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ABSTRACT

This thesis is concerned with the development of three
new synthetic routes to highly functionalised imidazo[4,5]pyridine derivatives of biological interest as purine
antagonists.
The first synthetic route developed was based on the
construction of 5-nitro-6-methylthiopyridine derivatives by
annulation of readily available 1-amino-1-inethylthio-2nitroethenes with 1,3-bis-electrophiles (e.g. malonyl
dichloride). Although this new type of ring-formation was
successful, the yields of the new pyridine derivatives
obtained were disappointingly low and studies to improve the
efficiency of cyclisation met with little success.
Subsequent displacement of the inethylthio group in the new
pyridine derivatives with benzylamines, and base-catalysed
cyclisation of the resulting amino-nitropyridines provided
an efficient new route to otherwise inaccessible and
usefully functionalised imidazo[4,5-b]pyridine derivatives.
The second new synthetic route to imidazo[4,5]pyridine derivatives investigated was concerned with

vii

reductive cyclisaton reactions of 4-nitroiniidazol-5ylcarbonylmethine derivatives accessible by the previously
undescribed acylation reactions of activated methylene
compounds with 4-nitroiniidazole-5-carbonyl chlorides. This
approach was largely successful and allowed the efficient
general synthesis of highly functionalised and otherwise
unavailable imidazo[4, 5-]pyridinone derivatives. The
chemistry of the novel compounds thereby made available was
also studied and their utility as starting materials for the
synthesis of other imidazopyridine derivatives by functional
group manipulation, investigated.
The third synthetic pathway to imidazo[4,5-b]pyridine
derivatives explored,involved as a key step the successful
displacement of the halogen atom in 5-chloro-4nitroiiuidazoles by anions derived from activated methylene
compounds. The resulting 4-nitroimidazol-5-ylacetate
derivatives were converted smoothly on heating into 3substituted imidazo[4,5-c]isoxazoles in high yield.
Reductive opening of the isoxazole ring in these compounds
provided a viable high yielding method for the syntheis of
4-amino-5-ethoxalylimidazole derivatives. The latter were
in turn successfully converted into usefully functionalised
iInidQzo[4,5-b]pyridine derivatives in moderate to good yield
by cyclisation with activated methylene compounds in high
boiling solvents. This method complements the second route
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PREFACE

This thesis is concerned with the investigation of new
and flexible synthetic routes to derivatives of the
imidazo[4,5-]pyridine (1), imidazo[4,5-]pyridazine (2) and
imidazo[4,5-b]pyrazine (3) ring systems (Scheme 1).
Heterocycles of these types are of interest because of their
important biological properties, particularly as possible
adenosine receptor antagonists. The new synthetic routes
developed in the present studies were chosen because of
their inherent flexibility, allowing a wide range of
substituents to be incorporated into the ring systems
formed.
The first chapter is a review of the current methods
available for the synthesis of the ring systems mentioned
above and also describes some of the biological properties
of these compounds. The next three chapters describe three
new synthetic routes to derivatives of the imidazo[4,5]pyridine ring system while the fifth chapter describes
some new synthetic approaches to the imidazo[4,5]pyridazine and imidazo[4,5-]pyrazine ring systems.

CHAPTER 1

A SURVEY OF THE SYNTHESIS AND BIOLOGICAL
PROPERTIES OF IMIDAZOI 4, 5-b1PYRIDINE DERIVATIVES
AND RELATED POLYAZA HETEROCYCLES
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1.2.1 Synthetic routes to imidazol4,5-blpyridine
derivatives

The synthesis of the bicyclic imidazo[4,5-b]pyridine
ring system can be approached in two ways. Firstly a
suitably functionalised pyridine derivative can be
constructed which can then be ring-closed to form the
imidazole ring and secondly the six-membered pyridine ring
could be built up from an imidazole derivative with
appropriate sustituents in the 4 and 5 positions. The first
of these two methods is by far that most commonly described
in the literature. Certain miscellaneous methods which
involve the rearrangement of other ring sytems to
imidazo[4,5-]pyridine derivatives have also been reported.
One of the earliest syntheses of an imidazo[4,5]pyridine derivative was reported in 1947 by Bernstein et
a11(Scheme 2) who reductively cyclised the nitropyridine
derivative(4) with stannous chloride and hydrochloric acid
to give the 5-aminoixnidazo[4,5-b]pyridine derivative (5) but
only in low yield (26%). In 1957 Gorton and Shive2 prepared
(Scheme 3) the nitropyridine derivative (10) and reduced it
catalytically to the diaminopyridine derivative (11).
Treatment with formic acid then closed the imidazole ring to
give the imidazo[4,5-]pyridine derivative (12). In the
same year the amide3 (13) was treated (Scheme 4) with
potassium hypobromite to give the isocyanate (14) which
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cyclised to give the imidazo[4,5-b]pyridine derivative (15)
in high yield (80-100%). Many similar syntheses of
imidazo[4,5-b]pyridine derivatives based on diaminopyridine
precursors were reported about this time often differing
only in the method of preparation of the diaminopyridine
derivative. For example nitrosation (Scheme 5) of the
aminopyridine derivative (16) gave the nitrosopyridine4
(17). Catalytic reduction of the latter over platinum gave
the diaminopyridine derivative (18) which was ring-closed to
give the imidazo[4,5-b]pyridine (19), in this case using
triethyl orthoforniate. Coupling the diaminopyridines5 (20)
(Scheme 6) with arenediazonium chlorides gave azo compounds
such as (21). Reduction of these with sodium dithionite
gave the triaminopyridines (22) which were cyclised to give
the imidazo[4,5-b]pyridine derivatives (23) by treatment
with formic acid. Hydrobromic acid was then used to cleave
the ethers (23) to give the 7-keto-derivatives (24). More
recently Temple et al 6,7 have developed the ring closure of
diaminopyridine precursors to give a wide range of
imidazo[4,5-b]pyridine derivatives which have been tested
for antitumour activity. For example (Scheme 7) closure of
the diaminopyridine derivatives (25) with benzaldehyde in
the presence of an oxidising agent gave rise to the 2phenylimidazo[4,5-b]pyridine derivatives (26). The
presenceof lipophilic groups (e.g. phenyl) at the 2-position
of imidazo[4,5-b]pyridine derivatives is known39 to be
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important for binding at the active site of adenosine
receptors.
Examples of imidazo[4,5-b]pyridine syntheses starting
from intidazole derivatives are rather scarce in the
literature. The aminoimidazole8 (27) has been reacted
(Scheme 8) with the vinyl ether (28) to give the
alkylidenentalonate derivative (29) which is ideally set up
for cyclisation between the amino group and one of the ester
groups of the ortho-side chain.
Indeed treatment with 10% aqueous sodium hydroxide
effected cyclisation to give the imidazo[4,5-b]pyridine
derivative (30). The imidazo[4,5-b]pyridine derivative9(33)
has been prepared (Scheme 9) from the iniidazole derivative
(31) by an unusual reaction with dimethyl
acetylenedicarboxylate (32) in which two molecules of the
acetylenic ester (32) react with one molecule of the
imidazole (31). The sulphur atom in the latter is extruded
in the form of the thioaldehyde (34).
Several examples of imidazo4,5-b]pyridine derivatives
have been reported in the literature which arise by
rearrangements of other ring systems. For example the
imidazo[4, 5-]pyrimidine derivative derivative10(38) was
prepared (Scheme 10) by heating the pyrimidine derivative
(37) in polyphosphoric acid at 100-1100. On heating at a
higher temperature (180_1900) this underwent a rearrangement
to give the imidazo[4,5-b]pyridine derivative (39). This
rearrangement presumably involves ring opening of the
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pyrimidine nucleus to give the acid (40). This intermediate
can then cyclise through C-4 of the imidazole ring to give
the imidazo[4,5-b]pyridine derivative (39). The same
product (39) is obtained directly by heating the pyrimidine
derivative (37) at 180-1900 in polyphosphoric acid.
In 1981 it was shown 11 (Scheme 11) that an
imidazo[4,5-b]pyridine derivative (45) was the product of a
Dimroth rearrangement of the purine nucleoside (43). Thus
attack by hydroxide ion can cause ring-opening of the
pyrimidine nucleus giving rise to the imidazole derivative
(44). Hydrolysis of the formaniide group in the latter
followed by reaction of the resulting amino group with one
of the ester groups can then result in the formation of the
imidazo[4,5-b]pyridine nucleoside (45). A similar example
of such a rearrangement (Scheme 12) was described by Albert
and Pendergast12 who obtained the imidazo[4,5-b]pyridine
derivative (50) by fusing purine (46) with malononitrile.
This transformation can be explained by the ringopening/ring-closure sequence outlined in Scheme 12.

8
1.2.2 Biological properties of imidazol4,5-blpyridine derivatives

The imidazo[4,5-]pyridine ring (1) can be considered as a
deazapurine with the nitrogen atom at position 1 of purine replacement by a methine group. As such, imidazo[4,5-]pyridine
derivatives might be expected to show interesting biological activity. Indeed it has been shown 13 (Scheme 13) that deazaadenosine (51) was a good in vitro inhibitor of four types of leukaemia cell line growths. The same compound (51) was also shown
by Marmocchi14 to inhibit the action of the enzyme adenosine
deaminase produced from S. cerevisiae.
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Similarly it has been shown15 that a series of 1deazapurines (imidazo[4,5-b]pyridines) exhibited decreased
maximal velocity values compared to purines in their
reaction with adenine nucleoside phosphorylase isolated from
Trypanosoma cruzi.

In some earlier work due to Cristalli et

a116 , deaza analogues of adenosine and 2-chioroadenosine
were examined for their adenosine receptor affinity. The
relative contribution of the nitrogen atoms in the purine
moiety to binding at A1 rat brain adenosine receptors were
found to be N-7 > N-3 > N-i.
In 1978 it was suggested17 that imidazo[4,5-b]pyridine
derivatives, if incorporated into nucleic acids, could
disrupt the delicate balance of the double helix, due to the
absence of one of the nitrogen atoms normally present in
purines and hence one of the centres needed for hydrogenbonding. This could impair the template activity of the
nucleic acid. The potent biological activity of
imidazo[4,5-b]pyridine derivatives in this context is
demonstrated18 by their in vitro inhibition of tobacco
mosaic virus. It has also been shown19 that deazapurines
inhibit purine biosynthesis in neoplasm, and deazaadenine in
particular inhibits the growth of the micro-organism
Tetrahymena pyriformis20. However a series of imidazo[4,5]pyridine derivatives prepared by Vaughan2- showed no
antibacterial activity against a range of bacteria including
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pneurnococcus, streptococcus and Pasteurella rnultocida.

The

deazaadenine derivative 22 (Scheme 14) prepared by reduction
of the nitropyridine derivative (52) in the presence of
formic acid was found to be relatively inactive as a
hypocholesteraeinic agent.
1.3 Syntheses and biological activity of imidazol4.5cipyridazine derivatives

This review of imidazo[4,5-c]pyridazine derivatives
covers the synthetic routes to derivatives of the ring
system (2) containing keto and amino functional groups and
comments on some of the biological properties of such
compounds. Derivatives containing only simple alkyl or aryl
groups are not covered; nor are those containing only a
keto group in the imidazole ring.

1.3.1 Synthetic routes to imidazol4,5-clpyridazine
derivatives

Two possible synthetic routes to the imidazo[4,5]pyridazine ring system are clearly possible. A pyridazine
derivative suitably functionalised at the 3 and 4 positions
could be constructed and then closure of the imidazole ring
carried out with a reagent supplying one carbon atom.
Alternatively the starting point for the synthesis could be
an imidazole derivative functionalised at the 4 and 5
positions allowing for the construction of a side chain or
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side chains suitable for annulation to form the pyridazine
ring. Of these two possibilities, only examples of the
first method giving rise to keto or amino substituted
derivatives have been described in the literature. The most
widely used synthesis (Scheme 15) involves closure of a 3,4diaminopyridazine derivative such as (54) using reagents
such as formic acid to form the imidazole ring.23 Other
reagents that have been used to close the imidazole ring in
(54) include carbon disulphide24 in which case the thiol
derivative (56) is obtained in 62% yield. Treatment with
hydrogen over Raney nickel removed the sulphur group in (56)
to give the aminoimidazo[4,5-c]pyridazine derivative (55).
The yield of this step was however disappointing, being only
29% . In the reaction of the triaminopyridazine derivative
(54) with carbon disulphide none of the product (57) of
alternative ring closure through the 4- and 5-amino
substituents was observed.

1.3.2 Biological activity of imidazol4,5-c]pyridazine
derivatives

The imidazo[4,5-c]pyridazine ring system can be
considered as a scrambled purine in which the position of
the nitrogen atom at N-i of purine has been altered. As
such imidazo[4,5-c]pyridazine derivatives might be expected
to have interesting and important biological properties.
However relatively little on the biological activity ofthese

cl
(i)

SiMe3
(59)

cl

BzO

4

BzO OBz
(61)

(60)

(Me3Si)2NH, NR4SO4, reflux.

(62)

Bz 0
07JvBr

Hg(CN)2, PhH, reflux.

BzO OBz

NH3, MeOH, room temp.
NH3, EtOH, heat, pressure.
Scheme 16

12

heterocylces has been reported in the chemical literature.
One example (Scheme 16) of an active compound is the
nucleoside (62) prepared by Halverson and Castle25. This
compound was synthesised from the protected nucleoside (60)
which was obtained in good yield (60%) by the route shown in
Scheme 16.

Deprotection then gave the nucleoside (61) in

74% yield. However the final step leading to the adenosine
analogue (62) occurred only in 20% yield. The nucleoside
(62) was shown26 to inhibit platelet aggregation induced by
ATP.

1.4 Syntheses and biological activity of imidazol4,5b1pyrazine derivatives

This survey of synthetic routes available for the
construction of the imidazo[4,5-]pyrazine ring system (3)
is restricted to derivatives containing keto and amino
functional groups since it is the presence of these
substituents which is likely to impart interesting
biological properties to the compounds. Simple alkyl and
aryl substituted compounds are not covered.
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1.4.1 Synthetic routes to imidazol4,5-b}pyrazjne
derivatives

The synthesis of the imidazo[4,5-b]pyrazine ring system
can be approached from two directions. Firstly a pyrazine
derivative can be constructed with suitable substituents
(e.g. amino groups) in the 2 and 3 positions appropriate for
ring-closure to form the imidazole ring. Secondly the
starting point can be an imidazole derivative suitably
functionalised to allow the construction of the six-membered
pyrazine ring on the d-face of the imidazole ring. Both of
these approaches have been reported in the literature for
the successful synthesis of imidazo[4,5-b]pyrazine
derivatives. Certain rearrangements and ring contractions
of other ring systems are also known to give rise to
imidazo[4,5-b]pyrazine derivatives.
One of the earliest preparations of a keto substitued
imidazo[4,5-b]pyrazine derivative was in 1957 when Martin
and Tarasiejska27 prepared (Scheme 17) the 2,3diaminopyrazine derivative (64) by treating the
corresponding dichioro compound (63) with ammonia under
pressure in the presence of copper metal. Heating the
diamine (64) with urea caused ring-closure resulting in
formation of the imidazo[4,5-b]pyrazine derivative (65). An
alternative route (Scheme 18) to imidazo[4,5-b]pyrazine
derivatives with a keto substituent in the imidazole ring
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was exploited28 in 1968. Starting with the commercially
available pyrazinecarboxylic acid (66), the hydroxamic acid
(67) was prepared which on treatment with benzenesulphinyl
chloride gave the benzenesulphonate derivative (68). Loss
of benzenesulphonic acid then resulted in formation of the
imidazo[4,5-b]pyrazine (71) presumably by transient
formation of the nitrene (69), rearrangement to the
isocyanate (70) and then closure of the imidazole ring.
A more recent approach to imidazo[4,5-b]pyrazine
derivatives starting from pyrazine precursors was provided
by Russian workers29 who reacted (Scheme 19) the pyrazinium
tetrafluoroborates (72) with the diarylureas (73). This
reaction is reported to occur in 57-96% yield to give the
pentahydroimidazo[4 , 5-]pyrazine derivative (74).
Syntheses of imidazo[4,5-b]pyrazine derivatives
starting from imidazole precursors are rare in the
literature. One such synthesis (Scheme 20) has been
described by Tuchtenhagen and Ruehlman30 who cyclised the
disilyl diimine (75) using phosgene to give the imidazole
derivative (76). Reaction of the latter with 1,2diaminoethane gave the saturated imidazo[4,5-b]pyrazine
derivative (77).
The biologically interesting nucleoside3-(80) (Scheme
21) was prepared from the imidazole derivative (78).
Treatment with ammonia under pressure displaced the bromine
atom to give the amine (79) in quantitative yield. The
acetyl protecting groups were also cleaved under these
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conditions. Reduction of the nitro group and then
condensation of the resulting diamine (which was not
isolated) with butane-2,3-dione gave the imidazo[4,5]pyrazine derivative (80) in 65% yield.
An example of the synthesis (Scheme 22) of an
imidazo[4,5-b]pyrazine derivative resulting from the
contraction of another ring system was provided in 1984 when
the imidazo[4,5-b]pyrazine derivative (82) was shown32 to be
a product of the solvolysis of the pyrazino[3,4-d]pyrimidine
(81). A similar ring contraction was demonstrated by Noar
et a133 in 1986.
1.4.2 Biological properties of imidazol4,5-blpyrazine
derivatives

Iniidazo[4,5-b]pyrazine derivatives, being analogues of
the purine ring system with the nitrogen atom at position 1
shifted to position 6, might be expected to have significant
biological activity. In fact few examples of imidazo[4,5]pyrazine derivatives have been shown to be biologically
active. The ethylainino derivative (88) (Scheme 23),
synthesised34 from the pyrazinecarboxylic acid (83) in
several steps, was shown to be a potent hypotensive agent
and also was an in vitro inhibitor of bovine heart cyclic
AMP phosphodiesterase. The acid (84) was first converted to
the hydrazide (85). Diazotisation to the azide (86) and
Curtius rearrangement to the isocyanate (87) followed by
ring closure gave the imidazo[4,5-b]pyrazine (88). The

N
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CN XNH2

(i)

IC

N:

cl,

(90)

WE

(i) CS2, pyridine, NaOH, reflux.

Scheme 24
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imidazo[4,5-b]pyrazine derivative (90) (Scheme 24) prepared
by Barlin35 in 1982 was expected to act as an antibiotic
amplifier. However the compound only weakly enhanced the
activity of the anti-biotic phleoinycin.
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CHAPTER 2

A NEW SYNTHETIC ROUTE TO IMIDAZOI4,5-b]PYRIDINONE

DERIVATIVES BASED ON CYCLISATION OF

1-AMINO-2 -METHYLTHIO-2 -NITROETHENES

18
2.1 Introduction

The large majority of synthetic routes to imidazo[4,5-b]pyridine
derivatives involve the closure of 2,3-diaminopyridines with
electrophilic reagents such as carboxylic acids or the corresponding anhydrides or acid chlorides. For example heating 23diaminopyridine

(91) (Scheme 25) in acetic anhydride results

in a good yield of 2-methyl-1H-imidazo[4,5-b]pyridine.

The re-

quired diaminopyridine starting-materials are often only available in
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in low yield by inflexible and multistep reaction sequences
which limit the choice of substituents on the pyridine ring.
The intention of the studies described in this chapter was
to develop a new flexible synthetic route to highly
functionalised pyridine derivatives which would be suitable
intermediates for further elaboration to imidazo[4,5]pyridine derivatives of potential biological interest.
The proposed synthetic strategy is outlined in Scheme 26.
The key starting-materials were the 1-axnino-2-methylthio-2nitroethenes (94) which are readily available by the
reaction of amines with the known37 1,1-bismethylthio-2nitroethene (93). It was then hoped that the bisnucleophilic nitroethenes (94) could be reacted with biselectrophiles such as malonyl dichloride (95) to give the
hitherto unknown 1-substituted-6-methylthio-5-nitropyridin2(111)-ones (96). It was anticipated that displacement of
the methylthio substituent in these compounds with suitable
alkylamines would give substrates [e.g. (97; R2 = an
electron withdrawing substituent)] suitable for base
catalysed cyclisation to 1-hydroxyimidazo[4, 5-]pyridinone
derivatives (98) by analogy with the known38 base catalysed
cyclisation (Scheme 27) of -alkyl-2-nitroanilines (100) to
1-hydroxybenzimidazole derivatives (101). Reductive removal
of the -hydroxy-substituent in the compounds(98) would then
give rise to the parent imidazo[4,5-]pyridine derivatives
(99). Compounds of the type (99) where R2 is an aryl
substituent are of interest as possible adenosive receptor
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antagonists since it is well known39 that the presence of a
bulky lipophilic substituent in the 2-position of purines is important for successful binding of the molecule to the adenosine
receptor site.
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2.2 Studies on the Annulation Reactions of 1-Amino-1methylthio-2-nitroethenes to 5-Nitro-6-methylthiopyrjdjn2(111)-ones

The first 1-amino-1-methylthio-2-nitroethene
investigated (Scheme 28) was the commercially available40
methylamino derivative (94a). This compound and other
nitrovinylamines investigated in the present studies are
formulated throughout as the more thermodynamically stable41
enamine tautomeric forms (94) and for convenience with the
amino and nitro substituents trans to each other (Z-isomer),
although there is evidence4' that the alternative h-isomer
is more thermodynamically stable. Heating the methylamino
compound (94a) with malonyl dichloride in anhydrous benzene
at 600 gave a low yield (27%) of a high-melting solid
product whose analytical and spectroscopic properties were
fully in accord with its formulation as the previously
unknown pyridinone derivative (96a). In particular the
product's combustion analysis was consistent with the
molecular formula C7H8N204S which was consistent with the
presence of a parent ion at m/z 216 in the compound's mass
spectrum. The i.r. spectrum of the compound showed
absorption at 2700-2400 cm typical42 of the hydroxy and
carbonyl substituents of an enolic ,.B-dicarbonyl structure as
well as absorption at 1535 an 1310 cm-1 due to the presence
of a nitro group. The 1H n.in.r. spectrum of the product
showed two three proton singlets at S 3.59 and 2.47
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assignable to the fl-methyl and .-methyl groups in the
structure (96a) and a one proton singlet at S 5.83
attributable to the proton at position 3 of the pyridinone
ring.
The successful formation of the pyridinone derivative
(96a) albeit in low yield by the condensation of the
methylamino-methylthio-nitroethene (94a) with nialonyl
dichloride (95) prompted the investigation of the scope of
this novel pyridinone synthesis. Thus the known43
benzylaminomethylthio nitroethene (94b) was prepared in
moderate yield (51%) by heating 1,1-bismethylthio-2nitroethene (93) with benzylamine in ethanol. This reaction
also gave a low yield (27%) of the previously undescribed
product of the nucleophilic displacement of both methylthio
groups in the nitroalkene (93) by benzylamine, namely, 1,1bisbenzylamino-2-nitroethene (102), which analysed correctly
and showed spectroscopic properties fully in accord with its
assigned structure.
Heating the benzylaininomethylthionitroethene (94b) with
malonyl dichloride in benzene gave the hoped for pyridinone
derivative (96b) but again in a somewhat dissapointing yield
(43%). The pyridinone derivative (96b) gave a combustion
analysis and mass, i.r. and 1H n.m.r. spectrum fully
consistent with its structure.
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The known44 anilinomethylthionitroethene (94c) was
readily obtained in moderate yield (55%) by heating the
nitroketene dithioacetal (93) with aniline in ethanol. The
reaction of the anhlinomethyithionitroethene (94c) with
malonyl dichloride in benzene at 600 gave only a poor yield
(27%) of the -phenylpyridinone derivative (96c). This
product, which analysed correctly and showed i.r. and
n.m.r. absorption consistent with the assigned structure
(96c) was accompanied by a large amount of intractable oil
from which no identifiable material could be obtained.
In an effort to obtain an improved yield of a
pyridinone product it was decided to investigate the
synthesis and annulation of the 4methoxyanilinomethyithionitroethene (94d) in the expectation
that the presence of the electron-donating 4-methoxysubstituent by enhancing the nucleophilocity of the
phenylamino-group would promote annulation with malonyl
dichloride.

The 4-methoyxanilinomethyithionitroethene

(94d) was readily prepared in high yield (81%) by heating
the 1,1-bismethylthio-2-nitroethene (93) with paraanisidine. Disappointingly, only a low yield (26%) of the
pyridinone derivative (96d) was obtained when the
nitroenamine (94d) was heated with malonyl dichloride in
benzene at 60. The pyridinone derivative (96d) gave a
combustion analysis and mass, i.r. and 1H n.xn.r. spectra
consistent with its assigned structure. In addition this
structure, and hence by analogy those of the other novel

O2N
MeS

)

Figi]re 1

Table 1. Bond Lengths (A) with Standard Deviations

N(1)
N(1)
N(1)
C(1N)
C(1N)
C(2N)
C(3N)
C(4N)
C(4N)
C(5N)
0(1)
C('2)

-C(1N)
- C(2)
-C(2N)
-C(6N)
-C(3N)
-C(4N)
-C(5N)
- 0(1)
-C(6N)
-C(40)
- 0(2)

C(2) - C(3)
C(4) - 0(4)
0(4) - C(S)
0(4) -H(40)
C(S)
N(S)
N(5) -0(51)
N(5) -0(52)
C(6) - S(1)
S(1) -C(1S)

1.449( 8)
1.413( 8)
1.379( 8)
1.390( 9)
1.393(10)
1.380(10)
1.388(11)
1.385(11)
1.378(10)
1.382(11)
1.421(11)
1.262( 8)

1.387( 9)
1.349( 9)
1.333( 8)
1.415( 9)
1.00(6)
1.471( 9)
1.361( 9)
1.203(8)
1.207( 8)
1.764( 6)
1.785(8)

Table 2. Angles (degrees) and Torsion Angles (deees
with Standard Deviations

C(1N)
C(1N)
C(2)
N(1)
N(1)
C(2N)
C(1N)
C(2N)
C(3N)
C(3N)
C(5N)
C(4N)
C(1N)
C(4N)
N(1)
N(1)

- N(1)
- N(1)
- N(1)
-C(1N)
-C(1N)
-C(1N)
-C(2N)
-C(3N)
-C(4N)
-C(4N)
-C(4N
-C(5N)
-C(6N)
- 0(1)
- C(2)
- C(2)

- C(2)
- C(6)
--C(2N)
C(6)
-C(6N)
-C(6N)
-C(3N)
-C(4N)
-C(5N)
0(1)
0(1)
-C(6N)
-C(5N)
-C(40)
0(2)
C(3)

-

-

116.4( 5)
122.1( 5)
121.5( 5)
119.9( 6)
119.8( 6)
120.3(6)
120.1( 6)
119.5( 7)
120.5( 7)
125.5( 7)
114.0( 7)
120.2( 7)
119.3( 7)
116.4( 6)
116.8( 6)
117.8( 6)

--

--

C(3)
C(2)
0(2)
C(4)
C(2)
C(3)
0(4)
C(4)
C(3)
C(5)
C(4)
0(3)
C(5)
C(4)
0(4)
C(4) -0(4) -H(40)
N(5)
C(5)
0(4)
C(6)
C(5)
C(4)
C(6)
N(5)
C(5)
t'1(5) -0(51)
C(5)
N(5) -0(52)
0(51)
N(S) -0(52)
C(S)
0(6)
N(1)
S(1)
C(6)
N(1)
S(1)
C(6)
C(S)
S(1) -C(1S)
0(6)

---

--

125.4( 6)
121.9( 6)
125.8( 6)
118.7( 6)
115.5( 6)
114.8(35)
119.0( 6)
121.7( 6)
119.3( 6)
118.5( 6)
116.7( 6)
124.8( 6)
118.3( 6)
121.4( 5)
120.0( 5)
106,8( 3)

Table 2 continued

C(2)
C(2)
C(6)
C(6)
C(1N)
C(1N)
C(6)
C(6)
C(1N)
C(1N)
C(2)
C(2)
N(1)
C(6N)
N(1)
C(2N)
C(1N)
C(2N)
C(2N)
C(3N)
0(1)
C(3N)

- N(1) -C(1N) -C(2N) 102.2(
- N(1) -C(1N) -C(6N) -78.5(
- N(1) -C(1N) -C(2N) -78.2(
- N(L) -C(1N) -C(6N) 101.0(
- N(1) - C(2) - 0(2) -0.3(
- N(1) - C(2) - C(3) -178.6(
- N(1) - C(2) - 0(2) -179.8(
1.8(
- N(1) - C(2) - C(3)
-179.0(
C(5)
C(6)
- N(1)
- N(L) - C(6) - S(1) 6.2(
0.6(
- N(1) - C(6) - C(S)
- N(1) - C(6) - S(1) -174.3(
-C(1N)
-C(IN)
-C(1N)
-C(IN)
-C(2N)
-C(3N)
-C(3N)
-C(4N)
-C(4N)
-C(4N)

-C(2N)
-C(2N)
-C(6N)
-C(6N)
-C(3N)
-C(4N)
-C(4N)
-C(5N)
-C(5N)
- 0(1)

-C(3N)
-C(3N)
-C(5N)
-C(5N)
-C(4N)
-C(5N)
- 0(1)
-C(6N)
-C(6N)
-C(40)

7)
8)
8)
8)
8)
6)
6)
9)
6)
8)
9)

179.0(
-0.3(10)
-177.6( 6)
1.6(11)
-0.7(11)
0.3(11)
-179.1( 7)
1.2(12)
-179.4( 7)
-2.9(11)

C(5N) -C(4N) - 0(1)
C(4N) -C(5N) -C(6N)
N(1) - C(2) - C(3)
0(2) - C(2) - C(3)
C(2) - C(3) - C(4)
- C(3) - C(4)
- C(4) - 0(4)
C(5) - C(4) - 0(4)
C(3) - C(4) - C(5)
C(3) - C(4) - C(5)
0(4) - C(4) - C(S)
0(4) - C(4) - C(5)
C(4) - C(5) - N(5)
C(4) - C(5) - N(S)
C(6) - C(5) - N(S)
C(6) - C(S) - N(S)
C(4) - C(S) - C(6)
C(4) - C(S) - C(6)
N(S) - C(S) - C(6)
N(5) - C(S) - C(6)
N(1) - C(6) - 5(1)
C(S) - C(6) - S(1)

-C(40)
-C(1N)
- C(4)
- C(4)
- 0(4)
- C(5)
-H(40)
-H(40)
- N(5)
- C(6)
- N(5)
- C(6)
-0(51)
-0(52)
-0(51)
-0(52)
- N(1)
- S(1)
- N(1)
- S(1)
-C(1S)
-C(1S)

177.7( 7)
-2.1(11)
-1.2(10)
-179.4( 7)
178.7( 6)
-1.7(10)
-5.6(40)
174.9(39)
-177.4( 6)
4.2(10)
2.2( 9)
-176.2( 6)
-103.2( 8)
75.4( 8)
75.2( 8)
-106.2( 7)
-3.6( 9)
171.3( 5)
178.1( 5)
-7.0( 8)
-58.7( 6)
126.5( 6)
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penta-substituted pyridinone derivatives (96a-c) was firmly
verified by x-ray analysis (see Figure 1 and Tables 1 and
Z).
Having shown that the annulation of a variety of 1ainino-1-methylthio-2-nitroethene derivatives (94a-d) with
malonyl dichloride provides a novel, if low-yielding,
synthetic method for otherwise inaccessible, high
functionalised pyridinone derivatives (96a-d), effort was
next directed to improving the yields of these processes.
However increasing the proportion of malonlyl dichloride in
the hope of improving the reaction efficiency had the
reverse effect. Thus, heating the
benzylaminornethylthionitropyridine (94b) with two
equivalents of malonyl dichloride in benzene at 600 gave a
reduced yield of the pyridinone derivative (96b) (38% as
opposed to 43% using a single equivalent of malonyl
dichloride). The use of two equivalents of the
aminomethylthionitroethene to one of malonlyl dichloride
resulted in an even lower yield.

Thus heating two

equivalents of the methylamino derivative (94a) with one
equivalent of malonyl dichloride in benzene afforded the
pyridinone derivative (96a) in only 24% yield as opposed to
the yield of 41% obtained using equivalent amounts of the
enamine (94a) and malonyl dichloride.
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The effect of changing the solvent was also
investigated. Heating equivalent amounts of the
methylamino-derivative (94a) and malonyl dichloride in
dichioromethane afforded the pyridinone derivative (96a) in
improved yield (41%) compared with that (27%) obtained in
benzene. In contrast reaction of the
anilinomethyithionitroethene (94c) with malonyl dichloride
in ref luxing acetonitrile afforded the pyridinone derivative
(96c) in only 4% yield.
Since alteration of reactant proportions and change in
solvent had failed to achieve a marked increase in yield it
was next decided to investigate the effect of base catalysis
on the efficiency of the reaction.
Junjappa, ha and co-workers have shown45 (Scheme 29) that
5-acylpyridinone derivatives (104) are obtained in high
yield (70-90%) by reaction of the acylketone-S,N-acetals
(103) with malonyl dichloride (95) in benzene in the
presence of triethylaTnine. These reactions appeared in the
literature after the present studies had been initiated and
the similarities between the enamines (103) and the
nitroalkenes (94) currently under investigation prompted an
attempt to react the methylaminomethyithionitroethene (94a)
with malonyl dichloride (95) in the presence of
triethylamine. Anhydrous 1,4-dioxane was used as the
solvent in this reaction due to the poor solubility of the
nitroalkenes (94) in general in cold benzene. Under these
conditions however, only a low yield of the starting
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nitroenamine (94a) was obtained, together with a
multicomponent gum from which none of the expected
pyridinone (96a) could be isolated. The attempted reaction
of the methylamino-compound (94a) with malonyl dichloride in
ref luxing dichioromethane in the presence of pyridine as a
base gave only an intractable mixture from which none of the
expected pyridinone derivative (96a) could be isolated. An
attempt to react the benzylainino inethyithionitroethene (94b)
with malonyl dichloride (95) in neat pryidine at 600, gave
only a high recovery of the unreacted starting-material
(94b). In this case it was possible that the highly
reactive malonyl pyridinium salt that would be formed
between the acid chloride and pyridine, was decomposing
before it had time to react with the nitroenamine (94b).
As an alternative to amine bases, it was decided to
investigate the effect of anhydrous sodium acetate on the
reaction of the anilinomethyithionitroethene (94c) with
malonyl dichloride (95) in benzene. The expected pyridinone
derivative (96c) was obtained but the yield was only
marginally better (30% as opposed to 27%) than that obtained
in the same reaction without base. An attempt to improve
the yield of the pyridinone derivative (96c) by reacting the
more nucleophilic anion of the anilinomethylthionitroethene
(94c) with malonyl dichloride (95) was made by performing
the reaction in a mixture of benzene and aqueous sodium
hydroxide in the presence of the phase transfer catalyst
tetrabutylammonium hydrogen sulphate in the hope of

02N

02N

1

(i)

Me2NNHMe

MeSNHMe
(94a)

(105)

7/
OH

Me2N

N

0

Me
(106)

Me2NH, MeOH, reflux.
CI
benzene, reflux.

Scheme 30
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transporting the anion of (94c) into the organic phase where
it could then react rapidly with the malonyl dichloride
(95). The expected j-phenyl pyridinone derivative (96c) was
obtained under these conditions but the yield (38%) was
again disappointing.
It was thought at this stage that the powerful
electron-withdrawing effect of the nitro group was
decreasing the nucleophilicity of the nitroenarnines (94)
thus resulting in the poor yields of the pyridnones (96).
To compensate for this it was therefore decided to replace
the methylthio-substituent in the aminomethyithionitroethene
(94a) with an electron releasing substituent and to
investigate the influence this had on the reaction with
malonyl dichloride (95). Thus the mercaptan (94a) was
converted in high yield (94%) (Scheme 30) into the
dimethylaminonitroethene (105) by heating in inethanolic
dimethylamine. The dimethylaminomethylaminonitroethene
(105) analysed correctly and showed spectroscopic properties
fully in accord with the assigned structure. However an
attempted reaction of the enediamine (105) with malonyl
dichloride (95) in anhydrous benzene, none of the expected
dimethylaniinopyridinone derivative (106) was obtained, the
product of the reaction being an intractable brown oil.

O2N

MeS

A

(i)
SMe

(93)
(107)

(108)
H2N(CH2)2NH2, EtOH, reflux.
, CH3CN, 600.

Scheme 31
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The attempted annulation (Scheme 31) of the known46
cyclic enediamine derivative (107) with malonyl dichloride
was no more successful. The compound (107) was prepared in
quantitative yield by the reaction of the
bismethylthionitroethene (93) with ethylenediamine in the
hope that the presence of the two amino groups would
increase the nucleophilicity of the molecule at the
nitroalkene carbon centre. However in practice the reaction
of the cyclic enediamine (107) with malonyl dichloride in
acetonitrile at 600 gave only intractable gums with no
evidence for the formation of the expected imidazopyridinone
derivative (108).
As an alternative approach to increasing the
nucleophilicity of the amino centre in the nitroenamine
derivatives (94), attention was next directed to the
hydroxyamino compound (94e) in anticipation that the
hydroxy-substituent would enchance the nucleophilicity of
the adjacent -moiety even after preliminary -acy1ation.
The known47 hydroxyamino-compound (94e) was prepared in
moderate yield by reaction of the bismethylthionitroethene
(93) with hydroxylamine. However the attempted reaction of
the hydroxyamino-compound (94e) with malonyl dichloride in
benzene at 600 gave only complex oils and small amounts of
uncharacterisable solids.
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With a view to gaining a clearer understanding of the
reactivity of the nitroeneamines (94) towards acylation, the
behaviour of the methylaminoinethylthionitroethene (94a)
towards other carboxylic acid chlorides was investigated.
For example, it is possible that initial reaction of (94a)
with malonyl dichloride (Scheme 32) might give rise to two
possible ketone intermediates (ill) or (112) either of which
could cyclise to the observed pyridinone product (96a). If
the final ring-closure step to the pyridinone [(111) or
-> (96a)] was slow the ketene intermediates might
react along other pathways (eg. polymerisation) thus
resulting in the low reaction efficiency observed. It was
therefore decided to investigate the reaction (Scheme 33) of
the nitroenamine (94a) with 2,2-dimethylmalonyl dichloride
since the intermediates (114) or (115) formed in this
case would be structurally incapable of giving ketene
derivatives and hence might undergo efficient ring-closure
to the pyridinone (116). In practice, however, heating the
methylaminoinethylthionitroethene (94a) with the readily
prepared 2,2-dimethylmalonyl dichloride (113) in benzene at
600 gave only a low yield of the hydrochloride of the
starting-material (94a) together with intractable oils. The
nitroethene derivative (94a) also failed to react (Scheme
34) with monomethylmalonyl dichloride (117) to give the 3methylpyridinone derivative (118), the only material
isolated from this reaction being a moderate yield of the
hydrochloride of the starting-material (94a).
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Since the bisacylation of aminomethylthionitroethenes
(94) with malonyl dichiorides to give 4-hydroxypyridin2(111)-ones (96) was proving more difficult than expected it
was decided to investigate the reactions of the enamines
(94) with simple acylating agents in the hope of gaining
insight into the behaviour of the enamines (94) towards
acylation in general.
However heating the benzylaminomethylthionitroethene
(94b) with acetyl chloride in dichioromethane under ref lux
(Scheme 35) gave only a 50% yield of the hydrochloride of
the starting-material (94a) together with a low yield of an
intractable solid mixture in which neither of the simple
monoacetyl derivatives (119) or (120) could be detected.
The methylamino compound (94a) also failed to react with
acetyl chloride in 1,4-dioxane in the presence of
triethylamine, only the starting-material (94a) being
recovered albeit in low yield (43%).
Because of the consistently low yields of the novel
pyridinone derivatives (96a-d) obtained in the reactions of
the aminomethyithionitroethenes (94a-d) with malonyl
dichloride, it was decided to investigate a more
controllable stepwise approach to the annulation of
aminomethyithionitroethenes (94) to the corresponding 4hydroxypyridin-2(1H)-ones (96). The stepwise annulation
strategy adopted involved (Scheme 36) the initial conversion
of the aininomethyithionitroethenes (94) by reaction with
ethyl malonyl chloride into acylated intermdiates (121)
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and/or (122). It was anticipated that the intermediate
esters (121) and/or (122) could then be transformed
thermally under controlled conditions into the required
pyridinones (96) in high yield. In practice heating the
methylaminomethylthionitroethene (94a) with ethyl malonyl
chloride in benzene gave only a low yield of the
hydrochloride of the starting-material (94a) together with
intractable oils. Both the
benzylaminomethylthionitroethenes (94b) and the
anilinomethyithionitroethene (94c) failed to give any of the
desired ester derivatives (121b and c) and/or (122b and c)
under analogous conditions, intractable multicomponent oils
and gums being the only products of these reactions.
Attempted base-catalysis of processes of the type [(94) ->
(121) + (122)] was no more successful. Thus the attempted
reaction of the benzylaminomethylthionitroethene (94b) with
ethyl malonyl chloride in acetic acid in the presence of
sodium acetate gave only a high recovery of the unchanged
(94b). Carrying out the same reaction in diniethylformamide
in the presence of triethylamine was also unsuccessful, the
starting-material (94b) being recovered in 50% yield
together with an intractable red oil. Treating the
benzylaminoinethylthionitroethene (94b) with sodium hydride
in dimethylformamide and attempting to react the resulting
anion with ethyl malonyl chloride also failed to effect
acylation, the starting-material (94b) again being recovered
unchanged in high yield.
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Although little success had been achieved in improving
the yields of the pyridinone products (96) in the reactions
of the aminomethyithionitroethenes (94) with inalonyl
dichloride, the novel nature of these useful syntheses of
highly functionalised pyridine derivatives prompted the
investigation of similar annulation reactions of the
aininomethylthionitroethenes (94a-c) with other biselectrophilic reagents. Thus the
benzylaminomethylthionitroethene (94b) was heated with
cyanoacetyl chloride in benzene in the hope of obtaining
(Scheme 37) either or both of the aminopyridinone
derivatives (123) and (124). Disappointingly however, this
reaction yielded only intractable oils and gums. An attempt
to condense the nitroethene (94b) with cyanoacetic acid in
the presence of the dehydrating agent
dicyclohexylcarbodiimide was also unsuccessful, the
starting-matrial (94b) being recovered in high yield
together with a good yield of dicyclohexylurea. In
contrast, the methylaminomethylthionitroethene (94a) reacted
with acryloyl chloride in benzene at 600 (Scheme 38) to give
a low yield (17%) of a product whose analytical and
spectroscopic properties allows its formulation as the
piperidinedione (126). In particular combustion analysis
indicated a molecular formula C6H8N204 which was in
agreement with the presence of a parent ion at m/z 172 in
the product's mass spectrum. The compound's 1H n.m.r.
spectrum was also consistent with the structure (126) and
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the lack of absorption due to olefinic hydrogen atoms in
particular excluded the alternative isomeric alkenone
structure (127).
The reaction (Scheme 39) of the nitroenamine (94a) with
phthaloyl dichloride (128) in benzene at 600 was also
attempted in the hope of obtaining the interesting
benzazepinedione (129). However this reaction gave only a
low yield of the hydrochloride of the starting-material
(94a) together with an intractable mixture.
The aminomethyithionitroethenes (94b and c) were
completely inert to uncatalysed thermal annulation with biselectrophilic reagents. Thus the attempted condensation of
the benzylaininomethylthionitroethene (94b) with ethyl 3oxobutanoate (ethyl acetoacetate) in xylene under ref lux
(Scheme 40) gave only a moderate recovery of unchanged
starting-material (94b) together with an intractable gum,
instead of the hoped for pyridinone products (130) and/or
(131). The nitroenamine (94c) likewise failed to react
(Scheme 41) with dimethyl acetylenedicarboxylate at elevated
temperature in benzene, the starting-material (94c) being
recovered in 55% yield together with uncharacterisable gums.
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2.3 Synthesis and Base Catalysed Cyclisation Reactions of
6-Arylmethylamjno-4-hydroxy-5-njtropyrjdjn-2 (1H) -ones

The successful annulation reactions of aminomethylthio
nitroethenes (94) with malonyl dichloride described in the
previous section, though inefficient, provided a viable
route to otherwise inaccessible 4-hydroxy-6-methylthio-5nitropyridin-2(1H)-ones (96) for further elaboration (Scheme
42) via the formation and base-catalysed cyclisation of
arylalkylamino derivatives (97) to hydroxyimidazopyridinones (98) and thence by reduction to
the parent imidazopyridinones (99). Thus (Scheme 42)
heating the -methylpyridinone (96a) with benzylainine in
1,4-dioxane gave a quantitative yield of an orange
crystalline solid whose analytical and spectroscopic
properties were fully consistent with benzylaminopyridinone
structure (97a). Combustion analysis corresponded to the
molecular formula C13H13N304, while the mass spectrum showed
a parent ion at m/z 275. The 1H n.m.r. spectrum showed
clearly that the benzylamino group had been introduced by
the presence of a two proton doublet at S 4.72 assignable to
the methylene group and a five proton multiplet at S 7.197.46 due to the protons of the benzene ring. The three
proton singlet at S 3.57 and the one proton singlet at S
5.56 are attributable to the methyl group at position 1 and
the proton at position 3 of the the pyridine ring

35

respectively. An attempt to verify the structure of the
benzylaminopyridinone (97a) by catalytic reduction to the
corresponding amine was unsuccessful with the startingmaterial (97a) being recovered unchanged in high yield.
Heating the compound (97a) in niethanolic sodium hydroxide
caused its conversion in high yield into the novel hyroxyimidazo[4,5-b]pyridinone deriative (98a). Again
analytical and spectroscopic data were unequivocal in
allowing the assignment of the structure of this product as
(98a). In further accord with this structure reduction with
sodium dithionite in aqueous dimethylformamide gave the
parent imidazopyridinone (99a) in good yield. The
analytical and spectroscopic properties of this compound
were fully in agreement with its assigned structure. In
contrast the attempted acetylation of the Nhydroxyimidazopyridinone (98a) with acetic anhydride to give
the corresponding -acetoxy derivative (98a; OAc for OH)
afforded instead a high-melting solid which resisted all
attempts at characterisation.
The 11-methylpyridinone (96a) also reacted readily with
4-chiorophenylmethylamine to give a quantitative yield of
the expected arylmethylaminopyridinone (97b) which in turn
underwent cyclisation in methanolic sodium hydroxide to
afford the -hydroxyimidazo[4, 5-]pyridinone derivative
(98b) and thence by reduction the parent imidazopyridinone
(99b). The imidazopyridinone derivatives (97b) and (98b)
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analysed correctly and gave mass, i.r. and 'H n.m.r. spectra
fully consistent with their assigned structures.
The investigation of the displacement of the
methylthio-substituent by benzylamine in the -benzyl and jphenylpyridinones (96b) and (96c) led to unexpected results.
Thus heating the benzylaminomethylthiopyridinone (96b) with
benzylamine in ethanol (Scheme 43) gave a low yield of the
bisbenzylaminonitroethene (102) together with an intractable
blue solid rather than the anticipated benzylaminopyridine
product (134). The ring-cleavage observed in this reaction
is surprising in view of the straightforward substitution of
the methylthio-substituent in the N-methyl compound (96a) by
benzylamine. An attempt to form the benzylaminopyridinone
(134) by the alternative reaction of the
bisbenzylaminonitroethene (102) with malonyl dichloride in
benzene at 600 gave only an intractable mixture. In this
case the reaction may be complicated by competing acylation
at both amino substituents rather than at one of the amino
centres and the C(2) position of the enamine system in
(102)
The attempted displacement of the methylthio group in
the I-phenylpyridinone (96c) with benzylamine under the
conditions which succeeded with the fl-methyl compound (96a),
gave only a high recovery of the unchanged starting-material
(96c). The differing reactivities of the three pyridinone
derivatives (96a-c) towards displacement of the methylthiosubstituent by benzylamine illustrate the marked change in

37

properties caused by varying the (l)-substituent. The
reluctance of the methylthio-group in the pyridinone
derivative (96c) to undergo nucleophilic displacement may be
due to steric hindrance by the -phenyl substituent. On the
other hand the formation of the bisbenzylaminonitroethene
(102) when the j-benzyl pyridinone (96b) is reacted with
benzylamine suggest that the inethylthio-substituent
undergoes nucleophilic displacement as expected. However
the pyridine ring in the resulting benzylaminopyridinone
(134) must then be susceptible to degradation under the
reaction conditions though the reason for this is not clear.

Microanalyses were carried out by Mrs E. McDougall,
Department of Chemistry, University of Edinburgh, using a
Carlo-Erba Strumentazione 1106 elemental analyser. Melting
points were carried out on a Gallenkainpf apparatus and are
uncorrected. Melting points of analytical samples were
determined using a Kofler hot-stage microscope and are
uncorrected.
All reagents were laboratory grade unless specified.
Sodium hydride was a 50% suspension in mineral oil and was
washed with anhydrous ether before use. Solvents were of
technical grade unless otherwise stated and unless specified
light petroleum had b.p. 60-80. Organic extracts were
dried over anhydrous magnesium sulphate or sodium sulphate
prior to filtration and evaporation under reduced pressure.
All yields are based on unrecovered starting material.
Chromatography was carried out over silica (Merck
7734), flash-chromatography was carried out over silica
(Merck 9385) and dry column flash-chromatography was carried
out over silica (Merck 7736). Thin layer chromatography
(t.l.c.) was carried out on Polygram SIL G/UV254 precoated
plastic sheets. Ammonia used in chromatography refers to 70%
w/w aqueous ammonia.
X-ray diffraction data were collected using a StoeStadi-4 four circle diffractometer on single crystals grown
from the stated crystallisation solvent.
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Synthesis of 1-Amino-1-methylthio-2-njtroethenes (94)
(a) 1-Benzylamino-1-methylthio-2-nitroethene (94b)

A solution of 1,1-bismethythio-2-nitroethene (93) (6.6
g, 0.04 mol) and benzylamine (4.4 g, 0.04 mol) in ethanol
(80.0 ml) was heated under ref lux for 4h.
Evaporation of the mixture and trituration of the
residue with ethanol gave a solid (7.4 g) which was f lashchromatographed over silica.
Elution with dichioromethane-ethyl acetate (1:1)
afforded 1-benzylamine-1-methylthio-2-nitroethane (94b)
(4.6 g; 51%), m.p. 107-1100 (lit.43, 111-1120), identified
by comparison (m.p. and i.r. spectrum) with an authentic
sample.
Further elution with dichioromethane-ethyl acetate
(1:1) gave 1,1-bisbenzylamino-2-nitroethane (102) (1.6 g;
27%) which formed colourless spars, m.p. 206-2070 (from
ethanol), Vmax 3270 and 3200 (NH) and 1575 and 1350 (NO2)
cm, SH [(CD3)SO] 10.75-10.25 (1H, bs, NH), 8.38-7.60 (1H,
bs, NH), 7.31 (10H, S, ArH), 6.48 (1H, s, CH) and 4.46
(4H,s,CH2)

Found: C, 67.4; H, 6.0; N, 14.7%; M+, 283
911N322requires: C, 67.8; H, 6.1; N, 14.8%; M, 283
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1-Anhlino-1-methylthjo-2-njtroethene (94c)

1-Anilino-1-methylthio-2-nitroethene (94c) was prepared
by heating 1,1-bismethylthio-2-nitroethene (93) with aniline
in ethanol as described by Hamberger et

ai",

yield 68%, and

had m.p. 146-1470 (lit.46, 147-1480 ).

1- (4-Methoxyphenylamino) -1-methylthio-2-nitroethene
(94d)

A solution of 1,1-bismethylthio-2-nitoethene (93) (4.1
g, 0.025 mol) and 4-methoxyaniline (3.1 g, 0.025 mol) in
ethanol (75.0 ml) was heated under ref lux for 4h.
After cooling, filtration afforded a solid which was
combined with further material obtained by evaporating the
ethanolic filtrate and triturating the residue with methanol
to give 1-(4-methoxyphenylamino) -1-methylthjo-2-njtroethene
(94d) (total 4.9 g; 81%) which formed yellow blades, m.p.
157-1590 (from ethanol), Vmax 1510 and 1335 (NO2) cm- 1, SH
(CDC13) 10.57 (lH, 5, NH), 7.17 (2H, d, J 9Hz, ArH), 6.64
(1H, S, CH), 3.50 (3H, s, CE!3) and 2.32 (3H, s, CH3).

Found: C, 49.8; H, 5.0; N, 11.6%; M+, 240
91rjHN223S requires: C, 50.0, H, 5.0; N, 11.7%; N, 240
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Evaporation of the methanolic mother liquor gave a
black gum (1.3 g) which was shown by t.l.c. in
dichioromethane-ethyl acetate (1:1) over silica to
be a complex multicomponent mixture which was not
investigated further.

1-Methvlamino-1-inethylthio-2-nitroethene (94a)

1-Methylamino-1-methylthio-2-mitroethene (94a) was
kindly provided by Glaxo Group Research Limited (Montrose).

1-Hydroxyamino-1-inethylthjo-2-nitroethene (94e)

1-Hydroxyamino-1-methylthio-2-nitroethene (94e) was
prepared by the reaction of 1,1-bismethylthio-2nitroethene (93) with hydroxylamine hydrochloride in ethanol
in the presence of sodium carbonate, yield 53%, and had m.p.
45490 (lit.47, 64-690)
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1-Dimethylamino-1-niethylamjno-2-njtroethene (105)

1-Methylamino-1-methylthio-2 -nitroethene (105)
(3.0 g, 0.02 mol) was dissolved in a 33% w/w solution of
dimethylamine in ethanol (130 nil) and the yellow solution
was heated under ref lux for 0.5h.
Evaporation of the mixture gave a yellow oil (3.5 g)
which solidified on scratching. Crystallisation of the
solid from toluene afforded 1-diniethylamino-1-inethylamjno-2nitroethene (105) (2.7 g; 94%), as yellow spars, in.p. 118119°, Vmax 3170 (NH) and 1520 and 1345 (NO2 ) cm, 8H
(CDC13 ) 9.75-9.38 (1H, bs, NH), 6.42 (1H, S, CH), 2.94 (3H,
d, 3 5 Hz, CH3) and 2.87 (6H, S1 2 x CH3).

Found: C, 41.5; H, 7.7; N, 29.0%; M+, 145
HN322requires: C, 41.4; H, 7.6; N, 29.0%; N, 145

2 -(2-Nitromethvlidene)-2,3,4,5-tetrahydro-li-i-jnijaazole (107)

2-(2-Nitroniethylidene)-2, 3,4,5 -tetrahydro-1H-imidazole
(107) was prepared by the reaction of 1,1-bismethylthio-2nitroethene (93) with 1,2-diaminoethane as described by
Gompper and Schaeffer46 , yield 100%, and had m.p. 168-170 0
(lit.46 , 1700).
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1-Benzyl-4 (2) -hydroxy-6-methylthjo-5-njtropyrjdjn-2 (4) (1H) one (96b)

A suspension of the nitroenamine (94b) (2.3 g, 0.01
mol) in anhydrous benzene (50.0 ml) was stirred, treated
dropwise at room temperature with nialonyl dichloride (2.8 g,
0.02 mol) and the mixture then stirred and heated at 600
(oil bath) for lh.
The mixture was evaporated and the residual gum was
triturated with benzene to give a solid (1.1 g). The solid
was dissolved in 2M aqueous sodium hydroxide (10.0 ml) and
the solution acidified with 2M aqueous sulphuric acid. The
precipitated orange solid was collected to give 1-benzyl4(2) -hvdroxv-6-methylthio-5-nitropyridjn-2 (4) (111)-one (96b),
(0.79 g; 31%) which formed orange needles, m.p. 205-206 0
(from cyclohexane - ethyl acetate), Vmax 1640 (CO) and 1520
and 1330 (NO2) cm, S11{(CD3)2S0] 7.41-7.07 (5H, m, ArH),
5.93 (1H, s, H-3) (exch.) 5.44 (2H, s, CH2) and 2.27 (311, s,
CH3).
Found: C, 52.1; H, 4.1; N, 9.2%;
M+, 292
9HN294S.1/2 H20 requires: C, 51.8, H, 4.4; N, 9.3%;
(M-1/2H20) , 292
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Evaporation of the benzene mother liquor gave a brown
gum (2.1 g) from which no further identifiable material
could be obtained.

4 (2)-Hvdroxv-6-methylthio-5-nitro-1-phenylpyridjn-2 (4) (1H) one (96c)

A solution of the nitroenamine (94c) (0.84 g, 0.004
mol) in anhydrous benzene (30.0 ml) was stirred and treated
dropwise at room temperature with a solution of malonyl
dichloride (0.62 g, 0.0044 mol) in anhydrous benzene (5.0
ml). The mixture was then heated at 600 (oil bath) for lh.
The mixture was evaporated and the residue was
triturated with ether to give a brown solid which was washed
with water and then dichioromethane. The resulting yellow
solid was combined with further material obtained by
combining the ethereal and dichioromethane washings,
evaporating, dissolving the residue in 10% w/w aqueous
sodium hydrogen carbonate, washing the solution with
dichioromethane, acidifying with 2M aqueous sulphuric acid,
extracting with dichloromethane and triturating the
resulting gum with ether-dichloromethane to give 4(2)hydroxy-6-hydroxy-6-methylthio-5-njtro-1-phenylpyrjdjn_
2(4)(1H)-one (96c) (total 0.30 g; 27%), Vmax 3060-2400 br
(OH) and 1535 and 1365 (NO2) cm, SH [(CD3)2S0] 7.54-7.28
(5H, in, ArH), 5.89 (1H,

S1

11-3) (exch.) and (3H, s, CH3).
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Found: C, 51.3; H, 3.5; N, 10.1%;
M+, 278.0365
9HN294S requires: C, 51.8; H, 3.6; N, 10.0%;
M, 278.0361

The Attempted Reaction of 1-Benzylamino-1-methylthio-2mitroethene (94b) with Malonyl Dichloride in the Presence of
Pyridine

A solution of the nitroenamine (94b) (0.9 g, 0.004 mol)
in tAnalart pyridine (5.0 ml) was stirred at ice-bath
temperature and treated dropwise with malonyl dichloride
(0.62 g, 0.0044 mol) and the mixture heated at 600 for lh.
The cooled mixture was acidified with 2M aqueous
sulphuric acid and filtered to give a black solid (1.1 g)
m.p. 95-1000, which was shown by its i.r. spectrum and by
t.l.c. in dichioromethane-ethyl acetate (1:1) over silica to
be largely the starting nitroenamine (94b).
An attempt to purify the solid by dissolution in 2M
aqueous sulphuric acid gave only an intractable black oily
solid (0.51 g) which resisted further characterisation.
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The Reaction of 1-Anhlino-1-methylthjo-2--njtroethene (94c)
with Malonyl Dichloride in the Presence of Sodium Acetate

A solution of the nitroenanilne (94c) (1.1 g, 0.005 mol)
in anhydrous benzene (50.0 ml) was treated with powdered
fused sodium acetate (2.1 g, 0.025 mol) and the resulting
suspension was stirred, treated dropwise with a solution of
malonyl dichloride (0.78 g, 0.0055 mol) in anhydrous benzene
(25.0 ml) and then heated at 600 for lh.
The mixture was evaporated and the residue was treated
with water (25.0 ml) and extracted with dichioromethane to
give a brown gum (1.2 g). This was triturated with etherdichioroinethane to give a yellow solid which was combined
with further material obtained by evaporating the
trituration mother liquor, dissolving the residue in 10% w/v
aqueous sodium hydrogen carbonate (10.0 ml), washing the
solution with dichioromethane, acidifying with 2N aqueous
sulphuric acid, extracting with dichioroinethane and
triturating the resulting oil with dichioromethane to give
4(2)-hydroxy-6-methylthio-5-nitro-1_phenylpyrjdjn_2 (4) (1)one (96c) (total 0.42 g; 30%), in.p. 245-2470 , identified by
comparison (m.p. and i.r. spectrum) with an authentic
sample.
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Evaporation of the dichioromethane mother liquor gave a
black oil (0.66 g) whose t.l.c. in dichioromethane-ethyl
acetate (1:1) over silica showed it to be a multicoinponent
mixture which was not investigated further.

The Reaction of 1-Anilino-1-methylthjo-2-njtroethene (94c)
with Malonyl Dichloride in Acetonitrile

A stirred solution of malonyl dichloride (0.62 g,
0.0044 mol) in anhydrous acetonitrile (10.0 ml) was treated
dropwise at room temperature with a solution of the
nitroenamine (94c) (0.84 g, 0.004 mol) in anhydrous
acetonitrile (30.0 ml). The mixture was stirred at room
temperature for 25h by which time t.1.c. in dichioromethaneethyl acetate (1:1) over silica showed the nitroenamine
(94c) still to be present. The mixture was therefore heated
at 600 for lh.
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Evaporation of the mixture gave a brown gum (1.3 g)
which was dissolved in 10% w/v aqueous sodium hydrogen
carbonate (5.0 ml) and the solution extracted with
dichloromethane to give an intractable brown gum (0.45 g).
The alkaline aqueous phase was acidified with 2M
aqueous sulphuric acid and extracted with dichloromethane to
give a gummy brown solid which was triturated with
dichloromethane to afford 4(2) -hydroxy-6-methylthio-5-nitro1-phenylpyridine-2(4) (111)-one (96c) (0.05g; 4%), m.p. 245248°, identified by comparison (m.p. and i.r. spectrum) with
an authentic sample.

The Attempted Reaction of 1-Anilino-1-methylthio-2nitroethene (94c) with Malonyl Dichloride in the Presence of
Tetra-n-butylammonium Hydrogen Sulphate

A solution of the nitroenamine (94c) (0.84 g, 0.004
mol) and tetra-n-butylammonium hydrogen sulphate (0.68 g,
0.002 mol) in 10% w/v aqueous sodium hydroxide (20.0 ml) was
mixed wtih a solution of malonyl dichloride (0.62 g, 0.0044
mol) in benzene (20.0 ml) and the two phase mixture was
heated at 800 for 17.5h.
After cooling and separating the layers, acidification
of the aqueous layer with 2M aqueous sulphuric acid and
extraction with dichloromethane, afforded a semi-solid (0.31
g) which was triturated with dichloromethane to give a solid
which was combined with further material obtained by
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evaporating the benzene layer and flash-chromatographing the
resulting red oil in dichloromethane followed by
dichloromethane-ethyl acetate (4:1) over silica to give
unchanged starting-material (94c) (total 0.32 g; 38%), m.p.
143-147°, identified by comparison (in.p. and i.r. spectrum)
with an authentic sample.

4 (2)-Hvdroxy-1-(4-methoxyphenyl)-6-inethylthio-5nitropyridin-2(4) (1H)-one (96d)

A stirred solution of the nitroenamine (94d) (0.48 g,
0.002 mol) in anhydrous benzene (25.0 ml) was treated
dropwise at room temperature with a solution of malonyl
dichloride (0.31 g, 0.0022 mol) in anhydrous benzene (2.0
ml) and the mixture was then heated at 600 for lh.
The mixture was evaporated and the residue was treated
with 10% w/v aqueous sodium hydrogen carbonate (5.0 ml) and
extracted with dichloromethane to give an intractable red
gum (0.23 g).
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The alkaline aqueous phase was acidified with 2M
aqueous sulphuric acid and treated with dichloromethane.
Filtration of the resulting three phase system afforded a
solid which was combined with further material obtained by
evaporating the dichloromethane layer and triturating the
residue with ether to give 4(2)-hydroxy-1-(4-methoxyphenyl)6-methvlthio-5-mitropyridin-2(4) (1H)-one (96d) (total 0.16
g; 26%), which formed pale yellow needles, m.p. 216-218
(from ethanol), Vmax 2800-1800 br (OH), 1640 (CO) and 1500
and 1365 (NO2) cm, SH [(CD3)2SO] 7.28 (2H, d, J 9 Hz,
ArH), 5.86 (lH, s, H-3), 3.81 (3H, s, CH3) and 2.12 (3H, s,
CH3).

Found: C, 50.8; H, 4.0; N, 9.1%; M+, 308
914N295S requires: C, 50.6; H, 3.9; N, 9.1%, M, 308
The Attempted Reaction of 1-Hydroxyamino-1-methylthio-2nitroethene (94e) with Malonyl Dichloride

A stirred solution of the nitroenamine (94e) (0.60 g,
0.004 mol) in anhydrous benzene (20.0 ml) was treated
dropwise at room temperature with a solution of malonyl
dichloride (0.62 g, 0.0044 inol) in anhydrous benzene (2.0
ml) and the mixture was heated at 600 for lh.
The mixture was evaporated and the residue was treated
with water (10.0 ml) and extracted with dichloromethane to
give a brown oil (0.57 g) which was flash-chromatogrpahed
over silica.
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Elution with dichioromethane-ethyl acetate (5:1)
through to methanol gave only a series of intractable oils
and gums (total 0.53 g) from which no identifiable material
could be obtained).

4(2)-Hvdroxv-1-methvl-6-methvlthio-5-nitropyridin--2 (4) (lH) one (96a)

A stirred solution of the nitroenamine (94a) (0.59 g,
0.004 mol) in anhydrous benzene (10.0 ml) was treated
dropwise at room temperature with malonyl dichloride (0.62
g, 0.0044 mol) and the mixture was heated at 600 for lh.
The mixture was evaporated and the residue was
triturated with methanol to give 4(2)-hydroxy-1-methyl-6methylthio-5-nitropyridin-2(4) (1H)-one (96a) (0.23 g; 27%)
which formed pale brown needles, m.p. 238-2400 (decomp.)
(from glacial acetic acid), Vmax 2700-2400 br (OH) and 1535
and 1310 (NO2) cm, SH [(CD3)2 SO] 12.80-11.20 (lH, bs,
OH), 5.83 (lH, s, H-3), 3.59 (3H, S, Cl3) and 2.47 (3H, S,
CH3).
Found: C, 38.6; H, 3.6; N, 12.9%, M+, 216
jOS reciuires: C, 38.9; H, 3.7; N, 13.0%; M, 216
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Evaporation of the methanolic mother liquor gave a
brown oil (0.87 g) which was shown by t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica to be a
complex mixture which was therefore not investigated
further.

The Reaction of 1-Benzylamino-1-methylthio-2-nitroethene
(94b) with Malonyl Dichloride

A stirred suspension of the nitoroenamine (94b) (0.90
g, 0.004 mol) in anhydrous benzene (20.0 ml) was treated
dropwise at room temperature with malonyl dichloride (0.62
g, 0.0044 mol) and the mixture was then heated at 600 for
lh.
The mixture was evaporated and the residue was
triturated with dichioromethane to give a solid which was
combined with further material obtained by evaporating the
dichioromethane mother liquor, dissolving the residue in 10%
w/v aqueous sodium hydrogen carbonate (10.0 ml), washing the
solution with dichioromethane, acidifying with 2M aqueous
sulphuric acid, extracting with dichioromethane and
triturating the resulting gum with dichioromethane to give
l-benzylamino-4 (2) -hydroxy-6-methylthio-5-nitropyridin2(4) (111)-one (96b) (total 0.50 g; 42%) m.p. 197-2030
(decomp.), identified by comparison (m.p. and i.r. spectrum)
with a authentic sample.
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The Attempted Reaction of 1-Methylamino--1-inethylthjo-2nitroethene (94a) with Malonyl Dichloride in the Presence of
Pyridine

A stirred solution of the nitroenamine (94a) (0.74 g,
0.005 mol) and "Analar" pyridine (0.87 g, 0.011 mol) in
anhydrous dichloromethane (10.0 ml) was cooled in an icebath and treated dropwise with a solution of malonyl
dichloride (0.78 g, 0.0055 mol) in anhydrous dichloromethane
(4.0 ml) and the mixture heated under ref lux for lh.
The mixture was evaporated and the residue was treated
with water (10.0 ml) and dichloromethane (15.0 ml).
Filtration of the resulting three phase system afforded an
intractable blue black solid (1.1 g) and evaporation of the
dichloromethane phase gave a brown gum (0.44 g). The solid
and the gum were shown by t.l.c. in dichloromethane-ethyl
acetate (1:) over silica to be multicomponent mixtures which
yielded no identifiable products.
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The Reaction of 1-Methylamino-1-methylthjo-2-njtroethene
(94a) with Malonyl Dichloride in Dichiorometharie

A stirred solution of the nitroenamine (94a) (1.5 g,
0.01 mol) in anhydrous dichioromethane (10.0 ml) was treated
dropwise at room temperature with a solution of malonyl
dichloride (1.6 g, 0.011 mol) in anhydrous dichioromethane
(5.0 ml) and the mixture was heated under ref lux for lh.
The mixture was evaporated and the residue was
triturated with methanol to give a solid which was combined
with further material obtained by evaporating the methanolic
washings, flash-chromatographing the residue over silica and
eluting with dichloromethane-ethyl acetate (3:1) to give
4(2) -hyroxy-1-methyl-6-methylthio-5-nitropyrjdin-2 (4) (111)one (96a) (total 0.88 g; 41%), m.p. 238-2400 (decomp.),
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.
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Further elution with dichioromethane-ethyl acetate
(1:1) through to ethyl acetate gave only a series of
intractable gums (total 0.13 g).

The Reaction of Two Equivalents of 1-Methylamino-1methylthio-2-rijtroethene (94a) with One Equivalent of
Malonyl Dichloride

A stirred solution of the nitroenamine (94a) (1.2 g,
0.008 mol) in anhydrous benzene (20.0 ml) was treated
dropwise at room temperature with a solution of malonyl
dichloride (0.56 g, 0.004 mol) in anhydrous benzene (5.0 ml)
and the mixture was heated at 600 for 5.5h.
Evaporation of the mixture and trituration of the
residue with methanol afforded 4(2) -hydroxy-1-methyl-6methylthio-5-nitropyridin-2(4) (111) -one (96a) (0.21 g; 24%),
m.p. 244-2450 (decomp.), identified by comparison (m.p. and
i.r. spectrum) with an authentic sample.
Evaporation of the methanolic mother liquor gave an
intractable brown oil (1.6 g) which was shown by t.l.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
complex multicomponent mixture which was not investigated
further.
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The Attempted Reaction of 1-Methylamino-1-methylthio-2nitroethene (94a) with Malonyl Dichloride in the Presence of
Triethylamine

A stirred solution of the nitroenamine (94a) (0.59 g,
0.004 mol) in anhydrous 1,4-dioxane (25.0 ml) was treated
with triethylainine (0.81 g, 0.008 mol), cooled to 00 (icesalt bath) and treated dropwise with a solution of inalonyl
dichloride (0.56 g, 0.004 mol) in anhydrous 1,4-dioxane
910.0 ml). The mixture was then allowed to warm up to room
temperature and was stirred for a further 3h.
The mixture was evaporated and the residue was treated
with water (10.0 ml) and extracted with dichioromethane to
afford a brown gum which was triturated with methanol to
give unchanged starting material (94a), (0.11 g; 19%), m.p.
104-1050 , identified by comparison with an authentic sample.
Evaporation of the methanolic mother liquor gave a red
brown gum (0.68 g) which was shown by t.l.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture containing further starting material
(94a). The gum was not investigated further.
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The Attempted Reaction of 1,1-Bisbenzylamino-2-nitroethene
(102) with Malonyl Dichloride

A suspension of the nitroenamine (102) (0.57 g, 0.002
mol) in anhydrous benzene (20.0 ml) was stirred and treated
dropwise at room temperature with malonyl dichloride (0.30
g, 0.002 mol). The mixture was then heated at 600 for lh.
The mixture was evaporated and the residue was
triturated with ether-benzene to give an intractable solid
(0.74 g) from which no identifiable material could be
obtained.
The ether-benzene mother liquor was evaporated and the
residue was flash-chromatographed over silica.
Elution with ethyl acetate through to methanol gave
only a series of intractable gums and solids (total 0.56 g)
from which no identifiable material could be obtained.

The Attempted Reaction of 1-dimethylamino-1-methylamjno-2nitroethene (105) with Malonyl Dichloride

A stirred solution of the nitroenamine (107) (0.58 g
0.004 mol) in anhydrous benzene (50.0 ml) was treated
dropwise with a solution of malonyl dichloride (0.56 g,
0.004 mol) in anhydrous benzene (2.0 ml) and the mixture was
heated at 600 for lh.

59

The mixture was evaporated to give a dark brown
intractable oil (1.2 g) from which no identifiable material
could be obtained.

The Attempted Reaction of 2-(2-Nitromethylidene)-2 .3,4,5tetrahydro-lH-jmidazole (107) with Malonyl Dichloride

A solution of the nitroenamine (107) (0.52 g, 0.004
mol) in anhydrous acetonitrile (20.0 ml) was stirred and
treated dropwise at room temperature with a solution of
malonyl dichloride (0.62 g 0.004 mol) in anhydrous
acetonitrile (5.0 ml) and the mixture was heated at 600 for
lh.
The mixture was evaporated to give a brown semi-solid
(0.94 g) whose t.1.c. in methanol over silica showed it to
be a multicomponent mixture from which no identifiable
material could be obtained.

The Attempted Reaction of 1-Benzylamino-1-methylthjo-2nitroethene (94b) with Ethyl Malonyl Chloride

A suspension of the nitroenamine (94b) (0.90 g, 0.004
mol) in anhydrous benzene (20.0 ml) was stirred at 600 and
treated dropwise with ethyl malonyl chloride (1.2 g, 0.008
mol). The mixture was stirred and heated at 600 for lh and
then evaporated to give a red oil (2.3 g) which was treated
with 10% w/v aqueous sodium hydrogen carbonate (10.0 ml) and

extracted with dichioromethane to give a red oil (1.60 g)
which was flash-chromatographed over silica.
Elution with dichloromethane through to methanol gave
only a series of intractable oils and gums (total 1.3 g)
from which no identifiable material could be obtained.

The Attempted Reaction of 1-Benzylamimo-1--methylthio--2nitroethene (94b) with Ethyl Malonyl Chloride in the
Presence of Sodium Acetate

A suspension of finely divided fused sodium acetate
(1.3 g, 0.016 mol) in glacial acetic acid (10.0 ml) was
stirred and treated at room temperature with the
nitroenamine (94b) (0.004 mol).

The mixture was then

treated dropwise with ethyl malonyl chloride (0.60 g, 0.004
mol) and the suspension was stirred at room temperature for
3h.
Evaporation of the mixture and treatment of the residue
with water (10.0 ml) gave a yellow solid which was collected
to afford unchanged starting-material (94b) (0.78 g; 86%),
M.P. 108-1110 , identified by comparison (M.P. and i.r.
spectrum) with an authentic sample.
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The Attempted Reaction of 1-Benzylaxnino-1-methylthjo-2nitroethene (94b) with Ethyl Malonyl Chloride in the
Presence of Triethylamine

A solution of the nitroenamine (94b) (1.1 g, 0.005 mol)
in anhydrous dimethylformamide (10.0 ml) was stirred and
treated at room temperature with triethylamine (0.56 g,
0.0055 mol). Ethyl malonyl chloride (0.91 g, 0.006 mol) was
then added dropwise to the stirred solution which deposited
a solid. The resulting suspension was stirred at room
temperature for 2h and then filtered to remove
triethylammonium chloride. The filtrate was evaporated to
give a red oil which was triturated with etherdichloromethane to give a solid. This was combined with
further crops of material obtained by evaporating the
trituration mother liquor and retriturating the resulting
gums with ether-dichioromethane to give unchanged startingmaterial (94b) (total 0.54 g; 48%), m.p. 111-114%,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.
Evaporation of the final ether-dichioromethane washings
gave a red gum (1.9 g) whose t.1.c. in dichioromethane-ethyl
acetate (1:1) over silica showed it to be a multicomponent
mixture which was not investigated further.
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The Attempted Reaction of 1-Benzylainino-1-methylthjo-2nitroethene (94b) with Ethyl Malonyl Chloride in the
Presence of Sodium Hydride

A stirred suspension of sodium hydride (0.11 g, 0.0045
mol) in anhydrous dimethylformamide (2.5 ml) was treated at
room temperature with a solution of the nitroenamine (94b)
(0.90 g, 0.004 mol) in anhydrous dimethylformamide (5.0 ml)
and the mixture stirred for 15 min during which time gas
evolution occurred. Ethyl inalonyl chloride (0.76 g, 0.005
mol) was then added dropwise to the mixture which was
stirred at room temperature for 22h.
Water (20.0 ml) was added and the precipitated solid
was collected and combined with further material obtained by
extracting the aqueous filtrate with dichioromethane and
triturating the resulting red oil with ether to give
unchanged nitroenamine (94b) (total 0.76 g; 84%), m.p. 1121140 identified by comparison (in.p. and i.r. spectrum) with
an authentic sample.
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The Attempted Reaction of 1-Anilino-1-methylthjo-2nitroethene (94c) with Ethyl Malonyl Chloride

A solution of the nitroenamine (94c) (0.84 g, 0.004
mol) in anhydrous benzene (30.0 ml) was stirred, treated
dropwise at room temperature with a solution of ethyl
malonyl chloride (1.2 g, 0.008 mol) in anhydrous benzene
(5.0 ml) and then heated at 600 for lh.
The mixture was evaporated and the residue was
dissolved in 2M aqueous solution hydroxide (10.0 ml) and the
solution extracted with dichioromethane to give a brown oil
(0.30 g) from which no identifiable material could be
obtained.
The alkaline aqueous phase was acidified with 2M
aqueous hydrochloric acid and extracted with dichioromethane
to give a brown oil (0.32 g) whose t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica showed it to
be a multicomponent mixture which was therefore not
investigated further.
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The Attempted Reaction of 1-Methylamirjo-1-methylthjo-2nitroethene (94a) with Ethyl Malonyl Chloride

A stirred solution of the nitroenamine (94a) (0.59 g,
0.004 mol) in anhydrous benzene (10.0 nil) was treated
dropwise at room temperature with a solution of ethyl
malonyl chloride (0.60 g. 0.004 mol) in anhydrous benzene
(2.0 ml) and the mixture was heated at 600 for lh.
After cooling, filtration afforded the nitroenamine
(94a) hydrochloride (0.25 g; 34%) m.p. 132-1350 , identified
by comparison (m.p. and i.r. spectrum) with an authentic
sample.
The benzene filtrate was evaporated and the residue was
flash-chroniatographed over silica. Elution with
dichioromethane through to methanol gave only a series of
intractable oils and gums (total 0.98 g) which yielded no
identifiable material.

The Attempted Reaction of 1-Benzylamino-1-methylthjo-2nitroethene (94b) with Ethyl Acetoacetate

A solution of the nitroenamine (94b) (0.90 g, 0.004
mol) and ethyl acetoacetate (1.04 g, 0.008 mol) in anhydrous
xylene (20.0 ml) was heated under ref lux for 2h with
provision for the removal of any ethanol formed.
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The mixture was evaporated to give a gummy solid (1.1
g) which was flash chromatographed over silica. Elution
with dichioromethane-ethyl acetate (1:1) gave an oil (0.77
g) which was triturated with ether to give unchanged
nitroenamine (94b) (0.47 g; 52%), identified by comparison
(m.p. and i.r. spectrum) with an authentic sample.
Further elution with dichloromethane-ethyl acetate
(1:1) through to methanol gave only a series of intractable
gums which were shown by t.1.c. in ethyl acetate over silica
to be niulticomponent mixtures which were not investigated
further.

The Attempted Reaction of 1-Benzylamjno-1-methylthjo-2nitroethene (94b) with Cyanoacetyl Chloride

(a) Cyanoacetyl Chloride

A solution of cyanoacetic acid (0.34 g, 0.004 mol) in
anhydrous ether (5.0 ml) was stirred at room temperature and
treated with phosphorus pentachloride (0.83 g, 0.004 mol).
After 15 min the ether and phosphoryl chloride were
evaporated under reduced pressure to give cyanoacetyl
chloride as a yellow oil (0.21 g) which was used without
further purification.

(b) The Reaction of 1-Benzylainino-1-niethythjo-2-njtroethene
(94b) with Cvanoacetyl Chloride

A suspension of the nitroenamine (94b) (0.90 g, 0.004
mol) in anhydrous benzene (10.0 ml) was stirred and treated
dropwise at room temperature with a solution of cyanoacetyl
chloride (0.21 g, 0.004 mol) in anhydrous benzene (10.0 ml).
The mixture was stirred and heated under ref lux for 2h and
then evaporated to give a brown oil (1.3 g).
Trituration of the oil with ether-dichioromethane (5:1)
gave a brown solid (0.20 g) whose t.1.c. in dichioromethaneethyl acetate (1:1) over silica showed it to be a
multicomponent mixture which was not investigated further.
Evaporation of the trituration mother liquor gave a
brown gum (0.92 g) which was flash-chromatographed over
silica. Elution with dichloromethane-ethyl acetate (3:1)
through to methanol gave only a series of intractable red
oils and brown gums (total 0.9 g) whose t.1.c. in
dichloroinethane-ethyl acetate over silica showed them to be
multicomponent mixtures which were not further investigated.
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The Attempted Reaction of 1-Benzylalnino-1--methylthio-2nitroethene (94b) with Cyanoacetic Acid in the Presence of
Dicyclohexylcarbodj imide

A solution of the nitroenamine (94b) (0.45 g, 0.002
mol) and cyanoacetic acid (0.17 g, 0.002 mol) in anhydrous
acetonitrile (10.0 ml) was stirred at room temperature and
treated dropwise with a solution of dicyclohexylcarbodiimide
(0.45 g, 0.0022 mol) in anhydrous acetonitrile (5.0 ml) and
stirring continued for lh.
After filtering to remove dicyclohexylurea (0.34 g,
76%), m.p. 230-232° (lit.48, 232-2330), the mixture was
evaporated to give a red gum (0.70 g). Trituration with
ether-light petroleum (b.p. 40-600) afforded a brown solid
(0.38 g), m.p. 43-58, which was shown by t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica to be a
mixture containing the nitroenamine (94b) and cyanoacetic
acid. The solid was treated with 2M aqueous sodium
hydroxide (10.0 ml) and extracted with dichloromethane to
give only an intractable red gum (0.13 g).
The aqueous alkaline phase was acidified with 2M
aqueous sulphuric acid and extracted with dichloromethane to
give only an intractable red gum (0.11 g).
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Evaporation of the ether-light petroleum mother liquor
gave a red gum (0.30 g) whose t.l.c. in dichioromethaneethyl acetate (1:1) over silica showed it to be a
multicomponent mixture which was not further investigated.

The Attempted Reaction of 1-Anhlino-1-methylthio-2nitroethene (94c) with Dimethyl Acetylenedicarboxylate

A solution of the nitroenamine (94c) (0.42 g, 0.002
inol) and dimethyl acetylenedicarboxylate (0.28 g, 0.002 mol)
in anhydrous benzene (15.0 ml) was heated under ref lux for

The mixture was evaporated and the residue f lashchromatographed over silica.
Elution with dichioroniethane gave a gummy solid which
was triturated with ether to give unchanged startingmaterial (94c) (0.05 g; 11%) m.p. 140-1440 , identified by
comparision (m.p. and jr. spectrum) with an authentic
sample.
Further elution with dichloromethane-ethyl acetate
(9:1) through to methanol gave only a series of intractable
gums (total 0.6 g) which were not further investigated.

2, 2-Dimethylmalonyl Dichloride (113)

2,2-Dimethyimalonyl dichloride (113) was prepared by
the reaction of 2,2-dimethylmalonic acid with thionyl
chloride under standard condtions, yield 80%, b.p. 45500/5
mmHg.

The Attempted Reaction of 1-Methlamino-1-methylthio-2nitroethene (94a) with 2,2-Dimethylmalonyl Dichloride

A stirred solution of the nitroenamine (94a) (1.5 g,
0.01 mol) in anhydrous benzene (20.0 ml) was treated
dropwise at room temperature with a solution of
dimethylmalonyl dichloride (1.9 g, 0.011 mol) in anhydrous
benzene (5.0 ml) and the mixture was heated at 600 for lh.
The mixture was evaporated and the residue was treated
with 10% w/w aqueous sodium hydrogen carbonate (20.0 ml) and
extracted with dichioromethane to give an orange oil (1.6 g)
which was flash-chromatographed over silica.
Elution with dichloroxnethane through to methanol gave
only a series of oils and gums (total 1.4 g) from which no
identifiable material could be obtained.
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The alkaline aqueous phase was acidified with 2M
aqueous sulphuric acid and extracted with dichioromethane to
give a yellow oil which was triturated with dichioromethane
to give dimethylmalonic acid (0.07 g; 5%), M.P. 185-187°,
identified by comparison (M.P. and i.r. spectrum) with an
authentic sample.

The Reaction of 1-Methylamino-1-methylthio-2-njtroethene
(94a) with Acryloyl Chloride

A stirred solution of the nitroenamine (94a) (1.5 g,
0.01 mol) in anhydrous benzene (20.0 ml) was treated
dropwise with a solution of acryloyl chloride (1.0 g, 0.011
mol) in anhydrous benzene (5.0 ml) and the mixture was
heated at 600 for lh.
The mixture was evaporated and the residue was
triturated with dichloromethane to give the nitroenamine
(94a) hydrochloride (0.03 g; 1%), M.P. 140_1410, identified
by comparison (M.P. and i.r. spectrum) with an authentic
sample.
Evaporation of the dichioromethane mother liquor gave a
brown oil (2.3 g) which was flash-chroinatographed over
silica.
Elution with dichioromethane-ethyl acetate (9:1)
afforded 1-methyl-3-njtro-hexahydropyridjne-2 , 6-dione (126)
(0.28 g; 17%) which formed colourless blades, M.P. 88-890
(from cyclohexane-benzene), Vmax 1730 and 1675 (CO) and 1560
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and 1310 (NO2) cm, Sj (CDC13) 5.46-5.29 (1H, in, CI), 3.18
(3H,

S,

CH3) and 2.87-2.48 (4H, m, Cl2), S (CDC13) 169.44

(quat.), 163.28 (quat.), 84.13 (CH2), 28.59, 27.07 (Cl2) and
22.44.
Found: C, 41.5; H, 4.5; N, 16.1%; M+, 172.
QQ _requires: C, 41.9; H, 4.7; N, 16.3%; M, 172.

Further elution with dichloromethane-ethyl acetate
(5:1) through to methanol-ammonia (9:1) gave a series of
oils and gums (total 1.9 g) from which no identifiable
material could be obtained.

The Attempted Reaction of 1-Benzylamino--1-methylthio-2nitroethene (94b) with Acetyl Chloride

A stirred solution of the nitroenamine (94b) (1.1 g,
0.005 mol) in anhydrous dichloromethane (15.0 ml) was
treated dropwise at room temperature with a solution of
acetyl chloride (0.43 g, 0.0055 mol) in anhydrous
dichloromethane (5.0 ml) and the mixture was heated under
ref lux for lh.
The mixture was evaporated to give an orange semi-solid
(1.4 g). This was triturated with ether-dichloromethane
(2:1) to give a solid which was combined with further
material obtained by evaporating the trituration mother
liquor, flash-chromatographing the residue over silica,
eluting with dichloromethane-ethyl acetate (5:1) and
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triturating the resulting semi-solid with benzene to give
unchanged starting-material (94b) (total 0.48 g; 48%), m.p.
111-114°, identified by comparison (m.p. and i.r. spectrum)
with an authentic sample. Further elution with
dichloromethane-ethyl acetate (3:1) through to methanol gave
only a series of intractable gums (total 0.20 g) which
yielded no further identifiable material.

The Attempted Reaction of 1-Methylamino-1-inethylthio-2nitroethene (94a) with Phthaloyl Dichloride

A stirred solution of the nitroenamine (94a) (0.59 g,
0.004 mol) in anhydrous benzene (10.0 ml) was treated
dropwise at room temperature with a solution of phthaloyl
dichloride (0.81 g, 0.004 mol) in anhydrous benzene (2.0 ml)
and the mixture was heated at 600 for lh.
After cooling, filtration afforded the nitroenamine
(94a) hydrochloride (0.17g; 23%), m.p. 72-750 , identified by
comparison (m.p. and i.r. spectrum) with an authentic
sample.
The benzene filtrate was evaporated and the residue was
treated with 10% w/w aqueous sodium hydrogen carbonate (5.0
ml) and extracted with dichloromethane to give an orange gum
from which no identifiable material could be obtained.
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2-Methylmalonyl Dichloride (117)

2-Methylmalonic acid (5.9 g, 0.05 mol) was treated with
thionyl chloride (15.0 ml) and the mixture was heated under
ref lux with protection from atmospheric moisture for 2h.
The solid dissolved after 50 min to give a clear yellow
solution evaporation of which gave 2-methylmalonyl
dichloride (117), (7.0 g; 90%), as an orange oil, Vmax 1800
(CO) cm, which was used without further purification.

The Attempted Reaction of 1-Methylamino-1-methylthfo-2nitroethene (94a) with 2-Methylmalonyl Dichloride

A stirred solution of the nitroenamine (94a) (1.5 g,
0.01 mol) in anhydrous dichioromethane (10.0 ml) was treated
dropwise at room temperature with a solution of 2methylittalonyl dichloride (117) (1.7 g, 0.011 mol) in
anhydrous dichioromethane (5.0 ml) and the mixture was
heated under ref lux for lh.
Evaporation of the mixture and trituration of the
residue with dichloromethane afforded methylammonium
chloride (0.14 g; 2%), m.p. 200-2020 , identified by
comparison (i.r. spectrum) with an authentic sample.
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The dichioromethane mother liquor was evaporated and
the residue was flash-chromatographed over silica. Elution
with dichioromethane through to methanol-ammonia (10:1) gave
only a series of oils and gums (total 2.7 g) from which no
identifiable material could be obtained.

The Attempted Reaction of 1-Methylamino-1-methylthio-2mitroethene (94a) with Acetyl Chloride in the Presence of
Triethylamine

A stirred solution of the nitroenamine (94a) (1.5 g,
0.01 mol) in anhydrous 1,4-dioxane (25.0 ml) was treated
with triethylamine (1.0 g, 0.01 mol), cooled to 00 (ice-salt
bath) and treated dropwise with a solution of acetyl
chloride (0.79 g, 0.01 mol) in anhydrous 1,4-dioxane (25.0
ml). The mixture was allowed to warm up to room temperature
and was stirred for a further 3h.
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The mixture was filtered to remove triethylaxiunonium
chloride, the filtrate was evaporated and the residue
treated with water (5.0 ml). Extraction with
dichloromethane give an orange oily solid (1.8 g) which was
triturated with methanol-ether to give unchanged startingmaterial (94a) (0.71 g; 98%), m.p. 108-1090 , identified by
comparison (m.p. and i.r. spectrum) with an authentic
sample. Evaporation of the methanol-ether mother liquor
gave an orange oil (0.88 g) which was shown by t.l.c in
dichloromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture containing further starting-material
(94a) and therefore was not investigated further.

The Reaction of 1-Benzyl-4 (2) -hydroxy-6-inethylthio-5nitropyridin-2(4)(1H)-one (96b) with Benzylamine

A solution of the benzylthionitropyridinone (96b) (0.29
g, 0.001 mol) and benzylamine (0.21 g, 0.002 mol) in ethanol
(10.0 ml) was heated under ref lux for 4.5h.
After cooling, filtration afforded 1,1-bisbenzylamino2-itroethene (102) (0.09 g; 32%) identified by comparison
(m.p. and i.r. spectrum) with an authentic sample.
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Evaporation of the ethanolic filtrate gave a red oil
(0.46 g) which was flash-chromatographed over silica.
Elution with dichioromethane-ethyl acetate (10:1) through to
methanol gave only a series of intractable oils and solids
(total 0.39 g) which resisted characterisation.

The Attempted Reaction of 4(2)-Hydroxy-6-methylthjo-5-njtro1-phenyl-lH-pyridin-2 (4) (111)-one (96c) with Benzylamine

A solution of the pyridinone (96c) (0.28 g, 0.001 mol)
and benzylamine (0.21 g, 0.001 mol) in ethanol (45.0 ml) was
heated under reflux for 4h.
The solution was evaporated, the residue was dissolved
in 2M aqueous sodium hydroxide (2.0 ml) and the solution
acidified with 2M aqueous hydrochloric acid (3.0 ml) to
precipitate unchanged starting-material (96c) (0.27 g; 96%)
m.p. 194-2000 , identified by comparison (m.p. and i.r.
spectrum) with an authentic sample.
Extraction of the aqueous mother liquor with
dichioromethane gave no further material.
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6-Benzylamino-4 (2)-hydroxy-1-methyl-4-nitropyridin-2 (4) (1H)one (97a)

A solution of the methyithionitropyridione (94a) (4.3
g, 0.02 mol) and benzylamine (2.1 g, 0.02 mol) in anhydrous
1,4-dioxane (350 ml) was heated under ref lux for 2h with
provision for the removal of methanethiol.
Evaporation of the mixture afforded 6-benzylamino-4(2)hydroxy-1-methyl-4-nitropyridin-2(4) (1H)-one (97a) (5.6 g;
100%) which formed orange spars, in.p. 154-1550 (from
toluene), Vmax 1670 (CO) and 1525 and 1355 (NO2) cm - , SH
(CDC13) 12.07 (111, s, OH or NH), 10.61 (1H, s, NH or OH),
7.46-7.19 (5H, m, ArH), 5.56 (1H, S, H-3), 4.72 (2H, d, J
6Hz, CH2) and 3.57 (3H, s, CH3)

Found: C, 57.6; H, 4.8; N, 14.9%; N+, 275.0907
911I24_reguires:C, 56.7; H, 4.8; N, 15.3%; N, 275.0906

The Attempted Catalytic Reduction of 6-Benzylamino-4(2)hvdroxv-1-methvl-4-nitropyridin-2-(4) (111)-one (97a)

The benzylaminonitropyridinone (97a) (0.55 g, 0.002
mol) was hydrogenated in anhydrous 1,4-dioxane (40.0 ml)
over 10% palladium-on-charcoal (0.06 g) at room temperature
and atmospheric pressure for 4h.
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The mixture was filtered through celite and evaporated
to give an orange oil which was triturated with ether to
give unchanged starting-material (97a) (0.44 g; 78%) m.p.
143-1460 , identified by comparison (m.p. and i.r spectrum)
with an authentic sample.
Evaporation of the ethereal washings gave an orange
brown oil (0.13 g) which was shown by t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture which was not further investigated.

6- (4-Chlorophenylmethylamino) -4 (2) -hydroxy-1-methyl-5nitropyridin-2(4) (1H)-one (97b)

A solution of the methylthiopyridinone (96a) (0.43 g,
0.002 mol) and 4-chlorophenylmethylamine (0.028 g, 0.002
mol) in anhydrous 1,4-dioxane (40.0 ml) was heated under
ref lux for 2h with provision for the removal of
methanethiol.
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Evaporation of the mixture afforded 6-(4chiorophenylmethylamino) -4(2) -hydroxy-1-methyl-5nitropyridin-2(4)(1H)-one (97b) (0.71 g; 100%) which formed
orange blocks, m.p. 171-1720 (from ethanol), Vmax 1695 (CO)
and 1560 and 1350 (NO2) cm, SH [(CD3)2S0] 11.68-11.25 (1H,
bs, OH or NH) (exch.) 9.00-8.40 (1H, bs, NH or OH) (exch.),
7.40 (4H, s, ArH), 5.32 (1H, s, H-3) (exch.) 4.45 (2H, s,
CH2) and 3.41 (3H, S, CH3).

Found:

C, 51.7; H, 3.8; N, 13.4%; N+, 311
and 309

9HC1N324 requires: C, 50.4; H, 3.9; N, 13.6%; M, 309.5

1,7(5) -Dihydroxy-4-methyl-2-phenyl-1H-jmjdazor4 , 5-bi
pyridin-5(7) (411)-one (98a)

A solution of the benzylaminonitropyridinone (97a)
(2.7 g, 0.01 rnol) in methanol (150 ml) was treated with a
solution of sodium hydroxide (2.0 g, 0.05 mol) in methanol
(25.0 ml) and the mixture was heated under ref lux for 5h.
Evaporation of the mixture and treatment of the residue
with water (50.0 ml) and 2M aqueous hydrochloric acid
afforded a solid which was collected to give 1,7(5)dihydroxy-4-methyl-2-phenyl-1H-jmjdazol4 , 5-b]pyridin5(7) (4H)-one (98a), (1.9g ; 76%) which formed colourless
spars of the monohydrate, m.p. 246-2480 (decomp.) (from
dimethylformamide), Vmax 3200-2500 br (OH) and 1610 (CO)cm
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6H [(CD3)2S0] 8.18-8.05 (2H, m, ArH), 7.59.7.46 (3H, m,
ArH), 5.57 (1H, s, H-6) and 3.46 (3H, S, CH3).

Found: C, 57.1; H, 4.2; N, 15.4%; M+ 257.
323..Jf20 requires: C, 56.7; H, 4.8; N, 15.3%; (N-H20)
257.
Extraction of the aqueous acidic mother liquor with
dichioromethane gave a red oil (0.57 g) which was shown by
t.1.c in dichloromethane-ethyl acetate (1:1) over silica to
be a multicomponent mixture containing starting-material and
product. The oil was not investigated further.

2-(4-Chlorophenyl)-1,7(5)-dihydroxy-4-methyl-1H-imidazo14,5-bi pyridin-5(7) (411)-one (98b)

A stirred solution of the 4-chiorophenylmethylaminonitropyridinone (97b) (0.46 g, 0.0015 mol) in methanol (40.0
ml) was treated with a solution of sodium hydroxide (0.30 g,
0.0075 mol) in methanol (5.0 ml) and the mixture was heated
under ref lux for 5h.
Evaporation of the mixture and treatment of the residue
with water (2.5 nil) gave an orange solution which was
acidified with concentrated hydrochloric acid and treated
with dichioromethane (5.0 ml). Filtration afforded 2-(4chiorophenyl) -1,7 (5)-dihydroxy-4-niethyl-lH-imidazo 14, 5-bi
pyridin-5(7)(4H)-one (98b) (0.28 g; 64%) which formed pale
brown spars, m.p. >3300 (from diinethylformamide), Vmax 3200

2100 br (OH) and 1630 (CO) cm-, 5H [(CD3 ) 2 S0] 8.1 (211, d, J
9Hz, ArH), 7.61 (211, d, J 9Hz, ArH), 5.85 (lH, S, H-6)
(exch.) and 3.53 (311, s, CH3 ).

Found:

293.0419

13ll10c-1Ji33_requires:

M, 293.0381

Found:

291.0396

1311101033_requires:

M, 291.0411

Separation and evaporation of the dichioromethane
extract gave a brown gum (0.18 g) which was shown by t.1.c.
in dichioromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture from which no characteristic material
could be obtained.

7 (5)-Hvdroxv-4-methyl-2-phenyl-1H-imidazo[4 , 5-b]pyridin5(7) (4H)-one (99a)

A solution of the -hydroxyimidazo[4,5-b]pyridinone
(98a) (0.68 g, 0.0026 mol) in 70% v/v aqueous
diinethylforinamide (40.0 ml) was heated under ref lux with
sodium dithionite (0.68 g) for lh and then treated with a
second portion of sodium dithionite (0.68 g) and heating
under ref lux continued for a further lh.
The mixture was evaporated and the residue was treated
with water (10.0 ml) and the insoluble solid collected to
afford 7(5) -hydroxy-4-methyl-2-phenyl-1H-inijdazol4 .5-b]
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pyridin-5(7)(4H)-one (99a), (0.53 g; 84%) which formed brown
needles, m.p. 302-3050 (decomp.) from dimethylformamidewater), Vmax 3200-2500 br (NH) and 1630 (CO) cm, SH
[(CD3)2S0] 13.38-13.13 (1H, bs, OH or NH), 12.13-11.63 (lH,
bs, OH or NH), 11.63-11.25 (1H, bs, OH or NH), 8.16-8.11
(2H, in, ArH), 7.54-7.43 (3H, m, ArH), 5.59 (1H, s, H-6) and
3.52 (311, s, CH3).

Found: C, 64.1; H, 4.6; N, 17.6%, M+, 241.0849
~913 H 11N 3 22_requires:

C, 64.7; H, 4.6; N, 17.4%; M, 241.0851

Extraction of the aqueous mother liquor with
dichloromethane gave only a small amount of brown oil (0.05
g) which was not investigated further.

The Attempted Reaction of 1,7(5) -Dihydroxy-4-methyl-2phenyl-1H-imidazol4,5-blpyrjdin-5(7) (411)-one (98a) with
Acetic Anhydride

The imidazo[4,5-b]pyridinone (98a) (0.51 g 0.002 inol)
was treated with acetic anhydride (1.8 ml) and the mixture
was heated at 1000 for 10 mm.
After cooling, the mixture was diluted with ether to
give an intractable brown solid (0.49 g), ifl.p. >3200, Vmax
3700-2500 br cm - , m/z 355 and 220, which resisted further
characterisation.
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2- (4-Chiorophenyl) -7(5) -hydroxy-4-1nethy1-lH-jmidazo4 ,5-b]
pvridin-5(7) (4H)-one (99b)

A stirred solution of the N-hydroxyimidazo[4,5-b]
pyridinone (98b) (0.15 g, 0.0005 mol) in 70% v/v aqueous
ethanol (10.0 ml) was treated with sodium dithionite (0.15
g, 0.0008 mol) and the mixture was heated under ref lux for
lh. A second portion of sodium dithionite (0.15 g, 0.0008
mol) was added and heating and stirring were continued for a
further lh.
After cooling, filtration afforded a solid which was
combined with further material obtained by evaporating the
filtrate and treating the residue with water (1.0 ml) to
give 2-(4-chlorophenyl)-7(5)-hydroxy-4-methyl-1Himidazol4,5-b)]-5(7) (4H)-one (99b) (total 0.10 g; 71%), as
an off-white powder, m.p. 312-3130 (decomp.) (from
dimethylformainide), Vmax 3200 (NH) and 1650 (CO) cm1, SH
[(CD3)2S0] 13.28 (111, bs, NH or OH)(exch.), 11.27 (lH, bs,
OH or NH)(exch.) 8.16 (2H, d, J 9Hz, ArH), 7.55 (211, d, J
9Hz, ArH), 5.58 (1H, s, 11-6) (exch.) and 3.50 (3H, s, Cl3).
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Found: C, 55.9; H, 3.6; N, 15.0%;
M+, 277.0440 and 275.0462
911110_Cl N302 requires: C, 56.6; H, 3.7; N, 15.2%;
M, 277.0432 and 275.0462

Extraction of the aqueous mother liquor with
dichioromethane failed to yield any further material.
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CHAPTER 3

A NEW SYNTHESIS OF IMIDAZOI4,5-b]PYRIDINONE

DERIVATIVES BASED ON REDUCTIVE CYCLISATION REACTIONS

OF 1-(NITROIMIDAZOL-5-yL) PROPANE-i, 3-DIONE DERIVATIVES
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3.1 Introduction

Since the new synthetic route to imidazo[4,5]pyridinone derivatives described in the previous chapter
had been shown to be rather inefficient due to the
consistently poor yields of the novel pyridinones (96), it
was decided to investigate an alternative synthetic strategy
for the construction of the ixnidazo[4,5-b]pyridine ring
system.
Relatively little (see Chapter 1) has been reported in
the literature on the synthesis of imidazo[4,5-b]pyridines
from imidazole precursors and since it was known that 5chiorimidazole derivatives were readily available,49'
50 it
was decided to investigate the new synthetic route outlined
in Scheme 44. Thus it was known5' that nitration of 5chioroimidazoles (135) could give rise to 5-chloro-4nitroimidazoles (136) in which the chlorine substituent is
readily replaceable by cyanide ion to give nitriles of the
type (137), the ease of displacement being enhanced by the
neighbouring nitro group. Hydrolysis of the nitrile
function would then give carboxylic acid derivatives (138)
which in turn could be readily converted into the acid
chlorides (139). It was anticipated that that acid
chlorides (139) could then be used to acylate activated
methylene compounds of the type (142) to afford side-chain
functionalised imidazole derivatives (140) amenable to
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reductive cyclisation to novel highly substituted
imidazo[4,5-]pyridinones (141). The required 5chlorimidazoles (135) were in turn known49'
50 to be
available (Scheme 45) by the phosphorus pentachloride
promoted cyclisation of dialkyloxamides.
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3.2 Studies on the Synthesis and Nitration Reactions of 5-Chloroimidazole Derivatives

The 5-chlorixnidazole derivatives (135) were prepared as
long ago as 1877 when Wallach49'
5° treated dialkyl oxamides
with phosphorus pentachloride. At that time there was no
way of determining which of the two possible isomers (135) or
(Scheme 46) was being formed but later work52 indicated
that the predominant product was the 5-chioro isomer (135) although the mechanism of its formation is still not fully understood.
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In the present studies it was found (Scheme 47) that
reaction of diethyl oxalate (145) with aqueous methylamine
gave ,j'-dimethyl oxamide (143a) in good yield. This
compound was treated with phosphorus pentachioride to give
after distillation an acceptable yield of the known49 5chloro-1-methyl-1H-imidazole (135a). Formation of the
nitrate salt of the latter with nitric acid and subsequent
treatment with sulphuric acid in turn gave the known50
nitroimidazole derivative (136a) in excellent yield.
Similarly the 1-ethyl-2-methylimidazole derivative (136b)
was obtained by an analogous sequence of reactions employing
ethylamine instead of methylamine. Thus treating diethyl
oxalate (145) with aqueous ethylainine gave ,I'-diethyl
oxamide53 (143b) which was in turn converted into 5-chloro1-ethyl-2-methylimidazole (135b) by reaction with phosphorus
pentachloride using the conditions originally reported by
Wallach.54 Repetition of this reaction with monitoring of
the composition of the reaction mixture by t.l.c. showed
that the reaction was in fact completed in one third of the
time originally described. Use of the shorter reaction time
resulted in a cleaner workup and gave an improved yield
(90%) of the product (135b). Examination of the product by
high performance liquid chromatography showed that a trace
amount of the 4-chloro isomer (144b) was also formed. In
order to confirm that the bulk isomer produced was indeed
the 5-chioro compound (135b) as previously reported, it was
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all

synthesised unambiguously (Scheme 48) by the method of
Grânacher et al.55

This involved reacting ethyl -

acetylgylcinate (146) with aqueous ethylamine to give the
amide (147), then unambiguous cyclisation of the latter
using phosphorus pentachioride in chloroform to give a low
yield of 5-chloro-1-ethyl-2-methyl-1H-imidazole (135b).
This product was indistinguishable by t.l.c. behaviour and
n.m.r. absorption from the major product obtained by the
Wallach procedure. In addition a Nuclear Overhauser
Enhancement (N.O.E) experiment with the 4-chioro isomer
(144b) showed an enhancement of the signal due to the
mehtylene protons of the ethyl group on irradiation of the
proton at C-5. No such enhancement was observed in a
similar N.O.E. experiment with the 5-chloro product (135b)
indicating that the imidazole ring proton in this compound
was not close to the ethyl group in space thus providing
further strong evidence that the Wallach product54 was
indeed the 5-chioro isomer (135b). The 5-chloroimidazole
derivative (135b) was converted under standard nitration
conditions into the chloronitroimidazole56 (136b) in good
yield.
With the intention of obtaining a chioronitroimidazole
suitable as a starting-material for the synthesis of
biologically interesting imidazo [4, 5-]pyridines containing
lipophilic groups it was next decided to investigate the
application of the Wallach54 method to the synthesis (Scheme
47) of the previously reported58 phenyl-substituted
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chloronitroimidazole (135c). Thus reaction of diethyl
oxalate (145) with benzylamine gave a good yield of dibenzyl
oxamide57 (143c) which on heating with phosphorus
pentachioride gave the known58 1-benzyl-5-chloro-2-phenyl1H-imidazole (135c) though in disappointingly low yield.
Moreover nitration of the chioronitroimidazole (135c) under
standard conditions (Scheme 49) gave none of the expected
product (136c) but instead afforded a low yield of the
compound (148) derived by preferential nitration of the
benzyl nucleus. The structure (148) assigned to the product
of the nitration of the chloroimidazole (135c) is based on
its analytical and spectroscopic properties. Combustion
analysis corresponded to the molecular formula C16H12C1N302
while the compound's mass spectrum displayed peaks at m/z
313 and 315 due to the two expected isotopic parent ions.
The i.r. spectrum of the compound showed bands at 1510
and 1350 cm consistent with the introduction of a nitro
group while its 1H n.m.r. spectrum displayed, in addition to
the two proton singlet at S 5.32 due to the methylene
protons of the benzyl substituent, a one proton singlet at S
7.15 clearly indicating a lack of substitution at the C-4
position of the imidazole ring. Correspondingly the
presence of a four proton AB pattern double doublet at S
8.16 and 7.14 clearly showed that nitration had occured at
the 4-position in the phenyl ring of the benzyl substituent.
A five proton singlet at S 5.39 assignable to the aromatic
protons of the 2-phenyl substituent likewise showed the
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absence of the nitro-substituent in the latter. The
nitration reaction of the chlorixnidazole (135c) also yielded
an unidentifiable solid which resisted all attempts at
characterisation together with an intractable oil.
In an attempt to divert the nitration of the benzyl
substituent observed in the case of the compound (135c) to
the desired 4-position of the ixnidazole ring, it was next
decided to investigate the synthesis (Scheme 47) and
nitration (Scheme 50) of the 4-chiorophenylmethylimidazole
(135d) whose aryl substituents are blocked to nitration at
least in the 4-position. The novel N,N'-di-(4chiorophenylmethyl) oxamide (143d) was prepared in
essentially quantitative yield by the reaction of diethyl
oxalate with 4-chiorophenylniethylamine. The oxainide
derivative (143d) was then converted in good yield into the
5-chioroimidazole (135d) by reaction with phosphorus
pentachloride. This new compound, which was fully
characterised analytically and spectroscopically, was then
subjected to nitration with the intention of forming the
nitroimidazole derivative (136d), the hope being that the
chlorine substituents would prevent nitration occurring in
the phenyl rings thus forcing nitration at the 4-position of
the imidazole ring. In practice, however, treatment of the
chloroimdazole (135d) with potassium nitrate in sulphuric
acid resulted (Scheme 50) in the formation, in moderate
yield, of the nitrophenylmethylimidazole derivative (149).
This compound analysed correctly and showed peaks in the

Figire 2

Table 3, Bond Lengths (A) with Standard Deviations

N(1)
N(1)
N(1)
C(2)
0(2)
N(3)
C(4)
C(S)
C(1)
C(11)

0(13)
0(14)
0(14)
C(15)
N(13)
N(13)
0(21)
0(21)
0(22)
0(23)
0(24)
0(24)
0(25)

-0(2)
- C(S)
0(1)
N(3)
-0(21)
-C(4)
C(S)
-Cl (5)
-0(11)
-C(12)
-C(16)
-0(13)
-0(14)
-N(13)
-0(15)
-01(1)
-0(16)
-0(13)
-0(14)
-0(22)
-0(26)
-0(23)
-0(24)
-0(25)
-Cl (2)
-0(26)

-

-

1
1.355(11)
1.385(12)
1.421(11)
1.320(11)
1.476(12)
1.372(13)
1.324(14)
1.681(10)
1.521(12)
1.359(12)
1.381(12)
1.367(12)
1.380(12)
1.461(13)
1.363(13)
1.725( 9)
1.370(13)
1.226(14)
1.165(14)
1.387(12)
1.377(12)
1.386(12)
1.372(13)
1.364(13)
1.741(10)
1.380(13)

2
1.370(10)
1.380(10)
1.448(10)
1.309(10)
1,462(11)
1.376(11)
1.334(12)
1 .703( 8)
1.472(12)
1.308(14)
1.366(16)
1.60(3)
1.39(4)
1 .28( 4)
0.98(4)
2.035(24)
1.81(4)
1.29(4)
1 .27( 3)
1.398(11)
1.398(11)
1.379(11)
1.376(11)
1.363(11)
1 .749( 8)
1.400(11)

Table 4, Angles (deees) and Torsion Angles (deees
with Standard Deviations

C(2)
C(2)
C(S)
N(1)
N(1)
N(3)
C(2)
N(3)
N(1)
N(1)
C(4)
N(1)
C(1)
C(1)
C(12)
C(11)
C(12)
C(12)
C(14)
C(13)
C(13)
C(15)
C(14)
C(11)
0(13)
0(13)
O(13)
0(2)
C(2)
0(22)
0(21)
0(22)
0(23)
C(23)
0(25)
0(24)
0(21)

-- N(1)
N(1)
-- C(2)
N(1)
C(2)
--- C(2)
N(3)
-- C(4)
C(S)
-- C(S)
C(S)
--C(1C(1)
1)
-C(11)
-0(11)
-0(12)
-C(13)
-C(13)
-C(13)
-C(14)
-C(14)
-0(14)
-C(15)
-C(16)
-N(13)
-N(13)
-N(13)
-0(21)
-0(21)
-0(21)
-0(22)
-0(23)
-0(24)
-0(24)
-0(24)
-0(25)
-0(26)

C(S)
--- C(1)
0(1)
--0(21)
N(3)
---C(21)
C(4)
C(S)
--Cl(s)
C(4)
-Cl(s)
-C(11)
-C(12)
-C(16)
-C(16)
-C(13)
-C(14)
-N(13)
-N(13)
-C(1S)
-Cl(1)
-Cl (1)
-C(16)
-0(15)
-0(13)
-0(14)
-0(14)
-0(22)
-0(26)
-0(26)
-C(23)
-0(24)
-0(25)
-Cl (2)
-Cl (2)
-0(26)
-0(25)

1
105.7( 7)
130.2( 7)
124.1( 7)
111 .5( 7)
125.8( 7)
122.7( 7)
105.2( 7)
110.6(
107.0( 8)
121.7(
131.3(
112.9( 7)
118.9( 7)
122.8( 7)
118.4( 8)
119.6(8)
122.6(8)
117.6(8)
119.8(8)
117.3(8)
123.5(7)
119.2 ( 7)
120.5(9)
121.5(8)
115.3(9)
120.7(10)
123.9(11)
123.3( 7)
117.7(7)
119.0(8)
120.1(8)
119.3(
121.3(
1 18.7( 7)
120.0( 7)
119.3( 9)
120.8(

2
10S.1( 6)
129.3( 6)
124.9( 6)
111 .8( 7)
125.3( 7)
122.9( 7)
105.7( 7)
109.8( 8)
107.6( 7)
120.9( 6)
131.5( 7)
114.4( 7)
124.4( 9)
119.9( 9)
115.7(10)
107.6(13)
114.2(21)
95.1(21)
150.7(28)
170.0(33)
88.1(16)
101 .9(27)
74.7(26)
137.7(15)
118.2(27)
130.8(25)
102.7(24)
122.6( 7)
117.9(7)
119.4(7)
120.9(7)
118.3( 7)
122.9( 7)
1 18.3( 6)
1 18.8( 6)
119.1( 7)
119.4( 7)

Table 4 continued

-- N(1)
-- N(1)
N(1)
-- N(1)
N(1)
N(1)
-- N(1)
N(1)
--N(1)
N (1)
0(2)
---0(2)
0(2)
-- 0(2)
0(2)
-- 0(2)
N(3)
-- C(4)
0(4)
-- CC ))
) -0(11)
-C(1 1)

C(S)
0(5)
C )
C(1)
C(2)
C(2)
C(1)
C(1)
C (2)
C(S)
N(1)
0(21)
N(1)
N(1)
N(3)
N(3)
0(2)
N(3)
N(3)
N(1)
N(1)
C
0(16)
0(1)
0(12)
C(11)
C(11)
C(12)
C(12)
N(13)
N(13)
0(12)
C(12)
0(14)
0(14)
0(13)
C1(1)
0(14)
0(2)
0(26)
0(2)
0(22)
0(21)
0(22)
0(22)
0(23)
Cl (2)
C(24)

-0(11)
7-0(11)
-C(12)
-C(12)
-0(13)
-C(13)
-0(13)
-0(13)
-0(13)
-0(13)
-0(13)
-0(13)
-0(14)
-C(14)
-0(15)
-0(21)
-0(21)
-0(21)
-0(21)
-0(22)
-0(23)
-0(23)
-C(24)
-0(24)
-0(25)

C(2)
--- 0(2)
0(2)
-- C(2)
C(S)
-- C(S)
C(5)
-- C(S)
C (1)
-0(1)
- N(3)
N(3)
-C(21)
-0(21)
-C(21)
-0(21)
C(4)
C(S)
C(S)
-0(11)
-0(11)
-0(12)
-0(12)
-0(16)
-0(16)
-0(13)
-0(13)
-C(14)
-0(14)
-0(14)
-0(14)
-N(13)
-N(13)
-N(13)
-N(13)
-C(15)
-C(IS)
-0(16)
-0(22)
-C(22)
-0(26)
-0(26)
-0(23)
-0(24)
-0(24)
-C(25)
-C(25)
-0(26)

--

--C(21)
N(3)
--C(21)
N(3)
--Cl(s)
0(4)
--Cl(s)
0(4)
-C (1 1)
-C(11)
0(4)
0(4)
-C(22)
-0(26)
-C(22)
-0(26)
C(S)
N(1)
-Cl(S)
-0(12)
-C(16)
-0(13)
-0(13)
-C(15)
-C(15)
-C(14)
-N(13)
-C(15)
-Cl (1)
-0(15)
-01(1)
-0(13)
-0(14)
-0(13)
-0(14)
-0(16)
-0(16)
-0(11)
-0(23)
-0(23)
-C(25)
-C(25)
-C(24)
-0(25)
-01(2)
-0(26)
-0(26)
-C(21)

--

--

0.2(10)
-177.8( 8)
179.5( 8)
1.5(14)
0.2(10)
177.7( 7)
-179.1( 8)
-1.6(12)
100.6 (10)
-80.2(10)
-0.5(10)
177.S( 8)
-37.4(13)
143.9( 9)
144.9( 9)
-33.9(12)
0.7(11)
-0.6(11)
-177.7( 8)
168.4( 7)
-11.5(11)
-179.6(8)
0.3 (12)
-179.2(8)
0.9(13)
-2.5(13)
178.2(8)
3.4(13)
-176.5( 7)
-177.3(8)
2.9(12)
41.7(13)
-134.8(11)
-137.7(10)
45.8(14)
-2.1(13)
177.7(7)
0.1(14)
177.1( 8)
-4.2(12)
-176.9(8)
4.2(13)
1.7(13)
0.9(14)
-177.S( 7)
-0.9(14)
177.5( 7)
-1.7(14)

-0.4( 9)
179.7( 7)
-171.2( 7)
8.9(12)
0.9( 9)
-178.4( 6)
172.2( 7)
-7.1(11)
-112.8 ( 9)
78.1(10)
-0.2( 9)
179.7( 7)
44.4(12)
-138.9( 8)
-135.5( 8)
41.2(11)
0.8( 9)
-1.0(10)
178.1 ( 7)
13.5(13)
-168.5( 9)
179.8(13)
1.7(16)
-176.8(20)
1.4(26)
-3.2(25)
174.1(17)
2.4(99)
-179.6(18)
-172.2(99)
5.9 (57)
-143.4(25)
74.0(33)
31.6(69)
-111.1(55)
0.3(99)
-177.6(14)
-2.6(37)
174.8( 7)
-1.8(12)
-175.0(7)
1.8(11)
0.8(12)
0.1 (12)
-179.6( 6)
-0.1(12)
179.7( 6)
-0.9(12)

EtO

0

DO 0
(i)

OXNH

(151) Ph

(150)

Me
Me

: lr

N
Ph --<\

HN 0
CI
OXNH
Ph
(152)

(iv)

Me

Me
N

C

Ph--<\ NX

Ph
N

Ph
NO2

(154)

—<\ iCI
(155)

PhCH2NH2, Et3N, CH2C12, 00.
MeNH2, H20, room temp.
PC15, POd 3, 1000.
nitration.

Scheme 51

<\ N3,
(156)
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mass spectrum at m/z 381, 383, 385 and 387 corresponding

t0

the expected isotopic parental ions. The 1H n.m.r. spectium
however was equivocal in the assignment of a single
structure to the product and so an x-ray diffraction
analysis was carried out. This identified the compound as
the imidazole derivative (149) (See Figure 2 and Tables 3
and 4) in which the nitro substituent has been introduced,
somewhat surprisingly ortho to the chlorine substituent
which clearly has not been successful in preventing
nitration occurring in the benzyl nucleus. The application
of alternative nitration conditions to the chloroimidazole
(135d) employing nitronium tetrafluoroborate in acetonitrile
at _420 gave only a complex oily mixture and not the hoped
for nitroimidazole (136d).
The lack of success with N-benzyl-2-phenyl substituted
imidazoles prompted the synthesis (Scheme 51) of the known59
N-methyl-2-phenylilnidazole (153) and an investigation of its
behaviour towards nitration. Thus reacting ethyl oxalyl
chloride (150) with benzylamine in the presence of
triethylamine in dichioromethane gave the anticipated
oxamate (151) in excellent yield. Treatment of the oxamate
(151) with aqueous methylamine then resulted in the
formation of the unsymmetrical oxamide (152), which in turn
was readily converted into the chloroimidazole derivative
(153) by heating with phosphorus pentachloride in phosphorus
oxychioride in overall good yield. The structure of this
product (153) was unequivocally confirmed by x-ray

Me

O-J
(153)

Figure 3

Table 5, Bond Lengths (A) with Standard Deviations

N (1) - 0(2)
N(1) - C(S)
N(1) -C(11)
C(2) - N(3)
C(2) -C(21)
N ( 3 ) - C(4)
0(4) - C(S)
C(4) - H(4)
C(S) -Cl (5)
0(11)
0(11)
0(11)

1 .367 ( 4)
1 .365( 4)
1 .458( 4)
1.317( 4)
1.465( 4)
1.366( 4)
1..346( 5)
0.94( 3)
1.709 ( 3)
0.93(3)
0.98(3)
1.03(3)

0(21) -C(22)
-C(26)
-C(23)
C(22) -H(22)
0(23) -C(24)
-H(23)
0(24) -0(25)
-1-1(24)
-C(26)
0(25) -H(25)
0(26) -H(26)

I .30 8, ( 4)
I .395( 5)
1 ,385( 5)
O,95( 3)
1.359( 6)
0.89( 3)
1.370( 6)
0.92( 3)
1.377 ( 6)
0.88(3)
0.90(3)

Table 6, Angles (deees) and Torsion Angles (degrees)
with Standard Deviations

105.55(23)
0(2) - N(1) - C(S)
127.9(3)
0(2) - N(1) -C(11)
126.0( 3)
C(S) - N(1) -0(11)
111.46(25)
N(1) - 0(2) - N(3)
124.4(3)
N(1) -0(2) -0(21)
N(3) - 0(2) -0(21) 124.1( 3)
105.7( 3)
0(2) - N(3) - 0(4)
3)
C(S)
109.6(
0(4)
N(3)
123.9(17)
N(3) - 0(4) - 11(4)
126.5(17)
0(5) - 0(4) - 11(4)
107.6( 3)
N(1) - C(S) - 0(4)
N(1) - C(S) -Cl(s) 121.65(22)
130.7( 3)
0(4) - C(S) -Cl(5)
N(1) -0(11) -11(111)109.0(18)
N(1) -0(11) -11(112) 109.3(17)
N(1) -0(11) -H(113) 109.1(16)
11(111) -0(11) -FJ (112) 112.3(25)
H(111)-C(11) -H(113) 110.8(24)
H(1 12)-C(1 1) -H(113) 106.2(23)

0(2)
0(2)
0(22)
0(21)
0(21)
0(23)
0(22)
0(22)
0(24)
0(23)
0(23)
0(25)
0(24)
0(24)
0(26)
0(21)
0(21)
0(25)

-0(21)
-0(21)
-0(21)
-0(22)
-0(22)
-0(22)
-0(23)
-0(23)
-0(23)
-0(24)
-0(24)
-0(24)
-0(25)
-0(25)
-0(25)
-0(26)
-0(26)
-0(26)

-0(22)
-0(26)
-0(26)
-0(23)
-1-1(22)
-11(22)
-0(24)
-11(23)
-11(23)
-C(25)
-11(24)
-0(26)
-11(25)
-0(25)
-1-1(26)

121.8( 3)
119.4(3)
118.7( 3)
120.2( 3)
118.5(17)
121.1(17)
120.3( 4)
115.9(19)
123.7(19)
120.2(4)
127.5(19)
112.2(18)
120.6( 4)
124.4(20)
114.9(20)
119.9(3)
117.4(19)
122.7(19)

Table 6 cpnnued

C(S) - N(1)- C(2)- N(3)
-0.2( 3)
C(5)-N(!)-C(2)-C(21) 178.1(3)
0(11)- N(1)- C(2)- N(3) 172.0( 3)
-9.7( 5)
0(11)- N(1)- C(2)-C(21)
0.2( 3)
0(2)- N(1)- C(S)- C(4)
C(2)-N(1)-C(5)-Cl(5) -178.80(22)
0(11)- N(1)- C(S)- C(4) -172.2( 3)
8.8(4)
C(11)-N(1)-C(5)-C1(5)
C(2)- N(1)-C(11)-H(111) 97.5(19)
0(2)- N(1)-C(11)-H(112)-139.4(18)
0(2)- N (1)-C(1 1)-H(1 13) -23.7(17)
C(S)- N(1)-C(11)-H(111) -91.9(19)
C(S)- N(i)-C(11)-H(112) 31.2(18)
C(S)- N(1)-C(11)-H(1 13) 147.0(17)
0.2( 3)
N(1)- 0(2)- N(3)- C(4)
0(21)- 0(2)- N(3)- C(4) -178.1( 3)
N(1)-C(2)-C(21)-C(22) -44.9(4)
N(1)- C(2)-C(21)-C(26) 138.9( 3)
N(3)- C(2)-C(21)-C(22) 133.1(3)
N(3)- C(2)-C(21)-C(26) -43.0(4)
-0.1( 4)
0(2)- N(3)- C(4)- C(S)
0(2)- N(3)-C(4)-H(4) 177.9(20)
-0.1( 4)
N(3)- C(4)- C(S)- N(1)
N(3)- 0(4)- C(S) -Cl (5) 178.77 (25)
H(4)- 0(4)- C(S)- N(1) -177.9(21)

H(4)-C(4)-C(5)-Cl(5)
C(2)-C(21 )-C(22)-C(23)
C(2)-C(21)-C(22)-1-1(22)
C(26)-C(21)-C(22)-C(23)
C(26)-C(21 )-C(22)-H(22)
C(2)-C(21)-C(26)-C(25)
C(2)-C(2 1 )-C(26) -H (26)
0(22) -C(2 ) -0(26) -0(25)
C(22)-C(21)-C(26)-H(26)
C(21)-C(22)-C(23)-C(24)
C(2[)-C(22)-C(23)-H(23)
H(22)-C(22)-C(23)-C(24)
H(22)-C(22)-C(23)-H(23)
C(22)-C(23)-C(24)-C(25)
C(22)-C(23)--C(24)-H(24)
H(23)-C(23)-C(24)-C(25)
H(23)-C(23)-C(24)-H(24)
C(23)-C(24)-C(25)--C(26).
C(23)-C(24)-C(25)-H(25)
H(24)-C(24)-C(25)-C(26)
H(24)-C(24)-C(25)-11(25)
C(24)-C(25)-C(26)-C(21)
C(24)-C(25)---C(26)-H(26)
H(25)-C(25)-C(26)-C(21)
11(25)-C(25)-C(26)-H(26)

0.9(21)
-176.0( 3)
-1.4(20)
0.1( 5)
174.8(20)
176.0(3)
-4.8(22)
-0.3( 5)
179.0(21)
0.3(6)
176.6(21)
-174.3(20)
2.1(29)
-0.5(6)
175.7 (23)
-176.5(23)
-0.4(33)
0.3( 7)
-178.0 (24)
-176.4(20)
5.3(31)
0.1(6)
-179.2(23)
178.6 (21)
-0.7(31)

Me

:rci

'N

Ph—<\
N
(153)

Me
N

(i)
02N

__/D__<\X
NO2
(157)

Me

Me

N

J

N::CCI

ci

Ph
<\ NXNO
02N

(154)

]H\N NO2
(158)

KNO3, H2SO4, 00.
KNO3, H2SO4, 00, slow addition.

Scheme 52
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diffraction analysis (see Figure 3 and Tables 5 and 6).
None of the other isomeric chlorimidazoles (155) or (156)
which might also have been formed in the reaction of the
oxamide (152) with phosphorus pentachioride and phosphorus
oxychloride could be detected in the reaction mixture.
The nitration (Scheme 52) of the chioroimidazole
derivative (153) using potassium nitrate in sulphuric acid
gave a good yield of a two component mixture which could not
be efficiently separated, even after repeated
chromatography, though a small amount of one of the
components was obtained pure. This product was fully
characterised on the basis of its analytical and
spectroscopic properties as the known60 dinitroimidazole
derivative (157). Combustion analysis was consistent with
the molecular formula C10H7C1N404 which was also in
agreement with the presence of parent ion peaks at m/z 284
and 282 in the dinitro compound's mass spectrum. The
presence of two nitro groups in the compound was clearly
shown by absorptions at 1525, 1510, 1345 and 1330 cm - in
the i.r. spectrum. The 1H n.m.r. spectrum of the
dinitroimidazole (157) showed only a three proton singlet at
S 3.81 due to the methyl group protons and a four proton AB
pattern double doublet at S 8.42 and 8.06 due to the
aromatic protons of the para-disubstituted phenyl
substituent. This pattern and the absence of a signal due
to an i1nidazole proton clearly indicated that nitration had
occurred in both the imidazole ring and in the phenyl

95

substituent. The other isomeric product of the nitration of
the chloroimidazole (153) which could not be obtained pure
is tentatively assigned the structure (158) on the basis of
the -H n.m.r. absorption of the two component product
mixture.
It was next decided to investigate the effect of other
nitrating agents on the chlorimidazole (153) in the hope of
controlling nitration to give the mononitroimidazole (154)
or at least one or other of the isomers (157) or (158) as a
single component (in which case the nitro group on the
phenyl ring could be removed or modified at a later stage in
the synthesis). However the chloroimidazole (153) failed to
react with potassium nitrate in glacial acetic acid or with
concentrated nitric acid at 700. Similarly potassium
nitrate in aqueous sulphuric acid at concentrations of 50%,
75% and 90% all failed to effect nitration, t.l.c. of the
reaction mixtures showing only the starting-matrial (153) to
be present. A mixture of nitric acid and sulphuric acid at
00 effected nitration but unfortunately resulted in a multicomponent mixture. However, slow addition of potassium
nitrate to a solution of the chloroimidazole (153) in 98%
sulphuric acid at 00, succeeded in forming the desired
chloronitroimidazole (154). This compound, which exhibited
analytical and spectroscopic properties in accord with the
assigned structure (154) was, however, only formed in very
low yield (11%)

Me

Me
N

Ci

<\NXNO

ci

N

G)
A

Br
N

(136a)

(159)

'(iii)

------------

h

X
(154)

Br2, AcOH, H20, 600.
LDA, THF, then 12' -78°.
PhB(OH)2, Pd(0).

Scheme 53

W.

Having failed to achieve the efficient synthesis of the
required 2-phenyl substituted chloronitroimidazole (154) by
orthodox nitration of the chioroimidazole (153), attention
was turned to an alternative approach (Scheme 53). The
intention in this case was to halogenate the readily
available chloronitroimidazole (136a) at the 2-position and
then to carry out a phenylboronic acid coupling in the
presence of palladium to introduce the phenyl ring into the
2-position of the imidazole ring, thus avoiding the problems
encountered in the nitration of the phenyl derivative (153).
However in practice the chloronitroimidazole (136a) failed
to undergo electrophilic substitution at the 2-position with
bromine in aqueous acetic acid probably because of the
deactivating effect of the powerfully electron-withdrawing
nitro group. Similarly -bromosuccinimide failed to effect
bromination of the chloronitroimidazole (136a) to give the
2-bromo compound (159), with only the starting-material
(136a) being recovered in moderate yield. An attempt to
form the anion at C-2 of the imidazole ring in (136a) with
lithium diisopropylamide and then to quench it with
molecular iodine to give the iodonitroimidazole derivative
(160) was also unsuccessful, the starting-material (136a)
being recovered unchanged in good yield.
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It is known39 that the presence of lipophilic substituents
other than phenyl groups can be beneficial in leading to successful binding of antagonists such as (161) (Scheme 54) to the
adenosine receptor site. Thus imidazole derivatives containing
cyclohexyl or cyclopentyl substituents at C-2 are of interest as
possible precursors of adenosine receptor antagonists of the
imidazo[4,5-b]pyridine type. It was therefore decided to attempt the synthesis (Scheme 55) of the cyclohexylimidazole derivative (166) and thence by nitration, the cyclohexyl-substituted chioronitroimidazole (167).
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In this case, nitration was expected to be
straightforward and should result in the formation of the
single nitration product (167). It was proposed to use the
imidazole synthesis due to Grãnacher55 for the unambiguous
synthesis of the chloroimidazole (166) since the cyclisation
(Scheme 56) of the unsymmetrical oxamide (168) using the
Wallach54 approach could give rise to two possible
chloroimidazole products (166) and (169). Thus cyclohexyl
carbonyl chloride (162) was reacted with ethyl glycinate
hydrochloride (163) in pyridine to give a low yield of the
known61 amide derivative (164). This was converted by
treatment with methylamine in aqueous ethanol in good yield
into the inethylamide (165) which gave a combustion analysis
and showed spectroscopic properties consistent with its
assigned structure. However on attempted cyclisation of the
oxamide derivative (165) with phosphorus pentachioride at
1000, only complex multicomponent gums were obtained from
which none of the hoped for chloroimidazole derivative (166)
could be obtained.

3.3 Studies on the Synthesis of 1-(4--Nitroimidazol-5yl)propane-1,3-dione Derivatives and their Reductive
Cyclisation to Imidazo 14, 5-bipyridinone Derivatives
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With the chioronitroimidazoles (136a) and (136b)
readily available in significant quantities, attention was
turned to the use of these compounds as starting-materials
for the novel general synthesis of imidazo[4,5-b]pyridinone
derivatives outlined in Scheme 44 before. Thus (Scheme 57)
reacting the chloronitroimidazole (136b) with potassium
cyanide in ethanol in the presence of potassium iodide gave
the known nitrile5- (137b) in very good yield together with
a low yield of the previously unreported imidate derivative
(170b). The structure of this by-product was assigned on
the basis of its analytical and spectroscopic properties.
Combustion analysis of the compound (170b) gave the
molecular formula C9H14N403 while its mass spectrum showed a
parent ion at m/z 226. The i.r. spectrum of the imidate
showed absorption at 3300 cm due to an NH group together
with absorption of 1630 cm attributable to the presence of
a carbon-nitrogen double bond. Bands at 1575 and 1330 cm
clearly showed the presence of a nitro group. The products
n.m.r. spectrum showed two two proton quartets at S 4.36
and 5 3.94 due to the methylene protons of the two ethyl
substituents. A three proton singlet at S 2.38 is assigned
to the protons of the C-2 methyl group while a six proton
triplet at S 1.34 can be attributed to the methyl protons of
the two ethyl substituents. A broad singlet at S 8.27 is
assignable to the imine proton resonance. The latter
feature was a clear indication that ethanol had added across
the triple bond of the cyano group of the nitrile (137b) to
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give the imidate derivative (170b). An attempt to verify
the structure of the imidate (170b) by hydrolysis with 2M
aqueous hydrochloric acid gave only a low yield of the amide
derivative (171).
In an attempt to avoid imidate formation, the
displacement reaction [(136b) -> (137b)] was carried out in
acetonitrile. However these conditions gave only a moderate
recovery of unchanged starting-material (136b) together with
a mixture of the nitrile (137b) and unreacted startingmaterial (136b) which was not separated.
Deaminative hydrolysis of the nitrile (137b) under
known52 conditions gave a quantitative yield of the
carboxylic acid (138b) which was readily converted into the
acid chloride (139b) in high yield. The i.r. spectrum of
the oily acid chloride (139b) exhibited a shoulder on the
absorption band due to the acid chloride substituent which
initially was thought to be due to the presence of some of
the carboxylic acid anhydride. However the shoulder was not
removed from the i.r. spectrum of the acid chloride (139b)
produced by reaction of the acid (138b) with thionyl
chloride in the presence of dimethylformamide under
conditions unfavourable to anhydride formation.
In an attempt to obtain a more easily handleable
alternative to the acid chloride (139b) (which was a viscous
oil), the acid (138b) was treated (Scheme 58) with carbonyl
diimidazole62 (172) with the intention of forming the acyl
imidazole derivative (173) which should be as reactive as
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the acid chloride (139b) as an acylating agent but which it
was hoped would be a purifiable crystalline solid. However
the attempted reaction of the acid (138b) with carbonyl
diimidazole (172) in either tetrahydrofuran or
dimethylformamide was unsuccessful with the carboxylic acid
(138b) being recovered in both cases in moderate yield.
The next stage was to investigate the use of the acid
chloride (139b) as an acylating agent for active methylene
compounds in the presence of a base such as magnesium
ethoxide. Thus (Scheme 59) the acid chloride (139b)
underwent magnesium ethoxide catalysed condensation with
ethyl 3-oxobutanoate (ethyl acetoacetate) to give a good
yield of a colourless crystalline solid which had analytical
and spectroscopic properties in accord with its formulation
as the novel imidazolyl propane-1,3-dione derivative (175b).
Analysis gave the molecular formula C13H17N306 which was in
agreement with the presence of a parent ion peak at m/z 311
in the compound's mass spectrum. The i.r. spectrum of the
compound showed carbonyl absorption at 1710 cm - due to an
ester group and bands at 1500 and 1340 cm consistent with
the absorption of the nitro substituent. The presence of a
broad band at 3100 - 2500 cm due to OH absorption together
with the lack of other pronounced carbonyl group absorption
was a strong indication that the compound (175b) exists as
the hydrogen bonded enolic structure (175b).
Correspondingly the 1H n.m.r. spectrum of the compound
showed two three proton singlets at S 2.56 and 2.46 due to
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the two methyl groups present and two three proton triplets
at S 1.37 and 1.02 and a four proton quartet at S 4.04 due
to the protons of the two ethyl groups. The presence of an
exchangeable OH singlet at S 11.57 is further evidence for
the molecule existing in the hydrogen bonded enolic form
(175b). The structure of the imidazolyl propane-1,3-dione
derivative (175b) was further verified by its reaction with
hydrazine (Scheme 60) to afford the pyrazole derivative
(180a) which exhibited analytical and spectrosopic
properties fully in accord with its assigned structure. An
attempt to reductively cyclise the pyrazole derivative
(lBOa) by catalytic hydrogenation to give the interesting
tricyclic compound (181a) was unsuccessful, the starting
material (180a) being recovered unchanged in essentially
quantitative yield. The attempted reductive cyclisation of
the pyrazole derivative (lBOa) using alkaline sodium
borohydride in the presence of palladium-on-charcoal, under
conditions known63 to be successful for the intramolecular
reductive condensation of nitro groups with ester
substituents (see also later) also failed to give the
desired tricycle (lBla), these conditions affording only low
yields of intractable gums. Further evidence for the
structure of the novel imidazole derivative (175b) came from
its reaction with hydroxylamine to give a low yield of a
product which analysed correctly and showed spectroscopic
properties in accord with its formulation as one or other of
the isoxazole derivatives (178) or (179) though it was
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decided not to devote effort to establish the precise
orientation.
The reductive cyclisation of the nitroimidazoyl
derivative (175b) was next investigated and it was found
that catalytic hydrogenation over palladium-on-charcoal
resulted in its smooth conversion in excellent yield into
the novel -hydroxyimidazo[4,5-b]pyridinone (176b). This
compound analysed correctly for the molecular formula
C13H17N304 and showed the expected parent ion at m/z 279 in
its mass spectrum. In further accord with its assigned
structure the compound (176b) showed in addition to i.r.
carbonyl absorption at 1720 cm due to an ester group,
broad absorption at 3500 - 2200 cm and low frequency
carbonyl absorption at 1620 cm-1 assignable42 to the
hydrogen-bonded -hydroxy and carbonyl substituents of an hydroxy 4-pyridinone nucleus.

The 1H n.m.r. spectrum of

the -hydroxyimidazopyridinone derivative (176b) contained
proton resonances due to two methyl and two ethyl
substituents in accord with its assigned structure.
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An attempt to further characterise the -hydroxy
imidazopyridinone (176b) by conversion in acetic anhydride
into an j-acetoxy derivative exhibiting characteristically64
high frequency i.r. carbonyl absorption gave only an
intractable gum which yielded no identifiable material.
However more success was achieved by reduction with sodium
dithionite which converted the j-hydroxyimidazopyridinone
(176b) in aqueous ethanol in excellent yield into the parent
imidazopyridinone derivative (177b) which analysed correctly
and showed spectroscopic properties consistent with its
assigned structure. The chemical behaviour of the compound
(177b) was also in accord with its structure. Thus its base
catalysed hydrolysis (Scheme 61) using 2M aqueous sodium
hydroxide gave a good yield of the carboxylic acid (183b)
together with a low recovery of the unchanged ester (177b).
The more forcing conditions of heating under ref lux with 20%
w/v aqueous potassium hydroxide converted the ester (177b)
in quantitative yield into the acid (183b). Heating the
carboxylic acid (183b) at 2400 resulted in its smooth
decarboxylation to give the parent ixnidazo[4,5-b]pyridinone
(185b), also in very good yield. This compound analysed
correctly for the molecular formula C10H13N30 and in
addition to the expected parent ion at Tn/z 191 in its mass
spectrum, showed i.r. absorption in accord with its 4pyridinone structure. The 1H n.m.r. spectrum of the
imidazopyridinone derivative (185b) as well as containing
the expected proton resonances for one ethyl and two methyl

105

groups also showed a one proton singlet at £ 5.75 due to the
proton at the vacant C-6 position.
Hydrolysis (Scheme 61) of the -hydroxyimidazo[4,5]pyridinone (176b) with 2M aqueous sodium hydroxide gave
the j-hydroxyimidazo[4, 5-b]pyridinone carboxylic acid (182b)
in good yield. The carboxylic acid (182b) showed analytical
and spectroscopic properties in accord with its structure
and in addition underwent reduction with sodium dithionite
in dimethylformamide to afford the carboxylic acid (183b)
obtained by hydrolysis of the ester as described before.
The attempted decarboxylation of the hydroxyimidazopyridinone carboxylic acid (182b) did not give
the expected product (184b) but instead resulted in large
scale decomposition of the molecule giving rise to an
intractable inulticomponent mixture.
The acid chloride (139b) also reacted successfully with
ethyl 3-oxo-3-phenylpropanoate (ethyl benzoylacetate) in the
presence of magnesium ethoxide to give a good yield of the
imidazolylpropanedione derivative (175c). The same product
(175c) was obtained, although in low yield, by preforming
the anion of ethyl 3-oxo-3-phenylpropanoate with sodium
hydride and then reacting it with the acid chloride (139b)
as a solution in 1,2-dimethoxyethane. The propanedione
derivative (175c) gave the expected analytical and mass
spectral data and in addition showed i.r. and 1H n.m.r.
spectral absorption akin to the compound (175b) and
consistent with the hydrogen-bonded enolic structure (175c)
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as discussed for the compound (175b) before. The structure
of the imidazolyl-1,3-propanedione derivative (175c) was
further verified by its reaction with hydrazine (Scheme 60)
to give the expected pyrazole derivative (180b).
Reductive cyclisation of the imidazolypropane-1, 3-dione
derivative (175c) occurred on catalytic hydrogenation giving
the expected j-hydroxyimidazopyridinone (176c) in very good
yield. The structure of the compound (176c) follows from
its analytical and spectroscopic properties as well as its
simple chemical transformations. Thus, heating the Nhydroxy compound (176c) with acetic anhydride (Scheme 62)
converted it in high yield into an unstable oil whose
formulation as the -acetoxy compound (186) follows from the
presence in its i.r. spectrum of a high frequency carbonyl
band64 at 1820 cm consistent with the presence of a cyclic
-acetoxy substituent. On attempted purification the acetoxy compound (186) reverted to the starting hydroxyimidazo[4, 5-]pyridinone (176c). Similarly reactions
of the latter with phenyl isocyanate (Scheme 62) gave a good
yield of the carbamate derivative (187) which was also
unstable and was easily hydrolysed back to the j-hydroxy
compound (176c) on attempted purification by chromatography.
Dithionite reduction (Scheme 61) of the -hydroxy
imidazo[4,5-b]pyridinone (176c) readily removed the hydroxy substituent to give the imidazopyridinone (177c) in
high yield. Hydrolysis of this compound with 2M aqueous
sodium hydroxide gave the carboxylic acid (183c) in moderate
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yield together with a moderate recovery of the unchanged
ester (177c). Boiling 20% w/v aqueous potassium hydroxide
was required to effect the quantatitive hydrolysis of the
ester (177c) to the acid (183c). On heating at 2500 the
acid (183c) smoothly evolved carbon dioxide to give a good
yield of the parent imidazopyridinone (185c). This compound
and the acid (183c) both showed analytical and spectroscopic
properties consistent with their assigned structures.
Hydrolysis of the -hydroxyimidazo[4, 5-]pyridinone
ester (176c) with aqueous sodium hydroxide gave a good yield
of the I-hydroxyiinidazopyridinone carboxylic acid (182c)
while the use of 20% w/v aqueous potassium hydroxide in this
transformation gave the acid (182c) in 92% yield together
with an 8% yield of benzoic acid. The isolation of the
latter product indicated that the more forcing hydrolytic
conditions using 20% w/v aqueous potassium hydroxide led to
partial hydrolytic degradation of the imidazo[4,5]pyridinone ring system in (182c). Unfortunately the fate
of the remainder of the molecule could not be deduced.
Prolonged heating of the acid (182c) in aqueous potassium
hydroxide in an attempt to isolate the breakdown products in
better yield was unsuccessful, the product of this reaction
being a colourless highly insoluble solid which resisted all
attempts at characterisation. Dithionite reduction of the
acid (182c ) gave an excellent yield of the
imidazopyridinone derivative (183c) identical in every
respect to the product obtained by hydrolysis of the ester
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(177c) as described before. In contrast to the carboxylic
acid (183c), the attempted thermal decarboxylation of the Nhydroxyimidazopyridinone acid (182c) resulted in extensive
decomposition giving only a complex intractable mixture.
The success of the reaction of the acid chloride (139b)
with ,B-ketoesters prompted an investigation into its related
condensation (Scheme 63) with diethyl propane 1,3-dioate
(diethyl malonate) (188). Thus in the presence of magnesium
ethoxide condensation occurred readily to give a very good
yield of the novel keto-diester derivative (189b). This
compound analysed correctly for the molecular formula
C14H19N307 and exhibited the expected parent ion at m/z 341
in its mass spectrum. The i.r. spectrum of the keto-diester
(189b) showed a broad band at 3700 - 2200 cm together with
a low frequency carbonyl absorption at 1640 cm - consistent
with the hydrogen-bonded enolic structure (189b).
Absorptions at 1730 and 1700 cm-1 and at 1510 and 1300 cm-1
were indicative of the presence of two ester groups and a
nitro group respectively. The 1H n.m.r. spectrum exhibited
a broad exchangeable one proton singlet at S 11.06
consistent with the presence of a hydrogen-bonded OH group.
The lack of absorption due to a methine proton allows
formulation of the compound (189b) as the hydrogen-bonded
enolic structure (189b). The 1H n.m.r. spectrum also
exhibited a series of overlapping multiplets due to the
three ethyl groups and absorption due to the methyl
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substituent of the imidazole ring consistent with the
proposed structure.
Since it was possible that the magnesium ethoxide
catalysed condensation of the acid chloride (139b) with
diethyl malonate (188) and with B-keto-esters (as described
before) occurred by initial formation (Scheme 64) and basecatalysed Claisen-type condensation of the ester (192) with
the active methylene compound it was decided at this point
to investigate this possibilty. The ester (192) was readily
obtained in quantitative yield by quenching the acid
chloride (139b) with ethanol. However its attempted
magnesium ethoxide catalysed condensation with diethyl
malonate (188) gave only a high recovery of the unchanged
ester (192). This result clearly demonstrates the
involvement of the acid chloride (139b) rather than the
ester (192) in condensation reactions of the type [(139b) +
(188) -> (189)].
With the intention of further characterising the ketodiester (189b) an attempt was made to convert it, by
reaction with hydrazine (Scheme 65), into the pyrazolone
derivative (194). However, somewhat surprisingly, heating
the keto-diester (189b) with hydrazine hydrate in ethanol
afforded not the pyrazolone (194) but rather gave a
quantitative yield of a product whose analytical and
spectroscopic properties showed it to be the hydrazide
(193). Also isolated in good yield from this reaction was
diethyl malonate (188) indicating that formation of the
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hydrazide (193) occurs by nucleophilic displacement of
diethyl malonate (188) from the side-chain of the ketodiester (189b) by hydrazine. The keto-diester (189b) also
reacted with hydroxylamine to afford a good yield of the
hydroxamic acid (195), whose structure was fully
substantiated by its combustion analysis and mass, i.r. and
111 n.m.r. spectra. There was no evidence for the formation
of the alternative isoxazolone product (196) in the reaction
of the keto-diester (189b) with hydroxylamine which again
must involve displacement of diethyl malonate (188) from the
side-chain thus explaining the isolation of the hydroxamic
acid (195). In a further attempt to convert the ketodiester (189b) into the pyrazolone derivative (194), it was
heated with hydrazine dihydrochloride in ethanol. However
this reaction gave only a good recovery of the unreacted
keto-diester (189b).
Catalytic hydrogenation of the keto-diester (189b)
resulted in reductive cyclisation to the expected
imidazo[4,5-b]pyridinone derivative (190b) although only in
low yield. A complex multicomponent gum was also formed in
this reaction. The structure of the imidazo[4,5]pyridinone (190b) is based on its analytical and
spectroscopic properties. Combustion analysis was
consistent with the molecular formula C12H15N304 while the
compound's mass spectrum contained the expected parent ion
at m/z 265. Absorption bands at 3500 - 2500 cm in the
iniidazopyridinone's jr. spectrum were attributable to the
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NH and OH groups while absorptions at 1735 and 1605 cm
were due the ester and lactam carboxyl groups.
The keto-diester (189b) also underwent reductive
cyclisation in heating with sodium dithionite in aqueous
ethanol giving the imidazopyridinone (190) though again only
in low yield. In contrast reductive cyclisation of the
keto-diester (189b) using sodium borohydride in aqueous
alkali in the presence of palladium-on-charcoal afforded an
excellent yield of the N-hydroxyimidazo[4,5-b]pyrjdjnone
derivative (191b) whose structure follows from its
analytical, spectroscopic and chemical behaviour.
Combustion analysis corresponded to the molecular formula
C12H15N305 while the compound's mass spectrum exhibited the
expected parent ion at m/z 281. The compound showed a broad
band at 3550 - 2500 cm in its i.r. spectrum attributable
to the combined absorption of the N and -hydroxyl groups
and also carbonyl absorption at 1665 and 1615 cm due to
the ester and lactam carbonyl groups. The -H n.m.r.
spectrum of the compound exhibited a three proton singlet at
S 2.48 due to the protons of the methyl group while two two
proton quartets at S 4.37 and 4.22 together wth two three
proton triplets centred at S 1.31 and 1.30 were indicative
of the two ethyl substituents in the molecule. The compound
is formulated as the 7-hydroxyimidazo[4,5-]pyridin_5(4H)_
one tautomer (191b) as opposed to the 5-hydroxyimidazo[4,5]pyridine-7(4H)-one tautomer by analogy with simpler
systems such as 4-hydroxypyridinone which is known65 to
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exist as the 4-hydroxypyridine-2(1H)-one tautomer in preference to the alternative 2-hydroxypyridin-4(1I-I) -one structure.
In further accord with its assigned structure the -hydroxyimidazopyridinone (191b) reacted on heating with acetic anhydride
to afford a monoacetyl derivative (Scheme 66) assigned the acetoxy structure (197) on the basis of high frequency carbonyl
absorption at 1805 cm -

in its i.r. spectrum characteris-

tic64 of a cyclic -acetoxy group.
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As expected the -acetoxyimidazo[4,5-b]pyridinone (197) was
readily hydrolysed back to the -hydroxy compound (191b) by
treatment with aqueous sodium hydroxide at room temperature.
Treatment of the -hydroxyimidazopyridinone derivative
(191b) with tosyl chloride in dimethylformamide in the
presence of triethylamine failed to give a tosyl derivative,
no identifiable products being recovered from this reaction.
The -hydroxy structure of the imidazopyridinone
derivative (191b) was further substantiated by its reduction
with sodium dithionite to give the same product (190b)
obtained by catalytic reduction of the keto-diester (189b).
Hydrolysis (Scheme 67) of this compound (190b) with 2M
aqueous sodium hydroxide gave only a moderate yield of the
imidazopyridinone (200b) together with a substantial amount
of the unchanged ester (190b), demonstrating the relative
stability of the ester group in this compound (190b) towards
alkaline hydrolysis. However heating the ester (190b) with
20% w/v aqueous potassium hydroxide resulted in complete
hydrolysis and spontaneous decarboxylation of the
intermediate acid (199b) giving the imidazopyridinone (200b)
in high yield.
Heating the N-hydroxyimidazo[4, 5-]pyridinone ester
(191b) in 2M aqueous sodium hydroxide failed to hydrolyse
the ester group and the compound (191b) was recovered
unchanged in 85% yield. On the other hand boiling the jhydroxy compound (191b) with 20% w/v aqueous potassium
hydroxide resulted in ready hydrolytic decarboxylation to
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give a quantitative yield of the imidazopyridinone (200b)
via the presumed intermediacy of the acid (198b) which was
too unstable to isolate. Acid catalysied hydrolysis of the
-hydroxyimidazopyridinone (191b) using 20% sulphuric acid
in glacial acetic acid also resulted in the formation of the
imidazopyridinone in good yield. The structure of the Nhydroxyimidazopyridinone (200b) was confirmed by its
analytical and spectroscopic properties and by its ready
reduction with sodium dithionite to give the parent
imidazopyridinone (201b) which was in turn characterised by
its conversion in moderate yield into one of the two
possible chloroimidazopyridinones (202) or (203) (Scheme
68) by heating with phosphorus oxychloride in the presence
of dimethylaminopyridine. The chloro compound analysed
correctly for the molecular formula C9H10C1N30 and exhibited
the expected isotopic parent ion peaks at m/z 211 and 213 in
its mass spectrum. The compound's 1H n.m.r. spectrum
displayed a one proton singlet at S 6.28 corresponding to
the resonance of the C-6 proton. A three proton triplet at
5 1.35 together with a two proton quartet centred at S 4.32
was a clear indication of a single ethyl group being
present. The three proton singlet at S 2.51 is likewise
attributable to the resonance of the protons of a single
methyl group. All of this evidence indicates that the
chloro product is a single compound rather than an isomer
mixture but does not differentiate between the two possible
monochloro imidazopyridinone structures (202) or (203).
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Since the chioroimidazopyridinone could not be induced to
provide diffraction quality crystals, the assignment of its
precise structure will require further substantial
experimental work. In an attempt to force the conversion of
the hydroxyimidazopyridinone (201b) into the dichloro
compound (204), it was heated under ref lux with phosphoryl
chloride in the presence of ,j-diethy1aniline. However
this reaction gave only an intractable oil which yielded no
identifiable material.
The successful condensation of the acid chloride (139b)
with B-keto-esters and diethyl malonate and the subsequent
reductive cyclisation of the acyl products to
imidazopyridinones prompted the investigation of the
acylation of other active methylene compounds with the acid
chloride (139b) with a view to subsequent reductive
cyclisation of the resulting acyl compounds to give a
variety of usefully functionalised imidazopyridinone
derivatives. However the attempted magnesium ethoxide
catalysed condensation of the acid chloride (139b) with
cyclohexane carboxylic ester (205) (Scheme 69) was
unsuccessful, this reaction giving only a moderate yield of
the imidazole acid (138b). Similarly the acid chloride
(139b) failed to undergo magnesium ethoxide catalysed
condensation (Scheme 70) with either ethyl ethoxalylacetate
prepared by a literature66 method from diethyl oxalate and
ethyl acetate, or with the commercially available diethyl
acetonedicarboxylate. No success was obtained by
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deprotonating diethyl acetonedicarboxylate with sodium
hydride and attempting to acylate the resulting anion with
the acid chloride (139b). Only complex oils were obtained
and not the hoped for side-chain functionalised imidazole
derivative (207). With the intention of finding alternative
catalysts to magnesium ethoxide for the condensation of the
acid chloride (139b) with active methylene compounds, an
attempt was made to react to the acid chloride (139b) with
the cyclopentanone derivative (209) (Scheme 71) in the
presence of tetrabutylammonium fluoride, a catalyst known68
to be effective for the alkylation of B-diketones and Bketo-esters. However carrying out the reaction in
chloroform or in dichloromethane was unsuccessful with
moderate yields of the ketone (209) being recovered
unchanged together with unidentifiable oils.
With the hope of extending the scope of the acylation
reactions to include B-diketones, the acid chloride (139b)
was reacted with pentane-2,4-dione (acetylacetone) (142b)
(Scheme 72) in ether in the presence of magnesium ethoxide.
The reaction gave a good yield of an oil which could not be
identified. In particular the 1H n.m.r. spectrum exhibited
very complicated absorption which was not consistent with
the expected product (140b). However a similar reaction
employing 1-phenylpentane-2,4-dione (benzoylacetone) gave a
good yield of a solid product which is formulated as the
novel imidazolyl triketone derivative (140c) on the basis of
its analytical and spectroscopic properties. Thus
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combustion analysis gave the molecular formula C17H17N305
while the mass spectrum exhibited the expected parent ion at
m/z 343. The i.r. spectrum displayed carbonyl group
absorptions at 1645 cin while the presence of a nitro
substituent in the compound was indicated by the absorptions
at 1500 and 1340 cm. The 111 n.m.r. spectrum showed three
distinctive three proton singlets at S 2.33 and 2.07
corresponding to the two methyl groups in the molecule while
the five proton singlet at S 7.66 - 7.20 clearly showed the
presence of a phenyl substituent. The structure (140c) was
further confirmed by the successful formation in excellent
yield of an pyrazole derivative (Scheme 73) by reaction of
the triketone (140c) with hydrazine in ethanol. The
compound had the correct analytical and spectroscopic
properties to allow its formulation as a pyrazole but which
of the three possible isomeric compunds (212), (213) or
(214) was formed could not be established without further
investigation. Reductive cyclisation of the triketone
derivative (140c) (Scheme 72) by catalytic hydrogenation
over palladium-on-charcoal then proceeded smoothly in
excellent yield to give the -hydroxyimidazo[4,5]pyridinone derivative (211c). This compound exhibited the
correct analytical and spectroscopic properties for the
asigned structure. That the reductive cyclisation had
occurred at the methyl ketone carbonyl group, and not at the
benzoyl carbonyl centre [in which case the alternative 6acetyl-5-phenylimidazo[4,5-b]pyridinone (171c, R3 = Me, R4
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= Ph) would have been formed], was shown by oxidation of
the product (211c) with hydrogen peroxide. This reaction
gave an excellent yield of benzoic acid which strongly
suggested the presence of a benzoyl susbtituent in the
compound thus allowing its formulation as the 6-benzoyl-5methy1--hydroxyimidazopyridinone (211c). Although the
oxidation conditions used were not expected to lead to
degradation of the imidazo[4,5-b]pyridinone ring, the fate
of the rest of the molecule could not be determined.
Somewhat surprisingly the reduction of the triketone (140c)
with alkaline sodium borohydride in the presence of
palladium-on-charcoal (Scheme 72) gave only a very low yield
of the 5-phenylimidazopyridinone derivative (185c).

This

product presumably arised by reductive cyclisation occurring
at the benzoyl carbonyl centre followed by loss of the
acetyl group at C-6 position, although why the parent (NH)
ring system, and not the -hydroxy derivative, arises under
these conditions is not known.
Dithionite reduction of the I-hydroxyimidazopyridinone
derivative (211c) gave a low yield of the imidazopyridinone
(141c) together with a moderate yield of another isomeric
compound which could not be positively identified but which
is tentatively formulated as the 6-acetylimidazopyridinone
derivative (141c, R3 = Me, R4 = Ph) derived from the product
(211c, R3 = Me, R4 = Ph) of the alternative reductive
cyclisation of the triketone (140c).
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carrying out the iodoform reaction, was unsuccessful with
only intractable brown solids and gums being formed. An
attempt to form an oxime or isoxazole derivative of the hydroxyimidazopyridinone (211c) by reaction with hydrazine
to help confirm the structure of the product (141c) was
unsuccessful with intractable solids and an oil being
formed. Acetylation of the -hydroxyimidazopyridinone
derivative (211c) (Scheme 74) gave a good yield of a product
which is tentatively assigned as the 5(hydroxymethyl) imidazo[4 , 5-]pyridinone (216) on the basis
of its analytical and i.r. spectral data. Combustion
analysis was consistent with the molecular formula
C17H17N303 while the compound's mass spectrum exhibited the
expected parent ion at m/z 311. The i.r. spectrum of the
compound (216) exhibited carbonyl absorption at 1735 cm.
Both the 1H and 13C n.m.r spectra of the compound (216)
exhibited complicated absorption patterns and were not
unequivocal in assigning a single definite structure to the
compound. This product presumably arises by the initial
formation of the i-acetoxyiinidazopyridinone followed by
transfer of the acetate group to the adjacent methyl group
via the tautomer (215) to give the acetoxymethyl derivative
(217) which on hydrolysis during work up will afford the
(hydroxymethyl)ixnidazopyridinone (216). As a further
investigation of the simple chemical transformations of the
N-hydroxyimidazo[4,5-b]pyridinone (211c) it was heated in
20% w/v aqueous potassium hydroxide. However this reaction
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failed to cleave the benzoyl substituent at the C-6 position
and the starting-material (211c) was recovered unchanged in
very good yield.
In an attempt to extend the reactions of the acid
chloride (139b) with 1,3-diketo compounds it was next
reacted (Scheme 75) with 1,3-diphenylpropane-1,3-dione
(dibenzoylmethane) (218) in ether in the presence of
magnesium ethoxide with the hope of obtaining the side-chain
functionalised nitroimidazole derivative (140d).
Disappointingly however the reaction gave only a low yield
of the diketone derivative (219b) together with a low
recovery of dibenzoylmethane (218) and intractable gums.
Similarly the acid chloride (139b) failed to react (Scheme
76) with the acetal derivative (220) in the presence of
magnesium ethoxide to give the interesting aldehyde (221).
Also unsuccessful was an attempt (Scheme 77) to condense the
acid chloride (139b) with cyclohexane-1,3-dione (222) to
give the nitroimidazolyl cyclohexanedione derivative (223).
Only the carboxylic acid (138b) together with unchanged
cyclohexane-1,3-dione (222) were obtained from the reaction.
With the intention of extending this novel imidazo[4,5]pyridinone synthesis, the acid chloride (139b) was reacted
with ethyl cyanoacetate (224) (Scheme 78) in the presence of
magnesium ethoxide. The reaction indeed gave the expected
product (225) but was inefficient, the product (225) being
formed in only low yield. The carboxylic acid (138b) and
unchanged ethyl cyanoacetate were also obtained in moderate
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yield from the reaction mixture. The compound (225) had
analytical and spectroscopic properties fully in accord with
the proposed structure. Combustion analysis gave the
molecular formula C12H14N405 while the mass spectrum
exhibited the parent ion at m/z 294. The i.r. spectrum of
the compound showed absorption at 2230 cm clearly
indicating the presence of a nitrile gorup in the molecule
while the carbonyl group absorption occurred at 1720 cm.
Absorption bands at 1510 and 1350 cm were consistent with
the presence of the nitro substituent in the compound. The
'H n.m.r spectrum of the cyano-ester (225) displayed a four
proton multiplet centred at S 3.86 together with two three
proton triplets at S 1.20 and 1.01 , these signals
indicating the presence of two ethyl substituents in the
molecule. A three proton singlet at S 2.38 was attributable
to the methyl group in the compound. Carrying out the
reaction of the acid chloride (139b) with ethyl cyanoacetate
using sodium hydride as an alternative base to magnesium
ethoxide gave an improved but still very poor yield (14%) of
the cyano-ester derivative (225). Using sodium hydride as
the base and changing the solvent to dimethylformamide for
the reaction of the acid chloride (139b) with ethyl
cyanoacetate gave a further improved yield of the cyanoester (34%). It was then anticipated, by analogy with the
behaviour of the keto-diester (189b), that reductive
cyclisation of the cyano-ester (225) with alkaline sodium
borohydride in the presence of palladium-on-charcoal should
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give rise to one of the two imidazo[4,5-b]pyridinone
derivatives (226) or (227). However in practice this
reaction gave only low yields of intractable gums. As an
alternative nitrile substrate for the acid chloride (139b),
it was next decided to investigate (Scheme 79) the reaction
of the acid chloride (139b) with the readily prepared69
benzoylacetonitrile. Carrying out the reaction in the
presence of magnesium ethoxide in ether gave the expected
cyano-ketone derivative (229) but again the yield of this
interesting side-chain functionalised imidazole was
disappointingly low. The compound (229) which was fully
characterised analytically and spectroscopically was then
subjected to catalytic hydrogenation over palladium-oncharcoal. This reaction proceeded smoothly and in
quantitative yield to give the 6-cyanoimidazo[4,5]pyridinone derivative (230). That the reductive
cyclisation had given this product and not the alternative
amino substituted derivative (231) was clearly shown by its
analytical and spectroscopic properties. In particular
combustion analysis was consistent with the molecular
formula C16H14N40 while the compound's mass spectrum
exhibited the parent ion at m/z 278. The i.r. spectrum of
the compound showed an absorption peak at 2220 cm clearly
attributable to the presence of a cyano group in the
molecule. The lack of absorption in the NH and carbonyl
group regions of the spectrum ruled out the structure (231),
the product of the alternative mode of reductive
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cyclisation. The compound's 111 n.m.r. spectrum displayed a
five proton singlet at S 7.65 due to the protons of the
aromatic phenyl substituent. The presence of an ethyl group
in the molecule was shown by a two proton quartet centred at
S 4.45 and a three proton triplet at 6 1.36 while the three
proton singlet at S 2.53 was attributable to the protons of
the methyl substituent. The presence of only a single NH
proton was shown by the broad singlet at S 13.50 - 13.00.
This single NH absorption rules out the amino substituted
imidazopyridinone (231) and further supports the formulation
of the compound (230) as the 6-cyanoimidazopyridinone
derivative (230).
An attempt to react the acid chloride (139b) with
malononitrile (232) (Scheme 80) was unsuccessful with no
evidence being obtained for the formation of the dinitrile
derivative (233). Moderate yields of unchanged
malononitrile (232) and the carboxylic acid (138b) were the
products of the reaction together with an oil which was
shown by its t.1.c. to be a mixture containing the ester
(192)
It was next decided to investigate the acylation of a
range of active methylene compounds containing substituents
other than simple ketones and esters with the acid chloride
(139b). The intention being to construct side-chain
functionalised nitroimidazoles which on reductive
cyclisation would provide a range of imidazopyridinone
derivatives with interesting functional groups at the C-6
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position. Thus the acid chloride (139b) was reacted with
ethyl nitroacetate (234) (Scheme 81) in ether in the
presence of magnesium ethoxide. However the reaction failed
to give the hoped for nitroester derivative (235). The
reaction gave only a good recovery of ethyl nitroacetate
(234) together with a low yield of the carboxylic acid
(138b) and a gum which was shown to contain the ester (192)
on the basis of its t.1.c. behaviour. Next
benzenesulphonylacetone (236) was prepared by known70
methods and its acylation with the acid chloride (139b)
(Scheme 82) investigated. This reaction gave the acid
(138b) in low yield together with a good recovery of the
ketone (236) as well as a low yield of a colourless
crystalline product which had the correct analytical and
spectroscopic properties to allow its formulation as the
novel side-chain functionalised nitroimidazole (237). The
yield of this interesting keto compound (237) was however
disappointingly low.

As an alternative to active methylene

compounds the behaviour of the acid chloride (139b) towards
ethyl triphenylphosphoranylacetate7- (238) (Scheme 83) was
investigated. It was anticipated that the nucleophilic
phosphorane (238) would react with the acid chloride (139b)
to give the interesting side-chain functionalised
nitroimidazole derivative (239). Indeed in practice heating
the acid chloride (139b) with the phosphorane (238) in
anhydrous toluene gave an excellent yield of a product
which, on the basis of the its analytical and spectroscopic
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properties, is formulated as the interesting nitroimidazole
derivative (239). Thus combustion analysis gave the
molecular formula C29H28N305P while the mass spectrum of the
compound exhibited the expected parent ion at m/z 529. The
i.r. spectrum of the compound (239) showed the presence of a
nitro substituent by absorptions at 1520 and 1340 cm and
the 1H n.m.r. spectrum clearly showed the incorporation of
the triphenyiphosphine moiety by the absorption at 7.96 7.44 in the aromatic region of the spectrum which was
attributable to fifteen protons. The two two proton
quartets at S 3.83 and 3.64 together with the two three
proton triplets at S 1.25 and 0.61 establised the presence
of two ethyl substituents in the molecule while the single
methyl group gave rise to absorption at S 2.37. Attempts to
reductively cyclise the nitroimidazolyiphosphorane (239) to
the imidazopyridinone derivative (240) met with little
success. Thus only starting-material (239) was recovered
unchanged in good yield after catalytic hydrogenation of the
phosphorane (239) over palladium-on-charcoal. Alkaline
sodium borohydride in the presence of palladium-on-charcoal
also failed to effect reductive cyclisation of the
nitroimidazole (239). Starting-material (239) was recovered
in low yield, the only other products of the reaction being
multicomponent gums. The use of sodium dithionite as a
reducing agent in an attempt to reductively cyclise the
phosphorane derivative (239) gave rise to only intractable
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multicomponent gums with no evidence for the formation of
the iinidazopyridinone (240) being obtained.
With intention of extending the range of substrates
amenable to acylation with the acid chloride (139b), N-icyclohexen-1-yl morpholine (241) (Scheme 84) was reacted
with the acid chloride (139b) in dichloromethane in the
presence of triethylamine. The product of this reaction,
obtained in moderate yield, however was not the expected
nitroimidazolylcyclohexanone derivative (243) but rather the
di-(nitroimidazolyl)cyclohexanone (244). This compound
(244) had analytical and spectroscopic properties fully
consistent with the proposed structure although whether the
Z or E isomer was formed could not be established without
further experimental work. This product must arise by
initial formation of the imidazolyl cyclohexenyl morpholine
derivative (242) in which the oxygen atom of the carbonyl
group possesses enhanced nucleophilic character due to the
presence of the adjacent morpholine substituent, followed by
acylation on oxygen with a second molecule of the acid
chloride (139b). None of the desired monoacylated product
(243) could be detected in the reaction mixture which
suggests that the vinyloguous amide (242)is more
nucleophilic than the enamine derivative (241) and reacts
faster with the acid chloride (139b) than the enamine (241)
giving rise to the diacylated compound (244) as the major
product of the reaction. Attempts to alter the reaction
conditions to favour the formation of the diketone (243) met
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with little success. Using an excess of the enamine (241)
and adding the acid chloride (139b) slowly in dilute
solution to the enamine (241) to keep the concentration of
the acid chloride (139b) low still gave rise to the
diacylated cyclohexanone derivative (244) as the only
identifiable product of the reaction. Carrying out the
reaction of the acid chloride (139b) with the enamine (241)
without triethylamine in the hope that the initial adduct of
the reaction, the protonated form the vinylogous amide (242)
would not possess nucleophilic character and would not react
with a second molecule of the acid chloride (139b) also gave
the diacylated cyclohexanone derivative (244) as the only
identifiable product. Hydrolysis of the di(nitroimidazolyl) cyclohexanedione (244) with ethanolic
potassium carbonate gave only unidentifiable gums but the
use of lithium hydroxide in tetrahydrofuran for the
hydrolysis gave a good yield of the desired diketone (243).
Satisfactory analytical data could not be obtained for this
compound but mass spectral and 1H n.m.r spectral data were
consistent with the proposed structure. Disappointingly
however, attempted reductive cyclisation of this compound
(243) by catalytic hydrogenation over palladium-on-charcoal
gave only unidentifiable gums and not the interesting
imidazoquinoline derivative (245).
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With the hope of exploiting this new synthetic route to
give further examples of the novel highly functionalised
imidazo[4, 5-]pyridinone derivatives (141), an investigation
into the acylation reactions of the acid chloride (139a) was
undertaken. The acid chloride (139a) (Scheme 57) was
prepared, using known52 chemistry, from the readily
available chioronitroimidazole (136a). Thus displacement of
the chlorine substituent with cyanide ion in ethanol gave a
moderate yield of the nitrile (137a). Hydrolysis of the
nitrile then proceeded in good yield to give the carboxylic
acid (138a) which was readily converted into the crystalline
acid chloride (139a) on heating in thionyl chloride. The
acid chloride (139a) was then reacted with ethyl
acetoacetate (Scheme 59) in the presence of magnesium
ethoxide to give a good yield of the side-chain
functionalised nitroimidazole (175a). This new compound had
analytical and spectrosopic properties fully consistent with
its proposed structure. Reductive cyclisation of the
diketo-ester (175a) using catalytic hydrogenation over
palladium-on-charcoal then occurred smoothly and in
excellent yield to give the -hydroxyimidazo[4,5]pyridinone derivative (176a). In turn dithionite
reduction of the -hydroxy compound (176a) gave the
imidazopyridinone (177a) also in excellent yield.
Hydrolysis of this compound (177a) in boiling 20% w/v
aqueous potassium hydroxide gave a quantitative yield of the
carboxylic acid (183a) (Scheme 61) which smoothly
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decarboxylated on heating in vacuo to give a very good yield
of the 1, 5-dimethylimidazo[4,5-b]pyridinone derivative
(185a). All the new compounds had analytical and
spectroscopic properties fully in accord with their assigned
structures. Hydrolysis of the -hydroxyimidazopyridinone
ester (176a) with 20% w/v aqueous potassium hydroxide gave
the carboxylic acid (182a) in quantitative yield while acid
catalysed hydrolysis of the same ester (176a) using 20% w/v
aqueous sulphuric acid and glacial acetic acid gave the same
product (182a) in moderate yield but a lot of the startingmaterial (176a) was recovered unchanged. The low solubility
of the 1T-hydroxyimidazopyridinone (182a) prompted an attempt
to reduce it using sodium dithionite in aqueous sodium
hydroxide. However under these conditions only the
starting-material (182a) was recovered in very high yield.
The use of sodium dithionite and boiling dimethylformamide
as the solvent was successful in reducing the hydroxyimidazopyridinone (182a) to the same carboxylic acid
(183a) as obtained before by reduction followed by
hydrolysis of the ester (176a).
Similarly the acid chloride (139a) condensed smoothly
with ethyl benzoylacetate in dimethoxyethane in the presence
of magnesium ethoxide to give a good yield of the diketoester derivative (175d). Catalytic hydrogenation of the
latter proceeded efficiently to give a good yield of the hydroxyimidazopyridinone (176d) which in turn was readily
reduced by sodium dithionite to give the novel

Me OH 0
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OEt
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OH

x O

UH

(201a)
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(i) Na2S204, DMF, H20, reflux.

Scheme 85
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imidazopyridinone (177d). Alkaline hydrolysis of the ester
(177d) again gave the carboxylic acid (183d) also in
quantitative yield which was easily decarboxylated by
heating under vacuum to give the 1-methyl-5phenylimidazo[4,5-b]pyridinone (185d). Hydrolysis of the Nhydroxyimidazopyridinone ester (176d) with aqueous potassium
hydroxide gave the acid (182d) which was readily reduced by
sodium dithionite to give the same imidazopyridinone
carboxylic acid (183d) as obtained by the alternative
sequence of reduction and then hydrolysis of the ester
(176d). Both steps proceeded in excellent yield and again
all new compounds exhibited analytical and spectroscopic
properties fully consistent with their assigned structures.
As further exploitation of this novel imidazopyridinone
synthesis the acid chloride (139a) was condensed (Scheme 63)
with diethyl malonate (188) to give the novel keto-diester
(189a) in very good yield. Alkaline sodium borohydride in
the presence of palladium-on-charcoal effected ready
reductive cyclisation of the keto-diester (189a) to the Nhydroxyimidazopyridinone (191a) in good yield. Heating this
compound (191a) with sodium dithionite in aqueous
dimethylformamide (Scheme 85) resulted in reduction of the
11-hydroxy substituent but also caused hydrolytic
decarboxylation of the ester group at the 6-position of the
imidazopyridinone ring to give the product (201a). The loss
of the ester substituent in this reaction was presumably
caused by the high reaction temperature employed. Attempted
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reduction of the 11-hydroxy derivative (191a) under the same
conditions but at room temperature was unsuccessful with the
starting material (191a) being recovered unchanged in good
yield. The use of sodium dithionite in anhydrous
dimethylformamide at 1000 in an attempt to reduce the ester
(191a) also gave rise to the decarboxylated product (201a)
although how hydrolysis of the ester group could occur under
these conditions is not known. In an attempt to convert the
-hydroxy substituent of the imidazopyridinone into a group
more amenable to reduction, the I-hydroxyimidazopyridinone
(191a) was heated with acetic anhydride (Scheme 86) to give
a good yield of the 4-acetoxyimidazopyridinone derivative
(246). This compound exhibited the correct analytical and
spectroscopic properties in accord with its proposed
structure. However the -acetoxy derivative (246) was not
reduced to the imidazopyridinone (190a) by catalytic
hydrogenation over palladium-on-charcoal. Reduction of the
-hydroxyimidazopyridinone (191a) with sodium dithionite as
a suspension in aqueous ethanol finally gave the desired
product (190a) in good yield. Hydrolysis of the latter with
aqueous potassium hydroxide readily hydrolysed the ester
group and resulted in smooth decarboxylation of the
intermediate carboxylic acid to give the imidazopyridinone
(201a). Similarly alkaline hydrolysis of the hydroxyimidazo pyridinone (191a) gave a good yield of the
decarboxylated -hydroxyimidazopyridinone (200a) which on
reduction with sodium dithionite gave the imidazo[4,5-
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3.4 Experimental Part
General Experimental Methods
See Chapter 2, section 2.4

N,N'-Dimetl-iyloxamjde (143a)

,j'-Dimethyloxamide (143a) was prepared by the
reaction of diethyl oxalate with aqueous methylainine as
described by Wallach49'
50, yield 82%, and had m.p. 212-2130
(subi.) (lit.49'
50, 215-2170).

5-Chloro-1-methyl-1H-jmidazole (135a)

5-Chloro-1--methyl-1H-imidazole (135a) was prepared by
the reaction of ,'-dimethyloxamide (143a) with phosphorus
pentachloride as described by Wallach49'
50, yield 58%, and
had b.p. 148-1520/0.6-0.7 mmHg (lit.49'
50, 2050/760 mmHg).

5-Chloro-1-methyl-4-nitro-1H-imidazole (136a)

5-Chloro-1-methyl-4-nitro-1H-imidazole (136a ) was
prepared by the nitration of 5-chloro-1-methyl-1H-imidazole
(135a) as described by Sarasin and Wegmann51 yield 89%, and
had m.p. 144-1450 (lit.51, 147-1480).

134

The Attempted Bromination of 5-Chloro-1-inethyl-4-njtro-lj-jimidazole (136a) in 5% Aqueous Acetic Acid

A solution of the chloronitroixnidazole (136a) (0.81 g,
0.005 mol) in 5% aqueous acetic acid (20.0 ml) was treated
dropwise with a solution of bromine (0.8 g, 0.005 mol) in 5%
aqueous acetic acid (10.0 ml) and the mixture stirred at
room temperature for 2h after which time t.l.c. in ethyl
acetate over silica showed only the presence of startingmaterial (136a).
The mixture was not investigated further.

The Attempted Reaction of 5-Chloro-1-methyl-4-nitro-1Himidazole (136a) with N-Bromosuccjnjmjde

A solution of the chioronitromidazole (136a) (0.81 g,
0.005 mol) in anhydrous 1,4-dioxane (25.0 ml) was treated
with 11-bromosuccinimide (0.89 g, 0.005 mol) and the mixture
was heated under ref lux for 1.5h.
The mixture was evaporated and the residue was treated
with water (10.0 ml) and extracted with ethyl acetate to
afford a colourless solid which was crystallised from ethyl
acetate to give unchanged starting-material (136a) (0.31 g;
40%) m.p. 144-146, identified by comparison (m.p., i.r.
spectrum and 1H n.m.r. spectrum) with an authentic sample.
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The Attempted Iodination of 5-Chloro-1-methyl-4-nitro-1Himidazole (136a)

A solution of lithium diisopropylamide (0.54 g, 0.005
mol) in anhydrous tetrahydrofuran (20.0 ml) was stirred at
_600 (isopropanol - solid CO2 bath) under an atmosphere of
nitrogen and treated dropwise with a solution of the
chioronitroimidazole (136a) (0.81 g, 0.005 mol) in anhydrous
tetrahydrofuran (30.0 ml) and hexamethyiphosphoramide (3.0
ml). The temperature was allowed to rise to _300 and a
solution of iodine (1.27 g, 0.005 mol) in anhydrous
tetrahydrofuran (10.0 ml) was added and the mixture was then
allowed to warm up to room temperature over lh.
The mixture was treated with water (25.0 ml) and
extracted with ethyl acetate to afford an oily solid which
was crystallised from methanol to give unchanged startingmaterial (136a) (0.52 g; 64%) m.p. 153-1550 , identified by
comparison (m.p., i.r. spectrum and 1H n.ni.r. spectrum) with
an authentic sample.

N, N' -Diethyloxamide (143j

Li'-Diethy1oxamide (143b) was prepared by the reaction
of diethyl oxalate with aqueous ethylamine as described by
Wallach53, yield 90%, and had m.p. 182-1830 (subl.) (lit53.,
175°).
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The Cyclisation of N,N'-Diethyloxamjde (143b) to 5-Chloro-1ethyl-2-methyl-1H-imidazole (135b) and 4-Chloro-1-ethyl-2methyl-1H-imidazole (144b) using Phosphorus Pentachloride

,I'-Diethy1oxamide (143b) was cyclised with phosphorus
pentachloride by a modification of the method described by
Wallach54.
,'-Diethy1oxamide (143b) (14.4 g, 0.1 mol) was mixed
with phosphorus pentachioride (41.7 g, 0.2 mol) and, on
stirring, the mixture liquified to give a pale green
solution which was heated at 1000 for 2h.
The phosphorus oxychloride formed as a by-product was
distilled off under reduced pressure and the residue was
treated with ice-water (25.0 ml) and 2M aqueous sodium
hydroxide (100 ml). Extraction with dichioromethane gave an
organic phase which was treated with 2M aqueous hydrochloric
acid (100 ml). The acidic aqueous phase was made alkaline
with 2M aqueous sodium hydroxide and extracted with
dichloromethane to give a brown oil (14.5 g) which was
chromatographed over silica.
Elution with dichloromethane-methanol (30:1) gave an
orange oil which was subjected to preparative high
performance liquid chromatography over Spherisorb S5W.
Elution with chloroform-hexane-ethanol (75:25:5)
afforded 4-chloro-1-ethyl-2-methyl-1H-imjdazole (144b),
(0.04 g; 0.3%) as a colourless oil, [t.1.c., silica, elution
dichloromethane-methanol (30:1), Rf 0.34, detection
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iodoplatinic acid], 6H (CDC13) 6.71 (1H, 5, H-5), 3.84 (2H,
q, J 7Hz, CH2), 2.36 (3H, s, CH3 ) and 1.38 (3H, t, J 7Hz,
CH3).
Found:

M+, 146 and 144

909C1N2requires: M, 144.5
Further elution with dichloromethane-methanol (30:1)
afforded 5-chloro-1-ethyl-2-methyl-1H-imidazole (135b)
(total 13.7g; 95%) as a colourless oil [t.l.c., silica,
elution dichloroinethane-methanol (30:1), Rf 0.34, detection
iodoplatinic acid], b.p. 76-780/0.09 mmHg, 8H (CDC13) 6.80
(lH, S, H-4), 3.92 (2H, q, J 7Hz, CH2), 2.39 (3H, 5, Cl3)
and 1.31 (3H, t, J 7Hz, Cl3 ).
Found: C, 48.7; H, 6.3; N, 19.1%; N, 146 and
144.
96119C1N2requires: C, 49.8; H, 6.2; N, 19.4%; M, 144.5.
N-Ethyl Acetamidoacetarnide (147)
fl-Ethyl

acetamidoacetamide (147) was prepared by the

reaction of ethyl acetamidoacetate with ethylaiuine as
described by Gränacher et a155 , yield 23%, and had m.p. 1491500 (lit.55, 1440).
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The Cyclisation of N-Ethyl Acetamidoacetamide (147) to 5Chloro-1-ethyl-2-xnethyl-1H-jmjdazole (135b) using Phosphorus
Pentachioride

A suspension of j-ethyl acetamidoacetamide (147) (1.4
g, 0.01 mol) in chloroform (15.0 ml) was stirred at 00 (ice
bath) and treated in small portions, with phosphorus
pentachloride (4.2 g, 0.02 mol). The mixture was then
heated under ref lux for 7h.
After cooling, ice (25 g) was added and the resulting
acidic layer was separated, further washed with chloroform,
basif led with 2M aqueous sodium hydroxide and extracted with
ethyl acetate to give a brown oil (0.47 g).
The oil was purified by chromatography in
dichloromethane-methanol (30:1) over silica to give
chloro-1-ethvl-2-methyl-lH-imidazole (135b) (0.40 g; 28%)
identical (t.l.c. and 'H n.m.r. spectrum) to an authentic
sample prepared by the cyclisation of

'-diethyloxamide

(143b) with phosphorus pentachioride as described before.

5-Chloro-1-ethyl-2-methyl-4-nitro-1H-imidazole (136b)

5-Chloro-1-ethyl-2-methyl-4-nitro-1H-imidazole (136b)
was prepared by the nitration of 5-chloro-1-ethyl-2-methyl1ll-imidazole (135b) as described by Sarasin and Wegmann56,
yield 76% and had m.p. 87-900 (lit.56, 880).
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N,N'-Dibenzyloxamjde (143c)

,Ij'-Dibenzy1oxamide (143c) was prepared by the
reaction of diethyl oxalate with benzylamine as described by
Strakosch57, yield 75%, and had m.p. 217_2200 (lit.57, 2162180 )

1-Benzyl-5-chloro-2-phenyl-1H-ixnidazole (135c)

1-Benzyl-5-chloro-2-phenyl-1H-iinidazole (135c) was
prepared by the reaction of j,'-dibenzy1oxamide (143c) with
phosphorus pentachioride as described by Kochergin58, yield
22%, and had m.p. 76-79 (lit.58, 79_800).

The Nitration of 1-Benzyl-5-chloro-2-phenyl-1J-I-jinjdazole
(135c

The chloronitroiniidazole (135c) (1.1 g, 0.004 mol) was
dissolved with warming in 2M aqueous nitric acid (2.0 ml).
The mixture was evaporated and the residue triturated with
ether to give the nitrate salt, (1.3 g; 97%) m.p. 147_1500 .
98% w/w Sulphuric acid (2.0 g) was stirred at 00 (icesalt bath) and treated slowly with the above nitrate salt at
such a rate that the temperature did not exceed 100. When
the addition was complete the mixture was heated at 1000 for
l.5h.
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The cooled mixture was treated with ice (3 g) and then
neutralised with 50% aqueous sodium hydroxide and glacial
acetic acid. The mixture was then treated with
dichioromethane and the three phase mixture filtered to
remove some insoluble solid. Evaporation of the
dichloromethane layer gave a yellow oil which was triturated
with ether to afford 5-chloro-2-phenyl-1-(4nitrophenylmethyl)-1H-iinidazole (148) (0.42 g; 34%) which
formed colourless plates, m.p. 127_1290 (from ethanol), Vmax
1510 and 1350 (NO2) cm, 5H (CDC13) 8.16 (2H, d, J 9Hz,
ArH), 7.39 (5H,

S,

ArH), 7.15 (1H, s, H-4), 7.14 (2H, d, J

9Hz, ArH) and 5.32 (2H, s, CH2), SC 147.97 (quat), 147.57
(quat), 143.14 (quat), 129.99 (quat), 129.35, 128.64,
128.30, 126.70, 126.05, 123.99, 118.60 (quat) and 47.37
(CH2).

Found: C, 61.5; H, 3.9; N, 13.5%; M+, 315
and 313
90ClN292requires: C, 61.3; H, 3.9; N, 13.4%; N, 313.5

Evaporation of the ethereal mother liquor gave a yellow
oil (0.5 g) which was flash-chroniatographed over silica.
Elution with dichioromethane-ethyl acetate (10:1) through to
methanol gave only a series of yellow oils and gums (total
0.5 g) from which no identifiable material could be
obtained.
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N,N'-Di-(4-chlorophenylmethyl)oxamjde (143d)

A solution of 4-chlorophenylamine (56.6g, 0.4 mol) in
ether (75.0 ml) was mixed with a solution of diethyl oxalate
(29.2 g, 0.2 mol) in ether (75.0 ml) and the mixture was
stirred at room temperature for lh and then evaporated to
give N,N'-di-(4-chlorophenylmethyl)oxamide (143d) (33.7g;
100%) which formed colourless spars m.p. 211-2120 (from
glacial acetic acid), Vmax 3220 (NH) and 1665 (CO), SH
[(CD3)2S0] 9.37 (2H, t, J 8Hz, NH), 7.38 (411, d, J 8 Hz,
CH2)
Found: C, 56.9; H, 4.1; N, 8.3%; M+, 340,
338 and 336
911C12N2Q2requires: C, 57.0; H, 4.2; N, 8.3%; M, 337

5-Chloro-l- (4-chiorophenylinethyl) -2- (4-chiorophenyl) -1Hlinidazole (135d)

A mixture of the oxamide (143d) (67.4 g, 0.2 mol) and
phosphorus pentachloride (83.3 g, 0.4 mol) was stirred at
room temperature. The mixture liquified to give a red
solution which was heated at 1000 for 6h.
Phosphorus oxychioride formed as a by-product was
distilled off under reduced pressure and the residue was
treated with ice (100 g) and 50% aqueous sodium hyroxide
until alkaline. Extraction with dicloromethane gave a red
gum (69.0 g) which was disolved in ether (100 ml) and ethyl
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acetate (100 ml). The solution was cooled in an ice-bath
and treated with a slow stream of anhydrous hydrogen
chloride. The precipitated solid was collected to give
chloro-l- (4-chiorophenylmethyl) -2- (4-chlorophenyl) -1Himidazole (135d) hydrochloride, (55.9 g; 77%) which formed
colourless spars, m.p. 143_1440 (from ethyl acetateethanol), Vmax 2500-1830 br (NH+), 611 CDC13 13.50-12.25 (1H,
bs, NH+), 7.66 (2H, d, J 9Hz, ArH), 7.46 (111, s, H-4), 7.44
(2H, d, J 9Hz, ArH), 7.34 (211, d, J 9Hz, ArH), 6.88 (2H, d,
J 9Hz, ArH) and 5.37 (2H, s, CH2).

Found: C, 51.4; H, 3.1; N, 7.4%; M+, 342,
340,338 and 336
90C14N2requires: C, 51.4; H, 3.2; N, 7.5%; (M-HC1),
337.5
Treatment of the hydrochloride with 10% w/w aqueous
sodium hydrogen carbonate solution and extraction with
dichioromethane afforded 5-chloro-1-(4-chloropheriylmethyl) 2-(4-chlorophenyl)-1H-imidazole (135d) as an oil, b.p. 2502530/0.01 mmHg, which cyrstallised on scratching to give
colourless spars, m.p. 67-68, 6H (CDC13) 7.34 (4H, s, ArH),
7.29 (211, d, J 8Hz, ArH), 7.11 (111, S1 11-4), 6.91 (211, d, J
8Hz, ArH) and 5.16 (2H, S, CH2).

Found: C, 57.0; H, 3.3; N, 8.4%; M+, 342,
340, 338 and 336
9011C13N2requires: C, 56.9; H, 3.3; N, 8.3%; N, 337.5
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Evaporation of the original ether-ethyl acetate mother
liquor and trituration of the residue with ethyl acetate
afforded 4 15-dichloro-1-(4-chlorophenylmethyl)-2-(4chlorophenyl)-1H-iinjdazole (4.2g; 6%) which formed
colourless spars m.p. 137_1380 (from ethanol-water), SH
(CDC13) 7.36 (411, 5, ArH), 7.32 (2H, d, J 8Hz, ArH), 6.92
(211, d, J 8Hz, ArH) and 5.17 (2H, s, CH2).

Found: C, 51.8; H, 2.7; N, 7.6%; M+,378,
376,374,372 and 370
3H3914N2requires: C, 51.7; H, 2.7; N, 7.5%; M, 372

The Nitration of 5-Chloro-1-(4-chlorophenylmethyl)-2-(4chiorphenyl) -lH-imidazole (135b)

A solution of the chioroimidazole (135b) (1.0 g, 0.003
mol) in 98% w/w aqueous sulphuric acid (5.0 ml) was stirred
at 00 (ice-salt bath) and treated with potassium nitrate
(0.33 g, 0.0033 mol). The mixture was stirred at 00 for
0.5h and then at room temperature for 1.5h.
The mixture was then treated with ice (50 g),
neutralised with 2M aqueous sodium hydroxide and saturated
aqueous sodium hydrogen carbonate, and extracted with ethyl
acetate to afford a yellow solid which was chromatographed
over silica.
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Elution with ethyl acetate-cyclohexane (3:2) gave an
oil which solidified and was crystallised from cyclohexane
to give 5-chloro-1-(4-chloro-3-nitrophenylmethyl)-2-(4chlorophenyl)-1H-imidazole (149), (0.60 g; 52%) as yellow
spars, m.p. 1l7118°, Vmax 1535 and 1350 (NO2) cm, SH
(CDC13) 7.55 (111, d, J 2Hz, ArH-2), 7.54 (1H, d, J 8Hz, ArH5), 7.40 (4H, s, ArH), 7.28 (1H, s, H-4), 7.10 (1H, dd, J 2
and 8Hz, ArH-6) and 5.26 (2H, 5, CH2).

Found: C, 50.6; H, 2.6; Cl, 27.4; N, 10.9%;
M+, 387, 385, 383 and 381
911C13N322requires: C, 50.2; H, 2.6; Cl, 27.8; N, 11.0%;
M, 382.5

Further elution gave a series of yellow gums (total 0.2
g) from which no identifiable material could be obtained.

The Attempted Reaction of 5-Chloro-1-(4-chlorophenylmethyl)2- (4-chlorophenyl) -1H-imidazole (135d) with Nitronium
Tetraf luoroborate

A solution of the chioroimidazole (135d) (1.0 g, 0.003
mol) in anhydrous acetonitrile (10.0 ml) was stirred at -420
(acetonitrile-solid CO2 bath) and treated with nitronium
tetrafluoroborate (0.40 g, 0.003 mol). The mixture was
allowed to warm up to room temperature and was stirred at
this temperature for 80h. After this time t.1.c. in
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cyclohexane-ethyl acetate (1:1) over silica showed no
reaction to have occurred and the mixture was therefore
heated under ref lux for 2h.
The mixture was evaporated and the resiude was treated
with water and neutralised with 2M aqueous sodium hydroxide
and saturated aqueous sodium hydrogen carbonate. Extraction
with ethyl acetate gave a brown semi-solid (2.2 g) which was
shown by t.1.c. in cyclohexane-ethyl acetate (1:1) over
silica to be a multiconiponent mixture. The mixture was
therefore not investigated further.

Ethyl N-Benzyloxamate (151)

A solution of ethyl oxalyl chloride (14.3 g. 0.105 mol)
in anhydrous dichloromethane (50.0 ml) was stirred at

00

(ice-salt bath) and treated dropwise with a solution of
triethylamine (10.1 g 0.1 mol) in anhydrous dichloromethane
(50.0 ml) and then with a solution of benzylamine (10.7 g,
0.1 mol) in anhydrous dichloromethane (50.0 ml). The
mixture was stirred at room temperature for 15h and then
washed successively with water (50.0 ml), saturated aqueous
sodium hydrogen carbonate (25.0 ml), water (25.0 ml), 2M
aqueous hydrochloric acid (25.0 ml) and finally water (25.0
ml). Evaporation of the dichloromethane phase afforded the
known59 ethyl j-benzyloxamate (151) as an oil (17.8 g; 86%)
(lit.59, solid, m.p. 47-480), SH (CDC13) 7.40-7.26 (5H, m,
ArH) , 4.52 (2H, d, J 6Hz, CH2) , 4.34 (2H, q, J 7Hz, CH2) and
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1.38 (3H, t, J 7Hz, CH3), which was used without further
purification.

N-Benzyl-N' -inethyloxaniide (152)

-Benzy1-'-methy1oxamide (152) was prepared by the
reaction of ethyl N-benzyloxamate (151) with aqueous
methylamine as described by Godefroi et a159, yield 70%, and
had m.p. 187-189 (lit.59, 184-1850).

5-Chloro-1-methyl-2-phenyl-1H-imidazole (153)

5-Chloro-1-methyl-2-phenyl-1H-imidazole (153) was
prepared by the reaction of j-benzy1-N'-methyloxamide (152)
with phosphorus pentachloride as described by Godefroi et
a159, yield 75%, and had m.p. 104-1070 (lit.59, 106-1070).

Nitration Reactions of 5-Chloro-1-methyl-2-phenyl-lHimidazole (153)

(a) A solution of the chloroiinidazole (153) (0.19 g,
0.001 mol) in 70% w/w aqueous nitric acid (5.0 nil) was
stirred at 00 for 1.5h, at room temperature for 24h, at 700
for 1.5h and finally at 100 for 2h. After this time t.l.c.
of the mixture in cyclohexane-tetrahydrofuran (1:1) over
silica showed only the presence of starting-material (153).
The mixture was not investigated further.
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A solution of the chioroimidazole (153) (0.39 g,
0.002 mol) in 98% w/w aqueous sulphuric acid (5.0 nil) was
stirred at 00 and treated dropwise with a solution of 70%
w/w aqueous nitric acid (0.18 g, 0.002 mol) in 98% w/w
aqueous sulphuric acid (5.0 ml) and the mixture was stirred
at 00 for lh.
The mixture was treated with ice (30 g), made alkaline
with 2M aqueous sodium hydroxide, and extracted with ethyl
acetate to give an orange gum (0.48 g) which was shown by
t.l.c. in cyclohexane-tetrahydrofuran (1:1) over silica to
be an inseparable niulticomponent mixture which therefore was
not investigated further.

A solution of the chioroimidazole (153) (0.96 g,
0.005 mol) in 98% w/w aqueous sulphuric acid (10.0 ml) was
stirred at 0 (ice-bath), treated with potassium nitrate
(1.0 g, 0.01 mol), and the mixture stirred at 0 for 2.5h.
The mixture was treated with ice (25 g) and the
resulting suspension was extracted with chloroform to give
an oily solid (1.2 g) which was chromatographed over silica.
Elution with cyclohexane-ethyl acetate (1:1) afforded
the known60 5-chloro-1-nrethyl-4-nitro-2-(4-njtroDhenvfl-lHimidazole (157) (0.16 g; 11%) which formed pale yellow
needles, m.p. 157-1580 (from ethyl acetate), Vmax 1525,
1510, 1345, and 1330 (NO2) cm- , SH (CDC13) 8.42 (2H, d, J
9Hz, ArH) , 8.06 (2H, d, J 9Hz, ArH) and 3.81 (3H, S, CH3)
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Found: C, 42.8; H, 2.5; Cl, 12.5; N, 19.8%;
M+, 284 and 282
9llClN424_requires: C, 42.5; H, 2.5; Cl, 12.7; N, 19.8%;
M, 282.5

Further elution with cyclohexane-ethyl acetate gave a
colourless solid (1.0 g) which was shown by t.l.c. in
cyclohexane-ethyl acetate (1:1) over silica to be a two
component mixture containing further product (157). The
components of the mixture could not be separated by further
chromatography in cyclohexane-tetrahydrofuran (5:4) over
silica.

(d) A solution of the chloroimidazole (153) (0.19 g,
0.001 mol) in 98% w/w aqueous sulphuric acid (5.0 ml) was
stirred at 00 (ice-salt bath) and treated with potassium
nitrate (0.10 g, 0.001 mol) in portions over 45 min and the
mixture then stirred at 00 for a further 1.5h.
The mixture was treated with ice (20 g) and extracted
with ethyl acetate to give a yellow solid which was
crystallised from cyclohexane-ethyl acetate to give
chloro-1-inethyl-4-nitro-2-phenyl-lH-imidazole (154) (0.03g;
11%) as orange plates, m.p. 106107°, Vmax 1540 and 1375
(NO2) cm, SH (CDC13) 7.66-7.60 (2H, m, ArH), 7.56-7.49
(3H, m, ArH) and 3.79 (3H, s, CH3).
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Found: C, 50.4; H, 3.2; Cl, 15.2; N, 17.5%;
M+, 239 and 237
Q0118ciH92_requires: C, 50.5; H, 3.4; Cl, 14.9; N, 17.7%;
N, 237.5

The aqueous mother liquor was treated with 2M aqueous
sodium hydroxide until just alkaline and extracted with
ethyl acetate to give a red oily semi-solid (0.17 g). This
was shown by t.1.c. in cyclohexane-tetrahydrofuran (1;1)
over silica to be a complex mixture which was not
investigated further.

N- (Ethoxycarbonylmethyl) cyclohexanecarboxamjde (164)

N- (Ethoxycarbonylmethyl) cyclohexanecarboxamide (164)
was prepared by the reaction of ethyl aminoacetate
hydrochloride as described by Jacobson and Amstutz61, with
the modification that the reaction was carried out in
anhydrous pyridine instead of aqueous potassium carbonate,
yield 40%, and had m.p. 82-830 (lit.61, 83-84 0).

N- (N-Methylcarbamoylinethyl) cyclohexanecarboxamide (165)

A suspension of the ester (164) (5.3 g, 0.025 mol) in
water (25.0 ml) was treated with 40% w/w aqueous methylamine
(8.0 g, 0.10 mol) and the mixture stirred at room
temperature for 0.5h.
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The insoluble solid was collected and combined with
further material obtained by extracting the filtrate with
ethyl acetate to give N-(Nmethylcarbamoylmethyl)
cyclohexanecarboxainide (165) (total 2.2 g; 45%) which formed
colourless plates, m.p. 155-1560 (from ethyl acetate), Vmax
3310 (NH) and 1680, 1665 and 1640 (CO) cm, SH {(CD3)2S0]
7.81 (1H, t, J 6Hz, NH), 7.67-7.50 (lH, m, NH), 3.60 (2H, d,
J 6Hz, CH2), 2.58 (3H, d, J 5Hz, CH3), 2.20-2.00 (lH, in, CH)
and 1.74-1.15 (lOH, m, Cl2).

Found: C, 60.9; H, 9.4; N, 14.2%; M+, 198
9H1N222requires: C, 60.6; H, 9.2; N, 14.1%; M, 198

The Attempted Reaction of N-(N-Methylcarbamoylmethyl)
cyclohexanecarboxamjde (165) with Phosphorus Pentachioride

A mixture of the amide (165) (0.99 g, 0.005 mol) and
phosphorus pentachioride (2.1 g, 0.01 mol) was stirred and
warmed gently and the resulting reddish purple solution
heated at 1000 for 2h.
The phosphorus oxychioride formed as a by-product was
distilled off under reduced pressure and the residue was
treated with ice-water (10.0 ml) and extracted with
dichloromethane to give a red gum (1.1 g) whose t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica showed it to
be a complex mixture which was not investigated further.
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The aqueous mother liquor was basified with 50% w/w
aqueous sodium hydroxide and extracted with dichioromethane
to give a yellow gum (0.09 g) which was shown by t.l.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
complex multicomponent mixture and therefore was not
investigated further.

5-Cyano-1-methyl-4-nitro-lH-imidazole (137a)

5-Cyano-1-methyl-4-nitro-lI-I-imidazole (137a) was
prepared by the reaction of 5-chloro-1--methyl-4-nitro-1iniidazole (136a) with potassium cyanide as described by
Sarasin and Wegmann51, yield 73%, and had m.p. 138-140 0
(lit.51, 141-142 0 ).

1-Methyl-4-nitro-lH-iinidazole-5-carboxylic Acid (138a

1-Methyl-4-nitro-1H-imidazole-5-carboxylic acid (138a)
was prepared by the hydrolysis of 5-cyano-4-nitro--lHimidazole (137a) as described by Mann and Porter52 , yield
90%, and had m.p. 163-164 (lit. 52 , 1610).

1-Methyl-4-nitro-1H-imidazole-5-carbonyl chloride (139a

1-Methyl-4-nitro-1H-imidazole-5-carbonyl chloride
(139a) was prepared by the reaction of 1-methyl-4-nitro-1Himidazole-5-carboxylic acid (138a) with thionyl chloride as
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described by Mann and Porter52, yield 91%, and had m.p. 57580 (lit.52, 62-630).

5-Cyano-1-ethyl-2-methyl-4-nitro-1H-jmidazole (137b)

A solution of the chioroimidazole (136b) (28.4 g, 0.15
mol) in anhydrous ethanol (150 ml) was treated with
potassium cyanide (19.5 g, 0.3 mol) and potassium iodide
(0.75 g, 0.0045 mol) and the suspension was stirred and
heted under ref lux for 6h.
The mixture was evaporated and the residue was treated
with water (150 ml) and extracted with dichloromethane to
give a brown oil (28.0 g) which was flash-chromatographed
over silica.
Elution with dichloromethane-ethyl acetate (1:1)
afforded 5-cyano-1-ethyl-2-methyl-4-nitro-1H-imidazole
(137b) (21.9 g; 81%) m.p. 65-70 (lit.52, 70_710), Vmax 2235
(CN) cm.
Further elution with dichioromethane-ethyl acetate
(1:1) afforded ethyl (1-ethyl-2-methyl-4-nitro-ljj-jmjdazol5-yl) formamidate (170b) (4.4 g: 13%) which formed
colourless plates, m.p. 117-1180 (from toluene-b.p. 80-100
light petroleum), Vmax 3300 (NH), 1630 (C=N) and 1575 and
1330 (NO2) cm, SH (CDC13) 8.27 (1H, s, NH), 4.36 (2H, q, J
7Hz, CH2), 3.94 (211, q, J 7Hz, CH2), 2.38 (3H,
1.34 (6H, t, J 7Hz, CH3).

5,

CH3) and
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Found: C, 47.9; H, 6.2; N, 25.1%; M+, 226
99111N493requires: C, 47.8; H, 6.2; N, 24.8%; M, 226

The Acid-Catalysed Hydrolysis of Ethyl (1-Ethyl-2-methyl-4nitro-1H-imidazol-5-yl) formimidate (170b)

A solution of the imidate (170b) (0.23g, 0.002 mol) in
2M aqueous hydrochloric acid (5.Onil) was heated at 1000 for
0. 5h.
After cooling, filtration afforded 1-ethyl-2-methyl-4nitro-1ll-imidazole-5-carboxamide (171) (0.08 g; 21%) m.p.
245-250 (decomp.), identified by comparison (m.p. and i.r.
spectrum) with an authentic sample. Further work up of the
aqueous mother liquor yielded no other identifiable
material.

The Attempted Reaction of 5-chloro-1-ethyl-2-methyl-4-njtro1H-imidazole (136b) with Potassium Cyanide in Acetonitrile

A solution of the chioronitroimidazole (136b) (1.9 g,
0.01 mol) in anhydrous acetonitrile (10.0 ml) was treated
with potassium cyanide (1.3 g, 0.02 mol) and potassium
iodide (0.05 g, 0.0003 mol) and the suspension was stirred
and heated under ref lux for 6h.
Evaporation of the mixture, treatment of the residue
with water (lO.Oml) and extraction with dichioromethane
afforded a brown solid (1.8 g) which was crystallised from

154

ethanol to give unchanged starting-material (136b) (1.3 g;
66%) m.p. 75-790 , identified by comparison (m.p. and i.r.
spectrum) with an authentic sample.
Evaporation of the ethanolic mother liquor gave a brown
semi-solid (0.40 g) which was shown by its i.r. spectrum to
be a mixture containing the nitrile (137b). The semi-solid
was not investigated further.

1-Ethyl-2-methyl-4-nitro-1H-imidazole-5-carboxylic Acid
(138b)

1-Ethyl-2-methyl-4-nitro-1H-imidazole-5-carboxylic acid
(138b) was prepared by the hydrolysis of 5-cyano-1-ethyl-2methyl-4-nitro-lH-imidazole (137b) as described by Mann and
Porter52, yield 100%, and had m.p. 149-1510 (lit.52, 139-

The Attempted Reaction of 1-Ethyl-2-methyl-4-nitro-1Himidazole-5-carboxylic Acid (138b) with N,N'Carbonyldiimidazole in Tetrahydrofuran

A suspension of the acid (138b) (2.0 g, 0.01 mol) and
,j'-carbony1diimidazole (1.8 g, 0.011 mol) in anhydrous
tetrahydrofuran (20.0 ml) was stirred at room temperature
for 2h by which time analytical t.l.c. in ethyl acetateformic acid (100:1) over silica showed acid (138b) to
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remain. The mixture was therefore heated under ref lux for
17h.
After cooling, filtration afforded the unchanged
carboxylic acid (138b), (1.1 g; 53%) m.p. l43-l45,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.
Evaporation of the tetrahydrofuran mother liquor gave
no other identifable material.

The Attempted Reaction of 1-Ethyl-2-methyl-4-nitro-1Ijimidazole-5-carboxyljc Acid (138b) with N,N'Carbonyldiimidazole in Dimethylforinamide

A solution of the acid (138b) (1.0 g, 0.005 mol) in
anhydrous dimethylformamide (5.0 ml) was treated with j' carbonyldiimidazole (0.89 g, 0.0055 mol) and the mixture was
stirred at room temperature for 3h.
The mixture was evaporated and the residue was
triturated with ether to give imidazolium 1-ethyl-2-methyl4-nitro-IH-imidazole-5-carboxylate (0.34 g; 25%) which
formed colourless plates, m.p. 148-1500 (from acetonitrile),
Vmax 3180-1800 br (NH), 1620 (CO) and 1530 and 1340 (NO2)
cm, SH [(CD3) 2 SO] 8.58 (1H,

5,

H-2), 7.45 (2H,

5), 4.05 (2H, q, J 7112, CH2), 2.38 (3H,
(311, t, J 7112, Cr13).

S.

S1

11-4 and

CH3) and 1.30
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Found: C, 44.9; H, 4.8; N, 25.9%; M+, 199
(M-C3H4N2)
QiIi_requires: C, 44.9; H, 4.9; N, 26.2%; N, 267

Evaporation of the ether mother liquor gave only an
intractable oily semi-solid (0.37 g) which yielded no
identifiable material.

1-Ethyl-2-methyl-4-nitro-1H-iinidazole-5-carbonyl Chloride
(139b)
1-Ethyl-2 -methyl-4-nitro-1H-imidazole-5-carbonyl
chloride (139b) was prepared by the reaction of 1-ethyl-2methyl-4-nitro-lH-iniidazole-5-carboxylic acid (138b) with
thionyl chloride as described by Mann and Porter52, as an
unstable liquid, yield 100%, and was used without
purification.

Ethyl 1-Ethyl-2-methyl-4-nitro-1H-imidazole-5-carboxylate
(192)
A solution of the acid chloride (139b) (1.1 g, 0.005
mol) in anhydrous ethanol (10.0 ml) was left at room
temperature for 18h.
The solution was evaporated and the residual oil
dissolved in dichloromethane (10.0 ml) and the solution
washed with 10% aqueous sodium hydrogen carbonate solution
(2.5 ml) and evaporated to give ethyl 1-ethyl-2-methyl-4nitro-1H-imidazole-5-carboxylate (192) (1.0 g; 92%) which
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was purified by flash chromatography in cyclohexane-ethyl
acetate over silica to give a waxy pale yellow solid, m.p.
45460, Vmax 1730 (CO) and 1525 and 1350 (NO2)cm, SH
(CDC13) 4.56 (2H, q, 3 7H2, CE!2), 4.32 (211, q, J 7112, CH2),
2.62 (3H, s, CE!3), 1.56 (3H, t, J 7H2, Cl!3) and 1.52 (3H, t,
J 7H2, CH3).

Found: C, 47.9; H, 6.0; N, 18.8%; M+, 227
.9013N394 requires: C, 47.6; H, 5.8; N, 18.5%; N, 227

Benzoylacetonitrile (228)
Benzoylacetonitrile (228) was prepared by the reaction
of 2'-bromoacetophenone with potassium cyanide as described
by Obregia69, yield 55%, and had m.p. 70-73 (lit.69, 80810 )

Benzenesulphonylacetone (236)
Benzenesulphonylacetone (236) was prepared by the
reaction of chioroacetone with sodium benzenesulphinate as
described by Beck and Gunther70, yield 78%, and had m.p. 53550 (lit.70, 55-580)
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Ethyl Ethoxalylacetate
Ethyl ethoxalylacetate was prepared by the sodium
ethoxide catalysed condensation of ethyl acetate with
diethyl oxalate using the method described by Marvel and
Dreger66, yield 41%, and had b.p. 74-750/0.01 mmHg (lit.67,
131-1320/24 mmHg)

Ethoxycarbonylmethyltriphenyiphosphonium Bromide
Ethoxycarbonylmethyltriphenyiphosphonjum bromide was
prepared by the reaction of ethyl bromoacetate with
triphenylphosphine as described by Isler et al71, yield 82%
and had m.p. 153-1550 (lit.71, 1580).

Ethoxycarbonylmethylenetripheriylphosphorane (238)
Ethoxycarbonylmethylenetriphenylphosphorane (238) was
prepared by the reaction of
ethoxycarbonylmethyltriphenylphosphonium bromide with
aqueous sodium hydroxide as described by Isler et a171,
yield 91%, and had m.p. 118-1200 (lit.71, 116-1170).
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Condensation Reactions of the 4-Nitro-1H-imidazole-5carbonyl Chlorides (139a) and (139b) with Active Methylene
Compounds in the Presence of Magnesium Ethoxide

A mixture of magnesium turnings (0.27 g, 0.011 mol),
anhydrous tetrachloromethane (0.10 ml) and anhydrous ethanol
(0.50 ml) was warmed gently to initiate an exothermic
reaction and after 10 minutes anhydrous ether (10.0 ml) was
added and the mixture was stirred and heated under ref lux
for 15 minutes. A solution of the requisite active
methylene compound (0.011 mol) in anhydrous ethanol (2.0 ml)
and anhydrous ether (12.0 ml) was then added dropwise and
heating and stirring were continued for a further 4 hours.
The mixture was then treated dropwise with stirring with a
solution of 1-methyl-4-nitro-lll-imidazole-5-carbonyl
chloride (139a) (1.9g, 0.01mol) in anhydrous 1,2dimethoxyethane (10.0 ml) or 1-ethyl-2-methyl-4-nitro-1Himidazole-5-carbonyl chloride (139b) (2.2g, 0.01mol) in
anhydrous ether (10.0 ml) and stirring and heating under
ref lux continued for a further 0.5 h. The mixtures were
then worked up as described for the individual reactions
below.
(i) The cooled mixture from 1-methyl-4-nitro-lHimidazole-5-carbonyl chloride (139b) and benzoylacetone was
acidified with 2M aqueous sulphuric acid. The ether layer
was separated and the aqueous phase was further extracted
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with several portions of ether. Evaporation of the combined
ether extracts gave an oil which was triturated with ethanol
to afford 2-benzoyl-1-(1-methyl-4-nitro-1H-imidazol-5yl)butane-1,3-dione (140a) (85%) which formed pale yellow
spars, m.p. 140_1410 (from ethanol-water), Vmax 1665 (CO)
and 1520 and 1350 (NO2) cm - , SH (CDC13) 16.75 (1H, bs, OH),
7.70-7.24 (6H, m, ArH and H-2), 3.70 (3H, s, Cl3) and 2.10
(3H, s, CH3)

Found: C, 57.0; H, 4.1; N, 13.4%; M+, 315
9HN325 recaiires: C, 57.1; H, 4.2; N, 13.3%; N, 315
Evaporation of the ethanolic mother liquor gave a brown
oil which was shown by t.1.c. in dichloromethane-ethyl
acetate (1:1) over silica to be a multicomponent mixture and
which was therefore not investigated further.
(ii) The cooled mixture from a repeat of the above
reaction was acidified with 2M aqueous sulphuric acid. The
ether layer was separated and the aqueous phase was further
extracted with several portions of ether. Evaporation of
the combined ether extracts afforded a brown oil which was
triturated with ethanol to give 1-(1-methyl-4-nitro-1Himidazol-5-vl)-3-phenylpropane-1,3-dione (219a) (32%) which
formed yellow needles, m.p. 185_1860 (from butanone), Vmax
1610 (CO) and 1510 and 1330 (NO2)cm 1, SH [(CD3)2S0] 8.157.88 (3H, in, ArH), 7.77-7.53 (3H, in, ArH and H-2), 7.11 (1H,
s, CH) and 3.82 (31,

S1

CH3).

161

Found: C, 56.9; H, 4.0; N, 15.2%; M+, 273
Q131111N304_reciuires: C, 57.1; H, 4.1; N, 15.4%; N, 273

Evaporation of the ethanolic mother liquor gave a brown
semi-solid which was triturated with ethanol to yield 2benzoyl-1-(l-methyl-4-nitro-1H-imidazol-5-yl) butane-1, 3dione (140a) (44%) m.p. 133-1350 identified by comparison
(m.p. and i.r. spectrum) with an authentic sample.
Evaporation of the ethanolic mother liquor gave red
brown oil which was shown by t.l.c. in dichioromethane-ethyl
acetate (1:1) over silica to be a multicomponent mixture and
which was therefore not investigated further.
(iii) The cooled mixture from 1-methyl-4-nitro-1Himidazole-5-carbonyl chloride (139a) and ethyl acetoacetate
was acidified with 2M aqueous sulphuric acid, the ether
layer was separated and the aqueous phase further extracted
with several portions of ether. Evaporation of the combined
ether extracts gave an oil which was triturated with ether
to give 2-acetyl-3-(l-methyl-4-nitro-1H-imidazol-5-yl) -3oxopropanoate (175a) (73%) which formed colourless spars,
m.p. 104-1050(froni ethanol), Vmax 1715 (CO) and 1500 and
1340 (NO2)cm, 6H (CDC13) 17.29 (bs, OH), 14.40 (bs, OH),
4.00 (2H, q, J 7Hz, CH2), 3.69 (3H, S, CH3), 2.56 (3H, s,
CH3), 2.45 (3H, s, CH3), 1.02 (3H, t, J 7Hz, CH3) and 0.93
(3H, t, J 7Hz, CH3).
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Found: C, 46.5; H, 4.6; N, 14.8%; M+, 283
C11HN326requires: C, 46.7; H, 4.6; N, 14.8%; M, 283
Evaporation of the ether mother liquor gave a yellow
oil which was shown to be largely ethyl acetoacetate by
comparison (i.r. spectrum) with an authentic sample.
(iv) The cooled mixture from 1-xnethyl-4-nitro-lHimidazole-5-carbonyl chloride (139a) and ethyl
benzoylacetate was acidified with 2M aqueous sulphuric acid,
the ether layer was separated and the aqueous phase was
further extracted with several portions of ether. The
combined ether extracts were evaporated to give a yellow oil
which was triturated with ether to give ethyl 2-benzoyl-3(1-methyl-4-nitro-1H-imidazol-5-yl)-3-oxopropanoate (175d)
(67%) which formed colourless spars, m.p. 93-94 (from
ethanol), Vmax 3100-2400br (OH), 1660 and 1625 (CO) and 1515
and 1350 (NO2)cm, SH[(CD3)2S0] 13.50 (lH, bs, OH) (exch.),
8.00 (111, s, H-2), 8.04-7.87 (2H, in, ArH), 7.70-7.47 (3H, m,
ArH), 3.92 (2H q, J 7Hz, CH2), 3.69 (3H, s, Cl!3) and (3H, t,
J 7Hz, Cl!3).
Found: C, 55.3; H, 4.3; N, 12.1%; M+, 345
!9161115N396 requires: C, 55.7; H, 4.4; N, 12.2%; M, 345

Evaporation of the ether mother liquor gave a brown oil
which was shown by t.1.c. in dichloromethane-ethyl acetate
(1:1) over silica to be a multicomponent mixture which
therefore was not investigated further.
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(v) The cooled mixture from 1-methyl-4-nitro-1Himidazole-5-carbonyl chloride (139a) and diethyl malonate
was acidified with 2M aqueous sulphuric acid, the ether
layer was separated and the aqueous layer further extracted
with several portions of ether. Evaporation of the combined
ether extracts gave a yellow oil which was triturated with
ether to give ethyl 2-ethoxvcarbonyl-3-(l-methyl-4-ni.tro-1Himidazol-5-yl)-3-oxopropanoate (189a) (82%) which formed
colourless spars, m.p. 89_910 (from ethanol), Vmax 3100-2200
br (OH), 1730 and 1640br (CO) and 1550 and 1335 (NO2)cm 11
SH (CDC13) 13.81 (lH,

5,

OH), 7.44 (1H, s, H-2), 4.37 (2H,

q, J 7Hz, Cl2), 4.25 (2H, q, J 7Hz, CH2), 4.02 (2H, q, J
7Hz, Cu2), 3.72 (3H,

S,

CH3), 1.37 (3H, t, J 7Hz, CH3), 1.27

(3H, t, J 7Hz, CH3) and 1.05 (3H, t, J 7Hz, CH3).

Found: C, 45.8; H, 4.7; N, 13.5%; N, 313
C10N2requires: C, 46.0; H, 4.8; N, 13.4%; N, 313

Evaporation of the ether mother liquor gave a yellow
oil which was triturated with ether to give a solid which
was shown by its i.r. spectrum to be a mixture containing
further product (189a) and the carboxylic acid (138a). No
attempt was made to separate the mixture into its
components.
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The cooled mixture from 1-ethyl-2-methyl-4-nitro1-imidazole-5-carbonyl chloride (139b) and
acetylacetaldehyde dimethyl acetal was acidified with 2M
aqueous sulphuric acid, the ether layer separated and the
aqueous layer was further extracted with several portions of
ether and dichioroinethane. Evaporation of the combined
organic extracts afforded a brown oil. This was triturated
with dichioromethane to afford a solid which was combined
with further material obtained by evaporation the
dichloroinethane mother liquor, flash-chromatographing the
residue in dichioromethane-ethyl acetate (10:1) over silica
and triturating the resulting semi-solid with ether to give
the carboxylic acid (138b) (34%) m.p. 142-1440 , identified
by comparison (m.p. and i.r. spectrum) with an authentic
sample.
Further elution with dichloroinethane-ethyl acetate
(10:1) through to methanol gave only a series of intractable
oils and gums which were not further investigated.
The cooled mixture from l-ethyl-2-methyl-4nitro-lfl-imidazole-5-carbonyl chloride (139b) and
acetylacetone was acidified with 2M aqueous sulphuric acid,
the ether layer was separated and the aqueous phase further
extracted with ether. Evaporation of the combined ether
extracts gave a red oil from which no identifiable material
could be obtained.
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The cooled mixture from 1-ethyl-2-methyl-4nitro-1-imidazole-5-carbonyl chloride (139b) and
benzoylacetone was acidified with 2M aqueous sulphuric acid
and the resulting three phase system was filtered to afford
2-benzoyl-1- (l-ethvl-2-methyl-4-nitro-1H-imidazol5y1)butane-1,3-dione (140b) (75%) which formed pale yellow
spars, m.p. 150_1510 (from ethanol), Vmax 1645 (CO) and 1500
and 1340 (NO2)cm

8H (CDC13) 12.10 (bs, OH), 7.66-7.20 (5H,

m, ArH), 3.95 (2H, q, J 7H2 CH2), 2.50 (s, CH3), 2.33 (s,
CH3), 2.10 (s, CH3), 2.08 (s, CH3) and 1.39 (3H, t, J 7112,
CH3).
Found: C, 59.2; H, 5.0; N, 12.2%; M+, 343
requires: C, 59.5; H, 5.0; N, 12.2%; N, 343

Evaporation of the ether mother liquor gave a brown oil
which was shown by t.1.c. in dichioromethane-ethyl acetate
(1:1) over silica to be a multicomponent mixture which
therefore was not investigated further.
The cooled mixture from 1-ethyl-2-methyl-4-nitro1ll-iniidazole-5-carbonyl chloride (139b) and dibenzoylmethane
was acidified with 2M aqueous sulphuric acid, the ether
layer was separated and the aqueous layer further extracted
with several portions of ether. Evaporation of the combined
ether extracts afforded a yellow oil which was f lashchromatographed over silica.
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Elution with dichioromethane gave dibenzoylmethane
(30%) m.p. 61-620 , identified by comparison (m.p. and i.r.
spectrum) with an authentic sample.
Further elution with dichloromethane-ethyl acetate
(5:1) gave a yellow gum which was triturated with ether to
give 2-benzoyl-l- (l-ethyl-2-methyl-4-nitro-lH-imidazol-5yl)-3-phenylpropane-1,3-dione (219b) (5%) m.p. 115-1180 ,
raised to 130_1310 by crystallisation from ethanol,
identical (m.p., i.r. spectrum, 1H n.m.r. spectrum and
analysis) to an authentic sample.
Further elution with dichloromethane-ethyl acetate
(5:1) through to methanol gave only a series of intractable
gums which yielded no identifiable material.
(x) The mixture from 1-ethyl-2-methyl-4-nitro-1Himidazole-5-carbonyl chloride (139b) and cyclohexane-1,3dione was evaporated and the residue was treated with 2M
aqueous hydrochloric acid and extracted with dichloromethane
to give an oil which was triturated with ether-ethyl acetate
to give the carboxylic acid (138b), (45%) m.p. 144-145°,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.
Evaporation of the ether-ethyl acetate mother liquor
gave a red gum which was shown by t.1.c. in dichioromethaneethyl acetate (1:1) over silica to be a complex
multicomponent mixture from which no identifiable material
could be obtained.
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The cooled mixture from 1-ethyl-2-methyl-4-nitro1H-imidazole-5-carbonyl chloride (139b) and ethyl
acetoacetate was acidified with 10% w/v aqueous sulphuric
acid, the ether layer was separated and the aqueous phase
further extracted with several portions of ether.
Evaporation of the combined ether extracts gave an oil which
was triturated with ether to afford 2-acetyl-3-(1-ethyl-2methyl-4-nitro-1H-imidazol-5-yl) -3-oxopropanoate (175b)
(74%) which formed pale yellow spars, m.p. 75-760 (from
ethanol), Vmax 1710 (CO) and 1500 and 1340 (NO2)cm 1, SH
(CDC13) 11.57 (s, OH), 8.72 (s, CH), 4.04 (4H, q, J 7Hz,
CH2), 2.56 (3H, s, CH3), 2.46 (3H, S, CH3), 1.37 (3H, t, J
7Hz, CH3) and 1.02 (311, t, J 7Hz, CH3)

Found: C, 49.9; H, 5.5; N, 13.5%; M+, 311
CHN-Orequires: C, 50.2; H, 5.5; N, 13.5%; M, 311

Evaporation of the ether mother liquor gave a yellow
oil which was shown by t.1.c. in dichloromethane-ethyl
acetate (1:1) over silica to be a multicomponent mixture and
therefore was not investigated further.
The cooled mixture from 1-ethyl-2-methyl-4nitro-lll-imidazole-5-carbonyl chloride (139b) and ethyl
benzoylacetate was acidified with 2M aqueous sulphuric acid
and the resulting three phase system filtered to afford
ethyl 2-benzoyl-3- (1-ethyl-2-methyl-4-nitro-lH-jmjdazol-5yl)-3-oxopropanoate (175c) as a monohydrate (77%) which
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formed colourless prisms, m.p. 112-1130 (from ethanolwater), Vmax 3600-1800br (OH), 1720 and 1660 (CO) and 1505
and 1340 (NO2) cm- 1, SH [(CD3)2S0] 11.46 (1H, bs, OH), 7.997.95 (2H, iii, ArH), 7.67-7.59 (3H, m, ArH), 3.99 (2H, q, J
7Hz, CE!2), 3.90 (2H, q, J 7Hz, CE!2), 2.47 (3H, S, CH3), 1.31
(3H, t, J 7Hz, CH ) and 0.86 (3H, t, J 7Hz, CH3).

Found: C, 55.3; H, 5.5; N, 10.7%;

M+, 373

91110396.H20 requires: C, 55.2; H, 5.4; N, 10.7%; (M-H20),
373
Evaporation of the ether mother liquor gave an orange
oil which was flash-chromatographed over silica.
Elution with dichioromethane afforded ethyl
benzoylacetate (12%) identified by comparison (i.r.
spectrum) with an authentic sample.
Further elution with dichioromethane-ethyl acetate
(10:1) through to methanol gave a series of oils and gums
which yielded no identifiable material.

(xiii) The cooled mixture from l-ethyl-2-methyl-4nitro-1ll-imidazole-5-carbonyl chloride (139b) and 2ethoxycarbonyl cyclohexanone was acidified with 2M aqueous
sulphuric acid, the ether layer was separated and the
aqueous phase further extracted with several portions of
ether. Evaporation of the combined ether extracts gave an
orange oil which was flash-chroinatographed over silica.
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Elution with dichloromethane gave oils which were shown
by t.l.c. in dichloromethane-ethyl acetate (2:1) over silica
to be multicomponent mixtures and therefore were not
investigated further.
Further elution with dichloromethane-ethyl acetate
(10:1) gave a semi-solid which was triturated with
dichloromethane to afford the carboxylic acid (138b), (16%)
m.p. 141-1430 , identified by comparison (m.p. and i.r.
spectrum) with an authentic sample.
Final elution with dichloromethane-ethyl acetate (5:1)
through to methanol gave only a series of gums from which no
identifiable material could be obtained.

(xiv) The cooled mixture from l-ethyl-2-methyl-4nitro-1j-imidazole-5-carbonyl chloride (139b) and ethyl
ethoxalylacetate was acidified with 2M aqueous sulphuric
acid, the ether layer was separated and the aqueous phase
was further extracted with several portions of ether.
Evaporation of the combined ether extracts gave an oil.
This was triturated with ether-ethanol to give a solid which
was combined with further material obtained by evaporating
the ether-ethanol mother liquor, flash-chromatographing the
residue in dichloromethane-ethyl acetate (10:1) over silica
and triturating the resulting semi-solid with
dichloromethane to remove ethyl ethoxalylacetate (71%)
identified by comparison (i.r. spectrum) with an authentic
sample and to leave the insoluble carboxylic acid (138b)
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(29%) m.p. 142-1430 , identified by comparison (m.p. and i.r.
spectrum) with an authentic sample.
Further elution with dichloromethane gave ethyl 1ethyl-2-methyl-4-nitro-lH-imidazole-5-carboxylate (192)
(24%), identified by comparison (t.1.c. and i.r. spectrum)
with an authentic sample.
Further elution with dichloromethane-ethyl acetate
mixtures through to methanol gave only a series of gums from
which no identifiable material could be obtained.

(xv) The cooled mixture from 1-ethyl-2-methyl-4-nitro1ll-imidazole-5-carbonyl chloride (139b) and diethyl
acetonedicarboxylate was acidified with 2M aqueous
hydrochloric acid, the ether layer was separated and the
aqueous phase was further extracted with several portions of
ether. Evaporation of the combined ether extracts gave an
oil which was trituatred with ether-ethyl acetate to give
the carboxylic acid (138b) (30%) m.p. 142-143, identified
by comparison (m.p. and i.r. spectrum) with an authentic
sample.
Evaporation of the ether-ethyl acetate mother liquor
gave an orange oil which was shown by t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica to be a
complex multicomponent mixture which therefore was not
investigated further.
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The cooled mixture from l-ethyl-2-methyl-4-nitro1ll-imidazole-5-carbonyl chloride (139b) and diethyl inalonate
was acidified with 10% w/v aqueous sulphuric acid. The
ether layer was separated and the aqueous phase was further
extracted with several portions of ether. Evaporation of
the combined organic extracts gave an oil which was
triturated with ether to afford ethyl 2-ethyxycarbonyl-3-(1ethyl-2-inethyl-4-nitro-1H-imidazol-5-yl) -3-oxopropanoate
(189b), (94%) which formed colourless spars, m.p. 88-89 0
(from benzene-cyclohexane), Vmax 3700-3200 br (OH), 1730,
1700 and 1640 (CO) and 1510 and 1300 (NO2) cm, SH (CDC13)
11.06 (1H, bs, OH), 4.47-3.80 (12H, m, CH2), 2.44 (3H, s,
CH3), 2.42 (3H, s, Cl!3) and 1.47-0.91 (18H, in, Cl!3).

Found: C, 49.3; H, 5.6; N, 12.5%; M+, 341
cgjQ _requires; C, 49.3; H, 5.6; N, 12.3%; M, 341

Evaporation of the ether mother liquor gave a brown oil
which was shown by comparison (i.r. spectrum) with an
authentic sample to be largely diethyl malonate.

The cooled mixture from 1-ethyl-2-methyl-4nitro-1-imidazo1e-5-carbony1 chloride (139b) and ethyl
cyanoacetate was acidified with 2M aqueous sulphuric acid
and the resulting three phase system filtered to afford
ethyl 2-cyano-3-(1-ethyl-2-methyl-4-nitro-1H-imidazole-5yl)-3-oxopropanoate (225), (8%) m.p. 122-1230 , identified by
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comparison (m.p. and i.r. spectrum) with an authentic
sample.
The ether extract was evaporated to give a brown oil
which was triturated with ether to give a solid which was
combined with further material obtained by evaporating the
ethereal washings, flash-chroinatographing the residue in
dichloroinethane-ethyl acetate over silica to give the
carboxylic acid (138b) (34%) m.p. 143-145°, identified by
comparison (m.p. and i.r. spectrum) with an authentic
sample.

(xviii) The cooled mixture from 1-ethyl-2-methyl-4nitro-li-imidazole-5-carbonyl chloride (139b) and
malononitrile was acidified with 2M aqueous hydrochloric
acid, the ether layer was separated and the aqueous phase
was further extracted with several portions of ether.
Evapoaration of the combined ether extracts afforded a
yellow semi-solid. This was triturated with ether-methanol
to give a solid which was combined with further material
obtained by evaporating the ether-methanol mother liquour
and flash-chromatographing the residue in dichloromethaneethyl acetate (9:1) over silica to give the carboxylic acid
(138b) (43%), m.p. 138_1400, identified by comparison (m.p.
and i.r. spectrum) with an authentic sample.

173

(xix) The cooled mixture from 1-ethyl-2-methyl-4-nitro-

1ll-iTnidazole-5-carbonyl chloride (139b) with
benzenesulphonylacetone was treated with 2M aqueous
sulphuric acid, the ether layer was separated and the
aqueous layer further extracted with several portions of
ether. Evaporation of the combined organic extracts
afforded a yellow oil which was flash-chromatographed over
silica.
Elution with dichioromethane followed by
dichioromethane-ethyl acetate (9:1) gave unchanged
benzenesulphonylacetone (60%) m.p. 45-480 , identified by
comparison (m.p. and i.r. spectrum) with an authentic
sample.
Further elution with dichioromethane-ethyl acetate
(9;1) gave a yellow oil which was triturated with ethyl
acetate to give 2-benzenesulphonyl-1- (l-ethyl-2-methyl-4nitro-1H-imidazol-5-yl)ethanone (237) (19%), which formed
colourless spars, m.p. 110-111 (from ethanol), Vmax 1710
(CO) and 1505 and 1310 (NO2) cm- 1, SH [(CD3)2S0] 7.98-7.62
(5H, m, ArH), 5.27 (2H, s, CH2) (exch.), 3.93 (2H, q, J 7
Hz, CH2), 2.43 (3H, s, Cl!3) and 1.26 (3H, t, J 7Hz, Cl!3).

Found: C, 50.1; H, 4.4; N, 12.7%; M+, 337
9110325S requires: C, 49.9; H, 4.5; N, 12.5%; M, 337
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Evaporation of the ethyl acetate mother liquor gave
ethyl 1-ethyl-2-methyl-4-nitro-1H-ixnidazole-5-carboxylate
(192) as an oil (6%) identified by comparison (t.l.c. and
i.r. spectrum) with an authentic sample.
Further elution with dichioromethane-ethyl acetate
(9:1) followed by dichioromethane-ethyl acetate (5:1) gave
the carboxylic acid (138b) (20%) m.p. 143-1440 , identified
by comparison (m.p. and i.r. spectrum) with an authentic
sample.

(xx) The cooled mixture from 1-ethyl-2-methyl-4-nitro1ll-imidazole-5-carbonyl chloride (139b) and ethyl 2nitroacetate was acidf led with 2N aqueous sulphuric acid,
the ether layer was separated and the aqueous phase was
further extracted with several portions of ether.
Evaporation of the combined ether extracts gave a yellow oil
which was flash-chromatographed over silica.
Elution with dichloromethane yielded unchanged ethyl 2nitroacetate (75%), identified by comparison (i.r. spectrum)
with an authentic sample.
Elution with dichloromethane-ethyl acetate gave the
carboxylic acid (138b) (14%) m.p. 142-1440 , identified by
comparison (m.p. and i.r. spectrum) with an authentic
sample.
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Further elution with dichioromethane-ethyl acetate
(10:1) gave a yellow gum which was shown by t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica to be a
three component mixture which was not investigated further.

3-(l-Ethyl-2-methyl-4-nitro-1H-imidazole-5-vl)-lH-pyrazole
Derivatives

A solution of the requisite 1-ethyl-2-methyl-4-nitro-1H
imidazole-5-carbonyl methine derivative (0.002 mol) in
ethanol (10.0 - 20.0 ml) was treated with 100% hydrazine
hydrate (0.10 g, 0.002 mol) and the yellow mixture was
heated under ref lux for 2h.
The mixture was worked up as described for the
individual reactions below.
(i) The mixture from the triketone (140c) was
evaporated to give a yellow gum which was triturated with
ether to afford 4-benzoyl-3-(1-ethyl-2-inethyl-4-nitro-1}jimidazole-5-yl)-5-methyl-lH-pyrazole (214) or one of the
isomers (212) or (213) (97%) which formed colourless spars,
m.p. 201-2020 (from ethanol), Vmax 3160 (NH), 1635 (CO) and
1530 and 1340 (NO2) cm, 8F1 [(CD3)2S0] 10.56-10.25 (1H, bs,
NH), 7.32-7.06 (5H, m, ArH), 3.93 (2H, q, J 7Hz, CH2), 2.43
(311,
CH3).

S1

CH3), 2.25 (3H, s, CH3) and 1.27 (CH, t, J 7Hz,

176

Found: C, 60.3; H, 5.2; N, 20.6%; M+, 339
9171117H523 requires: C, 60.2; H, 5.1; N, 20.6%; M, 339

Evaporation of the ether mother liquor gave only a
small amount of yellow gum which was not investigated
further.

The mixture from the diketo-ester (175b) was
evaporated to afford ethyl 3-(1-ethyl-2-methyl-4-nitro-1Himidazol-5-yl)-5-methyl-1H-pyrazole-4-carboxylate (180a)
(0.62 g; 100%), which formed colourless spars m.p. 215-219 0
(from ethanol water), Vmax 3270 (NH), 1700 (CO) and 1510 and
1340 (NO2) cm- 1, SH [(CD3)2S0] 13.71 (lH, s, NH), 3.99 (4H,
q, J 7Hz, Cl2), 2.52 (3H, s, CH3), 2.46 (311, s, CH3), 1.12
(3H, t, J 7Hz, CH3) and 1.02 (3H, t, J 7Hz, CH3).

Found: C, 51.1; H, 5.6; N, 22.8%; M+, 307
3llN594_requires: C, 50.8; H, 5.7; N, 22.9%; M, 307

The mixture from the diketo-ester (175c) was
cooled, filtered to remove a small amount of insoluble
material and evaporated to give an orange oil (0.91 g) which
was flash chroinatographed over silica.
Elution with dichloromethane-ethyl acetate (1:1) gave a
yellow gum (0.38 g) which was triturated with ether to
afford ethyl 3- (1-ethyl-2-methyl-4-nitro-lH-imjdazol-5-yl) 5-phenyl-1H-pyrazole-4-carboxylate (180b) (0.34 g; 45%)

177

which formed colourless blades, m.p. 190_1910 (from
ethanol), Vmax 1710 (CO) and 1510 and 1340 (NO2) cm, SH
[(CD3)2S0] 14.25-13.75 (1H, bs, NH), 7.80-7.47 (5H, m. ArH),
4.05 (4H, q, J 7Hz, Cl3) and 0.92 (3H, t. J 7Hz, Cl3).

Found: C, 58.8; H, 5.2; N, 19.2%; M+, 369
9H105O4 requires: C, 58.5; H, 5.2; N, 19.0%; M, 369

Further elution with dichioromethane-ethyl acetate
(1:1) through to methanol gave only a series of unidentified
yellow gums.

The Attempted Reductive Cyclisation of Ethyl 3-(1-ethyl-2methyl-4-nitro-lH-imidazol-5-yl) -5-methyl-1H-pyrazole-4carboxylate (180a)

(a) Using hydrogen in the presence of palladium-on-charcoal

A solution of the pyrazole (180a) (0.61 g, 0.002 mol)
in ethanol (50.0 ml) was hydrogenated over 10% palladium-oncharcoal (0.06 g) at room temperature and at atmospheric
pressure for 3.5h.
The mixture was filtered through celite and the
filtrate was evaporated to give a solid which which
crystallised from ethanol to afford unchanged startingmaterial (180a) (0.56 g; 91%) m.p. 207-2080 , identified by
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comparison (m.p. and i.r. spectrum) with an authentic
sample.

(b) Using sodium borohydride in aqueous sodium hydroxide in
the presence of palladium-on-charcoal

A solution of the pyrazole (180a) (0.61 g, 0.002 mol)
in 1,4-dioxane (10.0 ml) was treated with 2% w/v aqueous
sodium hydroxide (2.0 ml) and 10% palladium-on-charcoal
(0.02 g) and the mixture was stirred and purged with
nitrogen for 15 mm. A solution of sodium borohydride (0.15
g, 0.004 mol) in water (1.5 ml) was added dropwise with
stirring and the mixture was stirred at room temperature for
a further 15 mm.
The mixture was filtered through celite, the filtrate
was evaporated and the residue was treated with water (10.0
ml) and acidified with 2M aqueous sulphuric acid.
Extraction with dichioromethane gave a yellow gum which was
triturated with ether to give unchanged starting-material
(180a) (0.01 g; 2%) m.p. 175-1780 , identified by comparison
(m.p. and i.r. spectrum) with an authentic sample.
Neutralisation of the aqueous mother liquor with 2M
aqueous sodium hydroxide and glacial acetic acid and
extraction with dichloromethane gave only a small amount of
yellow gum (0.11 g) which was shown by t.l.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a

179

multicomponent mixture and therefore was not investigated
further.

The Reaction of Ethyl 2-Ethoxycarbonyl-3-(1-ethyl-2-methyl4-nitro-1H-imidazol-5-yl) -3-oxopropanoate (189b) with
Hydrazine Hydrate

A solution of the keto-diester (189b) (0.68 g, 0.002
mol) in ethanol (10.0 ml) was treated with 100% hydrazine
hydrate (0.10 g, 0.002 mol) and the mixture was heated under
ref lux for 3h.
Evaporation of the mixture and trituration of the
residue with ether afforded 1-ethyl-2-methyl-4-nitro-1Himidazole-5-carbohydrazide (193) (0.44 g; 100%) which formed
colourless blades, m.p. 186_1870 (from ethanol-water), Vmax
3330, 3230, 3200 and 3150 (NH), 1685 (CO) and 1530 and 1350
(NO2) cm- 1, SH [(CD3)2S0] 9.99 (1H, 3 NH), 4.63 (2H, s, NH),
3.98 (2H, q, J 7 Hz, Cl3), 2.40 (3H, s CH3) and 1.26 (311, t,
J 7Hz, CH3).

Found: C, 39.5; H, 5.3; N, 33.1%; N+, 213
1j1123recuires: C, 39.4; H, 5.2; N, 32.9%; M, 213

Evaporation of the ethereal mother liquor gave diethyl
malonate (0.21 g; 67%) identified by comparison (i.r.
spectrum) with an authentic sample.
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The Attempted Reaction of Ethyl 2-Ethoxycarbonyl-3-(l-ethyl2-methyl-4-nitro-1H-imidazol-5-yl) -3-oxopropanoate (189b)
with Hydrazine Dihydrochioride

A solution of the keto-diester (189b) (0.68 g. 0.002
mol) in ethanol (20.0 ml) was treated with hydrazine
dihydrochloride (0.21 g, 0.002 mol) and the mixture was
heated under ref lux for 20h.
The mixture was evaporated and the residue was treated
with water (10.0 ml) and extracted with dichloromethane to
give a yellow oil which was triturated with ether to give
unchanged starting-material (189b) (0.49 g; 72%) m.p. 80810 , identified by comparison (m.p. and i.r. spectrum) with
an authentic sample.
Evaporation of the ether mother liquor gave a yellow
oil (0.09 g) which was shown by t.l.c. in dichioroinethaneethyl acetate (1:1) over silica to be largely the starting
keto-diester (189b) and therefore was not investigated
further.

Ethyl 3(5)-(l-Ethyl-2-methyl-4-nitro-1H-jmjdazol-5-yl)-5(3)methylisoxazole-4-carboxylate (178)/(179)

A solution of the diketo-ester (175b) (0.62 g, 0.002
mol) in ethanol (10.0 ml) was treated with a solution of
hydroxylamine hydrochloride (1.1 g, 0.016 mol) in water (1.5
ml) followed by a solution of sodium acetate (1.3 g, 0.016
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mol) in water (3.0 ml) and the resulting yellow solution was
heated under ref lux for lh.
The mixture was evaporated and the residue was treated
with water (5.0 ml) and extracted with dichioromethane to
afford a yellow oil (0.43 g) which was triturated with ether
to give ethyl 3 (5)-(l-ethyl-2-inethyl-4-nitro-1H-imidazol-5yl)-5(3)-methylisoxazole-4-carboxylate (178) (179) (0.17 g;
27%) which formed colourless plates, m.p. 90-910 (from
ethanol), Vmax 1730 (CO) and 1520 and 1345 (NO2) cm, SH
(CDC13) 4.19 (2H, q, J 7Hz, CH2), 3.88 (2H, q, J 7Hz, Cl!2),
2.56 (3H, 5, CH3), 2.53 (3H, s, CH3), 1.31 (3H, t, J 7Hz,
CH3) and 1.17 (311, t, J 7Hz, CH3)-

Found: C, 50.4; H, 5.2; N, 18.2%; M+, 308
9131116H425 requires: C, 50.7; H, 5.2; N, 18.2%, M, 308

The ether mother liquor was evaporated to give a yellow
oil (0.17 g) which was shown by t.l.c. in dichloromethaneethyl acetate (1:1) over silica to be a multicomponent
mixture and therefore was not investigated further.

1-Ethyl-5- (N-hydroxycarbamoyl) -2-methyl-4-nitro-1H-imidazole
(195)

A solution of the Keto-diester (189b) (0.68 g, 0.002
mol) in ethanol (10.0 ml) was treated with a solution of
hydroxylamine hydrochloride (1.1 g, 0.016 mol) in water (1.5
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ml) followed by a solution of sodium acetate (1.3 g, 0.016
mol) in water (3.0 ml) and the yellow solution was heated
under ref lux for lh.
The mixture was evaporated and the residue was treated
with water (5.0 ml) and the insoluble solid collected by
filtration to give l-ethyl-5-(N-hydroxycarbamoyl) -2-methyl4-nitro-1H-imidazole (195), (0.32 g; 74%) which formed pale
yellow plates, m.p 179-1800 (from ethanol-water), Vmax 3320
(NH), 3100-2500 br (OH), 1655 (CO) and 1525 and 1310 (NO2),
SH 11.40 (lH, S, NH or OH), 9.64 (1H, S, OH or NH), 3.95
(2H. q, J 7Hz, CH2), 2.40 (3H, s, CH3) and 1.28 (3H, t, J
7Hz, CH3).

Found: C, 39.1, H, 4.7; N, 26.2%; M+, 214
97HjN424requires: C, 39.3; H, 4.7; N, 26.2%; N, 214

Extraction of the aqueous filtrate with dichloromethane
gave only a small amount of a yellow oil (0.05 g) which was
shown by t.1.c. in dichloroniethane-ethyl acetate (1:1) over
silica to be a multicomponent mixture and was therefore not
investigated further.
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2-Cyano-1-(1-ethyl-2-methyl-4-njtro-1H-jmjdazol-5-yl)-3phenylpropane-1, 3-diane (229)

A mixture of magnesium turnings (0.54 g, 0.022 mol),
anhydrous ethanol (1.0 ml) and anhydrous tetrachioromethane
(0.2 ml) was warmed gently to initiate an exothermic
reaction and after 10 min anhydrous 1,2-dimethoxyethane
(10.0 ml) was added and the mixture was stirred and heated
at 400 for 15 mm. A solution of benzoylacetonitrile (3.2 g,
0.022 mol) in anhydrous 1,2-dimethoxyethane (10.0 ml) was
added dropwise with stirring and heating contiued for 4h.
The mixture was then treated dropwise with stirring with a
solution of the acid chloride (139b) (4.4 g, 0.02 mol) in
anhydrous 1,2-dimethoxyethane (10.0 ml) and stirring and
heating continued for a further 4h.
The mixture was evaporated and the residue was
acidified with 2M aqueous sulphuric acid (15.0 ml) and
extracted with dichloromethane to give a brown oil (7.3 g).
Trituration with ether afforded a solid which was combined
with further material obtained by evaporating the ethereal
mother liquor, flash-chromatographing the residue in
dichioromethane-ethyl acetate (10:1) over silica and
triturating the resulting oil with ether-ethanol (1:1) to
give 2-cyano-1-(l-ethyl-2-methyl-4-nitro-lH-imidazol-5-yl)3-phenylpropane-1,3-dione (229) (total 1.5 g; 23%), which
formed yellow needles m.p. 148-1490 (from ethanol), Vmax
2220 (CN), 1600 (CO) and 1510 and 1340 (NO2) cm- 1, SH
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(CDC13) 8.16-8.03 (2H, m, ArH), 7.68-7.50 (3H, iii, ArH), 4.12
(2H, q, J 7Hz, CH2), 2.49 (3H, s, CH3) and 1.42 (3H, t, J
7Hz, CH3).

Found: C, 58.7; H, 4.4; N, 17.3%; M+, 326
9161114H424 requires: C, 58.9; H, 4.3; N, 17.2%, M, 326

The Attempted Reaction of Ethyl 1-Ethyl-2-methyl-4-nitro1H-imidazole-5-carboxylate (192) with Diethyl Malonate

A mixture of magnesium turnings (0.08 g, 0.0033 mol),
anhydrous ethanol (0.2 ml) and anhydrous tetrachloromethane
(0.1 ml) was warmed gently to initiate an exothermic
reaction and after 10 min anhydrous ether (10.0 ml) was
added and the mixture was stirred and heated under ref lux
for 15 mm. A solution of diethyl malonate (0.53 g, 0.0033
mol) in anhydrous ethanol (0.2 ml) and anhydrous ether (5.0
ml) was added dropwise with stirring and heating and
stirring continued for a further lh. The mixture was
treated dropwise with stirring with a solution of the ester
(192) (0.68 g, 0.003 mol) in anhydrous ether (5.0 ml) and
the mixture stirred and heated under ref lux for a further
20h.

185

The cooled mixture was acidified with 2M aqueous
hydrochloric acid (5.0 ml), the ether layer was separated
and the aqueous layer was further extracted with several
portions of ethyl acetate. Evaporation of the combined
organic extracts afforded a yellow oil (1.0 g) which was
chromatographed over silica.
Elution with ethyl acetate afforded the unchanged ester
(192) (0.47 g; 69%), identified by comparison (t.1.c.) with
an authentic sample.

The Reaction of 1-Ethyl-2-methyl-4-nitro-1H-imidzole-5carbonyl chloride (139b) with Ethyl Benzoylacetate in the
Presence of Sodium Hydride

A suspension of sodium hydride (0.24 g, 0.01 mol) in
anhydrous 1,2-dimethoxyethane (10.0 ml) was stirred and
treated at room temperature with ethyl benzoylacetate (2.1
g, 0.011 mol). The mixture was stirred at room temperature
for 10 min by which time gas evolution had ceased. A
solution of the acid chloride (139b) (2.2 g, 0.01 mol) in
anhydrous 1,2-dimethoxyethane (10.0 ml) was added and the
mixture was stirred at room temperature for 18h.
The mixture was evaporated and the residue was treated
with water (15.0 ml), acidified with 2M aqueous sulphuric
acid (2.5 ml) and extracted with dichloromethane to give an
orange oil (3.7 g) which was flash-chromatographed over
silica.
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Elution with dichloromethane afforded unchanged ethyl
benzoylacetate (0.89 g; 42%), identified by comparison (l.r.
spectrum) with an authentic sample.
Further elution with dichioromethane-ethyl acetate
(10:1) gave a yellow oil which was triturated with ether to
give ethyl 2-benzoyl-3-(l-ethyl-2-methyl-4-nitro-1Himidazol-5-yl)-3-oxopropanoate (175c) (0.44 g; 12%), m.p.
112-1130 , identified by comparison (m.p. and i.r. spectrum)
with an authentic sample.
Further elution with dichloromethane-ethyl acetate
(10:1) through to methanol gave only a series of gums (total
1.8 g) which yielded no further identifiable material.

The Attempted Reaction of 1-Ethyl-2-methyl-4-nitro-1Himidazole-5-carbonyl Chloride (139b) with Diethyl
Acetonedicarboxylate in the Presence of Sodium Hydride

A suspension of sodium hydride (0.24 g, 0.01 mol) in
anhydrous dimethylformamide (10.0 ml) was stirred and
treated dropwise at room temperature with a solution of
diethyl acetonedicarboxylate (2.0 g, 0.01 mol) in anhydrous
dimethylformamide (5.0 nil). Gas evolution occurred and
after 10 min the mixture was treated dropwise with stirring
with a solution of the acid chloride (139b) (2.2 g, 0.01
mol) in anhydrous dimethylfornianiide (5.0 ml) and the mixture
was stirred at room temperature for 16h.
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The mixture was evaporated and the residue was treated
with water (10.0 ml) and extracted with dichloromethane to
give a brown oil (4.7 g) which was flash-chromatographed
over silica.
Elution with dichloromethane through to methanol gave
only a series of intractable oils and gums (total 3.9 g)
which were shown by t.l.c. in dichloromethane-ethyl acetate
(2:1) over silica to be complex multicomponent mixtures and
therefore were not investigated further.

Ethyl 2-Cyano-3-(1-ethyl-2-methyl-4-nitro-1H-imidazol-5-yl) 3-oxopropanoate (225)

(a) A suspension of sodium hydride (0.26 g, 0.011 mol)
in anhydrous 1,2-dimethoxyethane (10.0 ml) was stirred and
treated dropwise at room temperature with ethyl cyanoacetate
(1.2 g, 0.011 mol). Gas evolution occurred and after 10 mm
the mixture was treated dropwise with a solution of the acid
chloride (139b) (2.2 g, 0.01 mol) in anhydrous 1,2dimethoxyethane (10.0 ml) and stirring was continued at room
temperature for 18h.
The mixture was evaporated and the residue was treated
with water (10.0 ml) and dichloromethane and the resulting
three phase mixture filtered to remove some insoluble solid.
Evaporation of the organic layer gave a red oil which was
triturated with methanol to afford ethyl 2-cyano-3-(1-ethyl2-methyl-4-nitro-1H-imidzol-5-yl)-3-oxopropanoate (225),

188

(0.42 g; 14%) which formed colourless spars, m.p. 138-1390
(from ethanol), Vmax 3600-2500 br (OH), 2230 (CN), 1720 (CO)
and 1510 and 1350 (NO2) cm- 1, 6H [(CD3)2S0] 6.50 (bs, OH),
3.86 (4H, m, 2 x Cl!2), 2.38 (3H, s, CH3), 1.20 (3H, t, J
7Hz, Cl!3) and 1.01 (3H, t, J 7Hz, Cl!3)

Found: C, 46.4; H, 5.2; N, 17.8%; M+, 294
9HN495.H20 requires: C, 46.2; H, 5.2; N, 17.4%; (M-H20),
294

Evaporation of the inethanolic mother liquor gave an oil
which was triturated with ethanol to give a solid which was
combined with further material obtained by evaporating the
ethanolic mother liquor and retriturating the residue with
dichloromethane to give the carboxylic acid (138b) (total
0.41 g; 21%) m.p. 144-1450 , identified by comparison (m.p.
and i.r. spectrum) with an authentic sample.
(b) A suspension of sodium hydride (0.26 g, 0.011 mol)
in anhydrous dimethylformamide (5.0 ml) was stirred and
treated dropwise at room temperature with a solution of
ethyl cyanoacetate (1.2 g, 0.011 mol) in anhydrous
dimethylforrnamide (5.0 ml). Gas was evolved and after 10
min a solution of the acid chloride (139b) (2.2 g, 0.01 mol)
in anhydrous dimethylformamide (5.0 ml) was added dropwise
and the mixture stirred at room temperature for 18h.
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The mixture was evaporated and the residue was treated
with water (10.0 ml) and extracted with dichioromethane to
give a red oil (3.4 g). Trituration with ethanol afforded a
solid which was combined with further material obtained by
evaporating the ethanolic mother liquor, f lashchromatographing the residue in dichioromethane over silica
and triturating the resulting gum with ethanol to give ethyl
2-cyano-3-(1-ethyl-2-methyl-4-nitro-lH-imidazol-5-yl) -3oxopropanoate (225) (total 0.57 g; 21%) m.p. 129-130,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample prepared in (a) before.
Further elution with dichloromethane through to
methanol gave only a series of intractable oils and gums
(0.90 g) which were not further investigated.

The Reaction of 1-Ethyl-2--methyl-4-nitro-1H-jmjdazole-5carbonyl Chloride (139b) with Ethyl Cyanoacetate in the
Presence of Sodium Hydride at 1000

A suspension of sodium hydride (0.26 g. 0.011 mol) in
anhydrous dimethylformamide (5.0 ml) was stirred at room
temperature and treated dropwise with a solution of ethyl
cyanoacetate (1.2 g, 0.011 mol) in anhydrous
dimethylformamide (2.5 ml). Gas evolution occurred and
after 10 nun, the mixture was treated dropwise with stirring
with a solution of the acid chloride (139b) (1.3 g, 0.005
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mol) in anhydrous dimethylformamide (2.5 ml) and then heated
at 100 for lh.
The mixture was evaporated and the residue was treated
with water (10.0 ml) and extracted with dichioromethane to
give an orange oil (1.5 g) which was shown by t.l.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
complex mixture which was not investigated further.
The aqueous phase was neutralised with 2M aqueous
hydrochloric acid and sodium acetate and extracted with
dichioromethane to give an oil which was triturated with
ether-ethanol to give ethyl 2-cyano-3-(1-ethyl-2-methyl-4nitro-lll-imidazol-5-yl)-3-oxopropanoate (225) (0.50 g; 34%)
m.p. 123-126°, identified by comparison (m.p. and i.r.
spectrum) with an authentic sample.
Evaporation of the ether-ethanol mother liquor gave an
intractable red brown oil (0.98 g) which was not further
investigated.

The Attempted Condensation of 1-Ethyl-2-methyl-4-nitro-1Himidazole-5-carbonyl Chloride (139b) with Methyl 2Oxocyclopentanecarboxylate in the Presence of Tetra-nbutylammonium Fluoride

(a) In chloroform solution

A solution of methyl 2-oxocyclopentanecarboxylate (0.71
g, 0.005 mol) in lM tetra-n-butylammoniuin fluoride in
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tetrahydrofuran (5.0 ml) was evaporated to give an orange
oil. This was dissolved in chloroform (20.0 ml) and the
solution stirred at room temperature and treated dropwise
with a solution of the acid chloride (139b) (1.1 g, 0.005
inol) in chloroform (20.0 nil). The mixture was then stirred
at room temperature for 2h.
The mixture was washed with saturated aqueous sodium
hydrogen carbonate and water, then evaporated and the
residual oil (2.2 g) chromatographed over silica.
Elution with cyclohexane-ethyl acetate (1:1) gave
unchanged methyl 2-oxocyclopentanecarboxylate (0.40 g; 56%)
identified by comparison (i.r. spectrum) with an authentic
sample.
Further elution with cyclohexane-ethyl acetate (1:1)
gave a colourless oil (0.45 g) whose 1H n.m.r. spectrum
showed it to be a complex mixture which was not investigated
further.

(b) In dichloroniethane solution

A solution of methyl 2-oxocyclopentanecarboxylate (0.71
g, 0.005 inol) i ri 1M tetra-n-butylammonium fluoride in
tetrahydrofuran (5.0 ml) was evaporated and the residual oil
was dissolved i ri dichloroniethane (50.0 ml). The solution
was stirred and treated dropwise at room temperature with a
solution of the acid chloride (139b) (1.1 g, 0.005 mol) in
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dichloromethane (25.0 ml) and the resulting mixture was
stirred at room temperature for 94h.
The mixture was washed with saturated aqueous sodium
hydrogen carbonate solution and with water, then evaporated
and the residue chromatographed over silica.
Elution with cyclohexane-ethyl acetate (1:1) gave
methyl oxocyclopentanecarboxylate (0.31 g; 44%) identified
by comparison (i.r. spectrum) with an authentic sample.
Further elution with cyclohexane-ethyl acetate (1:1)
gave a pale yellow gum (0.43 g) which was shown by its 'H
n.m.r. spectrum to be a complex mixture and therefore was
not investigated further.

Reactions of 1-Ethyl-2-methyl-4-nitro-lH-jmjdazole-5carbonyl chloride (139b) with N-(1-Cyclohexen-1yl)morpholine (241)

(a) A solution of -(1-cyclohexen-1-y1) inorpholine
(241) (0.84 g, 0.005 mol) in anhydrous dichloromethane (50.0
ml) was stirred and treated dropwise at room temperature
with a solution of the acid chloride (139b) (1.1 g, 0.005
mol) in anhydrous dichloromethane (50.0 ml) and the mixture
was stirred at room temperature for 20h.
The mixture was acidified with 2M aqueous hydrochloric
acid (10.0 ml) and the organic layer was separated and
evaporated to afford an oily solid which was crystallised
from ethanol to give E or - 2-11-(1--ethyl-2-methyl-4-nitro-
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1H-imidazole-5-carbonyloxy) -1- (1-ethyl-2-methyl-4-nitro-1Himidazol-5-yU imethylidenecyclohexanone (244), (0.33 g,
28%), which formed pale yellow plates, m.p. 174-176°, Vmax
1740 and 1650 (CO) and 1520 and 1340 (NO2) cm - , 8H (CDC13)
4.12 (2H, q, J 7Hz, CH2), 3.75 (2H, q, J 7Hz, CH2), 2.652.46 (4H, m, CH2), 2.50 (3H, 5, CH3), 2.13 (3H, s, CF!3),
1.94-1.73 (4H, m, CH2), 1.41 (3H, t, J 7Hz, Cl!3) and 1.31
(3H, t, J 7Hz, Cl!3).

Found: C, 52.5; H, 5.3; N, 18.5%; M+, 460
.92024N697 requires: C, 52.2; H, 5.3; N, 18.3%; M, 460

(b) A solution of the acid chloride (139b) (2.2 g, 0.01
mol) in anhydrous dichioromethane (20.0 ml) was stirred and
treated dropwise at room temperature with a solution of N(1-cyclohexen-1-yl)morpholine (1.7 g, 0.01 mol) and
triethylamine (2.0 g. 0.02 mol) in anhydrous dichioromethane
(20.0 ml) and the mixture was stirred at room temperature
for 16h.
The mixture was acidified with 2N aqueous hydrochloric
acid (20.0 ml) and stirring was continued for 30 min and
then the mixture was neutralised with 2M aqueous sodium
hydroxide (15.0 ml) and saturated aqueous sodium hydrogen
carbonate.
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The dichioromethane layer was separated and the aqueous
layer was further extracted with several portions of
dichloroinethane. Evaporation of the combined
dichloromethane extracts afforded a red oil (2.5 g) which
was chromatographed ovr silica.
Elution with ethyl acetate gave E or Z 2-[1-(l-ethyl-2methyl-4-nitro-1ll-imidazole-5-carbonyloxy) -1- (l-ethyl-2methyl-4-nitro-ljj-imidazol-5-yl) }methylidenecyclohexanone
(244) (0.88 g; 38%), m.p. 172-1730 identified by comparison
(m.p. and t.1.c.) with an authentic sample obtained in (a)
before.
Further elution with ethyl acetate gave no other
identifiable material.

(c) A solution of -(1-cyc1ohexen-1-yl)morpholine (3.3
g, 0.02 mol) and triethylamine (2.0 g, 0.02 mol) in
anhydrous dichioromethane (40.0 ml) was stirred and treated
dropwise at room temperature with a solution of the acid
chloride (139b) (2.2 g, 0.01 mol) in anhydrous
dichioromethane (20.0 ml) and the mixture was stirred at
room temperature for 3h.
The mixture was treated with 2M aqueous hydrochloric
acid (20.0 ml), and the organic layer was separated and
evaporated to give a red brown gum (4.3 g) which was shown
by t.l.c. in ethyl acetate over silica to be a
multicomponent mixture containing cyclohexanone and the
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methylidenecyclohexanone derivate (244). The gum was not
investigated further.

(d) A solution of N-(l-cyclohexen-1-yl)morpholine (1.7
g, 0.01 mol) and triethylamine (1.0 g, 0.01 mol) in
anhydrous dichloromethane (20.0 ml) was stirred at 100 (ice
bath) and treated dropwise with a solution of the acid
chloride (139b) (1.1 g, 0.005 mol) in anhydrous
dichloromethane (20.0 ml). Stirring was continued at room
temperature for 20h and then the mixture was acidified with
2M aqueous hydrochloric acid (10.0 ml), then thoroughly
stirred for lh and neutralised with 2M aqueous sodium
hydroxide. The organic layer was separated and the aqueous
layer further extracted with several portions of
dichloromethane. Evaporation of the combined
dichloromethane extracts afforded an oily solid which was
crystallised from ethanol to give E or Z 2-[1-(l-ethyl-2methyl-4-nitro-1H-imidazole-5-carbonyloxy) -1-(l-ethyl-2methyl-4-nitro-1-imidazol-5-yl) ]methylidenecyclohexanone
(244) (0.47 g; 40%), m.p. 172-174 0 , identified by comparison
(m.p. and t.l.c.) with an authentic sample prepared in (a)
before.
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Hydrolysis Reactions of E or Z 2-1l-(1-ethyl-2-methyl--4nitro-lH-imidazole-5-carbonyloxy) -1- (l-ethyl-2-methyl-4nitro-lH-imidazol-5-yl) iniethylidenecyclohexanone (244)

Using aqueous inethanolic potassium carbonate

A solution of the inethylidenecyclohexanone derivative
(244) (0.05 g, 0.0001 mol) in methanol (5.0 ml) was treated
with a solution of potassium carbonate (0.04 g, 0.0003 mol)
in water (10.0 ml) and the mixture was stirred at room
temperature for 64h.
The mixture was evaporated and the residue was treated
with 2M aqueous hydrochloric acid (0.3 ml) and extracted
with ethyl acetate to afford a yellow solid which was
chromatographed over silica.
Elution with ethyl acetate through to methanol gave
only a series of intractable gums (total 0.3 g) which
yielded no identifiable material.

Using aqueous lithium hydroxide

A solution of the niethylidenecyclohexanone derivate
(244) (0.92 g, 0.002 mol) in tetrahydrofuran (50.0 ml) was
treated with a solution of potassium carbonate (0.55 g,
0.004 mol) in water (15.0 ml) and the mixture was stirred at
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room temperature for 21h after which time t.1.c. in ethyl
acetate over silica showed starting-material (244) still to
be present. The mixture was then treated with lithium
hydroxide monohydrate (0.17 g, 0.004 mol) and the mixture
was stirred at room teinperture for a further 41h.
The mixture was concentrated to remove the
tetrahydrofuran and the residual aqueous liquor was
acidified with 2M aqueous hydrochloric acid (10.0 ml) and
extracted with ethyl acetate to give a brown semi-solid (0.9
g) which was chromatographed over silica.
Elution with ethyl acetate gave 2-(1-ethyl-2-methyl-4nitro-1H-imidazole-5-carbonyl) cyclohexanone (243) (0.43 g;
70%) as a yellow brown gum, Vmax 1510 and 1345 (NO2) cm -,
SH(CDC13) 4.03-3.87 (2H, m, CH2), 2.58-2.47 (211, m, CE!2),
2.49 (3H, s, CE!3), 2.22-2.00 (311, m, CE!2), 1.83-1.70 (211, In,
CF!2), 1.70-1.54 (2H, m, CE!2) and 1.37 (3H,t, J 7Hz, CH3).

Found;

M+, 279

9131117N324 requires; M, 279

Ethyl 3-(l-Ethyl-2-methyl-4-njtro-1H-jmjdazol-5_yl)_2_
triphenylphosphoranyl idenepropanoate (239)

A solution of ethyl 2-tripenylphosphoranylideneethanoate (3.5 g, 0.01 mol) in anhydrous toluene (25.0 ml)
was stirred and treated dropwise at room temperature with a
solution of the acid chloride (139b) (1.1 g, 0.005 mol) in
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Reductive Cyclisation Reactions of 2-Acetyl-3-(1-methyl-4nitro-1H-imidazol-5-yl) -3-oxopropanoate (175a

(a) Using hydrogen in the presence of palladium-on-charcoal

The diketo-ester (175a) (5.7 g, 0.02 mol) was
hydrogenated in ethanol (350 ml) over 10% palladium-oncharcoal (0.57 g) at room temperature and at atmospheric
pressure for 5h.
The mixture was filtered through celite and the
filtrate was evaporated to give an oil which largely
crystallised. Trituration with ether afforded ethyl 1,5dimethyl-4-hydroxy-lH-imidazol4, 5-blpyridin-7 (4H) -one-6carboxylate as a monohydrate (176a), (4.7 g; 87%) which
formed colourless needles, m.p. 182_1830 (from ethanol),
Vmax 3500-2500 br (OH) and 1725 and 1620 (CO) cm - , SH
[(CD3)2S0] 12.25-11.75 (111, bs, OH), 8.04 (1H, 5, H-2), 4.23
(2H, q, J 7Hz, Cr12), 4.00 (3H, S, CH3), 2.32 (3H, s, CH3)
and 1.26 (3H, t, J 7Hz, CH3)Found: C, 48.7; H, 5.6; N, 15.5%; M, 251
C11HN324.H20 requires: C, 49.1; H, 5.6; N, 15.6%; (M-H20),
251

Evaporation of the ether mother liquor gave an
intractable red gum (0.35 g) which was shown by t.1.c. in
dichloromethane-ethyl acetate (1:1) over silica to be a
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multicomponent mixture and therefore was not investigated
further.

(b) Using sodium borohydride and aqueous sodium hydroxide in
the presence of palladium-on-charcoal

A solution of the diketo-ester (175a) (1.4 g, 0.005
mol) in 1,4-dioxane (10.0 ml) was treated with 2% w/v
aqueous sodium hydroxide (5.0 nil) and 10% palladium-oncharcoal (0.02 g) and the mixture was stirred and purged
with nitrogen for 15 in. A solution of sodium borohydride
(0.38 g, 0.01 mol) in water (2.5 ml) was added dropwise and
stirring was continued at room temperature for a further 15
mm.
The mixture was filtered through celite and the
filtrate was evaporated to give an orange oil which was
treated with water (10.0 ml). Extraction with
dichloromethane gave only a small amount of brown gum (0.07
g) which was shown by t.1.c. in dichloromethane-ethyl
acetate (1:1) over silica to be a multicomponent mixture
which was not investigated further.
The aqueous mother liquor was acidified with 2M aqueous
hydrochloric acid and extracted with dichloromethane to give
a yellow gum (0.23 g) which was triturated with ether to
give unchanged starting-material (175a) (0.17 g; 11%) m.p.
98-1000 , identified by comparison (m.p. and i.r. spectrum)
with an authentic sample.
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Constant dichioromethane extraction of the aqueous
acidic mother liquor for 27h gave only an intractable yellow
gum (0.11 g) which was not further investigated.

Ethyl 2, 5-Dimethyl-1-ethyl-4-hydroxy-1H-jmjdazol4 .5b]pyridin-7 (4H) -one-6-carboxylate (176b)

The diketo-ester (175b) (15.6 g, 0.05 mol) was
hydrogenated in ethanol (300 ml) over 10% palladium-oncharcoal (1.6 g) at room temperature and atmospheric
pressure for 5h.
The mixture was filtered through celite and evaporated
to give a solid which was washed with ethyl acetate to
afford ethyl 2 ,5-dilnethyl-1-ethyl-4-hydroxy-lJ-J-jnijdazol4 , 5b]pvridin-7(4H)-one-6-carboxylate (176b) as a colourless
powder, m.p. 177-1780 (from ethyl acetate-ethanol), Vmax
3500-2200 br (OH) and 1720 and 1620 (CO)

- , S11 (CDC13) 4.38

(411, q, J 7Hz, CH2), 2.56 (3H, s, CH3), 2.39 (3H, s, CH3),
1.26 (3H, t, J 7Hz, CH3) and 1.18 (3H, t, J 7Hz, CH3).

Found: C, 55.4; H, 6.2; N, 15.0%;
279.1213
.9131117N324 requires: C, 55.9; H, 6.1; N, 15.1%;
M,

279.1219
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The ethyl acetate mother liquor was evaporated to give
an intractable brown glassy solid (2.1 g) from which no
identifiable material could be obtained.

Ethyl 4-Hvdroxy-1--methyl-5-phenyl-1H-imidazo[4 , 5-bipyridin7 (4H) -one-6--carboxylate (176d)

The diketo-ester (175d) (1.4 g, 0.004 mol) was
hydrogenated in ethanol (20.0 ml) over 10% palladium-oncharcoal (0.14 g) at room temperature and atmospheric
pressure for 4.3h.
The mixture was filtered through celite and the
filtrate was evaporated to give an oil (1.2 g) which was
triturated with ether to afford ethyl 4-hydroxy-1-methyl-5Phenvl-1H-imidazol4,5-b]pyridin-7(4H)-one (176d) (0.97 g;
78%) which formed colourless needles, m.p. 129-1300 (from
ethanol-water), Vmax 3500-2100 br (OH) and 1730 and 1610
(CO) cm -, SH [(CD3)2S0] 11.98 (1H, 5, OH), 8.15 (1H, S, H2), 7.50-7.37 (5H, m, ArH), 4.04 (3H, 5, CH3), 3.84 (2H, q,
J 7Hz, CH2), and 0.81 (3H, t, J 7Hz, CH3).

Found: C, 58.0; H, 5.3;, N, 12.7%;
313
90N30-4.H20 reciuires: C, 58.0; H, 5.2; N, 12.7%;
(M - H20), 313
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Evaporation of the ether mother liquor gave a yellow
oil (0.11 g) which was shown by t.1.c. in dichioromethaneethyl acetate (1:1) over silica to be a multicomponent
mixture which was not investigated further.

Reductive Cyclisation Reactions of Ethyl 2-Benzoyl-3-(lethyl-2-methyl-4-nitro-lH-imidazol-5-yl) -3-oxopropanoate
(175c)

(a) Using hydrogen in the presence of palladium-on-charcoal

The diketo-ester (175c) (0.75 g, 0.002 mol) was
hydrogenated in ethanol (30.0 ml) over 10% palladium-oncharcoal (0.06 g) at room temperature and atmospheric
pressure for 5h.
The mixture was filtered through celite and the
filtrate evaporated to give a brown glass which was
triturated with ether to afford ethyl l-ethvl-4-hydroxy-2methyl-5-phenyl-1H-imidazo[4 , 5-blpyridin-7 (4H) -one-6carboxylate (176c), as a dihydrate (0.63 g; 92%) which
formed colourless spars, m.p. 124-1260 (from ethanol-water),
Vmax 3600-2100 br (OH) and 1710 and 1600 (CO) cm, SH
[(CD3)2S0] 11.93 (1H, s, OH) (exch.), 7.50-7.36 (511, m,
ArH) , 4.44 (2H, q, J 7Hz, CH2), 3.89 (2H, q, J 7Hz, CH2)
2.52 (3H, S, CH3), 1.33 (3H, t, J 7Hz, CH3) and 0.80 (3H, t,
J 7Hz, CH3).
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Found: C, 57.3; H, 6.1; N, 11.1%;
341
90103O4.020 requires: C, 57.3; H, 6.1; N, 11.1%;
(N - 2H20), 341

(b) Using hydrogen in the presence of palladium-on-charcoal
and concentrated hydrochloric acid

The diketo-ester (175c) (0.75 g, 0.002 inol) was
hydrogenated in ethanol (25.0 ml) containing concentrated
hydrochloric acid (0.5 ml) over 5% palladium-on-charcoal
(0.15 g) at room temperature and atmospheric pressure for
2.5h.
The mixture was filtered through celite and the
filtrate evaporated to give an orange gum (1.1 g) which was
treated with water (5.0 ml) and the insoluble solid
collected to give ethyl 1-ethyl-4-hydroxy-2-methyl-5-phenyl1H-imidazo[4, 5-b]pyridin-7(4H)-one-6-carboxylate (176c),
(0.48 g; 63%) m.p. 107-1080 , identified by comparison (m.p.
and i.r. spectrum) with an authentic sample.
Extraction of the aqueous mother liquor with
dichloromethane gave a yellow gum (0.12 g) which was shown
by t.l.c. in dichioroinethane-ethyl acetate (1:1) over silica
to be a complex mixture which was not further investigated.
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Neutralisation of the aqueous phase with 2M aqueous
sodium hydroxide and glacial acetic acid and extraction with
dichioromethane gave no further material.

(C)

Using stannous chloride in ethanol

A solution of the diketo-ester (175c) (0.75 g. 0.002
mol) in anhydrous ethanol (10.0 ml) was treated with
stannous chloride dihydrate (2.3 g, 0.01 mol) and the
mixture was heated under ref lux for 2.5h.
The mixture was concentrated to half volume, treated
with ice (10 g) and filtered to give a colourless inorganic
solid (1.7 g) from which no identifiable material could be
obtained.
The aqueous filtrate was neutralised with 10% w/v
aqueous sodium hydrogen carbonate (10.0 ml) and filtered to
obtain an intractable colourless inorganic solid (0.92 g).
Extraction of the aqueous mother liquor with
dichioromethane gave a yellow gum (0.07 g) which was shown
by t.l.c. in dichioromethane-ethyl acetate (1:1) over silica
to be a multicoinponent mixture which was not investigated
further.

The Attempted Reaction of Ethyl 2,5-Dimethyl-1-ethyl-4hydroxy-1H-imidazol4 , 5-blpyridin-7(4H)-one-6-carboxylate
(176b) with Acetic Anhydride

A solution of the imidazo[4,5-b]pyridinone (176b) (0.56
g, 0.002 mol) in acetic anhydride (5.0 ml) was heated under
ref lux for 3h.
The mixture was evaporated to give a brown oil (0.82
g), Vmax 1830 cm-1. Water (2.5 ml) was added and the
mixture allowed to stand at room temperature for lh.
Extraction with dichioromethane then gave a brown oil (0.72
g) which was flash-chromatographed over silica.
Elution with dichioromethane through to methanolammonia (5:1) gave only a series of gums (total 0.56 g) from
which no identifiable material could be obtained.

Acylation Reactions of Ethyl l-Ethyl-4-hydroxy-2-methyl-5phenyl-lH-imidazo[4 , 5-blpyridin-7 (4H) -one-6-carboxylate
(176c)

(a) Using acetic anhydride

The -hydroxyimidazopyridinone (176c) (0.34 g, 0.001
mol) was treated with acetic anhydride (0.75 ml) and the
mixture was heated at 1000 for 10 mm. The excess of acetic
anhydride was distilled of under reduced pressure and the
residue was treated with water (2.0 ml) and extracted with
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dichioromethane to give an oil (0.47 g) which was f lashchromatographed over silica. Elution with dichioromethaneethyl acetate (1:1) afforded ethyl 4-acetoxy-1-ethvl-2methyl-5-phenyl-1H-imjdazol4,5-blpyrjdin-7 (4H) -one-6carboxylate (186) (0.30 g; 78%) as an unstable pale yellow
Oil, Vmax 1820 (N-OCOCH3) and 1730 (CO) cm, 611 (CDC13)

7.38 (5H, s, ArH), 4.45 (2H, q, J 7Hz, CH2), 3.97 (211, q, J
7Hz, CH2), 2.47 (3H, S, CH3), 1.95 (3H, S, CH3), 1.42 (3H,
t, J 7Hz, CH3) and 0.87 (311, t, J 7Hz, CH3).
Attempts to purify the oil for combustion analysis by
distillation or by further chromatography caused it to
revert to the starting-material (176c).

(b) Using phenyl isocyanate

A solution of the -hydroxyimidazopyridinone (176c)
(0.34 g. 0.001 mol) in anhydrous 1,4-dioxane (10.0 ml) was
stirred and treated dropwise with phenyl isocyanate (0.12 g,
0.001 mol) and the mixture stirred at room temperature for
lh.
The precipitated solid was collected by filtration to
afford ethyl 1-ethyl-2-methyl-5-phenyl-4- (Nphenylcarbamoyloxy) -1H-imidazol4 , 5-b1vridin-7 (4H) -one-6carboxylate (187) (0.32 g; 67%) as a colourless unstable
solid, m.p. 169_1700 (decomp.) Vmax 3240, 3200 and 3140 (NH)
and 1780 and 1735 (CO) cm-.
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Attempts to purify the solid by crystallisation
resulted in its decomposition to the starting-material
(176c)
Evaporation of the dioxane mother liquor gave a yellow
gum (0.29 g) from which no identifiable material could be
obtained.

Ethyl 1H-Imidazol4 , 5-blpyridin-7 (4H)-one-6-carboxylates
(177)

A solution of the corresponding ethyl -hydroxy-lHimidazo[4,5-b]pyridin-7(4H)-one-6-carboxylate (176) (0.02
mol) in 70% v/v aqueous ethanol (40.0 ml) was treated with
sodium dithionite (5.6 g, 0.032 mol) and the mixture was
heated under ref lux for lh. A second portion of sodium
dithionite (5.6 g, 0.032 mol) was added and heating under
ref lux continued for a further lh.
The mixture was worked up as described for the
individual reactions below.
(i) The mixture from ethyl 1,5-dimethyl-4-hydroxy-lHimidazo[4,5-b]pyridin-7(4H)-one-6-carboxylate (176a) was
evaporated and the residue was treated with water and
filtered to afford a solid which was combined with further
material obtained by extracting the aqueous mother liquor
with dichioromethane to give ethyl 1,5-dimethyl-lHimidazol4,5-b]pyridin-7(4H)-one-6-carboxylate (177a) (98%)
which formed colourless needles, m.p. 255_2560 (from
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ethanol-water), Vmax 3200-2500 br (NH, OH) and 1725 and 1630
(CO) cm, SH [(CD3)2S0] 12.75-12.00 (1H, bs, NH), 7.95 (1H,
s, H-2), 4.20 (2H, q, J 7Hz, CH2), 3.98 (3H, s, CH3), 2.30
(3H, s, CH3) and 1.26 (3H, t, J 7Hz, CH3).

Found: C, 56.5; H, 5.7; N, 18.0%; M, 235
recuires: C, 56.2; H, 5.6; N, 17.9%, M, 235

The mixture from ethyl 2,5-dimethyl-1-ethyl-4hydroxy-111-imidazo[4, 5-]pyridin-7(411) -one-6-carboxylate
(176b) was evaporated and the residue was treated with water
and the insoluble solid was collected and combined with
further material obtained by extracting the aqueous mother
liquor with dichioromethane to give ethyl 2,5-dimethyl-1ethyl-1H-imidazol4, 5-b']pyridin-7 (4H) -one-6-carboxylate
(177b) (96%) which formed colourless spars, m.p. 234-2350
(from ethanol), Vmax 3200-2500 br (NH, OH) and 1720 and 1610
(CO) cm, 6H (CDC13) 12.75-12.25 (1H, bs, NH or OH), 4.45
(2H, q, J 7Hz, CH2), 4.36 (2H, q, J 7Hz, CH2), 2.48 (3H, s,
CH3) , 1.39 (3H, t, J 7Hz, CH3) and 1.35 (3H, t, J 7Hz, CH3)

Found: C, 59.0; N, 6.5; N, 15.9%; M+, 263
9HN323requires: C, 59.3; H, 6.5; N, 16.0%; M, 263

The mixture from ethyl 4-hydroxy-1-methyl-5phenyl-lll-imidazo[4, 5-]pyridin-7(411) -one-6-carboxylate
(176d) was evaporated and the residue was treated with water
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and the insoluble solid was collected and combined with
further material obtained by extracting the aqueous mother
liquor with dichloromethane to give ethyl-1-methyl-5-phenyl1H-ilnidazol4,5-blpyrjdin-7(411)-one (177d) (95%) which formed
colourless needles of a monohydrate, m.p. 164_1660 (with
resolidification and remelting at 223-2240 )

(from

ethanol-

water),

Found: C, 59.6; H, 5.1; N, 13.2%; M+, 297
900393.H20 requires: C, 60.9; H, 5.4; N, 13.3%;(M-H20),
297
which recrystallised from ethanol as colourless needles of
the anhydrous imidazopyridinone ester (177d), m.p. 223-2240 ,
Vmax 3100-2500 br (OH), 1710 br and 1600 br (CO) cm, SH
[(CD3)2S0] 12.60 (1H, bs, NH) (exch.), 8.04 (111, s, H-2),
7.48 (5H,

5,

ArH), 4.02 (311, s, CH3), 3.93 (2H, q, J 7Hz,

CH2) and 0.90 (3H, t, J 7Hz, CH3).
Found: C, 64.4; H, 5.0; N, 14.0%; M+, 297
9161115N323 requires: C, 64.6; H, 5.1; N, 14.1%, M, 297
(iv) The mixture from ethyl 1-ethyl-4-hydroxy-2methyl-5-phenyl-1H-imidazo [4, 5-]pyridin-7(411) -one-6carboxylate (176c) was evaporated, the residue was treated
with water, and the insoluble solid collected to give ethyl
1-ethyl-2-methyl-5-phenyl-lH-iinidazol4, 5-blpyridin-7 (4H) one-6-carboxylate (177d) (94%) which formed colourless
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spars, m.p. 220-2210 (from ethanol), Vmax 32002500 (NH, OH)
and 1725 and 1600 br (CO) cm 1, S11 (CDC13) 13.18 (1H, s,
NH), 7.40 (5H, s, ArH), 4.43 (2H, q, J 7Hz, CH2), 4.10 (211,
q, J 7Hz, CH2), 1.56 (3H, s, Cl3), 1.40 (3H, t, J 7Hz, Cl3)
and 1.01 (3H, t, J 7Hz, CH3).
Found: C, 66.8; H, 5.9; N, 12.9%; M+, 325
9010323requires: C, 66.5; H, 5.9; N, 12.9%; M, 325
Crystallisation of the product (177c) from ethanolwater afforded the dihydrate as colourless spars, m.p. 1151170 (with resolidification and remelting at 211-2120),
Found: C, 59.6; H, 6.5; N, 11.6%;
M+,

325

91HN392. 2H20 requires: C, 59.8; H, 6.4; N, 11.6%;
(M - 2H20), 325
Ethyl 1H-Imidazol4 , 5-blpvridin-7 (411) -one-6-carboxylic Acids
(183)
(a) A solution of the corresponding ethyl 11imidazo[4,5-b]pyridin-7(4H)-one-6-carboxylate (177) (0.002
inol) in 2M aqueous sodium hydroxide (5.0 ml) was heated
under ref lux for lh and the mixture worked up as described
for the individual reactions below.
(i) The cooled mixture from ethyl 2,5-dimethyl-1-ethyl1H-imidazo[4, 5-]pyridin-7 (4)-one-6-carboxy1ate (177b) was
acidified with 2M aqueous sulphuric acid and the
precipitated solid collected to afford 2,5-dimethyl-1-ethyllH-imidazol4,5-blpyridin-7(4H)-one-6-carboxyljc acid (183b)
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(91%) which formed colourless needles, m.p. 220-224 0 (gas
evolution) (from dimethylformamide), Vmax 31002500 br (OH,
NH) and 1700 and 1630 (CO) cm-, SH[(CD3)2S0] 16.75 (1H, s,
OH or NH) (exch), 13.75-13.00 (111, bs, NH or OH) (exch.),
4.39 (2H, q, J 7Hz, CR2), 2.76 (3H,

S,

CH3), 2.52 (3H, s,

CH3) and 1.32 (3H, t, J 7Hz, CH3).

Found: C, 56.3; H, 5.6; N, 17.9%; M+, 235
123_requires: C, 56.2; H, 5.6; N, 17.9%; M, 235

Extraction of the aqueous acidic mother liquor with
dichioromethane gave unchanged starting-material (177b)
(9%), m.p. 220-2250 , identified by comparison (m.p. and i.r.
spectrum) with an authentic sample.
(ii) The cooled mixture from ethyl l-ethyl-2-methyl-5phenyl-lH-ilnidazo[4,5-b]pyridin-7(4H) -one-6-carboxylate
(177c) was acidified with 2M aqueous sulphuric acid and
filtered to afford a colourless solid which was treated with
10% aqueous sodium hydrogen carbonate solution (5.0 ml).
The insoluble material was collected to give unchanged
starting-material (177c) (44%) m.p. 114-1160 , identified by
comparison (m.p. and i.r. spectrum) with an authentic
sample.

The aqueous sodium hydrogen carbonate mother liquor was
acidified with 2M aqueous sulphuric acid and the
precipitated solid collected to give 1-ethyl-2-methyl-5-
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Phenvl-1H-imidazol4,5-blpyridin-7(4H)-one-6-carboxylic acid
(183c) (48%) which formed colourless needles, m.p. 297-298
(from dimethylformamide), Vmax 3100-2500br (OH, NH) and 1715
and 1615 (CO) cm, 8H [(CD3)2S0] 11.00 (1H, bs, OH), 7.237.16 (5H, m, ArH), 4.35 (2H, q, J 7Hz, CH2), 2.54 (3H,

S,

CH3) and 1.26 (3H, t, J 7Hz, CH3).

Found: C, 65.0; H, 5.2; N, 14.1%; M+, 297
911115N323requires: C, 64.6; H, 5.2; N, 14.1%; N, 297

(b) A solution of the corresponding ethyl 111imidazo[4,5-b]pyridin-7(4H)-one-6-carboxylate (177) (0.01
mol) in 20% w/w aqueous potassium hydroxide (25.0 ml) was
heated under ref lux for 3h then worked up as described for
the individual reactions below.
(1) The mixture from ethyl 1,5-dimethyl-1H-imidazo[4,5]pyridin-7 (411)-one-6-carboxylate (177a) was acidified with
2M aqueous sulphuric acid and the precipitated solid
collected to afford 1, 5-dimethyl-lH--jmidazo{4 , 5-bipyridin7(4H)-one-6-carboxylic acid (183a) (100%) which formed
colourless spars, m.p. 319-3200 (sublimes 295-2960 ) (from
dimethylsulphoxide), Vmax 3100-2200 br (OH, NH) and 1700 br
and 1625 (CO) cm -, SH [(CD3)2SO] 13.21 (1H, s, NH or OH)
(exch.), 8.24 (1H, s, H-2), 4.04 (3H,
S,

5,

Cl!3) and 2.78 (3H,

CH3).
Found: C, 51.1; H, 4.4; N, 19.9%; M+, 207.0645

99H9N393requires: C, 52.2; H, 4.4; N, 20.3%; N, 207.0644
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(ii) The cooled mixture from ethyl 2,5-dimethyl-1ethyl-lf-imidazo[4,5-]pyridin-7(4H)-one-6-carboxylate
(177b) was acidified with 4M aqueous hydrochloric acid (25.0
ml) and the precipitated colourless solid collected to give
2, 5-dimethyl-1-ethyl-1H-inuidazo[4, 5-]pyridin-7 (4H) -one-6carboxylic acid (183b) (2.4g;100%), m.p. 234-2350 (gas
evolution) (resolidifies and remelts 268-2690), identified
by comparison (m.p. and i.r. spectrum) with an authentic
sample prepared before.
(iii) The cooled mixture from ethyl 1-methyl-5-phenyllll-imidazo[4, 5-]pyridin-7 (411)-one-6-carboxylate (177d) was
acidified with 4M aqueous hydrochloric acid. The
precipitated solid was collected and combined with further
material obtained by extracting the aqueous mother liquor
with dichloromethane to give l-methyl-5-phenyl-1Hilnidazol4,5-blpyridin-7(4H)-one-6-carboxyljc acid (183d)
(100%) which formed colourless needles of an acetic acid
solvate, m.p. 224-225 (with resolidification and remelting
at 273-2740 ) (from glacial acetic acid-water), Vmax 3100100
2200 (OH, NH) and 1700 br and 1625 (CO) cm, SH (CF3CO2H)
8.65 (1H,

5,

H-2), 7.43-7.28 (5H, in, ArH) and 4.15 (3H,

CH3)
Found: C, 58.8; H, 4.5; N, 13.2%;
m/z 225 (M+-0O2)
CHN3O3.CH3CO2H requires: C, 58.4; H, 4.6; N, 12.8%;
(M-CH3CO2H), 269

5,
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(iv) The cooled mixture from ethyl l-ethyl-2-methyl-5phenyl-1-imidazo[4, 5-]pyridin-7 (4H) -one-6-carboxylate
(177a) was acidified with 2M aqueous sulphuric acid and the
insoluble solid collected to give l-ethyl-2-methyl-5-phenyllii-imidazo[4,5-]pyridin-7(4)-one-6-carboxylic acid (183c)
(100%) m.p. 277-2790, raised to 288-2890 by one
crystallisation from glacial acetic acid-diniethylformamide,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample prepared before.

1H-Imidazol4,5-b]pyridin-7(4H)-ones (185)
(a) The solid imidazo[4,5-]pyridinone carboxylic acid
(183a) (0.19 g; 0.0009 mol) was heated in a "cold finger"
sublimation tube at 320_3300 (Wood's metal bath) under
reduced pressure (water pump) for 10mm. A colourless solid
condensed on the cold finger and was collected to give 5dilnethyl-1H-imidazol4,5-blpyrjdjn-7(4H)-one (185a) (0.14g;
94%), which formed colourless needles, m.p. 297-2990
(sublim.) (from ethanol-water), Vmax 3500-2500 br (NH, OH)
and 1640 and 1610 (CO) cm 1, SH [(CD3 ) 2 SO] 12.25-11.75 (1H,
bs, NH) (exch.), 7.86 (1H,

5,

H-2), 5.77 (1H, d, J 0.6Hz, H-

6), 3.96 (3H, s, CH3 ) and 2.24 (3H, d, J 0.5Hz, CH3 ).
Found: C, 57.9; H, 5.5; N, 25.5%; M+, 163.0754
98H9N3 0 reciuires: C, 58.9; H, 5.6; N, 25.8%; M, 163.0746
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The solid imidazo[4,5-b]pyridinone carboxylic acid
(183b) (0.24 g, 0.001 mol) was heated in a "cold finger"
sublimation tube at 2400 (Wood's metal bath) under reduced
pressure (water pump). The solid melted, evolved gas and
then resolidified to afford 1-ethyl-2,5-dimethyl-1Himidazof4,5-blpyridjn-7(4H)-one (185b) (0.16g; 84%) which
formed colourless spars, m.p. 275_2760 (from
dimethylformaniide), Vmax 3100-2100br (NH, OH) and 1610 (CO)
6H [(CD3)2S0] 12.00-11.75 (1H, bs, NH) (exch.), 5.75
(lH,

S,

H-6), 4.36 (2H, q, J 7Hz, CH2), 2.41 (3H, s, CH3),

2.23 (3H,

5,

CH3) and 1.26 (3H, t, J 7Hz, CH3)-

Found: C, 62.0; H, 6.8; N, 21.9%; M+, 191.1063
910N30 requires: C, 62.8; H, 6.9; N, 22.0%; M, 191.1059

The solid imidazo[4,5-b]pyridinone carboxylic acid
(183d) (0.27 g, 0.001 mol) was heated in a "cold finger"
sublimation tube at 300-3100 (Wood's metal bath) under
reduced pressure (water pump) for 10mm.

On cooling the

melt formed a solid which was combined with further material
which had condensed on the cold finger to afford 1-methyl-5phenyl-1H-imidazol4,5-b]pyridjn-7(4H)-one (185d) (total 0.22
g ; 99%), which formed colourless plates, m.p. 311-3120
(from ethanol-water), Vmax 3600-2500 br (NH, OH) and 1600 br
(CO) cm, SH [(CD3)2S0] 8.17 (1H, s, H-2), 7.82-7.62 (2H,
m, ArH), 7.58-7.43 (3H, m, ArH), 6.58 (1H, s, H-6), 6.50
(1H, bs, NH) (exch.), and 4.03 (3H, s, CH3).
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Found: C, 69.3; H, 4.8; N, 18.8%; M+, 225
914N30 requires: C, 69.3; H, 4.9; N, 18.7%; N, 225

(d) The solid imidazo[4.5-b]pyridinone-carboxylic acid
(183c) (0.30 g, 0.001 mol) was heated in a "cold finger"
sublimation tube at 3100 (Wood's metal bath) under reduced
pressure (water pump) for 3mm. The solid melted and
evolved gas and on cooling formed a solid which was combined
with further material which had condensed on the cold finger
to give 1-ethyl-2-methyl-5-phenyl-1H-imidazol4, 5-bipyridin7(4H)-one (185c) (total 0.26g; 100%) which formed yellow
needles, m.p. 296-2970 (from ethanol-water), Vmax 3100-2200
(NH, OH) and 1600 (CO) cm -, S11 [(CD3)2S0) 12.24 (1H, s,
NH), 7.73-7.71 (2H, m, ArH), 7.62-7.43 (3H, m, ArH), 6.26
(1H, s, H-6), 4.41 (2H, q, J 7Hz, CH2), 2.48 (311, s, Cl3)
and 1.32 (3H, t, J 7Hz, CH3).

Found: C, 70.9; H, 6.0; N, 16.5%; M+, 253
90N30 requires: C, 71.1; H, 6.0; N, 16.6%; M, 253

4-Hydroxy-1H-imidazol4 .5-bjpvridin-7(4H)-one-6-carboxylic
Acids (182)
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A solution of the ester (176a) (0.54 g, 0.002 mol)
in 20% w/v aqueous potassium hydroxide (5.0 ml) was heated
under ref lux for 3h.
The mixture was cooled, acidified with 4M aqueous
hydrochloric acid (5.0 ml) and the precipitated colourless
solid was collected to give 1,5-dimethyl-4-hydroxy-1Himidazo[4,5-blpyridin-7(4H)-one-6-carboxyljc acid (182a)
(0.46g; 100%) which was purified by dissolution in 2M
aqueous sodium hydroxide and reprecipitation with 2M aqueous
hydrochloric acid to give fine colourless needles, m.p. 2322330, Vmax 3100-2200 br (NH, OH) and 1715 and 1630 (CO)cm-1,
8H [(CD3)2SO] 8.29 (111, s, H-2), 4.06 (3H, 5, Cl3) and 2.92
(3H, s, CH3)

Found: C, 48.0; H, 3.9; N, 18.7%; M+, 223
Q9HO324_requires: C, 48.4; H, 4.1; N, 18.8%; M, 223

Repetition of the reaction described in (a) but
using 2M aqueous sodium hydroxide (5.0 ml) and heating under
ref lux for lh, then working up as described before gave the
carboxylic acid (182a) (0.46g; 100%) m.p. 248-2490 ,
identified by comparison (m.p. and i.r. spectrum) to an
authentic sample prepared before in (a).
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(C) A solution of the ester (176a) (0.54 g; 0.002 mol)

in glacial acetic acid (5.0 ml) was treated with 20% w/v
aqueous sulphuric acid (2.0 ml) and the mixture heated at
1000 for 3h.
The mixture was cooled and the precipitated solid was
collected and combined with a second crop obtained by
concentrating the filtrate to remove the acetic acid and
treating the residue with water (5.0 ml) to give 1,5dimethyl-4-hydroxy-1H-imidazol4 . 5-blpvridin-7 (4H) -one-6carboxylic acid (182a) (total 0.23g; 53%) m.p. 265-267°,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.
The aqueous acidic mother liquor was neutralised with
50% w/v aqueous sodium hydroxide solution and glacial acetic
acid and the precipitated colourless solid was collected and
combined with further material obtained by extracting the
aqueous mother liquor with dichloromethane to give unchanged
starting-material (176a) (total 0.19 g; 35%) m.p. 176-1780 ,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.

(d) A solution of the ester (176b) (0.56 g, 0.002 mol)
in aqueous 2M sodium hydroxide (5.0 ml) was heated under
ref lux for lh. The mixture was cooled, acidified with 2M
aqueous sulphuric acid (2.5 ml) and the insoluble solid
collected to give 2, 5-diinethvl-1-ethvl-4-hydroxy-1Himidazol4,5-blpyridin-7(4H)-one-6-carboxyljc acid (182b)
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(0.42 g; 84%) which formed colourless blades, m.p. 203-204 0
(from dimethylformamide), Vmax 3100-2500 br (OH) and 1610
(CO) cm', 611 (CF3CO2H) 4.32 (2H, q, J 7112, CH2), 2.86 (3H,
S, CH3), 2.56 (3H, S, CH3) and 1.24 (3H, t, J 7Hz, CH3).

Found: C, 52.4; H, 6.1; N, 18.0%;
m/z 251 (M+_Me2NCHO)
91111N324.Me2NCHO requires: C, 51.9; H, 6.2; N, 17.3%;
N, 324
Extraction of the aqueous phase with dichioromethane
gave only a small amount of brown gum (0.02 g) which was not
investigated further.

(e) A solution of the ester (176d) (0.66 g, 0.002 mol)
in 20% w/w aqueous potassium hydroxide (5.0 ml) and ethanol
(5.0 ml) was heated under ref lux for 3h.
The mixture was concentrated to remove the ethanol, the
residual aqueous mother liquor was acidified with 4M aqueous
hydrochloric acid and the precipitated solid was collected
to give 4-hvdroxv-1-methyl-5-phenyl-lH-imidazor4 .5blpyridin-7(4H)-one-6-carboxylic acid (182d) (0.57 g; 100%)
which formed colourless blades of an acetic acid solvate,
m.p. 229-2300 (from glacial acetic acid-water), Vmax 31002200 br (OH) and 1730 br and 1620 br (CO) cm1, 6H
[(CD3)2SO] 13.00-12.00 (lH, bs, OH), 8.36 (1H, s, H-2),
7.49-7.24 (511,

lit,

ArH) and 4.12 (3H, S, CH3).
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Found: C, 55.5; H, 4.4; N, 12.2%;
m/z 224 (M+-0O2-OH).
9H11N324.CH3CO2H requires: C, 55.7; H, 4.4; N, 12.2%;
(M-CH3CO2H) , 285

A solution of the ester (176c) (0.68 g, 0.002 mol)
in 2M aqueous sodium hydroxide (5.0 ml) was heated under
ref lux for lh. The mixture was cooled, acidified with 2M
aqueous sulphuric acid (2.8 ml) and filtered to afford
ethyl-4-hydroxy-2-methyl-5-phenyl-lH-imidazol4, 5-bipyridin7(4H)-one-6-carboxylic acid (182c) (0.59 g; 94%) which
formed fine colourless needles, m.p. 220-2210 (decoinp.)
(from dimethylformaniide), Vmax 3000-2200 br (OH), 6H
[(CD3)2SO] 7.44-7.41 (3H, In, ArH), 7.31-7.26 (2H, m, ArH),
4.48 (2H, q, J 7Hz, CH2), 2.57 (3H, 5, CH3) and 1.39 (311, t,
J 7Hz, Cl3).
Found: C, 60.9; H, 4.8; N, 13.3%; M+, 313
requires: C, 61.3; H, 4.8; N, 13.4%; N, 313

Extraction of the aqueous acidic mother liquor with
dichioromethane gave only a small amount of a yellow gum
(0.02 g) which was not investigated further.

A solution of the ester (176c) (1.9 g, 0.005 mol)
in 20% w/w aqueous potassium hydroxide (11.0 ml) was heated
under ref lux for 3h.

222

The mixture was cooled, acidified with 4M aqueous
hydrochloric acid (10.0 ml) and filtered to afford 1-ethyl4-hydroxy-2-methyl-5-phenyl-lH--imidazo [4, 5-p] pyridin-7 (4fl) one-6-carboxylic acid (182c) (1.44 g; 92%), m.p. 234-236,
identified by comparison (m.p. and i.r. spectrum) to an
authentic sample.
Extraction of the aqueous mother liquor with
dichloromethane gave benzoic acid (0.05 g; 8%), m.p. 1171180 , identified by comparison (m.p. and i.r. spectrum) with
an authentic sample.

Reduction of 4-Hydroxy-lH-imidazol4,5-blpyridjn-7(4H)-one-6carboxylic Acids (182) to 1H-imidazo[4,5-b]pyridin-7(4H)one-6-carboxylic Acids (183) with Sodium Dithionite

(a) A solution or suspension of the corresponding hydroxyimidazo [4, 5-fl] pyridinone carboxylic acid (182)
(0.001 mol) in 70% v/v aqueous dimethylformamide (10.0-30.0
ml) was treated with an equal weight of sodium dithionite
and the mixture was heated under ref lux for lh. A second
portion of sodium dithionite was added and heating under
ref lux continued for a further lh. The mixture was then
worked up as described for the individual reactions below.
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The mixture from 1,5-dimethyl-4-hydroxy-1Himidazo[4,5-b]pyridin-7(4H)-one-6-carboxylic acid (182a) was
evaporated and the residue was treated with water (5.0 ml)
and the insoluble solid collected to give 1,5-dimethyl-lHimidazo[4,5-]pyridin-7(4H)-one-6-carboxylic acid (183a)
(0.18 g; 88%) m.p. 318-3200 , identified by comparison (m.p.
and i.r. spectrum) with an authentic sample prepared before.
Extraction of the aqueous mother liquor with
dichloromethane gave no further material.
The mixture from 2,5-dimethyl-1-ethyl-4-hydroxylll-imidazo[4,5-]pyridin-7(4H)-one-6-carboxylic acid (182b)
was evaporated and the residue treated with water (2.5 ml)
and filtered to afford 2,5-dimethyl-1-ethyl-lH-imidazo[4,5]pyridin-7(4jj)-one-6-carboxy1ic acid (183b) (0.23 g; 98%),
m.p. 235-2360 with resolidification and remelting at 2732740 , identified by comparison (m.p. and i.r. spectrum) with
an authentic sample prepared before.
Extraction of the aqueous mother liquor with
dichloromethane gave no further material.

The mixture from 1-ethyl-4-hydroxy-2-methyl-5phenyl-1H-imidazo[4, 5-]pyridin-7(4H)-one-6-carboxylic acid
(182c) was evaporated and the residue was treated with water
(5.0 ml) and filtered to afford l-ethyl-2-inethyl-5-phenyl1H-imidazo[4, 5-pyridin-7 (4H) -one-6-carboxylic acid (183c)
(0.26 g; 88%) m.p. 295-2960 , identified by comparison (m.p.
and i.r. spectrum) with an authentic sample prepared before.
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(b) A solution of the j-hydroxyimidazopyridinone (182d)
(2.3 g, 0.008 mol) in 70% v/v aqueous ethanol (50.0 ml) was
treated with sodium dithionite (2.3 g, 0.013 mol) and the
mixture was heated under ref lux for lh. A second portion of
sodium dithionite (2.3 g, 0.013 mol) was added and heating
under ref lux continued for a further lh.
The mixture was evaporated and the residue was treated
with water (20.0 ml) and the insoluble solid collected and
combined with further material obtained by extracting the
aqueous mother liquor with dichioromethane to give 1-methyl5-phenyl-1j-inddazo[4,5-]pyridin-7(4j)_one_6_carboxyljc
acid (183d) (total 1.8 g; 82%), m.p.204-2050 , identified by
comparison (m.p. and i.r. spectrum) with an authentic sample
prepared before.

The Reaction of 1-Ethyl-4-hydroxy-2-methyl-5-phenyl-1Himidazol4,5-blpyrjdin-7(4H)-one-6-carboxylic Acid (182c)
with Potassium Hydroxide

A solution of the carboxylic acid (182c) (0.63 g, 0.002
mol) in 20% w/w aqueous potassium hydroxide (5.0 ml) was
heated under ref lux for 46h.
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After cooling and acidifying with 2M aqueous
hydrochloric acid, filtration afforded a colourless solid
(0.87 g) which was extracted with boiling water (10.0 ml)
leaving an inorganic solid (0.64 g) from which no
identifiable material could be obtained.
On cooling, the aqueous filtrate deposited l-ethyl-4hvdroxv-2-methyl-5-phenyl-lH-imjdazo[4, 5-blpyridin-7 (4H) -one
(184c) (0.05 g; 9%) which formed colourless spars of the
dihydrate, m.p. 209_2110 (from ethanol-water), Vmax 35002500 br (OH) and 1645 (CO) cm -, SH [(CD3)2SO] 7.68-7.48
(5H, m, ArH), 6.61 (111,

S1

H-6), 5.00 (bs, OH) (exch.), 4.44

(2H, q, J 7Hz, CH2), 2.59 (3H, s, CH3) and 1.37 (3H, t, J
7Hz, CH3).
Found: C, 59.5; H, 5.8; N, 13.5%;
M+,

269

9HN392.2H20 requires: C, 59.0; H, 6.2: N, 13.8%
(M-2H20) , 269

The Attempted Decarboxylatjon of 1-Ethyl-4-hydroxy-2-methyl5-phenyl-1H-imjdazof4,5-blpyrjdjn-7 (4H)-one-6-carboxylic
Acid (182c)

The acid (182c) (0.16 g, 0.0005 mol) was heated in a
"cold finger" sublimation tube at 2400 (Wood's metal bath)
under reduced pressure (water pump) for 10mm, during which
time the solid melted, turned brown and evolved gas. A
small amount of yellow semi-solid (0.01 g) condensed on the
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cold finger and was shown by t.l.c. in dichloromethane-ethyl
acetate (1:1) over silica to be a multicomponent mixture
which was not further investigated.
The involatile brown residue (0.13 g) was dry-column
flash-chromatographed over silica.
Elution with dichloroinethane-ethyl acetate (9:1) gave a
colourless solid (0.01 g), iii.. 175177°, Vmax 1750 and
1680 cm, m/z 167 which resisted further characterisation.
Further elution with dichloromethane-ethyl acetate
(5:1)through to methanol gave only a series of intractable
gums and glasses (total 0.11 g) which yielded no
identifiable material.

The Attempted Decarboxylation of 2,5-Dimethyl-1-ethyl-4hvdroxy-1H-imidazol4 , 5-blpyridin-7 (4H)-one-6-carboxylic Acid
(182b)

The acid (182b) (0.13 g, 0.0005 mol) was heated in a
"cold finger" sublimation tube at 240-2600 (Wood's metal
bath) under reduced pressure (water pump) for 10min during
which time the solid melted, turned brown and evolved gas.
A small amount of a yellow oil (0.01 g) condensed on the
cold finger and was shown by t.l.c. in dichioromethane-ethyl
acetate (1:1) over silica to be a three component mixture
which was not investigated further.
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On cooling the residue in the sublimation tube formed
an intractable black glass (0.09 g) from which no
identifiable material could be obtained.

Ethyl 4.7(5)-Dihvdroxy-1-inethyl-1JJ-imidazo[4,5_b]pyrjdjn_
5(7) (4H) -one-6-carboxylate (191a)

A solution of the keto-diester (189a) (7.8 g, 0.025
mol) in 1,4-dioxane (100 ml) was treated with 2% w/w aqueous
sodium hydroxide (25.0 ml) and 10% palladium-on-charcoal
(0.10 g). The mixture was stirred and purged with nitrogen
for 15min then treated dropwise with stirring with a
solution of sodium borohydride (1.9 g, 0.05 mol) in water
(15.0 ml) and the mixture stirred at room temperature for a
further 25mm.
After filtration through celite, the mixture was
concentrated to remove the 1,4-dioxane. The residual liquor
was acidified with 2M aqueous sulphuric acid and the
precipitated colourless solid collected to give ethyl

4,7(5)-dihydroxy-1-methyl-lH-imjdazo4,5-bpyrjjn_5(7)

(4H)-

one-6-carboxylate (191a) as a inonohydrate, (5.7 g; 84%)
which formed colourless needles in.p. 183_1840 (from ethanolglacial acetic acid), Vmax 3500-2500 br (OH) and 1720 and
1650 (CO) cm 1, SH [(CD3)2S0] 14.00-13.50 (1H, bs, OH),
11.25-10.50 (111, bs, OH), 8.11 (lH, 5, H-2), 4.34 (2H, q, J
7Hz, CH2) , 3.91 (3H, 5, CH3) and 1.30 (3H, t, J 7Hz, CH3)
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Found: C, 44.5; H, 4.7; N, 15.5%;

M+, 253

Q011N395.H20 requires: C, 44.3; H, 4.8; N, 15.5%; (M-H20),
253
Extraction of the aqueous acidic mother liquor with
dichioromethane followed by ethyl acetate gave no further
material.

Reduclive Cyclisation Reactions of Ethyl 2-Ethoxycarbonyl-3(l-ethyl-2-methyl-4-njtro-1H-jmjdazol-5-yl) -3-oxopropanoate
(189b)
(a) Using hydrogen in the presence of palladium-on-charcoal

The keto-diester (189b) (0.68 g, 0.002 mol) was
hydrogenated in ethanol (20.0 ml) over 10% palladium-oncharcoal (0.07 g) at room temperature and atmospheric
pressure for 2h.
The mixture was filtered through celite and evaporated
to give an orange oil which was triturated with acetone to
afford ethyl l-ethyl-7 (5)-hydroxy-2-rnethyl-1H-jmjdazor4 .5blpyridin-5(7) (4H)-one-6-carboxylate (190b) as a monohydrate
(0.13 g; 24%), which formed colourless rhombs, iu.p. 321-322 0
(decoinp.) (from ethanol), Vmax 3500-2500 br (OH, NH) and
1735 and 1605 (CO) cm', SH [(CD3)2SO] 4.34 (2H, q, J 7Hz
CH2), 2.43 (3H, s, CH3) and 1.29 (6H, t, J 7Hz, CH3).
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Found: C, 50.8; H, 6.0; N, 14.6%;

M+, 265

QlllJIO requires: C, 50.9; H, 6.1; N, 14.8%; (M-H20),
265
Evaporation of the acetone mother liquor gave a brown
gum (0.51 g) which was shown by t.l.c. in dichioromethaneethyl acetate (1:1) over silica to be a multicomponent
mixture from which no identifiable material could be
obtained.

(b) Using sodium borohydride and aqueous sodium hydroxide in
the presence of palladium-on-charcoal

A solution of the keto-diester (189b) (17.1 g, 0.05
mol) in 1,4-dioxane (125 ml) was treated with 2% aqueous
sodium hydroxide (50.0 ml) and 10% palladium-on-charcoal
(0.20 g) and the mixture was stirred and purged with
nitrogen for 15mm. A solution of sodium borohydride (3.8
g, 0.01 mol) in water (25.0 ml) was added dropwise and the
mixture was stirred at room temperature for a further 20mm.
After filtration through celite, the mixture was
concentrated to remove the 1,4-dioxane and most of the
water. The residue was acidified with 2M aqueous sulphuric
acid (25.0 ml) and the precipitated solid was collected to
afford ethyl 4,7(5) -dihydroxy-1-ethyl-2-methyl-lHimidazol4,5-blpyridin-5(7) (4H)-one-6-carboxylate (191b)
(11.8 g; 84%) which formed colourless needles, m.p. 179-180
(decomp.) (from ethyl acetate-ethanol), Vmax 3550-2500 br
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(OH) and 1665 and 1615 (CO) cm -, SH 11.13-10.63 (1H, bs,
OH), 10.33-9.95 (lH,

5,

OH), 4.37 (2H, q, J 7Hz, CH2), 4.22

(2H, q, J 7Hz, CH2), 2.48 (3H,

S,

CH3), 1.31 (3H, t, J 7Hz,

CH3) and 1.30 (3H, t, J 7Hz, CH3).

Found: C, 51.3; H, 5.5; N, 15.0%; M+, 281
9121115H325 requires: C, 51.2; H, 5.4; N, 14.9%; M, 281

(C)

Using sodium dithionite in aqueous ethanol

A solution of the keto-diester (189b) (0.68 g, 0.002
mol) in 70% v/v aqueous ethanol (10.0 ml) was treated with
sodium dithionite (0.68 g, 0.004 mol) and the mixture heated
under ref lux for lh. A second portion of sodium dithionite
(0.68 g, 0.004 mol) was added and heating under ref lux
continued for a further lh.
The mixture was evaporated and the residue was treated
with water (10.0 ml) and the insoluble solid was collected
by filtration to give ethyl l-ethyl-7(5)-hydroxy-2-methyl1-imidazo[4,5-b]pyridin-5(7) (411)-one-6-carboxylate (190b)
(0.22 g; 42%) m.p. 209-2100 , identified by comparison (m.p.
and i.r. spectrum) with an authentic sample.
Extraction of the aqueous phase with dichloromethane
gave only a small amount of an intractable oil (0.10 g).
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Ethyl 4-Acetoxy-7 (5) -hydroxy-1-methyl-1H-jmidazol4 5blpyridin-5(7) (4H)-one-6-carboxylate (246)

The j-hydroxyimidazopyridinone (191a) (0.54 g, 0.002
mol) was treated with acetic anhydride (0.75 ml) and the
mixture was heated at 1000 for lh.
On cooling, the mixture deposited a crystalline solid
which was collected to afford ethyl 4-acetoxy-7(5)-hydroxy1-methyl-1H-imidazol4 , 5-blpyridin-5(7) (4H) -one-6-carboxylate
(246) (0.43 g; 72%) as a colourless powder, m.p. 160_1610
(from 1,2-dimethoxyethane-glacial acetic acid), Vmax 31002200 br (OH) , 1815 (N-02CCi-13) and

1 70.5,

1680 a nc( io ('co)

cm, 811 [(CD3)2S0] 12.25-11.25 (1H, bs, OH) (exch.), 8.15
(1H, s, H-2), 4.34 (2H, q, J 7Hz, Cl!2), 3.93 (3H, s, Cl3),
2.39 (3H, s, CH3) and 1.29 (3H, t, J 7Hz, CH3).

Found: C, 47.4; H, 4.3; N, 14.0%; M+, 295.0803
9HN326requires: C, 48.8; H, 4.4; N, 14.2%; N, 295.0804
Evaporation of the acetic anhydride mother liquor (0.28
g) which was shown by t.1.c. in dichloromethane-ethyl
acetate (1:1) over silica to be a complex mixture, further
work up of which afforded no further identifiable material.
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The Attempted Catalytic Reduction of Ethyl 4-Acetoxy-7(5)hydroxy-1-methyl-lH-jmidazo[4 ,5-blpyridin-5(7) (4H) -one-6carboxylate (246
A solution of the j-acetoxyimidazopyridinone (246)
(0.59 g, 0.002 mol) in ethanol (50.0 ml) and glacial acetic
acid (10.0 ml) was hydrogenated over 5% palladium-oncharcoal (0.06 g) at room temperature and atmospheric
pressure for 8h.
The mixture was filtered through celite and the
filtrate evaporated to give unchanged starting-material
(246) (0.59 g; 99%) m.p. 120-122, identified by comparison
(m.p. and i.r. spectrum) with an authentic sample.

Reactions of Ethyl 4,7 (5)-Dihydroxy-1-ethyl-2-methyl-lHimidazo[4,5-blpyrjdfn-5(7) (4H)-one-6-carboxylate (191b) with
Acetic Anhydride

(a) The I-hydroxyimidazopyridinone (191b) (0.56 g,
0.002 mol) was heated in acetic anhydride (1.5 ml) at 1000
for 10mm.
The mixture was evaporated and the residue was
triturated with 1,2-dimethoxyethane to give ethyl 4-acetoxy1-ethyl-7 (5)-hydroxy-2-methyl-1J-i-jmjdazo4 , 5-bipyridin5(7) (4H)-one-6-carboxylate (197) (0.56 g; 91%) which formed
colourless spars, m.p. 136-1370 (from 1,2-dimethoxyethane),
Vmax 1805 (N-02CCH3) and 1675 and 1640 (CO) cm -, SH (CDC13)
14.60 (lH, s, OH), 4.45 (2H, q, J 7Hz, CH2), 4.28 (2H, q, J
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7Hz, CH2), 2.50 (311, s, CH3), 2.43 (3H, s, CH3) and 1.43
(6H, t, J 7Hz, CH3).

Found: C, 51.5; H, 5.2; N, 13.2%; M+, 323.1112
9141117H396 requires: C, 52.0; H, 5.3; N, 13.0%; M, 323.1117

(b) The imidazo[4,5-b]pyridinone (191b) (0.56 g, 0.002
mol) was dissolved in acetic anhydride (5.0 ml) and the
mixture heated under ref lux for 3h.
Evaporation of the mixture gave a brown oil (1.0 g)
which was shown by t.1.c. in dichloromethane-ethyl acetate
(1:1) over silica to be a close running multicomponent
mixture which therefore was not investigated further.

The Alkaline Hydrolysis of Ethyl 4-Acetoxy-1-ethyl-7(5)hydroxy-2-methyl-lH-jmjdazof4,5-bpyrjdin-5(7) (4H)-one-6carboxylate (197)

A solution of the -acetoxyimidazopyridinone (197)
(0.10 g, 0.0003 mol) in 2M aqueous sodium hydroxide (0.5 ml)
was kept at room temperature for 5mm.
Acidification with 2M aqueous sulphuric acid
precipitated a colourless solid which was collected and
combined with further material obtained by extracting the
aqueous mother liquor with dichloromethane to give ethyl
4,7(5) -dihydroxy-1-ethyl-2-methyl-lH-imidazo[4, 5-]pyridin5(7)(4)-one-6-carboxylate (191b) (total 0.07 g; 79%), m.p.
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169_1700, identified by comparison (m.p. and i.r. spectrum)
with an authentic sample.

The Attempted Reaction of Ethyl 4,7(5)-Dihydroxy-1-ethyl-2methyl-lH-iinidazor4,5-blpyridjn_5(7) (4H)-one-6-carboxylate
(191b) with Tosyl Chloride

A solution of the imidazo[4,5-b]pyridinone (191b) (0.56
g, 0.002 mol) in anhydrous dimethylformamide (25.Oml) was
treated with triethylamine (0.25g, 0.0025mo1) and then
dropwise with stirring with a solution of toluene-4sulphonyl (tosyl) chloride (0.42 g, 0.0022 mol) in anhydrous
dimethylformamide (2.0 ml) and the mixture stirred at room
temperature for 30mm.
The mixture was evaporated and the residue was treated
with water (5.0 ml) and the resulting solution neutralised
with 2M aqueous sodium hydroxide and glacial acetic acid
then extracted with dichloromethane to give a brown oil
(0.93 g) which was flash-chromatographed over silica.
Elution with dichloroniethane through to methanolammonia (5:1) gave only a series of intractable oils and
gums (total 0.51 g) which yielded no identifiable material.
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Ethyl 7(5)-Hydroxy-1H-imidazol4,5-b]pyrjdjn_5(7) (4H)-one-6carboxylates (190)

A solution of the corresponding ethyl 4,7(5)-dihydroxy1ll-imidazo[4,5-b]pyridin-5(7H) (411)-one-6-carboxylate (191)
(0.007 mol) in 70% v/v aqueous ethanol (50.0 ml) was treated
with sodium dithionite (2.0 g, 0.011 mol) and the mixture
was heated under ref lux for lh. A second portion of sodium
dithionite (2.0g, 0.011mol) was added and heating under
ref lux continued for a further lh.
The mixture was worked up as described for the
individual reactions below.
(i) The mixture from ethyl 4,7(5)-dihydroxy-1-methyl1-imidazo[4,5-b]pyridin-5(7) (411)-one-6-carboxylate (191a)
was evaporated and the residue was treated with water and
the insoluble solid collected to give ethyl 7(5)-hydroxy-1methyl-1H-iinjdazor4, 5-blpyridin-5(7) (4H) -one-6-carboxylate
(190a) (73%) which formed colourless plates of the
dihydrate, m.p. 325-325 (decomp.) (from ethanol-water),
Vmax 3500-2500 br (NH, OH) and 1640 br (CO)

cfl1 1,

611

[(CD3)2S0] 14.20-13.80 (111, bs, NH or OH) (exch.), 12.0011.75 (1H, bs, OH or NH) (exch.), 8.01 (1H, s, H-2), 4.31
(2H, q, J 7Hz, CH2), 3.88 (3H, s, CH3) and 1.29 (3H, t, H
7Hz, CH3).

Found: C, 44.3; H, 5.2; N, 15.5%;
M+,

237

236

Q0141I94.2H20 requires: C, 44.0; H, 5.5; N, 15.4%;
(M-2H20) , 237

Extraction of the aqeous mother liquor with
dichioromethane gave only a small amount of a brown gum
(0.01 g) which was not investigated further.

(ii) The mixture from ethyl 4,7(5)-dihydroxy-1-ethyl-2methyl-1H-imidazo[4, 5-]pyridin-7(5) (411) -one-6-carboxylate
(191b) was evaporated and the residue was treated with water
(10.0 ml) and the insoluble solid collected to give ethyl 1ethyl-7 (5) -hydroxy-2-inethyl-lH-imidazo[4, 5-]pyridin7(5) (4L1)-one-6-carboxylate (190b) (1.7 g; 89%), m.p. 3003050 , identified by comparison (m.p. and i.r. spectrum) with
an authentic sample.

The Reduction of Ethyl 4,7(5)-Dihydroxy-1--methyl-lHimidazol4.5-b]pyridin-5(7) (4H)-one-6-carboxylate (191a) with
Sodium Dithionite in Aqueous Dimethylformamjde

A solution of the -hydroxyimidazo[4 , 5-]pyridinone
(191a) (1.4 g, 0.005 mol) in 70% v/v aqueous
dimethylformamide (50.0 ml) was treated with sodium
dithionite (1.4 g, 0.008 mol) and the mixture was heated
under ref lux for lh. A second portion of sodium dithionite
(1.4 g, 0.008 mol) was added and heating under ref lux
continued for a further lh.
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The mixture was evaporated and the residue was treated
with water (25.0 ml) and filtered to afford 7(5)-hydroxy-1methyl-1H-imidazol4,5-blpyridin-5(7) (4H)-one (190a) (0.55 g;
67%) which formed colourless spars, m.p. 330-3320 (from
glacial acetic acid-water), Vmax 3100-2200 br (NH, OH) and
1630 (CO) cm, 8H (CF3CO2H) 8.60 (1H, s, H-2), 6.48 (1H, S,
H-6) and 3.98 (3H, s, CH3).

Found: C, 50.6; H, 4.3; N, 25.3%; M+, 165
97117N392requires: C, 50.9; H, 4.3; N, 25.4%; M, 165

Extraction of the aqueous mother liquor with
dichioromethane gave no further material.

7(5)-Hvdroxv-1H-imidazol4,5-blpyridin-5(7)-ones (201)

(a) A solution of the corresponding ethyl 7(5)-hydroxy1ll-imidazo-[4 , 5-]pyridin-5(7) (411)-one-6-carboxylate (190)
(0.002 mol) in 20% w/v aqueous potassium hydroxide (5.0 ml)
was heated under ref lux for lh and the mixture worked up as
described for the individual reactions below.

(i) The mixture from ethyl 7(5)-hydroxy-1-inethyl-1Himidazo[4, 5-]pyridin-5(7) (411)-one-6-carboxylate (190a) was
cooled and acidified with 2M aqueous sulphuric acid.
Filtration afforded 7(5) -hydroxy-1-methyl-1Himidazo[4,5-]pyridin-5(7)(4H)-one (210a) (0.21 g; 100%),
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m.p. 330-3330 (decomp.), identified by comparison (m.p. and
i.r. spectrum) with an authentic sample prepared before.

(ii) The mixture from ethyl l-ethyl-7(5)-hydroxy-2methyl-1H-imidazo[4, 5-]pyridin-5(7) (4)-one-6-carboxylate
(190b) was cooled and acidified with 2M aqueous sulphuric
acid. Gas was evolved and the precipitated colourless solid
was collected, dissolved in 2M aqueous sodium hydroxide (1.5
ml) and reprecipitated with 2M aqueous hydrochloric acid
(1.5 ml) to afford l-ethyl-7(5)-hydroxy-2-methyl-1Himidazol4,5-blpyrjdin-5(7) (4W-one (210b) , (0.21 g; 54%),
which formed colourless plates, m.p. 315-3170 (from dimethyl
sulphoxide), Vmax 3200-2200 br (NH, OH) and 1630 (CO) cm -,
SH [(CD3)2SO] 11.45-10.95 (lH, bs, NH or OH), 5.35 (1H, 5,
H-6), 4.20 (2H, q, J 7Hz, CH2), 2.38 (3H, S, CH3), and 1.28
(3H, t, J 7Hz, CH3).

Found: C, 54.7; H, 5.8; N, 20.9%; M+, 193.0855
011N392requires: C, 56.0; H, 5.7; N, 21.8%; N, 193.0851

(b) A solution of the ester (190b) (1.1 g, 0.004 mol)
in 2 M aqueous sodium hydroxide (10.0 ml) was heated under
ref lux for lh.
After cooling, the mixture was neutralised with 2M
aqueous sulphuric acid and sodium acetate. The precipitated
colourless solid was collected, heated with aqueous ethanol
and the insoluble solid collected to afford 1-ethyl-7(5)-
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hydroxy-2-methyl-111-imidazo[4, 5-]pyridin-5(7) (411)-one
(201b) (0.37 g; 48%), m.p. 311-3140 , identified by
comparison (m.p. and i.r. spectrum) with an authentic sample
prepared before.
Evaporation of the aqueous ethanolic mother liquor gave
unchanged starting-material (190b) (0.53 g; 50%), m.p. 2162190 , identified by comparison (m.p. and i.r. spectrum) with
an authentic sample.

4,7(5)-Dihydroxy-1H-tmidazo[4,5-bpyridjn-5(7) (4H)-ones (200)

(a) A solution of the corresponding ethyl 4,7(5)dihydroxy-1H-imidazo[4, 5-]pyridin-5(7)(411) -one-6carboxylate (191) (0.005 mol) in 20% w/w aqueous potassium
hydroxide (12.5 ml) was heated under ref lux for 3h and the
mixture worked up as described for the individual reactions
below.
(1) The cooled mixture from ethyl 4,7(5)-dihydroxy-1methyl-l11-imidazo[4,5-b]pyridin-5(7) (411) -one-6-carboxylate
(191a) was acidified with 4M hydrochloric acid (10.0 ml) and
filtered to afford a solid which was combined with further
material which crystallised from the aqueous filtrate on
standing to give 4,7(5) -dihydroxy-1-ntethyl-lH-imidazof 4,5b]pyridin-5(7)(4H)-one (200a), (total 0.52 g; 57%) which was
purified by dissolution in 2M aqueous sodium hydroxide and
reprecipitation with 2M aqueous hydrochloric acid to give a
pale brown powder, m.p. 294-2950, Vmax 3200-2200 br (OH) and
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1600 br (CO) cm-1,

B

[(CD)2SO] 11.50-11.00 (lH, bs, OH)

(exch.), 7.89 (1H, s, H-2), 5.56 (1H, s, H-6) and 3.86 (3H,
5,

CH3).

Found: C, 42.1; H, 4.1; N, 21.3%; M, 181
97117N 303.H20 requires: C, 42.2; H, 4.6; N, 21.1%; (M-H20),
181

Extraction of the aqueous mother liquor with
dichioromethane gave only a small amount of yellow gum (0.08
g) which was not further investigated.

(ii) The cooled mixture from ethyl 4,7(5)-dihydroxy-1ethyl-2-methyl-lH-imidazo[4,5-b]pyrjdjn-5(7) (411) -one-6carboxylate (191b) was acidified with 2M aqueous
hydrochloric acid (15.0 ml) and the precipitated solid was
collected to give 4,7 (5)-dihydroxy-1-ethyl-2-methyi-lHimidazol4,5-b]pyridin-5(7) (4H)-one (200b) , (0.59 g; 93%)
which formed colourless spars, m.p. 267-268 (decomp.) (from
glacial acetic acid), Vmax 3400-2300 br (OH) and 1650 (CO)
S11 [(CD3)2SO] 11.75-10.75 (2H, bs, OH), 5.53 (lH, s,
H-6), 4.20 (2H, q, J 7Hz, CH2), 2.44 (3H, s, CH3), and 1.30
(3H, t, J 7Hz, CH3)-

Found: C, 51.5; H, 5.3; N, 20.2%; M+, 209
90N303requires: C, 51.7; H, 5.3; N, 20.1%; M, 209
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Constant dichloromethane extraction of the aqueous
acidic mother liquor for 16h yielded no further material.

(iii) Repetition of the reaction described in (ii) but
heating the mixture under ref lux for only lh gave, after
cooling and acidifying, unchanged starting-material (191b)
(23%) m.p. 180-1810 , identified by comparison (m.p. and i.r.
spectrum) with an authentic sample.
Neutralising the aqueous acidic mother liquor with 50%
w/w aqueous sodium hydroxide and glacial acetic acid,
precipitated 4,7(5) -dihydroxy-1-ethyl-2-methyl-1Hiniidazo[4,5-b]pyridin-5(7) (4H)-one (200b) , (41%) m.p. 2702710 , identified by comparison (m.p. and i.r. spectrum) with
an authentic sample.

(b) A solution of the ester (191b) (0.56 g; 0.002 mol)
in glacial acetic acid (5.0 ml) was treated with 20% w.w
aqueous sulphuric acid (2.0 ml) and the mixture was heated
at 1000 for 3h.
The mixture was evaporated and the residual liquor was
diluted with water (5.0 ml). Extraction with
dichloromethane gave no material. The aqueous mother liquor
was then neutralised with 2M aqueous sodium hydroxide and
the precipitated colourless solid was collected to give
4,7(5) -dihydroxy-1-ethyl-2-methyl-lH-imidazo[4, 5-]pyridin5(7)(4H)-one (200b), (0.32 g; 77%) m.p. 271-2750 , identified
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by comparison (m.p. and i.r. spectrum) with an authentic
sample prepared before.
Further work up of the aqueous mother liquor yielded no
further material.

7(5)-Hydroxy-1H-imidazof4,5-b]pyridin-5(7)(4H)-ones (201)

A solution or suspension of the corresponding 4,7(5)dihydroxy-lH-imidazo[4,5-b]pyridirt-5(7) (411)-one (200) (0.02
inol) in 70% v/v aqueous ethanol (125 ml) was treated with an
equal weight of sodium dithionite and the mixture was heated
under ref lux for lh. A second portion of sodium dithionite
was added and heating under ref lux was continued for a
further lh then the mixture was worked up as described for
the individual reactions below.
The mixture from 4,7 (5) -dihydroxy-1-methyl-1Himidazo[4,5-b]pyridin-5(7) (411)-one (200a) was evaporated,
the residue was treated with water and the insoluble solid
was collected to give 7(5)-hydroxy-1-methyl-lH-imidazo[4,5]pyridin-5(7)(4H)-one (201a), (58%) m.p. 330-3320 ,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.
Extraction of the aqueous mother liquor with
dichioromethane gave no further material.
The mixture from 4,7(5)-dihydroxy-1-ethyl-2methyl-1H-imidazo[4, 5-b]pyridin-5(7) (411)-one (200b) was
evaporated and the residue was treated with water and the
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insoluble solid collected to afford l-ethyl-7(5)-hydroxy-2methyl-1H-imidazo[4,5-b]pyridin-5(7) (411)-one (201b), (87%),
m.p. 317-3200 , identified by comparison (m.p. and i.r.
spectrum) with an authentic sample.
Extraction of the aqueous mother liquor with
dichioromethane gave no further material.

Reactions of l-Ethyl-7 (5) -hydroxy-2-inethyl-1H-imidazo[4 .5blpyridin-5(7)(4H)-one (201b) with Phosphorvi Chloride

(a) In the presence of N,N-diethylaniline

The imidazo[4,5-]pyridinone (201b) (0.39 g, 0.002 mol)
was treated with ,j-diethy1aniline (0.5 ml) and phosphoryl
chloride (2.0 ml) and the mixture was heated under ref lux
for 1.5h.
The excess of phosphoryl chloride was distilled off
under reduced pressure and the residue was treated with ice
(5 g) and the resulting solution extracted with
dichioroniethane to give a red brown oil (0.98 g) which was
shown by t.l.c. in dichloromethane-ethyl acetate (1:1) over
silica to be a complex multicomponent mixture, further work
up of which gave no identifiable material.
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(b) In the presence of 4-diniethylaminopyridine

The imidazo[4,5-b]pyridinone (201b) (0.39 g, 0.002 mol)
and 4-dimethylaminopyridine (0.49 g, 0.004 mol) were treated
with phosphoryl chloride (2.0 ml) and the mixture was heated
under ref lux for 2h.
The excess of phosphoryl chloride was distilled off
under reduced pressure and the residue was treated with ice
(10 g). The mixture was made slightly alkaline (pH 8) with
2M aqueous sodium hydroxide and extracted with
dichloromethane to give a yellow solid which was
chromatographed over silica.
Elution with ethyl acetate-methanol (5:1) gave 5(7)chloro-1-ethyl-2-niethyl-1H-imidazol4,5-blpyrjdjn-7(5) (4H)one (202) or (203), (0.17g; 41%) which formed colourless
needles, m.p. 270-2720 (from methanol), Vmax 3200-2500 br
(NH, OH) and 1650 (CO) cm, 8H [(CD3)2S0] 6.28 (lH, s, H6), 4.32 (2H, q, J 7Hz, CH2), 2.51 (3H, s, Cl3) and 1.35
(311, t, J 7Hz, CH2).

Found: C, 51.1; H, 4.5; Cl, 16.1; N, 19.7%;
213 and 211
9110ClN30 requires: C, 51.1; H, 4.8; Cl, 16.8; N, 19.9%;
M,

211.5
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The Attempted Reductive Cyclisation of 2-Benzoyl-1-(1methyl-4-nitro-lH-imjdazol-5-yl)butane-1, 3-dione (140a)

The ketone (140a) (3.2 g, 0.01 mol) was hydrogenated in
ethanol (400 ml) over 10% palladium-on-charcoal (0.32 g) at
room temperature and atmospheric pressure 2.5h.
The mixture was filtered through celite and evaporated
to give a yellow glass (3.3 g) which defied all attempts at
characterisation.

Reductive Cyclisation Reactions of 2-Benzoyl-1-(1-ethyl-2methyl-4-nitro-1H-imidazol-5-yl)butane-1, 3-dione (140c)

The ketone (140c) (0.69 g, 0.002 mol) was hydrogenated
in ethanol (50.0 ml) over 10% palladium-on-charcoal (0.07 g)
at room temperature and atmospheric pressure for 5h.
The mixture was filtered through celite and the
filtrate was evaporated to give 6-benzoyl-2,5-dimethyl-1ethyl-4-hydroxy-lH-imjdazo4 . 5-blpyridin-7 (4H) -one (211c)
(0.72 g; 100%) which formed colourless spars, m.p. 185-1860
(from ethanol-glacial acetic acid), Vmax 3200-2200 br (OH)
and 1635 and 1620 (CO) cm -, SH (CDC13) 7.98-7.83 (2H, m,
ArH), 7.56-7.34 (3H, m, ArH), 4.19 (2H, q, J 7Hz, CH2), 2.48
(3H, S, CH3) and 1.37 (3H, t, J 7Hz, CH3).

Found: C, 65.5; H, 5.7; N, 13.4%; M+, 311
9HN393requires: C, 65.6; H, 5.5; N, 13.5%; N, 311
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(b) Using sodium borohydride and aqueous sodium hydroxide in
the presence of palladium-on-charcoal

A solution of the ketone (140c) (1.7 g, 0.005 mol) in
1,4-dioxane (25.0 ml) was treated with 2% w/v aqueous sodium
hydroxide (5.0 ml) and 10% palladium-on-charcoal (0.02 g)
and the mixture was stirred and purged with nitrogen for 15
min. A solution of sodium borohydride (0.38 g, 0.01 inol) in
water (2.5 ml) was added dropwise and stirring was continued
at room temperature for a further 15 mm.
The mixture was filtered through celite and the
filtrate concentrated to remove the dioxane. The residual
aqueous liquor was treated with water (10.0 ml) and
extracted with dichioromethane to give a brown gum (0.6 g)
which was triturated with ether-ethanol to afford 1-ethyl-2methyl-5-phenyl-1H-imidazo[4, 5-k]pyridin-7 (411)-one (185c)
(0.07 g; 5%) in.p. 287-290°, identified by comparison (m.p.
and i.r. spectrum) with an authentic sample.
Evaporation of the ether-ethanol mother liquor gave a
brown gum (0.67 g) which was dry-column f lashchromatographed over silica. Elution with dichioromethane
through to methanol gave only a series of intractable gums
and glasses (total 0.48 g) from which no identifiable
material could be obtained.
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The aqueous mother liquor was neutralised with 2M
aqueous hydrochloric acid and sodium acetate and extracted
with dichioromethane to give an orange gum (0.57 g) which
was dry-column flash-chromatographed over silica. Elution
with dichioromethane through to methanol gave only a series
of intractable gums (total 0.57 g) which yielded no
identifiable material.

6-Benzoyl-2 , 5-dimethyl-1-ethyl-1H-imidazol4 , 5-bipyridin7 (4H) -one (141c) and 6-Acetvl-1-ethvl-2-inethyl-5-phenyl-1Himidazol4 . 5-blpvridin-7 (4H) -pee

The N-hydroxyimidazo[4,5-b]pyridinone (211c) (1.9 g,
0.006 mol) was dissolved in 70% v/v aqueous ethanol (25.0
ml) and the solution treated with sodium dithionite (1.9 g)
and the mixture heated under ref lux for lh. A second
portion of sodium dithionite (1.9 g) was added and heating
under ref lux continued for a further lh.
The mixture was evaporated and the residue was treated
with water (10.0 ml) and the insoluble pale yellow solid was
collected and extracted with boiling ethanol to give, as the
insoluble fraction, 6-benzoyl-2, 5-dimethyl-1-ethyl-1Himidazol4.5-blpyridin-7(4H)-one (141c) (0.66 g; 37%) which
formed colourless spars, m.p. 338_3390 (decomp.) (from
ethanol-glacial acetic acid), Vmax 3200-2500 br (NH, OH) and
1650 and 1620 (CO) cm, SH [(CD3)2SO] 12.50-12.25 (1H, bs,
NH), 7.79-7.74 (2H, m, ArH), 7.60-7.43 (3H, m, ArH), 4.31
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(2H, q, J 7Hz, CH2), 2.46 (3H, 5, CH3), 2.15 (3H, s, CH3)
and 1.25 (3H, t, J 7Hz, CH3).

Found: C, 68.9; H, 6.0; N, 14.2%; M+, 295
911N322requires: C, 69.2; H, 5.8; N, 14.2%; M, 295

Evaporation of the ethanol mother liquor afforded
acetyl-1-ethyl-2-methyl-5-phenyl-1j-j-imjdazof 4, 5-bipyridin7(4H)-one (0.70 g; 39%), which formed colourless prisms,
m.p. 268-2690 (front ethanol-water), Vmax 3200-2500 br (NH,
OH) and 1690 and 1620 (CO)

c1fl,

611 [(CD3)2S0] 12.50 (1H,

S,

NH), 7.76-7.36 (5H, m, ArH), 4.43 (2H, q, J 7Hz, CH2), 2.48
(3H, s, CH3), 2.37 (3H, s, CH3) and 1.33 (3H, t, J 7Hz,
CH3).

Found: C, 69.4; H, 5.9; N, 14.2%; M+, 295
9HN392requires: C, 69.2; H, 5.8; N, 14.2%; M, 295

which gave a positive result in the iodoform test.

The Attempted Reaction of 6-Acetyl-1-ethyl-2-methyl-5phenyl-lH-imjdazol4 ,5-blpyridin-7 (411)-one with Potassium
Iodide and Sodium Hypochiorite

A solution of the 6-acetylimidazo[4,5-b]pyridinone
(0.12 g, 0.0004 mol) in 2M aqueous sodium hydroxide (0.2 ml)
was treated with 10% w/v aqueous potassium iodide (2.0 ml)
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followed by 10% w/v aqueous sodium hypochiorite (2.0 ml) and
the mixture was stirred at room temperature for 10 mm.
The mixture was acidified with 2M aqueous hydrochloric
acid and filtered to afford a brown solid (0.46 g), m.p. 7580, which was shown by t.l.c. in dichloromethane-ethyl
acetate (1:1) over silica to be a three component mixture
and could not be purified for further characterisation.
Extraction of the aqueous mother liquor with
dichloromethane yielded no further material.

The Attempted Reaction of 6-Benzoyl-2,5-dimethyl-1-ethyl-4hydroxy-lH-imidazol4,5-blpyrjdjn-7(4H)-one (211c) with
Aqueous Potassium Hydroxide

A solution of the ketone (211c) (0.62 g 0.002 mol) in
20% w/w aqueous potassium hydroxide (5.0 ml) was heated

under ref lux for lh. The mixture was cooled, acidified with
2M aqueous sulphuric acid (5.0 ml) and extracted with

dichloromethane to give a yellow gum (0.53 g) which was
triturated with ether to afford unchanged starting-material
(211c) (0.51 g; 82%) m.p. 190-1930 , identified by comparison
(m.p. and i.r. spectrum) with an authentic sample.
Evaporation of the ether mother liquor gave only a
small amount of a yellow gum (0.01 g) which was not
investigated further.
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The Attempted Reductive Cyclisation of 2-(1-Ethyl-2-methyl4-nitro-lH-iinidazole-5-carbonyl)cyclohexanone (243)

The diketone (243) (0.36 g, 0.001 mol) was hydrogenated
in ethanol (15.0 ml) over 5% palladium-on-charcoal (0.036 g)
at room temperature and atmospheric pressure for 5.5h.
The mixture was filtered throu3h celite and the filtrate
was evaporated to gave a brown gum (0.31 g) whose t.l.c. in
ethyl acetate-methanol (5:1) over silica showed it to be a
multicomponent mixture from which no identifiable material
could be obtained.

6-Cyano-1-ethyl-2-methyl-5-phenyl-1H-imidazo[4 , 5-bipyridin7(4H)-one (230)

The nitrile (229) (0.65 g, 0.002 inol) in ethanol (75.0
ml) was hydrogenated over 10% palladium-on-charcoal (0.07 g)
at room temperature and atmospheric pressure for 3h. The
mixture was diluted with dimethylformamide (75.0 ml) and
heated to dissolve a solid which had separated and was hot
filtered through celite.
Evaporation of the filtrated afforded 6-cyano-1-ethyl2 -Inethyl-5-pheny1-1H-iTnjdazo4,5-bpyridin-7(4H)-one (230),
(0.63 g; 100%) which formed colourless needles, m.p. 3143160 (from ethane-1,2-diol), Vmax 3100-2500 br (NH, OH),
2220 (CN) and 1630 (CO) cm - , SH [(CD3) 2 S0) 13.50-13.00 (111,
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bs, NH), 7.65 (5H, s, ArH), 4.45 (2H, q, J 7Hz, CH2), 2.53

(3H, s, CH3) and 136 (3H, t, J 7Hz, CH3).

Found: C, 69.0; H, 5.0; N, 20.2%; M+, 278
910N4O requires: C, 69.1; H, 5.1; N, 20.1%; M, 278

The Attempted Reductive Cyclisation of Ethyl 2-Cyano-3-(1ethyl-2-methyl-4-nitro-1H-jmjdazol-5-yl) -3-oxopropanoate
(225)

A solution of the cyano-keto-ester (225) (0.29 g, 0.001
mol) in 1,4-dioxane (7.5 ml) was treated with 2% w/w aqueous
sodium hydroxide (1.0 ml) and 5% palladium-on-charcoal (0.01
g) and the mixture was stirred and purged with nitrogen for
lh. A solution of sodium borohydride (0.08 g, 0.002 mol) in
water (0.5 ml) was added dropwise and the mixture was
stirred for a further 15 min at room temperature. After
filtration through celite, the mixture was evaporated and
the residue was treated with water (2.5 ml) and 2M aqueous
hydrochloric acid (1.5 ml) then neutralised with sodium
acetated and extracted with dichioromethane to give a red
gum (0.17 g), Vmax 2200 cm, which was shown by t. 1. c. in
methanol over silica to be a five component mixture from
which no identifiable material could be obtained.
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Attempted Reductive Cyclisation Reactions of Ethyl 3-(lEthyl-2-methyl-4-nitro-1H-imjdazol-5-yl) -2triphenyiphosporanylidene propanoate (239)

Using hydrogen in the presence of palladium-on-charcoal

The ester (239) (1.1 g, 0.002 mol) was hydrogenated in
ethanol (200 ml) over 10% palladium-on-charcoal (0.11 g) at
room temperature and atmospheric pressure for 6h.
The mixture was filtered through celite and evaporated
to give unchanged starting-material (239) (1.1 g; 100%),
m.p. 203-2040 , identified by comparison (m.p. and i.r.
spectrum) with an authentic sample.

Using sodium borohydride and aqueous sodium hydroxide
in the presence of palladium-on-charcoal

A solution of the ester (239) (1.1 g, 0.002 mol) in
1,4-dioxane (25.0 ml) was treated with 2% w/v aqueous sodium
hydroxide (2.0 ml) and with 10% palladium-on-charcoal (0.02
g) and the mixture was stirred and purged with nitrogen for
15 mm. A solution of sodium borohydride (0.08 g, 0.004
mol) in water (1.0 ml) was added dropwise and stirring was
continued at room temperature for a further 15 min by which
time gas evolution had ceased.
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The mixture was filtered through celite and the
filtrate concentrated to remove the 1,4-dioxane. The
residual aqueous liquor was diluted with water (5.0 nil) and
extracted with dichloromethane to give a glassy foam.
Trituration with ethyl acetate gave a solid which was
combined with further material obtained by evaporating the
ethyl acetate washings flash-chromatographing the residue in
dichioromethane-ethyl acetate (1:1) over silica and
triturating the resulting gum with ethanol to give unchanged
starting-material (239) (0.33 g; 31%), m.p. 206-207,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.
Further elution with ethyl acetate through to methanolammonia (5:1) gave only a series of intractable gums (total
0.52 g) which yielded no identifiable material.

(c) Using sodium dithionite in aqueous ethanol

A solution of the phosphorane (239) (0.27 g, 0.0005
mol) in 70% v/v aqueous ethanol (10.0 ml) was treated with
sodium dithionite (0.27 g, 0.0015 mol) and the mixture
heated under ref lux for lh.
A second portion of sodium dithionite (0.27 g, 0.0015
mol) was added and heating under ref lux continued for a
further lh.
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The mixture was evaporated and the residue was treated
with water (5.0 ml) and extracted with dichloromethane to
give a yellow gum (0.27 g). This was triturated with etherethyl acetate to give a colourless solid (0.15 g), m.p. 1351400, which was shown by t.l.c. in dichloromethane-ethyl
acetate (1:1) over silica to be a three component mixture
from which no identifiable material could be obtained.
Evaporation of the ether-ethyl acetate mother liquor
gave a yellow gum (0.12 g) which was shown by t.l.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture which therefore was not investigated
further.
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CHAPTER 4

A NEW SYNTHESIS OF IMIDAZO[4,5-b1PYRIDINONE

DERIVATIVES BASED ON ANNULATION REACTIONS OF

4 -AMINO-5-ETHOXALYLIMIDAZOLE DERIVATIVES
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4.1 Introduction

The success of the imidazo[4,5-]pyridinone synthesis
described in the previous chapter prompted an investigation
of the further exploitation of the chemistry of the readily
available 5-chloro-4-nitroimidazole derivatives (136) in
this context. It was therefore hoped to develop the
synthetic strategy outlined in Scheme 87 to provide another
general synthetic route to usefully functionalised
imidazo[4,5-b]pyridinone derivatives. Thus it was intended
to exploit the ready nucleophilic displacement of the
chlorine substituent in the chloronitroimidazoles (136) by
stablised ethoxycarbonylmethylene carbanions to give sidechain functionalised imidazoles of the type (247). It was
then anticipated that thermolysis of these compounds would
give rise to imidazo[4,5-c]isoxazoles (248) by analogy with
the known72 conversion (Scheme 88) of 2-(2-nitrophenyl)
malonate derivatives (251) into benzisoxazoles (252).
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Reductive ring-opening of the latter was then expected to
lead to 5-acyl-4-aminoimidazole derivatives (249) which it was
hoped could be annulated with ethoxycarbonylmethylene compounds
to give novel highly functionalised imidazo[4,5-]pyridinones
(250)
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4.2 Studies on the Synthesis of Ixnidazol4,5-c]isoxazole
Derivatives

The ready displacement of the chlorine substituent in
the chloronitroimidazoles (136) by a wide range of
nucelophiles such as cyanide ion, azide ion and amines (see
Chapter 5) prompted an investigation (Scheme 89) into
displacing the chlorine substituent with stablised
carbanions of the type (253) to give the side-chain
functionalised nitroimidazoles (247) of interest as possible
precursors of derivatives of the novel imidazo[4,5c]isoxazole ring system (248). Thus formation of the anion
of diethyl propane-1,3-dioate (diethyl malonate) (253a) with
sodium hydride followed by the addition of one equivalent of
the chloronitroimidazole (136b) in dimethylformamide gave a
bright orange reaction mixture. Subsequent workup with
aqueous acid discharged the orange colour and gave a
colourless crystalline product in low yield. Analytical and
spectroscopic data for this compound allowed its formulation
as the novel 4-nitroimidazol-5-yl malonate derivative
(247b). The compound analysed correctly for the molecular
formula C13H19N306 and its mass spectrum contained the
expected parent ion at m/z 313. The compound's i.r.
spectrum showed carbonyl bands at 1750 and 1735 cm
consistent with the presence of two ester substituents and
absorption at 1505 and 1335 cm consistent with the
presence of a nitro substituent. In further accord with its
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assigned structure the product's 1H n.m.r. spectrum
contained a three proton singlet at S 2.44 due to the methyl
group together with a series of overlapping triplets and
quartets which integrated correctly for three ethyl groups.
A one proton singlet at S 5.86 which was removed on
treatment with D20 was clearly attributable to the acidic
proton on the malonate side-chain. The product was also
accompanied by unreacted chioronitroimidazole (136b) (24%)
together with intractable oils. Carrying out the reaction
of the chiorinitroimidazole (136b) with diethyl malonate
(253a) at 1000 instead of at room temperature increased the
yield of product (247b) to 45% but no further improvement in
the yield was achieved by increasing the reaction time from
one to three hours. In a further attempt to increase the
yield of the product (247b) the benzenesulphonyl derivative
(254) was investigated as an alternative substrate to the
chioronitroimidazole (136b) for reaction with diethyl
malonate ion. It was anticipated that the superior leavinggroup capacity of the benzenesulphonyl substituent in the
nitroimidazole derivative (254) would result in a more
efficient introduction of the malonate side-chain and hence
an improved yield of (247b). The
benzenesulphonylnitroimidazole (254) was readily obtained in
good to excellent yield by treating the chioronitroimidazole
(136b) with sodium benzenesulphinate in diiuethylformamide at
room temperature or at 1000. However its reaction with
diethyl malonate ion in dimethylformamide at 1000 raised the
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yield of the imidazole derivative (247b) only marginally to
49%. Since the low yield of the imidazolylmalonate (247b) in
this reaction and the analogous reaction of the
chloronitroimidazole (136b) could be explained by
protonation (and hence deactivation) of malonate ion by the
more acidic product (247b) it was decided to investigate the
reaction of the chioronitroimidazole (136b) with two
equivalents of malonate ion in dimethylformamide at 1000 .
Indeed under these conditions the yield of the
imidazolylmalonate (247b) was raised to 88%.
By way of verifying the structure of the imidazolylmalonate
(247b) chemically, an attempt was made (Scheme 90) to
convert it into the pyrimidine derivative (255) by sodium
ethoxide catalysed condensation with urea. However this
reaction gave only a high recovery of the unreacted
starting-material (247b). In contrast simply heating the
imidazolylmalonate (247b) under ref lux in dioxane (Scheme
91) gave in addition to a low recovery of the startingmaterial (247b), a moderate yield (52%) of a colourless
crystalline product whose analytical and spectroscopic
properties supported its formulation as the imidazo[4,5c]isoxazole derivative (248b), the first example of this
novel ring system. Combustion analysis corresponded to the
molecular formula C10N13N303 which was confirmed by the
presence of a parent ion at m/z 223 in the compound's mass
spectrum. The i.r. spectrum of the compound contained a
sharp carbonyl band at 1725 cm, due to an ester group,
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nucleophilic addition of one of the oxygen atoms of the
ortho-nitro group to the ketene substituent giving the
cyclic betaine (259). Spontaneous thermal decomposition of
the latter with loss of carbon dioxide followed by
electrocyclisation of the resulting nitroso-carbene (258)
then accounts for the formation of the iinidazoisoxazole
product (248b). This course for the formation of the latter
is analogous to that proposed73'
74 for the thermolysis of 2nitrophenyl isocyanate (260) to benzofurazan (261) and is
further supported by other nitro group ortho side-chain
interactions explicable75 in terms of orthonitrosophenylcarbene to isoxazole cyclisation. In an
attempt to see if the thermal cyclisation [(247b) -> (248b)]
could be catalysed by acid, the diester (247b) was heated in
glacial acetic acid. However this reaction gave only
intractable oils and gums.
The fl-methyl chloronitroimidazole (136a) also reacted
smmothly with two equivalents of diethyl malonate ion in
dimethylformamide to give an excellent yield of the
nitroimidazolyl malonate (247a). This, in turn, was readily
converted into the imidazo[4,5-c]isoxazole derivative (248a)
in good yield by heating in toluene on xylene. Both of the
new compounds (247a) and (248a) had analytical and
spectroscopic properties fully in accord with their assigned
structures.
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With the intention of extending the new
imidazoisoxazole syntheses [(136a and b) -> (247a and b) ->
(248a and b)] to other imidazoisoxazoles (248) containing
useful functionality at the C-3 position, the reactions of
the chioronitroimidazoles (136a) and (136b) with ethyl 2cyanoethanoate (ethyl cyanoacetate) (253b) carbanion in
dimethylformamide were next investigated (Scheme 89). In
the case of the chloronitroimidazole (136b) reaction with
one equivalent of ethyl cyanoacetate (253b) anion in
dimethylformamide at room temperature afforded a moderate
yield (64%) of an acidic product formulated as the
nitroimidazolylcyanoacetate (247d) on the basis of its
analytical and spectroscopic properties. In particular
elemental analysis gave the formula C11H14N404 while the
compound's mass spectrum contained the expected parent ion
at m/z 266. The i.r. spectrum of the product (247d) was of
particular interest in that it contained absorption at 2225
cm - clearly consistent with the presence of a cyano group.
A carbonyl band at 1755 cm likewise confirmed the presence
of the ester substituent while bands at 1510 and 1310 cm
could be assigned to a nitro group. In addition to proton
resonances attributable to one methyl and two ethyl groups,
the 1H n.m.r. of the imidazolylcyanoacetate (247d) also
contained an exchangable one proton singlet due to the
acidic methine proton. As in the reaction of diethyl
malonate carbanion with the chioronitroimidazole (136b),
condensation of the latter with two equivalents of ethyl
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cyanoacetate carbanion in dimethylformamide at 1000
substantially raised the yield of the imidazolylcyanoacetate
(247d) to 91%.
The attempted conversion (Scheme 93) of the
imidazolylcyanoacetate (247d) into the pyrazole derivative
(262) was unsuccessful. Heating the imidazole derivative
(247d) under ref lux with one equivalent of hydrazine in
ethanol gave only a high recovery of the unreacted starting
material (247d). Since the failure of this reaction could
have been due to simple deprotonation of the acidic acetate
derivative (247d) by the hydrazine with consequent
deactivation of the latter, the reaction was repeated using
two equivalents of hydrazine. However these conditions
fared no better, only a low recovery of the starting
material (247d) together with a complex gum being obtained.
The thermolysis of the nitroimidazolylcyanoacetate
(247d) was next investigated (Scheme 91) with the intention
of obtaining the cyanoimidazo[4,5-cisoxazo1e derivative
(248d). However this study met with little success. Thus
heating the solid cyanoester (247d) under vacuum in a
sublimation apparatus gave only an intractable brown glass
which yielded only complex gums after attempted purification
by flash-chromatography. Similarly heating the compound
(247d) under ref lux in toluene at 1250 in diglyme resulted
only in the formation of intractable brown gums.
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It was next decided to hydrolyse the cyano group of the
nitroimidazolylcyanoacetate (247d) (Scheme 91) with the
intention of obtaining the amide derivative (256b) and
thence by therinolysis, the imidazoisoxazole derivative
(248h). In practice heating the nitrile (247d) in
polyphosphoric acid at 1000 gave a low yield of a solid
which had analytical and spectroscopic properties allowing
its formulation as the novel nitroimidazolylmalonamate
derivative (256b). This product was also accompanied by a
complex multicomponent gum. The alternative conditions of
concentrated sulphuric acid at room temperature however
converted the nitrile (247d) in quantitative yield into the
amide (256b). Heating this compound (Scheme 94) under
vacuum gave a low yield of the imidazo[4,5-c]isoxazole ester
(248b) together with a low yield of a product whose
properties and transformations support its formulation as
the amino-ethoxalylimidazole (263). Thus its combustion
analysis corresponded to the molecular formula C10H15N303
which was further supported by the presence in its mass
spectrum of a parent ion at m/z 225. Bands at 3410 and 3300
cm in the compound's i.r. spectrum are consistent with the
presence of an amino-group while i.r. carbonyl absorption at
1735 and 1630 cm is attributable to the ketonic and ester
substituents. The 1H n.m.r. spectrum of the amine (263)
showed proton resonances due to two ethyl groups and a three
proton singlet at S 2.37 due to the single methyl
substituent in the compound. In addition a broad,
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exchangeable, two proton singlet at S 6.95 - 6.50 could be
assigned to the resonance of the amino-group protons. The
presence of the free amino-group was also verified
chemically by conversion (Scheme 95) into a hydrochloride
and a diacetyl derivative (265). However attempts to
convert the amino-ethoxalylimidazole (263) into an oxime
derivative or by reaction with ortho-phenylenediamine into a
quinoxalinone derivative (267) were unsuccessful. Attempted
oxime formation gave only a low yield of an unidentified
solid while attempted quinoxalinone formation led only to a
high recovery of the unreacted starting materials.
Hydrolysis of the ester group in the imidazole derivative
(263) occurred readily on heating with aqueous sodium
hydroxide giving the carboxylic acid (266) in quantitative
yield. However the attempted thermal decarboxylation of the
acid (266) gave only intractable gums with no evidence for
the formation of the aldehyde (268) or any other
decarboxylated product.
The thermolysis of the malonamate derivative (256b) to
give the imidazoisoxazole ester (248b) presumably involves
thermal elimination of ammonia to give the ketene (257)
followed by cylisation of the latter as outlined in
Scheme 92. Reductive ring opening of the imidazoisoxazole
ester (248b) would then account for the formation of the
amino-ethoxalylimidazole (263) though the precise mode of
reduction involved in the absence of solvent is not clear.
One possibility is that formation of the amino-
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ethoxalylimidazole (263) is the result of a complex redox
process involving by-products of the thermolysis. To test
the hypothesis that the aminoketoester (263) was derived
from the imidazoisoxazole (248b), the latter compound was
heated under ref lux in diglyme. This resulted in the
formation of the amino-ethoxalylimidazole (263) in good
yield. Under these conditions the solvent may provide the
source of hydrogen required to effect reductive ringopening.
In contrast to the result obtained on a small scale,
pyrolysis of the nitroimidazolylmalonamate (256b) on a large
scale in the absence of solvent (Scheme 94) afforded a
moderate yield (50%) of a product which analysed correctly
and gave mass, i.r. and 1H n.m.r. spectra consistent with
the imidazoisoxazolecarboxamide structure (248h). This
amide was also formed together with the imidazoisoxazole
ester (248b) and the amino-imidazoleoxalamide (264) in
yields of 51%, 22% and 11% respectively when the malonamate
derivative (256b) was heated under ref lux in toluene. On
the other hand pyrolysis of the malonamate derivative (256b)
in diglyme resulted in the exclusive formation, albeit in
only moderate yield of the imidazoisoxazolecarboxamide
(248h) together with a low yield of an unidentified solid
product and a complex red oil.
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The foregoing results demonstrate that the most common
pathway followed in the pyrolysis of the malonamate
derivative (256b) involves thermal extrusion of ethanol with
formation of the imidazoisoxazolecarboxamide (248h).
However, the isolation in some cases of the ester (248b) as
a pyrolysis product implies that imidazoisoxazole formation
from the malonamate (256b) can also occur via thermal
extrusion of ammonia. To test this possibility it was
decided to investigate the synthesis and thermolysis
(Scheme 96) of the iinidazolylcyanoethanamide derivative
(270). Thermal extrusion of ammonia from the latter with
concomitant cyclisation should afford the
cyanoimidazoisoxazole (248d) which could not be obtained by
thermal cyclisation of the cyanoester derivative (247d) (see
before). The chioronitroimidazole (136b) condensed smoothly
with cyanoacetamide (269) at 1000 to give a moderate yield
of the cyanoamide (270) whose analytical and spectroscopic
properties were fully in accord with its assigned structure.
However thermolysis of the cyanoamide (270) in the absence
of solvent afforded none of the expected
cyanoimidazoisoxazole (248d) but instead afforded, in
addition to complex gums, only a low yield of the nitrile
(271) whose structure was verified by combustion analysis
and mass, ir. and 111 n.m.r. spectroscopy. The mode of
formation of the nitrile (271) from the cyano amide (270)
under thermolysis is not clear.
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The chioronitroimidazole (136a) also reacted readily
with ethyl cyanoacetate carbanion in diniethylforinamide at
1000 (Scheme 89) to give an acceptable yield of the expected
nitroimidazolylcyanoester (247c). This compound was
obtained as a gum whose analytical and spectroscopic
properties were consistent with the structure (247c).
Because of the complex behaviour of the
imidazolylcyanoacetate (247d) towards attempted thermal
cyclisation, no attempt was made to investigate the
analogous thermal cyclisation of the -methyl derivative
(247c). Instead it was converted by treatment with
concentrated sulphuric acid (Scheme 91) in good yield into
the corresponding amide (256a) with the intention of
thermally cyclising this compound, by analogy with the
imidazole derivative (256b), to the imidazoisoxazole
derivatives (248a) and/or (248h). However heating the amide
(256a) in diglyme afforded no identifiable material. The
reason for the contrasting behaviour of the amide (256a)
towards thermal cyclisation compared with the amide (256b)
is not obvious.
As a logical extension of the successful thermal
cyclisations [(247a and b) -> (248a and b)] attention was
next turned (Scheme 91) to the investigation of the
synthesis and thermal cyclisation of the imidazole
derivatives (247e) and (247f) derived from B-keto esters.
However an initial attempt to arylate ethyl 3-oxobutanoate
(ethyl acetoacetate) (253c) carbanion with the
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chioronitroimidazole (136b) on a one-to-one basis failed to
give any of the desired imidazolylketoester product (247e).
Under these conditions the chioronitroimidazole (136b) was
recovered unchanged in moderate yield together with
intractable oils. On the other hand the modification (see
before) of using two equivalents of ethyl acetoacetate
(253c) carbanion afforded a moderate yield (53%) of the
desired imidazolylacetoacetate (247e). This compound
analysed correctly for the molecular formula C12H17N305
which was also consistent with the presence in its mass
spectrum of a parent ion at m/z 283. The i.r. spectrum of
the iinidazolylketoester (247e) showed broad absorption at
3200-2500 cm and low frequency carbonyl absorption at 1645
cm in accord with its existence as the internally hydrogen
bonded enol tautomeric form, the presence of which was
further supported by an exchangeable one proton singlet at S
13.38 in its 111 n.m.r. spectrum. The latter also contained
proton resonances attributable to two methyl and two ethyl
groups. An attempt to increase the yield of the
iniidazolylketoester (247e) by using three equivalents of
ethyl acetoacetate (253c) carbanion in practice gave a
decreased yield (46%) of the product (247e).
Thermolysis in boiling toluene smoothly converted the
nitroimidazolylacetoacetate (247e) into the
acetylimidazo[4,5-c]isoxazole (248e) (Scheme 91) in
excellent yield. The imidazoisoxazole derivative (248e)
gave analytical and mass spectral data consistent with its
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assigned structure and its 1H n.m.r. spectrum showed only
two three proton singlets corresponding to the methyl group
resonances, together with a two proton quartet and a three
proton triplet indicative of a single ethyl substituent in
the molecule.
The chioronitroimidazole (136b) also failed to react
with ethyl 3-oxo-3-phenylpropanoate (ethyl benzoylacetate)
(253d) carbanion on a one-to-one basis to give the sidechain functionalised nitroimidazole (247f). However success
was again achieved in this condensation using two molar
equivalents of the methylene carbanion, giving the
nitroimidazolylbenzoylacetate derivative (247f) though only
in low yield. Smooth conversion to the benzoyl substituted
imidazo[4,5-c]isoxazole (248f) occurred in high yield on
heating the imidazolylketoester (247f) in toluene. The
imidazolylketoester (247f) and its thermal cyclisation
product (248f) both had analytical and spectroscopic
properties fully in accord with their proposed structures
with the former compound (247f), like the acetyl analogue
(247e) (see before) exhibiting i.r. and 1H n.m.r. absorption
consistent with its existence predominantly in the
internally hydrogen-bonded enol tautomeric form.
With the intention of further extending the range of
ethyl nitroimidazolylacetates available for thermal
cyclisation to C-3 functionalised imidazo[4,5-c]isoxazole
derivatives attention was next turned to the study (Scheme
97) of the synthesis and thermal cyclisation of the
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benzenesulphonyl derivative (273). This compound was
prepared in acceptable yield by the condensation of the
known76 compound, ethyl 2-benz enesulphonylethanoate (ethyl
benzenesulphonylacetate (272) carbanion with the
chloronitroimidazole (136b) in dimethylformaiiiide. The
imidazolylbenzenesulphonylacetate derivative (273) analysed
correctly and had spectroscopic properties consistent with
its assigned structure. Surprisingly, heating the
benzenesulphonyl derivative (273) in toluene failed to give
the expected imidazoisoxazole (274), only unchanged starting
material being recovered under these conditions. The
remarkable thermal stability of the compound (273) prompted
the use of more forcing thermolysis conditions. However
heating the benzenesulphonyl derivative (273) in the absence
of solvent in a sublimation apparatus gave not the expected
imidazo[4,5-c]isoxazole (274) but the
(benzenesulphonylmethyl)imidazole derivative (276) in low
yield. A small amount of an unidentified solid was also
formed under these conditions. This had analytical and
spectral properties which indicated the molecular formula
C12H10S02 but was shown by its melting point not to be the
suiphone (275). The identity of this minor product will
require further experimental investigation.
Further examples (Scheme 98) of the side-chain
functionalised nitroiinidazoles (278) appropriate for
potential thermal cyclisation to 3-arylimidazo[4,5c]isoxazole derivatives (279) were readily obtained by
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reacting the chioronitroimidazole (136b) with ethyl 2arylethanoates (ethyl 2-arylacetates) (277). Thus reaction
of two equivalents of ethyl 2-phenylethanoate (ethyl
phenylacetate) (277a) carbanion with the
chioronitroimidazole (136b) in dimethylformamide at 1000
gave an excellent yield of the expected
nitroimidazolylyphenylacetate (278a). This new compound had
analytical and spectroscopic properties fully in accord with
its proposed structure. Heating the nitroimidazole
derivative (278a) at its melting point in a sublimation tube
failed to induce cyclisation to the phenylimidazo[4,5]isoxazole derivative (279a). Instead the starting
material (278a) was recovered unchanged in excellent yield.
Thermolysis of the ester (278a) in diglyme however resulted
in reaction, but none of the expected imidazo[4,5]isoxazole (279a) was obtained. This reaction gave instead
low yields of two products, the minor of which (yield 4%)
analysed correctly and gave mass, i.r. and 'H n.m.r. spectra
allowing its formulation as the imidazoquinoli.none
derivative (280). The second, more abundant product (yield
14%) analysed correctly for the molecular formula C14H13N302
and exhibited mass, i.r. and 1H n.m.r. absorption consistent
with either the imidazopyrrolinone fl-oxide structure (281)
or the isomeric imidazo-oxazinone formulation (282), though
the latter is favoured by the compound's relatively high
i.r. carbonyl aborption. The imidazo-oxazinone structure
(282) was in fact firmly established by x-ray analysis (see

Table 7. Bond Lenths (A) with Standard Deviations

N(1)
N(1)
4(1)
C(11)
C(2)
C(2)
N(3)
C(3a)

-C(11)
- C(2)
-C(7a)
-C(12)
-C(21)
- N(3)
-C(3a)
- N(4)

C(3a)
N(4)
0(5)
C(6)
C(6)
C(7)
C(7)

1.462(6)
1.389( 6)
1.384( 6)
1.496( 8)
1.491( 8)
1.305( 6)
1.386( 5)
1.298( 6)

-C(7a)
- 0(5)
- C(6)
- 0(6)
- C(7)
-C(1P)
-C(7a)

1.426(7)
1.422( 5)
1.382( 6)
1.205( 7)
1.469( 7)
1.473( 6)
1.339( 7)

Table 8. Angles (deees) and Torsion Angles (deees)
with Standard Deviations

C(11)
C(11)
C(2)
t'I(1)
N(1)
N(1)
C(21)
C(2)
N(3)
N(3)
N(4)
C(3a)

- N(1)
- N(1)
- N(1)
-C(ii)
- C(2)
- C(2)
- C(2)
- N(3)
-C(3a)
-C(3a)
-C(3a)
N(4)

-

- C(2)
-C(7a)
-C(7a)
-C(12)
-C(21)
- N(3)
- N(3)
-C(3a)
- N(4)
-C(7a)
-C(7a)
- 0(5)

126.2(
127.5(
106.1(
112.9(
123.2(
115.0(
121.8(
103.3(
121.2(
111.8(
127.0(
111.9(

4)
4)
4)
4)
4)
4)
5)
4)
4)
4)
5)
4)

N(4)
0(5)
0(5)
0(6)
C(6)
C(6)
C(1P)
C(7)
C(7)
N(1)
N(1)
C(3a)

- 0(5)
- C(6)
- C(6)
- C(6)
- C(7)
- C(7)
- C(7)

- C(6)
- 0(6)
- C(7)
- C(7)

-C(1P)
-C(7a)
-C(7a)
-C(1P) -C(2P)
-C(1P) -C(6P)
-C(7a) -C(3a)
C(7)
-C(7a)
C(7)
-C(7a)

-

125.7(
115.1(
118.6(
126.4(
116.9(
114.9(
128.2(
119.0(
121.0(
103.9(
134.2(
121.9)

4)
5)
4)
4)
4)
3)
3)
4)
4)
4)

Table 8 continued

C(2) - N(1) -C(11) -C(12) -96.4( 6)
77.8( 6)
C(7a) - N(1) -C(11) -C(12)
-5.0( 7)
C(11) - N(1) - 0(2) -C(21)
0(11) - N(1) - C(2) - N(3) 176.6( 4)
C(7a) - N(1) - 0(2) -0(21) 179.8( 5)
1.5( 6)
C(7a) - N(1) - C(2) - 'T(3)
-C(7a)
-C(3a)
-176.3(4)
C(11) -N(1)
5.4( 9)
C(11) - t1(1) -C(7a) - C(7)
-1.3( 5)
C(2) - N(1) -C(7a) -C(3a)
0(2) - N(1) -C(7a) - C(7) -179.5( 5)
-0.9( 5)
3) -C(3a)
N(1) - C(2) C(21) - C(2) - (3) -C(3a) -179.3( 5)
C(2) - N(3) -C(3a) - N(4) 179.5( 5)
0.1( 5)
C(2) - N(3) -C(3a) -C(7a)
N(3) -C(3a) - N(4) - 0(5) ]79.3( 4)
-1.4( 7)
C(7a) -C(3a) - N(4) - 0(5)
0.8( 5)
N(3) -C(3a) -C(7a) - N(1)
-C(3a) -C(7a) - C(7) 179.3( 4)
-C(3a) -C(7a) - N(1) -178.6( 5)

-0.1( 8)
(4) -C(3a) -C(7a) - C(7)
0.5( 6)
C(3a) - t'i(4) - 0(5) - C(6)
N(4) - 0(5) - 0(6) - 0(6) -178.7( 4)
1.7( 7)
(4) - 0(5) - C(6) - C(7)
0(5) - C(6) - 0(7) -C(1P) 175.1( 4)
-3.0( 7)
0(5) - C(6) - C(7) -C(7a)
-4.5( 8)
0(6) - C(6) - C(7) -C(1P)
0(6) - C(6) - C(7) -C(7a) 177.4( 5)
C(6) -0(7) -C(1P) -C(2P) -108.5(5)
72.4( 5)
C(6) - C(7) -0(12) -C(6P)
69.3( 6)
C(7a) - C(7) -C(1P) -C(2P)
C(7a) - 0(7) -0(12) -C(6P) -109.7( 5)
1) -179.7( 5)
0(6) - C(7) -C(7a) 2.3( 7)
- C(7) -C(7a) -C(3a)
2.5( 9)
C(IP) - C(7) -C(7a) - N(1)
C(1P) - C(7) -C(7a) -C(3a) -175.6( 4)
-C(LP) -C(2P) -C(3P) -179.0(4)
C(7) -C(IP) -C(6P) -C(5P) 179.0(4)
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Figure 4 and Tables 7 and 8). The formation of the
imidazoquinolinone (282) in the thermolysis of the ester
(278a) is readily explained by the course outlined in Scheme
99. In accord with the first step of the thermolysis
mechanism already proposed (see Scheme 92), initial thermal
extrusion of ethanol from the ester (278a) would afford the
ketene intermediate (283) convertible by cyclisation into
the resonance stablised betaine [(284) <-> (285)].
Extrusion of carbon dioxide from the latter would lead via
the nitroso-carbene intermediate (286) to the
imidazoisoxazole derivative (279a). Further thermal
electrocyclic ring-opening of the latter to the keto-nitrene
(287) followed by insertive cyclisation involving the
nitrene substituent then accounts for the formation of the
imidazoquinolinone (280). The processes [(279a) -> (287) ->
(280)] find analogy in the known77 thermal rearrangement of
3-aryl-2,1-benzisoxazoles to acridones. The mode of
formation of the 4sazo-oxazinonine (282) by thermolysis of
the ester (278a) is not so obvious. However one possibility
(Scheme 99) is that this compound arises by reduction of the
intermediate betaine (285) by by-products also produced in
the thermolysis. In accord with the intermediacy of the
imidazoisoxazole (279a) derivative in these thermolysis
reactions, the nitro-derivative (278b) [readily prepared
(Scheme 98) in high yield by the condensation of the
chloronitroimidazole (136b) with the carbanion derived from
the known compound ethyl 2-(4-nitrophenyl)ethanoate (ethyl
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4-nitrophenylacetate) (277b)] underwent thermal cyclisation
on heating in toluene to afford the expected
imidazoisoxazole derivative (279b) in moderate yield (48%)
together with unreacted starting material (278b) (yield
41%). There was no evidence for the formation of products
analogous to the imidazoquinolinone (280) or the imidazooxazinone (282) in the thermolysis of the nitro-compound
(278b)

4.3 Synthesis of Imidazol4,5-b]pyridinone Derivatives Based
on Annulation Reactions of 4-Amino-5-ethoxalylimidazoles

Having developed a viable synthetic route to variously
C-3 functionalised imidazo[4,5-c]isoxazoles (248) attention
was next turned (Scheme 87) to the investigation of their
reductive ring opening to 5-acyl-4-aminoimidazole
derivatives (249) and the annulation of the latter to
potentially biologically interesting imidazo[4,5]pyridinone derivatives (250). Since the ethyl
imidazo[4,5-]isoxazo1e-3-carboxylate derivative (248b) in
particular was readily available in substantial quantities
it was decided to concentrate ef ford on exploiting the
synthetic utility of this substrate. Although it had
already been shown that thermolysis of the compound (248b)
in diglyme gave the required 4-amino-5-ethoxalylimidazole
(263), it was thought that more controlled reduction
conditions would give an improved yield of this key
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intermediate. However heating with sodium dithionite in
aqueous ethanol failed to reduce the imidazoisoxazole (248b)
efficiently. Under these conditions the starting material
(248b) was recovered unchanged in good yield together with a
mixture which was shown by t.l.c. to contain some of the
required product (263). Sodium borohydride also failed to
reduce the imidazoisoxazole (248b) to the amino-imidazole
(263) these conditions giving only low yields of intractable
gums. However catalytic hydrogenation over palladium-oncharcoal was successful and converted the imidazoisoxazole
(248b) cleanly and in essentially quantitative yield into
the desired 4-amino-5-ethoxalyl imidazole (263). This
product was identical in every respect to that obtained by
the thermolytic ring opening of the imidazoisoxazole (248b)
(see before).
As an initial approach to forming iinidazo[4,5]pyridinone derivatives (Scheme 100) the aminoethoxalylimidazole (263) was heated with pentane-2, 4-dione
(acetylacetone) in ethanol in the presence of piperidine in
the hope of achieving base-catalysed condensation to give
the imidazo[4,5-]pyridinone derivative (288) by analogy
with the Friedländer79 quinoline synthesis starting from 2acylanilines. In practice however no reaction occurred
under these conditions and the starting material (263) was
recovered unchanged in quantitative yield. An attempt
(Scheme 101) to use acid catalysis to condense the aminoethoxalylimidazole (263) with ethyl acetoacetate was also
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unsuccessful. Thus heating the amine (263) with one
equivalent of ethyl acetoacetate in toluene in the presence
of toluene-4-sulphonic acid failed to give either of the
possible imidazo[4,5-]pyridines derivatives (289a) or
(290a). Instead only a low yield of starting material (263)
and intractable gums were obtained. Alternative conditions
using aqueous sulphuric acid in glacial acetic acid fared no
better, this approach giving only a multicomponent orange
oil. In contrast heating a mixture of the amine (263) and
ethyl acetoacetate in xylene gave a moderate yield of the
acetylimidazo[4,5-]pyridinone derivative (290a). This
novel compound, which had analytical and spectroscopic
properties consistent with its assigned structure, was
accompanied by a high melting brown solid and a
multicomponent gum neither of which yielded identifiable
material.
The amino-ethoxalylimidazole (263) also reacted with
ethyl benzoylacetate in ref luxing xylene (Scheme 101) to
give a moderate yield of the benzoylimidazo[4,5-b]pyridinone
(290b). A low yield of unchanged starting material (263)
was also isolated in this reaction. The imidazopyridinone
(290b) analysed correctly and gave mass, i.r. and 1H n.m.r.
spectra entirely consistent with the assigned structure.
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With the intention of obtaining imidazopyridinones with
substituents other than ketonic at position 6, (Scheme 102)
the amine (263) was heated with ethyl 2benzenesulphonylethanoate (ethyl benzenesulphonylacetate) in
xylene with the expectation of obtaining the
benzenesulphonyl derivative (291). However this reaction
unexpectedly gave only an essentially quantitative recovery
of unchanged starting material (263). None of the hoped for
benzenesulphonyl imidazo[4, 5-]pyridinone (291) could be
detected in the reaction mixture. The aminoethoxalylimidazole derivative (263) also failed to react on
heating with ethyl nitroacetate in xylene to give the
synthetically useful nitro-imidazo[4, 5-]pyridinone (292),
the starting material (263) being recovered unchanged in
excellent yield. In contrast heating the aminoethoxalylimidazole (263) with diethyl malonate in xylene
(Scheme 103) gave none of the expected imidazopyridinone
diester (293) but instead gave an excellent yield (93%) of a
product assigned the more complex structure (296) on the
basis of its analytical and spectroscopic properties.
Combustion analysis was consistent with the molecular
formula C21H22N606 and although the compound's mass spectrum
did not exhibit the expected parent ion at in/z 454, its i.r.
and 'H and 13C n.m.r. spectra fully substantiated the
structure (296). Thus i.r. absorption at 3100-2300 and 1655
cm-1 can be attributed to the NH and carbonyl components of
a lactam group while bands at 1780 and 1740 cm can be
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assigned to the other carbonyl substituents in the structure
(296). The 1H n.m.r. spectrum of the compound contained
proton resonances consistent with the presence of three
ethyl and two methyl groups. The 13C n.m.r. spectrum of the
compound in addition to containing carbon resonances due to
three ethyl and two methyl groups also exhibited thirteen
quarternary carbon resonances consistent with the structure
(296). The formation of this product in the thermal
condensation of the amino-ethoxalylimidazole (263) with
diethyl malonate is readily explained by the course shown in
Scheme 103 in which the initially formed imidazopyridinone
diester (293) reacts with unreacted amine (263) to give, via
the initial condensate (295) [or an isomeric amide structure
formed through the other ester group in (295)], the product
(296)
In an attempt to synthesis the imidazo[4,5-]pyridinone
diester (293) by an alternative route (Scheme 103) the amine
(263) was acylated with ethyl malonyl chloride to give the
amide derivative (294) in good yield. When the amide (294)
in turn was heated in toluene in the presence of toluene-4sulphonic acid the expected imidazopyridinone diester (293)
was not obtained. Instead the product of this reaction
analysed correctly and showed i.r. and 1H n.m.r. spectra in
accord with its formulation as the intermediate (295) [or an
isomeric amide structure formed through the other ester
group in the diester (293)]. Formation of this product in
the cyclisation of the amide (294) can be explained (Scheme
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103) by partial cyclisation to the diester (293) and partial
decomposition to the amine (263) followed by condensation of
the latter with the former.
In order to further clarify the mode of the thermal
reaction of the amino-ethoxalylimidazole (263) with diethyl
malonate it was next decided to investigate (Scheme 104) the
thermal condensation of the amine (263) with the readily
synthesised8° compound, ethyl malonaniate (297). The
expected product of this reaction was the amide ester (298)
which having only a single ester group should possibly show
less inclination than the diester (293) to undergo further
reaction to give molecules such as (295) and (296). In
practice heating the amino-ethoxalylimidazole (263) with
ethyl malonamate (297) in xylene gave two products. The
major product isolated in 78% yield analysed correctly and
had mass, i.r. and 1H n.m.r. spectra consistent with the
expected imidazopyridinone carboxamide structure (298). The
minor product obtained in 7% yield analysed for C11H10N403
and in accord with this formula contained a parent ion at
m/z 246 in its mass spectrum. This compound is assigned the
pyrroledione structure (299) on the basis of its i.r. and
n.m.r. absorption. In particular its i.r. spectrum lacked
bands due to an amide or an ester group but contained broad
absorption at 3400-2500 cm and carbonyl bands at 1770 and
1725 cm consistent with the presence of lactain and cyclic
imide moieties. In further accord with the structure (299),
the 1H n.m.r. spectrum of the minor product contained proton
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resonances due to one methyl and one ethyl group but lacked
signals due to the alkyl component of an ethyl ester
substituent. The formation of the cyclic imide (299) in the
thermal condensation of the amine (263) with amido-ester
(297) presumably occurs via the thermal condensation of the
amide and the ester substituents in the initially formed
amido-ester (298).
The attempted extension of the foregoing
imidazopyridinone syntheses to the formation (Scheme 105) of
the cyano-ester (300) by thermal condensation of the amine
(263) with ethyl cyanoacetate was unsuccessful. Thus
heating the amino-ethoxalylyimidazole (263) with ethyl
cyanoacetate under ref lux in xylene gave after work-up only
the unreacted starting material (263) in essentially
quantitative yield. In contrast, heating the amine (263)
with the more reactive cyanoacetyl chloride in benzene
(Scheme 105) gave a high yield (71%) of a product with
analytical and spectroscopic properties in accord with its
formulation as the expected imidazopyridinone cyano-ester
(300).

Formation of this product (300) is readily

explained (Scheme 105) in terms of the intermediate
formation and spontaneous cyclisation of the cyanoacetamide
derivative (301).
As an alternative approach to obtaining imidazo[4,5]pyridinones with useful functionality at C-6, the aminoethoxalylimidazole (263) was acylated with chloracetyl
chloride (Scheme 106) to give the chloroacetamide derivative
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(302) in quantitative yield. The intention was then to
replace the chioro-substituent in the compound (302) with
different nucleophiles and then to cyclise the resulting asubstituted acetamides to give usefully C-6 functionalised
imidazo[4, 5-]pyridinones. However an initial investigation
into the feasibility of this strategy was unsuccessful.
Heating the chloroacetainide (302) with potassium cyanide in
aqueous ethanol failed to give either the cyanoacetamide
derivative (301) or the cyclised product (300), no
identifiable material being recovered from this reaction.
The use of non-aqueous conditions employing tetraethylammonium cyanide in acetonitrile fared no better and
converted the chioracetamide derivative (302) only into a
complex multicomponent gum. Surprisingly, heating the
chioroacetamide derivative (302) with one equivalent of
pyridine in benzene failed to give the pyridinium salt (303)
the starting material (302) being recovered unchanged in
quantitative yield. In contrast heating the chloroacetamide
derivative in neat pyridine at 100e gave a near quantitative
yield of the cyclised imidazopyridinone pyridinium salt
(304). This compound gave a parent ion at m/z 327 in its
mass spectrum consistent with the assigned structure but was
too unstable to characterise by combustion analysis.
However it was readily converted into a relative stable
fluoroborate salt (304; BF4 for Cl-) which analysed
correctly and had mass, i.r. and 1H n.m.r. absorption in
accord with its structure. The formation of the pyridinium
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salt (304) in the reaction of the chioroacetamide derivative
(302) with pyridine most probably involves the intermediate
formation and cyclisation of the open-chained pyridinium
derivative (303). In further accord with its structure,
heating the pyridinium salt (304) with piperidine in
methanol resulted in the cleavage of the pyridinium ring and
formation in moderate yield of the aminoimidazo[4,5]pyridinone derivative (305) identified on the basis of
combustion analysis and mass, i.r. and 'H n.m.r. spectral
data. The piperidine-catalysed conversion of the pyridinium
salt (304) into the amine (305) is analogous to similar
transformations leading to aminoquinoxalinones and in the
context of the present studies provides a potentially useful
route to 6-aminoimidazopyridinone derivatives.
Acylation of the amino-ethoxalylimidazole (263) with
phenylacetyl chloride in benzene (Scheme 107) gave a
moderate yield of the expected phenylacetamide derivative
(307) together with a low yield of the corresponding
carboxylic acid (306). This product presumably arises by
hydrolysis of the ester group in the initially formed amide
(307) by the hydrogen chloride liberated as a by-product of
the acylation reaction. In an attempt to prevent the
formation of the unwanted carboxylic acid (306) the
acylation was tried using pheylacetyl chloride in 1,4dioxane in the presence of triethylamine. However these
conditions failed to improve the synthesis of the
phenylacetamide ester (307) which was formed only in low
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yield and was accompanied by a complex multicomponent gum.
Heating the phenylacetamide derivative (307) with sodium
ethoxide in ethanol caused cyclisation to occur but
surprisingly the product formed in good yield was not the
expected imidazo[4,5-bpyridinone (308) but rather the
imidazo[4, 5-]azepinedione (309). This unexpected product
analysed correctly and had spectroscopic properties entirely
consistent with the assigned structure. In particular its
i.r. spectrum showed broad absorption at 3500-2200 cm-1 and
carbonyl absorption at 1725 cm attributable to the lactam
NH and enolic OH and enamide/vinylogous enamide components
respectively of the structure (309). The product's 1H n.m.r
spectrum was also consistent with the latter structure. It
is not possible, without further detailed experimentation to
explain the preferred base-catalysed cyclisation of the
phenylacetamide derivative (307) to the seven-membered ring
structure (309) as distinct from the six-membered
imidazopyridinone structure (308).
With the intention of further expanding the scope of
the ring-forming reactions of the amino-ethoxalylimidazole
(263) the latter was heated with dimethyl
acetylenedicarboxylate (Scheme 108) in toluene in the
expectation of forming the Michael-type adduct (310) which
it was hoped would spontaneously cyclise to the
imidazopyridinone triester (312). In practice, however,
this reaction gave only a low recovery of the unreacted
starting material (263) together with intractable gums. The
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4.4 Some Studies on the Synthesis and Reactivity of 3,4Diaminoisoxazole Derivatives

The title studies arose out of attempts to hydrolyse
the ester substituent in the imidazoisoxazole derivative
(248b) to the corresponding carboxylic acid which it was
hoped would undergo decarboxylation to the parent
imidazo[4,5-]isoxazole ring system. However attempted
base-catalysed hydrolysis of the ester (248b) by heating
with aqueous ethanolic sodium hydroxide resulted in the
apparent destruction of the molecule, little or no material
being recovered under these conditions. In contrast
hydrolysis of the imidazoisoxazole ester (248b) by heating
with aqueous ethanolic hydrochloric acid led to an
unexpected result. Depending on the method of work-up the
major product of this reaction isolated in g. 70% yield was
the 3,4-diaminoisoxazole derivative (318b) or its
hydrochloride. The analytical and spectroscopic properties
of the diaminoisoxazole fully confirmed its assigned
structure. In particular its i.r. spectrum contained amino
absorption while its 1H n.m.r spectrum exhibited proton
resonances due to an ethylamino substituent but lacked any
absorption due to a methyl group clearly demonstrating the
absence of the intact imidazole ring. Also isolated in low
yield from the reaction of the imidazoisoxazole (248b) with
aqueous ethanolic hydrochloric acid was the carboxylic acid
derivative (320). The formation of this compound and the

287

corresponding 3,4-diaminoisoxazole ester (318b) from the
imidazoisoxazole (248b) under aqueous acidic conditions is
clearly initiated by hydrolytic opening of the imidazole
ring to afford either or both of the acetyl derivatives
(316b) and/or (317b) followed by further hydrolysis. In
accord with this supposition both intermediates (316b) and
(317b) were isolated in low yield as by-products of the
aqueous acidic hydrolysis of the imidazoisoxazole (248b).
With the 3,4-diaminoisoxazole (318b) in hand it was of
interest to know if the isoxazole ring in this compound
(318b) (see before) would be subject to reductive ringopening. In the case of the diaminoisoxazole (318b) this
would afford the novel multifunctionalised ethene derivative
(319). In practice, however, the diaminoisoxazole (318b)
was recovered unchanged in good yield (72%) after attempted
catalytic hydrogenation over palladium-on-charcoal. The
greater stability of the isoxazole ring in the compound
(318b) to hydrogenolytic ring-opening compared with the
fused system (248b) may be due to the lower ring strain in
the former ring system compared with the latter bicyclic
system.
Because of the adjacency of the amino-substituents in
the 3,4-diaminoisoxazole (318b) this compound should undergo
annulation with suitable acylating agents to afford a
variety of bicylic isoxazole derivatives. The latter should
then be convertible by reductive opening of the isoxazole
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ring into ortho-amino-ethoxalyl intermediates appropriate
for further annulation to fused pyridinones (see before).
In this context it was of particular interest to know if the
diamino-isoxazole (318b) could be converted by acylation
into variously functionalised ixnidazoisoxazoles (Scheme
ill), thereby making the latter starting materials for
imidazopyridinone synthesis (see before) more generally
accessible. However the attempted acetylative cyclisation
of the diaminoisoxazole (318b) to regenerate the
imidazoisoxazole derivative (248b) was unsuccessful (Scheme
111). Thus heating the diaminoisoxazole (318b) with acetic
anhydride afforded only a moderate yield of the diacetyl
derivative (321) rather than the imidazoisoxazole (248b).
The diacetyl derivative (321) had analytical and
spectroscopic properties consistent with the assigned
structure. This orientation rather than a structure with
both acetyl groups on the primary amino nitrogen atom is
supported by the absence of proton resonances due to a free
ethylamino group in the compound's 1H n.m.r. spectrum. The
failure of the diaminoisoxazole (318b) to undergo acylative
annulation to the imidazoisoxazole (248b) is a further
indication of the relatively strained nature of the
imidazo[4 , 5-] isoxazole ring system.
In an alternative approach to the acylative annulation
of the diaminoisoxazole (318b) to imidazo[4,5-c]isoxazole
derivatives it was decided to investigate its conversion
into monoacyl derivatives in the hope that these could be

Et
H

CO2Et

N

I

10

1
H2NN
(318b)

Et

Me

CO2Et

Ph

Et

I

C O2EI

N

0
O>

0

0
H2NN

H2NN

(316b)

(322)

/(iii), (iv)

Ft
'
Ph

CO2Et

O

—<\\ D~"
';
(323)

(i) Me—<

,

Et3N, 1,4-dioxane.

,

Et3N, 1,4-dioxane.

Cl

Ph—<CI

ptsa, toluene, reflux.
P205 H3PO4, 1000.
-

Scheme 112

289

cyclised under more controlled conditions. In practice,
reaction of the diaminoisoxazole (318b) with acetyl chloride
in 1,4-dioxane in the presence of triethylamine (Scheme 112)
afforded only a low yield (35%) of the -acetyl derivative
(316b) previously encountered as a by-product of the acidcatalysed hydrolysis of the iniidazoisoxazole (248b) (see
Scheme 110 before). In contrast the triethylainine-catalysed
condensation of the diaminoisoxazole (318b) with benzoyl
chloride (Scheme 112) gave an excellent yield (92%) of the
benzamide derivative (322) whose structure and orientation
follow from its analytical and mass, i.r. and 'H n.m.r
spectral properties. Because of its greater accessibility
the benzamido derivative (322) rather than the acetamido
compound (316b) was chosen for cyclisation studies. However
the attempted dehydrative cyclisation of the
benzaniidoisoxazole (322) by heating with toluene-4-suphonic
acid in toluene gave only a high recovery of the starting
material (322) with no evidence for the formation of the
hoped for imidazoisoxazole derivative (323). The use of
polyphosphoric acid at 1000 to effect the cyclisation [(322)
-> (323)] was also unsuccessful, these conditions giving
only a low recovery of the starting material plus a complex
gum.
On the assumption that the failure of the 3,4diaminoisoxazole (318b) to undergo annulation with simple
acylating agents to imidazo[4,5-c]isoxazole derivatives (see
Schemes 111 and 112) was due to the relatively strained
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nature of such 5:5-fused bicyclic structures it was next
decided to see if annulation of the diaminoisoxazole (318b)
to a 6:5-fused bicyclic ring system would be any easier
(Scheme 113). To this end the diaminoisoxazole (318b) was
reacted with ethyl oxalyl chloride in 1,4-dioxane in the
presence of triethylamine to give a good yield (77%) of the
expected oxamate derivative (324b) together with a low yield
(6%) of the isoxazolopyrazinedione derivative (325b). Both
products (324b) and (325b) analysed correctly and had
spectroscopic properties fully consistent with their
assigned structures. In addition, heating the oxamate
derivative (324b) in xylene resulted in its smooth
conversion in essentially quantitative yield into the
isoxalopyrazinedione derivative (325b). This compound was
also formed directly though only in moderate yield by the
triethylamine-catalysed condensation of the diaminoisoxazole
(318b) with oxalyl chloride in 1,4-dioxane.
The ready formation of the isoxazolopyrazinedione
(325b) from the diaminoisoxazole (318b) demonstrates the
lower strain in 6:5-fused bicyclic structures of the type
(325) compared with 5:5-fused bicyclic compounds of the
imidazoisoxazole type [e.g. (248)]. The lower ring strain
in the 6:5-fused bicyclic compound (325b) is also
illustrated by the fact that it is recovered unchanged in
high yield after attempted catalytic hydrogenolysis. The
stability of the isoxazole ring in the 6:5-fused bicyclic
compound (325b) towards hydrogenolytic ring-opening is in
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marked contrast to the ready hydrogenolytic opening of the
isoxazole in the 5:5-fused imidazoisoxazole derivative
(248b)
The imidazole ring in the imidazoisoxazole derivative
(248a) also underwent ready acid-catalysed hydrolytic ringopening on treatment with aqueous ethanolic hydrochloric
acid (Scheme 110) giving the 3,4-diaminoisoxazole derivative
(318a) in good yield (66%). As in the case of the N-ethyl
derivative (318b), the j-methyl compound condensed readily
with ethyl oxalyl chloride in the presence of triethylamine
to afford the oxamate derivative (324a) in good yield. The
oxamate (324a) smoothly cyclised on heating in xylene to
afford the corresponding isoxazolopyrazinedione derivative
(325a) in excellent yield (99%). Both compounds (324a) and
(325a) gave analytical and spectroscopic data fully in
accord with their assigned structures.
Despite the lack of success in attempting to annulate
the 3,4-diamionoisoxazole (318b) to the imidazoisoxazole
(248b), it was considered of interest to investigate (Scheme
114) the diazotisation of the diaminoisoxazole (318b) in the
expectation that the resulting diazonium salt (327) would
undergo spontaneous cyclisation to the novel
triazoloisoxazole structure (328). In the event,
diazotisation of the diamino compound (318b) using sodium
nitrite in aqueous hydrochloric acid gave only unchanged
starting material together with a low yield of a product
whose analytical and spectroscopic properties allow its
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formulation as the nitrosamide derivative (329). The use of
ethyl nitrite in ethanolic sodium ethoxide as the
diazotisation agent was no more successful, reaction of the
diaminoisoxazole under these conditions giving only low
yields of complex gums. An attempt (Scheme 114) to
diazotise the diaminoisoxazole (318b) and trap the resulting
diazonium cation (327) with pentane-2,4-dione
(acetylacetone) in weakly basic solution was also
unsuccessful. This reaction gave none of the expected
product of coupling (330), but instead only a complex,
niulticomponent red gum.
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4.5 Experimental Part
General Experimental Methods
See Chapter 2, section 2.4

5-Chloro-1-ethyl-2-methyl-4-nitro-1H-iinjdazole (136b)

5-Chloro-1-ethyl-2-methyl-4-nitro-1H-imidazole (136b)
was prepared as described in chapter 3, section 3.4.

5-Benzenesulphonyl-1-ethyl-2-methyl-4-nitro-1H-imjdazole
(254)

(i) A solution of the chioronitroimidazole (136b) (0.38
g, 0.002 mol) in anhydrous dimethylformainide (5.0 ml) was
treated with sodium benzenesulphinate (0.33 g, 0.002 mol)
and the mixture was stirred at room temperature for 17.5h.
The mixture was evaporated and the residue was treated
with water (5.0 ml) and extracted with dichioromethane to
give a yellow oil (0.69 g). Trituration of the latter with
ethanol gave a solid which was combined with further
material which crystallised from the ethanolic washings to
afford 5-benzenesulphonvl-1-ethvl-2--methyl-4-nitro-1Himidazole (254), (total 0.30 g; 50%) which formed colourless
plates, m.p. 109-1100 (from ethanol), Vmax 1535 and 1330
(NO2) cm, 8H (CDC13) 8.10-7.98 (2H, in, ArH), 7.66-7.50
(3H, m, ArH), 4.34 (2H, q, J 7Hz, CF!2), 2.42 (3H, s, CH3)
and 1.36 (3H, t, J 7Hz, CH3).
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Found: C, 49.0; H, 4.4; N, 14.1%; M, 295
9HN324S requires: C, 48.8; H, 4.4; N, 14.2%; M, 295

Evaporation of the ethanolic filtrate gave an orange
oil (0.15 g) which was shown by t.1.c. in dichioromethaneethyl acetate (1:1) over silica to be a mixture of startingmaterial (136b) and product (254), which was not
investigated further.
(ii) Repetition of the reaction described in (i) but
using a 10% excess of sodium benzenesuiphinate and heating
the mixture at 1000 for lh increased the yield of 5benzenesuiphonyl-1-ethyl-2-methyl-4-nitro-1H-imidazoie (254)
to 90%.

Diethyl 2-(i-Ethyi-2-methyl-4-nitro-1H-imidazol-5VU propane-i, 3-dioate (247b)

(i) A suspension of sodium hyride (0.27 g, 0.011 mol)
in anhydrous dimethylformamide (5.0 ml) was stirred and
treated dropwise at room temperature with a solution of
diethyl propane-1,3-dioate (diethyl malonate) (1.8 g, 0.011
mol) in anhydrous dimethylformamide (2.5 ml). After 10 mm
gas evolution had ceased and the mixture was treated
dropwise with a solution of the chloronitroimidazole (136b)
(1.9 g, 0.01 mol) in anhydrous dimethyiformamide (5.0 ml).
The mixture turned orange red in colour and was stirred at
room temperature for 14h.
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The mixture was evaporated and the residue was treated
with water (10.0 ml) and the resulting red alkaline solution
extracted with dichloroxnethane to give a brown oil (2.3 g).
This was triturated with ether to give a solid which was
combined with further material obtained by evaporating the
ether filtrate and retriturating the resulting oil with
ether to give unchanged chloronitroimidazole (136b) (total
0.46 g; 24%), m.p. 87-890 , identified by comparison (m.p.
and i.r. spectrum) with an authentic sample.
Acidification of the aqueous mother liquor with 2M
aqueous hydrochloric acid (2.8 ml) discharged the red colour
and the solution was neutralised with sodium acetate and
extracted with dichioromethane to give an orange oil (1.1
g). Trituration of the oil with ether gave a solid which
was combined with further material obtained by evaporating
the mother liquor and retriturating the resulting oil with
ether-ethyl acetate to give diethyl 2-(1-ethyl-2-inethyl-4nitro-1H-imidazol-5-yl)propane-1,3-dioate (247b) (total 0.71
g; 23%) which formed colourless blades, m.p. 98-990 (from
ethyl acetate), Vmax 1750 and 1735 (CO) and 1505 and 1315
(NO2) cm, SH (CDC13) 5.86 (lH, 5, CH), 4.24 (211, q, J 7Hz,
CH2), 4.23 (2H, q, J 7Hz, CH2), 3.99 (2H, q, J 7Hz, CH2),
2.44 (3H, s, CH3), 1.29 (3H, t, J 7Hz, CH3) and 1.26 (6H, t,
J 7Hz, CH3).

Found: C, 49.7; H, 6.1; N, 13.4%; M, 313
.1ll10326_requires: C, 49.8; H, 6.1; N, 13.4%; M, 313
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Repetition of the reaction as described in (i) but
heating the mixture at 1000 for lh increased the yield of
the product (247b) to 45% with no unreacted
chloronitroimidazole (136b) being recovered.
Repetition of the reaction as described in (1)
but using the benzenesuiphonyinitroimidazole (254) instead
of the chloronitroimidazole (136b) and heating the mixture
at 1000 for lh gave an increased yield of product (49%)
together with unchanged benzenesulphonylnitroimidazole (254)
(22%)
Repetition of the reaction as described in (i) but
using 2.2 molar equivalents of sodium hydride and 2.2 molar
equivalents of diethyl inalonate and heating the mixture at
1000 for lh gave, after evaporation of the mixture and
treatment with water and dichioromethane, a three phase
mixture. Filtration gave an orange solid which was treated
with 2N aqueous hydrochloric acid and extracted with
dichioromethane to afford the diester (347b) (88%), m.p. 90910 , identified by comparison (m.p. and i.r. spectrum) with
a sample obtained previously.

The Attempted Reaction of Diethyl 2-(1-Ethyl-2-methyl-4nitro-1H-iinidazol-5-yi) propane-i, 3-dioate (247b) with Urea

A solution of the diester (247b) (0.63 g, 0.002 mol) in
anhydrous ethanol (5.0 ml) was treated with a solution of
sodium (0.05 g, 0.002 mol) in anhydrous ethanol (5.0 ml) and
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then with a solution of urea (0.12 g, 0.002 mol) in
anhydrous ethanol (5.0 ml) and the resulting red solution
was heated under ref lux for 7h.
The mixture was evaporated and the residue was
dissolved in water (5.0 ml) and the solution acidified with
2M aqueous hydrochloric acid and extracted with
dichioromethane to give unchanged starting-material (247b)
(0.60 g; 95%), m.p. 94-960 , identified by comparison (m.p.
and i.r. spectrum) with an authentic sample.

Diethyl 2-(1-Nethyl-4-nitro-1H-imidazol-5-yl)propane-1, 3dioate (247a)

A suspension of sodium hydride (2.1 g, 0.088 mol) in
anhydrous dimethylformamide (40.0 ml) was stirred and
treated dropwise at room temperature with a solution of
diethyl malonate (14.1 g, 0.088 mol) in anhydrous
dimethylformamide (20.0 ml). After 10 mm, when gas
evolution had ceased, the mixture was treated dropwise with
a solution of the chloronitroimidazole (136a) (6.6 g, 0.04
mol) in anhydrous dimethylformamide (40.0 ml). The mixture
turned orange and was stirred and heated at 1000 for lh.
The mixture was evaporated and the residue was treated
with water (10.0 ml) and dichioromethane (30.0 ml) and
filtered to afford an orange solid (11.6 g), m.p. 295-2960
(decomp.), Vmax 3700-2700 br and 1600 cm. The solid was
treated with 2M aqueous hydrochloric acid (20.0 nil) and the
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resulting suspension was extracted with dichioromethane to
give an oil which crystallised to afford diethyl 2-(1methyl-4-nitro-1H-imidazol-5-yl)propane-1,3-dioate (247a),
(10.5 g; 92%) as soft waxy needles, m.p. 6465, Vmax 1770
(CO) and 1500 and 1355 (NO2) cm - , SH (CDC13) 7.40 (lH, S,
H-2), 6.11 (lH, 5, CH), 4.25 (4H, q, J 7Hz, Cl2), 3.73 (3H,
S, CH3) and 1.27 (6H, t, J 7Hz, Cl3).

Found: C, 46.4; M, 5.4; N, 14.6%; M+, 285
9HN326requires: C, 46.3; H, 5.3; N, 14.7%; M, 285

Evaporation of the original dichloromethane extract
gave an orange oil (8.5 g) which was shown by t.1.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture which was not investigated further.

Ethyl 2-(1-Ethyl-2--methyl-4-nitro-1H-imidazol-5-yl) -3oxobutanoate (247e)

(i) A suspension of sodium hydride (0.26 g, 0.011 mol)
in anhydrous dimethylforniamide (5.0 ml) was stirred and
treated dropwise at room temperature with a solution of
ethyl 3-oxobutanoate (ethyl acetoacetate) (1.4 g, 0.011
mol) in anhydrous dimethylformamide (2.5 ml). After 10 mm,
gas evolution had ceased and the mixture was treated
dropwise with a solution of the chloronitroimidazole (136b)
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(0.95 g, 0.005 mol) in anhydrous dimethylformarnide (2.5 ml)
and then heated at 1000 for lh.
The mixture was evaporated and the residue was treated
with water (10.0 ml) and extracted with dichioroinethane to
give a brown oil (1.7 g) which was shown by t.l.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
multicoinponent mixture and was therefore not investigated
further.
The aqueous mother liquor was neutralised with 2M
aqueous hydrochloric acid and sodium acetate and extracted
with dichioromethane to give an orange oil (2.0 g) which was
triturated with ether to afford ethyl 2-(1-ethyl-2-methyl-4nitro-lH-iinidazol-5-yl)-3-oxobutanoate (247e) (0.74 g; 53%)
which formed colourless spars, m.p. 129-1300 (from ethyl
acetate), Vmax 3200-2500 br (OH), 1645 (COP) and 1500 and
1345 (NO2) cm - , SH (CDC13) 13.38 (1H, 5, OH) (exch.), 4.16
(2H, q, J 7Hz, CH2), 3.76 (2H, q, J 7Hz, Cl!2), 2.45 (3H, s,
CH3), 1.83 (3H, d, J 0.5 Hz, CH3), 1.23 (3H, t, J 7Hz, CH3)
and 1.13 (3H, t, J 7Hz, CH3).

Found: C, 50.9; H, 6.1; N, 15.0%; M+, 283
CllN3O5_recrnires: C, 50.9; H, 6.1; N, 14.8%; M, 283

Evaporation of the ether mother liquor gave an
intractable brown oil (0.39 g) which yielded no identifiable
material.
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(ii) Repetition of the reaction as described in (i) but
using 3.3 molar equivalents of sodium hydride and 3.3 molar
equivalents of ethyl acetoacetate gave a reduced yield (46%)
of the product (247e).

Ethyl 2-(l-Ethyl-2-xnethyl-1H-imidazol-5-yl) -3-oxo-3phenyipropanoate (247f)

A suspension of sodium hydride (0.26 g, 0.011 mol) in
anhydrous dimethylformaniide (5.0 ml) was stirred and treated
dropwise at room temperature with a solution of ethyl 3-oxo3-phenylpropanoate (ethyl benzoylacetate) (2.1 g, 0.011 mol)
in anhydrous dimethylforinamide (2.5 ml). After 10 mm, gas
evolution had ceased and the mixture was treated dropwise
with a solution of the chioronitroimidazole (136b) (0.45 g,
0.005 mol) in anhydrous dimethylformamide (2.5 ml). The
mixture turned red in colour and was heated at 100 for lh.
The mixture was evaporated and the residue was treated
with water (10.0 ml) and extracted with dichloromethane to
give a red brown oil (3.9 g) which was shown by t.1.c. in
dichloromethane-ethyl acetate (1:1) over silica to be an
inseparable inulticomponent mixture and was therefore not
further investigated.
The aqueous mother liquor was neutralised with 2M
aqueous hydrochloric acid and sodium acetate and extracted
with dichloromethane to give a brown oil which was flash
chromatographed over silica.
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Elution with dichloromethane gave ethyl benzoylacetate
(0.16 g; 7%) identical (i.r. spectrum) to an authentic
sample.
Further elution with dichioromethane gave a gummy semisolid (0.47 g) which was triturated with ether to give ethyl
2-(l-ethyl-2-methyl-1H-inhidazol-5-yl)-3-oxo-3-phenyl
propanoate (247f), (0.30 g; 17%) which formed colourless
spars, m.p. 129-1300 (from ethanol), Vmax 3200-2500 br (OH),
1640 and 1615 (CO) and 1490 and 1330 (NO2) cm, SH (CDC13)
13.92 (1H, 5, OH)(exch.), 7.92-7.22 (5H, m, ArH), 4.28-4.16
(2H, ni, CH2), 3.47 (2H, q, J 7Hz, CH2), 2.34 (3H, s, CH3),
1.15 (3H, t, J 7Hz, CH3) and 0.98 (3H, t, J 7Hz, CH3) , SC
(CDC13) 173.9 (quat.), 171.4 (quat.), 144.5 (quat.), 143.2
(quat.), 133.1 (quat), 131.0 (CH), 128.2 (CH), 127.3 (CH),
126.2 (quat.), 90.4 (quat.), 61.5 (CH2), 39.1 (CH2), 14.1
(CH3), 13.8 (CH3) and 13.2 (CH3).

Found: C, 59.2; H, 5.6; N, 12.4%; M+, 345
1f10395_requires: C, 59.1; H, 5.6; N, 12.2%; N, 345

Further elution with dichloromethane-ethyl acetate
through to methanol-ammonia (10:1) gave only small amounts
of intractable gums (total 0.22 g) which were not further
investigated.
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The aqueous alkaline mother liquor was neutralised with
2M aqueous hydrochloric acid and sodium acetate and
extracted with dichloromethane to give an oil which largely
crystallised. The crystalline semi-solid was treated with
ether-ethyl acetate and the crystalline solid obtained
combined with further material obtained by evaporating the
ether-ethyl acetate mother liquor and triturating the
residue with ethyl acetate to give ethyl 2-benzenesulphonyl2-(1-ethyl-2-niethyl-4-nitro-1H-imidazol-5-yl)ethanoate (273)
(total 1.31 g; 68%) which formed colourless ineedles, in.p.
146-147 (from ethanol), Vmax 1755 (CO) and 1515 and 1345
(NO2) cm, 6H (CDC13), 7.95-7.81 (2H, m, ArH), 7.69-7.24
(3H, m, ArH), 6.69 (lH, S, CH), 4.41-4.07 (4H, in, 2 x CH2),
2.51 (3H, S , CH3), 1.44 (3H, t, J 7Hz, CH3) and 1.19 (311,
t, J 7Hz, CH3).

Found: C, 50.3; H, 5.2; N, 10.8%,

mhz, 240 (11+ - PhS02)
9010396S requires: C, 50.4; H, 5.0; N, 11.0%;
11,
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Evaporation of the ethyl acetate mother liquor gave an
orange oil (0.90 g) which was shown by t.l.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture and therefore was not investigated
further.
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Ethyl 2-(l-Ethyl-2-methyl-4-nitro-lH-imidazol-5-yl) -2phenylethanoate (278a)

A suspension of sodium hydride (1.1 g, 0.044 mol) in
anhydrous dimethylformamide (20.0 ml) was stirred and
treated dropwise at room temperature with a solution of
ethyl 2-phenylethanoate (7.2 g, 0.044 mol) in anhydrous
dimethylformamide (10.0 ml). After 20 min gas evolution had
ceased and the mixture was treated dropwise with a solution
of the chloronitroimidazole (136b) (3.8 g, 0.02 mol) in
anhydrous dimethylforinamide (10.0 ml). The mixture turned
blue in colour and was heated at 1000 for lh.
The mixture was evaporated and the residue was treated
with water (20.0 ml). The blue colour was discharged and
the precipitated brown solid was collected and washed with
ethanol to give ethyl 2-(1-ethyl-2-methyl-4-nitro-1Himidazol-5-yl)-2-phenylpropanoate (278a) (5.7 g; 89%) as
pale brown rectangular spars, m.p. 172_1730 (from ethanol),
Vmax 1730 (CO) and 1540 and 1335 (NO2) cm - , SH 7.38-7.14
(5H, m, ArH), 6.08 (lH, 5, CH), 4.24 (2H, q, J 7H, CH2),
4.11-3.66 (2H, m, CH2), 2.38 (3H, 5, CH3), 1.33 (3H, t, J
7Hz, CH3) and 0.79 (3H, t, J 7 Hz, CH3)

Found: C, 60.3; H, 6.1; N, 13.2%; M+, 317
C1019N324requires: C, 60.6; H, 6.0; N, 13.2%; M, 317
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Evaporation of the ethanolic mother liquor gave an
orange gum (0.88 g) which was shown by t.l.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture which was not further investigated.
Workup of the aqueous mother liquor gave no other
identifiable material

Ethyl 2- (4-Nitrophenyl) ethanoate (277b)

Ethyl 2-(4-nitrophenyl)ethanoate (277b) was prepared by
the esterification of 4-nitrophenylacetic acid with ethanol
in the presence of concentrated sulphuric acid under
standard conditions, yield 99%, m.p. 59-60°, (lit.78, 64).

Ethyl 2-(l-Ethyl-2-methyl-4-nitro-1H-imidazol-5-yl)-2-(4nitrophenyl) ethanoate (278b)

A suspension of sodium hydride (0.26 g, 0.011 mol) in
anhydrous dimethylformamide (5.0 ml) was stirred and treated
dropwise at room temperature with a solution of ethyl 2-(4nitrophenyl)ethanoate (277b) (2.3 g, 0.011 mol) in anhydrous
dimethylformamide (2.5 ml). The mixture turned purple in
colour and gas was evolved. After 10 min a solution of the
chioronitroimidazole (136b) (0.95 g, 0.01 mol) in anhydrous
dimethylformamide (2.5 ml) was added dropwise with stirring
and the mixture was stirred and heated at 1000 for lh.
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The mixture was evaporated and the residue was treated
with water (20.0 ml) and extracted with dichioromethane to
give a brown oil (4.3 g) which was triturated with ether to
afford ethyl 2-(l-ethyl-2-methyl-4-nitro-1H-imidazol-5-yl) 2-(4-nitrophenyl)ethanoate (278b) (1.5 g, 84%) which formed
colourless rectangular spars of the ethanol solvate, m.p.
115-1170 (from ethanol), Vmax 3520 (OH), 1740 (CO) and 1535,
1520, 1345 and 1315 (NO2) cm - , SH [(CD3)2S0] 8.21 (2H, d, J
9Hz, ArH), 7.58 (2H, d, J 9Hz, ArH), 6.03 (1H,

5,

CH), 4.32-

3.87 (4H, m, 2 x CH2), 3.49-3.24 (2H, m, CE!2), 2.41 (3H, s,
CH3), 1.07 (3H, t, J 7Hz, Cl3), 1.05 (3H, t, J 7Hz, CE!3),
and 0.97 (3H, t, J 7Hz, CH3).

Found: C, 52.6; H, 5.9; N 13.7%;
M+, 362 (M - CH3CH20H)
9110496.03CH20H requires: C, 52.9; H, 5.9; N, 13.7%;
N, 408

Evaporation of the ethereal mother liquor gave a red
brown oil (1.7 g) which was shown by t.1.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture and therefore was not investigated
further.
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The aqueous mother liquor was neutralised with 2M
aqueous hydrochloric acid and sodium acetate and extracted
with dichloromethane to give a red oil which was triturated
with ether to afford 4-nitrobenzoic acid (0.08 g; 2%) m.p.
229-230°' identified by comparison (in.p. and i.r. spectrum)
with an authentic sample.
Evaporation of the ethereal mother liquor gave a red
oil (0.54 g) which was shown by t.l.c. in dichioromethaneethyl acetate (1:1) over silica to be a multicomponent
mixture and therefore was not investigated further.

Ethyl 2-Cyano-2-(l-ethyl-2-methyl-4-njtro-lI-i-jmidazol-5yflethanoate (247d)

(i) A suspension of sodium hydride (0.27 g, 0.011 mol)
in anhydrous dimethylformamide (5.0 ml) was stirred and
treated dropwise with a solution of ethyl 2-cyanoethanoate
(ethyl cyanoacetate) (1.2 g, 0.011 mol) in anhydrous
dimethylformamide (5.0 ml). Gas evolution occurred and
after stirring at room temperature for 10 min the mixture
was treated dropwise with stirring with a solution of the
chioronitroimidazole (136b) (1.9 g, 0.01 mol) in anhydrous
dimethylformamide (5.0 ml). The mixture turned bright
orange in colour and was stirred at room temperature for
15h.

LI:

The mixture was evaporated and the residue was treated
with water (10.0 ml) and filtered to afford unchanged
starting-material (136b) (0.20 g; 10%), m.p. 79-840 ,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.
Extraction of the alkaline aqueous mother liquor with
dichloromethane gave an orange oil (3.0 g) which was shown
by t.l.c. in dichloromethane-ethyl acetate (1;1) over silica
to be a multicomponent mixture and therefore was not
investigated further.
Acidification of the aqueous mother liquor with
concentrated hydrochloric acid discharged the red colour and
precipitated an oil which solidified on rubbing. The solid
was collected and combined with further material obtained by
extracting the aqueous mother liquor with dichloromethane
and triturating the resulting oil with ether-ethanol to give
ethyl 2-cyano-2- (1-ethyl-2-methyl-4-nitro-1H-jmidazol-5yl)ethanoate (247d), (total 1.5 g; 55%) which formed
colourless blades, m.p. 139-1400 (from ethyl acetate), Vmax
2225 (CN) , 1755 (CO) and 1510 and 1310 (NO2) cm, 8H
(CDC13) 4.57-4.06 (4H, m, 2 x CH2), 2.54-2.33 (3H, m, CH3)
and 1.55-1.24 (6H, m, 2 x Cl3).

Found: C, 49.4; H, 5.3; N, 21.1%; M+, 266
1L1 _requires; C, 49.6; H, 5.3; N, 21.0%; N, 266
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Evaporation of the ether-ethanol mother liquor gave a
red oil (0.23 g) which was shown by t.l.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
inulticomponent mixture and therefore was not investigated
further.
(ii) Repetition of the reaction as described in (i) but
using 2.2 molar equivalents of sodium hydride and 2.2 molar
equivalents of ethyl cyanoacetate and heating the mixture at
1000 for lh increased the yield of product (247d) to 91%.

The Attempted Reaction of Ethyl 2-Cyano-2-(1-ethyl-2-methyl4-nitro-lH-imidazol-5-yl)ethanoate (247d) with Hydrazine

(a) A solution of the nitroimidazole (247d) (0.53 g,
0.002 mol) in ethanol (10.0 ml) was treated with hydrazine
monohydrate (0.01 g, 0.002 mol) and the red mixture was
heted under ref lux for 2h.
The mixture was evaporated to give a red gum (0.66 g)
which was dissolved in water (5.0 ml), the solution was
acidified with 2M aqueous hydrochloric acid (1.0 ml), then
neutralised with sodium acetate and extracted with
dichioroniethane to give unchanged starting-material (247d)
(0.47 g; 89%), m.p. 130-1320 , identified by comparison (m.p.
and i.r. spectrum) with an authentic sample.
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(b) A solution of the nitrile (247d) (0.53 g, 0.002
mol) in ethanol (10.0 ml) was treated with hydrazine hydrate
(0.20 g, 0.004 mol) and the resulting red solution was
heated under ref lux for 15h.
The mixture was evaporated and the residue was
dissolved in water (5.0 ml) and the solution neutralised
with 2M aqueous hydrochloric acid and sodium acetate and
extracted with dichioromethane to give an orange gum (0.38
g). Trituration with ether-ethyl acetate afforded unchanged
starting-material (247d) (0.04 g; 8%), m.p. 109-110°,
identified by comparison (m.p., t.l.c. and i.r. spectrum)
with an authentic sample.
Evaporation of the ether-ethyl acetate mother liquor
gave an orange gum (0.25 g) which was shown by t.l.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture and therefore was not investigated
further.

Ethyl 2-Carbamoyl-2- (l-ethyl-2-methyl-4-njtro-lH-iinidazol-5yl)ethanoate (256b)

(a) The nitrile (247d) (0.53 g, 0.002 mol) was treated
with polyposphoric acid (14.5 g) and the resulting paste was
stirred and heated at 1000 for 10 mm. Water (10.0 ml) was
added and the resulting solution was extracted with
dichloromethane to give a yellow gum (0.10 g) which was
shown by t.l.c. in dichioroinethane-ethyl acetate (1:1) over
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silica to be a multicomponent mixture which was not
investigated further.
The aqueous acidic mother liquor was neutralised with
50% w/w aqueous sodium hydroxide and glacial acetic acid and
extracted with dichioromethane to give ethyl 2-carbamoyl-2(l-ethvl-2-inethyl-4-nitro-1H-imidazol-5-yl)ethanoate (256d),
(0.22 g; 38%) which formed yellow plates, m.p. 163-164 0
(from ethyl acetate), Vmax 3340 and 3175 (NH), 1745 and 1705
(CO) and 1505 and 1340 (NO2) cm - , SH [(CD3)3S0] 7.83-7.63
(1H, bs, NH), 7.63-7.50 (1H, bs, NH), 5.54 (1H, s, CH), 4.15
(2H, q, J 7Hz, CH2), 4.09 (2H, q, J 7Hz, CH2), 2.43 (3H, s,
CH3), 1.23 (3H, t, J 7Hz, CH3) and 1.14 (3H, t, J 7Hz, CH3).
Found: C, 46.2; H, 5.7; N, 19.7%; M+, 284
91016H425 requires: C, 46.5; H, 5.7; N, 19.7%; M, 284

Evaporation of the ethyl acetate crystallisation mother
liquor gave an orange gum (0.11 g) which was shown by t.l.c.
in dichioroinethane-ethyl acetate (1:1) over silica to be a
multicoinponent mixture and was therefore not investigated
further.
(b) The nitroimidazole derivative (247d) (2.7 g, 0.01
mol) was added in portions with stirring to concentrated
sulphuric acid (11.0 g) and the resulting orange solution
was stirred at room temperature for 16h.
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The mixture was then treated with ice (50 g) and
neutralised with 8M aqueous sodium hydroxide and glacial
acetic acid. The precipitated solid was collected and
combined with further material obtained by extracting the
aqueous mother liquor with dichioromethane and triturating
the resulting gum (0.28 g) with ethyl acetate to give ethyl
2-carbamoyl-2-(l-ethyl-2-methyl-4-nitro-1H-imidazol-5yl)ethanoate (256b) (total 2.7 g; 95%) identified by
comparison (m.p. and i.r. spectrum) with a sample obtained
before.

Ethyl 2-Cyano-2-(l-methyl-4-nitro-IH-iniidazol-5_yl)ethanoate
(247c)

A suspension of sodium hydride (0.26g, O.011inol) in
anhydrous dimethylformamide (10.0ml) was stirred and treated
dropwise at room temperature with a solution of ethyl
cyanoacetate (1.2 g, 0.011 mol) in anhydrous
dimethylforinamide (5.0 ml). After 10 min gas evolution had
ceased and the mixture was treated dropwise with a solution
of the chioronitroimidazole (136a) (1.6 g, 0.01 mol) in
anhydrous dimethylformamide (5.0 ml). The mixture turned
bright red in colour and was stirred at room temperature for
16h.
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The mixture was evaporated and residue was treated with
water (10.0 ml) to give an insoluble solid which was
collected and combined with further material obtained by
extracting the aqueous mother liquor with dichlorornethane
and triturating the oil obtained on evaporation with ether
to give unchanged chioronitroimidazole (136a) (total 0.36 g;
22%), m.p. 145-1460 , identified by comparison (m.p. and i.r.
spectrum) with an authentic sample. Evaportion of the ether
mother liquor gave an intractable brown oil (0.97 g) which
yielded no identifiable material.
The aqueous mother liquor was neutralised with 2M
aqueous hydrochloric acid and sodium acetate and extracted
with dichloromethane to give an oil (2.5 g) which was dry
column flash-chromatographed over silica.
Elution with dichioromethane-ethyl acetate (2:1)
afforded ethyl 2-cyano-2- (1-methyl-4-nitro-1H-jmidazol-5yl)ethanoate (247c) (1.2 g; 59%) as a clear orange gum, Vmax
2265 (CN), 1750 (CO) and 1510 and 1360 (NO2)cm 1, S11 (CDC13)
7.53 (1H, S, H-2), 6.20 (lH, S, CH), 4.33 (211, q, J 7Hz,
CH2), 3.84 (3H, S, CH3) and 1.32 (3H, t, J 7Hz, CH3)

Found: C, 44.8; H, 4.4; N, 23.1%; m/z 195
__requires: C, 45.4; H, 4.2; N, 23.5%; M, 238
Further elution with dichloromethane-ethyl acetate (1:1)
through to methanol gave only small amounts of intractable
gums (total 0.30 g) which were not investigated further.

314

Ethyl 2-Carbamoyl-2- (l-methyl-4-nitro-1H-imidazol-5yl)ethanoate (256a)
The nitrile (247c) (0.87 g, 0.004 mol) was cooled (ice
bath) and treated cautiously with 98% w/w aqueous sulphuric
acid (2.4 ml) The resulting orange solution was stirred at
room temperature for 20h and then treated with ice (15 g).
The mixture was neutralised with 6M aqueous sodium
hydroxide and glacial acetic acid and extracted with
dichioromethane to give a yellow gum (1.0 g) which was
triturated with ether to afford ethyl 2-carbamoyl-2-(lmethvl-4-nitro-1H-imidazol-5y1)ethanoate (256a), (0.82 g;
87%) which formed colourless spars, in.p. 157-1580 (from
ethanol), Vmax 3330, 3240 and 3185 (NH2), 1730 and 1695 (CO)
and 1510 and 1340 (NO2) cm, SH [(CD3)2S0] 7.84 (1H, 5, H2), 7.78 (1H, s, NH), 7.57 (lH, s, NH), 5.69 (1H, s, CH),
4.17 (2H, q, J 7Hz, CE!2), 3.69 (3H, s, CE!3) and 1.16 (3H, t,
J 7Hz, CH3).
Found: C, 42.3; H, 4.8; N, 22.1%; m/z 213

.9012N425 requires: C, 42.2; H, 4.7; N, 21.9%; M, 256

Evaporation of the ethereal mother liquor gave a yellow
oil (0.09 g) which was shown by t.l.c. in dichloromethaneethyl acetate (1:1) over silica to be a multicomponent
mixture which was therefore not investigated further.
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2-Cyano-2- (1-ethvl-2-methyl-4-nitro-1H-imidazol-5yl)ethanamide (270)

A suspension of sodium hydride (0.54 g, 0.022 mol) in
anhydrous dimethylformamide (10.0 ml) was stirred and
treated dropwise at room temperature with a solution of 2cyanoethanamide (1.9 g, 0.022 mol) in anhydrous
dimethylformamide (10.0 ml). After 5min gas evolution had
ceased and the mixture was treated dropwise with stirring
with a solution of the chioronitroimidazole (136b) (3.8 g,
0.02 mol) in anhydrous di.methylformamide (15.0 ml). The
mixture turned dark red in colour and was stirred at room
temperature for 14h.
The mixture was evaporated, the residue was treated
with water (20.0 ml) and the resulting alkaline solution was
extracted with dichioromethane to give an orange oil (3.5 g)
which was triturated with ether-ethyl acetate to give
unchanged chloronitroimidazole (136b) (0.59 g; 16%), m.p.
87-880 , identified by comparison (m.p. and i.r. spectrum)
with an authentic sample.
Evaporation of the ether-ethyl acetate mother liquor
gave a brown oil (1.9 g) which was shown by t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture which was therefore not investigated
further.
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The aqueous alkaline mother liquor was neutralised with
2M aqueous sulphuric acid and sodium acetate and treated
with dichloroinethane. Filtration of the resulting three
phase mixture gave a solid which was combined with further
material obtained by evaporating the dichloromethane extract
and triturating the resulting oil with ethyl acetate to give
2-cyano-2- (1-ethyl-2-methyl-4-nitro-1H-imidazol-5yl)ethanamide (270) (total 2.2 g; 47%) which formed light
brown spars, ni.p. 163-1640 (from ethanol-water), Vmax 3410,
3310, 3270, and 3170 (NH), 2260 (CN), 1690 (CO) and 1535 and
1340 (NO2)cm, SH [(CD3)2S0] 7.68 (1H, s, NH), 7.60 (1H, 5,
NH) 6.08 (lH, s, CH), 4.13 (2H, q, H 7Hz, CH2), 2.43 (3H, 5,
CH3) and 1.25 (3H, t, J 7Hz, CH3).

Found: C, 45.6; H, 4.8; N, 29.6%; M+ + H, 238
991111H523 requires: C, 45.6; H, 4.7; N, 29.5%; M,

237

Evaporation of the ethyl acetate mother liquor gave a
brown oil (0.32 g) which was shown by t.l.c. in
dichioroinethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture which therefore was not further
investigated.
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Ethyl 4-Ethyl--5-methyl-4H-imidazof 4,5-c] isoxazole-3carboxylate (248b)
A solution of the diester (247b) (3.1 g, 0.01 mol)
in anhydrous toluene (20.0 ml) was heated under ref lux for
23h.
The mixture was evaporated and the residue was
triturated with ether-ethyl acetate to give ethyl-4-ethyl-5-nlethyl-4H-imidazol4,5-clisoxazole-3-carboxylate (248b) (2.1
g; 92%) which formed colourless spars, m.p. 113-1140 (from
ethyl acetate), Vmax 1725 (CO) cm, SH (CDC13) 4.44 (2H, q,
J 7Hz, Cu 2), 4.20 (2H, q, J 7Hz, Cl!2), 2.55 (3H, S, CH3),
1.42 (311, t, J 7Hz, CH3) and 1.37 (3H, t, J 7Hz, CH3).

Found: C, 53.9, 5.9; N, 18.9%; M+, 223
HN-O _requires: C, 53.8; 5.9; N, 18.8%; M, 223

Evaporation of the ether-ethyl acetate mother liquor
gave a red gum (0.19 g) which was shown by t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture and therefore was not investigated
further.
A solution of the diester (247b) (0.63 g, 0.002
mol) in anhydrous diglyme (5.0 ml) was heated at 1300 (oil
bath) for 1.5h.
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The mixture was evaporated and the residual oil was
trituratd with ether to give ethyl 4-ethyl-5-methyl-4Himidazo[4,5-]isoxazole--3-carboxylate (248b), (0.22 g; 49%),
m.p. 107_1110, identified by comparison (m.p. and i.r.
spectrum) with an authentic sample prepared before.
Evaportion of the ethereal mother liquor gave an orange
oil (0.47 g) which was shown by t.l.c. in dichloromethaneethyl acetate (1:1) over silica to be a multicomponent
mixture and therefore was not investigated further.
(c) A solution of the diester (247b) (3.1 g, 0.01 mol)
in 1,4-dioxane (20.0 ml) was heated under ref lux for 9h.
The mixture was evaporated and the residue was
triturated with ether to give a solid (2.2 g) which was
shown by t.1.c. in dichloromethane-ethyl acetate (1:1) over
silica and by its i.r. spectrum to be a mixture. The solid
was dissolved in dichioromethane (10.0 ml) and the solution
treated with 2M aqueous sodium hydroxide (5.0 ml). The
resulting three phase mixture was filtered and the insoluble
orange solid (0.24 g) was combined with the aqueous alkaline
phase and acidified with 2M aqueous hydrochloric acid.
Extrction with dichlormethane gave unchanged startingmaterial (247b) (0.72 g; 23%), m.p. 93-960 , identified by
comparison (m.p. and i.r. spectrum) with an authentic
sample.
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The original dichloromethane layer was evaporated and
the resulting oily solid washed with ether to give ethyl-4ethyl-5-methyl-4H-imidazol4 5-cl isoxazole-3-carboxylate
(248b) (1.2 g; 52%), m.p. 103-109°, identified by comparison
(m.p. and i.r. spectrum) with an authentic sample prepared
before.

The Attempted Therniolysis of Diethyl 2-(l-Ethvl-2-methyl-4nitro-1H-iniidazol-5-yl) propane-1 3-dioate (247b) in Glacial
Acetic Acid

The diester (247b) (0.63 g, 0.002 mol) was dissolved in
glacial acetic acid (5.0 ml) and the resulting yellow
solution was heated under ref lux for 1.5h.
The mixture was evaporated and the resulting brown oil
(0.71 g) was flash-chromatographed over silica.
Elution with dichioromethane-ethyl acetate (10:1)
through ethyl acetate to methanol-ammonia (5:1) gave only a
series of intractable gums and glasses (total 0.7 g) from
which no identifiable material could be obtained.

Ethyl

1.

isoxazole-3-carboxylate

(248a)
(a) A solution of the diester (247a) (1.1 g, 0.004 mol)
in anhydrous toluene (25.0 ml) was heated under ref lux for
56h.
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The mixture was evaporated to give a brown semi-solid
(0.79 g). This was triturated with ethyl acetate to afford
a solid which was combined with further material obtained by
evaporating the ethyl acetate mother liquor and
retriturating the residue with ether-ethanol to give ethyl
4-methyl-4H-imidazol4,5-clisoxazole-3-carboxylate (248a),
(total 0.55 g; 70%) which formed light brown blades, m.p.
140-1420 (from ethanol), Vmax, 1730 (CO) cm-1, SH (CDC13)
7.86 (1H, S, H-5), 4.46 (2H, q, J 7Hz, CH2), 3.89 (3H, s,
CH3), and 1.41 (3H, t, J 7Hz, CH3).

Found: C, 49.2; H, 4.6; N, 21.4%; M+, 195
900303requires: C, 49.2; H, 4.7; N, 21.5%; M, 195

Evaporation of the ether-ethanol mother liquor gave a
brown oil (0.19 g) which was shown by t.l.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture and was not further investigated.
(b) A solution of the diester (247a) (4.3 g, 0.015 mol)
in xylene (30.0 ml) was heated under ref lux for 8h with
provision for the removal of any ethanol formed.
Evaporation of the mixture and trituration of the
residue with ethanol gave a brown solid which was combined
with further material obtained by evaporating the ethanolic
filtrate and triturating the resulting brown gum with
methanol to give ethyl 4-methyl-4H-imidazol4 .5-cl isoxazole3-carboxylate (248a) (total 1.7 g; 58%), m.p. 139-1400,
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identified by comparison (m.p. and i.r. spectrum) with an
authentic sample prepared before.
Evaporation of the methanolic mother liquor gave a dark
brown gum (1.0 g) which was shown by t.l.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
multicoTnponent mixture from which no identifiable material
could be obtained.

3-Acetyl-4-ethyl-5-methyl-4H-imidazo[4,5-cljsoxazole (248e)

A solution of the keto-ester (247e) (0.57 g, 0.002 mol)
in anhydrous toluene (5.0 ml) was heated under ref lux for
23h.
The mixture was evaporated and the residue was
triturated with ether-b.p. 40-600 light petroleum to give
acetyl-4-ethyl-5-methyl-4H-jmidazol4 ,5-cl isoxazole (248e)
(0.37 g; 94%) which formed pale brown needles, m.p. 116-1170
(from toluene), Vmax 1695 (CO) cm, SH (CDC13) 4.21 (2H, q,
J 7Hz, Cu2), 2.62 (3H, s, Cl3), 2.53 (31, 5, Cl3) and 1.36
(3H, t, J 7Hz, Cr13).

Found: C, 55.7; H, 5.7; N, 21.6%; N+, 193
C011N322requires: C, 56.0; H, 5.7; N, 21.8%; N, 193
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Evaporation of the ether-light petroleum mother liquor
gave an orange gummy semi-solid (0.04 g) which was shown by
t.1.c. in dichloromethane-ethyl acetate (1:1) over silica to
be a multicomponent mixture which therefore was not
investigated further.

3-Benzoyl-4-ethyl-5-methyl-4H-jinfdazol4,5-cjjsoxazole (248f)
A solution of the keto-ester (247f) (0.35 g, 0.001 mol)
in anhydrous toluene (2.5 ml) was heated under ref lux for
39h.
The mixture was evaporated and the residue was
triturated with ether to give a solid which was combined
with further material obtained by evaporating the ethereal
washings and triturating the resulting gummy semi-solid with
ethanol to give 3-benzoyl-4-ethyl-5-methyl-4H-imidazol4, 5clisoxazole (248f), (total 0.22 g; 88%) which formed pale
brown needles, ni.p. 106-1070 (from ethanol), Vmax 1670
(CO)cm' SH (CDC13) 8.33-8.19 (2H, m, ArH), 7.65-7.43 (311,
m, ArH), 4.34 (2H, q, J 7Hz, CH2), 2.57 (3H, 5, CH3) and
1.38 (311, t, J7Hz, CH3)

Found: C, 65.7; H, 5.1; N, 16.4%; M+, 225
9H1N322requires: C, 65.9; H, 5.1; N, 16.5%; M, 255
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Evaporation of the ethanolic mother liquor gave an
intractable red gum (0.07 g) which was not further
investigated.

Thermolysis Reactions of Ethyl 2-Carbamoyl-2-(l-Ethyl-2methyl-4-nitro-1H-imidazol-5-yl) ethanoate (256b)
(a) In toluene
A solution of the amide (256b) (0.57 g, 0.002 mol) in
toluene (50.0 ml) was heated under ref lux for 24h.
The mixture was evaporated and the residue was
triturated with ethanol to give 4-ethyl-5-methyl-4Himidazo[4,5-c]isoxazole-3-carboxamide (248h) (0.20 g; 51%),
m.p. 183-184 0 , identified by comparison (m.p. and i.r.
spectrum) with an authentic sample.
The ethanolic mother liquor was evaporated and the
residue was flash-chromatographed over silica.
Elution with dichloromethane-ethyl acetate (5:1)
yielded ethyl 4-ethyl-5-methyl-4-imidazo[4 , 5-]isoxazo1e-3carboxylate (248b), (0.10 g; 22%) m.p. 107-1080 , identified
by comparison (m.p. and i.r. spectrum) with an authentic
sample.
Further elution with ethyl acetate afforded 2-(4-amino1-ethyl-2-methyl-1H-imidazol-5-yl) -2-oxoethanamide (264),
(0.04 g; 11%) which formed orange plates, m.p. 202-2030
(from ethanol), Vmax 3480 and 3380 (NH) and 1695, 1690 and
1660 (CO) cm, SH [(CD3)2S0] 8.25-7.93 (lH, bs, NH), 7.937.63 (lH, bs, NH), 7.25-7.00 (2H, bs, NH2) (exch.), 4.14
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(2H, q, J 7Hz, CH2), 2.23 (3H,

5,

CH3) and 1.15 (3H, t, J

7Hz, CH3).
Found: C, 49.1; H, 6.3; N, 28.5%; M+, 196
c0N422requires: C, 49.0; H, 6.2; N, 28.6%; M, 196

Further elution with methanol and then methanol-ammonia
(5:1) gave only intractable brown glasses (total 0.13 g).

(b) In diglyme
A solution of the amide (256b ) (0.57 g, 0.002 mol) in
diglyme (5.0 ml) was heated at 1200 for 2h.
The mixture was evaporated and the residue was
triturated with ethyl acetate to give 4-ethyl-5-methyl-4Himidazol4,5-clisoxazole-3-carboxamide (248h) (0.23 g; 53%)
which formed colourless plates, m.p. 193-1940 (decomp.)
(from ethanol), Vmax 3420, 3330 and 3160 (NH) and 1695 (CO)
cm - , SH [(CD3)2S0] 8.40-8.05 (lH, bs, NH) (exch.), 8.057.75 (1H, bs, NH) (exch.), 4.21 (2H, q, J 7Hz, CH2), 2.52
(3H, s, CH3) and 1.27 (3H, t, J 7Hz, CH3).

Found: C, 49.3; H, 5.2; N, 28.9%; M, 194
900422requires: C, 49.5; H, 5.2; N, 28.9%; N, 194
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Evaporation of the ethyl acetate mother liquor gave a
red oil (0.28 g) which was shown by t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture which was not therefore investigated
further.
(c) In the absence of solvent
The amide (256b) (0.28 g, 0.001 mol) was heated in
a "cold finger" sublimation tube at 1600 (Wood's metal bath)
under reduced pressure (water pump) for 10min during which
time the solid melted and evolved gas.
After cooling, the residue in the sublimation tube was
triturated with ether-ethyl acetate to give 4-ethyl-5methyl-4H-imidazo[4,5-c]isoxazole-3-carboxamide (248h),
(0.10 g; 50%), m.p. 180-1810 , identified by comparison (m.p.
and i.r. spectrum) with an authentic sample prepared before.
Evaporation of the ether-ethyl acetate mother liquor
gave a brown gum (0.06 g) which was shown by t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture and therefore was not investigated
further.
Repetition of the reaction as described in (i) on
a larger scale (1.1 g, 0.004 mol) gave a brown gum (0.86 g)
which was flash-chromatographed over silica.
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Elution with dichioromethane-ethyl actate (9:1) gave
ethyl 4-ethyl-5-methyl-4H-imidazol4 .5-cl isoxazole-3carboxylate (248b) (0.13 g; 15%) m.p. 108-1090 , identified
by comparison (m.p. and i.r. spectrum) with an authentic
sample.
Further elution with dichioromethane-ethyl acetate
(1:1) and then with ethyl acetate gave a gummy solid which
was triturated with ether-ethyl acetate to afford ethyl 2(4-amino-1-ethyl-2-methyl-lH-iinidazol-5-yl) -2-oxoethanoate
(263) (0.07 g; 8%) identified by comparison (m.p. and i.r.
spectrum) with an authentic sample prepared before.
Further elution with methanol and then with methanolammonia (10:1) gave only intractable brown gums (total 0.54
g) which yielded no identifiable material.

The Thermal Rinq Openinq of Ethyl 4-Ethvl-5-methvl-4Himidazof 4. 5-clisoxazole-3-carboxvlate (248b'
A solution of ethyl 4-ethyl-5-methyl-4H-imidazol4,5c]isoxazole-3-carboxylate (248b) (0.45 g, 0.002 mol) in
anhydrous diglyme (10.0 ml) was heated under ref lux for 23h.
The mixture was evaporated and the residue coevaporated with toluene to give a brown oil (0.95 g) which
was flash-chromatographed over silica.
Elution with ethyl acetate afforded the aminoketoester
(263) (0.29 g; 63%) m.p. 128_1300, identified by comparison
(m.p. and i.r. spectrum) with an authentic sample obtained
before.
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Further elution with methanol and then methanol-ammonia
(5:1) yielded only intractable brown gums which yielded no
identifiable material.

The Attempted Reaction of Ethyl 2-(4-Amino-1-ethyl-2--methyl1H-imidazol-5-yl)-2-oxoethanoate (263) with Hydroxylamine

A solution of the aminoketoester (263) (0.23 g, 0.001
mol) in ethanol (5.0 ml) was treated with a solution of
hydroxyammonium chloride (0.56 g, 0.008 mol) in water (0.75
ml) followed by a solution of sodium acetate (0.66 g, 0.008
mol) in water (1.5 ml) and the mixture was heated under
ref lux for lh.
The mixture was concentrated to remove ethanol and the
residual aqueous liquor was filtered to remove a small
amount of colourless solid (0.05 g), m.p. >315°, Vmax 3320,
1695 and 1650 cm, which resisted further characterisation.
Extraction of the aqueous mother liquor with
dichloromethane gave no other identifiable material.

Ethyl 2-(4-Diacetamido-1-ethyl-2-methyl-1H-jmjdazol-5-yl) -2oxoethanoate (265)

A solution of the aminoketoester (263) (0.23 g, 0.001
mol) in acetic anhydride (2.5 ml) was heated under ref lux
for lh. Evaporation of the mixture and trituration of the
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residue with ether afforded ethyl 2-(4-diacetamido-1-ethyl2-methyl-1H-imidazol-5-yl)-2-oxoethanoate (265) (0.25 g;
84%) which formed colourless blades, in.p. 100_1010 (from
ethanol), Vmax 1730, 1700 and 1655 (CO) cm, SH (CDC13)
4.31 (2H, q, J 7Hz, CH2), 4.25 (2H, q, J 7Hz, CH2), 2.46
(3H, s, CH3), 2.28 (6H, 5, CH3), 1.37 (3H, t, J 7Hz, CH3)
and 1.30 (3H, t, J 7Hz, CH3).

Found: C, 54.4; H, 6.2; N, 13.6%; M+, 309
.914H10325 requires: C, 54.0; H, 6.2; N, 13.6%, N, 309

Evaporation of the ethereal mother liquor gave a brown
oil (0.06 g) which yielded no further identifiable material.

The Attempted Reaction of Ethyl 2-(4-Amino-1-ethvl-2-methvl1H-imidazol-5-yl)-2-oxoethanoate (263) with oPhenylenediamine
A solution of the aminoketoester (263) (0.23 g, 0.001
mol) and 2-phenylenediamine (0.11 g, 0.001 mol) in ethanol
(5.0 ml) was heated under ref lux for lh.
The mixture was evaporated to give an off-white solid
(0.32 g), m.p. 83_900 which was shown by its i.r. spectrum
and t.1.c. in dichioromethane-ethyl acetate (1:1) over
silica to be a mixture of the two starting-materials and
therefore was not further investigated.
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Ethyl 2-(4-Amino-1-ethyl-2-methyl-1H-imidazol-5-yl)-2oxoethanoate (263) Hydrochloride Monohydrate

A solution of the aminoketoester (263) (0.23 g, 0.001
mol) in ethanol (2.5 ml) and 2N aqueous hydrochloric acid
(0.5 ml) was evaporated and the residue co-evaporated with
ethanol to give a yellow gum which was triturated with
ether-ethyl acetate to afford ethyl 2-(4-amino-1-ethyl-2methyl-1H-imidazol-5-yl) -2-oxoethanoate (263) hydrochloride
monohydrate (0.25 g; 90%) which formed yellow spars, m.p.
63-630 (from ethyl acetate), Vmax 3400-2500 br (NH) and 1720
and 1660 (CO) cm, SH [(CD3)2S0] 4.44 (2H, q, J 7Hz, CF!2),
4.13 (2H, q, J 7Hz, CH2), 1.28 (3H, t, J 7Hz, CH3) and 1.21
(3H, t, J 7Hz, CH).

Found: C, 42.6; H, 6.4; N, 15.1%;
225 (M-HC1-H20)
9H10323.H20 requires: C, 42.9; H, 6.5; N, 15.0%;
M, 279

Evaporation of the ether-ethyl acetate mother liquor
gave only a small amount of yellow gum (0.01 g) which was
not further investigated.
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2- (4-Alnino-1-ethyl-2-xnethyl-]jj-jmjdazol-5-yl) -2-oxoethanoic
Acid (266)

The aminoketoester (263) (0.45 g, 0.002 mol) was
treated with 2M aqueous sodium hydroxide (2.5 ml) and the
mixture was heated under ref lux for 5 mm.
The mixture was cooled and its pH adjusted to 6 with 2M
aqueous hydrochloric acid, then filtered to afford 2-(4amino-1-ethyl-2-methyl-1H-jinjdzol-5-yl) -2-oxoethanoic acid
(266), (0.39 g; 100%), which formed colourless plates, in.p.
211-2120 (from glacial acetic acid), Vmax 3475 and 3320
(NH), 3200-2400 br (OH) and 1660 (CO) cm - , SH{(CD3)2S0]
4.08 (2H, q, J 7Hz, CH2), 2.24 (3H, S, CH3) and 1.16 (3H, t,
J 7Hz, CH3 ).

Found: C, 47.5; H, 5.9; N, 17.9%;
197
98H11N303.CH3902H requires: C, 46.7; H, 5.9; N, 16.3%;
N,

197
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The Attempted Decarboxylation of 2-(4-Amino-1-ethyl-2methyl-1H-imidazol-5-yl)--2-oxoethanoic Acid (266)

The carboxylic acid (266) (0.39 g, 0.002 mol) was
heated in a "cold finger" sublimation tube under reduced
pressure (water pump) at 230-2400 (Wood's metal bath) for 5
min during which time the solid melted and evolved gas and a
small amount of brown oil (0.05 g) condensed on the cold
finger.
On cooling the involatile residue in the sublimation
tube formed a green glass (0.17 g).
The oil and the glass were both shown by t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica to be
multicomponent mixtures and therefore were not investigated
further.

The Thermolysis of Ethyl 2-Carbainoyl-2-(l-methyl-4-njtro-1Himidazol-5-yl)ethanoate (256a) in Diglyme

A stirred solution of the amide-ester (256a) (0.51 g,
0.002 mol) in diglyme (5.0 ml) was heated at 1300 (oil bath)
for l9h.
The mixture was evaporated to give a dark brown oil
(0.9 g) which was flash-chromatographed over silica.
Elution with dichloromethane-ethyl acetate (5:1) gave
ethyl 2-(l-methyl-4-nitro-lH-jmjdazol-5-yl)ethanoate (0.07
g; 17%) which formed colourless flaky plates, m.p. 107-1080
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(from ethanol), Vmax 1735 (CO) and 1500 and 1330 (NO2) cm,
SH [(CD3)2S0] 7.81 (1H, 5, H-2), 4.18 (2H, S, CH2), 4.13
(2H, q, J 7Hz, CH2), 3.68 (3H, s, CH3) and 1.19 (3H, t, J
7Hz, CH3).

Found: C, 44.9; H, 5.2; N, 19.4%;
9011N304recrnires: C, 45.1; H, 5.2; N, 19.7%;

Further elution with ethyl acetate gave a yellow oil
which was triturated with ethanol to afford 4-methyl-4Himidazof4, 5-blisoxazole-3-carboxamide (248g), (0.03 g; 8%),
which formed orange blades, m.p. 201-202 (decomp.) (from
acetic acid-water), Vmax 3390 (NH) and 1710 (CO) cm, S11
[(CD3)2S0] 8.38 (1H, s, H-5), 8.75-8.20 (1H, bs, NH)
(exch.), 8.10-7.93 (1H, bs, NH) (exch.) and 3.81 (3H, s,
CH3).

Found: C, 42.8; H, 3.5; N, 33.6%; M+, 166.0485
0022_requires: C, 43.4; H, 3.6; N, 33.7%; M, 166.0491
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Further elution with methanol and then methanol-ammonia
(5:1) gave only intractable brown gums (total 0.35 g) which
were shown by t.l.c. in ethyl acetate over silica to be
multicomponent mixtures which were therefore not further
investigated.

Attempted Thermolysis Reactions of Ethyl 2-Cyano-2-(l-ethyl2-methyl-4-nitro-lH-imidazol-5-yl)ethanoate (247d)

In toluene

A stirred solution of the cyano-ester (247d (0.53 g;
0.002 mol) in anhydrous toluene (15.0 ml) was heated under
ref lux for lh.
Evaporation of the mixture gave a brown gum (0.5 g)
which was shown by t.1.c. in dichloromethane-ethyl acetate
(1:1) over silica to be a complex multicomponent mixture
from which no identifiable material could be obtained.

In diglyme

The cyano-ester (247d) (0.53 g, 0.002 mol) was
dissolved in anhydrous diglyme (5.0 ml) and the resulting
solution was heated at 1250 (oil bath) for lh.
The mixture was evaporated to give a brown oil (0.68 g)
which was flash-chromatographed over silica.
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Elution with dichioromethane though ethyl acetate to
methanol-ammonia (5:1) gave only a series of intractable
gums (total 0.52 g) from which no identifiable material
could be obtained.

(c) In the absence of solvent

The cyano-ester (247d) (0.27 g, 0.001 mol) was heated
in a "cold finger" sublimation tube at 140-1500 (Wood's
metal bath) under reduced pressure (water pump) for 5mm
during which time the melt turned brown in colour and
evolved gas.
The resulting brown glass (0.25 g) was flash
chromatographed over silica.
Elution with dichioromethane through to methanolammonia (10:1) gave only a series of intractable gums (total
0.24 g) from which no identifiable material could be
obtained.

The Attempted Thermolysis of 2-Cyano-2-(1-ethyl-2-methyl-4nitro-lH-imjdazol-5-yl)ethanamjde (270)

The cyano-amide (270) (0.47 g, 0.002 mol) contained in
a "cold finger" sublimation tube was heated at 170_1800
(Wood's metal bath) under reduced pressure (water pump) for
10 min during which time the solid turned brown in colour
and melted.
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The orange brown gum which had condensed on the cold
finger (0.08 g) and the residue in the sublimation tube
(0.29 g) were combined and flash-chromatographed over
silica.
Elution with dichioromethane-ethyl acetate (10:1) gave
2- (l-ethyl-2-methyl-4-nitro-1H-imidazol-5-yl) ethanenitrile
(271), (0.01 g; 3%), m.p. 133-1350 , identified by comparison
(m.p. and i.r. spectrum) with an authentic sample.
Further elution with dichioromethane-ethyl acetate
(5:1) through ethyl acetate to methanol-ammonia (5:1) gave
only a series of intractable gums and glasses which gave no
identifiable material.

The Attempted Thermal Cyclisation of Ethyl-2Benzenesulphonyl-2- (1-ethyl-2-methyl-4-njtro-1H-imjdazol-5yl)ethanoate (273) in Toluene

A solution of the ester (273) (0.76 g. 0.002 mol) in
anhydrous toluene (5.0 ml) was heated under ref lux for 22h.
The mixture was evaporated to give a brown gum which
was triturated with ethanol to afford the unchanged
starting-material (273) (0.44 g; 58%), m.p. 143-1450 ,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.
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Evaporation of the ethanol mother liquor gave a red
brown gum (0.32 g) which was shown by t.l.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
multicoinponent mixture containing further starting-material
(273) which was not further investigated.

The Thermolysis of Ethyl-2-Benzenesulphonyl-2- (l-ethyl-2methyl-4-nitro-1H-imjdazol-5-yl)ethanoate (273) in the
Absence of Solvent.

The ester (273) (0.76 g, 0.002 mol) was heated in a
"cold finger" sublimation tube at 170-1750 (Wood's metal
bath) under reduced pressure (water pump) for lh during
which time the solid melted and evolved gas.
On cooling a brown glass (0.60 g) was formed which was
flash-chromatographed over silica.
Elution with dichioromethane gave a small amount (0.059
g) of an unidentified off-white solid.
Further elution with dichioromethane-ethyl acetate
(5:1) gave 5-benzenesulphonylmethyl-1-ethyl-2-methyl-4nitro-lH-imidazole (276), (0.12 g; 19%) which formed
colourless blades, m.p. 189-1900 (from ethanol), Vmax 1505
and 1345 (NO2) cm, SH [(CD3)2S0] 7.80-7.61 (5H, m, ArH),
5.21 (2H, s, CH2), 4.14 (2H, q, J 7Hz, CH2), 2.43 (2H, S,
CH3) and 1.29 (3H, s, CH3).
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Found: C, 50.7; H, 5.0; N, 13.6%; M+, 309
11N324S requires: C, 50.5; H, 4.9; N, 13.7%; N, 309

Further elution with dichioromethane-ethyl acetate
(2:1) through to methanol-ammonia (5:1) gave only a series
of intractable gums (total 0.43 g) from which no
identifiable material could be obtained.

Thermolysis Reactions of Ethyl 2-(1-Ethyl-2-methyl-4-njtro1H-imjdazol-5-yl) -2-phenylethanoate (278)

(a) In diclyme

A solution of ethyl 2-(1-ethyl-2-xnethyl-4-nitro-1Himidazol-5-yl)-2-phenylethanoate (278a) (0.64 g, 0.002 mol)
in anhydrous diglyme (10.0 ml) was heated at 1500 (oil bath)
for l8h.
The mixture was evaporated and the residue was
triturated with ethyl acetate to give a colourless solid
which was flash-chromatographed over silica.
Elution with dichioromethane-ethyl acetate (5:1)
afforded 1-ethyl-2-methyl-7-phenyl-l!-r-imidazo4 , 5-cl-1, 2oxazin-6-one (282), (0.06 g; 14%) which formed pale yellow
needles, m.p. 233-2340 (from ethanol), Vmax 1700 (CO) and
1660 (C=N) cm, 6H [(CD3)2S0] 7.49 (5H, S, ArH), 3.46 (2H,
q, J 7Hz, CH2), 2.49 (3H, s, Cl3) and 0.76 (31, t, J 7Hz,
Cl3).
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Found: C, 65.6; H, 5.1; N, 16.3%; M+, 255
911N30 requires: C, 65.9; H, 5.1; N, 16.5%; H, 255

Further elution with ethyl acetate then methanol gave
only small amounts of intractable gums.
The original ethyl acetate mother liquor was evaporated
and the residue was triturated with ethyl acetate to give
ethyl-2-methyl-lH-imidazol4,5-blqujnolin-9(4H)-one (280)
(0.02 g; 4%), which formed pale orange needles, m.p. 2752790 (sublimes.), Vmax 3200-2500 br (NH, OH) and 1635 (CO)
cm -, SH [(CD3)2S0] 12.13 (lH, 5, HN)(exch.), 8.28-8.17 (1H,
in, ArH), 7.71-7.47 (2H, m ArH), 7.31-7.10 (lH, m, ArH), 4.48
(2H, q, J 7Hz, Cl2), 2.49 (3H, s, CH3) and 1.35 (3H, t, J
711, CH3)

Found: C, 68.6; H, 5.8; N, 18.1%; M, 227
91 3H1 N30 requires: C, 68.7; H, 5.9; N, 18.5%; M, 227

Evaporation of the ethyl acetate mother liquor gave a
red oil (0.74 g) whose t.l.c. in dichloromethane-ethyl
acetate (1:1) over silica showed it to be a multicomponent
mixture which yielded no identifiable material.
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(b) In the absence of solvent

The ester (278a) (0.32 g, 0.001 mol) was heated in a
"cold finger" sublimation tube at 180-1850 (Wood's metal
bath) under reduced pressure (water pump) for 15 min during
which time gas was evolved and a small amount of solid
condensed on the cold finger. On cooling the melt
crystallised and the solid was combined with the material
from the cold finger to give unchanged starting-material
(278a) (0.29 g; 93%), m.p. 159-1600 , identified by
comparison (m.p. and i.r. spectrum) with an authentic
sample.

4-Ethyl-5-methyl-3-(4-nitrophenyl) -4H-imidazol4 , 5clisoxazole (279b)

A solution of the ester (278b) (0.73 g, 0.002 mol) in
anhydrous toluene (10.0 ml) was heated under ref lux for 80h.
On cooling a solid crystallised from the mixture and was
collected by filtration to give 4-ethyl-5-methyl-3-(4nitrophenyl)-4H-imidazol4,5-clisoxazole (279b), (0.26 g;
48%) as yellow needles, m.p. 224-2250 (from glacial acetic
acid), Vmax 1510 and 1340 (NO2) cm, SH [(CD3)2S0] 8.40
(2H, d, J 9Hz, ArH), 8.00 (2H, d, J 9Hz, ArH), 4.26 (2H, J
7Hz, CE!2), 2.57 (3H, S, Cl3) and 1.22 (3H, t, J 7Hz, CE!3).

Found: C, 57.8; H, 4.5; N, 20.6%;
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m/z 255 (M+-OH)
9HN403requires: C, 57.4; H, 4.4; N, 20.6%;
M, 272

Evaporation of the toluene filtrate gave a gummy orange
solid which was triturated with ether to afford unchanged
starting-material (278b) (0.30 g, 41%) m.p. 114-1150 ,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.
Evaporation of the ethereal mother liquor gave a brown
gum (0.06 g) which was shown by t.l.c. in dichloromethaneethyl acetate (1:1) over silica to be a multicomponent and
was therefore not investigated further.

The Attempted Reductive Ring-opening of Ethyl 4-Ethyl-5methyl-4H-imidazo[4 .5-cl isoxazole-3-carboxylate (248b)

(a) Using sodium dithionite

A solution of the imidazo[4,5-c]isoxazole (248b) (0.45
g, 0.002 mol) in 70% v/v aqueous ethanol (10.0 ml) was
treated with sodium dithionite (0.45 g) and the mixture
stirred and heated under ref lux for 1h. A second portion of
sodium dithionite (0.45 g) was added and stirring and
heating under ref lux continued for a further lh.
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The mixture was evaporated and the residue was treated
with water (5.0 ml) and filtered to afford a solid which was
treated with 2M aqueous hydrochloric acid (1.0 ml). The
insoluble material was collected and combined with further
material obtained by extracting the acidic aqueous mother
liquor with dichloromethane to give unchanged startingmaterial (248b) (0.28 g; 63%), in.p. 110-1120 , identified by
comparison (m.p. and t.l.c.) with an authentic sample.
The acidic aqeous mother liquor was neutralised with 2M
aqueous sodium hydroxide and glacial acetic acid and
extracted with dichloromethane to give only a small amount
of yellow gum (0.02 g).

(b) Using sodium borohydride in aqueous sodium hydroxide in
the presence of palladium-on-charcoal

A solution of the imidazo[4,5-c]isoxazole (248b) (0.45
g, 0.002 mol) in 1,4-dioxane (5.0 ml) was treated with 2%
w/v aqueous sodium hydroxide (1.0 ml) and 5% palladium-oncharcoal (0.02 g) and the mixture was stirred and purged
with nitrogen for 15 mm. The mixture was then treated
dropwise with a solution of sodium borohydride (0.15 g,
0.004 mol) in water (1.0 ml) and the mixture stirred under
nitrogen for a further 15 min until gas evolution had
stopped.
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The mixture was filtered through celite and the
filtrate was evaporated to give an oily semi-solid. Water
(5.0 ml) was added and the mixture was extracted with
dichioromethane to give a yellow gummy semi-solid (0.06 g)
which was shown by t.1.c. in dichloromethane-ethyl acetate
(l;l) over silica to be a multicomponent mixture from which
no identifiable material could be obtained.
The aqueous mother liquor was neutralised with 2M
aqueous hydrochloric acid and sodium acetate and extracted
with dichioromethane to give no material.

Ethyl 2- (4-Amino-1-ethyl-2-methyl-1H-imidazol-5-yl) -2oxoethanoate (263)

A solution of the imidazo[4,5-c]isoxazole (248b), (5.6
g, 0.025 mol) in ethanol (400 ml) was hydrogenated over 5%
palladium-on-charcoal (0.56 g) at room temperature and
atmospheric pressure for 2h.
The mixture was filtered through celite and the
filtrate was evaporated to afford ethyl 2-(4-amino-1-ethyl2-methyl-lH-imidazol-5-yl)-2-oxoethanoate (263) (5.6 g; 99%)
which formed yellow spars, m.p. 135-1360 (from ethyl
acetate), Vmax 3410 and 3300 (NH) and 1735 and 1630 (CO)
cm-, 8H (CDC13) 6.95-6.50 (2H, bs, NH2) (exch.), 4.34 (2H,
q, J 7Hz, CH2), 4.07 (2H, q, J 7Hz, CH2), 2.37 (3H, 5, CH3),
1.40 (3H, t, J 7Hz, CH3) and 1.30 (311, t, J 7Hz, CH3).
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Found: C, 53.5; H, 6.8; N, 18.6%; M+, 225
911N323 requires: C, 53.3; H, 6.7; N, 18.7%; M, 225

Ethyl 2-(4-Amino-1-inethyl-1H-imidazol-5-yl)-2-oxoethanoate
(314)

A solution of the imidazo[4,5-]isoxazole (248a) (0.78
g, 0.004 mol) in ethanol (125 ml) was hydrogenated over 5%
palladium-on-charcoal (0.078 g) at room temperature and
atmospheric pressure 2.5h.
The mixture was filtered through celite and the
filtrate was evaporated to give ethyl 2-(4-amino-1-methyl1H-imidazol-5-yl)-2-oxoethanoate (314), (0.78 g; 99%), which
formed yellow spars, m.p. 97-980 (from ethanol), Vmax 3420,
3280 and 3120 (NH) and 1730 (CO) cm-, 6H [(CD3)2S0] 7.61
(1H, s, H-2), 6.72 (2H, bs, NH) (exch.), 4.33 (2H, q, J 7Hz,
CH2), 3.56 (3H, s, CH3) and 1.30 (3H, t, J 7Hz, CH3).

Found: C, 48.4; H, 5.5; N, 21.3%; M+, 197
981111N303requires: C, 48.7; H, 5.6; N, 21.3%; M, 197
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The Attempted Base-catalysed Reaction of Ethyl 2-(4-Amino-1ethvl-2-methyl-1H-imidazol-5-yl)-2-oxoethanoate (263) with
Acetylacetone

A solution of the aminoketoester (263) (0.45 g, 0.002
mol) and acetylacetone (0.20 g, 0.002 mol) in ethanol (10.0
ml) was treated with piperidine (0.17 g, 0.002 mol) and the
resulting yellow solution heated under ref lux for 3h.
The mixture was evaporated to give a yellow oily semisolid (0.70 g) which was washed with ether to give unchanged
starting-material (263) (0.45 g; 100%), m.p. 124-125°,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.

Attempted Condensation Reactions of Ethyl 2-(4-Amino-1ethyl-2-methyl-1H-imidazol-5-yl)-2-oxoethanoate (263) with
Ethyl Acetoacetate

(a) A solution of the aminoketoester (263) (0.45 g,
0.002 mol) and ethyl acetoacetate (0.26 g, 0.002 mol) in
anhydrous toluene (10.0 ml) was treated with toluene-4suiphonic acid (0.026 g) and the mixture was heated under
ref lux for 5h.
The mixture was evaporated to give a brown gum (0.81 g)
which was flash-chromatographed over silica.
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Elution with ethyl acetate gave a gummy solid (0.15 g)
which was triturated with ether to afford the unchanged
aminoketoester (263) (0.12 g; 26%), m.p. 130-132°,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.
Further elution with methanol then methanol-ammonia
(5:1) gave gums (total 0.4 g) which were shown by t.l.c. in
dichloromethane-ethyl acetate (2:1) over silica to be
inseparable multicomponent mixtures and therefore were not
further investigated.
(b) A solution of the aminoketoester (263) (0.45 g,
0.002 mol) in glacial acetic acid (5.0 ml) was mixed with a
solution of ethyl acetoacetate (0.20 g, 0.002 inol) in
glacial acetic acid (5.0 ml) and the resulting solution was
treated with 98% aqueous sulphuric acid (0.02 ml) and heated
under ref lux for 2h.
The bulk of the acetic acid was removed under reduced
pressure and the residual liquor was diluted with water (5.0
ml). Extraction with dichioromethane gave an orange oil
(0.57 g) which was shown by t.1.c. in dichioromethane-ethyl
acetate (1:1) over silica to be an inseparable
multicoinponent mixture and therefore was not further
investigated.
Neutralisation of the aqueous mother liquor with solid
sodium acetate and extraction with dichioromethane gave no
further material.
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Ethyl 2-Carbamoylethanoate (Ethyl malonamate) (297)

A sample of ethyl 2-carbamoylethanoate (Ethyl
inalonamate (297) was kindly provided by Dr. G.M.F.
Jenkins.80

Thermal Condensation Reactions of Ethyl 2-(4-Amino-lHimidazol-5-yl) -2-oxoethanoates with Active Methylene
Compounds

A solution of the corresponding anuinoketoester (263) or
(314) (0.002 inol) and the respective active methylene
compound (0.002 mol) in anhydrous xylene (10.0-20.0 ml) was
stirred and heated under ref lux with provision for the
removal of ethanol for the indicated time then worked up as
described for the individual reactions below.
(a) The mixture from the aminoketoester (263) and ethyl
acetoacetate was heated under ref lux for 16h then evaporated
and the residue triturated with ethanol to give a solid (0.4
g) which was extracted with boiling ethanol and hot filtered
to remove some insoluble material.
On cooling, the ethanolic filtrate deposited ethyl 6acetyl-1-ethyl-2-methyl-lH-imjdazof 4, 5-b]pyridin-5 (4H) -one7-carboxylate (290a), (0.27 g; 46%) as yellow brown needles,
m.p. 160-1610 (from ethanol), Vmax 3200-2500 br (NH, OH) and
1730 and 1645 (CO) cm, SH

[(CD3)2S0]

12.69 (1H, s, NH)

(exch.) , 4.35 (2H, q, J 7Hz, CH2) , 3.97 (2H, q, J 7Hz, CH2)
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2.53 (3H,

S,

CH3), 2.51 (3H,

S,

CH3), 1.30 (3H, t, J 7Hz,

CH3) and 1.20 (3H, t, J 7Hz, CH3).

Found: C, 57.4; H, 5.8; N, 14.4%; M+, 291
C11N394 requires: C, 57.7; H, 5.9; N, 14.4%; M, 291

Evaporation of the ethanolic mother liquor gave a brown
gum (0.30 g) whose t.1.c. in dichloromethane-ethyl acetate
(1:1) over silica showed it to be largely unreacted
aminoketoester (263). The gum was not therefore
investigated further.
(b) The mixture from the aminoketoester (314) and ethyl
acetoacetate was heated under ref lux for lOh then cooled and
the precipitated solid collected to give ethyl 6-acetyl-1methyl-1H-iniidazo{4 , 5-b] pyridin-5 (4H) -one-7-carboxylate
(315) (0.44 g; 83%) which formed pale orange brown plates,
m.p. 195-1960 (from ethanol-water), Vmax 1740 (CO) cm, SH
[(CD3)2S0] 12.73 (lH, bs, NH) (exch.), 8.23 (lH, s, H-2),
4.36 (2H, q, J 7Hz, CH2), 3.66 (3H, s, CH3), 2.54 (3H, s,
CH3) and 1.31 (3H, t, J 7Hz, CH3)-

Found: C, 54.6; H, 5.0; N, 15.9%; M+, 263
2HN394requires: C, 54.8; H, 5.0; N, 16.0%; M, 263
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Evaporation of the xylene mother liquor gave a small
amount of a yellow gum (0.08 g) which was shown by t.l.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture and therefore was not further
investigated.
(c) The mixture from the aminoketoester (263) and ethyl
benzoylacetate was heated under ref lux for 23h then filtered
to afford ethyl 6-benzoyl-1-ethyl-2-methyl-1H-imidazol4, 5blpyridin-5(4H)-one-7-carboxylate (290b), (0.39 g; 56%)
which formed yellow spars, m.p. 242-2430 (from ethanolwater), Vmax 3160-2300 br (NH, OH) and 1730 and 1640 (CO)
cm, SH [(CD3)2S0] 12.38-12.00 (1H, bs, HN) (exch.), 7.827.39 (5H, m, ArH), 4.14 (2H, q, J 7Hz, CH2), 4.08 (2H, q, J
7Hz, CH2), 2.55 (3H, S, CH3), 1.21 (3H, t, J 7Hz, CH3) and
0.98 (311, t, J 7Hz, CH3).

Found: C, 64.1; H, 5.4; N, 11.8%; 11+, 353
9lloI0 requires: C, 64.6; H, 5.4; N, 11.9%; N, 353

Evaporation of the xylene mother liquor gave a yellow
green gum (0.29 g) which was triturated with ethanol to give
unchanged aminoketoester (263) (0.07 g; 14%), m.p. 128-1290 ,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.
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The mixture from the aminoketoester (263) and
diethyl propane-1,3-dioate (diethyl malonate) was heated
under ref lux for 9h then cooled and filtered to afford 8ethyl-2- (l-ethvl-5-ethoxalvl-2-methyl-1H-imidazol-4-yl) -7methyl-2H,5H,8H-pyrrolof3,4-gljmidazof4,5-blpyrjdjne-1,3trione (296), (0.42 g; 93%), which formed yellow orange
needles in.p. 247-2480 (from ethanol-water), Vmax 3100-2300
br (NH, OH) and 1780, 1740 and 1655 (CO) cm, SH [(CD3)2S0]
12.90 (1H, bs, NH) (exch.), 4.55-4.28 (4H, m, 2 x CH2), 3.88
(2H, q, J 7Hz, CH2), 2.61 (3H, s, CH3), 2.51 (3H, 5, CH3),
1.35 (3H, t, J 7Hz, CH3), 1.33 (3H, t, J 7Hz, CH3), and 1.06
(3H, t, J 7Hz, CH3), S [(CD3)2S0] 174.8 (quat.), 164.4
(quat.), 164.0 (quat.), 162.6 (quat.), 160.0 (quat.), 156.2
(quat.), 155.9 (quat.), 15.17 (quat.), 138.3 (quat.), 129.0
(quat.), 121.6 (quat.), 105.0 (quat.), 62.5 (CH2), 41.8
(CH2), 41.1 (CH2), 15.4 (CH3), 15.0 (CH3), 13.8 (CH3), 13.3
(CH3) and 12.8 (CH3)-

Found: C, 55.5; H, 5.1; N, 18.2%,
M+, 410 (N-0O2)

92022H696 requires: C, 55.5; H, 4.8; N, 18.5%;
N, 454

The mixture from the aminoketoester (263) and ethyl
2-carbamoylethanoate (ethyl malonaniate) (297) was heated
under ref lux for 7h then cooled and filtered to afford a
yellow solid which was combined with further material
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obtained by evaporating the filtrate and triturating the
residue with ethanol to give ethyl 6-carbamoyl-2-methyl-1Himidazol4,5-blpyridin-5(4H)-one-7-carboxylate (298), (total
0.44 g; 85%) which formed yellow spars, in.p. >3300 (from
ethanol-water), Vmax 3600-2500 br (NH, OH) and 1730 and 1675
(CO) cm 1, SH [(CD3)2SO] 13.13 (1H, s, NH) (exch.), 9.35
(1H, d, J 1Hz, NH) (exch.), 7.43 (1H, d, J 1Hz, NH) (exch.),
4.34 (2H, q, J 7Hz, CH2), 3.97 (2H, q, J 7Hz, CH2), 2.51
(3H, s, CH3), 1.31 (3H, t, J 7Hz, CH3) and 1.22 (3H, t, J
7Hz, CH3).

Found: C, 53.5; H, 5.3; N, 19.0%; M+, 292
CH0424requires: C, 53.4; H, 5.5; N, 19.2%; M, 292

On heating, the carboxamide (298) was converted into
ethyl-7-methyl-2H, 5H, 8H-pyrrolol3 4-qi imidazol4 , 5blpyridine-1,3,4-trione (299), which formed orange needles,
m.p. 317-3190 (sublimes), Vmax 3400-2500 br (NH, OH) and
1770 and 1725 (CO) cm, SH [(CD3)2S0] 12.75-12.13 (lH, bs,
NH) (exch.), 11.38-10.88 (111, bs, NH) (exch.), 4.52 (2H, q,
J 7Hz, CH2), 2.57 (3H, 5, CH3) and 1.30 (3H, t, J 7Hz, CH3).

Found: C, 53.1; H, 3.8; N, 21.9%; M+, 246.0755
911H0492requires: C, 53.7; H, 4.1; N, 22.8%; M, 246.0753
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The mixture from the aminoketoester (263) and ethyl
2-cyanoethanoate (ethyl cyanoacetate) was heated under
ref lux for 21h, then evaporated and the residue triturated
with ether-ethanol to afford unchanged starting-material
(263) (0.22g; 98%), m.p. 123-1250 , identified by comparison
(m.p. and i.r. spectrum) with an authentic sample.
The mixture from the aminoketoester (263) and ethyl
2-benzenesulphonylethanoate was heated under ref lux for 19h
then evaporated to give a brown oil (1.0 g) which was
triturated with ether to afford a solid which was combined
with further material obtained by evaporating the ethereal
mother liquor and triturating the resulting gum (0.58 g)
with ether to give the unchanged aminoketoester (263),
(total 0.43 g; 95%), m.p. 131-1320 , identified by comparison
(m.p. and i.r. spectrum) with an authentic sample.
Evaporation of the ethereal mother liquor gave a brown
gum (0.48 g) which was shown by t.1.c. in dichioromethaneethyl acetate (1:1) over silica to be a multicomponent
mixture and therefore was not further investigated.
The mixture from the aminoketoester (263) and ethyl
2-nitroacetate was heated under ref lux for 18h, then
evaporated to give a brown oil (0.70 g) which was triturated
with ether to afford the unchanged aminoketoester (263)
(0.39 g; 87%), m.p. 133-134 0 , identified by comparison (m.p.
and i.r. spectrum) with an authentic sample.
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Evaporation of the ethereal mother liquor gave a red
brown oil (0.30 g) which was shown by t.l.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture which was not further investigated.

Ethyl 2-[N-(5-Ethyoxalyl-1-ethyl-2-methyl-1H-imjdazol-5yl) carbamoyllethanoate (294)

A solution of the aminoketoester (263) (1.4 g, 0.006
mol) in anhydrous benzene (15.0 ml) was stirred and treated
dropwise at room temperature with a solution of ethyl
malonyl chloride (0.90 g, 0.006 mol) in anhydrous benzene
(15.0 ml) and the resulting solution was heated under ref lux
for 2h.
The mixture was evaporated to give a golden brown oil
(2.6 g) which was dry column flash-chromatographed over
silica.
Elution with dichloromethane-ethyl acetate (1:1) gave a
yellow gum (1.8 g) which solidified on rubbing with ether b.p. 40-600 light petroleum to afford ethyl 2-IN-(5ethoxalyl-1-ethyl-2-methyl-1H-jmjdazol-4yl)carbamoyllethanoate (294), (1.5 g; 72%) as a pale yellow
waxy solid, m.p. 69_710 (from benzene-light petroleum), Vmax
3210 and 3150 (NH) and 1760,1690 and 1670 (CO) cm, SH
(CDC13) 10.00-9.63 (lH, bs, NH), 4.33 (2H, q, J 7Hz, CH2),
4.19 (4H, q, J 7Hz, CH2), 3.49 (2H, 5, CH2), 2.40 (3H, 5,
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CH3), 1.36 (3H, t, J 7Hz, CH3), 1.30 (3H, t, J 7Hz, CH3) and
1.24 (3H, t, J 7Hz, CH3).

Found: C, 53.4; H, 6.3; N, 12.3%; M+, 339
02126_requires: C, 53.1; H, 6.2; N, 12.4%; M, 339

Further elution with dichioromethane-ethyl acetate
(1:1) through ethyl acetate and methanol to methanol-ammonia
(5:1) gave only a series of intractable gums and glasses
which yielded no identifiable material.

Ethyl 7- (N-5-Ethoxalyl-1-ethyl-2-methyl-1H-imidazol-4vi) carbamoyl-1-ethyl-2-lnethyl-iH-jmidazol4 , 5-bipyridin-

5 (4H) -one-6-carboxyiate (295)

A solution of the amide (294) (0.68 g, 0.002 mol) in
anhydrous toluene (25.0 ml) was treated with 4toluenesuiphonic acid (0.01 g) and the mixture was heated
under ref lux for 23.5h using a Dean-Stark trap to remove any
water formed.
The mixture was cooled and the insoluble solid was
collected and combined with further solid material obtained
by evaporating the toluene filtrated and triturating the
resulting orange oil with ethyl acetate-ethanol to give
ethyl 7- (N-5-ethoxalyl-i-ethyl-2-inethyl-1H-jinidazol-4vi) carbamoyl-1-ethyl-2-inethyl-1H-inijdazol4 5-bipyridin5(4H)-one-6-carboxylate (295) (0.41 g; 82%), which formed
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yellow raicrocrystals, m.p. 216-2170 (from ethanol-acetic
acid), Vmax 3100-2500 br (NH, OH) and 1740, 1720 and 1660 br
(CO) cm', 6H [(CD3)2S0] 13.50 (1H, bs, NH) (exch.), 12.78
(1H, bs, NH) (exch.), 4.35 (2H, q, J 7Hz, CH2), 4.05 (6H, q,
J 7Hz, 3 x CH2), 2.53 (3H, s, CH3), 2.37 (3H, s, CH3) and
1.41-1.05 (12H, ra, 4 x CH3).

Found: C, 55.3; H, 5.8; N, 16.8%; M+, 380
9H0627requires: C, 55.2; H, 5.6; N, 16.8%; M, 500

Evaporation of the ethanol-ethyl acetate mother liquor
gave a red brown gum (0.22 g) whose t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica showed it to
be a multicomponent mixture which was not further
investigated.

2-Cyanoethanoyl Chloride (Cyanoacetyl Chloride)

2-Cyanoethanoyl chloride (cyanoacetyl chloride) was
prepared as described in chapter 2, section 2.4.
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Ethyl 6-Cyano-1-ethyl-2-inethyl-1H-jmjdazo14 , 5-bipyridin5 (4H) -one-7-carboxylate (300)

A solution of the aminoketoester (263) (0.45 g, 0.002
mol) in anhydrous benzene (5.0 ml) was stirred and treated
dropwise at room temperature with a solution of 2cyanoethanoyl chloride (cyanoacetyl chloride) (0.21 g, 0.002
mol) in anhydrous benzene (5.0 ml). The mixture was then
heated under ref lux for 2h during which time a yellow solid
was deposited.
The solid was collected and combined with further
material obtained by evaporating the benzene filtrate and
triturating the resulting gum with ethanol to give ethyl-6cyano-1-ethyl-2-methyl-1H-jmjdazo4 , 5-blpyridin-5 (4H) -one-7carboxylate (300) (total 0.39 g; 71%) which formed yellow
rhombic plates, m.p. 224-2250 (from ethanol-water), Vmax
3200-2300 br (NH, OH) , 2200 (CN) and 1730 and 1665 (CO)
cm 1, SH [(CD3)2S0] 13.50-12.75 (1H, bs, NH) (exch.), 4.52
(2H, q, J 7Hz, CH2), 4.01 (2H, q, J 7Hz, Cl2), 2.54 (3H, s,
CH3), 1.37 (3H, t, J 7Hz, CH3) and 1.21 (3H, t, J 7Hz, CH3).

Found: C, 56.6; H, 5.2; N, 20.4%; M+, 274
9HN423requires: C, 56.9; N, 5.1; H, 20.4%; N, 274
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Evaporation of the ethanolic mother liquor gave an
orange gum which was shown by t.l.c. in dichloromethaneethyl acetate (1:1) over silica to be a inulticomponent and
therefore was not investigated further.

Ethyl 2-[4-(2-Chloroacetamido)-1-ethyl-2-methyl-jj-i-jmidazol5-yl] -2-oxoethanoate (302)

A stirred solution of the aminoketoester (263) (2.3 g,
0.01 mol) in anhydrous toluene (25.0 ml) was treated
dropwise at room temperature with a solution of 2chloroacetyl chloride ((1.1 g, 0.01 mol) in anhydrous
toluene (25.0 ml) and the yellow solution was heated under
ref lux for 2h.
Evaporation of the mixture gave a yellow oil which
crystallised on rubbing to give ethyl 2-14-(2chloroacetamido)-1-ethy1-2-iuethyl-1}J-jmjdazo1-5-y1-2oxoethanoate (302), (3.0 g; 100%), which formed bright
yellow rectangular prisms, m.p. 113-1140 (from ethanol),
Vmax 3330 (NH) and 1735 and 1715 (CO) cm, 8H (CDC13) 9.909.50 (1H, bs, NH) (exch.), 4.34 (2H, q, J 7Hz, CH2), 4.18
(2H, q, J 7Hz, CH2), 4.15 (2H, S, CH2), 2.42 (3H, s, CH3),
1.36 (3H, t, J 7Hz, CH3) and 1.29 (3H, t, J 7Hz, CH3).

Found: C, 47.5; H, 5.4; N, 13.9%;
303 and 301
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9
~ 1016_Cl N39 requires: C, 47.8; H, 5.3; N, 13.9%;
N,

301.5.

The Attempted Reaction of Ethyl-2-f4-(2-Chloroacetamido) -1ethyl-2-inethyl-1H-iinidazol-5-yl]-2-oxoethanoate (302) with
Potassium Cyanide

A stirred solution of the chioroacetamide (302) (0.30
g, 0.001 mol) in ethanol (5.0 ml) was treated dropwise at
room temperature with a solution of potassium cyanide (0.20
g, 0.003 mol) in water (1.0 ml) and the resulting mixture
was then heated at 450 (water bath) for lh.
The mixture was evaporated and the residue was
dissolved in water (2.5 ml) and the solution neutralised
with 2M aqueous hydrochloric acid and sodium acetate.
Extraction with dichloroinethane gave only a small amount of
orange gum (0.02 g) which was shown by t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture and therefore was not further
investigated.
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The Attempted Reaction of Ethyl 2-r4-(2-Chloroacetamido)-1ethyl-2-methyl-1H-imidazol-5-yll-2-oxoethanoate (320) with
Tetraethylaminonium Cyanide

A solution of the chioroacetamide (302) (0.60 g, 0.002
mol) in anhydrous acetonitrile (5.0 ml) was treated dropwise
at room temperature with a solution of tetraethylammonium
cyanide (0.31 g, 0.002 mol) in anhydrous acetonitrile (5.0
ml) and the resulting solution was stirred at room
temperature for 70h.
The mixture was evaporated and the residue was treated
with water (2.5 ml) and extracted with dichloromethane to
give a brown gum (0.56 g) . This was shown by t.l.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture which yielded no identifiable
material.

The Attempted Reaction of Ethyl 2-14-(2-Chloroacetamjdo)-1ethyl-2-methy1-lH-inijdazo1-5-y1 -2-oxoethanoate (302) with
Pyridine in Benzene

A stirred solution of the chloroacetamide (302) (0.30
g, 0.001 mol) in anhydrous benzene (5.0 ml) was heated at
600 and treated dropwise with a solution of "Analar"
pyridine (0.08 g, 0.001 mol) in anhydrous benzene (2.5 ml).
The yellow solution was stirred at 600 for 2h after which
time t.1.c. in dichioromethane-ethyl acetate (1:1) over
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silica showed only the two starting-materials to be present.
The mixture was then heated under ref lux for 3h.
The mixture was evaporated and the residue was treated
with 2M aqueous hydrochloric acid (1.0 ml) and extracted
with dichioromethane to give a yellow oil which crystallised
completely to afford the unchanged starting-material (302)
(0.3 g; 100%) m.p. 1081100, identified by comparison (m.p.
and i.r. spectrum) with an authentic sample.

The Reaction of Ethyl 2-14-(2-Chloroacetamido)-1-ethyl-2methyl-1H-imjdazol-5-yll-2-oxoethanoate (302) with Pyridine

A solution of the chioroacetamide (302) (0.91 g, 0.003
rnol) in "Analar" pyridine (7.5 ml) was heated at 1000 (oil
bath) for 0.5h.
The excess of pyridine was evaporated and the residue
was triturated with anhydrous ether to give the unstable
(7-ethoxycarbonyl-1-ethyl-2-methyl-1H-jmjdazo[4 , 5-bipyridin5(4H)-on-6-yl)pyridiniuni chloride (304), (1.1 g; 100%), Vmax
3700-2300 (NH, OH) and 1720 (CO) cm, SH [(CD3)2S0] 9.277.41 (5H, m, ArH), 4.17 (2H, q, J 7Hz, CH2), 4.04 (2H, q, J
7Hz, CH2), 2.61 (3H, S, CE!3), 1.24 (311, t, J 7Hz, CH3) and
0.96 (3H, t, J 7Hz, CE!3).

Found:

N+, 327 (M - Cl)

QllC1N4O3_requires: M, 362.5
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A sample of the pyridinium chloride (304) (0.09 g,
0.00025 mol) was dissolved in methanol (0.1 ml) and the
solution treated with 40% aqueous fluoboric acid (0.06 g,
0.00025 mol). Addition of ether (1.0 ml) precipitated N-(7ethoxycarbonyl-1-ethyl-2-methyl-1H-jmjdazol4, 5-bipyridin 5(4H)-on-6-yl)pyridinium tetrafluoroborate, (0.08 g; 79%)
which formed light brown needles, m.p. 203-2040 (from
ethanol-water), Vmax 1730 and 1660 (CO) cm, SH[(CD3)2S0],
13.75-13.00 (1H, bs, NH) (exch.), 9.21 (2H, dd, J 1.5 and 5
Hz, ArH), 8.87 (lH, tt, J 1.5 and 5Hz, ArH), 8.36 (2H, dd, J
6 and 8Hz, ArH), 4.17 (2H, q, J 7Hz, CH2), 4.09 (2H, q, J
7Hz, CH2) , 2.60 (3H, s, CH3) , 1.24 (3H, t, J 7Hz, Cl3) and
0.96 (3H, t, J 7Hz, CH3).

Found: C, 49.1; H, 4.7; N, 13.6%;
327 (M-BF4)
CHj9BF4N4Q3requires: C, 49.3; H, 4.6; N, 13.5%;
M, 414

Ethyl 6-Amino-1-ethyl-2-methyl-1H-imjdazol4 , 5-bipyridin5 (4H) -one-7-carboxylate (305)

A stirred solution of the pyridinium chloride (304)
(0.36 g, 0.001 mol) in methanol (0.5 ml) was treated with
piperidine (0.5 ml) and the mixture heated under ref lux for
3h.
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The mixture was evaporated and the residue was
triturated with ethyl acetate-methanol to afford ethyl 6amino-1-ethyl-2-methyl-1H-imidazol4,5-b]pyridin-5(4H)-one-7carboxylate (305), (0.15 g; 55%) which formed yellow
needles, m.p. 227-2280 (from ethanol-water), Vmax 3435 and
3300 (NH), 3200-2500 br (NH, OH) and 1620 (CO) cm -, S11
[(CD3)2S0] 12.32 (1H, s, NH) (exch.), 6.00 (2H, s, NH2)
(exch.), 4.40 (211, q, J 7Hz, CH2), 4.10 (2H, q, J 7Hz, CH2),
2.39 (3H, s, CH3), 1.34 (311, t, J 7Hz, Cl3) and 1.14 (3H, t,
J 7Hz, CH3).

Found: C, 54.4; H, 6.2; N, 20.9%; M+, 264
9H0493requires: C, 54.5; H, 6.1; N, 21.2%; M, 264

Evaporation of the ethyl acetate-methanol mother liquor
gave a purple gum (0.46 g) which was shown by t.l.c. in
methanol over silica to be a multicomponent mixture which
yielded no identifiable material.

Ethyl 2-11-Ethyl-2-methyl-4-(N-phenylacetamjdo) -1H-imidazol5-yl] -2-oxoethanoate (307)

(a) A solution of the aminoketoester (263) (0.45 g,
0.002 mol) in anhydrous benzene (5.0 ml) was stirred and
treated dropwise at room temperature with a solution of 2phenylacetyl chloride (0.31 g, 0.002 mol) in anhydrous
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benzene (5.0 ml). The resulting solution was then heated
under ref lux for 2h.
Evaporation of the mixture and trituration of the
residue with ethanol afforded ethyl 2-11-ethyl-2-methyl-4(N-phenylacetainido) -1H-imidazol-5-yll-2-oxoethanoate (307),
(0.44 g; 65%) which formed large yellow spars, m.p. 126-1270
(from ethanol), Vmax 3300 and 3250 (NH) and 1730, 1695 and
1630 (CO) cm, SH (CDC13) 9.03 (111, s, NH) (exch.), 7.28
(5H, s, ArH), 4.15 (4H, q, J 7Hz, CH2), 3.68 (2H, s, CH2),
2.38 (3H, s, CH3), 1.29 (3H, t, J 7Hz, CH3) and 1.27 (3H, t,
J 7Hz, CH3).
Found: C, 63.0; H, 6.3; N, 12.0%; N+, 343
90N394requires: C, 63.0; H, 6.2; N, 12.2%; M, 343
Evaporation of the ethanolic mother liquor gave a red
brown gum (0.32 g) which was shown by t.1.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture and therefore was not further
investigated.

(b) A solution of the aminoketoester (263) (0.45 g,
0.002 mol) in anhydrous 1,4-dioxane (5.0 ml) was stirred and
treated dropwise at room temperature with a solution of
triethylamine (0.20 g, 0.002 mol) in anhydrous 1,4-dioxane
(2.5 ml) and then dropwise with a solution of 2-phenylacetyl
chloride (0.31 g, 0.002 mol) in anhydrous 1,4-dioxane (2.5
ml). The resulting suspension was stirred at room
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temperature for 24h and then filtered to remove
triethylammonium chloride. The filtrate was evaporated to
give a yellow gum (1.1 g). This was treated with water (5.0
ml) and extracted with dichlormethane to give a gum (0.94 g)
which was triturated with ether-methanol to afford ethyl 2[l-ethyl-2-methyl-4- (j-phenylacetamido) -lH-imidazol-5-yl) -2oxoethanoate (307), (0.16 g; 24%), m.p. 123-1240< identified
by comparison (m.p. and i.r. spectrum) with a sample
obtained previously.
Evaporation of the ether-methanol mother liquor gave a
red gum (0.66 g) which was shown by t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture and therefore was not further
investigated.

l-Ethyl-7-hydroxy-2-methyl-6-phenyl--1, 4-dihydroimidazol4. 5blazepine-5,8-dione (309)

A solution of the phenylacetamide (307) (0.69 g, 0.002
mol) in anhydrous ethanol (5.0 ml) was treated with a
solution of sodium (0.18 g, 0.008 mol) in anhydrous ethanol
(5.0 ml) and the yellow mixture was heated under ref lux for
lh.
The mixture was evaporated and the residue was
dissolved in water (5.0 ml) and the solution neutralised
with 2M aqueous hydrochloric acid and sodium acetate to
precipitate a colourless solid which was collected to give
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1-ethyl-7-hydroxy-2-methyl-6-phenyl-1, 4-dihydroimidazo [4,5b]azepine-5,8-dione (309), (0.57 g; 86%) as a colourless
powder, m.p. 206-2070 (from glacial acetic acid), Vmax 3500500
2200 br (NH, OH) and 1725 (CO) cm, 611 [(CD3)2SO] 7.33 (511,
s, ArH), 4.07 (2H, q, J 7Hz, CH2), 2.50 (3H, s, CH3), 1.91
(111,

S1

H-6) and 1.24 (3H, q, J 7Hz, Cl3).

Found: C, 58.7; H, 5.6; N, 12.3%, M+, 297.1115

916H10393 requires: C, 57.7; H, 5.8; N, 12.6%; M, 297.1113
Extraction of the aqueous mother liquor with
dichloromethane gave only a small amount of a yellow semisolid (0.03 g).

The Attempted Reaction of Ethyl 2-(4-Amino-1-ethyl-2-methyl1H-imidazol-5-yl)-2-oxoethanoate (263) with Dimethyl
Acetylenedicarboxylate

A solution of the aminoketoester (263) (0.45 g, 0.002
mol) in anhydrous toluene (5.0 ml) was treated with dimethyl
acetylenedicarboxylate (0.28 g, 0.002 mol) and the mixture
was heated under ref lux for 3h.
The mixture was evaporated to give a brown oil (1.0 g)
which was flash-chromatographed over silica.
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Elution with dichloromethane-ethyl acetate (1:1) gave a
gummy semi-solid (0.30 g) which was triturated with etherethyl acetate to give unchanged starting-material (263)
(0.11 g; 25%) m.p. 134-1350 , identified by comparison (m.p.
and i.r. spectrum) with an authentic sample.
Further elution with ethyl acetate through to methanolammonia (5:1) gave only a series of intractable gums which
were not further investigated.

1, l-Bismethylthio-2-nitroethene (93)

1,1-Bismethylthio-2-nitroethene (93) was prepared as
described in chapter 2, section 2.4.

The Attempted Reaction of Ethyl 2-(4-Amino-1-ethyl-2-methyl1H-imidazol-5-yl)-2-oxoethanoate (263) with 1,1Bismethylthio-2-nitroethene (93)

A solution of the aminoketoester (263) (0.45 g, 0.002
mol) and 1,1-bismethylthio-2-nitroethene (93) (0.33 g, 0.002
mol) in ethanol (10.0 ml) was heated under ref lux for 24h.
The mixture was evaporated to give a gummy brown solid
(0.75 g) whose t.l.c. in dichioromethane-ethyl acetate (1:1)
over silica showed it to be a mixture containing the two
starting-materials (263) and (93).
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The mixture was evaporated and the residue was treated
with water (2.0 ml). The solution obtained was neutralised
with 2M aqueous hydrochloric acid (2.5 ml) and sodium
acetate and extracted with dichioromethane to give no
material.
Evaporation of the aqueous mother liquor and extraction
of the solid residue with boiling ethyl acetate also gave no
material.

Ethyl 3-Amino-5-ethylaminoisoxazole-5-carboxylate (318b)
Hydrochloride

A solution of the imidazo[4,5-c]isoxazole (248b) (0.45
g, 0.002 mol) in ethanol (5.0 ml) was treated with 2N
aqueous hydrochloric acid (5.0 ml) and the mixture was
heated under ref lux for lh.
The mixture was evaporated and the residue coevaporated with ethanol and then triturated with etherethanol to give ethyl 3-amino-5-ethylaminoisoxazole--5carboxylate (318b) hydrochloride (0.33 g; 70%) which formed
colourless needles, m.p. 127-1300 (from ethanol), Vmax 3400
and 3305 (NH), 3000-2000 br (NH), and 1720 (CO) cm - , SH
[(CD3)2S0] 7.52 (4H, S, NH), 4.25 (2H, q, J 7Hz, Cl2), 3.22
(2H, q, J 7Hz, CH2), 1.26 (3H, t, J 7Hz, CH3) and 1.11 (3H,
t, J 7Hz, CH3).
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Found: C, 41.1; H, 6.1; N, 18.0%;
199 (M-HC1)
Cl N3Q3 recaiires: C, 40.8; H, 6.0; N, 17.8%;
M, 234.5
Evaporation of the ether-ethanol mother liquor gave a
gum (0.15 g) which was triturated with ethanol to afford
ethyl 3-amino-4- (N-ethylacetamido) isoxazole-5-carboxylate
(316b) (0.01 g, 2%) m.p. 197-1980 , identified by comparison
(m.p. and i.r. spectrum) with an authentic sample prepared
as described later.
Evaporation of the ethanolic washings gave only an
intractable brown oil (0.15 g) which was not further
investigated.

Ethyl 3-Amino-4-ethylaminoisoxazole-5-carboxylate (318b)

(i) A solution of the imidazo[4,5-c]isoxazole (248b)
(2.2 g, 0.01 mol) in ethanol (25.0 ml) was treated with 2N
aqueous hydrochloric acid (25.0 ml) and the resulting
solution was heated under ref lux for lh.
The mixture was evaporated to give a yellow solid which
was treated with 2N aqueous sodium hydroxide until just
alkaline and the mixture then neutralised with glacial
acetic acid and filtered to afford ethyl 3-amino-4ethylaminoisoxazole-5-carboxylate (318b) (1.4 g; 71%) which
formed colourless spars, m.p. 74_750 (from ethanol), Vmax

RWJ

3330 and 3190 (NH) and 1695 (CO) cm", S11 (CDC13) 4.45 (2H,
q, J 7Hz, CH2), 4.18-3.58 (3H, bs, NH) (exch.), 3.23 (2H, q,
J 7Hz, Cl2), 1.37 (3H, t, J 7Hz, CH3) and 1.17 (3H, t, J
7Hz, CH3).

Found: C, 48.2; H, 6.7; N, 21.2%; M+, 199
90N393requires: C, 48.2; H, 6.6; N, 21.1%; M, 199

Extraction of the aqueous mother liquor with
dichioromethane gave a red oil (0.39 g) which was shown by
t.l.c. in dichioromethane-ethyl acetate (1:1) over silica to
be a multicomponent mixture which was not further
investigated.
(ii) The reaction described in (i) was repeated on a
larger scale (0.02 mol). Evaporation of the mixture gave a
yellow solid which was treated with 2M aqueous sodium
hydroxide and then neutralised with glacial acetic acid.
The pink solid obtained (3.2 g) was collected and heated
under ref lux in ethanol. Hot filtration removed an
insoluble solid and the ethanolic filtrate was evaporated to
give a solid which was combined with further material
obtained by extracting the aqueous mother liquor with
dichloromethane and triturating the resulting oil with
ether-ethanol to give ethyl 3-amino-4-ethylaminoisoxazole-5carboxylate (318b), total (2.3 g; 57%), m.p. 73-75,
identified by comparison (m.p. and i.r. spectrum) with the
material obtained in (i).
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The ethanol insoluble material (0.46 g) was dissolved
in hot water and the pH of the solution adjusted to 6 with
glacial acetic acid. After cooling, filtration afforded 3amino-4-ethylaminoisoxazole-5-carboxylic acid (320) (0.41 g;
12%) which formed pink spars, m.p. 167-1680 (from ethanolwater), Vmax 3400-2000 br (OH), 3290 and 3160 (NH), and 1665
and 1630 (CO) cm, SH [(CD3)2S0] 5.75-5.38 (2H, bs, NH)
(exch.), 5.38-4.50 (2H, bs, NH and OH), 3.28 (2H, q, J 7Hz,
CR2) and 1.05 (3H, t, J 7Hz, CR3).

Found: C, 41.5; H,-5.3; N, 24.1%; M, 171.0641
.96119H393_requires; C, 42.1; H, 5.3; N, 24.6%; M, 171.0644

(iii) Repetition of the reaction described in (I) but
using only 2.5 molar equivalents of hydrochloric acid gave a
68% yield of the diaminoisoxazole (318b) together with a 2%
yield of ethyl 3-acetamido-4-ethylaminoisoxazole-5carboxylate (317b), which formed pale pink plates, m.p. 1251260 (from ethanol), Vmax 3460, 3380, 3340, 3110 and 3070
(NH) and 1710 and 1675 (CO) cm, SH [(CD3)2S0] 10.19 (1H,
s, NH) (exch.), 5.24 (1H, t, J 6Hz, NH), 4.30 (2H, q, J 7Hz,
CH2), 3.28 (2H, dq, J 7 and 7Hz), 2.07 (3H, s, Cl!3), 1.29
(3H, t, J 7Hz, CH3) and 1.05 (3H, t, J 7Hz, CR3).

Found: C, 49.8; H, 6.3; N, 17.4%; M+, 241
20N324requires: C, 49.8; H, 6.3; N, 17.3%; M, 241
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Ethyl 3-Amino-4-methylaminoisoxazole-5-carboxylate (318a)

A solution of the imidazo[4,5-]isoxazole (248a) (0.78
g, 0.004 niol) in ethanol (5.0 ml) and 2M aqueous
hydrochloric acid (5.0 ml) was heated under ref lux for lh..
The mixture was evaporated and the residue was
dissolved in water (2.0 ml) and the solution was neutralised
with 2M aqueous sodium hydroxide and glacial acetic acid.
The precipitated pink solid was collected and combined with
further material obtained by extracting the aqueous mother
liquor with dichioromethane to give ethyl 3-amino-4methylaminoisoxazole-5-carboxylate (318a), (total 0.49 g;
66%), which formed pale pink plates, m.p. 99-1000 (from
ethanol), Vmax 3450, 3360, 3320 and 3200 (NH) and 1680 (CO)
cm -, S11 (CDC13) 4.35 (2H, q, J 7Hz, Cl2), 3.99 (2H, s, NH2)
(exch.), 2.93 (311, s, CH3) and 1.36 (3H, t, J 7Hz, CH3).

Found: C, 45.4; H, 6.1; N, 22.8%; M+, 185
97H11N393requires: C, 45.4; H, 6.0; N, 22.7%; M, 185

The Attempted Reductive Ring Opening of Ethyl 3-Amino-4ethylaminoisoxazole-5-carboxylate (318b)

A solution of the diaminoisoxazole (318b) (0.40g,
0.002mol) in ethanol (20.Oml) was hydrogenated at room
temperature and atmospheric pressure over 5% palladium-oncharcoal (0.40g) for 2.3h.
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The mixture was filtered through celite and the
filtrate was evaporated to give a yellow gum (0.40g) which
was flash-chromatographed over silica.
Elution with dichioromethane-ethyl acetate (10:1) gave
an oily solid (0.31g) which was triturated with b.p. 40_600
light petroleum to give unchanged starting-material (318b)
(0.29g; 72%) m.p. 71-720 , identified by comparison (m.p. and
i.r. spectrum) with an authentic sample.
Further elution with dichloromethane-ethyl acetate
(10:1) through ethyl acetate and methanol to methanolammonia (5:1) gave only a series of gums which were shown by
t.1.c. in dichioromethane-ethyl acetate (1:1) over silica to
be multicomponent mixtures and therefore were not further
investigated.

Ethyl 4-Ethylisoxazolol3,4-b]pyrazine-5,6-(4H,71-J)-djone-3carboxylate (325b)
A solution of the diaminoisoxazole (318b) (0.40 g,
0.002 mol) in anhydrous 1,4-dioxane (5.0 ml) was mixed with
a solution of triethylaniine (0.41 g, 0.004 inol) in anhydrous
1,4-dioxane (2.5 ml) and the mixture was stirred and cooled
to 120 (ice-bath). A solution of oxalyl chloride (0.25 g,
0.002 niol) in anhydrous 1,4-dioxane (2.5 ml) was added
dropwise and the mixture was stirred at room temperature for
lh.
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The mixture was filtered to remove triethylaxnmonium
chloride, the filtrate was evaporated and the residue was
treated with water (5.0 ml) and extracted with
dichloromethane to give an orange gum. This was triturated
with ether to afford ethyl 4-ethylisoxazolol3,4-blpyrazine5,6(4H,7H)-dione-3-carboxylate (325b) (0.24g; 48%) which
formed colourless blades, m.p. 191_1920 (from ethanol), Vmax
3160 (NH) and 1750, 1725 and 1695 (CO)cm, 6H [(CD3)2S0]
13.08-12.50 (1H, bs, NH) (exch.), 4.40 (2H, q, J 7Hz, Cl!2),
4.18 (2H, q, J 7Hz, CH2), 1.34 (3H, t, J 7Hz, CH3 ) and 1.17
(3H, t, J 7Hz, Cl3).

Found: C, 47.6; H, 4.4; N, 16.6%;

253

14I95_requires: C, 47.4; H, 4.4; N, 16.6%; N, 253

Evaporation of the ethereal mother liquor gave a gum
(0.20 g) which was shown by t.l.c. in dichioromethane-ethyl
acetate (1:1) over silica to be a multicomponent mixture and
therefore was not further investigated.

Ethyl 3-Ainino-4- (N-ethoxalyl-N-ethyl) aminoisoxazole-5carboxylate (324b)

A solution of the diaminoisoxazole (318b) (2.0 g, 0.01
mol) in anhydrous 1,4-dioxane (20.0 ml) was stirred at 12 0
(ice bath) and treated in one portion with a solution of
triethylamine (1.01 g, 0.01 inol) in anhydrous 1,4-dioxane
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(10.Oml). A solution of ethoxalyl chloride (1.4 g, 0.01
mol) in anhydrous 1,4-dioxane (10.0 ml) was added dropwise
and the mixture was then stirred at room temperature for 4h.
After filtering to remove triethylammonium chloride,
the mixture was evaporated and the residue was triturated
withether to afford ethyl 3-amino-4-(N-ethoxa].yl-Nmethyl) amino-isoxazole-5-carboxylate (2.2g; 77%) which
formed pale yellow spars, m.p. 128-1290 (from ethanol), Vmax
3410, 3330, 3280 and 3230 (NH) and 1740, 1680, 1650 and 1625
(CO) cm', 8H [(CD3)2S0] 6.24 (2H, s, NH2), 4.28 (2H, q, J
7Hz, CH2) , 4.05 (2H, q, J 7Hz, CH3) and 1.03 (3H, t, J 7Hz,
CH3).
Found: C, 48.2; H, 5.8; N, 14.0%; M+, 299
9121117H396 requires: C, 48.2; H, 5.7; N, 14.0%; M, 299
Evaporation of the ethereal mother liquor gave a brown
gum (1.0 g) which was triturated with ethyl acetate to give
a solid which was combined with further material obtained by
evaporating the ethyl acetate filtrate and triturating the
residue with ethanol to give ethyl 4-ethylisoxazolo3,4blpyrazine-5,6(4H,7H)-djone-3-carboxylate (325b) (total 0.16
g; 6%), m.p. 190-1920 , identified by comparison (m.p. and
i.r. spectrum) with an authentic sample prepared before.
Evaporation of the ethanolic mother liquor gave a brown
gum (0.70 g) which was shown by t.l.c. in dichloromethaneethyl acetate (1:1) over silica to be a multicomponent
mixture which was not investigated further.
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The Thermal Cyclisatiori of Ethyl 3-Amino-4-(N-ethoxalyl-Nethyl) alninoisoxazole-5-carboxylate (324b)
A solution of the isoxazole derivative (324b) (0.5 g,
0.002 mol) in xylene (10.0 ml) was heated under ref lux for
9h with provision for the removal of any ethanol which
formed.
Evaporation of the mixture afforded ethyl 4ethylisoxazolol3 , 4-blpyrazine-5,6 (4Th, 7H) -dione-3-carboxylate
(325b), (0.51 g, 100%), m.p. 191-192, identified by
comparison (m.p. and i.r. spectrum) with an authentic sample
prepared before.

The Attempted Reductive Ring Opening of Ethyl 4Ethvlisoxazolo134-b1pvrazine-5,6(4H,7H)-dione_3_carboxylate
(325b)
A solution of the isoxazolo[3,4-b]pyrazinedione
derivative (325b) (0.51 g, 0.002 mol) in ethanol (100 ml)
was hydrogenated over 5% palladium-on-charcoal (0.05 g) at
room temperature and atmospheric pressure for 6h.
The mixture was filtered through celite and the
filtrate was evaporated to give unchanged starting-material
(325b) (0.49 g; 98%), m.p. 180_1810, identified by
comparison (m.p. and i.r. spectrum) with an authentic
sample.
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Ethyl 3-Amino-4- (N-ethoxalyl-N-methyl) aminoisoxazole-5carboxylate (324a)

A stirred solution of the isoxazole (318a) (0.46 g,
0.0025 mol) in anhydrous 1,4-dioxane (5.0 ml) was treated
with a solution of triethylamine (0.25 g, 0.0025 mol) in
anhydrous 1,4-dioxane (2.5 ml) and the mixture was cooled to
110 (ice bath) and treated dropwise with a solution of ethyl
oxalyl chloride (0.34 g, 0.0025 mol) in anhydrous 1,4dioxane (2.5 ml). The resulting suspension was then stirred
in the melting ice bath for 17h.
After filtration to remove triethylammonium chloride
(0.34 g; 100%), m.p. 249-2500 (sublimes), the mixture was
evaporated to give an orange brown oil. This was triturated
with ether to give a brown solid which was combined with
further solid obtained by evaporating the ethereal washings
and triturating the residue with light petroleum (b.p. 60800 )-ethanol to give ethyl 3-alnino-4-(N-ethoxalyl-Nmethyl)aminoisoxazole-5-carboxylate (324a) (total 0.49 g;
69%) which formed pale yellow spars, m.p. 104-1050 (from
ethanol, Vmax 3440, 3340 and 3240 (NH) and 1740 and 1690
(CO) cm-, 8H 6.28 (2H, s, NH2) (exch.), 4.29 (2H, q, J 7Hz,
CH2), 4.06 (2H, q, 7Hz, CH2), 3.08 (3H, s, CH3), 1.26 (3H,
t, J 7Hz, CH3) and 1.03 (3H, t, J 7Hz, CH3).

Found: C, 46.4; H, 5.4; N, 14.8%; M+, 285
C11HN326requires: C, 46.3; H, 5.3; N, 14.7%; M, 285
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Evaporation of the light petroleum-ethanol mother
liquor gave a red brown oil (0.29 g) from which no
identifiable material could be obtained.

Ethyl 4-Nethvlisoxazolol3,4-blpyrazine-5,6(41-I,711)-djone-3_
carboxylate (325a)
A stirred solution of the oxamate (324a) (0.29 g, 0.001
md) in xylene (10.0 ml) was heated under ref lux for 9h with
provision for the removal of any ethanol formed.
Evaporation of the mixture and crystallisation of the
residue from ethanol afforded ethyl 4-methylisoxazolol3,4blpyrazine-5,6(4H,7H)-dione-3-carboxylate (325a) (0.24 g;
99%) as pink spars, m.p. 186-1870, Vmax 3300-2500 br (NH,
OH) and 1740 and 1700 (CO)cm-, 8H [(CD3)2SO] 13.00-12.65
(1H, bs, NH)(exch.), 4.39 (2H, q, J 7Hz, CH2), 3.55 (3H, s,
CH3) and 1.34 (3H, t, J 7Hz, CH3).
Found:

M+, 239

C00325_requires: M, 239

Ethyl 3-Acetamido-4-(N-ethylacetamjdo) isoxazole-5carboxylate (321)

The diaminoisoxazole (318b) (0.20 g, 0.001 mol) was
heated under ref lux in acetic anhydride (2.5 ml) for lh.
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The mixture was evaporated and the residue was
triturated with anhydrous ether to give ethyl 3-acetamido-4(N-ethylacetamido)isoxazole-5-carboxylate (321), (0.12 g;
43%) which formed colourless blades, m.p. 179-1800 (from
ethanol), Vmax 3300 and 3250 (NH) and 1750 and 1660 (CO)
cm, SH [(CD3)2S0] 10.49 (lH, s, NH), 4.35 (2H, q, J 7Hz,
Cl2), 3.88-3.04 (211, m, CH2), 2.10 (311,

5,

CH3), 1.82 (3H,

s, CH3), 1.27 (3H, t, J 7Hz, CH3) and 0.92 (3H, t, J 7Hz,
CH3).
Found: C, 50.7; H, 5.9; N, 14.8%; M+, 283
9121117N395 requires: C, 50.9; H, 6.1; N, 14.8%; M, 283

The ethereal mother liquor was evaporated to give a
semi-solid (0.16 g) whose t.l.c. in dichloromethane-ethyl
acetate (1:1) over silica showed it to be a multicomponent
mixture which was not investigated further.

Ethyl 3-Amino-4-(N-ethylacetainjdo) isoxazole-5-carboxylate
(316b)
A solution of the diaminoisoxazole (318b) (0.40 g,
0.002 mol) in anhydrous 1,4-dioxane (5.0 ml) was mixed with
a solution of triethylamine (0.20 g, 0.002 mol) in anhydrous
1,4-dioxane (2.5 ml) and the mixture stirred at 150 (ice
bath) and treated dropwise with a solution of acetyl
chloride (0.16 g, 0.002 mol) in anhydrous 1,4-dioxane (2.5
ml). The mixture was stirred at room temperature for 6h,
then filtered and the solid washed with water and combined

379

with further crops of material obtained firstly by
evaporating the dioxane filtrate, treating the residue with
water (5.0 ml) and dichioromethane and secondly by
evaporating the dichioromethane extract and triturating the
residue with ether to give ethyl 3-amino-4-(Nethylacetamido) isoxazole-5-carboxylate (316b), (total 0.17
g; 35%) which formed colourless spars,

In.p.

208-2090 (from

ethanol), Vmax 3390, 3330 and 3220 (NH) and 1745; 1665 and
1620 (CO) cm 1, SH [(CD3)2S0] 6.14 (2H, S, NH2), 4.30 (2H,
q, J 7Hz, CE!2), 3.78-3.24 (2H, m, CE!2), 1.78 (3H, 5, Cl3),
1.25 (3H, t, J 7Hz, Cl3) and 0.94 (3H, t, J 7Hz, CE!3).

Found: C, 47.7; H, 6.3; N, 17.4%; N+, 241
1j011N394requires: C, 47.8; H, 6.3; N, 17.4%; M, 241

Evaporation of the ethereal mother liquor gave an
orange gum (0.25 g) whose t.l.c. in dichioromethane-ethyl
acetate (1:1) over silica showed it to be a multicoinponent
mixture which was not investigated further.

Ethyl 3-Amino-4- (N-ethylbenzamjdo) isoxazole-5-carboxylate
(322)
A solution of the diaminoisoxazole (318b) (0.40 g,
0.002 mol) in anhydrous 1,4-dioxane (5.0 ml) was stirred at
150 (ice bath) and treated in one portion with a solution of
triethylamine (0.20 g) in anhydrous 1,4-dioxane (2.5 ml) &
solution of benzoyl chloride (0.28 g, 0.002 mol) in
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anhydrous 1,4-dioxane (2.5 ml) was added dropwise and the
mixture was then stirred at room temperature for 18h.
The mixture was filtered to remove triethylammonium
chloride and the filtrate was evaporated to give a gummy
brown solid which was triturated with ether to afford ethyl
3-amino-4-(N-ethylbenzamjdo) isoxazole-5-carboxylate (322)
(0.56 g; 92%), which formed yellow plates, m.p. 159-1600
(from ethanol), Vmax 3385, 3320 and 3220 (NH) and 1725 and
1665 (CO) cm, S11 [(CD3)2S0] 7.31 (5H, 5, ArH), 6.35 (2H,
S, NH2) (exch.), 4.22 (2H, q, J 7Hz, CH2), 4.19 (211, q, J

7Hz, CH2), 1.24 (3H, t, J 7Hz, CR3) and 1.08 (311, t, J 7Hz,
CH3).
Found: C, 59.4; H, 5.7; N, 13.9%; M+, 303
9ll17N324_requires: C, 59.4; H, 5.7; N, 13.9%; N, 303

Evaporation of the ethereal mother liquor gave a brown
gum (0.07 g) which was shown by t.1.c. in dichloromethaneethyl acetate (1:1) over silica to be a multicomponent
mixture and therefore was not investigated further.
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Attempted Acid Catalysed Cyclisation Reactions of Ethyl 3Amino-4-(N-ethylbenzamjdo) isoxazole-5-carboxylate (322)

A solution of the isoxazole derivative (322) (0.61
g, 0.002 mol) in anhydrous toluene (15.0 ml) was treated
with 4-toluenesulphonic acid (0.01 g) and the mixture was
heated under ref lux for 7h using a Dean and Stark trap to
remove any water which formed.
The mixture was evaporated to give a gummy solid which
was washed with ether to afford unchanged starting-material
(322) (0.52 g; 86%), m.p. 155-1560 , identified by comparison
(m.p. and i.r. spectrum) with an authentic sample.
Evaporation of the ethereal washings gave a brown gummy
semi-solid (0.09 g) which was shown by t.1.c. in
dichloromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture containing further starting-material
(322). The semi-solid was not investigated further.
The isoxazole derivative (322) (0.61 g, 0.002 mol)
was treated with polyphosphoric acid (15.8 g) and the
resulting colourless paste was stirred and heated at 1000
for 10min during which time the suspended solid dissolved to
form a clear viscous solution.
The mixture was cooled and treated with water (10.0 ml)
and the resulting acidic solution was extracted with
dichloromethane to give a yellow gum (0.43 g). Trituration
with ether afforded unchanged starting-material (322) (0.05
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g; 8%), m.p. 155-1560 , identified by comparison (m.p. and
i.r. spectrum) with an authentic sample.
Evaporation of the ethereal mother liquor gave a yellow
gum (0.38 g) which was shown by t.l.c. in dichioromethaneethyl acetate (1:1) over silica to be a multicomponent
mixture containing further starting-material (322) which was
not further investigated.
The aqueous mother liquor was neutralised with 50% w/w
aqueous sodium hydroxide and glacial acetic acid and
extracted with dichloromethane to give only a small amount
of a pink gum (0.06 g) which was not further investigated.

The Attempted Diazotisation of Ethyl 3-Amino-4ethylaminoisoxazole-5-carboxylate (318b)

The diaminoisoxazole (318b) (0.40 g, 0.002 mol) was
treated with 5M aqueous hydrochloric acid (1.0 ml) and
cooled to 00 in an ice-salt bath. The resulting
hydrochloride suspension was stirred and treated dropwise
with a solution of sodium nitrite (0.15 g, 0.0022 mol) in
water (0.5 ml) at such a rate that the temperature did not
exceed 50• The mixture turned yellow and the suspended
solid dissolved. A bright red gum was then deposited and
the mixture was stirred in the melting ice bath for 30mm.
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The mixture was treated with dichloromethane and the
resulting three phase mixture was filtered to afford
unchanged starting-material (318b) as the hydrochloride
salt, (0.04 g; 8%) nl.p.150-1510 , identified by comparison
(m.p. and i.r. spectrum) with an authentic sample.
Evaporation of the dichioromethane extract gave a red
gum (0.27g) which was flash-chromatographed over silica.
Elution with dichioromethane followed by
dichioromethane-ethyl acetate (5:1) gave a gummy solid which
was washed with ether to give ethyl 3-amino-4-(N-ethyl-Nnitrosamino)isoxazole-5-carboxylate (329) (0.67 g; 15%)
which formed pale yellow crystals, m.p. 118-1190 (from
ethanol), Vmax 3440, 3310 (NH), 1745 (CO) and 1650 (NH def.)
cm, SH (CDC13) 4.63 (2H, q, J 7Hz, CH2), 4.37 (2H, q, J
7Hz, CH2), 3.99 (211, q, J 7Hz, CH2), 1.36 (3H, t, J 7Hz,
CH3) and 1.07 (3H, t, J 7Hz, Cl!3).

Found: C, 42.1; H, 5.4; N, 24.7%; m/z 199

9012N494 requires: C, 42.1; H, 5.3; N, 24.6%; M,

228

Further elution with ethyl acetate then methanol gave
only small amounts of multicomponent gums which were not
further investigated.
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The Attempted Reaction of Ethyl 3-Amino-4ethylaminoisoxazole-5-carboxylate (318b) with Ethyl Nitrite

A solution of the diaminoisoxazole (318b) (0.40 g,
0.002 mol) in anhydrous ethanol (12.5 ml) was mixed with a
solution of sodium (0.05 g, 0.002 mol) in anhydrous ethanol
(2.5 ml). The resulting red solution was stirred, cooled to
00

(ice-salt bath) and treated dropwise with a solution of

ethyl nitrite (0.17 g, 0.0022 mol) in anhydrous ethanol (2.0
ml) at such a rate that the reaction temperature was
maintained between 0-50 . The mixture was then stirred at
room temperature for 22h.
The mixture was evaporated and the residue was treated
with water (5.0 ml) and extracted with dichioromethane to
give an orange gum (0.07 g) which was shown by t.l.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture and therefore was not investigated
further.
The aqueous mother liquor was neutralised with 2M
aqueous hydrochloric acid and sodium acetate and extracted
with dichioromethane to give an orange gum (0.09 g) which
was shown by t.l.c. in dichloromethane-ethyl acetate (1:1)
over silica to be a multicomponent mixture which was not
investigated further.
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The Attempted Diazotative Coupling of Ethyl 3-Amino-4ethylaminoisoxazole-5-carboxylate (318b) with Acetylacetone

A solution of the isoxazole (318b) (0.40 g, 0.002 mol)
in 2M aqueous nitric acid (4.0 ml) was stirred and cooled to
00 (ice salt bath). A solid was deposited and the resulting
suspension was treated dropwise with a solution of sodium
nitrite (0.15 g, 0.022 mol) in water (0.8 ml) at such a
rate that the reaction temperature did not exceed 50. The
mixture was stirred at 50 for 15min then added in one
portion at 0-5 (ice-salt bath) to a stirred solution of
acetylacetone (0.20 g, 0.002 mol) and sodium acetate (1.2 g,
0.014 mol) in water (3.0 ml) and ethanol (5.0 ml) and the
resulting red solution stirred in the melting ice bath for
2h.
The mixture was evaporated and the residual aqueous
liquor was extracted with dichioromethane to give a red gum
(0.40 g) which was shown by t.l.c. in dichloromethane-ethyl
acetate (1:1) over silica to be a multicomponent mixture
from which no identifiable material could be obtained.
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CHAPTER 5

SOME STUDIES ON NEW SYNTHETIC

APPROACHES TO IMIDAZOI4 , 5-c1PYRIDAZINONE

AND

,5-b1PYRAZINONE DERIVATIVES

CO2Et

Et

Et

N: I J~
ONH2

OH

or (ii
Me —<\ I
N*N
:l N

Me_—(

N

CO2Et

NO2
(256b)

0
(331)

(1) NaOEt, EtOH, reflux.
PhCH2NMe3 OH, MeOH, EtOH, reflux.
NaH, DMF, room temp.

Scheme 115

CN

CONH

(i)

NO2
(332)
(333)

(i) base.

Scheme 116

387

5.1 Introduction

This chapter describes work directed towards the
synthesis of derivatives of the imidazo[4,5-]pyridazone (2)
and imidazo[4,5-]pyrazine (3) ring systems (Scheme 1).
Heterocycles of these types are of interest because of their
potentially interesting biological properties particularly
as possible adenosine receptor antagonists. The first part
of the chapter describes three different synthetic
approaches to imidazo[4,5-c]pyridazinone derivatives while
the latter part covers studies directed towards the
construction of the imidazo[4,5-b]pyrazinone ring.

5.2 New Synthetic Approaches to Imidazol4,5-clpyridazinones
Based on Attempted Cyclisation Reactions of 2-(4Nitroimidazo-5-yl) ethanamide Derivatives

The successful formation of the
nitroimidazolylethanamide derivative (256b) (see chapter 4)
prompted an investigation into the action of base on such
nitro derivatives with the intention of catalysing a
condensation reaction between the nitro group and the amino
group of the amide substituent to give (Scheme 115)
imidazo[4,5-c]pyridazines of the type (331). Analogy for
such a condensation is provided (Scheme 116) by the known82
base-catalysed transformation of 2-cyano-2-(2-
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nitrophenyl)ethanamide (332) into the cinnoline N-oxide
(333). However in practice heating the amide (256b) with
sodium ethoxide in ethanol failed to give the desired
imidazo[4,5-]pyridazine derivative (331), only the
unchanged starting material being recovered in good yield.
The use of benzyltrimethylammonium hydroxide in boiling
ethanol was also unsuccessful in coverting the amide (256b)
into the imidazo[4,5-]pyridazine derivative (331). This
reaction gave only a moderate recovery of the unchanged
starting material (256b) together with a complex
multicomponent gum. The failure of these two sets of
conditions may be due to deprotonation of the acidic methine
centre but not of the amidic amino group hence precluding
successful cyclisation. The use of sodium hydride was
therefore investigated in the hope that this stronger base
by achieving double deprotonation of the amide would effect
its cyclisation to the imidazopyridazine j-oxide (331). In
fact the attempted base-catalysed cyclisation of the amide
(256b) using sodium hydride in dimethylformamide at room
temperature gave only a good yield of the unreacted starting
material (256b).
The lack of success in the attempted base-catalysed
cyclisation of the amido-ester (256b) prompted the
investigation of the synthesis and base-catalysed
cyclisation of the cyano-amide (270). This compound being
closely related structurally to the benzene derivative (332)
would it was hoped cyclise more readily to the
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imidazopyridazine j-oxide (334). The cyano-amide (270) was
readily available (Scheme 117) by the sodium hydride
catalysed condensation of 2-cyanoethanamide (cyanoacetamide)
with the chloronitroimidazole (136b) in dimethylformamide at
room temperature as already described in chapter 4.
Unfortunately however heating the cyano-amide (270) under
ref lux with benzyltrimethylammonium hydroxide in ethanol
failed to effect cyclisation to the imidazo[4,5-c]pyridazine
derivative (334). This reaction gave instead a good yield
of the acetonitrile derivative (271). This product, which
gave a combustion analysis and showed mass, i.r. and 111
n.m.r. spectral absorption consistent with its assigned
structure presumably arises by hydrolysis of the amide group
in the cyano-amide (270) followed by spontaneous
decarboxylation of the resulting carboxylic acid.

5.3 Studies on the Attempted Synthesis of Imidazol4,5c1pyridazinones Based on Cyclisation Reactions of 1-(4Nitroimidazol-5-yl)-2-phenylazopropane-1, 3-dione Derivatives

The lack of success met with in the previously
described route to imidazo[4,5-c]pyridazines prompted an
investigation into the alternative synthetic strategy
outlined in Scheme 118. It was intended to convert the
readily available (see chapter 3) nitroimidazole derivatives
(175) into the diketones (219) by selective hydrolysis of
the ester group followed by decarboxylation of the resulting
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carboxylic acid. Coupling the diketone (219) with
benzenediazonium chloride should then give the hydrazone
(335) which would be expected by analogy with structurally
similar benzene derivatives83, to undergo base-catalysed
cyclisation with displacement of the nitro group, to give
the corresponding imidazopyridazinone (336). In practice
the attempted hydrolysis of the diketo-ester (175c) by
heating as a suspension in dilute aqueous sulphuric acid
gave only a very low yield of the desired diketone (219b)
together with a moderate yield of the unreacted starting
material (175c). The diketone analysed correctly and gave
mass, i.r. and 1H n.m.r. spectra consistent with its
assigned structure. Hydrolysis of the diketo-ester (175c)
by heating with dilute sulphuric acid in ethanol as
cosolvent was more sucessful but still gave the diketone
(219b) in only moderate yield. Heating the diketo-ester
(175c) with dilute sulphuric acid in acetic acid resulted in
over-hydrolysis, giving rise to only low yields of the
diketone (219b), the 5-acetylnitroimidazole (337) and
benzoic acid. The acetylnitroimidazole (337) was identified
by comparison with an authentic sample prepared as described
later (see Scheme 120).
Because of the relative inefficiency of the hydrolysis
of the diketo-ester (175c) to the diketone (219b) under acid
conditions, hydrolysis under alkaline conditions was also
investigated. Somewhat surprisingly however, the diketoester (175c) was stable to heating with aqueous sodium
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hydroxide in ethanol, being recovered unchanged in high
yield. More forcing alkaline hydrolysis of the diketo-ester
(175c) by heating with 20% w/v aqueous potassium hydroxide
in ethanol for lh gave only a low yield of the diketone
(219b) together with a significant amount of the unreacted
diketo-ester (175c). Increasing the reaction time from lh
to 3h gave an improved yield (68%) of the required diketone
(219b) but this could not be purified to remove a small
amount of contaminating starting material (175c) whose
presence was detectable by t.l.c.

However increasing the

reaction time further to 6h gave a moderate yield (56%) of
the desired diketone (219b) in a pure state. The attempted
alkaline hydrolysis of the diketo-ester (175d) by heating
with 20% w/v aqueous potassium hydroxide in ethanol for 6h
gave only a very low yield of the corresponding diketone
(219a) whose analytical and spectroscopic properties agreed
with the assigned structure.
Base-catalysed coupling of the diketone (219b) with
benzenediazonium chloride gave a red acidic gum which could
not be fully characterised. In particular its 1H n.in.r.
spectrum was much more complicated than expected for the
hydrazone structure (335), though its mass spectrum did
exhibit a peak at m/z 405 corresponding to the parent ion of
the required product (335).
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Due to the indeterminate nature of the product of the
base-catalysed coupling of the diketone (219b) with
benzenediazonium chloride and the difficulty encountered in
the hydrolytic removal of the ester group from the diketoesters (175c) and (175d) to give the diketone starting
materials (219b) and (219a) it was decided at this stage to
investigate an alternative but related synthetic strategy
(Scheme 119) for the construction of the iinidazo[4,5]pyridazine system to that outlined already (Scheme 118).
Thus to circumvent the difficulties encountered in the
synthesis and coupling reaction of the diketone (219b) it
was intended (Scheme 119) to couple the readily available
(see chapter 3) diketo-ester (175a) directly with
benzenediazonium chloride to afford the azo-product (338).
It was then hoped that reaction of the latter under
appropriate basic conditions would result in cyclisation
with concomitant loss of the ester or acetyl substituents to
give one or other or both of the imidazopyridazinone
derivatives (339) and/or (340). In practice the diketoester (175a) coupled smoothly with benzenediazonium chloride
in the presence of sodium acetate to give an excellent yield
of the expected phenylazo-derivative (338). The new
compound had analytical and spectroscopic properties fully
in accord with its proposed structure. In particular
elemental analysis indicated the molecular formula
C17H17N506 which was confirmed by the presence of a parent
ion at m/z 387 in the compound's mass spectrum. The
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product's 111 n.m.r. spectrum displayed a six proton
multiplet at S 7.55 - 7.42 due to the benzene ring protons
and the proton of the imidazole ring. Two three proton
singlets at S 3.78 and 2.35 were consistent with the
presence of two methyl groups while a quartet centred at S
4.29 and a triplet at S 1.26 were indicative of a single
ethyl group in the molecule.
Disappointingly the attempted base-catalysed
cyclisation of the phenylazo-derivative (338) by heating
with 2M aqueous sodium hydroxide gave neither of the hoped
for imidazopyridazines (339) or (340), these conditions
giving only low yields of multicomponent gums. The use of
sodium ethoxide as the basic catalyst fared no better,
heating the phenylazo-derivative (338) with ethanolic sodium
ethoxide giving only a complex red gum.
In parallel with the foregoing studies a third
synthetic strategy for the construction of the imidazo[4,5]pyridazine ring system was also investigated (Scheme 120).
This was based on the halogenation of the methyl ketone
(337) to give either the a-bromo-derivative (341a) or the
a-chloro derivative .(341b) as starting materials for the
synthesis of active methylene derivatives such as the
nitrile (342a) or the suiphone (342b). The intention was
then to couple such derivatives with benzenediazonium
chloride to give hydrazones such as (343a) and (343b)
appropriate for base-catalysed cyclisation (see before) to
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the corresponding imidazopyridazinone derivatives (344a) and
(344b)
The previously unreported nitroimidazolyl methyl ketone
(337) was obtained in high yield by acidic hydrolysis with
accompanying decarboxylation (Scheme 120) of the readily
available (see chapter 3) keto-diester (189b) and had
analytical and spectroscopic properties fully in accord with
its assigned structure. The ketone (337) was further
characterised by conversion into a dinitrophenylhydrazone
derivative. However attempted oxime formation from the
ketone (337) was unsuccessful. The attempted conversion of
the ketone (337) into the a-bromo-derivative by heating with
bromine in glacial acetic acid resulted in the formation of
three products, only two of which were obtained pure enough
for characterisation. Trituration of the bulk crude
reaction product with methanol afforded a low yield (10%) of
a compound which analysed correctly and had spectroscopic
properties consistent with its formulation as the dibroinoderivative (346a). Flash-chromatography of the material
isolated from the trituration mother liquor gave an
inseparable mixture of two components identified on the
basis of 1H n.m.r. as the dibromo-compound (346a) and the
desired a-bromo-derivative (341a). Also isolated in pure
form was a third product obtained in 18% yield and readily
assigned the broinoimidazole structure (345) on the basis of
its analytical and spectroscopic properties. It is not
immediately clear how the bromoimidazole product (345) is
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formed in the reaction of the ketone (337) with bromine but
one possibility could involve (Scheme 121) formation of the
tribromoniethyl ketone (347) followed by solvolytic breakdown
to give the acid (or its equivalent) then decarboxylation of
the latter and subsequent bromination of the nitroiniidazole
derivative (348). Alternatively a radical mechanism may be
involved.
In an attempt to prevent dibromination occurring the
methyl ketone (337) was heated with one equivalent of
bromine in dichloromethane. However these conditions failed
to cause any reaction and the starting ketone (337) was
recovered unchanged in quantitative yield. The use of one
equivalent of bromine in the higher boiling solvent
chloroform gave again only an inseparable mixture of the
monobromo- and dibronio- compounds (341a) and (346a),
together with a poor recovery of unchanged starting material
(337). These results suggest that elevated temperature
promotes the formation of the dibromo-derivative (346a) over
the required monobromo compound (341a).

The broraination of

the methyl ketone (337) with one equivalent of bromine in
1,2-dimethoxyethane (DME) at 500 was therefore investigated
and gave a 43% yield of the desired monobromomethyl ketone
(341a) together with a 54% yield of unchanged starting
material (337). The monobromoniethyl ketone (341a) gave a
combustion analysis and mass, i.r. and 1H n.m.r. spectra
fully in accord with the assigned structure. However all
attempts to improve the efficiency of the monobroniination of
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the ketone (337) so as to obtain acceptable quantities of
the monobromomethyl ketone (341a), required as starting
material for the synthetic strategy outlined in Scheme 120,
were unsuccessful. Thus reaction of the ketone (337) with
two equivalents of bromine in DME at 500 gave only the
dibromo-compound (346a) in 34% yield together with an
inseparable mixture of the monobromo- and dibromo- products
(341a) and (346a). The same mixture of products was
obtained when the ketone (337) was sequentially treated with
two single equivalents of bromine in DME at 500.
In an attempt to circumvent the problems encountered in
the bromination of the methyl ketone, its behaviour towards
the chlorinating agent sulphuryl chloride, was next
investigated (Scheme 120). However treating the ketone
(337) with sulphuryl chloride in toluene at 400 in the
presence of pyridine gave only low yields of both the
monochloromethyl ketone (341b) and the dichioromethyl ketone
(346b) together with an oily mixture of both of these
products. Both of the chlorinated products (341b) and
(346b) gave analytical, mass and i.r. spectral data and, in
the case of the dichloro compound (346b), 1H n.m.r.
absorption fully in accord with their proposed structures.
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5.4 New Synthetic Approaches to Imidazo[4,5-c]pyridazjnes
Based on Attempted Cyclisation Reactions of Imidazol-4y1hydrazone Derivatives

Due to the lack of success met with in the attempted
application of the previous strategies for the construction
of the imidazo[4,5-c]pyridazine ring system it was decided
to investigate an alternative synthetic route based on the
cyclisation of imidazol-4-ylhydrazone derivatives as outlined
in Scheme 122. In this case the intention was to diazotise
the readily accessible (see chapter 4) 4-amino-5ethoxalylimidazole derivative (263) and couple the resulting
diazonium cation (349) with pentane-2,4-dione
(acetylacetone) to give the novel hydrazone (350) which it
was expected would be amenable to base-catalysed cyclisation
with concomitant loss of the acetyl group to give the
imidazo[4,5-]pyridazine derivative (354) (see Scheme 122).
In practice diazotisation of the amine (263) and subsequent
coupling with acetylacetone gave an excellent yield of the
novel hydrazone (350) together with a low yield of the
corresponding carboxylic acid (351). The carboxylic acid
(351) was also obtained in quantitative yield by hydrolysis
of the ester (350) in cold dilute aqueous alkali and both
products had analytical and spectroscopic properties fully
in accord with their assigned structures.
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Disappointingly, heating the hydrazone (350) with
ethanolic sodium ethoxide gave only a low yield of a complex
multicomponent purple glass with no evidence for the
formation of the imidazopyridazine (354) being obtained.
Using triethylamine in ethanol as the base failed to induce
any reaction and the starting hydrazone (350) was recovered
unchanged in near quantitative yield. An attempt to induce
cyclisation of the hydrazone (350) by heating with
piperidine in ethanol also failed to afford the
imidazopyridazine (354), these conditions giving only
intractable multicomponent red gums.
The lack of success in attempts to effect the basecatalysed cyclisation of the hydrazone (350) prompted an
attempt to cyclise the latter under acidic conditions
(Scheme 122). However heating the hydrazone (350) with 2M
aqueous hydrochloric acid in ethanol rather surprisingly
resulted in the loss of the ethoxalyl side-chain giving the
imidazolyihydrazone derivative (353) in low yield (15%)
together with unreacted starting material (350). The
compound (353) exhibited the correct analytical and
spectroscopic properties for its assigned structure.
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5.5 Investigations of Some New Synthetic Approaches to
Imidazo 14 ,5-blpyrazinones

This section describes studies directed towards the
synthesis of derivatives of the imidazo[4,5-]pyrazine ring
system (3) (see chapter 1, Scheme 1) because of their
potential biological activity and in particular their
possible role as adenosine receptor antagonists. The key
starting material used in these studies was again the
chloronitroimidazole (136b) readily available in substantial
quantities as described before (see chapter 3). The
intention (Scheme 123) was to displace the chlorine
substituent in the chloronitroimidazole (136b) with nitrogen
nucleophiles such as ammonia or amines to give 5-aminonitro
imidazole derivatives (355) which would be suitable
substrates for acylation to -nitroimidazolyl amides (356).
These, in turn, were expected to undergo base-catalysed
cyclisation to the corresponding imidazo4, 5-]pyrazinone
(357) by analogy with the known84'
85'
86 base-catalysed
cyclisation (Scheme 123) of a-substituted 2nitroacetanilides (360) to quinoxaline-2(1H) -one 4-fl-oxides
(361)
Inital effort was directed to the synthesis of the
briefly previously described87 aminonitroimidazole (355a).
However though treatment of the chloronitroimidazole (136b)
with liquid ammonia gave a deep blue solution, subsequent
work-up gave only a quantitative recovery of the unchanged
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starting-material (136b). In an attempt to replace the
chlorine atom in (136b) with a substituent that would act as
a better leaving group, the chloronitroimidazole (136b) was
heated with sodium bromide in dimethylformamide (Scheme
124). However this reaction failed to give the desired
bromonitroimidazole (345) but instead afforded only an
excellent recovery of the unreacted chloronitroimidazole
(136b). Since the bromonitroimidazole (345) was not readily
accessible attention was next turned (Scheme 124) to the
sulphone (254) readily accessible from the
chloronitroimidazole (136b) as described before (see chapter
4). The superiorleaving group capacity of the
benzenesulphonyl group in the sulphone (254) makes it a
potentially superior substrate for conversion into the amine
(355a). However an attempt to displace the benzenesulphonyl
group in the sulphone (254) with liquid ammonia to give the
required amine (355a) was unsuccessful, this reaction giving
only an essentially quantitative recovery of the unreacted
starting material (254).
The lack of reactivity of the sulphone (254) and the
chloronitroimidazole (136b) towards ammonia was in marked
contrast to the behaviour of the latter towards methylamine.
Thus the chloronitroimidazole (136b) reacted smoothly with
methylamine in boiling ethanol to give a good yield (79%) of
the methylaminoimidazole (355b). This product analysed
correctly and had spectroscopic properties in accord with
its asigned structure. The primary amine was eventually
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prepared in good yield (Scheme 124) from the imidazole acid
chloride (139b) (prepared as described in Chapter 3) by
treatment with sodium azide in aqueous acetone in a Curtius
rearrangement [(139b) -> (362) -> (363a) -> (355a)].
With the aminonitroimidazoles (355a and b) readily
available attention was next turned to their acylation with
phenylacetyl chloride (Scheme 123). Thus conversion of the
amine (355a) into the amide anion by reaction with sodium
hydride in dimethylformainide, followed by reaction with
phenylacetyl chloride resulted in a moderate yield (62%) of
the required amide (356a) together with a low yield of the
unreacted amine (355a) . The amide (356a) gave a correct
combustion analysis and exhibited mass, i.r. and 1H n.m.r
spectra in accord with its assigned structure. However the
attempted cyclisation of the amide (356a) to the
iinidazopyrazinone (357a) under a variety of basic conditions
was unsuccessful. Thus, heating the amide (356a) with
aqueous potassium hydroxide in pyridine under conditions
known85 to achieve the cyclisation [(360) -> (361)], failed
to afford the imidazopyrazinone (357a), these conditions
giving only a moderate recovery (52%) of the unreacted
starting material (356a) together with a multicomponent gum.
The use of benzyltrimethylammonium hydroxide as the base
also failed to cyclise the amide (356a) to the imidazo[4,5]pyrazinone (357a). Thus heating the amide with this
reagent in ethanol afforded only a moderate recovery of the
unreacted starting material (356a) together with an
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intractable red brown gum. Carrying out the same reaction
in the higher boiling solvent cellosolve gave only a small
amount of the unchanged amide (356a), together with a small
amount of phenylacetic acid and intractable oils.
The failure of the amide (356a) to undergo basecatalysed cyclisation to the imidazopyrazinone (357a) is in
marked contrast to the successful cyclisation [(360a) ->
(361a)] and prompted the investigation of the corresponding
base-catalysed cyclisation of the fl-methyl amide (356b).
This compound was readily prepared in good yield (74%) by
heating the methylaminonitroimidazole (355b) with
phenylacetyl chloride in benzene. The fl-methyl amide (356b)
had analytical and spectroscopic properties consistent with
the assigned structure. The attempted cyclisation of the Nmethyl amide (356b) to the corresponding imidazopyrazinone
derivative (357b) by heating it with sodium hydroxide in
methanol resulted in the formation in low yield (16%) of a
colourless crystalline product which has not been firmly
characterised. The same product was isolated in somewhat
higher yield (43%) when the amide (356b) was heated with 20%
w/v aqueous potassium hydroxide in pyridine and gave
analytical and mass spectral data consistent with the
molecular formula C15H18N403. Two plausible structures
(Scheme 123) correspond to this molecular formula, namely
the pyrazinone j-oxide structure (358) and the 2nitroimidazolylacetamide structure (359). The former
product would arise by inital formation of the expected
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imidaopyrazinone fl-oxide (357) followed by hydrolytic
opening of the imidazole ring in the latter. The acidcatalysed opening of imidazoisoxazole derivates has already
been described in chapter 4. Formation of the isomeric
amide (359) can be rationalised (Scheme 125) in terms of
Smiles-type rearrangement proceeding via an azetidinone
intermediate (365). A Smiles-type rearrangement involving a
four-membered spirocyclic intermediate, structurally related
to (365), has been reported in the literature88. However
the pyrazinone structure (358) for the product is clearly
excluded on the basis of i.r. and 'H n.m.r. evidence which
in turn supports the isomeric amide structure (359). In
particular the presence of bands attributable to a nitro
group in the i.r. spectrum of the product are consistent
with the structure (359) but clearly inconsistent with the
pyrazine fl-oxide formulation (358). Moreover the 1H n.m.r.
spectrum of the product showed proton resonances
attributable to a methylamino-substituent as required by the
structure (359) but no signals assignable to an ethylaminogroup as required by structure (358). In addition the
product's 13C n.m.r. spectrum contained resonances
assignable to five quaternary carbon atoms and four CHgroups, absorbance at variance with the structure (358) but
clear in accord with the structure (359).
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In an effort to firmly establish the structure (359)
for the product of the base-catalysed transformations of the
amide (356b) its behaviour towards simple chemical
transformations was investigated. The product was stable to
acetylation, being recovered unchanged in quantitative yield
after heating with acetic anhydride. This result clearly
supports an acidic structure such as (359) for the compound.
The compound was also relatively stable to catalytic
reduction being recovered unchanged, albeit only in low
yield, after attempted hydrogenation over 10% palladium-oncharcoal with no evidence for the formation of any product
derived by reaction of the nitro group in the structure
(359). However the latter is not precluded by this result
since the relative stability of the nitro group in
nitroimidazoles towards catalytic hydrogenation has all been
observed in other studies at Edinburgh89. The product was
also surprisingly stable to hydrolysis being recovered
unchanged in good yield after heating under ref lux with
aqueous sulphuric acid in acetic acid or with 2M aqueous
sodium hydroxide in methanol with no evidence for the
formation of any product of hydrolysis. On the other hand
forcing hydrolysis by heating under ref lux with 20% w/v
aqueous potassium hydroxide in ethanol resulted only in the
formation of a multicomponent gum which yielded no
identifiable material.
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Attempts to verify the amide structure (359) for the
product of the base-catalysed transformations of the
nitroimidazole derivative (356b) by unambiguous synthesis
also met with little success (Scheme 126). Thus the
attempted sodium ethoxide catalysed condensation of the
ester (278a), synthesised as described in chapter 4, with
methylamine in ethanol under standard conditions for
methylamide formation gave only a high recovery of the
unchanged ester (278a) with no evidence for the formation of
the amide (359). An alternative synthetic strategy (Scheme
126) to the amide (359) involved the sodium hydride
catalysed condensation of the chioronitroimidazole (136b)
with the known9° compound fl-methyl 2-phenylethanamide was
also unsuccessful. This reaction gave only an intractable
product which yielded no identifiable material. The
structure (359) for the product of the base-catalysed
transformations of the amide (356b) therefore remains
tentative and its confirmation will require further detailed
investigation, time for which was not available in the
present studies.
In parallel with the study of the synthetic approach to
imidazo[4,5-]pyrazinone derivatives outlined in Scheme 123,
the more general flexible synthetic strategy for
imidazo[4,5-b]pyrazine synthesis oultined in Scheme 127 was
also investigated. This entailed the synthesis of a series
of previously undescribed nitroimidazolyl heterocumulenes
(363) [ie the isocyanate (363a ; X = 0), the isothiocyanate
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(363b ; X = S), and the carbodlimide (363c ; X = NPh)] and
their conjugate addition with stabilised carbanions. The
resulting adducts (366), by analogy with structurally
similar ortho-nitrobenzene derivatives84'
85'
86, would then,
it was hoped, undergo base-catalysed cyclisation (see
before) to the corresponding j-oxygenated imidazopyrazine
derivatives (367). It was anticipated at the outset of
these studies that all three types of heterocumulene (363 ;
X = 0, S1 or NPh) would be accessible, using various
procedures, from the synthetically versatile
chioronitroimidazole (136b).
The initial synthetic approach (Scheme 128) to the
required nitroimidazolyl isocyanoate (363a) was based on
Curtius rearrangement of the acyl azide (362) derived from
the acid chloride (139b) whose synthesis from the
chioronitroimidazole (136b) via the carboxylic acid (138b)
has already been described in chapter 3. However as already
described (see Scheme 124) reaction of the acid chloride
(139b) with sodium azide in aqueous acetone led directly to
the amine (355a) via the presumed intermediacy of the acyl
azide (362) and the required isocyanate (363a). Alternative
conditions for the conversion of the acid chloride (139b)
into the isocyanate (363a) avoiding further reaction of the
latter to give the amine (355a) were therefore required. To
this end the acid chloride (139b) in diethyl ether was
heated under ref lux with trimethylsilyl azide under
conditions known91 to effect the efficient synthesis of
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isocyanates from acid chlorides. However in the case of the
acid chloride (139b), these conditions afforded after workup a substantial amount (44%) of the carboxylic acid (138b)
together with a low yield (24%) of a product whose i.r.
spectrum indicated it to be the acyl azide (362). However
due to its instability the product failed to afford
meaningful analytical or mass spectral data.
Because of the difficulties encountered in the
attempted conversion of the acid chloride (139b) into the
isocyanate (363a), attention was next turned (Scheme 129) to
the direct synthesis of the isothiocyanate (363b) from the
chioronitroimidazole (136b). Thus it was anticipated that
reaction of the chloronitroimidazole (136b) with sodium
thiocyanate would afford via rearrangement92 of the
initially formed thiocyanate (368) the required
isothiocyanate (363b). However the attempted reaction of
the chioronitroimidazole (136b) with sodium thiocyanate in
dimethylformamide at room temperature or under ref lux gave
in the former case only a good recovery of the unreacted
starting material (136b) and in the latter, in addition to a
low recovery of the starting chioronitroimidazole (136b),
low yields of intractable gums.
Having failed to obtain the isocyanate (363a) and the
isothiocyanate (363b) by orthodox methods, attention was
next turned (Scheme 129) to the previously undescribed
iminophosphorane (370) as a source of both compounds.
Iminophosphoranes of the type (370) have been reported93 to
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react with carbon dioxide and carbon disulphide giving the
corresponding isocyanate and isothiocyanates respectively.
Since iminophosphoranes of the type (370) are known94'
95 to
be readily accessible by reaction of the corresponding
azides with triphenylphosphine, it was first necessary to
synthesis the azidonitroimidazole (369). This previously
unknown compound was readily prepared in excellent yield
(99%) by reaction of the chloronitroimidazole (136b) with
sodium azide in dimethylformamide at room temperature. The
azide gave analytical and spectroscopic data consistent with
its structure and on careful heating with triphenyiphosphine
in 1,2-dimethoxyethane was smoothly converted, with loss of
nitrogen, into the bright yellow iminophophorane (370) in
excellent yield (92%). The iminophosphorane (370) analysed
correctly and gave the expected parent ion at m/z 430 in its
mass spectrum. Its i.r. and 1H n.m.r. spectra were also
fully in accord with its assigned structure. However
verification of this structure (Scheme 129) by acidcatalysed hydrolysis of the iminophosphorane (370) to the
amine (355a) was unsuccessful. Thus treatment of the
iminophosphorane (370) with concentrated hydrochloric acid
at room temperature merely afforded the corresponding
phosphonium salt (371) in quantitative yield while reaction
at elevated temperature gave high yields of
triphenyiphosphine oxide but no evidence for the coformation
of the amine (355a).
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Disappointingly heating the iminophosphorane (370) with
carbon disulphide in acetonitrile under conditions known93
to effect isothiocyanate formation gave only a quantitative
recovery of the unreacted starting material (370). Because
of this result and the lesser likelyhood of successful
reaction, no attempt was made to react the iminophosphorane
(370) with carbon dioxide to give the isocyanate (363a).
The lack of reactivity of the iminophosphorane (370) towards
carbon disulphide may be due to the reduced nucleophilicity
of the imine nitrogen atom in the iminophosphorane (370)
resulting from electron-withdrawal by the nitroimidazole
ring. Despite this it was decided to investigate the
reaction of the iminophosphorane (370) with phenyl
isocyanate (Scheme 129) in the hope of obtaining the
carbodiimide (363c) for study. Iminophosphoranes are well
known96'
97 to condense with isocyanates to afford
carbodiimides. In the present work heating the
iminophosphorane (370) with phenyl isocyanate in
acetonitrile afforded not the expected carbodiiinide
derivative (363c) but instead gave an excellent yield of an
oxygen-free product analysing for C12H13N5. This molecular
formula for the unexpected product was further substantiated
by the presence of a parent ion at m/z 227 in its mass
spectrum. In accord with its formation as the imidazo[4,5c]triazole structure (372), the i.r. spectrum of the
compound lacked any significant absorption above 1500 cm
and in particular contained no bands due to a nitro group.
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In addition its 1H n.m.r. spectrum contained only proton
resonances due to single methyl, ethyl and phenyl
substituents. Attempts to firmly establish the structure of
the imidazotriazole (372) by unambiguous synthesis were
unsuccesful (Scheme 130). The proposed synthetic strategy
involved the preparation of the phenyihydrazine derivative
(374) and its acid- or base-catalysed cyclisation, by
analogy with 2-nitrophenylhydrazine derivatives98'
99, to the
imidazotriazole N-oxide (375). Reduction of the latter
would then give the parent imidazotriazole (372). In
practice however, heating the chioronitroimidazole (136b)
with phenyihydrazine in ethanol or diinethylformarnide gave
only good recoveries of the unreacted starting material
(136b) with no evidence for the formation of the expected
phenylhydrazine derivative (374). The potentially more
easily displaceable benzene suiphonyl substituent in the
sulphone (254) also failed to undergo replacement by
phenylhydrazine (Scheme 130) to give the required
phenylhydrazine derivative (374). Thus, heating the
sulphone (254) with phenylhydrazine in ethanol gave after
work-up only a quantitative recovery of the unreacted
starting material (254), while heating with phenylhydrazine
in diglyme afforded no identifiable material apart from a
low recovery of the sulphone (254). The behaviour of the
chloro- and benzenesulphonyl-substituents in the
nitroimidazole derivatives (136b) and (254) towards
nucleophilic displacement by hydrazine was also

Et
N
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N

I'N
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Table 9. Bond Lengths (A) with Standard Deviations

N(1) -C(11)
N(l)
C(2)
'1) -C(6a)
C(11) -C(12)
C(2) -C(21)
N(3)
C(2)
T(3) -C(4a)

-

C(4a)
N(4)
C(4a) -C(6a)
N(5)
N(6)
N(5) -C(1P)
-C(6a)

1.473(9)
1.374( 9)
1.374( 8)
1.465(12)
1.478(11)
1.345( 9)
1.361( 9)

-

1.346( 9)
1.384(9)
1.357( 8)
1.379( 8)
1.398(7)
1.317(8)

Table 10. Angles (degrees) and Torsion Angles (deees
with Standard Deviations
C(11) - N(1) - C(2)
C(11) -N(1) -C(6a)
C(2) - N(1) -C(6a)
N(1) -C(11) -C(12)
N(1) - C(2) -C(21)
N(1) - C(2) - N(3)
C(21) - C(2) - N(3)
C(2) - N(3) -C(4a)
N(3) -C(4a) - N(4)
-C(4a) -C(6a)
-C(4a) -C(6a)

128.4( 6)
125.8(6)
105.6( 5)
112.8(6)
123.2( 6)
113.6( 6)
123.2( 7)
102.6( 6)
138.9( 6)
112.6(6)
108.4(6)

C(4a)
N(4)
N(4)
N(6)
N(5)
N(S)
N(5)
N(1)
N(1)
C(4a)

- U(4) - N(S) 102.0( 5)
- N(S) - N(S) 116.4( 5)
- N(5) -C(1P) 122.4( 5)
- N(5) -C(IP) 120.9( 5)
- N(S) -C(6a) 100.0( 5)
-C(1P) -C(2P) 120.2(4)
-C(1P) -C(6P) 119.8(4)
-C(6a) -C(4a) 105.5(6)
-C(6a) - N(6) 141.5( 6)
-C(6a) -N(S) 113.1( 6)

Table 10 continued

C(2) - N(1) -C(11)
C(6a) - N(1) -C(11)
C(11) - N(1) - C(2)
C(11) - N(1) - C(2)
C(6a) - N(1) - C(2)
C(6a) - N(1) - C(2)
C(11) - N(1) -C(6a)
C(11) - N(1) -C(6a)
C(2) - U(1) -C(6a)
C(2) - N(1) -C(6a)
N(1) - C(2) - N(3)
C(21) - C(2)- N(3)
C(2) - 14(3) -C(4a)
C(2) - 14(3) -C(4a)
14(3) -C(4a) - N(4)
C(6a) -C(4a) - 14(4)

-C(12)
-C(12)
-C(21)
- N(3)
-C(21)
- N(3)
-C(4a)
- N(S)
-C(4a)
- N(6)
-C(4a)
-C(4a)
- M(4)
7C(6a)
- 14(5)
- 14(5)

106.1( 8)
-66.9( 9)
5.4(11)
-176.6( 6)
179.5( 7)
-2.5( 8)
176.9( 6)
-3.8(13)
2.6( 7)
-178.1( 9)
1.2( 8)
179.2( 7)
177.6( 8)
0.5( 8)
-178.4( 8)
-1.3( 7)

N(3)
N(3)
tT(4)
N(4)
C(4a)
C(4a)
N(4)
C(IP)
N(4)
N(4)
N(6)
14(5)
N(S)
14(5)

-C(4a)
-C(4a)
-C(4a)
-C(4a)
- N(4)
- N(4)
- N(5)
- N(5)
- N(S)
- N(5)
- N(5)
- 14(5)
- 14(6)
- N(S)
-C(1P)
-C(1P)

-C(6a)
-C(6a)
-C(6a)
-C(6a)
- N(5)
- N(S)
- N(6)
- N(6)
-C(1P)
-C(1P)
-C(1P)
-C(1P)
-C(6a)
-C(6a)
-C(2P)
-C(6P)

-

N(1)
N(6)
N(1)
N(6)
N(S)
-C(LP)
-C(6a)
-C(6a)
-C(2P)
-C(6P)
-C(2P)
-C(6P)
- 14(1)
-C(4a)
-C(3P)
-C(SP)

-2.0(
178.4(
-179.9(
0.5(
1.E3(
L76.8(
-1.5(
-176.6(
-168.8(
11.0(
6.0(
-174.2(
-178.7(
0.6(
179.8(
-179.8(

8)
6)
5)
8)
7)
5)
7)
5)
5)
7)
7)
5)
9)
7)
4)
4)
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investigated. However in both cases heating with hydrazine
hydrate in ethanol resulted in the formation of complex
mixtures with or without the recovery of unreacted starting
material and no evidence for the formation of the expected
hydrazine derivative (373).
The imidazotriazole structure (372) for the product of
the reaction of the iminophosphorane (370) with phenyl
isocyanate was finally rigorously established by x-ray
diffraction analysis (see Figure 5 and Tables 9 and 10).
Formation of the imidazotriazole (372) in the reaction of
the iminophosphorane (370) with phenyl isocyanate requires a
deep-seated rearrangement, the involvement of the
carbodiimide (363c) in which is indicated by the known10°
thermal rearrangement (Scheme 131) of the 2nitrophenylcarbodiimide (376) to 2-phenyl-2-benzotriazo1e
(377). Analogy with the mechanism proposed for this
transformation, therefore suggests the course outlined in
Scheme 132 to account for the formation of the
imidazotriazole (372) in the reaction of the
iminophosphorane (370) with phenyl isocyanate. This
involves the initial formation of the carbodiimide (363c)
followed by a series of ring-closure/ring-opening processes
initiated by nucleophilic attack by an oxygen atom of the
nitro group on the ortho-carbodiimide side-chain and
culminating in the formation of the azo-nitrene intermediate
(383). Spontaneous cyclisation of the latter then accounts
for the formation of the imidazo[4,5-c]triazole derivative
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(372). In an attempt to isolate the proposed carbodiimide
intermediate (363c), the reaction of the iminophophorane
(370) with phenyl isocyanate in dichloromethane was
investigated at room temperature. However these conditions
again led only to the formation of the imidazotriazole
(372), though in much lower yield, with no evidence for the
presence in the reaction mixture of the carbodiimide
derivative (363c).
In a final attempt (Scheme 133) to develop a viable
synthetic route to the imidazo[4,5-b]pyrazine derivatives it
was decided to investigate the acylation of the
aminonitroimidazole (355a) with ethyl oxalyl chloride in the
hope that the resulting oxamate derivative (385) could be
reductively cyclised via the amine intermediate (386) to
give the iinidazopyrazinedione product (388). In practice,
sodium hydride catalysed condensation of the
aminonitroimidazole (355a) with ethyl oxalyl chloride in
dimethylformamide at room temperature afforded only a low
yield (35%) of the required oxamate (385). However the yield
of this compound was improved to 45% by catalysing the
reaction with pyridine and further improved to an acceptable
62% by using toluene as cosolvent. The previously
undescribed oxamate derivative (385) had analytical and
spectroscopic properties fully in accord with its assigned
structure.
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Unfortunately the attempted reductive cyclisation of
the nitro compound (385) via the amine (386) to give the
imidazopyrazinedione (388) was unsuccessful. Thus catalytic
hydrogenation in ethanol over palladium-on-charcoal at room
temperature or under ref lux gave only a low yield of the
hydrogenolysis product ethyl oxamate and/or highly coloured
intractable gums.
Investigations of new synthetic approaches to
imidazo[4,5-b]pyrazinone derivatives were discontinued at
this point.
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5.6 Experimental Part
General Experimental Methods
See Chapter 2, section 2.4

Ethyl 2-Carbamoyl-2- (1-ethyl-2-methyl-4-nitro-1H-imjdazol-5yl) ethanoate (256b)

Ethyl 2-carbamoyl-2- (1-ethyl-2-methyl-4-nitro-lHimidazol-5-yl)ethanoate (256) was prepared as described in
chapter 4, section 4.

Attempted Base-catalysed Cyclisation Reactions of Ethyl 2Carbamoyl-2- (l-ethyl-2-methyl-4-nitro-1H-imjdazol-5yl) ethanoate (256b)

(a) Using ethanolic sodium ethoxide

A solution of sodium (0.18 g, 0.008 inol) in anhydrous
ethanol (5.0 ml) was treated with a solution of the amide
(256b) (0.57 g, 0.002 mol) in anhydrous ethanol (10.0 ml)
and the resulting red solution was heated under ref lux for
lh.
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The mixture was evaporated and the residue was treated
with water and the resulting solution neutralised with 2N
aqueous hydrochloric acid and sodium acetate. The
precipitated solid was collected and combined with further
material obtained by extracting the aqueous mother liquor
with dichioroniethane and triturating the resulting oil with
ethyl acetate to give unchanged starting-material (256b)
(total 0.48 g; 85%), m.p. 161-1620 , identified by comparison
(m.p. and i.r. spectrum) with an authentic sample.
Evaporation of the ethereal mother liquor gave only a
small amount of yellow gum (0.06 g) which was not
investigated further.

(b) Using benzyltriinethylamrnonium hyroxide in methanol

A solution of the amide (256b) (0.57 g, 0.002 mol) in
ethanol (10.0 ml) was treated with 40% w/w benzyltriniethyl
ammonium hydroxide in methanol (10.0 ml) and the resulting
red solution was heated under ref lux for 7h.
The mixture was evaporated and the residue was treated
with 2M aqueous hydrochloric acid (10.0 ml) and the mixture
neutralised with sodium acetate.

Extraction with

dichloromethane gave an oil which was triturated with ethyl
acetate-ethanol to give unchanged starting-material (256b)
(0.32 g; 57%), m.p. 157-158 0 , identified by comparison (m.p.
and i.r. spectrum) with an authentic sample.
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Evaporation of the ethyl acetate-ethanol mother liquor
gave a red brown oil (0.26 g) from which no identifiable
material could be obtained.

(c) Using sodium hydroxide in dimethylformamide
A suspension of sodium hydride (0.10 g, 0.004 mol) in
anhydrous dimethylformamide (2.5 ml) was stirred and treated
dropwise at room temperature with a solution of the amide
(256b) (0.57 g, 0.002 mol) in anhydrous dimethylforinamide
(2.5 ml). The mixture turned red and evolved gas and was
stirred at room temperature for 17h.
The mixture was evaporated and the residue was treated
with water (5.0 ml) and 2M aqueous hydrochloric acid (2.0
ml). The precipitated brown solid was collected and
combined with further material obtained by neutraising the
aqueous phase with sodium acetate, extracting with
dichloromethane and triturating the oil obtained with ether
to give unchanged starting-material (256b) (total 0.49 g;
85%), m.p. 162-1630 , identified by comparison (m.p. and i.r.
spectrum) with an authentic sample.
Evaporation of the ethereal mother liquor gave a small
amount of orange oil (0.12 g) which was not further
investigated.
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2-Cyano-2- (l-ethvl-2-methyl-4-nitro-lH-jnijdazol-5yl)ethanamide (270)

2-Cyano-2- (1-ethyl-2-methyl-4-nitro-1H-imidazol-5yl)ethanamide (270) was prepared as described in chapter 4,
section 4.5

The Reaction of 2-Cyano-2- (l-ethyl-2-Inethyl-4-njtro-lHimidazol-5-yl) ethanamide (270) with Benzvltrimethylammonium
Hydroxide

A suspension of the amide (270) (0.47 g, 0.002 mol) in
ethanol (5.0 ml) was treated with 40% w/w methanolic
benzyltrimethylainmonium hydroxide (5.0 ml) and the resulting
red solution was heated under ref lux for 7h. The mixture
was evaporated and the residue treated with water (5.0 ml)
and 2M aqueous hydrochloric acid (5.0 ml) then neutralised
with sodium acetate and extracted with dichioromethane to
give an oil (0.38 g). Trituration of the oil with ethyl
acetate-ethanol affordd 2-(l-ethyl-2-methyl-4-njtro-1Himidazol-5-yl)acetonitrile (271), (0.28 g; 74%) which formed
large colourless needles, m.p. 145_1460 (from ethanol), Vmax
2265 and 2255 (CN) and 1540 and 1320 (NO2) cm- 1, SH (CDC13)
4.25 (2H, S, CH2), 4.04 (2H, q, J 7Hz, CH2), 2.95 (3H, s,
Cl3) , and 1.44 (3H, t, J 7Hz, CH3)

418

Found: C, 49.3; H, 5.2; N, 28.9%; M+, 194
981I0422requires: C, 49.5; H, 5.2; N, 28.9%; M, 194

Evaporation of the ethyl acetate-ethanol mother liquor
gave a brown gum (0.08 g) which was shown by t.1.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
multicoinponent mixture which was not investigated further.

Ethyl 2-Benzoyl-3-(1-ethyl-2-methyl-4-nitro-1H-imidazol-5vi) -3-oxopropanoate (175c)

Ethyl 2-benzoyl-3-(i-ethyl-2-methyl-4-nitro-1Himidazol-5-yl)-3-oxopropanoate (175c) was prepared as
described in chapter 3, section 3.4

Hydrolysis Reactions of Ethyl 2-Benzoyl-3-(1-ethyi-2-methyl4-nitrol-1H-iinjdazol-5-yl) -3-oxopropanoate (175c)

(a) Using aqueous sulphuric acid

(i) A suspension of the diketoester (175c) (3.9 g, 0.01
mol) in 2.5 M aqueous sulphuric acid (7.5 ml) was stirred
and heated under ref lux for 4h. The mixture was cooled,
treated with ether (10.0 ml) and the resulting three phase
mixture filtered to give unchanged starting-material (175c)
(2.2 g; 57%), m.p. 100-1050 , identifed by comparison (m.p.
and i.r. spectrum) with an authentic sample.
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Evaporation of the ethereal layer gave an orange oil
which was triturated with ether to afford l-(1-ethyl-2Tnethyl-4-nitro-1H-iinidazol-5-yl) -3-phenylpropane-1, 3-dione
(219b) (0.04 g; 1%), m.p. 115-1170 , identified by comparison
(m.p. and i.r. spectrum) with an authentic sample.
Evaporation of the ethereal mother liquor gave an
orange oil (0.83 g) which was shown by t.l.c. in
dichloromethane-ethyl acetate (1:1) to be a multicomponent
mixture and therefore was not investigated further.
(ii) A solution of the diketoester (175c) (2.0 g, 0.005
mol) in ethanol (10.0 ml) was treated with 2.5 N aqueous
sulphuric acid (4.0 ml) and the mixture was heated under
ref lux for 4h.
The mixture was evaporated and the residual liquor
treated with ether (10.0 ml) and the resulting three phase
mixture filtered to afford l-(1-ethyl-2-methyl-4-nitro-1Himidazole)-3-phenvlpropane-1,3-dione (219b), (0.81 g,; 54%),
m.p. 130_1310 (from ethanol), Vmax 3200-2500 br (OH), 1600
(CO) and 1510 and 1340 (NO2) cm', 6H (CDC13), 7.98-7.83
(2H, in, ArH), 7.59-7.33 (3H, ni, ArH), 6.70 (lH, S, CH), 4.16
(2H, q, J 7Hz, CH2), 2.49 (3H, 5, CH3) and 1.41 (3H, t, J
7Hz, Cl3).

Found: C, 59.9; H, 5.1; N, 13.9%; M+, 301.1063
9HN324requires: C, 59.8; H, 5.0; N, 14.0%; M, 301.1063
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Evaporation of the ethereal mother liquor and
trituration of the residue with ether afforded a yellow
semi-solid (0.73 g) which was flash-chromatographed over
silica.
Elution with dichloromethane-ethyl acetate (9:1) gave a
yellow gum (0.09 g) which was fractionally distilled to
afford benzoic acid (0.02 g; 3%), m.p. 117-1200 , identified
by comparison (m.p. and i.r. spectrum) with an authentic
sample, and 5-acetyl-1-ethyl-2-methyl-4-nitro-1H-jmjdazole
(337) as a colourless oil (0.01 g; 1%), identified by
comparison (i.r. spectrum) with an authentic sample.
Further elution with dichloromethane-ethyl acetate
(5:1) gave a series of intractable gums (total 0.22 g) from
which no identifiable material could be obtained.
(iii) A suspension of the diketo-ester (175c) (1.9 g,
0.005 mol) in 2M aqueous sulphuric acid (5.0 ml) was stirred
and heated under ref lux for 30 min by which time the
suspended solid had not completely dissolved. Glacial
acetic acid (10.0 ml) was added and heating under ref lux
continued for a further 3.5h.
The acetic acid was distilled off under reduced
pressure and the residual liquor was treated with ice (15 g)
and extracted with ether to give an orange oil (1.3 g).
This was treated with 10% w/w aqueous sodium hydrogen
carbonate solution (10.0 ml). Extraction with ether gave a
yellow oil (0.76 g).
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The alkaline aqueous mother liquor was acidified with
2M aqueous sulphuric acid and extracted with ether to give a
solid which was combined with further material obtained by
flash-chromatographing the yellow oil over silica, eluting
with dichloromethane to give benzoic acid (total 0.24 g;
39%) m.p. 1181200 , identified by comparison (m.p. and i.r.
spectrum) with an authentic sample.
Further elution with dichlromethane-ethyl acetate (9:1)
gave a yellow oil (0.21 g) which was triturated with ether
to give 1-(1-ethyl-2-methyl-4-nitro-1H-imidazol-5-yl)--3phenylpropane-1,3-dione (219b) (0.09 g; 5%), m.p. 118-1230 ,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample prepared before.
Evaporation of the ethereal mother liquor gave 5acetvl-1-ethvl-2-methyl-4-nitro-1H-imidazole (337) as a
yellow oil (0.24 g; 24%) which was identified by comparison
(i.r. spectrum) with an authentic sample prepared before.
Further elution with dichioromethane-ethyl acetate
(9:1) through to methanol gave only a series of intractable
gums (total 0.09 g) which yielded no identifiable material.

(b) Using ethanolic sodium hydroxide

A solution of the diketoester (175c) (0.75 g, 0.002
mol) in ethanol (10.0 ml) was treated with 2M aqueous sodium
hydroxide (2.5 ml) and the resulting yellow solution was
heated under ref lux for lh.
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The mixture was concentrated to remove the ethanol and
the residual aqueous liquor was acidfied with 2M aqueous
hydrochloric acid and the precipitated solid collected to
afford unchanged starting-material (175c) (0.71 g; 95%),
m.p. ilO_lilO, identified by comparison (m.p. and i.r.
spectrum) with an authentic sample.

(C)

Using ethanolic potassium hydroxide

(i) A solution of the diketoester (175c) (0.75 g, 0.002
mol) in ethanol (10.0 ml) was treated with 20% w/w aqueous
potassium hydroxide (5.0 ml) and the resulting yellow
solution was heated under ref lux for lh.
The mixture was concentrated to remove the ethanol and
the residual aqueous liquor was acidified with 2M aqueous
hydrochloric acid (9.0 ml) and extracted with
dichioromethane to give a brown oil (0.79 g) which was
triturated with ether to afford l-(l-ethyl-2-inethyl-4-nitro1H-imidazol-5-yl)-3-phenylpropane-1,3-djone (219b) (0.12 g;
19%) m.p. 119-1220 , identified by comparison (m.p. and i.r.
spectrum) with an authentic sample.
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Evaporation of the ether mother liquor and trituration
of the residue with ether-ethanol gave unchanged startingmaterial (175c) (0.37 g; 50%), m.p. 104-1-60 , identified by
comparison (m.p. and i.r. spectrum) with an authentic
sample.
Evaporation of the ether-ethanol mother liquor gave a
brown gum (0.10 g) which was shown by t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica to be a
complex multicomponent mixture which was not investigated
further.
Repetition of the reaction as described in (i) but
heating the mixture under ref lux for 3h gave a 68% yield of
crude product (219b) which was shown by t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica to be a
close-running mixture of the diketone (219b) and the
starting-material (175c) which could not be separated
efficiently into its components and therefore was not
further investigated.
Repetition of the reaction as described in (i)
but heating the mixture for 6h gave an increased yield (56%)
of the diketone (219b) together with a brown gum (0.23 g)
which was shown by t.l.c. in dichloromethane-ethyl acetate
(1:1) over silica to be a multicomponent mixture and was not
therefore investigated further.
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The Hydrolysis of Ethyl 2-Benzoyl-3-(1-methyl-4-njtro-1imidazol-5-yl)-3-oxopropanoate (175d) with Potassium
Hydroxide

A solution of the diketoester (175d) (0.69 g, 0.002
mol) in ethanol (10.0 ml) was treated with 20% w/w aqueous
potassium hydroxide (5.0 ml) and the resulting yellow
solution was heated under ref lux for 6h.
The mixture was concentrated to remove the ethanol and
the residual aqueous liquor was acidified with 2M aqueous
hydrochloric acid and extracted with dichloromethane to give
a red gum (0.42 g) which was triturated with ethanol to
afford 1- (1-methyl-4-nitro-1H-jmidazol-5-yl) -3phenylpropane-1,3-dione (219a), (0.04 g; 8%), m.p. 180-1810 ,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.
Evaporation of the ethanol mother liquor gave a red
brown gum (0.32 g) which was shown by t.1.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
complex multicomponent mixture which therefore was not
investigated further.
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The Attempted Reaction of 1-(l--Ethyl-2-methyl-4-njtro-1Himidazol-5-yl) -3-phenylpropane-1, 3-dione (219b) with
Benzenediazonium Chloride

A solution of distilled aniline (0.21 g, 0.0022 mol) in
5M aqueous hydrochloric acid (1.1 ml) was stirred at 00
(ice-salt bath) and treated dropwise with a solution of
sodium nitrite (0.17 g, 0.002 mol) in water (0.5 ml) at such
a rate that the temperature did not exceed 5. After 5 mm
the resulting solution was added dropwise at 00 (ice-salt
bath) to a solution of the diketone (219b) (0.60 g, 0.002
mol) and sodium acetate (0.82 g, 0.01 mol) in water (5.0 ml)
and ethanol (20.0 ml). The mixture turned reddish brown in
colour and was stirred in the melting ice bath for 2h.
The mixture was evaporated and the residual aqueous
phase was extracted with dichloromethane to give a brown gum
which was flash-chromatographed over silica.

Elution with dichloromethane-ethyl acetate (9:1) gave a
red gum (0.57 g), Vmax 1735, 1510 and 1335 cm, m/z 405
(M+) which was shown by its 1H n.m.r. spectrum and by t.l.c.
in dichloromethane-ethyl acetate (2:1) over silica to be a
multicomponent mixture form which no identifiable material
could be obtained.
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Further elution with dichioromethane-ethyl acetate
through to methanol-ammonia (10:1) gave only a series of
intractable gums (total 0.29 g) which were not further
investigated.

Ethyl 2-Acetyl-3- (1-methyl-4-nitro-1H-imidazol-5-yl) -3oxopropanoate (175a)

Ethyl 2-acetyl-3- (l-methyl-4-nitro-lH-imidazol-5-yl) -3oxopropanoate (175a) was prepared as described in chapter 3,
section 3.4

Ethyl 2-Acetyl-3-(1-inethyl-4-nitro-lI-I-jmjdazol-5-yl) -3-oxo3 -phenylazopropanoate (338)

A stirred solution of distilled aniline (0.21 g, 0.0022
mol) in 5M aqueous hydrochloric acid (1.1 ml) was cooled to
00 (ice-salt bath) and treated dropwise with a solution of
sodium nitrite (0.17 g, 0.0024 mol) in water (0.5 ml) at
such a rate that the temperature was maintained between 05°.
After 5 min the resulting solution was added dropwise
at 00 to a stirred solution of the diketoester (175a) (0.57
g, 0.002 mol) and sodium acetate (0.82 g, 0.01 mol) in
ethanol (10.0 ml) and water (5.0 ml) and the mixture was
stirred in the melting ice bath for lh.
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The precipitated solid was collected to afford ethyl 2acetyl-3-(1-methyl-4-nitro-1H-imidazol-5-yl)-3-oxo-2phenylazopropanoate (338) (0.73 g; 94%) which formed yellow
spars, m.p. 113-114 (from ethanol) Vmax 1750, 1740 and 1690
(CO) and 1510 and 1330 (NO2) cm- , 8H (CDC13), 7.55-7.42
(6H, m, ArH and H-2), 4.29 (2H, q, J 7Hz, CH2), 3.78 (3H, s,
CH3), 2.35 (3H, s, CH3) and 1.26 (2H, t, J 7Hz, CH3).

Found: C, 52.6; H, 4.3; N, 17.8%;
Mt 297 (M-HNO2-COMe)
9171117H526 requires: C, 52.7; H, 4.4; N, 18.1%;
M, 387

The Attempted Hydrolysis of Ethyl 2-Acetyl-3-(l-methyl-4nitro-1H-imidazol-5-yl) -3-oxo-2-phenylazopropanoate (338)
with Aqueous Sodium Hydroxide

The azo-compound (338) (0.78 g, 0.002 mol) was treated
with 2M aqeuous sodium hydroxide (2.0 ml) and the mixture
was gently heated under ref lux for 2 min during which time
the solid dissolved.
After cooling the red mixture was extracted with
dichioromethane to give a red gum (0.14 g) whose t.l.c. in
dichioromethane-ethyl acetate (1:1) over silica showed it to
be a multicomponent mixture which was not further
investigated.
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5-Acetyl-1-ethyl-2-niethyl-4-nitro-lH-jmjdazole (337)

A solution of ethyl 2-ethoxycarbonyl-3-(1-ethyl-2inethyl-4-nitro-1H-imidazol-5-yl) -3-oxopropanoate (189b)
(17.1 g, 0.05 mol) in glacial acetic acid (30.0 nil) was
treated with 3M aqueous sulphuric acid (25.0 nil) and the
mixture was heated under ref lux for 4h.
After cooling and basifying the mixture with 20% w/w
aqueous sodium hydroxide, extraction with ether afforded
acetyl-1-ethyl-2-methyl-4-nitro-1H-jmjdazole (3370 ) (8.8
g; 89%) which formed pale yellow spars, m.p. 59-60 0 (from
b.p. 40-600 light petroleum-benzene), Vmax 1705 and 1675
(CO) and 1510 and 1335 (NO2) cm- 1, 8H (CDC13 ) 4.07 (2H, q, J
7Hz, CH2), 2.52 (3H,

S,

CH3 ), 2.37 (3H,

5,

CH3 ), and 1.27

(3H, t, J 7Hz, CH3).

Found: C, 49.0; H, 5.7; N, 21.5%; M, 197
98H11N303requires: C, 48.7; H, 5.6; N, 21.3%; N, 197

Heating the ketone (337) with Brady's reagent gave the
2, 4-dinitrophenylhydrazone derivative which formed orange
needles, m.p. 243-2450 (from ethanol-glacial acetic acid),
Vmax 3300 (NH), 1615 (C=N) and 1500 and 1335 (NO2) cm- 1.

Found: C, 44.3; H, 4.0; N, 25.8%; N+, 377
9H0726requires: C, 44.6; H, 4.0; N, 26.0%; M, 377

430

The Attempted Reaction of 5-Acetyl-1-ethyl-2-methyl-4-njtro1H-imidazole (337) with Hydroxylamine

A solution of the ketone (337) (0.20 g, 0.001 mol) in
ethanol (5.0 ml) was treated with a solution of
hydroxylamine hydrochloride (0.56 g, 0.008 mol) in water
(0.75 ml), then with a solution of sodium acetate (0.66 g,
0.008 mol) in water (1.5 ml) and the mixture heated under
ref lux for lh.
After cooling and filtering to remove inorganic
material, the mixture was evaporated to give a colourless
oil (0.37 g) from which no identifiable material could be
obtained.

Bromination Reactions of 5-Acetyl-1-ethyl-2-methyl-4-njtro1H-imidazole (337)

(a) A solution of the ketone (337) (0.99 g, 0.005 mol)
in glacial acetic acid (2.5 ml) was treated with a solution
of bromine (0.8 g, 0.005 mol) in glacial acetic acid (2.5
ml) and the mixture heated at 1000 for lh.
The mixture was treated with water (15.0 ml) and
extracted with dichloromethane to give an oil. This was
treated with 10% w/w aqueous sodium hydrogen carbonate
solution (10.0 ml) and extracted with dichloromethane to
afford an oil (1.4 g) which was triturated with methanol to
give 2, 2-dibromo-l- (l-ethyl-2-methyl-4-nitro-lH-imidazol-5-
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yl)ethanone (346a), (0.19 g; 10%) which formed colourless
needles, m.p. 135-1360 (from ethanol), Vmax 1700 (CO) and
1510 and 1335 (NO2) cm, SH (CDC13) 6.86 (1H, s, CH), 4.13
(2H, q, J 7Hz, CH2), 2.51 (3H, s, CH3) and 1.47 (3H, t, J
7Hz, CH3).

Found: C, 27.1; H, 2.5; N, 11.9%;
357, 355 and 353
C8H9Br2N3O3requires: C, 27.1; H, 2.6; N, 11.8%;
N, 355

Evaporation of the methanolic mother liquor gave an
orange oil (1.2 g) which was flash-chromatographed over
silica.
Elution with dichloroinethane-ethyl acetate (10:1) gave
a gummy solid which was purified by Kugelrohr distillation
(b.p. 1200/0.5 mmHg) to give 5-bromo-1-ethyl-2-methyl-4nitro-1H-imidazole (345) (0.15 g; 13%) which formed
colourless blades, in.p. 133-1350 (from ethanol), Vmax 1515
and 1335 (NO2) cm - , 6H (CDC13) 4.05 (2H, q, J 7Hz, CH2),
2.48 (3H, s, CH3) and 1.46 (3H, t, J 7Hz, CH3).

Found: C, 30.6; H, 3.4; N, 17.8%;
235 and 233
96118BrN322requires: C, 30.8; H, 3.5; N, 18.0%;
M,

234

432

Further elution with dichloromethane-ethyl acetate
(3:1) gave a series of oils and gums (total 0.26 g) from
which no identifiable material could be obtained.
A solution of the ketone (337) (0.39 g, 0.002 mol)
in anhydrous dichloromethane (5.0 ml) was treated with
bromine (0.32 g, 0.002 mol) and the mixture heated under
ref lux for 4h.
Evaporation of the mixture gave unchanged startingmaterial (337), (0.4 g; 100%) m.p. 52-530 , identified by
comparison (m.p. and i.r. spectrum) with an authentic
sample.
A solution of the ketone (337) (0.39 g, 0.002 mol)
in chloroform (10.0 ml) was treated with bromine (0.32 g,
0.002 mol) and the mixture was heated under ref lux for 3h.
The mixture was evaporated and the residue was
triturated with ether to give a solid (0.27 g). The solid
was treated with 10% w/w aqueous sodium hydrogen carbonate
solution (2.0 ml) and extracted with dichioromethane to give
a yellow oil (0.18 g) which was shown by t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica to be a
mixture containing the bromoacetylimidazole (341a) and the
starting ketone (337) which was not further investigated.
Evaporation of the ethereal mother liquor gave a yellow
oil (0.25 g) which was shown by t.l.c. in dichloromethaneethyl acetate (1:1) over silica to be a mixture containing
the bromoacetylimidazole (341) and the starting ketone (337)
which was not investigated further.
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(d) A solution of the ketone (337) (0.99 g, 0.005 inol)
in anhydrous 1,2-dimethoxyethane (12.5 ml) was stirred and
treated dropwise at room temperature with a solution of
bromine (0.8 g, 0.005 mol) in anhydrous 1,2-dimethoyxethane
(2.5 ml). The mixture was stirred at room temperature for
16h by which time t.l.c. in ether over silica showed no
reaction to have occurred. The mixture was therefore heated
at 500 for lh.
The mixture was evaporated and the residue was treated
with 10% aqueous sodium hydrogen carbonate solution (10.0
ml) and extracted with dichloromethane to give an orange oil
(1.4 g) which was flash-chromatographed over silica.
Elution with dichloromethane-ethyl acetate (10:1)
afforded 2-bromo-1-(1-ethyl-2-methyl-4-njtro-lH-jmjdazol-5yl)ethanone (341a) (0.06 g; 43%) which formed colourless
blades m.p. 86-870 (from ethanol), Vmax 1710 (CO) and 1510
and 1330 (NO2) cm, S (CDC13) 4.43 (211, S1 Cl2), 4.01 (2H,
q, J 7Hz, CH2), 2.47 (3H, S, CH3) and 1.39 (3H, t, J 7Hz,
CH3).

Found: C, 34.5; H, 3.5; N, 15.1%;
11+, 277 and 275
98HBrN393requires: C, 34.8; H, 3.7; N, 15.2%;
N,

276
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Further elution with dichioromethane-ethyl acetate
(10:1) gave a yellow oil which crystallised to give the
unchanged ketone (337) (0.53 g; 54%) identified by
comparison (t.l.c. and i.r spectrum) with an authentic
sample.
A solution of the ketone (337) (0.39 g, 0.002 mol)
in anhydrous 1,2-dimethoxyethane (5.0 ml) was treated with
bromine (0.64g, 0.004 mol) and the mixture was heated under
ref lux for 6h.
The mixture was evaporated and the residue was
triturated with ether to give a solid (0.33 g) which was
treated with 10% w/w aqeuous sodium hydrogen carbonate
solution (2.0 ml) and extracted with dichloromethane to give
2 ,2-dibromo-1 (l-ethyl-2-methyl-4-njtro-1H-jmjdazol-5yl)ethanone (346a), (0.24 g: 34%) m.p. 120-123, identified
by comparison (m.p. and i.r. spectrum) with an authentic
sample.
Evaporation of the ethereal mother liquor gave a yellow
oil (0.54 g) which was shown by i.r. spectroscopy (Vmax 1710
and 1700 cm) to be an unresolvable mixture containing the
monobromo-ketone (341a) and the dibromo-ketone (346a) and
therefore was not investigated further.
A solution of the ketone (337) (2.0 g, 0.01 mol) in
anhydrous 1,2-dimethoxyethane (25.0 ml) was treated at room
temperature with a solution of bromine (1.6 g, 0.01 mol) in
anhydrous 1,2-dimethoxyethane (5.0 ml) and the mixture was
heated at 500 for 3.5h. A second portion of bromine (0.8 g,
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0.005 mol) in anhydrous 1,2-dimethoxyethane (2.5 nil) was
added and heating continued for a further lh.
The mixture was evaporated and the residual oil was
treated with 10% w/w aqueous sodium hydrogen carbonate
solution (25.0 ml) and extracted with dichioromethane to
give a yellow solid (3.4 g), ni.p. 56-64 0 which shown by its
i.r. spectrum (Vmax 1710 and 1700 cm) and by its 1H n.in.r.
spectrum (SH 4.39 and 6.80) to be an unresolvable 3:1
mixture of the monobromo-ketone (341a) and the dibromoketone (346a).

The Reaction of 5-Acetyl-1-ethyl-2-methyl-4-nitro-1Himidazole (337) with Sulphuryl Chloride

A solution of the ketone (337) (0.99 g, 0.005 mol) in
anhydrous toluene (5.0 ml) was stirred at 400 (oil bath) and
treated in one portion with sulphuryl chloride (2.7 g, 0.002
mol) followed by "Analar" pyridine (0.4 g, 0.005 mol). The
mixture was then heated at 400 for 2.5h.
The mixture was evaporated and the red oily residue
dissolved in dichloromethane (10.0 ml) and the solution
washed with 2M aqueous hydrochloric acid and water then
evaporated to give a red oil (1.7 g) which was triturated
with ether to afford 2,2-dichloro-1-(l-ethyl-2-niethyl-4nitro-111-iinidazol-5-yl)ethanone (346b), (0.41 g; 31%) which
formed colourless blades, m.p. 137_1380 (from ethanol), Vniax
1725 (CO) and 1510 and 1330 (NO2) cm, SH (CDC13) 6.88 (111,

HWU

s, CH), 4.04 (211, q, J 7Hz, CH2), 2.51 (3H, 5, CH3), and
1.43 (311, t, J 7Hz, CH3).

Found: C, 36.0; H, 3.3; N, 15.6%;
M+, 269, 267 and 265
CH Cl N303 requires: C, 36.1; H, 3.4; N, 15.8%;
M, 266.

Evaporation of the ethereal mother liquor gave a red
oil (1.1 g) which was flash-chromatographed over silica.
Elution with dichioromethane gave two yellow oils
(total 0.55 g) which were shown by t.l.c. in
dichloroniethane-ethyl acetate (1:1) over silica to be
complex mixtures and therefore were not investigated
further.
Further elution with dichioromethane-ethyl acetate
(10:1) afforded 2-chloro-1-(1-ethyl-2-methyl-4-nitro-1Himidazol-5-yl)ethanone (341b) (0.10 g; 8%) which formed
colourless spars, m.p. 77-780 (from ethanol), Vmax 1715 (CO)
and 1510 and 1340 (NO2) cm.

Found: C, 41.6; H, 4.5; N, 18.4%;
233 and 231
98HCl N303 requires: C, 41.5; H, 4.4; N, 18.1%;
M,

231.5
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Further elution with dichioroinethane-ethyl acetate
(10:1) through to methanol gave only intractable oils (total
0.43 g) from which no identifiable material could be
obtained.

Ethyl 2-(4-Amino-1-ethyl-2-methyl-lH-jmidazol-5-yl) -2oxoethanoate (263)

Ethyl 2-(4-Amino-1-ethyl-2-methyl-1H-imidazol-5-yl)-2oxoethanoate (263) was prepared as described in chapter 4,
section 4.5

Pentane-2 ,3, 4-trione 3- (5-Ethoxalyl-1-ethyl-2-methyl-1Jjiinidazol-4-yl)hydrazone (350)

A solution of the aminoketoester (263) (0.45 g, 0.002
mol) in 2M aqueous nitric acid (4.0 ml) was stirred at

00

(ice-salt bath) and treated dropwise with a solution of
sodium nitrite (0.15 g, 0.0022 mol) in water (0.75 ml) at
such a rate that the temperature did not exceed 50• After
15 min the resulting solution was added dropwise at 00 to a
stirred solution of pentane-2,4-dione (acetylacetone) (0.20
g, 0.002 mol) and sodium acetate (1.2g, 0.014 mol) in water
(3.0 ml) and ethanol (5.0 ml) and the mixture was stirred in
the melting ice bath for 2h.
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The precipitated solid was collected to give pentane2,3 ,4-trione 3-(5-ethoxalyl-1-ethyl-2-methyl-1H-ilnjdazol-4yl)hydrazone (350), (0.58 g; 85%) which formed golden brown
needles, m.p. 103-1040 (from light petroleum-benzene), Vmax
1730 1 1685 and 1630 (CO) cm, SH(CDC13) 14.46 (1H, s, OH or
F

NH) (exch.), 4.42 (2H, q, J 7Hz, CH2), 4.21 (2H, q, J 7Hz,
Cl2), 2.53 (3H, s, CH3), 2.46 (3H, s, CH3), 2.45 (3H, s,
CH3), 1.35 (3H, t, J 7Hz, CH3) and 1.32 (3H, t, J 7Hz, CH3).

Found: C, 54.4; N, 6.3; N, 17.2%;
1+, 293 (M-Ac)
900495_requires: C, 53.6; H, 6.0; N, 16.7%;
M
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Pentane-2 , 3, 4-trione 3- (5-Carboxvinethanoyl-1-ethyl-2-methyl1H-imidazol-40y1)hydrazone (351)

The ester (350) (0.10 g, 0.0003 mol) was dissolved in
2M aqueous sodium hydroxide solution (0.5 ml). The mixture
turned red and was then treated with 2M aqueous hydrochloric
acid (0.5 ml) which discharged the red colour to yellow.
Extraction with dichioromethane gave a yellow-orange
gum which crystallised to give pentane-2,3,4-trione 3-(5carboxymethanoyl-1-ethyl-2-methy-lH-imidazol-4-v1)hvdrazone
(351) (0.11 g; 100%) which formed yellow spars, m.p. 1681690 (gas evolution) (from ethanol), Vmax 3110 (NH) and 1680
and 1645 (CO) cm 1, SH [(CD3)2SO] 14.60-13.95 (1H, bs, OH or
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NH) (exch.), 41.6 (2H, q, J 7Hz, CH2), 2.45 (6H, s, CH3),
2.37 (3H, s, Cl!3) and 1.25 (3H, t, J 7Hz, CH2).

Found: C, 50.7; H, 5.2; N, 18.2%; M+, 308
.913H10425 requires: C, 50.7; H, 5.2; N, 18.2%; M, 308

Attempted Base-catalysed Cyclisation Reactions of Pentane2,3, 4-trione 3- (5-Ethoxalyl-1-ethyl-2-methyl-1H-imidazol-4yl)hydrazone (350)

Using triethylamine in ethanol

A solution of the azo-compound (350) (0.67 g, 0.002
mol) and triethylamine (0.81 g, 0.008 mol) in anhydrous
ethanol (10.0 ml) was heated under ref lux for lh.
The mixture was evaporated and the residue was treated
with water (2.5 ml) and filtered to afford unchanged
starting-material (350), (0.65 g; 97%), in.p. 89-90°,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.

Using piperidine in ethanol

A solution of the azo-compound (350) (0.67 g, 0.002
mol) and piperidine (0.68 g, 0.008 mol) in anhydrous ethanol
(10.0 ml) was heated under ref lux for lh.
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The mixture was evaporated and the residue was
dissolved in water (2.5 ml) and the solution acidified with
2M aqueous hydrochloric acid and extracted with
dichloromethane to give a red gum (0.64 g) whose t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica showed it to
be a multicomponent mixture which yielded no identifiable
material.
The aqueous phase was neutralised with 2M aqueous
sodium hydroxide and glacial acetic acid and extracted with
dichloromethane to give a red gum (0.11 g) whose t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica showed it to
be a multicomponent mixture which was therefore not further
investigated.

(c) Using ethanolic sodium ethoxide

A solution of the azo-compound (350) (0.67 g, 0.002
mol) in anhydrous ethanol (5.0 ml) was treated with a
solution of sodium (0.18 g, 0.008 mol) in anhydrous ethanol
(5.0 ml) and the red mixture was heated under ref lux for lh.
The mixture was evaporated and the residue was treated
with water (5.0 ml), acidified with 2M aqueous hydrochloric
acid and extracted with dichloromethane to give a purple
glass (0.18 g) whose t.l.c. in dichloromethane-ethyl acetate
(1:1) over silica showed it to be a multicomponent mixture
which was therefore not further investigated.
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The aqueous mother liquor was neutralised with sodium
acetate and re-extracted with dichioromethane to give only a
small amount of brown gum (0.05 g) which was not further
investigated.

The Hydrolysis of Pentane-2, 3, 4-trione 3-(5-Ethoxalyl-1ethyl-2-methyl-lH-iinidazol-4-yl)hydrazone (350) with Aqueous
Hydrochloric Acid

A solution of the azo-compound (350) (0.67 g, 0.002
mol) in ethanol (10.0 ml) was treated with 2M aqueous
hydrochloric acid (2.5 ml) and the mixture was heated under
ref lux for lh.
The mixture was evaporated and the residue was treated
with water (2.5 ml) and neutralised with 2M aqueous sodium
hydroxide and glacial acetic acid. Extraction with
dichloromethane gave a red gum which was f lashchromatographed over silica.
Elution with dichioromethane-ethyl acetate (1:1) gave
an orange gum which was triturated with ether to give
pentane-2 , 3, 4-trione 3-(l-ethyl-2-methyl-1H-imidazol-4yl)hydrazone (353), (0.07 g; 15%) which formed orange spars,
m.p. 172-1730 (from benzene), Vmax 3150 (NH), 1670 (CO) and
1615 (C=N) cm 1, SH (CDC13) 14.70-14.35 (111, bs, NH or OH)
(exch.), 6.84 (1H, s, H-5), 3.86 (2H, q, J 7Hz, CH2), 2.52
(3H, 5, CH3), 2.37 (3H, s, CH3), 2.34 (3H, s, CH3) and 1.39
(3H, t, J 7Hz, CH3).
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Found: C, 56.2; H, 6.8; N, 23.8%; M+, 236
911110402 requires: C, 55.9; H, 6.8; N, 23.7%; M, 236

Further elution with ethyl acetate gave unchanged
starting-matrial (350), (0.27 g; 40%) m.p. 98-99°,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.

5-Chloro-1-ethyl-2-methyl-4-nitro-1H-imidazole (136b)

5-Chloro-1-ethyl-2-methyl-4-nitro-1H-imidazole (136b)
was prepared as described in chapter 3, section 3.4

The Attempted Reaction of 5-Chloro-1-ethyl-2-methyl-4-nitro1H-imidazole (136b) with Ammonia

The chioronitroimidazole (136b) (0.76 g, 0.004 mol) was
added with stirring to liquid ammonia (25.0 ml) at -780
(solid CO2-acetone bath) and the mixture was stirred at -780
for lh by which time all of the solid had dissolved to form
a deep blue solution. The ammonia was then allowed to
evaporate overnight in a fume hood to leave unchanged
starting-material (136b) (0.76 g; 100%) m.p. 85-890 ,
identical (m.p. and i.r. spectrum) to an authentic sample.
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The Attempted Reaction of 5-Chloro-1-ethyl-2-methyl-4-nitro1H-imidazole (136b) with Sodium Bromide in Dimethylformamide

A solution of the chloronitroiinidazole (136b) (0.38 g,
0.002 mol) in anhydrous dimethylformamide (5.0 ml) was
treated with sodium bromide (0.23 g, 0.0022 mol) and the
resulting solution was heated at 1000 for lh.
The mixture was evaporated and the solid residue was
treated with water (2.5 ml) and the insoluble solid was
collected and combined with further material obtained by
extracting the aqueous mother liquor with dichioromethane
and triturating the resulting gum with ether, to give
unchanged starting-material (136b) (total 0.36 g; 96%) m.p.
87-89, identified by comparison (m.p. and i.r. spectrum)
with an authentic sample.

5-Benzenesulphonyl-1-ethyl-2-methyl-4-nitro-1H-imidazole
(254)

5-Benzenesulphonyl-1-ethyl-2-iuethyl-4-nitro-1Himidazole (254) was prepared as described in chapter 4,
section 4.5
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The Attempted Reaction of 5-Benzenesulphonyl-10ethyl-2methyl-4-nitro-lH-imidazole (254) with Ammonia

The benzenesulphonylnitroimidazole (254) (0.59 g, 0.002
mol) was added with stirring to liquid ammonia (15.0 ml) at
_780 (solid CO2-acetone bath) and the colourless suspension
was stirred at _780 for lh. The ammonia was allowed to
evaporate in a fume hood overnight to leave unchanged
starting-material (254) (0.59 g; 100%), m.p. 110_1110 ,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.

1-Ethyl-2-methyl-4-nitro-1H-imidazole-5-carbonyl Chloride
(139b)

1-Ethyl-2-methyl-4-nitro-1H-imidazole-5-carbonyl
chloride (139b) was prepared as described in chapter 3,
section 3.4

5-Amino-1-ethyl-2-methy1-4-njtro-1H-jmjdazo1e.-7. (355a)

A solution of the acid chloride (139b) (10.9 g, 0.05
mol) in "Analar" acetone (50.0 ml) was stirred and treated
dropwise with a solution of sodium azide (3.6 g, 0.055 mol)
in water (25.0 ml) and the mixture was stirred at room
temperature for lh during which time gas was evolved.
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The mixture was evaporated and the yellow solid residue
was extracted with boiling "Analar" acetone in a Soxhlet
apparatus for 23h. Evaporation of the organic extract gave
the known87 5-amino-1-ethyl-2-methyl-4-nitro-1H-imidazole
(355a) (6.9 g; 81%) which formed yellow spars, m.p. 220-2210
(decomp.) (from ethanol) (lit.871 2142150), Vmax 3400, 3280,
3220 and 3160 (NH) and 1570 and 1340 (NO2) cm, SH
[(CD3)2S0] 7.59 (211, s, NH2), 3.87 (2H, q, J 7Hz, CH2), 2.23
(3H, s, CH3) and 1.17 (3H, t, J 7Hz, CH3).

Found: C,42.4; H, 6.1; N, 32.9%; M+, 170
900492requires: C, 42.4; H, 5.9; N, 32.9%; M, 170

N-(1-Ethyl-2-methyl-4-nitro-1H-imidazol-5-yl) 2Phenylacetamide (356a

A stirred suspension of sodium hydride (0.51 g, 0.0044
mol) in anhydrous dimethylformamide (2.5 ml) was treated at
room temperature with a solution of the amine (355a) (0.68
g, 0.004 mol) in anhydrous dimethylformamide (7.5 ml). The
mixture was stirred at room temperature for 15 min during
which time it turned red in colour and gas was evolved. A
solution of 2-phenylacetyl chloride (0.62 g, 0.004 mol) in
anhydrous dimethylformamide (2.5 ml) was added and stirring
continued at room temperature for 17h.
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The mixture was evaporated and the residue was treated
with water (20.0 ml) and extracted with dichioromethane to
afford a red oil (1.7 g) which was flash-chromatographed
over silica.
Elution with ethyl acetate afforded N-(1-ethyl-2methyl-4-nitro-1H-imidazol-5-vl)

2-phenviethanmide (356a),

(0.70 g; 62%), which formed colourless plates, m.p 161-1620
(from ethanol), Vmax 3230 and 3130 (NH), 1705 (CO) and 1500
and 1355 (NO2) cm', SH (CDC13) 8.27 (1H, 5, NH), 7.34 (5H,
S, ArH), 3.84 (2H, q, J 7Hz, CH2), 3.79 (2H, 5, CH2), 2.35

(3H, s, Cl3) and 1.24 (3H, t, J 7Hz, CH3).

Found: C, 58.4; H, 5.6; N, 19.4%; M+, 288

914H10493 requires: C, 58.3; H, 5.6; N, 19.4%; N, 288
Further elution with methanol gave a gummy brown solid
which was triturated with ethanol to give unchanged amine
(355a) (0.12 g; 18%) m.p. 210-2120 , identified by comparison
(m.p. and i.r. spectrum) with an authentic sample.
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Attempted Base-catalysed Cyclisation Reactions of N-(1Ethyl-2-methyl-4-nitro-1H-imidazol-5-yl)

2-

Phenylethanamide (356a)

Using potassium hydroxide in Pyridine

A solution of the amide (356a) (0.58 g, 0.002 mol) in
"Analar" pyridine (2.5 ml) was treated with 20% w/w aqueous
potassium hydroxide (2.5 ml) and the mixture was heated
under ref lux for lh.
The mixture was diluted with water (5.0 ml), acidified
with concentrated hydrochloric acid and filtered to afford
unchanged starting-material (356a) (0.30 g; 52%),
m.p. 158-1600 , identified by comparison (m.p. and i.r.
spectrum) with an authentic sample.
Extraction of the aqueous acidic mother liquor with
dichloromethane gave a brown gum (0.17 g) which was shown by
t.l.c. in dichloromethane-ethyl acetate (1:1) over silica to
be a complex mixture which therefore was not investigated
further.

Using benzyltrimethylammonium hydroxide in ethanol

A solution of the amide (356a) (0.58 g, 0.002 inol) in
ethanol (10.0 ml) was treated with 40% w/w methanolic
benzyltrixnethylammonium hydroxide (10.0 ml) and the mixture
was heated under ref lux for 3h.
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Elution wtih dichioromethane-ethyl acetate (10:1) gave
an orange gum which was triturated with light petroleum to
give phenylacetic acid, (0.02 g ; 6%), m.p. 61-64 0 ,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.
Further elution with ethyl acetate gave 5-amino-1ethyl-2-methyl-4-nitro-1H-imidazole (355a), (0.02 g; 5%),
m.p. 213-2140 , identified by comparison (m.p. and i.r.
spectrum) with an authentic sample.

1-Ethyl-2-methyl-5-methylamjno-4-nitro-1H-jmidazole (355b)
The chloronitroimidazole (136b) (5.7 g, 0.03 mol) was
dissolved in a 33% w/w solution of methylamine in ethanol
(30.0 ml) and the resulting yellow solution was heated under
ref lux for 4h.
The mixture was evaporated to give a red oil (10.2 g)
which was triturated with ethanol to afford 1-ethyl-2methyl-5-methylamino-4-nitro-lH-jmjdazole (355b), (4.3 g;
79%), which formed yellow spars, m.p. 148-1490 (from
toluene), Vmax 3300 (NH), and 1575 and 1330 (NO2) cm, IGH
(CDC13) 7.50-7.13 (lH, bs, NH), 3.97 (2H, q, J 7Hz, CH2),
3.17 (3H, d, J 6Hz, CH3), 2.27 (3H, s, CR3) and 1.36 (3H, t,
J 7Hz, CR3).

Found: C, 45.4; H, 6.5; N, 30.3%; M+, 184
ç711N422requires: C, 45.7; H, 6.6; N, 30.4%; M, 184
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Evaporation of the ethanolic mother liquor gave a red
oil (4.0 g) from which no identifiable material could be
obtained.

N-(l-Ethyl-2-methyl-4-nitro-lj-j-jmjdazol_5_yl) ,N-Methyl 2Phenylethanamide (356b)

A solution of 1-ethyl-2-methyl-5-methylamjno_4_njtro_
lH-imidazole (355b) (0.74 g, 0.004 mol) in anhydrous benzene
(30.0 ml) was treated with phenylacetyl chloride (0.62 g,
0.004 mol) and the mixture was heated under ref lux for 2h.
The mixture was evaporated and the residue was treated
with 10% aqueous sodium hydrogen carbonate (5.0 ml) and
water (5.0 ml) and extracted with dichioromethane to give a
brown oil which was triturated with ether-benzene to give
(1-ethyl-2-methyl-4-nitro-1H-jmjdazol-5-yl) ,N-methyl 2phenylethanamide (356b) (0.89 g; 74%) which formed pale
yellow spars, m.p. 131-1330 (from toluene - b.p. 80_1000
light petroleum), Vmax 1700 (CO) and 1500 and 1340 (NO2)
cm - SH (CDC13) 7.30-7.10 (3H, m, ArH), 6.92-6.80 (2H, m,
ArH), 3.89-2.99 (2H, m, CH2), 3.45 (2H, q, J 7Hz, CE!2), 3.15
(3H, s, CH3), 2.33 (3H,

5,

CH3) and 1.17 (3H, t, J 7Hz,

CH3).

Found: C, 59.5; H, 6.1; N, 18.5%; M+, 302
CH0423recuires: C, 59.6; H, 6.0; N, 18.5%; M, 302
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Evaporation of the ether-benzene mother liquor gave
only an intractable brown gum (0.12 g).
The aqueous mother liquor was neutralised with 2M
aqueous hydrochloric acid and extracted with dichloromethane
to give phenylacetic acid (0.10 g; 18%), m.p. 73-74 0 ,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.

The Attempted Reaction of N-(1ethyl-2-methyl-4-njtro-J-jimidazol-5-yl) ,N-Methyl 2-Phenylethanamjde (356b) with
Methanolic Sodium Hydroxide

A solution of the amide (356b) (0.60 g, 0.002 mol) in
methanol (20.0 ml) was treated with a solution of sodium
hydroxide (0.4 g, 0.01 mol) in methanol (5.0 ml) and the
resulting mixture was heated under ref lux for 2h.
The mixture was evaporated and the residue was treated
with water (5.0 ml) and the insoluble solid collected to
give N-methyl 2-(l-ethyl-2-methyl-4-nitro-1H-jmjdazol-5_
yl)-2-pheny1ethanajde (359) (0.10 g; 16%) m.p. 213-214 0 ,
identified by comparison with an authentic sample.
Acidification of the aqueous mother liquor with
concentrated hydrochloric acid discharged the red colour to
yellow and extraction with dichioromethane gave only an
intractable yellow oil (0.44 g) which yielded no
identifiable material.
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N-Methyl 2- (l-Ethyl-2-niethyl-4-nitro-lH-jmjdazol-5_yl) -2phenylethanamide (359)

A solution of the amide (356b) (4.5 g, 0.015 mol) in
"Analar" pyridine (20.0 ml) was treated with 20% w/v aqueous
potassium hydroxide (20.0 ml) and the mixture was heated at
1000 for lh.
After cooling, the mixture was diluted with water (40.0
ml) and acidified with concentrated hydrochloric acid.
Filtration affored a crystalline solid which was combined
with further material obtained by extracting the aqueous
mother liquor with dichloromethane and triturating the
resulting oil with ethanol to give N_methyl 2-(1-ethyl-2methyl-4-njtro-lH-jmidazol-5-yl) -2-phenylethanamide (359),
(total 1.9 g; 43%), which formed colourless spars, m.p. 2132140 (from ethanol), Vmax 3350, 3280 and 3240 (NH), 1650
(CO) and 1500 and 1340 (NO2) cm - , SH (CDC13) 7.30 (5H, s,
ArH), 6.50-6.13 (1H, bs, NH), 6.02 (1H, s, CH), 4.33-3.61
(2H, m, CH2), 2.87 (3H, d, J 5 Hz, CH3), 2.36 (3H, S, CH3)
and 0.75 (3H, t, H 7Hz, CH3), Sc (CDC13) 168.6 (quat.),
144.2 (quat.), 143.8 (quat.), 135.1 (quat.), 130.2 (quat.),
129.0 (CH), 128.2 (CH), 127.8 (CH), 48.0, 40.9 (CH2), 26.5,
13.64 and 13.21.

Found: C, 59.2; H, 6.0; N, 18.3%; M+, 302
CHN4O3recrnires: C, 59.6; H, 6.0; N, 18.5%; M, 302
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Evaporation of the ethanol mother liquor gave an orange
oil (1.4 g) which was flash-chromatographed over silica.
Elution with dichioromethane gave phenylacetic acid
(0.50 g; 25%), m.p. 71-730 , identified by comparison (m.p.
and i.r. spectrum) with an authentic sample.
Further elution with dichioromethane-ethyl acetate
through to methanol gave only a series of intractable gums
(total 0.59 g) which yielded no identifiable material.

The Attempted Acetylation of N-Methyl 2-(l-Ethyl-2-methyl-

4-nitro-lH-imidazol-5-yl)-2-phenyethaamj

(359)

A solution of the amide (359) (0.30 g, 0.001 md) in
acetic anhydride (5.0 ml) was heated under ref lux for lh.
Evaporation of the mixture gave unchanged startingmaterial (359) (0.3 g; 100%), m.p 213-2140 , identified by
comparison (m.p. and i.r. spectrum) with an authentic
sample.
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The Attempted Catalytic Reduction of N-Methyl 2-(l-Ethyl-2(359)

The amide (359) (0.30 g, 0.001 mol) was hydrogenated in
methanol (30.0 ml) over 10% palladium-on-charcoal (0.03 g)
at room temperature and atmospheric pressure for 2.5h.
The mixture was filtered through celite and the
ethanolic filtrate evaporated. Trituration of the residue
with ether-ethanol gave unchanged starting-material (359)
(0.09 g; 30%), identified by comparison (t.l.c. and i.r.
spectrum) with an authentic sample.
Evaporation of the ether-ethanol mother liquor gave a
yellow orange oil (0.20 g) which was shown by t.l.c. in
ethyl acetate-ethanol (1:1) over silica to be a three
component mixture containing largely starting-material (359)
and therefore was not further investigated.

Attempted Hydrolysis Reactions of N-Methyl 2-(l-Ethyl-2methyl-4-nitro-1H-imidazol-5-yl) -2-phenylethanamjde (359)

(a) Using aqueous sulphuric acid in acetic acid

A solution of the amide (359) (0.30 g, 0.001 mol) in
glacial acetic acid (5.0 ml) was treated with 20% w/w
aqueous sulphuric acid (2.5m1) and the mixture was heated
under ref lux for lh.
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The acetic acid was distilled off under reduced and the
residual liquor was diluted with water (5.0 ml) and
extracted with dichioromethane to give a yellow oil which
was triturated with ethanol to give unchanged startingmaterial (359) (0.18 g; 60%) m.p. 209_2100, identified by
comparison (m.p. and i.r. spectrum) with an authentic
sample.
Evaporation of the ethanolic mother liquor gave a
yellow oil (0.002 g) which was shown by t.l.c. in
dichioroinethane-ethyl acetate (1:1) over silica to be a
multicoinponent mixture and therefore was not investigated
further.

(b) Using aqueous ethanoljc sodium hydroxide

A solution of the amide (359) (0.30 g, 0.001 mol) in
methanol (20.0 nil) was treated with 2M aqueous sodium
hydroxide (2.5 ml). The mixture turned red and was heated
under ref lux for 7.5h.
The mixture was evaporated and the residue treated with
water (2.5 ml) and filtered to give unchanged startingmaterial (359) (0.24 g; 78%) m.p. 214-215, identified by
comparison (m.p. and i.r. spectrum) with an authentic
sample.

456

Acidification of the aqueous phase with 2M aqueous
sulphuric acid and extraction with dichloromethane gave only
a small amount of yellow oil (0.01 g) which was not further
investigated.

(c) Using aqueous ethanolic potassium hydroxide

A solution of the amide (359) (0.60 g, 0.002 mol) in
ethanol (5.0 ml) was treated with 20% w/v aqueous potassium
hydroxide (5.0 ml) and the resulting dark red solution was
heated under reflux for 3h.
The mixture was concentrated to remove the ethanol and
the residual alkaline liquor was acidified with concentrated
hydrochloric acid. Extraction with dichioromethane gave an
orange gum (0.33 g) which was shown by t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture which yielded no identifiable
material.

Ethyl 2-(l-Ethyl-2-methyl-4-njtro-1H-imidazol_5_yl)_2_
phenylethanoate (278a)

Ethyl 2- (l-ethyl-2-methyl_4_nitro_lH_jmidazol_5_yl) -2phenylethanoate (278a) was prepared ap described in chapter
4, section 4.5
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The Attempted Reaction of Ethyl 2-(l-Ethyl-2-methyl-4-nitro1H-imidazol-5-yl)-2-phenylethanoate (278a) with Methylamine

A suspension of the ester (278a) (0.64 g, 0.002 mol) in
33% w/w ethanolic methylamine (20.0 ml) was treated with a
catalytic amount of sodium ethoxide 10.1 ml of a solution of
sodium (0.08 g, 0.003 g atom) in anhydrous ethanol (10.0
ml)] and the mixture was stirred at room temperature for
70h.
The ethanol and the methylamine were removed under
reduced pressure and the residue was triturated with aqueous
ethanol to give the unchanged ester (278a) (0.53 g; 83%),
m.p. 164-1650 , identified by comparison (m.p. and i.r.
spectrum) with an authentic sample.
Evaporation of the aqueous ethanol mother liquor gave a
yellow gum (0.04 g) which was shown by t.l.c. in
dichioromethane-ethyl acetate (1:1) over silica to be a
multicomponent mixture containing further starting-material
(278a). The gum was not investigated further.

N-Methyl 2-Phenylethanainide

N-Methyl 2-phenylethanamide was prepared by the sodium
ethoxide catalysed condensation of ethyl 2-phenylacetate
with methylamine in ethanol, yield 97%, and had m.p. 52-540
(lit.90, 580).
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The Attempted Reaction of 5-Chloro-1-ethyl-2-methyl-4-njtro1H-imidazole (136b) with N-Methyl 2-Phenylethanamide in the
Presence of Sodium Hydride

A stirred suspension of sodium hydride (0.26 g, 0.011
mol) in anhydrous diniethylformamide (5.0 ml) was treated
dropwise at room temperature with a solution of

11-methyl

2-

phenylethanamide (1.6 g, 0.011 mol) in anhydrous
dimethylforinamide (2.5 ml). The mixture turned pale purple
in colour and gas was evolved.

After 30 min a solution of

the chioronitroimidazole (136b) (0.95 g, 0.005 mol) in
anhydrous diniethylformaniide (2.5 ml) was added dropwise.
The mixture turned a dark red colour and was heated at 100 0
(oil bath) for lh.
The mixture was evaporated and the residue was treated
with water (20.0 ml) and the resulting alkaline solution
extracted with dichloromethne to give a red oil (2.5 g)
which was shown by t.l.c. in dichloromethane-ethyl acetate
(1:1) over silica to be a multicomponent mixture which was
not further investigated.
The aqueous mother liquor was neutralised with
concentrated hydrochloric acid and sodium acetate and
extracted with dichloromethane to give a red oil (0.91 g),
whose t.1.c. in dichloromethane-ethyl acetate (1:1) over
silica showed it to be a inulticomponent mixture from which
no identifiable material could be obtained.

459

The Reaction of l-Ethyl-2-methyl-4-nitro-1H-jmjdazole-5carbonyl Chloride (139b) with Trimethylsilyl Azide

A solution of the acid chloride (139b) (1.1 g, 0.005
mol) in anhydrous ether (10.0 ml) was stirred and treated in
one portion with a solution of trimethysilyl azide (0.63 g,
0.0055 mol) in anhydrous ether (5.0 ml) and the mixture
stirred at room temperature for 2.5 h. After this time
t.l.c. in dichloromethane-ethyl acetate (1:1) over silica
showed no reaction to have occurred and the mixture was
therefore heated under ref lux for 3.5h.
The mixture was evaporated and the residue triturated
with anhydrous dichloromethane to give 1-ethyl-2-inethyl-4nitro-1H-iniidazole-5-carbonyl azide (362) (0.27 g; 24%),
which formed colourless plates, m.p. 132-1330 (decomp.)
(from butanone), Vmax 2190 and 2150 (N3), 1720 (CO) and 1530
and 1305 (NO2) cm, 6H [(CD3)2S0] 3.95 (2H, q, J 7Hz, CH2),
2.39 (2H, s, CH3) and 1.26 (3H, t, J 7Hz, CH3).

Found: C, 35.5; H, 3.9; N, 39.8%; M+, 196 (M-N2)
97H8N623requires: C, 37.5; H, 3.6; N, 37.5%; M, 224

Evaporation of the dichloroxnethane washings gave a red
oil (1.0 g) which was treated with water (5.0 ml) and
allowed to stand for 4h. Filtration then afforded the
carboxylic acid (138b) (0.43 g; 44%), m.p. 140_1430,
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identified by comparison (m.p and jr. spectrum) with an
authentic sample.
Evaporation of the aqueous filtrate gave a brown oil
(0.30 g) which was shown by t.l.c. in dichloromethane-ethyl
acetate (1:1) over silica to be a multicomponent mixture
from which no identifiable products could be obtained.

The Attempted Reaction of 5-Chloro-1-ethyl-2-methyl-4--'njtro1H-imidazole (136b) with Sodium Thiocyanate

(i) A solution of the chloronitroimidazole (136b) (0.38
g, 0.002 mol) in anhydrous dimethylformamide (5.0 ml) was
treated with sodium thiocyanate (0.16 g, 0.002 inol) and the
mixture was stirred at room temperature for 17h.
The mixture was evaporated and the residue coevaporated with toluene to give a yellow oil which was
treated with water (5.0 ml) and extracted with
dichloromethane. Evaporation of the organic extract gave a
colourless oil which was triturated with ether to give
unchanged starting-material (136b) more of which was
obtained by evaporating the ethereal washings and
triturating the resulting oil (0.27 g) with ether (total
0.28 g; 73%), m.p. 86-87, identified by comparison (m.p.
and i.r. spectrum) with an authentic sample.
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(ii) Repetition of the reaction described in (i) but
heating the mixture for 2h at 600, 2h at 100 and 2h under
ref lux gave, after evaporation of the solvent, treatment of
the residue with water (5.0 ml) and extraction with
dichioromethane, a brown oil (0.37 g) which was f lashchromatographed over silica.
Elution with dichioromethane-ethyl acetate (5:1) gave
unchanged starting-material (136b) (0.10 g; 26%), m.p. 8487, identified by comparison (m.p. and i.r. spectrum) with
an authentic sample.
Further elution with dichioromethane-ethyl acetate
(5:1) through to methanol-ammonia (9:1) gave only a series
of intractable gummy products which were not investigated
further.

5-Azido-1-ethyl-2-methyl-4-nitro-lH-jmidazole (369)

A solution of the chioronitroimidazole (136b), (3.8 g,
0.02 mol) in anhydrous dimethylformamide (25.0 ml) was
treated with sodium azide (1.3 g, 0.02 mol) and the mixture
was stirred at room temperature for 17h.
The mixture was evaporated and the residue was treated
with water (20.0 ml) and the insoluble solid collected to
afford the azide (369), (3.9 g; 99%) which formed pale
orange needles, m.p. 72_730 (decomp.) (from
tetrachioromethane), Vmax 2150 (N3) and 1550 and 1360 (NO2)

462

S (CDC13 ) 3.85 (2H, q, J 7Hz, CH2 ), 2.35 (3H, S, CH3 )
and 1.30 (3H, t, J 7Hz, CH3).

Found: C, 36.3; H, 4.0; N, 41.9%, M+, 196.0719
900602requires: C, 36.7; H, 4.1; N, 42.8%; M, 196.0709

N- (1-Ethyl-2-nLethyl-4-nitro-1H-jìnjdazol-5-yl)
Triphenylphosphinimine (370)

A solution of the azide (369) (0.78 g, 0.004 mol) in
anhydrous 1,2-dimethyoxyethane (10.0 ml) was mixed with a
solution of triphenyiphosphine (1.0 g, 0.004 mol) in
anhydrous 1,2-dimethoxyethane (5.0 nil) and the mixture was
kept at room temperature for 30 mm, then heated at 600 for
lh.
Filtration afforded the phosphinimine (370), (1.6 g;
92%) which formed bright yellow blades, m.p. 240-242 0 (from
ethanol), Vmax 1585 and 1340 (NO2) cm- 1 , SH (CDC13 ) 7.787.32 (15H, m, ArH), 3.94 (2H, q, J 7Hz, CH2), 2.29 (3H, S,
CH3) and 1.28 (3H, t, J 7Hz, CH3 ).

Found: C, 66.9; H, 5.4; N, 13.0%; M+, 430
Q212j492P requires: C, 67.0; H, 5.4; N, 13.0%; M, 430
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Reactions of N-(l-Ethyl-2-methyl-4-nitro-lH-jinjdazol-5-yl)
Triphenyiphosphinimine (370) with Aqueous Hydrochloric Acid
The phosphinimine (370) (0.86 g, 0.002 mol) was
treated with concentrated hydrochloric acid (2.5 ml) and the
suspension was stirred at room temperature for 15 min by
which time the suspended solid had dissolved. A pale yellow
solid then crystallised from the solution and the mixture
was stirred for a further 15 mm, then filtered to give N(1-ethyl-2-methyl-4-nitro-1H-jinidazol-5-yl)
Triphenylphosphinimjne hydrochloride (371), (0.93 g; 100%)
which formed pale yellow spars, m.p. 212-2130 (decomp.)
(from b.p. 80-1000 light petroleum-ethanol), Vmax 3500 and
3100 br (NH) and 1570 and 1320 (NO2) cm - , SH [(CD3)2SO]
8.00-7.50 (15H, m, ArH), 4.10 (2H, q, J 7Hz, CH2), 2.56 (3H,
S, CH) and 1.30 (3H, t, J 7Hz, CH3).

Found: C, 61.7; H, 5.1; N, 12.0%;
430 (M-HC1)
QHClN492P requires: C, 61.7; H, 5.2; N, 12.0%;
M, 466.5

The phosphinimine (370) (0.86 g, 0.002 mol) was
treated with concentrated hydrochloric acid (2.5 ml) and the
mixture was stirred and heated at 800 for 30 mm.
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The cooled mixture was diluted with water (5.0 ml) and
extracted with dichloromethane to give a solid (0.83 g),
m.p. 141-1440, which was shown by its i.r. spectrum to
consist largely of triphenyiphosphine oxide.
Evaporation of the aqueous mother liquor gave an oily
semi-solid (0.9 g) from which no identifiable material could
be obtained.
(c) A solution of the phosphinimine (370) (0.86 g,
0.002 mol) in concentrated hydrochloric acid (2.5 ml) was
heated at 1000 for 15 mm.
The cooled mixture was diluted with water (5.0 ml) and
extracted with dichloromethane to give triphenyiphosphine
oxide (0.59 g; 100%), m.p. 135-1370 , identified by
comparison (m.p. and i.r. spectrum) with an authentic
sample.
The aqueous acidic mother liquor was basif led with 50%
w/v aqueous sodium hydroxide and extracted with
dichloromethane to give only a small amount of an
intractable red gum (0.02 g).

The Attempted Reaction of N-(1-Ethyl-2-methyl-4-nitro-1Himidazol-5-yl)

Triphenvlphosphiniinine (370) with Carbon

Disulphide

A solution of the phosphinimine (370) (0.86 g, 0.002
mol) and carbon disulphide (0.30 g, 0.004 mol) in anhydrous
acetonitrile (20.0 ml) was heated under ref lux for 2h.
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The mixture was evaporated to give the unchanged
phosphinimine (370), (0.86 g; 100%), m.p. 234-2350 ,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.
1-Ethyl-2-methyl-5-phenyl-5H-imidazol4,5-dl-1,2,3-trjazole
(372)

(a) A solution of the phosphinimine (370) (0.86 g,
0.002 mol) in anhydrous acetonitrile (30.0 ml) was treated
with a solution of phenyl isocyanate (0.24 g, 0.002 mol) in
anhydrous acetonitrile (5.0 ml) and the mixture was heated
at 600 for 6h.
Evaporation of the mixture gave a brown solid (1.1 g)
which was flash-chromatographed over silica.
Elution with dichloromethne-ethyl acetate (9:1)
afforded 1-ethyl-2-methvl-5-IDhenvl-511-imidazol4,5-dl-1,2.3triazole (372) (total 0.45 g; 99%) which formed colourless
rhombs, m.p. 140-1410 (from ethanol), Vmax 1605 (CN), S11
(CDC13) 8.12-8.00 (2H, m, ArH), 7.51-7.22 (311, m, ArH), 4.07
(2H, q, J 7Hz, CH2), 2.55 (311,

S1

CH3) and 1.53 (3H, t, J

7Hz, CH3).

Found: C, 63.5; H, 5.4; N, 30.9%; 11+, 227
c11N5reQuires: C, 63.4; H, 5.7; N, 30.8%, M, 227
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Attempted Reactions of 5-Chloro-1-ethyl-2-methyl-4-njtro-1Himidazole (136b) with Phenylhydrazine

A solution of the chioronitroimidazole (136b)
(0.38 g, 0.002 mol) and phenylhydrazine (0.22 g, 0.002 mol)
in ethanol (10.0 ml) was heated under ref lux for 3h.
The mixture was evaporated to give an orange oil (0.62
g) which was triturated with ether to yield unchanged
chioronitroimidazole (136b) (0.29 g; 55%) m.p. 89-930 ,
identified by comparison (m.p. and i.r. spectrum) with an
authentic sample.
Evaporation of the ethereal mother liquor gave a red
oil (0.34 g) which was shown by t.1.c. in dichloromethaneethyl acetate (1:1) over silica to be a multicomponent
mixture containing chloronitroimidazole (136b). The oil was
not further investigated.
A solution of the chloronitroiinidazole (136b) (0.38
g, 0.002 mol) and phenylhydrazine (.022 g 0.002 mol) in
anhydrous dimethylformamide (5.0 ml) was stirred at room
temperature for 18h after which time t.l.c. in
dichloromethane-ethyl acetate (1:1) over silica showed no
reaction to have occurred. The mixture was therefore heated
at 800 for 2h and then at 1100 for 2h. A second portion of
phenylhydrazine (0.22 g, 0.002 mol) was added and heating at
1100 was continued for a further 18h.

468

The mixture was evaporated and the residue was treated
with water (10.0 ml) and extracted with dichloromethane to
give a red oil (0.59 g) which was flash-chromatographed over
silica.
Elution with dichioromethane-ethyl acetate (9:1) gave
unchanged starting-material (136b) (0.25 g; 66%), m.p. 82860 , identified by comparison (m.p. and i.r spectrum) with
an authentic sample.
Further elution with dichloromethane-ethyl acetate
(9:1) through to methanol gave only a series of intractable
oils and gums (total 0.37 g) from which no identifiable
material could be obtained.

The Attempted Reaction of 5-Chloro-1-ethyl-2-methyl-4-nitro1H-imidazole (136b) with Hydrazine Hydrate

A solution of the chioronitroimidazole (136b) (0.76 g,
0.004 mol) in ethanol (20.0 ml) was treated with 100%
hydrazine hydrate (0.40 g, 0.008 mol) and the resulting
solution was heated under ref lux for 5.5h.
The mixture was evaporated to give a red oil (1.0 g)
which was shown by t.1.c. in dichioromethane-ethyl acetate
(1:1) over silica to be a multicomponent mixture which
yielded no identifiable material.

EM

Attempted Reactions of 5-Benzenesulphonvl-1-ethyl-2-methyl4-nitro-1H-imidazole (254) with Phenyihydrazine

A solution of the benzenesulphonylnitroimidazole
(254) (0.59 g, 0.002 mol) and phenylhydrazine (0.22 g, 0.002
mol) in anhydrous ethanol (10.0 ml) was heated under ref lux
for 4h.
The mixture was evaporated and the residue was treated
with 2N aqueous hydrochloric acid (3.0 ml) and extracted
with dichloromethane to give unchanged starting-material
(254), (0.61 g; 100%), m.p. 98_1000, identified by
comparison (m.p. and i.r. spectrum) with an authentic
sample.
A solution of the benzenesulphonylnitroimidazole
(254) (0.59 g, 0.002 mol) in anhydrous diglyme (10.0 ml) was
heated under ref lux for 4h.
The mixture was evaporated and the residue was treated
with 2M aqueous hydrochloric acid (5.0 ml) and extracted
with dichloromethane to give a brown oil which was
triturated with ethanol to afford unchanged startingmaterial (254) (0.12g; 19%), m.p. 106-1090 , identified by
comparison (m.p. and i.r. spectrum) with an authentic
sample.
Evaporation of the ethanolic mother liquor gave a brown
oil ( 0.70 g) which was shown by t.l.c. in dichloromethaneethyl acetate (1:1) over silica to be a multicoinponent
mixture which failed to yield any identifiable product.
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The Attempted Reaction of 5-Benzenesulphonyl-1-ethyl-2methyl-4-nitro-1H-imidazole (254) with Hydrazine Hydrate

A solution of the benzenesulphonylnitroimidazole (254)
(0.41 g, 0.0014 mol) and 100% hydrazine hydrate (0.14 g,
0.0028 mol) in anhydrous ethanol (20.0 ml) was heated under
ref lux for 7.5h.
The mixture was evaporated and the residue triturated
with ether-dichioromethane to give a solid which was
combined with further material obtained by evaporating the
ether-dichioromethane mother liquor, treating the
residue with 2M aqueous hydrochloric acid (2.0 ml) and
dichioromethane, evaporating the organic phase, and f lashchromatographing the resulting gum over silica and eluting
with dichioromethane to give unchanged starting-material
(254) (total 0.16 g; 38%), m.p. 106-1070 , identified by
comparison (m.p. and i.r. spectrum) with an authentic
sample.
Further elution with dichioromethane-ethyl acetate
(5:1) through to methanol gave only a series of intractable
gums (total 0.16 g) which were not further investigated.
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Ethyl 2-N- (l-Ethyl-2-methyl-4-nitro-lH-imidazol-5-yl) amino2-oxoethanoate (385)

(a) Sodium hydride (0.05 g, 0.0022 mol) was treated
with a solution of the amine (355a) (0.34 g, 0.002 mol) in
anhydrous dimethylformamide (2.5 ml) and the mixture was
stirred at room temperature for 10 min until gas evolution
had stopped. A solution of ethyl oxalyl chloride (0.30 g,
0.0022 mol) in anhydrous dimethylforinamide (1.0 ml) was
added dropwise and the mixture was stirred at room
temperature for 7h.
The mixture was treated with water and extracted with
ethyl acetate to give a red semi-solid (0.63 g) which was
chromatographed over silica.
Elution with ethyl acetate afforded ethyl 2-N-(l-ethyl2-methyl-4-nitro-lH-imidazol-5-yl)amino-2-oxoethanoate (385)
(0.19 g; 35%) which formed colourless spars, m.p. 176-177 0
(from ethyl acetate), Vmax 3120 (NH), 1730 and 1720 (CO) and
1530 and 1315 (NO2) cm, SH[(CD3)2S0] 11.20 (111, s, NH),
4.36 (211, q, J 7Hz, CH2), 3.92 (2H, q, J 7Hz, CF!2), 2.45
(3H, S, Cl3), 1.36 (3H, t, J 7Hz, CH3) and 1.24 (3H, t, J
7Hz, Cl3).

Found: C, 44.4; H, 5.2; N, 20.7%; M, 270
llN425_recuires: C, 44.4; H, 5.2; N, 20.7%; M, 270
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Elution with ethyl acetate-formic acid (100:1) afforded
ethyl oxamate (385) (0.06 g; 24%), m.p. 104-1060 , identified
by comparison (m.p., i.r. spectrum and 1H n.m.r. spectrum)
with an authentic sample.
Further elution with ethyl acetate-methanol (4:1) gave
only a series of highly coloured intractable gums which were
not further investigated.
(ii) Repetition of the reaction described in (1) but
heating the mixture under ref lux under a nitrogen atmosphere
for 18.5h gave only an intractable red gum from which no
identifiable material could be obtained.
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