60% , 
R’ 

Indazole 

R1 = H,CI j R2=H,Me,Ph 

R3=H0;PhNH 

[584,728] 

2. Isoxazole 

When an o-azido-aldehyde or -ketone is heated, an isoxazole ring is formed in 

good yield. The ketone may be either cyclic or acyclic. 

decalin, A 
-TTT+- 
39-98% 

Ar = Ph,4-alkyl, 

4-Br-4-MeO-, 

4-N02-C6H4 

Other ring systems synthesized similarly: 

^Ar 

2,1-Benzisoxazole 

[1644] 

0 

MeN 
r 

Me 

Nv\ 

Isoxazolo[3,4-4]pyrimidine- 

4,6-dione 

[81] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine 

When an o-azidoaldehyde is heated with aniline, the nitrene initially generated 

attacks the phenyl ring and a pyridine is formed. Thermolysis of a side-chain 

azide containing a nuclear acetal also produces a pyridine ring. 

Pyrimido[4,5-/>]quinoline-2,4-dione 
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Me 

'^\^CH(OMe)2 

N. 

'CH = CCOOEt 

[866] 
COOEt 

Isoquinolines are formed thermally framazido-ketones [379]. 

2. 1,2,3-Triazine 

When an azidoaldehyde is heated with triethyl phosphite, the three nitrogen 

atoms are retained and a fused 1,2,3-triazine ring is formed. 

(EtO)jP,hexane, A 

55% MeN 
[81] 

Pyrimido[4,5-^]-1,2,3- 

triazine- 5,7-dione 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Thiophene 

A reversed thiocarbamate placed ortho to an aldehyde function reacts with 

sodium chloroacetate to give a fused thiophene ring. 

MeO 0 MeO 
II 

SCNMe2 

_!i«+ 
30%^ 

CHO 

/, aq.NoOHjPh^, A Benzo[/>]thiophene 

//,CICH2C00Na,A,HCI (review [1649]) 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine 

Base-catalysed cyclization of a 2-acyl-carbamate with acrylonitrile gives mode¬ 

rate yields of a dihydropyridine ring. 

NHCOOEt 
„ MeONa, A ^ 

+ CH?=CHCN-—*■ 

2 11-42% [856] 

Benzofuro[3,2-£>]pyridine 

116 
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2. 1,2,4-T riazin-3-one 

Heating a phenylhydrazone of an aldehyde or ketone which also has a carbamate 
function results in ring closure in good yield. 

NCOOEt 

C=NNHPh 
R 

[l,2,4]T riazino[4,5-£7]- 

benzimidazol —1-one 

[1171] 

m. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,4-Diazepine 

A benzyl carbamate is a useful protecting group for an amine as the benzyl can be 

removed by acid or hydrogenolysis leaving the N-carboxyl which decomposes on 

warming. This route is used in a ring-closure which is the final step in a synthesis 

of a diazepine ring. The medicinally important benzodiazepines have been 

reviewed [B-24, 1895]. 

Ph 

[l ,2,4]T riazolo[4,3-o][l;4]- 

benzodiazepine 

[1348] 
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I. FORMATION OF A SIX-MEMBERED RING 

1. Pyridin-2-one 

Fusion of pyridin-2-one and pyridine rings produces a naphthyridinone; the 

chemistry of naphthyridines was reviewed in 1983 [1648]. A number of 

naphthyridinones may be synthesized from a (protected) 2-formylmethyl- 

carboxamide by heating in the presence of toluenesulphonic acid. 

o 
ii 

H,NC. 
% 

(MeO)2CHCH^\^ 

PhH,Ts0H, A 

72%' 

HN 

1,7-Naphthyridin-8-one 

Other ring systems synthesized similarly: 

[1708] 

1,6-Naphthyridin-5-one 

0 

X = CH,Y=N 

2.6- Naphthyridin-1-one 

X =N, Y = CH 

2.7- Naphthyridin-1-one 

[1708] 

[1708] 

In the presence of a strong base, the N-anion of a keto-carboxamide is 

produced in preference to that from the methyl group and a fused pyridin-2-one is 

118 
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formed. 

119 

0 0 0 

RHNCCH2\ 
Jl 

f^NCHUPh 

1 2 

tBuOK,tBuOH, A 

35-60% Rf[j 

^^NCH2Ph 

Ac^ ^Me ~^Me 

R = H,Me Me 

Pyrrolo[3,4 -<?])yridine- 

[143] 

1,6-dione 

2. 1,3-Oxazin-4-one 

On heating with acetic anhydride, 4-oxoquinoline-3-carboxamides are converted 

into, 1,3-oxazin-4-one analogues in high yield. 

R = Me,Me2 quinolin-4 -one 

[1003] 

II. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,2-Diazepin-3-one 

The hydrazone of a 2-phenacyl-hydrazide cyclizes to a diazepinone on heating 

with acetic acid. 

II 
h2nhnc 

PhCbUC 
II 
NNH2 

R=Me,Ph 

AcQH,EtQH,A^ 

— 5 2%*~ 

Ph 

Pyrazolo[3,4-o'][l,2]- 

diazepin-8-one 

[162] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrazol-3-one 

A cyclic 2-oxocarboxylic acid or ester condenses with hydrazine or arylhydrazine 

with the formation of a fused pyrazol-3-one. 

+ r3nhnh2 
AcOH,A^ 

8-70% * [341,448] 

R1 — H,Me,Br,Clj R2=H,Me, X = 0,S 

R3=H,Ph,CI-,N02-,Me-,MeS02-CgH4 [l]Benzopyrano[4,3-c]- 

pyrazol-3-one 

[l]Benzothiopyrano[4,3-c] 

pyrazol-3-one 

120 
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Another ring system synthesized similarly: 

NH 
I 

[417] 

o2 

Pyrazolo[3’,4': 4,5]thiopyrano- 

[3,2-c][l,2]-benzothiazin-1-one 

5,5-dioxide 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridin-2-one 

Reaction of a keto-ester with ammonia or methylamine results in the formation of 

a new pyridin-2-one ring. 

Me 

AcCH, 

+ rnh2 

MeOOC^ •Me 

R=H,Me 

[1027] 

Furo[3,4-c]pyridin- 4-one 

Other ring systems synthesized similarly: 

[185] 

Pyrido[3,4-£]quinoxalin-1-one 

3-Isoquinolinone 

[163] [2004] 

Thieno[3,4-c]pyridin-4-one 

2. Pyridazin-3-one 

One of the commonest reagents for ring closure of keto-acids or keto-esters is 

hydrazine or its salt in boiling ethanol. Monosubstituted hydrazines have also 

been used. When thiosemicarbazide (R3 = H2NCS) is used, the thiocarboxamide 



122 Aldehyde or Ketone and Carboxylic Acid or Ester 

group is lost and the tautomeric phthalazine (26.1) is obtained. 

R1 = H,Me,HO,SH,NH2,Phj 

R^HjMe j R5=H, Ph. 

Pyrimido[4,5-c/J- 

pyridazin-5-one 

[749] 

0 

R 

1-Phthalazinone 

OH 

Me 

(26.1) Phthalazine 

[160] 

[1685] 

Other ring systems synthesized from a keto-acid [1110] or a keto-ester 

[419,771,996,1020,1095,1247] or a formyl-ester [2006]: 

[1095] 

Pyridazino[4,5-^]~ 

pyridazin-1-one 

X=CH,N 

P».rolo[2,3-<J]- 

pyndazin-7-one 

Pyrazolo[3,4-tf]- 

pyridazin-7-one 

Pyridazino[4,5-c]quinolin-1-one 

[2006] 

Pyrrolo[3,4-</]pyridazin-1-one 

Pyridazino[4, 5-A]carbazol-4-one 

[1110] 
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3. Pyrimidin-4-one 

A 2-aminopyridine condenses with a keto-ester to form a doubly fused 
pyrimidinone in good yield. 

EtooCv^N MeOOC\^\ 

NH- 

TsQH, A 

63% 

Pyrido[1,2-a]thieno[3,4-c/] 

pyrimidin -10-one 

4. Pyran-2- or -4-one 

Reaction of one of two ester groups of (26.2) with an enolized carbonyl group 

leads to the formation of a lactone but a more complex mechanism may account 

for the cyclization of a 3-azido-5-oxopyridazine carboxylic ester which gives a 

good yield of the pyran-2-one on treatment with sulphuric acid. 

Pyrano[3,4-/>]quinoxalin-1-one 

[185] 

ci 

I 
MeN 

COOEt 
I 

• CH = CMe 

H2S04 N 
- V I 

MeN 75% 
[382] 

Pyrano[2,3-tf]pyridazine- 2,5-dione 

A Baker-Venkataraman rearrangement [B-12] in a base followed by cycliz¬ 

ation of the diketone is a commonly used synthesis of flavones. 

1-Benzopyran-4-one, 2-aryl 

(review [B — 32] ) 

R=H,3,5-(N02)2; 

Ar = 2 - AcC6H4, 2-Ac-3,5-(N02)2C6H2 
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With the carbonyl and carboxy groups appropriately separated, reaction 

between them can be effected by heating with thionyl chloride or propanoyl 

chloride-aluminium chloride. 

SOCIo 

67 %* 

2-Benzopyron-1-one 

^^^COOH 

-CH2Ac 

Other ring systems synthesized similarly: 

[162] 

Pyrono[3,4-c]- 

pyrazol-7-one 
Pyrano[ 3;2-A]pyridin-2-one 

[342] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. l,2-Diazepin-3-one 

When the carbonyl and ester groups have three carbon atoms separating them, a 

1,2-diazepinone ring is formed in high yield. Spectral evidence later showed that 
the corresponding [5,4-b]isomer existed in the enol form. 

Note added in proof: A recent paper [1679] shows that the product of the latter 

reaction is a pyrido[4,3-b]indol-3-one (26.1). 

-COOEt 

^-CH2Ac 

N2H4 EIOH,A ^ 

H20 70-90%^" [23] 

[l,2]Diazepino[4,5-/>]indol-1-one 

[l,2]Diazepino[5,4-£]indole 

[1081] 

(26.1) Pyrido[4,3-A]indol- 3-one 

[1679] 



CHAPTER 27 

Aldehyde or Ketone and Ether or Thioether 

I. Formation of a Five-membered Ring 125 
1. Pyrazole 125 
2. Furan 126 
3. Thiophene 126 
4. Isoxazole 126 
5. Isothiazole 126 

IF Formation of a Six-membered Ring 127 
1. Pyridine 127 
2. Pyrimidine 127 
3. Pyran or Pyran-4-one 128 

III. Formation of a Seven-membered Ring 129 
1. 1,4-Diazepine 129 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrazole 

Many thioether groups may be displaced by a nucleophile such as hydrazine 

hydrate and the presence of a second function which reacts with the other 

nitrogen of the hydrazine results in cyclization. Some pyran-4-one rings are 

cleaved by nucleophiles but the high reactivity of the methylthio group in some 

compounds allows it to be displaced without appreciable opening of the ring. 

[245,1822] 

R’ = H,Me; R2= Me, Ph 
X = CH 

[l]Benzopyrano[2,3-c]pyrazol-4-one 

X = N 

Pyrazolo[4',3'; 5,6]pyrano[2,3-b]~ 

pyridin-4-one 

125 
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2. Furan 

Demethylation of an oxo-ether and heating the mixture gives a doubly fused 

furan in favourable substrates. 

Benzofuro[3,2-c]quinoline 

3. Thiophene 

A methylthio group may be demethylated and may then react with chloroacetic 

acid to produce a fused thiophene ring. 

CHpCI 
I * 

COOH 68% 

S\^COOH 

-Me 

Indeno[5,6-A]thiophene 

[1272] 

4. Isoxazole 

Similarly, hydroxylamine forms a fused isoxazole ring. 

SMe 
EtOH,NH2OH, A^ 

II 
0 

[1 ]Benzopyrano[2,3-c]- 

isoxazol-4 -one 

5. Isothiazole 

A 2-alkylthio-aldoxime or -ketoxime is annulated by heating with either PPA or 

acetic anhydride-acetic acid and an isothiazole ring is formed. The chemistry of 
1,2-benzisothiazoles has been reviewed [1775]. 

StBu 
PPA,A 

79% * 
CH=NOH 

1,2-Benzisothiazole 
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l 
Me Thieno[2,3-tf]isothiazole 

[737] 

Another reaction in which the sulphur atom is retained is the cyclization of a 

2-acetyl-thiol by chloramine. 

Etooc^s SH 

Me ' ^ Ac 

CINH2,oq. NoQH 

81% * 

Thieno[3,2-c/]isothiozole 

[737] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine 

An alkoxy group attached to an ethylideneamino function is displaced 

by an aminoacetaldehyde acetal under relatively mild conditions and an 

adjacent carbonyl group enables cyclization to occur in boiling ethanol 

to give a pyrimidin-4-ol but in boiling xylene, the same reactants yield the 2- 

aminoquinoline. 

• N = CMe 

OR 

R^S^^COPh 

R' = alkyl j R2=H,CI; 

R3=(EtO)2CHCH2 

Quinoline 

[539] 

[539] 

2. Pyrimidine 

An amidine reacts (in the presence of a base) with an o-oxoketene dithioketal to 

form a new pyrimidine ring. 

C(SMe)P 

+ RC-NH, 
II 
NH 

DMF.NaH, 
PhH, A 

57%"* 

SMe 

[745] 

R = 4-pyribyl 
Benzo[/?]quinazoline 
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An amidine also cyclizes a 2-(methylthio)-aldehyde or -ketone in good yield. 

[1 ] Benzopyrano[2,3-^]pyrimidin-5-one 

Pyrido[3',2': 5,6]pyrano[2,3-tf]- 

pyrimidin - 5-one 

The reaction of an aminoacetaldehyde acetal with an alkoxyethylidene-amino 

ketone [539] to form a quinazolinol is described in Section II. 1 

3. Pyran or Pyran-4-one 

1,3-Diketones cyclize on to a phenolic function, generated by dealkylation of an 

ether, to give a fused pyran-4-one in good yield. 

f 
^OEt 

•^/^CCHoCAr 
II II 
0 0 

pyr,HCI, A 

53-93%* 

Ar= 3-or 4-pyridyl X=CH,Y=N 

Pyrono[3,2-c] pyridin- 4-one 

X = N, Y = CH 

Pyrano[2,3-A]pyridin- 4-one 

[750] 

Attempts to generate the hydroxy group of the cinnamic aldehyde (27.1) were 

unsuccessful but a high yield of the pyran was obtained directly. It appears that 

the mercury (II) ion is essential for this cyclization. 

ci 

CH=CHCHO 

2/y-1-Benzopyran 

[1087] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,4-Diazepine 

o-Phenylenediamine cyclizes a 2-mercapto-aldehyde to form a doubly fused 
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diazepine. 

129 

[llBenzopyrano[2,3-£][1,5]- 

benzodiazepin-13-one 

[245] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

A bifunctional reagent such as hydrazine may sometimes behave as a monofunc¬ 

tional compound, for example, when reacting with a halogen and adjacent 

carbonyl group to form a 1-aminopyrrole ring. 

AcCH 

+ n2h4 

OMe 

I Me- 
(CH2)20H, A 

66-86% 

NH, 

[1414] 

NR, 

NR2=NMe2,N(CH2)5,N[(CH2)2] 0 Py rrolo[2,3-d] pyrimidine 

2. Pyrazole 

Hydrazine reacts in its usual difunctional role (cf. Section 1.1, above) with reactive 

o-chloroaldehydes to produce a fused pyrazole ring, or a preformed hydrazone 

may be cyclized thermally, photochemically, or with DBU [1968], 

130 
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Pyrazolo[3,4-c/]pyrimidine 

Other ring systems synthesized similarly: 

[1832] 

Pyrazolo[3,4-tf] Pyrazolo[3,4-c/]pyrimidine- 

pyridazin-4-one 4,6-dione 

[1578] 

3. Imidazole 

An 7V-2-oxopropyl group adjacent to a chlorine atom reacts with ammonia to 

give a fused imidazole ring. 

H 

[l]Benzothieno[2,3-tf]imidazo 

[l,2-o]pyrimidine 

4. Thiophene 

Thioacetamide serves as a source of sulphur in the cyclization of some 2- 

bromomethyl ketones. Mercaptoacetic ester efficiently converts a 2-chloroalde- 

hyde into a thiophene ring. 

Ar 

ArC v. 

BrCH£ 

R = H,Ph; Ar 

4-MeS -c6h 

Y EtOH.A^ s 

+ MeCNH2 40-85% Y 
Thieno[3,4-c/]thiazole 

[1038] 

EtOOC 

'A 
96% 

/',HSCH2C00Et,Na2C03,Et0H 

EtOOC 

Thieno[2,3-A][1,8]naphthyridin-5-one 

[1989] 
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Another ring system synthesized similarly: 

Thieno[3,4-£]indole 

[235] 

5. Isoxazole 

Conversion of the carbonyl compound into its oxime and treatment of this with a 

strong base gives a new fused isoxazole ring. For compounds which are unstable 

to strongly basic conditions, heating with sodium acetate in methanol is a more 

promising method [1470]. 

I.NHgOH 2.Et0H,K0H,A ^ 

78-99% 

r’ = f,ci 

R Wr, R3= alky I, ary I 

[614, 873] 

1,2-Benzisoxazole 

Other ring systems synthesized similarly: 

ci 

Hoocr^ [1168] 

\Ph 

[1470] 

Furo [3,2-/' ]-1;2-benzisoxazole Isoxazolo [5,4-£] quinoline 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine or Pyridine iV-Oxide 

Reactive 2-chloroaldehydes and arylamines give moderately good yields of fused 

quinolines on heating in DMF. Another doubly fused pyridine ring is obtained by 

treating a benzyl chloride containing an aldehyde group in another ring with 

triethyl phosphite and base. 

o o 
R’ = Me,Ph;R2=alkyl Pyrimido[4;5-£]quinoline- 

2,4-dione 
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0P(0Et)2 

Pyrrolo[l, 2-o]quinoline 

[1788] 

2-Bromo-oximes are converted under mild conditions into pyridine iV-oxides 

by a copper-assisted cyclization using an active methylene reagent such as a 

malonic acid derivative. Strong alkali converts a fluoroaldoxime into a pyridine 
1-oxide ring (review [B-34]). 

+ r3ch- 
I 
COOEt 

^=1-1,4,5-0CH20j R2=H,Me; 

R3= Ac,PhCO,COOMe,CN 

[1418] 

R1 R1 

[1356] 

Dibenzo[c/'][2,7]naphthyridine 8-oxide 

2. Pyridazine 

Hydrazine can behave as either a mono- or di-functional reagent (see Sections 1.1 

and 1.2) and the distinction in its reaction with halogeno-ketones sometimes 

depends on the 6-substituent; with the 6-chloropyrimidines in ethanol at ambient 

temperature, it behaves as a difunctional compound to give a fused pyridazine 

ring. 

Pyrimido[4,5-c]pyridazine 

[1414] 
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3. Pyrimidine 

Guanidine annulates peri-positioned halogen and carbonyl groups in the 
presence of copper to form a pyrimidine ring. 

Benzo[6,7]cyclohepta- 

[l,2,3-tfe]quinazoline 

4. 1,2-Thiazine 1,1-Dioxide 

A base-generated A-anion from methanesulphonamide displaces a halogen and 
the C-anion (from methyl group) attacks the aldehyde to form a thiazine ring. 

Benzofuro[2,3-c][l,2]- 

thiazine 2,2-dioxide 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. Azepine 

A primary aliphatic amine (obtained in situ from a bromide and ammonia) 
condenses with a carbonyl group to give an azepine when the groups are suitably 
separated. 

Me0H,NH40H^ 

64%* 

Ar = 2-CIC6H4 

Pyrimido[5,4-c/][2]- 

benzozepine 

2. 1,4-Diazepine 

When the halogen and carbonyl groups are directly attached to a ring, heating 
the compound with a 1,2-diamine gives the diazepine ring. Ammonia supplies the 
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second nitrogen in compounds where the halogen and ketone functions are 
already joined through four carbon and one nitrogen atoms. 

Cl 

ArC^ ^R1 

+ 
CH-NHR2 

,1 
r3chnh2 

II 
0 

R1 = alkyl; R2= H,alkyl ;halogen,CF3j 

R3= H,alkyl;Ar=Ph,Me-;CI-, 

A 

35-78% 

Pyrazolo[3,4-eJ[l,4]- 

diazepine 

Me0-,CF3- C6H4 

[445] 

Ph 

[1.2.4] Triazolo [4, 3-o]~ 

[1.4] benzodiazepine 

[813] 

Other ring systems synthesized similarly: 

[1251] 

Ouinazolino[3,2—zz] [t ,4]— 

benzodiazepin — 13—one 

Thieno[3,2-e]-1,4- 

dlazepine 

[983] 

3. 1,4-Diazepin-2-one 

A haloacylamine group adjacent to a ketone function is a commonly used 

precursor of this ring; ammonia, ammonium carbonate or hexamethylenetetra¬ 

mine provides the second nitrogen atom. 

R 
^\/NCOCH2X 

R1/^^X'COPh 

R1 = CI,N02iR2=H,Me 

X = Br,CI 

— 

90% 

/,MeCN,Nal,(NH4)2C03 

or EtOH,hexamethylenetetramine 

[233, 976] 

1,4-Benzodiazepin - 2-one 
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Other ring systems synthesized similarly: 

Benzofuro[3, 2-e]-1,4- 

diazepin-2-one 

[234] 

Thieno[2,3-e]-1,4- 

diozepin-2-one 

[1613] 

Aldehyde or Ketone and Halogen 

Thieno[3,2-e]-1,4- 

diazepine 

[983] 

[1,4]Diazepino[6,T,1 — A-/ ]— 

phenothiazin-1 -one 

[101] 

4. 1,2-Oxazepine 

Anionic displacement of a fluorine by an oxime in hot DMF gives this ring. 

R = Me;Ph 
Indolo[3,2-rf][l,2]- 

benzoxazepine 

[1459] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Isoxazole 

Thermal cyclization of a 2-hydroxyaldoxime acetate in acetic anhydride gives a 

high yield of the isoxazole but this ring is formed under mild conditions by 

stirring the hydroxy-alkoxime with trichloroacetyl isocyanate. 

=NOAc 

R = Me,MeO,HO,CI, I ,N02, COOMe3 1,2- Benz isoxazole 

/, AcjjO, A 3 //, ClgCCONCO, 

THF, K2C03 

-O 

/ or /'/ p 

46-90%*’ [41, 699] 

2, Furan 

Salicylaldehydes react with reactive methylene compounds such as bromonitro- 

methane or a-halogenoketones to form good yields of benzofurans. Sometimes 
the 3-hydroxy-2-nitrofuran derivative is first isolated and is dehydrated with hot 

137 
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acetic anhydride. Hydroxy, nitro or carboxylic ester-substituted salicylaldehydes 

are cyclized with bromonitromethane only when followed by heating with acetic 

anhydride. 

MeCN or 

r il p CH2CI Me2C0,K2C03)A , r i 
i 

7 1 + COR2 5-55% ^ 1 1 
'CHO 

[1738, 1881] 

R' = H,Me,MeO,CI j Benzofuran 

R2=Me,CH2COOEt 

+ BrCH2N02 24.99V 

-NO- 

[740, 1758] 

R = H,Me0,Br,CN,N02,C00Et 

/',Me2CO, K2C03) A; ii, Ac20 

3. Thiophene 

A 2-mercaptoaldehyde on reaction with a 2-chloro-alkanoic acid or oc- 

chloroketone in a basic medium is cyclized to the thiophene ring which will carry 

a 2-carboxyl or 2-acyl group. 

MeO 

CHoCI 
+ I 2 

COOH 

1. NoOH, A 
2. HCI 
-► 

90% 

MeO 

COOH 

Benzo[A]thiophene 

[726] 

4. Isothiazole 

The nitrogen atom necessary to form this ring is usually provided by ammonia. 

R 

+ NH3 
NaQH.NoQCI ^ 

57-70% * 

R = CI,MeO 

Another ring system synthesized similarly: 

1,2-Benzoisothiazole 

[726] 

[1035] 

Isothiazolo[5,4-A]quinoline 
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II. FORMATION OF A SIX-MEMBERED RING 

1. 2//-Pyran 

2-Hydroxyaldehydes are a fruitful source of 2H-benzopyrans and many reagents 

have been used, depending on the nature and position of the substituents required 

in the product. An alkene activated by a nitro, cyano, aryl or carboxylic ester 

group may supply C-2 and C-3 of the pyran ring and when the alkene also has a 

Me2C= group, this leads to a 2,2-dimethyl-2H-benzopyran but the reaction is 

inhibited when R is an OH or an electron-withdrawing group. The carboxylic 

ester group, however, is lost during the reaction [1893], Allenes, and epoxides, 

have also been used; ultrasonic agitation shortened reaction time in reactions 

with /i-nitrostyrene [1525]. 

-CHO 

+ R2R3C=CHR4 

/./'/'or Hi 
—-► 
45-85% 

[634,1525,1546, 

1893,2009] 

R1 =H,MeO,Br,Ph; R2=H,Me; 2/y-1-Benzopyran 

R3=H,Me,Ph,N[(CH2)2]20; 

R4=N02/CN>C00Et- 
/, Al203; //,oq.NaOH, A ■, 

Hi, PhH, A. 

CHCOOMe 
II 
C 
II 
CHCOOMe 

PhH,triton B, A 

62%* 

-Ov^^.CHCOOMe 

•COOMe 

[1425] 

r' = H,MeO,MeOCH20; 

R2=Et,Na; Ar = 4-Me0-, 

4-Me0CH20-,4-PhCH20-C6H4 

[1757] 

A 2-hydroxycinnamaldehyde may be cyclized in high yield by reaction with 

mercury(II) chloride. When saturated aliphatic nitro compounds are employed, 

phase transfer catalysis gives good results. 
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[839, 1480] 

2/y-l-Benzopyran 

pi [^Y°H + CHR2R3 ; or //, A t 

XAcho + 8"67%' 
R^ H,Me0,CI,N02j R2=H,EtO 

R3= EtO,HOj 

/, BugNHgCI, AcOCgH,, 

//, Et3NHTsO,PhMe 

Acetaldehyde acetals in perchloric and acetic acids give good yields of the 

benzopyrylium perchlorates. 

rch2 
I 
CH(OEt), 

Ac0H.HCI04 
- 

65-97% 
cio; 

■CHO 

R=H, alkyl, Ph 1-Benzopyrylium 

Cyanoacetamide in a basic medium gives a 2-iminobenzopyran. 

R = H,MeO,Br,Me2N 

CH,CN 
+ I 

CONHo 

pip, A 

64-77% 
R- 

NH 

CONH2 

[635] 

[26] 

2. Pyran-2-one 

This ring is formed from 2-hydroxyaldehydes by reaction with a carboxylic acid 

or one of its derivatives, for example, acid chloride, ester, or carboxamide, but the 

a-methylene group is further activated by a cyano, carboxylic ester or acid, 

alkenyl, phenyl, nitro or triphenylphosphine group. The use of a solid complex, 

[A1P04.A1203], enables this type of cyclization to be accomplished under mild 

conditions [1655]; such reactions have been reviewed [1913, 1947, B-40], 

■CHO 

CHoR£ 
I % 

COR3 

ior //, A 
-brr* 
29-85% 

r’= H,CI,Me0,N02j 

R2=Me,Ph,N02iR3=MeO,Et2Ni 

/,Et2i^H2CI,PhMe; //,POCI3 

[1504, 1541] 

1-Benzopyran-2-one 

MeO- 

COOEt 
I 

+ Ph3P = CPh 

■CHO 
'94% 

► MeO- [157] 
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Other ring systems synthesized similarly. 

[395, 473] [881, 895, 1092, 1655] 

Furo[3,2-g'][l]benzopyran-7-one 1-Benzopyran-2-one 

(review [ES-40]) 

Pyrano[3', 2'■ 5,6]benzofuro- 

[3,2-c]-pyridin-2-one 

[502] 

The imine of salicylaldehyde (readily prepared from the aldehyde and a 

primary amine [B-25]) reacts with carbon suboxide (review of reactions [100]) to 
give l-benzopyran-2-ones. 

+ c3o2 
e*2o,a, 

— 65% 
•CH=NR ^^^s^^-CONHR 

[34] 

R =olkyl,aryl 

3. 4//-Pyran and Pyran-4-one 

Salicylaldehyde and dimethyl acetylenedicarboxylate in a basic environment give 

a low yield of a 4//-benzopyran. Other derivatives of this ring system are 

prepared in good yield by an alumina-induced reaction of the hydroxyaldehyde 

with an excess of a malononitrile derivative. 

Reaction with an enamine followed by an oxidant gives a rather low yield of a 
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pyran-4-one. 

NR2= 4-morpholinyl 
pyridin-10-one 

[1219] 

4. 1,2,3-Oxathiazine 2,2-Dioxide 

The difunctional reagent, chloromethyl isocyanate, gives high yields of benz- 

oxathiazine derivatives on heating with salicylaldehyde. 

+ CIS02 

NCO 

PhMe, A 
--—► 
— 77% 

[875] 

1,2,3-Benzoxathiozine 

2,2-dioxide 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,6,2-Oxathiazepine 

The oxime of a 2-thiocyanato-aldehyde is converted by a weak base into an 
oxathiazepine ring in good yield. 

EtOOC •S\^SCN 

•CHO 

+ NH2OH 
EtOH,AcONo^ 

68% 

EtOOC^x 

NH 

K 
w p [737] 

Thieno[3,2-tf]-1,6,2- 

oxathiazepine 
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This chapter contains cyclizations of the following combinations of carbonyl 

groups: aldehyde and ketone, 1,2- or 1,4-dialdehyde, 1,2-, 1,3-, 1,4- or 1,5- 

diketone; in addition, cyclizations of a few monohydrazones and mono- 

thiosemicarbazones of diketones are described. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

Treatment of a 1,2-dialdehyde with a primary amine (with or without bisulphite) 

leads to the formation of a fused pyrrole ring. 

143 
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+ rnh2 

-CHO 

oq.NaHSOj.KCN, A 

33-92% 
[867, 1825] 

R =alkyl, aryl Isoindole 

2. Pyrazole 

Hydrazines cyclize 1,3-dicarbonyl compounds and form a fused pyrazole ring. 

[554] 

[l ]Benzopyrano[4,3-c]pyrazole 

R ,R H,Me;R Me,Etj Pyrano[4,3-C']pyrazol-4-one 
R4=H,Me,Ph 

[225] 

Other ring systems synthesized similarly: 

[501] 

[l]Benzothiopyrono[3',4': 5,6]- 

thiopyrano[4,3-c]pyrazole 5,5- 

dioxlde 

[229, 417] 

x = so2,y=nh 

Pyrazolo[3',4':4,5]thiopyrano- 

[3,2-<r][2,l]benzothiazine 4,4- 

dioxide 

X = NH,Y=S02 

Pyrazolo[3 ',4' • 4,5]thiopyrano- 

[3,2-c][l,2]benzothiazine 5,5- 

dioxide 

Monohydrazones of diketones are readily cyclized to a fused pyrazole ring by 
heating in an acidic medium. 
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R = Me,Ph Indeno[l,2-c]pyrazol-4-one 

Other ring systems synthesized similarly: 

[239] 

Pyrazolo[4', 3(- 3,4]pyrrolo[2,1-A] 

benzothiazol-10-one 

[239] 

Pyrazolo[4',3*; 3,4]pyrrolo[l,2-<j]- 

quinazoline-5,10-dione 

HNMe 

Cyclohepta[c]pyrazole 

[1234] 

3. Imidazole 

One of the classical syntheses of an imidazole ring is the reaction of a 1,2-dione 

with an aldehyde and ammonia (or a source of ammonia); this gives good yields 

when applied to phenanthrenequinone. 

+ RCHO 

4- NH40Ac 

[3] 

R= 2-or 3-thienyl, 2-naphthyl Phenanthro[9,10-c/]imidazole 

Another ring system synthesized similarly: 

[1 ]Benzopyrano[3,4-4]imidazole 

[554] 
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4. Furan 

A 1,4-diketone in the presence of a strong base reacts with ethanolamine to give 

isobenzofuran as an unexpected product in low yield. 

^v^GOPh 
HO(CH2)2 

■COPh 
NH- 

tBuOK ,tBuOH 
---► 

25% 
[1121] 

Isobenzofuran 

(review [l691] ) 

An aldehyde group (in this example, generated by acid hydrolysis of its acetal) 

separated from an endocyclic ketone by two carbon atoms, may be converted in 

the same medium into a fused furan ring. Simultaneously, phenylsulphinic acid is 

eliminated. 

H2S04,Ac0H,A^ 

70%* 

Furo[2,3-^]quinoline 

[488] 

5. Thiophene 

1,4-Diketones react with phosphorus pentasulphide-pyridine with the formation 
of a fused thiophene ring in good yield. 

Ph 

-COPh 

'COPh 

+ P2S5 
pyr. A 

83%" 
Ph^ ^-Ph 

Thieno[3,4-cr]thiophene 

[1632] 

Another ring system synthesized similarly: 

[1633] 

Thieno[3,4-c]pyrazole 

6. Isoxazole 

Treatment of 1,3-diketones (or 3-oxoaldehydes [554]) with hydroxylamine leads 

to the formation of a fused isoxazole ring. The mono-oxime may sometimes be 
isolated and then heated with an acid. 
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thf,h2so4)a 

66%* 

Indeno[1,2-4]isoxazol-4-one 

[309] 

Other ring systems synthesized similarly: 

X = CH2,Y = S02 [l]Benzopyrano[3,4-(7]isoxazole 

[l ]Benzothiopyrano[3',4': 5,6]thiopyrono- 

[S^-o'Jisoxazole 5,5-dioxide 

[554] 

x=so2,y=nh 

Isoxazolo[5',4': 4,5]thiopyrano[3,2-c]~ 

[2.1] benzothiazine 4,4-dioxide 

X = NH, Y = S02 

Isoxazolo[5',4'-- 4,5]thiopyrano[3,2-c]- 

[1.2] benzothiozine 5,5-dioxide 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine or Pyridin-2-one 

A 1,2-dialdehyde may be converted into a pyridine-2-one ring by reaction with 

ethyl azidoacetate or to a pyridine with ethyl glycinate. 

Pyrido[4,3 —Z>]indole 

When a primary methylamine is heated with a 1,4-diketone and DBU, a fused 

pyridine ring is obtained but diketones which may be labile in basic media are 
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cyclized by heating in butanol. 

Ar 

j + RCH2NH2 38-95%' 

ArC 
II 
0 

R = PhCH2,NCCH2,CN,C00Mej 

Ar = Ph,4-Me-,4-CI-C6H4 

/, DBu or BuOH 

RCH. 

Ar 

[1,2,5]Thiadiazolo[3,4-c]- 

pyridine 

[1058, 1128] 

Other ring systems synthesized similarly: 

[603] 

X = N,Y =CH 

Pyrrolo[3,4-c]pyridine 

X = CH,Y = N 

Pyrozolo[4,3-c]pyridine 

2. Pyridazine 

Hydrazine annulates 1,4-diketones (on heating in ethanol or propanol) with the 

formation of a fused pyridazine ring which may also be obtained in good yield by 

a double Wittig reaction on phthalaldehyde. A 2-acyl-aldehyde behaves similarly 

[1036, 1196], 

PhC\XX 
NPh 

Ph(X 
II 
0 

+ n2h4 

H^O 

EtOH.A 
--—• 
~ 100% 

XX/'CHO N=PPh„ 
+ I 

N=PPh, 

NPh 

Pyrazolo[3,4-tf]pyridazine 

THF 

77% 

Phthalazine 

[610] 

[727] 

Ph 

+ N2H4 

h2o 

EtOH, A 

87%’ [2005] 

Pyrazolo[3,4-<7]pyridazine 
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Other ring systems synthesized similarly from diketones or oxo-aldehydes: 

Pyrrolo[3,4-tfJpyridazine Pyrrolo[2,3-^]phtholazine 

[877] 

Ph Ph 

Ph 

X = MeN,0,S 

Pyrrolo[3,4-^]phthalazine 

Furo[3,4-^]phthalazine 

Thieno[3,4-^]phthalazine 

[877, 1019] [1063] 

Pyridazino[4,5-o]indolizine 

Ph 

Ph 

Pyridazino[4,5-/>]quinoline 

[610] 

Ph 

1,2,3-Thiadiazolo- 

[4,5-</]pyridazine 

Ph 

Benzofuro[2,3-ct]pyridazine 

[1196] 

[1036] 

3. Pyrimidine 

Guanidine or an amidine cyclizes a 1,3-dicarbonyl compound to form a new 

pyrimidine ring; the reaction is base-catalysed. 

+ r2c=nh 
I 
NHo 

PhCH2,NH2 

NaOH,TEA, A Dt \ 
-^ n- 

10-92% 

[l ]Benzopyrano[4,3-d]- 

pyrimidine 

[796, 1407] 
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4. Pyrazine 

A 1,2-diamine condenses with a 1,2-diketone to give a fused pyrazine ring in 

moderate to good yield. 

[554] 

RljsHOjCgH,,; [l]Benzopyrano[3,4-£]pyrazine 

R2=Me,H0,PhCH20 

Another ring system synthesized similarly: 

[604] 

5. 1,2,4-Triazine, 1,2,4-Triazin-3-one or -Triazine-3-thione 

Reaction of a 1,2-diketone with aminoguanidine produces a fused 1,2,4-triazine 

in high yield. It is sometimes advantageous to prepare the intermediate 

semicarbazone (or thiosemicarbazone). 

Benzo|>]pyrido[3,2-/]-1,2,4- 

benzotriozin-3-one 

Benzo[/7]pyrido[3,2-/r]-1,2,4- 

benzotriazine-3-thione 
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Another ring system synthesized similarly: 

151 

[120] 

x=o,s 

[1 ]Benzopyrano[4,3-e][ 1,2,4]triazin-2 -one 

[l ]Benzopyrano[4,3-e][1,2,4]triazine-2-thione 

6. Pyran-4-one or Thiopyran-2-thione 

A well-known synthesis of chromones depends on intramolecular reaction of 

phenolic and carbonyl groups [B-12]; this is illustrated in the cyclization of a 

(tautomeric) 1,5-diketone by hydrogen chloride-methanol. 

COOEt 

[299] 

x=o,s Pyrano[3,2-c)-1-benzopyran-4-one 

[1]Benzothiopyrano[4,3-b]pyran-4-one 

Treatment of some 1,3-diketones with phosphorus pentasulphide and ace¬ 

tonitrile gives simultaneous thiation and cyclization. 

.I2 \/COPh 

+ p2s5 

-P MeCN 

NaHCO,.A 
--—► 

45% 
[756] 

Thiopyrano[3,4-£][l]benzothiophene- 

3-thione 9,9-dioxide 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. Azepine 

When two aldehyde groups separated by four carbon atoms are treated with a 

primary amine, an azepine ring may be formed. In this example, the imine is 
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reduced with dithionite. 

CHO 

Dithieno[2,3-c '• 3',2'-e]azepine 

2. 1,2- or 1,4-Diazepine 

A 1,3-diketone reacts with o-phenylenediamine to form a fused 1,4-diazepine 

ring and a 1,5-diketone is cyclized with hydrazine to a 1,2-diazepine. 

PrOH,A 

47% 

0 

[988] 

Pyrido[2 ',3'-4,5]cyclopenta[l ,2-A] 

[l ,5]benzodiazepin-12-one 

R' = Ph,4-CIC6H4; 

R2=Me,Ph,4-N02-,4-AcNH-C6H4 

PrOH, A ^ 

29-73% 
[974] 

Indeno(1,2-c]-1,2-diazepin-6-one 

3. Thiepine or its 1,1-Dioxide 

A double Wittig reagent containing CH2SCH2 group cyclizes a 1,3-dialdehyde 

to give a low yield of a fused thiepine. 

OHCv^\x 

I + S(CH2PPh3)2 

OHC-^ 2CI~ 

BuLi 

9-13%* 

Furo[3,4-tf]thiepine 

Thieno[3,4-£y]thiepine 

[194] 

Condensation of an aldehyde with an ester is the basis of another synthesis of 

this ring. 
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'CHO 

,/^CHO 
'N 

Me 

Other ring systems synthesized similarly: 

MeOOC\ 

'NMe 
02S 
> 

MeOOC 

Thiepino[4,5-c]pyrrole 

6,6-dioxide 

COOMe 

MeOOC 

[866] OgS 
>- 

Me 
,I\E 

[866] 

MeOOC 

Thiepino[4,5-£]pyrrole 

6,6-dioxide 

IV. FORMATION OF AN EIGHT-MEMBERED RING 

1. 1,4-Diazocine 

This ring is formed by heating an o-diketone with ophenylenediamine in the 

presence of an acid. 

TsOH, A 

50%* 
[877] 

Benzo[^][l,4ldiazocino[7,6-/']indole 
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‘Methylene’ covers reactive methyl, methylene and methine groups. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

A good route to 2-acyl, 2-alkoxycarbonyl- or 2-cyano-indoles is the base-induced 

attack of an anion on the carbonyl (aldehyde or ketone) group, followed by 

dehydration of the hydroxy pyrrole. Activation of a methylene group (by addition 

of a base or by the presence nearby of an electron-deficient centre, such as a 

positively charged nitrogen) and its attack on a carbonyl forms the basis of 

several other syntheses. The reactivity of N-substituted pyridinium salts has been 
reviewed [1870], 

S02r3 

nch2r' 

COR2 

I.MeONo 2.SOCI2-pyr.^ 

31-96% 

r’ = Ac,CN,PhCO,COOMe; 

R2=H,Me,Ph;R3=Me,4-MeC6H4 

Indole 

V 

COAr' 
I 
CHCOAP 

NCH2Ph 

EtOH.TEA,A 

— 62%' 

COAr1 

^Ph 

[989] 

[1686] 

Ar',Ar2=Ph,4-BrC6H4 

154 

Indolizine 
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Ar1 = Ph,4-BrC6H4i Ar*=Ph, 

4-Me-,4-CI-C6H4 

155 

[1686] 

Other ring systems synthesized similarly: 

[1323, 1635] 

X = NMe 

Pyrrolo[l,2-o]imidazole 

Imidazo[l,2-<7]benzimidazole 

X = S 

Pyrrolo[2 ,1—Z>] thiazole 

2. Thiophene 

Anion formation from a 2-SCH2COOR side-chain of a benzaldehyde gives high 

yields of a benzothiophene-2-carboxylic acid or ester. 

^\/SCH2C00R‘ 

r1 L 
^^^■cho 

R' = MeO,HO; R2 = H,Me, 

/,oq.NoOH or AcONa-Ac20 

/.A 

80-100% 

-s\^COOR2 

Benzo[A]thiophene 

[555, 726] 

/V5^000 E,OH,No,CO,,fl _ |^NYSY 

94 /c 

COOEt 

Thieno[2,3-Alpyrazine 

II. FORMATION OF A SIX-MEMBERED RING 

[795] 

1. Pyridine 

3-Nitroquinolines are readily synthesized by base-catalysed ring closure of a 

2-(/?-nitroethylideneamino)acetophenone. 

-n=chch2no2 

r1 =H,Me, R2= Me, CjH,, 

/,aq.NoOH or AI203,Me2C0 

[31, 1054, 1271] 
NO, 
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2. Pyridin-2-one 

A cyanoacetamido group contains a highly activated methylene which reacts at 

ambient temperatures with a ketone to form a fused pyridin-2-one ring. 

^^/NHCOCHy 

Cl^^/^COPh 

EtOH.KCN 
--—i 

53% 
[-ch2cn] 

2-Quinolinone 

[2] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. Azepine 

Aldehyde and methylene groups on different rings can give a doubly-fused 
azepine ring. 

i, X = CI;KCN,DMS0,A 

ii, X = CN;aq.K0H 

Pyrrolofl ,2-£][2]benzazepine 



CHAPTER 32 

Aldehyde or Ketone and Nitrile 

Formation of a Five-membered Ring 157 
1. Pyrrol-2-one 157 
2. Pyrazole 157 
Formation of a Six-membered Ring 158 
1. Pyridin-2-one 158 
2. Pyran-2-one 158 

I. FORMATION OF A FIVE-MEMBERED RING 

1. PyrroIe-2-one 

Ammonia or a primary or secondary non-benzenoid amine on stirring with 2- 

cyanobenzaldehyde at ambient temperature gives an isoindol-l-one in very high 

yield; arylamines give a low yield or no cyclic product. 

^\/CHO 
r’ r2nh 

100% 

R1 =H, alkyl, alkenyl, 1- Isoindolone 

aralkyl, PhNH,HO; 

R2=H,Et,CH2=CHCH2 

[1106] 

2. Pyrazole 

Under mildly basic conditions, hydrazine converts an oxonitrile into a fused 

pyrazole in good yield even when the ketone is a vinylogous ester. 

[1689] 

[llBenzopyrono[4,3-c]pyrazole 

157 
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II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridin-2-one 

When the carbonyl and cyano groups are separated by three carbon atoms, 

heating with sulphuric acid results in cyclization and the nitrile becomes a lactam. 

H2S0„,A 

~ 40% 

R = 1—piperidinyl 2,7-Nophthyridin-l-one 

[960] 

2. Pyran-2-one 

In contrast to the formation of a new pyridin-2-one just mentioned, the reaction 

takes a different course at ambient temperature and in the presence of hydrogen 

bromide gas or solution; a 2-aminopyrylium salt is first formed and this, on 

hydrolysis, gives an isocoumarin. 

(i^Y'CN 

^S/^CHgCOPh 

2-Benzopyran-1-one 

[142] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Isoxazole 

Deoxygenation of a nitro group of a nitro-ketone with triethyl phosphite at a 
fairly high temperature gives moderate yields of a benzisoxazole. Alternatively, 
reduction of a nitroso (by phenylhydrazine) leads to high yields of the 
benzisoxazole at ambient temperature but the ratio of reactants and the order in 
which they are added have a considerable effect on the yield. 

R' = Me,Phj R^=H,CI 

P(0Et)3,tBuPh,A ^ r2_ 

37-56% 

2,1-Benzisoxazole 

[1451] 

V ll r PhMe 

I + PhNHNH2 81_95%» 

'Et 

[870] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine 1-Oxide 

Partial reduction of a nitro group and subsequent reaction with a neighbouring 
side-chain carbonyl or nuclear group yields a fused pyridine oxide ring (review 

159 
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[B-34]). 

(^X/N°2 

-CHO 

(EtO)oPOCHCOOEt 
+ d I 

CH2COOEt 

R=H,CI,F,Me0,0CH20 Quinoline 1-oxide 

[1404] 

^^^CHCHAc, 
I 

CN 

[1588] 

2. Pyridazine 1-Oxide 

Treatment of a 2-methylazoxybenzophenone with hot ethanolic alkali leads to a 

good yield of a cinnoline 2-oxide (review [B-34]). 

0" 

1+ 
-N = NMe 

CI^%t^'"'C0Ph 

[1273] 

Cinnoline 2-oxide 
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Reactions of the carbonyl group of aldehydes, esters, ketones, imides and lactams 

with phosphorane and phosphonate are covered in this chapter. The synthesis of 

heterocycles using phosphorus-containing groups has been reviewed [1724]. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

An intramolecular Wittig-Horner-Emmons reaction is a useful way of forming a 

carbon-carbon bond and thus a new heterocyclic ring where a hetero atom is 

present between the reacting groups. For example, one carbonyl group of an N- 

substituted imide may react with a phosphorane or phosphonate to give a fused 

pyrrole ring. 

R 

Pyrrolo[1,2-o]indol-3-one 

0 
R = Me,MeO 

161 

[1587, 1944] 
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Other ring systems synthesized similarly: 

[1943] 

[1572] 

(34.1) X =CH2 

1-Azabicyclo[3.2.0]heptan-7-one 

2. Thiazole 

Compound (34.1) where X = S is synthesized by the Wittig-Horner-Emmons 

reaction on the azetidinone with triphenyl phosphonate. 

scch2ft 

P(OEt), ,PhMe, A 
-—--—► 

40-70% 

C00R3 
I 

—C=P(OEt)_ 

C00R3 

Me [1572] 

r1=cci3,cooch2cci3; 

R2= OCNH-: R3= AcOCH2 
II * ‘L 

0 

4-Thia-1-azabicyclo[3. 2.0]- 

hept-2-en-7-one 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine or Pyridin-2-one 

A phosphorus-bearing group in an Al-alkyl side-chain or attached directly to 

nitrogen reacts with a neighbouring carbonyl to form a pyridine ring or a 

pyridinone if an amide group is already present. 

^\^NHCMe=CH 

PPh, 

R = MeO,Ph 

[1382] 

Quinoline 



Formation of a Six-membered Ring 163 

N=P(OEt)3 

CH=CHCOOR 
~eo%* 

^\^nwor 

R=H,Me,Ph 

[112] 

2. Pyran or Pyran-2- or -4-one 

2-Formylphenoxyalkylphosphoranes cyclize on warming with a strong base to 

give an oxygen-containing ring. 

Br 

-CHO 

MeONa,MeOH, A 
----—► 

88% 

2/Y-1-Benzopyran 

[1364] 

Both variants (phosphorane and phosphonate) of the Wittig reaction have 

been used to synthesize benzopyran-2-ones. 

o 

decolin, A 
--—t 
40-55% 

0 

-COOEt 

2-Benzopyran-1-one 

Ar = Ph,4-Me-,4-MeO-C6H4 

[1520] 

r^Y°h 

R=H,Me,MeO 

OP(OEt)2 PhH 
+ I -► 

MeCHCOOH ~80°/o 

0 0 
II II 

-OCCHP(OEt), 
I ^ 

Me 

THF,NaH ^ 

1-Benzopyran-2-one 

[876] 

A carbonyl group in the phosphorane-carrying side-chain can lead to the 

formation of a chromone. 
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0 
II 

1 /Pr2NEt,PhMe,A 
1 1 | 

^ J ̂  _ + 36% . 1 1 [1705] 

CCHMePPh-j 
II 
o b r 

Ar=4-MeOC6H4 l-Benzopyron-4-one 

3. 1,3-Oxazine or 1,3-Thiazine 

Several of the Wittig-type cyclizations proceed at ambient temperature and are 

useful when mild (but basic) conditions are needed. Syntheses of some /Tlactam 

antibiotics have been achieved in this way, for example, an oxygen analogue of 

cephalosporin. The chemistry of these and related compounds has been reviewed 

[B-26, B-27]. 

COOCHoPh 
I 2 

^CHP0(0Et)2 
^-N c 

NC ^-OCHpCCHoOAc 
3 2|| 

0 

DME-NoH^ 

28%* 

COOCH2Ph 

CH2OAc 

5-Oxa-1-azabicyclo[4.2.0]- 

oct-2-en-8-one 

[1924] 

C00R3 

°Y-N/^=PPh3 

^SCHR1C=0 

1 2 
R2 

R1 =H,Me j R2=H,Ph; 

R3=Me,PhCH2 

COOR3 

°%—n^!5v'r2 

5-Thia-l-azabicyclo[4.2.0]- 

oct-2-en-8-one 

[1427] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. Oxepine 

The solvent used in the cyclization of a phosphorane can play an important role 

in determining the product. A pyran or an oxepine may be formed according to 

whether methanol or DMF is used (cf. Section II.2). 

f;;;^v/0(CH2)3PPh3 

BF 
'CHO 

DMF,MeONa, A 
----—I 

68% [1364] 

1-Benzoxepine 
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IV. FORMATION OF AN EIGHT-MEMBERED RING 

1. Oxocin 

When the reaction described in the previous paragraph is extended to an a>- 

phosphoranylbutoxybenzaldehyde an oxocin ring is obtained in moderate yield. 

3 ^\/0(CH2)4PPh 

BF 

DMF,EtONo,EtOH,A^ 

31%* 
[1365] 

1-Benzoxocin 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

The elements of water may be removed from a side-chain aldehyde by molecular 

sieve in boiling toluene or by use of PPA (review [B-21]). 

PhMe./ 
-—> 

67% 

/, Molecular Sieve Indolo[1,7-oA](l ]benzazepine 

[736] 

166 
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Quinones are able to attain the aromatic state by donating electrons to form a 

bond with a carbon or nitrogen. Heating in a suitable neutral solvent 

(nitromethane, diphenyl ether or DMF) is sometimes effective but acetic acid may 

also be useful. In the Nenitzescu reaction, a quinone is heated with a 3-amino-2- 

propenoate ester to give a 5-hydroxyindole; several variations of this reaction are 

known [1756]. 

Pyrrolofl, 2-o]indole-5,8-dione 

(review [921]) 

CH2CH(OMe)2 

,NV -Me 

'COOEt 

Indole 

H Me 

'N\/N^0 

,NMe 

[1761] 

[1771] 

i,6-NH2-1,3-Me2—uracil, A Pyrimido[4,5-/>]indole-2,4-dione 

COOEt COOEt 

Pyrrolo[l,2-a]indole 

(review [921]) 

[648] 

In the Bischler indole synthesis, an oxoalkylamino chain attached to a reactive 

benzene ring can be cyclized in high yields to 3- or 2,3-substituted indoles; a 

photochemical variant of this reaction avoids the use of aluminium chloride. 

Et 
Y^/NCIHR1 

COR* 

AICL,A 
--—I 

— 100% 

Et 
'N 

[552, 1274] 

R’ = H,MeiR2=alkyl,PhCH2i 

R3=H,Me,MeO 
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MeOvi^;\r/NHCH2 

OCPh 
MeOH,PhH,AcOH,hO 
-----;—I 

55% 

OMe 

[1916] 

-Ph 

OMe 

A non-enolizable ketone in alkali can form a doubly fused pyrrole ring in good 

yield. An A-acetoacetylaridine cyclizes with acid to a 2-indolone [724]. 

R = H,CI,Me,MeO 

Ar = pyr idy I 

qq.KOH,A ^ 

72%* 

Pyrazolo[1,5-o]indole 

[370] 

2. Furan 

As in the last example, a ketone under hot alkaline conditions can form a C-C 

bond with an aromatic ring; a 2-oxoalkoxy chain can thus give a fused furan ring 

in the synthesis of a cannabinoid compound. 

[922] 

R=H,Me Benzofuro[6,7-c][2]benzopyran-7-one 

3. Thiophene 

A thioether ketone similar to that used in the previous section is cyclized by 

heating with PPA. Benzo[b]thiophene may also be synthesized [833], 

[300] 

Naphtho[ 2,1-A] thiophene 
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Another ring system synthesized similarly: 

169 

Phenanthro[9,10-A] thiophene 

[300] 

4. Oxazole 

In the Nenitzescu indole synthesis (Section 1.1), the oxygen of a quinone is lost but 

at a lower temperature, the reaction takes a different course with the formation of 
an oxazole ring. 

MeC = NNHTs MeC = NNHTs 

Pyrrolo[2,1-A]benzoxazole 

[520] 

5. Thiazole 

Cyclohexane-1,3-diones on monobromination and reaction with thiourea yield a 
fused 2-aminothiazole in good yield. 

COOEt COOEt 

5-Benzothiazolone 

[301] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine, Pyridin-2-one or Pyridine /V-oxide 

Acid-catalysed cyclocondensation of a cyclic ketone (containing an a-CH2) with 

anthranilic acid produces a new fused pyridine ring. An co-formylalkylamino 

chain or one which contains a suitably placed carbonyl group forms a pyridine 

ring with mineral acid or thermally. 3-Alkyl (or phenyl) quinolines are formed 

when 3-arylaminoacroleins are heated with an excess of aluminium bromide. 
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Indolizino[1,2-£>]quinolin-9-one 

Me 

Pyrido[1, 2,3-<te]-1,4- 

benzothiazin-5-one 

cyclopenta[c/]pyridine- 

NHCH=CR2 

CHO 

6,8-dione 

AIBf3,A^ 

51-89% 

R' = H,Me,Clj R2=Me,Et,Ph Quinoline 

[151] 

[516] 

[1932] 

co-Acetals or aldoximes cyclize under acidic conditions or sometimes thermally 

when the ring is reactive. Beckmann rearrangement before ring closure enables 

an isoquinoline to be synthesized from the ketoxime (35.1) but Lewis acids such as 

zinc chloride or tin(IV) chloride convert (35.1) into a quinoline. 

R- I + CICOOEt 

+ H2NCH2CH(OMe)2 

R = Me,Br,HO,MeO 

1.P(QMe)3 2,TiCI4 

25-75% 
[1287] 

Isoquinoline 
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CH=CH- 
I 
CH=NOH 

X=0,S 

Furo[2,3-A]pyridine 

Thieno[2,3-A]pyridine 

171 

[949] 

Me 

[1640] 

[1640] 

Under alkaline conditions, an oxime displaces a nuclear fluorine to produce a 
pyridine N-oxide ring (review [B-34]). 

Indolo[2,3-c]quinoline 5-oxide 

2. Pyridazine 

a/?-Unsaturated ketones cyclize on heating in acetic acid and can form a 

pyridazine ring when two nitrogen atoms are present in the ketone. 

CHAcf 
II I 

MeCNHN nh2 

AcOH,A 

40%* 
[567] 

1,2,4-Triozolo[4,3-A]pyridazine 
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3. Pyrimidine or Pyrimidine-2,4-dione 

A pyrimidine ring may be built on to a cyclic ketone by reaction with 

cyanoguanidine or triformamidomethane (methylidynetrisformamide). 

[1175] 

R = H,Me x=o,s 

[1 ]Benzopyrano[3,4-4] pyrimidine 

[l]Benzothiopyrano[3,4-<y] pyrimidine 

R1 = H,Me,Et;R2=H,Me,MeO)CI)F 

TsOH,HCONH,,A n 
---1■——R 

24-56% 

R1 

Pyrimido[5,4-c]carbazole 

[773] 

4. Pyran or Thiopyran 

Acetylenedicarboxylic ester annulates a thioxo group to a ring-carbon with the 

formation of a thiopyran ring in high yield. 

+ 
CCOOMe 
III 
CCOOMe 

Ph 

[1642] 

An inter-ring bridge is formed by heating a 2-phenoxyaldehyde with PPA; a 

pyran fused at two of its sides is thus formed. 

PPA, 

—-92% [316] 

[l]Benzopyrano[2,3-c/]pyrimidine- 

2,4-dione 

An unusual quinonoid 2-benzopyran is obtained at ambient temperature when 

a resorcinol containing a side-chain ketone is treated with triethyl orthoformate. 



Formation of a Seven-membered Ring 173 

HOOC 

HO^^/^CH2CiPr 

2-Benzopyran-6-one 

[42] 

5. Pyran-4-one or Thiopyran-4-one 

In the 1,2-addition of a phenylpropynoic ester across a cyclic carbonyl in the 

presence of a base and at a low temperature, both alkyne and ester groups react 

(cf. addition of acetylenedicarboxylate ester in preceding section) and a pyran-4- 

one ring is fused to the substrate. 

CPh 
+ III 

CCOOEt 
[517] 

R = Me,MeO Naphthofl ,2-£]pyran-4-one 

Fries rearrangement of the S-aryl ester (35.2) gives a 2-mercaptoacetophenone 

(which is not isolated); ring closure to the thiochromone follows. 

(^V-SCCH2Ac 

(35.2) 

R = H,Me,MeO,Br,CI 
l-Benzothiopyran-4-one 

[1894] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,4-Diazepine 

On heating chromone-3-aldehyde ethyleneacetal with o-phenylenediamine, a 

benzodiazepine is obtained. Although the chromone ring tends to be opened by 

bases, good yields of this diazepine are reported. 

H 

R=H,Me,CI [i ]Benzopyrano[2,3-£][l,5]- 

benzodiazepin-13-one 

[439] 
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2. 1,3,4-Thiadiazepine 

This ring is formed by a phosphorus oxychloride-induced intramolecular 

acylation of a pyrrole ring by an acyl group attached to a triazole. 

= N 

I 
OCPh 

Pyrrolo[1,2-c/][1,2,4]triazolo- 

[3,4-Z>][l,3,4]thiadiozepine 

[911] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

The reaction of a Wittig reagent with an N-heterocyclic a-aldehyde provides a 

valuable method of annulating a pyrrole ring at the 1,2-bond. 

H 

g\r/"CHO 

•R 

+ Ph3PCH=CH2 

Br~ 

Et20,NaH ^ 

~76%* 

R=H,Me 
Pyrrolo[I,2-o]indole 

Other ring systems synthesized similarly: 

[1190] [1190] 

PyrrololbB-climidazole 

175 

Pyrrolo[1,2-a] imidazole 

(review[l663]) 
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Intramolecular N-acylation by the aldehyde group in the presence of a Lewis 

acid sometimes gives high yields of an N-bridgehead system. 

r' r2 
C=CCHO 

•r|nh 

N[(CHo)2]20,N(CH2) 

NR; 

[261] 

2'5 

An alkenylphosphonate reacts with an appropriately placed aldehyde to form 

a fused pyrrole ring. 

R 

CHO 

NH 

+ 
cr3=chr2 

I 
OP(OEt)2 

Et20,NoH,A^ 

24-85% 
[1557] 

R1 = H,Ph,C00Me,PhS02; 

R2=H,Ph; R3=H,PhS02 

Pyrrolizine 

(review[1397]) 

2. Pyrazole 

iV-Amination of a 2-acylmethylpyridine followed by condensation gives a new 

fused pyrazole ring. The additional amino group may be provided by 

mesitylhydroxylamine. 

MesONH2,CHCIj 

35-62% 
*■ [1329, 1484] 

R = Me,Ph,2,4,6-Me3C6H2 Pyrazolo[l,5-o]pyridine 

3, Imidazole 

Under acidic conditions, a side-chain keto group reacts with a ring-nitrogen to 
form an imidazole, usually in good yield. 

Imidazo[l,2-<7]pyrozine 
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Other ring systems synthesized similarly: 

Ph 

Imidazo[l ,2-ijJpyridine Imidazo[l, 2-a] [1,41- 

benzodiazepine 

177 

[649] 

4. 1,2,3-Triazole or 1,2,4-Triazole 

Oxidative cyclization of the pyrimidine-2-aldehyde hydrazone yields a fused 

1,2,3-triazole ring but when the preformed phenylhydrazone of pyridine-2- 

aldehyde was treated with lead tetra-acetate in acetic acid the reaction took a 

different course to give the 1,2,4-triazole (cf. the reaction of ketone phenylhy- 

drazones, see Chapter 95). 

CHO 

1 .N2H4,oq.NaOH, A 

2. K4Fe(CN)e, A 

77%* U=j 
[1,2,3]Triazolo[1,5-<7]- 

pyridine 

CH=NNHAr 
AcOH,LTA,Ac2Q^ 

7 3-86% 

[1830] 

[1518] 

Ar = 2 -pyridinyl 1,2,4-T ridzolo[4,3-o]- 

pyridine 

An oxomethylthio side-chain 

phosphorus oxychloride. 

occh2s 

EtOOCCH2 
yy 
HN-N 

Ar = Ph,2-or 4-CIC6H4 

5. Thiazole 

is cyclized to a thiazole ring by heating with 

xylene,POCIj, A 

80% 

Thiazolo[3,2—Z> ] [1,2,4] triazole 

EtOOCCH. ]YY 
1!-N-W 

Ar 

[662] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyrimidine or Pyrimidin-4-one 

Reaction between an alkylamino side-chain carbonyl and an NH in the ring 

occurs usually on refluxing the compound in ethanol or toluene but a pyridine- 
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type (i.e. double bonded) nitrogen requires heating with a strong acid. An 

unexpected product (36.1) obtained under these conditions presumably resulted 

from an isomerization of the substrate [1275], 

COOEt 

1 /X 
CO HN 

1 1 I 
R’C=CHNH—1= 

COOEt 

EtOH, A 

63-100% > 

X 

r'= Ac,COOEt i R2=CN,CONH2, 

CONHMe 

X 
Pyrazolo[l,5-o]pyrimidine 

[371] 

Me 

[1275] 

Pyrido[1,2-<7]pyrimidin-4-one 

Other ring systems synthesized similarly: 

N. M 

YT Ph 

Ph 
[372] 

COOEt 

Imidozo[1,2-<7]pyrimidine 

CN 

Pyrrolo[1,2-a]pyrimidine 

(review [1659]) 

[723] 

EtOOC 

V 

[779] 

-COOEt 

Pyrimido[l,2-o] indole 

AcCH2CHN-N^S\/Me (V ^N. .. 
2„ h2S04,A TY t r 

N-N -35% YT' 
N-N 

Me 

1,3,4-Thiadiazolo[3,2-a]- 

pyrimidin-7-one 

[1178] 
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2. 1,2,4-Triazin-3-one or 1,2,4-Triazine-3-thione 

Thermal cyclization of the ethoxycarbonylhydrazone usually gives good yields of 

the fuged triazines. 

/^Ycho nhnh2 

R—U_L + COOEt 

R = H,Pr,COOMe 

Imidazo[1,5-tfl[1,2,4]- 

triazin-4-one 

Another ring system synthesized similarly: 

x=o,s 
Imidazo[t, 2-d][\ ,2,4]- 

triazin- 5-one 

Imidazofl, 2—z^] [1,2,4] - 

triazine-5-thione 

[380] 

[380] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,3-Diazepine 

A carbonyl may be joined to an NH in a ring by reaction with formaldehyde. 

R=H,CI Imidazof 2,1-o] [2,41- 

benzodiazepine 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole or Pyrrol-3-one /V-oxide 

A key intermediate (4-bromoindole) in the synthesis of ergot alkaloids may be 

obtained from palladium-mediated cyclization of a 2-vinylaniline. A similar 

synthesis has been used to prepare other indoles. 

Br Br 

/',TsCI,pyr j //,PdCI2, Indole 

benzoquinone,LiCI,THF 

[863] 

R'^MejAc; R2=H,Me,MeO,COOMe 

/,PdCI2(MeCN)2,TEA,THF 

[1108] 

Deoxygenation of a nitro group placed ortho to a vinyl group resulted in 

cyclization and the formation of a pyrrole ring. 

180 
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R = H,Me ; Ar = Ph,Me-, MeO-, [l]Benzopyrano[3,2-6]~ 

CI-,Me2N-C6H4, 2-furyl pyrrol-9-one 

Compounds containing adjacent nitro and alkynyl groups are cyclized to 

3-indolones (review [1662]) simply by heating in pyridine. 

py. A 

78% 
CCOOMe Me 

[397] 

3-Indol one 1-oxide 

Amino and alkyne groups in the presence of a mercury(II) salt cyclize in high 

yield on heating in acetic acid while carbamate and alkynyl groups cyclize 

efficiently in the presence of a strong base. 

’V/NHEt 

N^J''-C=CPh 

AcOH,Hg(QAc)2,A^ 

83% 

Pyrrolo[2,3-A]quinoxaline 

[744] 

^^/NHCOOEt 

■C = CR 

EtONa.EtOH, A 
----—« 

74-93% 

R = H,Bu,Ph Indole 

[1555] 

2. Pyrazole 

An iV-amino-2-alkynylpyridinium mesitylenesulphonate is converted into a 

pyrazolopyridine on treatment with a mild base; an /V-ylide may be used [837], 

dmf,k2cq8^ 

38-98% 
[296] 

R = H,olkyl,CH2OH,Ph Pyrozolo[1,5-o]pyridine 
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Other ring systems synthesized similarly: 

[296, 837] 

Pyrazolo[1,5-o]quinoline Pyrazolo[5,1-o]isoquinoline 

Pyrazolo[1,5-A]isoquinoline 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine 

Moderate to good yields of a fused pyridine ring are obtained by heating a 2- 

vinyl-imine in diphenyl ether. 

Ar'CH=CHv. 

Ar2CH = N' 
■Me 

Ph20, A ^ 

25-60% 

Ar1=Ph,4-MeC6H4i 

Ar2=Ph,4-Me-,4-CI-C6H4 

H 

Isoxozolo[4,5-Alpyridine 

[847] 

When the palladium-assisted cyclization mentioned in Section 1.1 is applied to 

the 3,3-dimethylallyl homologue, the 2,2-dimethylquinoline derivative is 

obtained. 

PdCI2(MeCN)2,THF,TEA 

— 54%*’ 
[1108] 

Quinoline 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. l,4-Thiazepin-3-one 

Thioglycolic acid adds across the C-C double bond and on heating, the 

intermediate cyclizes in good yields. 
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HN 

Ar'CH 

R 
. N. 

J. Ar 

CHpSH 
+ I 

2 COOH 

Ar1=CI-)F-,N02-C6H4; 

Ar2=Ph,4-FC6H4i 

R = Ar’,Ar1S02 

Pyrozolo[3,4-e][l,4]- 

thiazepin-7-one 

[381] 
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The following derivatives of carboxylic acids are included in this chapter: 
carbamate, carboxamide, carboxylic ester and nitrile. 

I. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine or Pyridin-2-one 

An A-alkenyl group adjacent to a nitrile on a ring allows a base-induced reaction 
to occur with the result that an aminopyridine ring is produced in high yields. A 2- 
pyridinone ring is obtained when an alkyne and a carboxamide group react in a 
basic medium. Several naphthyridines may be synthesized in this way (review 
[1648]). 

COOEt 
I 
CH = CMeNH~ 

NC^ 

E»ONo,EtOH, 

72-94% 

EtOOC' 

II, C396] 

R1^^ Me or (CH2)„, /? = 3-5 

PhC=C\^jN\/Me 

NH- 

Thieno[2,3-£]pyridine 

Me 

[1708] 

184 
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Other ring systems synthesized similarly: 

1,7-Naphthyridin-8-one 2,6-Nophthyridin-1-one 

[1708] 

A 2-N-allylaminobenzonitrile derivative may be converted into a 4-amino- 

quinoline by this method or by Friedel-Crafts reaction conditions. 

2. Pyran-2-one 

[1129] 

[1129] 

Under the influence of PPA or mercuric acetate, an O-alkenyl or -alkynyl 

carboxylic ester undergoes cyclocondensation to form a pyran-2-one ring. 

R’-R4=H,Me Pyrono[4,3-A]pyran-4,5-dione 

[1500] 

3. 1,3-Oxazin-2-one 

A nitrovinyl-carbamate in a basic medium cyclizes to a fused oxazinone in good 

yield. 



186 Alkene or Alkyne and Carboxylic Acid 

^\/OCNHAr 
PhH,TEA,A 

•CH=CHN02 
60-85% 

R = H,Br,CI,MeOj 

Ar = Ph,4-CIC6H4 

CH^Og 

1,3-Benzoxazin-2 -one 

[1116] 

4. 1,3-Thiazin-4-one 

Thioethers which also contain a carboxamide and an olefinic double bond cyclize 

in a basic medium to the thiazinone ring. In this example, the double bond is part 

of an allene. 

MeONo.MeOH,A ^ 

55-88% 

R-H,Br,CI; R2 = H;3,5-CI2C6H5j 

R3=H, COOMe 

1,3-Benzothiazin - 4-one 

II. FORMATION OF A SEVEN-MEMBERED RING 

1. l,4-Oxathiepin-7-one 

Oxidative cyclization of a 2-alkynylthiobenzoic acid gives this seven-membered 

ring and the sulphur is simultaneously oxidized to the sulphone. 

o2 

4,1-Benzoxathiepin-5-one 

=CMe 
Ac0H,H202,A 

45% 
COOH 



CHAPTER 39 

Alkene or Alkyne and Halogen 

I. Formation of a Five-membered Ring 187 
1. Pyrrole or Pyrrol-2-one 187 

II. Formation of a Seven-membered Ring 188 
1. 1,2-Diazepine 188 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole or Pyrrol-2-one 

Primary amines effect ring closure of a reactive halogeno-alkyne. 

R^H^EtOH^ 

. 63-97% 
c=cr' 

R^CHgOHACHglgOH^hj 

R^ alkyl, aryl 

Pyrrolo[2,3-6]quinoxaline 

[744] 

A nickel complex prepared from bis(acetylacetonate)Ni(II), aluminium triethyl 

and triphenylphosphine converts an o-chloro-allylamine into an indole but small 

amounts of several other products are produced simultaneously. 

^\/NCH2CH = CHR‘ 
Nicomplex ,PhMe, A 

35-73% 

r'= Me,(CH2)2CN j R2=H ,CN Indole 

Nickel-complex-assisted cyclization of a 2-chloroalkene can give high yields of 

2-indolones. 

187 



188 Alkene or Alkyne and Halogen 

^^/NCOCH 

CHR" 
/, PhMe.A 

'CH2R^ 

R' = H,Me,CN(CH2)2j 2-Indolone 

R2=COOMe,CONMe2 

/, bis(acetylacefonote)- 

Ni(n), PhjP, EtjAl 

[1926] 

II. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,2-Diazepine 

The vinyl and halogenohydrazone groups react in a boiling tertiary amine, with 
phosphorus pentoxide-benzene or by reaction with sodium azide under phase 

transfer catalysis. 

PhH,P205 f 

24-85% 

R1 = Ac,PhC0,PhS02;C00tBu; 

R2=H,Ph 
1,2-Benzodiazepine 

(review[l917l) 

[980] 

NHN=CCOOEt 
I 

Cl 

CH=CH2 

PhH,TEA,A ^ 

91%* 
[533] 

.nhn=cr’ — N 

1 r i 
Cl 

PhH.NaN^C^HjjPBUjBr 1 

d3— r u _ 
67-85% r2/J 

[731] 

R' = Ac, PhCO,COOEtj 

R2=H,CI;R3=H,Ph 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Furan 

Many methods have been described of converting an alkenyl or alkynyl phenol 

into a benzofuran; whereas the alkyne gives a furan directly, the alkene usually 

needs either an additional dehydrogenation (or oxidation) step or a reagent 

which combines both cyclizing and oxidative steps. Osmium tetroxideperiodate 

and 3-chloroperbenzoic acid are examples of reagents which generate 2,3- 

dihydrofuran-2-methanol while A-iodosuccinimide yields the furan ring in one 

step and usually in high yield. With the former type of reagent, the dihydrofuran 

may be oxidized in situ and without purification. Benzofurans have been reviewed 

[1622], 

0s04,NaI04 

82%* 
[488] 

Furo[2,3-?]quinoline 

MCPBA.CHjCI, 
-—H 

64-72% 

^^CH^OH 

[531] 

02NC HgC H = C H 2 

R = Me,CHO 

189 

Benzofuran 



190 Alkene or Alkyne and Hydroxy, Thiol or Ether 

Me 

R 

R = H,Me 

H8P04,A. 
0*. /O 

Furo[3,2-0][llbenzopyron-7-one 

[644] 

r il r nis,a 1 ll 
| 90% 1 

-Ar 

Ar = 3,4-0CH20C6H3 

[764] 

o-Methoxyphenylalkynes may be dealkylated by pyridine hydrochloride, or a 
lithium or mercury(II) salt to give the benzofuran or the mercury chloride 

derivative; the mercury can be replaced by iodine or hydrogen. All methoxy 

groups in such compounds are demethylated. 

MeO'^^^/^^CsCAr 

R = H,Me; Ar = Me-,Me0-C6H4 

^\/OMe 

pyr-HCI, A 
-* 

53-88% 

-Ar 

HO 

[1428] 

| / ► 
^ | 1 

L JJ } 30-92%" 1 [213, 1500] 

R1 = alkyl,PhjR2 = H,Me, Benzofuran 

Me0,H0,N02 

/,Li,2,4,6-Me3pyridine, 

R3=H or Hg2+, Ac0H,NaCI, A, 

R3=HgCI 

2. Thiazole 

l-Allyl-2-mercaptopyrimidin-4-one is cyclized by silver acetate-iodine but in the 

absence of silver acetate, 2-iodomethylthiazolo[3,2-a]pyrimidin-7-one hydro¬ 
iodide salt was isolated. 
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0, SH 

NCH0CH = CH, 

AgOAc, I2, AcOH,A __ 

73%^ 

• Me 
[1165] 

Thiazolo[3,2-o]pyrimidin-7-one 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyran 

A 3-substituted allyl side-chain reacts with a hydroxy group in the presence of 

DDQ (review [B-39]), AModosuccinimide or sodium acetate-acetic anhydride to 

form a fused 2H-pyran ring. The allyl group is reported to resist cyclization [626], 

3-Chloroperbenzoic acid as a cyclizing agent produces a 3,4-dihydro-3- 

hydroxypyran ring. 

OH 

CH2CH = CMeR’ 

R1 = Me,Ph,Me2C = CH(CH2)2i 

R2=Me, Me0,H0,CH0 

/, DDQ,Et20 or NIS,CH2CI2 

[626,743] 

2/y-1-Benzopyron 

Other ring systems synthesized similarly: 

R = Me0,H0,0CH20 1-Benzopyran 

(review [B-16]) 

2. Pyran-4-one 

To form this ring, a 2-alkenylcarbonyl hydroxy or ether moiety is needed and 

may be dehydrogenatively cyclized with one of several reagents. Orthophos- 

phoric acid [1568] or a Ni-Zn-KI mixture [1284] yields a 2,3-dihydropyran-4- 

one while alkaline hydrogen peroxide leads to the formation of a 3- 

hydroxypyran-4-one. DMSO-iodine gives a good yield of 3-iodopyran-4-one 



192 Alkene or Alkyne and Hydroxy, Thiol or Ether 

derivative [1547], Mercury(II) acetate (review [B-38]) cyclizes a 2-methylalk- 

ynylcarbonylbenzene to a 3-mercury substituted chromone. The side-chain 

undergoes a rearrangement when treated with thallium(III) nitrate; this is a 

convenient synthesis of an isoflavone. 

R 
2 

ki;55^Jx'CCH = CHAr 
II 
0 

[706, 765] 

R’ = Ac,MeOCH2i R2= Me0,PnCH20 1-Benzopyran-4-one,2-aryl 

HOOC'^5^'^ C C H = CH Ar 
II 
0 

Ar = alky|-Br-,CI-, MeO-C6H4 

1.Br2,AcOH, 20<0H 

45-64% 
HOOC 

[1878] 

l-Benzopyran-4-one, 3-aryl 

H=CHAr 

Et0H,KQH,H2Q2, A^ 

4 3-80% 

R = C00H,Me0; Ar=alkyl-, 

Br-,CI-,Me0-,PhCH20-C6H4 

II 
0 

AcQH,Hg(OAc)2,NoCI^ 

~ 60% 

R = Pr,Ph 

[1500] 

3. 1,4-Dioxin or 1,4-Oxazine 

A phenol containing a 2-alkynyloxy or 2-alkynylamino substituent cyclizes 
under the influence of mercury(II) oxide (review [B-37]). 

DMF,HgO,A^ 

22-90% 

\^CHR 

[1442] 

R = H,Ph; X = NAIk,NAc,0 

1.4- Benzoxazine 

1.4- Benzodioxin 
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The term lactam carbonyl includes the thione analogue; both of these functions 

are able to tautomerize in many compounds and exist as either —CO—NH—or 

—C(OH)=N— or the corresponding sulphur equivalent. No distinction is 

made between these two forms in this book. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

When a lactam containing an co-carboxyalkyl side-chain is heated with soda lime, 

decarboxylation and spontaneous cyclization occur. This reaction should be 

applicable to side-chains of various lengths but this example leads to the 

formation of a pyrrole ring. 

COOH soda lime, A 

-N(CH,),CHMe 73% -N- 

Pyrrolizine 

(review [1397] ) 

[432] 

2. Imidazole 

The carbonyl and nitrogen of a lactam group may be linked through an imidazole 

ring by reaction with ethyl isocyanoacetate and a base. 

193 



194 Alkene, Methylene, Ring-carbon and Lactam Carbonyl 

CHoNC 
+ I 

COOEt 

DMF,tBuOK,Et2OPOCI ^ 

28-65% 

R = H,Me Imidazo[5,1-c][1,4]- 

benzothiazine 

3. Furan or Thiophene 

Lactam carbonyl and vinyl groups combine to form a thiophene ring when such a 

compound is heated with phosphorus pentasulphide in pyridine; it is likely that 

the carbonyl is sulphurized first. Actam carbonyl and methylene react with 

DMFDMA to give a fused furan [1066], 

ArCH = CH\^ 
'NMe py, ^2^5 > ^ 

69-83% 

Ar = Ph,4-Me-,4-MeO-,4-CI-C6H4 Thieno[2,3-e]-1,2,4- 

triazine-3-thione 

[320] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyran or Thiopyran 

Formation of a pyran or thiopyran ring between a lactam carbonyl (or its 

hydroxy tautomer) and a neighbouring ring-carbon atom is achieved by reaction 

with a malonic acid or malononitrile derivative, usually by heating in dioxan or 

ethanol. 

o^n"Y° 

NH 
4- ArCH = C(CN), 

0 

Ar = 4-Br-,4-F-C6H4 

H 

oq. diox, A 

~90%* 

Ar 0 

Pyrano[2,3-<7 Ipyrimidine- 

2,4-dione 

[754] 

Other ring systems synthesized similarly: 

NCv 

[528, 1737] 

H2n^\s 

-S'- 

,NR 
[1098] 

Pyrano[2,3-c]pyrazole 
X = 0,S 

Thiopyrano[2 ,3-t/]thiazol-2-one 

Thiopyrano[2,3-c/]thiazole-2-thione 



195 Formation of a Six-membered Ring 

Malononitrile reacts with an alkene-containing lactam under basic conditions 

to form a 4f/-pyran. Acrylonitrile in acetic acid, on the other hand, annulates the 
corresponding thiolactam. 

PhCH •NH 
+ ch2(cn)2 

EtOH.TEA.A 
----—I 

~ 57% 
[910] 

Pyrano[2,3-<7]imidozole-2-thione 

ArCH 

S 

H 

— NPh 
+ CH2=CHR 

AcOH 

~70%^ 
[1858] 

R — CN,COOEt; Thiopyrono[2,3-tf]imidazol-2-one 

Ar = Ph,4-CI-,4-MeO-C6H4 

Another ring system synthesized similarly: 

H 

Ph 

Pyrano[2,3-c Ipyrazole 

[1569] 

1,3-Diketones react with lactams or their tautomers in refluxing acetic acid 

with the formation of a fused pyran ring. 

H°^ 
'NPh CHpCOR' 

1 2 COR2 

AcOH, A 

— 50% 

NPh 

R’,R2=Me,Ph 

A, 
[880] 

Rc 

Pyrano[2,3-c]pyrozol-3-one 

2. Pyran-2- or -4-one 

3-Oxocarboxylic esters on heating with a 3-pyrazolone give good yields of 

pyranopyrazol-6-ones. To prepare the isomeric pyranopyrazol-4-ones, the keto 

ester is replaced by an acrylic acid chloride. 

R3CHCOR2 
+ I 

COOEt 

R' = H,Me,PhjR2=Me,Phj 

R3=H,Me 

A 
-► 
31-99% 

[298, 632] 

Pyrano[2,3-c]pyrazol-6-one 



196 Alkene, Methylene, Ring-carbon and Lactam Carbonyl 

Ph 

VS N 
+ 

COCI 

r2c=cr3r4 

r1 = CHR5=CR6;R2-R4, 

R6=H,Me; R5=H,Me,Ph 

/,PhMe,Mg(0Et)2, A; 

//, HCI-EtOH 

0 

Pyrono[2,3-c]pyrazol- 4-one 

[21] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

Under acidic conditions, an alkynylamino group forms a pyrrole ring in high 

yield. 

H2S°4 

—72% 
[1289,1890] 

R' = Me,Et; R2=H,Me Pyrrolo[2,3-4]pyrimidine- 

2,4-dione 

Another ring system synthesized similarly: 

Pyrrolo[3,2-£7]pyrimidine- 2,4 -dione 

197 



198 Alkene or Alkyne and Methylene, Ring-carbon 

Ring formation from an alkene and a ring-nitrogen means a loss of hydrogen 

atoms and may be effected under oxidizing conditions but oxalyl chloride or 

malononitrile is also effective. 

Y 
vi^Me 

(CH = CH)2Ph [443] 

r'ooc 

+ (COCDg 
EtoO 

60-94% 

0 

N' 0 

[1455] 

R* = Me,Et; R2=Me0,0CH20 Pyrrolo[2,1-<7]isoquinoline- 

2,3-dione 

Ph 0 

PhCH 

HN- 

NH 

k. 
+ CH2(CN)2 

pip, EtOH^A 

60% 

NC 

h2i\p 

NH 

k. 
[910] 

Pyrrolo[1,2-c]imidazol- 

1-one,3-thioxo- 

The increased reactivity of quaternized pyridines is well-known (review 

[1870]) and in the presence of DBU, cyclization occurs between the anion and the 

alkyne to form a fused pyrrole (cf. [1585]). 

V-' 

C=CR 

NCH2CPh 

0 
R = Me,Bu,Ph Indolizine 

(review [1670] ) 

[1654] 

2. Pyrazole 

Pyridinium aminides containing a terminal ester group when heated give a rather 

low yield of pyrazolopyridines. 

R1 R> 

N-NCH = C(C00Et)„ Xylene, A 

13-25% 

% 
[1582] 

'COOEt 

R1= H,Mej R2=H,Me, Ac,C00Et Pyrazolo[l,5-o]pyridine 
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3. Furan 

Alkynyloxy side-chains can be cyclized to either a fused methylfuran or pyran 

ring depending partly on the conditions and partly on the substituents on the 

reactant ring. Cyclization in hot AW-diethylaniline depends on the presence of a 

nitro group and the absence of a 2-methoxy group in the benzene ring (see also 

Section II.2) [1170], but other workers subjected variously substituted 3- 

phenoxy-3-methylbut-l-yne to a similar reaction and obtained the pyran 

[631,822]. Cyclization in a polyethyleneglycol (PEG) gave furan or pyran 

depending on substituents on the benzene ring [1010]. Under acidic conditions 

and ambient temperature, a furan ring may be obtained [1289, 1890], 

R A^OCH^ r^j ch 
PEG, A 

23-57% 
► R- 

'Me 

R=N02)Ac Benzofuron 

[fll 
/OCHoC 

nil PhNEt2, A p2 ril 1 “ 1 CH ~57%* 

RVMeO;R2=2 -4-N02 

[1010] 

[1170] 

R=Me,Et Furo[2,3-<7]pyrimidine- 

2,4-dione 

[1289, 1890] 

4. Thiophene 

Alkynes react with sulphur dioxide and can incorporate the sulphur atom in the 

thiophene ring at temperatures below 0°C. 

-CsCR’ 

+ so2 
HBr 

21-63% 

R1 = COOH,S02NH2i 

R2=H,MeO 

S\ ^R 

R"/^^ "‘Br 

Benzo[A]thiophene 

[970, 1817] 

5. Thiazole 

An S-allene cyclizes onto a ring-nitrogen anion to form a fused thiazole ring. 
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CPU 
II 
C = CHS—1=N 

MeONa.MeOH,A 
----—► 

— 70% 

Ar = Ph,CI-,Me-,MeO-CgH4 Thiazolo[3,2-6j- 

[l, 2,4]triozole 

[948] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine 

N-Alkynylanilines (which must not be tertiary amines) cyclize in a copper- 

mediated reaction (preferably in dioxan) to a pyridine ring. This reaction is 

applicable to ethers and thioethers. A similar palladium-mediated cyclization 

occurs at ambient temperature; a combined copper-palladium assisted reaction 

has also been described. 

^ 1 CMe? diox.CuCl.A 
^ ► R 

I 1 

ChCH 25-66%^ 

R=H,Me,MeO,CI X = NH,0,S 

Quinoline 

2/y-1- Benzopyran 

2/y-1-Benzothiopyran 

[1044] 

CH 
III 
C 

I 
ch2nh 

AcOH,Pd(OAd2^ 

40%* 
[1890] 

Pyrido[3,2-odpyrimidine- 

2,4-dione 

0 

R' = Me,Et;R2=H,Me; 

R3=H,Me,Et 

DMF, CuCI-PdCI2,02 

12-50% * [1055] 

Pyrido[2,3-^]pyrimidine- 

2,4-dione 

Friedel-Crafts alkylation of a nearby ring by an alkenyl group attached to 

another ring results in the formation of a new pyridine ring. In a basic medium, 

the reactive cyanoacethydrazide adds onto a ring-conjugated alkene to give a 
highly substituted fused pyridine. 
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<sS?\Vi/-COOEt 

CH=CMe, 

COOEt 

Pyrazolo[l ,5-a]quinoline 

[1537] 

CN 

I c 
PhCH=C- 

T' 
N— 

CHpCN 
+ 1 

Ph. 
EtOH,pip,A ^ 
-TTr* 

/yS 
. C0NHNH2 8 2% V M 

HOC ^ 

0 nh2 

[1569] 

Thiazolo[3,2-a]pyridin-3-one 

Another ring system synthesized similarly: 

[1863] 

Pyrido[l, 2-o]benzimidazole 

2. Pyridazine 

A hetero-Diels-Alder reaction in which azodiformate ester is the dienophile 

proceeds at ambient temperature to give a high yield of a fused pyridazine. 

NCOOR2 

11 2 
NCOOFT 

ch2ci2 

94% 

r’ r’ 

R1 =H,Me; R2=Me,tBu [l]Benzopyrano[3,4-c]pyridozine 

3. Pyran 

The method described in Section II. 1 is supplemented by several others, 

especially the thermal cyclization of alkynyl ethers in NN-diethylaniline, 

polyethylene glycol, xylene or (at lower temperatures) with mercury(II) 

trifluoroacetate-magnesium oxide-THF [1500] or AgBF4 [624], 

r il 
r"" 1 2 PhNEtj or PEG, A _2 ■ . _£___R r il 

C=:CH 35-90% 

,R’ 

•R1 

[629,631,633,822,1010] 

R1 = H, Me j R^= H,Me,CI 2/y-1-Benzopyran 
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CH 
III 
cch2o 

COOMe 
xylene, A 

72%*’ 

Thieno[3,2-£]pyran 

[1283] 

4. Thiopyran 

One method of building a thiopyran ring fused to benzene has been mentioned in 

Section II. 1 and a similar substrate cyclizes on heating in pyridine and toluene. 

Ac 

[1100] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,4-Oxazepine 

A doubly fused oxazepine ring is formed by a base-promoted reaction between a 

terminal alkyne and the NH of a triazole, the terminal methine becoming an 
exocyclic methylidene group. 

SEt 

SEt 

[1.2.4] Triazolo[l,5-tf]- 

[1.4] benzoxazepine 

[933] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Imidazole 

N-Phenacyl quaternary heterocycles which have a neighbouring amidine group 

cyclize to form a fused imidazole. 

Me2NCH=N XT 
PhCChUN-N 

II ^ 

h20, A 

50% -N- 
V 
— N 

[347] 
PhC-'' 

II 
O 

Imidazo[2,1—Z>]—1,3,4-thiadiozole 

2. Oxazole 

An o-amidinophenol undergoes ring closure thermally or in acid to form a 

benzoxazole in good yield. 

A or HCI 

— 80% 
'N = CR NHC 

[1713] 

R' = H,Me,MeO; R^HMe, Benzoxazole 

Ph,4-Me-,4-Me0-C6H4 

203 



204 Amidine and Amine, Carboxylic Acid, Ester 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyrimidine or Pyrimidin-4-one 

Thermal dehydration of an o-acylamidino-amine gives high yields of a fused 

pyrimidine. 

Quinazoline 

[1735] 

Other ring systems synthesized similarly: 

CH2Ph 

[1735] 

1,2,3-Triazolo[4,5-tf]- 

pyrimidine 

NH2 

Pyrimido[4,5-c/]pyrinnidine 

[1735] 

A fused pyrimidin-4-one ring may be constructed from either an o- 

amidinocarbonyl-amine or (under different conditions) an o-amidino-acid or 

-ester or nitrile [1981], 

NHMe NHMe 

-NH, 

.c^^CONHC=NH 
I 
NH2 

AcOH,^ 

64%* 

Thieno[2,3-cO 4,5-o' ']- 

dipyrimidin- 4-one 

[1153] 

H,NC = N^ /°\/Ph 

Y 
,f\L .0 

EtOOC^ 

EtOH.KOH 
-1—T^T* 

79-96% 
HN 

T 
Ph 

R =H,Me,Ph,Me2N,MeO, 

n(ch2)5 

0 

Oxazolo[5,4-o']pyrimidin-4-one 

[846] 

COR1 

[1248] 

Ar = Ph,4-MeOC6H4 
4-Quinazolinone 
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Me 

N = CNR1 R2 

1 2 
NR R = NMe2, piperazinyl 

LDA-THF j//', DMA-ZnCI2, A 

63-98% 

MeO 

MeO 

nr'r2 

[1981] 

Quinazoline 

2. Pyrazine /V-oxide 

Under basic conditions, an o-nitro-amidine cyclizes to form a fused pyrazine N- 

oxide in good yield (review of heterocyclic iV-oxides [B-34]). 

NMe, 
I 

PhCH2C = Nv 

02N 

EtONa.EtOH 
---» 

60-80% 

R=NH2)NEt2,N[(CH2)2]20 

Me2Nx^N\ /N; 

I 
0" 

Pteridine 5-oxide 

[913] 
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Amidine and Ring-carbon or Ring-nitrogen 

I. Formation of a Five-membered Ring 206 
1. Imidazole 206 

II. Formation of a Six-membered Ring 206 
1. Pyrimidine 206 
2. 1,3,5-Triazine 207 
3. 1,3,5-Triazin-2-one or 1,3,5-Triazine-2-thione 207 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Imidazole 

N-Phenylamidines contain the atoms necessary to form benzimidazoles and this 

conversion may be effected by sodium hypochlorite. 3-R2-Benzamidines (44.1) 
give a mixture of 4- and 6-substituted benzimidazoles which may be separated on 

an alumina column. LTA is also effective [658, 1957]. 

NH 

11 i 
NHCR 

NoOCI,MeQH,HCI, 

13-95% 

R1 

[334, 924] 

(44.1) 

R1 = Ph,pyridinyl; 

R2=H,Me,CI,MeO,N02,Ph 

Benzimidazole 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyrimidine 

DMFDEA supplies one carbon atom to enable cyclization of an amidine to a 

ring-carbon atom to proceed on heating the reactants. 

206 
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2. 1,3,5-Triazine 

When the amidine group is adjacent to the ring nitrogen atom of a heterocycle, 

annulation is brought about by means of a carbonyl compound, cyanogen 

bromide or an orthoester, depending on the kind of substituent desired in the 
product. 

[1104] 

[1104] 

N = C(NH2)2 
HC(0Et),,A 
-—-► 

67% 
[147] 

Another ring system synthesized similarly: 

Me 

Pyrozolo[l,5-o]-1,3,5-triazine 

[1448] 

3. 1,3,5-Triazin-2-one or 1,3,5-Triazine-2-thione 

Cyclization of an amidine to the triazinone is conveniently effected by heating 

with an azodicarboxylate ester. 

/,( = NCOOEt)2,EtOH 
1,3,5-Triazino[l,2-o]- 

benzimidazol-4-one (X=0) 

[694] 

The thioxo analogue (X = S) of this product is conveniently synthesized by 

reaction of the amidine with carbon disulphide in pyridine (48 per cent yield) 

[1104], 



CHAPTER 45 

Amine and Azo or Diazo 

I. Formation of a Five-membered Ring 208 
1. Imidazole 208 
2. 1,2,3-Triazole 208 

II. Formation of a Six-membered Ring 209 
1. Pyrazine 209 
2. l,2,4-Triazin-3-one 209 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Imidazole 

Reductive cyclization of a 2-azo-amine in the presence of formic acid eliminates 

one half of the azo group and a fused imidazole ring is formed. 

HCQ0H,H2,Pd-Cfc 

55% 

0 

6- Purinone 

[1161] 

2. 1,2,3-Triazole 

Oxidation of a similar substrate with lead tetra-acetate usually gives high yields 

of this fused ring. The use of this reagent in organic chemistry has been reviewed 

[B-36], 

CHpCU,LTA 
-=-► 

73% 

^NPh 
— 1 [1595] 

R = H,Br,NH2 

208 

Benzotriazole 
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Another ring system synthesized similarly: 

I 1 
°^N>=N 

H 

1,2,3-Triazolo[4,5-c]- 

[1,2,6]thiadiazine 2,2-dioxide 

[1220] 

A 1,2,3-triazole ring is also formed spontaneously, if rather slowly, by allowing 
an amino-diazo compound to stand for several days. 

AcOH, LT A^ 

80% 

1,2,3-Triazolo[4,5-c]- 

[l,2,6]thiadiazine 5,5- 

dioxide 

[1220] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyrazine 

The pyrazine ring of a pteridinedione may be obtained by treating an amino- 
azopyrimidine with dimethyl acetylenedicarboxylate. 

H2N' 

PhN = N 

Me 

N\^° 
T CCOOMe 

+ III 
NMe CCOOMe 

DMF, A -» 
76% 

MeOOCx^ 

MeOOC^% 

Me 
-N^ -0 

[323] 
NMe 

0 
2,4-Pteridinedione 

2. 1,2,4-Triazin-3-one 

In some of the reactions of azo groups, the PhN — part is lost but when an amino- 
azopyrimidine is treated with a source of one carbon atom (as a carbonyl), both 
nitrogen atoms are retained in the product. Carbonyldi-imidazole (CDI) gives 
high yields in this reaction but urea is also effective [475]. 

0 

Me 

Ar=Ph,Me-,CI-, F-C6H4 Pyrimido[5,4-i9]-1,2,4- 

triazine- 3,6,8-trione 

[475] 
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Amine and Carboxamide or Thiocarboxamide 

I. Formation of a Five-membered Ring 210 
1. Pyrazol-3-one 210 
2. Isothiazole 210 

II. Formation of a Six-membered Ring 211 
1. Pyrimidine or Pyrimidine 1-Oxide 211 
2. Pyrimidin-4-one or Pyrimidine-4-thione 211 
3. Pyrimidine-2,4-dione or 2-Thioxopyrimidin-4-one 216 
4. 1,2,3-Triazin-4-one 217 
5. 1,3,5-Triazin-2-one 217 
6. 1,2,6-Thiadiazin-3-one or its 1-Oxide 218 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrazol-3-one 

Reduction of a nitro group under alkaline conditions induces cyclization with an 

adjacent carboxamide. 

MeOH,aq.NoOH-Zn, A ___ 

— 35%*" 

3-Indazolone 

[1449] 

2. Isothiazole 

Oxidative cyclization of an o-amino-thiocarboxamide gives good yields of a fused 

isothiazole. 

Brz or Hz02 

12-95% 

r' = H,alkyl,Ph; R2=H,Et; 

R3= alkyl, PhCH2,Ph,4-CIC6H4 

[672,1701] 

Isothiazolo[3,4-tf]pyrimidine- 

4,6-dione 

210 
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-NH- 

'CSNH- 

Br2 or H202,H 

85-98% 
[1641] 

• NHr 

R=MeS,Ph,N(CH2)4 Thiozolo[4,5-c]isothiazole 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyrimidine or Pyrimidine 1-Oxide 

Activation of the carboxamide group by conversion into its chloromethine salt 

facilitates its reaction with pyridines. The oxime gives rise to a fused pyrimidine 1- 

oxide ring when it is heated with an orthoformate. 

Me 

R =H,Me,CHO,COOMe,CN 

A 
-► 
60-90% 

Pyrido[l',2': 1,2]pyrimido- 

[4,5-^]pyrimidine-2,4-dione 

[244] 

2. Pyrimidin-4-one or Pyrimidine-4-thione 

Many examples of this cyclization exist (review [874]) and the ring-closing 

reagent is usually a carboxylic acid, its acyl chloride, anhydride, ester, orthoester, 

amide or amidine. One of the most reactive is the 

(ethoxycarbonyl)chloromethyleneiminium salt [451]. 

H 

H2N0C/%^ 

Pyrazolo[4,3-fidquinazolin-5-one 

[454] 
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'CONHR‘ 

R'=Me,Ph,(CH2)2COOEt; 

R2=2-Me-,2-CI-C6H4i 

R3=H,CI,AcNH,N02i 

X = bond,CH2,MeCH 

Sl£ox( 

93% 

[59] 

[1312] 

+ RCOCI 
py.A^ 

-60% 

R = Ph,4-CIC6H4, pyridyl 
Pyrido[2,3-<7]pyrimidin-4-one 

[44] 

(R2C0)20,H2S0«, 

— 35%*" 

R1 = H,MeO,MeS,Br,CI,Ph; 

R2=Me,Et,CF3 
Pyrimido[4,5-£]quinolin-4-one 

[38] 

Carboxylic esters may be condensed with an amino-carboxamide under Dean 

and Stark conditions [38] or more efficiently in the presence of sodium ethoxide 

[182] while the more reactive orthoesters react on heating with or without acetic 

anhydride. A seleno-ester, RCSeOEt, has been used to convert anthranilamides 

or their thioamides into the 4-quinazolinones or 4-quinazolinethiones [1039]. 
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>1 R’^V^C0NH2 

R^R^HjH or benzo 

(CQ0Et)2,E»0Na,Et0H,A_ 

~90% 

COOEt 

[182] 

4-Quinazolinone 

Pyrido[2,3-tf]pyrimidin-4-one 

Pyrimido[4,5-b]quinolin-4-one 

Other ring systems synthesized similarly: 

0^ /N. 

0 0 

[l]Benzopyrano[2,3-tf]- 

pyrimidine-4,5-dione 

[1940] 

1,2,3-Triazolo[4,5-c7]- 

pyrimidin-7-one 

(review [2023]) 

[1779] 

h2n> 

h2noc- 

n RC(oEt)s,a^ 

40-85% HN A Me 

AT 
l 

[1355] 
Me 

R = H,Me,Et 

Isothiazolo[5,4-<y]pyrimidin-4-one 

Another ring system synthesized similarly: 

.l\L 

[1153] 

k 
"I 

,NH 

Thieno[2,3-<7:4,5-(7']dipyrimidin-4-one 

In several syntheses, formamide or one of its derivatives provides C-2 of the 

new pyrimidin-4-one ring. Diethoxymethyl acetate [1763] and potassium ethyl 

xanthate [1764] are also effective. 
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'NH; 
hconr|,/. A 
--i—L—• 

— 80% 

R1 = H,oryl, R2R3 = H,benzo; 

R4=H,Me 

/, EtONa, EtOH or HCI-EtOH 

[38, 144, 216, 1301] 

X = CH,N 

4-Quinazolinone 

4-Pteridinone 

Pyrimido[4,5-A]quinolin-4-one 

Other ring systems synthesized similarly using formamide, DMF or 

DMFDMA. 

X = CH,N 

[709,1091] 

Pyrazolo[4,3-tf]pyrimidin-7-one 

1,2,3-Triazolo[4,5-£y]pyrimidin-7-one 

[1683] 

X = N,Y =CH 

Pyrido[2,3-^]pyrimidin-4 -one 

X = CH,Y = N 

Pyrido[3,2-tf]pyrimidin-4 - one 

An amidine (preferably as its acetate salt) is another source of the C-2 carbon 

atom; yields vary greatly as do reaction times (4-48 h). 

^x/^conh2 

NHo 
I * 

HC=NH2 

AcO- 

EtOH or BuOH, A 
-► 

64-86% 
[216, 691] 

X =CH,N 

4 -Ouinazolinone 

4- Pteridinone 

Other ring systems synthesized similarly: 

o 

1,2,3-T riazolo[4,5-£y]- 

pyrimidin-7-one 

(review [2023]) 

[215] 

Alkyl or aryl nitriles cyclize amino-carboxamides in acid solution in very good 

yield. 
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R'=H,Me; R2=Me,PhCH2)aryl [t]Benzothieno[2,3-c/]- 

pyrimidin -4-one 

Aryl aldehydes (sometimes as their bisulphite adducts) in this cyclization give 

2-arylquinazolin-4-ones; 2-(3-pyridyl)purin-6-one has been prepared in this way 

[45], A weak Lewis acid is sometimes helpful but the l,2-dihydropyrimidin-4- 

one ring is then formed. a-Oxo- or a-alkynoic acid esters on prolonged heating 

yield 2,3-dihydroquinazolin-4-ones in good yields. 

+ RCHO 
NoHSQ5,DMA, 

67-97% 

R = Ph,4-CIC6H4 
4-Quinazolinone 

[93] 

NH2 

1;=5^/Av'CONHR 

ZnCU.A 

— 46%*" 

R = H,Me 

0 
4-Ouinazolinone 

2-Arylsulphonylaminoquinazolin-4-ones are obtained by heating the amino- 

carboxamide with chloro(methylthio)methylenesulphonamides while 

quinazolin-4-ones may be prepared using ethoxymethylenemalonitrile or ethyl 

2,4-dioxo-3-ethoxymethylenepentanoate. 
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CONHR _£fOCH = CRgR3 

R — Ph,4-Me, 4-MeO-C6H4, 

R2=r3=CN or r’ = H,R2=Ac, 

R3=COCOOEt 

NHS02Ph 

4-Quinozolinone 

[305] 

[52, 398] 

3. Pyrimidine-2,4-dione or 2-Thioxopyrimidin-4-one 

The additional carbonyl group (at C-2) may be derived from one of several 

different reagents [874], for example, urea, oxalyl chloride or phenyl isocyanate. 

In the last-named, apparently elimination of aniline (from the 5-NHCONHPh 

derivative) takes precedence over loss of ammonia whereas isothiocyanates 

behave normally to give the 3-substituted-2-thione. Diethyl carbonate gives 
purine-2,6-dione [1386], 

[46] 

NHR* 

V^conhrS _j^=H,fcoca 

R1 = MeO,PhCH2Oj 

R2=H,Ph; R3=H,Me 

2,4-Quinozolinedione 

0 

NHMe 

NHMe 

NH 

-NH- 

/^CONHc 

Thieno[2,3-cA 4,5-z/'J- 

dipyrimidine-2,4-dione 

NHMe 
H 

[13] 

[1153] 

NMe 

Thieno[2,3-c0 4,5-<C] 

dipyrimidin-4-one, 2-lhioxo- 

[1153] 
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Other ring systems synthesized similarly: 

Thieno[2,3-ct]pyrimidin-4-one) 4-Quinazolinone, 2-thioxo 

2-thioxo- 

[292] 

4. 1,2,3-Triazin-4-one 

Diazotization of 2-amino-carboxamides is the most commonly used method of 

converting these compounds into 1,2,3-triazin-4-ones; 3-substituted products 

are obtained when the diazotized substrate is treated with a primary amine. 

When a conversion under weakly acidic conditions is desirable, N- 

nitrosodiphenylamine should be considered [51]. The chemistry of 1,2,3- 

benzotriazines has been reviewed [1623], 

NHMe NHMe 

0 

[1153] 

Pyrimido[5',4'--4,5]thieno- 

[3,2-rf]-1,2,3-triazin-4-one 

^/^CONH 

r' = H ,CI ■, R2= alky I 

[1502] 

1,2,3-Benzotriozin - 4-one 

Other ring systems synthesized by diazotization: 

^ 

Ar 

r^N^N 1-
1 

CN
 

oo 
oc 
i
_
i

 t 1 

lvnh 
0 

[1958] 

0 

Thieno[2,3-£/]-1,2,3- Pyrazolo[3,4-d}- 

triazin-4-one 1,2,3-triazin-4-one 

5. 1,3,5-Triazin-2-one 

A 1,3,5-triazin-2-one ring is formed from compounds in which the carboxamide 

is attached to an endocyclic nitrogen—formally, a urea function but is 

conveniently considered in this section. 
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l2NOCN HC(OEt)s> A 

1=1 62%>r 
2i\k 

[l,2,4]Triazolo[l,5-o] 

[t,3,5]triazin-7-one 

[58] 

6. 1,2,6-Thiadiazin-3-one or its 1-Oxide 

The reaction of a 2-amino-carboxamide with thionyl chloride gives this 

thiadiazinone in high yield but when the ‘amino’ group is part of a cyclic imino- 

ether, a sulphoxide is formed. 

[1503] 

[1099] 

[l ]Benzopyrano[2,3-c][t,2,6]- 

thiadiazin-4-one 2-oxide 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

Reaction of an a-halogenoketone with a 2-amino-carboxylic acid yields an 

indole. 

NHFP 

COOH 

+ CICH2Ac 
aq K2C03, A 

26-63% Ri 

\/Ac 

[400] 

R^HjMejCI j 

R2=Me,Et,PhCH2 

Indole 

2. 1,2,3-Dithiazole 

Sulphur chloride and a 2-amino-carboxylic acid react on heating in benzene to 

give a fused dithiazolium ring. 

219 
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Thieno[2,3-4]-1,2,3- 

dithiazol-2-ium 

[1658] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine 

l-Nitro-2,2-bis(methylthio)ethene is a useful synthon in heterocyclic chemistry 

(review [1801]). One of the methylthio groups may be replaced by a phenylamino 

function and the resulting compound reacts with an amino-acid to form a new 

pyridine ring. 

SMe 
I 

+ PhNHC =CHN0o [174] 

2. Pyrimidin-4-one 

Conversion of an o-amino-carboxylic acid into a fused pyrimidin-4-one ring is a 

very commonly met reaction (review [874]) and many reagents have been used. 

Amongst these are formamides, a-bromohydrazones, a-chloro- or -methoxy-N- 

heterocycles, formamidine acetate or a mixture of an amine and carboxylic acid 

(or anhydride). 

+ HCONHR 

R^HjMejCbHOjMeO, MeS; 

R2=H,Me 

[74, 84] 

Pyrido[2,3-c7]pynmidin-4-one 
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R = H,alkyl,MeO; u 

/', KI or HC00H,Me0(CH2)20H Thiazolo[2,3-£]quinazolin-5-one 

Other ring systems synthesized similarly: 

[1073] [1461] 

Pyrido[2,1-£>]quinazolin-6-one Pyrrolo[2 ,1-£]quinazolin-9-one 

R = H,Me,Br,CI,I,N02 

4-Quinazolinone 

Another ring system synthesized similarly: 

Pyrazolo[3,4-/']quinazolin-9-one 

[691] 

[691] 

o 
R = Me,Ph 

/', RC00H,P(0Ph)3-pyr or(RCO)20 

[60, 476] 

Ketenimines react with anthranilic acids under neutral conditions to give 2,3- 

disubstituted quinazolin-4-ones. 

-NH- 

+ PhgC = C = NAr 

Ar = Ph,4-BrC6H4 

[1] 

0 
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3. Pyrimidine-2,4-dione 

Heating anthranilic acids with 7V-aryldithiocarbamate or urea gives a pyri- 

midinedione; the former leads to a 3-aryl-dione. t-Butyl carbazate (methyl or 

ethyl ester gives lower yield) forms a 3-amino-dione on heating in quinoline but 

alkyl isothiocyanates produce a 2-thioxopyrimidin-4-one. 

Me2c6H3;R2=H)Me,c|i 

Ar = Ph,Me-,MeO-C6H4; 

Pyrido[2,3-<y]pyrimidine- 

2,4-dione 

/',HgO,DMF,A Quinazoline- 2,4-dione 

+ 

R = H,Me,CI 

NHNH? 
I 

COOtBu 

[802] 

[684] 

[994] 

R=Me,Pr,Ph Pyrimido[4,5-c]quinolin-1-one, 

3-thioxo- 

4. Pyrazin-2-one 

2-Aminophenylglycines cyclize spontaneously on warming to give quinoxalin-2- 
ones. 

EtOH,H2, Pd-C 
-—-1 

57% [1853] 

2-Quinoxalinone 
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5. Pyran-2-one 

Benzyne, formed by reaction of anthranilic acid with pentyl nitrite, reacts with a 

3-pyridinol to form a fused pyran-2-one ring. 

R 

R 

NH2 

+ 

COOH 

[2]Benzopyrano[4,3-£]- 

pyridin-6-one 

6. 1,3-Oxazin-6-one or l,3-Oxazine-2,4-dione 

2-Amino-carboxylic acids react with dithiocarbamate esters, acid chlorides (or 

anhydrides) or iV-dichloromethylenesulphamic esters to give a fused 1,3-oxazin- 

6-one ring. 

+ ArNHCSSMe 

R = H,Me,CI;Ar=Ph, 
3,1-Benzoxazin-4-one 

[684] 

Me-, MeO-CgH4 

PhCOCI 

or Ac20 

py»A 

46-90% 

R = Ph,Me 
0 

[l]Benzothieno[3,2-c/]- 

[l,3]oxazin-4-one 

[558] 

-NH 
2 PhMe, A 

+ CUC = NS0PR -rr^ 
2 2 79-88% 

R=Ph, 4-MeC6H4 

Other ring systems synthesized similarly: 

nwNHS02R 

H 

r T N 

0^ JJ— -H [304] 

[305] 

[1462] 

Pyrozolo[3,4-c/][l,3]- oxozin-4-one 3,1- Benzoxazin-4-one 
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Phosgene converts an o-amino-carboxylic acid into a fused 1,3-oxazine-2,4- 

dione. 

/', H2, Pd-C 

//,COCI2-PhH 

iPr 

3,1-Benzoxazine-2,4-dione 

(review [1673] ) 

[1331] 

Another ring system synthesized similarly: 

o 

[1951] 

Thieno[2,3-rf][l,3]- 

oxazine-2,4-dione 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. Azepin-2-one 

When the amino and carboxyl groups are appropriately separated by carbon 

atoms, heating the compound in DMSO-xylene produces an azepinone ring. The 

chemistry of azepines has been reviewed [1620], 

NHMe 

xylene,DMSO, A 

91%^ 
[807] 

1,3-Dioxolo[4,5-/?][3]benzazepin-6-one 

2. 1,4-Diazepin-2-or-5-one 

Reaction between an aliphatic carboxyl and an aromatic amino group may be 

brought about either by hot PPA or spontaneously during hydrogenation of a 
nitro group. 

R^H^bMeOj R2=H,Me 

[770] 

1,5-Benzodiazepin- 2 - one 

(review [1619]) 
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Pyrrolo[1,2-r/][1,4]- 

benzodiazepin- 6-one 

[203] 

3. 1,4-Oxazepin-5-one 

Both erythro and threo stereoisomers of the amino-ester (47.1) were hydrolysed 

and cyclized separately by stirring with alkali. 

Ar OH 
I I 

^\/0CHCHC00Me 

(47.1) 

Ar = 4- MeOCgH^ 

Ar 

MoOH.NoOH^ 

40-80% 
OH 

1,5- Benzoxazepin-4-one 

[1709] 

TV. FORMATION OF AN EIGHT-MEMBERED RING 

1. 1,4-Thiazocin-5-one 

Amino and carboxyl groups separated by five carbons and one sulphur react 

under the influence of DCC to form a fused thiazocinone ring. 

Ph 

^\/SCH(CH2)2C00H 

[829] 

1,6-Benzothiazocin-5-one 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole or Pyrrol-2-one 

The generation of an amino group (by reduction of a nitro function) sponta¬ 

neously causes interaction between it and a neighbouring carboxylic ester to form 

a pyrrol-2-one ring in good yield, but the nature of the ring in the substrate may 

account for the different products obtained under similar conditions. When an a- 

cyano-ester group replaces the malonate ester in this cyclization, the cyano group 

reacts and a pyrrole ring is formed. Heating preformed amino-ester gives a 

pyrrolone ring. 

226 
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COOEt 

2- Indolone 

[348] 

[562] 

xCOOEt 

X=N,Y=CH 

Pyrrolo[2,3-c]pyridin-2-one 

X = CH,Y = N 

Pyrrolo[3,2-Z>]pyridin-2-one 

Pyrrolo[2,3-c]pyridine 

-70% 

I 
COOEt 

V 
o 

NR1 

Pyrrolo[2,3-ct]pyrimidine- 

2,4,6-trione 

[562] 

[1949] 

2. Pyrazole-3-one 

An A-amino function can be produced in situ by hydrolysis of a hydrazone or a 

transhydrazonation as in the following example where the newly-generated NH2 

reacts with the ester group to form the pyrazolone. 

NO- 

EtOOCC.%5;^'' 

PhCH=NN 

Et0H,H2S0„,A 

55% 
[477] 

Imidazo[l; 2-£]pyrazol-6-one 

A hydrazide formed in situ may then, in a strongly basic medium, displace a 

neighbouring amino group and cause cyclization. 
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ArHN 

+ rnhnh2 
1.MeOH,A2.aq.NoOH^ 

~ 50%* 

R = H,Me,Ph; 3,4,7-Indazoletrione 

Ar = Ph,4-Br-,4-N02-C6H4 

3. Isoxazole 

An improved procedure for the synthesis (from amino-esters) of the heat-sensitive 

quinone isoxazoles was recently described. A review of the uses of lead tetra¬ 

acetate in organic chemistry has been published [B-36], 

ArHN 

CHCI8,THF,LTA 

~74% 
ArHN 'OR 

[1786] 

R = Me,Et,CDjj Ar = Ph,4-MeC6H4 2,1-Benzoxazole-4,7-dione 

4. Isothiazole 

Oxidative cyclization of an o-amino-dithiocarboxylic ester with iodine-DMSO 

gives a new isothiazole ring. 

R = Me,Ph Isothiazolo[3,4-^]- 

pyrimidin- 4-one 

[654] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine or Pyridin-2- or -4-one 

A fused 2,4-dihydroxypyridine-3-carboxylate ester is formed when an amino- 

ester is cyclized by reaction with diethyl malonate and a base. 
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h2n> 

EtOOC' 

+ CH2(COOEt)2- 
EtONo,EtQH, A 

21-95% 

R=H,Me 

Pyrozolo[3,4-p]pyridine 

Isoxazolo[5,4-£]pyridine 

Suitably positioned and separated amino and ester groups react to form a 

pyridin-2-one, usually induced by heat or a base. 

RCH2NHv 

CH = CH 
I 

COOEt 

Me 

-N\^o 

NMe 

DBN,TEA,A 

71-90%* 

R = Ph, 4-MeO-,4-CI-C6H4 Pyrido[2,3—cT'Jpyrimidine — 

2,4,7-trione 

[1862] 

Furo[3,4-e]quinolin-4-one 

EtONo,EtOH, 

~82%* 

0^ 
[306] 

Pyrido[2,3-c/]pyrimidin-7-one 

Other ring systems synthesized similarly: 

H 

-OMe 
MeO 

OMe 

[212] 

2-Quinolinone 

[1889] 

W,X,Y or Z =N,others = CH 

Z = N: 1,5-Nophthyridin-2-one 

Y=N: 1,6-Nophthyridin-2-one 

X=N: 1,7-Naphthyridin - 2-one 

W=N: 1,8-Naphthyridin-2-one 

(review [l648],2009 ) 
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1, l-Bis(methylthio)-2-nitroethene is a versatile synthon (review [1801]) which 

reacts with amino esters to give a pyridin-4-one ring which is also formed in an 

acid-catalysed reaction between anthranilate ester and a resorcinol. 

9-Acridinone 

2. Pyrimidin-4-one 

The combination of amine and ester groups lends itself to cyclization to 

pyrimidin-4-one by several reagents [874], Perhaps the most frequently used is 

formamide. This has the added convenience of acting as solvent as well as 

reactant but occasionally either formic acid or sodium ethoxide-DMSO is added. 

o 
[l ]Benzothieno[3,2-<y]pyrimidin- 4-one 

Other ring systems synthesized similarly: 

o 

! [665] 

Pyrozolo[4,3-tf]- 

pyrimidin-7-one 

NHMe 

[1153] 

Thieno[2,3-<y ■ 4,5-tf']— 

dipyrimidin- 4-one 

0 

Pyrazino[2', 3':4,5]thieno- 

[3,2-d/]pyrimidin-4-one 

[1360] 

[1528] 

Pyrimido[4', 5': 4, 5]pyrrolo- 

[2,3-c]azepine-4,6-dione 
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[l]Benzothieno[2,3—c/]— 

pyrimidin-4-one 

[560] 

CN 

Me NH- 
HC0NH2,HC00H,A 

90% 

CN 

0 

4-Ouinazolinone 

[211] 

o2n- 'NH, 

s COOMe 

HCONH2,EtONo,DMSO, 

78%^ 

[l ]Benzothieno[3,2-4]- 

pyrimidin-4-one 

In the presence of phosphorus oxychloride, cyclic amides (lactams) also react. 

^/^COOMe 

chci3,poci3^ 

55% 

Indolo[2',3':3)4]pyrido[2,1-A]- 

quinazolin-5-one 

Nitriles (including cyanamides), amidines or isocyanates cause ring closure 

under relatively mild conditions but only the lower alkyl amidines are effective 

[1224], Chloroacetonitrile reacts with two moles of aminoester. 

r!^/S. 'NH.- 

R^CHUCN 

^COOEt 

RR2=alkyl, aryl, (CH2)4 

R3=CI,oryloxy,arylthio 

HCI-diox 

48-98% 

ch2r3 

[63, 1080, 1789] 

o 

Thieno[2,3-^]pyrimidin-4-one 

[l]Benzothieno[2,3-tf]pyrimidin-4-one 
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Imidazo[4)5-^]quinazolin-8-one 

Other ring systems synthesized similarly: 

. N. 

[401] 
^NH 

Pyrido[3,4-tf]pyrimidin-4-one 

[75, 504, 691] 

4-0uinazolinone 

H2N- 

MeOOC^ 

SN + 
|| + RC=NH2 

-N I - 
IN NH2 AcO 

OEt 
I 

(CH2)2oh , A __ 

33-45% 
HN 

R = H,Me 

[55, 1224] 

1,2,3-Thiadiazolo[5,4-£/]- 

pyrimidin-4-one 

COOMe 

0 

4-Ouinazolinone 

A mixture of a primary arylamine, an orthoester and an amino-ester reacts on 

heating in decalin to form a 3-N-arylpyrimidinone ring as also does an amino- 

ester and a (cyclic or acyclic) chloroimine. 

'NH; 

+ ArNH2 

-^COOEt 

Ar = Ph, 3-CI-,4-H0-C6H4 

HC(OEt)s, decalin, A 

64-85% 
[1714] 

NAr 

[l]Benzothieno[3,2-<^]- 

pyrimidin- 4-one 

R’ = Me,tBu,Ph, 4-MeC6H4; , 

R2=PhCH2CH2,Ph,3-MeC6H4 

0 

[l]Benzothieno[2,3-tf]- 

pyrimidin-4-one 

[1223] 
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Heterocycles containing a reactive halogen atom or a lactim ether group 
cyclize an aminoester to give a doubly fused pyrimidinone. 

Pyrido[l,2-o]thieno[2,3-c/]- 

pyrimidin-4-one 

Other ring systems synthesized similarly: 

[72] 

"S tnF 

Benzothiozolo[ 2,3 -£]quinozolin-12-one 

0 

[1950] 

Pyrido[2,1—Z>]pteridin —11—one 

Azepino[2,1-£]pteridin-12-one 

Azocino[2,1-A]pteridin-13-one 

3. Pyrimidine-2,4-dione or 2-Thioxopyrimidin-4-one 

Aminoesters react with isocyanates (or isothiocyanates) to give first the ureides 

which, on treatment with a base, cyclize to the pyrimidinedione (or thioxo-one). 

NHPh 

COOMe 

+ MeNCO 

/, X — CH j NaH-DMF 

X= N;pyr., A 

[13, 74] 

X=CH 

2,4-Quinazolinedione 

X=N 

Py r i do[2,3-d] pyrimidine-2,4-dione 

Other ring systems synthesized similarly: 

H H 

Furo[2,3-</]pyrimidine-2,4-dione 4-Ouinazolinone, 2-thioxo 

H 

0 

[l]Benzothieno[2,3-^]pyrimidin-4-one 

[114] 

[560] 
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The highly reactive chlorosulphonyl isocyanate (for a review of its chemistry, 

see [324]) behaves differently from other isocyanates in this reaction in that the 

nitrogen is unsubstituted. 

Ph 

EtOOC^ 

+ ciso2nco 
qq, KOH, 

86% 
[1751] 

Pyrazolo[3,4-c/]pyrimidine- 

4,6-dione 

A ureido (or thioureido) group, whether formed in situ from an amine or 

present in the substrate, reacts with an ester group to give a pyrimidinedione (or 

thioxo-one). 

r^n 

N 

+ CO(NH2)2 

R = H,Me 
Pyrazino[2,3-sdquinazoline-2,4-dione 

Other ring systems synthesized similarly: 

H 

Pyrimido[5,4-£]indol- 

4-one; 2-thioxo- 

Thieno[2,3-tf]pyrimidin- 

4-one, 2-thioxo- 

[883] 

A ureide may also be prepared by reaction of an amine and an azide and in this 

way, a 3-substituent may be introduced. 

H 

o 

Pyrido[2,3-<y]pyrimidine- 

2,4-dione 

4. Pyrazin-2-one or Pyrazine-2,3-dione 

A glycine ester side-chain on annulation to a neighbouring amino group yields a 

new pyrazin-2-one ring which can also arise when the two groups are attached to 

separate rings. 
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R = H ,Me [l]Benzopyrano[3,4-6]- 

pyrazine-3,5-dione 

Pyrrolo[l)2-£7]quinoxolin-4-one 

The amino group may be converted into its ethoxalyl derivative and this 

cyclizes readily on to an amino group to form a pyrazinedione ring. Catalytic N- 

debenzylation (in one reaction) enables ring closure to proceed. 

^^'"NCOCOOEt 
Pr 

OMF, H?,Pd-C 

84%* 

2,3-Quinoxalinedione 

[1584] 

Pyrazino[l,2-<z]pyrrolo[2,1-c]- 

[1,4]benzodiozepine -3,4-dione 

5. 1,3-Oxazin-2- or -6-one or 1,3-Oxazine-2,4-dione 

When a 2-imino carboxylate ester is heated in pyridine, an oxazin-2-one is 

obtained and also when an aminoester is treated at ambient temperature with an 

isocyanate in an acid medium but phosgene in alkaline solution yields a 2,4- 

dione. 
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COR1 
I 

hn‘Y"N'"nh 

R200CX ^SMe 

+ PhNCO 

0 
py> A 

6 2-80% 
r 

COR’ 
N. /N 

•SMe 

[1860] 

R^Ph^-MeO-, 4-CI-C6H4i 

R2=Me,Et 

Pyrazolo[3,4-<y][l,3]- 

oxozin-6-one 

'NHC 
+ R2NCO 

^v/^COOR' 

R' = Me,EtjR2=(CH2)2CI, 

CH2C00Et,Ph 

H2SO4 
~70%* 

3 ,1-Benzoxazin-4-one 

[73] 

^^^S'^COOMe 

PhH,COCI2,KOH, A ^ 

90% 
[214] 

[l]Benzothieno[3,2 — c/][1,3] — 

oxazine-2,4-dione 

6. 1,4-Thiazin-3-one 

With a sulphur atom in the side-chain, a thiazinone may be obtained by heating 

the substrate under acidic conditions. 1,4-Benzothiazines have been reviewed 

[942], 

NNHR 

EtOH,HCI, A ^ 

28-83% 

R =Bu, Ph,CI-, CFj—, 

no2-c6h4 

^\^SCCOOM€ 

'NH; 

1,4-Benzothiazin-3-one 

[825] 

7. 1,2,6-Thiadiazin-3-one 1,1-Dioxide 

Sulphamoyl chloride in alkali cyclizes an aminoester to a thiadiazinone dioxide. 

2,1,3-Benzothiadiazin- 

4-one 2,2-dioxide 
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III. FORMATION OF A SEVEN-MEMBERED RING 

1. Azepin-2-one or Azepine-2,5-dione 

Amino (or potential amino) and ester groups separated by five carbon atoms (one 

of which may be a carbonyl group) cyclize to benzazepines thermally or under the 

influence of a base. Their chemistry has been reviewed [1620], 

2-Benzazepin-1-one 

[1225] 

R C (C H 2)2C 0 0 Me 

0 

R = Br,COOMe 
1-Benzazepine-2,5-dione 

[914] 

Other ring systems synthesized similarly: 

Dibenz[Ae]azepin-6-one 

[169] [990] 

Indolo[2,3-tf][2]benzazepin-5-one 

2. 1,4-Diazepin-5-one or 1,4-Diazepine-2, 5-dione 

These rings are formed by reaction between an amino and an ester group, 

sometimes aided by a basic medium (see [1895] for a review). 

CN 

MeS'^ ^NHC = CHCOOEt 
I 
Me 

EtONo,EtOH, At 

87%' 
MeSx 

[191] 

Thieno[3,4-£][1,4]diazepin-2-one 
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Other ring systems synthesized similarly: 

[561] 

Pyrazolo[5,1-c][l,4]- 

benzodiazepin-4-one 

[85] 

Pyrrolo[2,t-c][l,4]- 

benzodiazepine-5,11-dione 

Amine and Carboxylic ester 

Pyrazolo[l,5-tf][l,4]- 

benzodiazepin-6-one 

Pyrido[2,3-£][l,4]- 

benzodiazepin-6-one 

[79] 

[1990] 

3. 1,4-Oxazepin-5-one 

Thermal cyclization of a suitable aminoester substrate gives an oxazepinone. 

o. 

^\.COOEt 02N. 
DMSO,H2,Pd-C,A^ 

25%* 
[1227] 

Thieno[3,2-£][1,4]- 

benzoxazepin-9-one 

IV. FORMATION OF AN EIGHT-MEMBERED RING 

1. Azocin-2-one 

Base-induced reaction of suitably placed groups gives a moderate yield of this 

eight-membered ring. 

MeO Ph MeO 
PhMe.NoH, A^ 

EtOOC"\^ 
45% 

MeO 

Pyrimido[5,4-c][l]benzozocin-5-one 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

o-Amino-enamines (prepared in situ from the corresponding nitro compounds) 

readily cyclize to a fused pyrrole ring. This synthesis is often called the 

Leimgruber-Batcho cyclization (review [1439]) and has been frequently used to 

synthesize indoles and azaindoles. Originally, the nitro compounds were reduced 

chemically using iron-acetic acid [441] or titanium(III) chloride [456] but 

catalytic reduction has been found to be more efficient [857]; lithium aluminium 

hydride may be used but may reduce other groups [1446], Dinitroenamines to be 

converted into a nitroindole may be more conveniently cyclized after partial 

reduction with titanium chloride [907, 1441] while catalytic reduction is quite 

satisfactory to prepare aminoindoles [1443], The conditions of hydrogenation 

are important if the amount of 1-hydroxyindoles is to be kept low [39]. It is not 

necessary to isolate the enamine and good yields have been recorded in the 

conversion of methyl 2-methyl-3-nitrobenzoate into the indole by successive 

treatment with DMFDMA and a reducing agent. 

/'or ii 
-7T7+- 
60-82% 

[1440, 1453] 

R1, R2= H,MeO,CI ,CN, PhCH20,C00Me) Indole 

NR|=NMe2,N(CH2)5 

/',TiCI3,Me2CO, NH40Aci//)PhH,H2,Pd-C 

239 
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COOMe 

1. dmfdma,A 

2. TiClj, MeOH 

73%*' 

COOMe 

Indole 

Other ring systems synthesized similarly: 

[441] 

Pyrrolo[2,3-c]pyridine 
OMe 

Pyrrolo[3,2 -tflpyrimidine 

[907] 

[17] 

In one variation of the Leimgruber-Batcho cyclization the nitro dimethyl- 

amine enamine is converted into its semicarbazone analogue; its lower solubility 

reduces the tendency to form dimeric products. 

H2 or Fe+^-NHj 

55-81% 

R = Me,H0,Me0,PhCH20 

H 

R 

Indole 

[1443] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine 

Cyclization of a C-enamine-iV-enamine may be mentioned here. It gives a fused 

pyridine ring on mild treatment with acetic acid. 

Me9NCH 
II 

EtOOCCOC Y SMe 
AcOH 

EtOOC 

96% 

SMe 

[1464] 
Me2NCH=N 

Thiazolo[4,5-£]pyridine 

(review [1865] ) 
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In addition to the combination of groups shown in the title of this chapter, 

examples of acylamine or carbamate and hydrazide and of hydrazide and 

hydrazine groups are included. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrol-2-one 

Although a 2-hydrazino-hydrazide can in theory cyclize to a pyridazinone, 

heating in toluene gives a pyrrolone as the sole product. 

h2nhncch. 

H2NHN'^5n^N' 

PhMe.A 

70%** [1267] 

Pyrrolo[3,2-e]-1,2,4-triazolo- 

[4,3-£]pyridazin-7-one 

2. Pyrazole 

Diazotization of a 2-amino-hydrazide results in the formation of a pyrazole ring 

and loss of nitrogen. 

241 
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^^^CONHNHR 

R = 4 -Me-, 4-CI - CgH 4 

HCLNaNO, 
---H 

~ 55% 

Indazole 

[2031] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridin-2-one 

When a tosylhydrazide is heated with a base, an aldehyde group is formed 

(McFadyen-Stevens reaction); this reacts with the methylene of ethyl 2- 

pyridineacetate to give a new pyridin-2-one ring. 

+ ArCH2C00Et 

Ar = 2-pyridyl 

1,8-Nophthyridin-2-one 

(review [1648]) 

[1187] 

2. Pyridazin-3-one 

An amino group reacts with an iViV'-diacylhydrazine in acid to yield a 

pyridazinone ring. 

COOEt 
. I 

C N H 2 

^^^O^^CONHNHCOOEI 

_HCI 

60% * 

Benzofuro[2,3-c7]pyridozin-4-one 

3. Pyrimidin-4-one 

3-Aminoquinazolin-4-ones are prepared by heating a 2-amino-hydrazide with an 

orthoester but the course of the cyclization is dependent on the solvent used, 

reaction time, the proportion of reactants and the orthoester employed [1562— 

1564]. When these factors are controlled, quinazolinones rather than the 

isomeric triazepinones (see Section III) are obtained in good yield. 2- 

Acylaminobenzoic acid hydrazide reacts with hydrazine hydrate to yield a 3- 

aminoquinazolin-4-one. 
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conhnr'r2 

R4C(0Et)3,E»0H, A _ 

46-94%’ 

R1,R^H,Me,(CH2)5i 

R3=H,Me,CI,Br)N02iR4=H,Me 4-0uinazolinone 

Other ring systems synthesized similarly: 

o 

[l]Benzothieno[3,2-</J- 

pyrimidin- 4-one 

[1714] [271, 1802] 

H 

HgNN. [271] 

Pyrazolo[3,4-<y]pyrimidin-4-one 

[1379] 

4. Pyrimidine-2,4-dione 

The additional carbonyl group required to form this ring may be provided by 

ethyl chloroformate, preferably in benzene although pyridine has been used 

[1472], 

nhr' 

conhnr2r3 

CICOOEt, PhH, A 

~90%* 

r’ = H,alkyl,CH2COOHj 

R2=H, alkyl j R3=H,olkyl, Ac 
2 ,4-Quinazolinedione 

[1680] 

Phosgene reacts with iV2-alkoxycarbonylamino-hydrazides to give the 

dione in good yield. The free 3-amino group is obtained when the 

t-butyloxycarbonylhydrazide is cyclized. 
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NNHCOOEt 
[978] 

[978] 

2,4-Quinazolinedione 

5. 1,2,3-T riazin-4-one 

Diazotization of the amino group of an unsubstituted amino-hydrazide causes 

cyclization to the triazinone in good yields (cf. diazotization of an amino-iV2- 

arylhydrazide, Section 1.1). 

R = H,Me,CI,N02 

AcQH,NoN02^ 

41-80% 

1,2,3-Benzotriazin-4-one 

Another ring system synthesized similarly: 

[1496] 

Pyrazolo[4,3-</]-1,2,3- 

triazin-4-one 

[967] 

6. 1,2,4-Triazin-3-one 

Thermal cyclization of an ethoxycarbonylaminohydrazine gives the isomeric 
1,2,4-triazin-3-one ring in good yield. 

nhnh2 R, ^1 

"r 

NHCOOEt 
50-90%"" % 

H 

'NH 

X 
1,2,4-Triazino[6,5-e]- 

[l, 2,4]-triazin-3-one 

[683] 

R = Me,Ph 
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III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,2,4-T riazepin-7-one 

As mentioned in Section II.3, o-amino-hydrazides can react with orthoformates 

to give either 3-aminoquinazolin-4-ones or the isomeric 1,3,4-benzotriazepin-5- 

ones. Factors affecting the course of the cyclization are discussed 

[1562, 1564, 1802], Early work in which the synthesis of the triazepinone was 

claimed should therefore be approached cautiously [94, 1230], A 2- 

(hydrazinomethyl)aniline, however, cyclizes in acid solution to the 5-methylene 

analogue. 

nh2 

-conhnh2 

R = H,Me,Ph 

RC(OEt)3,EtOH, A ^ 

■—-45%* 
[1379,1563] 

1,3,4-Benzotriazepm-5-one 

■ NH- 
R2aOEt)3,AcOH, A^ 

40-61% 
■CHpNHNHR 

I 
Ph 

R^HjMej R2=Me,Ef 

[1797] 

1,3,4-Benzotriazepine 

Cyanogen bromide or an isothiocyanate efficiently cyclizes an amino- 

hydrazide to a triazepinone in good yield. 

2 NH2 

-NHR^ 

-CONNI-U 
I ' 

Me 

BrCN,EtOH^ R1_ 

36-80% 

R1=H,Br,CI,N02i 

R2=H,Me 

1,3,4-Benzotriazepin-5-one 

[1166] 

NHR 

-NH- 
RNCS.DCC,A 

^^/^CONHNH2 

R = Bu,PhCH2,CH2=CHCH2, 

Ph,4-MeC6H4 

65-82% 
[936] 

1,3, 4-Benzotriazepin- 5-one 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrazole 

An o-amino-imine (produced in situ in this example from a nitro-imine) may be 

cyclized by prolonged heating in a high boiling solvent with a deoxygenating 

agent. 

NO- 
PhtBu,P(OEt)3, A _ 

15-27%' 

'NAr 

^CH = NAr 

Ar = Ph,4-Me2NC6H4 Thieno[3,2-c]pyrazole 

[321] 

2. Imidazole 

In anaerobic conditions, 2-aminophenylhydrazones cyclize to benzimidazoles 

but in the presence of oxygen (or a mild oxidant) a mixture of the benzimidazole 

(51.1) (as major product) and 1,2,4-benzotriazine is obtained. 

246 
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[1124] 

[1124] 

1,2,4-Benzotriazine 

Oxidative cyclization of o-amino-imines yields a fused imidazole in high yield. 

Benzimidazole may be synthesized in 89 per cent yield by the oxidation of the 

mono-Schiff s base of o-phenylenediamine with plumbophosphates [1849]. 

MeN 

N 
Me 

-N = CHPh 

•NH2 

Ph 

[1209] 

2,6-Purinedione 

(review [B-7]) 

3. 1,2,3-Triazole 

Diazotization of an amino group of an amino-imine results in the formation of a 

triazole ring in high yield. 

H2,Pd-C,HNQ2 

96% 

N =C(COOEt)9 
I 2 

.N. 
'N 

li 
-N 

Benzotriozole 

[1501] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridin-2-one 

One synthetic use (review [100]) of carbon suboxide is its cyclization of 2- 

aminobenzaldehyde imine (or oxime or oxime 0-methyl ether) to a 2-quinolinone. 
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C3O2, E tgO ^ 

68-97% 

R = HO, MeO, Pn, 4-Me-, 2-Ouinolinone 

4-MeO-C6H4 

[1045] 

2. Pyrazine 

2-Amino-Schiffs bases may be cyclized into a pyrazine ring, the additional 

carbon being supplied by an orthoformate ester. 

R',R2=H,Mej R3=aryl,heteroaryl 

R2 

0 

2,4-Pteridinedione 

[902] 

3. 1,2,3-Triazine 

In a reaction similar to that described in the previous section, the same groups in 

the peri positions of naphthalene yield a fused triazine ring. 

COOMe 

[47] 

Nophtho[1 ,Q-de]-\, 2,3 -triazine 

Oxidative treatment of a 2-amino-hydrazone results in cyclization to the 

triazine at ambient temperature. 

R = Me,Ph,4-MeOC6H4 

H 

R 

1,2,3-Benzotriazine 

[1697] 

4. 1,2,4-Triazine 

Amino-hydrazones or -amidrazones cyclize on warming to form a fused 1,2, 

4-triazine. 
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NHN = CCH?COOEt 

l2 EtQH,Hz,Pd-C^ 

35-74% 
[1820] 

CH2COOEt 

R1 = H,Me,Br,CI,N02; 

R2=EtO,NH2 

1,2,4-Benzotriazine 

(review [B-14]) 

Dehydrogenative cyclizations by bromine or azodiformate ester also give rise 

to a 1,2,4-triazine; the example [1124] mentioned in Section 1.2 is also of this 
type. 

MeN- 

R 
N NN=CHr' 

Smo 

/.A 
N N. 

N 

72-91% MeN 

R1=Ph,4-CI-,4-MeO-C6H4i 

R2=Me,Et 

/, (=NC00Et)2 

h2n~ 

PhCH=NN' 

St 

Me 
Ph 

'N- 'R' 

Imidazo[4,5-e]-1,2,4- 

triazin-6-one 

Brg, AcOH^ 

26%* 

Ph r 
\ N 

Me 

'Ph 

1,2, 4-Triazino[6,5-eJ- 

[l,2,4]triazine 

[766] 

[683] 

5. 1,2-Oxazine 

Methylation of a tertiary amine and treatment of the adjacent oxime with 

butyllithium gives an oxazine ring (and expulsion of trimethylamine). 

2,3-Benzoxozine 

[1727] 

6. 1,3,4-Thiadiazine 1,1 -Dioxide 

When a sulphone group is present in the side-chain, ring closure of an amino- 

hydrazone can yield a fused thiadiazine ring. 

SS^SO?C=NNHPh 

NoNQ2,HCI , 

43% * 

COOEt 

[710] 

4,1,2 -Benzothiadiazine 4,4-dioxide 
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III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,2,4-Triazepine or 1,2,4-Triazepin-3-one 

An amino-hydrazone is converted into a fused triazepine or triazepinone ring in 

moderate yield by treatment with paraformaldehyde or phosgene. 

\V 

-NH. 
1, 3,4-Benzotnozepine 

-C=NNHR2 
Ph 

R' = H,CI;R2=Ph,CONH2 

[457] 

[457] 

1,3,4-Benzotriazepin-2-one 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

For pyrrole formation, the presence of a 2-(/Toxoalkyl)-aniline-type molecule is 

one requirement. Such compounds cyclize spontaneously or with some heating 

but when a y-carboxylic ester group is also present, the expected fused pyrrole 

may be accompanied by the corresponding fused pyridin-2-one [565]. 

R2 

[550, 565, 1377] 

R1 

R')R2=Me,COOEt;R3=H)Me,MeO X = CH,N 

/, AcOH-Zn j //, H2,Pd-C Indole 

Pyrrolo[2,3-e]pyridine 

251 
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The nitro group may be in an alkyl chain and may need more drastic 

conditions for its reduction. When both amine and carbonyl are attached to a 

ring, an additional carbon has to be supplied by another reactant, for example, an 

a-bromoketone. 

[495] 

Pyrrolo[2,3-/r]quinoline 

NHR 

+ R4C0CH2Br 
DMF, A 

50-75% 

\^COR 
[20] 

R1,R4=Me,PhiR2=H,Mei Indole 

R3=H,CI,MeO 

2. Pyrazole 

Displacement of an amino (preferably primary or tertiary) group placed between 

two carbonyl groups is effected by heating with hydrazine hydrate in methanol. 

The hydrazine then reacts with one of the carbonyl groups to give a fused 

pyrazole ring. A similar reaction is possible when an amino and one carbonyl 

group are attached to a 7i-deficient ring. The iminium salt is more reactive than a 

carbonyl group and so the amino-ketone needs a higher reaction temperature. 

r’r2=(CH2)4 

pi 
Rt\I 

i NhU X 
4 N2H4.H,0,Et0H N 

^^^COR 
-94% R2n 

R,= 4-CIC6H4; R2=Me,PhCH2; 

X = Br,I 

[1234] 

[1234] 

[1887] 

Py razolo[3,4-adpyridazine 
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N%^/'i^COR 

N2H4 HCI,EtOH,A^ 

72% * 

R=4-CIC6H4 

[1887] 

3. Imidazole 

Potassium thiocyanate converts an amino-ketone into an imidazole-2-thiol. 

R = MeO,CI [l]Benzopyrano[3,4-</]- 

imidazole 

[102] 

A quaternized 2-aminoheterocycle containing a /1-carbonyl N-substituent 

cyclizes on heating in ethanol or with PPA (review [B-21]) to a fused imidazole 

ring. 

CHXOCOOEt 
+1 * 

EtOH, A 

.90% 
► R [1374] 

R = H,CI rmidazo[l,2-£7][3,l]benzothiazine 

Another ring system synthesized similarly: 

Imidazo[2,1-£]-|,3,4-thiadiazole 

4. 1,2,3-Triazole 

An N-aminopyridinium salt (review of reactivity [1870] containing an oxime 

group cyclizes to give a fused 1,2,3-triazole ring. 

MesO 

R = H,Me,Ph 

PPA, A 
-7T*- 
63-76% 

r^N^N 

[t,2,3]Triazolo[l ,5-o]~ 

pyridine 

[1329] 



254 Amine and Ketone 

5. Isoxazole 

Displacement of an amino group attached to a 71-deficient ring is possible by 
heating with an excess of hydroxylamine. 

NH? 
NH20H,Et0H,A ^ 

36% 
COR 

R = 4-CIC6H4 Isoxazolo[4,5-t/]- 

pyridazine 

[1887] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine 

Reduction of a nitro group situated five carbon atoms from a carbonyl group 

leads to the formation of a fused pyridine ring (the nitro group in Ar1 has also 

been reduced in Ar2). 

Ar2 

[1232] 

02N Me 

R = HO,MeO 

Quinoline 

The versatility of 2-bismethylthio-l-nitroethene in organic synthesis (review 

[1801]) is illustrated in two syntheses of 3-nitroquinolines; the synthon has been 

modified in one synthesis by reaction with aniline. 

SMe 
,1 

+ R3C = CHN02 

R' = Me,Ph, 4-MeC6H4j 

R2=H,Br,CI 

-NH' 
AcOH,A 

42-76% 

[174,1799] 

Two methods which proceed at low temperatures in high yields are worth 

attention. An aliphatic nitrile in the presence of sodamide cyclizes an amino- 

ketone while the dilithio derivative of a ketoxime reacts with LDA in THF. 

R=H,Me,Et; Ar = Ph,CIC6H4 Ar 

Quinoline 

[327] 
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Ar2C = NOLi 
I 
CH2Li 

R=H,CI;Ar’=Ph,CIC6H4i 

Ar2=Ph,4-Me-, 4-CI-, 

4-F-,4-MeO-C6H4 

LDA ,THF 

32-100% 
[650] 

In a Friedlander-type reaction (review [1093]), amino-ketones condense with 

3-oxobutyrolactone (furan-2,4-dione) to give a doubly fused pyridine ring. Other 

ketones also condense with amino-ketones in the presence of either a Lewis acid 

(ZnCl2 or HCIOJ or a strong base. 

^^/COA .0 

+ 

O' 

HCI, A 

51-80% 
[490] 

R = H,CI;Ar=Ph,4-Me-, Furo[3,4-£]quinolin-1-one 

2-F-C6H4 

+ RAc 

R= Me, Ac, Ph 

/jZnClg or EtONa-EtOH 

Pyrazolo[3,4-£]pyridine 

[1846] 

PhOC^/S^/Ph 

+ AcCH2Ph 

h2n^ ^CN 

Thieno[3,2-A]pyridine 

[392] 

2. Pyridin-2-one 

When an amino-ketone is heated with diketene (review [2018]), a high yield of a 

fused pyridinone is obtained. 

pyr. A 

94% 
[1356] 

COAr 

Ar=2-FC6H4 
Ar 

2 -Quinolinone 

Ac 
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3. Pyrimidine, its /V-oxide or Pyrimidin-2-one 

A pyrimidine ring may be formed by using one of several reagents [B-5], for 

example, formamide or a nitrile. Prior conversion of the ketone into its oxime 

and reaction of this with formaldehyde gives a pyrimidine iV-oxide ring 

(review [B-34]). 

Me 

Quinazoline 

[211] 

Ph 

h2n. 

Ac/ 

-t- wrnMw ZnCi2, A f |j 

55% ] 
-Ph 

Me 

Ph 

-Ph 
[1846] 

Pyrazolo[3,4-^pyrimidine 

R = Me,CH2COOEt,Ph, rn 

4-CIC6H4,3-pyridinyl [l]Benzothieno[2,3-</]- 

pyrimidine 

Quinazoline 3-oxide 

[990] 

A pyrimidin-2-one is obtained by heating an amino-ketone with urea. 

Ph 

R2NA^/NHCH2R' 

Me^ ^-COPh 

+ co(nh2)2 

R’ = H,Et,PhCH2i 

R2=H,Me 

R N 

57-80% 

CHUR' 

NH 
[1668] 

Ph 

Pyrrolo[3,4-£7]pyrimidin-2-one 

4. Pyrazine 

The most common type of substrate for this cyclization is one with a nuclear 

amine and a side-chain ketone; thus, reduction of nitro-ketones and simultaneous 
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cyclization is achieved readily. Sometimes, the ketone is masked or protected as 
part of a previous synthetic step. 

RCCMe^HN' 
II ^ 

o2n 

'NH, 
oq. NaOH, Na,S20, , A V 

H 
Ns . Ns 

NH 43-91% 

'NH- 

0 

R = Me,Et 

RCCHoHN 
II 

HON 

o2n 

NH 

0 

/NH- 

4- Pteridinone 

NHo 
H2,Nl 

74% 

NH- 

R = CH2NMeC6H4-4-C00Me 

Other ring systems synthesized similarly: 

N- 
'N 

H H 
, N. .N 

[491,1378] 
Me-^% 

0 

NH 

Pyrido[3,4-A]- 

pyrazine 

H 

O 

2,4-Pteridinedione 

NH- 

H 
. N. .N 

[1790] 
YNH2 

.NH 

0 

4-Pteridinone 

[1829] 

[1375] 

[1790] 

[1791] 

5. 1,3- or 1,4-Oxazine or 1,4-Thiazine 1,1-Dioxide 

Deprotection (by an acid) of an aliphatic aminoalkoxy group (as its Schiff s base) 

conveniently placed to react with a quinone carbonyl results in a rearrangement 

of the chain and the formation of a 1,4-oxazine. 

Anthro[9,1-c/e][1,3]- 

oxozin- 7-one 

[566] 
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Suitably placed amino and ketone groups spontaneously condense to form a 

1,4-oxazine and 1,4-thiazine dioxide. 

tBu 

[360] 

Pyrono[2 ^-/Jfl^lbenzoxozin-Z-one 

AcOH,A 

~95% 

Pyrrolo[3,4-A]-1,4-thiazine 

1,1-dioxide 

[1207] 

6. 1,3,4-Thiadiazine 

An TV-amino group reacts with a 2-oxoethylthio chain on heating with 

phosphorus oxychloride to give this fused ring. 

o 
-N. 

'N 
PhCCH2S 

H2NN—!l^ 
Ph 

POCU,A 
-——1 

60% 
Ph^^ 

■Ph 

1, 2,4-Triozolo[3,4-A]- 

[l,3,4]thiodiazine 

[911] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. Azepine 

Formation of this biologically important ring often involves the reaction between 

groups which are attached to different rings and thus the azepine ring is fused to 

two others in the product. This is the final step in the synthesis; generation of the 

amine group and ring closure is a concerted process. Three common sources of a 

primary amine group are nitrile, azide and phthaloyl, the last having been 

introduced earlier as a protecting group. The chemistry of the benzazepines has 

been reviewed [1620, B-19], 



Formation of a Seven-membered Ring 259 

SCN 

Cl^^^^COPh 

H3)RaNi 
—^-* 

37% 
[492] 

Thiazolo[5,4-^][2]benzazepine 

H 

30-88% 

COAr 

[461] 

R = phthalimido, /, MeNHgEtOH ■, 

R = Nj, /, EtOH, H2, RaNi 

Ar = Ph,2-CI-,2-F-C6H4 

Another ring system synthesized similarly: 

1,2,3-Triazolo[4,5-tf][2]- 

benzazepine 

[2019] 

[871] 

2-Benzazepine Pyrimido[5,4-d\- 

[2]benzazepine 

2. 1,4-Diazepine or l,4-Diazepin-2- or 5-one 

Strategies for the synthesis of this medically important ring are similar to those 
mentioned in the preceding section (reviews [1895, 1917]). Thermal dehydration 
of an amino-ketone may also be employed. 

-NMeCH2CN 

Cl^^/^COPh 

[990] 

1,4-Benzodiazepine 

r 
-CH2—N 

H 
Ac0Et,Et0H,H2)Pt02i 

72%’ 

0CCH2NMeCH2Ph 

[828] 

H 'CH2NMeCH2Ph 

Pyrrolo[2,1-e][1,4]- 

benzodiazepine 
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[l]Benzopyrano[2,3-6][l,5]- 

benzodiazepin-13-one 

Other ring systems synthesized similarly: 

Pyrazolo[1,5-0] [1,41- 

benzodiazepine 

[1.2.4] Triazolo[4,3-<7]~ 

[1.4] benzodiazepine 

[813] 

A l,4-diazepin-2- or -5-one ring may be constructed from an amino-ketone 

which has a carbonyl in the amine-carrying side-chain. 

Me O 

N'' \^-NHCCMe2Br t NoN;)-DMF 2 Hz,Pd-C 

II || ~60%* 
Me-^ ^COAr 

[445] 

Ar = 3-CIC6H4 Pyrozolo[3,4-el[l,4]- 

diazepin-7-one 

MeS 0 
II 

NHCChU 
I 
COPh 

nh2 

EtONa, EtOH, A -!—  1 1 

87% 
[191] 

Thieno[3, 4—4]diazepin-2-one 

Another ring system synthesized similarly: 

[1986] 

1,4-Benzodiozepin-2-one 
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3. 1,4-Oxazepine 

A protected 2-aminoethoxy group reacts with a quinone carbonyl under 
dehydrating conditions to give a fused oxazepine ring. 

Anthra[9,1-e^][1,4]- 

oxazepin-8-one 

[566] 

4. 1,2,6-Oxadiazepine 

This ring may be obtained by annulating an amino and a ketoxime with 
formaldehyde. 

ci 

+ HCHO 
AcQH,A 

~ 55% 
Cl 

[990] 

3,1,4-Benzoxadiazepine 

5. 1,2,5-Thiadiazepine 1,1-Dioxide 

Reaction of an amine with a ketosulphonamide in the usual way gives the 

benzothiadiazepine dioxide (and its tautomer) together with an equal amount of 

the 3,4-dihydro derivative. Reduction of the nitro group was effected by chemical 

means in this reaction. 

Op 

^SNHCHo , 
[ | ^ Zn-AcOH 

f^il 
COPh 25%* 

[118] 

1,2,5 - Benzothiadiazepine 

1,1-dioxide 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

A pyrrole ring is formed when an amine is treated with an a-halogeno-ketone or a 

benzoin. In the absence of mineral acid, the latter reacts with 3-amino-5- 

phenylpyrazole to give a different ring system (see Chapter 54). Oxalyl chloride 

reacts with an aminopyrimidine to give a pyrrole-2,3-dione ring. 

-NH- 

^ 1 
E,0H>V p 

j 

1 53-76% . 1 [575] 

R = Me,2,3-Me2 

H 

Carbazole 

H 

h2n^/n\n 

A 
+ ArCCHAr 

II I 
Ph 0 OH 

EtQH ,HCI, A 

— 59% 

H 
,N 

Ar-^ APh 
[1305] 

Ar=Ph,4-MeOC6H4 
Pyrrolo[2,3-c]pyrazole 

262 



Formation of a Five-membered Ring 263 

RHN' 

Me 

-nY° 

NMe 

(COCl)2,Me2CO,A 

43-55% 

R Me 

0 
0 

R =H,Me 

NMe 
[408] 

o 

Other ring systems synthesized similarly: 

[1916] 
MeO 

Pyrrolo[2,3-a']pyrimidine- 

2,4,5,6-tetraone 

H2NNS**N\/N^ 

- 

[1842] 

OMe 

Indole 

(review [2008]) 

Pyrrolo[2,3-A]pyridine 

2. Pyrazole or 1,2,3-Triazole 

1 -Aminopyridimum salts (review [ 1870]) react with acetylenes in a basic medium 

to give a pyrazolopyridine (this type of heterocycle has been reviewed [1600]). 

„N „ 
NNHo 
II , 

CR DMF,K2C03,A ^ 1 L J 1 T III 
CCOOEt 24-45% 1 [573] 

R = Me,Ph,COOMe 

^ ^COOEt 

Pyrazolo[l,5-tf]pyridine 

Transfer of a labile azide group in acid solution gives good yields of a fused 

1,2,3-triazole. 

H2N>^N^NH2 

NEt 

EtOH.HCI^ 

80%* 

H 

'N 

II 
-N 

bf; 
1,2,3-T riazolo[4,5-£]pyridine 

(review[l694]) 

[1120] 

Other ring systems synthesized similarly: 

H 

If [1120] 
N 

X = 0,S,NPh 

Isoxazolo[4,5-d\-1,2,3-triazole 

Isothiazolo[4,5-r/]-1,2,3- triazole 

Pyrazolo[3,4-^]-l, 2,3-triazole 

[1120] 

1,2,3-Triazolo[4,5-/>]indole 
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3. Thiazole or Isothiazole 

Sulphur may be supplied for these rings by an inorganic thiocyanate, elemental 

sulphur or (for the isothiazole) an isothiocyanate. 

43-96% [88, 570] 

R* -Me,MeO,PhCH20,Br,CI; Benzothiazole 

R2=NH4,Na, 

/,AcOH,Br2; /'/,NoBr,HCI 

R, = CI, MeO,CFj, PhO; 

R2= 2-or 4-pyridyl 

[334] 

R=peracetylated sugar 

DMF or MeCN,A 

~ 94%*" 

Me 

0 
Isothiozolo[3,4-c/]- 

pyrimidine - 4,6- dione 

[1111] 

4. 1,2,4-Dithiazole 

Treatment of a 3-imino-l,2,4-dithiazole with an isothiocyanate leads to the 

formation of a second dithiazole ring by reaction with a ring-sulphur. 

Me^- VH pyr, A 
t KlNOo 

s-s -62%' I | 
-NHR 

[1720] 

R = Me,Ph [l,2,4]Dithiazolo[l,5-£][l,2,4]- 
IV 

dithiazole-4-S 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine 

In this cyclization, the three carbon atoms required to complete the pyridine ring 

may be supplied by an a,/1-unsaturated aldehyde or ketone, glycerol (a Skraup 

reaction), an enamine or triformylmethane. A modification which avoids the 
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preparation and isolation of triformylmethane uses a mixture of phosphorus 

oxychloride, ethyl bromoacetate and DMF; the salt, [CH(CH=NMe2)3]33Cl_, 

is believed to be formed and converted in situ by alkali into the trialdehyde. In the 
presence of a rhodium-norbornadiene complex, acetaldehyde or propionalde- 

hyde (2 moles) provides the necessary carbon atoms while 1,3-diketones react with 

an arylamine under acidic conditions to form a 2,4-dialkylpyridine ring. The 

application of 3(5)-aminopyrazoles as intermediates has been reviewed [1123]. 

CHMe 
II 

1 H2,Pd-C 2. CHCHO, A 

35% [574] 

Pyrido[3, S-o'lpyrimldin-a-one 

r’hn 

0 

+ 
R2CCH0 

II 3 
CICR3 

R1 = alkyl,PhjR2=Me,COOEt; 

R3= Me, Ph 

Pyrido[2,3-^]pyrimidine- 

2,4-dione 

[1530] 

MeO 

R = alkyl 

COR 
+ I 

CH=CHMe 

CHoPh 
I 2 

CHpOH 
I 

+ CHOH 
I 
CH2OH 

PhNO,, H+, A 
---► 

41-51% 

Pyrazolo[3,4-A]pyridine 

(review[l600]) 

[734] 

A similar reaction on 5- or 6-aminoindazole gave the pyrazolocjuinoline. 

Pyrazolo[4,3-r ]quinoline Pyrazolo[3,4-/]quinollne 
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COR1 

1 2 
CH=CR NMe2 

R' = Me,Ph,4-Cr,4-Me-C6H4; 

R2=H,Me;X = 0,S 

[884] 

x=o,s 

Pyrido[2,3-tf]pyrimidine-2,4-dione 

Pyrido[2,3-c/]pyrimidin-4-one,2-thioxo 

+ HC(0Et)3 
DMF, A 

77% * 
[746] 

[CH(CH = NMe2)3] 

3cr 

NoOH, A^ 

8 2% 
[1391] 

Pyrido[2,3-£/]pyrimidin - 4-one 

6 A 

30-82% 
>• 

R' = H,MeOi R2=H,Me 

/,[Rh(norbornadiene) Cl]2,PhN02 

Quinoline 

[1125] 

+ Ac2CHR 3 

R1 = iPr,PhCH2,Ph>R2=H,Me,Phj 

R3=H,CI,AcO 

H2P04, A> 

29-67% ^ 

Pyrazolo[3,4-b\pyridine 

(review [1600]) 

[1354] 

In an acidic medium, 2,6-diaminopyridine is converted into a naphthyridine 

by 1,3-diketones [1186], 

H2N^ -NH- 

+ 
PhCO 

CH2Ac 

h?po4.A 

~80%* 

PhN^N ^NH2 [10] 

1,8-Naphthyridine 
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In the Pictet-Spengler synthesis, a reduced pyridine ring is formed from a 

2-aminoethyl group and a ketone or aldehyde (or acetal); phenylpyruvic acid also 
gives a good yield [297J. Although it is usually a source of isoquinolines, it has 

also been used to form a pyridine fused to a heteroring [1744], When a 2- 

oxocarboxylic acid reacts with the ethylamine, simultaneous decarboxylation 
occurs. 

(ch2)2nh2 

HBr 

+ ArCH2CHO 

Ar=3,4,5-(Me0)3C6H2 

EtOH, A 

75%*“ 

Isoquinoline 

[263] 

+ R3CC00H 
II 
0 

PhMe, diox, A 
----—► 

49--86% 

R1 = H,PhCH2iR2=H,MeOi 

R3=H,Me,(CH2)2C00H 

Pyrido[3,4-£]indole 

h2n(ch2)2 

R 

CH(OEt), 
+ I 2 

HCI, A 

CH2COOEt 20-37% 

R=H,Me 

HIM 
[518] 

CH2COOEt 

Pyrrolo[3,2-c]pyridine 

Another ring system synthesized similarly: 

H 

Pyrido[2,3-tf]pyrimidine - 

2,4-dione 

[1837] 

Some of the atoms which become part of a newly formed pyridine ring may be 

supplied by another ring or by a second molecule of the substrate, the latter 

sometimes being cleaved in the process. 
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,NH ArN \^^chnh2 

0 

Ar = 4-tBu00CC6H4 Pyrido[3,) 4,; 5,6]pyrido- 

[2,3-(^]pyrimidin-4-one 

[1608] 

R = H,Me,MeO 

+ HCOOH [657] 

R = Me,C00Me,Ph Pyrido[2,3-rf:6,5-rf']dipyrimidine- 

2,4,6-trione 

PhHN^r/°\^0 

+ HC(OEt), 
NMe 

PhCI, A 

71%* 

PhN^/ 

[1112] 
MeHNO 

II 
0 0 

Pyrido[3, 2-e]-1,3-oxazine- 

2,4-dione 

Oxidative cyclization through C-N bond formation induced by diethyl 

azodiformate leads to high yields of a pyridine-containing ring system. Phenyl- 

acetylene was the only one of several alkynes which annulated arylamines when 
treated successively with butyl-lithium and tin(IV) chloride; the applicability of 

this method appears to be limited. 

R=H,Me,CI,HO,MeO,CN 

72-90% 

Pyrimldo[4,5-A]quinoline-2,4-dione 
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R 

NH 

R=H,Me,MeO 

Other ring systems synthesized similarly: 

Thieno[2',3':5)6]pyrido[2,3-c/]- 

pyrimidine-2,4-dione 

Me 

[738] 

o 

Pyrimido[4,5-£][1,8]naphthyridine- 

2,4-dione 

2. Pyridin-2- or -4-one 

Heating an aryl- or heteroaryl-amine with malonic acid and phosphorus 
oxychloride or with ethyl acetoacetate-acetic acid gives a tautomeric fused 4- 

hydroxypyridin-2-one ring in moderate yield. 

-NHMe 

+ ch2(cooh)2 
P0Cl3, A [333] 

2,4-Quinolinedione 

CHoPh 
I 

+ AcCHo 
I 
COOEt 

AcOH,A 

51%* 
[734, 1332] 

Pyrazolo[3,4-£]pyridin-6-one 

(review[l600l) 

'NMe 

J 
CHp Ac 

I 
COOEt 

AcOH,A 

48%*" 

H 

°Y^NYN^NMe 
[1115] 

Pyrazolo[3,4-£]pyridin-6-one 

Cyclization of a primary arylamine by heating with a /1-keto-ester (a Conrad- 

Limpach reaction) yields 4-quinolinones as does a variation in which diketene 
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[1960] (review [2018]) or diethyl ethoxymethylenemalonate [862] replaces the 

ketoester but this latter reagent in boiling acetic acid can give a pyridin-2-one 

ring. A better yield of the latter was obtained by using ethyl 3-ethoxypropenoate 

[1942]. Dimethyl acetylenedicarboxylate (reviews [1725,2011]) also gives rise to 

a fused pyridin-2-one. 

h2n 
CHOEt 

+ II 
C(COOEt)2 

R=H,PhCH2 

[862] 

Pyrazolo[3,4-/r]quinolin-9-one 

[571] 

h2n SMe 
+ CHOEt AcOH, A^ 

CHCOOEt 65% 
[1942] 

PyridolEjS-oOpyrimidin-y-one 

R1 

0 

R1, R2=H,Me 

CCOOMe 
+ III 

CCOOMe 

MeOH or H20,A _ 

38-71%* [1910, 1960] 

Pyrido[2,3-t/]pyrimidine- 

2,4,7-trione 

2,4-Dinitrodiphenyl ketones undergo selective denitration of the 2-substituent 

when heated with an arylamine and when an amine group is present at the 2'- 

position, cyclization to an acridone occurs in moderate to good yield. 

o 

Ar1 =Ph,Me-,CI-,MeO-,CN- C6H4; 

Ar2= 3-MeC6H4 

Ar2NH2, A^ 

27-89% 

Ar1 

9-Acridinone 

(review[B-10]) [329] 
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3. Pyrimidine, Pyrimidin-4-one or Pyrimidine-2,4-dione 

Hydroxylamine (or an aralkyl ether of it) reacts with an activated pyrimidine ring 
and formaldehyde to form another (reduced) pyrimidine ring. The trichloro- 

methylamine derivative, CC13N=CC12, has been used to annulate several 

aminoheterocycles with the formation of a new pyrimidine ring. 

H 

nh2 nh2 

R = H,PhCH2,PhCH2CH2 Pyrimido[4,5-c/]pyrimidine 

[458] 

o 
R1 = Me,Ph,Ph(CH2)2,CH2=CHCH2; 

R2=H,Me,CH2=CHCH2,Ph(CH2)2 

R1 

Pyrimido[4,5-tf]pyrimidine- 

2,4-dione 

Another ring system synthesized similarly: 

Pyrazolo[3,4-^ Ipyrimidine 

Ethoxymethylene compounds condense on heating with an a-amino-N- 

heterocycle to give a pyrimidin-4-one ring. 

HCOEt 
+ II 

C(COOEt)2 

BuOH,A 

50%* 

Pyrimido[l,2-a]azepin-4-one 

Ph 

N 

J| + 
CHOEt 
II 
NCOOEt 

Ph 

0 

Pyrazolo[3,4-</J- 

pyrimidm- 4 -one 

[1681] 
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Another ring system synthesized similarly. 

Cl 

. (\L 
N" 

,NH 

0 

Pyrido[3,4-4]pyrimidin-4-one 

[1681] 

A doubly fused reduced pyrimidin-4-one ring is formed by an intramolecular 

amination at C-2 of an indole. 

ci 

[975] 

Indolo[2,1-£]quinazolin-12-one 

A 4-amino-2-methylthiopyrimidine ring is formed when dimethyl cyanocarbo- 

nimidodithionate, (MeS)2C^NCN, is heated with an amine. 

-I- (MeS)2C = NCN 

R1 = Me,Ph;R2=H,IVl0,Ph 

DMF,K2C03, 

38-70% [673] 

Pyrimido[4,5-d]pyrimidine- 

2,4-dione 

4. Pyrazine or Pyrazin-2-one 

A fused pyrazine ring is formed by heating a 6-aminouracil with nitrosobenzene 

in acetic anhydride. Formic acid annulates an amino group to a reactive ring such 

as pyrrole and doubly fused pyrazine is produced. 

R=alkyl,PhCH2,HO(CH2)2, Benzo[9]pteridine- 2,4-dione 

[937] 
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Pyrrolofl2.'-1,2]pyrazino[6,5-e]carbazole 

Other ring systems synthesized similarly: 

[1885] 

Py rido[3,2-e]pyrrolo- 

[1,2-olpyrozine 

[1869] 

Pyrimido[4,5-£]quinoxaline- 

2,4-dione 

Phosgene forms a bridge between an amine group attached to one ring and the 

carbon of another electron-rich ring; this can produce a doubly fused pyrazinone 

ring. 

R 

+ COCI2 

R 

[1781, 1885] 

Pyrido[3,2-e]pyrrolo- 

[1,2-o]pyrazin-6-one 

Another ring system synthesized similarly: 

Pyndo[2,3-e]pyrrolo- 

[l,2-o]pyrazin-6-one 

[1783] 

5. 1,3,5-T riazine-2,4-dione 

A fused 1,3,5-triazinedione is obtained by reaction of a 2-aminopyrrole with 
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phenyl isocyanate. 

MeOOC NH- 

+ PhNCO 

MeOOC 

MeOOC-^ 
NH 

51% 
MeOOC^ V 

0 

.0 

NPh 
[1834] 

Pyrrolo[1,2-o]-1,3,5-triazine- 

2,4-dione 

6. l,3-Thiazine-2,6-dithione or 1,2,4-Thiadiazin-3-one 1,1-Dioxide 

The very reactive pyrrole ring of 3-aminoindole is cyclized by carbon disulphide 

to a 1,3-thiazine-2,6-dithione while arylamines are converted into 1,2,4- 

benzothiadiazine dioxides by chlorosulphonyl isocyanate (the reactions of this 

compound have been reviewed [324]). 

R = H,Br 

EtOH 

—63% 

[1,3]Thiazino[5,4-£]indole - 

2,4-dithione 

[1639] 

+ ciso2nco 

-NHR1 

R1=H,Me,Phj R2=H,MeO,CI 

MeNQ2,AICI3,A^ 

65-92% [119] 

1,2,4-Benzothiadiazin-3-one 

1,1-dioxide 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,4-Diazepine 

An aldehyde (or its hemiacetal) or a ketone reacts at the 2-position of a pyrrole 

ring with a suitably placed amino group to form a new 1,4-diazepine ring. 

MeOH 

70% 

H COOMe 

[1238] 

Pyrrolo[2,1-c][1,4]benzodiazepine 
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R' = H,Me; 

benzodiazepine 

[407] 
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The N-C-N fragment involved in this type of cyclization may be regarded as a 

cyclic amidine; the reactions of such compounds have been reviewed [788]. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Imidazole 

The N-C-N linkage is well-suited to the formation of an imidazole ring and a 

number of reagents bring about this cyclization. a-Halogeno-carbonyl com¬ 

pounds are the most frequently used, especially a-halogeno-ketones (some of 

which are themselves cyclic), but a-halogeno-aldehydes or their acetals, a- 

halogeno-oximes, a-halogeno-carboxamides and a-halogeno-hydrazones de¬ 
rived from a-oxo-aldehydes provide further variations on this versatile cycli¬ 

zation. The halogen atom of a-halogeno-ketones has been replaced by a hydroxy 
group. a-Halogeno-hydrazones have many applications in the synthesis of fused 

heterocycles and these have been reviewed [1437,1753]. 

276 
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NH- 

+ R2COCH2Br 
* 20-80% 

R,= H,Me,Ph(CH2)2iR2=Me,Ph, 

3,5-tBu2-4-H0C6H2 

[136, 1296] 

Imidazo[l,2-o]pyridine 

Other ring systems synthesized similarly: 

[930, 1300, 1877] 

Imidazo[2,1-Z>]thiozole 

R 

Imidazo[1,2-c]pyridinium 

[1029] 

[1300, 1948] 

X =0, s 

Imidazo[2,1 -6]benzothiazole 

Imidazo[2,1 -6]benzoxazole 

0“ 

Imidazo[1,2—c][1,2,4]— 

benzotriazine 5-oxide 

[1374] 

Pyridofl, 2-c]benzimidazole 

[580, 1877] 

Imidazo[2,1-6]-1,3,4- 

thiadiazole 

Ar 

Imidazo[2,1-tf][l,5]- 

benzothiozepine 

[1798] 

AcONa _ 

47-70% 

Me 

Imidazo[1,2-c]pyrimidine 

[1136] 
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+ R2CH2CH(OEt)2 

R1 

R’ = H,Br,CI,Ph; R2=Br,CI 

HBr, A 

39-73% 
[89, 1353] 

Imidazo[l,2-c7]pyrazine 

(HOCH2)2,A^ 

~30% 

l\ 

.d 
[132] 

Imidazo[l,2-£][1,2,4]- 

benzotriazine 

Another ring system synthesized similarly: 

Imidazo[l',2':1,5][l,2,4]- 

triazolo[4,3-a]pyridine 

Cl 
I 

+ ArCC=NOH 
II 
0 

EtOH 

~75%* 
^-NO 

R=H,Me;X = CH,N; 

Ar=Ph,4-N02C6H4 

X = CH,N 

Imidazo[l,2-o]pyridine 

Imidazo[l,2-a]pyrimidine 

[1148] 

[1308] 

+ 
ClCHo 

I ^ 
OCNHCOOMe 

HMPT or PPA,A 

30-60%' 
► R- 

-NHCOOMe 

[447, 576] 

R = H,PhS,PhCONPh Imidazo[l, 2-a]pyridine 

Br 
I 

+ RCC = NNHPh 
II 
0 

TEA,EtOH, A 

~-80%* 

R = Me,Ph Imidazo[ 2,1 —bjthlazole 

[527] 
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Other ring systems synthesized similarly: 

[64, 527] 
HN-N- 

Imidazo[l, 2-£]pyrazole 

NNHPh 

N- -N 

Imidazo[1,2-£][l,2,4]- 

triazole 

279 

[527] 

Ph 

[midazo[1,2-o]pyridine 

[64] 

Ph NH- OH 

+ ArCCHAr E,°YV 

N-NH 

Ar=Ph,4-MeOC6H4 

II 
0 

-62% 
N-N- - Ar 

Imidazo[1,2-b]pyrazole 

(review [1123] ) 

[1305] 

Among other reagents which have been employed to annulate an amino- 

heterocycle to an imidazole are orthoesters, formic acid and p-quinone. 

+ MeC(OEt), —x-tlene;-f-< 
3 ~60% 

Imidazo[l,5-£7][1,41- 

benzodiazepine 

CI(CH2)3'- 
CH2NH2 + hcooh 1A2 P0CI^V CI(CH?) 

86% 

Imidazo[1,5-a]pyridine 

[1575] 

H2Nv^/0\|^Ar 

N-N 
0^^ 

ISL ^0 

AcOH.A^ 

18-32% 
Y Ar 

-N-N 

Ar =Ph,4-CI-,4-Me-, 4-FC6H4i 

3,5-Br2-2-HOC6H2 

ho^Y^Y- 

1,3,4-Oxadiazolo[3,2-a]- 

benzimidazole [1105] 
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Other ring systems synthesized similarly: 

[1103] [1575] 

0xozolo[3,2-o]benzimidazole Imidozo[l,5-£7]pyridine 

2. Imidazol-4-one or Imidazole-4,5-dione 

oc-Halogeno-esters or a-oxoaldehydes react with aminoheterocycles to yield fused 

imidazol-4-ones. 

[1322] 

Imidazo[2,1-olisoquinolin-2-one 

ClC = NNHPh 
+ I 

COOEt 

EtOH,TEA,A 

-80% 

V-N- ^NNHPh 

[527] 

Imidazo[l,2-o]pyridin-2-one 

Imidazo[l, 2-a,]pyrazin-3-one 

[1071] 

Reaction of 2-aminobenzimidazoles (review [1429]) with oxalyl chloride in a 

basic medium gives a fused imidazole-4,5-dione. 

—N 
+ (coco2 

dlox,TEA,A 

46-90% 
[1321] 

R = Me,Et,PhCH2 Imidazo[l,2-a]benzimidazole- 

2,3-dione 

3. 1,2,4-Triazole 

An amino heterocycle or its imino tautomer may be annulated by reaction with a 

hydrazide or an a-chlorohydrazone (reviews [1437,1753]). 
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Thieno[3,2-/r][l,2,4]triazolo- 

[4,3-£7][l)4]diazepin-4-one 

[652] 

IMNHPh 

N-N 

Cl 
I 

+ PhC = NNHPh 

Successive reaction with DMF (to form the —N=CHNMe2), hydroxylamine 

(to give —NCH=NOH) and phosphorus oxychloride leads to a triazole but in 
moderate yields. 

25-50% 
Me^^N/-N-N 

R =H, Me 1,2,4-Triazolo[l,5-£]- 

/'JDMFj//',NH^OHj///j P0CI3 [l,2,4]triazine 

[1367] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridazine 

A 4-amino-1,2,4-triazole is cyclized by heating with a 1,3-diketone and a mild 
base. 

NHMe 

+ AC2CH2 
AcONa, A 

80%* NHMc 
[567] 

1,2,4-Triazolo[4,3-A]pyridazine 

2. Pyrimidine 

Many 1,3-diketones and 1,3-dialdehydes (sometimes protected from self¬ 

condensation as their diacetals) have been condensed azeotropically or with a 

base or acid in this way to form a fused pyrimidine ring. The readily prepared 

ethoxymethylene compounds condense in acetic acid while ketene thioacetals 

react on heating with a 2-aminoheterocycle such as amino-1,2,4-triazole. 

Although diethyl malonate yields a pyrimidin-4-one ring (see next section), the di- 

imidate gives a 4,6-diaminopyrimidine ring. 
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-NH 

'N- 'NH2 

+ CF,CChUCR -r-» 
3II 2II 36-83% 

0 0 

R =CF3,alkyl 

/,azeotropic distillation 

'N^N^CF3 

Pyrimido[l, 2 -ajbenzimidazole 

[146] 

h2n 

hn^vsr' + (R2C0) ch YTnYsr' 
j=J 2 2 d J=l [133, 134] 

R’ = H,Ph(CH2)2,4-C00HC6H4CH2i 

R2=Me,Pr 

[l,2,4]Triazolo[l,5-a]- 

pyrimidine 

HN' 'V 
-R h2n- 

R=H,COOH,CN 

/,EtOH,ZnCI2 or HCI 

+ CH2[CH(0Me)2]2 
I, A 

A 

[954, 1646] 

Pyrazolo[l,5-a]pyrimidine 

(review [1123]) 

h2n JL -NH 

+ (MeS)2C=CR’R2 32_94o/o» 

R1 = H,CN,PhS02iR2=CN;PhC0>C00Mei 

R3=NH2,Ph,HO 

r3 

I 1 [1721] 
MeS1^ J-N 

[l,2,4]T riazolo[l,5-a]- 

Pyrimidine 

NH, 

h2n 

-N D 
HN' , EtOH.A 

+ ch2/c=nh\ - 
2 | | 60-82% 

VOEt 

,N. 
N' vR 

[1684] 

R = H,Me,Ph 

Other ring systems synthesized similarly: 

H2N^N^ 

Pyrazolo[l ,5-a]py rimidine 

L_i [507,529] 
5N^ 

X = CH,N 

Pyrazolo[l,5-<7]pyrimidine 

[1,2,4]Triazolo[1,5-a]pyrimidine 

VA 

[529] 

=x 
[529] 

N 

X =CH,N 

[l,2,3]Triazolo[1,5-o]pyrimidine 

Tetrazolo[1,5-o]pyrimidine 

MeA.,/ 

-NH, 

[496] 

Imidazo[l,2-t7]pyrimidine Isoxazolo[2,3-a]pyrimidin-8-iu 
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Thieno[3", 2"'.5',6']pyrido[4', 3': 3,4] 

pyrazolofl, 5-<7]pyrimidine 

[1812] 

h2n 

HN X OEt 
, I 

-R1 + CH=CCHO 

I 2 

AcOH, A 

60-97% 

R* = H,Me,N02; R^HjOlkyl, 

AcO(CH2)3 

Other ring systems synthesized similarly: 

[1393] 

Pyrazolo[l,5-<7]pyrimidine 

Imidazofl, 2-<z]pyrinnidine Pyrimidofl ,2-a]benzimidazole 

In the above examples, the amino group has been attached to the 

N-contaimng ring but the two functions may be well-separated or be in different 

rings and a reagent which supplies one carbon atom, for example, an orthoester, 

an aldehyde [123] or cyanogen bromide [106], then forms a new pyrimidine ring. 

+ MeC(0Et)3 
A 

80-93% 

Other ring systems synthesized similarly: 

[1351] 

Imidazofl, 2-c]pyrazolo[4,3-e]- 

pyrimidine (review [1542]) 

H 

r = H2 or NH,/? = 2 Pyrimido[1,6-o]benzimidazole 

Imidazofl, 2-c]qumazoline 

R=NH,/? = 3 

Pyrimido[l,2-c]quinazoline 

(review[l888]) 

R = NH,/?=4 

[l,3]Diazepino[l,2-c]quinazoline 
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3. Pyrimidin-4-one 

The formation of this ring from a 2-aminoheterocycle has been widely applied 
(review [874]) and the most common type of reagent is an acyclic or cyclic 3-oxo- 
ester including diketene which acts as a source of acetoacetyl group. Another 
compound which has an active methylene group is ethyl 5-tetrazolylacetate in 
conjunction with triethyl orthoformate. 

The chemistry of pyrido[l, 2-u] pyrimidines, which are accessible by this route, 
has been reviewed [1693]; reactions of 3(5)-aminopyrazoles have also been 
surveyed [1123], 

OCR3 

+ CHR4 
I 
COOEt 

4 A 
33-96% 

[281,410, 841, 1383] 

R1=Me,NH2; R2 = H,Me,CI,HO; Pyrido[1,2-o]pyrimidin-4-one 

R3=alkyl,aryl,MeOOCCH2; 

R4=H,Me,CI,Et00CCH2 

/,PPA or Et2C6H4 

EtOOC^/^ 

R 

R = Me,HO,COOH 
Cyclopenta[^]pyrido[t,2-£7]- 

pyrimidin-10-one 

HN 
/NWr1 

H2IM' 

OCR3 
"I" I 

CH2COOEt 

R1 = Me, NH2iR2=H,Br, aryl, COOEt; 

R3=H,Me,Ph 

/.A 

31-92% 

/, EtOH or AcOH 

rT^N/N^Rl [446, 507, 845, 
1305,1785,1819] 

Pyrazolofl ,5-o]pyrimidin-7-one 

Other ring systems synthesized similarly: 

[409] [1395] 

o 
Pyrido[1,2-A]quinazolin-6-one Pyrimido[1,2-c7]benzimidazol- 4-one 
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[l, 2,4]Triazolo[1,5-a]- 

pyrimidin-7-one 

H2N 

Me 

Me 

+ 2 

0 

[1962] 

Imidazofl ,2-£7]pyrimidin-5-one 

AcOH,A ^ 

30%* 

0 

[1545] 

Pyrimido[l ,2-Z>][l,2,4]- 

triazin-8-one 

+ tet —CH2 

COOEt 

+ HC(OEt)3 

tet 
I 

-NHCH=C 
I 

EtOCO 

0 

Pyrimidof 2,1-p]benzoxozol- 

4-one 

[579] 

The use of a/?-unsaturated nitriles in the synthesis of heterocycles has been 

reviewed [1096] and an example is given. Ethoxymethylenemalonate condenses 

with cyclic amidines at low temperature to give compounds containing a 

pyrimidin-4-one ring. Activated alkynes have been used to cyclize several 

aminoheterocycles and a review [1725] of such reactions was published in 1978. 

Finally, a combined cyclization-chlorination using diethyl malonate, PPA and 

phosphorus oxychloride has given a fused chloropyrimidin-4-one ring. 

Ph 

HN^ ^ 

.7= 

Ph 
PhCH-CCN EtOH,pip, A 

NO 
,N 

EtOCO 75% 

N Wph 
[528] 

H 

PyrozolofljS-oJpyrimidin-S-one 

(H2C)/, 
nh. 

n-\-3 

HCOEt 
+ II 

C(C00Et)2 

EtONa 

~80% 

Pyrrolofl, 2-a]pyrimidin-4-one 

Pyrido[t,2-<7]pyrimidin-4-one 

Pyrimido[l,2-o]azepin-4-one 
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Another ring system synthesized similarly: 

0 

Pyrimido[2,1-b]benzothiazol- 4-or>e 

[1745] 

Me 

+ 
CCOOEt 
III 
CCOOEt 

MeOH,A 

—'40%* 

EtOOC^/ 

EtOOC 

Me 
N 

-NO, 

[337] 

o 

[midazo[l,2-o]pyrimldin-5-one 

+ R2C = CC00Et 
A or THF,18 °C 

44-60% 

R1 = H,Ph,4-CI-,4-MeO-C6H4 

R2=H,C00Me,Ph 

1 

[1682, 1961] 

X=S,Y = CH 

Thiazolo[ 3,2-0]pyrimidin-7-one 

X = 0,Y=N 

1.3.4- Oxadiazolo[3,2-a]pyrimidin-7-one 

X = S,Y = N 

1.3.4- Thiadiazolo[3,2-i7]pyrimldin-7-one 

nh2 CCOOMe MeOH or diox, A, 

CCOOMe 52-70% 
[901,947,1522] 

COOMe 

X=NMe 

Pyrimido[l, 2-a]benzimidazol-2-one 

X = 0 

Pyrimido[2,1-b]benzoxazol-2-one 

X = S 

Pyrimido[2,l-A]benzothiazol-2-one 

H2N 

R 
+ CH2(COOEt)2 

POCU.PPA, A 

15-60%* 
[931] 

R = Me, 4-Me-, 4-MeO-, 

4-CI-C6H4 
Thiazolo[3,2-£7]pyrimidin-5-one 
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4. Pyrimidine-4,6-dione 

When an aminoheterocycle is heated with either a malonic ester (sometimes with 

HMPT) or a malonyl dichloride-triethylamine mixture, a new pyrimidine- 
4, 6-dione ring is formed. 

Me 

Ar = 2,4,6-CI 

+ CH2(COOAr)2 

3^6^2 

Me 

0 

Imidazo[l,2-o]pyrimidine- 

5,7-dione 

[797] 

+ RCH(COOEt)2 

R=H,alkyle 

Pyr imidofl, 2-a] benzimidazole - 

2,4-dione 

Other ring systems synthesized similarly: 

X =NMe 

Dibenzo[£/']pyrimido[1,2-^] [l,4]diozepine-2,4-dione 

X=S 

Dibenzo[AZ]pyrimido[l,2-c/][l,4]thiozepine-2,4-dione 

[798] 

5. 1,3,5-Triazine 

A new 1,3,5-triazine ring may be fused to an aminoheterocycle by reaction 

with ethoxymethylenecyanamide while an amino group attached to another 

ring may be annulated using an orthoester as a source of the necessary carbon 

atom. The chemistry of 4-amino-1,2,3-triazoles (used as substrates [1874]) has 

been reviewed [2027]. 
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HCOEt 
+ II 

NCN 

MeOH)A 

66-93% 

R = H,Me,Et,Ph 

Other ring systems synthesized similarly: 

nh2 

1,3,5-Triazino[1,2-o]- 

benzimidazole 

[147] 

rNYNrR 
N-N 

NH2 

[1.2.4] Triazolo[1,5-o]- 

[1.3.5] triazine 

[147] 

[1784] 

[l,2,3]T riozolo[l, 5-o]- 

[t,3,5]triozine 

Pyrazolofl, 5-o]- 

1,3,5-triazine 

[1240] [1729] 

Pyrimido[l,2-o]-1,3,5- 

triazin-6-one 

+ RC(OEt)3 
H2S04,A 
—-—  ► 
47-59% 

[1062] 

R=H,Me R 

Imidazo[l,2-e][l,2,4]triazolo- 

[l,5-<7][l,3,5]triazine 

Other ring systems synthesized similarly: 

[1239] 

Pyrazolo[l', 5l'-3,4][l,3J5]triazino- 

[1,2—Z»][1,2,4]tr iazin—9-one 

Pyrazolo[l',5':3,4][l,3,5]- 

triazino[l,2-a]benzimidazole 

6. 1,3,5-Triazinone or -Triazinedione 

A 1,3,5-triazin-2-one ring is formed in variable yields depending on the 

substituents on the precursor amine by reaction with the carbamoyl chloride, 

PhC(Cl)=NCOCl, in boiling dry toluene. 
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NH, PhCCI 

ncoci 

R = CI,MeO,PhS,NH2NH 

PhMe, A_ 

25-80% 

N' VN 
o 

[915] 

Pyridazino[2,3-o]-1,3,5- 

triazin-4-one 

Alkyl, aryl, alkoxy- or phenoxy-carbonyl isocyanates or isothiocyanates are 

versatile cyclizing reagents and have been used on aminoheterocycles. The use of 

alkoxycarbonyl isothiocyanates in cyclization reactions has been reviewed [860]. 

PhOCNCO 
+ II 

0 

Imidazo[l,2-o]-1,3,5- 

triazine-2,4-dione 

[508] 

Other ring systems synthesized similarly: 

[798] 

x=s 

DibenzofA/'j-l, 3,5-triazino- 

[l, 2-<^][l ,4]thiazepine-2,4-dione 

X = NMe 

Dibenzo[A/']-1,3,5-triazino- 

[1,2-tf][l,4]diazepine 2,4-dione 

PyrroloEl, 2-a]-1,3,5- 

triazine-2,4-dione 

[1836] 

R 
COOEt 

SCN 

R = H, alkyl 

AcOEt, A R 

— 3 7 % 

Thiazolo[3,2-o]-1,3,5- 

triazin-2-one, 4-thioxo- 

[859] 

III. formation of a seven-membered ring 

1. 1,3-Diazepine or l,3-Diazepin-2-one 

Aminomethyl and ring-nitrogen functions may be linked together and form a 

1,3-diazepine by either formaldehyde or phosgene. 
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Imidazo[2,1-£7][2,4]- Imidazo[2,1-a][2,41- 

benzodiazepine benzodiazepin-5-one 

[1243] 

2. 1,4-Diazepine or l,4-Diazepin-2-one 

An amine and a ring-nitrogen in different rings react with a difunctional reagent 

such as bromoacetyl chloride in TEA to give a doubly fused diazepinone. A 

similar ring is formed in a reaction between an arylamine and an N-bromoethyl 

lactam carrying a displaceable ethoxy group. 

BrCHp 
4- I 

COCI 

R’ = H,Ph;R2=H,MeO,CF3 

CH2Cl2,TEA 

20-68% 
[1242] 

Tetrazolo[l,5—zj'lfl, 4] — 

benzodiazepin — 6 —one 

R = H,MeO,CI 

[141] 

benzodiazepin - 3-one 

3. 1,3,5-Thiadiazepine 

An extension of the method of cyclizing an imidazolylbenzylamine mentioned in 

Section III. 1 to the substrate in which the two rings are joined through a sulphur 
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atom and the amino group is directly attached to the benzene ring gives a 
thiadiazepine ring. 

[861] 

R = H,CI,F, MeO; X = 0,S Imidozo[ 2,1 -b] [1,3,5]- 

benzothiodiazepine 

IV. FORMATION OF AN EIGHT-MEMBERED RING 

1. 1,3,5-T riazocin-6-one 

When an amino and endocyclic nitrogen are suitably separated in different rings, 

a triazocine ring may be formed by reaction with an orthoester. 

or (CH2)5 

Eton,A 

~70%* 

Pyrozolo[1,5-c][1,3,5]- 

benzotriazocin-5-one 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. 1,2,3-Triazole 

Cyclization of a 2-azo-azide to give a 1,2,3-triazole ring probably involves the 

initial formation of a nitrene (reviews [1908, 1918, B-23]) which then donates a 

pair of electrons to the Ar-N atom. 

-N=NAr 
THF, A | 

62-99% 

NAr 

-N 

Ar = Ph,4-CI-,4-CN-, Benzotriazole 

4—Me-CgH4 

[43] 

2. Furazan or Furazan /V-Oxide 

Benzofurazans are conveniently prepared in high yields from 2-nitro-azides and a 

deoxygenating agent. Heating these substrates in benzene or DMF can also give 

benzofurazan 1-oxides (reviews [1690, 1726]). 

R =MeO, Br, I 

EtOH,P(OEt). A „ 
---5—». R 

50-81% 

Benzofurazan 

[1609, 1677] 

[1,2,5]Oxadiazolo[3,4-c]- 

pyridine 3-oxide 

[1495] 

292 
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Another ring system synthesized similarly: 

H 

[l,2,5]Oxodiazolo[3,4-c/]- 

pyrimidine-5,7-dione 1-oxide 

[315] 
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2. Pyrimidine or Pyrimidine-2,4-dione 296 

Carboxamide, ester and nitrile are included as derivatives of a carboxylic acid. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

Thermolysis of azides is an important reaction in the synthesis of heterocycles 

(reviews [1908, 1918, B-23]). When such a group is adjacent to an ester, 

carbazoles are obtained in low to moderate yield. A pyrrole ring is also formed 

from a 2-azidocinnamic acid but under reducing conditions and low temperature 

o-azido-acrylic esters behave differently (see Section II. 1). 

R = H,Me,Br,CI,COOMe 
Carbazole 

(review [1695]) 

[897] 

o-CI2C6H4,A 

70% HN 
[1316] 

1,3-Dioxolo[4,5-/f]indol-2-one 

294 
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2. Pyrazole 

2-Azido-carboxamides are cyclized either to a fused pyrazol-2-one ring on 

heating with a base in DMF or to a pyrazole by hot thionyl chloride. 2-Azido- 

nitriles may be converted into fused pyrazoles either by conversion into the 

imidate followed by pyrolysis, or by heating with hydrazine in ethanol or DMF 

(with simultaneous elimination of RNH). Azido-esters also undergo the latter 

cyclization. 

[377] 

[728,729] 

H 

;=nh 

OEt 

o-CI2C6H4, 

— 65%* XX 'OEt 

[728, 729] 

H 
-Nv 

3 EtOH or DMF, A 
+ RNHNHo --ZJ+ 

2 ~ 85% 
-NH. 

[1335] 

R = H,Me 

Another ring system synthesized similarly: 

Indazole 

Me 

Me 
[\L 

H 

"NH 

-L 
[217] 

Imidozof 4, S-Z'lindazol-S-one 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridin-2-one 

As mentioned in Section 1.1, o-azido-cinnamic esters are converted into fused 

pyridin-2-ones under mildly reducing conditions. 
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MeOOCC=CH 
I 
Me Pyrido[2,3-c]pyridazine- 

4,7-dione 

[382] 

2. Pyrimidine or Pyrimidine-2,4-dione 

A 2-azido-nitrile reacts (in a complex fashion) with an anion (from malonic acid 

derivatives) to form a fused pyrimidine ring. 

N3 

NCX 

Ph 

f\j ch2cn 

COOEt 

EtONa,EtOH,AcOH,A^ Ac0CH2' S. 

89% T || [140] 
0 

nh2 

Pyrazolo[3,4-£7]pyrimidine 

Thermolysis of an azidocarbonyl group (through a Curtius reaction) adjacent 

to a carboxamide leads to the formation of a fused pyrimidinedione ring in high 

yield. 

Me^ 

'J\^CNHNH2 

^CNH2 

& 

HNOg 

79% 
[705] 

Pyrrolo[2,3 —<^]py rimidine— 

2,4-dione 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole or Pyrrol-3-one 

Most of the reactions described in this chapter require the azide to be heated and 

therefore a nitrene is a likely intermediate. This explains the retention of only one 

of the three nitrogen atoms of the azide group (reviews [1908, 1918, B-23]). A 

fused pyrrole ring may be formed from nuclear or side-chain azides and some 

unexpected products have been isolated. 

Me 

Cl 
[979] 

Pyrrolol 2 ,3-c]pyridazin- 4-one 

(EtOOC)2C=CH ■ 

N,' 

COOEt 

PhMe,A 

76%* 

EtOOC 

Thieno[3,2-£]pyrrole 

(review [1663]) 

Another ring system synthesized similarly: 

H 

Me 

Pyrrolo[2,3-o']pyrimic)ine 

[1008] 

[317] 

297 
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Loss of nitrogen does not always require thermolysis; basic conditions at 

ambient temperature may be sufficient to form a pyrrol-3-one ring. 

KOH 

-cochr2 

R = Me,Et,(CH2)4 

67-89% 

H 
,N^R 

0 

Indol- 3-one 

[378] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine 

A nitrene from a side-chain azide may attack an adjacent nuclear methyl to give a 

pyridine ring. The presence of iodine as oxidant frequently increases the yield. 

COOEt 
I 

n3c=ch- 

Me- 

PhMe, A 

2 7%' 

EtOOC 

Thieno[3,2- c] pyridine 

[258] 

Other ring systems synthesized similarly: 

[258] 

Me 

~~^Me EtOOC 

Pyrazolo[3,4-c] pyridine 

[258, 1303] 

COOEt 

Isoquinoline 

The azide and methyl groups may be attached to different rings as in the 

following examples in which singlet nitrenes are probably involved. 

-Me 

'N3 Me' 

Another ring system synthesized similarly: 

Me^ ^^\^Me 

[1937] 

[1937] 

Phenathridine 
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In this chapter the reactions of both azides and acylazides with an adjacent ring- 

carbon (which may or may not be in the same ring) are described. Some of these 

proceed through the reactive nitrene and two of the three nitrogen atoms are lost. 

The reactions of nitrenes have been reviewed [1908, 1918, B-23]. An example of 

two azide groups reacting together is included. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

Pyrolysis of an azide, RN3, frequently produces the reactive nitrene, RN: which 

immediately attacks a nearby position of the same or another ring. The azide is 

usually heated in an inert high-boiling solvent although cyclization may occur 

without a solvent. Photochemically induced cyclization of an azide can often give 

a good yield of product. 

EtOOCC=CH- 
I 
N, 

xylene, A ^ 

•— 96 %* 

EtOOC« 

[849] 

R = Me,Br 
'IT 

H 

Furo[3,2-£]pyrrole 

299 



300 Azide and Ring-carbon 

PhCI, A 

87%* 

Dithieno[3,2-A: 2', 3'-£/]pyrrole 

[730] 

MeOH,/?o 

75%* 

Pyrimido[4,5-A]indole-2,4-dione 

Other ring systems synthesized similarly: 

[81] 

[25, 997] 

X = NH,0,S 

Pyrrolo[ 2,3-£]pyr role 

Furo[2,3-A]pyrrole 

Thieno[2,3-A]pyrrole 

(review [1663]) 

HN 

[997] 

Thieno[3,2-£]pyrrole 

(review [578]) 

[1304] 

Pyrrolo[2,3-£]indole 

(review[921]) 

H 

Pyrrolo[3,2-z/]thiazole 

[939] 

Indole 

[1011] 

[413, 730, 1244, 1938] 

x=o,s 

Furo[3, 2-A]indole 

Thieno[3,2-A]indole 

Me 

Dithieno[2,3-A: 2',z'-d]- Carbazole 

Pyrrole (review[l695]) 

[1937] 
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A detailed study of the effect of varying the substituents on the benzene ring 

showed that this reaction can give an indole or a mixture of indole and 

isoquinoline [258] but the following reaction gave indoles only: 

CH = CCOOEt 

PhMe,A 

65-95% 
[258] 

R R 

R = Me,iPr,PhCH20 Indole 

(review [2008]) 

2. Isoxazole 

Heating an azide with either acetic anhydride and zinc chloride or Vilsmeier 

reagents gives a new isoxazole ring. 

Me 

Me 

Otys N\/N 

MeN 

[81] 

4,6-dione 

[81] 

3. Oxazole 

Heating an azide in PPA and acetic acid gives a new oxazole ring in moderate to 

high yields. 

[1297] 

R = H,Me,COOMe Thieno[2,3-^]benzoxazole 

Another ring system synthesized similarly: 

Thiazolo[4,5-s?]benzoxazole 

[1494] 
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II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridin-2-one 

Acyl azides undergo thermal cyclization to a pyridin-2-one in the presence of a 

tertiary amine. A similar ring is formed by photochemical reaction of an azide 

with a glycine ester. 

Furo[2,3-c]pyridin-7-one 

Other ring systems synthesized similarly: 

Furo[3,2-c]pyridin-4-one 2,4,6- Pteridinetrione 

[840] 

2. Pyridazine 

When a diazide is thermolysed (in xylene) a pyridazine is obtained, possibly by 
interaction of the two nitrenes transiently produced. 

'CH = CCOOEt 

xylene, 

19-26%^ 

X = 0,S 

Furo[3,2-c]pyridozine 

Thieno[3,2-c]pyridazine 

[1008] 

3. Pyrazine or Pyrazin-2-one 

A suitably placed nitrogen atom in the acyl azide substrate gives rise to a 
pyrazinone. 

[3,2-<9]pyrazin-5-one 

[585] 
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Another ring system synthesized similarly: 

303 

[1783] 

X = CH, N 

Pyrido[2,3-e]pyrrolo [l, 2-a]pyrazin-6-one 

Pyrazino[2,3-e]pyrrolo[l, 2-a]pyrazin-6-one 

Two molecules of an azide on heating in formamide can produce a tricyclic 
product containing a new pyrazine ring. 

HCONH,,A 

4 0%* 

Me Me 

0 0 

Pyrimido[5,4-^]pteridine- 

2,4,6,8-tetraone 

[335] 

4. 1,2,4-Triazine 

Photochemical cyclization of an azide in the presence of an acid hydrazide can 

give good yields of a ring system containing a newly-formed 1,2,4-triazine. 

Me 

0 

COR 
+ I 

NHNH- 

T HF ,h\) 
- 
55-81% 

[840] 

R = H,Me,PhCH2;Ph, Pyrimido[5,4-e]-1,2,4- 

4-Me-pyridyl triazine- 5,7-dione 

5. 1,4-Thiazine 1,1-Dioxide 

Triethyl phosphite converts a 2-azidodiphenyl sulphone into a phenothiazine 

dioxide. 

(EtO)3P, A ^ 

21-84% 
[1298] 

Phenothiazine 5,5-dioxide 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrazol-3-one 

Treatment of an acid hydrazide with a two-fold excess of nitrous acid gives an 

azide which can annulate on heating with a neighbouring ring-nitrogen to form a 

pyrazolone. A larger excess of nitrous acid gives a mixture of the pyrazolone and a 

degradation product of the hydrazide. 

AcQH,2HIM02 ^ 

90% 
-C-CN, 

II 
NOH 

Pyrazolo[1,5-o]quinoxaline- 

2,4-dione 

[1533] 

2. Tetrazole 

An azide group (formed by diazotization of a hydrazine group or by displacement 

of a reactive halogen) adjacent to an endocyclic nitrogen atom readily forms a 

1,2-fused tetrazole ring. DMF or acetic acid may be added as a solvent. 

R = Me, Ph,2—thienyl Tetrazolo[1,5-a]py ridine 

[963] 

304 
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DMF,NoN3,A^ 

63%*’ II 
-N 

[618] 

R = 5-Br- 2 -thienyl T etrazolo[l,5-6]pyridazine 

Other ring systems synthesized from a hydrazine: 

[1851] 

Tetrozolo[l,5-o]quinoxolin- 

4-one 

[1163] 

T etrozolofl, 5—Z>]i soquinoline 

Tetrazolo[l,5-o]quinoxaline- 

5-oxide 

[1343] 

Tetrazolo[1,5-c]thieno- 

[3,2-e]pyrimidine 

[484] 

Tetrazolo[5',l':3,4][l,2,4j- 

triazino[5,6-A]indole 

Tetrazolo[l,5-o]purin-9-one 

[1782] 

[1474] 

Pyrazolo[3,4-e]tetrazolo- 

[5,1-c][1,2,4]triozine 

[618] 

Tetrazolo[l, 5-A]- 

pyridazine 

[799] 

Tetrazolo[l ',5': 2,3]pyridazino- 

[4,5-A]indole 

Tetrazolofl5t,6]pyridazino- 

[4,5-6]quinoxaline 
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[1344] 

T etrazolofl, 5-a][l, 2,4]- 

triazolo[4, 3-c]pyrlmidine 

Other ring systems synthesized from halide: 

l. ■■ Imidazo[l,5-o]tetrazolo- 

Pyrrolo[l,2-a]tetrozolo- [l,5-c]pyrimidine 

[5,1-c]thieno[3,2-e]pyrazine 

Pyrrolo[3,2-e]tetrazolo- 

[l,5-c]pyrimidine 

X = NMe,0,S 

Dibenzol^f ]tetrazolo[1,5-c/] 

[1.4] diazepine 

Dibenzo[£f]tetrazolo[1,5-tf] 

[1.4] oxazepine 

Dibenzo[b/f]tetrazolo[l,5-c/] 

[1.4] thiazepine 

[702] 

[1362] 



CHAPTER 60 

Azo or Triazenyl and Carbamate, Carboxylic 
Acid, Ester or Nitrile 

Formation of a Six-membered Ring 
1. Pyrimidin-4-one 307 
2. 1,2,3-Triazine 307 
3. 1,2,4-Triazin-3-one 308 
4. l,4-Oxazin-3-one 308 

I. FORMATION OF A SIX-MEMBERED RING 

1. Pyrimidin-4-one 

When a 2-triazenyl-nitrile is heated in formamide, the final product is a fused 

pyrimidin-4-one; the mechanism proposed involves a number of intermediates. 

N=NNHAr 
HCONH,, A 

~50%* 

Ar = 4-CN-, 4-N02-C6H4 

NAr 
[1301] 

4-Quinazolinone 

(review[B-5]) 

2. 1,2,3-Triazine 

In contrast to the ring closure described in the preceding section, heating the 

same compound in ethanol gives a 4-imino-l, 2,3-triazine in high yield. 

Replacing the nitrile by an ester group and adding piperidine results in the 

formation of a triazin-4-one again in high yield. 

307 



308 Azo or Triazenyl and Carbamate, or Carboxylic Acid, etc 

3. 1,2,4-Triazin-3-one 

Ortho-placed azo and carbamate groups react on thermolysis in decalin to 

produce the triazinone in high yield. Treatment successively with mineral acid 

and ammonia also brought about a similar cyclization. 

N = NAr 

NHCOOEt 

Ar = Ph,4-Me-,4-MeO-, 

4-Br-,4-CI-C6H4 

deeolln, 

77-98°/o 
[1508] 

1,2,4-Triazino[6,5-6]indol-3-one 

EtOOCHN 

N = NAr 

NHCOOEt 

1.H2S04,Ac0H 2.NH4OH_ 

74-87%' 

Ar = Ph,Me-,CI-,Br-,F-, 

MeO-C6H4 

[790] 

1,2,4-Benzotriazin-3-one 

4. l,4-Oxazin-3-one 

A terminal carboxylic acid adjacent to an azo group gives a high yield of a fused 

1,4-oxazin-3-one ring on heating with thionyl chloride. When the benzene ring is 

activated by methoxy or similar substituents, some chlorinated products are also 

obtained. 

OCMe2COOH 

N = NAr 

S0CI2,CCI4,A^ 

— 92%' 

Ar = 2-CIC6H4,2,6-CI2C6H3 

NHAr 

1,4-Benzoxazin-3-one 

[1716] 



CHAPTER 61 

Carbamate or Ureide and Ring-carbon or 
Ring-nitrogen 

I. Formation of a Five-membered Ring 309 
1. Imidazole, Imidazol-2-one or Imidazole-2-thione 309 
2. 1,2,4-Triazole 310 
3. Thiazole 311 
4. 1,2,4-Oxadiazol-5-one, 1,2,4-Thiadiazole or l,2,4-Thiadiazol-5-one 311 

II. Formation of a Six-membered ring 312 
1. Pyridin-2-one 312 
2. Pyrimidin-2- or -4-one, Pyrimidine-2,4-dione or Pyrimidine-2-thione 312 
3. Pyrazine or Pyrazin-2-one 313 
4. 1,2,4-Triazin-3-one or 1,2,4-Triazine-3,6-dione 313 
5. 1,3,5-Triazin-2-one, 1,3,5-Triazine-2,4-dione or their Sulphur 

Analogues 314 
III. Formation of a Seven-membered Ring 316 

1. 1,4-Diazepine 316 

Compounds containing a carbamate as one of the reacting functions are usually 
regarded as acylamines (q.v.) but the numerous cyclizations of carbamates to 
neighbouring ring-carbon or -nitrogen justify a separate chapter. Ureas may be 
considered as the amides of carbamic acids and so cyclization of compounds 
which contain a ureide or thioureide adjacent to a ring carbon or nitrogen are 
also considered in this chapter. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Imidazole, Imidazol-2-one or Imidazole-2-thione 

Reductive cyclization of phenyl 8-naphthylcarbamate proceeds under mild 
conditions to give a peri-fused imidazole ring. Alkyl carbamates fail to react in 
this way. 

Imidazo[5,4,1-/y]- 
quinolin-2-one 

309 
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Interaction between a thioureide group and a ring-nitrogen is brought about 

by DCC and an imidazole ring is formed but on heating an JV3-phenylureide in 

toluene, the thioxo group is retained. 

Imidazo[l,5-o]pyridine- 

3-fhione 

[811] 

[664] 

The anion generated by the action of t-butoxide on a benzodiazepine attacks 
a side-chain carbamate ester to form a fused imidazol-2-one ring. 

COOEt 
I 

C-NNHCOOEt 

.COOMe 

Ar=2-CIC6H4 Imidazo[l,5-o][l,4]- 

[682] 

benzodiozepin-1-one 

Heating a ureide with phosphorus oxychloride causes annulation of the 

carbonyl to the ring-nitrogen so as to form a fused imidazole ring. 

R=Me,Ph Imidazo[l,5-a]pyrozine 

[1327] 

2. 1,2,4-Triazole 

Oxidation of a thiosemicarbazide group at the 2-position of pyridine with nickel 

peroxide gives a high yield of a fused triazole. The [1,5-a] isomer is obtained from 

the carbamate ylide [152,613]. 

NiO,,MeCN 
-—-► 

89% 
[757] 

1,2,4-T riazolo[4,3-o]- 

pyridine 
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3. Thiazole 

Oxidative cyclization of N-arylthioureas, usually with bromine, yield fused 2- 

aminothiazoles [148]. Plumbophosphates have also been used as oxidants 
[1849], 

S 
II 

Br-,AcOH 

^•NHCNHR 

R = Ac, PhCO,COOEt 

61-97% 

T hieno[3,2 ~d~\ thiazole 

Another ring system synthesized similarly: 

NHR 

[1142] 

[1849] 

Benzothiazole 

4. 1,2,4-Oxadiazol-5-one, 1,2,4-Thiadiazole or 

1,2,4-Thiadiazol-5-one 

Carbamate and iV-oxide functions interact to produce an oxadiazolone ring but 

the corresponding thiadiazolone is conveniently prepared from the ureide and 

chlorothioformyl chloride. 

rY^N-O 
1 DMF, A 

7
“

2 
o

 \
 

1 /l 49%^ L 

^i\r^NHC00Et 

[l,2,4]Oxadiozolo[2,3-a]- 

pyrimidin-2-one 

[1162] 

MeS rsr NHCO 

NHMe + CICSCI 

0 

PhM8,A 

63% s 

SMe 

[1366] 

[1.3.4] Thiadiozolo[3,2 -b\- 

[1.2.4] thiadiazol-6 -one 

Another ring system synthesized similarly: 

[1366] 

[l,2,4]Thiadiazolo[2,3-£]- 

pyridozin-2-one 

A fused thiadiazole ring is formed in good yield when a 2-thioureidopyrimidine 

is treated with bromine-acetic acid at ambient temperature. 
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'N 

X 
Br,,AcOH 
-—-► 
32-63% 

'NHCNHCOOEt 

R = H,Me 

N> 
^NCOOEt 

r 

—N 
[872] 

[1,2,4] Thiadiazolo[2,3-0]- 

pyrimidine 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridin-2-one 

In a variation on the Bischler-Napieralski reaction (see Chapter 17) a side-chain 

carbamate reacts in the presence of PPA to form an isoquinolinone. 

COOEt 
PPA, A 

45-60% 
[588, 707] 

R = H,MeO 1-Isoquinolinone 

2. Pyrimidin-2- or -4-one, Pyrimidine-2,4-dione 

or Pyrimidine-2-thione 

An IV-ethoxycarbonylamidine is converted into a quinazolinone on heating in 

quinoline. Reaction of benzonitrile with the anion of an N-phenylcarbamate 

gives a high yield of a quinazolin-2-one but if the nitrile is replaced by phenyl 

isocyanate, the quinazolinedione is obtained. Lithiation of heterocycles has been 

reviewed [1549, 1550], 

R 

^ H 
^\/NC=NCOOEt 

Ar 

R = H,Me,MeO,Clj 

Ar=Ph,Me-,MeO-C6H4 

H 

0 
2,4-Quinazolinedione 

[865] 

[1548] 

[1548] 
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Phenylureas or phenylthioureas are cyclized to a pyrimidinone (or thione) ring 

by prolonged heating with an aldehyde and methanesulphonic acid. 

+ ArCHO 

R’ = Me0,0CH20, R2=olkylj 

Ar=Ph,Me-,CI-,CF3-JN02-, 

C00H-C6H4 

X = 0,S 

Ar 

2-Quinazolinone 

2 -Quinazoline thione 

[288] 

3. Pyrazine or Pyrazin-2-one 

A doubly fused pyrazinone is obtained by annulating a carbamate group to an 

adjoining ring-carbon atom with phosgene while heating a ureide with phos¬ 

phorus oxychloride yields a fused pyrazine ring. 

C0CI2,PhM9, 

69%* 

0 
Pyrido[2,3-e]pyrrolo- 

[l,2-o]pyrozin-6-one 

[1783] 

[711] 

Pyrido[2,3-/?]pyrrolo[l,2-o]- 

quinoxoiine 

4. 1,2,4-Triazin-3-one or l,2,4-Triazine-3,6-dione 

Annulation of either a C=NNHCOOEt or a CONHNHCOOEt side-chain on 

to a ring NH may be achieved thermally with a base or by reaction with ethyl 

chloroformate-pyridine. 

NH 

CH=NNH 
I 
COOEt 

Ph20,A 
-——► 
77-92% 

0 
Imidazo[1,5-tf][l,2,4]triozin-4-one 

[380] 

R = H,Pr,MeOCH2 
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Pyrrolo[l,2-tf][l,2,4]- 

triazine-1,4-dione 

[589] 

COOEt pyr,CICOOEt,A 

35% 
[1171] 

[l, 2,4]T riazino[4,5-a]- 

benzimidazol -1 -one 

Other ring systems synthesized similarly: 

S/S 
Y 

0 

NH 
I 

NH 
[678] 

[1,2,4]Triazino[4,5-£]- 

indazole-1,4-dione 

Pyrrolo[l ,2-c/][l,2,4]- 

triazin-4-one 

[276] 

o 

[940] 

o 
[1,2,4]T riazino[4,5-o]- 

indole-1,4-dione 

Pyrazolo[l ,5-<7][1,2,4] — 

triazin-7-one 

[513] 

5. 1,3,5-Triazin-2-one, 1,3,5-Triazine-2,4-dione or 

their Sulphur Analogues 

An N-ethoxycarbonyl-amidine or -thiourea is a useful precursor for this ring. 

-NH 

N=CH 
I 

NHCOOEt 

/,Xylene or EtOH,K2C03 

Pyrazolo[l, 5-o]-1,3,5- 

triazin-4-one 

[1240] 
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N- -NH 

NHCNHp 
II 
NCOOEt 

R=a sugar residue 

Other ring systems synthesized similarly: 

NHr 

YS [1762, 
N-N NH 

jf 
0 

Pyrazolo[1,5-o]-1,3,5- 

triozin-4-one,2-thioxo 

1785] 

Pyrozolo[l,5-a]-1,3,5- 

triazin-4-one 

's'Y?-n^s 

—N\/NH 

0 
o 

Thiazolo[3,2-a]-1,3,5- 

triazin-4-one,2-thioxo 

[466] 

[402] 

o 

H 

[1,2,3]T riazolo[1,5-o][l,3,5]- 

triozin-7-one, 5-thioxo- 

[1204] 

Annulation of an IV-aminocarbonyl or thioureide onto the neighbouring ring- 

carbon or ring-nitrogen may be effected by treatment with an isocyanate or an 

isothiocyanate in a basic medium. 

/, tetramethylguanidine [1,3,5]Triazino[1,2-a]quinazoline- 

1,3,6-trione 

Pyrido[l,2 —<7]—1,3,5 — 

triazine-2,4-dithione 

[1325] 
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m. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,4-Diazepine 

When the method described for synthesizing a fused pyrazine (Section II.3) is 

applied to a ureidomethyl side-chain, a diazepine ring is formed in low to 

moderate yield. 

R = H,Et jX = 0,S benzodiazepine 

[1571] 



CHAPTER 62 

Carboxamide and Another Carboxylic Acid 
Derivative 

I. Formation of a Six-membered Ring 317 
1. Pyridine, Pyridin-2-one or Pyridine-2,6-dione 317 
2. Pyridazin-3-one 318 

II. Formation of a Seven-membered Ring 318 
1. l,4-Diazepine-2,7-dione 318 

The second functional group in this chapter may be carboxyl, ester or nitrile. 

I. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine, Pyridin-2-one or Pyridine-2,6-dione 

Reaction between suitably separated nitrile and carboxamide groups in the 

presence of a base yields a tautomeric 2-aminopyridine ring. 

Pyrrolo[3,2-c]pyridine 

[1034] 

^^/^ch=chconh2 

ncch2-^/ 

h2noc^ 

H 

N 

aq.Na,CO,,A H2N 

50%^ 
HN 

Imidazo[4, 5-c]pyridir>-4-one 

[1854] 

[1131] 
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Strongly basic conditions promote cyclization of a carboxamide and an ester 

while an acidic medium facilitates reaction between a carboxamide and a nitrile. 

H 

EtOOCX/N\ 

H2NOCCHf~ 

Pyrrolo[2,3-c]pyridine- 

5,7-dione 

Another ring system synthesized similarly: 

[143] 

o 
Pyrrolo[3,4-c]pyridine- 

1,4,6-trione 

[1246] 

CN 

Me 

[126] 

2. Pyridazin-3-one 

Heating a 2-cyano-carboxamide with hydrazine hydrate effects ring closure to 

the pyridazinone with loss of the carboxamide nitrogen. 

o o 
PhHN^N^ ^ ^ H(| 

=k"NHo NC^ 
-80% N. 

NPh 

^NH, 
[1314] 

NHn 

Pyrozolo[3,4-tf]pyridazin-7-one 

II. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,4-Diazepine-2,7-dione 

Reaction between a carboxamide and a carboxylic acid may be brought about by 

DCC and when these groups are separated by three carbons and a nitrogen, a 
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diazepinedione results. 

319 

^\/NHCH2COOH 

^/"^CONHR 

THF,DCC 

~60%* 

R = PhCH2,Ph,4-MeC6H4 

[1245] 
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Carboxamide or Sulphonamide and 
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I. Formation of a Five-membered Ring 320 
1. Pyrrole 320 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

When a 2-tosylamino-diazoacetophenone is subjected to acetylation conditions, 

the arylsulphonyl group is lost (cf. Chapter 75, Section II. 1 .E) and a fused pyrrole 

ring is formed. 

Me 
^\/NS02Ar 

Indole 
Ar = 4-MeCgH4 

[1299] 

2. Isothiazole 1,1-Dioxide 

A diazo-sulphonamide gives a fused isothiazole dioxide when treated with 
toluenesulphonic acid. 

^\^so2nhr 
MeCN,TsOH_ 

— 44%' 
CH2OTs 

[472] 

R = Me,Ph 1,2-Benzisothiazole 1,1-dioxide 

320 
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II. FORMATION OF A SIX-MEMBERED RING 

1. 1,2,3-Triazin-4-one 

Diazotization of a 2-amino-carboxamide produces a fused triazinone ring in high 
yield. 

R2 R2 

R’ N' 
! 
N; 

nh2 
NaN02,/^ r1N^ 7 

conh2 V 
SN 

I 
,NH 

R1=H,PhCH2iR2=H,IVIe 

/, AcOH or TFA,diox Pyr ozolo[ 4,3-tf]-1,2,3- 

triozin-4-one 

Other ring systems synthesized similarly: 

[1119,967] 

H 
-Nv 

V NH 
[53] 

Pyrozolo[3,4-tf]-1,2,3- 

triozin- 4-one 

^N 
[882] 

'N 

,NH 

br 
0 

Thieno[2,3-c/]-1,2,3- 

triozin-4-one 

HN 

V 

1,2,3-Triazolo[4,5-tf]- 

[l,2,3]triazin-7-one 

"N 

II 
-N 

I 
NH 

0 
Thiazolo[4,5-tf]-1,2,3- 

triozin-4-one 

[49] 

[365] 

2. 1,2-Thiazin-4-one 1,1-Dioxide 

Formic acid promotes nitrogen elimination and induces cyclization of a 2- 

sulphonamido-diazoacetophenone to this ring with loss of gaseous nitrogen but 

heating the same substrate in chlorobenzene gives the 3-one through a Wolff 

[472] 

[472] 

1,2-Benzothiozin-3-one 

1,1-dioxide (review [942]) 
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I. Formation of a Five-membered Ring 322 
1. Furan or Thiophene 322 
2. Isoxazole 323 
3. Oxazole or Oxazol-2-one 323 
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Functions in the title in which sulphur replaces oxygen are included in this 

chapter. An isolated example of the cyclization of a hydroxy-isonitrile is given in 

Section III. 1. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Furan or Thiophene 

A 2-hydroxy-nitrile reacts with bromonitromethane in the presence of a base to 

form a fused 3-aminofuran ring. The corresponding thiol reacts also with an a- 

halogenoketone; in alkali, this cyclization proceeds at ambient temperature. 

1 + r2ch?r3 
/or // ^ r i 

i 42-90% 

R1=H,MeOiR2=N02,Ac,CN,PhC0j 

' NHr 

X = 0,S 

R3=Br,CI 

/,when X = 0: EtOH,TEA, A 

//,when X = S:aq.NoOH 

Benzofuran 

Benzo[6]fhiophene 

[366, 726, 1734] 
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2. Isoxazole 

Cyclodehydration of a 2-hydroxy-hydroxamic acid in the presence of carbonyldi- 
imidazole (CDI) gives good yields of 1,2-benzisoxazoles. 

THF,CDI , A. 

42-89%' 

R = H,CI 

1,2-Benzisoxazole 

(review [1674] ) 

[386] 

3. Oxazole or Oxazol-2-one 

Oxidative cyclization occurs when a 2-hydroxyphenylthiourea is treated with 

nickel peroxide but when the corresponding urea is heated (without solvent), the 
benzoxazolone is obtained. 

R 

r^^°H 

-^%/^NHCNHR 
II 
S 

2 

R^HjMejPh; R2= Me,Ph 

MeCN,Ni02 

59-85%* 

Benzoxazole 

[389] 

R^v"0H 

■NHCNHp 
II 
0 

R = H,Me0,N02 

2-Benzoxazolone 

[869] 

4. Isothiazole or Isothiazol-3-one 

Sodium hypochlorite converts 2-mercapto-nitriles in alkaline solution into a 

fused 3-aminoisothiazole in good yield. Similarly, the mercapto-carboxamide is 

cyclized to the 3-one by alkaline iodine at ambient temperature. 

OMe 

SNo 

+ NH, 
NoOCI^ 

73% 

OMe 

1,2-Benzisothiozole 

(review [1775]) 

[726] 
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Other ring systems synthesized similarly: 

[154] 

W,X,Y or Z = N,others=CH 

W = N :Isothiozolo[5,4-£]pyridin -3-one 

X =N :Isothiozolo[5,4-c]pyridin-3-one 

Y =N :Isothiazolo[4, 5-c]pyridin-3—one 

Z = N :Isothiazolo[4, 5—Z>]pyridin -3-one 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridin-2-one 

Heating 2-ethoxyvinylbenzamide with 4-toluenesulphonic acid leads to the 

isoquinolinone in high yield. 

[1708] 

2. Pyrimidine, Pyrimidine-2,4-dithione or 4-Thioxopyrimidin-2-one 

A 2-methylthio-thiocarboxamide is cyclized to one or other of these rings on 

heating with an aryl isocyanate or isothiocyanate. 

Me 
,Ns -SMe 

'CSNHPh 

PhMe.ArNCX,A 
----—l 

53-90% 

Me Ar 

S 

[1531] 

x=o,s 

Pyrrolo[2,3-£^]pyrimidin- 

2-one,4-thioxo- 

Pyrrolo[2,3-^]pyrimidine- 

2,4-dithione 

Reactive methoxy-nitriles are converted into fused pyrimidines when treated 
with guanidine or a primary amine. 



325 Formation of a Six-membered Ring 

0 OMe 

CN 

+ (H2N)2C = NH 

R = H,Me,Ph,2-furyl 

Pyrido[2,3-(?]pyrimidin-7-one 

NC- 

EtOHC = N' 

Me 

EtQH,MeNH2,A^ 

85%* [1591] 

1,2,3-Triozolo[4, S-c/Jpyrimidine 

(review [2023] ) 

Another ring system synthesized similarly: 

nh2 

Oxozolo[5,4-tf]pyrimidine 

[537] 

3. Pyran-2-one or Thiopyran-4-one 

Hydrolytic cyclization of a nitrile on to a neighbouring hydroxy group leads to 
the formation of a pyranone ring. 

Pyrono[3,2-6]indol-2-one 

[253] 

S-Debenzylation of a thioether which has a 2-cyanoacetyl group is followed by 

cyclization to a thiopyran-4-one in high yield at ambient temperature. 

1-Benzothiopyran-4-one 

[1638] 

4. l,3-Oxazin-2- or -4-one or l,3-Oxazine-2,4-dione 

Reaction of a 2-hydroxy-nitrile with reagents which provide a carbon atom at the 

correct oxidation level leads to an oxazinone; acetic anhydride, an isocyanate, 
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and a phosgeniminium salt are examples. 

l,3-ESenzoxazin-4-one 

[367] 

[864] 

[1041] 

A 2-hydroxybenzamide is converted into a benzoxazinone by heating with 

either an aldehyde or a ketone. 

^v-0H 

-CONH, 

+ R2CR3 
II 
0 

A. 

10-98% 

R1 =H,Me; R2=H,Me,Et,CH2COOEtj 

R3=alkyl,oryl,CH2COOEt, 

2-thienyl or R2R3=(CH2)5 

/,CHCI3,H2S04 or PhH,pyrrolidine 

[357, 1728] 

A source of one carbonyl group to convert the hydroxy-carboxamide (or 

hydroxamic acid or hydrazide) into a benzoxazinedione is provided by either 

ethyl chloroformate or carbonyldi-imidazole (CDI). 

/,CDI,THF j/7,DMF,TEA, 

CICOOEt 

Pyrozolo[3,4-e][l,3l- 

oxozine-5,7-dione 

[1422] 
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^^'"'CONHR2 

R1 =H,Me,MeO,Br,CI} 

R2=HO,Me2C = N 

/',pyr,ClCOOEt, A > 

//,CH2CI2,CDI. 

/'or /'/' 

72-90% 
[368, 887] 

1,3-Benzoxozine-2,4-dione 

[357] 

1,3-6enzoxazine-2,4-dione 1,3-Oxazino[5,6-p]- 

indole- 2,4-dione 

5. 1,2,3-Oxathiazin-4-one 2-Oxide 

Heating a salicylamide derivative with thionyl chloride gives the relatively little 

known benzoxathiazinone. 

R 
2 

^/^CONHR' 

R’=H,Ar i R2=H,Br,CI 

PhH,S0CI2,A 

20-90% 

1,2,3-Benzoxothiazin- 

4-one 2-oxide 

[356] 

III. FORMATION OF AN EIGHT-MEMBERED RING 

1. 1,3-Oxazocine 

A side-chain alcohol reacts with an isonitrile on heating with copper(I) oxide to 

give (in this example) an eight-membered ring. 

[1884] 
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1. Pyrrole or Pyrrol-3-one 328 

2. Imidazol-2-one or Imidazole-2,4-dione 329 
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5. Pyrazin-2-one 334 

6. Thiopyran-4-one 334 
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1. 1,2-Diazepine 334 
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Cyclizations in which a hydrazide, hydroxamic acid or isonitrile reacts with a 

ring-carbon or ring-nitrogen are included. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole or Pyrrol-3-one 

Treatment of NN-dialkylcarboxamide with phosphorus oxychloride effects ring 

closure in good yield, the dimethylamino group being lost. 

poci3,a^ 

72%* 

Thieno[3,2—Z>]py rrolizin-4-one 

[653] 

328 
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Another ring system synthesized similarly: 

o 

[653] 

Thieno[2,3-A]pyrrolizin- 8-one 

An N-phenylhydroxamic acid and vinyl acetate undergo palladium-mediated 
cyclization to produce an indole. 

R 
2 

f^^NCOR1 

-- OH + CH2=CHOAc 

R' = olkyl,alkoxy,orylj 

R2=H,Me,CI 

Li2PdCi4,A ^ 

12-95% 

Indole 

[1515] 

2. Imidazol-2-one or Imidazole-2,4-dione 

Annulation of a nitrile to an adjacent ring nitrogen is achieved by treatment with 

methyl isocyanate in the presence of 2-methyl-1,4-diazabicyclo[2.2.2]octane and 

dibutyltin laurate. 

CN 
MeNCO,/ 

31%* 

/, 2 -MeDBO, 

Ci2H230SnBu2 

NCONHMe 

Imidazo[l,5-c]imidazol-3-one 

[542] 

A carboxamide also reacts with an isocyanate and a base to form an 

imidazoledione in high yield. 

Me2CO,TEA, A __ 

75-99%* 

R1 = cyclohexyl,oryl; R2=olkyl,Ph; 

Ar = Ph,4-Me-,4-CI-C6H4 

Imidozofl ,5-o]pyrozine-1,3-dione 

3. 1,2,4-Triazole 

A heteroarylhydrazone of a mesoxalic ester nitrile cyclizes on heating with acetic 

acid to a fused triazole ring. 
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NHN=CCN 
I 

COOEt 

[1,2,4]Triazolo[5,1-c][1,2,4]- 

triazine 

[1293] 

Other ring systems synthesized similarly: 

[1293] 

Pyrazolo[5,1-c][l,2,4]- 

triozine 

Tefrazolo[5,1-c][1,2,4]- 

triozine 

[1293] 

4. Furan 

A benzofuran is obtained when a tertiary amide of a phenoxyacetic acid is heated 

with phosphorus oxychloride but the AW-dialkylamino group is retained in this 

cyclization (cf. previous section). 

fi?s^\^OCHCONEt2 

R = CI,benzo 

Et 
PhMe,POCIs,A 

82-98% 
*• R- [590] 

'NEto 

Benzofuran 

5. Thiophene 

On heating cyclohexylidenemalononitrile with sulphur a fused thiophene ring is 
formed in good yield. 

EtOH S,TEA 
-—--> 

40-86% 

Benzo[^]thiophene 

(review [1649]) 

[715] 

n. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine 

A side-chain nitrile attacks the ring carbon under Friedel-Crafts conditions; on 

the other hand, a base-induced reaction with a malononitrile-type reagent 

can give high yields of a fused 2-aminopyridine ring. The mechanism of this may 

involve addition of nucleophile, ring opening and ring closing (ANRORC) [551], 
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NHC=CCN 

R2 R3 
PhCi,flicis,A , 

34-91% 

R1 =H,Me,benzo; 

R2=H,Me; R3=CN,COOEt 

Another ring system synthesized similarly: 

— 

Thieno[2,3-p]pyridine 

NH2 

Quinoline 

[1094] 

[1003] 

Me 
-N. -o 

NC 

+ rch2cn -e,°n°’e'°h> Hi>Y 
NMe —80/o 

T 

R=CN,C00Et,C0NH2 

[1473] 

Pyrido[2,3-o,]pyrimidine- 

2,4-dione 

A side-chain isonitrile reacts under mild conditions with an acid halide to give a 

fused pyridine by a mechanism involving an imidoyl halide. 

COR 

M 

MeO^%>^v'(CH2)2NC 

R = alkyl, alkenyl, olkynyl; 

X = Br,CI,I 

+ RCX 
II 
0 

CFsSQ3 Ag 

57-82%' 

MeO 

MeO 

[1824] 

Isoquinoline 

(review [2003]) 

Cyclization of a cyanovinyl side-chain under very mild conditions is effected by 

stirring with a primary amine. 

n1^ch=chcn 
i 
o" 

MeOH.RNHo 
---H 

40-71% 

R 

[285] 

Pyrido[2,3-A]quinoxaline 5-oxide 

2. Pyridin-2- or -3-one or Pyridine-2,6-dione 

Annulation of a carboxamide group to the ring carbon with orthoesters or 

DMFDEA gives a fused pyridin-2-one ring. An unexpected course (probably 
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through a spiro intermediate) is taken in the acid-induced cyclization of the 

amino-nitrile derivative of indole which yields a pyridin-3-one. 

R = H,Me,Ph Indeno[2,1-c]pyridine-3,9-clione 

[480] 

I.DMF.DMFDEA 2.NH3, 

71 %* 
[591] 

benzothiazin-3-one 

R',R2=H,Me;R3, R4=Me,(CH2)5 Pyrido[3,4-£]indol-4-one 

[1579] 

Malonic acid derivatives react with a carbamoyl-pyridinium salt (review of 

reactivity [1870]) and a base at ambient temperature to give a pyridine-2,6-dione 

ring. 

COOEf 
+ I 

TEA. 

CH2R 6-37% 

R = COOEt,CN j Ar = Me-,Br-,N02-C6H4i 

X = Br,CI 

0 

ArCH2N NH 
[686] 

2,7-Naphthyridine-1,3-dione 

3. Pyridazine 

An arylhydrazone of a mesoxalonitrile derivative undergoes an intramolecular 

Friedel-Crafts reaction to form a pyridazine ring. 

1 PhCI,AICI,.A N 

CN 
-3> p. 

~ 62% 
[1507] 

R1==H,Me,MeOj 

R2=C0NH2,CN,C00H,CSNH2 

nh2 

Cinnoline 
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Other ring systems synthesized similarly: 

Benzofuro[2,3-<7]cinnoline Benzofuro[3,2-<?]cinnoline 

4. Pyrimidin-4-one or Pyrimidine-2,4-dione 

A carboxamide and a ring nitrogen may be joined through another carbon atom 

by heating the compound with triethyl orthoformate but when diethyl carbonate 

is used, a pyrimidine-2,4-dione ring is formed. 

Pyrimido[6,1-a]isoquinoline- 

2,4-dione 

Nitrile groups react with an adjacent ring nitrogen on heating with strong acids 

but aqueous alkali is effective and preferable when acid-sensitive groups are 

present. 

NHCH=CR 
I 
CN 

/or ii 

20-77% 

R = 5-tetrozolyl 

/,CF3C00H,H2S04,HCI-Et0H 

ii, oq. KOH 

Pyrimido[2,1-£]benzothiazol- 

[280] 

4-one 
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Another ring system synthesized similarly: 

0 

Pyrido[1,2-<7]pyrimidin-4-one 

[919] 

5. Pyrazin-2-one 

An electron-rich ring (for example, pyrrole) is attacked by an isocyanate 
(produced in situ by a Lossen rearrangement of a hydroxamic acid) and a pyrazin- 
2-one ring can be produced in this way. 

[1783] 

Pyrido[2,3-e]pyrrolo[l ,2-a]- 

pyrazin-6-one 

6. Thiopyran-4-one 

Under the influence of PPA, a cyano group may acylate an adjacent ring in a 
Friedel-Crafts type reaction. 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,2-Diazepine 

Treatment of a hydrazide with Vilsmeier reagents can cause ring closure on to the 
neighbouring ring-carbon atom. 

"N 
Me 
/>vch2cnhnh2 

DMF,P0Cls 

90% [1081] 

[l,2]Diozepino[5,4-£>] indole 
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2. 1,4-Diazepine 

Acid-catalysed reaction of o-phenylenediamine with a nitrile gives moderate 

yields of a fused benzodiazepine. 

[l]Benzopyrano[2,3-6][1,5]- 

benzodiazepin-13-one 
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In this chapter, cyclizations in which reaction occurs between a halogen and a 

carboxamide, a carboxylic acid, a carboxylic acid halide, carboxylic ester or 

nitrile, are discussed. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrol-2-one 

Heating a 2-halogenomethyl-ester or -nitrile with a primary amine leads to the 

formation of a pyrrol-2-one ring. A benzenoid halogen also reacts with a 

carboxamide and DMF-LiF to give this ring. 

336 
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^\^COOEt 

-CH2Br 

Ar=4-AcC6H4 

+ ArNH2 
EtQH, 

'—90%^ 

1-Isoindolone 

(review[l615]) 

[170] 

X = Br,CI,F 

[1912] 

Other ring systems synthesized from a halogenomethyl derivative 

o 
Pyrrolo[3,4-tf]pyrimidine- 

2,4,7-trione 

[l]Benzopyrano[2,3-c]- 

pyrrole-3,9-dione 

[1040] 

2. Pyrazole or Pyrazol-3-one 

An activated 2-halogeno-ester or -nitrile reacts readily with hydrazines to form a 

fused pyrazolone or aminopyrazole, respectively. 

R = Me,Ph 3-Indazolone 
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^N\/C1 
EtOH,N2H4,A^ 

53%* 

f 
N„ 

H 
,N. 

N' 'NH; 

Pyrazolo[3,4-6]pyrazine 

[888] 

Other ring systems synthesized similarly: 

Pyrazolo[4,3-c] quinoline - 

3,4-dione 

Dipyrazolo[3,4-£j 3',4'-^] 

pyridin-3-one 

[167] 

[500] 

Pyrazolo[3, 4-odthieno- 

[2,3-£]pyridine 

Me 
Nv yv 

MeN 

NH 

\nh2 

0 
Pyrazolo[3,4-cdpyrimidine- 

4,6-dione 

[927] 

3. Thiophene or Thiophen-3-one 

In the presence of a base, mercaptoacetic ester converts a reactive halogeno-ester 

or -nitrile into a fused thiophenone or 3-aminothiophene ring, respectively. 

Thieno[3,2-c]quinoline- 

3,4-dione 

[168] 

CHpSH 
+ I 

COOEt 

EtOH,TEA,A 
----—* 

91% 

^^/S^COOM 

[675] 
•NH. 

Benzo[6]thiophene 

(review [1649]) 
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Other ring systems synthesized similarly: 

^N\^'S\r/COOEt 

^NH2 

Thieno[2 jS-o'lpyrimidine Thieno[2,3-£>]pyrazine 

[1360] 

[1387] 

Thieno[2,3-c]pyridine 
Thieno[2,3-/)][1,8]naphthyridin-5-one 

[1989] 

4. Isoxazole 

A fused isoxazole ring is obtained when a 2-halogeno-nitrile is heated with 

hydroxylamine. 

+ nh2oh 

R1 = Cl, F j R2= H, Cl, CN, NO 

THF,NoOH, A 
43-72% 

R- f u 
2,1- Benzisoxazole 

(review [1674]) 

[1516] 

5. Isothiazole or Isothiazol-3-one 

Sodium hydrogen sulphide and chloramine convert an activated 2-bromonitrile 

into an isothiazole ring. The 3-one derivative may be obtained from 2- 

chlorosulphenylbenzoyl chloride by reaction with a primary amine. 

[896] 

1,2-Benzisothlazole 

(review [161 7]) 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine or Pyridin-2-one 

Heating a reactive 2-chloro-ester with a 3-aminoalkanoic ester gives good yields 

of a tautomeric 4-hydroxypyridine. The pyridine nitrogen may come from a 
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primary arylamine to give a tri- or tetra-cyclic product. 

Ck /tk R 

;N 
EfOOC-^ 

+ COOEt 
I 

(CH2)2NHEt 

R = MeS, Ph 

Et0H,Na2C03, 

~80%* 
EtOOC 

Pyrido[2,3-a']pyrimidine 

[1336] 

Me 

'N\/CI 

Me- 
-COOH 

-1"- »• 
73% 

i, POCI3, A j //, Me2N(CH2)2NH2 

Pyrazolo[3,4-£][l ,7]phenanthroline 

[1193] 

A side-chain carboxylic ester on heating with ammonia or hydrazine gives a 

fused pyridinone in high yield. 

[306] 
CH=CH 

I 
COOEt Me 

Pyrido[2,3-c/]pyrimidin-7-one 

Cl. 
Me 

'N. 

MeC=CH 

COOMe O 

Cl 

N2H4.H20,Me0H, A_ 

92%' [418] 

Pyrido[2,3-c]pyridozine- 

4,7-dione 
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Displacement of fluorine by an anion (from a carboxamide) can be used to form 
a fused pyridinone ring. 

[1330] 

R1 =H,Me; R2=H,Me,Me2N, Indolo[2,3-£r]quinolin-6-one 

Me2N(CH2)2 

Reissert compounds (review [1935]) containing a suitably positioned halogen 

cyclize under basic conditions with elimination of hydrogen cyanide and 

hydrogen halide; this type of reaction is useful in the synthesis of berbines. 

R = H,MeO 

[615] 

X = CH,N 

Dibenzo[<70]quinolizin-8-one 

Isoquino[3,2-a]phthalazin-8-one 

2. Pyridazin-3-one 

In Section 1.1, the synthesis of isoindoles from halogeno-esters and amines was 

mentioned; when the amine is replaced by hydrazine or methylhydrazine, both 

nitrogen atoms become part of the new ring. The synthetic usefulness of 

hydrazines has been reviewed [1437]. 

As 
XhUBr 

x^COOEt 

+ RNHNH2 
IPrOH, A 

50-73%* 

R = H,Me 
0 

Benzofuro[2,3-</]pyridazin- 

4-one 

[935,1247] 

3. Pyrimidine or Pyrimidine-2-thione 

Reactive 2-halogeno-nitriles and guanidine, an amidine or thiourea in the 

presence of a strong base, cyclize to form a pyrimidine ring. 
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NCv/N 

Cl- 

N MeONa,MeOH,A 
+ h2nc = nh - ’ 

NH; 

'N 
I 
R‘ 

60%^ R2L [362, 1733] 

R1 = MeS,Ph,4-CI-4-Me-C6H4, 

2-pyridinyl 

N N' 

Pyrimido[4,5-e]-1,2,4- 

triazine 

R — NH2,Ph 

Another ring system synthesized similarly: 

[236] 

Pyrido[2,3-c/]pyrimidine- 

2-thione 

4. Pyran-3- or -4-one 

Cyclization of a reactive o-chloro-propenoic acid by heating with a base yields a 

pyran-2-one ring. A pyran-4-one ring is obtained by reaction in a basic medium of 

2-fluorobenzoyl chloride with a 3-oxoester. 

MeC=CH 
I 

COOH 

[416] 

Pyrano[2,3-c-jpyridazin- 7-one 

OCR 
+ I , 

^ u. ChUCOOR1 

R1 = Me,Et; R2= Me, Et,CF3,Ph 

PhMe, NaH, A 
----—I 

35-80% 
COOR 

1-Benzopyron- 4-one 

[982] 

5. Thiopyran 

A substituted ethanethiol condenses with a reactive 2-chloro-nitrile in a basic 

environment to form a fused thiopyran. 

Cl 

NC^\^ 

N' SM* + HSCHCOOEt EIOH,N»,CO,,a| E,OOC^'S’Y'N 

„ + V°°E- Et00CAjl^N 

SMe 

[1266] 

Thiopyrano[2,3-<3,]pyrimidine 
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6. l,3-Oxazin-4-one or l,3-Oxazine-2,6-dione 

An NN-disubstituted cyanamide condenses with a reactive halogeno-acid on 

heating to give the oxazin-4-one. The 2,6-dione ring is formed in a copper- 

assisted two-stage reaction of a halogeno-acid first with an amine and then with 

phosgene. 

Another ring system synthesized similarly: 

[l]Benzofhieno[2,3-e]-1,3-oxozin- 

4-one 5,5-dioxide 

[200] 

+ rnh2 

^/^COONa 
24-46% 

R=cyclohexyl, 4-F-, 3-CFj-CgH4 

/,k2co3,cu,A,//,coci2 

R 

0 

3,1-Benzoxazine-2,4-dione 

[1331] 

7. 1,3-Thiazin-4- or -6-one 

The two reactive halogens in 2-chloropyridine-3-carbonyl chloride react readily 

with the SH and NH of mercaptobenzimidazole under mild conditions. 

cyN-j 
II 
0 

PhH.TEA 

88% 
[1318] 

Pyrido[3',2': 5,6][ 1,3]thiazino— 

[3,2-a]benzimidazol-5-one 

A doubly fused thiazin-6-one is obtained when an o-chloro-nitrile reacts with a 

cyclic mercaptoamidine. 
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[236] 

Pyrido[2,3-a0pyrimido[2,1-6]- 

[l, 3]thiazin-5-one 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,3-Diazepin-4-one 

The 2-halogenomethyl-ester is a versatile combination (see Sections 1.1 and II.2) 

and it reacts with 2-amino-pyrimidine or -pyridine with the formation of a 1,3- 

diazepin-4-one. 

NH; 

AcONa.A 

35% 

•0 [1040] 

[l]Benzopyrano[2,3-s]pyrido[l ,2-aJ- 

[l,3]diazepine-6,l4-dione 

Another ring system synthesized similarly: 

[1040] 

[l]Benzopyrano[2,3-e]pyrimido- 

[l,2-o][l ,3]diazepine-7,13-dione 

2. 1,4-Diazepin-5-one or l,4-Diazepine-2,5-dione 

The combination of a bromomethyl and an ester (see preceding section) can give 

rise to a l,4-diazepin-5-one ring if the groups are appropriately separated. 

R = H,Me,Ef,HO(CH2)2,NH2 

-o [1251] 

Quinazolino[3,2-a][l,4]- 

benzodiazepine- 5,13-dione 
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Provided the halogen is reactive, a 2-bromo-ester reacts with o- 

phenylenediamine to form a fused l,4-diazepine-5-one ring. a-Haloacyl-esters 
react with gaseous ammonia to produce a diazepinedione. 

^\.nh2 

■NHC 

l\IPhCOCH2Br 

COOEt 

benzodiazepine-6 ,13- dione 

[1779] 

[1242] 

1.4- Benzodiazepine- 

2.5- dione 

3. l,4-Oxazepin-7-one 

An aminoalcohol reacts with a reactive chloro-ester to give an oxazepinone in 

good to high yield. Primary amines do not react in this way. 

Cl. 

Etooc^^^ 

FTNHCHp 
I , 

HOCHR" 

R1 = Me, MeS, Ph,piperidinyl; 

R2= Me, HO(CH2)2,Me2N(CH2)2i 

R3=H,Me 

Pyrimido[4,5-e][l ,4]- 

oxazepin- 5-one 

Other ring systems synthesized similarly: 

[1349] 

[1349] 

Pyrido[4,3-e][l,4j- 

oxazepin - 5-one 

Pyridazino[3,4-e][l,4]- 

oxazepin- 5-one 

IV. FORMATION OF AN EIGHT-MEMBERED RING 

1. 1,4-Diazocin-5-one 

The versatile 2-bromomethyl-ester (see Section III.2) again demonstrates its 
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usefulness in its reaction with o-phenylenediamine. 

[l]Benzopyrono[2,3-c][l,6]- 

benzodiozocine-6,14-dione 

[1040] 
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I. Formation of a Five-membered Ring 347 

1. Pyrazole 347 

II. Formation of a Six-membered Ring 347 

1. Pyridazine, Pyridazin-3-one or Pyridazine-3,6-dione 347 
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1. l,2,4-Triazepine-3,7-dione 348 
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1. 1,2,5-Triazocine-3,4,8-trione 348 

Cyclization of an ester-hydrazone is included in this chapter. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrazole 

Heating a 2-hydrazino-carboxylic acid with mineral acid gives a fused pyrazole 

ring. 

-NArNH, 

Ar = N02C6H4,2,4-(N02)6C3H Pyrazolo[3,4-A]pyridine 

[1612] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridazine, Pyridazin-3-one or Pyridazine-3,6-dione 

Carboxylic ester and hydrazone groups are converted into a fused pyridazine ring 

in a weakly basic medium. 

347 
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R = Ph,4-Me-,4-Br-C6H4, 

4-pyridinyl 

Ph 

Pyrido[1,2-4]pyridozin-9- 

ium 4-hydroxy inner salt 

[1479] 

A hydrazino group separated from a carboxyl by three carbon atoms can react 

with the latter to form a pyridazinone in moderate yield. A hydrazide and an ester 

similarly give a pyridazinedione. 

^\___^-ch2nhnh2 

'O' COOH 

[1247] 

Benzofuro[2,3-tf]pyridozin-4-one 

0 
II 

h2nhnc- 

EtOOC' 

NH, 

87% 
■Me 

■ Me 

Pyrrolo[2,3-c/]pyridazine- 

4,7- dione 

[705] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,2,4-Triazepine-3,7-dione 

A suitably positioned CONMeNH2 group being a nucleophile, attacks an ester 

group to form the title ring. 

tBuONa .tBuOH, A -I-». 
35% 

R = Me, Et 
1, 3,4 -Benzotriazepine - 

2,5-dione 

[1320] 

IV. FORMATION OF AN EIGHT-MEMBERED RING 

1. 1,2,5-T riazocine-3,4,8-trione 
Under basic conditions, an oxalic hydrazide side-chain behaves (as in the 
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preceding section) as a nucleophile and reacts with the ester group. 

oo 
ii ii 

R\^\/NPhCCNMeNH2 

k%5%5i/yxCOOMe 

R = H,CI 

DMF,NoH, A ^ 

62-79%* 

1 »4,5-Benzotriazocine-2,3,6-trione 
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Examples of the sulphur analogues of hydroxy or alkoxy derivatives are 

included. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrazole or Pyrazol-3-one 

On heating a 2-hydroxy- or 2-methylthio-ester with a hydrazine, a fused pyrazole 

or pyrazolone is formed depending apparently on the parent ring system. 

COOEt 

+ PhNHNH2 

H 

Pyrazolo[34': 5,6]thiopyrano- 

[3,4-£]pyridine, 3-0H inner salt 

350 
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OH 

R3 or R4=Me 

Pyrozolo[4,3-c][l ,2]benzothiazin- 

3-one 5,5-dioxide 

RCN" 

J- 

H 
,ISU -SMe 

N2H4-H20,Et0H,A 

44%' 

HN^ ^COOEt 

R=4-MeOC6H4 

RCN' 

X 

H H 

'NH 

4, 
[1860] 

HN^ ^0 

Pyrazolo[3,4-c]pyrozol-3-one 

2. Thiophene 

When a 2-mercaptobenzoic acid is heated with chloroacetic acid and a base, a 

benzo[b]thiophene is formed. 

CH2CI Na2C03,A 

COOH 
COOH 68% 

\^COOH 

^OH 

Benzo[£]thiophene 

[896] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyrimidine or Pyrimidin-4-one 

A 2,3-diaminoquinazolinone is obtained by heating ethyl salicylate with 

aminoguanidine. 

^^''-COOEt 

HoNCNHNHo 
+ 11 

NH 

BuOH,A 

~40%* 
[1457] 

4-Quinozolinone 

(review[1671]) 

A reactive ethoxy group is displaced by heating with a primary amine and 
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cyclization onto the neighbouring ester group follows. 

-N = CHOEt 

-COOEt 

RNH2,A 

~ 8 0 % * 

R = Pr,Ph(CH2)2 

[l]Benzothieno[3 ,2-d]- 

pyrimidin - 4-one 

[1714] 

2. Pyran-2-one or Thiopyran-2-one 

Acylation of a hydroxy or thiol by a carboxy group is usually effected by a 

Friedel-Crafts-type catalyst such as PPA or hydrogen fluoride but the pyran-2- 

one ring may also be formed from a hydroxy and an ester or by demethylation of 

an ether-ester. 

X = CH, N 

Naphtho[1,2-A]pyran-2-one 

Pyranof 3,2-c]quinolin- 2-one 

[156] 

"N" 
Me 

'°^0 

OH 

[1079] 

Pyrano[3,2-£]indol-2-one 

[1079] 

R = H,HO 

OMe 

COOEt 

pyr.HCl, A 

55-84% 
[1250] 

Benzofuro[3,2-c][l]benzopyran-6-one 
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Other ring systems synthesized by one of the above methods: 

[157,172,1341, 

1637,1898] 

x=o,s 
l-Benzopyron-2-one 

1-Benzothiopyran-2-one 

(review [1672]) 

Naphtho[2,3-b]pyran-2-one 

[595] 

Pyrano[3', 2': 5,6]benzofuro- 

[3,2-c]pyridin-2-one 

[502] 

Pyrono[3,2-e]pyridin-4-one 

Furo[3, 2-0][l]benzopyran-7-one 

Pyrono[3,2-e]quinoline- 

2,5-dione 

3. Pyran-4-one or Thiopyran-4-one 

Many methods are available for the synthesis of a fused pyran-4-one ring system 

(review [B-12]). 2-Hydroxysalicyloyl chloride reacts with an enamine to give a 

moderate yield of a 4-oxopyran-3-carboxylic ester for which there are few good 

methods. A 2-acyloxy-acyl chloride reacts with a silylated alkene and phenyllith- 

ium to give good to high yields of a chromone. Several other derivatives of 

salicylic acid have been cyclized to a 4-benzopyranone. 

-OH 

-COCI 

CHCOOEt 

+ MeC- VJ 
CHgCla ,A 

36%' [814] 
COOEt 

1-Benzopyron-4-one 

^V0A 

■COCI 

R'CH = COSiMe3 
R2 

DME,PhLi ^ 

30-90% 

R^HjMej R2=Me or 

R1R2=(CH2)„ 

[1406] 

/7 = 3- 5 
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OH 0 OH 

^^/COOH 

+ 
•OH 

R = H,Br,Cl,MeO 

HO Sy/^OH 

PzOs.MeSOsH.A^ R 

79-93% 

9-Xanfhenone 

(review [775]) [1914] 

'X' 
X = 0, s 

9-Xanthenone 

9-Thioxanthenone 

'O- -Me 

COR2 

1-Benzopyran-4-one 

OO' ClCOOEt, TE A j ii, HC! j 

[1760] 

[1760] 

///, Me2C=N CIO^, ClCOOEt,TEA j/V,HCI 

EtOOC^\ O' 
21% 

benzopyron-12-one 

[594] 

The anion from benzyl cyanide converts methyl 2-mercaptobenzoate into the 

thioisoflavone in high yield. 

CN tBuONa.pyr.A 
+ 1 1 

•COOMe 

Ar = Ph,Br-,CI-, MeO-C6H4 

CH2Ar 60-96% 
[1592] 

1-Benzothiopyran-4-one,3-aryl 

(reviews [B—32,B-33]) 
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4. 1,3-Oxazine-2,4-dione 

Sodium salicylate and cyanogen bromide react in DMF to form the 
benzoxazinedione 

^^^COONo 

DMF, BrCN, A ^ 

46% * [158] 

5. 1,3-Thiazin-4-one 

Conversion of methyl 2-mercaptobenzoate into a benzothiopyranone is men¬ 

tioned above (Section II.3); in contrast, the free acid in acetic acid or pyridine 
gives high yields of the 1,3-thiazinone. 

CN AcOH or pyr,A 

+ CH2R 60-90%* 

R = CN ,C00Et,C0NH2, 
CONHPh 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. l,4-Oxazepin-7-one 

A fused lactone may be formed by treatment of the hydroxy-carboxylic acid with 

cyanogen bromide and TEA initially at ambient temperature and then under 

gentle heat for a short time. 

CH2R 

1,3-Benzothiazin-4-one 

(review [2010]) 

[1421] 

oh 

'NH / \ 
Dibenz[£<?][l, 4]oxozepin -11-one 

[159] 

R1 = H,CI ,Me; R2 = H,N02 

2. 1,4-Thiazepin-2-one or 1,4-Thiazepine-2,5-dione 

These rings are formed by reaction of thiol and carboxy groups in the presence of 

DCC or DCC and DMAP. 
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[1717] 

Pyrrolo[2,1-c][l,4]benzothiozepin- 

11-one 

Other ring systems synthesized similarly: 

o 

[165] 

[1,4]Thiazepino[4,3-a]- 

indole-1,5-dione 

Pyrrolo[2,1-c][l,4]- 

thiazepine — 1,5-dione 

[481] 

[1,4]Thiazepino[4,3—A]— 

isoquinoline-1,5-dione 

[593] 
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The following derivatives of a carboxylic acid are mentioned in this chapter: 

carboxamide, acyl halide, ester and nitrile. An example of an N-carboxylic 

ester (a carbamate) is also included; the term lactam carbonyl covers 

thiocarbonyl. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

Decarboxylative cyclization of N-(co-carboxypropyl)pyridin-2-one gives an 

indolizinium salt which is isolated as its perchlorate. 

COOH 
I 

N(CH2)2CHR 

R = H,Me 

[164] 

357 
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2. Thiophene 

Cyano and lactam thiocarbonyl groups may be annulated by heating with methyl 

chloroacetate and an alkoxide. 

CHpCI MeONa.MeOH.a 
+ I -5 

COOMe 80% 

MeOOC. 

h2n- 

NYAr 
N 

Ph [1164] 
Thieno[2,3-c/]pyrimidine 

Another ring system synthesized similarly: 

MeOOC^ 
H 
N. .0 

h2i\k 

[1164] 

Thieno[2, S-o^pyrimidin-Z-one 

3. Isothiazol-3-one 

Oxidative cyclization of a thiolactam which has a neighbouring carboxamide 

proceeds at ambient temperature to give an isothiazolone ring. 

-SH 

'CONHFC 

EtOH,I2,NoHC03 _ 

30-67% 

NR^ 

A, [154] 

R1 = H, Ph; R2=aminoolkyl Isothiazolo[5,4-£]pyridin-3-one 

Other ring systems synthesized similarly: 

X =N,Y = Z = CH 

Isothiazolo[5,4-C']pyridin-3-one 

X = Z = CH,Y = N 

Isothiazolo[4,5-c]pyridin-3-one 

X = Y = CH, Z =N 

Isothiazolo[4,5-£]pyridin-3-one 

[154] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyrimidin-4-one 

A lactam carbonyl and a nitrile in different rings react to form an amide linkage 

which is part of a pyrimidinone ring in this example. 
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0 

Pyrrolo[1,2-<7]quinazolin-5-one 

[18] 

2. 1,2,4-Triazin-6-one or 1,2,4,5-Tetrazin-3-one 

When a thiolactam carrying an ester or carbamate substituent is heated with 

hydrazine, a triazinone may be formed in good yield by reaction with the thioxo 

group. 

NCHgCOOEt 

CHPh 

EtOH,N2H4,A^ 

78%* 

CHPh 

[1,2,4]Triozino[3,4-o]- 

isoindol-3-one 

[4] 

R = Ph,4-Me-,4-MeO-, 

4-CI-C6H4 
1,2,4,5-Tetrozino[ 1,6-cj- 

quinozolin-3-one 

[1052] 

Another ring system synthesized similarly: 

[1,2,4]Triazino[4,3-c]- 

quinozolin- 3-one 

[1052] 

3. Pyran-2-one 

Photochemically assisted ring closure of a carboxylic ester on to a lactam 

carbonyl in the presence of PPA (review [B-21]) can give high yields of a fused 

pyranone ring. 
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ppa ,/>o 

85%* 

OMe 

Pyrano[2,3-£]quinolin-2-one 

[156] 

4. Thiopyran 

A fused 4/f-thiopyran ring is produced when a nitrile in a side-chain reacts with a 

neighbouring lactam thiocarbonyl in the presence of a tertiary amine. 

Ar 

(NC)2CHCH 

s 
R = H,Ph 

Ar=Ph,4-MeOC6H4 Thiopyrano[2,3-<y]thiazol-2-one 

Thiopyrono[2,3-<7]thiazole-2-thione 

5. 2-Thioxo-l,3-oxazin-6-one 

When 2-isocyanatobenzoyl chloride is stirred in benzene with thioacetamide, 

cyclization to the oxazinone occurs, the acetamide converting one of the carbonyl 

groups into a thione. 

3,1-Benzoxazin-4-one, 2-thioxo 

[1201] 

6. 1,3,5-Thiadiazine-4-thione 

An N-thiocarboxamide and its neighbouring lactam thiocarbonyl react with 

cyanogen bromide to give a thiadiazinethione in high yield. 

Ys 

R = Et, Bu 

-NCNHR 
II 
S 

Mo2CQ,BrCN,TEA^ 

82-95% 

1,3,5-Thiadiazino[3,2-o]- 

benzimidazole-4-thione 

[1821] 
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III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,2,4-Triazepine-3,7-dione 

An acyl chloride and an isocyanate group can be incorporated in a seven- 

membered ring by reaction with a hydrazine but the yield in this example is poor. 

[1320] 

R = Me,CI 
1,3,4-Benzotriazepine-2,5-dione 
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and Methylene 

I. Formation of a Five-membered Ring 362 
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The term reactive methylene includes methyl, methylene and methine groups 

which are activated by a neighbouring group and/or a 7r-deficient ring. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole or Pyrrol-3-one 

The anion from a reactive V-methylene reacts with a nitrile to form a fused 3- 
aminopyrrole ring. 

[1528] 

Pyrrolo[2,3-c]ozepin-8-one 

362 
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Another ring system synthesized similarly: 

k^COOEt 

-NH; 

Indole 

[511] 

Base-induced cyclization of a methylene-nitrile in which the methylene is 

attached to a ring-nitrogen gives an indolizine. A pyridinium-1-acetic ester 
(review [1870]) similarly yields an indolizinone. 

Ph C(CN)? Ph 
THF,iPr2NH, BuLi 

— 77% 
NCH2Ar 

Ph 

Ar = Ph,4-Me-,4-CI-C6H4 

[1686] 

[1180] 

An anion (from the methylene group) reacts with a neighbouring isonitrile to 

give a fused pyrrole ring in high yield; indoles are also formed either by heating 

with copper(I) oxide or with acid. 

r' = H,Me, Cl, MeO ; 

R2=H,alkyl,COOMe 

4 3-100% 

[97, 1067, 1132] 
R2 

Indole 

/',LDA or Li-dlglyme or 

Cu20, PhH or HCI 

2. Furan 

A 2-RCH20-carboxylic ester (R = electron-attractor) cyclizes to a fused furan in 

a Dieckmann-type condensation (review [1922]). A methyleneoxybenzonitrile 

yields a benzofuran [267], 

'OCHoR 
^ tBuOK,tBuOH,PhH,A 

^^COOMe 
43-84% 

R = Ac,CN,COOMe 
X=S,NMe 

[l lBenzothieno[3,2-A]furon 

[1261,1350] 

Furo[3,2-A]indole 
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3, Thiophene or Thiophen-3-one 

The thioether dioxide corresponding to the ether of the preceding section gives 

the tautomeric thiophen-3-one. 

Oc 

-SCH2Ph 

'COOMe 

MeONa.MeOH,A 

92%' 
^ 

Ph 

[1151] 

0 

Benzol £]thiophen-3-one 

1,1 -dioxide 

Replacement of the ester by a nitrile in the above reactions leads to a 3- 

aminothiophene in high yield. 

PUR1 
MeONa, glycol, A D2 

-► K — 

On 
/R1 

60-91% 

R' = Ac, CN,Ph,PhCO, COOMe j 

R2=H,CI,N02; n= 0-2 

Other ring systems synthesized similarly: 

^'V'^COR 

NC-^%, 

[1151, 1652] 

'NH- 

[1376] 

-|\j' sNH2 

T hie not 2, 3-£]pyrozine 

Benzof b] thiophene (1,1-dioxide) 

(review [1649]) 

-Ph 

-nh2 

Thieno[2,3-c]pyridine 

[1387] 

EtOOC\ /S^X\Y 

HpN' 

[1117, 1118] 
Me 

Thieno[2,3-A]qui noline 

[1598] 

X=N,Y=S 

Thieno[2,3-c]isothiazole 

X = S,Y =N 

Thieno[3,2-c/]isothiazole 

Decarboxylative cyclization sometimes occurs on heating a dicarboxylic acid 
in a mild base. 

Cl ci 

'SCH2C00H 

-C00H 

Ac0Nq,Ac20, A,, 

82%* •OAc 
[896] 

Benzo[A]thiophene 
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II. FORMATION OF A SIX-MEMBERED RING 

365 

1. Pyridine or Pyridin-2-one 

Attack by an anion on a carboxylic ester—an intramolecular Dieckmann 

reaction (review [1922])—is a convenient way of synthesizing pyridin-2-one 

rings. The same result can sometimes be achieved thermally, for example, by 

heating in diphenyl ether [1024]. 

EtOOC- 

RCHoCHN' 
'll 
0 

R = Ac,COOEt ,CN 

Other ring systems synthesized similarly: 

Thieno[3,2-6]pyridin- 5-one 

[752] 

VN" 

V/ 
[1024] 

[61] 

rhieno[2, 3-6]pyridin-6-one 

Replacement of the ester by a nitrile group leads to high yields of a 4- 

aminopyridine ring. 

ncch2cni-u 
j]_R EtONo,EtOH,A 

~78%' 

0^N" 
[1094] 

NC^ 

R=H,Me,COOEt 

NH2 

2-Quinolinone 

NO 

NH2 

Thieno[2,3-6]pyridin-6-one 

Other ring systems synthesized similarly: 

[1129] 

CN 

Isoquinoline 

[669] 

When Vilsmeier-Haacke reaction conditions (review [1676]) are applied to a 

2- or 4-methylpyridine containing an electron-withdrawing substituent, adjacent 
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to the methyl, a fused pyridin-2-one ring is formed. 1,3,5-Triazine is another 

source of a C-N fragment [1983]. 

dmf-poci3,A 

58% 

2,7-Naphthyridin -1 -one 

(review [1640]) 

Other ring systems similarly synthesized: 

Me 

1,6-Nophthyridin- 5-one X = CH, N 

Pyrido[4,3-6]quinolin-1-one 

Pyrido[3,4-£]quinoxalin-1-one 

2. Pyridazine 

When a 2-methylene-nitrile is coupled with an aryldiazonium salt (review [B- 

28]), a fused pyridazine ring is obtained. 

RCH2v> yNH2 

4- ArN2CI 

COPh 

Ph 

R =CN,COOEt 

Ar=4-CI-, 4-F-,4-AcNH-, 

4-C00Et-C6H4 

EtOH,NoOH^ 

50% 

R 

NH 

Pyrido[2 ,3~<y]pyridazine 

[1723] 

3. Pyran or Pyran-2-one 

Phenoxyacetic esters carrying a reactive methylene in the o-position give a pyran 
ring under basic conditions. 

MeO\y^\/OCMe2COOEf 

^^/'J'''CH2COOEt 

EtONo,EtOH,A 

85%' 
[671] 

COOEt 

2 A/-1-Benzopyran 

(review [1621]) 
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When an o-toluic ester containing an activated methyl group is heated with 

DMF dimethylacetal in DMF, it gives a 2-benzopyranone. 

o 

2-Benzopyran-1 -one 

[907] 

4. Thiopyran-3-one 

An intramolecular Dieckmann reaction on a compound which has a thioether 

group leads to a thiopyranone. Simultaneous decarboxylation sometimes occurs 

[1276], 

COOEt 

CH2SCH2\^ 

EtOOC' 

EtONa.PhMe,A 
---’—| 

61% 

rhiopyrono[3,4-£]pyridin-5-one 

[1158] 

Other ring systems synthesized similarly: 

o 

[1158] 

Thiopyrano[4,3-£]~ 

pyridin-8-one 

O 

rhiopyrano[3,4-c]- 

pyridin-4-one 

[1158] 

[1158] 

Thiopyrono[4,3 -c]- 

pyridin-4-one 

[1276] 

1-Benzothiopyran-3-one 

5. 1,2-Thiazine 1,1-Dioxide 

The chain containing the reactive methylene may contain a sulphonamide group 

and Dieckmann cyclization then yields a tautomeric 4-hydroxythiazine ring. 
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^^/SOgNHCHgCONR’R2 

%^/''COOEt 

R’ = Me,iPr,Phj R2=H,Me 

02 

iPrONa.A 
---^ 
25-85% 

OH 

1,2-Benzofhiazine 1,1-dioxide 

(review [1773]) 

[465] 

Other ring systems synthesized similarly: 

[1307] 

COOMe 

Pyrozolo[4,3-e]-1,2- 

thiazine 1,1-dioxide 

Thiazolo[4,5-e]-l ,2- 

thiazine 1,1 -dioxide 

[1307] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. Azepine or Azepine-2,5-dione 

When the reactive methylene chain contains a nitrogen atom, the intramolecular 

Dieckmann reaction (review [1922]) can lead to an azepine ring. 

0 

Et00CCH2CHN^/ 

EtOOC' 
-COOEt 

PhMe,NaH,A . 

53-75%* 

R=Me,HOCH2,Ph(CH2)2 

Pyrrolo[2,3-£]azepine-4,7-dione 

Another ring system synthesized similarly: 

[1793] 

HO CN 

1-Benzazepine 

(review [B—19]) 

2. 1,3-Oxazepine 

In the presence of a strong base, a 2-alkylphenylisonitrile reacts with a ketone to 
form an oxazepine ring in high yield. 
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itiitHi R1_ 

ch2r‘ 
-93% 

R1=H,Me,Clj R<:,R<*=H,Mej 

R3=alkyl Ph,2-furyl 

/, LDA-diglyme ■, R3R4C0; 

///, PhH,Cu20, A 

R4 

3,1-Benzoxazepine 

[1884] 

3. 1,3-Thiazepine or 1,3-Thiazepin-6-one 

A sulphur and nitrogen in the side-chain or ring of a compound which can 

undergo an intramolecular Dieckmann or similar reaction leads to a fused 

thiazepine with simultaneous decarboxylation. 

SCHR 

‘'^-^COOMe C00Me 

R = H, Ph, COOMe 

tBuOK.PhMe.A 
---’—I 

20-70% 

Pyrrolo[l ,2-o]| 3,1]- 

benzothiozepin-6-one 

[512] 

Pyrrolo[1,2-o][3,1]- 

benzothiozepine 

[512] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrol-2-one 

Base-promoted reaction of 2-cyanobenzoate with a monosubstituted hydrazine 

may give a five- or six-membered ring depending on whether one or both nitrogen 

atoms react. In the presence of a strong base, only one nitrogen atom reacts 

except when methylhydrazine is employed and then both are incorporated into a 
new pyridazine ring. 

^\/COOEt 

-I- rnh2 

'CN 

MeONa.MeOH 
-1- 

15-57% 

R = Me2N,PhCH2NH, 

PhNH,PhCHMeNH 

1-Isoindolone 

(review [1615]) 

[1855] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine or Pyridin-2-one 

An unusual and unexpected cyclization occurs when methyl 2-cyanomethyl- 

benzoate is heated with a mixture of phosphorus pentachloride and phosphorus 

370 
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oxychloride; trichloroisoquinoline is formed in high yield. In contrast, a similarly 

substituted acid chloride gives a moderate yield of the pyridin-2-one derivative. 

•ch2cn 

pci5,poci3,A 

92% 

Cl 

Isoquinoline 

(review [B —17]) 

[1892] 

NCCHg-v^ 

HOOC 

0. 
pci5,pqci3,A 

3 8%' CIOC HN 
[1188] 

Furo[3, 2-c]pyridin-4-one 

Nitrogenous reagents such as ammonia, hydrazine or hydroxylamine also 

react to form a new pyridin-2-one ring but the substituents are not as predictable. 

[1313] 

2, Pyridazin-3-one 

When the two functions are attached directly to a ring, hydrazine hydrate in 

boiling ethanol gives a pyridazinone. 

EtOOCv^1 
'NPh N2H4.H20,A HN 

NC' 
-NH, 

'80% 

'NPh 

=L-NH, 

Pyrazolo[3,4-o']pyridazin-7-one 

[1314] 

3. Pyrimidin-4-one 

An N-cyano is often more reactive than an ordinary nitrile and when it has an 
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adjacent ester group, hydrazine cyclizes such a compound to a quinazolin-4-one. 

/VnVnh2 
EtOH,n2h4. h2o, \ ][ \ [1856] 

85% L Ji nnho 
■COOMe d 

0 

4-Quinazolinone 

-NHCN 

4. Pyrazin-2-one or Pyrazine-2,5-dione 

Suitably separated nitrile and ester groups react to form a pyrazine ring on 

heating in an acidic medium but reaction with ethanolic ammonia gives a related 

imine (71.1, X = NH). 

AcQH,H2S04,A^ 

75% 
[755] 

X = 0,NH 

Pyrazino[l,2-o]benzimidazole-1,3-dione 

(71.1) Pyrazino[l,2-o]benzimidazol-3-one 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. Azepine-2,7-dione 

A compound containing an acyl chloride and nitrile groups separated by four 

carbon atoms is cyclized by hydrogen chloride to an azepinedione. 

• CH = CHCN 

[1594] 

2. 1,2-Diazepin-3-one 

This ring is obtained from a 2-(cyanomethyl)-ester on heating with a two-molar 

excess of hydrazine hydrate. 

H H °a H 

NH [1081] 

nhnh2 

[1,2]Diazepino[4,5-£]indol-1-one 

X^COOEt 

-CH2CN 

EtOH , N2H4. H20, 

70% * 
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The carboxylic acid derivatives considered in this chapter are the carboxamide, 

ester and nitrile. As usual, the sulphur analogues of the lactam carbonyl and 

ureide are included. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

Partial reduction of a nitro group in the presence of a nitrile may give an N- 

hydroxypyrrole ring. 

^/^•CHCN 
I 
COOEt 

AcQH,Zn 

32-65% 

NH2 

COOEt 

Indole 

R =H,Me,CI, AcNH 

[1278] 

2. Thiophene 

A nitro group may be displaced by a nucleophile especially when it is placed o- or 

p- to an electron-withdrawing substituent (for example, ester or nitrile). This type 

373 
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of reaction has been reviewed [1398, 1399, 1432]. In the presence of a suitable 

source of sulphur (such as sodium sulphide or a thiol), ring closure to the 

thiophene may occur. 

DMF,Na,S 
+ RCH2ci — [1371] 

•NH; 

R = Ac,CN,PhC0,C0l\IH2 Benzol A]thiophene 

(review[1649]) 

CH2SH 
+ I 

COOMe 

KOH or LiOH.DMF 
---► 

50-85% 

s\/COOMe 

R1 = COOMe,R2=OHj [284, 1385] 

r’ = cn , r2=nh2 

3. Oxazole 

Cyclodesulphurization occurs when a lactam containing a thioureido side-chain 

is stirred at ambient temperature with DCC in DMF. 

H 

DMF,DCC 

~ 85%* 

Oxazolo[5,4-c/]pyrimidine 

[1317] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridin-2-one 

Partial hydrogenation of a 2-nitrophenylpropanoic acid leads to a reduced 

quinolin-2-one; this reaction is accompanied by loss of bromine from the side- 

chain but chlorine is not affected. 

R=H,CI 

H2,Pt-S,HCI^ 

38-69% 

2-Ouinolinone 

[1221] 

2. Pyrimidine, Pyrimidin-2- or -4-one or Pyrimidine-2,4-dione 

2-Cyano-S-methylisothioureides (obtained in high yield by alkylation of a 
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thiourea) are ring-closed to pyrimidine by treatment with formamide. 

375 

SMe 

HC0NH2 
-—-► 
16-88% 

nr2= ^o^con n 
Ouinozoline 

[122, 677] 

Cyclization of an alkoxycarbonyl- or cyano-ureide (or thioureide) may be 

promoted by either an acidic (mineral acid) or basic (aqueous alkali, sodium 

alkoxide, bicarbonate, ammonia or TEA) medium or by heating in DMSO. Some 

of the substrates are enamines and their use as synthons has been reviewed 

[1776], 

6 [124,286, 1146] 

2,4-Quinazolinedione 

R1 = COOMe, COOEt, CN 

= H,CH2COOEt 

(CH2)„CI(/? = 2,3), 

alkyl,aryl 
6 [73, 124, 1466] 

-NHCNMeAc 
DMSO, 

~100% 

2,4-Quinazolinedione 

Other ring systems synthesized similarly: 

0 0 

Pyrido[3,4-£7]pyrimidin -4-one, 

2-thioxo- 

Py rrolo(3,2-<y]pyrimidin- 

4-one, 2-thioxo- 

[1319] 

[1964] 
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[705] 

Pyrrolo[2,3-d]pyrimidine- 

2,4-dione 

pH2 

T 
o 

.NH 

[1056, 1751] 

X = CH , S j n = 1,2 

Cyclopentopyrimidine- 2,4- dione 

Thieno[3,2-d]pyrimidine-2,4-dione 

Thiopyranof 3,2-dipyrimidine -2,4-dione 

[1751] [287] 

n = i, 2 Pyrimido[4,5-t>]quinolin-2-one 

Thieno[2,3-o']pyrimidine-2,4-dione 

Thiopyrano[ 2,3-d]pyrimidine-2,4-dione 

Conversion of an amino-carboxamide into a fused pyrimidinedione is usually 

possible by heating with urea [46] (see Chapter 46, Section II.3) but in one 

instance, this procedure failed. The corresponding ureido-carboxamide cyclized 

in high yield on heating with alkali. 

o 

2,4-Quinozolinedione 

3. 1,2,4-Triazine-3,5-dione or 1,2,4-Triazine-3-thione 

Alkaline conditions (sodium hydroxide) cause cyclization of ureido-esters in 

which the ureido group is attached to an endocyclic nitrogen to give the triazine. 

Weaker bases (potassium carbonate) and ambient temperature suffice for 

cyclization of pyridinium ureides [1479], 

o 
n 

nnhcnh2 

'COOR1 

EtOH,NaOH,A 

~ 6 0 % 1 

R1=Me,Ef j 

R2=Me,COOH,COOEt, PhCO 

^NH [179, 941] 

Pyrrolo[2,1—[ 1,2,4]triazine- 

2,4-dione 
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Another ring system synthesized similarly: 

0~ 

[1479] 

o 
Pyndo[2,1-/'][l,2,4]tiiozin- 

9-ium, 2,4-dioxo-,inner salt 

Thermal cyclization of the lactam carbonyl-thiourea (72.1) gives a high yield of 
the triazinoindole. 

[758] 

(72.1) 1,2,4-Triazino[5,6-£]indole-3-thione 

4. 1,3-Oxazin-4- or -6-one 

Cyclization of a ureido-acid or -ester under acidic conditions at ambient 

temperature yields the oxazinone which can usually be converted into the 

pyrimidine by further reaction with an amine. 

^^X/NHCNHFF 

•COOR 
64-98% 

R1 = H, Me, R2=H,alkyl,aryl 0 

3,1 - Benzoxazin-4-one 

[73,124,1466] 

5. 1,4-Thiazin-3-one 

Neighbouring urea and lactam thiocarbonyl groups may be converted into a 

thiazinone ring by reaction with either a-bromoalkanoic acid or maleic acid. 

[1818] 

[1818] 

COOH 



CHAPTER 73 

Carboxylic Acid or Ester and Ring-carbon 

I. Formation of a Six-membered Ring 378 
1. Pyridine or Pyridin-4-one 378 
2. Pyridin-2- or -3-one 381 
3. Pyridazine or Pyridazin-4-one 382 
4. Pyran-2-one 383 
5. Pyran-4-one 383 
6. Thiopyran-4-one 384 

II. Formation of a Seven-membered Ring 385 
1. Azepin-3-one or Azepine-2,5-dione 385 
2. Oxepin-4-one 386 
3. Thiepin-4-one, l,4-Thiazepin-5-one or 1,3,4-Thiadiazepin-6-one 386 

I. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine or Pyridin-4-one 

Intermolecular cyclization of a side-chain ester or acid and a ring-carbon atom is 

accomplished either by heating with a Friedel-Crafts catalyst [178,242,1152] or 

by heating in a solvent such as methoxyethanol, diphenyl ether or triglyme [242, 

751,845,1570]. Yields of the tautomeric products are usually good or very good. 

This type of reaction is related to the Gould-Jacobs reaction for the synthesis of 

quinolin-4-ones [1253, 1570], 

^^\/NCH=CR3 

COOEt 
61-78% 

R1 = H,Et,PhCH2iR2 = Me,OCH2Oi 

R3=CN,COOEt,CONH2 

R1 

0 

4-Quinolinone 

/', PhCI, AICI3 or POCI3 or PPE or Ph^O 

[178, 242, 1003] 

378 
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R2CC00Et 

CHHN- 

R'=H,Me,Phj 

R2 = COOEt,CN 
Pyrazolo[ 4,3-6]pyridin-7-one 

[1281] 

9- Acridinone 

[259] 

Other ring systems synthesized from the ester: 

COOEt 

5-Quinolinone 

[177] 

[l]Benzopyrano[3,2-b]- 

pyridine-4,10-dione 

[218] 

[l]Benzopyrano[2,3-£]_ 

pyridine- 4, 5-dione 

[218] [272, 349, 1254] 

X,Y or Z = N,others CH 

1.6- Naphthyridin-4-one 

1.7- Naphfhyridin-4-one 

1.8- Nophthyridin-4-one 

(review [1648] ) 

Pyrido[2,3-c/]pyrimidin- 5-one Pyrido[2,3-d]pyrimidine- 

2,4,5-trione 

[1256] 
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1,10-Phenanthroline-4,7-dione 

(review [1888]) 

[515] 

Cyclopenta[£]pyrano[3,2-;f]- 

quinolin— 3-one 

[751] 

COOEt 

Thieno[3,4-£]pyridin-4-one 
[1 jBenzopyra no [3,4-6]- 

pyridine-1,5-dione 

Isothiazolo[5,4-6]pyridine 

[815] 

Pyrido[2,3-tf]pyrimidin-5-one 

Pyrano[3,2-7]quinoline- 

3,10-dione 

[1252] 

X or Y = N , Y or X =CH 

T hie no [2,3- 6]pyridine 

Thieno[3, 2-6]pyridine 
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Pyrazolo[3,4-;f]quinolin- 

9-one 

H H 

JJN [845, 1332] 

o 
Pyrazolo[3,4-£>]pyridin- 

4-one 

4,10-dione 

[1792] 

EtOOC 

[1082] 

Thiazolo[5,4-A]pyridine 

(review [1865]) 

The same type of cyclization can be effected under basic conditions. 

[1787] 

Pyrrolo[3,4-4jpyridin-4-one 

A doubly fused (non-tautomeric) pyridine is obtained when a diphenylamine 

containing a 2-carboxy group is treated with a Friedel-Crafts-type catalyst. 

(review [B-10] ) 

Another ring system synthesized similarly: 

Benz[c]acridme 

[464] 

2. Pyridin-2- or -3-one 

A side-chain carboxylic acid under standard Friedel-Crafts conditions can 
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cyclize to form a cycloalkanone ring. In order to form a heterocyclic ring the 

carboxyl group is activated (by either thionyl chloride or ethyl chloroformate), 

treated with sodium azide and the acyl azide on pyrolysis attacks the ring carbon 

atom to form a pyridin-2-one ring. 1-Isoquinolinone is synthesized similarly 

[262]. 

COOH 
I 
CH=CH 

[5] 

/'jCICOOEt ,TEA j Furo[2,3-c]pyridin-7-one 

//, NaN3 , ill, A 

Friedel-Crafts intramolecular acylation is a well-known method of forming 

rings; this may use the free carboxylic acid or its acyl chloride. 

R = H,Me,Br,CI Benz[7]indoiizine-3,10-dione 

[1915] 

3. Pyridazine or Pyridazin-4-one 

Ester groups in side-chains which contain two nitrogen atoms cyclize into fused 

pyridazinol or the tautomeric pyridazinone. As for the pyridinone analogue 

discussed in the preceding section, either thermal or acidic conditions are 

effective. 

4-Cinnolinone 

Another ring system synthesized similarly: 

Me 

OH 

[1507] 

[1553] 

Pyridazino[2,3-o]indole 
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4. Pyran-2-one 

Using thallium(III) nitrate, a carboxyl in a side-chain cyclizes on to the adjacent 

carbon atom of a reactive ring in high yield under mild conditions. 

COOH 
I 

ch2chr 

tkno3)3 

80% [343] 

R =phthalimido Pyrano[2,3 — Z?]indol — 2 - one 

In the presence of an anhydride (or carboxylic acid) and a Lewis acid, a side- 

chain carboxylic acid is converted into a pyran-2-one ring. 

MeO^%/^CH?COOH 

HCHO,MeOH,HCI,A 

82%* [923] 

2-Benzopyran-3-one 

Other ring systems synthesized similarly: 

[756, 1897] 

X = NH,S 

Pyrono[3,4-£]indol- 3-one 

[l ]Benzothieno[2,3-c]pyr°n- 

3-one 

5. Pyran-4-one 

Cyclization of a side-chain consisting of O-—C—C—COOH is a useful route to 

chromanones and chromones. Substituents on this chain can be aryl (leading to 

flavones), carboxyl (which may or may not survive the cyclization conditions) or 

carboxymethyl. 2,3-Dichloro-6-methoxy-[l]benzopyran-4-one, for example, 

may be prepared in 82 per cent yield from the 3-aryloxypropanoic acid 

[266]. 

^ocr 

CHCOOH 

R = CH2C00H,Ph 
1-Benzopyran-4-one 

[345, 1425] 
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1 - Benzopyran-4-one 

[712] 

[712] 

A doubly fused Pyran-4-one is obtained from a diaryl ether containing a 

2-carboxy group in one ring. Alternatively, one of the rings may be a quinone 

and the other may carry an ester group. 

0 

R' = iPr,tBu; R2=H ,COOH 9-Xanthenone 

/,H2S04 or AICI3-NaCI,A (review [7751) 

[243,776] 

O O OH 

,1 CH2CI2,No2S2Q4^ 

45-77% 

0 

R1, R2=H,MeO [1430] 

Another ring system synthesized similarly: 

o 

II [497] 
N 

[l]Benzopyrano[2,3~d]~ 

1,2,3-triazol-9-one 

6. Thiopyran-4-one 

Subjecting the thioethers to reactions similar to those described in the preceding 

section gives the thiopyran-4-ones. The chemistry of 1-benzothiopyrans has been 
reviewed [1651]. 
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Ring systems synthesized from the carboxylic acid and a catalyst by methods of 
the preceding section: 

Thiopyrono[3,2-c][l, 2]- 

benzothiazin- 4-one 

6,6-dioxide 

[417] 

[1 ]Benzothiopyrano[2,3-d]~ 

1,2,3-triazol-9-one 

[1645] 

0 

l-Benzothiopyran-4-one 

(review [1651 ]) 

II. FORMATION OF A SEVEN-MEMBERED RING 

1. Azepin-3-one or Azepine-2,5-dione 

Annulation of a side-chain carboxy group to the adjacent carbon atom in the ring 

is the usual method (cf. Sections 1.4-1.6); several different catalysts are available, 

for example, aluminium chloride (with the acyl chloride) [344], tin(IV) chloride 

[548] or PPE (with the acid) [547]; it is sometimes necessary to raise the 

temperature by using diphenyl ether (with an acid chloride) [1040]. The following 

ring systems were synthesized by these methods: 

[344] 

3-Benzazepin-1-one 

(review [1620]) 

0 

Pyrazolo[3,4-c][2]benzazepine~ 

4,9-dione 

[346] 

Pyrrolo[2,1-£][3]benzazepin- 

11-one 

[l]Benzopyrano[2,3-c][l]- 

benzazepine-6,l2,13-trione 
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2. Oxepin-4-one 

This ring, like that of azepinone, is formed by Friedel-Crafts acylation using one 

of the catalysts already mentioned. 

o. 0 
-ci 

[268] 

Dibenz [4/‘]oxepin-10-one Thier>o[3,2-c][l]benzoxepin- 

10-one 

[899] 

[1016] 

[l]Benzoxepino[3,4-c]- 

pyrazol-4-one 

3. Thiepin-4-one, l,4-Thiazepin-5-one or 1,3,4-Thiadiazepin-6-one 

The first and third of these rings may also be obtained by intramolecular 

acylation using PPA [270, 911] (review [B-21]) as catalyst-solvent. 

Phr==|\^ 

[270] [911] 

/ 
[l]Benzothiepino[3,4-4]~ 

1,2,3-thiadiazol -10-one 

r 
Pyrrolo[l,2-c/][l, 2,4]triazolo- 

[3,4-b\ [l,3,4]thiadiazepin-6-one 

Sv 

[270] 

[l]Benzothiepino[4,3-o']- 

1,2,3-thiadiazol-4-one 

A synthesis of fused 1,4-thiazepin-5-one was effected through amide formation 

between the carboxylic acid and the secondary amine at the 2-position. 

-S(CH2)2COOH 

. ^ E735] 
^/^NH(CH2)2COOH 

1,5-Benzothiazepin-4-one 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole or Pyrrol-2-one 

A fused pyrrole ring is formed by heating a 2-carboxypiperidine or similar 

compound with DMAD and an anhydride. 

MeOOC COOMe 

CCOOMe 
III 
CCOOMe 

[987] 

Other ring systems synthesized similarly: 

Pyrrolo[1,2-c]thiazole Indolizino[6,7-£>]indole 

387 
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Annulation of a 2-(/?-carboxyethyl)pyrimidin-4-one by hot acetic anhydride 

gives a fused pyrrolone ring. The two functions may also be in different rings. 

COOH Benzo[r ]pyrrolo[2,1-£]- 

quinazoline-10,12 - dione 

Another ring system synthesized similarly: 

[703] 

Pyridazino[4,,5':3,4]pyrrolo- 

[1,2-o]benzimidazol-11-one 

Indolizinones are obtained in rather low yield by cyclization of a 2- 

pyrrolylacrylic acid in hot acetic anhydride. Simultaneous decarboxylation 

occurs when R2 = COOH. 

NH 

CR =CR2 
I 

COOH 

AczO,A 

•— 2 4% 

R1 = H, Me i R2=H,COOH 
3-Pyrrolizinone 

(review [1397]) 

[1963] 

2. Imidazole-2,4- or -4,5-dione 

Reaction of an indole-2-acyl chloride with ethyl carbamate results in the 

formation of a new imidazole-2,4-dione ring. 

R =HO,EtO,NH2i Imidazo[l,5-c]indole-1,3-dione 

Ar= Ph,2-FC6H4 

A side-chain ester and a neighbouring ring-nitrogen may interact on heating 

and in this example, an imidazole-4,5-dione is formed. 
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Y NHCCOOMe 
II 
0 [1321] 

R=Me,Et,PhCH2 Imldozo[l, 2-a]benzimidazole- 

2,3-dione 

3. Thiazole or Thiazol-4-one 

An unexpected heterocyclic system was obtained when N-arylpyrrol-2- 

ylthioacetic ester was treated with t-butoxide. An intramolecular rearrangement 

occurs to give the pyrrolothiazole. When the same side-chain is adjacent to an 

unsubstituted ring-nitrogen, it cyclizes on heating with acetic anhydride. 

tBuOK.DMSO.A 

30% * 

Ar=2-N02C6H4 Pyrrolo[2 ,1 — Z>]thiazol — 3-one 

[514] 

SCH2COOEt 

Ac20,A 

70% 
[1249] 

Thiozolo[3,2-<7]benzimidazol- 

1-one 

Another ring system synthesized similarly: 

Imidazo[2,1 —Z?] thiazol — 3-one 

[1848] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridin-2-one 

Lactam formation promoted by DCC and side-chain dehydrobromination 

occurs simultaneously in this example: 

Br COOEt 
I I 

h2cchc.^Y 

COOH 1 
HN 

COOEt 

Me 

COOEt 

[916] 

Me 

Pyridof 2 ,1 — Z>][1,3]- 

t hiazin-6-one 
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2. Pyrimidin-4-one 

A carboxylic acid or ester group reacts with a ring-nitrogen (whether N or NH) 

on heating the compound alone or with acid. The tendency to react with a ring- 

nitrogen is sometimes greater than it is with an amino group. 

[803] 
74% 

0 0 

[1,2,4]Triazino[ 3,4-£]~ 

quinazoline-4,6-dione 

0 

COOEt 

I 
HN Y 

OMe 

CH = CMeHN- 

=) (CH2)20H,A^ I V 7 J ~100%* 

Me 
I 

HC=CHN 
I 
COOEt YS1 

N-N 

H2S04,A Me 

80% *Y 
Me 

.N-N 

0 
1,3,4-Thiadiazolo[3,2-a]- 

pyrimidin-5-one 

Other ring systems synthesized by one of the above methods: 

I I I P6°] 

[845] 

Pyrazolofl ,5-o]pyrimidin-7-one 

[1178] 

[855] 

[855] 

■COOEt 

0 0 

Pyrimidofl, 6-o]pyrimidine 

4,6-dione 

[991,1155] 

o 
X = CH,N 

Pyrido[l ,2-o]pyrimidin-4-one 

Pyrimido(l,6-o]pyrimidin-4-one 
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1,3,4-Thiodiazolo[3 ,2-a]— 

pyrimidin-7-one 

Pyrimido[l,2-a][l,8]- 

naphthyridin-10 - one 

NC 

Imidozofl, 5-o]py rimidin- 

4-one 

[1852] 

3. Pyrazin-2-one or Pyrazine-2,5-dione 

Acylation of the ring NH with chloroacetyl chloride followed by treatment with a 

primary amine gives a new fused pyrazinedione in high yield. 

/, CICH2COCI Pyrozino[ 1,2-o]pyrrolo[ 2,1-c]- 

ii, MeNH2,NoHC03 [l,4]benzodiazepine-1,4-dione 

Dehydrative cyclization of the imidazol-4-carboxylic acid (74.1) gives a high 

yield of the pyrazinone. 

Ac20, A 

85% 

Imidozofl,5-tfIpyrido- 

[l, 2-o]pyrazin -11- one 

[1593] 

4. 1,2,4-T riazin-5-one 

A carboxylic acid or ester group in a side-chain containing a hydrazone function 

cyclizes on heating in an acid or a base to give this triazinone ring. 
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MeOH,TEA,A 

~65%* 
[701] 

[1,2 ,4]Triozino[3,4-o]- 

phthalazin-4-one 

NHN=CR2 
I 

COOH 

AcOH,A 

~85%* 

R1 = Ph,Me-, Br-,CI-, MeO-C6H4j 

R2=Me,Ph 

,1 c 

r 
0 

[1,3,4]Thiadiazolo[2,3-cJ- 

[l ,2,4]triazin-4-one 

Another ring system synthesized similarly: 

[1,2,4]Triazino[4,3-o][l ,4]- 

benzodiazepin-1-one 

[1191] 

[1255] 

5. l,3-Thiazin-4-one 

Thermal cyclization of a 2-SCH=CHCOOEt side-chain of an imidazole yields a 
tricyclic thiazinone. A saturated carboxylic acid side-chain cyclizes in high yield 

on heating in acetic anhydride. 

[1,3]Thiazino[ 3,2-0]- 

benzimidazol-4-one 

Another ring system synthesized similarly: 

-Ph 

V ^Ph 

Imidazo[ 2,1 — ][1,3]- 

thiazin- 5 -one 

[912] 

Ph 

[1848] 
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6. 1,3,5-Thiadiazine-2,4-dione or -2,4-dithione 

A heterocyclic 2-trithiocarbonate (and its oxo analogue) is cyclized to this ring by 

reaction with an isocyanate or isothiocyanate in the presence of a base. 

1,3,5-Thiadiazino[3,2-<j]- 

benzimidazole - 2, 4 - dione 

1,3,5 -Thiadiazino[3,2-a]- 

benzimidazole-2,4-dithione 
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Carboxylic Acid or its Derivative and a 
Sulphinic or Sulphonic Acid Derivative 

I. Formation of a Five-membered Ring 394 

1. Pyrrol-3-one 394 

2. Isothiazol-3-one or its 1,1-Dioxide 394 

II. Formation of a Six-membered Ring 395 

1. Pyridin-2-one 395 

2. 1,2-Thiazin-3-one 1,1-Dioxide 395 

3. 1,2,6-Thiadiazin-3-one 1,1-Dioxide 396 

III. Formation of a Seven-membered Ring 396 

1. l,2-Thiazepin-3-one 1,1-Dioxide 396 

2. l,2,4-Thiadiazepin-5-one 1,1-Dioxide 397 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrol-3-one 

Strictly, the acyl chloride is accompanied in this example by a reversed 

sulphonamide function, that is, a sulphonylamino group. Cyclization to a pyrrol- 

3-one is brought about by triethylamine at ambient temperature. The chemistry 

of indol-3-ones has been reviewed [1662]. 

^=N\^NHS02Ar 

S02A r 

-COCI 

Et20,TEA ^ 

40%’ 
[1299] 

Ar = 4-MeC6H4 3-Indolone 

2. Isothiazol-3-one or its 1,1-Dioxide 

Heating an iV-t-butylaminosulphonylbenzoic acid with PPA (review [B-21]) 

causes simultaneous cyclization and dealkylation to an isothiazol-3-one 1,1- 

dioxide; the same ring is obtained from the sulphonamide-ester. 1,2- 

Benzisothiazoles have been reviewed [1617], 

394 
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S02NHt Bu 
PPA, A 

34-62% 
R 

R = H,Me,MeO, Cl, F 1,2-Benzisothiazol- 3-one 

1,1 —dioxide 

[180] 

2S 0 2 N H 2 

1_ 
^ COOMe 

1.MeONa,MeOH,A 2.HCI 

83%*“ 

Thieno[3,4-c/]isothiazol- 

3-one 1,1-dioxide 

[993] 

A fused isothiazol-3-one ring is formed from sulphoxide (or methylsulphinyl) 
and a carboxamide by heating with thionyl chloride. 

^^^■CONHR 

soci2,(ch2ci)2, A 

96%> 

R = alkyl,PhCH2,Ph, 

4-MeC6H4 

1,2-Benzisothiazol- 

3-one 

[1102] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridin-2-one 

A phenylsulphonyl group in a side-chain is displaced (cf. Chapter 63, Section 1.1) 

when its o-carboxylic ester derivative is treated with a primary alkylamine at 

ambient temperature. 

0" 

i + 
N^/COOMe 

I 
0“ 

Pyrido[3,4-£]quinoxolin- 

1-one 5,10-dioxide 

2. 1,2-Thiazin-3-one 1,1-Dioxide 

When either the carboxyl or sulphonamide group is separated from the ring by a 

carbon atom, a thiazin-3-one is formed by heating under Dean and Stark 
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conditions or with acetic anhydride or by conversion into the acyl chloride. 1,2- 

Benzothiazine 1,1-dioxides have been reviewed [1773]. 

^\/S02NHR 
/or // A 
-1 
48-61% 

:h2cooh 

R =Me,4-H2NS02C6H4 

/,xylene,TsOH j 

//, AcOH,AcONo, Ac20 

°2 

[1748, 1993] 
o 

1,2-Benzothiazin-3-one 

1,1-dioxide 

NHR 
SOCI, - 

58-85% 

R=alkyl,PhCH2,CIC6H4 

2,3-Benzothiazin-4-one 

2,2 -dioxide 

(review [942]) 

[1748] 

ch2so2 

1%:^xCOOH 

3. 1,2,6-Thiadiazin-3-one 1,1-Dioxide 

Aqueous alkali causes ring closure of a sulphonamide and an ester or 

carboxamide group. 

NHS02NHiPr 

COOEt 

oq.NaOH, A 
—---—I 

68% 

Ph H 

V 
so? 

1 
NiPr 

Pyrazolo[3,4-c][1,2,6]- 

thiadiazin-4-one 2,2-dioxide 

[1751] 

-nhso2nh2 
H 

0 

2,1,3-Benzothiadiazin - 

4-one 2,2-dioxide 

[67] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,2-Thiazepin-3-one 1,1-Dioxide 

2-(Sulphonamido)arylpropanoyl chlorides undergo thermal cyclization to a 
seven-membered ring. 
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1.PCI5 2.xylene,A 
MeO 

CHP)pCOOH 
55-77% I. I 

R = H,Ph,4-Me-,CI-C6H4, 

2-pyridyl, methylpyridyl 

1, 2-Benzothiazepin-3-one 

1,1- dioxide 

[1217] 

2. 1,2,4-Thiadiazepin-5-one 1,1-Dioxide 

Reaction of an o-alkoxycarbonyl sulphonyl chloride with an aminopyrazole 

yields a thiadiazepin-5-one ring. The reactions of 3(5)-aminopyrazoles have been 

reviewed [1123]. 

^^^so2ci 

•COOiPr h2n 

PhH,TEA,A 

~ 55%' 

R = Me,(CH2)5 

Pyrazolofl, 5-£][l ,2,4]- 

benzothiadiazepin-5-one 

10,10-dioxide 

[240] 
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1,2-Diamine 

I. Formation of a Five-membered Ring 399 
1. Imidazole 399 

A. Reaction with a Carboxylic Acid 399 
B. Reaction with a Carboxylic Acid Derivative 401 
C. Reaction with an Aldehyde or a Ketone 403 
D. From an N V'-Diacyldiamine 405 
E. Reaction with Other Reagents 405 

2. Imidazol-2-one or Imidazole-2-thione 408 
3. 1,2,3-Triazole 409 
4. 1,2,4-Triazole 410 
5. Furazan or 1,2,5-Thiadiazole or its 1,1-Dioxide 412 
6. 1,3,4-Thiadiazole 413 

II. Formation of a Six-membered Ring 413 
1. Pyrimidine 413 
2. Pyrazine, 2-Pyrazinone or 2,3-Pyrazinedione 414 

A. Reaction with Glyoxal 414 
B. Reaction with a 2-Oxoaldehyde 415 
C. Reaction with a 1,2-Diketone 415 
D. Reaction with a 2- or 3-Oxoester, a Diacid or a Diester 417 
E. Reaction with an Oxosulphoxide or a Sulphone 419 
F. Reaction with Other Reagents 419 

3. 1,2,4-Triazine or l,2,4-Triazin-5-one 421 
III. Formation of a Seven-membered Ring 421 

1. 1,4-Diazepine or l,4-Diazepin-5-one 421 
2. 1,2,4-Triazepin-5-one or 1,3,4,7-Dithiadiazepine 1,3-Tetraoxide 424 

IV. Formation of an Eight-membered Ring 424 
1. l,4-Diazocine-5,8-dione 424 

Cyclizations of 1,2-diamines, their monoacyl and diacyl derivatives are closely 

related; the reaction conditions often (but not always) promote hydrolysis of the 

acyl group(s). Another difficulty in classifying such reactions is that both diamines 

and their monoacyl derivatives are often produced in situ from the nitroamine or 

nitroacylamine. In view of these problems, and the number of examples 

of each type, cyclization of monoacyldiamines is discussed separately 

(in Chapter 5). Cyclizations of nitro-amines in which the nitro is not reduced to 

the amine are included in Chapter 14. Cyclization of diamines, o-nitroamines and 

NW'-diacylamines are discussed in the present chapter together with one or two 

398 
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examples of reactions where a monoacyldiamine is clearly hydrolysed to the 

diamine before cyclization. Other examples of cyclizations of 1,2-diamines will be 

found in Chapters 30 (Section III.2), 51 (Section 1.2), 65 (Section III.2), 66 

(Sections III.2, IV. 1), 80 (Section III.l), 96 (Section II. 1), 102 (Section II.2). 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Imidazole 

Many examples of the conversion of a 1,2-diamine into a fused imidazole ring are 

described in the literature. This section is therefore subdivided according to the 

type of cyclizing reagent. The sulphur analogue of each reagent where appropri¬ 

ate is mentioned alongside the oxygen-containing compound. 

A. Reaction with a Carboxylic Acid 

The well-known Phillips synthesis of benzimidazoles has been applied to many 

heterocyclic and other diamines under a variety of conditions. A comprehensive 

survey of the synthesis of benzimidazoles up to 1977 [B-18] and a more recent 

treatise [B-4] provide detailed accounts. Reaction of a diamine with a carboxylic 

acid is the most commonly used method; this may proceed without a catalyst 

[1456] but usually requires the presence of a mineral acid, PPA, PPE (see below), 

the trimethylsilyl ester of polyphosphoric acid (PPSE) [1559] or phosphorus 

pentoxide-methanesulphonic acid [1730]. One of the amine groups may be 

substituted by an alkyl group but when one of the amine groups is tertiary (see 

[1618] for a review of this type of cyclization), the presence of hydrogen peroxide 

is necessary. Alkaline hydrolysis of a monoacyldiamine may be followed by 

acidification and reaction with a carboxylic acid [1896]. 

[608] 

R 

R =H,Me Imidazo[4,5- f Iquinazoline- 

7,9-dione 

R 

H 

[199, 334, 420, 

483, 924, 1458] 

R1=H,Me,MeO,CI,CF3,NH2i 

R2= H, Ph,CI-, Me-,N02-C6H4, 

X = Y = CH 

Benzimidazole 

pyridyl 

X=N,Y = CH 

Imidazo[4,5-£]pyridine 

X=CH,Y=N 

Imidazo[4,5-c]pyridine 



400 1,2-Diamine 

Another ring system synthesized similarly: 

Imidazo[4,5-<7jquinazolin -8-one 

1” hie no [3,2 -e] benzimidazole 

EfOOC 

HCOOH,H2Og,A^ 

52-7 5% ^ [217, 1491] 

NR2=N(CH2)„(/7 = 4,5); X = (CH2)4,(CH2)5 or l\l[(CH2)2 ]20 

N [(CH2)2]20 Pyrrolo[1,2-o]benzimidazole 

Pyrido[1,2-a] benzimidazole 

[1,4]Oxazino[ 4,3-o] benzimidazole 

NH2 nh2 

Imidazo[ 4,5-c][l,2,6]~ 

thiadiazine 2,2-dioxide 

[1199] 

[1144] 

Imidazo[4,5-c] [l ,2,6]- 

fhiadiazin-4-one 2,2- 

dioxide 
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B. Reaction with a Carboxylic Acid Derivative 

401 

Esters, orthoesters, selenoesters, dithiocarbamates, anhydrides, acyl halides, 

nitriles, amidines, and imidate salts react with diamines to give a fused imidazole 

ring. In general, these reagents offer little advantage over the carboxylic acid but 

in particular compounds their use is recommended, for example, where the acid is 

thermally unstable or unstable to mineral acid. A few reagents will cyclize the 

diamine without the need to heat the mixture, for example, the seleno-ester (76.1, 
R3 = EtO) [1231] and cyanogen bromide [295], Synthesis of 2-aminobenzimida- 

zoles has been reviewed [1429]. 

R 
R3C(0Et),, A 
-5 ► 

— 71% 
[1042, 1259] 

R1 = alkyl 5 R2=H, Imidazo[ 4 ,5-£]pyridine 

4-CI-3-C00Et- 

2-Me ;R3=H,Me 

-NH2 

-NO, 

1 . H2,Pd-C 

2. RzC(OEt),, AcOH 
-—-► 

60-70% 
r [1086] 

R1, R2=H,Me Imidazo[4', 5': 4,5]thieno- 

[2,3-£]pyridine 

Other ring systems synthesized 

0 

similarly: 

[1994] 

Imidazo[4,5-A][l,8j- 

naphfhyridin- 8 - one 

[421] 

Imidazo[4,5-c/]pyridazin- 

4-one 

H 

Cl 

Imidazo[4,5-^]- 

pyridazine 

[468] 
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PMF,HgO^ 

50-85% 

NHAr 

Ar = Ph,Me-,Bu-,CF3-C6H4 Benzimidazole 

EtOOC 

Ac20,A 

52-75% 
EtOOC 

Indolo[ 2 3 4,5]pyrido[1,2-tf]- 

benzimidazol- 13-one 

R=Me,Et 

Other ring systems synthesized similarly: 

k 
1% 

1 [1126] 

N' 

Imidazo[4,5—Z>] — 

pyr azine 

Imidazo[4;5-£][l,8]- 

naphthyridin- 8 - one 

+ r|c=nr3 

PhH or iPrOH, A 

64-94% 
► R 

NHR3 

R1 =H,Me,CI ;R2=CI,PhOj 

R3=CN,S02Me,S02Ph 

[819] 

[217] 

[198] 

[1994] 

[99, 291] 

Benzimidazole 
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/ or ii ^ 

50-94% 

(76.1) 

H 

'N- ,R‘ 

-N 
V 

[403, 1231] 

R1 =H,Me,CI; R2= alky I, ary I,heteroaryl ; 

R3=EtO,NH2 

/,R3=EtO:EtOH j//,R3=NH2: PhMe,A 

R1 = Bu,CI,N02)PhiR2=H,Me 

R3= H,pyrimidinyl derivative 

1, HCI 2. NaOH, A i 

11-92%* V NHFF 

[1447, 1996] 

OEt 
I 

(CHs)20H,A 

60-76%* 

R1 = H,CH2CMeCOOEti R2=H,NH2 

NHAc 

[57, 1042] 

X = CH,NR2 

Benzimidazole 

Imidazof 4,5- Ajpyridine 

+ ArC=CC = NH2 -CHaclaA 
54% 

OEt 

¥ 
C=C Ar 

[1997] 

bf4 

Ar = 2-CIC6H4 

C. Reaction with an Aldehyde or a Ketone 

Formaldehyde reacts with diamines to give 1-methylbenzimidazoles while other 

aldehydes may yield either 2- or 1,2-substituted benzimidazoles. Useful selecti¬ 

vity is shown for the formation of the 6-nitro (rather than the readily available 

5-substituted) isomer in the formaldehyde cyclization. 
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Me 

Benzimidazole 

[358] 

[358] 

Aromatic aldehydes in the presence of mild oxidizing agents (e.g., nitrobenzene, 

copper(II) acetate or iron(III) chloride) give a 2-arylbenzimidazole but, under 

non-oxidizing conditions, a 1,2-disubstituted benzimidazole is obtained. When 

R3#H, the oxidative method gives a l-R1-2-arylbenzimidazole. Pyridine 

diamines react with dimethylformamide dimethylacetal in hot DMF to form 

imidazopyridines. 

R'=H,Me;R2 = H)Me)Br,CI,N02; 6<?'99% 

R3=2- furyl-, 5-Me-2-furyl, 

2 -aminopyridin-3-yl 

V 
[1388, 1396, 1742] 

CH2R' 

•v 
[1388, 1396, 1742] 

ArCHO,AcOH,FeCl3 or Fe203, A 

~70%* 

R = alky I j Ar = 4-H00CCH20C6H4 2,6-Purinedione 

X = Y = CH 

Benzimidazole 

X = N ,Y =CH 

[midazo[4,5-Z)]pyridine 

X = CH,Y = N 

Imidazo[ 4,5-c]pyridine 

[1683] 
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Unsaturated and heteroaryl ketones react to form benzimidazoles with 
disproportionation of part of the molecule. 

R1 = 2 — thienyl j 

R2= 3-or 4 — pyridyl; 

R3=3-or 4—pyridyl, 2—thienyl 

VY 

Y 
Benzimidazole 

[786] 

[786] 

D. From an NN'-Diacyldiamine 

Cyclization of monoacyldiamines is discussed in Chapter 5. One of the acyl 

groups of the diacyldiamines is lost in this acid-catalysed cyclization which gives 

good yields of the fused imidazoles. 

Me 

R' = H,NH2,AcNH j R2=H,Me Imidozo[5,4-c]carbozole 

-NHCOR" 

rVS, Y^nhcor2 

PPA, A 

~70%*~ 
[1086] 

R\R2=H,Me Imidazo[4' ,5': 4 ,5]thieno- 

[2,3-A]pyridine 

NHCOEt 

^NHCOEt 

CCI =CHMe 
Nv 

POCIJ,DMF| - Et 

39% 

Thieno[3,4-c/]imidazole 

[805] 

E. Reaction with Other Reagents 

An imidazole ring is formed by reaction of a diamine with Vilsmeier reagents, 

DMF-sodium mercaptide, or tetraethoxymethane. The mono-Schiff base of a 



406 1,2-Diamine 

diamine may be oxidatively cyclized at ambient temperature. Vilsmeier reagents 

are less likely than orthoesters to give a mixture containing the undesired 

uncyclized byproducts [687], 

R2 

DMF.POCI;, 

~40%* 
MeS 

R1 = H, Me,Et; R2=Me,Et Purine 

MeS 

NH. 

^"-NHR1 

R = CI,MeS Imidazo[4,5-c/]pyridazine 

[667] 

Me Me 

R = CH20HCH, aryl,glycosyl 2 ,6-Purinedione 

OH 

[609] 

(EtO)4C, A^ 

37-93% 

R1 

X = Y = CH 

Benzimidazole 

X = CH,Y=N 

Imidazo[4,5-A]pyridine 

X = Y = N 

Purine 

[698] 

Isothiocyanates in the presence of DCC convert diamines into fused 2- 

aminoimidazoles. Substituted 2-aminobenzimidazoles are of considerable bio¬ 

logical importance (as antiparasitic compounds) and may also be prepared from 

several imidic compounds such as N-cyano-, A/-alkyl-, iV-aryl-, or N- 

ethoxycarbonyl-derivatives as illustrated in the examples. 
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+ R2NCS 

R1=H,NH2,PhCH20,PhCOi 

R2= Ph,COOMe 

PhMe or MeCN.DCC,A 

X = CH,N 

Benzimidazole 

Purine 

[186, 850, 

1808] 

R1 R2 R3 °/ /o Ref. 

H, Cl PhO CN ~ 90 99 
H, Me, Cl Cl S02Me 64-94 291 
H, Me, Cl, 

no2 

MeS Me, Ar 50-80 684 

H MeS, EtO COOEt 72 1589 

Ar = Ph, Me-, MeO-, C1-C6H4 

Iron(II) oxalate has reducing and other properties and converts a 2-nitro-Af- 

arylamine into a l-aryl-2-methylbenzimidazole [1176], The N- 

piperidinyldiamine (76.2) requires the presence of a mercury salt while the 

reactive halide (76.3) cyclizes the diamine on prolonged heating in dioxan. 

NHR 

NHC=NCN 
I 
SMe 

Me0H,Hg(0Ac)2 

-— 85%* 
T 

NHCN 

[422] 

Benzimidazole 

(76.2) 

/N02 
2 HCI,diox, A ^ I 7 

Cl 
35-80% [220] 

(76.3) Pyrido[l, 2 -ojbenzimidazole 

R = H,Me,CI,N02 
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Deoxygenative cyclization of a 2-nitro-imine with triethyl phosphite in boiling 

t-butylbenzene gives moderate yields of 2-arylbenzimidazoles. An unusual 

reaction is that in which a methyl group becomes the 2-C atom of an imidazole on 

heating a 2-picoline with a diamine and sulphur. 

N =CHPh 

PhtBu, P(OEt)a, A m 

33-47% 
Y 

Ph 

[1451] 

Me 

R1 =H,Me,MeO,CI,N02,NH2i 

R2=H,alkyl,COOEt,CONH2,HO,CI 

Palladium-mediated alkyl transfer gives a mixture of two products. 

CH2Ph Pd, A 
+ I -— 

NHMe 
Y Ph 

CH2Ph 

Y ^Ph 

37% 25% [6] 

2. Imidazol-2-one or Imidazole-2-thione 

In this section these tautomeric compounds are regarded as existing in the keto 

or thione form unless specific evidence for the enol form is available. A diamine is 

converted into the imidazolone by reaction with phosgene or urea and into the 

corresponding thione with carbon disulphide in alkali. Synthetic uses of carbon 

disulphide have been reviewed [2017], Isothiocyanates when heated with 

diamines yield imidazolethiones; di-isothiocyanates react in a strongly basic 

medium with 1,3-diketones to give a similar ring system. 

^\^nhr' 
I?_ 

R1 =H,Ac; R2=MeO, 

CH2CMeCOOEt 

NHAc 

1.[H] 2.COCI; . 

47-59% 
,yyyy° 
YY—nh 
2-Benzimidozolone 

[449, 950] 

Y 
Nv • NH; 

/' or ii, A Y 

%NY^NH2 

R=H,CI 

/, CO(NH 2)2j 

//, CS2,pyr,NaOH 

38-80% 

Y> 

-NH 
[195, 1072] 

x=o,s 

Imidazof 4,5-A]pyrazin-2-one 

Imidazo[ 4, 5-b Ipyrazine-2-thione 
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- NHR 

i 

PhMe.PhNCS,A ^2 
1 || 

40-76%* 

R1 = Et2N(CH2)2i 2- Benzimidazolefhione 
R'=H,CI,CF3,N02 

Other ring systems synthesized using carbon disulphide: 

o 
s 

[1994] 
e 

Et 

Imidazo[4,5 — Z?][l ,8]naphthyridin- 

8-one,2-thioxo 

Imidazo[4,5-c/]pyridazin- 

4-one, 2-thioxo 

[292] 

[204] 

SCCAc =CROH 

Et20,NaH^ 

~64%* 

R = Me, Ph 2- Benzimidazole thione 

[1696] 

When 2,3-diaminopyridine is treated with ethyl 2-oxocyclohexanecarboxy- 

late, cyclization occurs only when the temperature is sufficiently high. In refluxing 

xylene, the product is an imidazopyridine and it may be produced by thermal 
breakdown of a diazepine intermediate. 

%Anh2 

xylene, A 

74 % * [1990] 

Imidazo[4,5-£>]pyridin-2-one 

3. 1,2,3-Triazole 

This ring is commonly formed from a 1,2-diamine by the action of nitrous acid 

but nitrosodiphenylamine has also given good results and under weakly acidic 

conditions. The nitrous acid method is effective when both groups are primary or 

when one carries an aryl or heteroaliphatic ring. 

h2so4,hno2- 

~ 95% 
[468, 835] 

1,2,3-Triazolo[4,5-c/]~ 

pyridazine 
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Other ring systems synthesized similarly: 

199, 290, 430, 

1306, 1965, 1998 

X = CH,N 

Benzotriazole 

1,2,3-Triazolo[4,5-e]- 

pyridine 

H 

1,2,3-Triazolot 4,5 -c]~ 

pyridazine 

[181] 

[918] 

1,2,3-Triazolo[4,5-<7]- 

pyrimidin- 7-one 

(review[2023]) 

1,2,3-T riazolo[4,5-£]tl,8]- 

naphthyridin-8-one 

I [174] 
NPh 

1,2,3-T riazolot4,5~£]- 

quinoline 

AcOH,A ^ 

71-98% 

X = CH,N 

Benzotriazole 

1,2,3-Triazolo[4,5-6]- 

pyridine 

[51] 

4. 1,2,4-Triazole 

A carboxylic acid, a carboxylic ester, an acyl chloride, an anhydride or an 

orthoester cyclizes a heterocyclic diamine in which one of the amine groups is 

part of a hydrazine; a fused 1,2,4-triazole ring is thus formed. 

Me 

[1.2.4] Triazolo[5,1-c]- 

[1.2.4] friazin-4-one 

[748] 

0 
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Another ring system synthesized similarly: 

v\ ^ 
1 

Y ^N- 

[1.2.4] Triazolo[l,5-b]- 

[1.2.4] triazin-7-one 

[832] 

NH 

NNH; 
“?E' YY T 
■ ■■ 82/0 l^r 

OEt 

N\ /C=NH 

EtOC=NH .N-N 

[l, 2,4]Triazolo[l, 5-a]- 

pyridine 

OH 

rr NHc 
Ac20 , A 

-Me 

MeS- 

R = H,Me,MeO,CI 

NNH~ 38-57% 
► R- 

Y -N 
N' 

[l ,2 ,4]Triazolo[l ,5-o]- 

pyrimidine 

0 

Y^nnh2 MeC(OMe)3, AcOH, A  

OH 

1 

%/Me 

1 

\n^nh2 cf3^n^ 
-IM 

[l,2,4]Triazolo[l ,5-0]- 

pyrimidine 

Other ring systems synthesized similarly: 

-s- ,Me 

-N-N Me- 
fYY 
U_M_M 

[1257] 
k 

.Ns 

N-N 

Thiazolo[ 3,2-£][1,2,4]~ 

friazole 

X = CH,Y = N 

[l ,2,4]Triazolo[l ,5-o]pyrozine 

X = N,Y = CH 

[l, 2,4]TriazoloC 1,5 — Z>]pyridazine 

PY 
N-N 

[1436] 

[l,2,4]Triazolo[l ,5-0]- 

[1419] 

[1338] 

[1457] 

[1338] 

[1436] 

[l,2,4]Triozolo[ 5,1-A]- 

1,3,4-thiadiazole 
benzimidazole 
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[1856] 

[l,2,4]T riazolo[ 5,1 - b]~ 

quinazolin-5-one 

[557] 

[l]Benzothieno[ 3,2-e][l, 2,4]- 

triazolo[l, 5-c]pyrimidine 

5. Furazan or 1,2,5-Thiadiazole or its 1,1-Dioxide 

Thionyl chloride or IV-sulphinylaniline (JV-thionylaniline) converts diamines (or 

their IV-alkyl or N-acyl derivatives) into 1,2,5-thiadiazole derivatives. 

n^nh2 

SOCI2,pyr,(CH2CI)2 _ 

~ 9 5%' 

Other ring systems synthesized similarly: 

[467, 962, 1099] 
so„ 

n= 0,1 

2.1.3- Benzothiadiazole 

2.1.3- Benzothiadiazole- 

2-oxide 

[l,2,5]Thiadiazolo[ 3,4-/>]- 

quinoxaline 

,|\k 

[1185] 

% -N 
[1339] 

N' 

[1,2,5]Thiadiazolo[ 3,4-£]- 

pyrazine 

[810] 

Isothiazolo[ 3,4-e]- 2,1,3- 

benzothiadiazole 

[1538] 

[l,2,5]Thiadiazolo[3,4-c]- 

quinoline 

^-NH2 
PhMe.PhNSO,A 

^nh2 
51-98%"" kJ 

Me,Et, Br,MeO 2,1,3- 

"S 
I 

:N 
[187, 962] 

(review [1078]) 
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Other ring systems synthesized similarly: 

[l,2,5]Thiodiazolo[3,4-c/]- 

pyrimidine 

[l,2,5]Thiadiazolo[3,4-c][l,2,6]- 

thiadiazine 5,5-dioxide 

[109] 

A fused 1,2,5-thiadiazole or its 1,1-dioxide may also be formed by reacting o- 

phenylenediamine with one of three other reagents: piperidinesulphenyl chloride, 

sulphur dioxide or sulphamide. An example of the synthesis of a fused furazan 

(1,2,5-oxadiazole) ring is mentioned in Section II.l.F. 

H 

"S 
I 

-NH 

_ I 
-N 

2,1,3-Benzothiadiazole 

H 
„N^ 

'SO? 
I 

■NH 

2,1,3- Benzothiadiazole 

2,2 -dioxide 

[1177] 

[193] 

[1492] 

6. 1,3,4-Thiadiazole 

A 1,3,4-thiadiazole ring may be obtained from a diamine and carbon disulphide. 

The use of this reagent in organic synthesis has been reviewed [2017], 

DMF,CS2, A ^ 

~ 39% ^ 

R = Ph,4-Me-, 

4-MeO-C6H4 

[1.3.4] Thiodiazolot 2,3-c]- 

[1.2.4] triozine-7-thione 

[196] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyrimidine 

Imine (C=NH) and amino groups may be annulated by either an anhydride or a 

ketone. 
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CN 

HN=C\/-lV/Me 

H2N' 
-NMe 

R1=Me,Et,CF3j R2=Me,Ph 

R3= H, alkyl, Ac, PhCO, 

CH2COOEt,Ph 

COI\IH2 

Purine 

[1706] 

[1706] 

2. Pyrazine, 2-Pyrazinone or 2,3-Pyrazinedione 

Annulation of a 1,2-diamine into a pyrazine ring is a common type of reaction 

and the amino groups may be attached to a variety of rings, as the following 

examples show. These are subdivided according to the type of reagent used. 

A. Reaction with Glyoxal 

A diamine usually reacts with glyoxal under mild conditions; the fully aromatic 

pyrazine ring is not formed when one amine group is substituted, for example, by 

a methyl group. Sodium hydrogen sulphite is sometimes added to the aldehyde 

prior to cyclization or during the reaction [187, 293, 1995], 

(CHO)2. 

NaHSOj 68%* 
[187] 

R=MeO,CI Quinoxaline 

(review [1669]) 

H2N 

R1 HN SMe 

CHO 
I 
CHO 

R^HjMej R2=H,Me 

HCI,RZOH^ 

58-70%* 
[607] 

Pyrazino[2,3-e]-1,2,4-triazine 

Other ring systems synthesized similarly: 

[608] 

Pyrazino[2,3-/f]quinozoline- 

8,10-dione 

Pyrazino[2,3-Z]quinoxaline 

[190] 
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SCH2Ph 

[293] 

Pteridine 

k 
N, 

N' 
1 (Vie 

Pyrazino[2,3-c]- 

(l,2,6]thiadiazine 

2,2-dioxide 

[1995] 

Isoxozolo[4,5-6]pyrazine 

[1260] 

B. Reaction with a 2-Oxoaldehyde 

This cyclization may be effected in an alkaline, acidic or neutral medium; 

1,1-dichloroacetone probably behaves as an oxoaldehyde when it is stirred with a 

diamine in aqueous sodium acetate. Control of the pH at 5.5-6.0 is important in 
this cyclization [1601]. 

h2n^ 

h2n 

2nV 'x 
I 

N 

R = Me,Ph 

+ RCCHO 
II 
0 

AcOH,EtOH,A 

~80%* 
[1173] 

X = NPh 

1,2,3-Triozolo[4,5-/>]pyrazine 

X= 0 

[1,2,5]Oxadiazolo[ 3,4-£>]pyrazine 

Other ring systems synthesized similarly: 

[805] 

Thieno[3,4-£]pyrazine X =CH,N 

Ouinoxaline 

Pteridine 

C. Reaction with a 1,2-Diketone 

Cyclic and acyclic diketones react to give a pyrazine ring but benzocyclobutane- 

1,2-dione can give unexpected products, depending on the substituents and 

reaction conditions (see Section IV). Unsymmetrical ketones give mixtures of 

isomers whose ratio varies with the acidity of the medium in some examples 

[1853], 
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(R2CO)2, a^ 

19-99%* 
[199, 1403, 1999] 

R^HjPhjCOOHjCOOEt; 

R2=Me,Ph 

X = CH,N 

Quinoxaline 

Pyrido[3,4-£]pyrozine 

NH; 
(RCO)2CH2,AcOH, A^ 

36-64%* 
[945] 

imh2 

+ 

nh2 or 

AcOH ^ 

46% * 

Benzo[3,4]cyclobuta[l,2-£]- 

quinoxaline 

[219] 

Other ring systems synthesized similarly: 

.N .14. 
^ ^x 

[1173] 

X = NPh 

1,2,3-Triazolo[4,5-£]~ 

pyrazine 

X = 0 

[l,2,5]Oxadiazolo[3,4-b]- 

pyrazine 

H 

i-r ^so. 
[1260] 

Pyrazino[2,3-c][l,2,6]- 

thiadiozine 2,2-dioxide 

Thieno[3,4-b]pyrazine 

X = H2or 0 

[l ]Benzopyrano[3,4-b]- 

quinoxalin-6-one 

[805] 

[189] 
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Ph 

Pyrazino[2,3-£]quinoline 

[174] 

EtOOC 

Et°ocV^N^o 
H 

2,3-Ouinoxalinedione 

[1999] 

[1967, 2000] 

^V"CF3 

N^CF3 

[2000] 

X =CH 

Quinoxaline 

X = N 

Pyrido[2,3-£]pyrazine 

When the amine groups are aliphatic, reaction with a cyclic 1,2-diketone 

proceeds under mild conditions. 

D. Reaction with a 2- or 3-Oxoester, a Diacid or a Diester 

Oxalic acid or its esters condense with a diamine to give 2,3-quinoxalinediones 

[1741] while derivatives of mesoxalic acid yield the 2-oxo-3-carboxylic deriva¬ 

tive. The chloromethyleniminium salt (76.4) derived from oxalic acid reacts with a 

diamine by displacement of the chlorine, condensation of the ester and retention 

of the amine group. 

COOEt 
+ I 

COCOOEt 

oq, NoOH, 

85%' 

hon^' 

HOOC"''^ 

4- Pteridinone 

[383] 

[384] 

X or Y =OH 

Pyrozino[2,3-/r]quinoxaline 
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-nh2 

-nh2 

R = cyclohexyl 

[1828] 

i^^CONHR 

COOEf 

[451] 

^^NHMe 

2-Quinoxalinone 

Enolizable 3-oxo-esters or -acids on heating with a diamine in ethanol give 

good yields of 2-quinoxalinones. 

d1 

NHR 
R2CO EtOH, A 

+ I , -Q/ ► 
CH9C00R3 40-93% 

NH2 Me A-ch=cr2 

R1,R3=H,Mei R2= Me, Ph 

Other ring systems synthesized similarly: 

2-Ouinoxalinone 
OH 

[1927] 

-COOEt 

N' 
Me 

[246] 
[828] 

Pyrido[2,3-£]pyrazin- 

3-one 

^s^COOEt 

[1921] 

Ouinoxaline 

Pyrazino[l,2-a]pyrrolo- 

[2,1 — c-] [1,4] benzodiazepine- 

3,4-dione 

H 

Thieno[3,4-d]pyrazine- 

2,3-dione 

[805] 

j^%CH2Ar 
[7] 

2 -Ouinoxalinone 
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E. Reaction with an Oxosulphoxide or a Sulphone 

The sulphur function is displaced when these compounds are heated with a 

diamine in weakly acid or basic solution (cf. Chapter 63, Section 1.1). 

[188, 482] 

R = H,Me,MeO,CI,NOz 

/, PhCOCh^SOMe, AcOH,PhH 

//' PhCH—CHSOoTs , DMF 

V 
Other ring systems synthesized similarly: 

,[\L ^Nv 

Ouinoxaline 

(review [ B — 15]) 

k 

NH; 

NH [545] 

o 

[606] 

4-Pteridmone 
Pyrido[3,4-£]pyrazine 

F. Reaction with Other Reagents 

A compound containing two reactive halogen atoms or a reactive halogen 

adjacent to a keto group or a functionalized keto group reacts with a 1,2-diamine 

to form a pyrazine ring. In contrast to the benzimidazole formed by the action of 

iron(II) oxalate with N-methyldiphenylamines (Section I.l.E), the demethyl 

homologue yields phenazine. High yields of pyrazinone derivatives are obtained 

from diamines and ethyl ethoxyiminoacetate. 

S^N^NH2 

+ 
N- 

-NHC Cl- 

diox 

95% 

H 
.n. .r\L ,r\L 

V 
-NH 

Bis[1,2,5]thiadiazolo- 

[3,4-£: 3 ',4'-e]pyrazine 

[1185] 

[1085] 

[1085] 
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-I- CICCH =NOH 
II 
NOH 

EtOH 
71% 

[1337] 

(C00)2Fe, A^ 

49%* 

Phenozine [1176] 

+ 
COOEt 

I 
EtO C = NH 

R = H,Me 

EtOH, A^ 

60-94% 

H R 

0 
2,4,7-Pteridinetrione 

[1419] 

Other ring systems synthesized similarly: 

n^nh2 

[1419] 

2-Quinoxolinone 

0^ 

h2n^^ 

7-Pteridinone 

[1419] 

The dithioic ester, NCCSSMe, annulates a diamine and forms the 3-amino- 

pyrazine-2-thione in moderate yield. When dichloroglyoxime is treated 

with alkali, the dinitrile oxide is obtained and is so reactive that at 0 °C it converts 

o-phenylenediamine into the quinoxaline ‘dioxime’. When this is treated with 

iodosobenzene bis(trifluoroacetate), the di(hydroxyimine) forms a furazan 1-oxide 

(furoxan) ring in high yield. 

H 

[1630] 

/^NOH 

R=H,Me 

(CHgCOg, PhI(0C0CFs)2 ^ 

66-94%* 
1 

-N 

[l,2,5]Oxodiazolo[3,4-A]- 

quinoxaline 1-oxide 

[1090, 1843] 
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3. 1,2,4-Triazine or 1,2,4-Triazin-5-one 

Reaction of a 1,2-diamine (one being an IV-amino group) with a 2-oxo-acid or 

-ester or a 1,2-dicarbonyl compound gives high yields of a fused triazine or 

triazinone depending on the oxidation level of the carbonyls. Cyclization can 

occur in either an acidic or basic medium. 

MeHNv^ \N COoEt 

ll + 1 
H2NN-^ C0R 

HCi 

R = H,Me,COOEt 
1,2,4-Triazolo[4,3-£]- 

[l,2,4]triazin-7-one 

[748] 

Ph 
NNH 

Ph 

2 + PhCCOOH 

nh2 0 

N%/Ph 

N —L.X 

Imidazo[ 1,2-b] [1,2,4] - 

triazin-3-one 

[201] 

h2n> COR' AcOH . 

, J\L J\k 
rV* V N 

,R1 COR3 38-65% Rzl^ H2NN 

r1—R3=H,Me 

Other ring systems synthesized similarly: 

1,2,4-Triazolo[4,3-6]~ 

[1,2,4]triazine 

.i\l VV 

> 
[1874] 

l\F M, 

Pyrazolo[1,5—Z)][1,2,4]- 

triazine 

/N-" N\T 

1,2,4 -Triazolo[4,3-b\- 

[l,2,4]triozine 

[1367] 

[385] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,4-Diazepine or l,4-Diazepin-5-one 

The three carbon atoms needed to complete the diazepine ring may be provided 

by a 1,3-dione, a 2,3-unsaturated ketone, an allenic group, an alkyne or by 

carbon atoms of another ring. In (76.5), when R3^H or when R2 = C1 or 

2,4-dinitrophenyl and R2 = H, no diazepines are formed. From the allenic 
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diester (76.6), a single product is obtained when R3 = H but substitution of this 

hydrogen leads to a mixture of benzodiazepines in which either R3 or R4 is a 

substituent. Ketene dithiols or dithioacetals condense with a diamine to give 

good yields of sulphur-containing diazepines. The chemistry [1619] and 

medicinal chemistry [1895, B-24] of benzodiazepines have been reviewed. 

+ Ac2CR2R3 

(76.5) 

R1 = H , C00E1 ; R2= Me, PhCH2, 

HC = CCH2 

AcOH.PhH,A 

— 95%*“ 

1,5-Benzodiazepine 

(review [1619J) 

[1127, 1999] 

Other ring systems synthesized similarly: 

s^VN=\ 
) [805] 

N=/ 

Thieno[3,4-£][l,4]- 

diozepine 

H 

[l,2,5]Oxadiazolo[3,4-3]- 

[l, 4]diazepine 

[958] 

Thieno[3,4-A][l ,4]diazepin- 

2-one 

Me 

Me 

Isoxazolo[4,5-6][l,4]- 

diazepine 

[1995] 

gj 1,5-Benzodiazepin-2-one 

[786] 

[1100] 
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[1558] 

[1602] 

[605] 

3-Oxoesters, ethoxymethylenemalonic esters or a reactive 2-chlorobenzoate 

annulate diamines and form a fused diazepine in good yield. 

°2N\^V"N' 

R = H,CI,N02 

/'EtOCH = CCOOEt 
I 
CN 

1,5-Benzodiozepin-2-one 

[1523] 

\-C00Et [1984] 

nh2 

0 
II 

R^HjMe; R2=H,Me,MeO,CI 

1,5-Benzodiazepine 

PhMe, A ^ 

14-80% 

X = CH,N 

Thieno[3,4-6][1,5J- 

benzodiazepin -10-one 

Pyrido[3,2-A]thieno[3,2-e]" 

[l ,4]diazepin-6-one 

(numbered from pyridine N atom) 
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Dibenzo[be][l,4]diozepin- 

11-one 

[302] 

2. 1,2,4-Triazepin-5-one or 1,3,4,7-Dithiadiazepine 

1,3-Tetraoxide 

3,4-Diamino-1,2,4-triazoles and similar triazines undergo a thermal cyclization 

with 3-oxoesters with the formation of a triazepinone ring. The dithiadiazepine 

ring is formed from a diamine and bis(chlorosulphonyl)methane. 

l| + I 
H2NN-U COOEt 

R =H,Me 

1,2,4-Triazolo[4,3-6]- 

[l, 2,4]triazepin-8-one 

[1358] 

[1359] 

R = Me,Ph [l,2,4]Triozino[4,3-Z>]- 

[l ,2,4]triazepine-4,9-dione 

^^NH2 

+ CH2(S02CD2 

R=H,CI 

PhH,A 

~30%* 

H 02 
N—S 

N —S 
H 02 

[1258] 

2,4,1,5-Benzodithiadiazepine 

2,2,4,4-tetraoxide 

IV. FORMATION OF AN EIGHT-MEMBERED RING 

1. 1,4-Diazocine-5,8-dione 

One variation of the reaction of a diamine with benzocyclobuten-1,2-dione 

(Section II.2.C) is that of the methoxy derivative which yields the diazocine. 
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NH2 O^s 

+ 
NH2 0^ 

Dibenzof^Kl ,4]diazocine -6 

[219] 

,11-dione 
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1,3-, 1,4- and 1,5-Diamine 
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2. Pyrimidine or Pyrimidin-2-one 428 
3. 1,2,3-or 1,2,4-Triazine 429 
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1. 1,3-Diazepine, 1,3-Diazepin-5-one or 1,3-Diazepine-2-thione 430 
2. 1,2,3-or 1,3,5-Triazepine 431 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

1,4-Diamines such as 2-aminovinylaniline cyclize with loss of one amine group to 

give a pyrrole ring. The diamine is rarely isolated but is formed in situ by catalytic 

[227, 550] or chemical [540, 812] reduction of the dinitro compound; the choice 

of solvent is important for the best results [1777] and the presence of silica 

minimizes side-reactions [540], The two nitro groups are often attached to 

different rings. 

MeOH or AcOH,H2,Pd-C^ 

~68%* 
[227, 550, 1777] 

R =H, Ac 

Other ring systems synthesized similarly: 

Cl 

[531] 

Furo[2,3-Z]indole 

Indole 

[1456] 

Pyrrolof 3,2-£]indole 

(review [921J) 

426 
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Two nuclear amino groups attached to different rings may be converted by 

Tauber’s synthesis into a doubly fused pyrrole ring by heating in diethylene 

glycol, formic acid [1771] or NN-dimethylaniline [423], Orthophosphoric acid 

in the absence of a solvent removes t-butyl groups simultaneously. One diamine 
was isolated as an intermediate in a Fischer indole synthesis and was then 

separately cyclized to the fused pyrrole [423], Sulphuryl chloride in carbon 

tetrachloride effects cyclization but this may be accompanied by nuclear 

chlorination. 

tBu 
.nh2 h2n> 

[206] 

[206] 

-tBu 

'Cl 

[718] 

Other ring systems synthesized similarly: 

x=o,s 

Pyrimido[4,5-/>]indole- 

2,4-dione 

Pyrimidol 4,5~£]indol- 

4-one,2-thioxo- 

[423, 1771] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine 

Oxidative cyclization of a 1,5-diamine in sulpholane produces a doubly fused 

pyridine ring in good yield. In this example, cyclization failed when R2 = H. 



428 1,3-, 1,4- and 1,5-Diamine 

Y 
0 

R1=CI,F,N02,4-N02C6H4j 

R2=CH2CONHMe, 

/,(=NCOOEt)2, sulpholane 

Me 

Pyrimido[4,5-6]quinoline- 

2,4-dione 

Another ring system synthesized similarly: 

Pyrido[2,3Y:6,5-c''] 

dipyrimidine-2,4,6,8- 

tetraone 

[1805] 

[738] 

2. Pyrimidine or Pyrimidin-2-one 

An efficient method of annulating two peri-positioned amine groups is to heat the 

compound with an isothiocyanate. 

NHPh 

[292] 

A 2-aminobenzylamine needs one more carbon atom in order to form a fused 

pyrimidine ring. This may be provided by formamidine or a bis(methylthio) 
cyanamide. 

h2n- 

h2nch2 

CH2Ph 

n n HC=NHo BuOH, A ^ || 
ii U-IM 

+ 1 
NH AcO- 85%^ H(y i 

CH2Ph 
I 

N 
II 

_N 

1,2,3-Triazolo[4,5-<?J- 

pyrimidine 

(review [2023J ) 

[221] 
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+ (MeS)2C = NCN [422] 

R = 

Quinazoline 

A 1,3-diamine is converted into a pyrimidin-2-one ring by reaction with 

diethyl carbonate and a base. The chemistry of polyazaphenanthrenes has been 

reviewed [1888]. 

3. 1,2,3- or 1,2,4-Triazine 

Two peri-positioned primary amine groups undergo diazotization with the 

formation of a doubly fused 1,2,3-triazine ring [192,1838], Pentyl nitrite 

sometimes gives better results than the conventional sodium nitrite [1838]. High 

yields have also been obtained by using nitrosodiphenylamine [51]. 

+ CgH^ONO 
EtOH, AcOH 

72% * 

Another ring system synthesized similarly: 

Naphthofl ,8-de\- 

1,2,3—triazine 

[900] 

[192] 

Acenaphtho[5,6-cfe]- 

1,2,3-triazine 

Reduction of a 1,5-dinitro compound which has two nitrogen atoms between 

the two functions spontaneously gives a 1,2,4-triazine ring. In this example, the 

nuclear bromine atom is lost but this does not always happen in this reaction. 
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1,2,4-Benzotriazine 

[427] 

4. 1,2,6-Thiadiazine, 1,2,4- or 1,2,6-Thiadiazine 1,1-Dioxide 

Reaction of a peri-diamine with a sulphinyl chloride provides a sulphur atom to 

form a 1,2,6-thiadiazine ring. 

Naphtho[1 ,Q-cd]~ 

[l, 2,6]fhiadiazine 

[1177] 

Two primary aromatic amine groups separated by five atoms react on heating 

in acid (cf. Section 1.1) to give a 1,2,4-thiadiazine ring. 

AcOH-Fe,A 

~70%* 

R = Me, Ph 

R 

[1200] 
Pyrozolo[1,5-A][1,2,4]- 

benzothiadiazine 9,9- 

dioxide 

A doubly fused 1,2,6-thiadiazine ring is formed from a per/'-disubstituted 

diamine and sulphamide. 

Naphtho[l ,Q-cd][1,2,6]- 

thiodiazine 2,2-dioxide 

[1492] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,3-Diazepine, l,3-Diazepin-5-one or l,3-Diazepine-2-thione 

This diazepine ring is completed by treating a 1,4-diamine with a source of one 

carbon atom, for example, di(methylthio)cyanoimidocarbonate, a dichlorometh- 
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ine derivative of chloroacetamide, carbon disulphide or an orthoformate 
ester. 

H 

[205] 

[842] 

1,3 -Benzodiazepine - 

2-thione 

Another ring system synthesized similarly: 

[1309] 

Imidozo[4,5-c/][1,3]- 

diazepin-8-one 

2. 1,2,3-or 1,3,5-Triazepine 

Two primary amine groups attached to linked rings may on diazotization 

cyclize to form a 1,2,3-triazepine ring. The 1,3,5-triazepine ring may be 

obtained by a variation on the orthoester synthesis mentioned in the previous 

section. 



432 1,3-, 1,4- and 1,5-Diamine 

R = H , Me, MeO Dibenzo[ df ][l ,2,3]- 

triazepine 

HC(OEt)3,A^ 

4 3%' 

Pyrazolo[l ,5-tf][l ,3,5j- 

benzotriazepine 

[1838] 

[1767] 
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Diazo or Diazonium Salt and Methylene 

I. Formation of a Five-membered Ring 433 
1. Pyrazole 433 

II. Formation of a Six-membered Ring 434 
1. Pyridazin-4-one 434 
2. 1,2,3-Triazine 1-Oxide 434 

The chemistry of heterocyclic diazo compounds and diazonium salts has been 

reviewed [1326, B-28]. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrazole 

The coupling of a diazonium salt with a reactive methyl or methylene group 

proceeds at low temperatures and usually gives good yields of a fused pyrazole. 

Diazotization may be effected with either sodium nitrite-acetic acid or pentyl 

nitrite. Variations include treatment of a diazonium tetrafluoroborate with 
potassium acetate in chloroform [1315], replacement of the amino by isocyanate 

[1643], and Skraup reaction conditions [163]. 

NoNOg, AcOH^ 

42-98% 

R1 = H,Me,MeO, Br,CI,N02,CN; Indozole 

R2=H,l-isoquinolyl 

[163,454,568, 
938,1315,1643] 

Another ring system synthesized similarly: 

Ph 

[1909] 

Pyrazolo[ 4,3-c]pyrazole 

433 
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Reductive cyclization of a 2-acetyl-diazo compound gives a high yield of a 
fused pyrazole. 

Pyrazolo[3,4-c]quinolin- 

4-one 

[965] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridazin-4-one 

In an extension of the cyclization mentioned in the preceding section, the 
methylene may be separated from the ring by a carbonyl; a pyridazinone ring is 
thus formed. 

AcOH or H2SQ4, A 

~55%* 

R1 = H,3-MeOC6H4i 

R2=Me, Ph 

[1076,1291] 

Pyrrolo[3,4-c]pyridazin- 

4-one 

Other ring systems synthesized similarly: 

[965] 

4-Cinnolinone Pyridozinol 3 ^-clquinoline- 

1,5-dione 

2. 1,2,3-Triazine 1-Oxide 

The coupling of a diazonium salt with an active methyl or methylene sometimes 
leads to the formation of a triazine IV-oxide. 
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R1, R2= MeS , Me2N,pyrinnidinyl 

/,H2,Nij//,C5H11ONO 

Another ring system synthesized similarly: 

R2 

Pyrimido[5,4-z/]-1,2,3- 

triazine 3-oxide 

[1154] 

o 

H 

Pyrimido[ 5,4-tf]-l,2,3- 

triozine-6,8-dione 3-oxide 

[953] 



CHAPTER 79 

Diazo or Diazonium Salt and Ring-carbon or 
Ring-nitrogen 

I. Formation of a Five-membered Ring 436 

1. Pyrazole 436 

2. 1,2,3-Triazole 436 

3. Tetrazole 437 

II. Formation of a Six-membered Ring 437 
1. Pyridazine or Pyridazin-4-one 437 
2. 1,2,3-Triazine 438 
3. 1,2,4-Triazine or 1,2,4-Triazin-5-one 438 
4. 1,2,3,5-Tetrazin-4-one 440 

III. Formation of an Eight-membered Ring 441 
1. 1,2,3,5-Tetrazocin-6-one 441 

Reactions of diazo compounds and diazonium salts relevant to this chapter have 

been reviewed [1326, B-28]. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrazole 

When an aliphatic diazo compound is heated in boiling toluene, a pyrazole 

ring is formed. 

[1049] 

R = H,Me,MeO, AcO, Et2N [l ]Benzopyrano[ 3,4-c]- 

pyrazol- 4-one 

2. 1,2,3-Triazole 

A diazo group, generated in situ by careful thermolysis of a tetrazole in 

mesitylene, cyclizes on to an adjacent ring-nitrogen atom to give a fused triazole. 

436 
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[1624] 

[l,2,3]Triazolo[l,5-c]- 

quinazoline 

3. Tetrazole 

A fused tetrazole ring is formed when a diazonium salt is treated at a low 
temperature with sodium azide. 

R1 R1 

BF4 Thiazolo[3 )2-o']tetrazole 

R’ = H,Me,Ph,4-FC6H4j 

R2= H, Me 

[223] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridazine or Pyridazin-4-one 

Coupling of a diazonium group attached to one ring to the carbon atom of 

another (more electron-rich) ring is a frequently used route to fused pyridazines. 

R' = H,Me,Ph j R2=Ac,COOEt Pyrrolof 3,2-c]cinnoline 

[1845,1857] 
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Another ring system synthesized similarly: 

-Me 

Thieno[3,2-c]cinnoline 

[1606] 

2. 1,2,3-Triazine 

When 2-(2-pyrrolyl) anilines are diazotized, coupling may occur at either N-l or 
C-3 of the pyrrole ring. In practice, it occurs preferentially at N-l when this is 

unsubstituted but at C-3 when the nitrogen is substituted (see preceding section). 

Pyrrolo[l,2-c][l,2,3]- 

benzotriozine 

[1857] 

Another ring system synthesized similarly: 

NAr 

Quinazolino[ 3,2-c][l,2,3]~ 

benzotriazine 

[1007] 

3. 1,2,4-Triazine or 1,2,4-Triazin-5-one 

Coupling of a diazonium salt with an alkene or alkyne at or below ambient 

temperature can lead to the formation of a fused triazine ring. 

2 HCPPh-j 
+ ,n : 

R3C-0 

R' = H,Me,PhjR2=H,Phj 

R3=Me,aryl or R',R2=benzo 

47-7 3% [222] 

Pyrazolo[5,1-c][1,2,4]- 

triazine 
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Ph 

R1 =Me,Ph; R2=Me,Etj 

R3= Et,Ph 

[780] 

X=CH,N 

Pyrozolo[5,1-c][l,2,4]triazine 

[l, 2,3]Triazolo[5,1-c] [l ,2 ,4]triozine 

Another ring system synthesized similarly: 

[780] 

Pyridazino[ 34': 3,4]pyrazolo- 

[5,1-c][l,2,4]triazine 

Coupling of a diazonium salt with a malonic acid derivative can lead to triazine 

ring formation when the diazonium group is positioned adjacent to a ring 

nitrogen. 

Ph NH2 
1.NqN02,HCI 2. r2ch2cn^ 

68-80%" 

R1 =Br,SHiR2=CN,PhCO; 

R3=NH2,Ph Pyrazolof 5,1 -c][l,2,4]triazine 

Other ring systems synthesized similarly: 

EtOOC rVi [1293] 

[l ,2,4]Triazolol5,1—c][l, 2,4ltriazine 

H 
Ns 

'N 

N-N 

X=NH,0 

[l,2,4]Triazino[4,3-0']- 

benzimidazole 

[ 1,2,4]Triazino[4,3-(7]- 

benzimidazol- 3-one 

[145] 

X = CH,N 

Pyrazolof 5,1-e][l,2,4]triazin- 4-one 

[l,2,4]Triazolo[ 5,1-cl[l,2,4]triazin-4-one 

Reaction of a Wittig reagent with a diazotized 3-aminopyrazole leads to the 

formation of a triazine ring under mild conditions. 
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HC = PPh3 hno2 

+ RCO ~56%* N-NH 

R = Me,Ph 

[222] 
N-N 

Pyrazolo[5,1-c] [1,2,4]- 

triazine 

Attack by a diazonium group on another ring-carbon can lead to a new fused 

triazine ring (cf. preceding section). 

Py rrolo[ 2 ,1-c][l ,2,4]- 

benzotriazine 

Other ring systems synthesized similarly: 

[494] 

[711] 

Pyrido[2,3-e]pyrrolo- 

[2,1-c][l,2,4]triazine 

Pyrido[3,2-/r]pyrrolo[2,1—c]— 

[1,2,4]benzotriozine 

[332] 

Pyrrolo[2',1': 3,4][1,2,4]- 

triazino[5,6-c]carbazole 

4. 1,2,3,5-Tetrazin-4-one 

Treatment of an IV-heterocycle-a-diazonium salt with an isocyanate produces a 

fused tetrazinone in high yield. 

[781] 
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Another ring system synthesized similarly: 

441 

o 
Imidazo[ 5,1-c/]-1,2,3,5- 

tetrazm-4-one 

[890] 

III. FORMATION OF AN EIGHT-MEMBERED RING 

1. 1,2,3,5-Tetrazocin-6-one 

Suitably separated diazonium and ring-nitrogen functions couple to form this 

large ring in good yield. 

[1352] 

Pyrazolofl, 5 -c][1,2,3,5]benzo- 

tetrazocin- 5-one 



CHAPTER 80 

Dicarboxylic Acid, its Anhydride, Diacyl 
Halide, Diester or Dihydrazide 

I. Formation of a Six-membered Ring 442 
1. Pyridin-4-one 442 
2. Pyridazine or Pyridazine-3,6-dione 442 

II. Formation of a Seven-membered Ring 444 
1. l,2-Diazepine-3, 7-dione 444 
2. 1,3-Diazepine-4,7-dione 444 

III. Formation of an Eight-membered Ring 445 
1. l,4-Diazocine-5, 8-dione 445 

I. FORMATION OF A SIX-MEMBERED RING 

1. Pyridin-4-one 

An unusual reaction between a carboxyl and a carboxylic ester in the presence of 

PPE leads to the formation of a pyridinone ring. 

MeN 

Me^ 

Ph 
Me 
NCH = C(COOEt)2 

COOH 

[1787] 

Pyrrolo[3,4-£]pyridin-4-one 

2. Pyridazine or Pyridazine-3, 6-dione 

Reaction between a dicarboxylic anhydride [996] or ester and hydrazine hydrate 

gives a fused pyridazine; this ring is tautomeric and in this context assumed to be 
in the diketo form. 

Pyridazino[4,5-c]quinoline- 

1,4-dione 

442 
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Other ring systems synthesized similarly: 

Pyridazino[4,5-£]quinoline- 

1,4-dione 

Pyrimido[4,5-adpyridazine- 

5,8-dione 

When a 1,2-dihydrazide is heated neat, in hydrochloric acid or propanol, the 

pyridazinedione (or its tautomer) is formed in high yield. 

Me o 

rjJH 

NH 

N 
1 
N 

Me 0 

Pyridazino[4,5-c/]pyridazine- 

1,4-dione 

Other ring systems synthesized similarly: 

[1340] 

0 

0 

Pyridozino[ 4,5 -£]quinoline- 

1,4-dione 

Pyridazinof 4,5-c]quinoline- 

1,4-dione 

HN 
I 

HN 

[1939] 

Isoxazolo[4,5-tf]pyridazine- 

4,7-dione 

A comparatively rare annulation of neighbouring carboxamide and hydrazide 

groups leads to the same pyridazinedione on heating without solvent [1939]. 
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II. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,2-Diazepine-3,7-dione 

Hydrazine hydrate condenses with a 3-methoxycarbonylindole-2-acetic ester to 

form a diazepinedione ring. The same ring is formed when a dihydrazide is heated 

with either acid or base [1866], 

Note added in proof: The product from the diester (80.1) [1081] has a six- 

membered ring as in (80.2) according to a recent paper [1679], 

0 

-COOMe 

.N/^CH2COOMe 

Me 

(80.1) 

N2H4.H20,A^ 

58%* 

>-N 

‘N 

Me 

\h [1081] 

< 
[1,2]Diazepino[5,4-b\- 

indole-1,4-dione 

(80.2)Pyrido[4,3-£]- 

indole-1,3 -dione 

Another ring system synthesized similarly: 

[1679] 

[1866] 

[l,2]Diazepino[ 5,4—Z>] — 

quinoline- 1,4-dione 

2. l,3-Diazepine-4, 7-dione 

Reaction between phthaloyl dichloride and an amidine in a basic medium gives a 

high yield of this diazepinedione. 

RC = NAr 
+ 1 

Et20,TEA 
-——rr* 

r il 

NHAr ~95% 
CHR [469] 

R = Me,PhCH2i Ar=Ph, 

4-Br-,4-EtO-C6H4 
2.4- Benzodiazepine- 

1.5- dione 
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III. FORMATION OF AN EIGHT-MEMBERED RING 

1. 1,4-Diazocine-5,8-dione 

Condensation of an o-dicarboxylic ester with o-phenylenediamine in a basic 

medium gives an eight-membered ring. 

^^/COOEt 

I 
N^/^COOEt 

[703] 

Pyridazino[4,5-c][l,6]- 

benzodiazocine- 5,12-dione 



CHAPTER 81 

Dihalogen 

I. Formation of a Five-membered Ring 446 
1. Pyrrole 446 
2. Furan 447 
3. Thiophene 448 

II. Formation of a Six-membered Ring 448 
1. Pyrazine or 1,4-Dioxin 448 
2. Pyran 448 
3. 1,4-Thiazine 448 
4. 1,4-Oxathiin 449 
5. 1,3,4-Oxadiazine or 1,3,4-Thiadiazine 450 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

A reactive 1,2-dihalide reacts with an enamine to form a fused pyrrole but a 

mixture of isomers is sometimes formed [596]. Pyrido[2,3-b]indoles have been 

reviewed [1752], A pyrrole is obtained from the reaction of a 1,4-dihalide and an 

acylhydrazine or a tosylhydrazine in the presence of a tertiary amine or sodium 

hydride. 

■ NEtc 

PhCI, A 

31% [596] 

CN 

Pyrido[3,2-6]indole 

r 1 \ NHNH? 
4. 1 ^ DMF,TEA ,A ^ | 

L J C„,ir) COOtBu 35-81% 

NNHCOOfBu 

[471,587] 

R1 =Me,COOMe; R2=H,COOMe 

Isoindole 

(review [1615]) 

446 



Formation of a Five-membered Ring 

Another ring system synthesized similarly: 

447 

[2002] 

Benzo[1,2-c: 4,5-c']dipyrrole 

Halogens attached to two different rings may react with a primary aliphatic 

amine to form a doubly fused pyrrole. The chemistry of phenanthrolines has been 
reviewed [1920], 

RNH,, A 
-^-k 

8 7% 

Pyrrolof //w/?][4,7]- 

phenanthroline 

[515] 

2. Furan 

1,2-Dichlorides react with an anion from methyl ketones to give a fused furan. 

Butyl-lithium causes ring closure of o-(2-bromoethoxy)bromobenzenes to the 

benzofuran in good yields. 

R=EtO,Et2N 

Cl 

Cl 

CH2Ac noh , A 

COR -52% 
^COR 

Furo[2,3-Ajpyrozine 

[470] 

^\zO(CH2)2Br 

Br 

[424] 

R = H,Me,MeO,Br,CI Benzofuran 

The copper-catalysed reaction of a 2,2'-dibromobiphenyl ether yields dibenzo- 

furans in a Ullmann-type reaction. 

Me 

R 

R = alkyl,MeO Dibenzofuran 

(review [2027]) 
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3. Thiophene 

When two suitably positioned reactive halogen atoms are treated with sodium 

sulphide, a thiophene ring is formed. Thienopyridines have been reviewed [1661]. 

CHoCI 
^ EtOH,Na2S^ 

59-83% 
ch2ci 

HCI X = N,Y=CH 

Thieno[3,4-6]pyridine 

X = CH,Y = N 

Thieno[3,4-c]pyridine 

[951] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyrazine or 1,4-Dioxin 

When a 1,2-dihalide is heated with a 1,2-diamino- or 1,2-dihydroxy-benzene, a 

pyrazine or dioxin ring is formed in good or high yield. 

•XH 
iPrOH or diox, 

38-92% 

X = NH [1174] 

Pyrido[2,3-6]quinoxoline 

X =0 

[l,4]Benzodioxino[2,3-61- 

pyridine 

2. Pyran 

Under very mild conditions, butyl-lithium causes ring closure of o-(3- 

bromopropoxy) bromobenzenes and the formation of a benzopyran. 

r il rU^3“r BuLi D \\\ 
s'\ 

L 1 ~75%* 

1-Benzopyran 

(review [B—16]) 

[424] 

3. 1,4-Thiazine 

Sodium sulphide displaces halogen atoms and with a neighbouring 2-chloro- 

substitute amine, this method leads to the formation of a thiazine ring. The same 

ring is formed from the reaction of a 1,2-dichloride with a 2-mercaptoaniline (see 

also Chapter 10). 
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MeN 

L 
/a 

EtOH ,No2S,A MeN'^^b 
1 

^N(CH2)2CI 

Me 

27%* |ij 

Me 

[207] 

.XX 
R = H, benzo 

- NH- 

'SH 

DMF,NoOH,A 

— 92%' 

Pyridazinof 4,5-A]- 

1,4-thiazin-8-one 

H 

-R 

[598] 

'S^ ''R 

Pyrazino[2,3-A][l,4]- 

benzothiazine 

Quinoxalino[ 2,3-a][i ,4]- 

benzothiazine 

Other ring systems synthesized similarly: 

[582] 

Pyrazino[2,3-b]pyridazino- 

[4,5-e][l,4]thiazine 
Pyridazino[4, 5-A]pyrido- 

[3,2-e][l,4]thiazine 

[582] 

4. 1,4-Oxathiin 

When an unsymmetrical 1,2-dihalide reacts with 2-mercaptophenol, two 

positional isomers are possible and a mixture of these is often obtained. A slightly 

smaller amount (21 per cent) of the 4-one is isolated in this reaction. 

DMF,NoH^ 

26%* 
[224] 

[1,4]Benzoxathiino[ 2,3-d]~ 

pyridazin- 1-one 

Another ring system synthesized similarly: 

[597] 

Pyrido[ 2', 35,6][l ,4]oxathiino - 

[2,3-A]quinoxaline 
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5. 1,3,4-Oxadiazine or 1,3,4-Thiadiazine 

A hydrazide (or thiohydrazide) reacts with a 1,2-dihalide to give a fused 1,3, 

4-oxadiazole (or 1,3,4-thiadiazole) ring. This cyclization usually needs either 

TEA or sodium hydroxide and several hours of refluxing but with very reactive 

halides such as 2,3-dichloropyrazine-5,6-dicarbonitrile, ambient temperature is 

sufficient. 

NC-^N\/CI 

nc^^n^^ci 

+ 

X 
II 
CPh 

I 
NHNHPh 

NoOH,TEA 

— 55% 

Ph 

XJ< Ph 

[361] 

X = 0 

Pyrazino[2,3-e][l ,3,4]- 

oxadiazine 

X = S 

Py razinof 2,3-e] [1,3,4]- 

thiadiazine 

Other ring systems synthesized similarly: 

[1,3,4]Thiadiazino[5,6 —Z>] — 

quinoxaline 

[599] 

H 

599] 

x = o 

Py rimido[ 4,5- e\ [1,3,4] - 

oxadiazine 

X = S 

Pyrlmido[4,5-e][l ,3,4]~ 

thiadiozine 

A reactive 2-chloro(a-bromohydrazone) reacts with S-potassium thioacetate 

to give a fused 1,3,4-thiadiazine. 

MeCN.AcSK, 

35-82%* 

Ph 

R = H,Me,PhCH2,Ph Py ridazino[4,5-e] [1,3,4]— 

thiadiazin-5-one 

[1577] 
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Diol or Dithiol 

I. Formation of a Five-membered Ring 451 
1. Furan 451 

2. 1,3-Oxathiole or 1,3-Oxathiol-2-one 451 
IF Formation of a Six-membered Ring 452 

1. Pyran or Pyran-4-one 452 
2. 1,4-Dioxin or 1,4-Dithiin 454 

IIF Formation of a Seven-membered Ring 454 
1. Oxepine 454 
2. l,4-Dioxepine-5,7-dione or l,4-Oxathiepine-5,7-dione 454 
3. 1,4-Oxazepine or l,4-Oxazepin-5-one 455 

A few examples of the annulation of 2-mercaptophenol are included in this 

chapter. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Furan 

Two hydroxy groups (generated by demethylation of the diether) separated by 

four carbon atoms belonging to two benzene rings, react on heating in acetic 

anhydride to form a doubly fused furan. 

[720] 

Dibenzofuron 

(review [1974)) 

2. 1,3-Oxathiole or l,3-Oxathiol-2-one 

Reaction of 2-mercaptophenol with an alkyne yields 1,3-benzoxathiols in 

moderate yields. A stronger base did not improve the yield and the reaction failed 

when mono- or di-bromoalkenes replaced the alkyne. 

451 
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+ r’c^cr2 
Me2C0,K2C03,A^ 

~48%* 
[1269] 

R'=Ac,COOMej 1,3-Benzoxathiole 

R2= H,Me,Ph, COOMe 

When a 2-methoxythiophenol, protected as its S-arylthio, is heated with a 

dealkylating agent, good to high yields of the benzoxathiolone is obtained. 

R-| 

II 
0 

HI.A 
-► 
44-100% 

1,3-Benzoxathiol-2-one 

R=H,Me,CI,HO,MeO 

[460] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyran or Pyran-4-one 

A doubly fused pyran ring may be formed from a 1,5-diol containing two rings 

separated by a carbon atom (cf. preceding section). Several reagents are effective 

in this cyclization, for example, phosphorus oxychloride, PPA (review [B-21]), 

boron trifluoride-etherate, hydrogen chloride, or trifluoroacetic acid; refluxing in 

mesitylene containing silica gel is also effective. 

Ar 

OH 

Ar = Ph,4-N02C6H4 

POCU,A 
-52—• 
52-80% 

[351] 

[l]Benzopyrono[2,3-c]- 

pyrazol-4-one 

R1,R2=H,alkyl} ZH- l-Benzopyran 

R3=H,Et,PhCH2; 

R4=H,Me 

[668] 
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Other ring systems synthesized by one of the above-mentioned methods: 

[425] 

[1482] 

x=o 

Pyrano[3,2-p]benzofuran-4-one 

X = S 

[1 ]Benzothieno[3,2-6]pyran-4-one 

[1769] 

[l ]Benzopyrano[3,2-£]indol-11-one 
Naphfho[1,8 -£c]xanthen-7-one 

A tautomeric 2-hydroxyquinone cyclizes regiospecifically and in high yield 

according to the acidic catalyst present. 

[209] 

[209] 

Naphthofl ,2-6]pyran -5,6-dione 
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2. 1,4-Dioxin or 1,4-Dithiin 

Catechols are cyclized to benzodioxans by reaction with 1-chloroacrylonitrile or 

epichlorohydrin [719]. 

MeO\^\/OH CH? 
II 
CCICN 

Me2CO,K2COs, A^ 

46%* 

MeOv 

[719] 

1,4-Benzodioxin 

A basic medium promotes interaction between a 1,2-dithiol and 2-chloronitro- 

benzene to form a 1,4-dithiin ring. The base used, however, affects the course of 

the reaction. Sodium hydride promotes intermolecular condensation of these two 

reactants while TEA causes self-condensation of the dithiol to give the dipyridine 

in high yield irrespective of whether or not the chloronitrobenzene is present. 

^n\./sh 
DMF,NaH,A 

45%C 

[l ,4]Benzodithiino[ 2,3-b]- 

pyridine 

DMF,TEA,A 
----—► 

97% 

[1,4]Dithiino[2,3-A:5,6-A']- 

dipyridine 

[248] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. Oxepine 

Two o-placed side-chains each containing a hydroxy group may react to form an 

oxepine ring by treatment with 4-toluenesulphonic acid. 

(CH2)2Ci 

MeO\^\/CHOH 

MeO 

[601] 

2. l,4-Dioxepine-5,7-dione or 1,4-Oxathiepine-5,7-dione 

Carbon suboxide reacts with catechol or mercaptophenol at low temperatures to 

form 1,5-benzodioxepine-2,4-dione or its monosulphur analogue. The synthetic 
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uses of this reagent have been reviewed [100], 

0 

X = 0 

1.5- Benzodioxepine-2,4-dione 

X =S 

1.5- Benzoxathiepine- 2,4-dione 

3. 1,4-Oxazepine or l,4-Oxazepin-5-one 

Two hydroxy groups separated by five carbon and one nitrogen atoms may be 

dehydratively cyclized to form a fused oxazepine or oxazepinone by the use of 

PPA or phosphorus pentoxide. 

+ c302 
Et^O 

38%’ 
[208] 

Pyrrolofl ^-olb^ll- 

benzoxozepine 

Another ring system synthesized similarly: 

H 

Thieno[3,4-£][l,5]- 

benzoxazepin -10-one 

[602] 

[600] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

When a 1,2-dinitrile is heated with ammonia or a primary alkylamine and 

sulphur, an isoindole is formed in high yield. Sulphur and amine appear to add 

across the C=N initially. 

R = H ,alkyl 

RNH2,S,A^ 

06-100%* 

Isoindole 

(review[l615] ) 

[1513] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine 

Hydrogen bromide at ambient temperature converts 1,3-dinitriles into a 

2-aminopyridine ring. A 7-amino-l, 6-naphthyridine is similarly synthesized 

[48]. 

NC- 

NCCH0' 

H 
,N> 

HBr-EtOH^ 

71%* 

Pyrazolo[3,4-c]pyridine 

[1901] 

456 
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2. Pyridazine 

1,2-Dinitriles react readily with hydrazine to give a fused 1,4-diaminopyridazine 
ring. 

Me 

CN 
N2H4,MeOH^ 

74% * 

CN 

Pyridazino[4,5-^l~ 

pyridazine 

3. Pyrimidine 

The reaction of hydrogen halides with o-cyano-cyanamides can give one of 

several products depending on the temperature of reaction and the halide used. 

For example, hydrogen iodide in dioxan at 35 °C gives a 2-amino-4- 

iodopyrido[2,3-d]pyrimidin-7-one but at 110°C, the main products were the 

deiodinated amine (83.1, R = NH2) and the iodide (83.1, R = I). 

NHCN 

Me I 

Pyrido[2,3-o']pyrimidin- 

7-one 

[1904] 

[1904] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,4-Diazepine-2,7-dione 

A 1,4-dinitrile may be cyclized by heating with a mixture of sulphuric and acetic 

acids. 

N AcOH,H2 

i2)2cn 

[l, 4]Diozepino[l, 2 -olbenzimidazole- 

1,3-dione 
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An example of the formation of a heterocyclic ring by annulation of two 

methylene groups is included. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

Indolizine derivatives may be prepared by reacting an alkyne with an N-oxo- or 

iV-carboxy-methylpyridinium salt (review of reactivity of these salts [1870]) in 

the presence of a phase transfer catalyst (an ammonium salt). In this way, the use 

of high temperature and a strong base such as sodium hydroxide can be avoided 

in favour of ambient temperature and a weaker base. Ultrasound improved the 

yields of some indolizines prepared in this way. 

COOR3 

X" 
R1 = MeO, Ph, 4-MeO-, 4-CI-, Indolizine 

4-N02~ C6H4; (review[l670l) 

R2=Ph,C00Mej R3=Me,Et 

/,CH2CI2,K2C03,R4NCI,18 °c 

[438] 

458 
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A doubly fused pyrrole is formed during a palladium-mediated cyclization of a 
diphenylamine. 

AcQH, Pd(0Ac)2 

60-90% 

R = H,Me,Me0,Br,Cl,N02>C00H Corbazole 

(review[l695l) 

[903] 

2. Pyrazole or Pyrazol-3-one 

When 2-diazopropane is stirred with a pyrimidopyridazine, a moderate yield of 

the pyrazolo-derivative is obtained. Cyclization of the pyridazine, R2 = N3, gave 

a tricyclic product in which R2 = NH2; this is believed to be brought about by azo 
transfer. 

R' = H,Br, Ph,COOEtj R2=H,CI Pyrazolo[ 4 , 3-oqpyrimido- 

[1,2-A]pyridazin- 4-one 

[1524] 

Another ring system synthesized similarly: 

[1868] 

Pyrazolo[4,3-t/]-1,2,4- 

triazolo[4,3-£]pyridazine 

Formation of a new fused ring by joining two endocyclic nitrogen atoms is not 

a commonly met reaction but the two nitrogen atoms of 3-pyrazolone undergo 

this type of reaction on heating with a 3-oxocarboxylic ester (neat or with 

aqueous sodium carbonate). Small amounts of other isomers are sometimes 

formed [1262]. 

o 

+ R^OCHR3 
i 
COOEt 

R’ = Me,Ph } R2=Me,PhCH25 

R3= Ac,COOEf 

O 

40-60% I 
-N- 

d1 

[632, 1262] 

Pyrazolo[1,2-o]pyrazole- 

1,5-dione 
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3. Furan or Thiophene 

A doubly fused furan may be constructed by reaction of an aryl ether with either 

PPA (review [B-21]) or a palladium salt (cf. Section 1.1). 

PPA, A 

8-80% 

—R [688] 

R = H,Me,MeO,NH2 Benzofuro[2,3-Ajquinoxoline 

Another ring system synthesized similarly: 

Dibenzof uran 

(review [1974]) 

[689,903] 

A less common cyclization (which strictly does not fall under the title of this 

chapter) is the annulation of two methylene groups by sulphur. 

^\^CH2Ph 

•CH2Ph 

S,A 
- 
45-82% 

[1636] 

R = H,PhCO Benzo[c]thiophene 

(review [1650]) 

4. Isoxazole 

Hydroxamoyl chlorides (which generate nitrile oxides) add across cycloalkenes 

in boiling toluene or in the presence of iron(III) chloride to form a fused isoxazole 

ring. For unsymmetrical alkenes, regiospecificity is dependent on the substituent 

attached to the hydroxamoyl and alkene groups. 

R 

R = H ,Me 

COOEt 

+ I 
CIC = NOH 

Naphtho[2,1-c/]isoxazole 

[1831] 

Other ring systems synthesized similarly: 

o 
ii 

Naphtho[1,2,-d ]isoxazole isoxazol - 5-one 

[1831] 
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Benzo[3,4]cyclobut- 

[ijZ-cT'Jisoxazole 

[1839] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine or Pyridin-2-one 

Vilsmeier reagents are useful in annulating two ortho positions of diarylamines 

[793,2001] and a similar result is obtained by employing acetic acid-zinc chloride 

[535], acetic acid-palladium acetate [903] or a ketone in acid solution [1514], 

o 

-A NH 

R^HjMej R2= H, Me,CI 

R1 

[793] 

Pyrido[4, 3-£]quinolin-1-one 

Other ring systems synthesized using the reagents mentioned: 

Me 

[2001] 

0 

Pyrimido[ 4,5-£]quinoline- 

2, 4-dione 

Acridine [535,1514] 

(review [B-10]) 

[903] 

6-Phenanthridinone 

(review[l616]) 

2. Pyridazine or Pyridazin-4-one 

Some heterocycles which contain an azo group (^N=N—) undergo a Diels- 

Alder reaction which yields a fused pyridazine or pyridazinone ring. The use of 

azodicarbonyl compounds in syntheses has been reviewed [1774], 
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0 

7k 
NPh 

-L 
+ 

HC=CHOMe 

CH2=COSiMe3 
[1607] 

[l,2,4]Triazolo[l,2-a]- 

pyridazine-1,3,6-trione 

0 

HN 
II 

HN 

7k 
LTA. 

67% 
■Ph ■Ph 

CHgClg, 

OAc 0 

N 

•Ph 

/',AcOCH=CHCH = CH2 Pyrazolo[1,2-a] 

pyridazin-1-one 
[1607] 

3. Pyrazine iV-Oxide 

An aryl-heteroarylamine undergoes annulation (probably through a hydroxyl- 

amine intermediate) on treatment with nitrous acid. Potassium nitrate in acetic 

acid gives a similar result. 

R1,R3-H,Mej R2—alkyl Pyrimido[4,5-£]quinoxaline- 

2,4-dione 5-oxide 

4. 1,3,5-Triazin-2-one 

Phosgene reacts with nitrogen atoms of different rings and, in suitable substrates, 

can form a doubly fused 1,3,5-triazinone. 

Pyrido[2',1':4,5][l,3,5]triazino- 

[l ,2-<7]benzimidazol-12-one 

[1590] 

5. Pyran-4-one 

Annulation of a diphenyl ether with a carbonyl group is achieved in good yield by 

treatment with oxalyl chloride and a Friedel-Crafts catalyst. 
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C S2, A1 Cl3 , A 

65-83%" 

6. 1,2-Oxazine 

Cycloaddition of a halogenoisonitroso ketone or ester to the 2,3-bond of an 

indole gives an oxazinoindole in high yield. 

+ xch2ccor 
II 
NOH 

R = Me,EtO 

X =Br,CI 

H 

[659] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

A 2-keto-enamine reacts with glycine in alkali to form a pyrrole ring. 

[229] 

/', KOH, Me OH, A * //, Ac20 Pyrrolo[3',4': 4,5]thiopyrano- 

[3,2-c][2 plbenzothiazine 

4,4-dioxide 

2. Pyrazole 

A hydrazine cyclizes a 2-keto-enamine to a fused pyrazole in high yield. 

R 

EtOH,RNHNH2,S 

66-80%^ 

CHNMep 

[1468] 

0 
R = alkyl ,aryl 

0 
Thiopyrano[3,4-c]- 

pyrazol- 4-one 

464 
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Other ring systems synthesized similarly: 

Indeno[l,2-c]pyrozol-4-one Pyrazolo[3',4';4,5]thiopyrano 

[3,2 -c][2 ,l]benzothiazine 

4 ,4-dioxide 

[229] 

3. Isoxazole 

Replacing the hydrazine in the preceding section with hydroxylamine leads to the 

formation of a fused isoxazole ring in good yield. 

EtOH,NH2OH, 

61%* 

Thiopyrano[4,3 — o']— 

isoxazol-4-one 

[1468] 

Another ring system synthesized similarly: 

Isoxazolo[3', 4': 4,5]thiopyrano- 

[ 3,2-c ][2, llbenzothiazine 

4,4-dioxide 

[229] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridazine 

When the enamine and carbonyl functions are separated by a carbon, reaction 

with a hydrazine gives a fused pyridazine ring. 

Eton,rnhnh2 , A_ 
61-91% 

R = H,Me,Ph Cyclopenta[o']- 

pyridazine 

[1656] 
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2. Pyrimidine or Pyrimidin-4-one 

A pyrimidine ring is formed, usually in high yield, when a keto-enamine is heated 

with an amidine. 

[612] 

Other ring systems synthesized similarly: 

[823] 

N(—0) 

Ph 

Pyrimido[5,4-c/][2]- 

benzozepine 

(6-oxide) 

Pyrimido[5,4-<7][l]- 

benzazepin-6-one 

Thiopyrano[3,4-tf ]- 

pyrimidin- 5-one 

[1468] 

Ammonia reacts at room temperature with an enamine-ester to give a high 

yield of a fused pyrimidinone. 

R2 

R1 = H,PhCH2iR2=Me,Ph O 
P yrrolof 3,2-d] pyrimidin - 

4-one 

[1964] 

3. Pyran-2-one 

Chloroketenes react with enaminones with the formation of a pyranone ring but 

low yields may be obtained unless the enamine has an A-aryl ring. 

o 
chnr’r2 

+ CloCHCOCI - 
23-90% 

R' = Me, R2=Ph j R'=R2=Ph or Pyrano[3,2-c][lJbenzopyran-2-one 

NR1R2=N(CH2)5 
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Another ring system synthesized similarly: 

467 

1- Benzopyron-2-one 

Under basic conditions, enaminones are converted into pyran-2-ones by 
reaction with activated nitriles. 

R1=H,Me,Me0,H0,Me2N jR2=H,R3=Ph or 

R2R3=(CH2)4;R4=0,H2 ,Me2;R5=Ph,CI\l, 

PhS02,C00Me,C00Et 

/,DMF;tBuOK or EtONo,PhMe or Triton B. 

X = CH2,NH,NMe,NCHO,0 

Naphthofl , 2-/>]pyran-2-one 

Pyranof 3, 2-c]quinolin- 2-one 

Pyrono[3,2-c][l ]benzopyran-2-one 

Pyrano[3,2-c][l ]benzopyran-2,5-dione 

Pyranof 3,2 -c]quinoline-2,5-dione 

4. 1,2-Oxathiin 2,2-Dioxide 

A mixture of methanesulphonyl (or phenylmethylsulphonyl)chloride and TEA 

produces a sulphene, RCH=S02 (R = H, Ph), which cyclizes enaminones in situ 

at low temperatures to an oxathiin ring in yields which vary considerably with the 

structure of the substrate. 

[359, 524] 

NR2=NMe2, NEt2, N(CH2)„, X = 0,S 

n - 4,5 Furo[2,3-/?]-1,2 - benzoxothiin- 

2,2-dioxide 

Thieno[2,3-/)]-1,2-benzoxathiin- 

2,2-dioxide 



468 

Other ring systems synthesized similarly: 

Enamine and Ester or Ketone 

[611,1469] 

nr2 

x=ch2,o 

1.2- Benzoxathiin 2,2-dioxide 

Pyrano[3,4-e]- 1,2- oxathiin 

2.2- dioxide 

[521] 

1,2-0xathiino[5,6-o'][l]- 

benzoxepine 2,2-dioxide 

1,2 -Oxathiino[6,5-©]— 

indole 2,2-dioxide 
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2. Pyrazine 471 
3. Pyran-4-one 471 

The following non-carbonyl functions are included in this chapter: hydroxy, 

nitrile, ring-carbon and ring-nitrogen. 

I. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine or Pyridin-2- or -4-one 

Treatment of an enamine with hydrogen chloride-chloroform at ambient 

temperature in a Pictet-Spengler-type cyclization sometimes results in elimi¬ 

nation of one side of the double bond—in this example, as methoxyacetone. 

0 

HCCCH2OMe HCI-CHCI3 

II —50% 

(CH2)2NHCMe R 

R = H,MeO Pyrido[3,4-£]indole 

[485] 

Chloromethylenemalonitrile (more effective than methoxymethylenemalonit- 

rile) reacts with an enamine to form a 2-aminopyridine-3-carbonitrile ring in high 

yield. Intramolecular reaction between enamine and nitrile group also results in a 

pyridine ring being formed under acidic conditions. 

Ar=4-C00HC6H4 

469 

1,6-Naphthyridine 

(review [1648]) [1608] 
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[522] 

1,6-Naphfhyridine 

Inter-ring C-C bond formation involving an enamide can produce different 

products according to the method used; photochemical or acylative cyclization 

may yield products which are different from those obtained by heating. 

naphthyridin-8-one 

Intramolecular cyclization of an ester-carrying enamine to a pyridin-4-one 

needs heating in either 1,2-dichlorobenzene (when R1 = H) or with PPA (review 
[B-21]) (when R1 = Me). 

R1 
NCCH2C00Me 

II 
CHCOOMe 

R2=Me,HO, Ac 

/', R1 = H: 1,2-CI2C6H4 

//,R’ = Me:PPA 

/or />', A 

40-71%* 

4-Quinotinone 

Enamines may cyclize on to ring-nitrogen atoms when treated with anhydride 
or diketene (reviews [116,2018]); a fused pyridin-2-one ring is formed. 

Pyridofl ,2-a]benzimldazol- 

/>', (RCH2CO)20,R = H,Me 

[926] 

1-one 
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Another ring system synthesized similarly: 

[1634] 

o 
4-Quinolizinone 

(review [1692]) 

2. Pyrazine 

An enamine-nitrile may react with a primary alkylamine at ambient temperature 

to form a pyrazine ring (with loss of the enamine’s t-amino group). Cyclizations of 

this kind have been reviewed [1876]. A similar cyclization of the malononitrile 

derivative (86.1) proceeds in high yield. 

r2nh2 _ 

'-86%' 

■ N = CCOOEt 
1 
CN 

NR^morpholinyl ■, 

R2=Me,MeOCH2CH2 

R 
,N. 

'|\l^ 'COOMe 

Oainoxaline 

[1875] 

ArN 

Me0H,NH3- 

99%' 
N = C(CN), 

ArN 
[1778] 

(86.1) Pyrido[3,4-A]pyrazine 

3. Pyran-4-one 

Enamines react in boiling xylene with 3-oxocarboxylic esters to yield reduced 

chromones. 

R3CHCOOEt 

2 1 
R2C0 

NR^morpholinyl ■, 

R2=H,R3 = Me,Ph 

or R2R3=(CH2)4 

xylene, 

20-94%^ 

0 

1-Benzopyran-4-one 

[1263] 

A phenolic hydroxy reacts intramolecularly with an enamine and forms a fused 
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pyran-4-one ring. 
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A comparatively rare example of ring closure onto a ring-sulphur atom is cited in 

Section 1.2. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. 1,2,4-Triazole or 1,2,4-Triazol-3-one 

S-Methylthiolactims are cyclized by reaction with acid hydrazides giving the 

triazole while ethyl carbazate yields the triazolone. 

1,2,4-Triazolo[4,3-</]- 

[l, 4]benzodiozepin-3-one 

[1023] 

[1023] 

473 
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2. Isothiazole 

The valency of sulphur increases from two to four during the formation of the 

isothiazole ring by the reaction of a side-chain methylthioether with the 

isothiazolium salt. 

MeCNjMeNHg 

31-5 3% 
► R 

Me Me 

-f ii T 
Isothiazolof 5,1-e]isofhiazole 

[693] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridin-4-one 

A dianion generated in situ from 5-methylisoxazole and LDA displaces a lactim 

ethoxy group at low temperature and forms a fused pyridinone ring. 

Pyrrolo[l ,2-o]pyridin-2-one 

Pyrido[l,2-o]pyridin-2-one 

Pyridofl, 2-o]ozepin-2-one 

[1911] 

2. Pyrimidin-4-one or Pyrimidine-2,4-dione 

Displacement of a methylthio group of a cyclic enamine by reaction with a two¬ 

fold molar proportion of aryl isocyanate or isothiocyanate in refluxing toluene 

leads to the formation of a fused pyrimidine-2,4-dione or -2,4-dithione. 

(H2cC 
SMe 

+ 2ArNCX 
_PhMei_A 

11-78%* 

n-1,2,3 

Ar = Ph,4-Me-,4-CI-, 

4-Br-C6H4 

[1531, 1886] 

x=o,s 
Pyrrolo[ 2,3-c/]pyrimidine- 2,4-dione 

Pyrrolo[ 2,3-tf]pyrimidine-2,4-dithione 

Pyrido[ 2,3-d]pyrimidine-2,4 -dione 

Pyrido[ 2,3-^]pyrimidine -2,4-dithione 

Pyrimido[4,5-A]ozepine-2,4-dione 

An ethoxy group attached to a double-bonded carbon is easily displaced and 

when a ring-nitrogen atom is adjacent, ketene reacts to form a fused pyri- 
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midinone ring. The S-methylthiolactim mentioned in Section 1.1 forms a 

pyrimidin-4-one ring on reaction with methyl anthranilate [1023] and a similar 

cyclization occurs when the 3-methylthio-l, 2,4-triazin-5-ones react with anthra- 
nilic acid. 

N=CHOEt 
CH2=C = 0, A 

R = H,Me 

12-86% 
> R- [1097] 

o 
Pyrido[l,2-i?]pyrimidin-4-one 

MeS 

HN, 

+ 
69-92% 

COOH 

R = Me,PhCH2, Ph,PhCH = CH, 

4-CIC6H4CH=CH 
[l,2,4]Triazino[3,2-£]- 

quinazoline-2 ,6-dione 

(review [1542]) 

Another ring system synthesized similarly: 

[803] 

Quinazolino[ 3,2-o'][l,4]- 

benzodiazepin-9-one 

[1023] 

3. 1,2,4-Triazin-6-one 

When the reactive ethoxymethylidene (EtOCH=) group in a side-chain adjacent 

to a ring-nitrogen is treated with hot ethanolic alkali, a triazinone ring is readily 

formed. 

[999] 

indazol-1-one 
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Another ring system synthesized similarly: 

o 

[1265] 

[l ,2,4]Triazino[4,5-a]~ 

indol-1-one 

4. Pyran 

Lithiation at one carbon of a benzene ring followed by reaction with citral is a 

convenient but not high yielding method of synthesizing 2//-l-benzopyrans of 

biological interest. 

R 0 C H2 O M e 

V 
OMe 

R alkyl 

Me 

OMe 

2/y-1-Benzopyran 
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Some annulations of ether and halogen or acyloxy and halogen are described in 

this chapter; in many of these, the reaction conditions produce the free hydroxy 
group prior to cyclization. A few cyclizations which involve interaction between 

alkoxy and hydroxy groups are included because an alkoxy (like a halogen) is 

often displaced during the reaction. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Furan 

Claisen rearrangement of a 2-bromoallyloxyarene gives an o-(2-bromo- 

allyl)phenol which cyclizes in situ to a new furan ring. Copper(I) alkynes react 

with an o-iodophenol (or its acetate) in pyridine to give a similar ring. 
Me 

477 

Naphtho[2,1-&]furan 

[1181] 
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r^V"°R 
+ CuC = CR3 

pyf, A 

~'37%* 

[486,487,1493] 

R1 = HO, Ac,4,5-0CH20 ; Benzofuran 

R2=H,Acj R3 = MeC = CH2 (review [1622]) 

Another ring system synthesized by the copper alkyne method: 

o-Halogenophenols condense with nitriles in the presence of piperidine to give 

a 2-aminofuran ring. 

HOn 

Br- 

H 

■Me 
+ RCH2CN 

EtOH.pip^ 

— 84% 
[1586] 

R =CN,PhCO Furo[2,3-c]pyrazole 

As a consequence of the tautomeric character of quinoline-2,4-diones, two 
isomeric products are formed when one or other of the enol forms (containing a 

3-(2-methoxyphenyl) group) simultaneously undergoes demethylation and 

cyclodehydration. 

Benzofuro[2,3-6]quinolin-11-one 

[1264] 

2. Furan-2- or -3-one 

When R in the above synthesis of furo[2,3-c]pyrazoles is a carboxylic ester 

group, the reaction takes a different course, the nitrile group remaining 
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unchanged and a furan-2-one ring being formed. 

479 

HO- 

Br- -Me 

COOEf 
I 
ch2cn 

pip,A 
O^O-. 

H 

83% 

SN 

-Me 
NC'' 

Furo[2,3-c]pyrazol-5-one 

[1586] 

A reactive halogeno-side-chain of a phenol is cyclized in high yield to give a 
furan-2-one ring on heating with a mild base. 

OMe OMe 

3-Benzofuranone 

[473] 

Another ring system synthesized similarly: 

[1413] 

Furo[3,2-c]pyridin-3-one 

3. Thiophene 

O-Arylthiocarbamates on heating rearrange to their S-aryl isomers which can 

react with a nuclear halogen on heating with alkali. A doubly fused thiophene is 

formed when the two functions are attached to different rings. A nuclear chlorine 

is also displaced by a side-chain thiol and a fused thiophene is obtained in rather 

low yield. 

SC N Me 2 [ 1 ]Benzothieno[ 3,2—Z>]pyridine 

[836] 

ci 

HMPT.NaOH, A 

30%* 

Benz o[b] thiophene 

(review [16 49]) 

[896] 
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4. Oxazole 

Halogen and Hydroxy or Thiol 

Reaction between a nuclear halogen and a 2-hydroxyethyl group is brought 

about at ambient temperature by a strong base. 

[232] 

[l ]Benzothieno[2,3-c/]oxazolo- 

[3,2-<7]pyrimidine 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyran, Pyran-2- or -4-one or Thiopyran-4-one 

Lithiation of 2-bromophenols and treatment with an a/l-unsaturated ketone 

gives good yields of 2H-benzopyrans. A fused pyran is formed from a reactive 

halogen and a phenolic group. 

OH 

+ MePC = CHCR 

b. a 
R’ = H,Me,MeO,CI j R2=H,Me 

2/-/-I-Benzopy ran 

Pyrar>o[ 3 ,2-e][l ]— 

benzopyran - 4-one 

[898] 

Other ring systems synthesized from a halogen and a phenolic group: 

[1409] 

1-Benzopy ran-4-one 

[1687] 

[1]Benzopyrano[2,3-c/]- 

1,2,3-triazol-9-one 

2-(a-Fluoroacetyl)phenols reacts with ammonia or primary amines to give 2H- 

benzopyrans but secondary amines give chromones. 
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R =H,Me 

1-Benzopyran- 4-one 

[1532] 

[1532] 

A fused pyran-2-one ring is obtained when a 2-cyano- or 2-benzoyl- 
cinnamonitrile reacts with an o-bromophenol. 

[1586] 

X = O,NH 

Pyrano[ 2,3-c]pyrazol-6-one 

Pyranof 2,3-c]pyrazole 

Experiments to demethylate a phenolic or thiophenolic ether which also 

contained either reactive bromine atoms or an enolic hydroxy group [1489] in a 

side-chain gave rise to a fused pyran- or thiopyran-4-one ring. 

-XMe 

' CCHCHAr 
II I I 
OBr Br 

pyr-HCI, A t 
25-60% 

[1145] 

X = o,s 

[1 ]Benzothieno[ 2,3-£]pyran-4-one 

Thiopyranof 2)3-/>][l]benzothiophen-4-one 

Other ring systems synthesized similarly: 

[1145] 

x=o,s 

[ 1 ]Benzothieno[ 3,2-^)] pyran-4-one 

Thiopyranof 3,2-b][l]benzothiophen-4-one 

Pyranof 3,2-c]pyridin-4-one 
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Interaction between a methoxy on one ring and a hydroxy on another in 

strongly basic media probably involve displacement of the alkoxy group so that 

the two rings become linked at those positions [774]. 

/,NaH-DMSO or aq.NaOH 

2. 1,4-Dioxin or 1,4-Dithiin 

Self-condensation of two molecules of a 2-chloro-3-pyridinol under basic 

conditions gives rise to a 1,4-dioxin ring. A thiophenol when subjected to the 

action of HMPT and a tertiary amine produces a thianthrene. 

MeA;, 

TEA,A ^ 

50% 
[1192] 

[1,4]Dioxino[2,3-b: 5,6 -A>']dipy ridinfc 

3. 1,3-Oxazine 

This ring is formed under reductive conditions during the synthesis of the ring 

system of cephalosporin antibiotics in which sulphur is replaced by oxygen. More 

recent work in this and the penicillin field is covered by reviews of this specialized 

field [B-26, B-27] which is outside the scope of this book but an illustrative 

example is given (see also Chapter 90, Section 1.2). The abnormal numbering of 

this ring system is shown. 

COOMe 

0 C = CMe 
I 
ch2oh 

DME,SnCl2 

86% * 

COOMe 

Phth/JJ 6^0^4 
5 

5-0xa-1 -azabicyclo[4 .2.0]- 

ocf- 2-en —8-one 

Phth Cl 
[1929] 
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4. 1,4-Oxazine or l,4-Oxazin-3-one 

Under strongly basic conditions, a side-chain alcohol displaces a nuclear chlorine 

to form an oxazine ring. When the functional groups are interchanged and the 

halogen is activated by a carbonyl, an oxazin-3-one ring is formed. 

o 
.ci - A .0. 

EtONa ,EtOH, A 
----—I 

63-90% 

-N(CH2)20H 
FU 

R1 = alkyl, Ph ; R2= alkyl 

R1 ,R2=^ H 
Pyridazino[4,5-£>]- 

1,4-oxazin -8-one 

[231] 

Pyrano[3,2-<7]-1,4- 

benzoxazine-3,6-dione 
[360] 

[153] 

[1,4]Oxazino[ 2,3,4—>r/] — 

phenothiazin —1 - one 

5. 1,4-Oxathiin 

Phenolic and halogen functions on different rings which are joined together 

through a sulphur atom react under basic conditions to give a doubly fused 

oxathiin. 

R = H,Me [l, 4]Benzoxathiino[2,3-tf]-1,2,3- 

triazole 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,4-Oxazepine or l,4-Oxazepin-5-one 

Base-induced reaction of suitably placed halogen and alcohol or phenol 

functions leads to the formation of an oxazepine ring. 
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Pyrazolo[4',3': 5,6]pyrido[2, 3-p]- 

[1,5]benzoxazepine 

[523] 

Other ring systems synthesized similarly; 

Dipyrido[2,3-£: 2',3 

[l,4]oxazepine 

1,2,3-Triazolo[4,5-b][l,5]- 

benzoxazepin-10-one 

An alkoxy group probably behaves like the halogen in the above cyclization. 

PPA, A 

64%* 
[984] 

Thieno[3,4-p][1,5]benzoxazepin-10-ore 

IV. FORMATION OF AN EIGHT-MEMBERED RING 

1. 1,3,6-Thiadiazocin-7-one 

Reductive cyclization of a nuclear thiocyanate and a side-chain chlorine (during 
which the thiocyanate is converted into a thiol which displaces the halogen) gives 
good yields of this large ring. 

R1 =H,Me,Cl j R2= H,Me Pyrrolo[l,2-a][3,1,6]~ 

benzothiadiazocin-6-one 
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The sulphur-containing functions included in this chapter are chlorosulphonyl, 

isothiocyanate, lactam thiocarbonyl, thiocyanate or thiourea. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. 1,2,4-Triazole 

Neighbouring chloromethyl and lactam thione groups are annulated into a 

triazole ring by heating with hydrazine. The many uses of this reagent in 

heterocyclic synthesis have been reviewed [1437], 

Ph Y°TS 
N-NCH2CI 

N2h«,A 
38% 

[911] 

1,2,4-Triazolof 3,4-6]- 

[l,3,4]oxadiazole 

2. Furan 

Interaction between a 2-iodo-lactam carbonyl and phenylacetylene is catalysed 

by a palladium-triphenylphosphine complex in the presence of a tertiary amine; a 

fused furan ring is formed in high yield. 

485 
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Me Me 

/,CuI,TEA,Pd(PPh3)2Cl2 Furo[2,3-o']pyrimidine 

[317] 

3. Oxazole 

A reduced oxazole ring may be formed by stirring an A-2-chloroethyl lactam in 

aqueous alkali at ambient temperature. 

Oxazolof 2,3-A]quinazolin- 5-one 

[286] 

4. Isothiazole 1,1-Dioxide 

Annulation of neighbouring chloromethyl and chlorosulphonyl groups may be 

effected by warming the compound with a primary amine. 

^£\^-S02CI 

ch2ci 

+ rnh2 
THF,TEA, A 

29%^ 

R = 4-H00CC6H4CHMe 1,2-Benzisothiozole 

1,1-dioxide 

(review[l775]) 

[767] 

5. Thiazole 

A thiazolopyridine may be obtained from either a 2-chloropyridin-3-yl- 

isothiocyanate and an amine, or a 2-chloropyridin-3-ylurea and bromine. The 

latter method was expected to yield the [4,5-c] isomer [1780] and deserves 

further study. 

RNH2,diox, A ^ 
40-96% 

R=cyclohexyl, EtOOCNH, 

PhNH,PhCONH 

-N 

Thiozolo[5,4-£]pyridine 

[1288] 
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^^/NHCNHCOPh 
Br- 

'N' •Cl 

NHCOPh 

[1780] 

Thiazolo[4,5-£]pyridine 

II. FORMATION OF A SIX-MEMBERED RING 

1. 2-Thioxopyrimidin-4-one 

When a reactive chloro-thiourea is stirred at ambient temperature with a base in 
DMF, this pyrimidine ring is formed. 

[1928] 

R = H,alkyl,PhCH2,Ph Py rido[2,3-tf]pyrimidin- 

4-one, 2-thioxo- 

2. 1,4-Oxathiin 

2-Chloropyridin-3-yl thiocyanate may be cyclized to a doubly fused oxathiin by 

heating it in alkaline solution with an epoxyketone. 

[l ,4]Benzoxathiino[2,3-£]- 

pyridine 

3. 1,3-Thiazin-4-one or 2-Thioxo-l, 3-thiazin-4-one 

Photochemical cyclization of a 2-chloro-thioureidobenzothiophene occurs in 

good yield but the more labile 2-chloropyridine analogue cyclizes on heating in 

ethanol. A fused thiazinone ring is also formed when a 2-chloro-isothiocyanate is 

annulated by warming with a secondary amine. 

■ Cl 

'^•CNHCNR'r2 

MsoCO, h\) 
--—-—fc 

55-80% 

R',R2=Me,Ef,Ph,(CH2)5 

0 

[1 ]Benzothieno[ 2,3-e]~ 

1,3-thiazin-4-one 

[1544] 
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R = H, alky I, PhCH2, Me-, Pyrido[3,2-e]-1,3- 

MeO-, Br-,N02-, Me2N-C6H4 thiazin- 4-one 

[1928] 

R1R2NH,Me2C0,A ^ 

35-56%* 

Rl = MejR^Ph or R’ = R2=Ph 

or R1R2=(CH2)5 or NR,R2=N[(CH2)2]o 

[1928] 

Pyrido[ 3,2-e]-1,3- 

thiazin-4-one 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

An anion in a side-chain displaces a nuclear chlorine in liquid ammonia with the 

formation of an isoindole; in this reaction a cyano group is also lost, possibly after 

cyclization. 

Isoindole 

(review [1615]) 

[1597] 

Photochemically induced bond-formation between two carbon atoms in 

different rings is effected in high yield when one of the carbons has a reactive 

chlorine atom. 

Et20,/?0^ 

87% * 
[596] 

489 

CN 

Pyridof 2, 3-£]indole 



490 Halogen and Methylene or Ring-carbon 

2. Imidazole-4-thione 

An important step in the synthesis of 1-azapenem is the formation of this ring 

fused to an azetidinone. The chloro-methylene is cyclized by treatment with 

sodium thiocyanate and lithium hexamethyldisilazide. 

COOR 

nch2coor‘: 

r'ch ' •Cl 

'49% 

-N 

r'cht 
-NH 

[1285] 

Me Me 

R^tBu Me2SiO j R2=4-N02C6H4CH2 1,4-Diazobicyclof 3.2.0]- 

/, NaSCN,Me2CO, A heptan-7-one, 3-thioxo- 

//',LiN(SiMe3)2,THF 

3. Furan 

Cyclization of a type similar to that described in Section 1.1 can also be achieved 

by reaction of the halide with palladium(II) acetate-sodium carbonate. 

Na2C03,DMA,Pd(0Ac)2, A 

56-80% 
> R- 

R = H,Me,CH20H,N02,CN Dlbenzofuran r 

(review [1974]) ^ ^ 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridin-2- or -4-one 

Photocyclization is effective in forming a bond from a benzene ring to a chlorine¬ 

bearing thiophene ring. 

-Cl 

%^\S'^CNHC6H4-4- 

R 

[1882] 

R = H,Me,MeO,Ac,COOEt [l ]Benzothieno[2,3-c]- 

quinolin-6-one 
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Another ring system synthesized similarly: 

[l]Benzothieno[2,3-c']~ 

isoquinolin-5-one 

491 

[1882] 

Cyclic imino ethers react with halides which also contain a reactive methylene 
group. 

2. Pyridazin-4-one 

The fluoro-ester used in the preceding section couples with a diazonium salt and 

the NH of the resulting ‘hydrazone’ displaces the fluorine and forms a fused 

pyridazinone ring. 

Ar = Ph, Me-,MeO-,CI-, 

NO2 

3. 1,3,4-Thiadiazine 

Reaction between an a-chlorohydrazone and a neighbouring methylene group 

proceeds by a [2,3] sigmatropic course in which a cyclic five-membered 

transition state is postulated. 

NHN = CCOOEf 
I 
Cl 

sch2r 

PhH.TEA, A 

36-70% 

4,1,2-Benzothiodiozine 

[1653] 

R = Ph,CH2=CH,CH2 = CMe 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

The combination of an N-phenacylpyridinium function (review [1870]) and a 

reactive halogen favours the formation of the indolizine from the chloronitroben- 

zene at ambient temperature. 

R1, R2=N02, COOIVle 

[1434] 

2. Pyrazole or Pyrazole 1-Oxide 

Two molar proportions of a primary arylamine react unexpectedly with 4- 

bromomethyl-3-nitropyridine to produce a 2-aryl-3-arylaminopyrazolopyridine 
in good yield. 

492 
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2 ArNH2 ,EtOH, A ^ 

77-91%* 

Ar = Ph,Me-,Br-, CI-C6H4 

'X'' IMA NAr 

NHAr 

X = N,Y=CH 

Pyrazolo[ 3, 4-c]pyridine 

(review[1600]) 

X = CH,Y = N 

Pyrazolo[4,3-6] pyridine 

(review[ll23]) 

[1431] 

Another ring system synthesized similarly: 

Me 

Pyrazolo[4,3-d]pyrimidine- 

5, 7-dione 1-oxide 

[252] 

3. Thiazole or Thiazole 3-Oxide 

Halogens may be displaced by sulphide groups and the presence of the 

neighbouring nitro group enhances their reactivity. Reaction with carbon 

disulphide and sodium sulphide cyclizes these two groups to form a thiazole ring. 

The chemistry of thiazolopyridines has been reviewed [1865], A 2-mercapto-Ar- 

heterocycle reacts to form a doubly fused thiazole, the nitro group being 

displaced (reviews of such reactions [1398,1399,1432]). 

^YCI CS2,No2S,S, A 

97% 

Thiozolof 5,4-£]pyridine 

[1202] 

MeCN_ 

34%* 
[1833] 

[l ]Benzopyrono[ 4 ',3'#. 4,5]thiozolo- 

[2,3-c][l, 2,4]triazol-6-one 

One of the less frequently used reactions of nitro groups is that with reactive 

methylene groups in a basic environment; thus, ethyl mercaptoacetate and 
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triethylamine converts 2-chloronitrobenzenes into benzothiazole 3-oxides. 

\ \ 
( CH2SH EtOH,TEA ^ n 

fll Uv I COOEt ~ 75% ^ 1 

R = H,CI,N02,CF3,C00Me, 

so2nh2 

Benzothiazole 3-oxide 

Another ring system synthesized similarly: 

Thiazolo[ 5,4-f Jquinazoline — 

7,9-dione 3-oxide 

[1400] 

[1718] 

4. Furazan 2-Oxide 

Sodium azide converts chloro-nitro compounds into a furazan 2-oxide ring. The 

chemistry of benzofurazan 2-oxides (benzofuroxans) has been reviewed 

[1690, 1726], 

[1609] 

[l , 2,5]Thiadiazolo[ 3,4-eJ- 

2,1,3-benzoxadiazole 1-oxide 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyrazine 1-Oxide 

The nitro group is converted into the N-oxide when a chloronitro compound 

reacts with an amine or a 2-nitroso-amine. 

o 

MeN 
Y 

Me 
/Cl h2n> 

+ 

no2 r 

o 

R = H, NO 

Me 

-nY° 

NMe 

Me 

50-90% (yie(\| 

Me 

i- o [1433] 0 A- O 

Pyrimidof 5,4-cy]pteridine - 

2,4 ,6,8-tetraone 5-oxide 



495 Formation of a Six-membered Ring 

2. 1,4-Oxazine 

2-Hydroxyaniline condenses with reactive chloronitro compounds to form a 

fused oxazine ring. The synthesis of heterocycles by displacement of nitro groups 
has been reviewed [1432], 

[231] 

Pyridazino[3,4-/>][l,4]- 

benzoxazin- 3-one 

3. 1,4-Thiazine 

A parallel reaction to that just mentioned (in which 2-hydroxyaniline is used) 

leads to a fused thiazine, the nitro group being displaced (reviews 

[1398,1399,1432]). A Smiles rearrangement accounts for the isomer formed. 

Examples of thiazine formation from 2-chloronitrobenzene may also be found in 

Chapter 82, Section II.3. 

R1 = H,Br,CI,N02j R2=CI,Me j 

R3=Br,CI 

Another ring system synthesized similarly: 

[l ]Benzopyrano[3,4-£](l,4]- 

benzothiazin - 6 —one 

[1833] 

4. 1,4-Oxathiin 

Treatment of a chloronitro compound with 2-mercaptophenol in alkali is 

another cyclization in which the nitro group is displaced [1398,1399,1432], 
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o2n 

Cl 

DMF, A 

60%* 
[238] 

[l, 4]Benzoxothiino[3,2 -c]- 

pyridlne 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,4-Thiazepine 

Mildly alkaline conditions suffice for the double condensation of a chloronitro- 

benzene with 2-(2-mercaptophenyl)imidazole. 

Dibenz[ AZlimidazofl ,2-d\- 

[l,4]thiazepine 

[1347] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole or Pyrrol-2-one 

A reduced pyrrole ring may be formed by treatment of a 2-(3- 
halogenopropyl)heterocycle with either sodamide or alkoxide. When the halo- 

genoalkyl is placed between two nitrogen atoms (as in a pyrimidine or triazine), 

cyclization on to either is possible. 

(CH 

O 

Pyrrolo[l ,2-6]isoquinolin-5-one 

Other ring systems synthesized similarly: 

H 

Benzol/'Ipyrrolof 2,1 -b\- BenzoMpyrrolol 1,2-0 ]quinazolin-11-one 

quinazolin-12- one 

497 
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Copper-assisted bond formation between an anionic nitrogen and a bromo- 

benzene can result in the formation of a pyrrolone ring. 

II 
o 

R = Me,MeO 

Pyrrolo[l,2-<7]indol- 4-one 

(review [909]) 

[708] 

2. Imidazole or Imidazol-4-one 

A 2-(chloroethyl) or chloroacetyl group cyclizes on to a neighbouring ring 

nitrogen on heating in a basic or an acidic medium. 

R = H, Me 

NHCHPh 
I 
ecu 

I 
COOMe 

DME.TEA, A 
---—» 

~78% 

INI, Ph 

[1083, 1509] 

^-COOMe 

Imidozo[1,2 -<j] pyridine 

Imidazofl ,2-a]pyrazine 

Other ring systems synthesized similarly: 

o 
[842] 

H 

HIM, ,N- 
[350] 

Imidazo[1,2-c7]benzimidazol- 

2-one 

Imidazo[1,2-c]pyrimidine- 

3,7-dione 

Benzt/'limidozotl ,2-a]- 

[429] 

quinoline 

Ethyl a-halogenoalkanoates react with 2-halogeno-A-heterocycles to form an 

/V-ethoxycarbonylmethyl intermediate which is cyclized by ethanolic ammonia. 
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Cl COOEt 
I 

4- BrCHR 

R = H,alkyl 

/,MeC0Et,K2C03, A j 

//, NHj— EtOH 

-' 
11-78% [721] 

Imidazofl, 2-a]thieno[2,3—</] — 

pyrimidin- 2-one 

3. 1,2,4-Triazole 

A 7t-deficient 2-chloroheterocycle reacts with an acid hydrazide to form a fused 
triazole. 

+ RCNHNHo 
II 2 
0 

R = H ,alkyl,aryl ■, 

Ar=Ph,Me-,F-,CI-, 

BuOH,A^ 

21-83%* 

Ar^ 

IN 

K 

1,2,4-Triazolot 4,3—/>] — 

pyridazine 

CF3-,Me0-,N02-C6H4 

[70] 

4. 1,2,4-Thiadiazole or 1,2,4-Thiadiazol-3-one 

A 2-trichloromethylsulphenamido-A-heterocycle cyclizes at ambient tempera¬ 

ture to form either of these two rings according to the base used. 

Me. ^ -N. 

N- 
4, 

[l,2,4]Thiodiazolo[ 4,3-a]- 

pyridin- 3-one 

Me^ 

[278] 

N- A, //' \\ [278] 

Me 

[l,2,4]Thiadiazolo[4,3-a]- 

pyridine 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridin-2-one 

When 1-chloroisoquinolone is heated with glutaconic anhydride, a benzo- 

quinolizinone is formed in moderate yield. Quinolizinones may be prepared by 

heating 2-(4,4-dichloro-l, 3-butadienyl)pyridines in aqueous dioxan. 
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O 

[804] 

[1969] 

R1 =CN,C00Et,N02i 

R2= H,Me,Et 
4-Ouinolizinone 

2. Pyrimidin-4-one 

Displacement of a halogen attached to one ring and formation of a bond to a 

nitrogen in another ring is a method which can be used to form one of several new 

rings depending on the structure of the substrate; a fused pyrimidin-4-one ring 

provides an example. 

R 

0 

R = H,Me 
Pyrido[3,2-s]thiazolo- 

[3,2-0]pyrimidin-5-one 

[617] 

Another ring system synthesized similarly: 

[65] 

Benzothiozolo[3,2-<j]~ 

quinazolin- 5-one 

A terminal chlorine in a side-chain adjacent to a ring-nitrogen can be cyclized 

with mild base. 

CHoPh 
I 2 

NHC(CH2)2CI 

0 
—N 

R=MeO,CF3 

DMF, AcONq 

CH2Ph 

-50% 
► R [842] 

Pyrimido[1,2-£7]benzimidazol- 

2 -one 
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2-Chloropyridine undergoes a thermal cyclization with 2-amino-carboxylic 
esters to form a doubly fused pyrimidinone. 

KI, A 

2 3-86% 
[1902] 

r'=H,alkyl, Ac,COOH * Pyrido[2 ,1-A]quinazolin-11-one 

R^H , Me ,iPr, Br 

Another ring system synthesized similarly: 

0 

[1 ]Benzothieno[2,3-tf]pyrido- 

[1,2 — £7]py r imidin—1 2-one 

[1223] 

3. Pyrazin-2-one 

Terminal halogen atoms of side-chains containing appropriate atoms cyclize by 
a base-assisted reaction with a ring-nitrogen to form a pyrazinone ring. 

nhcoch2ci 

DMFjTEA.A, 

74%' 

Ar = 2-CIC6H4 

Another ring system synthesized similarly: 

COOEt 

Pyrazino[ 1,2 —z?] [1,4] — 

benzodiazepin— 2—one 

[563] 

[l ]Benzothieno[ 2,3-</]pyrazino — 

[1,2 - a] pyrimidine -3,6 -dione 

[1002] 

4. 1,4-Oxazin-2-one 

4 base-catalysed cyclization similar to that described in the previous section but 
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in which the acylamine is replaced by an acyloxy group leads to an oxazinone. 

[l,4]Oxazino[2,3,4-*/]- 

phenothiazin- 2-one 

[153] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. l,4-Diazepin-2- or -5-one 

Interaction between a ring-nitrogen atom and a side-chain halogen is assisted by 

a basic medium and sometimes copper powder is added when the halide is not 

very reactive. On the other hand, an a-chlorocarbonyl may react on heating in 

propanol [340]. 

Ac Ac 

Pyrrolo[1,2-o'][1,4]- 

benzodiazepin-6-one 

Other ring systems synthesized similarly: 

[1,4]Benzodiozepino[4, 5-tf I'¬ 

ll ,4]benzoxazepin-10-one 

[l, 4]Diazepino[6,7,1-*/]- 

phenothiazin-4-one 

[87] 

[616] 
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In addition to the functions given in the title, isolated examples of the following 

pairs are mentioned: hydrazine and nitroso; hydroxamic acid and ring-N-oxide; 

hydrazone and nitro. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Imidazole 

Diazotization of a hydrazide followed by gentle heating results in annulation 

(probably through the isocyanate) to the neighbouring ring-nitrogen. 

H 0 

l\T^ \^NH2 tBuOH,HCI,CsH„ON02A NH2 JM1 -l=Lyin t307t 0 
II 

HpNHNCCH 
I 
Me O 

Imidazo[5,1-;fK'>2,4]- 

triazine- 4,7-dione 

503 
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2. 1,2,3-Triazole or its 1-Oxide 

Annulation of hydrazine and nitroso groups may be achieved by treatment with 

Vilsmeier reagents. This reaction should be allowed to proceed without cooling, 

otherwise a triazine ring is obtained (see Section II.2). Replacement of the nitroso 

by nitro leads to a 1-hydroxytriazole. 

Me 

/N'-n/NHNH2 °r\ 
MeN^JJ\ 

NO 

DMF,POCIs _ 

55% ' 

MeN 

O^^N' 

Si 
I 

— NH 

Me 

1,2,3-Triazolo[4,5-</]- 

pyrimidine-5,7-dione 

(review [2023]) 

[904] 

NHNH; 
1. MeCN,HCI 2. NaOH 

~ 65% 
*- Me- [1147] 

Benzotriazole 

A triazole IV-oxide is obtained by treatment of a 2-nitro-AT2-alkyl- or -aryl- 

hydrazine with hydrogen chloride-alkanol or by methylation of the unsub¬ 
stituted nitro-hydrazine. 

NMe 
U 

=N —0“ 
[986] 

Benzotriozole 1-oxide 

Another ring system synthesized similarly: 

o 

HN ' 
N. 

'NPh 
I 

:N 

[166] 

N 

1,2,3-Triazolo[4,5-dJ- 

pyrimidin-7-one 

3. l,2,4-OxadiazoI-5-one 

When a hydroxamic acid group is adjacent to an N-oxide function, heating with 

DCC produces a fused oxadiazole, probably by way of a Lossen rearrangement 
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to the isocyanate. 

505 

[l ,2,4]Oxadiazolo(2,3-c]- 

quinazolin- 2-one 

[1768] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridazin-4-one 

Displacement of a nitro group by a nucleophile (reviews [1398, 1399, 1432]) is 

demonstrated by the cyclization of 2-nitro-hydrazones to give a fused pyri- 
dazinone ring. 

o 
R = Ac,PhC0,C0NH2, 

C00Ef,CN,N02 

EtQH,No2C03,A 

37-98% 

4-Cinnolinone 

[1380] 

2. 1,2,4-Triazin-6-one or 1,2,4-Triazine 4-Oxide 

The additional carbon atom required to cyclize a hydrazide, such as imidazole 2- 

carbohydrazide, may be provided by an orthoester; alternatively, the pre-formed 

ethoxymethylene hydrazide may be cyclized by heating with alkali. 

0 n 
II 

^j] + MeC(OEt)3 Et?-10;-» HN 
HN-U 51 % N; 

H2NHNC. 

.N- 
[380] 

T" 
Me 

Imidazo[l,2-i^][l ,2,4]- 

triazin- 8-one 

0 
II 
CNHN =CHOEt 

-NH 

[387] 

triozin-4-one 
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Other ring systems synthesized similarly: 

o 

N NH 
[380] [799] 

Pr [1,2,4]Triazino[4,5-<7]- 

indol-1-one Imidazo[1,5-a,][1 ,2 ,4]~ 

triazin-1 - one 

A 2-nitroso-hydrazine when treated at 0 °C with Vilsmeier reagents cyclizes to 

a fused triazine oxide in high yield (review [1676]); at higher temperatures, a 

triazole is formed (see Section 1.2). 

o 

indozol-1-one 

yAr [i424] PIN N-U-U 

0 

Furo[23'-.4,5]pyrrolo[l ,2-d]- 

[1,2,4] triazin-5-one 

3. 1,3,5-T riazine-2,4-dione 

Two molecules of thfc substrate are incorporated in the product when an oxazole- 

or thiazole-2-carbohydrazide is treated with nitrous acid. An isocyanate is 

probably produced and dimerizes to the triazinedione. 

0 
II 

h2nhnc 

T’ 
N — 

R =Me, Ph 

[946] 

Oxazolo[3,2-a][1,3,5]triazine-5,7-dione 

Thiozolo[3,2-£7][l,3,5]triazine-5,7-dione 

4. 1,4-Thiazine 

Diphenyl sulphide which has a 2-nitro in one ring and a 2 -hydrazino in the other 

cyclizes in basic media to give a doubly fused thiazine ring. In this example, the 

terminal nitrogen of the hydrazino group is acylated. 

dmf,k2co3,a 

55-70%* [1028] 

R = R^NCH2CNH, R’ = Me,Et or Phenothiazine 

NR^=N(CH2)5 
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5. 1,3,4-Thiadiazine 

Displacement of a nitro group by an adjacent hydrazone function is a well-known 

reaction (Section II. 1) and requires heating of a 2-nitrophenylthiopyruvaldehyde 

hydrazone in ethanol and a mild base. 

EtQH,No2C03, A ^ 

85% * 

Ac 

4,1,2- Benzothiadiozine 

[710] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,2,4-T riazepin-7-one 

When the hydrazide and ring-nitrogen are on different rings a seven-membered 

ring product is formed in the orthoester reaction (see Section II. 1). 

[1268] 

[1,2 ,4]Triazepino[6,5,4-yAr]- 

carbazol -4-one 



CHAPTER 94 

Hydrazine and Ring-carbon or Ring-nitrogen 

I. Formation of a Five-membered Ring 508 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

One of the best known reactions which lead to the formation of a new fused 

heterocyclic ring is the Fischer indole synthesis. Since its discovery in 1883, it has 

been extensively and intensively studied but continues to interest chemists in 

extending its mechanism, scope and utility. It was comprehensively reviewed in 

1982 [B-29]; its application to the synthesis of indoles was surveyed in 1970 

[B-30] and 1979 [B-15a] and again in 1984 [B-4], In this section, Fischer 

cyclizations of a pre-formed arylhydrazone and of a mixture of an arylhydrazine 

and a carbonyl compound are discussed together. 

Many acidic catalysts promote Fischer’s reaction, for example, zinc chloride 

[532, 1976], acetic or formic acid [1033], PPA (review [B-21]) [944, 1021, 1033, 

1189,1930], mineral acid [534,536,1189,1203,1975]; examples of the use of these 

in the synthesis of a pyrrole ring fused to benzene or a heterocycle continue to 

appear. 

Most of the variations require heating but using phosphorus trichloride in 

benzene, high yields of many indoles are obtained from the hydrazones at 

ambient temperature and within a short reaction time [1101]. 

MeO'/^^vAc 

+ PhNHNH 

508 
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^\/NHN =CCH2R1 
PhMe, 

Me 

= COOEt, 

i, T sOH or Amberlyst-15 

35-87% 

R' = COOEt, Ac j R2=H,Me,MeO,CI 

[1051] 

R =H,Me,HO(CH2)2i 

Ar = Ph,4-H0C6H4 

[1369] 

PyrrololZ^-ctlpyrimidin-A - one 

Other ring systems synthesized by one of the above methods. 

Pyrrolo[2,3-c]pyridin-7-one Pyrano[3,2-e]indol-7-one 

[944] 

Pyrano[3,2-e]indol-9-one 

[536] 

n = 0,2 

Thieno[3,2-A]thiopyrano[3,4-d/]pyrrole 

Thieno[3,2-£]thiopyrano[3,4-</]pyrrole 

7,7-dioxide 
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Pyrrolo[3,2-c]quinoline [1]Benzopyrano[ 3,4 -b]~ 

pyrrol- 4-one 

Indolo[ 3,2-c][1,8]naphthyridine 

H H 

0 

Pyrimido[4,5-6]indole- 

2,4-dione 

[1203] 

NHN = CR2 
I . 
ch2r’ 

PhH,PCI3^ 

70-90°/o 

R1 = Me,Et,PhCH2,Ph j Indole 

R2=Me,Ph,Me2C = CHCH2 

[1101] 

Fischer indolization is sometimes accompanied by an additional reaction such 

as chlorination or loss of a methoxy group [237] or a fluorine atom [679]. 2- 

Naphthylhydrazine and ethyl pyruvate yield the angular benz[e]indole deriva¬ 

tive [237], as is common for similar compounds, not the linear molecule 

described in 1953. 

Me 
I 

- NHN = CCOOEt COOEt 

[237, 273] 
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Benz[e]indole 

[679] 

Replacement of NH of the hydrazone by an oxygen atom to give an 0- 

phenylketoxime allows the Fischer cyclization to be used in the synthesis of a 
benzofuran (review [B-11] but aldoximes fail to cyclize. 

ON=CCH?R 

'a R2 

3 

hcoqh,h3po4, 

23-87% [1389] 

R^TsOj R2=H,R3=Me or Benzofuran 

R2R3=(CH2)4 Dibenzofuran 

Partially reduced carbazoles are readily obtained by using a cyclohexanone in 

the Fischer cyclization which is the first stage in the Borsch carbazole synthesis, 

the cyclization being followed by dehydrogenation. 

AcQH,A^ 

30-97%* 

r’,R2 = H, Me Carbazole 

(review[l695] ) 

Regiospecificity in the Fischer indolization has been studied, for example, the 

cyclohexenone (94.1) gives a mixture of about equal amounts of the two isomers. 

Ow-W COO Me 

+ PhNHNH2 

\^^COOMe 

(94.1) 

MeOH,H2SO«,A 
-► 

24% 

['Y^WCOOMe 

l-^\^^COOMe 

23% [1975] 

HOOC 
PPA,A 

66-07% 
*• 

1-Carbozolone [1930] 



512 Hydrazine and Ring-carbon or Ring-nitrogen 

Fischer’s reaction occasionally takes an unexpected course as in this formation 

of a pyridobenzimidazole. 

r’= H,Me jR2=IVle, Ph, 

4-Br —,4-CI —C6H4 

Pyrido[l, 2-aJbenzimidazole 

[1976] 

2. Pyrazole 

Formation of a pyrazole ring by reaction of a hydrazine group with its 

neighbouring ring carbon atom requires a reagent which supplies one carbon 

atom. Vilsmeier reagent, an aryl isothiocyanate, DMFDMA and phosgenim- 

monium chloride are effective. When the hydrazine has an NHNH2 grouping, 

DMFDMA or DMFDEA simultaneously effects cyclization and alkylation of 
the terminal nitrogen but a substrate containing NHNHPh is simply cyclized 

[1141]. The reactions of hydrazinopyrimidines have been reviewed [1977]. 

dmf,poci3,a^ 

59-86% 

o 
R=H,Me,PhCH2,Ph 

Me 

0 
Pyrozolo[3,4-odpyridazin-4-one 

[1722] 

0^/N\/NMeNH2 

MeN 

0 

+ ArNCS 
EtOH, A^ 

30% [619] 

Ar = 4-MeC6H4 Pyrazolo[3,4-c/]pyrimidine - 

4,6-dione 

r 
Me 
N 

'NR' 
0 

MeN 

Pyrazolo[3,4-t/]pyrimidine- 

4,6-dione 

[1141] 

/, Me2NCH(OMe)2 j 

//,Me2N = CC^Ch^C^ 

r 0 

EtN 

\ NH 

'NMe- 
[927] 

o 
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3. 1,2,4-Triazole 

Annulation of a hydrazine group to the neighbouring ring-nitrogen is a well- 

exemplified cyclization. The commonest reagents used for this are carboxylic 

acids, acyl chlorides, anhydrides, carboxylic esters, orthoesters, isothiocyanates, 

S-methylisothiourea, aldehydes and cyanogen bromide. 

NHNH- 
R2C00H,A d1 

-► K- 

R1 = H,NH2,N02j 

R2=H,Me,Ph 

30-80% 
V 

[1,2,4]T riazolo[l ,5-a]pyridine 

(review[1694] ) 

Other ring systems synthesized similarly: 

0 

H 

1,2,4-Triazolo[3,4-/f]- 

[l ,2,4]triozin- 8-one 

0“ 

[1,2,4]Triazolot 4,3-a]- 

quinoxaline 5-oxide 

[972] 

[279] 

Pyrrolo[1,2-o]thieno[3,2-e]- 

1,2,4-triozolo[3,4-c]pyrazine 

H 

[748] 

o 
1,2,4-Triazolo[ 3,4-e]- 

[l,2,4]triazin- 5-one 

[799] 

1,2,4-Triazolo[4 ', 3,--1,6]— 

[l,2,4]triazino[4,5-o]indole 

[385, 1367, 1465] 

X = CH , N 

1.2.4- Triazolo[4,3-i>]- 

pyridazine 

1.2.4- Triazolo[4,3-fc]- 

[1,2,4]tr iazine 

N-N 

[799] 

1,2,4-Triazolo[4',3': 2,3] — 

pyridazino[4,5-6]indole 

1,2,4-Triazolof4,3-oj- 

pyridine 

[963] 
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[1025] 

Benzofuro[3,2-<y]-1,2,4- 

triazolo[4,3-6]pyridazine 

[1343] 

Thieno[3,2-e]-1,2,4- 

triazolo[4, S-clpyrimidine 

1,2,4-Triazolo[ 3,4-c]- 

[l,2,4]triazine 

HN- 

i=L [1474] 

Pyrozolol 3,4-e][l,2,4]triazolo- 

[3,4-c][l,2,4]triazine 

NHNH2 

RCQCI, A 

— 82% 

R = H,Me,Ph 1,2,4-Triazolo[4',3':1,6j- 

[l,2,4]triazino[4,5-a]indole 

[799] 

Other ring systems synthesized similarly: 

1,2,4-Triazolo[4,3-6]- 

pyridazine 

[l, 2,4]Triazolo[4, 3-o] 

[l,4]benzodiazepine 

1,2,4-Triazolo[4',3':1,6]- 

pyridazino[4,5-b]quinoxaline 

NHNHc 

R1 = pyrrol — I — yl > 

R2=alkyl,Ph 

(R2C0)20, A 
-——l 

59-76% 

R1 

1,2,4-Triazolo[4, 3-cr]- 

py ridine 

[1879] 

[1460] 

[1891] 
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Other ring systems synthesized similarly: 

Pyrrolo[l ,2-o]fhieno- 

[3,2-e]l,2,4-triazolo- 

[3,4-c]pyrazine 

[622] 

[1,2,4]Triozolo[4,3-o]- 

quinoxaline 

NHNH2 

R1 

R^HjEtjPr j 

R2=H,Me 

HCOOMe or R2C(0Et)3,Bu0H, 

44-97%* 

(94.1) [622, 1444] 
[l,2,4]Triazolo[4,3-tf]- 

quinoxaline 

NHNH- 

Cl 

CHOEt 
II 
C(C00Et)2 75% 

ci^n-n- 

1 ,2,4-Triazolo[4,3-fc]- 

pyridazine 

[681] 

Replacing the malonic ester with trialkyl orthoacetate or orthoformate gives 

high yields of the 3-methyl derivative or the parent respectively of this ring system 

[137, 618]. The following are other examples of ring systems which have been 

synthesized using an orthoester. 

N-N 

Thienof 3,2 - e]-1,2,4— 

triazolo[4,3-c]pyrimidine 

H 

A_J [1782] 

0 

1,2,4-Triazolo[4,3-a]~ 

purin- 5-one 

[1970] 

Pyrazolof 1,5-o][l,2,4] — 

triazolo[4,3-c]pyrimidine 

H 

(94.2) 

[1,2,4jTriazolo[4,3-o]- 

quinoxalin-4-one 

[1851] 
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Py razolo[ 4,3-e] [l, 2,4]triazolo- 

[4,3-o]pyrimidin-4-one 

[972, 1815] 

X=CH 

1.2.4- Triazolo — 

[4,3-or]pyridine 

X = N 

1.2.4- T riazolo - 

[4,3-£]pyridazine 

EtOH,RNCS,DCC, 

30-62% 

NHR 

R = Bu, PhCH2, 

Me-,F-C6H4 

(94.3) 

1,2,4-Triazolo[3,4-<7]- 

phthalazine 

[623] 

When the isothiocyanate and DCC were replaced by S-methylisothiourea, the 

same product (94.3 R = H) was obtained in 51 per cent yield [1139], The ring 

systems (94.1, R1 = Me, R2 = NH2) and (94.2) were thus obtained. The latter (with 

the 3-NHR group replaced by 3-Ph) may also be synthesized from the hydrazine, 

benzaldehyde and acetic acid [1084], Heating the hydrazine with cyanogen 

bromide gives good yields of the 3-aminotriazole derivative. 

iPrOH,BrCN, A. 

7 3%' 

Nl 

■NH- 

Cl 

1,2,4-Triazolo[4,3-o]- 

pyridine 

Another ring system synthesized similarly: 

1,2,4-Triazolo[ 4,3-Z>]- 

[l,2,4]triazine 

[1148] 

[1294] 

4. 1,2,4-Triazol-3-one or l,2,4-Triazole-3-thione 

Amongst the reagents which are used to convert an a-hydrazino-N-heterocycle 

into the fused triazolone are ethyl chloroformate, urea and phosgene, any one of 
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which can give good yields. 
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Me Me 

1,2,4-Triozolo[3,4-a]~ 

phthalozin— 3- one 

[1084] 

(h2n)2co, A ^ 

65% * [1032] 

Benzofuro[2,3-0]-1,2,4-triozolo- 

[4,3-A]pyridazin- 3-one 

R = i- pyrrolinyl 1,2,4-Triozolo[4,3-o]- 

pyridin-3-one 

[1891] 

The thione is prepared in high yield by using carbon disulphide [1084,1971] or 

thiocarbonyldi-imidazole [1992] as reagents. The reactions of hydrazinopy- 

rimidines [1977] and carbon disulphide [2017] have been reviewed. 

1,2,4-Triazolo[4,3-01- 

pyrimidine- 3-thione 

Other ring systems synthesized similarly: 

[133] 

N"''\ 

x> [1344] 

Me 

1,2 ,4-Tridzolo[4,3-o]purin- 

5 - one , 3-thioxo 

Bis[l,2,4]tridzolo[4,3-0:4',3'-c]~ 

pyrimidine - 3-thione 
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[1992] 

1,2,4-Triazolo[4,3-o]- 

[l,3,5]tr iazine-3-thione 

1,2 ,4- Triazolo[4,3-o]- 

pyrazin-8-one, 3-fhioxo- 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridazine or Pyridazin-3- or -4-one 

a-Bromoketones, 1,2-dialdehydes or 1,2-diketones convert hydrazines with a 

vacant neighbouring ring-carbon position into fused pyridazines in moderate to 

good yields. 

R1 

[1017] 

[1363] 

In a variation of this cyclization, 4-oxopyrimidin-6-ylhydrazine reacts with 

2,3-butanedione to give a 4-methylenepyridazine ring. 

Pyrimido[4,5-c]pyridazin-5-one 

[1614] 

a-Ketoesters react to form fused pyridazinone rings, the position of the 

carbonyl group in the new ring being dependent on the nature of the substrate. 

HgN 
Me 
NNH2 

OC(COOEt)2,MeOH, A ^ 

75% * 

Pyrimido[4,5-c]pyridazin-4-one 
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[620] 

Pyrimido[4,5-c]pyridazine- 

3,5-dione 

Another ring system synthesized similarly: 

Pyrimido[4,5-c]pyridazine- 

4,5 -dione 

[1369] 

2. 1,2,4-Triazine or 1,2,4-Triazin-5-one 

6-Hydrazinopyrimidine-2,4-diones which are unsubstituted at the nitrogens may 

react with phenacyl bromides to give a product of the kind shown above for their 
N-substituted analogues or may react with the neighbouring ring-nitrogen. A 

mixture of these isomers is often obtained, the ratio depending on the reagent and 

the conditions. 

Pyrimido[4, 5-c]pyridazine- Py rimido[4,3-c] [1,2,4] - 

5,7-dione triazine-6,8-dione 

[184] 

Hydrazino and a neighbouring ring-nitrogen may be linked to form a triazine 

ring by reaction with a 1,2-diketone or a 2-oxoaldehyde, and into a triazinone 

with a 2-oxoester or its enolate. 
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T T 
N-NH 

R1 = H,NH2jR2=Me,Ph 

40-94% 
[968, 1294] 

Pyrozolo[5,1-c][l,2,4]triozine 

[l,2,4]Triozolo[5,1-c][l,2,4]- 

triozine 

NHNH 2 
HCCOR 

II 
+ CCOOEt 

I 
ONa 

A 
32-92% 

R=tBu,EtO,Ph,2,5-Me2C6H3, 

3,4-(MeO)2CgH3 

Other ring systems synthesized similarly: 

[943] 

[1,2,4] Triazino[3,4-o]— 

phthalazin-4-one 

Dibenzo[c^][1,2,4]triazino- 

[4,3-a]azepin-4-one 

X = CH,N 

Pyrazolo[5,1-clD,2,4]- 

triozin-4-one 

[1.2.4] Triazolo[5,1-c]- 

[1.2.4] triazin-4-one 

[968] 

L 1_U [1367] 

1,2,4-Triazolo[3,4-c]- 

[l,2,4]triazine 

[1.2.4] Triazolo[5,1-c]- 

[1.2.4] triazine 

[1367] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,2,4-Triazepine 

Replacing the 1,2-diketone used in the preceding section in the formation of a 
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new triazine by a 1,3-diketone yields a triazepine in good yield. 

521 

^NHNH2 (RC0)2CH2, AcOH, a 

'J. —55%' 
Ar- 

R = Me , Ph j Ar = 4-N02C6H4 Thiazolo[2,3-c][l ,2,4j- 

triazepine 

[787] 



CHAPTER 95 

Hydrazone or Oxime and Ring-carbon or 
Ring-nitrogen 

I. Formation of a Five-membered Ring 522 
1. Pyrazole 522 
2. 1,2,3-Triazole 523 
3. 1,2,4-Triazole 524 

II. Formation of a Six-membered Ring 525 
1. Pyridazine or Pyridazin-3-one 525 
2. 1,2,4-Triazine 525 
3. 1,2,4-Triazin-3- or -5-one 526 

III. Formation of a Seven-membered Ring 527 
1. 1,2-Diazepine 527 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrazole 

Some phenylhydrazones are thermally cyclized to give a fused pyrazole ring but 

when the hydrazone function is reversed, treatment with N-bromosuccinimide- 

acetic acid has the same overall effect. 

[827] 

Pyrazolo[ 4,3-c]quinolin-4-one 

AcOH.NBS.A^ 

5-98% 

R = H,Me* Ar = Ph, Br-,CI-, 

Me —^ Me O — CgH4 

Me R 

0 

Pyrazolo[3,4-c/]pyrimidine- 

4,6-dione 

[1310] 

522 
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2. 1,2,3-Triazole 

Oxidation of the phenylhydrazone of a 2-acylpyridine by lead tetra-acetate (LTA) 

(review [B-36]) gives good yields of a triazolopyridinium salt but an unsub¬ 

stituted hydrazone is cyclized to the triazole base. 

CR = NNHAr 

Ac0H,LTA,Ac20. 

62-80% 
cr [1518] 

R = Me,Ph$ Ar = Ph, 

4-N02C6H4 

[l ,2,3]l riazolofl, 5-oJ- 

pyridin-8-ium 

PhH,LTA^ 

60%* 

[1,2,3]Triazolofl, 5-c]- 

pyrimidine 

[1026] 

Oxidative cyclization of a hydrazone may also be achieved using NBS and 

perchloric acid. 

C = NNH Ar 
R 

54-72% 

X=S,NH 

R = Ph,benzothiazol-2-yl 

/', Ac0Et,NBS,HCI04 

Ar 

-N CiO" 

X = NH 

88% 
▼ 

oq.pyr 
[1149] 

[l, 2,3]Triazolo[1,5-c7]benzimidazole 

Treatment of a tosylhydrazone group placed adjacent to a ring nitrogen with 

alkoxide results in cyclization to a triazole ring. 

R1,R2=H,Me [1,2,3]Triazolo[l,5-<7]- 

quinoxaline 5-oxide 

[279] 
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3. 1,2,4-Triazole 

Hydrazones with a neighbouring ring-nitrogen atom are oxidatively cyclized by 

lead tetra-acetate [985, 1518, B-36] or bromine [560, 905]. 

NHN = CHR 
ch2ci2,lta ^ 

— 80% * 

R = Me2N,N[(CH2)2]20 i 

Ar = Ph,CI-,N02-,NH2-,N3-C6H4 

R 

1,2,4-Triazolo[4,3-o]- 

[l,3,5]triazine 

Other ring systems synthesized similarly: 

[985] 

[560] 

[l ]Benzothieno[3,2-e]-1,2,4- 

triazolo[4,3-c]pyrimidine 

[1518] 

1,2,4-T riazolo[4,3-a]- 

pyridine 

EtOOC 

Me 

N- -N- 

[905] 

Pyrazolo[5,1-c]-1,2,4-triazole 

5-Phenylhydrazinylideneimidazole is cyclized by heating with methanal. 

,|\L 
HN 

NNHPh 

-NH 

EtOH,HCHO,A^_ 

50%* 

HN 

J 

NPh 

-N- 
[1766] 

Imidazo[5,1—c]-1,2,4- 

triazol- 5-one 

Oximes are annulated to a ring-carbon or -nitrogen by heating with PPA 

(review [B-21]) and to a ring-nitrogen by phosphorus oxychloride [1367]. 

Where there is a choice of sites, the PPA reaction appears to favour ring-carbon 

[1370], 

X 
NOH 
II 

NHCH 

PPA, A 

—8i%* 
R [1370] 

R = H,Me,CI [l,2,4]Triazolo[l,5-o]- 

pyrimidine 
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Other ring systems synthesized similarly: 

[1367, 1370] 

X = Y = CH 

[1.2.4] Triazolo[l, 5-a]pyridine 

X= Y = N 

[1.2.4] Triazolo[l,5-£][l,2 ,4]triazine 

X=N,Y = CH 

[l ,2,4]Triozolo[l, 5-/>]pyridazine 

YNl 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridazine or Pyridazin-3-one 

A heteroarylhydrazone may be cyclized by heating with triethyl orthoformate in 
DMF. 

R = Ph,Br-,CI-,MeO-C6H4 Pyritnido[4,5-c]pyridazine- 

5,7-dione 

[908] 

A hydrazide which has been condensed again with a carbonyl compound to 

give the side-chain, —CONHN=CR'R" can react with an acyl chloride-TEA to 

give a pyridazinone ring. The isomeric indol-l-one was similarly prepared [794], 

+ r5coci 

R’= H,Me, Ac,PhCOjR2=H,Me,Et j 

R3=Et,Phj R4=Me,Ph,Me-,CI-, 

AcO-C6H4j R5=Me,Ph 

AcQEt,TEA ^ 

20-70%^ 

Pyridazino[4,5-6]indol-4-one 

[794] 

2. 1,2,4-Triazine 

Neighbouring hydrazone and ring-nitrogen functions are annulated by reaction 

with an orthoester which supplies C-3 of the triazine ring. 



526 Hydrazone or Oxime and Ring-carbon or Ring-nitrogen 

C = NNH? 
R1 

R2C(OEt)3,A 

4 2-79% 

R’ = H,Phj R2 = H,Me 
[l,2,4]Triazino[4,5-aJ- 

benzimidazole 

[544] 

Another ring system synthesized similarly: 

[674] 

2,2o,4,5-Tetraazabenz[C£/]azulene 

a-Carbonylhydrazones in which the carbonyl may be a ketone or carboxylic 

ester, are converted into a triazine by heating with acid. Alternatively, an a- 

halogeno-a-carbonylhydrazone may be cyclized by heating with sodium benze- 

nesulphinate [1765]. 

Ph 

NH 

NHN = CPh 
I 
COOEt 

Pyrazolo[5 ,1-c][l,2,4]triazine 

[1765] 

Ph 

-NH 

NHN = CX 
I 
COR 

EtOH,PhSQ2No,A. 

~76%' 

R = Me,EtO,Phj X = Br,CI 

Other ring systems synthesized similarly: 

[1765] 

[1030] 

Me 

Pyrido[2 ',3': 3,4]pyrozolo- 

[5,1-c][l,2,4]triazine 

CONH; 

[969] 

Imidazo[5,1 - c][l,2,4]triazine 

3. 1,2,4-Triazin-3-or-5-one 

A triazin-3-one is obtained from a hydrazone by heating with ethyl 

chloroformate-pyridine but the 5-one with pyridine alone if an ester group is 
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already incorporated in the hydrazone. 

527 

C=NNHR2 

R1 = Me, Ph,CN j R2= H, Ph 

pyr,CIC00Et, A 
- 

40-95% 

[l,2,4]Triozino[4,5-o]~ 

benzimidazol-t-one 

[1000, 1171] 

Imidazo[5,l-c][l,2 ,4]- 

triazin-4-one 

[969] 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,2-Diazepine 

The sodium salts of tosylhydrazones undergo 1,7-cyclization on heating in 

DME. 

DME, A 

90% 

Cyclopentafc ]thieno[2,3-f][l,2]- 

diazepine 

[791] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrazole 

A 2-hydroxymethylidene-ketone reacts readily with hydrazine to form a fused 

pyrazole ring. 

Naphtho[2' ,T: 5,6]thiopyrano- 

[4,3-cdpyrazole 

2. Furan 

Annulation of hydroxymethyl and ketone or lactam carbonyl [431] groups 

occurs readily by heating in an organic solvent for a few minutes. 

528 
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Me 
I 
CHOH 

CH2Cl2, 

95% 

S02Ph 

Another ring system synthesized similarly: 

[22] 

S02Ph 

Furo[3,4-A]indole 

N' 

[1390] 

[431] 

Furo[3,2-*]pyridine Benzofuro[2,3-/>]quinoline 

3. Isoxazole 

The oxime of a ketone reacts with a neighbouring phenolic function (sometimes 

in a basic medium) to form an isoxazole in high yield. 

h2o, A 
—■—► 

9 2% 

ch2so2nh2 

1,2-Benzisoxazole 

Another ring system synthesized similarly: 

Furo[3,2-/r]-1,2-benzisoxazole 

[241] 

[1168] 

4. Oxazole 

Treatment of a phenol-oxime with PPA (cf. Section 1.3) (review [B-21]) causes a 

Beckmann rearrangement and the formation of a benzoxazole. 

= NOH 

PPA, A 

54%* 

Ph Benzoxazole 

[427] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyrazine 

The tautomeric benzotropolone reacts with an aliphatic or benzenoid 1,2- 

diamine and a pyrazine ring is formed. 
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Benzo[4, 5]cyclohepta- 

[l ,2-£>]pyrazine 

Benzo[4,5]cyclohepta- 

[l ,2-£]quinoxaline 

[642] 

[642] 

2. Pyran 

2-Hydroxyacetophenone is the ‘raw material’ for many syntheses of benzopyrans; 

when stirred for some hours with dimethyl acetylenedicarboxylate it gives the 

4H-benzopyran but with the allenedioic ester, a 2f/-benzopyran is formed. 

[30] 

[1425] 

3. Pyran-2-one 

2-Hydroxyacetophenone and its analogues also make good substrates from 

which pyran-2-ones may be synthesized by reactions which supply C-2 and 

sometimes C-3 also of the benzopyran. Examples of the latter type are those with 

an alkanoic acid-phenyl dichlorophosphate, malonic acid derivatives, a ketene or 

a Wittig reagent. 

^/^COR1 

+ R2CH2COR3 
/.A 

50-95% 

R1 = Me,PhCH2, Ph j R2=Ph, 

COOEty PhCH2} R3 = OH,CI 

/, PhOPOCI2— TE A when R3=OHj 

Me2CO, K2C03 when R3= Cl 

[895,1092] 

1-Benzopyran- 2-one 
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+ 
CHoCOCI 

I 
COOMe 

0 

PhH,TEA 

56%^ 

_-rT0^0 

COOMe 

[ 1 ]Benzothieno[3,2-b\- 

pyran-2-one [1004] 

[1394,1809] 

/,Me3SiCH = C=0,DMF,NaH 

ii, PhjP = CHCOOEt, PhH, A 

An attempt to nitrate a 2-hydroxyalkanophenone in acetic acid gave instead 
moderate yields of the dinitrocoumarin. 

AcOH,HNQ3, 

26-48% 

R1 = Me,Et j R2 = H ,Me,CI 

[1807] 

A regioselective synthesis of coumarins in which no chromones are produced 

(cf. the Pechman synthesis) involves the reaction of a 2-methoxymethoxyaceto- 

phenone with a cerium(III) dichloro-ester (formed in situ under anhydrous 

conditions and low temperature from cerium(III) chloride and the lithio 

derivative of the ester). Presumably the methoxymethyl group is removed and a 

pyran-2-one is formed in high yield. 

R = Me,CI,MeOCH20 

[2021] 

1-Benzopyran-2 - one 

4. Pyran-4-one 

One of the most frequently used methods of obtaining this ring is acid treatment 

of a 2'-hydroxyphenyl-l, 3-diketone. The latter may be prepared in situ by a base- 

catalysed reaction of an acetophenone with an ester [577] or by a Baker- 
Venkataraman rearrangement of an O-acyl derivative of the phenolic ketone 

[B-4, B-12, 1454], Another variation is the halogenation of the 1,3-diketone 

which causes simultaneous cyclization to the 3-halogenochromone [250]. 
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Diethoxymethyl acetate reacts with the pyrazole (96.1) to give high yields of 5- 

acylpyranopyrazolones [1368], 

Ph 

ho^n^, 

Ph 
,N 

R’CCHoC' 

Ac0H,H2S04,A- 

76-90% 

N. 

o 0 + MeC00CH(0Et)2 

(96.1) 

R' = Me,PhjR2=Me,Et,Ph 

0 

^\^0CAr 1 • pyr,K0H, A 
I 2 . H CI , A 

-Ac 

R = Me ,(MeO)4 

Ar=4-PhCH20-3-Me0C6H3, 

2-N02C6H4 

[1368] 

0 

Pyrano[2,3-c]pyrazol-4-one 

76% 
► R [697,1454] 

1-Benzopyran-4-one, 2-aryl 

(reviews[B-32, B — 33]) 

5. 1,2,3-Oxathiazine 2,2-Dioxide 

Chlorosulphonyl isocyanate converts 2-hydroxyphenyl ketones into benzoxath- 

iazines in good yields. 

II 
0 

ciso2nco 

R' = Me,Phj R^HjCI 
1,2,3-Benzoxathiazine 

2,2-dioxide 

[875] 

III. FORMATION OF AN EIGHT-MEMBERED RING 

1. 1,5-Oxazocine 

This large ring is formed in moderate yield by reaction of the 2-hydroxy-ketone 

with epichlorohydrin and methanolic ammonia. The chemistry of benzo- 

xazocines has been reviewed [1872]. 

CICH2CH CHp 

V 
MeOH-NH, 

12-37%* 

OH 

R1 = alkyI, PhCH2, Ph, 4-MeC6H4j 

R2= H, Me, Cl, N02, Ph 

[1871] 

1,5-Benzoxazocine 
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A few examples of the cyclization of acyloxy and methylene are included. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Furan-3-one 

Diacetyloxyiodobenzene, a dehydrogenating agent [B-31], converts 2-hydroxy- 

propiophenone into a benzofuran-3-one and a similar product is obtained from 

the sulphoxide (97.1), pyridine and phosgene with simultaneous deoxygenation of 

the sulphoxide. 

• OH 
Me 

PhKQAcla.MeOH.KQH^ 

50%' 

• OMe 
[1519] 

3-Benzofuranone 

OMe 

'OH 

k5;:^X''COCH2SOMe 

pyr,COCI2,PhH, 

48%* 

.0. •SMe 

[595] 

0 

(97.1) 

533 
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II. FORMATION OF A SIX-MEMBERED RING 

1. Pyran or Pyran-2-one or -2-thione 

A doubly fused 4H-pyran is formed in good yield by joining a hydroxy in one ring 

to a methylene in another; the linking carbon atom is provided by diethoxy- 

methyl acetate which gives a product in which R2 = H or triethyl orthoacetate 

and R2 is then methyl. 

/', MeC00CH(0Et)2 

//,MeC(OEt)3 

[l ]Benzopyrano[4,3-c] — 

pyrazol- 3-one 

[1736] 

The additional carbon atom required to complete the pyran-2-one or -2-thione 

ring can be supplied by either carbon disulphide (review of its use in synthesis 

[2017]) or diethyl carbonate. 

MeO MeO 

1-Benzo pyran — 2 -thione 

[643] 

R = H,Br,CI,F,MeO [2]Benzopyrano[4,3-<7][ 1 ] — 

benzopyran-9-one 

[1183] 

2. Pyran-4-one 

2-Hydroxyacetophenones may be converted into benzopyran-4-ones in several 

ways depending on the kind of substituent that is required in the product 

[B-l?., B-32, B-33]. Many of the methods need a base in order to generate an 

anion from the acyl group and the reagent may be a carboxylic ester, an acid 

chloride [1079, 1411, 1840] or an anhydride [388, 1711, 1980], 
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HO 

Ac^" 

Ph 
„I\L 

•Me 
+ (COOEf)2 

I.EtONa 2.H+,A 
-ttt* 

86% 

Ph 
EtOOCx^-O-^^N^ 

0 

Me 

[363] 

Pyrano[2,3-c]pyrazol- 4-one 

+ (COOEt)2 

R = HO,(HO)2, AcO, 
1-Benzopyran- 4-one 

[354,1779,2020] 

+ r2coci 

^/^•COEt 

r' = H,MeO ; R2=cycloalkyl 

[1411] 

^Y'°h 

^^'v'COCH2COOEt 

[1711] 

^V°H 

HoR1 

OAc 
+ I 

CHO 

HCOONa,A 
-TTT*- 

33-99% 

R1 = Ac,PhS0,MeS0,MeS02,N02 

R2=MeO,N02 

[364] 

Among other reagents which give good results for particular types of pyran-4- 
ones are Vilsmeier reagents [176,1490,1497] (a review of this cyclization [1676] 

is available), orthoesters [364], carbon disulphide-dimethyl sulphate [245,2013], 

DMF dimethyl acetal [762,1666,1978,1979], and an aldehyde [1135,1481], 

Examples of some of these are given, substituent R2 is often critical for the success 

of the particular method [105] and each reference should be examined. 

Reaction with methyl dimethoxyacetate, and enamine (formed in situ) or 

formaldehyde gives high yields of a chromanone but when other aldehydes and a 

higher boiling solvent are used, the MeSO group is eliminated and a chromone is 

obtained; when R1 = Ar, heating in benzene yields isoflavones [762], 



536 Hydroxy and Methylene 

1-Benzopyran-4-one 

[853] 

[1182] 

[1135] 

[1931] 

The well-known base-catalysed Baker-Venkataraman rearrangement of a 
2-acyloxy-ketone is a versatile method, especially for the synthesis of flavones 
(2-arylchromones) [B-32, B-33, 1454]. When base-sensitive substituents are 
present, it is preferable to apply a thermal method as hydrolysis of a chlorine 
results in cyclization on to a different benzene ring. Chromanones are obtained 
when an enamine (prepared in situ is heated with a 2-hydroxyacetophenone 
[325,1182], 

ci 

[27] 

[27] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Imidazole 

Under the influence of PPA (review [B-21]) a 2-hydroxyethylamino side-chain 

forms an imidazole ring. 

PPA, A 

63%> 
[394] 

Imidazo[2' ,l': 2,3]pyrimido- 

[4,5-c]quinolin-11-one 

2. Furan-2,3-dione 

An unexpected product was isolated in good yield when the hydroxy- 

nitroacetophenone (98.1) was treated with eth'yloxalyl chloride in pyridine in an 

attempt to prepare a chromone. 

COOEt 
+ I 

COCI 

pyr. A 
70 %* 

^0 

[364] 

(98.1) 

537 

2,3- Benzof urardione 

(2 —oxime ) 
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3. Oxazole or Oxazol-2-one 

Nucleophilic displacement of a nitro group is a well-known reaction (reviews 

[1398,1399,1432]) and in strongly alkaline solution a side-chain hydroxy group 

reacts in this way to form an oxazole ring. 

HoN 
HO >JMe 

2^nv^ r^i'1 CICHqCHCH,N- 

diox, NoOH t 

52% 

CICHg-s^ O 
'NMe 

-N- 
■o 

Oxazolo[2,3-c]-1,2 ,4- 

triazol-3-one 

k t1402] 

Annulation of a hydroxy group to a ring-nitrogen atom to form a fused oxazol- 

2-one ring is easily effected by reaction at ambient temperature with phosgene. 

The same product may be prepared from the 1-aroylisoquinoline by successive 

reduction and cyclization without isolating the alcohol (79 percent yield of the 

1 -(4-methoxyphenyl)oxazole). 

[647] 

Ar = Ph,MeO-, Oxazolo[4,3-o]isoquinolin-3-one 

PhC0-C6H4 

Another ring system synthesized similarly: 

[153] 

Oxazolo[5,4,3-AV]phenothiazin-1-one 

II. FORMATION OF A SIX-MEMBERED RING 

1. 1,4-Oxazine or l,4-Oxazine-2,3-dione 

Copper-assisted reaction of a nitroso-phenol with an activated acetylene gives 

good yields of 1,4-benzoxazines. The reduced oxazine ring is formed by the base- 

induced displacement of a nitro group (see Section 1.3) at ambient temperature by 
a 2-hydroxyethylamino side-chain. 

COOMe 
+ I 

C = CCOOMe 

R = Me,Br,CI,MeO, Me2N 

DME,Cu(0Ac)2, A 

61-98% 
> R- 

°\/COOIV1e 

N/^COOMe 
OH 

1,4-Benzoxazine 

[1417] 
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°2N\^N\NMe 

HO(ChUW\l 
Me 

EtONo.EtOH 

91%' 

XL ^Nv. 
NMe 

Cl 

'N 
Me 

[231] 

o 

Cl 

Pyridozinof 3,4-6] [1,4]- 

oxazin- 3-one 

Replacing phosgene in the annulation of 1-hydroxyphenothiazine (Section 1.3) 

by oxalyl chloride in refluxing benzene produces a fused 1,4-oxazine-2,3-dione in 

good yield. 

[l,4]Oxazino[2,3,4-A7]- 

phenothiazine-1,2-dione 

[153] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Furan or Furan-2-one 

Cyclodehydration (by PPE or PPA) can occur between an alcohol group and an 

unsubstituted ring-carbon to form a C—C bond. Closely related is the unusual 

formation of a C—O bond and simultaneous deoxygenation of a neighbouring 

N-oxide. 

HO" 

'CCOOMe 
II 

^COOMe 

PPE,A R. 
80% 

°\/COOIVIe 

-COOMe 
[1467] 

Benzofuran 

R^HjMejCI* R2=H,Me,Br 

Ac20, A 
N. 

55-75% 

^0" 

Benzofuro[ 2,3-£]quinoxaline 

[1667] 

Chloroacetaldehyde annulates a hydroxypyridinone in a weakly basic medium 

at ambient temperature to give the 2,3-dihydro-3-hydroxyfuran which is 

540 
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dehydrated by acid. An a-hydroxycarboxylic acid converts a phenol into a 
benzofuran-2-one at ambient temperature. 

[1342] 

R = H,Me Furo[3,2-c]pyridin-4-one 

COOH 
I 

+ CHOH 
I 
NHCOOtBu 

2-Benzofuranone [255] 

2. Thiophene 

A side-chain thiol under dehydrogenative conditions may be converted into a 
thiophene ring. 

I2 ,EtQH, fli 

87%' 

COOH 

Benzo[6] thiophene 

[640] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine 

Hydroxyalkylaminomethylbenzenes are cyclized by Lewis acids to reduced 

isoquinolines in moderate to high yield depending on the N-substituent. 

ri^\r/CH2NR 

CH2 
I 

HOCHAr 

CH2CI2, AICI3, A^ 

21-85% 

R=alkyljAr = 3,4-(MeO)2C6H4 
Ar 

Isoquinoline 

(review [2003]) 

Other ring systems synthesized similarly: 

X=N,Y=CH 

Thieno[2,3-clpyridine 

X = CH,Y = N 

Thieno[3,2-c]pyridine 

(review [1661 ]) 

[638] 

[637] 
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2. Pyran or Thiopyran 

Reaction of a phenol (or thiophenol) with an a/i-unsaturated aldehyde or an 

a-chloroacetylene in a basic medium gives 2H-benzopyran (or 2 H- 

benzothiopyran). The best yields are obtained from reactive phenols such as 

resorcinols. An alternative method is to treat the phenol successively with a 

Grignard reagent and an a/?-unsaturated acetal [680] or a diene [645]. 

+ r2c=chcho 
I 
Me 

R1 = H ,Me, MeO, HO,Cl, Ac,CgH^j 

R2= H,Me,Ph,Me2C=CH(CH2)2 

/', PhMe ,Ti(0Et)4, or pyr or 

PhMe,tBuNH2 

2/7-1-Benzopyron 

[625,670,716] 

[636] 

[1044] 

MeO' 
_ „ MeMaBr,Et?0, A Me0 

+ RC = CHCHO -—2 ’ » 
Me 82% 

OMe 

R = Me2C = CH(CH2)2 

OMe 

2H-] -Benzopyran 

(review [1621]) [1664] 

Other ring systems synthesized similarly: 

[680] [1044] 

Naphtho[2,1—Z>]py ran 1- Benzothiopyran 

In order to incorporate potentially useful functions at C-2 and C-3 of a 

chromene, a phenol may be heated with arylidenemalononitrile and a mild base. 
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R 

0 

CHAr 
+ II 

C(CN)2 

mor.EtOH, A 
----—► 

72°/o 

R = alkyl,HO, NH2j 

Ar = 4-BrC6H4 

[1511] 

A hydroxy may be linked through carbon to the ring-carbon in another (n- 

excessive, preferably) ring by reaction with acetone and boron trifluoride. 

M8gCQ,BF3.Et20, 

52-89% 

R = Me,Ac,PhCH2 Pyrido[4',3': 5 ,6]pyrano- 

[3,4 —Ajindole 

3. Pyran-2-one 

Phenols have traditionally been converted into coumarins by the Pechmann 

reaction (reviews [B-4,B-35,B-39]); considerable modifications to this method 

have been described, for example, by the replacement of the phenol by its acetate 

[172], diaryl benzyl- and ethoxymethylene-malonates [282, 889, 1001], ethyl 

2-aminobut-2-enoate [1197] or malonic acid-zinc chloride-phosphorus 

oxychloride [595] as well as different catalysts such as hydrogen fluoride [817], 

butyllithium [282], ammonium acetate [1088], sodium ethoxide [1001] 

or trifluoroacetic acid [1665], Some of these methods are illustrated below. 

HO OH 

+ 
RCOCHAr 

I 
COOEt 

liq.HF ^ 

19-93% 

R = alkyl, 4-MeOC6H4j 

Ar = 4-MeOC6H4 

[817] 

Naphthofl ,2-£]pyran- 2-one 
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+ 
CHOEt 

J1 
FTCCN 

R^HjMe 5R2=CN,COOEt Pyrano[3,2 -c] quinoline - 

2,5-dione 

Other ring systems synthesized by one of the above methods: 

OMe 

Naphtho[2,3-£]pyran-2-one 

[282] 

Pyrano[3,2-c]pyridine — 

2,5-dione 

[1001] 

Ph 

OH 

Py rano[2,3-c]pyrr ole- 

2,5-dione 

[889] 

X = O,NMe 

Pyrano[3,2-c][ 1 Ibenzopyran-2,5-dione 

Pyrano[3,2-c]quinoiine-2,5-dione 

Two other methods in which an intermediate is generated and reacted in situ 

are of interest: a mixture of ethyl formate, ethyl acetate and sodium methoxide 

produces ethyl 2-formylacetate which reacts with a resorcinol to give a coumarin. 

In the other method, a benzyne adds to a pyridinol to form a fused pyran-2-one 

derivative in rather low yield. 

Me 

HO 
+ MeCOOEt 

+ HCOOEt 

MeONo,A 
-—► 

76% 

1-Benzopyran-2-one 

R 

^X/COOH 

OH 
R =H,Me 

/,CgH^ONO, (CH2CI)2 

R 

[2]Benzopyrano[4,3-/>l~ 

pyridin- 6-one 

[644] 

[696] 
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Treatment of 2,4-dimethylphenol with 4-methoxycinnamic acid gives the 

dihydro-4-arylcoumarin, but other dimethylphenols give poor results. 

Me 

Me 

OH 

+ ArCH = CHCOOH 
PPA^A 

56%* 

Ar = 2 - or 4-MeOCeH4 Ar 

1-Benzopyran-2-one 

[646] 

4. Pyran-4-one or Thiopyran-4-one 

Methods of converting phenols into chromones are less well-developed than 

those into coumarins. Several kinds of malonic acid derivatives, however, react 

with phenols in this way; an ester-amide in the presence of phosphorus 

oxychloride yields 2-t-aminochromones [1410,1972,1973], and a chromanone is 

formed in moderate yield when a phenol is heated with isopropylidenemalonic 

acid monoester. 

R2=Me,Et or NR|=N(CH2)„ 

d = 4,5. 

MeO 

[1410] 

[639] 

l-Benzopyron-4-one 

A Friedel-Crafts-type acylation of a phenol with 3-chlorocrotonic (3- 

chloroprop-2-enoic) acid deserves more thorough exploration of its scope. 

ci 
I 

+ MeC=CHCOOH 

[1409] 

When a thiophenol is heated with a 3-oxoester, moderate to good yields of a 

thiochromone are obtained. 

1 r^VSH COR2 
+ I 

CH2C00Et 

r’= H, MeO j R2= Me, Ph 
1 -Benzothiopyran- 4-one 

[998] 
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5. l,4-Oxazin-2-one 

Phosgene forms a link between a hydroxy group and the carbon of another ring. 

R R 

[1781,1885] 

Pyrido[3,2-/>]pyrrolo[ 1,2-d]- 

[l,4]oxazin-6-one 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. 1,3-Diazepine 

Cyclodehydration by sulphuric acid results in the formation of a C—C bond 

between two rings; yields are very good. 

R = Me,PhCH2,Ph Isoindolofl ,2-o][2,4]- 

benzodiazepin-9-one 

[768] 

2. Oxepine 

Boron trifluoride etherate promotes the cyclization of a 3-hydroxyalkylbenzene 
with an acetal which provides one of the ring carbon atoms. 

Me0\^\ 
^ fi CH?OH 

I I 
CH2CMe2 

R = Br(CH2)„ ,n = 1,2 

MeO 

RCH(OEt), 
BF3.Et20,MeN02 

64-88% 

2 - Benzoxepine 

[601] 
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Compounds which contain a —CH=N—R function are variously known as 

anils, azomethines, imines or Schiffs bases. In this chapter, the word 'imine’ is 

used for the —CH=N—R grouping where R ^ H and is usually a ring; the CH 

part is usually attached to a benzene ring and such a group would be called 

benzylideneamino. The use of imines in synthetic heterocyclic chemistry has 

been reviewed [1573]. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Oxazole 

Several oxidizing agents convert a 2-hydroxy-imine into a fused oxazole in good 

yield, for example, lead tetra-acetate, N-iodosuccinimide or complex plumbo- 

phosphates [1849], 

EtOOC 

Ar = 3-, 4-N02C6H4 

AcOH,LT A 
---fe- 

GS-83% 

Pyrano[3,2-f]ber\zoxazo\ - 5-one 

CCl4,NIS,At 

60-80% 
[764] 

Ar =Ph,HO-,MeO-, N02-, Benzoxazole 

-0CH20-Me2N-C6H4 

547 
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Another ring system synthesized similarly: 

Pyrono[2,3-e]benzoxazol-6 -one 

[354] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine or Pyridin-2-one 

The cyclization of an imine in which the nitrogen atom is separated from the ring 

by two carbon atoms is catalysed by benzoic acid; a good yield of product is 

obtained in refluxing xylene. 

Pyrido[3,4-£]indole 

[690] 

Another example of annulation of an imine and a ring-carbon requires a 

chloro- or dichloro-ketene and a base. 

R^HjMe* R2=CI,Ph 

Ar = Me-,MeO-,CI-C6H4 

0 

[l]Benzopyrano[ 3,2-c]- 

pyridine-3,10-dione 

[1560] 

2. Pyrimidine or Pyrimidin-4-one 

An imine and a ring-nitrogen may form a pyrimidine ring by reaction with 

diketene (review [2018]) or a chloroketene. The imine carbon must carry a 

hydrogen for this reaction to succeed. 

45-76% 

//, ci2chcoci-tea,dme,r=ci 

[1083, 1553] 

Pyrido[l, 2 -^Ipyrimidine 

(review[l693] ) 
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Other ring systems synthesized using a chloroketene: 

[1445] 

X = S,Y=CH 

Thiazolo[3,2 -a]pyrinmdin-5-one 

X = S , Y = l\l 

1,3,4-Thiadiazolo[3,2-a\- 

pyrimidin - 5 - one 

X = NH,0,S 

Pyrimido[l, 2-<7]benzimidazol-4-one 

Pyrimido[2,1-6]benzoxazol-4-one 

Pyrimido[2,1-£]benzothiazol-4-one 

3. Pyran-2-one or Thiopyran-2-one 

2-Hydroxy-imines react with malononitrile and perchloric acid to give a 

benzopyrylium salt which is converted into a coumarin-3-carbonitrile in good 

overall yields. Replacing the nitrile by malonyl chloride in xylene gives the 

corresponding carboxamide. 

+ 

1-Benzopyran-2-one 

[415] 

[1715] 

[1678] 

(100.2) 

1-Benzothiopyran-2-one 

The thiopyran (100.2) and its bz-substituted derivatives are obtained in 

moderately good yield by treating the thiophenol (100.1, X = S) with carbon 

suboxide (review of its reactions [100]). 
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1. Pyridin-2-one 551 

2. Pyrimidin-4-one or Pyrimidine-4-thione 552 

3. 4-Thioxo-l, 3,5-triazin-2-one 552 

III. Formation of a Seven-membered Ring 553 

1. Azepin-2-one 553 

IV. Formation of an Eight-membered Ring 553 

1. Azocin-2-one 553 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrazole 

o-Tolylisocyanate is cyclized in moderate yield to indazole by treatment with 

pentyl nitrite. 

CaHnONO,Ac^O, AcOK,PhH,A 

34% 
[1643] 

Indazole 

2. Imidazol-2-one 

Although some isocyanates are isolated and purified before being converted into 

another functional group, their high reactivity (review [251]) dictates that they 

may be prepared and treated in situ with further reagents. For example, 

diazotization of a hydrazide converts it into an acylazide which on warming can 

lose nitrogen and react with a ring-nitrogen. The acylazide may be prepared 

separately and purified before cyclization through the isocyanate. 

550 
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t ,HN02 2.CHCIj, a 

40%* [1270] 

Imidazo[l, 5-a]pyridin-3-one 

Other ring systems synthesized similarly: 

Imidazofl, 5-o]quinolin-l-one Imidazof 5,1 -a ]isoquinolin-3-one 

H 

Imidazofl, 5 -ajquinoxaline - 

1,4-dione 

[1075] 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridin-2-one 

Heating a compound containing a side-chain isocyanate (or isothiocyanate) 

alone or with PPA (review [B-21 ]) causes ring-closure on to a ring-carbon atom. 

An acylazide behaves similarly and may attack a carbon in the same or in a 

different ring. 

CH=CHNCO 

78% 

Benz[ /r]isoquinolin-4-one 

Other ring systems synthesized similarly: 

1- Isoquinolinone 
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benzodiazepine -4-thione 

[1571] 

2. Pyrimidin-4-one or Pyrimidine-4-thione 

2-Isothiocyanatopyridine is cyclized on to the ring-nitrogen by heating with an 

enamine, ketene or diketene. 

x = ch2,o 
Cyclopento[e]pyrido[l, 2 -a]- 

pyrimidlne-4-thione 

Pyrido[l ,2-o]quinazoline-5-thione 

[1551] 

Pyrido[1,2-a ]pyrimidin- 

4-one 

3. 4-Thioxo-l,3,5-triazin-2-one 

This ring is obtained by warming a 2-isothiocyanatopyridine with an isocyanate 
in benzene. 

NCS 

c C5H11 

[851] 

P y r ido[ 1,2-o]-1,3,5- 

triazin-4-one, 2-thioxo 
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m. FORMATION OF A SEVEN-MEMBERED RING 

1. Azepin-2-one 

An isocyanate behaves as a C-acylating agent and this is catalysed by a Friedel- 
Crafts catalyst. 

PhCHg 

N 

JJ 

Pyrazolo[3,4-c]L2]- 

benzazepin- 9-one 

[369] 

IV. FORMATION OF AN EIGHT-MEMBERED RING 

1. Azocin-2-one 

A homologous extension of the reaction described in the previous section gives an 

azocinone. 

OHC 

Ph(CH2), 

Pyrazolo[3,4-c][2]- 

benzazocin- 10-one 

[369] 
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The term lactam carbonyl includes its thiocarbonyl analogue (see also Chap¬ 

ter 69); this chapter also contains two examples of annulation of aldehyde and 

lactam carbonyl. 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrazole 

A ketone hydrazone cyclizes on heating in acetic acid. 

H 
/N o 

i\r 

PhJ\N' C = NNHR 

AcOH,A 
--—ft 

~76% 

N 
N. 

R 

'N 

Ph 

[1517] 

R = H , Ph 

Ph^^N^ ^Ph 

Pyrazolo[4,3-e][l ,2,4]triazine 

2. Thiophene 

A side-chain ketone and a lactam carbonyl react with phosphorus pentasulphide 

in pyridine to form a fused thiophene ring in high yields. 

ArCCH, . /1' 

'N' 
H 

SMe 

[320] 

Ar = Ph,4-Me-,4-CI-, 

4-MeO-C6H4 

''N'' 'SMe 

Thieno[2,3-e]-1,2,4-triazine 

554 
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Other ring systems synthesized similarly: 

-Ar 

[226] 

Thieno[2,3-£]quinoxaline 

\ NMe 

S 

[320] 

Thieno[2, 3-e]-1,2,4- 

triazin-3-thione 

A fused thiophene may also be obtained from a 2-formyl-lactam thiocarbonyl 

by first reacting the aldehyde with an a-halogenoketone; ketone and thione 
groups then react to form a thiophene ring. 

+ ArCCHoBr 
II 
0 

E»OH, 

64-76% 

R=alkyl,Phj Ar = Ph,4-Br-, Thieno[2,3-A]pyridinium 

4-N02-,4-Ph-C6H4 

Another ring system synthesized similarly: 

Thieno[2,3-£]quinoline 

[1598] 

[1899] 

3. Oxazole 

Although the oximido (or isonitroso) pyrazole used in this reaction was not 

prepared from a dicarbonyl compound, it is regarded as an oxime of a dicarbonyl 

compound for classification purposes. When this is heated with benzylamine (or 

benzyl cyanide-sodium ethoxide), a new oxazole ring is formed. 

Ar 

°^N^n 

HON*** "—Me 

Ar = 2,4-(N02)2C6H3 

+ PhCH2NH2 
EtOH,A 

54%* 
[1059] 

Pyrozolo[4,3-^]oxazole 

4. Thiazole 

When a compound which has a side-chain ketone and a thiolactam is heated with 

acetic anhydride and sulphuric acid, a fused thiazole ring is obtained. 

NCH2COAr 

Ar=3-HOC6H4 

Ac20,H2S04,a 

81 %* 

Ar 
[1948] 

Thiazolo[3,2-o]benzimidozole 
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II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridazine 

A carbonyl group in a side-chain and the lactam carbonyl react with hydrazine 

hydrate to form a pyridazine ring. 

R^MejPh j R2= H, Me Pyridozino[3,4-£]quinox aline 

[1927] 

2. Pyrazine 

This ring is formed in high yield by reaction of a 2-oxo-lactam carbonyl with o- 

phenylenediamine. 

diox, A 

83-100% 
► R- 

R = H ,halogen , N02 Indolo[2,3-£]quinoxaline 

[275] 

3. 1,2,4-Triazine or 1,2,4-Triazine-3-thione 

A benzimidic acid hydrazide reacts in refluxing acetic acid with the two carbonyl 

groups of a keto-lactam to form a new triazine ring but thiosemicarbazide in the 

presence of a weak base condenses to give the triazinethione, both in high yield. A 

preformed monothiosemicarbazone may be cyclized in aqueous alkali to give a 

similar result [1420], 

H 

[210] 

[758] 

1,2,4-Triazino[5,6-£]- 

indole-3-thione 
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Another ring system synthesized similarly: 

H 
'N\ 

XNH 
[1420] 

1,2,4-Triazino[6,5-6]- 

indole-3-thione 

4. Pyran-4-one 

A fused pyran is readily built by passing hydrogen chloride into a methanolic 

solution of the keto-lactam. 

R1 
0 

0 
211 3 

CCHR^CR5 
II 
0 

R1 = H,MejR2=Me,Etj 

R3=Me,Ph,4-MeOC6H4 

HCI-MeOH. A 
- 

45-73% 

3 

2 

Pyrano[2,3-£]indole-4-one 

[879, 1710] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

The acidic character of the hydrogens of a methyl placed near a nitro group 

allows reaction with several electrophilic reagents, for example, carbonyl groups 

of aldehydes or esters. 

+ ArCHO 

Ar =Ph,4-Me-, 4-CI-, 

4-MeO-C6H4 

DMF, pip, A __ 

— 47%*" 

Me 

Pyrroio[3,2-c/]pyrimidine- 

5,7-dione 

[373] 

OMe OMe 

+ (COOEt )2 
I.EtOK 2.FeSOa 

48% 

\/COOEt 

Indole 

558 

[964] 
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H 

DMF,DMFDIVtA,pyrrolidine,A ^ 

~ 68% 

OR OR 

R =H,PhCH2 

A-Methoxyindoles are more stable than their hydroxy homologues and are 

useful intermediates in the synthesis of other indoles. The parent compound may 

be synthesized in good yield from o-nitrotoluene in a three-step reaction but the 
intermediates are not isolated. 

OMe 

/,DMF,DMFDMA,DBU,A; 

//', Zn - NH4CI j ///, Me I - Na H 

[2012] 

2. Pyrazol-3-one 

An anion from a side-chain containing a —NPh—CH2—CO— group was 

expected to attack the nitro group but the pyrazolone isolated may have resulted 

from the transient formation of 2-hydroxyimino-A-phenylbenzamide. 

^^^^CNPhCHsCPh 

EtONa,EtOH,A 
----—I 

~ 50% 
[1449] 

0 

(103.1) 

0 3-Indazolone 

3. Imidazole or its A-Oxide 

Thermally induced interaction between an activated methylene and a neighbour¬ 

ing nitroso group gives a high yield of a reduced benzimidazole. An anion can 

convert a nitro group into a cyclic A-oxide as in this synthesis of a benzimidazole 

A-oxide (reviews [B-18, B-34]). 

[478] 

4-Benzimidazolone 
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^/^NCHoCPh 
Ts 

R=H,Me,MeO,CI 

[257] 

4. Isoxazole 

2-Nitrophenylacetic ester in a basic medium may be converted into its isonitroso 

(hydroxyimino) derivative which on heating further with a base cyclizes to 1,2- 

benzisoxazole. The nitro group has been displaced; such reactions have been 

reviewed [1398, 1399, 1432]. 

r=h,no2 

/', C5HnONO,EtONa 

66-78% 
—C=NOH 

NaH, diglyme, 

COOEt 
COOEt 

1,2-Benzisoxazole 

(review [1900]) 

[1486, 1867] 

5. Thiazole yV-Oxide 

Dehydrative cyclization of a methylene-nitro compound requires heating with 

a base and when the methylene is attached to a sulphur atom, a fused thiazole 
,/V-oxide is obtained (review [B-34]). 

R=COOMe, COOEt 

Me 

Thiazolo[5,4-c/]pyrimidine- 

5,7-dione 1-oxide 

[274] 

Another ring system synthesized similarly: 

Me 

I* [1718] 
N —0 

0 

Thiazolo[4,5-^]quinazoline- 

5,7-dione 3-oxide 
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II. FORMATION OF A SIX-MEMBERED RING 

1. Pyrimidine-2,4-dione 

When the benzoyl group of reactant (103.1) (Section 1.2) is replaced by a cyano, 

the product, obtained in high yield, is a quinazolinedione. 

2cn 

R = Me,PhCH2, Ph 

Jo.EtOH.A 
—--—• 

76-93% 
[1449] 

2, 4- Quinazolinedione 

2. Pyrazin-2-one or its 4-Oxide 

Compounds which contain an acetoacetylamino side-chain ortho to a nitro 

group, yield a fused pyrazin-2-one 4-oxide on treatment with alkali but the 

formation of the N-oxide may be avoided by including a mild deoxygenator in the 

reaction sequence. 

2-Ouinoxalinone 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

The enhanced reactivity of quaternized pyridines (review [1870]) is utilized in 

their reaction with acetylenedi(or mono-)carboxylic esters, a/i-unsaturated 

ketones or ketenes. 

COOMe 

Ph 

[713] 

[713] 

562 

Indolizine 

(review [1670] ) 
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In the absence of the 2- and 6-phenyl groups and using potassium carbonate- 

alumina [1286] or sodium hydride [1068] as base, the acetylenediester reaction 

gives a fully unsaturated product. 

COOMe 

CR' 

+ CCOOMe 

Cl- 

R1 = CINI, COOMe ■, R2= H ,benzo j 

R3=Ph,COOMe [1286] 

[283] 

Pyrrolo[2 ,1-o]isoquinoline 

a-Methylazines yield anions with bases and reaction with halogenocarbonyl 

compounds results in ring closure. The same overall effect is sometimes achieved 

by heating the reactants on their own, in a solvent or with phosphorus 

oxychloride [1487], 
COOEt 

[391] 

Pyrrolo[1,2 -c]quinazoline 

(review [15423) 

H 

R1CH2'YNVY° + CH2Br EtOH, A_ 

N^^NH 

n 
0 

COR 2 47-58% 

R’=H,Phj R2=H,COOEt 

Other ring systems synthesized similarly: 

/ Me 

[391] 

MeC 

r 1 \ T il 
N ' 

[1835] 

Pyrrolo[l ,2-o]-1,3,5- 

triazine- 2,4-dione 

[769] 

•COOEt 

Pyrrolo[1,2-c]quinazolin-5-one Benzo[£]pyrido[2,3,4-^/?]pyrrolizine 
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[1657] [1323] 

Pyrrolo[1,2-o]pyrazine Pyrrolo[l,2-<7]imidazole 

(review [1659]) 

Pyrrolo[1,5-/>: 2,3-<?']dipyridazine Pyrrolo[1, 2-a]benzimidazole 

2. Pyrazole 

Cyclization of the dithioketal (104.1) depends on the reactivity of both the N- 

substituted pyridinium ring and methylene group but its course may involve the 

initial formation of another ring. 

CSMe 
I 
SCHgCOOEt 

CHCI3, K gC03 ^ p 
SMe 

~78% 
[1290] 

■COOEt 

Br Pyrazolo[1,5-o]pyridine 

(104.1) 

R = H,Me 

3. Imidazole 

Nitrosoarenes and 6-methylaminouracils react in refluxing acetic anhydride to 
give a fused imidazole in good yield. 

0 

nhch2r 

R = H,Me,Ph j 2,6 —Purinedione 

Ar =Ph, 4-CIC6H4 

[992] 

4. 1,2,3-Triazole 

a-Methylpyridines when heated with phenylsulphonyl azides without a solvent 

react by annulation of the methyl and ring-nitrogen with loss of the phenylsulph¬ 
onyl group. 
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PhS02N3, A^ 

72%* 

N=N 

[1,2,3]Triozolo[l, 5-o]- 

quinoline 

Another ring system synthesized similarly: 

[l ,2, 3]Triazolo[5,1-o]- 

isoquinoline 

[1746] 

[1746] 

5. Furan 

Vilsmeier reagents supply a carbon atom and convert a reactive methyleneoxy 

group into a furan under mild conditions. This type of cyclization has been 
reviewed [1676]. 

DMF, POCI3 , A ^ 

2 5-76% 

\/COPh 

[1933] 

R = MeO,EtO,Et2N Benzofuran 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine or Pyridin-2-one 

By taking advantage of the reactivity of the methylene in a cyanomethyl group, it 

and the neighbouring ring-nitrogen become part of a new pyridine ring fused at 

the CH2—C=N— atoms of the substrate. The cyclization is usually promoted 

by a base but a thermally induced reaction is sometimes successful. 

NCCH 

N 
+ PhCH = CCN 

I 
R 

R = CN, PhCO,COOEt 

CN 

EtOH,pip, A t 

55-75% 

CHPh 

Thiazolof 3,2-0]pyridin-3-one 

(review [1865]) 
[1089] 
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CHOEt 
II 
C(COOEt )2 

[1150] 

4—Quinolizinone 

(reviews [1671,1692] ) 

Pyrido[2,1-A]benzothiazol-1-one 

Bridging a methyl and a ring-NH in different rings is achieved by reaction of 

butyllithium and a carboxylic ester. 

RCOOMe [661] 

R = PhCH2,PhCHOH, 4-CIC6H4, 

2 74— 

Imidazo[2 ,1-a]isoquinoline 

2. Pyrimidin-4-one or Pyrimidine-4-thione 

A pyrimidinone ring is formed by treatment of a reactive methylene in an a- 

acylamino side-chain with phosgene; the product retains a chlorine which itself 

may be displaced in a later reaction. When the substrate contains an a-N= 

CHOEt group, reaction with dichloroketene gives a new fused pyrimidinone. 

R =H,Me 
0 

Pyrido[1,2-a]pyrimidin-4-one 

[310] 

N = CHOEt 

4- CI2C = C = 0 

R=H,Me 

Etz0, DME 

21-80% 
► R- 

\^OEt 

Cl 
[1509] 

o 
Pyrido[l,2-a]pyrimidin-4 - one 

An activated methylene adjacent to a ring-nitrogen reacts with benzoyl 

isothiocyanate in pyridine with the formation of a new pyrimidine-2-thione in 
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high yield. 

ch2cn 

+ PhCNCS 
II 
0 

pyr, A , 

85% [538] 

Pyrimido[6,1— Albenzothiazole- 

3 -thione 

3. 1,2,4-T riazin-3-one 

The methylene of a cyanomethyl group couples with diazonium salts to form a 

hydrazone-type structure. This readily cyclizes on to the neighbouring ring 

nitrogen to form a triazinone ring. 

+ ArNH- 
HN Op 

0 

.X 
'82% 

'CH2CN 

Ar = Ph, 4- Me-, 4—MeO - , 4-EfO—, 

4-Br-C6H4,5-Mepyrazol-3-yl 

l\l A r 

N 
[1521,2022] 

CN 

[1,2,4]T riazino[4,5-a]- 

benzimidazol-1- one 

III. FORMATION OF A SEVEN-MEMBERED RING 

1. Azepine-2,5-dione 

A reactive methylene in an acylamino side-chain reacts with DMF and oxalyl 

chloride (in a way reminiscent of the Vilsmeier reaction) and gives a fused and 

highly substituted azepinedione ring in high yield. 

+ (coci)2 [1556] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole or Pyrrol-2-one 

Triethyl phosphite deoxygenatively cyclizes nitro groups, probably forming a 

transient nitrene which attacks a neighbouring ring-carbon atom to form a 

pyrrole ring (review [1918]). 

P(QEt)?, A ^ 

30—70%> 

Carbazole 

(review [1695]) 

[575] 

Other ring systems synthesized similarly: 

[1244] 

Furo[3,2 -£]indole [l ,2,4]Triazino[4 " , 5": 15']pyrrolo- 

[2', 3': 4 ,5]furo[3,2-6]indol-1-one 

2-Nitrostyrenes are cyclized by heating with an isonitrile to form 1- 
hydroxyindoles. 

568 
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^°2 + R3NC 

CH=CR1 

MeCN,A 

6-86% 

OH RrrYRl 
^CONHR3 

[1160] 

R1 = Me,Et j R2=H,Me0,N02j Indole 

R3= tBu,t-octyl,cyclohexyl (review [B—15a]) 

A 2-indolone was obtained when a />-nitrostyrene was stirred at 0°C with 

iron(III) chloride and acetyl chloride. Aluminium or titanium chloride was 

ineffective and the temperature had to be raised slightly for the nuclear nitro- 

derivative to cyclize. Among the byproducts are the chloro-ketone, 

ArCHClCONOHAc, which may be an intermediate in the cyclization. 

NO; 
I 

CH=CH 

CH2CI2,FeCI3, AcCI __ 

13-7 9% 
R 

H 

- Cl 

[543] 

R = H,Me,Cl,F,N02 2-Indolone 

On heating a 2'-nitroflavanone briefly with ethanolic sodium hydroxide, ring- 

closure between nitro and C-3 of the flavanone gave an IV-hydroxypyrrole ring. 

[1 ]Benzopyrano[ 3,2-6] — 

indol-11-one [697] 

Propiolic (propynoic) acid esters (two moles) add across the C-N bond of a 

heterocyclic IV-oxide in refluxing benzene to form a fused pyrrole ring; this is 

accompanied by deoxygenation and deformylation of the intermediate. 

R 

R = H,MeO 

-I- HC = CCOOEt 

2. Pyrazole 

Deoxygenation of nitro groups by triethyl phosphite (see preceding section) may 

result in the formation of a N-N bond by attack at a conveniently positioned 

ring-nitrogen. 
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[1381] 

Pyrrolo[3 4': 3,4]pyrozolo- 

[l, 5-o]pyridinium ylide 

II. FORMATION OF A SIX-MEMBERED RING 

1. 1,4-Thiazine 

A thiazine ring is formed when a 2-nitrophenylsulphide is reduced with triethyl 

phosphite at about 150 °C. 

R = H,MeO,MeS,CI,CF3,CN,Ac Phenothiazine 

[1012] 
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I. FORMATION OF A FIVE-MEMBERED RING 

1. Pyrrole 

A ring-carbon may be joined to a ring-nitrogen in another ring by reaction with 

either phenacyl bromide or butyllithium followed by a carboxylic ester. 

1. Me2CO, A 2.NaHC0* 
+ PhC0CH9Br ----- 

2 90% 
[831] 

Pyrano[2,3,4-/7/']- 

indolizine 

+ RCOOMe 
BuLi.THF, A 
----—► 

37-60% 

R = tBu, 4-CIC6H4,2 - fury I Imidazo[2,1-a]isoindole 

2, 1,2,4-Triazole 

In an unusual cyclization, a triazinone is heated in water with hydrazine and a 

carboxylic acid. A fused 1,2,4-triazole is produced in yields which vary according 

571 
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to the carboxylic acid used, the highest yield being from formic acid. 

0 ° 

HN 

N 
+ n2h4+ RCOOH 

H20, A HN 

Me2N/^N/ 

R = H, Me, Ph 

'N 

,N- 
Me2N^ ^m' 

1,2,4 - Triazolof 3,4-/r]~ 

[1,2,4]friazin-8-one [1946] 

Nitrilimines, generated from a-chlorohydrazones (review [1753]), add on to 

heterocyclic C=N bonds to provide a new fused 1,2,4-triazole. 

COR 
1 

,N 

PhC=NNHPh 

R = Me , Ph 

1 ♦ 
-N 

CICPh PhH,TE A 

PhOC 
I 

,Nv 

NNHPh -50% 

Ph 

-N- 

IN 

[1800] 
Ph 

1,2,4-Triozolo[4,3-o]- 

benzimidazole 

II. FORMATION OF A SIX-MEMBERED RING 

1. Pyridine-4-one 

Another addition to a C=N bond in a heterocyclic ring is that of the 

trimethylsilyloxybutadiene which results in the formation of a fused pyridinone 

ring but when the methyl group is replaced by a more electron-releasing 

substituent, the reaction fails. 

+ Me,SiOC = CH2 3 j 

CH=CH0Me 

PhMe, A^ 

45% * 
[1580] 

Pyrido[l ,2-£][1,2]benzisothiazol- 

2-one 6,6-dioxide 

2. 1,3,5-T riazine-2,4-dione 

4-Pyridinone reacts with two molar equivalents of methyl isocyanate to give a 

triazine-fused product in theoretical yield. 

+ 2 MeNCO 
NH 

DMF.TEA 
---» 

~100% 

Me 
N 

T 
NMe 

[1539] 

Y 
0 

Pyrido[l , 2-o]-1,3,5- 

triazine-2,4,8-trione 



CHAPTER 107 

Ring-nitrogen and Thiol or Lactam 
Thiocarbonyl 

I. Formation of a Five-membered Ring 573 
1. Imidazole 573 
2. 1,2,4-Triazole 574 
3. Isothiazole 575 
4. Thiazole 575 
5. Thiazol-4-one or Thiazole-4,5-dione 576 

II. Formation of a Six-membered Ring 576 
1. 1,3-Oxazin-4-one 576 
2. 1,3-Thiazin-4-one 577 

Two kinds of cyclizations are discussed in this chapter. The more common type is 

that in which both C=S and NH of a thiolactam react to form a ring 

(Scheme 107.1). An example is included of the parallel but of the less common 

annulation of a lactone carbonyl to its nitrogen. Some examples are also 

mentioned of compounds in which the thiocarbonyl and nitrogen functions are 

separated by one or more carbon atoms or are in different rings. 

'C = S 

I 
,NH 

4 

'C- 

II 
,N 

-SH 

Scheme 107.1 

I. FORMATION OF A FIVE-MEMBERED RING 

1. Imidazole 

Reaction of a thiolactam with a 2-alkynylamine leads to the formation of a fused 

imidazole ring in moderate yield. A lactam is annulated by reaction with an 

573 
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isonitrile in the presence of a base. 

Imidazo[l,2-c7][l ,5]- 

benzodiazepin-5-one 

[1194] 

H 

^-R 

CHoNC 
I 

COOEt 

DMF,tBu0K,(Et0)2P0Cl 

28-65% 
-► [830] 

R=H,Me Imidazo[5,1-c][l,4]- 

benzothiazine 

2. 1,2,4-Triazole 

A hydrazide condenses with a thiolactam group on heating with or without an 

acidic catalyst—a reaction which has been widely used in medicinal chemistry. 

[829] 

[1,2,4]Triazolo[3,4-e][l ,6]- 

benzofhiazocine 

Other ring systems synthesized similarly: 

[770, 1194] 

r = h2 

[1,2,4]Triazolo[4,3-c7j — 

[l, 5]benzodiazepine 

R =0 

[l, 2,4]Triazolo[4,3-a]- 

[l, 5 ]benzodiazepin-5-one 

[1,2,4]Triazolo[4,3-a]- 

[l, 4]benzodiazepine 

[1879] 
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3. Isothiazole 

A thiol group may be linked by a bond to a nitrogen in another ring either by 

reaction with N-chlorosuccinimide or in an oxidative cyclization with bromine. 

benzisofhiazolium 
[836] 

Br2, AcOH 

~79%* 
[1847] 

X=CH,N 

Benzimidazofl, 2 -6] [1,2]benzisothiazole 

Pyrido[3',2': 4,5]isothiazolo[2,3-o]- 

benzimidazole 

4. Thiazole 

For the purpose of classfication, compounds such as imidazole-2-thione and 

1,2,4-triazole-3-thione (or their tautomers) are regarded as thiolactams. The 

sulphur function and its neighbouring nitrogen may be annulated by reaction 

with 2-halogenoketones in refluxing ethanol; the less reactive bromoacetalde- 

hyde dimethylacetal also gives a good yield in this type of cyclization [I860]. 

rV♦-p* 43* RTXTflr ^ 
HN 

u 

R = CH2COOEtj Ar= Ph, 2-or 

4-CIC6H4 

Thiazolo[3,2-£][l,2,4]- 

triazole 

COOEt 

HgN 

RCN-NH 
II 
0 

COCHoBr 
+ I 

COOEt 

COOEt 

Et0H,H2S04, A 

~ 85% COOEt 

[1860] 

R=Ph,4-MeO-,4-CI-C6H4 Pyrazolo[ 5,1-^]thiazole 

Another ring system synthesized similarly: 

[663] 

Imidazo[2 ,\-t>] thiazole 
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5. Thiazol-4-one or Thiazole-4,5-dione 

The thiolactam group adds across the triple bond of acetylenedicarboxylic ester 

(the synthetic use of this compound has been reviewed [1725]) under very mild 

conditions and a thiazolone ring is formed. A rather lower yield is obtained in the 

cycloaddition of maleic anhydride to a thiolactam but oxalyl chloride-TEA gives 

a good yield of the fused thiazoledione. 

CCOOMe 
+ 111 

CCOOMe 

R =H, Me, PhCH2, Ph 

MeOH 

49-78% 

S^^CHCOOMe 

'0 

[1311] 

Thiazolo[3,2-A][l ,2,4]- 

triazine-3,7-dione 

Thiazolo[3,2-o]benzimidazol-1-one 

R = Ph,4-MeO-, 4-CI —C6H4 Pyrazolo[5,1-£]thiazole- 

2,3-dione 

[1860] 

II. FORMATION OF A SIX-MEMBERED RING 

1. 1,3-Oxazin-4-one 

This ring is formed by heating 2-benzimidazolethiol with diketene but the yield is 
only moderate. 

o 
[l ,3]Oxazino[3,2-a] - 

benzimidazol -4-one 

[1114] 
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2. l,3-Thiazin-4-one 

The normal product of the reaction of thiolactams with diketene is the thiazinone 

ring; it is also formed when ethyl 2-butynoate, diethyl ethoxymethylenemalonate 

or acetylenedicarboxylic ester is used instead of diketne. The acetylene diester 

cyclization needs prolonged refluxing [912] compared with a similar cyclization 

on a different substrate (Section II.5). 1,3-Benzothiazin-4-ones have been 

reviewed [2010]. 

+ 
44% 

-Me 

[l,3]Thiazino[3,2-a]- 

indol-4-one 

[1114] 

o 
EtOOC 

J= 
[l,2,4]Triazolo[ 5 ,1-Z>] — 

[l, 3]thiozin-7-one 

X = CH 

[739] 

[739] 

CCOOMe 

+ III 
CCOOMe 

MeOH, 

96% * 

COOMe 

[1,3]Thiazino[3,2-<7]~ 

benzimidazol-4-one 

[912] 



APPENDIX: 

Notes on Naming some Fused Heterocycles 

Basic rules for assigning a name to a fused heterocycle are given in the official 

IUPAC rules [B-l] and these have been amplified in a review [2014], However, 

the complexity of these rules and of their application to compounds which 

contain two or more heterocyclic rings sometimes lead to names which are 

inconsistent with IUPAC rules being given to ring systems. The following 

examples are chosen to illustrate the application of the IUPAC rules to some 

of the ring systems which have, in recent years, been sometimes wrongly 

named. 

A. There are several possible ways of drawing the formula of a compound 

prepared by heating a salt of 3-methylbenzimidazole-l,2-diamine with acetic 

anhydride; three possibilities are shown in formulae (1)—(3). 

The angular formula (1) is rejected because it is possible to draw (preferred) 

linear forms of it. The criteria which are then applied (in this order) to select the 

correct formula from (2) and (3) are as follows: 

(1) Hetero atoms should have the lowest possible numbers. In this example, 

both (2) and (3) lead to the hetero atoms being given the numbers 1, 3, 4, 9 
and a choice cannot be made. 

(2) Carbon atoms which are shared by two rings should follow the lowest 

possible numbers. In formula (2), the carbon atom which is common to both 

hetero-rings is numbered 3a while in (3), it is 9a. The correct formula is 

therefore (2) which also shows its correct alignment. It follows (from IUPAC 

rules) that peripheral numbering begins in the ring which is furthest to the 
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right and at the most anticlockwise (but not a bridgehead) atom. 

Of the two ring systems [1,2,4-triazole (4) and benzimidazole (5)] which 

constitute compound (2), benzimidazole takes precedence as the base or last part 

of the name because it has more rings than the triazole. The name will therefore be 

of the type [1,2,4]triazolo[x, y — z]benzimidazole. The numerals 1,2,4 are 

placed in square brackets because the three triazole nitrogen atoms are not in 

positions 1,2 and 4 of the peripheral numbering of (2). The three characters in the 

second pair of square brackets (the locant) identify the bond which is common to 

the two ring systems, x and y being numbers in the triazole ring (4) and z the bond 

as viewed from the (tautomeric) benzimidazole (5) ring. Where a choice of 

numbering is available, that which gives the lowest numerals and the alphabeti¬ 

cally earliest letter is chosen; in this example, therefore, the locant is [1,5-u] and 

(2) is 2,4-dimethyl-47/-[l, 2,4]triazolo[l,5-a]benzimidazole. 

Ph 
.N 

T 
0 

"S02 

NMe 

1 /N. 
I\T 

(7) 

(6) 

B. It is important to ensure that numerals such as 1, 2, 4 in the above example 

are those which are correct for that ring when it is isolated from (i.e. not fused to) 

the other ring but the position of substituents must be identified in terms of the 

peripheral numbering of the ring system. For example, to determine the IUPAC- 

approved name of compound (6), it is necessary to separate the two rings 

(omitting substituents at this stage) as in (7) and (8) and to name each one: 

pyrazole and 1,2,6-thiadiazine respectively. The latter is the base component by 

virtue of the size of the ring; the locant [3,4-c] follows from the details shown in 

(7) and (8). The letters a,b,c,... are given to bonds in the base component in the 

same order as for numbering ring (8); this begins with oxygen, or if this is absent 

with sulphur or, failing that, with nitrogen. The numbering (and alphabetizing of 
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the bonds) then proceeds towards the nearest heteroatom and continues to any 

others present. A rudimentary name for the ring system of (6) is therefore 

pyrazolo[3,4-c][l,2,6]thiadiazine and to this must be added the names of 

substituents to give 1, 7-dihydro-3-methyl-7-phenylpyrazolo[3,4-c][l,2,6]- 

thiadiazin-4-one 2,2-dioxide. 

It is worth noting that replacement of the pyrazole ring of (6) by a benzene has 

an important effect on the numbers which appear in the name. Compound (9) is 

called 3-methyl-2,1,3-benzothiadiazin-4-one 2,2-dioxide; the numbers 2,1,3 are 

derived from the peripheral numbering and so do not need square brackets. In 

benzoheterocycles, peripheral numbering begins at one of the atoms which are 

attached to the benzene ring irrespective of the numbering of the isolated 

heterocycle; for example, compound (10) is 2,1-benzisothiazole. In such com¬ 

pounds, the numerals correspond to the peripheral numbers while in (6), the term 

[1,2,6] is derived from the numbering of the thiadiazine in isolation. Another 

example is shown in compound (11) which is called 7-methylthieno[3,2- 

d][ 1,6,2]oxathiazepin-2-one. 
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General Index 

Pairs of functional groups which are not in the contents list but are mentioned in the 
text are listed below. 

Abbreviations of reagents and solvents, 7 
Acetic anhydride, cyclization with, 35, 

62, 119, 126, 204, 212, 221, 223, 
388, 389, 392, 396, 410, 414, 451, 
466, 470, 471, 474, 480, 486, 555 

Acrylonitrile, cyclization with, 116 
Acyl chloride and ring-nitrogen groups, 

388 
Acyl chloride and sulphonylamino 

groups, 494 
Acylamine and amidroxamine groups, 30 
Acylamine and hydrazide groups, 242 
Acyloxy and halogen groups, 477 
Aldehyde and lactam (thio)carbonyl 

groups, 554, 555 
Aldehydes, cyclization with, 215, 535, 

536, 542, 558 
Alkene and carbamate groups, 186 
Alkenes, cyclization with, 139, 438 
Alkoxy and hydroxy groups, 477 
Alkynes, cyclization with, 13, 87, 141, 

173, 268, 285, 421, 438, 451, 477, 
478, 485, 542, 569, 573, 574 

Alkynones, cyclization with, 57, 58 
Allenes, cyclization with, 139, 421 
Amidine and lactam groups, cyclization, 

61 
Amidines, cyclization with, 14, 76, 127, 

128, 149, 231, 444, 466 
Amination with mesitylhydroxylamine, 

176 
Amine and acylhydrazine groups, 24, 26 
Amine and carbamate groups, 24, 26, 27 
Amine and oxime groups, 8 
Amine and semicarbazone groups, 8 

Amines or ammonia, cyclization with, 
121, 127, 131, 132, 135, 143, 151, 
157, 187, 221, 331, 335, 336, 339, 
341, 345, 346, 352, 395, 447, 456, 
466, 470, 471, 474, 480, 486, 487 

Aminoacroleins, cyclization with, 169 
Ammonia, cyclization in liquid, 40, 489 
Ammonium acetate, cyclization with, 

111, 145, 543 
Ammonium carbonate, cyclization with, 

135 
Ammonium formate, cyclization with, 

111 
Anthranilic acid, cyclization with, 475 
Arylhydrazines, cyclization with, 110, 

113, 114, 117, 120, 121, 144, 228 
Azide and hydrazone groups, 114 
Azide and oxime groups, 114 
Azide group, labile, 263 
Azides, cyclization with, 147, 234, 260, 

437, 494 
Azo transfer, 459 
Azodicarbonyl reagents, 424 

Baker-Venkataraman rearrangement, 
123, 531, 536 

Beckmann rearrangement, 170, 529 
Benzimidic acid hydrazide, 456 
Benzofurans by Fischer indolization 

reaction, 511 
Benzyne in cyclizations, 223, 544 
Bischler indctle synthesis, 167 
Bischler-Napieralski reaction, 94, 312 
Bis(chlorosulphonyl)methane, cyclization 

with, 425 

633 
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Boron trifluoride-etherate, cyclization 
with, 12, 452, 453, 546 

Borsch carbazole synthesis, 511 
Borsch modification of Friedlander 

synthesis, 10 
Bromine, cyclization with, 524, 575 
Bromoacetaldehyde acetal, cyclization 

with, 575 
Bromonitromethane, cyclization with, 

137, 138, 323 
Butyl or ethyl carbazate, cyclization with, 

179, 222, 473 
Butyllithium, cyclization by, 447, 448, 

543, 566, 571 

Carbamate and carboxamide groups, 30 
Carbamate and hydrazide groups, 244 
Carbamate and lactam thiocarbonyl 

groups, 359 
Carbimidoyl chlorides, cyclization with, 

50 
Carbon disulphide, cyclization with, 25, 

43, 51, 64, 80, 81, 207, 274, 408, 
409, 413, 431, 493, 517, 534, 535 

Carbon suboxide, cyclization with, 59, 
141, 247, 454, 549 

Carbonyl and hydrazone groups, 144 
Carbonyl sulphide, cyclization with, 80, 

81 
Carbonyldi-imidazole, cyclization with, 

209, 326 
Carboxamide and hydrazide groups, 443 
CDI, cyclization with, 326 
Chloramine, cyclization with, 127, 339 
Chloroacetaldehyde, cyclization with, 

540 
ChloroaceCmide, cyclization with, 431 
Chloroacetic acid, chloride or salt, 

cyclization with, 116, 126, 138, 391, 
498 

Chloroacrylonitrile, cyclization with, 454 
Chloromethyl isocyanate, cyclization 

with, 142, 234 
Chloromethylenemalononitrile, 

cyclization with, 469 
Chloroperbenzoic acid, cyclization with, 

191 
Chlorosuccinimide, cyclization with, 575 
Chlorosulphonic acid, cyclization with, 19 
Chlorosulphonyl isocyanate, cyclization 

with, 274, 532 

Chlorothioformyl chloride, cyclization 
with, 311 

Citral, cyclization with, 476 
Conrad-Limpach reaction, 269 
Copper-mediated cyclization, 200, 343, 

447, 477, 478, 498, 502, 535 
Curtius reaction, 14, 296 
Cyanamides, cyclization with, 231, 343, 

428 
Cyanoacetamide, cyclization with, 140 
Cyanogen bromide, cyclization with, 

207, 245, 283, 355, 360, 401, 513, 
516 

Cyanogen di-iV-oxide, cyclization with, 
55, 420 

Cyclization, decarboxylative, 193, 364, 
367, 369, 388 

dehydrative, 24, 34, 48-50, 60, 95, 
166, 208, 225, 259, 261, 391, 395, 
397, 452, 546, 555, 560 

dehydrohalogenative, 48, 489 
oxidative, 177, 191, 206, 210, 228, 

247-249, 268, 310, 311, 323, 404, 
427, 523, 524, 541, 561, 575 

photochemical, 40, 167, 299, 302, 303, 
359, 470, 487, 489, 490 

reductive, 10, 15,16, 27, 83,159, 207, 
210, 295, 309, 427, 434, 482, 484, 
568 

thermal, 38, 41, 44, 58, 84, 101, 167, 
179, 182, 199, 201, 203, 222, 237, 
238, 244, 251,294, 296, 298-303, 
308, 313, 315, 365, 377, 382, 389, 
390, 392, 396, 407, 409, 436, 437, 
470, 471, 522, 527, 529, 559 

ultrasonic, 139, 458 

DBN, cyclization with, 14, 229 
DBO, cyclization with, 242 
DBU, cyclization with, 198, 429 
DCC, cyclization with, 225, 310, 318, 

355, 374, 389, 406, 504, 516 
DDQ, cyclization with, 191 
Diacetyloxyiodobenzene, cyclization 

with, 533 
2-Diazopropane, cyclization with, 459 
Diazide, cyclization of, 302 
Diazotization, cyclization by, 217, 241, 

244, 247, 249, 321, 366, 409, 431, 
434-441, 491, 550, 567 
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Dicarbonyl compounds, cyclization with, 
57, 58, 195, 414-418, 421-423, 
447, 459, 471 

Dichloroglyoxime, cyclization with, 420 
Dichloromethylenesulphamates, 

cyclization with, 223 
Dieckmann condensation, heterocycles 

from, 363-365, 367-369 
Diels-Alder reaction, 461 

retro-, 201 
Diethoxy (or dimethoxy) methyl acetate, 

cyclization with, 532, 536 
Diethyl carbonate, cyclization with, 429, 

534 
Diethyl azodicarboxylate, cyclization 

with, 207 
Diketene, cyclization with, 58, 59, 255, 

269, 284, 470, 548, 552, 576, 577 
Dimethyl cyanocarbonimidodithionate, 

cyclization with, 272, 428, 431 
Di(methylene) groups, 458, 460 
Dimethyl methylphosphonate, cyclization 

with, 44 
Dinitrile oxide, cyclization with, 420 
1,3-Diones, cyclization with, 57, 58, 152, 

195, 415, 417, 421, 447 
Diphenyl cyanocarbimidate, cyclization 

with, 50 
Dithiocarbamates, cyclization with, 222, 

223 
Dithioic esters, cyclization with, 420 
DMAD, cyclization with, 32, 141, 172, 

209, 270, 387, 530, 563, 576, 577 
DMFDEA, cyclization with, 306, 331, 

512 
DMFDMA, cyclization with, 52, 63, 71, 

214, 239, 367, 404, 512, 535, 559 
DMSO-iodine, cyclization with, 191, 228 

Enamine, cyclization with, 141, 240, 264, 
265, 353, 444, 446, 535, 536, 552 

Epichlorohydrin, cyclization with, 454, 
532 

Epoxides, cyclization with, 139, 454, 487 
Ester and hydrazine groups, 347 
Ester and hydrazone groups, 359 
Ether and halogen groups, 477 
Ethoxymethylenecyanamide, cyclization 

with, 287 
Ethoxymethylenemalonates, cyclization 

with, 270, 285, 423, 469, 543, 577 

Ethyl acetocacetate, cyclization with, 269 
Ethyl benzenesulphinate, 526 
Ethyl carbamate, cyclization with, 388 
Ethyl chloroformate, cyclization with, 26, 

170, 245, 313, 314, 326 
Ethyl ethoxyiminoacetate, cyclization 

with, 419 
Ethyl or butyl carbazate, cyclization with, 

179, 222, 473 
Ethyl oxalyl chloride, cyclization with, 

537 

Fischer indolization, 427, 508-512 
benzofurans from, 511 

Formaldehyde, cyclization with, 179, 
250, 255, 261, 289, 403, 404, 524, 
535, 536 

Formamide, cyclization with, 14, 172, 
213, 214, 230, 256, 303, 307, 375 

Formamidine, cyclization with, 14, 76, 
220, 221, 232, 428 

Formic acid, cyclization with, 99, 211, 
272, 279, 321, 410, 427, 572 

Friedel-Crafts reaction, intramolecular, 
17, 108, 109, 185, 200, 330, 332, 
324, 334, 352, 378, 381, 382, 385, 
386, 545, 553 

Friedlander synthesis, 10, 255 
Borsch modification, 10 

Fries rearrangement, 173 

Glycine, cyclization with, 464 
Glyoxal, cyclization with, 414 
Gould-Jacobs reaction, 378 
Grignard reagent, cyclization with, 42 
Guanidine, cyclization with, 78, 112, 134, 

149, 150, 172, 324, 351 

Halogenohydrazones, cyclization with, 
56, 57, 188, 276, 280, 450, 460, 491 

a-Halogenoketones, cyclization with, 57, 
65, 66, 219, 220, 262, 276, 280, 518, 
519, 555, 562-564, 571, 575 

Halogeno-oximes, cyclization with, 460 
Hexamethylenetetramine, cyclization 

with, 135 
Hydrazide and hydrazine groups, 241 
Hydrazide aqd ring-carbon groups, 328 
Hydrazide anci ring-nitrogen groups, 328 
Hydrazides, cyclization with, 179, 222, 

473, 574 
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Hydrazidoyl halides, cyclization with, 56, 
188, 276, 280, 450, 460, 491 

Hydrazine, cyclization with, 34, 88, 111, 
113, 119-121, 124, 125, 130, 133, 
144, 148, 157, 177, 242, 252, 318, 
337, 340, 341, 351, 372, 442, 444, 
457, 465, 485, 528, 556 

Hydrazine and nitroso groups, 503, 504 
Hydrazines, cyclization with acyl or tosyl, 

446, 473, 499 
cyclization with substituted, 110, 113, 

114, 120, 121, 144, 228, 337, 341, 
350, 361, 446, 465, 473 

Hydrazone and nitro groups, 503, 505, 
507 

Hydroxamic acid and ring-carbon groups, 
328, 329 

Hydroxamic acid and ring N-oxide 
groups, 503 

Hydroxylamine, cyclization with, 113, 
114, 126, 132, 142, 146, 171, 254, 
339, 371, 464, 465 

Hypochlorite, cyclization with, 323 

Imidates, cyclization with, 52, 56, 77 
Iminium salts, cyclization with, 79, 252, 

417 
Imino esters, cyclization with, 420 
Iodosobenzene derivative, cyclization 

with, 420 
/V-Iodosuccinimide, cyclization with, 189, 

191, 547 
Iron(III) chloride-assisted cyclization, 

460, 569 
Iron(III) chloride, cyclization by, 460 
Iron(II) oxalate, cyclization by, 407, 419 
Isocyanate and methylene groups, 433 
Isocyanates, cyclization with, 14, 216, 

231, 233, 274, 289, 312, 315, 324, 
334, 393, 440, 474, 552, 572 

Isonitrile and ring-carbon groups, 331 
Isonitriles, cyclization with, 568, 569 
Isonitrosoketone, cyclization with, 463 
Isothiocyanates, cyclization with, 52, 64, 

77, 80, 216, 222, 223, 245, 264, 315, 
324, 393, 406, 408, 428, 474, 512, 
516, 566 

IUPAC nomenclature, 5, 578-580 

Ketenimines, cyclization with, 221 
Ketenes, cyclization with, 422, 466, 474, 

530, 548, 552, 562, 566 

Ketoesters, cyclization with, 417, 418, 
421, 423, 424, 459, 471 

Lactam carbonyl tautomerism, 60 
Lactim ether, cyclization with, 232 
Lawesson’s reagent, 35 
LDA, cyclization with, 474 
Lead tetra-acetate, cyclization with, 70, 

71, 87, 177, 208, 209, 228, 248, 462, 
523, 524, 547 

Leimgruber-Batcho cyclization, 239 
Lithiation, 312, 476, 480 
Lithium diisopropylamide, 474 
Lossen rearrangement, 504 

Madelung indole synthesis, 68 
Maleic acid or anhydride, cyclization 

with, 377, 576 
Malonaldehyde, cyclization with, 12 
Malonic acids or esters, cyclization with, 

12, 76, 95, 133, 194, 228, 270, 281, 
285, 332, 543 

Malononitriles, cyclization with, 52, 75, 
87, 141, 195, 198, 215, 439, 469, 
471, 549 

Malonyl dichloride, cyclization with, 287 
Mercaptoacetic ester, cyclization with, 

338, 493 
Mercaptoaniline, cyclization with, 449 
Mercaptophenol, cyclization with, 449, 

451, 452, 454, 455, 495 
Mercury(II)-assisted cyclization, 102, 

139, 181, 185, 190, 192, 201 
Mesitylhydroxylamine, amination by, 176 
Mesoxalic acid or ester, cyclization with, 

399, 417 
Methanesulphonic acid, cyclization with, 

417 
Methyl cyanodithioate, cyclization with, 

49 
Methyl dimethoxyacetate, cyclization 

with, 535, 536 
Methylene groups (two), cyclization of, 

458, 460 
Methylidynetrisformamide, cyclization 

with, 172 

NBS, cyclization with, 522, 523 
Nenitzescu reaction, 167, 169 
Nickel-mediated cyclization, 187, 191 
Nitrenes, 292, 297-299 
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Nitriles, cyclization with, 12, 13, 215, 
231, 256, 285, 467, 478, 481, 555, 
565 

Nitrilimines, cyclization with, 572 
2-Nitroamines, cyclization of, 398 
Nitrobis(methylthio)ethenes, cyclization 

with, 220, 230, 254 
Nitrosation-cyclization, 462 
Nitrosobenzenes, cyclization with, 564 
Nitrosodiphenylamine, 409, 429 
Nitrosyl chloride, cyclization with, 54 
Nomenclature, IUPAC recommen¬ 

dations, 5, 578-580 

Orthoesters, cyclization with, 63, 71, 77, 
103, 172, 207, 211, 213, 218, 232, 
242, 245, 248, 279, 283, 291, 331, 
333, 410, 411, 431, 505, 513, 515, 
525, 534, 535 

Orthophosphoric acid, cyclization with, 
19, 191, 427 

Osmium tetroxideperiodate, cyclization 
with, 189 

Oxalic acid or ester, cyclization with, 417, 
558 

Oxalyl chloride, cyclization with, 198, 
216, 262, 280, 462, 539, 576 

Palladium-mediated cyclization, 41, 43, 
180, 182, 200, 408, 459-461, 490 

Pechmann reaction, 531, 543 
Phase transfer catalysis, 139, 188, 458 
Phillips benzimidazole synthesis, 399 
Phosgene, cyclization with, 51, 224, 235, 

244, 245, 250, 273, 289, 313, 343, 
408, 462, 516, 533, 538, 546, 566 

Phosgeneimmonium chloride, 512 
Phosphoranes, cyclization with, 88-91, 

140, 187 
Phosphorus oxychloride, cyclization with, 

19, 21,24, 25, 34, 41, 64, 94-96, 98, 
99, 174, 177, 231, 258, 269, 281, 
285, 310, 313, 314, 330, 370, 386, 
452, 543, 545, 563 

Phosphorus pentachloride, cyclization 
with, 28, 34, 94 

Phosphorus pentasulphide, cyclization 
with, 42, 93, 146, 151, 194, 554 

Phosphorus pentoxide, cyclization with, 
33, 67, 94, 96, 455 

Phosphorus pentoxide-methane- 
sulphonic acid, cyclization with, 399 

Phosphorus trichloride, cyclization with, 
98 

Pictet-Spengler synthesis, 267, 469 
Plumbophosphates, cyclization with, 93, 

311, 547 
Polyphosphoric acid trimethylsilyl ester, 

cyclization with, 52, 94, 399 
Polyphosphoric (ethyl) ester, cyclization 

with, 94, 399, 442, 540 
Polyphosphoric acid, cyclization with, 9, 

17-19, 21, 34, 38, 41, 46, 97-99, 
108, 126, 166, 168, 172, 185, 224, 
253, 312, 334, 352, 359, 379, 383, 
386, 394, 399, 452, 455, 460, 470, 
484, 524, 529, 537, 540, 551 

Phosphoryl chloride, see Phosphorus 
oxychloride 

Pomeranz-Fritsch cyclization, 18 
Potassium thioacetate, cyclization with, 

450 
Pschorr-Hoppe cyclization, 74 
Pyridine, cyclization with, 35, 235 
Pyridinium salts, cyclization of, 253, 263, 

332, 377, 458, 562-564 

1,4-Quinone, cyclization with, 279 

Reagents and solvents, abbreviations, 7 
Regioselectivity in cyclization, 18, 19, 

453, 511, 531 
Reissert compounds, 341 
Rhodium complex in cyclizations, 265, 

266 

Selenium derivatives, cyclization of, 49, 
52, 401, 403 

Semicarbazides, cyclization with, 121, 
122, 150, 556 

Silver acetate, cyclization with, 190 
Skraup reaction, 264, 433 
Smiles rearrangement, 44-46, 84, 495 
Sodium hydride, cyclization by, 454, 483, 

484 
Sodium sulphide, cyclization with, 488 
Solvents, abbreviations, 7 
Steric effect on cyclization, 61 
Sulphamide, cyclization with, 413, 430 
Sulphamoyl chloride, cyclization with, 

236 
Sulphenes, cyclization with, 413, 430, 

467 
Sulphides, cyclization with, 447-449, 493 
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Sulphinyl chlorides, cyclization with, 430 
/V-Sulphinylaniline, cyclization with, 412 
Sulphonamides, cyclization with, 50, 70, 

215 
Sulphones, cyclization with, 419 
Sulphonyl azides, cyclization with, 564, 

565 
Sulphur, cyclization with, 264, 330, 408, 

456, 460 
Sulphur chloride, cyclization with, 220 
Sulphur dioxide, cyclization with, 199, 

413 
Sulphuryl chloride, cyclization with, 427 

Tauber’s synthesis, 427 
TEA, cyclization with, 13, 360, 394, 397, 

444, 450, 454, 482, 494 
TEA-phosphorus pentoxide, cyclization 

with, 24 
Tetra-alkoxymethane, cyclization with, 

63, 405 
Tetrazole, thermolysis, 436 
Thallium-assisted cyclization, 383 
Thiocarbonyldi-imidazole, 516 
Thiocyanates, cyclization with, 253, 264, 

474 
Thiolacetic acid, cyclization with, 93 
Thionyl chloride, cyclization with, 28, 54, 

124, 218, 295, 308, 327, 395, 412, 
498 

yV-Thionylaniline, cyclization with, 412 
Thiophosgene, cyclization with, 51, 103 

Thiourea, cyclization with, 57, 169 
Tosylhydrazine, cyclization with, 12, 112, 

446, 523 
Transhydrazonation, 227 
1,3,5-Triazine, cyclization with, 366 
Triethyl phosphite, cyclization with, 34, 

115, 159, 181, 246, 292, 303, 408, 
568, 569, 570 

Triethyloxonium fluoroborate, 
cyclization with, 30 

Triformamidomethane, cyclization with, 
172 

Triformylmethane, cyclization with, 264, 
265 

Trimethylsilyloxybutadiene, cyclization 
with, 572 

Trithiocarbonate, cyclization with, 393 

Ullmann-type reaction, 447 
Urea, cyclization with, 216, 222, 234, 

256, 376, 408, 516 

Vilsmeier reagent, cyclization by, 92, 95, 
301, 334, 365, 405, 406, 461, 504, 
506, 512, 535, 565, 567 

Wittig reagents, cyclization, 88-91, 140, 
148, 152, 161, 175, 176, 439, 530 

Wolff rearrangement, 321 

Ylides, 198 
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Acenaphtho[5,6-de]-l,2,3-triazine, 429 
Acridine, 381, 461 
9-Acridinone, 230, 270, 379 
Anthro[ 1,9-cd]isoxazol-6-one, 114 
Anthro[9,l-e/|[l,4]oxazepin-8-one, 261 
Anthro[9,l-de][ 1,3]oxapin-7-one, 257 
l-Azabicyclo[3.2.0]heptan-7-one, 162 
Azepino[2,l-b]pteridin-12-one, 233 
Azocino[2,l-b]pteridin-13-one, 233 

Benz[c]acridine, 381 
1-Benzazepine, 368 
3-Benzazepine, 20 
1- Benzazepine-2,5-dione, 237, 567 
2- Benzazepine-l,3-dione, 372 
2- Benzazepin-l-one, 237 
3- Benzazepin-l-one, 385 
3- Benzazepin-2-one, 82 
Benzimidazo[l,2-6][l,2]benzisothiazole, 

575 
Benzimidazole, 25, 75, 102, 206, 207, 

247, 399, 402-408 
Benzimidazole 3-oxide, 83, 560 
2-Benzimidazolethione, 409 
2-Benzimidazolone, 26, 102, 408 
4- Benzimidazolone, 559 
Benz[/]imidazo[l,2-a]quinoline, 498 
Benz[e]indole, 511 
Benz[a]indolizine, 492 
Benz[/]indolizine-3,10-dione, 382 
Benz[e]isoindol-l-one, 337 
Benz[/]isoquinolin-4-one, 551 
1,2-Benzisothiazole, 126, 138, 323, 339 
2.1- Benzisothiazole, 6, 70 
1.2- Benzisothiazole 1,1-dioxide, 320, 

486 
2,1 -Benzisothiazole-4,7-dione, 228 
2.1- Benzisothiazole-3-thione, 43 
1.2- Benzisothiazol-3-one, 395 

1.2- Benzisothiazol-3-one 1,1 -dioxide, 
395 

1.2- Benzisoxazole, 132, 137, 323, 529, 
560 

2.1- Benzisoxazole, 10, 114, 159, 339 
2.1- Benzisoxazole-4,7-dione, 228 
Benzol 3,4]cyclobuta[l,2-h]quinoxaline, 

416 
Benzol 3,4]cyclobut[l,2-d]isoxazole, 461 
Benzo[4,5]cyclohepta[ 1,2-b] pyrazine, 

530 
Benzo[6,7]cyclohepta[l,2,3-de]quin- 

azoline, 134 
Benzo[4,5]cyclohepta[l,2-b]quin- 

oxaline, 530 
1.2- Benzodiazepine, 188 
1.3- Benzodiazepine, 28, 431 
1.4- Benzodiazepine, 259 
1.5- Benzodiazepine, 422, 423 
2.3- Benzodiazepine, 112 
2.4- Benzodiazepine, 431 
1.4- Benzodiazepine-2,5-dione, 345 
1.4- Benzodiazepine-3,5-dione, 319 
2.4- Benzodiazepine-l,5-dione, 444 
1.3- Benzodiazepine-2-thione, 431 
1.5- Benzodiazepine-2-thione, 423 
[1.4] Benzodiazepino[4,5-d][l,4]benzo- 

oxazepin-10-one, 502 
1.4- Benzodiazepin-2-one, 135, 260 
1.5- Benzodiazepin-2-one, 224, 422, 423 
2.3- Benzodiazepin-4-one, 36 
Benzo[l,2-c:3,4-c']diisothiazole, 70 
1.5- Benzodioxepine-2,4-dione, 455 
1.4- Benzodioxin, 192, 454 
[ 1,4]Benzodioxino[2,3-6]pyridine, 448 
Benzofl,2-c?4,5-c']dipyrrole, 447 
2.4.1.5- Benzodithiadiazepine 2,2,4,4- 

tetraoxide, 424 
[1.4] Benzodithiino[2,3-6]pyridine, 454 

639 
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Benzofuran, 90, 189,190,199, 322, 330, 
447, 478, 511, 540, 565 

2,3-Benzofurandione (2-oxime), 537 
2- Benzofuranone, 541 
3- Benzofuranone, 479, 533 
Benzofurazan, 84, 138, 292 
Benzofurazan 1-oxide, 83 
Benzofuro[3,2-c][l]benzopyran-6-one, 

352 
Benzofuro[6,7-c][2]benzopyran-7-one, 

168 
Benzofuro[2,3-g]cinnoline, 333 
Benzofuro[3,2-g]cinnoline, 333 
Benzofuro[3,2-e]-l,4-diazepine, 23 
Benzofuro[3,2-e]-l,4-diazepin-2-one, 

136 
Benzofuro[2,3-d]pyridazine, 149 
Benzofuro[2,3-</]pyridazin-4-one, 242, 

341, 348 
Benzofuro[3,2-6]pyridine, 116 
Benzofuro[2,3-6]quinoline, 529 
Benzofuro[3,2-c]quinoline, 126 
Benzofuro[2,3-6]quinolin-l 1-one, 478 
Benzofuro[3,2-c]quinolin-5-one, 478 
Benzofuro[2,3-6]quinoxaline, 460, 540 
Benzofuro[2,3-c][l,2]thiazine 

2,2-dioxide, 134 
Benzofuro[3,2-d]-l,2,4-triazolo[4,3-6]- 

pyridazine, 514 
Benzofuro[2,3-d]-l,2,4-triazolo[4,3-6]- 

pyridazin-3-one, 517 
Benzo[/][l,7]naphthyridine, 11 
Benzo[/i][l,6]naphthyridine, 11 
Benzo[//][2,7]naphthyridine, 72 
Benzo[6]phenazine, 150 
Benzo[a]phenoxazin-5-one, 55 
Benzo[g]pteridine-2,4-dione, 272 
1-Benzopyran, 191, 448 
27/-l-Benzopyran, 19, 90, 128, 139, 140, 

163, 191, 200, 201, 366, 452, 476, 
480, 481, 542 

AH- 1-Benzopyran, 90, 141, 530, 543 
[l]Benzopyrano[2,3-c][l]benzazepine- 

6,12,13-trione, 385 
[l]Benzopyrano[3,2-6][l,5]benzo- 

diazepine-6,13-dione, 345 
[l]Benzopyrano[2,3-6][l,5]benzo- 

diazepin-13-one, 129, 173, 260, 335 
[l]Benzopyrano[2,3-c][l,6]benzo- 

diazocine-6,14-dione, 346 

[1] Benzopyrano[3,4-6][l]benzopyran- 

12-one, 354 
[2] Benzopyrano[4,3-g][l]benzopyran- 

9-one, 534 
[l]Benzopyrano[3,4-g][l,4]benzo- 

thiazin-6-one, 495 
[l]Benzopyrano[3,4-6]cyclopenta[rf]- 

pyridine-6,8-dione, 170 
[l]Benzopyrano[3,4-rf] imidazole, 145, 

253 
[l]Benzopyrano[3,4-d]imidazole- 

2-thione, 253 
[l]Benzopyrano[3,2-6]indol-l 1-one, 

453, 569 
[l]Benzopyrano[3,4-<i]isoxazole, 147 
[l]Benzopyrano[2,3-c]isoxazol-4-one, 

126 
[l]Benzopyrano[4,3-6][l,8]naph- 

thyridin-6-one, 12 
l-Benzopyran-2-one, 140, 141, 163, 

353, 467, 530, 531, 543-545, 549 
1- Benzopyran-4-one, 91, 164, 342, 353, 

383, 384, 453, 471, 472, 480, 481, 
535, 536, 545 

2- Benzopyran- 1-one, 124, 158, 163, 
185, 367 

2-Benzopyran-3-one, 383 
2-Benzopyran-6-one, 173 
l-Benzopyran-4-one, 2-aryl, 123, 192, 

532, 536 
l-Benzopyran-4-one,3-aryl, 192, 535 
[l]Benzopyrano[3,4-d]oxazol-4-one, 21 
[l]Benzopyrano[3,4-6]pyrazine, 150 
[l]Benzopyrano[3,4-6]pyrazine- 

3.5- dione, 235 
[l]Benzopyrano[4,3-c]pyrazole, 110, 

144, 157 
[l]Benzopyrano[2,3-c]pyrazol-4-one, 

125, 452 
[l]Benzopyrano[3,4-c]pyrazol-4-one, 

436 
[l]Benzopyrano[4,3-c]pyrazol-3-one, 

120, 534 
[l]Benzopyrano[3,4-c]pyridazine, 201 
[l]Benzopyrano[2,3-6]pyridine- 

4.5- dione, 379 

[l]Benzopyrano[3,2-6]pyridine- 
4.10- dione, 379 

[l]Benzopyrano[3,2-c]pyridine- 
3.10- dione, 548 



INDEX OF RING SYSTEMS 641 

[ 1 ] Benzopyrano[ 3,4-6] pyridine- 
1,5-dione, 380 

[l]Benzopyrano[2,3-6]pyridin-5-one, 12, 
13 

[l]Benzopyrano[3,2-c]pyridin-l-one, 55 
[1] Benzopyrano[3,2-c]pyridin-10-one, 

142 

[2] Benzopyrano[4,3-6]pyridin-6-one, 
223, 544 

[ l]Benzopyrano[2,3-e]pyrido[ 1,2-a]- 
[1.3] diazepine-6,14-dione, 344 

[l]Benzopyrano[3,4-d]pyrimidine, 172 
[l]Benzopyrano[4,3-d]pyrimidine, 149 
[l]Benzopyrano[2,3-d]pyrimidine- 

2.4- dione, 408 
[lJBenzopyranof 2,3-d] pyrimidine- 

2, 5-dione, 14 
[l]Benzopyrano[2,3-d]pyrimidine- 

4.5- dione, 213 
[l]Benzopyrano[2,3-d]pyrimidin-5-one, 

128 
[lJBenzopyranof 4,3-^]pyrimidin-5-one, 

149 
[l]Benzopyrano[2,3-e]pyrimido[l,2-a]- 

[1.3] diazepine-7,13-dione, 344 
[l]Benzopyrano[2,3-c]pyrrole-3,9- 

dione, 337 
[l]Benzopyrano[3,2-6]pyrroI-9-one, 181 
[l]Benzopyrano[3,4-6]pyrrol-4-one, 

510 
[l]Benzopyrano[4,3-6]quinolin-6-one, 

12, 54 
[l]Benzopyrano[3,4-6]quinoxaline, 416 
[l]Benzopyrano[2,3-6]quinoxalin- 

12-one, 108 
[l]Benzopyrano[3,4-6]quinoxalin- 

6-one, 416 
[l]Benzopyrano[2,3-c][l,2,6]thiadiazin- 

4-one 2-oxide, 218 
[l]Benzopyrano[4',3' :4,5]thiazolo- 

[2,3-c][l,2,4]triazol-6-one, 493 
[l]Benzopyrano[4,3-e][l,2,4]triazine- 

2-thione, 151 
[l]Benzopyrano[4,3-e][ 1,2,4] triazin- 

2-one, 151 
[l]Benzopyrano[2,3-d]-l,2,3-triazol- 

9-one, 384, 480 
l-Benzopyran-2-thione, 534 
Benzo[6]pyrido[3,2-/]-l,2,4-benzo- 

triazine-3-thione, 150 

Benzo[6]pyrido[3,2-/]-l,2,4-benzo- 
triazin-3-one, 150 

Benzo[/i]pyrido[3,2-/]-l,2,4-triazine, 
150 

Benzo[6]pyrido[2,3,4-g6]pyrrolizine, 
563 

Benzo[ f] py rrolo[ 2,1 -b Jquinazoline- 
10,12-dione, 388 

Benzo[/]pyrrolo[l,2-a]quinazolin- 
11- one, 497 

Benzo[/]pyrrolo[2,l-6]quinazolin- 
12- one, 497 

1-Benzopyrylium, 140 
Benzo[/z]quinazoline, 127 
Benzo[/;]quinazoline, 206 
Benzo[a]quinolizin-2-one, 365 
Benzo[a]quinolizin-4-one, 500 
Benzo[c]quinolizin-6-one, 491 
1.2.5- Benzothiadiazepine 1,1 -dioxide, 

261 
4.1.2- Benzothiadiazine, 85, 491, 507 
1,2,4-Benzothiadiazine 1,1-dioxide, 233 
4.1.2- Benzothiadiazine 4,4-dioxide, 249 
1.2.4- Benzothiadiazine 1-oxide, 38 
1.2.4- Benzothiadiazine-3-thione 

1,1-dioxide, 103 
2.1.3- Benzothiadiazin-4-one, 218 
1.2.4- Benzothiadiazin-3-one 

1.1- dioxide, 274 
2.1.3- Benzothiadiazin-4-one 

2.2- dioxide, 236 
1.2.3- Benzothiadiazole, 54 
2.1.3- Benzothiadiazole, 412, 413 
2.1.3- Benzothiadiazole 2,2-dioxide, 

413 
2,1,3-Benzothiadiazole 2-oxide, 412 
1.5- Benzothiazepine, 59 
1.5- Benzothiazepin-2-one, 59 
1.5- Benzothiazepin-4-one, 386 
l,2-Benzothiazepin-3-one 1,1-dioxide, 

397 
1.4- Benzothiazine, 57, 58, 72, 81 
3.1- Benzothiazine, 57 
1.2- Benzothiazine 1,1-dioxide, 368 
1.4- Benzothiazine 1,1-dioxide, 73 
3.1- Benzothiazine-2,4-dithione, 45 
1.4- Benzothiazine 1-oxide, 73 
3.1- Benzothiazine-4-thione, 35 
1.3- Benzothiazin-4-one, 186, 355, 577 
1.4- Benzothiazin-2-one, 59 
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l,4-Benzothiazin-3-one, 59, 236 
1.2- Benzothiazin-3-one 1,1 -dioxide, 

321, 396 
1.2- Benzothiazin-4-one 1,1-dioxide, 321 
2.3- Benzothiazin-4-one 2,2-dioxide, 396 
l,6-Benzothiazocin-5-one, 225 
Benzothiazole, 42, 52, 53, 63, 93, 105, 

106, 264, 311, 529 
Benzothiazole 3-oxide, 494 
5-Benzothiazolone, 169 
Benzothiazolo[2,3-6]quinazolin-12-one, 

233 
Benzothiazolo[3,2-a]quinazolin-5-one, 

500 
[l]Benzothieno[3,2-&]furan, 363 
[l]Benzothieno[2,3-4]imidazo[l,2-a]- 

pyrimidine, 131 
[l]Benzothieno[2,3-d]imidazo[l,5-a]- 

pyrimidin-10-one, 99 
[l]Benzothieno[2,3-c]isoquinolin-5-one, 

491 
[l]Benzothieno[3,2-d][l,3]oxazine- 

2,4-dione, 236 
[l]Benzothieno[3,2-<5f][ 1,3]oxazin- 

4-one, 223 
[l]Benzothieno[2,3-<7]oxazolo[3,2-a]- 

pyrimidine, 480 
[l]Benzothieno[2,3-6]pyran-4-one, 481 
[l]Benzothieno[2,3-c]pyran-3-one, 383 
[l]Benzothieno[3,2-£>]pyran-2-one, 531 
[l]Benzothieno[3,2-6]pyran-4-one, 453, 

481 
[l]Benzothien[2,3-<7]pyrazino[l,2-a]- 

pyrimidine-3,6-dione, 501 
[l]Benzothieno[3,2-6]pyridine, 479 
[l]Benzothieno[2,3-d]pyrido[l,2-a]- 

pyrimidin-12-one, 501 
[l]Benzothieno[2,3-d]pyrimidine, 78, 

256 
[l]Benzothieno[2,3-d]pyrimidin-4-one, 

29, 34, 215, 231, 233 
[l]Benzothieno[3,2-ci]pyrimidin-4-one, 

33, 230-232, 243, 352 
[l]Benzothieno[2,3-<7]pyrimidin-4-one, 

2-thioxo-, 233 

[l]Benzothieno[2,3-c]quinolin-6-one, 
490 

[l]Benzothieno[2,3-e]-l,3-thiazin-4-one, 
487 

[l]Benzothieno[3,2-e][l,2,4]triazolo- 
[l,5-c]pyrimidine, 412 

[l]Benzothieno[3,2-e]-l,2,4-triazolo- 
[4,3-c]pyrimidine, 524 

[l]Benzothiepino[4,3-<i]oxazol-4-one, 

109 
[l]Benzothiepino[3,4-<i]-l,2,3-thia- 

diazol-10-one, 386 
[l]Benzothiepino[4,3-J]-l,2,3-thia- 

diazol-10-one, 386 
Benzo[6]thiophene, 116, 138, 155, 199, 

322, 330, 338, 351, 364, 374, 479, 
541 

Benzo[c]thiophene, 364, 460 
Benzo[Z>]thiophene 1,1-dioxide, 364 
Benzo[6]thiophen-3-one 1-oxide, 364 
2//-l-Benzothiopyran, 200, 542 
2-Benzothiopyran, 172 
l-Benzothiopyran-2-one, 353, 549 
l-Benzothiopyran-3-one, 367 
l-Benzothiopyran-4-one, 173, 325, 354, 

385, 545 
[l]Benzothiopyrano[4,3-&]pyran-4-one, 

151 
[l]Benzothiopyrano[4,3-c]pyrazol- 

3-one, 120 
[l]Benzothiopyrano[3,4-d]pyrimidine, 

172 
[l]Benzothiopyrano[3',4' :5,6]thio- 

pyrano[3,4-<i]isoxazole 5,5-dioxide, 
147 

[l]Benzothiopyrano[3',4' :5,6]thio- 
pyrano[4,3-c]pyrazole 5,5-dioxide, 
144 

[l]Benzothiopyrano[2,3-(7]-l,2,3- 
triazol-9-one, 385 

1.3.4- Benzotriazepine, 245, 250 
1.3.4- Benzotriazepine-2,5-dione, 348, 

361 
1.3.4- Benzotriazepin-2-one, 250 
1.3.4- Benzotriazepin-5-one, 104, 245 
1.2.3- Benzotriazine, 248 
1.2.4- Benzotriazine, 247, 249, 430 
1.2.4- Benzotriazine 1-oxide, 84 
1.2.3- Benzotriazin-4-one, 217, 244, 307 
1.2.4- Benzotriazin-3-one, 308 
1.4.5- Benzotriazocine-2,3,6-trione, 349 
Benzotriazole, 208, 247, 292, 410, 504 
Benzotriazole 1-oxide, 504 
Benzo[l,2-c:3,4-c' :5,6-c"]triisothiazole, 

70 
3,1,4-Benzoxadiazepine, 261 
4,1,2-Benzoxadiazine, 85 
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1.2.3- Benzoxathiazine 2,2-dioxide, 142, 
532 

1.2.3- Benzoxathiazin-4-one 2-oxide, 327 
1.2.3- Benzoxathiazole 2-oxide, 54 
l,5-Benzoxathiepine-2,4-dione, 455 
4.1- Benzoxathiepin-5-one, 186 
1.2- Benzoxathiin 2,2-dioxide, 468 
[l,4]Benzoxathiino[2,3-d]pyridazin- 

1-one, 449 
[1.4] Benzoxathiino[2,3-d]pyridazin- 

4-one, 449 
[1.4] Benzoxathiino[2,3-6]pyridine, 487 
[1.4] Benzoxathiino[3,2-c]pyridine, 496 
[1.4] Benzoxathiino[2,3-<i]-l,2,3-triazole, 

483 
1.3- Benzoxathiole, 452 
1.3- Benzoxathiol-2-one, 452 
1.4- Benzoxazepine, 96 
3.1- Benzoxazepine, 369 
1.5- Benzoxazepine-2,4-dione, 59 
1.5- Benzoxazepin-4-one, 225 
1,4-Benzoxazine, 15, 22, 23, 55, 56, 192 
2.3- Benzoxazine, 249 
1.3- Benzoxazine-2,4-dione, 327, 355 
3.1- Benzoxazine-2,4-dione, 224, 343 
l,^-Benzoxazin-2-one, 31, 186, 326 
1.3- Benzoxazin-4-one, 91, 326, 343 
1.4- Benzoxazin-2-one, 56, 57 
1.4- Benzoxazin-3-one, 56, 308 
3.1- Benzoxazin-4-one, 35, 223, 236, 377 
3.1- Benzoxazin-4-one, 2-thioxo-, 360 
1,3-Benzoxazinium, 4-oxo-, 326 
1.5- Benzoxazocine, 532 
3.1- Benzoxazocine, 327 
Benzoxazole, 49, 50, 93, 203, 323, 547 
2-Benzoxazolethione, 51 
2-Benzoxazolone, 51, 323 
1- Benzoxepine, 164 
2- Benzoxepine, 454, 546 
[l]Benzoxepino[4,3-d]oxazol-4-one, 109 
[l]Benzoxepino[3,4-c]pyrazol-4-one, 

386 
[l]Benzoxepino[3,4-d]-l,2,3-thiadiazol- 

10-one, 109 
1-Benzoxocin, 165 
Bis[l]benzopyrano[2,3-6:3',4'-e] 

pyridine-6,8-dione, 11 
Bis[l,2,5]thiadiazolo[3,4-6:3',4'-e]- 

pyrazine, 419 
Bis[l,2,4]triazolo[4,3-a:4',3'-c]- 

pyrimidine-3-thione, 517 

Bis[ 1,2,4] triazolo[4,3-6:4',3'-d][ 1,2,4]- 
triazepine, 100 

Carbazole, 262, 294, 300, 427, 459, 511, 
568 

1-Carbazolone, 511 
a-Carboline, see Pyrido[2,3-6]indole 
Cinnoline, 332 
Cinnoline 2-oxide, 160 
4-Cinnolinone, 108, 382, 434, 491, 505 
Cyclohepta[c]pyrazole, 145, 252 
Cyclohepta[c]pyrazol-8-one, 252 
Cyclopenta[6]pyrano[3,2-/]quinolin- 

3- one, 380 
Cyclopenta[<7]pyridazine, 465 
Cyclopenta[<i] pyrido[ 1,2-a]pyrimidin- 

10-one, 284 
Cyclopenta[e]pyrido[l,2-a]pyrimidine- 

4- thione, 552 
Cyclopenta[J]pyrimidine-2,4-dione, 376 
Cyclopenta[/]thieno[2,3-c][l,2]- 

diazepine, 527 

l,4-Diazabicyclo[3.2.0]heptan-7-one, 
3- thioxo-, 490 

[ 1,4] Diazepinof 1,2-a]benzimidazole- 
1.3- dione, 457 

[1.2] Diazepino[5,4-6]indole, 124, 334 
[1.2] Diazepino[5,4-6]indole-l,4-dione, 

444 
[ 1,2] Diazepino[4,5-6]indol-l -one, 124, 

372 
[1.4] Diazepino[6,7,l-£:/]phenothiazin- 

1-one, 136 
[1.4] Diazepino[6,7,l-£/]phenothiazin- 

4- one, 502 
[1.3] Diazepino[ 1,2-c]quinazoline, 283 
[l,2]Diazepino[5,4-6]quinoline- 

1.4- dione, 444 
Dibenz[6e]azepin-6-one, 237 
Dibenz[6e]azepin-11-one, 109 
Dibenz[6/]imidazo[ 1,2-d][ 1,4] thi- 

azepine, 496 
Dibenzo[6e][l,4]diazepin-ll-one, 424 
Dibenzo[6/][ 1,4]diazocine-6,l 1-dione, 

425 
DibenzofuraiTj 447, 451, 460, 490, 511 
Dibenzo[c/][2,7]naphthyridine 8-oxide, 

133 
Dibenzo[6d]pyran, 453 
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Dibenzo[£>/] pyrimido[ 1,2-d}[ 1,4] - 
diazepine-2,4-dione, 287 

Dibenzo[b/]pyrimido[ 1,2-d][ 1,4]- 
thiazepine-2,4-dione, 287 

Dibenzo[ag]quinolizin-8-one, 341 
Dibenzo[b/]quinolizin-12-one, 163 
Dibenzo[Z>/] tetrazolo[ 1,5-d][ 1,4] - 

diazepine, 306 
Dibenzo[&/]tetrazolo[l,5-^][l,4]- 

oxazepine, 306 
Dibenzo[b/]tetrazolo[ 1,5-<i][ 1,4] - 

thiazepine, 306 
Dibenzo[b/][l,4]thiazepine, 97 
Dibenzo[d/][l,2,3]triazepine, 432 
Dibenzo[c/][l,2,4]triazino[4,3-a]azepin- 

4-one, 520 
Dibenzo[6/]-l,3,5-triazino[l,2-a][l,4]- 

diazepine-2,4-dione, 289 
Dibenzo[6/]-l,3,5-triazino[l,2-d][l,4]- 

thiazepine-2,4-dione, 289 
Dibenz[be][l,4]oxazepin-l 1-one, 355 
Dibenz[6/]oxepin-10-one, 386 
[1.4] Dioxino[2,3-/]-2,l,3- 

benzoxadiazole 1-oxide, 84 
[1.4] Dioxino[2,3-£:5,6-£>']dipyridine, 

482 
1.3- Dioxolo[4,5-/z][3]benzazepin-6-one, 

224 
1.3- Dioxolo[2,3-/]benzofuran, 478 
1.3- Dioxolo[4,5-/]indol-2-one, 294 
[l,3]Dioxolo[4,5-c]isoxazol-5-one, 460 
1.3- Dioxolo[4,5-g]isoquinoline, 18 
Dipyrazolo[3,4-ft :3',4'-d]pyridin-3-one, 

338 
Dipyridazino[4,5-£>:4',5'-e][l,4]- 

thiazine-l,6-dione, 45 
Dipyridazino[4,5 -b :4' ,5' -e][ 1,4] - 

thiazine-l,9-dione, 45 
Dipyridazino[4,5-b :4',5' -e][ 1,4]- 

thiazine-4,6-dione, 45 
Dipyrido[2,3-fc :2' ,3' -/][ 1,4]oxazepine, 

484 
Dipyrrolo[3,4-b:3',4'-e]pyridine- 

3,5-dione, 111 
[ 1,2,4]Dithiazolo[ 1,5-fc][ 1,2,4] - 

dithiazole-4-Siv, 93, 264 
Dithieno[2,3-c:3',2'-e]azepine, 152 
Dithieno[3,2-6:2',3'-/][l,4]oxazepine, 

16 
Dithieno[3,2-6:2',3'-(i]pyrrole, 300 
Dithieno[2,3-b:2',3'-e]thiepin-4-one, 

109 

Dithieno[2,3-fr :3',2'-e]thiepin-4-one, 

109 
Dithieno[3,2-ft :2',3'-e]thiepin-9-one, 

109 
Dithieno[3,2-fe :3',2'-e]thiepin-4-one, 

109 
[l,4]Dithiino[2,3-£> :5,6-£>']dipyridine, 

454 

Flavone, see l-Benzopyran-4-one, 
2-aryl- 

Furo[3,2-/]-l,2-benzisoxazole, 132 
Furo[3,2-g][l]benzopyran-7-one, 190, 

353 
Furo[2,3-/i]-l,2-benzoxathiin 

2,2-dioxide, 467 
Furo[2,3-/]indole, 426 
Furo[3,2-b]indole, 300, 363, 529, 568 
Furo[3,4-6]indole, 529 
Furo[2,3-c]isoquinolin-5-one, 551 
Furo[3,4-fo][l,8]naphthyridin-l-one, 12 
Furo[3,4-g]phthalazine, 149 
Furo[2,3-b]pyrazine, 447 
Furo[2,3-c]pyrazole, 478 
Furo[2,3-c]pyrazol-5-one, 479 
Furo[3,2-c]pyridazine, 302 
Furo[3,4-c]pyridazine, 112 
Furo[2,3-£>]pyridine, 171 
Furo[3,2-b]pyridine, 529 
Furo[2,3-c]pyridin-7-one, 302, 382 
Furo[3,2-c]pyridin-3-one, 479 
Furo[3,2-c]pyridin-4-one, 302, 371, 541 
Furo[3,4-c]pyridin-4-one, 121 
Furo[2,3-d]pyrimidine, 79, 486 
Furo[2,3-<i]pyrimidine-2,4-dione, 199, 

233 
Furo[2,3-b]pyrrole, 300 
Furo[3,2-b]pyrrole, 299 
Furo[2' ,3': 4,5] pyrrolo[ 1,2-d][ 1,2,4] - 

triazin-5-one, 506 
Furo[2,3-g]quinoline, 146, 189 
Furo[3,2-c]quinolin-4-one, 478 
Furo[3,4-6]quinolin-l-one, 12, 255 
Furo[3,4-c]quinolin-4-one, 229 
Furo[3,4-d]thiepine, 152 

Imidazo[l,2-a]benzimidazole, 155 
Imidazo[l,2-a]benzimidazole-2,3-dione, 

280, 389 
Imidazo[ 1,2-a]benzimidazol-2-one, 498 
Imidazot 1,2-a][ 1,4] benzodiazepine, 177 
Imidazo[ 1,5-a][ 1,4]benzodiazepine, 279 
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Imidazo[2,l -a][2,4]benzodiazepine, 179, 
290 

Imidazo[ 1,2-a][ 1,5]benzodiazepin- 
5-one, 574 

Imidazo[ 1,5-a][ 1,4]benzodiazepin- 
1- one, 310 

Imidazot 2,1-a][2,4]benzodiazepin- 
5-one, 290 

Imidazot 2,1-6][ 1,3,5]benzothia- 
diazepine, 291 

Imidazo[2,l-d][l,5]benzothiazepine, 277 
Imidazot l,2-a][3,l]benzothiazine, 253 
Imidazo[5,1 -c][ 1,4]benzothiazine, 194, 

574 
Imidazo[2,l-h]benzothiazole, 277 
Imidazo[ 1,2-6][ 1,2,4]benzotriazine, 278 
Imidazot 1,2-c][ 1,2,4] benzotriazine 

5-oxide, 277 
Imidazo[2,l-h]benzoxazole, 277 
Imidazo[4,5-c]carbazole, 24 
Imidazo[5,4-c]carbazole, 405 
Imidazot4,5-d][l,3]diazepin-8-one, 431 
Imidazot 1,5-c] imidazol-3-one, 669 
Imidazot4,5-/]indazol-3-one, 295 
Imidazot 1,5-a]indole-l,3-dione, 388 
Imidazo[2,l-a]isoindole, 571 
Imidazot2,l-a]isoquinoline, 566 
Imidazo[2,l-a]isoquinolin-2-one, 280 
Imidazo[5,l-a]isoquinolin-3-one, 551 
Imidazo[4,5-h][l,8]naphthyridin-8-one, 

401, 402 
Imidazot 4,5-£>][l,8]naphthyridin-8-one, 

2- thioxo-, 409 
Imidazo[2,l-a]phthalazine, 86 
Imidazo[l,2-a]pyrazine, 176, 498 
Imidazotl,5-a]pyrazine, 98, 310 
Imidazo[4,5-h]pyrazine, 402 
Imidazot 1,5-a]pyrazine-l,3-dione, 329 
Imidazo[4,5-h]pyrazine-2-thione, 408 
Imidazotl,2-a]pyrazin-3-one, 280 
Imidazo[4,5-h]pyrazin-2-one, 408 
Imidazotl,2-h]pyrazole, 9, 279 
Imidazotl,5-6]pyrazole, 98 
Imidazotl,2-h]pyrazol-6-one, 227 
Imidazot l,2-c]pyrazolo[4,3-e]- 

pyrimidine, 283 
Imidazo[4,5-d]pyridazine, 401, 406 
Imidazot4,5-d]pyridazin-4-one, 401 
Imidazo[4,5-<i]pyridazin-4-one, 

2-thioxo-, 409 
Imidazotl,2-a]pyridine, 86, 177, 

277-279, 498 

Imidazotl,5-a]pyridine, 98, 279, 280, 
310 

Imidazo[4,5-6]pyridine, 99, 399, 401, 
403, 404, 406 

Imidazo[4,5-c]pyridine, 399, 404 
Imidazot 1,5-a]pyridine-3-thione, 310 
Imidazo[l,2-tf]pyridinium, 277 
Imidazo[l,2-a]pyridin-2-one, 280 
Imidazotl,5-a]pyridin-3-one, 551 
Imidazo[4,5-6]pyridin-2-one, 409 
Imidazo[4,5-c]pyridin-2-one, 26 
Imidazo[4,5-c]pyridin-4-one, 317, 371 
Imidazo[2,l-c]pyrido[2,3-e]- 

[l,4]oxazine, 18 
Imidazot 1,5-d]pyrido[ 1,2-a] pyrazin- 

11-one, 391 
Imidazot 1,2-a]pyrimidine, 178, 278, 282 
Imidazo[l,2-c]pyrimidine, 277 
Imidazot 1,2-a]pyrimidine-5,7-dione, 287 
Imidazotl,2-c]pyrimidine-3,7-dione, 498 
Imidazotl,2-a]pyrimidin-5-one, 286 
Imidazo[l,5-a]pyrimidin-4-one, 99, 391 
Imidazo[2',l':2,3]pyrimido[4,5-c]- 

quinolin-11-one, 537 
Imidazotl,2-c]quinazoline, 283 
Imidazo[4,5-/]quinazoline-7,9-dione, 

399 
Imidazo[4,5-g]quinazolin-8-one, 232, 

400 
Imidazo[4,5-/]quinoline, 403 
Imidazot 1,5-a]quinolin-l-one, 551 
Imidazo[5,4,l-jy]quinolin-2-one, 309 
Imidazot 1,5-a]quinoxaline-l ,4-dione, 

551 
Imidazo[5,l-d][l,2,3,5]tetrazin-4-one, 

441 
Imidazot l,5-a]tetrazolo[ 1,5-c]- 

pyrimidine, 306 
Imidazo[4,5-c][l,2,6]thiadiazine 2,2- 

dioxide, 25, 400 
Imidazo[4,5-e]-l,2,4-thiadiazine 1,1- 

dioxide, 103 
Imidazo[4,5-c][ 1,2,6]thiadiazin-4-one 

2,2-dioxide, 400 
Imidazot2,1-h]-l,3,4-thiadiazole, 203, 

253,277 
Imidazot2,1 -b][ 1,3]thiazin-5-one, 392 
Imidazo[2,l-6]thiazole, 52, 277, 278, 

575 
Imidazo[2,l-£>]thiazol-3-one, 389 
Imidazo[4',5':4,5]thieno[2,3-6]pyridine, 

401, 405 
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Imidazo[l,2-a]thieno[2,3-d]pyrimidin- 

2-one, 499 
Imidazo[5,1 -c][ 1,2,4]triazine, 526 
Imidazo[l,2-a]-l,3,5-triazine-2,4-dione, 

289 
Imidazo[5,l-/][l,2,4]triazine-4,7-dione, 

503 
Imidazo[ 1,2-d][ l,2,4]triazine-5-thione, 

179 
Imidazo[l,2-6][l,2,4]triazin-3-one, 421 
Imidazo[ 1,2-d][ 1,2,4] triazin-4-one, 313 
Imidazo[l,2-d][l,2,4]triazin-5-one, 179 
Imidazo[l,2-d][l,2,4]triazin-8-one, 505 
Imidazo[l,5-d][l,2,4]triazin-l-one, 506 
Imidazo[l,5-d][l,2,4]triazin-4-one, 179, 

313 
Imidazo[4,5-e]-l,2,4-triazin-6-one, 249 
Imidazo[5,l-c][l,2,4]triazin-4-one, 527 
Imidazo[5,l-/][l,2,4]triazin-4-one, 99 
Imidazo[l,2-6][ 1,2,4]triazole, 279 
Imidazo[ 1,5-b][ 1,2,4]triazole, 99 
Imidazo[l',2':l,5][l,2,4]triazolo[4,3-a]- 

pyridine, 278 
Imidazo[ 1,2-e][ 1,2,4]triazolo[ 1,5 -a]- 

[l,3,5]triazine, 288 
Imidazo[5,l-c]-l,2,4-triazol-5-one, 524 
Indazole, 113, 114, 242, 295, 433, 550 
3,4,7-Indazoletrione, 228 
3-Indazolone, 210, 295, 337, 559 
Indeno[l,2-c]-l,2-diazepin-6-one, 152 
Indeno[l,2-d]isoxazol-4-one, 147 
Indeno[l,2-c]pyrazol-4-one, 110, 145, 

465 
Indeno[2,l-c]pyridine-3,9-dione, 332 
Indeno[l,2-6]pyridin-2-one, 111 
Indeno[5,6-6]thiophene, 126 
Indole, 8, 9, 18, 21, 40, 41, 68, 69, 74, 

89, 154, 168, 180, 181, 187, 219, 
239, 240, 251, 263, 300, 301, 320, 
329, 363, 426, 508-510, 558, 559, 
569 

Indolizine, 154, 155, 176, 198, 458, 562, 
563 

Indolizinium, 357 
Indolizino[6,7-b]indole, 387 
Indolizino[8,7-b]indole, 387 
2-Indolizinone, 363 
Indolizino[ 1,2-6]quinolin-9-one, 170 
Indolo[l,7-a6][l]benzazepine, 166 
Indolo[2,3-d][2]benzazepin-5-one, 237 
Indolo[l,7-a6][l,5]benzodiazepine, 96 

Indolo[5,6-c][l,5]benzodiazocine, 153 
Indolo[3,2-c/][l,2]benzoxazepine, 136 
Indolo[2,3-6]indole, 41 
Indolof3,2-c][ 1,8]naphthyridine, 510 
Indolo[2',3':4,5]pyrido[l,2-a]- 

benzimidazol-13-one, 402 
Indolo[2',3':3,4]pyrido[2,l-6]- 

quinazolin-5-one, 231 
Indolo[2,l-6]quinazolin-12-one, 272 
Indolo[2,3-c]quinoline 5-oxide, 171 
Indolo[2,3-c]quinolin-6-one, 341 
Indolo[2,3-6]quinoxaline, 556 
2- Indolone, 49, 188, 227, 337, 569 
3- Indolone, 298, 394 
3-Indolone, 1-oxide, 181 
Isobenzofuran, 146 
Isoflavone, see l-Benzopyran-4-one, 

3-aryl- 
Isoindole, 144, 446, 456, 489 
Isoindolo[l,2-a][2,4]benzodiazepin-9-one, 

546 
Isoindolo[2,l-a]indol-6-one, 162 
1-Isoindolone, 157, 337, 370 
Isoquino[2,l-b][2,7]naphthyridin-8-one, 

470 
Isoquino[3,2-a]phthalazin-8-one, 341 
Isoquino[2,l-a]quinoxaline, 417 
Isoquinoline, 18, 19, 94, 148, 170, 171, 

267, 298, 331, 365, 371, 541 
Isoquinoline TV-oxide, 133 
1-Isoquinolinone, 33, 121, 312, 324, 

551 
3-Isoquinolinone, 121 
Isothiazolo[3,4-e]-2,l,3-benzothia- 

diazole, 412 
Isothiazolo[4,3-e]-2,l,3-benzothia- 

diazole, 70 
Isothiazolof 5,1 -e]isothiazole, 474 
Isothiazolo[4,5-g]pteridine, 78, 87 
Isothiazolo[4,5-6]pyrazine, 87 
Isothiazolo[5,4-i>]pyridine, 380 
Isothiazolo[4,5-i>]pyridin-3-one, 324, 

358 
Isothiazolo[4,5-c]pyridin-3-one, 324, 

358 
Isothiazolo[5,4-6]pyridin-3-one, 324, 

358 
Isothiazolo[5,4-c]pyridin-3-one, 324, 

358 
Isothiazolo[3,4-rf]pyrimidine-4,6-dione, 

210, 264, 301 
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Isothiazolo[5,4-d]pyrimidine-4,6- 
dithione, 80 

Isothoazolo[3,4-d]pyrimidin-4-one, 228 
Isothiazolo[5,4-d]pyrimidin-4-one, 213 
Isothiazolo[5,4-6]quinoline, 138 
Isothiazolo[4,5-d]-l,2,3-triazole, 263 
Isoxazolo[4,5-6][l,4]diazepine, 422 
Isoxazolo[4,5-6]pyrazine, 415 
Isoxazolo[4,5-d]pyridazine, 254 
Isoxazolo[4,5-<i]pyridazine-4,7-dione, 

443 
Isoxazolo[4,5-6]pyridine, 182 
Isoxazolo[5,4-6]pyridine, 229 
Isoxazolo[3,4-J] pyrimidine-4,6-dione, 

114 
Isoxazolo[2,3-a]pyrimidin-8-ium, 282 
Isoxazolo[5,4-6]quinoline, 12, 132 
Isoxazolo[5',4' :4,5]thiopyrano[3,2-c]- 

[l,2]benzothiazine 5,5-dioxide, 147 
Isoxazolo[3',4' :4,5]thiopyrano[3,2-c]- 

[2,l]benzothiazine 4,4-dioxide, 147 
465 

Isoxazolo[4,5-d]-l,2,3-triazole, 263 

Naphth[l,2-rf]isoxazole, 460 
Naphth[2,l-rf]isoxazole, 460 
Naphtho[2,l-6]furan, 477 
2H-Naphtho[l,2-6]pyran, 191 
2H-Naphtho[2,3-6]pyran, 191 
Naphtho[2,l-6]pyran, 542 
Naphtho[l,2-6]pyran-5,6-dione, 453 
Naphtho[2,3-6]pyran-5,10-dione, 453 
Naphtho[l,2-6]pyran-2-one, 352, 467 
Naphtho[l,2-6]pyran-4-one, 173, 543 
Naphtho[2,3-6]pyran-2-one, 353, 544 
Naphtho[ 1,8-cd][ 1,2,6]thiadiazine, 430 
Naphthof 1,8-crf][ 1,2,6]thiadiazine 

2,2-dioxide, 430 
Naphtho[2,3-d]thiazole-2-thione, 43 
Naphtho[2,l-6]thiophene, 168 
Naphtho[2',l':5,6]thiopyrano[4,3-c]- 

pyrazole, 528 
Naphtho[l,8-de]-l,2,3-triazine, 248, 429 
Naphth[l,2-d]oxazole, 93 
Naphtho[l,8-6c]xanthen-4-one, 379, 

453 
1.6- Naphthyridine, 19, 469, 470 
1.7- Naphthyridine, 10, 456 
1.8- Naphthyridine, 11, 12, 266 
1.6- Naphthyridine-2,7-dione, 75 
1.6- Naphthyridine-5,7-dione, 318 

2,7-Naphthyridine-l,3-dione, 332 
1.5- Naphthyridin-2-one, 229 
1.6- Naphthyridin-2-one, 229 
1.6- Naphthyridin-4-one, 379 
1.6- Naphthyridin-5-one, 184 
1.7- Naphthyridin-2-one, 33, 229 
1.7- Naphthyridin-4-one, 379 
1.7- Naphthyridin-8-one, 118, 185 
1.8- Naphthyridin-2-one, 229 
1.8- Naphthyridin-4-one, 242, 379 
2.6- Naphthyridin-l-one, 118, 185 
2.7- Naphthyridin-l-one, 118, 158, 366 

5-Oxa-l-azabicyclo[4.2.0]oct-2-en- 
8-one, 164, 482 

1.3.4- Oxadiazolo[3,2-a]benzimidazole, 
279, 293 

[1.2.5] Oxadiazolo[3,4-6][l,4]diazepine, 
422 

[1.2.5] Oxadiazolo[3,4-6]pyrazine, 415, 
416 

[ 1,2,5] Oxadiazolof 3,4-c] pyridine, 
3-oxide, 292 

[ 1,2,4]Oxadiazolo[2,3-a]pyridin-2-one, 
311 

[1.2.5] Oxadiazolo[3,4-d]pyrimidine, 87 
1.3.4- Oxadiazolo[3,2-a]pyrimidine, 38 
[ 1,2,5]Oxadiazolo[3,4-£/]pyrimidine- 

5,7-dione 1-oxide, 293 
1.3.4- OxadiazoIo[3,2-a]pyrimidin- 

7-one, 286 
[1.2.4] Oxadiazolo[2,3-c]quinazolin- 

2-one, 505 
[1.2.5] Oxadiazolo[3,4-6]quinoxaline 

1-oxide, 420 
[ 1,2,5] Oxadiazolo[3,4-c][ 1,2,6] thia- 

diazine 5,5-dioxide, 71 
1.2- Oxathiino[5,6-d][l]benzoxepine 

2.2- dioxide, 468 
1.2- Oxathiino[6,5-e]indole 2,2-dioxide, 

468 
[l,4]Oxazino[4,3-a]benzimidazole, 400 
[1.3] Oxazino[3,2-a]benzimidazol-4-one, 

576 
1.2- Oxazino[6,5-6]indole, 463 
1.3- Oxazino[5,6-6]indole-2,4-dione, 327 
[ 1,4]Oxazino[2,3,4-A:/]phenothiazine- 

1.2- dione] 539 
[1.4] Oxazino[2,3,4-A:/]phenothiazin- 

1-one, 483 



648 INDEX OF RING SYSTEMS 

[l,4]Oxazino[2,3,4-fc/]phenothiazin- 
2-one, 502 

1.3- Oxazino[5,6-c]quinolin-4-one, 119 
Oxazolo[3,2-a]benzimidazole, 280 
Oxazolo[4,3-a]isoquinolin-3-one, 538 
Oxazolo[ 5,4-b ][ 1,8] naphthyridin - 8 -one, 

62 
Oxazolo[5,4,3-&/]phenothiazin-l-one, 

538 
Oxazolo[4,5-6]pyridine, 49, 62 
Oxazolo[5,4-6]pyridine, 42 
Oxazolo[4,5-6]pyridin-2-one, 51 
Oxazolo[5,4-4]pyrimidine, 325, 374 
Oxazolo[5,4-4]pyrimidin-4-one, 204 
Oxazolo[2,3-6]quinazolin-5-one, 486 
Oxazolo[3,2-a][l,3,5]triazine-5,7-dione, 

506 
OxazoIo[2,3-c]-l,2,4-triazol-3-one, 538 

Perimidine, 428 
Phenanthridine, 94, 298 
6- Phenanthridinone, 461 
Phenanthrof 9,10-<7] imidazole, 145 
Phenanthro[9,10-6]thiophene, 169 
l,10-Phenanthroline-4,7-dione, 380 
Phenazine, 420 
Phenothiazine, 46, 58, 84, 495, 570 
Phenothiazine 5,5-dioxide, 303 
3- Phenothiazinone, 58 
Phenoxazine, 44 
Phthalazine, 122, 148 
1- Phthalazinone, 122 
Pteridine, 22, 77, 78, 88, 257, 415 
Pteridine 3-oxide, 30, 211 
Pteridine 5-oxide, 205 
2.4- Pteridinedione(lumazine), 6, 54, 87, 

209, 248, 257 
4,7-Pteridinedione(tautomer), 417 
2.4.6- Pteridinetrione, 302 
2.4.7- Pteridinetrione, 420 
2- Pteridinone, 22 
4- Pteridinone, 214, 257, 417, 419 
7- Pteridinone, 420 
Purine, 25, 61, 77, 78, 406, 407, 414 
2,6-Purinedione, 70, 86, 247, 404, 406, 

564 
6.8- Purinedione, 26 
2.6.8- Purinetrione, 26 
6-Purinone, 208, 243 
Pyranot3,2-a]acridine-3,12-dione, 380 
Pyranot 3,2-6]benzofuran-4-one, 453 

Pyranot 3', 2': 5,6] benzofurot 3,2 -c] - 
pyridin-2-one, 141, 353 

Pyranot 3,2-c][l]benzopyran-2,5-dione, 

467, 544 
Pyranot 3,2-c] [ 1 ] benzopyran-2 -one, 151, 

466, 467 
Pyranot3,2-c][l]benzopyran-4-one, 480 
Pyrano[3,2-g]-l,4-benzoxazine- 

3,6-dione, 483 
Pyrano[2,3-/]benzoxazin-7-one, 258 
Pyrano[2,3-e]benzoxazole-2,6-dione, 51 
Pyranot3,2-/]benzoxazole-2,8-dione, 51 
Pyranot2,3-e]benzoxazol-6-one, 548 
Pyrano[3,2-/]benzoxazol-5-one, 547 
Pyrano[2,3-e]benzoxazol-6-one, 

2-thioxo-, 51 
Pyrano[3,2-/]benzoxazol-8-one, 

2-thioxo-, 51 
Pyrano[3,2-c:5,6-c']diquinoline, 453 
Pyranot 2,3-d] imidazole-2-thione, 195 
Pyrano[2,3,4-/z/]indolizine, 571 
Pyrano[2,3-6]indol-2-one, 383 
Pyrano[2,3-6]indol-4-one, 557 
Pyrano[3,2-6]indol-2-one, 325, 352 
Pyranot3,2-e]indol-7-one, 509 
Pyrano[3,2-e]indol-9-one, 509 
Pyrano[3,4-6]indol-3-one, 383 
Pyrano[3,4-e]-l,2-oxathiin 2,2-dioxide, 

468 
Pyrano[4,3-b]pyran-4,5-dione, 185 
Pyrano[2,3-c]pyrazole, 194, 195, 481 
Pyrano[2,3-c]pyrazol-3-one, 195 
Pyrano[2,3-c]pyrazol-4-one, 196, 532, 

535 
Pyrano[2,3-c]pyrazol-6-one, 195, 481 
Pyrano[3,4-c]pyrazol-7-one, 124 
Pyrano[4,3-c]pyrazol-3-one, 112 
Pyrano[4,3-c]pyrazol-4-one, 144 
Pyrano[2,3-d]pyridazine-2,5-dione, 123 
Pyranot2,3-c]pyridazin-7-one, 342 
Pyrano[3,2-c]pyridine-2,5-dione, 544 
Pyrano[2,3-6]pyridin-4-one, 128 
Pyrano[3,2-6]pyridin-2-one, 124 
Pyrano[3,2-c]pyridin-4-one, 128, 353, 

481 
Pyrano[2,3-<7]pyrimidine-2,4-dione, 194 
Pyrano[2,3-c]pyrrole-2,5-dione, 544 
Pyranot3,2-c]quinoline-2,5-dione, 353, 

467, 544 
Pyranot3,2-/]quinoline-3,10-dione, 380 
Pyrano[2,3-6]quinolin-2-one, 360 
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Pyrano[3,2-c]quinolin-2-one, 352, 467 
Pyrano[3,4-6]quinoxalin-l -one, 123 
Pyrazino[l,2-a]benzimidazole- 

1,3-dione, 372 
Pyrazino[l,2-a]benzimidazol-3-one, 372 
Pyrazino[l,2-a][l,4]benzodiazepin- 

2-one, 501 
Pyrazino[2,3-6][l,4]benzothiazine, 449 
Pyrazino[l,2-a]indole-l,4-dione, 108 
Pyrazino[2,3-e][l,3,4]oxadiazine, 450 
Py razino[ 2,3 -b ]pyridazino[4,5 -e] - 

[1.4] thiazine, 449 
Pyrazino[l,2-a]pyrrolo[2,l-c]- 

[1.4] benzodiazepine-l,4-dione, 391 
Pyr azino[ 1,2-a ] py rrolot 2,1 -c] - 

[ 1,4]benzodiazepine-3,4-dione, 235, 
418 

Pyrazino[2,3-e]pyrrolo[ 1,2-a]pyrazin- 
6-one, 303 

Pyrazino[2,3-/]quinazoline, 416 
Pyrazino[2,3-/]quinazoline-8,10-dione, 

414 
Pyrazino[2,3-g]quinazoline-2,4-dione, 

234 
Pyrazino[2,3-6]quinoline, 417 
Pyrazino[2,3-/]quinoxaline, 414, 415 
Pyrazino[2,3-e][l,3,4]thiadiazine, 450 
Pyrazino[2,3-c][l,2,6]thiadiazine 

2,2-dioxide, 415 
Pyrazino[2,3-c][l,2,6]thiadiazin-4-one 

2,2-dioxide, 416 
Pyrazino[2',3' :4,5]thieno[3,2-J]- 

pyrimidin-4-one, 230 
Pyrazino[2,3-e]-l,2,4-triazine, 414 
Pyrazolo[3,4-c][2]benzazepine- 

4,9-dione, 385 
Pyrazolo[3,4-c][2]benzazepin-9-one, 

553 
Pyrazolo[3,4-c][2]benzazocin-10-one, 

553 
Pyrazolo[ 1,5-a Jbenzimidazole, 439 
Pyrazolo[l,5-a][l,4]benzodiazepine, 260 
Pyrazolo[ 5,1 -c][ 1,4]benzodiazepine, 15 
Pyrazolo[ 1,4]benzodiazepin- 

6-one, 238 
Pyrazolo[5,l-c][l,4]benzodiazepin- 

4-one, 238 
Pyrazolo[ 1,5-c][ 1,2,3,5]benzotetrazocin- 

4- one, 441 
Pyrazolo[ 1,5-c][ 1,2,3,5]benzotetrazocin- 

5- one, 441 

Pyrazolo[l,5-6][l,2,4] benzothia- 
diazepin-5-one 10,10-dioxide, 397 

Pyrazolo[l,5-6][l,2,4]benzothiadiazine 
9,9-dioxide, 430 

Pyrazolo[4,3-c][l,2]benzothiazin-3-one 
5,5-dioxide, 351 

Pyrazolof 1,5-a][ 1,3,5]benzotriazepine, 
432 

Pyrazolo[ 1,5-c][ 1,3,5]benzotriazocin- 
5-one, 291 

Pyrazolo[3,4-e][l,4]diazepine, 135 
Pyrazolo[3,4-d][l,2]diazepin-8-one, 119 
Pyrazolo[3,4-e][l,4]diazepin-7-one, 260 
Pyrazolo[l,5-a]indole, 168 
Pyrazolo[l,5-6]isoquinoline, 182 
Pyrazolo[5,l-fl]isoquinoline, 182 
Pyrazolo[4,3-6][l,4]oxazine, 44 
Pyrazolo[3,4-e][l,3]oxazine-5,7-dione, 

326 
Pyrazolo[3,4-c/][ 1,3]oxazin-4-one, 223 
Pyrazolo[3,4-J][l,3]oxazin-6-one, 236 
Pyrazolo[4,3-d]oxazole, 555 
Pyrazolo[3,4-6][l,7]phenanthroline, 340 
Pyrazolo[4',3' :5,6]pyrano[2,3-6]pyridin- 

4-one, 125 
Pyrazolo[3,4-6]pyrazine, 338 
Pyrazolo[4,3-c]pyrazole, 433 
Pyrazolo[l,2-a]pyrazole-l,5-dione, 459 
Pyrazolo[3,4-c]pyrazol-3-one, 351 
Pyrazolo[3,4-d]pyridazine, 148, 252, 

253 
Pyrazolo[ 1,2-o]pyridazin-l-one, 462 
Pyrazolo[3,4-c]pyridazin-4-one, 434 
Pyrazolo[3,4-d]pyridazin-4-one, 92, 131, 

512 
Pyrazolo[3,4-d]pyridazin-7-one, 122, 

318, 371 
Pyrazolo[l,5-fl]pyridine, 37, 176, 181, 

198, 263, 564 
Pyrazolo[3,4-6]pyridine, 11, 76, 229, 

255, 265, 266, 347 
Pyrazolo[3,4-c]pyridine, 69, 148, 298, 

456, 493 
Pyrazolo[4,3-6]pyridine, 70, 493 
Pyrazolo[4,3-c]pyridine, 148 
Pyrazolo[3,4-6]pyridin-4-one, 381 
Pyrazolo[3,4-6}pyridin-6-one, 13, 269 
Pyrazolo[4,3-6]pyridin-7-one, 379 
Py razolof 4', 3': 5,6] py rido[ 2,3-b ] - 

[l,5]benzoxazepine, 484 
Pyrazolo[l,5-a]pyrimidine, 178, 282, 283 
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Pyrazolo[3,4-d]pyrimidine, 14, 77, 131, 
256, 271, 296 

Pyrazolo[4,3-d]pyrimidine, 76 
Pyrazolo[3,4-d]pyrimidine-4,6-dione, 

113,131,234,338,512,522 
Pyrazolo[4,3-d]pyrimidine-5,7-dione 

1-oxide, 493 
Pyrazolo[ 1,5-a]pyrimidin-5-one, 285 
Pyrazolo[l,5-a]pyrimidin-7-one, 284, 

390 
Pyrazolo[3,4-d]pyrimidin-4-one, 27, 

243, 271 
Pyrazolo[4,3-d]pyrimidin-7-one, 230 
Pyrazolo[3,4-d]pyrimidin-6-one, 

4-thioxo-, 81 
Pyrazolo[4,3-d]pyrimidin-5-one, 

7-thioxo-, 81 
Pyrazolo[4,3-<7]pyrimido[ 1,2-6]- 

pyridazin-4-one, 459 
Pyrazolo[4',3':3,4]pyrrolo[2,l-6]benzo- 

thiazol-10-one, 145 
Pyrazolo[4',3':3,4]pyrrolo[l,2-a]- 

quinazoline-5,10-dione, 145 
Pyrazolo[3,4-/]quinazolin-9-one, 221 
Pyrazolo[4,3-g]quinazolin-5-one, 211 
Pyrazolo[l,5-a]quinoline, 182, 201 
Pyrazolo[3,4-6]quinoline, 11 
Pyrazolo[3,4-/]quinoline, 265 
Pyrazolo[4,3-/]quinoline, 265 
Pyrazolo[4,3-c]quinoline-3,4-dione, 338 
Pyrazolo[3,4-c]quinolin-4-one, 434 
Pyrazolo[3,4-/]quinolin-9-one, 270, 381 
Pyrazolo[4,3-c]quinolin-4-one, 522 
Pyrazolof 1,5-a]quinoxaline-2,4-dione, 

304 
Pyrazolo[5,l-d]-l,2,3,5-tetrazin-4-one, 

440 
Pyrazolo[ 3,4-e] tetrazolof 5,1 -c] - 

[l,2,4]triazine, 305 
Pyrazolo[3,4-c][l,2,6]thiadiazine 

2,2-dioxide, 81 
Pyrazolo[3,4-c][l,2,6]thiadiazin-4-one 

2,2-dioxide, 396 
Pyrazolo[3,4-e][ 1,4]thiazepin-7-one, 183 
Pyrazolo[4,3-e]-l,2-thiazine 1,1-dioxide, 

368 
Pyrazolo[3,4-d]thiazole, 43, 105 
Pyrazolo[5,l-6]thiazole, 575 
Pyrazolo[5,l-6]thiazole-2,3-dione, 575 
Pyrazolof 3,4-d] thienof 2,3-6] pyridine, 

338 

Pyrazolo[3',4':4,5]thiopyrano[3,2-c]- 
[2.1] benzothiazine 4,4-dioxide, 144, 

465 
Pyrazolo[3',4':4,5]thiopyrano[3,2-c]- 

[1.2] benzothiazin-l-one 5,5-dioxide, 

121, 144 
Pyrazolo[3',4':5,6]thiopyrano[3,4-61- 

pyridine, 3-hydroxy inner salt, 350 
Pyrazolo[l,5-a]-l,3,5-triazine, 207, 288 
Pyrazolo[l,5-6][l,2,4]triazine, 4, 421 
Pyrazolo[4,3-e][l,2,4]triazine, 554 
Pyrazolo[5,l-c][l,2,4]triazine, 330, 

438-440, 520, 526 
Pyrazolof 1' ,5' :3,4][1,3,5]triazino[ 1,2-a]- 

benzimidazole, 288 
Pyrazolo[l,5-a]-l,3,5-triazin-4-one, 314, 

315 
Pyrazolo[l,5-d][l,2,4]triazin-4-one, 505 
Pyrazolof 1,5-d][ 1,2,4]triazin-7-one, 314 
Pyrazolo[3,4-d]-l,2,3-triazin-4-one, 217, 

321 
Pyrazolo[4,3-d]-l,2,3-triazin-4-one, 244, 

321 
Pyrazolo[5,l-c][l,2,4]triazin-4-one, 520 
Pyrazolof 1,5 -a]-l ,3,5-triazin-4-one, 

2-thioxo-, 5, 315 
Pyrazolo[l',5' :3,4][ 1,3,5]triazino[ 1,2-6]- 

[1.2.4] triazin-9-one, 288 
Pyrazolo[3,4-d]-l,2,3-triazole, 263 
Pyrazolo[5,l-c]-1,2,4-triazole, 75 
Pyrazolo[4,3-d]-l,2,4-triazolo[4,3-6]- 

pyridazine, 459 
Pyrazolo[ 1,5-a][ 1,2,4]triazolo[4,3-c]- 

pyrimidine, 515 
Pyrazolo[4,3-e][ 1,2,4]triazolo[4,3-a]- 

pyrimidin-4-one, 516 
Pyrazolo[3,4-e][l,2,4]triazolo[3,4-c]- 

[1.2.4] triazine, 100, 514 
Pyridazino[l,6-a]benzimidazole, 4, 61 
Pyridazino[4,5-c][l,6]benzodiazocine- 

5,12-dione, 445 
Pyridazino[3,4-6][l,4]benzoxazin-3-one, 

495 
Pyridazino[4,5-6]carbazol-4-one, 122 
Pyridazino[2,3-a]indole, 382 
Pyridazino[4,5-a]indolizine, 149 
Pyridazino[4,5-6]indol-1 -one, 525 
Pyridazino[4,5-6]indol-4-one, 525 
Pyridazinof 3,4-e][ 1,4]oxazepin-5 -one, 

345 
Pyridazino[3,4-6][l,4]oxazin-3-one, 539 
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Pyridazino[4,5-6]-l,4-oxazin-8-one, 483 
Pyridazino[3',4':3,4] py razolo[ 5,1-c]- 

[1.2.4] triazine, 439 
Pyridazino[4,5-d]pyridazine, 457 
Pyridazino[4,5-<7]pyridazine-l,4-dione, 

443 

Pyridazino[4,5-d]pyridazin-l-one, 122 
Pyridazino[3,4-6]pyrido[4,5-e]- 

[1.4] thiazine, 449 
Pyridazino[4,5-6]pyrido[3,2-e]- 

[1.4] thiazin-6-one, 46 
Pyridazino[4,5-6]pyrido[3,2-e]- 

[1.4] thiazin-9-one, 46 
Pyridazino[4',5':3,4]pyrrolo[l,2-a]- 

benzimidazol-ll-one, 388 
Pyridazino[4,5-6]quinoline, 149 
Pyridazino[3,4-c]quinoline-l,5-dione, 

434 
Pyridazino[4,5-6]quinoline-l,4-dione, 

443 
Pyridazino[4,5-c]quinoline-l,4-dione, 

442, 443 
Pyridazino[4,5-c]quinolin-l-one, 122 
Pyridazino[3,4-6]quinoxaline, 44, 556 
Pyridazino[4,5-e][l,3,4]thiadiazin- 

5-one, 450 
Pyridazino[4,5-6]-l,4-thiazin-8-one, 

449 
Pyridazino[2,3-a]-l,3,5-triazin-4-one, 

289 
Pyridof l,2-a]azepin-2-one, 474 
Pyridof l,2-a]benzimidazole, 201, 400, 

407,512 
Pyrido[ 1,2-a]benzimidazol-1 -one, 470 
Pyrido[ 1,2-6][ 1,2]benzisothiazolium, 575 
Pyridof 1,2-6][ 1,2]benzisothiazol-2-one 

6,6-dioxide, 572 
Pyrido[2,l-c][l,4]benzodiazepin-12-one, 

15 
Pyridof 2,3-6][l,4]benzodiazepin-6-one, 

47, 67, 238 
Pyrido[2,3-6][l,4]benzodiazepin-6-one 

1-oxide, 47 
Pyridof 1,2,3-<2e]-l,4-benzothiazin- 

5-one, 170 
Pyrido[3,4-6][l,4]benzothiazin-3-one, 

332 
Pyrido[2,1 -6]benzothiazol-1 -one, 566 
Pyrido[ 2,3-4>][ 1,4] benzoxazepine, 16 
Pyrido[4,3-b] [ 1,4] benzoxazepine, 16 
Pyrido[3,2-6][l,4]benzoxazine, 44 

Pyridof 2',3': 4,5]cyclopenta[ 1,2-6]- 
[l,5]benzodiazepin-12-one, 152 

Pyridof 2,3-d :6,5-d']dipyrimidine- 
2,4,6,8-tetraone, 428 

Pyrido[2,3-d:6,5-d']dipyrimidine- 
2,4-6-trione, 268 

Pyrido[2,3-6]indole, 489 
Pyrido[3,2-6]indole, 446 
Pyridof 3,4-6]indole, 41, 94, 115, 267, 

469, 548 
Pyrido[4,3-6]indole, 111, 147 
Pyrido[4,3-6]indole-l,3-dione, 444 
Pyrido[2,3-a]indolizine-4,10-dione, 381 
Pyrido[3,4-6]indol-l-one, 510 
Pyrido[3,4-6]indol-4-one, 332 
Pyrido[4,3-6]indol-l-one, 147 
Pyrido[4,3-6]indol-3-one, 124 
Pyridof 3' ,2': 4,5] isothiazolo[ 2,3 -a] - 

benzimidazole, 575 
Pyridof 2,3-e][ 1,3,4]oxadiazine, 85 
Pyridof 2',3' :5,6][l,4]oxathiino[2,3-6]- 

quinoxaline, 449 
Pyrido[4,3-e][l,4]oxazepin-5-one, 345 
Pyrido[4,3-6]-l,4-oxazine, 55 
Pyridof 3,2-e]-l,3-oxazine-2,4-dione, 

268 
Pyrido[3,4-g]pteridine, 78 
Pyridof 2,1 -6]pteridin-l 1 -one, 233 
Pyridof 4' ,3': 5,6]pyrano[ 3,4-6 ] indole, 

543 
Pyrido[3',2':5,6]pyrano[2,3-d]pyrimidin- 

5-one, 128 
Pyrido[2,3-6]pyrazine, 417 
Pyrido[3,4-6]pyrazine, 257, 416, 471 
Pyrido[2,3-6]pyrazin-3-one, 418 
Pyridof 1' ,2': 1,5]pyrazolo[3,4-d]- 

pyrimidine-4-thione, 80 
Py ridof 2', 3': 3,4] pyrazolof 5,1-c]- 

[l,2,4]triazine, 526 
Pyrido[2,3-d]pyridazine, 366 
Pyrido[3,2-c]pyridazine, 11 
Pyridof2,3-c]pyridazine-4,7-dione, 296, 

340 
Pyridofl,2-6]pyridazin-9-ium, 4-hydroxy 

inner salt, 348 
Pyridofl,2-a]pyridin-2-one, 474 
Pyrido[3',4':5,6]pyrido[2,3-d]pyrimidin- 

4-one, 268i 
Pyrido[2,3-d]pyrimidine, 13, 77, 78, 

340 
Pyrido[3,2-d]pyrimidine, 76 
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Pyrido[2,3-d]pyrimidine-2,4-dione, 11, 

200, 222, 233, 234, 265-267, 331, 
474 

Pyridof 3,2-d]pyrimidine-2,4-dione, 72, 

200 
Pyrido[2,3-d] pyrimidine-2,4-dithione, 

474 
Pyridof 2,3-d]pyrimidine-2-thione, 342 
Pyrido[2,3-d]pyrimidine-2,4,5-trione, 

379 
Pyridof 2,3-d]pyrimidine-2,4,7-trione, 

229, 270, 379 
Pyrido[l,2-a]pyrimidin-4-one, 178, 284, 

285, 334, 390, 475, 548, 552, 566 
Pyrido[2,3-d]pyrimidin-4-one, 34, 79, 

212, 215, 220, 266 
Pyrido[2,3-d]pyrimidin-5-one, 379, 380 
Pyrido[2,3-d]pyrimidin-7-one, 49, 229, 

270, 325, 457 
Pyrido[3,2-d]pyrimidin-4-one, 214, 265 
Pyrido[3,4-d]pyrimidin-4-one, 232, 272 
Pyrido[2,3-d]pyrimidin-4-one, 2-thioxo-, 

266, 487 
Pyrido[3,4-d]pyrimidin-4-one, 2-thioxo-, 

375 
Pyridof 1' ,2': 1,2]pyrimido[4,5 -d]- 

pyrimidine-2,4-dione, 211 
Py rido[2,3-d] pyrimidof 2, l-6][ 1,3]- 

thiazin-5-one, 344 
Pyrido[3,2-/]pyrrolo[2,l-c][l,2,4]benzo- 

triazine, 440 
Pyridof 3,2-6]pyrrolo[l, 2-d][l,4]oxazin- 

6-one, 546 
Pyrido[3,2-e]pyrrolo[l,2-a]pyrazine, 273 
Pyrido[2,3-e]pyrrolo[l,2-a]pyrazin- 

6-one, 273, 303, 313, 334 
Pyrido[3,2-e]pyrrolo[l,2-a]pyrazin- 

6-one, 273 
Pyrido[2,3-/z]pyrrolo[l,2-a]quinoxaline, 

96, 313 
Pyrido[2,3-e]pyrrolo[2,l-c][l,2,4]- 

triazine, 440 
Pyridof l,2-a]quinazoline-5-thione, 552 
Pyridof l,2-6]quinazolin-6-one, 221, 284, 

390 
Pyrido[2,l-6]quinazolin-6-one, 390 
Pyrido[2,l-6]quinazolin-ll-one, 5.01 
Pyrido[2,3-c]quinoline, 11 
Pyrido[4,3-fe]quinolin-l-one, 366, 461 
Pyrido[2,3-6]quinoxaline, 448 
Pyrido[2,3-£]quinoxaline 5-oxide, 331 

Pyrido[3,4-6]quinoxalin-l-one, 121, 366 
Pyrido[3,4-6]quinoxalin-l -one 

5,10-dioxide, 395 
Pyrido[2,3-e][l ,3,4]thiadiazine, 85 
Pyrido[4,3-6]-l,4-thiazine, 57 
Pyridof 3',2' :5,6][l,3]thiazino[3,2-a]- 

benzimidazol-5-one, 343 
Pyrido[2,l-6][l,3]thiazin-6-one, 389 
Pyrido[2,3-6][l,4]thiazin-2-one, 377 
Pyrido[3,2-e]-l,3-thiazin-4-one, 488 
Pyridof 3,2-e]thiazolo[3,2-aJpyrimidin- 

5- one, 500 
Pyrido[3,2-£>]thieno[3,4-e][l,4]diazepin- 

6- one, 423 
Pyridof 2,3-6]thieno[2,3-/]f 1,4]- 

oxazepine, 16 
Pyridof 3,2-/] thienof 3,2-b][ 1,4]- 

oxazepine, 16 
Pyrido[4',3' :4,5]thieno[2,3-d]- 

pyrimidine, 79 
Pyridof 1,2-a] thieno[2,3-d]pyrimidin- 

4-one, 233 
Pyridof l,2-a]thieno[3,4-d]pyrimidin- 

10-one, 123 
Pyridof 1,2-a]-1,3,5-triazine-2,4- 

dithione, 315 
Pyridof l,2-a]-l,3,5-triazine-2,4,8- 

trione, 572 
Pyrido[2,l-/][l,2,4]triazin-9-ium, 

2,4-dioxo-, inner salt, 377 
Pyridof 2', l':4,5][ 1,3,5] triazinofl, 2-a] - 

benzimidazol-12-one, 462 
Pyridof 1,2-a]-l,3,5-triazin-4-one, 

2-thioxo-, 552 
Pyrimido[4,5-6]azepine-2,4-dione, 474 
Pyrimidof l,2-a]azepin-4-one, 271, 285 
Pyrimido[5,4-d][2]benzazepine, 134, 

259, 466 
Pyrimido[5,4-d][2]benzazepine 6-oxide, 

466 
Pyrmido[5,4-d][l]benzazepin-6-one, 466 
Pyrimido[5,4-c][l]benzazocin-5-one, 

238 
Pyrimido[l,2-fl]benzimidazole, 282, 283 
Pyrimidof 1,6-a]benzimidazole, 283 
Pyrimidof 1,2-a] benzimidazole-2,4- 

dione, 287 
Pyrimidof 1,2-a]benzimidazol-2-one, 

286, 500 
Pyrimidof l,2-a]benzimidazol-4-one, 

284, 549 
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Pyrimido[6,l-6]benzothiazole-3-thione, 
566 

Pyrimido[2,l-a]benzothiazol-2-one, 286 
Pyrimido[2,l-6]benzothiazol-2-one, 286 
Pyrimido[2,l -6]benzothiazol-4-one, 286, 

333,549 

Pyrimido[5,4-g]-l,2,4-benzotriazine- 
6,8-dione, 28 

Pyrimido[2,l-a]benzoxazol-2-one, 286 
Pyrimido[2,l-6]benzoxazol-2-one, 286, 

549 
Pyrimido[2,l -6]benzoxazol-4-one, 285 
Pyrimido[5,4-c]carbazole, 172 
Pyrimido[4,5-c]cinnolin-l -one, 213 
Pyrimido[l,2-fl]indoIe, 178 
Pyrimido[4,5-£>]indole-2,4-dione, 30, 

167, 300, 427, 510 
Pyrimido[5,4-6]indol-4-one,2-thioxo-, 

234,427 

Pyrimido[4,5-6]indol-2-one,4-thioxo-, 
30 

Pyrimido[4,5-6]indol-4-one,2-thioxo-, 
427 

Pyrimido[4,5-c]isoquinoline, 268 
Pyrimido[6,l-fl]isoquinoline-2, 

4-dione, 333 
Pyrimido[6,l-a]isoquinolin-2-one, 333 
Pyrimido[6,l-a]isoquinolin-4-one, 429 
Pyrimido[4,5-6][l,8]naphthyridine- 

2,4-dione, 269 
Pyrimido[l,2-a][l,8]naphthyridin- 

10-one, 391 
Pyrimido[4,5-6][l,8]naphthyridin- 

4-one, 29 
Pyrimido[4,5-e][ 1,3,4]oxadiazine, 450 
Pyrimido[4,5-e][l,4]oxazepin-5-one, 345 
Pyrimido[4,5-b][l,4]oxazine, 55 
Pyrimido[4,5-£>][l,4]oxazin-4-one, 65 
Pyrimido[5,4-g]pteridine-2,4,6,8- 

tetraone, 303 
Pyrimido[5,4-g]pteridine-2,4,6,8- 

tetraone 5-oxide, 494 
Pyrimido[4,5-c]pyridazine, 133 
Pyrimido[4,5-c]pyridazine-3,5-dione, 

519 
Pyrimido[4,5-c]pyridazine-4,5-dione, 

519 
Pyrimido[4,5-c]pyridazine-5,7-dione, 

518, 519, 525 
Pyrimido[4,5-d]pyridazine-5,8-dione, 

443 

Pyrimido[4,5-c]pyridazin-4-one, 518 
Pyrimido[4,5-c]pyridazin-5-one, 518 
Pyrimido[4,5-d]pyridazin-5-one, 122 
Pyrimido[4,5-d]pyrimidine, 14, 78, 204, 

271 
Pyrimido[l, 6-a] pyrimidine-4,6-dione, 

390 
Pyrimido[4,5-d]pyrimidine-2,4-dione, 

271, 272 
Pyrimido[4,5-d]pyrimidine-2,4,5,7- 

tetraone, 27 
Pyrimido[l,6-fl]pyrimidin-4-one, 390 
Pyrimido[4',5' :4,5]pyrrolo[2,3-c]- 

azepine-4,6-dione, 230 
Pyrimido[l,2-c]quinazoline, 283 
Pyrimido[2,l-6]quinazolin-4-one, 38 
Pyrimido[4,5-£>]quinoline-2,4-dione, 

114, 132, 268, 428, 461 
Pyrimido[4,5-6]quinolin-2-one, 376 
Pyrimido[4,5-6]quinolin-4-one, 

212-214 
Pyrimido[4,5-c]quinolin-l-one, 

3-thioxo-, 222 
Pyrimido[4,5-6]quinoxaline-2,4-dione, 

273 
Pyrimido[4,5-6]quinoxaline-2,4-dione 

5-oxide, 462 
Pyrimido[4,5-e][l,3,4]thiadiazine, 450 
Pyrimido[4,5-6][l,4]thiazine, 66 
Pyrimido[4,5-6][l,4]thiazin-4-one, 66 
Pyrimido[4,5-6][l,4]thiazin-6-one, 66 
Pyrimido[5',4':4,5]thieno[3,2-d]-l,2,3- 

triazin-4-one, 217 
Pyrimido[4,5-e]-l,2,4-triazine, 342 
Pyrimido[5,4-<i]-l,2,3-triazine 3-oxide, 

435 
Pyrimido[4,3-c][l,2,4]triazine-6,8- 

dione, 519 
Pyrimido[4,5-d]-l,2,3-triazine-5,7- 

dione, 115 
Pyrimido[4,5-e]-l,2,4-triazine-5,7- 

dione, 88 
Pyrimido[5,4-e]-l,2,4-triazine-5,7- 

dione, 303 
Pyrimido[5,4-d]-l,2,3-triazine-6,8- 

dione 3-oxide, 435 
Pyrimido[5,4-e]-l,2,4-triazine-3,6,8- 

trione, 20^ 
Pyrimido[l,2-fl]-l,3,5-triazin-6-one, 288 
Pyrimido[l,2-6][l,2,4]triazin-8-one, 285 
Pyrimido[5,4-e]-l,2,4-triazin-5-one, 28 
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Pyrimido[4,5-e]-l,2,4-triazolo[3,4-6]- 
[l,3,4]thiadiazine-7,9-dione, 66 

Pyrrolizine, 162, 176, 193 
3-Pyrrolizinone, 107, 388 
Pyrrolo[2,3-6]azepine-4,7-dione, 368 
Pyrrolo[2,3-c]azepin-8-one, 362 
Pyrrolo[2,l-6][3]benzazepin-l 1-one, 

108, 385 
Pyrrolo[l,2-a]benzimidazole, 400, 564 
Pyrrolof l,2-a][l,4]benzodiazepine, 275, 

316 
Pyrrolo[2,l-c][l,4]benzodiazepine, 259, 

274 
Pyrrolo[2,l-c][l,4]benzodiazepine- 

5,11-dione, 238 
Pyrrolo[ 1,2-«][ 1,4]benzodiazepine- 

4-thione, 552 
Pyrrolof l,2-d][l,4]benzodiazepin-3-one, 

290 
Pyrrolof l,2-d][l,4]benzodiazepin-6-one, 

225, 502 
Pyrrolo[2,l-c][l,4]benzodiazepin-5-one, 

15 
Pyrrolof 1,2-d][ 1,4]benzodiazepin-3-one, 

290 
Pyrrolof l,2-a][3,l]benzothiazepine, 369 
Pyrrolof l,2-a][3,l]benzothiazepin- 

6-one, 369 
Pyrrolo[2,l -c][ 1,4]benzothiazepin- 

11-one, 356 
Pyrrolofl,2-c][ 1,2,3]benzotriazine, 438 
Pyrrolo[2,l -c][ 1,2,4]benzotriazine, 440 
Pyrrolof l,2-a][4,l]benzoxazepine, 455 
Pyrrolo[2,l-c][l,4]benzoxazepine, 484 
Pyrrolo[2,l-b]benzoxazole, 169 
Pyrrolof3,2-c]cinnoline, 437 
Pyrrolof 1,5-£>:2,3-c']dipyridazine, 564 
Pyrrolofl,2-a]imidazole, 155, 175, 564 
Pyrrolo[l,2-c]imidazole, 175 
Pyrrolof 1,2-c]imidazol-l -one, 3-thioxo-, 

198 
Pyrrolo[l,2-a]indole, 167, 175 
Pyrrolo[2,3-6]indole, 300 
Pyrrolo[3,2-6]indole, 41, 426 
Pyrrolof l,2-a]indole-5,8-dione, 167 
Pyrrolo[l,2-a]indol-3-one, 161 
Pyrrolo[l,2-a]indol-4-one, 498 
Pyrrolo[2,l-a]isoindole, 32 
Pyrrolof2,l-a]isoquinoline, 69, 563, 569 
Pyrrolof2,l-a]isoquinoline-2,3-dione, 

198 

Pyrrolof 1,2-b]isoquinolin-5-one, 497 
Pyrrolo[2,l-b][l,3]oxazine, 18 
Pyrrolo[/mn][4,7]phenanthroline, 447 
Pyrrolo[3,2,l-&/]phenothiazine, 18, 166 
Pyrrolo[2,3-g]phthalazine, 149 
Pyrrolo[3,4-g]phthalazine, 149 
Pyrrolo[4',3' :5,6]pyrano[2,3-6]pyridin- 

4-one, 125 
Pyrrolo[l,2-a]pyrazine, 19, 564 
Pyrrolof 1',2' :l,2]pyrazino[6,5-c]- 

carbazole, 273 
Pyrrolo[2,3-c]pyrazole, 69, 262 
Pyrrolof 3' ,4': 3,4]pyrazolof 1,5-a]- 

pyridinium ylide, 570 
Pyrrolo[3,4-d]pyridazine, 149 
Pyrrolo[3,2-c]pyridazine 2-oxide, 69 
Pyrrolo[2,3-<i]pyridazine-4,7-dione, 348 
Pyrrolo[2,3-c]pyridazin-4-one, 297 
Pyrrolo[2,3-d]pyridazin-7-one, 122 
Pyrrolo[3,4-c]pyridazin-4-one, 434 
Pyrrolo[2,3-6]pyridine, 263 
Pyrrolo[2,3-c]pyridine, 8, 48, 227, 240, 

251, 509 
Pyrrolof3,2-c]pyridine, 94, 267, 317 
Pyrrolo[2,3-c]pyridine-4,6-dione, 318 
Pyrrolo[2,3-c]pyridine-5,7-dione, 318 
Pyrrolo[3,4-c]pyridine-l,6-dione, 119 
Pyrrolo[3,4-c]pyridine-l,4,6-trione, 

318 
Pyrrolofl,2-a]pyridin-2-one, 474 
Pyrrolo[2,3-c]pyridin-2-one, 227 
Pyrrolo[2,3-c]pyridin-7-one, 509 
Pyrrolo[3,2-b]pyridin-2-one, 227 
Pyrrolo[3,4-6]pyridin-4-one, 381, 442 
Pyrrolof l,2-a]pyrimidine, 178 
Pyrrolo[2,3-d]pyrimidine, 76, 79, 130, 

297 
Pyrrolo[3,2-d]pyrimidine, 75, 240 
Pyrrolo[2,3-d]pyrimidine-2,4-dione, 30, 

197, 296, 376, 474 
Pyrrolo[3,2-d]pyrimidine-2,4-dione, 197 
Pyrrolof3,2-r/]pyrimidine-5,7-dione, 558 
Pyrrolof2,3-d]pyrimidine-2,4-dithione, 

324, 474 
Pyrrolof 2,3-d]pyrimidine-2,4,5,6- 

tetraone, 263 
Pyrrolo[2,3-d]pyrimidine-2,4,6-trione, 

227 
Pyrrolof 3,4-d]pyrimidine-2,4,7-trione, 

337 
Pyrrolofl,2-a]pyrimidin-4-one, 285 
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Pyrrolo[2,3-d]pyrimidin-4-one, 9, 29, 34, 
80, 509 

Pyrrolo[3,2-d]pyrimidin-4-one, 466 
Pyrrolo[3,4-d]pyrimidin-2-one, 256 
Pyrrolo[3,4-d]pyrimidin-7-one, 112 
Pyrrolo[2,3-d]pyrimidin-2-one, 

4- thioxo-, 324 
Pyrrolo[2,3-d]pyrimidin-4-one, 

2-thioxo-, 375 
Pyrrolo[2,3-b]pyrrole, 300 
Pyrrolo[l,2-c]quinazoline, 563 
Pyrrolo[l,2-a]quinazolin-4-one, 235 
Pyrrolo[ 1,2-a]quinazolin-5-one, 359 
Pyrrolo[ 1,2-c]quinazolin-5-one, 563 
Pyrrolo[2,l-6]quinazolin-9-one, 221 
Pyrrolo[l,2-a]quinoline, 68, 133 
Pyrrolo[2,3-f]quinoline, 252 
Pyrrolo[3,2-c]quinoline, 510 
Pyrrolo[l,2-a]quinoxaline, 198 
Pyrrolo[2,3-b]quinoxaline, 181, 187 
Pyrrolo[l,2-a]quinoxalin-4-one, 235 
Pyrrolo[3,2-e]tetrazolo[l,5-c]- 

pyrimidine, 306 
Pyrrolo[l,2-a]tetrazolo[5,l-c]thieno- 

[3,2-e]pyrazine, 306 
Pyrrolo[2,l-c][l,4]thiazepine-l,5-dione, 

356 
Pyrrolo[3,4-6]-l,4-thiazine 1,1-dioxide, 

258 
Pyrrolo[2,3-<i][l,3]thiazine-2-thione, 

81 
Pyrrolo[l,2-c]thiazole, 387 
Pyrrolo[2,l-£>]thiazole, 155 
Pyrrolo[3,2-d]thiazole, 300 
Pyrrolo[2,l-£>]thiazol-3-one, 389 
Pyrrolo[l,2-a]thieno[3,2-<?]pyrazine, 15 
Pyrrolo[l,2-a]thieno[3,2-e]pyrazin- 

5- one, 302 
Pyrrolo[ 1,2-a]thieno[3,2-e]-l ,2,4- 

triazolo[3,4-c]pyrazine, 513, 515 
Pyrrolo[3',4' :4,5]thiopyrano[3,2-c]- 

[2,l]benzothiazine 4,4-dioxide, 

464 
Pyrrolof 1,2-a]-l ,3,5-triazine-2,4-dione, 

274, 563 
Pyrrolo[ 1,2-d][ 1,2,4]triazine-l ,4-dione, 

314 
Pyrrolo[2,l-/][l,2,4]triazine-2,4-dione, 

376 
Pyrrolo[2',l' :3,4][ 1,2,4] triazino[5,6-c]- 

carbazole, 440 

Pyrrolo[ 1,2-d][ 1,2,4]triazin-4-one, 314 
Pyrrolo[3,2-e]-l,2,4-triazolo[4,3-6]- 

pyridazin-7-one, 241 
Pyrrolo[l,2-d][l,2,4]triazolo[3,4-6]- 

[1.3.4] thiadiazepine, 174 
Pyrrolot 1,2 -d][ 1,2,4]triazolo[3,4-6]- 

[1.3.4] thiadiazepin-6-one, 386 

Quinazoline, 22, 77, 78, 79, 127, 204, 
205, 256, 375, 429 

Quinazoline 3-oxide, 256 
2.4- Quinazolinedione, 27, 216, 222, 233, 

243, 244, 312, 375, 376, 561 
2-Quinazolinethione, 80, 313 
Quinazolino[3,2-a][l,4]benzodiazepine- 

5,13-dione, 344 
Quinazolino[3,2-a][l,4]benzodiazepin- 

13-one, 135 
Quinazolino[3,2-d][ 1,4]benzodiazepin- 

9-one, 475 
Quinazolino[3,2-c][l,2,3]benzotriazine, 

438 
2-Quinazolinone, 312, 313 
4-Quinazolinone, 27, 29, 30, 33, 34, 35, 

79, 96, 204, 213-216, 220, 221, 
231, 232, 243, 307, 312, 351, 372 

4-Quinazolinone,2-thioxo-, 233 
Quinoline, 10, 12, 71, 76, 95, 127, 155, 

162, 163, 170, 171, 182, 185, 220, 
254, 255, 265, 266,269,331 

Quinoline 1-oxide, 160 
2.4- Quinolinedione, 269 
2-Quinolinone, 33, 156, 248, 255, 365, 

374 
4- Quinolinone, 13, 33, 44, 71, 72, 95, 

230, 270, 378, 470 
5- Quinolinone, 379 
4-Quinolizinone, 212, 471, 500, 566 
Quino[3,2-c][l,8]naphthyridine, 12, 170 
Quinoxaline, 88, 414-419, 471 
2,3-Quinoxalinedione, 235, 417 
2-Quinoxalinethione, 420 
Quninoxalino[2,3-b][l,4]benzothiazine, 

449 
2-Quinoxalinone, 88, 222, 418-420, 

561 
2-Quinoxalinone 4-oxide, 561 

2,2a,4,5-Tetraazabenz[cd]azulene, 526 
1,2,4,5-Tetrazino[ 1,6-c]quinazolin- 

3-one, 359 
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Tetrazolo[ 1,5-z/][ 1,4]benzodiazepin- 
6- one, 290 

Tetrazolo[ 1,5 -6]isoquinoline, 305 
Tetrazolo[l,5-a]purin-9-one, 305 
Tetrazolo[l,5-£>]pyridazine, 305 
TetrazoIo[l',5':2,3]pyridazino[4,5-6]- 

indole, 305 
Tetrazolo[ 1' ,5': 1,6]pyridazino[4,5-b ] - 

quinoxaline, 305 
Tetrazolo[l,5-a]pyridine, 304 
Tetrazolo[l,5-a]pyrimidine, 282 
Tetrazolo[l,5-a]quinoxaline 5-oxide, 305 
Tetrazolo[l,5-a]quinoxalin-4-one, 305 
Tetrazolo[l,5-c]thieno[3,2-e]pyrimidine, 

305 
Tetrazolo[5,l-c][l,2,4]triazine, 330 
Tetrazolo[5',1':3,4][ 1,2,4] triazino- 

[5,6-&]indole, 305 
Tetrazolo[l,5-a][l,2,4]triazolo[4,3-c]- 

pyrimidine, 306 
4- Thia-l-azabicyclo[3.2.0]hept-2-en- 

7- one, 162 
5- Thia-l-azabicyclo[4.2.0]oct-2-en- 

8- one, 164 
l,3,5-Thiadiazino[3,2-a]benzimidazole- 

2.4- dione, 393 
l,3,5-Thiadiazino[3,2-a]benzimidazole- 

2.4- dithione, 393 
l,3,5-Thiadiazino[3,2-a]benzimidazole- 

4-thione, 360 
[1.3.4] Thiadiazino[5,6-6]quinoxaline, 

450 
[1.2.5] Thiadiazolo[3,4-e]-2,l,3-benz- 

oxadiazole 1-oxide, 84, 494 
[1.2.3] Thiadiazolo[5,4-b][l,8]naph- 

thyridin-8-one, 64 
[1.2.5] Thiadiazolo[3,4-b]pyrazine, 412 
[1.2.4] Thiadiazolo[2,3-£]pyridazin- 

2-one, 311 
1.2.3- Thiadiazolo[4,5-d]pyridazine, 149 
[1.2.4] Thiadiazolo[4,3-a]pyridine, 499 
[ 1,2,5]Thiadiazolo[3,4-c]pyridine, 148 
[1.2.4] Thiadiazolo[4,3-a]pyridin-3-one, 

499 
[ 1,2,4]Thiadiazolo[2,3-a]pyrimidine, 312 
[1.2.5] Thiadiazolo[3,4-d]pyrimidine, 413 
1.2.3- Thiadiazolo[5,4-d]pyrimidin- 

4- one, 63, 232 
1.3.4- Thiadiazolo[3,2-a]pyrimidin- 

5- one, 390, 549 

1.3.4- Thiadiazolo[3,2-a]pyrimidin- 

7-one, 178, 286, 391 
1.3.4- Thiadiazolo[3,2-c]quinazoline, 101 
[l,2,5]Thiadiazolo[3,4-c]quinoline, 412 
[ 1,2,5]Thiadiazolo[3,4-b]quinoxaline, 

412 
[ 1,2,5]Thiadiazolo[3,4-c][ 1,2,6] thia- 

diazine 5,5-dioxide, 413 
1.3.4- Thiadiazolo[3,2-<7][l,2,4]thia- 

diazol-6-one, 311 
[ 1,3,4]Thiadiazolo[2,3-c][ 1,2,4] triazine- 

7-thione, 413 
11,3,4]Thiadiazolo[2,3-c][ 1,2,4]triazin- 

4-one, 64, 392 
Thianthrene, 482 
[1.4] Thiazepino[4,3-a]indole-l,5-dione, 

356 
[1.4] Thiazepino[4,3-b]isoquinoline- 

1,5-dione, 356 
[ 1,3]Thiazino[3,2-a]benzimidazol- 

4-one, 392, 577 
[1.3] Thiazino[5,4-6]indole-2,4-dithione, 

274 
[1.3] Thiazino[3,2-a]indol-4-one, 577 
Thiazolo[5,4-d][2]benzazepine, 259 
Thiazolo[3,2-a] benzimidazole, 555 
Thiazolo[3,2-a]benzimidazol-l-one, 389 

576 
Thiazolo[4,5-g]benzoxazole, 301 
Thiazolo[4,5-c]isothiazole, 211 
Thiazolo[4,5-b]pyrazine, 63 
Thiazolo[4,5-6]pyridine, 71, 240, 487 
Thiazolo[4,5-c]pyridine, 43 
Thiazolo[5,4-b]pyridine, 42, 53, 63, 381 

486, 493 
Thiazolo[2,3-a]pyridin-3-one, 201 
Thiazolo[3,2-a]pyridin-3-one, 201, 565 
Thiazolo[5,4-d]pyrimidine, 63 
Thiazolo[5,4-i/]pyrimidine-5,7-dione 

1-oxide, 560 
Thiazolo[3,2-a]pyrimidin-5-one, 286, 

549 
Thiazolo[3,2-a]pyrimidin-7-one, 191, 

286 
Thiazolo[4,5-g]quinazoline-5,7-dione 

3-oxide, 560 
Thiazolo[5,4-/]quinazoline-7,9-dione 

3-oxide, 494 
Thiazolo[2,3-6]quinazolin-5-one, 221 
Thiazolo[3,2-d]tetrazole, 437 
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Thiazolo[4,5-e] -1,2-thiazine 1,1 -dioxide, 
368 

Thiazolo[5,4-d]thiazole, 105 

Thiazolo[2,3-c][l,2,4]triazepine, 521 
Thiazolo[3,2-a][l,3,5]triazine-5,7-dione, 

507 

Thiazolo[3,2-6][l,2,4]triazine-3,7-dione, 
576 

Thiazolo[4,5-d]-l,2,3-triazin-4-one, 321 
Thiazolo[3,2-a]-l,3,5-triazin-2-one, 

4-thioxo-, 289 

Thiazolo[3,2-a]-l,3,5-triazin-4-one, 
2-thioxo-, 315 

Thiazolo[3,2-£>][l,2,4]triazole, 177, 200, 
411, 575 

Thiazolo[5,4-/][l,2,4]triazolo[4,3-a]- 
[l,4]diazepine, 100 

Thieno[3,2-e]benzimidazole, 400 
Thieno[3,4-6][l ,4]benzodiazepin-9-one, 

39 
Thieno[3,4-£>][ 1,5]benzodiazepin- 

10-one, 39, 455 
Thieno[2,3-/z]-l,2-benzoxathiin 

2,2-dioxide, 467 

Thieno[2,3-6][l,4]benzoxazepine, 16 
Thieno[2,3-Z?][ 1,5]benzoxazepine, 16 
Thieno[3,2-6][ 1,4]benzoxazepine, 16 
Thieno[3,2-6][ 1,4]benzoxazepin-9-one, 

238 
Thieno[3,4-6][l,5]benzoxazepin- 

10-one, 484 
Thieno[2,3-g]benzoxazole, 301 
Thieno[3,2-c][l]benzoxepin-10-one, 386 
Thieno[3,2-d:4,5-d']bis[l,2,3]thia- 

diazole, 106 
Thieno[2,3-6:5,4-6']bis[l,4]thiazine- 

2,8-dione, 106 
Thieno[3,2-d :4,5-d']bisthiazole, 105 
Thieno[3,2-c]cinnoline, 438 
Thieno[2,3-d][l,2]diazepine, 112 
Thieno[3,2-d][l,2]diazepine, 112 
Thieno[3,2-e]-l,4-diazepine, 135, 136 
Thieno[3,4-£][l,4]diazepine, 422 
Thieno[2,3-e]-l,4-diazepin-2-one, 136 
Thieno[3,2-/]-l,4-diazepin-5-one, 82 
Thieno[3,4-6][l,4]diazepin-2-one, 237, 

260, 422 
Thieno[3,4-e]-l,4-diazepin-2-one, 23 
Thieno[2,3-d:4,5-<7']dipyrimidine- 

2,4-dione, 216 
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Thieno[2,3-d:4,5-d']dipyrimidin-4-one, 
204, 213, 230 

Thieno[2,3-d:4,5-^']dipyrimidin-4-one, 
2-thioxo-, 216 

Thieno[2,3-d]-l,2,3-dithiazol-2-ium, 
220 

Thieno[3,4-^]imidazole, 405 
Thieno[3,2-6]indole, 300 
Thieno[3,4-6]indole, 132 
Thieno[2,3-c]isothiazole, 364 
Thieno[2,3-d]isothiazole, 127 
Thieno[3,2-d]isothiazole, 127, 364 
Thieno[3,4-d]isothiazol-3-one 

1,1-dioxide, 395 
Thieno[2,3-6][l,8]naphthyridin-5-one, 

131,339 
Thieno[3,2-rf]t 1,6,2]oxathiazepine, 142 
Thieno[2,3-d][l,3]oxazine-2,4-dione, 

224 
Thieno[3,4-g]phthalazine, 149 
Thieno[3,2-g]pteridine, 77, 79 
Thieno[3,2-£>]pyran, 202 
Thieno[2,3-6]pyrazine, 155, 339, 364 
Thieno[3,4-6]pyrazine, 416 

Thieno[3,4-6]pyrazine-2,3-dione, 418 
Thieno[3,2-c]pyrazole, 246 
Thieno[3,4-c]pyrazole, 146 
Thieno[3,2-c]pyridazine, 302 
Thieno[2,3-6]pyridine, 95, 171, 184, 

331,380 
Thieno[2,3-c]pyridine, 339, 364, 541 
Thieno[3,2-6]pyridine, 71, 95, 255, 380 
Thieno[3,2-c]pyridine, 111, 298, 541 
Thieno[3,4-6]pyridine, 95, 448 
Thieno[3,4-c]pyridine, 448 
Thieno[2,3-6]pyridinium, 555 
Thieno[2,3-6]pyridin-6-one, 365 
Thieno[3,2-b]pyridin-5-one, 365 
Thieno[3,2-6]pyridin-2-one, 22 
Thieno[3,4-6]pyridin-4-one, 380 
Thieno[3,4-c]pyridin-4-one, 121 
Thieno[3",2'':5',6']pyrido[4',3' :3,4]- 

pyrazolo[l,5-a]pyrimidine, 283 
Thieno[2',3' :5,6]pyrido[2,3-z/]- 

pyrimidine-2,4-dione, 269 
Thieno[2,3-d]pyrimidine, 76, 79, 339, 

358 
Thieno[3,2-d]pyrimidine-2,4-dione, 376 
Thieno[2,3-d]pyrimidin-2-one, 80, 358 
Thieno[2,3-d]pyrimidin-4-one, 29, 231 
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Thieno[2,3-d:4,5-d']dipyrimidin-4-one, 
204 

Thieno[2,3-d]pyrimidin-2-one, 
4-thioxo-, 80 

Thieno[2,3-d]pyrimidin-4-one, 
2- thioxo-, 217, 234 

Thieno[2,3-6]pyrrole, 300 
Thieno[3,2-6]pyrrole, 297, 300 
Thieno[2,3-6]pyrrolizin-8-one, 329 
Thieno[3,2-6]pyrrolizin-4-one, 328 
Thieno[2,3-6]quinoline, 364, 555 
Thieno[3,2-c]quinoline, 298 
Thieno[3,2-c]quinoline-3,4-dione, 338 
Thieno[2,3-6]quinoxaline, 555 
Thieno[2,3-<i]thiazole, 105 
Thieno[3,2-d]thiazole, 52, 105, 311 
Thieno[3,4-d]thiazole, 131 
Thieno[3,4-d]thiepine, 152 
Thieno[3,4-c]thiophene, 146 
Thieno[3,2-6]thiopyrano[3,4-d]pyrrole, 

509 
Thieno[3,2-a]thiopyrano[3,4-d]pyrrole 

7,7-dioxide, 509 
Thieno[2,3-e]-l,2,4-triazine, 554 
Thieno[2,3-e]-l,2,4-triazine-3-thione, 

194, 555 
Thieno[2,3-d]-l,2,3-triazin-4-one, 321 
Thieno[3,2-/][l,2,4]triazolo[4,3-a]- 

[l,4]diazepin-6-one, 281 
Thieno[2,3-e][l,2,3]triazolo[l,5-a]- 

pyrimidine, 14 
Thieno[3,2-e]-l,2,4-triazolo[4,3-c]- 

pyrimidine, 514, 515 
Thiepino[4,5-6]indole 3,3-dioxide, 153 
Thiepino[4,5-6]pyrrole 6,6-dioxide, 153 
Thiepino[4,5-c]pyrrole 6,6-dioxide, 153 
Thiopyrano[3,2-c][l,2]benzothiazin- 

4-one 6,6-dioxide, 385 
Thiopyrano[3,4-6][l]benzothiophene- 

3- thione 9,9-dioxide, 151 
Thiopyrano[2,3-6][l]benzothiophen- 

4- one, 481 
Thiopyrano[3,2-6][l]benzothiophen- 

4-one, 481 
Thiopyrano[2,3 -d] imidazol-2 -one, 195 
Thiopyrano[2,3-6]indole, 202 
Thiopyrano[4,3-<i]isoxazol-4-one, 465 
Thiopyrano[3,4-c]pyrazol-4-one, 464 
Thiopyrano[3,4-6]pyridin-5-one, 367 
Thiopyrano[3,4-c]pyridin-4-one, 367 
Thiopyrano[4,3-6]pyridin-8-one, 367 

Thiopyrano[4,3-c]pyridin-4-one, 367 
Thiopyrano[2,3-<i]pyrimidine, 342 
Thiopyrano[2,3-d]pyrimidine-2,4-dione, 

376 
Thiopyrano[3,2-d]pyrimidine-2,4-dione, 

376 
Thiopyrano[3,4-c/]pyrimidin-5-one, 466 
Thiopyrano[2,3-d]thiazole-2-thione, 

194, 360 
Thiopyrano[2,3-d]thiazol-2-one, 194, 360 
9-Thioxanthenone, 334, 354 
[1.2.4] Triazepino[6,5,4-;fc]carbazol- 

4-one, 507 
[1.2.4] Triazino[4,3-a] benzimidazole, 439 
[1.2.4] Triazino[4,5-a]benzimidazole, 526 
1.3.5- Triazino[l,2-a]benzimidazole, 207, 

288 
1.3.5- Triazino[l,2-a]benzimidazole- 

4-thione, 207 
[1.2.4] Triazino[2,3-fl]benzimidazol- 

3-one, 61 
[1.2.4] Triazino[4,3-a]benzimidazol- 

3- one, 439 
[ 1,2,4]Triazino[4,5-a]benzimidazol- 

1-one, 72, 117, 314, 567 
1.3.5- Triazino[ 1,2-a]benzimidazol- 

4- one, 207 
[1.2.4] Triazino[4,3-a][l,4]benzo- 

diazepin-l-one, 392 

1.2.4- Triazino[5,6-c]cinnolin-3-one, 65 
[1.2.4] Triazino[4,5-6]indazole-l,4-dione, 

314 
[1.2.4] Triazino[4,5-6]indazol-l-one, 

475, 506 
1.2.4- Triazino[5,6-6]indole, 556 
[1.2.4] Triazino[4,5-a]indole-l,4-dione, 

314 
1.2.4- Triazino[5,6-6]indole-3-thione, 61, 

556 
1.2.4- Triazino[6,5-6]indole-3-thione, 

377, 557 
[1.2.4] Triazino[4,5-a]indol-l-one, 476, 

506 
1.2.4- Triazino[6,5-£>]indol-3-one, 308 
[1.2.4] Triazino[3,4-«]isoindol-3-one, 

359 
[1.2.4] Triazino[3,4-a]phthalazin-4-one, 

392, 520 
[1.2.4] Triazino[4",5":l',5']pyrrolo- 

[2',3':4,5]furo[3,2-fc]indol-l-one, 
568 
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[1.2.4] Triazino[4,3-c]quinazoline, 101 
[1.2.4] Triazino[3,2-6]quinazoline- 

2.6- dione, 475 
[1.2.4] Triazino[3,4-6]quinazoline- 

4.6- dione, 390 
[1.3.5] Triazino[l,2-a]quinazoline- 

1.3.6- trione, 315 
[ 1,2,4]Triazino[4,3-c]quinazolin-3-one, 

359 
1.2.4- Triazino[5,6-£>]quinolin-3-one, 65 
1.2.4- Triazino[5,6-c]quinolin-3-one, 28 
[ 1,2,4]Triazino[4,3-6][ 1,2,4]triazepine- 

4,9-dione, 424 
1.2.4- Triazino[6,5-e][ 1,2,4]triazine, 249 
1.2.4- Triazino[6,5-e][l,2,4]triazin- 

3-one, 244 
1.2.3- Triazolo[4,5-d][2]benzazepine, 

259 
[1.2.3] Triazolo[l,5-a]benzimidazole, 

523 
[1.2.4] Triazolo[l,5-a]benzimidazole, 26, 

411 
1.2.4- Triazolo[4,3-a]benzimidazole, 572 
[1.2.4] Triazolo[4,3-a][l,4]benzo- 

diazepine, 117, 135, 260 
[1.2.4] Triazolo[4,3-a][l,5]benzo- 

diazepine, 574 
1.2.4- Triazolo[4,3-d][l,4]benzo- 

diazepine, 473 
[ 1,2,4]Triazolo[4,3-a][l ,5]benzo- 

diazepin-5-one, 574 
l,2,4-Triazolo[4,3-d][l,4]benzo- 

diazepin-3-one, 473 
[1.2.4] Triazolo[3,4-e][l,6]benzo- 

thiazocine, 574 
[ 1,2,3]Triazolo[5,l -6]benzothiazol- 

9-ium, 523 
[ 1,2,4]Triazolo[ 1,5-d][ 1,4]benzoxaze- 

pine, 202 
1.2.3- Triazolo[4,5-6][l,5]benz- 

oxazepin-10-one, 484 
1.2.3- TriazoIo[4,5-fc]indole, 263 
[l,2,3]Triazolo[5,l-a]isoquinoline, 565 
1.2.4- Triazolo[4,3-6]isoquinoline, 100 
1.2.3- Triazolo[4,5-6][l,8]naphthyridin- 

8-one, 410 
[ 1,2,3]Triazolo[l ,5-d][ 1,3,4]oxadi- 

azine, 46 
1.2.4- Triazolo[3,4-6][l,3,4]oxadiazole, 

62, 485 
1.2.4- Triazolo[3,4-a]phthalazine, 516 

1.2.4- Triazolo[3,4-a]phthalazine- 
3-thione, 517 

1.2.4- Triazolo[3,4-a]phthalazin-3-one, 
517 

1.2.4- Triazolo[4,3-a]purin-5-one, 515 
1.2.4- Triazolo[4,3-a]purin-5-one, 

3-thioxo-, 517 
1.2.3- Triazolo[4,5-6]pyrazine, 415, 416 
[1.2.4] Triazolo[l,5-a]pyrazine, 411 
1.2.4- Triazolo[4,3-a]pyrazin-8-one, 

3-thioxo-, 518 
1.2.3- Triazolo[4,5-c]pyridazine, 410 
1.2.3- TriazoIo[4,5-d]pyridazine, 409 
[1.2.4] Triazolo[l,5-6]pyridazine, 411, 

525 
1.2.4- TriazoIo[4,3-6]pyridazine, 171, 

281, 499, 513-516 
11,2,4]Triazolo[ 1,2-a]pyridazine- 

1,3,6-trione, 462 
1.2.4- Triazolo[4',3' :2,3]pyridazino- 

[4,5-6]indole, 513 
l,2,4-Triazolo[4',3' :l,6]pyridazino- 

[4,5-6]quinoxaline, 514 
[1.2.3] Triazolo[l,5-a]pyridine, 10, 177, 

253 
1.2.3- Triazolo[4,5-6]pyridine, 263, 410 
1.2.3- Triazolo[4,5-c]pyridine, 410 
tl,2,4]Triazolo[l,5-a]pyridine, 411, 513, 

525 
1.2.4- Triazolo[4,3-a]pyridine, 100, 177, 

310, 513, 514, 516, 518, 524 
[1.2.3] Triazolo[l,5-a]pyridin-8-ium, 523 
1.2.4- Triazolo[4,3-a]pyridin-3-one, 517 
[1.2.3] Triazolo[l,5-a]pyrimidine, 282 
[ 1,2,3]Triazolo[l ,5-c]pyrimidine, 523 
1.2.3- Triazolo[4,5-d]pyrimidine, 204, 

325,428 
[ 1,2,4]Triazolo[ 1,5-a]pyrimidine, 282, 

411, 524 
1.2.3- Triazolo[4,5-d] pyrimidine- 

5,7-dione, 504 
[1.2.4] Triazolo[l,5-a]pyrimidine- 

2- thione, 282 
1.2.4- Triazolo[4,3-a]pyrimidine- 

3- thione, 517 
1.2.3- Triazolo[4,5-d]pyrimidin-4-one, 

34 
1.2.3- Triazolo[475-^]pyrimidin-7-one, 

213, 214, 410, 504 
[1.2.4] Triazolo[l,5-a]pyrimidin- 

7-one, 285 
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l,2,4-Triazolo[3',4' :2,3]pyrimido[4,5-c]- 
quinolin-11-one, 100 

[1.2.3] Triazolo[l,5-c]quinazoline, 437 
[ 1,2,4]Triazolo[ 1,5 -cjquinazoline, 62 
[1.2.4] Triazolo[5,l-6]quinazolin-5-one, 

412 
[ 1,2,3]Triazolo[ 1,5-a]quinoline, 565 
1.2.3- Triazolo[4,5-6]quinoline, 410 
[1.2.4] Triazolo[4,3-a]quinoxaline, 515 
[1.2.3] Triazolo[l,5-a]quinoxaline 

5-oxide, 523 
[1.2.4] Triazolo[4,3-a]quinoxaline 

5- oxide, 513 
[1.2.4] Triazolo[4,3-a]quinoxalin-4-one, 

515 
1.2.4- Triazolo[3,4-6][ 1,3,4]thiadiaze- 

pine, 67 
1.2.4- Triazolo[3,4-6][l,3,4]thiadiazine, 

66, 258 
1.2.3- Triazolo[4,5-c][l,2,6]thiadiazine 

5,5-dioxide, 209 
1.2.4- Triazolo[3,4-6][l,3,4]thiadiazole, 

64 
[1.2.4] Triazolo[5,l-6]-l,3,4-thiadiazole, 

411 
1.2.4- Triazolo[3,4-6][l,3,4]thiadiazole- 

6- thione, 64 
11,2,4]Triazolo[4,3-d]-l ,2,3,4-thia- 

triazole, 63 
[1.2.4] Triazolo[5,l-6][l,3]thiazin-7-one, 

577 
1.2.4- Triazolo[4,3-6][l,2,4]triazepin- 

8-one, 424 
[l,2,3]Triazolo[l,5-a][l,3,5]triazine, 288 
[ 1,2,3]Triazolo[5,l -c][ 1,2,4]triazine, 439 

[ 1,2,4]Triazolo[ 1,5 -a][ 1,3,5]triazine, 
288 

[1.2.4] Triazolo[ 1,5-6][ 1,2,4]triazine, 
281, 525 

1.2.4- Triazolo[3,4-c][l,2,4]triazine, 514, 
520 

1.2.4- Triazolo[4,3-a][l,3,5]triazine, 524 
1.2.4- Triazolo[4,3-6][l,2,4]triazine, 421, 

513, 516 
[1.2.4] Triazolo[5,l-c][l,2,4]triazine, 

330, 439, 520 
1.2.4- Triazolo[4,3-fl][l,3,5]triazine- 

3- thione, 518 
1.2.4- Triazolo[4',3':l,6][l,2,4]triazino- 

[4,5-a]indole, 513, 514 
1.2.3- Triazolo[4,5-d][l,2,3]triazin- 

7-one, 321 
[ 1,2,4]Triazolo[ 1,5 -a][ 1,3,5] triazin- 

7-one, 5, 218 
[ 1,2,4]Triazolo[ 1,5-6][l,2,4]triazin- 

7- one, 411 
1.2.4- Triazolo[3,4-c][l,2,4]triazin- 

5-one, 513 
1.2.4- Triazolo[3,4-/][l,2,4]triazin- 

8- one, 100, 513, 572 
1.2.4- Triazolo[4,3-6][l,2,4]triazin- 

7-one, 100, 421 
[1.2.4] Triazolo[5,l-c][l,2,4]triazin- 

4- one, 89, 410, 520 
[l,2,3]Triazolo[l,5-a][l,3,5]triazin- 

7-one,5-thioxo-, 315 
1.2.4- Triazolo[4,3-6][l,2,4]triazole, 37, 

62 

9-Xanthenone, 354, 384, 463, 482 
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