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Summa

A brief review of African human trypanosomiasis, the disease
caused by the protozoa T.b, gambiense and T.b, rhodesiense in man,
the classification and the 1life cycle of these protozoa has been
given, The metabolic pathway of glucose, the amino acids threonine,
proline, tryptophan, tyrosine and phenylalanine by these two
protozoa has been discussed. Control methods of the disease by
chemotherapeutic and chemoprophylactic agents as well as the recent
research efforts to develop suitable chemotherapeutic agents has
been given,

The synthesis, chemical properties and the biological properties
of 1H-pyrrolo[2,3-b]pyridines have been briefly reviewed and the
rationale for the preparation of 1H-pyrrolo[2,3-b]pyridines for the
evaluation as potential anti-trypanosomal agents discussed,

The preparation of 1H-pyrrolo[2,3-b}pyridine derivatives and
the screeninz of a selected number of 1§-pyrrolo[2.3-§ﬂpyridines as
well as 2'-N-methyl tryptophan against T.b. brucei has been described.

The possible mass spectral fragmentation pathways of a selected
number of iH-pyrrolo[2,3-b]pyridine derivatives have been postulated.

Key words: Trypanosomiasis (African), Chemotherapy, 1H-pyrrolo-
[Z.Bfg]pyridines.
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ABBREVIATIONS

The abbreviations as used in the text of

follows;

Biochemiczal

CNS

F-6-P

F-1, 6-diP

Adenosine diphosphate
Adenosine triphosphate
Central nervous systen
Dihydroxyacetone phosphate
Flavin adenosine dinucleotide
Free fatty acid(s)
Fructose-6-phosphate
Fructose-1, 6-diphosphate
Glyceraldehyde-3-phosphate
Glycerol-3-phosphate

sn-Glycerol-3-phosphate oxidase

Nicotinamide adenosine dinucleotide (oxidised)

Nicotinamide adenosine dinucleotide (reduced)

Tricarboxylic acid cycle

this thesis are as
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I TRYPANOSQOMIASIS

A. Historical Perspective of Trypanosomiasis

African human trypanosomiasis, or sleeping sickness, is a para-
sitic disease caused by the protozoa of the genus Trypanosoma, Trans-
mission of the disease is effected by the tsetse fly species of the
genus Glossina, The geographical distribution of the disease
parallels that of its vector - the Glossina, The latter is found
between latitudes 20°N and 20°5 in areas of more than 500 mm anmual
rainfall, Rivers may extend the range of the riverine G. palpalis
into more arid zones, The pupa of Glossina cannot stand desiccation

and the tsetse fly is not found in drier areas.

The disease has caused untold suffering of people through its
debilitating effect and a2 high death rate. Within the first half of
this century, two epidemic outbreaks have been described.1 During
the first epidemic between 1896 and 1906, it was estimated that half
a million people died in the Congo Basin alone. Further to the east,
the Busoga district in Uganda lost 300,000 of its inhabitants while
the neighbourins Buvuma islands of Lake Victoria lost 57,000 people,
Zvacuation of the remaining 22,000 people from these islands in 1909

probably prevented a total disaster from happening.

In West Africa, owing to delayed opening up of the hinterland,
no figures of the first epidemic are available, except for the
island of Principe where the epidemic had killed all its inhabitants

but 350 by 1907,

These figures are only estimates as no hospitals were in exist-
ence then for proper diagnosis and all the cases were not recorded,

There were no effective antitrypanosomal drugs then; and the first



to
one, atoxyl (13) came in clinical use in 1905.

The second epidemic, extending right across the continent from
west to east, followed twenty years later, In Gambia the number of
reported cases rose from twenty to one thousand between 1925 and
1935, Upper Volta's figures rose from 32,000 in 1934 to 80,000 in
1939, while Dahomey had reported 10,000 cases by 1934, 1In Northern
Nigeria the epidemic spread rapidly from 1927 when 400 cases were
recorded to 18,000 by 1930 and by 1940 a total of 300,000 patients
had been treated by mobile teams in the field. Cameroon had reported
as many as 2,000 cases by 1926 while in the Congo Basin a total of

64,000 people were treated between 1620-23.

In western Tanzania between Lake Rukwa in the south and Kahama
in the north 3,000 cases were reported in 1934 and of 24,000 cases

reported in Maswa between 1922 and 1946 about 50% of whom died.

By 1926 two new drugs, tryparsamide (14) and suramin (12) had
been introduced into clinical use - and from about 1940 epidemic out-
breaks had been conirolled and the number of cases dropped to about
400 - 700 per year in West Africa, though in some endemic areas an
incidence of 2% was still prevalent.z In the whole of Eastern and
Southern Africa the number of cases dropped to less than 2,000 per
yea.r3 from about 1955. Zaire fared differently, for by 1958 it had
an incidence of 0,02% and this had changed to 15¢ by 1964, due to

internzl strife in that country.b

Potentlially about 35 million people in Africa are at risk of the
infection today and the danger posed by an unchecked spread of

trypanosomiasis over a large area of Africa is now well known. A
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number of methods aimed at controlling or eradicating the disease
have been attempted but none have had lasting success, The situation
has not changed significantly since the 1950s and in some countries
there are indications that the disease is on the increase again;
though not reaching eplidemic levels, Table 1 below indicates the

5

trend of the disease in recent years,

For more than twenty five years, no new drugs have been introduced
to fight the disease, Increased resistance to those now in use is
causing concern among medical and veterinary workers and WHO.

Recently WHO launched a multidisciplinary programme for study and
research on the disease with a2 long term objective of developing means

of effective contaimment or ultimate eradication.6

The review and discussion below is confined to African human
trypanosomiasis, although some of the points raised are egually
valid for trypanosomiasis of domestic animals, It is also worth not-
ing here that the two diseases, human and domestic animals trypanos-
omiases together account for the exclusion of more than ten million

?faig

square kilometres of land from settlement and economic development.

B, The Disease

Two clinical forms of African human trypanosomiasi-~ are recogn-
nised, Tne disease found in East Africa and the countries bordering
the Zambezl river takes an acute course and is transmitted by
G, morstans, the tsetse fly that inhabits the savannah woodlands,
This disease is called East African or Rhodesian trypanosomiasis,
The main hosts of the disease are wild animals such as bushbucks,
Man is infected when hunting, farming, fishing or collecting fire-

Hood10 and the trypanosome responsible for the disease is



T,b, rhodesiense (see C, for nomenclature)., Its nosodeme, or

clinical variant T,b, gambiense causes the Gambian or West African
disease the range of which extends from the west coast to the western
shores of Lakes Tanganyika and Victoria in the east, It runs a more
chronic course and is transmitted by the riverine G. palpalis, Zones
of overlap between the two diseases in terms of vector and geograph-

ical distribution do exist.

The onset of the Rhodesian disease may be indicated by appear-
ance of the trypanosome chanchre, a hard swelling localised at the
site of infection within a period of five to fifteen days of the
bite by the infected tsetse fly, The trypanosomes then move to
invade the lymph nodes, blood and other tissues. This is followed
by bouts of fever and indications of liver and spleen enlargement
appear., These symptoms are not specific and are often mistaken for
malaria and even influenza. Typical neurclogical symptoms are less

well marked,

The Gambian disease has a longer incubation period followed by
irregular fevers, anaemia, splenic, hepatic and lymph node enlarge-
ment. As the disease progresses the patieni shows sizns of lethargy,
neurological involvement including headache, hyperesthia, lassitude,
loss of muscular contrecl, somnclence, coma and finally death, The
pathological lesions that eventually kill the human host are largely

unknown and are cnly speculated upon,

Experimentally infected animals may have as many as 2 - 3 X 109
5 S LR i P
trypanosomes/ml blood, but even  ihls large number of trypanosomes
in the blood and the tissues do not seem to cause extensive damage,

Experts on the subject have failed to pinpoint a2 single lesion that



Table 1 Number of recorded new cases of human trypanosomiases

Africa 1968-74

Country Total popu-

lation

in millions 1968 1969 1970 1971 1972 1973 1974
Western Africa
Dahomey 3 17 18 11 22 - 157 410
Ghana 10 181 16D 166 135 - 156 69
Guinea 37 379 351 357 k25 38 55 31
Guinea Bissau 0.5 - - - - - L6 11
Ivory Coast 5 376 176 148 - 14 136 87
Mali 5¢5 356 221 231 190 . 193 388 188
Niger Lob 9 0 L 0 1 0 0
Nigeria 79 o4l 599 393 529 498 331 132
Senegal L,2 L3 16 16 - 17 10 2
Togo 2el 36 84 14 57 23 25 21
Upper Volta 5.8 164 262 145 114 69 5 78
Central Africa
Cameroon 6.2 2100 20 - 229 1250 4DRSI207 LUT6
G AR, 1.7 19 22 63  A75 112 91 79
Chad L 61 50 47 8. 47 15 Sh
Congo 1 134 73 29 . 172 L9 42 91
Gabon 1 84 49 59 38 419 32 L7
Zaire &> 3357 4957 6152 5124 4126 - -
Eastern and
Southern Africa
Botswana 0.7 36 37 50 272 - - -
Burundi - 65w, 12, 7B 95N fHC L -
Ethiopia 26 28 173 Ll 12 1 - -
Kenya 13 43 20 16 26 7 13
Malawi 5 1 0 0 2 0 - -
Rwandz L 21 20 69 35 13 - -
Sudan 15 - - 8 2 22 325 287
Tanzania 15 403 530 564 569 612 477 4BB
Uganda 11 Q0 56 81 184 160 3 -
Zambia 4,5 80 69 127 200 394 391 -
Total 7148 B172 9140 8501 7126 2899 2551

(=) indicates figures not available,



would be lethal to the host and consequently suggested that the
combined effect of metabolic products of trypanosomes, repeated abuse
of the immune system by the rise of successive antigenically different
populations, release of a number of pharmacologically active substances,
changes in blood clotting, deposition of immune complexes in the

kidney and the direct immune suppression that accompanies the

infection may, taken together, have a significant role in the fate of
the host., The identity of some of these metabolic products, their
effects, and the evidence in support of the effect of the pharmacol-
ogically active substances released by trypanosomes - both live and

dead - is now available and is described in more detail below,

In vitro trypanosomes consume 50-100% of their dry body weight

11,12 and in vivo the end product of glucose

of glucose per hour,
breakdown, pyruvate is converted into lipids and stored in fibro-

blasts. The amount of pyruvate produced by the trypanosomes is five
times that produced by the host. Persistent high levels of pyruvate
divert more fibroblasts which cease producing collagen tissues. The

breakdown of connective tissues that occurs following infection may

be due in part to this activity,

When T.b. brucei and T. congolenge are autolysed at 20°C for

8-24h significant amounts of phospholipase A

13415,15

{ and lysophospholipase

are produced, These two enzymes sequentially degrade
phosphatidylcholine to give free fatty acids (F.F.A.) and
lysophosphatidylcholine which is further broken down to more F.F.A,

and glycerolphosphorylcholine,

The free fatty acids thus produced have a variety of activities

and the diagram (Fig. 1) below summarises some of the main ones,
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Figure 1. Possible Roles of Trypanesomal Phospholi-
pases and Free Fatty Acids (FF.A.) in the Patho-
genesis of the Trypunosomicses.15
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Free fatty acids can haemolyse erythrocytes, and of those produced
palmitic, stearic and linoleic acids each constitute 25% and the
haemolytic activity lies with linoleic acid., It is theoretically
possible that when a large number of trypanosomes are dying they
could release sufficient lipases to produce large amounts of F.F.A.
to saturate albumin and lyse erythrocytes in vive. Repetition of
this process as wave after wave of parasitaemia passes could in part
contribute to the anaemia observed in infected host. Apart from the
haemolytic ability linocleic acid can cause immuno suppression by
acting directly on lymphocytes, Further, linoleic acid can disrupt
the structures of spleen and lymph nodes which in a chronic disease
could resuli in the atrophy of these organs, Free fatty acids prod-
uce these effects through their detergent-like property by inserting
themselves on cell membrane causing perturbations that result in
prevention of cell division, 1In addition, linoleic acid is a pre-
cursor of prostaglandins, Prostaglandins can cause immune suppress-
ion by controlling lymphocyte activity or regulating cyclic nucleo-

tide levels,

When trypanosomes are lysed they produce lysosomes containing
both acid phosphatases and cathesin D, These enzymes produce toxic
products by acting on plasminogen and kininogen to release plasmin
and kinins in large amounts in the host circulation. In the micro-
vascular locations these could lead to significant local endothelial

damage and changes in vascular permeability could occur.

Trypanosomes catabolise tryptophan, tyrosine and phenylalanine
to give potentially toxic products (see section D), These products
may contribute to the symptoms seen in trypanosomal infection. One

of these products, indole-3-ethanol when injected in pharmacological



doses in mice, produces sleep-like states as well as a drop in body
temperature.16 This finding suggests that indole-3-ethanol (and
5-hydroxyindole-3-ethanol) produced within the central nervous system
(C.N,S,) may be directly involved in the lethargy observed during an

infection with African trypanosomes.l?

Further, indole-3-ethanocl
suppresses humoral immune response in doses similar to those causing
sleep states, Since the sleep-like behavioural states, change in
body temperature and immune suppression resemble symptoms in humans

chreonically infected with trypanosomes, it has been hypothesized that

indole-3-ethanol is the metabolic toxin produced by these organisms.15

The mechanism by which indole-3-ethanol exerts these effects is
unknown, In vitroit has been observed to lyse human erythrocytes.18
Hence indole-3-ethanol produced within the C,N.S. could combine with
cell membrane and alter the permeability of synaptic membranes lead-
ing to changes in nerve impulse transmission which may lead directly
to behavioural changes and other systemic effects such as immuno-
suppression., The relative amounts produced in vivo has been calcu-
lated., A suspension of 108 trypanosomes produced 167pg of indole-
3-ethanol, 170 pg of indole-3-acetic acid and 184 pg indole-3-lactic
acid pmer hour. At peak parasitaemia the average amount in an

infected mouse would be 3.2 mg/kg and this quantity is consistent with

<he expected levels to account for the above changes,

Apart from the direct effects of the above catabolites, the
depletion of host tryptophan,_tyrosine and phenylalanine by
trypanosomes would have grave conseguences, Diversion of tryptophan
from the kynurenine pathway leading to niacin and serotonin would
give rise to niacin deficiency and decreased brain levels of

serotonin, Low brain serotonin level could lead to behavioural
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depression and interference in sleep patterns.19 Diversion of
tyrosine from the catecholamine pathway would lead to changes in
body temperature, blood pressure, sleep patterns and produce the
neuropsychiatric syndrome of African trypanosomiasis.16'20
Phenylpyruvate, the product of phenylalanine transamination can
inhibit 2 number of pathways including synthesis of adrenaline in
the adrenals, breakdown of tyrosine to acetoacetate and tyrosine
incorporation in the liver as well as inhibition of hexokinase,
6-phosphogluconate dehydrogenase and glucose incorporation to brain

20
macromolecules, All these changes could contribute to the disease

of trypanosomiasis,

Terminally infected animals show hypoglycemia which is not due
to glucose or glycogen depletion, It is caused by the near absence
of glucose-b6-phosphatase, the enzyme responsible for gluconeogenesis,

A trypanosome-produced inhibitor of this enzyme has been detected.11

Although any one of the above factors may not produce the lethal
lesions, taken together they may account for the death of the hosi.
In the absence of conclusive evidence as to the extent each factor
contributes towards the death of the host from uncomplicated
trypanosomiasis, the broad conclusion that the sum total of the
effects of these factors account for the death of the host stands,
Very often, however, such hosts die of secondary infections such as

pneumonia,

C. Classification and Life Cycle of Trypanosomes

Since the genus Trypanosoma was first described by Gruby in 1843
many trypanosomes have been discovered and assigned specific status

in this genus, Assignment of specific status, however, was not done
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on the basis of some standard rules or application of uniform
criteria, This criteria for assigning any organism to a particular
taxan was left to the author's judgement.z1 Soon misunderstanding and
confusion arose among medical and veterinary workers on one hand and

systematic taxanomists on the other,

The two clinical forms of trypanosomiasis were considered as
being caused by two different organisms which were assigned the
specific names Trypanosomas gambiense Dutton, 1902 and Trypanosomz
rhodesiense Stephens & Fantham, 1910, But these two organisms were
morphologically indistinguishable from Trypanosoma brucei Plimer &
Brad ford, 1899 which infects domestic and wild animals but not man,
Medical and veterinary workers could not achieve an overall view of
the problem of trypanosomiasis and thus co-ordinate the fight against
the disease so long as they held the view that three different organ-

isms existed.

An acceptable taxanomic scheme ought to satisfy formal taxanomic
requirements and clearly meet the practical needs of medical and
veterinary workers in the field, No such system was available until
1966 when HoareZ? proposed a trinomial system which combined bio-
logical and morphological criteria as the best compromise, This
proposal galined general acceptance, Under this system mammzlian
trypanosomes were divided into tWo broad sections according to the
position in which they completed their cyclical development in the
vector, In section stxcoraria the development of the trypanosome
is completed in the posterior station (hind gut) of the vector and
its transmission is contaminative., The causative agent of chagas'
disease is in this category. In section salivaria, developmental

completion of the parasite is achieved in the mouth parts (salivary
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glands & proboscis) i,e, anterior station and transmitted by
inoculation., The trypanosomes of the human sleeping sickness and

domestic animals disease also come under this category.

The use of the descriptive term 'section' and subgeneric

22 was aimed at rational-

separation in the genus Irypanosomaby Hoare
ising the hitherto complex classification of mammalian trypanosomes
while at the same time trying to conform with formal taxa. Hence no

emphasis was given to the subgeneric name which was considered

optional, Thus in this view the revised systematics of trypanosomes

causing sleeping sickness became Trypanosoma (Trypanozoon) gambiense

and Trypanosomz (T.)rhodesiense. The morphologically identical

trypanosome causing nagaena in domestic animals was designated

Trypanosoma (T,) brucei.

However, this subgeneric separation did not resolve the 'complex
brucel group' completely. For medical and veterinary practical
purposes it was still inconvenient to retain the specific status.
Further, the Rhodesian disease shows more virulence in the northern
part of its range, i.e. East Africa, than in the south. In the
Luangwa - Zambezl area 1t is more benign, its incubation period
longer and microscopically the organisms show smaller refractile
granules, t was argued by Ormerod23 that a specific rank for the
'brucel group' would necessitate the setting up of a fourth species
to separate these two varying forms of the Rhodesian disease, But
such a move would lead to more confusion as the Rhodesian disease
would refer to the disease further to the north of the region it was
originally described. A more appropriate way of resolving the prob-

23

lem would be to demote the former 'species' to strains or demes,

21

but Hoare™  suggested that when evolutionary relationship in the
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'brucei' group is taken into account a subspecific status may be
P P ) §

more appropriate, This problem was left unresolved.

Despite the success of this trinomial system into clarifying
evolutionary relationship within the salivarian trypanosomes and the
substantial simplification of the description and discussion, more
recent NHOzu proposals have called for a more unified, flexible
classification of all salivarian trypanosomes. These current prop-
osals seek to distinguish those purely operational terms used to
describe the laboratory history of the material and characteristic
terms related to linean classification., Thouzh provisionally retained,
the descriptive term salivaria may not be available in future; for it
occupies a2 position not allowed by taxanomic rules, It may become
the new subspecies designation replacing the current four i.e.

Duttonella, Trvpanozoon, Pvcnomonas and Nannomonas which would be

redundant or withdrawn altogether,

Given the definition of salivarian trypanosome Sptegc:ieszl‘L as "an
assemblage of organisms that can be distinguished from other species
by one or more stable, discontinuous morphological characters" and
that the subgeneric designation becomes unspecific in Trypanozoon a
single species is recognised by the 1978 WHCza proposals: Trypanosoma
brucei Plimmer & Bradford 1899, under it are included five sub-
speciesy thus:

Trypanosoma bruceil brucel Plimmer and Zradford, 1899

Trypanosoma brucei rhodesiense Stephens and Fantham, 1910

Trypanosoma brucel gambiense Dutton, 1902

rypanosoma brucel evansi Steel 1885
= L)

Trypanosoma bruceil eguiperdum Deoflein, 1901

Usuzlly the names are not cited in full but abbreviated to T.b., brucei;
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T.b. rhodesiense etc.

Under microscopic examination trypanosomes exhibit very simple
Maore
features and theAimportant of them are summarised in the sketch
below (Fig. 2(a)). The length of trypanosomes varies between

15-30u and the width is 1,5-3u

Trypanosomes undergo a complex life cycle, both in man and in
the tsetse flyvector., These cycles are also accompanied by morpho-
logical changes for which specialised descriptive terms are used,
In the past, these terms were derived from the genera in which the
corresponding stages were the most characteristic, However, assoc-
iation of developmental stages with certain genera is inappropriate
and mislsading, Such usage implies more similarity with the genera
and the stagé than exists and rules for changing taxa on revision
do not govern descriptive terms. Hoare and Wallace®” in 1966
suggested a new terminology based on the position of the flagellum
in the cell, The characteristic stages and the new terms are given in

the sketch (Fig.3), (obsolete terms in brackets).

Following a bite by an infected tsetse fly, the metacyclic
trypomastigote forms may develop a local lesion at the site of the
bite which takes the form of a hard chancre persisting for about 2
fortnight., From this lesion the parasites spread to invade other
organs, In the mammalian host, in general, the developmental cycle
is characterised by the appearance of three morphological forms;
differins in body thickness and the size of the flagellum. The
following terms are used to describe these mammalian forms.26

1) Slender form: long and thin with a free flagellum

2) Stumpy form: short and thick, typically no flagellum
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Figure 2 Trypanosome (a) Typical Features

(b) Ultra Structures
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Figure 3 Developmental Stages of Trypanosomatid Flagellates and

Descriptive Terminology
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Figure 4 (a) Life Cycle and (b) Mitochondria Activity
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3) Intermediate form: moderately thick with a free flagellum.

These morphological variations were erroneously regarded as a
manifestation of polymorphism,27 but since the variations are cont-
inuous rather than distinct and exist in clonal infections, they

23,28

cannot have a genetic basis, They are termed pleomorphic or

clonal pleomorphs,

The 1life cycle of the parasites in the mammalian and insect
vector is diagrammatically shown‘%é¥ﬁ;€(Fig.b). Multiplication in
the mammalian host continues with long slender forms predominating
initially, these then give rise to the intermediate forms which are
eventually transformed into short stumpy forms. The transformation
into short stumpy forms is accompanied by a switch over to an active
mitochondrial respiration with a partially functional tricarboxylic
acid (T.C.A.) cycle, When a tsetse fly takes 2 blood meal it will
suck in all three forms, but only the short stumpy form develops in

the tsetse fly midgut.28

In the isetse fly the parasites start development in the
endoperitrophic cavity of the midgut, then move through the
ectoperitrophic space and proventriculus into the salivary glands.
During the process they change from short stumprinto lo.g, thin forms
called epimastigote and eventually reach the final metacyclic

trypomastigote stage which is the infective form to man,

D. Metabolism
Knowledge of the metabolic pathways of irypanosomes and espec-
ially the enzyme systems that catalyse the different reactions has

been difficult to ascertain and is still largely fragmentary. One
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of the most vexing problems in probing these pathways and their
enzymes has been the fallure to develop a suitably defined culture
medium to duplicate the entire 1life cycle of trypanosomes in vitro.,
The second problem arises from the fact that being digenic, the
trypanosomes must express different nutritional requirements as they
undergo cyclic development in the vertebrate host and the insect
vector, For instance the culture forms (from tsetse fly midgut)
derive their energy from proline and threonine metabolism rather
than glucose.28'29 Thus trypanosomes are able to 'switch off' some
enzyme activity in one host and express different ones in another,
The most remarkable is the supression of the T.C.A. cycle in the

30,31

long slender forms in a2 mammalian host. The mechanism which sets
the changes in motion is unknown though the sequence of some of these
changes is now known, The short stumpy forms show partial activity

28,30

of the T.C.A. cycle, probably a pre-adaptiive preparation for

transfer to the insect vector.2

1) Carbohvdrate Metabolism

Blood stream forms of African trypanosomes are entirely depend-

32,33

ent on glycolysis for their energy production. Lacking stores

of their own, glycolytic substrates must be exogenously supplied in

34

the form of glucose, fructose, mannose or glycerol. These blood

stream forms lack cistae and a functionzl T.C.A. cycle in the

o . 2
mitochondrion,

(8]

Under aercbic conditions the classical Embden-Meyerhof glycolytic
pathway produces a net two moles of ATP while under anaerobic con-
ditions, such as low oxygen tension only a net one mole of ATP is

roduced.zs Equations 1 and 2 illustrate the process.35
D
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Aerobically:

GIP.UCOSE + 2 ADP + 2P1 + 02 ————— 2 pYTUVEte + lI-H20 + 2ATP
L] 1

(Glycerol + ADP + Pi 4+ 0, ————— pyruvate + BHZO + ATP)

2

Anaerobicallys

Glucose 4+ ADP + P ———> pyruvate + glycerol + HZO + ATP

The glycolytic seguence is outlined in scheme 1 below.BO’BhJ6

T*ypanosomes show a remarkable degree of specialization and
[isy
compartmentﬂt;on. The glycolytic enzymes and other enzymes are not
just uniformly dispersed throughout the cytoplasm, but are localised
in three compartments; the glycosome (microbody), mitochondrion, and

34,37,38,39

the cytoplasm,.”

The NADE produced during the conversion of glyceraldehyde - 3 -
phosphate to 1,3 - diphosphoglyceraldehyde (scheme 1) is re-oxidised
via a glycerol phosphate shutile catalysed by the concerted effect
of two enzymes; the glycosomal NAD" dependent sn - glycercl - 3 -

phosphate dehydrogenase and the mitochondrial sn glycerol - 3 -

phosphate oxidase,” ™' This oxidase enzyme is unique to trypanosomes;

ih

not inhibited by mammalian terminzl cyitochrome oxidase

I .
0]
E
Q
4

R
oxr: 1t

30,31,32

oxide, Its composition includes iron, thiol groups, copper

The re-oxidation of NADH has bsen suggested to take



SCHEME 1

Aerobic and Anaerobic Glycolysis of T.b.brucei and
the T.C.A.Cycle of Midgut forms.
Glucose
ATP
GLYCOSOME C
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Abbreviations

F-6-P

F-1, 6-diP
DHAP

GAP

diPGA
2FGA

GP

PEP

et

Fructose-6-phosphate
Fructose-1, 6-diphosphate
Dihydroxyacetone phosphate
Glyceraldehyde-3-phosphate
1,3 diphosphoglyceraldehyde
2 & 3-vhosphoglyceraldehyde
Glycerol-3-phosphate

Phosphoenel pyruvate
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L - glycerol - 3 - phosphate + 0, —————— SHAP 4 H202 cesssse 3

L - glycercl - 3 - phosphate + Hzod---——-é DHA? + 2H20 v viap iy m bk

2L - glycerol - 3 - phosphate 4+ 0, —————> 2DHAP + 2H20 Cisine 5

However, this is probably an oversimplification since in prep-
ions containing this enzyme no catalase and virtually no activity

of “202 has been detected.?’j?

Whatever the exact pathway, the coupling of glveceolysis to G.P.O.

is unigue to these organisms and helps them overcome the problem

iy
imposed by thelr lack of lactate dehydrogenase”™ for re-oxidation of

NADH, In this way trypanosomes are able to convert 82-100% of

27,32,33,36

glucose to pyruvate,

2) Llipid Metabolism

Lipids are unimportant as & source of oxidisable substrate for
the supply of energy for trypanosomes. Very little is known abcut
the degradation of lipids in trypanosomes, Only minimal quantities

of fatty acids are used by blood stream forms, I.b, rhodesiense
-1 -1

utilises 0,002 n moles h ™ mg ~ of its dry weight of palmitate
14 rn 14 Rk : s
comrited from = CO ofi}—i Cllabelled substrate., This contrasts

sharply with utilization of 1500 n moles h “mg = dry weight of
Rloodstream forms cannot split tristearyl glycerol and
tripalmityl glvcerol to furnish fatty acids for oxidative

degradation,
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3+ Amino Acids Metabolism

Synthesis of amino acids by trypanosomes has received little
attention.uj It has been found that in pleomorphic and monomerphic
forms of salivarian species 2.5% of their total cell protein content
is amino acids; and the main component of these amino acids is

30

alanine which is synthesized from glucose, Cther amino acids
synthesized by trypanosomesare asparticacid, glycine, serine and

glutamic acid,

More information is available on the catabolism of amino acids.

Blood forms of T.b, brucei and T.b., rhodesiense cannot catabolise

proline, glutamic acid and alanine, Culture forms of these organisms
depend on proline catabolism for energy production. The breakdown

steps are outlined below:-

CO5H COzH
N0
O\ el S
N~ ~CO,H CO,H CRoH
-
0
/ |
CH3 & - < S0
CO,H COgH

The use of this substrate is an adaptive measure as the insect host
depends on this amino acid for its energy source for the flisht

muscles,
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Both blood-stream and culture forms of T.b, brucel show a
preference for threonine over glucose as an alternative source of a
two-carbon fragment (acetyl) in the generation of Acetyl CoA., In
the presence of 30 molar fold excess glucose, threonine contributes
about 504 of fatty acyl chain.?? Acetyl CoA is used in the de novo
fatty acid chain elongation, Threonine degradation follows the

scheme outlined below (scheme 2).

Ll
Investigations carried out by Newport et al = in field voles

(Microtus montanus) infected with T.b. gambiense revealed a consider-

able alteration of their free aminc acid level composition,

Tryptophan (1) which was reduced below detectable level in the
serum was found to be degraded to indole - 3 - lactic acid (&) in
the presence of NADH and té\-ﬁ.ndol-}yf.) ethanol (tryptophol) (5) and
indole - 3 - acetic acid (6) in vitro in the absence of added
NADE,17'19 The 1ast two named products accounted for 76% of the
metabolites found in vivo using tracer [luC] tryptoPhan.19 The
scheme below outlines the pathway of tryptophan (1) n'ha't':-.n.l'ﬁo?!.is.rr'..15'18"}45'46
O0f the eighteen amino acids examined, four of them; threonine,
valine, tyrosine (7) and tryptophan (1) were decreased by about
17-100%. Since in the same voles, adrenzl glands were found to have
been hypertrophied it was suggested that the alteration may have been

due to impairment of the regulatory mechanism at the hormonal level,

Subsequently it was established that of the four amino acids,
significantly reduced in the course of the infection, two were cata-
bolised to various products, Tyrosine with a reduction level of

50% is converted to p-hydroxyphenyl acetate (9) thus:l6
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SCHEME 2
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SCHEME 3
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COH CO-H
/ 4
HO CH,CH  ——> HO CH,C
\ N\
NH, 0
(8)
(7)
NA DH
NAD' ;;:>
5
Y COgH
/
HO CH,CH
\
OH
(9)
/poZH COoH
CHoCH  —— @-—CHZC
\ N\
NH, 0
(10) Ny

Phenylalanine (10) was only converted to phenylpyruvate (11). Two
different transaminase enzymes are involved in the catabolism of

these amino acids, The amino group is transferred too- ketoglutarate.
Synthesis of p-hydroxyphenyl acetate (Q) may serve to regenerate NAD
reduced during glycclysis and threonine catabolism. The enzyme systen
catalysing the conversion of tryptophan (1) to indole-3-acetic acid
(6) and indole-3-ethanol (5) are not sensitive to inhibition by
iproniazid, pyrazole and diethyl dithiocarbamate. The corresponding
alcohol and aldehyde dehydrogenase enzymes of mammalian origin are
sensitive to these inhibitors.l” Thus the alcohol and aldehyde
dehydrogenase enzymes of trypanosomes are different and unique to

45

them,
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In table 2 below are shown the quantities of the various catabol-
ites of tryptophan (1), tyrosine (7) and phenyl alanine (11) found
in uninfected and infected mice by Hall and Seed.u7
Table 2 Quantities of Aromatic Amino Acids Catabolites Present in

Urine of Mice Uninfected and Infected with T.b. gambiense

for 72-80h, Values are Expressed as Average uMoles Excreted

per 8h per Animal (+ S.E)

PPyA HPPyA IPyA ILA TAA TOL

Uninfected 0.242 0.181 0,091 0.009 0.126 ND

(0.008) (0.007) (0.,007) (0.001) (0.003)

Infected 3.401 1,457 1.703 0.181 0.252 ND
(72-80h) (0.422) (0.071) (0.117) (0.004) (0.007)
Infectei/unipfected 141 8.1 18.7 20.1 2 -
PPyA = crhenylpyruvic acid, HPPyA = hydroxyphenyl pyruvic acid,

1PyA = 1indole - 3 - pyruvic acid, ILA = indole - 3 - lactic acid

IAA = 1indole - 3 - acetic acid, TOL = tryptOphol[l'—@.ndole —3-51]]a.cetic
acid),

The table shows that there was 2 significant disturbance in the
metabolism of aromatic amino acids by infected mice, The significance
of tryptophan (1) catabolism to the trypanosomes is that it may be
linked to carbohydrate metabolism.hé The initial step is transamin-
atiun of the amino group to ana - ketoglutaric acid and subsequently
transferring this amino group to pyruvic acid to form alanine. This
could be a detoxifying step removing the large intracellular

17,45 Further

quantities of pyruvic acid produced during glycolysis,
the twenty-fold increase of urinary indole - 3 - acetic acid
suggests that this pathway may be important in the redox balance by

re-oxidation of NADH formed during glycolysis and threonine
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breakdown,

E. Control, Host Immunity, Chemotherapy and Chemoplrophylaxis

Over the years since the discovery of the disease and its vectors
a number of contreol programmes have been devised and tried. Most of
them have been aimed at disrupting transmission chains by eliminating
the vector, The attack on the vector took two forms; direct and
indirect measures, The direct measures aimed at killing the tsetse
fly at various points in its 1life cycle. Such measures have
included trapping, hand catching, use of predators, release of ster-
ile males and spraying with insecticides., The more popular insect-
icides have been dichlorodiphenyl trichloromethane (DDT), benzene
hexachloride (BHC) (Gammexane), endosulphan (Thiodan), the organo-

phosphorous fenthion (Baytex) and pyrethrum extracts,

Indirect methods concentrated on modifying the enviromment to
render it inhospitable for the tsetse flies., The popular ones have
included partial bush clearance to deny the vector resting places,
selective killing of wild animals (e.g. bushbuck ) known to act as

natural parasite's reservoir on which tsetse flies feed,

Detailed reviews of these control methods including appraisal of
the lozistical and administrative problems as well as evaluation of
the effectiveness of the methods are to be found in the monograph
'The African Trypanosomiases' edited by H.W. Mulligan (1970). These

methods will not be discussed further in this thesis,

1) Antigenic Variation and Host Immunity

Precise information on the nature of trypanosomal antigens

produced during the course of infection is largely lacking, In the
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past, enly—the-aspeet—invelving the multiplicity of antigens, has
attracted all the attention. It is well known now that one of the
characteristic features of trypanosomal infectlion is the appearance
of new antigenic populations at predictalle intervals, The appearance
of the new population is preceded by a 'crisis' in which the earlier
different antigenic population is destroyed. This destruction of the
trypanosomes in the peripheral circulation is caused by interaction
with the host antibodies which are released at that time, Only the
antigenically different population escape this host immune response

and go on to establish the next wave of parasitaemia,

It has been estimated that a single trypanosome is capable of
producing over twenty different antigens, The actual number produced

depends on the length of time the host lives after the infection.ls’ue

The surface coat of the trypanosome is associated with the
variant specific or surface antigen (VSA)., This coat consists of
glycoproteins about 10-50 nm thick and has an apparent molecular
weight of 64000 - 65000 and it accounts for 5 - 10% of the total cell
15,49

protein, Most of the information on antigenic variation has

been collected from this glycoprotein, The variant specific antigens

show similar sizes, carbohydrate content, but a wide variety of

amino acids composition as shown by the N-terminal sequence za.na.l:.'s.:’l.s.,,l'L9
To account for the ability of trypanosomes to alter their

antigenic constitution in order to evade the host's immune response

a2 number of hypotheses have been put fo:ﬂwa.rti.S0 The variation is

suggested arises: (a) due to the influence of the host's antibody

release,

(b) by random mutation and selection,
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(¢) when a dominant strain in the population is
eliminated by host antibody, allowing the next
most virulent strain to establish the next wave
of parasitaemia,

(d) as 2 result of cell-independent immunochemical
antigen-antibody reactions on the cell surface
which expose new antigenic determinants,

(e) from genetically coded information within the

trypanosome,

There was no conclusive evidence in support of any of them,
Recently, however, evidence to support the last mentioned hypothesis
(e) has been forthcoming, A specific mRNA responsible for the synth-
esis of variant specific antigens has been isolated, purified and
in vitro shown to produce an antigen (VSA 121) which was identified

by gel electrophoresis.51'52

A partial characterisation of variant specific antigens has
been accomplished by both N-and C- terminal sequences.hg'53
N- terminal amino acid seguencing has shown this part of the glyco-
protein to be homogenous but has no homology. The only sequence
homology has been found in the C- terminal around the glycosyl groups.

In three of the five variants analysed the sequence Asx Xxx Thr/Ser

has been found but extensive comparison is not yet possible,

The sugar linkage occurs on aspatic acid or asparagine and the
terminal serine, The carbohydrate moieties present are of two kinds;
the first contains mannose and glucosamine wWhile the second contains

both these as well as galactose,



- 133 -

Since sequential cleawage techniques only afford the identifi-
cation of the initial 30-40 residues of the intact protein, this
means that only 6% of the glycoprotein has thus been analysed and

much more awaits to be done,

Antigenicity of the glycoproteins was formerly considered to be
conferred by the carbohydrate moiety in the C-terminus,., However it
has been found that purified variant specific glycoproteins from
different populations show extensive cross reaction with specific
antisera, but showing none of the cross reaction when on intact
trypanosome suggested otherwise.su Until more information is avail=-
able, this aspect of specificity must remain in doubt, and, by the

same token, control of trypanosomiasis by vaccines derived from these

organisms remains more remote,

2) Chemotherapy and Chemoprophylactic agents

Chemotherapy and chemoprophylaxis play an important role in the
control of trypanosomiasis and will undoubtedly continue to do so.
Unfortunately only @ handful of drugs are available for this and all
of them have been in use for more than twenty five years and all

: : 6,55
have serious deficiencies, '

Among the agents used for chemotherapy and chemoprophylaxis,
suramin (12) is the most important, It was introduced in chemother-
apy following Enhrlich's pioneering work on antitrypanosomal activity
of azo dyes. Investigation of the structural requirements for
optimal activity established that the trisulphonated naphthylamine,
the m-amino and the p-methyl groups of the benzoyl groups were

essential for the activity of the drug.
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Suramin  (12)

Recent re-investigation of suramin (12) and various residues of the
56

compound has confirmed this earlier observation,

Despite being clinically used for more than fifty years the
mode of action of suramin is still largely unknown.Ss Recently it
has been shown to bind to two enzymes. It binds competitively to

GP0 and binds to protein kinase I non—competitively.uo’56'5?

It has
been suggested that the mode of action of suramin includes inhibition
of phosvhorylation of regulatory proteins and enzymes of aerobic

glycolysis.au’S?

The shortcomings of suramin include its ineffectiveness in late
stage infection and its toxicity which include vomiting, shock and

58

collapse which is occasionally fatal, Otner adverse reactions
include pruritis, urticaria, popular eruption conjunctivitis, photo-

phobia, oedemz, haemolytic anaemia, necrosis at the site of the

infection and nephrotoxicity.

The first arsenical drug to be used against trypanosomiasis was

atoxyl (13) in 1905 followed by tryparsamide (14)., The active form
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of both drugs is the reduced trivalent arsenic produced in vivo. To
exploit this property and enhance the activity of the drugs, new ones
were prepared as melaminyl derivatives containing trivalent arsenic,

They have largely replaced atoxyl (13) and tryparsamide (14).

0
Atoxyl (13% R =H R\ H
N As—OH
7 |
H OH
Tryparsamide  (14)
0
/4
R :CH-Z__
NH
NH,
s
Melarsen (15) : N\ N
)\ Sl et
0 HoyN N N
I
R = ;WS-———OTQG
OH
R
< CO,K
Melarsonyl (16) R =As
NS =00,K
5~ CH20H
Melarsoprol (17) R = As j
h

The new drugs were effective ir cases resistant to tryparsamide
(14); and in addition, melarsoprol (17) is effective in advanced

cases of the Rhodesian disease,
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The mode of action of arsenical drugs is inactivation of thiol

groups of enzymes vital for the survival of the trypanosomes,

Toxic effects of both atoxyl (13) and tryparsamide (14) were

: 9
the atrophy of the optic nerveB’ while the melaminyl derivatives
cause encephalopathic reactlions; the first reactive encephalopathy
about 13% is reversible and haemorrhagic encephalopathy is a delayed

58

reaction but often fatal,

Of a number of analogs derived from diamidine only pentamidine
(18) has come into general use as a prophylactic and curative drug
in the Gambian disease, It is available as a methane sulphonate or

isethiconate salt.

HN NH
\ //
@ O"‘(CF42)5*"O C
Ve \
HoN NH-
(18)

Its mode of action is still unknown in detail., In low concentrations
it inhibits amino acid transport as well as DNA and RNA synthesis, but
at higher concentration it inhibits respiration,

\

) include vasocdepression,

(5]

oxic effects of pentamidine (1
hypoglycaemiza, and histamine liberation, It is retained in the

liver, kidney and adrenals for as lonz as three vears and this could

|,,J
)]
w
0
ot
™
0

umulative damage occurring,

Derivatives of nitrofuran have been reported to be active in
both African and South American trypanosomeases, and in cases
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resistant to suramin, Nifurtimox (20) is now in use against South

American trypanosomiasis,

R

Nitrofurazone (19) 05N 0 CH=N—R

0
/
R =NH—C

\

NH

0
s

Nifurtimox (20) R = NH—N S
\_/\\0

They are thought to act as electron accepiors thereby disrupt-

- 5
ine NAD oxido-reduction,

Toxic reactions include haemolytic anzemiz for individuels def-
icisnt in glucose-6-phosphate dehydroganase which may be up to 20%
amons Africans.’s Other toxic effects include testicular tubules

deceneration and neuropathy.

The only antitiotics known to have significant antitrypanosomal
activity belons to & group of nucleoside antibiotics of which
is the most important. In vivo puromycin is hydrolysed
to zive puromycin amino nucleoside (PAK) (22) which is the active
compound, Serious nephrotoxicity precluded iis ever being used
clinically, The toxic substance is thoughti to be F-demethylated

puromycin amino nucleoside which is incorporated into nucleotides

through the 5'-0H group.
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CHQ\N/CH3 CH3\N/CH3
— N
e ae
LQ:N N LQ?N N
HO—H2C 0 HO—H->C o
NH OH NH» OH

4p-—CH(NH2}CGH4

(21) 0 p-0CH3 (22)

Recently it has been shown that the toxicity of puromycin (21)

can be eliminated without loss of activity by replacement of 5'-OH

50

by K or Cl, Puromycin (17) acts by interfering with t RNA and

56

terminating polypeptide chain growth in the ribosomes,

3) Recent Advances; GPO_Inhibition

In recent years there has been a more rational design of novel
agents or specific molecular modification patterned against particular
tarzets, or used to improve activity or exploit known biochemical

+

differences, The resulis of these investigatlions have given more

insight into the biochemical processes of trypanosomes,

The dependence of blood stream forms on glucose metabolism for
the generation of energy and the discovery of GPO linked to glycolysis
formed a2 possible target for selective attack by chemotherapeutic

agents, This was realised when it was discovered that the enzyme
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was sensitive to inhibition by hydroxamic acids. In vitro investig-
ation showed that although salicylhydroxamic acid (SHAM) inhibited

GPO, it did not result in the death of the trypanosome cells, Gluc=-
ose utilisation continued with production of glvcercl and ATP as the
end products.32 Combination of SHAM and glycerol was lethal to the

cells. +123 However in vivo results showed that relapse parasitaemia
12

followed on the sixth day after ireatment. I1 was suggested that

-

ar system had not been affected by the
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of the differert substrates involved showed that the inhitition by
glucose continued

tc Ttz consumsd,”” It has now been shown thet when GPO is inoperative
irhibitlion or anaeroblasis, trypanosomes can dephos=-
glycerol-3-phosphate by coupling it to the phosphorylation

of ADE, © Hence zlucose consumption continues as summarised by eguation 6,
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The glycosomal NAD+ sn-glycerol phosphate dehydrogenase compon-
ent of GPO requires polyamines (putrescine, spermadine and spermine)
to function fully. It has been envisaged that inhibition of poly-
amine blosynthesis could be therapeutically useful.6£+ A specific
inhibitor of this pathway, difluoromethylornithine (DFMO), has been

tested against T,b, brucei in vivo and initial results indicate that

it is effective in doses of over 75 mg/kg.

During re-oxidation of NADH by GPO a small amount of hydrogen
peroxide is formed and excreted or difuses out of the cell. Meshnick
et al? suggested that agents that lead to increased production of
hydrogen peroxide, and caused 1ts homolytic cleavage to radicals,
and if such agents also reduced the amount of GSH, trypanosomes could
be more susceptible to damage by the radicals. This has been shown
to be possible, in vitro at least, using naphthoquinone as electron
acceptor to increase hydrogen peroxide production, haem to cause
radical formation, and melarsen oxide to reduce the level of avail-
able GSH, However a compound with these properties for in vivo

activity 1s yet to be developed.

Blood stream trypanosomes and tumeowscells have certain metabol-
ic similarities, The resemblance was seen when the mode of action
of puromycin and its derivative puromycin amino nucleoside was
compared in these two systems. The similarities have been summarised

65

by Williamson - and Kinnamon et a.l66 thus=-

a, Both trypanosomes and tumcurcells derive energy from high rates
of aerobic glycolysis due to nonfunctionzl or inefficient mito-
chondrial system.

b. In both systems the pace-making glycolytic enzymes are hexokinase

and pyruvate kinase,
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c. In both, the glycolytic pathway may be altered by agents such as
arsenical antitrypanosomal agents.

d. Antitumor adenine nucleosides related to puromycin are trypanoci=-
dal, they include cordycepin, nucleocidin, tubercidin
(7-deaza-adenosine).

e, Adenine or adenosine reverses both the antitumor and the anti-

trypanosomal activity of the above agents,

On the basis of the resemblances above, it might be expected that
compounds with antitumor activity may show anti-trypanosomal activity
and vice versa, Forty nine antitumor compounds randomly selected
from a list of eighty one were screened against T,b., rhodesiense and

66

six of them showed some activity. Their structures are shown

below (Scheme &),

Follotine thir subcess: Yintaubliet 415! Feportist tint they Aad

screened a further 303 compounds against T,b., rhodesiense and found

a total of 25 active compounds, The results are summarised in the

table below,

Table 3 Summary of Results of Testing Compounds Against T.b. rhodes

iense in Mice in Antitryspanosomal Activity

Anticancer
activity Yes No Total
Yes 15 51 66
No 10 227 237
Total 235 278 303

No reports of follow up on these and earlier compounds are

avallable,

The antitrypanosomal activity of arylamidine derivatives of several
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Ting systiems have been investigated by Das and Boykin68 and
6 amidin
Das et al, 7 Thelr compounds were prepared as 2.5—bis-é2£¥§i phenyl
derivatives of furan (30, X=Y=CH, Z=0), oxazole (30,X=K, Y=CH, Z=0),
2 . amidino
thiadiazole (30,X=Y=N, Z=S) ané 3,6 bis guanyl phenyl pyridazine
(30, X=Y=CH, Z=¥=K) derivatives and tested against T.b, brucei,

aking 3,L-dimethyl-2,5-bis (k-guawyl phenyl) furan (30, X=Y=CH,

L

" 5 oty - i gl - - .
Z=0,, their bvest active compound as the standard theses workers have

made several conclusions, Best activiiy was observed in furan, oxazole

WO Y e . amidine .
and thiadiazols derivatives with only L-guanve phenvl as substituents,

= v

- o) - - 2 - - - - 2 ar 2 -1 - - 2 .2 -
25 showet inersased Toxlcliy and lower activity,

Introduction of one methyl group or ons chlorine aton in the furan ring

enhanced the antitrypanosomal activity but two chlorine atoms
reducad the activity of ths furan-rins derivatives, Fresence of both
o o

a methyl group and a2 chlorine atom in the furan ring did not affect
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70,71

A recent report by Dunn et al indicated that triazines

had activity against T,b. rhodesiense though high doses

of the order of 400 mg/ke were reguired,

Intracellular glutathione (Y-glutamyl cysteinyl glycine)
defends the cell against hydrogen peroxide and free radicals.
Depletion of this amino acid should render trypanosomes more suscept-
ible to damage by hydrogen peroxide as they lack catalase., 3Eradley

et 31?2

have used buthionine sulfoximine (BSO), a specific inhibitor
of glutathione biosynthesis, to deplete trypanosomes of glutathione.
Mice infected with T.b., brucei were cleared of parasites when treated
with buthionine sulfoximine for 27 hours a2t 1.5 hourly intervals,

The compound is non-specific in its action, and treated animals were

hypothermic and died on the third day,

Loss of motility wupon incubation of trypanosomes with chemi-

cal compounds is used as a2 marker of inhibition of glycolysis. Loss

of infectivity is used as an index of cell division., These two

73

criteriz were used by Williamson and Finnigan'” in 1978 to screen a

large number of compounds known to have specific loci of inhibition.
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Many of them showed in vitro activity, of which daunorubicin (33), an
anthracycline antibiotic, showed the most promising results, It did

not show in vivo activity, presumably because it was excreted rapidly.

Recently the same workers' ' showed that when daunorubicin (33) is
Td
administered as a Schiff base conjugate of glut%}dehyde coupled to

albumin and ferritin has in vivo activity.

OH 0
n g
i
o CH3
| ".
CHa0 B - 0H B
v e
HN
(33) 27 oH



II Pyrrolo [2,3-b]pyridines

A, Synthesis of iH-pyrrolo [2,3-'_b:| pyridines

The fusion of the g-electron-deficient pyridine ring (37) and
the m-electron-excessive pyrrole ring (38) gives 1§gpyrrolo[?,3-§]

pyridine (36) in which the m-electron density is re-distributed as

shown (362),

systems and that of indole (39) are shown below,

0,976 1.166

1,043

0,998
0.957
N

1.203

N\ 1.620

(36a)

The m-electron distribution in 211 the three ring-

76,77,78
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L g : - - a a - —— L - -
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consequences of this m-elesciron re-distributlon on ths Cnemlistry oC

{H-pyrrolo[2,3-t]pyridine is significant and is

-

relation to

a8 = £ s
gilscussed turiher 1in

the synthesis and properties of this ring-systen.
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There are four possible ways a pyrrole ring could be formed on

the pyridine ring; and all of them have been reviewed by Willette.79
Yakhontov,eo and Herbertei. The methods are schematically summarised
below,
c
GhaR &
C
XN N / NN SN
(i) \ (i)
e
N N
N
\
H
c /////}? $k\\\\ C
/l ™=C /l \
C
\'N N \N N/

(i) (iv)

Cf the four ring closure methods, types (1) and (ii) have been
used to a limited extent only because of the inaccessibility of

suitably substituted pyridine starting materials.

Type (iiif is the extension of the Madeluns indole synthesis,
The method involves the heatinz at high temperature of 2-amido-3-methyl-
pyridine derivaiives with a basic catalyst. It is the most useful
method for the preparation of the parent rins 1§-pyrrolo[2,3-zﬂ-
pyridine (35). It has been widely investigated and was modified by
who proposed the mechanism below (scheme 5) for the

cyclisation.

To support this mechanism the formamidine (44) was prepared in



SCHEME .5

& 8. S (I
NS e
N NHCHO N NHCH=—NPh

(40)

CH>
TN, o CI
XN N:-_.CHNHPh N=CHNHPh
A 5
l (41)

Z/\
R
A

8

N

A e
S
C



-9 u

which the equilibrium (40) —— (41) was restricted in favour of
the cyclisation intermediate (41). When the amidine (4%) was
cyclised with sodium N-methylanilide as the base, the yield

increased from 50-63% to 80%

- ‘ CHa
NNTTNNH
(42)
CH3

=

B e T i
SN TSN==CHOC,Hsg N_CHN

(43) (44) \eh

The last method of ring closure (type iv) is exemplified by
the application of the Fischer indole synthesis to the cyclisation
of 2-pyridylhydrazones, It has had limited success for two reasons.
As shown in step three the cyclisation requires a nucleophilic attack
by the pyridine m-electrons on the side chain {seheme—6), This
attack is less favourable because of the reduced nucleophilic
character of the pyridine rinz, The second reason is that cyclis-

80 B3 AL
ation under acid catalysis ' °'  involvesz protonated nitrogen in
the pyridine ring makinz it more unlikely for the 7 -electron

participation in the nucleophilic step three.

Qe
“*~" found that when normal or Lewis

Parrick and co-workers
acids were omitted and cyclisation carried out under purely thermal

conditions, many of tHe 2-pyridylhydrazones formed
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1H-pyrrolo [2,3-b] pyridines #ithin electrocyclic conditions in moderate

to good yields,

The most successful and widely used methods for the synthesis
of the parent ring have involved the construction of the pyrrole
ring on the existing pyridine ring, Two features of the 7j-electron
distribution of the pyridine ring (37) have affected the success of
the cyclisation reactions. When electrophilic attack at C3 of the
pyridine is involved (as in type iv synthesis) the rm-electron is not
easily available because of the reduced nucleophilic character of the
pyridine ring and high temperature is required to enable cyclisation
to take place., Secondly, when type (iii) synthesis is used, the small
Jl-electron excess on 03 make the hydrogen atoms on the exo-cyclic
carbon atom less acidic than benzylic hydrogen atoms in alkyl
benzene and only the use of strong bases can remove them to gener-
ate the carbanion required for the cyclisation (scheme 5)., This
requirement for extreme conditions precludes the direct synthesis of
most compounds bearing labile substituents which as a result have to
be introduced in the formed ring. Further, because of the
m -electron distribution of pyridine {(37) there is a limitation on
the selection of the starting materials for the synthesis to succeed
and to avoid formation of unexpected products. Thus Fargher and
Furnessg3 failed to cause the cyclisation of a number of
2-pyridylhydrazones with zinc chloride or hydrochloric acid as
catalysts, and Kelly and Parrickaé could not cause the cyclisation

of 5-nitro-2-pyridyl-hydrazones of cyclohexanone and ethyl ketone

under thermal Fischer indolisation.

Unexpected products have been isclated by Yakhontovao when
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cyclohexanone 2-pyridylhydrazone derivatives were heated with
hydrochloric acid tc yileld pyrido[z,1-£ﬂ—§§-triazines and when the
hydrazones were heated in sealed tubes with boron trifluoride-ethyl
etherate in acetic acid at 180°C, to yield triazolo[B,hﬁé}pyridines.
In both cases the expected a-carboline was also isolated. Hillette?9
induced 2-amino nicotinic acid to react with chlcroacetic acid and
treated the resulting intermediate product with acetic anhydride to
give a product which he formulated as 1-acetyl-1ﬁ-pyrrolo[2.B-EQ-
pyridine-3-hydroxy-2-carboxylic acid (45). However, Mosby87 had
previously suggested that the reaction of 2-amino-nicotinic acid with
chloroacetic acid involved the ring nitrogen atom to give a
pyridonimine derivative which under the influence of a mineral acid
cvclised to an imidazo ﬁ.ng] pyridine-3-carboxylic acid(46,R=K).
Herberisjsuggested that the product obtained by Willette was also
imidazo [1,2-2] pyridine-3-carbox¥.lic acid (ué,n=cocl—:3) as the

'N-acetyl' group could not be removed by acid hydrolysis.

5%
I N coH Sy
"\\N N 2
\ > AN
COCH3 R 0
5) (46)

Since cyclisation involving the formation of the five-membsred
ring on the pyridine ring to form 1H-pyrrolc([2,3-b]pyridines
requires harsh conditions in which only stable substituents such as
methyl, ethyl or phenyl can be prepared directly, efforts have been
made to prepare compounds with labile substituents by less extireme

conditions. Brodrick and Wibberley88 nave reported the successful
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preparation of a number of 1H-pyrrolo[2,3-2] pyridines from
2-aminopyrroles. The significant feature of this route is the
preparation of compounds with useful substltuents such as hydroxy,

oxo, nitro, and carboxylate groups on the six membered ring,

b
o
=
1)
<
(U]
H
ct
5
i
Q

ompounds had a 3-carbonitrile group which proved very
resistant to hyérolysis by acidic or basic agents, Similarly,

. Iy s 1 - . .
diethyl Z-anino-pvrrcle-3,~4-dicarboxylate and 2-amino-3-carbonitrile-

Recently Vorz et al “ reported that when 3, 5-diethyl-i-msthyl-
Py oot . a Jy w A% R IE_ A Anmesrr S Ly - - 3
pyrrolo[2,3-b]azepine-k, 7-dione-3, 5-dicarboxylate (47) was refluxed
£} 5 5 - o A fipy . oy o o e Clel e e LN S -t
with nydrochloric acid (0,2M) the agepine rins coniracued to hlveaaeﬂh%y

gkl -1 -methiyl-{H-pyrrolo 3,3-t1pyridine~4,ﬁ—dihyiroxy-5—acet;c acid43).

48) T

- ~ S ey
- whemical FZropelvles
it L - 2L Y = e I St ~ oA
tlthourh the m-electron &istributlior ol 1z- “r:*c[h,;-ﬂ -
<, S S 1, T S A f L i T e . e T 2 -
pyricine (352, &nc "hat O 4indole \39,) resemiles eaCh ouher closely,
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the chemical properties of the two ring systems are often dissimilar,
The former does not undergo electrophilic substitution in the six-
membered ring under normal circumstances and nitration reaction gives
only 31nitro-1§;pyrrolo.@,3-§]pyridine.go Nitration of unsubstituted
indole does not give 3-nitroindole but an amorphous product of
unknown structuregi. Substitution in the six-membered ring of
1H-pyrrolo [2,3-b]pyridine (36) has been carried out via a 2,3-dihydro
derivative in which a 1-nitro product re-arranged under the

influence of concentrated sulphuric acid to 1H-2,3-dihydro-5-nitro-
pyrrolo [2,3-b]pyridine which was subsequently dehydrogenated and

reduced to give the 5-amino-1§-pyrrolo[2.31E]pyridine.9o

7=N-oxidation should alter the m-electron distribution in the
six-membered ring of 1H-pyrrolo [2,3-F pyridine (36) and make it more
susceptible to substitution, Clark and Parrick92 treated this
compound with hydrogen peroxide (304) in acetic acid and found that
instead of the 7-N-oxidation product, ring opening occurred at the

2-3 bond with the elimination of the C, — carbon to give 2-aminonic-

2
otinic acid, Whena-carboline was treated with the hydrogen peroxide-
acetic acid mixture, none of the N-oxide formed; indicating that the
ring opening step (where possible) was faster than N-oxidation.
Subsequently the same worker593 treated 1-acety1-1§-pyrrolo[2,3{@

pyridine with m - chloroperoxybenzoic acid and obtained the

1H-pyrrolo [2,3-b]pyridine-7-axide (47) in variable yields,
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(49d) (49¢) (49¢)

Attempts to extend the 7-N-oxidation reaction to substituted
pyrrolo P.B-B]pyridines failed.gu Thus 1-methyl-2,3-diphenyl-1H-
pyrrolo[?,j-b]pyridine was treated with m-chloroperbenzoic acid and
gave two ring-opening products; 3-benzoyl-2(N-methyl benzoylamino)
pyridine and 3-benzoyl-2-(N-methyl benzoylamino)pyridine-i-oxide.
Substitution reactions at ring carbon atoms depend on the contrib-

and tautomeric
ution of the various resomance structures (L9 through (49e).
Nucleophilic substitution at positions & and € is favoured by reson-
ance hfbrides (42a) and 49b); when the 7-N-oxide (49) was treated
with acetic anhydride it gave exclusively the i-acetyl-6-acetoxy-1H-
pyrrolo @,B—Eﬂ;wridine and none of the 4-isomer, However the 7-N-oxide

(45) was resistant to nucleophilic substitution with cyanide at 6-

position when treated with benzoyl chloride-silver cyanide mixture.
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Electrophilic substitution at positlons 4 and 5 of (49) should

be favoured by the resonance structures (494) and W9e). However

N—oxide
nitration of 1§-pyrrolo[2,31E]pyridinQAand 3-bromo-1H -pyrrolo -
N- oxjde
B,3-b]pyridine,gave only 3-nitro-iH-pyrrolo[2,3-b]pyridine and none

of the h—isomer.95 Under acidic nitration conditions the oxygen of
the 7-N-Oxide would be protonated leaving a positively charged nitro-
gen atom which would further deactivate the six-membered ring. The
resonance structure (49e) would be the more likely reacting species
and in this case the 3-position is the more favourable for the

nitration reaction.

C. Biological Properties

lﬁ-Pyrrolo[2,3-3ﬂnyridine derivatives have been tested for
activity against a variety of biological systems, Thus 6-amino-2,3-
diphenyl-iﬂ-pyrrolo[2,3-p]pyridine had 1ittle antimalarial activity
96 97

when tested against P.lophurae. Verbiscar’' synthesized a number
of 1H-pyrrolo(2,3-b] pyridine derivatives as analogs of quinoline-5-
-piperidylmethanol which show antimalarial activity and found that
1=(k-chlorobenzyl)-1H-pyrrolo [2,3-b]pyridine-3-«-piperidylmethanol to

be weakly antimalarial against P, berghei.

7-Azatryptophan was tested as antimetabolite of the amino acid

tryptophan in the protozoan T. pyriformis and found to inhibiti the

R
utilisation of tryptophan.g“ Bacteria mutants of E, colil

requiring tryptophan and certain virus, Tz-phage were found to
incorporate 7-azatryptophan and produce inactive proteins which

o1e)
caused zrowth to cease at double the population,””

Berecz and Godinloo found that 7-azatryptophan was incorporated
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in mammalian proteins, Rats starved of protein incorporated
7-azatryptophan in plasma proteins which were inactive and lead to
rapid loss of weight,

Adler and Albertl®!

found that 1H-pyrrolo [2,3-b]pyridine when
injected in mice caused paralysis and respiratory depression; but it
caused relaxation of isolated smooth muscle, It also showed a
delayed toxic effect which resulted in the death of the animal
about five days after treatment., In rabbits, the compound reduced
blood pressure to shock-levels.,

A patent10?

appeared in 1965 which described preparation of a
number of amidoxime, amidine, and guanidine azaindolylalkyl
derivatives which were said to have hypotensive, sedative and
psychomctorial stimulating activity. 1E-pyrrolo[2,3-1] pyridine-3-
acetamidoxime has been shown to lower blood pressure by depletion of

catecholamines from the heart.103

2-phenyl-1H-pyrrolo[2,3-b] pyridine was found to be inactive as

AGii nst 104
antihelminthic when testedA.richostrongyles .

Recently it was reported that when the bacterium Cyanobacterium

anabaenz was incubated with 7-azatryptophan the activity of the

S s 10
enzymes heterocyst and niirogenase were induced, 5
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I Aims and Objectives

Trypanosomiasis is an important disease in Africa and it has
been estimated that about eight million people are infected annually
and potentially about 35 million people are at risk of infection,
There is an urgent need for the development of new drugs for the
treatment of this disease, since no new drugs have been developed
for trypanosomiasis for more than thirty years, and those drugs now

in use are unsatisfactory.

The problem of trypanosomiasis becomes more serious when it is
considered against the background of the fact that pharmaceutical
companies which have in the past played an important role in drug
development and innovation have largely abandoned research for trop-
ical diseases, Goodwin?5 has suggested that the reason for the
decline of research in this area is largely economic; since research
leadinz to introduction of a new dfug is expensive and if such a
drug was found it would be unprofitable as the people who need it are

too poor to afford it,

This work was undertaken to prepare derivatives of
iﬁ-pyrrolo[?.B-E]pyridine (36) for evaluation against T.b. brucei.
The rationale for making such compounds was that they are 7-azaindoles
which are structurally similar to the indole derivative tryptophan (1),
which has been found to be rapidly metabolised by trypanosomes
(scheme 3 and table 2)., Derivatives of 7-azaindole could interfere
with utilisation and incorporation of tryptophan and cause damage to

trypanosomes,
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1§7Pyrrolo[?,31ﬂ pyridine derivatives bear the same relationship
to pyrrolo[2,3-d]pyrimidines (35) as these compounds do to purines
(34) i.e. with one ring nitrogen atom less in the five-membered ring
of (34). Thus tubercidin (7-deazaadenine) is active against
trypanosomes. Derivatives of 1H-pyrrolo[2,3-b]pyridine (36)

(,7-dideazaadenine) could have antitrypanosomal activity,

Derivatives of 1H-pyrrolo[2,3-b] pyridine (36) form an entirely
new system of compounds that have never been screened before for
antitrypanosomal activity. Their investigation could provide a lead

compound for further evaluation,

6
5 _N7
GRS S a5
ZLQ:N _ Fqg \\N N \\N N
3 \ \ \
H H H
(34) (35) (36)

II Screening of Selected 1H-Dyrrolo[2,3-b]pvridines zgainst

T.b. bruceil

The rationale for the synthesis of 1E-pyrrolo[2,3-b]pyridines for
; =D} L god s
screening agzainst T.b, brucel has been given above; and the

reasons for selecting particular functional groups are given below,
The selection of the compounds and the screening test was carried

out before elemental analyses were done, Thus compounds (84), (90)
(91) (100) (122) and (123) used in the testing did not give satis-

factory analyses, Their identity had been established by
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spectroscopic methods (infrared n.m.r. or mass spectra, see experi-

mental section),

Esters and amides hydrolyse slowly at physiological pH., The
esters (77), (78), (79), (92) and (123) were prepared with a view to
extending their biological half-l1ife which could increase the

contact time for biological activity.

The p-chlorophenyl group increases lipid solubility, and the
compounds (74), (?6)! (270 (29), (Bz)i (es), (ge8), (92)I‘ (100)!
(108), (109) and (b) had this functional group to enhance 1lipid

solubility to increase the chance for biclogical activity,

Compounds containing the labile imino (C=N) bond, (81), (82) and

(84) could conceivably react with important sites of the trypanosomes.

vl
Azatryptophan (121) and its derivatives; the 2 -N-acetamide (122)
and the methyl ester (123) as well as 2'-N-methyliryptophan (c) (see
table 4 below) were expected to interfere with the utilisation of

the amino acid tryptophan ik which they resemble closely.

The infectivity test establishes whether a given potential drug
is incorporated into important trypanosome proteins which then
become inactive and lead to the death of the trypanosome, In this
test (table 5) two of the compounds (77) and (88) had this effect

but did not show activity in vivo,

All the compounds screened had no activity. They probably did
not bind to important sites in the trypanosomes or did not reach the

concentration that would be lethal to the trypanosomes, Higher
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doses than those shown in the table killed the test animals within
periods varying from 5 minutes to 12 hours, All the compounds
appeared to be absorbed from the injection site as indicated by a
drowsiness of the test mice within five minutes of the injection

which lasted for about ten minutes.

III

A, Preparation of 1H-Pyrrolo[2,3-bY] pyridines

Two approaches were adopted in this study in order to prepare
derivatives of {H-pyrrolo [2,3-b]pyridines for subsequent screening
for antitrypanosomal activity against T.b, brucei. In the first
approach 1H-pyrrolo[2,3-b]pyridines with stable substitutents were
prepared directly; and in the second approach substituents that

were too labile for direct synthesis were introduced into the

iH-pyrrolo [2 " 3-1:] pyridines,

0f the four methods commonly used for the formation of
1H-pyrrolo [2,3-b]pyridine by the construction of the five-membered
ring on the existing pyridine ring (Section II, A) two were selected
for use, namely the Madelung synthesis (type (iii)), and the Fischer

indole synthesis type (iv).

2-Pyridylhydrazine (53) was prepared by treatment of
2-chloropyridine (50, R = H) with hydrazine hydrate.83
L-Methyl-2-pyvridylhvdrazine (54) was prepared by nitration of

2-amino-b-methylpyridine (51, R = CH3) followed by the reduction of

106 The

the 2-nitramino-4-methylpyridine (52, R = CH3) intermediate,
2-pyridylhydrazines were converted into the 2-pyridylhydrazones of
p-chloroacetophenone (55), (56), p-chloropropiophenone (57} 3%, ~

L -dimethylacetophenone (58), 3,4-dimethoxyacetophenone (59), and

propionaldehyde (60).
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SCHEME 7
(50]
(52)) (51)
-
(53) R =H
5
(54) R =CH
SN-TSNHNH, ¢
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(55) R=R"=zH = :CBHA —]_J—C[ (61)
1 2
(57) R = H Rl =CgH, -p-Cl  R% =CH3  (63)
(58) R =R%zH R =CgHy—3,4-di CHy (64)
(59) R =R®=H  R'=CgHy—3,4~di OCH; (65)

(60) R =R'=H  RZ=CHq (66)



-63-

The 2-pyridylhydrazones (55), (56), (57), (58), and (80) were
cyclised into the 1H-pyrrolo [2,3-b] pyridines (61), (62), (63), (64)
and (66) by heating under reflux in triethylene glycol (trigol) for
periods of time which varied from 4 hours to 7 days., 3,4-Dimethoxy-
acetophenone 2-pyridylhydrazone (59) gave only tarry material which

contained none of the expected product (65).

Since the yield of 2-p-chlorophenyl-iH-pyrrolo[2,3-1] pyridine
(61) prepared by the Fischer method was low (9.64) an attempt was
made to prepare it by the Madelunz method in the hope of improving
the yield; since 2-phenyl-1H-pyrrolo[2,3-b]pyridine has been prepared

by this method in 0% yield.ioé

2-p-Chlorobenzamido-3-methylpyridine
was heated under reflux with sodium N-methylanilide but gave only
tars., Under similar reaction conditions, 2—3—methoxybenzamido—3-
methylpyridine and 2-phenylacetamido-3-methylpyridine have been

reported to fail to cyclise.l06

Although commercially available, the parent compound 1H-pyrrolo-

[2)3-b] pyridine was successfully prepared for use by the modified

Madelung method in 50-704 yield,o?

« Chemical Properties of 1H-Pvrrolo[2.3-b]pvridines

-
-d

The 1H-pyrrolc[2,3-b]pyridines (36), and (63) were treated with

base (NaH, K or KOH) and the alkylating agents p-chlorobenzyl

2793
chloride or iodometihane to give 1ﬁg-chlorobenzyl-lﬁ-pyrrolo[Z.B-Elpyr-
idine (67), 1-p-chlorobenzyl-2-p-chlorophenyl-3-methyl-1i-pyrrolo-
[2.3-Eﬂpyridine (69), and 2-p-chlorobenzyl-1,3-dimethyl-1H-pyrrolo-
[2,3-b] pyzidine (71) as the majof products, and 7-p-chlorobenzyl-

7H-pyrrolo [2,3-b] pyridine (68), 7-p-chlorobenzyl-2-p-chlorophenyl-3-

methyl-7H-pyrrolo [2,3-b]pyridine (70), and 2-p-chlorophenyl-3,7-



dimethyl-7H-pyrrolo ,3-b] pyridine (72) as the minor products., The

minor products (68), (70) and (72) were separated from the major

products by extraction into dilute acetic acid or dilute hydrochloric

acid.g? The infrared spectra and n.m,r, spectra of the derivatives

- (67) - (71) were consistent with the postulated structures (see

experimental section), The analytical data of 2-p-chlorophenyl-3, 7-
some

dimethyl-7H-pyrrolo[2,3-b] pyridine (72) indicated that x4 hydrate had

been formed durins recrystallisation (from agueous methanol).

R? R2 R2
~
el ey S e e ] e
\ \ |
- > R
(36) R'=R2:=H (67), (68) R =CH,CgH, —p~Cl
R1 Spe s H
(63) R' =CgHp-Cl  (691,(70) R =CH,CgH; —p—Cl
R% =CHj R' =C¢H,—p—Cl
RZ =CHy

(71).172) R =R%=CHj
R =CgH,—p—Cl

15-?yrrolo[2,E-Eﬂpyridine-}-carbaldehyde (73) was prepared by

LY

the treatment of 1X-pyrrolof2,3-b]pyridine (35)

97

with hexamethylene tet-
ramine in dilute acetic acid, The same compound was reported by

2 0 : s A
Robison and Robisor;1 7 who had prepared it from 3-N, N-dimethylamino-

methyl-1H-pyrrolo[2,3-b]pyridine on a small scale. This method

could not be adapted to large scale preparation for further
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SCHEME 8
CHO
Iy e
\N 1\\1 \N '\‘]
R R
(36) R =H (73) R =H
(§7) R =CH,CgH,—p—Cl (74) R =CH,CgH, —p-Cl
/ /
CH,OH H,0C
g \R!
T el N
Sl o
R R
(75) R sH {77) R =H
1
R'e CeHy—p=Cl
(78) R = COCHs
y
R = CHy
(76) R =CHoCgH, —p-Cl (79) R =CH,CgHy,- p-Cl

R' = CHj
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reactions, 1-p-Chlorobenzyl-iH-pyrrolo[2,3-b]pyridine (67) was read-

ily converted into 1-p-chlorobenzyl-ik-pyrrolo[2,3-b]pyridine-3-
carbaldehyde (74) by the Vilsmeir formylation method. The infrared,
n.m.r. ‘and mass spectra for both these aldehydes were consistent
with the postulated structures,

These two aldehydes were easily reduced by sodium borohydridelo8
to the 3-methanol derivatives, 1§-pyrrolo]?,3-2]pyridiaeFB;gethanol
(75) and i-p-chlorobenzyl-1H-pyrrolo [2,3-'_D]pyrid§.-ne-37{:ethanol (76).
For both compounds the infrared, n.,m.,r. and mass spectra were

consistent with the proposed structures,

Treztment of 1§-pyrrolo[2,3-§]pyridine-3;ﬁethanol (75) with
p-chlorobsnzoyl chloride in the presence of pyridine gave the ester
3-p-chlorobenzoyloxymethyl-1H-pyrrolo [,3-b] pyridine (77). This
structural assignment is consistent+ith the infrared spectrum of the
compound which showed no OH-stretch at 3150 cm™» and had an intense

peak at 1709 en™® characteristic of ester carbonyl stretch.log' 110

When 1n-n¢*rclo[2.)—_Jnyrid.ne-,jéetnanol (75) was treated with
acetic anhydride both the pyrrole nitrogen and the OH group were
acetylated to yield B—acetO}fﬁEt“J'-E—ECEV»;-in—DVTSO1O[g’\-vja
pyridine (78). The infrared spectirum showed the ester C = stretch

-1 . 2 = . i it
at 1735 cm - and the amide C=0C stretch at 1690 cm, The Del.T.
and the mass spectra were consistent with this structural assignment

(see experimental section).

-

Treatment of 1-p-chlorobenzyl-iH-p 2 "—Eﬂ;h__diﬂﬂ-v-y(*

methanol with acetic annydride gave 3-acetoxymethyl-i-p-chlorobenzyl-
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{H-pyrrolo[2,3-b]pyridine (79). In this compound, the C=0 stretch

appeared at 1722 eml This assignment confirms the assignment of

compound (78) above.

The aldehydes, 1H-pyrrolo[2,3-b|pyridine-3-carbaldehyde (73)
and 1-B—Chlorobenzyl-lﬁ-pyrrolo[2,3121pyridine-j-carbaldehyde (78)
condensed with hydrazine, semicarbazide hydrochloride and thio-
semicarbazide to give the hydrazones (80) and (84) the semicarbazone
(82) and the thiosemicarbazones (82) and (83) in high yield.
Spectroscopic data supported the postulated structures (80) - (83)
(see experimental section)., An analytically pure sample of 1-p-
chlorobenzyl-ig-pyrrolo[2,3-§ﬂpyridine-}-carbaldehyde hydrazone (84)
was not obtained, The compound decomposed when recrystallisation
from ethanol or dioxan was attempted. The infrared spectrum of the
1

crude compound showed an intense C=N stretch peak at 1625 cm,

The hydrazone had the high melting point characteristic of these

compounds, g 1
CHO CH=N—R
= i)
i SN | N
-~
N
R R
(73) R =H (80) R =H R =NH,
(81) R =H R =NHCI=S)NH,
(74) R =CHyCgH;—p~Cl (82) R =CHoCgH,—p~Cl

R = NHCI=0)NH,
(83) R =CH,CgH, —p ~Cl
R'=NHCI=S)NH,
84) R =CH,CgH,—p-Cl R =NH;
(85] R=H R = CgHy -p-Cl

1§7Pyrrolo[;.3-3}pyridine-}-carba;dehyde condensed with p-

chloroaniline in the presence of hydrochloric acid to give the imine
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(85) 1in very high yield. Its infrared spectrum had an intense C=N
-1
stretch peak at 1655 cm. The mass spectrum showed the molecular

ion at m/e 255.

The aldehyde (74) condensed readily with ethyl cyanoacetate in
the presence of catalytic amount of piperidine to give ethyl 2 -
cyano-3 '—@-_g-chlorobenzyl 1H-pyrrolo [E,B-E'Jny:id- 3 -:.'J;bcrylate

£

(86)., The infrared spectrum showed a C = 0 peak at 1700 cm.
similar condensation product, ethyl 2’ -ethoxycarbonyl-3 -f-p-chloro-
benzyl-1H-pyrrolo [2,3-b]pyrid-3-ylacrylate (87) was obtained when
the aldehyde (74) was treated with diethyl malonate. An analytically
pure sample of this compound was not obtained, The infrared, n.m.r.

and mass spectra were consistent with the postulated structure (see

experimental section).

CO4CoHs
CHO 50 e 5 :
R
2
72 | N\ 4 | R
o
o
N T N TR
R
(74) R=CHoCgHy-p-Cl (86) R =CHoCgH, ~p-Cl
R =CN
(87) R :CHzCsHb—E—Cl
R'=C04CoHs

I+ had been hoped that ethyl 2 -cyano-3-{{-p-chlorobenzyl-1H-

ryrrolo [2,3-Y pyrid-3-ylacrylate (86) could be catalytically
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hydrogenated at the side chain C=C bond and the cyano group of the

resulting intermediate compound be converted into a primary amine,

However, upon hydrogenation with Adan's catalyst a yellow oil which

could not be induced to solidify was obtained. The reaction was not

pursued further,

Borch and co-workers

have reported a convenient reductive

amination of ketones and aldehydes utilising cyanohvdridoborate

anion in acidic medium,

By the use of this method, the aldehydes,

{H-pyrrole [2,3-b] pyridine-3-carbaldehyde (73), and 1-p-chlorobenzyl-

lﬁ—pyrrolc[2,3—3}:yridine-S-carbaldehyde (74) were reductively aminated

to N-E-chlorOphenyl-1§-pyrrolo[2,3-2]pyrid-B-ylmethylamine (e8), 1-no-

chlorobenzyl-N-methyl-N-phenyl-lﬁ-pyrrolo[2,3191pyrid-B-ylmethylamine

(89), 2 -(1E -pyrrolo[2,3-b] pyrid-3-yImetnylamindpropanoic acid (90),

and N,N-dimethyl-iﬁ-pyrroloEZ,3121pyrid-B-ylmethylamine (91). The

infrared, n.m.r, and mass spectra were consistent with the postulated

structures (see experimental section), The last two compounds (90)

and (91) were not obtained in analytically pure form.

CHO
o3 l \\
N\N N
|
R
(73) R = H

CH- N\R2
= ]
. T ageh
\N N
\
R
1

(88) R =R =H
. S
r -CGHA_E_CI

Rl = CHy RZ:CgHs

(90) R =R=H R2=C\HCH3
COLH

(9] R =H R =R%zC,Hsg
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The imine (85) was reduced by sodium borohydride to the amine

form which was identical with the amine (89) prepared directly.

The amine, 212-chlor0phenyl-3-amino-1§-pyrrolo[2,Sﬁﬁ]pyridine
(99) was treated with ethyl acetoacetate under reductive amination
conditions to give 2-p-chlorophenyl- -342° methyl ethoxycarbonyl-

ethylamino-1H-pyrrolo [ 3-%] pyri (92). The infrared spectrum

I

showed C =0 siretch at 1722 cm -~ and the molecular ion m e 357 was

observed in the mass spectrum,

N Ho NH—FR

\
V

\
z

(99) R =CgH;-p-Cl (92) R =CgH;-p-Cl

R! =CH(CH ) CO,CoHg

2-p-Chlorophenyl-1H-pyrr rolo[2,3-t]pyridine (61) and 2-p-
* - - - - -~ " s aa 6,-.,\ & %
chloro:neny;-b-methyA—1:-pyrrolo[z.;-bjpyrlclne (62) were treated
compounds

with nit acid to give the nit (€5) and (9%) intermediates
with nitrous acid to give the nitrosc,(%3) and (Y5, =» neoi
which were reduced to &ue the 3-aminc derivatives (9%, and (100).
An analytically pure sample of the amine (100) was not obtained,
The %-arino derivatives were ireated with nitrous acid to give the

% e

c:N—N

diazo derivatives (102) and (103). e M=1N siretch was

- = E
observed at 2125 cm - for (102) and 2110 em - for (103) in the

for the diazo compound (103)

w
'd
L]
(& ]
cl
H
m
e
’3
W
o |
(il
=
-(_:
o+
‘,l
0
o
(8]
wn
m
=
d
|_‘
(1)
[}
(8]
H

vas not obtained,
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(61) R =CgHy-p-Cl R =H (95)
" (62) R =CgH, -p-Cl R =CHy (96

(98) R =CgH,—p-Cl R=H  (102)

(100) R =CgH, -p-Cl R =CH3 (103)

Chlorosulphonation of {E-pyrrolo[2,3-t]pyridine (36), and
1{-p-chlorobenzyl-1i-pyrrolo[2,3-b|pyridine (67) with chlorosulphonic
acid zave the 3-sulphonyl chlorides (104) and (105) as unstable,
colourless powders. These in turn were converted intc the
derivatives (105) - (112)., The infrared,n.m.r. and mass specira of
the compounds (10%) - (109) were consistent with the postulated
structures (see experimental section). 3-Sulphamoyl-iH-pyrrolo-

(LS

[2,3-bjpyridine (110) was not obtained in[analytically pure Iorm,
. /
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SCHEME 9
S0, 0H
SN SN-TSN
: :
(36) R =H (113) R = H
(67) R =CHyCgH,-p-Cl
SO
\/|\
A
:
(104) R =H (106) R =H R = NHCgHs
(107) R =H

R =NICH 3 )CgHs
(105) R =CH2C6HL—E—CI [108) R :CH2C6H4-E—C1

é[:N“v//\
I &

(108) R =CH2C6H4_E_Cl

ﬁ:rt::::x

(110) R =H R =NH,

(111) R =H R =NHNH,

(112) R =H
R'=N(CH,CH3 )5
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The mass spectrum of the crude compound showed the molecular ion at

nfe (197). 3-Hydrazinosulphonyl-1H-pyrrolo[2,3-b pyridine (111) was
not obtained in analytically pure form. The molecular ion was not
seen in the mass spectrum. The infrared and n.m.r, spectra were
consistent with the postulated structure (see experimental section).
B-Nixlﬁiethylsamino:sulphonyl-iﬁ-pyrrolo[z,31g pyridine (112) was
not obtainsd ?ﬁ;;;alytically pure form. The infrared, n.m.r. and
mass spectira were consistent with the postulated structure (see

LY

experimental section).

-Pyrrolo[2,3-b] pyridine (38) reacted with disulphuric acid to

=
i

give 1E-pyrrolo [2,3-b] pyridine-3-sulphonic acid (113) in high yield.

Nuclear magnetic resonance spectiroscopy indicated that substitution

had occurred zt 3-position, The mass spectrum showed a parent peak

ot

at n/e 198; but an analytically pure sample was not obtained,

Sulpnonation of indeole using pyridinium sulphate lead to

112

S-substitution,

1-?-3hlcrcbenzfl-iH—pyrrolo[Z,B-b pyridine (67) was treated with

bromine to yield 3-bromo-1-p-chlorobenzyl-iHE-pyrrolo[2,3-b] pyridine

AN
N
Y

\
S

It was expected tha: the 3-methyl group in 2-p-chlorcphenyl-3-

(I~

methyl-iﬁ-pyrrclo[z. -b|pyridine (£3) could be converted into a
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carboxylic acid group by oxidising agents, Treatment of this compound
with potassium permanganate yielded the carboxaldehyvde derivative
(115). 1Its infrared spectrum showed a strong C= 0 stretch at

1658 cm-l. In the mass spectrum the M peak at E/g 256 was seen and
the M -1 peak formed the base peak, This fragmentation pattern is
characteristic of aldehydes. ®? The aldehyde was not obtained in

analytically pure form,

Further oxidation of this aldehyde (115) or treatment of (63)
with potassium dichromate in concentrated sulphuric acid resulted
in the degradation of the compounds and only p-chlorobenzoic acid

was isolated,

CHs CHO
7 \ R p KMnGQ, = o | AN 5
\xN ]ﬁ \\N N
: !
(63) Co 115) R=CgHg —p-Cl
AL
>
fOzH
i %
(116) - R

N
R:CBHL—D—C[ \
H
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N-Bromosuccinimide in the presence of a2 peroxy acid readily
brominates benzylic pro*t.cnns.j'f3 Attempts to effect brominmation of
2-p-chlorophenyl-3-methyl-1H-pyrrolo [2,3-b] pyridine (63) or the
1-substituted isomers (69) and (71) with N-bromosuccinimide were

unsuccessful,

CH4 CHo Br

NBS

>K
W
i
=
:U.._l.

(63] R =H R=CgH,-p-Cl (117)
(6S) R =CHCgH,-p-Cl R'=CgH,—p—Cl (18]

(71) R =CH3y R =CgHy—p—Cl (113)

2'-imi no-;\@;-—p;rrrolc ;2, 3-'_31 pyrid-3-yls2T-propancic acid (7-

Fo

azatrvpicphar) (124) was prepared by the method of Robison and

187 cetamid-3 - -
q Eo -t ey > -—W,_ Bernvrraln |7 "\-" et A v e Toh s
A0C_5010 [ e - ~ e @_: Py —s ULy ot B B R T e e = 'p_OpanOl\.
acld {2,M-acetzmido-7-zzatryrtophan) (121) was prepared by the base

3 T are S = e M L B S L e - ol s ~ {2
hvdrolyvsis of etnyl 2 -sthoxvezrbonyi-2 pKR-zcetamido-3 -(1hH-

o o N P T N RS s adta 40N =2 o4
pyrrelo| 2,3-bj pyrid=3-yl) propancate (120) in good yield. The
I 01 2= pror

-]
infrared spectrum of (122) showed the C= 0 stretch at {712 cm ~ and

. The mass specirum showed ihe molecular



N A

ion peak at m/e 247, However an anlytically pure sample was not
obtained,
3~
Methylation of 2 aminojgg-pyrrolo[2,3-§ﬂpyrid—j-yﬂva’-prcpanoic
acid (121) in methanol yielded the ester, methyl 2:-amino;§§rpyrrolo
[2,3-b] pyrid-3-yl-3-propancate (123). Its infrared spectrum showed

an intense C =0 peak at {740 emy !

The n.m.r, and mass spectra were
consistent with the postulated structure (see experimental section).

An analytically pure sample was not obtained,

NHCOCH; \NH2
(6 > A g
NS
Xy N . N\
\ H
(120) (121)
CO,H /C02CH;
CH,CH CHoCH
\NHCOCHy \NH,
7 o
SN N SN
\ \
H H



= 77 -

IV Mass Spectral Fragmentation Patterns of Selected {H-Pyrrolo-

[2,3-b]bvridinss.

2-p-Chlorovhenyl-1H-pyrrolo [2,3-b] pyridine (61).

The mass spectrum of 1H-pyrrolo [2,3-b] pyridine (36) has been
13

.
reported, The molecular ion formed the base peak and showed

fragmentation by loss of HCN or H® in 50 and 9¢ relative abundance,

114

It hzs been proposed that aryl substituents in indoles and

113

tg-pyrrolo[ﬁ,jfglpyridines stabilised the ring systems and the
molecular ions formed the base peaks, This effect has been observed
in the mass spectra of the 1H-pyrrolo[2,3-b]pyridines (61), (62),
(€3) and (71) which contained z 2-p-chlorophenyl substituent., All
four compounds had base peaks due to molecular ions., All four

compounds showed dezradation due to the initial expulsion of HCl, Ci1°

or ¥' from the molecular ions.

In the case of 213-chlorophenyl—iﬁ-pyrrolo[E,3f§]pyridine (61)
the loss of HC1 and/or C1' was followed by the loss of HCN from the
ion m/e 192 or 193. The loss of hydrogen atom occurred in 7%

abundance, This compound showed a significant fragmentation pathway

ck
3
o
1]
el

* .
involvins the expulsion cf C7H5CIN (m 36.3) to give a peak a
This ion rrobably has the rinz-expanded dedihydroazatropylium

e b la b al =]

m
S oee e bl T -

ne 10 &

- a - ] - 2 LA
EOCJ to give peaks at m/e 54 and o3,
S

9 { the etructural fcrrmufdg n fh@.{oﬂu“,ﬂj

S OME: 0

Pases, are 5Pécufahﬁp Yepresﬁh{ﬁﬁLq;_
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m /e 63 m/e 64 X

m-7e N
.}—
: m/e 227
-H5CN -HCN ' .
- H
4.. +
E% W -CyHy CIN i | N w
\ // " m* 36.3 Xy N <l
N \
}L H m/e 228
0/e ot fax ) -HCl G
H = \ 1
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‘\N N N \
L H m/e 193
m /e 192
'-112) ..C2H2 -C2H2
\’ v
[C11H6N2] [C nH 7N2]
m/e166 m/e167
-HCN ~HCN
[CmHsN] [CTDHSNJ

m/e 139 ; m/e 140
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2-p-Chlorophenyl-4-methyl-1K-pyrrolo[2,3-Y pyridine (62)

2-P-ChlorOphenyl-h—methyl-lﬁ-pyrrolo[2,31§]pyridine (62) lost
H to give a peak at m/e 241. The molecular ion m/e 242 and the ion
at m/e 241 lost HC1 followed by 2HCN molecules to give peaks at m/e
206 and 205, 179 and 178 and 152 and 151 respectively. The other
route that operated in this compound involved the loss of Cl' to give
a peak at m/e 207; this ion then fragmented further as described for
the ¥* and (M-H)+ ions, This compound showed a peak of 5% intensity

due to direct loss of HCN from the molecular ion.
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/ OO
NN N 7/
p 2 -
m/e205  /HCN , -HCN‘/_CSHA\‘_HJ/_@_‘WQ
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m/e 178 m/e 151 m/e 152 m/e 104
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2-p-Chlorophenyl-3-methyl-1H-pyrrolo [2,3-b]pyridine (63)

The dominant feature in the spectrum of this compound after the
molecular ion was the (M - H)¥ peak which had 92% relative abundance.
The molecular ion and the (M - H)+ ion both then expelled EC1l to give
peaks at g/g 206 and 205 followed by the loss of HCN to E[E 179 and

178. The ion E/E 205 also lost C?Huﬂ to give the peak at E/e 103.

This compound showed a facile cleavage of the p-chlorophenyl

radical to give a peak at m/e 131 (M* 70.9). This ion has been

suggested to have the ring-expanded naphthyridinium struc-ture.113

This is supported by the lack of the peak at m/e 116 resulting from

the loss of CHq. This ion degraded by the sequential loss of two

HCN molecules to give the peaks at m/e 104 and 77.
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oS- oo = b

¥ m/e 104
A
m/e 131 | -HeN
) - CH,Cl [SH]
m* 70.9 m/e 77
CHj -\* CHa T
2 hoa L el = | N\
H H
m/e 242 B m/e 206 J HCN
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o | % Cl 1 /4
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+
[CuHaJ
—C7HLN m/g‘[SZ
m/e205 —HCN

* -HCN * ~Cgly {

m /e 151 m/e178

m /e 76 [CBHAJ
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2-p-Chloropheny1-1,B-dimethyl—iﬂ—pyrrolo{Z,3—@ pyridine (71).

This compound showed a very intense (M-E)* peak. Both the
molecular ion and (M-H)* ion lost HC1 to give peaks at m/e 220 and
219 respectively. The molecular ion lost Cl°' to give a peak at
m/g 221. Both the molecular ion and the ion at g/g lost CH: to give

3
peaks at E/E 241 and 205 respectively; presumably the N-CH3 is lost
more easily than the C—CHq. The loss of p-chlorophenyl radical was
very easy givinz a peak at m/e 145 (I"'.* 82.1) in 64¢ relative

abundance.
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1-p-Ghlorobenzyl—z-p—chlorOphenyl—3—methyl~1ﬁ-pxrrol0[2,3—51gzridine
(69)

The loss of the p-chlorophenyl radical was the dominant feature

of the spectrum of this compound and (I\‘:-CéHuCl)+ was the base peak,
The second most important initial degradation pathway involved the
cleavage of the N-CH,C¢H) -p-Cl bond to give a peak at m/e 125.

The ion with this peak presumably exists as the ring expanded
chlorotropylium ion, This compound did not show the (M-H)* ion
peak. The other routes involving the loss of HCl or Cl' operated to
a less extent, The direct loss of the p-chlorobenzyl radical from

the molecular ion gave the peak at g/g 241 in intensity of 15%.



m/e 241 m/e 125

-C 7H 6Cl &
O
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{H-Pyrrolo[2,3-b) pyridine-3-methanol (75)

Lﬂ-pyrrolo[2.31p]pyridine-3-methanol showed fragmentation by the
expulsions of H,0, OH' and H 1in 100, 75 and 184 intensities, The
ion at m/e 130 degraded by the direct loss of CoH N, (H* b4 L) to
m/e 76 and also by the sequential expulsion of two HCN molecules;
while the m/e 131 ion sequentially lost HCN and C,H, to m/e 104 and
78. A rearrangement reaction involving two proton-transfer to the

ring resulted in the expulsion of CHO to give a peak at m/e 119,
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1—p—Chlorobenz?lriﬁfgz;rolo[2,3-b]2yridine—3-methanol (76)

The base peak in this compound resulted from the cleavage of the
N-CH, bond to give the peak at n/e 125, The other routes involved
the expulsion of OE", K' and 'CH,OH radicals to give peaks at m/e
255, 271 and 241 with 60, 54 and 729 intensities respectively. The
other process involved the loss of ihe p-chlorophenyl radical to give

m/e 161 with intensity of 274.
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3-Acetoxymethyl-i-acetyl-1H-pyrrolof2,3~t] pyridine (78)

The initial fragmentation of this compound involved the
expulsion of ketene molecule ({L‘I‘I2 = C=0) to give a2 peak at _gl/_el 190.
This ion fragmented further by the loss of another ketene molecule
and acetyl radical as well as acetic acid molecule to give peaks at
E/E 148, 131 and 130 respectively. The ion at E/S 131 formed the
base peak. Both the ions at m/e 131 and 130 sequentially expelled

HCN and 32H2 to give peaks at m/e 104 and 103, 78 and 77 respectively.
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3-Acetoxymethy -1-p-chlo;obenzyl-iﬁ-pvrrolo[Z,B-b]Exridine (79)
This ]-substituted ester, like the methanol derivative (76)

from which it was prepared had a base peak at m/e 125 due to the

chlorotropylium ion formed by the cleavage of the N-CH2 bond,

The direct loss of the acetoxy and the acetoxymethyl groups
gave peaks at 5/g 255 and 241, The loss of the p-chlorobenzyl group
with a2 proton iransfer to the rins gave the peak at m/e 131, The
peak at m/e (%) was due to the loss of p-chlorobenzyl group and

acetaldehyde mclecule,
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1H-§x££glg[2,3-ﬁ]pyridine-B-carbaldehvde thiosemicarbazide (81)

This compound showed a base peak at m/e 143 which could
presumably have been formed by the cleavage of a molecule of thiourea
from the molecular ion. The sequential loss of CH2NS (m/e 160) and
Niy, as well as that involving H,S (m/e 185) and CH,N, could give the
same ion. The ion m/e 143 degraded by expulsion of HCN and *CN to
n/e 116 and 117 followed by HCN to m/e 89 and 90, Loss of NH, from

the molecular ion gave a peak at m/e 202 (10%).
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1-p-Chlorobenzyl-1H-pyrrolo[2,3-b] pyridine-3-carbaldehyde

semicarbazide (82)

The base peak of this compound was at E/E 125 resulting from the

cleavage of the N-CH, bond. The loss of HN=C=0 and NCO from the

2
molecular ion gave the peaks at m/e 284 and 285, These ions then

lost NH, to give peaks at g/g 267 and 268, The loss of an ammonia

3

molecule from the molecular ion to give a peak at 310 did not proceed

to a2 significant extent.
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Ethyl 2'-cyano-3'-1-p-chlorobenzyl-iH-pyrrolo [2,3-b]pyrid-3-

ylacryvlate (85)

The base peak in this compound was the molecular ion and the

peak due to N-CH, cleavage at m/e 125 was 90¢., The (M-H)" peak was

&
23%, and this ion and the molecular ion lost C_H), and 02H5
respectively to give a peak at m/e 336, The expulsion of C_;HSO2

from the molecular ion gave the peak at E/E 292. The peak at m/e
320 was due to the loss of an ethoxy group from the molecular ion.
The loss of the p-chlorophenyl radical from the molecular ilon was

144 in this compound.
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3-p-Chlorophenyl aminomethyl-1H-pyrrolo[2,3-b] pyridine (88)

The base peak of this compound was at m/e 131 resulting from the
expulsion of 06H501N. The loss of CgHgCLN and CgHy CLN from the
molecular ion gave the peaks at EKE 130 and 132, The molecular ion
also lost the p-chlorophenyl radical to give the peak at E[E 145

relative abundance 16%,

The cleavage of the CB-Cﬁz bond resulted in the ion at m/e 117.

The ion 5/2 137 fragmented further by the loss of HCN and Hch

to give peaks at m/e 104 and 103 followed by the loss of Czﬁz to give

mn/e 76 and 78 peaks,
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3-N-Phenyl sulphamoyl-iH-pyrrolo(2,3-b]pyridine (106)

The base peak in this compound was due to the loss of C6H5N50;
to give a peak at m/e 118, This ion then lost HCN to give the peak

at.m/e 91 followed by the expulsion of C_H

oo to m/e 65,

A re-arrangement process with transfer of oxygen atom to the
ring must operate to give the peak at m e 133 with 2 relative abund-
ance of 864, This ion then loses C,HNO to give the peak at m/e 7€.
Another re-arrangement process involved the expulsion of 802 to give

the peak at m/e 209 with 40% intensity.

The loss of an aniline molecule from the molecular ion gave the
peak at m/e 181 and this ion re-arranged and expelled SO to give the

peak at m/e 131.

Another re-arrangement process operated in which only the
sulphur atom was retained in the ring to give the peak at m[g 149
with 46¢ intensity. This ion at p/e 149 probably has the ring-expanded

structure,
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3-N-Methyl-N-phenylsulphamoyl-1H~pyrrolo[2,3-b] pyridine (107)

The molecular ion in this compound was the re-arrangement ion

N-methyl nitrosoaniline at m/e 108,

Like compound (106) above, this compound showed re-arrangement
with expulsion of SO, to give the peak at m/e 223, Another
re-arrangement with oxygen transfer to the ring gave the peak at
m/e 133, The peaks at n/e 118 and 117 due to the loss of C?E7NSOZ
and C7H8N502 were less important in this compound, so was the loss

of N-methyl anilide radical to give the peak at m/e 181,
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EXPERIMENTAL

SCREENING OF SELECTED {H-PYRROLO[2,3-b] PYRIDINES AGAINST

T.b. brucei

SYNTHESIS OF 1H-PYRROLO[2,3-b]PYRIDINES
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The Screenine of Selected 1H-Pyrro;g[2.3-ﬁ]pyridines against

T.b. brucei

Part of the screening programme described below was carried out
in the Department of Medical Protozoology at the London School of
Tropical Medicine and Hygiene., It was continued and completed in
the Departiment of Pharmacy in the University of Aston in Birmingham,
One of the compounds (107} Wwas screened in the Division of
Pharmaceutical sciences, University of Dar-es-Salaam, using

suramin (12) as a control.

The {irypanosome used in the screening, T.b, brucei (LUMP 116k,
and TREU 667, and 8/18) is a known suramin sensitive strain; and in
the irnitial screening using compounds of unknown activity, the

control treated with suramin is not included.

All the compounds used ir the screening had been prepared for
the purpose during the course of this work. The compound
Abrine (2'-N-methyl-3'-indol -3-ylpropanoic acid) was purchased from

Aldrich Chemicals,

Zach test compound (10 mg) was dissolved or suspended in
propane-i,2-diol (2ml, conc. 5mg/ml). The volume of the mixture %o
give the required dose was measured out in a small syringe (size 1 ml)
and injected into the mouse intraperitonezlly. Solutions/

suspensions were made fresh every day (not sterilised).

Mzle and female Thelller's Original albino mice weighing about
20-45 g were used, Two mice were used per compound, Cryo-preserved
trypanosome stabilates of T,b, brucei (LUMP 1164, and TREU 667, and

8/18) supplied by the Department of Medical Protozoology above Were
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used. The stabilate 8/18 gives an acute infection which is fatal
in four to five days. Treatment with a given compound started when
parasitaemlia was patent; for the chronic forms this was the fifth

day and the third day for the acute form (8/18).

During the course of the experiment the parasites were syringe-
passaged to other test animals by drawing a 1ittle tail blood from
a heavily infected mouse and mixing it with a saline-phosphate
buffer, This mixture (0.2 ml) was injected intraperitioneally to
each of the next test mice. The chronic disease giving stabilates

remained unchanged after such passaging,

For the infectivity test, heavily infected mice (with 8/18)
were anaesthetized with ether, the thorax opened and all blood from
the heart collected into a syringe containing two drops of heparin
(2 units/ml) in saline phosphate buffer., The blood was mixed with
an equal volume of glucose (21.8 g/1) solution and kept at 25%

The blood mixture (0.9 ml) was mixed with each test compound (0.1 ml,
conc, 100 mM in propane-1,2-diol) in turn and incubated at 25° for

1 h. At intervals (0.25, 0.5 and 0.75 h) a drop of the mixture was
examined microscopically to ensure parasites were alive. Finally
the mixture (0.2 ml) was injected intraperitoneally into a mouse.

The mice were examined for about five days,
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Screening of Selected 1H-Pyrrolo[2,3-b]pyridine - derivatives against

T.b, brucei (LUMP 1164, TREU 667 and 8/18)

Table &4

Compound
number

74
76
77
78
79
81
82
84
88
Q0
91
92
99

100

107
108

121

TREU
TREU
LuMp
8/18
TREU
TREU
LUMP
8/18
LUMP
8/18

LUME

8/18

LUMP
g/18
LUMP
8/18
LUMP
8/18
LUMF
8/18
TREU
TREU

LUMP
8/18
LUMP
8/18
TREU
TREU
TREU
TREU

T.b. brucei stock
designation

667
667
1164
667
667
1164
1164
1164
1164
1164
1164

1164

667
667

™1 65?

1164

1164

667
667
667
667

Total no.
doses given

WON N O8N N1 T D O \WD O

L]

L)

[y

O O O W W O W 0y D WOONAW WD ON D O

mg/kg

25
25
25
50
25
25
25
25
23
25

25
25
25
25
11.4
12
25
25
35
35
50
25
50
25
25
24
35
35
35
35

Curative
effect
none
none
none
none
none
none
none
none
none

none

none

none
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none

none
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These compounds are not discussed in the text of this thesis.,
They were prepared for the purpose of screening.

3-N, N—Dimethylaminomethyl-iﬁ-pyrrolo[2,3-ﬂ pyridine
(7-azagramine) was prepared by the method of Robison and
Robisonl®” in 80% yield.

1-p-Chlorobenzyl-3-N, N~dimethylaminomethyl-1H-pyrrolo [2 > 3-5
pyridine (1-p-chlorobenzyl-7-azagramine) was prepared by the
method of Verbiscar?! in 98% vield,
2'-N-Methyl-3'-indol-3-ylpropanoic acid (2'-N-methyl tryptophan

was purchased from Aldrich Chemicals,
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Infectivity Inhibition Testing with Selected 1H—Pyrrolo[2.34ﬂ

pyridine Derivatives against T.b, brucei (8/18)

Table 5
Compound Weight Vol. of
number used (mg) solution
(m1)
77 28.6 1
82 32.8 i
88 271 1
Q0 21.9 1
o1 20.3 1
92 2958 1
122 24,7 1
Blood mix- 2 d)
ture alone
Blood mix-
ture with = 2

propane-1,2«
diol :

Conc.

(md)

100
100
100
100
100
100
100

Conc,
in mixture

(mM)

10

10

10

4
4

10
10
10

Survival
of mice

survived
died
survived
died
died
died
died

died

died
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Infrared spectra were determined, unless otherwise stated as
potassium bromide (KBr) discs with a Unicam SP 200 spectrometer.
The most intense peaks in the spectra and those which were easily

assignable are recorded,

Nuclear magnetic resonance (n.m.r.) spectra were measured on
Varian A60-A and E360-A Spectrometers., Tetramethylsilane was used
as the internal standard, All peaks are assigned in terms of
6-values, Abbreviations used in the interpretation of n.m.r. spectra

ares -

m
"

singlet, d

n

doublet, t

triplet,

Cy
1]

quartet, coupling constant.

= |
1]

multiplet,

Nl
1}

Mass spectra were determined on A.E.I. MS 9 spectrometer,

Percent abundances are shown in parentheses,

Sublimation and reaction temperatures above 100° are those of
the external bath, unless otherwise specified., Melting points are

uncorrected,
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Preparation of 1H-pyrrolo[2,3-b] pyridines

A. By Fischer (thermal) cyclisation

2-Pyridylhydrazine (53, R=H).—

2-Pyridylhydrazine was prepared by the method of Fargher and
Furness®o in yields of 65-72% as pale yellow needles, m.p. 47-48°
(Lit.83 46°), It was used immediately,

L-Methyl-2-pyridylhydrazine (54, R=CH

3)
k-Methyl-2-pyridylhydrazine was prepared in two steps from

L-methyl-2-aminopyridine (51, R:CHBN by the method of Herbert and

106

Wibberley as unstable redish needles and used immediately,

p-Chloroacetophenone 2-pvridylhydrazone (55).—

2-Pyridylhydrazine (20.8g) and p-chloroacetophenone (33.5g) in
propan-2-o0l (50 ml) were heated under reflux on the waterbath over-
night, The mixture was cooled and filtered to give the hydrazone
(40.8z, 98.2%), colourless prisms, m.p. 109-111° (from aqueous

ethanol),

Found: C, 63,40; H, 4.87: N, 16.99.
513H1201N3 required C, 63,67; H, 4.90; N, 17.144,
vmax. (KBr) 3450(NH), 1600, 1582, 1490, 1435, 1405, 1395

1130, 1095, 840, 780 cm.~!

6(c3313) 8.47 (1H, s, N-H)
8.14 (1H, d, J = SHz, 6-H)

8.00-7,03 (6H, m, 3, &, 2', 3, 5', 6' - H)
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6.?9 (1Hg t} J5'6 = SHZ' J5,6 = 6HZ| S-H)

2,08 (3H, s, CHB).

Mt 2us

n/e 247(6), 246(5), 245(19), 2u4(6), 233(5), 232(37), 231(34),
230(100), 226(5), 196(5), 195(3), 168(5), 167(3), 153(5),
152(4), 149(6), 146(6), 139(6), 138(12), 137(11), 134(51),
122(11), 111(19), 94(17), 93(55), 78(12), 77(16), 76(22),
75(2k), 67(20), 66(25), 57(23), 53(15), 47(22), 39(27),

29(8), 28(28), 27(11). ‘

p-Chloroacetophenone 4-methyl-2-pyridylhydrazone (56).—

b-Methyl-2-pyridylhydrazine (10.0g) and Dp-chloroacetophenone
(13.0g) in propan-2-ol (20 ml) were heated under reflux on a
water bath overnight. The mixture was cooled, filtered and washed
with petroleum ether (60-80°) to give the hydrazone (10.0g, 47.5%),

colourless needles, m.p. 135-136° (from propan-2-ol)

Found: C, 64,62: H, 5.49; N, 16.10,

C,uH,,C1Ny requires C, 64,865 H, 5.41; X, 16.22%

3

v max, (KBr) 3225 (NH), 1610, 1570, 1495, 1440, 1405, 1290,

1290, 1275, 114, 1102, 1090, 1010, €52, 805cm.”:

8 (CDC1,) B.45 (1H, s, N-K)
8,03 (1H, 4, J = 6Hz, 6-H)
787 = 6-96 (5}{; m, 3:2I53'l5‘v6'-}£}
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6.65 (1K, 4, J = 6Hz, 5-H)
2,34 (31, s, u-cnj)
2,07 (3K, =, CHB)

p-Chloropropiophenone 2-pyridylhydrazone (57).—

2-Pyridylhydrazine (21.0g) and p-chloropropiophenone (35.0g) in
propan-2-ol (50ml) treated as above gave the hydrazone (42.0g,

84.2%), colourless prisms m.p. 69-70° (from ethanol).

Found: C, 6&4,64; K, 5.48; N, 1616.

vmax., (KBr) 3350 (NH), 2995 (GHB), 1602, 1580, 1495, 1450,
1318, 1160, 1142, 1100, 1095, 1015, 960, 842, 780 cm,

§(CpCl,) 8.68 (1H, s, N-H)
8,20 (1H, 4, J = 5Hz, 6-H)
7«5‘* (6Hl m, 3! ul 2'! 3.n 5" 6. - H)
6.80 (1H, t, 35,6 = 5Hz, .15'1‘L = 6Hz, 5-H)
2.60 (2, q, J = 8Hz, CK))

1-15 (3H| t! J

8Hz, CHB).



- 117 -

3,4 Dimethylacetophenone 2-pyridylhydrazone (58),—

2-Pyridylhydrazine (21.0g) and 3,4-dimethylacetophenone in
propan-2-ol (50 ml) treated as above gave the hydrazone (44.0g,

95.5%), yellow prisms, m.p. 53-55° (from aqueous ethanol),

Foundl C; ?5-25= H. ?0213 N' 1?.?2.

015H17N3 requires C, 75.31; H, 7.11; N, 17.57%.

v max, (KBr) 3250 (NH), 2950 (CHB)' 1595, 1575, 1505, 1445,
1330, 1298, 1280, 1125, 766 cm. -

8.03 (1H, 4, J = 5Hz, 6-H)
7.82 = 6,88 (8H, m, 3, B, 2", 5", 6' = H)

2,32 (6H, s, 3', &' - CH.)

3
2.05 (3H, s, CH,)

3,4-Dimethoxyacetophenone 2-pyridylhydrazone (59).—

2-Pyridylhydrazine (3.1 g) ané 3,4-dimethoxyacetophenone
(5.2 g) in propan-2-ol (10 ml) were treated as zbove to give the
hvdrazone (8.0g, 98.74), yellow prisms, m.p. 151-153° (from

propan-2-ol).
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Found: C, 66,32; H, 6.22; N, 15.25.

Cl5H1?N302 requires C, 66.42; H, 6.27; N, 15,50%.

<

max, (KBr) 3210 (NH), 2960(CH,), 1600, 1585, 1520, 1445,
1420, 1335, 1300, 1270, 1244, 1225, 1130, 1090, 1020, 77 cm-l

5(CD013) 8.45 (1H, s, N-H)
8.12 (1H, d, J = 4Hz, 6 - H)
7.45 (4H, m, 3, 4, 5, 6' - H)
£.73 (e, 2% 5' = %)
3.83 (6H, ocHB)

2.13 (3H, s, GHB).

Propionaldehyde 2-pyridylhydrazone (60).,—

2-pyridylhydrazine (19.2g) in propan-2-ol (20 ml) and
propionaldehyde (12.0g) were heated on the waterbath under reflux
overnight. The solvent was removed under reduced pressure to give
the hydrazone (25.0g, 95¢) colourless prisms, m.p. 52-54° (Lit.86

5“"55.5o> .

General method of cvclisation of hvdrazones into 1H-uvrrolo[2.3-b]

pvridines,

The hydrazone dissolved in triethylene glycol (trigol) was
heated under reflux for the stated time, cooled a2nd the mixture
poured into water. The product, which separated on standing, was
collected and purified by washing with ether and sublimation followed

by crystallisation from a2 suitable solvent,
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2-p-Chlorophenyl-1H-pyrrolo[2,3-b] pyridine (61).—
p-Chloroacetophenone 2-pyridylhydrazone (10.0g) in trigol (100 ml)

was refluxed under nitrogen atmosphere for 4 h, cooled and poured in

water, The dark product was collected and washed with ether

followed by sublimation at 230-40°/2mmHg to give the pyrrolopyridine

(0.94g, 9.6%) colourless plates m.p. 328° (sublimed slowly from

310°), (from chlorobenzene).

Found: C, 68,08; H, 3.93; N, 12.16.

013}{9 ClN2 requires C, 68,42; H, 3.95; N, 12,284,

v max. (KBr) 3450 (NH), 1620, 1590, 1485, 1280, 1094, 815,
775 emt

G(GFBGOEH) 8.82 (1H, 4, J = 8Hz, € - H)
8.43 (1H, 4, J = 6Hz, # - H)
?-65 (EH' m,y 5! A, R 6' - H)

7.14 (iR, 8, 3 - H),

M 228

m/e 231(7), 230(39), 229(20), 228(100), 227(7), 194(19),
193(16), 192(21), 167(7), 166(21), 165(7),164(7), 140(7),
139(9), 114(7), 97(9), 96(12), 91(33), 83(12), 73(9), 71(15),
64(9), 63(8), 57(23), 56(7), 55(15), 29(12), 28(67), 27(13).

2-p-Chl oronhem’l-b-methgl—1H-pyrrolo[2,3-b] pvridine (62),—

p-Chloroacetophenone 4-methyl-2-pyridylhydrazone (15.0g) in

trigol (50 ml) under reflux for 4h gave the crude pyrrolopyridine

(3.7, 26.2%), Sublimed at 222-40°/20 mmHg, colourless prisms
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m.p. 295—2970 (from butan-1-0l),

Found: C,68,75; H, 4.58; N, 11.56.

C,,H, C1N, requires C, 69.42; K, 4.55; N, 11.55%.

vmax, (KBr) 3450 (NH), 3050, 1596, 1485, 1445, 1390, 1362,
1265, 1250, 1095, 884, 845, 815, 760 cm:l

No suitable solvent was available for the determination of an
n.m,r, spectrunm,

M 242

n/e 2u45(7), 244(39), 243(29), 242(100), 241(35) 214(5),
207(12), 206(15), 205(13), 180(7), 179(5), 178(5), 153(4),
152(7), -151(5), 149(%), 131(4), 121(9), 105(8), 103(13), 89(7),
78(6), 77(11), 76(5), 69(9), 57(13), 51(7), 43(12), 28(5).

2-p-Chlorophenyl-3-methyl-1H-pyrrolo[2,3-b] pyridine (63).—

p-Chloropropkiophenone 2-pyridylhyrdrazone (42.0g) in trigol

(120 ml) under reflux for 24 h gave the pyrrolopvridine (26.7g, 684),

colourless plates m,p. 288-90° (from chlorobenzene). An analytical
sample was prepared by sublimation at 250-60/20 mmHg followed by crys-

tallisation from chlcrobenzene, m.p. 288-288°,

Found; C, 69,28; K, 4.54; N, 11.55.

d i . H :'{. *e H -. . 0.
C, ¥, ,C1K, requires C, 69.42; 4,55; N, 11.57%

v max, (KBr) 3475, 3150, 3100, 2900, 1590, 1495, 1470, 1430,

1395, 1295, 1095, 840, 825, 764 cm:r
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No suitable solvent was available for the determination of an
n.m,r, spectrum,

M 242

n/e 245(6), 244(38), 243(50), 242(100), 241(97), 207(9),
206(37), 205(78), 179(3), 178(6), 177(%4), 152(5), 151(7),
132(4), 131(37), 130(5), 129(23), 104(12), 103(34), 102(22),
89(10), 77(10), 76(15), 75(10), 69(5), 51(8), 44(13), 40(10),
29(3), 28(33), 27(3).

2-(3 ,4 -Dimethylphenyl)-1H-pyzrolo[2,3-b]pyridine (64).—

3,4-Dimethylacetophenone 2-pyridylhydrazone (44,0g) in trigol
(100 ml) under reflux for 7 days gave a tarry product which was
washed with several volumes of ether then sublimed to give the

pyrrolopyridine (0.2, 0.544), colourless prisms, m.p. 185-187°

(from ethanol).

Found: C, 80,97; H, 6.40; N, 12,68,
C,,Hy4C1N, requires C, 81.08; H, 6.31; N, 12,61%.

vmax. (KBr) 1585, 1484, 1454, 1400, 1278, 804, 764 cm’-

6BGD3)250] 8.29 (18, q, Jg . = 6z, Jg = 2z, 6 - H)
797 (18, q, JLH5 = 8Hz, JLh6 = 2Hz,4 - H)
7.75 (24, d, J = 7Hz, 2', 6' - H)
7.28 (1H, d, J = 7Hz, &' - H)

7.03 (1K, q, J5’u =gHz, J = 6Hz, 5 - H)

5,6
€.87 (1K, &, 3 = &)

2030 (6Hr S, 3'3 'j-fv' y CH?)-
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3-Methyl-1H-pyrrolo [2,3-b]pyridine (66).—

3-Methyl-1H-pyrrolo[2,3-b]pyridine was prevared by the method

of Kelly and Parrick86 in a yield of 6,74, colourless needles m.p.

129-131° (1it.°> 131.5-133%).

Attempted preparation of 2-(3 ,4 -dimethoxyphenyl) 1H-pyrrolo
[2,3-b]pyridine, (65).—~

3,4-Dimethoxyacetophenone 2-pyridylhydrazone (8,0g) in trigol
(60 ml) under reflux for 5 days, gave only tars from which none of

the required product could be isolated.

B. Bv the Madelungz cvclisation

{H-pyrrolo [2,3-b]pyridine (36).—

Initially this compound was purchased from Aldrich Chemicals,
and subsequently it was prepared by the Lorenz et a182 modified
method of the Madelung indole synthesis in yields of 50-70% m.D.

104-105° (11t.197 105-106°).

Attempted preparation of 2-p-chlorovhenyl-iH-pyrrelof2,3-b] -

pyridine (61).—

2-p-chlorobenzamido-3-methylpyridine.—

Prepared by the method of Herbert and Hibberley106 in O4,7¢
yield, Colourless needles m,p. 174-176° (Lit.llJ 181-182°) (from
ethanol).

100 the amidopyridine was treated

Following known procedure,
with sodium N-methylanilide under nitrogen and refluxed for 7 min,

A dark brown solid was isclated m.p. 100°, Infrared spectroscopy
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showed a diminished C=0 peak intensity and in the n.m.r. spectrum
a singlet was observed at 3,3 ., Tars were produced when the time of

the reaction was increased to 30 min,

Alkylation of pyrrolo[2,3-b]pyridine at N,-position:i-p-Chlorobenzyl-

1H-pyrrolo[2,3-b]pyridine (67).~—

Following the procedure used by Verbiscar,97 sodium hydride

(6.47g) was washed with 1light petroleum and all traces of solvent
removed in vacuo, and dimethylformamide (150 ml) added to the sodium
nydride and the mixture cooled in ice, A solution of 1H-pyrrolo
[2,3-b]pyridine (17.5 g) in dimethylformamide was added dropwise.
When evolution of hydrogen gas had ceased; p-chlorobenzylchloride
(24.2 g) in dimethylformamide was added dropwise and the mixture
stirred at room temperature for 3h, and most of the solvent

removed in vacuo. Water (100 ml) was added to the residue, which
was then extracted with ether, The ether extract was extracted with
dilute acetic acid, dried (Nazsou) and the ether removed in vacuo
to give the product (29 g, 81%), colourless needles, m,p, 34-36°

o
(from petroleum ether 60-100°), (Lit.’? 35-37°),

7-p-Chlorobenzyl-7H-pyrrolo [2,3-t] pyridine (68),—

-

The acetic acid phase from the above preparation of
E-Chlorobenzyl-iH-p;rrolo[2.3-@5;wridine was basified with dilute
sodium hydroxide to yield the product (4,2%) yellow needles,

¥

= Q
m.p.118-121° (Lit,”’ 120-122).
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1-p—Chlorobenzy1-2—p-chlorophenyl-B-methyl-1H-pyrrolo[2.BJﬂ

pyridine (69).,—

212-chlorophenyl-j—methyl-iﬁ-pyrrolo[?,3-Eﬂpyridine (5 g),
D-chlorobenzyl chloride (3.5 g), and potassium carbonate (3.6 g) in
acetone (250 ml) were refluxed and stirred together for 72 h and the
solvent removed in vacuo. The residue was washed with petroleum
ether (60-80°), suspended in ethyl acetate/water (8:2) and filtered
to give starting material (0.5 g). The ethyl acetate phase was
extracted with 1M hydrochloric acid (20mlX3), dried (Nazsou} and the
solvent removed in vacuo to give the product (3.7 g, 54.44), colour-

less plates, m.p. 127-127° (from ethanol).

Found: C, 68,59; H, 4.47; N, 7.60.

021H16012Né requires C, 68.85; H, 4.37; N, 7.654,

vmax, (KBr) 1492, 1450, 1410, 1339, 1015, 828, 799, 779 cm.l

2Hz, 6 - E)

n

§ (oc1,) .34 (1H, q, Jg,5= SHz, Jg
7,88 (1H, a, Jh’s = BHz, Ju,é = 2Hz, 4 - H)
7.54 - 6,57 (%, m, 5, benzyl -2,3,5,6; phenyl-2,3,5,
6 - H)
Saa3l (28, s, cazj
2:20 (3H, s, CEB).
n* 366 (C1 35)

e 371(%), 370(15), 369(19), 36%(65), 367(73), 366(93), 365(73),
352(18), 333(%), 332(9), 331(9), 330(5), 316(8), 258(9), 257(25),
256(16), 255(100), 243(6), 242(8), 2u41(15), 209(75), 208(8),
206(12), 205(18), 128(13), 157(5u}. 126(16), 125(94), 105(16),
89(29), 78(11), 77(18), 76(13), 63(13), 57(13), 51(15), 40(33),
29(13), 28(31), 27(13).
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7-p-Chlorobenzyl-2-p-chlorophenyl-3-methyl-7H-pyrrolo- [2,3-b] -
pyridine (70).,~

The hydrochloric acid phase from the preparation of the 1-isomer
above was basified with dilute sodium hydroxide solution to give the
product (2.4 g, 35.3%), orange needles, m.,p. 130-131° (from cyclo-

hexane),

Found; C, 68,58; K, 4,54; N, 7.60.

021H16012N2 requires C, 68,85; H, 4.37; N, 7.65%.,

vmax, (KBr) 1640 (C=N), 1615, 1498, 1469, 1408, 1360, 1158,
1139, 1090, 840, 750 en’?

No suitable solvent was available for the determination of an

n,m.r., spectrum,

2-p-Chloronhenyl-1.3-dimethvl-1H-pvrrolo[Z,B-ﬁ]pgridine (71) =

To a2 mixture of dimethyl sulfoxide (100 ml) and potassium
hydroxide (13.5 g) stirred together for 5 min, was added
2-p-chlorophenyl-3-methyl-1H- pyrrolo[2,3-b] pyridine (15 g) and the
mixture stirred for 0,45 h, Methyl iodide (17 g) was added and
the mixture cooled briefly, and stirred for a further 1 h, then
water (200 ml) was added and extracted with ether (2 X 100 ml)., The
ether layer was extracted with dilute acetic acid, and dried (CaClZ)
and the ether removed to give 2 brown oil which was distilled =t
185-190/3 mmHg to give the product (13 g, 81.9%), colourless

needles, W.p. 8L4.-85° (from agueous ethanol).
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Found: C,?0.0?} H. 5019: N' 10.99'

15 1301N requires C, 70.,31; H, 5.08; N,10.944,

vmax. (KBr) 1490, 1472, 1462, 1450, 1420, 1405, 1390, 1338,

1305, 1210, 1082, 1010, 850, 830, 763 cmat

6 (CDC1,) 8.50 (2H, d, J = 7Hz, &, 6 - H)
Fali3i (B, my By 2%y 37, 506" <iH)
.14 (3H, s, N - CHB)
2,37 (34, s, CH3)
v o256
259 (5)
n/e ,258(36), 257(48), 256(100), 255(91), 241(9), 2bo(4),
221(9), 220(37), 219(32), 218(30), 206(11), 205(22), 146(7),
145(64); 128(6), 110(21), 109(24), 103(1L), 89(6), 78(%),

TIT ) 2609), 75000 BT

2-p-Chlorovhenyl-3,7-dimethyl-7H-pyrrolol 2,3-b] pyridine (72).—

The acetic acid extract above was basified with dilute sodium
hydroxide and left to stand overnight, The product was collected,

pale yellow needles m,p. 143-144° (from aqueous methanol).

The analytical datz indicated that some hydrate was formed
during recrystzllisation,

Found: C, 65.60; H, 4.22; N, 10.15.

C, sH,4C1N, requires C, 70.31; K, 5.08; X, 10.944.

£5513
5n1501N20 requires C, 65.69; H, 5.,47: N, 10.22%.

vmax, (KBr) 1643 (C=N), 1619, 1488, 1459, 1372, 1300, 1260, 1070,

790, 760 cml
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No suitable solvent was available for the determination of an

n,m,r, spectrum,

Preparation of IH-pyrrolo[2,B-bprridine-j-carbardehvde derivatives

1H-Pyrrolo[2,3-b] pyridine-3-carbardehyde (73).—

Prepared by the method of Verbiscar’! in 50-55¢ yield as

colourless needles, m.p. 213-215° (Lit.1%7 214,5-215°),

1-p—Chlorobenzyl-iH-px;rolo[2,3-5]pyridine-j-carbaldehyde (74) —

Prepared by method (B) of Verbiscar,g? in 62,7-854 yield as

9

colourless plates, m.p. 103-1050 (Lit. 7 105-1070)-

Reactions of 1H-pyrrolo[2,3-b]pvridine-3-carbaldehyde derivatives:

yl

Preparation of 1H—pyrrq;g[2,3-b]gyridiae-}-methanol derivatives,
"

Vi
1H-Pyrrolo [2,3-b] pyridéme-3-methanol (75).—
A A

Following the method of Yakhontov et a1108 a suspension of

1H-pyrrole [2,3-b] pyridine-3-carbaldehyde (1 g) in methanol (10 ml)
was stirred and treated portionwise with sodium borohydride (0.5 g)
and stirred for 0.5 h, The solvent was removed in vacuo and water
(10 ml) added to the residue and filtered to give the product

(0.75 g, 73%), colourless needles m.p. 176-178°, Anzlytical sample

m.p. 189-190° (from agueous ethanol),

Found: C, 64.,48; H, 5.41; N, 18,49,

CBHBNZO requires C, 64,86; H, 5.41; N, 18.92%.
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max, (KBr) 3150(OH), 1546, 1455, 1425, 1369, 1310, 1290, 1005,

782, 762 emr !

GKCDB)ESO] 8.20 (1H, q, Jg,5 = WeSHz, Jg ) = 1.5Hz, 6 - H)
8.08 (1H, q, Ja'5 = 7.5 Hz, Jb,é = 1.5 Hz, 4 - H)
7.43 (1H, s, 2-K)
4.73 (14, s, OH)
3.65 (2K, s, CH,),
YT o148
n/e 149(6), 148(44), 147(19), 132(13), 131(75), 130(100),
129(8), 119(22), 104(22), 103(66), 92(11), 79(11), 78(17),
77(25), 76(9%), 75(16), 74(9), 58(16), 51(17), 50(27), u4(56),
29(13), 28(91), 27(9).

jl
1-p-Ch1orobenzvl-iﬁ-pyrrolo[z,3-bjnvridiae-3-methanol (76) o —
(\

To a2 cooled and stirred suspension of 1-p-chlorobenzyl pyrrolo
[2,3-b] pyridine-3-carbaldehyde (1.0 g) in methanol (10 nl) was added
portionwise sodium borohydride (0.5 g), and the resulting solution
stirred for 0,5 hr, the methancl removed in vacuo at 20°, To the
residue was added water (10 ml) and extracted with chloroform (40 ml)
and dried (choj} and the chloroform removed in vacuo at 30°, The
oily residue solidified on cooling in ice to give the product

(0.78 g, 87.44) colourless prisms m.p. 90-91° (from aqueous ethanol),

Found : C, 66,03; H, 4.70; N, 10,19.

015H1331N20 requires C, 66.1?; H, 4.78; N, 10.2%.

v max (KBr) 3300 (OH), 2900, 1602, 1536, 1500, 1460, 1435,
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1360, 1345, 1170, 1095, 1005, 810, 781, 775 cm>l

6(09013) 8.27 (1H, q, Jg 5 = SHz, Jg , = 2Hz, 6 - H)

8.02 (1H, q, Ju.s = 8Hz, Iy, 6 = 2z, L - H)
P12 (BR. W, 2, 5, 2% 3'75Y, 6¥ i)
5.27 (2H, s, N, - CH,)

4,73 (2H, s, 3 - CH,)
2.97 (1K, s, OH),
" 272

n/e 274(29, 273(33), 272(79), 271(54) 270(15), 258(6), 257(15),
256(19), 255(60), 2u4(6), 243(31), 242(17), 241(73), 207(6),
206(15), 205(10), 162(4), 161(27), 160(4), 145(10), 131(8),
128(8), 127(81), 126(23), 125(100), 89(48), 8&5(15), 77(10),
76(10), 75(8), 71(21), 6K(15), 45(59), 29(19), 28(58), 27(48).

sl
Preparation of Esters of 1H-Pyrrold|2,3- ﬁ]p__ldiae 3-methanol

3-p-Chlorobenzoyloxymethyl-1H-pyrrolo[2,3- -b]pyridine (77).—

Vi
4 mixture of {H-pyrrolo[2,3-b] pyridine- 3-methanol (1.0 '),
op-chlorobenzoyl chloride (1.2 g) in pyridine (15 ml) was stirred
together for 15 h, water (30 ml) was added and filtered to give the

sroduct (1.2 &, 62.14), colourless plates, m.p. 157-158° (from ethyl

acetate),
Found: C, 62.74; E, 3.71; N, 9.65,
15'11”1h 0, requires C, 62,94; K, 3.85; N, 9.7%.

vmax. (KBr) 3150 (NH), 2900, 1709 (C=0), 1595, 1275 (C-0), 1100,

1090, 779, 765 cm:l
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Ne suitable solvent was available for the determination of the

n.m,r. spectrum,

n* 285

n/e 288(3), 286(8), 158(8), 156(22), 142(5), 141(74), 139(100),
131(25), 130(58), 113(13), 111(36), 104(9), 103(74), 77(1b),
76(53), 75(28), 61(16), 60(6), 51(13), 50(23), 45(19), 44(31),
k3(50), 29(14), 28(58), 27(9).

3-Acetoxymethy1-1-acety1-1H—pyrrolo[2,3-b]pvridine (78) =

iﬂ-Pyrrolofz,Bﬁﬁ]pyridiae-ji;ethanol (0.8 g) in acetic anhydride
(1 ml) was heated under reflux on a waterbath overnight. The
mixture was cooled in ice, filtered and washed with water to give
the product tO.E g, 63.8%), colourless prisms, m.p. 90-91° (from ethyl

acetzte),

Found: C, 61.90; K, 5.10; N, 11,97.
C12H12N203 requires C, 62,07 H, 5.17; N, 12.07¢.,
v max, (KBr) 1735 (Cc=0), 1690 (N-C=0), 1565, 1410, 1385,

1345, 1318, 1245 (C-0), 1224, 1050, 1040, 827, 810, 780 em2t

6(39313) 8.42 (1K, q, J6,5 = 5Hz, Jé,u = 2Hz, 6 « H)
8,05 (2, m, 2, 4 - H)
7x25 (18, a) J. ', = 7Hz, J. . = 5Hz, 5 - H)
S

5.29 (24, s, 3 - CH
3.07 (3%, s, N, - 2' - CH,)

2,12 (3R, &, 3-Ac-CH3).
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¥ 232

n/e 233(4), 232(20), 191(10), 190(65), 173(3), 149(5), 148(25),
137(11), 135(8), 132(30), 131(100), 130(5), 119(5), 104(26),
103(30), 102(9), 92(7), 91(¥), 90(3), 79(4), 78(12), 77(19),
76(26), 75(6), 65(6), 64(4), 63(7), 60(11), 52(5), 51(13),
50(11), 45(10), 44(17), 43(45), 42(25), 39(11), 29(6), 28(33),
27(17) .

3-Acetoxymethyl-1-p-chlorobenzyl-1H-pyrrolo(2,3-b] pyridine (79).—

y( '
1-3-Chlorobenzyl-iﬁrpyrrolo[2,3-§ﬂpyridiﬁe-B;methanol (1.4 g)
in acetic anhydride (1 ml) was treated as above to give the product

(1.1 g, 68.1¢), colourless needles, m.p. 83-84° (from ethyl acetate).

Found: C. 61"’.?1: H' 'u"67= N’ 8'?9'

017H1501N202 requires C, 6&.9?; H,4.78; N, 8,92¢%,

vmax. (KBr) 1722 (C=0), 1550, 1455, 1435, 1390, 1370, 1305,

1250 (C-0), 1230, 1175, 109%, 805, 775 cm::

5(0D313} g8.40 (1K, q, J6’5 = 5Hz, Jé’h = 2Hz, 6 - H)

2Hz, 4 - H)

8.05 (1Hn Qy JL].’5 = 7Hz, Ju’s

7.20 (6K, m,

N

' L’! 2lr 3|| 5'l 6l < H)

5.44 (2H, s, N, - CHZ)

un

.22 (2H, s, 3 - CH,)

2,04 (3K, s, Ac - CHB)'
¥ 314
m/e 316(9), 315(4), 314(29), 258(6), 257(21), 256(19), 255(49),
254(6), 242(9), 241(15), 145(9), 131(11), 127(38), 125(100),
89(23), 81(6), 77(6), 76(9), 69(13), 45(19), 4u4(21), 43(26),
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29(6), 28(53), 27(4).

Condensation of 1H-Pyrrolo[2,3-tﬂpvridine-B-carbaldenydes with

derivatives of ammonia

1H-Pyrrolo[2,3-b] pyridine-3-carbaldehyde hydrazone (80),—

To the suspension of {H-pyrrolo[2,3-b]pyridine-3-carbaldehyde
(0.2 g) in ethanol (2 ml) was added hydrazine hydrate (0.1 g) and
the mixture warmed on a waterbath for 15 min, cooled, filtered and
washed with water to give the product (0.2 g, 91.3%), colourless

needles m,p. 320°,

FoundE C’ 59.59= H’ 5.00: N. Bbsuéc

CoHgl,, requires C, 60.00; H, 5.00; N, 35,004,

v max. (KBr) 3350 (NH,), 3100, 2900, 1580, 1529, 1500, 1465,

1425, 1285, 810, 78%, 770, 730 cmil

No suitable solvent was available for the determination of an

n.,m.,r, spectrum,

IH-PV::QIO[Z,E-*]py*idine-}-carbaldehyde thiosemicarbazone (81),—

1H-Pyrrolo[2,3-)] pyridine-3-carbaldehyde (0.23 g) and thiosemi-
carbazide (0,15 g) in ethanol (2 ml) treated as above gave the
product (0.25 g, 72.5¢), colourless needles, m.p. 275-277° (decomp)

(from dimethylformamide),

Found: C, 49,32; H, 4.08; N, 31.67.

: " u’ . 3 i I\L. - N . .
CgHigNeS requires C, 49.32; K, 4.11; K, 31 96%
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vmax, (KBr) 3425 (NH), 3275 (NH), 3125, 3100, 2829, 1609 (C=N),
1580, 1540, 1370, 1280, 1130, 802, 779 cmil

No suitable solvent was available for the determination of

an n.,m,r, spectrum,

¥* 219

n/e 219(9), 202(10), 185(6), 167(8), 161(5), 160(42), 159(25),
149(31), 146(31), 1h5(49), 144(32), 143(100), 142(9), 118(10),
117(13), 116(19), 104(9), 98(75), 90(16), 89(16), 74(32), 73(25),
72(k4), 58(35), 57(39), bu(25), 43(35), 42(40), 41(25), 4o(18),
29(39), 28(25), 27(25).

1-p-Chlorobenzyl-1K-pyrrolo[2,3-b) pyridine-3-carbaldehvde semi-

carbazone (82),—
1-p-Chlorobenzyl-1H-pyrrolo[2,3-b]pyridine-3-carbaldehyde (1 g)

and semicarbazide hydrochloride (0.41 g) and sodium acetate (0.3 g)

in ethanol (5 ml) treated as above gave the product (0.97 g, 80%),

colourless needles m.p. 215-217° (from ethanol).

Found: C, 58,64; H, 4.31; N, 21.51.

C, gk, CIN O requires C, 58.72; K, 4.28; N, 21.414,

vmax. (KBr) 3500 (NH), 3400 (NH), 2910, 1690 (C=0), 1575,

]
1500, 1445, 1425, 1400, 1170, 809, 785 cm.-

S0} 11.29 (1K, s, N - H)

g.74 (1H,

-
cy
I

= 7.58z, 6 - H)
8.42 (2H, m, 3 - CH L - K)
2

8,10 (18, s, H)
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?030 (BH, m, 5| 2" 3'! 5'0 6' - H)

5.53 (2K, s, N, = CHZ)

3.42 (2H, s, Ni- Hz).
Mt 327 (Ct %)
m/e 329(11), 328(8), 327(23), 310(9), 287(5), 286(20), 285(16),
28u4(60), 283(15), 272(5), 271(9), 270(16), 269(27), 268(32),
267(35), 266(29), 256(12), 255(9), 254(15), 143(11), 2u42(9),
2h1(23), 2u40(8), 233(9), 232(11), 231(7), 208(9), 207(7),
206(9), 205(11), 185(9), 173(11), 171(9), 159(12), 156(23),
126(9), 127(39), 125(100), 124(21), 123(61), 111(20), 99(20),
98(29), 97(36), 89(59), 84(53), 83(29), 82(44), 71(49),
69(76), 64(19), 59(39), b5(33), b4(57), L3(Lk), b1(u8), 29(LL),
28(Lk), 27(25).

1-p-Chlorobenzyl-1K-pyrrolo(2,3-Y pyridine-3-carbaldehvde

thiosemicarbazone (83),—

1-p-Chlorobenzyl-1K-pyrrolo(2,3-b] pyridine-3-carbaldehyde (1 g)
and thiosemicarbazide in ethanol (5 ml} treated as above gave the

product (1.14 g, 89-8%), vpale yellow powder, m.p. 278-280°,

Found: C, 56,02; H, 4.08; N, 20.16.

C,gH,,C1K.S requires C, 55.98; K, 4,08; N, 20.41%,

v max, (KBr) 3402 (NH), 3200 (NH), 3150( M), 1610 (C=N),
1595, 1573, 1540, 1520, tlug, 1428, 1bkoo, 1370, 1355, 1302,

1165, 809, 780 ems

5[(CD3)zsq] 11.29 (1H, s, N - H)

8'?“' (1H' Qy Jé’s = ?H-z, Jé’u = iHZ' 6 - H)
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8.42 (23, 4 - H and 3 - CH)

8.10 (H, 2, 2 - H)

FAOUNGH, w9, 2% 3%, 5hy 6V o))
5.53 (2H, s, CH,)

3.42 (2H, s, NHz).

1-p-Chlorobenzyl-1H-pyrrolo[2,3-b] pyridine-3-carbaldehvde

hydrazone (84),—
1-p-Chlorobenzyl-1H-pyrrolo[2,3-b] pyridine-3-carbaldehyde

(0.88 g) and hydrazine hydrate (0.17 g) in ethanol treated as above
gave the product (0.8 g, 86.44) colourless needles m.p., 265°,

Meltine point affected by recrystallisation from ethanol or dioxan,

An analytically pure sample was not obtained,

v max, (KBr) 3450(NH), 1625(C=N), 1495, 1445 1425, 1400, 1169,

805, 781, 775 cm’!

No suitable solvent was available for the determination of an

n.m.,r, spectirum,

The molecular ion was not seen in the mass spectrum,.
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3-p-Chloronhenyliminomethyl-iﬂ-nyrrolo[?.3—ﬁ]nvridine (85) y—

A mixture of 1H-pyrrolo [2,3-b]pyridine-3-carbaldehyde (1.46 g),
D-chloroaniline (7.6 g), and 5M methanolic hydrochloric acid (2 ml)
in methanol (12 ml) were stirred together for 60 h, then the solvent
was removed in vacuo. Water (20 ml) was added to the residue and
filtered to give the product (2.4, 9%.14), pale yellow needles,

m.p. 275-278° (from ethanol).

Found: C, 65.54; K, 4,04; N, 16.25.
Giquocle requires C, 65.88; H, 3.92; N, 16,474,
vmax. (KBr) 3376(Mi), 3050(=C-H), 1655 (C=N), 1695, 1490,

1438, 1370, 1354, 1270, 1210, 1205, 1175, 902, &30, 802 cmot

No suitable solvent was available for the determination of an

n/e 258(9), 257(39), 256(22), 255(100), 230(3), 127(56),
126(15), 125(98), 107(42), 106(51), 89(20), 79(22), 78(14),
77(3%), 76(17), L6(36), b5(51), Lu4(51), 43(49), 4o(34),
29(3%), 28(51), 27(39).

Condensation of 1E-3vrrolor2,3—@ pyridine-3-carbaldehvde with

Com ounds Containing an Activated Methylene group

Bthyl 2 -cvano-3 =-(1-p-chlorobenzvl -1H-pyrrole[ 2,3-b) -pyxid-3-

ylacrylate (86).—

A mixture of 1-E-Chlorobenzyl-ig-pyrrolo[Z.B-E]pyridine-B-

carbaldehyde (2.7 g), ethyl cyanc-acetate (2.3 g), and piperidine
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(10 drops) in ethanol (40 ml) were heated under reflux for 17 h,
concentrated to a small volume in vacuo, cooled and filtered to give
the product (3.3 g, 90.4¢) yellow needles m.,p., 161-162° (from ethyl

acetate).

Found: C, 65.,43; H, 4.,24; N, 11.46,

C..K 6GIN

ooty requires C, 65.75; K, 4.38; N, 11.514.

0
i

vmax. KBr 1700 (C=0), 1602, 1588, 1512, 1260 (C-0), 1250,

1215, 1170, 1095, 1018 cm:t

No suitable sclvent was available for the determination of an
n.m.r, spectrum,

w365 (CL35)

n/e 368(11), 367(33), 366(28), 365(100), 364(23), 339(9),
338(27), 337(27), 336(78), 320(16), 295(6), 294(11), 293(13),
292(20), 291(8), 290(6), 254(11), 127(64), 124(30), 125(100),
99(22), 8%(£3), £1(27), 69(47), 63(19), 57(25), 55(23), 45(52),
bh(61), 21(31), 29(25), 28(48), 27(20).

Atte:.pted vrevaration of ethvl 2 -cvano-3 -(1-p-chlorobenzyl-

{H-pyrrole [2,3-b]oyzid-3-y1) provancate

Ethyl 2'-cyano-3 -(1-p-chlorobenzyl -iE-pyrrolo LZ,Bfé}pyrid-

in ethanol (100 ml) were ireated with hydrogen (3 atmospheres) at
room temperature for four days. The mixture was filtered and the
solvent removed in vacuc to leave 2 yellow oll that did not solidify

on standing.
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Ethyl 2 -ethoxycarbonyl-3 -(1-p-chlorobenzyl)-1K-pyrrolo[2,3-1 pyrid-

3-vlacrylate (87),—~

A mixture of 1-p-chlorobenzyl-1H-pyrrolo[ 2,3-Y] pyridine-3-
carbaldehyde (1 g), diethyl melonate (5ml) and piperidine (10 drops)
in ethanol (20 ml) were heated under reflux for 48 h, then ethanol
and ethyl malonate removed in vacuo. A yellowish residue solidified
on standing to give the product (1 g, 65.5%), colourless plates,

m.p. 81-84° (from aqueous ethanol).

The analytical data indicated presence of impurity:
Found: C, 54,91; H, 5.14; N, 7.58,

vmax. (KBr) 3110, 3000, 2950, 1704 (C=0), 1630, 1535, 1500,
1455, 1405, 1375, 1305, 1285 (€-0), 1202, 1179, 1165, 1140,
804, 780 emTt

5(33:13} 8.42 (1K, q, Jé.5 = 5Hz, Jé'u = 2Hz, 6 - H)

8'19 (11-:-, q. Ju T 705Hz] Ji&,é = 2}{; LI’ - H)

5.47 (2K, s, i cpzj
L,20 (L, q, J = 6.5z, "tzj
1.29 (6K, &, J = 6,51z, CHBL

M 412

n/e u412(3), 342(8), 341(6), 340(18), 339(4), 313(4), 311(10),
295 (6), 270(10), 269(6), 268(6), 267(L), 241(8), 200(6),
199(29), 154(20), 150(18), 149(10), 141(12), 127(31), 126(€3),
125(65), 112(61), 99(4), 97(39), 85(78), 84(100), 83(45),
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82(18), 81(20), 71(71), 70(41), 69(67), 58(25), 57(67),
56(63), 55(59), 44(51), 43(74), 42(47), 41(69), 29(57),
27(37).

Reductive Amination of 1H-Pyrrolo[2,3-b]pyridine-3-carbaldehydes

N-p-Cbloronhenx}-lH-pyrrolo[2,3-tﬂrwrid-j-glmethylamine (88) ;=
111

A. The method of Borch et al was used with modification on the
isolzation of the product, To the mixture of iH-pyrrolo[2,3-b]-
pyridine-3-carbaldehyde (0.7 g), and p-chloroaniline (3.8 g) in
methanol (12ml) was added 5M methanolic hydrochloric acid (2 ml)

and sodium cyanoborohydride (0.22 g) and the mixture stirred together
for 48 h. The solvent was removed in vacuo, and to the residue was
added ethanol (2 ml). The solid that separated on standing was
filtered off and washed with a little water to give the product

(0.8 2, 65.44), colourless prisms m.pd78-179° (from agueous ethanol).

Found: C, 65.14; K, 4.66; N, 16.21.

C,uH oCLN, requires C, 65.37; E, 4.67; K, 16.34%.

vmax. (KBr) 3415 (NH), 3150 (NH), 2970, 1595, 1505, 1455,

1425, 1310, 1290, 125k, B1S, 775, 765 cmit

s

5[(3313230] 8.30(1E, a, 35,5 = SHz, 55,“ = 2Hz, 6 - H

8.05 (1K, q, J,

7.48 (1K, s, 2 - H)

= Bz, J, = 2Hz, 4 - H)

£
5,

?528 " 6-50 (SH! Ty u’u 2'! ?’li E'i 6‘ = H)

6.15 (1K, %, J = SHz, N' - H)

4,39 (28, 4, J = 5Hz, 3 - CH

»)
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W 257
n/e 259(12), 258(9), 257(40), 256(19), 255(30), 254(32),
220(7), 219(5), 192(4), 156(5), 146(14), 145(16), 132(k2),
131(100), 130(75), 129(65), 128(21), 127(70), 119(11),
118(7), 117(12), 111(16), 104(49), 103(56), 102(18), 100(26),
92(35), 91(16), 90(14), 79(9), 78(28), 77(40), 76(25), 75(25),
65(60), 63(25), 51(26), 50(28), 46(28), 45(51), 43(26),
29(26), 28(%9), 27(37).
B, The carbaldehydimine (85) (0.4 g) in methanol (5 ml) was
treated with sodium borohydride (0.1 g) and stirred for 0,5h, and
filtered to give the product (0.3 g, 74.4%), colourless prisms,
(from agueous ethanol), The melting point was undepressed with the

sample above,

1-p-Chlorobenzyl-N-methyl-N—nhenvl—1H-pyrrclo[2,B-ﬁ]nvrid-j—

ylmethvlamine (89).—

A mixture of 112—ch1orobenzyl-iﬁ-pytrolc[2,3-Eﬂpyridine-3-
carbaldehyde (1.4 g), N-methylaniline (3.2 g) in methanol (12 ml),
and 5M methanolic hydrochloric acid (2 ml) and sodium cyanoborohydride
(0,22 g) was ireated as above for 65 h to give the product (1.53 &,

3= j -0 1 L
81.74), cclourless needles, m.p., 104-5" (from ethanol).

Founﬁ: Gp ?3-i5= Hl 5059; N, 11068.
C,,EyCLN, requires C, 73.131 H, 5.541 N, 11.63%.

v max. (KBr) 3050(=C-H), 2950, 2810, 1595, 1510, 1500, 1455,
1432, 1360, 1344, 1304, 1238, 1103, 1090, 1021, 938, 810, 781,

761, 740, 700 carl
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8 (03013) 8.30 (1H, 4, J = 5Hz, 6 - H)

7.80 (1H, d, J = 7.5 Hz, 4 - K)

n

7.64 - 6,24 (11H, m, phenyl, benzyl £, 5 — H)
5.28 (2H, 6, 1 - cnz)
L2 (2H, s, 3 - CHZ)

2,80 (34, s, N - CHB)

- ;
2'43H-Pvrrolo12,3-b]nyrid—j-ylmethvlaminduronanoic acid (90),—

The mixture of 1H-pyrrolo [2,3-b]pyridine-3-carbaldehyde (2 g),
DL-alanine (2 g) in methanol (25 ml), and 5 M methanolic hydrochloric
acid (3 ml), and sodium cyanoborohydride (0.5 g) treated as above
for 48 h, gave the product (1.4 g, 46,7%) colourless powder, m.p.

244-6° (decomp) (from propancl).

The analytical data indicated presence of impurity:
Found: C, 59.23; H, 5.93; N, 18,68,

311H13N302 requires C, 60.27; H, 5.94; N, 19.18%,

*,.
v max. (KBr) 3410(Ni), 3100(NH)y, 1510(?703. 1588, 1465,
- {

1425, 1400, 1360, 1290, 768 cm:l o

No suitable solvent was available for the determir=tion of zn

n.m.r. spectrum,

m/e 220{&), 219(13), 174(11), 172(6), 162(11), 149(11),
148(29), 147(16), 146(33), 145(16), 133(9), 132(58), 131(91),
130(100), 129(158), 119(24), -118(2k), 117(11), 104(60), 103(89),
102(15), 92(9), 91(15), 90(L5), 79(18), 78(18), 77(31),

76(75), 75(b4), 74(71), 65(18), 63(20), 55(35), 51(38),
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50(50), u6(uk), 45(82), 44(67),43(71); 42(78), L41(62),
Lo'86), 39(73), 29(58), 28(82), 29(58).

NpN-Diﬁ%thyl-lﬁ-gxrrolor2,B-ﬁ]pyrid-B-ylmetﬁylamine (91) =

A mixture of 1H-pyrrolo[2,3-b] pyridine-3-carbaldehyde (1.45 g),
diethylamine (4 g) in methanol (12 ml), and 5 M methanolic hydro-
chloric acid (2 ml), and sodium cyanoborohydride (0.31 g) treated as
above gave the product (1.34 g, 66%), colourless fine needles,

m.p. 157-0° (from ethanol),

An analytically pure sample for elemental analysis was not

obtained.

v max, (KBr) 3100, 2955(CH;), 2950(CH,), 2855, 1585, 1540,
1460, 1428, 1295, 1116, 1045, 901, 770, 760 em::
M* 203
n/e 204(5), 203(33), 202(22), 201(73), 200(5), 189(5),
188(28), 186(13), 172(13), 171(8), 170(13), 169(3), 159(15),
158(17), 157(27), 156(42), 146(10), 145(28), 144(32), 143(13),
133(10), 132(60), 131(100), 130(80), 129(12), 119(20), 118(22),
117(13), 1o4(&5), 102(18), 79(11), 78(18), 77(30), 76(63),
73(25), 72(73), 58(57), 56(38), 44(45), 43(48), 29(35),

28(52), 27(52).

2-p-Ch10ronheny1-31§ -methyibthcxvcarbonylethylamino—lﬁ-gvrrol -

[2/3-b] pyridine (92) ,—
A mixture of 3-amino-2-p-chlorophenyl-1H-pyrrolo[2,3-b]pyridine

(0.2 g) and ethyl acetotoacetate (0.3 g) in methanol (20 ml), and
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5M methanolic hydrochloric acid (0.4 ml), and sodium cyanoborohydride

(0.1 g) was treated as above to give the product (0,22 g, 744), yellow
plates, m.p. 220° (from propan-2=-nol),

Found: C, 63.29; H, 5.68; N, 11.49,

019H20C1N302 requires C, 63.87; H, 5.60; N, 11.764.

v max. (KBr) 3150(NE), 2960, 1722(C=0), 1490, 1290(c-0),
1168, 1092, 770 cm:?

No suitable solvent was available for the determination of an

n.m.r, spectrum,

M 357

n/e 360(5), 359(14), 358(11), 357(33), 355(10), 354(10),
342(6), 311(6), 309(14), 272(19), 271(14), 270(52), 269(11),
268(18), 2h5(21), 2uu(3%), 243(79), 242(100), 241(89),
230(16), 228(18), 220(16), 208(18), 207(56), 206(40), 205(32),
149(29), 131(32), 129(19), 104(22), 103(32), 102(22), 78(18),

77(21), 76(25), 75(19), 60(30), 57(75), 44(38), 43(60), 42(37)
29(22), 28(k1), 27(40).

3=Nitro and 3-Nitrosoc Derivatives of 1H-Pyrrolo-

[E,E-b]nvridinas

B-Nitro-1ﬁ-nvrrolo[2,3-bjnv:idine (93], —

Q0 . "
Prepared by the method of Robison et al”" in a yield of 90%,

Q0

m.p. 310° (decomp) (Lit 300°).

3-Nitrcso-2-nhenv1-1H-pyrrolg[2,B-ﬁ}gvridine (G4) ,—

2 06
Prepared by the method of Herbert and wibberleyi in a yield
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of 91.34, m.p. 232-234° (decomp) L1t1%0 234.235°),

2-p-Chlorophenyl-3-nitroso-1H-pyrrolo [2,3-b]pyridine (95).,—

2-p-Chlorophenyl-1H-pyrrolo [2,3-b]pyridine (2 g) was suspended
in acetic acid (50 ml) and a solution of sodium nitrite (1 g) in
water (4 ml) was added dropwise to the stirred suspension, The
mixture was stirred a further 0,5 h then water (50 ml) added, and
filtered off to give the product (1.8 g, 79.44) orange needles

m.p. 262-L° (decomp) (from methanol).,
An analytically pure sample was not obtained,

vmex, (KBr) 3450(NH), 159%, 1490, 1410, 1030, 79% cm:l

2-p-Chlorophenyl-t-methyl-3-nitroso-1H-pyrrolo[2,3-b) pyridine (96) .~
P 3 BN EE L

A mixture of 212-ch1orophenyb#-methyl-1§-pyrrolo[2.3-}9-
pyridine (2 g) in acetic acid (50 ml) and sodium nitrite (0.8 g) in
water (1 ml) was treated as above to give the product (2.1 g, 93.8%)
yellow needles m,p. 225-7° (decomp)., It turned green on recrystall-
isation from acetic acid/water and an analytically pure sample was

not obtained,

v max. (KBr) 159€, 1490, 1370, 1325, 1280, 1090, 1040,
1

1020 em.

No suitable solvent was available for the determination of

an n,m,r. spectrum,
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Preparation of 3-Amino-1H-pyrrolo[2,3-b] pyridines

3-Amino-1H-pyrrolo[2,3-b]pyridine dihvdrochloride (97).—

Prepared by the method of Robison et a.l90 in a yield of 95,1%,

m.p. 245-50° (decomp) (11t% 253°),

3-Amino-2-phenyl-1H-pyrrolo[2,3-b] pyridine (98).—

Prepared by the method of Herbert and '\'Iibberleyio6 in a yield

of 93.5%, m.p. 205° (11t1% 207-20

3=-Amino-2-p-chlorophenyl-1H-pyrrol

9)s

To 2-p-chlorophenyl-3-nitroso

dissolved in a mixture of ethanol

o[2,3-b] pyridine (99).—
-1H-pyrrolo[2,3-b] pyridine (1.8 g)

(8 ml) and 2M sodium hydroxide

(16 ml) was added sodium dithionite (3.1 g), and the mixture heated

under reflux on a waterbath for 10
give the product (1.5 g, 94.2%),

from propan-Z-ol, An analytical s

Found: C, 64,19; H, 4.24; X,

€, H C,

4,20
Ciafig 6l ,20;

C1N, reguires

i bt
vmax, \(ADST)
«300R 14 : £ -~
-:’9"I 1095! 8“*09 = ?‘-'-l

No suitable solvent was ava

an n.m.r. spectrum.

¥ 243
nfe 246(6), 245(36), 2b4(34),
208(21), 207(36), 276(25), 20

3490(NH), 3150(NH), 1£20(N-E), 15

748, 710 om,”

mins., cooled and filtered to

yellow plates m.p. 278-280° (decomp)

ample was sublimed at 240°/4 mmig.,

1711,

B, 4,123 N, 1

~J

ilable for the determination of

243(100), 2k2(47), 241(36),

5(13), 181(8), 179(8), 149(13),
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131(17), 129(13), 105(25), 104(72), 103(28), 102(21), 97(15),
95(15), 81(28), 79(19), 78(19), 77(19), 71(25), 69(42), 57(k2),
55(32), 4u(43), 43(36), 29(13), 28(60), 27(11).

B-Amino—z-chloronhenvl-u-methyl-lﬁ-gvrrolo[2,3-b}Evridine (100) y=—
212-Chlorophenyl-h-methyl-j-nitroso-Lﬂ-pyrrolo[Z,31§}pyridine

(1.8 g) in a mixture of ethanol (8 ml) and 2M sodium hydroxide (16 ml)

and sodium dlothionite was treated as above to give the product

(1.4 g 82¢), yellow plates m.p. 280-282° (decomp), {from benzene/

propan-2-ol). A sample was purified by sublimation at 240°/2 mnHg.

Analytical data indicated presence of slight impurity,

Found: C, 64,72: H, 4,7%; N, 15.67.

CiuH1201N requires C, 65.37; H, L4.67; K, 16.3u¢,

3

vmax, (KBr) 3450(NH), 3150(NE), 1602, 1388, 1086, 810 cmt

No suitable solvent was available for the determinztion of

an n.,m,r, spectrum,

Preparation of 3-Diazzo Derivatives of IH-ETrrolo[Z.S-Eﬂnvridines

3—Diaz0;2—Uheng}-3H-nvrrolo[2,B-bJDvridine (101) ,—

-

106

Prepared by the method of Herbertand Wibberley in 2 yield of

106

oug, m.p, 196-198° (Lit*"° 195-197° (decomp).

2-p-Chlorophenyl-3-diazo-3H-pyrrolo[2,3-b] pyridine (102).—

B-Amino-E-E-chlorophenyl-lﬂ-pyrrolo[z,3-13;wridine (0.7 g) in
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water (30 ml) and concentrated sulphuric acid (2.25 ml) was stirred
and cooled in ice and treated with sodium nitrite (0.6 g) in water
(3 ml) and stirred for a further 0.5 h, The mixture was basified
with sodium carbonate, filtered and washed with water to give the

diazo compound (0.6 g, 92.2%), yellow needles m,p., 192-195° (decomp)

(from toluene).

Found: C, 60,86; H, 2.72; N, 21.54.

313H701Nu requires C, 61.42; K, 2.76; N, 22.05%.
C::—r\r—: N~

vmax, (KBr) 2125(%=NK"), 1464, 1410, 1390, 1360, 1350,

1310, 1092, 802 cm.:

No suitable solvent was available for the determinatiorn of

an n.m.r. spectrum,

—3H-
2-p-Chloronhenxl-3-diazoﬁ3ﬁ;h-methv;nvrrolo[2,3-b}Exgidine (103) .=
A

B-Amino-zﬁg-chlorOphenyl-b-methyl-lﬁ-py:rolo[z,j-gjpyridine
(0.7 g) in water (30 ml) and concentrated sulphuric acid (2.25 ml)
was treated as above to give the diazo compound (0.6 g, 82.29),

yellow plates m.p. 181.191° (decomp) (from toluene).

An znalytically pure sample was not obtzined,

e
CaNeN
v max, (KBr) 2110 (¥=K"), 1595, 1464, 1407, 1359, 1290,

1090 cm',1

No suitable solvent was available for the determination

of an n.m,r., spectrum.
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Reactions of IH-Eyrrolo[2,3-bﬂp1ridine with Chlorosulphuric acid

and Disulphuric acid

1K-Pyrrolo[2,3-b] pyridine-3-sulphonyl chloride (104),—

To chlorosulphonic acid (10 ml) stirred and cooled in ice
(0-5° ) was added portionwise 1H-pyrrolo[2,3-b]pyridine (1 g).
The resulting solution was stirred for a further 0,5 h and very
cautiously transferred into well stirred ice (200 g). The precipit-
ated product was collected washed with water, and chloroform to give
the sulphonyl chloride (1.56 g, 844), colourless powder m,p. 183-5°,
The product turned pink when stored at low temperature and could

not be purified for elemental analysis,

v max, (KBr) 3145, 3005, 2825, 1585, 1500, 1462, 1415, 1374(S=0),

1341, 1280, 1266, 1160, 1124, 808, 780, 682 cm‘.1

No suitable solvent was available for the determination of
the n.m.r. spectrum,

M 216

n/e 218(7), 216(19), 181(30), 152(7), 150(14), 149(8),
133(18), 119(18), 118(100), 117(31), 92(11), 91(64), 90(21),

A

78(11), 73(11), 69(8), 65(11), 64(74), 63(51), 62(12), 59(10),
(20), &3(12), &1(14), so(13), 39(20), 32(56),

1-p—Chlcrobenzyl-iﬁ-qgrrolo[Z,B-bjvyridine-ﬁ-sulnhonylchloride (105) o —

To chlorosulphonic acid (10-ml) stirred and cooled in ice (0°¢)
Wwas added 112-chlorobenzyl-iﬁ-pyrrolo]?,B-EJPyridine (1.2 g) in

portions, The resulting solution was stirred for a further 15 min,
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and cautiously transferred into stirred ice (200 g), and the precip-
itate collected and washed with ether to give the product (1.3 g,
77.3%), colourless powder m.p. 155-6°, The sulphonyl chloride turned

purple on storage at low temperature and could not be purified for

elemental analysis,

1165, 1115, 800, 787, 768 om:™

No sultable solvent was available for the determination of
the n,m,r, spectrunm,

¥ 340

n/e 342(8), 341(4), 340(10), 339(3), 307(3), 305(6), 276(4),
275(3), 274(8), 245(5), 2u44(19), 243(47), 242(7), 241(100),
207(9), 206(15), 205(13), 178(4), 177(5), 131(51), 127(27),
125(54), 103(35), 99(6), 90(16), 89(uk), 77(8), 76(8),
75(8), 6%(67), 63(19), 38(3k), 36(22), 29(9), 28(26/, 27(8).

Reactions of 1H-?yrrolc[2,3-kﬂ;wridine-B-sulnhonvl Chloride with

Ammonia and its Derivatives

3-K=Phenvlsulphamovl-1H-nvrrolo[2,3-b] nvridine (106).—
By ) 3 [ £ Al HG /

To amiline (0.5% g) in ethanol (2 ml) was added 1E-pyrrolo-
[2,3-b] pyridine-3-sulphonyl chloride (1.26 g) and the mixture warmed

waterbath for 15 min, cooled in ice and filtered to give the

W

on
product (1.05 g, £65.84), colourless plates m.p. 188-191°(£rom

ethanol).

Found; C, 56.%4; H, 4,063 N, 15.25.
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013H11N3502 Tequj-res Cy 57.15; H, L"oojf N, 15-72%0

v max. (KBr) 3500(NH), 3250(NH), 2850, 1620, 1600, 1580, 1500,

1415, 1340(S=0), 1282, 1160, 1149(S=0), 1120, 800, 762, 775,

720 om7l

§ [(CD3)250]12.61 (1H, s (broad), N - H)

10.28 (1H, s, N* - H)

g4 (1H,m é- K)

8.27 (2H,m2% - H)

7450 16,85~ BH, #0 8, 2Vaqi. Lvn of. BV Y.
M 273
n/e 275(7), 274(14), 273(73), 210(10), 209(%41), 208(30),
207(10),; 206(%), 183(5), 182(7), 181(48), 180(5), 150(12),
149(10), 139(46), 134(12), 133(86), 119(33), 118(100), 117(82),
111(7), o#(81), 93(43), 92(41), 91(63), 90(70), 84(19), 79(16)
78(35), 77(30), €7(k9), 66(k0), 65(k1), 51(53), Lo(41), uu(b1),
Li{41), 29(14), 28(27), 27(26).

BjﬁLMethyl-ﬂlnhenvlsulnhamoyl-1H-nyrrolo[2,3-5}nvridine (107) »—

To N-methylaniline (0,3 g) in ethanol (2 ml) was added 1H~-

pyrrolo p,B-E]pyridine-B-sulphonyl chloride and the mixture warmed

on a waterbath for 15 min.,, cooled in ice and filtered to give the

(60

product (0.48 g, 73%), colourless needles m.p. 212-215 (from

ethanol).

Found: C, 58,69; H, 4,34; N, 14,54,

CihH13N3502 requires C, 58.54; H, 4.53; N, 14.63%.
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v max. (KBr) 3450, 3150, 2874 1495, 1455, 1350(S=0), 1280,
1140(s=0), 865, 795, 770, 765, 705, 690 cm 1.

aECDB)zso] 12.81 (1H, s, N - H)
8.38 (1}{’ a, J6 5 = LJ'I5HZQ J6 L = ZHZ, 6 - H)
8,08 (K, s, 2 - H)
7051 (1H, aq,

= 8Hz, 2Hz 4 - H)

Iy, s 6"
7439 = 6,95 (6H, m, 5, 2", 3", 4*; 5%, 6' - H)

3.19 (3K, 8, N' - CHis ).

¥t 287

n/e 288(3), 287(13), 224(9), 223(46), 222(31), 208(6),
207(6), 182(4), 181(3), 149(8), 133(30), 119(5), 118(31),
117(15), 108(10), 107(100), 106(87), 105(18), 1ou(21),
91(26), 90(15), 79(39), 78(21), 77(64), 69(15), 65(13),
6L(18), 63(17), 29(10), 28(71), 27(15).

1-p=-Chl oro'::en.—’:gl-j-mornholinosulphonyl-1H-Dyrrolo[2 - B-b:l pvridine(108) ,—

m
4

0 & suspension of i-p-chlorobenzyl-1H-pyrrolo [2,3-—31 pyridine-
3-sulphonylchloride (0.8 £) in chloroform (10 ml) was added morphol-
ine (0.2 &) in chloroform and the mixiure stirred tozether overnizht,
The sclventi was removed in vacuo, and agueous ethanol added to the

residue and filtered to give the product (0.6 g, 65.2%) colourless

needles m.p. 1268-130" (from aqueous ethanol),

Found: €, 55.65; H, 4.70: N, 10.72.
.:,91-51931}{3803 requires C, 55.25: H, 4.60; N, 10.744,

Ll
By B
H)’l'D'l—--'( =C-H )} 2900 ( '}t\r{ )
v max. (KBr)A1521, 1422, 1410, 1401, 1350(8=0), 1260, 1170,
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1150(8=0), 1110, 1075, 945, 818, 780, 760, 730 em:l.

No suitable solvent was available for the determination

of an n.,m.r, spectrum,

n/e 39%(3), 393(13), 392(10), 391(32), 327(8), 307(15),
306(8), 305(35), 245(17), 244(30), 243(58), 242(63), 241(58),
2k0(5), 207(5), 206(8), 205(13), 131(28), 127(73), 126(22),
125(100), 89(48), 86(98), 85(40), 71(28), 69(23), 57(56),
56(68), 55(30), 43(38), 29(k6), 28(45), 27(38).

1-p—Chlorobenzyl-}-piperidinoZBulnhonyl-iH-nyrrolo[Z.B-b]gxridine(109).-

1-p-Chlorobenzyl-1H-pyrrolo[2,3-b] pyridine-3-sulphonyl chloride
(0.6 g) and piperidine (0.6 g) treated as above gave the product
(0.5 g, 88,29), colourless needles m.p. 128-130° (from aqueous

ethanol).

Found: C’ 58.071 H’ 5l06: N’ 10!“"90

1,nZOClN 450, requires C, 58.61; K, 5.14; N, 10,80%,

=0), 1330, 1310,

w

vmax, (KBr) 3140, 2950 (CHZ}. 1520, 1340 (

‘.

10, 722 cm.

(0]

1165, 1145 (s=0), 1115, 935,

No suitable solvent was available for the determination of an

YoM
iheilie

H

» Spectrum.

M 389

m/e 391(5), 390(3), 389(9), 306(5), 305(3), 304(9), 255(5),
2ul(12), 263(17), 242(35), 241(45), 207(4), 206(6), 205(7),
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200(%), 1k9(6), 131(17), 127(38), 126(11), 125(100), 89(31),
63(8), 57(13), 55(16), 29(11), 28(21), 27(9).

3-Sulphemoyl-1H-pyrrolo[2,3-b] pyridine (110).—

To ammonia solution (1 ml) (35%) in ethanol (2 ml) was added
1E-pyrrolo[2,3-b] pyridine-3-sulphonyl chloride (0.8 g) and warmed on
a waterbath for 10 min., cooled in ice and filtered to give the
sulphonamide (0.53 &,724%), colourless needles, m.p., 264-266°

(decomp).

An analytically pure sample was not obtained,

v max, (KBr) 3199(WH), 3110, 1580, 1520, 1455, 1410, 1285,
1230(8=0), 1185, 1066, 778 cm’*

No suitable solvent was available for the determination of the
n.m.r. spectrum,

M 197

n/e 199(12), 198(15), 197(79), 181(91), 150(18), 149(3n),
133(91), 119(27), 118(64), 117(52), 111(36), 97(55), 91(49),
90(39), B85(55), 83(61), 2(58), 81(46), Bo(58), 79(27),

71

rh

7€), 69(82), 57(100), 56(42), L5(61), Lu(100), &3(100),

\ \ fyn =
1( / 2 \3,;| 25\7J) ?(3/}-

3=Hvdrazinosuloh 0“\;-1b-“VTTCIOLL,)-Eﬂ“vrlqlne (111)e=—

To hydrazine hydrate (! ml) in ethanol (2 ml) was added
1E -pyr*olo 2, 3-_]Dv*1d1ne-a-su1“hon3 chloride (1.23 g) and the
mixture warmed on a waterbath for 10 min. cocled in ice and

filtered to give the sulphonylhydrazide (1.7% g, 77.8%), colourless
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powder m.p. 215-6° (decomp) washed with water and acetone),

An analytically pure sample was not obtained

v max. (KBr) 3250(NH), 1590, 1500, 1460, 1420, 1335(S=0),

1319, 1295, 1251, 1140,(S=0), 912, 800, 780, 710, 650 cm~:

a[(cna)zscﬂ 8,32 {28, 'n, 4, & = )
-
P73 (4H, 8, .2:= H)

2

The molecular ion was not seen in the mass spectrum.

E-N;K-Diethylraminosulnhonvl-1H-Dyrrolo[2,3—@ vridine (112).—-

To diethylamine (0.3 ml) in ethanol (2 ml) was added
1§—pyrrolo[2,3<§}pyridine-}-sulphonylchloride and warmed on a water-
vath for 15 min, the sclvent removed under reduced pressure to give
+¥ 3 il an ¢t 1 2 1£ ~0C £
the product (0.32 g, 91.1%), colourless prisms, m.p. 215-7 (from

ethanol).

v max, (KBr) 2960(CH,), 2802(CH,), 2750, 1285, 1225, 1185(s=0),

2/ 2

1070, 105, 780 cm’

§(D,0) 8.24 (2K, 4, 6 - H)
7.84 (1H, s, 2 - H)
7:22 (4, g, .15'1+ = 5Hz, 55,6 = 8Hz, 5 - H)
2.92 (4H, q, J = THz, CHZ)

1.13 (6H, &, J = 7Hz, GH3)'
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M 253

n/e 253(10), 238(32), 229(6), 228(6), 182(9), 181(69),
149(16), 133(24), 129(10), 119(7), 118(25), 117(15),
111(14), 110(6), 109(14), 99(9), 98(28), 95(20), 91(20),
90(11), &5(28), 84(13), 83(31), €1(25), 74(68), 73(100),
72(9%), 71(56), 70(30), 69(k5), 60(32), 59(86), 58(94),
57(87), 56(B1), 55(56), 45(42), LL(96), 43(92), 42(85),
41(83), Lo(56), 39(32), 32(78), 31(51), 30(87), 29(87),

28(87), 29(93).

1H-2vrro;212,3—53nvridine—j-sulphonic acid (113).“'

To disulphuric acid (5 ml) cooled in ice to 0-5° Was added
in portions with stirring 1H-pyrrolo [2,3-b]pyridine (0.5 g). The
resulting sclution was stirred at room temperature for 0,5h and
added to water (20 ml), followed by sodium hydrogen carbonate (2 g),
the mixture was cooled briefly and the precipitate filtered off
washed with water to give the sulphonic acid (0,074 g, 88.44),

colourless needles, m.p. 324-5° (decomp) (from water),

The analytical data indicated presence of impurity,
Foundy ©, 41.28: H, 3.16: N, 13.59
-OLnu.f -y e I T I | V h, d./n,j.

C_E/N S0, requires C, 42,42; K, 3.03; N, 14.144,

v max, (KBr) 3350, 3105, 3050, 16543, 1357, 1210 (s=0),

8 (c??:czxj 9.21 (1K, ¢, J = 8BHz, 6 - K)

-

g.40 (1K, s, 2 - B)
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7.88 (1H, J y = 6Hz, J ¢ = BHz, 5 - H).

5 5

¥ 198

n/e 199(3), 198(28), 181(7), 134(5), 133(22), 119(45),
118(100), 117(51), 92(30), 91(60), 90(31), 80(16), 79(6),
78(1k), 67(14), 65(19), 64(79), 63(49), 62(14), 59(31),
57(1k), 48(30), 44(30), 43(14), 41(26), bo(12), 39(27),
32(48), 29(7), 28(&), 27(16).

3-Bromo-1-p-chlorobenzyl -1H-pyrrolo[2,3-b!pyridine (114).,—

1-p-Chlorobenzyl-1E-pyrrole [2,3-b] pyridine (0.8 g) in chloro-
form (15 ml) was cocled in ice and treated with bromine (0.53 g) in
carbon tetrachleride (20 ml). The mixture was extracted with 54
hydrochloric acid (40 ml), then the organic solvent removed in vacuo
to leave the product (1.0 g, 94.5%), colourless needles, m.p.75-77°

(from carbon tetrachloride/petroleum ether 60-800).

Pound: 8, 52.31: H, 2.98; N, B.51,
P 5
1..*,‘.j.{.)..r'wlrw.z requires C, 52,503 H, 3.13; N, 8.75%.

4 i
800, 794, 780, 768, 758 cm

6 (\.ID'UA..J) 8 LI“A (1:—:| - 9 J‘-: c = SJZ’ JA 3-- o L.I‘Z' N . T-T)
i bt
7.90 (1%, q, J), . = 8Hz, J), ¢ = 2Hz, 4 - H)
'/ -

22 (BH, 10y 2, 5: 2% 3%, ;, €' - H)
5.42 (2H, s, CH,)
¥ 320
n/e 324(9), 323(11), 322(30), 321(17), 320(22), 319(20),
242(8), 241(42), 211(5), 209(6), 206(6), 205(6), 143(5),



- 157 -

142(3), 127(31), 126(13), 125(100), 107(6), 99(9), 90(11),

89(33), 77(5), 76(6), 75(5), 63(11), bu4(16), 29(8), 28(44),
27(5).

Oxidation of 2-p-ch1oronhenyl-}-methvl-1H-pvrrolo[é,j—ﬁ]Bxgidine

- =3 pdrhﬁ!deﬂjdﬁ
= : -2FP-Ch10roDhenyl'1Hf2yrrolo[2.B-b]EEEiiiEEA(115).-_

2-p-Chlorophenyl-3-methyl-1H-pyrrolo[2,3-b] pyridine (2 g) and
potassium permanganate (3.1 g) in water (36 ml) were heated under
reflux until all the permanganate colour was discharged. The mixture
was cooled briefly, and concentrated hydrochloric acid (20 ml)
added, The mixture was heated to boil briefly, cooled and filtered
to give the carbaldehyde (1.8 g, 85%) colourless plates, m.p.

353577 (decomp) (from acetic acid),

The analytical data indicated presence of impurity:
Found; C, 64,97; H, 3,61; N, 10,82,

C,uHCIN,0 requires C, 65.63; E, 3.52; N, 10,944,

v max, (KBr) 1658(c=0), 1590, 1465, 1422, 1275(C-0), 775,

760 em i

No suiiable solvent was available for the determination of an

n.,m,r. spectrum,

?
)
\n
™

n/e 259(5), 258(29), 257(47), 256(75), 255(100), 222(5),

221(27), 220(52), 200(10), 192(10), 191(27), 190(10), 166(8),
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165(13), 164(15), 149(5), 144(9), 139(10), 138(8), 137(5),
116(7), 76(23), 84(8), 83(15), 75(8), 60(32), 45(39), 4u4(16),
43(39), 29(8), 28(40), 27(7).

Attempted preparation of 2-p-chlorophenyl-1H-pyrrolo[2,3-Y] pyridine-

3-carboxylic acid (116).—

A, A stirred mixture of 2-p-chlorophenyl-3-methyl-1H-pyrrolo-
[2,3f§]pyridiné (2 g) and potassium dichromate (6 g) in water (30 ml)
was treated dropwise with concentrated sulphuric acid (14 ml),

After the addition of acid was complete the mixture was heated under
reflux for 0.5h, cooled and filtered to give colourless plates

e e : . i
m,ps, 257 + The product was identified as p-chlorobenzoic acid by

+
mass sepctroscopy, M 156,

B, A mixture of Jweerbaldehyde-2-p-chlorophenyl-1H-pyrrolo[2,3-]-
-2~ Carlbaldehyde

pyridine\(llﬁ) (1 g) and potassium permanganate (1.5 g) in water

(30 ml) was heated under reflux until the permanganate colour was

discharged, The mixture was cooled briefly, then concentrated

hydrochloric acid (10 ml) was added, the mixture was heated to boil

briefly, cooled and filtered to give none of the expecied product

but p-chlorobenzoic acid as above,

Attempted preparation of 3-bromomethyl derivatives of Z-p-gchlorophenvl-

B-methvl-li-vvrrclo[?,3-@ pyridine

—

B—Bromomethvl-z-p—chloronhenyl-1H—Dgrrolo[?,B-Q pyridine (117).—
A mixture of 212-Ch1orophenyl-j-methyl—1§~pyrrolo[ﬁ,B-ﬁ]pyridine

(4 g), N-bromosuccinimide (3 g) and benzoyl peroxide (0.05 g) in
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chlorobenzene (100 ml) was heated under reflux for 17 h (upon
heating the mixture dissolved to give a clear solution, then in
about 0.25 h a solid separated). The mixture was cooled and
filtered to give a yellow compound, m.p. 228°, Tt turned brown on
exposure to air, An n.m.r, spectrum indicated an unchanged 3-CH

signal,

When a 1little of the product was boiled with 2M sodium hydroxide

the starting material was recovered,

3-Bromomethyl-1-p-chlorobenzyl-2-p-chlorovhenyl-1K-pyrrolo[2,3-b)] -

pyridine. (118).—

1-p-Chlorobenzyl-2-p-chlorophenyl-3-methyl-1H-pyrrolo[2,3-t] -
pyridine (2 g), N-bromosuccinimide (1 g) and benzoylperoxide (0.05 g)
in carbon tetrachloride (20 ml) were heated under reflux for 2 h and
the solvent removed in vacuo to give a sticky brownish residue.

N.m.r, spectroscopic analysis indicated an unchanged 3-CH, signal,

3

3-Bromomethyl-2-p-chlorophenyl-1-methvl-1K-pyrrolo-{2,3-b] oyridine

(119) .= X
2-p-Chlorophenyl-1,3-dimethyl-1H-pyrrolo[2,3-b] pyridine, (2.6 g)

N-bromosuccinimide (1.£ &) in chlorobenzene (40 ml) were heated under

reflux for Z.5 h then heated further on z waterbath overnizht. The

solvent was removed in vacuo to leave a sticky brown material, An

n.m,r, spectrum indicated an unchanged 3-Cr., group.

-

3-(
2' -Amino-1H-pyrrolo [2,3-1] pyrid-3-y1 }D-provanoic acid (121).—
107

Prepared by the method of Robison and Robison m.p.261-2620
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107

(Lit*’ 257-259° ).

5-L
2'vN-Ac?tamido7@H-pyrrolo[2,B-bﬂpyrid-jfzyrf‘-propanoic acid (122) =

Ethyl-2'-N-acetamido-2'-ethoxycarbonyl-3 -(1§-pyrrolo[2,3-b]-
pyrid-3-yl) propancate (6.5 g) in 8% sodium hydroxide (50 ml) were
heated under reflux for 3 h, and cooled, then acidified with dilute
hydrochloric acid and cooled to 0° to precipitate the product
(3 5, 64,84), colourless needles m,p. 242-244° (washed with hot

aqueous ethanol).
An analytically pure sample was not obtained,

v max, (KBr) 3425(0H), 3300(NH), 1712(C=0), 1625(N-B=0),
1534, 1378, 1250 cm>t

No suitable sclvent was available for the determination of an

n.m.r, spectrum,

NT 247

n/e 247(8), 229(8), 201(9), 189(7), 188(43), 161(7), 160(6),
159(12), 158(8), 142(8), 132(25), 131(100), 130(8), 118(9),
104(15), 92(15), 91(23), 77(10), 71(12), 69(15), 58(18),
56(18), L6(77), 45(100), 4&4(100), L3(43).

3~ (

2 - - s = + )
Methyl 2 -am1no;}n-ﬁvrrolo[4.)-§]nvrla-j-vT 7. propanocate (123).—

To a suspension of 2 amino;}g-pyrrolo[Z,j-E]pyrid-j-yﬂ.a‘ﬁ
propanoic acid (1.4 g) in methanol (20 ml) hydrogen chloride gas

was bubbled till solution was effected. The solution was heated
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under reflux for 6h, the solvent removed in vacuo and a minimum
amount of water added to the residue and neutralised with M
ammonia solution to precipitate the product (0.9 g, 60.2%),

colourless plates, m.p. 239-241° (from acetone/water).
An analytically pure sample was not obtained,

v max, (XBr) 3180(NH), 2940, 1740(C=0), 1540, 1442,

1290(C-0), 1218, 779 o

SHz, 6 - H)
8Hz, 4 - H)

s[(cD,),50] 8.26 (1K, 4, J

8.06 (1H, 4, J
7.50 (14, 8, 2 -« H)

7.11 (1H, q, Jg = M2, Jg ) = 8Hz, 5 - H)
4,26 (1H, t, J = 5.8Hz, 2' = H)

3.66 (3H, s, CHB)

3.40 (24, 4, J = 5.8Hz, 3' - H).

¥ 219

n/e 219(5), 216(6), 160(20), 159(8), 158(6), 157(12),
156(10), 149(5), 143(6), 133(15), 132(62), 131(100),
130(22), 129(6), 105(7), 104(39), 103(15), 102(10), 81(14),
79(17), 78(23), 77(19), 71(1&), 69(24), 55(14), 51(14),
hh(21), &3(20), 41(18), 39(25), 32(22), 29(10), 28(2%4),

27(10).
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