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Introduction to the Series

The series The Chemistry of Heterocyelic 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 synthesis, 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 Heteroevcelic Chemistry which treated such
topics as nuclear mangetic resonance of heterocyclic compounds, mass spectra
of heterocyclic compounds. photochemistry of heterocylic 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 became 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 Heterocvelic Chemistry, and
to publish all forthcoming volumes in the general area of heterocyclic chemistry
in The Chemistry of Heterocvelic Compounds series.

Edward C. Taylor

Department of Chemistry
Princeton University
Princeton, New lersey 08544
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Preface

The warm reception given to Svarhesis of Fused Heterocveles by reviewers and
readers since its publication in 1987 has encouraged me to prepare another classified
selection of methods by which a new heterocyclic ring may be built on to a
(carbocyclic or heterocyclic) ring. The 1987 book (which was reprinted with minor
corrections in 1Y91) is referred to in this book as Svathesis of Fused Heteraeveles,
Part 1. The layout of the present volume is similar to that of Part | but some
improvements have been made. These are described in the last two paragraphs of
Chapter 1. Section 1. Part 2 contains over two thousand reterences (including those
numbered as 3037a, 3037b. 30594, 3059h. 3067a. 3067b. etc.) not listed in Part 1.

1 wish to thank reviewers und readers who made useful suggestions following
the publication of Part I for example. Professor Brandsma suggested in a review
of Part | that, in a product containing two or more heterocyclic rings. the index
should show the newly formed ring in bold letters. The Index of Ring Systems w
the end of this volume tollows this suggestion.

I also thank Mr A. J. Cannard BSc for writing a computer program which
overcomes the problem of alphabetizing the names of those fused heterocycles
which begin with numbers and/or contain locants which need to be partially ignored
during the production of an index which is usetul to organic chemists, Thanks are
also due to the staft of the libraries of the University of Wales colleges at Cardiff
and Bangor.

I wish to thank my wite for enduring long periods of isolation while this book
was being written. and for her advice and help when needed. Professor E. C.
Taylor and the staff of John Wiley & Sons at Chichester have constantly provided
encouragement and help for which 1 am grateful.

October 1991 G. P. Ellis
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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 z-ring may be either homocyclic or heterocyclic, and may be of any
size; the newly formed §-ring is heterocyclic and contains five to eight atoms, at
least one of which (Z) is nitrogen, oxygen or sulphur. Atoms A and B may or
may not be identical and may be carbon or nitrogen (or rarely sulphur, in which

o"’-A_x 'a"-. o

R
-}

.....B-Y N

L2 1

*This is a2 modified and expanded version of Chapter |, Part 1.

661

CPPLd



662 Introduction

case it would not normally have a substituent X or Y attached to it). X and Y
are usually functional groups; it is rare for both to be hydrogen. When A is a
double-bonded or pyridine-type nitrogen, then X may be absent or is an N-oxide
or an N-azinium (for example, a pyridinium) salt 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 included with cyclizations of closely
related groups; for example, Chapter 20 contains ring closures of substrates
having either acylamine or amine and thiocyanate.

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 [TUPAC nomenclature rules [B-1]. Although there is much to be said
for drawing all ring systems according to IUPAC recommendations, a few of the
simpler ones (for example, quinoline) and others (for example, f-lactam anti-
biotics) are often drawn differently in the literature. The 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. This feature makes it easier for the reader to see the structural
relationship between the reactant and product, and is recommended to authors
of papers and reviews.

Third, 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 its non-carbonyl
parent, and compounds of this kind are often 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 Parts
1 and 2 of this work. it was noticed that many ring systems were erroneously
named in the literature. The correct names of such compounds are shown in this
book; some notes on the application of [UPAC rules to polycyclic heterocycles
are included in an Appendix to Part 1 (1987) (pp. 578-580).

Il. 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 trace in abstracting journals. Parts | and
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2 of this book contain references to a classified selection of papers, published
since about 1970, which describe a wide variety of heterocyclizations. Each of
these references is likely to contain citations of earlier relevant papers, and the
reviews cited in this book should provide additional references. In this way, the
reader may often locate suitable references more easily than by using the
abstracting journals. Although Parts 1 and 2 of 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 shown to proceed by an ANRORC mechanism [551] or by other
routes 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,
B-60]. However, an exception is made for reactions which involve opening of
rings in reagents such as lactones, cyclic anhydrides, imides, epoxides, aziridines
and diketene. Reactions in which two different rings are formed in one step are
not included. Newly formed fused rings are usually unsaturated or contain one
or more endocyclic carbonyl groups, but a few examples of the synthesis of
saturated heterocyclic rings are included.

Some combinations of functional groups which were not in Part | are
included in Part 2 and vice versa, and minor changes in the titles of a few
chapters reflect this difference. Some rationalization has been made between the
coverage of Chapters 29 and 96, and between Chapters 93 and 94; the types of
cyclizations which were described in Chapter 107 of Part | have now been
included in either Chapter 36 (lactam carbonyl and ring-nitrogen) or Chapter
98 (ring-nitrogen and thiol). In Part 2, functional groups which contain sulphur
are included in chapters which discuss their oxygen analogues; their names
do not usually appear in addition to those of the oxygen compounds in chapter
headings. However, newly formed sulphur-containing rings are listed at the
beginning of each relevant chapter. Other minor variations in the chapter titles
are the result of the kinds of cyclizations found in the literature. Pagination,
reference numbers and formulae numbers are continuous through Parts | and 2.

Reactions which are described in Part | are not repeated in Part 2 but an
improvement or modification in the reagents, catalysts. mediators or reaction
conditions are recorded, especially if this alteration gives a better yield or is
more convenient to use. The general index has been improved in Part 2 to
include all examples of reacting groups (X and Y in Figure 1.1); it also includes
reviews. In the index of ring systems, the heteroring which is formed in a
particular reaction is shown in bold. for example. oxazolo[5.4-d]pyrimidine. In
names like pyrano[3.4-blindol-3-one, it is important to note that the number in
front of *-one’ refers to the peripheral numbering of the ring system and not to
that of the isolated pyranone ring. but in pyrimido[4,5-d]pyridazin-2-one, the
newly formed ring is a pyrimidin-2-one. Ring systems which contain several
carbonyl groups present additional problems; while the meaning of
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pyrimido[5,4-¢]-1,2,4-triazine-3,5,7-trione (the new ring is triazin-3-one) is clear,
a newly formed pyrimidinedione in this ring system is represented by the less
clear name pyrimido[5,4-¢}-1,2,4-triazine-3,5,7-trione. Trivial names such as
purine or purinedione need a different method of indicating the newly formed
ring: for example, purine (im) or purinedione (im2one) shows that imidazole or
imidazol-2-one, respectively, is the newly formed ring. The abbreviations used
are shown at the beginning of the index. Finally, pyrrolo[1,2-ajquinazolin-5-one
means that the pyrimidinone ring is newly formed. If the synthesis of the
compound from a quinazolinone is also described, the entry (pyrrolo{l,2-
ajquinazolin-5-one) would be shown on a separate line.

IIl. USE OF THE BOOK

The aims of the book have been outlined in Section I; examples of how these
may be achieved are given in this section.

1. One- and Two-step Reactions

Let us assume that the nitro ester (1.1) is to be converted into a novel tricyclic
compound (1.2). 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 can occur. Chapter 48, which includes cyclization of amino
esters, is more promising and Section II.1 (p. 228) offers at least one example of
the direct conversion of a nitro ester into a pyridin-2-one ring; the conditions
given [821] are also likely to be applicable to the synthesis of triazine (1.2).

NN NN
N N
) s
S NO, S NH
COOMe
Qo
(1.1) (1.2)

There are two points to note regarding this example. First, two-step conver-
sions such as this, where the intermediate is not isolated but its identity is known
beyond reasonable doubt, are classified according to the functional groups of
that intermediate. Cyclizations of this type are to be found amongst similar ones
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 func-
tional groups of the compound actually placed in the reaction vessel.
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Second, potentially relevant information may be gleaned by examining other
cyclizations to be found in Chapter 48. For example, a glance at Section I.]
(p. 226) shows that variations in the reductive cyclization of nitro esters are
possible; should ring closure of (1.1) give an unexpected product, knowledge of
the alternative course taken by related reactions {348, 1221, 2778] may be useful.
Minor changes in reaction conditions may affect yields, and Sections 1.4 and
111.3 of the same chapter show potentially useful variations.

2. Naming of Functional Groups

For most reactants, identification and the naming of the functions which
participate in the ring closure is easy (as in the example in Section IIL.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 functions, each of which must have an unambiguous name which
determines in which chapter the cyclization is to appear.

O

X

EI0OCN” “NNH,

/SH

(1.3

The primary N-amino group may also be regarded as a disubstituted hydra-
zine but since its reactions resemble those of a primary amine and can only occur
at one of the nitrogen atoms, it is classified as an amino group. For example, the
cyclization of (1.4) appears under cyclizations of 1,2-diamines (Chapter 76).

R R? R'
uzmq’N\ £10H /N‘N’N\
- + (R2CO)y = . [1874]
RSN

HN
(1.4) Pyrazolo[1,5-b][1,2 4]triazine

The ethoxycarbonyl group of (1.3), being attached to a nitrogen atom, differs
in reactivity from that of a carboxylic ester and is classified as a carbamate.

The ring carbonyl group is part of a cyclic urea; it cannot therefore be regarded
as a typical ketone or amide. A cyclic —NH—CO— group and its sulphur
analogue are therefore classified as lactam carbonyl and lactam thiocarbonyl,
respectively, whatever the size of the ring. Cyclization of lactam (1.5) is classified
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as an interaction between amine and lactam carbonyl; such reactions are to be
found in Chapter 11. The difficulties of naming cyclization products which
contain an endocyclic lactam carbonyl or thiocarbonyl group are mentioned in
Section II1.3 of this chapter.

N N Ar
N/ = xylom,TlCl..A N’ =N
52_9‘% _ P {1959}
NH, O N

(1.9 Pyvidazino{t 6-ajpenzimidazole

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 example, the conversion is classified
under carbamate and ring-nitrogen (Chapter 61).

0
H N N
T WA
| —=— — tse
H,NCN——N \ N
] N
0
(1.6) [1.2 4[Triazolo[1,5-8]){1,3,5]triazin-7-one
A s Ar
NHgNH : s
| N doopt — MM | = Y 1785
N———NH % N—N NH (1765}
T

Pyrazolo{1,5-a}-1,3.5-viazin-4-one

3. Approved Names and Formulae

Recommendations have been made by the International Union of Pure and
Applied Chemistry (IUPAC) regarding the drawing and naming of fused
heterocycles; these are followed 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.
There are a few common heterocycles in which the peripheral numbering is
abnormal; these are shown in Figure 1.2, The IUPAC report [B-1] and a review
[2014] give the basic rules and some examples; the Appendix in Part | (pp. 578-
580) contains some additional guidance.
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Purine X =0O Xanthene
X =S Thioxanthene

Figure 1.2

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; (1.13) is the correct
formula and is the one that should be used. Peripheral numbering of this
compound is shown and its name is pyrazino[2'.3":4.5]thieno[3.2-d]pyrimidin-
4(3H)-one.

Names of the heterocyclic ring systems (whose syntheses are shown) are given
under the formulae; efforts have been made to ensure that, as far as possible.
these comply with [UPAC recommendations, but it has not been possible to
check every compound from recently published papers. As mentioned in Section
1, the names are for the ring systems and do not include the names of substituents

o
N
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except for endocyclic carbonyl or thiocarbonyl groups. Some of these
compounds are tautomeric but firm evidence for either keto or enol form is not
always available. The oxo form is therefore often assumed for nomenclatural
purposes (as in Chemical Abstracts). For example, compound (1.14) is named as
its diketo tautomer (1.15), namely pteridine-2,4-dione (trivial name: lumazine),
the designation of the added hydrogens being omitted.

H
N N, OH N N o]
z X Z \f
CIr QLK
N7 N\F N
OH o

(1.14) (1.15)
4. Format

Each equation which shows a cyclization is intended to provide as much
information as space allows. Figure 1.3 is a typical example; 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 added above the arrow. Its absence means that that reaction does not need
externally applied heat. When the name of a solvent or reactant is abbreviated,
reference should be made to the table in Section 1V of this chapter or to the
paragraph in front of the equation.

NH. N
2 NSO PhH, pyr. A N
R + e R — fsoe]
sonO NN 1
CH,R' R

R' = H, Me, Ph; RZ = Me, Et, Cl, MeO, CN, COOMe 2.1-Benzisothiazole

Figure 1.3

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
compound, or an approximate value (for example, ~65%) when the yields for
several related products fall within a range of 1 5% of the value shown, or as
in Figure 1.2, it shows the lowest and highest values for variations of the
substituents R' and R’ shown under the reactants. To the right of the equation
or formula is the reference number; a list of references is to be found on the
pages which have a black edge towards the end of the book. Books and
monographs are listed separately just before 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.



Abbreviations

IV. ABBREVIATIONS

669

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

Ac
AIBN
CDI
DBN
DBO
DBU
DCC
DDQ
DEAD
DEG
diox
DMA
DMAD
DMAP

DME
DMF

DMFDEA

DMFDMA

acetyl
azobisisobutyronitrile
carbonyldi-imidazole
1,5-diazabicyclo{4.3.0}-
nonan-5-one
1,4-diazabicyclo[2.2.2)-
octane
1,5-diazabicyclof5.4.0]-
undec-5-ene
dicyclohexylcarbodi-
imide
2,3-dichloro-5.6-dicya-
no-1,4-benzoquinone
diethyl acetylenedicar-
boxylate
diethylene glycol
1.4-dioxane
N, N-dimethylacetamide
dimethyl acetylenedi-
carboxylate
N,N-dimethyl-4
pyridinamine
dimethoxyethane
N, N-dimethylform-
amide
N, N-dimethylform-
amide diethyl acetal
N,N-dimethylform-
amide dimethyl acetal

DMSO
HMPT

LDA

LTA
MCPBA

Mes
mor
NBS
NCS
NIS
PEG
pip
Phth
PPA
PPE

PTS

pyr
RaNi
TCNE
TEA
tet
TFA
THF
Ts

dimethy! sulphoxide
hexamethylphosphoric
triamide
lithium diisopropyl-
amide
lead tetra-acetate
3-chloroperbenzoic
acid
mesitylenesulphonyl
morpholine
N-bromosuccinimide
N-chlorosuccinimide
N-iodosuccinimide
polyethylene glycol
piperidine
phthaloyl
polyphosphoric acid
polyphosphoric acid
ethyl ester
pyridinium 4-toluene-
sulphonate
pyridine
Raney nickel
tetracyanoethylene
triethylamine
S-tetrazolyl
trifluoroacetic acid
tetrahydrofuran
4-toluenesulphonyl
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Acetal or Aldehyde and Amine or Carboxamide

I.  Formation of a Five-membered Ring 670
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I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

Catalytic hydrogenation of a nitro-(formyimethyl)pyrimidine is accompanied
by cyclization and formation of a fused pyrrole ring. The report on page 8 of
Part | of a paper which describes the cyclization of 2-(2-aminophenyl)acetalde-
hyde acetals is not cited in a 1986 paper [3189] which extends the method to the
synthesis of 6-substituted indoles in which the substituent is electron-withdraw-
ing; this type of indole is not easily accessible by the Fischer or Bischler
synthesis.

T T
OHCCH_ _N N
| \ﬁ H,, RaMi, EfOH 4 | \\' (2400]
ON
NH, NH,
Pyrrolof3.2-d Jpyrimidine

670
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1. FORMATION OF A SIX-MEMBERED RING

1. Pyridine

Heating the aminoacetal (2.1) with ethanolic hydrogen chioride produces a
quinoline [2612). but sulphuric acid causes the cyclization to follow another
course (see Chapter 3, Section 11.1). o-Aminoaldehydes are cyclized by heating
with a reactive methylene-containing ketone, ester or nitrile but in the reaction
with the pyrazole aldehyde (2.2), yields seem to depend greatly on the nature of
the N-substituent; for example, when R> = R' = CN. the product is obtained
in either 3.6% or 83% yields according to whether R' is methyl or phenyl [2798].
The chemistry of a-cyanothioacetamide (2.4), which is used in the conversion
of 2-aminobenzaldehyde (2.3) to 2-aminoquinoline-3-thiocarboxamide [2926].
has been reviewed [3331].

NH, Ny
EtOH-HCI, A
———
LX : b
ci C=N(CH,),CH(OEY), cl NH,
Ph

Ph
@1 Quinoline
Rt R'
HN N_ R? N N_
N ErONa Z N
|} + RRcHR® —= I [2798)
OHC Y

2.2) Pyrazolo{3,4-bjpyridine

R'=Me, Ph; RZ=R3=Ac,CN or
R? = COOEL; R?=Ac or R?R® = CO(CH,)4

N2 cen N M
. le 1.s:ou.~m 2.HCH [2926]
CSNH, oo -
CHO CSNH,

(23) 24) Quinoline

A Friedlidnder reaction (review: [3017]) between a 2-aminobenzaldehyde (2.3)
and a 4-unsubstituted resorcinol in the presence of a base is a convenient method
of synthesizing a fused pyridine, but the expected product (2.6) of a Friedlinder
reaction between 2-aminobenzaldehyde and N-acetyl-3-pyrrolidone in aqueous
alkali was not obtained: instead, a low yield of the isomeric ring system (2.5) was
isolated. Both types of products were obtained when the pyrrolidone was
replaced by ethyl 3-oxopyrrolidine-1-carboxylate, the [3,2-b] isomer predomi-
nating. A mixture of isomers was also obtained when the reaction was attempted
under acidic conditions.
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(23) + /‘ E\OHKOHA [2481]
OH

Benz{ajacridine

zg\ /?

(25 [2267)
23) + Pyrrolo[3 2-blquinoline
@mma
N/
(2.6)
Pyrrolo[3 4-blquinoline

A variation on the conversions of aminoaldehydes into fused pyridines (see
p. 10) is their reaction with malono mono- or di-nitrile in the presence of DBN
to yield a new fused 2-aminopyridine ring. Heating with a nitrile and ethanolic
alkoxide is also effective [3497).

QNI CHzR e:ou osn a w (2799}

R = CN, COOE! [1]Benzopyranof2,3- bjpyridin-5-one

Another ring system synthesized similarly:

[3497)

HN
1.2,3-Triazolo{4,5- bipyridine
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2. Pyridine 1-Oxide

An aldoxime and a suitably positioned 2,4-dinitrophenylamino group react in
hot acid with elimination of 2,4-dinitroaniline and the formation of an isoquino-
line 2-oxide in high yield.

CH=NOH i
@ E1OH, HCI, A (2232)
81% Z
C H==CHNHAr
Ar = 24-(NO2)CgHs Isoquinotine 2-oxide

3. Pyridin-2-one

This ring may be constructed from an aminoaldehyde and either ethyl cyano-
acetate or triethyl phosphonoacetate in the presence of a strong base.

R H R
N 0. N N
HN N COOE! &M EONas °N
l L’ * é CN —% l H 71
OHC He NC X
R « PhCH,, Ph 1.2,3-Triazolo{4,5- bjpyridin-6-one
CF, S
NH, ook N_ __O
NaH, (E s Had [3664)
P
R CHO R
R = 2,4-Megz-imidazol-1-yl 2-Quinolinone

4. Pyrazin-2-one

Side-chain acetal and nuclear carboxamide groups react in hot aqueous acid to
form this fused ring.

c‘a' o)
RNHC. _N N
Z “NH o HCL, RNJ\(/ “NH
T e s
(MeO),CHCH N s SN s

R = R, alkyt, cyciopropyl 1,2,4-Triazolo[4,3-ajpyrazin-8-one, 3-thioxo-
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IlI. FORMATION OF A SEVEN-MEMBERED RING

1. 1,4-Diazepin-S-one

Cyclization of an aminoaldehyde [as its thioacetal (2.7)) was achieved in high
yield and under mild conditions in the presence of mercury(Il) chioride and
calcium carbonate [3272, 3710]. Heating aminoacetals (review [3326]) such as
(2.8) in TFA is an alternative procedure but may give lower yields [3124].

NH, CH(SED,
R I l mm:": : qu l [3272, 3710
N
)
(2.7) R = H, MO, Me, PhCH20 Pytmlo[2.1-d[1.4ponzodazepln-5-one
0
cH,NHc N N
TFA.4 =
CH(OMe)z \\ LR L | 1m (3124]
H N N
@8) lmicazo4,5- o)1 4)diazepin-8-one

3. 1,4-Thiazepin-5-one

An acetal attached through a sulphur-containing side-chain to a 2-carbamoyl-
phenyl ring cyclizes on heating with 4-toluenesulphonic acid under anhydrous
conditions.

SCH,CH(OEN), S
QT e O e

CONH N
2 H

o

1,4-Benzothiazepin-5-one
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Acetal and Ring-carbon or Ring-nitrogen

Formation of a Fivc-membered Ring

1. Pyrrole

2. Furan

3. Thiophene

4. Thiazole

Formation of a Six-membered Ring
1. Pyridine

2. Pyridin-2-one

Formation of a Seven-membered Ring
1. Azepine

2. Azepin-2-one

1. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

675
675
676
676
677
677
677
678
679
679
679

One of the methylthio groups of a ketenedithioacetal is displaced by an anion
derived from an active methylene group; simultaneously, the other MeS and R*
(an activating group) are eliminated. A Pomeranz-Fritsch reaction, catalysed by
boron trifluoride-trifluoroacetic anhydride (see also Section I1.1), is an attract-
ive synthesis of some 1-alkyl-2,3-unsubstituted indoles. Recent work on indoles
has been reviewed [3893].

R‘ R‘ Rz
SMe
£
™ N*c—C‘:SMe + R?CH,R? 0}5::" a N |
I 2 COOEt
COOEt
R' = H, Me; RZ= H, CN; R® = NO3, PhSO, Indolizine

675

[2880]
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A2

RZ
R! Ncl:H2 R! N
\©/ CHOEY), ——po> | [2378]

R! = H, MeO; R? = Ma, Et Indole
i, BFa, (CF3C0)20, AcOH
2. Furan

A 2,3-unsubstituted furo ring is formed when the acetal of a phenoxyacetalde-
hyde is heated with PPA. Recent developments in the chemistry of benzofurans,
have been reviewed [3894, 3983}

OCH,CH(OMe), o
Ph Ph

Benzofuran

3. Thiophene

Synthesis of benzo[b]thiophene from a phenylthioethyl-acetal or -ketal often
gives very good yields [2167], but a recent paper [3485} shows that in some
instances, higher yields are obtained in a heterogeneous suspension in
chlorobenzene containing a small amount of PPA.

S _SCH,CH(OMe), S__S
LT e nf P U een

R=H,Cl,Br Thienof2,3-b{1 benzothiophene
S?Hz s
O/ CHOMa), — 2kl p m [3485]
R R
R = Cl, Br, Me Benzo{bjthiophene

Another ring system synthesized similarly:

S
S

Thieno{3.2-bY1jbenzothiophene
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4. Thiazole

An omega-acetal in a sulphur-containing side-chain can cyclize on to a ring-
nitrogen in the presence of sulphuric acid.

Naphih{1"2":4,5}imidazof{2,1- b} thiazole

H. FORMATION OF A SIX-MEMBERED RING

1. Pyridine

It has recently been shown that the Pomeranz-Fritsch reaction, on a
methylthiobenzylamine gives, in additon to the product of para cyclization, a
measurable amount of the ortho product [3063). Consequently, a re-examin-
ation of the corresponding reaction on a 3-methoxy- and 3,4-dimethoxy-benzyl-
amine has been made; this showed that whereas the methoxy substrate gave
yields of 4 and 71% of quinolines from orthe and para attack, respectively, only
the latter type of product was obtained from the dimethoxybenzylamine. This
study also examined the o/p ratio of the products from related syntheses of
isoquinolines. The effect of the MeS group was examined further in a number
of cyclizations which lead to isoquinolines. This showed that (a) the MeS
substituent has a strong activating effect and (b) the acidic catalyst chosen has
a pronounced effect on the ortho-para ratio [3303]. Amongst the acid catalysts
which are useful in the Pomeranz-Fritsch cyclization is boron trifluoride-
trifluoroacetic anhydride, which is effective at ambient temperature, but sub-
stituents on the benzene ring have an important effect on yields. Heating the
aminoacetal (3.1) (Chapter 2, Section I.1) with sulphuric acid converts it in high
yield into an isoquinoline which is the result of annulation of the acetal group
with a carbon in the unsubstituted phenyl ring.

Ts
MeO CH,NCH, MeO N
{ diox, HCI, & N
HC(OMe), —73—0%—’ 3302}
Rt R! #

R'=H, MeO lsoquinotine
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OMe OMe
CH==NCH,
i SN
R (Et0),CH = R [2378, 3418]
P
R = Me, MeO, HO, PhCH O isoquinoline
I, BFj, (CF3C0)20, AcOH
?r Ar
C=NCH,
| H,S0,. A N
.
(3.1} Ar = 2-NH2-5-CiCgH3 Isoquinoline

When the N-tosylacetal (3.2) is heated with dilute hydrochloric acid and
dioxan, a surprisingly facile detosylating-dehydrogenative cyclization occurs to
give the isoquinolines in high yields—a valuable variation of the Pomeranz-
Fritsch reaction. It has been used in a synthesis of the medicinally important
ellipticine [2870].

CHANTSCH, N
diox, di. HC,
R@ i _81_’.6_9_. n_@@ 2609}

3.2 isoquinoline
R = HO, MeO, CI

Another ring system synthesized similarly:

Me
SN
ow
N =
H
Me
Pyrido[4,3- bicarbazole
2. Pyridin-2-one

4-Toluenesulphonic acid is a useful catalyst in the annulation of acetal and
ring-carbon functions. This takes precedence over the expected reaction at the
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ring-nitrogen of the pyrrole (3.3). Di(methylthio)vinyl groups are susceptible to
nucleophilic attack, for example, by anions derived from malonic acid deriva-
tives.

] H H
CH,MeNC_ _N Mo N
CHoMe), || || Tetie I (3418]
N
(83 Pyrrolof2,3-cpyridin-7-one
l CN
C==C(SMe), SMe
“ I CH,R  Me:SO, KO, i cd ' (2515)
N CooEt 0% N A
o
R « COOMe, COOE!, CN, 2-MeCgH,S02, 2-NO,CeH, 4-Quinolizinone

[li. FORMATION OF A SEVEN-MEMBERED RING

1. Azepine

Methanesulphonic acid is an efficient catalyst for cyclizing omega-acetal side-
chains on to ring-carbon atoms. An alternative method which gives comparable
yields is to warm the acetal at about 50 °C for 4 h in a solvent which is saturated

with hydrogen chloride.
NH,

MeO CH,CNH, MeO

Il ACOH, MeSOH \

?'l — N (3574}
MeO CH,CH(MeO), MeO =

3-Benzazepine

2. Azepin-2-one

Electron-releasing substituents in the same benzene ring are needed for the
success of the room temperature cyclization of the acetal group to a ring carbon
of the carboxamide (3.4).

O

MeO CH,CO IIQH MeO.,
T o, e v o
MeO MeO =



CHAPTER 4

Acylamine and Aldehyde or Ketone

1. Formation of a Five-membered Ring 680
1. Pyrrole 680

Il. Formation of a Six-membered Ring 681
I. Pyridine 681

2. Pyridin-2-one 681

3. Pyridazine 681

4. Pyrimidine 682

II. Formation of a Seven-membered Ring 682
1. Azepine 682

Cyclization of the monotosylhydrazone of a 1,2-diacylbenzene is exemplified.

1. FORMATION OF A FIVE-MEMBERED RING

I. Pyrrole

3-Acylamino-4-acylmethylpyridines are cyclized in high yield by heating with
dilute hydrochioric acid; the N-acyl group is lost.

H
NHCOBu N R
NZ 3UHCH, A N"
N ~06% N
CH,COR
R = Me, 1Bu Pyrrolof2,3-clpyridine

680
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Other ring systems synthesized similarly:

H
N R

af B
N

X =CH, Y =N Pynolof2,3-bjpyridine
X=N, Y =CH Pymolof3,2-clpyridine

IL. FORMATION OF A SIX-MEMBERED RING

1. Pyridine
When the o-acylaminoacetophenone (4.1) is stirred with the chloroiminium

chloride, cyclization proceeds in high yield to a quinoline which is an important
intermediate in the synthesis of an antihypertensive agent.

CF, NHCHO CFs N
» MeCN N
+ Me ,N=CHCI - —ata [3859)
Ac &

) Quinckine
2. Pyridin-2-one

The acylamino ketone (4.2) is efficiently cyclized on heating for 2h in DMF
containing potassium carbonate.

R R
NAc N (o]
NZ DMF, K,CO4, A NT
v —_rel L (3155]
COAr
v Ar = 4-CICgH, n
R = H, Me; Ar = 4-CICgH, Pyridoj2,3-dpyridazin-2-one

3. Pyridazine

o-Acyl-tosylhydrazone (4.3) is cyclized on heating briefly in ethanol but when
R = tBu, no cyclization occurs even on prolonged boiling.

R

COR
=

EtOH, o
@: 0 N 1ee]
?=NNHTS
Ph Ph
(4.3) Phthalazine

R = Ph, 2-furyl
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4. Pyrimidine

The bifunctional hydrazine, reacts at one of its amino groups with a 2-
acetamidobenzophenone, and as it is impossible for dehydration to occur, the
product is an amino alcohol. This is obtained in good yield only when an excess
of hydrazine is available.

NHCOR \r
E1OH
M (22792
/©[ M= NNH,
ci COPh ci

HO Ph
Quinazoline

R = H, Me

IIl. FORMATION OF A SEVEN-MEMBERED RING

1. Azepine

An acylaminopropy! side-chain forms a ring with a neighbouring keto group on
heating the compound with 2/ hydrochloric acid.

MeO. COR MeO.
j;/j[ 2MHGI.A (3348]
MeO (CHy)sNHAC

R = 3,4,5-(MeO)sCeH2ACHo)o 2-Benzazepine
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CHAPTER §

Acylamine or Carbamate and
Amine or Hydrazine

Formation of a Five-membered Ring
1. Imidazole

2. Imidazol-2-one

3. 1,24-Triazole

Formation of a Six-membered Ring

1. Pyrimidin-2-one

2. 1,2,4-Triazine

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

4. 1,3,5-Triazine-2,4-dione or 1,3,5-Triazin-2-one, 4-thioxo-
5. 1,2,4-Thiadiazine 1,1-Dioxide

6. 1,3,4-Thiadiazine

Formation of a Seven-membered Ring
1. 1,3-Diazepine

2. 1,2,4-Triazepine-3,7-dione

Examples of cyclizations of the following pairs of functions are also described:

acylhydrazine-amine, acylamine-alkoxyamine and acylamine-imine.

1. FORMATION OF A FIVE-MEMBERED RING

1. Imidazole

The synthesis of purines from monoacyl pyrimidine-4,5-diamines is a commonly
used method (for example, [2252]). Similarly, 8-hydroxymethylpurin-6-one is
synthesized from 5-acylamino-6-aminopyrimidin-4-one and ethyl glycolate but

683



684 Acylamine or Carbamate and Amine or Hydrazine

not from the diamine and the keto ester {2506]. In contrast, the mono(chloro-
acetyl)aniline (5.1) undergoes simultaneous cyclization and hydrogenolysis
when the nitro group is reduced catalytically [2046]. An o-acylamino-
alkoxyamine is cyclized by heating with diethoxymethyl acetate, to give, in this
example, a purine [3924).

o

o
H
NHCOCH,OH N CH,OH
™ e LT
N N
N NH, N

8-Pwrinone

H
NO, N_ _Me
EIOH, Hy, RaNi
n@ Stk bl nm [2048]
NHﬁCHch
o Benzimidazole

(5.1) R = H, MeO, Me

cl Ct H

NHCHO N
7

NZ A N \“ (3924)
| + MeCOCH(OEY),
PN i e N NOR
OHCHN” "N” “NHOR  © OHCHN” "N
R = CHa=CH(CH2)» Purine

Annulation of an o-(acylamino)aniline has been induced by acidic or nearly
neutral conditions (see p. 24), but an aqueous alkaline medium is also successful
for this reaction. In another method, ethyl 2-ethoxyquinoline-1-carboxylate is
used [2766].

Me
MeNAc MeN——\<
NH, N
/ &, W /
| — | [3354)
07 N 07 N
H H

imidazof4,5-flquinazolin-7-one
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Another ring system synthesized similarly:

CHoCHoNE,

Benzimidazole

2. Imidazol-2-one

o-Aminocarbamates are cyclized under mild conditions with trichloromethyl
chloroformate.

NHCOOR? \
m@ + cIgoccy C'ﬂ"c_mw u@_\f (8773
NH, o

R' = Br, Cl, CFa, Ac, MeO, Me; 2-Benzimidazolone
82 = saturated 8-azabicyclo{3.2.1joctyl or similar group
3. 1,2,4-Triazole

Treatment of an o-(N-acylamino)amine [such as (5.2)} with phosphorus oxy-
chloride-PPA yields a fused triazole.

R A?
'\‘/k R'\/'\ N R
R
77 “NNHCOR®  POCI-PPA,A Z N7
it e Aur S 209
e e Y e
NH,
Imidazof1,2-b][1,2 4]triazole
2) of1,2-bj{1.2.4]

R' = Ph, 4-Ct, 4-Br-, 4-MeOCgHs:
RZ = H, Ph; R = alkyl, PhCHa

II. FORMATION OF A SIX-MEMBERED RING

1. Pyrimidin-2-one

This ring is formed by heating an amino-carbamate with a strong base.

CC = [L
CH,NHCOOE!
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2. 1,2,4-Triazine

When the (acylamino)amine (5.3) is heated with 1,2-diketones, a triazine ring is
formed in high yield [2097]. Acidification of a 2-(acylhydrazino)amine with
ethanolic hydrogen chloride is another efficient method [2319]. Moderate yields
of a fused triazine are obtained by acylation of a 2-nitrophenylhydrazine
followed by catalytic reduction and cyclization with mineral acid [3408]. The
first cyclic product of the treatment of an o-acylhydrazino-amine with ethanolic
hydrogen chloride is the unstable 1,2-dihydropyridotriazine which is dehydro-
genated with either manganese dioxide or hexacyanoferrate(III) (ferricyanide)
to the more stable triazine [3526].

Ph Ph N
\(\NNHcouo GOR'  eowkots \'/\N’ AN oo
+ ssr——
N=— Copr T n=I_
NH, NZ g2
(5.3) Imidazo[1,2-bj{1 .2 4]riazine
R'.,R? = H, Me, Ph
R‘ R1
NHAC N. _N
7 N | EOH-HCI 7 I “NH
— [2319)
~84% P>
RN N, R NN Ny
HCl
R! = H, Me; R? « H, CI, COOMe Pyrido|3,2-6}-1,2,4-\rlazine
Me Me
NNHMe N_
- NMe
% A B
R! NO, R! N R?
R' = H, CF3; A2 = Me, Ph 1,2.4-Benzotriazine

i, R?COCI, pyr; i, EtOH, Hp, Pd-C; W, HCl, A

Z I NHNHCOR " F l N \\N ]
et
N 76% N P
S wa AN,
R = H, alkyt, 2-F-, 4-CF3, 4-CN-CgH4 Pyrido{3,4-6]-1.2 4-triazine

I, EXOH-HCL; A; #, MnOZ, NaOH
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3. 1,2,4Triazin-3-one

Annulation of acylamino and hydrazino groups occurs in moderate yield on
treatment with a strong base.

Y\HIMNHa - Y /K [2753]

¢]
Pyrimido(5,4-6} 1,2 4-triazine-3,5,7-trione

4. 1,3,5-Triazine-2,4-dione or 1,3,5-Triazin-2-one, 4-thioxo-

Amino and N-ethoxycarbonylthioureido (NHCSNHCOQOEt) groups are
cyclized by stirring the compound with a strong base at ambient temperature,
or by heating in pyridine. (For classification purposes, the ethoxycarbonylthio-
ureido group is regarded as a carbamate because it is the NHCOOEt group
which reacts.)

S

s
il _N /IL ~N
EIOOCHNCN %| jork HNT N7
Jg EE ] L} el
HN o N
H
i, EXOH-E©ONa; ii, pyr, A [1.2.4]Triazolo{1,5-a1,3,5]tiazin-5-one, 7-thioxo-

Other ring systems synthesized similarly:

[o]
AN A
SN \N'f (230] HN- N N\\I 2504]

Y A=

o H
Pyrido{1,2-a}-1,3,5-trlazin-4-one, 2-thioxo-  [1,2,4[Triazoko{1,5-al{1 3,5]wiazine-5,7-dione

5. 1,2,4-Thiadiazine 1,1-Dioxide

This ring is formed when a 2-aminobenzenesulphonamide, which carries an
ethoxalyl group on the sulphonamide nitrogen, is treated with acetic anhydride.
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Thiadiazines containing the 1,2-SO,NH— moiety in the ring have been
reviewed [3904].

o
SONHCCOOE! s’
I Ac0, 4 “NH
NH, N? cookt
1.2,4-Benzothiadiazine 1,1-dioxide
6. 1,3,4-Thiadiazine

When the amino-thioacylhydrazine (5.4) is heated with dilute mineral acid, the
amino group is eliminated and a thiadiazine ring is formed.

H
R? NHNH R! N
Y"\ | awhora Y" N
I Csh? — o | |* (a362]
~ Y
N7 s g

{1.2,4[Triazino(5,6-0)f1 3 4Jthiadiazine

. 5.4}
R! = Me, MaS, Ph, 4-Ct-, 4-Me-CgHy; R = Me, Ph

L. FORMATION OF A SEVEN-MEMBERED RING

1. 1,3-Diazepine

Acid-mediated annulation of acylamino and imino groups proceeds at ambient
temperatures in moderate to high yields.

o,
o _o o
—_—
4
{f‘r - QL ™
R -,
n=
NHCOR? R?

R' = H, Me, MeO; R? = alkyl Furo{3,4-d){1,3jbenzodiazepin-3-one

2. 1,2,4-Triazepine-3,7-dione

In order to prevent an undesired cyclization, an N-methyl group was introduced
to give the reactant (5.5). When heated with 4-nitrophenyl chloroformate, and
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TEA, the triazepinedione was obtained. An alternative approach is to cyclize the
amino-carbamate (5.6) with a strong base.

ﬁ [o]
H,NNMeC_ _N MeN N
= CeHy4-NO;  MeCN, TEA A / =
I—jnn * <|:cc:| z % " | \'R e
HN ] )’~N
(o] o H
R Imidazoj4,5-6][1 2 4} wiazepine-5,8-dione
o)
MeOgHN?J-—g N RN N
|| \ﬁ Moot MeONaa S | ﬁ 3730}
NR % R
HN o)\n
(55)



CHAPTER 6

Acylamine and Carboxamide

I. Formation of a Five-membered Ring 690
1. Imidazole 690
Il.  Formation of a Six-membered Ring 691
1. Pyrimidine 691
2. Pyrimidine 1-oxide 691
3. Pyrimidin-2-one or -4-one 691

Examples of the cyclization of O- and N-acyl derivatives of an o-aminoami-
droxamine are included in this chapter.

I. FORMATION OF A FIVE-MEMBERED RING

1. Imidazole

When the O-benzoy! derivative of 2-aminobenzamide oxime is kept in boiling
water for about 5h and its pH adjusted to about 9 with aqueous alkali,
2-aminobenzimidazole is obtained in almost quantitative yield.

o
C=NOCPh
_hHOazOH
X e @L\( oz
NH,
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II. FORMATION OF A SIX-MEMBERED RING

1. Pyrimidine

Most cyclizations of acylaminocarboxamides yield pyrimidinone rings, but
when treated with primary amines in the presence of phosphorus pentoxide and
TEA hydrochloride, a new pyrimidine ring is formed.

I ) P05, TEAHC), A
\r + R*NHz —

R'CHN R!

Thiazolo{5,4-dpyrimidine
R' = H, Me; R? « Ph, 4-Cl-, 4-F-, 4-Me-, 3-CF4-CgHs, MeoCgHa

2. Pyrimidine 1-Oxide

The o-(acylamino)amidroxamine (6.1) is a versatile intermediate and is cyclized
to the N-oxide by heating with ethanol and hydrochloric acid for 40 min (see
also Section [1.3). Annulation of the acylamino and oximino functions in the
peri positions of the thioxanthene (6.2) is an efficient acid-induced process.

NHCOR
EtOH, HCL Ao \'/
@ — o (3429]
C==NOH

NH, NH,
(6.1) Quinazoline 3-oxide
R = Me, Ph
cuza
NOH NHCOCH,CI ’O—N \N
°z
{6.2) [t Benzothiopyrano{4,3,2-dejquinazoline 1,7,7-trioxide

3. Pyrimidin-2-one or -4-one

Although the yield in this synthesis of 2-quinazolinone is low, it provides a route
to a 4-substituted ring system; it deserves further study of its scope [3105]).
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Attempts to hydrolyse the acylamino group of an acylamino-carboxamide with
aqueous alkali resulted in the formation of a pyrimidinone ring [2311] which is
also formed in a variant of a well-known reaction (see p. 29) but using sodium
methoxide-DMF as the cyclizing agent [3215, 3661].

A 2-acylaminobenzonitrile is converted into a quinazolinone under basic and
oxidizing conditions [3771], while the amidroxamine (6.1) gives a high yield of
a 4-pyrimidinone oxime by treatment with hot ethanolic alkali [3429).

H
NHCOOE! N_ _O
1,0, diox, & Y
+ RMgBr % N [3108]
MeO CN MeO #
MeO MeO
R = Me, Et 2-Quinazolinone
TR2N :lh R*. :h
R N
B CIT- T G (I
80-00% HN N
R"HNﬁ
o o
R = Ac, EICO, PhCH,CO; R?« H, Ac; 1,2,3-Triazolof4,5-djpyrimidin-4-one
R? = H, Ac, EICO; R* = H, Me, Et, PhCH;
ﬁ o}
HNC N N
|| §| R i | \W (3215, 3661)
CH . NC
RﬁHN A R” °N HAS
o Imidazof4,5-dJpyrimidin-7-one
Ar = Ph, 4-MeCgHy;
R = H, Me, CFa, PhCM,
o)
]
NHCR N. R
il lic o LI Y P77
9-76% NH
cl CN cl
R = PhCHa, Ph{CHz)p, PhCesC o
4-Quinazolinone
N\ Ph
E10H, NaOH, & Y

R=Ph



CHAPTER 7

Acylamine and a Carboxylic Acid Derivative

I. Formation of a Five-membered Ring 693
1. Pyrrole 693
2. Pyrazol-3-one 694
II. Formation of a Six-membered Ring 694
1. Pyridin-2-one 694
2. Pyrimidin-4-one 695
3. Pyrimidin-4-one, 2-thioxo- 695
4. 1,3-Oxazin-6-one 695
5. L2-Thiazin-5-one 1,1-Dioxide 696
6. 1,3,4-Oxadiazin-6-one 696

Examples of substrates in which the acylamino group is replaced by either an
acylhydrazino or a sulphonylamino are included in this chapter; the second
group may be a carboxylic acid.

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

A synthesis of a partially reduced indolizine which allows the introduction of a
substituent at any of the C-3 to C-6 atoms utilizes an N-acylpiperidine-2-
carboxylic acid which is cyclized on heating with ethyl propynate. A lactone
intermediate is proposed for this interesting reaction.
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COOEt

R* COOH R

CMe AcO, & —

weort *oon TEE T | e
R? ceoost R® N Rt
R?
R' = H, Me; R? « H, COOE!; R?= R* = H or R%R* = benzo Indolizine
Benz|f)indolizine

2. Pyrazol-3-one

Cyclization followed by migration of the acyl group from N-2 to N-1 probably
occurs when 2-acylhydrazinobenzoic acid is heated.

NHNHCR SOR
il A “NH
° 67-78% [ ]
COOH (o]
R =Me, Ph 3-Indazolone

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridin-2-one

A new and efficient annulation of acylamino and carboxylate ester groups offers
a convenient synthetic route to naphthyridinones and 2-quinolinone. The
intermediate (7.2) is obtained in two stages from 2-pivaloylaminopyridine; very
good yields are obtained at each of the three stages.

1] H
N. _NHCCMe, N_ _N_ O
Z = HOLA #

A | = R | [3847]
CHOH X P
CH,COOCMey 1,8-Naphthyridin-2-one

(7.2)
R=H, Me, CI

Other ring systems synthesized similarly:
H

7 N o]
v [3847)
S

X =Y = CH 2-Quinolinone
X = CH; Y « N 1,6-Naphthyridin-2-one
X =N; Y =CH 1,7-Naphthyridin-2-one
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2. Pyrimidin-4-one

2-Arylquinazolin-4-ones may be synthesized from acylamino-carboxylic acids,
primary arylamines and either phosphorus trichloride or PPA.

HCOR?
/@ - Ay Lo Y 2680]
R! 'COOH

R! < H,NO2; R? = 2-pyridyl;
Ar = G, NOx CoHe 4-Quinazolinone

3. Pyrimidin-4-one, 2-thioxo-

Thiocarbamate and carboxylic ester functions are annulated under mild con-
ditions—stirring with methylamine for 30 min. When the reactants are heated,
the product is a 3-alkyl-2-alkylaminopyrimidin-4-one.

] H
N NHCOE! N N S
MY me AU
COOE!
(o]

Pyridof2,3-d Jpyrimidin-4-one, 2-thioxo-

4. 1,3-Oxazin-6-one

Amides of 4-oxo-3,1-benzoxazine-2-carboxylic acid may be synthesized by
heating oxalamides (7.3) with an excess of acetic anhydride.

[0}
U]
NHCCO CONHR
| Ac,o y
COOH

(73) R =H, alkyl, PhCH,
3,1-Benzoxazin-4-one
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5. 1,2-Thiazin-S-one 1,1-Dioxide

A sulphonylamino-carboxylic ester is cyclized by treatment at ambient tem-
perature with sodium hydride-DMF.

Me
NMeSOMe Niso
A = O -
o

2,1-Benzothiazin-4-one 2,2-dioxide

6. 1,3,4-Oxadiazin-6-one

This ring is formed when an N-acylaminoazole-2-carboxylic acid is heated with
thionyl chloride-pyridine. Lower yields are recorded when DCC-THF is used.

At N
Moomm’"*u py-80Ch, & Y"‘N’ N
I [ I T-88% o — [3221]
HOOC Ar? Ar2
Ac! = Ph, 2- or 4-NO2, 4-MeO-, 2- or 4-CI-CgHy; o
A2 = Ph, 4-MeOCgH,

{1.2.3]Triazolo[1,5-d){1.3.4]oxadiazin-4-one



CHAPTER 8

Acylamine or Amine and Ether

I. Formation of a Five-membered Ring 697
1. Pyrrole 697

2. 1,2,4-Triazole 698

3. Thiazole 699

4. Thiazol-2-one 699

II.  Formation of a Six-membered Ring 699
1. Pyridin-4-one 699

HI. Formation of a Seven-membered Ring 700
1. 1,4-Diazepine 700

L. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

Catalytic reduction of the nitro-epoxide (8.1, R = COOMe) leads directly to
the indole carboxylic ester but when R = H, reduction of the nitro-epoxide
does not give the indole. However, cleavage of the epoxide and reduction of the
nitro group gives the amine (8.2) which is cyclized by a strong base.

An attempt to demethylate the psychotomimetic phenylethylamine (8.3)
resulted in a cyclized product being isolated [2629]. Another pharmacologically
important indole (butotenin) may be synthesized by in situ demethylation of the
diether (8.3) followed by dehydrogenation under alkaline conditions [2696].
Palladium-catalysed coupling of bromoarenes with a stannylethene provides
ready access to g-ethoxyvinylbenzenes (8.4) which cyclize at room temperature
in acid [3929].
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H
NO, R = COOMe N
MeOH.HP0, |
©%
H—CH,
Y A
8.1 indole
o ReH
He. pyr E1OH, EONa [2429]
NO, NH,
A, == X
HCH,CI CHCH,C!
l |
OH @z
H
Me OMe Me N Me
., = DO
MeO’ CH,CHMeNH, MeO'
83)
H
OMe N
HBr, KyFo(CNlg NaHCO3
O =emem 07
MeO GHCHH, HO R
R
R = (CHp)oNMey
R
NHR N
PhH, TsOH
@ Okt BNt @_J (36251
Se=c{
H H
(84
R=H,Ac

2. 1,2,4-Triazole

Carbodiimides are often used as condensing agents but they are sometimes
useful as reactants, for example, in their reaction over many hours with o-
methylthio- N-amines.

Ar
N SMe NAr ArHN N
N \\|/ ] Phie, 4 \r \r/N‘N
| e | I [B136]
NNH, T N—nN
Me NAs Me

o)
Ar = Ph, 4-BrCgHy [1.2.4]Triazolo[5,1-cf 1,2 4} viazin-4-one
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3. Thiazole

This cyclization of a 2-(methylthio)anilide was discovered when an attempt was
being made to prepare imidoyl chlorides by reaction with phosgene.

R? SMe R2 s_ _R!
U G, COClp 8 m (2623
10-86% N
NHCOR!
R' = Me, CFa, cyclopropyl; RZ = H, CI Benzothiazole

4. Thiazol-2-one

Phenols may be converted in thiocarbamates (ArSCONR,) by a Newman
rearrangement; amino-thiocarbamates, are thus accessible from aminophenols.
This provides a convenient route to 2-benzothiazolones.

] i
SCNMe, s.__0
H0.4 Y [3358]
—_—
7% NH
NH,
R = CF3CONH(CH), 2-Benzothiazolone

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridin-d-one

Base-induced cyclization of a 2-amino- or 2-acetamido-2’-methoxybenzo-
phenone gives a good yield of the acridinone but variations in the base used,
substituent R, solvent and temperature have a considerable effect on the yield.
Replacing the ether by a tosyloxy group improves the yield of 9-acridinone to
91%.

o o
Il
c
DMSO, NaH, &
NHR' OMe i

R' =H, Ac; RZ = H, MeO 9-Acridinone
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IIl. FORMATION OF A SEVEN-MEMBERED RING

1. 1,4-Diazepine

Displacement of a methylthio attached to one ring by an amino group (formed
in situ by reduction of a nitro group attached to another ring) results in the
formation of a C—N bond and a doubly fused diazepine ring.

H H
NO, MeS_ _N! Na N
b Roineu R Y | tesecr
e "

Imidazo{2,1-bj{1 3penzodiazepine



CHAPTER 9

Acylamine, Acylhydrazine, Amine or
Isocyanate and Halogen

I. Formation of a Five-membered Ring 702
1. Pyrrole 702

2. Pyrrol-2-one 702

3. Pyrazole 703

4. Imidazole 703

S. Furan 703

6. Oxazole 704

7. Oxazol-2-one 704

JI. Formation of a Six-membered Ring 704
1. Pyridine 704

2. Pyridin-4-one 706

3. Pyridazine 707

4. Pyridazin-3-one 707

5. Pyridazin-4-one 708

6. Pyrazine 708

7. 1,2,4-Triazine 708

8. 1,2,4-Triazin-3-one 708

9. 1,3-Oxazine 709

10. 1,4-Thiazine 709

11. 1,3,4-Oxadiazine or 1,3,4-Thiadiazine 710
IHI. Formation of a Seven-membered Ring 710
1. 1.4-Diazepin-5-one 710

2. 1,4-Oxazepine 71

3. 1,4-Thiazepin-4-one 711

4. 1,2,5-Thiadiazepine 1,1-Dioxide 1

Examples of the cyclization of a hydrazine, a semicarbazide or of a ureido group
with halogen are included in this chapter.
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1. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

A useful degree of regioselectivity is observed in the synthesis of 1-, 2- and/or
3-substituted indoles from 2-iodoantilines and a variety of alkynes in a reaction
which is mediated by palladium(ll) acetate, a small amount of triphenylphos-
phine and lithium chloride (which is preferred to tetrabutylammonium chloride
for several syntheses). Palladium-catalysed reactions have been reviewed [B-41,
3501, 3505]. A nuclear fluorine is displaced by a side-chain amino group; this
cyclization is accompanied by thermal dehydration. Indole is also prepared in
good yield from a 2-(2-chloroethyl)aniline (see Chapter 8, Section I.1) in which
halogen and amine functions have been interchanged. Recent work on indoles
has been reviewed [3893, 3982].

R'
NHR! N R
@ + RPCmCR? — _'“% m [3908]
I R®

R! = H, Me, Ac, Ts; R? = Pr, 1Bu, MeSi, Ph;
R = alkyl, H2C=CMe, CHzOH, Ph
i, Pd(OAc)z, PPha, LICI

F F
R'
F F F N_ _R?
F,
nlma' —;_“—.o-:—> I 20,2221

F c':nzcum F R?

F OH F
R' = H, alkyl, PhCHp; RZR? = H, Me Indole

2. Pyrrol-2-one

A peri-annulation between acylamino and chloro functions occurs in the
presence of sodamide, and proceeds through a benzyne.

R 0
c ?OR
N N
Hg. NHy—Na
—woeex T [2235]

R = Me, Et, AcCHp, PhCH, Pyrrolo{3,2,1-§f lquinolin-2-one
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3. Pyrazole

The chlorine-containing salt formed during a Vilsmeier reaction loses dimethyl-
amine on treatment with hydrazine. Fused pyrazoles have been reviewed [3902].

Q0 I o, cealt

Pyrazolof4,3-bj{1.4]benzoxazine

4. Imidazole

An attempt to diacylate an o-chlorophenylhydroxylamine with acetic anhydride-
pyridine gave instead a cyclized product in which pyridine had been incor-
porated. A cleaner sample of the same product was obtained by stirring the
diacetate in pyridine at ambient temperature. 2-Amino-3-chloropyrazines may
react with a 2-unsubstituted pyridine at ambient temperature to form a fused
imidazole system in which the pyridine is also fused. The presence of sub-
stituents on the pyridine ring may necessitate the use of DMF as solvent and
heat to be supplied.

NO,
cl
e ):)
R r|10Ac
A Pyrido{1,2- ajbenzimidazole
R =NOy, CF3
“ _DMFa Z "N Ny
— | ) o
N P
N N CN
R = H, alkyl, CONHp, COPh, COOMe, Ph Pyrido{1",2 : 1,2)imidazo{4,5-b]pyrazine
S. Furan

An isobenzofuran is obtained in good yield when the bromo-hydrazone (9.2) is
treated successively with methyllithium, butyllithium, benzoyl chloride and an
excess of lithium bromide. Recent developments in the chemistry of benzofurans
have been reviewed [3894, 3983].
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Ph
Br
| 7 0
186)
(':::NNHTS Ph
Ph Isobenzofuran
92
i, THF, Mell, Bull, PhCOCI, LiBr, A

6. Oxazole

Aliphatic iodo and ureido groups cyclize when the compound is stirred with
silver(I) perchlorate in the absence of light. A similar result is obtained by
stirring with cither water and then potassium hydroxide or MCPBA in
chloroform; these procedures gave slightly lower yields. Fully aromatized 2-
aryloxazolopyridines are prepared in high yield by heating an acylamino-
chloropyridine with trimethylsilyl polyphosphoric ester (PPSE).

1
E!eOMC'O« \r {3043}
e,
NHCONHPH
NHCAr
i I I PPSE. 0CKCHW8 m (3708]

R N (>
R = H, CI; Ar = Ph, halo-, 4-MeO-, 2-NO2-, 4-Me-, 4-CN-CgH, Oxazolo[S 4-bjpyridine

7. Oxazol-2-one

A 2-chloro-isocyanate cyclizes on standing in a desiccator to a product which
contains this ring.

(o] O H
NCO N O
MeoN MeN ‘r
I 2753
o N Ci o N
Me Me
Oxazolo{5,4-d Jpyrimidine-2,5,7-trone

II. FORMATION OF A SIX-MEMBERED RING
1. Pyridine

Addition of bromine to a 5-allylpyrimidin-6-amine followed by heating in DMF
gives a new unsubstituted 1,4-dihydropyridine ring [3034]. Coupling a 2-
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bromoaniline or its more reactive acetyl derivative with a formylbenzeneboronic
acid, with catalysis by tetrakis(triphenylphosphine)palladium, gives a new
pyridine ring [3195]. The bromoamine was later modified to the more reactive
bromo-t-butyl carbamate [3432, 3577] and the boronic acid, replaced by a
tributylstannyl [3433] or a trimethylstannyl group [3577].

H
HN_ N Me N_ _N Me
l /\\N( 1. CHCl, ::‘2. DMF, A> l I ;r [3034]
CHHC
gﬂz Me Me

Pyrido|2,3-djpyrimidine

Br  (HO)B
(MOOCH,)5, POPPRle &
QL = QO
NH,  OHC

Phenanthridine

Other ring systems synthesized similarly:
S

Thienof3,4-dquinoline Dithienof3,2-0: 3',2-dlpyridine  Dithieno[34-b : 3'.2-dpyridine

[3433, 3577, 3506}

Dithieno{3,4-b : 3'4"-d]pyridine Dithienof3,2-b : 2°, 3"-dpyridine

71 11
—d N 7 Ny W™
Qﬁ? [3433, 3577, 3596] .ﬂ {3433, 3506}
S N/ —— N/

Dithienof2,3-b : 2,3 djpyridine Dithieno{3,4-b : 2°3"-d]pyridine

= S '
O o QLT QLY
[3195] [3195) [3198]
N/ \N N/ \N N/

Thienof2,3-clquinoline Benzojc]1 8jnaphthyricine  Thienof3,2-cj{1 8jnaphthyridine
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Another palladium-mediated cyclization enables 2-iodoaniline to be con-
verted at 140 °C to quinoline by reaction with a substituted allyl alcohol in the
presence of triphenylphosphine, HMPT and hydrogencarbonate. Allyl alcohol
itself gives poor results in this reaction.

N'& ?2 N\ R3
@( + RICH=CCHR? — P (3069]
I OH R2

1
R' = H, Me; RZR? = H, Mo, Ph R
i, HMPT, PdCl,, PPH3, NaHCO; Quinokine
2. Pyridin-4-one

The course of the cyclization of amino (or acylamino) ketones to pyrido[2,3-
d]pyridazin-2-one (see Chapter 4, Section [1.2) changes when the phenyl group
is replaced by 2-fluorophenyl. Under mildly alkaline conditions, the amino and
fluoro functions react to form a sandwiched 4-pyridinone ring. This compound
is methylated (MeI-NaH-DMF) at N-2. A side-chain amino group which may
be regarded as a vinylogous carboxamide displaces a bz-fluorine atom on
heating with sodium hydride.

o]
il
x
N DMFX.CO, A ES
| "‘—TM-,‘—‘OO"' | N (3393, 3645, 3647)
F ANH P
R = H, alkyl Pyridazinof45-blquinolin-10-one
Another ring system synthesized similarly:
H
NN
| [3751)
/
o
Pyrido[2,3-bjquinolin-5-one
F
£ A
F. F F N
NHAr TEE | (3207}
F 00(':=0H F COOEt
COOEt o
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o-Halogenoanilines are cyclized with a terminal alkyne in an atmosphere of
carbon monoxide with palladium [as PdCL(PPh;)}; a pressure of 20kgcm™?
increases the yield. A mixture of (E)- and (Z)-2-acetamido-a-bromochalcones
is cyclized on heating in acetic acid and orthophosphoric acid—a type of
cyclization which is not found in the corresponding 2-acetyloxychalcone.

NH,
@: + ACHECH + POCK(PPh)y  —— ot 2968}
X

R = CgH1a, Ph, ACO(CHz)s, MeOOC(CHz)a.

4-MeO-, 4-COOE-CgHy; X =B, 1 4-Quinolinone

Ph
| (3838)

C?'--E zE
=t 3
H
2
5
22X

3. Pyridazine
The bromohydrazine (9.2a) adds on to DMAD at room temperature to give an
unexpected product.

(o]

Br
RN
L

N
XN,
Me

(9.20)
R = H, Et, PhACH,, Ph Pyridazino[4.5-clpyridazin-8-one

4. Pyridazin-3-one

Dilithiation [B-47] of the bromohydrazone (9.2) to form the dianion, followed
by addition of oxalyl chloride at — 78 °C gives a good yield of the phthalazone.

0
THF, MeL, Bul, (COCH); NTs
9.2 o - | [3186]
N
Ph
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S. Pyridazin-4-one

Attempts to hydrolyse the carbamate (9.3) under alkaline conditions gave an
unexpected product which is formed by displacement of the fluorine (or less
readily, chlorine) atom and formation of a pyridazinone ring. Optimum yields
of this product were developed.

Z EXOH, NaOH, Z
Jeeol ool
R?

R' | A2 N~
NRCOOEt R?

9.3) Pyrrolo[1,2-bicinnolin-10-one
R'=F, Cl; R2=H, Cl: R®=H, Me

O=0
O

6. Pyrazine
Prolonged heating with TEA is required to annulate side-chain chloroethylen-
amino and bz-amino groups.

R NHCMe==CCN R N Me
| TEA, A =
“ — P 2839}
R NH, R NT cN
R=H, Mo Quinoxaline

7. 1,2,4-Triazine

Intramolecular displacement of an iodine atom by nucleophilic nitrogen in a
side-chain leads to the formation of a fused 1,2,4-triazine ring.

COOR
A lHNHNHOOO-Bu N )§N
MeCN, Ag:0 }
= fcoowm %M
CHyl
1,3.4-Triazabicyclojd.2.Ojoct-2-n-8-one

8. 1,2,4-Triazin-3-one

Thermolysis of an o-halo-semicarbazide (9.4, R = H) at 175-180 °C produced
a new reduced triazinone ring, but when N? of the semicarbazide group carried
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a methyl (as in 9.5, R = Me), cyclization was accompanied by migration of the
methyl group.

| [2753)
MeN NHONANH, —Zsse
24
| cNRNH, ot o Mo Mo
Y ' “NH
0.4)
MeN
R=H, Me N Xo

Pyrimidof5.4-d}-1,2,4-triazine-3,5,7-vione
9. 13-Oxazine

Base-induced reaction of ureido carbonyl and reactive bromine leads to the
formation of a 3,1-benzoxazine ring system in good yield.

i
NHCNHR N\ NHR
(I DMF, NaH or NaHCO3. 4 @’\/\r (a781)
6-70% 0
CHBr

R = alkyl, PhCHo, Ph, 4-CiCgH, 3,1-Benzoxazine

10. 1,4-Thiazine

Displacement of an aryl halogen by a nucleophile such as an amino group is
more easily achieved with fluorine; this is usually evident in greater yield and/or
milder conditions. This is exemplified in the following two syntheses of the
antipsychotic drug thioridazine (9.5) [3730]; the related antiemetic metopim-
azine may also be synthesized in this way. Phenothiazines have been reviewed
[B-44].

A 2= L

N Foouso s /7 (9.5) Phenothiazine

58%
.
N™ °C
Ne H.CH,
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Acylamino and bromo functions attached to different rings (joined through
a sulphur atom) react on heating with potassium acetate and copper bronze; this
is accompanied by elimination of hydrogen chloride.

CO(CHa)CH cocH=cH
NH B

\‘/_:Ls)i_j e Y\F Y | s

Dithienof2,3-b : 2,3 |1 4}thiazine

Other ring systems synthesized similarly:

s N
&
@ I_] (78} @E |___s| [2769)
X S

X=NCHO, Y = S Thieno{2,3-b1.4jbenzothiazine  Thienof3.4-b{1.4]benzothiazine
X=S, Y=NCHO Thieno{3,2-bj(1.4Joenzothiazine
11. 1,3,4-Oxadiazine or 1,3,4-Thiadiazine

An N-acyl or N-thioacyl 2-halohydrazine is cyclized on heating in a basic
medium.

R! R
NNHCAr N
ioril, A
L = O e
R? R? R? X~ Sar
R' = H, Ac, 4-NOCeHy; R =B, F, I 4,1,2-Benzoxadiazine
R? = Br, F, I, NO,, CF3, COOE!, Me;NSOy; 4,1,2-Benzothiadiazine

X =0, S; Ar = Ph, 4-C, 4-MeO-CgH,
i, DMF, NaOH, TEA; i, MeCN, TEA

M. FORMATION OF A SEVEN-MEMBERED RING

1. 1,4-Diazepin-5-one

A reactive haloamine reacts with an amino ester on heating in the presence of
a strong base. Tricyclic 1,4-benzodiazepines have been reviewed [3135].
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seileriie g ol

i, tBuOK, 1,2,3ClaCgH3. A
Pyridof2,3- bif1 4ponzodazapln—6—one

2. 1,4-Oxazepine

Thermally induced interaction between an aryl bromide and an arylamino
group or its acetyl derivative (asin 9.6, R = H or Ac) sometimes fails but in this
example, the formamido homologue reacts in a basic medium.

Br m': CHO
s A=CHO, I NS
| — | 2228]
# >
CH,0 y
©8) _
i, E1OH, aq. NaOH, A Pyrido{3 2-bif4, 1}benzoxazepine

3. 1,4-Thiazepin-4-one

This ring is formed by treating a 2-chloro(2-acylamino)pyridine with LDA and
a thiocarboxylate ester under argon.

R‘l

NAc
Z | ™, LDA. RosoEt (j:
NN
R' = H,Me; R? = Ph, 4-Cl-, 4-MeO-.4-Me-CgH,.
3,4-OCHZOCgH3, 2-furyi, 2-thienyl Pyrido|2,3-b)(1 4]hiazepin-2-one

4, 1,2,5-Thiadiazepine 1,1-Dioxide

2-Acylamino and 2’-halo functions attached to two different rings of N-
arylbenzenesulphonamides react on heating the compounds with copper
powder and copper(l) bromide in DMF.

@E,._SQG - € e

R' = alkyl; R? = H, CI, MeO, CF3; Dibenzofc.f)ft .2.51maiazepme 5,5-dioxide
R = H, Cl, Me; X = Br, CI
i, DMF, CuBr, Cu, A
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Cyclization of 2-aminophenyl disulphide is included in this chapter.

CHAPTER 10

Acylamine or Amine and Hydroxy

Formation of a Five-membered Ring
1. Pyrrole

2. Oxazole

3. Oxazol-2-one

4. Thiazole

5. Thiazol-2-one

6. 1,2,3-Thiadiazole

Formation of a Six-membered ring
1,3-Oxazine

1,4-Oxazine

1,4-Oxazin-2-one or -3-one
1,4-Thiazine

1,4-Thiazin-3-one
1,3,4-Thiadiazine

ormation of a Seven-membered ring
1,4-Oxazepine or 1,4-Oxazepin-5-one
1,4-Oxazepine-5,7-dione
1,4-Thiazepine
1,2,5-Oxathiazepin-4-one 2-Oxide

PR TN RN

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

Hydrogenation of a nitro-alcohol in the presence of copper-on-silica at 250 °C
is an effective method of reductive cyclization. Nitro and amino alcohols have

712
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recently been cyclized in high yield by heating in toluene, xylene or diglyme with
ruthenium(lI) chloride-triphenylphosphine. Substituents present in the aniline
included halogen, methoxy and methyl [3835].

H
NO, N
@ Ha, Cu-510;, A m (2601)
90%
CHCH,OH indole

2. Oxazole

Cyclization of aminophenols with carboxylic acids (or esters) often requires high
temperatures even in the presence of PPA. Lower temperatures (10-30°C)
suffice when PPA is replaced by PPE [2111, 3084, 3625]. Alternatively, a dithioic
ester may be stirred with the aminophenol at pH 8 [2860]. Annulation of amino
and phenolic groups is accomplished by treatment with a nitrile at ambient
temperature in a basic environment [2770). The use of nitriles in the synthesis
of heterocycles has been reviewed [3332a].

XH
@[ ori @[_j/ [2111, 2860]
NH,

i, R'COOH, PPE; R! = Mo, Ph, 4-Ci-, 4-NO>-, Benzoxazole
4-ACNH-CgHq, 2-turyl, 3-pyridyl; X =0 Bonzothiazole
il, MeOH, (aq. NaOH), pH 8, R'CSSR?; X = 0, S;

R' = Me, Ph; R? = Et, CH,COOH

O == 20O

Benzoxazole

R = COOH, CHMeCOOH

An anhydride [2309, 2323] (catalysed by mineral acid) or ethyl hippurate
(ethyl 2-benzoylglycinate) [2186] cyclizes an o-aminophenol on prolonged
refluxing. Chloral hydrate and hydroxylamine convert an aminophenol into a
benzoxazole-2-carboxaldehyde oxime {2104].

3 F
F. OH F. 0. Me
Aol M3 8 T (2309, 2323]
oe% N
F NH, F
F F
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Another ring system synthesized similarly:

[2323]
Oxazolof5,4-d Jpyrimidin-7-one
OH CH=NOH
a—@ + CliCH(OH)2 + NHOH -——-—- n4©/_j/ [2104)
NH,

R = H, Me, CI, NO2
In a basic environment, o-aminophenols add on to I,1-dichloro-2-nitroethene
to form a 2-nitromethyloxazole ring [2717]. Both hydroximoyl chlorides [3468]
and 2-chloro-1,1,1-triethoxyethane [3652] are versatile reagents because of their

high reactivity even at low temperatures, for example, an oxazole ring is formed
at ambient temperature.

OH o "

_ EXOH-EONa 2717

/©: r o= i m o
R NH, NO, R

R = H, Me
o _N
noH
1 [3468]
| cowd R‘m
~37%

OH
X
(E0KCCH, gy 0. _CH.CI
NHy Rm (ass2]
N

Thioaroylcarbamates are readily prepared compounds which react as mono-
functional compounds with aminophenols without addition of an acid or a base
[2899]. Cyanohydrins can provide the 2-carbon atom of this ring when amino-
phenols are substrates, and a second molecule of aminophenol is attached at C-2
methyl group [3705, 3707].

Many of the methods available for the synthesis of fused oxazoles lead to
2-substituted products. A method which leads to 2-unsubstituted 5-R-
benzoxazoles uses triethyl orthoformate and aqueous hydrochloric acid at
moderate temperatures [3889]; sulphuric acid (used in an earlier paper) tends to
cause charring and to lower yields. Both 2-substituted and 2-unsubstituted
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S
OH Tl o. _R
JNHCR e e [2606)
COOEt  7596% N
NH,

R = 4-Me-, 4-MeO-CgHy, 2-thienyl Benzoxazole
RI
O. _CR?RNH
oH \ \|( (a705]
WeOH. resboN. N
R‘

Xylang,

. R'Cogy, TEA
NH, N o) R
R oo e faro7)
N
Ri

R' = H, COOMe; R? = Ma, iPr;

R® = H, Me, MeOCHg, or R?R® = (CHy)s;
A* = H, Me, BBu, Ph, 4-MaO-, 4-NO2-CgHs,
2-furyl, 3-pyridyl

oxazoloazines may be obtained in moderate yield by heating the aminoazinol at
140-150°C with an orthoester and 4-toluenesulphonic acid [3860].

OH o)
@[ MEOH, HC(OMel HOL & /@g [3869)
25-88% N
R NO, R

R = halo, CN, MeO, COOEL, AcNH, PhCO, NO;

A~ NN
] + RC(OEl)y —tel II \"/ [3860]
KN NH, 0-45% k\N N

R =H, alkyl, Ph; X« CH,N Oxazolof4 5-blpyridine
Oxazolo}4 5-dpyrimidine

3. Oxazol-2-one

Bis(trichloromethyl) carbonate (‘triphosgene’) is described as a more convenient
reagent than phosgene and other reagents as a source of a CO group. This is well
exemplified in the synthesis of a 2-benzoxazolone from a 2-aminophenol at
ambient temperature [3617]. Carbonyl sulphide is another reagent which is
worth considering in this synthesis [3096]). An aminophenol may be cyclized
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under mild conditions by stirring with disuccinimido carbonate (DSC), which
supplies a carbonyl group [3019].

R OH R o_ 0
\@ Jonk TEA THE_ \@_,4 (3096, 3617)
5-07% H
NH,

R = H, MeO; i, (CCLO),CO:; §, COS 2-Benzoxazolone
YH
Z I u.cn osc [ I Y (3019]
N
RT X7 NH,
2—Benzoxazolom
R=H,Cl; X=CH,N; Y«O0,S 2-Benzothiazolone
Oxazolo}4.,5-bjpyridn-2-one
4. Thiazole

2-Aminothiophenol is cyclized by reaction with prop-2-ynyltriphenylphos-
phonium bromide, but some 2-substituted anilines give the phosphonium salt (a
possible intermediate in the thiopheno!l reaction) which may be cyclized
separately (see Chapter 16, Section 1.5) [2736]. Reaction of thiophenols with the
lactonic 2-oxazolin-5-ones can give any one of three products: in acetic acid-
sodium acetate, cyclization to the thiazole occurs while in some other solvents,
acylamino and acylthio products are formed, and may be cyclized by acetic
acid-sodium acetate [3088].

SH S Me
@E o JEO e @Q/ teros]
PPhyBr N
NH,
Benzothiazole

(10.1)

0

Ar = Ph, 4-NO2CgHg; @:scq" NHCOAs

R= Ph 4-Cl, 4-MeO-CgHy. CHR
NH,
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Several methods of cyclizing acylamino-ols or -thiols are synthetically useful;
heating for a few minutes with phosphorus pentasulphide is usually sufficient
although yields may be low [2196].

j/_:E T T I Y (2196}

Thneno[2,3~d]tmamh
Another ring system synthesized similarly:
S S Me

Ryl eorn
N
S
Thienof2,3 : 4,5]thienoj2.3-d thiazole

When the reaction of an aminophenol with N-ethoxycarbonylthioamide or a
dithioate ester is applied to an aminothiophenol, a high yield of benzothiazole
is obtained {2860, 2899]. The same substrate is converted into a benzothiazole
efficiently at ambient temperature with hydroxamoyl chioride (the chioride of a
hydroxamic acid) [3468]. Similar compounds in which the 2-phenyl group is
varied are of interest as dye intermediates and are synthesized from quinonoid
aminothiols [3477); the chemistry of quinonoid heterocycles has been reviewed

[2947, 3650).
S A
NHCSR THF, A
(10.1) + | \ — m (2899}

R « Et, 4-Me-, 4-MeQ-CgHy, 2-thienyl Benzothiazole

S_ _Ar
(10.9) + AC=NOH —E m [3468)
c

Al = Ph, 4-Ch, 3-NO2-CoHy

o 0
SH s N
A \r
X e - QUL
NH,
0 o

As = 4-MaNCgHy, 2- or 4-pyridyl Naphthof2,3-d]thiazole-4,9-dione
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An acyl- (or ethoxycarbonyl-) aminothiophenol, in which the thiol is present
as its dithiocarbamate, is cyclized by heating with formic acid but the corre-
sponding amino-dithiocarbamate cyclizes with retention of the amino moiety of
the carbamate when treated with trifluoroacetic anhydride.

2 N\ Bu
oo m
WGO

%

NHR
= R« H; THF, (cF,cO)zo 2677
SﬁNEh R.
COOEt
—
QE:Y
Na s

s 3”“'000&4
Thiazolof$ 4-clpyridine

Acetic formic anhydride is a versatile reagent in organic synthesis (review
[3823]), for example, when it is stirred with an o-aminothiophenol, a 2-unsub-
stituted benzothiazole is formed. Aminothiophenols, like their oxygen counter-
parts [2111], are cyclized by carboxylic acids or their esters, and also by
dichloromethyleneammonium salts (review [2549]) to give good yields of benzo-
thiazoles [2548]. The use of a dithioic ester is shown in Section 1.2 [2860].

MeO SH
O£ % " -
OhAc
NH,
(101) + ACOOE ——ooell® o @J/ [2860]

R = Me, Ph
Benzothiazole

Reductive cyclization occurs when a nitrodisulphide is heated with aqueous
sodium sulphide (which reduces the nitro group) and carbon disulphide (review
[B-52]). An acylated thiol forms a thiazole ring with an N-carbonyl function
when compound (10.2) is reduced with triethyl phosphite (the formula of the
product is incorrectly shown in the paper). Microbiologically useful f-lactams
can also be synthesized from the disulphide (10.3) by treatment with a two-
molar proportion of certain phosphoranes at —350°C in an intramolecular
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Wittig reaction which generates a fused thiazole ring carrying a protected
carboxylic acid group.

S S SH
CS,, aq. Na;8, A \“/ [2724)
s noof, s

Benzothieno|2,3-d]thiazole
o COOR3
0, il o CH,OCR!
-—NCCOOR? (EOLP, & NN e
_— - {3534}
~48% ._l— o
7~ P S
MeH('Z SﬁCHzOﬁR’ MeH(':
OR? o o OR?
(10.2) 4-Thia-1-azabicyclof3.2.0Jhept-2-en-7-one
R' = Me, Pr: R? = Me3Si, Hy pyranyl;
R® =« CH;=CHCH,
1
. ?ooa' COOR
0, R?
N—Cq, CHR? NN
o + | —ee | [3873]
K s—spz PPM s0-70% P s
R'HCMe R'HCMe
(10.3)

R' = 4-NO;CgHy; 92; benzothiazol-2-yi;
R® = Ph, PhS, PhCH=CH; R* = 1BuMe,SiO

5. Thiazol-2-one

This ring is formed in high yield from a mercapto-amine and either phosgene or
disuccinimido carbonate (see Section 1.3). Ethyl potassium xanthate is also
effective [3038]. An aminophenol in which the hydroxy group is masked as its
dimethyl aminothiocarbamate cyclizes under conditions which generate the
amine from the nitro group. The product is the result of a Newman-Kwart
rearrangement [B-40, Vol. 3, p. 11].

R R
a SH ci )
LLLLT I (3038, 3356)
4% NH
NH,
OMe OMe

R = (CHo)oNPra.HCI 2-Benzothiazolone
i, disuccinimido carbonate or COCly
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w, w4
™ S

OCN

NZ il Moz ACOH, SnCly, HOL, A NZ

« | . N | [3s22]
Thiazolo{S,4- hfisoquinolin-2-one

6. 1,2,3-Thiadiazole

Diazotization of an aminothiophenol is a convenient route to this ring; if the
thiol is benzylated for protection at an earlier stage, it can be freed after
diazotization.

Soy
NaNO,,, AcOH
(101) ——— 1 (2109}
1,2,3-Benzothiadiazole
NH, N:N\
SCH,Ph S
AcN LE AcN
e 622
I, ACOH, HCI, NaNOy; i, CuCl, HCI [1.2,3[Thiadiazolo{5 4-hjisoquinoline

II. FORMATION OF A SIX-MEMBERED RING

1. 1,3-Oxazine

The imine of an o-acylphenol reacts with an orthoester to form an oxazine in
good yield, especially when R' = Ar.

OH
+ RPC(OEYy ————— | [2000)
C=NH N

CHAR! CHR!
R'=H, Ph; RZ = H, Mo 1,3-Benzoxazine

2. 1,4-Oxazine

Oxidative cyclization of an aminophenol can give rise to a doubly fused oxazine
in good yield from two molecules of aminophenol [2331]. A non-oxidative
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method using orthophosphoric acid is an alternative approach to a phenoxazine
[2372]. 2-Chloroacetoacetate ester condenses with an aminohydroxypyrimidine
to form a fused oxazine ring [2546]. Synthesis of a tetracyclic benzoxazine is
described in Chapter 35, Section I1.6.

NH,
_E10a, HOL KFolChys
ﬂ-—ﬂ% [2331]
OH
COR

R = MeO, NHCH2COOMe, NHCHMeCOOMe 3-Phonoxazhone
NH,
OH
Phenoxazine
Me N N R
Y CtCHAc EI0H, TEA, & Y
— || [2546)
cooa N
HO gooc” o
cl i
R =H, Me Pyrimido[5,4-b)(1 4joxazine

3. 1,4-Oxazin-2-one or -3-one

A 4-aminopyrimidin-5-ol reacts exothermally with DMAD with the formation
of a fused oxazin-3-one ring in high yield [2786], but prolonged heating of an
aminophenol with DMAD yields the oxazin-2-one as the main but not only
product [3125}. Another approach to a fused oxazin-3-one is demonstrated by
the reaction of ethyl a-chloroalkanoates with 4-aminopyrimidin-5-ol under
basic conditions [2459, 3810].

HN N NH,
z T _EOH.DMAD j: I/Y —_—
HO' SN

Me
Pyrinido[SA-bm ,A4joxazin-7-one
OH 0. o)
“‘@ S R'@ G00E! [3125)
NH, N~ SCC=CHCOOE!
R=H,Ci,Me H éOOEt

1.4-Benzoxazin-2-one
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Y _lehe \'/[2459 3810)
cooa T
HO
Rz

R!=H, Me; RZ = H, OH, Me, Ci; Pyrimido[S,4-b][1.4joxazin-7-0ne
RY=H, Mo, Et; R* = H, Me
i, TEA; i, EYOH-EONa

4. 1,4-Thiazine

Some substituted o-quinones react with mercaptoamines to give 1-phenothiazi-
nones but others (including o-benzoquinone) give more complex products [2635,
3179, 3332}, Cyclic 1,3-diketones (in their tautomeric form) react with a 2-
mercaptoaniline to give phenothiazine-like compounds [3285)]. The chemistry of
phenothiazines has been reviewed [B-44, 3332]. o-Mercaptoaniline is annulated
by heating with a hydroxycyclopentadienone [2635).

(o
NH, © R!
EtOH, Fﬂ;
@ + % @ {3179
SH
R2

R = Me, tBu; R? « Me, Bu, Ph 1-Phenothiazinone
COOE! COOEt
o, COOE! N COOEt
m A =
[2835)
COOEt S COOEt
Cyclopema{bj[1,4Jbenzothiazine

OH OH

N

NH, HO

He = DMSO, & =
. ‘ —_— | (3285]
o *% o
SH s
o o

[1]Benzopyrano{3,4-bj{ 1 4]benzothiazin-6-one
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Another ring system synthesized similarly:

(o}
S
0
N
H

Benz[blindenof1,2-6][1,4]thiazin-11-one

S. 1,4-Thiazin-3-one

A versatile synthesis of 1,4-benzothiazin-3-ones is that in which 2-aminophenyl
disulphide is heated with methyl (or ethyl) arylacetate and a strong base.

Q D + ACHCOOR —m: "”“ @[ I[mn

NH, HN

Ar = Ph, halo-, CFz-, NO2-, MeO-, Me-, iPr-CgHy, 3-Br-4-MeO-, 1,4-Benzothiazin-3-one
3,4(MeO),-, 3,4-OCH,0-CgHa. 1-naphthyl-, 2 or 3-pyridy!;
R = Me, Et

6. 1,3,4-Thiadiazine

The hydrazinium salt (10.2) of a 1-amino-1.2,3-triazole-5-thiol is cyclized by
heating with an x-chloro ketone [B-45].

Ny N~. ,N\
N7 SN COR
HN + | — [3590)
+ =- CH2C|
H,NN,S COOE! cooa

{10.2) R = Me, Ph, 4-CiCgH, {1,2,3]Triazoko{5,1-bf1,3,4 thiadkazine

HI. FORMATION OF A SEVEN-MEMBERED RING

1. 1,4-Oxazepine or 1,4-Oxazepin-S-one

o-Aminophenol (10.3) condenses in an acidic medium with an o-aminonitrile
or an amino ester to form a fused 1.4-oxazepine or a 1.4-oxazepin-5-one,
respectively.
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N7\ —COOE!

N= \
! N
OH HN_ _N o N
uou.A N\ 7
QI e Q3 -
NH, NC N=
e NHCgH~2-OH
Pyrazolo{5',1° : 3,4](1.2 4]triazino[5.6- b 1 Slbenzoxazepine
N? COOE!
= h4
HN N Z COOEt ACOH.A o /N
(103) + I N — \ N [3484]
grooc” “N% N
H ©

Pyrazolo[S',1' : 3,4]1,24]triazinof5 6- b1 Sjbenzoxazepin-6-one

2. 1,4-Oxazepine-5,7-dione

2-Aminophenol is cyclized at 5°C with diphenyl thiomalonate in the presence

of DMAP.
0
o
i
(103) + CHZQﬁSPh)z —_— @[ [3641)
o N
H ‘O

i, MaoCHCHoAC, DMAP 1,5-Benzoxazepine-2,4-dione

3. 1,4-Thiazepine

The 3-arylideneimide (10.4) is an efficient reagent for converting 2-mercapto-
aniline into a benzothiazepine. The use of lactams in heterocyclic synthesis has
been reviewed [2387].

Ao
SH R'CH e P -
ElOH. HCL, A
@( — @ I [3247)
N o
H

(10.4)
RY = Ph, 4-Cl, 3-NOz-CoHa: R = 4-MeCeH, Pyrrolof3.4-clf1 Spenzothiazepine-1,3-dione
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4. 1,2,5-Oxathiazepin-4-one 2-Oxide

Cyclization of 2-aminophenol with ketene in liquid sulphur dioxide at or below
0°C gives a modest yield of this fused ring compound.

O‘S
(103) + CHa=CO + SO, @ [2068]

1.2,5-Benzoxathiazepin-4-one 2-oxide
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1. Pyrazole 726

2. Imidazole 727
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Cyclization of the following additional pairs of functions are also described:
acylhydrazino-lactam carbonyl, amidino-lactam carbonyl.

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrazole

A l-aminopyridin-2-one is cyclized by heating it with a reagent which has a
reactive methylene group, and anhydrous zinc chloride.

726
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Me Me
N N
7 “NNH, COR  OMF,znCLa Z N7
+ | 2 —77’5_’ - [3233]
Mo N o CHR Mo A2
CN CN
R' = Me, Ph, 3-coumarinyl; Pyrazolo{1,5-alpyridine

R? = H, Ac, COOE!

2. Imidazole

Lawesson’s reagent was originally used to convert a carbonyl into a thiocar-
bonyl group but it can also promote cyclization, possibly through the corre-
sponding thiocarbonyl function (cf. p. 35). In this example, it is used in the
presence of (+ )-10-camphorsulphonic acid (CSA) to annulate side-chain amino
and lactam carbonyl groups [3212]. Dehydration of an amidino-lactam yields a
fused imidazole ring [2402]. Synthesis of heterocycles from lactams has been
reviewed [2387].

OMe OMe
(o) N
OMe  xylens, i, 4 = OMe
HANCH)N = Li:él 212

i. Lawesson’s reagent, (+-CSA Benz{gjimidazof2,1-afsoindole
Ar. : NCAr==NH Ar Ar
= N N
pyt, Pwl) A o 7 - ‘02]
X = YT
(8]
Ar = Ph, 4-Me-, 4-MaO-CgHy, 3,4,5-(MeO),CeHa Imadazof4,5-djimidazole

3. 1,2,4-Triazole

Carboxamides cyclize N-aminopyridin-2-ones (11.1) on heating with zinc
chloride under anhydrous conditions [3154]. A novel ring system was syn-
thesized by warming the 3-amino-2-thioxothiazol-4-one (a rhodanine deriva-
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tive) with an imidoy! chloride [3024]. The two carbonyl groups of the oxadiazole
(11.2) condense with hydrazine to form a fused triazole ring [3945].

CN
Me 0 Me R
7 DMF, ZnCiy, 4 A A"
+ RCONHp  ——e—e—— ] [3154]
A NNH, “-79% a N—N
Me Me
(11.1) [1,2.4]Triazolo[1,5-ajpyricine
R = H, M@, Ph, PhCH=CH
R! A
/yo /krnz 3
N R
S CICR?® 7
O T e
s NNH, NR2 D-64% s N—nN

R'R2 = Me, Ph; R3 = Ph, 4-MeO-, 4NO;-CgH;  Thiazolo[3,4-b][1,2.4]iriazole-5-thione

NYOYO PN \( Y [3945)

N——NCOR N——N

12
Ar = 2,4-CloaCgHa; 1.2,4-Triazolo{3 4-bj[1,3,4Joxadiazole
R = Me, B, 2,4-ClCgHa, PhCHa, 4-MeCgH,

4. Thiazole

Acylamido and lactam carbonyl groups may be annulated by heating with
phosphorus pentasulphide in pyridine.

NHCOPh
N o
H

ThiazolofS 4- blindole
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5. 1,3, 4-Thiadiazole

N-Amino and lactam thiocarbonyl functions may be joined together by reaction
with cyanogen bromide or by heating with an aldehyde. An N-acylaminopyri-
midine-2-thione is cyclized by heating with phosphorus oxychloride.

H
Sa. No HN
N aq. EI10H, BICN, A Y \r
I - [B219]
CgHJR CeHR
R = H, Br, Cl, 4-Me, 4-MeO 1,2,4-Triazolo[3,4-b}{1,3 4]thiadiazole
(o}
2 H
MeO. MeO. _N Ar
NNH, E10H, 4 N \(
+ AICHO ———»= [2119]
P 56% Z s
N SH N
Ar = 4-MeOCgH,y [t.3,4]Thiadiazolo|2,3- bjquinazolin-9-one
H
Mo N S

(Lo == O

1,3,4-Thiadiazolof3,2- alpyrimidin-5-one

An unexpected cyclization occurred when the thiazolone (11.3) was heated
with phosphorus pentasulphide. Several bicyclic products may be obtained from
the N-amino-thiolactam (shown in its enol form) (11.4); with a carboxylic acid
and phosphorus oxychloride, a new thiadiazole ring is formed.

o} s R
S/Y Phite, P, 4 s/\r \"/ 2600)
s )——Nnucoa 17-40% s )——N—N

(11.3) R=Me, Ph Thiazoloj4,3-5§-1,3,4-thiadiazole-5-thione

HS_ _N.
Z N POCS,
g |  +RcoOH — - Y (3809]
HNN " 76-04% N——-—N——l\

(11.4) 1.2 4-Triazolof3,4-bj{1.3,4}thiadiazole
A = Ph, NH2-, HO-, MeO-CgHy, 2.4-Cly-,
2,4-(HO)z-CgHg, PhCHaCHy; Ar = 2,4-ClaCgHy
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6. 1,3,4-Thiadiazol-4-ium

1,4,6-Triaminopyrimidine-2-thione reacts with the Vilsmeier reagent to give
one or more of several products according to the temperature of the reaction.
In this way, thiadiazolopyrimidines are formed at 0°C.

HN( NS
/m/\"
a N—N

Z NH,

. NNH, %\ 1,3,4-Thiadiazolof3,2-ajpyrimidin-4-ium  {3684]
30‘
NH, OHCHN Z /N
YY)

HN N—N

T

[1.2.4[Triazolo[1,5-cjpyrimidin-5-one

HN NYS}M/;'

II. FORMATION OF A SIX-MEMBERED RING

1. Pyran-2-one

In the presence of a strong base, malononitrile reacts with a dimethylamino-
methylene group and forms a ring with a neighbouring lactam carbonyl
function, the dimethylamino group being eliminated. The usefulness of nitriles
in the synthesis of heterocycles as been reviewed [3332a].

Ph Ph
NG NGLNPLNY
[ - omome m‘m’
Me,NCH Mo HNoe” X Me

Pyranof2,3-clpyrazol-6-one

2. 1,4-Thiazine

A pyridothiazine may be synthesized efficiently by stirring a 2-mercapto-3-
aminopyridine in an alkaline medium. When an organic sulphide such as (11.5)
is heated with ethanolic hydrogen bromide under argon, cyclization occurs in
good yield.
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H
NH, N_ _Me
- AcCHCI EtOH, KOH Z
] ’ + | — e ¢ I I [2195]
X COOEt N
N7 sH N7 g

COOEt
Pyridof2,3-b]1 4jthiazine
H R H
NHR O\ N_ 0 N. _N_ _O
\( EIOH-HCI, A | Y (29501
NH ss81% NH
S S
o o
(11.5) Pyrimido}5 4-b]1, 4]benzothiazine-2,4-dione

R = CHa=CHCHp, MeN(CH2)3

3. 1,3,4-Oxadiazine

Acylhydrazine and lactam carbonyl groups intcract to form a ring on treatment
with boiling thionyl chloride.

H
AP _Ng_ NHNPhCAS AN N
ﬁl/ x 1 S0Ch A W X NPh
B
N_ 83-98% N, s ) [3229]
N (o] N (o] _
H Cl
Al = Ph, 4-Me-, 4-Br-CgH, [1.2,4]Triazino{5,6-6]{1,3 4Joxadiazinium

A2 = Ph, 4-Me-, 4-MeO-CgH,

4. 1,3,4-Thiadiazine

An 2-bromo ketone reacts with a cyclic thiosemicarbazide (containing a lactam
thiocarbonyl) on heating in ethanol; the base is freed from the resulting hydro-
chloride salt with carbonate. Annulation of N-benzylideneamino and lactam
groups by heating with phenacyl bromide gives a new thiadiazine ring with
elimination of the benzylidene group.

H
N S N S
[ \( L Y
+ RCOCHoBr " [2128]
NNH, NP g

R = 5-NO2-furyl _
i, E|°H. A; .. aq. Nazc°3 lm{z.1q{1.3,4mm
s N s xf
N _
Y N COPh  MeOH.a \( N cC
PhCH'-NN——u\ ' (':Hzaf o X N—"\ 7ol
- SMe P SN” SMe

1,2.4-Triazolo[3,4-bj{1 3 4]thiadiazin-1-lum
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Benzoin undergoes a cyclocondensation with the aminothiolactam (11.4) to
form a new thiadiazine ring while the reactive chlorine atoms of 2,3-dichloro-
quinoxaline under mildly basic conditions react to form a doubly fused
thiadiazine.

R. _S
Y ) ¢
1.4 1,2.4-Triazolof3 4-bJf1,3 4 thiadiazine [3809]
*‘ X N\ S /N\
R =Ph, 2‘w3 Y ?
Ar =2,4-Cl,CeHa AN
Mg NT SN Ar
QX "
N? N 1,2,4-Triazolo[? 4 : 2,3)1.3.4]thiadiazino[5 6-bjquinoxaline

5. 1,3,4-Thiadiazinium

Phenacy! bromides cyclize amino-lactam thiocarbonyl groups (the latter is a
cyclic thiosemicarbazide in this example) on heating in ethanol. The charge is
shown at N-8 but may also be at N-1.

Ar N.+ N
HNN" EYOH, A Z N7
- \l - \[s R

R = 4-Br-, 4-NOzCgH,CHa, 2.4-ClaCeHaCHp  [1,2:4]Triazolo[5,1-bj{1,3 4]thiadiazin-8-um
Ar = 4-Ck-, 4-MepN-CgHj, 2-naphthyl

IIIl. FORMATION OF A SEVEN-MEMBERED RING

1. 1,4-Diazepin-S-one

Amino and lactam thiocarbonyl groups may be converted into a diazepinone
ring by reaction with the cyclic carbamate-anhydride (11.6).

pos Ill { X, =

(11.6) 1,2.4-Triazino[5,6-bi[ 1, 4)diazepin-8-one
R! « Me, Ph, CgHy, 4-Ck, 4-NOo-, 4-Me-Cghly; 1,2,4-Triazino[5,6-bi{1.4lbenzodiazepin-10-one
R? « R3 = H or R%R? = benzo
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Acylamine or Imine and Methylene

or Alkene

I. Formation of a Five-membered Ring 733
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2. Pyrrol-2-one 735

3. Pyrazole 736

4. Imidazole 736

5. Isothiazole 737
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1. Pyridine 737

2. Pyridin-4-one 737
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The following pairs of functional groups are also mentioned in this chapter:
carbamate and methylene, acylamine or carbamate and trimethylsilyimethyl,
alkene and tosylamino, alkyne and imine.

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

Treatment of an imidate which is placed ortho to a reactive methylene group
with sodium hydroxide-DMSO results in the formation of a new pyrrole ring.
Good-to-excellent yields of 4-nitroindoles are obtained when 3-nitro-2-methyl-
anilines (or acetanilides) are treated with diethyl oxalate in the presence of a
strong base (cf. Madelung synthesis of indoles, p. 68).

733
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R?
N—<|:OR3 : R?
—d - -
l _DMSO. NaOH | | [3149)
™ 52-84% \
R¢ X7 “CH,SO,R! R SO,R!
R' = Ph, 4-MeCgHy, N(CHz)2L0; RZ = H, Me; X = CH Indole
R? « Me, Et; R* = H, CI, MeO, Ph X =N Pyrrolof3 2-bipyridine
R" R‘
NCOR? N R?
R + (COOE), % R ] (3832]
Me
NOz Noz
R' = H, Me; R? = H, Me, Et, Ph; R? = H, alkyl, Br, MeO Indole

When the iminophenylacetic acid (12.1) in acetonitrile is heated or allowed to
stand for two days at ambient temperature, it is converted into an indole-3-
carboxylic acid {2999). Oxidative cyclization of the aminoalkene (12.2) occurs
under mild conditions (temperature of 23 °C or lower) to give the hydrazone of
an indole-3-carboxaldehyde [3843]. A number of 2,5-disubstituted indoles are
accessible from the dilithium derivative of a 2-trimethylsilylmethylbenzanilide
and an ester; the latter is synthesized from a 4-substituted nitrobenzene in three
stages [3824].

H
=CHR N_ _R
MeCN, A
SO ¢ & g
CH,COOH COOH

(12.1)
R = PhCO, PhCH=CH, Ph, 2-MeCgHs, 2-pyridyl

NHR
@ —-_» @]\ =
CH==CHCH=NNMe, CH==NNMe,

(12.2)
R = Ac, PhCO
j, CH2Clo, 1.4-benzoquinone, BF3.E1,0

Li
NCOR?
[3824]
JOIR /@J’
A’ CHSIMe,
Li

R' = MeO, Me, Ph; R? = Ph, 4-MeCgH,: R> = Ph, 4-MeO-, 4-CHCgHy: R* w alkyl
i, THF, 2,2,6,6-Me, piperidide Li
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A mixed copper and zinc reagent (prepared in three steps from an o-toluidine
via the benzyl bromide) reacts with various electrophilic reagents such as acyl
halides at low temperature (~ —20°C) to yield 2- R-indoles [3637]. 2-Vinylani-
lines [protected as their N-tosyl derivatives (12.3)] are cyclized to N-tosylindoles
in a palladium-mediated reaction (review [B-41]) in the presence of benzo-
quinone and lithium chloride. This method gives good yields with variously
substituted anilines, and is especially useful in the synthesis of 4-substituted
indoles, but no variations in the vinyl group are reported [3410].

Ts

NHTs N
i
“‘@i Ez—ae “‘@i_] fos10]
CH=CH,

(12.3)
R = H, MeO, AcO, Cl, Me, COOMe, CH(OAC),, CHa=CH, CF3S020
i, PdChk.(MeCN),, benzoquinone, LICI, DMF

Application of the Vilsmeier reaction (review [1676]) to an o-methyl-amine
may result in the formation of a fused pyrrole-3-carboxaldehyde ring. The same
functional groups are annulated by reaction with trimethyl orthoformate to give
a 2,3-unsubstituted pyrrole ring.

CHO
Me. N Mo N
| N POC!,, DMF, A 7 | \ﬁ (2807]
NH 6% HN NH
HN
Pyrrolo{3,2-d]pyrimidin-4-one
H
NH, N
N E0H-H
GOREEE = ] o
N? Me N
Pyrrolof3,2- bjquinoline

2. Pyrrol-2-one

Some pyrrolof2,3-b]pyridin-2-ones exhibit anti-inflammatory activity; this ring
system may be formed by cyclizing the (phenylthiomethyl)amine (12.4) using
butyllithium (review [B-47]) followed by carbon dioxide and trifluoroacetic acid.
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N NHR!
“ LW
X CH,SR?
(12.4) Pyrrolof3,2- bjpyridin-2-one

R' = iPr, Bu, PhCHy, Ph, 3-Ck, 44Pr-, 3-CF3-CHa,
3,4- C1x-,3-Cl-2-Me-CgHg; R? « Me, Ph
i, Buli, THF; B, COg; i, CH;COOH, CHyCly

3. Pyrazole

1-Aminobenzimidazoles are useful intermediates, and their alkylation may
occur at either NH, or the = N— atom. On heating with an iodoalkane, only
the 3-quaternary salt is obtained. This is cyclized on heating with an anhydride
and sodium carbonate; a lower yield is obtained when the carbonate is replaced
by pyridine, When a 2-hydroxymethyl-1-aminopyridinium chloride is heated
with acetic anhydride, the N,O-diacetate is formed but in the presence of a base,
this reaction yields the pyrazolopyridine.

@\__i + (RCOp0 —e0na @—N . se2)

R' = Me, Et, Pr; R? « Me, Et, Ph Pyrazolo{1,5- ajbenzimidazole
2 NNH, A N
| T+ (Rcop0 -3t [2519]
A CHOH R OCOR?
R' = H, MeO; R? « alkyl, CFy Pyrazolo{1,5-ajpyridine
4. Imidazole

2-Aminobenzimidazoles, quaternized with I-bromoprop-2-yne and converted
with ammonia into the 2-imines, cyclize on heating with a strong base; the
quaternary salt behaves similarly. The enzyme catalase promotes the cyclization
of the amino-alkene (12.5) to a benzimidazole under comparatively mild con-
ditions (review [B-53]).

R
NYNH N N Me
E\ONa, cl
©/—«cuzc-cu e O/—:E—\'r el

R = Me, Et, PhCH, Imidazo{1 2-abenzimidazole



Formation of a Six-membered Ring 737

NH,
R 600kt e -@j/ (3796]
NHE=CH

Me
(12.5)
R = H, Me, PhCO
5. [Isothiazole

When o-toluidines are heated with thionyl chloride in xylene, this ring is formed
in good yield.

NH, N
n-@[ —_Mere,SOCk8 "’“;om"' SO0Ch 4 n«@__, [2064, 2485]
Me

R = H, Me, NO2 2,1-Benzisothiazole

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridine

An N-(o-vinyl)imino ester is probably an intermediate in the two-step thermal
cyclization of 2-vinyl-N-acylanilines. A photochemical method also gives high
yields except when R' = COOMe; the thermal method gives none of this
product.

NHCOR?
X ——
CMe=CHR!
R H Me; R? = Et, CgHy4, Ph, 2-furyl
i, Et;,oeﬁ. CH2Clp, 4; i, Ph0, A Quinoline

2. Pyridin-4-one

A methylene group activated by carbony! and sulphonamido groups reacts with
a neighbouring amino group on heating with orthoformate ester.

R?
X _NHR? X. N
A | L YRR
~ 14-02% R A l l [2517]
COCH,SO,NH, SO NH,
R' = H, Mo, MeO, CI; R? = H, EY; o
X=CH,N +Quinolinone
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3. Pyrimidine

Imino and methyl groups may be annulated by prolonged heating with crotonic
anhydride.

Me Me
' = l N
COOMe COOM
Me N py.a N ¢
+ (MeCH=CHCORO —gem || [2734)
HND NP He NZ N
HCMe

Pyrimido[2,1,6-dejquinolizine

4. 1,3-Oxazine

The methyl(bismethylthio)sulphonium salt (12.6), a mild methylthiolating agent
for alkenes and alkynes, converts o-vinyl-acylamines into fused oxazines.

NHCOR NP
O i 2 QLY
CMe=CH, S0Ck

(126) MeSH,C Me

3,1-Benzoxazine

Ill. FORMATION OF A SEVEN-MEMBERED RING

1. 1,3-Oxazepine

o-Allylbenzanilide is annulated by stirring with a bis(methylthio)sulphonium
salt (12.6) followed by basification to release the free base.

Ph
NHCOPh N§<

@E + MeS(SMe),  —gii— 0 [3329]
CHLH=CH, SbtCl

(12.6) CH,SMe
I, CHaClp, CsHy2; i, ag. NaHCO3 1,3-Benzoxazepine
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An example of the cyclization of an amino-iminoether (often prepared from a
nitrile) is included in this chapter.

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

Reductive cyclization of a nitro-nitrile yields a fused pyrrole ring.

739
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H
i Me_ _S._ _N_ _NH,
I — I (2545}
EtO0C ?HCN EOQOC COOEL

COOE! Thienof2,3-bjpyrrole
2. Pyrazole

A 3-aminopyrazole ring is formed on stirring an aminonitrile at ambient tem-
perature with hydrazine hydrate.

N N N N
N N
Nl - I : N#HHO N” N
CN NH,

Pyrazolo{3.4-clpyrazole
3. Imidazole

An iminoether (formed in situ from a nitrile group) and an acylamino function
react in the presence of a mild base to form a fused imidazole ring [3137].
Nucleophilic attack by an amino group on an iminoether (formed in situ) gives
high yields of fused imidazoles [2446). Irradiation (review [B-50]) of a 2-
cyanocyclohexylamine in THF gives a high yield of a reduced benzimidazole
[2822).

O e OO

R = Me, Ph imidazo{5, 1-c1 4Jbenzoxazine
H
NHCHCH=CHR N (CHp,R
QT e QY
NH,
R = Ph, 2-furyl Benzimidazole

;

R
NHR N\l
QL = O =
CN

R=H, Me
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Another ring system synthesized similarly:

R
N

(Hzm [2821]

R=H,Me; n=10r3

Cyclopent [d]imidazole
Cyclohept [d]imidazole
4. 1,2,4-Triazole

The amino-cyanoiminothiazole (13.3) [formed in situ by amination of the
thiazole (13.2)] cyclizes on stirring with O-(2,4-dinitrophenyl)hydroxylamine.

C\KWN —- [-—-—rlmuzl T C_T/:_\erz (3374

(13.2) (12.3) Thiazolof3,2-bj1,2,4]riazole
i, THF, NaH; il, 2,4-(NO)oCeHsONH,

. FORMATION OF A SIX-MEMBERED RING

1. Pyridine

Amino and dicyano- or cyanoethoxycarbonyl-ethylidene functions are annu-
lated by heating with t-butoxide, TEA or acetic anhydride, or by stirring with
methanolic sodium hydroxide. The 4-nitrophenyl derivative gave the highest
yield, the 4-methoxyphenyl the lowest. Condensed pyrazoles have been reviewed
[3902].

N H
HN 7 “NPh Jorforil N AN /N‘an
— 1% = [2986, 3127]

(Nc)z°=<'= NH, NC NH,
R R
R = Ma, Et, Ph, 4-CICgHy, 4-NO2CgH, Pyrazolo{3,4- bipyridine

i, BUOH, TEA, &; ¥ Ac20, 4; iii, MeOH-NaOH

Other ring systems synthesized similarly:

R +
X N NH, NC N
N I 7 <
AGATIENS ¢ e NS
N Z o HoN N NR
X =N Dipyrido{1,2-b:3,2-d]pyrazole Imadazol4 5-bpyridine

X = CH Pyridof3,2-aindolizine



742 Acylamine or Amine and Nitrile

The powerful Lewis acidity of a titanium(IV) salt is demonstrated in its
room-temperature catalysis of the reaction of an aminonitrile with a lactone,
é-valerolactone or its 6-methyl homologue. y-Butyrolactone gave poor yields
[3638]. Tin(1V) chloride also promotes cyclization of aminobenzonitriles with
B-keto esters to give the medicinally useful 4-aminoquinolines [3871].

NH, O© o R? NS o) R?
) e pon
CN Z
R! NH,

R'«H,F; R2«H,Me Pyrano|2,3- blquinoline
NH, Na Me
COOMe  PhMe, SnCl, 4 =
tliae TBRR [s871]
R CN R 7 Ncoome
(13.4) NHz
R=H,
NOz Quinofine

af-Unsaturated nitriles are widely used in the synthesis of heterocycles
(review [1096, 3123]); benzylidenemalononitrile in the presence of sodium
converts an aminonitrile into a fused 4-amino-3-cyanopyridine ring. When a
milder base (TEA) is used, both nitrile groups are retained [3897, 3353]. When
the 4H-pyran (13.5) was stirred with diethyl benzylidenemalonate and TEA,
none of the expected product was isolated but another derivative of this ring
system was obtained, namely, that which is formed by reaction of the pyran
(13.5) with benzylidenemalononitrile. The pyran ring has opened. reacted with
itself and cyclized to give the pyrano[2,3-b]pyridine [3819}].

HN_ _S. _R Ph._ _N_ _S_ _R
diox, Na, A Z
| I[ + PrcH=cion, St || [3897]
NC Me Ne N Me
R = CN, COOE! NH,
Thieno[2,3-blpyridine
HN_ _O_ _Me Ph Ny O~ Me
| || +enoH=ceN: —g= e [ 1353 3819
NC Ac 7 Ac
CcN
Ph \ ” NH, Ph
PACH=C(COOER),, § )
(13.5) % Pyranof2,3-bipyridine

i, EIOH, TEA, A; i, E©OH, A
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2-Aminocinnamonitriles may be obtained from benzaldimines by a pal-
ladium-mediated reaction with acrylonitrile; these are then cyclized (without
purification) by heating in mesitylene. When acrylonitrile is replaced by styrene,
and mercury(Il) oxide added (to oxidize the imine group to the aldehyde),
cyclization gives 3-phenylisoquinolin-1-ones in good yield.

CH=NtBu CH=NBu
R L ] SN
- — P P [3398)
CH=CHCN

R = H, 6- or 7-MeOQ, 6,7-(MeO), Isoquinoline
i, ACOH, AcONa, PdCly, 4;
il, PhMe, CH;=CHCN, TEA, 4; ill, CgHaMeg, A

2. Pyridin-2-one

Cyclization of aminonitriles with malonic esters is mediated by tin(1V) chloride
(cf. previous section) but the yields may be low [3871]. Amino and cyano groups
attached to different rings interact to form a fused pyrimidin-2-one on heating
the compound with potassium hydroxide [3899].

H
N_ _O
PhMe, S A
(13.4) + CHyCOORY,  —e e P (3671}
R = H, NO2; R? « Me, Et R Ac
EtOCH,CH,OH, KOH, A
57% o

Benzofurof2 3-clquinolin-6-one

3. Pyrimidine

A number of reactions involve addition of hydrogen chloride to a nitrile group
(review [2547]) and the formation of a chlorimine which later loses either a Cl
or NH, as HCl or NH,, respectively. Both of these possible routes are observed
when anthranilonitrile or a heterocyclic analogue is heated with another nitrile.
The (single) product formed depends on the nature of the aminonitrile and is
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difficult to predict. This reaction is also successful when hydrogen chloride is
replaced by a strong base.

X N R?
N
R | Y
N
X _NH, o6 /
1 E I diox, HCKg) Ccl
R | + R"'CN 1-81% \ (3670]
CN X Ny R?
R' = H, Me, Ph; R? = Me, CICHp, Cl,CH, ClC, PhCHp, R! | Y
COOEL, CHaCOOEL, 4-NO2CgH4CHg, 4-NO2CgH,, N
PhOCHa, PhSOCHy; X = CH=CH, O, S it
Quinazoline
Furof2,3-d]pyrimidine
Thienof2,3-d jpyrimidine

Ri
Me. N N R?
PrOH, MeONa, & =
L I | | T fa205]
CN Me #
R' = H, Ph, PhMeCH; R2 = Me, Ph, PhaCH, 2- or 4-CICgH, NH,
Pymrolo{2,3-d]pyrimidine

A side-chain cyano group reacts with a ring-amino to form a pyrimidine ring;
this cyclization occurs on heating the substrate either alone or with acetic acid
[2670]. A fused 4-aminopyrimidine ring is a constituent of several compounds
of medicinal interest and may be constructed from an aminonitrile and a
number of reagents (see p. 76); formamide [2636] or diethoxymethyl acetate
[2746]) frequently give good results. Recent work on polyazines has been
reviewed [3985].

NH;
GOOE Ny R E100C. _Ng_ R
NCC=CHN" > A Z N7
—2 . (2670)
ove— ~80% \ vmm——
HN COOE! N COOE!
R« H, Me Pyrazolo[1,5-ajpyrimidine
S_ _N Me_ _S
Mo H, \ N\ﬁ
|| + HCONHp  ——f—> || § o fsoe
ArHNG CN A Z
0 (o] NH,

Ar = Ph, 4-Ch, 4-Me-CeM, Thienof2,3-djpyrimidine
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Other ring systems synthesized similarly:

[3896]
Pyrimido{4',5' : 6,5]pyranof3,2-hiquinoline
o M Mo
N
| JOHOMe: oo M . f [2746]
COMe
NC CN CN
(13.5) NH,
Pyrazolo{3,4-d]pyrimidine

Cyclization of an aminonitrile under Vilsmeier conditions but employing
t-carboxamides other than DMF leads to moderate yields of fused 4-chloropy-
rimidines [3919]). When an aminonitrile (13.5) is heated with a secondary for-
mamide, cyclization is accompanied by migration of the N-alkyl group from the
ring-nitrogen to the amino-nitrogen (a Dimroth rearrangement) [2507]. A
variant of the same ring system has been synthesized without rearrangement
using N-methylforrmamide; an N-substituted acetamide gives a comparable yield
but some unreacted aminonitrile remains [2746).

NH,
@:_I + POCly + RCONMe, —t—w-
0~ “CN

R = Me, Ph
Benzofuro[3,2-d Jpyrimidine
Me
N
* Y/N \N
(135) + n‘(im-m? —— \ | | (2507)
N CN
R' = H, Me; NHR?
R? = alkyl, CH=CHCH Pyrazolo{34-d jpyrimidine

A fused 4-hydrazinopyrimidine ring is obtained when neighbouring imino
and nitrile groups are annulated by means of an excess of a hydrazine [3372].
Two molecules of an aminonitrile sometimes react together under strongly basic
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conditions, and under more severe or prolonged conditions, a trimer may form.
The example shows the product obtained from 2-aminoisophthalonitrile at
ambient temperature over 7 days [3559)}.

NC.

X
-~ \3
Y Phide, MeOH, TFA, A NZ Sy
} MeNHNH. - > 3372
:[—-NR * 2 e5-06% | . (8372)

MeOCH=N N

R = Me, PhCH2 X = N; Y = GH Purine
X = CH; Y = N Pyrazolo{3,4-d]pyrimidine

CN CN
NH. N
@: S —— = CN
——————————————
~80% N NH (3559]
oN 2 2
NH,

Quinazoline

4. Pyrimidin-2-one or -4-one

An efficient cyclization of an aminonitrile under mild conditions (without
external heat) is obtained by reacting it with chlorosulphonyl isocyanate (review
[3340)) to give a high yield of pyrimidin-2-one [3368]: heating with urea is also
effective [2774). The corresponding 4-one is formed in lower yield by heating an
(acylamino)nitrile with a primary amine hydrochloride, a t-amine and phos-
phorus pentoxide [3789], or with acetic anhydride-pyridine [3898].

R
NHR so.cl N O
X CHCY, Y
@ ‘oo T NH 138

CN
R = H, Me, Et, PhCH2CH2 NH

H
R N _NHAc
I| Il LY T {3789)
18-51%
R2 CN

R' = H, PhCHy; R? = Me, Ph;
Ar = Ph, 4-Ck, 3-F-, 4-alkyl, 3-CF5-CoHy

3-d
I, A'NHZ'HO'- CGH“NMOzHc'. P@s. H@ Pyﬂuoﬂ 3 hmme
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(389g]

Pyrimido[4',5 : 6,5]pyrano[3,2-hjquinolin-8-one

§. 1,2,3-Triazin-4-one 2-Oxide

Treatment of an aminonitrile with a nitric acid-sulphuric acid mixture at about
0°C produces this ring, probably through the formation of the N-nitro
compound.

NH, o NQ:‘ 9
> "‘lsol
R —a R g‘ " {3381}
CN

o
1,2,3-Benzotriazin-4-one 2-oxide
Another ring system synthesized similarly:
R Pr _
LN Ny N _Nys.©
N r N
|| i [3381] | i [3381}
NH N NH
o o

Pyrazolo]3,.4-d}-1,2,3-triazin-4-one 2-oxide Imadazol4,5-d}-1,2,3-riazin-4-one 2-oxide

6. 1,2,4-Triazine or 1,2,4-Triazin-S5-one

N-Aminopyridinium salts (review [1870]) are useful substrates for the synthesis
of a number of fused heterocycles. With ethyl orthoformate, N-ethoxyimino
derivatives are formed and react with benzylamine at ambient temperature to
give the readily cyclized aminomethylene derivative which, with piperidine and
then mineral acid, yields the triazinone.
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Z fﬂﬂz MeCN, HC{OEf)5. & NN=CHOE 7z ?At?
[ i “ oG = NCHzPh

CN
O
cos b, MOOH, NH
91%
Pyridof2,1-7)[1,2 4}triazin-9-ium
,N [3768]
SNN==CHNR'R? Hct a N
I coz
i, MeCN, PhCHoNH;
NR'RZ = N(CHo)s Pyridoj2,1-f)1 ,2,4]i1azln-94mn, 4-ox0-

7. 1,3,5-Triazine or 1,3,5-Triazin-2-one

Neighbouring amino and N-iminoether groups are cyclized by heating with a
carboxylic acid to give a triazine while aryl isocyanates yield the triazinone.

N _NH,
| I ‘Y +ACOOH ~ —et a @:_:r [2803]
oPh

Ar = Ph, 4-Ck-, 4-Br-, 4-NO>-CeH,
1,3,5-Triazinof1,2-ajbenzimidazole

Na_ NH,
@Eju; + ANCO Dl @:r L [2603]

Ar = Ph, Cl-, Me-CgH,
1,3,5-Triazino[1,2-ajbenzimidazotl-2-one

8. 1,4-Oxazine or 1,4-Thiazine

Cyanomethyl-oxy or -thio and nuclear amino groups are annulated by heating
with potassium hydroxide [2456] or by stirring with sodium methoxide [2377].

e
|
NCCHS N Rt R? S N R!
N
| T — I U feasel
& X 5
HNT N
e

HN
R?

R = H, NHp; R? = Me, MeS, MeO, PhCHoS; R®=H, Ph  Pyrimidof4.5-bi{1 4]thiazine
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Other ring systems synthesized similarly:

PN AN Ny M
| (2377, 2456] | [2456)
Nx NN S NH, SN N

X = CH; Y =« O 1,4-Benzoxazine Pyrido{2,3-bj{1 .4]thiazine
X=N; Y =S Pyrazinof2,3-bj-1,4-thiazine
9. 1,2,4-Thiadiazine 1,1-Dioxide

This ring is formed efficiently when an o-amino-(N-cyanosulphonamide)
(obtained in high yield as its sodium salt from the sulphonyl chloride and
sodium cyanamide) is stirred with dilute mineral acid without external heating.

- 0,
so,ficN S
aq. HCI NH
R —— R [2554]}
Na* Z
NH, N “NH,
R« Cl, CFy 1.2 4-Benzothiadiazine 1,1-dioxide

IIl. FORMATION OF A SEVEN-MEMBERED RING
1. 1,4-Diazepine

When a compound containing amino (possibly formed in situ) and cyano
functions (attached to different rings) is heated in either an acidic or a basic
medium, a 5-aminodiazepine ring is formed.

NH_ _N_ O
~ \( R \( [3101, 3150]
x NR . NR

NH, NC

R = alkyl, CHa=CHCH_, PhCHgp, CgHy1, NHz, PhNH
Pyrimidof4,5-b){1,5]benzodiazepin-2-one

QLY == O p -

NO, NC
R = H, Me
Imidazof4,5-bi{1,5]benzodiazepine
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Another ring system synthesized similarly:
H

N AN
’!‘ (3525}

NH,
1,2,3-Triazolof4,5- b1 Spenzodiazepine

A high yield of a 1,5-benzodiazepine is obtained under chemically mild
conditions by refluxing the malononitrile derivative (13.6) in ethanol. The
product, being an o-aminonitrile, would be expected to react with guanidine to
form a new 2,4-diaminopyrimidine ring (cf. Part 1, p. 78), but this reaction
failed.

NH,-HC! N W
1 2
R NHCH=CCN R N
H

(13.6)
R=H,Cl 1.5-Benzodiazepine

2. 1,4-Thiazepine

This ring may be formed in an acid-catalysed cyclization of a 2-f-cyanoethyl-
thioaniline; the use of this type of reaction for the synthesis of heterocycles has
been reviewed [2547).

SCH;CHAr s
R oN s n@ A [2324]
NH, N=
NH,

Ar = 2,4-CloCgHg; R=H, Ci

1,5-Benzothiazepine
3. 1,3,4-Thiadiazepine

This ring was formed unexpectedly by heating an aminonitrile with thiosemicar-
bazide hydrochloride in acetic acid.

/==N
NH, s N
No CN HGI N /K(/(
z N)\'/ . r'lFNP!z M;Q:A 7 N NH, [3576]
LL— N CSNH, foc J:__L—— N
IO‘

PyrazolofS',1° : 3,4f1,2,4kriazino[8,5-7][1,3,4]thiadiazepine



CHAPTER 14

Acylamine, Amine or Imine

and Nitro
I. Formation of a Five-membered Ring 751
1. Pyrazole or Pyrazole 1-Oxide 751
2. Pyrazol-3-one 752
3. [Imidazole or Imidazole 1-Oxide 752
4. Furazan 1-Oxide 753
1. Formation of a Six-membered Ring 753
1. Pyridin-4-one 753
2. Pyridazine 1-Oxide 754
3. Pyrazine 1-Oxide 754
4. 1,24-Triazine 1-Oxide 754

Cyclizations of a nitro-imine and a nitro-guanidine are also described in this
chapter.

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrazole or Pyrazole 1-Oxide

Base-catalysed cyclization of the nitrobenzylaniline (14.1) produces the strongly
coloured yellow N-oxide. The unoxidized pyrazole is produced (often together
with the cinnoline N-oxide, see Section I1.2) when 2-nitrobenzylidenearylamines
(14.2) are heated with potassium cyanide.
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7.
NO, N
EOM,NagCOs .4 Z “Nar
51-86% — [3262]
?HNHN CN
CN Indazole 1-oxide

(14.9)
Ar = Ph, 4-Br-, 4-CF, 4.1, 2-Me-, 4-Me-, 4-MeO-CgH,

NO, No
MeOH,KCN.A 7 “Na
Ty - — [3262]
R CH=NAr R CN

(142) Indazole
Ar = Ph, 4-Br-, 4-Cl-, 41-, 2-Me-, 4-Me-, 4-MeO-CgHy; R = H

2. Pyrazol-3-one

Annulation of methylene and nitro groups of 2-arylaminomethyl-3-nitropy-
ridine by heating with a primary arylamine in acetic acid leads to the pyr-
azolone together with a small amount of the corresponding pyrazole in some
experiments.

H
N
Z NOz ACOH, AiNHy, & = “NAr

] st (] s

Ar = Ph, 4-ClI-, 4-MeO-, 4-EtO0C-CgH, Pyrazolo[4,3-bjpyridin-3-one

3. Imidazole or Imidazole 1-Oxide

N-Benzylidene-2-nitroanilines are useful substrates: heating with potassium
cyanide-methanol gives the 1-hydroxy-2-phenylbenzimidazole while the o-
nitrobenzylidene-2-nitroanilines lead to cinnoline l-oxide in low yields (see
Section 11.2) [2266, 2848]. Thermolysis of a mixture of an o-nitroaniline and a
benzaldehyde gives a 2-arylbenzimidazole [2848] while reduction or photolysis
of o-nitro-t-amines converts them into benzimidazoles or their N-oxides,
depending on steric and electronic characteristics {2197, 2224].

OH
R NO, R N Ar
KCN, MoOH, & Y
T, e L e
N=CHAr

R =H, Me; Ar = Ph, 2-Br-, 2-Cl-, 2-MeO-CgH, Benzimidazole
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NG Ne A
NH,
R = H, Mo, MoO; Ar = Ph, 4-MeCgHs, 4-MeOCgH,
CHaR!

N R

w o
o> g
e
N(CH.R"),

Benzimidazole 3-oxide
/@[ R = (CHaln 1= 2,4; CHOCH,; R%=H, Cl {2197, 2224]
1
R? NO, Yooy N
L gy, N_ R
\ m
N
RZ
R'=(CHa)p n=34; RZ=H

4. Furazan 1-Oxide

Oxidation of a nitroamine with (diacetoxyiodo)benzene (review [3714]) often
gives better results in this cyclization than are obtained with hypochlorite.

NH, N
g e it CT_% 2162
—_— %% - —
SN o, SN N*\O'
[1.2,5)0xadiazolo[4.5-bpyridine 3-oxide
IL

FORMATION OF A SIX-MEMBERED RING

1. Pyridin4-one

Displacement of a nitro group by a side-chain amine-derived anion can lead to
the formation of a pyridinone derivative which may have antibacterial proper-
ties.
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2. Pyridazine 1-Oxide

A rather complex mechanism has been offered for the cyclization of a 2-nitro-
aniline imine in the presence of methanolic potassium cyanide. Yields in this
type of cyclization may not be high [2848]. 2-Nitrobenzylidenarylamines are
cyclized by the same reagents. Variable amounts of indazoles are also produced
but when Ar contains an ortho-substituent, little or no indazole is formed [3262].

o
+
N
MeOH, KCN, & N
(142) ey - P [2848, 3262}
R OMe
Ar = Ph, Me-, MeO-, halo-, 2-COOMe-CgHy; NHAr
R = H, MeO, Me
Cinnoline 1-oxide

3. Pyrazine 1-Oxide

A 5-unsubstituted 4-benzyliminopyrimidinone (14.3) undergoes successive
nitration and cyclization to give a good yield of a pyrazinopyrimidine N-oxide
which may also be synthesized from the nitrobenzyliminopyrimidine in high
yield.

Me
PhCHN N o]

S W‘
%
NHPh

N
N
Y [2667]
o ﬁ/ NMe
(14.3) N

o & 8
=2
N Me o "pﬂ Pyrimido{4,5-blquinoxaline-2,4-dione S-oxide
CH N
ON

NHPh

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

Amino and nitro groups in different rings may be annulated by heating with
aqueous potassium hydroxide in pyridine. The triazine oxide ring is also formed
when an o-nitro-guanidine is heated with aqueous carbonate.
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[Y— V—
N N
Z
A pyr, aq KOH, & Ar (2252]
NH, 73-84% +..N
R N02 R NI -
R = H, Ct, MeO; Ar = Ph, 4-NO,CgH, o
PyrazolofS,1-c)1.2.4]benzotriazine 5-oxide
?_
NO, N
NT | 2. K004 NZ | SN
N 8e% S A fezzol
NHE=NH N7 N,

NH, Pyrido[4,3-6}-1,2 4-triazine 1-oxide



CHAPTER 15

Acylamine or Amine and Nitroso or N-Oxide

I.  Formation of a Five-membered Ring 756
1. Imidazole 756
2. 1,2,4-Oxadiazole 757
. Formation of a Six-membered Ring 758
1. Pyrazine 758
2. 1,2,4-Triazine 759

I. FORMATION OF A FIVE-MEMBERED RING

1. Imidazole

Reductive cyclization of a nitrosoacylamine in acetic acid can give high yields
of a fused 2-substituted imidazole [2765]. A nitroso-aminopyrimidinedione
reacts with a variety of aldehyde hydrazones and with the Vilsmeier reagent to
give good yields of purinediones [2225, 2447]. When o-nitroso-N-alkylpyrazola-
mines are heated for 10-90min in pyridine, a fused imidazole ring is formed
[3449, 3831).

NHCOR NHCOR
AcOH Zn,a Y (2765)
J\ )\ N
NHCOR
R = adamantyl, adamantyimethyl Purine
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o) (o]
R'N No R'N N
[ .\Me  owoouwos Y (2225)
N==CHAr  2-76% )\ NR?
0% “N” NHR? 07 N
Me Me
) 2,6-Purinedione
ao-ml,;";% a
R' A% < H,Me; R®= H, Me, Et;
0o 9y R* = Me, Et, Ph; Ar = Ph, 4-Ck-, 4-Br-CgHy, 2-thieny!
. N NR3R¢
R'N | \"/ [2447, 2474)
)\ N
07 N
Me

Another ring system synthesized similarly:

(o]

H
HN N NMez
LY
R SN
6-Purinone
R! H R
R2CH,HN N\N R2 N N\N
pyr.4 Y 3449, 3831
I — R oy !
ON Me Me
R! = Me, Ph, CI-, F-CgH,: RZ = Me, Ph Imidazo{4.5-cjpyrazole

2. 1,2,4-Oxadiazole

Cyanogen bromide reacts with 2-aminoazine N-oxides to give a fused oxadia-
zole in good yield.

NH

0 o-——(
I, |
NS _NH, N__N
= E1OH, BICN, &
ex [2665)
Z F

1,2,4-Oxadiazolof2,3- ajquinoline
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II. FORMATION OF A SIX-MEMBERED RING
1. Pyrazine

Acid-catalysed condensation of 1,3-indanedione with a nitrosoaminopyrimidine
gives a new pyrazine ring—a type of cyclization sometimes known as the
Timmis synthesis. Another indanedione derivative, 2,2-dihydroxy-1,3-
indanedione, condenses with a nitrosoamine with even better resuits and
without the need for acid to be present.

O HN_ _N N _Ns__OH
z MOH ch “ ' Y [2644)
N
\N P
0 OH

Indeno|2, 1-gjpleridin-6-one

@;; X

Indenoft 2-blpyrido|3,2- elpyrazin-6-one

Base-induced condensation of a 2-nitroamine with an arylacetonitrile gives a
member of the biologically important pteridine family (reviews (3454, 3594]) in
good yield and without the possibility of 7-arylpteridines also being formed
[2987]. Reduction of an o-nitrosoamine followed by addition of polyglyoxal
produces a 2,3-unsubstituted pyrazine ring [2082). A 2-acetoxypyrazine ring is
formed by heating a nitrosoamine with acetic anhydride [2052] or with an
enamine [2233].

HN N NH,
NN
| Y + RCH,CN B EONas_ I2987l
N e /N
ON
NH,

R= ‘-pylw Pteridine

HN_ _N._ _NMe;
| T +(CHOp e [ Y 120821
ONT N
NR,

R = H, Me Pteridine
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R! Rt
N AcO N
HN N . N N
| + A0 o | I {2052}
N
ON R? N R?
R' = Me, Ph; RZ = Me, Ph Pyrazolo[3,4-bjpyrazine

Another ring system synthesized similarly:

N N
/
O -
N P N
N
Benzojg]pteridine

2. 1,24-Triazine

Nitroso and amino groups may be annulated by heating the compound with an
acylhydrazine (a hydrazide) in an aprotic solvent but acethydrazide did not give
a characteristic triazine.

o}
NO N.
l + 1 5% | (2928]
COR N
o) N N R
Me

R = H, Ph, 2-furyl, 2-thienyl, 3- or 4-pyridyt Pyrimidol4,5-6]-1,2 4-triazine-6 8-dione
i, DMF, DMSO or sulpholene



CHAPTER 16

Acylamine, Acyloxy, Amine or
Hydroxy and Phosphorane

1. Formation of a Five-membered Ring 760
1. Pyrazole 760
2. 1,2,4-Triazole 761
3. Furan 762
4. Thiophene 762
5. Oxazole 762
I1. Formation of a Six-membered ring 763
1. Pyridazin-4-one 763
2. Pyrimidine 763
3. Pyrimidine-2-thione or Pyrimidin-2-one 763
4. 1,2,4,5-Tetrazine 764
5. Pyran or Thiopyran 765
6. Pyran-4-one 765

Examples of the cyclization of compounds carrying a phosphorane and one of
the following functional groups are shown in this chapter: acythydrazine, hydra-
zono, thioxy and imino.

1. FORMATION OF A FIVE-MEMBERED RING

1. Pyrazole

An iminophosphorane function (formed in situ) is annulated to a neighbouring
imino group by reaction in dry dichloromethane at or below room temperature.
The first product isolated is a 2-(triphenylphosphoranylidene)aminoindazole

760
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which can be converted into the phosphorus-free 2-aminoindazole by acid
hydrolysis.

N.
s CHCh /N‘m=PPh,
+ PPhy S-T% —_—
CH=NR NHR

R = Pr, PhCHy, Ph, 4-MeOCgH, -mldﬂ. HC)

N.
7 NN
Q_—J\Hz foesel
NHR

Indazole

2. 1,2,4-Triazole

Isocyanates react at ambient temperature with a hydrazono-iminophosphorane
to yield a 7-substituted aminotriazolo compound. The initial reaction is
probably between the isocyanate and the iminophosphorane to form a carbodi-
imide. Heat is needed to induce a hydrazono-iminophosphorane to react with
benzoyl chloride and to form a new triazole ring, but the yields are then usually
high.

Me H Me
PhCH=NN_ _N_
PhH, RNCO

RHN___N.____N.
T mee YT e
PhaP=NN | se-n% N—~N_ |
Me Me
0

o
R = alkyl, CgHy1, PhCHy, CHp=CHCH, {1.24[Triazolof5,1-cf1,2,4triazin-4-one

Another ring system synthesized similarly:

1

N NHR?
Gy —
W

[1.2,4[Triazolo[1,5- blindazole
PhCH=NHN_ _N
z

N ACCl e My
Y o+ 0 PHTEAA \f \r l [3176]
Ph,P=NN o 6s-a3% N——N
Me Me

(o] o
Ar = Ph, 4-Me-, 4-MeO-, 4-NO »-CgHy, 2-naphthyl [1.2.4]Triazolo[5,1-c][1,2 4]triazine-4-one
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3. Furan

Annulation of a phosphonium salt and the carbonyl of an acyloxy group
(formed in situ) proceeds in good yield on heating with TEA. High yields of
benzofurans (review of recent work on benzofurans [3894]) are obtainable by
heating a mixture of the a-hydroxybenzylphosphonium bromide, an acyl halide
and TEA in toluene.

OH
@: MTEA.A @:j (2972)
CHPOBI

R = alkyl, alkenyl, 2-furyl, Ph

Rt ﬁ Rt
R2 OCAr R2 s) Ar
1%
. [ oo
MeQ CH,PPhyBr MeO

R' « H,MeO; R?=H, NﬁO; Ar = 3,5-(Ac0)2CeHa

i, MeCN, 4; il, PhMe, TEA, A

4. Thiophene

An o-mercaptobenzylphosphorane is ring-closed by heating with an acyl
chloride-TEA mixture.

SH S R
@E RCOCI, Phide, TEA.4 O:_]/ [3371)
. 40-95%
CHoPPh,Br~

R = Me, n-CyHs, Ph, PACH=CH, 2-furyl Benzo{blthiophene
5. Oxazole

When the reaction between 2-aminothiophenol and phosphonium bromide
(Chapter 10, Section 1.4) is applied to a closely related phenol, the phosphonium
salt (16.1) is isolated in 87% yield and is cyclized by a catalytic amount of
sodium hydride.

OH & 0. Me
MaCN, NaH, & \lr [2736]
+ 0% N
Me NHCMe=CHPPh, Me

(16.1) Benzoxazole
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II. FORMATION OF A SIX-MEMBERED RING
1. Pyridazin-4-one

A primary amino group, after diazotization, reacts with an a-ketophosphorane
function to form a pyridazinone ring but the triphenylphosphine moiety is
retained and can be removed by heating with aqueous alkali.

H
NH, N,
R Ll N
—— R || 13233
CCH=PPh,

o (o)
R =H, Cl, Me 4-Cinnolinone
i, CgH11NO2, MeOH; ii, aq. NaOH, &
2. Pyrimidine

The amino-iminophosphorane (16.2) is cyclized by heating with an isocyanate.
A closely related iminophosphorane (16.3) reacts with an isocyanate in
unheated dichloromethane to form a new fused 2-iminopyrimidine. When the
imino is replaced with a hydrazono function (R' = ArNH), a similar 2-imino-
pyrimidine ring is produced. The chemistry of pyrazolopyrimidines has been
reviewed [3360].

N, RHN N

PheP=N.__N. N N

| RNCO —mel Y N e

RINHCH; Me Mo
(162) Pyrazolo[3,4-d]pyrimidine

R’ « alkyl, HCWCCHy, Ph, 4-MeCgHy;
R? = Et, Ph, 4-MeCgH,
Ph Ph

Ph,P=N N RN N N
? | \;‘ CH,Ch PhMe, RPNCO X" N (3419)

3-72% 1 |
R'N
R'N=CH Me F Me

(163)
R! « Ph, 4-MeCgHy, 4-NO2CgHNH; R? = Et, CHa=CHCHp, Ph, 4-MeO-, 3- or 4-CI-CgHs

3. Pyrimidine-2-thione or Pyrimidin-2-one

Carbon disulphide reacts at room temperature with the iminophosphorane
(16.3) to give a high yield of the thione. It is necessary to heat the iminophos-
phorane with carbon dioxide in order to synthesize the corresponding pyrim-
idinone.
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RHN n‘ O AN :h
Y'Y Y Y'Yy
| [3833) i [8317]
PhN NMe AN~ X
o] X = CMe Pyrazolo[3,4-dpyrimidine
N 12, 4.5-dlpyrimid
Pyrimido{4,5-d pyrimidine-2,4-diona X 2.3 Triazoloi4.5-d ine
s N
N “
CHLY, N N
(16.3) — nm' P I [3419)
R = Ph, 4-MeCgHq Me
Pyrazolo{3.4-dpyrimidine-6-thione

Other ring systems synthesized similarly:

S Ph
ﬁ\ ?! LY [3419)
[ N

Thiazolo{d.5- dpyrimidine-5-thione
N, Og NN
PhyP==N
: l \ll*l Phide, CO3 & Y I ‘v‘q -
~74% AN
RHNCH; Me Me
R = Ph, 4-MeCgH, Pyrazolof3,4-d Jpyrimidin-6-one

4. 1,2,4,5-Tetrazine

Acylhydrazino-iminophosphoranes are cyclized by stirring in dichloromethane
with an isocyanate for 24 h.

NHCOR!
Ao Ne
AN o N ~
D CH,Cl;, RNCO N NCOR!
' jN/N--m’ e ' \Nr /)\ o531
Me PPt Me “NZ SNHR?
) o
R! = Me, 4-MeO-, 4-Me-CHy; [1.2.4]Triazino{4,3-b}- 1.2,4,5-tetrazin-6-one

R? = Mg, iPr, Ph, 4-MeO-, 4-Me-CgHy
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5. Pyran or Thiopyran

2-Acyloxy-phosphonium salts (16.4) are cyclized to a 2-benzopyran on heating
in toluene with t-butyl methoxide. The acyl group may be provided by a reagent
rather than have been attached to the oxygen or sulphur atom; in this example,
the thiophenol is treated with the acid chloride-TEA in boiling toluene.

o
CcHOLR . o
e 2 (O,
CH,PPh, BF Z g

(16.4) 2-Benzopyran
R = H, Me, Ph

SH Ao s _R?
L
— (3371)
CE .t e o-s1x @:,;(
CH,PPhy BF A!

R = Me, Ph, 4-MeOCgHy, 3-PhCH,0-5-MeOCgH3; RZ = H, iPr 2H-1-Benzothiopyran
i, MeOH-MeONa, PhMe; §, A

6. Pyran-4-one

Acyloxy and phosphorane groups interact when the compound is heated in an
inert solvent, and a chromone (not a flavone as stated in the paper) is formed
[3827). O-Acyilsalicylic acids are cyclized to flavones in a similar type of reaction
involving carbon tetrachloride and triphenylphosphine {3827]. Higher yields
may be obtained by treating a phenolic phosphorane first with an acyl chloride
and then with methoxide [3193a).

OAc O _Me
CC=PP CN
i\ "

OCN o

OCR o. _R
CHLCIy, TEA
A m = QU =
coon * CCl cl
o

R = Ph, 4-CiCgHy, 3-pyridyl
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R’ Rs
R? OH R2 O, _R*
LE
— | [3193a]
ﬁCH:PPh,
R' O Rl O

R'-R® = H, OH; R* = Me, Ph, 4-MaO-, 4-NO2-CgHy, 3.4-(MeO)2CeHa
i, R'COCI, pyr. ; §, MeOH-MeONa



CHAPTER 17

Acylamine or Acylhydrazine and Ring-carbon
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In addition to the functional groups in the title, cyclization of a sulphonylimino
group and ring-carbon is described.

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

An N-arylsulphonylimino-1,4-quinone is cyclized by reaction with 3-aminobut-
2-enoate esters (3-aminocrotonate esters) to produce the highly substituted

767
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indole-3-carboxylates. Formation of an azomethine ylide is believed to occur in
the cyclization of the diazo ketone (17.1) with methyl acrylate in the presence
of a catalytic amount of rhodium(II) acetate (review of such reactions [3928).

R
cl NSO,Ac cl N_ _Me
HCCOOE! Me:CO
* MegNHR T ' [2806]
o HO COOE!
cl ]
R = Me, Et Indole
COCH,0H
COCH,N, H0 COOMe
I | + | =CHy Mok, [ (3666)
NAC COOMe ~s%
Me
(17.1)
Pymolo{1,2-ajpyrole

2. Pyrrol-2-one

Acid-catalysed cyclization of a 3-acylaminomethylquinoline through a Reissert
compound gives a pyrrolone-fused derivative (review [2959a)).

CH NHAr
50%
N/ N/ (s]

i, KCN, PhCOCI, HzO; ii, CHCls-diox, HCI(g)  Pyrrolof3,4-bjquinolin-3-one

3. Pyrazole

Addition of an N-acetamidopyridazinium ylide to benzyne in the presence of
butyl nitrite gives a pyridazinoindazole in good yield and under mild conditions,
but pyridazine N-oxide reacts with benzyne differently, a 1-benzoxepine and a
pyridazine being formed.

“ ] CH,CY,, BUONO Z
NS * I B x, N | [e73)
NI \ﬁAc N/ \N

4. 1,2,4-Triazole

2-Thioformylaminopyridine is converted in low yield into its triazolo analogue
by stirring with hydroxylamine.
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NHCHS
< MeOH, NH,OH.HC! 7 /Nw
g e 2 s

[1.2.4]Triazolo[1,5-alpyridine

S5. Oxazole

Photolysis of o-thallated acylarylamines produces a benzoxazole in good yield.

THCOCFa), o\rn‘
CeHya v
Rz.‘@imcom L RL@-/_—L (3181}

R’ = Me, Ph, 4-CiCgH,; R = H, Me Benzoxazole

6. Thiazole

Mild oxidation with potassium hexacyanoferrate(Ill) under aqueous alkaline
conditions induces thioacylanilines to cyclize.

£
R R S CHCOPh
i
S Ry v e \lr 2640
T = LT e
NHC(l:HCOPh

CN Benzothiazole
R = H, Me, NH2, NO2, CI i, EIOH, aq. NaOH, K3Fe(CN)g

Il. FORMATION OF A SIX-MEMBERED RING

1. Pyridine

A side-chain methylsulphonylimino group attached to C-3 of a pyran-2-one ring
acts as a l-azadiene in an inverse electron Diels—-Alder reaction with 1,1-di-
methoxy-I-propene at ambient temperature. The first-formed product is more
conveniently isolated after removal of the N-SO,Me and MeO functions with
t-butoxide at —30°C.

“sone

CPh
\ L
+ (MeO),C=CHMe o
o]

i, PhH: #, THF, BuOK [t]Benzopyrano|3,4-clpyridin-5-one

(3953]
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A suitably positioned acylamino group is annulated to a ring-carbon in a
Bischler-Napieralski reaction with phosphorus oxychloride; comparison of a
number of reagents (phosphorus pentoxide-toluene, phosphorus pentoxide-
tetralin, phosphorus oxychloride, PPA) for their efficacy in this reaction showed
that PPA was the most useful.

CHoAr

Ar = 3,4(PhCH)),CeHs

Other ring systems synthesized similarly:

X=0 |1 20furo|3 2- i
x.s;,,;mem.zqz;mm ettt
Cyclization of an acylamino group on to a neighbouring ring-carbon by the
Bischler—Napieralski reaction usually gives a reduced pyridine ring, but similar
treatment of an acylimine gives good yields of the fully aromatized pyridine, as
also does heating N-acylarylamines at a high temperature with DMF and
HMPT. Yields fell as R' changed from H (72%) to iPr (0%).

MeN———(CH,), Mol ——(CH,),
CHz)m (CHz).
_PoCha
B T
R = H, Ph, 4-CI, 4-NOx-CgH,, 3-pyridyl m=n=1 Dipymolof2,3-b : 2,3-d]pyridine
m=12; n=12 m=2; n=1 Pymolof3,2-cf1,8jnaphthyridine

m=n=2 Pyridof2 3-h}-1,6-naphthyridine

NHﬁCHzR‘ Ny WMe:
DMF, HMPT, &
nmmastasirres——~
YT e (Y
R!

R! = H, alkyl; R? = H, Me, MeO Quinoline
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Sometimes, a phenyl group undergoes a C—C migration during a Pictet-
Gams synthesis; this occurs through an oxazoline which ring-opens to a
compound such as MeCAr=CHNHCOPh. The rearranged oxazoline has
recently been isolated in a cyclization promoted by phosphorus pentoxide.

Me
N
PhMe, PPA, POCl;, A N
Qe =5
?HCHPh F
OH Ph
Isoquinoline
Me Ph
cI:chon \
P. decali
R@Nﬂﬁ% —FPpdecaing o N s
o P
R = H, Me, MeO Me

It has recently been shown that the use of a Vilsmeier reagent to annulate an
acylamino group to an adjacent ring-carbon (p. 95) can be extended to acylani-
lines which contain various substituents in the ring, but regiospecificity is not
always high. Electron-attracting groups usually lower the yield, for example, a
nitro group reduces the yield to 20% while an activating substitutent can result
in yields of about 85% [3888].

2. Pyridin-2-one

N-Methylacetanilides cyclize on treatment with phosgene; the quaternary salt
formed may be converted into the 2-quinolinone by heating with aqueous
carbonate.

Me Me
NCOCH,R N_ 0O
1.COCH,; 1, aq. K,COs, 4
0 §7-06% > [2698]
P
R
R = Me, Ph Cl
2-Quinolinone

3. Pyrimidine

This ring is formed from an acylaminoazole by conversion (with phosphorus
pentachloride) into the imidoyl halide which is cyclized by reaction with a nitrile
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(through the nitrilium salt) and Friedel-Crafts catalyst. Yields are high for
several nitriles but the acylamino group was not varied.

PhCHN. _N.. N
N

I N X ey
o |1 —am o ma

R' X R‘
R' = H, Me; R? = alkyl, PhCHg, Ph, CiCgH, MaCqHs R?
i, PhH, PClg, A; i, R2CN, SnCly, A Pyrazolo{3,4-dlpyrimidine

4. Pyrazine

Annulation of an acetamido group to a ring-carbon atom occurs under con-
ditions which were expected to hydrolyse the amide group, that is, ethanolic
potassium hydroxide.

N N, ‘
N
ELN NHAc NCN ELN 2 NCN

Benzo{ajphenazine

5. 1,3,4-Thiadiazine

Oxidative cyclization of a thioacylhydrazine converts it into a fused thiadiazine

in low yield.
Me Me
NNHCPh N,
il PhH, I N
S = J [2844)
S Ph

4,1,2-Benzothiadiazine

III. FORMATION OF A SEVEN-MEMBERED RING

1. 1,4-Diazepine

Treatment of an acylamino group with phosphorus oxychloride is a widely used
method of annulating the carbonyl group to a carbon of another ring [2258] (sce
also p. 96), but when this method fails, heating with phosphorus oxychloride-
phosphorus pentoxide is sometimes successful [3005]. The amide (17.2) was
resistant to other methods and was eventually cyclized by converting it first
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(with phosphorus pentachloride) into its imidoyl chloride which was then
subjected to Friedel-Crafts conditions. Another synthesis of this ring is
described in Section IV.1.

(\Nue

O @d -

RCNH
il
o

inof1,2-a[1.4 odiaze|
R = H, Me, Ac, PhCHy, Ph, 2- or 4-CICCgH, Pyrazinof1,2-aj{1.4]benz pine

NMe
R? l/\NMe R! (\
N\H

N
(4]
—— 3511
CHNHCR? ~62% ¥ [3511]
Il =
R2
(17.2) .

R' = F, Mo, MeO; R? = 2-thienyl Pyrazino[1.2-a][1 4]benzodiazepine

i, CHClp, PClg, A; i, PRNO3, AICh, A

2. 1,2,5-Thiadiazepine 1,1-Dioxide

Heating the 2-(acylamino)sulphonamide (17.3) with phosphorus oxychloride
gives a good yield of a tricyclic thiadiazepine; a new C—C bond is formed
between the acyl carbonyl and the pyrrole C-2 atom.

M

SO,N

o QU @
NHCOR

(17.3)
R = Me, Et

Pyrrolo[1,2-b1,2,5penzothiadiazepine 5,5-dioxide
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IV. FORMATION OF AN EIGHT-MEMBERED RING

1. 1,5-Diazocine

When the acylamine (17.4) is heated at 80 °C with phosphorus oxychloride, a
diazocine ring is formed in good yield but at higher temperatures (preferably
130 °C), the product is a benzodiazepine.

CH.Cl
F. N‘j/q
L)
eocs ¥ % \q:«
|5 R

F NCH,CH
\©/ ] 1,5-Benzodiazocine [3511)
CH,NHCOR
(17.4 F N CH.Cl
Ra= 2-thieny!

1,4-Benzodiazepine
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Acylamine or Acylhydrazine and Ring-nitrogen

I. Formation of a Five-membered Ring 715
1. Imidazole 775
2. 1,24-Triazole 776
3. 1,24-Thiadiazole 776
4. 1,2,3,5-Thiatriazole 1-Oxide i

Ring closure of a sulphenamide group on to a ring-nitrogen is shown in this
chapter.

I. FORMATION OF A FIVE-MEMBERED RING

1. Imidazole

Prolonged heating of an a-acylaminoazole with phosphorus oxychloride leads
to the formation of a new imidazole ring. When the acylamino group is attached
to one of the peri positions of a bicyclic molecule, the imidazole ring may be
formed at the peri positions as in this example of a quinoxaline where catalytic
reduction has also affected the pyrazine ring.

Ph
X.__CHNH P
l P Me, POCl,, Y
m Coph —Tre POtk <jr 2186, 2189]
X
X =0, NMe Imidazo[5,1-bjbenzoxazole

Imidazol5,1-bjbenzimidazole
775
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Me
N—-]/..__
N R?
{iﬁ X e O
N R?
= H, MeO; R? = Me, Ph H
imidazo{1,5,4-dejquinoxaline

2. 1,2,4-Triazole

Several examples of the conversion of 2-(acylhydrazino)azines into a triazolo-
azine are mentioned on pp. 99-101; another variation on these experimental
conditions is to heat the substrate in refluxing toluene to which 4-toluenesul-
phonic acid monohydrate is added. The synthesis of triazoles fused at their
3,4-bond has been reviewed {3903].

NHNH N
NT I PhMe, TsOH, H,0, A N& N
|| cocHcoort ——t"-m || 7743047
N e N
Ph Ph <':M2
R = iBu, MeS(CHz)2 COOE!
1,2,4-Triazolo{4,3-slpyrazine

3. 1,2,4-Thiadiazole

A sulphenamido group placed « to a ring-nitrogen reacts with an arylamine
(such as a nitroaniline) to form a fused thiadiazole ring.

DA G- N
v~V
O——N v 12-62% O~—N A
Ar = OpNCgHy, 2.5-CizCgHa
lsoxazolofd 2-c)[1 2 4thladiazole
Other ring systems synthesized similarly:
S N
Z g
Y Y [2755] || \l/ [2755]
N~——N N
'—‘g _kmw

O [1.2.4]Thiadiazolo[3 4-b][1 3 4]oxadiazole  Thiazobo[2,3-cif1.2,4}thiadiazole
S [1.3.4]Thiadiazolof2,3-cf 1,2 4 ihiadiazole
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4. 1,2,3,5-Thiatriazole 1-Oxide

Thionyl chloride at ambient temperature converts a 2-acylhydrazinoazine into
a thiatriazole oxide ring in high yield.

R =Me, Ph 1,2,3,5-Thiatriazolo{4,5-c)(1.4]benzoxazine 1-oxide

z—z
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CHAPTER 19

Acylamine or Amine and Sulphonamide
or Thioureide

Formation of a Five-membered Ring
I. Imidazole

2. Imidazole-2-thione

Formation of a Six-membered Ring

1. 1,24-Thiadiazine 1,1-Dioxide

2. 1,2,4-Thiadiazine 1-Oxide
Formation of a Seven-membered Ring
1. 1,2,4-Thiadiazepin-3-one 1-Oxide

I. FORMATION OF A FIVE-MEMBERED RING

1. Imidazole

178

779
779
779
780
780
780

Simultaneous desulphurization and cyclization of an amino-thioureide (19.2) is
brought about by heating gently with methyl iodide or mercury(1l) oxide, and
a trace of sulphur. The usefulness of mercury(11) oxide in organic chemistry has
been reviewed [B-22]. A similar cyclization is effected by heating with mercury(Il)
chloride, in chloroform [2473a], or to a temperature above its melting point
(without a solvent) [2559].

s

(19.2)
R = Et, Bu, PhCHy, Ph, 2-MeCgH,
i, Mel, EIOH; ii, HgO, S, CHCh

778

H
NH, N_ _NHR
ioril, A Y
R o oS S
@i + Mel SR ©/_L [2030, 2591}
NHCNHR
Benzimidazole
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2. Imidazole-2-thione

Thiophosgene cyclizes 2-thioureidoaniline at ambient temperature to the
potentially interesting intermediate 2-benzimidazolethione (19.3).

H
N S
Me,CO, CSCl,

19.2 e emma——— 3052
(19.2) % NCNHR [3052]
R = alkyl, PhCHp, Ph Isl

(19.3)
2-Benzimidazolethione

II. FORMATION OF A SIX-MEMBERED RING

1. 1,2,4-Thiadiazine 1,1-Dioxide

The 2-N-hydroxysulphonamidoaniline (19.4) reacts with DMAD or with 4-nit-
robenzaldehyde to give this fused ring; the chemistry of 1,2,x-thiadiazines, has
recently been reviewed [3904].

cl g’
LONAD.2 COOH
BT N
cl SO,NHOH H CH,COOH
jij[ [2430)
MoGw,
ct NH, Mo, gz\
(19.9) oox NOH
cl : CeHy-4-NO,

1,2,4-Benzothiadiazine 1,1-dioxide (review [3364])

1,3-Cyclobutanediones react with o-aminosulphonamides to form a thiadi-
azine dioxide ring but with ¢-aminocarbohydrazides, two new rings are formed.
Annulation of aminosulphonamides with orthoesters (p. 103) may be improved
by heating the reactants in an excess of orthoester for 30 min, removing the
excess of it and heating the residue in diphenyl ether. N-Substituted sulphon-
amides may be used in this synthesis.

R o
R2 SONH, g2 y.
xylom TSOH, A
+ At “aem \@ )\ (2916)
NH, 7 \. CRIR?CCHR'R?

A’ = A2 = Mo or R'RZ = (CHy)4 or (CHo)s; R?=H, C!
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SO,NHR!
QL e st QX e
R2

NH,
R = Ph, 1-naphthyl, 2- or 4-Me-, 4-Meo-, 4-COOMe-CgHy; 1,2.4-Benzothiadiazine 1,1-dioxide
R? = H, Me; R’ = M, Et
i, A; W, PhO, A

2. 1,2,4-Thiadiazine 1-Oxide

The amino-sulphoximide (19.5) is cyclized by refluxing in acetonitrile with
cyanogen bromide.

RO R\ 2°
s\NH MeCN, BICN, & *N
, BICN,
T )\ [2837]
NH,
(19.5) 1.2.4-Benzothiadiazine 1-oxide

R' = Me, Ph; RZ = H, Me, CI

III. FORMATION OF A SEVEN-MEMBERED RING

1. 1,2,4-Thiadiazepin-3-one 1-Oxide

N,N’-Carbonyldi-imidazole annulates an amino and a sulphoximide on heating
the compound in an inert solvent.

o)
? R
SO==NH Sz
@ + CO(imid)z —_—-T;'N-F—b @, )=O [2450)
CHNH, N

R = Me, Et 1,2,.4-Benzothiadiazepin-3-one 1-oxide
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Acylamine or Amine and Thiocyanate

I. Formation of a Five-membered Ring 781
1. Pyrrole 781
2. Pymrol-2-one 782
3. Thiazole 782
II. Formation of a Six-membered Ring 782
I. Pyrimidine-2-thione 782

Examples of the cyclization of an o-(trimethylsilylmethyl)acylamine—carba-
mate and of a (ring-nitrogen)-thiocyanate are included in this chapter.

1. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

2-Trimethylsilylmethyl N-methylanilides (20.1) are conveniently synthesized
from a nitrobenzene by successive treatments with trimethylsilylmethyl mag-
nesium chloride at 0°C, reduction of the nitro group and N-acylation. The
anilide cyclizes in high yield at —20°C.

Me
NCR! :4“ R
g THE, LDA
%08% | [3493)
R2 CH,SiMe, R2

(20.1) Indole
R' = Ph, 4-CiCgH,, PhCH=CH; R2 « MeO, C|

781
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2. Pyrrol-2-one

When the N-acyl group in (20.1) is a methoxycarbonyl, the reaction with LDA
gives high yields of the pyrrolone.

Me
N_ _O
(20.1) -f".:—-‘—;,‘m-i-» [3493)]
R' =MeO; R2=MeO,Ph
Indol-2-one

3. Thiazole

This ring may be formed from aminothiocyanates by heating in a suitable
solvent such as ethanol, but substitution in the parent ring can inhibit cycliz-
ation. In such cases, heating in acetic acid sometimes overcomes this problem.

NH, NH,
SCN S NHAc
NZ AcC.a NZ Y
AL, = LA e
N X N
R N” “NH, A N
R = MeS, NH, Thiazolo}4,5-d Jpyrimidine

1. FORMATION OF A SIX-MEMBERED RING

1. Pyrimidine-2-thione

A chloroenamino group reacts with potassium thiocyanate under mild con-
ditions to form a pyrimidinethione ring with the peri-nitrogen atom.

MeN_ _N_ .S
ccl z
= ¥
2 Me,CO, KSCN N
o —= Lol [3070a]
COOE! £t
0o o

2,3a,6a-Triazaphenalen-6-one
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Acyl Halide and Ring-carbon or Ring-nitrogen

I.  Formation of a Five-membered Ring 783
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I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrol-2-one

One of the chlorocarbonyl groups of the malonyl chloride formed from (21.2)
reacts with a ring-carbon atom under mild conditions to give a new fused
2-oxopyrrole-3-carbonyl chloride ring. A 4,5-fused pyrrol-2-one ring is formed
when a-chloro-a,x-diphenylacetyl chloride is heated first with N, N-dimethyl-
hydrazine and then with N-ethylmorpholine (NEM) (a more efficient base than
TEA). When the hydrazine is replaced by O-methylhydroxylamine, 3-methoxy-
3-phenyl-2-indolone is the main product [2381].

= CHCh, PCl, N '
| NCH== so% l [e989)
=C(COOH), N
(o}

@1.2) _
3-Pyrrolizinone

783
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NMeR
N (o]
¢l RTMO i, ¥ [
+ oa——— 2525)
?COCl Ph
Ph 2-Indolone

R - m' Phc"z. 3.“(M°°)2CQHQCH2
I, THF, A; i, NEM, o

2. Furan-3-one

Friedel-Crafts intramolecular acylation of an aryloxyacetic acid (through its
acyl chloride) at low temperature usually gives high yields of this ring.

OCH,COCH o)
PhH, AICl
————t———
o o el ) e
o

Benzofuran-3-one

3. Thiophene

Treatment of alkanoic acids with thionyl chloride and a catalytic amount of
pyridine causes oxidation at the x-methylene group and the formation of an
a-chloro-a-(chlorosulphenyl)acyl chloride, RCH,C(SCI)CICOCI. This usually
reacts further and when R contains a benzene ring, this may be attacked with
consequent formation of a fused ring system. Unsaturated aralkanoic acids
behave similarly. Extension of this work to related compounds suggests that a
concerted elimination-cyclization operates.

s_ _coct
Ph(CHz},COOH — 1= | —<—!—  PhCH=CHOOH [2750]
¢l
i, pyr, SOCh
Benzo{bjthiophene

Il. FORMATION OF A SIX-MEMBERED RING

1. Pyrazine-2,5-dione

Attempts to prepare imidazol-4(5)-carbonyl chloride give the tricyclic pyrazine-
dione—a type of reaction which also occurs with other azolecarbonyl chlorides.
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| — | %o — | [2631]

Diimidazo[1,5-a : 1*,5-d]pyrazine-5,10-dione

2. Thiopyran-2-thione

2-Biphenyly! chlorodithioformate undergoes a Friedel-Crafts cyclization to
give a quantitative yield of the thiopyranthione.

I CS;, AICY
SGC ~100%
1]
s

[2832]

Dibenzo{b,d Rhiopyran-6-thione
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I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

Benzyne (from benzenediazonium 2-carboxylate) reacts with a 2-ethylidene-N-
formylpiperidine to form a doubly fused pyrrole ring in low yield.

CHMe
R'O R'O
NCHO
+ IO —
R20 R20
R' = R2 = Me or R'R? = CH, indolof2, 1-ajisoquinaline

786
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2. Thiophene

Side-chain vinyl and lactam thiocarbonyl groups react with bromine at 0°C to

form a thiophene ring, probably by addition, S-alkylation and elimination of
hydrogen bromide.

Ph Ph
N S /N* S COAr
CD-CI;. Bl’z
E/I —— « | | s 147
CH==CHCOAr
Ar = 4-Cl-, 4-MeO-, 4-Me-CgHy Thienof2,3bjpyridinium

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridine or Pyridin-2-one

3-Benzylidenethiochromanones (22.2) react with malononitrile and solid
sodium hydroxide in methanol without external heating to form the thiopyrano-
pyridine in moderate-to-good yield. The [4 + 2] addition of a benzylidene
ketone can give one of several possible products (p. 111) depending on the
nature of the substrates and on the two-carbon reactant. The benzothiopyranone

(22.2) also gives two different products depending on the reagent and the
temperature (see also Section [1.4).

\Gﬁuj + CHz(CN)z ——— Oi;’/\[ [3425]

[1]Benzothiopyrano{4,3- blpyridine
R=H, MOO CI Ar Ph, MeO-, CI-CgHy

0O

CN

HN l

R "N

CH,CN ACONH,, A Ph

(22) + IHz — [3935]
COOMe s

R =H, Me; Ar=Ph
[1]Benzothiopyrano{4 3-bjpyridin-2-one

2. Pyridine 1-Oxide

Cyclization of an o-alkynyl-aldoxime occurs readily on heating with a mild base.
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CH==NOH y
EIOH, K,COy. 4 ~i°
= [Brig]

CcamCR' ™

R' = Bu, Ph, SiMe;; RZ = H, MeO Isoquinoline 2-oxide
3. Pyrimidin-2-one

Condensaton of an enone with urea results in cyclodehydration and the forma-
tion of a partially reduced pyrimidinone ring.

H
o N_ O
+ COfNHgp — 002w | \E [2033)
CHAr
o o A
Ar = 3-MeOCgH, indenof1,2-d jpyrimidine-2.,5-dione
4. Pyran

The «,f-unsaturated ketone (22.2) reacts with malononitrile (and piperidine) at
room temperature to form the thiopyranopyran in a [4 + 2] cycloaddition.
1-Benzopyran-5,8-diones were unknown until their recent synthesis from acetyl-
enic quinone (22.3) by heating in toluene until the disappearence of the alkyne.
A Claisen rearrangement followed by enolization and a 1,5-hydrogen shift
probably preceded cyclization. The chemistry of heterocyclic quinones has been
reviewed [2947, 3650).

NH,
CN
07
R N
plp, EIOH A
(22.2) + CHxCN)z —— > (3425, 3935)
R = H, M@0, Mo; Ar = Ph, MeOCgH, s
. (1]Benzothiopyranof4,3-bjpyran
o} o}
o} o) R!
Phie, 4
e J B4
MeO MeO
OCHR'CmCR? 0 R
(22.3) 2H-1-Benzopyran-5,8-dione

R' = H, Me, CsHyy, Ph; R2 = H,Me
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II. FORMATION OF AN EIGHT-MEMBERED RING

1. 1,5-Oxathiocin

o-Allyloxythiobenzophenones cyclize on heating in xylene to give high yields of
this eight-membered ring product. When R' = Cl the reaction time becomes
much longer than the 0.05-1 h needed for the analogues.

Al

R? OCH,C=CH, R2 ° W
xylene,, A
“Teto% [9622)
CSPh s
PH

R' = H, Me, Cl; R? = H, MeO

1,5-Benzoxathiocin
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Aldehyde or Ketone and Azide or Triazene
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III.  Formation of a Seven-membered Ring 791
1. 1,4-Diazepin-2-one 791

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrazole

The triazenophosphorane (23.1) cyclizes when treated with a primary arylamine
in acetic acid at room temperature.

N=N-—N=PPh, N
E10H, AcOH 7 “NN=PPh,
+ 4-MeCgH(NH2 ---‘a,—‘-—'» [3979)

CHO NHCgH,-4-Me
@3.1) indazole

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridin-2-one

Thermolysis of an azido-aldehyde can produce a fused pyridine ring in high
yield.

790
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OHC S
s IJ — e
E0OCC=CH
Thienof2,3-clpyridin-7-one
Another ring system synthesized similarly:
[2781)

Thienof3,2-cjpyridin-4-one

HI. FORMATION OF A SEVEN-MEMBERED RING

1. 1,4-Diazepin-2-one

In the synthesis of the medicinally important benzodiazepine, an example of the
use of an azide as an unisolated intermediate is given in Part 1 (p. 260). The
azide may be isolated and then converted by a reductive cyclization into the
diazepinone,

R R' O
NCOCH;N, N
torli; Pe-C
J:I e (2075, 2647)
R? COPh A2 —=N
R' = H, Me; R?«Cl, Ac Ph

I, Hp: i, NoH,
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Aldehyde or Ketone and Carbamate,
Isothiocyanate or Thiourea

I. Formation of a Six-membered Ring 792
1. Pyrimidine 1-Oxide 792
2. Pyrimidine-2-thione 792
3. Pyrimidin-2-one 793
4. Pyran-2-one 793

I. FORMATION OF A SIX-MEMBERED RING

1. Pyrimidine 1-Oxide

This ring is formed by interaction of ketone and thiourea groups with
hydroxylamine.

NHCNHAr N NHAr
Il EXOH, NHOH, TEA, A Y
S — = A
2N\,
cl COPh cl o

Ar « Ph, Et, alkyl, PhCH, Ph
Quinazoline 3-oxide

2. Pyrimidine-2-thione

Cyclization of an o-benzoyl-isothiocyanate occurs at low temperatures on treat-
ment with a primary amine or hydrazine, the latter behaving as a monofunc-
tional reagent. The use of isothiocyanates in heterocyclic synthesis has been
reviewed [3593, 3990].

792
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06]

S NCS S /N S
R L. (Y'Y =
COPh XM
Ph

R = NH, PhCHg, PhCH,CHz
[1Benzothienof2,3-dpyrimidine-2-thione

3. Pyrimidin-2-one

A ketonic group annulates a neighbouring isocyanate function (formed in situ
by thermolysis of an azidocarbonyl) to form a fused pyrimidinone in high yield.

H
CON, N 0
NZ 1.PhMe,&; 2.NHy OMF N7 Y
P o - | (3085]
N Na N
COC3H4-4—CI
CGH‘+C|
Pyrimidof{4,5-d jpyridazin-2-one
4. Pyran-2-one

Urea is eliminated from the ureidomethylene ketone (24.1) when the compound
is heated with acetic anhydride in a Perkin-type reaction.

o
o o |
CHNHCNH, xn
, &
o ——M————-—m [3003]
o~ Yo 0~ Yo

(24.1) Pyrano{3.2-c}{1)benzopyran-2,5-dione
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1. Pyrazole

2. Thiophene
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Formation of a Six-membered Ring
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Cyclizations of a hydrazono ketone and of 2-acyl O- or S-(2-acylphenyl)-
carbamates are included in this chapter.

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrazole

Although a fused isoxazole (25.1) is formed in high yield from the ketonic
carboxamide and hydroxylamine (see Section 1.3), replacing the reagent with
phenylhydrazine and heating the mixture for 12h gives a very low yield of the
fused pyrazole.

794
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@ . PhNHNHz - @ l ] l20551
COAr

Ar = 4-MeOCgH,4 Pyrazolof3 4-bjquinoxaline

2. Thiophene

The formation of a fused thiophene ring from an S-(2-acetylphenyl)thiocarba-
mate is shown in Section [1.2.

3. Isoxazole

A ketoximino group (formed in situ) adjacent to a carboxamide displaces the
latter and forms this ring on heating in ethanol-pyridine.

Ny COMHe Nar O
@: I + NHoH EoPmd, l | [2088)
N/ COAr excess N/ A

Ar = 4-MeOCgH, 3
Isoxazolo{4 5-bjquinoxaline
4. Isothiazole 1,1-Dioxide

Reductive cyclization occurs when an o-acylsulphonamide is treated with
sodium dithionite in pyridine.

P
HOOC SO,NH, HOOC gi
pyr Na,s,o. NH (2561, 2764]
. Ar
NH,
R' = AIKO, NO,, AKKS; R? = NHg, AKKS; 1,2,Benzisothiazole 1,1-dioxide

Ar = Ph, Me-, Cl-CgH,

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridin-2-one

Reaction of a keto ester with ammonia (to form the keto-amide in situ) leads,
on further heating, to cyclization and the formation of a pyridin-2-one ring
[2040}. The same ring is produced under Dean and Stark conditions from the
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cyclohexanone (25.2) [2218]. In contrast to many cyclizations which involve a
carboxamide, ring closure of a 2-formyl-t-acetamide proceeds with loss of the
amide nitrogen [2375]. When methylamine is replaced by hydrazine or hydroxyl-
amine, these reagents behave as monofunctional compounds to give (25.2a,
R = NH,; or OH). The azine (25.2b) (formed as a byproduct in the preparation
of the hydrazone) is efficiently cyclized to the isoquinolinone (25.2¢, R? = NH,)
by hot mineral acid.

n‘l
COR!
1. CHsNz; 2. MoOH, NHy, & SN
% (2040)
CHCOOH 0
R? R2
R' = H, Mo, Ph; RZ= H, Ph 3-lsoquinolinone
(CHz), cMHF\2
PhMO, TsOH, A [2 1 8]
Benzolh Jquinolin-2-one

R'-HMeO A% = H, Me

R'0, CHO R'O
E1OH, R'NH,, 4 7 “NR?
—He (23751
R'O CH,CONH, R'O N0

R! = Me; R? = Me, NHp, OH or R'R' = CH, (25.29)
3-Isoquinolinone
(25.2b) 1,3-Dioxolo{g lisoquinolin-7-one
= 0.
M T
(o]

2. Thiopyran-4-one

Treatment of an S-(2-acetylphenyl)thiocarbamate (25.3) with sodium hydride-
DMF under nitrogen yields a 2-hydroxythiochromone (25.4), but in air, a
significant amount of a benzothiophene (25.5) is also formed when R = H or
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MeO. The S-arylthiocarbamates (25.3) are prepared by heating the O-analogues
at 175°C without a solvent; when 1,2-dichlorobenzene is present as solvent, an
appreciable amount of a cyclic product, namely, the 5-hydroxythiochromone
(25.6) is sometimes formed alongside the desired product.

S OH

(o]
L, s
CNMe, Q-1 o

S
R
‘@( (254) [3274)
Ac 1-Benzothiopyran-4-one

\OM&N‘"\'b*
] OH

(25.3)
R = H, OH, MeO
253) + R |
10z CONMe,
(25.5)
Benzo{bjthiophene
7-30%
I
OCNMe, S _NMe,
——— | oars
Ac
OH OH O
(25.6)

1-Benzothiopyran-4-one

1. FORMATION OF A SEVEN-MEMBERED RING
1. 1,2-Diazepine

A hydrazone group which contains a terminal NH, group and is separated from
a carbonyl by four carbon atoms may cyclize to form a diazepine ring on stirring
the compound in methanol containing hydrogen chloride.

Ar
COAr =N
MeOH-HC! \
@ T / e
?HCMe:NNH,
Ph P Me

Ar = 3,4-(MeO).CeHg 2,3-Benzodiazepine
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2. 1,4-Oxazepin-5-one

Dehydrative cyclization of the keto-carboxamide (25.7) under Dean and Stark
conditions gives a new fused 1.4-oxazepinone ring.

oc PhMe, TSOH.H,0, A ° \
e, I8 ,
@[ —— Me  [3671]

CONH, N
H
(25.7) o

1,4-Benzoxazepin-5-one
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CHAPTER 26

Aldehyde or Ketone and Carboxylic
Acid or Ester

Formation of a Five-membered Ring
1. Pyrrol-2-one

2. Pyrazole

3. Furan

4. Furan-2-one

5. Isoxazole

Formation of a Six-membered Ring
1. Pyridine

2. Pyridin-2-one

3. Pyran-2-one

Formation of a Seven-membered Ring
1. Azepine-2,7-dione

2. 1,2-Diazepin-3-one

3. 1,4-Diazepin-5-one

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrol-2-one

Passing a current of dry ammonia for 10 h through a solution of the keto ester
(26.4) converts it into a lactam while hydroxylamine in methanol gives a
6,7-dihydroxy derivative.

ﬁ HO Ph
PhC
Y PhH, NH, HN N
| N e | g
N _N
E10C o
g (26.4) Pyrrolo{3 4-dlpyridazin-5-one

799
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2. Pyrazole

Treatment of a f-ketolactone with hydrazine leads to a new pyrazole ring being
formed, and replacement of the lactone by a pyrrolone ring. A carboxylic acid
group is displaced by a neighbouring phenylhydrazono group on heating in
ethanolic hydrogen chloride; (26.5) is thus formed (cf. the formation of an
isoxazole ring, Chapter 25, Section 1.3).

o) 0
N _Ar
o+t AL o NN sy
+
" 38-88%
CH,CAr

Ar = 4-MaO-, 4-F-, 4-CF3-, 3-Me-CgHy, 2,4,6-Ma3CgH2 PyrazoloS, 1-ajisoindol-8-one

Ar
COOH N
N\ EtOH, HCI, & N\ N
> v
N COAr N Ar

(265
Ar = 4-MeOCgH, Pymzobls.#blt);\:inoxalim

3. Furan

The formation of a ketene (some are too unstable to be isolated) from a
CHCOCI group and TEA is believed to be a step in the cyclization of o-formyl(or
o-acyl)phenoxyacetic acid. Conversion of this into a furan ring is accompanied
by decarboxylation. Two other methods of producing the ketene were applied
successfully to the synthesis of a benzofuran. A ketene may also be generated
in situ by heating a 4-toluenesulphonyl ester with TEA. Recent work on benzo-
furans has been reviewed [3894].

R‘
{
OCHCOOH R
T s OO
COR? R?
R' = H, Me, Et, Ph; R? = H, Me, Ph Benzofuran
i, (COCl), PhH; ii, PhH, TEA
Ph

I
OCHCOOH o._ _Ph
, TeCl,
@E ﬂ{;—ﬁ» /@I e
R! COR? R' R?

R' = H, MeO; RZ=H, Mo
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4. Furan-2-one

o-Aroyl carboxylic acids react with refluxing thiony! chloride over 4h to give
high yields of fused furan-2-ones.

cl. Ar
SN SOCl & o SN
| — 2l | i [3081)
HOC o

Furof3,4-dlpyridazin-5-one
Ar = Ph, 2-C}, 4-C)-, 2-F-CgHy

5. Isoxazole

The synthesis of this ring from carboxamido and keto groups (Chapter 25,
Section 1.3) also occurs with carboxylic acid and keto groups; in this way, the
isoxazolo[4,5-b]quinoxaline (25.1) is synthesized in 70% yield [2055).

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridine

Keto and carboxylic ester groups in side-chains are annulated by reaction with
ammonia. In this example, the reactants are heated in molten ammonium
acetate.

NH,0Ac, NH3, A
o I 1 Twem T fasea)
MeOC(lIH
R
R = H, Et, COOMe

2. Pyridin-2-one

An attempt to prepare the oxime of the dibenzyl ketone (26.6) by heating it with
hydroxylamine hydrochloride-sodium acetate gave the N-hydroxyisoquinoline
as the only product [2120]. In a similar cyclization of a keto acid, ammonium
acetate provides the nitrogen atom [2140]. Ammonium carbonate in acetic acid
may also be used [2257).
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(o}
N
@ + NH2OH —E-'Q-H_‘%N-"_A» [2120)
cH,ﬁcuzpn CHPh
1-Isoquinolinone
(26.6) CHoAC
MaO COCH, A MeO. X
:@ w.::nuu N e
MeO' 'CH,COOH MeO' o)
Ar = 3,4-(MeQ)2CeH3 3-isoquinolinone
H
N o}
CHO COOMe |
ACOH, (NH),CO;y 7
LD == (L1 =
Fiuoreno[1,9,9a-cd Jpyridin-3-one

3. Pyran-2-one

Heating the keto ester (26.7) with sodium hydride and a catalytic amount of
t-butyl alcohol converts it into the isocoumarin in good yield. A 2-acyl(or
formyl)indole-3-acetic acid is cyclized by heating in acetic anhydride or on
stirring with the anhydride for 36 h [3741, 3937]. The latter process is sometimes
shortened by addition of boron trifluoride dietherate [3742].

o
COOE!
% ? (3156}
R CH,COR? ‘ R! R?
(26.7) 2-Benzopyran-1-one
R' = H, MeO; R? = Me, Pr, MeCH=CH, Ph
H H

N_ _CHO Ne -
Ac0,a Z ™o
| — « [3399)
CH,COOH o

Pyrano{3 4-bfindol-3-one
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Other ring systems synthesized similarly:

07 s ° N s
|| ©7ss) | (3758
AF O~

Thieno{2,3-clpyran-5-one Thieno[3,2-dpyran-6-one
] s Z o
[3741, 3742} [3742)
X X o] X (o]
X = NH Pyrano[4,3-blindol-3-one Benzothienof2,3-dpyran-3-one

X = S Benzothieno{3,2-clpyran-3-one

L

[3037]
X (o]
2-Benzopyran-3-one

A degradation product of the naturally occurring isophellopterin is syn-
thesized by reductive cyclization of the acetylenic quinone (26.8) using a slightly
poisoned catalyst {3416] (review of heterocyclic quinones [3650]). Acid-promoted
dehydrative cyclization of a 2-oxophenylacetic acid gives the 4,5-fused pyranone
in high yield [2102]. This process may be brought about thermally [2463] or in
the presence of DBU [3915]. The chemistry of DBU has been reviewed {3364).

0 (l:OOMe
CamC
z THF, HaPd-C
& | — (o416}
OMe
(o]
(26.8) Furof2,3-h)1benzopyran-2-one
Ph
COPh
H;50,. 4 Z 0
— [2102)
(".HCOOH N (o]
Ph Ph
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[2463]
Indenof2,1-cj2Jbenzopyran-5,1 1-dione
i
OC(CH,),,COOEt O. o]
CHO # (CHa),COOEL
n=36 1-Benzopyran-2-one

III. FORMATION OF A SEVEN-MEMBERED RING

1. Azepine-2,7-dione

An intramolecular Knoevenagel reaction can be used to annulate aldehyde and
carboxylate groups using cyanoacetamide or malondiamide to complete the
azepinedione ring.

[e]
H H
N COOE! CONH N NH
L[ St [ o e
CH.R
CHO ==
R
A « CN, CONH2

Azepino[3,4-bjndole-1,3-dione

2. 1,2-Diazepin-3-one

2-Aroylphenylacetic acid is annulated by reaction with a hydrazine in boiling
butanol or xylene—a more convenient reaction than that of the less readily
obtained aroylphenylacetic ester hydrazone previously used.

Rt
COR! =N
SIS O
CH,COOH
o

R' = Ph, 4MeOCgH,; R% = H, CI; R® = H, Me
2,3-Benzodiazepin-4-one
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3. 1,4-Diazepin-5-one

A cyclic 3-oxo carboxylic ester and o-phenylenediamine undergo a thermal
cyclization in moderate yield.

NH, s N N
o 0= QLY -
NH, MeOC S
o O

[1]Benzothiopyrano{4,3-bj{1,4]benzodiazepin-7-one



CHAPTER 27

Aldehyde or Ketone and Ether

I. Formation of a Five-membered Ring 806
I. Pyrrole 806
2. Pyrazole or Imidazole 807
3. Oxazole 807
1I. Formation of a Six-membered Ring 808
1. Pyrimidine 808
2. Pyran-4-one 808
3. 1,2-Thiazine 1-Oxide 808

Cyclization of an o-acyl-sulphoximine is described in this chapter.

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

The labile alkoxy group of an alkoxyquinone is displaced by a primary alkyl-
amine at ambient temperature, and a side-chain keto group reacts with the
amino function to form this ring. Reviews of the chemistry of heterocyclic
quinones are available [2947, 3650].

(o] o

2
OR! : Me
RPNH,, MeOH, A
D e yTEia
JOONE— (Y e
CHzAC
o 0
R' = alkyl; R? « alkyl, aliyl Benz{fjindole-4,9-dione

806
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2. Pyrazole or Imidazole

The 2-methoxytropone (27.2) reacts with an amidine and a strong base to give
a fused imidazole which was the only cyclized product; guanidine cyclizes the
tropone efficiently over 24 h without a base. Although ureas failed to effect
cyclization, thiourea under similar conditions gave an 81% yield of the imi-
dazole (R? = HS) over 2h. The isomeric 3-R'-2-methoxytropone gave lower
yields of imidazoles.

Me

R2CNH Y

2 E!OH.H)HIA

o + || = [3296]
R‘

(27.2)

O
Rw E : R%=Me, Ph
o>("° Me, Ph, NHz

i, no base; ii, EtONa or KOH

Cyclohept{dJmidazole

Another ring system synthesized similarly:

l (3296}

Cyclohepta[clpyrazole

3. Oxazele

N-Phenacyl-2-pyridinium salts cyclize on heating in pyridine, the methylthio
group being lost (cf. Chapter 36, Section 1.3). Simultaneous Beckmann rearrange-
ment, demethylation and cyclization converts an o-alkoxy-ketoxime into a fused
oxazole ring.

Ar /N SMe Ar /N 0. Ph
T " I [+ tesea
™ NCHzﬁPh N
(o}

Oxazolo[3,2-ajpyrimidin-4-ium
Ar = Ph, 4-Cl-, 4-MeO-, 4-Me-CgHy
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OMe O. R
X =z (LY e
(l>=NOH
Benzoxazole

R
R =Me, Et, Ph

2. FORMATION OF A SIX-MEMBERED RING

1. Pyrimidine

Displacement of an alkoxy by a basic nitrogen group results in the formation
of a C—N bond; when the nitrogen is part of an amidine, the other nitrogen may
attack a suitably positioned carbonyl to form a fused pyrimidine ring.

N R
_MeONa MeOH__ Y
[2395]
R CNHZ sz-m l P N
0 Me
A =H, Me, CCIa. NHz. MeS Indenc{t 2-d jpyrimidin-5-one
2. Pyran4-one

One of the less common methods of forming this ring is by heating an o-ethoxy-
propyl-1,3-dione with TEA for 12h.

H H
N OEt N 0. Ph
Y e OO
CHPhCPh Ph

Pyranof2,3-bjindot-4-one

o0=0
(o}

3. 1,2-Thiazine 1-Oxide

Treatment of a 2-(dimethylsulphoximino) ketone with sodium hydride can give
one of two anions but the product formed suggests that a hydrogen ion is
removed from the MeS group.

o] o
=g " "o
DMSO,
Me ———i {2002]
™% 2
Ac
o Me

2,1-Benzothiazin-5-one 2-oxide
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1. 1.5-Diazocin-2-one

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

2-Halogenotropones (or 2-tosyloxytropone) (28.1) may be cyclized to cyclo-
heptapyrroles by reaction with either a cyclic or an acyclic f-aminoenone, or an
N-vinyliminophosphorane in the presence of a mild base such as TEA or

TEA-potassium carbonate [3942, 3528].

809

Prolonged heating of the
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chloroketopyrimidine (28.2) with a primary amine in ethanol gives good yields
of a fused pyrrole [2049].

R! R‘
0
la“crm2 dax, TEA, K00, A
R ¥ cncn‘ T I ol
g COR?
(28.1)
R' «Br, Cl, T90; R? = H; Cyclcheptaltipyrle
R3 = Mo or R; R = (CHy),,, CH.CMe,CHy;
R2
n=34; R* « MeO
N R
— 7
@1 o TTCH:  _PwTEAs | (3528]

=PPh3 R2-71%

R'=Br,Cl; R?=H, Br; R® = Mg, Bu, Ph

N
Y + ANHp —oOHa
NH

58-77%
AcCH;
o
(28.2) .
R = HO(CHy), 2-furyl Pyrrolof2,3-d]pyrimidin-4-one
Another ring system synthesized similarly:
(CIPHz)2°“
Me N N
RS
|| WN [2049)
2
NMQz
Pyrrolof2,3-d]pyrimidine
2. Pyrazole

Under acidic or weakly basic conditions, an o-chloro-aldehyde or -ketone reacts
with a phenylhydrazine to form a fused pyrazole ring in good yield [2055].

N\ Cl

QU o s QLY
P
N COAr

Ar = 4-MeOCgH, Pyrazolo[3,4-bjquinoxaline
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H H A
N_ _CI N_ _N.
/E I + ANHNH, -SLactas, /E |l ﬁ [2418]
P Ns” NcHo P s
A Hy

= 4-CiCl Pyrazolo{3,2-cf[1 4]thiazine

Other ring systems synthesized similarly:

H A H A
N N‘N N NS,

@ |l I} l241e) qp [2418)
S

Pyrazoloj4,3-bf1.4Joenzothiazine Pyrazolo{3,4-bj{1 benzazepine

3. Imidazole

A reactive nuclear 2-bromoazole carrying an N-oxomethyl chain reacts with a
primary amine to form this ring.

R2
Ph N N R!
m: =N
I—NCH,COR‘ e : I—\r'a/—]/ feaedl
Ph

R' = Me, Ph; R? = Ph, MeCgHs imidazo{1,2-ajimidazole

4. Furan

Bromine reacts at room temperature and in the absence of light with the
acylmethylquinone (28.3) to give good-to-excellent yields of the quinonoid
heterocycle—a class of compounds which has been reviewed [2947, 3650]. An
oxygen enolate ion intramolecularly displaces a fluorine atom in pentafluoro-
phenyl compounds with the formation of fused furan ring.

(o] (o]
SEt ® R
O, = QLT -
CH,COR
(o] o]
Naphihof2,3- bjfuran-4.9-dione

(283)
R = 8By, Ph, Ck, 4-F-, Br-, 4:MeO-, 4-NO-CgH,
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F F
F F. O R

_Naou . |
" 13-76% —CH_CR
F CH,CR F

R =H, Me F

Benzofuran
5. Thiophene

When the amine used in the cyclization of a pyrimidine related to (28.2) is
replaced by thiourea, sulphur is incorporated in the newly formed ring [2050].
Bromo and carbony! functions may be annulated by reacting with a thioamide
[2933]. A stronger base than sodium carbonate (p. 131) is sometimes preferred
in the cyclization of a haloaldchyde [3267].

Y + CS(NHy)» __Eg_".A_.. Y [2050}
AcCH;

[2269]

Rz
R' = H, MeS, Me; R?« SH, Me, MaN Thlonolzs-d]pyrhidine
Phe_ s
~
N MeCN Ef s7 =N
Lo+ e _Eoms [2033]
N S
BrCH;

Thienof3 4-d}-1,2,3-thiadiazole

II. FORMATION OF A SIX-MEMBERED RING
1. Pyridine

2-Bromobenzaldehydes are coupled to arylboronic acids (28.4) by heating with
triphenylphosphine; coupling is probably followed by loss of the N-protecting
group. The aldehyde group of the pyrimidinedione (28.5) forms a bond with the
electron-rich carbon of the 3-hydroxyaniline while the chlorine is displaced by

the amino group. -

g
SO U = IO v
CHO  BocHN &

Phenanthridine
R = H, MeO; R? « H, MeO, NO; n’ H, MeO
i, PhMe, PPhy, N, A
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Another ring system synthesized similarly:

(3447}
[1.3]Dioxolo[4,5-j]phenanthridine
H R? R?
cl N_ O HO NH HO N N. .0
Y e, i Y 3583,
’ NR! + 38-74% P NR! [ ]
OHC
o o
(28.5) Pyrimidof4,5- biquinoline-2,4-dione

R' « Me, Ph; R? = alkyl

2. Pyridin-4-one

Ring closure by reaction between an amino and a fluoro function is a frequently
used method (see Chapter 9); it is sometimes convenient to use a heterocyclic
carbonyl group as a precursor of the amine, and thus reduce the number of
compounds that have to be isolated and purified in a multistep synthesis.
Pyrimidinediones are susceptible to this type of conversion as is demonstrated
in the synthesis of a diaza-acridinone.

0 0
it
c
- bIJH LE W SN 364
_N % I /,& [3647]
Fo gu
(28.6) -
i, pyr. POClg, &; H, CHyCla, BuNHy, A: Pyridazinofd,5-biquinolin-10-one
ili, DMF, K2CO3, A

3. Pyridazine

Complexes of chlorobenzenes with iron (cyclopentadienyl)hexafluorophosphate
have useful reactivities, for example, in cyclization. The complex (28.7) is
cyclized with hydrazine to a dihydrocinnoline complex; the metallophosphate is
removed and the ring is aromatized by sodamide.
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cl N\\N
sNH [3481)
L
CHCOR? R?

met lli‘ 8

R' = Me, Ph; R?= H, Me; met = Fe-cyclopentadienyl-PFg
i, CHaClp, DMF, NoHg; i, CH2Clp, NaNHg
4, Pyrazin-2-one

Trichloromethyl and carbonyl groups react at or below room temperature when
the compound is stirred with methylamine, and the former substituent is lost.

o)
[' \_\r 2 THE, MoNH, EI \I “NMeo io41e]
NCH,C(CH,) C) 1%
Hzg( e \/k(cuaw
Pyrrolo{1 2-ajpyrazin-1-one

5. L,2,4-Triazine

A side-chain carbonyl is annulated to an activated nuclear bromine or chlorine
by reaction with hydrazine hydrate or methylhydrazine.

NO, NO:
Br N
N XY 0 NH, H:0, & NJ\\( N
I&/ I —wew I | [271€]
N
L PRy
R = Ph, 4-CICgH, Imidazol5,1-c{1.2 4]triazine
Other ring systems synthesized similarly:
H
N N ON N N
\ N A N
Ssag it e g i
Me Me
[1.2.4]Triazinoj4,3-ajbenzimidazole [1.2,4]Triazolo}5,1-c}{1.2 4]riazine

6. Pyran-2-one

A fluorine atom adjacent to a carbonyl group in a benzenoid compound is labile,
as is exemplified in the synthesis of a coumarin from 2-fluorobenzaldehyd~ and
a reactive methylene-containing carboxylic acid.
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F 0. O
ArCH, Ac0, TEA, A
+ | — [3357]
COOH Z
CHO Ar

Ar = Ph, 4-Cl-, 4-Me-CgHgy, 2- or 3-thienyl 1-Benzopyran-2-one

7. Pyran-4-one or Thiopyran-4-one

Annulation of a ring-ketone and a fluorine atom (attached to different rings) is
achieved by heating the compound (28.6) in either DMF containing potassium
carbonate or pyridine-phosphorus pentasulphide.

(o}
loril, & = N
e ——————————————
(28.6) s | A (3393}
X

i, DMF-K2C03; §, pyr—P2Ss

X = O [1)Benzopyrano|2,3-dpyridazin-10-one
X = S [1]Benzothiopyranof2 3-djpyridazin-10-one

HI. FORMATION OF A SEVEN-MEMBERED RING

1. L,4-Diazepine

Neighbouring aldehyde and halogen functions react with an o-phenylenedi-
amine to form a new doubly fused diazepine ring, but this may not be the major
product. For example, the chloroaldehyde (28.8) reacts on heating with the
diamine in ethanol to give a 63% yield of 2-(2-chlorocycloheptalb]pyrrol-3-
yl)benzimidazole and a 29% yield of the fused diazepine. Hexamine (review
[2966a]) supplies the second nitrogen atom in the cyclization of a 2-(w-
bromoethylamino)benzophenone.

CHO HN
—— EtOH, A
+ e
N SC  HN
(288)

Cycioheptafd]pyrrolof2,3-bjf1,5jbenzodiazepine

R
NGH,CH,Br N
/@: + (CHIONy  —pi™ 3 (2328}
cl cO cl =N

R=H,Me Ph 1,.4-Benzodiazepine Ph
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2. 1,4-Diazepin-2-one

Annulation of haloacylamino and keto groups to produce a 1,4-benzodiaze-
pinone (p. 135) is improved when ammonia is replaced by ammonium car-
bonate [2992] and when hydrochloric acid is present [2993]; a different mechan-
ism is proposed on the basis of work using ['*Clhexamethylenetetramine [2993].
The role of R and R? (see p. 135) in controlling the amount of the imidazolidine
byproduct is discussed [2993]. The relative usefulness of ammonia (under
pressure), ammonium carbonate and hexamethylenetetramine (hexamine) in
this cyclization is considered [2992).

3. 1,4 Oxazepine

2-Chloroquinoline-3-carboxaldehydes condense with 2-aminophenol on
heating first in THF and then with carbonate-DMF,

N=
N OHC R R
P Z L 7 2352
+ ~ | 92-100% - (3352
c N 0 N

R = H, MeO, Mo Quinof2,3-bj{1,5jbenzoxazepine
i, THF, 4; ii, DMF-K2CO3, A

IV. FORMATION OF AN EIGHT-MEMBERED RING

1. 1,5-Diazocin-2-one

A benzophenone carrying a d-chloro side-chain cyclizes on stirring with meth-
anolic ammonia. The chemistry of benzodiazocines has been reviewed [3355,
3366).

o)

Q H
1 H
NHCCH,CH,CI
MoOH-NH,
Q T fases]
R CPh R —N

11
o] Ph

R=Br,Cl 1.5-Benzodiazocin-2-one
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Cyclization of a sulphonamide containing a modified bis(methylthio)ketal is

included in this chapter.

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

When the dithioacetal S-oxide (29.1) is stirred in dichloromethane containing
hydrogen sulphide and hydrochloric acid, it is efficiently cyclized to a I-arylsul-

phonyl-2-methylthioindole.
817
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NHSO,Ar N SMe
CHZCly, HS, HC!
CH=?SOM9

SMe Indole
(29.1)
R = H, Br, Cl, Me; Ar = Ph, 4-MeCgH,

2. Furan

Salicylaldehydes such as (29.2) condense with ethyl bromomalonate in the
presence of a mild base to give a fused furan ring [2468]. Heating a methoxy-
aldehyde (29.3) at about 175 °C with PPA causes demethylation and cyclization
[2491]. A 2-(B-oxoalkyl)phenol is cyclized by heating with 4-toluenesulphonic
acid to a 2-substituted benzofuran [2089], but when the carbonyl group is
attached directly to the phenolic ring, heating with chloroacetonitrile or chloro-
acetamide can give high yields of a 2- or 2,3-substituted benzofuran [2276].
2-Benzyloxychalcones are readily prepared, and when treated with thallium(I1I)
nitrate, they are oxidatively rearranged to the ketoacetal (29.4). When the latter
is stirred with hydrobromic (or hydrochloric) acid, or is catalytically debenzyl-
ated and then stirred with mineral acid, it is cyclized to the benzofuran [3911].
Recent progress in the chemistry of fused furans has been reviewed [3894, 3983].

Ph OH O. COOH
Qv =2 LY
CHO

(29.2) Benzofuran
OMe o l
) —PPAL \ [2491)
2%
N (o] N (o]
Me Me
(20.3) Furo[3,2-cjquinolin-4-one
Bu OH Bu o) 1Bu
ﬁ PM".:;:H.A ' [2089]
CH,CiBu
OH OH

OH 0. R2
OMF, KCO,,
a‘—@i + CICHR® _._1_.__‘1.. n‘«m [2276)
COR? R?

R! = H, Me, MeO, Ci, Br; R2 = H, Me, Et, Ph; RY = CN, CONH, Benzofuran
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OCH,Ph o _Ar
HBr or H,, Pd-C, HC!
R‘@[ —mm "m [4008)
CHCOAr
CH(OMe),

(29.4)
R = H, MaO; Ar = Ph, MeO-, HO-CgHy, (MeO),CgHa

Hydroxy and lactam carbonyl functions attached to different rings are readily
converted into an ether linkage joining the two rings. The hydroxy is sometimes
generated in situ from a methoxy by the action of pyridine hydrochloride or
other dealkylating agent [3001, 3568]. Another variation is to heat the hydroxy-
lactam with aniline for several hours, but the nucleophilic properties of the
amine may affect other parts of the ring system, as in the example [3482). The
usefulness of pyridine hydrochloride as a demethylating agent has been
reviewed [2891], as also has the chemistry of condensed furans (3779, 3894].

o
ppicLa (3001]
%
N o
H

Benzofurof2,3- bjquinolin-11-one

Another ring system synthesized similarly:

=
Tsow o
N/ O

Benzofurof2,3-blquinoline

N IN
HNTTS EIOH, PhNH;, & HNT
N, p-
N % PhHN N O
Naphtho{1.2 : 4,5]iurof2,3-e}{1,2,4triazine
3. 1,3-Dioxol-2-one

When a cyclic 2-hydroxy ketone reacts with phosgene at room temperature, a
high yield of the fused dioxolone is obtained.
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Ph Ph
o o_ 0
0,8 o Y
+ COCl, — [2778)
OH
Thienof3.4-d][1.3)dioxol-2-one 5,5-dioxide

4. 1,3-Oxathiol-2-one

This ring is formed by reaction of neighbouring hydroxy and lactam thiocar-
bonyl groups with carbonyldi-imidazole and sodium imidazolide (Nalm) at or
below room temperature. The product is a cyclic thiocarbonate which acylates
amines under mild conditions.

OH 0. o]
l = THF, COL, Naim e j \( o054
0% g s }
u S N
1,3-Oxathiolof4,5- blpyridin-2-one

5. Oxazole

Neighbouring acetyl and hydroxy groups are annulated when the compound is
treated with sodium azide in a Schmidt reaction which is followed by cyclization.

o . 0
R! OH o,  Me
CHCly, Nal, \r
S~ e - [3211]
it
A2 o R?

R=Br,I; R2=H,Br Cyciohep{doxazol-8-one

II. FORMATION OF A SIX-MEMBERED RING

1. Pyran

Although the pioneering work of Schweizer [B-12] demonstrated that a Wittig
reaction may be applied to the synthesis of 2H-chromenes, synthesis of other
chromones and pyranopyridines by this method has only fairly recently been
accomplished; this procedure is possible largely as a result of another discovery
of a method of synthesizing 1-aryl-3-alkoxyprop-1-enes from a benzaldehyde,
2-hydroxytriphenylphosphonium chloride, potassium carbonate and an
alcohol.
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3-Nitrobenzopyrans are potentially valuable intermediates in the synthesis of
other 3-substituted derivatives, and are formed in good yield from the reaction
of o-hydroxybenzaldehydes with B-nitrostyrenes [3087]. The synthetic uses of
nitroalkenes have been reviewed [3123]. An analogous method using acrolein or
a vinyl ketone leads to a benzopyran-3-aldehyde or -3-ketone [2618]; on the
other hand, ax-cyanothioacetamide (reviews [3114, 3331]) gives 2-imino-l-
benzopyran-3-thiocarboxamide [2926).

R R
OH o
z PhCI, K,CO,, x“
xk | + PhoP(CHOH  ——ie |\ | P {3970}
Sy Ncwo  of
R=H,MeO; X=NorCH; Y =CHorN X =Y = CH 2H-1-Benzopyran

X =CH; Y =N Pyrano[3.2-blpyridine
X = N; Y = CH Pyrano|[2,3-clpyridine

OH o N
R + NCHsCHNO; —as—> R [3087]
F
CHO NO,

R = H, MeO, CI, NOy; Ar = Ph, EtOCH, 2H1-Benzopyran, 2-aryl-
OH
@[ * CHp=CHCA —5————> @:l [2618]
CHO o
(29.4) 2H-1-Benzopyran
R=H, Ac, Ph

Enaminones react with 2-hydroxybenzaldehydes on prolonged heating under
Dean and Stark conditions to give chromenes. Peri-cyclization of aldehyde and
hydroxy groups by reaction with ethyl chloroacetate in an alkaline medium
produces a pyrano derivative in high yield. Peri-annulated naphthalenes and
similar compounds are discussed in a review [3905}].

OH . o) NR3
CHCORZ  phwe,
R! + 1 W’f‘“- R! (3369)
CHNR} F
CHO COR2

R! = H, halogen, MeO, NO; RZ = Me, Ph; NR? = morpholine
COOH

o
(L
CH,Cl

+ | DMF, ﬁ& A
COOE! 8%

OHC HOOC
{1}Benzopyrano{6,5 4-def 1 Jbenzopyran

HO'
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2. Pyran-2-one

An o-hydroxyaraldehyde reacts with a cumulative phosphorane or acetic
anhydride-trimethylamine (TMA) to form a new pyranone ring (2777, 2413].
Heating salicylaldehyde with either cyanoacetamide or cyanothioacetamide
(reviews [3114, 3331]) often gives high yields of the corresponding pyran-2-one
or -2-thione [3907]. N,N-Dimethyl(dichlorophosphoryloxymethylene)am-
monium chloride (DDA) phosphorylates and activates carboxylic acids to give
compounds of the type RCOOPOCI,; these, in the presence of TEA, cyclize
o-acylphenols in high yield [3159]. DDA is prepared from DMF and phos-
phorus oxychloride.

y o
o
segi-ENge
c..o %

Naphthof2,1-blpyran-3-one

Cl
Cl OH
M;O TMA, &
. O:j [2413]
Cl CHO
Ct

t?Hz o X
EtOH, M. o
S @(I
CH,CN CXNH,

X=0,8 1-Benzopyran-2-one
1-Benzopyran-2-thione
OH R o. O
@ I Z'ORH + DDA —iemhi, (3159)
CR! A g
1]
(o] R
R' « H, Me; R? = PhCHy, COOE!, Ph, PhO, PhCOCH, 1-Benzopyran-2-one

2-Hydroxy-3-carbonylated pyridines are available from the o-metallation of
2-halopyridines followed by reaction with a nucleophile. These hydroxy or
methoxy pyridines, under Perkin reaction conditions, are converted into pyrano-
pyridines. Replacing the CHO group by a 2-methoxyaroyl group can lead to the
synthesis of tricyclic compounds such as benzopyranopyridinones [3751].
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N _OH N, O .0
| + RCHLCOOH + A0 ——=—» | [3751]
S cHO N a
R = Ph, 4-FCgHy, 3,4,5-(MaO)3CgHg, pyridin-4-yi Pyrano{2,3-bjpyridin-2-one
Another ring system synthesized similarly:
20N
Ll [3751)
N Z
Q

X = CH; Y = N [1]Benzopyrano|2,3-bpyridin-5-one
X =Y =N Pyranof2,3-b : 6,5-b)dipyridin-5-one

Malonic acid derivatives have been widely used to synthesize fused pyran-2-
ones from 2-hydroxyacetophenones [3337]. The uses of cyanoacetamide have
been reviewed [3114). An interesting alternative to these malonic acid-based
reagents is diphenyl sulphoacetate (29.5a) which reacts in a mildly basic environ-
ment. Variations (29.5b—d) on its structure (see table) have been studied and
some of these lead to sultones (29.6) instead of coumarins [2741].

OH o_ 0O
@i + RCHCN  —= ”"f’mm L [3337]
A Z NN

R = CN, COOE!, CONHz Me

XSO,CH,Y X Y
(29.5) (29.5) a COOPh PhO
b COOPh PhNH
¢ CONHPh PhNH
d COPh PhO
Another ring system synthesized similarly:

(o]
CN
T 1
=N Me
[3337)
N (o]
Me

Pyranoj3,2-cjquinoline-2,5-dione
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(20.4) 1-Benzopyran-2-one [2741]

(29.6)
1.2-Benoxathiazine 2,2-dioxide

Meldrum’s acid (review [3949]) and DMF supply three carbon atoms in the
two-stage low-temperature conversion of a 2-methoxybenzaldehyde into a cou-
marin-3-carboxylic acid.

OMe 0. _O_ Me o. O
1. OMF 2.
{I Yo e @:I pess
CHO Z Ncoo

R = H, Br, MeO o

3. Pyran4-one

The phenolic aldehydes (29.7) or their acetals are cyclized by mineral acid; this
leads to 2-unsubstituted chromones (R? = H) or isoflavones (R?> = Ar) [2181,
2147]. The corresponding phenolic aryl ketones similarly give flavones in high
yield [3120); these substrates may also be cyclized under weakly basic conditions
[2138, 2325]. DBU (review [3364]) may be used instead of potassium hydroxide
[2340] in the Baker-Venkataraman synthesis of chromones (see p. 531) but
yields may be low [3915] as compared with the cyclization of 2-aroyloxyaceto-
phenones to give flavones [3660]. Suitably placed lactam carbonyl and hydroxy
groups may react by heating with methanolic hydrogen chloride [2117].

H o
n\..@[o e e R | reraz.2181)
COGHCHO R?
A

(29.7) 1-Benzopyran-4-one
R' = H, MeO; R? = H, 4-MeOCeH4
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25
/N OEt e /N O. Ph
. | o e . QJ:“J/ (2138}
CCH,CPh
i !

Pyrano[2,3-bjpyridin-4-one
Another ring system synthesized similarly:
[2325)
o Pyrano(3,2-cipyridin-4-one
1l
OCR OH 0. R
@: Phide, DBU, & I [ o
Ac ﬁCHzﬁR
R = (CH2),COOE!, n = 4-6 o o o
i
PhCOO OCPh HO O. _Ph
AcOH, AcONa,
L e "
Ac
(o)
1-Benzopyran-4-one, 2-aryl
Q o
]
C
MoOH-HCI, A
0 == QO e
N (o] N
O R R

OH

R = H, Me [t]Benzopyranof2,3-blindol-11-one

4. 1,3-Oxazin-2-one

Chlorosulphonyl isocyanate (reviews [324, 3147a, 3340] cyclizes 2-hydroxy-
aldehydes and -acetophenones in good yields; the corresponding benzophenones
are not cyclized in this way. Methyl isocyanate in alkaline solution also reacts
with salicylaldehyde to give a high yield of a fused oxazinone.
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$0,01 F°
Y
R R [ o
CR! Z

i
o R!
R' = H, Me; RZ = H, Cl, Me 1,3-Benzoxazin-2-one
o}
E1OH, KOH Y
(29.4) + MeNCO ——— Nite [2095]
OCONHMe

5. 1,4-Oxazin-3-one

Catalytic debenzylation of the ketoamide (29.8) is accompanied by cyclization
and, if desired, the hydroxylactam produced may be dehydrated to the 2-methyl-
ene derivative (29.9, R'R? = CH,) (which is a degradation product of auro-
momycin, an antitumour antibiotic) in 94% yield by treatment with methane-
sulphonyl chloride-N,N-di-isopropylethylamine.

MeO OCH,Ph
_MoOH.Hy PO-C__
B T (3187
NHCOAc
COOMe

(2.8 (29.9)
R'=Me; R2=OHor R'R? = CH, 1,4-Benzoxazin-3-one

6. 1,2-Oxathiazine 2,2-Dioxide
A synthesis of this fused oxathiazine 2,2-dioxide is shown in Section I1.2 [2741].
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Aldehyde and Ketone; Dialdehyde or Diketone

1. Formation of a Five-membered Ring
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Pyrrole

Pyrrol-2-one

Pyrazole

Imidazole

Furan

Thiophene

Isoxazole

Furazan or Furazan 2-Oxide

1,2,5-Thiadiazole or 1,2,5-Thiadiazole N- or S-Oxide
rmation of a Six-membered Ring

Pyridine

Pyridazine

Pyrimidine

Pyrazine

Pyrazin-2-one or Pyrazin-2-one 4-Oxide

1,2,4-Triazine

Pyran-2-one

1,3-Dioxin-2-one

1,2,6-Thiadiazine 1,1-Dioxide

HI. Formation of a Seven-membered Ring

1

Examples of the cyclization of dioximes are included in this chapter.

1,4-Diazepine

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole
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838
838

A 1,4-diketone [such as (30.1)] cyclizes to a pyrrole on being heated with
ammonium acetate-acetic acid. Several possible mechanisms have been

827
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proposed for the rearrangement which occurs durng this reaction. When the
triketone (30.1) is dissolved in liquid ammonia, a 3H-indoline is formed and may
be thermally converted to the S-indolizinone [3392). Indoles in which the
benzene ring is reduced may be synthesized from 2-(2-oxoalkyl)cyclohexanone
and an amine [2130]. Diels-Alder reaction of a butadiene and 1,2-dibenzoyl-
acetylene gives the diketone (30.2) which is a useful intermediate for the forma-
tion of fused five-membered rings. Ammonia or a primary amine yields isoin-
doles [2281].

OH
Me, O N Ar Me,
Mo | S A Me - '
cnzﬁh 60-74% N (3382}
Me © Me A
{30.1) S-indolizinone
Ar = Ph, 4-Br-, 4-Me-CgH,; i, AcOH, AcONH,
AN
o) N Ph
AcOH, . A
R CH,CPh R
R = H, MeO; Ar = 4-HOCgH, Indole
Ph
COPh
1 Lilori.a 1 7 “NR?
R + RNHy 2, R [2281)
COPh Ph
(30.2) isoindole

R' = H, Me, Ph; RZ = H, Me, Ph
I, ACONH,, E1OH; ii, aq. MeNHy; ili, ACOH, PhNH,

2. Pyrrol-2-one

Phthalaldehyde reacts with an isocyanate, an alkylamine or a carbodi-imide to
give good-to-excellent yields of an isoindolone.

CHO
R NR
r———————
+ erRcNOH e (2360, 3121]
CHO 2

R = Ph, Me-, CI-CqH,, HOCH,CMe, 1-isoindolone
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3. Pyrazole

829

The product obtained by heating 2-acylindanediones for 24 h with hydrazine
depends on the ratio of hydrazine to triketone. A molar ratio gives the oxopyra-
zole, a 2.5 molar excess leads to the hydrazone while a larger excess surprisingly
gives the methylene-pyrazole—a reaction which is reminiscent of a Wolfl-
Kishner reaction—but this is not observed for all indandiones. In a correction
of earlier work, it has been shown that it is the side-chain hydrazone (30.3) (as
opposed to the 4-hydrazono isomer) which cyclizes under Dean and Stark
conditions to give a furo- or pyrrolo-pyrazolone.

W%

1:28
64-91%

M
R = cycloalkyl, 2- or 3-thienyl,

2-pymoiyl

?

.4

n!
O

X xylene, TSOM, A

(o) (':=NNHR2
Me

(30.3)
X = O, NH; R! = H, Me; R? = Me, Ph

4. Imidazole

Indenof1 2-berazol—4-one

NNH,

Indeno[1,2-cipyrazole

H
N

~,

N
I

1
R R2

o Me

Furof3,4-cdjpyrazol-4-one
Pyrrolo[3,.4-clpyrazol-4-one

[3020a}

The basis for a test for arginine and peptides containing it is a cyclization of a
diketone such as 1,2-phenanthraquinone by the guanidine group. Similar
fluorescent products are obtained from hypoglycaemic biguanides such as metho-
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formin (metformin), butylbiguanide (buformin) and phenformin (2-phenyl-
ethylbiguanide).

NHCNR'R?

HN——'/ 1l
| NH

o
o} HH R N
O elogn e QU e
J 9

R' = H, Me; R? = Me, Bu, PhCH.CHy Phenanthrofg,10-dimidazole

5. Furan

Borohydride reduction of a diketone followed by dehydrative thermolysis is a
good method of producing an isobenzofuran free of the diketone [2391]. Acid-
catalysed dehydrative cyclization of the diketone (30.2) is an alternative route
[2281] to isobenzofurans (review [3508]. An o-acylbenzaldehyde may be cyclized
by reaction with potassium cyanide-acetic acid [2100].

Ph
COPh
1. MoOH, NaOH, & 2. A0, 4 Z 0
oy [2391])
COPh Ph
Isobenzofuran
Ph
7 0
PhH, TSOH, A 1
———
(30.2) o A [2281]
R' = H, Me Ph
Isobenzofuran
CN
CHO
Z 0
ACOH, KCN
QU = O oo
COPh Ph

6. Thiophene

The diketone (30.2) may be converted into a benzothiophene by heating with
either sulphur or phosphorus pentasulphide in tetralin. A similar method but
one which uses milder conditions is a recently published synthesis using acetoni-
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trile-sodium hydrogencarbonate. This reaction is run at 30 °C for 4 h, and with
a wide variety of substituents at C-1, C-3, C-§ and C-6, yields of 50-95% are
obtainable [3722].

Ph
7 s
02 It gl . [2281)
R=H, Me Ph
Benzo{djthiophene

7. Isoxazole

When 2-oxocyclohexanecarboxaldehyde reacts with hydroxylamine, a mixture
of the 1,2- and the 2,I-isoxazole is formed; these can be difficult to separate, but
when the ketal-carboxaldehyde is used, the product is the 1,2-isoxazole. A
similar method was effective on 2-acetylcyclohexanone but some of the 2,1-
isomer was formed. A high yield of a peri-fused oxazole is obtained by treating
the acridinone (30.4) with PPA at 80°C for 4 h. The product is a derivative of
an antimalarial drug.

0
o\N
aq. E1OH, K,CO4. A
+ NH20H ——— | {2821]
CHO
1.2-Benzisoxazole
O  NOH o—N
cl cl A !
PPAA
| — [3923]
N Ar N Ar
R R
(304) Isoxazolo[3,4,5-k/Jacridine

R = HO, M@O; Ar = 4-Cli-, 4-F-, 4-CF3-CgHy

8. Furazan or Furazan 2-Oxide

The diketone dioxime (30.5) undergoes an oxidative ring closure to the 2-oxide,
but warm aqueous alkali converts it into the oxadiazole [2202). Heating a
di-amidoxime with ethyl chloroformate for a short time converts it into a
furazan ring in low yield. Comparison of the relative reactivities of the NH and
two OH groups of the benzoxazine (30.6) towards electrophilic reagents shows
that two products are produced under the experimental conditions used. The
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product (30.7, R’ = H) is converted into the carbamate (30.7, R’ = COOEt)
by further heating with the electrophile [3922).

Me
MeO o} NOH
L = I
MeO (o} NOH
v«f [2202]
i

Biphenylenof2,3-c){1,2,5joxadiazole 1-oxide Bnphenyleno[Z,&d{i .2,Sjoxadiazole
N\
OO =se UL -
R =H,Me [1,2.5)Oxadkazolo{3,4- bjquinoxaline
o
D B
NOH N_ N
DO == DO, -
NR?
=H, Mo R2 H, Me, C; [1.2.4)0xadiazolof3, 4-c[1 4]benzoxazin-1-one
n“ HO, COOE!

The dioxime of a cyclic 1,2-diketone (prepared in this example by successive
nitrosation and oximation of the 1,3-cyclohexanedione) is oxidized to a furoxan
(1,2,5-oxadiazole 2-oxide); the isomeric N-oxide is formed by mild treatment of
the dioxime with thionyl chloride [2496].

|
Me o Me N

Mo 1.HNG, zuug: 3 KFeCN_ Mo z \? [2496]
N
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R
R NOH NS
R CHLCh SOCK R ? [2496)
3-50% N’
~
NOH (o]
(o]
R =H, Me 2,1,3-Benzodiazol-4-one 3-oxide

9, 1,2,5-Thiadiazole or 1,2,5-Thiadiazole V- or S-Oxide

Treatment of o-benzoquinone dioxime with sulphur dichloride gives a mixture
of 2,1,3-benzothiadiazole (38%) and its 1-N-oxide (34%). The presence of three
chlorine atoms in the benzene ring reduces the vield [2177]. 9,10-Phenanthrene-
quinone dioxime gives a low yield of mainly the thiadiazole; the S-oxide of this
may be prepared from the quinone di(trimethylsilylimine) and thionyl chloride.

?n
NOH N
PhH, SCl 7 \?
— % N {2177}
NOH
n=0o0r1 2,1,3-Benzothiadiazole (N-oxide)
2177]
Acenaphthoft 2-c)1,2,5]thiadiazole
Another ring system synthesized similarly:
_s°

NsiMea '/
SOUE¢ GG

Phenanthro{9,10-c) 1,2 S]thiadiazole 2-oxide

L=
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II. FORMATION OF A SIX-MEMBERED RING

1. Pyridine

Cyanoacetamide (review [3114]) reacts under weakly basic conditions with a
1,3-diketone to form a fused pyridine-4-carbonitrile. Ketene dithioacetals
(review of their reactions [3712, 3830]) are versatile synthons; in this example,
the dithioacetal is part of the reactant (30.8) which is stirred at —78°C.

Me
Ac
(H0) s N Eouma B [2066]
n \o CONH2 50-85% (Hzc)h /
OH
N=512 CN
SMe
C(SMe
(¥l THF, LICH,CN Z "N
el —_— | [3450)
2 o N"Nsme
(30.8) Quinoline
Nu?2
2. Pyridazine

When a 4,5-diacylpyridazine is heated with a sixfold excess of semicarbazide
hydrochloride in methanol, the yellow dipyridazine is obtained in high yield.
1,4-Diketones are cyclized by heating briefly with hydrazine hydrate.

A
COR
NT NHNH,  MeOH.a NZ SN
N R Yl T (292
x> COR H, N Z
R = Ph, 4-MeOCgHy, 3.4-MeO).CeHa R
Pyridazino{4,5-dpyridazine
CH.OH Me CH,OH
Ac
Z "o gona N2 Y O
+ NgHeHDO ——== | [2158)
— 56% Ny ==
Ac Me Me
Me

Furo{3,4-dpyridazine
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Another ring system synthesized similarly:

O C
S 4

[1Benzothienof2,3-dlpyridazine

[2470}

Z-2Z

3. Pyrimidine
1,3-Diketones react with S-aminotetrazole to form a fused pyrimidine ring when

the group R in (30.9) is not too bulky; when R is a t-butyl or phenyl, the product
is the isomeric azide.

Q (o} R
COR H N.
2NY N E10H, AcOH, & 7 N’N\‘N
+ i e I | [3726]
HN——N N =N
(o N
(30.9) Indeno[1,2-d Rletrazolo{1,5-alpyrimidin-9-one

R = Me, Et, iBu

4. Pyrazine

Although the o-quinone (30.10) condenses with a 1,2-diaminobenzene (30.11) as
expected, some o-quinones do not always react at these functional groups; for
example, in methanol, the two otherwise unsubstituted reactants (with an excess
of quinone) at ambient temperature give, on treatment with acetic anhydride-
pyridine, the phenazine diacetate (30.12), but in dicthyl ether, the unsubstituted
phenazine is formed [2305]). Heating a 1,5-diketone with ammonium acetate
leads to the formation of a fused pyrazine in high vield [2819].

: —f A Y —f
o NH, - N? O

(30.10) (30.11) Bonz[ajimidazof4,5-ciphenazin-2-one
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o \. ..15

(30.11) + a (30.12) Phenazine {2305}
0 B0

N
0
Qs === QI
N
NAﬁCOOEl /lﬁ&
b}

Pyrazino[1 2-ajbenzimidazole

S. Pyrazin-2-one or Pyrazin-2-one 4-Oxide

o-Benzoquinone dioxime condenses with 2-oxoaldehydes to give good yields of
the 2-quinoxalinone 4-oxides. The corresponding quinone di(phenylsulphonyl-
imine) is cyclized by heating with diphenylketene.

OH
NOH I‘Q QO
Jool- T e o o
R! NOH CoR? R! ﬁ/ R?
L

R' = H, Me, COOMe; R? = H, Me

2-Quinoxalinone 4-oxide
NSO,Ph
R-q + PhC=C=0 warmusiom PhH - "@ :CPI\ (2691]
NSO,Ph
R=Me, Cl
2-Quinoxalinone

6. 1,24-Triazine

This ring is formed when 1,2-diones are heated with the hydrazones of carbox-
amides.
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0
N.
N MeOH, “ N
o T e HON | o
ON o RCNH, g
R = H, Me, COOMe, CgHyy, Ph, cC3Hg Cycioheptafe}-1,2,4-triazine
7. Pyran-2-one

Stirring the dithioacetals (30.8) with t-butyl lithioacetate and LDA at —78°C
and then with t-butyl acetate gives a high yield of the pyran-2-one.

SMe
(30.8) + LCHCOOBU — ——a z (3190a)
Radad {(HC)5 N

(o}

n =1 Cyclopenta[djpyran-3-one
n =2 2-Benzopyran-3-one

i, THF, LDA; i, MeCOOBU

8. 1,3-Dioxin-2-one

A ring of this type is formed when 1-acylindan-2-one is stirred with either
phosgene or phenyl chloroformate; the corresponding 2-thione is obtained when
O-phenyl chlorothioformate is used.

O 0. X
COR X

R « Me, PhCHp, Ph X = O Indenof2,1-d}-1,3-dioxin-2-one
i, COCL,, PhH, ENIPrg; i, CICOOPh, EWNiPry; X=S Indenof2,1-d}-1,3-dioxin-2-thione
iil, CICSOPh, ENiPr2

9, 1,2,6-Thiadiazine 1,1-Dioxide

Sulphamide annulates adjacent aldehyde and ring ketone groups in the presence
of a strong base.

O N N
N
[ T, - | oo
O O

[1]Benzopyrano{4,3-cj{1.2,6]thiadiazine 2,2-dioxide
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Hl. FORMATION OF A SEVEN-MEMBERED RING

1. 1,4-Diazepine

Prolonged boiling of ethylenediamine with some 1,3-diketones (usually in the
presence of a small amount of formic acid) leads to a diazepine, but other
diketones fail to produce cyclized products. The substituent (R) in the diketone
seems to have a role in the selectivity of this reaction.

H
o] N
. i:zNHz enue.&u:;ou.A w 2175)
COR 2NH2 =N
(o] O R

R = Et, Ph,CH, Ph indeno[1,2-6}-1,4-ciazepin-6-one
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2. Furan 840

3. Thiophene 841

I1. Formation of a Six-membered Ring 842
1. Pyridine 842
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I. FORMATION OF A FIVE-MEMBERED RING
1. Pyrrole

Syntheses of indolizines carrying substituents in the pyridine ring are not
numerous but substituted a-picolines quaternized (review [1870]) with an a-halo
ketone (review [B-45]) are convenient substrates for cyclization to indolizines or
related compounds; the reaction is mediated by ammonia on its own at 5°C or
with hydrogencarbonate, TEA or methanolic sodium hydroxide. 2-Alkylpyri-
dines may be N-alkylated and cyclized in a one-pot reaction (see Chapter 104,

Section L.1).
R? R?
Me R!
-4 I ﬂ i, aq. NHy A 7Y | 814, 2046
+ 1 3-0% [Ro14, 2548}
x g{c_;u,cn N
:; - ::o £uo'E l:h, 4-MaO-, 4-NO2-, 4-Me-CgHg; Indolizine
i, NaHCO3 or TEA-EIOH

839
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Another ring system synthesized similarly:

S
| ! | [3106, 3172}

Pyrolo[2,1,-bjthiazole

Indenetriones (31.1) react in an unexpected fashion when stirred at 50 °C with
tosyl chloride in anhydrous pyridine. A possible mechanism through tosylation
of the hydroxy group and then formation of a bond between pyridine-N and C-1
of indanone is suggested. Pyridines may be replaced by isoquinoline or
phthalazine in this cyclization [307t, 3785]. A 2-phenacylidenepyridine may be
cyclized to an indolizine by heating with an anhydride [2458].

<ﬁcm¢n TeCl, WA m [3071, 3785)

(31.1) Indenof2,1-blindolizin-10-one
R« Ph 3—Noz 4-NOy, 4-NHyp, 4-PhCH,OO0CNH, iBu

Another ring system synthesized similarly:

[a785]
X = CH Indeno[2,1' : 4,5]pyrrolof2, 1- afisoquinolin-12-one
X=N Indencf2’,1' : 4,5]pyrrolof2,1-ajphthalazin-12-one
COR
Ph CHCOPh Ph Ph
Z (RCO)O, A 2 4
. NCH,Ph % N ' (2459]
Me' Me' x Ph
R =Me, Et, Ph Indolizine

2. Furan

Base-catalysed cyclization and simultaneous decarboxylation of an o-acylphen-
oxyacetic acid leads to the formation of a furan ring [2499] but the correspond-
ing phenoxyacetonitrile gives a 2-benzofurancarbonitrile [3899). A recent study
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of the former reaction shows that in the presence of TEA (without any acetic
acid present) decarboxylation does not occur, but when acetic acid is present,
a mixture of products (31.2, R = H and R = COOH) is obtained. The key
intermediate is shown to be a 3-hydroxy-3-methyl-2,3-dihydrobenzofuran-2-
carboxylic acid,; its behaviour in the presence of various acids has been examined
[3216). A furan ring may be formed in the peri positions of a bicyclic ring system
by this method [3921].

Ph_ _O OCH,COOH
Ac
(o] OH
Furof3,2-g) { Jbenzopyran-5-one
OCH,CN o_ _CN
E10H, KOH, &
sy o
QL = (A
ﬁAr Ar
o Benzofuran
Ar = 2-NHoCgH,

O, R
o OYX
/@Wﬂzm ____,:—E:?;""" ON Me
{312, R = COOH) [3216)

\

(31.2, R = COOH) + (31.2, R=H)
% 85%

CH,COOH
|
0 o] (o ‘
@fﬁ e ifj [3921]
o) O
Furo[4,3,2-doj{1 Jbenzopyran
3. Thiophene

An anion derived from a side-chain methylene (SCH,COOR) attacks a neigh-
bouring aldehyde (p. 155) or an acyl group, the latter course leading to a
3-substituted thiophene ring.
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R S SCH,COOMe R S S COOMe
] e (N B [z340)
AC Me
R=H, Me Thienof2,3-bjthiophene

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridine

When 3-acyl-2-methylchromones are heated with ammonium acetate in acetic
acid, a pyridine ring is formed, probably through an intermediate enamine, the
2-CH =CHNH, derivative. Some o-methyl aldehydes are cyclized in good-to-
excellent yields under weakly basic conditions by stirring with a primary
alkylamine.

O = @éﬁ

R =H, Me, Ph [t]Benzopyrano{3,2-clpyridin-10-one
Me
OHC N\(o
R'N _THE - \( 3466,
I"/WQ + e S6-g6% N (4
Mo
o o
R! = Bu, PhCHp, CH;=CHCHa, EXOOCCH;, CNCHa, Pyridof3 4-d Jpyrimidine-2.4-dione

3 or 4-pyridyimethyl; R? « 2,6-dioxo-1,3,5-Mes-pyrimidin-5-yl

2. Pyridin-2- or -3-one

A very efficient cyclization of o-acyl-w-substituted acetanilides is effected by
heating them with a base; the w-substituent should be electron-withdrawing.
Suitably positioned acetyl and benzoyl functions undergo an aldol conden-
sation; alumina as a base gave better results than potassium carbonate.

A! R
NCOCH R? N. _O

Q7 e QU
COR3 R?

R' = H, Me; RZ = N3, COOEt; R® = iPr, Ph R

i, E1OH, aq. NaOH; i, EtOH, EtONa 2-Quinofinone
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MeOOC COOMe
O
Ac
——» [3330]
COPh
Pyrrolof2,1,5-dejquinolizin-3-one

3. Pyran

Treatment of the ketone (31.3) successively with bromine in the dark and TEA
without external heating leads to the formation of the naphthopyran by bromin-
ation and dehydrobromination.

(o]
1. CHCly, B 2. TEA | O 2750
— _ (3750]
cuzca R
(o]

(31.3) Naphtho[2,3-clpyran-5,10-dione
R = 2-furyl, 2-thienyl

4. 1,3-Thiazine 1,1-Dioxide

Reduction of a 1,6-diketone with trimethyl phosphite followed by cyclization in
the boiling solvent is a method which has been used by several workers to
synthesize cephalosporin-type antibiotics. In this example, the diketone is
prepared in situ by ozonolysis on an alkene side-chain.

GOOCH;Ph COOCH,Ph
o _Cz=CMe, o Mo
IS
T.Nk e e tb/ (3407)
SO,CHAC s
o,

§-Thia-1-azabicyclo{4.2.0Joct-2-en-8-one 5,5-dioxide

HI. FORMATION OF A SEVEN-MEMBERED RING

1. Azepine or Azepin-2-one

A carbanion from a side-chain methylene reacts with a neighbouring carbonyl
(but not carboxaldehyde) group to form an azepine ring. Under the strongly
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basic conditions, an ethoxycarbonyl group is lost. Aqueous alkali can also be
used in this type of reaction.

0o o R
COR _—
| GOOE: o | NH [3400]
(o} CH==CHNHCH, =
R = Me, Ph [1]Benzopyranof2,3-dJazepin-11-one
H 0
il
NHCCH,AC N
SSU ) ™
CH,AC
Me
R=H, Me
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Aldehyde or Ketone and Nitrile

I.  Formation of a Five-membered Ring 845
1. Pyrrol-2-one 845
2. [Isoxazole 846
I1.  Formation of a Six-membered Ring 846
1. Pyridin-2-one 846
2. Pyridazine 846
3. Pyridazin-3-one 847
4. Pyrimidine 847
S. Pyrazine 847

1. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrol-2-one

A 2-formylbenzonitrile reacts with hydrazine hydrate to give the monohydrazone
of phthalimide (with simultaneous loss of a second CN present in the substrate),
and with primary or secondary amines at room temperature to form an isoindol-
1-one.

O

NH
CN Mo Hs0: &
) [9763)
CN O
CHO RNH,
% NH
R = Pr, iPr, 1Bu or NHR = morphdinyi, piperidinyl NHR

1-Isoquinolinone

845
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2. Isoxazole

A nitrile group is displaced by a neighbouring ketoxime group when the
compound is heated with pyridine.

QL wen =iz QUL o
COAr

Ar = 4-MeOCgH, Isoxazolo{4,5- bjquinoxaline

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridin-2-one

This ring is formed from the reaction of cyanoethylidene and acetyl functions
by heating the compound with phosphoric acid.

CN
Ph Ph
(NC),Ca N _Me o LN
HyPO, A
X N
Ac
Me Me Me
1,6-Naphthyridin-7-one
Another ring system synthesized similarly:
Me O
z NAs
o [2234)
HO X # Me
CN
2,7-Naphthyridin-1-one
2. Pyridazine

Hydrazine hydrate annulates carbonyl and nitrile functions on heating the
reactants for 4 h.

Ri
R'CO. R? R?
N\ A N> N\
l P * N — | P (33680}
NG N N0 N CN
NH, NH;  NH,

R' = Me, Ph, Ph; RZ = OH, NH Pyrido|2,3-d]pyridazine



Formation of a Six-membered Ring 847
3. Pyridazin-3-one

This ring is formed in good yield when a 2-cyanobenzaldehyde is heated with
hydrazine hydrate in hydrochloric acid.

0
CN -
. N, et I [3763]
CHO

1-Phthalazinone

4. Pyrimidine

A fivefold excess of formamide at about 145°C in a stream of ammonia converts
the 2-cyano ketone (32.1) efficiently into a fused 4-aminopyrimidine.

N
o N/\\
CN — NH,
O e @(‘f -
O o

(32.1) [1]Benzoxepino{5,4-d]pyrimidine

S. Pyrazine

Adjacent ketone and nitrile groups are annulated by heating the compound with
formamide and either phosphorus oxychloride or (often for a higher yield)
ammonia.

0 NP N
CN . l
N
+ HCONHy ~oSborNHy 8 He [2663)
R R

R = H, MeO Benzofhlquinazoline
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Aldehyde or Ketone and Nitro, Nitroso

or N-Oxide
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I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

Mild hydrogenation of a nitro-ketone followed by heating the resulting cyclized
solid in toluene gives a 1-hydroxyindole.

OH
NO, N CH,SOP
aC - O -
CH,CCH,SO,Ph
i e

i, ACOE\ Hp, P1Oy; i, PhMe, A

2. Pyrazole

Reductive cyclization of the nitro-thienylideneaniline (33.1) (a masked nitro-
aldehyde) with triethyl phosphite gives low yields of the tricyclic pyrazole but
higher yields may be obtainable from the azides (Chapter 59, Section 1.2).

848
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NO. N
: P(OED, & 7 "N
>
l ——— {2493]
S CH=NAr S

(33.1) [t Benzothieno}]3,2-cipyrazole
Ar = Ph, 2-Cl-, 4$MeO-, 4-MeyN-CgH,

3. Isoxazole

2-Nitrosopropiophenone reacts with hydrogen bromide in benzene at ambient
temperature to form a 5-bromo-2,1-benzisoxazole as the main product while the
corresponding 5- and 7-chloro derivatives may be formed when hydrogen
chloride is used. A similar substrate may be deoxygenatively cyclized with
triphenylphosphine in good-to-excellent yields.

NO
HBr, PhH 2 ~o
i, [2813]
% P
COEt Br Et
R? NO R2
/N‘o
[2720]
COR? R!

R! = Me, Et; R2x H, Br, Ac, tBu, NO»

5[.;;

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridine 1-Oxide

Catalytic hydrogenation of a nitro ketone under mild conditions leads to an
azine N-oxide, but the nature of the ketone moiety has an effect on the relative
amounts of N-oxide and the free base which is otherwise a minor byproduct.

i
R! NO, R! NL  _Me
Hy, Po-C =
T ek [729)
2 il 7
R cu::cl:cm R? COR?
coR? Quinoline 1-oxide

R',R? = H, OCH.0; R®=Me, Ph
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Two thienyl rings joined at various positions and having a formyl group
attached to one ring and a nitro to the other undergo cyclization when subjected
to partial reduction with iron(II) sulphate and ammonia.

FeSO,, :; NH3, A [3197]
Dithieno(3,2-b : 3'.2'-dpyridine 4-oxide
Other ring systems synthesized similarly:
1
STRYTR
[3197} h [3197]
= N\o_

Dithieno[3,4-b : 3',2-dpyridine 4-oxide Dithieno{3,2-b : 3',4'-dpyridine 4-oxide

§ (]
N N
[3687, 3688 [3196]
Z + 2
i

N

I

O o 3
X = S Thieno{3,2-cjquinoline 5-oxide Phenanthridine 5-oxide
X = O Furof3 2-cjquinoline S-oxide

=

[3196, 3851) [3196)

+ v

N

|
X = O Furof2,3-cjquinoline S-oxide Thienof3,4-cjquinoline 5-oxide
X = S Thienof2.3-clquinoline 5-oxide

III. FORMATION OF A SEVEN-MEMBERED RING

1. 1,4-Oxazepine

Partial reduction of the nitro-aldehyde (33.2) with iron(1I) sulphate-ammonia
results in the formation of the N=CH linkage of an oxazepine ring.
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T, = Y, -

(332) R=H,Br Thieno[3,2-bj{1,4benzoxazepine

Other ring systems synthesized similarly:

lI/S\IC:n/Sm fo060] dj:s_] [3060]

Dithieno{3.2-b : 2,311 4joxazepine Pyrido{3,2-bjthienof2,3-1)1 4joxazepine




CHAPTER 34

Aldehyde or Other Carbonyl and Phosphorane

I. Formation of a Five-membered Ring 852
1. Pyrrole 852

2. Thiophene 854

3. Thiazole 854

II. Formation of a Six-membered Ring 855
1. Pyridine 855

2. Pyridazine 855

3. Pyrimidin-2- or -4-one 856

4. Pyran 857

III. Formation of a Seven-membered Ring 857
1. 1,4-Diazepin-2-one 857

2. 1,2,4-Triazepine 858

Cyclizations of compounds containing neighbouring (a) thiocyanato and phos-
phorane, and (b) side-chain carbonyl and phosphorodiamidothioate groups are
included in this chapter.

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

Carbapenem esters are obtained by heating a triethoxyphosphorane thioester in
toluene or xylene. The synthesis of heterocycles using phosphoranes has been
reviewed [2673]). Phosphonate and aldehyde groups (the latter being formed in
situ by ozonization of the styryl group) react in the presence of dimethyl
sulphide and DBU (review [3364]), a C—C double bond being formed.

852
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COOR? COOR?
O ! Oa SR2
N—NC==P(OE!)s  pnie or syiene, & NTX
7 40-88% P (3067a]
Meﬂ? c“zﬁSRz Mem;,
OR! o) OR?
R' = MeSi,tBuMe,Si; 1-Azabicycio[3.2.0jhept-2-en-7-one
RZ Py, mozc.;mcHeocm«cuz,2
R? = 4-NOZCeH/CH,

Another ring systems synthesized similarly:

COOCH,CgH ~4-NO,
SO,Ph
o\__N N -50P
(3301)

n=0,1; 1-Azabicyciof3.2.0lhept-2-en-7-one

It is sometimes desirable to avoid the use of alkoxide during the formation of
C—C double bonds in the synthesis of f-lactams [3324]. An iminophosphorane
(formed in situ from an azide and triphenylphosphine) reacts with a carboxylic
ester group in a neighbouring malonylidene side-chain to form this ring [3792].
The classic Wittig reaction has been extended to the synthesis of 2-vinylindoles
[3603], and other indoles have been obtained from isothiocyanato phosphoranes
[3297].

COOR!
o R o Ph
N—nHRs La N
I e [3324)
n’ouc':/ CF,COPh n’oml:/ F
Me Me
R! = allyl; R? = BuSIMez; R® = CI, Br 1-Azabicyclof3.2.0Jhept-2-6n-7-one
i, PPhy, 2,6-lutidine, THF
R R
N;H.C. _N N
1. THE, PhyP 2. H,0 HNT
L | ——— ] | mwm
(Et00C),C==HC
Pyrrolof3.4- bjpyrvole

R = 4-MeOCgH SO,
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H
NHCOC=CR?®R? N CR'==CR®R?
Ai tBuQOK, PhiMe, A I
. 2% (3603]
CH PPhy B~

R'.R% = H, Me; RZ= H, Me, Ph Indole
H
NCS N_ _S
MeCN, TEA
. % I, [3297)
CH,PPhy Br PPh,
2. Thiophene

The N,N.N’,N’-tetramethylphosphorodiamidothioate (34.2) is cyclized to a
benzothiophene by heating in formic acid.

i
SP(NMe,), s _R
@[ — o m i2ote]
CH,COR

(34.2) Benzo{blthiophene
R = Me, Ph, 3,4-(MeO);CgHq, 4-pyridyl

3. Thiazole

A thioxo group of a trithiocarbonate reacts with a triphenylphosphorane in an
efficient thermal cyclization of a penem ring system,; this gives 74% of the trans
and 15% of the cis isomers. The same product is obtained by treating the
oxalylimide (R* = O) with triethy! phosphite.

COOR?
o] i 2 o) 3
\ c—_—R‘ La \ —t V] \ SR
— | [3321
R'oc” SCSR? ~ S l
i i A'OCMe
Me S

4-Thia-1-azabicyclof3.2.0}hept-2-en-7-one
R' = BuSiMez; R? = 4-NOCeH,CHy;
R® = F(CHg)2; R* = PPhy
i, hydroquinone
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II. FORMATION OF A SIX-MEMBERED RING

1. Pyridine

An iminophosphorane (from an azide and triphenylphosphine) reacts with a
neighbouring keto group to give a fused pyridine ring in high yield [3264]; when
the keto group is part of a carboxylic ester, a similar thermal cyclization leads
to a fused 2-ethoxypyridine ring [3561]. Chloromethyl and aldehyde groups
attached to different rings may be annulated using a Wittig reaction. Once
formed, the phosphorane is treated with ethoxide at room temperature [3220].
One of the limitations of such a reaction is that base-labile functions may be
affected in which case a procedure similar to that mentioned in Section 1.1 [3324]
may be of interest.

R?

COR!
=N

N
QL == -

7

CH::(l‘,N, COOR?

COOEt isoquinoline

R' = H, Me, Ph; RZ = Me, El

N=PPh, N, _OEt
Q: —— | [as61]
% S

CH=CHCOOE!
Cyclopentafblpyridine
PAN——N PhN——N
S |
Z N 1. PPhy. & 2. EONa Z N7
—= ¢ == J— [3220)
H,Cl P
CHO
Pyrazolof3.4- glindolizine

2. Pyridazine

Pyridazines in which both nitrogen atoms are at bridgeheads may be obtained
in moderate yields by cyclizing an aldehydo phosphonate in the presence of
DBU (review [3364]). A thermal method of forming a pyridazine ring gives
similar yields. The keto-azo-phosphorane (34.3) undergoes a thermally induced
cyclization to produce a 3-substituted cinnoline.
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Aldehyde . . . and Phosphorane

o, CH,CH=CHPh o.
Ny L N—N
' Ta L fatec)
o NS o N
R' CCHPO(OEY, R! COOR?
R?" R? COOR? R? R?
R',R%= H, Me; R® = SiMe3CH2CH; 1,6-Diazabicycio{4 2 0Joct-3-en-8-one
i, CHzCl, Og; i, Me2S, DBu
N=NCR Na
I Phie, N,, A SN
/@[ PPhy T5-45% [3686]
Br <|;=o B8r R
COOMe Cinnoline
(343)
R = Ac, COOMe

3. Pyrimidin-2- or -4-one

Formy! and iminophosphorane functions react with an isocyanate either in
dichloromethane at about 10 °C or in refluxing toluene to give high yields of the
pyrimidin-2-one. Replacing the formyl by an ester group produces the corre-

sponding pyrimidin-4-one.
. 0
N
7
gz L v
~7e% Q. NAY

Ph

: :u: :N=PPh,
l
CHO

Ar = Ph, 4-CF, 4-MeO-CgHs Pyrimido{4,5-dJindol-2-one
OHC._ _S_ _Ph S_ _Ph
\r Phie, AINCO, A ANTY
| 1 : | [3419]
N 7% P
PhyP==N 07 °N
Ar = Ph, 4-MeO-, 4-Me-CgH, Thiazolo{4,5-djpyvimidin-5-one
Me Me
PhP=N_ _N. O EO_ _N. _N_ O
LT g G g
NMe 30-96% " RN NMe
ElOﬁ
o O o O
R = PhCHy, Ph, 1-naphtiwl, 3-Cl-, 3-CFy-, 4-Me-CeHy  Pyrimido[4,5-d]pyrimidine-2,4,5-trione
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Other ring systems synthesized similarly:

Ts
X _Ny_ OEt N_ Ny _OAK
| | \\r 3734 | Y (3733
nen 174 NPh !
NC
o

A o
X = O Pyrano[2,3-dpyrimidin-4-one Pyrrolo[2,3- djpyrimidin-4-one
X =N Pyridof2,3-djpyrimidin-4-one
"53
N OEt O,N N OPh
A \
\r [3733] m [3733]
NR NH
MeOOC o o
Pyrimido{4,5-bjazepin-4-one 4-Quinazolinone
4. Pyran

The keto-phosphorane (34.4) is cyclized in high yield on stirring it at ambient
temperature with sodium ethoxide.

OCHf'Ph 0.
/CI 1 _covsow m —
Br CH,0PPh, Br Z e

B

2H-1-Benzopyran, 3-aryl-
(344 >

. FORMATION OF A SEVEN-MEMBERED RING

1. 1,4-Diazepin-2-one

2-Azidoacetylamidobenzophenone can be converted into a benzodiazepinone in
good yield through the iminophosphorane which undergoes a thermal cyclization.

H o]
NHCO \HCO N‘g
PPhy - A
Cl — | =2
/@ HNy o [ CH N=PPh,| ®% [3565]
ON (] =N
Ph

| oM
Ph

1,4-Benzodiazepin-2-one
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2. 1,2,4-Triazepine

This ring may also be constructed from a suitable acyl iminophosphorane (34.5)
by heating in methoxyethanol or acetonitrile.

FOOR? H
NHN=CN==PPh, N—n
[
/@ __T&.f&—» \>--coom3 [3936)
R? COR!' R2 =N
(34.5) R!

R! =« Ma, COOMe, Ph, 4-Ck, 2-F-CgH,,
3- or 4-pyridyl; R% = H, Br, CI; R® = Me, Et
i, MeO(CH2)20H or MeCN

1,2,4-Benzo¥iazepine



IL

CHAPTER 35

Aldehyde or Ketone and Ring-carbon

Formation of a Five-membered Ring
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Pyrrole

Pyrrol-2-one

Pyrazole

Imidazole

Furan

Thiophene or Thiophen-2-one
Thiazole

.ormation of a Six-membered Ring

Pyridine
Pyridin-2-one
Pyridazin-3-one
Pyran
Thiopyran-4-one
1,4-Oxazine

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

In the Nenitzescu synthesis of 5-hydroxyindoles, an N-aryl substituted amino-

propenoic ester may be used, albeit with a low yield of product [2343]. Better

yields may be obtained by reacting the-quinone at ambient temperature with an

enaminonitrile [3246). The methylthio group may be removed by heating with

Raney nickel. Magnesium methyl carbonate is sometimes used to carboxylate

859

a methyl ketone but when it is warmed with the methyl ketone (35.3), it causes
cyclization of the keto side-chain [2747]. A dioxopyrimidine aldehyde (35.4) is
cyclized in moderate yield by heating with carbonate in DMF [2668].
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A
° AINHCM, N Me
e Me,CO, A
+ i — | [2343]
HCCOOEt
(o] HO' COOEt

Indole
lmS?=CHCN
NHR, AcOH

R
N SMe
HO CN

R = Me, PhCHp, Ph, 4-C-, 4-MeO-CgHy;
Ar = Ph, 4-CiCgH,
Me
N L ~ Z
—_— [2747]
P N(CH,),COMe  71% Z N
N N
le} (o]

(353) Pyrrolizinof2,1- bjquinolin-S-one
I, MeOH, [O=C(OMe);1 Mg, A; i, HCI

Ne Ne _N. o
N Je)
DMF, KCO;, A [
I \Nco T C[I L e feseal
OHC
o 0
(35.4) Pyrrolof2.3-djpyrimidine-2,4-dione

One madification of the Knorr synthesis of pyrroles uses an isonitroso ketone
but the more readily available monophenylhydrazone of 1,2-diketones may be
a better substrate; its condensation with cyclohexanone, cycloheptanone, or
cyclohexane-1,3-dione gives reduced indoles [2453, 3309]. A C—C bond is
formed from an aldehyde group to a carbon atom in another ring by treatment
with a secondary amine hydrochioride in a Mannich reaction [2298]). The
carbonyl group of tropone and an adjacent ring-carbon are annulated by
reaction with an N-vinyliminophosphorane. The dihydroaza-azulenes may be
converted into the fully aromatic analogues with either nickel or manganese
peroxide [3528].
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R?

L ° ?2 MOH. AcONa, A
+ OCC=NNHPh  ——0 e (24531
Ri
R*
R = Mo, Ac, COOEL; R? = Me, EtO or R'R? = (CHa)y: Indole

R%=H,Mo; R =Hy, O

o H
N.__-COOE
ACOH, Zn, AcONa
+ HNN=CCOOE! il I | | [3309]
A Me

Cyclohepta[bjpyrrole
OO = QUO-
CHO
RaN = MexN, (CHo)sN, Of(CHo), LN NR,
Pyrrolo[1,2-ajindole
Rt
0
+ PRP=NCRE e [3528)
CH,
R' = H, Me; RZ=H,Ph Cycloheptajbjpyrrole
2. Pyrrol-2-one

N-Acetoacetylindoles are cyclized by Lewis acids at ambient temperature by
attack at the 2-position, but when this position is occupied, the reaction takes
another course (see Section 11.2). In a nonacidic medium, this ring may be
formed by heating o-manganated acetophenones with isocyanates.

o
0
NCCH,Ac PPA N | 2855
7 Z Mo
R R

R = Me, PhCHp, HoNCOCHg, Ac{CH2)2, Ph Pyrrolo[1,2-ajindol-1-one
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CH,
Me
XV diox, NR?
m_©: g +RNCO ———= R (3875)
Mn(CO), (o}
R = H, F, Cl, Br, MO, CF3; R? = Me, Et, 4-MeCgHy 1-Isoindolone
Another ring system synthesized similarly:
o]
RN
oS
Cydlohep({1,2,3-cd]isoindol-2-one
3. Pyrazole

Conversion of 2-aroylquinoxaline into its phenylhydrazone and heating this in
ethanolic hydrogen chloride results in annulation of the phenyl-bearing nitrogen
to a ring-carbon.

:h

N N,

< X N

QO o =2 QUL
N COAr N/ Ar

Ar = 4-MeOCgHy Pyrazolof3 4-bjquinoxaline

4. Imidazole

Cyclization is accompanied by rearrangement when the hydrazone (35.5) is
heated in ethanol for Smin.

cHO EIOH, 4 I T ]
RC=NN % [2061)

(35.5) R = 4-NOCeHy Pyrmolo{12-ajimidazole

5. Furan

Cyclodehydration of a side-chain ketone (p. 168) is also feasible in an acidic
medium [2301]. S,N-Acetals which are also enamines react with 1,4-benzoquin-
ones to form fused furans. Of several solvents tried for this reaction, toluene and
THF seem to give the best yield [3268]. Annulation of a cyclic keto group to a
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neighbouring carbon atom occurs when the ketone is heated with ethyl 2-chloro-
acetoacetate [2812]. 1,3-Cyclohexanediones are cyclized to benzofurans by
reaction with an allenic sulphonium bromide in the presence of a strong base.
The intermediate 3-methylene is isomerized by acid to the 3-methylfuran [3798].

O(I:HMe O Me
PPA orH80, A
"0 o —mem “‘m e
Me

R = AcNH, NO, Benzofuran
i RS
A 0 SMe R O _NMePh
+ RICH=CNMopn PMesTHa_ l [3268]
(o] HO' R¢
R A!

R'.RZ= H, Cl, CN; R® = H, CN; R* = H, Me

Ph 0 . Ph 0. _COOE!
OOE! MeOH-KOH
+ 0 —_— 1
CICHAC o || 213
Me
o o
4-Benzofuranone
R! ]!
R? ° CH,=C=CH L8 R? °
+ ), ———— I [3798)
Me s-f 46-75%
- Me
Br
o o
R'.R% = H, Me

i, EtOH-EIONa, A; il, PhH, TSOH

Another ring system synthesized similarly:
o]

~ Me [3798)

Q (o}
Furo{3,2-cj{1Jbenzopyran-4-one
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Regiospecific cycloaddition of the hydrazone (35.6) to the 5,8-quinolinedione
occurs at ambient temperature. The isomeric 5,8-isoquinolinedione, however,
reacts differently (see Chapter 84, Section I1.1). An inter-ring C—C bond is
formed when a 2-oxocyclohexyloxybenzene is treated with sulphuric acid.

CH=NNMe,

EIOC=CHMe CHCbNa_
HC=NNMe, 2% %73
R=H, Me Fmo(S.G-f)mimho
Ac Ac
o
?O = O -
0 0

Dibenzofuran
6. Thiophene or Thiophen-2-one

Cyclization of 2-phenacylthiopyrroles under acidic conditions leads to the
formation of a fused thiophene ring, but the choice of catalyst and the presence
of an N-substituent can have an important effect on the course of this reaction.
When the 1-methylpyrrole (35.7) is cyclized with PPA at 90°C, two isomeric
thienopyrroles are formed, one (35.8) of which was independently synthesized
from the pyrrole (35.9) (by the method described on p. 299), followed by
methylation [3068a, 3094]. The formation of the [3,2-b] isomer is consistent with
other examples of rearrangements of 2-thiopyrroles. Copper-catalysed ring
formation between a C=S group and one of the benzene rings of a thiobenzo-
phenone is accomplished using ditosyldiazomethane and the copper complex of
acetoacetate [3995]. Recent progress in benzothiophene chemistry has been
reviewed [3981]. Me

Me N S
N SCH
l ' (l:OzPh PPA, A " ll 'I
‘*( Ph
P
(s.7) X Thienof3.2-bipyole | 1c6. a004]
H
N_ _SCH, s
[‘ '] (':OPh 1.PPA 2. Mel-DMF-NaH /I l
(35.9)
(35.8)

Thienof3.2- bipyrole
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Other ring systems synthesized similarly:

S S S 3" O
416
CLYNY o O e
Me
Thieno[2,3-bj[1}benzothiophene
Thienof2,3-d jpyrimidine-2 4-dione

Ly
jii Benzo{cjthiophene [3995]

Rz'"‘ ’ / S  Me
R = H, CI, MeO, Me
i, PhH, TsaCNg, Cu(acac), Ph
Me Rt

An [8 + 2] cycloaddition of diphenylketene to tropothione proceeds in high
yield at a temperature below 10°C.

S S o]
+ PhyC=CO % Q:ﬁ;». o2l

2-Cyclohepta(bjthiophenone
7. Thiazole

Thiourea reacts with 1,4-benzoquinone to give several products depending on
the conditions. One of the most useful cyclizations is that in which an excess of
the quinone reacts at ambient temperature in mineral acid to give 6-
hydroxybenzothiazol-2-amines.

o) NHR? HCI
oL = Y
+
CSN
° H,

R‘

R' = H, Me, iPr, Cl, PhS; RZ = H, Me, Ph Benzothiazole
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II. FORMATION OF A SIX-MEMBERED RING

1. Pyridine

When the Gattermann aldehyde synthesis (hydrogen cyanide-zinc chloride) is
applied to some benzyl alkyl or aryl ketones, isoquinolines are formed [2268).
Application of the Schmidt reaction to trans-dibenzoylstilbene at a temperature
slightly above that of the surroundings converts it into a 4-benzoylquinoline
[2216). Care should be exercised with the use of hydrazoic acid. The acetal
(35.10) failed to cyclize when treated with such Lewis acids as boron trichloride
or tin(IV) chloride but hydrolysis to the aldehyde was immediately followed by
cyclization [3488].

OR! OR!
m:@\ E(p HCN, ZnCly Med N
[2268]
10 CH,COR? R'O A p2
R' « H, Me; R? = alkyl, aryl Isoquinoline
— NP
——-
=z::n + HN3 o ) [2216]
CoPh copn
Quinoline
s HO. s
cmoey, [| || = N/ | || reem
SomncH X
o Thieno{3,2-clpyridine

(35.10)

In the Combes quinoline synthesis (see Chapter 53), the intermediate mono-
ketone may be isolated, and on heating this with sulphuric acid, the quinoline
is formed in moderate yield [2135). A trifluoromethyl group often enhances
pharmacological activity in some types of biologically active compounds, and
so a method of incorporating this group into heterocyclic rings is useful. The
synthesis of 2- or 4-trifluoromethylquinolines may be effected by treatment of
enamine (35.11) with an acidic catalyst, but regiospecificity varies with the
nature of the enamine. In one case, an inseparable mixture of 2- and 4-trifluoro-
methyl-4- and -2-hexyl-6-bromoquinolines was obtained. In contrast, treatment
of the arylamine with a trifluoroacetylethyne is regiospecific (see Chapter 54,
Section I1.1).
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N N Bt
cet H.30, & =
| -
CHa Z
0=C

& Bt

R/-C.“\"'/MA—V P
NHCR=CH 55%

|
@r CF4CO \ CF,
H,Ppy
(35.11) P

2. Pyridin-2-one

867

[2135]

(3867]

Compounds containing an —NHCOCH,COR side-chain are cyclized to this
ring by mineral acid (the Knorr reaction) but the course of this reaction varies
according to the substituent R; loss of a methyl group may also occur. A double
Knorr cyclization is a step in the synthesis of the antibiotic diazaquinomycin A

(35.12). H
N o]
b Me
W et
- % Me
N—CO CH,
CMe,
R Me
Ac Mo H
T N.__O
# Me
Me
2-Quinolinone

Another ring system synthesized similarly:

(35.12)
Pyvido{3.2-glquinoline-2,5,8, 10-tetraone

(2120}

[3498]
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A reversed carboxamide (containing a —CONHCHR'COR? chain) also
cyclizes to a pyridin-2-one but this needs mildly basic followed by cyclodehy-
drating conditions [3790). Annulation of an N-side-chain keto group to a
peri-ring-C occurs when C-2 of an indole is blocked (cf. Section 1.2).

0 0
Il
CNH?HR‘ NH
Lha
CoR? 43-100% [37”]
R’
R! = H, Me; R?= Me, Ph; R = AcO, (AcO)p A2
MeOH, K ; ¥, CHi 3
L 2C03 IChy, Ac20, pyr 4
Another ring system synthesized similarly:
N
3760
N \J(Cﬂz)n [3790]
o

n =3 Pynoiof1,2-bjisoquinolin-5-one
n = 4 Bonzofbjquinolizin-6-one

Me
AcCH;0 —
N Me N o]
m — P (28s6]
Me

Pyrrolof3,2, 1- § jquinolin-4-one

3. Pyridazin-3-one

Cyclization of a J-keto side-chain on to a ring carbon is catalysed by hydrogen
chloride and usually proceeds without external heating.

H
N O
/ -~
[/ :NNHOOEZ:, CHCI-HC! N z108)
Me

Pyrroio{1,2-bjpyridazin-2-one
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4. Pyran

3-Arylpyruvic acid esters, on successive treatment with an anhydride and per-
chloric acid, yield 2-benzopyrylium salts, which may also be prepared from
benzyl ketones and acetals in the presence of triphenylmethyl perchlorates. A
cation is probably formed from the acetal, and this attacks the reactive benzene
ring.

R?

MeO. N

[2544]

GO0, HEs
MeO. W MeO Z Ncoon
s "
e CHER' <t o, g, Me0 g
A2 « Me, Et; R? = H, aliyl, Ph 13-63% [2541)
MeO' # Me

2-Benzopyrylium

The —CH=C—CH =0 portion of chromone-3-carboxaldehydes acts as a
heterodiene and adds on alkoxyethenes or dihydropyran to give usually (but not
always) a mixture of stereoisomers differing in the configuration of C-3. The
ratio of isomers varies but the endo-product predominates. Prolonged reaction
at ambient temperature for 15 days may be necessary but in a sealed system,
reaction progresses at 115°C over a couple of days [3164, 3054, 3055]. Hetero-
dienes and their uses have been reviewed [B-42, 2455, 3067a, 3880].

o
CHO
R | + R30OC=CH,
da

i
—
67-96%

R' » H, OH, AcO, MeO, NOz; R? = H, Me; R? = alkyl
i, CHaClp, CHCly, THF, DMF Pyranol4,3-bj[1benzopyran-10-one

Another ring system synthesized similarly:

)

0. y ‘¢°

3164
SO [3164)

o
Pyrano{3'.2 : 5 6jpyranof4,3-bj{1 jbenzopyran-7-one
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2-Benzoyldiaryl ethers are cyclized in good-to-excellent yield by treatment
with hot sulphuric acid-acetic acid [3027, 3029]. A 2-aminopyran ring is formed
when a heterocyclic ketone is heated with a cinnamonitrile and piperidine
[(3095]. Reduced chromen-5-ones are also formed in a basic medium when
acroleins are heated with 1,3-cyclohexanediones [2763a).

O Ny R? (o) N R?
X = L
PhOG Z N RS

HO Ph

R’ = H, Br, CI, F, Me; R = H, Me; R® = H, Me, Ci, Br

[11Benzopyranf2,3-bjpyridine
CN CcN
0 NH,
T . P YU fooes]
PhN CHPh B PN A
Ph
R = CN, COOE! Pyranof2,3-d pyridazine
1 1
H‘R ° CH==CHR? l=l":I ° R
= Py, MgSO, A
+ i s 1IN [2763a}
CHO 67-82% /
o
R! = H, Me; R? = H, Me, Me2C=C(CHz)» 2#1-Benzopyran-5-one

S. Thiopyran-4-one

This ring may be built from a ring-carbonyl and its adjacent carbon atom with
3-mercaptopropanoic acid. The enolacetate of indoxy! (3-indolone) or thioin-
doxyl may also be cyclized likewise.

o]
CH,COOH 14
+ éﬂ,su Boi%
X

X=NH,O,8
i, PPA, A; i, Ph3CCIO4 X = NH Thiopyrano{3,2-bjindoi-4-one

X = O Thiopyrano[3,2-bpenzofuran-4-one

X = 8 Thiopyrano|3,2-bjbenzothiophen-4-one

(3882}
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6. 1,4-Oxazine

o-Aminophenol condenses with the carbonyl and the adjacent ring-carbon of a
1,4-quinone on heating the reactants in pyridine for 24 h.

N——NPh N-——NPh

UL =00

Pyrazolbo[3,4-ajphenoxazin-4-one
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1. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

In a synthesis of an analogue of the antibacterial carbapenems, the keto-y-
lactam (36.2) is converted in four steps (including carbene insertion, diphenyl-

872
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phosphorylation and aminoethylthiolation; the intermediates were not isolated)
1o a pyrrolizinone which is related to thienamycin [3404]. Thermal dehydration
of a 2-imidazolylbenzophenone under acidic conditions can lead to the forma-
tion of a fused pyrrole [2200]. 2-Acylazoles may be cyclized by reaction with a
cumulative phosphorane at ambient temperature or on heating in benzene for
a shorter time [2777]. The chemistry of pyrrolizine has been reviewed [3225).

n?ooccu,oc" H, NHR? N NHR'
o — | [3404]
HN 57% N
o) R200C o}

. (96.2) 3-Pyrrolizinone
R! = 4-NO,CgH4CH20CO or COO1Bu;

R? = 4-NO2CgH(CHp; R? = Ac, 4-NO2CgH,CH2
i, TsNa, TEA, MeCN; ii, THF, Rho{OAc)s, Ar;
i, MeCN, PhoPO4CI, IPINEL; v, iPraNEY, MeCN, RINH(CH,),SH

fNj xylene, TSOH, A ~ N ] 2200
HN 7% N=== 12200)
COPh
Ph

Imidazof2,1-aisoindole

Ph
COPh
EI \-\r Ph3P=ﬁ PhH, & | X :
NH C=R ~ea% N A
R =0, PhN
Pyrrofizine
3-Pymolizinone

2. Pyrrol-2-one

Annulation of a 2-acylazole under basic conditions produces the fluorescent
pyrroloimidazoles (36.4). Sometimes, the N’-acyl derivative is also isolated.

ﬁ Et R'
1 R2
R C\%\NH RECHCIO | Z N SNH os2)
+ vt
L 6-80% _,L
HN (o] g (o] (o]

R‘ = Me, Ph; Rz - H. Me' Ph (“A) )
i, DMF, MeOH, MeONa, A Pymolo{1,2-cjimidazole-3,5-dione
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3. Imidazole

A side-chain carbony! group reacts with a ring-nitrogen (usually at ambient
temperature) on treatment with either acetic anhydride-perchloric acid or an
excess of thiony!l chloride. The first method yields a perchlorate salt [3148]
whereas the latter procedure leads to a chlorinated product {3719]. An attempt
to prepare the imine of 2-aroylpyridine with benzylamine and boron trifluoride
etherate yielded instead the imidazopyridine [3190]. Another reaction which
gave an unexpected product was the attempt to form a fused diazepine from the
benzoylamidomethyltriazole and PPE; this gave good yields of the imidazotri-
azole [2599]. Activation of a lactam NH with diethyl chlorophosphate followed
by treatment with ethyl isocyanoacetate under mild conditions gives a new
imidazole-4-carboxylate ring [3567).

(o}
Ph
m)’\erﬂgPh Hn)kr
), HCIO,
\ I o T . [3148)
N§r"

Ar Ar °|°4
Ar = Ph, 4-Cl-, 4-NO2-, 4-Me-, 4-MaO-CgH,  Imidazo[1,2-d}{1.2,4]triazin-4-lum, 8-oxo-
NHCHOH

—E/Y Con kTRt . _E/Y__\[ (3719)

R=H,Me,Ci; Ar=Ph, 4-Ch, 4-MeO-, 4-Me-CeHs  x _ ol Imidazof1,2-alpyridine
X =N Imidazoft .z-apydmdno

PN
Q!/ + PRCHNH, —:f o 3190]

Ar = Ph, 2-pyridyl Imidazof1 .S-a]pyddlno
Ar
mmcu, AN
X N om0 e
Ar = Ph, 4-CICeH, P
Imidazo(t,5-bJ1.2 4}uriazole

ALY - QLT

i, DMF, tBuOH, CIPO4yEty; §, CNCH,COOEt Imidazo{§,1-cf[1,4]benzoxazine
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4. 1,2,4-Triazole

Reaction of a lactam with dimorpholinophosphoric chloride gives an O-
substituted derivative which is susceptible to reaction at ambient temperature
with acethydrazide. It is not necessary to isolate the intermediate. A lactam
thiocarbonyl and its ring-nitrogen are annulated on heating the compound first
with hydrazine hydrate and then with trimethyl orthoacetate.

L{ e
+ (m)zﬁm ‘“_%2_:_“—’ YOP(Mz
ci =N o
Ph BUOH,
1

Me

\I=N

NN
T (2839)

ci
Ph
(1.2.4]Triazolo{4,3-a}{1 4]benzodiazepine
Me
H s I—"" ]
R s N O THE 2. MM A s NN
1. NgH, . 2. o)
I_jg( % “ '! T (3801]
s
S
Ar N
R = H,Br; Ar=2-FCgH, Thienof2,3-6}{1,2,4]¥rlazolo{3,4-cJ 1 4]thiazepine

5. 1,2,4-Triazol-3-one

This ring is formed when a triazine-3-thione is heated with ethyl carbazate;
simultaneously, the amino group is hydrolysed to a carbonyl.

NH, o
S No
N NHNH,  1dgyme.a 21,0  HN Z “NH
i + | —_— (3382
NYm COOE! Na N o
Ph Ph

1.2,4-Triazolo{4,3-d 1,24 )riazine-3,8-dione
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6. Thiazole

PPA, phosphorus pentoxide-orthophosphoric acid, acetic anhydride or
ethanolic hydrogen chloride may be used to produce this ring in moderate-to-
good yields from an acyl- or aroyl-methylthio side-chain of an azole or azine.
Heating the ketone with 48% hydrobromic acid gives the same result. A
4-phenacylthioimidazole and similar compounds cyclize under mild conditions
to a thiazolium or related salt.

@:_-TSCWCN PP&A @1‘\( j\ I

Ar = Ph, 4-CF, 4-Br-CqHy Thiazolof3,2-sfbenzimidazole

F 0
P05, HoPO,, & ‘/k"l | [2121)

S \N
Thiazolo{3 2- ajperimidine
(o)
ngn/\r S
| L,, | {2898]
Ph
Imidazof2, 1-bjthiazoi-4-um
Other ring systems synthesized similarly:
Ph
S :h N S
2 TN
( \1( 1 2711} | Y | [3347]
N Ph X N Ar
Thiazolo[3,2-5)(1,2 4)triazol-4-um o
Thiazolof2, 1-flpyridof2,3-cl{1,2.4]triazin-10-ilum, 5-oxo-
NN s
& A
@l s
x Ph

Pyridof2,3-d thiazolo{3,2- sjpyrimidin-5-one
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A thiazole ring may also be constructed from a lactam thiocarbonyl and one
of the following reagents: DMAD ([3177], a 2-bromoacrylic acid or its nitrile
[2051, 3509]), an aryl isothiocyanate and an alkyne [2706, 2915}, a reactive
a-methylene ketone such as dimedone [3944], an acyl halide [2433] or a halo
ketone which is prepared in situ {2475].

Y foove s, @;(Y_I 7

o
OH Thiazolof2,3- bjquinazolin-5-one
NSS PPN
+ RICH=CR? —A0ELa | {2051, 3508}
NH i ~T5% N
Me
Thiazolo{3,2-alpyridinium

R' - H, Me, Ph; R? = COOH, CN

:@[_Y . Ho(c-cmz j@[_\f_]\ 12706, 2915}

R =H, Me Thiazalof3,2-apenzimidazole
Me
O N R
M HNT R M
e + EIOH. 8'5 A e lss“)
==N
HS
o (36.4)
R = 2,4-ClaCgHy [1,2.4]Triazolo{5,1-bjpenzothiazol-5-one
HS N
z
Y ? + PhCH,CBr Em > Y [2433, 2512}
HN——kn g _J\
R = 2-furyl Thiazolo{3.2-¢}-1.2.4-riazole

2

rN SH COR' KN S R
MG 1+ PSS e Ol Y l| [2475])

\/N R'

R' « Ma, Ph, 4-Cl-, 4-Me-CgHa; R%=H, Me, Ph; n=30r4 Thiazolo{3,2- ajpyrimidine
Thiazolof3,2-aj{1 3)diazepine
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A keto-containing side-chain at position 8 of an adenine derivative may
cyclize on to either of its ring-nitrogen neighbours, but under acid catalysis it
closes on to N-9 exclusively [2510]. However, a 2,6-purinedione cyclizes under
similar conditions (using chloroacetone) to N-7 [2512].

Ny R°
—1 S e Yk"—/[. Sy
[2510)
11-053&
n'ccus S—L\N N
NH,

n‘ =H, Cl, MeS; R?= H, Me; R® = alkyi, Ph Thiazolo[3,2-elpurine
Other ring systems synthesized similarly:

S /N N\ ,N\
L\Nr I| \,lm [2512, 2725] r\'f_j‘ (3103]

Thiazolo|3,2-b)(1,24priazole
Thiazolo{3,2-flpurin-4-one
7. Thiazol-4-one

2-Benzimidazolethiones are cyclized in a mild reaction with cither an arylazo-
chloroacetyl chloride [2366] or with chloroacetic acid and a benzaldehyde
[2454). Imidazole-2-thione adds on to DMAD also without the need for external
heating [2270}; the epoxide of arylidenemalononitrile cyclizes 2-benzimidazol-
ethione very efficiently to the thiazolone analogue [3933].

NNHAr
NH NHAr
I + 1 D @_j/ [2366]
O-\-:_,ks N._cl:oom

Ci
Ar = 3-Me-, 2-NO2-, 2-MoO-CgH, Thiazolo{3,2-ajbenzimidazol-3-one

sj;: 0‘] (Iiﬂz +~cuo--——-———“> j//_\f ¢541

Ar = Ph, Me-, NO2-CgHy, PhCH=CH Naphth{1,2-d]imidazof2, 1- bithiazol-8-one

H
N S N S CHCOOMe
I \( DMAD | Y {2270}
+ ———
H ~60% N o

Imidazof2,1-bjthiazol-3-one
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H
N_ .S No S A
\( _ A
, MCH—C(CN); MeCO.N, Y [2033)

Ar = Ph, 4-CiCgH, Thiazolof3,2-ajbenzimidazol-3-one
II. FORMATION OF A SIX-MEMBERED RING

1. Pyridine

Ring closure of 2-phenacylimidazole by stirring with DMAD is an exothermic
reaction; a lower yield is obtained when the alkyne is replaced by propynoic

acid.
Ph N
CamC 7 NP
\r l M e | reroel
. N
HOOC

R = H, COOMe; n’-u.coou

MJ(:H2

Imidazof1 2-ajpyridine
2. Pyridin-2-one

In a strongly basic medium, the f-keto ester (36.5) reacts with an acyl chloride
to form S-indolizinone in good yield [2353]. Peri cyclization of NH and a
CHO-carbon proceeds under either mildly or strongly basic conditions depend-
ing on the type of reagent used [2044, 3602]; the pyrrolo[3,2,1-if]quinolinone
ring system is present in several alkaloids. A fused pyridinone is formed in high
yield when a compound containing a CHO group and an NH in an adjacent ring
is heated with dimethyl malonate and a mild base [2776].

GOOMe COOMe
ArC Mo A\
| | + acnger  —Pi | (2353}
HN i N
o A

(36.5) )

Ar = 4:MaOCH, s-lndolzhmo
N __j@ cnzcoou mw A <I(¢(©

o
R = Me, Ac, CN, Ph aenzmaazon.z.s-ypmo[m 8
naphthyridine-3,10-dione
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R R
MeO NH MeO N_ O
+ MeCOOEt  ——t ' [3602)
CHO
OMe OMe
R = H, Me, Ph, 4-BrCgHs Pyrrolof3.2,1-§jquinoliin-4-one
()
Z
HO | CHacoOMe), T | {2776}
COOMe
o
Indolo[3.2,1-de}{1,5jnaphthyridin-6-one
3. Pyrimidine

The isonitrile (36.6) cyclizes the pyrrole-2-carboxaldehyde on heating in THF
containing DBU (review [3364]).

Ro R
Re R2 A
Z “NH COOMe THF, DBU, o Z N7 SN
= & 00% — [826]
R cHo  OHNC R! F
(38.6)
Pyrrolo{1 2-clpyrimidine

R' = H, Me, COOE, 3-MeOCgH,: RZR? = H, Me, COOEL

4. Pyrimidin-4-one

A new fused pyrimidinone ring is formed when the oxazinone (36.7) is treated
successively with phosphorus oxychloride and anthranilic acid.

iy o oS -

Quinazolinof2,3-c)1.4Jbenzoxazin-12-one
Re HG!NO:MQOM@ X=0O,S Quinazolinof2 3-cf[1 4Penzothiazin-12-one

i, (CHaCl)p, POCly; i, TEA, A
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S. Pyrazine

Annulation of a ketone group to an adjacent ring-nitrogen to form this ring is
effected by heating with the bifunctional 2-bromoacetaldehyde dibutyl acetal
and ammonium acetate.

N COPh N
Y + ? + ACONH, -5——-—0";2“-‘ Y\N [2063]
NH CH(OBU), N A

Pyrazino{1 2-apenzimidazole

6. Pyrazin-2-one

The oxocarboxamide (36.8) is cyclized by heating with thionyl chloride, a
triazolopyrazinium chloride being formed in high yield.

Al 0
Phcm'lc “z Ph )H/NAf Ph
| SoCI, AN -
po A\INI/ \lr T Kr & Yl (3362
36.8) L cr
Ar' = Ph, 4-Mo-, 4-MeO-, 4-C-CgHy
Ar2 = Ph, 4-Br-, 4-Ci-Cgh, [1.2.4]Triazolo{15-apyrazin-1-ium, 8-oxo-

7. 1,2,4-Triazine

A side-chain p-carbonylazo group is incorporated into a triazine ring either
thermally or in an acidic medium.

N=NCHR? N
<
i HCLA —_— N
| COR! —_— (2616]
N ~1% ~ N P
N’ N” R?
R?

H

R' = Me, Ph; RZ = Ac, COOEL
1,2.4-Triazinoj4,3-bindazole

8. 1,3-Oxazine

2-Phenacylimidazole reacts with an isocyanate or isothiocyanate (review of
reactions [3990]) to give high yields of fused oxazine.
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Phccuz Ph N

\'/ ovex | A o \(\r/ | 39

I + 67-00% o. N I (2739}

X=0,8 HX NHPh
Imidazo[1,2-c]1,3joxazine

9. 1,4-Oxazine

The N=C—C=0 system of a I-phenothiazinone undergoes an intramolecular
Diels-Alder reaction [B-42, 2455, 3067a, 3880] with diethyl acetylenedicar-
boxylate, but with tetracyanoethylene (reviews [3146, 3244]), a mixture of
products is obtained.

COOQE!

EtO0C.
[0
Bu
N\
+ DEAD ————» (3179)
S
Ph

[1.4]Oxazinof2.3,4-kf phenothiazine

10. 1,3-Thiazine

When a thiolactam adds on to a cyanoalkyne under basic conditions and at
room temperature a fused thiazinimine ring is formed in high yield.

HN

H
Se N_ _R
?N/ T + PhcmceN  —2EAe \r \l/ (3030]

3NN

R=H, Me Ph

[1.2.4]Triazolo[5,1-b§ 1, 3]thiazine

11. L3-Thiazin-4-one

2-Thiohydantoin and allene- 1,3-dicarboxylic ester react under argon to form a
fused thiazinone ring [3405]. 5-Methyl-1,2,4-triazole-3-thione (or its tautomer)
adds on to DMAD in refluxing methanol to give a high yield of a triazolo[3,4-
bjthiazin-5-one [3920], but the 5-phenyl homologue in methanol containing a
trace of acetic acid is reported to lead to the [5,1-b]thiazin-7-one [3944). 2-
Mercaptobenzimidazoles are cyclized in low-to-moderate yield by heating with
a 3-chlorocrotonic ester and a strong base [2869].
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H
S N O S N o]
1/ I . ﬁ“ Me MeOH. A8 ' T l {3405}

C=CHCOOMe %%

"0“2
o o
imidazof2,1-bf1,3thiazine-2,5-dione
o)
N _R
N
pon cowo Mt [V -
R = 24-CiaCaH3 i ®
o
[1.2.4]Trdazolo[5,1-bj{1,3kNazin-7-one
MeOC._ _S._ _N.
(364) + DMAD  —eMa_ g | Y ?| [3920)
5% N
A oMo Me
o
1,2,4-Triazolof3 4-b[1,3]thiazin-5-one

R N SH R N S Me
e PO Meohueohes, Y | reseq)
NH CH=?MQ 15-44% N
(o]

R = H, Me, Cl, NO3, COOH d
{1.3]Thiazino{3.2-appenzimidazol-4-one

. FORMATION OF A SEVEN-MEMBERED RING

1. 1,4-Thiazepine

Thermal or base-induced cyclization of an oxomethylthio side-chain to a ring-
NH is accomplished by dehydration in DMF.

N N
M »
NH N
R o OMFaA R’ (2708}
SCH,COR? s /

R' = H, Cl, Br, NO,, PhCO, HNSO,, MeNCO;

A2 = Me, Ph, 4-Ck-, 4-F-, 4-HO-, 4-NOz-CeH, imidazo{1,2-d][1 4benzothiazapine
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Alkene or Alkyne and Amine, Azide or Nitro

I. Formation of a Five-membered Ring 884
1. Pyrrole 884

2. Imidazole 886

II. Formation of a Six-membered Ring 887
1. Pyridine 887

2. Pyridine 1-Oxide 889
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5. 1,3-Oxazine 890

III.  Formation of a Seven-membered Ring 890
1. Azepine 890

IV. Formation of an Eight-membered Ring 890
1. 1,4-Diazocine 890

Cyclizations of compounds containing the following pairs of functions are also
included in this chapter: acylamine and alkene, alkene and imidate, alkene and
imine, and alkyne and carbamate.

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

Thermolysis of an alkenyl-azide can give high yields of a fused pyrrole; the
method also has the advantages of requiring moderate temperature and of being
conducted in a neutral medium. Functional groups such as an N-oxide [as in
(37.1)] thus often survive the reaction {2436}, but when this kind of reaction is
induced photolytically, some substituents on the terminal carbon atom may
migrate [3163).

884
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H
Ny N Ph
7 Phie, A Z
N l 5% N I l [2436]
= N S/ N
o) CH=CHPh (o)

(37.9) Pyrrolo[3.2-clpyridine S-oxide
RI
R'C=CH. _S R? y s
" J'/_] s S e
N,
R' = H, Ac, COOEt, RS, RSO, RSO,; Thieno{3,2-bipyrole

A2 = Ac, COOE1, MeS

An early report of annulation of an iminophosphorane (formed in situ) to a
malonylidene function describes the synthesis of a thienopyrrole in high yield
[3084a). A different procedure gives the isomeric [3,4-c] product [3492a). A
styryl phenyl ketone is converted into a l-hydroxyindole by warming with
potassium cyanide [2163]; the chemistry of 1-hydroxyindoles has been reviewed

[3906].
(EtOO0C),C=CH S S
HNT
[ ] =2 ] e

N,C|
aCH Thienof2,3-dpyrole
NaCH,
I/ :s 1. TsOH 2. Na,CO, NT I/ :s
. — . [3499]
100C),C==CH
(B100C)C Thienof3,4-clpyrrole

Metal-catalysed cyclization is an increasingly important method of synthesis
(reviews [B-41, 2998, 3069, 3501, 3505]). Bis(acetonitrile)dichloropalladium
promotes cyclization of an alkynyl carbamate with epoxypropane and a vinyl
chloride [3438]; an alkynylaniline is converted into an indole by heating with a
palladium chloride-triphenylphosphine catalyst [3631]. Mercury(ll) acetate is
an effective promotor of the cyclization of the alkenylaniline (37.2) to a reduced
carbazole [3861].

COOMe
NHCOOMe N '
C—CHMe i
QU g e QLo
cmCR' CHCH=CHR?
de

+ R2CH==CRYCH,CI

R! « Bu, Ph; R2 = H, Ci, Me; R? = H, Me, Et
i, THF, bis(acetonitrile)dichloropaliadium, Ar Indole
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NH,
O = LY .
CmCR

R = CH,=CH, aryl, heteroary!

(‘ AOH, ACOH, HO(OM): @ [3861}

(37-2)
R = alkyl

2, Imidazole

Thermolysis of a vinyl-azide (37.3) results in the formation of an imidazole ring;
the product consisted of a separable mixture of epimers. Baker’s yeast (Sacch-
aromyces cerevisiae) converts N-allylbenzoxazinone into its imidazo analogue
under aerobic conditions at 37°C in 5§ days. Pretreatment of the yeast by
ultrasonification increased the yield. Similar results are obtainable from quin-
azoline substrates. The use of ultrasonic irradiation in organic chemistry has
been reviewed [B-58, 3615, 3646).

NH
NCHCH=CH,  yoastroc_
L T l [3754]
vy
X=0,S; Y =0, NH, MeN, PhN Imidazo{1,2-cj[1,3]benzoxazin-5-one
Imidazo(1,2-c}{1,3Jbenzoxazine-5-thione
Imidazof1,2-cjquinazolin-5-one
zocuzph
O NZ:IOOOCHzPh ON—N" N
.."'s“:*__*_‘-» | [3167)
CH=CH, H Me

(373) 1,3-Diazabicyciof3.2.0lhept-3-en-7-one
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II. FORMATION OF A SIX-MEMBERED RING

1. Pyridine

A nitrovinyl-iminophosphorane may be cyclized to a fused pyridine ring by
heating it in toluene for about 12 h with an isocyanate; yields are usually very
good.

. :h NHR
N _N=PP N
M RNCO, PhMe, A =
| S L [aste]
CH==CHNO, NO,
R = Et, Ph, 4-Cl-, 4-MeO-, 4-Mo-CgHy Pyridof2,3- bjindole
Other ring systems synthesized similarly:
N, AN Ne__o
RHN N N N
= N =
oNT N Mo oNTN
Pyrazolof3 4-blpyridine o
Pyridof2,3- dJpyrimidine-2,4-dione

This ring may also by obtained by heating either a 2-vinylaniline with
phosgene [2209a] or a 2-vinylacetanilide with phosphorus oxychloride [3345].
o-Vinylimines undergo oxidative cyclization when heated (in air) at 180°C in an
inert solvent such as 1,2,4-trichlorobenzene (TCB). When a methoxycarbonyl
group is attached at the f-vinyl carbon, a higher temperature (200°C) is
required [3417].

NH, N\ Ci
PhMe, &
?:CH;
A Ar
Ar = Ph, 4-Me-, 2- or 4-Cl-CgHy Quinoline
1
NCOR? N\ Ae
PhMe, POCly. A
CH=CHR? F R

R' = H or COR?; R? = Me, Ph; R? = H, Me; R* = H, MeO
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Thermolytic annulation of azide and alkene groups is a widely used method
of ring formation which often gives good yields. In compounds such as the
a-azido-o-vinylcinnamic ester (37.4), it is possible for the nitrene to attack either
a ring carbon (see Chapter 58) or the vinyl group. In practice, the latter reaction
takes precedence but a substituent (R) on the f-carbon of the vinyl group has
an influence of the product(s) formed, as is shown in the scheme [3169]. Epoxi-
dation of the vinyl group prevents this cyclization (see Chapter 58, Section L.1).
Another factor which controls the course of this cyclization is the stereochemis-
try of the ester (37.4, R = Ph). The Z-isomer yields the isoquinoline as the main
product while the other isomer is mostly converted into the benzazepine [3756].
Replacing the vinyl group of (37.4) by an allyl chain and heating the compound
in toluene gives the benzazepine as the main product but in other solvents, a
mixture of products is obtained, none of which is an isoquinoline [3169}.

CHR
~

# COOEL

(37.5)
Isoquinoline [3169]

Q:CH=CHR

CH=

H ?N° (375, R« Ph)
COOEt 6%

+ COOE!L
—

(37.4)

/Nm

Ph
3-Benzazepine

CH,R

8
H , @ ueo Z Ncoome
R (PR 1
o=t ABTEe
g2 isoquinoline [3756]
Ne 8lop, COOMe
CH==CCOOMe :;‘ :
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COOE!

CH=GCOOEt =~
@: N, ;%L» /N [3169)
CH,CH==CH,
Me

2. Pyridine 1-Oxide

A p-subtituted vinyl group carrying two electron-withdrawing groups reacts
under mild conditions with a neighbouring nitro function and potassium
cyanide to produce a good yield of a pyridine oxide.

?.
N°2 NO\ Rs
EtOH
+ KON [2183]
CH==CR'R? & R?
R' = Ac, PhCO; R? = Ac, PhCO, COOEL, R

R? « Me, Ph; R* = CONH;, CN Ouinoline 1-cride
3. Pyridazine

Cinnoline-3- and -4-carbaldehyde are not readily available; the 3,4-dialdehyde
was first synthesized in 1987 from a 2-vinylbenzenediazonium salt followed by
oxidation of the hydroxymethyl group.

NH, — N\\N
o, == O,
C=CHCH,OH CHO
CH,OH CH,OH
Cinnoline

4. Pyrimidine

An alkynyl azide such as (37.5) is thermolytically converted into a pyrimidine;
alkenyl azides similarly yield dihydro products.

Me Me
N_ O N_ O
HCmCCHN I \( P4 Z N \(
LT NP | [3610]
X NMe 0% S NMa
Ny SN N7 SN
o 0

(37.5) Pyrirnido{1.2-elpurine-2,4-dione
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COOCH,Ph COOCH,Ph
o§ ,ém, Oxn /L
—N PhMe, A N N
| - TN e
R” CH,CH=CH, R Me
R = PhOCH,CONH 1,3-Diazabicyclo}#.2.Ooct-3-en-8-one
5. 1,3-Oxazine

When the enamine (37.6) is treated with t-butyl hypochlorite, the oxazine is
formed.

NHCOPHh N\ Ph
ae———
@ ar (o) [3843]
CH=CHCH=NNMe,

(37 3) CHCH=MM02
3,1-Benzoxazine

III. FORMATION OF A SEVEN-MEMBERED RING

1. Azepine

Thermolysis of 2’-styryl-2-azidocinnamic ester (37.4, R = Ph) in toluene or
xylene gives a moderate yield of the benzazepine (see also Section 11.1).

COOEt
——
PhiMe of xylene, A
Phiemiete el e
(374) 3% /N [3169, 3319)
R=H Me
3-Benzazepine

IV. FORMATION OF AN EIGHT-MEMBERED RING

1. 1,4-Diazocine

A reductive cyclization of o-alkenylaminoanilines (37.7) in the presence of
rhodium acetate in an atmosphere of carbon monoxide and hydrogen under
pressure gives the diazocine and a smaller amount of the pyrrolo[1,2-a]benz-
imidazole

H
NHCH,ﬁR N R

@ CH, ‘%" @( D/ [3977]
NH, N=

(7.7
R=H
i

 Me 1,6-Benzodiazocine
Ha, CO, [RR(OAc)LPPhy



CHAPTER 38

Alkene or Alkyne and Carboxylic Acid
or its Derivative

I. Formation of a Six-membered Ring 891
1. Pyridin-2-one 891
2. Pyran-2-one 891
3. Thiopyran-4-one 892

I. FORMATION OF A SIX-MEMBERED RING

1. Pyridin-2-one

2-Vinylbenzamides (prepared from 2-bromobenzamides and ethene) cyclize to
the isoquinolinones in high yield when heated with dilute hydrochloric acid.

(o]
CONH,
ok HCl, A NH
R M- v ranas R {3691}
Z
CH=CH,
R = H, C|, MO, Me 1-Isoquinolinone

2. Pyran-2-one

The nitrogen atom is lost (as ammonia) when the 2-alkynyl-3-pyridinecarbo-
nitrile (38.1) is heated with PPA,
RCE=C.

N
IJ PPA.A
~-81%
NC X
(3&.1)

R =By, Ph

[3496]

Pyranof4,3-blpyridin-5-one
891
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3. Thiopyran-4-one

Both stereoisomers of a 2-(vinylthio)benzoic acid (38.2) undergo cyclization on
being heated with PPA. The diester formed is a useful intermediate; for example,
it may be converted into the 2-methylthiochromone-3-carboxylic ester when an
attempt is made to hydrolyse the diester with 50% acetic acid.

SGCH,CO0Mo S _.CH,COOMe
@ CHCOOMe ~ —Thia | {3408
COOH COOMe
(382) o

1-Benzothiopyran-4-one



CHAPTER 39

Alkene or Alkyne and Halogen

I. Formation of a Five-membered Ring 893
1. Pyrrole 893

2. Pyrrol-2-one 894

3. Furan 895

4. Thiophene 895

II. Formation of a Six-membered Ring 896
1. Pyridin-2-one 896

IIl. Formation of a Seven-membered Ring 896
1. 1,2-Diazepine 896

1. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

This ring may be built by the formation of a new C—C bond between alkyne
and halogen functions, a reaction which is assisted by palladium dichloride-
triphenylphosphine (reviews of palladium catalysis [B-41, 3069, 3505] in the
presence of piperidine (as base) and formic acid (to remove hydride ion). The
reaction is regio- and stereo-selective. Replacement of the piperidine and formic
acid by R-substituted tributyltin enables the R group to be transferred to the
indole stereospecifically [3448].

A
NACCH,C N
: L&
/@ (!R —mb [3442, 3448)
R? I R? CHR!
R! = H, Mo, (CHa)sNCH; R? = H, COOEt Indole

i, MeCN, PdCi, PPhy, pip, HCOOH

893
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Homolytic cyclization of a bromo-alkene yields dihydropyrroles but bromo-
alkynes by the same mechanism form a mixture of pyrrole and 3-methylene-
pyrrole in high yield (the ratio is not stated) [3434}. Aryl radicals produced by
the action of samarium di-iodide on an aryl bromide react with an o-propynyl-
amino (or propynyloxy—see Section 1.3) side-chain to form a new fused pyrrole
(or furan) under mild conditions. The corresponding allylamino bromides give
2,3-dihydroindoles in good yields [3974). An activated C—C double bond reacts
with ammonia or a primary amine and a bromomethyl function to form a
pyrrole or an N-substituted pyrrole. Malonate ester is eliminated [3494, 3840).

Ac Ac
NACGH, N N
PhH, BuySnH, NBN
OmcH @_l ’ m (2424
Br CH, Me
R R
NCH,CaaCH N
THF, Smi,, HMPA
@ i m el
Br Me

R = Ac, HCRECCH,

(E000C),C=CH_ _S NG
I PLE T i g e

BrCHy
R = H, alkyl, MeOOCCH,, PhCHp, Ph, CgHy4 Thieno[2,3-cjpyrrole

Other ring systems synthesized similarly:

Z Y “NR AN N 7 “NR
{3494) {3494} [3494, 3840}
N\ = S N/ o

Pyrrolo]3,4-clpyridine Pyrrolof3,4- blpyrazine Benzofuro[2,3-cjpymrole

2. Pyrrol-2-one

In a homolytic cyclization, a side-chain alkene displaces a neighbouring nuclear
bromine atom on heating the compound in toluene with tributyltin hydride and
AIBN. An optical purity of 39% is observed when an asymmetric N-substituent
is present. Palladium diacetate-catalysed cyclization (reviews [B-41, 3069, 3505]
of the bromoester (39.1) gives the oxindole in moderate yield; the product may
consist of a mixture of stereoisomers; for example, when R = Ph, one isomer
predominates in the ratio 60:13.
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Me Me
M N
| “Ph 1 Ph
NﬁCMe:CHMe N O
PhMe, Bu,SiH, ABN
—_— -
@ o ~61% @_im (3832)
Br
Et
2-Indolone
CH,Ph

CH
NCOCH==CHPh N 2Ph o]
i
Br c.rl'Ph
)
H

i, MoCN, Pd(OAc), PPhj, BugN

3. Furan

Cyclization of an allyloxy-iodobenzene under conditions which are broadly
similar to those described in Section I.1 gives a good-to-excellent yield of the
corresponding oxygen heterocycle. A reduced benzofuran is formed in a hom-
olytic process when the bromoacetal (39.1) is heated with tributyltin hydride and
a catalytic amount of AIBN; the first-formed product is dehydrogenated at
room temperature in the presence of 4-toluenesulphonic acid to give the natu-
rally occurring evodone.

OCH,CH=CHR o
[
@E = m [3443)
I CH,R

R = H, alkyl, cyclopentyl Benzofuran
i, DMF, BugNCI, Pd(OAc)s, HCOONa, 80 °C, 48 h

Me. OMe Me 0.

OCH,CasCH L&

— || [3444]
Br Me
(o] (o]
(39.1) 4-Benzofuranone
i, BusSnH, AIBN, NC(CH)N=N(CHo)aCN;
i, TsOH
4. Thiophene

Neighbouring chloro and ethynyl functions are converted into a thiophene ring
by either sodium sulphide~-DMF or morpholine and sulphur.
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y@ﬁ

Thienoj2.3-biquinoxatine [3074]
O: %‘
R=H,Ph @: I ]’

II. FORMATION OF A SIX-MEMBERED RING

f. Pyridin-2-one

Palladium-catalysed cyclization of suitable iodo-alkynes (39.1) is improved by
the presence of thallium(I) carbonate to give the aminovinylisoquinoline (39.2);
otherwise, a poor yield of the vinylisoquinoline (39.3) is obtained.

(o]
NMe
Z
|, T
0 o CH=CHNR,
CNMeCH, (39.2)
38
CamCCHNR, 1-Isoquinolinone [3879)
4
‘ T ey I
(39.1) e
NRg = piperidino Mo
i, THF, Pd{OAc),, PPh; P
CH=CH,
(39.3)

HI. FORMATION OF A SEVEN-MEMBERED RING

1. 1,2-Diazepine

Treatment of o-vinylphenylhydrazones (40.5) with sodium acetate or sodium
cyanide in benzene at 25 or 40 °C gives a mixture of the 1,2-benzodiazepine and
its 4,5-dihydro derivative.
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Cl

|
NHN=CR'
PhH, NaCN or AcCON&
20-60% »
R? ?=0Hg

H!
(40.5)
R' = Ac, COOEL, Ph; R2 = H, Ph; R? = H, CI

897
H
N\N
\ R! [3009a]
R3 _—
R?
1,2-Benzodiazepine
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Alkene or Alkyne and Hydroxy or Ether

1. Formation of a Five-membered Ring 898
1. Pyrazole 898
2. Furan 899
3. Furan-3-one 899
[l. Formation of a Six-membered Ring 900
1. Pyridin-2-one 900
2. Pyran 900
3. Pyran-4-one 901
4. Thiopyran-4-one 902
5. 1,3-Oxazin-2-one 903
6. 1,4-Oxazine 903

1. FORMATION OF A FIVE-MEMBERED RING

1. Pyrazole

Disrotatory cyclization of the reduced pyridine (40.1) occurs when it is refluxed
in toluene.

NHR

NHR
= Ne==
A !
cucu:c':cooa Phie, A Z \CH==CCOOE ,
P CN §7-62% 2 éu [2986
A (4&-:) £ Pyrazolo{1 5-ajquinoline

898
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2. Furan

Selective demethylation by pyridine hydrochloride in situ of an o-alkynylanisole
in the presence of sodium hydrosulphite gives a high yield of a benzofuran
[2444]. A 3-propynylpyridin-2-ol is cyclized in high yield on heating in TFA for
6h [3836]. Several oxidative ring closures of alkenylphenols are mentioned in
this chapter in Part 1; bromine in acetic acid-sodium acetate at ambient tem-
perature is worth mentioning, but in this example, simultaneous bromination
occurs [3678].

MeO, OMe MeO. 0. Ar
La
j:j[ “hex :@./__]/ [easd]
MeO CEECAr MeO

Ar = 2,5(Me0)2-4-RCgH: R = H, Me Benzofuran
H
(o} N OH HO. /N 0. Me
l TFA.A l l [38”]
\ o X
NC CH,C™=CH NC
Me Me
Furof2,3-bjpyridine
2 o]
Br,
AcOH, ACONa, B,
o=chy m [so7]
Me
R Me R
R = H, Me, iPr Cycioheptalbjfuran-8-one
3. Furan-3-one

This ring is efficiently synthesized by stirring an arylpropynoylphenol with silver
nitrate in methanol. In some cyclizations of this type, an appreciable amount of
the isomeric flavone is produced. An azide reacts with triphenylphosphine to
form the iminophosphorane which, by reaction with one of several functions
(see Chapters 16 and 100 for examples), forms a new nitrogen-containing ring.
However, the iminophosphorane group derived from the azide (40.2) is retained
while the ring is formed by interaction of the alkene and phenol functions. This
corrects an earlier suggestion.
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R OH R O, CHAr
MeOH, AgNO,
———————
L = "OLL o
ﬁMN (o]
(o]

3-Benzofuranone
R = H, MeO, iPrO; Ar = Ph, 4-MeOCgH,

OH o. N=PPH,
EL0, PPy
QG == OO0 -
GC—CHAr )
o

(402)
Ar = Ph, 4-Cl, 4-MeO-CgH,

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridin-2-one

Photocyclization of an enamide (review [2595]) containing a methoxy group
leads to the formation of a pyridinone ring of an intermediate in the synthesis
of (—)-sincitine. Reviews of numerous syntheses of isoquinoline alkaloids [2487)
and of the use of Reissert compounds in such syntheses [2488)] are available.

R = H, Me Benzo[a}-1.3-benzodioxolo{4,5-glquinokizin-14-one

2. Pyran

Palladium-induced cyclization of o-allylphenols (at about 65 °C) usually leads to
a mixture of chromenes, benzofurans and their dihydro derivatives, but by
judicious choice of carboxylic acid sodium salt, moderately good yields of the
predominating 2H-benzopyran may be obtained [2864). Such reactions have
been reviewed [B-41, 3069, 3501, 3505]. 3-Chloropropynyloxybenzene under-
goes a Claisen rearrangement and subsequent cyclization when the ether is
heated in N,N-diethylaniline, but when the chlorine atom is replaced by a
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bromine, a mixture of products is formed [3821]. Formation of a pyran ring
from a 2-allylphenol normally needs a dehydrogenating agent such as DDQ, but
a 2-(I-hydroxyallyl)phenol undergoes a combined dehydration—cyclization on
heating in diglyme [2445].

OH o M
i,
@( + RCOONa —tmm _:u @ijw {2064
CH,CH=CMe,

R = Me, CHoF, CF3, Et, Bu 2H-1-Benzopyran
i, MeOH, PdClp, CuClp

R?

OOR’R"(“ o s
R'—g Col —2t e mﬁj‘“ (3821]

R! = CI, MeO, Me; RZR® = H, CI, MeO, Me

OH o.
SO -
P
JGOH=CH,
R

HO R
R = H, CHy=CH, Ph
3. Pyran-4-one

2’-Hydroxychalcone is readily cyclized with hot aqueous alkali; this is the basis
of a widely applicable synthesis of flavanones [B-4]. In addition to the examples
of dehydrogenative cyclization of chalcones described in Part 1 (pp. 191, 192),
that produced by DDQ should be mentioned. In boiling dioxan, the reaction
takes 20-72h and produces flavones together with smaller amounts of
flavanones and aurones.

OH Ar
2q. NaOH, &
R_<I L NeOHA, R (2201}
COCH==CHAr

R = H, MeO; Ar = Ph, 4-MeOCgH, o

OH 0. Ar
diox, DDQ, A
Q= XY -
‘C‘CH=CHA|'
(o)

R = H, MeO; Ar « Ph, MeO-, CI-CgHy
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The Algar-Flynn-Oyamada reaction is a convenient and efficient method of
converting a chalcone into a 3-hydroxyflavone [2392] but chalcones which
contain a 6’-substituent (R # H) give benzofuran-3-ones (coumarones) instead
[2261]. A dehydrogenative high-yielding cyclization of a chalcone may be
effected by heating with selenium dioxide in isopentyl alcohol [2521].

PhCH,0 OH PhCH,O 0. AN
EtOH, NaOH, &
Q== ([
ﬁCH=cmu- OH
(o] (o]
Ar = 4-MeOCgH,y
MeO MeO. 0. PMe
ag. NaOH. H,0, N
e [2261]
sa-ao X
ﬁ(i:co-w (o]
OMe O OMe OMe
Ar = MeOCgHy, Ph 3-Banzofuranone

An acryloylphenol in which the hydroxy group is protected as its methoxy-
methyl ether cyclizes on being heated in refluxing acetic acid for 6h. When
thallium(III) nitrate (TN) causes ring closure of acyloxychalcones such as (40.3),
a rearrangement also occurs to form the isoflavone in good yield

OR'
ﬁcH:CHR’
90t e 7 b
R'-MoOCHg:Rz-H.Mo,Ph Naphtho[1,2-bipyran-4-one
Mem °
“01:;;5 ™, A | [3564]
ccn_cmu Ar
OMe o o o
(40.3) Benzo[1,2-b : 5,4-bIdipyran-4,6-dione
Ar = 4-PhCH0-2" 5'(MeO),CeH,

4. Thiopyran-4-one

A 3-alkenoylcoumarin such as (40.4) may be thiated at C-4 and cyclized when
the compound is heated with hydrogen sulphide and sodium acetate.
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RZ R
ﬁHch‘ R? S
Cco N
= E1OH, diox, H,3, ACONa, o
QL ===
(o) (o] O (o]
(40.4) Thiopyrano{3,2-cj[1 jbenzopyran-4,5-dione

R' = Me, 4-MaCgHs: RZ = H, Me
5. 1,3-Oxazin-2-one

Chalcones may be ring-closed to oxazinones by reaction with alkyl or aryl
isocyanates in boiling benzene containing a catalytic amount of potassium
hydroxide.

OH
/@E @ +riNox SOTRle Y [3373)
R! CH=CHCAr

R' =H, CI; R? = Ph, 4MeCgHy; Ar = Ph, 4-MeCgHs CH,COAs
X =0 1,3-Benzoxazin-2-one
X =S 1,3-Benzoxazine-2-thione

6. 1,4-Oxazine

Phase-transfer catalysis has been used successfully to annulate side-chain alkyne
and hydroxy functions.

Ny _Me Ny _Me
HC®CH,ON” PhH, BugNBr, & '/\N’ x {2020]
R % J—
J—j o

HOH,C
Pyrazolo{5. 1c}{1 4joxazine
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Alkene, Methylene or Ring-carbon and Lactam
or Lactone Carbonyl

I. Formation of a Five-membered Ring 904
1. Pyrrole 904
2. Pyrrole-2-thione 905
3. Thiazole 905
II. Formation of a Six-membered Ring 906
1. Pyridine 906
2. Pyridazine 907
3. Pyrimidin4-one 907
4. Pyran 908
5. Pyran-2-one 908
6. Thiopyrylium 909
7. Thiopyran-4-one 909

A review on the use of lactams (and lactones) and their sulphur analogues in the
synthesis of heterocyclic compounds [2387] is relevant to reactions described in
this chapter.

1. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

When the lactam (41.1) is heated with acetic anhydride and DMAD, both
methyl and carboxyl groups are lost during the formation of a fused pyrrole ring
[3542]. Heating a side-chain ester (41.2) with soda-lime brings about annulation
of the a-methylene group to the lactam carbonyl [2794].

904
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COOMe
o S MeOOC S
N Ac,0, DMAD, & | X R 13542]
ch?m P o% N~z
Me
Thienof2,3-glindolizine
(41.1)
CH,),COOE!
(CHy), .
N Sodwlme.a_ [2794]
~48%
41.2) Pyrrolof2,1,5-cdjindolizine

2. Pyrrole-2-thione

Cyanothioacetamide (reviews [3114, 3331, 3458]) reacts with a maleimide to give
a new pyrrolethione ring in good yield.

H
(o] cSN 0, N S
o5 H, EoH, TEA A 3134
AN CH,CN 8% AN —
(o] CN

Ar = Ph, 2- or 4-CI-CgHy Pyrrobo{3,2-bjpyrrol-5-one, 2-thioxo-

3. Thiazole

NBS-sulphuric acid at 70-100°C is an efficient reagent for the dehydrogenative
cyclization of a substrate containing a thiolactam and a neighbouring benzene
ring. N-Chlorosuccinimide-sulphuric acid may give better results on 6-
thioxopyrazolo[3,4-d]pyrimidin-4-one [3349].

R2 o o
R! JD/ R!
N I :] H,SO,, NBS, A Q:—N l
e [3349]
)\N T R? s/K N
H

s

R'.A? « H, C!, Me Benzothiazolo[2,3-bjquinazolin-12-one
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Another ring system synthesized similarly:

. Ph
YN | " 3349)
N | (3348}

Pyrazolo[3',4' : 4,5]pyrimido{2,1-bjbenzothiazol-4-one
II. FORMATION OF A SIX-MEMBERED RING

1. Pyridine

A more versatile method than most of those previously available for the syn-
thesis of triaryloxazolopyridine is based on the cyclization of 4-benzylidene-
oxazol-5-one with N-phenacylpyridinium bromide [3152). Hot phosphorus
oxychloride promotes C—C bond formation between a lactam carbonyl and a
ring-carbon and the pyrimidinone ring is chlorinated [3093). Malononitrile in a
basic medium converts an alkenyl-lactam into a fused 3-cyanopyridine ring.
Yields in this reaction are low and heating for 16 h is necessary [3427].

CHchPh

Y B ~ | [3152]
45-70% ™

Ar = Ph, 2-NOg, 4-CF-, 4-MeO-, Ar
3-NHz-CgHy, 2,5-(MeQ)2CeH3

’ Thienoj2',3' : 3.4]pyrido{t 2-clpyrimidin-7-one

[3093)
4
&‘

X«S; Y=aCHorX=CH; Y=S

. T
poRs .

Thieno{3.2 : 3,4]pyrido(1,2-clpyrimidin-4-one
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H
N o]

QLo =2 L
) CHR

R = Me, Et Pyrido|3.2-b){1,4jbenzothiazine

2. Pyridazine

A 1,3-diene in which one double bond is endocyclic undergoes a [4 + 2] cyclo-
addition (resembling a Diels-Alder reaction) to the N=N bond of 1,2,4-tri-
azole-3,5-dione; no external heating is required in this reaction.

(o] O §—-N

X : Jed

N N Mego PaN” N
H + | —— } 3109)
N H\ LN 43-80% l ! ]
= o
1

R' = H, Me, Ph; R? = H, Me
1,2,3-Thiadiazolo{5,4-c}f1 2,4 ]triazolo{1,2- slpyridazine-7,9-dione

3. Pyrimidin-4-one
In a recent synthesis of tryptanthrin, one step consisted of annulating the

carbonyl group of 2-indolone to its C-3 atom by reaction with isatoic anhydride
(review [3008]) in the presence of tetramethylethylenediamine (TMEDA).

ot Som oo

Ar = 2-NHCgHy: R = H, Me indolof2, 1-bjquinazolin-12-one

Another ring system synthesized similarly:

(3542

Pyrrolo{1,2-cithieno{3 2-ejpyrimidine
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4. Pyran

Cycloaddition of a lactam carbonyl to an alkyne (review [2816)) in the presence
of an aldehyde produces a pyran ring, the overall effect being to form a ring
joining the lactam carbonyl and the neighbouring methylene group [2085].
Heating a lactam with an arylidenemalononitrile (p. 194) [3047] (or a near
relative of it [3013]) and a base achieves the same overall effect. Malononitrile
also annulates efficiently a lactam carbonyl to a neighbouring benzylidene group
under basic conditions [2583].

R! A!
0, NYO Ph 0. N 0
AcOH, &
+ PhCmaCH + R3CHO : 2085)
T'r"“’ ' n-02% || nR2 |
0o R ©

R'.R? = H, Me; R® = H, Et, Ph, 4-C}, 4-NOx-, 3-MeO-CeHs  Pyranof2 3-dlpyrimidine-2,4-dione
H

NG
_ EIOH, pp, A
[0+ won= =CON e

Me R
R = COOEL, PhCO, CN; Ar = 2-furyl, 2-thienyt

Os _N.
N
I |+ cHatoNn "‘°"'“‘°"“ [2583]
AICH R

R = Me, Ph; Ar = Ph, 4-Me-, 4-MeO-CgH,

S. Pyran-2-one

A lactam carbonyl is annulated to its neighbouring methylene by heating with
either the enamine (41.3) or the acetonedicarboxylic ester (41.4)

O ooMe
Y . c._cumm2 AL Y (3584)
NHCOPh PHOHN

(41.3)
R=H, Me Pyranof2,3-dpyrimidine-2,4,7-trione
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Other ring systems synthesized similarly:

Ph
NN HO. )
[ _j rses m [a584]
CHN x A NHCOPh

Pyranof2,3-cjpyrazol-6-one 1-Benzopyran-2-one
Ph Ph
0, N‘N o 0. N\N
| +ociHcory, —» I [2110]
Il ™
R (o] R
R =Me, Ph (41.4) CH,COOEt
Pyranof2 3-cjpyrazol-6-one

6. Thiopyrylium
A lactam thiocarbonyl becomes part of a thiopyrylium ring on reaction at
ambient temperature with a 1,3-diketone.

CHaPc EOH HCL

R = H, Me Thiopyranof2,3- blindol-1-lum

7. Thiopyran-4-one

Ethoxymethylidenemalonate reacts with a thiolactam with the formation of a
new fused thiopyrimidinone ring in good yield.

Me Me
HS NYO S __N__0
CHOE CHOh. & Y
+ 1 T [2787]
| NMe = C(COOEY), "™* /[”:E’rm.
Et0OC
o o o

Thiopyrano{2,3-d Jpyrimidine-2,4,5-rione
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I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

The high reactivity of N-substituted pyridines (review [1870}) is exemplified in
the mild conditions needed to cyclize the N-allylic side-chain of the pyridinium
salt (42.1). Evidence for the participation of pyridinium ylides in this reaction
is provided by adding ethyl propynoate and carbonate to the pyridinium salt
[2469, 2471, 2518]. The pyridinium salt (42.2, R = Et) reacts with ketene
dithioacetals (review [3712]) to give 3-substituted indolizines [2881]; the behav-

910



Formation of a Five-membered Ring 9l

iour of 2-picolinium ylides towards the thioacetals is mentioned in Chapter 104,
Section 1.1. Another heterocycle containing a bridgehead nitrogen may be
synthesized from the acetylenic benzimidazole (42.3) by heating with sodium
hydrogensulphite-hydrogencarbonate [2815].

COR?
R?
“ 7 N7
At [ A QoR* koo, o | (2469, 2471]
A, NCH,C=CH 42-05% N
e o
Indolizine
(42.1)
R! = H, Me; R? « Me, Ph; R? = MeQ, Me
COOEL
Z= COOE! AN
N TR . 9 B, | (2518]
A INCH,CH=CH CamCcH &% N
B CH==CHCOOR
(42.2)
R = Me, Et
COOE!
SMe),  EIOH, i
W22) o ffou EOLTAL | [2881)
CCN) XN C=C(CN
Ra-Et '.—0( b2
SMe
. Me
NCH,CamCH N7 R
Qe mmeme (Y o
2
o W
#23) Pyrrolof1,2-ajbenzimidazole

R' =M, Et; R% = H, Me, Ph

An indolizine may also be synthesized from a 2-allylpyridine by heating the
compound at 120°C [3753]. A good yield of a tricyclic indolizine is obtained by
oxidative cyclization of the alkyne (42.4) at about 5°C with MCPBA; the
first-formed N-oxide undergoes a rearrangement of the alkynyl chain. Addition
of a nucleophile towards the end of this one-pot synthesis leads to a peri-fused
quinoline in good yield [3535]. N-Benzyl-N-propynylanilines undergo oxidative
cyclization on treatment with a perbenzoic acid and a nucleophile (such as
thiophenol or cyanide ion) under mild conditions [2784].
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?Ac
Z | °“guz . Y [ [3753]
N 8% . N
Indolizine
NuH,C CH,OAr
Nocuzc-cci:uz uH, __ H,0
N N
1.CHLCl, MCPBA 2.Nu,A
(42.4) Pyrrolo{3,2,1-§)quinoline
R' A2 H, Cl, Me; Nu = CN, 4-CICgHS:
Ar = 2-R'-4-R%CH,
CH,Ph CH,Ph
I ]
NCH,C N. _R?
Li
/@ !R3 7-T% m [2784]
R! R! CH,R?
R! = H, MeO, CI; RZ « H, Me; R® = PhS, CN, N3 Indole

i 3-CICQH4300H. CHCl,, NaOH; i, PhSH or KCN or NaNg

The alkylidene group of (42.5) is joined to the ring-nitrogen by heating with
bromoacetal [3598]; a less predictable reaction is that of the N-aryl-S-alkenyl-
sulphinamides (42.6) (prepared from N-sulphinylanilines and an alkenyl
Grignard reagent) on being heated in benzene or toluene. The C—S bond is
probably cleaved and a C—N bond formed with loss of hydrogen sulphide and
other sulphur-containing molecules. The sulphinamides may also be cyclized to
indoles by low-temperature treatment with triethyloxonium tetrafluoroborate

[3185).
COR
RCOCH,_ _S f S
CHBr DMF, & N
—_— I 3598
1-/—3 * <|:u(0t5t)2 61-73% I N eoel

A= Me (thl-cmm Pyrrolof2,1- blthiazole
n : R2
1 “sogR? tor .
R L~ R | [ates]
2
(42.8) Indole

R = H, Cl, B, MO, Me; RZ = H, Me
i, PhMe or PhH, A; i, CHaClp, EtyOBF,



Formation of a Five-membered Ring 913
2. Pyrrol-2-one

a-Alkenylazoles react with maleic anhydride so as to annulate the two functions
into a ring in high yield.

Q
RCCH X u,c f X
8 1/ |+l 9 e | 17

Q

R = Me, Ph, 4-Cl-, 4-MeO-, 4-Me- CgH
X NH Pynolo[l,zalinidazol-s-one

3. Pyrazole

A C—N bond is formed (in an acid-catalysed reaction) between an activated
carbon—carbon double bond and a ring-nitrogen.

COOMe
e I
—_— } [2108}
~96% ™ N
COOMe

4a,7b-Diazacyclopent{cdlindene

4. Imidazole

Annulation of a terminal alkyne group to a neighbouring ring-nitrogen atom
occurs when the compound is refluxed with formic acid.

NCHO N
- 7 N7
| (‘:H,c-cn HOOCH, o (3470}
2

Imidazo(1,2-ajpyridine
5. 1,2,3-Triazole

Tosyl azide reacts with the CH of an acyl ketene NS-cyclic ketal in refluxing
dioxane to form a fused triazole ring.

Ns
NH diox, TeNs, 4 ‘/\N’ N
f_\g == L1 s
CHCR
il
(o]

R = Ph, 4-Ck-, 4-Me-CgH, Thiazolof3,2-ci{1.2,3)wiazole
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6. Furan

Several methods of converting a propynyloxy side-chain into a fused furan ring
have been described (see p. 199 for some of them). When this side-chain is
attached to a 2-quinolinone, prolonged heating with HMPT and hydrogencar-
bonate gives good-to-excellent yields of the furoquinolinone.

Me
OCH,CamCH 0 |
N HMPT, NaHCO,, & N
R 51-04% R [359”
N~ Yo N~ Yo
R! R
R' = Me, Ph; A% = H, Br, NO2 Furo[3,2-cjquinolin-4-one
7. Thiophene

Hydrogen bromide (but not the chloride) has a catalytic effect on the cyclization
of alkenylbenzenes with sulphur. Under mildly basic conditions, cinnamonitriles
on heating with disulphur dichloride give the synthetically useful chloronitriles
(42.7). Prolonged heating of a cinnamic acid with thionyl chloride-pyridine is
a useful synthesis of 3-chlorobenzob]thiophene-2-carbonyl chlorides.

CH=CHPh S Ph
S, HBr. &
©/ T m [2167)

Benzo{bjthiophene
S CN
@\ mma @i_j[ [2210]
CH=(':CN cl )
R (w27

R = CN, COOE

S COCI
pyr, SOCl,, PhCl, A
s S SR G
CH=CHCOOH Ci

R = H, Me, Cl, F, NO

8. Thiophene 1-Oxide

Thionyl chloride—aluminium chloride cyclizes ethynylbenzene in good yield and
without external heating.
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(o]
Ci c S COOMe
SOCH,, Al
CaeCCOOMe Cl
Benzo[bjthiophene 1-oxide

9. Thiazole

Thiazolotriazoles are of considerable medicinal interest and are accessible from
2-propynyl-1,2,4-triazole by cyclization in either an alkaline or an acidic
medium. In a basic medium, the main product is the [3,2-b] isomer whilst the
[2,3-c] compound is the major component of acid-induced cyclization, although
the yield is low [2965]. 4-(Prop-2-ynylthio)pyrimidines are cyclized in the
presence of palladium(Il) chloride (reviews of palladium-catalysis in organic
synthesis [B-41, 3501, 3505]). In the absence of the palladium salt, no product
is obtained when R' = R* = R? = R* = H, but the presence of a methyl group
(especially at R?) increases the yield so that moderate or even high yields are
sometimes attained in the absence of palladium catalyst [3144].

: Y N\
\r Thiazolof2,3-c}-1,2,4-triazole [2965]
-——-L R l/\N N YN
s—1—

Ar = Ph, 2- or 4-MeO-CgH,

ccnzs

Thiazolo[3,2-b}{1,2 4 irazole
R R

R2 SCHR? 3
Y s Y

HN_ N x-a% N_. _N 144l
hig ) O
o

R'=H,F,Br,Me; RZROR* « H, Me Thiazolof3 2-cjpyrimidin-5-one

i, MeCN or DME, PdCIo(PhCN)z, Na

Benzyloxynitromethane is a useful reagent in the synthesis of the precursors
of some fB-lactam antibiotic molecules. The nitrovinyl thioether (42.8) and
others are thus synthesized, and may be cyclized with tetrabutylammonium
fluoride, ozone and DBU (review of the chemistry of DBU [3364]. 2-Vinyl-
thiopyridine forms a fused thiazolium ring on stirring with bromine-carbon
tetrachloride [2811].
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H
o A Me
\_Nsngu i o\h‘N/YMe
em——-
T o = YT T s
Ma,gSi® SCMe,CH=COCH,Ph HO* 5
(42.8)
i, THF, Bu¢NF; Oa, CHCly; i, DBU 4-Thia-1-azabicycio|3.2.0lheplan-7-one
SCH=CH S
7 2 enocy Z
| — o [2811]
AN N
Thiazolof3 2-ajpyridinium

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridine
N'-Aryl-N*-phenylalkynylamidines are cyclized to quinolines by treatment with
hot PPA; the main product is the 2-(N-methyl-N-phenylamino)quinoline but
cyclization on to the other benzene ring may occur to some extent. 3-Phenyl-
aminobut-2-enoate esters are cyclized (on to a ring-carbon) at or below room
temperature by the application of Vilsmeier reagents.

N=CNMePh N\ NMePh
n@ Lamcen A, R [2836]
~

R =H, MeO, EtO Ph
Quinoline

NHﬁMe Na oM
DMF-POCly
a—@ CHCOOE! — e~ R‘m [3044]
Z cookt

R = 3- or 4-MeO-, 2- or 4-NO,.

When the heterylidenemalononitrile (42.9) is heated in butanol, cyclization
{as in the ‘t-amino effect’ (reviews [1618, 3885])} occurs in good yield. An
electron-rich alkyne adds across an allene-like C=N bond at low temperature.

— (CHalny
(CHZ)n N
YUt u S M
CN
CH==C(CN), S N
(42.9) n = 3 Benzothieno|3,2-sjindolizine

n=45 n = 4 Benzothieno{2,3-clquinolizine
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Other ring systems synthesized similarly:

/\N\S

(CH2)p [3886]
NC CN
n =3 Thieno{32-ejindolizine
n = 4 Thienof2,3-clquinolizine
Me
=c=<|>m N\ é:cho
/@ CH=CH, ——“?"m"—-.g» [es62}
Me’ + PhCEsCHNEL, Me 2 Ph
NEY,
Quinoline
2. Pyridin-2-one

The phosphate of an enol (42.10) converts a 2-methylidenepyrrolidine into a
pyrrolopyridinone on stirring the compound with ethanolic TEA. Replacing the
phosphate by an N-propynoylimidazole and heating the compounds in toluene
gives an excellent yield.

<I:oot-:t COOMe
MeOOCCH CH,COOEt CH,
| TEA, EtOH, A =
+ (E10),PO,C — | [2624)
HN ii N
CHCOOE!
(42.10) o
5-Indolizinone
CHgPh CHzPh
E:ooccu\r Hzp
PhMe. & |
j L—NCC‘CH m q;’/ [3445]
Imidazo[t 2-ajpyridin-S-one

Thermolysis of the w,w-diphenylallene derivative (42.11) for 6-7 h yields the
quinolinone, but when the two phenyl groups are replaced by hydrogen or alkyl
groups, the reaction produces a bridged indol-2-one [3657). The 2-
arylidenoxazolidine (42.12) adds on to a reactive alkyne on refluxing with
DMAD in methanol for 48 h [3658]. Prolonged heating (but at 220°C) is also
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required for the enchydrazine (42.13) to react with DMAD to produce the
pyridopyridazinone in a Diels—Reese reaction [3940].

(o]
il R
NROﬁH N O
xylene, A
c —— 3657)
O I 06-85% & [
CPh,
(42.11) CHPh,
R=~H,Ph 2-Quinolinone

R2
R2CH Q. R! MeOC. 0. R!
Y MeOH, DMAD, 4 g | = ]’ 12653
HN 0% N ]
(42.12) o

R! = H, Me; R2 = PhCO, 4-MeO-, 4-Cl-, 4-Me-CgHy

Oxazolo{3,2-alpyridin-5-one
NRR Ne
N_ O
NT tetratin, DMAD, A NZ
o | gl;°°°'4° ) P [3040]
CHOOMe NHR
(o] [o]
(42.13) Pyridof2,3-d lpyridazine-2,5-dione
R=EtPr

3. Pyridin-4-one

2-Nitromethylideneimidazolidines (42.14) [synthesized from I-nitro-2,2-
bis(methylthio)ethene and ethylenediamines] react at room temperature with
diketene (reviews [116, 2018)) to form a new fused pyridinone ring {3816). The
readily available chalcones may be cyclized in hot mineral acid to form a fused
pyran-4-one ring in moderate yield [3517].

(42.14)
R = H, akyl, Ph

O,NHC, N HC L
o N
Y + N0 AOH N, \ 3816
R [go = AR
Me

imidazo[1,2- ajpyridin-7-one
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Another ring system synthesized similarly:

w  Ne.
N~ 0
l I [3816]
N A
Me
Pyrido{1,2- ajbenzimidazol-2-one
Me, Me
MOH.H;SO A
— [517)
CCH=CHAr'
md Mo |
A = 4-COOMOCgH,: Ar? = 4-COOHCgH, Nq:htho[z.a-b}pyraM-ono
4. Pyrimidine

Heating an N-allylbenzamidine with PPA gives a dihydroquinazoline but the
more unsaturated cinnamylideneamino-azole (42.15) gives a high yield of an
aromatized pyrazolopyrimidine.

N==CMe N
A | PPA A Y
NH  “Gewex B NH [2498]
|
CH,=CHCH,
(]
R = Br, Cl, Me
Quinazoline
Ph
: R! R
N” ACOH. & AN
CHCH=N R N -
(42.15) Pyrazolo[1,5-ajpyrimidine

R!=Me, Ph; R?=H, Ph

5. Pyrimidin-4-one

Heating a 2-acryloylaminoazine in xylene is a very efficient way of linking the
C—C double bond to a ring-nitrogen.
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N NHCCH=CH, N N O
QT Y
N xn N

Pyrimido{1 2-ajpyrimidin-2-one

6. Pyran or Thiopyran

Alkynyloxybenzenes cyclize on heating (p. 201); when this reaction is applied to
w-chloropropynyloxybenzenes, 4-chlorochromenes are obtained in good yields
[3439). It is possible to synthesize 1-benzopyrans from an alkynyloxybenzene
[2376, 3451]), and the corresponding 1-benzothiopyrans from alkynylthioben-
zenes [3544]. Hot mineral acid converts chalcones into chromones [3517].

XCR2R? X .
R Oomc R‘ PhNE1, or PhBr, A R‘ [2378. 3439,
1e-5% & 3451, 3544]
R' = H, Cl, MeO, NH; or benzo; R*

RZR%=H,Me; R*=H,Cl; X=0,S
2H-1-Benzopyran
2H-1-Benzothiopyran

7. 1,2-Oxathiin 2,2-Dioxide

An unusual cyclization occurs when an ethylidenindanone is stirred at ambient
temperature with a mixture of sulphuric acid and acetic anhydride.

Q (o] Me
& o
M ] {2657]
e x50
CHMe
Me

indeno[1,2-d)[1 2Joxathiin 3,3-dioxide
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Examples of annulation of amidine with methylene and with methylthio groups
are included in this chapter.

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

2-Methylbenzamidines react at room temperature with dimethyl oxalate and
t-butoxide in DMF; the pyruvate intermediate may be isolated if desired or
heated further (with or without ethanol as a solvent) to give the indole. Flash
vacuum photolysis of 2-alkylbenzamidines at about 900°C gives indole in
moderate-to-good yields, but as both the 2-methyl- and the 2-ethyl-amidine give

921
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indole, it is not always easy to predict the structure of the product; some
amidines give quinolines.

H
ON N=cl:H ON N
1. DMF, 18vOK, )as 2. &
\@( NMe, K OOMhi2 4, m (3832]
Me co

|
COOMe

R? ]
N=CHNMe,

ZX

900 °C, 10 Torr '
§1-76%
CH,R! Rt

R' = H, Me; R? = Mo, Et

[3318)

2. Imidazole

High yields of benzimidazole are obtained by heating o-aminoamidines with hot
mineral acid.

NH

NHgPh
f ‘@ u.ou HCl, A _m (3048)
NH,

A = H, Cl, Me, COOMe

3. 1,2,4-Triazole

N-Guanidino and methylthio groups interact in the presence of a strong base;
after the loss of the MeS group, a fused triazole is obtained in moderate-to-high
yields.

Ar
N< ArNH
Y/ NMe 1BUOK-1BUOH, A “NMe [279)
A:NH?_—.NN—kx 41-05% N._.N__k
NHAr
1,2,4-Triazolo{4,3-5j{1,2 4]triazol-3-one

Ar = Ph, 4-Br-, 4-Cl, 4-MeO-CgHy; X=0,8 {3 4.-Triazolof4 3-bj[1.2 4]triazole-3-thione
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II. FORMATION OF A SIX-MEMBERED RING

1. Pyrimidine

Amidino and amino groups are converted in high yield into a fused pyrimidine
ring on stirring the compound with (in this example, labelled) acetic formic
anhydride (review of this compound [3823]). Amidino-nitriles react with either
ammonium acetate or methylamine to give fairly good yields of the amino-
pteridines (reviews of pteridines: [3454, 3594, 3669]). Formic acid provides a
carbon atom to complete the pyrimidine ring of a purine in this example of
cyclization of an amino-amidine [2431]. No additional atoms are needed in the
cyclization of the pyrazine (43.1) to a dihydropteridine [2159].

é NH,
HN= Na < Ny
~ ~
[ atow N7 W [2048a]
NR 1% 14|§ NR
HN N
1,2,3-Triazolo[4,5-d jpyrimidine
N==CHNMe,
—--——-— \l [2271)
_N
R =H, CI; R2= H, Me; i, 2q. ACONH, or ACONHzMe Pleridine NHR?
Another ring system synthesized similarly:
NHR
N /N‘Nue
|\ _ [2405]
n N
1,2,3-Triazolo{4,5- d]pyrimidine
'i“"a NH,
HN=C N N
T == 7 e
HeN SN
R = cyclopentyl Purine
N
CC e, == Q"
—_— | (2159}
1% X NH
CFlzNHc—NH N
(43.1) Pleridine

i, EIOH-EtONa, A; §i, T9OH



924 Amidine and Amine or Carboxylic Acid. . .
2. Pyrimidine 1-Oxide

Ethyl orthoformate converts an N-hydroxyamidino-amine into a fused pyrim-
idine N-oxide.

R
HN_ N,
N
|l e '/ [2706)
HOHN:(l:
NH,
R = Me, Ph Pymmbls.l-dbyﬁnidm S-oxide

3. Pyrimidin-4-one
A 2-amidinobenzoate (prepared from the amino ester and either a nitrilium salt
or DMFDEA) is cyclized on heating with t-butoxide-t-butanol or a primary

amine. Both methods yield a 3-substituted product. The internal amidinium salt
(43.2) cyclizes when heated at 220°C for 5min.

N=CMeNHBu
@ BuOH. 'e”c BuOH. BuON2 2. Y (2477}
COOMe

[2983)

T
4
g

Pyrimidol4'5' : 4,5}pyoloj2,3-clazepine-4,6-dione

Bu
) Os. N_ _Me
coo \'(
.
NHC=RHBu N
N e 2 N (3653
—————
P N 83% P N
OAr OAr

932) Pyrimidof,5-clisoquinolin-1-one
Ar = 4-MeCgH,
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4. 1,3,5-Triazine

An N-amidino-aminopyrazole may be cyclized by reaction with an orthoester,
acetic formic anhydride, formic acid, phenyl isocyanate dichloride or dimethyl
oxalate according to the substituent that is required at position 2 of the product.

R* NH, Rt N R?
= N
l Liliiorv ‘ Y 12773]
N——NG=NH N—NYN
N
he NHR?

i, MoC(OEt)3, diox, &; R' = R% = Me; R? - H, 90%;

i, AcgO-HCOOH, A; R' = R%= H; R®= CHO, 93%;  Fyrazoloj1.5-a}1,3 5-trazine
iil, diox, PAN=CCl; R' = R? = H; R2 = PhNH, 12%;

iv. (COOMe)z, 4; R! = R? = H; R? = COOMe, 47%

Another ring system synthesized similarly:

Y o0

N NN
[1.2.4]Triazolo{1,5-aj{1,3,5]wriazine

5. 1,2,4-Thiadiazine 1,1-Dioxide

A modest yield of the benzothiadiazine dioxide is obtained when an o-amino-N-
amidinosulphonamide is heated at about 225°C for several hours.

Q2
Jeary
NH, /@E [2554]
CF NH, CFy N')\NH2

3

1.2,4-Benzothiadiazine 1,1-dioxide

IIl. FORMATION OF A SEVEN-MEMBERED RING

1. 1,3,4-Triazepin-5-one

Amidine and amine groups may be joined together to form this triazepinone
ring by heating the compound with methanolic sulphuric acid for 3h. The
reactant is obtained by stirring isatoic anhydride (review of reactions [3008))
with an amidrazone (formally, a hydrazone of a carboxamide).
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ﬂz
NH, N§<
MeOH-H,SO,
R! =CR? R N
1] H
o (o]
R! = H, Br; R = pyrid-2-yl 1,3,4-Benzotriazepin-5-one

2. 1,3,4-Thiadiazepine

An unexpected cyclization occurs when the aminoamidine (43.3) is heated with
thiosemicarbazide hydrochloride.

N M N
H’NIN # COOEt ?snu, ACOH. 4 r?// | NP Ncoort (2576]
A= NP NHNH, 7% N NP
NH, NH,

(43.3) Pyrazolo[5'.1' : 3.4][1.2 4)iazino[6,5-f)[1,3,4]thiadiazepine



CHAPTER 44

Amidine and Ring-carbon or Ring-nitrogen

I. Formation of a Five-membered Ring 927
1. Imidazole 927
2. 1,24-Triazole 928
1I. Formation of a Six-membered Ring 929
1. .Pyridin-2-one 929
2. Pyrimidine 929
3. Pyrimidin-4-one or Pyrimidine-4-thione 930
4. 1,3,5-Triazine 930
5. 1,3,5-Triazin-2-one 931
6. 1,3,5-Triazine-2,4-dione 931

Cyclization of compounds containing a sulphimidoamidine function is included
in this chapter.

I. FORMATION OF A FIVE-MEMBERED RING

1. Imidazole

A synthesis of a benzimidazole in which the final step consists of the formation
of a bond between a nitrogen atom and a ring-carbon atom was used to
synthesize 6-hydroxy-1,2-diarylbenzimidazoles from the benzamidine (44.1).
Naphthylguanidines undergo oxidative cyclization at temperatures below 0°C
to form a new 2-iminoimidazole ring. In this example, simultaneous oxidation
and bromination occurs elsewhere in the molecule. LTA has also been used as
the oxidant.

927
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R R
Ar
(o) HO N Ph
AcOH, A
NAr —— T 3479
] 32-62% N [ l
R NCPh R

(44.9)
R = H, CI, Me; Ar = Ph, 4-C}, 4-Me-,
4-MeO-CgHy, 2,6-Mez-, 2.5-Mez-CeHa

NHO=NR
NR
MeOH, ar,. MeONa (2602)
R = 1By, cyclohexyl Naphth{1,2-dimidazol-5-one
RCHN RCHN NHCOOMe
Il cuct,.c.u.a
(o] \@ \r {3057]
NH(':-NCOOMG
NHCOOMe

R = Me, Bu, Ph

2. 1,24-Triazole

Oxidative cyclization of an amidinoazine with LTA can lead to a good yield of
a triazole. A formazan (which contains an N=C—N linkage) is cyclized by acid
which also cleaves the NAr group.

HNCR=NH

o5 e o e

R = Ma, CF3, CFCl, Ph [1.2.4]Triazolo{s,1-ajisoquinoline

Another ring system synthesized similarly:

-N A
sv= g

[1.2.4]Triazolof5,1-blpenzoxazole
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Mo _N. _NHN
\[”j; <:§—N=NN “gi‘ Y | [2895]
Ph
o

o
Ar = Ph, 4-MeCgH,4 1,2,4-Triazolo{4,3- ajpyrimidin-5-one

IIl. FORMATION OF A SIX-MEMBERED RING

1. Pyridin-2-one

When the amidine (44.3) is heated in an inert atmosphere, the dimethylamino
group is eliminated and a bond is made to the ring-carbon atom.

CN
MezNCl-C:Nﬁ(':\ ﬁ""’" O, S gHzPh
o ._.%‘.‘._> [2044]
HN_ =~
(44.3)
Pyrrolof3,2-cjpyridin-6-one
2. Pyrimidine

N-Aryl-N’-sulphimidoamindines react with enamines to form quinazolines in
good yields. Further studies on this reaction [using the S(CD,), analogue]
showed that the product acquires a hydrogen from the SMe, group and that a
1,3-diaza-1,3-diene is probably an intermediate. When the enamine carries an
a-substituent (other than hydrogen), a 3,4-dihydroquinazoline is obtained. The
corresponding 2-pyridyl sulphimide is photocyclized to a 1,2,4-triazolofl,5-
alpyridine in high yield [2686].

N—C—Ph N Ph
—CR2 3 N
/@/ N—SMez + \)NCH =CR R T s
R! R! 7

R! = Mo, MeO; RZ= H, Me, Ph; R® = Me, Ph CHR?RS
Quinazoline
N=¢—ph e L
/@ N=SMe; + RERNC=CHRS i 1: (3828]
R! R!

R' = Me, MeO; RZAN = morpholino; R CHPR®

R* = Et, Ph; R® = H, Me or R*R® = (CH2)a or (CHo)s
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3. Pyrimidin4-one or Pyrimidine-4-thione

An N,N-dimethyl-a-amidinoazole reacts with diketene to give a cyclized
product which does not contain the dimethylamino group. This reaction can be
applied to several other heterocycles containing this side-chain. Heating the
amidine (44.4) briefly in quinoline effects its cyclization in high yield; replacing
the ethoxycarbonyl group by a chlorine atom and heating the compound with
potassium thiocyanate can give high yields of the corresponding thione.

CH=N._ _X_ Ph HGC Ao _No X _Ph
I B P B T \[;N(__\ﬂ/ fesee
o

X =0 1,3,4-Oxadiazolof3,2-apyrimidin-5-one
X =S 1,34-Thiadiazolof3,2-ajpyrimidin-5-one

Other ring systems synthesized similarly:
XYN Z /N
Lol el o (2686]
A N
o

X = O Pyrimidof2,1-blbenzoxazol-4-one Pyrido{1,2- ajpyrimidin-4-one
X « NH Pyrimido}1,2-apbenzimidazol-4-one

N R?
R! j‘: (2620]
NHCR? ™% o
e

€Y
Rugy 4-Quinazolinone
2oy, KScw, 4

A
R' = H, Me, NO2; R% = H, Me, NO, R Y [2566]
2-thienyt, MezN, morpholino NH
s
4-Quinazofinethione

4. 1,3,5-Triazine

Guanidinobenzimidazole reacts with benzoyl isothiocyanate in a basic medium
to give a high yield of the fused triazine.
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NH
i
N NHCNH, 0 N< _N NH,
QO™ = OO
H \'//'N

1,3,5-Triazino[1,2-apenzimidazole

5. 1,3,5-Triazin-2-one

Phosgene at ambient temperature cyclizes 1-amidinoisoquinoline to its triazino
derivative in good yields.

n
NHCR=NH /g
@C - @ik) e 2
R = CFs, Ph 1,3,5-Triazinof2, 1-ajsoquinofin-4-one

6. 1,3,5-Triazine-2,4-dione

An aryl isocyanate annulates an amidino-nitrogen to a neighbouring ring-
nitrogen.

N=CH R' S _N. .0
I g R T ) g g
R?
R' = R? « H or R'R? = benzo; Ar = Ph, 4-MeCgH, \ﬂ/

Thiazolo{3,2-a}-1,3,5-riazine-2,4-dione
1,3,5-Triazino{1,2- bjbenzothiazole-2,4-dione



CHAPTER 45

Amine and Azide, Azo or Diazo

1.  Formation of a Five-membered Ring 932
1. Imidazole 932
2. Imidazol-2-one 933
3. 1,2,3-Triazole 933

A rare example of the cyclization of an oxime of an acylamino and an amino
group is described.

I. FORMATION OF A FIVE-MEMBERED RING

1. Imidazole

Amino and azo functions are annulated to form an imidazole ring by fusing the
compound with a benzaldehyde at 220°C. An azido-imine is cyclized (via a
nitrenium complex) by brief treatment at room temperature with boron trifluor-
ide etherate.

o O H
N=NPh N Ar
HN AICHO, HN
)\J‘I o AT T e
0% N7 NH, oZ N
Mo Me

Ar = Ph, 4-MeO-, 4-Cl-, 4-MeN-Cghly 2,6-Pusinedione
932
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Another ring system synthesized similarly:

(o}
H
N AN
YT
L -
Ph N
6-Purinone
H
Ng NGO A
PhH,
QONE gD G
N
N=CHAr

Ar = 4-CICgH,
2. Imidazol-2-one

An azidocarbonyl group undergoes a thermally induced Curtius reaction to an
isocyanate, and this reacts readily with a neighbouring primary or secondary
amino group to form a fused imidazolone ring. Toluene or diphenyl ether may
be used as solvent according to the temperature needed for the reaction to
proceed in a reasonable time but without causing decomposition.

a \[_N

N
/ Z
I:( L l Y (3090]
N
[1.2.4]Triazolo{3 4-bjpurin-7-one
R =H, Me
Another ring system synthesized similarly:
Ar
N\(O
3363,
N
H
Imidazof4,5-bjndol-2-one

3. 1,2,3-Triazole

A high yield of a fused triazole is obtained when the oxime of a 2-aminobenz-
anilide is treated with nitrous acid [3048)]. Cyclization of amino-azo compounds
with LTA is often carried out in dichloromethane but acetic acid also gives good
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results [2417). Pyridine as solvent and copper(ll) sulphate as oxidant can also
give high yields [2476].

Ph?:fbﬂ
NHCPh N,
R Now o N
e R I [3048)
NH,
R = H, Me, Ci, COOMe Benzotriazole
NH, NH,
N=NPh N
NZ ACOH, LTA N7 Y7 “NPh
)% ' 0% A —"I'q 2417]
R N7 “NH, R N
R = H, Ph,NH, 1,2,3-Triazolof4,5-d Jpyrimidine
Other ring systems synthesized similarly:
MeN AN~ en 7 N
)\ _— BT | 2476}
0% N Sn
Me
1,2,3-Triazolo[4,5- flquinoline

1,2,3-Triazolo[4,5-d pyrimidine-5,7-dione



CHAPTER 46

Amine or Phosphorane and Carboxamide

I. Formation of a Six-membered Ring 935
1. Pyridin-4-one 935
2. Pyrimidin-4-one or Pyrimidin-4-one, 2-thioxo- 935
3. Pyrimidine-2,4-dione 938
II. Formation of a Seven-membered Ring 939
1. 1,3-Diazepin-4-one 939
2. 1,4-Diazepine-2,3,5-trione 939

I. FORMATION OF A SIX-MEMBERED RING
1. Pyridin-4-one
o-Amino-t-benzamides are cyclized to 4-quinolinones by successive treatment

with a ketone containing at least one a-methylene group with LDA in THF at
temperatures varying from 0°C to refluxing temperature of the solvent.

H
NH, N_ _R?
R e 3193
@ » Rper® wox | s
CONR} o
R',R% = Me, Et; R? = Me, E1, CsH;, COOEL, Ph or R2R® = cCeHyy o
i, Me2CO or PhH, 20-80 °C; i, THF,LDA +-Quinolinone

2. Pyrimidin-4-one or Pyrimidin-4-one, 2-Thioxo-

Annulation of a side-chain phosphonium bromide and a carboxamide group [as
in compound (46.1)] occurs under base catalysis [2736). A pyrimidinone ring is

935
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also formed in high yield and under mild experimental conditions when an
iminophosphorane (formed in situ from an azide and triphenylphosphine) reacts
with an N-acylcarboxamide (that is, a mixed imide) at room temperature [3636].
Other products can be prepared from these two pairs of reacting groups; for
instance, an isocyanate converts (46.2) into the 2-aminoquinazolinone whereas
carbon disulphide converts it into 2-thioxoquinazolin-4-one, both in high yield

[3441].
+
NHCMe=CHPPh, N Me
N
@ e T iz
NH
CONH,

(46.1) o
4-Quinazolinone

Another ring system synthesized similarly:

(o]

N
P [3636]
N

Pyrrolof2.1-bjquinazolin-9-one

Ny
@: Lo e \( coce
CONMoCOR

R = Me, cC3Hg, PhCH=CH

N NHR2
~N
/M
N=PPh, e o
X
CONHR! ' H

R,
M-.-CS,

62) 89% NYS
NMe

R' « Mo, 4-MeCgHy;
R? = Me, 4-Cl-, 4 MaO-CgH,

o]
4-Quinazolinone, 2-thioxo-
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A cyclic hydroxamic acid is formed when an amino-(N-hydroxycarboxamide)
is heated with an acylating agent such as an anhydride or acid chloride [2399].
1,3-Bis(methoxycarbonyl)-S-methylisothiourea (46.3) converts aminocarbox-
amides into fused 4-pyrimidinones which carry a 2-carbamated function. A
2,2-dicarbamate is formed first (under mildly acid conditions), and briefly
warming this with alkoxide yields the monocarbamate [3711].

NH, Ny AR
+ R'cOX . Y (2399)
76-88% NOH

CONHOH o (RCO)0

R' = CICHg, Ph, 4-NO2CgH,, 2-COOHCgH, o
CH=CHCOOH, BrCHy; 4-Quinazolinone
(R2CO)20 = succinic, maleic, phthalic; X = CI, Br
i, E1OH or DMF
H
NO, N_ _NHCOOMe
q e e a1
38-50% N [ !
CONH,
(46.3) °
R = H, MeO

I, RaNi-NoHy, MeOH; i, MeO,CN=C{SMe)NHCOOMe, AcOH, A; i, MeOH-MeONa

Many reagents may be used to cyclize an aminocarboxamide into a fused
pyrimidinone (see pp. 211-216); the following may be added to the list:
triformamidomethane, DMFDEA and thiourea. Another example is shown in
Section 111.2.
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Another ring system synthesized similarly:

N N
Z N “NR
( Y [2411]
. —
o
R = D-ribosyl
Pyrazolo[3.4-d Jpyrimidin-4-one
Ne
N
HN Sy conm, R - N
| 1 4 —_— | (2404}
NMe NH, o X N
HNOC HsT N
1,2,3- Triazolo[4,5-d pyrimidin-7-one

3. Pyrimidine-2,4-dione

To the list of reagents mentioned in Part 1 (p. 216) used to synthesize this fused
ring from an aminocarboxamide, phosgene [2564] and ethyl chloroformate
[2913] may be added. The iminophosphorane (46.2) is also a substrate as it
reacts with carbon dioxide to give the dione in excellent yield.

Cl
H
NH, N_ O
PhCI, COClz & \(
l = | e 24
s~ “CONHMe S
(o]

[t]Benzothieno|3.2-d byrimidno—ZA-diom

b et e S

R' = PhCHo, Ph; R? = H, Me, Ph

Cl

2.4-Pleridinedione
H
N_ O
CO,
62 e NR? (3441}
R = Ma, 4-MaCgH,
o

2 4-Quinazolinedione
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1. FORMATION OF A SEVEN-MEMBERED RING
1. 1,3-Diazepin-4-one

Formaldehyde supplies the methylene group to join the amino and carbox-
amido functions of (46.4) to form this ring.

H
NH, N
B10H, HCHO, & M\
e NMe  ([2058]
ol CHAENHMo c
[+
{46.4) o 1,3-Benzodiazepin-4-one

2. 1,4-Diazepine-2,3,5-trione

Anthranilamide and many other aminocarboxamides are converted into the
fused pyrimidin-4-one analogues in a base-catalysed reaction with diethyl
oxalate [182]. When this reaction was applied to the chromone analogues (46.5),
the expected product was obtained when R = COOEt, but the diazepinetrione
was the only product isolated from the chromone (46.5, R = H).

0
R
l 1]Benzopyranof3,2- ,10-dione [1779
oo, __, I 02 dpyimine 11779)
46.5) TSR 2
i, EXOH-E1ONa, (COOEY, | \gz
o
N
H
o

[11Benzopyrano]3,2-¢}-1,4-diazepine-2,3,5,11-telraone



CHAPTER 47

Amine and Carboxylic Acid

I. Formation of a Five-membered Ring 940
1. Imidazole 940

2. 1,2,3-Triazole 941

II.  Formation of a Six-membered Ring 94}
1. Pyridin-2-one 941

2. Pyridin-4-one 941

3. Pyrimidin-4-one 942

4. 1,2,3-Triazin-4-one 943

5. 1,3-Oxazin-6-one 943

6. 1,4-Oxazin-3-one 944

7. 1.3-Thiazin-6-one 944

1lI.  Formation of a Seven-membered Ring 944
1. 1,4-Diazepin-5-one 944

2. 1,4-Thiazepin-3-one or -5-one 945

IV. Formation of an Eight-membered Ring 945
I. 1,5-Diazocine-2,6-dione 945

Cyclization of an imino-carboxylic acid is included in this chapter.

I. FORMATION OF A FIVE-MEMBERED RING

1. Imidazole

Cyclization combined with chlorination of the newly formed ring occurs when
an imino-carboxylic acid is heated with phosphorus oxychloride; the yield is low
when R = Me.

940
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HN S Ci N S
S A
HOOCCI-?N/ I e ‘ T l A (2068]

R
R=H, Me imidazof2, 1-bjthiazole

2, 1,2,3-Triazole

A benzyne (generated from anthranilic acid) reacts with an aryl azide and
isopentyl nitrite to give a good yield of a fused triazole.

Ar

NH, N\N
| CsH,;ONO, CH,Cl, A
Qg (LY
COOH
Benzotriazole

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridin-2-one

2-Aminobenzoic acid undergoes cycloacylation to give moderate yields of
quinolin-2-ones.

ﬂ2
NHR? N_ O
AcOH, 3
COOH &
(47.1) H
R' = H, Me, Et, CI, Br; R? = H, Me, Et, Ph 2-Quinolinone

2. Pyridin-4-one

This ring is formed by reaction of a 3-amino-5-chloroindole-2-carboxylic acid
with DEAD (review of addition to alkynes [2816]) in alkaline solution; when the
chlorine atom was replaced by other substituents, a mixture of products was
obtained.
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3. Pyrimidin-4-one

A 2-fluoromethylquinazolin-2-one may be synthesized by stirring an anthranilic
acid and a base with the adduct from fluoroacetonitrile, ethanol and gaseous
hydrogen chloride [3777]. The use of nitrile-hydrogen chloride adducts in the
synthesis of heterocycles has been reviewed [2547], as also has the cyclization of
o-aminocarboxylic acids with an amide (by a modified Niementowski quinazoline
synthesis) [2484].

NH, N CH,F
B
m.@ + FOHON LEOHHCID 2 EON Y
COOH Me NH

(472) o
1
R’ =5Me 4-Quinazolinone

Application of a modified Willgerodt reaction to the synthesis of 3-heteryl-
quinazolinones gives low yields [2427]. Cyanogen [2996] or imino esters [2106]
may be used to cyclize anthranilic acids; 1,3,5-triazine is an effective amino-
methylating agent for the same kind of substrate [2442).

(472) R'aH + ANHp + R?Me

A2 = 2- or 4-pyridyl; Ar = Ph, MeO-, Me-CgHy

{2906}
R = Me, Et
Pyrazoloj4,3-g Jquinazolin-5-one
N
-\
“r2) + '\ /‘ m R j«n [2442)
R! = H, Hal, NO2, SO3H o

4-Quinazolinone
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4. 1,2,3-Triazin-4-one

1,2,3-Benzotriazin-4-ones are useful reagents in peptide synthesis and may be
synthesized from the anthranilic acid by successive reaction with thionyl
chloride (which forms an unstable sulphinamide anhydride), O-
(trimethylsilyl)hydroxylamine and a nitrous acid-hydrochloric acid mixture at
low temperature.

Ny
LW o SN
(47.2) e - R I [3728]
A « H, CI, I, Me, MeO, NO3
i, PhH, SOCla, A; i, PhH, MesSIONHy; ili, HCI, NaNO; o
1,2,3-Benzotriazin-4-one

§. 1,3-Oxazin-6-one

Addition of ethyl chloroformate to an anthranilic acid stirred at ambient
temperature in aqueous hydrogencarbonate or in pyridine results in the forma-
tion of a 2-ethoxybenzoxazinone in high yield [3770]. Cyanogen bromide in a
similar low-temperature reaction yields a 2-aminobenzoxazinone while thio-
phosgene gives a high yield of the benzoxazinethione. Formaldehyde annulates
an anthranilic acid to a 2-unsubstituted benzoxazinone [2213].

OR3
N\Y
R
o
(o]
Gp‘p& o 3,1-Benzoxazin-4-one
H

R' = Me, EY; “"Ox%’ 3.1-Benzoxazin-4-one, 2-thioxo-
R2=Hor Ar;
Ar = 3-CFaCeHa: NS NH,
A% = Me, Et R' Y
o)
N o

1 {2213)
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6. 1,4-Oxazin-3-one

A cyclic amide is formed intramolecularly when a compound containing
suitably positioned amino and carboxylic groups is heated in acetic acid—acetic
anhydride.

e o e e

Pyrimido(5.4- b1 4Joxazine-4,7-dione

7. 1,3-Thiazin-6-one

An excess of thioacetic acid converts anthranilic acid into the benzothiazinone
in theoretical yield.

oy os @({Y [2037]
R!' = H

3.1-Benzothiazin-4-one

Ill. FORMATION OF A SEVEN-MEMBERED RING

1. 1,4-Diazepin-5-one

Suitably positioned amino and carboxylic acid groups attached to different rings
usually react in the presence of methoxide or sodamide, or on refluxing in a
high-boiling solvent or on heating with PPA, but DCC is sometimes the most
useful reagent even though the yields may not be high (see also Chapter 48,
Section [II1.3).

H H
N. _S_ _Et N_ _S_ _El
@( ‘ﬂ 2 @ () .
NH, COOH N
H Yo

Thienof2,3-b]1.5lbenzodiazepin-4-one
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2. 1,4-Thiazepin-3-one or -S-one

This ring may be constructed by annulating amino and carboxylic groups
attached to different rings with oxalyl chloride-DMF or in a high-boiling solvent
such as xylene.

H 0
S NHBoc s N
(I —=— [ | \5 fag01]
CHSCH,COOH
ke A

Ar = 2-FCeHy Thieno{2.3-6][1 4]thiazepin-2-one
i, (COCl), CF3COOH, DMF, CHxCha

Sl -

Dibenzo[b,f][1.4}thiazepin-11-one

§=O

IV. FORMATION OF AN EIGHT-MEMBERED RING

1. 1,5-Diazocine-2,6-dione

Two molecules of N-methylanthranilic acid react together when heated with
thionyl chloride to give a high yield of the diazocinedione.

wry SRl q:b (2674}

R'=H; RZ=Mo

Dibenzofb, f]1,5]diazocin-8,12-dione
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I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrol-2-one

A 2-aminophenylacetate spontaneously cyclizes in acetic acid or with PPA
[2416] to give an oxindole. An unexpected cyclization observed when the amino-
pyridinium salt (48.1) is heated with benzylamine is a Dimroth rearrangement.
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H
PhCH,0 NO, HO N_ O
MeO CH,COOE! MeO'

2-indolone
L0
CH, Z
\,*‘I N PHCH NH,, A @ N
o [22539]
>
COMe NH,
" &‘ 1480‘0&“
(48.1)

Another ring system synthesized similarly:

H  Me
Os. _.N_ _N_ _O
24186
| he [2416]
o
Pyrrolof2,3-dpyrimidine-2,4.6-trione
2. Pyrazol-3-one

Heating an amino ester with hydrazine hydrate leads to the formation of a
pyrazolone ring, but in this particular example, a simultaneous replacement of
sulphur by hydrazine also occurs in the substrate ring with the loss of hydrogen
sulphide, methanol and ammonia.

H
T I N"N I N‘NH
' I + 2NaH4.H0 -—TA“;—P | [3389)
COOEt Me X (o)

Pyrazolo[3,4-cipyridazin-3-one

3. Imidazol-4-one

Amino and ester groups interact on heating the compound with methoxide.
When base-sensitive functions are present, resort may have to be made either to
thermolysis under more drastic conditions, for example, heating at 160 °C under
vacuum for several hours, or to the possibility that a weaker base will be
effective.
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[3266]
1.3,7b-Triazacyclopenfcdjinden-4-one
o
COOEt COOEt
N 0 N O
EtOOCN A MeN N \(
MeHrli NMe ™ - rvo (3183
PhyP=N—C PhyP=N
o o]
Imidazof5,1-11,2 4}iriazine-2,4,7-trione
CN CN
N n O
e EIOH, TEA. A NS
Il —Tae | [3961]
NXCOOEt 73-00% N A
X = CHaor MeCH; R = H or Me Imidazof1,2-ajimidazol-2-one

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridin-2-one

The first report of the synthesis of an imidazof4,5-b]pyridin-S-one by closure of
a pyridine ring is a base-catalysed cyclization of the amino-malonylidene diester.
Complementary to this method is that in which a monoester mononitrile of
malonic acid is heated in acetic acid to give a high yield of the fused pyridinone.

H  Me
HN._ _N_ _SH Os. N _N_ _SH
| \g/ aowm;;nuwﬂ> « | \’Iql/ [2931}
(EX00C),C=CH E100C
Imidazo[4,5- bipyridin-5-one

Another ring system synthesized similarly:

| | [2144]

Pyrrolo[3,2-clpyridin-4-one
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Z m"' A 2
I |— | (2986
CH-CCOOEt

X = CH Pyrido{3,2-aindolizin-2-one

A' = H, Me; R? =M, E; X=N,CCOOEt X~ N Dipyrido{1 2-b:3'2-dpyrazol-2-one

Another ring system synthesized similarly:

R2
" /N‘N N
— (2986}
N F

Pyridof2',3" : 3,4]pyrazolof1,5-a)quinolin-9-one

Catalytic hydrogenation of a 2-nitro-a-oxocarboxylic ester with a large
amount of platinum oxide present reduces both nitro and oxo groups; a 3-
hydroxypyridin-2-one ring is formed. A smaller proportion of catalyst tends to
favour the formation of a five-membered ring.

H
N N o]
NT O Mo PIOLEIOH NP
| —— |
N x
MeO cu,ﬁcoosx OH
o 1,7-Naphthyridin-2-one
Another ring system synthesized similarly:
H

A N0
| (2278]
™
MeO N OH

(2278]

1,5-Naphthyridin-2-one

2. Pyridin-d-one

The use of dimethyl penta-2,3-dienedioate (dimethyl allenedicarboxylate) in
cyclizing salicylic acid (p. 139) has been extended to that of anthranilic esters
(48.2); the intermediate addition product of the amino group to the allene may
be isolated [3142]. An o-amino carboxylic ester (as its hydrochloride salt) adds
on to DMAD to form a fused pyridine-2,3-dicarboxylate (which may exist as its
tautomer) [3556]. When an amino ester is heated with butoxide and dimethyl-
acetamide diethyl acetal, the dimethylamine group is retained in the pyridinone
ring [2949].
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H
NH, N_ _CH,COOMe
GHCOOMe 1BuOK-~MeOH, A He
R N chcooms e P | o142
COOMe COOMe
(48.2) [¢]
R = H or 4-C+5-F «Quino
NH,HCI COOMe
NG ik AOH,OMAD,A  $7 N NS
— T e P (3556]
COOMe COOMe
H
Thieno{3 4-bipyridine

Other ring systems synthesized similarly:

H
MeOOCCH, N ]

| L |42 3409
MeOOC
o
Thienof2,3- blpyridin-4-one [1}Benzothienof2,3- bipyridin-4-one
H
el NYR MeC(OEY), L Mo NN P
| N + '&M&z 2% \ENI;N [2049]

E100C
? ;:H'::sONa W H °
) ) T Pyridoj2,3-d]pyrimidin-5-one

A recent synthesis of acridinones uses lithiated ethyl anthranilate and benzyne
(from a bromobenzene) at temperatures well below 0°C. In this reaction,
lithium N-isopropylcyclohexylamide (LiICA, prepared from butyl-lithium and
N-isopropylcyclohexylamine) was more effective than LDA or lithium 2,2,6,6-
tetramethylcyclohexylamide.

(o]
COOEt
QI 2 QUG e
NHR! 2 N
R R'

R! = H, Me; R? = H, MeO, OCH,0 9-Acridinone
i, LIICA or LDA
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3. Pyrimidin-4-one

Benzoylcyanamide in DMF reacts with anthranilic acid, its allyl ester or amide

to form 4-quinazolinone in moderate-to-good yield, but an electron-withdraw-

ing substituent in the amino acid prevented cyclization [2625]). Cyclization of

anthranilic esters with an imino ether proceeds without external heating and can

give high yields [2574]. An almost theoretical yield of a 2-amino-4-quinazolinone

is reported in a reaction between an anthranilic ester and chloroformamidine
hydrochloride [3772].

NH, N NH,
NHCN  owra S
COR!
(o]

R' = HO, MO, EtO, NHy; R? = H, Me, MeO

4-Quinazolinone
Another ring system synthesized similarly:
{2625]
Pyrido|3,4-d Jpyrimidin-4-one
CF,CHCl, N CF,CHCL,
| ACOH Y
482) + C':=NH x> R NH (2574
OMe
R=H, HO, Cl, Br o
4-Quinazolinone

4. Pyrimidin4-one, 2-thioxo- or Pyrimidine-2,4-dione

An —NH—CS group is incorporated in a new ring when ethoxycarbonyl
isothiocyanate (review [2688]) reacts with an amino ester (cf. the reaction of its
methyl homologue with an amino-imino ether, p. 77) [2388]; other isothio-
cyanates give 3-substituted products. When an isocyanate is used, the product
is a dione. In alkaline solution, an amino ester reacts with a dithiocarbamate to
give a fused thioxopyrimidinone in good yield [3342].
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AN\

| + RINCS [2078, 2388}

™ NR?

N~ “cooet
R'=RZ=Me, PhorR! =« COOEL; R?=H
Pyrido[3,2-djpyrimidin-4-one, 2-thioxo-

Another ring system synthesized similarly:

H
N_ O
N \(
| [2144]
N NPh

Ph

N\
Il B NHAr o Y ez
E00C

Ar = Ph, 4-MeO-, 4-Cl-, 4-Me-CgHj,

2.4-Mez-, 3,5-MexCeHs Pyrazolo[3 4-dpyrimidin-4-one, 6-thioxo-

5. 1,3-Oxazin-6-one

When an amino ester is heated with an anhydride, water and ethanol are lost
during the formation of an oxazinone ring. Tripheny! phosphite or dibromotri-
phenylphosphorane may be used to cyclize an amino ester.

Os. OL _Me
COOE! \lr
NH, N
x AcO.8 2653
N s N [3653)
Z 2
OCH,-4-Me H-4-Mo

[1.3]Oxazinol4,5-dlisoquinolin-1-one
Me N NH(!Ph

M@o + BaPPhy e T [3300]
Me Et

Pyrraloj2,3-d)f1,3joxazin-4-one
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Other ring systems synthesized similarly:

X N Ph

=N

Y [ | | || T (3300}

o Q

X = N; Y = CPh Isoxazolof5.4-d}{1,3Joxazin-4-one X = O Furo[2,3-d][1,3)oxazin-4-one

X = CPh; Y = N Oxazolo[5.4-d[{1,3joxazin-4-one X =NR Pymolof2,3-d]1.3Joxazin-4-one
6. 1,4-Oxazin-3-one

N-Hydroxy-1,4-oxazin-3-ones (which are cyclic hydroxamic acids and may have
insecticidal action in plants) may be synthesized by a combined reduction and
cyclization of 2-nitrophenoxyacetates.

QL == L -

R' = H, MeO, Cl, NO2, Me, CF3, COOMe; R%= H,
MeO NO2 CFs R MeO 1,4-Benzoxazin-3-one

III. FORMATION OF A SEVEN-MEMBERED RING

1. 1,3-Diazepin-4-one

Amino and carboxylate ester groups attached to different rings may be annu-
lated by heating with sodium methoxide.

Q%\N u.oua.uooHA q@ [2253)
Y/ Z
N
o]

CoOMe NHz

Pyrido{1.2-bJ2,4benzodiazepin-8-one

2. 1,4-Diazepin-5-one

In contrast to the condensation of diamine with acetoacetate (Chapter 76),
base-catalysed cyclization of the product of acetoacetate with one amine group
gives the benzodiazepine-2-one [2327]. The anilinopyrrole (48.3) is cyclized to
form a new imidazole ring when heated with PPA (Chapter 54), but when PPA
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is replaced by 4-toluenesulphonic acid, the imidazole (39%) is accompanied by
an appreciable amount of a fused diazepinone [3766). Nevertheless, annulation
of amino and carboxylic ester groups sometimes presents problems. One
method which gave better yields than several others used sodium methylsul-
phinylmethanide; a threefold amount of this was heated at 80 °C with the amino
ester [2942]. Heating an amino ester in xylene containing a catalytic amount of
4-toluenesulphonic acid can also give excellent results [3721]

N
= Hz Em—ElON!. a
n [2327)
=CHCOOE!

NHC
]
Me
Pyrido{3.4-b) ¢ 4]dazepin~2 one
: \O SR T M j@ (3766}
(483)
Cycloheptajdipyrrolof2,3-b 1 Sjbenzodiazepin-12-one
H
N s Et
QL= O -
R
H,N COOE!
R=HF
1, MeSOCHN Thienoj2,3-b][1,5penzodiazepin-4-one

Another ring system synthesized similarly:

N====N

|
@(f o
[3721)
R N
H (o}

[1.2,3]Triazolo1,5- ajbenzodiazepin-5-one

3. 1,4-Diazepine-2,5-dione

A substituent at C-3 of a benzodiazepine ring may be introduced by cyclizing
an N-substituted carboxamide such as (48.4) in either acetic acid or methanolic
piperidine. Heating an amino ester in pyridine is sometimes a useful procedure.
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H (o]
NH, N
O: r.':oosx _‘f—%—‘a— q;g—cuzu [2251, 2910
CONHCHCH,Ar :
0

(48.4)
Ar = Ph, 4-HOCgH,

1,4-Benzodiazepine-2,5-dione
NH,
3
R corl:cuzcoost a'n2
NR'R?
R'=Me; R2=AcorR! =R?«Me 1.4-Benzodiazepine-2,5-dione
or R'R? = (CH,)s or NR'R? = morpholine;
R?=H, Me, CI

4. 1,4-Oxazepin-S5-one

4-Toluenesulphonic acid promotes the formation of this ring also (see Section
I11.3).

Me
o _N_
R'A@ ll ?l L L I l [2429)
MeOG  NHR2 Me
o
R = H, Br, MeO, E1O; RZ = H, Me Pyrazolo[3,4- bi{1,.4]benzoxazepin-5-one

5. 1,4-Thiazepin-5-one

This ring is a significant feature of the potassium channel blocker diltiazem
(review [3294]) in which the stereochemistry of the substituents at C-2 and C-3
is important. Analogues of diltiazem are synthesized from the amino-dicar-
boxylic ester (48.5) in a strongly basic medium.

Ar
s—cHar s
DMSO, Me
CMe(COOMa), -~y @ , [es2l
NH, N
H ‘o

(48.5)
Ar = 4-MeOCgHy 1,5-Benzothiazepin-4-one
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IV. FORMATION OF AN EIGHT-MEMBERED RING

1. 1,3,6-Thiadiazocin-7-one

A wide variety of reagents and conditions has been used to bring about reaction
between amino and carboxylic ester groups. A less commonly used reagent,
trimethylaluminium, was effective at ambient temperature in forming this ring
in good yield.

N2 N A
Cea AMey
SO Mg oo
4

Pyrrolof1,2-a)[3,1,6benzothiadiazocin-6-one
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I. Formation of a Five-membered Ring 957
1. Pyrrole 957
II. Formation of a Six-membered Ring 958
1. Pyrimidine 1-Oxide 958

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

An enamine (formed in situ) reacts with a neighbouring amino group (also
formed in situ by sodium borohydride-nicke! boride-hydrazine hydrate reduction
of a nitro group) to give a high yield of the precursor of a biologically important

indole.
H
PhCH;O NO; PhCH,0 N
—;5:‘— | [3799]
Me
R R

R = PraN(CHg)2 Indole
i, tipiperidinomethane, Ni{OAC)z, NaBHy;
#, NaoHq, A

A valuable modification of the Batcho-Leimgruber reaction (p. 239), in
which the a-carbon of the enamine is substituted, enables tryptophan derivatives
to be synthesized in very good yields.

957
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H

R NO, R N
MeOH, H,, RaNt
O ==
?=CHNM02 cu,c’:ncooue

CH=?COOM0 NH,
NO,

Of several reducing agents which have been used to cyclize the nitro-oxime
(49.1), iron-acetic acid gave the best yield although the most convenient to use
was Pd/C-NaBH, which gave slightly lower yields.

OMe OMe

H
NO, N
Rl e | [3812)
CH,CH=NOH
OMe
49.1)

Il. FORMATION OF A SIX-MEMBERED RING

2. Pyrimidine 1-Oxide

Heating the oxime of 2-aminobenzophenone with ethyl orthoformate gives
quinazoline N-oxide. A pyrazolopyrimidine N-oxide has been similarly syn-
thesized; the chemistry of pyrazolopyrimidines has been reviewed [3360].

NH, Ny
@ + HC(OEt)y —g> m, [2425)
C=NOH # o
Ph

|
Ph

Quinazoline 3-oxide
Another ring system synthesized similarly:
N
o
o | I [2798]
'o/ "

Pyrazolo|3,4-dJpyrimidine 5-oxide
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Amine or Diazonium Salt and
Hydrazide or Hydrazine
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2. Imidazol-2-one 960

3. 1,2,4-Triazole 960
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2. 1,2,4-Triazepine-3,7-dione 963

Cyclizations of o-acylhydrazino-amines are dicussed in Chapter 5.

I. FORMATION OF A FIVE-MEMBERED RING

1. Imidazole

2-(Acylhydrazinyl)anilines are cyclized in good-to-excellent yields by heating
with an alkanoic acid.
NHCOR'

ll
NHNHCR'
@[ + R°COOH —-———> @_T {2500}
NH,

R'.RZ = H, Me, Et
959
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2. Imidazol-2-one

Diazotization of an o-amino-hydrazide at low temperatures leads to the forma-
tion of a pyrazole ring (p. 241), but under more drastic conditions, a fused
imidazolinone ring may be formed.

NH,
R' No CONHNH, . NH
Z N7
I /lj/ 1. Hmz 2.HCL A I |/‘j/ (2028}
R NZ

R'.RZ = H, Me Pyrazolo[5, 1-lpurin-2-one

Another ring system synthesized similarly:

H
N N o]
-
[ II Y [2532)
N NH
N
Imidazol4,5-blpyrazin-2-one

3. 1,2,4-Triazole

When the N-amino-hydrazine (50.1) is treated with an orthoester, two products
are possible; triethyl orthoacetate yields only the linear molecule whereas the
orthoformate gives a mixture of linear and angular isomers.

N=CMeOEt

et
NHNH, %'

Pyrido[3,2-d)[1,2,4)wriazolo[1,5-ajpyrimidin-5-one

[3674]

Tex -4 I—="€
N /N
\N | NN=CHOE!

o]
Pyrkio[2,3- 61 .2,4}triazolo{4,3-ajpyrimidin-5-one
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II. FORMATION OF A SIX-MEMBERED RING

1. Pyrazin-2-one

Of the several possible ways in which the amino-hydrazine (50.2) may react with
an unsymmetrical ketone, that which gives the pyrazinone as the major product
predominates.

A "™ o eon AN
| + —-—-—m‘ | [3251)
S COOE! :
N 5 NT N o

(50.2) NH,
Pyridof2,3-bjpyrazin-3-one

2. 1,2,4-Triazine

Annulation of amino and hydrazino groups with an orthoester is a convenient
low-temperature method of forming a dihydrothiazine ring, or, in some instances,
the triazine ring [2751].

H
cl NHNH, c N
YN 2 v YN “NH
N | + ROOENS —gg™ N | /)\ 2255, 2293]
NH, NT SR
R = H, Me, MeOCHy, CICHj, EIOOCCH; Pyrimidol5,4-6}-1,2 4-triazine

Other ring systems synthesized similarly:
H
N | N‘NH 2319)
S
Pyrido[3,2-6}- 1,2 4-triazine
N
2 ~
v:j( h s
N A
N
Pyridazino[4,5-6}-1,2 4-triazine

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

LTA oxidatively cyclizes an o-amino-N,N’-di(ethoxycarbonyl)hydrazine to this
ring in good yield, as also does a strong base such as ethoxide.
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(o)

/NH

o goor: W )\

TN NNHCOOE!
| Pyrimido{4,5-6}-1,2,4-tiazine-3,6 8-trione (2753}
0% N NHR — o
24% N
R =H, Me MeN ' NCOOE!
o)\u N’ko
Me Me

4. 1,2,4-Triazin-S-one

The pyrimidine (50.3) may formally be a dihydrazine but in the cyclization with
DMAD, only three of the four nitrogens are in the newly formed ring. The
addition of heterocycles to acetylenes has been reviewed [2816).

NHz
R'\_ _Ny_ _NHNH,
l Y Ad)H. DMAD
NNH
R2 2 cuz

[3473]

(50.3) Pyrimido[1,2- bjj1,2,4]wiazine-2,6-dione
R! = Me, Ph; RZ« K, Et

Ill. FORMATION OF A SEVEN-MEMBERED RING

1. 1,2,4-Triazepin-7-one

The terminal nitrogen of a hydrazide is annulated to an amino group by heating
the compound with a dialkyl ketone.

H
NH2 N\\
M A
CONNHMe N
\ Me
Me 0
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2. 1,2,4-Triazepine-3,7-dione

Amino and hydrazide groups combine to form this ring when the compound is

heated with ethyl chloroformate-TEA.

H 0O

N“2 N \(
CICOOEY, TEA, A
CONN| N
| e Mo
Me o

1,3,4-Benzolriazepine-2,5-dione
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CHAPTER 5t

Amine and Hydrazone or Imine

Formation of a Five-membered Ring
1. Pyrazole

2. Imidazole

3. 1,2,4-Triazole

Formation of a Six-membered Ring
1. Pyridine

2. Pyrimidine

3. 1,2,4-Triazine

4. 1,2,4-Triazine-5,6-dione
Formation of a Seven-membered Ring
1. 1,3,5-Triazepine

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrazole

The quinonoid hydrazones (51.1) are readily cyclized to indazolediones at
ambient temperature in dilute mineral acid. When the mixture is warmed, the
Ts group is cleaved as it is also in the thermal cyclization of (51.1) at 180°C
[2879]. This unexpected reaction provides a convenient synthesis of these ind-
azoles and a mechanism involving displacement of the t-amino group by the
tosyl-carrying nitrogen is proposed. The chemistry of heterocyclic quinones has
been reviewed [2947, 3650].
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o
Ts
Me. N\N
R . I 2790, 267)
CNNHTs R Me
o

(51.1) 4,7-indazoledione
R! « t-amino; R? = H, t-amino
2. Imidazole

Imino ethers which have a neighbouring amino group are cyclized on heating
under anhydrous conditions; this provides a method of synthesizing purinediones
with a particular stereoconfiguration at the a-carbon of a chain at C-8.

o OEt O CH,Ph
N=C_ _CH,Ph N _C-eMe
~ oo Ot
Priy NC pa PN Y i
# YMme — H 3778
)\ | so% )\ | NH el
07 “N” “NH, 0% N

Pr Pr
2 6-Purinedione

3. 1,2,4-Triazole

Annulation of a nuclear amino group with a side-chain hydrazone function [as
in (51.2)] proceeds in moderate yield on heating the compound with sodium
acetate-acetic acid for 10-20 h under anhydrous conditions. Ethoxymethylene-
malonates also convert imino-N-amines into triazoles with a similar loss of
carboxyl-derived functions.

NNt Ns_ _N_
N Y AcONa-AcOH, A N N
> | | 3298)
"_'Cl=NNHN‘ 39-57% ' T l con2 [ }
COA .
(51.2) [1.2,4]Triazolo[3,4-c}-1,2,4-Fiazole

= 4-halogenc-, 4-MeO-, 4-Bu-, 4-1Bu-, 4-MaS-CgH,;
A" 4-F-, 4:NO2-CgHy, 2,4-CloCeHy

EOH, NT N
-—-._.M‘ ) | | ) [3724)
PhN NP
(51.3) R .
Pyrazoko{4'.3 : 5,6)pyranof3 2-e]1 .2,4]triazolof1,5-clpyrimidine

R = CN, COOE!
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II. FORMATION OF A SIX-MEMBERED RING

1. Pyridine

Intramolecular cycloaddition occurs when the aminoimine (51.5) [formed in situ
from the imine (51.4) and DMFDMA] is heated.

\( oueoun [M%NCH""CH
T QL
ACH= NMe
(51.5)

o
(514) Pyrido{3,2-dpyrimidine-2,4-dione

2, Pyrimidine

The imino-amine (51.6) reacts at room temperature with aldehydes or ketones
with the formation of purines. The products obtained from aldehydes are slowly
oxidized (by loss of two hydrogen atoms from the pyrimidine ring) at room
temperature, but the ketone-derived purines are stable and are accompanied by
smaller amounts of an imidazo{1,5-climidazole. During cyclization, the nitrile
group is converted into a carboxamide. Pentane-2,4-dione, 2-furfuraldehyde
and but-2-enal give the fully aromatized purine as the main or only product
isolated (in 38-49% yield). Stirring an imino-nitrile for several hours or heating
it for a few minutes with an anhydride converts it into a fused pyrimidine.

vt g
HN=
HNT X
l W e o WL [3744]
-
Rj SN
(51.8)
Purine
R'=H; R? = Me, Etor R' = R? = Me, Bu or R'R% = (CHa)s
(‘:N CN
HN=C Me N Me

N\ N
L e (L e

R = Me, Et, CF3, CH=CHCOOH, (CH2),COOH

3. 1,24-Triazine

An iminc-amine is cyclized to a 6-hydroxy-1,2,4-triazine (rather than its keto
tautomer, according to spectral evidence) by heating with ethyl cyanoacetate in
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ethanol for 10 h but heating with malononitriie causes loss of the pyranopyrazole
fragment and the formation of a triazine ring [3724]. Amino and hydrazono
functions are annulated thermally by orthoesters or with an acylnitrile and a
trace of sodium in dioxane [3385]. When R = NH,, the reaction takes a
different course [3643].

g AAS

COOE
e\'l- [3724)

Pyrazolo{4",3" : 5',6)pyrano{2, : 4,Slpyrimidof1,6-bi{1,2,4]trlazine
(51.3)

\NI

Pyrimido[t 6-bj[1,2,4]triazine

H N
/* /k
PhHNN ‘N

N R

R = Me, MeS, Ph, 4-Cl-, 4-Mo-CgHs [1.2.4[Triazino{8,5-e}1,2,4-wiazine

4. 1,2,4-Triazine-5,6-dione

Oxalyl dichloride in benzene converts an imino-amine (51.3) into a fused tri-
azinedione ring.

(51.3) (3724

Pyrazolo{4",3" : §'6'lpyranof2'.3' : 4 S)pyrimido{1,6-b}{1,2,4]triazine-2,3-dione
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IMl. FORMATION OF A SEVEN-MEMBERED RING

1. 1,3,5-Triazepine

A thermally induced ring closure of an imino-amine with an alkanoic acid
proceeds in refluxing toluene containing a trace of acetic acid.

Ph Ph
R? W=—l R2 ﬁ-_—_‘
N\"/s N S
PhMe, AcCOH, A
+ ROOH : | 2862
NH ] 56-80% ( l
R NH, o R __<
R! = H, MeO, Me; R? = H, Me; R® = H, Me, Et 3

Thiazolof3,2-bj{1,3,5]benzotriazepine
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I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

Reduction of ethyl 2-nitrophenyl-3-oxobutanoate with titanium(III) chloride at
ambient temperature is accompanied by cyclization in high yield. Recent devel-
opments in indole chemistry have been reviewed {3893, 3982].

969
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H
NO, N CH,COOE!
Me,00, ACONH,, TICk
cooet = | [3741)
2. Pyrazole

In the reaction of an o-aminoketone with hydrazine hydrate (p. 252), the amino
group is displaced; in this example, the reaction proceeds in high yield in acetic
acid [2490] or in PPA [2332]. When a substituted hydrazine is used, two isomeric
products are possible and the ratio of isomers formed depends on the conditions
and the nature of R [3718]. Heterocyclic quinones have been reviewed [2947,
3650).

COOE! EtOOC H
NHBu N
Z NaHe, ACOH, A 7z N
| —— e | [2490)
Na N N
COMe Me
Pyrazolo[4,3-clpyridine
H
o] N
=
C==NNH, R
R (o]
R = Me, Et, PhCHg, PhoCH Indeno[1,2-cjpyrazol-4-one
Other ring systems synthesized similarly:
{2332]

X = CH; Y = N Pyrazolo[3'4' : 3,4)cyclopenta(1,2-bjpyridin-4-one
X=N; Y=CH Pyrazolo[3.4' : 3 4]cyclopentaft ,2-cpyddn-4-;ne
RN——N

. T

NMe,
.\'\‘
COCF, z \"‘°°"' COCF, 3719
OO + RNHNH, N—NR 18718)
W\;
40-7,
COCF, o

(52.1)
Ar = Ph, 4-NO2CeHy Benzigjndazole  CocF,
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3. Imidazole

Annulation of an imine and a side-chain keto group in boiling mineral acid can
give a high yield of the imidazo derivative [2192]. Alternatively, the reaction may
proceed in a basic medium without external heat [2435]. Another variation on
this cyclization is shown by the behaviour of the aminothiazolium salt (52.2)
[3533].

Ne_NH Ne
N
HOLA “
DL = T,
Imidazo[1,2-ajbenzimidazole
H
Ny NHHBr N N
N NaOH z
@—\«ancm: ~ox m‘—j\k [243]
Ar = P, 4-Br-, 4-CH-CgHy Imidazof1,2-ajbenzimidazole
HN_ _S R Ny S
ROC X
T Ll 2 T T ex
o Imidazof2,1-bjhiazole
(52.2)
R = 4-NO,CgH,y

4. Imidazol-2-one

Reaction of the 2-aminobenzoquinone (52.3) with phenyl isocyanate was
expected to give the 1-phenylnaphth[l,2-d]imidazol-2-one but produced the
3-phenyl isomer; a four-membered spiran intermediate may have been involved.

o]
- v
OO = OO
Ci
8] (o]

(52.3) Naphth{1,2-d Jimidazol-2-one

S. Isoxazole

When the naphthalene (52.1) is treated with a small excess of hydroxylamine,
the isoxazole (52.4) is formed. Its [2,1-d] isomer (52.5) is produced in low yield
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by heating 2,4-di(trifluoroacetyl)-1-naphthylamine with hydroxylamine and
TEA. Hydroxylamine reacts with quinonoid amino-ketones such as (52.6) under
milder conditions than usual to give high yields of the isoxazole.

O—N
COCF,3 (52.5)
2,1- xazole
(52,4) NaphinG, - djeo
Naphth{1,2-clisoxazole
(o] (o]
NHPh N
NHLOH, Z 0
- — f2590]
ArHN AC ArHN Me
o (o]
(52.6) 2,1-Benzisoxazole-4,7-dione

Ar = Ph, 2- or 3-MeCgHy, 4-CiCgH,

6. Oxazol-2-one or Oxazole-2-thione

When colchineinamide (52.7) is treated with phosgene or thiophosgene at about
0°C, the amino and carbonyl groups react to give a moderate yield of the
oxazolone.

hlle
AcHNHC,

2.7 Cyclohept{djoxazol-2-one
X=0,8 Cyclohept]djoxazoie-2-thione

7. Isothiazole 1,1-Dioxide

Conversion of an amino ketone into this ring proceeds through the intermediate
formation of the (crude) sulphony! chloride which is treated with ammonia.

Me NH, Me. g’\N
be e ¢ 6 W
¢l COPh cl Ph

i, HNOg, 8O, CuClp; #i, NH3 1,2-Benzisothiazole 1,1-dioxide
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II. FORMATION OF A SIX-MEMBERED RING

1. Pyridine

2-Benzoylarylamines may be cyclized using either a carboxylic acid or N.N-
dimethylacetamide dimethylacetal; in the former method, two molecular pro-
portions of amino ketone and of one the carboxylic acid are heated with PPA
[2137]. In an unusual reaction which also involves a rearrangement, the enami-
none (52.9) is heated with a cycloalkanone and ammonium acetate [2906].

NHR?
/@[ + RCHCOOH —ooe m (21371
R! conr

(52.8)
R' = H, Mo, Ci; R%= H; R%« H, Me, Et, Br; Ar=Ph

N N _NMe,

NT He MeC(OMe), A N7 A

| + | —_ | [3155]
NN NMe, oo N A F

Pyrido[2,3-d Jpyridazine

/
(”zC@: 4@%»,.. e (M0 | cHam 2008
NCcHNH, O SN

(52.9) Dicyclopeniab,elpyridine
m=34; n=34 Acridine

2. Pyridin-2-one

This ring may be formed by condensation of an amino ketone with an orthoester
to give the 2-ethoxypyridine which is hydrolysed to the pyridinone with aqueous
acid. A more highly substituted pyridinone ring is formed when the amino
ketone (52.10) is heated with malonic ester [3155]. Heating 2-aminoben-
zophenone (review of its synthesis [3009]) with a y-keto ester is a variation of
Knorr's quinoline synthesis which gives high yields [3171].

H
Ot N_ O
N/ / Hcl.A N
) | l | [3155]
X Na >

Ar = 4-CiCgHy; R = H, Me Pyridoj2 3-dpyridazin-2-one
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R
7 NHR \ > N. .0
ro | + CHACOOEt), —=—= 1 | [3155)
Nao 81-04% N ~
ﬁc.u,-usa COOE!
o 4-Cl
(52.10) Pyridof2,3-dlpyridazin-2-one
R=H, Me
H
N_ O
(528) + | e [3171)
CH,COAr Z
« w2 COAr
R'=R -H; Ar = Ph
2-Quinolinone
3. Pyrimidine

Substituents in a 1,4-quinone may be displaced by nucleophiles in the presence
of strong bases; an amidine supplies the necessary atoms for pyrimidine forma-
tion. When the amino and carbony! functions are in peri positions, a doubly
fused ring is formed by reaction with formamide.

0
N R
- EXOH-EION. A
526) R?_NH ——— N [2800]
NH, PhHN
Ar = Ph; o Me
R = aikyl, Ph, 4-NOg-, 3-Br-, 3-Cl-CgHy, 3.4-ClaCeHy
§,8-Quinazolinedione
O NH, N
HCONH,, &
YO0 290"
S S
R
R = Cl, NO;, Me [1]Benzothiopyranoj4,3,2-dejquinazoline

4. Pyrimidin-2-one
In the synthesis of this ring from 2-aminobenzophenone (review of synthesis

{3009]) or a heteroanalogue, ethyl carbamate or chlorosulphonyl isocyanate
(reviews [3147a, 3340] may be used.
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H
N N N N (o]
& % coom L. A & \(
< | sl T (2628}
coPh  °
Ph
Pyridof2,3-d Jpyrimidin-2-one
az
| N_ O
S0,C PhH or CH.Cly Y
en———p
29 + 1 o 1 A [2076]
R' = H, Ci; R? = H, Me; Ar = Ph, 2-CiCgH, l
2-Quinazolinone

5. Pyrimidine-2-thione

At low temperature (—40 to 20 °C) and under non-acidic conditions, 2-amino-
acetophenone or 2-aminobenzophenones (review [3009] are cyclized with tri-
phenylphosphine thiocyanate in high yields.

Cl
(528) + PhyP(SCN) ---”'“-’-—— \r (2966]
2
Rl
R' « H, Ci; R? « H, alkyl; Ar=Me, Ph
2-Quinazolinethione

6. Pyrazine

Amino and aldehyde groups attached to different joined rings condense dehy-
dratively in aqueous ammonia to form this ring. A 4-pteridinone has been
synthesized in high yield from an amino-ketone by heating it with a deaerated
pyridine-pyridine hydrochloride buffer [2745].

N/N
QL == L -
NO,

imadazo{1 2-ajquinoxaline

]J

IIl. FORMATION OF A SEVEN-MEMBERED RING

1. 1,3-Diazepin-4-one

The lactam ring of (52.11) is opened by traces of acetic acid in boiling toluene,
and closes to a seven-membered ring in moderate yield.
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o (o]
NCHNH,  Prie, AOH, N
I3
o ™ /N> [2958]
Ph
Ph

{52.11)
2,4-8Benzodiazepin-1-one

2. 1,4-Diazepine

Suitably separated aliphatic amino and keto groups may be annulated thermally
without solvent, for example, to form (52.12, R = Me). An alternative method
is to use a solvent containing a small amount of formic acid, as in the synthesis
of (§2.12, R = H), with dilute hydrochloric acid or 4-toluenesulphonic acid

[2057, 2575).
H
N
e~ \> [2175)
c_u(cna.),,m-cz =N
O R
R = H, Me (52.12)
Indeno{1,2-6}-1,4-ckazepin-6-one

Other ring systems synthesized similarly:

Ph H
N N
sof e m
N S
Me N= 0,
© Ph

1.4-Benzodiazepin-5-ono {1]Benzothieno}3,2-bj[1 5]bwzodazapino 5,5-dioxide
HN_Ox,
l l mﬁ. TEA. a l 2143)
AcCH=CHN Ph
Me
lsoxazolof4,5-bj{1,4)diazepine

Aromatic amino and side-chain ketone groups are annulated by heating in a
base. An N-protected amino acid reacts with a 2-aminobenzophenone (review
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of the synthesis of 2-aminobenzophenones [3009]) on successive treatments with
DCC, mineral acid and alkali [3359]. The protected amino acid may be replaced
with the corresponding acyl chloride hydrochloride but the yields are usually
low [3359]. Reduction of the nitro group of (52.13) catalytically or with sodium
hydrosulphite in water or ethanol gave poor results, but when the hydrosulphite
was used in aqueous DMF containing sodium hydroxide under nitrogen at
70°C, good yields were obtained but the unstable amine was not isolated.
Acidification caused cyclization and the methyl ketone was obtained under these
conditions in a good overall yield from the nitro compound. Reduction with
iron-acid gave similar results [3748].

627 + mn’«':ncoou —— /q:g—m (3350]
R‘ =N

R'=H,Ci; R2=H; R*=H, Me; R® = PhCH;,

iBu, 1- or 2-naphthyimethyl, 3-indolyimethy?; 1.4-Benzodiazepin-2-0n6
Ar = Ph, 2-Ck, 2-F-CgHs

i, CHaCHy, THF, DCC; §, HCI; ili, NaOH

o
(E'O)zcc(c“z)zN"
Y —_— g Y (3748]
ON

o

(52.13) Pyrimidof{4,5,- bj[1 4)diazepin-4-one
i, DMF, NapS20,, NaOH; §, DMF, Fe, HCI

3. 1,4-Diazepin-2-one

1,4-Benzodiazepine with a particular stereochemistry at C-3 is obtained by
deprotecting the side-chain amino group of the diphenyl ketone (52.14) and
treating the product with di-isopropylethylamine. A 3-amino-1,4-benzodiazepin-
2-one may be synthesized by addition of ammonium acetate either alone [3308]
or with [3283] acetic acid to the 2-(x-aminoglycinoylamino)diphenyl ketone at
23°C. The protecting benzyloxycarbonyl group can then be removed.

ﬁ /CHzCOOMO H ©
NHCCm»NHMe N
}" i H
% N CH,COOMe (960]
COPh =
(52.14)

i, CHaClp, HBr(g): ¥, MeOH, IProNE! 1,4-Benzodiazepin-2-one
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H 0
N
(52.8) ——;757‘—>° ok q NHCbz (3282}
—=N
Ph

'Iiﬂz
R'=H; R« ﬁcmncu;

Ar = Ph

Another method which usually gives good yields is to heat the amino ketone
(52.15) in a mixture of pyridine, acetic acid and benzene so that the water
formed may be removed azeotropically [2529]. Heating an ethanolic or pyridine
solution of an amino ketone under reflux is sometimes successful [2552], the
amino group being introduced as a first step but the amine is not isolated [2917].
A 2-aminobenzophenone may be converted into a 1,4-benzodiazepin-2-one by
successive treatment with bromoacetyl bromide and ammonia (cf. Chapter 28)
without isolating the bromide [2647].

R O
S._ _NR2COCH,NH, s N
wff ] B e LEU s
COAr =N
A

(52.15)
R! = H, alkyl; R? = H, Me, CHz==CHCHp, PhCH;
Ar = Ph, 2- or 4-Me-, -Ci-, MeO-CgH,

H o]
[ N
G215 —te ||| [2552]
=N
R'=RZ=H; Ar=Ph
Ph

Thieno{2,3-6}-1,4-diazepin-2-one

NHCCH,Cl
=N He 1.DMF, NHy 2. pyr. A $7 =
— 7 7 — [2017]
COR =N
R = Ma, Ph, 3-Me-, 3-Ck, 4-CI-CgHy R

Thienof3 4-6}-1,4-diazepin-2-one
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Deprotection of the substituted glycylamino group of (52.16) under mild
conditions enabled this ring to be formed efficiently. Protecting groups which
needed more drastic treatment were not useful in this cyclization.

if H O
z NHCCH, NHiBoc 2 N
1.CFCOOH 2.0MF.KCO; N
| 7% N | [3495)
N ™
COAr =N
A

(52.16)
At = Ph, 4-Cl-, 2-F-CgHy

Z-Z

Pyridazino[4,5-6}-1,4-dlazepin-2-one
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1. Pyrrole 980

2. Pyrazole 983

3. Imidazole or Imidazole 3-Oxide 983

4. 1,2,3-Triazole 984

S. Furan 984

6. 1,2-Dithiole-3-thione 985

7. Isothiazole 985

8. Thiazol-2-one 985

9. 1,2,3-Thiadiazole 986

10. 1,2,4-Thiadiazole 986

Il. Formation of a Six-membered Ring 986
1. Pyridine 986

2. Pyridin-2-one or -4-one 992

3. Pyridazine or Pyridazin-3-one 993

4. Pyrazine or Pyrazin-2-one 993

5. 1,2.4-Triazine 994

6. Pyran 994

7. Pyran-2-one 995

8. 1,3-Thiazine-2-thione 995

9. 1,2.4-Oxadiazine 995

If1. Formation of a Seven-membered Ring 996
1. 1,4-Diazepine 996

2. 1,4-Oxazepine or 1,4-Thiazepine 996

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

A useful alternative to the Fischer synthesis of indoles is that in which a primary
arylamine is treated at —70°C successively with t-butyl hypochlorite, methyl-

980
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thioacetone and then TEA at 0°C. Desulphurization, if desired, may then be
achieved catalytically in high yield [2909]. 6-Aminopyrimidin-4-ones may be
cyclized by heating with chloroacetaldehyde in aqueous sodium acetate [3685).
In another synthesis, the amine and an a-hydroxy ketone are heated in xylene
with an acid catalyst [3091].

I, THF, 1BuOCH, Ng, ~70 °C; Imidazof4,5-fquinoline
ii, MeSCHaAc, -70 °C; W, TEA,0°C

Another ring system synthesized similarly:

el _

:l‘ OMe

N,

Y °"’ Y-V A O [s68]
NR ~65% NR

0 (o]

Benzofuro{3'.2 : 8,7][1benzopyranof4,3-bipyrrol-4-one

In the presence of ruthenium trichloride-triphenylphosphine, arylamines
condense under pressure with 1,2-diols to give indoles. The solvent, the size of
the N-alkyl group and the ratio of reactants affects yields [3275]. Phenylsul-
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phonylalkynes react at ambient temperature with C,N-diphenylnitrone
(Chemical Abstracts name: N-(phenylmethylene)benzenamine N-oxide) (53.1)
[B-43, B-51] to give an indole as the main product. This reaction takes a complex
course and among the minor products (28% yield) are two 4-phenylsulphonyl-
isoxazoles, one of which changes into the major indolic product on standing.
When R' = Me, no indole is formed. Reaction of the nitrone with I-phenyl-
sulphonylallene in chloroform gives a small yield of a sulphonyl-containing
indole and a benzazepinone as the major product. In ethanol, the latter was the
only product (43%) [3273]. A similar study using the allene methyl 2-methyl-
buta-2,3-dienoate has given both indoles and benzazepin 4-ones.

R?
NHR? N_ _R®
R + RS?HO" —*4 . R | [3275]
R' = H, CI, MeO, Me; RZ = H, alkyl; R® = H, Me Indole
i, (CHzOH)2, RuCly."Hz0.(PPha)s, Ar, pressure
(o}
|+ H
N—-(I:R‘ s0,7h N_ _Ph
CHCL, 20h
Q/ P+ e 340% @E__\_( [3273]
COR?
(53.9)
R' = H; RZ = Me, Ph
, §=CHe
R'=H
1-Benzazepln4<mo

t-Butyl groups are useful blockers when incoming substituents need to be
guided to particular positions (review [2971]), and they can later be removed
efficiently under Friedel-Crafts conditions. Reductive cyclization of the 2-nitro-
diphenyl gives a carbazole[2964]. The readily oxidized catecholamine 1-(3',4'-
dihydroxyphenyl)-2-aminoethanol is cyclized by mushroom tyrosinase; in the
absence of the secondary alcohol group, the yield is low [3315). Enamines of
cyclic ketones react with a-ketols to give reduced indol-4-one or benz{ flindolones

=H,1Bu; R%« H.Me
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R
HO, AcO. N
Lii
jg\ NHR ™ m (3319
HO c':ﬂcuz ACO

OH

R = H, Me, iPr
i, tyrosinase, pH 68; §, Ac0, DMAP

Rl H
A N R?
o..cna ma | (2344]
R? R
o
a'.H.Me; R2 = H, PhCHy; R® = Ma, Ph; 4-indolone
R* = Me, Ph or RIR* = (CHo),
2. Pyrazole

N-Amino groups are converted into pyrazole rings on heating the compound
with a methyl ketone under acidic conditions; an intermediate imine may be
involved. 1-Aminopyridinium iodide reacts with diketene to give the aceto-
acetylimino ylide which cyclizes under the influence of a base.

H

/ R z N\N
, MOCR  cgiiy TeoH.4 Y\r
i e | (2801]
“2'“ 0 N——N
1Bu
(o]

R = Me, Ph Pyrazolo{3,2-c{1,2,4]triazin-4-one
. Ac
AN, ZONNHCCHAC g A NS
N I " o N OH
|, DMF, KCOy; H, diketene Pyrazolo{1,5-alpyridine

3. Imidazole or Imidazole 3-Oxide

The reactivity of N-substituted pyridinium salts is shown in the cyclization of
the salt (§3.2). N-Phenylhydroxylamine reacts with benzonitrile oxide (review
[B-43]) at ambient temperature to form a fused 1-hydroxyimidazole 3-oxide.
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Oy === Otd_ -

Pyrido[1",2 : 1 2Jimidazo[4,5-blpyrazine

I
R R N_ _A
o 2% )
I e o g
NHOH o

R = H, Bu; Ar = Ph, 2,4,6-(MaQ)3CeH2 Benzimidazole 3-oxide

4. 1,2,3-Triazole

Transfer of an azide group from an azidothiazolium salt followed by cyclization
in an acid medium can be a useful method of building a triazole ring (p. 263);
tosyl azide is possibly a more convenient source of azide, and cyclization at
ambient temperature in a basic medium is complete in about 15min.

1 R?
R‘H NHR? Me, N
EI0K Me N
+ ToNy  —o™ H [2043]
(o] o
(53.3) 4-Benzotriazolone

R' = Me; R? = Ph, 4-Cl-, MeO-, NOzCgHq

5. Furan

O-Aryloximes (formed in situ) rearrange on heating in ethanol containing
hydrogen chloride to give benzofurans. N-Acetoacetyl-O-arylhydroxylamines
(prepared by reacting the O-phenylhydroxylamine with diketene) undergoes a
rearrangement and cyclization which is reminiscent of the Fischer indole syn-
thesis. The reaction proceeds at 0 °C and gives variable yields depending on the
substituents on the benzene ring. It may have a Fischer reaction-like mechan-
ism; when the benzene ring is unsymmetrically substituted, two products are
formed.

@ NH Em HOJ, A ©_\i\) [2542]
ONH, O

R =H, Me Benzofurof3.2-clpyridine
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OP'GH
R COCH,AC R CF ‘@I [3192)
CONH,

R = H, Me, Bu, MeO, Ph

6. 1,2-Dithiole-3-thione

The enaminone (53.4) reacts with carbon disulphide in alkali to form the title
ring, and the arylamino group is lost. A spiro intermediate may be involved.

[3784]
S

(53.4) Indenof1 2-c}-1.2-dithiole-3-thione
Ar = Ph, 4-MeCgH,

Another ring system synthesized similarly:
Me,
Me

S
s

l [3784]

(v}
1,2-Benzodithiol-4-one, 3-thioxo-
7. Isothiazole

When 6-aminouracils are treated with DMF and thionyl chioride, one of the
main products is the isothiazolopyrimidinedione.

Et Et
0. _N_ _NH, O N N
Y | + DMF + SOCl, ———= Y % [2785)
NMe,
0

o
R=H E& isothiazolo{.4-d Jpyrimidine-4,6-dione

8. Thiazol-2-one

2-Benzothiazolones are useful intermediates in the synthesis of plant growth
regulators, and may be synthesized from substituted anilines by first converting
the latter (with formaldehyde) into 1,3,5-(triaminoaryl)-1,3,5-triazines which
then break down on stirring successively with chlorocarbonylsulphenyl chloride
and aluminium chloride.
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Lk A s. O
— Y 3379
365-65% NCH,C! (3378}
NH,
n!

R2
R'=H, Me; RZ= H, Cl, Me 2-Benzothiazolone
I, HCHO, PhMe; i, cuﬁscl. CH,Cly, AiCly

o

9. 1,2,3-Thiadiazole

When primary aromatic amines are treated with sulphur monochloride (S,Cl,,
also known as disulphur dichloride)—the Herz reaction—one or more products
may be formed. One of these, the benzothiazathiolium salt, on treatment with
nitrous acid gives the benzothiadiazole. Depending on the type of substitution
in the ring, it is possible to obtain a good yield. The benzene ring may be
chiorinated simultaneously, and the thiadiazole may possibly rearrange to
another five-membered ring.

QL+

R=H,F 1.2,3-Benzothiadiazole
i, SaClp, ACOH; I, H28O4, NaNO2

-z

] {2165]

10. 1,2,4-Thiadiazole

This ring is obtained in one step by reaction of a 2-aminopyridine at room
temperature with trichloromethanesulphenyl chioride (perchloromethylmercap-
tan). A bromine atom in the amine may be lost in the reaction.

A~
R I+ cuesa ———>°"°"m R-€( /@—R [2179)
N

R = Me, Cl, Br [1.2.4]Thiadkazolo[4,3-ajpyridine

II. FORMATION OF A SIX-MEMBERED RING
1. Pyridine

2-Amino-azoles or -azines react with 1,3-dicarbonyl compounds in the presence
of a mild base [2361) or an acid [2088] to give a fused pyridine ring.
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Me
N_ _NH,
 lorka
m W Taww @_\gj/ [2361)

i, (PhCO)2CH2, Me2CHOH, TEA;
il, PhCOCH=CHPh, Me,CHOH, TEA

Pyrido{[2,3-bjindole

a'gcu, N R!

RICH, TeOH, DMF, 8 I N

/ 24% P

CNR'R? o R?
L.
i N
o N 1= 2. HOMGCHO, DME_ l N
o 7
o
R',AZ = Me, Phor R'R? = (CHp)y: n=23
Cyclopenta{blpyridin-5-one

2,3-Unsaturated aldehydes or ketones also condense with the amines in an
acidic [2569, 2364, 3012] or basic [2361] medium; some of these reactions are
known by the names of their discoverers, for example, the Doebner-Miller
synthesis [2364] or the Doebner quinoline synthesis {3214]. The latter needs
neither acid nor base.

Rt Rt
N N
HaN N CHOR? ACOH. 4 N N
|+ Moicho e | | [2569)
R? R* A R2
R' = Me, Ph; R% = H, Me; Pyrazolo[3,4-bjpyridine

R% = H, akyl; R = alkyl
Other ring systems synthesized similarly:
N x\

N
| | [2967, 2968)
X

X = O lsoxazolof5,4-blpyridine
X =S Isothiazolo[5 4-bjpyridine

NH, N _Me
MeCH HCL A N
* oo T H et
HO HO

Quinoline
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al
N
CMeCHO  gcoom,a  R' N
®33 + | ——— 3012}
CHOE! %0-83% l
Me
R‘ - H. Me; Rz =H ©
5-Quinolinone
R NH, R Ny M
EWOH, & N
+ ACHO + ACGOOH — oo [3214]
MeO MeO Z
_ ] COOH
R = H, CI; Ar = 4-Me-CgH, 2-thienyl Quinoline

The Doebner-Miller synthesis (illustrated on p. 265 [526]) usually needs
heating with concentrated mineral acid, but a particularly facile example
proceeds at ambient temperature and needs only a catalytic amount of dry
hydrogen chloride which cyclizes and then aromatizes the new ring [3014]. The
mechanism of this reaction has been studied [3543]. The Doebner-Miller syn-
thesis of 2-methylquinolines often gives low yields, but an improvement in the
method of isolating the product may give better results: addition of an equi-
molecular proportion of zinc chloride to the reaction mixture enabled one group
of products to be isolated more efficiently [2904]. An arylamine is converted into
a 2-trifluoromethylquinoline by heating with 1,1,1-trifluorobut-3-yn-2-one in
trifluoroacetic acid (cf. Chapter 35, Section I1.1) [3867].

COOMe COOMe
HN i MeOOC  HN |
d
CHLCL, I, i l (3014]
»>90% ™
HN Me0OC N
OMe OMe
i, CHCOOH; ¥, HCKg) Pyrrolo[2,3- flquinaline
CHCOCOOH
NH2 i NS
e HCL, ZnClp, A 1
R + I —sw R [2004]
-‘©/ CHcHo 5™ ‘@
(53.5) Quinoline
R' = H, halogeno, Me, MeO
CCHPh MeO NP
(538 + | - [a867]
COCF, Y

R' = 3,5-(MeO), OMe
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1,8-Naphthyridines may be synthesized by means of a Skraup reaction on
2-aminopyridines. Best yields are obtained in the presence of boric acid and
iron(II) sulphate [2241], but arsenic acid, 85% phosphoric acid [2527] and 65%
sulphuric acid [2978] improve the yields in some Skraup reactions. When
2-aminocarbazole is subjected to this reaction, the angular isomer is produced.
The linear isomer of this and of benzoquinoline may be synthesized by heating
the amine with 2,4-pentanedione and sulphuric acid or PPA (the Beyer-Combes
reaction) [2428, 2494]. Although the Skraup cyclization is a vigorous reaction,
the presence of an imidazole ring in the substrate does not interfere [2585], and
provided that the reaction temperature is kept below about 140°C, an N-oxide
function should survive the reaction [2791].

AN\ e GHOH . N N

R | + ?uou —a R | [2241)
X CH,OH X #

R=H, Me (53.6) 1,8-Naphthyridine

I, 3-NO2CgH(SO3Na, HoSO4. H3BO0s3, FeS0,.6H0

Other ring systems synthesized similarly:

?
- N‘.\
[2241) | [2791]
N ANF

X =CH; Y =N 1,5-Naphthyridine 1,5-Naphthyridine 1-oxide
X=N; Y= CH 1,6-Naphthyridine

N
A X
(ag , NOICHOR_Msoa_ g [2527, 2078)
CH,OEL A

R' = 3-COOEL, Me-3-COOE; Ar = Ph, 4-CICeH, Quinofine
“
N
N\
[2494) [2428, 2494
N N F
Et Et
Pyrido{2,3-ccarbazole Pyridof3,2-bicarbazole
N=— [V
NH NH
Ha80, A 7
+ (53.6) — < I [2585)
HN N

Imidazo{4,5- flquinoline
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9 9
l, i,
NS 1,120°C AN
/(J + (536) — > < | [2791)
HNT NP N NF
i, H2804.803, FeSOy4, HyBOs 1.5-Naphthyridine 1-oxide

Although the Combes synthesis sometimes gives rather low yields, it is
attractive because the reactants are usually readily available and only one step
is involved [2587]). The enaminone from cyclopentane-1,3-dione is a useful
synthon which reacts with 1,3-diketones or a-ynals with the formation of a
pyridine ring. The homologous aminocyclohexanone has similar properties
[2088]. Heating the enamine with a 6-aminopyrimidinedione generates the
medicinally interesting 5-deazapteridinedione [2101, 2558] (see next paragraph).

N
\
A
(53.5) + (RZCHzC0 -—F'E:_—;-?—’—— P (2587}
R'  H, 4-Ma; R = Me, Et R R?
CH,R?
Quinoline
HN
| l 2101
Crintmte - [(\gr et
R = Mo, Ph, 4-Me-, 4-MeO-CeHy Pyridof2,3-d]pyrimidine-2,4-dione
P N0
CH==CHON e
Y | [2s58)
NMe NMo, N NMe

Pyrido[2,3-d ]pyrimidine-2,4-dione .

Several malonic acid derivatives are useful for annulating an amino group to
the neighbouring ring-carbon atom. An acidic catalyst is often used [3527] but
the reactants may be heated in propanol (3527, 3834]. Medicinally important
5-deazapteridines (reviews [3454, 3594, 3669]) are available from a pyrimidinone
and a malononitrile derivative [3842). The formation of a mixture of a reduced
quinolinone and acridinedione from cyclohexanediones and 3-aminoacrolein
(Chapter 99, Section IL.1) is averted by using an aminocyclohexenone and a
3-ethoxyacrolein [3012].
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H CgH
HN gs\ 1" N Ns 1
N PPA,A c
| || + AccHcoory, —=—= | | (3527}
N
OH
Pyrazoio{3,4-bjpyridine
Rl
HN N N o}
\( T Y
+ RACH= ccn — | [3834)
S NMe
0
R!«H, Me; stPh. 2-furyl, 2-thienyl; Pyrido[2,3-d}pyrimidine-2,4-dione

R3 « CN, COOE!, CONH;

H N N _N 3842
N Y CHOE! AcOH, & Z Y Hy [3842]
+ " % . l NH
(o)

nc—C(cu)2

R= ;-acoomcsn.(cnz),; Pyrido|2,3-d Jpyrimidin-4-one
n=2,

A synthesis of 7,8-dioxygenated isoquinolines (found in cularine alkaloids)
requires o-metallation of the N-protected f-phenylethylamine. The primary
amine is protected by reaction with two equivalents of trimethyisilyl chioride.
Phenylhydroxylamine and the allenic nitrile (53.7) react in boiling ethanol over
48 h to give a high yield of 4-aminoquinoline—an important intermediate for
the synthesis of some antimalarial drugs.

OR OR
MeO. . MeO N
(CHo)2NH,
R = Me, MeOCH» Isoquinoline
i, Me3SiCl, THF; ii, Buli, DMF
NHOH N\ CR'R20H
=CR'R? E10H, A
. ﬁ CR'R ks (3530]
CHCN P
53,
R, AZ-Me. Bt o0 NH,

Quinoline
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Cyclizations catalysed by transition metals often need less drastic conditions
than traditional methods. A catalytic quantity of ruthenium trichloride and a
larger amount of triphenylphosphine promote the cyclization of an arylamine
by 1,3-propanediol in refluxing diglyme to give good yields of quinolines.
Palladium or rhodium complexes were much less effective in this reaction.
Variations in substituents on the arylamine have an effect on yield: 4-methoxy-
aniline gave a good yield but its 2-isomer failed to react, probably because it
coordinates with the catalyst. Unfortunately, amines in which R is a strongly
electron-attracting substituent do not seem to have been studied. Unsymmetri-
cally substituted amines or diols usually give a mixture of positional isomers

Ct '20‘ { i.A 1
(85 c' HyCHOH 0-50% AQ) [

R « H, CI, MeO, Me
i, diglyme, RuCla.nHoO—PPhg, Ar

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

A pyridin-2-one ring is formed by reacting a 3-aminodiazine with a reactive
malonate ester such the 2,4,6-trichlorophenyl ester; this cyclization needs a
temperature of about 240 °C to be maintained for about 20 min [3676]. The ease
of displacement of a methylthio group in compounds such as (53.8) demonstrates
their usefulness; a second molecule of the arylamine reacts with the methoxycar-
bonyl group [3690]. An alternative method (to that described in Chapter 9,
Section [1.2) of synthesizing pyridazino[4,5-b]quinolin-10-ones which avoids the
use of fluorophenyl ketones is oxidative cyclization of 2-aminophenyl! ketones
(53.9) [3642].

O=COMe H
NH, N_ O
Y + R'CH(COOR?), —= g | [3676)
PhN ~80% PN S af
o O OH
R' = By, Ph; R? = 2,4,6-CliCeHp Pyridof2,3-d jpyridazine-2 5-dione
Another ring system synthesized similarly:
o
Ph
Me RN I
Mo~ oH

(2415}

Furo[2,3-hjquinolin-2-one
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(538) 4-Quinolinone
R' = H, MeO, Cl
o 0
I
¢ Y Y
. NaOH, A
LG ==~ i
NHR N7 N —
(53.9) Pyridazinof4,5-b Jquinolin-10-one

R = Bu, CHa==CHCH,, PhNH2

3. Pyridazine or Pyridazine-3-one

1-Aminopyrazoles react with 1,3-diketones or 3-ethoxyacrolein diethylacetal to
give a pyrrolopyridazine in low yield.

N

7 “NNH, CHOE! Z N7
e, i -;“;-’é-‘-» [2108,2317}

= CHCH(OEY), ==l __

Pyrrolof1,2-bjpyridazine
oi-oexlﬂ‘ CHCOR’,
AcOH, A

R‘
N

7 N
- [2108,2317)

P
R2

R' = RZ = Me, Ph
or R' = Me, R? = Ph

4. Pyrazine or Pyrazin-2-one

2-Nitrodiphenylamine is reductively cyclized with sodium borohydride in the
presence of a base. A primary amino group and a carbon of another ring may
be annulated by reaction with ethyl chloroformate to give the pyrazinone.
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X0 === 0O

R = H, Me, MeO, COOH, NH,, SO-NH,

SN Qg

Pyridof2,3-6 Jpyrrolo{1 2-a jpyrazin-6-one

5. 1,2,4-Triazine

This cyclization is another example of the synthetic value of 1-aminopyridinium
salts (review [1870]); its base-catalysed reaction with acetophenone N,N-
dimethylhydrazone methiodide without external heat leads to a new fused
triazine ring. 2-Chloroacrylic esters react similarly but in the presence of a
weaker base; two moles of the pyridinium salt react and an N—N bond is
cleaved to supply the third nitrogen.

H
N
/
A R ... S (2008
™ NN_H, NNMe,I 10-563% ™ N\N/ "
I

—.r% R'CH=CCHCOOR®, Pyridof1,2-b]{1,2,4]triazine

R! [2615)
S N

Pyrido{1,2-b 1,2, 4]iriazine

R' = H, Me or benzo;

R? = Me, Ph; R® = Me, Et;

Ar = Ph4-MeCgH,. 2-naphthyl

6. Pyran

A pyran ring is formed from a vinologous carbonyl group and a tertiary amino
function on heating the compound with a 1,3-diketone.
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e
2
o N
CH,R!
' R ?HzAc AcgO.ACOH, A N (2854)
COR?2 86-7e% P
N7 “Me NZ “Me
H
R! = NEl, NHMe,Ci: RZ = Me, Ph Pyranof3.2-clquinoine
7. Pyran-2-one

O-Arylhydroxylamines react at low temperatures with DMAD and a rearrange-
ment occurs to give high yields of 3-aminocoumarins. The yield is much lower
when R is an electron-withdrawing group.

ONH, o_ 0
EtOH, DMAD
R R Znu,

R =H, Me COOMe
1-Benzopyran-2-one
8. 1,3-Thiazine-2-thione

Thiocarbamoyl isothiocyanate reacts with cyclic enamines to form a fused
thiazinethione under mild conditions; a mechanism has been suggested for this
unusual cyclization. The reactions of isothiocyanates have been reviewed [3990}.

NR, S NR?
EtzNCNCS £1,0 \r
+ - | L [2094]
S

R = Et, iPr, cyclohexyl
1.3-Benzothiazine-4-thione
9. 1,2,4-Oxadiazine

S,8-Dimethylsulphimides (readily prepared from the primary amine, dimethyl
sulphide and N-chlorosuccinimide) react with nitrile oxides (review [B-43])
under mild conditions to form a fused oxadiazine.

O
SSWRLEE SO W
NSMe, N R?

R' « H, Cl, Ph, NO2; R? = 4-MeCgH,
1,2.4-Benzoxadiazine
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III. FORMATION OF A SEVEN-MEMBERED RING

1. 1,4-Diazepine

Lithiation of 2-aminodiphenylamine (5§3.10, X = NH) with butyl-lithium
followed by stirring with DMF and decomposition with water results in the
formation of a dibenzodiazepine in good yield.

00 === 0 -

(53.10) X = NH Dibenzo[b,e 1.4 diazepine
X= NH Oors X = O Dibanz{b,e J1,4 Joxazepine
X = S Dibenzo[b,e][1,4 Jthiazepine

2. 1,4-Oxazepine or 1,4-Thiazepine

When the method described in Section II1.1 is applied to either 2-aminodiphenyl
ether (53.10, X = O) or thio ether (§3.10, X = §), a new oxazepine or thiazepine
ring is formed.
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CHAPTER 54

Amine and Ring-nitrogen

Formation of a Five-membered Ring

1. Imidazole

2. Imidazol-2-one or -4-one

3. Imidazole-2-thione

4. 1,2,4-Triazole or 1,2,4-Triazole 1-Oxide

5. 1,2,4-Thiadiazole or 1,2,4-Thiadiazol-5-one
Formation of a Six-membered Ring

1. Pyridine

2. Pyrimidine

3. Pyrimidin-2-one

4. Pyrimidin-4-one
5. Pyrazine

6. Pyrazine-2,3-dione
7. 1,3,5-Triazine

8. 1,3,5-Triazin-2-one

9. 1,3,5-Triazine-2,4-dione
Formation of a Seven-membered Ring
1. 1,4-Diazepin-5-one

I. FORMATION OF A FIVE-MEMBERED RING

1. Imidazole

The use of a-halogenoketones for cyclizing 2-aminoazines or 2-aminoazoles is
well-known (see p. 276 and [B-45, 3533]), but the same result may be obtained
by heating the heterocycle with a ketone, iodine or bromine and sodium hydro-
gencarbonate in ethanol [2710). In an extension of the reaction of 2-amino-
thiazoles with a-bromoketones (p. 277), 1-bromomethyl 2-t-butyl ketone has
been shown to give high yields of 6-t-butylimidazo[2,1-b]thiazoles, the presence

997
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of the bulky alkyl group having no adverse effect on the yield [3939). A variation
of this reaction is described in Section I1.2. Propargylamine converts an a-amino-
diazepine into an imidazodiazepine; a-bromoketones perform a similar
function but in this example they give lower yields [2885]. 2-Aminoacetal may
also be useful for preparing an intermediate imine which is cyclized by hot
formic acid. An a-bromoketone cyclizes 2-aminopyridine—the Tschitshibabin
synthesis of imidazo[1,2-a]pyrimidines [3931]. Some cyclizations with «-halo-
ketones need basic conditions; ketols (acyloins) fulfil a similar role under acidic
conditions, for example, in acetic and toluenesulphonic acids [2449).

e A2
MeO NH, m\)\(N R?
Z . ' A\
! L + RiCOMe —2:t i A Il [2710)
T

~ N
he
R'=H, MeO; RZ2xH,Br; R®«Me, Ph, 4-Br-, 4NOz-CgHy Imidazof1.2-clpyrimidine
Mo

R= H.Cl.CFg.

Ar=Ph, 2 'FCQH‘ Imidazo{t ,2-a][1 .SMOdiueph-S-m

i, HC=CCHoNH,, BUOH, TSOH,A

Na NH, Me Na_ NHAC
HNTS MOCHOH  AcOH, TsOH, & Z N
—_—— 2449
imidazo{t 2-b}[1,2,4}triazole

Annulation of aminomethyl and ring-nitrogen functions with ethyl acetimi-
date hydrochloride gives a good yield of a dihydroimidazo compound [3736].
Glycidylaldehyde reacts with guanine derivatives to give the linear tricyclic
product [3066]. 6-Aminopyrimidine-2,4-diones are converted into purines by
reaction with diethyl azodicarboxylate [2914]. The chemistry of «-halo-
aldehydes and -ketones has been reviewed [B-45, 2348).

H r—?

N C N
HeNFe MeCOEt g, a Me
+ ] o [3736]

imidazo{t,5-ajquinoline
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o}
\| HOCH,
wo Y\ j
/‘\ L_L_cno % lml
R= ribosyl Imidazo{1,2-alpurin-9-one
0
H
Rz
+ II 2914]
):“1 NCOOEt M" )\ e
NHCH,R2
R! = H, Me; R2 = alkyl,PhCHa, Ph 2.6-Purinedione

An unexpected cyclization occurred when the pyridylaminoaniline (54.1) was
heated with dilute hydrochloric acid: the product was a pyridobenzimidazole
{2156]. PPA brought about a similar annulation of a primary amino group and
a ring-nitrogen in (54.2) even in the presence of an ethoxycarbonyl group, but
replacement of PPA by 4-toluenesulphonic acid in boiling butanol produced
two kinds of cyclizations simultaneously. The major product (54.3, 39%) was
a fused imidazole, and the byproduct (54.4, 32%) had been formed through the
involvement of the ethoxycarbonyl group. The ratio of these two compounds
varied with the catalyst (see also Section II1.1) [3766].

Q0" O -

(“ Y Pyrido{1,2-ajbenzimidazole
R
NH
- Co0E cyclohepu(dpyuonou z»apenzmdazolo
TQH. BUOH A o

H
N
@% 0 -
N/ N
H

(54.4)
Cyclohepta[dpyrrolof2,3-b[1.5 Joenzodiazepin-12-one
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2. Imidazol-2-one or -4-one

When an amino group is in a peri position with respect to the heteroatom [as
in (54.5 after reduction)], an imidazole ring may be built to join the two by
reaction with a carboxylic acid and PPE [2513]. Replacing the carboxylic acid
by urea in the cyclization of (54.5) leads to the formation of a doubly fused
imidazol-2-one ring [2513). An imidazol-4-one may be constructed by the
reaction of either phenylglyoxal [3039, 3188] or the phenylazo derivative of
chloroacetyl chloride [2366] with a 2-aminoazine,

R
NO, H N=—‘/
N A2 N a2
I + R%COOH —T‘_;TP:E.—A— I {2513}
Rt N 0 N (o]
H H
(54.5) Imidazo[1,5,4-dejquinoxalin-5-one

R' = H, CI; A2« H, Me; R3 = H, Me, Ph

(545) + CONHY, —2roem ‘ij( I [2513)

R! = H; R% = Me
lnidazo[t,s,4-damnoxaho-2.5-dom
Ph
/ﬁ/ PACCHO _eom boi x/\r N
‘\ ——-—-"” - '% N {3039}
Y’ 0

X« CH, Y =N Imidazo[1,2-blpyridazin-3-one
X =N, Y= CH Imidazof1,2-ajpyrazin-3-one

7~ N ANHN NNHA
R I + PhH 4 [2366]
N cngOCI @ ‘@/—-I :

R =H, Me; Ar = MeQ-, NO-CgHg Imidazof1,2- ajpyridin-3-one

Other ring systems synthesized similarly:

'
[2366]
NNHAr
X = O Imidazof2,1-blbenzoxazol-2-one

X =S Imidazof2,1-bjbenzothiazol-2-one
X = NH Imidazo{1,2-bjbenzimidazol-2-one
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3. Imidazole-2-thione

The use of carbon disulphide in organic synthesis [reviews B-51, 3582] is demon-

strated by its cyclization of a 2-aminomethyldiazine in excellent yield.
S

(\ r =l [2150]
NS
Yi\cHeNHz Y

NH,
Imidazo{1 S-abyrazmi-hime
4. 1,2,4-Triazole or 1,2,4-Triazole 1-Oxide

Pyridine N-oxide cyclizes 3-aminopyrazoles to give a low yield of a tricyclic
product. The reactive S,S-dimethylsulphimides (see Chapter 53, Section IL9)
are cyclized in a mild reaction with a nitrile oxide (reviews [B-43, 2115] to
produce the triazole 1-oxide in good yield. The chemistry of [1,2,4]triazolo[1,5-
alpyrimidines has been reviewed [3890).

H

SEN LN ¢wal
[3780]

Pyrazolof2',3' : 2,3][1,2 4]xiazolo[1 s-a]pyddno

-t
QNSM%+ RON—0  —roe ’g 3( 2es3)

R‘
R'«H,Me; R? = 4-MaCgH,, COOEt; X = CH [1,2.4[Triazolo[1,5-ajpyridine 3-oxide
X =CH.N X =N [1.2,4]Triazolo[1 5-alpyrazine 3-oxide

Another ring system synthesized similarly:
o

(\N/N*\j
\N J—————N (2853}

[1,2.4]Triazolo{1,5-ajpyrimidine 1-oxide

S. 1,2,4-Thiadiazole or 1,2,4-Thiadiazol-5-one

1-Chloro-1-phenyliminomethanesulphenyl chloride reacts without external heat
with aminoazines to form a fused thiadiazole ring. Chlorothioformyl chloride
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reacts likewise with 2-aminoazoles or 2-aminoazines to form a new fused
thiadiazol-5-one ring; this reaction is sensitive to the solvent used.

NH, N
Z CHCly, TEA “N s
N c X~ NPh
X =Y = CH [1.24[Thiadiazolof4 3-ajpyridine
XN, Y=CH [1,2 4[Thiadkazolof4,3-slpyrazine

X =CH, Y =N [1,2,4]Thiadiazolof4,3-ajpyrimidine
Another ring system synthesized similarly:

S /"‘s S /N\s
)gf__\f | " {3158] @:NI/ | Nph(ma]

X = CH Thiazolof2,3-cJ1,2.4]thiadiazole [1.2.4]Thiadiazolo[3,4-bjbenzothiazole
X = N [1,3,4]Thiadiazolo{2,3-cJ[1,2.4]thiadiazole

S NH, S N
Z2T
[l \Lr . c:gscl _CHCLTEA “ T | (2677)

41%

(o]
Thiazolof2,3-cJ[1.2,4thiadiazol-3-one
Other ring systems synthesized similarly:
X N
i
oY o
X 0

X =N, Y = CH [1,24]Thiadiazolof4,3- sipyrimidin-3-one
X =CH, Y =N [1,24]Thiadiazolo{4,3-clpyrimidin-3-one

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridine
2-Phenyl-3-dimethylaminoacrolein is a useful synthon as it reacts with 2-amino-
azoles or 2-aminoazines with loss of the t-amino group. Hydrogenation converts
it into indole-3-carboxaldehyde in low (15%) yield. Another synthetically useful
acrolein derivative is the cyanoacetal (54.6), which cyclizes amino- N-heterocycles
on heating in methanol-hydrochloric acid.

H

H
HN_ _N N N
' NPh  PRC=CHNMe, sq AcOH.A 7 | “NPh
+ ™ A (2645]
CHO X
o Ph o

Pyrazolof3,4-bipyridin-3-one
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Another ring system synthesized similarly:

Me

N NYO

« | - [2645]

Ph
o
Pyrido[2,3-d |pyrimidine-2,3-dione
s LGN

@ || || + (MeO),CHCCN "'?ﬂ———-m—fq‘— | | (e
HaN A Liona SN R2
R'=R2=HorR' = NHsCT, R"ﬁ& Thianol3,2-tjpyridine

Other ring systems synthesized similarly:

X
AN Sy LN
Ll e l [3249]
NC # CN

X =8, Y « CH Thienof2,3-bjpyridine [1]Benzothienof2,3-bjpyridine
X = PhCHoN, Y = CH Pyrrolof2,3-bjpyridine
X =PhN, Y =N Pyrazolo[3,4-blpyridine

2. Pyrimidine

Many methods of converting an a-aminoazine or a-aminoazole into a fused
pyrimido ring are available. 3-Aminocrotononitrile joins an amino group to the
ring nitrogen in high yields [2651]; the value of nitriles in heterocyclic synthesis
has been reviewed [3332a]. Several malonic acid derivatives may be applied to
the synthesis of a fused pyrimidine ring. Ethoxymalononitrile [2123] and benzyl-
idene malononitrile {3226}, for example, react under relatively mild conditions.
Fluoromalonaldehyde (review of halomalondialdehydes [2771]) reacts with a
3-aminopyrazole to give a fluoropyrimido derivative [2707] while several other
monosubstituted malonaldehydes react in an acidic medium with amino
heterocycles to give 5-substituted fused pyrimidines [2824]. Tetracyanoethylene
(reviews [3146, 3244] in a similar reaction gives a fused pyrimidine dinitrile

[3767).
NH,
Ny A N
HNT R CHCN ACOH. A 7 N7
+ |l i [2651]
Sesmsess CMONH: 90% ™ —
HN R? Me N Mo

(54.7) R'«Me; R2=H Pyrazolo{1,5- ajpyrimidine
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NH,
NC
CHOE? 27 N"
54N + || __*z;“_ O 21z
C(CN), Sy N
R'=R%=H
[1.2.4[Triazolo{1 5-ajpyrimidine
PhCH NN
(547 + || R« cH aon m -
C(CN),
R' = NHp; RZ = ArCHy;
Ar = Ph, 4-Ck, 4-Me-CgH, ezt 5 e
NG
2 NH
- + CHF(CHO), _'l“__°°"__“f_°"__"> Cr-r\l
NH, XnNNF
W‘-z'wm
T—” o - Q’ T
R = Mo, MeO, Ph, 4-MeO-, 4-Me;N-CeHs, Pyrienidof1,2-ajpurin-10-one
3.4,5-(MeO)g)CeH2
NH,
NC At
C(CN), MeCN, 4 Tk
547y + || N — T « . (3767]
oo NC N R2
1 .
R o e Pyrazolo{1,5-ajpyrimidine

R? = H, Ph, PAN=N

Enaminones [3213] and w-dimethylaminopropiophenones [3767] provide
further scope for the synthesis of specifically substituted fused pyrimidines.
Intermediates such as the ketene dithioacetals (reviews [3712, 3830] and a recent
synthesis [3965]) are being widely used and tailored to particular requirements
[3822). Allenic and acetylenic nitriles cyclize 2-aminopyridines on heating in
dichloromethane [3397].
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H
N_ _NH,
QY™ g e QO
N CRNMe,

R = Me, Ph; Ar = Ph, Cl-, 4-MeO-, 4-Me-, 3-CF-CgH,
Pyrimidof1,2- a)benzlmidazola

RicCcoR? ACOH, pip, A N’N\
54, onees
G+ Liswa, 7o | [ [3822)

R! = H, MeS; R2« H, Ph; R® = Me, EY, Ph, 4-Cl-,
4-MeO-CgH,, 2-furyk-, 2-thienyl, PhCH=CH;
R* = H, Me, Bu, PhCO

Other ring systems synthesized similarly:

BN
N N N
l I
"¢ SMe
M | Be2) [3965]
P S

=3 C 1,5- th 4 v
z- 3 Pm:a[gmmaw [2]Benzothiopyrano[3,4-ejpyrazolof 1,5-ajpyrimidine
n=5 Cyclohepta{ejpyrazolo{1 5-alpyrimicine

NH.
R! z | z+ ﬁHcN 339
™ N C=CR%*R’ am { 71

1 .
R = H, Mo, HNg; R2, R® = aliyl Srens
Pyrido{1,2- ajpyrimidine
Cyclization with 1,3-dicarbonyl compounds can give high yields of fused
pyrimidines [2249, 2722); the halogen of 3-bromo-2,4-pentanedione (which
would be expected to be labile) survives the reaction with a 3-aminopyrazole to
give a fused bromodimethylpyrimidine in good yield [3426].

Pyrazolo{1,5-alpyrimidine

+_N R! R + N R
HN™T RG=0 ACOH, Z N7 T
Drvavevan ol 2722]
T b 5 Gl P
HN i fi rRe” SN
ClOg (o}
[1.3,4]Oxadiazolo]3,2- apyrimidin-4-ium

R' = H, Me, PhCHx, Ph; R2—R* = K, Me
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Me
Ny E1OH, pip or NeOH, A 2NNy
|__| + AcCHy —————gre——— < l___l (2249)
N Ph Me N Ph
(548) [1.23Fdazolo{1.5-abymne
N Ph
j/ + AoGHAC —5;'9-"—‘> S Y [3426]
HoN Br
e Pymzolo[1.s-a.3.4-d’]dpyrhidme

A weak Lewis acid promotes the cyclization of heteroamines with aceto-
phenones (to give a mixture of isomers) and related ketones [3963]. Finally, two
methods which are useful for annulating a ring-nitrogen to an amino group
attached to another ring use an anhydride [3132] or an aldehyde [3611].

fr‘

Me
Q
B
,N M n,zqrdamn.saxwmm (3963}

Ar = Ph, 4-MaO-, 4-Me-CgH,

Y\I'/t Y\&t
N
N Ny N
— [3132]

N——NH
R'=H, Me; n’-Me.Pn.

m
Ar = Ph, 4-CiCeHy Pyrazolo{1'5' : 1,6]pyrimidoj4,5-d)pyridazin-4-one
N===N Nz===N
N N r'an' \')\‘/Nm
| + RCHO ———e—— [3811]
NH  NH, N ,N
R' = PhCHz, 2,6-ClaCgHaCHy;

R2 u H, 4-Cl-, 3-NO2-CgHq,
2,8-ClaCgHs, 3,4,5-(MeO)sCeMHa Imidazof1 .2-0}-1.2.3—tiazdo[4-5-ohymﬁdm
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3. Pyrimidin-2-one

Annulation of amino and ring-nitrogen functions in different rings may be
achieved under very mild conditions by stirring the compound with either
phosgene [2652] or trichloromethyl chloroformate with TEA [3994].

Me Me
~N N
N N
N CHLl[COCH, TEA N
H | [2e52)
NH, g (o]

{1.2.4]Triazino[4,3-clquinazolin-6-one

' N—N
. U . B8
N7 W oc TEA N A
+ G000k ™ | fse64)
NH, ) N" o
H

Ar = Ph, F-, 4-MeO-, 3-CFy-CgHy, 2-furyl, 2-thienyl
1,2,4-Triazolo{4,3-ciquinazolin-5-one

4. Pyrimidin-4-one

Cyclization of a 2-aminoheterocycle by reaction with a 1,3-dicarbonyl
compound is a widely used method for the synthesis of a fused pyrimidin-4-one
(see also pp. 284-286). The conversion of 2-aminopyridine into a pyridopyrim-
idinone by heating with an acetoacetate in the presence of a Friedel-Crafts
reaction-type catalyst is typical; PPA and PPE vary in their effectiveness from
one reaction to another [2250, 2289, 2296]. This reaction is also catalysed by
bases such as piperidine [2501].

NH. 2
N ?  coor wes YT
R | + —t | (2250]
N R3CHCCH,R? 5% N
3 R’ R
(54.9) o)
R' = H, R%=Me, R®=H, Me or R%R% = (CHa)4 .
Pyrido[1,2-a]pyrimidin-4-one
Pyrido{2, 1-bjquinazolin-5-one

Another ring system synthesized similarly:

- /N 0
(2289, 2296}
\N,N S

Pyrimidof1,2-bjpyridazin-2-one
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Variations from the simple ethyl acetoacetate [2211] are numerous and extend

the usefulness of the reaction greatly, for example, 2- and 4-chloroacetoacetate

[2857, 2866), 3-acyllactones [2533] and cyclic acetoacetates [3263, 3592).

(o}
COOEl  pp.a NNy
CHyAc Mo a Ph
[1,2,3]Triazolof3,4, ajpyrimidin-7-one
N
CHCIAC  ppAA 2
(54.9) + | —
CQOE! N
R'=H
CH,COOE!
lpp& A Pyrido[1.2-llpyrimidln-4-om
Z /N H,Cl
SN | (2866)
(o]
Pyrido[1 2-alpyrimidin-4-one

Other ring systems synthesized similarly:

H
N N
@‘j‘/l [2s66)

Pyrimido[1,2-apenzimidazol-4-one

cm\g(Y N OXY g N

Thiazok{3.2- a]pym-sone Pyrimidof2,1 -bpuuomwme

(54.9) + l l ”"‘ Cr [2533)
(CHg),OH
=H, Me, Gl

Pyrido|1,2-alpyrimidin-4-one
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Other ring systems synthesized similarly:
[NV
(HChn T l [25%3)
/

=23
lmidazon.z‘-'a]pyz'mm
Pyrimido{1,2-ajpyrimidin-4-one

Z N NR?
X NH,

Dipyrido{1.2-a: 4,3-dpyrimidin-11-one
RZ

N
[ I _NCH,Ph
Qe
COOEt /

R
HN ’NY 3502]
/l__.N nz-ms  O[CH2CHIN
A'HN o] a [1,2.4]Triazolo{1,5-gjquinazolin-5-one

R’ = H, Me, CI, Br; RZ = H, iPr, pncu,

Lo, 0
% " A2
N
Qi
H

[1.2.4]Triazolo[S, 1-bjquinazolin-g-one
The acetoacetates have sometimes been replaced by ethoxymethylenemalonates
[2289, 3786] under different experimental conditions from those given on p. 285,

diketene [2041] (review [2130]) and several kinds of unsaturated esters [2092,
2093, 3405, 3644); an atmosphere of argon is recommended for some of these.

N
Z he CHOEt  _peaa
| — [2289]
N C(COOEY, \N,N

Pyrimido[1,2-blpyridazin-4-one



1010 Amine and Ring-N

Another ring system synthesized similarly:

%
N\r/ N
[ {3786
N
COOE!
o
Pyrimido{1 2-ajbenzimidazol-4-one
(549) + [2041)
R'=H
Pyrido}},2-ajpyrimidin-2-one
o)
l N’N\
R? N
H

(547 RICEECCOOMe,EOH, A /

" Pyrazolo{t,5-alpyrimidin-7-one  [2092]
R' - Rz - H; \ na

A? = H, Me, Ph, COOMe N

7 N7 \]

o N
H

Pyrazolo{1,5- ajpyrimidin-5-one
H

HN NS O N Ns
7 "N Ce=CH E1OH,H,0 Cl

1.2,4-Triazolo{4,3- ajpyrimidin-7-one

@/_\r gHoooMe  ecuse_ @-N \; s

(54.10) CcOO0
X=8,NH CHy Me

X =S Pyrimido(1,2-ajpenzothiazol-2-one
X=NH Pyrimido[1,2-ajbenzimidazol-2-one
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Other ring systems synthesized similarly:

X N o] 0. N S
7 7 N
Y [3405] Y T [3405]
N A X AN—X
CH,COOMe CH,COOMe
X =CH Pyrido[1,2-alpyrimidin-2-one X = CH Thiazolo[3,2-ajpyrimidin-7-one
X =N Pyrimido{1,2-alpyrimidin-2-one X =N 1,3 4-Thiadiazolo[3,2-ajpyrimidin-7-one
Y l I + n'c:—crm2 ——- I{Y | Y [3644)
R' = H, Me; nz-uuepn Pyrinldo[z1vf]purim-248mono

i, MeO(CHZ)2OH, Triton B or KOH, A

2-Chloro-3-oxobutanonitrile reacts in the presence of PPA and gives the fused
pyrimidin-4-one [2839].

(54.10) + cncl:HcN "M @j [2839)
Ac

Pyrimido{1 z-albenzinidazol-
Other ring systems synthesized similarly:

N Me

7 NP
| tesssl x‘:'/ | s
. N
Cl
o
Pyrido{1,2- ajpyrimidin-4-one Thiazolof3, 2-

Carbon suboxide (review [100]) and 2-methylaminopyridine give an excellent
yield of an inner salt [2288]). A bis(methylthio)methylene derivative of
Meldrum’s acid (review of its properties [3949]) is a versatile source of three
ring-carbon atoms and an attached carboxyl group in this reaction [4000].

NHMe

7 _BO.NCA

Pyridof .2-alpymudin«4-ono
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R N S
Moﬁ/ N, <
. \l Eoreoms, Ir\,@ -
R = MeS, alkyl or Ph o

Thiazolo[3,2- ajpyrimidin-5-one
Another ring system synthesized similarly:

ANANP
| | {4000}
S COOH
(]

Pyrido{1 2-a]pyrimidin-4-one

S. Pyrazine

Dibenzoylacetylene and DMAD (review [2816] are useful reagents for cyclizing
aminoheterocycles; in this example, the amino and ring-nitrogen atoms in
different rings are annulated by heating with either of the two alkynes [3768].

B (B -

R = MeO, Ph 2a,5-Diazabenz{cdjazulene

6. Pyrazine-2,3-dione

1-Tosylaminophenothiazine (R = Ts) and oxalyl chloride gave a better yield of
cyclized product than did the I-amine compound (R = H) [2236). A thermally
induced cyclization of the methylaminomethylazepine (54.11) with diethyl
oxalate gave a good yield of product [2125].

(o]

Oﬁ/lk

NHR NR

H

N N

A e e O
S S

R=HTs Pyrazino{3,2,1-k/phenothiazine-1 ,2-dione
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Me o}
N
MeHNHC .€=o
N
D == (J D e
(54.11) Dibenzo{cflpyrazino(1,2- alazepine-3,4-diohe

7. 1,3,5-Triazine

Two moles of a 2-aminopyridine react with di-iodomethane to give a tricyclic
quaternary salt. Electron-withdrawing substituents in the pyridine ring inhibit
the reaction; of several aminopyrimidines, aminopyrazine, aminoimidazoles
and aminopyrazoles, only 4-aminopyrimidine reacted [3089].

AN
Me | + CHal '“‘c" A ) [3089)
N \/“\

Dipyrido{1,2-a : 2',1"-d[1,3,5}-viazin-5-lum

Another ring system synthesized similarly:

LS -

Dipyrimido(1,6-a : 6',1-d}[1,3,5} triazin-10-um

8. 1,3,5-Triazin-2-one

2-Aminoazines react with N-(dichloromethylene)carboxamides and a mild base
to form this ring.

R!
R! NH Rt N Ph
= ? phco ACOEL, TEA, A 7 Y
| + — | [2338]
N N=CCl, X NTN
R' = R2 = Hor R' R? = benzo 0
Pyrido{1,2-a}-1,3,5-triazin-4-one

1,3,5-Triazinof2,1-ajisoquinolin-4-one
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Other ring systems synthesized similarly:
CF,

0 ' hi Y
Ph)'\N/)‘——N S Z
{1.3.5[Triazino{1",2 : 1,5{1,2.4]wiazolo|3.4-afisoquinaiin-11-one 1,3,5-Triazinof2,1-alisoquinolin-4-one

(o) N Ph
N
r
YO
.
1,3,5-Trazino[1 ,2-alquinolin-1-one

9. 1,3,5-Triazine-2,4-dione

The use of phenoxycarbonyl isocyanate for cyclizing an aminoazole in pyridine
is well known (p. 289). This reaction may also be effected by refluxing the
reactants in a neutral high-boiling solvent. Chlorocarbonyl isocyanate (review
[2929, 3802)) is also a very effective reagent for cyclizing such amines.

o

A HNJ\N’N\ Me
)__Y i —E- . )\N 41_\8( [3208]

[1.3.4]Thiadiazolo[3,2-8 [1,3,5]triazine-5,7-dione

R?
N o]
T

0

R = D-ribosyl derivative Pyrimido{1 6-a}-1,3,5-¥iazine-2,4,6-rlone
R? = H, Me

IIl. FORMATION OF A SEVEN-MEMBERED RING

1. 1,4-Diazepin-S-one

With trifluoroacetic acid as catalyst, the cyclohepta[b]pyrrole (54.2) is cyclized
into the diazepinone (54.4) in 96% yield.
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Azide and Azo or Nitro

I. Formation of a Five-membered Ring 1015
1. 1,2,3-Triazole 1015
2. Furazan N-Oxide 1016
1. Formation of a Six-membered Ring 1017
1. 1,2,3-Triazine 1017

Cyclizations which involve azides have been reviewed [3515]. Examples of ring
formation from a nitro-carbodi-imide and an amino hydrazone are included in
this chapter.

I. FORMATION OF A FIVE-MEMBERED RING

1. 1,2,3-Triazole

Boron trihalide promotes cyclization of o-azido-azo compounds under mild
conditions with the formation of a benzotriazole in high yield. A nitrenium
ion-BX; complex may be involved. The conversion of 2-azidoazobenzenes
(p- 292) to benzotriazole is promoted by boron trichloride so that the conver-
sion proceeds at room temperature and in high yield [3056].

N
M PhH,BX, Z “NAr
% J [3453)
m— N
N=NAr

Ar = Ph, 4-CICgHy; 1,2,3-Benzolriazole
X=ClF
1015
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The nitro-carbodi-imides (55.1) are cyclized into the triazole by heating in
bromobenzene.

N=C=NAr N
PhBr, & 7 NA
NO,

(55.1)

2. Furazan N-Oxide

Thermolysis of nitro-azides is an efficient method of forming a furazan ring; its
N-oxide may be prepared by heating the same precursor in acetic acid. Photo-
chemical cyclization of the nitro-azide in acetic acid is a less convenient method
[1491].

-
|

Me. N Me N
2 P aoHa =~ 7z Nt"C’
MeN MeN
NO,

Imidazof4 5-1}-2,1,3-benzoxadiazole 1-oxide

N N
_(CHOM 8
CCC( —ex Q [1491)
N NO,

Pyridof{1',2:1,2jimidazo{4,5-7}-2,1,3-benzoxadiazole 1-oxide

I
-0

It is not always necessary to isolate the nitroazides; for example, the 2-azido-
3-nitropyridines may be prepared in situ from the chloronitropyridine and
sodium azide [2432]. A recent improvement in this process by the use of
phase-transfer catalysis means that lower temperatures are used and better
yields are obtained for a wider range of substituted products [3241].

R‘ / mz R‘ / /w\
N

2—0

[2432]

X Cl X

R' = NO,, Ac, CHO, COOH, CF3, PhCO, Gl X = CH 2,1,3-Benzoxadiazole 1-oxide
x-cnang; R = H, NO2 X =N [1,2,5|0xadiazolo[3,4-blpyrickne 1-oxide
i, PhCH2NBu3BY, (CHCl)p, 30-55°C
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II. FORMATION OF A SIX-MEMBERED RING

1. 1,2,3-Triazine
When the amino-hydrazone (55.2) is treated with LTA, the benzotriazine is

obtained.
NH, Ny
LTA
CI” =
g"—‘-NNHz =

R

P 224

(2379]

(55.2)
R = Me, Ph, 4-MeO 1,2,3-Benzotriazine
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Azide or Isocyanate and a
Carboxylic Acid Derivative

I. Formation of a Five-membered Ring 1018
1. Pyrrole 1018
2. Pyrazol-2-onc 1019
3. Onxazole 1019
4. Tetrazole 1019
1I. Formation of a Six-membered Ring 1019
1. Pyrimidine-2,4-dione 1019

A review of cyclizations which involve azides [3515] is relevant to many of the
reactions discussed in this chapter. A rare type of cyclization resulting from
interaction of a chlorine and a side-chain azide is included.

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

Thermolysis of an o-halogeno-(8-azidovinyl)benzene sometimes produces a
mixture of products; from a tetrahydrobenzenoid analogue, a newly formed
pyrrole-containing product was isolated in low yield.

H
ci N
Phbr, A
O[ Ns e Ol_/_J 130751
CH=CCOOE!
Indole

1018
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2. Pyrazol-3-one

An azido-carboxylate ester, on being heated for 1 h in ethanol with hydrazine
hydrate, was unexpectedly converted into a fused pyrazolone.

OCC e == QUL

Benz[f]indazol-s-ono

3. Oxazole

Cyclization of 2-azidophenyl esters with triethyl phosphite probably involves
the formation of an intermediate phosphorimidate.

OCR
@ g c!"'wP(OB)s- @\r [2352]
N,

R = Me, Ph Benzoxazole

4. Tetrazole

An azido-nitrile (formed in situ from the reactive chloropyridazine and sodium
azide) is efficiently converted into a fused tetrazole ring on heating in DMF.

CN CN
Cl
7 —— "
| — N (3469
\N ” \N N
Tetrazolo{1,5-bjpyridazine

II. FORMATION OF A SIX-MEMBERED RING

1. Pyrimidine-2,4-dione

Carboxamide and isocyanate (formed in situ from a hydrazide) interact on
heating the compound in toluene to form this ring.

H
CONHNH,

H H
N ve. A N N 0O
1.HNO; 2 PhMe, \(
R LK( e
Me CONH, Me
o

Pyrrolo[2,3-d Jpyrimidine-2,4-dione



CHAPTER 57

Azide or Azo and Methyl or Methylene

I. Formation of a Five-membered Ring 1020
1. Pyrrole 1020

2. Pyrrol-3-one 1021

II. Formation of a Six-membered Ring 1021
1. 1,2-Thiazine 1021

HI. Formation of a Seven-membered Ring 1022
1. 1.4-Thiazepine 1022

2. 1,2,4-Triazepine 1022

Included in this chapter are ring-forming reactions between an azide and a thio
ether. Cyclizations involving azides have been reviewed [3515).

L. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

Thermolysis of azides (pp. 294, 297) whose stereochemistry is not favourable to

cyclization may be effected in dimethyl sulphoxide. For example, the azide

(57.1) is unchanged on heating in toluene whereas its E-isomer readily forms a

tricyclic product in high yields. The conversion of (57.1) into an indole is

unlikely to involve the formation of a nitrene (which reacts with the sulphoxide).
H

Ny N_ _CN
DMSO, A
/@ 3% m {3006}
R! C=C—H R! R?

J
R2 CN
(57.1) Indole

A : R% = H, Me, Ph
R'=H, Ci; R? e 1020
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2. Pyrrol-3-one

A comparison of several base-induced cyclizations of 2-acylbenzazides by
several bases showed that ethanolic potassium hydroxide at room temperature
was an efficient process. Some evidence is available that nitrogen loss assisted
by an enolate ion rather than nitrene formation occurs under these conditions.

H 1
N, NS w2
EtOH-KOH
@ — G Q/_I (e169]
ICICHFpRz (o]
3-Indolone

R'=H, Me; RZ=Me, Et, Ph
or R'R? = (CHy)s

II. FORMATION OF A SIX-MEMBERED RING

1. 1,2-Thiazine

Thermolysis of an azide which contains a thio ether group in a neighbouring
side-chain may result in the formation of an N"—S* bond in a thiazine. Yields
are dependent on the character of substituents in the side-chain and of the
heteroatom X in (57.2). Reversing the positions of azide and methylthio groups
and using toluene as solvent gives a high yield of (57.3). A similar cyclization of
the benzenoid azide (57.4) needed a higher reaction temperature.

N No+
Z s PhH or xylens, A Z “sp?
PO Attt 3161
Xl Il SR? 0% X l / [3161]

|
CH==CR'

RI
(572) 224-Thieno(3,2-c}{.2]thiazine
R' = H, COOEY; R? = Me, EL, Ph; 20%-Furo[3,2-cj{1,2}thiazine
X=§ 0
5
“ N
! | [3161]
Zcookt
(57.3)
Thienof2,3-e{1A* 2]thiazine
SPh S\N
xylane, &
13-81% l (31 &}
cﬂ=<|:cooa COOE!
R Ny A Ph
(57.4) 1,2-Benzothiazine

R = Cl, PhS



1022 Azide or Azo and Methyl . . .
II. FORMATION OF A SEVEN-MEMBERED RING

1. 1,4-Thiazepine

Ring closure of the azide (57.5) required a high-boiling solvent. This may
account for the rearrangement which accompanied the cyclization.

Me

s [
@ — 7‘,‘---—>A @b [2139]
N
Np Me H
Me

(57.5)
Dibenzofb,eJ1 4]thiazepine

2. 1,2,4-Triazepine

Thermolysis of compounds which contain side-chain azoimine groups which are
adjacent to a bz-methyl or -methylene group leads to cyclization which is
facilitated by a methoxycarbonyl or nitrile function attached to the carbon
which separates the azo and imine groups.

R2

H
N=<':R"' N\\(
CH,R N
He A

R! = H, Me, Et; RZ = COOMe, CN;
R% = H, Me; Ar = H, 4-NO2CgHs,

1.3,4-Benzokiazepine
2,4-(NO2JoCeHs



CHAPTER 58

Azide or Azo and Ring-carbon

I. Formation of a Five-membered Ring 1023
1. Pyrrole 1023
2. Imidazole 1026
3. 1,2,3-Triazole 1026
4. Oxazole 1026
5. Thiazole 1026
II. Formation of a Six-membered Ring 1027
1. Pyridine 1027
2. Pyridin-2-one 1028
3. Pyrazine 1028
4. 1,4-Thiazine 1028
5. 1,2-Thiazine 1,1-Dioxide 1028

An example of cyclization of a sulphimide group on to a ring-carbon is included.
The chemistry of organic azides has been reviewed [3515].

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

o-Biphenyl azides decompose in the presence of boron trihalides to give car-
bazoles, nitrenium ions being probable intermediates [3453]. When the two
benzene rings are separated by an azo (N =N) group, this reaction can yield
several products according to the relative positions of the azo and azide groups:
o-azoazides give a triazole ring (see Chapter 55). The point of attack by inter-
mediate nitrene produced thermally is not always predictable; an attempt to
synthesize ellipticene produced a mixture consisting mainly of the angular

1023



1024 Azide or Azo and Ring-C

isomer of ellipticene. Migration of a methyl group had occurred [3323]. The
synthesis of heterocycles with nitrenes has been reviewed [2598].

R'=H, PhN =N; RZ = H, NO2; Carbazole
X=F.Cl
Ny X
(3323}
& Me
Me

[3323)

Pyrido{4,3-sjcarbazole

Some azides [such as (58.1)] are resistant to thermal cyclization through the
nitrene. A strong acid may help the cyclization of such compounds but con-
centrated sulphuric acid may cause simultaneous sulphonation of a benzene
ring.

(8.1) Pyridazinof4,3-bjindole
R = Cl, HO
i, BNHCI; , MeSO3H, A
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Another ring system synthesized similarly:

N
s /N‘N
! [3614)
\N,N—N

Tewazolo{1",5' : 1,6]pyridazinof4,3-blindole

In the presence of tetracyanoethylene (TCNE), photocyclization of 2-azido-
bipheny! gives carbazole as the main product, but an appreciable amount of a
spiroazepine is also formed. Reviews of the chemistry [3746] of TCNE and of
its use in cycloadditions [3244] are available. The synthesis of an indole by
thermolysis of a previously prepared side-chain azide (see p. 301) is a widely
used method but such an azide may also be formed in situ, as in this conversion
of a benzaldehyde to an indole-2-carboxylic ester.

O == L ~

H
MeO o MeO N_ _COOMe
3 X ]
+ | —_— 366
COOMe ™ l 667}
Me CHO Me
OCH,Ph indole

i, MeONa, MeOH; #, xylene, A

While ethyl o-vinyl-2-azidocinnamate yields isoquinolines on thermolysis (see
Chapter 37, Section I1.1), its epoxide (58.2, R = H or Ph) reacts differently on
being heated; the epoxide-containing side-chain is unchanged.

H
N COOEt
THF or PhiMle, A
'I‘a 40-100% l [3169]
CH=CCOOE!
HC. HC.
o) >0
HC” HC”
[ I
R R
(58.2)
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2. Imidazole

Sulphimides, R'N=SR?, or R'N*S$~R?,, resemble azides in that there is a
possibility that they may form nitrenes by loss of a sulphide, R2,S. This occurs
when such compounds are photolysed for 3-23 h depending on the substituents;
under thermolysis, a mixture of products is formed.

e LT

R',R? « Me, PhCH,, Ph; R® = H, Me, CI

3. 1,2,3-Triazole

When a 4-azidocoumarin is warmed with t-butoxide, a fused 1,2,3-triazole ring
is formed in low-to-moderate yield by a 1,5-dipolar cyclization. Heating a
3-nitropyridin-2-one with sodium azide-DMF gives a good yield of 1,2,3-
triazolo[4, S—b]pyridin-S-one [2780].

HN—N
Il
PL.
DMSOMKA
IZ-“% R [3320]
0" Yo

R = H, Me, Meo. Cl [1)Benzopyranof3-4-d}-1,2,3-triazol-4-one

4. Oxazole

Thermolysis of an azide with PPA and an alkanoic acid can lead (through a
rearrangement) to a fused oxazole ring being formed.

o
/(“D/ N L. L fﬁ:j/ [2263]
£100¢” >0 E100C

Pyranof2 3-gbenzoxazoi-9-one

5. Thiazole

Inter-ring annulation occurs when an azidophenyl sulphide is either ther-
molysed or photolysed. By varying substituents, temperature and reaction time,
it may be possible to improve yields. Photolysis in this study gave relatively poor
yields whereas heating in either bromobenzene or 1,2,4-tribromobenzene
usually promoted cyclization. A mechanism involving a spirodiene, opening of
the sulphur-containing ring and loss of the sulphur atom was proposed.
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n!
S S R?
PhBr or BryGeHy, A N7 R
<\/T( H 5-74% @ [2943]
N, R? S R?
R'=H, R2=MoorR'=Me, RZ=H Pyrrolof2,1-bjbenzothiazole
orR' = RZ-MQ

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridine

Thermolysis of f-azidovinylarenes to form new pyrrole rings is described in Part
1 (p. 299); a similar reaction on a y-azidoalkadienylcyclohexane gives a mixture
of products, a spiropyrrole being a second product which is converted into a
cyclohepta{blpyrrole on heating at 200°C. An unsymmetrical 9-azidovinyl-
acridine may cyclize on to either of the vacant peri positions on thermolysis; the
2-methoxy derivative yields a 4:1 mixture in favour of attack by the nitrene on
the methoxy-containing ring.

N\ COOMe
ot = O (X
CHCH=CCOOMe N
Quinoline

396%

/
oo [3075]

=

Cyclohepta{bjpymrole

CH.—CN3 7 “NH
OMe
. N
QO™ = L™ =

Pyridof4,3,2-mnjacridine
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2, Pyridin-2-one

The acylazide (58.3) may form a ring with either C-2 or C-4 of carbazole; in
practice, a linear pyridocarbazole is obtained when this azide is heated with a
tertiary amine in diphenyl ether for 1 h.

H
0. N
N,CO
4 | |
CH=CH
PhzO, BusN, Na, A
negs -
N N
Me Me

(58.3) Pyrido{4,3-clcarbazol-1-one

3. Pyrazine

Cleavage of an azo group by hot mineral acid with retention of one nitrogen can
be used to form a pyrazine ring in high yield.

H
N N Ph N N Ph
N ~N =
R [ Aouwer g T o
NH - NH
N
o o

AN=N
R« H, Br, CI; Ar = 4NOCgHy Pyrimido{4,5- bjquinoxalin-4-one

4. 1,4-Thiazine

A rearranged product is obtained when some azido diaryl sulphides are ther-
molysed in a high-boiling solvent; a spiro intermediate may be involved.

008 = -

5. 1,2-Thiazine 1,2-Dioxide

When a sulphonylazide is heated, the sulphonylnitrene formed may attack a
nearby benzene ring. In this example (R = H), heating in dodecane at 175°C
was found to be more effective that at 150 °C, but the best yield was obtained
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in cyclohexane in a sealed tube at 120°C. The presence of a substituent
(R = Br) had a strong influence on the reaction, a 5% yield of the thiazine
dioxide being obtained in cyclohexane but 24% in chlorobenzene.

l AaM: Cathe & O l
73% 3 [2907]
R O SON, (N/,wz
H
H, Br

R=H,
Dibenzo[c,e]1 2thiazine 5,5-dioxide



CHAPTER 59

Azide and Ring-nitrogen

I. Formation of a Five-membered Ring
1. Pyrrole
2. Pyrazole
3. Imidazol-4-one
4. 1,2,4-Triazole

II. Formation of a Six-membered Ring
1. Pyrimidin-4-one

1030
1030
1031
1031
1032
1032
1032

This chapter also contains examples of the cyclization of sulphimide and ring-
nitrogen and of azide and imine functions. The chemistry of azides has been

surveyed [3515].

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

2-Azido-1-methylbenzimidazole is a relatively stable azide; the azide group
survives the addition of DMAD across the 2,3-double bond of the substrate.

O, == Ogp

imidazo[1,2-ajbenzimidazole

1030

(2516}
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2. Pyrazole

Thermolysis of a 3-azido-imine appears to be a better method of synthesizing
the thieno[3,2-c]pyrazoles than reduction of the corresponding nitro compound
with triethyl phosphite (Chapter 33, Section I.1), but when the isomeric 2-azido-
imine was similarly treated, appreciable amounts of the benzothiophene-3-
carbonitriles were obtained together with 19-43% yields of the thienof2,3-
cJpyrazoles [2493). A similar conversion is achieved by treatment of the azido-
imine with triphenylphosphine at 0-20°C [3639). Thermolysis or photolysis of
a 2-(azidophenyl)pyridine can give high yields of a fused pyrazole [2654].

M A Z N‘NN
@EI (MOOCHCHyJO, GEL (2493
§” “NCH=NAr S

{1]Benzothieno{3,2-cjpyrazole

Other ring systems synthesized similarly:

N
\ SNN=P
| [ e ©i—-k i [3e39)

[1jBenzothieno{2,3-clpyrazole

- /N‘NPQ\
[2821]

X
O Furof3,2-clpyrazole
8

x-
X =S Thieno[3,2-cpyrazole
= N
R | Au R
L0 = -0 ~
'S

R = NOy, CFa. CN Pyrido{1 2-bjndazole

3. Imidazol-4-one

An azidoazole reacts exothermally with diphenyl ketene, and nitrogen is
eliminated.

Ph

. :
) "\r/“\Lph
I +pPrc=Cc=0 —m= [2516]
o

Imidazof1,2-ajbenzimidazol-3-one
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4. 1,2,4-Triazole

Carbamoyl azides (59.1) (formed in situ from the carbamoyl chloride and
azidotrimethylsilane) in boiling toluene cyclize to give good yields of the triazole
betaines.

R! Rt
fL ? i = /(L ?/NYS. [3537]
e ————
R! \N/knaacuu s - R \N)__ NR?

(59.1) [1,2.4]Triazolof1,5-ajpyrimidin-8-ium
R! = H, Me; R = alkyl

I. FORMATION OF A SIX-MEMBERED RING

1. Pyrimidin4-one

Heating picolinoyl azide and diketene yields a pyridopyrimidinedione as the
main product, the isocyanate being a likely intermediate.

Z 2 HeC 0 s A N H
« I + — e . | (2866]
) = Ac
o

Pyrido{1,2-ajpyrimidin-4-one



CHAPTER 60

Azo and Carbamate

1. Formation of a Six-membered Ring 1033
1. 1,2,4-Triazin-3-one 1033
2. 1,2,3-Thiadiazin-6-one 1033

Cyclization of an o-thiocarboxy-diazonium salt is included in this chapter.

I. FORMATION OF A SIX-MEMBERED RING

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

Azo compounds containing an o-carbamate group may be cyclized by heating
either with a mineral acid or in an inert solvent. The azo-carbamate (60.1) failed
to cyclize under neutral conditions but gave good yields in either an acidic or
a weakly basic medium. In contrast, arylazoindol-3-yl compounds readily
cyclize on heating to give triazinoindoles [1508].

N=NAr N
tori,A 7 “NAr
— L e
HO NHCOOE! O I'-‘l o}
(60.1) 1,2,4-Benzotriazine-3,6-dione

Ar = Ph, 4-halo-, 4-MeO-, 4-Me-, 4-E10-CgH,
i, aq. NagC0Q4; il, aq. HCI

2. 1,2,3-Thiadiazin-6-one
When an attempt is made to diazotize 2-aminothiobenzoic acid with isopentyl

1033
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nitrite, this ring is formed in high yield; the chemistry of diazine rings containing
S and N atoms has been reviewed [3904).

NH, Ny
THR. I
©[ — T [2358]
COSH

i, ClaCCOOH, THF, MeaCH(CH2),ONO o
3,1,2-Benzothiadiazin-4-one

w—2



CHAPTER 61

Carbamate or Ureide and Ring-carbon
or Ring-nitrogen

I. Formation of a Five-membered Ring
1. Pyrazole
2. Imidazol-2-one
3. 1,2,4-Triazole
4. Thiazole
5. 1,2,4-Thiadiazole
II.  Formation of a Six-membered Ring
1. Pyrimidin-2-one
2. Pyrimidin-2-one, 4-Thioxo- or Pyrimidin-4-one
3. 1,2,4-Triazin-S-one
4. 1.3,5-Triazin-2-one
5. 1,3,4-Thiadiazine
1. Formation of a Seven-membered Ring
1. 1,2,5-Triazepine

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrazole

1035
1035
1036
1036
1036
1036
1037
1037
1037
1038
1038
1039
1039
1039

1,3-Dipolar addition of a pyridine N-ylide to DMAD proceeds at ambient
temperature but is susceptible to the nature of the substituent present on the
ring; a 4-substituted pyridine usually gives best results and the presence of

tetracyanoethylene (TCNE) improves the yield.

NCOOE! COOMe
z ﬁ/ CCOOMe MeCN, TCNE / N,N\
I + —
™ ~44% U

COOMe

COOMe N
Pyrazolof1,5-a]pyridine
1035

[2294)
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2. Imidazol-2-one

Phenylureas undergo oxidative cyclization in high yield when oxidized with
LTA at ambient temperature.

H
NHGO N_ O
CHCG, LTA
R NHOC —=— R | 27
‘U WP e _@-Nocm 740l
R = H, Me, MeO, CI 2-Bonzimidazolone

3. 1,2,4Triazole

Carbamate and ring-nitrogen form a fused triazole ring when an
ethoxycarbonylhydrazinoazine is heated in diphenyl ether.

O
D
NI-NH N
Q I COOE! —-——> @ I [3070}
[1.2.4]Triazolo{3,4-cJ[1,4}benzoxazine-1,4-dione

4. Thiazole

Ureido side-chains are oxidatively cyclized (p. 311) to a thiazole; heating with
hydrochloric acid may also be effective.

N S NHCOOEt
7 I
E j\ a'r:z' ’ (\ ‘ T 3%
NHCNHCOOEt N
Thiazolo}4,5-bjpyrazine

5. 1,2,4-Thiadiazole

A 2-thioureidopyridine is cyclized in a reaction between thioxo and ring-nitrogen
functions; no heating is necessary and yields are usually good-to-excellent.

N NHENHGH, N N NOHCOR
| s con BAM_ (2032)
x UN 68-88% a N—8

R = HO, EtO, NH, [1.2.4]Thiadiazolof2,3-alpyridine
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II. FORMATION OF A SIX-MEMBERED RING

1. Pyrimidin-2-one

Dehydrative cyclization of an acylureidobenzene with PPA gives a 2-quinazo-
linone, but the yield depends on the temperature, the molar ratio of PPA and
the substituent R?; when the last named is replaced by methyl, a poor yield is
obtained. An N°-phenylureide group attached to a benzene ring reacts with N*-H
of a (reduced) 1,2,4-triazine ring when the compound is heated at about 200°C;
aniline is eliminated. Heating the same compound with PPA produces an
isomeric product in which N? is attached to the carbonyl.

R? NH?O
R3

= alkyl, PhCHg, Ph; R? = MeO, AcO; R? = H, MeO
2-Quinazolinone

Mo
N

®

N

" o

H
(1 2,4[Triazino{4,3-cquinazolin-6-one

NHCNHPh ”Pm N/\
|

NV

o

H
{1.2,4]Triazinof2,3-cjquinazolin-6-one

[2652]

2. Pyrimidin-2-one, 4-Thioxo- or Pyrimidin-4-one

The thioxopyrimidinone ring may be constructed from a side-chain containing
a CH—CS—NH—COOEt; this becomes joined to a ring-NH when the
compound is heated in pyridine. Heating the carbamate (61.1) in diphenyl ether
induces cyclization to a pyrimidin-4-one in good yield.



1038 Carbamate . . . and Ring-C or Ring-N

m A
[2578]
HNCCH

Pyridof3',2’ : 4,S]pyrrolof 1 2-cipyrimidin-9-one 7-thioxo-
(o}

NCOOE! L — k \NC, [oses)

CHNH

(61.1) Imidazo(4,5-d jpyrimidin-7-one
R' = Me, HO(CHy)2; R? = H, Me, iPr

3. 1,2,4-Triazin-5-one

A side-chain carbamate group cyclizes on to a neighbouring ring-carbon atom
on heating the compound on its own or with phenol under anhydrous conditions.

N N.
z HN 7 N
el — J\( | e

NHCR'==NN /k N

R' = PhCHy, Ci-, 4-Me-, 4-MeO-CgHa,
245 _M%?MHZ; R - EOCHsCHy, B 1:2:4-Tria2010{3.4-11 2 4]wiazin-8-one

I, (HOCH2)z; i, PhOH

4. 1,3,5-Triazin-2-one

Heating an N-ethoxycarbonylisothiourea for a short time under reduced
pressure is probably the method of choice for the synthesis of this fused
triazinone ring [2511], but as an alternative method, prolonged heating in
dioxane with an orthoester may be considered [2773]. An acylureide is similarly
cyclized by heating in pyridine [2577).
SEt
N--CNH

T e e YT e
2 g

o]
Thiazolo{3,2-a}-1,3,5-¥riazin-4-one
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H
NHCO N o]
N i , MeC{OEt)y, A '/\/
h/ TR e | Y 2773
N——NH N—N_
Pyrazolo{1,5-a}-1,3 5-triazin-2-one
NHWH
2.HC!
Y 1. pyr A @ [2577)
1.3,5-Triazino[1,2- ajbenzimidazol-2-one

5. 1,3,4-Thiadiazine

Heating an N'-pyridazinylthiosemicarbazide with two molar equivalents of
diethyl azodicarboxylate (DEAD) leads to the formation of a new fused thia-
diazine ring in good yield.

Z NMoNH
N — _MeCN.DEADA
oo || s=cnnr e /k (3729}
NHR

o

R = Ph, 4-Br-, 4-Me-CgHy, PhCH Pyridazino{4,5-o){1,3,4Rhiadiazin-8-one

Il. FORMATION OF A SEVEN-MEMBERED RING

1. 1,2,5-Triazepine

The extended conjugation in compounds which have a N-side-chain containing
*N-—CH—C =N enables it to undergo a 1,5-addition cyclization with alkynes.

RICHCRZ=NCOOE!

R! = COOMe, COOEL; R% = H, COOMe, COOEY,  Benzo{cl[1.2,5}riazepino{t 2-acinnoline
R3 = COOMe, COOE!



118

ML

CHAPTER 62

Carbamate or Carboxamide and another
Carboxylic Acid Derivative

Formation of a Five-membered Ring

1. Pyrrole

2. Imidazol-2-one or Imidazol-2-one, 4-Thioxo-
3. Oxazol-2-one

Formation of a Six-membered Ring

1. Pyridin-2-one

2. Pyrimidine

3. Pyrimidin-4-one, Pyrimidin-4-one, 2-Thioxo or Pyrimidine-2,4-dione
4. 1,3-Oxazin-2-one or 1,3-Oxazine-2,4-dione
Formation of a Seven-membered Ring

I. 1,2-Diazepin-3-one

2. 1,4-Diazepine-2,7-dione

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

Interaction between a nitrile and the carbonyl group of an adjacent carboxamide
is promoted by converting the compound into its trifluoromethanesulphonate
salt which then adds on to DMAD.

NC S MaOOC S
| = 1.CF5SOgM 2. DMAD, DWF. A l N
PhCN ™% - N
i ~F P
0
Thienof2,3-gfindokizine

1040

(3542
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2. Imidazol-2-one or Imidazol-2-one, 4-thioxo-

The anion of the Reissert compound (62.1) reacts at or below room temperature
with an aldimine or an isothiocyanate by cycloaddition, and then displacement
of the nitrile to form a tricyclic isoquinoline. The chemistry of Reissert
compounds has been reviewed [2488, 2959a], as have the synthetic uses of
isothiocyanates [3990].

CN l NH2
NCOOEt RN OME. NaH N o
., —wax (3699}
at CHR A p
(62.1) Imidazo[S,1-ajsoquinotin-3-one
R = Me, Ph; R? = Ph, 4-MeOCgHy, 3,4,5-(Me0)sCoHy;
R® = Ph, PhCH=CH, PhCasC
NR¢
DMF, RNCS, N (o]
(62.1) m"‘"‘"’: [3140)
S -
A* = Me, Ph, 4-FCgHy
Imidazol5, 1-afisoquinolin-3-one, 1-thioxo-
Another ring system synthesized similarly:
NR
r|d 0
\ [3140)

&

Imidazo[5,1-ajphthalazin-3-one, 1-thioxo-

3. Oxazol-2-one

The ester group of a carbamate is annulated to a neighbouring nitrile (of a
Reissert compound) on reaction with an araldehyde under strongly basic con-
ditions (the CN group is eliminated). A better yield of this type of compound
was obtained by another method (Chapter 98).

A

N i o
NCOOPh N’go
| + ACHO o l [3554)
N % N

2 2

Ar = 4-MeOCgH,4 Oxazolo{4,3-ajphthalazin-3-one
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II. FORMATION OF A SIX-MEMBERED RING

1. Pyridin-2-one

Annulation of a cyano-carboxamide is effected in high yield by a strong base at
ambient temperature.

o o)

] Me Me
ArHNC, N N N

pw ————ff.."; l WOH:) [3111]
(NC),C 2)n N {CH2)n
n=12; Pymolof2,3-dpyridin-7-one
Ar = Ph, 4-Cl-, 3-Me-CgH, 1,7-Naphthyridin-8-one
2. Pyrimidine

4-Aminoquinazolines are of considerable medicinal interest and may be syn-
thesized by a one-pot reaction from isatoic anhydride (62.2) (which, for classifi-
cation purposes is regarded as a 2-carboxycarbamate) and either ammonia or
an amine. The reactions of isatoic anhydride have been reviewed [3008].

H
N (o} N,
Y e N e
R! 0 R! #
[o] NHR2
(62.2) Quinazoline

R'=H,Cl; R2=H, Me, Ph
i, DMF, NHa(g); i, POCly, ~50 °C; ill, R®NHp, A

3. Pyrimidin-4-one, Pyrimidin-4-one, 2-Thioxo- or Pyrimidine-2,4-dione

Isatoic anhydride (62.2) (review of its reactions [3008]) in a strongly basic
environment reacts with cyanamide to give the useful intermediate 2-amino-4-
quinazolinone [3281]. Neighbouring thiocarbamate and carboxylic ester groups
are converted into one of two pyrimidin-4-one rings on reaction with hydrazine,
which behaves as a monofunctional reagent: at room temperature the thioxo
group is retained but when heat is applied to the reaction, a 2-hydrazinoquin-
azolin-4-one is obtained in high yield [3674]. In the presence of a strong base,
a carboxamido-carbamate is cyclized in high yields to this dione [2660).
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NH,
i )\ \l [30374]
(623) 2-Purinone
R = Me, f-0-ribokuranosyl
(622) + HNON Do [3281)
4-Quinazolinone
H
Z | N_ S
Sy NNH,
NHCOEt S o]
-
(\/I[ BN, M 0~ Pyrido{3,2-djpyrimidin-4-one, 2-thioxo- {3674}
COOEt .b*‘

Another ring system synthesized similarly:

H
N o}
| Nt [3206)
N
H
Wm.&bﬁnm&&dom

COOE!

Me. NHCOOEt
“ ' EtONt A \(
HN ok 12660}
CONHMe

Pyrrotols,z-d)pyrtmz.4—done
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4. 1,3-Oxazin-2-one or 1,3-Oxazine-2,4-dione

Both of these rings may be synthesized by using an enzyme. Carbamoyloxy and
nitrile groups are converted into this ring in the presence of baker’s yeast or
catalase. The second ring is formed from 2-carbamoyloxybenzoic acid esters by
oxidation with rat liver microsomal extract in ethanol at pH 7.4 and a tem-
perature of 20-22 °C The process takes about 8 h under aerobic conditions and
yields are better than those of some chemical methods.

ogm-m o
@: m“""" Y [3626, 3708, 3791)
CN

R=H, cuz-cucuz
II

OCNH,
/@i —_——— Y (3314]
R COOR?

R'=H,Br,Cl; RZ= Ph, 4-Cl-, 4-Me-CgH
= syl CeMle 13-Bonzoxazine-24-dono

1 3-Bonzoxuin-2-ono

III. FORMATION OF A SEVEN-MEMBERED RING

1. 1,2-Diazepin-3-one

When the t-butoxycarbonylhydrazone (62.3) is stirred in ethereal hydrogen
chloride, a diazepine ring is formed; the butyl ester group is lost.

gooMe COOMe
C=NNHCOOBU S
\
@[ _E.'f'"’.a*_c."ﬂ— NH [3010b]
CH,COOMe
)
(62.3) 2,3-Benzodiazepin-4-one

2. 1,4-Diazepine-2,7-dione

This ring is formed by reaction between a carboxamide and a carboxylic ester
under strongly basic conditions.

HNOC oL

EtOOCCH =?HN Ph
COOE!

Isoxazolo[4.5-6][1,4]diazepine-6,8-dione



CHAPTER 63

Carboxamide or Nitrile and Diazonium Salt

I. Formation of a Six-membered Ring 1045
1. 1,2,3-Triazine 1045
2. 1,2,3-Triazin-4-one 1046
3. 1,2,3-Thiadiazine 1046

The chemistry of heterocyclic diazonium salts has been reviewed [2980].

I. FORMATION OF A SIX-MEMBERED RING

1. 1,2,3-Triazine

Addition of a primary alkylamine to an o-cyanodiazonium salt at low tem-
perature leads to an efficient cyclization. A similar ring is formed in high yield
when the aminonitrile (63.1) is diazotized under standard conditions—a
reaction which is not shown by simpler aminonitriles. The product is a useful
intermediate.

R H
( AN weon Mo, N Nan
o Ll | [2807]
N— g% N I NMe
CN
NH
Imidazof4,5-d}1,2,3-viazine

1045
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seeleve

(63.9)

§

[1Benzothieno(3,2-d}-1,2,3-trlazine

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

When a 2-aminobenzhydrazide in which both the terminal hydrogens have been
replaced is diazotized, the hydrazide behaves like a carboxamide and a six-
membered ring is formed. The same ring is formed by heating a 2-carbox-
amidoaryl diazonium salt with PPA (see Chapter 79, section 11.4).

NO, Ny
(8 ] N
2% J MI
NNACPh
CONHNAcPh

i, Hp, PU/C; #l, HNO o
1,2,3-Benzotriazin-4-one

3. 1,2,3-Thiadiazine

Neighbouring thioamide and diazonium groups react at or below room tem-
perature to form a thiadiazine ring.

Ng
( ] ( \Z (2719)

NH
Imidazof4,5-d}{1.2,3]thiadiazine

=g
Z
&

o



CHAPTER 64

Carboxamide, Nitrile or Ureide and
Hydroxy or Ether

I.  Formation of a Five-membered Ring
Pyrazole
1,2.4-Triazole
Thiophene
Oxazole
Isothiazol-3-one
. 1,2-Oxathiole 2,2-Dioxide
II.  Formation of a Six-membered Ring
1. Pyrimidine
2. Pyran-2-one
3. 1,3-Oxazin-4-one
4. 1,2-Oxathiin-4-one 2,2-Dioxide
III.  Formation of a Seven-membered Ring
1. 1,4-Diazepine-2,5-dione
2. Ozxepine
3. 1,4-Oxazepin-5-one

SUnhwON-

1047
1047
1048
1048
1049
1049
1049
1049
1049
1050
1051
1052
1052
1052
1053
1053

Examples of cyclizations of a ureido- or thioureido-thiol and of a hydroxy-

sulphonamide are given in this chapter.

1. FORMATION OF A FIVE-MEMBERED RING

1. Pyrazole

An o-hydroxy-, o-methoxy- or o-methylthio-nitrile is cyclized in high yield by

heating with hydrazine hydrate in an alcohol.

1047
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o o
OH :
HN
N \ . N, —EOHA l N :
CN HgO B4% ' 29'.81
NH,

Pyrazolo3,4-djazepin-8-one

R'N

o

R’ = H, Mo; R? = Ph, 4-Me-, 4-Ci-, Pyrazolo{4,3-cipyridin-4-one
4-MeO-, 4-Br-CgHy; R% = H, Ph

Another ring system synthesized similarly:
(o]

N
RN 7 “NR?
{3378]

(o) NH,
Pyrrolo[3,4-clpyrazoile-4,6-dione

2. 1,2,4-Triazole

Thioether and ureido groups are joined together to form a triazole ring by
heating the compound with iodomethane and then heating the mixture in
ethanol.

S
Ph it Ph N SMe
Y\mucmm L \|/\N' Y
— oo [sete]
N N=== NR
SMe

R = Me, PhCHp, Ph, 4-Cl-, 4-MeO-, 4-Me-CgHs  Imidazof1,2-bJj1,2 4]riazole
i, EIOH, Mel a; §, E1OH, &

3. Thiophene

Bromonitromethane is a useful reagent for the cyclization of a mercaptobenzo-
nitrile to a fused 3-aminothiophene.

o s_ _NO,
/EI . e .&“%*“i. m [3170]
NO,
ON CN ON NH,

Benzo{tjthiophene
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4. Oxazole

Hydroxy and ester groups (the latter being formed in situ from a nitrile) react
at ambient temperature with a nucleophile to form a fused oxazole ring.

OH CH,CHaAr
N —awx T o446}
NHCHCH=CHAr
Ar = 2-thienyl, Ph, 2-furyl Benzoxazole

5. Isothiazol-3-one

Successive treatments of 2,2'-dithiobenzamides with bromine and activated
basic alumina gives high yields of the isothiazolone.

S S\NR
1.Br; 2. ALD,
X e e O] e
ﬁNHR (o]
o 2

1.2-Benzisothiazol-3-one
R = Et, Bu, cCgHy1, PhCH3, Ph, 4-Cl-, 4MeO-, 4-Mo-, 4-CN-CgH,

6. 1,2-Oxathiole 2,2-Dioxide

Loss of a t-amine group and cyclization occur in high yield when an o-
(hydroxymethyl)-sulphonamide is mixed with mineral acid at room temperature.

SoaNMe: H;80,. MeOH 8’\0
L., == UL,
CPh,OH

Ph
2,1-Benzoxathiole 1,1-dloxide

II. FORMATION OF A SIX-MEMBERED RING

1. Pyrimidine

It is sometimes advantageous to convert an amino group into its ethoxymethyl-
idene derivative (by reaction with an orthoformate); this then cyclizes under
mild conditions—in this example, at 0°C. The ethoxymethylidene derivative
does not always need to be isolated, and the two steps may be combined as a
‘one-pot’ reaction. The chemistry of the medicinally important pteridines has
been reviewed [3454, 3594, 3669). Hydrazinolysis of the ethoxymethylene-nitrile
(64.1) without external heating is accompanied by cyclization in which only one
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of the hydrazine nitrogen atoms is part of the ring formed. Analogously,
aminolysis gives an N-unsubstituted pyrimidine.

/N N=CHOEt . /N N\
S N NMe
N CN N
NH

Plaridine
/
| Y — l T (2323
R = Me, Et, Ph Oxazolo[5,4-dlpyrimidine

i, HC(OE)3-Ac0; §, MeOH-NH,

S ==CHOEt
X NaH H0, PhH
LI —
CN

(64.1)
X = CHp, NMe, PhCHp

Pyridof4’,3 : 4,5)hieno[2,3-dJpyrimidine
Benzothienof2,3-d jpyrimidine

Another ring system synthesized similarly:

NH,
N
NK:N | \1 [2230]

Oxazolof5,4-d]pyrimidine

2. Pyran-2-one

One of the byproducts of an attempt to isomerize a cis- to trans-carboxamide
was a cyclized product containing a pyran-2-one ring. In a related cyclization,
a phenolic t-carboxamide (the OH being generated in situ) in which a C—C
double bond was hydrated, cyclized readily by boiling acetic acid in 6h. The
substrate in this reaction was prepared from the o-methoxymethoxybenzaldehyde
and lithiodimethylacetamide. Several other benzocoumarins were synthesized
similarly.
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OMe
OMe 0. O
PANO,, 1, &
N [2080)
Il P
°H=?CNM02 Ph
Ph

OCH,OMe o._ .0
R CHCH,CNMe, R #
b &

R = H, CI, Me, Ph

Other ring systems synthesized similarly:

Ay -

Naphtho{2, 1-6jpyran-2-one Naphtho{1,2-elpyran-3-one

3. 1,3-Oxazin-4-one

o-Hydroxybenzamides are usually cyclized to 4#-benzoxazin-4-ones by
reaction with aldehydes or ketones in mineral acid, but better yields are often
obtained by the use of a milder catalyst such as PPE which functions as catalyst
and dehydrating agent [2389]. Another mild method is to use acetic anhydride-
perchloric acid followed by TEA at ambient temperature to liberate the free base
[2712]. When a cyanophenol is warmed with acetic anhydride and perchloric acid
(a potentially dangerous procedure in view of the sensitivity of this acid to heat),
the perchlorate salt is obtained in good-to-excellent yield [2808].

OH o) R
R'CR?  cuon, PPE.A \(—82

CONM,

(642) °
R = H, Me; R? = alkyl, Ph or R'R? = (CHa)4 or (CHals
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+
O, Me e Me
N
e B QLT 2= QY o
CiOg¢ o

1,3-Benzoxazin-4-one
+
OH 0, R
HCIO,, & Y
+ (RCO)0 i N [2808}
CN #

R = alkyl OH Ci0:
1,3-Benzoxazin-1-ium

4. 1,2-Oxathiin-4-one 2,2-Dioxide

Reaction between hydroxy and sulphonamide functions (cf. Section L.5) in an
acidic medium causes ring closure in high yield without external heating.

OH oL,
HCI 2
(I _mto 241]
COCH,SONH,

(o]
1.2-Benzoxathiin-4-one 2,2-dioxide

III. FORMATION OF A SEVEN-MEMBERED RING

1. 1,4-Diazepine-2,5-dione
Base-induced opening of an epoxide ring promotes its reaction with a neigh-
bouring carboxamide function.

N H .0
NHC—CH-CHPh N
LT = o
N pPh
CONHMe Mo
o

1.4-Benzodiazepine-2,5-dione
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2. Oxepine

This ring is formed by reaction between a side-chain nitrile and a phenolic
group; the latter is produced in situ by demethylation of an ether with pyridine
hydrochloride which also acts as a cyclizing agent and demethylates another
methoxy group.

e] Ar

OMe CH=CAr J N
“ = QO
OH

Ar = Ph, 4-CiCgH, Naphh[1,8-bcloxepin-2-one

3. 1,4-Oxazepin-S-one

Salicylamide undergoes O-alkylation on heating with bromoacetaldehyde
acetal; the product is then cyclized by heating.

OH 0
@ e 1.aou.u::zom.a‘ \\> S
CH(OEY),
CONH, N
‘ o

1,4-Benzoxazepin-5-one




CHAPTER 65

Carboxamide or Nitrile and Ring-carbon
or Ring-nitrogen

I. Formation of a Five-membered Ring 1054
1. Pyrrole 1054

2. Pyrrol-2- or -3-one 1056

3. Thiophene 1057

4. Isothiazole 1,1-Dioxide 1057

II. Formation of a Six-membered Ring 1057
1. Pyridine 1057

2. Pyridin-2-one or Pyridine-2-thione 1059

3. Pyrimidine 1060

4. Pyrimidin-4-one 1060

5. Pyrazin-4-one 1061

6. Pyran-2-one 1061

7. Thiopyran 1061

8. 1,2-Oxathiin 2,2-Dioxide 1062

IIl.  Formation of an Eight-membered Ring 1062
1. 1,5-Diazocine 1062

Cyclizations of sulphonamide, hydroxamic acid and thiocarboxamide functions
with ring-carbon are included in this chapter.

L. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

The ylide (65.1) is cyclized by reaction with benzyne followed by thermolysis in
xylene [2735]. Another malononitrile derivative (65.2) cyclizes in a basic medium
[2674]. The chemistry of pyrrolizine has been reviewed [3225].

1054
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-+ ,N N
NC),CN™ Z N

D) =) e
27 P

(65.1) Pyridazinof6, 1-ajisoindole

i, BUONO, CHoClp; i, xylene, A A

A SR=CN, _—_ NN
l| Nl " — | [2674)

N
NH
(65.2)
R = MeS, iPNH, (CHz)sN, (CH)eN, PhiNHa, 2-pyrrolyl Pymoiizine

The regioselectivity of the addition of a C—N ylide (65.3) to an unsymmetri-
cal alkyne (in a sealed system) has been studied. The substituents on both
reactants have a strong effect on the course of the reaction and/or on the ratio
of regioisomers formed. The equation shows examples of cyclizations which give
one isomer [3471). Reaction of an ylide (from a diazine) with DMAD results in
the formation of a new pyrrole ring [2244]. The synthesis of pyrrolopyrimidines
has been reviewed [1659, 2593]. DMAD also annulates a nitrile to a ring-carbon
in a reaction; the nitrile group is lost in cyclization [3129]. Dibenzoylacetylene
forms a ring at the peri positions of benzindolizine [3492).

COOMe
R2 R? R®
- cR® MeCN, & Z N
™ "'I‘JE(CN)z * Rooom 57-04% N I Bany
A' ¢ AN cN
(65.3) indolizine
R! = Ac, R% = Hor R'AZ = (CH=CH),; R = H, COOMe
X.
f"a‘|’°°°"° MoCN. M"oc'\x\\va -
- + —_—— 44
R2-82%
(Nc)zcn*\z ﬂ CCOOMe Ne N\z/j
R = H, MeO X=N; Y «Z=CH Pyrrolo[1 2-ajpyrimidine
X=Y = CH; Z=N Pyrrolo[1,2-blpyridazine
X =Z = CH; Y = N Pyrrolo[1,2-ajpyrazine
R20C. COR?
CN
0
ZNTR <l:cn2 Phie or PNH, & O : l
+ —_—— 3129, 3492
— CCR? 54-82%
Z R! | R
° Indolizino{3,4,5- abjisoindole

R' = H, Me, Ph, PhCO; R? = OMe, Ph
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When an attempt was made to hydrolyse the nitrile group of (65.4), ring
closure on to the pyrazole carbon atom took place in high yield. The well-known
reaction of nitriles with gaseous hydrogen chloride (review [2547]) may be used
to convert the N-cyanoethylpyrrole (65.5) into a pyrrolizine

ON
1S wOE (Do

(85.4) Indolof1,2- bjindazole
Ac
Br. NOH Br. ac
+ ACOCH=CHy ——!‘1‘;—“:”‘-—» \@ [3311])
Br Br
Indole
NH,
Xy oN E£1,0-HCI N COOR
| ] — | [2988, 3225
ICHCHCOOR N
| Ph
Ph
rrolizine
(65.5) Py
R = Me, Et, tBu

2. Pyrrol-2- or -3-one

Nitrenium ions (—N*—) generated by treatment of N-chloro compounds with
silver carbonate and trifluoroacetic acid at 0°C, attack a benzene ring. In this
way, good-to-excellent yields of 2-indolones are obtained. When R? = NO,,
the yield of indolone is poor, and when R* is not a hydrogen, different products
are often produced [3550]. A side-chain hydroxamic acid is cyclized on to an
adjacent ring-carbon atom on heating the compound with PPA [2239]. A
pyrrol-3-one may be built from an N-g-cyanoethyl side-chain and zinc chloride
[2867].

RZ
O e X
CR3CNHOMe

ﬂ‘Il

R! or R? « H, MeO, CI, Br, AcNH, Me; R°R* = H, Mo
1, CHoClp, BUOCH; i, TFA, Ag2CO4

2-indolone
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H
MeO. MO, N o]
4, 5= LY -
MeQO CH,CNHOH MeO

o]
N £1:0, ZnCh =
m(cw 40% - @ [2867]
1-Pyrvolizinone

3. Thiophene

A malonylidene mononitrile attached to a ring forms a fused thiophene when
heated with sulphur and an amine; cyclizations of this type have been reviewed
[2977).
s S S _NH,
E ] ?N W.‘E;;NN.S.A [ I' I' (2585
CCOOMe COOMe
Thienof2,3-bhiiophene

4. [Isothiazole 1,1-Dioxide

o-Lithiated N,N-diphenylbenzenesulphonamides are cyclized by reaction with a
nitrile at low temperature with elimination of diphenylamine from an inter-
mediate imine.

SONPh, giN
L
/@ % m [3604]
R R R?

R« H, Me, Ci; R? = Mo N, Ph, 4-Me-, 4-C-CgH,  1,2-Benzisothiazole 1,1-dioxide
i, Bull, THF; i, R?%CN, THF

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridine

Interaction between a cyano group and a carbon atom of a cyclic enaminone is
facilitated by transition metals. Thus, in the absence of copper(l) chloride,
potassium carbonate does not convert the cyano-enamine (65.6) into a reduced
acridinone. Reduced acridines may also be synthesized by cyclization of N-aryl-
benzamides with phosphorus oxychloride.
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0 NH, O
N A
THE, K.C0,, CuCl, &
“‘a —+mx— R P [3524)
N N
H
(65.6) 1-Acridinone
R = H, CI, F, CF3, MeO
P'JHN NHAr
CO
POCH, & =
P 47-81% P [2537]
Cc N Ccl N
Ar = Ph, Me-, CF, Br-, MeO-CgHy Acridine
Other ring systems synthesized similarly:
NHAK
= Naris
[e538] [2638]
NP N
Cyclopentafbjquinoline NHAr
Benzo|bj{1 8jnaphthyridine

Cyanomethyl groups can be a convenient source of pyridine rings: treatment
with acetic anhydride-perchloric acid [3934], acetonitrile-aluminium chloride
[2884]), Vilsmeier reagent [2727)], a 1,3-diketone (or its enol) [2714} and malon-
aldehyde bisacetal [2714] have been used successfully and sometimes give high
yields. Pyrido[4,3-blindoles have been reviewed [2535].

Me

EtO. EO. N
1. Acg0, HCIO, 2. ag. '“"gL N
81% Z lxs‘]
MoO CH,CN MeO oH
MeCN, w;&

O == Grii -

N” NCH,ON

H

Pyrido{4,3-bjindole
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OMe OMe
A N
+ DMF-POCI, _E%-_’ 27
MeO CH,CN MeO’ ZNa
isoquinoline
R‘
HOCR' R?
. R R
/l\ ~100% | [2714)
cﬂch o"‘CRa X / HQ
N

R! = H, Me, Ph; R? = H, Me, Ph, COOMe; X =NMe Pyridof1,2-sjbenzimidazol-10-ium

A% = H, Mo; X = MeN, O, X=O Pyridof32-ajbenzoxazol-10-ium
s X =S Pyrido{3,2-ajbenzothiazol-10-ium

Another ring system synthesized similarly

CN
— N R
« L,, P [2714)
CiO;
R'
Quinolizinium

2. Pyridin-2-one or Pyridine-2-thione
A carboxamide or thiocarboxamide is annulated to the neighbouring ring-
carbon atom by heating with a malonic acid derivative and ammonium acetate.
Oxidative cyclization of a biphenyl-2-carboxamide with peroxodisulphate
{through a radical intermediate) leads to variable yields of a phenanthridinone.
The type of substituents on the nitrogen and on the non-carboxamide ring plays
an important role in determining the yield, the highest yield being from the
N-phenylamide (R’ = H) and the lowest from the substrate where R' = H,

= MeO [2412]. p?
ﬁ Z “NH
CN
N CN E10H, ACONH,, & = X
+ —wms (%007}
CH,R!
0~ SNH 0~ SNH
R' = CN, COOEL, PhCO; [1]Benzopyranof3,4-clpyridin-2-one

RZ = NHp, OH, Ph; X=0, S [1]Benzopyranof3,4-dpyridine-2-thione
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<
K.KS0u8
CONHR!

R! = H, alikyl, Ph; R? = H, MeO, NO,, Br
6-Phenanthridinone

3. Pyrimidine
The nitrile group of another malonic acid derivative (65.7) forms a pyrimidine
ring by reaction with a ring-nitrogen.

A
HN’N\ Em N’N\
C':N ———> [2670]
ElOﬁc=CHNH COOE!
(o}
Pyrazolo{1,5-ajpyrimidine
65.7)
R =H, Me

4. Pyrimidin-4-one

The reaction of a side-chain carboxamide with DMFDEA joins the NH, to a
neighbouring ring-NH and a fused pyrimidinone ring is formed. The same type
of reaction may operate in acetic acid when carboxamide and ring-nitrogen are
in different rings.

NH PhMe, DMFDEA, A N/\N
'C—CONH, Hcls e}
NMe, CN
Pymoio]1,2-cipyrimidin-3-one
H
N S R! /N S R!
o = @\—"( || [2650]
s~ R? s~ A2
o, CONH, o Il

Thienof[2',3' : 4, Slpyrimido{t,2-bj[1.2]benzisothiazoi-4-one 6,6-dioxide
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S. Pyrazin4-one

A carboxamido group may be annulated to a adjoining ring-nitrogen by heating
the compound with phenacyl bromide.

ﬁ Me O Me
Hchw/l\ M"'
NCHPh  CH,Br  DMF,MeCN,A HN 7 “NCH,Ph
—— 3288
Na * éoph or% Ph /R/N——-ﬂ B [s288)
Imidazo[1,5-ajpyrazin-8-one

Another ring system synthesized similarly:
o
m/u\("
/K/N l el
Ph N
{midazo{1,2-alpyrazin-8-one

6. Pyran-4-one

In the presence of PPA, a cyano group can be partially hydrolysed and a bond
is then formed to a nearby ring-carbon atom.

NC N\ Me
PPA. A
(o) R

R = H, Br, Ci, Me [1}Benzopyranof3,2-bjpyridin-10-one

7. Thiopyran

A Diels-Alder reaction occurs between the thioxo function of a thiocarbox-
amide and a neighbouring ring-carbon (as a heterodiene) and the triple bond of
DMAD to give a high yield of a fused thiopyran. The usefulness of heterodienes
in this type of reaction has been reviewed [2455, 3067a, 3880].

CSNR,
diox, DMAD, A Z s
| % ~ [2522]
N Me N COOMe
Me Mo Me
COOMe

NR3 = piperidino, morpholino Thiop {4,3-bjindoh
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8. 1,2-Oxathiin 2,2-Dioxide

One carbonyl of an unsymmetrical imide is annulated to a ring-carbon atom
when the compound is treated at room temperature with a mixture of sulphuric
acid and acetic anhydride.

§—O

Naphth{2,1-c)[1.2]oxathiin 4,4-dioxide

II. FORMATION OF AN EIGHT-MEMBERED RING

1. 1,5-Diazocine

An unexpected product is formed when a chromone-3-nitrile is heated with
malonamide and piperidine. 1-Benzopyrans to which a heterocycle is fused at
the 2,3-positions have been reviewed [3343, 3346).

o.
||+ cHaconta, m:,:“

CN

Bisj1}benzopyranoj2,3-b : 2,3-1j1,5diazocin-8, 16-dione
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2. Pyrrol-2-one 1064

3. Pyrazole 1065

4. Furan 1065

S. Thiophene 1066
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2. I,4-Diazepine-2,5»dione 1071

1V. Formation of an Eight-membered Ring 1072
1. 1,5-Diazocine-2,8-dione 1072

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

A primary amine reacts with an o-chloro(malonylidenenitrile) function to give
a new fused pyrrole ring; when one nitrile group is replaced by ethoxycarbonyl,

1063
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it is the CN group that reacts with the amine. Suitably positioned bromine and
carboxylate ester functions react with a primary amine to form a pyrrol-2-one
ring (p. 236), but a malonylidene ester is reported to lead to a pyrrole ring.

R?
N Cl N N NH,
D VD
QO e QUL e
N CHCN N/ At
A

Pyrrolof2,3-bjquinoxaline
R' = CN, COOEL; R? = Me, HO(CHz)z, PhCHy, 4-E1OCeH,

R Rt
BrH,C_ _N N
RONH, RN N
I' ll E'o:em ' L I II [3792)

(EX00C),C=HC
R' = 4-MeOCgH,SO,; R? = H, Me, PhCHy, Ph
Another ring system synthesized similarly:

1

N
R?

Dipyrrolo[3,4-b : 3 4"-djpymole
2. Pyrrol-2-one

Thiourea behaves as a monofunctional compound in its reaction with o-
chloromethylbenzoyl chloride but N,N’-thioureas give rise to seven-membered
rings (see Section II1.1). A fused pyrrol-2-one ring may also be synthesized by
treating o- N-acylbenzamides with sodium hydride and then with butyl-lithium
at — 78 °C; the lithio-oxy derivative formed is then quenched with hydrochloric
acid after standing for 2h.

Pyrrolo]3 4-blpyrrole

O
eoa CSN Mo;CO, Na,CO, NCSN
+ 1 He o He [2731]
NH,
CH,C!
1-isoindolone
o O o
[
CNR'CR?
1. NaH, THF, Buli 2.HCI NR!
43-03% o [3623]
Br CHR?

R' = H, Me; R? = H, Me, Ph
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3. Pyrazole

o-Chloro-carbohydrazide (in which the halogen is reactive) is cyclized by
heating with copper powder in pyridine [2275]. Chloronitriles are cyclized by
heating with hydrazine (p. 338); phenylhydrazine also reacts on heating in
dioxane [3569] or on stirring in dichloromethane for 4h. This latter study
showed that it was possible to isolate two isomers from cyclizations with some
arylhydrazines whereas others (for example, 4-methyl- or 4-methoxy-phenyl-
hydrazine) produced only the l-arylpyrazolo-1,3-oxazine. An electron-with-
drawing substituent on the phenyl ring may inhibit this cyclization [4003].

o N
N . N ~
A | N . | [2275)
ﬁnmwu H
o Pyrazolo{3,4-bipyridine
Ar = 3-CF5CeHy
R. _N. _C R _N_ N
Y o - LY
N Nen N NH,
Ph Ph
R = PhCHoNHy, PhNH Pyrazolo[3.4-d jpyrimidine
Mo N N No
Z N7 “NAr
T
o e
MoJJYN\ cl % o
HN (66.1) 4003
o A + ANHNHe Gy, PRI dpsazin-bone ool
7 \ " ezﬁ y a;
N
Ac = Ph, 4-Cl, 4-MeO-, 4-Me-CgH, Y |
oz N,
o
(66.2)
4. Furan

Neighbouring halogen and ethoxycarbonyl groups are annulated by heating
with the sodium salt of ethyl glycolate, but when the latter was replaced by ethyl
lactate, prolonged heating was required and decarboxylation also occurred.
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/N COOH
LT
vy
OME. ™

(]

*%

2,3
™ ookt %" Furo[2,3-blpyridine [3102]
,,,‘°"€4 /N| oL _Me
X o}
Furof2,3-bjpyridin-3-one
5. Thiophene

A nuclear chlorine and a side-chain nitrile interact when the compound is
treated with sodium methoxide and hydrogen sulphide.

Ph
NCCy_ _O._ .0

P

[2619]
Ph

(68.3) Thieno{3 2-bjfuran-2-one

6. Isoxazole or Isoxazol-5-one

Advantage is taken of the enhanced reactivity of halogeno and ester substituents

on quinones or on a pyridine ring in the synthesis of benzisoxazolediones or
isoxazolopyridinones, respectively (see also Chapter 52).

Q o
ci N
MeOH Z o
3;:."' S [2590]
MeO COOMe MeO OMe
o
2,1-Benzisoxazole-4,7-dione
Ph o Ph Ne
N
D sovwons, NP o
AN oo N
COOE! o
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7. Thiazole

Passing a stream of hydrogen sulphide through an isopropanol solution of the
3-chloro-4-cyanoaminopyrroledione (66.4) containing pyridine converts it into
a pyrrolothiazoledione.

[o]
PhN ¢ Pom s Y
| e [s378)
(o] NHCN (o]
(66.4) Pymolo{3,4-dthiazole-4,6-dione

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridine

3-Cyanovinyl-2-chloroquinolines react with an excess of a cyclic secondary
amine to form a 1,8-naphthyridine in good-to-excellent yields.

CH=OON

Benzo[bj[1.8]naphthyridine
R' = H, 6,7(MaO); R? = 4-CiCgHy, 4-CICeH S:
NR2 = piperidino, morpholino, 4-Me piperazino

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

2-Bromobenzamides couple with arylboronic acids; thermal deprotection of the
amino group is followed by the formation of a fused pyridin-2-one in good yield.
The 4-one ring may be constructed in low yield by stirring at a low temperature
(—5°C) a 2-fluorobenzoyl chloride with the lithium derivative of ethyl pyridine-
2-acetate.

/@: LAY
CNRMe  (HO)B

NHtBoc
R'-H.Noz;ﬂz-H.Mo: R3 = H, MeO 6-Phenanthridinone
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CH,COOE!

3. Pyridazine
Hydrazine appears to attack the a-carbon atom of 2-diazocarboxylic esters to
give a new fused pyridazine with simultaneous elimination of hydrazoic acid.

H
MeS N N
EIOH, NaHe H0 el NH
Y L T\ @ o0
;‘i°°°°‘u ‘ N,
ON, OH
Pyrimido[4,5-dpyridazine
4. Pyrimidine

Cyclization of a halonitrile with an amidine or guanidine usually needs a
strongly basic medium, but heating in DMA may also be effective as in this
example which uses guanidine-potassium carbonate.

F N Mz
R A — R il [3489]
oy COHI2KCOs N

R = H, Br, Cl, I, MeO, MeS, MoN or F, NH,
Quinazoline

5. Pyrimidin-4-one

A carboxylic acid derivative which also contains an activated neighbouring
halogen atom may be cyclized by warming with an amidine (or guanidine) or
2-aminopyridine (a cyclic amidine). In some reactions of this type, it is advan-
tageous to add a base such as TEA. The chlorine atom of the thienopyridine
(66.5) is unusually resistant to nucleophiles; however, guanidine in N-methyl-2-
pyrrolidinone gave a reasonable yield of the expected product

NO,

cl
+ NH==C(NHy), ﬁ.__-. AcONa. 4 L [20311
ON COOMe

&Quhamlinono
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Other ring systems synthesized similarly:

o]
HN /N‘? 2436)
2
NP N -
Pyrimidof4,5-e}-1,2,4-irlazin-8-one
S Na 4 S __Ns Ns N
B s Y e
P —= L f3490]
COOEL
(66.5) o]
b HNCNH,, MMe-2-pyrolidone  yigngy 2 : 5, 6lpyridof2.3-dlpyrimidin-4-one
NH
Another ring system synthesized similarly:
R NS
I [2551)
x NH
Pyrldolza-dpynmdtu-om
N Z N
| R | PhH.TEA.A CCE [3120})
cl 4 X NH, x
coci Dipyrido{1;2-a : 3.2-ejpyrimidin-5-one
Other ring systems synthesized similarly:
N”N |
. P
I \ {2390}
R S/‘§N (o]

R.R = HH Thiazolof2'.3' : 2,3]pyrimido{4,5-clpyridazin-5-one
R.R = benzo Pyridazino[4',3 : 5,6)pyrimidof2,1-bjbenzothiazol-5-one

13390
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6. Pyrimidine-2,4-dione

A new fused pyrimidinedione ring may be synthesized by heating a reactive

o-chloro ester with an N,N’-disubstituted urea,

C,Ix e - ﬁ[

Pyrimido(4,5-6}-1,2,4-triazine-6,8-dione

7. Pyran-2-one

Malonylidene nitrile and a chlorine are transformed into a fused pyran-2-one
ring when heated with ethanolic hydrogen chloride [3002]. Reactions in which
nitriles and hydrogen chloride interact have been reviewed [2547). When a
2-bromobenzamide is heated with orcinol in dilute sodium hydroxide contain-
ing copper(II) sulphate, the bromo and amino groups are lost; C—C and
C—O bonds are formed in a synthesis of the dimethyl ether of alternariol, a
compound found in some plants of the Liliacae family [2922].

Ph Ph
LN ENGLNPL
EOH-HCL A
(NC),C=CH Me HaNC
o

MeO Br Me
+
CONH,

OMe OH

Dibenzo[b,djpyran-6-one

8. 1,3-Thiazin-4-one or 1,3-Thiazine-2,4-dione

Nickel(0)-induced cyclization (review [2998]) of o-iodobenzamides gives good
yields of 1,3-benzoxazinone or the dione by reaction with a urea or a thiourea,
which may be mono-N- or di-N,N’-substituted. o-Iodobenzonitrile behaves
similarly. Nickel(II) chloride is complexed with triethylphosphine, and the
reaction needs a temperature of about 60°C.



Formation of a Seven-membered Ring 1071

I x
@( + RHNONHR! oo Taai L I (3892]
CONH,

R' = H, Me, Ph; RZ = H, Me;
X = NH, NMa, NPh, O; ¥ = O, NH 1,3-Benzothiazin-4-one
1.3-Benzothiazine

III. FORMATION OF A SEVEN-MEMBERED RING

1. 1,3-Diazepin-4-one, 2-Thioxo- or 1,3-Thiazepin-4-one

Either or both of these rings may be formed when a symmetrically substituted
thiourea is heated with a 2-halomethylbenzoyl halide; usually the thiazepinone
predominates. Under mildly basic conditions, 2-bromomethylbenzoyl bromide
was earlier reported to give the 4-one when it reacts with either a thioamide or

an N,N’-dimethylurea [2571].
Q)

QO =i o o
oy

NR
R = alkyl, PhCHp, aryl; X = halogen >=s

o
2,4-Benzodiazepin-5-one, 3-thioxo-
2. 1,4-Diazepine-2,5-dione

The benzohydroxamate (66.6) cyclizes while it is being stirred in DMF contain-
ing TEA.

nzcocum 22 °
-@[ oem L f—m ron
oM Ove
(o] (o]

(66.6) 1,4-Benzodiazepine-2,5-dione

R' = H, CI. NO2; R?=H, Me,
PhCH2, 4-CiCgHy; X = CI, Br
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IV. FORMATION OF AN EIGHT-MEMBERED RING

1. 1,5-Diazocine-2,8-dione

The chlorocarboxamide (66.7) reacts with methyl anthranilate under anhydrous
conditions to give the diazocinedione in good yield.

W NN e
NHe NéN o THF, ACOH, & N‘\fr
@[ + i = [s3s0)
coome 07 q_« o
a

CONH,
(66.7) Pyridazinof3,4-b)f1,5Jbenzodiazocine-5,7-dione



CHAPTER 67

Carboxylic Acid or Ester and Hydrazine
or Hydroxylamine Derivative

I. Formation of a Five-membered Ring 1073
1. Pyrazol-3-one 1073

2. Isoxazole 1074

3. Isoxazol-3-one 1074

II. Formation of a Six-membered Ring 1074
1. Pyridazin-3-one 1074

2. Pyrimidine-2,4-dione 1075

ITIl. Formation of a Seven-membered Ring 1075
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2. 1,4-Diazepin-2-one 1075

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrazol-3-one

Annulation of hydrazino and carboxylic ester groups may be effected by heating
either with acid in DMF or with aqueous alkali.

H
NC._ _N. _NHNH, NCL _N. _N
z HCL AOH, DNF, & 7 “NH
l — I [3336]
N "N
HN COOEt HN 0
Pyrazolo[3.4- bjpyridin-3-one

1073
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NHNHR N———NR

COOE! l o
NﬂH
L [3518]
N/

2-COOH-5-nPr-thien-3-y Pyrazolof4,3-cjquinolin-3-one

2. Isoxazole

A novel synthesis of a fused isoxazole is based on the cyclization of the O-(o-
cyanophenyl)oxime of acetone in an acidic medium and at ambient temperature.

OCH,OMe OH
ON=CMe, S O\N
—wwx l [3506]
CN NH,
1,2-Benzisoxazole

3. Isoxazol-3-ene

Base-catalysed cyclization of the N-hydroxyureide ester (67.1) involves the
N-hydroxy function rather than the ureide.

CONHMe
| CONHMe
NOH N
PhiMe, KOH-EIOH, A ~o 2078
— = (2078}
COOE! O
(67.1) 2,1-Benzisoxazol-3-one

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridazin-3-one

Interaction of a bishydrazone with a carboxylic ester group in 2M sulphuric acid
at ambient temperature gives a high yield of pyridazinone; one of the ketones
is lost.

0
o) COOE! 0
\ W. H’so‘ \ NH
HN 78-96% HN r'l [3243]
Z G=p= ?cﬂzn, o
R2 Me Ph R2  Me

R' = H, Me; R? = Ph, 4-C}, 4-Me-CgHy Pyrido|3,4-d]pyridazine-1,7-dione
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2. Pyrimidine-2,4-dione

An alkyl isocyanate annulates an ester~hydroxamic acid in high yield without
the need for external heat.

]
OCNHMe
NHOH N (o)
E1,0. KOH, EXOH \f
@ + MeNCO  ——re—— [2078]
NH
COOEt
o
2.4-Quinazofinedione

III. FORMATION OF A SEVEN-MEMBERED RING

1. 1,2-Diazepin-3-one

Under mild reaction conditions, this ring is formed from a carboxylic acid and
a hydrazone group in the presence of DCC.

Me
Me
MeO. ==NNHAs MsO. =N
CHCl,, DCC \
T NAr  [2650]
MeO' CH,COOH MeO
(o]
Ar = Ph, 4-Cl-, 4-Br-CgH,
2,3-Benzodiazepin-4-one

2. 1,4-Diazepin-2-one

Reductive cyclization occurs when a suitable oximino ester is treated with zinc
and acid.

X

COOMe

|
. N .
COOMe  zn, AcOH, HCL A COOMe
OH 0
N
PH H

[1.2,3]Triazolof1,5-a){1 4benzodiazepin-4-one

4 —z\
l‘{\z

"
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Carboxylic Acid, Acyl Chloride or Ester and

Hydroxy or Ether
I. Formation of a Six-membered ring 1076
1. Pyran-2-one 1076
2. Pyran-4-one 1078
3. 1,3-Dioxane-2,4-dione 1079
4. Thiopyran-2-one or -4-one 1079
5. 1,3-Oxazin-4-one 1079
6. 1,3-Thiazin-4-one 1080

An example of the cyclization of an o-acyloxy-acyl chloride is included in this
chapter.

I. FORMATION OF A SIX-MEMBERED RING

1. Pyran-2-one

Heating a 3-(2-hydroxyphenyl)propionate ester in diphenyl ether with pal-
ladium—charcoal induces a combined cyclization and dehydrogenation [3437).
Simultaneous de-O-benzylation and cyclization of a 2-(benzyloxy)acrylic acid
by heating with acetyl chloride containing phenyltrimethylammonium iodide
gives good yields of a fused pyran-2-one [3836]. In contrast, an o-methoxy-
benzylidenemalonic acid (as its potassium salt) cyclizes in the cold when treated
with triffuoroacetic acid-trifluoroacetic anhydride [3938).

1076
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MeO. MeO. o .0

. PO,

m?o—m ~ m f4a7)
RC {CH,),COOMe RC

o o
R = aliyl, Ph 1-Benzopyran-2-one
PhCH,0. N O. Me . o, O, N O, Me
cd AcCL, MeNPHL Z
|| " « Il ey
HOGHC=CH N X
o Me
Furo{3.2-6jpyrancf2,3- bjpyridin-7-one
OMe O O
CF,COOH,
a—@i SO, n-@j -
CH==C(COO0K), &
R = H, MeO, (MeO), 1-Benzopyran-2-one

Isocoumarin may be synthesized in high yield by heating an o-ethoxyvinyl-
benzoate ester with mineral acid. An o-hydroxy (or ethoxy)malonylidene mono-
nitrile gives a high yield of a fused pyran-2-one by heating with hydrochloric

acid.
COOE! o
W oy

Other ring systems synthesized similarly:

[o]
- Q
N | P [3929) (3920}
N
Pyranol4 3-clpyridin-1-one
Ph Ph
R'O N\N O © N\N
| e \I l (3002]
NGg==CH azﬁ
COR? 0o

R' = H, Et; R? = E1O, NH; Pyrano|2,3-djpyrazol-6-one
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2. Pyran4-one

The acid chloride of O-acetylsalicylic acid reacts with the lithium enolate of
acetone or butan-2-one to give a chromone in good yield. The same substrate
is converted into a 2-aminochromone-3-carbonitrile by heating with malono-
nitrile (review [2073]) and alkali.

OAc
R Hz?Hz aue. -70°C [2939]
At MeCOLi

(68.1) 1-Benzopyran-4-one
A'=H; R?=H, Me

nNOHA

(68.1) + CH{CN) [1779)

R'«Br

Photocyclization (by a radical mechanism) of the mixed anhydride (68.2)
gives a good yield of the chromanone. An allyloxybenzo radical is probably
formed and is cyclized to a benzopyranylmethyl radical. A review of develop-
ments in radical, cationic, anionic and metal-promoted cyclizations was recently
published [3825]. O-Demethylation of a 2-methoxybenzoic acid followed by
reaction with 1,3,5-trimethoxybenzene gives a moderate yield of the xan-
thenone; related xanthenones are similarly synthesized, for example, 2,6-dihy-
droxybenzoic acid and resorcinol give 1,6-dihydroxy-9-xanthenone [2407).

OCH,CH=CH, O.
PhMe, ACOCHCH=CHy v s [3507]
% il
ﬁ—S—ﬁ—OE( CH,SCOE!
o o
(68.2) 1-Benzopyran-4-one
OMe (o] OMe
COOH
+ = QU0
OMe  MeO OMe O OMe
OMe OMe

i, AlCl3, ZnClpy, POCly 9-Xanthenone
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3. 1,3-Dioxane-2,4-dione

Salicylic acid is cyclized by reaction under anhydrous conditions with phosgene
at a low temperature followed by addition of TEA.

OH O, o]
1.8,0 2. TEA Y
+ —— 2408
X o 2022 -
COOH
(o]

1,3-Benzodioxin-2 4-dione

4. Thiopyran-2-one or -4-one

A side-chain acyl chloride cyclizes on to a neighbouring thiol group (formed in
situ by demethylation of a methylthio ether) under mild conditions. The corre-
sponding thiopyran-4-one is obtained by the reaction of a 2-mercaptobenzoate
ester and bromobenzene with lithium N-isopropylcyclohexylamide (LICA) at
low temperature.

SMe s_ O
CS, or PhH, AICh, A
CH=CHCOC! F

1-Benzothiopyran-2-one
o]
COOMe Bvr.
Q0 e O~
SH S
R = H, Ac, Me, CONE1 8-Thioxanthenone

i, THF, LICA

5. 1,3-Oxazin-4-one

Annulation of a hydroxycarboxylic acid is effected at ambient temperature with
a carbodi-imide as the reagent and pyridine as solvent.

R
0, N _2NR
OH
P + RN==C=NR Y P [2530}
N Ph N

R = iPr, CgH11 1,3-Oxazinol6,5-cjquinolin-1-one
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6. 1,3-Thiazin-4-one

The sulphur analogue of the above oxazin-4-one is prepared from a mercapto-

carboxylic acid but with an amino or acyl nitrile in refluxing dioxane or acetic
acid.

H
O« _N_. _NA
COOH
SH S
+RON RN (2540)
. o
N OH N OH

R = NHp, CONHp, MeNHCS, PANHCO, PhNHCS [1.3[Thiazino{8,5-cjquinolin-1-one



CHAPTER 69

Carboxylic Acid Derivative and Lactam
Carbonyl, Cyanate or Isocyanate

1. Formation of a Five-membered Ring 1081
1. Pyrrol-2-one 1081

2. Thiophene 1082

3. Isothiazol-3-one 1082

II. Formation of a Six-membered Ring 1082
1. Pyridin-2-one 1082

2. Pyrimidin-2-one or Pyrimidine-2-thione 1082

3. Pyrimidin-4-one 1083

4. Pyrimidin-4-one, 2-Thioxo- 1083

5. Pyran-2-one 1084

6. 1,3-Oxazin-4-one or -6-one 1084

7. 1,3-Oxazine-2,4-dione 1085

IlI. Formation of an Eight-membered Ring 1085
1. Azocin-4-one 1085

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrol-2-one

A carboxamide in a side-chain reacts with a neighbouring lactam carbonyl
group on heating with a strong base.

H H
Me N O Me N\ N o]
tBuOH-1BUOK, &
ll I —awn I_l I [2297)
Rﬁ CH,CONH, Rﬁ
(o) o
R = HO, NH2 Pyrrolof2,3-bjpyrrol-2-one

1081
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2. Thiophene

Application of the Thorpe cyclization (review [2977]) to mercapto-nitriles yields
a fused 3-aminothiophene ring.

HS_ _N. _Ph R S _Ns Ph
Z X
LU == YA wm
NeT N HN Z
R = CN, COOE, CONH, Ac, PhCO Thienof2,3-d pyrimidine

3. Isothiazol-3-one

Cyano and lactam thiocarbonyl groups are annulated to this fused ring by
heating the compound with sulphuric acid.

H
R2 N. .S
I e [3025]
/ %
CN
R‘
R'A% = Me, Ph isothiazolofS,4-bjpyridin-3-one

I1. FORMATION OF A SIX-MEMBERED RING

1. Pyridin-2-one

Carboxamide and lactam carbony! functions attached to different rings may be
joined together through a pyridinone ring by heating the compound in acetic
acid.

H H
N S NS
N N
94 §4
I =~ | rostal
CONH,
(o)

1.2.4-Triazino{5,8- cisoquinofin-6-one, 3-thioxo-

2. Pyrimidin-2-one or Pyrimidine-2-thione

This ring is formed in high yield by heating a 2-isocyanato (or isothiocyanato)-
benzonitrile with hydrochloric acid. The use of isothiocyanates in the synthesis
of heterocycles has been reviewed [3593, 3990].
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H
NCX N. Z X
/@ ——W{f’ N el
2z
R CN R

R=H,Br; X=0,8 2-Quinazolinone

3. Pyrimidin-4-one

Interaction between a carboxamide group attached to one ring and a lactam
carbonyl of another ring under dehydrating conditions leads to the formation
ofa pyrimidin-4-one.

Me /l
N
BF.EI;O.WA
O = OO
o

Isoquinof2, 1-ajquinazolin-6-one

4. Pyrimidin-4-one, 2-Thioxo-

Although hydrazines often behave as difunctional reagents, they react with an
isothiocyanato-carboxylate ester at room temperature at one nitrogen only,
Amines and amino acids yield 3-substituted pyrimidines on being heated with
this isothiocyanate (review of isothiocyanates [3990]).

H
NCS N_ _S
& CHyCh, NH,H0 Z \(
g | % g l NNH (3674}
N Ncookt N 2
0

Pyrido{3,2-d]pyrimidin-4-one, 2-thioxo-
Other ring systems synthesized similarly:

N S
/N

| [3681)
™ NNH,

o
Pyrido{2,3-d]pyrimidin-4-one, 2-thioxo-
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H
N NCS N N S
z CHChordiox, RNHp 8 (7 \(
| Bnax I [s681]
X § NR
COOEt
(o]

Pyridof2,3-d]pyrimidin-4-one, 2-thioxo-

Other ring systems synthesized similarly:

H
f " | N\(s [3675)
\NI"/NR
(o]
X = CH Pyrido{3,2-dpyrimidin-4-one, 2-thioxo-
X =N Pyrazino[2,3-dJpyrimidin-4-one, 2-thioxo-

R = Me, Bu, HOOCCH,

5. Pyran-2-one

Thermal cyclization of a side-chain carboxylic ester to a lactam carbonyl group
is an alternative to the photochemical method (p. 359). This cyclization is
equally efficient when the two functions are in different rings.

Me Me
o N\(o Ox O N .0
A
= —_— 26
O=goMe NMe % S | Nede [2672)
CH=C
c';oouoo ﬁOMO °
o
Pyranof2,3-d|pyrimidine-2.4,7-trione
PHN—N PhN——N

| |
'\\ R A /|\ R
vy e ml
COOE! 48-96% _ i
:o N“ o7 o

R =Me, Ph Pyrazolo{3'.4' : 4,5}pyranof2,3- bjpyridin-4-one

6. 1,3-Oxazin-4-one or -6-one

2-Cyanatobenzoate esters cyclize to a fused oxazin-4-one in the presence of a
mild base while the isocyanatobenzoyl chloride is ring-closed by a secondary
amine.
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OCN O\'/OEt
Me.CO, TEA
LI, =5 L
RN==N 'COOE RN=N
o

R = Ph, 4-NOxCgH,
1.3-Benzoxazin-4-one

NCO
@ + RN, 1a-e1s Y [3770)
CocCl

R - alkyl or NR2 = pyrrolidino,
morpholino, piperidino

3,1-Benzoxazin-4-one

7. 1,3-Oxazine-2,4-dione

This ring is formed when methyl 2-isocyanatobenzoate is warmed with

phosgene.
NCO n (o]
QL. == QL -
COOMe
o

3,1-Benzoxazine-2,4-dione

IIl. FORMATION OF AN EIGHT-MEMBERED RING

1. Azocin-4-one

An azocinone ring in the alkaloid magallanesine is formed by reaction of ester
and thiocarbonyl groups with DMFDMA.

w WFDMA.A

su@ent.

1,3-Dioxolo[4,5-4isoindolof2, 1-¢j[3]benzazocin-8,14-dione

MeO \(c"'z)z



CHAPTER 70

Carboxylic Acid Derivative, Lactam Carbonyl or
Isocyanide and Methylene

I. Formation of a Five-membered Ring 1086
1. Pyrrole 1086

2. Pyrrol-3-one 1087

3. Imidazole 1087

4. Furan 1088

5. Furan-3-one 1088

6. Thiophene 1088

II. Formation of a Six-membered Ring 1089
1. Pyridine 1089

2. Pyridin-2-one or -4-one 1090

3. Thiopyran-2-one 1091

4. 1,2-Thiazine 1,1-Dioxide 1091

TII. Formation of a Seven-membered Ring 1092
1. Oxepine-3,5-dione 1092

2. 1,4-Oxathiepine or 1,4-Oxathiepin-6-one 1092

IV. Formation of an Eight-membered Ring 1093
1. Azocine or Azocin-2-one 1093

1. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

Carboxylic ester and activated N-methylene groups react under strongly basic
conditions at room temperature to form a pyrrole ring, but attempts to cyclize
the N-tosyl analogue of (70.1) under Dieckmann reaction conditions were
unsuccessful; when the N-acetyl amine (70.1) was treated with sodium hydride,
cyclization was achieved in good yield.

1086
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Ph
1 Ph
NCH,CN N CN
THF, 1BuOK
0, == L -
MeQO COOMe MeO 'OH
indole
AC Ac
Me S NCHzﬁR Me S N COR
PhMe, NaH, o
ll |I 0 e P [2648)
Mo CN Me NH,
(70.1)
R = EtO, EioN Thieno{2,3- blpyrole

2. Pyrrol-3-one

The indole-2-carboxylate (70.2) undergoes a Dieckmann condensation using
sodium in benzene. An excess of lithium bis(trimethylsilyl)amide (LBA) in THF
at —78°C for 5min cyclizes the thio ester (70.3) to the stereoisomer shown as
the only product. The same base has been used [3067] to synthesize other
biologically promising carbapenems.

o)
COOEt
T e ”mﬁ
[2237)
N(CH,),COOET 6%
COOE!

(70.2) Pyrrolo[1 2-afindol-1-one
H COOCH,Ph
o. o 0
-—NCH,COOCHPh 1. LaA Ny—N
— [3016}
CH,CSPh i
1] H
o]
1- 3.2.0) 3,7-dio
(70.3) Azabicyclof Jheptan- ne

3. Imidazole

Cyanoimino and methylene groups interact in a base-catalysed reaction to form
a 2-imidazolamine ring in good-to-excellent yields.

NCN S

HN N s
Y | S [ e | [3374)
RCHN So-a% . N

R = CN, Ac, MeOCO, E1OCO,
PhCO, EtoNCO, 4-NO2Cghy Imidazo{2, 1-bjthiazole
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4. Furan

Base-catalysed cyclization of methylene and nitrile groups gives a fused 3-
aminofuran which also has a potentially useful substituent at C-2. This varies
according to the base used: potassium carbonate-DMF gives a 2-CN whereas
potassium hydroxide produces a 2-CONH, group [267}.

OEt
OCH,CN d=m
O e (Y
CN NH,

Benzofuran

Another ring system synthesized similarly:

O CN
S NH,

[1]Benzothieno|3,2-bjfuran
8. Furan-3-one

An intramolecular Dieckmann reaction may be adapted to produce this ring
too. A strong base is needed to convert the O-methylene group into its anion,
which attacks the 3-methoxycarbonyl function.

R R
OCH,COOMe O _COOMe
87N MeONa, or NaH, & 87N
— % —_— B17g]
R? COOEL R? o)
R'=H,Cl; R2< H,Me Thieno}3,4-bjfuran-3-one

Another ring system synthesized similarly:
COOE!

[3178]

6. Thiophene

The reactions of various nitriles with sulphur (and sometimes with ammonia) to
form a new fused heterocycle have been reviewed [2977}. An o-methylcarbo-
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nitrile may be cyclized by passing ammonia into a suspension of the substrate
and sulphur. t-Butoxide-sodium acetate or TEA are useful promoters of this
type of cyclization as is shown in the synthesis of (70.4).

Me l S
CN
N MoK, 5.4, 7 i,
0%
'O (o] (o) o]

‘Thieno{3,4-c}{1 benzopyran-4-one

Other ring systems synthesized similarly:

s” N\ NH, Mo 7 N7 s
- [3897) . — [3897)
& CN NH,
CN S

Thieno[3.4-bjpyridine Thienol3,4-clpyridine-4-thione
”°2N”°°“I ISC“ gCHzO‘Bu cn:NI
i, 1BUOH, ACONa
(70.4)
Thienof2,3-bipyrazine

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridine

The anion from (70.5) attacks the nitrile group and a 4-aminopyridine ring is
formed; in this example, the product is related to the antibacterial agent nalidixic
acid. S-Phenyl esters are useful in regioselectively directing a Dieckmann con-
densation of the diesters (70.6) to carbacephems. Dieckmann reactions usually
require heating but the enaminic ester (70.7) undergoes cyclization without
external heat.

R
EtOOC(CH N
. l SN PhMe. NaH __ o] l N [3881)
NC EOC

703)
R = alkyl, cyclopropyl Pyrido{2.3-clpyridazine

zX
4
4
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COOR?
o} o0, H
X} —NCH,COOR? , N
e [3878]
n'ﬁm’ CHECHESH n‘ﬁm’
o o
(70.8) 1-Azabicyciol4 2.0Joct-2-en-8-one
R = PhOCH2CO, Ph, PhOCO, Boc;
R? = 4-NO,CgH,CHy, 4-MeOCgH,CHy, Me
i, THF, LI hexamethyisilazide or BuOK
Nuclzzcucooue Ny, ~CHeC00Me
COOMe —-—-——»mo'::m [2084]
c':H, Z ou
COOMe COOMe

(ro.n)
2. Pyridin-2-one or -4-one

Annulation of methy! and carboxylate ester groups occurs when the compound
is treated with sodium hydride and 1,3,5-triazine under anhydrous conditions.
Two of the methylene groups of the diester (70.8) are activated by adjacent
carbonyl groups, but under Dieckmann reaction conditions, the carbonyl next
to the carboxamide group reacts with the ester. A base-catalysed procedure
for annulating carboxylic ester and methylene groups gives a high yield of a
4-hydroxypyridin-2-one ring (a tautomer of the 2,4-dione). This provides a
convenient synthesis of a 1,8-naphthyridin-2-one (or 2,4-dione), which is a
leukotriene inhibitor [4002].

H H
Me N R? N R?
1,3,5triazine, DMF-NaH_ 7
| | oo wo L [3153]
n’og ﬁoa' COOR!
O A O o A
R « alkyl; R? « Me, Et 1,6-Naphthyridin-S-one
R? R?
NCO(CH,),COOR? N._ O
MeONa, MoOH 1
“"‘@[ %~ R P [2345, 2348]
COOR? (CHy),COOR?
(708) OH
R! = H, CI, NOp, NHp, ANH; R? = EIS(CHp)2, 2-Quinolinone

Ph, 4-MeOCgH,, PhCHy; R® = Me, Et; n=23
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e N 0
N. _NCCH,NR, N
7 7
CLT™ e CLL
X COOMe NR;
NR2 = piperidino OH
1,8-Naphthyridin-2-one

The microbiologically important 4-oxoquinoline-3-carboxylic acid skeleton is
formed by applying Dieckmann conditions to the diester (70.9) in which the NH
is protected as its acyl derivative. Dehydrogenating agents such as chloranil do
not always give good results when applied to the dihydroquinolinones thus
produced. Better yields are obtained by electrolysis in acetic acid-t-butanol with
a quaternary ammonium salt as electrolyte. With careful choice of conditions,
a high yield of the deacylated quinolinone may be obtained.

R? H
R! N(CH,),COOMe R! N
U e OO
COOMe COOMe
o

(70.9)
R'-H.Ol; Rz-Ac.OOOMo 4-Quinolinone
i, NaH, THF; §, electrolysis, EYNOTS, BuOH, ACOH

3. Thiopyran-2-one

When N,N-diethyl-2-methylbenzamide is treated successively with LDA and a
thioester (R'COSEt), the sulphur atom is held in the ring of the product.

(o]
CONEt, 3
1.LDA, THF 2. RlOEL THF_ S
roa Ty P [3731)
Me R
R = Ph, 4-MeO-, 4-Cl-, 4-Me-CgH, 2-Benzothiopyran-1-one

4. 1,2-Thiazine 1,1-Dioxide

The use of titanium(IV) chloride as a mediator of organic reactions (review
[3045]) has recently been extended to the Dieckmann condensation, which
is normally base-catalysed. In this example, an intermediate in the synthesis of
piroxicam is synthesized in a reaction which gives the best yield when the
substrate : TiCl, : amine ratio is 2.2:1:3.
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Me

|
sozN?"z
@( COOR °"’°""°" b [3782)
COOR COOR

R = Me, MeOCH,CH2
1,2-Benzolhiazine 1,1-dioxide

III. FORMATION OF A SEVEN-MEMBERED RING

1. Oxepine-3,5-dione

Attack by an anion derived from an acetyl group on a neighbouring ethoxycar-
bonylmethoxy of compound (70.10) succeeds only when a phenolic group is
present adjacent to the acetyl substituent.

OCH,COOEL 0
PhMe, EYONa, &
e ———
=y o] {2911}
COMe
OH HO o©
(70.10) 1-Benzoxepine-3,5-dione

2. 1,4-Oxathiepine or 1,4-Oxathiepin-6-one

The base-catalysed Thorpe-Ziegler reaction (review [1922]) on the dinitrile
(70.11) can give a good yield of the oxathiepin at room temperature. Replacing
one or both nitriles in (70.11) by methoxycarbonyl groups enables the oxathiepi-
none to be prepared under mild conditions.

OCH,CN O
DWMF, MeONa, N,
L = [
R SCH,CN R S
CN
(70.11) 1.5-Benzoxathiopine

R3
R OCHR*COOMe R! O
:@ e ]@( o [3255]
R? SCH,R* R2 S ”

R' = H, MeO; R2 = H, Me, CI, PhCH,0;
R® = H, MeOOCCH,CH; R* = CN, COOMe 1,5-Benzoxathiepin-3-one
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IV. FORMATION OF AN EIGHT-MEMBERED RING

1. Azocine or Azocin-2-one

Bis(tosylmethyl isocyanides) form anions readily; one of these attacks the
isocyanide in the neighbouring chain of (70.12) to form a fused azocine or
azocinone ring depending on the base used to generate the anion.

Ts o2
| %' NC
CH,CHNC

@ 3-Benzazocine [3256]

CH,CHNC Buoy, /o)
[ el

(70.12) NH
R = al
! .
NC

3-Benzazocin-2-one



CHAPTER 71

Carboxylic Acid Halide or Ester and Nitrile

I.  Formation of a Six-membered ring 1094
1. Pyridin-2-one 1094
2. Pyridin-4-one 1094
3. Pyran-2-one 1095

L. FORMATION OF A SIX-MEMBERED RING

1. Pyridin-2-one

2-Cyanophenylacetic acids are cyclized by first heating with phosphorus penta-
chloride and then treatment with mineral acid. This appears to give better
yields than heating the acid with a mixture of phosphorus pentachloride and
oxychloride.

~

CN a
1 ,4 2. HX
CH,COOH x 0
R = H, Cl, Br, MeO, Me; X = Ci, Br, F 3-Isoquinolinone
2. Pyridin-4-one

Interaction between an ester and a nitrile in hot PPA can result in simultaneous
cyclization and loss of the nitrile group. An attempt to induce a (base-catalysed)
Thorpe-Ziegler cyclization (review [1922), see also Chapter 70, Section IV.1)
failed in this instance.

1094
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o
GOOE!
NH(CH,);CN NH
A\ CHEN s PN
| L L | (2199]
%
. N . N
CcN CONH,
o 0
Pyrido[3,2-alquinolizine-1,6-dione

3. Pyran-2-one

In a basic medium, o-cyanomethylbenzoic acid reacts with acetyl chloride to
give isocoumarins instead of the expected mixed anhydrides.

&)
PhH, pyr, &
@ + ACl i P [&35]
CH,CN NHAC



CHAPTER 72

Carboxylic Acid, its Derivative or Lactam
Carbonyl and Nitro or Ureide

I. Formation of a Five-membered Ring 1096
1. Pyrrol-2-one 1096

2. Imidazol-2-one 1097

3. 1,2,4-Thiadiazole 1097

II. Formation of a Six-membered Ring 1097
1. Pyridine 1097

2. Pyrimidin-2-one 1098

3. Pyrimidine-2,4-dione 1098

4. Pyrimidin-4-one, 2-Thioxo- 1100

5. Pyrazin-2-one or Pyrazine-2,3-dione 1100

6. Pyran-2-one 1101

7. 1,4-Oxazine 1101

8. 1,4-Oxazin-3-one 1102

9. 1,3-Thiazin-6-one 1102

10. 1,4-Thiazine 1103

11. 1,4-Thiazin-3-one 1103

12. 1,2,4-Thiadiazine 1,1-Dioxide 1103

III. Formation of a Seven-membered Ring 1104
1. 1,3-Diazepine-2,4-dione 1104

2. 1,4-Diazepin-5-one 1-Oxide 1104

3. 1,2,4,6-Tetrazepin-5-one or 1,24,6-Tetrazepine-5-thione 1104

1. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrol-2-one

The methylene, cyano and nitro groups of compound (72.2) are involved in its
conversion to an isoindole derivative by heating with a catalytic amount of
ethanolic potassium acetate.

1096
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CN
AcOK, EYOH, NH
CH,NO, NOH

(72.2) 1-isoindolone

2. Imidazol-2-one

It is sometimes advantageous to avoid alkaline conditions during the synthesis
of 6,8-purinediones. This may be achieved by cyclization of 5-ureidopyrimidine-
4,6-dione with PPA; hydrochloric acid is usually less efficient. Phosphoric acid
(85%) may also be used in the conversion of the ureidopyrimidine (72.3) into
a 6,8-purinedione.

NHCONHR
HN
)\ e, * Y [2173]
N
N SN0
723) 6,8-Purinedione
R = H, aikyl, Ph

3. 1,2,4-Thiadiazole

Oxidative cyclization occurs in high yield when a compound containing lactam
thiocarbonyl and thioureido functions is treated with bromine-TEA at ambient
temperature.

H
N S
Berp, TEA
T, com posa
NﬁNHR
S
R = Me, Bu, CgHyy, PhCHa 1,2,4-Thiadiazolo[4,5-ajbenzimidazole-3-thione

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridine

A nitrene (derived from a nitro group and triethyl phosphite) reacts with an
adjacent ethoxycarbonylvinyl group to form a quinoline in moderate yield.
Replacing the ester by a keto carbonyl group results in much lower yields.
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NO, e s Ny ~OF!
CH=CCOOE! at

R?
R' = MeO, PhCH,0; R? « CN, COOE!

Quinoline

2. Pyrimidin-2-one

A naturally occurring purine nucleoside, isoguanosine, is obtained from a
5-benzoylureidoimidazole-4-carbonitrile which is treated with 33% aqueous
ammonia for 48 h at room temperature. A ureide is probably an intermediate in
the conversion of the dinitrile (72.4) into a purinone. The enzyme catalase
induces cyclization of o-cyanoureides (72.5) on incubation at 37°C for 6 h to
give high yields of quinazolinones.

NH,
I EtOH, aq. NH: )\ WN [3313]
PhﬁlHCNH
2-Purinone
R = H, Dibofuranosyl
NH,
NC N
X
|| 1!1 )\ \l {30374}
NCN
Me
(72.9)

R = Me, 8-D-ribofurancsyl

NR'CONHR?
7.2, cataiose
@[ aou.nu 2, [626]
CN

1 (72.5)
R' = H, Me, Ph; Rz- 2-Quinazolinone

3. Pyrimidine-2,4-dione

In addition to the methods mentioned on pp. 375-376, 2-ureidobenzoic acids are
cyclized by heating with acetic anhydride [2630], alkali [2630] or carbonyldi-
imidazole [3563). The carboxylic acid group may be replaced by a carboxamido
[3117, 3733} or an N-methoxycarboxamido function [2708].
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H
N O
, A
— R 1 2630
R COOH R
Me Me O
R = H, alkyl 2,4-Quinazolinedione
R’ At
NHCNHR? N O
N N
o g THF, CO1, A 0 \Kz [3563]

— 20-89%
R® COOH R®

R' = H, alkyl, acyl, (CHo)sCOOEY; o
R? = AN[(CH2JalN(CHa)a: R® = H,Me  Euoia 4. dipyrimidine-2,4-dione

H

NHCONH N o]
3 2T Y &
—— 117, 3734
X baded N NH l

N” SCONH, N

NHCONH,

o
Pyrido{3,2-djpyrimidine-2,4-dione

Another ring system synthesized similarly:

H K
N N O

| | NPh (5734
E10C

1]
o o]
Pytidof2,3-djpyrimidine-2 4-dione

H
NYO
_Reco0K EORE Howe
NHCONHR o
o

H
CONHOMe lors, 4 N o
\m Y

R = EXOOCCHj, 4-CI-3-NOxCeHy NR
i, E1ONa-EtOH: ii, pyr

2.4-Quinazolinedione
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4. Pyrimidin-4-one, 2-Thioxe-

Replacing the ureido function in the reaction described in the previous para-
graph [3563] by thioureido provides a route to the title ring. This reaction seems
to be particularly efficient when N? of the thioureido chain is acylated.

NP NH(I:‘NHﬁPh
1. ﬂ KOH 2. HCI Y
LI LI L

R COOH
R = 4-COOHCgHNHCH, o
PyrimidolS5,4-d Jpyrimidin-4-one, 2-thioxo-
)
i H
N. _NHCNHCOOE! N. N .S
7 EI10H, E1ONa, A 7 \(
' s \I NH {2388
X COOE!
o

Pyrido{2,3-dJpyrimidin-4-one, 2-thioxo-
Another ring system synthesized similarly:

H H
S N N‘N
| 1 [2339)
EOOCN
o]
Pyrazolo]3,4-djpyrimidin-4-one, 6-thioxo-

5. Pyrazin-2-one or Pyrazine-2,3-dione

Cyclic hydroxamic acids are formed by partial reduction of N-(nitrophenyl)gly-
cine in an acidic medium at 60°C. The glycine ester (72.6) may be heated with
a base to give the dione.

R! NO,
IovI I (2513}
NH?HCOOH

NO, R?

R'=H, Cl; R2=H, Me 2-Quinoxalinone
1, MeOH, HC1, SnClp; i, Me2CO, Hp, P/C
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NO,
7 I
(I WGMA (I [ ]
\X

NCH,COOE!
NCH,

(72.8) X = CH 2,3-Quinoxalinedione
X =N Pyrido[2,3-bipyrazine-2,3-dione

6. Pyran-2-one

2-Nitroethylbenzoic acids, on successive treatment with sodium hydroxide and
sulphuric acid-methanol, are converted into 2-benzopyran-1-ones (isocou-
marins) in high yield. The nitro acid is prepared from a 3-(i-nitroethyl)-1-
isobenzofuranone, and it is possible to obtain a good overall yield of the
benzopyranone from this lactone without isolating the nitroethylbenzoic acid.
A nitro attached to a benzene ring may be displaced by a nucleophile, especially
if the ring is not electron-rich. Thus, a high yield of a coumarin is obtained from
the o-nitrocinnamic acid (72.7); the trans isomer cyclizes more readily than the
cis isomer. When the benzene ring is replaced by thiophene, no cyclization
occurs. Nitro group displacement has been reviewed [1398, 1399, 1432].

COOH
aq. NaOH, u,soruoon (3420]
cuzcuno,

2-Beanzopyran-1-one

R!

R' = H, MeO; nz = H, Me, Et, 4-MeOCgH,

R NO, R! o_ 0
quinoline, Cu, A
% (3254}
R? CH=CCOOH R? T

3
R 1-Benzopyran-2-one
(727
R' = H,NO3; R? =By, Ci; R® = COOH,
4-MeOCgH,; R* = H, 4-MeOCgH,

7. 1,4-Oxazine

A 4-oxacephalosporin is formed in good yield by cyclization of suitably placed
carbamate and ester groups using lithium bis(trimethylsilyl)amide at —78°C
under argon,
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COOR?
o, CH,COOR?
N THE, LISiMey), o\__NJ\’/om
R ! _!._cupcu 53% R —-!\/o [3738]
H ] I H
H H O N H H

R' « PhCHzCONH; R2 = 4-NO,CgHyCH,  4-Oxa-1-azabicyclofd 2.0joct-2-en-8-one
8. 1,4-Oxazin-3-one

2-Nitrophenoxyacetates undergo a mild reductive cyclization when treated with
zinc-ammonium chiloride at 30-40°C.

OCH,COOE!
QT - QO -
NO, N" o

&

1,4-Benzoxazin-3-one
9. 1,3-Thiazin-6-one

This ring may be constructed from neighbouring carboxylic acid or ester and
thioureido or acylureido groups by stirring with sulphuric, perchloric or poly-
phosphoric acid. The last two reagents require heating, and although a high
yield is obtainable using perchloric acid-acetic anhydride, the considerable
danger of explosions militates against the use of this particular method. The
method using sulphuric acid seems the most attractive and efficient [3883]. These
2-aminothiazinones (72.8) undergo Dimroth rearrangement under basic con-
ditions even at room temperature.

s

R! s NHgNR’R‘

98% H,S0,

L s (3237]
R? COOE!
R' = H, Me; R% = Mo, Ph or R'R? « (CH2)4
or CHN(PhCHz)(CHg)2; R® = H, Me, EX; )
R* = H, alkyl, CgHy. Ph or NR®R® = morphodine  Thieno[2.3-dJ1 3]thiazin-4-one
Another ring system synthesized similarly:
N NHz
N
R Y [3883]
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H
N S
(28 ——— > R [3883)
NH
R = H, Cl, Me
(o]

4-Quinazolinone, 2-thioxo-

10. 1,4-Thiazine

Neighbouring ureido and lactam thiocarbonyl groups react in alkali with
phenacyl bromides to form a new thiazine ring. The chemistry of «-halo alde-
hydes and -ketones has been reviewed [B-45].

NHCNH. N Ar

Z h ? COA' a0, KOH Z =

X l ¥ éHZBr % R | [Ze62)
cl N SH (v N S

Ar = Ph, 4-MeOCgH, Pyridof2,3-b][1,4]thiazine

11. 14-Thiazin-3-one

Electrolysis of 2-(nitrophenylthio)acetic acid with a mercury cathode in dilute
ethanolic sulphuric acid produces a high yield of a thiazin-3-one.

ScH,
©: COOH ——S22¥ . @( ]\ [2374]
NO,

1,4-Benzothiazin-3-one

12. 1,2,4-Thiadiazine 1,1-Dioxide

A benzothiadiazine dioxide is formed in high yield when a 2-ureidobenzenesul-
phonamide is heated for 12-16h in isopropanol and TEA.

SONH,
@ PIOH.TEA.A @[ /'\ [3662, 3604]
NHCNHR
]
o

1.2,4-Benzothiadiazine 1,1-dioxide
R« HO(CH)s: N=23
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HI. FORMATION OF A SEVEN-MEMBERED RING

1. 1,3-Diazepine-2,4-dione

Carboxamide and ureido groups react on heating the compound in a mixture
of dioxane and acetic anhydride; the product is a homologous purinedione.

= .
Ns_ _NCNHCHp_ _N_
-
| | m oo o=( W (3735]
I—N
HaNG
1l
o

imidazol4,5-e)[1,3)diazepine-4,6-dione

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

A homologue of guanine is formed by partial reduction of a nitro-nitrile.

0
il
CHHNC_ _N NH N
= Ha. P10, = 3124
CNo,NI—-l j«m % Skﬁl \t‘«n iz
T

imidazo{4,5-6][1,4)diazepine-8-one 4-oxide

3. 1,2,4,6-Tetrazepin-5-one or 1,2,4,6-Tetrazepine-5-thione

N’-Ureidoquinazolin-4-one cyclizes on heating with either urea or thiourea to
form a fused tetrazepinone ring.

x
)/NHH
NH
NNHONHR LT N~
@(t (f e
R=H,Ph; X=0,8 X = O 1,2.4,6-Tewrazepino[1,7-dquinazoin-2-one

S 1,2,4,6-Tetrazepinoft,7-cjquinazoline-2-thione
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Carboxylic Acid or Ester and Ring-carbon

I. Formation of a Five-membered Ring 1105
1. Pyrrole 1105
2. Pyrazole 1106
3. Furan-2-one 1107
II. Formation of a Six-membered Ring 1107
1. Pyridine 1107
2. Pyridine-2-thione 1109
3. Pyridin-4-one 1109
4. Pyran-2-one or -4-one 1110
5. Thiopyran or Thiopyran-4-one 11t

1. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

When an N-methyl-N-phenylamino acid hydrochloride is heated with acetic
anhydride and sodium acetate, a high yield of a 3-acetyloxyindole is obtained;
this method usually gives good yields, and is not sensitive to oxidizing agents
which promote the conversion of 3-indolones (indoxyls) into indigo. The dithio-
carboxylic ester ylides (73.1) are cyclized at or below room temperature when
treated with bromoacetonitrile or a bromoacetic ester and a base, and are then
dehydrogenated with chloroanil. The 2-thiol may be obtained by stirring with
t-butoxide [3761]. An imidazole N-allyl ylide (73.2, R = CN, COOR‘) is
cyclized on heating in xylene to an imidazopyridinone, but when R? is a
phenylsulphonyl group, a new pyrrole ring is formed [3797].

1105
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R ]

NCHR2COOH N _R?
Ac0, ACONs, A
©/ o e O:I [3050, 3547}
OAc

R' = Me, Et; R? « H, Mo

Indole
R¢
1
7 . NP N SCHR
R I, Ty R | [3761)
N 1 RN N
?SS(CHM COR?
COR? Indolizine
R.1)
R'.R* « CN, COOEL; R? « H, Me; R® = EIO, Me
i, BICH,R', CHCly, DBU; i, chioranil
0o
Me
R N
o|m
Rz

/w"
CRIR? r ) COOE!
nag—c—nl l Imidazo{1,2-alpyridin-8-one  [3797]

M A

MeS N
n;.ctg,ncg)on‘ ha
R® = H, MeS; R*= Me, Et E10C N

i
Pyrrolof1 2-afimidazole

2. Pyrazole

When a pyridone carboxylic acid is treated with diazomethane, the major
product is the pyrazolopyridinone; the carboxylic acid is believed to be esterified
and diazomethane may then add across the 3,4-double bond. Replacing diazo-
methane by diazoethane gave the 1-ethyl-3-methyl analogue (26% yield) of the
pyrazolopyridinone shown as the main product of cyclization.

o
COOH
HN l cHg:;.* EL,0
N

[2762)

Pyrazolo{3,.4- clpyridin-7-one
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3. Furan-2-one

A stereocontrolled ring closure of a cycloalkadienylacetic acid in the presence
of a catalytic amount of palladium(II) acetate [B-41] produces either a cis or a
trans product according to the conditions, especially the presence or absence of
a small amount of lithium chloride (which blocks the coordination of the
carboxylate). Yields vary from 50 to 77%, and the selectivity is greater than
97% under optimum conditions. An attempt to prepare a 3-benzofuranone (see
Chapter 88) from the phenoxyarylacetic acid (73.3) resulted in a rearrangement
and the formation of a 2-furanone.

AN
Ac0*" [ty
)
N — 2-Benzofuranone
| + RCOOH Cycloheptaj2,3jfuran-2-one  [3621]
(CHaln CH,COOH ~ 0.0

7
net2
i, Me2CO, PAOAC)2, benzoquinone, 20 °C; mm

H, MezCO, Pd{OAC),, benzoquinone, LIOAc, (CHa)n

LiCt,20°C
O?HPh 0. o]
PPA, A
COOH — @I [3815}
Ph

(73.3) 2-Benzofuranone

II. FORMATION OF A SIX-MEMBERED RING

1. Pyridine

When an ester reacts with a ring-carbon atom in the presence of a Friedel-Crafts
catalyst, a cyclic ketone (or its tautomeric enol) is usually formed (p. 378), but
in boiling phosphorus oxychloride, the oxygen function may be replaced by a
chlorine atom [2634]). A carboxylic acid may react with a suitably placed
ring-carbon by heating with either PPA or phosphorus oxychloride [2127];
phosphorus pentoxide in xylene is also effective [2347]. When an electron-rich
ring such as that of pyrrole is available, heating with acetic anhydride for 1 h
suffices [3913].
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R! z a R'
N o]
_Potha XN \(
1 , [2634]
NR N/ NR
(o]

R' = H, Me; R? = H, CI, MeO Pyrimido[5 4- bjquinoline-2,4-dione

Another ring system synthesized similarly:

SMe
Cl s——r
|
EtO0C Z | N
[2783]
\N
Thiazolo{5.4-fjquinoline
@r I mu @(L—'\ [2127]
Pyrazolo[3,4-bjquinoline
iBuO.
X i
iBuO NHCH [ Te) COOE!L
Ou_inollne
N: /j N A
“-©: —wa— R o1
CH,COOH P Nonc
R = H, Br, CI, Me Pyrolo{1,2-ajquinofine

Attempts to condense the quinolizine (73.4) with methyl propynoate in
boiling benzene or toluene containing palladium—charcoal failed, but when
nitrobenzene was used, moderate-to-good yields of the pyridoquinolizine were
obtained. Formation of a 4-oxo- or 4-chloro-pyridine ring from a carboxylic
acid (or ester) or an acyl chloride respectively is well documented (see pp.
378-381, and Section I1.3 of this chapter); in this particular example, a fused
4-aminopyridine is formed by successively heating an acyl chloride with an
arylamine and phosphorus oxychloride.
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R?
R30OC COOR'
CHCOOR!
Z N CmmCR?  po, PAcC,
|+l e [2847]
AN AN COOR?
Pyridoj2,1,6-delquinolizine

(R4
R! = alkyl: RZR% = H, Ph

“ “
1MM,.A2.POOI.A O (aso7]
7

Ar = Ph, 4-F-, 4-HO-, 4-MeoN, 4-MeO-,
4-H:NSO,, 4-MeSO CoHy

Benzo[bl[1,8]phenanthvoline
2. Pyridine-2-thione

Thermolysis of the malonic ester (73.5) under reduced pressure (~ 10 mmHg)
leads to a high yield of 2-quinolinethione.

H
NHﬁCH(COOEt)z N ]
T e
Z
COOE!

(T.40) OH

3. Pyridin-4-one

3-(1-Indolyl)propanoic acid (73.4a, R = H) forms a third ring by attack of the
carboxylic acid group at C-2 of the indole, but a 3-methoxycarbonyl substituent
directs the attack to the peri (C-7) position [2997, 3015, 3115]. When the chloro
ester (73.6) is heated with either an amine or a thiophenol, a high yield of the
4-quinolinone is obtained [2441]. Replacement of the chlorine atom by an
ethoxycarbonyl group and heating this with phosphorus pentoxide in nitroben-
zene is an efficient method of synthesizing a 4-quinolinone-3-carboxylic acid
[2380]. An unusual source of carbon atoms in the synthesis of a fused pyridine
ring was applied in one stage of the synthesis of a nucleoside; thermolysis of the
dilactone (73.7) gave a high yield of the pyrazolopyridinone [3757]. Malonylidene
derivatives are also cyclized thermally to a fused pyridine-3-carboxylic acid
[2240].
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R R
N(CHy);COOH N
ot | 12997, 3015, 3115
(73.5)
)

R = H, COOMe
Pyrrolo[3,2,1-§ Jquinolin-6-one
NHﬁMe S Me
a‘—@ CICCOOEt + R®H —n%;‘» R! | [2441)
R?
X
(73.6) o

R! = H, MeO, Me; RZ = PhNH, PhS, Ph{CH,),S. (CH
Ph{CH3)2S, (CHa)sN uino

R?

NCH nz
O im0
COOH
o

R' « H, Me, benzo; R? = alkyl

CHoPh H
HNC—~NH N':: HN N ﬁ’iz:h
o ol | _;"';;&_‘_. | I [3757]
(o] (o]
x .
M Me Pyrazolo{3,4- bjpyridin-4-one
R
CHHN R N R
N N
i X ) N
wood U M= YO e
P o
E10C
R = MezN, (CHa)4N, Of(CH2)2IN 8 o
Pyridof2,3-djpyrimidin-5-one

4. Pyran-2-one or -4-one

Fairly high yields of coumarins are obtainable by irradiation for 4-6h of
methoxycinnamic acids in acetonitrile-water saturated with oxygen and con-
taining naphthalene-1,4-dinitrile. Further routes to the flavone ring system
continue to appear. Flavone-3-carboxylic acids are accessible from g-
phenoxybenzylidenemalonic acids and either sulphuric acid or trifluoroacetic
acid-trifluoroacetic anhydride. Attempts to cyclize the malonic esters were less
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successful; of the condensing agents tried, PPA gave the best results. Both PPA
and sulphuric acid cyclized a 4-phenoxypyran-2-carboxylic ester [3290]. Cycliz-
ation of 2-phenoxybenzoic acids to 9-xanthenones (p. 384) may be efficiently
achieved by heating with PPE [3665).

0.0
R COOH O & [3191]
| P
CH=CH

R = MeO, (MeQ)z, OCH0O 1-Benzopyran-2-one
OfAr
n‘—@ C(COOR), gt [3269]
COOR?
R' « H, MeO; R? = H, Et; Ar = Ph, 2-furyl
i, R® = Et: PPA, &;

i, R = H: cracoou-(csscoko‘:mzso 1-Banzopyra mz—

i, e bl -

Pyrano{4,3-bj{1]benzopyran-1,10-dione
S. Thiopyran or Thiopyran-4-one

Both cis and trans-3-phenoxycinnamic acids cyclize with phosphorus pentoxide
to pyran-4-ones but the corresponding phenylthiocinnamic acid isomers behave
differently; the trans isomer gives a thiopyranone whereas the cis compound
produces an indenone. Diels-Alder reactions with heterodienes have been
reviewed [2455, 3067a, 3880]. Indole-3-dithiocarboxylate esters act as dienes in
the Diels-Alder reaction with DMAD (cf. Chapter 65, Section 11.7).

SR?

CSSR? A g
N A2 N Z COOMe
R R!

R' = H, Me; R2 = Me, Ph; R? = Me, CH,CN .
Thiopyrano{4,3-bjindole
S S Ph
\?Ph PhH, POy, A
L, —=x= l [2265]
Hooc” Me

o
1-Benzothiopyran-4-one, 2-aryl-



CHAPTER 74

Carboxylic Acid or Ester and Ring-nitrogen

1. Formation of a Five-membered Ring 1112
1. Pyrrole 112

2. Pyrrol-2-one 1113

3. Pyrazol-3-one 1113

4. Imidazole-4,5-dione 113

5. Thiazol-4-one 1114

II. Formation of a Six-membered Ring 1114
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2. Pyrimidin-4-one 1115

3. 1,2,4-Triazin-5-one 1117

4. 1,4-Oxazine or 1,4-Thiazine 1117

I. FORMATION OF A FIVE-MEMBERED RING

1. Pyrrole

The nitrogen of ethyl pyridine-3-acetate becomes a bridgehead atom when the
compound is heated with a phenacyl halide. The chemistry of a-halo ketones has
been reviewed [B-45].

(')Et
co
CH,COOEL
- ‘ 2 Me,CO, A 4 ' 281
+ 80% = [ 7]
N BrCH,C N Me
il
o) Me indolizine

112
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2. Pyrrol-2-one

Condensation of Meldrum’s acid (review of uses [3949]) with a pyrrole-2-
aldehyde yields the pyrrolylidene (74.1) which is cyclized efficiently to the
pyrrolizinone on flash pyrolysis at 600°C. No examples of annulation of a
carboxylic ester and a ring-nitrogen to a pyrrole or pyrrol-2-one are given in
Part 1, but reductive cyclization of (74.2) is a step in the synthesis of the alkaloid
lennoxamine (see also Chapter 37, Section III.1).

0
Br
Y e ,B"\\ "
g
NH Mo % N (3409]
0?0 N, )
3-Pyrrolizinone

F3
OMe O F%ooMe

1.3-Dioxolo[4 5- hjisoindolof 1 2-bjf3]benzazepin-8-one

3. Pyrazol-3-one

This ring is formed at room temperature when pyridine-2-acetic acid is stirred
with hydroxylamine-O-sulphonic acid.

H

& 7
i o - QJ f2se
X CH,COOH S04
Pyrazolo{1 5-alpyridin-2-one

4. Imidazole-4,5-dione

2-(Ethoxalylamino)azoles undergo a thermal intramolecular cyclization on to
the ring-nitrogen, but the yield may be low.
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0
R o R
HN /NY R ﬁ)LN/N\j/
/L——=N Bk HN ===N sl
E1OOCCHN
g Imidazof1,2-bj[1,2.4]triazole-5,6-dione
R =H, NHy

5. Thiazol-4-one

When azoles carrying a SCH,COOH or similar side-chain next to the ring-
nitrogen are heated with either acetic anhydride or ethanolic hydrogen chloride
and 4-toluenesulphonic acid, a thiazolone ring is formed, usually in good yield.

R. _Na_ _SCH,COOH
AN
[l \|/ e, S [ Y | [2464)
. NH
R = Ph, 4-MeOCeH, Inidam[2,1 ~bllhlazot~3-one
0
NNHAr
@:’N" L Nljl\( [3912]
~76%
N/)\SﬁCOOEI i 8
NNHAr Thiazolo|3,2-ajbenzimidazol-1-one
Ar = Ph, 4-MeCgH,

i, EtOH-HCKg), A; i, EIOH, TSOH, A
II. FORMATION OF A SIX-MEMBERED RING

1. Pyridin-2-one or Pyridine-2,5-dione

An acetoacetate side-chain provides the four carbon atoms required to form a
pyridine ring by this base-induced cyclization [2034, 2081]; a better yield (90%)
was later obtained by heating the acetoacetate (74.3) in xylene [2356]. DMSO
has also been used as solvent [3252]. A pyridin-2-one ring is formed by heating
the ester (74.4) with first ammonia and then 4-toluenesulphonic acid. Dehydro-
genation with DDQ gives an aromatized ring [3545].

N CH,CCH,COMe
@i_j/ 38 e ool @ﬁ (2034)

(743)
R = Me, EL, PhCH,
Pyrido{2,1-bjbenzothiazol-1-one
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o COOMe
H ?ooue X
N._ _,CC=CHCOOMs N o
1 OMSO, & COOMe
O (b =2 Y s
N o N o
H

Pyrido|1,2-ajquinoxaline-1,5-diocne

MO r MO ?
A (CH)2CO0Me |y u,a N
et 3545
NH se% N l (38453
(74.4) o
i, MoOH, NH,OH, a; .
i, TSOH, diox, PhH; i, DDQ Indolof3,2,1-del1.Sinaphthyridin-6-one

A high yield of a compound related to ellipticene (which has anticancer
properties) and contains a pyridine-2,5-dione ring is obtained by heating the
keto acid (74.5) with acetic anhydride.

(o]
En
N A
R I AcO,Np, A
NH P 80-96%
HOOC
(74.5)
R =H,MeO

Indolo1,2-g }-1,6-naphthyridine-5, 12-dione

2. Pyrimidin-d4-one

Cyclization of an ester group on to a ring-nitrogen may be effected by heating
the compound under reduced pressure or in diphenyl ether [2211, 2259}, but
such high temperatures can cause decomposition; for example, the nitroamine
(74.6) and other compounds give better results when heated at 90 °C with PPA
[2924, 3814] or by treatment with t-butoxide-DMF without external heat [3203].

NH o "R Na O R
S
i L oo (Y e
i N——N EIO_ N—N
C{COOEY, ?

|
R = Ma, Ph, 2-HO-, 4-Me-CgHy, ° ©

2-Me-, 4-CI-CgHOCH2 1,3,4-Oxadiazolo[3 2- glpyrimidin-5-one
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Another ring system synthesized similarly:

o) N7 l
N
N
EU\ [2053]
NP \F

Pyrimido{1,2-j1 8lnaphthyridin-10-one
H=
R \L ook -l | reses 3814
NO,
(74.6) o
R = H, CI, HO, Me, MeO
Pyrido[1.2-a}pyrinidln-4-om
cN
A NHCH==C{COOE,
I = W—WF 3203
NH R [:202]
COOE!
As = Ph, 4-FCgHy
Pymolo{1.2-alpyrimidin-4-one

Suitably positioned carboxylic acid and ring-nitrogen functions may be annu-
lated by heating the compound with acetic anhydride [3695, 3884}.

o
COOH ,gi Hob
Sy Rt
I %%
NH NH

[2756]

{1.2,5]Thiadiazolo[3,2-b : 4,5-b'Kiquinazoline-11,
15-dione 13,13-dioxide

Other ring systems synthesized similarly:

0
N Ny Ph (\r
NP NP Np X COOE

Pyridazino|3,2-biquinazolin-10-one o
Pyrimido[1 6-alpyrimiiin-4-one



Formation of a Six-membered Ring 1117
3. 1,2,4-Triazin-5-one

The carboxylic acid group of the hydrazone (74.7) reacts very efficiently with the
ring-nitrogen under the influence of hot PPA.

Ic"zc"‘zk
PP‘.

1.2,4-Triazino[3 4-ajphthalazin-4-one

Nun-—ccuzcnw
=
Z

Ar=4-Ch, 4—Mo-C.H4

Z~2Z

4. 1,4-Oxazine or 1,4-Thiazine

The di- or tri-thiocarbonate (74.8) is cyclized by first treating it with allyloxalyl
chloride to give the N-oxalyl derivative which is not isolated in a pure state but
is warmed with triethyl phosphite at 40-85 °C to give the ring system of isocephem
(or iso-oxacephem) antibiotics which are synthesized by a broadly similar route.

COOR®
o o R?
NH " N’K(
e X (3184}
CH,XCS,R"
748) 1-:zu.§&oxablcydo[4.2.0)od-2-on-a-one
1-Aza-4-thiabicyciof4.2.0joct-2-en-8-one

R' « Me, Et; RZ= SR'; Joct2-en
R® = CHy=CHCHy; X =0, S

i, CICOCOOR?, IProNEY; §, CH2Clp, P(OE1)s, A
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Carboxylic Acid or its Derivative and a
Sulphur-containing Group

I. Formation of a Five-membered Ring
I. Isothiazole 1-Oxide
2. Isothiazol-3-one
3. Isothiazol-3-one 1-Oxide or 1,1-Dioxide
1. Formation of a Six-membered Ring
1,2-Thiazine 1,1-Dioxide or 1,2-Fhiazin-3-one 1,1-Dioxide
1,2-Thiazin-3-one 1-Oxide
1,3-Thiazin-4-one
1,2,3-Oxathiazine 2,2-Dioxide
1,2,6-Thiadiazine 1,1-Dioxide

ol ol &

1. FORMATION OF A FIVE-MEMBERED RING

1. Isothiazole 1-Oxide

1118
1118
1119
1119
1120
1120
1120
1121
1121
1121

When a 2-sulphinyl-carboxamide is warmed with hydrazoic acid, a 3-iminoiso-

thiazole 1-oxide is formed.

O R

SOR S §N
QORI S¢S
CONH, NH

R = HOCH;CHy, Pr, CH;=CHCHp, cCgHy1, 1,2-Benzisothiazole 1-oxide
PhCHg, Ph, 4-Ct-, 4-MeO-, 2-Me-CgHy

1118
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2. Isothiazol-3-one

o-Sulphenamidobenzoates (75.1) may be converted into benzisothiazolones in a
basic medium and with high yields; the precursors are prepared in two stages
from methyl 2-mercaptobenzoates [2749]. A potentially versatile synthesis of the
isothiazolone ring is offered by heating o-sulphinyl- N-unsubstituted benzamides
(75.2, R = H) with acetic anhydride. However, the scope of this reaction
appears to be limited by the fact that a substituent on the carboxamide nitrogen
changes the course of the reaction (see Section 11.3) [2604]. Isothiazolones may
also be synthesized from o-sulphinyl esters by successive treatments with sodium
hydrosulphide, sodium hydrogencarbonate and hydroxylamine-O-sulphonic
acid—all at or below room temperature [3689).

SNHR Ssm
MoOH, MeONa or KOH
@i e o KM f27eo
COOMe (o]

(75.1) 1.2-Benzisathiazol-3-one

R = HOCH,CHp, Pr, allyl, cCgHy 4,
PhCHp, Ph, 4-MeO-, 2-Me-CgH,

S
b
- 0.
1,2-Benzisothiazol-3-one
@ R [2604)

H:
CONHR . 7:2 0.4 s Ph
752) h
R = H, Me, Ph NR

R?
R! X _N_ _Ssoprt
cd I | i, §, W
e e
™ ~00%
F COOE!
o
R' = CI, F; R? = cyclopropyt; X =N, CF X =N lsothiazolof5.4-bjf1 8naphthyridine-3,4-dione
i, THF, NaSH; i, NaHCO3; iii, HoNOSOJH X = CF IsothiazolofS,4-bjquinoline-3,4-dione

(o]
1,3-Benzothiazin-4-one

[2689]

3. Isothiazol-3-one 1-Oxide or 1,1-Dioxide

Neighbouring ester and methylsulphinyl groups may be annulated by heating
the compound with sodium azide in the presence of phosphoric acid~phosphoric
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anhydride. Amination of a 2-chlorosulphonylbenzoate ester [prepared in situ by
diazotization of the amino ester and then treatment with sulphur dioxide-
copper(Il) chloride] is a good route to a fused isothiazol-3-one 1,1-dioxide ring.

soR? S
“L-@E N L =
COOMe o]

R' = H, Cl; R? = Me, Bu, Ph 1,2-Benzisothiazol-3-one, 1-dioxide
0,

NI S
He 1. HNO3, S0, CuCly 2 NHs “NH
0-09% [3098]
COOMe (o]

1,2-Benzisothiazol-3-one, 1,1-dioxide

II. FORMATION OF A SIX-MEMBERED RING

1. 1,2-Thiazine 1,1-Dioxide or 1,2-Thiazin-3-one 1,1-Dioxide

Cyclization of a sulphonamide and a side-chain carboxylic acid is readily
effected by hot PPA; when the carboxyl group is replaced by a nitrile, heating
with sulphuric acid has a similar effect, but the carbony! group is replaced by
an imino group.

SO,NHR! g'\
iori NR!
@ —a— o)
CH,A? X
i, R' = H, Et, Ph; R2= COOH, PPA, 4; X = O X = O 1,2-Benzothiazin-3-one 1,1-dloxide
ii, R‘-H; R’-ON. HySO0,; X = NH X = NH 1,2-Benzothiazine 1,1-dioxide

2. 1,2-Thiazin-3-one 1-Oxide

o-Sulphinylphenylacetic acid esters give moderately good yields of benzothiazi-
nones when treated with sodium azide and PPA, probably through a nitrone
intermediate.

¥
SoR Naly, (CICHs S
A
@Eﬁ + P20g + HaPOy i [2450])
H,COOMe )

R =Me, Et 1,2-Benzothiazin-3-one 1-oxide
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3. 1,3-Thiazin-4-one

This ring is formed by acid-catalysed reaction of a 2-thiocyanatobenzoyl
chloride with hydrogen chloride, or of the corresponding carboxylic acid with
phosphorus pentachloride (review of this kind of reaction [2557]). The chlorine
atom in the product is labile.

L.
cocl YCI
[2079)
SCN ’_____E‘P_‘L—»
s SR

COOH 1,3-Benzothiazin-4-one

R = H, Cl, NOy

4. 1,2,3-Oxathiazine 2,2-Dioxide

Baker’s yeast efficiently cyclizes 2-sulphamoyloxybenzonitrile in a buffer at

37°C.
OSO,NH 0
: yoast, pH 7.4, 37 °C \?02 (3701)
% NH
CN
NH

1,2,3-Benzoxathiazine 2,2-dioxide

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

Carboxy and sulphamide groups may be annulated by treatment with a car-
boxylic organic acid.

H
NH HiP! N
s N oo oo 7Y V50,
— = ! 13601]
S — NiPr
COOH
o

Thienof3,4-cj{1,2,6]thiadiazin-4-one 2,2-dioxide
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Other ring systems synthesized similarly:

{3601}

R,R = H,H Thieno{3,2-c]1.2 6]thiadiazin-4-one 2 2-dioxide
R.A = (CH=CH), [1]Benzothieno|3,2-cl[1,2 6