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ABSTRACT

In Chapter 1, the syntheses of some known heterocycl ic-_N-oxides
viz. purine-N_-oxides, benzotriazole-_N-oxides, benzimidazole-ji-oxides and
imidazopyridine-_N-oxides, are discussed in varying degrees of depth.
Some of the biological properties of these compounds are mentioned.

In Chapter 2, the reactions with bases of 3-amino-2-nitro and

2-amino-3-nitropyridine derivatives are studied.

2-p-Nitrophenyl-lH_-imidazo[4,5-b]pyridine-3-oxide is obtained in
high yield by the base-induced cyclisations of 2-nitro-3-N££-nitrobenzyl-
aminopyridine. The base reactions of the _N-ethoxycarbonyl, _N-methanesul phonyl
and _N-p-to1 uenesulphonyl derivatives of 2-nitro-3-_N-p-nitrobenzylamino-
pyridine also yield the 3-oxide but in lower yield along with other
products such as £-nitrobenzoic acid and/or 2-£-nitrophenylimidazo[4,5-b]-
pyridine.

2-£-Nitrophenyl-3H_-imidazo[4,5-jD]pyridine-l-oxide is obtained by the
corresponding reactions of bases with 3-nitro-2-N-£-nitrobenzylaminopyridine.

Cleavage is the main reaction when 3-_N-rnethanesul phonyl-_N-phenacyl -

amino-2-nitropyridine is treated with bases. When the base used is aqueous

ammonia, the major products of the reaction are 3-N-methanesulphonylamino-
2-nitropyridine and 2-benzoyl-4(5)-phenylimidazole.

Various mechanisms to account for these results are discussed.

Also studied in this chapter is the reaction of pyridofuroxan with
ethyl acetoacetate in the presence of various bases.

In Chapter 3, the reactions with sodium methoxide of the £-toluene-
sulphonyl derivative of 3-nitro-4-N-£-nitrobenzylaminopyridine and 3-nitro-4-
N-phenacylaminopyridine are studied. The identified products of these reactions
are cleavage products and the various mechanisms to account for these results
are discussed.

The attempted syntheses of some other 4-amino-3-nitropyridine derivatives
are also discussed.
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CHAPTER 1: INTRODUCTION

The Synthesis and biological activity of some known heterocyclic-

Jj-oxi des.

Heterocycl ic-ji-oxides, such as purine-_N-oxides and benzimi dazol e-

N-oxides are known to be biologically active. For example, purine-3-

oxide (l)1 is shown to be oncogenic as. are the 3-oxides of guanine (2)
and xanthine (3)2 and the 1-oxide of a 9-substituted adenine (4)3 is

reported to be hypocholesterolemic.

H
0- 0-

(1) (2)

OH
H

(3) (4)

Some benzimi dazol e-JN-oxi des exhibit herbicidal activity1* e.g. (5),
whilst others are useful as veterinary nematocides5 e.g. (6),

anthelmintics or pesticides6 e.g. (7).



Purine-N_-oxides and benzimidazole-N-oxides consist of an

imidazole ring fused to a pyrimidine ring and benzene ring respectively.

As already stated, representatives of both of these _N-oxides are

biologically active and it was therefore of interest to discover

whether an _N-oxide consisting of an imidazole ring fused to a

pyridine ring viz., an imidazopyridine-_N-oxide, which is an aza-

analogue of benzimidazole-_N-oxide, would be biologically active.

Among the aza-analogues of benzimi dazole-_N-oxides, only

benzotriazole-_N-oxides are well known. These compounds and their
derivatives are also shown to be biologically active. For example,

some benzotriazole-_N-oxides exhibit herbicidal activity e.g. (8A)7j4
whilst others exhibit insecticidal and anticholinesterase activity

e.g. (8B).75

Little is known about imidazopyridine 1- and 3-oxides i.e.
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ring systems (9)-(12). Imidazo[4,5-_b]- and -[4,5-_c] pyridine undergo

N_-oxidation in the pyridine ring8 and the only known example of

simple 1- or 3-oxides are a group of 3H_-imidazo[4,5-_b]pyridine-l-oxides

(13) [tautomeric with l-hydroxy-lH_-imidazo[4,5-b]pyridines (13A)].
These compounds and their derivatives are biologically active and

exhibit herbicidal4>9 e.g. (14A) or rodenticidal10 e.g. (14B) properties

and are prepared by the partial reduction of 2-acylamino-3-nitro-

pyridines (15).l4'»9»10

(11) (12)
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The aim of this research project was to prepare some imidazo[4,5-b] and

[4,5-_c]pyridine 1- and 3-oxides by non-reductive, base-catalysed

cyclisation of aminonitropyridine derivatives since previous work in

the St. Andrews laboratories11-13 has shown that some benzimidazole-

N-oxides could be synthesised by the base-catalysed cyclisation of

£-nitroaniline derivatives.

The synthesis of the above heterocycl ic-_N-oxides are now

discussed with particular emphasis on the synthesis of benzimidazole-



N-oxides and of the known imidazopyridine-1-oxides.

Synthesis of Purine-jj-oxides.

Synthetic routes to purine-!-, 3- and 7-oxides (which are

tautomeric with !-, 3- or 7-hydroxypurines) are known2 but to date

there is no reported synthesis of a purine-9-oxide.

The majority of purine-!-oxides and severa! purine-3-oxides are

formed by direct oxidation of the purines using such acids as perbenzo

acid, perphthalic acid, trif!uoroacetic acid and peroxide-acetic acid

mixtures. For example, purine itself (16) when treated with perbenzoic

acid gives purine-!-oxide (17),lt+ adenine (18) when treated with a

peroxide-acetic acid mixture gives adenine-l-oxide (19)15'16 and

guanine (20) when treated with hydrogen-peroxide in trifluoroacetic

acid gives guanine-3-oxide (21 ).17

W

chc1 3

c6h5coooh

kN
(16) (17)

h
h

(18) (19)

0-

(20) (21)
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Non-oxidative methods are varied2 and include e.g. the formation

of adenine-1-oxide (19) by ring closure of 4-ami no-5-iN-hydroxy-

formamidinoimidazole (22) with triethyl orthoformate in dimethyl-

formamide18 (Scheme 1).

ho-n

h2n

(ch3)2ncho

(c2h50)3ch
-> (19)

Purine-7-oxides are not obtained by direct oxidation but may be

synthesised by other methods.2 For example, 8-phenyltheophyl1ine-7-

oxide (23) is produced by heating in acetic acid, the pyrimidine

derivative (24) and benzylideneani1ine19 (Scheme 2).

0

ch
3^ ■NO

+

^AlH

+ c6h5ch^nc5h5 CH3COOK.

A

ch
3Ni

o

ch. ch.

I
A
N
I
h

C6H5

(24) (23)



Scheme1
(22)

H

(19)



Scheme2
(24)

Q

chh—n

n CH,

n=0
—ch

/e"b
\

h+ch3n
nhc,h,65

n=0

/C6H5

b̂nhc6H5A
*

-C6H5NH2

(23)
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Benzotri azol e-H-oxi das.

The main synthetic route to benzotriazole-N-oxides (25) [which are

tautomeric with 1-hydroxybenzotriazoles (25a)]13 is the base-catalysed

cyclisation of o-nitrophenylhydrazines (26).20 >21

R = e.g. CH^, CI, Br, NC^ and n = 0, 1, 2, 3 or 4

The mechanism of this reaction has been studied by Munson and

Hodgkins21 whose evidence suggests, although not conclusively, the

formation of the monoanion (26a), followed by cyclisation with elimination

of water (Scheme 3).

This method is also suitable as a synthetic route to 2- and 3-

substituted benzotri azol e-_N-oxide derivatives.
CI CI



Scheme3 H

OH

(25a)



Note that the o-nitrophenylhydrazine need not be isolated but

may be generated in situ by reaction of an o-chloronitrobenzene

derivative (27) and hydrazine hydrate in the presence of a base.

N2H4.H20^ Rn
Na2C03

(27) R = e.g. CH3, CI, Br, NC>2 and n = 0, 1, 2, 3 or 4

An alternative synthetic route to 2-arylbenzotriazole-l-oxides

e.g. (28)20 is the acid-catalysed cyclisation of o-nitrohydrazobenzene

derivatives e.g. (29) (Scheme 4).

NH—NH-u /

02N/^X^N02

(29) (28)



Scheme4

HH 0



- 13 -

Benzimidazole-N-Qxldes

Benzimidazole-N-oxides are not obtained by direct oxidation of

benzimidazoles22>23 but may be synthesised by a wide variety of other

methods.24 These methods fall into three main categories:

a) partial reduction of o_-nitroanilides, b) formation and

cyclisation of o-nitrosoanils and related species and c) intramolecular

condensation of ^-(activated alkyl)-_o-ni troani 1 ines.

a) Partial reduction of o-Nitroani1ides: The reduction of £-nitro¬
ani Tides (30), depending upon the reducing agents and/or the reaction

conditions used, can be made to yield benzimidazole-N-oxides (31). For

example, 5-chloro-2-nitro-N-methylformanilide (32) when reduced using

sodium borohydride in the presence of palladium-barium sulphate yields

6-chloro-l-methylbenzimidazole-3-oxide (33) .25

(32) (33)

The reducing agents and/or the reaction conditions used in the

reduction of £-nitroani1ides are critical, in some cases, for _N-oxide

formation, and in others for maximising yields of the _N-oxide.
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For example, catalytic hydrogenation over platinum or palladium

of 2-nitro-_N-phenylacetani 1 ide (34) yields 2-amino-N-pnenylacetani1 ide

(35) which on treatment with hydrochloric acid yields 2-methyl-l-

phenylbenzimidazole (36). However, when the hydrogenation is carried

out in the presence of at least one molar equivalent of acid, a good

yield of 2-methyl-l-phenylbenzimidazole-3-oxide (37) is obtained.26

0-
a = HC1

(37)

The mechanism of reaction is thought to involve the partially

reduced hydroxylamine derivative (38). This intermediate - not yet

isolated - cyclodehydrates if the carbon atom of the amide carbonyl

group is sufficiently electrophi1ic to induce attack by the nucleophilic

nitrogen of the hydroxylamine group before the latter undergoes

further reduction. In the above example, acid is required for _N-oxide
formation. The acid protonates the carbonyl group creating a full

formal positive charge on the carbon atom, thus enabling cyclisation
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to occur at the hydroxy!amine stage (Scheme 5).

Other factors, apart from acid, can affect cyclisation e.g.

electron withdrawing substituents on the benzene ring and/or the

substituent a to the amide carbonyl group, polarity of solvents, and

steric effects. For example, catalytic hydrogenation of 2,2,2 -

trifluoro-2'-nitroacetanil ide (39) over palladium in ethanol yields

2-trifluoromethylbenzimidazole (40) and 2-trifluoromethylbenzimidazole-

3-oxide (41) [tautomeric with 1-hydroxy-2-trifluoromethylbenzimidazole

(41a)], the latter being made to predominate by the addition of an

acid during the reduction process.5

H
I

H

(41) (41a)

Another reducing agent which has been widely used in this type

of cyclisation is ammonium sulphide and this reduces e.g. _N-benzyl-_o-

nitroformanil ide (42) to 1-benzylbenzimidazole-3-oxide (43).27

However, when ammonium sulphide is used to reduce 2-(1-pyrrolidinyl)-

2"'-nitroacetanilide (44) the N-oxide is not formed and the products of



Scheme5

(37)
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the reaction are 2-(1-pyrrolidinyl )-2 -hydroxy!aminoacetaniTide (45)

and 2-(1-pyrrolidinyl )-2/-aminoacetanilide (46).28

ch2c5h5
■n-cho

*N02

h2s/nh3

(42)

CH2C5H5

a?
0-

(43)

^T\^NHC0CH2N

^/^no2

(44)

h2s/nh3
^\^nhcoch2N

hoh + 46

(45)

✓nhcoch'

'NH'

(46)
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b) Formation and cyclisation of o-nitrosoani1s and related species:

c^-Nitrosoani Is (47) which cyclise due to interaction of the azomethine
carbon with the nitroso group, are considered to be the highly reactive

intermediates in several synthetic routes to benzimidazole-R-oxides (48)

from various starting materials.

1) Photolysis of N_-2,4-dinitrophenyl-a-amino acids (D.N.P.-a-amino

acids) (49) in aqueous solution proceeds by two routes depending upon

the pH of the solution and the structure of the D.N.P.-a-amino acids.

At pH 5.6, the products are 4-nitro-2-nitrosoani 1 ine derivatives (50),

an aldehyde and carbon dioxide e.g. photolysis of D,N.P.-dl-leucine

(51) in aqueous sodium bicarbonate solution yields 4-nitro-2-nitroso¬

ani line (52), carbon dioxide and 3-methylbutanal.29
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o2n>L JL pH ^ 6

(49)

+ R2R3CO + CO,

(50)

R1, R2, R3 = H, alkyl, aryl

,nhch[ch2ch(ch3)2]cooh

hv

O2N/^^^ NO2

r^VH2
aq. NaHC03 02N ^^v^NnO

+ (ch3)2chch?cho
+ co-

(51) (52)

At pH 2-5, the product is a 5-nitrobenzimidazole-3-oxide (53),

provided that there is a free hydrogen on both the a-carbon and the

ami no-nitrogen, e.g. photolysis of d.N.p.-alanine (54) in aqueous acetic

acid yields 2-methyl-5-nitrobenzimidazole-3-oxide (55) [which is

tautomeric with l-hydroxy-2-methyl-6-nitrobenzimidazole (55a)].30

NR1CR2R3C00H
hv

pH « 5

(49)
1 2R1 = R = H

(53)

R = H, alkyl, aryl
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(55a)

When r"' = alkyl or aryl,R^ = H, alkyl or aryl , and R^ = H in (49),

photolysis at pH 0-10 gives initially 4-nitro-2-nitrosoani1ine (50)

which when allowed to stand in the presence of the aldehyde also

formed, condenses under acid conditions (pM 0)to yield the 5-nitro-

benzimidazole-3-oxide (53) e.g. photolysis of D.N.P.-a-sarcosine (56)

in aqueous solution of pH 0-10 gives initially, N_-methyl-4-ni tro-2-

nitrosoani1ine (57), formaldehyde and carbon dioxide and eventually

l-methyl-5-nitrobenzimidazole-3-oxide (58). Note, however, at pH 0 to

-3, the _N-oxide (58) is formed directly by photolysis.31
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(58)

2 3
When R and R = alkyl or aryl in (49), photolysis at any pH

cannot yield the 5-nitrobenzimidazole-3-oxide (53) since there is no

hydrogen on the 2-position. The products of photolysis are the

4-nitro-2-nitrosoaniline (50), the ketone and carbon dioxide e.g.

D.N.P.-a-aminoisobutyric acid (59) on photolysis yields 4-nitro-2-

nitrosoaniline (52), acetone and carbon dioxide.31

,nhc(ch3)2cooh
hv

pH 0-10
^ (52) + (CH3)2C0 + C02

(59)
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o-Nitrosoani1ines (52) are known to react with aldehydes in the presence
1 3

of an acid to yield 5-nitrobenzimidazole-3-oxides (53; R = H, R = H,

alkyl, aryl).32-34 This is a particularly useful method for the

synthesis of 2-aryl-5-nitro-benzimidazole-3-oxides e.g. 4-nitro-2-

nitrosoaniline (52) condenses with £-chlorobenzaldehyde (50) in the

presence of an acid to yield 2-_p-chlorophenyl-5-nitrobenzimidazole-3-

oxide (61).34

(52) (60) (61)

The mechanism of photolysis of D.N.P.-a-amino acids is in doubt

and is the subject of considerable debate.20 Neadle and Pollitt31

suggest that the mechanism involves decarboxylation accompanied by a

concerted oxygen-transfer from the £-nitro group (Scheme 6) whilst
Meth-Cohn35 suggests that oxygen-transfer from the £-nitro group

precedes decarboxylation (Scheme 7). However, MacFarlane and Russell38

have shown that rapid decarboxylation of N_-£-nitrophenylvaline (62),
in which intramolecular oxygen-transfer is not possible, occurs at pH 6

to yield £-nitroani1ine (63), 2-methylpropanal (64) and carbon dioxide.
This result therefore calls into question the validity of the other

mechanisms and supports the original contention of Russell29 that the

first step in the reaction is decarboxylation to form a carbanion as

intermediate (Scheme 8). Verification that this type of reaction may



02n'

Scheme6
oi

■cr2r3cooh
h.v

c=o

02n

pN̂ 1^0"*TIH±°

—cr2r3

(49)

oLowpH
R' =H

o2n'

r

/vn
02N

+/-FT N
i

0

V
r1

i23n—crroh no

\1/

HighpH

o2n

NHR no

ro
CO

+c02+r2r3co

(53)

(50)



Scheme7

ncr2r3c00h
h+ hv

K9)

r3r2co+
02n

f^-CR2R3COOH \ It)

02N

R1OHI/O*
CR2R3—c—0-rH

NO

-H20 -COo
Nk

R

1 n=-cr2r3 LowpH
n/r=h

(50)

(53)
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proceed by an intermolecu!ar mechanism is provided by Davidson, Korkut
and Steines37 who have shown that irradiation of acetonitrile solutions

of aromatic nitro compounds containing N_-(2-chlorophenyl )glycine (65)

or (phenylthio) acetic acid (66) result in decarboxylation to yield
2-chloroaniline (67) or thiophenol (68) and methyl phenyl sulphide (69).

nhch[CH(ch3)2]C00H
hv

0.1M phosphate buffer
pH6

*
o2n-

+ (CH3)2CHCH0 + C02

(62) (63) (64)

nhch2c00h
hv

CH^CN/l ,3-dinitrobenzene'
+ co2 + [ch20?]

(65) (67)

S-CH2C00H
hv

CH^CN/l-nitronaphthalene

5-CH3
+ CO.

(66) (68) (69)



+Thefirststepinthephotoylsisreactionisdecarboxylationtoformacarbanion.Formation ofthecarbanionisbyanunknownmechanism.29
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2) Related photolytic reactions that also yield benzimidazole-N-oxides,

apparently via £-nitrosoani1s, are those of £-nitrophenylaziridines
(70)38 (Scheme 9) and £-nitrophenylimidazoles (71)39»1+0 (Scheme 10).

(70)

hv, CH OH
2 ~1 2 ^ ^2^'L R = N02 j R = CgH5 c

R1 = H, R2 = COCgHg

¥
-N

\+ R2CH0
.a?6 5

1
0-

hv C2H5OH

(71) R2 = H, R4 = R5 = CgHg

Rh = CgHg, R2 = R5 = H

o2n
)=(

CH(OC^Hg)NHCOCgHg
4 5

CgHg, R = R = H



Scheme9 (70)

+CcHrCHO65



Scheme10

r5r4r2
III —C=N—C=0

c2h5oh

A

+[rc0nho?]

o2n

+[r2conh2?]

o2n

1

ro
UD

ch(0c2h5)nhc0r*

r2r4r5! , -N=C—N=C—00 C2H5OH
0

02n

,//^H2
t[r4C0C0R5?]
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3) Photolysis of IN.N-dialkyl-o-nitroani 1 ines (72) in acidic media41>42

yields benzimidazole-_N-oxides. (The N_-oxides are also formed from (72)

by treatment with hot aqueous acid41>43 or by an acid-catalysed

thermal reaction42). The mechanism of this reaction may involve

free radicals in which case an £-nitrosoani1 would not be a reaction

intermediate. Such a mechanism may also be envisaged for D.N.P.-a-

amino acids (in addition to the other mechanisms already mentioned)

which on photolysis in acidic media yield benzimidazole-JN-oxides.

(Scheme 11).

(72)

,1

,1
CH2R hv CH30H/HC1

2 R = e.g. H; CI
R1R1 = e.g. (CH2)2, (CH2)4

It should be noted however, that the photolysis of _N,N_-dialkyl-

£-nitroanilines in acidic media may lead to benzimidazoles as well as

the _N-oxides.41'42 These two products are formed by different routes

and a delicate balance between the two pathways exists, the reaction

pathway apparently being dependent upon a combination of steric and

electronic factors. For example, _N-oxide formation results when

[(72) R = H and R]R] - (CH2)2 or R = CI and rV = (CH2)4]41>42 and
benzimidazole formation results when [(72) R = H and R^R^ = (CH2)3 or
R = H and rV = (CH2 )J .41 >42



Scheme11



4) Quinoxal ine-N_-oxides undergo either oxidation44 >45 or thermolysis46

to yield benzimidazole-_N-oxides, the intermediate of these reactions

being an o_-nitrosoanil or related species. For example, 2-substituted

quinoxaline-4-oxides (73) are oxidised by alkaline hydrogen peroxide

to yield 2-substituted benzimidazole-3-oxides (74)44>45 (Scheme 12).

2-Azidoquinoxaline-l-oxides (75) and 1,4-dioxides (76) undergo thermolysis

in boiling benzene to yield 2-cyanobenzimidazole-3-oxide (77) and

2-cyano-l-hydroxybenzimidazole-3-oxide (78)46 respectively (Scheme 13).
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5) A non-photolytic synthesis of benzimidazole-N_-oxides (80) is the
condensation of _o-nitroani 1 ine (79) with an aromatic aldehyde.23^7-49
The mechanism of this type of cyclisation has not been elucidated but

may possibly involve an o_-nitrosoani 1 as intermediate. Depending upon

the conditions of the reaction, which are critical for benzimidazolep¬

oxide formation, other products such as o_-ni troani 1 s (81),

arylidenebis-o-nitroani 1 ines (82) and 2-arylbenzimidazoles (83) may be

formed (Scheme 14).



Scheme12 (73)

(R=alkyl,aryl,alkoxy)

(74)



Scheme13 (75)

CO CJ1

(77)
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+ ArCHO

(79) (80)

N=CHAr

Ar

^V^Sl02

(81) (82) (83)

6) Benzofuroxan[benzotc]! ,2 ,5-oxadiazole-_N-oxide] (84), tautomeric50
with o_-dinitrosobenzene (85), may react with activated methylene

compounds (CH2XY) in the presence of a base to yield benzimidazole-JN-
oxides (88). However, the product of reaction depends upon the

conditions of the reaction and the nature of the active methylene

compound, the latter also determining whether or not the mechanism of

the reaction involves an elimination from the intermediate, an

o-nitrosophenylhydroxylamine (86) to an £-nitrosoani1 (87).



Scheme14 NH,
+Ar-C=0Xx1e"e

no,

(79)
•N—CH—Ar

<-

ArCOOH

t

.ii—£h—
Ar

,NH-CH(OH)Ar
-H20

—CH—Ar
|

I

+ArCOOH
-f

N

H

ArCOO 1

C11' v°v.

->

+//

-N

0

,N=CH—Ar NO„

NH2 no2

'NH—CH—NH I Ar

•NO,

o2n-

(81) Ar-CHO
v]/(ProbablyprotonatedbyacidHX)

(82)

N=CH—Ar 0—C

/'

vT>
HX

ArCHO
r ArCOOH'

+ArCOOH (80)

n

>\ArCOO Ar^
+

-N

t

Ar—CH
H

ArCOO

CO

Ar

+ArCOOH
(83)
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,N=0

N=0

•N= CXY

(R = H or OH)

(88)

If Y in the £-nitrosophenylhydroxy!amine (86) is a leaving

group e.g. CN, NO2 or SO2R, Y~ may be lost and the product of the
reaction is then a l-hydroxy-2X-benzimidazole-3-oxide (88). For

example, benzofuroxan (84) reacts with cyanoacetamide derivatives51'52
such as 2-cyano-_N-methyl acetamide (89), primary nitroalkanes52-55
such as a-nitrotoluene (90) or a-sulphonylcarboxamides52>56 such as

ethyl phenylsulphonylacetate (91) in the presence of a base to yield

2-_N-methylaminocarbonyl-1-hydroxybenzimidazole-3-oxide (92),
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2-phenyl-1-hydroxybenzimidazole-3-oxide (93) and 1-hydroxybenzimidazole-

2-carboxylic acid-3-oxide (94) respectively (Scheme 15A).

^--C0NHCH3 (92)
5

OH

:i>
I
0-

C6H5CH2N02 (90)
THF or CHC13/(C2H5)3N +// C6^5

0-

(84)
COOH (94)

If Y in the ci-nitrosophenylhydroxylamine (86) is a keto group,

interaction may occur between the ketonic carbonyi group and the

o-nitroso group, yielding, as main product, quinoxaline-1,4-dioxide

derivatives. Activated methylene compounds which react in this way are

e.g. 1,3-diketones52j57 and g-ketoesters.52>57>58 For example,

benzofuroxan (84) reacts with acetyl acetone (95) or ethyl acetoacetate

(96) in triethylamine to yield 2-methyl-3-acetylquinoxaline-1,4-dioxide

(97) and 2-methyl-3-carboethoxyquinoxaline-1,4-dioxide (98) respectively.

When the reaction with ethyl acetoacetate (96) was carried out in

ethanolic potassium hydroxide, a second product, 2-carbCethoxybenz-

imidazole-3-oxide (99) was also formed.58 (Scheme 15B).



Scheme15A
(92)
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ch3coch2coch3
(95)^

'(c2h5)3n

ch3c0ch2c00c2h5.

(97)

VCH3

Nn cooc2h5

coch,

(99)

00c2h5

(98)

If Y in the o-nitrosophenylhydroxy!amine (86) is neither a leaving

group nor a ketonic group which interacts with the £-nitroso group,

the o-nitrosoani 1 (87) may be formed and may yield a benzimi dazole-_N-

oxide (88). For example, benzofuroxan (84)reacts with barbituric acid

(100) in an aqueous methanolic solution of sodium hydroxide to yield

benzimidazole-2-carboxylic acid-3-oxide (101).52'59



Scheme15B

1.chxy2.bh
(84)

->

x=e.g.coc^hg y=e.g.ch3c0 chcooc2h5

)H iC00CoHc
c5

1.B

2.BH

(99)

(99)
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0,

aq NaOH/CHoOH
HN NH

Y
o

OOH

(84) (100) (101)

In addition to these reactions, benzofuroxan (84) reacts with

secondary nitroalkanes52"55 in the presence of base to yield 2,2-

disubstituted-2H-benzimidazole-l,3-dioxides (102), this being the

only known route to this class of compounds. For example, benzofuroxan

(84) reacts with 2-nitropropane (103) in chloroform in the presence

of triethylamine to yield 2 ,2-dimethyl-2H_-benzimidazole-l ,3-dioxi de

(104)52"55 (mechanism similar to Scheme 15A).

(84)

+ r1r2chno.

,1

Base
\

R = e.g. CH^
R2 = e.g. CH3, C^, CgH5 (102)

p + (CH3)2CHN02
0-

(C2 H5)3N

(84) (103) (104)
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c) Intramolecular condensation of N-(activated methyl)-o-nitroani 1 ines:

Base catalysed aldol-type condensations of N-substituted £-nitroani 1 ines

containing an activated methylene group (105) in the side chain lead

to benzimidazole-_N-oxides which may contain functional groups in the

2-position (106).

(105) (106)

2
1) The cyclisation of mono-substituted £-nitroanilines [(105), R = H]
is well known. The reaction conditions and/or the base used in the

cyclisation reaction depend upon the electron-withdrawing power of
3 3

R , since the nature of R determines the degree of activation of the

methylene group and hence the ease of cyclisation.

When R is strongly electron-withdrawing e.g. ketone,60 nitrile,61

ester62 or amide,53 the cyclisation may proceed using mild conditions

and/or a weak base such as sodium carbonate. For example, the methyl

ester of 2,4-dinitrophenylglycine (107) in methanolic sodium carbonate

yields 2-methoxycarbonyl-5-nitrobenzimidazole-3-oxide (108)62 and

2,4-dinitrophenylglycinylglycine (109) in triethylammonium carbonate

buffer (pH 8.3) yields the _N-oxide (110)63 (Scheme (16A)).
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nhch2cooch3
Na2C03/CH30H cooch,

(107) (108)

nhch2conhch2cooh
+™.2-[(c2h5)3nh]?c03

pH 8.3
conhch2cooh

(109) (110)

o

When R is weakly electron-withdrawing e.g. an aryl group,12'23'54'55
the cyclisation may proceed using stronger conditions and/or stronger

bases such as alkoxides. For example, Nybenzyl-o-nitroanil ine (111)
in sodium methoxide yields 2-phenyl-1H-benzimidazole-3-oxide (112)

12,23,64 ancj 2-nitro-_N-(4-thiazotylmethyl )anil ine (113) in methanolic
sodium hydroxide yields 2-(4-thiazol\|l)~l_H-benzimidazole-3-oxide (114).65

nhch0cchc3 5 5

(111)

(113)

C2H5°"/C2H50H

CH3OH/NaOH

(112)



Scheme16A
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The mechanism of this reaction may be a simple condensation
o

mechanism as shown in (Scheme (16A)) (R = CgHg). However, N_-substi tuted
derivatives (apart from N-acyl derivatives in which deacylation occurs

prior to cyclisation - Scheme (16E)) of _N-benzyl-o-nitroaniline are not

cyclised by base - see later. This suggests that in N-benzyl-o-

nitroaniline, the mobile a-hydrogen atom i.e. the ami no-hydrogen is

involved in the cyclisation process - (Scheme (16C) and/or (16D)).

This is in contrast to Scheme (16A) and is in accord with the apparently

general rule70 that base-induced cyclisation of o_-nitro compounds

involving a feebly reactive g-methylene centre in the ortho side-chain

occurs only when the side chain also carries a mobile a-hydrogen atom.

If the methylene group in (105) is itself substituted with a

leaving group e.g. CN, then cyclisation may still occur when (105) is

treated with a base. For example, N-(a-cyanobenzyl)-o-nitroaniline

(115) in ethanolic sodium carbonate yields 2-phenyl-1 H_-benzimidazole-

3-oxide (112).61

^>v.NHCH(CN)C5H5
C2H50H/Na2C03

(115) (112)

Furthermore, o-nitroani1s (116) when treated with methanolic

potassium cyanide yield 2-arylbenzimidazole-_N-oxides (117).66'67 For

example, jo-methoxybenzylidene-o-nitroani1ine (118) in methanolic

potassium cyanide yields 2-£-methoxyphenyl-lH-benzimidazole-3-oxide (119).67



R1*H R2 =e.g.CN. B=e.g.OH

' -CN

0<-

N
0



 



 



Scheme16E

-O

H—0

r,^0R ^^5N-^H2r2
RO/ROH

->X

NO,

HCH„R
V

NO,

cf.Scheme16A,16C and/or16D.

I

<J1

+/
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,N=CHAr

NO.

(116)

KCN/CH3OH
^

Ar = e.g. .P'CH^OCgH^
-£"CH3C6H4
°-BrC6H4

(117)

'N=CH—<\ />~0CH3
k.cn/ch,0h

>

no2

(118)

OCH-

The mechanisms of both reactions i.e. (115) —> (112) and (116) —

(117) are similar2i+>56 and are shown in Scheme 17. The mechanisms are

analogous to those previously proposed58'69 for the cyclisation of

o^-nitrobenzylidene compounds such as the cyanide-induced cyclisation
of a-o-nitrophenylcinnamonitrile (120) to give 3-cyano-l-hydroxy-2-

phenylindole (121).58

c= chcchc6 5

aq KCN/C?Hr0H

(120) (121)



cn
CO
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2) The cyclisation reactions of _N,_N-di substituted (D-nitroanil ines

[(105), R * H] are less well known and yield products which differ
from those expected by comparison with the cyclisations of the

corresponding mono-substituted o-nitroani1ines [(105), R = H]. For

example, N-substi tuted-_N-cyanome thy!-o_-ni troani lines (122) are cyclised

by either aqueous ethanolic sodium carbonate or potassium hydroxide

to yield 2-hydroxybenzimidazole-_N-oxides (123) [tautomeric with

_N-hydroxybenzimidazolones (123a)],25'61 whereas _N-cyanomethyl -o-

nitroaniline (124) cyclises in aqueous ethanolic sodium carbonate to

yield 2-cyano-ljl-benzimi dazole-3-oxide (77)61 (Schemes (16b) and (16a)
respectively).

R

^^m-CH2-R'

(105)

n—ch2cn

(122)

aq. Na2C03/C2H50H
2 R = e.g. CH3, CgH5:

C6H5CH2 (123)

x

(123a)

nhch2cn
aq. Na2C03/C2H50H

(124) (77)
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Similarly, _N-acylmethylene-_N-aryl sulphony 1 -o-nitroanilines (125)
are cyclised by sodium alkoxides to yield 2-alkoxy-lH_-benzimidazole-

3-oxides (126)13 whereas 4-methyl-_N-phenacyl-o-nitroani 1 ine (127)

cyclises in sodium ethoxide to give a low yield of 2-benzoyl-1 H_-5-

methylbenzimidazole-3-oxide (128)13 »60 [the main products of the reaction

being 4-methyl-o-nitroani1ine (129) and ethyl benzoate (130)13]. It

should be noted, that the structure of the _o-nitroani1ine derivatives,

the solvent, base and reaction conditions used are critical in

determining the product(s) formed. The reactions and mechanisms of

(125) -> (126) and (127) -> (128) and other analogous compounds will

be discussed in chapter 2.

N—CH2C0R
1

(125)

R30"/R30H
7

R = e.g. CH,, CH..CfiHd

R; - e.g. CH3, 4
R = e.g. H, 4-CH3, 4-C1
R3 = e.g. CH3, 44

5-CH,

OR3 + R1C00R3

(126)

NHCH„C0CcHc2 6 5

C2H5°7C2H50H +//—C0C6H5
N

(127) (128)

^\^€00C2l

(129; (130)
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As stated earlier, cyclisation of _N-benzyl-£-nitroani1ine (111)
in sodium methoxide yields the _N-oxide (112) ^2,23,64 although it

should be noted that complete conversion of (111) was not achieved.

The _N-acyl derivatives (131) and (132) of N_-benzyl-o-nitroani 1 ine cyclise
in sodium methoxide to yield the _N-oxide (112) with, once again, the
main product of the reaction being _N-benzyl-o-nitroani 1 ine (111).12
However, the _N-methyl (133) ,51t N-tosyl (134)11»12 and _N-mesyl (135)11'12
derivatives of N-benzyl-o-nitroani1ine do not cyclise in the presence

of base.

CH2C6H5
CH-jCT/CHOOH

NHCH.

(131 , R = C0C5H5)
(132, R = C0CH3)

(112)

N—CH0C,Hc2 6 5

(111)

(133, R = CH3)
(134, R = S02.C6H4.CH3)
(135, R = S02CH3)

Unlike the previous examples, both _N-£-nitrobenzyl-o-nitroaniline (136)
and N_-substituted-_N-£-nitrobenzyl-o-nitroani 1 ines (137 - 141) cyclise
in sodium methoxide solution [or in the case of (141) sodium ethoxide

solution] to yield 2-jo-nitrophenyl-1 H^benzimidazole-3-cxide (142).11*6"7
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Note, however, in the reaction of (140) with sodium methoxide solution,

another product, l-methoxy-2-p_-nitrophenylbenzimidazole (143) was

formed in addition to (142). A trace of (143) was also found in the

reaction of (139) with sodium methoxide solution.

The mechanism of the reaction of (137) and (138) in basic media

to form the N-oxide (142) is deacylation prior to cyclisation.

The reactions of (139), (140) and (141) in basic media to form

the _N-oxide (142) will be discussed in chapter 2.

I^Vn-CH2~^H i i /=\L i i "/roh > c T+yc y»°2V\0? r1 = ch3' c2h5 f 2
_0

(136,
(137,
(138,
(139,
(140,
(141,

°CH3

r

r

r

r

r

r

h)

coc6h5)
c0ch3)
s02ch3)
so2c6h4ch )
c00c2h5)

(142)

(143)
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Synthesis of 3_H_-imidazo[4,5-b]pyridine-l-oxides

As already stated, imidazopyridine-1- and 3-oxides are relatively

unknown and the only known examples of simple 1- or 3-oxides are a

group of 3K-imidazo[4,5-bJpyridine-l-oxides (13) [tautomeric with 1-

1-hydroxy-! H_-imidazo[4,5-(b]pyri dines (13A)]. These compounds and
their derivatives are prepared by the partial reduction of 2-acylamino-

3-nitropyridines (15).st+9^ »10

H

(13A) (13)
1 ?

wherein R = e.g. H, CI, F, CHClCh^ or perfluoroal kyl, R = e.g. H,
CI, Br, NH2, NC^, CN, alkyl or perfluoroalkyl and n represents 0, 1, 2

2
and/or 3 such that all R substituents contain not more than eight

carbon atoms.

There are two successful synthetic routes (route A and route B)

to these compounds (13). Route A, used for the synthesis of the
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unsubstituted (n = o) and mono-substituted (n = 1) compounds, uses as

starting material the appropriate 2-amino-3-nitropyridine (144). Route B

is generally used for the synthesis of di- ( n = 2) and tri- (n = 3)

substituted compounds and involves further substitution of a mono-

substituted compound ( n = 1). Note, however, that the di- and tri-

substituted compounds may be synthesised via route A if the appropriate

di- and tri- substituted amrfionitropyridines can be easily obtained.

Route A involves the acylation of 2-amino-3-nitropyridines (144)

using a difluoroalkanoyl halide (145) or difluoroalkanoic anhydride

(146) in the presence of a tertiary organic amine e.g. pyridine to

yield 2-(2,2-difluoroalkanamido)-3-nitropyridines (15). The amides (15)

are then reduced to yield 2-(l ,1-difluoroalkyl )-3_H-imidazo[4,5-_b]pyridine-
1-oxides (13). The reduction can be carried out using a variety of

reagents e.g. zinc in hydrochloric acid, hydrogen sulphide in ethanolic

ammonia, and hydrogen in the presence of a catalyst such as platinum,

palladium or palladium-carbon. In the last method, the addition of an

acid, e.g. hydrochloric acid, generally results in better yields,

particularly when the pyridine ring is unsubstituted.

R]CF2C0X
rn

n nh, N^^-NHCOCFpR

(144)
(r'cf2co)2o

(146)

(13)
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Route B involves functional group interconversion and/or

electrophi1ic substitution in the pyridine ring. An example of such

reactions is shown in Scheme 18.

The mechanism of reduction is not completely understood but is

thought to involve the partially reduced hydroxylamine derivative (147)

as an intermediate - not yet isolated - which spontaneously cyclodehydrates

to give (13). The same mechanism applies as in the case of the

reduction of_o-nitroani1 ides (30) (Scheme 5).

An important feature of all these known imidazopyridine-l-oxides

(13) is the 2-substituent -CF2R'' which, due to the high electronegative
character of fluorine, is a very strong electron-withdrawing group.

Hence, the CF2R"' group, adjacent to a carbonyl group, enhances the
susceptibility of the carbonyl group to nucleophilic attack and

a) enables weak nucleophiles, e.g. a substituted 2-amino-3-nitropyridine,

to undergo acylation and b) facilitates cyclisation of the hydroxylamine

derivative (147) [and (38)] before the latter undergoes further

reduction.

Apart from the electron-withdrawing power of the substituent

adjacent to the amidic carbonyl group, other factors affect cyclisation.

The best yields of imidazopyridine-l-oxides result a) when the reaction

is carried out in polar (protic) solvents b) if the pyridine ring

carries additional electron-withdrawing substituents and c) if a mineral
2

acid is also present. Note, that in certain cases, e.g., if R = H or

if only electron-donating groups are present on the pyridine ring, as

in (148), the major product of reduction, in the absence of acid, is

the azo compound (149) and in such cases one molar equivalent of acid



Scheme18
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must be present for imidazopyridine-1-oxide (150) formation.9 It is

important to note that no_ reference is made to the formation of either

3-amino-2-(2,2-difluoroalkanamido)pyridines (151) or imidazo[4,5-b]

pyridines (152) as by-products in the reduction of (15).

R2n'
NHC0CF-

(148)

N NHC0CF-

(149)

(150)

R2n-

^NxF1HC0CF2R1
R2n-

W'

(151) (152)
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Fiel den, Meth-Cohn and Suschitzky41>kz have reported the synthesis

of two fused-ring imidazo [4,5-b_]pyridine-l-oxides (153) (78%) and (154)

(16%). They are prepared by the acid-catalysed photocyclisation of the

2-dialkylamino-3-nitropyridines (155) and (156) respectively, in a

proceedure similar to that used for the synthesis of benzimidazole-N-oxides

from _N,_N-dial kyl-o-nitroanilines (of. pages 30 - 32). In the case of

(156), complete conversion was not obtained and recovery of (156) was

75%. In the case of (155), the chloro-substituted imidazo[4,5-b]pyridine

(157) was a by-product which is also produced by the irradiation of the

N-oxide (153) in aqueous methanolic hydrochloric acid. The mechanism

of the reaction (155) to (157) is probably similar to that outlined

in Scheme 19B.

(155 n = 3)
(156 n = 4)

(ch2)4

(154)
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Some general properties of 2-(l ,1-difluoroalkyl )-3jj-imidazo[4,5-bJpyridine-

1-oxides

2-(l ,1-Di fl uoroal kyl )-3ji-imidazo[4,5-b_]pyridine-l-oxides are

generally crystalline solids of high melting point and behave as weak

acids forming salts. They are easily converted via their anions into

the ether e.g. (158) and ester e.g. (159) derivatives9 using a1kyl

and acyl halides respectively in the presence of a base. 2-(1,1 -

Difl uoroal kyl )-3H_-imidazo[4,5-b_]pyridine-l-oxides and their derivatives

undergo substitution with rearrangement when treated with reagents such

as NHp HC1 and S0C1 ^ to yield substituted 2-(l ,1-di fl uoroal kyl )-3H_-
imidazo[4,5-b]pyridines (Scheme 19).71

(158) (159)
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CHAPTER 2: RESULTS AND DISCUSSION

The synthesis and base-catalysed cyclisation of some jj-substituted and

jj,N-disubstituted aminonitropyridine derivatives.

As already shown (of. chapter 1C), the base catalysed, intramolecular

condensation of _o-nitroani1ine derivatives containing an activated methylene

group in the side chain leads, in some cases, to benzimidazole-N-oxides.

In principle, therefore, such a reaction, when carried out on amino-

nitropyridine derivatives containing an activated methylene group in the

side chain, may lead to imidazopyridine 1- or 3- oxides.

This chapter is largely concerned with the synthesis or attempted

synthesis of 2-substituted imidazo[4,5-b]pyridine 1- or 3- oxides by the

base-catalysed intramolecular condensation of the appropriate aminonitro-

pyridine derivative, comparison being made with the corresponding compounds

in the benzene series. The chapter is divided into four parts:

a) the synthesis and cyclisation of 3-_N-p-nitrobenzylamino-2-nitropyridine

derivatives, b) the synthesis and attempted cyclisation of 3-N_-methanesul-

phonyl-J^-phenacylamino-2-nitropyridine, c) a discussion of the n.m.r. of
some aminopyridine derivatives mentioned in parts a) and b), and d) the

synthesis of 1 pyridofuroxan1 (0 ,2 ,5}-oxadiazolo[3,4-bJpyridine-l- or 3-
oxide) and its reaction with ethyl acetoacetate in the presence of base.
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a)• The synthesis and cyclisations of 3-N-Q-nitrobenzylamino-2-

nitropyridine derivatives.

It was hoped that the cyclisation of 3-_N-£-nitrobenzyl amino-2-

nitropyridine derivatives (160 - 163) in basic media would yield 2-jp-

nitrophenyl-lH_-imidazo[4,5-b]pyridine-3-oxide (164) which is tautomeric
with 3-hydroxy-2-p-nitrophenyl-3H-imidazo[4,5-b]pyridine (164a).

(160; R = C00C2H5)
(161; R = S02.C6H4.CH3)
(162; R = S02.CH3)
(163; R = H)

OH

(164a)

However, compounds (160-163) had first to be synthesised. Sulphonamides

derived from 2-amino-3-nitro- and 3-amino-2-nitropyridine were unknown

and so the initial synthetic attempts used, as starting material, 3-_N-

ethoxycarbonylamino-2-nitropyridine (165)72 which is known to undergo

alkylation at the exocyclic nitrogen in the presence of a base.72 Compound

(165) was prepared by a two-stage process in which 3-aminopyridine was
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treated with ethyl chloroformate in pyridine to give 3-_N-ethoxycarbonyl•

aminopyridine (166) and this was then nitrated to give, as the main

product, (165).72

V
cicooc2h5
pyridine

NHCOOC2H5
HN03/H2S0^

NHCOOC2H5

N ^NO-

(166) (165)

Smith et at.11 have shown that the corresponding compound in the benzene

series, viz. N-ethoxycarbonyl-o_-nitroani 1 ine (167), on reaction with

£-nitrobenzyl bromide and ethanolic sodium ethoxide gave N-ethoxycarbonyl-

N-p-nitrobenzyl-o-nitroani 1 ine (141) (27%), l-p_-nitrobenzyloxy-2-£-nitro-

phenylbenzimidazole (168) (23%) and unreacted starting material (167) (23%).

Compound (141) on treatment with ethanolic sodium ethoxide gave 2-p-

nitrophenylbenzimidazole-3-oxide (142) [which is tautomeric with 1-hydroxy-

2-p-nitrophenylbenzimidazole (142a)] in 71% yield.
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0- OH

(142) (142a)

Reaction of the pyridine derivative (165) with £-nitrobenzyl bromide

and ethanolic sodium ethoxide followed a similar, although not identical

pattern. The products of this reaction"*" were 3-p-nitrobenzyloxy-2-p-

nitropheny1-3HI-imidazo[4,5-b]pyridine (169) (26%), 3-amino-2-nitropyridine

1 Carried out by B. C. Medcalf and J. M. Richmond.73
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(170) (10%), 2-jD-nitrophenylimidazo[4,5-ja] pyridine (171) (2%) and ethyl

£-nitrobenzyl ether (172) (aa 30%) but did not include the expected

product, 3-_N-ethoxycarbonyl -_N-£- n i trobenzyl ami no-2-ni tropyridi ne (160).

The _p-nitrobenzyl compound (160) was subsequently prepared, however,
from (165), p-nitrobenzyTbromide and potassium carbonate in acetone

in 75% yield. It was cyclised by reaction with ethanolic sodium ethoxide

to give 2-£-nitrophenyl-ljH-imidazo[4,5-b]pyridine-3-oxide (164) in 46%

yield. In addition, the reaction also gave £-nitrobenzoic acid (173)

(28%) and 3-amino-2-nitropyridine (170) (7%). When the cyclisation of

(160) was carried out using ethanolic diethylamine, a weaker base than

ethoxide, there was little reaction, unreacted starting material (160)

being recovered (88%) with only a trace of the £-oxide (164) being
formed.

Attention was then turned to the synthesis and cyclisation of the

sulphonamides (161) and (162).

2-Nitro-3-N-£-toluenesulphonylaminopyridine (174) was obtained only

by an indirect route. Alkaline hydrolysis of 3-_N-ethoxycarbonyl amino-2-

nitropyridine (165)72 gave 3-amino-2-nitropyridine (170), and this was

converted into the nitrosulphonamide (174) by reaction with £-toluene-

sulphonyl chloride in pyridine. Attempts'^ to prepare (174) directly by

nitration of 3-_N-p-tol uenesulphony!aminopyridine (175)74 were unsuccessful,
the product of the reaction being a dinitro compound, tentatively assigned

the structure (176) on the bases of its n.m.r., mass spectrum (found, m/e

338) and analysis.

+
Carried out by J. M. Richmond.73
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;h2br 02. c2h5o/c2h5oh

c^jhgo/c^goht

CH2Br

^\jmcooc2h5
+

^nnoo

no.

(165)

.k2c03/(ch3)2c0
c00c2H5

-n—ch2~<\
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2-Nitro-3-(N-_p-nitrobenzyl -_N-p-tol uenesul phony! )ami nopyridine

(16!) was obtained in 74% yield by treating (174) with ethanolic sodium

ethoxide and p-nitrobenzyl bromide in a procedure similar to that used

for the synthesis of the corresponding o.-nitroaniline derivative,11'12

viz. N-p-nitrobenzyl-N-p-toluenesulphony!-o-nitroani1ine (140).

SN0,

(170)

so2ci

pyridine

CH.

(i) c2h5o/c2h5oh (2)

V

so,

nhs0o-<\ /)—ch.

N ^0,

(174)

CH2Br

no,

n a CH.

—CH2—< )—N02

(161)
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(176)

Cyclisation of compound (161) in methanolic sodium methoxide

gave the _N-oxide (164) in 16% yield as well as p_-nitrobenzoic acid

(173) (72%), 2-p-nitrophenylimidazo[4,5-b]pyridine (171) (4%),

3-amino-2-nitropyridine (170) and 3-methoxy-2-p_-nitrophenyl-3H-imidazo-

[4,5-b]pyridine (177), the last two compounds being detected by

T.L.C. When the reaction was carried out using ethanolic diethylamine

as the basic medium, similar products were obtained viz., the N_-oxide

(164) (33%), the reduced product (171) (4%) and 3-amino-2-nitropyridine

(170) (detected by T.L.C.). Unreacted starting material (161) (29%)

was also recovered. For identification purposes, compound (171) was

synthesised by an alternative route from p_-nitrobenzoic acid (173),

2,3-diaminopyridine (178),75 and polyphosphoric acid.



N—CH0—
2\/~N°2 CH^0/CH30H

nm
(161) (C2H5)2NH/C2H50H

(164)+(170)+(171)Nl/

+

s,

NNH.

C00H NO,

(178)

(173)

Polyphosphorlcacid̂
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A similar, although not identical, pattern had previously been seen11*12

in the reaction of N-£-nitrobenzyl-N-£-toluenesulphonyl-o_-nitroaniline

(140) in methanolic sodium methoxide. The N-oxide (142) and 1-methoxy-

2-p_-nitrophenylbenzimidazole (143) were obtained in 38% and 10% yields
respectively, but, neither the reduced product, viz. 2-p-nitrophenyl-

benzimidazole (179), nor p-nitrobenzoic acid (173) was found in this

reaction.11>12

och3

(143)

H

(179)
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3-_N-Methanesulphonylamino-2-nitropyridine (180) was obtained as the

major product of nitration of 3-_N-methanesulphonylaminopyridine (181),
the minor product of the reaction being 5-N_-methanesulphonylamino-2-

nitropyridine (182). The two isomers (180) and (182) were largely separated

by fractional recrystal1isation and/or by hand separation since the former

consisted of pale yellow cubic crystals whilst the latter consisted of

yellow needles.

3-(N-Methanesulphony1-N-p-nitrobenzylamino)-2-nitropyridine (162)

was obtained in 66% yield by treating the nitrosulphonamide (180) with

methanolic sodium methoxide and £-nitrobenzyl bromide in a procedure
similar to that used for the synthesis of the corresponding o-nitro-

aniline derivative, viz. N_-methanesulphonyl-N-jo-nitrobenzyl-o-nitro-
aniline (139).12

^\^NHS°2CH3

(181

H7SO4./HNO3

s02ch3
• N —CH;

\

}—NO.

much ru

(162)

nhso2ch3

NO.

(139)



The methanesulphonyl derivative of 3-amino-2-nitropyridine was

more easily prepared than the p_-tol uenesul phonyl derivative. Hence most

of the cyclisation attempts described in the remainder of this chapter

were carried out on the p_-nitrobenzyl compound (162) and the phenacyl

analogue, 3-J)[-methanesulphonyl-_N-phenacylamino-2-nitropyridine (183),
rather than on the correspondi ng p_-tol uenesul phonyl compounds.

so9ch_
| 2 3
N-CH2C0CgH5

^ N N02

(183)

Cyclisation of (162) in methanolic sodium methoxide gave similar

results to those obtained in the reaction of compound (161) with

methoxide solution; the products were the N_-oxide (164) (23%) together
with its reduction product (171) (6%), p_-nitrobenzoic acid (173) (65%)
and 3-amino-2-nitropyridine (170), the last compound being detected by

H.P.L.C. However, in this reaction, 3-methoxy-2-£-nitrophenyl-3_H-

imidazo[4,5-b]pyridine (177) was not detected but a possible product

(not confirmed) was methyl p-nitrobenzoate (184). [The evidence which

suggested the presence of this compound (184) was mass spectrometry

(found m/e 181) and H.P.L.C. although the Rf. value of (184) is similar

to that of the £-nitrobenzyl compound (162)]. Lowering of the reaction

temperature (from reflux to room temperature) did not alter the product

ratio significantly, and the use of a milder base (sodium carbonate)

produced no appreciable reaction with the N_-oxide (164) being formed in
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only ca. 1 % yield. However, ethanolic diethylamine did cyclise the

£-nitroben/yl compound (162) to give the _N-oxide (164) (24%) and the
reduced product (171) (4%) with unreacted starting material (162) (32%)

being recovered. A longer reaction time, viz. six hours instead of two,

gave a greater yield of the _N-oxide (164) (36%) and a similar yield of
the reduced compound (171) (5%) with unreacted starting material (162) not

being recovered in this instance. Similarly, ethanolic triethylamine

(with a reaction time of forty hours) cyclised (162) to the _N-oxide (164)

(16%) and the reduced product (171) (3%) with unreacted starting material

(162) (26%) being recovered.

(162)

(c2h5)2nh/c2h5oh
(C2H5)3N/C2H50H

\/

(164)

-T

2

COOH

no2
(173)

N NO.

(164) + (171) (171)
COOCH.

no2

(184)

(170)
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Cyclisation of the corresponding £-nitroaniline derivative (139)
with methanolic sodium methoxide12 gave the _N-oxide (142) in 50% yield
and a trace (< 1%; detected by mass spectrometry) of 1-methoxy-2-p-nitro-

phenylbenzimidazole (143) (a much lower yield than when the p-toluene-

sulphonyl derivative (140) was cyclised). Once again, as in the reaction

of compound (140) with base but unlike the pyridine sulphonamides (161)

and (162), neither the reduced product (179) nor £-nitrobenzoic acid (173)
was reported to be formed in this reaction.12

och3

(143)

2-Nitro-3-_N-£-nitrobenzylaminopyridine (163) was obtained in 66%

yield by the acid hydrolysis of 3-(N-methanesulphonyl-_N-p-nitrobenzylamino)-

2-nitropyridine (162) in a procedure similar to that used in the synthesis

of the corresponding £-nitroaniline derivative, viz. N_-p-nitrobenzyl-o-
nitroaniline (136).12 Cyclisation of the desulphonated compound (163)

by both methanolic sodium methoxide and ethanolic diethylamine (both

having reaction times of six hours) gave the _N-oxide (164) in high yield

(93% and 71% respectively). Unreacted starting material (163) (23%) was
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recovered in the diethyl amine reaction.

h2so4/ch3cooh

.nhch

no,

(162) (163)

ch3o/ch3oh
or

y(C2Hg^NH/^HgOH

(164)

Cyclisation of the corresponding o-nitroaniline derivative (136) with

sodium methoxide solution gave the Nboxide (142) in 37% yield.12

(136) (142)
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It is now worth summarising the results of the reactions of compounds

(160-163) in basic media. The products (and their yields) obtained from

these reactions are collected in table 1. In every case, the _N-oxide,

2-£-nitrophenyl-lH-imidazo[4,5-b]pyridine-3-oxide (164) was obtained.

A common feature of these reactions, with the exception of the reactions

of compound (163), was the formation of £-nitrobenzoic acid (173) when the

base used was a sodium alkoxide. The reduced product, 2-p_-nitrophenyl-

imidazo[4,5-b_]pyridine (171), was obtained when the sulphonamides (161)
and (162) were treated with either sodium methoxide, diethylamine or

triethylamine.

When compound (163) was treated with either sodium methoxide or

diethylamine the reaction pathway followed was cyclisation. When compounds

(161) and (162) were treated with diethylamine or triethylamine, the major

reaction pathway was, in terms of the products isolated, cyclisation but

when the base was sodium methoxide, cyclisation was only a minor reaction

pathway. When compound (160) was treated with diethylamine little or no

reaction took place and when it was treated with sodium ethoxide, the major

reaction pathway followed was, in terms of the products isolated, cyclisation.

The reason why compound (160) does not react with diethylamine and

why cyclisation is the major reaction pathway when the base used was

sodium ethoxide, in contrast to the reactions of compounds (161) and (162),

is not obvious. The results suggest however, that the methylene group,

for some reason, is less strongly activated in (160) than the methylene

groups in (161) and (162) and that there are fewer reaction pathways operating.

When compounds (160-163) are treated with base, cyclisation is only one

of several reaction pathways which may be followed and, with the exception
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of (163), the low yields of the cyclised products obtained from these

reactions are presumably due to the intervention of one or more of these

other processes. In particular, one or more of these 'other' processes

must account for the formation of p_-nitrobenzoic acid (173) which is

obtained in substantial amounts (cf. table 1) when the sulphonamides (161)

and (162) and, to a lesser extent, the carbamate (160) are treated with a

sodium alkoxide.

First of all, the mechanism of formation of the N_-oxide (164) from

the base reactions of (160-163), will be discussed. The cyclisation

process may be that proposed11'12 for the base-catalysed reactions of the

benzene analogues (139), (140), (141) and (136), from which the _N-oxide

(142) is obtained. The mechanism involves a condensation between the

activated methylene group in the side chain and the nitro group ovtho to

the amidic nitrogen, resulting in the formation of the intermediate (185)

(Scheme 20). Note that elimination of the tosyl group from the intermediate

(185, X = N, R = CF^.CgH^SO^) by nucleophilic attack at the sulphur atom by
methoxide generates methyl tol uene-p_-sul phonate which by in situ methyl ati on

of the anion of (164) leads to 3-methoxy-2-jp-nitrophenyl-3H-imidazo[4,5-b]
pyridine (177). This compound (177) was shown, by T.L.C., to be one of

the minor products formed in the reaction of (161) with sodium methoxide

{of. p.'13)

A second possible cyclisation process, which ultimately leads to the

N-oxide (164), is one which involves nucleophilic attack by base at the

sulphur atom of the sulphonamides (161) and (162) or at the carbon atom of

the carbonyl group of the carbamate (160), to give, as intermediate,

2-nitro-3-_N-p-nitrobenzylaminopyridine (163) (Scheme 21). This mechanism
was ruled out by Smith st a7.n>12 on the basis of a kinetic study, for the



TABLE1

Productsfrcmthereactionsof3-jj-|i-nitrobenzylamino-2-nitropyridineswithbases.
Starting Compound

Base

Reaction Time(h.)

Reaction Temperature
N-oxide(164) (%)

j)-Nitrobenzoic Acid(173)(%)
ReducedN-oxide (171)(%)

Other Compounds

160

NaOC2H5

2

REFLUX

46

28

-

3-Amino-2-nitropyridine (170)(7%)+complex mixture*(R)+7others* (o) Startingcompound(160) (88%)

(c2h5)2nh

2

REFLUX

4

-

-

161

NaOCH3

2

REFLUX

16

72

4

3-Amino-2-nitropyridine (170)4=(o)+3-Methoxy compound(177)1=(o)~h6 others4=(o)+8others4=(A)

(c2h5)2nh

2

REFLUX

33

4

Startingcompound(161) (29%)+3-amino-2-nitro- pyridine(170)*(o)+4 others*(o)

162

NaOCH3

2

REFLUX

23

65

6

3-Amino-2-nitropyridine (170)+(A)and(o)t Methylp-nitrobenzoate (184)t(o)and(A)

NaOCH3

2

ROOM TEMPERATURE

20

65

4

3-Amino-2-nitropyridine (170)+(o)tmethylp- nitrobenzoate(184)*(o) t4others*(o)

(C2H5)2NH

2

REFLUX

24

-

4

Startingcompound(162) (32%)t8others*(o)

6

REFLUX

36

-

5

8others*(o)



TABLE1(CONTINUED)

Starting Compound

Base

Reaction Time(h.)

Reaction Temperature
N-oxide(164) (%)

p-Nitrobenzoic Acid(173)(%)
ReducedN-oxide (171)(%)

Other Compounds

(c2h5)3N

2

REFLUX

1

-

TRACE

Startingcompound(162) (82%)t5others*(o)

40

REFLUX

16

3

Startingcompound(162) (26%)tcomplexmixture 4-(o)

162

Na2C03

2

REFLUX

1

-

-

Startingcompound(162) (73%)

163

NaOCH3

6

REFLUX

93

—

3-Amino-2-nitropyridine (170)+(oltmixture(^7 products)^(o)

(c2h5)2nh

6

REFLUX

71

Startingcompound(163) (23%)

4AnalysedbyT.L.C.
tAnalysedbyH.P.L.C. (o)Productsfoundinorganiclayer (A)Productsfoundinaqueouslayer (R)Productsfoundinsolidfilteredfromreactionmixture



Scheme20 160,X=N,R=C00C2H5) 161,X=N,R=CH3.C6H4.S02) 162,X=N,R=CH3S02) 163,X-N,R-H) 136,X=CH,R=H) 139,X=CH,RCH3S02) 140,X=CH,R=CH3.C6H4.S02) 141,X=CH,R-C00C?HJ H

(164,X=N) (142,X-CH)

(164a,X=N) (142a,X-CH)

(185,X-NorCH)
CHQ.CCH..SO_CH036433

oo cn

(177,X=N) (143,X=CH)
+CHo.Cr-HS0o3643



Scheme21 (160,R=C00C2H5) (161,R=CH3.C6H4.S02) (162,R=CH3S02)

NH—CH2—^/)—N02 no2 (163)

\cf.Schemes20,22and/or23 (164)
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base reactions of the sulphonamides(139) and (140) and the acyl compounds

(137) and (138), the mechanism of which is as shown in Scheme 20. However,

the mechanism outlined in Scheme 21 was shown by Smith et al.\2 to operate

in the reactions of N-acetyl (132) and _N-benzoyl-N-benzyl-£-nitroani1ine

(131) with sodium methoxide. These compounds (131) and (132) do not posses

an activated methylene group and the mechanism of these reactions, which

ultimately leads to the _N-oxide (112), is deacylation followed by cyclisati

(of. Scheme 21).

(132, R1 = C0CH3, R2 = H)

It is interesting to note that the base reactions of (163) gave the

_N-oxide (164) in almost quantitative yield and that this high yield is in
contrast to the much lower yields of the N-oxide (164) obtained from the

base reactions of the other aminonitropyridine derivatives (160), (161)

and (162) (of. Table 1). Also, the yields of the _N-oxide (164) obtained
from the reactions of these aminonitropyridine derivatives with

sodium alkoxide are considerably lower than the yields (71%, 38% and

50%) of the N_-oxide (142) obtained in the benzene series12 when compounds

(139), (140) and (141) are treated with sodium alkoxide.

R

(137, R1 = C0C5H5, R2 = N02)
(138, R1 = COCH3, R2 = N02)
(131, R1 = C0CgH5, R2 = H)

0-

(142, R2 = N02)
(112, R2 = H)
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This may perhaps imply that (163) is the only precursor of the

_N-oxide (164) and that the yield of the _N-oxide (164) is low in the base
reactions of (160-162) because only a small proportion of these starting

materials is converted into (163). Hence it may be that for the conversion

of (160-162) into (164) the operating mechanism is as shown in Scheme 21.

A third possible mechanism (Scheme 22) which may operate in the base

reactions of (160-163) is an extension of the mechanism shown in Scheme 21.

In Scheme 22, a nitrosoanil (186) may or may not be the intermediate in

this reaction pathway. This mechanism (of. Scheme 22) is perhaps less

likely, however, since in the benzene series it has been shown that the

_N-methanesul phony! (135) ,12 N-methyl (133),64 and N_-_p-tol uenesul phony! (134)
12 derivatives of N-benzyl-o-nitroani1ine are unreactive towards base.

Wheh compound (163) is treated with base, a possible mechanism,

not available to compounds (160-162), is a slight modification of Scheme 22

(Scheme 23). This is due to (163) possessing a mobile a-hydrogen atom

(in addition to the activated methylene group). Such a mechanism must be

considered possible since jl-benzyl-£-nitroaniline (111), which does not

contain an activated methylene group but does contain a mobile a-hydrogen

NO,
2

(133, R - CH3)
(134, R = CH3.C5H4.S02)
(135, R = CH3S02)



(160,r=c00c2h5) (161,r=ch3.cgh4s02) (162,r=ch3s02) (163,r=h)
(164)

1.ch3o 2.of.Scheme20

0

(164)



Scheme23

Base/ROH
e.g.CH30/CH30H

(163)

(164)
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atom, cyclises under basic conditions to give the _N-oxide (112).

(of. page 44).

(Ill)

Whilst the mechanisms shown in Schemes 20, 22 and 23 may be possible

for the base reaction of both (163) and its benzene analogue (136), the

yield of jl-oxide (164) obtained from the former reaction, as already

mentioned, is almost quantitative whilst the yield of _N-oxide (142) (37%)
from the latter reaction is very much lower. Why this should be is not

obvious.

Another possible mechanism which may explain the formation of the

N-oxide (164) from the sulphonamides (161) and (162) but not from the

carbamate (160) is one which involves elimination of the sulphonyl group

from (161) and (162) to give the Schiff base, 3-N-£-nitrobenzylideneamino-

2-nitropyridine (187) as an intermediate. The sulphinate produced may then

add to the Schiff base (187), a process which ultimately would lead to the

N-oxide (164) (Scheme 24).

To consider the Schiff base as an intermediate in these reactions is

not unreasonable since it has been shown66'67 that the reaction of

ji-benzylidene-o-nitroani1ine derivatives with methanolic potassium cyanide

yields 2-arylbenzimidazole-3-oxides (117) (of. Scheme 17 and page 45). It

has also been shown5 >23 j148 j49 that benzimidazole-_N-oxides may be formed by
the condensation of _o-nitroani1ine (79) with aromatic aldehydes in which a

possible intermediate is the Schiff base (81) (of. Scheme 14 and page 33).



Scheme24
BASE/ROH

e.g.CH30/CH30H
•-q°2Rtj ■N—CH NO.

(161,R=CH3.C6H4) (162,R-CH3)

no3ch+

(164)
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The mechanism of formation of £-nitrobenzoic acid (173), a

major- product in the reaction of (160-162) with sodium alkoxide, is not

obvious. Several reaction pathways, all of which involve, as a first step,

the elimination of the sulphonyl groups from (161) and (162) to form the

Schiff base (187) (of. Scheme 24) are discussed. Such an elimination

step was, however, considered to be unlikely to occur in (160).

The first four reaction pathways (Schemes 25, 26, 27 and 28) initially

involve the hydrolysis of the Schiff base (187) to form 3-amino-2-

nitropyridine (170) and p-nitrobenzaldehyde (188). This hydrolysis of the

Schiff base (187) requires water to be present in the reaction mixture.

Water is produced in the cyclisation pathways outlined in Schemes 20 and

24 and it may also be present in the solvent. Schemes 25 and 26 then

involve the reaction of p-nitrobenzaldehyde (188) with itself in a

Cannizzaro-type reaction. In Scheme 25 hydride transfer occurs between

the aldehyde functions in two molecules of (188) whereas in Scheme 26,

hydride transfer occurs between the aldehyde function in (188) with the

nitro function in another molecule of (188). p-Nitrobenzaldehyde (188) is,

of course, not the only nitro containing compound present in the reaction

mixture. Consequently, the hydride acceptor may not be p-nitrobenzaldehyde

(188) but be, for example, 3-amino-2-nitropyridine (170) (Scheme 27).

Assuming that the base involved in these reactions is methoxide, the ester,

methyl p-nitrobenzoate (184) is formed. This compound (184) was detected

(by TLC) in small amounts in the reaction of (162) with sodium methoxide.

p_-Nitrobenzoic acid (173) would be the product of alkaline hydrolysis of the
ester (184). This hydrolysis necessitates the presence of hydroxide ion,

produced in the cyclisation pathways outlined in Schemes 22 and 24. Of

course, with the presence of hydroxide ion in the reaction mixture the base

involved in the reaction of (188) with itself or with 3-amino-2-nitro-



nno,. (170)
wo-

-^c=o
n02

ch30h02n

0

ii

c—OCH,
(184)

1.oh 2.h+
nl/

•cooh

o2n

(173)



NN02 (170)



^ N^WOo (170)
00CH„

(170)
>

N02 (164) 1.OH
M/2•H+ COOH °2 (173)

\k

-OH

'NH,

^N-^SlO (190)
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pyridine (170) may well be hydroxide and not methoxide. In this situation,

p_-nitrobenzoic acid (173) would be produced directly.

The oxidation of an aldehyde by a nitro-compound was reported by

Lock76 who reacted p_-nitrobenzaldehyde (188) with sodium hydroxide (35%)
and methanol and obtained _p-nitrobenzoic acid (173) and £-azoxybenzoic

acid (189).

I
C00H

(189)

In Scheme 28, the formation of the N-oxide (164) is accounted for

in addition to the formation of p_-nitrobenzoic acid (173). This reaction

pathway involves the reaction of £-nitrobenzaldehyde (188) with the Schiff
base (187) (which is only partly hydrolysed) in a Cannizzaro-type reaction

to give as intermediates 2-nitro-3-N-£-nitrobenzylaminopyridine (163)
and methyl £-nitrobenzoate (184). Compound (163) may then by cyclised to
the J)[-oxide (164) by way of the reaction pathways outlined in Schemes 20,
22 and/or 23 and compound (184) may undergo alkaline hydrolysis to yield

the salt of £-nitrobenzoic acid which on acidification will yield

£-nitrobenzoic acid (173).
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However, none of the mechanisms outlined in Schemes 25. 25 and 28

is by itself satisfactory because they all involve the formation of

3-amino-2-nitropyridine (170) and this compound was never formed in

appreciable amounts in the reactions of (151) and (162) with sodium

methoxide. The mechanism .out!ined in Scheme 27 may however account for

this, since the products of this reaction pathway would be methyl p_-

nitrobenzoate (184) and 3-amino-2-nitrosopyridine (190).

A fifth reaction pathway (Scheme 29), to explain the

formation of p_-ni trobenzoic acid (173), is one which involved an intra —

molecular hydride transfer in a Cannizzaro-type reaction. The products

of this reaction pathway are 3-amino-2-nitrosopyridine (190) and methyl

p-nitrobenzoate (184). The ester (184) may then undergo alkaline

hydrolysis to give p-nitrobenzoic acid (173). The formation of the

aminonitrosopyridine (190) (a highly reactive species) would explain,

in part, why a large proportion of the pyridine containing moiety was

never accounted for amongst the products of the reactions of (161) and

(162) with sodium methoxide.

The aminonitrosopyridine (190) and the ester (184) are also formed

in the sixth reaction pathway considered (Scheme 30). This pathway

involves the addition of methanol to the Schiff base (187) followed by

intramolecular oxygen transfer from the nitro group to the side chain to

give, as intermediate, 3-N-£-nitrobenzoylamino-2-nitrosopyridine (191).
This intermediate (191) may then undergo further reaction to give (190)

and (184). Alkaline hydrolysis of the ester (184) would then give £-

nitrobenzoic acid (173).
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Although the above elimination mechanism, to form the

Schiff base (187), is considered to be unlikely to occur in (160),

it is a fact that p_-nitrobenzoic acid (173) and 3-amino-2-

nitropyridine (170) are produced in the reaction of (160) with

sodium ethoxide. Hence, some form of cleavage mechanism must

occur with oxidation of one of the cleavage products to explain

the formation of (170) and (173).

Perhaps a possible mechanism to explain the formation of

p-nitrobenzoic acid (173) in the reaction of (160) with sodium

ethoxide, is one which involves nucleophilic attack by the ethoxide

ion at the carbon atom of the carbonyl group, followed by hydride

transfer. This would ultimately give, as intermediate, 2-

hydroxylamino-3-_N-_p-nitrobenzoylaminopyridine (192) which, on

further reaction with ethoxide, would give 3-amino-2-hydroxylamino-

pyridine (193) and methyl £-nitrobenzoate (184). The ester (184)

may their undergo alkaline hydrolysis to yield _p-nitrobenzoic
acid (173). This reaction pathway may equally apply to the

sulphonamides (161) and (162) (Scheme 31).
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The reduced product, 2-p_-ni trophenyl imidazo[4,5-b]pyridine (171)

was produced (in low yield) in the reactions of the sulphonamides (161)

and (162) with base (of. Table 1). The mechanism by which the reduced

compound (171) was formed is, like the formation of £-nitrobenzoic acid

(173) not obvious. What is obvious, however, is that a reduction step,

during the cyclisation reactions of (161) and (162), must take place.

A possible reducing agent is jo-nitrobenzaldehyde (188) which would
reduce the anion of the _N-oxide (164) to the imidazopyridine (171) whilst
it (188) itself is oxidised to p_-ni trobenzoi c acid (173) (Scheme 32). It

is known49 that benzimidazoles are formed by heating o_-nitroani1ines

with aromatic aldehydes in various solvents, the other product produced

in this reaction being the aromatic carboxylic acid. The aromatic aldehyde

is therefore simultaneously the cyclising agent and the reducing agent.

This reaction49 was however not carried out under basic conditions and

required an excess of the aromatic aldehyde. Indeed, such a reaction is

known48 to give, depending upon the reaction conditions, benzimidazole-

N-oxides (of. page 33).

Another possible reducing agent is the Schiff base (187). The anion

of the _N-oxide (164) reacts with the Schiff base (187) to give the reduced

compound (171) and 2-nitro-3-N-p_-nitrobenzoylaminopyridine (194). This

amide (194) was however, never isolated (Scheme 33).

Since the reduced compound (171) is formed only in the base reactions

of the sulphonamides (161) and (162) and not in the base reactions of the

carbamate (160) or the aminonitropyridine derivative (163), the reducing

agent may perhaps be toluene-p-sulphinate (from (161)) or methanesulphinate

(from (162)). The suggestion that sulphinate is the reducing agent is
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reinforced by the formation of 2-benzoylimidazo[4,5-b]pyridine (195)

in the reactions of 3-N-methanesulphony!-N-phenacylamino-2-nitropyridine

(183) with base. The reactions of (183) with base are discussed in part

b) of this chapter.

Another possible reducing agent is nitrite, which may be present in

the reaction medium as the result of nucleophi1ic substitution of the

nitro group from the pyridine ring. Such substitution in 2-nitropyridines

is well known77 and was shown to take place when 3-N-methanesulphonyl-di¬

methyl ami no-2-ni tropyri dine (196), which is an obvious relative of compound

(162), was treated with ethanolic sodium ethoxide. This resulted in the

formation of 2-ethoxy-3-_N-methanesul phonyl-N-methylaminopyridine (197) in

57% yield. [Compound (196) was prepared in 70% yield by the reaction of

the sodium salt of 3-J)[-methanesul phonyl ami no-2-ni tropyri dine (180) with
iodomethane in N,N-dimethylformamide].

SOoCH.
I 2 3
N — CH3

NO,
2

(180) (196)

C2H50/C2H50H

N CH3

(197)
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If such substitution were to take place when compounds (160), (161)

amd (162) were treated with alkoxide, the resulting 2-alkoxy compounds could

not, on further reaction with base, undergo cyclisation since there is no

longer a nitro group ortho to the ami die nitrogen with which an intra¬

molecular condensation could take place. This perhaps, may explain in

part, why the yields of cyclised products, obtained in the base reactions

of (160—162), are low.

The N_-oxide, 2-p-nitrophenyl-lH-imidazo[4,5-b_]pyridine-3-oxide (164)
is a high-melting solid which is sparingly soluble in most organic solvents

and is difficult, to purify: it may be converted, for characterisation

purposes, into its O-methyl (177), O-ethyl (198) and O-benzoyl (199)

derivatives. These compounds (177), (198) and (199) were prepared in

60%, 63% and 79% yields respectively, by treating the _N-oxide (164) in

aqueous sodium hydroxide with dimethyl sulphate, diethyl sulphate and

benzoyl chloride respectively.

It is interesting to note that when 3-ethoxy-2-_p-nitrophenyl-3_H-

imidazo[4,5,-b]pyridine (198) was recrystallised (from propan-2-ol) there

remained on the filter (hot filtration) a small amount of insoluble material

which was identified as the reduced compound, 2-p-nitrophenylimidazo

[4,5-b_]pyridine (171). The formation of this compound is presumably the
result of the ethoxy compound (198) undergoing a thermal rearrangement

in which acetaldehyde is lost. (Scheme 34).

(177, R = CH3)
(198, R = CH3CH2)
(199, R = C6H5C0)
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For comparison purposes, 2-£-nitrophenyl-3H_-imidazo[4,5-b]pyridine-
1-oxide (200) was prepared by the base cyclisation of 3-nitro-2-(M -

£-nitrobenzylamino)pyridine (201). Compound (201) was prepared in
59% yield by the reaction of 2-chloro-3-nitropyridine (202) and £-

nitrobenzylamine (203) [itself prepared by a modified version of the

Gabriel synthesis - see experimental, pl%8 ] in dimethyl sulphoxide.

When compound (201) was treated with either sodium methoxide solution

or ethanolic diethylamine, cyclisation occurred to yield the _N-oxide

(200) in 92% and 17% yields respectively. In the diethylamine reaction

unreacted starting material (201) (83%) was recovered.

CI

(202)

h£nh2

N02

(203)

(ch3)2SO^

(200)
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The _N-oxide (200) was even less soluble than its isomer (164) in

common organic solvents, to the extent that its n.m.r. spectrum could not

be obtained. It was convertible like (164), into its C-benzoyl derivative

(204) in 40% yield. However, the synthesis of the O-methyl derivative (205)

was, unexpectedly, less straightforward.

Attempts to purify the crude methylation product, obtained from the

reaction mixture, by recrystallisation from either propan-2-ol or toluene

proved to be unsuccessful with a low accountance [oa 20%) of the weight

of sample recrystallised. T.L.C. showed the recrystal1ised material,

which had a sharp melting point, to contain three or possibly four

compounds, although whether this was due to impurities being present or

due to a mixture of isomers is unknown at this stage. Although the I.R.

spectrum of this material showed nitro group frequencies (1505 and 1340

cm~^), the n.m.r. and mass spectrum were very different from what might

have been expected for the ^-methyl derivative (205).

The mass spectrum of the methylation product showed peaks at m/e

270 (the molecular ion), 254, 224 and 208 (for other peaks, see experimental)

with the intensity of the peak at m/e 270 being small. Accurate mass

determination showed that the fragmentation pattern was loss of oxygen

followed by loss of nitro from the molecular ion. This was in contrast to

the mass spectrum of the 3-methoxy compound (177) which gave an intense

peak at m/e 270 (the molecular ion) and peaks at m/e 240 and 194 (for other

peaks, see experimental). Accurate mass determination showed the

fragmentation pattern of (177) to be loss of formaldehyde followed by loss

of nitro from the molecular ion.

The loss of oxygen from the molecular ion [M-16]+ is a character!-stic
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property of N-oxides.24 This mass spectrum of the methylation product

may therefore suggest that it is an N_-oxide rather than an O-methyl

compound.

The chemical shifts and the coupling constants found in the n.m.r.

spectra of the methylation product and the 3-methoxy compound (177) are

collected in Table 2. The chemical shifts and the coupling constants of

(177) were as expected, but in the n.m.r. spectrum of the methylation product,

the chemical shift of H-7 was downfield from that of H-5 and the coupling

constants and Jg y were smaller, and Jg^g greater, than expected.

The chemical shifts and the coupling constants found in the n.m.r.

spectrum of the methylation product are very similar to those found in

the n.m.r. spectrum of 4-methylimidazo[4,5-b]pyridine (206) (of. Table 2).

Elguero, Fruchier and Mignonac-Mondon78 have shown that when imidazo[4,5-b_]

pyridine is treated with dimethyl sulphate, two ^-methylated isomers are

found, viz. 3-Methyl imidazo[4, 5-_b] pyridine (207) and the 4-methyl isomer

(206) in 30% and 70% yields respectively. The n.m.r. spectrum of (206)

was completely different from that of (207) and 1 -methylimidazo[4,5-b_J-

pyridine (208) (of. Table 2). [The 1-methyl isomer (208) was synthesised

independently from 2-amino-3-methylaminopyridine (209)].

The difference between the n.m.r. spectrum of (206) and those of

(207) and (208) was very similar to the difference found between the n.m.r.

spectrum of our methylation product and that of (177).

Hence, of three possible isomers, viz. 1-methoxy- (205), 3-methyl

(210) and 4-methyl (211) compounds, which may be formed in the methylation

reaction of the _N-oxide (200), the n.m.r. and mass spectra suggested that
the major isomer present in the methylation product was the 4-methyl



TABLE2

n.m.r.spectraofimidazo[4,5-bJpyridines.
Compound

Substituents

Solvent

ChemicalShifts(6)

Coup!ingConstants (Hz)

H-2

H-5

H-6

H-7

2-CgH4.N02
Others

J5,6

J5,7

J6,7

177

2-C6H4.N02-p 3-0CH3

CDC13

-

8.32-8.60 (withC6H4)
7.33

8.11

8.32-8.60 (withH-5)
4.25 (3H,S)

4.8

1.2

8.2

Methylation Product

2-C6H4.N02-p Possibly1-or4-CH3 OR3-0CH3

CDC13

7.72

7.13

8.29-8.64 (withCgH4)
8.29-8.64 (withH-7)
4.40 (3H,S)

6.4

0.6

7.8

206

4-CH378

CDC13

8.43

7.79

7.08

8.24

-

4.33 (3H,S)

6.3

1.2

7.6

207

3-CH378

CDC13

8.05

8.40

7.21

8.06

-

3.90 (3H,S)

4.8

1.4

8.1

208

i-ch378

CDC13

8.07

8.56

7.23

7.72

3.84 (3H,S)

4.7

1.6

8.1
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isomer (211). Isomer (210) was considered unlikely to be the major isomer

since the n.m.r. spectrum of (210) would be expected to show chemical

shifts and coupling constants for the pyridine ring protons similar to

those found in the n.m.r. spectrum of (177).

It must be emphasised that the investigation into this methylation

reaction is only in its infancy.

(206) (207) (208) (209)

(210) (211)
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b). The synthesis and attempted cyclisation of 3-N-methanesulphony! -jj-

phenacylamino-2-nitropyridine

In pant a) of this chapter, it was found that N-p_-nitrobenzyl

derivatives of 3-amino-2-nitro- and 2-amino-3-nitropyridines when treated

with bases cyclised to yield 2-p-nitrophenylimidazo[4,5-b]pyridine 1- or

3-oxides. This was similar to what happened in the benzene series when

analogous _N-p-nitrobenzyl derivatives of o-nitroaniline were treated with
base,11'12 the product of these reactions being benzimidazole-N_-oxides.

It was therefore of interest to discover whether the reactions of

bases with the _N-phenacyl derivatives of 3-amino-2-nitropyridine would

yield 2-benzoyl-lH-imidazo[4,5-b_]pyridine-3-oxide (212) or whether these
reactions would parallel those in the corresponding benzene series,13

in which the products were usually 2-alkoxybenzimidazole-_N-oxides. (of.

page 50). For example,13 _N-phenacyl-N-p-toluenesulphonyl-o_-nitroani 1 ine

(213) when reacted with ethanolic sodium ethoxide yielded 2-ethoxybenzimid-

azole-JN-oxide (214) (80%) (Scheme 35).

0
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The only instance13 in which a 2-benzoylbenzimidazole-_N-oxide was

isolated was that in which _N-phenacyl-4-methyl-2-nitroaniline (127) was

treated with ethanolic sodium ethoxide, the products of this reaction13

being 2-benzoyl-5-methylbenzimidazole-3-oxide (128) (3%), ethyl benzoate

(130) (11%) and 4-methyl-2-nitroaniline (129) (45%). The 2-benzoyl

compound (128) was however only a minor product, the major reaction

pathway being cleavage to give (129). (Scheme 36). Cleavage was also

the major reaction observed13 when (213) was treated with potassium

t-butoxide, the product of the reaction being o-nitroani1ine (79) (75%).

(213) (79)
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The only j^-phenacyl derivative of 3-amino-2-nitropyridine obtained

was 3-(_N-methanesulphonyl-N-phenacy1amino)-2-nitropyridine (183). This

compound (183) was obtained in 80% yield by the reaction of the sodium

salt of 3-jN-methanesulphony!amino-2-nitropyridine (180) in _N,N-dimethyl-
formamide with phenacyl bromide, a procedure similar to that used for

analogous £-nitroaniline derivatives, e.g. N_-methanesulphonyl-_N-phenacyl-

4-methyl-2-nitroaniline (215).13

,nhs02ch3

'NO.

1. CH3O/CH3OH

(CH3)2NCH0,CgH5C0CH2Br

so2ch3
■ch2coc6h5

(180) (183)

s02ch3

\| ch2c0c5h5

(215)

Attempts to prepare other N-phenacyl derivatives of 3-amino-2-nitro-

pyridines proved to be unsuccessful.

The reaction of 3-N-ethoxycarbonylamino-2-nitropyridine (165) with

phenacyl bromide and potassium carbonate in acetone (a procedure similar

to that used for the reaction of (165) with £-nitrobenzyl bromide) gave a
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complex mixture of compounds from which the only compound isolated was the

known79 2-benzoylimidazo[4,5-b]pyridine (195) (2%). 3-Amino-2-nitropyridine

(170) was also one of the compounds (detected by t.l.c.) present in the

complex mixture. The expected product of the reaction, viz. 3-N-ethoxy-

carbonyl-Ji-phenacylamino-2-nitropyridine (216) was not isolated.

(195) (216)

Acid hydrolysis of the phenacyl compound (183) also resulted in a

complex mixture of compounds and the expected product of reaction, viz.

2-nitro-3-_N-phenacylaminopyridine (217) was not obtained. This was in

contrast to the successful synthesis of both 2-nitro-3-N_-£-nitrobenzyl -

aminopyridine (163) and _N-phenacyl-4-methyl-2-nitroani1ine (127)13 by

the acid hydrolysis of 3-_N-methanesul phonyl -_N-p-nitrobenzyl amino-2-

nitropyridine (162) and _N-phenacyl-N-_p-toluenesul phonyl-4-methyl-2-

nitroaniline (213) respectively.

(217)
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S0oCHo

H?S04/CH3COOH \ ^
—

NHCH,

NO,

NO,

(162) (163)

!_CH2C0C6H5
H2SO4/CH3COOH

NHCH2C0CgH5

(213) (127)

Attempts to cyclise the phenacyl compound (183) in basic media

proved to be unsuccessful. The bases [with reaction times (hours) and

temperatures (R = reflux, R.T. = room temperature)] used in the attempted

cyclisation reactions of (183) were a) ethanolic solutions of sodium

ethoxide (2,R), diethylamine (2,R), triethylamine (2,R), sodium bicarbonate

(2,R), sodium carbonate (2,R and 5,R) and 1 ,5-diazabicyclo[4,3,(?]non-5-ene

(DBN) (2,RT), b) sodium carbonate in dioxan (2,R), c) potassium t-butoxide

in t-butanol (2,70°) and d) ethanolic aqueous ammonia (120, R.T. and 2,R).

When the base used was ethanolic sodium bicarbonate or sodium carbonate in

dioxan, little or no reaction took place and the phenacyl compound (183)

was recovered in high yield. However, a trace of 2-benzoylimidazo[4,5-b]

pyridine (195) was detected (found m/e 223) in the reaction of (183) with

ethanolic sodium bicarbonate. The other bases in both a) and c) on reaction

with (183) gave complex mixtures from which (with the exception of both
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ethanolic DBN and potassium t-butoxide in t-butanol) the 2-benzoyl

compound (195) was obtained in yields ranging from 4-9%. Altering the

molar ratio of base (sodium ethoxide or DBN) to starting material (183)

from 2:1 to 1:1 gave similar results, viz. a complex mixture of compounds.

The 2-benzoyl compound (195) was the only product isolated in these

reactions of (183) with the bases in a), b) and c) but it should be noted

that when the base was ethanolic sodium carbonate a small amount of the

_N-oxide, 2-benzoyl-l_H-imidazo [4,5-b]pyridine-3-oxide (212) may have been

present in the acidic fraction (found m/e 239); however, this fraction

(a mixture of at least four compounds) resisted attempts at further

purification.

The reactions of the phenacyl compound (183) with bases therefore

appeared to be more complicated, judging by the large number of compounds

detected, than the base reactions of the p_-nitrobenzyl compounds (160-163).

Also, when comparison was made to the base reactions of the JN-phenacyl

derivatives of _o-nitroani 1 ines13 it was found that they too present a

complicated picture in that the product(s) formed in these reactions

depended upon which base was used, the solvent in which the reaction was

carried out, and the relative quantities of the base and the starting

materi al.

However, when compound (183) was reacted with ethanolic aqueous

ammonia, a different picture emerged.

The reaction of (183) with ethanolic aqueous ammonia was firstly

carried out at room temperature and the mixture stirred for five days,

after which time the reaction mixture was filtered. The ethanolic

filtrate was then evaporated in vacuo and the residue extracted with
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chloroform and water (for precise details, see experimental). Examination

(by HPLC) of the chloroform 1 ayeshowed three major compounds, one of

which was considerably less polar than the other two. (T.L.C. similarly

showed three major compounds with several minor compounds). It was at this

point that the reaction of (183) with ethanolic aqueous ammonia differed from

the reactions of (183) with other bases in that the organic layer did not

contain a complex mixture of compounds.

Of the three major compounds found in the chloroform layer one was

shown (by HPLC) to be 3-_N-methanesul phonylamino-2-nitropyridine (180). The

non-polar compound (A), when isolated by column chromatography, had a mass

spectrum which gave a molecular ion of m/e 248, an I.R. spectrum which showed

absorptions at 3270 (N-H) and 1620 cm""' (C=0) and an n.m.r. spectrum which

showed (A) to be aromatic in nature. The n.m.r. spectrum, however, did not

indicate pyridine ring protons or alkyl groups.

Compound (A) was identified as 2-benzoyl-4(5)-phenylimidazole (218) and

found to be identical with the known80 product of the reaction of phenyl-

glyoxal (219) with ammonia. When the chloroform layer (+) was analysed

quantitatively by HPLC, the yield of (218) was estimated as 66%. The

imidazole (218) and 3-N-methanesulphonylamino-2-nitropyridine (180) were

isolated (by column chromatography) in 48% and ca 1% yields respectively.

When the above reaction was carried out at reflux temperature for

two hours instead of at room temperature for five days, the imidazole

(218) and the sulphonamide (180) were isolated in 58% and 7% yields

respectively. Quantitative H.P.L.C. analysis of the chloroform layer (+)

estimated the yield of the sulphonamide (180) as 23%.

Note that in the reactions of (183) with ethanolic aqueous ammonia,
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unlike those with other bases 2-benzoylimidazo[4,5-b]pyridine (195) was

not detected.

The formation of the imidazole (218) suggested that the reaction

intermediate may have been phenylglyoxal (219).

To determine whether or not (219) was a possible reaction intermediate,

the reaction of (183) with ethanolic aqueous ammonia was carried out at

reflux temperature for two hours in the presence of £-phenylenediamine

(220), a trap for phenylglyoxal (219). From this reaction two products

were obtained, viz. 3-_N-methanesul phonylamino-2-nitropyridine (180) (14%)
and 2-phenylq.uinoxaline (221 ) (88%). The latter compound (221) was

identical with the known81 product of the reaction of phenylglyoxal (219)

with o_-phenylenediamine (220). Since o-phenylenediamine (220) did not

react significantly with the phenacyl compound (183) in the absence of

aqueous ammonia, the formation of the quinoxaline (221) therefore lends

support to the possibility that phenylglyoxal (219) was the reaction

intermediate.

Also, when the reactions of the phenacyl compound (183) with sodium

ethoxide and diethylamine were carried out in the presence of £-phenylene-
diamine (220), the major product obtained from these reactions was also

2-phenyl qui noxal ine (221). In these reactions, however, 3-_N-methanesul phonyl -

amino-2-nitropyridine (180) was not detected. It is therefore hardly

surprising that the reactions of (183) with bases, other than aqueous

ammonia, (and in the absence of o-phenylenediamine (220)) did not yield

a cyclised product in appreciable amounts but gave only complex mixtures.

The mechanism by which the cyclised product, 2-benzoylimidazo[4,5-b]-
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pyridine (195), was formed in the reactions of the phenacyl compound (183)

with certain bases is not obvious. It may, of course, be the result of a

redox reaction in which the _N-oxide, 2-benzoyl-lhMmidazo[4,5-b]pyridine-3-
oxide (212) (assuming it was formed in low yield] was reduced by methane-

sulphinate, nitrite, phenylglyoxal (219) or the Schiff base, 2-nitro-3-N_-

phenacylideneaminopyridine (222) as was similarly suggested to explain

the formation of 2-£-nitrophenylimidazo[4,5-b_]pyridine (171) in the base
reactions of the sulphonamides (161) and (162).

The possible mechanisms for the production of phenylglyoxal (219)

from (183) and bases must now be considered. Elimination of the mesyl

group from (183) would give the Schiff base (222) which may then be

hydrolysed to give 3-amino-2-nitropyridine (170) and phenylglyoxal (219).

Phenylglyoxal (219) would then condense with ammonia to yield the imidazole

(218). When the reactions of (183) with bases were carried out in the

presence of o-phenylenediamine (220),phenylglyoxal (219) would condense

with the diamine (220) to form 2-phenylquinoxaline (221) (Scheme 37).

However, phenylglyoxal (219) need not be the intermediate in the

reactions of (183) with bases. The Schiff base (222), a highly reactive

intermediate, may not undergo hydrolysis to give 3-amino-2-nitropyridine

(170) and phenylglyoxal (219) but undergo nucleophilic addition by, for

example, ethanol, ammonia or diethyl amine. The addition compounds may

then undergo nucleophilic substitution (by the base) to give 3-amino-2-

nitropyridine (170) and, depending upon the basic conditions of the reaction,

(223-227). These compounds may then condense with ammonia to form the

imidazole (218) or with ammonia and o_-phenyl enedi amine (220) to form the

quinoxaline (221) (Scheme 38).
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To consider the Schiff base (222) as an intermediate in the reactions

of (183) with bases is not unreasonable, since McKay and Proctor82 have

shown that tosyl elimination from several phenacylsulphonamides results in

the formation of highly reactive Schiff bases as intermediates. They have

also shown82 that such Schiff bases readily undergo nucleophilic addition

by, for example, methanol.

The reaction pathways outlined in Schemes 37 and 38 may account for

the formation of the imidazole (218) and the quinoxaline (221). They also

however give rise to 3-amino-2-nitropyridine (170), and this compound was

never detected in sufficient quantity to be considered as a major product

in the reactions of (183) with bases. A similar situation arose when

5-N-methanesulphony!-N-phenacylamino-2-nitropyridine (228) was treated with

ethanolic sodium ethoxide; this gave a low yield (17%) of 5-amino-2-nitro¬

pyri dine (229) in addition to a complex mixture of unidentified compounds.

Once again, as in the base reactions of (183), only a small part of the

pyridine-containing moeity was accounted for.

o2nI***,

5°2CH3
i—CH2C0C6H5

c?h50"

C2H50H 02N

HHr

(228) (229)

To account for the formation of 3-_N-methanesulphonylamino-2-nitro-

pyridine (180) in the reactions of the phenacyl compound (183) with ammonia,

or ammonia and o-phenylenediamine, another reaction pathway, involving
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nucleophilic substitution at the methylene group of (183), must be

considered (Scheme 39). This reaction pathway must take place concurrently

with the reaction pathways outlined in Schemes 37 and 38.

A possible reaction pathway, not yet considered, in the base

reactions of compound (l83) is the elimination of the mesyl group by

nucleophilic substitution at positions four and six of the pyridine ring.

Such substitution would result in the formation of a 4- or 6-substituted-

2-nitro-3-N-phenacylaminopvridine derivative (230) depending upon the base

used in the reaction. (Scheme 40). However, in no instance was there

any indication, in terms of identified products, that such a reaction

pathway was operative. If such a mechanism was operative it would only

be to a very minor extent, but it would help in explaining the lack of

accountability of the pyridine moiety.

»hch2coc6h5

N NOr

R = e.g. 4-CH2O, S-CH^O
(230)

Of course,, such substitution need not give rise to elimination of

the mesyl group from compound (183) but may involve elimination of the

phenacyl group. This would give rise to a 4- or 6-substituted 3-N-

methanesulphonylamino-2-nitropyridine derivative (231) and the anion of

acetophenone which under the basic conditions of the reaction may give
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rise to condensation products.

^\J!HS02CH3
R

(231)
R = e.g. 4-CH30, 6-CH30

Another possible reaction pathway which may operate in the base

reactions of the phenacyl compound (183) is the displacement of the

nitro group from the pyridine ring of (183) by base. If the base was

sodium ethoxide the product of the reaction might well be 2-ethoxy-3-N_-

methanesul phony!-j^-phenacyl ami nopyri dine (232). Such a situation was

seen to arise when 3-N_-methanesulphony!-_N-methylamino-2-nitropyridine

(196) was reacted with sodium ethoxide. ( page 101).

N CH2C0C6H5

2 5 N ^>102

(232) (196)
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c). N.M.R. Discussion.

The "'h n.m.r. spectra of all the aminonitropyridine derivatives

previously mentioned are collected in Table 3.

In most cases, as expected (in accord with the n.m.r. spectrum of

pyridine itself83 »81+) H-6 is the most deshielded proton of the 2,3-

disubstituted pyridine ring, followed by H-4 and then H-5. This is the

result of the electron withdrawing, and thus deshielding, effect of the

heteroatom. The substituents in the 2- and 3- positions of the pyridine

ring also play an important part in shielding or deshielding the ring

protons. The effect of the ring substituents is clearly shown by

comparing the chemical shifts of the pyridine ring protons in 2-ethoxy-

3-(j^-methanesulphony!-N-methylami no)pyridine (197) with those in 3-N-

methanesulphonyl-_N-methylamino-2-nitropyridine (196). The only difference
between (196) and (197) is that the strongly electron withdrawing nitro

group in (196) has been substituted for the electron donating ethoxy group.

The effect of this change is to increase the electron density on the

pyridine ring with the result that the chemical shifts of the ring protons

in (197) (see Table 5) are upfield from those in (196).



TABLE3

n.m.r.spectraofAminonitropyridines
Compound

3-Substituent
Solvent

ChemicalShifts
(«)

CouplingConstants(Hz)

H-4

H-5

H-6

n-h

1

1o

i

rs?"

•

Other

J4,5

J4,6

°5,6

Other

160

N(C00C2H5)CH2C6fy -N02"p

CDC13

7.63*

7.63*

8.50*

-

5.03bs
1.18(3H,t),4.18(2H,q), 7.55-8.20(4H,AA^B1).
•k

*

*

7.0 (ch3ch2)

C6°6

6.85

6.61

7.85

-

4.88bs
0.92(3H,t),3.97(2H,q), 7.00-7.85(4H,AA1BB1).
8.2

1 .6

4.4

7.0 (ch3ch2)

161

N(S02C6H4CH3)CH2 c6h4no2-p

(cd3)2so
7.94

7.80

8.56

4.99s

2.47(3H,s) 7.56(4H,s,ch3.c6h4.s02) 7.66-8.20(4H,AAB̂B1, c6h4.no2-p)

8.4

1 .8

4.2

162

N(S02CH3)CH2C6^4 -

(CD3)2S0
8.25

7.80

8.51

-

5.12s

3.20(3H,s) 7.71-8.21(4H,AA^BB1)
8.2

1.4

4.6

-

163

NHCH2C6H4N02"p
CDC13

7.24

7.46

8.02

oa.8.31

4.76d

7.59-8.31(AA^B1)
9.0

1.6

4.0

6.0 (CH2-NH)

(CD3)2S0
7.40

7.52

7.84

8.50bt.

4.81d

7.66-8.22(4H,AA^B1)
9.0

1.6

4.0

6.0 (CH2-NH)



TABLE3(CONTINUED)

Compound

3-Substituent
Solvent

Chemical
Shifts(6)

CouplingConstants(Hz)

H-4

H-5

h-6

n-h

n-ch2

Other

J4,5

j4,6

J5,6

Other

165

nhcooc2h5

CDC13

9.10

7.69

8.30

9.56

1.36(3H,t),4.30(2H,q),
8.4

1 .6

4.2

7.0 (ch^h^ 0.4 (m-H-5)

C6°6

8.83

6.72

7.74

9.40

0.98(3H,s),3.99(2H,q)
8.4

1.5

4.2

7.0 (ch3ch2) 0.4 (NH-H-5)

170

nh2

(CD3)2SCI
7.63

7.50

7.85

-

-

7.31(2H,bs,NH2)
oa.8.5

oa.2.0
ca.2

.5-

174

NHS0o.CcH.CH„3643
CDC13

8.40

7.65

8.33

9.58

-

2.40(3H,s), 7.33-7.78(4H,AA1BB1)
8.4

1.4

4.4

-

180

nhso2ch3

(CD3)2S0
8.20

7.88

8.46

10.00

-

3.21(3H,s)

8.4

1.4

4.4

-

183

n(so2ch3)ch2coc6h5
(CD3)2SO
8.51

7.91

8.60

-

5.43s

3.28(3H,s) 7.64-8.06(5H,m)

8.0

1.6

4.6

-

196

n(so2ch3)ch3
(cd3)2so
8.45

7.91

8.57

-

-

3.13(3H,s,nch3) 3.31(3H,s,S02CH3)
8.0

1.5

4.6

-



TABLE3(CONTINUED)

b)5-Amino-2-nitropyridines Compound

5-Substituent
Solvent

ChemicalShifts(6)

CouplingConstants
(Hz)

H-3

H-4

h-6

N-H

n-ch2

Other

J3,4

J3,6

J4,6

Other

182

nhso2ch3

(cd3)2so
8.41

7.99

8.50

NOT OBSERVED

-

3.30(3H,s)

9.0

0.4

2.6

-

228

n(so2ch3)ch2co c6h5

cf3cooh
8.51+

8.51+

9.04+

5.61s

3.40(3H,s) 7.48-7.74(311,m) 7.96-8.06(2H,m)
t

t

t

229

nh2

(cd3)2so
8.04

7.05

7.83

6.76br

-

-

8.5

NOT MEASUR¬ ABLE

2.5

-

c)2-Amino-3-nitropyridimes Compound

2-Substituent
Solvent

ChemicalShifts(6)

CouplingConstants(Hz)

H-4

H-5

H-6

N-H

n-ch2

Other

J4,5

J4.6

J5,6

Other

201

NHCH.CH.NOo-p2642it

8.50

6.76

8.47

8.60br

5.00d

7.57-8.24(4H,AA^B1)
8.2

1.6

4.6

6.0

(ch2nh)



TABLE3(CONTINUED)

Onthespectrum,H-4andH-5appearasadoubletandH-6asatripletwithanapparentcouplingconstant of3Hz.Theassignmentsarebasedoncomputersimulation,withg8.2Hz.,Jgg4.4Hz.,g1.6Hz- Thisisnotafirst-orderspectrum,andthechemicalshiftsandcouplingconstantsarenotmeasurable directly.Thechenfcalshiftsinthetablearebasedoncomputersimulationwith0^̂8.5Hz.,g2.4Hz. =0.
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The substituent effect in 3-_N-ethoxycarbonylamino-2-nitropyridine

(165) and in 3-N-p-toluenesulphony!amino-2-nitropyridine (174) gives rise

to an unexpected result in that H-4 of the pyridine ring was the most

deshielded proton followed by H-6 and then h-5. This anomaly is explained

by comparing the chemical shifts of the pyridine ring protons in (165)

with those in 3-_N-ethoxycarbonyl-_N-p_-nitrobenzylamino-2-nitropyridine

(160) and 3-N-ethoxycarbonylaminopyridine (166) and of the ring protons

in (174) with those in '3-N-p-tol uenesul phony! ami nopyridine (175), 3-N-

methanesulphonylaminopyridine (181) and 2-nitro-3-N-_p-nitrobenzyl-N-p-

toluenesulphonylaminopyridine (161). The "'h n.m.r. spectra of the amino-

pyridine derivatives (166), (175) and (181) are collected in Table 4.

Intramolecular hydrogen bonding, between the hydrogen atom of the

secondary amino-group and the oxygen atom of the nitro group, in (165)

and (174) probably plays a part in the deshielding of H-4 since where

hydrogen bonding cannot take place [no nitro group in (166) and (175),

and no N-H group in (160) and (161)] H-6 resonates, as expected, downfield

from H-4. A consequence of this hydrogen bonding is that it restricts

rotation about the pyridine-amino nitrogen bond and hence the conformational

possibilities of the ethoxycarbonyl and arylsulphony1 groups. There is

considerable n.m.r. evidence85 for a substantial free energy barrier to

rotation about the N-CO bond in carboxamides, but in sulphonamides the

dp Tf-bondi ng appears to permit relatively free rotation about the N-SC^R
bond. Consequently, the free energy barrier to rotation about the N-CO

bond in (165) will be greater than that about the N-SO^R bond in (174).
This will therefore result in the conformational possibilities of the

ethoxycarbonyl group being still further reduced, more so than those of

the aryl sul phony! group. The C-OC2H1- bond is free to rotate, and since
the ethoxy group is larger then the carbonyl oxygen atom, the ethoxy group

will favour a position of least steric hindrance (a minimum energy
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TABLE4

n.m.r.spectraof3-Aminopyridines
Compound
3-Substituent
Solvent

Chemica"
Shifts(6)

CouplingConstants(Hz)

H-2

H-4

H-5

H-6

N-H

Other

J2,4

J2,5

J4,5

J4,6

J5,6

Other

166

nhcooc2h5

CDC13

8.60

8.08

7.30

8.38

7.70bs

1.33(3H,t) 4.28(2H,q)
2.4

Not Measur¬ able

8.4

1.4

4.8

7.0 (ch3ch2)

175

NHSO2.C6H4.CH3
(CD3)2so
8.40

7.60

7.31

8.34

7.40-7.75

2.35(3H,s)
2.4

0.8

8.4

1.5

4.6

-

(with

7.40-7.75 (4H,AAW) (withN-H)
aromatics)

181

nhso2ch3

(cd3)2so
8.50

7.69

7.40

8.39

10.03bs

3.08(3H,s)
2.6

0.8

8.4

1.6

4.6

-
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arrangement) which is likely to be as far from the pyridine ring and

the nitro group as possible. This therefore places the carbonyl group

in a position close to the pyridine ring. In (165), the carbonyl group

and the pyridine ring will be co-planar and with this co-planarity there

is the possibility of non-bonded interaction between H-4 of the pyridine

ring and the carbonyl oxygen atom. H-4 is therefore likely to fall

within the anisotropic deshielding area of the carbonyl group which lies

parallel to the axis of the C=0 bond, is centred' on the oxygen atom and

spans out to form a cone shape at an angle of 47° to the C=0 bond axis.86

Protons which fall within this cone area experience deshielding.

Since there is a smaller free energy barrier to rotation about the

N-SC^R bond than about the N-CO bond, the conformation possibilities
are greater for the arylsulphony1 group than they are for the ethoxycarbonyl

group. Therefore H-4 of the pyridine ring in (174) is less likely to

come under the deshielding effect of the arylsulphony! group. However,

in (174), H-4 must to some extent fall within the deshielding influence

of the aryl group since it is found that by replacing the aryl group

by a methyl group (as in (181)), the deshielding effect of the substituent

disappears and H-6 appears downfield from H-4.

The result of replacing N-_H by N-CHg.C^H^.NO^-p is that intramolecular
hydrogen bonding can no longer occur and therefore rotation about the

pyridine-amino nitrogen bond can now take place to a greater extent.

This therefore means that although the nitrogen now bears an extra

substituent, the conformational possibilities are greater such that the

carbonyl group in (160) and the aryl group in (161) no longer cause

deshielding of H-4. Hence, the chemical shifts of the pyridine ring

protons in (160) and (161) are as expected, viz. H-6 is downfield from H-4.
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The non-equivalence of methylene protons adjacent to an amidic

nitrogen is well known,81 »8? and in the case of e.g. N_-acyl-N_-benzylani 1 ines88
this has been attributed to a relatively slow rate of rotation about the

aryl-nitrogen bond on the n.m.r. time scale. This restricted rotation is

dependent on several factors,85 such as the degree of planarity of the

nitrogen atom configuration in the ground state and in the transition

state.

Since the nitrogen atom in sulphonamides has a greater tendency

towards a pyramidal configuration than the nitrogen atom in carboxamides,

and the N-SC^R bond is freer to rotate than the N-CO bond, the
resticted rotation of the N-aryl bond is less in sulphonamides than in

carboxamides.85

The non-equivalence of methylene protons is clearly shown in

N-ethoxycarbonyl-_N-p_-nitrobenzyl-o-nitroaniline (141) where the methylene
resonance is an AB quartet.12 The methylene resonance in the analogous

pyridine compound, viz. 3-(_N-ethoxycarbonyl-N-p-nitrobenzylamino)-2-

nitropyridine (160) is a broad singlet. Since it is known12 that the

coalescence temperature of m Hes above room temperature it is

reasonable to assume that the coalescence temperature of (160) lies around

room temperature but below the coalescence temperature of (141). In

sulphonamides e.g. N_-methanesulphony1-N-jo-nitrobenzyl-o-nitroani1ine

(139) the coalescence temperature lies below room temperature and the

methylene resonance is a singlet.12 A similar situation is found in the

sulphonamides derived from 3-amino-2-nitropyridine, in that the methylene

resonance in (161), (162) and (183) is a singlet.
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(162) (141)

so2ch3
n—ch. >N0,

so2ch3
—ch0cocchcc b 5

(139) (183)

Another unexpected result is obtained when the n.m.r. spectra of

3-(N-ethoxycarbonyl-N-£-nitrobenzylamino)-2-nitropyridine (160) and

5-(_N-methanesul phony 1 -_N-phenacyl ami no)-2-ni tropyri dine (228) were

analysed. (Cf. Table 3).

The n.m.r. spectrum of (160) in deuteriated chloroform is unusual

in that it appeared that two of the pyridine ring protons had the same

(or apparently the same) chemical shift. The signal representing these

two protons is a doublet and the signal respresenting the other is a

triplet. However, which two protons had the same chemical shift could

not be determined from the n.m.r. spectrum. The apparent coupling

constant is 3Hz. The problem is resolved by computer simulation. This
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is achieved by assigning to the ring protons a set of arbitrary chemical

shift values, two of which had the same value, with the difference in

chemical shift from the third being that obtained from the n.m.r. spectrum;

and by assigning the expected coupling constants to the pyridine ring

protons, viz. g 8.2 Hz., g 1.6 Hz., Jg g 4.4 Hz. The only
simulated spectrum which corresponded to that obtained experimentally from

(160) had H-4 and H-5 with the same chemical shift. Note that the n.m.r.

spectrum of (160) in deuteriated benzene separated the resonances of

H-4 and H-5.

Since 5-(_N-methanesulphony!-N_-phenacylamino)-2-nitropyridine (228)
is insoluble in the common deuteriated solvents, compound (228) was

dissolved in trifluoroacetic acid. The spectrum obtained is a non-first

order spectrum from which the chemical shifts and coupling constants

were not measurable directly. The signals representing the pyridine

protons consisted of a two-proton signal which is almost a singlet

(or a very poorly resolved doublet) and a one-proton broad singlet. Which

two pyridine protons appeared to have similar chemical shifts could not

be determined from the n.m.r. spectrum. However, computer simulation,

as previously described and using the expected coupling constants for

such a system, viz. 4 8.5 Hz., g 2.4 Hz., g = 0 resolved the
problem. The only simulated spectrum which corresponded to that obtained

experimentally from (228) had H-3 and H-4 with the same chemical shift.

O2N/^ fT

(228)



TABLE5

n.m.r.spectrumof3-Aroino-2-ethoxypyridine.
Compound

3-Substituent
Solvent

ChemicalShifts(6)

CouplingConstants(Hz)

197

n(so2ch3)ch3
(cd3)2so

H-4

H-5

H-6

N-H

N-CH2

Other

J4,5

4,6

5,6

Other

7.68

7.00

8.12

-

-

3.02(3H,s,NCH3) 3.16(3H,s,S02CH3) 1.36(3H,t,0CH2CH3) 4.40(2H,q,0CH2CH3)
7.8

1.8

5.0

7.0 ;ch3ch2:
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d). Synthesis of pyridofuroxan and its reaction with ethyl acetoacetate

in the presence of bases.

Benzofuroxan [benzo[c_]-l,2,5-oxadiazole-_N-oxide] is known to react

with active methylene compounds in the presence of a base to give

benzimidazole-J^-oxides and/or quinoxal ine-1,4-dioxides21+ (of. Chapter 1,

page 36 ).

In principle, therefore, pyridofuroxan^j ,2,5}-oxadiazolo[3,4-b3-
pyridine-l-(or 3-)oxide) (233) might be expected to react with active

methylene compounds in the presence of a base to give imidazo[4,5-_b]-

pyridine-l-(or 3-)oxides (235) and/or pyrido[2,3-b]pyrazine-l,4-dioxides

(236).

Pyridofuroxan (233) was synthesised89>90 by the oxidation of either

3-amino-2-nitropyridine (170) or 2-amino-3-nitropyridine (234) by

iodosobenzene diacetate in petroleum ether (b.p. 40-60°). Pyridofuroxan

(233) exists as a tautomeric89 mixture of the 3-oxide (233a) and the

1-oxide (233b), the latter tautomer predominating (93%)89 at -50° C;

this, according to Boulton, Halls and Katritzky89, is probably due to

the electronic repulsions between lone pairs on the oxygen and the

pyridine nitrogen, and to charge delocal isation of the type shown (233c).

The chemical shifts and coupling constants, obtained from the n.m.r.

spectrums of (233), of both tautomers are shown in Table 6.

0

(233a) (233b) (233c)



TABLE6

n.m.r.spectraofpyridofuroxari[l^S-oxadiazoloCO^-blpyridine1-(or3-)oxide].
a)From3-Aminc-2-nitropyridine N.M.R.Values

Pyridofuroxan
Solvent

ChemicalShift
(fi)

Coup!inc
Constan
ts(Hz)

H-5

H-6

H-7

5,6

°5,7

°6,7

Experimental

1-oxide

CDC13

8.92

7.39

7.97

3.8

1.5

9.0

Experimental

3-oxide

CDC13

8.77

7.60

8.22

4.0

1.5

9.2

b)From2-Amino-3-nitropyridine Experimental

1-oxide

CDC13

8.97

7.44

8.00

3.8

1.6

9.2

Experimental

3-oxide

CDC13

8.78

7.59

8.21

4.0

1.2

9.2

Literature89

1-oxide

CDC13

8.94

7.40

7.96

-

-

-

Literature89

3-oxide

CDC13

8.75

7.56

8.20

3.7

1.4

9.2
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•NH„

N ^N0;
c6H5l(°COCH3)^233) i~6H51 (0C0CH3 ^2

Sn>-nh2

(170) (234)

0

1
■N
+

1
0

(235) (236)

Only a brief investigation was carried out into this type of

reaction in which pyridofuroxan (233) was reacted with ethyl acetoacetate

in various basic media (see experimental). In every case, only complex

mixtures of compounds, one of which was pyridofuroxan (233), were

obtained. The expected product(s), viz. 2-ethoxycarbonyl-3_H-imidazo-

[4,5-b]pyridine-l-oxide (237) and/or 3-ethoxycarbonyl-2-methyl (or 2-

ethoxycarbonyl-3-methyl)pyrido[2,3-b]pyrazine-l,4-dioxide (238a and 238b)

were not isolated.
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cooc2h5
N^^COOC2H5

(237) (238a)

N. COOC9Hk

• n ^N:H.

(238b)

It was shown however, that pyridofuroxan (233) itself reacted with

certain bases in the absence of the reactive methylene compound (see

experimental). Note that investigation into these reactions was not

carried out other than to determine whether or not pyridofuroxan (233)

was reactive to base. When pyridofuroxan (233) in tetrahydrofuran was

treated with diethylamine or triethylamine, some reaction took place

with impure pyridofuroxan (233) being recovered in each case (79% and

71% respectively). When pyridofuroxan (233) was treated with ethanolic

sodium ethoxide or ethanolic potassium hydroxide, reaction occurred with

pyridofuroxan (233) not being recovered.

It has however, recently been shown90 that pyridofuroxan (233), on

reaction with certain other active methylene compounds in the presence of
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base, is convertible into pyrido[2,3-b]pyrazine-l ,4-dioxicies (236) generally

in low yield. These reactions are summarised below.

0

\ + R1C0CHoR3
,/ 2

BASE

(233) (236)

r1 r2 Base

ch3 ch3 Saturated methanolic ammonia

ch3 H Morpholine

h ch3 Saturated methanolic ammonia

(ch3)2ch h Pyrrolidine

It has also recently been shown91 that derivatives of pyrimidofuroxans

[1,2,5-oxadiazolo[3,4-d]pyrimidine-l-oxides] react preferentially at the

C-7 position of the pyrimidine ring with a variety of nucleophi1es. The

products of these reactions are covalent adducts in which the furoxan ring

remains intact. For example, the pyrimidofuroxan (239) was converted, in

ethanol and aqueous dioxan, into the covalent adducts (240) and (241)

respectively. The latter compound was unstable to crystal 1isation, being

readily converted into (242).
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(CH,M3;2^

C2H5OH

n

s>
3)2n\^

t, /

C2h5° "n °_

(240)

«0

(CH^^N^^j
H—N

N
\

HO H

u
I

0

0

(CH )2N.
HEAT

H
,-N

HO H 0

.N
\
t/

(241) (242)
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CHAPTER 3: RESULTS AND DISCUSSION

Attempted synthesis of imidazo[4,5-£.]pyridine-3-oxides.

In chapter 2, it was seen that the cyclisation of the sulphonyl

derivatives of 3-_N-£-nitrobenzylamino-2-nitropyridine (151) and (162) in
basic media resulted in the formation of 2-£-nitrophenyl-lji-imidazo[4,5-b]-
pyridine-3-oxide (164) whilst the attempted cyclisation of 3-(N-methane-

sulphonyl-JN-phenacylamino)-2-nitropyridine (183) with ethanolic ammonia

yielded mainly 2-benzoyl-4(5)-phenylimidazole (218). Reaction of (183)

with other bases gave only complex mixtures.

m

(161, R = CH3.CgH4.S02)
(162, R = CH3S02)

(164)

;o2ch3
1— CH2C0CgH5

'MO.

c2h5oh/nh3

C6H5-

)-C0C6H5

(183) (218)

In principle, therefore, it might be expected that the cyclisation

of the sulphonyl derivatives of 4-_N-£-nitrobenzylamino-3-nitrooyridine (243)
and (244) in basic media would result in the formation of 2-£-nitrophenyl-
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lH-imidazo[4,5-c]pyridine-3-oxide (245) which is tautomeric with

3-hydroxy-2-p-nitrophenyl-3H-imidazo[4,5-c]pyridine (245a).

ch3so2)
ch3.c6h4.so2) (245)

(245a)

It was also of interest to investigate the base-induced reactions

of the sulphonyl derivatives of 4-N-phenacylamino-3-nitropyridine, (246)

and (247) to determine whether or not these reactions would a) give

the _N-oxide, 2-ethoxy-l]i-imidazo[4,5-£]pyridine-3-oxide (248), by analogy
with the previously known cyclisation (213) — (214),13 or b) react

like its isomer (183) to give mainly cleavage products (of. Chapter 2,

page 115 ).
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—CH0 COC^ H,_
c ob

(246, R = CH3S02)
(247, R = CH3.CgH4.S02)

(213)

y-oc2H5

(248)

(214)

However, before the reactions of the compounds (243), (244), (246)

and (247) could be investigated they had to be synthesised.

3-Nitro-4-_N-£-toluenesulDhonylaminopyridine (249) was prepared92
in 80% yield by the reaction of 4-amino-3-nitropyridine (250) and

£-toluenesulphony! chloride in toluene. 4-Amino-3-nitropyridine (250)
was itself prepared92 by a four-step synthesis from 4-pyridone (251) as

shown below.
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2fflHN0-

H

(251)

HNO,

Oleum (20%)
NO.

N02
1) PCI3/POCI
2) C2H50H

CH3C5H4S02C1
to!uene

}02H5

I ci
H

NH,

NH,
N/ H20

(249) (250)

When the sulphonamide (249) was reacted with £-nitrobenzyl bromide
in sodium methoxide solution, or the sodium salt of (249) was reacted

with phenacyl bromide in N_,_N-dimethyl formamide, the products of the
reacti ons were 3-ni tro-4- (N-p-ni trobenzyl -N-p_-tol uenesul phony! ami no)-
pyridine (244) (75%) or 3-nitro-4-(N-phenacyl-_N-£-toluenesulphonylarnino)j>jri<imc
(247) (82%) respectively.

Both (244) and (247) were insoluble in refluxing sodium methoxide

solution, and as a result pyridine was added as a co-solvent for the

reactions with methoxide. When (244) was treated with methoxide, the

products of the reaction, so far identified, were methyl p-nitrobenzoate

(184) (8%), _p-nitrobenzoic acid (173) (12%) and 3-nitro-4-N-£-toluene-
sulphonylaminopyridine (249) (29%). There was however, a substantial

amount of material (see exDerimental) which was unidentified. It was

soluble in 2-methoxyethanol and therefore does not presumably contain a
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significant amount of the starting sulphonamide (244) since the latter can

be recrystallised from this solvent. It was partially soluble in methanol;

the methanol-soluble material, from which methyl £-nitrobenzoate (184) was

isolated, was shown by T.L.C. to contain several compounds. The methanol-

insoluble material, which was involatile in the mass spectrometer and

which did not give a satisfactory infra-red spectrum, was also shown, by

T.L.C. to contain several, very polar compounds. The expected product

of the reaction, viz. 2-p-nitrophenyl-lH_-imidazo[4,5-c]pyridine-3-oxide
(245) was not isolated in these initial experiments although its presence

cannot be ruled out.

NO 2

N CH3O/CH3OH
+

NO
2 C5H5N

NO
2

(244) (249)

+

c

(173) (184)
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The mechanism by which the sulphonamide (249) was formed was,

presumably, nucleophilic substitution at the methylene group of (244),

similar to that outlined in Scheme 39. This reaction pathway would,

however, also give rise to the ether (252) which, if present, was not

isolated. The mechanism by which p-nitrobenzoic acid (173) and methyl

£-nitrobenzoate (184) are formed was presumably the same as that already
discussed in Chapter 2.

In a single experiment the phenacyl-sulphonamide (247) was treated

with sodium methoxide solution. Two major compounds were isolated, by

preparative T.L.C., from several reaction products among which a trace

of 3-nitro-4-_N-p-toluenesulphonylaminopyridine (249) was detected. Of
the two compounds isolated, one was found to be to!uene-p-sulphonamide

(253) (27%) whilst the other, which was red in colour, was unidentified

The spectroscopic and physical properties of this unidentified compound

are recorded in the experimental section.

(252)

CH
3

(253 )



- 160 -

The mechanism by which toluene-p-sulphonamide (253) was formed was

presumably, nucleophilic substitution at position 4 of the pyridine ring

resulting in 4-methoxy-3-nitropyridine (254) and N-phenacyltoluene-p-

sulphonamide (255). The latter compound (255) may then undergo further

nucleophilic substitution at the methylene group to give toluene-p-

sulphonamide (253) and the ether (256) or undergo proton abstraction from

the reactive methylene group to form a carbanion which may then cleave to

give toluene-p-sulphonamide (253) and the carbene (257). (Scheme 41). It

must be noted however, that if the methoxynitropyridine (254) and the ether

(256) were present they were not isolated in this single experiment.

The base-induced reactions of both (244) and (247) clearly require

further investigation.

In Chapter 2, -it was seen that, while the acid hydrolysis of

3- (_N-methanesul phony! -N-_p-nitrobenzyl ami no)-2-ni tropyridine (162) gave

2-nitro-3-N-p-nitrobenzylaminopyridine (164), the acid hydrolysis of

3-(N-methanesulphonyl-N-phenacylamino)-2-nitrooyridine (183) gave only

a complex mixture of compounds.

SCLCH
i2

■N—CH

NO,
2

^N ^NO,
2

(162) (164)



(£SZ)
H303
1T3 9H93
+

(esz)

(993)

(993)

3H9303ZH30eHD
+

2hn2OS'H0£H3/0£H3
(993)SH93032H3-HN20Sv^^

f

obH3

9

9

("*
3

H

303-H3-HN
OS'

«-

0Ĥ3

(993)

(1793)

(Z173)

NSHS3ho£ho/oeho
SH9303£H3

Lt>

auisips
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When (244) and (247) were treated with a mixture of sulphuric acid

and glacial acetic acid, the products of the reactions were 3-nitro-4-N-

p_-nitrobenzylaminopyridine p_-toluenesulphonate (258) (71%) and 3-nitro-

4-ji-phenacylaminopyridine £-toluenesulphonate (259) (51%) respectively.

h2so4/ch3cooh.

(244, R = CH2.C5H4.N02-p)
(247, R = CH2C0C5H5)

h2so4/ch3cooh

nhch2c0cgh5

(259)

The structures of compounds (258) and (259) were assigned on the

basis of their "'h n.m.r. spectra (see Table 7) and analysis. Both compounds

were involatile in tha mass spectrometer. The "'h n.m.r. spectrum of (258)

showed clearly two AA^BB systems representing p-C^N.Cgh^ and CHg.CgH4.S02,



TABLE7

n.m.r.spectraof4-amino-3-nitropyridines
a)4-Amino-3-nitropyridines Compound

4-Substituent

Solvent

ChemicalShifts(6)

Coupling Constants(Hz)

H-2

H-5

h-6

N-H

n-ch2

Other

J2,6J5,6

250

nh2

(cd3)2so

8.92

6.83

8.20

-

-

7.83(2H,bs,NH2)

6.0

249

nhso2.c6h4.ch3

CDC13

9.25

7.66

8.54

10.17bs

-

7.30-7.85(4H,AA^BB1)
5.8

244

n(S02-C6H4-CH3)CH2'C6H4N02"-&
(cd3)2S0

9.27

7.74

8.22

-

5.57s

2.36(3H,s)

1.88.0

7.37-7.79(4H»AAW, ch3.c6h4.so2) 7.65-8.35(4H,AA]BB], c6h4.no2-p)

247

n(so2.c6h4.ch3)ch2coc6h5
(CD3)2S0
9.08

-(7.38-8.16)-
-

5.98s

2.39(3H,s)

1.6

(witharomatics)

7.38-8.16(11H,m)

/

(withH-5andH-6)



TABLE7(CONTINUED)

b)p-Toluenesulphonatesof4-amino-3-nitropyridines Compound

4-Substituent

Solvent

ChemicalShifts(6)

Coupling Constants(Hi)

H-2

H-5

H-6

N-H

n-ch2

Other

J2,6J5,6

258

NHCH2.C6H4.N02-p
(cd2)3so
9.84

7.38

8.41

9.25bs

5.78s

2.29(3H,s) 7.14-7.55(4H,AA^B1 , ch3SH4S°3) 7.78-8.30(4H,AA^B1, CeH4.N02p)

1.47.6

259

NHCH0COCcHc255

(cd3)2so
9.66

7.43

8.34

9.31bs

6.18s

2.31(3H,s) 7.18-7.58(4H,AA^B1, ch3.c6h4.so3) 7.70-8.18(5H,m, C6H5^ 9.91(1H,bs,N+-H)
1.47.5
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two doublets representing h-2 and h-5 of the pyridine ring, a partially

superimposed broad doublet which presumably, on greater resolution, would

have been a double doublet representing H-6 of the pyridine ring and a

broad singlet representing the ami no-hydrogen. The chemical shifts of

h-2 and h-6 were, as expected, downfield from those of h-2 and h-6 in

(244), as the result of the positively charged pyridine-nitrogen atom

which deshields h-2 and h-6 in (258). A similar situation was seen in

the "'h n.m.r. spectrum of (259) although in this case, the double doublet

representing h-6 of the pyridine ring was clearly seen. Indeed, all the

pyridine ring proton resonances in (259) were clearly seen, much more so

than in (247).

At this early stage of the investigation into the base-induced reactions

of 4-amino-3-nitropyridine derivatives, it must be recognised that the

product of the reactions of (249) with either £-nitrobenzyl bromide or

phenacyl bromide may not be (244) or (247) at all but 3-nitro-l-p-

nitrobenzyl-4-(_N-p-toluenesulphonylimi no) pyridine (260) or 3-nitro-l-

phenacyl-4-(N-p-toluenesulphonylimino)pyridine (261) respectively, i.e.

the alkylation of (249) may have occurred on the ring nitrogen rather than

on the exocyclic nitrogen.

v-cy* H r

.N—SO'fOcH3
CrHrC0CHo^ no,

6 5 2 2

(260) (261)
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It is known,7l+ for example, that when 4-J^-methanesulphonylamino-

pyridine (262) (which exists largely in the tautomeric form, 4-_N-methane-

sulphonyliminopyridine (263)) was treated with diazomethane, two products

were obtained, viz. 1-methyl-4-N-methanesulphonyliminopyridine (264) (20%)

and 4-(_N-methyl-_N-methanesul phonyl ami no) pyridine (265) (5%). A similar
situation arose when 2-J)J-methanesulphonylaminopyridine (266) (which also

exists largely in the tautomeric imino- form (267)) was treated with

diazomethane, the products of the reaction being 2-(N-methyl-N-methane-

sulphonylamino)pyridine (268) and 1-methyl-2-N-methanesulphonylimino-

pyridine (269).74 The latter compound was obtained in lower yield and was

identical with the product obtained by treating (266) with dimethyl

sulphate and alkali. It was shown to be (269) by its formation from

2-amino-l-methylpyridiniurn iodide (37).7l+

(262) (263)
CH2N2

(265) (264)
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k N NHS02CH3
(266)

ch2N2

f^
k

N N — S02CH3

ch3

(268)

N—SOoCHq
I J
H

;267) (266)^=^(267)

(ch3)2so4/k2co3

N ^ N — SO2CH3

CH-

1. Ag20/CH30H
v2. CH3S02C1/C5H5N

CH,

(270)

The imino-form (260) is perhaps suggested when the "'h n.m.r. spectrum

and mass spectrum of the reaction product of (249) with _p-nitrobenzyl
bromide are considered. The "'h n.m.r. spectrum shows two AA^Bb"' systems

representing CHg.CgH^.S02 and jD-02N.CgH^, two doublets reoresenting H-2
and H-5 of the pyridine ring anda double doublet representing H-6 of the

pyridine ring with coupling constants J2 g 1.6 Hz and Jg g 8.0 Hz. The
latter coupling constant was unusually large when comparison was made with
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J,, g in 4-amino-3-nitropyridine (250) and 3-nitro-4«£-£-toluenesulphony!-
aminopyridine (249) (6.0 Hzand 5.8 Hz respectively) (of. Table 7).

A coupling constant of approximately 8.0 Hz is however seen in

4-pyridone (251) (which exists in this form rather than the tautomeric

4-hydroxypyridine (271)) and in, for example, 1-cyano-4-pyridone (272).

The ^2 3 coupling constants in these compounds are 7.53 Hz (D^O) and 8.4
Hz (CDC1^) respectively.93

(251) (271) (272)

The mass spectrum of the reaction product showed a different

fragmentation patten from that of 2-nitro-3-(Ji-£-ni trobenzyl-_N-£-

toluenesulphonylamino)pyridine (161); the latter lost the tosyl fragment

(M+ -155) whereas the former appeared to lose the £-nitrobenzyl fragment

(M+ -136).

The "'h n.m.r. of the reaction product of (249) withpfoenacyl bromide
was more complex and the Jg g coupling constant could not be determined
from the spectrum. In addition, the reaction product was involatile in

the mass spectrometer.

A single attempt to synthesise 3-nitro-4-N-p-nitrobenzyl-N-£-

toluenesulphonylaminopyridine (244) by the reaction of 4-chloro-3-
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nitropyridine (273) with the sodium salt of N-p-nitrobenzylto!uene-p_-

sulphonamide (274) in _N,N^dimethyl formamide at room temperature proved

to be unsuccessful. The reaction yielded a red oil which was shown by

hplc to contain a mixture of five compounds. In addition, the reaction was

incomplete, with 32% of the sulphonamide (274) being recovered. The reaction

was carried out at room temperature since it was reported that 4-chloro-

3-nitropyridine (273) was unstable and loses chloride ion on brief

heating at 100°. s'+jSS

(273)

o2nhch

(274)

Since 2-chloro-3-nitropyridine (202) was readily available (unlike 4-

chloro-3-nitropyridine), (20?) was reacted with the sodium salt of (274)

in N^-dimethylformamide and the mixture heated at reflux temperature for
four hours. Reaction was complete but a complex mixture of compounds

resulted with the expected product of the reaction, viz. 3-nitro-2-(N-p-

nitrobenzyl-_n-p-toluenesulphonylamino)pyridine (275) not being isolated.
a similar situation arose when (202) was reacted with the sodium salt of

_N-phenacylto!uene-£-sulphonamide (255) in N,N-dimethylformamide under the
same reaction conditions in an attempt to synthesise 3-nitro-2-_N-phenacyl-

N-p-toluenesulphonylaminopyridine (276).
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(255) (275)

4-_N-Methanesul phony! -N-p-ni trobenzyl ami no-3-ni tropyridi ne (243) and
4-N-methanesulphony!-ji-phenacylamino-3-nitropyridine (245) have not yet
been prepared since attempts to synthesise 4-_N-methanesul phony!amino-3-

nitropyridine (277) have, to date, been unsuccessful.

When 4-N-methanesulphony!aminopyridine (262) was treated with a

mixture of sulphuric acid and nitric acid, one of two products resulted,

depending upon the reaction conditions. At higher temperatures (100° C),
the product of the reaction was 4-nitramino-3-nitropyridine (278) (!9%),
identified by its spectroscopic properties (I.R. "'h n.m.r. and mass

spectrum) and by its melting point [189-192° (d) 3, [lit.96'97 m.p. 202° (d)j.
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The formation of (278) was confirmed by its reaction with hydrazine hydrate

in methanol which is known97 to give 4-hydrazino-3-nitropyridine (279).

Basifying the nitration reaction filtrate with solid sodium carbonate

gave a small amount of material which was probably 4-amino-3,5-dinitropyridine

(280) from its melting point (168-172°), (lit.95 m.p. 170-171°) and mass

spectrum (found m/e 184).

nhso2ch3

(262)

H2SO4/hno3

n03/h2s04

nhs02ch3

no,

(280)

nhno,

(278)

xl/

h2n.nh2.h20
ch3oh

nhnh,

(277) (279)

At lower temperature (60-65 ), the product of the nitration appeared

to be merely a salt of 4-n-methanesulphony!aminopyridine (262). The salt-

a sulphate perhaps - was suggested by the "'h n.m.r. spectrum of the

reaction product. The n.m.r. spectrum showed three points:

a) a symmetrical pattern indicating that electrophi1ic substitution had

not taken place, b) a methyl resonance indicating the presence of the

methanesulphony! group, and c) the chemical shifts of the ring protons
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downfield from those in the starting sulphonamide (262). When this salt

was further nitrated at a temperature of 80°, the product of the reaction

was 4-nitramino-3-nitropyridine (278).

It must be emphasised that many of the reactions discussed in this

chapter were carried out only once. Consequently, the investigations into

the synthesis and base-induced reactions of the sulphonyl derivatives of

4-JN-£-nitrobenzylamino-3-nitropyridine and 4-N-phenacylamino-3-nitropyridine
are only at an initial stage and a considerable amount of work has yet to

be done before these investigations are complete.
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CHAPTER 4: EXPERIMENTAL

I.r. spectra were recorded as Nujol mulls on a Perkin Elmer 257

spectrometer. The mass spectra were recorded on an AEI MS-902

spectrometer, operating at 70 ev with a source temperature of aa

200°C. "'h n.m.r. spectra were recorded, with tetramethylsilane

as internal reference, on a Bruker W.P. 80 Fourier transform

spectrometer. High performance liquid chromatography (H.P.L.C.)

was carried out using a Pye Unicam LC3 system, with an U.V.

spectrophotometry detector set at 254nm. 'Reverse-phase'

conditions were used throughout, with 10 pm silica - O.D.S. as

column packing and methanol-water as solvent system. Melting

points determined are uncorrected.

Abbreviations

s

d

(d)

t

q

m

bs

bt

br

dd

singlet

doublet

(after melting point) with decomposition

triplet

quartet

multipiet

broad singlet

broad doublet

broad

double doublet
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Abbreviations (continued)

DMSO: dimethyl sulphoxide

TFA: trifluoroacetic acid

T.L.C: thin layer chromatography

IR: infra-red

MS: mass spectrum

N.M.R: nuclear magnetic resonance (!H).

3-_N-Ethoxycarbonyl ami nopyri dine (166) To a solution of

3-aminopyridine (40g) in dry, redistilled pyridine (160ml),

ethyl chloroformate (46.4g) was added dropwise with stirring.

After the initial reaction had subsided, the mixture was

heated under reflux for 2 h, evaporated in vacuo and the

residue extracted with ether : saturated sodium bicarbonate

solution (1:1). The ether extract was dried (sodium sulphate),
4

evaporated in vacuo and the residue recrystallised twice from

water to give 3-N-ethoxycarbonylaminopyridine (166) (48g, 68%),

m.p. 87-89° (lit. m.p. 86-88°72, 89-90°98).

3-_N-Ethoxycarbonylamino-2-nitropyridine (165). The method
72

of Clark-Lewis and Thompson was modified slightly as follows:-

3-ji-ethoxycarbonyl ami nopyri dine (166) (29g) was treated with

concentrated sulphuric acid (58ml) and cooled in an ice bath. To
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this was added, with stirring, fuming nitric acid

(d_ 1.5; 58ml) such that the temperature of the mixture

during the addition, remained below 10°C. The temperature

of the mixture was then raised slowly (during 1 h) to 90°
and maintained at that temperature for 0.5 h. using a water

bath. The solution was then cooled and poured on to crushed

ice. The precipitated nitrocarbamate (165) was collected,

washed well with ice-cold water, dried and recrystal1ised

from propan-2-ol. Yield 25.3g (69%), pale yellow

needles, m.p. 82-84° (lit.72 m.p. 82-83°), Vmax 3350 (N-H),
1745 (C=0), 1500 br and 1345 cm"1 (N02); 5 (CDC13) 1.36

(3H,t,CH3) 4.30 (2H,q,CH3.CH2), 7.69 (1H,dd,H-5)+, 8.30

(lH,dd,H-6), 9.10 (lH,dd,H-4), 9.56 (1H,bs,NH),J4 5 8.4 Hz.,

J4,6 1,6 Hz-' J5,6 4-2 Hz" JCH3CH2 7,0 Hz" JNH-H-5 0,4 Hz"
5 (CgDg) 0.98 (3H,t,CH3), 3.99 (2H,q,CH3.CH2), 6.73
(lH,dd,H-5)+ , 7.74 (lH,dd,H-6), 8.83 (lH,dd,H-4), 9.40

(lH,bs,NH), J4 5 8.4 Hz., J4 g 1.5 Hz., Jg g 4.2 Hz.,

JCH3CH27,0 Hz" JNH,H-5 0-4 Hz-
When the scale of the reaction was increased, [ 3-N-

ethoxycarbonylaminopyridine (166) (40g) 7, a lower yield of

the nitrated carbamate (165), (27.6g, 54%) was obtained and

the reaction was more difficult to control. This is in

agreement with the published method.

+Each line of the double doublet is further split as the

result of long range coupling between H-5 and the N-H.



- 176 -

3-Amino-2-nitropyridine (170), m.p. 195-197° (from
n72 99 nioo

propan-2-ol), (lit. m.p. 195-196 ' , 203-204 ),

yield 86%; bright yellow needles were obtained by alkaline

hydrolysis (2.5m. sodium hydroxide) of 3-N-ethoxycarbonylamino-
l

2-nitropyridine (165), according to the published method .

Reaction of 3-JN-ethoxycarbonyl ami no-2-ni tropyri dine (165)

with £-nitrobenzyl bromide:-

(a) (with B.E. Medcalf and J.M. Richmond). 3-N-£thoxycarbonyl-

amino-2-nitropyridine (165) (4.28g) was dissolved in sodium

ethoxide solution [ from sodium (1.08g) in ethanol (100ml) ;

and to this solution was added p-nitrobenzyl bromide (8.8g). The

mixture was then heated under reflux for 20min, cooled and

filtered to give 3-p-nitrobenzyloxy-2-p-nitrophenyl-3H-imidazo-

[ 4,5-b ./pyridine (169) (2.03g, 26%), m.p. 235-236° (from

acetic acid), identical with an authentic sample (for preparation,

see below).

The reaction mixture was evaporated in vacuo and the residue

extracted with a little ether. The ether-soluble material gave

on distillation an oil (2.48g) which appeared (by n.m.r.) to

consist mainly of ethyl p-nitrobenzyl ether (172) and was not

further examined. The ether-insoluble residue was then extracted

with water: the extract was evaporated to give 3-amino-2-

nitropyridine (170) (0.14g, 10%: purified by sublimation), and the

water-insoluble po-ption was identified as
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2-£-nitrophenyl imidaze/4,5-b;pyridine (171) (0.08g, 2%), by

comparison with an authentic sample (for preparation, see

below).

(b) To a refluxing mixture of 3-N-ethoxycarbonylamino-2-

nitropyridine (165) (lg) in Analar acetone (10ml) and

anhydrous potassium carbonate (lg) was added, dropwise over

10 mins., a solution of £-nitrobenzyl bromide (1.15g) in
Analar acetone (10ml). The mixture was then heated under

reflux for 6 h., cooled, filtered and the filtrate evaporated

in vacuo to give a red viscous oil. The oil was spread out

on a watch-glass and placed under vacuum to give a yellow

solid. Recrystal1isation from methanol gave 3-N-ethoxycarbonyl-

£-£-nitrobenzylamino-2-nitropyridine (160) (1.23g, 75%), m.p.

70-72°, (Found: C, 52.23; H, 3.92; N, 16.23. C^H^i^Og
requires C, 52.03; H, 4.07; N, 16.18%), V 1695 (DO), 1535,

max

1515 and 1345 cm"1 (N02), 6 (CDC13) 1.18 (3H,t,CH3), 4.18

(2H,q,CH3CH2), 5.03 (2H,bs,Ar.CH2), 7.63 (2H,d,H-4 and H-5)+,
7.55-8.20 (4H,AA'BB',£-02N.C6H4), 8.50 (lH,t,H-6) + , J4 g^-Jg g

3Hzt; 6 (CgDg) 0.92 (3H,t,CH3), 3.97 (2H,q,CH3.CH2), 4.88
(2H,bs,Ar.CH2), 6.61 (lH,dd,H-5), 6.85 (lH,dd,H-4), 7.00-7.85
(4H,AA'BB', £-02N.CgH4), 7.85 (lH,dd,H-6), J4 5 8.2 Hz., J4 g

1.6 Hz., Jg g 4.4 Hz., 7.0 Hz., m/e 346 (M+i, < 1%),
300(41 ) + , 272(54)+, 226(53)+ , 180(58) + , 150(22), 136(97), 122(31 ),

106(54), 90(49), 89(50), 78(100), M* 246.6/ (272)2/300 ].
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+ Found: 300.097631, C15H14N304 requires 300.098423,
(M-N02)+

272.067217, requires 272.067125,

(m-no2-c2h4)+
226.061045, C^HgN^ requires 226.061647,

(m-no2-hcooc2h5)+
180.068091, C12HgN2 requires 180.068745,

(M-2N02-HC00C2H5)+

+ Apparent coupling constants: see text (p.745). On the

spectrum, H-4 and H-5 appear as a doublet and H-6 as a triplet.

The chemical shifts are based on computer simulation with

J, r 8.2Hz., J. , 1.6Hz., Jr (- 4.4Hz.4,5 4,6 5,6

2-£-Nitrophenylimidazo [4,5-_b ./pyridine (171). A mixture of p-

nitrobenzoic acid (173) (1.67g) and 2,3-diaminopyridine (178)

(1.09g) (for preparation, see below) in polyphosphoric acid (10ml)

was heated, with stirring, at 175° for 2 h. The resulting

precipitate was filtered off, washed with water and dried. The

filtrate was then cooled and diluted with water (150ml) to give

a second precipitate which was also filtered off, washed with

water and dried. Neutralisation (solid sodium carbonate) of this

filtrate produced a third precipitate. The precipitates were
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combined and recrystallised from _N,_N-dimethylformamide to give

the mustard-yellow compound (171), (2.23g 93%), m.p. > 350°,
(Found: C, 60.05; H, 3.15; N, 23.08. C^HgN^O^ requires C, 50.00;
H, 3.36; N, 23.32%), Vma 1510 and 1350 cm"1(N02), m/e 240ilia A

(M+'j 93%) + , 241 (24), 210(9), 195(17), 194(80) + , 193(24), 167(11 ),

140(21), 103(41), 102(25), 92(21), 91(18), 85(32), 76(52), 75(29),

73(40), 71(56), 65(50), 64(47), 57(100), M* 156.8f(194)2/240;.

As a result of the solubi1ity+ of (171) being very low, the

n.m.r. in (CDg)2S0, even after 13,750 scans, gives a spectrum
which shows slightly ill-defined absorptions. 6 7.26 (lH,dd,H-6),

8.06 (1H,dd,H-7), 8.39 (lH,dd,H-5), 8.44 (4H,AA'BB1-almost a singlet

at 80 MHz., jo-O^N.CgH^), J,. ^ 5.0Hz., Jg -j 1.6Hz., Jg -j 8.0Hz.

After the above experiment was completed, this compound was
101

reported by Middleton and Wibberley but without spectroscopic

data.

* Found: 240.064672, C-^HgN^ requires 240.064721
194.071189, C12HgN3 requires 194.071819, (M-N0g)+.

+ Very insoluble in the majority of organic solvents e.g. methanol,

chloroform, acetone and benzene, slightly soluble in pyridine,

acetic acid, trifluoroacetic acid and dimethyl sulphoxide.

2,3-Diaminopyridine (178) This was prepared essentially by the
75

published method. 2-Aminopyridine was treated with bromine and
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acetic acid to give 2-amino-5-bromopyridine (66%), m.p. 129-133°
75 o

(lit. m.p, 132-135 ). This compound was then nitrated using a

mixture of nitric and sulphuric acids to give 2-amino-5-bromo-3-
0 75 102 n

nitropyridine (68%), m.p. 190-192 (lit. ' m.p. 210 ). Reduction

of this compound, using reduced iron and hydrochloric acid in

aqueous ethanol, gave 2,3-diamino-5-bromopyridine (62%), m.p. 152-
n 75 102 o

156 (lit. ' m.p. 163 ). The final step of the synthesis of

2,3-diaminopyridine (178) was the catalytic hydrogenolysis of 2,3-

diamino-5-bromopyridine. However, the isolation of 2,3-diaminopyridine
75

(178) differed from the published method. When the uptake of

hydrogen was complete, the catalyst was removed by filtration and

the filtrate was evaporated in vacuo to give a brown slurry which

was extracted five times with boiling toluene (5x200 ml: 15-20 mins.

reflux). The toluene solutions were allowed to cool to give

2,3-diaminopyridine (178) (84%), m.p.. 96-98° (lit. ' m.p. 115-116°).

2-Nitro-3-N-p-toluenesulphony!aminopyridine (174). A solution of

3-amino-2-nitropyridine (170) (6g) and to!uene-£-sulphony! chloride

(lOg) in pyridine (10ml) was heated, with stirring, at 100° for 2 h;

the mixture gave a red viscous oil on cooling. The oil was then

poured into water (250ml) and allowed to stand at room temperature,

with occasional stirring, until crystallisation occurred (2 days).

Recrystallisation from propan-2-01 (with charcoal) then gave the

sulphonamide (174) as orange prisms (5.05g, 40%), m.p. 99-101°,
(Found: C, 49.07; H, 3.53; N, 14.26, C-^H^N^S requires C 49.14;
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H, 3.78; N, 14.33%). Vmaw 3320 (N-H), 1545 and 1350 (NO,.), 1305iTlaX L

and 1160 cm"1 (S02); 5 (CDC13) 2.40 (3H,s,CH3), 7.65 (lH,dd,H-5),
8.40 (lH,dd,H-4) 8.33 (lH,dd,H-6), 7.33-7.78 (4H,AA'BB',CH3.CgH4.
S02), 9.58 (lH,bs,N-H), J4 g 8.4Hz., J4 g 1.4Hz., Jg g 4.4Hz.,
m/e 293 (M+; 17%), 247(4), 199(8), 155(62), 139(14), 92(11),

91(100), 65(21), M* 208.2[(247)2/293;, 160.3 f(199)2/247;.

2-Ni tro-3- (_N-£-ni trobenzyl-_N-£-to! uenesulphonyl)ami nopyridi ne (161)

2-Nitro-3-JN-£-toluenesul phonyl ami nopyri dine (174) (3.65g) was

dissolved in sodium methoxide solution [from sodium (0.30g) in

methanol (100ml); and to this solution was added £-nitrobenzyljbromide
(3.25g). The mixture was then heated under reflux for 2 h., cooled,

and poured on to crushed ice. The resulting 'sticky' orange

precipitate was filtered, washed with water and dried. The product

was then recrystallised from propan-2-ol (with charcoal) to give

colourless crystals of the £-nitrobenzylsulphonamide (161), (3.50g,

74%), m.p. 179-181°, (Found: C, 53.26; H, 4.03; N, 12.90: ClgHlgN40gS
requires C, 53.27; H, 3.76; N, 13.08%), Vmaw 1545, 1515 and 1340 (NO,),ITla X l.

1310 and 1165 cm"1 (S02); <5 (DMS0 d-6) 2.47 (3H,s,CH3), 4.99 (2H,s,CH2),
7.80 (lH,dd,H-5), 7.94 (lH,dd,H-4), 8.56 (lH,dd,H-6), 7.66-8.20

(4H,AA'BB', £-02N.CgH4), 7.56 (4H,s,CH3.CgH4.S02), J4 g 8.4Hz.,
J4 g 1.8Hz., Jg g 4.2Hz. m/e 428 (M+>, 3%), 273(47), 180(20), 155(53),
139(14), 92(12), 91(100), 90(21), 89(23), 78(38), 65(27), 63(12), 51(14).

3-N-Methanesulphonylaminopyridine (181),m.p. 141-143° (from water/
_ _

charcoal), (lit. m.p. 140-141 ), yield 74%, long white sharp needles,

was obtained from 3-aminopyridine, methanesulphonyl chloride and pyridine
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714
as in the published method.

Nitration of 3-N-Methanesulphonylaminopyridine (181) (with

J.M. Richmond and G.R. Sneddon.) Of several methods tried, the

following was found most satisfactory. Fuming nitric acid

(di 1.5; 20ml) was added dropwise, with stirring, to a cold mixture

of 3-N-methanesulphony!aminopyridine (181) (lOg) and concentrated

sulphuric acid (10ml), so that the temperature of the mixture

remained below 10°. After the addition was complete, the

temperature was raised slowly to 60-70° and maintained at that

temperature for 2 h. The solution was then cooled and poured on

to crushed ice and the resulting precipitate filtered off, washed

with cold water and dried to give a mixture (6.95g, 55%) of mono-

nitro-compounds. Fractional crystal!isation from methanol gave

3-_N-methanesulphony!amino-2-nitropyridine (180) (4.67g, 37%). The
second fraction (1 .26g, 10%) was a mixture of (180) (compact pale

yellow prisms) and 5-N-methanesulphonylamino-2-nitropyridine (182)

(yellow needles). A sample of the latter was separated manually.

3-N-Methanesulphonylamino-2-nitropyridine (180)., m.p. 146-148°,
(Found: C, 33.07; H, 3.16; N, 19.53. CgHyN^O^S requires C, 33.19;
H, 3.25; N, 19.35%); Vmax 3280 (N-H), 1545 and 1350 (N02), 1295 and
1150 cm'1 (S02); 6 (DMS0 d-6) 3.21 (3H,s,CH3), 7.88 (lH,dd,H-5), 8.24
(1H,dd,H-4), 8.46 (lH,dd,H-6), 10.00 (lH,bs,N-H), J4 5 8.4Hz.,
J4 6 1.4Hz., J5 6 4.4Hz. m/e 217 (M+,»absent), 139(30), 105(100),
93(28), 77(50), 66(88). X max 347nm (< 6330).



- 183 -

5-_N-Methanesulphony!amino-2-nitropyridine (182), m.p. 200-202°,
(Found: C, 33.19; H, 3.25; N, 19.35%), V_ 3250 (N-H), 1530 andlTlaX

1350 (N02), 1310 and 1145 cm"1 (S02); 5 (DMSO d-6) 3.30 (3H,s,CH3),
7.99 (1H,dd,H-4), 8.41 (lH,d,H-3), 8.50 (lH,d,H-6), J3 4 9.0Hz.,
J3jg 0.4Hz., J4j5 2.6Hz. X max 302nm (£ 11 ,500).

»

3- (JN-Methanesul phony! -_N-£-ni trobenzyl ami no) -2-ni tropyri di ne (162)

was prepared in a procedure similar to that for the synthesis of

2-nitro-3-(_N-£-nitrobenzy1-N-£-toluenesulphonylamino) pyridine (161).

It was obtained (yield 4.68g, 66%) by the reaction of 3-_N-methane-

sulphonylamino-2-nitropyridine (180) (4.36g), sodium methoxide

/■from sodium (0.46g) in methanol (100ml); and £-nitrobenzyl bromide

(5.18g). Recrystal1ised twice from methanol, it had m.p. 124-125°.
(Found: C, 44.07; H, 3.15; N, 15.98. C|3H-j 2N40gS requires C, 44.32;
H, 3.43; N, 15.90%), Vmax 1540 (N02), 1330 br (N02 and S02), 1150
cm"1 (S02); 6;(CD3)2C0; 3.20 (3H,s,CH3), 5.12 (2H,s,CH2), 7.80
(lH,dd,H-5), 8.25 (lH,dd,H-4), 8.51 (lH,dd,H-6), 7.71-8.21 (4H,AAIBBI ,

£-02N.C6H4), J4 5 8.2Hz., J4 6 1.4Hz., Jg g 4.6Hz. m/e 352 (M+>, < 1%),
274(26), 273(88), 226(26), 181(14), 180(58), 179(17), 136(74), 122(47),

107(15), 106(54), 95(45), 90(49), 89(59), 79(25), 78(100), 77(13),

64(14), 63(24), 52(22), 51(36), 50(13). M* 187.1 [{226)2/273;, 82.7

;(122)2/180;

2-Ni tro-3-N_-£-ni trobenzyl ami nopyri dine (163). Concentrated sulphuric

acid (14.4ml) was added dropwise, with stirring, to a cold mixture

of 3- (^-methanesul phony!-N-£-ni trobenzyl ami no)-2-ni tropyri di ne (162)

(3.15g) and acetic acid (7.2ml). The temperature of the mixture was
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then raised slowly to 100-105° and maintained at that temperature

for 2 h., after which time the red viscous solution was cooled

and diluted with water (100ml). The resulting precipitate was

filtered, washed with cold water, dried and recrystallised from

ethanol to give 2-nitro-3-_N-p_-nitrobenzylaminopyridine (163) (1.56g,

64%), m.p. 163-164°. (Found: C, 52.66; H, 3.47; N, 20.63.

C12H10N4°4 re9uires C> 52.56; H, 3.68; N, 20.4.3%), Vmax 3410 (N-H) + ,

1500 and 1340 cm_1(N02). 5 (CDC13) 4.76 (2H,d,CH2), 7.24 (lH,dd,H-4),
7.46 (lH,dd,H-5), 8.02 (lH,dd,H-6), 7.59-8. 31 /"5H, (4H,AA' BB1 ,

jD-OgN.CgH^, plus 1H, hidden aa 6 8.31, N-H);, J4 g 9.0 Hz.,
J. , 1.6 Hz., c 4.0 Hz., Jru MU 6.0 Hz., 6(DMS0 d-6)$ 4.814,6 5,6 CH2-NH v '
(2H,d,CH2), 7.40 (lH,dd,H-4), 7.52 (1H,dd,H-5){, 7.84 (lH,dd,H-6),
7.66-8.22 (4H,AA'BB', P"02N.C5H4), 8.50 (lH,br.t,N-H), J4 5 9.0 Hz.,
J4 6 1.6 Hz., J5 6 4.0 Hz., JCH NH 6.0 Hz. m/e 274 (M+; 7%)+,
226(53), 182(27), 181(43), 180(48), 179(10), 136(11), 120(11), 106(22),

90(45), 89(50), 79(17), 78(100), 77(18), M* 143.4 r(180)2/2267.

+ Sometimes, the N-H absorption occurs at 3350 cm ^ and is broad

unlike that at 3410 cm ^ which is sharp. The compound, however,

has the same m.p. and n.m.r. spectrum.

^ Found: 274.069295. 6-]2H-|qN404 requires 274.070198

$ By spin decoupling the aryl CH2 protons, the N-H absorption
becomes a broad singlet.

{ Partially superimposed upon the AA' position of AA'BB' system.

However, at 100 MHz the double doublet of H-5 is clearly seen.
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3-_N-Methanesu1 phony!-N_-phenacy 1 amino-2-nitropyridine (183) 3-N_~

Methanesulphony!amino-2-nitropyridine (!SO) (1.09g) was dissolved

in sodium methoxide solution /"from sodium (0.1!5g) in methanol

(30ml);. The methanol was evaporated in vacuo, the residue

redissolved in _N,N-dimethylformamide (10ml) and phenacyl bromide

(1.2g) added. The mixture was then stirred at room temperature

for 24 h., poured on to crushed ice and the resulting 'sticky'

precipitate filtered. The product was washed with water, dried

and recrystallised from methanol to give the phenacylsulphonamide

(183) (1.34g, 80%) as pale yellow plates. It had m.p. 139-141°,
(Found: C, 49.83; H, 3.72; N, 12.60. C-^H^N^S requires C, 50.15;
H, 3.91; N, 12.53%), Vmax 1685 (0=0), 1540 (NOg), 1335 (N02 and S02),
1150 cm"1 (S02) 5(DMS0 d-6) 3.28 (3H,s,CHg), 5.43 (2H,s,CH2), 7.91
(lH,dd,H-5), 8.51 (lH,dd,H-4), 8.60 (lH,dd,H-6), 7.64-3.06 (5H,m,

aromatic), g 8.0 Hz., g 1.6 Hz., Jg g 4.6 Hz.
m/e 335 (M+% absent), 230(1)+. 207(2). 152(6), 122(3), 121(3), 106(8),

105(100), 78(7), 77(16).

+ Found: 230.024149, C^gN^S requires 230.023549, ;M-C7Hg0;+

When a mixture of 3-_N-methanesul phony! ami no-2-ni tropyri dine( 180)
and 5-N_-methanesulphonylamino-2-nitropyridine(182) was treated in
the above manner the two products of the reaction, viz.
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3-_N-methanesul phony!-N-phenacylamino-2-nitropyri dine (183) and

5-_N-methanesul phony! -J)[-phenacyl ami no-2-ni tropyri di ne (228), were

easily separated by extraction with hot methanol. 5-N-

Methanesulphonyl-_N-phenacyl ami no-2-ni tropyri dine (228), which was

almost insoluble in methanol, was recrystallised from acetone as

colourless leaflets, m.p. 210-212°. (Found: C, 50.10; H, 3.73;

N, 12.75. C14H]3N305S requires C, 50.15; H, 3.91; N, 12.53%);
V 1690 (0=0), 1525 and 1340(N09), 1305 and 1155 cm"1 (S0«);max c <l

6 (CF3C00H)+ 3.40 (3H,s,CH3), 5.61 (2H,s,CH2), 7.48-7.74 (3H,m,
meta and para protons of aryl ring), 7.96-8.06(2H,m, ortho protons

of aryl ring), 8.51 (2H,bs,H-4 and H-5)+, 9.04(1H,bs,H-2)+; m/e

335 (M+; absent), 230(2), 152(5), 106(8), 105(100), 78(4), 77(29),

65(4).

+ This is not a first-order spectrum, and the chemical shifts

and coupling constants are not measurable directly. The

chemical shifts are based on computer simulation with

J3,4 8,5 Hz-' J4,6 2°4 Hz" J3,6 = 0

3-(N-Methanesul phony!-ji-methyl ami no)-2-ni tropyri di ne (196) 3-_N-

Methanesulphonylamino-2-nitropyridine (180) (1.08g) was dissolved

in sodium methoxide solution /"from sodium (0.115g) in methanol

(30ml);. The methanol was then evaporated in vacuo, the residue

dissolved in N,N-dimethylformamide (10ml) and iodomethane (0.71g)

added. The mixture was then stirred at room temperature for 24 h.,
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poured on to crushed ice and the product filtered off. The

product was washed with water, dried and recrystallised from

methanol to give 3-(_N-methanesulphonyl-j^-methylamino)-2-

nitropyridine (196) (0.81g, 70%) as colourless leaflets, m.p.

129-131°. (Found: C, 36.11; H, 3.83; N, 18.23. C7HgN304S
requires C, 36.36; H, 3.92; N, 18.17%); V 1540 and 1345 (NO,),itlax l

1320 and 1145 cm"1 (S02); 5 (DMSO d-6) 3.13 (3H,s,CH3-N), 3.31
(3H,s,CH3-S02), 7.91 (1H,dd,H-5), 8.45 (lH,dd,H-4), 8.57 (lH,dd,
H-6), J4 5 8.0 Hz., J4 6 1.5 Hz., Jg g 4.6 Hz. m/e 231 (M+; 5%),
152(59), 136(24), 124(29), 123(44), 122(50), 107(17), 106(27),

105(35), 95(100), 94(34), 93(19), 80(13), 79(53), 78(66), 68(21),

67(63), 66(12), 52(25), 51(11).

3-Nitro-2-_N-_p-nitrobenzylaminopyridine (201). A solution of 2-

chloro-3-nitropyridine (202) (2.87g), and £-nitrobenzylamine (203)

(4.37g) (for preparation, see below) in redistilled dimethyl

sulphoxide (20g) was heated at 50° for 18 h., cooled and diluted

with water. The resulting precipitate was filtered off, washed

with water and dried. The product was recrystal1ised from ethanol

to give 3-nitro-2-N-p-nitrobenzylaminopyridine (201) (2.94g, 59%)

as bright yellow needles, m.p. 150-152°. (Found: C, 52.28; H,

3.42; N, 20.53. C12H1(]N404 requires C, 52.56; H, 3.68; H, 20.43%);
Vmax 3410 1505 and 1340 cm_1 (n02); 6 (C0C13) 5-00 (2H>d>
CH2), 6.76 (1H,dd,H-5), 8.47 (lH,dd,H-6), 8.50 (lH,dd,H-4), 7.57-
8.24 (4H,AA'BB'.p-02N.C6H4), 8.60 (IH.br,N-H), J4 5 8.2 Hz.,
J4 6 1.6 Hz., J5 6 4.6 Hz., JCH2_NH 6-0 Hz. m/e 274 (M+-, 4%)+,
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257(41) + , 226(39)+, 181(10), 180(36)+, 150(13), 123(61), 93(19),

90(20), 89(28), 79(100), 78(26), 77(13), 63(15), 52(21), 51(19),

M* 198.7 /•(226)2/257;, 143.4 /"(180)2/2267 •

+ Found: 274.069823, C-|2H10^4^4 re<^ui res 274.070198
257.068978, C^H^Og requires 257.067460 [M-0H]+
226.060347, C^HgNgOg requires 226.061647 /M-HgO-NO;*
180.068091, C12HgN2 requires 180.068745 /-M-HgO-NO-NOgj4"

p-Nitrobenzylamine (203) was prepared by a modification of the

Gabriel synthesis. A mixture of p-nitrobenzyl chloride (17.1 g),

_N,_N-dimethylformamide (275ml) and potassium phthalimide (18.52g)

was stirred for 1 h. at room temperature. It was then added to

water (600ml) and the product filtered, washed with water, dried

and recrystal1ised from ethanol to give N-£-nitrobenzylphthalimide

(17g, 60%), m.p. 173-175° (lit. m.p.103 174-175°). This imide

(14.lg), hydrazine hydrate (11ml) and ethanol (875ml) were heated

together, under reflux, for 18 h. after which time the ethanol

was distilled off and the residue dissolved in water (1.5.1.)

and acidified (acetic acid). The resulting precipitate (phthalazine-

1,4-dione) was filtered off and the filtrate evaporated in vacuo.

The residue was recrystallised from ethanol to give p-nitrobenzyl-

ammonium acetate (8.26g, 78%), m.p. 157-158°, Vmax 1650 (C=0),
1510 br and 1340 cm"1 (N0g). 6(DgO)+ 1.95 (3H,s,CHg), 4.40 (2H,s,CH2),
7.72-8.28 (4H,AA'BB',£-02N.CgH4). The acetate salt (6.8g) was
dissolved in water (100ml) and the solution basified to ca. pH 13
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with sodium hydroxide (l*a). The solution was then extracted with

ether and the ethereal layer dried (sodium sulphate) and evaporated

in vacuo to yield an oil which, when cooled in ice, gave £-nitro

benzyl amine (203) (4.66g, 96%) as a greenish-white solid, m.p. ca

room temperature (20°), 3370 br and 3060 br (N-H), 1505 br and

1335 br cm-1 (N0£).

+ The spectrum was recorded on a 100 MHz spectrometer.

Reactions of the Aminonitropyridine Derivatives with Bases

2 Reactions of 3-j)J-ethoxycarbonyl-JVp-nitrobenzylamino-2-nitro
pyridine (160).

(A) With sodium ethoxide. A solution of the alkoxide /"from

sodium (0.14g) in ethanol (30ml); was added dropwise, with stirring,

to a suspension of 3-N-ethoxycarbonyl-N-£-nitrobenzylamino-2-

nitropyridine (160) (1.05g) in ethanol (30ml) to give a bright

red solution. The solution was then heated under reflux for 2 h.

(during which time a precipitate was formed+), cooled and filtered.

The filtrate was evaporated in vacuo and the residue extracted with

chloroform : water (1:1).

Acidification (hydrochloric acid) of the aqueous layer gave a

yellow solid which was shown by H.P.L.C. to be a mixture of £-

nitrobenzoic acid (173) and 2-£-nitrophenyl-lH-imidazo/r4,5-b;

pyridine-3-oxide (164). The solid was extracted with boiling benzene
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and the solvent evaporated in vacuo to give p-nitrobenzoic acid

242u ,identified by comparison (IR. and H.P.L.C.) with authentic

material. The benzene-insoluble material was 2-p-nitrophenyl-lH-

imidazo/"4,5-b;pyridine-3-oxide (164) (0.36g, 46%), m.p. 332-338 (d)

(from £,N-dimethylformamide), identified by M.S. and I.R. A further

quantity (30mg., 6%) of £-nitrobenzoic acid (173) was recovered by

evaporating the aqueous filtrate in vacuo and extracting the

residue with boiling benzene.

The chloroform layer was dried (sodium sulphate) and evaporated

in vacuo to yield a red residue (0.37g), which by T.L.C. /"eluting

solvent, chloroform : tetrahydrofuran (1:4); contained a minimum of

eight compounds, one of which was 3-amino-2-nitropyridine (170). The

aminonitropyridine (170) was isolated by chromatography of the

residue on silica gel and purified further by preparative T.L.C.,

the solvent in each case being tetrahydrofuran : chloroform (1:1).

The final product was identified as 3-amino-2-nitropyridine (170)
72

(0.03g,7%), m.p. 189-192° (lit. m.p. 195-196° )by comparison

(I.R. and T.L.C.) with authentic material.

+ The precipitate was a red solid (0.15g) and dissolved in boiling

water. No precipitate appeared on cooling or on acidification

(hydrochloric acid), and so the solution was extracted with

chloroform. T.L.C. /"eluting solvent, tetrahydrofuran : chloroform

(4:1); on both the organic and aqueous layers showed several

compounds, all unidentified.

benzene), (lit. m.p. 238
o10l+
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(B) With diethyl amine. Diethyl amine (0.44g) in ethanol (30ml)

was added, with stirring, to a suspension of 3-£-ethoxycarbonyl-£-

£-nitrobenzylamino-2-nitropyridine (160) (1.05g) in ethanol (30ml)
and the mixture heated under reflux for 2 h. The resulting red-

orange solution was then cooled, the ethanol evaporated in vacuo

and the residue extracted with chloroform : water (1:1).

Acidification (hydrochloric acid) of the aqueous layers gave

2-£-nitrophenyl-lH_-imidazo/"4,5-b;pyridine-3-oxide (164) (0.03g,4%)
identified by I.R.

The chloroform layer was dried (sodium sulphate) and evaporated

in vacuo to give a viscous oil which when triturated with a little

ether gave the starting material (160) (0.92g,88%), m.p. 70-72°.
(from methanol).

2 Reactions of 2-nitro-3-(N-£-nitrobenzyl-_N-£-toluenesulphonyl)

aminopyridine (161)

(A) With sodium methoxide The reaction of (161) (0.86g) in methanol

(20ml) with sodium methoxide solution /"from sodium (0.092g) in

methanol (30ml); was carried out by a procedure similar to that

described in _1_ (A).

The dry, chloroform layer was evaporated in vacuo and to the

residue was added a little chloroform. The chloroform - insoluble

material was 2-£-nitrophenylimidazo/"4,5-b;pyridine (171) (0.02g,4%)
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identified by comparison (I.R. and M.S.) with authentic material.

The chloroform-soluble material was shown, by T.L.C. /"developed

with chloroform : butanone (90:10);, to contain a minimum of eight

compounds, two of which were 3-amino-2-nitropyridine (170) and

3-methoxy-2-£-ni trophenyl —3_H-imi dazo ;4,5-b;pyri di ne (177). (for

preparation see p.200)

Acidification (hydrochloric acid) of the aqueous layer gave

an orange solid which partially dissolved in chloroform. The

chloroform-insoluble material was 2-p-nitrophenyl-IH-imidazo

/"4,5-b;pyridine-3-oxide (164) (0.08g,16%). The chloroform-

soluble material was shown, by T.L.C. /"developed with chloroform:

tetrahydrofuran (90:10);, to contain a minimum of eight compounds.

The aqueous filtrate was then extracted with chloroform, the

organic layer dried (sodium sulphate) and evaporated in vacua

to give p-nitrobenzoic acid (173)(0.24g,72%), identified by

comparison with an authentic sample.

(B) With diethyl amine. The reaction of (161) (0.86g) in ethanol

(20ml) with a solution of diethyl amine (0.6g) in ethanol (50ml)

was carried out by a procedure similar to that described in J_(B).
In this case, precipitation occurred when the reaction mixture

was cooled. The product was filtered off and shown to be the

starting sulphonamide (161) (0.25g,29%), m.p. 172-174° (from

propan-2-ol). The filtrate was evaporated in vacuo and the residue

extracted with chloroform : water (1:1). In an isolation procedure

similar to that described in_2(A), 2-p>-ni trophenyl i mi dazo /"4,5-b;
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pyridine (171) (0.02g, 4%) was obtained from the organic layer. In

addition, 3-amino-2-nitropyri di ne (170) was shown, by T.L.C., to be

present in a mixture of at least five compounds.

Acidification (hydrochloric acid) of the aqueous layer gave

2-p-nitrophenyl-IH-imidazo/"4,5-b;pyridine-3-oxide (164), (0.17g,

33%).

21. Reactions of 3-(jN-Methanesulphonyl-N-p-nitrobenzyl )amino-2-

nitropyridine (162)

(A) With sodium methoxide. The reaction of (162) (0.88g) in methanol

(20ml) with sodium methoxide solution /"from sodium (0.115g) in

methanol (30ml); was carried out by a procedure similar to that

described in j_(A). In this case, however, the extracting solvent was

ether and not chloroform.

In the isolation procedure, the aqueous layer yielded 2-p-

nitrophenyl-lH_-imidazo/"4,5-b7pyridine-3-oxide (164) (0.15g, 23%)
and £-nitrobenzoic acid (173) (0.27g, 65%). In addition, 3-amino-2-

nitropyridine (170) was detected, by H.P.L.C., in a mixture of five

compounds found in the residue of the evaporated aqueous filtrate.

The ether layer was dried (sodium sulphate) and evaporated

in vacuo, and to the residue was added a little methanol. The

methanol-insoluble material was 2-p-ni trophenyl i mi dazo/"4,5-_b;

pyridine (171) (0.04g, 6%) identified by comparison (I.R., H.P.L.C.,
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and M.S.) with an authentic sample. The methanol-soluble material

was shown, by H.P.L.C., to contain six compounds, two of which

were 3-amino-2-nitropyridine (170)and possibly, methyl p-

nitrobenzoate (184) although it is noted that the latter compound

has a similar Rf value to that of the starting sulphonamide (162).

The methanol was evaporated in vacuo to give a red viscous oil

whose I.R. /"1715 (C=0), 1510 and 1340 cm ^ (NO^); and M.S.(found
m/e 181), although not identical with those of the authentic compound,

do suggest the presence of methyl p-nitrobenzoate (184).

When the above reaction was carried out at room temperature

instead of at reflux temperature the product ratio did not alter

significantly, with 2-p-nitrophenyl-lH_-imidazo/"4,5-b_;pyridine-3-
oxide (164) (20%), p-nitrobenzoic acid (173) (65%) and 2-p-

nitrophenyl-lH_-imidazo/"4,5-b_7pyridine (171) (4%) being obtained.
Once again a trace of 3-amino-2-nitropyridine (170) and possibly

methyl j?-nitrobenzoate (184) were, in addition to four other

products, detected by T.L.C.

(B) With diethyl amine The reaction of (162) (3.52g) in ethanol

(80ml) with a solution of diethylamine (1.48g) in ethanol (10ml)

was carried out by a procedure similar to that described in 1_(I3)-

As described in_2(B), the starting sulphonamide (162) (0.93g,

26%), m.p. 120-122° (from methanol) was recovered from the cooled

reaction mixture. However, when the reaction filtrate was evaporated

in vacuo and the residue extracted with chloroform : water (1:1)
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there remained material which was insoluble in both chloroform

and cold water. This insoluble material was dissolved, as far as

possible, in boiling water (2L) which was then acidified (hydrochloric

acid) to give 2-£-nitrophenyl-lH-imidazo/"4,5-b;pyridine-3-oxide (164)

(0.50g, 20%).

In an isolation procedure similar to that described in_2(A),

2-£-nitrophenylimidazo/"4,5-b;pyridine (171) (0.10g, 4%) was obtained
from the organic layer. In addition a further quantity (0.22g, 6%)

of the starting sulphonamide (162) was obtained from the chloroform

- soluble material (which T.L.C. showed to contain nine compounds)

by evaporation of the solvent in vacuo, followed by recrystallisation

of the residue from methanol.

Acidification (hydrochloric acid) of the aqueous layer gave

2-p-nitrophenyl-lH-imidazo/"4,5-b;pyridine-3-oxide (164) (0.10g, 4%).

On a smaller scale, 25% of the above reaction, the starting

sulphonamide (162) (27%), 2-£-nitrophenyl-lH_-imidazo/"4,5-_b;-pyridine-

3-oxide (164) (14%) and 2-£-nitrophenylimidazo/"4,5-b_;-pyridine (171)

(3%) were obtained. In addition, T.L.C. /"developed with chloroform :

tetrahydrofuran (90:10); of the organic layer showed at least eight

compounds: one of these (not a major product) had a Rf value similar

to 3-ethoxy-2-£-nitrophenyl-3H-imidazo;4,5-b;pyridine, (for

preparation of this compound, see p.201).

When the reaction described in _3(B) was carried out with a

reaction time of 6 h., instead of 2 h., and with two aliquots

of diethylamine (1.48g) in ethanol (10ml), (the second aliquot
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being added after 3 h. at reflux temperature), 2-p_-ni trophenyl-

ljd-imidazo/"4,5-b;pyridine-3-oxide (164) (36%) and 2-p-ni trophenyl -

imidazo/"4,5-b_;pyridine (171) (5%) were obtained. In this reaction,

unreacted starting material (162) was not recovered.

(C) With triethyl amine Triethylamine (0.51g) in ethanol (10ml)

was added, with stirring, to a suspension of 3-(_N-methanesulphony!-N-

£-nitrobenzylamino)-2-nitropyridine (162) (0.88g) inethanol (40ml)
and the mixture heated under reflux for 2 h. The reaction mixture

was then cooled and the resulting precipitate filtered off, washed

with ethanol (10ml), and dried to give the starting sulphonamide (162)

(0.72g, 82%). The filtrate was evaporated in vacuo and the residue

extracted with chloroform : water (1:1). There was however, a

little material which was insoluble in both cold water and chloroform.

This material was dissolved, as far as possible, in a large volume

of boiling water, and this solution on acidification (hydrochloric

acid) gave a yellow solid which H.P.L.C. showed to be mainly

2-p-ni trophenyl -1JH-imi dazo /4,5-b_;pyri dine-3-oxide (164) (ca 1 %)wi th
a trace of 2-£-nitrophenylimidazo/"4,5-b_jpyridine (171).

The organic layer was dried (sodium sulphate) and evaporated

in vacuo. T.L.C. /"developed with chloroform : tetrahydrofuran (90:10);

showed the residue to contain five compounds, two of which had Rf

values similar to the starting sulphonamide (162) and 3-ethoxy-2-

jo-ni trophenyl -3H-imi dazo /"4,5-_b;pyridi ne.

Acidification (hydrochloric acid) of the aqueous layer gave no

precipitate.
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When the above reaction was carried out with a reaction time

of 40 h. instead of 2 h. the following result was obtained.

Using the isolation procedure described in_3(B), 2-p-nitrophenylimidazo-

/"4,5-b/pyridine (171) (3%) and the starting sulphonamide (162)

(26%) were obtained from the organic layer.

The material which was insoluble in both cold water and

chloroform was dissolved, as far as possible, in a large volume of

boiling water and this when acidified gave, on filtration, 2-p-

nitrophenyl-ljH-imidazof4,5-b;pyridine-3-oxide (164) (16%). The
filtrate was then evaporated in vacuo and H.P.L.C. of the residue

showed traces of the JN-oxide (164) and the reduced product (171).

(d) With sodium carbonate. Sodium carbonate (0.53g) was added

to a suspension of 3-(_N-methanesulphonyl-N-p-nitrobenzylamino)-2

nitropyridine (162) (0.88g) in ethanol (50ml) and the mixture

heated under reflux for 2 h. The reaction mixture was then cooled,

the solvent evaporated in vacuo and the residue extracted with

ether : water (1:1).

Acidification (hydrochloric acid) of the aqueous layer gave a

slight precipitation which when filtered was shown to be 2-p-

nitrophenyl-lH-imidazo/"4,5-b7pyridine-3-oxide (164) (O.Olg, 1%).
The ethereal layer was dried (sodium sulphate) and evaporated

in vacuo to give the starting sulphonamide (162) (0.64g, 73%).

_4 Reactions of 2-ni tro-3-_N-£-ni trobenzyl aminopyri di ne (163)
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(A) With sodium methoxide Sodium rnethoxide solution /"from

sodium (0.116g) in methanol (30ml)7 was added, with stirring,

to a suspension of 2-nitro-3-N-p-nitrobenzylaminopyridine (163)

(0.69g) in methanol (20ml) and the mixture heated under reflux

for 6 h.

The deep red solution was then cooled, the solvent

evaporated in vacuo and the residue extracted* with chloroform :

water (1:1).

Acidification (hydrochloric acid) of the aqueous layer

gave a precipitate which was filtered off, washed with water and

dried to give 2-p-nitrophenyl-lH_-imidazo/'4,5-b7pyridine-3-oxide

(164) (0.60g, 93%).

The chloroform layer was dried (sodium sulphate) and evaporated

in vacuo. The residue (10-20mg) was shown, by H.P.L.C., to contain

a minimum of eight compounds, one of which was 3-amino-2-nitropyridine

(170).

+ Sometimes, particularly in larger scale preparations, there

remains material which does not dissolve in either cold water or

chloroform. The material is the sodium salt of 2-p-nitrophenyl-lH

-imidazof4,5-b7pyridine-3-oxide and dissolves in boiling water.

Acidification (hydrochloric acid) gives the _N-oxide (164).
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(B) With diethyl amine. Diethylamine (0.37g) in ethanol (10ml)

was added, with stirring, to a suspension of 2-nitro-3-_N-_p-

nitrobenzylaminopyridine (163) (0.69g) in ethanol (30ml) and the

mixture heated under reflux for 6 h./"After 3 h., a further aliquot

of diethylamine (0.37g) in ethanol (10ml) was added to counter

volatility;. The resulting deep red solution was then cooled,

the precipitate filtered, washed with ethanol (10ml) and dried

to give the unreacted ja-nitrobenzyl compound (163) (0.09g, 13%).
The reaction filtrate was then evaporated in vacuo and the residue

extracted with chloroform : water (1:1). The material which was

insoluble in both cold water and chloroform was dissolved, as

far as possible, in boiling water (2 litres) which when acidified

gave 2-p-nitrophenyl-lH-imidazo/"4,5-b;pyridine-3-oxide (164)

(0.33g, 51%).

The chloroform layer, when dried (sodium sulphate), was

evaporated in vacuo and the residue recrystal1ised from ethanol

to give the unreacted _p-nitrobenzyl compound (163) (0.07g, 10%).

The aqueous layer, when acidified (hydrochloric acid), gave

2-£-nitrophenyl-lH_-imidazo/"4,5-_b;pyridine-3-oxide (164) (0.13g, 20%).

2-ja-Ni trophenyl-1_H-imidazo;4,5-b;pyri dine-3-oxide (164) obtained

in these reactions, was recrystal1ised from N,N-dimethylformamide

It was pale yellow and decomposed below its m.p., at ca 330-340°.
(Found: C, 55.77; H, 2.97; N, 21.84. C^HgN^ requires C, 56.25;
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H, 3.15; N, 21.87%). vmaxl505 and 1345 cm"1 (N02). 6(DMS0 d-6)
7.35 (lH,dd,H-6), 8.14 (lH,dd,H-7), 8.33-8.61 (5H,AA1BB' + dd

(hidden), £-02N .CgH^+H-5), Jg g 4.6 Hz., Jg ^ 1.5 Hz., Jg -j 8.0 Hz.
m/e 256 (M+', 25%)+, 241(16), 240(100)+, 210(9), 195(11), 194(71)+,
193(15), 182(13), 150(23), 140(11), 103(20), 102(15), 92(12), 91(10),

78(42), 77(12), 76(26), 75(16), 65(20), 52(14), 51(19), 50(21).

The compound was substantially insoluble in common organic

solvents e.g. chloroform, benzene, acetone, methanol, ethanol,

ethyl acetate and only slightly soluble in dimethyl sulphoxide,

acetic acid, 2-methoxyethanol, pyridine and _N,_N-dimethylformamide.

+ Found: 256.060266, C-^HgN^Og requires 256.059635
240.064510, C12HgN402 requires 240.064721, (M-0]+
194.071235, C12HgNg requires 194.071819, ^M-0-N02;+

3-Methoxy-2-p-nitrophenyl-3H_-imidazo/"4,5-_b;pyridine (1 77)

A solution of dimethyl sulphate (1ml) in methanol (2ml) was added

dropwise, with vigorous stirring, to a warm (60-65°) suspension

of the N-oxide (164) (0.22g) in 2tn sodium hydroxide (5ml). The

resulting grey suspension was stirred for a few minutes, after

which time a further portion of 2W sodium hydroxide (10ml) and water

(10ml) were added. The mixture was stirred for 30 minutes, the

temperature being maintained at 60-65°, and was then cooled and

filtered. The product was washed well with water and recrystallised

from propan-2-ol, to yield the methoxy-compound (177) (0.14g, 60%),

m.p. 217-219°, as small pale green flakes. (Found: C, 57.57;
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H, 3.59; N, 20.65. C13H10N403 requires C, 57.78; H, 3.73; N,
20.73%). V a 1520 and 1345 cm"1 (NO,). 5(CDC1,) 4.25 (3H,s,itlq x l, >j

CH3), 7.33 (1H ,dd,H-6), 8.11 (lH,dd,H-7), 8.32 (5H,m,p-02N.
CgH4+ H-5), J5 g 4.8 Hz., Jg y 1.2 Hz., Jg y 8.2 Hz. 6(DMS0 d-6)
4.30 (3H,s,CH3), 7.47 (lH,dd,H-6), 8.26 (lH,dd,H-7), 8.56 (lH,dd,
H-5), 8.52 (4H,s,£-02N.CgH4), Jg g 4.8 Hz., Jg y 1.4 Hz., Jg ?

8.2 Hz. m/e 270 (M+-, 89%)+ 271(15), 254(12), 241(10), 240(54)+,
239(10), 210(11), 195(14), 194(100)+, 193(38), 150(25), 104(13),

102(23), 92(12), 91(25), 78(16), 77(24), 76(29), 75(16), 65(11),

64(21), M* 213.3 ((240)2/270;, 156.8 /"(194)2/2407

+ Found: 270.073851 , C-|3H-|qN403 requires 270.075284
240.065643, C-^HgN^ requires 240.064721 , /M-HCH07+
194.070511 , C12HgN3 requires 194.071819, /"M-HCHO-NO2J+

3-Ethoxy-2-£-nitrophenyl-3H_-imidazo/'4,5-£ipyridine (198), m.p. 149-

151° (from propan-2-ol), was similarly obtained (small yellow

needles, yield 63%) from the JN-oxide (164) and diethyl sulphate in

ethanol. (Found: C, 59.55; H, 4.05; N, 19.37. C-|4H-]2N403 requires
C, 59.15; H, 4.25; N, 19.71%), Vmax 1520 and 1350 cm"1 (NOg),
5(CDC13) 1.43 (3H,t,CH3), 4.53 (2H,q,CH2), 7.35 (lH,dd,H-6), 8.14
(lH,dd,H-7), 8.37-8.63 (5H,m,p-02N.CgH4 + H-5), Jg g 4.8 Hz.,
Jg 7 1.4 Hz., Jg 7 8.2 Hz., JCH ' CH 7.0 Hz. m/e 284 (M+*, 83%)+,
285(17), 255(55)+, 240(12), 239(83)+, 209(17), 194(13), 193(90)+,
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192(19), 181(11), 178(14), 151(10), 150(100), 104(30), 103(10),

102(24), 82(10), 81(12), 78(69), 77(32), 76(30), 75(15), 64(14),

51(15), 50(22).

It should be noted that, when the ethoxy-compound (198) was

recrystal1ised from propan-2-ol, a little material was collected

on the filter (hot filtration). This material would not redissolve

in propan-2-ol and was found to be 2-p-nitrophenylimidazo/'4,5-b7

pyridine (171); i.e. the ethoxy-compound (198) underwent slight

decomposition during recrystallisation.

+ Found: 284.089718; C14H]2N403 requires 284.090933
255.051576; C-^N^ requires 255.051810, /"M-C^y*
239.056486; requires 239.056896,

193.063127; C]2H7N3 requires 193.063994, fM-0C2H5-N02y+
3-Benzoyloxy-2-_p-nitrophenyl-3H-imidazoy4,5-bypyridine (199)
To a well-stirred suspension of the N-oxide (164) (0.30g) in 2m

sodium hydroxide (12ml) and N_,N_-dimethylformamide (8ml), benzoyl
chloride (2ml) was added dropwise. The mixture was then stirred

until the orange-red colour disappeared and the yellow solid was

filtered off and washed well with water. The benzoyloxy-compound

(199), m.p. 246-248° (from toluene), was obtained in almost

quantitative yield, as a yellow powder. (Found: C, 63.23; H, 3.11;

N, 15.67. C-,gH12N404 requires C, 63.33; H, 3.36; N, 15.51%). Vmax
1780(0=0), 1515 and 1345 cm"1 (N02). 6(CDC13) 7.43 (lH,dd,H-6),
8.25 (lH,dd,H-7) 8.54 (lH,dd,H-5), 7.56-7.84 (3H,m,meta and para

protons of phenyl ring), 8.26-8.36 (6H,m,jo-02N.CgH4 + ortho protons
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of phenyl ring), Jg g 5.0 Hz., Jg y 1.4 Hz., Jg y 8.2 Hz.
ra/e 360 (M+I, 1%)+, 240(3)+, 194(3)+, 193(3), 150(2), 106(9),

105(100), 91(2), 78(3), 77(23), 76(2), 51(3).

+ Found: 360.086816; ^]g^i2^4®4 requires 360.085848
240.064510; C^HgN^ requires 240.064721 , (M-CgH5C02+H) +
194.071045; C]2HgN3 requires 194.071045, (M-CgH5C02-N02+H)+

5 Reactions of 3-(N_-methanesulphony!-N-methylamino)-2-nitropyridine

(196)

(A) With sodium ethoxide. 3-(_N-Methanesul phony!-N-methyl ami no)-2-

nitropyridine (196) (0.46g) was dissolved in sodium ethoxide [from

sodium (0.092g) in ethanol (30ml); and the solution heated under

reflux for 2 h. The ethanol was then evaporated in vacuo and the

residue extracted with ether : water (1:1). The ethereal layer was

dried (sodium sulphate) and evaporated in vacuo and the residue

recrystal1ised from methanol to give 2-ethoxy-3-N-methanesulphonyl-

N-methylaminopyridine (197) (0.26g, 57%) as white crystals, m.p.

102-104°. (Found: C, 47.01; H, 6.20; N, 11.99. CgH14N203S requires
C, 46.94; H, 6.13; N, 12.16%); Vmax 1325 br and 1160 br cm"1 (S02);
<5( DMS0 d-6) 1.36 (3H,t,CH3.CH20), 3.02 (3H,s ,CH3-N), 3.16 (3H,s,CH3
S02), 4.40 (2H,q,CH3.CH20), 7.00 (lH,dd,H-5), 7.68 (lH,dd,H-4), 8.12
(lH,dd,H-6), J4 5 7.8 Hz., J4 g 1.8 Hz., Jg g 5.0 Hz., JCH CH 7.0 Hz.
m/e 230 (M+\ 21%), 151(82), 123(51), 107(33), 95(100), 94(11), 82(17),

78(16), 74(30), 68(34), 67(45), 66(21), 59(56), 52(13).
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(B) With sodium carbonate. When the base used in the above reaction

was sodium carbonate in ethanol, the only compound isolated was the

unreacted sulphonamide (196) (67%).

6_ Reactions of 3-nitro-2-J)[-p_-nitrobenzylaminopyridine (201)

(A) With sodium methoxide. The reaction of (201) with sodium metnoxide

solution was carried out by exactly the same procedure as described

in 4(A). The product of the reaction was 2-p-nitrophenyl-3H-imidazo

/"4,5-_b;pyridine-1 -oxide (200).(92%) obtained as a yellow powder, m.p.

328-331°(d).

In a larger scale experiment (six times the above reaction), the

yield of _N-oxide (200) was 82%. When the organic layer (from the
extraction process) was dried (sodium sulphate) and evaporated

in vacuo, the residue was shown, by T.L.C. /"developed with

chloroform : butan-2-one (95:5)7, to contain six compounds, two of

which were 2-amino-3-nitropyridine and the starting material (201).

(B) With diethyl amine. The reaction of (201) with ethanolic

diethyl amine was carried out by exactly the same procedure as described

in 4_(B). The product of the reaction was 2-_p-nitrophenyl-3H_-imidazo-

/"4,5-:b;pyridine-1 -oxide (200) (17%). Unreacted starting material

(201)was recovered in 83% yield.

2-_p-Ni trophenyl -3H-imi dazo /4,5-_b;pyri di ne-1 -oxi de (200) obtai ned

in these reactions, was recrystal1ised from _N,N-dimethylformamide,

m.p. 328-331° (d). (Found: C, 56.07; H, 3.06; N, 21.75. C^HgN^
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requires C, 56.25; H, 3.15; N, 21.87%). Vmax1510 and 1350 or
1340 cm"1 (N02); m/e (M+\ 7%) + , 241(17), 240(100)+, 210(20),
195(10), 194(63)+, 193(12), 182(10), 167(10), 103(15), 78(15),

76(15), 75(15), 65(19), 64(12), 60(21), 51(12), 50(13). N.m.r.

spectrum: not available because of low solubility.

The compound was even less soluble in common solvents than

i ts i somer, 2-p-ni trophenyl-lH_-imidazo [A, 5-_b;pyri di ne-3-oxi de

(164).

+ Found: 256.060264, C-^HgN^Og requires 256.059635
240.064048, C^HgN^ requires 240.064721 , /"M-0y+
194.072864, C^HgNg requires 194.071819, yM-0-N02y+

1-Benzoyl oxy-2-p-ni trophenyl - 1JH-imi dazo [A,5-b]pyri di ne (204) The

reaction of the _N-oxide (200) (0.60g) with 2M-sodium hydroxide

(12ml), _N,_N-dimethylformamide (8ml) and benzoyl chloride (2ml) was

carried out in the procedure described for the preparation of the

3-benzoyloxy-compound (199). The product of the reaction was

a mixture of the N-oxide (200) (0.34g, 57%) and the 1-benzoyloxy-

compound (204) (0.34g, 40%); the latter compound was however,

soluble in chloroform and was easily separated from the _N-oxide (200).

The 1-benzoyloxy-compound (204) was obtained as a yellow powder,

m.p. 205-207° (from toluene). (Found: C, 63.25; H, 3.05; N, 15.68.

C19H12N4°4 re9uires c> 63.33; H, 3.36; N, 15.55%); Vmax 1780 (0=0),
1520 br and 1350 cm-1 (N02); 6(CDC13) 7.35 (lH,dd,H-6), 7.72 (1H,
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dd,H-7), 7.50-7.85 (3H,m, meta and para protons of aryl ring), 8.22

(2H,m, ortho protons of aryl ring), 8.33 (4H,s,_p-02N.CgH4), 8.72
(1H,dd,H-5), J5 6 4.8 Hz., Jg ? 1.6 Hz., Jg y 8.2 Hz. m/e 240(35%)+
194(21 ) + , 122(29), 105(100), 77(38).

+ Found: 240.062662, C12HgN402 requires 240.064721 , /"M-CgHgCOg+Hi*
194.071778, C12HgN3 requires 194.071819, fM-CgHgC02+H-N02J+

Attempted methylation of 2-p-nitrophenyl-3H-imidazo/"4,5-b;pyridine-l-

oxide (200). The reaction of the N_-oxiae (200) with dimethyl sulphate
in aqueous sodium hydroxide was carried out by the procedure described

(p.200) for the preparation of 3-methoxy-2-_p-nitrophenyl-3H_-imidazo

/"4,5-b./pyridine (177). Filtration of the reaction mixture gave a dark

orange solid (0.14g) which dissolved completely in chloroform. Attempts

at recrystallisation were unsuccessful. Propan-2-ol and toluene were

tried but in each case an impure product, containing three or possibly

four compounds (shown by T.L.C., developed using chloroform 90 : ethyl

acetate 10), was obtained with a low accountance ( ca 20%) of the weight

of sample recrystal1ised.

This impure product was however sharp melting, m.p. 286-288°,

Vmax and cm""' ('^2^ (S1'mi"'ar t0 that the crude reaction
product). 6(CDC13) 4.40 (3H,s,CH3-N or CH^O), 7.13 (lH,dd,H-6), 7.72
(lH,bd,H-5), 8.29-8.64 (5H,AA'BB' ,p-02iN.CgH4+H-7), Jg g 6.4 Hz., Jg y

0.6 Hz., Jg -j 7.8 Hz. m/e 270 (M+'small)+ with other peaks at m/e
254+, 224+, 208+ and 193 with very few peaks below m/e 193.
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+ Found: 270.074643, C-,■]0^4°3 re9uires 270.075284

254.079142, requires 254.080370 [M-0;+

224.083605, C^^O requires 224.082382 ;M-0-N0;+
208.086512, C13H1QN3 requires 208.087468 [M-0-N02;+

1_ Reactions of 3-ji-methanesulphonyl-N(-phenacylamino-2-nitropyridine

a83)

(A) With sodium ethoxide. A solution of sodium ethoxide [from

sodium (0.115g) in ethanol (30ml); was added dropwise, with stirring,

to a suspension of 3-_N-methanesulphony!-N-phenacylamino-2-nitropyridine

(183) (0.84g) in ethanol (20ml). The mixture was then heated under

reflux for 2 h. after which time the dark red solution was cooled.

The ethanol was then evaporated in vacuo and the residue extracted"1"
with ether : water (1:1).

The ethereal layer was dried (sodium sulphate), evaporated in

vacuo and to the residue was added a little ether. The ether-insoluble

material was filtered to give tan-coloured impure 2-benzoylimidazo-

/■4,5-bpyridine (195) (30-50mg, 5-9%), m.p. 255-257° [240-243°
(phase change); (from chloroform) identified by comparison ;I.R.,M.S.

and T.L.C. (developed with xylene : methanol (80;20); with authentic

material (for preparation, see below). The ether-soluble fraction

contained (as shown by H.P.L.C.) at least twelve compounds.

Acidification (hydrochloric acid) of the aqueous layer gave a

dark red solid (20mg) which contained (as shown by H.P.L.C.) five
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compounds one of which was possibly 3-amino-2-nitropyridine (170)

The aqueous layer was then evaporated in vacuo and methanol added

to the residue. H.P.L.C. of the methanol soluble fraction showed

five compounds.

When the molar ratio of base to starting material (183) was

1:1 similar results to the above were obtained.

+ A little material which did not dissolve in either water or ether

was identified as 2-benzoylimidazo/"4,5-_b;pyridine (195).

(B) With diethyl amine The reaction of the phenacyl compound (183)

(0.84g) with diethylamine (0.37g) in ethanol (50ml) was carried out

by a similar procedure to that described in (A) and with similar

results. Impure 2-benzoylimidazo/"4,5-b_;pyridine (195) (4%) was

isolated. Acidification of the aqueous layer in this case did not

give a precipitate.

(C) With triethyl amine The reaction of the phenacyl compound (183)

(0.84g) with triethylamine (l.Olg) in ethanol (50ml) was carried cut

by a similar procedure to that described in (A).

After 2 h. at reflux temperature, the dark red solution obtained

was cooled, the ethanol evaporated in vacuo and the residue extracted"*"
with ether : water (1:1).
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Impure 2-benzoylimidazo/"4,5-b;pyridine (195) (4%) was isolated

from the ethereal layer as described in (A). The ether-soluble

fraction contained [as shown by T.L.C. (developed using xylene :

methanol (80:20)); a minimum of ten compounds.

No precipitation occurred on acidification of the aqueous layer,

and when the water was evaporated in vacuo and the residue dissolved

as far as possible in ethanol, H.P.L.C. showed the ethanol solution

to contain four major compounds. T.L.C. /"developed using xylene ;

methanol (50:50); showed it to contain a minimum of eight compounds.

+ A brown material (0.27g) was insoluble in ether and cold water.

It was however dissolved as far as possible in boiling water and the

red solution obtained was allowed to cool. The solution was then

extracted with chloroform and the chloroform layer (dried) evaporated

in vacuo. The residue /"as shown by T.L.C. (developed using chloroform :

tetrahydrofuran (50:50)); contained a minimum of fifteen compounds.

(D) With sodium bicarbonate The reaction of the phenacyl compound

(183) (0.84g) with sodium bicarbonate (0.42g) in ethanol (50ml) was

carried out by a similar procedure to that described in (A). In this

case, however, chloroform instead of ether was used in the extraction

process. Little reaction took place and starting material (183) (86%)

was recovered (from the chloroform layer).

(E) With 1,5-diazabicyclo;4,3,0;non-5-ene (DBN) The reaction of the

phenacyl compound (183) (0.84g) with DBN (0.62g) in ethanol (50ml) was

carried out at room temperature for 2 h. After this time, the red
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solution was evaporated in vacuo and the residue extracted with ether:

water (1:1).

The ethereal layer when evaporated in vacuo gave a small amount

of an orange solid which (as shown by T.L.C.) contained five compounds.

Acidification (hydrochloric acid) of the aqueous layer gave a

precipitate in the form of a viscous oil which eventually solidified
when placed under vacuum. This solid (as shown by H.P.L.C.) contained
five major compounds plus several minor compounds.

When a catalytic amount (2 drops) of DBN was used in the above

reaction, little or no reaction took place.

(F) With potassium t-butoxide Potassium t-butoxide (0.56g)

(resublimed) was added to a warm solution of the phenacyl compound (183)
(0.84g) in t-butanol (40ml). The resulting dark red solution was

stirred at a temperature of 65-70° for 2 h. The solution was then

cooled to ca 30° (t-butanol, m.p. 24-25.5°) and filtered to give a

dark orange solid (0.88g) which (as shown by H.P.L.C.) contained seven

compounds. This solid was dissolved in water and acidified (acetic

acid) to give an orange precipitate which (as shown by H.P.L.C.)
contained the same seven compounds but in different amounts. The

aqueous filtrate was then evaporated in vacuo and chloroform added

to the residue. H.P.L.C. on the chloroform-soluble fraction showed

a minimum of five compounds. The reaction filtrate was evaporated

in vacuo and the residue extracted with ether : water (1:1). However,
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once again, H.P.L.C. showed each layer to contain several compounds.

(G) With sodium carbonate (1) Sodium carbonate (0.53g) was added

to a suspension of the phenacyl compound (183) (0.84g) in ethanol

(50ml) and the mixture heated under reflux for 2 h. to give a red

solution. The solution was then cooled, the sodium carbonate

removed by filtration, the ethanol evaporated in vacuo and the residue

extracted4" with ether : water (1:1).

Impure 2-benzoylimidazo f4,5-b;pyridine (195) (5-9%) was

isolated from the ethereal layer as described in (A). The ether-

soluble fraction was shown by H.P.L.C. to contain a minimum of ten

compounds.

The aqueous layer yielded, on acidification, a dark brown solid

(20-30mg) which (as shown by H.P.L.C.) contained at least four

compounds. The mass spectrum of this solid showed a peak at m/e 239

with other strong peaks at m/e 223 and 195 amongst others, indicating

a possible trace of 2-benzoyl-lH-imidazo/"4,5-b_/pyridine-3-oxide (212).

However, the mass spectrum was the only indication of the presence

of this compound, and attempts at purification were unsuccessful.

When the aqueous filtrate was evaporated in vacuo and ethanol added

to the residue, the ethanol-soluble fraction (as shown by H.P.L.C.)

contained five compounds.

When the above reaction was carried out by heating the reaction

mixture under reflux for 5 h. instead of 2 h. similar results were

obtained.
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+ A little material which did not dissolve in either water or

ether was identified as 2-benzoylimidazo/4,5-b7pyridine (195)

(2-3%).

(ii) The isolation procedure of reaction G/i was modified as

follows:- Water (50ml) was added to the cooled reaction mixture,

dissolving the sodium carbonate present. Acidification (hydrochloric

acid) gave no precipitate. The solution was concentrated in vacuo

and the aqueous fraction filtered to give a brown solid (0.07g-

O.llg) which (as shown by H.P.L.C.) contained a minimum of ten

compounds one of which was 2-benzoylimidazo/"4,5-b;pyridine (195).

The aqueous filtrate was then extracted with ether, the ethereal

solution dried and evaporated in vacuo. A little methanol was

added and the residue filtered off to give 2-benzoylimidazo/"4,5-

b_;pyridine (195) (7-9%). The methanol-soluble fraction (as shown
by H.P.L.C.) contained five compounds.

(iii) Sodium carbonate (0.53g) was sprinkled on to a warm solution

of the phenacyl compound (183) (0.84g) in freshly distilled dioxan

and heated under reflux for 2 h. The resulting red solution was

cooled and filtered and the filtrate evaporated in vacuo to give a

red viscous oil. Trituration of the oil with little ether gave

starting material (183) (75%).

(H) With ammonia (i) Aqueous ammonia /jd 0.88: 1.24g (=0.43g NH^)7
diluted with ethanol (20ml) was added dropwise, with stirring, to a

suspension of the phenacyl compound (183) (0.84g) in ethanol (30ml).
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The resulting red mixture was stirred at room temperature for 5

days. /"After 2 days a second portion of ammonia (1.24g) in ethanol

(20ml) was added;. The mixture was then filtered to give a dark

red solid (0.06g). This solid contained (as shown by H.P.L.C.)

several compounds one of which may have been starting material (183).

The mixture was dissolved as far as possible in warm water and

extracted with chloroform, but both the organic and aqueous layers

contained (as shown by H.P.L.C.) at least five compounds.

The original ethanolic filtrate was then evaporated in vacuo

and the residue extracted with chloroform : water (1:1).

The chloroform layer^ was dried (sodium sulphate) and

evaporated in vacuo to give a dark green material which contained

(as shown by H.P.L.C.) three major compounds, two of which were

3-_N-methanesulphonyl-amino-2-nitropyridine (180) and 2-benzoyl-4

(5)-phenylimidazole (218). This mixture was dissolved in chloroform

and then chromatographed on silica, with chloroform : carbon

tetrachloride (3:1) as eluant. The composition of the eluate was

monitored by H.P.L.C. H.P.L.C.-pure 2-benzoyl-4(5)-phenylimidazole

(218) (0.04g, 12%), was obtained and the mixed fractions re-

chromatographed on silica, this time eluting with chloroform : carbon

tetrachloride (1:9). This second column gave H.P.L.C.-pure 2-benzoyl

-4(5)-phenylimidazole (218) (0.07g, 24%) and the mixed fractions

collected, were again re-chromatographed on silica with chloroform :

carbon tetrachloride (1:9) as eluant. This third column gave H.P.L.C.-
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pure 2-berizoyl-4(5)-phenyl imidazole (218) (0.04gs 12%). The

H.P.L.C.-pure 2-benzoyl-4(5)-phenyliinidazole (218) (total, 0.15g;

48%), m.p. 193-194° (lit. m.p. 197-198°S°, 192-194°106) obtained

was identical (IR, M.S.,N.M.R. and analysis) with an authentic
80

sample prepared from phenylglyoxal hydrate and ammonia.

Once the H.P.L.C.-pure imidazole (218) was collected from each

column, the polarity of the eluant was increased and the compounds

eluted from the column using chloroform (250ml) and finally

methanol (250ml). These mixed fractions were collected, evaporated

in vacuo and the residue dissolved in a small volume of chloroform

which was then re-chromatographed as described. Note, that one of

the fractions eluted with methanol (from the second column) contained

a trace of 3-JN-methanesulphony!ami no-2-ni tropyridine (180) [ca 1%)
identical by I.R. and H.P.L.C. with an authentic sample. Compound

(180) was also detected (by H.P.L.C.) as a component of other

fractions.

Acidification of the aqueous layer yielded no precipitate and

the solution was therefore evaporated in vacuo and' the residue was

shown (by H.P.L.C.) to contain four compounds, one of which was

3-amino-2-nitropyridine (170). Attempts to isolate (170) by re-

crystal 1 isi ng the residue from propan-2-ol proved to be unsuccessful.

Another attempt to isolate (170) by redissolving the residue in

water and basifying the solution with sodium hydroxide (2WI) also

proved to be unsuccessful.
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By repeating the above experiment, the chloroform extract

marked^ was analysed quantitatively by H.P.L.C., and the yield

of the imidazole (218) was estimated as 66%.

(ii) The procedure was the same as in H/i but the reaction was

conducted at reflux temperature for 2 h. instead of room temperature

for 5 days. The chloroform layer^ was evaporated in vacuo and

the residue was shown (by H.P.L.C.) to contain seven compounds, two

of which were the sulphonamide (180) and the imidazole (218). A

little chloroform was added to the residue and the mixture filtered

to give the imidazole (218) (0.06g, 19%), m.p. 196-198° (from carbon

tetrachloride). T.L.C. /'development with chloroform : tetrahydro-

furan (50:50); showed a pure compound. The chloroform - soluble

material was then purified by a) chromatography on silica /eluting

solvent: chloroform/tetrahydrofuran (50:50); and b) twice by

preparative T.L.C. /"development, with chloroform; to yield H.P.L.C.

-pure imidazole (218) (0.12g, 39%) and sulphonamide (180) (0.04g,

7%) identified in each case by comparison with authentic material.

The aqueous layer was acidified and evaporated in vacuo. The residue

was dissolved as far as possible in ethanol, and H.P.L.C. of the

ethanolic solution showed eight compounds, one of which might have

been 3-amino-2-nitropyridine. However, T.L.C. /development with

chloroform : tetrahydrofuran (50:50); did not show 3-amino-2-

ni tropyri dine.
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By repeating the above experiment, the chloroform extract

marked^ was analysed quantitatively by H.P.L.C., and the yield

of the sulphonamide (180) was estimated as 23%.

8 Reactions of 3-N-methanesulphony!-_N-phenacylamino-2-nitropyridine

(183) with bases in the presence of o-phenylenediamine (220).

(A) With ammonia Aqueous ammonia (d; 1.24g (=0.43g NH^)7 diluted
with ethanol (25ml) was added dropwise to a suspension of the phenacyl

compound (183) (0.84g) and o-phenylenediamine (220) (0.27g) in

ethanol (30ml). The mixture was heated under reflux for 2 h., cooled

and the ammonia and ethanol evaporated in vacuo. The residue was

extracted with hot petroleum (b.p. 40-60), and the petroleum was then

evaporated in vacuo to give 2-phenylquinoxaline (221) (0.21g, 41%),
8 1

m.p. 77-78° (from ethanol), (lit. m.p. 78°), identical (IR.,N.M.R.,

M.S. and H.P.L.C.) with an authentic sample prepared from phenylglyoxal

hydrate (219) and o_-phenylenediamine (220).

The petroleum-insoluble product was extracted into chloroform :

water (1:1). The chloroform layer was dried (sodium sulphate) and

evaporated in vacuo to give a partially crystalline solid, the main

components of which were (as shown by H.P.L.C.) the quinoxaline (221)

and 3-N-methanesulphonylamino-2-nitropyridine (180). The mixture

was dissolved in a small volume of chloroform and chromatographed

on silica, twice, with ether as eluant to give the quinoxaline (221)

(0.24g, 47%) and the sulphonamide (180) (0.08g, 14%).
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The aqueous extract was shown by H.P.L.C. to contain a mixture

of four compounds, one of which appeared to be 3-amino-2-nitropyridine.

Attempts to isolate 3-amino-2-nitropyridine by recrystallising the

residue (obtained on evaporating the aqueous layer in vacuo) from

propan-2-ol proved to be unsuccessful.

(B) With diethyl amine When the above reaction was carried out with

diethylamine (0.37g) in place of ammonia, the residue (obtained by

evaporation of the diethylamine and ethanol) was extracted directly

into chloroform : water (1:1). The chloroform extract was then

chromatographed twice on silica with ether as the eluant to give the

quinoxaline (221), (0.42g, 81%), m.p. 76-78° (from ethanol). Note,

that in this reaction, 3-N-methanesulphonylamino-2-nitropyridine (180)

was not detected (by T.L.C., development with chloroform) in the

chloroform extract. Also, 3-amino-2-nitropyridine was not detected

(by T.L.C., development with chloroform : tetrahydrofuran (50:50)) in

the aqueous layer.

(C) With sodium ethoxide When the reaction described in (B) was

carried out with sodium ethoxide [from sodium (0.115g) in ethanol

(25ml); in place of diethylamine, 2-phenylquinoxaline (221) (0.36g,

70%), m.p. 76-78° (from ethanol) was obtained. Once again neither

the sulphonamide (180) nor 3-amino-2-nitropyridine (170) was detected.

9_ Reaction of 3-ji-methanesul phony!-N-phenacyl ami no-2-ni tropyri dine

(183) with o^-phenyl enedi ami ne (220) alone.

o-phenylenediamine (220) (0.27g) was added to a suspension of the

phenacyl compound (183) (0.84g) in ethanol (50ml) and the mixture
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heated under reflux for 2 h. The resulting red solution was then

cooled and filtered to give unreacted starting sulphonamide (183)

(0.62g, 74%), m.p. and mixed m.p. 139-141°. The filtrate was then

evaporated in vacuo and the residue extracted with chloroform : water

(1:1). The chloroform layer was shown by T.L.C. (development with

chloroform : tetrahydrofuran (50:50)) to contain a minimum of ten

compounds, two of which were the quinoxaline (221) and the diamine

(220). The aqueous layer was evaporated in vacuo and a little

methanol added to the residue. The methanol-soluble fraction

contained (as shown by T.L.C.) a minimum of four compounds.

2-Benzoyl imidazo/"4,5-b7pyridine (195) A solution of 2,3-diaminopyridine

(178) (Ig) and phenylacetic acid (1.41 g) in ethanol (10ml) was heated

under reflux for 15 mins. The ethanol was then evaporated in vacuo

and the residue heated at 190° for 1 h. The melt crystallised when

cooled and was recrystal1ised three times from ethanol (with charcoal)

to give 2-benzylimidazo/"4,5-b7pyridine (0.73g, 38%), m.p. 188-191°
107 79108

(lit. m.p. 191° , 192-194° ' ). This compound was then
109

oxidised by manganese dioxide in freshly distilled dioxan as in
79

the published method to give 2-benzoy]imidazo/"4,5-_b7pyridine (195)

(0.57g, 27%) , m.p. 259-260° (with phase change at 240-244°) (from
n

propan-l-ol), flit m.p. 262-264 (with phase change at 246-248) ,

262-264°1 °S7. (Found: C, 70.04; H, 3.98; N, 18.48. Calc for

C,,HqN,0 : C, 69.95; H, 4.06; N, 18.82%). Vmatf 1640 cm"1 (C=0).ij ° o max

6(TFA) 7.54-7.86 (3H,m,meta and para protons of aryl ring), 8.07 (lH,dd,

H-6) 8.42 (2H,approx.d, ortho protons of aryl ring), 8.91 (lH,d,H-5)+, 8.98
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(lH,d,H-7)+, J5 g 6.0 Hz., Jg -j 8.0 Hz. m/e 223 (M+", 20%),
196(9), 195(60), 168(7), 105(79), 104(10), 92(10), 78(10),

77(100), 51 (41 ), 50(10). M* 170.5 ({195) 2/223; , 56.5 /"(77) 2/105 7 .

+ The doublets of H-5 and H-7 are superimposed and this signal

appears as a distorted triplet.

2-Benzoyl-4(5)-phenylimidazole (218) m.p. 193-195° (from aqueous
n80 o 11 o

pyridine) (lit. m.p. 197-198 , 192-194 ) was obtained from

phenylglyoxal hydrate (219) and ammonia, according to the published

method.80 Vmav 3270 (N-H), 1620 cm"1 (C=0), 6(DMS0 d-6) 7.25-8.75I i Id A

(HH,m,aryl +H-4(5)), 9.65 (lH,bs,N-H), m/e 248 (M+\ 67%), 249(11 ),

221(13), 220(76)+, 119(19), 117(20), 105(84), 89(12), 78(10), 77(100),

57(23), M* 195.2 /(220)2/248;.

+ Found: 248.093708; C16H12N20 requires 248.094958

220.099381; ClgH12N2 requires 220.100043 (M-C0]+
2-Phenylquinoxaline (221) m.p. 77-78° (from petroleum ether (b.p.

40-60) or ethanol), (lit. m.p. 76° , 78° ), yield 92%, was

obtained from o-phenylenediamine (220) and phenylglyoxal hydrate (219)
81

in ethanol as in the published method . 6(CDC1^) 7.42-8.25 (9H,m,
aryl), 9.32 (lH,s,H-3). m/e 206 (M+')+

+ Found: 206.085597, C^H-jgN2 requires 206.084394.

Attempted synthesis of 3-N-ethoxycarbonyl-Ji-phenacylamino-2-nitropyridine

(216). The reaction of 3-_N-ethoxycarbonyl ami no-2-ni tropyri di ne (165) (3g)
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in Analar acetone (15ml) and anhydrous potassium carbonate (3g)

with phenacyl bromide (3.16g) in Analar acetone (25ml) was

carried out by a similar procedure to that described for the

synthesis of 3-N-ethoxycarbonyl-N-£-nitrobenzylamino-2-nitropyridine

(160). When the reaction mixture was cooled and filtered, a biscuit-

coloured solid (4.50g) was obtained. This solid was dissolved in

water and acidified (hydrochloric acid) to give efferves&nce^C^)
and a slight precipitate (30mg), the T.L.C. (development with

chloroform) of which showed a minimum of six compounds. The aqueous

solution was then extracted with chloroform. T.L.C. (development

with chloroform) showed that the chloroform extract contained

a minimum of eight compounds.

The reaction filtrate was evaporated in vacuo to give an oil

which when placed under vacuum for 24-48 h. crystallised. /'However,

the solid (a red glass) on exposure to the atmosphere became an oil

again;. The solid was placed in ether and stirred for 30 mins. The

ether-insoluble material (2.01 g) contained /"as shown by T.L.C.

(development with chloroform : tetrahydrofuran (50:50)); a minimum

of eight compounds. The ether-soluble fraction was evaporated

in vacuo to give a partially crystallised solid. A little methanol

was added and the methanol-insoluble material filtered to give

2-benzoyl imidazo/"4,5-_b;pyri di ne (195) (0.06g, 2%), m.p. 259-261°
5 79

(with phase change at 238-241 ) (from chloroform), (lit. m.p.

262-264° (with phase change at 246-248°)) identical (I.R., M.S.)

with authentic material. The methanol-soluble fraction was shown

by T.L.C. (development with chloroform) to contain a minimum of
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fourteen compounds, one of which may have been 3-amino-2-

nitropyridine (170).

Attempted hydrolysis of 3-_N-methanesulphonyl-N-phenacylamino-2-

nitropyridine (183). The acid hydrolysis of the phenacyl compound

(183) (0.67g) was carried out by a similar procedure to that

described for the synthesis of 2-nitro-3-J)[-p_-nitrobenzylaminopyridine

(163). Dilution of the reaction mixture gave a brown precipitate

which was filtered, washed well with water and dried. H.P.L.C. of

the brown solid (80mg) showed it to contain five compounds, one of

which was benzoic acid. However, attempts to isolate benzoic acid

from the mixture by dissolving the brown solid in hot water yielded

only a slight cloudiness of solution when cooled.

The reaction filtrate was basified with solid sodium carbonate

and extracted with chloroform. The chloroform layer was dried

(sodium sulphate) and evaporated in vacuo. T.L.C. (development with

chloroform) showed the residue to contain at least nine compounds,

one of which was probably 3-amino-2-nitropyridine (170).

Reaction of 5-_N-methanesul phonyl-N-phenacyl ami no-2-ni tropyri di ne (228)

with base. Sodium ethoxide /"from sodium (0.115g) in ethanol (30ml);

was added dropwise, with stirring, to a suspension of the phenacyl

compound (228) in ethanol (20ml) and the solution heated under reflux

for 2 h. The solution was then cooled, the ethanol evaporated in

vacuo and the residue extracted with ether : water (1:1).



- 222 -

The ethereal layer was dried (sodium sulphate), evaporated

in vacuo and a little benzene added to the residue. The benzene-

insoluble material was 5-amino-2-nitropyridine (229) (0.06g, 17%),

m.p. 224-226°(d)(from benzene), (lit.100 m.p. 234-235°(d)). Vmax
3440, 3320, 3220 (N-H), 1515 (w) and 1350 cm_1(N02). 5(DMS0 d-6)
6.76 (2H,br.s,NH2), 7.05 (lH,dd,H-4), 7.83 (lH,d,H-6), 8.04 (lH,d,
H-3), J3 4 8.5 Hz., J4 6 2.5 Hz. m/e 139 (M+", 40%), 109(13),
105(39), 94(13), 93(100), 77(12), 67(11), 66(75). M* 62.2 [{93)2/
139;, 46.8 ;(66)2/937.

H.P.L.C. of the benzene filtrate showed a minimum of seven

compounds one of which was 5-amino-2-nitropyridine (229).

H.P.L.C. of the aqueous layer showed a minimum of eight compounds.

Pyridofuroxan (233) (1 ,2,5-0xadiazolo/"3,4-b;pyridine-l-(or 3-)oxide) +
To a solution of 3-amino-2-nitropyridine (170) (2.78g) in dry,

redistilled, thiophen-free benzene (500ml) and acetic acid (5ml)

was added iodosobenzene diacetate (7.82g) and the mixture stirred at

a temperature of 40° for 24 h. The solution was then evaporated

in vacuo and the residue dissolved in a small volume of chloroform

which was then chromatographed on silica with chloroform as eluant.

The chloroform fractions were collected and evaporated in vacuo

o O90
to give pyridofuroxan (233) (2.15g, 78%), m.p. 53-56 (lit. m.p. 52 ,

O 112 ]
52-53 ). For H n.m.r. values see table 6.

A similar result (yield 77%, m.p. 51-54°) was obtained when

2-amino-3-nitropyridine (234) was oxidised by iodosobenzene diacetate.
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89
+ Boulton, Halls and Katritzky reported that pyridofuroxans

are generally better prepared by the oxidation of aminonitropyridines

by iodosobenzene diacetate but did not report the experimental

details.

90
Binder et al reported a similar synthesis of pyridofuroxan from

2-amino-3-nitropyridine after the above synthesis was devised.

Reactions of pyridofuroxan (233) with ethyl acetoacetate in the

presence of a base. Sodium ethoxide /"from sodium (0.23g) in ethanol

(20ml); was added dropwise, with stirring, to a solution of pyrido¬
furoxan (233) (0.70g) and ethyl acetoacetate (1.30g) in ethanol

(20ml) and the red solution stirred at room temperature for 2 h. No

precipitate resulted from the reaction and the solvent was evaporated

in vacuo and the residue extracted with chloroform : water (1:1).

The chloroform layer was dried (sodium sulphate) and evaporated

in vacuo. H.P.L.C. showed that the residue contained a minimum of

twelve compounds, one of which was pyridofuroxan (233).

The aqueous layer was acidified (hydrochloric acid) and a slight

precipitation resulted. The solid (0.08g) was filtered off and

dried and H.P.L.C. showed that it contained three compounds. This

solid was not further examined. H.P.L.C. of the filtrate showed it

to contain five compounds and this was also not further examined.

Similarly, complex mixtures were obtained when pyridofuroxan

(233) and ethyl acetoacetate were treated with various bases in a
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procedure similar to the above. The bases used in these reactions

/"solvent, reaction time (h.), molar ratio of pyridofuroxan : ethyl

acetoacetate : base; were as follows: sodium ethoxide (ethanol,

20, 1:1:1), potassium hydroxide (ethanol, 2, 1:2:1.5), triethyl amine

(ethanol, 30, 1:1:1), triethylamine (tetrahydrofuran, 30, 1:1:1),

aqueous ammonia (tetrahydrofuran, 120, 1:1:1), n-propylamine

(tetrahydrofuran, 36, 1:1:1).

Reactions of pyridofuroxan (233) with base, a) To a solution of

pyridofuroxan (233) (0.14g) in tetrahydrofuran (1ml), diethylamine

(0.09g) was added and the mixture stirred overnight at room

temperature to give dark red solution. The tetrahydrofuran and

diethylamine were evaporated in vacuo and the residue extracted with

chloroform : water (1:1).

The chloroform layer was dried (sodium sulphate) and evaporated

in vacuo to give a brown solid (O.llg). This solid (as shown by

H.P.L.C. and T.L.C., I.R. and M.S.) was mainly pyridofuroxan (233).

H.P.L.C. and T.L.C. showed this solid to contain a trace of four

other compounds, one of which was 3-amino-2-nitropyridine (170).

Acidification of the aqueous layer gave no precipitate and so

the aqueous layer was evaporated in vacuo and the residue dissolved

in methanol. H.P.L.C. of the methanol solution showed six compounds.

(b) When the above reaction was carried out using triethylamine

instead of diethylamine, a similar result was obtained with impure
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pyridofuroxan (233) (0.10g) being recovered.

(c) Potassium hydroxide (0.14g) in ethanol (5ml) was added to a

solution of pyridofuroxan (233) (0.28g) in ethanol (5ml) and the

mixture stirred overnight at room temperature. The resulting

precipitate was filtered and washed well with ethanol to give a

black material (0.13g). This solid was involatile in the mass

spectrometer and did not give an infra-red spectrum. The solid was

dissolved in water and the aqueous solution acidified (acetic acid)

resulting in a slight precipitation. The precipitate was filtered

and washed well with water to give a brown solid. H.P.L.C. showed

that this solid was not pyridofumxan (233) and was not further

examined. The filtrate was then extracted with ether and the ether

layer extracted with saturated sodium bicarbonate. The ether layer

was then dried (sodium sulphate) and evaporated in vacuo to give a

very small amount of a yellow solid which (as shown by H.P.L.C.) was

impure pyridofuroxan (233).

The dark red ethanolic filtrate was evaporated in vacuo and the

residue extracted with chloroform : water (1:1).

The chloroform layer was dried and evaporated in vacuo to give a

yellow solid (0.07g) which (as shown by H.P.L.C.) contained two

compounds, neither of which was pyridofuroxan (233). This solid was

not further examined.

The aqueous layer was shown by H.P.L.C. to contain four compounds.
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(d) When the above reaction was carried out using ethanolic sodium

ethoxide (sodium (0.05g) in ethanol (5ml)) instead of ethanolic

potassium hydroxide, a similar result was obtained.

3-Nitro-4-pyridone was prepared in two ways: a) by the method of
113

Kruger and Mann and b) by the method of Brignell, Katritzky and
lm n

Tarhan. In the first method, 3-nitro-4-pyridftne, m.p. 279-281

(from water), (lit. m.p. 278-279°, ' 280-281° ) was obtained

in 60% yield by nitration of 4-hydroxypyridine nitrate (itself
116

prepared by treating 4-pyridone (90%) (251) with dilute nitric acid )

with a mixture of fuming nitric acid (_d 1.5) and oleum (20%). In the

second method, 3-nitro-4-pyridone m.p. 279-281° (from water) was

obtained in 49% yield by nitration of vacuum-sublimed 4-pyridone (251)
o ^ ^ ^ o .

/"m.p. 142-146 (lit. m.p. 148 )J with a mixture of fuming nitric

acid (_d 1.5) and oleum (20%).

4-Amino-3-nitropyridine (250) 4-Ethoxy-3-nitropyridine hydrochloride,

m.p. 268-270° was obtained in 79% yield by the reaction of 3-nitro-4-

pyridone with phosphorus pentachloride and phosphoryl chloride in
117 117

ethanol, as in the published method. Note that Koenigs and Freter

described this product as 4-chloro-3-nitropyridine. 4-Amino-3-

nitropyridine (250), m.p. 204-206° /"from ethanol (with charcoal);,
n96 n92

(lit. m.p. 200 , 204 ) was obtained in 78% yield by the reaction

of 4-ethoxy-3-nitropyridine hydrochloride with ammonia as in the
92

published method.
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3-Nitro-4-jN-£-toluenesulphonylaminopyridine (249) m.p. 150-152° /"from

ethanol (with charcoal);, (lit. m.p.92 148-149°), yield 80%, was

obtained from £-toluenesulphony! chloride and 4-amino-3-nitropyridine
92

(250) in pyridine as in the published method.

3-Nitro-4-N-p-nitrobenzyl-N-p-toluenesulphonylaminopyridine (244) To

a solution of 3-nitro-4-N_-£-tol uenesul phony! ami nopyri dine (249) (2.93g)
in sodium methoxide /'from sodium (0.23g) in methanol (100ml); was added

£-nitrobenzyl bromide (2.6g). The mixture was then heated under
reflux for 3 h. and on attaining reflux temperature a yellow

precipitate resulted. After 3 h. the mixture was cooled, and the product

filtered, washed well with water and then methanol and dried. The

yellow solid was then recrystallised from pyridine (or 2-methoxyethanol)

to give 3-ni tro-4-N-p-ni trobenzyl-N-_p~ to! uenesul phony! ami nopyri di ne (244)

(3.24g, 75%), fine, pale yellow lustrous needles, m.p. 268-269°.
(Found: C, 53.11; H, 3.88; N, 12.93. C19H16N406S requires C, 53.27;
H, 3.76; N, 13.08%). Vmax 1520 and 1340 (N02), 1320 and 1130 cm"1 (S02),
<5(DMS0 d-6) 2.36 (3H,s,CH3), 5.57 (2H,s,CH2), 7.37-7.79 (4H,AA' BB1 ,

CH3.C6H4.S02), 7.65-8.35 (4H,AA'BB',£-02N.CgH4), 7.74 (lH,d,H-5) 8.22
(lH,dd,H-6), 9.27 (lH,d,H-2), J2 g 1.8 Hz., g 8.0 Hz. m/e 428 (M+\
<1%)+, 293(19), 155(87), 151(15), 150(15), 92(18), 91(100), 79(87), 78(16),

77(18), 65(34), 53(10), 52(61), 51(37), 50(23).

+ Found: 428.079654, C-jgH-jgN^gS requires 428.079049.

3-Ni tro-4-N-phenacyl -N_-£-to! uenesul phonyl ami nopyri di ne (247) 3-Ni tro-

4-_N-£-to! uenesul phony! ami nopyridi ne (249) (2.93g) was dissolved in
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sodium methoxide solution [from sodium (0.23g) in methanol (100ml);.

The methanol was then evaporated in vacuo, the residue redissolved

in _N,N-dimethylformamide (50ml) and phenacyl bromide (2.4g) added.

The mixture was then stirred at room temperature for 24 h., poured on

to crushed ice and the resulting precipitate filtered. The product

was washed with water and then with methanol, dried and recrystallised

from pyridine (or 2-methoxyethanol) to give 3-nitro-4-(^-phenacyl-N_-jo-

toluenesulphony1 ami no)pyridine (247) (3.37g, 82%), pale yellow chunks,

m.p. 258-260°. (Found: C, 58.06; H, 4.21; N, 10.45. C^H^N^S
requires C, 58.39; H, 4.16; N, 10.21%). Vmax 1685 (C=0), 1540 and 1335
(N02), 1130 cm"1 (S02) 6(DMS0 d-6) 2.39 (3H,s,CH3) 5.98 (2H,s,CH2)
7.38-8.16 (l!H,m,aromatic + H-5 and H-6), 9.08 (lH,dd,H-2), g

1.6 Hz. The sample did not volatilise in the mass spectrometer.

Reaction of 3-nitro-4-N-p-nitrobenzyl-N-p-toluenesulphony!aminopyridine

(244) with base. Sodium methoxide /"from sodium (0.092g) in methanol

(50ml); was added dropwise, with stirring, to a suspension of the _p-

nitrobenzyl compound (244) (0.86g) in freshly distilled pyridine (50ml)+
and the resulting red solution heated under reflux for 2 h. The

solution was then cooled and both methanol and pyridine evaporated

in vacuo. The residue was then dissolved in water, acidified*

(hydrochloric acid) and the resulting precipitate filtered to give a

dark orange solid (0.58g). This material was soluble in 2-methoxy-

ethanol, and therefore does not presumably contain a significant

amount of the starting material (244), since the latter can be

recrystallised from this solvent. Continuous extraction with methanol
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in a Soxhlet apparatus for 48 h. and subsequent evaporation of

the methanol gave a product which was re-extracted with benzene,

and this extract was purified by dry-column chromatography (Woelm

silica TSC) with chloroform : benzene (9:1) as solvent. This gave

impure methyl p-nitrobenzoate (184) (0.03g, 8%), identified by

comparison (I.R., M.S. and H.P.L.C.) with an authentic sample.

The insoluble residue from the Soxhlet extraction was (by T.L.C.)

evidently a mixture of very polar compounds. It resisted all attempts

at further purification, was involatile in the mass spectrometer, and

gave no satisfactory infra-red spectrum.

The aqueous filtrate was then extracted with ether. The ethereal

layer was dried (sodium sulphate) and evaporated in vacuo to give a

pale yellow solid to which a little ether was again added. The ether-

insoluble material was 3-ni tro-4-N_-£-tol uenesulphony!aminopyridine (249)

(0.17g, 29%), m.p. 147-149°, identical (I.R., M.S., N.M.R. and H.P.L.C. )*
with authentic material. The ether-soluble fraction was evaporated

in vacuo and to the residue was added a little benzene. The benzene-

insoluble material was £-nitrobenzoic acid (173) (0.04g, 12%), m.p.

216-224° (crude), (lit.10^ m.p. 238°), identified by comparison (I.R.,

M.S. and H.P.L.C.) with authentic material. The aqueous layer was shown

(by H.P.L.C.) to contain at least eight compounds.

+ Pyridine was used as a co-solvent since the pyridine compound (244)

was insoluble in refluxing sodium methoxide solution.
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=f Acidification was carried out prior to the extraction because the

basic solution proved extremely difficult to extract.

$ The solvent system used in the H.P.L.C. for this particular compound

was acetonitrile because this compound was precipitated on the top of

the column when water : methanol (50:50) was used.

Reaction of 3-nitro-4-(N-phenacyl-£-£-toluenesulphony!amino)pyridine (247)
with base. In a procedure similar to that described for 3-nitro-4-(N-£-

nitrobenzyl-£-£-toluenesulphonylamino)pyridine (244), the phenacyl

compound (247) (0.82g) in pyridine (35ml) was treated with sodium

methoxide /"from sodium (0.092g) in methanol (70ml)].

Acidification (hydrochloric acid) of the aqueous layer gave a

precipitate which was filtered, washed well with water and dried to give

an orange solid (0.25g). T.L.C. (development with chloroform) showed

that this solid contained at least nine compounds, two of which were

major products, £-toluenesulphonamide+ and an unidentified red compound

(A) . These two compounds were separated from the mixture by preparative

T.L.C. (development with chloroform) which gave £-toluenesulphonamide

(253) (O.03g, 9%) and compound (A) (0.05g). The aqueous filtrate was

evaporated in vacuo and to the residue was added a little methanol. The

methanol-soluble fraction was shown (by T.L.C.) to contain several

compounds, one of which was 3-ni tro-4-N_-£-tol uenesul phony! ami nopyri dine

(249).

The ether layer was dried (sodium sulphate) and evaporated in

vacuo to give a red residue the T.L.C. (development with chloroform)

of which showed p-to!uenesulphonamide (253) and compound (A) with
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several other compounds. Preparative T.L.C. (development with

chloroform) gave £-toluenesulphonamide (253) (0.06g, 18%) and

compound (A) (0.05g).

+ The total yield of £-to!uenesulphonamide (253) recovered was

27%; it had m.p. 135-137° (from water) (lit. m.p. 138.5-139°)
and was identified by comparison (I.R., M.S. and T.L.C.) with

authentic material.

* The total weight of compound (A) collected was 0.10g. T.L.C.

(development with chloroform) showed it to be slightly impure. It

had m.p. 186-188° although it began to char at aa 150°. The infra¬

red spectrum showed N03 (1540 and 1335 cm ^) and perhaps C=0 (1635 cm )
and SO^(1165 cm ^). The n.m.r. spectrum (in CDC1^) showed signals
at 6 2.40 (3H,s,CH3), 7.00-8.00 {aa 16H,m), 9.72 (lH,d) and 11.22
(lH,bs). It does not however show pyridine ring protons or methylene

protons. Compound (A) did not give a satisfactory mass spectrum, it

being too weak to be useful.

Attempted acid hydrolysis of 3-nitro-4-(J)l-£-nitrobenzyl-N_-£-

toluenesulphonylamino)pyridine (244). Sulphuric acid (c( 1.84, 2.0ml)
was added dropwise, with stirring, to a cold mixture of the £-

nitrobenzyl compound (244) (2.15g) and glacial acetic acid (1.0ml).

The temperature of the mixture was then raised to 100-105° and

maintained at that temperature for 2 h., after which time the orange

viscous solution was cooled and poured on to crushed ice. The resulting
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precipitate was filtered, washed with cold water, dried and

recrystallised from methanol to give 3-nitro-4-_N-£-nitrobenzyl-

aminopyridine _p-to! uenesul phonate (258) (1.60g, 71%), m.p. 256-

258°, as almost colourless plates. (Found: C, 50.92; H, 3.86; N,

12.47. C19H18N407S requires C, 51.13; H, 4.06; N, 12.55%). Vmax
3415 (N-H), 1515 and 1345 cm"1 (N02) <5(DMS0 d-6) 2.29 (3H,s,CH3),
5.78 (2H,s,CH2), 7.14-7.55 (4H,AA' BB' ^.CgH^SO^), 7.38 (lH,d,H-5),
7.78-8.30 (4H,AA'BB',p-02N.C6H4), 8.41 (lH,dd,H-6), 9.84 (lH,d,H-2),
9.25 (lH,bs ,N-H_), J2 g 1.4 Hz., Jg g 7.6 Hz. The sample did not
volatilise in the mass spectrometer.

Attempted acid hydrolysis of 3-nitro-4-ji-phenacyl-JN-jo-toluenesulphonyl-

aminopyridine (247) The reaction of the phenacyl compound (247) (2.46g)

with sulphuric acid (_d 1.84, 3.6ml) and glacial acetic acid (0.6ml) was

carried out by the procedure described for the acid hydrolysis of 3-

ni tro-4-_N-_p-ni trobenzyl -_N-p_-tol uenesul phonyl ami nopyri di ne (244). The

product obtained was 3-ni tro-4-Ji-phenacyl ami nopyri dine p_-tol uenesul phonate

(259) (1.31g, 51%), m.p. 228-230° (from ethanol). (Found: C, 55.53;

H, 4.26; N, 9.72. C20HlgN30gS requires C, 55.95; H, 4.46; N, 9.79%).
Vmax 3410 1695 (c=0)' 1530 and 1345 cm_1 (n02)' 6(dms0 d"6)
2.31 (3H,s,CH3), 6.18 (2H,s,CH2), 7.18-7.58 (4H,AA'BB',CH3.CgH4.S0~),
7.43 (1H,d,H-5), 7.70-8.18 (5H,m,CgH5), 8.34 (lH,dd,H-6), 9.66
(1H,d,H-2), 9.31 (lH,bs,N-H), 9.91 (1H,bs,py.N-H), J2 g 1.4 Hz.,
Jg g 7.5 Hz. The sample did not volatilise in the mass spectrometer.

4-N-Methanesulphonylaminopyridine (262). The method of Jones and
—

Katritzky was modified slightly as follows:- 4-N-methanesulphony]-
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aminopyridine hydrochloride (5.59g, 25%), m.p. 250-254 (d)
7b

(lit. m.p. 251-253 (d)) was obtained from 4-aminopyridine (lOg)

and methanesulphonyl chloride (12.15g) in toluene (125ml) as in
7b

the published method. The hydrochloride was then dissolved in

water and the pH of the solution raised to pH 6.3 with sodium

hydroxide solution (20%). The water was then evaporated in vacuo

and the residue continuously extracted with chloroform in a Soxhlet

apparatus for 25 h. The chloroform solution was then cooled and

the resulting precipitate filtered to give 4-N-methanesulphonylamino-

pyridine (262). (2.29g, 63%), m.p. 205-207° (from ethanol) (lit. m.p.74
203-204°). 6(DMS0 d-6)+ 3.00 (3H,s,CH3), 7.05-8.17 (4H ,AA1BB1,
pyridine ring protons), 9.14 (1H,bs,N-H).

+ The spectrum was recorded on a 60 MHz. "'h n.m.r. spectrometer.

Attempted nitration of 4-N_-methanesul phonyl ami nopyri di ne (262). (i)

4-N-Methanesulphonylaminopyridine (262) (l.Olg) was sprinkled on to

a stirred, ice-cold mixture of fuming nitric acid (ci 1.5, 2ml) and

sulphuric acid (_d 1.84, 1ml). The temperature of the mixture was

then raised slowly to 100° and maintained at that temperature for 1 h.

after which time the solution was cooled and poured on to crushed ice.

The resulting precipitate was filtered, washed well with water and

dried to give 4-nitramino-3-nitropyridine (278) (0.20g, 19%). The

structure of this compound (278) was suggested by its melting point

and spectroscopic properties, m.p. 189-192 (d) (crude), (lit. m.p.
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9 6 9 7
202° (d) , 204° (d) ). Vmax 3200 and 3090 (br) (N-H), 1540
and 1335 cm"1 (N02). S(DMS0 d-6)+ 7.62 (lH,d,H-5), 8.21 (lH,d,
H-6), 9.03 (1H,s,H-2), 10.00 (lH,bs,N-H). J5 g 5.7 Hz. m/e 184
(M+').

The 4-nitramino-3-nitropyridine structure (278) was further

confirmed by its reaction with hydrazine hydrate in methanol
97

according to the published procedure. The product of this reaction
9 7

was 4-hydrazino-3-nitropyridine (279),m.p. 203-205°, (lit. m.p. 207°
200°11?). V 3350 and 3230 br (N-H), 1540 and 1355 cm"1 (N09).' max v ' <-

This compound was soluble in dilute hydrochloric acid to give a

yellow solution and soluble in dilute sodium hydroxide to give a

bluish-red solution. Both solutions were decolourised with evolution

of nitrogen on gentle heating.

The acidic filtrate was basified with solid sodium carbonate

and filtered to give a small amount (0.02g) of an off-white material

which was thought to be 4-amino-3,5-dinitropyridine (280), m.p. 169-
9 6

171°, (lit.m.p. 170-171°). The mass spectrum of this compound

showed a molecular ion m/e 184.

+ The spectrum was recorded on a 60 MHz 1H n.m.r. spectrometer.

(ii) Dropwise addition of fuming nitric acid to an ice-cold mixture

of sulphuric acid and 4-N-methanesulphony1aminopyridine (262), followed

by heating the mixture at a temperature of 100° for 4 h. yielded the

same products as in (i), viz. 4-nitramino-3-nitropyridine (278) (0.13g,
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12%), m.p. 190-192° (d) and what is thought to be 4-amino-3,5-

dinitropyridine (280) (0.06g), m.p. 168-172°.

(iii)+ This reaction was carried out as in (ii) but at a temperature

of 63-65° for 2.5 h.instead of 100° for 4 h. On pouring the reaction

mixture on to crushed ice the yellow compound obtained (0.28g), m.p.

178-182°(d), was, on the basis of its "'h n.m.r. spectrum, thought to

be merely a salt of the starting sulphonamide (262). 6(DMS0 d-6) 3.41

(3H,s,CH.,), 7.56-8.68 (4H,AA'BB' ,pyridine ring protons). The "'h
n.m.r. spectrum of this solid showed three points: a) a symmetrical

pattern indicating that electrophi1ic substitution had not taken place,

b) the mesyl group still present, and c) the chemical shifts of the

pyridine ring protons downfield from those of the starting sulphonamide

(262).

Nitration of this solid, as described in (i) but at a temperature

of 80° for 2 h. instead of 100° for 1 h., gave 4-nitramino-3-nitropyridine

£278) (0.16g, 15%).

(v)+ Sprinkling 4-N_-methanesul phonyl ami nopyridi ne (262) on to a warm

(50°) mixture of fuming nitric acid and sulphuric acid, followed by

heating the mixture at a temperature of 60° for 2 h. gave the same

product as in (i ii).

+ The quantities of 4-N-methanesulphonylaminopyridine (262), sulphuric

acid and fuming nitric acid used in these reactions are as described

in (i).
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N_-_p-Ni trobenzyl to!uene-_p-sulphonamide (274). p-Toluenesulphony!
chloride (3.81g) was added dropwise to a stirred, ice-cold solution

of _p-nitrobenzylammonium acetate (4.24g) (cf. page]??), sodium

carbonate (4.45g), chloroform (50ml) and water (50ml) and the

mixture was stirred at room temperature for 18 h. The aqueous layer

was separated and extracted with chloroform and the combined chloroform

solutions dried (sodium sulphate) arid evaporated in vacuo. The residue

was recrystal 1 ised from propan-2-ol to gi ve £-_p-ni trobenzyl to! uene-_p-

sulphonamide (274) (5.16g, 84%), m.p. 121-123°. (Found: C, 54.63;

H," 4.35; N, 9.17. C14H14N204S requires C, 54.89; H, 4.61; N, 9.14%).
Vmax 3260 1510 and 1345 (n02)' 1300 w and 1160 cm_1 (S02)- 6
(DMSO d-6)+ 2.36 (3H,s,CH3), 4.13 (2H,d,CH2), 7.34-7.68 (4H,AA'BB" ,

CH3.C5H4.S02), 7.52-8.12 (4H,AA'BB1,p-02N. CgH4), 8.26 (lH,t,N-H),
J CH _NH 6.5 Hz. m/e 306 (M+\ 1%) 155(100, 151 (100), 105(17), 104(10),
92(56), 91(91), 89(16), 78(11), 77(13), 65(28).

+ The spectrum was recorded on a 100 MHz n.m.r. spectrometer.

_N-Phenacyltoluene-£-sulphonamide (255). m.p. 114-116° (from ethanol)
^ ^ g

(lit. m.p. 116-117 ) was obtained in 65% yield from the reaction of

phenacylamine hydrochloride (5.1g) with p-toluenesulphonyl chloride
113

(5.7g) in water(30ml) and acetone(30ml) as in the published method.

119
When the method of Sekiya, Kawarabata and Harh was followed N-

119
phenacyl toluene-_p-sul phonami de (255) was not obtained. The method

involved the reaction of _p-toluenesulphonyl chloride (6.9g) and anhydrous
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sodium acetate (3.7g) in ethanol (70ml) with phenacylamine hydrochloride

(5.2g) and sodium bicarbonate (3.7g) in ethanol (20ml). Instead of

N-phenacylto1uene-£-sulphonamide (255), the products of the reaction

were 2,5-diphenylpyrazine (1.59g, 23%), m.p. 198-200° (from xylene)
12(3 o

(lit. m.p. 196-197 ) and p-toluenesulphonamide (3.57g, 58%), m.p.

136-138° (from water) (lit. m.p.105 138.5-139°).

4-Chloro-3-nitropyridine (273) m.p. 38-42° (lit. m.p. 34° , 45° ,

o121
ca 25 ) was obtained in 48% yield by the reaction of 3-nitro-4-

pyridone with phosphorus pentachloride and phosphoryl chloride as in

the published method. ^40 and 1350 cm ^ (NC^). 6(DMS0 d-6)
7.91 (lH,d,H-5), 8.83 (lH,d,H-6), 9.25 (lH,s,H-2).

Reaction of 4-chloro-3-nitropyridine (273) with N-£-nitrobenzylto!uene-

£-sulphonamide (274) and base. Sodium ethoxide /"from sodium (0.13g) in

ethanol (30ml); was added, with stirring, to a suspension of N-p-

nitrobenzyltoluene-£-sulphonamide (274) (1.53g) in ethanol (10ml) and

the mixture was stirred for 10 mins. The ethanol was then evaporated

in vacuo and the sodium salt of (274) redissolved in £,N-dimethylformamide

(10ml). To this solution was added 4-chloro-3-nitropyridine (273)

(0.95g), and the resulting dark red solution stirred at room temperature

for 72 h. The reaction mixture was then poured on to crushed ice to

give a red oil which was decanted off and rubbed with ether to give a
/

dark orange solid which contained (as shown by H.P.L.C.) five compounds,

one of which was the starting sulphonamide (274). The ether-soluble

fraction was evaporated in vacuo to give the starting sulphonamide (274)
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(0.49ga 32%), m.p. 120-122° (from propan-2-ol). H.P.L.C. of the

aqueous solution (from which the oil was decanted) showed four

compounds, the major one being 3-nitro-4-pyridone.

Reaction of 2-chloro-3-nitropyridine (202) and _N-£-nitrobenzylto!uene-

_p-sulphonamide (274) with base. In a procedure similar to that

described above, 2-chloro-3-nitropyridine (202) was added to the sodium

salt of (274) in _N,_N-dimethylformamide and the mixture heated under

reflux for 4 h. In this case however, no product resulted on addition

of the reaction mixture to crushed ice. The aqueous solution was

extracted with ether, the ethereal layer dried (sodium sulphate) and

evaporated in vacuo. The residue was shown(by H.P.L.C.) to contain
a minimum of ten compounds. Acidification (hydrochloric acid) of the

aqueous layer gave no precipitate.

Reaction of 2-chloro-3-nitropyridine (202) with _N-phenacyltoluene-p-

sulphonamide (255) and base. The reaction of 2-chloro-3-nitropyridine

(202) with the sodium salt of iN-phenacyltoluene-p-sulphonamide (255)

in N_,N-dimethy1 formamide was carried out by the procedure described

above and gave similar results, viz. a complex mixture of compounds.
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