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SUMMARY

Design and Synthesis of H-Hydroxytryptamine Analogues.- The

primary processes of drug absorption, distributiony and metabolism
are outlined, and their possible influence upon attempted correl-—
ations between chemical structure and pharmacological action
emphasised., Theories concerning the mode of action of drugs and

in particular the role of the receptor theory are reviewed. The
general pharmacological and physiologicallproperties of S5-hydroxy-
tryptamine and related compounds are also discussed. Current views
concerning the role of endogenous 5-hydroxytryptamine and the

nature of the S-hydroxytryptamine receptor are included.

Certain previously reported compounds which may be regardéd as
"less flexible" analogues of 5-hydroxytryptamine and tryptamine are
noted and attempts to prepare other similarly "rigid" anslogues are
described. Such compounds should prove useful in investigations
aimed at determining the structural requirements of the 5-hydroxy-
tryptamine receptor. Routes to 4- and 5-amino-1,3,4,5-tetrahydro-
benz[b,d]indole~and the corresponding 6-hydroxy derivatives,
3-amino-6-hydroxy-l,2,3,4-tetrahydrocarbazole, and 3-amino-T7-
hydroxy-l,2,3,4-tetrahydrocyclopent[bﬂindole are investigated, and

successful syntheses are recorded.

The Photochemistry of Certain Steroids.- The transformations

by which light-sensitive compounds are modified under the influence
of ultraviolet light are briefly outlined according to the chromo-
phore responsible for the initial excitation; examples of such
transformations are drawn, wherever possible, from previously
reported light-induced reactions of pharmacologically and physiol-

ogically active molecules.

The photochemistry of cortisone acetate, ll-ketoprogesterone
and progestefone in ethanol is reported; the major products iso-

lated from these reactions were the corresponding 5 {~dihydro



steroids resulting from photochemically-induced reduction of the
0(4’5) double bond. The photochemistry of certain 3-substituted
6-nitrocholest~5-enes is also reported; 3g-chloro-, 3p—acetoxy-
and 3ﬁ—trifluoroacetoxy-6—nitrocholest-5-enes in ethanol gave,as
the major product, .cholest-4-ene-3,6-dione-3-oxime. The 3=
hydroxy derivative (6-nitrocholesterol), however, gave no oxime

but 3p4hydroxycholest-4—en—6—one and 6p—nitrocholest-4-en-3p-ol as
major products. The mechanism of formation of these photo~-products
is discussed; +the nature of the product would appear 10 depend
‘upon the solvent employed for the irradiation, the 9(3) substituent,
and the wavelength of the radiation employed.
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INTRODUCTION



The ability of certain chemical substances to exert a variety
of effects upon biological systems has been recognised since the
beginning of recorded history.l In the broadest sense these
substances are defined as drugs by the pharmacologist, although
this term has various other connotations: to the clinician a
drug would be desoribed as a substance having a beneficial effect
on man while to the layman the term is generally regarded as
describing a substance of addiction. In this thesis a drug is
defined, not in its therapeutic sense, but more generally as a
chemical substance which, in small quantities, induces an effect

upon a biological system.

One of the fundamental aims of the pharmacologist and the
medicinal chemist is to seek an explanation of drug action at a
molecular level and hence to develop general theories accounting
_ fof these actions. However, as yet little is known concerning the
relationship between the struoture and function at cellular level
of the macromolecules such as proteins, lipoproteins, carbohydrates
and nucleic acids which form the elements of a biological system
and must be involved in drug action. Until such information is
available progress will understandably be slow and even then
there still remain the inherent difficulties associated with the
high complexity of the biological system and the polyfunctional
structure of many of the drugs under examination. There is a
distinct possibility that other factors, as yet unappreciated,
also influence drug action and thereby hamper investigations
aimed at correlating the response induced by a drug with its
physical and‘chemical properties.

In any attempt to explain the mechanism of drug action on

'complex biological systems certain factors must be taken into
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consideration; +these include the route of administration,
.absorption by and distribution throughout the body, and the rate
of metabolism of the drug. These processes, although not having
any ultimate significance in terms of the molecular interaction of
the drug with the biological system, can profoundly influence the
activity of the drug.

It is now generally accepted that in order to exert its
biological effect a drug must gain access to the biophase - that
region surrounding the site at which it is believed to act. It is
essential therefore that the absorption, distribution and rate of
metabolism should be favourable if the drug is to be transported,
in an active form, to these sites of action in a concentration
sufficient to initiate the processes which are reSponsible‘for the

observed effect.

DRUG TRANSFERENCE AND METABOLISM

The absorption and distribution of the drug involves its
passage across various body membranes; +the processes by which this
occurs may be grouped into two classes, dependent upon whether the

membrane acts in a passive or an active manner.

Passive transfer is characterised by an inert membrane, the
rate of drug transfer being proportional to the concentration
gradient existing across it. A relatively simple model for this
gystem has been proposed by Danielli and Harvey;2 the membrane,
they suggest, is comprised of a bimolecular lipid layer containing
water filled pores and covered with a monomolecular protein layer
on each side. Moré complex structures have also been proposed.3
Lipid soluble molecules pass through the membrane at a rate
proportional to their lipid-water partition coefficient while
lipid insoluble mélecules simﬁly diffuse through pores at =&
rate dependent upon their molecular weights, smaller molecules

passing more rapidly than larger ones. The buccal, gastric and
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intestinal mucosa act as lipoidal barriers,4 most drugs crossing

these by a simple non-ionic diffusion process.

Increased absorption of a poorly absorbed drug is sometimes
accomplished by a chemical modification of the drug which increases
the lipid-water partition coefficient or decreases ionization.
However, the application of such modifications is limited, and the
problem is further complicated by the interdependence of the vﬁrious
other factors involved in drug action: the modified drug will
almost certainly possesé an entirely novel set of physical and
chemical parameters which, although allowing increased absorption,
may render the drug inactive or prevent it from even reaching its
site of action. An interesting extension of drug mbdification is

> as drug latentiation in which the drug is

that described by Harper
chemically modified to confer upon its derivative specific

absorption and distribution properties. Regeneration of the active
species from administered modified material occurs within the body

after the desired absorption and distribution.

Drugs may also traverse membranes by a filtration process
when a hydrostatic or osmotic pressure gradient exists across the
membrane. Under the influence of the pressure gradient water flows
through the membrane pores carrying with it any molecule having

dimensions smaller than the pore size.

Some large lipid-insoluble molecules are also known to penetrate
certain membranes; +to explain this, and also the movement of certain
species against a concentration or ionic gradient, the concept of
active or specialised transport was introduced. The transfer of a
drug from one side of a membrane to the other by this process is
thought to involve a complex, comprised of a membrane component
(carrier) and the drug molecule, which traverses the membrane and

decomposes on reaching the other side to give the unchanged drug
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molecule and carrier. Thellatter'may then be enzymatically
destroyed, migrate back to its original side of the membrane to
repeat the process, or in some instances complex with another
molecule which it transports to the first side of the membrane.
Such transport systems are present in the gastro-intestinal

mucosa for the active absorption of certain natural substrates

and provide a means of drug absorption, provided the drug has a
similar structure to. that of the natural subsfrate. Thus foreign
sugars similar to glucose are absorbed by the saccharide transport
process8 and 5-fluorouracil is absorbed by the natural uracil and
thymine transport systems. Active transport processes also
operate at many other membrane surfaces: the secretion of hydrogen
ions in the stomacHland the loss of sodium ions from nerve and

11
muscle cells are both undoubtedly active processes.

There is also evidence that uptake of both large and small
molecular weight substances, which might otherwise be excluded from

the cell, occurs by yet another mechanism, termed pinocytosis.
As a result of invagination the cell membrane engulfs droplets
containing the molecules to be.absorbed which then pass into the
cell interior. The process is similar tb phagocytosis in which

bacteria are engulfed by amoeboid cells.

Drugs which act upon the central nervous system penetrate the

series of membranes which protect the brain and cerebrospinal fluid
from foreign molecules; +these have become known as the blood<brain
and blood-cerebrospinal~fluid barriers, both exhibiting lipid
boundary characteristics. The selectivity of these barriers to
various molecules has been extensively studied, and the work
gsunnarised in a number of recent reviews.13 Lipid solubility has
been shown to be the dominant factor; highly ionized molecules
with low lipid solubility penetrate these membranes only slowly,

if at all. Certain other substances, however, such as tryptophan,
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which are not partiéularly lipid soluble, are thought to enter the
brain by active transport processes.14 In contrast to their
passage into the brain, the egress of drugs from the cerebrospinal
fluid does not appear to be so dependent upon lipid solubility.
Filtration and active transport processes have been proposed to

15

explain this effect.

Although the blood-brain and blood-cerebrospinal- fluid barriers
have similar permeability properties to foreign molecules, their
anatomical structures are quite different. The blood-cerebrospinal-
fluid barrier is thought to consist largely of the epithelium of the
choroid plexuses, while the blood-brain barrier appears to be either

the brain capillary wall or its surrounding layer of glial cells.

The stability of the drug to metabolic breakdown is of equal

importance to its effective transport in influencing the concentration
of active material in the biophase, and it is this concentration
which is of prime izportance in determining the magnitudé and dufation
of the response. The metabolic processes tend to protect the body
from toxic compounds by modifying foreign molecules to metabolites,
which are generally less active and more easily excreted. Their
capacity to fulfil this function, however, is limited; some drugs

are not detoxif%gd while certain others are converted into even more

toxic products.

letabolism, or biotransformation, involves one or more enzymes
belonging to the six major classifications recognised by the
International Union of Biochemistry in 1964.1 These are numbered
as follows: 1 - oxidoreductases (enzymes capable of oxidation or
reduction); 2 - transferases (enzymes capable of methylation,
acetylation etc.); 3 - hydrolases; 4 - lysases (enéymes capable
of removing groups from a substrate by a non-hydrolytic procegs);

5 - igomerases; 6 - ligases (or synthetases). The process often,
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though not alwajs, consists of two phases; the first may be

oxidation, reduction or hydrolysis, or a combination of these,
followed by the second phase involving enzymes of groups two or
six. Conjugation by ligases consists of combination of the first
phase product with an amino acid or carbohydrate. Thus, lysergic
acid diethylamide (I) in the rat is first hydroxylated, probably
in the 12-position, and then conjugated to give the more soluble
) , — Q0— a
p-glucuronide (II; R= —CH(CHOH).CH-COOH) of hydroxylysergic acid
3—0——

and the p-glucuronide (III; R= —CH(CHOH)3CH-COOH) of hydroxyiso-
* lysergic acid. These metabolites have been found in the bile

excretion.

I I u

Oxidation is the most common initial metabolic process;

alcohols are oxidised to aldehydes and acids, hydrocarbon moieties
are hydroxylated and cyclic structures oxidatively cleaved. '
Other oxidation reactions include oxidative deamination, dehalog;
enation and dealkylation, while some compounds are oxidised as far
as carbon dioxide. Reductions are less common; aldehydes and
ketones are reduced in the body to alcohols, nitro-compounds to
amines, often via hydroxylamine intermediates, but the saturation
of carbon-carbon double bonds appears confined to those compounds
in which this function is conjugated, generally with a carbonyl
group. Hydrolysis is a commonly observed process during metabolism,

esters and amides foreign to the body being cleaved by enzymes of
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the blood plasma and cells. Hydrolysis is often responsible for
the reactivation, by removal of the protecting group, of certain
drugs modified to increase absorption or facilitate distribution

(see page 3).

The metébolite from the first phase and the species of the
animal determine which type of conjugation reaction is involved in
the second phase: phenylacetic acid19 is conjugated in man with
glutamine whereas in most other animals, except in the hen, it
conjugates with glycerine and glucuronic acid. In the hen ornithine

is the conjugating agent.

Metabolic breakdown of a drug is initiated by enzymatic attack.
Suvstitution at, or close to, the centres known to be involved in
these reactions has been employed in certain instances to produce
" drugs having an increased resistance to metabolic decomposition.

Partial protection of cinchonine (IV), which is metabolised by

H H
C"CHZ C-CHZ
HO_ /(j HO, /(j
cA N cH N
0 9@
P ~,
N N CyHs
v \V

oxidation initially at the 2'-position, has been achieved by 2'-
phenylation;zo 2'—phenylcinchonine (V) has twice the antiplasmodial

activity of quinine. .

&

STRUCTURAL SPECIFICITY

The study of drug action has led to the division of cempounds

21

exhibiting biological activity into two general classes: those

whose biological activity is profoundly altered by minor
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changes in their chemical structure are referred to as structurally
specific drugs, and those which possess widely diverse chemical
structures but induce similar biological responses, as structuréllj
non-specific drugs. It has been suggested that these two classes,
in their idesal form, represent two extremes lying at either end of

a broad spectirum of drug activity,22 s0 that in practice one can
envisage all drugs as possessing both structurally specific and non-
specific properties to varying degrees and a drug will be classed

according to which of these properties predominate.

Structurally specific drugs are generally regarded as acting .
at a particular cellular reaction site which has been termed the
receptor. Structurally non-specific drugs, however, are thought to
act rather more indiscriminately, certain physical properties

appearing to be more important than their precise chemical structure.

23

This view was inherent in the work of Clark™ ™ who introduced
evidence for two general types of drug action by estimating the

- possible cell surface covered by a number of substances. His results
showed that certain drugs were able to induce an effect with low cell
surface coverage while it appeared that others required a complete,
or near complete, monolayer over the cell surface. Clark proposed
therefore that certain drugs act by some physical, or physicochemical

process while others affect only certain areas of the cells.

Structurally non-specific drugs.

The biological activity associated with structurally non-
specific drugs is primarily dependent upon their possessing -
favourable physical properties. The most important group of drugs
which are regarded as acting structurally non-specifically are the
general anaesthetics and much research in this field has been

directed towards elucidasting their mode of action. Attempts have




G
been made to correlate this activity with vapour pressure,24
cmx . 2 . . . ' -
boiling point, > distridbution coefficient between agqueous and none-
26 -
aqueous phases, and ability to lower surface tension.27 More
recently the ability to form clathrate crystals,28 or to induce a

29

higher degree of order in the surrounding water molecules has

been proposed to account for their pharmacological properties.

The physico-chemical theories currently of importance may be
divided into two groups: those concerned with distridbution between
lipid and aqueous phases, first introduced by leyer and Overton,26
and those based upon the ability of the drug to order the
surrounding water molecules of the aqueous phase, propdsed'
indepencently by Pauling28 and Miller.29 Support for the aqueous
phase theories is furnished by evidence that xenon acts as a

30

general anaesthetic; this gas, although chemically very un-

reactive does, like many other gaseous anaesthetics. formclathrate

crystals.

The original leyer-Overton hypothesis has been modified by
32

who substituted activities
33

Ferguson,31 and Brink and Posternak
for concentrations, and extended by Mullins™~ who suggested

molecular size to be a criterion for activity.

The mofe recent theories of Pauling and Miller extend the
description of drug action; they attempt to describe the mechanism
by which the drug initiates the processes which lead to aqaesthesia
‘rather than merely correlating the activity with some physical
property of the drug. Pauling envisages the formation of gas
hydrate microcrystals in the encephalonic fluid" stabilised by
the inclusion of electrically charged protein side chains and ions
within the cage-like structure. The resulting reétriction on the
movecment of the charged species in the “encephalonic fluid," it is

suggested, causes the failure of certain central processes which
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lead to anaesthesia.

Miller's/theory of anaesthesia is essentially the same as that
of Pauling but eliminates the thermodynamic unfavourability of the
hydrate microcrystal; the phase surrounding the gas molecule~is
therefore described as "more ordered water" rather than a trﬁe
cf&stal. The build up of ordered water, or "ice-cover," as it is
termed, at a membrane surface, is thought to affect the nerve

conduction and transmission resulting in anaesthesia.

Discrimination between the lipid solubility and "ice—crystal®
theories is difficult as any correlation between anaesthetic activity
and a property dependent upon thé intermolecular interaction energy
between the anaesthetic agent and other molecules would give equally

satisfactory results.28

34 which in

solution exhibit large positive deviations from ideal'solubility

However, more recent work using fluorinated alkanes,

behaviour, is claimed to provide no evidence of a physico-chemical
nature that the aqueous phase of the central nervous system is the
site of action of these anaesthetics. The critical phase is

considered to be non-agueous.

Structurally specific drugs.

Structurally specific drugs are generally considered as
complexing with certain cellular receptors as a direct consequence
of certain structural and chemical features of both the drug and its
receptor. The agonist is thought to have a complementary structure
to that of the receptor, and owing to the relatively weak forces
which are generally involved a very close fit between drug and receptor
is essential for complex formation. The drug receptor has been
described by Schuelef35 as "a pattern R of forces of diverse origin

forming a part of some biological éystem and having roughly the same
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dimensions as a certain pattern ¥ of forces represented by the drug
moiecule, such that between patterns M and R a relationship of
complementarity for interaction exists." This definition reflects
the lack of detailed information available concerning the nature of
receptors. Although there have been claims for the isolation of |

. 6
certain receptors,3 these have not been fully substantiated.

Direct examination of receptors is not possible at this time,
and conclusions concerning their structures are frequently deduced
indirectly from structure-action studies of the drugs which -are
believed to complex with these receptors. Such studies have led to
the pictorial representation of the nicotinic37 and muscarinic38
receptors for acetylcholine, the analgesic receptor,39 and the

40 41 5-hydroxytryptamine42

receptors for adrenaline, thyroid hormones,

43

and certain steroids.

The primary interaction between the drug and the cell is at the
external cell surface and slthough this surface acts as the
receptor for only certain drugs, a knowledge of its chemical
nature is important in any attempt to elucidate drug-receptor
interactions. Drugs which act intracellularly are thought to do so

by interfering in some way with enzyme activity.

44

Structural studies on certain cells’ ' indicate that their
external surface consists of a matrix of protein molecules linked
with mucopelysaccharide molecules. The protein matrix presents a
variable surface of possible bonding sites: non-polar areas
consisting of aliphatic side chains and aromatic nuclei, while
hydroxyl groups, amides, unionized carboxylic acids and amines
comprise the polar area of the surface capable of hydrogen bonding.
Protonated amino groups and negatively charged dissociated acidio
functiions of the protein material also present possible binding

sites. The mucopolysaccharides, however, present a more uniform



-12=

surface of negatively charged groups surrounded by solvated

hydroxyl groups.

Vrug receptor bonds are generally weak giving a transient,
easily reversed complex. Certain drugs, however, form the
considerably stronger covalent bonds with the tissues, resulting in
the formation of complexes which are only slowly reversed in the
body. Such drugs include the f-haloalkylamine adrzzergic blocking
agents, the fluorophosphate anticholinesterases, and the
alkylating anticancer drugs. T Contributions to the total binding
energy of the more common easily reversed complexes are thought to
arise from hydrophobic bonds, ven der Waals forces, electrostatic

attractions and hydrogen bonding.

48

''he energy associated with hydrophobic bonding, which arises

from the transfer of a non-polar molecule, or part of a molecule,
from a polar phase to a non-polar environment, is thought to

account for a significant fraction of the total binding energy of
certain molecules to their receptors. The energy gain is thought

to originate from the entropy change associated with the dissolution
of ordered water molecules which takes place when the drug is
transfered from the aqueous phase to the less polar environment of

the .receptor.

Van cder VWaals forces, due to their low magnitude and high
distance specificity, are generally regarded as a secondary
component .of the total binding energy between the neutral hydro-
carbon portion of the molecule and the receptor. When a very close
fit between the drug and its recevtor is achieved, however, these
forces do appear to become more significant, particularly for

larger molecules such as long-chein fatty acids and steroids.

Electrostatic interactions between oppositely charged groups



-13-

on the drug and the recepicr also form a significant contribution
to the stability of the complex. Ion-ion interactions are the
strongest and therefore the most imporitant, but, in decreasing
interaction magnitude, ion-dipole, dipole~dipole, and ion-induced
dipole interactions also contribute to the total binding energy.
Association of oppositely charged ions (ion-pair formation) does
not tend to occur in aqueous solutions of high dilution as the high
dielectric constant of the water and the high degree of solvation
of the ions make it energetically unfavourable. Macromolecules,
such as proteins, however, alter this simple situafion by reducing
the dielectric constent in the immediate vicinity of their surface
making ion-pair formation more favourable.so ’
The contribution made by hydrogen bonding to the stability of
the complex appears to be in dispute.5l Although this form of
bonding is almost certainly importént in some drug-receptor inter-
actions, its contribution'may not be as significant as has been
earlier suggested. In general, groups which are capable of hydrogen
bonding will be solvated and exchange of these hydrogen bonds wifh
water for those with the receptor material will result in only a
small, if any, energy gain. This is illustrated by the weak
binding between polyhydroxy compounds, such as carbohydrates, and

52

protein materiale.

The receptor.

53

The concept of a drug receptor was first introduced by Erlich,”” x

54 55

and Lucas, and the classic

56

and is inherent in the work of Langley
lock and key analogy advanced by Fischer”  to explain enzyme

specificity.

Important quantitative studies of drug action in relation to

23

the receptor theory were made by Clark ~ who proposed a simple
model based on the laws of the Langmuir adsorption isotherm which

made the fundamental assumption that the response of a tissue was
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proportional to the fraction of the receptors occupied by the drug.
Gaddum57 extended this theory to account for the effects of specific
antagonists. It was later observed that certain drugs, which then-
selves induce a small response, were capable of blocking the effects
of other agonists. It has also been shown that the maximum response
induced by different drugs varies. These observations indicate that
the fraction of receptors occupied by the drug is not the only
criterion which determines the magnitude of the response. To over-
come th;ge diffiéulties Clark's original theory was modified by |

who introduced the term intrinsic activity, and by

59

Ariens,
Stephenson, the term efficacy. Thus two parameters govern drug
action: %the affinity of the drug for the receptor, and the intrinsio
activity, or efficacy, which measures the ability of the drug to

elicit a response.

Ariens defined intrinsic activity as a "substance-consfant
determining the effect per unit pharmacon-receptor complex." Thus
_he originally retained Clark's assumption that the response was
proportional to the fraction of receptors occupied, but extended
the theory so that a complex formed by a receptor with one agonist
might differ from the complex with another agonist in its ability
to contribute to the response. More recently, however, this theory
has been modified still further so that a maximum response could be
obtained without assuming total occupancy of the receptors (see
also Nickerson60). To give a more pictorial meaning to this
parameter, Arienssl has drawn an analogy between intrinsic activity
and the rate constant of the rate-limiting step of an enzyme reaction.
It has also been proposed that the intrinsic activity may represent
the fraction of effective collisions between the drug and its
receptor.62 The term efficacy differed from intrinsic activity in
that it did not retsin the assumption that the response is proport-

ional to the fraction of the receptors occupied. Stephenson
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postulated that provided a molecule possessed a high efficacy, a
maximum response could be obtained with only a fraction of the
receptors occupied. Efficacy is inversly proportional to the
number of receptors that have to be activated in order to induce a
certain stimulus and promote a certain effect. Although the
efficacy and intrinsic activity are essentially the same,; the
quantitative differences in the two approaches arise from
differences in the mathematical assumptions concerning the
relationship between the stimulus and the response it induces.
Furchgott63 has proposed the hybrid parsmeter intrinsic efficagy to

measure the ability of a drug to initiate a response.

Recent reviews by Mackay have summarised and compared the

various mathematical analyses of drug-receptor interactions,64

65

and Burgen “ has attempted to define a theoretical basis for drug

receptor kinetics.

A different approach to the problem of drug-receptor inter-
actions has been made by Paton66 who proposed an analysis of drug
action based on the assumption that the response to an agonist is
proportional, not to the fraction of receptors occupied, but to
the rate of formation and decomposition of the drug-receptor -
complex. Thus the effect is the result of a number of quantal
events rather than that of a persisting drug-receptor complex.
The concept that the drug is only effective at the moment of
encounter with the receptor was first introduced by Croxatto and
Huidobro-67 An agonist is described as a substance which promotes
a high rate of complex formation and dissociation, while an
antagonist forms a complex with the receptor which dissociates
only slowly. The partial agonist-receptor interaction represents

an intermediate state.

One of the attractions of the rate theory, as it is termed, is
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the way in which it accounts for many of the observations

concerning drug action which appear to lack all significance in
terms of the occupation theories. BSuch observations include the -
existence of spare receptors; althqugh an appendage to the
occupation theories, thesé are a necessity in explaining drug

action in terms of the rate theory. The non-existence of persistent
stimulants, quickly reversible potent antagonists, or compounds |
possessing both a bhigh affinity and high intrinsic activity are

also accounted for by the rate theory, but remain as "extras" to

the occupation theories.

In mathematical terms the two types of approach take a

similar form; +the stimulation and intrinsic activity terms of
Ariens' basic equation describing drug action being replaced by
the rate of association and the rate of dissociation of the drug-
receptor complex respectively. Due to the similar predictions
concerning the situation at receptor level at equilibrium,
discrimination between the two theories can only be atfempted
under non-equilibrium conditions, that is at the onset and offset
of action. In contrast to the occupation theories, which predict
a smoothly rising response to the agonist, the rate theory predicts
fade of the initial response as receptor occupancy increases.
The problems'associated with the detection of fade, however, are
many; in fact, it may not be observed at all if the responée is .
delayed due to the nature of the tissue, or due to a low rate of
diffusion of the drug to the receptor. The.situation is further

" complicated by the necessity of an appreciable receptor occupancy.
before fade becomes detectable. For these reasons, although
Paton has obtained positive evidence for fade, no definite
conclusions can be drawn concerning the general validity of the

rate theory. Even Paton's evidence has been questioned by

Furchgott, 8 who suggests that other factors, such as an unspecific
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non~-competetive antagonism by the drug after the stimulatory action,

may be responsible for the observed fade in the response.

Another similar theory, the dissociation theory, has been
tentatively suggested by Paton; an agonist is envisaged as

reacting with and destabilising the receptor with accompanying
breakdown of the latter and the consequent expulsion of the agonist.
This is in agreement with the suggestion by Gill70 that acetyl-
choline acts by interfering with the stability of the helical
structure of the protein constituting the cell membrane. Although
this theory, like the rate theory, envisages stimulation as a
quantal process it will be indistinguishable from the occupation
theories by response observations because the stimulation is .
dependent upon the rate of dissociation which in turn is pronr-

tional to the occupancy.

N A most significant addition to the theories of drug-receptor
interaction is that proposed by Belleau71’72 and based on enzymatioc-
substrate interactions. The theory, although ingenious and
convincing, due-to the lack of dire&t evidence cannot be considered
as indisputably established. Nevertheless, it does attempt to
describe the mechanism of drug action at a molecular level in
structural terms, rather than making use of parameters such as
intrinsic activity which appear to have little obvious physical

significance.

The estimated energy change associated with the drug-receptor
interaction led Belleau to the conclusion that on complex
formation the receptor underwent a conformational change, or
perturbation. Antagonists, he suggests, induce conformational’
changes which are non-specific in character and as a.result do not
produce a biological response. Agonists, on the other hand,

induce a specific, or possibly a number of related specific,
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conforﬁatidnal changes in,fhe receptor material which are capable
of.initiating the processes which lead to the biological response.
The specific conformational change is thought to convert the
inactive receptor into a catalytically active state which is
capable of modifying a substrate to a product which is essential
for production of the response. Support for this thoery is
furnished by recent information concerning the basic mechanism of
enzyme activation73 -and by the work'of Koshlénd74 on the similar
induced fit theory of enzyme-substrate interactions. Belleau's
theory may be symbolised as follows: when a small molecule'Ms
reacts with the receptor material P it induces a conformational

change in the protein and gives an "activated" complex P"Ms'
Mg + P = Pl

In this form P" is an effective catalyst for the conversion of a

substrate A to a product B,

P'M, + A==P"M_A—> Pl  + B

B being required to initiate the response. I1f, however, a small

molecule M; is incapable of bringing about the favourable conform-

- ational perturbation of the receptor P but instead produces an

unfavourable one, then a complex P®M; is formed which is incapable

of catalysing the A into B reaction.
P + H{::t P“Mi

Partial agonists are substances which are intermediate between

Mi and.Ms and hence produce an equilibrium mixture of the favourable

and unfavourable perturbations. It has been pointed out by

Triggle75 that this perturbation treatment reconciles, in part, at
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least, the treatments of drug action by Ariens and Paton. The

rate of rearrangement of the protein-~like receptor might be
considered as determining the intrinsic activity of Ariens, or the
rate of dissociation of the complex which is required by Patons*
rate theory. If the rate theory is to be explained in this way it
is necessary to assume that it is the rearrangement of the receptor

which in fact expels the drug molecule.

The general theory outlined above has been extended to
describe the nature of, aﬁd a possible mechanism of actioh at, the
muscarinic receptor. Investigations were made into the binding
characteristics of a series of alkyltrimethylammonium compounds
with the active surface of the enzyme, acetylcholinesterase, as a
model for the muscarinic receptor. These quaternary ammonium salts
present, by elongation of the alkyl side chain, a series of compounds
exhibiting the entire spectrum of drug action from agonist, via
partial agonist to antagonist, and yet differ physico-chemically
bnly in their hydrophobic character. The use of acetylcholin-
esterase as the model system was prompted by the similar chain;
length dependent transitions which occur in the binding of these

compounds with the enzyme and with the muscarinic receptor surface.

Entropy changes associated with enzyme-alkylammonium compound
interaction were calculated; these were negative for complexes
involving compounds possessing less than eight carbon atoms but
became increasingly positive as more methylene groups were intro-
duced into the side-chain. This transition indicates a difference
in the degree of order between those complexes formed by the smallexr
molecules of the series and those formed by campouamds having more
than eight carbon atoms in the side-chain. This observation, along
with the change in pharmacological activity which is known to
occur at 0(8)’ has led Belleau to suggest that lower members of the

series overlap only with the regulating surface of the receptor and
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induce P" (active) states, while those molecules with longer side

chains overlap onto the periphery of this surface and induce P*

(inactive) states.

The free energies {0F) of binding associated with the inter-

action of this series of compounds with acetylcholinesterase show

two chain length dependent transitions, one at (yy and the second
at Gg These values, when plotted against the number of side-chain

carbon atoms (n) showed three separate linear free energy relation-
ships (see fig. 1), indicating the existence of three distinct

uniform binding surfaces.
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The cholinergic receptor is thérefore described as consisting
of three compartments, eaqh being on a separate protein chain (see
fig. 2). The first includes the anionic site andaccommdates side
chains up to four carbon atoms in length, the second includes the
esteratic site and accommodates side-chain carbon atoms five to
eight, and finally the third compartment which is not required for
binding acetylcholine accommodates methylene groups in excess of
eight. Overlap onto this results in blockade of the receptor.

The difference between the nicotinic and muscarinic receptors is
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envisagéd as a difference in the polarity of the second compart-

ment; the increased polarity in the nicotinic receptor prevents
the effective binding of alkyltrimethylammonium compounds with

alkyl side-chains of more than four carbon atoms.
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This three compartment hypothesis has been further elabor-

ated to describe the "uphill' transport of'sodium and potassium ions.72

Maximum efficiency in the induction of the favourable
perturbation (P'") is thought to be reserved to those molecules
which produce a true lock and key type fit with the receptor.

This has been demonstrated by investigating the effects of a series
of dioxolane quaternary ammonium compounds (VI), which represent
fairly stereochemically rigid structures closely related to
-acetylcholine (VII), upon acetylcholinesterase and the muscarinic
recepior. The cholinergic receptor and acetylcholinesterase
display similar patterns of stereospecificity towards the quatern-

ary ammonium compounds. The L-(~) isomer of cis-2-methyl-4-tri-

methyl ammoniummethyl-1l,3~-dioxolane iodide (VIII) was the most
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effective muscarinic stimulgnt and acetylcholinesterase inhibitor
of the series, It is therefore postulated to represent the

natural orientation of receptor-and enzyme-bound acetylcholine.

o 0 H e |
R’( Hoy c// \C’H + H";Q Ay
Ry O_/\<CH2N(CH3)3 CH; N\~ CHaN(CH3)s CHj o> N CH,N(CH3),

Vi VII Vil

This isomer was found to possess ten times the affinity for acetyl-
cholinesterase}and a factor of six times the potency of acetyl-
choline itself. From a consideration of the binding energies of
these molecules to the receptor it appears that only in the
particular instance of VIII is it necessary to evoke contributiéns
from van der Waals bonding. This suggests that, although other
members of the series possess some activity, only VIII, like the
natural substrate acetylcholine, forms a lock and key type complex
with the receptor. Hydrophobic bonding, it is suggested, is most
widely operative for other molecules of the series which are

incapable of lock and key type combination.

Whether the molecular perturbation theory accurately, or even
partially, describes the elemehtary processes involved in drug-
receptor interactions is not, as yet, fully established. Never-—
theless it must be regarded as a significant development in
receptor theory as it provides the first detailed account, based
upon physico-chemical data, of the nature and operation of the
receptive material at a molecular level. Conformational changes
in the receptor under the influence of the drug are not unreasonable;
it is unlikely that the receptor is a completely rigid entity with
& fixed conformation. However, much of the significance, and wvaluse,

of the study on the muscarinic receptor must hinge on the validity
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of interpreting the drug-enzyme results in terms of drug-receptor
interactions. The cholinergic receptor and acetylcholinesterase
are known to have certain similar characteristics, but how far '

7

the analogy may be teken is in some disputse.

Chemical transmission.

The concept of étructural specificity bas physiological
-application in the established view that in certain sites within
the body the transmission of nervous impulses to the effector
organ is achieved by the participation of chemical agents. The
concept of chemical or neurohormonal transmission was first
applied to the sympathetic branch of the autonomic nervous system,
and has subsequently been extended to include all autonomic sites,"
peripheral voluntary neuro-effector junctions, and more recently,
to the central nervous system. Of the compounds postulated to act
as chemical transmitters acetylcholine and noradrenaline have been
established beyond any reasonadble doubt. Other substances whioch
have been proposed to possess a transmitter role include histamine,

gaba, substance P, and 5-hydroxytryptamine.

The possibility that S5-hydroxytryptamine may be a transmitter
(see ref.99) accounts for much of the interest which has been
shown in this substance since its first isolation. However, its
role in the body is far from established and much controversy still
exists concerning the likelihood of it being a neurohormone. The
present situation is briefly outlined later (see p.27). MNMany
excellent reviews78 dealing with chemical transmission, and in
particular the paiticipation of acetylcholine and noradrenaline,

have been published in recent years.
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5-HYDROXYT RYPT AMINE

5-Hydroxytryptamine (5-HT, serotonin, enteramine) was first
isolated by the extraction of mammalian gastro-intestinal mucosa
and salivary glands of octopods by Erspamer.79 Its structure
consists of a S-hydroxyiated indole nucleus bearing, in the 3-
position, a 2-aminoethyl side chain (XIII). The first chemical
synthesis of 5-HT, by Hamlin and Fisher,so involved elaborating
the side chain of 5-benzyloxygramine (X), obtained from 5-benzyl=~
oxyindole (IX) as shown in fig. 3. More recent and improved

synthetic routes have been developed.81

IX X
CeHsCH, O : CH,CONH,
N
H
X1
T - 7
N N
H H
X1 X1l
fig. 3

Since its first isolation 5-HT has attracted a great deal of
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interest, mainly due to its association with the central nervous
system, and much effort has been directed towards elucidating its
significance in the body and in particular in the brain; +this

work has been summarised in a number of reviews.82'84'

5-HT is widely distributed throughout the body, the most
important localisations being in the enterochromaffin cells of the

85

gastro-intestinal tract, where it is synthesised from dietary L-
tryptophan, in blood platelets,86 and in the central nervous: -
- systems High concentrations have also been observed in the mast
cells of mice and rats.87 Lower concentrations, which possibly
arise from platelet 5-HT, are found in the liver, lungs, kidneys,

and in the spleen.:

The presence of 5-HT in the central nervous system was first
demonstrated by Gaddum and his co-workers,88 and by Twarog and
Page,89 and since this time it has been shown to0 be present in all
vertebrate brains, in a free and bound form. It is not evenly
distributed throughout the brain but is concentrated in certain
areas such as the hypothalamus and mid-brain. Although its origin
is not completely resolved, most of the evidence indicates that 5-HT
is synthesised in situ from L-tryptophan, which, unlike tryptamine,
does cross the blood brain barrier (by an active transport processl4).
Enzymatic hydroxylation of the tryptophan (XIV) to 5-hydroxy-
tryptophan (XV), followed by decarboxylation results in 5-HT (XIII).
I4s metabolic breakdown proceeds by wvarious routes,83 the most
important of which involves first oxidation by monoamine oxidase to
give 5-hydroxyindol-3-ylacetaldehyde (XVI), followed by further
oxidation to the easily excreted 5-hydroxyindol-3-ylacetic acid
(XVII), as shown in fig. 4. The rate of synthesis and metabolism

is high; brain 5-HT has a half-life in the order of 10~30 minutes,
90 91

measured using monoamine oxidase inhibitors, and may be even less.
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The general occurrence of 5-HT in the vertebrate brain led
Woolley92 and Gaddum93 to conclude that 5-HT has a biological role
in the central nervous system. Although a great deal of fesearch
has been directed towards elucidating the nature of this role, the
exact significance of 5-HI' in the brain is still unknown and much
controversy exists. Many difficulties ére associated with this
problem: perhaps the most important are the impermeability of the
blood brain barrier to 5-HI, and those attending the interpretation
of "central effects" in the presence and indeed influence of the
very marked peripheral effects. In an attempt to overcome the

impermeability problem, the precursor, S5-hydroxytryptophan (5-HTP)
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which does cross the blood_brain barrier,94 has been used in place

of 5-HT, but the resulting effects must be viewed critically as 5-HTP
is also decarboxylated in areas of the brain which do not contain
5--HT.95

Brodie and his co—workers?6and Marazzi and Hart,97 have
proposed that 5-HT is present in the central nervous system as a
neurohormone. According to Brodie, 5-HT is a transmitting substance
in the parasympathetic division of the central autonomic nervous
system with noradrenaline as its counterpart in the sympathetic
division. Marazzi and Hart, howeyer, congider it to be an inhibitory
synaptic neurohormoné possessing an exclusively depressant role.
Other investigators question these proposals: Iggo and Vogt,98 for
example, found no fundamental differences between the preganglionic
sympathetic outflow of normal cats and that of cats in which the
brain had been depleted of 5-HT. This observation would indicate
that the normal levei of 5-HT is not essential for efficient
sympathetic discharge. The information available on chemical
transmission in the central nervous system has been critically
reviewed by Crossland99 and it is apparent that the role of 5-HT in
the brain is still open to question. More recent investigations,
however, tend to support a transmission role for 5-HT; several
Quthorsloo have reported that 5-HI is principally located in
isolated nerve endings in the mammalian brain, and the electro-
physiological studies of Gerschenfeld and Stefanilo1 on the central
neurones of the molluscan nervous system have led these authors to

support the view that 5-HT acts as a central transmitter.

When given systemically, 5-HT produces sedation and nervous
depression, although mixed effects of depression and excitation have
also been recorded. The precise nature of the effect is dependent

upon the species and the dose administered. Since 5-HT cannot cross

the blood brain barrier, these central effects are thought to arise
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from the action of 5-HYT upon the blood vessels of the brain,

either by vasoconstrictor action or an alteration in their permeability,
or possibly by an indirect effect upon certain centres associated

with the central nervous system but which are outside the blood

brain barrier.102 To bypass the blood brain barrier and to avoid

the peripheral effects, 5-HT has been introduced directly into the
brain tissue and into the lateral veniricles of experimental

animals. The results are rather inconsistent depending largely

upon species and area of administration; no generai conclusions

have been drawn.

94,103

Since Udenfriend and his co-workers first demonstrated

that the administration of 5-HTP resulted in an increased level of
5=HT in the brain, this precursor has been widely used for
investigating the central effects of high 5-HI levels. At low
doses 5-H1P generally decreases spontaneous activity and has a
tranquillising effect, while at higher doses the effects vary
considerably, generally excitation results but depressant effects

have-also been recorded.

5-HT levels may also be raised by the use of monoamine oxidase

(MAO) inhibitors (e.g. iproniazid) which inactivate the enzyme
initiating the metabolic breakdown of 5--H'I‘.104 The symptoms

induced by 5-HTP are enhanced by pre-treatment with the MAO
inhibitors but the relationship between the observed response, the
concentration of 5-HT, and the use of MAO inhibitors is not a simple
one. In certain circumstances, both 5-HTP and MAO inhibitors are
necessary to induce a response, while alone they are ineffective.

105

Green and Sawyer have suggested that MAO inhibitors increase the
penetration of S5-HTP into the brain and further propose that 5-HTP
induced high levels of 5-HT are in some way different from those
produced from endogehous precursérs. The system is further

complicated by the non-specific nature of the inhibitors, and the



..29...

lack of specificity of MAQ itself.

The level of 5-HT in the brain and also in other tissues may
be decreased by the administation of reserpine and certain related
alkaloids.lo6 The rate and extent of loss varies according to the
species and tissue ﬁnder investigation. Depletionlof the tissue
probably results from an interference with the binding sites rather
than an effect upon the biosynthesis of 5-HT. 1In the centfal
nervous system, reserpine acts predominantly as a tranquillising
agent, and also interferes with the extrapyramidal motor functions.
Whether these effects are a direct consequence of the decreased
level of 5-HT is not known, as reserpine also decreases the levels

107

of other biologically important brain amines such as adrenalins,

noradrenaline, and dopamine.

The peripheral effects of 5-HT are many and varied: its action
upon blood pressure is neither purely hypotensive nor hypertensive,
but like many of its peripheral effects is dependent upon dosage,
route of administration, and the species and physiological condition of
the animal. It increases capillary permeabilitylo8 and has been
reported to increase capillary resistance, it affects the function
of the heart,109 the kidneys (usually acting as an antidiuretic)85
and induces bronchoconstrictioq.llo It also excites afferent and
efferent autonomic‘fibres, has a variety of effects upon enzyme
systems and increases intestinal tone.lll This effect upon the
gastro-intestinal tract along with the naturally high level of 5-HT
in the mucosa has led to the suggestion that 5-HT may be involved

in peristalsis, although this is now open to q}zestion.112

113 studying the effect of

Rocha e Silva and his co-workers,
5-HT upon isolated guinea pig ileum, demonstrated the existence of
tissue receptors which react preferentially with 5-HT. Subsequent

work by Gaddum and Picarellill¥ 1ed to the discovery of two distinct
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5-H1' receptors, one being a nervous element (M) which is blocked by
morphine, methadone, atropine and cocaine, while the other, termed
the D-receptory 1is located in smooth muscle and is blocked by
dibenzyline and ergot deri#atives. lore recent workl15 indicates
that although stimulation of a D—recéptor induces a direct response,
gsimilar interaction at an M-receptor leads to an indirect response,
involving other, probably cholinergic, receptors. There is also
evidence for receptors of two types in the dog bladder;116
stimulation first produces a twitch response from the nervous
receptors, followed by a slower éontraction from the muscle
receptors. In other tissues, the picture appears to be more complex
with the probable existence of receptors which are not specific to
5-HT; Mansour117 found the effects of 5-HT and amphetamine to be
indistinguishable in the liver fluke, and Innesll8 has demonstrated
that on cat spleen 5-HT and adrenaline act on the same receptor. The
inability of morphine or atropine to inhibit the action of 5-HT on
this tissue indicates that the cat spleen has no M-receptors;
moreover, the ;esults from adrenaline and D-type antagonists suggesi
that, although there are receptors similar to those classed as D on
the guinea pig ileum, these are not specifip for 5-4HT on the cat

spleen.

Originally, because of the structural and pharmacological
similarities between tryptamine and 5-HT,119 it was assumed that
these two indolealkylamines act at the same receptor. However, more
recent obserVationslzo have cast some doubt upon this and two
separate receptors for tryptamine and 5-HT have been proposed. An
interesting alternative explanation, requiring the existence of
only one receptor, has heen proposed by Vane:121 the pharmacological
differences between tryptamine and 5-HT, are said to result from the
greater permeability of the cell membrane to tryptamine than to the
more polar 5-HT. This would result in {tryptamine being metabolised

by intracellular MAC more rapidly than 5-HT and may account for the
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observed pharmacological differences.

The nature of the 5-HT receptor has also been investigated in

42

the molluscan heart, where it is thought that 5-HT acts as a neuro-

transmitter.lzz This preparation is highly sensitive to 5-HT; 1low

doses cause a positive i%notropic effect, while higher concentrations
'increase muscle tone. The results indicate that tryptamine and
phenylethylamine act at the same site as 5-HT and related indole-
alkylamines, demonstrating that the indole nucleus is not essential
for activity. Although tryptamine and alkylated derivatives are less
potent than 5-HT, bufotenine and particularly lysergic acid diethyl-
amide (LSD), in contrast to their activities on other peripheral 5-HT
receptors, are more active than 5-HT itself. The high activity of
LSD on this preparation led Greenberg to suggest that this alkaloid
represents the optimum steric arrangement of the indole nucleus and
the "ethylaminé" side chain for 5-HI-like activity. Hence he
described the conformation of 5-HT at the same receptor in terms of

this arrangement (see fig. 5). Gyermek,123 however, questions the

HO H

LsD 5-HT
fig- 5

relevance of this optimal conformation of 5-HT for receptor sites
other than those of the molluscan heart in which LSD has a stimulant
effect. Minor modifications of LSD, such as N- or 0(2)-substitution,

Yield analogues with only b;ocking properties, suggesting that these
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modifications affect the intrinsic activity of the molecule rather

than its affinity.

As a consequence of the great interest in 5-HI', a number of
related indole derivatives have been synthesised and their pharma-
cological activity investigated. Although most of these possess
antagonistic properties, some have been found to induce 5-HT-like
effects. The majoriﬁy of tests have been carried out on smooth
muscle preparations; in general, no correlation has been observed
between their chemical structure and their overall pharmacological
activity upon these varied tissues, but certain similarities in the
responses of rat uterus and rat stomach do make some general comments
possible.82 A S=hydroxyl group is essential for maximum activity on
these preparations; tryptamines possessing a 4-, 6-, or 7-~hydroxyl
group are progressively less active, while the unsubstituted
tryptamine has an activity intermediate between those of 4~ and 6-
bhydroxytryptamines. Offermeier and Ariens124 attribute this
variation in activity to a variation in the affinities of these
tryptamines for the receptor rather than to any significant
differences in their intrinsic activities. The introduction of
other substituents into the indole nucleus, particularly halogens,
also decreases activity. Substitution of the ethylamine side chain
into the 2-position effectively destroys all activity, as does
substitution of a methylamine group in place of the ethylamine side
chain of natural tryptamines. Alkyl substitution on the amino group
has a variable.effect, but similar substitutions on the«=C atom of
the side-chain lead to decreased activity, the effect of a methyl
group being slight, whereas with larger alkyl grcups the effect
becomes more pronounced. In general, analogues methylated in the 1-
position of the indole nucleus possess similar activities to those
of the unsubstituted tryptamines.l25 The effect of such structural

variations upon the activities of certain txryptamines and hydroxy-
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tryptamines has been discussed recently in relation to the 5-HT

receptor by Offermeier and Ariens.124’126'

The multitude of S5-~HT antagonists which have been prépared
and studied pharmacologically have been reviewed by many authors
from various aspects; +their general cardiovascular properties
and their effects upon isolated organs have been discussed by
Gaddum.127 Lysergic acid and its derivatives are the main topic

128 129

of reviews by Gaddum and Rothlin. A comprehensive review of

130

all antagonists has been published by Jacob, and more recently

131 has discussed the peripheral neurotropic antagonists of

Gyermek
5-HT. The compounds regarded as antagonists are those which are
thought to prevent the pharmacological effects of 5-HT in vivo and
in vitro without directly interfering with the biosynthesis, the

metabolism, or the release of 5-HT.

Many N-alkylated derivatives of 5-HT and tryptamine show -
reversible and competitive blocking of the spasmogenic action of

132 pixylation and arylation at other

5-HT on smooth muscle.
positions in the molecule, and etherification of the hydroxyl
group, often yleld compounds capable of antagonising the effects
of 5-HT on blood pressure as well as on smooth muscle preparations.

Such compounds include the potent l-benzyl2-methyl-5-hydroxy-

tryptamine (BAS phenol; XVIII), its 5-methoxy derivative (BAS; XIX),

the N,N-dimethyl-5-methoxy derivative (BAB; XX) and 1-(£fmethoxy—
benzyl)-2-methyl-S5-hydroxytryptemine (XXI). Recently the corres-—
ponding derivatives of tryptophan and 5-HTP have also been prepared
and found to possess interesting central effects.134 Gramine
(XXII) and several derivatives such as 2-methyl-5-chlorogramine
(XXIII) and S-benzyloxygramine (XXIV) also exhibit high in vitro

135 but these are generally short acting

antagonistic activity
in vivo, probably due 10 their rapid metabolic inactivation.
Certain 4-substituted indole derivatives have been

investigated and found to be 5-HT antagonists; these include

133
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4-indolecarboxylic acid diethylamide (XXV) and the N,N-dimethylated

indolealkylamines, psilocin (XXVI), benzylpsiloecin (XXVII),

psilocin: benzoate (XXVIII) and psilocybin (XXIX).
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Amino-, alkylated amino-, and nitro-nuclear substituted indoles

136 the

most important of these are the alkylated amino derivatives medmain

(XXX) and methylmedmain (XXXI).

have also been prepared for their antagonistic properties;

N“ CHg ' N“ CH,

|
H CHj

XXX XXX1

Quaternary ammonium salts of N,N-dialkyltryptamines of general
formula XXXII have been prepared and investigated by Gyermek.137
These compounds, and in particular m-chlorobenzylbufoteninium
bromide (XXXIII), are potent neurotropic 5-HT antagonists of periph-
eral receptors but have low potency on muscular receptors. Indole-

138 exhibit similar properties, 5-hydroxyindole3-yl-

acetamidines
acetamidine (XXXIV) being particularly potent. A third group of
neurotropic blockers are the guanidine derivatives (XXXV);139 these
are less selective than the quaternary ammonium trypfamines or

acetamidines and show some 5-HT stimulant properties.

] Ra R
+ | 4 -
R1 CHZ CHZ"lN —CHZ Br
| Ry
. N .
H
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. |CH3
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H
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Tetrahydrocarbazoles, which are analogues of some simple 5-HT

antagonists, were investigated by Gaddum and his co-workers

141

~and by Shaw and Woolley; certain of these give some protection

against the pressor effects of 5-HT.

Antihistamines exhibit moderate anti-S-HT potency in isolated
organs but this is substantially reduced in vivo. The most potent
is cyproheptadine;142 this blocks the effects of 5-HT on dog blood
pressure, spasmogenic effects on rat uterus, and prevents rat paw
oedema. There appears to be no correlation between the anti-5-HT ‘
activity of antihistamines and their antihistaminic or local N

anaesthetic activity.

Chlorproma.zine143 blocks the effects of 5-HT upon certain
smooth muscle preparations, the capillaries of the rat paw, and in
- certain instances upon blood pressure of cats under ganglion
blockade. The blocking is not specific: chlorpromazine antag-
onises the bronchoconstrictor action of histamine, acetylcholine
and nicotine, and the stimulation of acetylcholine upon the intest-
ine. Other phenothiazines also exhibit anti-5-HT activity bdut,
with a few limited exceptions, this is less than that of chlor-

promazine.

Certain sympatholytic drugs (dibenamine, dibenzyline etc.)
block, often irrevérsibly, the action of 5-HT upon the smooth
muscle D-receptors of isolated organs. Their effect upon thé
nervous M-receptors is much less pronounced.ll3 Other 5-HT.ant-

aéonists include certain sympathomimetic amines,144 morphine-type

146

analgesics,145 atropine-like drugs and certain antidepressantse.

Recently certain aminoalkyl substiftuted benzene derivatives have

also been shown to possess strong anti-S5-HT properties.147

Lysergic acid (XXXVI) and its derivatives form the most
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. 148
important and potent group of 5-HT antagonists known. Gaddum 4

first noted the high activity of LSD (XXXVII) which prevents, by
competitive blocking, the majority of peripheral effeots of 5-HT
and its related indolealkylamines. Pharmacologically LSD has very
pronounced central effects: it induces hallucinations and symptoms
similar to those of schizophrenia, and elicits autonomic effecté
which may be either sympathetic or parasympathetic in nature. Its
peripheral effects, often 5-HT-like, include an oxytocic action
and a vasoconstrictor action on perfused blood vessels. In vivo,
bowever, the depressive action on the vasomotor centre generally
predominates over the vasoconstrictor action and results in an
overall depression of blood pressure. On some mollusc hearts LSD

is a more potent stimulant than 5-HT itself.

CORj -

XXXV Ry = H R, = H; Ry= OH
XXXV Ry = H; Ry, = H; Ry= N (C2Hs);
GHy
XXXVIIN R1 = H, R2 = H N Ra—- NH CH CHon
XXXIX R = H, R, = Br! Ry = N (CaHs)2
' CaHs
XL Ry = CHy, Ry = H,; Ry= NHCH CH,OH

The potency of LSD as an hallucinogen and as an antagonist of

5-HT 1led Woolley and Shawl49 to suggest that the symptoms of
schizophrenia, which are similar to those induced by L3SD, might be
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caused by a deficiency of 5-HT in the brain brought about by

metabolic failure. The structural similarity between 5-HI and LSD
appeared to give further support to this concept15o (see fig. 5).

Later observations, however, tend to contradict the possibility
that LSD-induced hallucinations are the result of central 5-HT
antagonism. The psychotomimetic potencies of the lysergic acid
derivatives appear to be completely unrelated to their ability to
antagonise 5-HT peripherally. Ergomeirine (XXXVIII), for example,
is a most potent 5-HT antagonist but has no psychotbmimetic'
properties and 2-bromolysergic acid diethylamide (BOLj XXXIX) blocks,

rather than reinforces, the central effects of LSD.

Evidence that LSD in fact induces slight increases in cerebral
5-HT levels has been reported by Freedman and Giarman.l?l In
contrast to those induced by 5-HTP and iproniazid, increases due to
LSD could be completely accounted for in particle-bound 5-HT.
Although similar elevatedllevels were observed with other related
psychotomimetic drugs, no increases were detected after administration
of non-psychotomimetic analogues such as BOL or l-methyllysergic
acid butanolamide (XL). Furthermore the unrelated‘psychotomimetic
drugs, yohimbine, mescaline and certain indoleamines have also been

shown to increase brain 5-HT.

Recent evidence indicates that symptoms of schizophrenia may be
induced by an altered indole metabolism:152 the hallucinogenic
properties of N-alkylated tryptamines are well documented, and

1 ‘ .
Axelrod 23 has demonstrated that N-methylation of tryptamine and

5-HT takes place in rabbit lung tissue. Hydroxylation of N-
alkylated tryptamine8154 has also been proposed as an important step
in the biosynthesis of psychoactive molecules. Thus, the possibility

of the body synthesising hallucinogenic compounds cannot be excluded.

Enzymatic O-methylation'”” of 5-HT and its N-scetyl derivative
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also takes place in body tissues, the physiological roles of the
resulting S-methoxytryptamines are not clearly understood but |
melatonin (N-acetyl-5-methoxytryptamine) is thought to participaté
in the transmission of optical influences to the gonadotrophic-
pituitary mechanism. 5-Methoxytryptamine alters the conditioned
behaviour of animals and has a high potency on periphersl smooth
muscle 5-HT receptors) its effect upon nervous receptors sensitive
to 5~HT, however, is negligible. Pharmacologically, melatonin is
ineffective on smooth muscle and ganglionic 5-HT receptors, but has
a significant action on the central nervous system, influencing the
epithalamo-pituitary system. A further derivative of 5-methoxy- '
tryptamine thought to have physiological significance is the N,N-
156 it exhibits both marked behavibural and
peripheral effeocts, but its precise role in the body is not known.

dimethyl analogue;

The general lack of correlation between the central and
peripheral potencies of the indolealkylamines demonstrates the
difference in structural requirements for central and peripheral
| activity. For this reason, C-yermekl57 has questioned the use of
peripheral receptors, which are influenced by these indolealkyl-
amines, as model systems for the hypothetical ceniral nervous
system receptors. This meakes the assumption, of course, that the
lack of correlation in potencies is a direct consequence of the
difference in the receptors rather than of differences in the ease

of transport of the indolealkylamines to the receptors.

However, due to the high complexity of even the simplest
receptor system, the nature of these peripheral receptors has not
been completely elucidated. Interpretation of drug action in terms
of drug-receptor interactions is complicated by the lack of inform-
ation concerning storage sites and inactivating enzyme surfaces,
which are certainly present in the whole animal, and may also occur

in certain isolated organs. These sites, if present, compete with
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the true 5-HT receptor for occupation and, as a consequence, the
‘observed effect induced by a particular drug is the result of a
combination of the relative rates of reaction of the drug with the
various sites, and the number and location of these sites. The
distribution of the drug between these sites is also relevant in
determining whether the drug potentiates 5-HT. by preferentially
reacting with an enzyme inactivating surface, or blocks 5-HT by
interacting with the true receptor site. The increases in S5-HT
levels which have been reported in certain tissues 151 after the
administration of LSD maybe explained in terms of this system, LSD
preferentially interacting with the inactivating sites for 5-HT

leading to a decreased rate of 5-HT metabolism.

Investigations involving 5-HT antagonists are faced with a
further complication in that the antagonists are thought to possess
a dual mode of action: <they may either compete with 5-HT.f6r
unoccupied sites, or may attack occupied sites resulting in the
replacement and release of 5-HI' from these sites. Consequently a
complex and variable state may exist with distribution and reditrid-

ution of 5-HT occurring between thé_various gites avallable.

Such complications as outlined above make the study of 5-HT
receptors & formidable task and although a variety of methods and
approaches have been designed and employed no general conclusions
have been drawn regardipg their structure. However, the information
gained in recent years has provided a general understanding of the
compiexities associated with receptor study and gives some indications
as to the direction that further investigations might take.

Analysis of the intéractions between specific 5-HI analogues and a
simple biologically responsive isolated system would seem to be one
approach of particular value in determining the structural require-

ments and hence the'general configuration of certain 5-HT receptors.
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Degpite the continued interest shown in 5-HT, little is known

42 pictorial represent-

123

concerning its site of action; Greenberg's
ation of the 5-HT receptor in the molluscan heart, as Gyermek
has already made clear, cannot be directiy accepted as a general
‘structure foxr 5-HT receptors in other species and other tissues.
Even with respect to the molluscan heart, this hypothetical
structure was based on the observations of only one compound
believed to have the optimum configuration. In an attempt to learn
more about the requirements of the 5-HT receptor, the synthesis of

a series of compounds structurally related to 5-HT was undertaken.

The intention was to prepare compounds in which the 3-ethyl-
amine side chain of the naturél tryptamines was held in wvarious
conformations. In this way, the distances between the groups
thought to be of particular biological significance (hydroxyl,
indole ring nitrogen and amine) would be fixed within fairly small
limits and a pharmacological study of such compounds should
indicate the most favourable arrangement for optimum biological ac-
tivity. Using the molecular arrangements associated with maximal
' activity as model, it should then be possible to describe the
configuration of receptor-bound 5-HT and so to draw conclusions
concerning the nature of the receptor site under investigation.
Studies with various 5-HT-sensitive preparations should also yield
information concerning the variation in requirements of receptors
of different tissues. Among the most valuable compounds for such
an investigation would seem to be the 5-HT analogues XLI-XLVI. 03¢
particular interest would be a study of the action of these compounds
on the molluscan'heart; if the structure broposed by Greenberg
actually has any real significance then the tetrahydrobenz[c,d]—
indole (XLI) should provide the best fit and exhibit maximum
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activity, while the rémaining compounds, which cannot adopt this
conformation, should be considerably less active. This should

provide a stringent test for Greenberg's proposals.

OH - 4 :
NH, HO NH, HO |
T ‘
N | N NH,
HN |
XLI XLII XLt
OH |
HOTfi:ﬂ\ . HoT:::I:ij[:%;TNHZ NH, .
HN
XLIV XLV XLVI

Like the natural substrate, 5-HT, the compounds XLI-XLVI
possess a 5-hydroxylated indole unit and a primary amino group two
carbon atoms removed from the 0(3) position of the indole gucleus.
The flexible amino-substituted ethyl side-chain of 5-HT is incorp-
6rated into a third ring which thereby severely limits the number
of conformations the side chain may adopt. Owing to the bridging

in the fused bicyclo[2,2,1] heptane derivative (XLV), the unit
corresponding to the 5-HT side chain has even greater rigidity.
Other compounds of interest but having steric relationships more
removed from those thought to be possible in 5-HT are the indole
derivatives XLVII-L. The tetrahydrobenz [c,d] indole (L) is in fact
a tryptamine analogue, while compounds XLVII-XLIX, although not
possessing a unit corresponding to the ethylamine side-chain, still
approximate to possible extreme spatial arrangements which the
functional groups of tryptamine and 5-HT might adopt at the recept-
or site. Although extreme conformations of 5-HT are generally tfo
be regarded as unfavourable they should not be completely ignored
as it is recognised that drugs may adopt normally unfavourable
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conformations on complexing with the receptor.

OH NH,
) "
. ”
HN H  NH,
v . XLvill
NH, |
NH,
- XLIX L
HN HN

The approach of employing "rigid" or "partially rigid"
analogues in attempts to elucidate the nature of receptors has been
applied to receptors other than those of 5-HT. In particular,
several such studies have been made with the acetylcholine receptor;
in this connection the work of Belleau and his co-workers76’158
using 1,3-dioxolane derivatives (see p.21) and of Smissman and

159

LaPidus and their oco-workers using substituted decalins may be

citeds Suitably substituted piperidine and morpholine derivativesl60
and aoetoxytropineslslhave also been prepared as "less flexible"
forms of acetylcholine. A further example is provided by the use

of suitably substituted cyclopentanes by Belleau and Cooper162 which
enabled them to make deductions concerning the conformation adopted

by H-(‘5-chloroethyl)—2—phenoxyethy1amine at the adrenergic receptor.

The steroid and diterpenoid skeletons have also been used for
the preparation of rigid analogues of proven drugs; bisquaternary
ammonium steroids with restricted interonium distances have been
synthesised and used in investigations aimed at determining the
importance of interonium distance in neuromuscular blocking
activity.16; The physiological activity of certain steroids, such

as oestrogens, has also been attributed to the fixed interfunctional
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group distance, and in fact a number of diterpepoids bearing

two oxygen functions at certain fixed distances also exhibit high
oestrogenic activity.165
A number of compounds, which may be regarded as less flexible

tryptamine and 5-HT analogues, are already known. These, however,

generally lack the primary amino function characteristic of trypt-

amines, the ethylamine side chain Seing incorporated into a second

heterbcyclic ring. The giosest naturally occurring cyclic analogue
of 5-HT is dehydrobufotenine, earlier thought to have the open

166 but now known to be the pyrolloquinoline

chain structure (LI)
(Lr1).}67

Hester168 to prepare the corresponding non-hydroxylated tryptamine

Revision of the structure of dehydrobufotenine prompted

analogues (LIII; R=H,CH3). Preliminary pharmacological studies

N/ |
HO CH = CHN(CHg); N&
::: :N:
H
HN RN

Ll Ll L

indicated that, like dehydrobufotenine, these compounds possess no
pronounced central nervous system effects; +the lack of information
cdncerning veripheral activities would suggest that if they do
possess such activity it is extremely weak.

Related azepino[5,4,3—c,i]indoles of general‘structure LIV
appear to possess no significant peripheral activity,169 but
stimulation of the central nervous system, at very high doses, has
been reported. Recently azepino[4,3i$—c,é}indoles of general

0

structure LV have also been reported in the patent literaturse, °
but in a consideration of tryptamine analogues these are of less

interest due to the extra methylene group separating the nitrogen
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atom from the 0(3) position of the indole nucleus. Certain of
these compounds were shown to possess tranquillising and anti-

inflammatory properties.

R4 /R3 o ' R\4 R
N : N R
2
|R5 l )
RyN R, RyN

LV v

Other compounds Having a different spatial arrangement of the
amino nitrogen and which may be considered as rigid tryptamine
analogues are the azepino [4,5-b] indoles of general structure LVI.
This structure was first described by Harley-Mason and Jackson,171
and recently the syntheses of the 8-, 9~ and 10-methoxy derivatives

have been reported in the patent literature;172

these derivatives
have been shown to have antihistaminic activity, but apparently are

without anti-5-HT or 5-HT-like properties.

Pharmacologically, the most important compounds which possess,
what has been described as, a rigid tryptamine structure are
certain of the indole alkaloids. Invariably, although the unit
which corresponds to the ethylamine side chain forms part of a
heterocyclic ring and consequently the amino funotion in these
compounds is secondary or tertiary, many do have pharmacological
properties which could result from their interfering, in some way,

with the normal functioning of 5-HT in the body, as a direct result
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of their being structurally similar to the natural substrate.
Attention has been drawn to this structural relatibnship between
5-HT and bioclogically active indole alkaloids in reviews by
Cerletti,l73 dealing with the importance of the indole structure

174

in medicine and by Woolley in his review concerning anti-

metabolites.

However, the structural resemblance between 5-HT and pharma=-
cologically active indole alkaloids cannot be the only factor
which determines the activities of the latter, as evidenced
by the often considerable quantitative changes in pharmacologioél
activity which accompany structural modifications remote from the
"t{ryptamine structure" of the alkaloid. Excellent examples of
changes in pharmacological activity with relatively minor structural
modifications may be drawn from the investigations carried out on

175

lysergic acid and its derivatives.
Pharmacological studies on the simple tryptamine-analogues
XLI-L, however, should not be complicated to the same extent as
those for the compiéx alkaloidé, and a more direct correlation
between steric orientation of the molecule and 5-HT-like activity
should be possidble. -4-Amino-l,3,4,5-tetrahyd§$2enz[c,é]indole (L)

has already been prepared by Gould and Jacobs '° and, with a

variety of other 4-substituted indoles, has been examined by Uhle

177

and Harris for anti-5-HT activity on the isolated rat uterus.

On this preparation the amino compound (L) possessed no significant
activity. This observation, together with the findings of Greenberg
concerning the steric requirements of the 5-HT receptor of the
molluscan heart, would suggest that the receptor of the rat uterus
is structurally different from that of the molluscan heart and
affords further support for the suggestion.that a variety of S—HT'

receptors exist in various tissues.
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One of the more obvious disadvantages of the use of the
compounds XLI-L in attempting {0 correlate chemical structure with
5-HT~like activity is that they are all substituted o~ to the amino
function and are either 2- or 4-substituted tryptamines. For this
reason-it might be preferable to compare their activities with those
of the 2,dl —dialkyl- and 4,A -dialkyl-S5-hydroxytryptamines. The
introduction of alkyl substituents into the 2-position of indole
derivatives is known to decrease the 5-HT-like activity, probably
by affecting the degree of approach of the indole nucleus to the
receptor surface.42 Substituents in the 4-position might also
interfere with complex formation. The effect of A-alkyl substit-
ution has been widely examined and it has been shown that while a
methyl group has little affect upon peripheral activity, larger
groups tend to decrease 5-HT-like activity%20’178 The ol-alkyl
group is also known to protect the molecule from rapid metabolic
destruction by MAO,179 and ol-methyl- and oA —ethyl-tryptamines are
in fact reversible MAO inhibitors.l8O cA -ilethyl-and ot-ethyl-5-HT,
however, do not possess this inhibitory action. The effect of the
non-hydroxylated compounds upon MAC is thought to be responsible
for the central effects observed in experimental animals. The
" inability of the hydroxylated members to induce central effects
furnishes further support for this proposal. This hypothesis has
now been critically examined by Lessin, Long and Parke8179 who
suggest that a redistridbution of 5-HT between free and bound forms
may also account for the central effects induced by ol -methyl- and
ok=ethyl-tryptamines. Another possible rsason for the central |
inactivity of A-methyl-5-HT, apart from its inability to inhibit
MAO, is that, due to its more polar nature, it might not cross the
blood brain barrier. If this is so, and it is known that this is
certainly true for 5-HT itself, then attempts to study the planned
molecules on the central nervous system could well be complicated
by the inability of the hydroxylated members of the series to pass

the blood brain barrier. The strategic introduction of a carboxyl



-48-

group onto the ch—-carbon atom of the rigid unit corresponding to
the side chain of 5-HT might, however, make the molecule acceptable
to the active transport sysfem which has been pfoposed for the

transference of 5-HTP into the brain.

Because of the current interest in LSD, ifs possible inter-
ference with body 5-HT, and its influence upon the structure prop;
osed by Greenberg for the 5-HT receptor, it was decided to commence
synthetic work by examining approaches to the structurally related
tetrahydrobenz[c,d]indole compounds. Two basic approaches to the
syntheses of these derivatives were available: +the first using a
suitably substituted naphthalene or tetralin derivative onto which
is built the pyrrole ring of the indole system; and the second, in
which a preformed indole derivative is cyclised to form the third
ring of the tricyclic structure. Both of these approaches were
developed during attempts to synthesise LSD. The work in this
field has been reviewed by Stoll °T and by Glenn'? and many
pertinent references are included in the paper by Woodward and his
co-—workersl83 which reports the first total synthesis of lysergic
acid. This successful synthesis of lysergic acid employed the

second of the synthetic approaches to the tricyclic system.

Various benz[c,d]-indoles, -dihydroindoles and-oxindoles
have been prepared by cyclisation of substituted naphthalenes but
disubstituted benz[c,d]indoles possessing one substituent in each

of the six membered rings do not appear to have been prepared.

Successful syntheses of the required tricyclic system by
cyclisation of suitably substituted indole derivatives include
those of UhlelB4 using a Dieckmann type condensation with certain
p—(4-carboxyindol—3-yl)-propionic acid derivatives; of Plieninger

using a similar reaction on diethyl indole-3,4-diacetate, and of
186

Szmuszkovicz using substituted indol-3-yl-succinic anhydrides.

185
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Uhle, however, found that cyclisation of @-(indol-3-yl)-propionic
acid derivatives possessing substituenis in the side chain led to
the formation of naphthalene derivativeé instead of the required
tetrahydrobenz[é,é]indole structuﬁe. Cyclisation of other 3-subs-
tituted indole derivatives has also been studied by Plieninger].'s7
Direct ring closure of g;-(indol—3—y1)—propionic acid into the 4-
position has also been attempied,but a low yield of 3-oxo-1,2,3,4-
tetrahydrocyclopent [b] indole was isolated resulting from closure
into the 2~ posi'bion.l 8 A similar attempt was made using the 5-
methoxy derivative but this also resulted in intramolecular acyla-
tibn to give the corresponding tetrahydrocyclopent[ﬁ]indole.189

It is essential therefore to protect the 2- position from substit-
ution in these reactions if 4-substitution is to be achieved.

This was accomplished by Mann and Tetlow19o using p‘-(l,z-dimethyl—

5-methoxyindol-3—yl)propionic acid which, on cyclisation, gave the
183

required tetrahydrobenz[b,i]indole. Woodward and his co-workers,
in their synthesis of lysergic acid, protected the indole system

by hydrogenation of the C double bond followed by N-benzoylation.

(2,3)

Synthesis of Derivatives of Benzlb,d]indole

After consideration of the possible routes and the availability
of starting materials, the approach reported by Woodward and his
183

co-workers in their synthesis of lysergic acid was selected as
the general route to be used in the present work for securing the
required tricyclic structure. Thus P -(indol-~3-yl)-propionic acid
and its S5-methoxy derivative were used as starting materials for
the non-=hydroxylated and the hydroxylated compounds respectively.
Attention was first directed ftowards the tetrahydrobenz[?,é]-
indoles XLIX and L as these, it was considered, would function as
model compounds for the corresponding hydroxy analogues XLVII and
XLI which would be obtained'from the less readily available p—(S-

methoxy-indol-3-yl)~propionic acid.
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To prevent the propionic acid side chain cyclising onto‘C(z),

the 0(2 3) double bond was hydrogenated; +the secondary amino group
y _

was protected by N-benzoylation. Hydrogenation was effected by a

183

modification of Woodwards method; using an aqueous basic solution
of the acid and Raﬁey nickel cafalyst the hydrogenation proceded
smoothly at room temperature and atmospheric pressure and the required
indoline was isolated in good yield. [3-(Indol—3-y1)—propionic acid
(LVII) of high purity was found to be necessary for this hydrogen-
ation to proceed smoothly; all commercially available starting
material was therefore recrystallised from water before use. The
reduced acid was not further purified but benzoylated directly

using the Schotten-Baumann procedure.

: CHCH,COOH ‘ ‘ CH,CH, COOH
N N '

H COC¢Hs \L
vl LVill

O
I

0
. il : ‘
|
" HN HN! | c6H_=,c0N5
LX LIX

Xl

NOH NH,
HN HN
LXIL XLIX

Fig. 6

The N-benzoyl derivative (LVIII) was converted into the acid
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chloride and cyclised by an intramolecular Friedel-Crafts acylation
using anhydrous aluminium chloride. Slightly higher yields of the
cyclic ketone (LIX) were obtained from reactions carried out at O:
Hydrolysis of the N-benzoyl function in LIX was effected by reflux-
ing in a mixture of glacial ecetic acid and hydrochloric acid as
described by Woodward and his co—workers;183 the hexahydrobenz[c,ﬂ -
indole (LX) thus obtained was dehydrogenated to the corresponding
indole (LXI) using 10% palladium on charcoal gn refluxing p-oymene
1383 -

as described by Woodward and his co-workers, or active maﬁganese
‘dioxide in methylene chloride at room temperature according to the
method of Jansen, Johnson and Surtees.l”t The oxime (LXII),
prepared from this ketone by {freatment with hydroxylamine hydro-
chloride and sodium acetate in agueous ethanol, was reduced to the
required amine (XLIX) using lithium aluminium hydride. The
reaction was incomplete when carried out in diethyl ether but in
tetrahydrofuran it proceded smoothly and rapidly to‘yield an un-—
stable basic product. The unstable nature of this free amine
appeared to be largely dependent upon the presence of impurities as,
on continued recrystallisation, a sample of the pure amine was
obtained which, although being rather sensitive to air, was consid-
erably more stable than the original crude reaction product. Its
hydrochloride, formed in ether by treatment with hydrogen chloride,
was equally unstable. The preparation of other derivatives such

as acetate and benzoate also led to appreciable decomposition.
Owing to the difficulties associated with the isolation and purif-

ication of this amine the yield for the reduction was only 8%.

Although the 4-aminotetrahydrobenz[c,d)indole (L) had been
‘ 176

synthésised earlier by Gould and Jacobs via the aminonaphtho-
sfyril, an investigetion into the possibility of using the tri-
cyclic ketone (LIX) for its preparation was considered worthwhile;

if successful, this approach would almost certainly be applicable
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to the synthesis of the 6-hydroxy derivative (XLI) from the corres-
ponding 6-methoxytricyclic ketone. The route which appeared to be
most convenient and most likely to meet with success is shown in
Fig. 7. Although this approach involves many stages, all of the
earlier reactions of the sequence have been reported in the liter-
atur6183 as giving good yields, and the 1éter stages appeared to -
be a simple extension of the procedure outlined in the synthesis

of the corresponding 5-amino compound (XLIX). The only reservation
concerning this route was the possibility of a poor yield in the

final conversion of oxime to amine after so many stages.

ﬁ OH Br

C,Hs CON CyHsCON CeH5CON
LIX X LXIV l

CeH5CON C,HgCON CoHg CON
XVl 1XV1 o LXV
Fig. 7

Conversion of the 5-oxo-hexahydrobenz[},é}indole (LIX) into
the 4-oxo compound (LXVII) was undertaken, howevey and reduction
of LIX using sodium borohydride furnished the corresponding 5-
hydroxy compound (LXIII) which was then converted into the 5-bromo
Corivative (LXIV) by the action of phosphorous tribromide;
subsequent elimination of hydrogen bromide in 2,6-lutidene

afforded the tetrahydrobenz[e,dlindole (LXV). On treatment with
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perbenzoic acid this unsaturated compound gave the epoxide (LXVI)
which on cleavage with magnesium bromide gave the required 4-oxo-
material (LXVII) in good yield.

Hydrolysis of the amide function in LXVII was not possible
employing the conditions described for the 5-0xo compound (LIX):
a high melting polymeric solid, resulting from decomposition, was
the major product isolated. Other acidic and basic procedures
commonly employed for the hydrolysis of amides were also applied
but were similarly found to be unsuitable. Hydrolyses attempted
on the derived oxime (LXVIII) were also unsatisfactory. Resort was
therefore made to the original procedure employed for the 5-oxo
compound; the reaction conditions of this hydrolysis were modified;
and by excluding oxygen from the reaction mixture and the product
during its isolation, the required hexahydrobenz [c,d]indole (LXIX)

was obtained in 40% yield. The sensitivity of this compound to

_——>—

C4Hs CON HN HN

LXViI ILXIX 1LXX

_NOH NOH _NOH
_—

CeHsCON HN HN

LXVII LXXI / LXXH

NH2
HN
L

fig. 8
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oxygen and its instablility in solution prevented its successful
recrystallisation. Attempts to dehydrogenate it directly to the
corresponding indole (LXX) similarly failed; starting material
was recovered, along with decomposition products, after treatment
with manganese dioxide and methylene chloride at room temperature,
while with identical reagents at elevated temperatures the only
chloroform soluble product appeared to lack a carbonyl function
and was not indolic. The infrared spectra of the products from
attempted palladium-on~carbon induced dehydrogenations indicated
that although the keto function was retained no indolic material
was formed. The difficulties associated with this dehydrogenation

192

are consistent with the work of Grob and his co-workers who
attempted to prepare the N-acetyl derivative (LXXIII) of this

: éompound from the tetralone (LXXIV); +this resulted in the form-
ation of an amorphous solid, oxidation products and the naphthalene

derivative (LXXV).

—

CH (OCsz)i
CH3CON CH3CONH  COOH CH4CON
LXXIII IXX1V LEXV
fig.9

Conversion of the 4-oxobenz[c,d}indoline (LXIX) into the
oxime (LXXI) was achieved by treating the oxo compound with an
aqueous ethanolic solution of hydroxylamine hydrochloride and
sodium acetate in an atmosphere of nitrogen. The product was
stable and easily recrystallised but, due to its hygroscopic
nature, some initial difficulties were experienced in its analysis.
Attempts to convert this, in an acceptable yield into the corres-
ponding indole by dehydrogenation weré, however, unsatisfactory.

Although the infrared spectrum was consistent with the required
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oximino indole (LXXII) (N max. 3580, 3480, 3260, 1620, 1600cm.-l)
only traces of an unstable crystalline solid were isolated, the

main product being a high melting amorphous solid. Reduction of

this impure product, after removal of amorphous material, in
tetrahydrofuran using lithium aluminium hydride gave an equally
unstable non-crystalline residue (V max. 3480, 3300, 1620, 16OOcm.-1).
The reluctance of this amine to c¢rystallise, particularly in the
presence of the impurities, has a parallel in the work of Gould

176

and Jacobs who were unable to obtain it in a crystalline form
from a pure precursor. Conversion into the hydrochloride by treat-
ment with hydrogen chloride in benzene-ether solution, however,
gave a crystalline solid insufficient for full characterisation,
but having a melting point close to that recorded in the literature
for a specimen prepared from 4-—aminonaphthostyril by Gould and
Jacobs. The infrared spectrum of the N-acetyl derivative V max.
3480, 3430, 1660, '.1.600c:m.-1 (see fig. 12) also gave a clear
indication that the material isolated from the reduction was in

fact the required amine (L).

The difficulties encountered in the above approach, their
detrimental effect upon the overall yield, and the limited supply
of p—(5-methoxyindol—3—y1)-propionic acid, together made an
alternative and more efficient route to the 4-amino compound a
necessity if it was to be used in the synthesis of the correspond-
ing 6-hydroxy compound (XLI). With the successful synthesis of the
required tricyclic system possessing a 5-oxo function completed, .
an obvious second approach was the introduction of a suitable
substituent on the active methylene group adjacent to the keto
group. Bromination of 5-oxo-hexshydrobenz[c,d]indole (LIX) using
pyridine bromide perbromide gave the 4-bromo derivative (LXXVI)
as reported by Woodward and his co—workers.183 However, attempts

to replace this bromine atom by a dimethylamino function to give
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the dimethylamino-ketone (LXXVIII) were unsuccessful; under a
variety of conditions a proauct lacking ketonic absorption was
obtained. By analogy with the observations of Woodward and his
co-workers, working with the same bromo-ketone (LXXVI) and methyl-
amine, this product was assumed to result from aromatisation of
the second six membered ring to give the naphthalene derivative
(LXXVII).

0
1 Br
_—q

LIX : o LXXVI

l N(CH3),
N(CH,), OO N(CHs),
 CgH5CON CgHsCON
LXXV11 : LXXVYil

fig- 10

The rearrangement of tetra- and hexahydrobenz[c,d]indoles
into the corresponding naphthalene derivatives has hindered many
attempted synthesés of lysergic acid. It has been discussed in
183

some detall by Grob and Payot, 193 Woodward and his co-workers,

and by Cohen, Heath-Brown and Rees. 154

Investigations into the possibility of using the bromo-
ketone (LXXVI) as an intermediate in the proposed synthesis were
then discontinued, largely on account of the apparently formidable
task of determining the exact conditions for the replacement of
bromine by an amino function. Moreover, conversion of thé key
amino~ketone (LXXVIII) into the N,N-dimethyl derivative of the



-57-

required amine (L) still involved several stages including
indolisation. The possibility of introducing other suitable
substituents, such as a nitro group, onto the o - position of the
keto function was also examined but found to be equally unsatis-

factory.

An approach using the known acetamido-ketone (LXXIX) was
therefore examined; +this compound, which can be converted in two
stages into the required amine -~ namely reduction of the oxo
function and hydrolysis df the N-acetyl group -~ was firsf prepared

195 and has the apparent advantage

by Stoll and his co-workers,
that it already possesses the indole system. Although this was
considered to be an advantage at the time, subsequent experimental
work showed that reactions carried out on the unprotected tetra-
hydrobenz[c,d]indole system frequently lead to the formation of
complicated mixtures, probably érising from oxidation and general
decomposition. The oxé-tetrahydrobenz[c,d]indole (LXI) was nitro-
'sylated with amyl nitrite in the presence of potassium t-butoxide,
the product reduced with zinc and acetic acid, and the amine thus
generated acetylated in situ with acetic anhydride to give the
required product (LXXIX). The starting material and reagents fof
this reaction were carefully purified and the reaction conditions
described in the literature exactly duplicated. The yield of
product, however, was a fraction of that feported and although this
reaction was repeated several times and minor modifications made
to the procedure, no significant increase in yield could be achieved.
The melting point of the product was also significantly lower than
that reported but the authenticity of this material was verified
by analysis and by the preparation of the p-nitrophenylhydrazone,
which had the melting point reported in tﬁg literature.l95
Removal of the keto function was next considered: +the Wolff

Kishner reaction was unsuitable as, under the strongly basic
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o Q .
NHCOGCH,
o — g
HN : HN l
lLXl : : ‘ \LLXXIX
| NHCOCH,
HN | ; | HN |
LXXX1 LXXK
fig. 11

conditions of the reaction, hydrolysis of the N-acetyl function
would almost certainly occur with the resultant liberation of the

labile free ©l-amino-ketons. Although reduction of the indole C(z 3)
’

double bond,196 and elimination of the amide group;97»are both
possible side reactions, the Clemmensen reductiop was considered a
more favourable approach to the acetyl derivative (LXXX) of the
required amine. Should hydralysis of the N-acetyl function occur
under these conditions, then the more stable amino-ketone hydro-

183

chloride would result (see Woodward and his co-workers, and

Stoll, Rutschmann and Petrzilka195). In order to establish whether

the 0(2 3)
b
of the Clemmensen reaction, experiments using 5-oxo-l,3,4,5-tetra-

double bond would suffer reduction under the conditions

hydrobenz{c,d]indole (LXI) as a model compound were first under-
taken. 1,3,4,5-Tetrahydrobenz[c,d]indole (LXXXI) was obtained in
good yield, although there was infrared evidence (V max. 33800m.-1)

for a small amount of C double bond reduction. Reduction in

(2,3)
the indole ring was confirmed by the further reduction of the

tetrahydro product (LXXXI) to the hexahydro derivative by prolonged
reaction, and also by the reduction of indole and tetrahydrocarba-

zole under similar conditions.
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The reaction was then carried out on the acetamido-ketone
(LXXIX) employing the optimum conditions described. Various un-
successful attempts were made to purify and crystallise the
resulting product. The infrared spectrum of this material retain-
ed the absorption maximum at,1660cm.“l, which in the starting
material was attribu@ed to the N-acetyl carbonyl stretching, but
lacked the higher frequency shoulder attributed %o the 5-oxo
function, which indicated that although the material retained the
N-acetyl function the keto group had been removed. Additional
evidence came from the fact that, in contrast to the starting
maferial, the product did not form an oxime. A change in absorp-
tion frequency of the N~H of the amide function was also observed.
In the acetylamino-ketone (LXXIX) this absorption occurred at
3400cm.-1 whereas in the product the corresponding absorption was
za.t'3430cm."1 The lower frequency N-H absorption observed in the
acetylamino-ketone (LXXIX) could result simply from the presence
of the adjacent keto function or possibly from intramolecular
hydrogen bonding between the keto group and the hydrogen atom of
the amide function. In either case removal of the keto group
would be expected 1o result in a change in the absorption frequency
of the N-H group. A comparison of the infrared spectrum of the
impure LXXX with that of the acetyl derivative of the impure 4-
amino-1,3,4,S-tetrahydrobenz[c,d]indole (L) prepared from the
oxime (LXXII) showed that they were very similar (see fig. 12).

It was therefore concluded that the Clemmensen reduction had given

rige to the acetyl derivative of the required amine (L).

While this work was in progress, Sprenger, Cannon and
Koellingl98're§orted their failure to convert the aminotetralone
hydrochloride (LXXXII) into the aminotetralin (LXXXIII) by a

Clemmensen reduction. These workers obtained none of the required

product but isolated the rearranged naphthalene derivative (LXXXIV)
and the deaminated tetralin (LXXXV). Similar results were obtained
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on the simpler non-methoxylated aminotetralone hydrochloride. No

- mechanism was proposed for the formation of these products but it

would appear that in our case the N-acetyl funmction or the indole
nucleus markedly protects the acetylamino-ketone (LXXIX) from
similar deamination and rearrangement. Partial hydrolysis of the
N-acetyl function, followed by the rearrangementis analogous to
those described abqve, however, might be responsible for the diff-
iculties encountered in obtaining the p:oduot in a orystalline form.

OCHa OCH;,
CHz0 CH30
NHzHCI | NH,
o
LYXXXII J, LXXKII
OCH;3 | ' OCHjy
CH,0 i i CH30
NH, |
LXXXIV LXXXV
fig- 13

Although insertion of the acetylamino group o4 to the keto
function proceded in low yield, and the Clemmensen reduction gave
a non-orystalline product, it was considered that the sequence was
capable of application to the synthesis of the 6-hydroxy analogue.
The most attractive feature of the route lay in the fact that 4-
amino-6-hydroxy —1,3,4,5-tetrahydrobenz [c,d]indole (XLI) would be
only two stages removed from é-hydroxy-5-oxo-l,3,4,5-tetrahydro-
venz [c,d)indole (CIX) which would be a useful intermediate for the
synthesis of 5—amino-6-hydroxy-1,3,4,S-tetrahydrobenz[c,d]indole
(XLVII). However, as 4-amino—1,3,4,S—tetrahydrobenz[c,d]indole (L)
had been prepared earlier by Gould and Jacobs,176 and the present
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investigations as Jjust described had served their purpose in open-
ing up a possible route for the synthesis of the more important 6-
hydroxy analogue, further attempts to more fully characterise the

4-amino compound (L) were not undertaken.

The preparation of the corresponding 6-hydroxytetrahydrobeng-—
[c',d]indoles w/as initiated by examining the routes available for
the synthesis of p -(5-methoxyindol-3-yl)-propionic acid (XCII).
5-Methoxyindole (XCI), prepared sccording to the methods of
nglsch199 and of Blaikie and Perkin200 as shown in fig. 14, was
initially chosen as the starting material and its conversion into
the required 3-propionic acid examined. The literature methods for
the preparation of p-(indol-3-yl)-propionic acid from indole, using

acrylic aoid201 and propiolactonezo2 were first employed; S-methoxy-

indole (XCI) was heated under reflux with acrylic acid in a mixture
of acetic acid and acetic anhydride and a satisfactory yield of

HO CH, HO CHy CHyO CHy
U — . —
: NO, NO,

XXXV | LXXXVI LRXXXVIN l
CH;0. : CH,0, : CH,COCOOH
N~ COOH NO, A
H
Xc ' LYXXXIX
. CH,0 CH40 CH,CH,COOH -
N N '
H H
Xcl ‘ o Xcll -

fig. 14
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the propionio acid (XCII) was obtained. The method using propio-
laotone was less satisfactory and, although the infrared'spectrum
of the product was as expected for the required product, no p-(5-
methoxyindol-3-yl)-propionic acid was obtained in a crystalline
form. These methods were, howevef, discarded in favour of the

more efficient route initially described by Barret, Perkin and

Rbbinson,203 and later modified by Renson189 (see fig. 15)s

OCH,

' CH30
%.
~ COOC,Hs NHN=C - (CH,)3co0H

NZOH COOC2H5

Xclil Xciv \l, Xcy
C: ::COOH : _ N co0C,H;
Xcvil . Xevi o
CP%Q ::: CH,CH,COOH
. N
fig. 15 H Xcil

p-methoxyﬁhenyldiazonium hydroxide (XCIII) was condensed with ethyl
E;oxo-cyclopentane6arboxylate (XCIV), prepared from diethyl adipate
by a Dieckmann reaction,204
(XCV). Cyclisation of this hydrazone to the indole derivative (XCVI),
followed by hydrolysis to the di-acid (XCVII) and subsequent de-

carboxylation, gave the required p -(5-methoxyindol-3-yl)-propionic

to give the p-methoxyphenylhydrazone -»

acid (XCII). The formation of the phenylhydrazone was carried out
at O and necessitated the slow addition of the diazo and the ethyl
2-oxo-~cyclopentanecarboxylate solutions toia gsodium acetate solution
at 0. An efficient method of transference with effective cooling
was therefore devised which led to high yields of the meethpxy-
phenylbydrazone (XCV). B



-64-

Shortly after the completion of this stage of the work, what
appears to be a simpler synthesis of the methyl ester of ﬁ-&S—‘
methoxyindol-3-yl)-propionic acid was reported in the patent lit-
eratura.205 p-Methoxyphenylhydrazine is condensed with methyl 3-
formylbutyraf; in methanol containing sodium acetate, and the
product treated with methanol containing hydrogen chloride.

Hydrogenation of (3-(5~methoxyindol-3~y1)—propionio acid could
not be achieved employing the conditions previously reported for
the reduction of the 0(2’3) double bond in the corresponding un-
substituted indolepropionic acid; . even at elevated temperature
and pressure, no reduced material was isoclated. Attempts weie
therefore made to hydrogenate the corresponding methyl ester by
the procedure originally described by Blout and Robinson206 for
the conversion of methyl f -(indol-3-yl)-propionate to its indoline
derivative. The hydrogenation was carried out in methanol contain-
ing a trace of acid with platinum oxide as catalyst. Hydrogen up-
take was rapid, even at room temperafure and atmospherié pressure,
and continued with no apparent break until well in excess of -one

mole of hydrogen had been absorbed (see fig. 16). Although some
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of the required material was isolated in low yield as the N-
benzoyl derivative (XCIX), unchanged starting material was also
recovered, indicating that reduction was also taking place at

other centres. It was apparent that unless a more efficient

method of hydrogenation could be found, the syntheses of the two

- required hydroxy-amino compounds could not be achieved economically
by this approach. A detailed study of this bhydrogenation was |
therefore carried out. Catalytic reductions of the free acid, as
well as of the derived methyl and ethyl esters were examined, in
aqueous basic, and acidic and neutral alcoholic solutions, using
Raney nickel, platinum oxide, palladium on carbon, and rhodium on
carbon as the catalysts. Raney nickel and pelladium on ocarbon
proved insufficiently active, and the hydrogenation proceeded only
at a very low rate. Rhodium on carbon, although inducing a rapid
hydrogen uptake, brought about unselective hydrogenation. Platinum
oxide appeared most efficient for the required reduction and the
optimum conditions appeared to be those already desoribed by Blout
and Robinson. However, during the course of this work, Smith and
U’cley207 reported the smooth reduction of indole,3-methylindole.
and various tetrahydrocarbazoles to the corresponding indoline der-
ivatives by hydrogenation at room temperature and atmospheric
pressure using platinum oxide catalyst in ethanol and fluoroboric
acid. This system was therefore applied to the hydrogenation of

p -(5-methoxyindol-3-yl)-propionic acid; although it was rather
unsatisfactory for the free acid, the ethyl ester (XCVIII) was
smoothly and rapidly reduced. Only one mole of hydrogen was con~
sumed (see fig. 17) and a reproducible high yield of the required
indolinepropionic ester was isolated. This was directly hydrolysed
in aqueous sodium hydroxide to the free acid which was N-benzoylated
in situ using the Schotten-Baumann procedure to give B -(1-benzoyl-
5-methoxyindolin-3-yl)-propionio acid (XCIX) in a reproducidle
yield of 62f. It is of interest that after this work was completed,
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the preparation of f -(l-benzoyl-5-methoxyindolin-3-yl)-propionio

acid, along with various other derivatives was reported in the

205

hydrogenation of methyl p-(l-benzoyl-s-methoxyindol-3-y1)-propion-

patent literature using particuiarly forcing conditions involving

ate in methanol with Raney nickel as catalyst at 222 atmospheres
for 48 hr. It is apparent therefore that the conditions described

in the present work represent a much simpler procedure.

CH30 CHZCHz COOH CH30 CH,_CHZCOOCZHS

H H
Xcil Xcvin
cHo O OH O A
CH3l CHZ0 CH,CH, COOH
= -~
AlCl,
| )
C4HCON C,HsCON COC,Hs |
clt / c i Jlxclx
OH NOH CH3CO0 |

1

o o
C6H5CON§ C4HsCON C6H5CON§
c ci LIX

fig. 18

B -(1-Benzoyl-5-methoxyindolin-3-yl)-propionic acid (XCIX) was
then converted into its acid chloride by treatment with thionyl
chloride, and cyclised by an intramolecular Friedel-Crafts acylatioﬁ
using an analogous procedure to that described above for the cyclis-
ation of f3-(l-benzoylindolin-3~yl)-propionic acid (see p. 51).

The major product was not the 6-methoxy compound (CIII), but was in
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fact l-benzoyl-6-hydroxy—5-oxo-1,2,2a,3,4,5-hexahydrobenzl};d]-
indole (C). This was characterised as the oxime (CI), prepared
using hydroxylamine hydrochloride and sodium acetate in aqueous
ethanolic solution, and as the O-acetyl derivative (CII) which was

formed in pyridine by the action of acetyl chloride.

Cleavage of the O-alkyl bond, as observed during this cyolis=-
1905208 4 1ing Friedel-Crafts

reactions which involve substitution of the acyl group ortho to

ation, is frequently encountered

the alkoxy group. Dealkylation of ethers in general under acid
conditions is well documented and requires no further discussion,
but the possidle facilitation of this reaction by an adjacent oxo
function during an aluminium chloride catalysed reaction deserves
some comment. Although aluminium chloride is also known to be
capable of demethylatingzo9

functions, the conditions necessary for this process are generally

methoxyl groups remote from ketonic

more severe than those employed in the cyclisation of the acid
chloride of XCIX. It was of interest therefore to determine whether
the neighbouring oxo function formed in the cyclisation was crit-
ically influenc¢ing the demethylafion of the 6-methoxy group, or
whether the methoxylgrqﬁp was itself sufficiently labile to suffer
'cleavage before cyclisation. For this purpose both the methoxy-
ketone (CIII) (prepared by the action of methyl iodide on the éorr-
esponding hydroxy-ketone (C) under the influence of sodium ethoxide)
and p -(1l-benzoyl-5-methoxyindolin-3-yl)-propionic acid (XCIX) were
each separately subjected to the conditions under which the acid
chloride of ﬁ'—(1-benzoyl-S-methoxyindolin—3-y1)-propionic acid
(XCIX) had been cyclised. On examination of the respective products,
the methoxy-ketone (CIII) was found to have undergone 40% cleavage
to the corresponding phenol (C) whereas the methoxyindolinpropionic
acid (XCIX) was recovered unchanged. These observations would
inhdicate that the demethylation occurs during or after cyclisation

and not pfibrvto cyclisation. The lower yield of hydroxy-ketone (C)
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isolated from the model reaction on the methoxy-ketone (CIII) as
compared with that isolated from the cyclisation of p —(1-benzoyl-
5-methoxyindolin-3-yl)-propionyl chloride could be explained if
the process of cyclisation (attack on the indole 4-position by the
acylium ion) was, in some way, assisting demethylation of the
neighbouring methoxyl group. Thus with this extra driving force
being absent in the preformed methoxy-ketone (CIII), a lower rate
of demethylation of this compound would be expeoted. However, a
simpler and more feasible explanation for the difference in demeth-
ylation yields is that the acid chloride df XCIX is more freely'
soluble, and also is more reaotive towards aluminium chloride than
is the methoxy-ketone (CIII).

Possibly related to these demethylation reactions are those
recently reportedZIO for the structurally similar methoxy-ketones
of the type CIV, which on treatment with boron trichloride yield
the corresponding phenols. It has been proposed that boron tri-
chloride forms a cyclic complex (CV) involving the keto function,
and this assists demethylation to give the hydroxy-ketone (CVII).‘
The similar electronic configuration of boron trichloride and
aluminium trichloride and their similar acceptor properties would
suggest that a scheme analogous to that shown in fig. 19 might .
possibly be operative with aluminium chloride. This would account

O~-CHj O\Bc|2 OBCl;z O-H
—_—> —_— }
c” c?

] )
CH3 CHjy

cIv S CV eyl cvil

fig. 19
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for the facilitated demethylation observed in the methoxy-ketone
(CIII) and similarly in the cyclisation product of f# =(1-benzoyl-
S-methoxyindolin-3-yl)-propionyl chloride. ' ‘

The second product, isolated in low yield, from the cyclisation
of the acid chloride of B ~(l-benzoyl-5-methoxyindolin-3-yl)-propion-
ic acid (XCIX) was the demethoxylated compound l-benzoyl-5-0xo-l,2,-—
2a,3,4,5-hexahydrobenz [c,d)indole (LIX), identical in all respects
with an authentic sample prepared as described on p. 51. Although
cleavage of an O-alkyl bond of ethers is commonly encountered during
Friedel-Crafts reactions the formation of the demethoxylated material
LIX, resulting from O-aryl cleavage, is difficult to rationalise. '
Recently W. Schafer and Leute211 bave reported that acetylation of
1,2,4,5-tetramethoxybenzene results in the formation of 2,4,5-tri-
methoxyacetophenone but although a methoxy group is lost during this
reaction it is by replacement rather than by a simple O-aryl bond

cleavage.

" The intramolecular hydrogen bonding which is reported19o to
exist in 6-hydroxy-5—oxo-1,2-dimethyl-1,3,4,5-tetrahydrobenz[o,d]-
indole was observed in the hydroxy-ketone (C). The infrared spec-
trum of this material in chloroform possessed no absorption above
3200 cm.”, indicating that the O-H stretching frequency had been
significantly lowered. Moreover, the absorption due to the carbonyl
stretching mode of the 5-keto group was lowered to 1660 cm.—l as com-
pared with that at 1680 cm.-l observed in the non-hydroxylated mater-
ial (LIX). Methylation, acetylation or benzylation yielded products,
the infrared spectra of which indicated that hydrogen bonding had
been destroyed and the keto absorption frequency was increased to
1670 em.”l  Further evidence for the existence of hydrogen bonding was
furnished by the difficulties experienced in methylating or benzylating
the 6-hydroxyl group. This finding is consistent with those of liann and .
Tetlowlgo who obtained only 30% methylation of 6—hydroxy-5-oxof-
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1,2-dimethy1-l,3,4,5-tatrahydrobenz{c,d]indole, and of Hunt and
Rickard212 who found l-acetyl-T-hydroxyindoline considerably more
difficult to methylate than the corresponding 5- or f6-hydroxy der-
ivatives; this they attributed to hydrogen bonding between the T-= '

hydroxyl and the carbonyl of the N-acetyl function.

The hydroxy-ketone (C) was debenzoylated by treatment with a
mixture of acetic acid and hydrochloric acid and the resulting
indoline derivative (CVIII) dehydrogenated in good yield to the
. corresponding indole (CIX) by means of manganese dioxide in methy-
lene chloride. The increase in conjugation resulting from dehydrog-
enation lowered the frequency of the 5-carbonyl stretching absorp-
tion still furthef,to 1640cm.-l A similar, though less marked,
decrease in frequency was observed on debenzoylation and aromatis-
ation of l-benzoyl—s-oxo—l,2,2a,3,4,5—hexahydrobenz[c,d]indole (LIX);
the absorption due to the keto function of the starting material
appears at 16800[11.-1 whereas the corresponding absorption in 5-oxo-
1,3,4,54tetrahydrobenz c,d]indole (LXI) occurs at 167Ocm.-1 It is
to be noted that where the keto function is not in conjugation with
the aromatic system, as in l-benzoyl-4-oxo-l,2,22,3,4,5-hexahydro-

benz[c,d]indole (LXVII), absorption occurs at a frequency of 1700cm..-1
OH O "~ OH Cl) OH O
— — (O

CbHSCON HN HN ‘

o cVII 1\cn&
OH NH, | OH NOH / , o)

S el
HN HN "HN
XLVl X LX

fig. 20
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The tricyclic indole (CIX)}was converted into the oxime (CX),
using hydroxylamine hydrochloride and sodium acetate in aqueous-
ethanol, and the product was reduced to the required amine (XLVII)
with lithium aluminium hydride in tetrahydrofuran. The inter-
mediate compounds C ; CX proved stable and no special precautions
were required during their preparation. The amine (XLVII), how-
ever, was extremely unstable in the presence of oxygen and the
reduction and the isolation of the product were therefore carried
out under nitrogen. As it was not possible to recrystallise this
amine without considerable decomposition, it was converted into
the more stable hydrochloride by treatment with hydrogen chloride
in a mixture of benzene and ether under nitrogen. Undexr the
acidic conditions of formation this hydrochloride was also un-
stable, but when pure it was considerably less labile. The preocip-
itated hydrochloride was freed from excess hydrogen chloride by
repeated centrifugation and decantation using sodium-dried ether.
The hydrochloride was dried in a stream of nitrogen and recryst-
allised from ethanol to give colourless cubic crystals of 5-amino-
6-hydroxy-1,3,4,5-tetrahydrobens [c,d]indole (XLVII) hydrochloride.
The crystals quickly darkened and decomposed on heating so that no
melting point for this material could be recorded. Analyses of
the hydrochloride were inconsistent and véried considerably ace— -
ording to the time and temperature of drying, and to the time of
analysis. This was attributed to a slow oxidation of the mater-
ial in the air. Attempts to isolate stable derivatives, such as
the 0,N-diacetyl and Q,N-dibenzoyl compounds, for analysis were

unsuccessful.

In an attempt to simplify the reaction sequsence leading to
6-hydroxy—5—oxo—1,3,4,S-tetrahydrobenz[c,d]indole (CIX), the
simultaneous hydroxylation and dehydrogenation of the'correspondQ
ing non-hydroxylated indoline (LX) was examined. This approach.
to 5-hydroxyindoles has been developed and widely employed by |
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213

Teuber who has successfully hydroxylated and indolised dihydro-

skatole, 2-phenylindoline and a variety of other indolines using .
Fremy% salt. This method has also been used for the preparation214
of what was thought to be l2-hydroxylysergic acid from 2,3-dihydro-
lysergic acid. Although this method proved successful when applied
to the indoline (LX), converting it into 6-hydroxy-5-o0xo-l,3,4,5-
tetrahydrobenz[c,d]indole (CIX), the yield was too low to make the
method of practical application. The conditions of the reaction
were modified within small limits and the reaction times widely
varied in an attempt to improve the yield-but without success. The
protected indoline, l-benzoyl-5—0x0-1,2,2&,3,4,5-hexahydrobenz[c,d]-
indole (LIX), was also treated with Fremy% salt but only unchanged

starting material was isolated.

A most valuable intermediate for the preparation of 4—amino—.
6-hydroxy-l,3,4,S-tetrahydrobenz[b,d]indole (XLI) would be the
hydroxy-ketone (CXI); +the 4-keto-indoline (LXIX) and the oxime
 (LXXI)(see p.54) were therefore both treated with Fremys salt in
an attempt to prepare this materiel, or better the oxime (CXII),
but without success. Both chemical and spectral evidence indicated
that the major product ¢f the reactions was starting material con-
taminated with various decomposition products. No material poss—
essing absorption in the infrared attributable to an indolic N-H

was isolated.

OH . OH
.0 | _NOH
HN HN
cx1 X

Because hydroxylation of the indoline (LXIX) or the correspond-

ing oxime (LXXI) was not possible under the conditions employed,
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attention was concentrated upon the direct nitrosylation of 6-
hydroxyas-oxo-l,3,4,5-tetrahydrobenz[c,d]indole (CIX). The
product of nitrosylation, after reduction to the K-amino-ketone
hydrochloride, diacetylation, and removal of the 5-oxo function
should, in theory, furnish the diacetyl derivative of the required
4-amino—6-hydroxy—l,3,4,S—tetrahydrobenz[c,dJindole (XLI). Before
examining the nitrosylation stage, trial Clemmensen reductions
were conducted using 6-hydroxy—5—ozo-l,3,4,5-tetrahydrobenz[c,d]-
indole (CIX) as a model compound to ensure that the hydrogen
bonded 5~oxo function could be preferentially reduced without the
(2,3) double bond.
Conditions similar to those employed for the reduction of the non-
hydroxylated material (LXI) gave the required 6~hydroxy-l,3,4,5-
tetrahydrobenz[c,d)indole (CKIII)*'? in 50% yield. Thus the intra~

molecular hydrogen bonding in the starting materiasl did not appar-

simulataneous reduction of the indolic C

ently have any significant effect upon the rate of reduction of

the 5-oxo-~function.

Attempts to introduce the acetylamino group adjacent to the
oxo function of the hydroxy-ketone (CIX) resulted in the formation
of a black tarry product from which no pure material could be iso-
lated. Chromatography of the material on silica gel gave a series
of fractions, some of which possessed an infrared absorption max-
imum attributable to the indolic N-H, but none possessed abhsorption

in the 3400 or l650c>m._1 region, characteristic of a secondary

amide.
OH CH O C H3COO @)
(L) — —
HN | | HN HN
CXil CIX _ cXIV

fig. 21
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The nitrosylation, reduction and acetylation rsactions were
repeated on the O-acetyl derivative (CXIV) in an attempt to
stabilise the products but with no more success. The only cryst-
alline solid isolated from this reaction sequence was the hydroxy-
ketone (CIX) indicating that the acetoxy group was too labile to
be used as a protecting group in this reaction. Infrared evidence
for the presence of any material possessing an amide function was
lacking. The benzyl group; which should be less labile than the
acetyl function, and yet easily removed by hydrogenation, was
therefore employed as a protecting group. Attempts to benzylate
the hydroxy-ketone (CIX) directly to'give the corresponding benzyl-
oxy derivative (CXVII) were unsuccessful. Owing %o the intramolec-
ular hydrogen bonding between the hydroxyl group and the 5-keto
function: in CIX)prolonged treatment with benzyl chloride in
aqueous ethanolic sodium hydroxide was necessary to effect benzyl-
ation.. Under these conditions sufficient decomposition would
appear to have taken place to prevent the effective isolation of
the required benzyloxy product (CXVII). This difficulty, however,
was resolved using an alternative route to the benzyloxy-ketone
(CXVII) involving the benzylation of the protected 1*benzoyl-6~
hydroxy—5-0x0-1,2,2a,3,4,5-hexahydrobenz[c,d]indole (C). The rate
of benzylation of this material was slow, but the reaction was not
'accompanied by decomposition. Prolonged and repeated treatment of
the hydroxy compound (C) was therefore possible, and an almost
gomplete conversion of hydroxy-ketone (C) into benzyloxy—ketoﬁe
(CXV) was recorded. The product (CXV) was hydrolysed using
aqueous ethanolic sodium hydroxide and the resulting indoline
(CXVI), obtained in excellent yield, was dehydrogenated by treat—
ment with active mahganese dioxide in methylene chloride. The
impure product was separated from insoluble polymeric material
and chromatographed on silica gel; elution with chloroform gave

the required 6-benzyloxy—5-oxo—l,3,4,5—tetrahydrobenz[c,d]indole
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(CXVII) in satisfactory yield. A sample of this material was
readily debenzylated to the hydroxy-ketone (CIX) by hydrogenation

in methanol using palladium -on-carbon catalyst.

C4Hs C Hy0 CcHCH,0

c HSCON5 C6H5CON5 5

e

OH © CyHsCH, O CyH5C
HN; E’ : g
CXVII » CXVIIL
fig. 22

Treatment of 6—benzyloxy-5-oxo-l,3,4,S—tetrahydrobenz[é,d}—
indole with amyl nitrite, and subsequent in situ reduction with
zinc and acetic acid, and acetylation gave a crude product which
possessed five distinet, strong infrared absorption maxima in
the 1650-~1800<;m."1 region. Thin layer chromatography indicated
that this dark oil was a complex mixture, and repeated column
chromatography failed to give any satisfactory separation. No 
material possessing an infrared épectrum consistent with that of
the required 4-acetamid§-6—benzy1oxy-5-oxo—l,3,4,5-tetrahydrobenz-
'[c,dJindole'could be detected. Difficulties were also experienced
in attempts to synthesise the required amino-ketone byurearranée-
ment of the p-tosyl derivatives of 6-hydroxy~-5-oxo-l,3,4,5~-tetra~-
hydrobenz[c,d]indole oxime (CX) and the 6-benzyloxy derivative
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(CXVIII). Although this approach was successfully employed by
183

Woodward and his co-workers
5-oxo-l,2,2a,3,4,5—hexahydrobenz[c,d]indole oxime (CXIX) into the

for the conversion of l-benzoyl-

corresponding amino-ketone (CKX), it was completely unsatisfactory

for the unprotected indole derivetives of the present work. The

'NOH o
] 1l
- NHy HCI

CH5CON C,H5CON
CXIX CXX

fig. 23

oximes were prepared in the usual manner with hydroxylamine hydro-
chloride, but attempts to convert these into their p-tosyl deriv-
atives by treatment with E—toluenesulphonyl chlorid; gave solids
which could not be purified by crystallisation and which, from
infrared evidence, appeared to contain little, if any, indolic
material. Attempts to rearrange the impure tosylate with potass—
ium ethoxide, were unsuccessful; no products possessing a keto

function or an indolic N-H group were isolated.

The difficulties which were encountered in the preparation
of these tetrahydrobenz[b,d]indole derivatives and which led to
the eventual abandonment of attempts to synthesise the 6-hydroxy-
4~amino analogue (XLI) illustrate the very labile nature of the
unprotected tetrahydrobenz[c}d]indole system under a variety of
conditions. Oxidation to deeply coloured and frequently amorphous
products and rearrangement to naphthalene derivetives seem to be
two particularly favoured processes. The successful synthesis of
4-amino-1,3,4,5-tetrahydr0benz[c,d]indole (L) from the correspond-

176

ing aminonaphthostyril by Gould and Jacobs, however, indicates
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that the intermediate stages in the preparation of 4-amino-6-
hydroxy-l,3,4,5-tetrahydrobenz[c,d]indole (XLI) might be better
carried out on a sﬁitably substituted naphthalene derivative

which could be reduced to the required tetrahydrobenz[&,d]indole
in the final stage of the reaction sequence. A re-examination

of the possibility of using a suitadbly 3,5-~disubstituted-8-amino-
naphthoic acid would therefére be considered as the next worth-
while step towards the synthesis of this compound. An interesting
paper, in this respect, has recently been published by Girardet
and Russ0216 in which S5-hydroxynaphthoic acid is converted into 5-
hydroxy-8-aminonaphthoic acid; an additional 3-substituent
capable of conversion into an amino group would make a very

valuable intermediate.

Synthesis of Derivatives of Tetrabydrocarbazole

Although a variety of amino- end hydroxy- substituted tetra-
hydrocarbazoles have been reported in the literaturé and many
tested for pharmacological activity, none possessing a structure .
directly related to the 5-HT unit appear +to have been synthesised.
3-Amino-1,2,3,4-tetrahydrocarbazole (CXXI) which lacks the 6-
hydroxyl group and thus is a tryptamine analcgue, has been prep-
ared and shown to possess MAO inhibitory ac’cion.zl7 6~Aminotetra-
hydrocarbazole (CXXII) and its derivatives have been synthesised
by Woolley and Shawii® as antimetabolites of 5-HP. l-Amino-6-
methoxy-1,2,3,4-tetrahydrocarbazole (CXXIII), of interest because
of its structural similarity to the pharmacologically active 5=
methoxytryptamine has also recently been prepared,219 but its

pharmacological properties do not appear to have been examined.

Preparations of 6-hydroxy-1,2,3,4-tetrahydrocarbazole (CXXIV)

inciude those of Teuber2’ by hydroxylation of the corresponding

hexahydrocarbazole; of Beer, Broadhurst and Robertson22l by de-
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benzylation of the 6-benzyloxy compound; and of Kilne and
Tomlinson®2° who, using pyridine hydrochloride, demethylated 6-
methoxy-1l,2,3,4-tetrahydrocarbazole. Little has been reported

concerning the pharmacological activity of this substance.

NH2 NH,
N .

N

H H
CXXi CXXIl
CH30 'HOT:::[_:I::]
N ' N
H NH, H
CXXnI CXXIV

The most commonly employed procedure for the synthesis of
the tetrahydrocarbazole system makes use of the Fischer indole

223 a suitably substituted phenylhydrazine is condensed

reaction;
with a cyclohexanone derivative and the product cyclised under

acid conditions. A suitably para-substituted phenylhydrazine and

a cyclohexanone bearing a 4—substituent, which could readily be
converted into an amino group, were therefore required if this
method was to be applied to the preparation of 3-amino-6-hydroxy-
1,2,3,4-tetrahydrocarbazole (XLII). Cyclisation of the mono p-
methoxy- or p-benzyloxy-phenylhydrazone of cyclohexan-1,4—dio;§

to give a 3-3&0—1,2,3,4—tetrahydrocarbazole was considered initially
as a route to the required 3-—amino-tetrahydrocarbazole but,

although successful analogous approaches have been made to 1l-

224

and 4-0x0-1,2,3,4-tetrahydrocarbazoles through cyclisation of

the corresponding monophenylhydrazones of cyclohéxan-1,2- and -1,
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3-diones, this method could notv be successfully applied to the
synthesis of the corresponding 3-oxo compound. Unlike cyclohexan-
1,2- and -1l,3-dione, the l,4-dione does not form a monophenyl-
hydrazone but on treatment with one equivalent of phenylhydrazine
yields a mixture of dihydrazone and unreacted starting material,22?
Cyclisation of the dihydrazone in sulphuric acid has been shown
to yield some 3—oxq:jetrahydrocarbaéole as a minor product. by
cleavage of one C=N bond but the method is not of practical applic-
ation. A substituted cyclohexanone possessing a protected 4-keto
group, or a 4-substituent capable of being converted into a keto
function, was therefore required. Harley-Mason and Pavr1225 have
prepared 3-hydroxy-l,2,3y4-tetrahydrocarbazole by cyclisation of
the phenylhydrazone of 4-benzoyloxycyclohexanone followed by
hydrolysis of the 3-benzoyl function, but they reported that all
attempts to oxidise this hydroxy group to the keto function were
unsuccessful. None of the conditions or reagents employed in these
attempts, however, wére reported, and as there are examples of the
oxidation of substituted cyclohexanols to the corresponding cyclo-

hexanones in the literature,226 it was considered worthwhile to

re-examine this oxidation.

4-Acetoxycyclohexanone (CXXV), which has been obtained in good
227

yield by Aldersley, Burkhardt and their co-workers, was selected
as the starting material for this present synthesis; Cyclohexan-
1l,4-diol was diacetylated, selectively hydrolysed to the mono-acetate,
and the newly generated hydroxyl group oxidised with chromic acid

to give the required acetoxy-ketone (CXXV).

p-Benzyloxyphenylhydrazine hydrochloride (CXXVI) was chosen
in pfgference to p-methoxyphenylhydrazine as the second componént
of the Fischer re;ction as 1t was apparent from the work of Beer,
Broadhurst and_Robertson221 that the 6-hydroxy-l,2,3,4=-tetrahydro-

carbazole would be more efficiently obtained by debenzylation
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than by demethylation. The hydrazine was prepared as the hydro-
chloride (CXXVI) according to the method of Mentzer, Beaudet and

Bory;228

Efbenzylbxynitrobenzéne, prepared by the action of
benzyl chloride upon p-nitrophenol, was reduced using Raney nickel
and hydrazine hydrate_¥o the amine, which was subsequently diazot-
ised and further reduced with stannous chloride to the required

phenylhydrazine hydrochloride (CXXVI).

p-Benzyloxyphenylhydrazine hydrochloride (CXXVI), on reflux-
ing with 4-acetoxycyclohexanone (CXXV) in glacial acetic acid
containing sodium acetate, gave the required acetoxy-benzyloxy-l, =
2,3,4-tetrahydrocarbazole (CXXVII). Hydrolysis of the 3-acetoxy
group, using aqueous'ethanolic sodium hydroxide gave, in almost
quantitative yield, 6-benzyloxy-3-hydroxy-l,2,3,4-tetrahydrocarb-
azole (CXXVIII). Consistent with the difficulties experienced by

o] Ce HgC H20

C,HgCH, O OCOCH,
_-_—} I
N
OCOCH3 © NHNHgy. HCI H
CRXVI CXXVIl
CeH SCHZO ' ' O CHCH 20, : : O
CXXIX CXXVII

‘g(”CXXXI

N |
' H

ALU

fig. 24
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225 in the oxidation of 3~hydroxy-1,2,3,4-

tetrahydrocarbazole, initial investigations into the oxidation of.

Harley-Mason and Pavri

the 6-benzyloxy analogue (CXXVIII) also failed. However, after
several unsuccessful attempts the hydroxy compound (CXXVIII) was
oxidised smoothly and in a satisfactory yield to the ketone (CXXIX)
using aluminium isopropoxide and cyclohexanone in toluene.226
229 also failed to oxidise

3-hydroxy~l,2,3,4-tetrahydrocarbazole to the corresponding ketone;

Very recently, Teuber and his co-workers

under their conditions the hydroxycarbazole and unchanged starting

material were isolated.

Treatment of the ketone (CXXIX) with hydroxylamine hydrochloride
and sodium acetate in aqueous ethanol gave the oxime‘(CXXX) which
was reduced to the benzyloxy-amine (CXXXI) using lithium aluminium
hydride in ether. The N-acetyl derivative, formed by the action
of acetiv anhydride upon CXXXI, and the hydrochloride, precipit-
ated in ether by treatment of CXXXI with hydrogen chloride, were
prepared for the purposes of characterisation. Debenzylation of
3-amino-6-benzyloxy-1,2,3,4-tetrahydrocarbazole (CXXXI) in almost
quantitative yield was effected by hydrogenation at atmospheric
pressure in methanol using palladium on carbon as ocatalyst, Diff-
iculties were encountered in the recrystallisation of the 3-amino-
6-hydroxy-1,2,3,4-tetrahydrocarbazole (XLII); although it could
be reorystallised it darkened quickly on héating in most solvents.
It was, however, readily purified'by fractional sublimation, and

appeared to be stable in an atmosphere of nitrogen.

Synthesis of Derivatives of Cyclopent[b] indole

The route chosen to 3-amino-7-hydroxy-1l,2,3,4-tetrahydrocyclo-
pent [b] indole '(XLVIII) was that shown in fig. 25 and involved the
preparation of two known intermediates, the gfmethoxypﬁenylhydrazone
‘ (CXXXIII) and the cyclisation product (CXXXIV). These were prepared
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by Renson189 during his investigation into the mode of cyclisation
of ﬂ-(5-methoxyindol-3—yl)—propionic acid, by an adaptation of

the method described by Elks, Elliot and Hems230
of 3—oxo-1,2,3,4—tetrahydrocyclopent[ﬁ]indole. The mono p-methoxy-
phenylhydrazone (CXXXIII), prepared by a JappéKlingermanﬁ-reaction

for the synthesis

using p-methoxyphenyldiazonium chloride (XCIII) and cyclopentanone
(CXXXII) in the presence of ethyl formate and sodium ethoxide, was
cyclised to the cyclopent[b]indole (CXXXIV) in refluxing aqueous
sulphuric acid. Although the conditions employed for the prepar-
ation of the p-methoxyphenylhydrazone (CXXXIII) and the ketone
(CXXXIV) were—khe same as those described by Renson,189

over, although the melting points corresponded to those reported

and more-

by this author, some doubt arose concerning the authenticity of
the ketone (CXXXIV) since the infrared data recorded dy us for

- this compound was not consistent with that in the literature.
Renson reported equal maxima at 3490 and 1750cm.-1 which he attridb-

uted to the indole N-H and the 3-keto function respectively, whereas
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our specimen of this ketone showed weak absorption at 3.48Of:>m."1

attributable to the indole N-H and a considerably stronger absorp-'
tion at 1675cm.-1 ascribable 1o the carbonyl stretching mode.
However, analyses of the p-methoxyphenylhydrazone (CXXXIII), the
ketone (CXXXIV), and the ;}oducts of later stages in the route,
indicated that the ketonic material prepared by us did have the

required structure.

189,230 invest-

In agreement with the reports of earlier workers
igating this system, the cyclisation of the p-methoxyphenylhydra-
zone (CXXXIII) occurred in a low and variablz yield. This variation
in yield from one c¢yclisation reaction to another on the same
material was, almost certainly, due to the difficulties associated
.with'duplicating the reaction conditions of the heterogeneous
system. An attempt to improve this situation by the addition of
ethanol to render the mixture homogenous was unsuccessful, as were
similar attempts using a wide range of acids and solvents. Less
acidic solvents, such as glacial acetic acid and dilute mineral
acids were ineffective and mainly unchanged starting material was
recovered, whereas more forcing conditions‘employing phosphoric
acid and more concentrated mineral acids gave predominently decomp-
osition products. Prolonged reaction also frequently led to

decomposition products.

0 Because of the persistently low yields experienced in the
cyclisation of the phenylhydrazone other routes to the cyciopent—
[B]indole system, such as intramolecular acylation of p—(5-
methoxyindol-3~yl)=propionic acid, and a Dieckmann cyclisation of
ethyl p-(2-ethoxycarbanyl-5-methoxyindol-3-yl)-propionate, were
considered. However, attempts by other workers to employ these
reactions in the non-methoxylated series would indicate that these

approaches would be even less efficient than the cyclisation of
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the phenylhydrazone (CXXXIII). The latter procedure was therefore
retained for the preparation of the keto intermediate (CXXXIV).

The ketone (CXXXIV) was extremely resistant to oximationj
treatment with hydroxylamine hydrochloride in refluxing pyridine
for 30hr. was necessary to effect the conversion, and even under
these forcing conditions 20% unchanged starting material was recov-
ered from the product. This was reocyocled and a high yield of the
oxime (CXXXV) was eventually obtained. Reduction of the oxime in
dry tetrahydrofuran using lithium aluminium hydride gave the stable
3-amino-7-mathoxy-1,2,3,4-tetrahydrocyclopent[b]indole (CXXxXvI).
Attempts were made to demethylate fhis material to the required

215,231

hydroxy—amine (XLVIII), using hydrobromic acid, aluninium

ohloridezo9 in a variety of solvents, and pyridine'hydrochlorid9232
but these resulted in insoluble black tars devoid of infrared
absorption in the 3470(:111.-'1 region characteristic of the indolic
N-H. The most promising results were obtained by treatment of the
methoxy-amine (CXXXVI) with boron tribromide in methylene chloride
at ;86;233 ‘
be expected of a hydroxy-amine was isolated but the yield was

a orystalline solid having the chemical properties to

extremely low and could not be increased sufficiently to make

characterisation of the product possible.

To overcome the problems associated with removal of the methyl
group attempts were made to prepare 3-amino-7-benzyloxy-l,2,3,4-
tetrahydrocyclopent[b]indole which, it was thought, would readily
undergo debenzylation on hydrogenation. This approach, however,
was not of practical application owing to the extremely low yield
obtained on cyclisation of the mono Efbenzyloxyphenylhydrazone of
cyclopentan-l,2-dione. Insufficient of the required 7-benzyloxy-
3-0x0-1,2,3,4-tetrahydrocyclopent[b]indole could be prepared to

continue with this route.
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Owing to the difficuties encountered during attempts to
prepare the unprotected 3-amino-7-hydroxy-l1,2,3,4-tetrahydrocyclo-
pent|{blindole (XLVIII), original plans to synthesise the corres-—

ponding 2-amino derivative (XLIII) were abandoned.

Comments Concerning the Synthesis of Other 5-HT Analogues of the

Series

Early unsuccessful attempts to prepare the bicyclo[2,2,1]:

234 cyclis-

heptan[b]indole (XLV) were modelled upon the reported
ation of the phenylhydrazone of camphor into the camphor-indole
(CXXXVII). The Pischer indolisation employed in this synthesis,
however, has recently been shown235 to give the 2-substituted
indole (CXXXVIII) and not the claimed camphor-indole. Synthetic -

work towards the bioyclo[2.2.1]heptan{b]indole was therefore

HO NH, . |
duCHews |
N N N\

XLV CXXXVIl CXXXVI

discontinued after this observation was published as an entirely

new approach to the bridged system would have been required.

No attempt was made to prepare the cyclobutan-indole (XLIV)
or the cyclopent[c,d]indole (XLVI) as it was thought that the
syntheses of these sterically strained compounds would be
accompanied by even greater synthetic difficulties than those
encountered during the syntheses of the benz[c,d}indole derivatives.
These compounds were also considered to be of less pharmacological
interest than the LSD-like benz[c,d]indoles. An approach whioch

might furnish the cyclobutene derivative (XLIV), however, would
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be one based upon the successful synthesis of l—-aminobenzocyclo-
butene (CXXXIX) by Skorcz and_Robertson.236

based on the procedures of Bunnett and Skorcz
238

This synthesis was
231 and of Horner,
Kirmse and Muth and employed 2-chlorocyanocethylbenzene as the
starting material. Probably the most convenient starting point
for the preparation of the cyclobutanindole (XLIV) would be 5-

benzyloxy-2-chloro-3—-cyanoethylindole.
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General.- Infrared spectra were measured in chloroform
solutions except where otherwise stated with a Perkin Elmer 237
instrument. Melting points are uncorrected and were recorded on

a Kofler hot-stage apparatus.

B -(1-Benzoylindolin-3-yl)-propionic Acid (LVIII).- To a

solution of p=(indol-3-yl)-propionic acid (25 g.) in N agueous
sodium hydroxide (150 ml.) was added Reney nickel®>? (50 g.) and
the mixture shaken in an atmosphere of hydrogen at atmospheric
pressure and room temperature until no more hydrogen was absorbed
(2,300 ml.). Decolourising charcoal was used to deactivate the
nickel, and the filtered solution made acidic with concentrated
hydrochloric acid. Unreacted precipitated B-(indol-3-yl)-prop-
ionic acid (1.5 g.) was filtered off, and the filtrate made basic
with sufficient concentrated aqueous sodium hydroxide to give an
approximately 10% sodium hydroxide solution. Benzoyl chloride

(22 ml.) was slowly added to the cooled (0) basic solution and the
mixture shaken for 3 hr. at room temperature. Acidification of
this solution, cooled to Oi with concentrated hydrochloric acid gave
a mixture of impure product and benzoic acid. After filtration,
benzoic acid was removed by repeated washing with hot water, and
the remaining solid recrystallised from ethanol to give (1—
benzoylindolin-3-yl)-propionic acid (24 g., 72%), mepe 152-153
(1it.,83 151-153).

1-Benzoyl—-5-0x0-1,2,28,3,4,5=hexahydrobenz[c,dJindole (LIX).-
8 —(1-Benzoylindolin-3-yl)-propionic acid (30 g.) was dissolved in
distilled thionyl chloride (50 ml.) and the mixture kept at room

temperature for 30 min. and then at 5d>for a further 30 min. After

distillation of excess thionyl chloride at reduced pressure, a
solution of the impure acid chloride in dry carbon disulphide (55 ml.)

was added dropwise over 45 min. to a stirred suspension of anhydrous
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aluminium chloride (62.5 g.) in carbon disulphide (450 fal.)

cooled to Oﬁ When addition was complete, the reaction mixture

was allowed to attain roocm temperature over 30 min. and then refl-
uxed with continued stirring for a further 1 hr. The complex
formed was decomposed by the addition of ice (125 g.), concentrated
hydrochloric acid (62.5 ml.) and water (125 ml.) to the stirred and
well-cooled mixture. Carbon disulphide waslremoved at reduced
pressure, the organic material extracted into benzene, and the
benzene extract, after washing with 2N aqueous sodium hydroxide
and water, was dried over anhydrous sodium sulphate. The .solvent
was distilled at reduced pressure and the residue recrystallised
from benzene to give l-benzoyl-5-oxo-1l,2,2a,3,4,5-hexahydrobenz-
(c,d]indole (24 g., 85%), m.p. l46—148°(lit.,183 146-14%). |

5-0x0-1,2,22,3,4,5-hexahydrobenz (c,d]lindole (LX).~ The benz-
183

oyl derivative (LIX) was hydrolysed as reported in the literature
using a mixture of glacial acetic acid and concentrated hydrochloric
acid to give 5-oxo-1,2,2a,3,4,5-hexahydrobenz[c,d]indole in 80%
yield, m.p. 124-126°(1it.,183 124-12é3.-

5-0x0-1,3,4,5-tetrahydrobenz(c,d}indole (LXI).= The indoline
240

derivative (LX) was dehydrogenated using active manganese dioxide
according to the method of Jansen, Johnson and Surteesl91 to give
5-0x0=1,3,4,5~tetrahydrobenz [c,d]indole in 48% yield, m.p. 157-16io
(11%.,1%% 160-161).

5-0%0=1,3.4,5=tetrahydrobenz{c,dlindole Oxime (LXII).- 5-Oxo-
1,3,4,5-tetrahydrobenz[c,dJindole (1 g.) in ethanol (30 ml.),was
heated under reflux with a solution of hydroxylamine hydrochloride

(0.6 g.) and anhydrous sodium acetate (1.2 g.) in water (30 ml.)
for 30 min. Much of the etharnol was then removed at reduced
pressure and the remaining solution poured onto ice and water (40 g.).

The precipitated oxime.was filtered off, and additional oxime
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obtained by concentration of the filtrate. This material was re-

‘crystallised from water to give 5-oxo-1,3,4,5-tetrahydrobenz [c,d]-
© [

indole oxime (0.8 g., 72%), m.p. 157-160 (lit.,193 167-169) (Found:

C, 70.75 H, 5.6. Cale. for Cj H) N,0: C, 70.9; H, 5.4%).

5-Amino-1,3,4,5-tetrahydrobenzlc,d)indole (XLIX).~ 5-0xo-1,-

3,4,5-tetrahydrobenz [c,d]indole oxime (1.4 g.) in dry tetrahydro-
furan (100 ml.) was refluxed with lithium aluminium hydride (l.4 g.)
for 7 hr. Excess lithium aluminium hydride was decomposed by
careful addition of water, the tetrahydrofuran removed at reduced
pressure, and the residue extracted with ether. The ethereél‘
solution was washed with water and extracted with dilute hydro-
chloric acid. The acidic solution, after neutralisation with
concentrated ammonia, was extracted with ether, and the ethereal
solution washed with water, dried over anhydrous sodium sulphate
and evaporated to dryness. Crystallisation of the residue from
benzene gave S—amino-=1,3,4,5=-tetrahydrobenz[c,d]indole (O.l ey
8%), mep. 117-120 (Found: C, 76.4; H, 6.8. H, N, requires

C11H15%, 1
C, 76.7; H, 7.0%9); Vmax. 3495, 3430, 1610, 1585 cm.

The hydrochloride was formed by treatment of an ethereal solut-

ion of the amine with dry hydrogen chloride; it was recrystallised
from ethanol to give colourless plates, m.p. 168-1761

Treatment of a solution of the amine in pyridine with acetlc
anhydride gave the N-acetyl derivaiive which was recrystallised
from benzene, m.p. 116-118; ~V maxz. 3495, 3330, 1635, 1585 cm. *

1-Benzoy1-5—hydrozy—l,2,2aL3,4,5—hexahydrobenz[c,d]indole
(LXIII).- The ketone (LIX) was reduced in ethanol using sodium «
borohydride according to the method of Woodward and his co-work-

183

ers, but contrary to the observations of these authors a higher

yield of product was isolated when no sodium hydroxide was added
to the reaction solution. The product was recrystallised from

ethyl acetate to give l-benzoyl-S5-hydroxy~l,2,2a,3,4,5-hexa-
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183

hydrobenz [c,d]indole (8.5 g., 84%), m.p. 182-185 (lit., - 182-

183).

1-Benzoyl-1,2,28,3~tetrahydrobenz(c,d)indole (LXV).- This

material was prepered via l-benzoyl-S5-bromo-1,2,2a,3,4,5-hexa-
hydrobenz [c,d]indole (LXIV) from the hydroxy compound (LXIII) as
already described by Woodward and his co—workers.183 The use of
five times the volume of benzere in the bromination reaction was
the only modification made to the reported procedure. Elimination
of hydrogen bromide from the bromo compound in 2,6-lutidine gave
the required 1-benzoyl—l,2,2a,3—tetrahydrobenz[c,d]indole in 73%

yield (1it.,+%3 324), m.p. 96-98 (1it., 22 95.5-96.5).

1-Benzoyl—4,5-epoxy—1,2,2a,3,4,5-hexahydrobenz [c,d}indole (LXVI).-

A solution of perbenzoic acid was prepared and standardised against
sodium thiosulphate according to the method described by Braun.24l
Oxidation of l—benzoyl—l,2,2a,3—tetrahydrobenz[c,d]indole, uging
this solution as described by Woodward and his co-workers, gave
1—benzoyl—4,5—epoxy-1,2,2a,3,4,S-hexahydrobenz[c,d]indole in 83%

yield, m.p. 99-106°(1it.,183 104-1o§).

1—Benzoy1—4—oxo~lig,2g,3,4,§—hexahydrobenzfc,d]indole (LXVII).-

The epoxy compound (LXVI) was rearranged using anhydrous magnesium

bromide to give 1—benzoy1—4—oxo—l,2,23,3,4,5-hexahydrobenz[c,d]-
indole in 75% yield, m.p. 147-149 (1it.,183 147-149).

1-Benzoyl-A—0x0-1,2,2a,3,4,5-hexahydrobenz(¢c,d]indole Oxime
(LXVIII).~ 1-Benzoyl-4-oxo-1,2,2a,3,4,5-hexahydrobenz{c,d]indole
(2 g.) dissolved in ethanol (80 ml.) was heated under reflux with

hydroxylamine hydrochloride (1.2 g.) and anhydrous sodium acetate
(2.4 g.) in water (20 ml.) for 1 hr. Much of the ethanol was
removed at reduced pressure and the remaining mixture poured onto
Aice and water. The cream—coloured precipitate was filtered off,

washed, dried, and recrystallised from ethanol to give l-benzoyl-—-4-
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0x0-1,2,2a,3,4,5-hexahydrobenz[c,d]indole oxime (1.5 g., T1%),
MePe 169-175 (Found: C, 73.5; H,5.8. 018 16 O requires C, 73.95;
5.5%); VY max. 3580, 3280, 1640, 1620, 1600 cm.-l

Attempted Hydrolysis of l-Benzoyl-4-oxo-1,2,2a8,3,4,5-hexa-
hydrobenzlc,d)lindole Oxime (LXVIII).- Method A. A solution of the
benzoyl derivative (LXVIII) (0.4 g.) in ethanol (15 ml.) and 2N

hydrochloric acid (10 ml.) was kept at room temperature for 4 days,

neutralised with ammonia, and the product isclated by extraction.
The infrared spectrum of the non-crystalline residue thus obtained
showed that little hydrolysis of the N-benzoyl function had occurred,

-1 suggested that the 4-oxo-

but an absorption maxima at 1710 cm.
function had been generated.

llethod B. The benzoyl derivative (LXVIII) (0.6 g.) in ethanol (12 ml.)
was heated under reflux with 2N sodium hydroxide (6 ml.), and samples
taken at regular intervals. The material waé isolated by extraction
and the infrared spectra prepared. Hydrolysis of the 4-oximino-
function appeared to occur at a similar rate to the required N-

benzoyl cleavage, and no crystalline material was isolated.

A4-0x0-1,2,28,3,4,5-hexahydrobenzc,d]indole (LXIX).~ 1l-Benzoyl-

4-0x0-1,2,2a,3,4,5-hexahydrobenz{c,dJindole (1 g.) dissolved in
glacial acetic acid (10 ml.) and concentrated hydrochloric acid

(3 ml.) was gently refluxed under nitrogen for 2.5 hr. After
removal of the acidic mixture at reduced pressure, the residue

was extracted with water, the agqueous solution filtered under |
nitrogen, and the filtrate made basic with aqueous ammonia and ex-
tracted several times with ether. The ethereal solution was washed
with water, dried over anhydrous sodium sulphate and the ether re-
moved at reduced pressure to yield 4-oxo-1,2,2a,3,4,5-hexahydro-
venz[ c,d]indole (0.25 g., 40%), m.p. 138 VY max. 3390, 1710, 1620,
1600 cm. =

This material was very unstable in the z2ir and was therefore
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isolated and kept ﬁnder oxygen-free nitrogen. On exposure to

oxygen it decomposed to an amorphous brown solid (m.p.> 356) which
was insoluble in organic solventis. OCOwing to the difficulties ass—
ociated with recrystalliszstion of this product it wés used for the

next stage without further purification.

Attempted Hydrolysis of l-Benzoyl-4-oxo0-1,2,2a,3,4,5-hexa-

hydrobenz[c,dlindole (LXVII).- Earlier unsuccessful attempts to

cleave the N-benzoyl funciion and to isolate the resulting 4-oxo-
1,2,2a,3,4,5-hexahydrobenz[c,d]indole included: the procedure
already outlined for the hydrolysis of the corresponding 5-oxo
compound, using glacial acetic acid and hydrochloric acid;‘ methods
employing aqueous, ethanoclic, and aqueous ethanolic mixtures of
bydrochloric acid at room and elevated temperatures; and reactions
emﬁloying basic conditions, such a3 aqueous and ethanolic sodium
hydroxide. These reactions, from infrared data, either gave un-
qhangéd starting material or resulted in a complex mixture of

highly coloured decomposition products.

Attempted Dehydrogenation of 4-0Oxo0-1,2,2a,3,4,5=-hexahydro-
benz[c,d)indole (LXIX).- Method A. 4-0x0-1,2,2a,3,4,5-hexahydro-
benz[c,d]indole (0.2 g.) in methylene chloride (6 ml.) was shaken

with active manganese dioxide240 (0.8 g.) at room temperature for
24 hr. The manganese dioxide was filtered off, extracted with
methylene chloride, and the combined solution evaporated to dryness.
The infrared spectrum of the residue was consistent with impure
starting material and indicated that little, if any, dehydrogenation
had occurred. There was little absorption at 3495 cm.-1 attridbut-
able to the indolic N-H. Under more vigorous conditions infrared
spectra showed that destruction of the 4-keto function occurred
befo.re dehydrogenation of the 0(2,3) double bond.

llethod B. 4-0xo—l,2,2a,3,4,S-hexahydrobenz[c,d]indole (0.1 g.) in
p-cymene (4 ml.) was heated under reflux with 10% palladium on
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carbon (0.1 g.) for 1 hr. under nitrogen. The solvent was re-
moved at reduced pressure, the residue extracted with benzene, and
tha benzens sélution filtered free of palladium on carbon and
evaporated to dryness. The infrared spectrum of the resgidue (V max.
1710, 1690, 1640 cm._l) possessed no absorption at 3495 cm.-l att-
ributable to the indolic N-H. The residue was insoluble in dilute

acid.

4-0x0-1,2,2a,3,4,5-hexahydrobenz(c,d}indole Oxime (LXXI).-
A solution of 4-o0x0-1,2,2a,3,4,5-hexahydrobenz[c,d]indole (0.25 g.)
in ethanol (35 ml.) was refluxed for 1.5 hr. under nitrogen with

hydroxylamine hydrochloride (0.15 g.) and snhydrous sodium acetate
(0.3 g.) in water (5 ml.). The ethanol was then removed at reduced
" pressure, excess water added, and the resulting precipitate filter-
ed off, washed, and dried. Recrystallisation of the precipitate
from methanol gave the bygroscopic 4-oxo-l,2,22,3,4,5-hexahydro-
venzl c,d)indole oxime (0.17 g., 63%), m.p. 150-153 (Found: C, 69.9;
H, 6.4. C11H; N0 requires C, 70.2; H, 6.4%); \V max. 3580, 3390,
3280, 1620, 1600 om.™

4=0x0-1,3,4,5=tetrahydrobenz c,d)indole Oxime (LXXII).- 4-Oxo-

1,2,228,3,4,5-hexahydrobenz[c,d Jindole oxime (0.68 g.) in methylene
chioride (150 ml.) was shaken with active manganese dioxide?40
(2.8 g.) for 25 hr. The manganese dioxide was filtered off, ex-
tracted with methylene chloride, and the combined methylene chlor-
ide solution washed with acetic acid then water, and dried over an-
hydrous sodium sulphate. The solvent was removed at reduced press—
ure to yield a non-crystalline unstable residue which was kept

under nitrogen. The infrared spectrum (Vmax. 3580, 3480, 3260, 1620,
» 500 cm.-l) was consistent with that to be expected for the requir-
ed indole-oxime, but this could not be obtained in a crystalline

form; all attempts to do so resulted in the formation of a black

insoluble amorphous solid (m.p.>.3563. The product was not
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purified but used directly for the next stage of the synthesis.

Attempted Preparation of 4-Amino-l,3,4,5-tetrahydrobenzf{c,d]-

indole (L).- Impure 4-oxo-1,3,4,5-tetrahydrobenz[c,d]indole oxime

(0.2 g.) in dry tetrahydrofuran (100 ml.) was heated under reflux
with lithium aluminium hydride (0.3 g.) for 16 hr. in an atmos-
phere of nitrogen. After decomposition of the excess lithium
aluminium hydride with water the tetrabydrofuran was removed at
reduced pressure, the resulting mixture extracted with ether and
the ethereal solution washed with water, dried over anhydrous
sodium sulphate and evaporated to dryness at reduced pressure.
During extraction of the product the solutions were kept in an.
atmosphere of nitrogen and the prcduct, when isclated, was stored
under nitrogen. The infrared spectrum (W max. 3480, 3300, 1620,
1600 cm.™ ) indicated that the residue contained a substantial
quantity of the required amino product but this could not be
purified. It was therefore dissolved in a mixture of benzene and
ether and, by treatment with dry hydrogen chloride, converted into
the hydrochloride. The white precipitate was centrifuged and
washed several times with ether and dried at reduced pressure.
Insufficient material was obtaired for complete characterisation,

m.p. 200-212 (decomp.) (lit.,l76 DeDe 215-225).

Acetylation of the impure amine in pyridine using acetic an-
hydride gave a non-crystalline product which had an infrared
spectrun (V max. 3480, 3430, 1660, 1600 cm.™ ) indicating that it

was the impure N-acetyl derivative of the required amine.

1-Benzoyl-A-bromo-5-cx0-1,2,2a,3,445=hexahydrobenz[c,d]Jindole

TAVI)e= This material was prepared by the bromination of l-benz-

oyl-S-oxo-l,Z,Za,3,4,5—hexahydrobenz[c,d]indole using pyridine
hydrobromide perbromide according to the method described by Wood-

ward and his co-workers.l83 vYielg 76%, mepa 181-181.5°(lit.,183
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180.5-181.5); V mex. 1650, 1643, 1595 om. T

Attempted Preparation of l-Benzoyl-4-dimethylaninoc—5-o0x0-1,2,=
2a,3,4,5-hexzahydrobenz(¢c,dlindole (LXXVIIT).~ 1l-Benzoyl-4-bromo-5-
0x0~1,2,2a,3,4,5-hexahydrobenz[c,d Jindole (2.3 g.) and dimethyl-

amine (0.95 g.) in dry benzene (40 ml.) were heated under reflux

in an atmosphere of nitrogen for 20 hr. The mixture was cooled to
roon temperature, dimethylamine hydrobromide filtered off, and the
benzene solution wasked with ice-water and extracted with cold 2N
hydrochloric acid. The z2cidic extract was neutralised with cold

2N sodium hydroxide, extracted with etner, and the ethereal soclut-
ion washed with water, dried u51n* enhydrous sodium sulphate, and
evaporated to dryness. All attempts to crystallise the residue

were unsuccessful and the infrared spectrum (Vmax. 1645, 1595 cie 1)

indicated that no 5-oxo function remzined.

The reaction was repeated several times varying the reaction
temperature over the range 0°to 80 and employing different
reaction times (from 2 kr. to 7 days) but none of the required

anmino-ketone was isolated.

4—Acetamido—-5-0x0-1,3,4,5-tetrahydrobenz{c,d]indole (LXXIX).-
5-0x0-1,3,4,5-tetrahydrobenz[c,d]indole (1 g.) in a solution of
potassium (0.25 g.) in t-butanol (20 ml.) was warmed to 60 for

15 min. and the mixture then stirred at room temperature while

amyl nitrite (1.25 ml.) was added over 30 min. After stirring for
a further 30 min. 2t room temperature the mixiture was cooled to 5:
and ice-water (20 ml.), glacial acetic acid (14 ml.) and zinc dust

(2 g;) added and stirring continued for 2 hr. at 53_

The solution of amino-ketone thus generated was then freazated
with acetic anhydride (4 ml.), chlorofora (32 ml.) and crystalllne
sodiuz acetate (19 g.) and the mixture stirred for 3 hr. at O.

After separation, the aqueous layer was extracted with chloroform
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and the combined chlorcoform solution washed with aqueous sodium
bicarbonate, water, dried over anhydrous sodium sulphate and evap-
orated to dryness. The oily residue was crystallised in methylene
chloride to give 4-acetamido-5-0x0-1,3,4,5-tetrahydrobenz[c,d -
indole (0.17 g., 13%). m.p. 179—184?(1it.,195 207-2o§) (Found:
C, 68.55 H, 5.1. Calc. for Cy3Hy,N505: C, 68.4; H, 543%) 3
V max. 3480, 3400, 1665, 1620 cm. > The p-nitrophenylhydrazone
crystallised from ethanol, m.p. 262 (lit.:195 263-264).
1,3,4,5-Tetrahydrobenzlc,dlindole (LXXX1).- A solution of 5-
0x0-1,3,4,5-tetrahydrobenz[c,d]indole (0.5 g.) in ethanol (25 ml.)
and 6N hydrochloric acid (25 ml.) was heated under reflux with

zinc amalgam (1 g.) for 1.5 hr. After filtering free from zinc
the solution was reduced in volume at reduced pressure and the
residual mixture extracted with chloroform. The chloroform solut-
ion was washed with water, dried over anhydrous sodium sulphate,

. and evaporated to dryness., The oily residue was distilled at 15 ke
pressure to give a colourless crystalline solid which was recryst-
allised from petroleum to glve 1,3,4,S—tetrahydrobenz[c,d]indole
(0.21 gy 45%), mepo 5758 (1it.,2%% 55-56).

Attempted Clemmensen Reduction of A—-Acetamid 0.=5-0%0=1,3,4,5-

tetrahydrobenz{c,d)indole (LXXIX).- A4-fcetamido=5-0%0=1,3y4,5-
tetrahydrobenz[c,d]indole (0.2 g.) in ethanol (15 ml.) and 6N

hydrochloric acid (15 ml.) was heated under reflux with zinc

amalgam (1 g.) for 1.5 hr. The solution was filtered free from
sinc, reduced in volume at reduced pressure and the remaining
aquebus mixture extracted with chloroform. The chloroform solution
was washed with water, dried over anhydrous sodium sulphate and
evaporated to dryness to give a non-crystalline residue (0.13 g.)
having an infrared spectrum consistent with that to be expected

for the N-acetyl derivative of the required 4-amino-l,3,4,5-

tetrahydrobenz|c,d Jindole, (see p. 60).
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Treatment of the impure residue with hydroxylamine hydro-
chloride and sodium acetate in aqueous ethanol gave a solid which,
from infrared evidence, contained no detectable amount of the 5-

oximino derivative.

5-Kethoxv~2-nitrotoluene (LXXXVIII).- This material was

prepared in a 57% . .yield from m-cresol via 5-hydroxy-2-nitrosotol-
vene and S-hydroxy-2-nitrotoluene according to the procedure. des-
cribed by Koelsch, 72 mep. 55 (1it.,t77 55).

5-Methoxyindole (XCI).- Conversion of S5-methoxy-2-nitrotol-

uene inte S-methoxyindole was achieved in 25% yield employing the
methed of Blaikie and Perkin.goo Condensation of the nitrotoluene
with ethyl oxelate gave 5-methoxy-2-nitrophenylpyruvic acid which
on cyclisation gave 2-carboxy-5-methoxyindole, and on subsequent
thermal decarboxyletion the required 5-methoxyindole, m.p. 54-55°
(1it-’200 5§)-

Attempted Prevparation of f3 —(5-tiethoxyindol-3-yl)-propionic
Acid (XCII).- 5-Methoxyindole (1 g.) in tetralin (20 ml.) was

heated under reflux with sodiwe hydroxide (0.3 g.) and propiolact-
one (0.5 ml.) for 4 hr. iuch of the solvent was then removed at
reduced pressure, excess water added and the mixture extracted with
chloroform. The aqueous basic solution was acidified with 4N hydro-
chloric acid, the precipitated oil extracted with chloroform and
the resulting solution washed with water, dried over anhydréus
sodium sulphate and evaporated to dryness at reduced pressure.

The infrared spectrum of the residue was very similar to that of
p-(5—methoxyindél—3—yl)—propionic acid but no erystalline material
could be isolated; The duration and temperature of the reaction
were varied without any significant change in the purity of the

nroduct.
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B ~(5-Methoxyindol—3-yl)-propionic Acid (XCII).- 5-Methoxy-

indole (1 g.) in a mixture of glaciel acetic acid (6 ml.) and
acetic anhydride (2 ml.) was heated under reflux with acrylic

acid (1.1 g.) for 3 hr. and then allowed to stand at room temper-
ature overnight. The volatile material was removed at reduced ’
pressure, and the oily residue added to 4N sodium hydroxide (25 ml.).
Cooling and scratching this mixture converted the impure acid to
the crystalline sodiumr salt which was filtered off, washed with
water, and acidified with 2N hydrochloric acid. The resulting
solid was recrystallised from water to give (3~(5~methoxyindol—3-
y1)-propionic acid (0.74 g.y 50%)y; meDe 136, not depressed by ad-
mixture with an authentic sample. The ethyl ester had m.p. and

mixed mep. T2-T3.

Ethyl 2-Oxo-cyclopentanecarboxylate (XCIV).- This material

was prepared in 70% yield by a Dieckmann condensation of diethyl
sdipate as desoribed by Pinkney, o bep. 81-82/3 mms, (1it.,=0%

108-1117/15 mm.).

Ethyl Hydrogzen oi-Ketoadipate p-Methoxyphenylhydrazone (XCV).—

This material was prepared in 94% yield from p-nmethoxyphenyldiazon-

ium chloride and ethyl 2-oxo-c¢yclopentanecarboxylate in neutral

189

solution at Oz according to the method described by Renson,

and based on the earlier synthesis of Robinson and his co—worlcers.2o3

The p-methoxyphenylhydrazone was not purified but used directly for

the next stags.

Ethyl B~(2-Bthoxycarbonyl-5-methoxyindol-3-yl)-propionate
§XCVIQ.— Cyclisation of the phenylhydrazone (XCV) was achieved

using a refluxing mixture of ethanol and sulphuric acid as descri-

203

bed by Robinson and his co-workers. The product was distilled
at reduced pressure to give the required diethyl ester in 58%

o o
yield, b.p. 215-220/5 mm., m.p. 110 (1it.,203 115,
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p—(2-Carboxy—5-methoxyindol—3—vl)-propionic Acid (XCVII).-

The diethyl ester (XCVI) was hydrolysed with refluxing ethanolic -
potassium hydroxide as described by Robinseon and his co—workers.203
The required di-acid was obtained, after recrystallisation from

water, in 92% yield, m.p. 223--227°(1it.,203 225).

p-(5-Methoxyindol—=3~vl)—propionic Acid (XCII).- Decarboxyl—
ation of the di-acid (XCVII) was effected thermally in diphenyl-

amine at 25d’according to the method of Robinson and his co-work-
ers.zo3 After recrystallisation from water, the required product

was obtained in 72% yield, m.p. 1360(11‘5.,203 136).

Ethyl A—(5-Methoxyindcl-3—yl)-provionate (XCVIII).- p-(5-

Methoxyindol=3-yl)-propicnic acid was esterified by treatment with
ethanol containing 10% hydrogen chloride. Yield 79%, m.p. 72—72.51

MethylAQ-(5—Methoxyindol-3-y1)ébronionate.- Method A. The

ester was prepared in 81% yield by ireatment of the acid with
methanol containing hydrogen chloride according to the method des-
203 L5, 97-99° (1it., 203 100).
Method B. Diazomethane in ether (250 ml.) (prepared from Diazald

(3 g.)) was added to a solution of P -(5-methoxyindol=3-yl)-

propionic acid (8 g.) in methanol (70 ml.) at O and the mixture

cribed by Robinson and his co-workers,

kept at room temperature for 3 hr. The methanol, ether, and
excess diazomethane were then removed at reduced pressure, and the
residue recrystallised from methanol to give methyl ﬁ-(S—methoxy-

inﬁol-3-yl)-propionate (8.1 g+5 95%), m.p. 99-100

Attempted Hydrogenation of —(5-Yethoxyindol-3—yl)-propionic

Acid and its Methyl and Ethyl Esters to the Corresponding Indolines.-

The reactions listed below were carried out in a general purpose
hydrbgenation apparatus at room temperature and atmospheric pressure.
No attempt was made to purify the resulting indolines but where

products were obtained these were benzoylated directly using benzoyl
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chloride in aqueous sodium hydroxide.

It

CH;

CH3O

Solvent

Aqueous
sodium
hydroxide

Ethanol

Ethanol and
fluoroboric
acid

Methanol and
hydrochloric
acid

CH,CH,COOR
N
H
Catalyst Observations

Raney nickel

Platinum
oxide

Palladium-on-
carbon

Rhodium-on-
carbon

Platinunm
oxide

Platinum
oxide

Raney nickel
Pglladium on
carbon

Rhodium on
carbon

Platinum
oxide

Very slow hydrogen uptake
and a considerable quantity
of starting material
isolated.

Rapid hydrogenation, 2 moled
of hydrogen teken up.
Starting material (50%)
isolated. Product (5%).

Rapid hydrogenation, 1.5
molé& of hydrogen taken up.
Starting material (40%)
isolated. No product.

Rapid hydrogenation, 1 mole
of hydrogen taken up.
Product (20%), (isolation
difficult).

Very slow hydrogen uptake
and a considerable quantity
of starting material
isolated.

Rapid hydrogenation, 1.7
moles of hydrogen teken up.
No product.

Moderate hydrogenation rate,
1.3 molesof hydrogen taken
up. Starting material (25%)
igolated. Product (20%).
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R Solvent ” Catalyst Observations
C-H Ethanol and Raney nickel Very slow hydrogen uptake
275 : :
hydrochloric and a considerable quantity
acid Palladium-on~ of starting material
carbon isolated.
Rhodium- on— Rapid hydrogenation,
carbon variable hydrogen uptake.

No producte.

Pletinum Moderate hydrogenation rate,

oxide 1.3 molesof hydrogen taken
up. Starting material (20-
40%) isolated. Variable
yield of product (17, 25,
37, 50%).

Attempts were also made to hydrogenate the sodium salt of the
acid at increased pressures as described for the hydrogenation
of ﬁ-%;ndol-3-y1)—propion1c acid by Woodward and his co-
workers.183 However, only starting material was isolated.

B -(1-Benzoyl-5-methoxyindolin-3—yl)-propionic Acid (XCIX).-

To a suspension of prehydrogenated platinum oxide (1.25 g.) in
ethanol (30 ml.) and 40% aqueous fluoroboric acid (30 ml.) was
added a solution of ethyl p-(5-methoxyindol-3-yl)-propionate

(31 g.) in ethanol (300 ml.) and fluoroboric acid (290 ml.). The
total mixture was shaken in an atmosphere ¢f hydrogen at room
temperature and atmospheric pressure until the theoretical volume
of hydrogen (3100 ml.) had been absorbed. The mixture was then
filtered, ethanol removed at reduced pressure and the remaining
aqueous solution made basic with dilute ammonia and extracted with
chloroform. The chloroform solution was washed with water, dried
over anhydrous sodium sulphate, and evaporated to dryness to give
impure ethyl B-(5-methoxyindolin-3-yl)-propionate (24 g.),
having V max. 3380, 1725, 1595 cm.

Without further purification the impure ester was hydrolysed

under reflux in ethanol (120 ml.) with 10% aqueous sodium hydroxide
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(240 wl.) for 5 min. The solution was then cooled to O, benzoyl
chloride (26 ml.) added, and the mixture sheken at room temperature
for 3 hr. The mixture, cooled to Oz was made acid with concentrated
hydrochloric acid and the precipitated mixture of benzoic acid and
the required benzoyl material filtered off, washed with hot water
(to remove benzoic acid) and the residue recrystallised from

ethanol to give {5-(l—benzoyl-s-methoxyindolin-3—yl)-pr0pionic acid
(25 g., 62%), m.p. 169-170" and 180.5 (1it.,%°? 179.5-181) (Found:

¢, 70.1; H, 6.13 N, 4.0. Calc. for C19Hy gNO4 requires C, 70.15;
E, 5.9; N, 4.3%); V) max. 1720, 1640, 1600 cm. >

Neutralisation of the ammoniacal solution, after extraction
of the reduced material with chloroform, precipitated unchanged

starting material (1.2 g.).

1-Benzoyl—-6-hydroxy-5-0xo-1,2,28,3,4,5~hexahydrobenz{c,d]-
indole (C).- (3-(l-Benzoyl-5-methoxyindolin—3-yl)-propionic acid
(13 g.) in freshly distilled thionyl chloride (22 ml.) was kept at

room temperature for 30 min. and then warmed gently for a further

30 min. After removal of excess thionyl chloride at reduced
pressure, the acid chloride was dissolved in dry carbon disulphide
(22 ml.) and added dropwise over 30 min. to a stirred and cooled
(0) suspension of anhydrous aluminium chloride (26 g.) in carbon
disulphide (200 ml.). When the addition was complete the mixture
was allowed to attain room temperature over 30 min. and then heated
under reflux for a further 2 hr. with continued stirring. The
reaction mixture was then cooled in ice and the complex decomposed
by slow addition of ice (50 g.) and 4N hydrochloric acid (90 ml.).
The carbon disulphide was removed at reduced pressure, the remain-
ing aqueous mixture extracted with benzemne and the benzene solution
washed with water and shaken with 5N sodium hydroxide (20 ml.).
The resulting yellow precipitate was filtered off, washed with a
little water and dried to give l-benzoyl-6-hydroxy-l,2,2a,3,4,5-
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hexahydrobenz[c,d Jindole sodium salt (11.4 g., 90%), m.p.)—35di

On acidification this sodium salt gave a colourless so0lid which
was recrystallised from ethanol to give l-benzoyl-6-hydroxy-5-o0xo-—
1,2,2a,3,4,5-hezahydrobenz[c,d]indole MePo 163.5: (Found: C, 73.2;
H, 5.25. CgH N03 requires C, 73.7; H, 5.2%); WV max. 1660,
1640, 1600 cm.™

The benzene filtrate, after removal of precipitated sodium salt,
was washed with water, dried over anhydrous sodium sulphate and
evaporated to dryness at.reduced pressure. The residue was re-
crystallised from benzene to give 1-benzoy1—5-oxo—l,2,2a,3,4,5-'
hexahydrobenz{c,d)indole (1 g.), m;p. 145-148°(lit.,183 146-14?).
The infrared spectrum was identical to that of an authentic sample

and no m.p. depression was observed on admixture of the samples.

Action of Aluminium Chloride upon 6-(l—Benzoyl-5—methoxyind-

0lin-3-yl)-propionic Acid (XCIX).— To a cooled, stirred suspension

of anhydrous aluminium chloride (2 g.) in dry carbon disulphide
(20 ml.) was slowly added a suspension of [3-(1—benzoy1-5—methoxy—
indolin-3-yl)-propionic acid (1 g.) in carbon disulphide (10 ml.).
When the addition was complete the mixture was allowed to attain
room temperature and then heated under reflux for a further 2 hr.
with continued stirring. The mixture was then cooled, ice (5 g.)
and 4N hydrochloric acid (10 ml.) added, and carbon disulphide re-
moved at reduced pressure. The residual aqueocus mixture was ex-
tracted with benzene and the benzene solution washed with water,
dried over anhydrous sodium sulphate and evaporated to dryness.
The residue (0.94 g.) was recrystallised from ethanol to give f3 -
(1-benzoyl-S-methoxyindolin~3~yl)-propionic acid (0.86 g.), m.p.
177—179: not depressed by admixture with starting material. The

infrared spectra of the two samples were identical.
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l-Benzoyl—6—hydroxy-5—oxo—1,2,2a,3,4,5—hexahydrobenzfc,d]-
indole Oxime (CI).— 1-Benzoyl-6-hydroxy-5-0x0-1,2,2a,3,4,5-hexa~
hydrobenz[c,d]indole (0.23 g.) was dissolved in pyridine (5 ml.)

containing hydroxylamine hydrochloride (0.2 g;) and the mixture

kept at room temperature for 15 hr. It was then poured onto a
mixture of ice and water and the precipitate filtered off, washed
with water, dried and recrystallised from ethanol to give i-benzozl-
6-hydroxy—5-oxo-1,2,28,3,4,5-hexahydrobenz[c,d]indole oxime (0.15 g.,
62%), m.p. 265 (decomp.) (Found: C, 70.4; H, 5.2. CogH N0,
requires C, 70.1; H, 5.2%); V max. 3580, 3260, 1640, 1600 cm. L

6-Acetoxy-1l-benzoyl-H-oxo-1,2,2a,3,4,5-hexahydrobenz[c,d]-

indole (CII).- To a solution of l-benzoyl-6-hydroxy-5-0x0-1,2,28,-
3,4,5—hexahydrobenz[c,d}indole (0.2 g.) in pyridine (10 ml.) was
added acetyl chloride (0.6 ml.), and the mixture kept at room

temperature for 30 min. It was then poured onto ice and water,

the product extracted with chloroform and the chloroform solution
washed with water, 2N hydrochloric acid, water until neutral, and
dried over anhydrous sodium sulphate. Evaporation of this solution -
to dryness gave a residue which on recrystallisation from ethanol
furnished the required 6-acetoxy-l-benzoyl-5-o0xo-l,2,2a,3,4,5-hexa=
hydrobenz{c,d}indole (0.13 g.y, 57%)y Mmepe 151-153.5 (Found: C, T1.3;
Hy, 5.5. 020317N2 reg§ires C, 7T1.63 H, 5.1%); V max. 1760, 1670,
1640, 1590, 1255 cu.

l—Benzoyl—é—methoxy—5—oxo-l,2,2&,3,4,S—hexahydrobenz[c,d]-

indole (CIII).- To a refluxing solution of l-benzoyl-6-hydroxy-
§—0x0-1,2,2a,3,4,5-hexahydrobenz [c,d |indole (1 g.) in ethanol (27 ml.)
containing sodium (0.l g.) was slowly added methyl iodide (0.8 ml.)

and heating continued for a further 3 hr. After removal of ethanol

at reduced pressure, water was added to the residue and the mixture
extracted with chloroform. The chloroform solution was shaken with

20% aqueous sodium hydroxide, the unchanged starting material (0.2 g.)
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filtered off as the sodium salt, and the remaining solution washed
with water, dried over anhydrous sodium sulphate and evaporated to
dryness. Recrystallisation of the residue from ethanol gave l-—
benzoyl-—6-methoxy-5-oxo-1,2,2a,3,4,5-hexahydrobenz [c,d] indole (0.6 g.,
71%) (based on starting material consumed), m.p. 154-156°(Found:

C, 74.4; H, 5.7. Cl§H17NO3 requires C, 74.3; H, 5.6%); ~ max.
1670, 1635, 1590 cm.

Action of Aluminium Chloride upon l-Benzoyl-6-methoxy—5-0x0—

1,2,2a,3,4,5-hexahydrobenz(c,d]indole (CIII).~ The procedure and

conditions employed in this reaction were similar to those descr-
ibed for the reaction carried out to determine the effect of
aluminium chloride upon p-(l—benzoyl—5-methoxyindolin—3—yl)—
propionic acid (XCIX): methoxy-ketone (CIII; 0.6 g.) and aluminium
chloride (1.2 g.) were employed. After extraction of the reaction
mixture with benzene, the benzene solution was shaken with 5N
sodium hydroxide (5 ml.) and the yellow solid precipitated was
filtered off, washed with a little water and dried to give 1-
benzoyl-é—hydroxy-s—oxo—l,2,2a,3,4,5—hexahydrobenz[b,d]indole
sodium salt (0.25 g.). The unprotected hydroxy compound (C) was
liverated on acidification of the sodium salt in aqueous solution;j
recrystallisation from ethanol gave l-benzoyl-6~hydroxy~5-o0xo=l,2,-
2a,3,4,5-hexahydrobenz [c,d]indole (0.2 g.), m.p. 160-163, not de-

pressed on admixture with an authentic sample.

The benzene solution was washed with water, dried over an-
hydrous sodium sulphate, and the solvent removed at reduced pressure.
Recrystallisation of the residue (0.4 g.) from methanol afforded
1-benzoyl-6-methoxy-5-0xo-1,2,2a,3,4,5-hexahydrobenz [¢c,d]indole,

MePo 150-15437not depressed on admixture with an authentic sample.
The infrared spectrum was identical with that of the starting

~ material.
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6-Hydroxy=-5-0x0-1,2,2a,3,4,5-hexahydrobenz [c,d}indole (CVIII).=

1-Benzoyl-6-hydroxy-5-0xo-1,2,2a,3,4,5-hexahydrobenz [¢,d]indole
sodium salt (8 g.) was dissolved in glacial acetic acid (80 ml.)
and concentrated hydrochloric acid (100 ml.) and the solution
heated under reflux for 20 hr. The acid mixture was removed at
reduced pressure, the residue extracted with water and the aqueous
solution filtered and made basic with concentrated ammonia. The
product was extracted three times with chloroform and the chloro-
form solution washed with water, dried over anhydrous sodium
sulphate and evaporated to dryness at reduced pressure. Recryst-
allisation of the residue from ethanol gave 6~hydroxy-5-0x0-1l,2,2a,-
3,4L5—hexahydrobehz[b,@]indole (24 gey 50%), mepe 121-126° (Found:
¢, 70.1; H, 6.4. C,.H .NO. requires C, 69.8; K, 5.9%6)3 Vmax.

11711 2
3380, 3250, 1650, 1600 cm.~! FPFurther extraction of the ammoniacal

solution with chloroform gave, after the usual work up and recryst-
allisation from benzene, 6-hydroxy-5-o0xo~l,3,4,5~tetrahydrobenz—
[c,d]indole (0.16 g.), mep. 190-194 (Found: C, 70.7; H, 5.4.
C11HgNO, requires C, 70.6; H, 4.9%); 'Vmax. 3480, 1640, 1605 cm.

-1

6-Hydroxy—5=0%0~1,3,4,5=tetrahydrobenz [c,d]indole (CIX).-
6-Hydroxy=-5-0x0-1,2,2a,3,4,5-hexahydrobenz (c,d]indole (1.7 g.) in
methylene chloride (60 ml.) was shaken for 24 hr. at room temperature

with active manganese dioxide24o (6.8 g.). The mixture was then
filtered, the manganese dioxide extracted in a Soxhlet extfactor
using methylene chloride and the combined methylene chloride solution
washed with 2N hydrochloric acid and water, and dried over anhydrous
sodium sulphate.' The solvent was removed at reduced pressure and
the residue recrystalllsed from benzene to give 6- bydroxy—5-oxo-

1,354, S5-tetrahydrobenz[c,d]indole (1.2 g., 70%), m.p. 193-195
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Hydroxylation of45—0xo-1,2L2a,3,4,5—hexahydrobenzfc,d]indole
(1X) to 6-Hydroxy-5-0x0-1,3,4,5~-tetrahydrobenz(c,d)indole (CIX).-

To a solution of potassium nitrosodisulphonate (2.6 g.) in water
(100 ml.) and Sorensen's buffer solution* (50 ml.) was added 5=0x0=
1,2,2a,3,4,5-hexahydrobenz|c,d ]indole (0.5 g.) in acetone (35 ml.).
The mixture was shaken at room temperature for 10 min. and then
extracted with chloroform. The chloroform solution was washed with
water, 2N hydrochloric acid and extracted with aqueous sodium hyd-
roxide. The basic solutioé‘was acidified with hydrochloric acid,
the product extracted with chloroform and the chloroform solution
washed with water and dried gver anhydrous sodium sulphate. After
removal of the solvent the residue was.reorystallised from benzene
to give 6-hydroxy-5-oxo-1,3,4,S-tetrahydrobenz[c,d]indole (0.07 g.),
m.pe 190-195, not depressed by admixture with an authentic sample.
The infrared spectrum of this material was identical with that of
the\authentic sample.

The reaction time was varied from 2 min. to 30 min. in an
attempt to increase the yield but 10 min. was found to be the

optimum time.

6-Hydroxy-5—o0xo-1,3,4,5-tetrahydrobenz{c,d]indole Oxime (CX).=
A solution of 6-hydroxy-5-oxo—l,3,4,5-tetrahydrobenz[o,d]indole
(1.2 g.) in ethanol (140 ml.) was heated under reflux with hydrox-
ylamine hydrochloride (0.9 g.) and anhydrous sodium acetate (1.8 ge)

in water (30 ml.) for 75 min. Much of the solvent was then re-—

moved at reduced pressure, excess ice and water added and the

oxime thus precipitated extracted into chloroform. The chloroform
. n . 243

* . The Sorensen's buffer solution (pH 7) was prepared from

potassium dihydrogen phosphate (0.175 g.) and disodium hydrogen
phosphate (0.362 g.) dissolved in water (50 ml.).
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solution was washed with water, dried over anhydrous sodium
sulphate and evaporated 1o dryness at reduced pressure. Recryst-
allisation of the residue from ethanol gave 6-hydroxy-S5-oxo-1,3,4,-
5—tetrahydrobenzlc,dlindole oxime (0.95 g., 73%), m.p. 172-176.5°
(Found: C, 65.5; H, 4.95. Cy1H; N0, Tequires C, 65.33 H, 5.0%);
Vmax. 3580, 3480, 3250, 1630, 1600 cm. >

S—Amino—6-hydroxy-l,3,4,5-tetrahydrobenz [c,d)indole (XLVII).-
6-Hydroxy-5-oxo—1,3,4,S-tetrahydrobenz[c,d]indole oxime (0.65 g)

in dry tetrahydrofuran (55 ml.) was heated under reflux with
lithium aluminium hydride (0.65 g.) for 7.5 hr. Excess lithium
aluminium hydride was decomposed by the careful addition of water
and much of the tetrahydrofuren removed at reduced pressure and
room temperature. The remaining aqueous mixture was extracted
with ether and the ethereal solution washed with water, dried
over anhydrous sodium sulphate and the ether removed at reduced
pressure. During the isolation the solutions were kept cool and
in an atmosphere of nitrogen; on exposure to air the yellow
solution of amine instantly became black. Attempts to prepare a
pure sample of the amine (Vmax. 3480, 3380, 1615 cm.~l) were un-

successful.

The hydrochloride was prepared by treatment of a solution of
the impure amine in a mixture of anhydrous ether and benzene with
dry hydrogen chloride. The resulting precipitate was washed and
centrifuged several times with anhydrous ether, dried in e streaﬁ
of oxygen-~free nitrogen and rscrystallised from ethanol to give
colourless needles of 5-amine—6-hydroxy-l,3,4,5-tetrahydrobenz-

[c,d)indole hydrochloride (0.03 g.). No m.p. was recorded as the

compound slowly darkened and decomposed on heating; (Founds C,
58.0; H, 5.7. 011H13N2001 requires C, 58.8; H, 5.8%).
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Attempted Hydroxylation of 4-Oxo-1,2,22,3,4,5-hexahydrobenz-
[c,d]indole (LXIX) to 6-Hydroxy—4-oxo-l,3,4,5-tetrahydrobenz{c,d]-

indole (CXI).- A solution of potassium nitrosodisulphonate (1.6 g.)
243

in water (64 ml.) and Sorensen's phosphate buffer solution
(32 ml.) was shaken under nitrogen with 4-oxo-1,2,22,3,4,5-hexa-
hydrobenz [c,d Jindole (0.32 g.) in acetone (30 ml.) for 10 min.
The mixture was then extracted with chloroform and the chloroform
solution washed with 2N hydrochloric acid and water, dried over
anhydrous sodium sulphate, and evaporated to dryness at reduced
pressure. The infrared spectrum of the residue (0.05 g.) poss-
essed no absorption at 1715 or 3480 cm.-l attributable to the 4-

oxo function or the indolic N-H respectively.

Neutralisation of the acid washings‘with sodium bicarbonate
and extraction with chloroform gave a dark oil (0.2 g.), the |
infrared spectrum of which possessed absorption at 1710 cm.-1 but
not at 3480 cm.”™! The o0il was insoluble in aqueous sodium hydro-

xide and could not be obtained in a crystalline state.

6-Hydroxy-1l,3,4,5-tetrahydrobenz{c,d]indole (CXIII).- 6-
Hydroxy—5-oxo-l,3,4,S-tetrahydrobenz[c,d}indole (0.2 g.) in
ethanol (40 ml.) and 6N hydrochloric acid (20 ml.) was heated

under reflux for 15 min. with amalgamated zinc (0.5 g.). After
remaining at room temperature for a further 12 hr., the mixture
was filtered, the solution volume reduced and the remaining
mixture extracted with chloroform. The chloroform solution was
washed with water, dried over anhydrous sodium sulphate and the
solvent removed at reduced pressure. The oily residue was dis-
tilled at 20671 mm. and the colourless crystals obtained were
recrystallised from benzene to give 6~hydroxy-l,3,4,5-tetrahydro-
benz[c,d]indole (0.09 g., 50%), m.p. 125-126 (1it.,215 125-126).

6-Acetoxy—5-0%0-1,3,4,5~tetrahydrobenz(c,d]indole (CXIV) .-
To a solution of 6-hydroxy-5—oxo—l,3,4,5-tetrahydrobenz[c,d]-
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indole (1 g.) in pyridine (7 ml.) was added acetyl chloride (0.6 ml.)
and the mixture kept at room temperature for 2 hr; Addition to
ice-water gave an oily solid which was extracted with chloroform
and the organic solution washed with water, 2N hydrochloric acid,
water, and dried over anhydrous sodium sulphate. Removal of the
solvent at reduced pressure gave a residue which was recrystallised
from ethanol to give 6-acetoxy-5-oxo-l,3,4,5-tetrahydrobenz{c,d]~
indole (0.94 g., S1%), m.p. 191-192 (Found: C, 68.4; H, 5.1,

NO, requires C, 68.1; H, 4.8%); “Vmax. 3475, 1755, 1670,

C13%11 703 Teawts
1615, 1255 cm.

1-Benzoyl-6-benzyloxy-5-0xo-1,2,2a,3,4,5-hexahydrobenz[c,d]~-
indole (CXV).- 1-Benzoyl-6-hydroxy-5-o0xo-l,2,2a,3,4,5-hexahydro—-
benz [cyd ]indole sodium salt (6 g.) in N/40 sodium hydroxide (1500
ml.) was heated under reflux with benzyl chloride (4 ml.) in
ethanol (200 ml.) for 2 hr. Much of the ethanol was removed at

reduced pressure and the residual mixture cooled in ice to precip-
itate the impure benzyl derivative. After removal of the precip- .
itated material the filtrate was heated under reflux and re-
treated with benzyl chloride (2 ml.) in ethanol (100 ml.).

Heating was continued for 2 hr. when more product was isolated by
pgmoval of ethanol and filtration. This process was repeated
several times and the combined impure procduct recrystallised from
ethanol to give l-benzoyl=6-benzyloxy~5-0xo-l,2,2a,3,4,5<hexa~
hydrobenz [c,dlindole (5.2 g., 67%), m.p. 199-201 (Found: C, 78.8;
H, 5.5. cé5H21N03 requires C, 78.3; H, 5.55); V max. 1680,
1640, 1595, 1270 cm.—1

6-Benzyloxy—-5-0%x0~1,2,22.3,4,5=hexahydrobenz [c,d}indole (CXVI).=
1-Benzoyl-6-benzyloxy=-5-0xo-1,2,2a,3,4,5-hexahydrobenz [¢,d]indole
(4 g.) in ethanol (600 ml.) was heated under reflux with 5¥
sodium hydroxide (600 ml.) for 2 hr. Much of the solvent was

then removed at reduced pressure, water added, and the mixture
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extracted with chloroform. The chloroform solution was washed

" with 2N sodium hydroxide and water, and dried over anhydrous
sodium sulphate. After removal of the chloroform at reduced
prossure the residue was recrystallised from ethanol to give
6-benzyloxy~5-0x0-1,2,2a,3,4,5-hexahydrobenz(c,d]indole (2.8 g.,
96%), mep.132-134" (Found: C, 77.6; H, 6.4. C, gy ,NO, requires

2
c, 77.4; H, 6.1%); Vmax. 3370, 1670, 1600, 1260 cm.—1l

Attempted Preparation of 6-Benzyloxy-5-oxo-1,3,4,5-tetra-
hydrobenz [c,d] indole (CXVII).- 6-Hydroxy-5-0x0-1,3,4,5-tetra-
hydrobvenz [c,d]indole (0.5 g.) in §/4 sodium hydroxide (150 ml.)
was heated under reflux with benzyl chloride (0.4 g.) in ethanol

(30 ml.) for 2 hr. Luch of the ethanol was removed at reduced

pressure, the solution extracted with chloroform and the chloro-
form solution washed with aqueous sodiwan hydroxide and water, and
dried over anhydrous sodium sulphate. Removal of the solvent
gave an oily residue which could not be purified by crystallisat-
ion. The infrared spectrum (Vmax. 3480, 1640, 1605 cm.'l)

indicated that this product was impure starting material.

More forcing conditions for the benzylation were employed

but no pure benzyloxy material could be isolated.

6—Benzylozy55foxo~1,3,4,S-tetrahydrobenz[cldlindole (CXVII).~
6-Benzyloxy-5-0x0=1,2,22a,3,4,5~hexahydrobenz [c,d]indole (2.5 g.)
in methylene chloride (200 ml.) was shaken for 24 hr. at room

temperature with active manganese dioxide®40 (10 g.). The mix~
ture was then filtered, the manganese dioxide extracted in a
Soxhlet extractor using methylene chloride énd the combined
methylene chloride solution washed with 2N hydrochloric acid and
water, and dried over anhydrous sodium sulphate. The solvent
was removed at reduced pressure, the residue shaken with benzene,
filtered to remove an insoluble, high melting solid and the

benzene - soluble material chromatographed on silica gel.
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Elution with chloroform gave a crystalline solid, which was re-
crystallised from benzene to give 6-benzyloxy=5-0x0~1,3,4,5=
tetrahydrobenz [c,d]lindole (1.1 g., 44%), me.p. 152-155.5° (Found:
C, 78.13 H, 5.3. C.oH. NO_ requires C, 77.9; H, 5.45%);

18715 31
Vmax. 3480, 1670, 1600 cm.

6-Benzyloxy-5—0%0—-1,3,4,5-tetrahydrobenz [c,d]indole Oxime
(CXVIII).- 6~Benzyloxy~5-0x0-1y3,4;5~tetrahydrobenz [cyd]indole
(0.3 g.) in ethanol (15 ml.) was heated under reflux for 30 min.

with hydroxylamine hydrochloride (0.2 g.) and sodium acetate (0.4 g.)
in water (7 ml.). MNuch of the solvent was removed at reduced
pressure, excess water added and the so0lid thus precipitated was
filtered off, washed with water and recrystallised from ethanoi to
give 6~benzyloxy~5-oxo-1,3,4,5-tetrahydrobenz(c,d]indole oxime

(0.27 ges 85%), mep. 220° (decomp.) (Found:  C, 73.63 H, 5.6.

C, gl (N 0, Tequires C, 74.05 H, 5.5%); Vmax. (Nujol) 3430,

3170, 1600 cm.~t

6-Hydroxy=5-0x0-1,3,4,5=tetrahydrobenzc,dlindole (CIX).-
6-Benzyloxy-5-0x0-1,3,4,5-tetrahydrobenz [c,d]indole (0.2 ge) in

methanol (12 ml.) was shaken in an atmosphere of hydrogen with
palladium on carben (0.1 g.) until no more hydrogen was absorbed.
After removal of the catalyst the filtrate was evaporated to
dryness and the residue recrystallised from benzene to give 6-
hydroxy-5-0x0-1,3,4,5-tetrahydrobenz[¢c,dlindole (0.11 g., 81%),
mep. 192-195.

l,4-Diacetoxycyclohexane.- Cyclohexane-l,4-diol was acetyl-

ated with acetic anhydride to give the diacetate in 40% yield,
m.p. 101-10% (1it.,%2! 102-103).

A-Acetoxycyveloheranol.- The diacetate was hydrolysed with

ethanolic potassium hydroxide and the product distilled to give
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the required monoacetate in 52% yield, be.pe 147—14§724 mm . (lit.,227

136-137/15 mm.).

4-Acetoxycyclohexanone (CXXV).~ Cyclohexane-l,4-diol mono-

acetate was oxidised to the acetoxy-ketone, using chromic oxide,
in 72% yield, b.p. 148/24 I, (lit.,227 124—126714 mm. ) .

p-Benzyloxyaniline.- p-Benzyloxynitrobenzene was reduced244

using Raney nicxkel and hydrazine hydrate to give the required

product in 85% yield, m.p. 35-39%

p-Benzyloxyphenylhydrazine Hydrochloride (CXXVI).- r- Benz-

yloxyaniline was diazotised and the product reduced with stannous
chloride to give'ﬁhe required material in 46% yield, m.p. 180-188"
(1it.,228 219).

3-Acetoxy—6-benzyloxy-1,2,3,4-tetrahydrocarbazole (CXXVII).-

p-Benzyloxyphenylhydrazine hydrochloride (3.25 g.) and 4-acetoxy-
;§clohexanone (2 g.) were heated under reflux with anhydrous
sodium acetate (1.1 g.) in acetic acid (40 ml.) for 2 hr. The
solution was cooled, poured onto water and the mixture extracted
with ether. The ethereal solution was washed with water,

aqueous bicarbonate, water, and dried using anhydrous sodiun
sulphate., The ether was removed at reduced pressure and the
residue recrystallised from aqueous ethanol to give 3—ace£ox1-
6-benzyloxy-1,2.3,4-tetrahydrocerbazole (3.5 g.; 84%), mep. 143-
151 (Found: C, 74.5; H, 6.3; N, 4.05. CppHyy N0, Toquires

C, 75.2; H, 6.3; N, 4.2%); Vmex. 3475, 1725, 1595, 1250 cu.™t

- 3-Hydroxy-b-benzyloxy-1,2,3,4-tetrahvdrocerbzzole (CXXVIII).-
"A solution of 3-acetox§-6—benzyloxy—l,2,3,4—tetrahydrocarbazole
(15 g.) in ethanol (300 mi.) was heated under reflux with sodiuam
hydroxide (3.75 g.) in water (75 ml.) for 30 min. luch of the

solvent was removed at reduced pressure, the remaining sclution



diluted with water, znd the solid thus precipitated filtered off
-and recrystallised from aqueous ethancl to give 6-benzyloxy-3~
hydroxy-1,2,3,4-tetrahydrocarbazole (12.5 g.y 95%), m.p. 144—1470
(Found: C, 78.13 H, 6.4. 019h19 o Tequires C, 77.8; H, 6.5%);
Vmax. 3600, 3475, 1625, 1595 cm.=1

6-Benzyloxy-3-0x0-1,2,3,4-tetrahydrocarbazole (CXXIX).~ To
a boiling solution of 6-benzyloxy-3-~hydroxy-l,2,3,4-tetrahydro-
carbazole (13.5 g.) and cyclonexanone (70 ml.) in tcluens (300 ml.)

was added aluminium isopropoxide (4 g.) in toluene (60 ml.) such
that the rate of addition was equal to the rate of distillation
of the toluene. Distillation was then continued until the volume
of the solution was reduced to 100 ml. Saturated aqueous sodium
potassium tartrate (60 ml.) was added, and the mixture steam dis-
tilled to give approximately 60 ml. distillate. The residual
mixture was extracted with chloroform and the chloroform solution
washed with water, dried over anhydrous sodium sulphate and evap-
orated to dryness. The residue was recrystallised from ethanol
to give 6-benzdoxy-toxo-1,2,3,4~tetrahydrocarbazole (8.4 g., 63%),
mep. 161-175° (Found: C, 78.1; H, 6.0. ) H,
C, 78.3; EH, 5.9%); Vmax. 3475, 1710, 1595 cm.-1

NO2 requires

6-Benzyloxy—3-0x0-1,2,3,4-tetrahvdrocarbazole Oxime (CXXX).-

6-Benzyloxy-3-0x0-1,2,3,4~tetrahydrocarbazole (1.9 g.) in ethanol
(160 ml.) was heated under reflux with a solution of hydroxyl-
aminc hydrochloride (1.3 g.) and anhydrous sodium acetate (2.6 g.)
in water (15 ml.) for 1 hr. luch of the ethanol was then removed
at reduced pressure and the residual solution poured onto ice-
and water. The precipitated solid thus formed was filteréd off,
washed with water and recrystallised from benzene to give 6-benz-
yloxy—}—oxo-l,2,3.4—tetra“"d*oca”bazole oxinme (1.5 g., 75p), MePe
160° (Found: C, 74.8; H, 5.6. Cy g gp0 requires C, T4.5;
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H, 5-9%); V max. 35803 3475, 3300, 1595 cm.-l

3-Amino—6-benzvloxry-1,2,3,4~tetrahydrocarbazole (CXXXI) .-

6-Benzyloxy=-3-o0xo-1,2,3,4-tetrabydrocarbazole oxime (2.25 g.) in
sodiun-dried ether (250 ml.) was heated under reflux with lithium
aluninium hydride (2 g.) for 24 hr. Water was then carefully |

added to decowpose the excess lithium aluminium hydride and the

resulting mixture sevarztied. The agueous layer was exiracted
W2UL CULSLY &l Toe Comsined CVLsrIal zoiuvion wasaed wita water

.and extracted with 2N hydrochloric zecid. The acid solution was
washed with ether, made basic with aqueocus ammonia, and extracted
with ether. The ethereal solution of emine was washed with water,
dried over anhydrous sodium sulphate and evaporated to dryness.

Recrystallisation of the residue from benzene gave 3-amino-6-—

benzyloxy-1,2,3,4-tetrahvdrocarbazole (1.5 g., 71%), m.p. 131-
135° (Found: C, 77.9; H, 6.5. Cy g0 Tequires C, 78.0;
Hy, 6.9%); Vmax. 3475, 1625, 1595 cm.-1 '

The hydrochloride was formed by passing dry hydrogen chloride

through an ethereal solution of the amine, and was recrystallised

from methancl, m.p. 238—240ﬂ

The N-acetate was formed in dry pyridine by treatment of
the amine with acetic anhydride, and was recrystallised from

benzene, m.pe. 157—163i Vmax. 3475, 3440, 1660, 1595 S

3-Amino-6-hydroxy-l.2,3,4-tetrahydrocarbazole (XLII).- To a

solution of 3-amino-6-benzyloxy-l,2,3,4-tetrahydrocarbazole (0.65
g.) in methanol (35 ml.) was added 10% palladium-on-carbon (0.3 g.)
and the mixture'shaken in an atmosphere of hydrogen at room temp~
erature and atmospheric pressure until no more hydrogen was abs-
orbed. The mixture was then filtered free of catalyst and the
filtrate evaporated to dryness to give the impure hydroxy-amine.

This material wes purifiecd by sublimation &t 20671 nn. to give
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. 3—amino—6-hydroxy-1,2,3,4-tetrahydrocarbazole (0.43 g., 97%),

m.p. 250 (decozp.) (Found: C, Tl.6; H, 6.7. 012H14N2

Cy, T1.25; H, 7.0%); Vmax. (¥ujol) 3370, 3280, 1620, 1595 cm.

0 requires
-1

The diacetate was formed in pyridine using acetic anhydride
and the product recrystallised from benzene, m.p. 117—121:
) -~ oo —1
Vaax. 3475, 3440, 1750, 1655, 1590 cm.

Cyclonentane—1l,2-diorne Mono p-liethozyvhenylhvdrazone (CXXXIII).-

To a solution of sodium (6 g.) in ethanol (85 ml.) at ~20 was
added a cold (-20) mixture of cyclopentznone (21 g.) and ethyl
formate (18.5 g.). The total mixture was kept at -20 for 30 min.
and then overnight at 0. The precipitate which separated on
standing was dissolved in ice and water and the resulting solution
neutralised with aqueous acetic acid and slowly added to a stirred
solution of p-methoxyphenyldiazonium hydroxide maintained at 0.
The diazo soiﬁtion was prepared by treatment of p-anisidine

(24.5 ge), in 6N hydrochloric acid (95 ml.) at d{ with sodium
nitrite (16 g.) in water (40 ml.) and neutralised with aqueous
sodium hydroxide. The red precipitate, formed on addition of the
cyclopentanone and ethyl formate solution to gfmethoxyphenyldiaz-
onium hydroxide, was collected, washed with water and recryst-
allised from ethanol to give cyclopentané-l,2-dione mono—gfmeth-
oxyphenylhydrazone (26 g., 48%) (based on cyclopentanone),

mop. 189-150 (1it.,-°% 189-190) (Found: C, 66.2; H, 6.7. Calce

L4 . I C:’
for 012H14N202' C, 66.0, h, 6.5/0)0

7-Xethoxy-3-o0x0-1,2,3,4-tetrahydrocyclopent [blindole (CXXXIV).-

Cyclopentane-l,2-dione mono D-methoxyphenylhydrazone (5 g.) was

heated under reflux with 10% agueous sulphuric acid ( 55 ml.) for
45 min. After cooling, the precipitated black solid was collectf
ed and recrystalliced from ethanol to give T-methoxy-3-oxo-1,2,-

3,4-tetrahydrocyclopent[b}indole (1.5 g+y 33%), me.p. 267-268
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(lit.,;89 2663 (Found: C, Tl.4; H, 5.6, Calc. for ClZHilNozz
C, 71.63 H, 5.5%); V max. 3480, 1675 cm.m1 V max. (Nujol)
3150, 1690, 1650 cm.”l The yield of product in this reaction
was variable and 33% represents the maximum yield obtained.
Other reaction conditions and reaction.times were employed but

those described above were found to be optimum.

7—Methoxy—3—oxo-1,2,3,4—tetrahydrocvclopent[b]indole Oxime

CXXXV) o= 7-Methoxy—3-oxo-l,2,3,4—tetrahydrocyclopent[b]indole
(0.5 g.) was heated under reflux with hydroxylamine hydrochloride
(3.7 g.) in pyridine (50 ml.) for 30 hr. The mixture was allowed
to cool, poured onto ice and water and the solid precipitated '
filtered off and recrystallised from ethanol to give 7-methoxy-
3-0%0-1,2,3,4-tetrahydrocyclopent (bl indole oxime (3.8 g;, 88%)

(based on starting material consumed), m.p. 212-214’(Found=
C, 66.5; H, 5.4. C, o8, 58,0, rquires C, 66.6;5 H, 5.6%);
Vnax. 3580, 3470, 3240, 1645 cm.

The ethanolic mother liquors on concentration gave starting

material (0.97 g.).

3-Amino-T-methoxy-1,2,3,4-tetrahydrocyclopent [b] indole

. (CXXXVI) .= 7-Methoxy—3—oxo—l,2,3,4-tetrahydrocyclopent[b]indple
oxime (0.5 g.) was refluxed with lithium aluminium hydride (0.5 g.)
in dry tetrahydrofuran (40 ml.) for 19 hr. The mixture was '

cooled, water carefully added to decompose excess lithium alumin-

ium hydride, and the tetrahydrofuran removed at reduced pressure.
The residual mixture was extracted with ether and the ethereal
solution washed with water, dried over anhydrous sodium sulphate,
and evaporated to dryness. Recrystallisation of the residue
from benzene gave 3-amino-7-methoxy-1,2,3,4~tetrahydrocyclopent-
[blindole (0.23 g., 49%), m.p. 151-157 (Found: C, T70.9; H, 6.7.
012H14N20 requires C, 71.25; H, 7.0%); N max. 3470, 3370,

1625, 1585 cm.™t
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Attempted Demethylation of 3-Amino-7-methoxy-1,2,3,4-tetra-

hydrocyclopent [blindole (CXXXVI).— HMethod A°-27231 Dhe methoxy-

amine (0.25 g.) was heated under reflux with a mixture of glacial
acetic acid (30 ml.) and concentrated hydrobromic acid (10 ml.)
for 3 hr. The resulting daric coloured solution was poured onto
ice and water, neutralised with sodium bicarbonate, and extracted
with chloroform in a continucus extractor. After washing and
drying the chloroform sclution, it was evaporated to dryness to
give a residue (0.07 g.), the infrared spectrum of which possessed
no absorption attributable to the indolic N-H in the 3470 cm.-l

region.

The composition of the acid mixture and the reaction time
were varied but none of the required hydroxy-amine (XLVIII) was

isolated.

Method B.209 The methoxy-amine (0.11 g.) was heated under reflux
in benzene (50 ml.) with finely divided anhydrous aluminium
chloride (0.3 g.) for 12 hr. The mixture was cooled, water added
and the black precipitate (0.08 g.) thus formed filtered off,
washed and dried. This material was insoluble in aqueous sodium
hydroxide and organic solvents; the infrared spectrum (Nujol)
possessed no absorption attridutable to the indolic N-H. The
filtrate was separated, the aqueous layer neutralised with sodium
bicarbonate, washed with benzene and the combined benzene solution
washed with water, dried over anhydrous sodium sulphate and evap-
orated to dryness. The oily residue (0.02 g.) was insoluble in

aqueous sodium hydroxide and the infrared spectirum indicated that

it was impure starting material.

The reaction was repeated using carbon disulphide and nitro-
benzene as solvents in place of benzene, and the reaction times

were varied, but none of the required product was isolated.
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Method C.232

with pyridine hydrochloride (0.6 g.) and heated under nitrogen at
140 for 4 hr. Water was added to the cooled mixture and the
black precipitate (0.16 g.) thus formed filtered off, washed and

dried. The infrared spectrum and the solubilities of this mat-

The methoxy-amine (0.2 g.) was intimately mixed

erial were similar to those of the black solid described in
method B. Similarly neuiralisation and chloroform extraction of
the aqueous filtrate gave, after removal of chloroform, a residue
(0.04 g.) similar to that thought to be starting material in
method B. Shorter reaction times and lower reaction temperat-
ures merely increased the yield of impure starting material iso-
lated from the neutralised aqueous phass.

233 1o & solution of the methoxy-amine (0.2 g.) in dry

Method D.
methylene chloride (40 ml.) cooled to -80 was added boron tri-
bromide (0.5 ml.), and the mixture kept at =80 for 30 min. The
solution was allowed to attain, and remain at, room temperature
for a further 3 hr. On careful addition of water a black solid
was precipitated with infrared spectrum and solubility character-
istics similar to those of the black solids of methods B and C.
After removal of this material the aqueous filtrate was washed
with ether, neutralised with sodium bicarbonate, and the fine
precipitate thus formed taken up into chloroform. This solution
was washed with wéter, dried over anhydrous sodium sulphate, and
evaporated to dryness to give a trace of impure yellow solid}
WePo 180-190. This material was insoluble in water, had low
éolubility inlorganic solvents, but was readily soluble in
aqueous acid and base. Insufficient of this material was obitain-

ed to achieve a complete characterisation.



INTRODUCTION



~120-

The realisation, early in this century, that many organic
substances were sensitive to light aroused considerable interest
and this has led to the development of a novel and now rapidly
expanding branch of chemistry. Several excellent review3245’246
of photochemistry are available, and more specialised reviéws

241 248 of photo-

dealing with photobiology and related aspects
chenistry have recently been pubiished. The introduction of a
Journal of Photochemistry and Photobiology, first published in
1962, reflects the intefest which has been shown in this field

of study.

Since the early studies of Ciamician and Silber, and Paterno
using sunlight as the energy source, ultraviolet, visible, and
even fluorescent light have also been shown to induce structural
modifications in light-sensitive molecules. The availability of
a variety of high intensity ultraviolet sources coupled with
their convenience in use now make ultraviolet irradiation a
practical technique of general application. Meroury arc lamps
have been employed widely for this purpose. Light-sensitive
moleocules possess siructural features termed chromophores whioch
absorb incident light of particular frequencies. The energy gain
associated with this process raises the molecule to an excited
etate and generally involves the transition of n or ™ electrons
from the ground state to antibonding T orbitals. Although other
electronic transitions are also known to occur on absorption of
light, these two fundamental processes, refered to as n->T and
™" transitions, are generally regarded as being responsible
for most of the commonly encountered photochemical reactions. A
notable excepiion is the n— &' transition fhought 10 be involved
in the photolysis of halogeno compounds.249 Dissipation of the
excitation energy may occur by a variety of processes: +the energy
may be wholly or partially converted into thermal energy by
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collision, it may be re-emitted as fluorescence or phosphorescence,
or finally it may be utilised in bond redistribution associated
with photochemical reactions involving structural rearrangement,

addition or fragmentation.

These photochemical processes are generally regarded, and
diagrammatically represented, as involving radical species, but
the precise nature of the intermediates is still in some doubtzzso
the data obtained from stereospecific rearrangements may be
accounted for by stabilised radical intermediates or by synchron-

ous processes.

Although light-induced reactions are of fundamental interest
and are now known to have some preparative value in organic chem-
istry, they do also present certain problems; unless adequate
protection is provided against light, for example, these photo-
chemical processes lead to the decomposition of light-sensitive
substances during storage. Coloured glass bottles and opaque
containers such as aluminium or card. are often employed for the
protection of such substances, and stabilisers which decrease
the rate of decomposition have also been added to ocertain prep-
arations.251 : '

Drugs, often quite complex molecules, frequently possess
absorbing chromophores which render fhem light-sensitive and the
storage of these substances is of partioular concern since the |
decomposition producte frequently have pharmacological properties
markedly different from those of the parent drug. Several
reports of changes in pharmacological activity of preparations

on exposure to light have been made, but in relatively few

-instances have these investigations been followed up by structural

determinations of the products. In the presence of air, the

problems associated with the storage of light-sensitive substances
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are further complicated as certain compounds, particularly those
possessing unsaturated centres, undergo photochemically-induced
oxidation., The well documented deterioration of chlorpromazine,
for example, is thought to be the result of photo-oxidation, as
is the well known colouration and decomposition of amines on
.exposure to light and air. The processes involved in photo-
chemical oxidation have been extensively studied and several
reviews252 have appeared in the literature on this subject. I%
will not, therefore, be discussed further in this brief outline

of photochemical processes.

Certain substances, unable to absorb light directly, have
been shown to undergo light-induced structural changes in the
presence of a sensitiser, a substance capable of absorbing light
and transfering the energy to the non-absorbing species. Low
- concentrations of sensitisers are generally sufficient for photo-
sensitisations; <these may be impurities in the non-absorbing
material, or, in drug prepafations, addititives such as coiouring
agents. Folic acid, in preparations containing small quantities
of riboflavin, is photochemically decomposed with simultaneous

253

reduction of the riboflavin. Riboflavin has a similar sensi-
tising effect254 in mixtures of the vitamin and ascorbic acid

which are also degraded on exposure to sunlight.

Although some molecules, on exposure to light, merely polym-
erise, others undergo'diécrete processes which lead to well
defined products. These frequently possess highly strained
structures which have proved difficult to synthesise by conventional
chemical procedures. One such rearrangement is that of cis-
1,2-dihydrophthalic anhydride (CXL) which on photolysis®??
yields the bridged structure CXLI and on subsequent treatment
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with lead tetraacetate gives bicyclo[z,z,o]hexa-2,5-diene {CXLII),

the first synthesis of a "Dewar benzene" structure.

H H |
-y — o
H & H &' : :
cxXL CXLI ety
fig. 26
The environment of a molecule has a considerable effect upon
the course of a photochemical reactiion: 1in the solid phase, due
to the fixed orientation of the molecules in the rigid orystal
lattice, interactions are limited to those involving centres
which are close together, whereas in solution this iimitation no
longer exists as the molecules possess a greater degree of free-
dom and oonsequently other reactions, excluded in the solid state,
frequently predominate. The nature of the solvent employed in
solution photolyses often determines which reactions are most
favoured. Certain solvents, such as alcohols, may be chemically
involved in the photo-induced reaction while others, such as
saturated hydrocarbons, being more inert, simply form a dispersion
medium for the material under investigation. Solvents which
themselves absorb in the ultraviolet, such as acetone and benzene,
are known to act as sensitisers. The possibility that some
solvents may have an indirect effect upon the reaction by stabil-
ising ocertain intermediates should not be excluded. The concen-
tration of material, as well as the nature of the solvent, is
important in investigations carried out in solutiony dilute
solutions tend to favour interacfion with the solvent or intra-
molecular rearrangements, whereas in more concentrated solution
intermolecular reactions, often resulting in dimerisation, are

~more commonly encountered.

The absorption of light and the subsequent reactions which
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take place, largely depend upon the nature of the absorbing
chromophore; it is logical therefore'to discuss photochemical .
transformations in terms of these structures. The photochemical
reactions of drug molecules possessing well investigated chromo-
phores such as carbon-carbon double bdnds, isolated and conjugated
aldehydes and ketones, and aromatic centres are discussed undexr
these headings, while light-sensitive drug molecules which possess
other absorbing chromophores are considered in the final section

entitled miscellaneous transformations.

Carbon-carbon double bonds.

Compounds possessing only isolated carbon-carbon double bonds
capable of absorbing light are not, in general, light-sensitive.
Suitably substituted unsaturated molecules, however, in which the
double bond is conjugated with an additional centre of unsaturat-
ion, do absord ultraviolet light and are subject to photochemical
excitation. The most commonly encountered rearrangément of these
substances is cis-trans isomerisation about the double bond to
givean:equilibriummixture of the two isomers. The less stable
isomer frequently predominates. Trans-diethylstilboestrol (CXLIII),
on exposure to light,256 is initially isomerised to the cis
isomer (CXLIV), and further irradiation yields the tricyclic di-

ketone (CXLV). This conversion results in considerable loss in

O
|

A~ CH
CHg

CXLII CXLIV _ CXLV
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oestrogenic activity, as the trans isomer has several times the

257

activity of the cis form. The Rauwolfia alkaloid, Rescinn-
amine (CXLVI) undergoes similar isomerisation258 about the double
bond in the C(18) substituent. However,vthis conversion does not
appear to lead to any appreciable change in pharmacological
activity of the material, both isomers apparently having similar

pharmacological properties.

CXLV1
OCH
3
Oy N
0-C-C=0C OCH,
OCH,

Another similar conversion of biological importance is that
of vitamin Al’ in which the all trans compound is converted into

259

an equilibrium mixture of cis and trans forms, resulting in a
signifiéant reduction in vitamin A activity. Vitamin A precurs-

ors, & , 8 and ¥ -carotene, also undergo similar cis - trans

isomerisations: & -carotene, for example, is converted from the

all trans form into ten distinct cis - trans isomers on exposure

to sunlight.2%0

Cis — trans isomerisation is also known to be involved in
261 ysorption of light by the

the initial processes of vision.
visual pigment rhodopsin (an addition product of ii-cis-retinal

and the protein opsin) induces cis ~ trans isomerisation of the

it ~cis-retinal portion of the molecule. This photochemical
reaction is followed by a series of rapid dark reactions and
leads to visual excitation. Although certain of these reactions

are well understood, the precise process which triggers excitation

is s8till not oclear.



~126-

The photochemically-induced reactions of both acyclic .
dienes and heteroannular cyclic dienes have been fully reviewed262
elsewhsere, and as the compounds possessing these chromophores are
of little biological importance, these transformations will not

be discussed further here.

The transformations of homoannular ocyclic dienes, however,
are of moie significance in a consideration of the photochemically
induced changes of drug molecules. Exposure of these substances A
to lighf leads to acyclic trienes by ring cleavage, or substituted
bicyclo[2,2,0]hexanes by carbon-carbon bridging. In the presence
of a sensitiser, homoannular cyclic dienes have also been shown
to dimerise. Certain reactions characteristic of the homoannular
diene system are exemplified by the well investigated photochem-
ical reaction3263 of ergosterol (CXLVII). On exposure to light
ring cleavage of the cyclic diene to the acyclic triene occcurs to
yield pre-ergocalciferol (QXLVIII); subsequent thermal rearrange-
ment yields vitamin D2 (CXLIX). The related ocompounds, tachy-
sterol (CL) and lumisterol (CLI) are reversibly formed from pre-
ergocalciferol by further irradiation. Vitamin D, is heat and

2
light sensitive; <thermal rearrangement yields the stereoisomers

pyrocalciferol (CLII) and isopyrocalciferol (CLIII). These in
turn are both transformed to the bicyclo[Z,Z,O]hexene derivatives
of general formula CLIV on further irradiation. Ergosterol has
264

also been shown to undergo photochemical dimerisation in
alcoholic solution in the presence of the sensitisers eosin or
erythrosin to yield bisergostatrienol (CLV). Of the photochemical
products of ergosterol, only vitamin D, has any significant anti-

A 2
rachitioc aotivity.
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Aldehydes and Ketones

Substances possessing non-conjugated ketones have a weak
ultraviolet absorption (€ max.9=30 at 290mp), and, therefore,
generally undergo photo-induced reactions only slowly. The most
commonly observed light-induced reaction of compounds possessing
this function involves hydrogen abstraction by the activated
carbonyl: +this process may be intramolecular if the molecule
possesses a X hydrogen atom and results in the formation of a
cyclobutanol derivative, or intermolecular if this is energetic-~
ally more favourable. Cyclobutanol formation has been observed |
in 11- and 20-oxo-steroids; in both examples, the excited ketone
abstracts a hydrogen atom from the neighbouring angular methyl
group; thus 3,3-dimethoxypregnan-20-one (CLVI) is co1'xver1;ec1265
into the cyclobutanol derivative (CLVII) probably via the inter-
mediate diradical (CLVIII). An alternative pathway for the de-
composition of the diradical (CLVIII) is by D-ring cleavage to
&ield the ketone (CLIX). Intermolecular hydrogen abstraction
generally involves the solvent and results in reduction and pina-

col formation.266

*OH

CH30
CH,0

CLVI ' i’ cLYII cLvIl

CH3O
CH,40

. eLrx
fig. 30
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Cleavage of fhe carbon-carbon bopd ad jacent to the carbonyl
group is another favourable and commonly encountered process in-
the photolysis of non-conjugated ketones. This process results.
in fragmentation and decarbonylation if the carbonyl is a terminal
function; +thus certain l9-oxo-steroidé, on exposure to light,
lose carbon monoxide and yield the corresponding 19—nor-steroid.267
Substances in which the carbonyl group is not terminal frequently
cleave as described above and react with hydroxylic solventé;
the corresponding acids or esters have been isolated. The female
sex hormone, oestrone (CLX), for example, on irradiation268 in
aqueous dioxan, yields the acid (CLXI). The intermediate involved
in this reaction is thought to be a diradical which on intra-
molecular hydrogen abstraction rearranges to a ketene; subsequent
addition of water yields the acid.

o 0

HO HO
CLX CLX1
fig. 31

Another pathway available to the diradical, formed on photo-
lysis of the ketone, is recombination to yield the starting
material. If the carbon atom adjacent to the ketone is asymmet-
rically substituted then this recombination proocess may lead to
epimerisation at the asymmetric centre. 17-0xo-13& - and 17-oxo-
13ﬁ-steroids are interconvertible by exposure to light; androst-

269

erone“(CLXIi), for example, is epimerised 40 lumiandrosterone

"(CLXIII) under the influence of light with accompanying loss of

androgenic activity.269
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(@]
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H
CLXIl . : : CLXII f
fig. 32

Compounds possessing an cx,@ -unsaturated ketone, in addition
to undergoing the reactions characteristic of carbon-carbon double -
bonds and non-conjugated ketones, also undergo a variety of other
transformations made possible by the conjugation. In the solid
state or in concentrated.éolution, the most favourable process
aﬁpears to be an intermolecular interaction giving dimeric material
possessing a substituted cyclobutane structure. The sex hormones
testosterone? 0 (CLXIV; R,=0H) and progesteronez71 (CLXIV; R,=COCH3)
are dimerised in this way and complete loss of physiologiocal '
activity has been observed. Of the two possible modes of dimer-
isation which exist for these compounds, witp ketones "head to
head" (CLXV) and "head to tail' (CLXVI), only the latter is
generally encountered in solution photolyses since this process
leads to a product with the least steric and non-bonded inter-

actions. : . R

CLXIV

fig- 33
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In the solid phase, however, the configuration of the dimer is
determined by the orientation of the molecules in the crystal

1attice.272 Thymine (CLXVII), both in the crystal form and in
273

frozen aqueous solution dimerises in a similar manner on
exposure to light to give CLXVIII; +this process has been shown
to be reversible, the dimer being reconverted into thymine by irr-

adiation in water at room temperature. This dimer has also been

hv O CHy CHS,
~N
O\() Cc Hjx/ T‘H
CHg water' o° N0
H H H H
CLXVI! . CLXVi1
tig. 34

isolated by hydrolysis after irradiation of deoxyribonucleic acid
(DNA) with ultraviolet light in vivo and in vitro.2' It is also
present in bacteria which have been irradiated with ultraviolet

light.275

In more dilute solution, certain 3-010-4&4 steroids undergo
double bond migration; +this has been observed 276 in 10ol -testos-
terone (CLXIX), whick on irradiation in t-butanol is converted into
the corresponding non-conjugated p ,E -unsaturated ketone (CLXX).

OH OH

CLXIX ‘ CLXXK
fig. 35

The natural hormone, testosterone (CLXKD, however, does not re-

arrange in this simple manner but undergoes a series of more
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270

complex transformations which may be represented as shown in

fig. 36 to yield the ketonic products CLXXII and CLXXIII.

OH OH OH

CLXXI

OH/J/H

S

fig. 36

CLXXIU

Steroidal d,p —-unsaturated ketones also undergo photo-

270

chemical reduction in many solvents; +this may result in the
formation of the corresponding saturated ketone or, the formation
of a pinacol product. Thus 17p -acetoxytestosterone, on irradia-
270
tion

acetoxy-5o —androstan-3~one is the major product.

indiethyl ether yields the pinacol, while in ethanol l7p -

The alkaloid colchicine (CLXXIV), used in treatment of acute
gout, possesses a conjugated trienone system and this, on irradia-
tion, undergoes carbon-carbon cross bridging to yield  -lumicol-
chicine (CLXXV)277 278

its stereoisomer §-lumicolchicine;' and a
product described as ol-=lumicolchicine,

213 now shown to be the
dimer of g -lumicolchicine. This type of cross bridging is also
commonly encountered in the photochemistry of seven-membered
cyclic conjugated dienones and of highly substituted six-membered

cyclioc conjugated dienones.
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Of particular interest in photochemical studies is the cross-—
conjugated dienone chromophore (1,4-dien-3-one) which is found in
certain naturally occurring aﬂa biologically important molecules.
This system has attracted considerable interest and large sections
of reviews have been devoted to a consideration of the photochem-
“ically-induced transformations which occur in molecules possessing
this chromophore. ™ -Santonin (CLXXVI) is one such compound
which has been thoroughly investigated. This sesquiterpene,

known280
has been widely employed as en anthelmintic. Investigation has

to be light-sensitive since the beginning of the century,

shown that the changes which occur on exposure to light are ex-
tremely sensitive to the solvent employed: in aqueous acetic
acid281 isophotosantonic lactone (CLXXVII) and photosantonic acid
(CLXXVIII) are the major products of ultraviolet irradiation whereas
in ethanol,282 lumisantonin (CLXXIX), postulated to be a non-iso-
latable intermediate in the conversion of santonin into photosan-
tonic acid in acetic acid, is formed. The mechanism by which lumi-
santonin is converted into photosantonic aQ&d in acetic acid has

283

provoked considerable discussion but recent investigations
support the view that yet another intermediate, of structure CLXXX,
»

is'involved.284 This material has been isolated from the irradia-
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tion product of lumisentonin in anhydrous diethyl ether. In basic

0% ) o .
]
O—
N
o)
\L CLKRVI CLXRIXR CLRKX
AN
HOOS NN ...
o %
CLXXVII CLXX VIl

fig. 38

solu‘bion285 the dimeric material, photosantoninic acid (CLXXXI),
is the major product. A variety of processes are also known to
occur in the eolid state, but the siructures of the products

have not been completely elucidated. Pharmacological testing of

’

CLXXXI
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several of these products has shown that decomposition of o -
santonin is paralleled by a decrease in the anthelmintic activityza6
of the preparation. Certain of the products, however, have been

287

shown to possess anti-inflammatory properties.

Similar processesses to those involved in the photo-rearrange-
ment of o-santonin could account for the known decomposition of '
opthalmic preparations of prednisclone and methyl prednisolone on
exposure to 1ight.288 In ethanolic solution, these cross—conjug-
ated dienone steroids are even decomposed by fluorescent light.

The anti-inflammatory agent prednisone also possesses this chromo-
phore, and its acetate (CLXXXII), on exposure to ultraviolet light

289 which ére largely dependent upon the

undergoes rearrangements
nature of the solvent. In acetic acid, a rearrangement similar to
that which occurs in the conversion of santonin into isophotosan-
tonioc lactone takes place, but}in ethanol B:-ring cleavage at
C(g,10) 0°CUTs to give the proposed diradical (CLXXXIII) which on
rearrangement gives the unsaturated ketone (CLXXXIV). In dioxan,
aromatisation occurs in ring A to yield a phenol with probable

structure CLXXXV. _
ClH,_OCOCH3 CIZHZOCOCHa
C=0 Cc=0

—
CLXXXII
CH,0COCH | ¢ CH,OCOCH,
¢ c=0 C=0
------ OH
OH
CLXXXYVY ' CLXXX1V

fig. 39
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Aromatic Compounds

The benzene ring, although capable of absorbing ultraviolet
light, is not readily transformed in this way: prolonged irradiation
of benzene (CLXXXVI), for example, is necessary for its conversion,29o

in very low yield into fulvene (CLXXXVII). The energy absorbed by

: CHZ

- 1
O — ()
CLXXXVI CLXXXVI

fig. 40

the aromatic nucleus may, however, be transmitted to a suitable
substituent of the ring, and in thig way functions which are not
generally regarded as light-sensitive may undergo photochemically-
induced rearrangement., Iﬁ these instances, the aromatic nucleus
is.effeotively acting as an "internal sensitiser". Phenyl acetate
(CLXXXVIII), for example, undergoes a "photochemically-induced
Fries rearrangement"29l on exposure to ultraviolet light to yield
a mixture of ortho (CLXXXIX) and para (CXC) hydroxyacetophenone.
This process has been employed in a synthesis of the antifungal

griseofulvin.292
-COCH3 ' OH . OH
' COCH,3 -
—> +
COCH,4
CLXXX VI CLXXXIX CRC

fig. 41

Acetylsalioylic acid (asprin; CXCI) is also known to be
293

light-sensitive; recent investigations have shown that, in
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ethanol, hydrolysié to salicylic acid (CXCII) occurs rather than
the Fries rearrangement. In the presence of a trace of acid,
complete elimination of the acetoxy group has been observed and
high yields of benzoic acid (CXCIII) have been isolsted. The

close proximity of the acetoxy and the carbonyl functions and the

intramolecular hydrogen bonding known to exist in acetylsalicylic

acid would almost certainly be responsible for this novel reaction.

COOH ~ COOH | COOH
- OCOCH, | OH
< —
cxctil | cxel exell
fig 42

‘Phenolic ethers, such as the fungicide phenoxyacetic acid,
are isomerised by a proéess analogous to the photochemical Fries
rearrangement; gfhydroxyphenylacetic acid and the lacfone of the
ortho isomer are the major products of the light-induced rearrange-

294 of phenoxyacetic acid. Anilides are similarly rearranged.

ment
to the corresponding ortho and para substituted anilines. Ve
know that phenacetin (CXCIV), for example, yields 2-amino-5-
ethoxyacet0pgenone'(CXCV) as the major product on irradiation
295

in ethanol.

NHCOCH; . NH,
COCH,
—
CXCIV cXev

fig. 43 -
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Polynuclear aromatic hydrocarbons are not easily transformed
by ultraviolet light, but dimerisation is one process whioch has

296

been observed: anthracene, and the carcinogenic hydrocarbons
benz [a] anthracene, 4-methylbenz [a]anthracene and S-methylbenz [&]-

anthracene have all been shown to undergo photochemical dimerisation.

Miscellaneous Transformations

Aliphatic and aromatic amines are frequently sensitive to
light; aqueous solutions of primary aliphatic amines, after irr-
adiation, have been shown to contain the alcohol corresponding to

.. 297
the amine and ammonia.

Secondary and tertiary amines yiel@ a
complex mixture of products; diethylamine,'for example, in the
absence of oxygen yields N,N-diethylbutane-2,3-diamine, 1,3-diethyl-
2,.4,S-trimethylimidazolidine, tetraethylhydrazine, and N-but-2-
enylidene;ethylamine.298 Tetracycline (CXCVI; R=H) and chloro-
tetracycline (CXCVI; R=Cl), in methanol, have recently been report-
ed299 to undergo photochemically-induced deamination to give
products of general structure CXCVII; +the tertiary amino group

was detected as dimethylamine. The light sensitivity of the cate-

R CH3OH H_ N(CHy);

cXcvi . CXCVIl

fig. 44

300 solutions, on exposure

to air and light, have reduced hypertensive properties. In neutral
solution, adrenaline (CXCVIII) undergoes an intramolecular oxid-

ative ring olosure to yield adrenochrome (CXCIX) which itself
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is further polymerised to melanin301 on exposure to ultraviblet
light.
<|DH
Pz —_— +
HO NHCH3 0O \N
' . CHa,
CXCVIl CXCIX

fig. 45

Generally, light-sensitive pharmacologically active molecules
on exposure to light yield products with reduced activity.
However, phenylephrine is an interesting example for whioh the

302

converse is true; increased pressor activity has been reported
when solutions of this amine are allowed to stand in the presencse
of oxygen and sunlight. This phenomenon is now attributed to the
light-induced hydroxylation of phenylephrine which converts it
into the more active adrenaline. A change in the pharmacological
properties of chlorpromazine on irradiation has also been obser—

ved; dirradiation in the absence of oxygen yields products which
303 '

10 possess a significant antitumor activity.

Photochemically-induced addition of water to certain unsat-
urated drug molecules has also been observed, and this frequently
leads to products with a considerably reduced pharmacological
activity. The naturally occurring alkaloid, ergotamine (CC;

=peptide residue), employed in the treatment of migraine, under-
goes such an addition of water to the 0(9,i0) double bond ggzn
exposed to ultraviolet light in the presence of mild acid.
The product is a mixture of the two isomeric 1l0-hydroxy derivatives
of general structure CCI (fig. 46). The photo-product, lumi-.
ergotamine, has a small fraction of the activity of the parent

ergotamine. A similar process has been describded for ergometrine,
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lumi-ergometrine having one hundredth of the anti-5-HT activity

of ergometrine on the isolated rat uterus. 1l,3-Dimethyluracil

H COR

cc ccl
figr 46
(CCII) also undergoes photochemically-induced addition of water

to the C(S 6) double bond to yield preferentially the 6-hydroxy
’
derivative (CCIII).3°5

% s
07/N CQT,N OH
H
] — f
N N
CHy I cH, N
I 3
cClt cclr
fig- 47

Photochemically-induced fragmentation is another process by
which drug molecules may be stiructurally modified or degraded on
. exposure to light. Such transformations are inevitably accompanied
by change in the pharmacological activities of these preparations. |
Riboflavin (CCIV) in neutral solution, for example, is cleaved306
" to the tricyclic product CCV by loss of the sugar residue on ex—
posure to ultraviolet light. Similarly, the initial step in the

photo-decomposition of folic acid (CCVI) involves the cleavage
and loss of the p-aminobenzoylglutamic acid side chain to yield
the pteridine (CCVII).3°7
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Other drug molecules of particular importance which are
photochemically decomposed include cyanocobalamin.(vitamin B12),308
used in the treatment of pernicious anaemia, and the widely
employed antibiotic cephalosporin 0.309 The beneficial action
of cyanocobalamin is reduced by half and the activity of cephalo-
sporin C completely‘destroyed on exposure te ultraviolet light.

The nature of these photo-products has not as yet been determined.



.DISCUSSION



-142-

The present investigation was concerned with a study of the
effect of ultraviolet light on certain hormonal and related
stercids. A medium pressure mercury arc light source and a.quartz
photochemical reactor were employed. The irradiations were carried
out in dilute (less than 4 mg/ml) solution, to minimise inter-
molecular reactions between steroid molecules, and in an atmosphere
of nitrogen to prevent photochemical oxidation. In general the

photochemical reactions were followed by infrared spectroscopy.

Cortisone acetate (2l-Acetoxy-17-hydroxyvregn-4—ene-3,11,20-trione)

The effect of ultraviolet light upon the physiologically and
pharmacologically important steroid cortisone was first investig-
ated. Like other corticosteroids, cortisone is synthesised from
cholesterol in the adrensal cortex and its presence influences
carbohydrate, protein, fat and purine metabolism. It also affects
electrolyte and water balance, and the functional capacities of
the cardiovascular system, the nervous system, the kidneys,
skeletal muscle and various other organs ané tissues. Cortico-
steroids also lead to the development in the organism of resistance
to noxious stimuli and to environmental changes. Therapeutically,
they are employed in substitution therapy when their secretion from
the adrenal cortex is insufficient for normal body functioning, and
in the treatment of adaptive diseases such as rheumatoid arthritis,
asthma and rheumatic fever. Cortisone is frequently employed in
the treatment of these diseases in the form of the 1T7-acetyl

derivative.

310 of

The effects of X-rays upon methanolic solutions
cortisone acetate (CCVIII) and agqueous suspensions3ll of cortisone
have already been investigated by Coleby and Weiss and their co-
workers. Unchanged cortisone acetate and a little cortisone were

the only materials isolated from the study in methanol, whereas
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in water, cortisone is reported to undergo dehydrozylation at

r i .
0(17) and C(21) and reduction of the C double bond

(455)

Compounds formed by the addition of water to the C double

(455)
bond are also thought to be products of the irradiation.

The effect of ultraviolet light on a number of steroids,
structurally related to cortisone acetate, has been investigated,
and many of the resulting photo-products isolated and character-
ised. A study of the photolysis of cortisone acetate therefore
seemed to serve two purposes: firstly, it should indicate the
changes which might be expected to occur during the storage of
this drug in sunlight, and secondly, from a purely chemical view-
point, it would be one logical extension to the photochemical
work already carried out in this field. Barton and Taylor289
have studied photolysis of 5 —-dihydrocortisone acetate (21—
acetoxy-1T7-hydroxy-5o —pregnane~3,11,20-trione) under a variety
of conditions but only unchanged starting material and a little
tar was isolated. More recently, however, photochemical reactions
involving the 3,- 11-, and 20-keto functions of certain related
3=y 11~-, and 20-keto steroids have been shown to take place on

prolonged irradiation.

In the present investigation irradiation of cortisone acetate
in ethanol gave an oily product, the infrared spectrum of which
possessed only weak absorption at 1668 cm.-l iﬁdicating_that theth—
unsaturated 3-keto function was destroyed on exposure to ultra-
violet light. Exploratory irradiations were carried out employing
various reaction times and these, after removal of the solvent and
quantitative chromatography of the residue on alumina, indicated
that at least three distinct photo-products were formed (see fig.
50). On neutral alumina (grade 3) the first fraction was eluted
with a 4:1 benzene-chloroform mixture, the second in a 1l:1

mixture of the same soivents, and the final fraction was eluted
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with chloroform.

A A
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1 J 1 1 ‘;._ 1 J 4 1 { 1 }
POLARITY OF ELUENT POLARITY OF ELUENT
fig- 50

Although thin layer chromatography (T.L.C.) indicated that
the first fraction was predominently one component, it could not
be induced to crystallise, even after repeated chromatography.
Attempts to prepare crystalline derivatives, or derivatives which

could be obtained crystalline after further chromatography, were

without success.

The 1650-1750 cm.m1 regton of the infrared spectrum of

312

cortisone acetate .has been fully interpreted and the maxima at
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1748, 1728, 1705, 1668 cm._l attributed to the acetate carbonyl,
and the 20-keto, ll-keto and the 3-~keto functions respectively.
The infrared spectrum of the first fraction (Vpmax. 1740, 1705,
1235 om.fl) indicated that this material, in addition %o lacking
the unsaturated 3-keto function, also lacked the 20-keto group.
Although absorption attributable to the acetoxy carbcnyl was
present, this was shifted to the lower frequencj of 1740 cm.'-1

Absorption due to the ll-keto group appeared to remain unchanged.

Loss of the unsaturated 3-keto function could occur by a
number of photochemical processes as outlined in the introduction
(see p.130): direct reduction to the corresponding saturated
ketone or reduction and formation of & pinacol270 at 0(3), addition
of a molecule of ethanol to the 0(415)
of the double bond out of conjugation with the keto group

double bond, or migration
276 o
give the cprresponding @ ,ﬂ"—unsaturated ketone, are among the
simpler processes open to the excited molecule. Other reactions,
involving rearrangement in the A ring to give cyclopropane and
270 fop oL,[S _
unsaturated 3-keto steroids (see p.132). Dimerisation about the

cyclopentane derivatives have also been reported

0(4_5) double bond to give cyclobutane derivatives has also been
’

‘widely reported27o’27l

for o(,@>—unsaturated ketones but this
process is generally favoured in a highly concentrated solution,

or in the solid state. It is not therefore likely to be an import-
~ ant process in the photolysis of cortisone acetate at the low conc-

entrations employed (< 4 mg/ml).

Loss of absorption at 1728 cm.-l, attributable to loss of
the 20-keto group, can be most easily accounted for by hydrogen
abstraction by the excited carbonyl; +this process is commonly

265

encountered, and abstraction from the neighbouring 0(19)

angular methyl group to give a cyclobutianol is a well documented
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process. Such a transformation (see fig.51), by introducing a
hydroxyl group capable of hydroga: bonding with the neighbouring
carbonyl of the acetate, could well account for the observed shift
in the frequency of the 2l-aceto:y carbonyl absorption. .In addition

CH,OCOCH;, lc%{zococ Hy

cocvia fig. 51 CCIX
t0 cyclobutanol formation, the irradiation of certain 20-keto-21-
aoetoxy—-substituted pregnanes is also known to yield acetal deriv-
atives; thus the acetoxyketone (cCX), on irradiation,313 yields
the cyclobutanol (CCXI) and the zcetal (CCXII). No product having
the properties of an acetal was isolated from the irradiation of

"cortisone acetate.

CH;0COCH,8

ccxX CCXl cCXili

The second fraotion, obtained from the chromatography of the

- total photo-product, was a colcourless crystalline solid with infra-
red mexima at 1748, 1728, 1705 cm.™  and a significantly reduced

. maximum at 1668 cm.”' The relative intensity of absorption at

1705 cm.-l was increased over that found in the spectrum of

cortisone acetate. Although the infrared spectrum and the melting
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point remained unchanged, even after rechromatography and repeated
recrystallisation from various solvents, this crystalline solid was
shown, by ultraviolet absorption measurements, to be a mixture of a
product lacking an o, p —unsaturated keto funciion and cortisone
acetate. Attempts to separate this mixture were unsucceséful. It
was ﬁherefore further irradiated in ethanol and the product isolated
as a crystalline solid after concentration of the ethanolic solution.
The resulting product lacked absorption at 1668 cm.m1 and was shown
to be Sa-dihydrocortisone acetate by analysis, mass spectromeiry,
and by ccmparison with an authentioc sample prepared by catalytic
hydrogenation of cortisone acetate according to the procedure of
Oliveto, Gerold and Hershberg.> % The 3-oxime l” and the 3-2',4'-

316

dinitrophenylhydrazone were also identical with the same deriv-

‘atives of the authentic sample. 5Sot-Dihydrocortisone acetate lacks

CH,OCOCH;,
l. o

ccXi

the important pharmacological properties of cortisone acetate and

in fact is the major metabolic product of this corticosteroid.

The third fraction, eluted from the column with chloroform,
was a light-coloured oil which could not be obtained in a crystalline
form. The infrared spectrum of this material was similar to that
of the second fraction in that it retained absorption maxima at
1748, 1728, 1705 cm.'¥ and lacked absorption at 1668 cm.-l, but
differed from the spectrum of Sol-dihydrocortisone acetate in that
there was no significant change in the relative intensities of the

carbonyl maxima from that observed in the spectrum of cortisone
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acetate. In particular the intensity of absorption in the 1705 cm.-l

region was unchanged, suggesting that the loss of d.,ﬁ unsaturated
keto function was not accompanied by formation of the corresponding

saturated 3-keto group.

Under the conditions employed for the irradiation, loss of the
keto function at 0(3) is most likely to occur by a reduction process.
The formation of a pinacol, as described above, is one possibility
but attempts to cleave this material, using periodic acid%17 under
a variety of conditions furnished no spectroscopic evidence that
the cleavage of a diol had occurred. It may be concluded therefore,
with reasonable certainty, that this fraction did not oontain any

appreciable quantities of a pinacol product. Reduction of the 3=
.ketone to the corresponding 3-hydroxy compound is another possibility;
an analogous reduction has been described by Quinkert and his co-
worlceraa;zs'8 in which 5ol -cholestan-3-one was photochemically trans-
formed into a mixture containing 5« -cholestan-3, -0l and 5o -

oholestan-}p =0l .

The infrared spectrum of the third fraction, showing inoreased
absorption in the 3400 czm.-l region, and the infrared spectrum of
the product obtained after tfeatment of this material with acetic
aoid and acetic anhydride, together supported the view that a
product having an additional hydroxyl group was formed during the
irradiation of cortisone acetate. These observations were consis-
tent with the photochemical formation of 2l-acetoxy-3,17-dihydroxy-
5ci-pregnane-11,20-dione, but, without a pure sample, the ;dentity
of this product could not be established.

The total photo-product of cortisone acetate in ethanol was
also chromatographed on silica gel. Apparently the same separation
was achieved on this absorbent as was obtained on the aluminas the

only pure crystalline material isolated was 5 A -dihydrocortisone
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acetate.

Observationé, similar to those discussed above, were also made
when cortisone acetate was irradiated in methanol rather than in
ethanol. A lower yield of the dihydrocortisone, howefer, was iso=-
lated. The irradiations were also repeated using a pyrex filter,
which filtered out 1light with wavelength { 300 mM; apart from
decreasing the rate of disappearance of the unsaturated keto function
the filter appeared to have no significant effect upon the nature

~of the products.

In benzene, cortisone acetate underwent photochemical trans-
formation only very slowly, and the sole product, isolated after
several days irradiatioﬁ, was an amorphous, high melting, white
solids This material was insoluble in all common solvents and could
not be vapourised for mass spectrometric measurement. It was assumed

to be polymeric.

11-Ketoprogesterone (Pregn-4-ene-3,11,20-trione)

In an attempt to learn more about the nature of the'phofo-
products of cotisone acetate, the irradiation of simpler molecules
which are closely related to cortisone was undertaken. The first
steroid studied was ll-ketoprogesterone (CCXIV); this substance
lacks only the 17— and 2l-hydroxy functions of cortisone but is
pharmacologically very much less important. It does, however,
possess a significant diabetogenic potency.318 '

Photolysis of ll-ketoprogesterone occurred rapidly in ethanol
with loss of the cx,p‘-unsaturated keto function at 0(3). The irrad-
iation was therefore continued until the infrared spectrum of a
sample completely lacked absorption at 1660 cm.-l; the resulting'
product, isolated by removal of ethanol at reduced pressure and

roon temperature, was chromatographed on alumina (grade 3). Elution
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with a mixture of benzene and petroleun gave, as the major product,

5 oL ~pregnane-3,11,20-trione. This material was characierised by

319

comparison with an authentic sample, and by cdmparison of the

derived 3,20-dioximes;320

ceXiv ' ccxv

fig. 53

Although 5 -pregnane-3,11,20-trione no longer possesses the
ol ,p~unsaturated keto function, generally thought to be important
for the bioclogical activity of these compounds, it has recently

been shown321

to possess considerable depressor effects upon the
central nervous system and is claimed to be suitable as a hypnotic,

a sedative and an anaesthetic agent.

In addition to the major product, 5a -pregnane-=3,11,20-trions,

three other products were isolated by further elution of the column

'_ with more polar solvents. The extremely low yields of these

additional photo-products, however, prevented their complete chara-
cterisation. Elution with benzene containing a trace of chloroform
gave an oil which, in the presence of a 1ittle ethanol, deposited

& mixture of fine needles with melting point 345’, and colourless
cubes which did not melt below 365’. The extremely low yields of
these products, their high melting points, and the ease with which
they crystallised from a low conoeﬁtration, together indicate that
they are probably dimeric or possibly polymeric. Analogous dimer-

isations have been reported27o’27l

for testosterone and progester-
one; the general structure of the dimerioc products is now believed

to contain a cyclobutane unit as shown in CCXVI. Such "head to tail™
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structure could weli account for one of our high melting products,
while the other product, if dimeric, might have the "head to head"
arrangement. A more likely structure for the second high melting

270

product, however, would be a pinacol formed at 0(3) as discussed

earlier (see p.132).

The third minor product was eluted, in 2% yield, from the
column in an equal mixture of benzene and chloroform. Recrystall-
isation from ethyl acetate gave a well-defined crystalline solid,
the analytical figures for which were consistent wiih a dihydro-1l-
ketoprogesterone. The melting point, however, ruled out the poss-
ibility of it bveing Sf -pregnane—3,11,20—trione322 and failure to
obtain and ,p-unsaturated ketone by treatment with base suggested that
the product was not a B,t-unsaturated ketone formed by double bond
migfation. The infrared spectrum indicated that the material poss—
essed a hydroxyl group; as the product was unlikely to be a pinacol
(it coﬁld not be cleaved by treatment with periodic acid317) the
hyaroxyl group probably resulted from cyclobutanol formation (see
p.128). Both 1ll- and 20-keto functions in similar steroid molecules,

when photochemically exoited, are known265

to be capable of abstract-
ing a hydrogen atom from the neighbouring C(18) or'C(l9) angular |
methyl group; 1ll-ketoprogesterone, therefore, possessing both these
keto functions, may form two such products, CCXVII and CCXVIII.
However, due to the very limited quantity of material available

cyclobutanol formation could not be proven.

OH

O/

T.--

CCcRrvi CCXVII cCXVIn
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Progesterone (pregn-4-—ene-3,20-dione)

The female sex hormone, progesterone, isg a still simpler
steroid molecule which retains certain of the functional groups of
cortisone acetate; it was therefore considered worthy of photo-
chemical investigation. In the body it is secreted by the corpus
luteum and functions to prepare the oestrogen sensitised uterus to
receive the fertilised ovum and to maintain pregnancy to its full
term. It finds clinical application in substitution therapy, where
insufficient of the hormone is produced by the body, and in inhibit-
. ion therapy wﬂen endogenous production of certain other hormones is

too high for normal body functioning.

Like ll~ketoprogesterone, progesterone (CCXIX) lacks the 17-
hydroxy and 2l-acetoxy groups of cortisone acetate, and in addition
lacks the ll-keto function. Thus only the d,p—unsaturated keto

and the 20-keto functions remain for photochemical excitation.

=0

CCXRIX

Coleby, Keller and Weiss310 have already studied the effect of
X-rays upon methanolic solutions of progesterone and have isolated
in low yield 5o -pregnane-3,6,20-trione. The effect of air and
sunlight upganrogesterone has been investigated by Ritter and his

2

co-workers: in hydrocarbon and alcoholic solvents little change
‘'was reported, but in halogenated solvents such as carbon tetrachlor-
ide, there was substantial evidence that progesterone was converted
into a mixture of substituted 434-3-keto steroids, including 6~keto-

progesterone, 4-chloroprogesterone and 4-hydroxyprogesterone. These
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products were separated by chromatography and characterised by
infrared spectra, chromatographic retention. times and other
physical properties. Although similar observations were made when
solutions were irradiated with light from a Xenon lamp, differences

were observed when a mercury lamp was employed as source.

An earlier study of the photochemistry of progesterone was

made by Butenandt and his co-workers: 2 (11324

in benzene and hexane
solution, progesterone is photochemically converted into the dimeric

cyclobutane derivative (CLXVI; choca3).

In the present investigaticn, progesterone was irradiated in
ethanol in an atmosphere of nitrogen until a sample no longer
possessed infrared absorption in the 1660 cm."l region, indicating
that the <i,g-unsaturated'34keto function had been completely des-
troyed. The oily product was then chromatographed on neutral
alumina (grade 3) whereupon elution with a mixture of benzene and
petroleun gave a white crystalline solid which melted over a 100°
temperature range. Although T.L.C. indicated that this solid con-
sisted of three components, of which two were present only in trace
amounts, the material could not be readily purified by recrystall-
isation. Fractional sublimation, however, was more effective and
pure 5o -dihydroprogesterone (5d —~pregnane-3,20-dione) (CCXX) was
obtained in 30% yield. This material was characterised by analysis,
infrared spectra, and finally by comparison with an authentié

sample.

CCXIX CCcXX

fig. 54
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Further elution, with a mixture of benzene an& chloroform,
resuited in an o0ily fraction which, on standing in the presence of
a little ethanol, deposited fine needle-like crystals. These were
formed in an extremély low yield, in the order of 0.1%, and melted
sharply at 332-335: suggesting that this product was probably
dimeric. However, it was not the same product as that described
by Butenandt and Woiff27l from the irradiation of progesterone in
benzene. The infrared spectrum, prepared from a potassium chloride
micro-disc, possessed absorption due to the 20-keto function and
due to a hydroxyl group. Attempts to obtain a mass spectrum, in
order to determine the molecular weight, were unsuccessful as the

material could not be vapourised.

What appeared to be the major product from this irradiation
was eluted from the column with chloroform and accounted for 40% of
the starting matexrial. Although a variety of attempts, including

repeated chromatography, T.L.C., and sublimation, were made to

- obtain a pure crystelline sample, these were all unsatisfactory.

The infrared spectrum { Vmax. 3590, 3410, 1695 cm.-l) indicated
that this material retained the 20-keto function and possessed an
additional hydroxyl group but appeared to have lost the 3-keto
function. Confirmation for the presence of a hydroxyl group was
furnished by the infrared spectrum of the oil obtained after treat-
ment of the impure material with acetyl chloride and pyridine. The
spectrum lacked the absorption atiributed to the hydroxyl group

( Vmax. 3590, 3410 cm."l) and possessed additional absorption at
1730 and 1250 cm.”t due to the O-acetyl function. Owing to the
difficulties associated with obtaining a crystalline sample of this

product it could not be identified, although it is likely to be a
3-hydroxy-5q —pregnan-20-one. '
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6-Nitro Steroids

325,32

The current interest in the photochemistry of nitro compounds
and the recent preparation of 6-nitro derivatives of such substances
as cortisone, progesterone and 17 d.~acetoxyprogesterone (1l7-acetoxy-
6ci—nitro-pregn—4-ene—3,20—dione) by Ringold and his co—workers327’328
made a study of the photochemistry of certain of these compounds an
interesting extension to the work'already discussed. Of the 6-nitro-~
steroids prepared, it wqﬁld appear that only 17ol ~acetoxy-6o~nitro-
328 npig
material, in the Clauberg assay, has 3-4 times the activity of 17« -

brogesterone has any significant pharmacological activity.

acetoxyprogesterone which in turn is significantly more active than
progesterone itself. The effect of 6-substitution upon the activity
of certain biologically important steroids has recently been discussed
by Ringold.>2”

17°L-Acetoxy-6d.—nitroprogesterone, prepared by nitration of
17c1—acetoxypgogesterone according to the method of Ringold and his
32

co=-workers, was irradiated in ethanol in an atmosphere of nitrogen.
The resulting reaction was foliowed by infrared; the absorption at
1675 cm.;ly due to the A, [ ~unsaturated 3-keto function, and at

1555 cm._l, due to the 6-nitro function, rapidly decreased. Addit-
ional maxims appeéred at 1710 cm.-l, pfobably resulting from satur-
ation of the unsaturated 3-keto function, and a weak absorption at
1525 em.”t attributable to the appearance of an d, (3 -unsaturated
nitro group. Similar infrared observations were made when 6ol -nitro-
cortisone (17,21-dihydroxy-6o« -nitropregn-4-ene-3,11,20-trione) was
irradiated in ethanol. Although repeated attempts were made to iso-
late crystalline products from these photolyses using various chroma-
tographic methods, these were unsuccessful. T.L.C. showed the

total products of irradiation of both 6<&-ﬁitrocortisone and 17&,é

acetoxy-bok-nitroprogesterone to be highly complex mixtures.
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<i,@ ~Unsaturated nitro functions are known to be capable of
photochemical excitation, but isolated nitro groups are generally
regarded as being more stable to light. A possible explanation,
therefore, for the rapid photo-decomposition of 6ci-nitrocortisone
and 17 —acetoxy-6d -nitroprogesterone is that, om irradiation, the
0(4’5> double bond migfates into conjugation with the 6-nitro
function, giving the photochemically more labile cx,pg—unsaturated
nitro system. Migration of the double bond in certain 3-keto £>4

steroids to the C 6) position has already been established as a

(S,

definite photochemical process; the light-induced transformation

276

of 10 -testosterone (CLXIX), for example, results in the isomeric

,A? product (CLXX) (see p.131). Taking this reaction as a model,

CH,OH CH,OH -

CCXXI CCXAK1

fig. 55

6 ch-nitrocortisone (CCXXI) would give the ok ,p -unsaturated nitro
compound (CCXXII).

To determine the possible light-induced transformations which
might result after such a double bond migration, a simple o(,@ -
unsaturated 6-nitro steroid, lacking any additional chromophores,
was required for photochemical investigation. The most readily
available material for such a study was 6-nitrocholesteryl acetate
(3@ -acetoxy-6-nitrocholest-5-ene) (CCXXIII), and this was prepared
according to the method of Anagnostopculos and FieserBzgaby nitrat-

ion of cholesteryl acetate. The photocherisiry of this compound
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was studied in ethanol solution in an atmosphere of nitrogen.

Shortly after the completion of this investigation two prelim-
inary accounts of the photochemistry of 6-nitrocholesteryl acetate

330

were published; Pinhey and Rizzardo investigated the photolysis

331

in hexane and aqueous dioxan, while Chapman and his co-workers

employed acetone as the solvent.

.

332

In the present investigation’ - 6-nitrocholesteryl acetate was
irradiated in ethanol (concentration 3 mg/ml) until the infrared
spectrum of a sample lacked ébsorption at 1510 cm.-l, characteristic
of the unsaturated nitro grodp. The o0ily product, when dissolﬁed
in a little petroleum, gave a white crystalline solid as the major
product. Infrared evidence ( Vmax. 3580, 3290, 1685, 1598 cm._l)
and conversion of this material into cholest-4-ene-3,6-dione (CCXXIV)
on treatment with pyruvic acid together indicated that the product
was a mono-oxime of cholest-4-ene-3,6-dione. Early attempts to
characterise the product as the é-oxime, which was initially thought
to be the more likely product as it would not necessitate a nitrogen
migration during the photolysis, were consistently unsuccessful.
However, treatment of cholest-4-ene-3,6-dione with hydroxylamine
hydrochloride and sodium acetate gave a mono-oxime identical to that
333 that the photochemical

product was in fact the 3-oxime (CCXXV). This was confirmed by the

obtained from the irradiation, indicating

unambiguous synthesis of cholest-4-—ene-3,6-dione 3-oxime from the
known 6-ethoxycholesta-4,6-dien-3~-one (CCXXVI)334
into the oxime (CCXXVII) and selectively hydrolysed to the required

which was converted

product in aqueous acetic acid.

Although the same oxime was isolated from irradiations carried out
in acetone,33‘1 the major product in this solvent was a mixture of the
6o~ and 6f-nitro derivatives of 3p-acetoxycholest—4—ene. In hexane

and dioxan,330 3p—acetoxy—6p-nitrocholest-A—ene was the major product
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331

and no cholest-4-one-3,6-dione 3-oxime was isolated. Chapman
suggested that the formation o6f the oxime during irradiations
carried out in acetone could well be due to the ability of acetone
to act as a sensitiser. However, isolation of the oxime in a
higher yield, from irradiations employing ethanol és solvent now
makes this proposal questionable. Our yield of oxime was ﬁot'
reduced by the use of a pyrex filter, indicating that it is the
nature of the solvent rather than the light of wavelength less than
300mpM which 1s thedetermining factor in the formation of cholest-

4—-ene-3,6~dione 3-oxime.

The residue remaining after removal of oxime was chromatographed
on silioca gel and an additional two photo-products isolated. The

first of these was eluted in 7% yield with a benzene and chloroform
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mixture and was identical to a sample of 3@ -acetoxycholest-4-en-

6-one prepared according to the method of Heilbron, Jones and |
Spring.335 The second, isolated in 2.5% yield by elution with

petroleum and benzene, proved to be 6-nitrocholesta-3,5-diene (CCXXVIII).
It was characterised by infrared (V max. 1625, 1500 cm.-l), analysis,

and by comparison with an authentic sample prepared from 38 —-chloro-
6-n1trocholest-5-ene336 by elimination in quinoline. The method of
elimination was based upon the procedure employed by Mauthner and

337

Suida for the conversion of cholesteryldhloride into cholesta-3,-

5-diene, The same nitrodiene has been isolated previously from the

330

photolysis of 6-nitrocholesteryl acetate in hexane and aqueous
dioxan where it was postulated to be an intermediate in the formation
of the oxime (CCXXV). Later work33 demonstrated that this nitro-
diene (CCXXVIII) is photochemically transformed into the oxime in
acetone and we found the same conversion tekes place in good yield

in ethanol.

A possible explanation for the formation of the oxime from the
nitrodiene is shown in fig. 57: +the nitrodiene (CCXXVIII), formed
by elimination of the 3-acetoxy group, undergoes rearrangement of
the nitro function to the nitrite (CCXXIX) which then cleaves
giving a NO radical which in turn attacks the steroid at the reactive

centre at C(3). Rearrangement of the resulting product provides the

oxime (CCXXV). CgHyy
_—
CH,CO0
NO; ONO
€ CXXITl ccxx.vm CCXXRIX

ﬁ CCRRY
/
: H

fig. 57
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Conversion of an QL,@ -unsaturated nitro function into the
corresponding nitrite, followed by cleavage and attack by the NO
radical is consistent with the mechanism proposed by Chapman and his
co-workers326 for the photochemical conversion of nitrostyrenes
and nitroanthracenes into the oximino and keto products shown in

fig. 58. Photolytic cleavage of a nitrite and recapture of the

o _CHg R T
» NO, .
CCXXX C CXXX1
NO, o - Q
' h 1] -
N-OH , O
CCXXXl CCRRXIII ' CCRRKIV
fig- 58

resulting NO radical by the parent molecule has also been established
as the mechanism of the Barton reaction in which nitrites are con-
verted into hydroxy-oximes as illustrated in fig. 59. Many excellent
papers and reviews338'concerning the Barton reaction have been

H H H, NOH

~_~

C ONO C O. HC.

,H H\ ’NO i
OH o OH C OH

fig. 59
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published. Rearrangement of the nitro function of 6-nitrocholest-
eryl acetate to the corresponding nitrite without elimination of
the 3-acetoxy function is almost certainly the first step in the
formation of 3B -acetoxycholest-4-en—6-one (ccxxxv); Cleavage of
this nitrite could be expected to result in attack by the NO
radical at 0(5) but such a transformation was not observed apd

must therefore be assumed to be unfavourable. The alternative,
more favourable process, resulting in the formation of BP ~acetoxy-

cholest-4-en.—6—one (CCXXXV) would appear to involve cleavage of

the nitrite (CCXXXVI) accompanied by loss of hydrogen at 0(4).
—_— —_—
CH,CO0 CH,CO0 | CH,COC
NO, ONO o)

cc XXt CCXRAXV1 CCRRYV
/ tig.60 |
In all the irradiations of 6-nitrocholesteryl acetate in
ethanol, no product arising from double bénd migration from,C(s)
tp 0(4) was obtained, although such products accounted for the
majority of the starting material employed in the irradiations

carried out in other solvents.

6-Nitrocholesteryl acetate was also irradiated in cyclohexane
and the product chromatographed on silica gel. Elution with a
mixture of petroleum and benzene gave a non-crystalline solid
which, from infrared data (\V max. 1725, 1640, 1550 cm._l), was
thought to be a mixture of 6ot-nitro and 68 -nitro derivatives of
3@ -acetoxycholest-4-ene as reported in the photolysis of 6-nitro-
cholesteryl acetate in aceton’e.331 All attempts to separate these

isomers were unsuccessful.
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Elution with chloroform gave, as the major-product, g -
acetoxycholest~4-en-6-one (CCXXXV). This material was more
efficiently separated on neutral alumina (grade 4) and yields in
the order of 40% were obtained by elution with petroleum. Thus
the photolysis of 6-nitrocholesteryl acetate in cyclohexane con-
stitutes a useful simple synthesis of 33 -acetoxycholest-4-en-6-one
which is usually prepared335 from 6-nitrocholesteryl acetate by
chemical methods. The much increased yield of this product ccmpared
with that reported330 (2-3%) for the irradiation in hexane is most
likely a consequence of the use of light of a shorter wavelength:

a quartz photochemical reactor was used in our work, whereas a
pyrex filter was employed for the irradiation reported using hexane

as the solvent.

The influence of the substituent at 0(3) upon the conversion.
of 3-substituted 6-nitrocholest-5-enes into cholest-4-ene-3, 6~
dione 3-oxime was also studied. The oxime (CCXXV) was obtained by
the photolysis of 3p ~chloro-6-nitrocholest-5-ene and the trifluoro-
acetate of 6-nitrocholesterol in ethanol in yields of the same
order as that obtained by the irradiation of 6-nitrocholesteryl

acetate in ethanol.

In contrast to these observations, the oxime (CCXXV) was not
formed during the irradiation of 6-nitrocholesterol (CCXXXVII) in
ethanol. ‘bhe failure of this substance to yield the oxime is
thought to be a direct result of the greater difficulty of elimin-
ation of the 3p ~hydroxyl group as compared with the acetoxy, tri-
fluoroacetoxy and chloro substifuents. Without prior formation of
the nitrodiene (CCXXVIII) the formation of the oxime is excluded,

and other photochemical processes predominate.

The major product from the irradiation of 6-nitrocholesterol

(CCXXXVII) in ethanol was 3B -hydroxycholest-4—en-6-one (CCXXXVIII)
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which was obtained in 37% yield after chromatography of the impure

product on silica gel. A second crystalline solid, melting over

CsHﬂ
—> -+
HO HO . HO
NOZ : . O NO?.
CCXXXXVII CCXXXKXVII1 CCXAKIA -

fig. 61

a large range, was eluted with a mixture of benzene and chloroform.
After repeated recrystallisations from methanol a solid was isolated
which was identical to a sample of 63 —nit;ocholest—4-en-3@ -ol |
(CCXXXIX) prepared according to the method described by Jones and
his co-workers.:ﬁ'\9 The nature of the other constituent contaminating
this crystalline material was not determined but, from infrared

evidence, it could well be the 6 ~nitro isomer.

From a consideration of our results in ethanol and cyclohexane,

and from those reported by Pinhey330

331

in hexane and aqueous dioxan,
and those of Chapman in acetone, it would appear that certain
distinct pathways are available to the photochemically excited ‘
molecule. Firstly it may undergo elimination of the 3-substituent
to give the nitrodiene (CCXXVIII), followed by conversion into the
3-oxime (CCXXV). This process is favoured in ethanol and acetone
and when the 3-substituent is easily eliminated. Secondly the 6—_
nitro function may rearrange to the nitrite, undergo cleavage, and
give the 3-substituted cholest-4-en-6-one. This procees is favoured
in the absence of oxime formation. The third pathway open to the
excited molecule is by double bond migration to give the correspond-
ing zﬁﬁ-steroid. Rearrangement of this type is known to occur

276

readily in the photolysis of certain of,( -unsaturated ketones
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to give the corresponding ]B,X\-unsaturated compounds. The poss-—
ibility that 3 3 -acetoxy-6-nitrocholest-4~ene might be an inter—
mediate in the formation of the nitrodiene (CCXXVIII) and thus the
oxime was considered, but irradiation of the 3@-—acetoxy—6-nitro-
cholest-4-ene in ethanol indicated that this was not so. Infrared
data from samples of the irradiation solution showed the nitro-
steroid decomposed on exposure to ultraviolet light but no oxime

was isolated from the product.

The extent to which any of these processes prsedominate over
the other two appears to depend largely on the solvent employed in
the irradiation, the C(B) substituent, and the wavelength of the
light employed. '
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Irradiation Procedure.- In general the irradiations were

carried out in solution at a concentration of 4 mg./ml. or less in
an atmosphere of nitrogen. A quartz Hanovia photochemical reactor
fitted with a medium pressure mercury arc was employed. Adequate
cooling was provided to maintain the solution at room temperaturs.
The reactions were followed by infrared spectra of samples taken ‘
at regular intexvals, and the product isolated by remQVal of the

solvent at reduced pressure.

Irradiation of Cortisone Acetate (21-Acetoxy-17-hydroxy-pregn—4—
ene-3,11,20-trione (CCVIII) in Ethanol.- (a) Cortisone acetate
(2 g.) in ethanol (600 ml.) was irradiated for 30 min. and the

product chromatographed quantitatively on neutral alumina (grade 3).
This was repeated employing irradietion times of 1, 2, 3 and 4 hr.
Three main fractions were obtained from these irradiations: the
first (Vmax. 1740, 1705, 1235 cm.-l) was eluted with a 4:1 mixture
of benzene and chloroform; the second (Vmax. 1748, 1728, 1705,
1668, 1235 cm.—l), was eluted with a 1:1 mixture of benzene and
chloroform; and the third (Vmax. 1748, 1728, 1705, 1235 cm.—l),
was eluted with chloroform. |

(v) Cortisone acetate (2 g.) in ethanol (600 ml.) was irradiated
until the infrared spectrum of a sample no longer contained a
maximum at 1668 cm.“—1 due to the unsaturated 3-keto function. The
oil, remaining after removal of the ethanol, was then chromato-
graphed on neutral alumina (grade 3); elution with a l:1 mixture
of benzene and chloroform gave a crystélline solid which was
repeatedly recrystallised from ethanol to give a product (0.5 g.),
m.p. 220-224 (Found: C, 65.6; H, 7.6%); NV max. 1748, 1728, 1705,
1668, 1615, 1235 cm. * |

The crystalline product (0.5 g.) was dissolved in ethanol

(300 ml.) and re-irradiated until the infrared spectirum of a
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sample of the solution completely lacked absorption in the.1665— '
1670 om. region. The ethanolic solution was then reduced to a
small volume at reduced pressure, allowed to crystallise, and the
product (0.35 g.) recrystallised from ethanol, m.p. 215—2220'

. (Found: C, 63.7; H, 8.6%4); Vmax. 1748, 1728, 1705, 1235 cm.”
Molecular weight was shown to be 404 by mass spectrograph. Re-

1

crystallisation of this material from a mixture of acetone and
benzene gave a pfoduct (0.27 g.) shown by comparison with an auth-
entic sample, to be 2l-acetoxy-lT7-hydroxy-5 o -pregnane-3,11,20-
trione, m.p. 225-22§'(1it.,3l4 225-22{3 (Found: C, 68.2; H, T.6.
Calc. for 02333206zc, 6€6.3; H, 8.0%); NV max. 1748, 1728, 1705,
1235 cm._l
The 3-2',4'-dinitrophenylhydrazone had m.p. 207—212°(lit.,316

208-21f) and the 3-oxime had m.p. 276°(1it.,315 276-275).

21-Acetoxy—17-hydroxy-5o —pregnane-3,11,20-trione.~ Cortisone

acetate was hydrogenated in ethyl acetate according to the method
of Oliveto, Gerold and HershbergB]':4 using palladium on carbon as
catalyst. The product was recrystallised from acetone to give 21-
acetoxy~l7-hydroxy-5« -pregnane-3,11,20-trione in 65% yield, mep.

225-229" (114.,31% 225-227).

Irradiation of 11-Ketoprogesterone (Pregn—4-ene-3,11,20-trione)
(CCXIV) in Ethanol.- 1l-Ketoprogesterone (1 g.) in ethanol (600 ml.)

was irradiated until the infrared spectrum of a sample no longer
possessed absorption at 1660 cm.-1 due to the unsaturated 3-keto
function. The product was chromatographed on neutral alumina

(grade 3). Elution with a 3:1 mixture of benzene and petroleum

gave as the major product colourless plates which were recrystall-
ised from ethanol to give Sol-pregnene-3,11,20-trione (0.44 g., 43%),
DmePe 212-215’(1it.,319 217-221). This material was identical with
an authentic sample of 5 «(-pregnane-3,11,20-trione. The 3,20-
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o 2 ) o
dioxime had m.p. 242-246 (1it.,3 0 244-246).

A 10:1 mixture of benzene and chloroform eluted an oily
fraction (0.01 g.) from the column, which on addition of ethanol,
deposited a very small quantity (0.001 g.) of a mlxture of cubic
crystals, m.p.) 360 and needle-like crystals, m.p. 345 The yields
of these two products were too low to allow characterisation.
Further elution with a 1:1 mixture of benzene and chloroform gave
a fraction which, in the presence of ethancl, gave colourless
needles (0.02 g.). These were recrystallised from ethanol, m.p.
224-225 (Found: C, 76.3; H, 9.3. Calc. for C,Hy 0:: O, 76.3;

H, 9.15¢); 'V max. 3310, 1705, 1695 cm. ™t |

Irradiation of Progesterons (vpregn-i-ene-3,20-dione) (CCXIX) in

BEthanol.- Progesterone (2 g.) in ethanol (600 ml.) was irradiated
until the infrared spectrum of a sample no longer possessed absor-
ption at 1663 cm.” due to the unsaturated 3-keto function. The
product was chromatographed on neutral alumina (grade 3). Elution
with a 3:1 mixture of benzene and petroleum gave a product, m.p.
80—180: which could not be readily purified by recrystallisation.
T.L.C. on alumina showed it to contain at least three componentis
and fractional sublimation gave 5o -pregnane-3,20-dione (0.2 g.,
10%), m.p. 198-199 (Found: C, 79.5; H, 10.4. Calc. for CpqH,0,
¢, 79.73 H, 10.2%); \V max. 1708, 1695 om.

A very small quantity (approximately 0.001 g.) of fine needle-
like crystals, m.p. 332-3353 were obtained from a fraction eluted
with a 331 mixture of benzene aznd chloroform after the addition of
ethanol. Elution of the column with chloroform gave an oily
fraction (0.4 g.); Vmax. 3590, 3410, 1655 cm.-l This material
" could not be obtained in a crystalline form by addition of varioug
solvents, by chromatography on neutral alumina or silica gel, or
by treatment with hydroxylamine hydrochloride and sodium acetate.

Treatment with acetyl chloride and pyridine gave a non-crystalline



-168-

product with “Vmax. 1730, 1695, 1250 cm.

Irradiation of Progesterone (CCXIX) in Benzene.~ Progesterone (1 g;)

in benzene (50 ml.) was irradiated in a quartz flask for 15 hr. and
the precipitated crystalline dimer (0.3 g., 33%) collected. This
material did not melt but underwent slow decomposition at temperat-

ures greater than 34O°(1it.,271 2.p. 340).

6 o —Nitrocortisone (17,21-Dihydroxy—6d -nitropregn-4—ene—-3,11,20~-

trione (CCXXI).- This material was prepared in an overall yield

328

of 9% according to the method of Ringold and his co-workers.
Cortisone acetate was converted into the encl acetate, nitrated,
and the resulting 6(3-nitrocortisone 17,21-diacetate isomerised and
hydrolysed to the required 6A& -nitrocortisone by treatment with

o Q
potassium hydroxide in methanol, m.p. 227-230 (1it.,328 230-232). -

17 o —Acetoxy—6 ol —nitroprogesterone (17-Acetoxy—6d ~nitropregn~4—ene-

3,20—-dione).—~ 17 h~Acetoxyprogesterone was converted into the 6@-

nitro derivative by nitration of the derived enol acetate as described

by Bowers, Ibanez and Ringold.328

This material was converted into
the 6 d~isomer by treatment with potassium hydroxide in methanol.

The overall yield was 365, m.p. 203-205 (1it.,2° 203-205).

Irradiation of 6d -Nitrocortisone (CCXXI) in Ethanol.-— 6d -Nitro-

cortisone (1 g.) in ethanol (600 ml.) was irradiated for 30 min.;
after this time the infrared spectrum of the product (Vmax. 1745,
1725, 1705 cm.-l) possessed no absorption at 1665 em. "t due to the
unsaturated keto function, or at 1555 cm.—l due to the 6-nitro group.
Chromatography of this material on silica gel and alumina‘gave no
significant separation of the products, and no crystalline substances

were isolated.

Irradiation of 17 d—Acetoxy—6d —nitroprogesterone in Bthanol.- 174 -

Acetoxy~6 ol-nitroprogesterone (1 g.) in ethanol (600 ml.) was irrad-
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iated and chromatographed as described for 6cl-nitrocortisone.

The photolysis was equally rapid and the product, isolated after
25 min., lacked absorption at 1675 and 1555 cm.—l The oily
product had Vmax. 1725, 1710, 1250 et Mo crystalline material

was isolated.

6-Nitrocholesteryl Acetate (3B —Acetoxy-6-nitrocholest—5-ene)
(CCXXIII).- Cholesteryl acetate was nitrated with fuming nitric

acid using the conditions_described by Anagnostopoulos and Fieser.

329a

6-Nitrocholesteryl acetate was obtained in 81% yiéld, MePe 102-—104°
(1it.,°2%103-104).

Irradiation of 6-Nitrocholesteryl Acetate (CCXXIII) in Ethenol.-

6-Nitrocholesteryl acetate (2 g.) in ethanol (600 ml.) was irrad-
iated until the infrared spectrum of a sample no longer contained

a maximum at 1510 c:m."l due to the unsaturated nitro group. The
crude product was dissolved in petroleum from which a white cryst-
alline precipitate was deposited. This was recrystallised from
ethanol to give cholest—4-ene-3,6-dione 3-oxime (0.67 g., 38%),
m.p. 221-2220; )\max 286 m (1.7x 104); "V max. 3580, 3290, 1685,
1600 cm._1 The infrared spectrum was identical to that of an
authentic sample of cholest-4-ene-3,6-dione 3-oxime; no depression
in m.p. was observed on admixture of the two samples. (Found:

c, 78.1; H, 10.5;_ N, 3.5. 027H43N02 requires: G, 78;4; H, 10.5;
N, 3.4%).

The petroleum residues were chromatographed on silica gel.
Elution with a 1:1 mixture of .petroleum and benzene gave 6-nitro-
cholesta-3,5-diene (0.046 g., 2.5%) after recrystallisation from
ethanol, m.p. 72—73.5o(lit.,330 72—7§); / max.1500, 1625 cm.-'1
(Found: C, 78.2; H, 10.2. 027H43N02 requires: C, 78.4; H, 10.5%).
Elution with a 4:1 mixture of benzene and chloroform gave 3F -

acetoxycholest-4-en~bone (0.130 g., 6.9%) after crystallisation

from ethanol, m.p. 109, identical with authentic material (lité?sllo).
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Cholest—4-ene—3,6-dione 3-Oxime (CCXXV).- (a) A solution of 6-
ethoxycholesta—4,6-dien—3--one334 (1.3 g.) in ethanol (50 ml.) was

heated under reflux for 1 hr. with hydroxylamine bydrochloride
(0.25 g.) and sodium acetate (0.30 g.) in water (5 ml.). After re-
moval of ethanol at reduced pressure, water was added and the prec-
ipitate filtered off, washed, and dried. Without further purific-
ation, the 6-ethoxy-3-oximinocholesta~4,6-diene thus obtained was
heated under reflux for 5 min. in 85% acetic acid (10 ml.). The
crystalline precipitate was filtered off, washed with water, and
recrystallised from ethanol to give cholest—4-ene-3,6-dione 3-oxime
(0.72 g.5 57%), m.p. 221-222.

(v) Cholest-4-ene-3,6-dione (2 g.) in ethanol (40 ml.) was heated
under reflux for 45 min. with hydroxylamine hydrochloride (0.36 ge)
and anhydrous sodium acetate (0.70 g.) in water (10 ml.). After
removal of ethanol at reduced pressure, water was added and the
precipitate filtered off, washed with water, and recrystallised
from ethanol to give cholest-4-ene-3,6-dione 3-oxime (0.90 g., 44%),
mep. 221-222.

Cholest—-4~ene-3,6-dione (CCXXIV).~ Cholest-4-ene-3,6-dione 3-oxime

(0.15 g.) was heated under reflux for 9 hr. in glacial acetic acid

(8 ml.) with sodium acetate (0.06 g.) and pyruvic acid (0.25 ml.)

in water (2 ml.). The crystalline precipitate was filtered off and
recrystallised from methanol to give cholest-4-ene-3,6-dione (0.11 g.,
79%), m.p. 122-125. This material was identical with an authentic

sample (1it.,34° 124-125).

6-Nitrocholesta—-3,5-diene (CCXXVIII).- A solution of 3!3—chloro-6—
nitrocholest-5-ene336 (0.30 g.) in quinoline (10 ml.) was heated

under reflux for 15 min., poured into 4N hydrochloric acid, and the
product extracted with chloroform. The chloroform extract was
washed with dilute hydrochloric acid, water, and then dried. The

solvent was removed at reduced pressure, and the oily'residue
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chromatographed on silica gel. Elution with a 4:1 mixture of
benzene. and petroleum gave 6-nitrocholesta-3,5-diene (0.072 g., 27%)
which was recrystallised from ethanol, m.p. 72-T73%

3 B —Acetoxycholest-4-en-6-one {CCXXXV).- 5q -Cholestan-3-ol-6-one,

prepared by treatment of 6-nitrocholesﬁery1 acetate with zinc dust
and acetic acid, was converted into the 3-acetoxy derivative and
subsequently brominated to give 33 ~acetoxy-5 ~bromocholestan=6-
one. On elimination of hydrogen bromide in pyridine the bromo
compound gave the required 3p —acetoxycholest—4-en~-6-one in an
overall yield of 109, m.p. 110°(1it.,>>° 116).

Irradiation of 6-Nitrocholesta-3,5—diene (CCXXVIII) in Ethanol.-

6-Nitrocholesta-3,5~diene (0.17 g.) was irradiated in ethanol (400 ml.)
1

until the infrared spectrum no longer contained a maximum at 1500 cm.
due to the unsaturated nitro group. The crude product wasrdissolved
in petroleum from which crystalline cholest-4-ene-3,6-dione 3-oxime
(0.08 g., 47%) separated. After recrystallisation from ethanol,

the oxime had m.p. 221-222%

Irradiation of 6-Nitrocholesteryl Acetate (CCXXIII) in Cyclohexane.-

(a) 6-Nitrocholesteryl acetate (1 g.) in cyclohexane (600 ml.) was
irradiated for 40 min. when there was no evidence in the infrared -
spectrum of any unsaturated nitro group. The product was chromato-
graphed on neutral alumina (grade 4). Crystalline material (0.4l g.,
44%) with Vmax. 1735, 1690, 1635 ozl was eluted from the column
with petroleum and had m.p. 109°after recrystallisation from methanol;
this material was identical with authentio 3@ -acetoxycholest-4-en-
6-one (lit.,335 115).

Other compounds containing saturated and unsaturated nitro
groups (Wmax. 1550, 1510 cm.—l) were shown to be present in the

residues.

(b) 6-Nitrocholesteryl acetate (2.3 g.) was again irradiated in
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cyclohexane (950 ml.), and the crude product chromatographed on
silica gel (45 g.). A non-crystalline fraction (0.45 g.) was
eluted with a 4:1 mixture of benzene and petroleum, and had "V max.
at 1725, 1640, 1550 cm.-1 This material is believed to be a mixture
of the 6L -nitro and 6(5-nitro derivativeé-of 3{3-acetoxycholest—4-
ene.,
3p —Acetoxycholest-4-en-6-one with m.p. 110 from methanol (0.50 gy

24%) was eluted from this column with chloroform.

6-Nitrocholesteryl Trifluorocacetate (6-Nitro-3 B -trifluoroacetoxy-

cholest-5-ene).- 6-Nitrocholesterol (2 g.) was dissolved in trifl-

uoroacetic anhydride (10 ml.) and the solution heated gently under
reflux for 90 min. On addition of this solution to water, a white
precipitate of 6-nitrocholesteryl irifluoroacetate was obtained (1.72 g.,
70%) and recrystallised from ethanol, m.p. 117-118.5: ¥V max. 1780,

-1
1515, 1155 cm. (Found: ¢, 66.0; H, 8.6. 029H44F3NO4 requires:
. C, 66.0; H, 8.4%)

Irradiation of 6-Nitrocholesteryl Trifluoroacetate in Ethanol.- 6-

Nitrocholesteryl trifluoroacetate (1 g.) was irradiated in ethanol
(400 ml.) as described for 6é-nitrocholesteryl acetate. Cholest—4-
ene-3,6-dione 3-oxime (0.31 g., 40%), m.p. 220-222°was obtained by

crystallisation from petroleunm.

Irradiation of 3 p~Chloro-6-nitrocholest-5-ene.- 33 -Chloro-6-nitro-

cholest-5-ene (0.65 g.) was irradiated in ethanol (600 ml.) for 45

min., and the o0ily product chromatographed on silica gel. Elution
with a mixture of 3:1 chloroform and benzene gave cholest-4-ene-3, 6~
dione 3-oxime (0.13 g., 21%) which was recrystallised from ethanol,
m.p. 221-222. |

Irradiation of 6-Nitrocholesterol (CCXXXVII) in Ethanol.- 6-Nitro-

cholesterol (2 g.) in ethanol (650 ml.) was irradiated as described

for 6-nitrocholesteryl acetate. The crude product was chromato-
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graphed on silica gel (40 g.). Crystalline material with.\Qﬁax.
3590, 1545 cm.”t in the infrared spectrum was eluted from the column
with a 1:1 benzene and chloroform mixture. White needles having
MePe 152—153°were'separated by repeated recrystallisation using
methanol, and provéd to be 6B -nitrocholest-4—en-3f —ol (lit.,339
151-155). There was no m.p. depression on admixture with an

authentic sample, and the infrared spedtra of the two samples were
identical.

Elution of the silica gel column with 4:1 chloroform and
methanol mixture gave 3f3-hydroxycholest~4-en-6-one (0.47 gey
37%) which had m.p. 151 after reorystallisation from methanol.
This was identified by comparison with an authentic sample (111:.,335

MePe 15f) .
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