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(57) Abstract: The invention provides compounds of formula (I),
stereoisomers, and pharmaceutically acceptable salts thereof for use in
the treatment of cancer: Formula (I) wherein: X is CH, S, N or NH; Z is
Cor N; A is an optionally substituted amine or an optionally substituted
carbocyclic or heterocyclic ring system; L is a linking group which is an
optionally substituted C_¢ alkylene group in which one or more -CH,-
groups of the alkylene chain may be replaced by a group independent-
ly selected from -O-, -S- and -NR'- (where R' is H or C|_3 alkyl); each

R'is independently selected from: C alkyl, Co.6 alkenyl, C, alkynyl,
C16 haloalkyl, -O-C| alkyl, -S-C|¢ alkyl, -OH, -SH, halogen, and an

optionally substituted aryl group; n is an integer from 0 to 4; R? and R
are each independently selected from: hydrogen, C,_galkenyl, and C, ¢

alkynyl, or R? and R%, together with the intervening ring carbon atoms,
form an optionally substituted aryl ring; and represents an optional bond
between two adjacent carbon atoms in the ring. The compounds of for-
mula (I), their stereoisomers and pharmaceutically acceptable salts find
particular use in the treatment of glioblastoma.
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PHENOTHIAZINE ANTIPSYCHOTICS FOR USE IN THE TREATMENT OF

GLIOBLASTOMA

Field of the invention

The present invention relates to compounds for use in the treatment of cancer, in
particular for use in the treatment of glioblastoma. It further relates to certain novel
compounds, to pharmaceutical compositions containing them, and to their use in

such treaiment.

Background to the invention

The worldwide load of cancer has steadily risen over the vears and the number of
cancer cases is still increasing. Cancer represents a considerable cause of human
suffering and early death and its ireatment puls exiansive pressure on giokbal health

SCONOMISS,

Glioblastoma (also known as glioblastoma multiforme or "GBERM”) is an incurable
form of brain cancer. s particulary difficull to treat dus o its lecalion and highly
aggressive characteristics, howaver it can be freated for relisf and prolongation of
ffe. Conventions! treatment involves highly invasive (open brain} surgery, followed
by radiation trealment and chamotherapy. Treatment may alse involve Gamma
Krnife radiosurgery in which beams of radiation are highly focusad on the tumour
thereby minimising radigtion damags o surrounding healthy tissues. Surgery is
performed 0 remove a3 much of the tumour as possible. In high-risk areas of the
brain, howsver, it may not be possible o remove sl of the tumour by surgery aloneg,
Radintherapy is used © kill remaining wmour cells after surgery and can alse
reduce wimowr size, as well as the rate of tumowr growth, Howsver, radiotherapy
does not have a major effect on tumours such as GBM due to s fendency 1o
spread and the radio-resistance of the cancer cells. Furthermore, radiotherapy is

not specific in destroying cancercus celis versus normal tissues.

fr addition to radiotherapy, chemotherapy may also be used sithough there are
refatively fow chemotherapeutics in clinical use for the trestment of GBM.
Temozolomide and the nitrogen mustard S-chioro-nitrosoured carmustine, which
arg both alkyiating agents, can be used as a first ling treatment bud thess are mainky

cyiostatic as the cancer cells eventually develop resistance and render the
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treatment no longer effective. Tamozoiomide is & prodrug which is aclivaled by a
first pass melabolic decomposition process in the liver that produces methyl
digzonium ipns which can penelrate the blood-brain barmier. s mechanism of
action invelves alkyiation of the guanine groups of DNA by the methyl digzonium

ons.

Despite current treatments, GEM is usually accompanied by recurrence with ra-
growth of tumours which requires repeated freatment. The poor prognosis of GBM
is mainty dus o the tumour's high degree of invasiveness and the devalopment of
chemotherapy resistance. Tumouwrs such as GBM thus remain particularly difficult
to freal and existing therapies only offer a minimal increase in survival rates. The
developmant of altemative reaiments is urgently required, in particular treatments
which have improved efficacy and which show high selectivity for the target cancer

ool

Thioridazine (Mellanh i3 a known antipsychotic drug belonging o the phenothiazine

group of drugs. I has the following structure:

Thioridazine

13- 2- R 3} 1-methyipiperidin-Z-yljethyl-Z-methylsulfanyl-phenothiazine

Thioridazine has primarily been used in the treaiment of schizophrenia, but also for
various psychialric indications in palients with dementia. Howsver, sevare side-
gffects such as cardiac arrhythmias have besn observed leading (o its discontinued
use. is serious side-effects suggest that the agent possesses poor salectivity
towards s drug largel. Infact, Johannessen et gl (Int J. Cancer 144 1735-1745,
28019 recently discovered that thioridazine gives rise o inhibition of celiular
autophagy. As a result, i has been investigated s a maans {0 sensilize GBM

celis to the chemotherapsutic agent temozolomide. Autophagy is a natural cellular
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process that involves ivsosome degradation in which calls caplure unnecessary of
dysfunctional infraceliular components, such as proteins, lipids, and organslies, and
delivar them to the ysosomal compariment where they are degraded. This effect
has been chisarved in the context of cancer treatment, whars the effect of the
cyiotoxic compound is minimized by degradation via the autophagy process. 1o
date, however, there have been no repornts of any oytotoxic effecis associsted with

thigridazine or relaled phenpthiazing compounds.

The inventors have now found that certain compounds, in particular phenothiazine
derivatives and related anihracene compounds, show high cyloloxicity and
salechivity versus ghoblastoma cells in i vifro tesis In a range of glioklasioma cell
fings. These compounds also have the advaniage of high Hpophilicity that will allow
penetration across the blood-brain bamisr. As a result of these findings, such
compounds are proposed hersin for use in the freaiment of glicblastomas. /0 vifro
tests conducied by the inventors in melanoma cell lines demonsirate the
cytotoxicity of the compounds against other cancer cells. The invenior's findings
refating to the oyictoxic sffects of the compounds herein described can thus be

expectad 1o axiend o the treatment of other types of cancer

Summary of the invention

in one aspect, the invention relates to a compound of formula (1), a stereocisomer, or

a pharmaceutically acceptable salt thereof, for use in the treatment of cancer:

()

wherein:
Xis CH, S, N or NH;
ZisCorN;
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A is an optionally substituted amine or an optionally substituted carbocyclic or
heterocyclic ring system;
L. is a linking group which is an opticnally substituted C1.¢ alkylene group in which
one or more -CHz- groups of the alkylene chain may be repiaced by a group
independently selected from -O-, -S- and -NR’- (where R’ is H or C1.3 alkyl, e.q.
methvl);
gach R’ is independently selected from:

Ci1.s alkyl {preferably Ci.; alkyl, e.g. -CHa),

C..s alkenyl (preferably Ca.4 alkenyl),

Co.s alkynyl {preferably Co.s alkynyl),

Ci1.s haloalkyl (e.q. -CF3),

-0-Ci.s alkyl (preferably -O-Cq.; alkyl, e.g. -OCHa),

-S-C1.5 alky! (preferably -S-Ci.; alkyl, e.g. -SCHa),

halogen {e.g. F, Clor Br), and
an optionally substituted aryl group {e.q. optionally substituted phenyi);
nis anintegerfromOio 4, preferably 010 2,e.0. 0,1, 0r 2;
R* and R* are each independently selected from:
hydrogen,
Co.s alkenyl (preferably Cz.4 alkenyl), and
Ca.s alkynyl (preferably Co.4 alkynyl),
or
R® and R*, together with the intervening ring carbon atoms, form an optionally

substituted aryl ring {e.g. an optionally substituted phenyl ring); and

s
\
é

--" represents an optional bond between two adjacent carbon atoms in the ring.

in anocther aspect the invention relates {0 a compound of formula (1a), (ib) or {ic) as
herein described, a sterecisomer, or a pharmaceutically acceptable salt thereof, for

use in the treatment of cancer.

in another aspect the invention relates to the use of a compound of formula (), (la),
(ib) or {Ic), a sterecisomer, or a pharmaceutically acceptable salt thereof, in the

manufacture of a medicament for use in the treatment of cancer.
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I ancther aspect, the invention relates to a method of freatment of cancer, said
method comprising the step of administering to a subject in need thereof (e.g. a
human patient) a pharmaceutically effective amount of a compound of formula (i),

(1a), {Ib) or {Ic), a sterecisomer, or a pharmaceutically acceptable sall thereof.

in a further aspect, the invention relates to novel compounds of formula (i), their

sterecisomers and their pharmaceutically acceptabie salts:

T
L
E

2

{in

wherein:
A is an optionally substituted amine or an optionally substituted carbocyclic or
heterocydclic ring system, preferably an optionally substituted carbocyclic ring
system;
L is a linking group which is an optionally substituted C1.¢ alkylene group in which
one or more -CH»- groups of the alkylene chain may be replaced by a group
independently selected from -O-, -S- and -NR’- (where R’ is H or C15 alkyl, e.q.
methvi};
each R' and R? is independently selected from:

Ci.s alkyl (preferably Ci.3 alkyl, e.g. -CHa),

Co.s alkenyi (preferably Cs.4 alkenyl),

Co.s alkynyl (preferably Ca.s alkynyl),

C1.6 haloalkyl (e.g. -CF3),

-0O-C1.s alkyl (preferably -O-Cq.3 alkyl, e.g. -OCHa),

-S-C1.5 alkyl (preferably -8-C1.5 alkyl, e.g. -SCHS3),

halogen {e.g. F, Clor Br), and
an optionally substituted aryl group {(e.qg. optionally substiiuted phenyl);

nis an integer from 0 to 4, preferably 010 2, .9. 0, 1, 0r 2; and
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misanintegerfromQto 4, preferably 010 2, 2.¢.0, 1, or 2,

with the proviso that the compound is other than thioridazine.

in a further aspect, the invention relates to a compound of formula (i), a
sterecisomer, or a pharmaceutically acceptable salf thereof, for use in therapy or for

use as a medicament,

In ancther aspect, the invention relates to a pharmaceutical composition comprising
a compound of formula (i), a sterecisomer, or a pharmaceutically acceptable salt
thereof, together with one or more pharmaceutically acceptable carriers, exciplents

or diluents.

Detailed description of the invention

Definitions

As used herein, the term "alkyl” refers {0 a saturated hydrocarbon group and is
intended to cover both siraight-chained and branched alkyl groups. Examples of
such groups include methyl, ethyl, n-propyl, iso-propyl, n-bulyl, tert-butyl, sec-butyl,
n-pentyl, isc-pentyl, neo-pentyl, n-hexyl, Z-methylbutyl, 2-methyipentyl, 2-ethylbutyl,
3-methvipentyl, and 4-methyipentyl. An alkyl group preferably contains from 1-8
carbon atoms, more preferably 1-4 carbon aloms, e.g. 1-3 carbon atoms. Unless
otherwise specified, any alkyl group may be substituted in one or more positions
with a suitable substituent. Where more than one substituent group is present,
these may be the same or different. Suitable substituents include -OH, C1.s alkyi,

-0-C1s alkyl, C1.s haloalkyl, and halogen atoms (e.g. F, Clor Br).

As used herein, the term "alkenyl” refers {o an alkyl group having one or more
carbon-carbon double bonds and includes both straight-chained and branched
alkenyl groups. The term "C..s alkenyl” refers to an alkenyl group having from 210 6
carbon atoms and one or more (2.g. one or two) double bonds. Examples of such
groups include vinyl, allyl, propenyl, iso-propenyl, butenyl, iso-butenyl, crotyl,
penteny! and hexenyl. Unless otherwise stated, any alkenyi group mentioned
herein may optionally be substituted by one or more groups, which may be identical
or different. Suitable substituents include -OH, C1s alkyl, -O-Cqs alkyl, Cis
haloalkyl, and halogen atoms (e.q. F, Cl or Br).
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As used herein, the term "alkynyl" refers to an alkyl group having one or more
carbon-carbon triple bonds and includes both straight-chained and branched
alkynyl groups. Unless otherwise stated, any alkyny! group mentioned herein may
opticnally be substituted by one or more groups, which may be identical or different.
Suitable substituents include -OH, Ci6 alkyl, -O-Ci16 alkyl, C15 haloalkyl, and

halogen atoms (e.g. F, Cl or Br).

The term “carbocyclic ring system” as used herein refers {0 a monovalent, saturated
or unsaturated cyclic carbon system. Such systems may include one or more
carbon-containing rings. VWhere more than one ring is present the rings may be
linked by a bond or they may be fused. Unless otherwise specified, any carbocyclic
ring system may be substituted in one or more positions with a suitable substituent.
Where more than one substituent group is present, these may be the same or
different. Suitable substituents include -OH, Cq alkyl, -0O-C1.5 alkyl, C1.¢ haloalkyl,

and halogen atoms (e.g. F, Cl or Br).

The term “heterocyclic ring system” as used herein refers {0 a monovalent,
saturated or unsaturated cyclic carbon system in which one or more carbon atoms
are replaced by a hetercatom selected from oxygen, nitrogen or sulfur, preferably
nitrogen. Such systems may include one or more rings in which at least one ring
corntains at least one heteroatom. Where more than one ring is present the rings
may be linked by a bond or they may be fused. Unless otherwise specified, any
heterocydlic ring system may be substituted in one or more positions with a suitable
substituent. Where more than one substifuent group is present, these may be the
same or different. Suitable substituents include -OH, C1.s alkyl, -O-Ci.s alkyl, Ci6
haloalkyl, and halogen atoms (e.q. F, Cl or Br).

The term “cycloalkyl” refers to a monovalent, saturated cyclic carbon system. |t
includes monocyclic, bicyclic and polycyclic {e.g. tricyclic) rings. Monocyclic rings
may contain from 3 to 8 carbon atoms, bicyclic rings may contain from 7 to 14
carbon atoms, and fricyclic rings may contain from 10 to 14 carbon atoms. Where
these contain more than one ring, the rings may be fused or bridged. In fused
compounds, two rings share two adjacent atoms. In bridged compounds, two rings

share three or more atoms thereby forming a bridge which contains at least one
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atom. Examples of monocyclic cycloalky! groups include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyi, cyclooctyl, etc.
Exampies of bicyclic cycloalkyl groups include, but are not limited to, norbornyl.
Exampies of tricyclic cycloalkyl groups include, but are not limited to, adamantyl.
Unless otherwise specified, any cycloalkyl group may be substituted in one or more
positions with a suitable substituent. Where more than one substituent group is
present, these may be the same or different. Suitable substituents include -OH,

C1.6 alkyl, -0O-C15 alkyl, Ci.s haloalkyl, and halogen atoms (e.g. F, Cl or Br).

The term “cycloalkenyl” refers to a monovalent, partially unsaturated cydlic carbon
system. It includes monocyclic, bicyclic and polycyclic (e.g. tricyclic) rings. Unless
otherwise specified, any cycloalkenyl group may be substituted in one or more
positions with a suitable substituent. Where more than one substituent group is
present, these may be the same or different. Suitable substituents include -OH,

Ci.s alkyl, -O-Cis alkyl, C+.s haloalkyl, and halogen atoms (e.g. F, Cl or Br).

As used herein, the term "alkylene” refers to a linking alkyl group and is intended to
cover any siraight-chained or branched alkylene group. Examples of such groups
include methylene, ethylene, ethane-1,1-diyl, propylene, propane-2,2-divi, 1-
methylethviene, butylene, 1-methyipropylene, 1,1-dimethyiethviene, 1,2-
dimethylethylene, etc. Such groups may optionally be substituted by one or more

groups selected from -O-C1.2 alkyl and halogen atoms (e.g. F, Cl or Br).

The term “halogen” or “halogen atom” as used herein refers to -F, -Ci, -Br or -1.

The term “haloalky!l” refers {o an alkyl group as defined herein in which at least one
of the hydrogen aloms of the aikyl group is replaced by a halogen atom, preferably
F, Clor Br. Examples of such groups include -CHzF, -CHF,, -CF,, -CCls, -CHCly,
-CH.CF3, etc.

The term “ary!” as used herein refers to aromatic ring systems. Such ring systems
may be monocyclic or bicyclic and contain at least one unsaturated aromatic ring.

Where these contain bicyclic rings, these may be fused. Preferably such systems
contain from 6-20 carbon atoms, e.¢. either 6 or 10 carbon atoms. Examples of

such groups include phenyl, 1-napthy! and 2-napthyl. A preferred aryl group is
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phenyl. Unless stated otherwise, any aryl group may be substituted by one or more
substituents as described herein. Where more than one substituent group is

present, these may be the same or different.

The term “heterocyclic ring” as used herein refers fo g saturated or partially
unsaturated, 4- to 8-membered (preferably 5- or 8-membered) carbocyclic system
in which at least one ring atom is a heteroatom selected from nitrogen, oxygen and
sulfur, the remaining ring atoms being carbon. The heterocyclic ring structure may
be linked to the remainder of the molecule through a carbon atom or through a
nitrogen atom. Examples of heterocyclic rings include, but are not limited to,
tetrahydrofuran, piperiding, pyrrolidine, dioxane, morpholine, etc. Unless otherwise
stated, any heterocyclic ring mentioned herein may optionally be subsiituted by one
or more groups, which may be identical or different, for example hydroxy, Cq.s alkyl,

C1.s alkoxy, amino, cyano, or nitro groups, or halogen atoms (e.g. F, Cl or Br).

Unless otherwise stated, all substituents are independent of one anocther.

In the case where a subscript is the integer 0 (i.e. zero), it is intended that the group

to which the subscript refers is absent.

The compounds herein described may contain one or more stereccenters and may
therefore exist in different sierecisomeric forms. The term “sterecisomer” refers to
compounds which have identical chemical constitution but which differ in respect of
the spatial arrangement of the atoms or groups. Examples of sterecisomers are
enantiomers and diastereomers. The term “enantiomers” refers to two
sterecisomers of a compound which are non-superimposable mirror images of one
ancther. The ferm “diastereoisomers” refers {0 stereoisomers with two or more
stereocenters which are not mirror images of one ancther. The invention is
considerad to extend o diastereomers and enantiomers, as well as racemic
mixtures and enanticenriched mixiures in which the ratio of enantiomers is other
than 1:1.

The compounds herein described may be resolved into their enantiomers and/or
diastereomers. For example, where these contain only one chiral center, these

may be provided in the form of a racemate or racemic mixture (a 50:50 mixiure of
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enantiomers) or may be provided as pure enantiomers, i.e. in the R- or S-form. Any
of the compounds which occur as racemates may be separated into their
enantiomers by methods known in the art, such as column separation on chiral
phases or by recrystallization from an optically active solvent. Those compounds
with at least two asymmelric carbon atoms may be resolved inte their
diastereomers on the basis of their physical-chemical differences using methods
known per se, e.g. by chromatography and/or fractional crystallization, and where
these compounds are obtained in racemic form, they may subsequently be resclved

into their enantiomers.

The term “pharmaceutically acceptable sall” as used herein refers to any
pharmaceuiically acceptable organic or inorganic sait of any of the compounds
herein described. A pharmaceutically acceptable salt may include one or more
additional molecules such as counter-ions. The counter-ions may be any organic or
inorganic group which stabilises the charge on the parent compound. If the
compound is a base, a suitable pharmaceutically acceptable salt may be prepared
by reaction of the free base with an organic or inorganic acid. If the compound is
an acid, a suitable pharmaceutically acceptable salt may be prepared by reaction of
the free acid with an organic or inorganic base. Non-limiling examples of suitable

salts are described herein.

The term “pharmaceutically acceptable” means that the compound or composition
is chemically and/or toxicologically compatible with other componentis of the

formulation or with the patient 1o be treated.

By “a pharmaceutical composition” is meant a composition in any form suitable to

be used for a medical purpose.

As used herein, the term "cancer” refers o celis undergoing abnormal proliferation.
Growth of such cells typically causes the formation of a tumor. Cancerous cells
may be benign, pre-malignant or malignant. Such cells may be invasive and/or
have the ability to melastasize to other iocations in the body. The term cancer, as
used herein, includes cancerous growths, tumours, and their metastases. The term
“tumour”, as used herein, refers to an abnormal mass of tissue containing

cancerous calls.
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As used herein, the term “metastasis” refers to the spread of malignant tumour cells
from one organ or part of the body o another non-adjacent organ or part of the
body. Cancer cells may break away from a primary tumour, enter the lymphatic
and blood systems and circulate to other parts of the body {e.¢. 1o normal tissues).
Here they may settle and grow within the normal tissues. When tumour cells
metastasize, the new tumours may be referred to as a “secondary” or metastatic

cancer or tumour.

As used herein, "tfreatment” includes any therapeutic application that can benefita
human or non-human animal {(e.g. a non-human mammal). Both human and
veterinary freaiments are within the scope of the present invention, although
primarily the invention is aimed at the treatment of humans. VWhere not explicitly

stated, freatment encompasses prevention.

As used herein, a “pharmaceutically effective amount” relates to an amount that will
lead to the desired pharmacoiogical and/or therapeutic effect, i.e. an amount of the
agent which is effective to achieve its inlended purpose. While individual subject
{e.g. patient) needs may vary, determination of optimal ranges for effective amounts
of the active agent(s) herein described is within the capability of one skilled in the
art. Generally, the dosage regimen for treating a disease, condition or disorder with
any of the compounds described herein may be selected by those skilled in the art
in accordance with a variety of factors including the nature of the condition and its

severity.

The term “subject” refers to any individual who is the target of the administration or
treatmeni. The subject may be, for example, a mammal. Thus the subject may be
a human or non-human animai. The term “patient” refers to a subject under the

treatment of a clinician. Preferably, the sublect will be a human.

In one aspect, the invention relates to a compound of formula {1}, a sterecisomer, or

a pharmaceutically acceptable salt thereof, for use in the freatment of cancer:
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0
wherein:
Xis CH, S, N or NH;
ZisCorN;

A is an optionally substituted amine or an optionally substituted carbocyclic or
heterocyclic ring system;
L is a linking group which is an optionally substituted C1.s alkylene group in which
one or more -CHs- groups of the alkylene chain may be replaced by a group
independently selected from -O-, -5- and -NR'- (where R is H or C; alkyl, e.g.
methyl),
each R’ is independently selected from:

C.e alkyl (preferably C1.3 alkyl, e.g. -CHa),

Co.s alkenyl (preferably Cu.4 alkenyl),

Co.s alkynyl (preferably Ca.4 alkynyl),

C1.s haloalkyl {e.g. -CF3),

-0-C1s alkyl (preferably -0O-Cy.3 alkyl, e.g. -OCHa3),

-S-C1.6 alkyl (preferably -S-Cq.5 alkyl, e.g. -SCH3),

-OH,

-SH,

halogen (e.g. F, Cl or Br), and

an optionally substituted aryl group (e.g. optionally substituted phenyl);
nisanintegerfromCto 4, preferably 0io2,2.0. 0,1, 0r 2;
R* and R* are each independently selected from:

hydrogen,

C..s alkenyi (preferably Cz.. alkenyl), and

Co.s alkynyl {(preferably Co.s alkynyl),

or
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R® and R*, together with the intervening ring carbon atoms, form an optionally

substituted aryl ring {e.g. an optionally substituted phenyl ring); and

-
3

~ -’ represents an optional bond between two adjacent carbon atoms in the ring.

in certain embodiments, the compounds for use according o the invention are

those of formula (1) in which R® and R* are both hydrogen.

in certain embodimenis, the compounds for use according o the invention are
those of formula (1) in which R® and R*, together with the intervening ring carbon
atoms, form an optionally substituted aryl group. In one embodiment, the ary! group

which is formed can be an optionally substituted phenyl! ring.

Thus, in certain embodiments, the compounds for use according o the invention
are those of formula (Ia), their sterecisomers, or pharmaceutically accepiable salts

thersof:

wherein X, Z, A, L, R" and n are as herein defined;

s
1

- -’ represents an optional bond between two adjacent carbon atoms in the ring;
R? is selected from any of the groups defined herein for R'; and

misanintegerfromQto 4, preferably 0102, 2.0. 0, 1, or 2.

in one embodiment, the compounds for use according o the invention are those of

formula (1) or (Ia) in which X is CH or §, preferably S.

in one embodiment, the compounds for use according to the invention are those of

formula (1) or (la) in which Xis Sand Zis N.
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In certain embodiments, the compounds for use according to the invention are
based on a phenothiazine scaffold. Such compounds are those of formula (ib),

their sterecisomers, or pharmaceutically acceptabie salis thereof:

(ib)
wherein A, L, RY, R% n and m are as herein defined.

in one embodiment, the compounds for use according to the invention are those of
formula (1) or (la) in which XisCHand Zis C.

In certain embodiments, the compounds for use according to the invention are
based on an anthracene scaffold. Such compounds are those of formula (I¢}, their

sterecisomers, and pharmaceutically acceptable salis thereof:

{ic)
wherein A, L, R", R? n and m are as herein defined.

in any of the formulae herein defined, group A may be an optionally substituted
amine. For example, group A may be a group of the formula -NR?RP wherein R?
and R® are independently selected from H, optionally substituted C..s alkyl, and
optionally substituted aryl. Examples of such groups include, but are not limited {o,
-NHa, ~-NH(CHz), -N{CHs)z, -N{CH2){C2H:), and -N{CoHs)..

Alternatively, in any of the formulae herein defined, group A may be an optionally

substituted carbocyclic or heterocyclic ring system. Such ring systems may



WO 2023/007181 PCT/GB2022/052006

10

15

20

25

30

15

comprise from 3 to 14 ring atoms, preferably from 5 to 12 ring atoms, e.g. rom S to
14 ring atoms. in one embodiment, group A is an optionally substituted carbocyclic

ring system.

In certain embodiments, group A may be an optionally substituted cycloalkyl or
cycloalkenyl group. Such groups may be mono-, bi- or tricyclic. Where more than

one ring is present, these may be bridged or fused.

In one embediment, A is a cycloalkyl group containing two or three rings which are

fused or bridged.

in one embodiment, A is an optlionally substituted aryl group. For example, it may

be an optionally substituted phenyl ring.

In one embodiment, A is an optionally substituted heterocyclic group. Such groups
may be mono-, bi- or poly-cyclic. Where more than one ring is present, these may
be bridged or fused. Such groups may be saturated or unsaturated. VWhere these

are saturated, they may be hetercaromatic.

Non-limiting examples of group A include adamantyl, phenyl, quinuclidiny! (1-
azabicyclo{2.2 2]octanyl), DABCO (1,4-diazabicyclo]2.2. 2]octanyl), tropany! (N-
methyl-8-azabicycio[3.2. 1]octanyl), nortropanyl (8-azabicyclo[3.2.1]octanyl),
norbornyl, norbornenyl, norbornadienyl, bornyl, pyrroivi, pyrrolidinyl, piperidiny,
pyridinyl, morpholinyl, azepanyl (azacyclcheptanyl), decahydroguinolyl, azonanyl,
octahvdrocyclopentalclpyrrobyl, azecanyl, octahydropyrrolof3,4-clpyrrolyl, indolyl, 4-

t-butylpiperidinyl and azocany! groups.

in a preferred embodiment, group A is selected from substituied or unsubstituted
adamantyl, phenyl, quinuclidinyl, piperidinyl and azepanyl. In another embodiment,
group A is substituted or unsubstituted adamanty! or piperidinyl, preferably
substituted or unsubstituted adamantyl. [n one embodiment, group A is

unsubstituted adamantyl.



WO 2023/007181 PCT/GB2022/052006

10

15

20

25

16

Group A may be bonded to group L either through a ring carbon or ring nitrogen
atom. In one embodiment, group A is bonded to the group L via a ring carbon

atom.

Group A may be substituted or unsubstituted. Where it is substituted, one or more
subsiituent groups (e.g. 1, 2, or 3 substituent groups) may be present on the ring.
Each substituent may, independently of one another, be linked either to a ring

carbon atom or 10 a ring nitrogen atom.

In one embediment, group A is substituted by one or more groups independently
selected from -OH, Cis alkyl, -O-C1.s alkyl, Ci6 haloalkyl, and halogen atoms (e.g.
F, Clor Br). Preferred substituents include, but are not limited to, methyl, sthyl,

n-propyl and isopropyl groups.

in one embodiment, group A is not substituied at any ring carbon atom. Where it is
substituted, it is preferably substiluted at a ring nifrogen. In another embodiment,
group A is not substituted at any point on the ring, i.e. it is unsubstituted. The
presence of a hydrogen atom on a ring nitrogen atom is not considered to be &

“substituent’.

Preferred exampiles of group A include the following (where wane denotes the point

of attachment {0 the rest of the molecule):

Linking group L serves 1o link the group A to the remainder of the molecule. Group
L may be an optionally substituted, straight-chained or branched C1.¢ alkylene
group. In one embodiment, L is an optionally substituted, straight-chained or

branched Ci.3 alkylene group.
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In one embodiment, linking group L is an unsubstituted, straight-chained Cis
alkylene group, preferably an unsubstituted, straight-chained C1.; alkyiene group,

such as methylene or ethylene.

in another embodiment, L may be an optionally substituted C1.s alkylene group,
preferably Cao.s alkylene group, in which one or more -CH»- groups of the alkylene
chain are replaced by a group independently selected from -O-, -S- and -NR’-
(where R’ is H or Ci.z alkyl, e.g. methyl). For example, L may be an optionally
substituted Cu.s alkylene, Cas alkylene or Cys alkylene group in which one or

more -CHa- groups of the alkylene chain are replaced by a group independently
selected from -O-, -8- and -NR’- {(where R’ is H or {15 alkyl, e.g. methyl). Inone
embodiment, the alkylene chain is straight-chained. In one embodiment, group L
may be propylene or butylene in which one or two of the -CH»- groups are replaced
by a group -NR’-, preferably by a group -NH- or -N{(CHas)-. In another embodiment,
group L may be pentylene in which one or two of the -CHa- groups are replaced by

a group -NR'- preferably by a group -NH- or -N{CHa)-.
in one embodiment, one or more -CHa- groups of the alkylene chain in group L are

repiaced by a group -NR’- (where R’ is H or Ci.; alkyl, e.g. methyl). inone

emboediment, one or two -CHz- groups of the alkylene chain are replaced by such a

group.

Nen-limiting examples of linking group L include the following {where wenr denotes

the point of attachment to the rest of the molecule):
H H H H
NN N }sf\/\ﬁf\g A N G S NP
H

SOR. N,

Other examples of linking group L include the following (where wwe denotes the

point of attachment o the rest of the molecule):
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Where present, substituent groups R' and R? may be the same or different.

in one embodiment, each R' is independently selected from:
C1.s alkyl (preferably C1.2 alkyl, e.g. -CHa),
Ci.s haloalkyl! {e.g. -CF3),
-0-C1.s alkyl (preferably -0-C1.5 alkyl, e.g. -OCHa),
-S-C1.6 alkyl (preferably -S-C1.z atkyl, e.g. -SCH3),

halogen (e.g. F, Clor Br), and
an optionally substituted ary!l group (e.g. optionally substituted phenyl).

in one embodiment, each R’ is independently selected from Ci.; alkyl (e.g. -CHa),
-CFs, -0O-Cq5 alkyl (e.g. -OCH; or -OCH.CHa), -S-Ci.s alkyl {(e.g. -SCH; or
-SCHLCHa), F, Cl, Br and phenyl. In a preferred embodiment each R' is
independently selected from -CHs, -CF;, -OCH;, -SCH3, and -SCHCHa.

in one embodiment, n is selected from O, 1 or 2, preferably 0 or 1.

in one embodiment each R? where present, is independently selected from Cia
alkyl (e.qg. -CHa), -CFs, -0O-Cy.5 alkyl (e.g. -OCHa or -OCH2CHa), -5-C1.5 alkyl (e.q.
-SCH; or -SCH.CHz), F, Cl, Br and phenyi. in a preferred embodiment each R?is
independently selected from -CHa, -CF3, -OCH;, -SCHs, and -SCHCHa.

in one embodiment, m is selected from 0, 1 or 2, preferably 0 or 1.
Examples of compounds for use in accordance with the invention include, but are

not limited to, the following, their sterecisomers, and their pharmaceutically

acceptabie saits:
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Certain compounds described herein are novel and these form a further aspect of
the invention. Thus, in ancther aspect, the present invention provides compounds

of formula (i), their sterecisomers and their pharmaceutically acceptable salis:

T
L
E

el

(n

wherein:
A is an optionally substifuted amine or an opticnally substituted carbocyclic or
heterocyclic ring system;
L is a linking group which is an optionally substituted C,.s alkylene group in which
one or more -CHy- groups of the alkylene chain may be replaced by a group
independently selected from -O-, -S- and -NR’- (where R’ is H or Cq.; alkyl, e.g.
methyl);
each R' and R? is independently selected from:

C1.e alkyl (preferably Cq.5 alkyl, e.g. -CHa),

Co.s alkenyl (preferably Cu.4 alkenyi),

Co.s alkynyl (preferably Ca.4 alkynyl),

C1.s haloalkyl {e.g. -CF3),

-0-C1.5 alkyl (preferably -0-Cy.3 alkyl, e.g. -OCHa),

-S-C1.6 alkyl (preferably -S-Cq.5 alkyl, e.g. -SCH3),

-OH,

-SH,

halogen (e.g. F, Cl or Br), and



WO 2023/007181 PCT/GB2022/052006

10

15

20

25

30

35

21

an coptionally substituted aryl group {e.q. optionally substituled phenyl);
nis an integer from 0 to 4, preferably 010 2, .9. 0, 1, 0r 2; and
mt is an integer from O to 4, preferably 010 2, e.g. 0, 1, or Z;

with the proviso that the compound is other than thioridazine.

in one embodiment, the compound of formula (Il) is other than 10-{((1-
methyipiperidin-2-ylimethyh-2-(methyiihio)-10H-phenothiazine or 10-(2-(piperidin-1-
yhethy)-10H-phenothiazine.

Where appropriate, any of the definitions for A, L, R, R?, n and m listed herein in
respect of the compounds of formulae (1), (1a), {ib) and (Ic) similarly apply to the

compounds of formula (ii).

in one embodiment, the invention provides compounds of formula (), their
sterecisomers and their pharmaceutically acceptable salts, in which Alis an
optionally substituted carbocyclic ring system. In one embodiment of formula (i), A
is an optionally substituted cycloalkyl group, for example an optionally substituted
cycloalkyl group containing two or three rings which are fused or bridged. Ina
particular embodiment of formula (ID), A is substituted or unsubstituted adamantyl,

for example unsubstituted adamantyl.

In a further aspect, the invention relates to a compound of formula (i), a
sterecisomer, or a pharmaceutically acceptable salt thereof, for use in therapy or for

use as a medicament.

I ancther aspect, the invention relates to a pharmaceutical composition comprising
a compound of formula (i}, a sterecisomer, or a pharmaceutically acceptable salt
thereof, together with one or more pharmaceutically acceptable carriers, excipients

or diluents.

Any of the compounds herein described may be converted inio a sailt thereof,
particularly into a pharmaceutically acceptable sait thereof with an inorganic or
organic acid or base. Acids which may be used for this purpose include
hydrochloric acid, hydrobromic acid, sulfuric acid, sulfonic acid, methane sulfonic

acid, phosphoric acid, fumaric acid, succinic acid, lactic acid, citric acid, tartaric
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acid, maleic acid, acetic acid, trifluoroacetic acid and ascorbic acid. Bases which
may be suitable for this purpose include alkali and alkaline earth metal hydroxides,
e.g. sodium hydroxide, potassium hydroxide or cesium hydroxide, ammonia and
organic amines such as diethylamine, triethylamine, ethanolamine, disthanoiamine,
cyclohexylamine and dicyclohexylamine. Procedures for salt formation are

conventional in the art.

As will be understood, the compounds described herein may exist in various
sterecisomeric forms, including enantiomers, diastersomers, and mixtures thereof.
The invention encompasses all optical isomers of the compounds described herein
and mixtures of optical isomers. Hence, compounds that exist as diastereomers,

racemates and/or enantiomers are within the scope of the invention.

The compounds for use in the invention are either known in the art, or can be
prepared by methods known {o those skilled in the art using readily available
starting materials. Some of the compounds for use in the invention may be

commercially available.

Compounds herein described which are not known in the art may be prepared from
readily available starting materials using synthetic methods known in the art such
as those described in known textbooks, for example, in Advanced Organic
Chemistry (March, Wilay Interscience, 5" Ed. 2001) or Advanced Organic
Chemistry (Carey and Sundberg, KA/PP, 4™ Ed. 2001).

The following schemes ilustrate general methods for preparing some ¢of the
compounds herein described. The compounds used as starting materials are either
known from the literature or may be commercially available. As will be understood,
other synthetlic routes may be used {0 prepare the compounds using different

starting materials, different reagents and/or different reaction conditions.
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wherein R', RZ A and n are as herein defined, and w is an integer from 0-5.

A
i

ﬁ R? ; 3
S base N R

(R} g:;l: E[, o > (RY [::I:;E:
d s7 R " NP g Re

wherein R', R?, R® R% A, L and n are as herein defined.

A—L~NH,

10 “RY

wherein R', R?, R, RY A, L and n are as herein defined; and

X is a halogen atom.
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Cancers which may be ireated in accordance with the invention include, but are not
limited to, any of the following: leukemias, lymphomas, colon cancer (e.g. colorectal
cancer), breasi cancer, glioblastoma, pancreatic cancer, bladder cancer, lung
cancer and skin cancer. Metastatic disease arising from any of these tumours may
also be treated using any of the compounds herein described. However, the
invention finds particular use in the freatment of deep lying cancerous lesions that
are difficult to access non-invasively. Treatment of gliomas (e.g. GMB) forms a

preferred aspect of the invention.

The compeounds described herein find use in the treatment of glicblastomain g
subject or patient and, in particular, in the treatment or prevention of astrocytomas,
oligodendrogliomas or ependymomas. In a particular embodiment, the compounds
described herein can be usad in the treatment of astrocytomas, such as pliocylic
astrocytoma, diffuse or low grade asirocytoma, anaplastic astrocytoma or grade 4

astrocytoma.

The compounds described herein aiso find particuiar use in the treatment of skin
cancers, for example in the treatment of basal cell carcinoma, squamous cell

carcinoma, and melanoma.

As used herein, a “subject” or “patient” encompasses any animal, preferably a
mammal. Examples of mammalian subjects include, without limitation, humans,
dogs, cats, rodents {e.g. mouse, rat, guinea pig, elc.), horses, catlie, sheep, and

pigs. Preferably, the subjectis a human.

in one embodiment, the compounds of the invention are suitable for preventing
and/or retarding cancer cell proliferation, differentiation and/or survival, or for
preventing and/or retarding metastasis of cancer celis. As used herein, the {ferm
"proliferation” refers {o cells undergoing mitosis. The term "retarding proliferation”
indicates that the compounds inhibit proliferation of a cancer cell. In preferred
embodiments, "retarding proliferation” indicates that DNA replication is af least 10%
less than that observed in unireaied cells, more preferably at least 25% less, yet
more preferably at least 50% less, e.g. 75%, 90% or 95% less than that observed in

unireated cancer celis.
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For use in a therapeutic treatment, the compounds herein described will typically be
formulated as a pharmaceutical formulation together with one or more
pharmaceuiically acceptable carriers, excipients or diluents. Acceptable carriers,
excipients and diluents for therapeutic use are well known in the art and can be
selected with regard {o the intended route of administration and standard
pharmaceutical practice. Examples inciude binders, lubricants, suspending agents,
coating agents, solubilizing agents, preserving agents, wetling agents, emulsifiers,
surfactants, sweeteners, colorants, flavouring agents, antioxidants, cdorants,

buffers, stabilizing agents and/or salis.

The compounds for use according to the invention may be formulated with one or
more conventional carriers and/or excipients according o technigues well known in
the art. Typically, the compositions will be adapted for oral or parenteral
administration, for example by intradermal, subcutaneous, intraperitoneal, or
intravenous injection. For example, these may be formulated in conventional oral
administration forms, e.g. tablets, coaled tabiets, caplets, capsules, powders,
granulates, solutions, dispersions, suspensions, syrups, emulsions, etc. using
conventional excipients, e.g. solvents, diluents, binders, sweeteners, aromas, pH
modifiers, viscosity modifiers, antioxidants, etc. Suitable excipients can readily be
determined by those skilied in the art. The formulations may be prepared using

conventional techniques, such as dissclution and/or mixing procedures.

Where parenteral administration is emploved this may, for exampie, be by means of
intravenous, subcutaneous, intraperitoneal or intramuscular injection. For this
purpose, sterile sclutions containing the active agent may be employed, such as an
oil-in-water emuision. Where water is present, an appropriate buffer system (e.g.,
sodium phosphate, sodium acetate or sodium borate} may be added to prevent pH

drift under storage conditions.

The use of orally administrable compositions, e.g. tablels, coated tablets, capsules,
syrups, etc. is preferred. Compounds having a partition coefficient, Log P, greater
than or equal {o 3 and less than or equal {0 5 are particuiarly suitable for orai

administration due to their ability to cross the biood brain barrier.
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Alternatively, any pharmaceutical formulation may be administered locally (e.g. by
injection or topically) at or near the affecied site. Topical pharmaceutical
formulations inciude gels, creams, cintments, sprays, iolions, salves, sticks,
powders, solutions and any of the other conventional pharmaceutical forms in the
art. Ointments, gels and creams may, for example, be formulated with an aqueous
or oily base with the addition of suitable thickening and/or gelling agents. Any
thickening or gelling agenis used should be non-toxic and non-irritant. Lotions may
be formulated with an aguecus or oily base and will, in general, alsc contain one or
more emulsifying, dispersing, suspending, thickening or colouring agents. Powders
may be formed with the aid of any suitable powder base. Sprays and solutions may
be formulated with an agueous or non-aqueous base also comprising one or more

dispersing, solubilising or suspending agents.

The formulations herein described may be prepared using conventional technigues,

such as dissolution and/or mixing procedures, tableting, etc.

The dosage required {o achieve the desired activity of the compounds herein
described will depend on various factors, such as the compound selected, its mode
and frequency of administration, whether the treatment is therapeutic or
prophylactic, and the nature and severity of the disease or condition, etc. Typically,
a physician will determine the actual dosage which will be most suitable for an
individual subject. The specific dose level and frequency of dosage for any
particular patient may be varied and wili depend upon factors such as the activity of
the specific compound emploved, the metabolic stability and length of action of that
compound, the age of the patient, the mode and time of administration, and the
severity of the particular condition. The compound and/or the pharmaceutical
composition may be administered in accordance with a regimen from 1 to 10 times
per day, such as once or fwice per day. For oral and parenteral administration to
human patients, the daily dosage level of the agent may be in single or divided

doses.

Suitable daily dosages of the compounds herein described may readily be
determined by those skilied in the art, but are expected to be in the range from 0.1

mg to 1 g of the compound; 1 mg to 500 mg of the compound; 1 mg to 300 mg of



WO 2023/007181 PCT/GB2022/052006

10

16

20

25

27

the compound; 5 mg to 100 mg of the compound, or 10 mg to 50 mg of the

compound. By a “daily dosage” is meant the dosage per 24 hours.

Embodiments of the invention include, but are not limited to, the following:

Embodiment 1: A compound of formula (1), a sterecisomer, or a pharmaceutically

acceptable salt thereof, for use in the treatment of cancer:

A
|
I
3
(RHE Z":. "
n AN - 4
X R
B
wherein:
Xis CH, S, Nor NH;
ZisCorN;

A is an optionally substituied amine or an optionally substituted carbocyclic or
heterocyclic ring system;
L is a linking group which is an optionally substituted C1.s alkylene group in which
one or more -CHaz- groups of the alkylene chain may be replaced by a group
independently selected from -O-, -S- and -NR’- (where R’ is H or C15 alkyl, e.q.
methvi};
each R’ is independently selected from:

Ci.s alky! (preferably Ci.3 alkyl, e.g. -CHa),

Co.s alkenyi (preferably Cs.4 alkenyl),

Co.s alkynyl (preferably Ca.s alkynyl),

C1.e haloalkyl {e.g. -CF3),

-0O-C1.s alkyl (preferably -O-Cq.3 alkyl, e.g. -OCHa),

-S-C1.5 alkyl (preferably -8-C1.5 alkyl, e.g. -SCHS3),

halogen {e.g. F, Clor Br), and
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an optionally substituted aryl group {(e.g. optionally substituled phenyl);
nis an integer from Oto 4, preferably 010 2,e.9. 0, 1, 0or 2;
R* and R* are each independently selected from:

hydrogen

Co.s alkenyl (preferably Cz.4 alkenyl), and

Ca.s alkynyl (preferably Co.4 alkynyl),
or R? and R*, together with the intervening ring carbon atoms, form an optionally

substituted aryi ring (e.g. an optionally substituted phenyl ring); and

.
1

- -’ represents an optional bond between two adjacent carbon atoms in the ring.

Embodiment 2: A compound for use as described in embodiment 1, wherein R® and
R* together with the intervening ring carbon atoms, form an optionally substituted

aryl group.

Embodiment 3: A compound for use as described in embediment 1 or embodiment
2 which is a compound of formula (la), a sterecisomer, or a pharmaceutically

acceptabie sait thereof.

(la)
wherein X, Z, A, L, R" and n are as defined in embodiment 1;

s
\

~-‘ represents an optional bond between two adjacent carbon atoms in the ring;
each R? is independently selected from:

C.e alkyl (preferably C1.3 alkyl, e.g. -CHa),

Co.s alkenyl (preferably Cu.4 alkenyi),

Co.s alkynyl (preferably Ca.4 alkynyl),

C1.s haloalkyl {e.g. -CF3),

-0-C1.5 alkyl (preferably -0-Cy.3 alkyl, e.g. -OCHa),

-S-C1.6 alkyl (preferably -S-Cq.5 alkyl, e.g. -SCH3),
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-OH,

-SH,

halogen (e.g. F, Cl or Br), and

an optionally substituted aryi group (e.g. optionally substituted phenvl), and

mis aninteger from Oto 4, preferably 010 2, 2.0. 0, 1, or 2.

Embodiment 4: A compound for use as described in any one of embodiments 1 o

3, wherein X is CH or S, preferably S.

Embodiment 5. A compound for use as described in embodiment 4 which is a
compound of formula (Ib), a sterecisomer, or a pharmaceutically accepiable sailt

thersof:

T
L
E

el

{Ib)
wherein A, L, R" and n are as defined in embodiment 1; and

R? and m are as defined in embodiment 3.

Embodiment 6: A compound for use as described in any one of embodiments 1 {0 3
which is a compound of formula (Ic), a sterecisomer, or a pharmaceutically

acceptable salt thereof

{ic}
wherein A, L, R and n are as defined in embodiment 1; and

R? and m are as defined in embodiment 3.
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Embodiment 7. A compound for use as described in any one of embodiments 1 o

6, wherein A is an optionally substituted carbocyclic or heterocyclic ring system.

Embodiment 8. A compound for use as described in embodiment 7, wherein A is an

5  optionally substituted cycloalkyl or cycloalkeny! group, preferably an optionally
subsiituted cycloalkyl group containing two or three rings which are fused or
bridged.

Embodiment 9. A compound for use as described in embodiment 7, wherein A is an

10 optionally substituted heterocyclic group.

Embodiment 10; A compound for use as described in embodiment 8 or embodiment
9, wherein A is selected from substituted or unsubstituted adamantyl, phenyl,
quinuclidiny!, piperidiny! and azepanyl.

15
Embodiment 11: A compound for use as described in any one of embodiments 1 to
10, wherein A is substituted by one or more groups independently selected from
-OH, Cis alkyl, -0-Cy.s alkyl, Ci.6 haloalkyl, and halogen atoms (e.g. F, Cl or Br).

20  Embodiment 12: A compound for use as described in any one of embodiments 1 to

11, wherein A is selected from the following:

25  Embodiment 13. A compound for use as described in any one of embodimenis 1 to
12, wherein L is an optionally substituted, straight-chained or branched Cis

alkylene group.
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Embodiment 14: A compound for use as described in any one of embodiments 1 1o
12, wherein L is an optionally substituted Ci.s alkylene group, preferably Czs
alkylene group, in which one or more -CHs- groups of the alkylene chain are
replaced by a group independently selected from -O-, -5- and -NR’- (where R"is H
or C1.z alkyl, e.g. methyl).

Embodiment 15 A compound for use as described in any one of embodiments 1 to

14, wherein L is selected from the following:

H H H H
}{\\/Ng gﬁ/\\/i\!g }i\/’\ﬁ/\;{ :’QN\’/\?E &,N\/’\}{

SR AN,

Embodiment 16: A compound for use as described in any one of embodiments 110
15, wherein each R' is independently selected from C1.5 alkyl {(e.g. -CHa), -CF3, -O-
C1a alkyl (8.g. -OCH; or -CCH,CH3), -S-Ch.z alkyl (e.g. -SCHs or -SCHCHa), F, Cf,
Br and phenyl.

Embodiment 17: A compound for use as described in any one of embodimenis 1 1o

16, whereinnis 0, 1 or 2, preferably O or 1.

Embodiment 18: A compound for use as described in any one of embodiments 3 to
17, wherein each R? is independently selected from C1.5 alkyl {(e.g. -CHa), -CFs, -O-
C1s alkyl {e.g. -OCH; or -OCH2CHa), -S-C13 alkyl {e.g. -SCH: or -SCH2CH,), F, €l

Br and phenyi.

Embodiment 19: A compound for use as described in any one of embodimenis 3 to

18, wherein mis 0, 1 or 2, preferably O or 1.
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Embodiment 20 A compound for use as described in embodiment 1 which is

selected from the following compounds, their sterecisomers, and their

pharmaceutically acceptable salts:

g Ny
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EA22 EAZ3

Embodiment 21: A compound for use as described in any one of embodiments 1 to

20, wherein said cancer is selected from the group consisting of. leukemias,
lymphomas, colon cancer, breast cancer, glioblastoma, pancreatic cancer, bladder

cancer, lung cancer and skin cancer.

Embodiment 22: A compound for use as described in embodiment 21 in the
treatment of glioblastoma, preferably in the treaiment of an astrocytoma,

oligodendroglioma or ependymoma.

Embodiment 23 A compound for use as described in embodiment 21 in the

treatment of basal cell carcinoma, squamous cell carcinoma, or melanoma.

Embodiment 24. A compound of formula li, a stereoisomer or a pharmaceutically

acceptabie salt thereof:

(1
wherein:
A is an optionally substifuted amine or an opticnally substituted carbocyclic or
heterocyclic ring system;
L is a linking group which is an optionally substituted C1.s alkylene group in which
one or more -CHs- groups of the alkylene chain may be replaced by a group
independently selected from -O-, -5- and -NR'- (where R is H or C; alkyl, e.g.
methyl),



WO 2023/007181 PCT/GB2022/052006

10

15

20

25

30

35

34

each R' and R? is independently selected from:

Ci.s alkyl (preferably C1.5 alkyl, e.g. -CHa),

Co.s alkenyl (preferably C,.4 alkenyl),

Co.e alkynyl (preferably Ca.4 alkynyl),

C1.s haloalkyl {e.g. -CF3),

-0O-C1.6 alkyl (preferably ~-0-C1.3 alkyl, e.g. ~-OCHa),

-5-C1.6 alkyl (preferably -8-C1.; alkyl, e.g. -SCH3),

-OH,

-SH,

halogen {e.g. F, Clor Br), and

an optionally substituted aryl group (e.qg. optionally substiiuted phenyl);
nis an integer from O to 4, preferably 0 {0 2, e.g. 0, 1, or 2; and
m is an integer from O to 4, preferably 010 2, .. 0, 1, or 2;

with the proviso that the compound is cther than thioridazine.

Embodiment 25 A pharmaceutical composition comprising a compound of formuia
(I}, a stereocisomer, or a pharmaceutically acceptable salt thereof as described in
embodiment 24, together with one or more pharmaceutically acceptable carriers,

excipients or diluents.

The invention will now be described in more detlall in the following non-limiting

Exampies and with reference to the accompanying figures:

Figure 1. Monitoring cell growth and morphoiogy during treatment with 4 uM
Compound EAD1 after freatment for 72 h. (A) Left: Normal Human Astrocyies
(NHA) (DMEM alt), right: NHA with 4 uM Compound EAG1. (B) Left: U87-MG
Control (DMEM alt), right: U87-MG with 4 uM Compound EAC1. (C) Left: U251
Control (DMEM alt), right: U251 with 4 uM Compound EAC1.

Figure 2. IncuCyte Zoom Analysis of UB7-MG, p44-48, n=3 for various treatment
conditions of Compounds EAQ1 and EAO2 with and without combination with
temozolomide (TMZ), normalized to the confluency [%] to time point O h. (A)
Monitored change fold of confluency (confluency of each time point normalised to
the confluency of t=0 h) for UB7-MG, p44-46 over 72 h. Shown are means of the

measured confluency [%]. (B) 72 h values of change fold confluency. Statistical
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analysis was carried out using Dunnett's multiple comparisons test {Ordinary One-
Way ANOVA, parametric): Significant results are indicated by asterisks: *p<0.05,
**p<0.01, **p<0.001, ***p<0.0001. Whiskers indicate SEM.

Figure 3. Cell viability assessed via WST1-assay of two generations of FRBO
treated with Compounds EAO1 and EAQZ for 72 h (n=2). (A) Cell viability curve for
FRBOQ treated with Compound EA01. (B) Cell viability curve for FRBO treated with
Compound EAD1.

Figure 4. Treatment of tumor sphercids and fetal rat brain organocids (FRBO) with
Compounds EAOT and EAQ02. (A) Co-culture pf P3-GFP tumor spheroids with
FRBO after 72 h-treatment with indicated concentrations of Compounds EA01 and
EAQ2. (B) Co-culture pf BG5-GFP tumor spheroids with FRBO after 72 h-treatment

with indicated concentrations of Compounds EAC1 and EAOZ.

Figure 5. initial testing of survivability of different cell lines after treatment with 4 uM
Compounds EA01T and EAQ2Z versus control (0.1 % DMSQO) using the clonogenic

assay. (n=1).

Examples

General procedure for synthesis of phenothiazine derivatives:

The synthesis of the various phenothiazine derivatives was conducted by means of
a three-step synthetic pathway. In the following reaction schemes, A, R', R n and

m are as herein defined.

Step 1~ mesthod A:

O
L _Cf o)
H o Y o
. N\/’\\% 2.7 equiv. , SN N S
RIE- [ | 2Hr) (RIH-— | —H{r?)
R ANy S/j\\\{/”' m — NP s = m

chlorobenzene
1 equiv. microwave 120°C 30 min 3
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The 10H-phencthiazine derivative (1 eg.) 1 was treated with chlorcacety! chioride
(2.7 e9.) 2 under microwave irradiation. When the microwave reaction was
finished, water was added and the mixiure was exiracted with ethyl acetate, the
extracts were combined and washed with brine. The organic layer was dried over
Na,S0q, filtered, and the solvent removed in vacuo. The compound 3 was purified

by recrystallization in methanol.

Step 1 — method B:
O

CE/U\/CE Oﬁ/\ca

H
N 1.5 equi N
; = R \ 5 equiv. PN r//\/ X
1; 5 23 { 19_ i 2)
("R n I SQ/—‘;R ’Im — \‘R nl\\\\/L\\SGR m
{oluene
1 equiv_ SGAC 18‘20 h 3

1

The 10H-phenocthiazine derivative (1 eq.) 1 and toluene were added 1o a round
botile flask equipped with a magnetic stirring bar. The mixiure was then placed in
an ice-water bath and stirred while chloroacetyl chioride (1.5 eq.) 2 was carefully
added by a syringe. The mixture was heated and left stirring. The mixture was
then cooled 10 room femperaiure and the solvent was removed in vacuo. The

compound 3 was then purified by recrystallization in methanol.

Step 2:

NaBH,4 (1.2 equiv.)

N
(p\'ij E/ ] X Rz\’ BF;; Et,O (1.5 equiv.) 4\
AN ()

THF (anhydrous)
1 equiv. Ultrasonic bath

3

The Z-chioro-1-{10H-phenothiazin-10-yhethan-1-one derivative (1 eq.} 3 and dry

THF were added to a dry round bottle flask equipped with a magnetic stirring bar.
The mixture was flushed with nifrogen, put in an ice water bath and BF3-Et0 (1.5
eq.} carefully added by syringe while stirring. NaBH4 (1.2 eq.) was added and the

mixture was stirred before it was put in an ultrasonic bath. After removing the
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mixture from the ultrasonic bath, it was guenched with NaHCOs and extracted with
ethyl acetate. The organic phases were combined and dried over NaxS0q, filtered,

and the solvent was removed in vacuo.

Step 3 - method A:

NHA (5 equiv.)

el
= - AN NG Ki (1 equiv.) (2 Ny ()
AN —Q “} e -
Rlﬁ’\ s - R’l — \R n X s = 'im

DMF, 100°C, 18-20 h
1 equiv.

4
The 10-{2-chioroethyi)-10H-phenothiazine derivative (1 eq.) 4, Ki {1 eq.), amine (5
eq.) and DMF were added 1o a round botlle flask equipped with a magnetic stirrer.
The mixiure was heated and left stirring. When the reaction was finished it was
cooled to room temperature and an aqueous solution of NH4Cl was added, before it
was exiracted with ethyl acetate. The organic extracis were combined, washed
with brine and dried over NaS(Q,. The organic exiracts were filtered, and the
solvent removed in vacuo. The compound & was purified using flash column

chromaiography.

Step 3 —~ method B:

el NHA (5 squiv.)
N Kl (1 eguiv.)
" A K,CO5 (5.5 equiv.)
R —{R?) s
) e
THF, reflux, 18-20 h
1 equiv 5
4

The 10-(2-chioroethyl)-10H-phencthiazine derivative (1 eq.) 4, amine (5 eq.), KoCOs
(5.5 eq), Kl (1 eq.) and THF were added o a round bottle flask equipped with a
condenser and a magnetic stirrer. The mixture was heated to reflux and stirred.
When the reaction was finished it was cooled o room temperature and water added

before it was exiracted with ethyl acetate. The organic exiracts were dried over
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Na:-S0q, filtered and the solvent was removed in vacuo. The compound 5 was

purified using flash column chromatography.

Example 1 - Synthesis of N-(2-(10H-Phenothiazin-10-ylethyl)adamantan-1-amine
(Compound EACT)

Synthesis of Z-chloro-1-(10H-phenothiazin-10-yliethan-1-cne:

10H-phenocthiazine (0.373 g, 1.87 mmol) and 5 mL of chlorobenzene were added to
a microwave vial (20 mlL) together with a magnetic stirrer bar. Chloroacetic chloride
{0.40 ml., 5.02 mmol), was carefully added while stirring. After addition of
chioroacetic chioride the mixiure was capped and put in the microwave for 30 min
at 120°C (in addition to 10 min of pre-stirring). When the reaction in the microwave
was completed, water (5 mL) was added. The mixiure was extracted with ethyl
acetate (10 mbL x 3), the exiracts were combined and washed with brine. The
organic layer was dried over Na,S0,, filtered, and the solvent removed under
reduced pressure. The compound was recrystallized in methanol resulting in white
crystais with a vield of 93% (0.479 g, 1.74 mmol).

Synthesis of 2-chloro-1-(10H-phenothiazin-10-yi)ethan-1-one:

10H-phenothiazine (5.00 g, 25.08 mmol} and 75 mL toluene were added to a 500
ml. round botlle flask equipped with a magnelic stirring bar. The mixture was then
placed in an ice-water bath and stirred before chloroacety! chioride (3 mL, 37.67
mmol) was carefully added by a syringe. The mixture was heated at 80°C and
stirred for 20 h. The mixiure was then cooled at room temperature and the solvent
was removed under reduced pressure. The compound was then purified by
recrystaliization in methanol to afford white crystals in a vield of 84% (4.400 g,
15.96 mmol).
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TH NMR (500 MHz, CDCls) 8 7.52 (d, J = 7.9 Hz, 2H), 7.40 (d, J = 7.7 Hz, 2H), 7.29
(t, J=7.7 Hz, 2H), 7.20 (t, J = 6.7 Hz, 2H), 4.12 (s, 2H). "*C NMR (126 MHz,
CDCls) & 166.07, 137.90, 128.18, 127.45, 127.36, 126.60, 42.72.

Synthesis of 10-(2-chioroethyl)-10H-phenothiazine:
2-Chloro-~1-(10H-phenothiazin-10-yl}ethan-1-one (0.181 g, 0.65 mmol) and dry THF
(5 mL) were added to a dry 25 mkL round botile flask equipped with a magnetic
stirring bar. The mixiure was flushed with nitrogen and put in an ice water bath and
BFa+-ELO (0.15 mL, 1.22 mmol) carefully added by syringe while stirring. NaBH,
{0.026 g, 0.69 mmol) was added and the mixiure was stirred for 1 h. The mixture
was then put in an ulfrasonic bath for 2 h. Afier removing the mixture from the
ultrasonic bath, it was quenched with NaHCOs; and then exiracted with ethyl acetate
(10 mL x 3). The organic phases were combined and dried over Na S0, filtered,
and solvent was removed under reduced pressure o provide a white solid in a yield
of 89% (0.153 g, 0.58 mmol).

"H NMR (500 MHz, CDCl) 8 7.12 - 7.068 (m, 4H), 6.87 (id, J= 7.5, 1.1 Hz, 2H),
6.80 (d, J=8.1 Hz, 2H), 4.18 —4.13 (m, 2H), 3.74 — 3.869 (m, 2H). *C NMR (126
MHz, CDCls) & 144.35, 127.73, 127.48, 125.39, 123.11, 115.20, 49.24, 39.93.

Synthesis of N-(2-(10H-Fhenothiazin-10-ylethyl)adamantan-1-amine EACT:
10-(2-Chloroethyl)-10H-phencthiazine {0.172 g, 0.66 mmol), a spatula tip of Ki,
adamantylamine (0.486 g, 3.08 mmol) and DMF (10 mL) were added to a 50 mL
round botile flask equipped with a magnetic stirrer. The mixiure was heated to
100°C and stirred for 24 h. A NH4CI solution (10 mL) was then added, before it was
extracted with {20 mbL x 3) ethy! acelate. The organic extracts were combined,
washed with brine and dried over NaS04. The organic extracts were then filtered
and dried under reduced pressure 1o obiain a dark coloured sticky compound. The
compound was purified using flash column chromatography (ethyi acetate: hexane
9.1 and 1% Et:N), 1o obtain a purple waxy compound in the vield of 44% (0.110 g,
0.29 mmol). R;=0.36 (ethyl acetate: hexane 9:1).

'H NMR (500 MHz, CDCl:) 8 7.15 (ddd, J= 7.5, 6.3, 1.7 Hz, 4H), 6.95-6.90 (m,
4H),4.04 (1, /=64 Hz, 2H), 2.98 (1, J=6.4 Hz, 2H), 2.00 (s, 3H), 182 (d, /=124
Hz, 4H), 1.52 (d, J= 2.9 Hz, 9H). "3C NMR (128 MHz, CDCl) & 145.11, 127.53,
127.30, 125.71, 122.73, 115.88, 50.83, 47.82, 42.31, 37.27, 36.58, 29.49.
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Example 2 - Synthesis of N-(2-(2-(triflucromethyl})-10H-phenothiazin-10-
yhethyhadamantan-1-amine (Compound EAQ02)

Synthesis of 2-Chioro-1-(2-(trifluoromethyi)- 10H-phenothiazin-10-yl)ethan-1-one:
2-Trifluormethyl-10H-phenothiazine (0.501 g, 1.87 mmol) and 5 mi of
chiorobenzene were added to a 20 mL microwave vial together with a magnetic
stirring bar. Chioroacetic chioride (0.4 mL, 5.02 mmol) was carefully added while
stirring. After addition of chioroacetic chioride the mixture was capped and put in
the microwave for 30 min at 120°C (in addition to 10 min of pre-stirring). When the
reaction in the microwave was completed 5 ml of water was added. The mixture
was exiracted with ethyl acetate (10 mL x 3), the extracts were combined and
washed with brine. The crganic layer was dried over Na,S0, filtered and the
solvent removed under reduced pressure. The compound was recrystallized in

methanol resulting in light green crystals in a vield of 95% (0.615 g, 1.79 mmol).

Synthesis of 2-Chioro-1-(2-{triflucromethyi)-10H-phenothiazin-10-y{}ethan-1-one:
2-Triffluormethyl-10H-phenothiazine (6.701 g, 25.07 mmol} and 75 mL toluene were
added to a 500 mL round bottle flask equipped with a magnetic stirring bar. The
mixture was put in an ice waler bath and stirred before chloroacetic chioride (3.00
mL, 37.67 mmol) was carefully added by syringe. The mixiure was heated to 80°C
and left stirring for 20 h. The mixture was then cooled {0 room temperature and the
solvent was removed under reduced pressure. The compound was then purified by
recrystaliization in methanol, resulting in light green crystals in a yield of 87% (7.504
g, 21.82 mmol).

'H NMR (500 MHz, DMSO) 3 8.07 (s, 1H), 7.83 (d, J= 8.2 Hz, 1H), 7.72(dd, J =
20.7,81Hz 2H),763{d, J=78Hz, 1H), 747 ({, J= 7.7 Hz, 1H), 738 (t, J= 7.7
Hz, 1H), 4.56 (d, J = 33.2 Hz, 2H). ®C NMR (126 MHz, DMS0) & 165.12, 137.87,
137.87, 136.82, 131.31, 128.97, 128.25, 128.03, 127 .88, 126.83, 124.00, 123.78,
42.68, 39.50.
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Synthesis of 10-(2-Chioroethyl)-2-(trifluoromethyl)-10H-phenothiazine:
2-Chloro-1-(2-(triflucromethyl)-10H-phenothiazin-10-yhethan-1-one (0.340 g, 0.9
mmoi} and dry THF (5 mL) were added to a dry 50 mL round botile flask equipped
with a magnetic stirring bar. The mixiure was flushed with nitrogen and putin an
ice water bath and BF»+EtO (0.18 mL, 1.48 mmol) carefully added by syringe while
stirring. NaBH4(0.044 g, 1.16 mmol) was added and the mixture was stirred for 1 h.
The mixiure was then put in an ulfrasonic bath for 2 h. After removing the mixture
from the ultrasonic bath, it was quenched with NaHCO: and then exiracted with
ethyl acetate (20 mL x 3). The organic phases were combined and dried over
Na:S0q, filtered and solvent was removed under reduced pressure resulting in a
white solid, and obtaining a yield of 87% (0.284 g, 0.86 mmoi}.

"H NMR (500 MHz, CDCls) 6 7.24 — 7.17 (m, 3H), 7.15 (dd, J= 7.7, 1.5 Hz, 1H),
7.03(s, 1H), 898 (id, J=7.5,1.2Hz, 1H),6.88(d, J=82Hz 1H), 425 (t, J=71
Hz, 2H), 3.81-3.76 (t, J = 7.1 Hz, 2H). "*C NMR (126 MHz, CDCl;) & 144.98,
143.44, 127.89, 127.82, 124.64, 123.77, 119.79, 118.76, 115.84, 111.76, 48.37,
39.72.

Synthesis of N-(2-(2-(trifluoromethyl)- 10H-phenothiazin-10-yhethyl)adamantan-1-
amine EA02:

10-(2-Chloroethyl)-2-(trifluoromethyli}-10H-phenothiazine (0.205 g, 0.62 mmol), Kl
(0.137 g, 0.82 mmol), adamantylamine (0.459 g, 3.02 mmol) and DMF (5 mL) were
added to a round bottle flask (25 mL) equipped with a magnetic stirrer bar. The
mixture was heated o 100°C and stirred for 24 h. An NHCl solution (5 mlL) was
then added, before it was extracied with (10 mbL x 3) ethyl acelate. The organic
extracis were combined, washed with brine and dried over Na80,. The organic
extracts were then filtered and the solvent was removed under reduced pressure, to
obtain a dark coloured sticky compound. The compound was purified using flash
column chromatography (ethyl acetate: hexane 8.1 and 1% Et:N) which resulted in
a waxy compound with a yield of 31% {(0.085 g, 0.18 mmol). Ri=0.28 (ethyl
acetate: hexane 9:1).

"H NMR (500 MHz, CDCl) 8 7.14 -~ 7.02 (m, 5H), 6.90 - 6.81 (m, 2H), 3.93 (t, J =
6.4 Hz, 2H), 2.88 (t, J= 6.4 Hz, 2H), 1.92 (s, 3H), 1.54 (d, /= 12.4 Hz, 3H), 1.49 ~
1.37 {m, 8H). *C NMR (126 MHz, CDCl3) 5 145.67, 144,19, 127.67, 127.61,
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127.48, 124.51, 123.31, 118.27, 116,15, 112.42, 50.33, 48.59, 42.61, 37.14, 36.64,
29.52.

Example 3 - Synthesis of N-(2-(2-Chloro-10H-phenothiazin-10-yi)ethylladamantan-
1-amine (Compound EAG4)

EADS

Synthesis of 2-Chioro-1-(2-chloro-10H-phenothiazin-10-yi)ethan-1-one:
2-Chloro-10H-phenothiazine (0.302 g, 1.29 mmol) and 5 mL of chiorobenzene were
added to a 20 mbL microwave vial together with a magnelic stirring bar.

Chioroacetic chioride (0.28 mL, 3.52 mmol) was carefully added while stirring. After
addition of chloroacetic chioride the mixture was capped and put in the microwave
for 30 min at 120°C (in addition to 10 min of pre-stirring). When the reaction in the
microwave was completed, 5 mL of water was added. The mixiure was extracted
with ethy! acetate (10 mbL x 3), the exiracts were combined and washed with brine.
The organic layer was dried over Na,S0q filtered and the solvent removed under
reduced pressure. The compound was recrysiallized in methanol resuiting in light
green crysials in a vield of 91% (0.386 ¢, 1.18 mmol).

'H NMR (500 MMz, CDCl) 6 7.64 (d, J= 2.2 Hz, 1H), 7.54 (d, J= 8.0 Hz, 1H), 7.47
(dd, J=7.8,15Hz, 1H), 740 ~-735(m, 2H), 7.30 (td, /= 7.6, 1.4 Hz, 1H), 7.27 ~
7.24 {m, 1H), 4.26 — 4.15 (m, 2H). *C NMR (126 MHz, CDCk) 3 171.40, 165.77,
138.77, 137.37, 128.66, 128.38, 127.85, 127.71, 127.63, 127.07, 126.32, 40.55.

Synthesis of 2-Chioro-10-(2-chloroethyi)-10H-phencthiazine:
2-Chloro-1-(2-chloro-10H-phencthiazin-10-yliethan-1-one (0.303 g, 0.98 mmol) and
dry THF (5 mlL) were added to a dry 25 mL round bottle flask equipped with a
magnetic stirring bar. The mixiure was flushed with nitrogen and pul in an ice water
bath and BF;-EO (0.2 mL, 1.62 mmol) carefully added by syringe while stirring.
NaBH4(0.051 g, 1.35 mmol) was added and the mixture was stirred for a few min.

The mixture was then put in an ultrasonic bath for 2 h. The mixiure was removed
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from the ultrasonic bath and quenched with NaHCO; and then extracted with ethyl
acetate (10 mL x 3). The organic phases were combined and dried over NaxS0u,
filtered, and solvent was removed under reduced pressure resulting in a light pink
solid in a vield of 84% (0.244 g, 0.82 mmol.

'H NMR (500 MMz, CDCl) 6 7.12~7.03 (m, 2H),6.94 (d, J= 8.1 Hz, 1H), 6.88 (1, /
=75Hz, 1H), 6.83(d, J=82Hz 1H),86.77 (d, J= 8.1 Hz, 1H), 8.74 (s, 1H), 4.08
(t, J=7.2 Hz, 2H), 3.68 (t, J = 7.2 Hz, 2H). "*C NMR (126 MHz, CDCl) 8 145.76,
143.70, 133.50, 128.30, 127.90, 127.76, 125.30, 124.04, 123.64, 123.05, 115.74,
115.60, 77.16, 49.36, 39.85.

Synthesis of N-(2-(2-Chloro-10H-phenothiazin-10-yl)ethyl)adamantan-1-amine
EA04:

2-Chloro-10-{2-chicroethyi)-10H-phenothiazine {.505 g, 1.23 mmol}, Ki {0.365 g,
2.19 mmol), adamantylamine (1.282 g, 8.48 mmol) and DMF (10 mL) were added
to a round bottle flask (50 mL) equipped with a magnetic stirrer bar. The mixiure
was heated at 100°C and stirred for 24 h. An NH4Cl solution (10 mbL) was then
added, before it was exiracted with (20 mbL x 3) ethyl acetate. The organic extracts
were combined, washed with brine and dried over NaSO,. The organic extracts
were then filtered, and solvent removed under reduced pressure to obtain a dark
coloured sticky compound. The compound was purified using flash column
chromatography (ethyl acale : hexane = 9.1 and 1% E&LN) and resulied in a waxy
compound in a yield of 32% (0.1681 g, 0.38 mmol).

"H NMR (500 MHz, CDCL) 8 7.15 (ddd, J=14.7, 7.4, 1.5 Hz, 2H), 7.03 (d, /= 8.0
Hz, 1H), 6.94 (id, J=7.5, 1.2 Hz, 1H), 6.92 - 8.87 (m, 3H), 3.97 (t, J= 8.4 Hz, 2H),
285 J=64Hz, 2H), 2.00 (s, 3H), 162 (d, J=12.2 Hz, 3H), 1.58 —~ 1.50 (m, BH).
¥C NMR (126 MHz, CDCl) 3 146.44, 144.39, 133.30, 127.94, 127.57, 127 47,
125.29, 124.03, 123.13, 122.51, 116.12, 50.51, 48.38, 42.54, 37.22, 36.63, 29.51.
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Example 4 - Synthesis of N-{(2-(2-Methoxy-10H-phencthiazin-10-yhethyl)

adamantan-1-amine (Compound EA05)

EAD
Synthesis of 2-Chioro-1-(2-methoxy-10H-phenothiazin-10-ylyethan-1-one:
2-Methoxy-10H-phenothiazine (0.608 g, 2.65 mmol) and chiorobenzene (10 mL)
were added to a microwave vial {20 mL) together with a magnetic stirring bar.
Chioroacetic chioride (0.55 mL, 6.91 mmol) was carefully added while stirring. Afier
the addition of chloroacetic chioride the mixture was capped and put in the
microwave for 30 min at 120°C (in addition to 5 min of pre-stirring). When the
reaction in the microwave was compieted 10 mL of waler was added. The mixiure
as extracted with ethyl acetate (20 ml x 3), the extracts were combined and
washed with brine. The crganic layer was dried over Na,S0, filtered and the
solvent removed under reduced pressure. The compound was recrystallized in
methanol resuiting in light vellow crystais with a vield of 87% (0.706 g, 2.30 mmol).
"H NMR (500 MHz, CDCl) 8 7.57 (d, J= 7.9 Hz, 1H), 7.46 (dd, J= 7.8, 1.5 Hz, 1H),
734, J=85Hz 2H),7.28-724 (m, 2H), 719 (d, J= 2.7 Hz, 1H),6.85(dd, J=
8.7, 2.7 Hz, 1H), 4.20 (s, 2H), 3.83 (s, 3H). "*C NMR (126 MHz, CDCl5) § 165.52,
159.34, 138.15, 137.90, 128.58, 128.15, 127.40, 127.18, 114.08, 55.77, 41.83.

Synthesis of 10-{2-Chloroethyi}-2-methoxy-10H-phenothiazine:
2-Chloro-1-(2-methoxy-10H-phenothiazin-10-yliethan-1-one (0.688 g, 2.24 mmol)
and dry THF (16 mL) were added o a dry round botile flask (50 mL) equipped with
a magnetic stirrer bar. The mixture was flushed with nitrogen and put on an ice
water bath and BFsELO (0.50 mL, 4.05 mmol) carefully added by syringe while
stirring. NaBH4{0.109 g, 2.88 mmol) was added and the mixiure was stirred for a 1
h. The mixture was then split inte two round bottle flasks (25 mb) and placed in an
ultrasonic bath for 4 h. After removing the mixtures from the ultrasonic bath, they
were quenched with NaHCO; and combined. The combined mixtures were

extracted with ethyl acetate (20 mL x 3). The organic phases were combined and
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dried over Na:SQ;, filtered and the solvent was removed under reduced pressure
resulting in a dark thick oil with a vield of 68% (0.448 g, 1.54 mmol).

"H NMR (500 MHz, CDCl;) 8 7.02 (ddd, J=7.3,6.0, 1.6 Hz, 2H), 6.90(d, /=84
Hz, 1H), 8.81 (td, J=7.4, 1.2 Hz, 1H),8.71 (d, /= 8.5 Hz, 1H), 6.38 (dd, J = 8.4,
2.5Hz, 1H), 8.34 (d, J=2.4 Hz, 1H), 4.07 - 4.03 (m, 2H), 3.68 - 3.63 (m, 5H). *C
NMR (126 MHz, CDCls) 8 159.92, 145.75, 144.16, 128.01, 127.69, 127.37, 125.92,
123.13, 116.18, 115.31, 103.22, 55.58, 49.30, 39.99.

Synthesis of N-(2-(2-Methoxy-10H-phenocthiazin-10-yl)ethylladamantan-1-amine
EAQS5:

10-(2-Chloroethyl)-2-methoxy-10H-phenothiazine (0.448 g, 1.53 mmol), KiI (0.283 g,
1.58 mmol), adamantylamine (1.171 g, 7.74 mmol) and DMF (8 mL) were added {0
a round botile flask (50 mL) equipped with a2 magnetic stirrer bar. The mixture was
heated at 100°C and stirred for 24 h. An NH4CI solution (10 mL) was then added,
before it was exiracted with (20 mL x 3) ethyl acetate. The organic extracts were
combinad, washead with brine and dried over NaSQC,. The organic extracts were
then filtered and dried under reduced pressure {o obtain a dark coloured sticky
compound. The compound was purified using flash column chromatograghy (ethyl
acetate: hexane = 8.1 and 1% E:N) obtaining a waxy blue compound with a yield
of 15% (0.092 g, 0.22 mmol).

"H NMR (500 MMz, CDCl) 6 7.16 —7.10 (m, 2H), 7.03 (d, /= 83 Hz, 1H),6.91 (, /
=71 Hz, 2H), 8.53-6.47 (m, 2H), 400 (1, /=64 Hz, 2H), 3.76 (5, 3H), 297 (t, J=
8.4 Hz, 2H), 2.00 (s, 3H), 1.81 (d, /= 12.0 Hz, 4H), 1.53 (d, J= 18.4 Hz, SH).

Example 5 - Synthesis of N-(2-(2-(Methylthio)-10H-phenothiazin-10-yl)ethy!)

adamantan-1-amine (Compound EA03)
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Synthesis of 2-Chioro-1-(2-(methyithio)-10H-phenothiazin-10-yl)ethan-1-one:
2-{Methyithio)-10H-phenothiazine {(0.315 g, 1.28 mmol) and chiorobenzene (5 mL)
were added o a microwave vial (20 mL) together with a magnetic stirrer bar.
Chioroacetic chioride (0.25 mL, 3.14 mmol) was carefully added while stirring. After
addition of chloroacetic chioride the mixture was capped and put in the microwave
for 30 min at 120°C (in addition to 10 min of pre-stirring), whereupon the mixture
was cooled and water added (5 mL). The mixiure was extracted with ethyl acetate
(10 ml. x 3), the extracts were combined and washed with brine. The organic layer
was dried over Na»SQ, filtered and the solvent removed under reduced pressure.
The compound was recrystallized in methanol resulting in light yellow crystals in a
yield of 72% (0.297 g, 0.92 mmol).

'H NMR (500 MHz, CDCl) 8 7.48 (d, J= 7.8 Hz, 1H), 7.40 (s, 1H), 7.37 (dd, J =
7.8,1.5Hz 1H), 7.29~7.24 (m, 2H), 7.20-7.16 (m, 1H), 7.06 (dd, /= 8.3, 2.0 Hz,
1H), 4.10 (d, J = 8.3 Hz, 2H), 2.42 (s, 3H). *C NMR (126 MHz, CDCl;) 6 165.64,
138.68, 138.44, 137.69, 128.21, 128.21, 128.12, 127.55, 127.39, 126.53, 125.65,
124.18, 41.78, 15.97.

Synthesis of 10-(2-Chloroethyl)-2-(methylthio}-10H-phenothiazine:
2-Chloro-1-(2-(methylthio)-10H-phenothiazin-10-yethan-1-one (0.317 g, 0.98
mmol} and dry THF (5 mi) were added 10 a dry round boittle flask (25 mL) equipped
with a magnetic stirring bar. The mixiure was flushed with nitrogen and putin an
ice water bath and BF» « ELO (0.20 mL, 1.62 mmol) carefully added by syringe
while stirring. NaBHa4 (0.045 g, 1.18 mmol) was added and the mixture was stlirred
for 1 h. The mixture was then placed in an ultrasonic bath for 2 h. After removing
the mixture from the ultrasonic bath, it was quenched with NaHCO; and then
extracied with ethyl acetate (10 mL x 3). The organic phases were combined and
dried over NapS0y, filtered and solvent was removed under reduced pressure o
obtain a thick oil in a yield of 80% {0.272 g, 0.88 mmol).

"H NMR (500 MHz, CDCls) 6 7.18 — 7.12 (m, 2H), 7.04 (d, J = 8.0 Hz, 1H), 6.94 (id,
J=75 12Hz 1H), 887 ~-6.82 (m, 2H),8.77 (d, J= 1.8 Hz, 1H), 422 - 418 (m,
2H), 3.79 — 3.75 (m, 2H), 2.46 (s, 3H). "*C NMR (128 MHz, CDCl;) & 144.86,
144.02, 138.00, 127.82, 127.75, 127.50, 125.54, 123.28, 122.29, 121.36, 115.43,
114.21, 49.32, 39.94, 16.43.
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Synthesis of N-(2-(2-(Methyithio)-10H-phenothiazin-10-yl)ethyl)adamantan-1-
amine EAO3:

10-(2-Chioroethyl)-2-(methylthio)-10H-phenothiazine (0.202 g, 0.66 mmol), Kl
(0.138, g, 0.83 mmol), adamantylamine (0.483 g, 3.25 mmol), and DMF (5 mL)
were added to a round botile flask (50 mL) equipped with a magnetic stirrer bar.
The mixture was heated at 100°C and stirred for 24 h. An NH4Cli solution (5 mL)
was added and then exiracted with (10 mL x 3) ethyl acetate. The organic extracis
were combined, washed with brine and dried over NaSQ4. The organic extracts
were then filtered, and solvent was removed under reduced pressure to obtain a
dark coloured sticky compound. The compound was purified using flash column
chromatography (ethyl acetate . hexane = 8:1 and 1% Et:N) resuliing in a pink waxy
compound in a vield of 53% (0.148 g, 0.35 mmol). Rr= 0.21 (ethyi acetate: hexane
= 9:1).

"H NMR (500 MMz, CDCl) 6 7.17 = 7.12 (m, 2H), 7.05 (d, /= 7.9 Hz, 1H), 6.94 —
6.89 (m, 2H), 6.86 ~6.82 (m, 2H), 4.02 ({, J= 6.4 Hz, 2H), 2.97 (1, J= 6.4 Hz, 2H),
2.46 (s, 3H), 2.01 (s, 3H), 1.862(d, J= 11.9 Hz, 3H), 1.53 (d, /= 2.9 Hz, 9H). °C
NMR (126 MHz, CDCls) & 145.68, 144.73, 137.71, 127.57, 127.52, 127.31, 125.71,
122.88, 122.58, 121.19, 116.05, 114.93, 50.80, 48.04, 42.37, 37.31, 36.59, 29.49,
16.51.

Example 8 —~ Synthesis of N-(2-(2-(Ethyithio}-10H-phenothiazin-10-yl)ethyl)

adamantan-1-amine (Compound EAQG)

Synthesis of 2-Chioro-1-(2-(ethylthio}-10H-phenothiazin-10-yilethan-1-one:
2-{Ethylthio)-10H-phenothiazine (0.305 g, 1.18 mmol) and 5 mi of chlorobenzene
were added to a microwave vial (20 mL) together with a magnetic stirring bar.
Chiorcacetic chloride (0.25 mL, 3.14 mmol) was carefully added while stirring. After

addition of chioroacetic chioride, the vial was sealed and placed in the microwave
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oven cavily for 30 min at 120°C (in addition to 10 min of pre-stirring), whereupon
water (5 mL) was added. The mixiure was extracted with ethyl acetate (10 mL x 3),
the exiracts were combined and washed with brine. The organic layer was dried
over Na,S0; filtered and the solvent removed under reduced pressure. The
compound was recrystallized in methano! resulting in light yellow crystals in a vield
of 86% (0.339 g, 1.01 mmol).

"H NMR (500 MHz, CDClL) 87.56 (d, J= 8.7 Hz, 2H), 746 (d, J= 7.7 Hz, 1H), 7.38
~7.32(m,2H),7.28(d, J= 7.6 Hz, 1H), 7.21(dd, /= 8.2, 1.9 Hz, 1H), 418(d, J=
9.7 Hz, 2H), 3.05~2.88 (m, 2H), 1.34 (1, J= 7.4 Hz, 3H). *C NMR (126 MHz,
CDCls) 6 165.48, 138.35, 137.73, 136.79, 128.20, 128.09, 127.82, 127.53, 127.40,
1286.51, 41.77, 27 .81, 14.24.

Synthesis of 10-{2-Chioroethyi)-2-(ethyithio)-10H-phenothiazine:
2-Chloro-1-(2-(ethylthic)-10H-phenocthiazin-10-ylhethan-1-one (0.244 g, 0.73 mmol)
and dry THF (5 mL) were added o a dry round botile flask (25 mL) equipped with a
magnetic stirring bar. The mixiure was flushed with nitrogen and put in an ice water
bath and BF3+« ELOC (0.15 mL, 1.22 mmol) carefully added by syringe while stirring.
NaBH, (0.039 g, 1.03 mmol) was added and the mixiure was stirred for 1 h. The
mixture was then placed on an ulirasonic bath for 2 h. After removing the mixiure
from the uiltrasonic bath, it was guenched with NaHCOa and then extracted with
ethy! acetate (20 mL x 3). The organic phases were combined and dried over
NapS0q, filtered and solvent was removed under reduced pressure resulling in a
thick oii in a yield of 86% (0.202 g, 0.63 mmol).

"H NMR (500 MHz, CDCl) 8 7.19 - 7.13 (m, 2H), 7.05 (d, J = 8.0 Hz, 1H), 8.97 —
6.91 (m, 2H), 6.88 -6.83 (m, 2H), 4.24 - 4.18 (m, 2H), 3.80 - 3.75 {m, 2H), 2.92 (q,
J=T7.4Hz 2H), 1.30 (t, J= 7.3 Hz, 4H). "*C NMR (126 MHz, CDCl;) & 144.81,
144.04, 135.98, 127.77, 127.75, 127.52, 125.43, 123.89, 123.25, 116.54, 115.40,
49.29, 39.89, 28.26, 14.43.

Synthesis of N-(2-(2-(Ethylthio)-10H-phenothiazin-10-yl)ethyl)adamantan-1-amine
EAQ6:

10-(2-Chioroethyl)-2-(ethylthio)-10H-phenothiazine (0.124 g, 0.63 mmol) Ki (0.140
g, 0.84), adamantylamine (0.456 g, 3.02 mmol) and DMF (5 mL) were added to a
round bottle flask {50 mL) equipped with a magnetic stirrer bar. The mixture was
heated to 100°C and stirred for 24 h. An NH4CI solution (5 mL) was added, before
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it was extracted with (10 mL x 3) ethyl acetale. The organic extracts were
combined, washed with brine and dried over NaS04. The organic extracts were
then filtered and dried under reduced pressure {o obtain a dark coloured sticky
compound. The compound was purified using flash column chromatography (ethyl
acetate: hexane = 9.1 and 1% E&:N) obtaining a waxy compound in a yield of 14%
(0.038 g, 0.08 mmol). Ry= 0.35 (ethyl acetate: hexane = 8:1).

"H NMR (500 MHz, CDClL) 8 7.07 (t, J=7.5Hz, 2H), 6.97 (d, J= 8.4 Hz, 1H), 6.87
~8.81(m, 4H), 3.91(, J=6.4Hz, 2H), 2.88 ({, /=64 Hz, 2H), 2.82 (g, J= 7.3 Hz,
2H), 1.92 (s, 3H), 1.58 - 1.50 (m, 3H), 1.45(dd, J=22.8, 29 Hz, SH), 121 J=
7.3 Hz, 3H). C NMR (126 MHz, CDCl) 8 145.58, 144.85, 135.52, 127.51, 127.31,
125.59, 123.78, 123.61, 122.81, 117.46, 116.03, 50.33, 48.29, 42.59, 37.28, 36.66,
29.53, 28.37, 14.52.

Example 7 - Synthesis of 10-((1-methylpiperidin-2-ylymethy!})-2-(methylthio)-10H-
phenothiazine (Compounds EAQ7, EA0S)

f*} ' “g €“§~§;
‘{\:w S v\‘\_‘r‘\

Synthesis of 2-{chioromethyi)-1-methyipiperidine:

To a solution of (1-methylipiperidin-Z-ylymethanol (0.53 g, 4.08 mmol) in
dichloromethane (& mL) was added 0.58 mL {0.96 g, 8.07 mmol, 2.0 eq} thionyl
chioride. After heating under reflux overmnight the solution was neutralized with
saturated aqueous NaHCO; and extracted with dichloromethane. The organic
phase was dried over NaSQO; and the solvent removed under reduced pressure.
The product was obtained as a brown liquid in g vield of 90% (0.540 g, 3.66 mmel).
'H NMR (300 MHz, CDClL) & [ppm] - 3.67 (dd,2J = 11.6 Hz*J = 5.1 Hz, 1H), 3.56
(dd,2J= 116 Hz, *J= 2.5 Hz, 1H), 2.88 (tdd, *J= 11.6 Hz, °/ = 2.5 Hz, *J = 3.5 Hz,
1H), 2.31 (s, 3H), 2.14-2.08 (m, 2H), 1.80-1.58{m, 5H}, 1.35-1.27(m, 1H).
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Synthesis of 10-{(1-methylpiperidin-2-ylymethyi)-2-{methyithio)-10H-phenothiazine
(EAQ7, EAQS):

2-(methyithio)-10H-phenothiazine (0.36 g, 1.50 mmol) was dissolved in DMSO (2
mL). The flask was flushed with argon before the addition of KOH (0.25 g, 4.50
mmol}. The sclution was stirred at 80°C for 4h. Kl (spatula tip) and 2-
{chloromethyh-1-methyipiperidine (0.22 g, 1.55 mmol) were added and the solution
was stirred overnight at 110°C. After extracting three times with ethyl acetate,
washing with brine and drying over NaS0;, the crude product was purified by
column chromatography with hexane : ethyl acetate = 1:.20. Two fractions were
identified to be products — fraction 1 was a red solid in a vield of 6% (0.030 g, 0.08
mmol) while fraction 2 was a red solid in a yield of 11% (0.260 g, 0.17 mmol).
Fraction 1 (EAG7, R): "H NMR (300 MHz, CDCL) & [ppm] - 7.15-6.80 (m, 7H), 4.28
(sex, 1H), 3.14 (dd, 2/ =13.3 Hz, 3/ = 6.2 Hz, 1H), 3.04 (dd,2/= 133 Hz3/=4.8
Hz, 1H), 2.72-2.68 (m, 1H), 2.60-2.56 (m,1H), 2.49 (s, 3H), 2.44 (s, 3H), 2.01-1.85
(m, 1H), 1.84-1.73 (m, 3H), 1.68-1.61 (m, 1H).

Fraction 2 (EA0S8, S): "H NMR (300 MHz, CDCls) & [ppm] - 7.16-7.13 (m, 2H), 7.05-
7.03(d, 1H), 6.94-6.90 (dt, 1H), 6.87-6.85 (d, 1H), 6.83-6.80 (d, 1H), 6.79-6.78 (d,
1H), 4.24 {dd, 2/ = 13.9 Hz, 3= 4.5 Hz, 1H), 3.72 (dd,?/ = 13.8 Hz, °/= 6.3 Hz,
1H), 2.82-2.78 {m, 1H), 2.45 (s, 3H), 2.43 (s, 3H) 2.38-2.33 (m, 1H), 2.12-2.09 (m,
1H), 1.70-1.67{m, 1H), 1.60-1.51 (m, 2H), 1.35-1.27 {m, 1H), 1.22-1.18 {m, 1H).
Fraction 1 (EA07, R): *C NMR (126 MHz, CDCl) & [ppm] - 127 .4 (C-arom ), 127 .4
(C-arom.}, 127.2 (C-arom.), 122.5 (C-arom.), 120.9 (C-arom.), 117.0 (C-arom.)},
1186.0 (C-arom.}, 2.7 (CH2), 61.7 (CH), 61.3 (CHy), 48.1 (CHs), 30.5 (CHy), 28.8
(CHa2), 25.0 (CHy), 186.2 (CHa).

Fraction 2 (EADS, S): °C NMR (126 MHz, CDCI3) & [ppm] - 127.7 (C-arom.), 127.7
(C-arom.}, 127.3 (C-arom.), 122.8 (C-arom.), 121.0 (C-arom.), 116.0 (C-arom.),
114.5 (C-arom.), 80.8 (CH), 57.1 (CH2), 51.1 (CH2), 43.6 (CHa), 30.5 (CHy), 25.8
(CHa), 23.9 (CHy), 16.4 (CHa).
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Example 8 - Synthesis of 2-Chlore-10-{(1-methylpiperidin-2-yl)methyl}-104-
phenocthiazine (Compounds EAQS, EA10)

2-{Chloromethyl)-1-methyipiperidine (150 mg, 1.02 mmol) was dissolved in DMS0O
{4 mL), 2-chloro-10H-phenothiazine (240 mg, 1.02 mmol}, KOH (170 mg, 3.05
mmol) and Ki (a spatula iip) were added. The mixture was heated under reflux
overnight. Water (10 mL) was added, exiracted with ethyl acetate (3 x S mL), the
aqueous phase was acidified with HCI (3 M) o pH 3 and extracted again with ethyl
acetate (3 x 5 mbL). The organic phase was washed with brine and dried over
NaSQ4. The purification was performed with column chromatography with
hexane/ethyl acetate-gradient (40:1-10:1). Two fractions were identified {o be
products. Fraction 1 was a pink solid in a vield of 7% {0.026 g, 0.08 mmol}.
Fraction 2 was a green solid in a yield of 31% (0.110 g, 0.32 mmol).

Fraction 1 (EAQ9, R): "H NMR(300 MHz,, CDCh) & [ppm] - 7.17-7.06 (m, 4H),
7.00(d, 1H), 6.92 (dt, 1H), 6.87 (d, 1H), 4.25 (sex, 1H), 3.10(dd*U =132 Hz, 3/ =
8.3 Hz, 1H), 3.01 (dd, 2/ = 13.2 Hz, >J = 4.8 Hz, 1H), 2.72-2.68 (m, 1H),2.60-2.55
(m, 1H), 2.50-2.43 (m, 3H+1H), 2.00-1.93 (m, 1H), 1.84-1.73 (m, 3H), 1.67-1.81 (m,
1H).

Fraction 2: (EA10, S): "H NMR(300 MHz, CDCl) & [ppm] - 7.18-7.13 (m, 2H), 7.03
(d, 1H), 8.95 (t,1H), 8.90-6.84 (m, 3H), 4.19 (dd,%/ = 13.9 Hz, >/ = 4.9 Hz, 1H), 3.69
(dd, 2%/ =13.9 Hz, /= 6.3 Hz, 1H), 2.80 (m, 1H), 2.42 (s, 3H), 2.34 (m, 1H) 2.08 (id,
1H), 1.97 (m, 1H), 1.68 (m, 1H), 1.40-1.18 (m, 1H).

Fraction 1: (EAD9, R): *C NMR (126 MHz, CDCI3) & [ppm] - 127.8 {C-arom.), 127.5
(C-arom.}, 127 .4 (C-arom.), 122.8 {C-arom.}, 122.2 (C-arom.), 117.6 (C-arom.),
117.3 (C-arom.), 62.3 (CH2), 61.8 (CH}, 61.2 (CH2), 48.0 (CHa), 30.3 (CHy), 28.7
(CHa2}, 25.0 (CHy).

Fraction 2: (EA10, 8): *C NMR (126 MHz, CDCI3) & [ppm] - 128.1 {C-arom.), 127.8
(C-arom.}, 127.5 (C-arom.), 123.1 (C-arom.), 122.5 (C-arom.), 116.2 (C-arom.},
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116.0 (C-arom.), 60.4 (CH), 57.1 (CHa), 51.2 (CH2), 43.6 (CH3), 30.4 (CHz), 25.8
(CHa), 23.8 (CHy), 16.4 (CHa).

Example 9 - Synthesis of M-benzyi-2-(10H-phenothiazin-10-yl)ethan-1-

amine (Compound EA16)

£
4

L

s

ZA

%
=
7 22

10-(2-Chioroethyl)- 10H-phencthiazine {0.219 g, 0.83 mmol) KI (0.159 g, 0.95
mmol), benzylamine (0.42 mi, 3.80 mmol) and DMF (5 mL) were added o a 50 mL
round bottle flask equipped with a magnetic stirrer. The mixiure was heated to
100°C and stirred overnight. An NH4Cl solution (5 mb) was added, before it was
extracted with (10 mL x 3) ethyi acetate. The organic extracts were combined,
washed with brine and dried over NaSQO4. The organic extracts were then filtered
and dried under reduced pressure {o obtain a dark coloured sticky compound. The
compound was purified using flash column chromatography (ethyi acetate: hexane
= 3.7 and then increasing the amount of ethyl acetate) obtaining a waxy blue
compound with a vield of 6% (0.016 g, 0.048 mmol}. Ri= 0.11 {ethy! acetale:
hexane = 3.7).

"H NMR (500 MHz, CDCl) § 7.17 — 7.11 (m, 5H), 7.10 -~ 7.01 (m, 4H), 6.89 -6.78
(m, 4H), 4.01 (t, J=6.1 Hz, 2H), 3.71 (s, 2H), 2.93 (t, 4 = 6.1 Hz, 2H). *C NMR
(126 MHz, CDCl) & 145.08, 128.42, 128.09, 127.58, 127.33, 127.08, 125.75,
122.77, 115.80, 53.18, 46.85, 45.06.
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Example 10 - Synthesis of 10-(2-(Piperidin-1-yhethyl}-10H-phenothiazine

(Compound EA17)

SN K a8 N
I B
N

[|ATY

10-(2-Chloroethyl)-10H-phenothiazine (0.165 g, 0.63 mmol) Ki (0.222 g, 1.32
mmol), piperidine (0.28 mi, 2.85 mmol} and DMF (& mL) were added to a 50 mL
round botile flask equipped with a magnetic stirrer. The mixiure was heated to
100°C and stirred overnight. An NH4Ci soiution (5 mL) was added and then
extracted with ethyl acetate (10 mL x 3). The organic extracts were combined,
washed with brine, and dried over NaSQ,. The organic exiracts were then filtered
and dried under reduced pressure 1o obtain a dark coloured sticky compound. The
compound was purified using flash column chromatography (ethyl acetatehexane =
9:1} initially. The compound was flushed out with MeOH oblaining a waxy
compound in a yield of 75% (0.147 g, 0.47 mmol).

"H NMR (500 MHz, CDCl) 8 7.14 —~ 7.04 (m, 4H), 6.91-6.83 (m, 4H), 4.14 (t, J =
6.7 Hz, 2H), 2.88 (t, J=6.6 Hz, 2H), 265 (s, 4H), 1.65 (p, J = 5.7 Hz, 4H), 1.41 (s,
2H).*C NMR (126 MHz, CDCl) 8 144.78, 127.65, 127.54, 125.33, 122.92, 115.59,
55.15, 54.26, 44.03, 24.59, 23.32.

Example 11 - Synthesis of 10-(2-(Azepan-1-yl)ethyl)-10H-phenothiazine
(Compound EA20)

s,

e

10-(2-Chioroethyl)- 10H-phenothiazine (0.206, 0.78 mmol), azepane (0.43 mi, 3.82
mmol}, KoCO3(0.600 g, 4.34 mmol}, Ki (0.128, 0.77 mmol) and THF (20 mL) were

added to a round botlle flask (100 ml) equipped with a condenser and a magnelic



WO 2023/007181 PCT/GB2022/052006

10

16

20

25

30

54

stirrer bar. The mixiure was heated to reflux and stirred overnight. After stirring the
mixture was cooled io room temperaiure and water added (20 mL), before it was
extracted with ethyl acetate (3 x 20 mL). The organic extracts were dried over
Na»50q, filtered before the solvent was removed under reduced pressure to obtain
a blue solid. The compound was purified using flash column chromatography (ethyl
acetate: hexane = 9:1) ohiaining a waxy compound in a yield of 13% (0.034 g, 0.10
mmol). Ry=0.11 (ethy] acetate: hexans = 9:1).

"H NMR (500 MHz, CDCls) 8 7.09 - 7.02 (m, 4H), 6.88 (dd, J= 8.2, 1.2 Hz, 2H),
882 (id, J=7.5, 1.2 Hz, 2H), 3.6 - 3.88 (m, 2H), 2.87 - 2.80 (m, 2H), 2.69 - 2.62
(m, 4H), 1.63 — 1.49 (m, 8H)."*C NMR (126 MHz, CDCls) 6 127.41, 124.62, 122.48,
115.48, 56.71, 54.46, 46 .69, 28.56, 27.03.

Example 12 - Synthesis of N-(4-(10H-phenothiazin-10-yhbutyh)adamantan-1-amine
(Compound EA22)

Synthesis of 10-{4-chiorobutyl)-10H-phenothiazine:

Phenothiazine (1.436 g, 7.21 mmol), anhydrous DMF (10 mL) and NaH {0.260 g,
10.8 mmol) were added to a dry round botile flask (50 mL) equipped with a
magnetic stirring bar. The flask was placed in an ice-water bath and 1-bromo-4-
chlorobutane (0.82 mi, 7.11 mmol) was added to the flask. The mixture was
capped and stirred for 1 h in an ice water bath and stirred for 18 h at 20°C. Water
(50 mL) was added to the flask and the organic phase was exiracted using ethyi
acetate (50 mL x 3). The organic phases were combined and dried over anhydrous
Na-SQ0q, filtered and the solvent removed under reduced pressure using a rofary
gvaporator. The compound was then purified using flash chromatography (hexans
. ethyl acetate = 85:15) resulling in a solid product in a yield of 26%

{0.532 g, 1.84 mmol).

"H NMR (500 MHz, CDCls) § 7.19 —7.11 (m, 4H), 8.98 (m, 1H), 8.91 (id, J= 7.5,
1.2 Hz, 2H), 6.85 (m, 1H), 3.88 ({, /=88 Hz, 2H), 351 (1, /=8.3 Hz, 2H), 2.00 ~
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1.83 (m, 4H). *C NMR (126 MHz, CDCls) 8 145.19, 127.62, 127.30, 125.47,
122.63, 115.57, 46.32, 44.75, 28.76, 24.11.

Synthesis of N-(4-(10H-phenothiazin-10-vi)butyl)adamantan-1-amine:
10-{4-chiorobutyh-10H-phenothiazine (0.532 g, 1.84 mmol), KI (0.304 g, 1.84
mmol), adamantylamine (1.382 g, 9.14 mmol) and DMF (5 mL) were added o a
round botlle flask (25 mL) equipped with a magnetic stirring bar. The mixiure was
heated at 100°C and stirred for another 18 h. The mixture was then lowered to
20°C whereupon saturated aqueous solution of NH4CI (5 mL) was added. The
organic phase was extracied with ethyl acetate (3 x 10 mL). The organic phases
were combined, dried over anhydrous Na-SOy, filtered, and the solvent removed
under reduced pressure using a rotary evaporator. The crude product was purified
using flash chromatography (hexane : ethyi acetate = 30:70) Ry = 0.08. A solid
blue crystal was isolated (0.562 g, 1.39 mmol) in a yield of 75%.

"H NMR (500 MHz, CDCls) 8 7.20 - 7.09 (m, 4H), 6.94 —6.83 (m, 4H), 3.87 {t, J=
7.1 Hz 2H),265-260 (1, J=75Hz, 2H), 1.85 (p, J= 7.6 Hz, 4H), 1.68 - 1.55 (m,
15H). PC NMR (126 MHz, CDCly) 8 145.21, 127.45, 127.24, 124.97, 122.41,
115.45, 51.19, 47.12, 42.38, 39.94, 36.64, 29.54, 28.22, 24.80.

Example 13 - Synthesis of N-(3-(10H-phenothiazin-10-yl)propyladamantan-1-
amine (Compound EA23)

EAZ23

Synthesis of 3-chioro-1-{10H-phencthiazin-10-yljpropan-1-one:

10H-phenothiazine (5.00 g, 25.08 mmol) and 80 mi toluene were added to a round
bottle flask (500 mL) equipped with a magnetic stirring bar. The mixture was
immersed into an ice-water pbath and stirred before 3-chioropropanoyi chioride (3.60
mi, 37.64 mmol) was carefully added by syringe. The mixiure was heated at 80°C
and stirred for 20 h. The mixture was then cooled te 20°C and the solvent was

removed under reduced pressure. The compound was then purified by
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recrystallisation in methanol, resulling in white crystals in a yield of 87% (6.346 g,
21.89C mmol).

'H NMR (500 MHz, CDCI3) 8 7.45 (d, J = 7.9 Hz, 2H), 7.39 (dd, J = 7.8, 1.5 Hz,
2H), 727 4d, J=7.7, 1.5 Hz, 2H), 718 (td, J =76, 1.4 Hz, 2H), 3.73 {, J=8.9 Hz,
2H), 3.00-2.75 (m, 2H). *C NMR (126 MHz, CDCI3) 5 168.84, 138.22, 128.14,
127.14, 32,63, 37.34.

Synthesis of 10-{3-chioropropyl}-10H-phenothiazine:
3-chioro-1-{10H-phencthiazin-10-yhipropan-1-one (2.002 g, 6.0 mmol) and dry
THF (45 mbL) were transferred 1o a dry round botile flask {250 mL) equipped with g
magnetic stirring bar. The mixture was flushed with nitrogen and immersed into an
ice-water bath. Then, under gentle stirring, BF3-Et:0 (1.4 mi, 11.32 mmol) was
carefully added by means of a syringe. NaBH,4 (0.330 g, 8.70 mmol) was added to
the mixture then heated at reflux and stirred for 24 h. The post-reaction mixiure
was cooled to 20°C and guenched with saturated aqueous solution of NaHCOs.
Then the mixiure was exiracted with ethyl acetate (3 x 50 mL). The organic phases
were combined and dried over NapSQy, filtered, and the solvent was removed
under reduced pressure. The compound was purified using flash column
chromatography (ethyl acetate : hexane = 1:9) to obtain a brown waxy compound in
a yield of 37% (0.697 g, 2.53 mmol).

'H NMR (600 MHz, CDCI3) 8 7.03 (id, J = 7.2, 1.5 Hz, 4H), 6.80 (td, J = 7.4, 1.2 Hz,
2H),6.76 (dd, J = 8.6, 1.3 Hz, 2H), 3.92 (1, J=6.6 Hz, 2H), 3.51 (1, d = 6.2 Hz, 2H),
2.08 (p, J =6.4 Hz, 2H). "*C NMR (151 MHz, CDCI3) & 145.11, 127.71, 127.42,
125.72, 122.83, 115.67, 44.01, 42.56.

Synthesis of N-(3-(10H-phenothiazin-10-yl)propylladamantan-1-amine EAZ23:
10-(3-chicropropyl}-10H-phenothiazine (0.697 g, 2.53 mmob), KiI (0.418 g, 2.53
nmimol) adamantyl-amine (1.152 g, 7.58 mmol) and DMF (10 mL) were added to a
round bottle flask (50 mL)} equipped with a magnetic stirrer bar. The mixiure was
heated to 100°C and stirred for 24 h. 15 mi of a saturated aqueous solution of
NH4Cl were added, in addition fo 50 mi water before it was extracted with (50 mi x
3) ethyl acetate. The organic extracts were combined, washed with brine and dried
over NaS(0a. The organic extracts were filtered, and solvent removed in vacuo, 1o
obtain a dark coloured sticky compound. The compound was purified using flash

column chromatography (ethyl acetate: hexane 9:1 and 1% Ef:N), to obtain a brown
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waxy compeound in a yield of 41% (0.401 g, 1.03 mmol}. Ry= 0.17 (ethyl acelate:
hexane 9:1).

'H NMR (500 MHz, CDCls) § 7.15-7.10 {(m, 4H), 6.91~6.86 (m, 4H), 3.93 (1, /=8.7
Hz, 2H), 2.70 {t, J= 6.9 Hz, 2H}, 2.02-1.98 {m, 3H), 1.90 (p, /= 6.8 Hz, 2H), 1.66 —
1.59 (m, 3H), 1.57-1.50 (m, 9H). ®C NMR (126 MHz, CDCl) 6 145.29, 127.40,
125.21, 122.40, 115.65, 50.37, 45.41, 44.21, 42.74, 41.84, 37.94, 36.77, 36.25,
35.87, 30.94, 29.59, 29.29, 28.52.

Example 14 - Synthesis of N-{(adamantan-1-yimethyl}-2-(10H-phencthiazin-10-
yhethan-1-amine (Compound EAZ24)

10-(2-Chloroethyl)-10H-phencthiazine (0.507 g, 1.94 mmol), Kl (0.324 g,

1.85 mmol) 1-adamantanemethylamine (0.5 mi., 2.82 mmol) and DMF (10 mi) were
added o a round bottle flask (50 mlL) equipped with a magnetic stirrer bar. The
mixture was then heated at 100°C and stirred for 24 h. A saturated aqueous
solution of NHCI (15 mL) and water (50 mL) was added before the mixture was
extracted with (3 x 50 mL) ethyl acetate. The organic extracts were combined,
washed with brine, dried over anhydrous NaSQ;, filtered, and finally the organic
solvent was removed under reduced pressure to obtain a dark coloured sticky
compound. The compound was purified using flash column chromatography (ethyl
acetate : hexane = 9:1 and 1% E:N) that delivered a brown waxy compound in a
yield of 52% (0.397 ¢, 1.02 mmol). Ri= 0.25 {ethyl acetate : hexane = 9:1).

"H NMR (500 MHz, CDCl3) § 7.10 ~7.04 (m, 4H), 8.88 -6.82 (m, 4H), 3.86 (t, J =
8.1 Hz, 2H), 2.80 (f, /= 8.0 Hz, 2H), 2.08 (s, 2H), 1.86-1.80 (m, 3H), 1.63-1.56 (m,
3H), 1.55-1.48 (m, 3H), 1.37-1.32 {(m, 6H). *C NMR (126 MHz, CDCl) 8 145.19,
127.51, 127.26, 125.77, 122.68, 115.89, 62.48, 47.39, 46.92, 40.69, 37.17, 33.43,
30.94, 28.43.
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Example 15 - In vitro activity in cell lines

Method:

Ceils from various cell lines (LN18, TS86, U87-MG, U251, NHA, SV80, P3XX) were
seeded 20-24 h before the treatment in a 96-well plate o approximately 30%
confluency and kept at 37°C in a humidified 5% CO; aimosphere. The live cell
IncuCyte Zoom imaging system (Essen BioScience) was used {o assess the
profiferation of the different cell lines in response {o the compounds EADT and EAQZ
in different concentrations. Brightfield microscopy images were caplured at 2 h
intervals over the whole treatment period of 72 h and the percentage of confluency

was analyzed with the IncuCyte Zoom Software.

Results:

Figure 1 shows the monitored confluency in 96 wells after a treatment for 72 h with
4 uM EAD1 in three different cell lines using the IncuCyte Zoom. The glioblastoma
cell lines UB7-MG and U251 (see B and C) show reduced cell viability and
proififeration assessed via percentage of confluency when treated with 4 pM EAD1
compared to cells grown in media only (DMEM alt). The control cell line NHA (ses
Figure 1A) is not affected by treatment with 4 uM EACT.

Figure 2 shows the measured confluency percentage means normalised o the
confluency percentage of time point 0 h (= change fold of confluency) for various
freatment conditions of U87-MG, p44-48 (n=3) over 72 h (Figure 2A) and to the
endpoint 72 h (B) with and without Temozolomide in combination with EAO1T and
EAQZ. Temozolomide is not adding to the treatment effect of EAD1 and EAQ2.
Both compounds lead to reduced proliferation and cell death for the tested
glioblastoma cell lines U87-MG and U251 in lower concentrations compared to

normal human astrocyies (NHA) as control cell line.

Example 16 - Cell Viability Assay

Method:

The effect of the compounds EA01-EA1D, EA18, EA17, EA20 and EAZZ on the
viability of various cell lines (LN18, T98G, U87-MG, U251, NHA, SV80, P3XX) was
assessed using the WST-1 Assay (Roche, 11644807001). Cells were seeded at a
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concentration of 5000 cells x well ' (or 10000 cells x well " for P3XX) in 96-well
plates 20-24 h prior to treatment and kept at 37°C in a humidified 5% CO:
aimosphere. The cells were treated with various concentrations of the compounds
for 72 h before the WST-1 reagent was added in a 1:10 ratio dependent on the well
media volume. A 30 second-shaking period on a linear shaker was followed by an
incubation for 3 hours at 37°C. The proliferation rate was determined by measuring
the absorbance at 450 nm with a microplate photometer (Multiskan FC,
ThermoFisher Scientific). LCso values were determined for the different cell lines

using the WST1 assay. Log P data was also caiculated.

Resuits:
LCso values in uM for EAQ1 and EAO2 are shown in Table 1 for different

glioblastoma and controi cell lines.

Table 1
LCso

cmp# MW 08P TTNiE 798G UBT-MG U251  NHA _ 6VB0  PaxXX

EAQQ 3706 5.08 — —_ e - e oo oo

EAD1 3766 525 521 1018 6.27 487 845 474 5.00
EAQ2 4448 617 815 1223 9.61 7.67 918 7.583 5.04
EAQ3 4227 588 623 8.83 8.61 617 988 617 402
EAB4 411.0  5.81 628 1030 5.44 1603 1128 9.53 7.44
EADS 4066 513 7.04 1364 9.38 6.84 128% 1031 735
EADS 436.7 6.03 6.58 13.00 6.58 7.03 10.15 9.34 472
EAD7 3566 4.96 >30 >30 >30 >30 >30 >30 >30
EADS 3566 4.96 13.01 20.87 1830 1793 2438 2309 2008
EADS 3449 507 >30 >30 >30 >30 >30 >30 >30
EA1D 3449 507 2241 2769 2626 1911 2897 2278 19.97
EA1S 3325 516 >30 >30 >30 >30 >30 >30 >30
EA1T 3106 454 >30 >30 >30 >30 >30 >30 >30
EAZ0 3245 495 16.19 30.33 2385 2171 2798 2009 18.41
EAZZ 4046 581 3.06 596 3.66 393 525 254 3.09

EAOO0=Thioridazine.
NHA {(normal human astrocytes) used as reference.

Log P estimated by means of “Chemical properties” of ChembBraw Professional

Example 17 - Effect of compounds on tumor spheroids

Method:
The effect of the compounds EAQ01 and EAOZ was tested on the viability of 21-day
old fetal rat brain organcids (FRBC) and on 5-day old tumor spheroids. FRBO were

prepared according to a modified protocol as described in Bjerkvig et al., Cancer
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Res. 1886, 46(8), 4071-4079. Tumor spheroids of the stem-cell like cell lines P3,
P3-GFP, BG5S, BG5-GFP, BG7 and BG7-GFP were obtained by seeding 5000 celis
per well in U-bottom 96-well plates. Afier centrifugation at 2000 rpm and 37°C for
90 min, celis were incubated at standard conditions. FRBO and tumor spheroids
were freated with various concentrations of the compounds for 72 h before the

WST-1 protocol was performed.

Results:

LCso values for treatment of the different primary glioblastoma cell lines derived
from patient material are displayed in Table 2, with and without GFP-labelling.
EAC1 has a higher toxicity than EAQOZ in all studied stem-cell like cell lines. The
FRBO as a model for the adult human brain is not affected at these LCso
concentrations and tolerates a higher concentration of both EA(G1 and EAQCZ with an

LCso of approximately 18 pM for both compounds (see Figures 3A and 3B).

Table 2
Cell Line {Spheroids), n23  LCs EAQT [uMl  LCs EAGZ [uld
P3 wit 6.97 7862
P3-GFP 7.50 3.77
BG5S wt 4.93 7.94
BGS GFP 4.93 8.59
BG7 wi 410 8.05
BG7-GFP 3.84 5.606

Example 18 - Co-cuiture Model

Method:

Old FRBO (21 day) and old tumor spheroids (5-day) of the sorted stem-cell like cell
lines P3-GFP, BG5-GFP and BG7-GFF were confronted in U-bottom 96-well plates
and ireated with different concentrations of compound EACT and EAGZ. After 24 h
these co-cultures were then transferred {o a y-Slide 8 weli glass chamber under
continued treatment. Invasion of the tumor cells into the FRBO was observed using
confocal microscopy (Andor Dragonfly 505) in time intervals of 24, 48 and 72 h.

The co-culiures were guantified using Photoshop.
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Results:

Figure 4 shows brightfield and fluorescence confocal microscopy images of P3-
GFP (Figure 4A) and BG5-GFP (Figure 4B) confronted with FRBO generation 33
after 72 h of treatment with EA01 and EAC2Z. Consistent with the LCsp
determination for both tumor spheroids and FRBO, advanced toxicity of both
compounds for the tumor spheroids but not the FRBO was detected for the
indicated concentrations of EAD1 and EAQ2.

Example 19 - Colony formation assay

Method:

LN18, U251 and NHA cells (125 cells per well) were seeded in 6-well culture plates
in triplicate and incubated at 37°C in a humidified chamber of 5% CQO: for up 14
days. Colonies were washed with PBS, fixed in methanol for 10 min and stained
with crystal viclet for 10 min at room temperature. Colonies were counted when

they were formed by more than 50 celis.

Results:
As shown in Figure 5, the control cell iine NHA {olerated higher concentrations of
EAC1 compared to the glioblastoma cell lines (LN18, LN229, U251).

Example 20 - /n vivo toxicity screen in mice

A first in vivo toxicity screen was performed in C57BL/6 male mice. EAD1 and
EAO2 were dissolved in DMSO and diluted to the final concentrations. After
randomization, the animals were stratified into a control group (DMSO, n=5) and the
following treatment groups: EA01 7 mg x kg ' (n=5), EAD1 14 mg x kg ' (n=5),
EAOT 21 mg x kg ' (n=5), EA02 7 mg x kg ' (n=5), EA02 14 mg x kg ' (n=5), and
EAQZ2 21 mg x kg ' (n=5). Treatment was administered once via intraperitoneal
injection and the animals were observed closely. Euthanization and explantation of
the organs (brain, heart, liver and kidney) was performed after 24, 48, 72 h (n="1 per
group respectively) and 120 h (n=2 per group). Organs were formalin fixed and
hematoxylin and eosin (H&E) stains were performed on the sections. All mice
treated with EA01 and EAQ2 developed transient symptoms of drowsiness and

recovered fully 15 min. after injection.
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Example 21 - Cell viability assay in melanoma cell lines

Method:
5  The effect of the compounds EAQ1, EAQZ and EA1D on various melanoma cell lines

(H1, H3 and H10) was tesied using the same protocol as in Example 14.

Results:

ICs¢ values are provided in Table 3:

10
Table 3
iCso - Melanoma cell lines”
Compound H1 H3 H10
EAQ1 8.3 7.5 7.5
EAD2 10.7 11.8 9.1
EA1D 7.2 8.8 8.7

* mean value of three replicates
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Claims:

1. A compound of formula (ib), a sterecisomer, or a pharmaceutically

acceptable salt thereof, for use in the treatment of glioblastoma:

(ib)

wherein:
A is an optionally substituted amine or an optionally substituted carbocyclic or
heterocyclic ring system;
L is a linking group which is an optionally substituted C1.¢ alkylene group in which
one or more -CHy- groups of the alkylene chain may be replaced by a group
independently selected from -O-, -S- and -NR’- (where R’ is H or C15 alkyl, e.q.
methvi};
each R’ is independently selected from:

Ci.s alkyl (preferably C1.5 alkyl, e.g. -CHa),

Co.s alkenyl (preferably C,.4 alkenyl),

Co.s alkynyl (preferably Ca.s alkynyl),

C1.e haloalkyl {e.g. -CF3),

-0-C1.6 alkyl (preferably -O-Cq.3 alkyl, e.g. -OCHa3),

-S-C1.5 alkyl (preferably -8-C1.5 alkyl, e.g. -SCHS3),

halogen {e.g. F, Clor Br), and

an optionally substituted aryl group {(e.q. optionally substituted phenyl);
each R? is independently selected from:

C1.e alkyl (preferably Cq.5 alkyl, e.g. -CHa),

Co.s alkenyl (preferably Cu.4 alkenyl),

Ca.s alkynyl (preferably Co.4 alkynyl),

Ci.s haloalkyl! {e.g. -CF3),

-0-C1.s alkyl (preferably -0-C1.5 alkyl, e.g. -OCHa),
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-S-C1.6 alkyl (preferably -S-C1.z atkyl, e.g. -SCH3),

halogen (e.g. F, Clor Br), and
an optionally substituted ary!l group (e.g. optionally substituted phenyl);
nis aninteger from Oto 4, preferably 010 2, e.g. 0, 1, or 2, and

m is an integer from 0 {0 4, preferably 0tc 2, .g. G, 1, or 2.

2. A compound for use as claimed in claim 1, wherein A is an optionally

substituted carbocyclic or heterocyclic ring system.

3. A compound for use as claimed in claim 2, wherein A is an optionally

substituted carbocyclic ring system.

4. A compound for use as claimed in claim 3, wherein A is an optionally
substituted cycloalkyl or cycloaikenyl group, preferably an optionally substituted

cycloalkyl group containing two or three rings which are fused or bridged.

5. A compound for use as claimed in claim 2, wherein A is an optionally

substituted heterocyclic group.

6. A compound for use as claimed in claim 2, wherein A is selected from
substituted or unsubstituted adamantyl, phenyl, guinuciidiny, piperidinyl and

azepanyl.

7. A compound for use as claimed in claim 6, wherein A is substituted or

unsubstituted adamantyl, preferably unsubstituted adamaniyl.

8. A compound for use as claimed in any one of the preceding claims, wherein
Ais substituted by one or more groups independently selected from ~-OH, Ci.s alkyl,

-0-Cq.5 alkyl, C1.6 haloalkyl, and halogen atoms (e.g. F, Cl or Br).

9. A compound for use as claimed in any one of the preceding claims, wherein

A is selected from the following:
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10. A compound for use as claimed in any one of the preceding claims, wherein

L is an optionaily substituted, straight-chained or branched C.. alkylene group.

11. A compound for use as claimed in any one of claims 1 to @, wherein L is an
optionally substituted C.s alkylene group, preferably Cus alkylene group, in which
one or more -CHz- groups of the alkylene chain are replaced by a group
independently selected from -O-, -S- and -NR’- (where R’ is H or C1; alkyl, e.g.
methyl).

12. A compound for use as claimed in any one of the preceding claims, wherein

L is selected from the following:

H H H
N ‘?fN/\vg;i Mﬁ”\?z AN WUNg
H
H H
ser s RN e Ny

H

S B N

H

13. A compound for use as claimed in any one of the preceding claims, wherein
each R’ is independently selected from Cy.; alkyl (e.g. -CHs), -CF3, -O-Ci.; alkyl
(e.g. -OCHa or -OCH2CH,), -5-Cq5 alkyl (.. ~-SCHa or -SCHLCHa), F, Cl, Brand
phenvi.

14. A compound for use as claimed in any one of the preceding claims, wherein

nis 0, 1 or 2, preferably 0 or 1.
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15. A compound for use as claimed in any one of the preceding claims, wherein

each R? is independently selected from Ci.; alkyl (e.g. -CHs), -CFa, -0-Ci.; alkyl

(2.g. -OCHa or -OCH2CH,), -5-Cq.5 alkyl {(e.g. -SCH3 or -SCHCHa), F, Ci, Br and
5 phenyl

16. A compound for use as claimed in any one of the preceding claims, wherein

mis 0, 1or2, preferably D or 1.

10 17, A compound for use as claimed in claim 1 which is selected from the
following compounds, their sterecisomers, and their pharmaceutically acceptable

salts:
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18. A compeound for use as claimed in any one of the preceding claims in the
treatment of an astrocytoma, oligodendroglioma or ependymoma.

10
19. A compound of formula |, a sterscisomer or a pharmaceutically accepiable

salt thereof:

Z e 2

(n
15 wherein:
A is an optionally substituied carbocyclic ring system;
L is a linking group which is an optionally substituted C1.¢ alkylene group in which
one or more -CHy- groups of the alkylene chain may be replaced by a group
independently selected from -O-, -S- and -NR’- (where R’ is H or C15 alkyl, e.q.
20 methvl);
each R' and R? is independently selected from:



WO 2023/007181 PCT/GB2022/052006

10

15

20

25

68

Ci.s alky! (preferably Ci.3 alkyl, e.g. -CHa),

Cos alkenyi (preferably C,.4 alkenyl),

Co.s alkynyl (preferably Ca.s alkynyl),

C1.e haloalkyl {e.g. -CF3),

-0-C1.6 alkyl (preferably -O-Cq.3 alkyl, e.g. -OCHa3),
-S-C1.5 alkyl (preferably -8-C1.5 alkyl, e.g. -SCHS3),

halogen {e.g. F, Clor Br), and
an coptionally substituted aryl group {e.q. optionally substituled phenyl);
nis an integer from 0 to 4, preferably 010 2, e.q. 0, 1, or 2; and

n is an integer from Qto 4, preferably 010 2, e.0. G, 1, or 2.

20. A compound as claimed in claim 19, wherein A is an optionally substituted
cycloalkyl group, preferably an optionally substituted cycloalky! group containing

two or three rings which are fused or bridged.

21. A compound as claimed in claim 18, wherein A is substituted or

unsubstituted adamaniyl.

22. A compound as claimed in claim 19 having the formula EAQ1, EAQZ, EAQS,
EAC4, EADS, EADB, EA13, EA14, EAZ2, EA23 or EAZ4 as defined in claim 17, or &

sterecisomer or pharmaceutically acceptabie sailt thereof.

23. A pharmaceutical composition comprising a compound of formula (11}, a
sterecisomer, or a pharmaceutically acceptable salt thereof as claimed in any one
of claims 19 to 22, together with one or more pharmaceutically accepiable carriers,

excipients or diluents.
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