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This Thesie is a renort of an investication
into the »Hreparation of thionenhthen isosteres of
hioloziece11ly active indole commnonndsg.

The intraduction deslg with the theoreticel

.

irnlications of the veriong znprosches to the synthesces

of bioloriceally setive commounds, s#nd in varticular

thore with en indole nucleus orecent in the molecule.
L review on "Piolosiecel tetivity in Commounds Tossessing

Thionhen Tivoe" {1e included, omd inetification is

—

nrovided for the mrevsretion of thinonaphthen isoeteres

L

of svch compoundg as 5-hrydroxytryntamine.

o

In gection 1, the morsition of electrovhilic

subgtitution in S5-substitunted thionandhthens was investigsted

with a wview to emnlorying the wvarious protecting crouns

in a synthegis of the thionavhthen analocue of H-hydroxy-
tryntamine. Cther interestinge orieptation effects are
also renorted.

Section 2 deals vith the »nreparation of warious

thionavphthen derivetives containing 2 gramine side-chain

n

cs nogsible antagonists of sdrensline 2nd of S-hyfroxy-

tryntemine.
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I'n section 3, attemnts to wnrepare 3-(2'~2mino=-
ethyl)-5-hydroxythionanphthen, the thionaphthen
analocue of H-hydroxytryntamine, are revorted.

Variouvus other isosteres of S5-hylroxytryntamine-like
commornds inelvding 3-(2'-aminoethyl)-b-hydroxy-
thionenhthen are reported. Section % elsoc deales with
the synthesges of thionsnhthen znalogues of harmine

end hermaline.
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T Theoretical Considerations.

The major difficulty confronting attempts to
design new compounds possessing specifically desired
medicinal properties is the lack of a simple correlation
between chemical structure and biological activity.

In part this may be due to the extensive gaps which
exist in our knowledge of the exact manner in which
drugs affect the delicately belanced processes that
together constitute the normal functioning of tissues.
Again, much of the data which is available may not be
fvlly utilised because of our frequent inability to
integrate information gained in the different biological
disciplines or to weld together the concepts of other
scientific endeavours into applicable theories. But

even 1f these handicaps were to be overcome, there are

two main reasons why comprehensive structure-action
relationships are virtually impossible to establish.

In the first place, the same overall biological
effect may be ¢licited by a variety of mechanisms, and
it cannot reasonably be expected that drugs acting by
different mechanisms should necessarily show any

chemical or physical similarities. A detailed study of



the intimate mechaniem by which a drug acts usually
necessitates work at the biochemical level, and the
issue is then often complicated by the uncertainty

of applying results obtained in vitro to in vivo
systems. Moreover, so many facts are often obtained
from the in vitro system that the basic mechanism
involved is not clear because one cannot unambiguously
establish the relationship between the primary cause
and the resultant effects.

In the second place, numerous factors are
simultaneously involved in conferring upon a drug its
characteristic mode of action, of which chemical structure
is but one, and this cannot be considered out of the
context of the other variables. Also, the great
sensitivity and delicacy of the animal organism seriously
limits intentional variation of such factors as pH,
temperature, and osmotic pressure. Thus, the large
number of variable factors and the restricted range of
intentional variation tolerated in vivo hinder the
establishment in pharmacology of fundamental quantitative
laws capable of mathematical expression such as those
characteristic of the more exact sciences of chemistry

and physics.



Some of the more important variables known to
influence drug action are genetic constitution
(comprising species, strain, individual, and sexual
differences), tissue constitution, and the weight, age,
and condition of health of the test subject. These
factors can be collectively grouped as wvariables
inherent in the biological system. By selecting for
homogeneity in the biological system, be it whole
animal or tissue, one can minimise these variables.
There is, however, a residual wvariation which in practice
cannot be eliminated, necessitating analysis of the
experimental data by statistical methods before valid
conclusions can be drawn. This residual variation may
be due to a variety of factors not the least important
of which are differences in the rates of absorption,
penetration, biotransformation, and elimination of the
drug.

Another group of variables which affect drug
action are those nertaining to the experimental
conditions. Thesgse include such factors as the dose and
physical state of the drug, the route, frequency, speed
and timing of its administration, the dietary history

of the experimental animal, the temperature, the



simultaneous presence of other drugs in the system
and the pH. Such variables are usually subject to a
considerable degree of control.

Finally, there is a third group of factors
known to influence drug action - the physico-chemical
variaebles. Although these are uniquely defined for any
given substance, they do not necessarily vary in like
manner with change in chemical structure, so they must
be considered separately when comparison is made between
the biological ections of more than one drug. Such
variables which include solubilities, distribution
coefficients, electricel fields, inductive effects,
pPKa's, and steric effects, play an important role in
determining the ease with which a drug can penetrate
the various permeability barriers in the body (for
example, the blood-brain barrier) before reaching its
potential site of action.

Despite the non-existence of an overall theory
relating dfug action to chemical structure, there are,
nevertheless, a number of theories of limited application
which can be invoked to aid in the design of new
biologically active compounds. Among these are the

receptor theory of drug action, the theory of metabolite



displacement, and the concept of bioisosterism. Because
these three concepts together represent theoretical
justification for the present work, they will be briefly
summarised.

A. The Receptor Theory of Drug Action.

In general, biologically active compounds can
be conveniently considered as belonging to one of two
groups - the structurally specific and the structurally
non-specific,1 although as is the case with all
biological classifications, there are no hard and fast
lines of demarcation between the two groups, one
merging into the other by way of compounds vossessing
intermediate properties. Truly structurally non-specific
drugs exhibit biological activity solely by virtue of
their favourable physical properties in accordance with
the principle so elegantly established by Ferguson,
and this activity is guite independent of their
functional groups. Examples of such structurally non-
specific compounds are to be found in the general
anaesthetics such as ether, chloroform, cyclopropane,
ethylene dichloride, nitrous oxide, and the inert gases.

Structurally specific drugs on the other hand

are thought to exert their effects by interacting with



specific receptors in the tissues which impose
restrictions on the size, shape, and electrical
properties of molecules capable of complexing with them.
The receptor theory has been implicitly accepted by

many workers in pharmacology and chemotherapy and
related fields for a number of years. It was inherent

in the lock and key analogy of Fischer3 and the concept
was used by Clark4 and others to afford a theoretical
basis for the interpretation of experimental dose~response
curves. The binding forces of the drug receptor complex
are in the majority of cases of such 2 nature as to be
readily reversible at room temperature, and involve
energy values of the same order as those of heterogeneous
catalysis. The fact that virtually every class of drug
can be removed quickly and completely from animal tissue
by dialysis or simple solvent extraction supports the
contention that electrostatic bonds, multiple van der
Vaal's bonds, or hydrogen bonds and not covalent bonds
are involved in the formation of the receptor complex,
although covalent bond formation has been shown to occur
in some rather rare instances. Examples of such cases
are the interaction of the organic phosphate esters

with cholinesterase,5 the irreversible blockade produced



6
by the p-haloethylamines, the alkylation of cell
constituents by ethyleneimines and the nitrogen and

7

sulphur mustards,' and the interaction of arsenoxides,
heavy metals, iodoacetic acid and alloxan with
sulphydryl groups to form covalent linkages.

Although little is known of the intimate physical
nature of drug receptors, attempts have been made to
deduce their shape and electric charge distribution from
considerations of the charge characteristics and
molecular geometry of certain biologically active
molecules, based on the assumption that the receptor
will have shape and charges complementary to those of
the most active species.

There such an approach is made using non-rigid
molecules which are capable of existing in an infinite
number of conformations, the conclusions are at best
only rough approximations, as there is no reason to
suppose that the thermodynamically most stable
conformation of the isolated molecule is that actually
adopted during complex formation with the receptor.

Where rigid molecules have been employed, a more accurate
picture of the receptor is to be anticipated. An example

of the approach using a rigid molecule is afforded by



the work of Beckett on the nature of the receptor sites
involved in analgesia.9
Many biologists have now come to regard a
receptor as a volume in space defined by the surfaces
of enzymes, co-enzymes, and metallic ions, and so think
of drugs as exerting their actions primarily on enzyme
systems. Yhile it has been undisputedly established
that certain drugs do interfere with specific enzymes,
it 1s dangerous to create the generalisation that all
drugs necessarily do so. The intimate mode of action
of many drugs is still unknowvm and some mey act by
merely altering membrane permeabilities by processes
that do0 not involve enzymes. For instance, the mode of
action of neuromuscular-blocking agents is thought to
involve changes in the electrical potential and the
permeability properties of the end-plate region of the

. 1
muscle membrane by a non-enzymatic process.

B. Metabolite Displacement Theory.

The concept of metabolite displacement;l contends
that certain compounds which possess chemical structure
and physical properties similar to those of an "essential
metabolite" of the organism, will, by virtue of these

similarities, possess a degree of affinity for the



receptor sites at which the metabolite is believed to
initiate certain fundamental processes. Originally,
the concept was applied only to the phenomenon of
competitive inhibition, where the analogue was itself
without positive biological activity, but by competing
reversibly with the natural metabolite for the available
receptors, it was able to prevent this metabolite from
fulfilling its normal function. The phenomenon was
accordingly termed "biological entagonism".

lore recently, however, the concept has been
extended12 to include cases where the analogue is
itself able to elicit a response, a measure of its
ability to do so being termed its intrinsic activity.
It has also been extended to cases where the anti-
metabolite combines irreversibly with the receptors.

Antimetabolites are of great interest to the
experimental biochemist as they provide a useful means
of studying the metabolic pathways of the substance
they antagonise, and so contribute to the elucidation
of the routes of biosynthesis.l5 They are also of velue
in demonstrating previously unsuspected functions of
well recognised metabolites, and are useful as specific

inhibitors of selected enzymes. Again, they are of



interest to the chemotherapist as they offer a possible
means of controlling certain pathological processes
with the additional advantage that a ready antidote,
the metabolite itself, is always available. The early
hopes fhat potent antibacterial drugs could be prepared
by suitable alterations in the chemical structure of
an essential growth factor of the organism have in
general, however, not been realised as the antimetabolite
must meet the additional requirement of showing a
much higher selectivity of action against the micro-
organism than against the tissues of the Wx_:>atiewn1:.llL
An example of a gseries of sntimetabolites which do
meet this additional requirement is provided by the
pantothenic acid analogues used as antimalarials which
do not elicit signs of vitamin deficiency in higher
animals but do so in micro-organisms.

The intentional design of compounds capable
of acting as metabolite~displacing agents is now a
well established procedure. The molecules of such compounds
must necessarily bear considerable resemblance to
those of the compounds which they are designed to
displace and are usually related to them by such

processes as substitution, homologation, and isomerisation.



Such analogues can be reasonably expected to intensify,
mimic, or oppose the biological action of the natural
metabolite depending upon their affinities for the
receptor and upon their intrinsic actiﬁities«

The gituation is, however, complicated by the
fact that at least three sites may be involved in the
bioclogical history of the natural metabolite, and the
analogue could conceivably act as a displacing agent
at any one of these sites or at any combination of them.
The physical and geometrical properties of each of these
sites are probably very similar since all are normally
concerned in conplex-formation with the same molecular
species. Firstly there is the binding site which may
2150 be involved in the synthesis of the natural
metabolite, and the analogue could act by releasing
the metabolite from its bound inactive form. Indeed,
certain drugs are known which release such compounds as
S5-hydroxytryptamine, adrenaline, and histamine from
their binding sites. Secondly there is the receptor
site proper at which the metabolite initiates its
cheracteristic train of events and which has already
been discussed. Thirdly there is the site at which

the metabolite is destroved. In some cases, this may be



the recertor site itself, but in other cases it would
aorear to be physically distinet from it - as, for
example, in the degtruction of acetylcholine ot the
nevromuscular junction where the enzyme zcetvl-
cholinesterase hvdrolyses the neurohormone so that its
effect 1g not exerted indefinitely. Anti-cholinesasteracse
drucs act by nreventing the decredation of acetyl-
choline, and it 1s conceivable that certain metabolite
analogues could a2lso act by inhibitine the inactivation
of the natural metabolite.

\
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adrenotrovhic recentors. There are alego indications

thet the recepntors for 5-hydroxytryptamine in the
rentral nervous system are of a rsomewhat different
neture from those involved in the stimulation of
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smooth muscle. Such varistiong in the nature of the

receptors could cresrte different values for the

intrinsic 2ctivity and the affinity of the antimetabolite



at each site. The antimetabolite could then reasonably
be expected to show quite different actions at the
various sites. For example, it might mimic its natural
analogue at one gite, inhibit it at another, and be
totally without effect at a thirgd.

It must always be borne in mind that a new compound,
designed ag an analogue of a specific metabolite, might
exert a completely unexpected biological action due
to its ability to act at a totally different set of
receptors in the organism. Such a situation arose in
the cese of the thiambutenes. These compounds which
possess marked analgesic properties were originally
prepvared as potential atropinic, antihistaminiec,
and local anasesthetic agents on account of their close

relationship to the 3,3-diphenylallylamines.

C. Bioisosteriam.

One particularly successful approach used %o
prepare new metabolite-displacing agents is the synthesis
of compounds bearing an isosteric relationship to an
essentiai metabolite. The original concept of isosterism,
first introduced by Langmuir18 to express the similarity
of physical properties of simple molecules such as

carbon monoxide and nitrogen which have identical






electronic arrangements in the outer or valency

shell (as portrayed in the classiecal manner in figures
I and II respectively), has been extended by other
workers19 to include larger molecules whose peripheral
layers of electrons are identical. Thus, benzene (III),
pyridine (IV), furan (V), pyrrole (VI), and thiophen
(VII), each with its 6 7] electrons, are considered as
being isosteric.

The physical and chemical properties of these
five isosteres have long been recognised as being very
similar, and it is therefore not surprising that in the
case of biologically active compounds possessing one
of these rings, considerable attention has been paid
to the preparation of isosteres in which this ring has
been replaced by one of the others.

Not only will igsosteres possess similar electronic
arrangements but they will also usually have similar
overall electric fields, similar geometric properties,
and molecular weights of the same order of magnitude.
Hence it is to be expected that variations in physico-
chemical properties will be minimised, although not
eliminated, enabling a somewhat limited comparison of

changes in biologicel activity with changes in chemical



atructure to be made. The idea that isosteres should
pogssess similar biological properties to those of

their natural analogues is inherent in the term
"bioisosterism" introduced by Friedman.zo This term
covers the case where an 1sostere opposes the action

of the natural metabolite as well as that where it
mimics or intensifies it, for as has already been
mentioned these different actions depend solely upon
the intrinsic activity and the affinity of the isostere
for the receptors.

Itany thiophen isosteres of biologically active
molecules possessing benzene rings have been prepared
engd tested, and several revieW321 are available
including one22 prepared especially as background
material for this work and which is included in +this
thesis as appendix I.

Scent attention has been paid, howevef, to
the isosteric replacement of pyrrole rings by thiophen
rings in molecules of biologically active compounds.
In pvarticular, little work has been dons on the study
of isosteres of indole derivatives which as a class

represent a group of considerable biological interest.

It was therefore deemed worthwhile to prepare thionavhthen
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isosteres of some of the simpler indole compounds. In
order that this work may be seen in its correct
perspective, a brief summary of the biological importance
of indole derivatives is given followed by an account

of the thionaphthen isosteres already reported.

IT Biological Activity in Commounds Possessing the

Indole Nucleus.

The indole nucleus (VIII) and the related
indoline or 2,3%-dihydroindole nucleus (IX) occur in
the molecules of a large number of natural pr'or'iuctsz5
many of which are of pharmacological importance. These
indole and indoline derivatives exhibit a wide range of
chemical complexity from the simple alkaloid gramine
and the essential amino-acid tryptophan on the one hand
to the extremely complex alkaloids of calabash curare
on the other.

The parent compound indole is itself without
great biological significance but it has been reported24
to affect the motor elements of the spinal cord in

rabbits and mice.

Like all other essential amino-acids, tryptophan (X)



which is regarded as the biogenetic precursor of the
naturally occurring indole derivatives, is without
pharmacological action, but the related decarboxylation
product tryptamine (XI), in common with other proteinogenic
amines such as histamine, dopamine, and tyramine
possesses pharmacological activity. Tryptamine is a
weak pressor agent, exerting its effect by a nicotine-
like mode of action.25 It has also been shown to exert
a stimulant action on the mammalian heart and respiratory
rec:o:-:ptors,g6 but the latter finding is complicated by
the fact that trypteamine is known t0 procure the
release of histamine.27
5-Hydroxytryptophan (XII) is of considerable
interest as it can readily cross the blood-brain
barrier, and undergo in vivo decarboxylation into
S5-hydroxytryptamine (¥XIII) in the central nervous
system,zs whereags S5-hydroxytryptamine is itself
virtually unable to penetrate this barrier.
H-Hydroxytryptamine (§zg. serotonin or enteramine)
is of considerable interest to the animal physiologist.
It occurs predominantly in the central and peripheral
30

nervous systems,29 the blood platelets,”  and in the

enterochromaffin cells of the gastro-intestinal tract.ﬁl
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derivatives of tryptamine or gramine, and a number do
indeed effectively antagonise the action of 5-hydroxy-
tryptamine on smooth muscle. Some of the compounds

also have psychotomimetic action. It is of considerable
theoretical interest that these synthetic derivatives
may show different activities on different preparations
or on the same preparation when administered in
different concentrations. Thus, 3-ethyl-2-methyl-
H=nitroindole (XIV) opposes the pressor action of
S5=hydroxytryptamine in the dog, but mimics the action
of S5~hydroxytryptamine on the clam heart.h7 and
S-dimethylamino~3%-ethyl-2-methylindole (XV) inhibits

the action of S5-hydroxytryptamine on the rat uterus,

but will itself produce contractions at slightly

higher concentrations. These examples can be interpreted
as showing that the nature of the 5-hydroxytryptamine
receptor site varies in the different tissues and this
is reflected in differences in the affinities and
intrinsic activities of the pharmacon. Indeed, Gaddum
has postulatedl7 that at least two distinct types

of S5-hydroxytryptamine receptor exist.

Other simple synthetic antagonists of 5-hydroxy-

tryptamine worthy of mention are 5-amino-2-methylgramine



(XVI),A6 L-carbomethoxygramine (XVII),48 and l-benzyl-
2-methyl-5-methoxytryptamine (XVIII) which is a potent
peripheral antagonist of S5~hydroxytryptamine and has
been used as an antihypertensive agent4k7’h9 It
appears to have no central effects unless given
intraventricularly.

Certain more complex indole derivatives also
appear to be able to antagonise 5~hydroxytryptamine.
Of these, lysergic acid diethylamide and 2-bromolysergic
acid diethylamide are the most important. Lysergic

50

ccid diethylamide is a potent hallucinogen end is

also 2 potent antagonist of the action of 5-hydroxy-

51

tryptamine on smooth muscle. 2~-Bromolysergic acid
diethylamide on the other hand does not readily

produce mental changes in man, but i1t is even more
potent than lysergic ecid diethylamide as an antagonist
of the peripheral actions of 5—hydroxytryptamine.52
These facts would seem to be adeguately explained on
the basis of the different receptors involved being
such as to create different affinities and intrinsic
activities in the bromo derivative with respect to the

tvo sites of action.

The role of lysergic acid diethylamide in the
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production of mental disturbances has been well

23

reviewed by Rothlin. Many other lysergic acid

derivatives also antagonise 5-hydroxytryptamine.5h
Recent work, however, would tend to show that the
psychological effects of lysergic acid diethylamide
do not result from a simple antagonism to 5-hydroxy-
tryptamine.55
Yet other indole derivatives have been synthesised
and tested, not for their ability to antagonise the
actions of 5-hydroxytryptamine, but for their adbility
to inhibit the blogenesis and degradation of 5-hydroxy-
tryptamine in the body. Prominent amongst these are

56

various oxindole derivatives which proved to inhibit
the actipn of monoamine oxidase. 5-Hydroxyoxindole-
3-DL-alanine (XIX) is noteworthy in that it produces
an in vitro inhibition of S5-hydroxytryptamine
decarboxylase.

Ability to mimic the actions of 5-~hydroxy-
tryptamine or to interfere with its normal metabolism
is not confined to synthetic indole derivatives. Many
naturally occurring indole derivatives also appear %o

share these properties. For instance, bufotenine (XX)

which occurs both in Piptadinia pericrina (long used in




the form of Cohoba snuff 1in religious rites by some
American Indian cults) and in the skin c¢lands and

venorn of toade, vroduceg bronchoconstriction similar

1
-

to that nrodnced by S5-hyvdroxviryntamine. Tt 21so0
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nrodnces centrel nervous s¥stem effects in monkeys,”

end on intravernous injection into man it nroduces

! £

hallucinogenic effects similar to those brought about
by mescaline and 1lyesergic acild diethyl-amide although

-

the onget of activity ie more ranid and the duration of

Ancther nsrzhotoninetic indole alkaloid is

peiloeybin (XXI) which is obhtrined from the Mexicen
. 5o
rushronom Pesilocvhe mexicana”” 2nd vhich is 2lso stoted
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pressor activity and of the peripheral actions of
S=hydroxytryptamine, whilst the simple amide ergonovine
shows greater notency against 5-hydroxytryptamine
than againgt adrenaline.65 The related lysergic acid
diethylamide, as well ag being a potent inhibitor of
S~hydroxytryptamine, possesses adrenergic blocking activity
in addition {0 =ome sympathomimetic properties.65’66
Ibogaine (XXII), the principal alkaloid of

67

Tabernsnthe ibopa Paillon, is a central nervous

system stimulant68 and a mild hallucinogen, 7 and
g0 this compound ftoo may interfere with the normal
metabolism of S5-hydroxytryptamine. A more general

gtudy of ite vhermacological actions was made by

70

Raymond-Hamet and Rothlin.

The alkaloids hermaline (XXIII) and harmine (XXIV),
71 72

which have been igsolated from the seeds and roots

4
of Peranum harmala L., also antagonise 5-hydroxytryptamine. !

¥,

Other investigations of the pharmacological actions
of these alkaloids have shown that they possess
coronary-dilator, cardiotoxic, oxytocic, convulsant
and muscle relaxant properties which are qualitatively

similar in the case of harmine, harmaline, and tetrahydro-

norharman. Harman (XXV) potentiates the hypertensive
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4
effects of adrenaline,7 while harman methosulphate
in combination with adrenaline produces ventricular

fibrillation in cats and dogs under pentobarbitone

72

Harmine and harmaline produce tremor

76

anaesthesia.
in experimental animals.
It has been suggested thet the harmala alkaloids
act by uncouprling oxidative phosphorylation.77
A series of synthetic harmol ethers were found

78

to possess amaebicidal activity. Compounds of type

XXVI have been ghown to possess hypotensive properties,79
and in the patent literature there is a cleim that
compounds of type XXVII possess tranquillising
activity.BO

L structure closely allied to harman is carbdbazole
(XXVIII), and various carbazole derivatives are claimed
to possess powerful local anaesthetic activity.

Pharmacological interest in the naturally
occurring indole compounds is by no means confined to
those which have the ability to interfere with the
normal functioning of 5-hydroxytryptamine.

One particularly interesting simple indole

derivative is 3-indole acetic acid (XXIX) which is

an auxin or plant growth hormone.



r
-~

The simnlest true indole alkaloid isg ecramine

ot

. . . 82
(¥XX) which occurs irn sovrouting berley and in the

£3%
leaves nf Arnndn Aonsx. - Gramine hag a ovressor action

but 14 would not appear to be truly esymvathomimetic
ae it everts vo ection on the ounil of the rabbit's
eve . In generel, 1t stimulates gmooth muscle, bhut
the tonus and movements of the rabbit intestine are

A4
inhibited. Large doses of rsramine mroduce clonic
convulsions and stimulatior of the resniratory centre.
Tramine i1e alsc claimed to have a feeble vparasymustho-
winetic action.85
Loart from the synthetic derivetives of gramine

L)

vhich bebave ¢ S-hiydroxytryntemine entaconists, others
Fn b 4+ 2 86 PR 87

have nroved to be oxyitocics and local anasesthetics.

A series of ousternary ammonium szlts derived from

cremine have been Drevdared for testing as neuromusculsr

, _ 68 . . -

plocking agents on account of their relationship

ag model compounds to the then nostulated structure

of the cealabacsh curare alltaloid, C-curarine I chloride.

Variouns cuaternary ’Sanﬂ B-carboTine derivatives (¥XXI) of

cramine have also been nrevared 2nd tested for neuro-
N Fap s oo \
muscular blocking activity. - Other guaternary salts

heve been revorted includineg the gramine derivative of
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hexamethonium (xxx11).90

An important group of indole alkaloids occurs

in ergot, the sclerotium of the fungus Claviceps

purpurea which grows parasitically on the pistils of

rmnany grasses and cereals, especially rye. The extremely
poisonous nature of ergot has long been recognised
and the ergot alkaloids have been the subject of

65,66,91

several reviews. Actually, two series of indole
alkaloids occur in ergot. The pharmacologically active
alkaloids are all laevorotatory and are derivatives

of lysergic acid (XXXIII), several synthetic derivatives
of which have already been mentioned. The dextro-
rotatory alkaloids are derivatives of isolysergic acid
which 1s the C-8 epimer of lysergic acid.

The most important ergot aslkaloids from the
biological point of view are ergotamine, ergocornine,
ergocristine, ergokryptine, and ergonovine (syn.
ergometrine). The first four, which are all complex
polypeptide derivatives of lysergic acid, possess
adrenergic blocking activity, an action even more
pronounced in their 9,10-dihydro derivatives.92

In addition to their adrenergic blocking
properties, the polypeptide alkeloids also show

similarities to adrenaline at certain receptors and



produce an intense peripheral vasoconstriction which
is responsible for the gengrene characteristic of
severe ergot poisoning. They also stimulate smooth

65

muscle and exert a complex action on the central
nervous system. Ergotamine can be effective in relieving
migraine, but the mechanism of action is obsgcure.
Trgonovine, the simplest of the ergot alkaloids,
is the amide of lysergic scid and 2-aminopropanol. It
has pronounced oxytocic activity and was at one time
used to quicken child-birth. This use however led to
many still-birthes and to-day ergonovine is employed only
to control post-partum haemorrhage.
The Chinese drug Wu Chu Yu, formerly used as a
stimulant, carminative, deobstruent, stomachic,
73

astringent, and anthelmintic remedy,”’ consists of the

dried fruit of Evodia rutaecarvna Hook f. and Thonms,

and has been shown to contain the indole alkaloids
evodiamine (XYXXIV) and rutaecarpine (XXXV).9A Because

of the structural similarity, the pharmacological
properties of evodiamine and rutaecarpine were compared
with those of yohimbine, and they were shown to increase
the arterial blood pressure. They do not, however, have

the adrenergic blocking action of yohimbine.
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The alkaloid yohimbine (XXXVI), obtained from

the bark of Pausinvstalia vohimba Pierre, (syn.

Corvnanthe vohimbe K.Schum) a tree indigenous to the

Cameroons and the French Congo, possesses a variety

of pharmacol§gical actions including in addition to

its anti-5-hydroxytryptamine activity already mentioned,
anaesthetic activity. It opnposes the action of adrendline
and its vasodilator activity is particularly pronounced
in the genital orpgans, the resulting stimulation
leading to its use as an aphrodisiac in veterinary
rractice.

)95

The related alkaloid sarpesgine (XXXVIT is

96

also an adrenergic blocking agent, and ajmalicine
(XXXVIII) has adrenergic blocking properties equal in
rotency to those of the dihydroergot alkaloids.

Several 1l/-alkyleminoyohimbans have been prepared
97
as potential hypotensives.”

Other complex indole alkaloids are found in

varioug species of Rruwolfia. Reserpine (XXXIX) and

rescinnamine are of interest on account of their
tranquillising properties end hyvotensive action.
As previously mentioned, these alkaloids also possess

the ability to release 5=-hydroxytryptamine both in the



brain and from the blood platelets.

The hypotensive effects are mediated by the
action of the alkaloids on the autonomic nervous
system. They produce an increase in tonic parasympathetic
activity and a decrease in tonic sympathetic activity
of the cardiovascular and gastro-intestinal systems,
siving a fall in blood pressure and increased gestro-

96,98

intestinal motility.’ Various simple gramine and

tryptamine models of the Rauwolfia alkaloids have been

79

prepared, and various reserpine analogues including

18-0-(2,4,5-trinethoxybenzoyl)~reserpic acid have also
been vprepsred in the search for enhanced sedative or

100
hypotensive activity. ©

The indoline derivative:: ajmaline (XL) which occurs

with reserpine and rescinnamine in nature is without

. 35 . 101 . ]
sedative or hypotensive action, and in large doses
actually has a pressor action.

Although the majority of the Cinchona alkaloids
are quinoline derivatives, they are postulated to arise
. . . 102
in nature from indolic precursors, and several are
themselves indole derivatives. One such alkaloid is

cinchonamine (XI.I) which like guinine is a general

protoplasmic poison, has antimalarial activity, and
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eyerts 2 mowverful sction on the qeqrt. 03 It 1=s some
glx timee 2o toyxic #a cuinine and mogsesses vpronounced
central convulgant nroverties., The indoline derivative

rninsmine (XLIT) hee similar biological properties.

-

Qevernl other indoline 21%aloids are of
considerable vhearmacological immortance. These inelnude

the snticholinesterese phyesoestiemine (XLIIT), first

ienleted in 1804 Pron the calshar bean (FPhrysostioma
104 et . .
venennenm), and stryechnine vhich together with

hrucine snd relsted alksloid

a1

b

? occurs in the seeds of

3

e Tndiecn Ltree SULTVennda nux vomles and vhose structure
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(¥T.7V) vee Tinally establicshed by Toodward. - The

»
H
~
]
(o)

wredoninant ccetion of ectrvebinine is to vprodfuce m

stimnlation of the =2pinsl cord., Ite wnharmacolocy is

104

w21l enmmoriged hr Dordans¥i et 21,

™e atructure of the indoline a2lkzloid

. . 10
¢ enidognernine (YLV) hes recently been elucidated. 7

This combound occurs in the berk of Aszvnidosnermn

ornebrecho ©loanco and Ye=s heen gshown t0o reversce the

conetrictor resmonses of the perfused hlood vereels

-

of the rabtbit's ear srnd the rat hind cuarters to

. . 108
sfrenaline.

The al%waloide of Calebesh curare are vrowerful
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poisons with potent neuromuscular blocking activity,
. L s 110
and nearly all appear to be indoline derivatives.

Examples are C-fluorocurarine (XLVI) also known as

111 112

C-curarine III, and the dimeric toxiferine I (XLVII).

Toxiferine I has been showvn to be active in the mouse
: 113
head-drop test at dosage levels of 9)Lg. per Kg.,
and so is one of the most potent pharmacolopgically
active alkaloids known.

Tvo alkeloids also worthy of mention although
not strictly true indoline derivatives are gliotoxin

anad le-erythroidine. Gliotoxin, first isolated from the

culture Tluid of an organism believed to be Gliocledium

fimbriatum but more vrobably Trichoderma viride, heas

been shown to possess the modified indoline structure
114 s . . .
XLVIII. It is highly bacteriostatic towards Gran
positive bacetria and remarkably effective against
. . . 115
fungi, although too toxic to be of therapeutic wvalue. -
It hag, however, seen apnlication againgt certain plant
, 116 . . :
rathogens. /S—Erythr01d1ne (IL) and its dihydro-
derivative are of interest as the tertiary bases are
more potent as neuromuscular blocking agents than are
their derived quaternary salts. The mechanism of action
of the dihydro compounds hasgs recently been shown to

17

be similar to that of g—tubocurarine.
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As mentioned vpreviously, all the indole alkaloids
- . . o 102,118
are considered to arise blogenetically from tryptophan, 02,
and in the case of gramine, this relationship was
conclusively proved several years ago by means of the
. . . 119 .. .
radiocoactive tracer technlquef “ llore recently, it
120 . . .
hes been shown also by radioactive tracer technique
that tryptophan is a direct precursor of the reduced
le—carboline nucleus of ajmaline. This observation is

n

of the utmost importance as it is the first experimental
verification of the hypothesis that tryptophan is
involved in the blosynthesis of the complex indole
alkaloids.

Tables I and II show the classical schemes by
which biogenesis is assumed to occur in the case of the
more comnlex alkaloids such as cinchonamine and
strychnine, and the ajmaline and rauwolfia types.

However, certain shortcomings in these
biogenetic schemes have been pointed out by Wenkert
and Bringi,lzl who feel that the state of oxidation in
ring ®, the absolute configuration of C-15, and the

origin of the carbomethoxy group in the yohimbine

nucleus, are not fully explained by the classical

nypothesis, and they have suggested that shikimic acid
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might well replace dihydroxyphenylalanine in the
biogenetic scheme. Support for this view comes from
the report that shikimic acid is a natural progenitor

. . . I22
of the arometic amino~acids.

TTI Thionaphthen Isosteres of Indole Derivativesg.

As previously stated, relatively little work
towards the preparation of thionaphthen isosteres of
indole compounds appears to have been recorded so far.

A-Thionaphthen-acetic acid (L) was synthesised
from thionaphthen by Crook and Davies,lz} and weg found
to have much smaller growth-promoting activity than
the naturally occurring plant growth hormone, 3%-indole
acetic acid.lza Further work by Kefford and Kelsol25
resulted in the syntheses of 25 33 55 67 and 7-thionaphthen
acetic acids. They reported the 3%-and 7-substituted
acids to be somewhat similar in plant-growth regulating
activity to 3%-indole acetic acid, while the 25 55 and
f-isomers had the same order of activity ag 2,4-dichloro-
phenoxyacetic aciad.

The thionaphthen isostere of tryptophan,

[5-5-thionaphthenyl-DL-alanine (LI),lZé’l27 was shown to



be an effective antagonist to tryptophan in the

. . . . 128
micro-organism Lactobacillus arabinosus. It was also

found to have a significant bacteriostatic action

against S. haemolyticus, but not to inhibit the growth

126
of S. Auregg or e ggli.

Inhibition of the root growth
of cucumber plants, propvortional to the concentration
of F—}-thionaphthenyl-DL-alanine, has also been reported.129

The presence of the /6—carboline nucleus in a
number of alkaloids inspired Herz fo Investigate
related thionaphthen compounds as potentially active
Thus, he prepared the harman analogue (LII)
via %3-(2'-aminoethyl)-thionaphthen (LIII), the thionaphthen
icostere of tryptamine. The syntheses of thionaphtheno-
(2,3-C)pyridine (LIV) and certain derivatives have also
been reported.lal

H-Aminothionaphthen, like 2-naphthylamine,
is reporte6152 to inhibit the growth of the tubercle
bacillus.

Certain thionaphthen isosteres of carcinogenic
indole derivatives have been prepared.l55 FPreliminary
experiments suggest that some of these thionaphthindoles
may possess growth-inhibitory action on experimental

tumours. Halogen substituted thiophen-carbazoles, for



example 5!'~chloro-3',2':1,2-thiophen-carbazole (LV),
have also been revorted as potential carcinogens.
Apart from these derivatives bearing an
icosteric relationship to biologically active indole
derivatives, other thionaphthen compounds have been

prepared and tested in their own right. These include

134 135

thionaphthen and dibenzothiophen wvhich are

pesticides, 5-methyl-4,7-thionaphthenguinone - the

: . 13 s
isostere of menadione, the thiophen analogue of

137

A~deoxyequilenin, and certain /3-ha10ethylamine

138

Cerivatives of fthionaphthen of the dibenamine type.

IV Object of Research.

The object of this thesis, therefore, was to
continue the syntheses of thionaphthen isosteres of
biologically active indole compounds, and in particular
those which mipght be expected 1o complex with the
receptors for H-~hydroxytryptamine, as these compounds
night well shed more light on the physiological
significance of this compound. Particular attention
wag paid to thionavhthen derivatives possessing

substituents in the 5- and 6-positions as the presence



of 2n oxvgenated fyvaction in either or both of these

he natursl indoles ie common, and would
seem to Dlay an immortant biolopical role.

The introduction of substituents into the
S-=nogition of the thionavhthen ring system necessitated

Fal

ioation of orientation effects. These are
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Section 1.

Orientatinn St1addes in H-Guhetitnted

Thinnasnhthen Derivaetives.
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Because all five of the uhsubstituted positions
in B-substituted thioﬁaphthens, vhere the substituent
igs a group capable of electron donation, are theoretically
activated in varying degrees towards electrophilic
attack (LVTI to LX), a study was made of the influence
of veriation in the 5-substituent upon the position
taken by the entering group. The feasibility of using
various protecting groups in the proposed syntheses
of the compounds described in sections 2 and 3% could
then be evaluated.

Previous investigations have shovm that for =
strongly electron-donating group in the 5-position,
the order of importance of the activating influences is
LVI D LVII >LVIII »>LIX >LX. Thus, 5-amino- and 5-hydroxy-

139

thionaphthen and the corresponding 2-carboxy

. . 140 . . .
derivatives are knovn to undergo monobromination in
the L-position. Although 5-acetamidothionaphthen and
S5-acetamidothionaphthen-2-carboxylic acid also suffer
electrovhilic attack in the 4-position, bromination of
S5-acetoxythionaphthen is known to take place in the
3-pOSition.139 It is thus apperent that the difference

in the ability of the acetamido and acetoxy groups to

release electrons is sufficient to allow a chahge fron



the predoﬁinance of activating influence LVI to that
of activating influence LVIII. Influence LVIII is the
most powerful influence in thionaphthen itself,lhl and
in 5-nitrothionaphthenlA2 where the H-substituent is
an electron-withdrawing group.

That activating influence LVII is stronger than
activating influence LVIII where there is a strongly
electron-donating 5-~substituent, despite the fact that
the transition state involves disruption of the resonance
stabilisation of the thiophen ring, is indicated by the
formation of 4,6-dibromo derivatives on further
bromination of 4-bromo-5-hydroxyvthionaphthen and of
the corresponding 2-carboxylic ::~1ciél.1h3 Additional
evidence for activation at the f-position is to be found
in the rearrangement of 4-allyl-5-allyloxythionaphthen
to 4,é-dia11y1-5-hyaroxythionaphthen.159

The evidence for concluding that the remeining
influences are in the order LVIII>LIX > LX for 5-substituted
thionaphthens where the substituent is strongly electron-
donating rested solely on the results of bromination

L
experiments with A,6-dibromo—ﬁ-hydroxythionaphthen.1 >

On further bromination in acetic acid in the absence of

acetate ion, A,é-dibromo-5-hydroxythionaphthen affords
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firet the 5,4,6—tribromo derivative and then the
2,3%,h,6-tetrabromo derivative. In the presence of
acetste ion, bromination in acetic acid takes a different

course to afford derivatives of 4,5-dihydro-5-keto-

. , A3
thionaphthen.

In extending the knowledge of the substitution
reactions of H-substituted thionaphthens, attention
vas first directed towards the nitration of certain
H=hyvdroxythionaphthens. Under the mild conditions employed,
tlie orientation was found to be similar to that
encountered in the bromination studies. 5-Hydroxy-~
thionaphthen (LXI, R = H) itself underwent mononitration
in cold acetic acid to form 5-hydroxy-4-nitrothionaphthen
(IXII, R = H), identical with a specimen prepared by
an alternative synthesis from the known 5-amino-4-

a
nitrothionavohthen (LXIII, R = H),li/

by nucleophilic
displacement of the eamino group by an hydroxyl group.
5-Hydroxythionaphthen-2-carboxylic acid (LXI, R = 002H
vas also found to undergo mononitration directly in
the 4-vosition, the product being identical with an
authentic sample of 5-hydroxy-4-nitrothionaphthen-2-
carboxylic acid (LXII, R = COzH} prepared from the

5-amino-4-nitro acid (LXIII, R = COZI{).lho



Similarly, 3-bromo-bH-hydroxy-4-nitrothionaphthen
(LXV) was obtained by mononitration of 3%-bromo-5-
hydroxythionaphthen (LXIV) in acetic acid. The structure
of the product LXV vas readily apparent from a study
of the infrared spectrum in carbon %tetrachloride
solution at a dilufion sufficient to ensure absence of
intermolecular hydrogen bonding (0.5 mg./ml.). The
0q stretching freguency at 3290 cm."1 showed chelation
of the nitro and hydroxyl groups, thus proving their
ortho relationship. Reduction of this compound,
followed by oxidation, gave the L,5-quinone characterised
by the Craven test.lhh

With excess of nitric acid, 3%-bromo-5-hydroxy-
thionavhthen formed a dinitro derivative, the structure
of which has not been established.

As nitration proved to be strictly analogous
to bromination in the above cages, 1t was felt necessary
to reinvestigate the compound previously assigned the
structure lx-br-omo-5-hydroxy-§-n:'L1:r'o1:1'1:'Lona'_ol:1‘then,lh5
and formed by the action of nitric acid on 4-dbromo-
H-hydroxythionaphthen. In view of the fact that the
latter compound affords the 4,6-dibromo derivative on

furtier bromination, it seemed probable that the nitration

product wvas in reality 4-bromo-5-hydroxy-6-nitro-
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thionaphthen (LXVI). That this was indeed the case was
readily apvarent from o study of its infrared spectrum
in carbon tetrachloride =olution (1.1 mg./ml.). The
position of the fundamental OH stretching frequency
at 3211 om.” " showed that there vas complete chelation
proving the ortho relationship of the hydroxyl and
nitro groups. The true 4-bromo-5-hydroxy-3-nitro-
thionavhthen (LXVII) was prepared from 5-benzoyloxy=-
thionavhthen (LXVIII) by nitration (LXIX) followed by
hydrolysis to the free phenol (LXIX), and monobromination
in acetic acid. The vosition of the OI stretching
frequency of the nitrophenol (IXX) at 3580 em.~ ' in
carbon tetrachloride solution (1.1 mg./ml.) showed, as
wvas to be expected, complete absence of intramolecular
hydrogen bonding between the nitro and hydroxyl groups.
The OH stretching frequency of L-bromo-f-hydroxy-3-nitro-
thionaphthen (LXVII) 2t 3506 cm.”™t (1.37 meg./ml.)
showed weak intramolecular hydrogen bonding consistant
with the ortho relastionship of the hydroxyl and bromo
functions.

That electropvhilic substitution occurs in the

3-position in H-benzoyloxythionaphthen as in H-acetoxy-

thionaphthen by activation LVIII was confirmed by
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monobrominstion and hydrolysis to give 3-bromo-5-hydroxy-
thionaohthen.

The course of the nitration of L-bromo-5-hydroxy-
thionaphthen wase nevertheless interesting aé under the
same experimental conditions §{A-dibromo-5-hydroxy—
thionaphthen is known to give the keto compound (LXXTI)
wvhich can te converted to the guinone (LXXII) by
boilinge in benzene.lAO The formation of LXXI may be
favoured by steric considerations as the 3-and 4-
positions of thionaphthen are analogous to the peri
positions in navhthalene, and removal of the h=substituent
from the plane of the ring system would afford a method
of relieving the steric interaction with the 3-substituent.

The action of nitric acid on 4,6-dibromo-5-
hvdroxythionaphthen (LXXIII) hes 2lso been postulatedl43
to give rise to a keto compound of type LXXIV as
initial product in order to afford an explanation for
the formation of G-bromothionaphthen-4,5-quinone (ILXXV)
when the nitration is cerried out in chloroform, and
of é-bromo-5-hydroxy-4-nitrothionaphthen (LXXVI) when
the reaction is carried out in acetic acid. This

assumption has now been proved correct by the successful

isolation of this relatively unstable keto compound,
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and its conversion to the 4,5-cuinone by boiling in
benzene as indicated by anpnlication of the Craven test.
The bromination studies already made on

139

H=aminothionaphthen were extended in order to
discover if 4,6-disubstitution occurred analogously
to that with 5-hydroxythionavhthen. On bromination in
acetic acid in the presence of sodium acetate, 5-e2mino-
h-bromothionaphthen (LXXVII) gave a crystalline dibromo
compound which was shown to be 5-amino-h,6-dibromo-
thionaphthen (L¥XVIII) bv an alterrative synthesis
from H~amino-4-bromothionanhthen-2-carboxylic acid
(LXXIX) in wvhich the 3-position is deactivated tovards
electrophilic atteck bv the presence of the acid function
in the 2-nogition. Bromination of this acid to give the
dibromo derivative (LXXX), followed by decarboxylation
via the barium salt gave 5-amino—A,G-dibromothionaphthen
(IXXVIII) unambiguously.

The monobromo derivative obtained from 5-amino-
L-nitrothionanhthen (LXXXI) must be either the 6-bromo-
(LXXXII) or the 3-bromo-derivative (LXXXIII), depending

on how greatly the resonance interaction between the

nitro group and the p electrong of the amino nitrogen

atom counteracts activating inflvence LVII, thus



affecting the relstive importance of activating

influence LVIII. Comparison of the product with
authentic S5-amino-3-bromo-i-nitrothionavnhthen (LYXXIII),
synthesised from the ¥nowvn H-amino-?-bromothionaphthen
(IXXXIV) by nitration of the derived acetamido compound
(LXXXV) followed by hydrolysis, showed the non-identity
of the two compounds. Thus the product of bromination
of S-amino-i-nitrothionaphthen must be 5-emino-6-bromo-
b-nitrothionephthen (LXXXII).

Then H-acetemido~3-bromothionaphthen was
dissolved in a minimum amount of acetic acid and
warmed with excess nitric 2cid, an orange crystalline
5011d separated. It exploded violently at 180° and was
relatively insoluble in water and most organic solvents.
N strong peak at 2143 em.”t was present in the infrared
spectrum, but there was no evidence for the vpresence of
¥H, OH, or carbonyl functionzl g¢grouvps. The absence of
any acetyl group was confirmed by a negative eacetyl
analysis. Due to the explosive nature of the compound,
microanalytical figures for bromine and nitrogen only
were obtained (Br, 21.8; I, 15.1%), and these are
consistent with the moleculer formule containing the

unit (NABr). Two molecular formulas ere possidble, viz.



O¢BrY, s (Pr, 22.0; N, 15.4%) and C Brlf, S

s €9%2%
(Br, 21.4; ¥, 15.0%). Further experimental evidence
is obviously required before any conclusions can be
drawn regarding the structure of this interesting
compound. Preliminary attempts to hydrolyse or reduce
it under a variety of experimentsl conditions gave
only intractable material.

Acetylation of the eamino group in S5-amino-i4-
bromothionaphthen (LXXXVI) wes found to change the
orientation from the npredominant f-substitution
ocecurring in S5-amino-L-bromothionaphthen to predominant
-gsubstitution. The reduction in the electron-donating
vower of the nitrogen atom probably combined with steric
effects is such that activation LVIII now predominates
over LVII. That the product obtained on bromination vas
indeed H=acetamido-3,4-dibromothionavhthen (LXXXVII)
was proved by hydrolysis of this compound to the
corresponding amine (LXXXVIII) which was prepared
unambiguously by direct monobromination of 5-amino-
3-bromothionavhthen.

3-Substitution in preference to é-substitution

was also found to occur on bromination of 4-bromo-5-

methoxythionaphthen (LXXXIX) which is itself obtained
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both by monobromination of 5-methoxythionaphthen and
by methylation of As-bromo-5-hydroxythionaphthen. The
bromination product of AL-bromo-5-hydroxythionaphthen
oroved to be identical with authentic 3,4-dibromo-5-
methoxythionaphthen (XC) prepared by methylation of
3,4-3dibromo-5-hydroxythionaphthen (XCI).

It ie of interest to note that bromination of
5-hydroxy-h-nitrothionaphthen both in the presence and
in the absence of sodium acetate gave guinonoid material.

WTith an electron withdrawing group present in
gach ring, the thionaphthen nucleus avpears =o
deactivated 2s to preclude electrophilic attack under
the conditions employed. Thus, attempted bromination of
S5=nitrothionaphthen-2-carboxylic acid was unsuccessful
as were attempts to brominate and nitrste methyl
S-acetoxythionaphthen-2~carboxylate in hot acetic acid.
Nitration of H-nitrothionavhthen-2-carboxylic acid
in hot acetic acid in the presence of concentrated
sulphuric acid, however, gave rise %o a complex mixture
from which two isomeric trinitrothionavphthens containing
no carboxyl group were 1solated in low yield.
Presumably, decarboxylation can be attributed to

activation by the sulphur atom as in XCII analogous



to the activation exerted by the hydroxyl group in

the convergion of 3,5-dinitro-2-hydroxybenzoic acid

. c 146

into 2,4,6-trinitrophenol.
The sodium salt of 5=-nitrothionaphthen-2-

carboxylic scid (XCIII) has been reported to undersgo

\ . . . . 140 . .

bromination in aqueous solution, the 2cid obtained

being identical with the main product from an attempted

47

Hunsdiecker reaction on 5-nitrothionaphthen-2-

carboxylic acid.lho This acid has now been shown to be
Z-bromo-5-nitrothionaphthen-2-carboxylic acid (XCIV)
(and not 7-bromo-5-nitrothionsphthen-2-cardboxylic acia
X 140 . .
as previously suggested ) bv decarboxylation via
the barium salt which gcave & product identical with
. E s . ; 142
an authentic sample of ?%-bromo~5~nitrothionaphthen.
The successful bromination of the sodium salt and the
failure of the free acid to react with bromine can
perhaps be attributed to electronic activation LVIII
coupled with the effect of the carboxylic anion. The
presence of the anion alone would not seem to be
sufficient as sodium benrzoate is inert under the =ame
reaction conditions. Application of the Hunsdiecker

reaction to ?3-bromo-5-nitrothionaphthen~2-carboxylic

acid save 2,%-dibromo-5-nitrothionaphthen (XCV),



P

identical with the dibromonitro compound obtained in
small yield from the Hunsdiecker reaction on 5-nitro-
thionaphthen-2~carboxylic acid.lho Thus bromination

of silver 5-nitrothionaphthen-2-carboxylate in the 3-
position occurs preferentially to the normal Hunsdiecker
reaction.

The reduction of nitro compounds to the
corresponding amines was accomplished by the Raney-
nickel and hydrazine hydérate procedvure.lh8 “hen this
method was applied to methyl 3-bromo-5-nitrothionaphthen-
2~carboxylate, however, debromination occurred and
methyl S-acetamidothionanhthen-2-carboxylate was
isolated after acetylation of the crude product.
Freliminary exveriments indicated that although 9-
bromoanthracene wage reduced in 55% yield to anthracene,
application of the reaction to general sromatic
debromination was not setisfactory especially in view

149 14 is to

of the adequate methods already available.
be noted, however, that Raney-nickel in the absence of
hydrazine hydrate has been used to remove bromine from

150
o-tert-butyl-p-bromophenol. -~

The nature of the by-product formed together

with 5-hydroxythionaphthen-2-carboxylic acid by



application of the Bucherer reaction151 to H5~amino-
thionaphthen-2-carboxylic acid has now been elucidated.
It is di-(2-carboxy-5-thionaphthenyl)amine (XCVI).

The formation of this compound by nucleophilic attack
of unchanged szmine on the intermediate Bucherer complex
is readily esonarent and is in accord with the well
established examples of secondary amine formation in
the Rucherer reaction.152 The reagson for the bright
vellow colour shown by XCVI is not so esvparent. The
anion lacks this colour, and the disodium salt and
solutions of the 2¢id in pyridine are nearly colourless.
In this connection, it is to be noted that 5-zmino-4-
bromothionaphthen-2~carboxylic acidlAO and S5-amino-
L,6-dibromothionavhthen-2-carboxylic acid whose
preparestion ie described above exist in both colourless
and yellow forms.

T™at structure XCVI is correct for the by-
oroduct of the Bucherer reaction was establicshed by its
decarhoxylation to the colourlesgs 5,5'-dithionaphthenyl-
emine vhich was identical with a gpecimen vrepared
unambigucug?ly by leating ecual cruantities of 5S5-amino-

thionaphthen 2nd 5-aminothionaphthen hydrochloride in

a sealed tube following the conditions previously
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153
AdAescribed for the preperetion of diphenylemine. 77

Attempts to prepare the compound by wey of 5-iodo-
thionacththen were unsuccessful.

The conclusions drawn regarding the influence
of the S5-substituent on the position of further
substitution in the thionaphthen nucleus are summarised
in table 3. Much of this work has already been published,

and a reprin‘cl5lL is included as appendix 2.
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Sertion 2.

Svnthesie 0f the Thionenhthen Annloosue

of Cremine and Relested Comnounds.




In recent years, cardiovascular disease has
come to assume a prominent position as a cause of death
in Western Zurope and North America, and accordingly
considerable time and attention are currently being
devoted to the sesarch for drugs capable of lowering
hich blood pressure. The efforts of the synthetic
chemist have fallen into four main categories. The first
1¢ the production of agents capable of acting at the
level of the central nervous system, the second is the
production of agents capable of selectively blocking
nerve impulse transmisgsion at the level of the
aympathetic ganglionic synapses, the third is the
production of drugs cepeble of antagonising the action
of noradrenaline at the sympathetic neuroeffector
junction or of antagonising the direct action of
adrenaline on the peripheral blood vessels, and the
fourth is the production of drugs cavable of interfering
with the liberation of noradrenaline. Several drugs
of the third class (adrenergic blocking agents) are
available but none have the ideal properties required
by the clinician,155 and so are not in clinical use

today.

A further logical approach to the preparation



cf drugs of the third class is from considerations of
the metabolite displacement concept. If a compound
vith strong specific affinity for the adrenaline or
noradrenaline receptors but having zero intrinsic
sctivity could be deviged, it micht well be a valuable
anti~hypertensive drug.

Ls previously mentioned, gramine has pressor
activity84 so it may conceivabhly have affinity for the
afdrenaline recevntors and positive intrinsic activity.

A

Again, several granine derivatives have affinity for

S=h

(7]

e

roxvirvptanine recepiors, and as has been previously
discussed, there apnears to be some similarity in the
nature of the receptorg for 5-hydroxytryptamine and

for adrenaline.

Thus, several aminomethyvlthionaphthen derivatives
including 2%-(dimethylaminomethyl)-thionaphthen, the
thionaphthen analogue of gramine itseif, were synthesised
for testing both as antagonists of adrenaline and of

156

S5=hydroxytrvotamine. Freliminary results on isolated
tissues indicate thet some of these agents do indeed
antagonise the action of adrenaline. Further work

vtilising the pr technique157 should show whether

these drups are truly competitive with adrenaline,
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molecule for molecule, and application of the techniques
so elegantly established by Ariens and his schooll58
could be used to determine the affinities and the
intrinsic sctivities of these drugs.

Two compounds chemicelly similar to some of
those to be described, viz., 3-(1,2,3%3,4-tetrahydro-
isoouinolinomethyl)~thionaphthen and %~(isoindolino-
methyl)-thionaphthen, have been revorted in the patent

159

literature, and do show hypotensive properties.

In view of the fect that certain gramine
- 3 * . 8 1 > 87
derivatives are oxytocics, or local anaesthetics,
it wag planned to have the compounds now to be described
tested for these properties as well. In addition,
several cvaternsary selts were prepared from the new
compounds for testing as neuromusculer blocking agents

. m €8 .

as Craic end Tarbell have showvn that certain
cuaternary gramine derivatives possess this activity.

The first group of compounds prepared vere of
cenerel formula XCVII, vhere R ig dimethylamino,
nyrrolidino, piperidino, 2-methylpiperidino, morpholino,
and cyclohexylamino.

3-Chloromethylthionaphthen (XCVIII), obteined

from thionaphthen by the use of trioxan and dry hydrogen



140
chloride in acetic acid, wvas employed as the starting

material for the synthesea of these amines. Attempts

to react the chloromethyl compound directly with
ammonia to give %3-(aminomethyl)-thionaphthen (C) both
in the presence and in the absence of solvent were
unsuccegsful, so this compound was prepared by means of

: . 161 X :
> Gabriel reaction, in which %-chloromethylthionaphthen
vas condensed with potassium phthalimide in dimethyl-

. 159 . . .
formemide, 7 and the resulting lI-substituted phthalimide
(XCIX) hvdrolysed to the amine (C) by the modifiead

162
procedure of Ing and llanske using hydrazine hydrate
and hydrochloric acid.

Z-(Dimethylaminomethyl)=-thionaphthen (CI) wos
prepared directly from 3-(aminomethyl)-thionaphthen by
the vege of formaldehyde colution and formic acid
enmploying the conditions described by Gent and McKenna ™ >
for the dimethylation of amino steroids.

The other amines, for example 3%-(morpholino-
methyl)-thionaohthen (GII), vwere prepared directly from
Z-chloromethylthionaphthen and the requisite amine in
toluene in the presence of excess sodamide by an
analogous procedure to that previously described for

the condensation of 3-chloromethylthionaphthen with



ou

tetrahydroi90quinoline,l59 the products being isolated
and characterised as the water soluble hydrochlorides.

The crystalline methiodides of 3-(dimethylamino-
methyl)~thionaphthen, 3-(pyrrolidinomethyl)-thionaphthen,
Z-(piperidinomethyl)=-thionaphthen, 2nd 3-(morpholinomethyl)-
thionaphthen were also prepared.

Becazuse of the ready availability of S-substituted

140
thionaphthen-2-carboxylic acids, ' it wae decided to

o)

repare several thionavhthen derivatives possessing a
H5~subgtituent and o substituted aminomethyl side chain
in the 2-nosition. As the correspording comvpounds
lacking the S5-substituent are readily available from

o, series of amides of thionaphthen-2-carboxylic acid
64

1 .
synthesised by Goettsch and Viese, by way of lithium

aluminium hydride reduction,165 it was decided not to
investigate them in this project. 2-(Aminomethyl)-
Vs . 166
thionavhthen is already known.

In particular, it seemed of interest to prepare
a number of N-substituted 2-(aminomethyl)-thionaphthen
derivatives possessing a hydroxyl function in the
S-position to ascertain whether such compounds would

prove to either mimic or oppose the biological actions

of S-hydroxytryptemine, especially as S-hydroxygramine






(o2 N

b5

produces contrection of the rat's uterus and so unlike
mogt other pgramine derivatives shows a degree of
5-hydroxytryptanine-like activity.
The knovn 5-hydroxythionaphthen-2-csrboxylic

0 ~ - 11+O 0 (] ] 3
acid (CIII) proved to be a convenient starting point
for the synthesls of these derivatives. The phenolic
esroun vag protected by conversion into the benzyl ether
. . . 167
with & view to subsequent removal by hydrogenolysis
or acid hydrolysig. This particular protecting group
was chosen because both 5-benzyloxygramine and 6—benzyloxy—
rramine have been reported to be S5~-hydroxytryptamine
. b‘5 . 0
antagonists, and s0 the intermediste benzyl ethers
could also be screened biologically. The benzyloxy-
thionaphthen amines, as well as being potential
H=hydroxytryptamine antagonists in vitro, should be able
to penetrate the blood-brain barrier more easily than
the zwitterionic hydroxylamines, and thus be nuseful in
in vivo studies. Agnin, certain substituted 5-benzyloxy-
indoles have been reported to have vasoconstrictor

. 168

pronerties, and so there appeared oncc more the
pogsibility of finding esdrenergic blocking agents

within the sgseries.

5=-Benzyloxythionaphthen-2-carboxylic acid (CV)



£2
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was first prepared using the method described ~ for

the conversion of A4-hydroxybenzoic acid into Ah-Dbenzyloxy-
benzoic acid by treatment with two equivalents of

benzyl chloride and sodium hydroxide in aqueous ethanol
to pive benzyl H-benzyloxythionaephthen-2~carboxylate

-

(CIV) followed by basic hydrolysis of the benzyl ester.

v

However, it was later found more convenient to prepare

’

CV via methyl 5-hydroxvthionapvhthen-2-carboxvlate (CVI)
by benzylation of the phenolic hydroxyl groun with
henzyl chloride in the presence of sodium hydroxide
using the procedure of Cohen and Dudley. Bacic
hyérolysis of the resulting product (CVII) afforded
E-benryloxythionaphthen-2-carboxylic acid in 60% yield.
The acid chloride, obteined by warming the
scid cently with excess thionylchloride, was condensed
with the requisite amine in pyridine to give the amide
vhich in turn wes reduced in ether with 1ithium

65

aluminium hydride to the N-substituted 2-(aminomethyl)-
5-benzyloxythionaphthen. Attempts to cleave the benzyl
ether by hvdrogenation with palladium on charcoal and
bdam's catelyst were vwnsuccessful. This is probably

due to poisoning of the catalyst by the sulphur atom

in the thiophen ring. The cleavage vas effected
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successfully, however, by gently heating the benzyl
ethher in concentrated hydrochloric acid. The reaction
scheme is ghown in figures CVIII, CIX, and CX using
the preparation of 5-hydroxy-2-(morpholinomethyl)-
thionavhthen (CX) as an example.

Other amines orevared by the =ame nrocedure
were 2-(dimethylaminomethyl)~5-hydroxythionaphthen
and 5-hydroxy~2-(pyrrolicinomethyl)~-thionaphthen, along
with the corresponding H-henzyloxy intermediates and
5-benzyloxy-2-(piveridinomethyl)~-thionephthen.

'y

As 5~emino-2-methyleramine (XVI) hag also been
L6

revorted to be a S5-hydroxytryptamine antagonist, the
pregsent work wazs extended to include a series of S5-~amino-
2—aminomethyl thionavhthen derivatives. These vere Drebdared
from 5-nitrothionavhthen~2~carboxylic acid (CXI) by
treatment of the acid chloride vith the requisite amine,
for example morpholine, in benzene to give the reguired
amide, in this case 2-(morpholinocarbonyl)-5-nitro-
thionaphthen (CXII). Lower yields of amide were obtained
vhen pyridine was employed as solvent.

The nitro group in 2-(morpholinocarbonyl}~5-
nitrothionaphthen was smoothly reduced by Reney-nickel

148 | ' .
and hydrazine hydrate ® in ethanol *to give



—

S-emino~2-(morpholinocarbonyl)-thionaphthen (CXIII).
Teduction of the carbonyl function in this compound
with lithium aluminium hydride to give S5-amino-2-

(morpholinomethyl)-thicnaphthen (CXIV) was achieved

only after prolonged refluxing in tetrahydrofuran with

excess lithium sluminium hydride. The difficulty

s

encountered in the reduction can be attributed to the

pregence of a primary amino grdup, and 1ts ability to

form inscluble comnlexes with lithium aluminium hyaride.165
Other amines of this series prepared by the same

Dt cedure vere S-amino-2-(dimethylaminomethyl)-thionaphthen,

S-amino-2-(pyrrolidinomethyl)-thionaphthen, and S5-amino-

2-(piperidinomethyl)=-thionanhthen. These amines could

not be obteined eryvetelline, and proved difficult to

characterise either as mono- 6r di-hydrochlorides and

hydrobromides. Accordingly, the N-benzoyl derivatives

were nrepared for chemical characterisation.
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The imnortence of obtsining antagoniste of

B

h=hydéroxytryntenine in order to facilitate more detailed

studies of 1ts physiological significance wae first
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o 1
stressed by Gaddum and Hemeed. 7 In the =sesrch for
such avcents, the main effort hags been directed towerde

the vrenaration of verions pramin

~

0]
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ferivetives, seversal of vhich have been mentioned

in the introduction to this thecsis.
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cttention hegs heen paid to the igsosteric anproach,
and 1t wonld annesr that only tvwo ilcosteres of f-hydrowy-

trvntemine are recorded in the lTiterature. These are
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the btenzininazole analoove (2XV),” end the indazole

analoene (CXVI) vhich has similar nharmecoloricel

. . . 1 .
oronertiscs to S-hydroxytryptamine althongh only o to %

o potont.l75
These twvo isoateres pogsess 2ddlitional centres
of electron density at the second ring nitrogen aton,
ard eo Aiffer considerably from H-hvdroxytryntamine
iteelf in electric choarge distribution. The benzofuran
nr thionsnhthren irsostere vould he exnected to be more
clogely a¥in to H=hridroyytryntemine in thig resnect.

The avellability of a further isostere for

comperison with those already knorn ae well an for



comoparison vith 5-=hydroxytryvntamine itself would
therefore seem to be of considerable interest.

Apart from its potential ability to mimic or
oppose the action of S5-~hydroxytryptamine at the receptor
site, the thionaphthen analopgue ~ 3-(2'-zminoethyl)-
H=hvdroxyvthionaphthen - might perhaps be expected to
affert the concentration of 5-hydroxytryptamine by
inhibiting either 5-bydroxytryntonhan decarboxylase or
monoamine oxidase.

Attempts vere made to gsinthesise this analopue,
and@ althourh the corresvondine benryl ether, 3-(2'-amino-
ethyl)-S-tenzyloxvthionaphthen (GXX), was obtained,
it resisted all ettempts at conversion into 3-(2'-amino-
ethyl)=5-hvAroxythionavhthen either by hydrogenation or
hydrolyeis.

The ronte emnloyed for the synthesis of thie
benzyl ether was via the key intermediate 2%~bromo-
S=hydroxythionaphthen vhich was available by an eight

9,14
139,140 The

stace synthesis from o-chlorobenzaldehyde.
initial ster in the route taken from 3%~bromo-5-hydroxy-
thionaphthen was the protection of the hydroxyl group

ss the corresponding benzyl ether (CXVII) by treatment

vith benzyl chloride snd a2queous sodium hydroxigde.



PhC HzO\Q_j/

lc AL

Ph CHZO\O:TCOQH

cxvil
PhCHzo\@j/\f @jcozH
l.cx‘ X lcxx:
PhC Hsz HO\@_/“,CHon
S NH2 ~s
Cxx CxXxil

PRCHLO __cHo PhCHZ0 CH=CHNO;
] - [
S s '

CXXN CXXIV



The resulting S5-benryloxy~3-bromothionaphthen (CXVIT)
we g then converted into S5-benzyloxythionsaphthen-3%-
carborylic eocid (CXVIIT) by the sction of carbon dioxide
on the Gricnard complex. The technigue emplored was
based on thet used for the conversion of 3-bromo-
. , . . . .o 123

thionephthen into thionavhthen-3-cerboxylic =2cid, d
ntilisine the method of "entrainment" or continuous

. 174 . . .
activetion, 7 which enmnlovs methrl i1o0dide snd excess
meonesium, The yield of S-benzyloxythionanhthen-3-
czrboxylic 2cid variled from 20 to 507 accordinge to the
amount of methyl iodide nresent.

The amide of S-henzyloxythionsphthen~-3-2cetic
scid (CXIX) was prepared directly froa 5-benzyloxy-

75

1 . .
recotion™ folleowine the nDrocedure emnloved in the

176

The

e

nreparation of the 2mide of p-homoenigin ~cid.

cid chloride of H<benzyvloxythionanhthen-?-coarboxylic
acid, obteined from the acid by the 2ction of thionyl

chloride, veog converted into the diaroketone with

exceas of diazometherne, and the nroduct rearranged to

A

%)

the amide of F-benzyloxythionaphthen-3-acetic ncid (CX

<t

hi the s2ction of amnonia and eilver nitrate =zolution in

dioxan,



Z-(2'-fmiroethyl)=f=benzyloxythionspshthen (CXX)

vag then obtained by reduction of the amide in ether

162

with 1ithive slvmininm hydride.”
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to hydrogenolyse the benzyl
ether were unsvccessfnl, snd difficulty was 2lco
enconntered in sttemnts to hydrolyvee it to the free
dhenol. Yarming with concentrated hydrochloric acid -
the method sueccessfully emnloved in section 2 of this
thegis for o sgimilar reaction vhen there wae o tertiory
~mivio oroun nregent in the molecule - cove an evtremely

pl

terisl solubhle in esodium

;40

gmall yield of eryatelline me

hrdroyide golution. Althoush there was insufficient
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the nroduert 7 cerigeticon, ma2se numbers of
20k Aand 375 obteined from mass spectroscopy stufies
indlcated that the commound must have 2 much higher
molecular veisht than that of the exnected mroduct.
Fydrolyesls of tre smide of H-benzyvloxy-

thionaphthen-3-acetic 2cid (CXIX) with concentrated
hrdrochloric acid voa of Tittle value ag the s2mide
sranm vas aleo hridrolyesed to the acid, the material
ieolated beins colnble in rodivm cerbonete solution

trnother synthetic ronte to 3~(2'-2minoethyl)-

HS-benryloxythionsohthen investiseted wae via



/)

H-denrvlovythionaphthenei-aldehyde (CXXLIII). Attemnts

to prepare thig 2ldchyde by the method of Brown and

177 ] . . .
Subba Rao * vhich involves redvetion of the z2c¢cid
. . , . é . . 5,
rhloride with 1lithium br1~u-tnfy valuminohydride b

~roceeded in low yield, and the aldehyde vas not

cheracterigsed ca guch but converted into S5~benzyloxy-3-
(2'-nitrovinyl)~thioranhthen (CYXXIV) by the action of
nitromethane in the Dresence of ammoniun acetate following
178

the mrocedure cescribed by Young.

(%

Althouph this nitrovinvl compound would have
served os & mniltshle Indtermedisrte fo: the orepsrstion of
Z-(2'=zminoethyl)=S-benzyloxythionanhthen vhich could be

e w s o v o 165,179
obteined by Tithiuvm alurminium hydride reduction,

it offered no rAventaces over the route 2lready reported

vie the amide ol H-henzyloxythionarhthen-3-ccetic

PP

-

ZTecevze of the dlffienity associated with
hvdrolveis of the herzyl ether in the nresence of a
nrirvary amiro cvonn, nther rontes in vhich the phenolic
hydroxyl croup wes 10t vrotected were inventipated.
~Urdroxyihionsvhthen-3-carboxylic acid (CXXTI) was
obtained by scid hidrolysis of H=benzyloxythionaodhthen~

Z-cerboxylic zcid, and zeve H-hydroxy-?-hydroxymethyl-

s



‘hionaphthen (CXXIT) on lithium a2luminium hydride

reduction. Althouvugh primary allylic alcohols are

18 . . .
reported 80 to be easily ovidised to the corresponding

b5y

=1dehydes by manganese dioxide, attempts to oxidise
S-hydroxy-3%-hydroxymethylthionaphthen and 5-hydroxy-
2-hvAroxymethvlthionaphthen, prepared by lithium

aluminium hvdride reduction of methyl 5-hydroxythionaphthen-
Pmcarhboxvliate, in this vay were unsuccessful. The

product vhich hed a wesk penk at 1670 c:m.-1 in the

infrared indicative of carbonyl ahsorption was contaminated
v a consideradle amovnt of hipgh melting material from

vhich it ecould not he resdily sevarated. "hen the reaction
vas reveanted in nitromethane and in the vresence of

ammonium acetate, 2 considerseble darkening in colour

trovinyl comvound

b

agcsociated with thc formation of a n
vas observed, but no crystalline material could be
isolated.

A final attempt to utilise N-bromosuccinimide
in the prevaration of 5-hydroxythionanhthen~3-aldehyde

. 181 , .
folloved the nrocedure reported for the conversion
of 4,5-dimethoxyphthyl alecohol to 4,5-dimethoxyphthal-

aldervde. This wvaese algo unguccessftul.

Attempts were made to employ 3-cyano-5H-nitro-
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thionaphthen, vrepared from 3-bromo-S-nitrothionavhthen
hy means of a Rosenmund-von Rraun nitrile synthesis,182
as an intermediate in a synthesis of the thionaphthen
analogue of H-hyvdroxytryptamine, but the extreme
resistance of the nitrile to hydrolysis and the difficulty
encountered in attempts to selectively reduce the
nitrile 1ed to an early rejection of this approach.
Although it has not been possible to obtain
3-(2'-2minoethyl)-5-hydroxythionaphthen itself, the
S=-benzyloxy derivative is worthy of extensive pharmacological
investipation especially on account of the interesting
results obtained with benzyloxy derivetives of cértain
indole compounds and mentioned in the introduction and
in section 2.
In many cases, biologically active thiophen
compounds substituted in the 3-position have been found
to be slightly more active than the corresponding 2-

2l,z2 but, as there are several exceptions to

isomners,
this rule, it was decided to svnthesise 2-(2'-aminoethyl)-
5-hvdroxythionaphthen as a possible antagonist of
S-hvdroxytryotamine. 2-(2'-Aminoethyl)-5-hydroxy-

thionanhthen (CXXX) was synthesised from 5-hydroxy-

thionaphthen-2-carboxylic acid (CXXV) via 5-hyféroxy-



thionaphthen-2~aldehyde (CXXVITI), obtained from the
acid by the method of 1McFadyen and Stevens which involves
the alkaline decommogition of a l-acyl-=2-srylsulphonyl-
hyﬂrazine.ls5 The vse of this method avoided any
necessity to protect the vhenolic hydroxyl groupn.

Tethyl H=hydroxythionaphthen~2-carboxylate was
obtained in 79 yield by heating the acid under reflux
in methanol in the presence of concentrated hydrochloric
acid, and in quantitative yield by treating the aciad
with an eXcegs Of diazomethane. The ester was converted
into the acid hydrazide (CXXVTI) by refluxing with
rydrazine hvdrate in methanol. Treatment of the
acid hyfrazide with one equivalent of p-tolvenesulphonyl
chloride in oyridine gave 1-(5'-hydroxythionanhthen-2'-yl-
carbonyl)~2-p-toluenesulphonyl hydrazine (CXXVII),
a2 p-toluenesulvhonyl derivative of the substituted
hydrazine being formed in preference to a derivative
of the hydroxyl function. P-Hydroxythionaphthen-2-
aldehyde (CXXVIIT) wvas then obtained by the addition
of so0lid Dotassium carbonate to a solution of the
n=toluenesulphonyl derivative in ethylene glycol at 1600.

The aldehvde was condensged with nitromethane in

178

the presence of ammonium acetate to give



F-hydroxy=-2-(2'-nitrovinyl)-thionaphthen (CXXIX), and

on reduction of this compound with lithium 2luminium

165,179

nwdride, 2w(2'-aminoethyl)-5-hydroxythionaphthen

(Cxxx) wa

s 1so0leted and crystallised as the hydrochloride.
As Various‘ﬂnsubstitutmﬁ O-methvlethylamines

.. . - - . . 184,185
inclndine fS-hydroxy~ dA-methyltryotamine are claimed

to inhibit monoamine oxidese, it seemed worthwhile

to prevare 2-(2'-aminopropyl)-5-hydroxythionaphthen (CXXXII)
to discover whotlher it would exert a more prolonged action
then 2-(2'-eaminoethyl)~5-hvdroxythionaphthen. Another
Jvetification for wvrevaring this compound lies in the

fact thaet (-methyltryntamine has been shovn to inhibit

the formation of H-hyvdroxytryontamine from H-hydroxy-

tryntophen by blocking the action of S5-hydroxytryntophan
. 184 .
Adecerboryyvls ge, and so there was congsidered to be =a

2
Fe
e

bl

rtrong nossibility that this compound might nossess

T

giniler activity.

Accordingly, 2-(2'-aminopropyl)-5-hvdroxy-
thionenhthen (CYXXYII) was prepared by lithium aluminium
hydride reduction of 5-hydroxy-2-(2'-methyl-2tnitrovinyl)-
thionarhthen (CXXXI), the condensation product from the
recction of H-hydroxythionanhthen-2-2ldehvde with

178
nitroethene. 7
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It vas also decided to synthesise 3-(2'-amino-
ethyl)-é—hydroxythionaphthen (CXXXIX) as this would form
the starting material for a synthesis of thionaphthen
isosteres of the indole alkaloids harmine and harmaline

'ell as certain more complicated G-methoxyindole

a s

=

alkaloids such as reservine. loreover, zg 3-(2'-amino-
ethyl)-6-hydroxythionanhthen is the thionaphthen

analogue of 6-hydroxytryptamine, it seemed interesting

to have 1t available for pharmacolocical investigation.

5—EV6roxytryptamine, |syn

4.

hesised by St011,18 is only
A : . A5
Teebly ective vhen comdnared with $-hydroxytryptamine.
Another interest in having 6-hydroxythionaphthen
Aerivatives available lies in the fact that the 6-position
of indole 21lkaloids is subject to hydroxyvlation in
rurh1re.387
f-Fthoxythioindoxyl (6-ethoxy-3%-0ox0-2,3-dihydro-
thionavhthen) (CXXXIIT) was emploved as starting material
for the synthesis. Thioindoxyls generally react both as
etones and as phenols, forming oximes, semicarbazones,
etheres and sodium salts, but as attempts to condense
the Feto function, present in thioindoxyl, with malonic

acid under =2 variety of conditions have been revorted

to be unsuccessf’ul,lg5 it was decided to ascertain



vhether 2nnplication of the Reformatski reaction with
ethylbromacetate wes feasible. Accordingly, 6-ethoxy-
thioindoxyl was heated under reflux for 4 hours in a
mixture of benzene and toluene with two eguivalents
of ethylbromacetate and zinc 'wvool', and the product
hydrolvsed with ethanolic sodium hydroxide solution.
The frection soluble in sodium carbonate solution vas
senarated, and from this a 205 yield of crvstalline
materiszl was isolated.

The analytical fipures for the product were

~

consistant with the molecuvler formula C S showing

12“1205
that dehydration of the intermediate/3—hy6roxy-ester
(CX¥XIV) had teken nlace. This dehvdration would be
evvected to take pnlace in such a way as to regenerate

the fully aromatic thionavphthen nucleus (C¥XXV). That
thie wvas indeeé the case and that the product was
f-etioxythionaphthen-3-acetic acid (CXXXVI) was indicated
by the compound showines an absorption maximum at 234 jyh
(e = 27,100) in the ultraviolet svectrum similar to

that of S-methoxythionephthen at 235 mam (e = 19,200).
Conformation of this structure was provided by repeating
the resction with thioindoxyl iteself vhich was prepared

Do s . 188
from enthranilic 2¢id by the knowvn procedure. The



(f

product of the Reformatski reaction on this compound
had 1ldenticel vhyeical constants to those of 3-

. . ., 123

thionaphthenylacetic acid. -

The success of the Neformatskl reaction thus
vrovideg a2 route to other thionanhthen analopues of
substituted tryptamines, vparticularly as many thioindoxyls
are readily aveilable as dyvestuff intermediates.

Ags attemnts to prevare the acid chloride of
f~ethoxythionaphthen-%-acetic acid by the action of
thionyl chloride were unsuvuccessful, the acid chloride
—za Obtained by warming the acid cently with oxalyl

} . 189 e s
chloride in dry benzene. -~ The addition of excess
sammonia golution to the acid chloride cave a good yield
nf the corresmonding amide (CXYXVII), and on reduction
of the produect with lithium aluminium hyvdride in ether,
7-(2'-aninoethyl)-6-ethoxythionaphthen (CXXXVIIT) wes
ottained.

inally, hydrolysis of the ethyl ether function
with hydérobromic scid in acetic acid gave 3-(2'-emino-
ethyl)-4é-hydroxythionanhthen (CXXXIX), the thionsphthen
analogue of f-hvdroxytryntamine.

The thionaphthen analogue of harmeline, containing

a [-ethoxy group in place of the 7-methoxy croup snresent



in the natural alkaloild, ves prepared by ring closure
of the M-acetyl derivative of 3-(2'-eminoethyl)-6-
ethoxythionaphthen using the method described by Herzl5o
in hig synthesis of the thionaphthen analogue of harman.
On heating the acetyl derivative under reflux for 4 hours
in toluene with phosphorus pentachloride and phosvhorus
oxvechloride, 7-ethoxy-l-methyl-3,4-dihydrothionaphtheno~
(2,%2-C)pyridine (GXT) was isolated as a crystalline solid
after chromatovrschy on cracde % alumina. The tricyclic
vrofduect wvas characterised as the water soluble amine
hvdrochloride,

The corresnonding analogue of harmine itselfl,
7-ethoxy=l-methylthionaphtheno(2,3-C)pyridine (CXLT)

wee obtained from this compound by dehydrogenation

with Adam's catalvst at 200°.



TxDerimental.
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5-Zvdroyvehi-nitrothionanhthen (ILXII, R = H).~

13

O

S-Acetemido-4-nitrothionanhthen (2.29 g., 9.7 mmoles)

. 190

vags dissolved 1in Claisgsen'sz 2lkeli (35 ¢+ of potassium
hydroxide in 25 ml. of water and 100 ml. of methanol)

etnd heated under reflux for 5 hr. Ammonia vas liberated

end, on cooling, 2 vpotassivm galt crystallised. ©-Fvdroxvy-

b

L-nitrothionaohthen ves obtained sas licht yellor needles

by acidifyincs an aqueous solution of the potassium salt,
end after recrystallicetlzn from ethanol (1.61 g., 85%)
hed m.o. 119-121° (Pound: C, 49.2; H, 2.3%. C_H_}0_§
vrenuires C, 49.2; B, 2.6y).
S-Hydroxy-b-nitrothionanhthen was also obtained

-

145
b Adlrect nitretion of S5-bhydroxythionaphthen. ~ To

]

S-hvdroxythionsphthen (0.114 5., 0.76 mmole) dissolved
in scetic acid (5 ml.) at 100, concentrated nitric acid

(0.048 m1., 0.76 mmole) in acetic acid (5 ml.) wes

rradually added. A red colour was immediately apparent,

[o7]

and on addition of water orance crystals were obtained.
. X . 0
Thegse formed yvellow needles (0.070 g., 475), m.p. 119

. o .
and mixed m.v. 119 , from ethanol; infrared svectra of

the two gamvnles in Tujol were identical.

F=livdroyv=-b-nitrothionanhthen~2~cerboxylic acid




1T -

Ye= S5-Hyéroxythionaphthen-2-carboxylic

4

(LXII, 7 = 0021

i

140 . . .
acid (0.7% g+, 3.8 mmole) was dissolved in 2cetic

acid (20 ml.), and concentrated nitric acid (0.24 mi.,
2.0 mmole) cradually added at 100. Overnieght the nitro-
comnound crystellised. Licht yellow needles (0.54 g,

£1¢) were obtained from ethanol, having m.p. 2750 and

b

mixed m.n. with an authentic samplelAO 2740.

Z-Bromo=5-hvdroxy=-4-nitrothionanhthen (LXV).-

70 & solution of 5-bromo-5-hyaroxythionaphthenl59
(C.177 ¢+, 0.77 mmole) in acetic'acid (20 m1l.) at 10°,
concentrated nitric acid (0.05 mi., 0.77 mmole) in
scetic zcid (2.4 ml.) was added. Addition of water

precinitated the nitro~compound vhich crystallised as

needles (from ethanol)(0.124 g., 59%) with m.p. 160°

(Found: €. 35.6: ¥, 1.7. C.F,BrN0,3 recuires C, 35.1;

AN

T, 1.5¢). On reduction in ethanol with Raney-nickel

and hydrazine hydrate, followed by oxidation with
potassium ferricyanide, a green colour was obtained

vith triethylamine and ethyl cyanoacetate, indicating
the formation of a 7-(cysnoethoxycarbonyl)-thionavhthen-
4,5-cuinone.

7ith excess of concentreted nitric acid, a



Ainitro~comnoannd vage formed. 2-Bromo-b-hydroxythionanhthen

s

(34 mol) wase digsolved in acetic 2cid (1 m1.), enda 2

-

Arorng of concentreted nitric acid were ad

[T}

ed. Oranre
needles crvetellised; recrystallisation from ethanol
.. : 3 7o) ') c J- Lt T 3
cove a nroduct, m.p. 211-213 (36 me., 765) (Found:

T, 20.2; i, 1.3, C?E%BrN?OSS renuires C, 30.1: ¥, 1.05).

P

. / . .
b-?romo=S5-hvdroryv-f-nitrothionanhthen {(LXVI).-

. . X L+
0 A—bromo—ﬁ—hyﬂroxythlonaphthenl < (2.0 oo, BJ7 rmole)

“honecetic escid@ (20 ml.), concentrated nitrie scid

(GVR% ml., 2,7 mmole) wae 2A7ed At room temnersture.

Irmmedistely, L-hromo=Ff-hvAaroxy-b=rnitrothionanhithen

nrvetalliged

4
e

: _,0
it formed orsnce needles, m.n. 175-176

¢

(1..h ¢., 58%) fron ethanol (Found: C, Zh.5: H, 2.0: 1, 5.4,

ALY RPVQ_S recnires G, 35,15 W, 1.5 M, 5.19).

P

The methivl ether, Drevered by reaction vwith an

4 b}
1

aveean of ethereal-ethenolic diazomethane, formed male

. 0
cellow needles (95)), wob. 114.57, from ethanol (Found:

7,63 7, 1.9, CofigBrir0, 8 requires C, 37.65 H, 2.18).

.

c,

N

Y-Benroyloxythionavhthen (LXVIII).- With benzoyl

crhloride (7,09 ¢o, 0.022 mole) in ilce-cold vyridine for

20 min., H-hyiroxythione=-hthen (3.3% ¢., 0.022 mole) gave

-



the benzovl derivative, forming cubic crystals (4.97 g¢.,

88%), m.p. 111.5-1132°, from light petroleum (b.p. 60-80°7)

H 023 requires C, 70.9;

T . 71 .0 1, el s
(FPound: C, 71.0; 4.1 015 10

T, h.0%).

h-Benzovloxy=-3-bromothionaphthen.- 5-Benzoyloyy-

thionaphthen (0.529 g., 2.0 mmole), sodium acetate
(0.35 g., 5.0 mmole), =znd bromine (0.333 g., 2.0 mmole)
were heated in acetic acid (10 ml.) on the steam bath
for 30 min. Additicn of water precinitated the crude

hromo-~comnound, M.Dn. 150.50 (0.65 o., 697°) from light

netroleum (b.p. 60-800) (Founds ¢, 5L.0; T, 2.7 . CI5HQBrO2S

reanires C, 54.1; ¥, 2,7%).
Tvdrolyesise in 57 sodium hydroxide solution at
o . . . .
G0~ gave %-Promo-5-hydroxythionarhthen in nuantitative

vield, m.p. 135° and mixed m.n. 135-136°.

5-Benzovloxy-3=nitrothionavhthen (LXIX).- To

S5-benzoriox;thionaphthen (0.80 g., 3%.15 mmole) in acetic
acid (10 nl.) containing concentrated sulphuric acid (1 ml.),
fuming nitric acid (0.22 ml., 3.5 mmole) was added.

Tithin 2 hr., yellov needles of 5-benzovioxv~3-nitro-

thionanhthen anpeared. After crystsllisation from ethyl




acetate, this hed m.p. 180° (0.65 &., 69<) (Found: C, £0.3;

T, 3.0. CI5H9N043 requires C, 60.2; H, 3.0%).

S-Hydroxy=3=-nitrothionanhthen. (IXX).~ Preliminary

sttemmts to hydrolyse the benzoyl compound with /ilute
gofdium hydvoxide gnlution were unguecessful. 5-Penzovloxy-

3-nitrothionacvhthen (0.70 ¢., 2.3 mmole) was refluxed

in absnolute ethenol (200 ml.) containine concentrated

hydrochloric 2cid (3% ml.) for 12 hours. The ethanol
vas removed under reduvced pregsure and the product
extracted with 2V-~sodium hydroxide solution. On

scidification of this solution, the hvdroxv-compound

was precinitated. Pine yellow needles (0.060 g.), MeDo
16&.5—1660, were obtained from water (Found: C, 4.2

7, 2.6, 8“5PO S requires C, 45.2; M, 2.65). Starting

/

material (0.47 g.) vas recovered.

L-Bromo-5-hydroxv-3-nitrothionanhthen (LXVII).-

To S-hydroxy-Z-nitrothionavohthen (C.043 g., C.22 mmole)

\n

and sodium scetate (0.05 p¢.) in acetic acid (4 ml.),

bromine (0.0353 ¢., 0.22 mmole) in acetic scid was =dded

o)
at 107, On addition of water, a pele yellow precinitate

4

of A=bromo-H-hydroxy-3-nitrothionaohthen separated;

i




o h
()/

N - — . Q
fine ryellow needles (0.05% g., 84.53), mep. 129-131",

. o
were formed from light vetroleum (b.o. 60-80") (TFound:

G, 3h.85 H, 1.8. C,I,PriiC, S requires G, 35.1; E, 1e5%)

2

AN

4,6-Dibromo-4,5-dihvéro-4-nitro-5-oxothionanhthen

(TXXIV) .- To L,6-6ihrom0-5—hy8roxythionaphthen (0.81 ¢

2
. r

2.6 mmole) in acetic epcid (5 ml.), concentrated nitric

> A b o
seid (0.40 ml.) wes added a2t 10 . Orange crvastals of the
eto~comnound formed. Dilution of an acetic 2c¢id solution

~

of the keto-comnound with wter cave é-bromo-5-hydroxy-

. o . e)
-nitrothionsohthen, m.n. 124 and mixed m.p. 127 . A
nositive Craven's test with ethyl cyenoacetate end

triethvlamine was obtained after boiling in benzene.

S5-Amino-Ah,6-aibromothionanhthen-2-carhorviic

acid (LXXY),- Promine (6.64 7., 0.0415 mole) was added

o

“—

0 f-aninothionanhthen-2-carboxylic ecid (4.0 o, 0.0207
mole) and sodium acetate (3.1 ©.) in hot acetic acid

. , 0
(200 ml.), and the resnltine solution heated at 80 for

s

10 min. On cooling, »risms of the dibromo-commnound

crystallised; pale Yellow needles (4.7 g., 657) from

p) o hn h g ™ ) T
ethenol had m.n. 314 (Found: o, 50-6; =, 1.7 C HrfrglOOS

requires C, 7%0.8

e

T, 1.45) .



5-Amino-h,6-ﬂibromothionaphthen (LXXVIII).-

The barium sa2lt (0,198 ¢.) of H-amino-4,6é-dibromo-
thionaphthen~2?~cerboxylic acid was vrenared and heated
, . . . )
in vecuvo with barium hydroxide (0.50 g.). At 330",

decarboxvlation took place, and 5-amino-4,6-dibromo-

thionanhthen sublimed onto a cold finger. Colourless

crvstals (0.038 g., 3%%) from ethanol had m.n. 1190

”

(Founds: ¢, 31.4; 7, 1.5. C.¥_Fr WS recuires C, 321.3%:
. - 8 5 p_ s s -

W,T‘, 1.5;‘:).
5—Amino-h,G-Hibromothionaphthen vas alsgso obtained
from S5-emine~-b-traomathionaphthen. To ¢ solution of this

commound (0.50 ., 2.2 mmole) in acetic 2cid (5 ml.) was

~dded bromine (0.25 c., 2.2 mmole) in acetic acid at

Pard
room temperature, and the crude product was Drecinitated
+ith water. After recrystallization from ethanol it hacd

o)

WD 1190 and mixed m.p. 119 (0.52 e 77%); infrared

spectra of the two samples in Wujol were identical.

5-Amino-b=bromo-L=nitrothionanhthen (LXYXTI).-

Bromine (0.16% o., 1.0 mmole) in zcetic acid (5 ml.)
/

[n])

wvag graduelly added %o a solution of S-~amino-b-nitro-
thionanhthen (0.175 g., 0.90 mmole) 2and sodium zcetate

(0.2 g.) in acetic scid (10 ml.), and the resulting



colution hesated on the steam bath for 30 min. The

bromo-comnound was igolated by the addition of water,

and crystalliged from ethanol ags orange needles (0.176 [
: . o 4,
715) with mep. 144-145" (Tound: C, 35.1; H, 1.7.

C H5BrN20?S requires C, 35.2; H, 1.8¢).

0

i:ﬁromo-5-nitrnthionaﬁhthen.- 5=-Nitrothionaphthen

(5.0 g+, 0.0279 mole), bromine (4.47 g., 0.0279 mole),
and scdium scetate (2.3 o.) were heated under reflux
for 1 hr. in acetic 2c¢id (200 ml.) and, on cooling,

red needles of the crvde bromo-compound separeted.
Turification in hot ethanol (charcoal) rave pole yellow

142

needles (5.9 pg., 827), map. 171°(Tit., 170-171°) .

5-Amino=-3-bromothionavhthen (LXYXXIV).- 3%-Bromo-

S-nitrothionaphthen (4.59 ., 0.0178 mole) was hydrogenated
with shaking in ethanol (250 ml.) at room temperature.
Platinum oxide (200 mg.) was used a2s catalvst. 4fter 2% hr.,
1200 ml. of hyérogen (0.05 mole, 945 ) had ﬁeen taken up.

The solution was rednced to 50 ml. and dilute hydrochloric

acid added. The amine hvdrochloride thue precipitated

ve.s extracted with hot benzene to remove any unchanged

nitro-compound and recrystallised from water as colourless



leX ]

needles (2.64 o., 605), m.o. 262° (Tound: C, 36.2;

E, 2.4 C ¥ BrClVe recuires C. 36.3; H, 2.74).

87

. o .
The free amine had m.»n, 80-82 . With acetyl

o
chloride in myridine at 5 (2 hr.), it gave the acetyl

derivative (LXXXV), forming plates (807 ) with m.n. 164°

from benzene (TFound: C, 44.8; H, 3.2. C Brii0S recuires

1073
C, hbh.h; 1, 3.04).

S-bcetamido=-%3-bromo-4-nitrothionanhthen.- To

S.scetemido-3-bromothionevhthen (1.90 ¢., 7.04 mmole)

in acetic scid (4 ml.), concentrated nitric acid

(C.hé m1., 7.2 mmole) was added, and the solution heated
on the steam bath for 15 min. On cooling, crystals of

Feacetemido=-3=-bromo-h-nitrothionanhthen sgsevnarated; pale

. o
vellow needles (1.29 o., 58.) from ethenol had m.p. 197

(Found: 7, 9.2. Ryll O%S recuires ¥, 8.9.).

c, - H
1077770
The addition of excess nitric acid (0.5 ml.) to
s golution of 5-scetamido-3-bromothionsphthen (C.50 g.)
in acetic acid (1 ml,) pave, on heating on the steor

bath for 15 min., yellow crystals (0.40 g¢.) of

urdertermined gtructire.

5-amino-3-bromo-~i-nitrothionanhthen (LA¥XITI).-




[t

(N

Hydrolysis of S5~acetamido-Z-bromo-4-nitrothionaphthen
(1.25 g+, 3.97 mmole) in ethanol and 2N sodium hydroxide
colution (1:1) on the steam bath gave, on extraction

with ether, f=anino=3=tromo=id-nitrothionsnhthen, wvhich

formed orsnre nrisms (0.87 z., 80%), m.Dp. 1500, from
ethanol (Found: W, 10.2. Cgl 5Br” O S recuires M, 10.3%).
hen 5-amino-5-bromo-h-nitrothionephthen (0.80 o.)
ves heated under reflux with Claisen's a1V9]1 (25 ml.)
for 3 hr., smmonia was liberated. Unreacted smine vas
recovered (0.29 ¢.) by dilution of the reaction mixture
vith weter, and isolzted by ether extraction. Acidification
of the basic solution remaining gave nale yellow
needles (0.31 g.) of 3-bromo=-5-hydroxy-4-nitrothionaphthen
(from bhenzene), Mm.D. 1590 and mixed m.m. 1590. The

infrared svectrum in nujol was identical with that of

anthentic %-bromo-5-hydroxy-L-nitrothionaphthen.

S-fmino-3%,4-dibromothionanhthen (LXXXVIII).

Bromine (0.152 r., 0.95 mmole) in acetic acid (1.2 ml.)

was added gradually to a solution of S5-amino-3%-bromo-
thionephthen (0.214 ¢., 0.95 mmole) in acetic acid (10 mi1.).
After 5 min. heating on the steam bath, 5-amino-3,4-

dibromothionsaohthen hvdrobromide wag precinitated. It



vas shaken with ether and sodium hydroxide sgolution, and

the dibromo~amine obtained from the ethereal solution

bv removel of the gsolvent under reduced pressure. "hite
needles (0.21 g., 729) were formed from light petroleum
(b.p. 60-80°) &and had m.o. 143° (Tound: C, 31.7; H, 1.6.
'S recuires G, 31.3; H, 1.65).

To

F-fcetemido-3,L-Adibromothionavhthen (ILXXXVII).-

S-Acetamidothionsrhthen (0.82 g., 4.3 mmole), bromine

8.

\
aead
-
%
[SAN
ial
L ]
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oN

mmole), and sodium scetate (0.8 g.) vere

=y
)

sted vnder reflux in acetic acid (40 ml.) for 1 hr.

tddition of water mreciniteted a dibromo-commound which

. o
formed needles (0.87 c., 589), m.p. 172, from benzene

(Founad: C,34.5; T, 2.0. I"CS requires C, 34.4;

rd

n TR
uloA7LT2

T, 2.09).

Hydrolysis of this commound (0.105 ¢.) in ethanol

and 2W-godium hvdroxide solution (1:1) on the gsteam bath
cave H-amino-3,4-adibromothionarhthen (0.081 ¢., 90%),

0 X o .
m.n., 1437 and mixed m.p. 123", The infrared spectrum
in nujol wvas identical with that ¢f authentic H-amino-

3,4-dibromothionaphthen.

H5=llethoxvthionanhthen .- Dimethyl sulphate




(0.189 ¢., 1.5 mnmole) was added to 5-hydroxythionavhthen
(0.217 cu, 1.5 mmole) @issolved in 0.1N-sodium hydroxide
(14.5 ml.), and the resulting mixture shaken for 1 hr.
The methoxy comvound wvag isolated 2ag an 0il bty extraction
vith ether. ‘Thite needles (0.12 p., 515), m.n. 42°

-
(lit.,lh) 4L°Y, vere obtained by sublimation at 1500

under reduced Dressure.

L-Bromo=-S%-methoxvthionaohthen (LIAXXIX).-

5~l’ethoxythionavhthen (0.079 ¢., 0.4

s

mmole), bromine

(€]

(0.077 ov, 04k mmole), znfé sodiwm acetate (0.08 p.)

rere varmed in acetic acid (4 ml.) on the steem bath

Ffor 30 min., The bromo-comvpound was precipitated by the

addition of water: crystalligation from licht petroleum

(ben. 60-80°) gave needles (0.093 ¢., 807) with m.p. 90°

(Tound: C, 4b4.2; E, 2.8. 09H7BrOS requires C, 44.5; I, 3.04)
h-Promo-S-methoxythionanhthen was also prevpared

from b-bromo-5-hydroxythionaprhthen by methvlation with

. . o .
dimethyl sulphate, then having mep. 88-89 and mixed

O
mlp. 89 .

7 h-Dibromo=S-methoxvthionachthen (XC).- (2)

e

L-Bromo=-5-methoxythionanhthen (0.028 g., 0.115 mmole)



vas heated in acetic scid vith bromine (0.019 ¢., 0.118

rmole) on the steam bath for 30 min., and 3,4-dibromo-

Hh~methoxythionanhthen ves precinitated by water. Thite

crystals (0.027 ¢., 73%%) were obteined from light
netroleum (b.p. 40-60°), m.p. 119° (Found: C, 33.9;

", 2.1. CoH/Br, 05 requires C, 33.6; H, 1.97).

() 5,h—Dibromo—5—hy6roxythionaphthenl59 (0.37 g.,
1.2 mmole) was shaken vith 0.1N-sodium hydroxide (12 ml.)
and dimethyl sulvohate (0.164 ., 1.3 mmole) for 1 hr.
The methoxy-compound, obtained by extraction with ether,
hed m.m. 2nd mixed m.n. 122° (0.15 ~., 70¢) (from licht

netroleum (b.p.40-60%)). Startine material (0.18 ¢.)

rve e recovered.

H~llethoxyv-4=-nitrothionanhthen.- S5-Hydroxy-4-

nitrothionanhthen with an excess of diazomethane in ether

ceve S5-methoxy-4-nitrothionaphthen zs pale yellow needles

(r2;) (from ethanol), m.n. 108° (Found: ¢, 51.6; 3, 3.3.

0,7570,8 requires C, 51.9; H, 2.9% ).

Pl

Trinitrothionavhthens.- Attemnts to nitrate

S-nitrothionarhthen-2~cerboxylic 2cid at room temverature

led %o recovery of uvnchanged starting material.



Concentrated nitric acid (1.2 ml., 0.019 mole) and
concentrated sulphuric acid (2.0 ml.) were added to =2
gsolution of S-nitrothionachthen-2-carboxylic acid

(2.1 g, 9.4 wmole) in acetic acid (30 ml.), and the
solution vwas heated on the steam hath for 20 minutes

The addition of vater vrecipitated an orance solid
partially soluble in a2 gmell amount of benzene angd
formine liocht brorn crys s (1.0 oo, 289) vith m.o. 16%

-

The residue formed nale vellow needles (0.4 o., 127,
T eD, 1950, from ethanol. The infrered spectrum (Muiol)

of neither ecompound ghoved carboxyl absorption; snalyses

were consistant with trinitrothionavnhthens (Found: (a)

C, 75.7; W, 1.3; W, 15.4 (b) ¢, 35.2; H, 1.0. C,H.N,0.S

-

reauires C, 2%5.7; H, 1.1; N, 15.67).

Methyl S5=-hyvdroxythionavhthen-2-carboxyvlate.-

(2) “xcess of diazomethane (0.) mole) in ether wes added
to a solution of 5-hydroyythionavhthen-2~carboxylic acid

(3,51 0o, 0.01€ mole) in ethanol. After 24 hr., the

]

golvent was removed under reduced pressnre. The esg

formed vnlates (3.60 o., 967 ) from benzene with m.o.

9-— b} O T 3¢ [ ] M T:‘. !gn
162-163° (Tound: ¢, 57.9; H, 3.C 010“8053 requires

C, 5707; T"T, %o] )



(b) 4 solution of S5-hydroxythionashthen-2-
carboxylic acid (14.2 ¢., 0.073 mole) in methanol (250 ml.)
conteining concentrated hvdrochloric acid (10 ml.) was
heated under reflux for L nr. The solvent was removed
uvnder reduced pressure. The vhite residue obtained in
this wvay vee dissolved in ether, and extracted with
godivm carbonate colution to remove unreacted hydroxy-

v

ecid. The ester (12.0 g., 79%) was obtained by distilletion
- = o . o

of the ether, and had m.n. 165 , end mixed m.v. 165

with semple prevered by method (a). 5-Hyvdroxythionaphthen-

f-carboxylic acid (2.4 g.) was recovered.

7ith acetyl chloride in pyridine at 5° (2 hr.),

the ester gave the 2cetyl derivative vwhich formed

fesathery needles (8%%) with m.o. 1300 from ethanol

(Founds: C, 57.4; H, 4.0. C 0,5 requires C, 57.6;

=
12710
T, h.050).

Z-Rromo~sS-nitrothionavhthen-2-carboxylic acid

(¥CIV).- Yhen bromine (8.0 o., 0.050 mole) vas graduelly
added to a solutiorn of sodium S5-nitrothionanhthen-2-
carboxvlate (12.0 s., 0.049 nole) in water (1 1.),

a bromo-compound wes Drecivitated (11.0 g., 73%).

Sfficient stirring was recguired to prevent the product



from being contaminated by unbrominated acid. Crystallisstion
. . 4
from ethsnol cave material of m.vn. 507—3090 (llt.,l ©

21.0°) (9.6 o., 637). (Vhen 5-nitrothionaphthen-2-

cerboxylic acid wags heated under reflux with bromine

(7]

and godium acetate in acetic acid it was all recovered

unchanged) .

Barium 3-~bromo-H-niftrothionaphthen~2-carboxylate
wo e Precinitated from a soluvution of the sodium egalt by
addition of aqueous bariuvm chloride solution. After
thorough drying, the berium selt (0.50 g.) was heated

i s . . p N - . o
vith barium hydroxide (0.50 p.) a2t 0.5 mm. At %00
vicsorous decerboxylation took% place and the product
obtained by ether extraction crvstallised from ethanol

o o
e2 pale yellov needles (0.12 g., 3%327), meDs 173 2and

. . . . o

mixed m.p. with 3<bromo-S-nitrothionachthen 172" ;

infrared gpectra in Nujol of the two samples were identical

0

(Founds C, 37.3; H, 1.5. Cale. for C HhBrHO2S: C, 37.2;

x

Methyl-f-acetamidothionsenhthen-2-carboxylate.-

"o S-eminothionaphthen-Z-carboxylic acid (1.1 o., 5.7
mmole) in methanol (20 ml.), &n excess of etheresl

diazomethane (0.01 mole) was added. The solvent was



s

e R AR R

2)llowed to evavorate overnigcht, a2nd the product
Aigsolved in pyridine (10 ml.). Acetyl chloride (0.46 ¢.,

o
5.0 mmole) vag added at 5, and the acetvl compound

preciniteted hHy adéition of wvater. "hite crystals
(0L77 o, 54%) obtained from benrene-light vetroleum

(b.p. 60-80°) had m.p. 151° (Found: G, 57.8; H, h.3.

“ -

1.0 11ex 0, T7.8: H, 5% ).
C12‘1l 053 requiic 7 H, 4.55)

NMethvl 3-bromo-S-nitrothionanhthen-2-carboxvlate,-

Z-¥romo=-F-nitrothionavhthen-2-carboxylic acid (1.9 g¢.,

0% mmole) in methenol (100 ml.) with etheresrl diczomethane
(0.01 mole) (12 hr.) pave the ester (1.8 g., 91y),

men. 211-212° (from ethenol) (Tounds C, 38.3%; ¥, 2.0.

T reavires C, 38.0; H, 1.99).

10T ETT Y g -

Reduction with Ranev Miekel 2nd “Ividrazine Hydrate,-

The preceding ester (1.2 g., %.8 mmole) was heated in
ethenol with Raney-nickel (2 o.) and hydrazine hydrate

(5 m1.) on the steam bath for 30 min. The product
obtained by the removal of solvent under reduced pressure
vas immedistely dissolved in pyridine (1% ml.), and

acetyl chloride (0.30 g., %.8 mmole) was added dropwise

0 . A . .
at 5 . Addition of vater precipitated methyl S5-acetamido-



/

thionaphthen-2=-csrboxylate (0.65 o., 69T)m.p. 151

. 0 .
and mixed m.n. 150-151" (from benzene-light petroleum).

2.%3-Dibrono=-5=-nitrothionaphthen (XCV).- Todium

Z-bromo-5-nitrothionavhthen-?-carboxylate (2.4 g.,

7.4 mmole) weg treated in distilled water (50 ml.)

with excess of silver nitrate solution. The precipitated
sllver salt wag dried and suspended in dry cerbon tetra-
~hloride (40 ml.) containing bromine (1.18 ¢., 7.5 mmole),
and the mixture wzs heated under reflux for 2 hr. The
nrecinitated silver bromide was removed from the hot
colution. 2,2-Dibromo-5-nitrothionavhthen (1.75 g.,

70¢) crystallised in yellow needles with m.p. 216°

140

(Lit., 217-2187).

5-Iodothionanhthen.~ 5-Aminothionaphthen

sulohate (11.%3 7., 0.057 mole) was suspended in rater

(1 1.) containing concentrated sulphuric acid (19.5 ml.).
Sodium nitrite (4.9 g., 0.057 mole) in water (50 ml.)

weg added dronwvise at 50 and the mixture stirred for

2 My. The cold sclution was Tiltered directly into one

of potassgium iodide (8% oo, 0.5 mole) in water (500 ml.)

and hezated for 20 min. at 900. axtraction vith ether



Moo
e

followed Dby waching of thig extrect with notassivm iodide
solution 2nd godAiun hvdroxide solution vielded, on

removel of ether, f-iodotrionsrhthen. Cnlonrless cryvstals

.
-

)
(4.2 «.. h97) from ethanol had m.pn, 54 (Found: G, 3%7.1;

SN
0

i, 1.9%).

—
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D
]
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5 ,Pr=Tithdiananhthenvlamineg~?2 2! -Rir‘,ﬁrhOY’j’T ie

prid (X0VTY.= The vellow materisl obtained 2¢ by-product

140

in the Pucherer reschtinon vege taken un in a miniminm
emornt o€ dry pyridine, snd the solution filtered
throucvh hardened Tilter paver. The solution wag then

dilnted with water zand a

e}

etic zcid to give the acid

¢ /A - -1 .
vith r.p. > 260%, Perks at 1670 and 1284 cn. vith

. -1 . .

Troad ebeorntion belovw 280C cm. in the infrered
enertrum in Mujel showed the wresence of carboxylic acid
~ . . v s . Lo -1 . .

finetions vhilaet the nesk 2t 2260 cm. indicated the
cecondary amine (Mound: 2, 58.5; X, %.0:; W, 3.8; S, 17.L4.

oI 7TOA;’3 requirves 7, 5a.6: 11, 3.5 17, 3.3; 9, 17.0%).

1671

2

5.5'=Nithionenhthenylemine.~ The foregoing acid

(4.5 ¢.), copner bronve (3.0 g.), and auinoline (60 ml.)

-

. o . .
vere hested under nitrocen at 180" for 45 min. Vicorous

evolution of carbon dioxide veoaa observed. The mixture



was allowed to cool under nitrocen and diluted with
ether. After rewmoval of the coprer bronze and ether,
the quinoline solntion was poured into 6N-gulphuric
scid (600 ml.). A browvn s0lid wes precinitated; from
ethanol it formed feathery needles (2.2 g., 65?), MeDs
- 0 N n . o ) 60
157-158" and mixed men, with sn authentic sannle 15

-

(infrared svectra of the %tvo samples in nujol were

“e

idertical) (Found: G, 67.9; I, 3.8; ¥, 5.2; 8, 22.7.

-e
[

314311NS? reqguires C, 68.5; ¥, 3.9; 17, 5.0; 3, 22.8%) .

5=5'-Dithionanhthenylamine wa2e pDrepered

nnambicvouely by 2n edomitl
. o .. 153 . . ,
orevaring diphenylamine ™ <. 5~Aminothionaphthen (C.30

n o af the method uwged for

—

.)

2

and HS=gminothionavhthen hydrochloride (0.35 c.) were
heated torether in & sealed tube 2t 240° for 20 hr.
The secondary amine wveg extracted with hot ethanol
snd formed needles (0.25 oo, Afﬁ) from ethanol with

MaeDoe 1560.

2opminomethvlthionanhthen hvdrochloride (C).-

5-Chloromethylthionahhthenléo (4.5% g., 0.025 mole)

wes dissolved in Aimethylformemide (70 ml.) and hezated

under reflux with notaseivm nhthalimide (4.59 p., 0.02F

<

mole) for 2 hr. "he condengation pnroduct wag orecinitated
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100

hy the addition of water, and formed vhite crvstels

154

, O
(5.70 ¢o, 7%°) with m.p. 1627 (Llit., 163°) from

-

eth vyl ~cetate.

P

4 e2light excess of hydrarine hydrate (5 ml. 98-

3}

2.

1007 ) wae 2dded to the substituted phthselimide (5.0 c¢.)
in ethanol (250 ml.), and the solution hezted under
refluyx for 20 mir. A vhite golid ecrvstellised from the
hot <olution, and after further refluxing in the opresence
of Ailute hydrochloric acid (50 ml.) for 30 min., the
colntion ohtained by filtration wes mnde basic with
Filute codiunm nrdroxide solution and extrescited with

ether to ogive 3-sminomethvlithionsvhthen (2.47 c., 89%%)

ag 2 nele yellow Jlicuid. The amine was cheracterised

ae the hvdArochloride which formed colourless cubic

o)

crystels with m.p. 259-240" from ethanol (Founds: G, 54.1;

n
-
A}
L
N
Q
=
(]

11}‘5’ g ‘llil" S C, 54-1; H’ 5-1:‘(:)0

o
Q
o

9,:_'10 ’

z_(Dimethvlaminomethyvl)=thionanhthen hvérochloride

(2T) .~ 3-Lminomethylthionanhthen (1.0 ¢.), 56? formaldehyde

solution (4 ml.), formic acid (4 ml.), and water (8 ml.)
vere gently warmed under reflux on the steem bath for
L hr, Excesgs dilute hvdrochloric scid was 2dded and the

solvent removed bv distillation under reduced Dressure



Teaving 3-(dimethvleminomethyl)~thionavhthen hvdrochloride

ce a white s0l1id; colourless prisms (0.99 oo, 71%)

o
from ethanol had m.p. 218-222° (Found: €, 57.5; H, £.0.

Ci 7, ,CINS requires C, 58.0; X, 6.29) .

Z-{ornholinomethyl)-thionanhthen hydrochloride

(2TI) .~ Sodamide (3.7 o., 0.095 mole) was added to
Z-chloromethyl thionanhthen (6.0 o., 0.0%3% mole) and
morpholine (2.86 o., C.0%3% mole) in dry toluene (70 ml.),
2nAd the miviture heated vigorously under reflux for 24

hr. A consicderadle darkening in colour was Oobserved.
“ater wes added to decompose the excess =sodamide, and
the orcanic layer sgeperated. Distillation of the toluene

nnder reduced vressure afforded the emine 2= 2 faintly

o .
coloured linuid, b.p. 208-210 /18 mn. 3=(MFornholinomethyl)-

thionanhthen hvdrochloride was obtained when dry hydrogen

chloride vos voassed into an ethereel golution of the
anine, and formed thite needles (4.66 g., 525) with
o - -
me.0. 225° from chloroform (Found: C, 57.8; H, 5.8.
C, ;H,¢ClNOS requires C, 57.9; H, £.0%).
1571 - ‘
A

A series of smines (table &) were prepered and

charactericsed by this procedure.



Tabl e__i

Z-{nvrrolidinomethyl)}~thionanhthen 142-146°
F-{viperidinomethyl)-thionavhthen® 152-156°

Z-(2'-methylpiveridinomethyl)-thionaphthen 1&6-1500

. . 0
3-(eycloherxylaminomethyl)-thionaphthen 195-205
Analyces

men {(HC1)  Yield Tound Required
100-191° 4oy ¢, 61.0; ", €.4 ©, 61.5; 1, 6.4
-~ O N [ 6, T I ~ [ « IT <
1"‘&--795 ’r),f/' s )Oo 2 ls Je) C, ,)0-7, 1:_'; 50 2
212" 5 3 G, 63.4; 11, 7.0 C, 63.9; 1, 7.24
198° %55 ¢, Chooy %, 7.0 ¢, 6%3.9; H, 7.2%

¥  charecterised ag the amine perchlorate

Aecid chloride of H«nitrothionanhthen-2-

corboxvlic acid.~- H5-Nitrothioravhthen-2-carboxylic scid

(5.0 ¢.) was Aigsolved in thionyl chloride (60 m1.)

and heasted under reflux for 2 hr. The acid chloride,

obtained ag & bhrovn crystalline solid by distillntion
of the excess thionyl chloride, formed male yellow
needles (5.1 g., 95%) with n.n. 160° from ethyl acetate
(Found: G, 45.0; #, 1.7. C,H,CIlN0,S recuires C, Lh,7;

F, 1.75).



IRV g}
.

2-(ornholirnocerbonyl)-5-nitrothionaphthen (0OXII),-

Mo the crude acid chloride obtained from H-nitro-
thionavhthen-2-carboxylic acid (5.0 g., 0.022 mole)
disgolved in 'enalar' benzene {120 ml.), morpholine
(2.2 wl., 0.0hk mole) was 2dded cradually with shaking
st 10°, and the mixture heated under reflux for 1 hr.
On c¢ooling, the mormholine hydrochloride wag filtered

nff. 2-(Mornholinocerbonyl)-G-nitrothionanhthen, obtained

on removal of the Dbenzene by disgtillation, formed pale
ey R} a0 (o o
vellow nlates (4.55 oo, 75%) with m.p. 189-1S0  from
s - - 7 .. — . .

cthanol (Tound: C, 53.0: ¥, L,h. G _F_ 7 0,5 requires
0, B3.hy 11, L.1%).

L 60Y yield was obtained when the resction vas
cevrried out in ice-cold nyridine.

Other substituted amides prepared from the acid

shloride of S-nitrothionacvhthen-2-~carboxylic acid by

the same nrocedure are listed in table 5.

Table 5

e G eat g et i, it

Amide MeDos
S tt——

—————n eerrre——

2-(2imethvlaninocarbonyl)-5-nitrothionavhthen 141-142°

. : o
2-(vvrrolidinocerbonyl)-5-nitrothionaphthen 194-195

.

2-(piveridinocerbonyvl)-5-nitrothionanhthen 1%2°

-



104

Tound Renuired

0, 52.7: ¥, 3.8 C, 52.8; T, h.0Y
,".'Q 56‘5; 1y 1405 C, 5605; -E, Z“ol"jc
C, 57.9; H’ 5-0 O, 57.‘;; :_-]r; !‘|-o9c/b

5-Amino=2-(mornholinomethyl)-thionaphthen (CXIV).-

"o 2-{mornholinocarbonyl)-5-nitrothionaphthen (4,50 g.)
suspended in ethanol (150 ml.), 98y hydrazine hydrate

solntion (5 ml.) and Raney-nickel (2 c.) were added,

\

e

and the miviture hesated gcently on the stearn bath for 1 hr.

e hot goluticon wans filtered to remove the Raney-nickel,

and on cooling, 5-amino-2-{mormnholinocarbonyl)=-thionaphthen

(CXII

—

Y (3.63 g., 905 ) crystallised; fine needles from
@]
methenol had m.p. 1897 .

The amine (1.00 o.) together with lithium
cluminium hyéride (3.0 7.} was disgsolved in tetrahydro-
furen (90 ml.), anéd heated under reflux for 48 hr; water
veoe adled rrsdually to cdecompose the excess lithium
sluninium hydride, 2nd the solution msde basic with

snueoug gocdium hnyvdroxide. The tetrahydrofuran was removed

by distillation, end S-amino-2-(mornholinomethyl)-

thionanhthen igolated by ether extraction. Yellow

crystalline nleotes (0.59 o, £55) from ethvl acetate

. - .



ned wan. 147° (Tounds ¢, €2.5: 1, 6.3. C
rernives €, 62.9; I, 6.54).

e other nitro-anides were converted into
diamines (Tallc 7)) by the some nrocedure. These amines
counld not he oktained crvstnlline, and are charascterised

vl derivetives.

1enmically as the V-=hengzo

O

Table €
Tiariine nep.{anino=-amide

- ————

. . . . o
Fermino=2=(dimethyvlamirnonethyl)-thionsmhthen 148

P

- . . e v Y O
Vepmino=-2-(pyrrolidinonethyl)~thionanhithen 152-154
. - . PR, 5 . r 0
Feamino=2«{nineridinomethyl)~thionachthen lo3
Analysesg
r.n (lTehengoyl derv.) Tound Renuired
0O /7 - !
210-211 c, ¢9.6; B, 5.9 ¢, £9.64; 1, 5.9
~ =0 o) . 7 1L . 6.09
/O?.;} Uy 71-1, iy U-5 C, g . Y 1y U.O/:‘
O Q. IT [ O. pA 6 <
?CO C! 71'/'} iy ,)'9 C’ 72' y <L ‘5/

S-Benzvloxvthionaphthen-P-carboxylic acid (CV).-

(a) To methyl B-hyéroxythionarhthen-2-csrboxylate
(4,40 o, 0.022 mole) diessolved in ethanol (25 ml.),
sodivm hyAroxide solution (7.0 ml. of 2.98 W, 0,023 mole)

and benzyl chloride (2.7 ml., 0.02% mole) were edded




s e e e

AR K}

Aronwise. &fter heating cently under reflux for 3 hr.,
veter vas adfed to the mivxture followed by cxtrection
with ether. The ethereecl solution was wacshed with dilute
sodinm hydroxide golution %0 remove unreacted phenolic
noeterial, and on Aistillation of the ether, methyl
S-benzyloxythionashthen-2~corboyvlate wes isolated as an
oil.

Hydrolysis of the ester with 2li-sodiuvum hydroxide
colntion (100 ml.) in ethenol (100 =ml.) by heating on
trve steam bath Tor L5 min. gove, on acidificetion of
e baeig ealntion with dilute hWvidvrochloric scid,

S-henzyloxythionanhthen-C-carboxyliec acid. Prisms (32.10 g.,

we

520y from methanol had m.n. 220-221° (Found: ¢, 67.6
(F1,0;3 reanires C, £7.6; 9, Lh.zs).

(b) To S-hydroxythionsphthen-2-carboxylic acid
(2,52 =+, 0.017% mole) Aissolved in sodium hydroxide
solution (27.0 ml. of N, 0.027 mole) and ethanol (25 ml.),
benzyl chloride (3.2 ml., 0.027 nole) was added Aronwise

snd the solution herted nnder reflux for 3 hr. On

cooling, benrzyvl H-benzvlovvthionanhthen-2-carboxvlate

gevarated, anéd vag filtered end waghed thorouchly with
we ter 10 remove godium chloride and wnrescted codium salt.,

. . o .
Fine needles with m.n. 112-11¢  were obtained from
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methenol (Found: C, 73.9; H, 4.8. C_ . 0.5 recuires
G, 73.63 H, 4.8)).

Hydrolysis of the benzyl ester wes accomolisghed
by heating for 1 hr. with 2N-godium hydroxide soluvution
iv. ethenol (1:). 5-Benryloxythionavnhthen-2-carbhoxylic
acid (2.0 o., 53%) sevparated on acidification with
dilute hydrochloric ecid, and formed cubic crystals
vith mev,. 200° from methanol. Yo depression was obgserved
in a mixed m.p. with samrle prepared by method (a).

h

5-Benzvloxv=2={morpholinocarbonyl)-thionaphthen

(CVITTI) .- F-Renzyloxythionanhthen-2-carboxylic scid
(1.0 0., 3.5 mmole) vas dissolved in thionyl chloride
(10 wm1.), and heated cently vnder reflux for 2 hr,

™Me crvetalline z2cid@ chloride obtained on distillation
of the excess thionyl chloride in vacuo was dissolved
in a minimum amount of ice-cold pyridine (5 ml.).
Vorpholine (0.61 ml., 7.0 mmole) was 2dded dropwise,

snd the solution allowed to stend at room temperature

for 20 min. 5-Benzyloxy-2-(moroholinocarbonyl)-thionanhthen

cseparated on the addition of water (20C ml.), and

. ) o
formed white nlates (.70 g., 57%) with m.pn. 120 fron

~ 1T T

[y
/ . lJQO-J.l.qa.\ 17)

.

methanol (Tound: C, 68.5; s By 3 reauires
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H5=Renrvloxv=2C~(morvholinomethyl)=-thionaphthen

(CT%) .- 5=RBenzyloxy-2=(morpholinocarbonvl)~thionanhthen
(0.50 g.) and 1ithium aluminium hydride (1.0 g.) in

Ary ether (150 ml.) were heated cently under reflux

for 4 hr. Tater was added dronwise to decomnose the
excess of lithiuvm a2lunminivm hyvdride, 2nd the mixture
shaken with sodium hydroxide solution. The ether

laver wvas meperated, and on digtillation of the ether

L-benzvloxv-P-(morvnolinomethvl)-thionanhthen wags obtaineqd.

"he crystalline esmine hydrochloride (C.3%2 o., 607)
0O
hed mep. 223%3=-224° (from ethanol).

Other related benzyloxy-amides and benzyloxy-

amines were Drevared and are listed in table 7.

Penzvloxy-amine m.n.(amide)

5-benzyloxy-2-(Aimethvliaminomethyl)-thionavhthen 118°

S5=-benzyloxy-2=-(pyrrolidinomethyl)-thionaphthen* 152-1540

5_-benzyloxy-2-(piperidinomethyl)-thionavhthen 145°



R

j\w'\'(vqeg

n.m.(amine) Found Required

86-87.5° c, 72.1; u, 6.3 ¢, 72.6; H, 6.4%
73-75° C, 71.%; H, 5.6 €, 71.2; H, 5.79
108° ¢, 7h.7; 1, 6.5 ©, 75.1; H, 6.9%

* annlysed as the benzyloxy-amide.

5-Hvdroxv-2-(mornholinomethyl)=-thionapnhthen (CX).-

HF=Tlenzyloxy=-2-(mornholinomethyl)~thionaphthen hydrochloride
(025 c4) wee warmed on the steam bath with concentrated
nwyirochlorie 5 cid (10 ml.) fer 1 hr. The solution wes

made bhasic with zodiuvwm hydroxide solution, filtered,

and the filtrate saturated with carbon fioxide (pII 3.37).

Eolwrdroxv=2=(mornholinomethvl)~thionarhthen wage obtained

(‘f.’

[

on ether exiraction and formed vhite prisme (0.092

. . O
55.Y with m.n. 1787 from ethyl =2cetete (Found: C, 62.7;
M, 5e7. C 570,53 requires O, 62,65 T, 6.15 ).

l.z" 2

Other hydrox¥Y-amines nDrevared by the same

procedure were 2-{dimethvlaninomethyl)-F-hydroxy-

» . 10 ~ - .
thionanhthen m.o. 158° (Found: G, €3.6;5 &, 5.8.
ullﬁlz”Ou requiresg C, 65.7; i, 6.29), and S-hvAroxvy-

. . o
2-(nyrrolidinomethvl)~thionanhthen m.n. 125 (Tound:

o . ; . ‘
o, 66.9; T, B.9. 0L 7L M08 reanires O, £6.9: w1, 6.51).

137157

-’
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Tethiodides.- The followine methiodides were

2lgo prepared from the corresvonding amines and iodo-
methane in ethenol, znd crvstellisgsed from ethenol -

3-(dimethvlaminomethyl)~thionaphthen methiodide m.n. 192~

o . o . -
1027, 2-(nyrrolidinomethyl)~thionaphthen methiodide m.v.

o . . . . . .

15%°, 3-(piperidinomethyl)-thionavhthen methiodide m.p.
O . .

195-196 s and 5—(mornhollnomethyl}-thlonanhthen

"

. as o
riethiodide m.n. 20/-209" .

f-Benzvloxv-3-bromothionanhthen (CXVII).-

2-Promo-5-hydroxythionanhthen (7.26 ey, 0.032 mole)

vae dlecolved in II~scdium hydroxide solution (51.6 ml.,
0.02%22 mole), benzyl chloride added (.64 ml., 0.032 mole),
»nd the mixture hested under reflux for 4 hr. Cn cooling,

the rezction mixture vae m

=
m

de bhasic by the addition of
further sodium hydroxide solution, and extracted with

ether. 5-Benzyvloxv-3-bromothionanvhthen waes obtained as

an o1l on removal of the ether by distillation, but
: . o
crystallised ss vhite needles (4.24 o.) with m.n. 74-75

from Aiethvl ether or acetic acid (Found: C, 56.7;

H, %.7. C,_H__Br0S requires C, 56.4; 1, 3.5%).

11

3-RBromo-5-hydroxythionaphthen (1.4 ¢.) with

0 . ms o . .
MWDo 136 was recovered by acidification of the basgic
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golution vith dilute hvdrochloric 2cid, and crvstallisation

. )
from lirht vetroleum (t.p. £0-80"),

5-Renzvloxythionanhthen~3=-orrhoxvlic acid (CYXVITT).-

Nl ean Ary magnesium turnings (5.0 c.) were susvended

in o sgclution of H-benzyvloxyv-Z-bromothionavhthen (5.20 e,
0.0146 mole) and methyvl iodide (10.1 ml., 0.16 mole) in
fr: ether (400 ml.), and the resulting mixture wermed
crently under reflux for 5 hr. It vas found necessary

o initiate the reaction by scretching the magnesium
Turninecs with 2 glass rod. Smell nieces of solid

carbon Ailoxide were added to the cooled reaction

mixture for 195 minutes, =and the Grignard comvlex
Aecommnosed by the addition of Ailnte hydrochloric

ccid. T™e ethereal laver was separated end extracted

=ith dilute sodium hydroxide solution. 5-Benzvloxy-

thionavhthen-3-carboxvliec 2cid wag obtained on acidification

of thig bagic solution, snd formed white priams

(2.22 ¢., 48%) vith m.n. 224° from ethyl scetate

J

™
Pl
[
Al
r~
I
L]
X by
.

(Founds C, 6?._; Cllﬂ O%S requires C, 67.6;

F-Renryloxy=-3-bromothionanhthen was recovered

from the ethereal solution.

Then only 2 ecuivaelents of methyl iodide were



d. Lo

emnloved, the yield of acid was 20%.

5-Renzvloxv-3%-thionaphthen-acetamide (CXIX).-~

4 solution of ﬁ—benzyloxytﬁionaphthen—5-carboxy1ic acid
(0.L8 v.) in 'eanalar' benzene (20 ml.) and thionyl
chloride (4 ml.) was heated under reflux for 45 min.
The benrvene and excess thionyl chloride wvere removed

t

™y
e
m

H-

Lol l1letion under reduced nressure, and the acid

chloride disgsolved in ether. Xxcess of 2n ethereal

e

olution of Jdicromethsne ves added, =2nd the solution

mn

=1lowed to gtend for 24 hr. On remnovel of the ether
hy Afietillation 2%t room tempersature under reduced

-

nressure, the diaroketone was obtained as yellow cubic

To z solution of the diszoketone in dioxan (& ml.)
et 607, ronccntrated ammonium hvdroxide solution (4.5 ml.)

and 10 gilver nitrate solution (0.9 ml.) were adced,

b

nd after heatineg for 2 hr. uwnder reflux, H-benzyloxy-

]

~thionanhthen-acetamide vag isolated by the addition

o

of vater. It formed vhite »lates (0.20 o., 40%) with
) .
meD. 171 from ethvl acetate (Found: ¢, 69.?; T, 5.1

Cq54170,8 requires C, 62.7: ¥, 5.1%).



.
j—t
S

3-(2'~tminoethvl)=S=benzyloxvthionanhthen

hvdrochloride (CXX).- 5-Benzyloxy~3-thionaphthen-

acetamide (0.12 c.) was dissolved in dry ether (100 mnl.)
containing lithium sluminium hydride (1.0 g.), and

the colution heated cently under reflux for 6 hr. TWater
vag 2dded gradually to decomnoze the excess lithiuvm

alvminium hydride, the ether solution shaken with dilute

oy
0]

godium hydroxide solution, =snd t ether layver separated.

(s |

e amine wag obtained 2a an oil (0.10 o.) on distillation

A ———— —

(Q

of the ether.

The amire Wydrocnhloride wes prenared, zné formed

ethenol (Tounds C, 63.9; 7, H.3. O, _H, CLHOS reanires

5_Pengvloxv=3=(2'=-nitrovinvl)=thionanhthen (CXXIV).~

The acid chloride, obtained from 5-benzyloxythionevhthen-
3.carboxylic acid (0.50 g.) by rently heating under
reflux for 30 min. in thionyl chloride (10 ml.), vas
dried thoroughly under vacumn and dissolved in ethylene
clvcol dimethyl ether (2 ml.). To the solution cooled

t - 2011d carbon dioxide mixture,

e

by a methylated gnir

. . : .. 17
1ithium tri-t-butoxyelunminohvdride 07 (0.4€ ¢.) dissolved



in ethylene plycol dimethyl ether (2% ml.) wae 2dded
cslowly. The resction mixture was allowed to come to
ronm temperature over a2 pericd of 30 min., and poured
into water.

The 0il obtained on ether extrasction vas
immedistely dissolved in nitromethane (3% ml.), 2nd

nented gcentlyv on the gteam bath in the presence of

J

smmonium acetete (0.20 ¢.) for 20 min. The product

~

obteined on digtillation of the nitromethane at reduced

ve e dissolved in benzene and chrometogrenhed

nregoulr

o

A

o grede 2 aJumine, Yellow cryetels of f-benzyloxy-

w

(D

. . - O
Z_(21-pitrovinyl)~thiona~hthen with m.n. 149 were

obtained from ethvl scetete {Found: ¢, £6.0; I, h.1.

0. _1. V0.8 reauires £, 65.6; B, L.27).

F-IvaAroxythionanhthen-3-carboxylic acid (£XXI).-

f-Benrzyloxythioranhthen-2-cerboxylic 2cid (0.55 g.)

'

ny
N

wrg Aissolved in acetic acid ( ml.) and concentrated

hvarochloric acid (25 ml.), 2nd heated on the stean

Y

tath for 3 hr. The reaction mixture was evanorated to
dryness under reduced nressure, and the crude solid

. o - .
gublimed 2t 180 /0.5 mm. Fine vhite crystals (0.32 ¢.,

845y of S-hvdroxythionanhthen-%-carboxvlic acid were




LLD

o
obtained, and had m.n. 260 (Found: C, 56.4; 1, 3.3,

“

M

(@0 ]

C 36028 recvires C, 55.8: 7, 3.,1%).

YA e -
ot

F-Fvdroyv-3-hvdroyyrnethvlthionanhthen (CXXIT).-

S-Tydroxythionsphithen-2%-carboxylic acid (0.226 o.)
and lithium alvminivm hydride (0.5 r.) were dissolved

in Adry ether (250 ml.) and heated under reflux for 24 hr.

The excess lithium aluminium hyvdride was decomposed by

the careful addition of vater, followed by the addition

aof dilute hydrochloric acid. The ether laver was separated

rn@ on Aietillstion of the ether, S-hvdroxv-2-hviArouv-

methvlthions-hthen wag obtrined. Thite crystals (0.15 =.,

, - o
72¢Y from ethyl rcetate had m.n. 1(6-178 (Founds ¢, £0.0;

/

q

T, 4.0. G g recuires ¢, 60.0; H, £.5%),

L e g o
¢ 572

Sellvéroxy=2=hydroxymethvlthionanhthen.- A

solution of methvl H-hyvdroxyvithionanhthen-2-carboxylate

(2.

1

Z o) and lithium aluminivm hydride (0.50 g.) in
tetrahvdrofursn (80 ml.) vas heated under reflux for

2 hr. The excess Llithiur alJuminium hydride was decomposed
by the careful addition of weter. Dilnte sulvhuric acid

voe added 1o discolve the inorcanic materia=l, and the

tetrehvdrofuren removed by distilletion. The 2lcohol




wvos 1solated hy ether eviraction and formed vwhite plates
r Vd C' . -l OQ 1
(1.60 ¢o, 725) with man. 1997 from ethyl scetate
- . . 7
(vovnd: ¢, 60.1: H, baoz, C9h8028 raquires C, 70.0;

H, LF.E

~

Y.

4

Z-Cvano-5-nitrothionsanphthen.- 3-Bromo-S-nitro-

thionaohthen (5.0 ¢., 0.019 mole) and currous cvanide

’

(1.7 ¢+, 0.019 mole) were hested under reflux for 4 hr.

[} - -

in cuinoline (40 m1.) and the hot sclution novred into

=)

TonhvAranchloric scid (200 m1.). After filtration, the

¢
H

nol from

71

4142 —~roduct veoa evirncte? i4h bAat oth

(PR .-

™

vhich ZF-cvano=S-nitrothions-hthen cryatallised s¢ vnale

. o
vellow pleates (2.7 po, 687) with m.n. 180 (Fonnd:

N, 5%.%; Y, 2.2, ¢ 77,7 0_% recuires G, 53.0; ¥, 2.04).

1-(5'~Hvdroxvthionaphthen-2'-vl-carbonyl)=-2-n-

toluenegulnhonvl hvdrazine (CXXVIT).- Methyl S5-hydroxy-

thionavhthen-2-carboxvlate (4.0 ¢.) wes digsolved in

-

methanol (€0 ml.), hryérarzine hvdrate (10 ml.) added,
and the solution heated under reflnx for 4 hr. The
scid hydrazide crystrllised out of the hot solution

end formed nele vellovw needles (3.64 r., 91¢) with m.o.

o . .
282-28L" from a2cetic ecid.

£, 0.014 mole)

[

n-Toluenesulnhonyl chloride (2.58



in dry oyridine (30 ml.) vas added dropwise to an ice-cold
solution of the hydreszide (2.84 ¢., 0.014 mole) in dry
ryridine (50 ml.) over a neriod of 30 min. The solution
vas allowed to atand for a further 30 min. at room

temmersture, snd voured into water (1500 ml.). 1-(5'-hvdroxv-

thionavhthen-2'=vl-carbonyl)=2-n-tolveneaulnhoanyvl hvdrarzine

we e obtained by filtration, and formed nale yellow priems
. . 0
(%.29 o., €9%) vith m.p. 215 from ethrl scetete (Founds

e s

O, 53,03 11, k.. G200 7,0,9, recuires €, 53.05 7, 3.97).

4 s

-

5-vAdrnyvthione~hthen=2-sldehvde (CYYVIIT) .-
1-(5'-Iyaroxythion=nhthen=-2'~vl-carhonyl)~2-n-toluene-
sulmhonyl hydrarine (1.36 Zew 5.15 mmole) in ethylene

3 3 - . . /O
“lveol (6 wl.) vweg heated with sn nil hath, and at 160
srhyArons sodivn carbonate (1.36 c., 12.8 mmole) added.
Vicorous effervesence took nlace, snd after S0 sec.,

the resction mixture vas poured into vater. The 2ldehvie

—2a extrected vith ether, and formed nale Yellow needles

* -~

%-1960 from ethyl acetate

-

(0.43 go, 479) with m.n. 10

(Found: ¢, £0.7; ., 3.6. C.l1,0,8 requires 0, 0.7; H, 2.49).

G 2

S-tvArnyyv-2=-(2lenitrovinvl)=thionanhthen (CLATX) .-

To & solution of S-hyfroxvithiousvhthen-2-2ldehyde (0.79 ¢.)



in nitromethane (6 wl.), ammonium acetate (0.25 o.)

waae added, and the mixture heated cently on the steam

beth for %20 min. Cn coolirg, crystels of h=-bhvidroxv-2-

(c'-nitrovinvl)-thionenhthen sevarsted, and vere filtered

¢nd vaghed with hot water. Red cubes (0.60 c., 619Y from

O -
pthyl scetete had mer. 22C° (Tound: C, 54.7; &, 3.%.

C_ H_10_S reavires C, 54.3; I, %.29).

SaFviroyyv=2={2tanethyvl-2'onitrovinyl)-thionanhthen

0XXXIY.= To a golution of H-hvdrovyithionsnhthen-2-

ey in mitroethene (10 m1l.), emmornium

fa

1

!13“:’,9 (1..LP

bS]
)

= -\

ey

A3

,..
4

coetete (0.0 c.) ves 2dde?, 2nd the mixture hested
cently on the steem bath for 20 min. On cooling,

SehvAroxv="={ 2 amethv]-2'-nitrovinyl)=-thionavhthen

cenarated; vellow cubes (1.20 g., 629) from ethyl aceteste

O - - sl - T
}},'—".a Me™ e 2?505"2?1‘- .(FOU_YI."_?: C’ ;‘60.‘_; Fi, 5.5. C]lT_SJTO%‘C:‘

recuires C, 56.0; 11, 3.8% ).

2—(?‘—AmjnoethVJ)-5—%vﬁr07ythionaﬁhthen hvdrochloride
(cx¥xY.- Iithium alvuminiuvm hydride (0.5 g.) wes added
to dry tetrahydrofuran (150 ml.) in the flask of a Soxhlet
extractor, and 5-hydroxy-2-(2'-nitrovinyl)~thionsaphthen

(0.23 ¢.) extrazcted from the thimble for 3 hr. The

[



- e o

Ly
p

solution develoned & ¢reen colouration. After the

evcegs lithium aluvminium hydride had been decomposed by

the careful =2ddition of wvater, 2lN-sodium hydroxide solution

(200 ml.) woe added, and the tetrshydrofuran removed by

Al etillation. Th

D

hagiec s0olution vas filtered, saturated

(€3]

w3 4th asrbon dinxide (5 8.3), end evitracted continuously

s

with ether for 24 hr. Iry hydrocen chloride was passed

—te

nto the ether solution, and 2-(2'-sminocethvl)-F-hvdroxv-

thionanhthen hvérochloride vees nDrecivitated. It formed

. o . o
white nletes (0G.123 ¢., 527 ) vith m.n. 296 from methenol

- - ~ - — -
(Zounds &, 52.3;3 1, heb.

-

C1OV1201308 reanuires C, 52.3%;

2-(2'=-Aminonronvl}-f-hvdrayvthionanhthen hvdro-

chloride (CXXXII) o= S-Fyiroxy-2-(2'-methyl-2initrovinyl)-
thionenhthen wvag reduced with lithium aluminium hyciride
in tetrahydrofuran bv the same procedure as wae enmployed
in the case of F-hyiroxy-2-(2'-nitrovinyl)-thionaphthen.

(o2 |

'hite needles of 2-(2'—psinonronvli-f-hvdroxvthionanhthen

h¥vdrochloride vere obtsined from methenol, and had m.D.

O B - . - .
207-270° (Founds C, 5h.2: H, 5.8, Cwlhmflﬂos reotires



™ —

(-%Sthoyvihioindoxvl; é-ethoxz:z-oxo-Q,Zmdihydro-

thionanhthen (CYXXTII).- ¥ine vhite needles of b-ethoxy-

.. . o . 161
thioindoxyl with m.o. 1267 (1it., -

o
124-125") were
obtained by ecrystallissztion (from ethyl acetate) of the

nrinde compound sunplied by ICT Dyestuffs Division.

é-ﬁthoxythionﬁvhthen-%—acetic sacid (OYXYXVI).-

“thvlbromacetate (34.4 ~., 0.206 mole) and small nieces

~nf zinc wool (13%.5 g., 0.206 mole) were 2dded to a solution

[}

c\: .

3

/ o - "
of L-ethoxvythioindoxyl ( 7., 0.10% mole) in dry

cernmene (10C ml.) 2nd Sry tolnence (100 ml.). The mixture

vee heetly ocently to initiate the reaction, ellowed to
atend for %0 min.. 2nd then heated under reflux for 4 hr.

M™e resction mivture was Ailnted with benzene (400 ml.),
cshaken with dilute sulnhuriec acid, and the organic layer
gsevarsted and filtered. The dark viescous oil obtained on
Aistillation of the henrzene 2nd toluene wag hycdrolyeced
by hesting with 2T-sodivm hydroxide solntion (200 ml.)

in ethenol (250 ml.) on the steam bath for 2 hr. The

hot solution vas Tiltered after trestment vwith charcoal.

Hh

inetion with dilute hydrochloric ecid cave an oily

jal)
e

Aeid

™

nrecipitate which vags Aissolved in ether end exiracted

vith eodivm cerbonste solntion. &-Zthoxvthionanhthen-3-




ccetic 2cid vas ovtal

necd

by

v

Lol

scidification of the casrbonste

solution, snd separated by ether extraction. It formed
L A . _0
vhite needles (4.8 oo, 205) with m.n. 105 from benzene
{("ound: ¢, 61.4; 5, 5.2. C_ ¥..0.9 reonires 2o, $1.0; =, 5
127123 -
. . . . L s 188
Thionenhthen~3-acetic acid.~- Thioindoxyl

(5.0 r.,

1.0%3% mole), nurified by steem Aistillation, was dissolved

in

0.03%2 mole) and zinc (2.18

y

L.

, 0.0%3% mole) a2dded. Th

mixytnre vas wvermed cently to initiate the reaction,

thhen heated uncder

A A
AN e

AR

emnloyed fo

o

cretic ocid.

(114,757

10

0

S—EthoxythionnnhtHen-%-acetamide (CYXXXVITI).-

reflny

for

onanhthen-%-acetic acid was

ration of

from

"
Z

.

i a0

.

nyY .

N
!

wit

\

lated

drv tolvene (10C ml.), and ethylbromacetate (5.57

£
(]

stirring.

>—ethoxythioneohthen-3-

henzene

head

A .
sb="1thoxvthionevhthen-

z-.:g(‘

€

t

ic

£

L}

ACLC

(2.0 go) wvas

a

d

e

S

(=]
»

0

in beazene (L0 ml.}, oxelyl chloride (2.0 ml.) 2dced,

e e

&

and the solution

The acid chloride remained

on figtilletion of the benrzene
2t reduvced Dregsure.

and

Ooncentrated

smmonia

eXxcegs oxalyl

Jicht coloured oil

colution

1

wo
72 S

by the technioure

ved

hented sently under reflux for 30 min.

chloride



2added, and the gmide sevarated as a vhite so0lid; nlates

e O —
(1.72 oo, 87%) from methanol had m.p. 197-200 (Found:

- T o . - /
2, 61.8; H, 5.4, C_ .. 70,8 renuires G, 61.3%; B, 5.69).

-
D
5
-
i
SN
~

Z-(2'=Aminoethvl)~f-ethoxvthionanhthen (QXXYVIII).-

YV Gmamse

7 e . . -
“-Nthoxythionenhthen-2%-zcetomide (1.00 g.) wag added Ho

+

s golution of 1ithinn 2luninivm hydride (2.0 o) in Adry

ether (50 ml.), end *the solution heated gently under

refluy for 4 hy. ™h2 esxcces of lithiuvr aluminium hydride

Je

waes decompnoged by the ecrnreful addition of water. Dilute

,.

c2divn hyfroxide eolvtion wae added, =2nd the ether layer

ceparated. The amire (0.72 ., 83 ) wae obteined as 2n
oil on Aigtillstion of the ether, and formed a golid

veter-esoluble hydrobromide.

%

Crx . . o o O .
ith benrovl chloride in nyridine 2t 5 (30 min.),

this vove the I'=Dbenzoyl derivetive; vhite needles from
; : o .
Adethyl ether had m.pn. 100.5-101.5" (Found: C, 70.2;

o~

n ‘-
.

—t
1
AN
.
bl
v
3]
+1
Ll
=3
-

recuires 0, 70.1; H, 5.97).

-
!
D

)
[l
O
T

2-(P’-Amiﬂmethyl)-6-hy6roxythionanhthen hvdrochloride

. ’ o )
(OXZXIXY o= Z-(2'-tminoethyl)-b-ethoxythionaphthen (0.50 o.)
vace heated under reflux wvith hydrobromwic scid (10 ml.)

in scetic ecié (10 m1l.) for 1€ hr. The solution ves




A

\

t

’ch

nmede bagic vith dilute codivm hydroxide solution, filtered,

rrid the filtrate sgetur

Y

W

ted ith carbon dioxide (7 £.3).
Tontinuoug extraction of thisg solution with ether for &4

hr. cave A=(P'-sminnethvlY-fhwdprovvthionanhthen (0.24 g,

i I3 Y L4 b u L -
L€YY ag a clasg. The gmine hvdrochloride was prepared,

hs

. . o -
snd formed prisms with m.n. 205° from ethannl (Tound:

2.3; H, 5.30).

o)

cuires G,

\51

- ’ . e -
IR :,)2.5; =, 5.1. C 1 ﬁClI*'Q.‘.: Y

N-acetvl-Z-(2'-sminnethvl)-€-ethoxvthionavhthen.-

To(2'-Amiroethyl)-f=cthoxythionsnhthen (0.77 2., 3.5 mmole)

Coyridine (2 nl.), 2cetyl chloride

<A

(0.25 ml., %.5 =mole) 23ded dronwice, and the renction
mixtnre 21lloved to stend for 10 min. On addition of vster,

-

thie T=ncetv] Aeriveoetive cryctellised. It formed fine

] o . o
white platlets (C.79 0., 82%) vith m.p. 123-129° from

%

- 7 - - .
henzene (Tound: C, 65.8; T, o3, C_ 2. 70,3 requires

2

A
e
o
|
~J
]

o, 6%.3; 1, 6.57).

/

7~Tthoxyv=l-methvl-2,4-dihvdrothionanhtheno(2.3-C)-~

~nvridine hvdrochloride (CXT.) .- M-fcetyl-3-(-2'-aninoethyl)-

f-ethoxvithionenhthen (0.5C o.), nhoephorus pentoxide

(1.0 g.), and nhosthorus oxyechloride (1.0 c¢.) vere heated

under refluy for 4 hr. in dry toluene (40 ml.); water



vags added dronwise, and the acueous laver sevsrated,
mede bagic with sodium bvdroxide solution, and extracted
(% times) with benzene. Chromatogravhy on pgrade %

elnmina in benzene cave the tricyeclic oroduct as a

iy . o)
crvstelline =01id (C.2% g., 500) with m.p. 47497 . The

Fvdrochloride wags nrepared and formed colourless vplates
: 0 ; .
“ith m.n. 212-218Y from et»anol (Found: C, £0.2; H, 5.9.

. ,Cl0S  requires C, 59.7; 1
C14u16J1¢0J reauires G, Hh9.7

1=

y HaT75%) .

7_tthoxy-1-mpthylthionanhtheno(?,%-C}Dyriﬁine

(OXTUI) .- 7-Zthowy-l-methylthionarhtheno(?2,3-Cloyvridine
vae nrenared from the corregvonding %,4-dihydro comnound

hr Aehrdrocenstion. The Adilhydro compound (0.40 ¢.)

~
2

snd hAdsm'ae cotel

3
T

ret (C.L0 ©.) were heated torether for

o = . -
« The regidne vaa evxiracted with

=
3
o)
—
t
O
O
i
N
O
@]

-1

Wnt maethanol, trested vwidth sctivated charcoal, and

filtered. "ifte needles (0.175 r., 437) of 7-ethoxy-1-

nethvlthionavhtheno(2,%2~-3)nvridine were formed fronm

methanol. On sgtending in contsct with methanol at room
tempere ture for 1 hr., these needles were converted into

srisms vith m.p. 1517 (Yound: 2, £o.z; =, 5.4 C, H__T03

14713
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