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COMPOUNDS USEFUL IN THE TREATMENT OR PREVENTION OF A
PRMT5-MEDIATED DISORDER

INTRODUCTION

[001] The present invention relates to compounds suitable for the inhibition of protein
arginine methyl-transferase (PRMT), in particular PRMT5. These compounds may be for use
as therapeutic agents, in particular, agents for use in the treatment and/or prevention of

proliferative diseases, such as cancer.

BACKGROUND OF THE INVENTION

[0002] The transition from G1 into S phase of the cell cycle is tightly regulated in normal
cells, but universally deregulated in tumour cells. The pathway involves the retinoblastoma
tumour suppressor (pRb) protein, which acts to negatively regulate the G1 to S phase
transition through its key target, the E2F family of transcription factors. E2F transcription
factors control the expression of a variety of genes that are intimately connected with cell
proliferation and cell death, including many involved with DNA synthesis. In tumour cells,
normal regulation of E2F is lost (due to oncogenic mutation in the Rb gene or deregulation of
Rb activity through other oncogenically-relevant mechanisms), liberating E2F, which
subsequently drives cells into S phase and enables cell division to occur. The first member of
the family, E2F1, is an important regulator of cell fate. E2F1 both promotes cell proliferation

and also causes the opposing outcome, namely apoptosis (cell death).

[0003] The protein arginine methyl transferase PRMT5 is elevated in many human
malignancies, including lymphomas, lung cancer, breast cancer and colorectal cancer, and its
expression level correlates with poor disease prognosis. It is one of the major protein PRMTs
in mammalian cells, exhibiting roles in cell death, cell-cycle progression, cell growth and cell
proliferation. From the perspective of cancer drug discovery, arginine methylation of E2F1 by
PRMTS5 is responsible for keeping E2F1 in its growth stimulating mode. This occurs because
arginine methylation by PRMT5 suppresses apoptosis driven by E2F-1, and thereby holds
E2F-1 and cells expressing methylated E2F1 in their growing state. Thus, inhibiting PRMTS
enzyme activity provides a rational approach to reinstating tumour cell death by reactivating a
physiological mechanism, dependent on E2F1 activity, which is responsible for keeping
abnormal growth in check.

[0004] The relationship between PRMT5 and cancer has been studied extensively, for

example, in the references cited below.

[0005] There is a need to develop compounds that reduce the expression or activity of
PRMTS.
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SUMMARY OF THE INVENTION

[004] In one aspect, the present invention provides a compound of Formula | as defined

herein, and/or a salt, hydrate or solvate thereof.

[005] In another aspect, the present invention provides a pharmaceutical composition which
comprises a compound of Formula | as defined herein, or a pharmaceutically acceptable salt,

hydrate or solvate thereof, and one or more pharmaceutically acceptable excipients.

[006] In another aspect, the present invention provides a compound of Formula | as defined
herein, or a pharmaceutically acceptable salt, hydrate or solvate thereof, or a pharmaceutical

composition as defined herein, for use in therapy.

[007] In another aspect, the present invention provides a compound of Formula | as defined
herein, or a pharmaceutically acceptable salt, hydrate or solvate thereof, or a pharmaceutical
composition as defined herein, for use in the treatment or prevention of a PRMT5-mediated

disorder.

[008] In another aspect, the present invention provides a compound of Formula | as defined
herein, or a pharmaceutically acceptable salt, hydrate or solvate thereof, or a pharmaceutical

composition as defined herein, for use in the treatment of a proliferative disorder.

[009] In another aspect, the present invention provides a compound of Formula | as defined
herein, or a pharmaceutically acceptable salt, hydrate or solvate thereof, or a pharmaceutical

composition as defined herein, for use in the treatment cancer.

[0010] In another aspect, the present invention provides the use of a compound of Formula |
as defined herein, or a pharmaceutically acceptable salt, hydrate or solvate thereof, in the

manufacture of a medicament for the treatment or prevention of a PRMT5-mediated disorder.

[0011] In another aspect, the present invention provides the use of a compound of Formula |
as defined herein, or a pharmaceutically acceptable salt, hydrate or solvate thereof, in the
manufacture of a medicament for the treatment of a proliferative disorder.

[0012] In another aspect, the present invention provides the use of a compound of Formula |
as defined herein, or a pharmaceutically acceptable salt, hydrate or solvate thereof, in the

manufacture of a medicament for the treatment of cancer.

[0013] In another aspect, the present invention provides a method of treating or preventing a

PRMT5-mediated disorder, said method comprising administering to a subject in need thereof



WO 2018/167269 PCT/EP2018/056663
3
an effective amount of a compound of Formula | as defined herein, or a pharmaceutically

acceptable salt, hydrate or solvate thereof.

[0014] In another aspect, the present invention provides a method of treating a proliferative
disorder, said method comprising administering to a subject in need thereof an effective
amount of a compound of Formula | as defined herein, or a pharmaceutically acceptable salt,

hydrate or solvate thereof.

[0015] In another aspect, the present invention provides a method of treating cancer, said
method comprising administering to a subject in need thereof a therapeutically effective
amount of a compound of Formula | as defined herein, or a pharmaceutically acceptable salt,

hydrate or solvate thereof, or a pharmaceutical composition as defined herein.

[0016] In another aspect, the present invention provides a method of inhibiting the activity of
PRMTS5 in vivo or in vitro, said method comprising administering to a subject in need thereof
a therapeutically effective amount of a compound of Formula | as defined herein, or a
pharmaceutically acceptable salt, hydrate or solvate thereof, or a pharmaceutical composition

as defined herein.

[0017] In another aspect, the present invention provides a method of altering gene expression
in a cell which comprises contacting a cell with an effective amount of a compound of Formula
| as defined herein, or a pharmaceutically acceptable salt, hydrate or solvate thereof, or a

pharmaceutical composition as defined herein.

[0018] In another aspect, the present invention provides a combination comprising a
compound of Formula I, or a pharmaceutically acceptable salt, hydrate or solvate thereof, as

defined herein, with one or more additional therapeutic agents.

[0019] Preferred, suitable, and optional features of any one particular aspect of the present

invention are also preferred, suitable, and optional features of any other aspect.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0020] The compounds and intermediates described herein may be named according to either
the IUPAC (International Union for Pure and Applied Chemistry) or CAS (Chemical Abstracts
Service) nomenclature systems. It should be understood that unless expressly stated to the
contrary, the terms “compounds of Formula I” and the more general term “compounds” refer

to and include any and all compounds described by and/or with reference to Formula I. It
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should also be understood that these terms encompasses all stereocisomers, i.e. cis and trans
isomers, as well as optical isomers, i.e. R and S enantiomers, of such compounds and all salts
thereof, in substantially pure form and/or any mixtures of the foregoing in any ratio. This
understanding extends to pharmaceutical compositions and methods of treatment that employ
or comprise one or more compounds of the Formula I, either by themselves or in combination

with additional agents.

[0021] The various hydrocarbon-containing moieties provided herein may be described using
a prefix designating the minimum and maximum number of carbon atoms in the moiety, e.g.
“(Camb)” or “Ca-Cp” or “(a-b)C”. For example, (Cav)alkyl indicates an alkyl moiety having the
integer “a@” to the integer “b” number of carbon atoms, inclusive. Certain moieties may also be
described according to the minimum and maximum number of members with or without
specific reference to a particular atom or overall structure. For example, the terms “a to b
membered ring” or “having between a to b members” refer to a moiety having the integer “a”

to the integer “b” number of atoms, inclusive.

[0022] "About" when used herein in conjunction with a measurable value such as, for
example, an amount or a period of time and the like, is meant to encompass reasonable
variations of the value, for instance, to allow for experimental error in the measurement of said

value.

[0023] As used herein by themselves or in conjunction with another term or terms, "alkyl" and
“alkyl group” refer to a branched or unbranched saturated hydrocarbon chain. Unless
specified otherwise, alkyl groups typically contain 1-10 carbon atoms, such as 1-6 carbon
atoms or 1-4 carbon atoms or 1-3 carbon atoms, and can be substituted or unsubstituted.
Representative examples include, but are not limited to, methyl, ethyl, n-propyl, i-propyl, n-
butyl, i-butyl, s-butyl, t-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl, isopropyl,
tert-butyl, isobutyl, etc.

[0024] As used herein by themselves or in conjunction with another term or terms, “alkylene”
and “alkylene group” refer to a branched or unbranched saturated hydrocarbon chain. Unless
specified otherwise, alkylene groups typically contain 1-10 carbon atoms, such as 1-6 carbon
atoms or 1-3 carbon atoms, and can be substituted or unsubstituted. Representative examples
include, but are not limited to, methylene (—CH2>-), the ethylene isomers (-CH(CHa)- and -
CH2CH2-), the propylene isomers (—-CH(CH3)CH,—, —CH(CH2CHs)-, —C(CHs)s—, and -
CH2CH2CH2-), etc.
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[0025] As used herein by themselves or in conjunction with another term or terms, “alkenyl”
and “alkenyl group” refer to a branched or unbranched hydrocarbon chain containing at least
one double bond. Unless specified otherwise, alkenyl groups typically contain 2-10 carbon
atoms, such as 2-6 carbon atoms or 2-4 carbon atoms, and can be substituted or
unsubstituted. Representative examples include, but are not limited to, ethenyl, 3-buten-1-yl,

2-ethenylbutyl, and 3-hexen-1-yl.

[0026] As used herein by themselves or in conjunction with another term or terms, “alkynyl”
and “alkynyl group” refer to a branched or unbranched hydrocarbon chain containing at least
one triple bond. Unless specified otherwise, alkynyl groups typically contain 2-10 carbon
atoms, such as 2-6 carbon atoms or 2-4 carbon atoms, and can be substituted or
unsubstituted. Representative examples include, but are not limited to, ethynyl, 3-butyn-1-yl,

propynyl, 2-butyn-1-yl, and 3-pentyn-1-yl.

[0027] As used herein by itself or in conjunction with another term or terms, “aromatic” refers
to monocyclic and polycyclic ring systems containing 4n+2 pi electrons, where n is an integer.
Aromatic should be understood as referring to and including ring systems that contain only
carbon atoms (i.e. “aryl”) as well as ring systems that contain at least one heteroatom selected
from N, O or S (i.e. “heteroaromatic” or “heteroaryl”’). An aromatic ring system can be

substituted or unsubstituted.

[0028] As used herein by itself or in conjunction with another term or terms, “non-aromatic”
refers to @ monocyclic or polycyclic ring system having at least one double bond that is not
part of an extended conjugated pi system. As used herein, non-aromatic refers to and includes
ring systems that contain only carbon atoms as well as ring systems that contain at least one
heteroatom selected from N, O or S. A non-aromatic ring system can be substituted or

unsubstituted.

[0029] As used herein by themselves or in conjunction with another term or terms, “aryl” and
“aryl group” refer to phenyl and 7-15 membered bicyclic or tricyclic hydrocarbon ring systems,
including bridged, spiro, and/or fused ring systems, in which at least one of the rings is
aromatic. Aryl groups can be substituted or unsubstituted. Unless specified otherwise, an
aryl group may contain 6 ring atoms (i.e., phenyl) or a ring system containing 9 to 15 atoms,
such as 9 to 11 ring atoms, or 9 or 10 ring atoms. Representative examples include, but are
not limited to, naphthyl, indanyl, 1,2,3,4-tetrahydronaphthalenyl, 6,7,8,9-tetrahydro-5H-
benzocycloheptenyl, and 6,7,8,9-tetrahydro-5H-benzocycloheptenyl. Suitably an aryl group
is phenyl and naphthyl, suitably phenyl.
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[0030] As used herein by themselves or in conjunction with another term or terms, “arylene”
and “arylene group” refer to a phenylene (—CsHs—) or to 7 to 15 membered bicyclic or tricyclic
hydrocarbon ring systems, including bridged, spiro, and/or fused ring systems, in which at
least one of the rings is aromatic. Arylene groups can be substituted or unsubstituted. In
some embodiments, an arylene group may contain 6 (i.e., phenylene) ring atoms or be a ring
system containing 9 to 15 atoms; such as 9 to 11 ring atoms; or 9 or 10 ring atoms. Arylene

groups can be substituted or unsubstituted.

[0031] As used herein by themselves or in conjunction with another term or terms, “alkylaryl”
and “alkylaryl group” refer to an alkyl group in which a hydrogen atom is replaced by an aryl
group, wherein alkyl group and aryl group are as previously defined, such as, for example,
CisalkylCs.12aryl, preferably benzyl (CsHsCH>—). Alkylaryl groups can be substituted or

unsubstituted.

[0032] As used herein by themselves or in conjunction with another term or terms,
“carbocyclic group” and “carbocycle” refer to monocyclic and polycyclic ring systems that
contain only carbon atoms in the ring(s), i.e., hydrocarbon ring systems, without regard or
reference to aromaticity or degree of unsaturation. Thus, carbocyclic group should be
understood as referring to and including ring systems that are fully saturated (such as, for
example, a cyclohexyl group), ring systems that are aromatic (such as, for example, a phenyl
group), as well as ring systems having fully saturated, aromatic and/or unsaturated portions
(such as, for example, cyclohexenyl, 2,3-dihydro-indenyl, and 1,2,3,4-tetrahydro-
naphthalenyl). The terms carbocyclic and carbocycle further include bridged, fused, and

spirocyclic ring systems.

[0033] As used herein by themselves or in conjunction with another term or terms, “cycloalkyl”
and “cycloalkyl group” refer to a non-aromatic carbocyclic ring system, that may be
monocyclic, bicyclic, or tricyclic, saturated or unsaturated, and may be bridged, spiro, and/or
fused. A cycloalkyl group may be substituted or unsubstituted. Unless specified otherwise, a
cycloalkyl group typically contains from 3 to 12 ring atoms. In some instances a cycloalkyl
group may contain 4 to 10 ring atoms (e.g., 4 ring atoms, 5 ring atoms, 6 ring atoms, 7 ring
atoms, etc.). Representative examples include, but are not limited to, cyclopropyl,
cyclopropenyl, cyclobutyl, cyclobutenyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl,
norbornyl, norbornenyl, bicyclo[2.2.1]hexane, bicyclo[2.2.1]heptane, bicyclo[2.2.1]heptene,
bicyclo[3.1.1]heptane, bicyclo[3.2.1]octane, bicyclo[2.2.2]octane, bicyclo[3.2.2]nonane,
bicyclo[3.3.1]nonane, and bicyclo[3.3.2]decane. Suitably, cycloalkyl groups are selected from

cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl groups.
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[0034] As used herein by themselves or in conjunction with another term or terms,
“alkylcycloalkyl” and “alkylcycloalkyl group” refer to an alkyl group in which a hydrogen atom
is replaced by a cycloalkyl group, wherein alkyl group and cycloalkyl group are as previously
defined, such as, for example, cyclohexylmethyl (CeéH11CH2>-). Alkylcycloalkyl groups can be

substituted or unsubstituted.

[0035] As used herein by themselves or in conjunction with another term or terms, “haloalkyl”
and “haloalkyl group” refer to alkyl groups in which one or more hydrogen atoms are replaced
by halogen atoms. Haloalkyl includes both saturated alkyl groups as well as unsaturated
alkenyl and alkynyl groups. Representative examples include, but are not limited to, —CF3, —
CHF2, —CH2F, —CF2CFs, —CHFCF3, —CH>CF3, —CF2CHs, —CHFCHs, —CF2CF2CF3, —
CF2CH2CH3, —CF=CF,, —CCI=CH,, —CBr=CH,, —CI=CH,, —C=C-CFs, -CHFCH,>CH3s and -
CHFCH,CF3. Haloalkyl groups can be substituted or unsubstituted. Suitably, a haloalkyl group
is selected from CHF, and CFj, suitably CFs.

[0036] As used herein by themselves or in conjunction with another term or terms,
“haloalkoxy” and “haloalkoxy group” refer to alkoxy groups (i.e. O-alkyl groups) in which one
or more hydrogen atoms are replaced by halogen atoms. Haloalkoxy includes both saturated
alkoxy groups as well as unsaturated alkenyl and alkynyl groups. Representative examples
include, but are not limited to, -OCF3, -OCHF2, -OCH2F, —-OCF2CF3, -OCHFCF3, -OCH.CFs,
—OCF2CHs, —OCHFCHs3, —-OCF2CF.CFs, —OCF.CH2CHs, —OCF=CF;, —OCCI=CH., -
OCBr=CH,, -OCHFCH>CHs and —OCHFCH>CF3. Haloalkoxy groups can be substituted or
unsubstituted. Suitably, a haloalkyoxy group is selected from —OCHF, and —OCF3, suitably —
OCFas.

[0037] As used herein by themselves or in conjunction with another term or terms, “halo” and

“halogen” include fluorine, chlorine, bromine and iodine atoms and substituents.

[0038] As used herein by themselves or in conjunction with another term or terms, “heteroaryl”
and “heteroaryl group” refer to (a) 5 and 6 membered monocyclic aromatic rings, which
contain, in addition to carbon atom(s), at least one heteroatom, such as nitrogen, oxygen or
sulfur, and (b) 7 to15 membered bicyclic and tricyclic rings, which contain, in addition to carbon
atom(s), at least one heteroatom, such as nitrogen, oxygen or sulfur, and in which at least one
of the rings is aromatic. In some instances, a heteroaryl group can contain two or more
heteroatoms, which may be the same or different. Heteroaryl groups can be substituted or
unsubstituted, and may be bridged, spiro, and/or fused. In some instances, a heteroaryl group
may contain 5, 6, or 8 to 15 ring atoms. In other instances, a heteroaryl group may contain 5

to 10 ring atoms, such as 5, 6, 9, or 10 ring atoms. Representative examples include, but are
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not limited to, 2,3-dihydrobenzofuranyl, 1,2-dihydroquinolinyl, 3,4-dihydroisoquinolinyl,
1,2,3,4-tetrahydroisoquinolinyl, 1,2,3,4-tetrahydroquinolinyl, benzoxazinyl, benzthiazinyl,
chromanyl, furanyl, 2-furanyl, 3-furanyl, imidazolyl, isoxazolyl, isothiazolyl, oxadiazolyl,
oxazolyl, pyridinyl, 2-, 3-, or 4-pyridinyl, pyrimidinyl, 2-, 4-, or 5-pyrimidinyl, pyrazolyl, pyrrolyl,
2- or 3-pyrrolyl, pyrazinyl, pyridazinyl, 3- or 4-pyridazinyl, 2-pyrazinyl, thienyl, 2-thienyl, 3-
thienyl, tetrazolyl, thiazolyl, thiadiazolyl, triazinyl, triazolyl, pyridin-2-yl, pyridin-4-yl, pyrimidin-
2-yl, pyridazin-4-yl, pyrazin-2-yl, naphthyridinyl, pteridinyl, phthalazinyl, purinyl, alloxazinyl,
benzimidazolyl, benzofuranyl, benzofurazanyl, 2H-1-benzopyranyl, benzothiadiazine,
benzothiazinyl, benzothiazolyl, benzothiophenyl, benzoxazolyl, cinnolinyl, furopyridinyl,
indolinyl, indolizinyl, indolyl, or 2-, 3-, 4-, 5-, 6-, or 7-indolyl, 3H-indolyl, quinazolinyl,
quinoxalinyl, isoindolyl, isoquinolinyl, 10-aza-tricyclo[6.3.1.027]dodeca-2(7),3,5-trienyl, 12-

oxa-10-aza-tricyclo[6.3.1.0%>"]dodeca-2(7),3,5-trienyl, 12-aza-tricyclo[7.2.1.0?>"]dodeca-
2(7),3,5-trienyl, 10-aza-tricyclo[6.3.2.0%"|trideca-2(7),3,5-trienyl, 2,3,4,5-tetrahydro-1H-
benzo[d]azepinyl, 1,3.4,5-tetrahydro-benzo[d]azepin-2-onyl, 1,3.4,5-tetrahydro-

benzo[b]azepin-2-onyl, 2,3,4,5-tetrahydro-benzo[clazepin-1-onyl, 1,2,3,4-tetrahydro-
benzo[e][1,4]diazepin-5-onyl, 2,3,4,5-tetrahydro-1H-benzo[e][1,4]diazepinyl, 5,6,8,9-
tetrahydro-7-oxa-benzocycloheptenyl,  2,3,4,5-tetrahydro-1H-benzo[blazepinyl, 1,2,4,5-
tetrahydro-benzole][1,3]diazepin-3-onyl, 3,4-dihydro-2H-benzo[b][1,4]dioxepinyl, 3,4-dihydro-
2H-benzol[f][1,4]oxazepin-5-onyl, 6,7,8,9-tetrahydro-5-thia-8-aza-benzocycloheptenyl, 5,5-
dioxo-6,7,8,9-tetrahydro-5-thia-8-aza-benzocycloheptenyl, and 2,3.4,5-tetrahydro-
benzo[f][1,4]Joxazepinyl. Suitably, a heteroaryl is a 5- or 6-membered heteroaryl ring

comprising one, two or three heteroatoms selected from N, O or S.

[0039] As used herein by themselves or in conjunction with another term or terms,
“alkylheteroaryl” and “alkylheteroaryl group” refer to an alkyl group in which a hydrogen atom
is replaced by a heteroaryl group, wherein alkyl group and heteroaryl group are as previously
defined. Alkylheteroaryl groups can be substituted or unsubstituted. Where carbon numbers
are provided, e.g. (Cus-m)alkylheteroaryl, the range refers to the whole group. Suitably, the

consitutent alkyl group has 1-6 carbons, suitable 1-3 carbons.

[0040] As used herein by themselves or in conjunction with another term or terms,
“heterocyclic group” and “heterocycle” refer to monocyclic and polycyclic ring systems that
contain carbon atoms and at least one heteroatom selected from nitrogen, oxygen, sulfur or
phosphorus in the ring(s), without regard or reference to aromaticity or degree of unsaturation.
Thus, a heterocyclic group should be understood as referring to and including ring systems
that are fully saturated (such as, for example, a piperidinyl group), ring systems that are

aromatic (such as, for example, a pyrindinyl group), as well as ring systems having fully



WO 2018/167269 PCT/EP2018/056663
9
saturated, aromatic and/or unsaturated portions (such as, for example, 1,2,3,6-
tetrahydropyridinyl and 6,8-dihydro-5H-[1,2,4]triazolo[4,3-a]pyrizinyl). The terms heterocyclic

and heterocycle further include bridged, fused, and spirocyclic ring systems.

[0041] As used herein by themselves or in conjunction with another term or terms,
“heterocycloalkyl” and “heterocycloalkyl group” refer to 3 to15 membered monocyclic, bicyclic,
and tricyclic non-aromatic ring systems, which contain, in addition to carbon atom(s), at least
one heteroatom, such as nitrogen, oxygen, sulfur or phosphorus. Heterocycloalkyl groups
may be fully saturated or contain unsaturated portions and may be bridged, spiro, and/or fused
ring systems. In some instances a heterocycloalkyl group may contain at least two or
heteroatoms, which may be the same or different. Heterocycloalkyl groups can be substituted
or unsubstituted. In some instances a heterocycloalkyl group may contain from 3 to 10 ring
atoms or from 3 to 7 ring atoms or from 5 to 7 ring atoms, such as 5 ring atoms, 6 ring atoms,
or 7 ring atoms. Representative examples include, but are not limited to, tetrahydrofuranyl,
pyrrolidinyl, pyrrolinyl, imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl, piperidyl,
piperazinyl, indolinyl, isoindolinyl, morpholinyl, thiomorpholinyl, homomorpholinyl,
homopiperidyl, homopiperazinyl, thiomorpholinyl-5-oxide, thiomorpholinyl-S,S-dioxide,
pyrrolidinyl, tetrahydropyranyl, piperidinyl, tetrahydrothienyl, homopiperidinyl,
homothiomorpholinyl-S,S-dioxide, = oxazolidinonyl,  dihydropyrazolyl,  dihydropyrrolyl,
dihydropyrazinyl, dihydropyridinyl, dihydropyrimidinyl, dihydrofuryl, dihydropyranyl, azetidinyl,
azepanyl, diazepanyl (such as 1,4-diazepanyl), oxazepanyl (such as 1,4-oxazepanyl),
thiazepanyl (such as 1,4-thiazepanyl), tetrahydrothienyl-5-oxide, tetrahydrothienyl-S,S-
dioxide, homothiomorpholinyl-5-oxide, quinuclidinyl, 2-oxa-5-azabicyclo[2.2.1]heptanyl, 8-
oxa-3-aza-bicyclo[3.2.1]octanyl, 3,8-diaza-bicyclo[3.2.1]octanyl, 2,5-diaza-
bicyclo[2.2.1]heptanyl, 3,8-diaza-bicyclo[3.2.1]octanyl, 3,9-diaza-bicyclo[4.2.1lnonanyl, 2,6-
diaza-bicyclo[3.2.2]nonanyl, [1,4]Joxaphosphinanyl- 4-oxide, [1,4]azaphosphinanyl- 4-oxide,
[1,2]oxaphospholanyl- 2-oxide, phosphinanyl-1-oxide, [1,3]azaphospholidinynl- 3-oxide,
[1,3]oxaphospholanyl- 3-oxide, 7-oxabicyclo[2.2.1]heptanyl, 6,8-dihydro-5H-
[1,2.4]triazolo[4,3-a]pyrazin-7-yl, 6,8-dihydro-5H-imidazo[1,5-a]pyrazin-7-yl, 6,8-dihydro-5H-
imidazo[1,2-a]pyrazin-7-yl, 5,6,8,9-tetrahydro-[1,2,4]triazolo[4,3-d][1,4]diazepin-7-yl and 6,8-
dihydro-5H-[1,2,41triazolo[4,3-a]pyrazin-7-yl. Suitably, a heterocyclylalkyl group as defined
herein is a monocyclic, bicyclic or spiro heterocyclyl group comprising one, two or three

heteroatoms selected from N, O or S.

[0042] As used herein by themselves or in conjunction with another term or terms,
“heterocycloalkylene” and “heterocycloalkylene group” refer to 3 to15 membered monocyclic,

bicyclic, or tricyclic non-aromatic ring systems, which contain, in addition to carbon atom(s),
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at least one heteroatom, such as nitrogen, oxygen, sulfur or phosphorus. Heterocycloalkylene
groups may be fully saturated or contain unsaturated portions and may be bridged, spiro,
and/or fused. Heterocycloalkylene groups can be substituted or unsubstituted. In some
instances, a heterocycloalkylene group may contain from 3 to 10 ring atoms; such as from 3
to 7 ring atoms. In other instances a heterocycloalkylene group may contain from 5 to 7 ring

atoms, such as 5 ring atoms, 6 ring atoms, or 7 ring atoms.

[0043] As used herein by themselves or in conjunction with another term or terms,
“alkylheterocycloalkyl” and “alkylheterocycloalkyl group” refer to an alkyl group in which a
hydrogen atom is replaced by a heterocycloalkyl group, wherein alkyl group and
heterocycloalkyl group are as previously defined, such as, for example, pyrrolidinylmethyl
(C4HsNCH2-). Alkylheteroycloalkyl groups can be substituted or unsubstituted. Where carbon
numbers are provided, e.g. (Cnr-m)alkylheterocycloalkyl, the range refers to the whole group.

Suitably, the consitutent alkyl group has 1-6 carbons, suitable 1-3 carbons.

[0044] As used herein by itself or in conjunction with another term or terms, “pharmaceutically
acceptable” refers to materials that are generally chemically and/or physically compatible with
other ingredients (such as, for example, with reference to a formulation), and/or is generally

physiologically compatible with the recipient (such as, for example, a subject) thereof.

[0045] As used herein by itself or in conjunction with another term or terms, “pharmaceutical
composition” refers to a composition that can be used to treat a disease, condition, or disorder

in a subject, including a human.

[0046] As used herein by itself or in conjunction with another term or terms, “pseudohalogen”
refers to —-OCN, —SCN, —CF3, and —CN.

[0047] As used herein by themselves or in conjunction with another term or terms, “stable”
and “chemically stable” refer to a compound that is sufficiently robust to be isolated from a
reaction mixture with a useful degree of purity. The present application is directed solely to
the preparation of stable compounds. When lists of alternative substituents include members
which, owing to valency requirements, chemical stability, or other reasons, cannot be used to
substitute a particular group, the list is intended to be read in context to include those members
of the list that are suitable for substituting the particular group. For example, when considering
the degree of optional substitution of a particular moiety, it should be understood that the
number of substituents does not exceed the valency appropriate for that moiety. For example,

if R" is a methyl group (-CHs), it can be optionally substituted by 1 to 3 R®,
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[0048] As used herein by themselves or in conjunction with another term or terms, “subject(s)”

and “patient(s)”, suitably refer to mammals, in particular humans.

[0049] As used herein by itself or in conjunction with another term or terms, “substituted”
indicates that a hydrogen atom on a molecule has been replaced with a different atom or group
of atoms and the atom or group of atoms replacing the hydrogen atom is a “substituent.” It

should be understood that the terms “substituent”, “substituents”, “moiety”, “moieties”, “group”,

or “groups” refer to substituent(s).

[0050] As used herein by themselves or in conjunction with another term or terms,
“therapeutic” and “therapeutically effective amount” refer to an amount a compound,
composition or medicament that (a) inhibits or causes an improvement in a particular disease,
condition or disorder; (b) attenuates, ameliorates or eliminates one or more symptoms of a
particular disease, condition or disorder; (c) or delays the onset of one or more symptoms of
a particular disease, condition or disorder described herein. It should be understood that the
terms “therapeutic” and “therapeutically effective” encompass any one of the aforementioned
effects (a)-(c), either alone or in combination with any of the others (a)-(c). It should be
understood that in, for example, a human or other mammal, a therapeutically effective amount
can be determined experimentally in a laboratory or clinical setting, or a therapeutically
effective amount may be the amount required by the guidelines of the United States Food and
Drug Administration (FDA) or equivalent foreign regulatory body, for the particular disease and
subject being treated. It should be appreciated that determination of proper dosage forms,
dosage amounts, and routes of administration is within the level of ordinary skill in the

pharmaceutical and medical arts.

[0051] As used herein whether by themselves or in conjunction with another term or terms,

” o«

“treating”, “treated” and “treatment”, refer to and include prophylactic, ameliorative, palliative,
and curative uses and results. In some embodiments, the terms “treating”, “treated”, and
“treatment” refer to curative uses and results as well as uses and results that diminish or
reduce the severity of a particular condition, characteristic, symptom, disorder, or disease
described herein. For example, treatment can include diminishment of several symptoms of a
condition or disorder or complete eradication of said condition or disorder. It should be
understood that the term “prophylactic” as used herein is not absolute but rather refers to uses
and results where the administration of a compound or composition diminishes the likelihood
or seriousness of a condition, symptom, or disease state, and/or delays the onset of a

condition, symptom, or disease state for a period of time.
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[0052] As used herein, a “therapeutically active agent”, whether used alone or in conjunction
with another term or terms, refers to any compound, i.e. a drug, that has been found to be
useful in the treatment of a disease, disorder or condition and is not described by Formula |.
It should be understood that a therapeutically active agent may not be approved by the FDA

or an equivalent foreign regulatory body.

[0053] A “therapeutically effective amount” means the amount of a compound that, when
administered to a subject or patient for treating a disease, is sufficient to effect such treatment
for the disease. The "therapeutically effective amount" will vary depending on the compound,

the disease and its severity and the age, weight, etc., of the subject or patient to be treated.

[0054] As used herein, the term “PRMT5-mediated disorder” means any disease, disorder, or
other pathological condition in which PRMT5 is known to play a role. Accordingly, in some
embodiments, the present disclosure relates to treating or lessening the severity of one or

more diseases in which PRMT5 is known to play a role.

[0055] The invention will now be further described by way of the following numbered

paragraphs:

1. A compound of formula |, or a salt, solvate or hydrate thereof,

)OLRs e Rs R

Rs

TR
R, R, Reo

(1)
wherein,
R1,Rs, R4, Rs and Re are each independently selected from hydrogen and C+-3 alkyl;
Rz is selected from hydrogen and Ris;
Xis O or NRg, where Rg is hydrogen or a C4-3 alkyl;
Y1 is a group selected from one of formula A and B,

Rlll

\\

N
Rlll
R ®)
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Rlll
HN
T
Rlll (B)
where each R” is independently selected from H or Ci.3 alkyl;
QisCorN;

T is selected from a fused phenyl group and a fused 5- or 6-membered heteroaryl
group, wherein each group is optionally substituted with one or more substituents selected
from halo and Cs-3 alkyl; and

R7 and Rs are taken together with the intervening nitrogen atom to form a 3-12
membered heterocycloalkyl ring, wherein the 3-12 membered heterocycloalkyl ring is
optionally substituted with one or more R1o; and/or optionally fused to one or more Ce.12aryl,
Cs-12 heteroaryl, Cs-g cycloalkyl and 3-12 membered heterocycloalkyl rings, wherein each
fused Ce.12aryl, Cs.12 heteroaryl, Cs-s cycloalkyl and 3-12 membered heterocycloalkyl ring is
optionally substituted with one or more Ris4;

R0 is selected from a group of the formula L1-L2-R410r L>-L1-R11, where L1 is a linker of
the formula —[CR12R13].-, where n is an integer of from 0 to 3 and Rs> and Ry3 are in each
instance each independently selected from H or C1 to C, alkyl,

where L is absent or a linker that is selected from O, S, SO, SO,, N(R’), C(O), C(0)0,
[O(CH2)s, [(CH2)QJs, OC(O), CH(OR’), C(O)N(R’), N(R)C(O), N(R)C(O)N(R’), SO2N(R’) or
N(R)SO,, where R’ and R” are each independently selected from hydrogen and a Cs to C>
alkyl, and whereris 1 or2and sis 1to 4,

R11 is independently selected from hydrogen, CN, NO», hydroxyl, =O, halogen, Ci¢
haloalkyl, C1.6 haloalkoxy, Cisalkyl, O-C1.6 alkyl, Cas cycloalkyl, Ce.12 aryl, Cs.12 heteroaryl, 3-
10 membered (e.g. 3 -7 membered) heterocycloalkyl, —-C(=0)R¢, ~C(=0)OR¢, —C(=O)NR°R¢,
—C(0)C(=0)RY, —-NR°RY, —-NR°C(=0)R¢?, -NR*C(=0)OR¢, -NR*C(=0)NR°®RY, -NR°®S(=0),R¢,
-NR®*S(=0);NR°R¢, —ORY, —SR¢, —OC(=0)R?, —~OC(=0)NR°R?, —-OC(=0)OR?, —-S(=0):R¢, —
S(=0)R¢, —-0S(=0)RY, —0S(=0);R¢, —-0S(=0),0R¢, —-S(=0)NR®R?, —0S(=0);NR°R¢, and -
S(=0)NReRY, wherein, where Ri1 is independently selected from Cs cycloalkyl, Ce.12 aryl,
Cs.12 heteroaryl and 3-10 membered (e.g. 3 — 7 membered) heterocycloalkyl, each Css
cycloalkyl, Ce.12 aryl, Cs1> heteroaryl and 3-10 membered (e.g. 3 — 7 membered)
heterocycloalkyl is optionally substituted with one or more Ru4;

each R? and R is independently selected from hydrogen and Ci.salkyl;

each RY is independently selected from hydrogen, hydroxyl, halogen, CN, Cis
haloalkyl, 3-7 membered heterocycloalkyl, Cz cycloalkyl, C1.6 alkyl, O-Cisalkyl and Ce.11aryl,
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wherein said Cis alkyl, Ces11 aryl, 3-7 membered heterocycloalkyl and Cs.s cycloalkyl are
optionally substituted with one or more groups selected from hydroxyl, =O, halogen, CN,
COR?, NR?RP, C1 haloalkyl, Css cycloalkyl, Ce.11 aryl, 3-7 membered heterocycloalkyl, Ci.
alkyl and O-C1.s alkyl;

each Re® is independently selected from hydrogen, hydroxyl, halogen, CN, Cis
haloalkyl, Ca¢ cycloalkyl, Ci.salkyl and O-Cy.alkyl; or

Re and RY, when attached to the same atom, together with the atom to which they are
attached form a 3-7 membered heterocycloalkyl ring, optionally substituted with one or more
substituent selected from hydroxyl, =O, halogen, CN, COR?, NR®R, Ci haloalkyl, Css
cycloalkyl, Cs.11 aryl, 3-7 membered heterocycloalkyl, C1.s alkyl and O-Ci alkyl;

and

R'" is independently selected from halo, CN, NO, hydroxyl, =O, halogen, Ci.s
haloalkyl, Ci haloalkoxy, Ci.s alkyl, O-C1.s alkyl, Css cycloalkyl, Cs.12 aryl, 5-6 membered
heteroaryl, 3-7 membered heterocycloalkyl, Ci.salkylCs.1zaryl, —C(=0)RY, —C(=0)OR¢, —
C(=0)NR°R¢, —C(O)C(=0)RY, —-NR°R¢, -NR*C(=0)R, -NR*C(=0)OR¢, —NR®C(=0)NR°®R¢Y, —
NR®S(=0);R?, -NR*S(=0),NR°R¢, —OR¢, —-SR¢, ~OC(=0)R?, ~OC(=0O)NR°R¢?, ~OC(=0)OR¢,
-S(=0)R¢, -S(=0)RY, -0OS(=0)RY, -0OS(=0%RY, -0S(=0),0RY, -S(=0)NR°R¢, -
0S(=0),NR°RY, and —S(=0).NR°R".

2. A compound according to paragraph 1, or a salt, solvate or hydrate thereof, wherein X
is NH.

3. A compound according to paragraph 1, or a salt, solvate or hydrate thereof, wherein X
is O.

4. A compound according to any preceding paragraph, or a salt, solvate or hydrate

thereof, wherein R, is OH.

5. A compound according to any preceding paragraph, or a salt, solvate or hydrate

thereof, wherein R1, R3, R4, Rs and Rs are each hydrogen or C1 alkyl.

6. A compound according to paragraph 5, or a salt, solvate or hydrate thereof, wherein

R1, R3, R4, Rs and Rs are each hydrogen.

7. A compound according to any preceding paragraph, or a salt, solvate or hydrate
thereof, wherein T is a fused phenyl which is optionally substituted with one or more

substituents selected from halo and C1 to Cz alkyl.
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8. A compound according to any one of paragraphs 1 to 6, or a salt, solvate or hydrate
thereof, wherein the T is a fused 5- or 6-membered heteroaryl group optionally substituted

with one or more substituents selected from halo and C; to Cs alkyl.

9. A compound according to paragraph 8, or a salt, solvate or hydrate thereof, wherein T
is a fused 5-membered heteroaryl group optionally substituted with one or more substituents

selected from halo and C1 to Cz alkyl.

10. A compound according to paragraph 8 or 9, or a salt solvate or hydrate thereof,

wherein T comprises one or two heteroatoms selected from N, S and O.

11. A compound according to paragraph 10, or a salt or solvate or hydrate thereof, wherein
T comprises a first heteroatom selected from N, and a second heteroatom selected from N, S
and O.

12. A compound according to paragraph 8, or a salt or solvate or hydrate thereof, wherein
T comprises a pyridinyl or a diazinyl group optionally substituted with one or more substituents
selected from halo and C1 to Cz alkyl.

13. A compound according to paragraph 8, or a salt or solvate or hydrate thereof, wherein
T comprises a pyrrolyl, imidazolyl, pyralozyl, oxazolyl, isooxazolyl, thiazolyl and isothiazolyl

optionally substituted with one or more substituents selected from halo and C1 to Cs alkyl.

14. A compound according to any preceding paragraph, or a salt or solvate or hydrate

thereof, wherein each R is hydrogen.

15. A compound according to any preceding paragraph, or a salt or solvate or hydrate

thereof, wherein T is optionally substituted with 1 — 4 substituents.

16. A compound according to paragraph 15, or a salt or solvate or hydrate thereof, wherein

T is optionally substituted with 1 or 2 substituents.

17. A compound according to paragraph 15 or 16, or a salt or solvate or hydrate thereof,

wherein T is optionally substituted with one or two Ci.z alkyl.
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18. A compound according to paragraph 15, or a salt, solvate or hydrate thereof, wherein

T is unsubstituted.

19. A compound according to any preceding paragraph, or a salt, solvate or hydrate

thereof, wherein Y1 is a group of the formula B.

20. A compound according to paragraph 19, or a salt, solvate or hydrate thereof, wherein
Qis C.

21. A compound according to paragraph 19 or 20, or a salt, solvate or hydrate thereof,

wherein T is a fused phenyl group.

22. A compound according to paragraph 21, or a salt, solvate or hydrate thereof, wherein

Y, is of the formula

Rlll R

HN

Rlll R
where each R and each R” is independently selected from H and Cy.3 alkyl.

23. A compound according to any one of paragraphs 1 to 19, or a salt, solvate or hydrate

thereof, wherein Y+1is a group of the formula A.

24. A compound according to paragraph 23, or a salt, solvate or hydrate thereof, wherein
Qs N.

25. A compound according to paragraph 23, or a salt, solvate or hydrate thereof, wherein
Qis C.

26. A compound according to any preceding paragraph, or a salt, solvate or hydrate

thereof, wherein Y1 is selected from:
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Rlll R Rlll R Rl" R

Rlll R and Rlll R

wherein each R and R” is independently selected from one of H, C4-3 alkyl or halo and
X1 is selected from N(R’), S or O, wherein R’ is H or C4-3 alkyl.

27. A compound according to paragraph 26, or a salt, solvate or hydrate thereof, wherein

Y, is selected from:
Rlll R
Rlll R
Rlll R

28. A compound according to paragraph 26, or a salt, solvate or hydrate thereof, wherein

Y, is selected from:
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R™ R R.u R Rm
oy _
X1
==
R'"
R“' R , R"' and
R”l R
\‘N _
R
N/
R"'
Rlll R

29. A compound according to paragraph 26, or a salt, solvate or hydrate thereof, wherein

Y, is selected from:

Rlll R Rlll R

Rl "

Rlll R and Rlll

30. A compound according to any preceding paragraph, or a salt, solvate or hydrate
thereof, wherein Y1 is selected from
R" R R" R
\‘N R
R" R
R" R and R"

wherein each R and R” is selected from H and C1 to Cs alkyl, and X4 is S.

31. A compound according to any preceding paragraph, wherein Rz is hydroxyl.
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32. A compound according to any preceding paragraph, or a salt, solvate or hydrate
thereof, wherein the 3-12 membered heterocycloalkyl ring formed from R; and Rs taken

together with the intervening nitrogen atom is a monocyclic ring.

33. A compound according to any preceding paragraph, or a salt, solvate or hydrate
thereof, wherein the 3-12 membered heterocycloalkyl ring formed from R; and Rs taken
together with the intervening nitrogen atom is a 4-10, preferably 5-8, more preferably 5 - 7

membered heterocycloalkyl ring.

34. A compound according to any preceding paragraph, or a salt, solvate or hydrate
thereof, wherein, in the 3-12 membered heterocycloalkyl ring formed from Rz and Rs taken
together with the intervening nitrogen atom, the intervening nitrogen atom is the sole

heteroatom in the 3-12 membered heterocycloalkyl ring.

35. A compound according to paragraph 34, or a salt, solvate or hydrate thereof, wherein
the 3-12 membered heterocycloalkyl ring formed from Rz and Rs taken together with the

intervening nitrogen atom is a 4, 5, 6 or 7 membered heterocycloalkyl ring.

36. A compound according to paragraph 35, or a salt, solvate or hydrate thereof, wherein
the 4, 5, 6 or 7 membered heterocycloalkyl ring is selected from a pyrrolidinyl, piperidinyl,

azepanyl ring.

37. A compound according to any one of paragraphs 1 to 33, or a salt, solvate or hydrate
thereof, wherein the 3-12 membered heterocycloalkyl ring formed from R; and Rs taken
together with the intervening nitrogen atom comprises at least two heteroatoms, the first of

which is the intervening nitrogen between R; and R,

38. A compound according to paragraph 37, or a salt, solvate or hydrate thereof, wherein
the 3-12 membered heterocycloalkyl ring comprises a second heteroatom is selected from O,
S and N.

39. A compound according to paragraph 38, wherein the 3-12 membered heterocycloalkyl
ring comprises S as the second heteroatom, and wherein the S is substituted with one or two

=0 groups.
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40. A compound according to any one of paragraphs 37 to 39, or a salt solvate or hydrate
thereof, wherein the 3-12 membered heterocycloalkyl ring formed from R; and Rs taken

together with the intervening nitrogen atom is a 4, 5, 6 or 7 membered heterocycloalkyl ring.

41. A compound according to paragraph 40, or a salt, solvate or hydrate thereof, wherein
the 4, 5, 6 or 7 membered heterocycloalkyl ring is selected from a piperizinyl, morpholinyl and

diazepanyl ring.

42. A compound according to any preceding paragraph, or a salt, solvate or hydrate
thereof, wherein the 3-12 membered heterocycloalkyl ring formed from R; and Rs taken
together with the intervening nitrogen atom that is unsubstituted or substituted with one or

more Rio.

43. A compound according to paragraph 42, or a salt, solvate or hydrate thereof, wherein
the 3-12 membered heterocycloalkyl ring formed from R; and Rs taken together with the

intervening nitrogen atom that is unsubstituted or substituted with a single R1o substituent.

44, A compound according to paragraph 42 or 43, or a salt, solvate or hydrate thereof,
wherein the 3-12 membered heterocycloalkyl ring formed from R; and Rs taken together with

the intervening nitrogen atom that is substituted with one or more Rqo.

45. A compound according to paragraph 44, or a salt, solvate or hydrate thereof, wherein
wherein R11 is independently selected from hydroxyl, Ci.s alkyl, Ce.12aryl, Cs.12 heteroaryl and
—C(=0)RY, wherein, where Ry is Cs.12 aryl and/or Cs.12 heteroaryl, the Ce.12 aryl and/or Cs.12

heteroaryl is optionally substituted with one or more Ria.

46. A compound according to paragraph 45, or a salt, solvate or hydrate thereof, wherein

R11is Ce.12aryl and/or Cs.12 heteroaryl that is optionally substituted with one or more Ri4.

47. A compound according to paragraph 45, or a salt, solvate or hydrate thereof, wherein
R11 is independently selected from hydroxyl, C4-3 alkyl, phenyl and —C(=O)R¢, wherein R is H
or Ci1 alkyl, wherein where R11 is phenyl, the phenyl is optionally substituted with one or more
R14.

48. A compound according to paragraph 47, or salt, solvate or hydrate thereof, wherein

Ri1 is selected from phenyl that is optionally substituted with one or more Ria.
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49. A compound according to any preceding paragraph, or a salt, solvate or hydrate
thereof, wherein L1 is a linker of the formula —[CR12R13]n-, where n is an integer of from 0 to 3,

and Rq2 and Ry3 are in each instance each independently selected from H or C4 to C; alkyl.

50. A compound according to paragraph 49, or a salt, solvate or hydrate thereof, where

R12 and Rs3 are in each instance each independently selected from H or methyl.

51. A compound according to paragraph 50, or a salt, solvate or hydrate thereof, where

Ri12 and Rs3 are in each instance each independently selected from H.

52. A compound according to any preceding paragraph, or a salt, solvate or hydrate
thereof, wherein where L, is absent or a linker that is selected from O, C(O) and N(R’), where
R’ is H or C1 to C alkyl.

53. A compound according to any preceding paragraph, or a salt, solvate or hydrate
thereof, wherein Rg is selected from a group of the formula L-L>-R11 or L>-L+-R41, where L4 is
a linker of the formula —[CH2].-, where nis 0, 1 or 2, and where L is absent or a linker that is
selected from O, C(O) and N(R’), where R’ is H or C4 to C> alkyl.

54. A compound according to any preceding paragraph, or a salt, solvate or hydrate
thereof, wherein Ryo is selected from Cisalkyl, phenyl, hydroxyl, -C(=0)CHa, benzyl, phenoxy
and -CH;OH.

55. A compound according to paragraph 54, or a salt, solvate or hydrate thereof, wherein

R0 is selected from phenyl, benzyl and phenoxy.

56. A compound according to paragraph 54 or 55, or a salt, solvate or hydrate thereof,
wherein the 3-12 membered heterocycloalkyl ring formed by Rrs and Rs taken together with
the intervening nitrogen atom is selected from a pyrrolidinyl, piperidinyl, azepanyl and

piperizinyl ring.

57. A compound according to any preceding paragraph, or a salt, solvate or hydrate
thereof, wherein the 3-12 membered heterocycloalkyl ring formed from Rz and Rs taken
together with the intervening nitrogen atom is fused to one or more Ce.12aryl, Cs.12 heteroaryl,

Cs-s cycloalkyl and 3-12 membered heterocycloalkyl rings, wherein each fused Ce.12 aryl, Cs.
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12 heteroaryl, Cs-s cycloalkyl and 3-12 membered heterocycloalkyl ring is optionally substituted
with R14.

58. A compound according to paragraph 57, or a salt, solvate or hydrate thereof, wherein
the 3-12 membered heterocycloalkyl ring formed by R; and Rs taken together with the
intervening nitrogen atom is not substituted with any R groups but is fused to one or more
Ce-12aryl, Cs.12 heteroaryl, Cs-s cycloalkyl and 3-12 membered heterocycloalkyl rings, wherein
each fused Ce12aryl, Cs.12 heteroaryl, Csz-s cycloalkyl and 3-12 membered heterocycloalkyl

ring is optionally substituted with R1a.

59. A compound according to paragraph 57 or 58, or a salt, solvate or hydrate thereof,
wherein the 3-12 membered heterocycloalkyl ring formed by Rr; and Rs taken together with
the intervening nitrogen is fused to a single ring selected from Ce.12 aryl, Cs.12 heteroaryl, Cs-s
cycloalkyl and 3-12 membered heterocycloalkyl rings, wherein the fused Ce.12 aryl, Cs.12
heteroaryl, Cs-s cycloalkyl or 3-12 membered heterocycloalkyl ring is optionally substituted
with Rs.

60. A compound according to any one of paragraphs 57 to 59, or a salt, solvate or hydrate
thereof, wherein the 3-12 membered heterocycloalkyl ring formed by Rz and Rs taken together
with the intervening nitrogen is fused to at least one Ce.12 aryl ring and/or at least one Cs.12
heteroaryl ring, wherein each fused Cs.12 aryl ring and/or Cs.12 heteroaryl ring is optionally
substituted with Rys.

61. A compound according to paragraph 60, or a salt, solvate or hydrate thereof, wherein
the 3-12 membered heterocycloalkyl ring formed by R; and Rs taken together with the
intervening nitrogen is fused to at least one phenyl group that is optionally substituted with
R14.

62. A compound according to any one of paragraphs 57 to 61, or a salt, solvate or hydrate
thereof, wherein the 3-12 membered heterocycloalkyl ring formed by Rz and Rs taken together
with the intervening nitrogen is selected from a pyrrolidinyl, piperidinyl, azepanyl and

piperizinyl ring.

63. A compound according to paragraph 62, or a salt, solvate or hydrate thereof, wherein
the 3-12 membered heterocycloalkyl ring formed by R; and Rs are taken together with the

intervening nitrogen is selected from a piperidinyl or azepanyl ring.
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64. A compound according to any preceding paragraph, or a salt, solvate or hydrate

thereof, wherein R4 is absent or selected from C4.3 alkyl, halo or hydroxyl.

65. A compound according to any preceding paragraph, or a salt, solvate or hydrate
thereof, wherein R; and Rs are taken together with the intervening nitrogen atom to form a

group selected from:



PCT/EP2018/056663

WO 2018/167269

)
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66. A compound according to paragraph 63, or a salt, solvate or hydrate thereof, wherein

Rz and Rg are taken together with the intervening nitrogen atom to form a group selected from:

O\C N
-
o) - P
0

3
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67. A compound according to paragraph 64, or a salt, solvate or hydrate thereof, wherein

Rz and Rs are taken together with the intervening nitrogen atom to form a group selected from:

“orYr Yo

A compound according to any one of paragraphs 1 to 64, or a salt, solvate or hydrate
thereof, wherein R; and Rs are taken together with the intervening nitrogen atom to form a
group selected from:

o/\ Mo N
N N
6] 0 ,Ph/N\j,

)
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69. A compound according to any preceding paragraph, or a salt, solvate or hydrate
thereof, wherein Rz and Rg are taken together with the intervening nitrogen atom to form a 4-
7 membered heterocycloalkyl ring, wherein the 4 to 7 membered heterocycloalkyl ring is
(i) unsubstituted, or either
(i) substituted with at least one R1o, where Ry is L1-L2-R11 or Lo-L1-R41, where L4
is a linker of the formula —-[CR12R13]»-, where n is an integer of from 0 to 3 and
Ri12 and Rs3 are in each instance each independently selected from H or C4 to
C. alkyl, and where L; is absent or a linker that is selected from O, C(O) or
N(R’), where R’ is H or C1 to C; alkyl, and Ry1 is -S(=0):Rq, Ce.12 aryl (e.g.
phenyl), 3 — 10 membered heterocycloalkyl or Cs.12 heteroaryl, wherein the Ce.
12 aryl, 3 — 10 membered heterocycloalkyl and/or Cs.12 heteroaryl is optionally
substituted with one or more R14; and/or
(iii) fused to at least one Cs.12 aryl (e.g. phenyl), or Cs.12 heteroaryl; wherein the

Cs-12 aryl and/or Cs.12 heteroaryl is optionally substituted with one or more Rys.

70. A compound according to paragraph 69, or a salt, solvate or hydrate thereof, wherein

the 3 — 10 membered heterocycloalkyl is selected from:

000
N
‘\/N“s, “< and .

wherein said heterocycloalkyl is optionally substituted with one or more Rua4.

71. A compound according to paragraph 69 or 70, or a salt, solvate or hydrate thereof,
wherein the Ce.12 aryl is a phenyl, and wherein the Cs.12 heteroaryl is pyridinyl, said phenyl or

pyridinyl being optionally substituted with one or more Ria.

72. A compound according to paragraph 69 or 70, wherein Y4 is selected from
Rlll R R'" R

Rlll R
Rlll R and Rlll

wherein each R and R” is selected from H and C4 to Cs alkyl, and X4 is S; and

Rz is hydroxyl.

73. A compound, or a salt, solvate or hydrate thereof, selected from:
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74. A compound according to any one of paragraphs 1 to 73, or a pharmaceutically

acceptable salt, hydrate or solvate thereof, wherein R; is not H.

75. A compound according to any one of paragraphs 1 to 73, or a pharmaceutically
acceptable salt, hydrate or solvate thereof, wherein the compound is not any of the following

compounds:

H 9 o=k
©©\/\/T Oij“\/\/“\"»‘\/

H
(jA/)\l\/\/N NQ CO\J\/\/H N
T . T

76. A pharmaceutical composition which comprises a compound according to any one of
paragraphs 1 to 75, or a pharmaceutically acceptable salt, hydrate or solvate thereof, and one

or more pharmaceutically acceptable excipients.

77. A compound according to any one of paragraphs 1 to 75, or a pharmaceutically
acceptable salt, hydrate or solvate thereof, or a pharmaceutical composition according to claim

76, for use in therapy.
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78. A method of treating or preventing a PRMT5-mediated disorder, said method
comprising administering to a subject in need thereof an effective amount of a compound
according to any one of paragraphs 1 to 75, or a pharmaceutically acceptable salt, hydrate or

solvate thereof, or a pharmaceutical composition according to paragraph 76.

79. A method of treating a proliferative disorder, said method comprising administering to
a subject in need thereof an effective amount of a compound according to any one of claims
1 to 75, or a pharmaceutically acceptable salt, hydrate or solvate thereof, or a pharmaceutical

composition according to paragraph 76.

80. A method of treating a cancer, said method comprising administering to a subject in
need thereof an effective amount of a compound according to any one of paragraphs 1 to 75,
or a pharmaceutically acceptable salt, hydrate or solvate thereof, or a pharmaceutical

composition according to paragraph 76.

81. A method of inhibiting the activity of PRMT5 in vivo or in vitro, said method comprising
administering to a subject in need thereof a therapeutically effective amount of a compound
according to any one of paragraphs 1 to 75, or a pharmaceutically acceptable salt, hydrate or

solvate thereof, or a pharmaceutical composition according to claim 76.

82. A method of altering gene expression in a cell which comprises contacting a cell with
an effective amount of a compound according to any one of paragraphs 1 to 75, or a
pharmaceutically acceptable salt, hydrate or solvate thereof, or a pharmaceutical composition

according to claim 76.

83. A compound according to any one of paragraphs 1 to 75, or a pharmaceutically
acceptable salt, hydrate or solvate thereof, or a pharmaceutical composition according to

paragraph 76, for use in the treatment or prevention of a PRMT5-mediated disorder.

84. A compound according to any one of paragraphs 1 to 75, or a pharmaceutically
acceptable salt, hydrate or solvate thereof, or a pharmaceutical composition according to

paragraph 76, for use in the treatment of a proliferative disorder.

85. A compound according to any one of paragraphs 1 to 75, or a pharmaceutically
acceptable salt, hydrate or solvate thereof, or a pharmaceutical composition according to
paragraph 76, for use in the treatment cancer.
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86. A compound for use according to paragraph 80, wherein the cancer is selected from
colorectal, ovarian, prostate, lung, breast, lymphoma/leukaemis, oesophageal, gastric,

hepatocellular and brain cancer.

87. Use of a compound according to any one of paragraphs 1 to 75, or a pharmaceutically
acceptable salt, hydrate or solvate thereof, or a pharmaceutical composition according to
paragraph 76, in the manufacture of a medicament for the treatment or prevention of a
PRMT5-mediated disorder.

88. Use of a compound according to any one of paragraphs 1 to 75, or a pharmaceutically
acceptable salt, hydrate or solvate thereof, or a pharmaceutical composition according to

paragraph 76, in the manufacture of a medicament for the treatment of a proliferative disorder.

89. Use of a compound according to any one of paragraphs 1 to 75, or a pharmaceutically
acceptable salt, hydrate or solvate thereof, or a pharmaceutical composition according to

paragraph 76, in the manufacture of a medicament for the treatment of cancer.

90. Use according to paragraph 89, wherein the cancer is selected from colorectal,
ovarian, prostate, lung, breast, lymphoma/leukaemis, oesophageal, gastric, hepatocellular

and brain cancer.

[0056] Though the present invention may relate to any compound or particular group of
compounds defined herein by way of optional, preferred or suitable features or otherwise in
terms of particular embodiments, the present invention mat also relate to any compound or
particular group of compounds that specifically excludes said optional, preferred or suitable
features or particular embodiments.

[0057] Suitably, the present invention excludes any individual compounds not possessing
the biological activity defined herein.

Salts and Solvates

[0058] The compounds (including final products and intermediates) described herein may
be isolated and used per se or may be isolated in the form of a salt, suitably pharmaceutically
acceptable salts. It should be understood that the terms “salt(s)” and “salt form(s)” used by
themselves or in conjunction with another term or terms encompasses all inorganic and
organic salts, including industrially acceptable salts, as defined herein, and pharmaceutically
acceptable salts, as defined herein, unless otherwise specified. As used herein, industrially
acceptable salts are salts that are generally suitable for manufacturing and/or processing

(including purification) as well as for shipping and storage, but may not be salts that are
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typically administered for clinical or therapeutic use. Industrially acceptable salts may be
prepared on a laboratory scale, i.e. multi-gram or smaller, or on a larger scale, i.e. up to and

including a kilogram or more.

[0059] Pharmaceutically acceptable salts, as used herein, are salts that are generally
chemically and/or physically compatible with the other ingredients comprising a formulation,
and/or are generally physiologically compatible with the recipient thereof. Pharmaceutically
acceptable salts may be prepared on a laboratory scale, i.e. multi-gram or smaller, or on a
larger scale, i.e. up to and including a kilogram or more. It should be understood that
pharmaceutically acceptable salts are not limited to salts that are typically administered or
approved by the FDA or equivalent foreign regulatory body for clinical or therapeutic use in
humans. A practitioner of ordinary skill will readily appreciate that some salts are both
industrially acceptable as well as pharmaceutically acceptable salts. It should be understood

that all such salts, including mixed salt forms, are within the scope of the application.

[0060] In one embodiment, the compounds of Formula | are isolated as pharmaceutically

acceptable salts.

[0061] A suitable pharmaceutically acceptable salt of a compound of the invention is, for
example, an acid-addition salt of a compound of the invention which is sufficiently basic, for
example, an acid-addition salt with, for example, an inorganic or organic acid, for example
hydrochloric, hydrobromic, sulfuric, phosphoric, trifluoroacetic, formic, citric or maleic acid. In
addition a suitable pharmaceutically acceptable salt of a compound of the invention which is
sufficiently acidic is an alkali metal salt, for example a sodium or potassium salt, an alkaline
earth metal salt, for example a calcium or magnesium salt, an ammonium salt or a salt with
an organic base which affords a physiologically-acceptable cation, for example a salt with
methylamine, dimethylamine, trimethylamine, piperidine, morpholine or

tris-(2-hydroxyethyl)amine.

[0062] In general, salts of the present application can be prepared in situ during the isolation
and/or purification of a compound (including intermediates), or by separately reacting the
compound (or intermediate) with a suitable organic or inorganic acid or base (as appropriate)
and isolating the salt thus formed. The degree of ionisation in the salt may vary from completely
ionised to almost non-ionised. In practice, the various salts may be precipitated (with or without
the addition of one or more co-solvents and/or anti-solvents) and collected by filtration or the
salts may be recovered by evaporation of solvent(s). Salts of the present application may also
be formed via a “salt switch” or ion exchange/double displacement reaction, i.e. reaction in which

one ion is replaced (wholly or in part) with another ion having the same charge. One skilled in



WO 2018/167269 PCT/EP2018/056663
39
the art will appreciate that the salts may be prepared and/or isolated using a single method or a

combination of methods.

[0063] Representative salts include, but are not limited to, acetate, aspartate, benzoate,
besylate, bicarbonate/carbonate, bisulphate/sulphate, borate, camsylate, citrate, edisylate,
esylate, formate, fumarate, gluceptate, gluconate, glucuronate, hexafluorophosphate,
hibenzate, hydrochloride/chloride, hydrobromide/bromide, hydroiodide/iodide, isethionate,
lactate, malate, maleate, malonate, mesylate, methylsulphate, naphthylate, 2-napsylate,
nicotinate, nitrate, orotate, oxalate, palmitate, pamoate, phosphate/hydrogen
phosphate/dihydrogen phosphate, saccharate, stearate, succinate, tartrate, tosylate,
trifluoroacetate and the like. Other examples of representative salts include alkali or alkaline
earth metal cations such as sodium, lithium, potassium, calcium, magnesium, and the like, as
well as non-toxic ammonium, quaternary ammonium and amine cations including, but not
limited to, ammonium, tetramethylammonium, tetraethylammonium, lysine, arginine,

benzathine, choline, tromethamine, diolamine, glycine, meglumine, olamine and the like.

[0064] Certain compounds of the Formula | may exist in solvated as well as unsolvated forms
such as, for example, hydrated forms. It is to be understood that the invention encompasses

all such solvated forms that possess antiproliferative activity.

Polymorphs

[0065] It is also to be understood that certain compounds of the Formula | may exhibit
polymorphism, and that the invention encompasses all such forms that possess
antiproliferative activity.

N-oxides

[0066] Compounds of the Formula | containing an amine function may also form N-oxides.
A reference herein to a compound of the Formula | that contains an amine function also
includes the N-oxide. Where a compound contains several amine functions, one or more than
one nitrogen atom may be oxidised to form an N-oxide. Particular examples of N-oxides are
the N-oxides of a tertiary amine or a nitrogen atom of a nitrogen-containing heterocycle. N-
Oxides can be formed by treatment of the corresponding amine with an oxidizing agent such
as hydrogen peroxide or a per-acid (e.g. a peroxycarboxylic acid), see for example Advanced
Organic Chemistry, by Jerry March, 4" Edition, Wiley Interscience, pages. More particularly,
N-oxides can be made by the procedure of L. W. Deady (Syn. Comm. 1977, 7, 509-514) in
which the amine compound is reacted with m-chloroperoxybenzoic acid (mCPBA), for

example, in an inert solvent such as dichloromethane.

Tautomers
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[0067] Compounds of the Formula | may exist in a number of different tautomeric forms and
references to compounds of the Formula | include all such forms. For the avoidance of doubt,
where a compound can exist in one of several tautomeric forms, and only one is specifically
described or shown, all others are nevertheless embraced by Formula I. Examples of
tautomeric forms include keto-, enol-, and enolate-forms, as in, for example, the following
tautomeric pairs: keto/enol (illustrated below), pyrimidone/hydroxypyrimidine, imine/enamine,

amide/imino alcohol, amidine/amidine, nitroso/oxime, thioketone/enethiol, and nitro/aci-nitro.

o OH  H 0
—C—C. =— c=C = c=¢’

| N H* / AN

keto enol enolate

Isomers

[0068] Compounds that have the same molecular formula but differ in the nature or
sequence of bonding of their atoms or the arrangement of their atoms in space are termed
‘isomers”. Isomers that differ in the arrangement of their atoms in space are termed
“stereoisomers”. Stereoisomers that are not mirror images of one another are termed
“diastereomers” and those that are non-superimposable mirror images of each other are
termed “enantiomers”. When a compound has an asymmetric center, for example, it is bonded
to four different groups, a pair of enantiomers is possible. An enantiomer can be characterized
by the absolute configuration of its asymmetric center and is described by the R- and
S-sequencing rules of Cahn and Prelog, or by the manner in which the molecule rotates the
plane of polarized light and designated as dextrorotatory or levorotatory (i.e., as (+) or
(-)-isomers respectively). A chiral compound can exist as either individual enantiomer or as a
mixture thereof. A mixture containing equal proportions of the enantiomers is called a “racemic

mixture”.

[0069] Certain compounds of Formula | may have one or more asymmetric centers and
therefore can exist in a number of sterecisomeric configurations. Consequently, such
compounds can be synthesized and/or isolated as mixtures of enantiomers and/or as
individual (pure) enantiomers, and, in the case of two or more asymmetric centers, single
diastereomers and/or mixtures of diastereomers. It should be understood that the present

application includes all such enantiomers and diastereomers and mixtures thereof in all ratios.

Isotopes

[0070] The compounds of the present invention are described herein using structural

formulas that do not specifically recite the mass numbers or the isotope ratios of the
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constituent atoms. As such it is intended that the present application includes compounds in
which the constituent atoms are present in any ratio of isotope forms. For example, carbon
atoms may be present in any ratio of '?C, '*C, and "C; hydrogen atoms may be present in any
ratio of 'H, 2H, and °H; etc. Preferably, the constituent atoms in the compounds of the present

invention are present in their naturally occurring ratios of isotope forms.

Prodrugs and Metabolites

[0071] The compounds of Formula | may be administered in the form of a pro-drug which is
broken down in the human or animal body to release a compound of the invention. A pro-drug
may be used to alter the physical properties and/or the pharmacokinetic properties of a
compound of the invention. A pro-drug can be formed when the compound of the invention
contains a suitable group or substituent to which a property-modifying group can be attached.
Examples of pro-drugs include in vivo cleavable ester derivatives that may be formed at a
carboxy group or a hydroxy group in a compound of the Formula | and in-vivo cleavable amide
derivatives that may be formed at a carboxy group or an amino group in a compound of the

Formula I.

[0072] Accordingly, the present invention includes those compounds of the Formula | as
defined hereinbefore when made available by organic synthesis and when made available
within the human or animal body by way of cleavage of a pro-drug thereof. Accordingly, the
present invention includes those compounds of the Formula | that are produced by organic
synthetic means and also such compounds that are produced in the human or animal body by
way of metabolism of a precursor compound, that is a compound of the Formula | may be a

synthetically-produced compound or a metabolically-produced compound.

[0073] A suitable pharmaceutically acceptable pro-drug of a compound of the Formula | is
one that is based on reasonable medical judgement as being suitable for administration to the
human or animal body without undesirable pharmacological activities and without undue
toxicity.

[0074] Various forms of pro-drug have been described, for example in the following

documents :-

a) Methods in Enzymology, Vol. 42, p. 309-396, edited by K. Widder, et al. (Academic
Press, 1985);

b) Design of Pro-drugs, edited by H. Bundgaard, (Elsevier, 1985);

c) A Textbook of Drug Design and Development, edited by Krogsgaard-Larsen and
H. Bundgaard, Chapter 5 “Design and Application of Pro-drugs”, by H. Bundgaard p. 113-191
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(1991);

d) H. Bundgaard, Advanced Drug Delivery Reviews, 8, 1-38 (1992);

e) H. Bundgaard, et al., Journal of Pharmaceutical Sciences, 77, 285 (1988);

f) N. Kakeya, et al., Chem. Pharm. Bull., 32, 692 (1984);

9) T. Higuchi and V. Stella, “Pro-Drugs as Novel Delivery Systems”, A.C.S. Symposium

Series, Volume 14; and
h) E. Roche (editor), “Bioreversible Carriers in Drug Design”, Pergamon Press, 1987.

[0075] A suitable pharmaceutically acceptable pro-drug of a compound of the Formula | that
possesses a carboxy group is, for example, an in vivo cleavable ester thereof. An in vivo
cleavable ester of a compound of the Formula | containing a carboxy group is, for example, a
pharmaceutically acceptable ester which is cleaved in the human or animal body to produce
the parent acid. Suitable pharmaceutically acceptable esters for carboxy include
Cisalkyl esters such as methyl, ethyl and fert-butyl, Ciealkoxymethyl esters such as
methoxymethyl esters, Cisalkanoyloxymethyl esters such as pivaloyloxymethyl esters,
3-phthalidyl esters, Cs.scycloalkylcarbonyloxy- Cisalkyl esters such as
cyclopentylcarbonyloxymethyl and 1-cyclohexylcarbonyloxyethyl esters,
2-ox0-1,3-dioxolenylmethyl esters such as 5-methyl-2-oxo-1,3-dioxolen-4-ylmethyl esters and
Ciealkoxycarbonyloxy- Cisalkyl esters such as methoxycarbonyloxymethyl and 1-

methoxycarbonyloxyethyl esters.

[0076] A suitable pharmaceutically acceptable pro-drug of a compound of the Formula | that
possesses a hydroxy group is, for example, an in vivo cleavable ester or ether thereof. An in
vivo cleavable ester or ether of a compound of the Formula | containing a hydroxy group is,
for example, a pharmaceutically acceptable ester or ether which is cleaved in the human or
animal body to produce the parent hydroxy compound. Suitable pharmaceutically acceptable
ester forming groups for a hydroxy group include inorganic esters such as phosphate esters
(including phosphoramidic cyclic esters). Further suitable pharmaceutically acceptable ester
forming groups for a hydroxy group include Ci.10alkanoyl groups such as acetyl, benzoyl,
phenylacetyl and substituted benzoyl and phenylacetyl groups, Ci.10alkoxycarbonyl groups
such as ethoxycarbonyl, N,N —(Cis)2carbamoyl, 2-dialkylaminoacetyl and 2-carboxyacetyl
groups. Examples of ring substituents on the phenylacetyl and benzoyl groups include
aminomethyl, N-alkylaminomethyl, N,N-dialkylaminomethyl, morpholinomethyl, piperazin-1-

ylmethyl and 4-(Ci.salkyl)piperazin-1-ylmethyl. Suitable pharmaceutically acceptable ether
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forming groups for a hydroxy group include a-acyloxyalkyl groups such as acetoxymethyl and

pivaloyloxymethyl groups.

[0077] A suitable pharmaceutically acceptable pro-drug of a compound of the Formula | that
possesses a carboxy group is, for example, an in vivo cleavable amide thereof, for example
an amide formed with an amine such as ammonia, a Ci.4alkylamine such as methylamine, a
(Ciaalkyl;amine such as dimethylamine, N-ethyl-N-methylamine or diethylamine, a Ca.
salkoxy- Co.alkylamine such as 2-methoxyethylamine, a phenyl-Ci.4alkylamine such as

benzylamine and amino acids such as glycine or an ester thereof.

[0078] A suitable pharmaceutically acceptable pro-drug of a compound of the Formula | that
possesses an amino group is, for example, an in vivo cleavable amide derivative thereof.
Suitable pharmaceutically acceptable amides from an amino group include, for example an
amide formed with Ci.ioalkanoyl groups such as an acetyl, benzoyl, phenylacetyl and
substituted benzoyl and phenylacetyl groups. Examples of ring substituents on the
phenylacetyl and benzoyl groups include aminomethyl, N-alkylaminomethyl, N,N-
dialkylaminomethyl, morpholinomethyl, piperazin-1-ylmethyl and 4-(Ci4alkyl)piperazin-1-
ylmethyl.

[0079] The in vivo effects of a compound of the Formula | may be exerted in part by one or
more metabolites that are formed within the human or animal body after administration of a
compound of the Formula |. As stated hereinbefore, the in vivo effects of a compound of the

Formula | may also be exerted by way of metabolism of a precursor compound (a pro-drug).
[0080] Pharmaceutical Compositions

[0081] According to a further aspect of the invention there is provided a pharmaceutical
composition which comprises a compound of the invention as defined hereinbefore, or a
pharmaceutically acceptable salt, hydrate or solvate thereof, in association with a

pharmaceutically acceptable diluent or carrier.

[0082] The compositions of the invention may be in a form suitable for oral use (for example
as tablets, lozenges, hard or soft capsules, aqueous or oily suspensions, emulsions,
dispersible powders or granules, syrups or elixirs), for topical use (for example as creams,
ointments, gels, or agueous or oily solutions or suspensions), for administration by inhalation
(for example as a finely divided powder or a liquid aerosol), for administration by insufflation
(for example as a finely divided powder) or for parenteral administration (for example as a
sterile aqueous or oily solution for intravenous, subcutaneous, intramuscular, intraperitoneal

or intramuscular dosing or as a suppository for rectal dosing).
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[0083] The compositions of the invention may be obtained by conventional procedures using
conventional pharmaceutical excipients, well known in the art. Thus, compositions intended
for oral use may contain, for example, one or more colouring, sweetening, flavouring and/or

preservative agents.

[0084] An effective amount of a compound of the present invention for use in therapy is an
amount sufficient to treat or prevent a proliferative condition referred to herein, slow its

progression and/or reduce the symptoms associated with the condition.

[0085] The amount of active ingredient that is combined with one or more excipients to
produce a single dosage form will necessarily vary depending upon the individual treated and
the particular route of administration. For example, a formulation intended for oral
administration to humans will generally contain, for example, from 0.5 mg to 0.5 g of active
agent (more suitably from 0.5 to 100 mg, for example from 1 to 30 mg) compounded with an
appropriate and convenient amount of excipients which may vary from about 5 to about 98

percent by weight of the total composition.

[0086] The size of the dose for therapeutic or prophylactic purposes of a compound of the
Formula | will naturally vary according to the nature and severity of the conditions, the age and
sex of the animal or patient and the route of administration, according to well known principles

of medicine.

[0087] It is to be noted that dosages and dosing regimens may vary with the type and
severity of the condition to be alleviated, and may include the administration of single or
multiple doses, i.e. QD (once daily), BID (twice daily), etc., over a particular period of time
(days or hours). It is to be further understood that for any particular subject or patient, specific
dosage regimens may need to be adjusted over time according to the individual need and the
professional judgment of the person administering or supervising the administration of the
pharmaceutical compositions. For example, doses may be adjusted based on
pharmacokinetic or pharmacodynamic parameters, which may include clinical effects such as
toxic effects and/or laboratory values. Thus, the present application encompasses intra-
patient dose-escalation as determined by the person skilled in the art. Procedures and
processes for determining the appropriate dosage(s) and dosing regimen(s) are well-known
in the relevant art and would readily be ascertained by the skilled artisan. As such, one of
ordinary skill would readily appreciate and recognize that the dosage ranges set forth herein
are exemplary only and are not intended to limit the scope or practice of the pharmaceutical

compositions described herein.

[0088] In using a compound of the invention for therapeutic or prophylactic purposes it will

generally be administered so that a daily dose in the range, for example, 0.1 mg/kg to 75
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mg/kg body weight is received, given if required in divided doses. In general lower doses will
be administered when a parenteral route is employed. Thus, for example, for intravenous or
intraperitoneal administration, a dose in the range, for example, 0.1 mg/kg to 30 mg/kg body
weight will generally be used. Similarly, for administration by inhalation, a dose in the range,
for example, 0.05 mg/kg to 25 mg/kg body weight will be used. Oral administration may also
be suitable, particularly in tablet form. Typically, unit dosage forms will contain about 0.5 mg

to 0.5 g of a compound of this invention.
Therapeutic Uses and Applications

[0089] In another aspect, the present invention provides a compound of Formula | as defined
herein, or a pharmaceutically acceptable salt or solvate thereof, or a pharmaceutical

composition as defined herein, for use in therapy.

[0090] In another aspect, the present invention provides a compound of Formula | as defined
herein, or a pharmaceutically acceptable salt or solvate thereof, or a pharmaceutical
composition as defined herein, for use in the treatment or prevention of a PRMT5-mediated

disorder.

[0091] Inanother aspect, the present invention provides a compound of Formula | as defined
herein, or a pharmaceutically acceptable salt or solvate thereof, or a pharmaceutical

composition as defined herein, for use in the treatment of a proliferative disorder.

[0092] Inanother aspect, the present invention provides a compound of Formula | as defined
herein, or a pharmaceutically acceptable salt or solvate thereof, or a pharmaceutical

composition as defined herein, for use in the treatment cancer.

[0093] In another aspect, the present invention provides the use of a compound of Formula
| as defined herein, or a pharmaceutically acceptable salt or solvate thereof, in the

manufacture of a medicament for the treatment or prevention of a PRMT5-mediated disorder.

[0094] In another aspect, the present invention provides the use of a compound of Formula
| as defined herein, or a pharmaceutically acceptable salt or solvate thereof, in the

manufacture of a medicament for the treatment of a proliferative disorder.

[0095] In another aspect, the present invention provides the use of a compound of Formula
| as defined herein, or a pharmaceutically acceptable salt or solvate thereof, in the

manufacture of a medicament for the treatment of cancer.

[0096] In another aspect, the present invention provides a method of treating or preventing
a PRMT5-mediated disorder, said method comprising administering to a subject in need
thereof an effective amount of a compound of Formula | as defined herein, or a

pharmaceutically acceptable salt or solvate thereof.
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[0097] In another aspect, the present invention provides a method of treating a proliferative
disorder, said method comprising administering to a subject in need thereof an effective
amount of a compound of Formula | as defined herein, or a pharmaceutically acceptable salt

or solvate thereof.

[0098] In another aspect, the present invention provides a method of treating cancer, said
method comprising administering to a subject in need thereof a therapeutically effective
amount of a compound of Formula | as defined herein, or a pharmaceutically acceptable salt

or solvate thereof, or a pharmaceutical composition as defined herein.

[0099] In another aspect, the present invention provides a method of inhibiting the activity of
PRMTS5 in vivo or in vitro, said method comprising administering to a subject in need thereof
a therapeutically effective amount of a compound of Formula | as defined herein, or a
pharmaceutically acceptable salt or solvate thereof, or a pharmaceutical composition as
defined herein.

[00100] In another aspect, the present invention provides a combination comprising a
compound of Formula |, or a pharmaceutically acceptable salt or solvate thereof, as defined

herein, with one or more additional therapeutic agents.

[00101] In another aspect, the present invention provides a method of altering gene
expression in a cell which comprises contacting a cell with an effective amount of a compound
of Formula | as defined herein, or a pharmaceutically acceptable salt or solvate thereof, or a

pharmaceutical composition as defined herein.

[00102] In each of the above aspects, in one embodiment, the PRMT5 disorder is selected
from a proliferative disorder, a metabolic disorder or a blood disorder. Suitably, the PRMT5

disorder is a proliferative disorder or a metabolic disorder.
[00103] Suitably the blood disorder is sickle cell disease or B-thalassemia.
[00104] Suitably the metabolic disorder is diabetes or obesity.

[00105] Suitably the proliferative disorder is cancer, an autoimmune disorder or an

inflammatory disorder. Suitably, the proliferative disorder is cancer.

[00106] In each of the above aspects, in one embodiment, the cancer is selected from breast
cancer, esophageal cancer, bladder cancer, lung cancer, hematopoietic cancer, lymphoma,
medulloblastoma, rectum adenocarcinoma, colon adenocarcinoma, gastric cancer, pancreatic
cancer, liver cancer, adenoid cystic carcinoma, lung adenocarcinoma, head and neck
squamous cell carcinoma, brain tumors, hepatocellular carcinoma, renal cell carcinoma,

melanoma, oligodendroglioma, ovarian clear cell carcinoma, and ovarian serous.
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[00107] Suitably, the cancer is selected from breast cancer, esophageal cancer, bladder
cancer, lung cancer, hematopoietic cancer, lymphoma, medulloblastoma, rectum
adenocarcinoma, colon adenocarcinoma, gastric cancer, pancreatic cancer, liver cancer,

head and neck squamous cell carcinoma and brain tumors.

[00108] In one embodiment, the cancer is a cancer in which high expression of PRMT5
occurs. Examples of such cancers include colorectal, ovarian, prostate, lung, breast,

lymphoma/leukaemis, oesophageal, gastric, hepatocellular and brain cancer.

Routes of Administration

[00109] The compounds of the invention or pharmaceutical compositions comprising these
compounds may be administered to a subject by any convenient route of administration, whether

systemically/ peripherally or topically (i.e., at the site of desired action).

[00110] Routes of administration include, but are not limited to, oral (e.g., by ingestion);
buccal; sublingual; transdermal (including, e.g., by a patch, plaster, etc.); transmucosal
(including, e.g., by a patch, plaster, etc.); intranasal (e.g., by nasal spray); ocular (e.g., by eye drops);
pulmonary (e.g., by inhalation or insufflation therapy using, e.g., via an aerosol, e.g., through the mouth
or nose); rectal (e.g., by suppository or enemay); vaginal (e.g., by pessary); parenteral, for example, by
injection, including subcutaneous, intradermal, intramuscular, intravenous, intra-arterial, intracardiac,
intrathecal, intraspinal, intracapsular, subcapsular, intraorbital, intraperitoneal, intratracheal,
subcuticular, intraarticular, subarachnoid, and intrasternal; by implant of a depot or reservoir, for

example, subcutaneously or intramuscularly.
Combination Therapies

[00111] The treatment defined hereinbefore may be applied as a sole therapy or may involve,
in addition to the compound of the invention, conventional surgery or radiotherapy or
chemotherapy. Such chemotherapy may include one or more of the following categories of

anti-tumour agents:-

(i)  other antiproliferative/antineoplastic drugs and combinations thereof, as used in medical
oncology, such as alkylating agents (for example cis-platin, oxaliplatin, carboplatin,
cyclophosphamide, nitrogen mustard, melphalan, chlorambucil, busulphan, temozolamide
and nitrosoureas); antimetabolites (for example gemcitabine and antifolates such as
fluoropyrimidines like 5-fluorouracil and tegafur, raltitrexed, methotrexate, cytosine
arabinoside, and hydroxyurea); antitumour antibiotics (for example anthracyclines like
adriamycin, bleomycin, doxorubicin, daunomycin, epirubicin, idarubicin, mitomycin-C,

dactinomycin and mithramycin); antimitotic agents (for example vinca alkaloids like vincristine,
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vinblastine, vindesine and vinorelbine and taxoids like taxol and taxotere and polokinase
inhibitors); and topoisomerase inhibitors (for example epipodophyllotoxins like etoposide and

teniposide, amsacrine, topotecan and camptothecin);

(i) cytostatic agents such as anticestrogens (for example tamoxifen, fulvestrant,
toremifene, raloxifene, droloxifene and iodoxyfene), antiandrogens (for example bicalutamide,
flutamide, nilutamide and cyproterone acetate), LHRH antagonists or LHRH agonists (for
example goserelin, leuprorelin and buserelin), progestogens (for example megestrol acetate),
aromatase inhibitors (for example as anastrozole, letrozole, vorazole and exemestane) and

inhibitors of 5a-reductase such as finasteride;

(i) anti-invasion agents [for example c-Src kinase family inhibitors like 4-(6-chloro-2,3-
methylenedioxyanilino)-7-[2-(4-methylpiperazin-1-yl)ethoxy]-5-tetrahydropyran-4-
yloxyquinazoline (AZD0530; International Patent Application WO 01/94341), N-(2-chloro-6-
methylphenyl)-2-{6-[4-(2-hydroxyethyl)piperazin-1-yl]-2-methylpyrimidin-4-ylamino}thiazole-
5-carboxamide (dasatinib, BMS-354825; J. Med. Chem., 2004, 47, 6658-6661) and bosutinib
(SKI-606), and metalloproteinase inhibitors like marimastat, inhibitors of urokinase

plasminogen activator receptor function or antibodies to Heparanase];

(iv) inhibitors of growth factor function: for example such inhibitors include growth factor
antibodies and growth factor receptor antibodies (for example the anti-erbB2 antibody
trastuzumab [Herceptin™], the anti-EGFR antibody panitumumab, the anti-erbB1 antibody
cetuximab [Erbitux, C225] and any growth factor or growth factor receptor antibodies disclosed
by Stern et al. (Critical reviews in oncology/haematology, 2005, Vol. 54, pp11-29); such
inhibitors also include tyrosine kinase inhibitors, for example inhibitors of the epidermal growth
factor family (for example EGFR family tyrosine kinase inhibitors such as N-(3-chloro-4-
fluorophenyl)-7-methoxy-6-(3-morpholinopropoxy)quinazolin-4-amine (gefitinib, ZD1839), N-
(3-ethynylphenyl)-6,7-bis(2-methoxyethoxy)quinazolin-4-amine (erlotinib, OSI-774) and 6-
acrylamido-N-(3-chloro-4-fluorophenyl)-7-(3-morpholinopropoxy)-quinazolin-4-amine (Cl
1033), erbB2 tyrosine kinase inhibitors such as lapatinib); inhibitors of the hepatocyte growth
factor family; inhibitors of the insulin growth factor family; inhibitors of the platelet-derived
growth factor family such as imatinib and/or nilotinib (AMN107); inhibitors of serine/threonine
kinases (for example Ras/Raf signalling inhibitors such as farnesyl transferase inhibitors, for
example sorafenib (BAY 43-9006), tipifarnib (R115777) and lonafarnib (SCH66336)),
inhibitors of cell signalling through MEK and/or AKT kinases, c-kit inhibitors, abl kinase
inhibitors, P13 kinase inhibitors, PIt3 kinase inhibitors, CSF-1R kinase inhibitors, IGF receptor

(insulin-like growth factor) kinase inhibitors; aurora kinase inhibitors (for example AZD1152,
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PH739358, VX-680, MLN8054, R763, MP235, MP529, VX-528 AND AX39459) and cyclin
dependent kinase inhibitors such as CDK2 and/or CDK4 inhibitors;

(v) antiangiogenic agents such as those which inhibit the effects of vascular endothelial
growth factor, [for example the anti-vascular endothelial cell growth factor antibody
bevacizumab (Avastin™) and for example, a VEGF receptor tyrosine kinase inhibitor such as
vandetanib (ZD6474), vatalanib (PTK787), sunitinib (SU11248), axitinib (AG-013736),
pazopanib (GW 786034) and 4-(4-fluoro-2-methylindol-5-yloxy)-6-methoxy-7-(3-pyrrolidin-1-
ylpropoxy)quinazoline (AZD2171; Example 240 within WO 00/47212), compounds such as
those disclosed in International Patent Applications W097/22596, WO 97/30035, WO
97/32856 and WO 98/13354 and compounds that work by other mechanisms (for example

linomide, inhibitors of integrin avB3 function and angiostatin)];

(vi) vascular damaging agents such as Combretastatin A4 and compounds disclosed in
International Patent Applications WO 99/02166, WO 00/40529, WO 00/41669,
WO 01/92224, WO 02/04434 and WO 02/08213;

(vii) an endothelin receptor antagonist, for example zibotentan (ZD4054) or atrasentan;

(viii) antisense therapies, for example those which are directed to the targets listed above,

such as ISIS 2503, an anti-ras antisense;

(ix) gene therapy approaches, including for example approaches to replace aberrant genes
such as aberrant p53 or aberrant BRCA1 or BRCA2, GDEPT (gene-directed enzyme pro-drug
therapy) approaches such as those using cytosine deaminase, thymidine kinase or a bacterial
nitroreductase enzyme and approaches to increase patient tolerance to chemotherapy or

radiotherapy such as multi-drug resistance gene therapy; and

(x) immunotherapy approaches, including for example ex-vivo and in-vivo approaches to
increase the immunogenicity of patient tumour cells, such as transfection with cytokines such
as interleukin 2, interleukin 4 or granulocyte-macrophage colony stimulating factor,
approaches to decrease T-cell anergy, approaches using transfected immune cells such as
cytokine-transfected dendritic cells, approaches using cytokine-transfected tumour cell lines

and approaches using anti-idiotypic antibodies.

[00112] In a particular embodiment, the antiproliferative treatment defined hereinbefore may
involve, in addition to the compound of the invention, conventional surgery or radiotherapy or

chemotherapy.
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[00113] Such conjoint treatment may be achieved by way of the simultaneous, sequential or
separate dosing of the individual components of the treatment. Such combination products
employ the compounds of this invention within the dosage range described hereinbefore and

the other pharmaceutically-active agent within its approved dosage range.

[00114] According to this aspect of the invention there is provided a combination for use in
the treatment of a cancer (for example a cancer involving a solid tumour) comprising a
compound of the invention as defined hereinbefore, or a pharmaceutically acceptable salt,

hydrate or solvate thereof, and another anti-tumour agent.

[00115] According to this aspect of the invention there is provided a combination for use in
the treatment of a proliferative condition, such as cancer (for example a cancer involving a
solid tumour), comprising a compound of the invention as defined hereinbefore, or a
pharmaceutically acceptable salt, hydrate or solvate thereof, and any one of the anti-tumour

agents listed herein above.

[00116] In a further aspect of the invention there is provided a compound of the invention or
a pharmaceutically acceptable salt, hydrate or solvate thereof, for use in the treatment of
cancer in combination with another anti-tumour agent, optionally selected from one listed

herein above.

[00117] Herein, where the term “combination” is used it is to be understood that this refers to
simultaneous, separate or sequential administration. In one aspect of the invention
‘combination” refers to simultaneous administration. In another aspect of the invention
‘combination” refers to separate administration. In a further aspect of the invention
“‘combination” refers to sequential administration. Where the administration is sequential or
separate, the delay in administering the second component should not be such as to lose the
beneficial effect of the combination. In one embodiment, a combination refers to a

combination product.

[00118] According to a further aspect of the invention there is provided a combination
comprising a compound of formula | as defined herein, or a pharmaceutically acceptable salt,
hydrate or solvate thereof, in combination with an further therapeutic agent (optionally selected

from one listed herein above.

[00119] In one embodiment, there is provided a pharmaceutical composition which comprises
a compound of formula I, or a pharmaceutically acceptable salt, hydrate or solvate thereof, in
combination with a therapeutic agent (optionally selected from one listed herein above), in

association with a pharmaceutically acceptable diluent or carrier.
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[00120] Suitably, the additional therapeutic agent is an anti-cancer agent (optionally selected

from one listed herein above).

EXAMPLES

[00121] The following examples are provided solely to illustrate the present invention and are

not intended to limit the scope of the invention, as described herein.

[00122] The compounds of the invention may be prepared using synthetic techniques that are

known in the art (as illustrated by the examples herein).

[00123] Several methods for the chemical synthesis of the compounds of the present
application are described herein. These and/or other well-known methods may be modified
and/or adapted in various ways in order to facilitate the synthesis of additional compounds
within the scope of the present application and claims. Such alternative methods and
modifications should be understood as being within the spirit and scope of this application and
claims. Accordingly, it should be understood that the methods set forth in the following
descriptions, schemes and examples are intended for illustrative purposes and are not to be

construed as limiting the scope of the disclosure.

Methods of Analysis used in Synthetic Examples

LCMS Methods

Method-A

Method Name: 0.1_FA WATER_ACN pH 25

LC Parameters
Instrument: UPLC AQUITY with PDA detector and QDA
Column: C18, 50*2.1mm, 1.6 ym

(A) 0.1 % Formic acid in Milli Q water (pH= 2.70)

Mobile Phase: . ) )

(B ) Acetonitrile:0.1% Formic acid (90:10)
Flow Rate: 0.800 ml/Min
Column Temperature: 35°C

Autosampler

5°C
Temperature:
Run Time: 6 min
Gradient:

TIME (Minute) | (%)A (%)B
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Mass Parameters

Probe

Source Temperature
Probe Temperature
Capillary Voltage

Cone Voltage

Mode of lonization

Method-B
Method Name
LC Parameters

Instrument:

Column:

Mobile Phase:

Flow Rate:

Run Time:

Gradient:

PCT/EP2018/056663
52

0.00 90 10
0.75 90 10
2.80 10 90
4.50 00 100
4.60 00 100
4.70 90 10
6.00 90 10

: ESI capillary

: 120°C

: 600°C

0.8 KV (+Ve and — Ve)
: 10&30V
: +Veand-Ve

NHs:HCOs;_WATER_MEOH pH_7.35

Waters Alliance 2690 and 996 PDA detector with Micromass ZQ

C18, 50 X 4.6 mm, 3.5 um

(A) 10mM Ammonium Bicarbonate in Milli-Qwater (pH = 7.35)

(B ) Methanol
1.200 ml/Min

7 min

TIME (Minute) | (%)A (%)B
0.00 90 10
1.00 90 10
4.00 00 100
6.00 00 100
6.50 90 10
7.00 90 10
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Mass Parameters
Probe
Source Temperature

Desolvation Temperature
Capillary Voltage

Cone Voltage

Extractor Voltage
RsLens

Desolvation Gas Flow
Cone Gas Flow

Mode of lonization

Method-C
Method Name
LC Parameters

Instrument:

Column:

Mobile Phase:

Flow Rate:
Column Temperature:

Auto sampler

Temperature:

Run Time:

Gradient:

PCT/EP2018/056663

53

: ESI capillary
: 100°C

200 °C

: 3KV (+Veand-Ve)
: 10&30V

120V

: 041

: 800.0 L/h
: 100.0 L/h

: +Veand-Ve

:0.1_FA_WATER_ACN_pH 2.5

UPLC AQUITY with PDA detector and QDA
C18, 50*2.1mm, 1.6 um

(A) 0.1 % Formic acid in Milli Q water (pH= 2.70)
(B ) Acetonitrile:0.1% Formic acid (90:10)

0.300 ml/Min

35°C

5°C

9 min

TIME (Minute) | (%)A (%)B
0.00 99 1.0
1.00 99 1.0
2.50 50 50
3.50 50 50
4.50 2.5 97.5
6.00 2.5 97.5
6.50 99 1.0
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Mass Parameters
Probe

Source Temperature

Probe Temperature
Capillary Voltage
Cone Voltage

Mode of lonization

HPLC Method
Method-A

COLUMN
MOBILE PHASE

Flow Rate
Gradient

PCT/EP2018/056663
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9.00 99 1.0

: ESI capillary
: 120 °C
: 600°C

0.8 KV (+Ve and — Ve)

: 10&30V
: +Veand-Ve

- Waters X-Bridge C18 150*4.6mm, 3.5 ym
- A) 10 mM Ammonium bicarbonate in water (HPLC) pH-7.35
B) 100% ACN
- 1.00 ml/min
- (B) 10 % at 0.01 min, 10% (B) to 90% (B) in 7 min, 100% (B) from 7

min to 9 min, holding 100% (B) for 5 min and from 14.01 min to 17 min
10%(B).

Chiral HPLC Methods

Method-A

LC Parameters

Instrument:

Column:

Mobile Phase:

Sample preparation:
Flow Rate:

Column Temperature:

Auto sampler
Temperature:

SHIMADZU LC-20AD
CHROMEGA CHIRAL CCO0,250*4.6mm, 5y

(A) 0.1% TFA in n-HEPTANE
(B ) 50:50(IPA:METHANOL)

Approx. 1000ppm in mobile phase
1 ml/Min

Room temperature

Room temperature
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Run Time:

ISOCRATIC METHOD

Method-B

LC Parameters

Instrument:

Column:

Mobile Phase:

Sample preparation:
Flow Rate:

Column Temperature:

Auto sampler

Temperature:

Run Time:

ISOCRATIC METHOD

Method-C

LC Parameters

Instrument:

Column:

Mobile Phase:

Sample preparation:
Flow Rate:

Column Temperature:

Auto sampler

Temperature:

PCT/EP2018/056663
55

60 mins

A:B~ 90:10

SHIMADZU LC-20AD
CHROMEGA CHIRAL CCO,250*4.6mm, 5y

(A) 0.1% DEA in n-HEPTANE
(B ) 70:30(IPA:ACN)

Approx. 1000ppm in mobile phase
1 ml/Min

Room temperature

Room temperature

25 mins

A:B~ 90:10

AGILENT TECHNOLOGIES-1200 SERIES
CHROMEGA CHIRAL CCO0,250%4.6mm, 5y

(A) 0.1% TFA in n-HEPTANE
(B ) 50:50(IPA:METHANOL)

Approx. 1000ppm in mobile phase
1 ml/Min

Room temperature

Room temperature
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Run Time: 60 mins

ISOCRATIC METHOD : A:B~ 90:10

Synthetic Examples

[00124] Reagents used in these Schemes were either commercially available, made following

procedures already highlighted in the literature or made as outlined below.

Intermediate 1: (3-oxa-8-azabicyclo[3.2.1]octan-8-yl)(piperidin-4-yl)methanone

o) o HCl salt
AR oAl W6,
o) o)

(@]

Reagents and conditions: (a) 3-oxa-8-azabicyclo[3.2.1]octane, HATU, DIPEA, DMF, rt, 2 h,
(b) HCl in dioxane, DCM, rt, 16 h.

Step a

[00125] To a stirred solution of 1-(tert-butoxycarbonyl)piperidine-4-carboxylic acid (CAS
Number 183673-71-4, available from Combi blocks) (5 g, 21.80 mmol) in DMF (30 ml), were
added HATU available from Reddy & Reddy chemicals) (12.43 g, 32.70 mmol) and
diisopropylethylamine (11.27 g, 87.22 mmol) at 0°C under nitrogen atmosphere and allowed
to stir for 15 min. A solution of 3-oxa-8-azabicyclo[3.2.1]octane (CAS Number 904316-92-3,
available from Synthonix) (2.95 g, 26.16 mmol) in DMF (10 ml) was added drop wise and the
resulting reaction mixture was allowed to stir at room temperature for 2 h. The reaction mixture
was diluted with ice-cold water (500 ml) and extracted with ethyl acetate (4 x 50 ml). The
combined organic layer was brine washed, dried over Na»,SO, and concentrated under
reduced pressure. The crude material, thus obtained was purified by column chromatography
(15% ethyl acetate in hexane) to afford tert-butyl 4-(3-oxa-8-azabicyclo[3.2.1]octane-8-
carbonyl)piperidine-1-carboxylate (6.0 g, 18.507 mmol) as a white solid. LCMS: Method B,
1.942 min, MS: ES+ 269.1 (M-56).

Step b

[00126] To a stirred solution of ferf-butyl 4-(3-oxa-8-azabicyclo[3.2.1]octane-8-
carbonyl)piperidine-1-carboxylate (6.0 g, 18.507 mmol) in dichloromethane (20 ml) was added
2.4 N HCl in dioxane drop wise at 0°C temperature under nitrogen atmosphere. The resulting
reaction mixture was stirred at room temperature for 16 h. The mixture was concentrated

under reduced pressure and triturated with n-pentane (2 x 20 ml) to afford (3-oxa-8-
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azabicyclo[3.2.1]octan-8-yl)(piperidin-4-yl)methanone hydrochloride (4.5 g, 17.265 mmol) as
off-white sticky solid. LCMS: Method B, 1.654 min, MS: ES+ 225.1 (M+1).

Intermediate 2: Azetidin-3-yl(3-oxa-8-azabicyclo[3.2.1]Joctan-8-yl)methanone

o 0 HCl salt
HOW/C/NJ\Ok e . @ﬁNkOk b ()@\‘E(C/NH

Reagents and conditions: (a) 3-oxa-8-azabicyclo[3.2.1]octane, HATU, DIPEA, DMF, rt, 2 h,
(b) HCI in dioxane, Dioxane, rt, 4 h.

Step a

[00127] To a stirred solution of 1-(fert-butoxycarbonyl)azetidine-3-carboxylic acid (CAS
Number 142253-55-2, available from Combi blocks) (1.7 g, 8.45 mmol) in DMF (5 ml), were
added HATU available from Reddy & Reddy chemicals) (3.4 g, 12.68 mmol) and
diisopropylethylamine (11.27 g, 25.35 mmol) at 0°C under nitrogen atmosphere and allowed
to stir for 15 min. A solution of 3-oxa-8-azabicyclo[3.2.1]octane (CAS Number 904316-92-3,
available from Synthonix) (1.0 g, 8.84 mmol) in DMF (5 ml) was added drop wise and the
resulting reaction mixture was allowed to stir at room temperature for 2 h. The reaction mixture
was diluted with ice-cold water (500 ml) and extracted with ethyl acetate (4 x 50 ml). The
combined organic layer was brine washed, dried over Na>SO.s and concentrated under
reduced pressure. The crude material, thus obtained was purified by column chromatography
(20% ethyl acetate in hexane) to afford crude fert-butyl 3-(3-oxa-8-azabicyclo[3.2.1]octane-8-
carbonyl)azetidine-1-carboxylate (2.9 g, 9.79 mmol) as a white solid. LCMS: Method B, 2.062
min, MS: ES+ 241.1 (M-56).

Step b

[00128] To a stired solution of fert-butyl 3-(3-oxa-8-azabicyclo[3.2.1]octane-8-
carbonyl)azetidine-1-carboxylate (2.9 g, 9.79 mmol) in dioxane (10 ml) was added 4 N HCl in
dioxane (10 ml) drop wise at 0°C temperature under nitrogen atmosphere. The resulting
reaction mixture was stirred at room temperature for 4 h. The mixture was concentrated under
reduced pressure and triturated with n-pentane (2 x 20 ml) to afford azetidin-3-yl(3-oxa-8-
azabicyclo[3.2.1]octan-8-yl)methanone hydrochloride (1.8 g, 7.74 mmol) as off-white sticky
solid. MS: ES+ 197.2 (M+1).

Intermediate 3: 3-(tetrahydro-2H-pyran-4-yl)piperidine
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g/ O

NHN
o 0=$=0 0 o}

S SIS .

) =

Reagents and conditions: a) 4-Methylbenzenesulfonohydrazide, Ethanol, 90°C , 2 h; b)
Pyridin-3-ylboronic acid, K.COs, 1,4-Dioxane, 110°C, 48 h; ¢) Dimethylphenylsilane,
Diphenylamine, Tris(pentafluorotriphenyl)borane, Toluene, 120°C, 24 h.

Step a

[00129] To a solution of tetrahydro-4H-pyran-4-one (CAS Number 29943-42-8, available from
Combi blocks) (5 g, 50.00 mmol) in ethanol (50 ml) were added 4-
methylbenzenesulfonohydrazide (CAS Number 1576-35-8, available from Spectrochem)
(9.31 g, 50.00 mmol) at room temperature and the resulting reaction mixture was refluxed for
2 h. The reaction mixture was allowed to cool to room temperature; filtered and washed with
cold ethanol (2 x 20 mL). The residues collected were dried under reduced pressure to afford
4-methyl-N'-(tetrahydro-4 H-pyran-4-ylidene)benzenesulfonohydrazide (11.0 g, 41.03 mmol).
LCMS: Method-B, 2.240 min, MS: ES+ 268.9 (M+1).

Step b

[00130] To a solution 4-methyl-N"-(tetrahydro-4H-pyran-4-ylidene)benzenesulfonohydrazide
(11.0 g, 41.03 mmol) in dioxane (300ml) was added pyridin-3-ylboronic acid (CAS Number
1692-25-7, available from Combi blocks) (5.04 g, 41.03 mmol) and potassium carbonate (CAS
Number 584-08-7, available from Spectrochem) (17.04 g, 123.09 221.82 mmol). The resulting
reaction mixture was stirred at 120°C for 48h. The reaction mixture was filtered through celite
and the filtrate was concentrated under reduced pressure. The crude material thus obtained
was purified by column chromatography (70% ethyl acetate in hexane) to afford 3-(tetrahydro-
2H-pyran-4-yl)pyridine (2.5 g, 15.33 mmol). LCMS: Method-B, 0.235min, MS: ES+ 164.1
(M+1).

Step ¢

[00131] To a solution of 3-(tetrahydro-2H-pyran-4-yl)pyridine (2.5 g, 15.33 mmol) in toluene
(10 ml) were added dimethylphenylsilane (CAS Number 766-77-8, available from Combi
blocks) (10.45 g, 76.65 mmol) and diphenylamine (CAS Number 122-39-4, available from
Spectrochem) (10.38 g, 61.32 mmol) and tris(pentafluorotriphenyl)borane (CAS Number
1109-15-5, available from TCI chemical) (0.785 g, 1.533 mmol) at room temperature under
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nitrogen atmosphere. The resulting reacting mixture was stirred at 120°C for 24h. The reaction
mixture was concentrated under reduced pressure and the crude material thus obtained was
purified by column chromatography (10% diethylamine in ethyl acetate) to afford 3-(tetrahydro-
2H-pyran-4-yl)piperidine (3.6 g, 21.28 mmol). MS: ES+ 170.2 (M+1).

Intermediate 4: 3-(tetrahydro-2H-pyran-4-yl)piperidine

S

NHN
0=$=0 S S
o
Cﬁ : ° P S-S
s P

Reagents and conditions: a) 4-Methylbenzenesulfonohydrazide, ethanol, 90°C, 2 h; b) Pyridin-

3-ylboronic acid, K.COs, 1,4-dioxane, 110°C, 48 h; ¢) Dimethylphenylsilane, diphenylamine,
tris(pentafluorotriphenyl)borane, toluene, 120°C, 24 h.

Step a

To a solution of tetrahydro-4H-thiopyran-4-one (CAS Number 1072-72-6, available from
Combi blocks) (10 g, 86.05 mmol) in ethanol (100 ml) was added 4-
methylbenzenesulfonohydrazide (CAS Number 1576-35-8, available from Spectrochem)
(16.03 g, 86.05 mmol) at room temperature and the resulting reaction mixture was refluxed for
2 h. The reaction mixture was allowed to cool to room temperature; filtered and washed with
cold ethanol (2 x 20 mL). The residues collected were dried under reduced pressure to afford
4-methyl-N*-(tetrahydro-4 H-thiopyran-4-ylidene)benzenesulfonohydrazide (21.0 g, 73.94
mmol). LCMS: Method B, 3.287 min, MS: ES* 284.8 (M+1).

Step b

To a solution 4-methyl-N"-(tetrahydro-4 H-thiopyran-4-ylidene)benzenesulfonohydrazide (21.0
g, 73.94 mmol) in dioxane (200 ml) were added pyridin-3-yl boronic acid (CAS Number 1692-
25-7, available from Combi blocks) (9.1 g, 73.94 mmol) and potassium carbonate (CAS
Number 584-08-7, available from Spectrochem) (30.7 g, 221.82 mmol). The resulting reaction
mixture was stirred at 120°C for 48 h. The reaction mixture was filtered through celite and the
filtrate was concentrated under reduced pressure. The crude material thus obtained was
purified by column chromatography (18% ethyl acetate in hexane) to afford 3-(tetrahydro-2H-
thiopyran-4-yl)pyridine (4.5 g, 25.13 mmol). LCMS: Method-B, 4.154 min, MS: ES+ 180.1
(M+1).

Step ¢
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To a solution of 3-(tetrahydro-2H-pyran-4-yl)pyridine (1.0 g, 5.586 mmol) in toluene (10ml)
were added dimethylphenylsilane (CAS Number 766-77-8, available from Combi blocks) (3.8
g, 27.93 mmol) and diphenylamine (CAS Number 122-39-4, available from Spectrochem) (3.8
g, 22.34 mmol) and tris(pentafluorotriphenyl)borane (CAS Number 1109-15-5, available from
TCI chemical) (0.29 g, 0.5586 mmol) at room temperature under nitrogen atmosphere. The
resulting reacting mixture was stirred at 120°C for 24 h. The reaction mixture was concentrated
under reduced pressure and the crude material thus obtained was purified by column
chromatography (10% diethylamine in ethyl acetate) to afford 3-(tetrahydro-2H-pyran-4-
yhpiperidine (0.3 g, 1.62 mmol). LCMS: Method-B, 3.194 min, MS: ES+ 185.9 (M+1).

Intermediate 5

Scheme 1

Reagent A Reagent B

Reagents and conditions: (a) Reagent A, Reagent B, Na(OAC):BH, glacial acetic acid, 1,2—
dichloroethane, rt, 2 h, (b) HCI in dioxane, DCM, rt, 3 h.

Step a
To a solution of fert-butyl 3-oxopiperidine-1-carboxylate (CAS Number 98977-36-7, available

from Combi blocks) (1.0 g, 5.02 mmol) and morpholine (CAS Number 110-91-8, available from
Spectrochem) (0.4 g, 5.02 mmol) in 1, 2-dichloroethane (20 ml) was added glacial acetic acid
(0.03 g, 0.50 mmol) under nitrogen atmosphere at room temperature and allowed to stir for 2
h. Sodium triacetoxyborohydride (CAS Number 56553-60-7, available from Spectrochem)
(2.12 g, 10.04 mmol) was then added portion wise at 0°C under nitrogen atmosphere and the
resulting reaction mixture was allowed to stir for 2 h at room temperature. The reaction mixture
was poured in 5% aqueous citric acid solution (100 ml) and washed with dichloromethane (2
x 50 ml). The acidic aqueous layer was then basified up to pH ~8 using saturated sodium
bicarbonate solution (100 ml) and extracted with dichloromethane (4 x 50 ml). The combined
organic layers were brine washed, dried over Na;SO4 and concentrated under reduced
pressure to afford tert-butyl 3-morpholinopiperidine-1-carboxylate (1.0 g, 3.70 mmol) as pale
yellow sticky solid. LSMS: Method B, 1.229 min, MS: ES+ 271.2 (M+1); '"H NMR (CDCl3) &
ppm: 4.235-4.085 (m, 1H), 3.940-3.909 (m, 1H), 3.746-3.724 (t, J = 4.4 Hz, 4H), 2.788-2.720
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(m, 2H), 2.610-2.599 (m, 4H), 2.229 (br s, 1H), 2.003-1.980 (m, 1H), 1.778-1.737 (m, 1H),
1.478 (s, 9H), 1.435-1.412 (m, 2H).

Step b

To a stirred solution of tert-butyl 3-morpholinopiperidine-1-carboxylate (1.0 g, 3.70 mmol) in
dichloromethane (5 ml), was added 4 N HCl in dioxane drop wise at 0°C temperature under
nitrogen atmosphere. The resulting reaction mixture was stirred at room temperature for 3 h.
The mixture was concentrated under reduced pressure and triturated with n-pentane (2 x 10
ml) to afford 4-(piperidin-3-yl)morpholine dihydrochloride (0.9 g, 3.70 mmol) as off-white sticky
solid. LCMS: Method B, 0.835 min, MS: ES+ 171.2 (M+1); '"H NMR (DMSO-ds) 8 ppm:11.992
(brs, 1H), 9.739 (br s, 1H), 9.403 (br s, 1H), 3.941-3.905 (m, 4H), 3.761-3.628 (m, 1H), 3.381-
3.354 (m, 1H), 3.217-3.189 (m, 4H), 2.787-2.761 (m, 1H), 2.548-2.471 (m, 2H), 2.207 (br s,
1H), 1.961-1.931 (m, 1H), 1.742-1.662 (m, 2H).

The following intermediates were made using the same method:

Int. Name Structure Reagent A Reagent B Analytical Data

5B | 4-(piperidin-3-

S/\ o)
yl)thiomorpholine K/N

LCMS: Method B, 1.645 min,
MS: ES+ 187.2 (M+1).

NBoc

()

@
CH

5C | 1-methyl-4- ~ LCMS: Method D, 3.930 min,

NBoc MS: ES+ 184.3 (M+1)

(piperidin-3-

yl)piperazine

)
s
S

5D | 4-(piperidin-3-yl)-

1,4-thiazepane

LCMS: Method B, 2.798 min, MS:

NBoc ES+ 201.2 (M+1)

o
Q
o
O

5E | 4-(piperidin-3-yl)-

1,4-oxazepane

LCMS: Method D, 4.299 min,

NBoc MS: ES+ 185.2 (M+1)

H

o
Q
J
)
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5F | 4-(pyrrolidin-3- /\\ LCMS: Method D, 1.260 min.
_ o/\\ N o INBoc MS: ES+ 157.2 (M+1).
yl)morpholine LJN o\\/NH
- idin-3- . -1 .
5G | 4-(pyrrolidin-3 /\\ o NBoc S MS: ES+ 173.1 (M+1); '"H NMR:
yl)thiomorpholine S\\/N‘C’,\‘H (400 MHz, DMSO-ds) & ppm:
NH | 11.996 (brs, 1H), 9.621-9.496
(m, 1H), 4.002 (br s, 1H), 3.768-
3.750 (m, 2H), 3.714-3.698 (m,
2H), 3.466-3.382 (m, 2H), 3.204
(brs, 4H), 2.838 (br s, 2H),
2.331-2.322 (m, 2H).
5H | 4-(pyrrolidin-3-yl)- m NBoc LCMS: Method B, 1.695 min,
. O
1,4-thiazepane d N NH S MS: ES+ 187.1 (M+1).
=~ o
5l 4-(pyrrolidin-3-yl)- LCMS: Method B, 0.631 min,
o NBoc
1,4-oxazepane o} MS: ES+ 171.2 (M+1); 1H NMR:
O N NH
\ / \\/NH (400 MHz, DMSO-d6) & ppm:
11.898 (s, 1H), 9.839 (s, 1H),
9.640 (s, 1H), 4.127-4.071(q, J =
22.4,1H), 3.927-3.825 (m, 2H),
3.778-3.273 (m, 10H), 3.180-
3.170 (m, 1H), 2.490-2.265 (m,
3H), 2.015 (br s, 1H).
Example 1

Scheme 2
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Reagent A Reagent B

° OH Q N R
> s D
"V
SO,Cl S N
O >

a

_— -

NO, NO,

NO,
O,N
(0]
Reagent C )k 0
A o /J\ * HZN/\{\'OS
N O
w W OH

N
d
\e
1
N N
D
OH

Reagents and conditions: a) Triethylamine, dichloromethane, 0-5°C, 1h b) KF, THF, 0 °C to

rt, 16 h ¢) NHs gas purging at -78 °C in ethanol, followed by heating under hydrogenator at 80
’C, 4 h d) diisopropylethylamine, THF, 0 °C to rt, 1 h e) K.CO3, DMF, 80 °C, 2 h.

Example 1A N-(3-(3,4-dihydroisoquinolin-2(1H)-yl)-2-hydroxypropyl)-3-phenylpyrrolidine-1-

carboxamide (Prepared according to Scheme 2)

X

Step a

[00132] To a stirred solution of glycidol (CAS Number 556-52-5, available from Sigma-India)
(1.67 g, 22.560 mmol) in dichloromethane (50 ml) was added triethylamine (3.90 ml, 27.070
mmol) at 0°C for 15 min. To the above reaction mixture was added 3-nitrobenzenesulfonyl
chloride (CAS Number 121-51-7, available from combi-blocks) (5.00 g, 22.560 mmol) and the
reaction mixture was stirred at same temperature for 1 h. The resulting reaction mixture was

poured into water (200 ml) and extracted with dichloromethane (2 x 100 ml). The combined
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organic phase was dried over Na>SOy, filtered and concentrated under reduced pressure. The
resulting crude material was triturated using n-pentane yielding ethyl oxiran-2-ylmethyl 3-

nitrobenzenesulfonate (5.00 g, 19.305 mmol).

Step b

[00133] To a stirred solution of 1,2,3,4-tetrahydroisoquinoline (2.57 g, 19.300 mmol) in THF
(25 ml) at 0°C was added KF (4.48 g, 77.200 mmol) and allowed to stir at same temperature
for 1 h. To the above reaction mixture was added solution of ethyl oxiran-2-ylmethyl 3-
nitrobenzenesulfonate (5.00 g, 19.300 mmol) in THF (25 ml) at 0°C and allowed to stir at room
temperature for 16 h. The above reaction mixture filtered to remove excess KF and filtrate
collected was concentrated under reduced pressure. The resulting crude material was purified
by flash chromatography (2.0% methanol in dichloromethane) yielding 2-(oxiran-2-ylmethyl)-
1,2,3,4-tetrahydroisoquinoline (3.50 g, 18.510 mmol). LCMS: Method B, 4.109 min, MS: ES+
190.1 (M+1).

Step ¢

[00134] To a stirred solution of 2-(oxiran-2-ylmethyl)-1,2,3,4-tetrahydroisoquinoline (1.50 g,
7.936 mmol) in ethanol (20 ml) was cooled to -78°C and ammonia gas was purged for 1 h.
(Note: Total volume of solution became double after absorption of ammonia gas). The above
solution was carefully transferred into Parr hydrogenator (precooled at -78°C) and sealed it.
The hydrogenator was heated at 80°C for 4 h. After completion of 4 h, the reaction mixture
was cooled to ambient temperature and concentrated under reduced pressure yielding 1-
amino-3-(3,4-dihydroisoquinolin-2(1H)-yl)propan-2-ol (1.30 g, 6.300 mmol). LCMS: Method B,
4.871 min, MS: ES+ 324.3 (M+1).

Stepd

To a stirred solution of 3-phenyl pyrrolidine (CAS No. 936-44-7; available from Combi Blocks)
(0.25 g, 0.619 mmol) in THF (5 ml) was added diisopropylethylamine (0.38 ml, 2.000 mmol)
and allowed to stir at 0°C for 15 min, followed by addition of 4-nitrophenyl chloroformate (CAS
No. 7693-46-1; available from Spectrochem) (0.40 g, 2.000 mmol) and allowed to stir at 0°C
for 1 h. After completion of reaction, reaction mixture was poured into water (25 ml). The
resulting reaction mixture was extracted with ethyl acetate (2 x 20 ml). The combined organic
phase was dried over Na;SO., filtered and concentrated under reduced pressure. The
resulting crude material was purified by flash chromatography (4.5% ethyl acetate in hexane)
yielding 4-nitrophenyl 3-phenylpyrrolidine-1-carboxylate (0.40 g, 1.280 mmol). LCMS: Method
B, 3.419 min, MS: ES+ 207.1 (M+1).

Stepe_
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[00135] To a stirred solution of 1-amino-3-(3,4-dihydroisoquinolin-2(1H)-yl)propan-2-ol (0.20
g, 0.970 mmol) in DMF (2 ml) was added K>COs (0.27 g, 1.940 mmol) and stirred at room
temperature and stirred for 15 min. 4-nitrophenyl 3-phenylpyrrolidine-1-carboxylate (0.30 g,
0.970 mmol) was added to the above reaction mixture and stirred at 80°C for 2 h. Reaction
mixture was poured into water (25 ml) and extracted with ethyl acetate (2 x 20 ml). The
combined organic phase was dried over Na;SOy, filtered and concentrated under reduced
pressure. The resulting crude material was purified by reverse-phase flash chromatography
(60% acetonitrile in water) yielding N-(3-(3,4-dihydroisoquinolin-2(1H)-yl)-2-hydroxypropyl)-3-
phenylpyrrolidine-1-carboxamide (0.1 g crude material), which was further purified by
preparative  HPLC vielding  N-(3-(3,4-dihydroisoquinolin-2(1H)-yl)-2-hydroxypropyl)-3-
phenylpyrrolidine-1-carboxamide. (0.04 g, 0.097 mmol) LCMS: Method A, 1.703 min, MS:
ES+ 380.3 (M+1); 1TH NMR (400 MHz, DMSO-d6) & ppm: 7.350-7.301 (m, 2H), 7.256-7.210
(m, 3H), 7.106-7.018 (m, 4H), 6.237-6.228 (d, J= 3.6 Hz, 1H), 4.930-4.906 (t, J= 4.8 Hz, 1H),
3.794-3.769 (m, 1H), 3.693-3.551 (m, 3H), 3.456-3.411 (m, 1H), 3.307-3.171 (m, 3H), 3.152-
3.120 (m, 1H), 3.105-3.032 (m, 1H), 2.724-2.753( m, 2H), 2.724-2.672 (m, 2H), 2.482-2.394
(m, 1H), 2.181-2.155 (m, 1H), 1.910-1.861 (m, 1H).

Using the route depicted above, the following compounds were also prepared:
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Example 2

Scheme 3

0. NH o NH
T N N Y

N N N

a b
W —_— - -
W @

Reagent A

SO

[00136] Reagents and conditions: a) i) Triethylamine, triphosgene, toluene 50°C, 3 h, ii)
Triethylamine, allylamine, rt, 16 h. b) m-CPBA, dichloromethane, rt, 1 h ¢) triethylamine, IPA,
reflux, 16 h.

Example 2A N-(3-(3,4-dihydroisoquinolin-2(1H)-yl)-2-hydroxypropyl)-3,4-dihydroquinoline-

1(2H)-carboxamide (Prepared according to Scheme 3)

Sres

[00137] To a solution of 1,2,3,4-tetrahydroquinoline (CAS Number 635-46-1, available from
Spectrochem) (1.00 g, 7.518 mmol) in toluene (5 ml) were added triethylamine (CAS Number
121-44-8, available  from  Spectrochem) (1.20 ml, 8.646 mmol) and
bis(trichloromethyl)carbonate (CAS Number 32315-10-9, available from Spectrochem) (1.00

g, 3.384 mmol). The resulting reaction mixture was stirred at 50°C for 3 h and then allowed to

Step a

cool down to room temperature. To this reaction mixture were added triethylamine (1.93 ml,
13.909 mmol) and allylamine (CAS Number 107-11-9, available from Spectrochem) (1.09 g,
18.790 mmol) and the resulting reaction mixture was stirred at room temperature for 16 h.

Reaction mixture was poured into saturated NaHCO3 solution (100 ml). The resulting reaction
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mixture was extracted with ethyl acetate (3 x 50 ml). The combined organic phase was dried
over Na;SOy, filtered and concentrated under reduced pressure. The resulting crude material
was purified by gradient flash chromatography (30% ethyl acetate in hexane) to obtain N-allyl-
3,4-dihydroquinoline-1(2H)-carboxamide (0.74 g, 3.424 mmol) MS: ES+ 217.5 (M+1).

Step b
[00138] To a solution of N-allyl-3,4-dihydroquinoline-1(2H)-carboxamide (0.70 g, 3.240 mmol)

in dichloromethane (5 ml) at 0°C was added m-chloroperbenzoic acid (CAS Number 937-14-
4, available from Spectrochem) (0.84 g, 4.861 mmol) and allowed to stir at room temperature
for 1 h. The above reaction mixture was diluted with dichloromethane (15 ml) and washed with
water (2 x 20 ml). The combined organic phase was dried over Na;SOy, filtered and
concentrated under reduced pressure vyielding N-(oxiran-2-ylmethyl)-3,4-dihydroquinoline-
1(2H)-carboxamide (0.32 g, 1.379 mmol) which was used in to the next step without further
purification. MS: ES+ 233.6 (M+1).

Step ¢

[00139] To a solution of N-(oxiran-2-ylmethyl)-3,4-dihydroquinoline-1(2H)-carboxamide (0.30
g, 1.293 mmol) in isopropyl alcohol (3 ml) was added triethylamine (0.36 ml, 2.586 mmol) and
refluxed for 16 h. The reaction mixture was cooled to room temperature and concentrated
under reduced pressure. The obtained crude was purified using preparative HPLC yielding N-
(3-(3,4-dihydroisoquinolin-2(1H)-yl)-2-hydroxypropyl)-3,4-dihydroquinoline-1(2H)-
carboxamide (Title compound) (0.08 g, 0.219 mmol). LCMS: Method A, 1.624 min, MS: ES+
366.3 (M+1). 1H NMR (400 MHz, DMSO-ds) & ppm: 7.436-7.415 (d, J= 8.4 Hz, 1H ), 7.154-
7.018 (m, 6H), 6.925-6.885 (dt, J= 1.2 Hz, 7.2 Hz, 1H), 6.661-6.635 (t, J= 5.2 Hz, 1H), 4.845-
4.834 (d, J= 4.4 Hz, 1H), 3.859-3.817 (q, J= 5.6 Hz, 1H), 3.658-3.465 (m, 4H), 3.287-3..227
(m, 1H), 3.164-3.100 (m, 1H), 2.767-2.753 (d, J= 5.6 Hz, 2H), 2.719-2.762 (m, 2H), 2.674-
2.614 (m, 2H), 2.484-2.424 (m, 1H), 2.082 (s, 1H), 1.770-1.707 (m, 2H).

Using the route depicted above, the following compound was also prepared:
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Example Name Structure Reagent A LC/MS NMR

2B N-[2- o) H Method A, | (400 MHz, DMSO-ds) &
hydroxy-3- N)J\N/Y\N @EN) Retention ppm: 7.827-7.807 (d, J=
(1,2,3,4- H OH (:O Time = 8.0 Hz, 1H), 7.127-7.071
tetrahydroiso 1.636 min, | (m, 4H), 7.053-7.002 (m,
quinolin-2- MS: ES+ 2H), 6.834-6.795 (dt, J=
ylpropyl]- 352.2 0.8 Hz, 7.6 Hz, 1H), 6.686-
2,3-dihydro- (M+1) 6.660 (t, J= 5.2 Hz, 1H),
1H-indole-1- 4.852 (s, 1H), 3.881-3.837

carboxamide

(m, 1H), 3.732-3.578 (m,
2H), 3.311-3.251 (m, 1H),
3.165-3.102  (m, 1H),
3.030-2.986 (t, J= 9.0 Hz,
2H), 2.820-2.805 (d, J= 6.0
Hz, 2H), 2.782-2.698 (m,
2H), 2.576-2.530 (m, 1H),
2.576-2.508 (m, 1H)

[00140] Using the route depicted above, the following compounds were also prepared, by

replacing 1,2,3,4-tetrahydroquinoline, in Step a, with the requisite amine:

Carbamate derivatives were synthesized via two separate schemes, as explained below.

Example 3

Scheme 4

HO

OH
b
O, O
| e
|
N N
W w
Reagent A
OH

HN

OTs
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Reagents and conditions: a) p-toluenesulfonyl chloride, 4-dimethylaminopyridine, pyridine,
dichloromethane, 3h b) 1° or 2° amine, triethylamine, THF, rt, 15 h ¢) Sodium methoxide,

methanol, rt, 5 h d) 1,2,3,4-tetrahydroisoquinoline, isopropyl alcohol, rt, 8 h.

Example 3A 3-(3,4-dihydroisoquinolin-2(1H)-yl)-2-hydroxypropyl 3,4-dihydroisoquinoline-
2(1H)-carboxylate (Prepared according to Scheme 4).

[00141] To a stirred solution of glycerol 1, 2-carbonate (CAS Number 931-40-8; available from
TCI Chennai) (3.00 g, 25.420 mmol), 4-dimethylaminopyridine (0.15 g, 1.270 mmol), pyridine
(3.07 ml, 38.100 mmol) in dichloromethane (45 ml) at 0°C temperature in N, atmosphere for
5 min was added p-toluenesulfonyl chloride (5.33 g, 27.940 mmol) in dichloromethane (20 ml).
The resulting reaction mixture was stirred for 2 h, then diluted with dichloromethane (30 ml) &
washed with water (2 x 30 ml). The combined organic phase was washed with saturated
solution of potassium hydrogen sulphate (10 ml) & dried over anhydrous Na>SQy4, filtered and
concentrated under reduced pressure. The resulting crude material was purified by flash
chromatography (20% ethyl acetate in hexane) yielding (2-oxo-1,3-dioxolan-4-yl)methyl 4-
methylbenzenesulfonate as white solid (4.20 g, 15.430 mmol). 1H NMR: (400 MHz, DMSO-
ds) & ppm: 7.823-7.802 (d, J= 8.4 Hz, 2H), 7.528-7.508 (d, J= 8.0 Hz, 2H), 5.052-4.981 (m,
1H), 4.547-4.503 (t, J= 8.8 Hz, 1H), 4.379-4.264 (m, 2H), 4.194-4.158 (dd, J= 6.0 Hz, 8.4 Hz,
1H), 2.439 (s, 3H).

Step b

[00142] To a stirred solution of (2-oxo-1,3-dioxolan-4-yl)methyl 4-methylbenzenesulfonate
(0.70 g, 2.574 mmol) and triethylamine (0.35 ml, 2.574 mmol) in THF (14 ml) was added
1,2,3,4-tetrahydroisoquinoline (CAS Number 91-21-5; available from Alfa Aesar) (0.41 g,
3.080 mmol) at 0°C and the resulting reaction mixture was allowed to stir at room temperature
for 15 h. The reaction mixture was poured in water (15 ml) and extracted with ethyl acetate (2
x 30 ml). The organic phase was dried over anhydrous Na,SO, filtered and concentrate under
reduced pressure. The crude compound was purified by silica gel flash chromatography (68%
ethyl acetate in hexane) vyielding crude 2-hydroxy-3-(((4-methylbenzene)sulfonyl)oxy)propyl
1,2,3,4-tetrahydroisoquinoline-2-carboxylate as yellow sticky solid (0.61 g, 1.506 mmol), which
was used in the next step without further purification. LCMS: Method A, 2.378 min, MS: ES+
406.1 (M+1).
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Step ¢

[00143] To a stirred solution of 2-hydroxy-3-(((4-methylbenzene)sulfonyl)oxy)propyl 1,2,3,4-
tetrahydroisoquinoline-2-carboxylate (crude) (0.61 g, 1.508 mmol) in methanol (10 ml) was
added sodium methoxide (0.09 g, 1.660 mmol) under N, atmosphere at 0°C and stirred for 10
min. The resulting reaction mixture was allowed to stir at room temperature for 7 h. Solvent
was removed under reduced pressure. The resulting crude material was suspended in water
(10 ml) and extracted with ethyl acetate (3 x 25 ml). The organic phase was dried over
anhydrous Na;SOQy, filtered and concentrate under reduced pressure. The crude compound
was purified by silica gel flash chromatography (10% ethyl acetate in hexane) yielding oxiran-
2-yimethyl 1,2,3,4-tetrahydroisoquinoline-2-carboxylate as sticky solid (0.15 g, 0.626 mmol).
LCMS: Method A, 2.067min, MS: ES+ 234.1 (M+1).

Step d

[00144] To a stirred solution of oxiran-2-ylmethyl 1,2,3,4-tetrahydroisoquinoline-2-carboxylate
(0.15 g, 0.625 mmol) in isopropyl alcohol (3 ml) was added 1,2,3,4-tetrahydroisoquinoline
(CAS-91-21-5, available from Alfa Aesar) (0.09 g, 0.688 mmol) at ambient temperature under
N2 atmosphere and the resulting reaction mixture was allowed to stir at room temperature for
7 h. Solvent was removed under reduced pressure. The resulting crude material was purified
by reverse phase flash chromatography (84% acetonitrile in water) yielding (Title compound,
T-261)  3-(3,4-dihydroisoquinolin-2(1H)-yl)-2-hydroxypropyl-3,4-dihydroisoquinoline-2(1H)-
carboxylate as off white solid (0.07 g, 0.186 mmol). LCMS: Method A, 1.717 min, MS: ES+
367.2 (M+1); 1TH NMR: (400 MHz, DMSO-ds) & ppm: 7.172 (br s, 4H), 7.110-7.061 (m, 3H),
7.027-7.015 (m, 1H), 4.931-3.920 (d, J=4.4 Hz, 1H), 4.608 (br s, 1H), 4.521 (br s, 1H), 4.137-
4.120 (m, 1H), 3.983-3.920 (m, 2H), 3.644-3.608 (m, 4H), 2.788 (br s, 4H), 2.734-2.677 (m,
2H), 2.549-2.530 (m, 2H).

Using the route depicted above, the following compounds were also prepared:
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Example 4

Scheme 5

NO,

Y
OO m

Reagent A
+

— Y
N
s O
HN Reagent C N
D $0

Reagent B

Reagents and conditions: a) Diisopropylethylamine, dichloromethane, 0 °C to rt, 1 h b) NaH,
THF,0°Ctort,2h (c) THF, 80°C, 2h

Example 4A  3-(3,4-dihydroisoquinolin-2(1H)-yl)-2-hydroxypropyl  thiomorpholine-4-

carboxylate (Prepared according to Scheme 5)

o]
SASNee
s/ OH
Stepa
To a stirred solution of thiomorpholine (CAS No. 123-90-0; available from Combi Blocks) (0.8
g, 7.76 mmol) in dichloromethane (16 ml) was added diisopropylethylamine (4 ml, 23.28 mmol)
and allowed to stir at 0°C for 15 min, followed by addition of 4-nitrophenyl chloroformate (CAS
No. 7693-46-1; available from Spectrochem) (1.72 g, 8.54 mmol) and allowed to stir at 0°C for
1 h. After completion of reaction, reaction mixture was poured into water (50 ml). The resulting
reaction mixture was extracted with ethyl acetate (2 x 50 ml). The combined organic phase
was dried over Na>SOy, filtered and concentrated under reduced pressure. The resulting crude
material was purified by flash chromatography (6% ethyl acetate in hexane) yielding 4-
nitrophenyl thiomorpholine-4-carboxylate (1.46 g, 5.44 mmol). "H-NMR (400 MHz, CDCls) 5
ppm: 8.304-8.265 (m, 2H), 7.337-7.298 (m, 2H), 3.982-3.863 (m, 4H), 2.751-2.726 (m, 4H).
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Step b

To a stirred suspension of sodium hydride (60% dispersion in mineral oil) (0.032 g, 0.777
mmol)in THF (2 ml) at 0°C was added glycidol (0.058g, 0.777 mmol) at 0°C temperature under
nitrogen atmosphere. The reaction mixture was allowed to stir for 15 min. Solution of 4-
nitrophenyl thiomorpholine-4-carboxylate (0.25 g, 0.932 mmol) in THF (3 ml) was added drop
wise to above reaction mixture at 0°C temperature and the resulting reaction mixture was
stired at room temperature for 2 h. To this reaction mixture was added 1,2,3,4-
tetrahydroisoquinoline (0.31g, 2.33 mmol) at room temperature and resulting reaction mixture
was stirred at 80°C for 2 h. Reaction mixture was poured into water (25 ml) and extracted with
ethyl acetate (3 x 20 ml). The combined organic phase was dried over Na>SQy4, filtered and
concentrated under reduced pressure. The resulting crude material was purified by reverse-
phase flash chromatography (80% acetonitrile in water) yielding 3-(3,4-dihydroisoquinolin-
2(1H)-yl)-2-hydroxypropyl thiomorpholine-4-carboxylate (0.4 g crude material), which was
further purified by preparative HPLC yielding 3-(3,4-dihydroisoquinolin-2(1H)-yl)-2-
hydroxypropyl thiomorpholine-4-carboxylate (title compound 4A). (0.049 g, 0.146 mmol)
LCMS: Method A, Retention Time = 1.703 min, MS: ES+ 337.2 (M+1); 'H NMR (400 MHz,
DMSO-ds) & ppm: 7.144-7.081 (m, 3H), 7.052-7.033 (m, 1H), 4.106-4.072 (m, 1H), 3.972-
3.892 (m, 2H), 3.712-3.628 (m, 6H), 2.812-2.733 (m, 5H), 2.597-2.539 (m, 6H).

Using the route depicted above, the following compounds (Examples 4B to 4AH) were also

prepared.
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Example 6
Scheme 6
Br HCI
S0 e 0 e T
HN
Boc
Stepsd and e 0

from Example 1A R1~NJ\N/\/\®
R, M

Reagent and conditions: a) NaH, THF, 6h. b) HClI in dioxane, dioxane

Example 6A N-(3-(3,4-dihydroisoquinolin-2(1H)-yl)propyl)-3-phenyl pyrrolidine-1-

carboxamide (prepared according to Scheme 6)

Step-a

To a stirred suspension of sodium hydride (60% dispersion in mineral oil) (CAS no. 7646-69-
7, spectrochem) (0.33 g, 8.25 mmol) in THF (10 ml) was added tetrahydroisoquinoline (CAS
no. 91-21-4; alfa aesar) (1 g, 7.50 mmol) at 0°C temperature under nitrogen atmosphere and
allowed to stirred for 10 min. To this, was added fert-butyl (3-bromopropyl)carbamate (CAS
no. 83948-53-2, combi blocks) (1.96 g, 7.50 mmol) in THF (20 ml) was added drop wise
manner at 0°C temperature under nitrogen atmosphere. The resulting reaction mixture was
allowed to stir at room temperature for 6h. The reaction mixture was diluted with water (20 ml)
and extracted with ethyl acetate (3 x 20 ml). The combined organic phase was dried over
anhydrous Na>SOy, filtered and concentrated under reduce pressure yielding tert-butyl (3-(3,4-
dihydroisoquinolin-2(1H)-yl)propyl)carbamate (0.297 g, 1.02 mmol); which was used directly
in the next step without further purification. LCMS: Method A, 1.622 min; MS: ES+ 291.1
(M+1).

Step-b

To a stirred solution of tert-butyl(3-(3,4-dihydroisoquinolin-2(1H)-yl)propyl)carbamate (1.13 g,
3.89 mmol) in dioxane (5 ml) was added 20ml of 4N HCI in dioxane at 0°C under N;
atmosphere. Then reaction mixture was stirred for 1h at room temperature. The reaction

mixture was concentrated under reduce pressure yielding 3-(3,4-dihydroisoquinolin-2(1H)-
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yh)propan-1-amine hydrochloride (0.9 g, 3.10 mmol); which was used directly in the next step
without further purification. LCMS: Method A, 1.875 min; MS: ES+ 191.23 (M+1).

The title compound was synthesised, following Example-1A, steps d and e to afford N-(3-(3,4-
dihydroisoquinolin-2(1H)-yl)propyl)-3-phenyl pyrrolidine-1-carboxamide, LCMS: Method A,
Retention Time = 2.122 min, MS: ES+ 364.3 (M+1); '"H NMR: (400 MHz, DMSO-ds) 3 ppm:
7.353-7.299 (m, 2H), 7.250-7.209 (m, 3H), 7.107-7.034 (m, 4H), 6.272-6.245 (t, J = 5.2 Hz,
1H), 3.662-3.619 (m, 1H), 3.546 (s, 2H), 3.435-3.391 (m, 1H), 3.322-3.190 (m, 2H), 3.126-
3.080 (m, 3H), 2.189-2.791 (t, J = 5.6 Hz, 2H), 2.667-2.638 (t, J = 6.0 Hz, 2H), 2.487-2.469
(m, 2H), 2.185-2.128 (m, 1H), 1.930-1.854 (m, 1H), 1.719-1.651 (m, 2H).

Using the route depicted above, the following compounds were also prepared:

Example Name Structure R1Rz2N LC/MS NMR

6B N-(3-(3,4- o NH | Method A, | (400 MHz, DMSO-ds)
dihydroisoqu Retention O ppm: 7.362-7.324 (t,

inolin-2(1H)- N ”/\/\N Time = | J=7.6Hz 2H), 7.231-
Ph
yl)propyl)-3- 2.289 min, | 7.196 (t, J = 7.2 Hz,

phenylpiperi MS: ES+ | 1H), 7.140-7.032 (m,
dine-1- 378.3 6H), 6.746-6.721 (t, J
carboxamide (M+1) = 5.2 Hz, 1H), 5.277

(or s, 1H), 3.821-
3.789 (m, 1H), 3.563-
3.485 (m, 2H), 3.166-
3.118 (m, 2H), 2.781-
2.722 (m, 2H), 2.731-
2.569 (m, 3H), 2.484-
2.450 (m, 2H), 2.228-
2.195 (m, 1H), 1.718-
1.650 (quin, J = 6.8
Hz, 2H), 1.513-1.482
(m, 1H), 1.416-1.240
(m, 4H)

Example 7 3-(3,4-dihydroisoquinolin-2(1H)-yl)propyl 3-phenylpyrrolidine-1-carboxylate
0O

@ﬂ“k"/\/\'@@
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\ /
O —— 7D =0
Example 4

O
Stepsa &c NLO/\/\NK/:Q

Reagents and conditions: a) (3-bromopropoxy)(tert-butyl)dimethylsilane, Kl, acetonitrile b)

HCI in dioxane, dioxane

Step-a

To a stirred solution of tetrahydroisoquinoline (CAS no. 91-21-4; alfa aesar) (0.26 g, 1.954
mmol), in acetonitrile (5 ml) was added (3-bromopropoxy)(tert-butyl)dimethylsilane (CAS no.
29681-57-0; combi blocks) (0.5 g, 1.95 mmol), potassium iodide (CAS no. 7681-11-0; merck
chemicals) (0.64 g, 3.904 mmol) at room temperature and the resulting reaction mixture was
heated to reflux temperature for 5 h. The reaction mixture was cooled to ambient temperature.
The reaction was poured in cold water (25 ml) and extracted using ethyl acetate (3 x 20 ml).
The combined organic phase was brine washed; dried over anhydrous Na,SO; and
concentrated under reduce pressure. The crude material thus isolated was purified using flash
chromatography  (25%  ethyl acetate in hexane) to afford 2-(3-((tert-
butyldimethylsilyl)oxy)propyl)-1,2,3,4-tetrahydroisoquinoline (0.49 g, 1.605 mmol). LCMS:
Method A; 2.133 min. MS: ES+ 306.2 (M+1).

Step-b

To a stirred solution of 2-(3-((tert-butyldimethylsilyl)oxy)propyl)-1,2,3,4-tetrahydroisoquinoline
(0.49 g, 1.605 mmol) in dioxane (5 ml) was added 4N HCI in dioxane (10 ml) under nitrogen
atmosphere at 0°C temperature. The resulting reaction mixture was stirred for 1h at room
temperature. The reaction mixture was concentrated under reduce pressure yielding 3-(3,4-
dihydroisoquinolin-2(1H)-yl)propan-1-ol hydrochloride (0.26 g, 1.142 mmol) which was used
without further purification. LCMS: Method B; 3.885 min. MS: ES+ 192.1 (M+1).

The synthesis of 3-(3,4-dihydroisoquinolin-2(1H)-yl)propyl 3-phenylpyrrolidine-1-carboxylate
was completed by following Example 4A, steps a and c.
3-(3,4-dihydroisoquinolin-2(1H)-yl)propyl 3-phenylpyrrolidine-1-carboxylate, LCMS: Method
A, Retention Time = 2.230 min, MS: ES+ 365.3 (M+1); 'H NMR (400 MHz, DMSO-dg) 6 ppm:
7.347-7.220 (m, 5H), 7.110-7.042 (m, 4H), 4.096-4.054 (dd, J =6.0, 10.8 Hz, 2H), 3.784-3.717
(m, 1H), 3.580-3.488 (m, 3H), 3.330-3.286 (m, 2H), 3.245-3.173 (m, 1H), 2.805-2.776 (m, 2H),
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2.664-2.616 (m, 2H), 2.550-2.532 (m, 2H), 2.218-2.191 (m. 1H), 1.973-1.896 (m, 1H), 1.864-
1.813 (m, 2H).

Biological Activity of Compounds

[00145] A PRMT5 chemiluminescent assay was used to measure the IC50 activity of PRMT5
of the compounds of Examples 1A to 7 above. Biotinylated histone peptides were synthesized
and attached to 384-well plates. Compound serial dilutions were performed and added to the
assay plate. Histone H4 monomethyl R3 antibody was obtained from Abcam. A master mix
for each well was prepared and human PRMT5 / MEP50 (expressed in HEK293 cells) diluted
in assay buffer to a concentration of 5 ng/ uL. The reaction was incubated and slowly rotated
for 60 minutes at the point of PRMT5 / MEP50 addition. The supernatant from the wells was
removed and blocking buffer was added to each well and rotated for 10 minutes. The primary
antibody was diluted and added to every well for 60 minutes, before it was removed and the
wells washed. The horse raddish peroxidase (HRP)-coupled secondary antibody was diluted
and added to each well with an incubation time of 30 minutes. The HRP chemiluminescent
substrate was added to every well. The plate was read on a Flourstar Omega BMG Labtech
instrument (Ortenberg, Germany) and the analysis of IC50 was performed using the Flourstar

Omega BMG Labtech software.

Results
Example | 1C50 (nM) Example IC50 (nM) Example IC50 (nM) Example IC50 (nM)
1A 290 1AL 30 1BV 57 4K 20
1B 9910 1AM 1501 1BW 2862 4L 13
1C 1235 1AN 14 1BX 634 aMm 2222
1D 1872 1A0 9 1BY 2650 4N 212517
1E 8 1AP 484 1BZ 270 40 2714
1F 457 1AQ 77 1CA 58 4P 225
1G 568 1AR 658 1CB 337 4Q 160
1H 267 1AS 112 1CcC 1643 4R 81
1l 208 1AT 691 1CD 12293 48 5030
1J 320 1AU 31211 1CE 3101 47 1855
1K 412 1AV 3142 1CF 376 4U 2983
1L 1645 1AW 7022 1CG 422 4v 38936
1™ 6866 1AX 588 1CH 1918 4w 10754
1N 2385 1AY 311 1CI 27 4X 809
10 51 1AZ 159 1CJ 58 4y 1457
1P 221 1BA 97 1CK 329 4z 448
1Q 276 1BB 51849 1CL 436 4AA 46
1R 11 1BC 33124 1CM 125 4AB 1011
1S 95 1BD 58160 1CN 1101 4AC 374
1T 40 1BE 3082 1CO 17 4AD 223
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1U 896 1BF 5600 2A 87 4AE 41
I\ 8544 1BG 3940 2B 8500 4AF 21
1w 7388 1BH 167 3A 192 4AG 360
1X 376 1Bl 399 3B 613 4AH 75
1Y 236 1BJ 108 3C 9561 5A 26
1Z 639 1BK 396 3D 15 5B 599
1AA 342 1BL 4436 4A 477 5C 17
1AB 1BM 1276 4B 75 5D 101
1AC 384 1BN 104 4C 25 5E 81
1AD 652 1BO 1816 4D 173 5F 97
1AE 72 1BP 7326 4E 19 5G 394
1Af 749 1BQ 48 4F 49 5H 511
1AG 185 1BR 490 4G 8 6A 939
1Al 3224 1BS 237 4H 539 6B 1704
1AJ 80 1BT 127 4 8830 7 342
1AK 5983 1BU 12 4J 246
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CLAIMS
1. A compound of formula |, or a salt, solvate or hydrate thereof,
0] Rs Rs Rs R4
o
7 NS
R7 R1 R2
U
wherein,

R1, R3, R4, Rs and Rs are each independently selected from hydrogen and Cs-3 alkyl;
Rz is selected from hydrogen and Ris;
Xis O or NRg, where Ro is hydrogen or a C+-3 alkyl;
Y1 is a group selected from one of formula A and B,
R"

R *)

R™ (B)

where each R” is independently selected from H or C1.3 alkyl;

Qis CorN;

T is selected from a fused phenyl group and a fused 5- or 6-membered heteroaryl
group, wherein each group is optionally substituted with one or more substituents selected
from halo and C+-3 alkyl; and

R7 and Rs are taken together with the intervening nitrogen atom to form a 3-12
membered heterocycloalkyl ring, wherein the 3-12 membered heterocycloalkyl ring is
optionally substituted with one or more Rio; and/or optionally fused to one or more Ces.12aryl,
Cs-12 heteroaryl, Cs-s cycloalkyl and 3-12 membered heterocycloalkyl rings, wherein each
fused Ce.12aryl, Cs.12 heteroaryl, Cs-s cycloalkyl and 3-12 membered heterocycloalkyl ring is

optionally substituted with one or more Ris;

RECTIFIED SHEET (RULE 91) ISA/EP
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R0 is selected from a group of the formula L+-L2-R11 or Lo-L1-R11, where Ly is a linker of
the formula —[CR12R13].-, where n is an integer of from 0 to 3 and Ri» and Rz are in each
instance each independently selected from H or Cq to C alkyl,

where L is absent or a linker that is selected from O, S, SO, SO,, N(R’), C(0O), C(0)0,
[O(CH2)]s, [(CH2)0Js, OC(O), CH(OR’), C(O)N(R’), N(R")C(O), N(R")C(O)N(R"), SO2N(R’) or
N(R)SO,, where R’ and R” are each independently selected from hydrogen and a Cq to C;
alkyl, and whereris 1 or2and sis 1to 4,

R11 is independently selected from hydrogen, CN, NO,, hydroxyl, =0, halogen, C1.s
haloalkyl, C1.6 haloalkoxy, C1alkyl, O-C1.6 alkyl, Ca. cycloalkyl, Ce.12 aryl, Cs.1> heteroaryl, 3-
10 membered heterocycloalkyl, —C(=0)R¢, —C(=0)ORY, —C(=0)NR°RY, —C(O)C(=0)R¢,
NR°R?Y, —-NR°C(=0)RY, -NR°C(=0)ORY, -NR°C(=O)NR°R¢, —-NR°S(=0)R¢,
NR®S(=0);NR°RY, —OR¢, —SRY, ~OC(=0)R¢, ~OC(=0)NR°R¢, —OC(=0)OR¢, —-S(=0).R¢,
S(=0)R¢, —OS(=0)RY, —0S(=0):R¢, —-0S(=0),0R¢, —-S(=0)NR°R¢, -0S(=0);NR°R¢, and

S(=0)NReRY, wherein, where Ri1 is independently selected from Css cycloalkyl, Ce.12 aryl,

Cs.12 heteroaryl and 3-10 membered heterocycloalkyl, each Csse cycloalkyl, Ce.12 aryl, Cs.12
heteroaryl and 3-10 membered heterocycloalkyl is optionally substituted with one or more Ri4;

each R? and R" is independently selected from hydrogen and Cisalkyl;

each RY is independently selected from hydrogen, hydroxyl, halogen, CN, Cis
haloalkyl, 3-7 membered heterocycloalkyl, Cs.s cycloalkyl, Ci.salkyl, O-Cs.salkyl and Ce.11aryl,
wherein said Ci alkyl, Ce.11 aryl, 3-7 membered heterocycloalkyl and Cas.s cycloalkyl are
optionally substituted with one or more groups selected from hydroxyl, =O, halogen, CN,
COR?, NR®R®, C1.¢ haloalkyl, Css cycloalkyl, Ce.11 aryl, 3-7 membered heterocycloalkyl, Ci.s
alkyl and O-Cq.s alkyl;

each R® is independently selected from hydrogen, hydroxyl, halogen, CN, Cis
haloalkyl, Cs.s cycloalkyl, Ci1salkyl and O-Cisalkyl; or

Re and RY, when attached to the same atom, together with the atom to which they are
attached form a 3-7 membered heterocycloalkyl ring, optionally substituted with one or more
substituent selected from hydroxyl, =O, halogen, CN, COR? NR®R®, Cis haloalkyl, Css
cycloalkyl, Cs.11 aryl, 3-7 membered heterocycloalkyl, C1.6 alkyl and O-C+.s alkyl;

and

R™ is independently selected from halo, CN, NO2, hydroxyl, =O, halogen, Ci.s
haloalkyl, C16 haloalkoxy, Ci.s alkyl, O-C1.6 alkyl, Cas cycloalkyl, Ce.12 aryl, 5-6 membered
heteroaryl, 3-7 membered heterocycloalkyl, CisalkylCes.12aryl, —C(=0)RY, —C(=O)ORY, —
C(=0)NReR¢, —C(0)C(=0)RY, —-NR°R¢, —-NR°C(=0)R¢, -NR*C(=0)OR?, -~NR°C(=0)NR°R¢, —
NReS(=0);R¢, -NR®*S(=0),NR°RY, —OR¢Y, —SRY, —OC(=0)R¢, ~OC(=0)NR°R¢, —OC(=0)OR¢,
-S(=0)R?, -S(=0)RY, -0S(=0)RY, -0S8(=0)R?¢, -0S(=0)0RY, -S(=O)NR°RY, -
0S(=0),NR°R¢, and —S(=0),NR°®R".
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2. A compound according to claim 1, or a salt, solvate or hydrate thereof, wherein X is
NH.
3. A compound according to claim 1, or a salt, solvate or hydrate thereof, wherein X is O.
4. A compound according to any preceding claim, or a salt, solvate or hydrate thereof,

wherein R1, Rs, R4, Rs and Re are each hydrogen.

5. A compound according to any preceding claim, or a salt, solvate or hydrate thereof,
wherein Y1is a group of the formula A.

6. A compound according to any preceding claim, or a salt, solvate or hydrate thereof,

wherein Q is C.

7. A compound according to any preceding claim, or a salt, solvate or hydrate thereof,
wherein T is a fused phenyl which is optionally substituted with one or more substituents

selected from halo and C4 to Cs alkyl.

8. A compound according to any preceding claim, or a salt, solvate or hydrate thereof,
wherein the T is a fused 5- or 6-membered heteroaryl group optionally substituted with one or

more substituents selected from halo and C1 to Cs alkyl.

9. A compound according to any one of claims 1 to 4, or a salt, solvate or hydrate thereof,

wherein Y1 is selected from
R" R R"™ R
\‘N R
R"™ R
R" R and R™

wherein each R and R” is selected from H and C1 to Cs alkyl, and X is S.

10. A compound according to any preceding claim, or a salt, solvate or hydrate thereof,
wherein the 3-12 membered heterocycloalkyl ring formed by R7 and Rs taken together with

the intervening nitrogen atom is a 4-7 membered heterocycloalkyl ring.

11. A compound according to claim 10, or a salt, solvate or hydrate thereof, wherein the

intervening nitrogen atom is the sole heteroatom in the 4-7 membered heterocycloalkyl ring.
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12. A compound according to claim 11, or a salt, solvate or hydrate thereof, wherein the
4-7 membered heterocycloalkyl ring is selected from a pyrrolidinyl, piperidinyl and azepanyl

ring.

13. A compound according to claim 10, or a salt, solvate or hydrate thereof, wherein 4-7

membered heterocycloalkyl ring comprises a second heteroatom.

14. A compound according to claim 13, or a salt, solvate or hydrate thereof, wherein the

second heteroatom is selected from O, S and N.

15. A compound according to claim 14, or a salt, solvate or hydrate thereof, wherein the
5-7 membered heterocycloalkyl ring is selected from a piperizinyl, morpholinyl and diazepanyl

ring.

16. A compound according to any preceding claim, or a salt, solvate or hydrate thereof,
wherein the 3-12 membered heterocycloalkyl ring formed by R; and Rs taken together with

the intervening nitrogen atom is a 4-7 membered heterocycloalkyl ring is unsubstituted.

17. A compound according to any of claims 1 to 15, or a salt, solvate or hydrate thereof,
wherein the 3-12 membered heterocycloalkyl ring formed by Rrs and Rs taken together with
the intervening nitrogen atom is a 4-7 membered heterocycloalkyl ring is substituted with one

or more Ryo.

18. A compound according to claim 17, wherein Ry is independently selected from
hydroxyl, Ci.s alkyl, Ce.12 aryl, Cs.12 heteroaryl and —C(=0)R¢, wherein, where Rq1 is selected
from Ce.12 aryl and/or Cs.12 heteroaryl, the Ce.12 aryl and/or Cs.12 heteroaryl is optionally
substituted with Ri4.

19. A compound according to claim 18, or a salt, solvate or hydrate thereof, wherein R4
is independently selected from Ce.12 aryl and/or Cs.12 heteroaryl that is optionally substituted
with Rya.

20 A compound according to claim 19, or a salt solvate or hydrate thereof, wherein Ry1 is

independently selected from phenyl that is optionally substituted with Rua4.

21. A compound according to any preceding claim, or a salt, solvate or hydrate thereof,
wherein L1 is a linker of the formula [CR12R13]x-, where n is an integer of from 0 to 3, and R12
and Ris are in each instance each independently selected from H or C4 to C, alkyl, and where

L, is absent or a linker that is selected from O.
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22. A compound according to any preceding claim, or a salt, solvate or hydrate thereof,
wherein the 3-12 membered heterocycloalkyl ring formed by Rz and Rs taken together with
the intervening nitrogen atom is fused to one or more Cs.12aryl, Cs.12 heteroaryl, Cs-s cycloalkyl
and 3-12 membered heterocycloalkyl rings, wherein each fused Ce.12aryl, Cs.12 heteroaryl, Cs-

g cycloalkyl and 3-12 membered heterocycloalkyl ring is optionally substituted with Rys.

23. A compound according to claim 22, or a salt, solvate or hydrate thereof, wherein R4

is absent or selected from Ci.3 alkyl, halo or hydroxyl.

24. A compound according to claim 22 or 23, or a salt, solvate or hydrate thereof, wherein
the 3-12 membered heterocycloalkyl ring is fused to one or more Cs.12aryl groups and/or Cs.
12 heteroaryl groups, said Cs.12 aryl groups and/or Cs.12 heteroaryl groups being optionally
substituted with Ru4.

25. A compound according to claim 24, or a salt, solvate or hydrate thereof, wherein the
3-12 membered heterocycloalkyl ring is fused to a phenyl group that is optionally substituted
with R14.

26. A compound according to any one of claims 22 to 25, or a salt, solvate or hydrate
thereof, wherein the 3-12 membered heterocycloalkyl ring is selected from a pyrrolidinyl,

piperidinyl and azepanyl ring.

27. A compound according to any preceding claim, or a salt, solvate or hydrate thereof,
wherein R7 and Rg are taken together with the intervening nitrogen atom to form a 4-7
membered heterocycloalkyl ring, wherein the 4 to 7 membered heterocycloalkyl ring is
(i) unsubstituted, or either
(i) substituted with at least one R1o, where Ry is L1-L2-R11 or Lo-L1-R11, where L1
is a linker of the formula —-[CR12R13]»-, where n is an integer of from 0 to 3 and
R12 and Rs3 are in each instance each independently selected from H or C4 to
C> alkyl, and where L; is absent or a linker that is selected from O, C(O) or
N(R’), where R’ is H or C4 to C; alkyl, and R4 is -S(=0)2Rq¢, Ce-12 aryl (e.g.
phenyl), 3 — 10 membered heterocycloalkyl or Cs.12 heteroaryl, wherein the Ce.
12 aryl, 3 — 10 membered heterocycloalkyl and/or Cs.12 heteroaryl is optionally
substituted with one or more R14; and/or
(iii) fused to at least one Cs.12 aryl (e.g. phenyl), or Cs.12 heteroaryl; wherein the

Cs-12 aryl and/or Cs.12 heteroaryl is optionally substituted with one or more Rys.
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28. A compound according to any one of the preceding claims, or a pharmaceutically
acceptable salt, hydrate or solvate thereof, wherein the compound is not any of the following
compounds:
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30. A pharmaceutical composition which comprises a compound according to any one of
claims 1 to 29, or a pharmaceutically acceptable salt, hydrate or solvate thereof, and one or

more pharmaceutically acceptable excipients.

31. A compound according to any one of claims 1 to 29, or a pharmaceutically acceptable
salt, hydrate or solvate thereof, or a pharmaceutical composition according to claim 30, for

use in therapy.

32. A method of treating or preventing a PRMT5-mediated disorder, said method
comprising administering to a subject in need thereof an effective amount of a compound
according to any one of claims 1 to 29, or a pharmaceutically acceptable salt, hydrate or

solvate thereof, or a pharmaceutical composition according to claim 30.
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33. A method of treating a proliferative disorder, said method comprising administering to
a subject in need thereof an effective amount of a compound according to any one of claims
1 to 29, or a pharmaceutically acceptable salt, hydrate or solvate thereof, or a pharmaceutical

composition according to claim 30.

34. A method of treating a cancer, said method comprising administering to a subject in
need thereof an effective amount of a compound according to any one of claims 1 to 29, or a
pharmaceutically acceptable salt, hydrate or solvate thereof, or a pharmaceutical composition

according to claim 30.

35. A method of inhibiting the activity of PRMTS in vivo or in vitro, said method comprising
administering to a subject in need thereof a therapeutically effective amount of a compound
according to any one of claims 1 to 29, or a pharmaceutically acceptable salt, hydrate or

solvate thereof, or a pharmaceutical composition according to claim 30.

36. A method of altering gene expression in a cell which comprises contacting a cell with
an effective amount of a compound according to any one of claims 1 to 29, or a
pharmaceutically acceptable salt, hydrate or solvate thereof, or a pharmaceutical composition

according to claim 30.
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