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Title: MAP4K4 INHIBITORS

(57) Abstract: This invention relates to pyrrolopyrimidine comprising compounds that

R3
1
L1’Z\|_2,R1

may be useful as inhibitors of Mitogen-activated Protein Kinase Kinase Kinase Kinase-4
(MAP4K4). The invention also relates to the use of these pyrrolopyrimidine comprising com-
pounds, for example in a method of treatment. There are also provided processes for produc-
ing compounds of the present invention and method of their use. In particular, the present
invention relates to compounds of formula (I).



10

15

20

25

30

35

WO 2019/073253 PCT/GB2018/052936

MAP4K4 Inhibitors

[0001] This invention relates to compounds that may be useful as inhibitors of Mitogen-activated
Protein Kinase Kinase Kinase Kinase-4 (MAP4K4). The invention also relates to the use of these
compounds, for example in a method of treatment. There are also provided processes for producing
compounds of the present invention and method of their use. In particular, the present invention

relates to compounds of formula (1).
BACKGROUND

[0002] Heart disease remains the single commonest cause of death and disability worldwide and
is projected to increase as the population ages, its socio-economic burden consequently rising for
the foreseeable future. Cardiac muscle cell death is an instrumental component of both acute
ischemic injury and also chronic heart failure. In preclinical models, the molecular and genetic
dissection of cardiac cell death suggests potential nodal control points_ENREE 8, among them,
signaling pathways controlled by mitogen-activated protein kinases (MAPKS), especially Jun N-
terminal Kinase (JNK) and p38 MAPK (Dorn, 2009; Fiedler et al., 2014; Rose et al., 2010; Whelan
et al., 2010). Directly suppressing cardiomyocyte death is logical; however, no clinical counter-

measures target the relevant intracellular pathways. Furthermore, to date few human trials for heart

strategies have failed (Hausenloy and Yellon, 2015; Heusch, 2013; Newby et al., 2014a; Piot et al.,
2008).

[0003] Human induced pluripotent stem cell-derived cardiomyocytes (hiPSC-CM) have already
gained wide acceptance as predictive in the case of cardiotoxicity and patient-specific pathways,

and provide a potentially transformative means to enhance target validation and improve cardiac

drug discovery (Bellin et al., 2012; Blinova et al., 2017; Mathur et al., 2015; Matsa et al,,

2014)_ENREF_14.

[0004] Because the “terminal” MAPKs p38 and JNK receive inputs from multiple signals, both
protective and adverse, it is logical to consider targeting specific proximal kinases that might couple
these MAPKSs to cell death more selectively. MAP kinase kinase kinase kinases (MAP4Ks) are the
most proximal protein kinases in the MAPK superfamily. MAP4K4 (HPK/GCK-like Kinase [HGK];
NCK-Interacting Kinase [NIK]) is a serine-threonine kinase related to Ste20 in S. cerevisiae. Like
their yeast orthologue, the mammalian Ste20 kinases control cell motility, fate, proliferation and
stress responses (Dan et al., 2001). With the cloning of human MAP4K4 came the first such
evidence, namely, a key role coupling pro-inflammatory cytokines to JNK (Yao et al., 1999).
MAP4K4 is now appreciated as a mediator of inflammation, cytoskeletal function, and, notably, cell
death, with well-established contributions to cancer and diabetes (Chen et al., 2014, Lee et al.,
2017a; Miled et al., 2005; Vitorino et al., 2015; Yang et al., 2013; Yue et al., 2014).

[0005] A pathobiological role for MAP4K4 has been suggested by its engagement of transforming
growth factor-p-activated kinase-1 (TAK1/MAP3K7), JNK (Yao et al., 1999) and p38 MAPK (Zohn et
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al., 2006), these downstream MAPKs all having reported pro-death functions in cardiac muscle cells
(Fiedler et al., 2014; Jacquet et al., 2008; Rose et al., 2010; Zhang et al., 2000). By contrast, the
Raf-MEK-ERK pathway is cardioprotective (Fiedler et al., 2014, Lips et al., 2004; Rose et al., 2010).

[0006] Mitogen-activated Protein Kinase Kinase Kinase Kinase-4 (MAP4K4) is activated in failing
human hearts and relevant rodent models. Using human induced pluripotent stem cell-derived
cardiomyocytes (hiPSC-CM), we demonstrate that death induced by oxidative stress requires
MAP4K4. Notably, gene silencing by means of MAP4K4 short hairpin RNA confers protection to
hiPSC-CMs. Thus, we demonstrate MAP4K4 to be a relevant target in cardiac injury.

[0007] Certain embodiments of the present invention aim to provide pharmacological MAP4K4
inhibitors. An aim of the present invention is to rescue cell survival, mitochondrial function, and
calcium cycling in cardiomyocytes. The present invention specifically aims to suppress human
cardiac muscle cell death. The present invention further has the aim of reducing injury during “heart
attacks” (ischemic injury or ischemia-reperfusion injury) for example in the adult human heart.
Certain embodiments of the present invention provide selective modulation of MAP4K4 over other
kinases and biological targets. In certain embodiments, the compounds of the present invention
provide selectivity towards MAP4K4 over the kinases listed in Table 34, presented in the
experimental section. Certain embodiments seek to achieve one or more of the aims discussed
herein.

[0008] The present invention provides pharmacological inhibitors of MAP4K4, and demonstrates
that inhibiting MAP4K4 effectively protects both the intact adult myocardium and, specifically,
cardiomyocytes from injury. Further suggested functions of MAP4K4 in disease and, hence,
therapeutic indications for a MAP4K4 inhibitor, include neurodegeneration and skeletal muscle
disorders (Loh et al., 2008; Yang et al., 2013; Schroder et al., 2015; Wang et al., 2013).

BRIEF SUMMARY OF THE DISCLOSURE

[0009] In accordance with the present inventions there is provided a compound of formula (I) or a

pharmaceutically acceptable salt thereof:

R3
1
L1’Z\|_2/R1
R
| »
N Z
z” Y
o}
4 2
R LS—Z\L4’R2

wherein

Wis CH or N;
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either XisNandYisC,orYisNand X is C;
Zis either H or -CH20P(=0)(OH)z;

L' and L® are independently selected from a bond, -(CR?R?)m-, -O(CR?R?)m- or -NH(CR?R?)m-,
wherein m is at each occurrence independently selected from 1, 2, 3, or 4,

Z'is a bond, -NR%2-, -O-, -C(O)-, -SO2-, -SO:NR%-, -NR52S0;-, -C(O)NR%-, -NR%*C(0)-, -C(0)O-,
or -NR%C(O)NR%-:
Z2is a bond, -NR®-, -O-, -C(O)-, -SO2-, -SO:NRS-, -NR%2S0,-, -C(O)NR%-, -NR*C(O)-, or -C(O)O-

L2 and L* are independently either a bond or -(CR°R%,-, wherein n is at each occurrence

independently selected from 1, 2, 3, or 4;

R'is selected from H, halo, Cis alkyl, C26 alkenyl, Cis haloalkyl, -NR®R® -OR® -OP(=0)(OH)2, -

C(O)R®2, 5 or 6 membered heteroaryl rings, or 3 to 8 membered heterocycloalkyl ring systems,

wherein the heteroaryl and heterocycloalkyl rings are unsubstituted or substituted with 1
or 2 groups selected from: oxo, halo, OR®?, Ci.6 alkyl, Cis alkyl substituted with NR®R8®,
C1 alkyl substituted with OR®?, -C(O)R7, and -NR8C(O)R’;

R? is selected from H, halo, C1.s alkyl, C2.6 alkenyl, Cis haloalkyl, -NR®R® -OR® -OP(=0)(OH)2, -
C(O)R®, -NR®*C(O)O-C1.6 alkyl, phenyl, 5 or 6 membered heteroaryl rings, or 3 to 8 membered

heterocycloalkyl ring systems,

wherein the phenyl, heteroaryl and heterocycloalkyl rings are unsubstituted or substituted
with 1 or 2 groups selected from: oxo, halo, OR®, Cis alkyl, C1.s alkyl substituted with
NR®R® C1. alkyl substituted with OR® -C(O)ORS, and -NR2C(O)R’;

R® and R* are independently selected from H, halo, -CN and Cis alkyl;
R® and R*" are independently selected at each occurrence, from: H, C1.s alkyl, or Cs.s cycloalkyl;

R® and R®" are, independently selected at each occurrence, from: H, C16 alkyl, C16 alkyl
substituted with -OR®, C1. alkyl substituted with -NR®R', and Css cycloalkyl;

R’ is selected from H, -OR9, C1.s alkyl and Cs.s cycloalkyl;
R8 is selected from H and Cis alkyl;

R?, RP, R® and R are, at each occurrence, independently selected from: H, halo, C1. alkyl, and -
OR" or R? and R” or R® and R taken together with the atom to which they are attached form a 3 to
6 membered cycloalkyl ring or a 3 to 6 membered heterocycloalkyl ring containing1 or2 O, Nor S

atoms, wherein the cycloalkyl ring is unsubstituted or substituted with 1 or 2 halo groups; and
Re, Rf, R% and R" are each independently selected at each occurrence from H or Ci.s alkyl,

with the proviso that the compound of formula (1) is not a compound selected from:
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5 [0010] In an embodiment of the present invention the compound of formula (I) is a compound
according to formula (I') or a pharmaceutically acceptable salt thereof:
R3

1-2"

L \LZ,R1

(1
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wherein
either XisNandYisC,orYisNand X is C;

L' and L® are independently selected from a bond, -(CR?R?)m-, -O(CR?R?)m- or -NH(CR?R?)m-,
wherein m is at each occurrence independently selected from 1, 2, 3, or 4,

Z'is a bond, -NR%2-, -O-, -C(O)-, -SO2-, -SO:NR%-, -NR52S0;-, -C(O)NR%-, -NR%*C(0)-, -C(0)O-,
or -NR%C(O)NR%-:

Z2is a bond, -NR®-, -O-, -C(O)-, -SO2-, -SO:NRS-, -NR%2S0,-, -C(O)NR%-, -NR*C(O)-, or -C(O)O-

L2 and L* are independently either a bond or -(CR°R%,-, wherein n is at each occurrence

independently selected from 1, 2, 3, or 4;

R'is selected from H, halo, C1s alkyl, C26 alkenyl, Cis haloalkyl, -NR®R®" -OR® -C(O)R®?, 5 or 6

membered heteroaryl rings, or 3 to 8 membered heterocycloalkyl ring systems,

wherein the heteroaryl and heterocycloalkyl rings are unsubstituted or substituted with 1
or 2 groups selected from: C1.s alkyl, oxo, halo, OR®?, Ci alkyl, C1s alkyl substituted with
NR®R® C1. alkyl substituted with OR®?, -C(O)R’, and -NR8C(O)R’;

R? is selected from H, halo, C1 alkyl, C2s alkenyl, Cis haloalkyl, -NR®R®" -OR?® -C(O)R®?, -
NR3*C(0)O-C1 alkyl, phenyl, 5 or 8 membered heteroaryl rings, or 3 to 8 membered

heterocycloalkyl ring systems,

wherein the phenyl, heteroaryl and heterocycloalkyl rings are unsubstituted or substituted
with 1 or 2 groups selected from: oxo, halo, OR®, Cis alkyl, C1.s alkyl substituted with
NR®R® C1. alkyl substituted with OR® -C(O)ORS, and -NR2C(O)R’;

R® and R* are independently selected from H, halo, -CN and Cis alkyl;
R®2 and R*" are independently selected at each occurrence, from: H, C1.s alkyl, or Cs.s cycloalkyl;

R® and R®" are, independently selected at each occurrence, from: H, C16 alkyl, C16 alkyl
substituted with -OR®, C1. alkyl substituted with -NR®R', and Css cycloalkyl;

R’ is selected from H, -OR9, C1.s alkyl and Cs.s cycloalkyl;
R8 is selected from H and Cis alkyl;

R?, RP, R® and R are, at each occurrence, independently selected from: H, halo, C1. alkyl, and -
OR" or R? and R” or R® and R taken together with the atom to which they are attached form a 3 to
6 membered cycloalkyl ring or a 3 to 6 membered heterocycloalkyl ring containing1 or2 O, Nor S

atoms, wherein the cycloalkyl ring is unsubstituted or substituted with 1 or 2 halo groups; and
Re, Rf, R% and R" are each independently selected at each occurrence from H or Ci1.s alkyl,
with the proviso that the compound of formula (I) is not a compound as defined above.

[0011] In embodiments the compounds of the invention have the proviso that when Y is N and X
is C then -L3-Z2-L*-R? cannot be OMe when -L'-Z'-L2-R" is H and
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when X is N and Y is C then -L'-Z'-L2-R" cannot be H, halo, methyl, trifluoromethyl, OMe, OEt, -
OCH2CH2NHCH2CH20H, -SO2NH>, or SO2NMe2 when -L3-Z2-L*-R? is H, halo, methyl, or OMe.

[0012] In embodiments the compounds of the invention have the proviso that when Y is N, X is
C,Wis N, R®is H and R*is H then -L3-Z2-L*-R? cannot be OMe when -L'-Z'-L2-R" is H and

when Xis N, Yis C, Wis N, R®is H and R*is H then -L'-Z'-L-R" cannot be H, halo, methyl,
trifluoromethyl, OMe, OEt, -OCH2CH2NHCH2CH20OH, -SO2NH-, or SO2NMe2 when -L3-Z%-L*-R? is H,
halo, methyl, or OMe.

[0013] In embodiments the compounds of the invention have the proviso that (optionally if R® is H
and R*is H then) -L'-Z'-L2-R" and -L3-Z2-L*-R? cannot be selected from the following definitions at

the same time:
-L'-Z'-L2-R" cannot be selected from: H, halo, C1.s alkyl, -SO2NR®R®®, or -O-C1.¢ alkyl; and
-L3-Z2-L*-R? cannot be selected from: H, halo, C1.s alkyl, -SO2NR®R®, or -O-C1.s alkyl.

[0014] The dotted bonds in formula (1) represent the possibility for a double bond to be present.
As the skilled person will appreciate both dotted bonds cannot represent a double bond at the same
time; one dotted bond will be a double bond whilst the other bill be a single bond. The double bond
will originate from X or Y when X or Y is C. For the avoidance of doubt, compounds of formula (I)
may be compounds of formulae (la) or (Ib) which demonstrate the two possible configurations for

the dotted bonds in formula (I):

(Ib)

[0015] In embodiments L' is represented by a bond or -CHo-.

[0016] In embodiments Z'is a bond, -O-, -C(O)-, -SO2-, or -NR%C(O)-.

[0017] In embodiments L? is bond, -CHz-, -CH2CH2-, -(CH2)3-, -CH2CH(OH)CHz2- or
o .

[0018] In embodiments R is selected from H, halo, C1s alkyl, C26 alkenyl, C1s haloalkyl, -

NR®RS -OR® 5 or 6 membered heteroaryl rings, or 3 to 8 membered heterocycloalkyl ring
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systems (optionally 4, 5 or 6 membered), wherein the heteroaryl and heterocycloalkyl rings are

unsubstituted or substituted with 1 or 2 groups selected from: C1.s alkyl, -OR®? and oxo.

[0019] In embodiments L' is represented by a bond or -CHz-; Z' is a bond, -O-, -C(O)-, -SO>-, or -
NRS52C(0)-; L2 is bond, -CHz-, -CH2CH2-, -(CHz2)3-, -CH2CH(OH)CHa- or

o) :and R' is selected from H, halo, C1.s alkyl, C2- alkenyl, -NR®R®" -OR®2, 5 or 6
membered heteroaryl rings, or 3 to 8 membered heterocycloalkyl ring systems (optionally 4, 5 or 6

membered), wherein the heteroaryl and heterocycloalkyl rings are unsubstituted or substituted with

1 or 2 groups selected from: Cis alkyl, -OR®? and oxo.

[0020] In embodiments L' is represented by a bond.

[0021] In embodiments Z' is represented by a bond or -O-.

[0022] In embodiments L?is a bond, -CHz-, -CH2CHa-, -(CH2)3-, or -CH2CH(OH)CHa-.

[0023] In embodiments R is selected from H, halo, C1s alkyl, -NR®R®" or -OR®. Optionally, R®

and R® may be independently selected from: H or C1.s alkyl.
[0024] In embodiments R' is H, -CF3, CHF2, F, -OH, or -NMe:.

[0025] In embodiments L' is represented by a bond; Z' is represented by a bond or -O-; L? is
bond, -CH>-, -CH2CHa-, -(CH2)3-, or -CH>2CH(OH)CH>-; and R' is selected from H, halo, -NR®R®", or
-OR®, Optionally, R® and R® may be independently selected from: H or C1.6 alkyl, optionally R is
H, -CFs, CHF2, F, -OH, or -NMe:.

[0026] In embodiments R®is H, F, or CN.
[0027] In embodiments L? is represented by a bond or -CHo-.
[0028] In embodiments Z? is a bond, -NR%-, -O-, -C(O)-, or -NR%C(O)-.

[0029] In embodiments L* is represented by a bond, -CHz-, -CH2CHz-, -CH2C(Me)2-, -
CH(Me)CHz- -CH2CH2C(Me)2-, -(CH2)3-, -CH2CH(OH)CHz-, -CH2CH(OMe)CHz-, -CH2CH(Me)--
CH2CH(OH)CH(OH)- , -CH2CH2CH(OH)-, -CF2CH2-, -CH2CH(CH3)2CHz2-, -CH2CH(OH)C(Me)2-, or

[0030] In embodiments R?is selected from: H, halo, C1s alkyl, C26 alkenyl, -NR®R®", -OR®?, -
C(O)R®, -NR®*C(O)O-C1.6 alkyl, and 3 to 8 membered heterocycloalkyl ring systems,
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wherein the heterocycloalkyl rings are unsubstituted or substituted with 1 or 2 groups
selected from: oxo, halo, OR®?, Cis alkyl, Cis alkyl substituted with NR®R®, C1.¢ alkyl substituted
with OR®?, -C(O)R’, and -NR2C(O)R".

[0031] In embodiments L? is represented by a bond or -CHz-; Z? is a bond, -NR%"-, -O-, -C(O)-, or
-NR®3C(O)-; L* is represented by a bond, -CH>-, -CH2CH>-, -CH2C(Me)2-, -CH2CH2C(Me)2-, -(CH2)z-,
-CH2CH(OH)CH2- or -CH2CH(OMe)CH:-; and R? is selected from: H, halo, Ci alkyl, C2s alkenyl, -
NR®R® -OR®2, -C(O)R®?, -NR**C(O)O-C1s alkyl, and 3 to 8 membered heterocycloalkyl ring

systems,

wherein the heterocycloalkyl rings are unsubstituted or substituted with 1 or 2 groups
selected from: oxo, halo, OR®®, Cis alkyl, Cis alkyl substituted with NR®R®, C1.¢ alkyl substituted
with OR®?, -C(O)R’, and -NR2C(O)R".

[0032] In embodiments L? is represented by a bond.
[0033] In embodiments Z2is a bond or -O-.

[0034] In embodiments L* is represented by a bond, -CH2CHz-, -CH2CH(OH)CH-
, “CH2CH2C(Me)2-, or -(CHz)3-.

[0035] In embodiments R? is selected from: -OR®?, -OP(=0)(OH)2, -NR®R® and 3 to 8
membered heterocycloalkyl ring systems wherein the heterocycloalkyl rings are unsubstituted or
substituted with 1 or 2 groups selected from: oxo, OR®®, Cis alkyl, C1s alkyl substituted with
NR®R® and C1 alkyl substituted with OR®2. Optionally, R®® and R® may be independently

selected from: H or C1 alkyl.

[0036] In embodiments L? is represented by a bond; Z2 is a bond or -O-; L* is represented by a
bond, -CH2CH>-, -CH2CH(OH)CHa-, -CH2CH2C(Me)2-, or -(CH2)s-; and R? is selected from: -OR®?, -
OP(=0)(OH)2, -NR®R® and 3 to 8 membered (optionally 5 or 6 membered) heterocycloalkyl ring
systems wherein the heterocycloalkyl rings are unsubstituted or substituted with 1 or 2 groups
selected from: oxo, OR®?, C1.6 alkyl, C1.s alkyl substituted with NR®?R®, and C1.s alkyl substituted
with OR®2. Optionally, R® and R® may be independently selected from: H or C1.s alkyl.

[0037] In embodiments the 1 or 2 substituents on the heterocycloalkyl rings of R? is
independently selected from: oxo, methyl, ethyl, OH, OMe, -CH>C(Me)20OH, -ethyl substituted with
OH, and ethyl substituted with NMe-:.

[0038] In embodiments R?is selected from: H, Me, -OP(=0)(OH)2, -OMe, -OH, -OEt, -NH, -
NHMe, -NMe2, -NHC(O)O-tert-butyl, imidazolyl, morphonlinyl, N-methyl-piperazinyl, pyrrolidinone,
piperidinone, imidazolidinone, N-methyl imidazolidinone, azetidinyl, N-methyl azetidinyl,

morphlinone, or
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[0039] In embodiments L? is represented by a bond; Z2 is a bond or -O-; L* is represented by a
bond, -CH2CH2-, -CH2CH(OH)CH2-, -CH2CH2C(Me)2-, or -(CH2)s-; and Rz is selected from: H, Me, -
OP(=0)(OH)2, -OMe, -OH, -OEt, -NH:, -NHMe, -NMe2, -NHC(O)O-tert-butyl, imidazolyl,
morphonlinyl, N-methyl-piperazinyl, pyrrolidinone, piperidinone, imidazolidinone, N-methyl

imidazolidinone, azetidinyl, N-methyl azetidinyl, morphlinone, or

HO —0
o O
N\/\N/ N\/\OH "{
o) ! w{ o
~N O/:\S QN/Y
W AW BN '

wherein the heterocycloalkyl rings are unsubstituted or substituted with 1 or 2 groups selected from:
oxo, methyl, ethyl, OH, OMe, -ethyl substituted with OH, and ethyl substituted with NMe:.

[0040] In embodiments compounds of formula (I) may be compounds of formulae (lla) or (lIb):
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R3
R11
- -
N Y
Z
(@]
4 4
R R12 R R12
(lla) (Ilb)

wherein

R'" is selected from: H, halo, C1s alkyl, -O-C1.s haloalkyl, C2. alkenyl, -(CH2)oRY, -(CH2)sNR?R®?, -
(CH2)6OR?, -(CH2)6S02R®, -(CH2)6S02NRE?RE, -(CH2)oC(O)NRZRE?, -(CR?R?),OP(=0)(OH)2 or -
(CH2)sC(O)OR?,

RY is selected from 5 or 6 membered heteroaryl rings or 5 or 6 membered heterocycloalkyl rings,

wherein the heteroaryl and heterocycloalkyl rings are unsubstituted or substituted with 1 or 2
groups selected from: oxo, halo, OR®?, C1.¢ alkyl, C1.s alkyl substituted with NR®R®", C1 alkyl
substituted with OR®?, -C(O)R’, and -NR®C(O)R’;

RZ is selected from H, C1.6 alkyl, -C(O)R®, -C(O)OR®?, -C(0)(CR?R"),NR®*R®, (CR2RP),0R®,
(CR2R?),NR%2R®, (CR?R?),RY: and

RV is selected from 3 to 8 membered heterocycloalkyl ring systems, wherein the heterocycloalkyl

ring is unsubstituted or substituted with 1 or 2 groups selected from: oxo, C1.s alkyl or halo, and

R'2 is selected from: H, halo, C1.s alkyl, C2s alkenyl, -(CH2)oR"?, -(CH2)oNR??R®3, -(CH2),OR??, -
(CH2)oC(O)NR?#2R® -(CR?RY),OP(=0)(OH)2 or -(CH2),C(O)OR??,

RY2 is selected from 5 or 6 membered heteroaryl rings or 5 or 6 membered heterocycloalkyl rings,

wherein the phenyl, heteroaryl and heterocycloalkyl rings are unsubstituted or substituted
with 1 or 2 groups selected from: oxo, halo, OR®, Cis alkyl, C1.s alkyl substituted with
NR®R® C1. alkyl substituted with OR® -C(O)OR?, and -NR2C(O)R’;

RZ is selected from H, C1 alkyl, -C(O)R®, -C(O)ORE2, -C(O)(CR?R?),NR%*R®, (CR?R"),OR®?,
(CR2R?),NR%?R®, (CR2R?),RY2 or -C(O)(CR?R),RV2:

RY? is selected from 3 to 8 membered heterocycloalkyl ring systems, wherein the heterocycloalkyl
ring is unsubstituted or substituted with 1 or 2 groups selected from: oxo, halo, C1.s alkyl, C1 alkyl
substituted with NR®R®®, or C1. alkyl substituted with OR®?:

o is selected from 0, 1, 2 or 3; and
p is selected from 0, 1, 2 or 3.

[0041] In embodiments L'-Z'-L?-R" is R"". Equally, R'* may represent L'-Z'-L>-R".
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[0042] In embodiments L3-Z%-L*-R? is R'2. Equally, R'?> may represent L3-Z2-L*-R?.

[0043] The skilled person will recognise that L'-Z'-L2-R" or R are substituted on to a phenyl
ring. The phenyl ring is also substituted by the bicyclic ring that contains Y and X. Substitution of
the -L'-Z'-L2-R" or R"" group on the phenyl ring is defined relative to the bicyclic ring containing Y

5 and X. As such, L'-Z'-L2-R" or R"" may be substituted at the 2, 3 or 4 position of the phenyl ring
(also referred to as the ortho, meta or para positions respectively).

[0044] Preferably, the -L'-Z'-L2-R" or R"" is substituted at the 3 or 4 position of the phenyl ring.

Accordingly, compounds of formula () may be compounds of formulae (llla), where R (or -L'-Z'-

L2-R" in place of R"") is substituted at the 4 position, or (lllb), where R"" (or -L'-Z'-L2-R" in place of
10 R™) is substituted at the 3 position:

R11
R3 R3 R
W X W X
7y Uy
N y N
z” Y z” Y
o) o)
R4 R12 R4 R12
(llla) (llb)

[0045] Equally, the skilled person will recognise that -L*-Z%-L*-R? or R'? are substituted on to a

phenylring. The phenyl ring is also substituted by the bicyclic ring that contains Y and X.

Substitution of the -L3-Z2-L*-R? or R'? group on the phenyl ring is defined relative to the bicyclic ring
15  containing Y and X. As such, -L3-Z2-L*-R? or R'?> may be substituted at the 2, 3 or 4 position of the

phenyl ring (also referred to as the ortho, meta or para positions respectively).

[0046] Preferably, the -L*-Z%-L*-R? or R'? is substituted at the 3 or 4 position of the phenyl ring.

Accordingly, compounds of formula (I) may be compounds of formulae (IVa), where R'? (or -L3-Z2-

L*R? in place of R'?) is substituted at the 4 position, or (IVb), where R'? (or -L3-Z?-L*-R? in place of
20  R") is substituted at the 3 position:

R3 R3
R11 R11
W _x W.
“T Y “T Y
N ’ N g
z” Y z” Y
0 o)
R4 R4 R12

(Iva) R'? (IVb)
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[0047] In embodiments -L'-Z'-L2-R" or R" is selected from: H, halo, -OR®?, -(CR?R")-5 or 6
membered heteroaryl rings, -S02-C16 alkyl, -C(O)OR®, -C(O)NR®R®, -O(CR?R"),-NR®R®,

and -O(CR?R")»-3 to 8 membered heterocycloalkyl ring, wherein the heteroaryl and heterocycloalkyl
rings are unsubstituted or substituted with 1 or 2 groups selected from: C1.s alkyl, oxo or halo.
Optionally, -L3-Z2-L*-R? or R'? may also be H.

[0048] In embodiments -L'-Z'-L2-R" or R'! is selected from: H, halo, -OR®?, -O-C1.6 haloalkyl, -
(CR?RY),-5 or 8 membered heteroaryl rings, -(CR?R")¢-5 or 6 membered heteroaryl rings, -S02-C16
alkyl, -C(O)OR®, -C(O)NR®R®" -NR®C(0O)R®, -(CH2),SO2NR®?RE, -O(CR¥RP);,-NR®R®?,

and -O(CR?R")»-3 to 8 membered heterocycloalkyl ring, -C(O)-3 to 8 membered heterocycloalkyl
ring, wherein the heteroaryl and heterocycloalkyl rings are unsubstituted or substituted with 1 or 2

groups selected from: C1 alkyl, oxo, OR®, or halo. Optionally, -L3-Z2-L*-R? or R'? may also be H.
[0049]

[0050] Preferably, in embodiments -L'-Z'-L?-R" or R'! is selected from: H, halo, -(CR?R®)nOR®?, -
OR®, and -O(CR*R")m-NR®R®®,

[0051] Optionally, -L'-Z'-L%-R" or R is selected from: halo, -(CR?R")mOR®?, -OR®3,
and -O(CR?R®)»-NR®R8: and -L3-Z2-L*-R? or R'? are H.

[0052] In embodiments -L3-Z-L*-R? or R'? is selected from: halo, C1s alkyl, C2s alkenyl, -CN, -
OR® -NR®R®® -(CR*R")m-phenyl, -(CR*R"m-5 or 6 membered heteroaryl

rings, -(CR?R?)mNR®R®, -(CR?R?)mORS, -(CR?R?)nOC(O)RE®, -

(CR?RY)C(O)OR®, -(CR?R?)»C(O)NRERE®, -(CR?R?)mNR52C(0)-Ci.6

alkyl, -(CR2R?)mNR%2C(O)OR®2, -O(CR?R),OR?, -O(CR?R?),NR*C(0)OC12 alkyl, 3 to 8 membered
heterocycloalkyl ring, -O(CR?R):-3 to 8 membered heterocycloalkyl ring, -O(CR?RP),-NR8R®, -
NR%(CR°RY,0R®, -C(O)NR¥R®, -NR*®C(0)-C1.6 alkyl, -NR®C(O)(CR°R¢),NR®R®®, -
NR3*C(O)(CR°R%,OR®, and -NR**C(O)(CR°R%n-3 to 8 membered heterocycloalkyl ring,

wherein the phenyl, heteroaryl and heterocycloalkyl rings are unsubstituted or substituted with 1 or
2 groups selected from: oxo, halo, OR®, Cis alkyl, C1.s alkyl substituted with NR®?R®", C1.6 alkyl
substituted with OR®?, -C(O)R’, and -NR2C(O)R’. Optionally, - L'-Z'-L2-R" or R'' may be H.

[0053] Preferably, in embodiments -L3-Z2-L*-R? or R'? is selected from: -

: -O(CR?RY,0OR®%?; -O(CR?R),-NR®R®"; 3 to 8 membered heterocycloalkyl ring substituted with 1 or
2 groups selected from: oxo, C1.s alkyl, C2.6 alkenyl, Ci6 alkyl substituted with NR®R®® or Ci alkyl
substituted with OR®; -O(CR?R"):-3 to 8 membered heterocycloalkyl ring substituted with 1 or 2

groups selected from: oxo, or C1s alkyl. Optionally, - L'-Z'-L?-R" or R"" may also be H.

[0054] In embodiments L'-Z'-L%-R" or R"" is selected from. H, F, -OMe, -C(O)OH, -C(O)OEt, -
C(O)NHMe, -C(O)NHz, -SO2Me, -CHz-imidazolyl -O(CHz)sNMez, -OCHa-pyrolidinyl, -OCHa-N-
methylpyrolidinyl, -O(CHz)s-morpholinyl, or -OCH2CH(OH)CHz-morpholinyl.

[0055] In embodiments L'-Z'-L2-R" or R"" is selected from. H, Me, CI, F, -OMe, -CH20H, -OH,
OCF3, OCHF2, -OCH2C(Me)20P (=0)(OH)2, -OCH2CH2C (Me)20P(=0)(OH)z, -C(O)OH, -C(O)OEt, -
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C(O)NHMe, -C(O)NHz, -SO:2Me, -SO2NH2, -C(O)NH2, -NHC(O)Me, -C(O)NMez, -C(O)-N-methyl
piperazinyl, -O(CH2)20OH, -CHz-imidazolyl -O(CH2):NMez, -OCHz-pyrolidinyl, -OCH.-/-
methylpyrolidinyl, -O(CHz)s-morpholinyl, -OCH2CH(OH)CH2-morpholinyl or

O
haas wzfi e

[0056] In embodiments L'-Z'-L2-R" or R is selected from H, -CN, -C(O)OH, -C(O)OEt, -
O(CHz2)sNMez, -OCH2-pyrolidinyl, -OCH2-N-methylpyrolidinyl, -O(CHz)s-morpholinyl, or -
OCH2CH(OH)CHz-morpholinyl. Optionally, L'-Z'-L2-R" or R'" has the definition in the preceding
sentence when X is C and Y is N.

[0057] In embodiments L'-Z'-L2-R" or R"" is selected from H, -CH20H, -OCF3, -OCHF>, -
SO2NHz, -C(O)OH, -C(O)OEt, -C(O)NH2, -NHC(O)Me, -O(CH2)20H, -O(CH2)sNMe2, -OCH>-
pyrolidinyl, -OCHz-N-methylpyrolidinyl, -O(CHz)s-morpholinyl, or -OCH2CH(OH)CHz-morpholinyl or

O
haas wzfi Gk

[0058] . Optionally, L'-Z'-L2-R" or R'! has the definition in the preceding paragraph when X is C
and Y is N. For example, in embodiments where the compounds are compounds of formula (Ib), L'-

Z'-L2-R" or R" is selected from the groups recited in this paragraph.

[0059] In embodiments -L'-Z'-L2-R" or R"" is selected from H, F, -OMe, -C(O)OH, -C(O)NHMe, -
C(O)NHz2, -SO2Me, or -CHz-imidazolyl. Optionally, L'-Z'-L2-R" or R"" is selected from F, OMe, -
C(O)OH, -C(O)NHMe, -C(O)NHsz, - SO:Me, or -CHz-imidazolyl, when X is N and Y is C.

[0060] In embodiments -L'-Z'-L2-R" or R"" is selected from H, F, -OMe, -C(O)OH, -C(O)NHMe, -
C(O)NHz2, -C(O)NMe>, -SO:Me, -C(O)-N-methyl piperazinyl, or -CHz-imidazolyl. Optionally, L'-Z'-L2-
R' or R" is selected from F, OMe, -C(O)OH, -C(O)NHMe, -C(O)NHz, - SO2Me, or -CHz-imidazolyl,
when Xis N and Y is C. For example, in embodiments where the compounds are compounds of

formula (la) L'-Z'-L2-R" or R"" is selected from the groups recited in this paragraph.

[0061] In embodiments -L3-Z2-L*-R? or R'2 is selected from: H, F, Cl, -OMe, CN, methyl, NHz, -
CHz-phenyl, -CHz-imidazolyl, -CH2NH2, -CH2NMez, -CH2NHMe, -CH2NHC(O)Me, -
CH2N(Me)C(0)Ot-Bu, -CH20H, -CH2CH20H, -CH2CH20Me, -CH2CH2NHMe, -(CH2):0H, -
(CH2)sOMe, -CH2C(Me2)OH, -CH2CH20C(O)Me, -CH2C(O)OMe, -CH2C(O)OH, -CH2C(O)OEt, -
CH2C(O)NHz, -OMe, -OCH2CH20H, -OCH2CH20Me, -OCH2C(Me)-OH, -OCH2CH2C(Me)20H, -
OCH2CH(OH)CH20H, -OCH:C(Me3z)OH, -OCH2CH2NH2, -OCH2CH2NMez, -O(CHz)sNMey, -
OCH2CH(OH)CHzNMez, -OCH2CH2NHC(0)O'Bu, -OCH2CH(OH)CH20Me, -
OCH:2CH(OH)CH(OH)Me -OCH2CH2CH(OH)Me, -OCF2CH20H, -OCH2C(Me)20P(=0)(OH)a, -



10

15

20

WO 2019/073253 PCT/GB2018/052936

16

OCH2CH(Me)2CH20H, -OCH2CH2C(Me)2NH2, -OCH2C(Me)2NH2, -OCH2CH(OH)C(Me)20H, -
OCH:2C(Me)20Me, -OCH2CH2C(Me)20P(=0)(OH)2, -OCH(Me)CH20Me, -OCH2CH(Me)OMe, -
OCHz-azetidinyl, -OCHz-N-methylazetindinyl, -O-N-ethylpiperadinyl, -O(CHz)s-morpholinyl, -
OCH2CH(OH)CHz-morpholinyl, -OCH2CH(OMe)CHz-morpholinyl, -O(CHz)s-N-methylpiperazinyl, -
OCH2CH(OH)CHz-N-methylpiperazinyl, -OCH2CH(OH)CH2-N-methylpiperazinonyl, -O(CH2)s-N-
methylpiperazinonyl, -OCH2CH(OH)CHz-morpholinonyl, -OCH2CH(OH)CH2-morpholinonyl, -
OCH2CH(OH)CHz-thiomorpholin-dionyl, -NHCH2CH20H, -N(Me)CH2CH20H, -NHCH2CH20OMe, -
C(O)NHCH2CH2NMez, -C(O)NHCH2CH20H, -NHC(O)Me, -NHC(O)CH20H, -NHC(O)CH2NH2, -
NHC (O)CH2NHMe, -NHC(O)CH2NMe2, -NHC (O)CH2CH2NHMe, -NHC(O)(CHz)sNMez, -
NHC(O)CHz-morpholinyl, -NHC(O)CH2-N- oxetanyl, azetidinyl, hydroxypyrolidinyl,
methylpiperazinyl, pyrolidinonyl, imidazolidinonyl, N-methylimidazolidinonyl, piperidinonyl,

~ o D o
i%% R
/) /J //& o Q OH
ey

[0062] In embodiments -L3-Z-L*-R? or R'? is selected from: H, F, Cl, -OMe, , -CH:-imidazolyl, -
CH20H, -CHaNHz, -CH2NMez, -CH2NHMe, -CH2C(O)OH, -CH2C(O)OEt, -CH2C(O)NHa, -
CH2NHC(O)Me, -CH2N(Me)C(0)Ot-Bu, -OMe, -OCH2CH20H, -OCH2CH20Me, -

OCH2C(Me)20H, -OCH2CH2C(Me)20OH, -OCH2CH2NH2, -OCH2CH2NMe:z, -OCH2CH(OH)CH:2NMe:,
-OCH2CH(OH)CH20Me, -OCH2CH(OH)CH(OH)Me, -OCH2CH2CH(OH)Me, -OCF2CH20H, -
OCH2C(Me)20P(=0)(OH)z, -OCH2CH(Me)2CH20H, -OCH2CH2C(Me)2NH;, -

OCH2C(Me)2NHz, -OCH2CH(OH)C(Me)20H, -OCH:C(Me)20Me, -OCH2CH2C(Me)20P(=0)(OH)s, -
OCH(Me)CH20Me, -OCH2CH(Me)OMe, -OCH2CH2NHC(0)0'Bu, -OCH;-azetidinyl, -OCH2-N-
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methylazetindinyl, -O-N-ethylpiperadinyl, -O(CHz)s-morpholinyl, -OCH2CH(OH)CHz-morpholinyl, -
OCH2CH(OMe)CHz-morpholinyl, -O(CHz)s-N-methylpiperazinyl, -C(O)NHCH2CH2NMe, -
C(O)NHCH2CH20H, -NHC(O)Me, -NHC(O)CH20H, -NHC(O)CH2NHz2, -NHC(O)CH2NHMEe, -
NHC (O)CHz2NMe:2, -NHC(O)CH2CH2NHMe, -NHC(O)(CHz2)sNMe2, -NHC (O)CH2-morpholinyl, -
NHC(O)CHa-N-methylpiperazinyl, pyrolidinonyl, imidazolidinonyl, N-methylimidazolidinonyl,
piperidinonyl,

HO HO

N OH

[:>=o - [:>=o

A A

Optionally, L®-Z2-L*-R? or R'2 has the definition in the preceding sentence when Xis Nand Y is C.
For example, in embodiments where the compounds are compounds of formula (la) L3-Z2-L*-R? or

R'2 is selected from the groups recited in this paragraph.

[0063] In embodiments L3-Z%-L*R? or R'? is H or OMe. Optionally, L*-Z2-L*-R? or R'? has the
definition in the preceding sentence when X is C and Y is N. For example, in embodiments where
the compounds are compounds of formula (Ib), L3-Z2-L*R? or R'? is selected from the groups

recited in this paragraph.

[0064] In embodiments L3-Z%-L*R? or R'? is selected from: -Me, -F, -, -NH2, -CHz-phenyl, -
CH2CH20H, -CH2CH20OMe, -CH2CH2NHMe, -(CH2):OH, -(CH2)3:0Me, -CH.CH20C(O)Me, -
CH2C(O)OMe, -OMe, -OCH2CH20Me, -O(CH2)sNMez, -OCH-C(Me)20H, -OCH2CH2C(Me)20H, -
O(CHz)s-morpholinyl, -O(CHz)s-N-methylpiperazinyl, -OCH2CH(OH)CHz-morpholinyl, -
OCH:2CH(OMe)CHz-morpholinyl, -NHCH2CH20H, -N(Me)CH2CH20H, -NHCH2CH2OMe, -
NHC(O)Me, -NHC(O)CH2CH:NHMe, oxetanyl, azetidinyl, hydroxypyrolidinyl,
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A A and . Optionally, L3-Z2-L4-R2 or
R'2 has the definition in the preceding sentence when X is N and Y is C. For example, in

embodiments where the compounds are compounds of formula (la) L®-Z2-L*-R? or R'? is selected

from the groups recited in this paragraph.

[0065] In embodiments, -L3-Z2-L*-R? or R"? is -OCH2CH(OH)CH20H, -

OCH2C(Me2)OH, -CH2C(Me2)OH, -OCH>CH(OH)CH.-N-methylpiperazinyl, -OCH>CH(OH)CH.-N-
methylpiperazinonyl, -OCH2CH(OH)CHz-morpholinonyl, -OCH2CH(OH)CH2-morpholinonyl, -
OCH2CH(OH)CHz2-thiomorpholin-dionyl or -OCH2CH(OH)CH2-morpholinyl.

[0066] In preferred embodiments -L'-Z'-L*-R" or R'' is H, F, -CH20H, -
OCH2CH2NMez, -O(CH2):NMe2, -OCH2CH(OH)CH:2NMe:z, or -OCH2CH20H.

[0067] In preferred embodiments -L'-Z'-L?-R" or R'! is substituted at the 3 position of the phenyl
ring (for example as demonstrated in formula (lllb)) and is F or -CH20OH.

[0068] In preferred embodiments -L'-Z'-L?-R" or R is substituted at the 4 position of the phenyl
ring (for example as demonstrated in formula (llla)) and is selected from: -OCH2CHz2NMez, -
O(CH2)sNMez, -OCH2CH(OH)CH2NMe:2, and -OCH2CH2OH.

[0069] In preferred embodiments -L3-Z2-L*-R? or R'? is selected from: -, -

OCH2CH20H, -OCH2CH20OMe, -OCH2CH(OH)CH20H, -OCH2CH2C(Me)2OH, pyrolidinonyl,
imidazolidinonyl, N-methylimidazolidinonyl, -O(CHz)s-morpholinyl, -O(CH2)s-N-methylpiperazinyl, -
O(CH_2)s-N-methylpiperazinonyl, -OCH2CH(OH)CHz-morpholinonyl, -OCH2CH(OH)CH2-N-
methylpiperazinyl, -OCH2CH(OH)CH2-N-methylpiperazinonyl, -O(CHz2)sNMez, -
OCH2CH(OH)CH2NMez,

[0070] In preferred embodiments R* is substituted at the 3 position of the phenyl ring (for

example this substitution pattern is exemplified by R'? in formula (IVb)) and is -CN.

[0071] In embodiments -L3-Z2-L*-R? or R'2 is substituted at the 4 position of the phenyl ring (for
example as demonstrated in formula (IVa)) and is selected from: -

OCH2CH20H, -OCH2CH20Me, -OCH2CH(OH)CH20H, -OCH2CH2C(Me)2OH, pyrolidinonyl,
imidazolidinonyl, N-methylimidazolidinonyl, -O(CHz)s-morpholinyl, -O(CHz)s-N-methylpiperazinyl, -
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O(CH_2)s-N-methylpiperazinonyl, -OCH2CH(OH)CHz-morpholinonyl, -OCH2CH(OH)CH2-/N-
methylpiperazinyl, -OCH2CH(OH)CH2-N-methylpiperazinonyl, -O(CHz2)sNMez, -
OCH2CH(OH)CH2NMez,

S5 [0072] Inembodiments -L3-Z2-L*-R? or R'? are a group other than H as defined above and -L'-Z'-
L2-R" or R are H. In alternative embodiments -L'-Z'-L2-R" or R'! are a group other than H as

defined above and -L3-Z%-L*-R? or R'? are H.

[0073] In an embodiment the compound of the present invention may be a compound according
to formulae (Va) or (Vb):

( ;R'I'I ( ;
as a
My My
Z Z
O O
R12

(Va) (Vb)

[0074] In an embodiment the compound of the present invention may be a compound according
to formulae (VIa) or (VIb):

R11
W W
7N 7N
z/N N z/N N
O e

(Via) (VIb)

10

R12

[0075] In preferred embodiments -L'-Z'-L2-R" or R"" is -O(CR?R")1.3-R".

15  [0076] In preferred embodiments -L3-Z%L*R? or R'2 is -O(CR?RP)1.3-R2.
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[0077] In embodiments Wis N. In embodiments W is CH. In embodiments Wis CH, Xis Nand Y
is C.

[0078] In embodiment -L3-Z%-L*-R? or R'? is -(CH2)oO(CR?R?),0OR®?, -(CH2)oO(CR?R"),NR®R®", 5
or 6 membered heterocycloalkyl rings which is unsubstituted or substituted with 1 or 2 groups

5  selected from: oxo, halo, OR®?, and C1 alkyl. In embodiments -L3-Z2-L*-R? or R'? is -
OCHzCH20Me, -OCH2CHz2C(Me)20H, or pyrrolidinone.

[0079] In embodiments Wis CH, X, is N, Y is C and -L3-Z-L*-R? or R? s -
OCH2CH20Me, -OCH2CH2C(Me)20H, or pyrrolidinone.

[0080] In certain embodiments where W is CH then -L'-Z'-L2-R" or R"" is H.

10 [0081] In an embodiment the compound of the present invention is a compound according to

formula (XX) and pharmaceutically acceptable salts thereof:

R3
RX
7 Y
)
/,
HN Y
@]
R* RX2
(XX)

wherein
either XisNandYisC,orYisNand X is C;
15  RX*and R*? are either (A) or (B):

(A) R*is selected from: H, -CN, -(CH2)mRY, -(CH2)mNR?R®?, -(CH2)1-s0R?, -(CH2)mSO2R®, -
(CH2)mC(O)NR?R®?, -(CH2)mC(O)OR?,

RY is selected from 5 or 6 membered heteroaryl rings;

R? is selected from H, C1s alkyl, -C(O)R®, -C(O)OR®?, -C(O)(CR?RP),NR?RE®,
20 (CRRY),0R®, (CR?R"),NR®?R, (CR?R"),RY; and
RV is selected from 3 to 8 membered heterocycloalkyl ring systems, wherein the
heterocycloalkyl ring is unsubstituted or substituted with 1 or 2 groups selected from: oxo,
C1s alkyl or halo; and
R*? is selected from: H, halo, C1.s alkyl, -CN, -(CH2)mR"?, -(CH2)mNR#’R®?, -(CH2)mOR?, -
25 (CH2)mC(O)NRZ??R®2, -(CH2)mC(O)OR?2,

RY2 is selected from 5 or 6 membered heteroaryl rings;
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R#2 is selected from H, C16 alkyl, -C(O)R®?, -C(O)OR®?, -C(O)(CR?R");NR®R®®,
(CR?RY),0R®, (CR?R"),NR®R®, (CRZRP),RY? or -C(O)(CR?R")RY?; and
RV? is selected from 3 to 8 membered heterocycloalkyl ring systems, wherein the

heterocycloalkyl ring is unsubstituted or substituted with 1 or 2 groups selected from: oxo,
halo, C1.s alkyl, C1.s alkyl substituted with NR®?R®, or C1.s alkyl substituted with OR®?;

R* is selected from: H, halo, C1.s alkyl,-CN, -(CH2)mRY, -(CH2)mNR?R®?, -(CH2)mOR?, -
(CH2)mSO2R®, -(CH2)mC(O)NR?R®?, -(CH2)mC(O)OR?,

RY is selected from 5 or 6 membered heteroaryl rings;
R? is selected from H, C1s alkyl, -C(O)R®, -C(O)OR®?, -C(O)(CR?RP),NR?RE®,
(CRRY),0R®, (CR?R"),NR®?R, (CR?R"),RY; and

RV is selected from 3 to 8 membered heterocycloalkyl ring systems, wherein the
heterocycloalkyl ring is unsubstituted or substituted with 1 or 2 groups selected from: oxo,

C1s alkyl or halo; and

R* is selected from: H, -CN, -(CH2)mR?, -(CH2)mNR#?R®2, -(CH2)130R%?, -
(CH2)mC(O)NRZ??R®2, -(CH2)mC(O)OR?2,

RY2 is selected from 5 or 6 membered heteroaryl rings;

R#2 is selected from H, C16 alkyl, -C(O)R®?, -C(O)OR®?, -C(O)(CR?R");NR®R®®,
(CR?RY),0R®, (CR?R"),NR®R®, (CRZRP),RY? or -C(O)(CR?R")RY?; and
RV? is selected from 3 to 8 membered heterocycloalkyl ring systems, wherein the

heterocycloalkyl ring is unsubstituted or substituted with 1 or 2 groups selected from: oxo,
halo, C1.s alkyl, C1.s alkyl substituted with NR®?R®, or C1.s alkyl substituted with OR®?;

provided that R* and R*2 are not both H and are not both halo;

m is selected from 1, 2, or 3;

n is selected from 1, 2, or 3;

R® and R* are independently selected from H, halo, -CN and Cis alkyl;

R® and R®" are, at each occurrence, independently selected from: H and Ci.s alkyl;

R?, RP, R® and R are, at each occurrence, independently selected from: H, halo, C1. alkyl, and -
ORS®; and

Re is selected from H or C1.s alkyl.

[0082]

In a preferred embodiment of the invention, the compound of formula (1) is a compound

selected from:
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[0083] Any of the specific compounds in the preceding paragraph and the following paragraph
may be a prodrug, wherein the prodrug is the compound with -CH20OP (=0)(OH)2 substituted on the
NH (replacing the H) of the bicyclic core of the compounds. Alternatively, where the compound
comprises a free OH or a OMe, the H or the Me could be replaced by -P(=0)(OH).. An example of
potential prodrugs of the invention are demonstrated below. The prodrugs may for part of the
present invention. The compounds disclosed herein as prodrugs may also have activity against
MAP4K4. Accordingly, those compounds disclosed herein as being prodrugs may also be

compounds of the present iinvetion.
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[0084] The present invention also contemplates that compounds according to formula (I) might

be selected from:
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[0085] In accordance with the present invention there is provided a compound of formula (I) or a

pharmaceutically acceptable salt thereof for use as a medicament:
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L1’Z\|_2/R1
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N /
z’ Y
0]
4
R LS’Z\ 4/R2
0]
wherein
Wis CH or N;

either XisNandYisC,orYisNand X is C;

Zis either H or -CH20P(=0)(OH)z;

L' and L® are independently selected from a bond, -(CR?R?)m-, -O(CR?R?)m- or -NH(CR?R?)m-,
wherein m is at each occurrence independently selected from 1, 2, 3, or 4,

Z'is a bond, -NR%-, -O-, -C(0)-, -SO2-, -SO2NR%.-, -NR%*S0-, -C(O)NR®- -NR>?C(O)-, -C(0)0O-,
or -NR%C(O)NR?%-;

Z2is a bond, -NR®-, -O-, -C(O)-, -SO2-, -SO2NR%.- -NR%*S0>-, -C(O)NR>?-, -NR**C(O)-, or -C(0O)O-
L2 and L* are independently either a bond or -(CR°R%,-, wherein n is at each occurrence

independently selected from 1, 2, 3, or 4;

R'is selected from H, halo, C1s alkyl, C26 alkenyl, Ci.s haloalkyl, -NR®R® -OR® -OP(=0)(OH)2,-

C(O)R®2, 5 or 6 membered heteroaryl rings, or 3 to 8 membered heterocycloalkyl ring systems,

wherein the heteroaryl and heterocycloalkyl rings are unsubstituted or substituted with 1
or 2 groups selected from: oxo, halo, OR®?, C1.6 alkyl, Cis alkyl substituted with NR®2R8®,
C1 alkyl substituted with OR®?, -C(O)R7, and -NR8C(O)R’;

R? is selected from H, halo, C1.s alkyl, C2.6 alkenyl, C1.s haloalkyl, -NR®R® -OR®2 -P(=0)(OH)2,-
C(O)R®, -NR®*C(0O)O-C1.6 alkyl, phenyl, 5 or 8 membered heteroaryl rings, or 3 to 8 membered

heterocycloalkyl ring systems,

wherein the phenyl, heteroaryl and heterocycloalkyl rings are unsubstituted or substituted
with 1 or 2 groups selected from: oxo, halo, OR®, Cis alkyl, C1.s alkyl substituted with
NR®R® C1. alkyl substituted with OR® -C(O)ORS, and -NR2C(O)R’;

R® and R* are independently selected from H, halo, -CN and Cis alkyl;
R® and R*" are independently selected at each occurrence, from: H, C1.s alkyl, or Cs.s cycloalkyl;

R® and R®" are, independently selected at each occurrence, from: H, C1s alkyl, Cis alkyl, -
P(=0)(OH)2, substituted with -OR®, C1.s alkyl substituted with -NR°R', and Ca.s cycloalkyl;
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R’ is selected from H, -OR9, C1.s alkyl and Cs.s cycloalkyl;
R8 is selected from H and Cis alkyl;

R?, RP, R® and R are, at each occurrence, independently selected from: H, halo, C1. alkyl, and -
OR" or R? and R” or R® and R taken together with the atom to which they are attached form a 3 to
6 membered cycloalkyl ring or a 3 to 6 membered heterocycloalkyl ring containing 1 or2 O, Nor S

atoms, wherein the cycloalkyl ring is unsubstituted or substituted with 1 or 2 halo groups; and
Re, Rf, R% and R" are each independently selected at each occurrence from H or C1.s alkyl.

[0086] In an embodiment of the present invention the compound of formula (I) for use as a

medicament is a compound according to formula (I') or a pharmaceutically acceptable salt thereof:

R3
1
L1728 2R’
N X
Yy
HN v
o)
4 2
R L3 Z\L4/R2
{1

wherein

either XisNandYisC,orYisNand X is C;

L' and L® are independently selected from a bond, -(CR?R?)m-, -O(CR?R?)m- or -NH(CR?R?)m-,
wherein m is at each occurrence independently selected from 1, 2, 3, or 4,

Z'is a bond, -NR%- -O-, -C(0)-, -SO2-, -SO2NR%2-, -NR%*S0>-, -C(O)NR?*-, -NR*C(0)-, -C(0)O-,
or -NR%C(O)NR?%*-;

Z?is a bond, -NR®*- -O-, -C(0)-, -SO2-, -SO2NR%2-, -NR%*S0>-, -C(O)NR?*-, -NR**C(O)-, or -C(O)O-

L2 and L* are independently either a bond or -(CR°R%,-, wherein n is at each occurrence

independently selected from 1, 2, 3, or 4;

R'is selected from H, halo, Cis alkyl, C26 alkenyl, Cis haloalkyl, -NR®R® -OR® -C(O)R®?, 5 or 6

membered heteroaryl rings, or 3 to 8 membered heterocycloalkyl ring systems,

wherein the heteroaryl and heterocycloalkyl rings are unsubstituted or substituted with 1
or 2 groups selected from: C1.s alkyl, oxo, halo, OR®?, Ci alkyl, C1s alkyl substituted with
NR®R® C1. alkyl substituted with OR®?, -C(O)R’, and -NR8C(O)R’;

R? is selected from H, halo, C1 alkyl, C2s alkenyl, Cis haloalkyl, -NR®R®" -OR?® -C(O)R®?, -
NR3*C(0)O-C1 alkyl, phenyl, 5 or 8 membered heteroaryl rings, or 3 to 8 membered
heterocycloalkyl ring systems,
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wherein the phenyl, heteroaryl and heterocycloalkyl rings are unsubstituted or substituted
with 1 or 2 groups selected from: oxo, halo, OR®, Cis alkyl, C1.s alkyl substituted with
NR®R® C1. alkyl substituted with OR® -C(O)ORS, and -NR2C(O)R’;

R® and R* are independently selected from H, halo, -CN and Cis alkyl;
R®2 and R*" are independently selected at each occurrence, from: H, C1.s alkyl, or Cs.s cycloalkyl;

R® and R®" are, independently selected at each occurrence, from: H, C16 alkyl, C16 alkyl
substituted with -OR®, C1. alkyl substituted with -NR®R', and Css cycloalkyl;

R’ is selected from H, -OR9, C1.s alkyl and Cs.s cycloalkyl;
R8 is selected from H and Cis alkyl;

R?, RP, R® and R are, at each occurrence, independently selected from: H, halo, C1. alkyl, and -
OR" or R? and R” or R® and R taken together with the atom to which they are attached form a 3 to
6 membered cycloalkyl ring or a 3 to 6 membered heterocycloalkyl ring containing 1 or2 O, Nor S

atoms, wherein the cycloalkyl ring is unsubstituted or substituted with 1 or 2 halo groups; and
Re, Rf, R% and R" are each independently selected at each occurrence from H or C1.s alkyl.

[0087] The compound of formula (I) or formula (I') above may be for use in a method of
treatment. Equally a method of treatment may comprise the steps of administering a therapeutically
effective amount of the compound of formula (I) or formula (I') to a patient in need thereof. The
compound of formula (l) or formula (I') for use in the method is not subject to the proviso’s provided
above for the compound per se. However, in embodiments the compound of formula (I) or formula

(IN for use in the method of treatment may be subject to the proviso’s discussed above.

[0088] The compound of formula (I) or formula (I"), with or without the proviso’s may be used in a

method of treating any of the conditions discussed below.
Therapeutic Uses and Applications

[0089] In accordance with another aspect, the present invention provides a compound of the
invention, or a pharmaceutically acceptable salt thereof, for use as a medicament.

[0090] The present invention also provides the compounds of the present invention for use in the
treatment of a disease mediated by MAP4K4. Thus, the invention contemplates a method of
treating a disease mediated by MAP4K4, wherein the method comprises administering to a patient

in need thereof a therapeutically effective amount of a compound of the invention.

[0091] The present invention also provides a MAP4K4 inhibitor for use in the treatment of
myocardial infarction (colloquially, “heart attacks” due to atherosclerosis, coronary thrombosis,
coronary artery anomalies, or other interference with blood flow or oxygen and nutrient delivery to
the heart). This aspect of the invention may be a method of treating infarcts, wherein the method
comprises the administration of a therapeutically effective amount of a MAP4K4 inhibitor. This
aspect may also provide a MAP4K4 inhibitor for use in a method of treating infarcts as an adjunct to

standard therapies that restore coronary blood flow (angioplasty, stent placement, thrombolysis) but
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may, paradoxically, be offset by reperfusion injury. The treatment of an infarct may constitute the
complete reversal of an infarct or the reduction in size of an infarct. Reduction of infarct size is

known to lessen subsequent progression to heart failure (Selker et al. 2017. Am Heart J 188:18-25).

[0092] In an embodiment the MAP4K4 inhibitor is a compound of the present invention, for use in
the prevention or treatment of other forms of heart muscle cell injury. These include but are not
limited to drug-induced cardiomyopathies (Varga et al. 2015 Am J Physiol Heart Circ Physiol. 2015
Nov;309(9):H1453-67), e.g widely used anticancer drugs [anthracyclines (Doxorubicin/Adriamycin),
cisplatin, trastuzumab (Herceptin), arsenic trioxide (Trisenox), mitoxantrone (Novantrone), imatinib
(Gleevec), bevacizumab (Avastin), sunitinib (Sutent), and sorafenib (Nevaxar)], antiviral compound
azidothymidine (AZT, Zidovudine), several oral antidiabetics [e.g., rosiglitazone (Avandia)], and illicit
drugs such as alcohol, cocaine, methamphetamine, ecstasy, and synthetic cannabinoids (spice,
K2).

[0093] In an embodiment the MAP4K4 inhibitor is a compound of the present invention, for use
in the prevention or treatment of other forms of heart muscle cell injury, optionally due to

cardiopulmonary bypass.

[0094] In an embodiment the MAP4K4 inhibitor is a compound of the present invention, for use in
the prevention or treatment of chronic forms of heart muscle cell injury, such as hypertrophic,
dilated, or mitochondrial cardiomyopathies. These include cardiomyopathies due to: genetic
conditions; high blood pressure; heart tissue damage from a previous heart attack; chronic rapid
heart rate; heart valve problems; metabolic disorders, such as obesity, thyroid disease or diabetes;
nutritional deficiencies of essential vitamins or minerals, such as thiamine (vitamin B1); pregnancy
complications; alcchol consumption; use of cocaine, amphetamines or anabolic steroids;
radiotherapy to treat cancer; certain infections, which may injure the heart and trigger

cardiomyopathy,; hemochromatosis; sarcoidosis; amyloidosis; and connective tissue disorders.

[0095] In an embodiment the MAP4K4 inhibitor is a compound of the present invention, for use in
the prevention or treatment of other forms of ischemic injury or ischemia-reperfusion injury,
including ischemia stroke, renal artery occlusion, and global ischemia-reperfusion injury (cardiac

arrest).

[0096] In an embodiment the MAP4K4 inhibitor is a compound of the present invention, for use in

the prevention or treatment of cardiac muscle cell necrosis or cardiac muscle cell apoptosis.

[0097] In embodiments there is provided a compound of the present invention for use in a
method of treatment of heart muscle cell injury, heart muscle cell injury due to cardiopulmonary
bypass, chronic forms of heart muscle cell injury, hypertrophic cardiomyopathies, dilated
cardiomyopathies, mitochondrial cardiomyopathies, cardiomyopathies due to genetic conditions;
cardiomyopathies due to high biood pressure; cardiomyopathies due to heart tissue damage from a
previous heart attack; cardiomyopathies due to chronic rapid heart rate; cardiomyopathies due to
heart valve problems; cardiomyopathies due to metabolic disorders; cardiomyopathies due to
nutritional deficiencies of essential vitamins or minerals; cardiomyopathies due to alcohol
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consumption; cardiomyopathies due to use of cocaine, amphetamines or anabolic steroids;
cardiomyopathies due to radiotherapy to treat cancer; cardiomyopathies due to certain infections
which may injure the heart and trigger cardiomyopathy; cardiomyopathies due to hemochromatosis;
cardiomyopathies due to sarcoidosis; cardiomyopathies due to amyloidosis; cardiomyopathies due
to connective tissue disorders; drug- or radiation-induced cardiomyopathies; idiopathic or
cryptogenic cardiomyopathies; other forms of ischemic injury, including but not limited to ischemia-
reperfusion injury, ischemia stroke, renal artery occlusion, and global ischemia-reperfusion injury

(cardiac arrest); cardiac muscle cell necrosis; or cardiac muscle cell apoptosis.

[0098] In an aspect there is provided a method of using stem cell-derived cardiomyocytes for the
identification of therapies for myocardial infarction, wherein the method comprising contacting stem
cell derived cardiomyocytes with compounds in a cell culture model of cardiac muscle cell death.

For example, as indicated in the examples of the present application.

[0099] In embodiments the method is conducted ex vivo. Thus, in embodiments the method is

not a method of treatment or diagnosis.

[00100] In an embodiment the method of using stem cell-derived cardiomyocytes for the

identification of therapies for myocardial infarction uses human stem cell derived cardiomyocytes.

[00101] In embodiments there is provided a method of using human stem cell-derived
cardiomyocytes for the identification of therapies for myocardial infarction wherein the method
comprises subjecting human stem cell-derived cardiomyocytes with candidate test compounds in a
cell culture model of cardiac muscle cell death. Examples of relevant stressors, by which
compounds may be tested, include: H202, menadione, and other compounds that confer oxidative
stress; hypoxia; hypoxia/reoxygenation; glucose deprivation or compounds that interfere with
metabolism; cardiotoxic drugs; proteins or genes that promote cell death; interference with the
expression or function of proteins or genes that antagonise cell death. Cell death is taken to

encompass apoptosis, necrosis, necroptosis, or autophagy, singly or in combination.
BRIEF DESCRIPTION OF THE DRAWINGS

[00102] Embodiments of the invention are further described hereinafter with reference to the
accompanying drawings, in which:
Figure 1 provides data demonstrating the relationship between MAP4K4 and cardiac

muscle cell death.

Figure 2 provides data where a simulated increase in MAP4K4 activity was simulated and

a pro-apoptotic effect of MAP4K4 was demonstrated.

Figure 3 provides demonstrating that cardiomyocyte-restricted MAP4K4 sensitized the
myocardium to otherwise sub-lethal death signals potentiating myocyte loss, fibrosis, and

dysfunction.

Figure 4 provides data suggest a pivotal role for MAP4K4 in cardiac muscle cell death.



10

15

20

25

30

WO 2019/073253 PCT/GB2018/052936

43

Figure 5 provides data for the role of MAP4K4 in cardiomyocytes derived from human

induced pluripotent stem cells .

Figure 6 provides plasma concentration over time of a compound of the invention and a

known compound.

Figure 7 provides data demonstrating that inhibition of MAP4K4 suppresses human

cardiac muscle cell death.

Figure 8 provides data demonstrating that MAP4K4 inhibition improves human cardiac

muscle cell function.
Figure 9 provides data demonstrating that MAP4K4 inhibition reduces infarct size in mice.

Figures 10 and 11 show the rate of hydrolysis of prodrugs into the corresponding

compounds in human S9 liver fraction.

Figures 12 and 13 show the rate of hydrolysis of prodrugs into the corresponding

compounds in rats.
DETAILED DESCRIPTION

[00103] Unless otherwise stated, the following terms used in the specification and claims have the

following meanings set out below.

[00104] It is to be appreciated that references to “treating” or “treatment” include prophylaxis as well
as the alleviation of established symptoms or physical manifestations of a condition. “Treating” or
“treatment” of a state, disorder or condition therefore includes: (1) preventing or delaying the
appearance of clinical symptoms or physical manifestations of the state, disorder or condition
developing in a human that may be afflicted with or predisposed to the state, disorder or condition but
does not yet experience or display clinical or subclinical symptoms of the state, disorder or condition,
(2) inhibiting the state, disorder or condition, i.e., arresting, reducing or delaying the development of
the disease or a relapse thereof (in case of maintenance treatment) or at least one clinical or
subclinical symptom thereof, or (3) relieving or attenuating the disease, i.e., causing regression of the

state, disorder or condition or at least one of its clinical or subclinical symptoms.

[00105] A “therapeutically effective amount” means the amount of a compound that, when
administered to a mammal for treating a disease, is sufficient to effect such treatment for the disease.
The "therapeutically effective amount" will vary depending on the compound, the method of

administration, the disease and its severity and the age, weight, etc., of the mammal to be treated.

[00106] The term “halo” or “halogen” refers to one of the halogens, group 17 of the periodic table.
In particular the term refers to fluorine, chlorine, bromine and iodine. Preferably, the term refers to

fluorine or chlorine.

[00107] The term C-n refers to a group with m to n carbon atoms.
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[00108] The term “C1-e alkyl” refers to a linear or branched hydrocarbon chain containing 1, 2, 3, 4,
5 or 6 carbon atoms, for example methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, tert-butyl, n-
pentyl and n-hexyl. “C1-4 alkyl” similarly refers to such groups containing from 1 to 4 carbon atoms.
Alkylene groups are divalent alkyl groups and may likewise be linear or branched and have two points
of attachment to the remainder of the molecule. Furthermore, an alkylene group may, for example,
correspond to one of those alkyl groups listed in this paragraph. The alkyl and alkylene groups may
be unsubstituted or substituted by one or more substituents. Possible substituents are described in
more detail below. Substituents for the alkyl group may be halogen, e.g. fluorine, chlorine, bromine

and iodine, OH, C1-Csalkoxy. Other substituents for the alkyl group may alternatively be used.

[00109] The term “haloalkyl”, e.g. “C1.6 haloalkyl”, refers to a hydrocarbon chain substituted with at
least one halogen atom independently chosen at each occurrence, for example from fluorine,
chlorine, bromine and iodine. The halogen atom may be present at any position on the hydrocarbon
chain. For example, C1s haloalkyl may refer to chloromethyl, fluoromethyl, trifluoromethyl, chloroethyl
e.g. 1-chloromethyl and 2-chloroethyl, trichloroethyl e.g. 1,2,2-trichloroethyl, 2,2,2-trichloroethyl,
fluoroethyl e.g. 1-fluoromethyl and 2-fluoroethyl, trifluoroethyl e.g. 1,2,2-trifluoroethyl and 2,2,2-
trifluoroethyl, chloropropyl, trichloropropyl, fluoropropyl, trifluoropropyl.

[00110] The term “C2-s alkenyl” includes a branched or linear hydrocarbon chain containing at least
one double bond and having 2, 3, 4, 5 or 6 carbon atoms. The double bond(s) may be present as the
E or Z isomer. The double bond may be at any possible position of the hydrocarbon chain. For
example, the “Czs alkenyl” may be ethenyl, propenyl, butenyl, butadienyl, pentenyl, pentadienyl,

hexenyl and hexadienyl.

[00111] The term “C2-s alkynyl” includes a branched or linear hydrocarbon chain containing at least
one triple bond and having 2, 3, 4, 5 or 6 carbon atoms. The triple bond may be at any possible
position of the hydrocarbon chain. For example, the “Cz6 alkynyl” may be ethynyl, propynyl, butynyl,
pentynyl and hexynyl.

[00112] The term “Css cycloalkyl” includes a saturated hydrocarbon ring system containing 3, 4, 5
or 6 carbon atoms. For example, the “C3-Cs cycloalkyl” may be cyclopropyl, cyclobutyl, cyclopentyl,

cyclohexyl, bicyclo[2.1.1]hexane or bicyclo[1.1.1]pentane.

[00113] The term “heterocycloalkyl” includes a saturated monocyclic or fused, bridged, or spiro
bicyclic heterocyclic ring system(s). The term “heterocycloalkyl” includes ring systems with from 1 to
5 (suitably 1, 2 or 3) heteroatoms selected from nitrogen, oxygen or sulfur in the ring. Unless otherwise
indicated by a recital of the number of atoms within the heterocycloalkyl ring, monocyclic
heterocycloalkyl rings may contain from about 3 to 12 (suitably from 3 to 7) ring atoms, with from 1 to
5 (suitably 1, 2 or 3) heteroatoms selected from nitrogen, oxygen or sulfur in the ring. Bicyclic
heterocycles may contain from 7 to 17 member atoms, suitably 7 to 12 member atoms, in the ring.
Bicyclic heterocyclic(s) rings may be fused, spiro, or bridged ring systems. Examples of

heterocycloalkyl groups include cyclic ethers such as oxiranyl, oxetanyl, tetrahydrofuranyl, dioxanyl,
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and substituted cyclic ethers. Heterocycloalkyl rings comprising at least one nitrogen in a ring position
include, for example, azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl,
tetrahydrotriazinyl, tetrahydropyrazolyl, tetrahydropyridinyl, homopiperidinyl, homopiperazinyl, 3,8-
diaza-bicyclo[3.2.1]octanyl, 8-aza-bicyclo[3.2.1]octanyl, 2,5-Diaza-bicyclo[2.2.1]heptanyl and the
like. Typical sulfur containing heterocycloalkyl rings include tetrahydrothienyl, dihydro-1,3-dithiol,
tetrahydro-2H-thiopyran, and hexahydrothiepine. Other heterocycloalkyl rings include
dihydrooxathiolyl, tetrahydro oxazolyl, tetrahydro-oxadiazolyl, tetrahydrodioxazolyl,
tetrahydrooxathiazolyl, hexahydrotriazinyl, tetrahydro oxazinyl, tetrahydropyrimidinyl, dioxolanyl,
octahydrobenzofuranyl, octahydrobenzimidazolyl, and octahydrobenzothiazolyl. For heterocycles
containing sulfur, the oxidized sulfur heterocycles containing SO or SOz groups are also included.
Examples include the sulfoxide and sulfone forms of tetrahydrothienyl and thiomorpholinyl such as
tetrahydrothiene 1,1-dioxide and thiomorpholinyl 1,1-dioxide. A suitable value for a heterocyclyl
group which bears 1 or 2 oxo (=0), for example, 2 oxopyrrolidinyl, 2-oxoimidazolidinyl, 2-
oxopiperidinyl, 2,5-dioxopyrrolidinyl, 2,5-dioxoimidazolidinyl or 2,6-dioxopiperidinyl. Particular
heterocyclyl groups are saturated monocyclic 3 to 7 membered heterocyclyls containing 1, 2 or 3
heteroatoms selected from nitrogen, oxygen or sulfur, for example azetidinyl, tetrahydrofuranyl,
tetrahydropyranyl, pyrrolidinyl, morpholinyl, tetrahydrothienyl, tetrahydrothienyl 1,1-dioxide,
thiomorpholinyl, thiomorpholinyl 1,1-dioxide, piperidinyl, homopiperidinyl, piperazinyl or
homopiperazinyl. As the skilled person would appreciate, any heterocycle may be linked to another
group via any suitable atom, such as via a carbon or nitrogen atom. For example, the term “piperidino”

or “morpholino” refers to a piperidin-1-yl or morpholin-4-yl ring that is linked via the ring nitrogen.

[00114] The term “bridged ring systems” includes ring systems in which two rings share more than
two atoms, see for example Advanced Organic Chemistry, by Jerry March, 4th Edition, Wiley
Interscience, pages 131-133, 1992.

[00115] The term “spiro bi-cyclic ring systems” includes ring systems in which two ring systems
share one common spiro carbon atom, i.e. the heterocyclic ring is linked to a further carbocyclic or

heterocyclic ring through a single common spiro carbon atom.

[00116] The term “aromatic” when applied to a substituent as a whole includes a single ring or
polycyclic ring system with 4n + 2 electrons in a conjugated 1 system within the ring or ring system

where all atoms contributing to the conjugated 1 system are in the same plane.

[00117] The term “aryl” includes an aromatic hydrocarbon ring system. The ring system has 4n +2
electrons in a conjugated 1 system within a ring where all atoms contributing to the conjugated
system are in the same plane. For example, the “aryl” may be phenyl and naphthyl. The aryl system

itself may be substituted with other groups.

[00118] The term “heteroaryl” includes an aromatic mono- or bicyclic ring incorporating one or more

(for example 1-4, particularly 1, 2 or 3) heteroatoms selected from nitrogen, oxygen or sulfur. The ring
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or ring system has 4n + 2 electrons in a conjugated 1 system where all atoms contributing to the

conjugated T system are in the same plane.

[00119] Examples of heteroaryl groups are monocyclic and bicyclic groups containing from five to
twelve ring members, and more usually from five to ten ring members. The heteroaryl group can be,
for example, a 5- or 6-membered monocyclic ring or a 9- or 10-membered bicyclic ring, for example
a bicyclic structure formed from fused five and six membered rings or two fused six membered rings.
Each ring may contain up to about four heteroatoms typically selected from nitrogen, sulfur and
oxygen. Typically the heteroaryl ring will contain up to 3 heteroatoms, more usually up to 2, for
example a single heteroatom. In one embodiment, the heteroaryl ring contains at least one ring
nitrogen atom. The nitrogen atoms in the heteroaryl rings can be basic, as in the case of an imidazole
or pyridine, or essentially non-basic as in the case of an indole or pyrrole nitrogen. In general the
number of basic nitrogen atoms present in the heteroaryl group, including any amino group

substituents of the ring, will be less than five.

[00120] Examples of heteroaryl include furyl, pyrrolyl, thienyl, oxazolyl, isoxazolyl, imidazolyl,
pyrazolyl, thiazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl, triazolyl, tetrazolyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, 1,3,5-triazenyl, benzofuranyl, indolyl, isoindolyl, benzothienyl, benzoxazolyl,
benzimidazolyl, benzothiazolyl, benzothiazolyl, indazolyl, purinyl, benzofurazanyl, quinolyl,
isoquinolyl, quinazolinyl, quinoxalinyl, cinnolinyl, pteridinyl, naphthyridinyl, carbazolyl, phenazinyl,
benzisoquinolinyl, pyridopyrazinyl, thieno[2,3-b]furanyl, 2H-furo[3,2-b]-pyranyl,
5H-pyrido[2,3-d]-0-oxazinyl, 1H-pyrazolo[4,3-d]-oxazolyl, 4H-imidazo[4,5-d]thiazolyl,
pyrazino[2,3-d]pyridazinyl, imidazo[2,1-b]thiazolyl and imidazo[1,2-b][1,2,4]triazinyl. Examples of
heteroaryl groups comprising at least one nitrogen in a ring position include pyrrolyl, oxazolyl,
isoxazolyl, imidazolyl, pyrazolyl, thiazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl, triazolyl, tetrazolyl,
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, 1,3,5-triazenyl, indolyl, isoindolyl, benzoxazolyl,
benzimidazolyl, benzothiazolyl, benzothiazolyl, indazolyl, purinyl, benzofurazanyl, quinolyl,
isoquinolyl, quinazolinyl, quinoxalinyl, cinnolinyl and pteridinyl. “Heteroaryl” also covers partially
aromatic bi- or polycyclic ring systems wherein at least one ring is an aromatic ring and one or more
of the other ring(s) is a non-aromatic, saturated or partially saturated ring, provided at least one ring
contains one or more heteroatoms selected from nitrogen, oxygen or sulfur. Examples of partially
aromatic heteroaryl groups include for example, tetrahydroisoquinolinyl, tetrahydroquinolinyl, 2-oxo-
1,2,3,4-tetrahydroquinolinyl, dihydrobenzthienyl, dihnydrobenzfuranyl, 2,3-dihydro-benzo[1,4]dioxinyl,
benzo[1,3]dioxolyl, 2,2-dioxo-1,3-dihydro-2-benzothienyl, 4,5,6,7-tetrahydrobenzofuranyl, indolinyl,
1,2,3,4-tetrahydro-1,8-naphthyridinyl, 1,2,3 4-tetrahydropyrido[2,3-b]pyrazinyl and
3,4-dihydro-2H-pyrido[3,2-b][1,4]oxazinyl.

[00121] Examples of five membered heteroaryl groups include but are not limited to pyrrolyl, furanyl,
thienyl, imidazolyl, furazanyl, oxazolyl, oxadiazolyl, oxatriazolyl, isoxazolyl, thiazolyl, isothiazolyl,

pyrazolyl, triazolyl and tetrazolyl groups.
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[00122] Examples of six membered heteroaryl groups include but are not limited to pyridyl, pyrazinyl,

pyridazinyl, pyrimidinyl and triazinyl.

[00123] Particular examples of bicyclic heteroaryl groups containing a six membered ring fused to
a five membered ring include but are not limited to benzofuranyl, benzothiophenyl, benzimidazolyl,
benzoxazolyl, benzisoxazolyl, benzothiazolyl, benzisothiazolyl, isobenzofuranyl, indolyl, isoindolyl,
indolizinyl, indolinyl, isoindolinyl, purinyl (e.g., adeninyl, guaninyl), indazolyl, benzodioxolyl,

pyrrolopyridine, and pyrazolopyridinyl groups.

[00124] Particular examples of bicyclic heteroaryl groups containing two fused six membered rings
include but are not limited to quinolinyl, isoquinolinyl, chromanyl, thiochromanyl, chromenyl,
isochromenyl, chromanyl, isochromanyl, benzodioxanyl, quinolizinyl, benzoxazinyl, benzodiazinyl,
pyridopyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, phthalazinyl, naphthyridinyl and pteridinyl

groups.

[00125] The term "optionally substituted" includes either groups, structures, or molecules that are

substituted and those that are not substituted.

[00126] Where optional substituents are chosen from “one or more” groups it is to be understood
that this definition includes all substituents being chosen from one of the specified groups or the

substituents being chosen from two or more of the specified groups.

[00127] The phrase “compound of the invention” means those compounds which are disclosed

herein, both generically and specifically.

[00128] A bond terminating in a 7 represents that the bond is connected to another atom that
is not shown in the structure. A bond terminating inside a cyclic structure and not terminating at an
atom of the ring structure represents that the bond may be connected to any of the atoms in the ring

structure where allowed by valency.

[00129] Where a moiety is substituted, it may be substituted at any point on the moiety where
chemically possible and consistent with atomic valency requirements. The moiety may be substituted
by one or more substituents, e.g. 1, 2, 3 or 4 substituents; optionally there are 1 or 2 substituents on

a group. Where there are two or more substituents, the substituents may be the same or different.

[00130] Substituents are only present at positions where they are chemically possible, the person
skilled in the art being able to decide (either experimentally or theoretically) without undue effort which

substitutions are chemically possible and which are not.

[00131] Ortho, meta and para substitution are well understood terms in the art. For the absence of
doubt, “ortho” substitution is a substitution pattern where adjacent carbons possess a substituent,

whether a simple group, for example the fluoro group in the example below, or other portions of the

molecule, as indicated by the bond ending in * -~
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[00132] “Meta” substitution is a substitution pattern where two substituents are on carbons one
carbon removed from each other, i.e. with a single carbon atom between the substituted carbons. In
other words there is a substituent on the second atom away from the atom with another substituent.

For example the groups below are meta substituted.

5 S e

N
H

[00133] “Para” substitution is a substitution pattern where two substituents are on carbons two
carbons removed from each other, i.e. with two carbon atoms between the substituted carbons. In
other words there is a substituent on the third atom away from the atom with another substituent. For

example the groups below are para substituted.

) A

[00134] The term “acyl” includes an organic radical derived from, for example, an organic acid by
the removal of the hydroxyl group, e.g. a radical having the formula R-C(O)-, where R may be selected
from H, C1 alkyl, Cs.s cycloalkyl, phenyl, benzyl or phenethyl group, e.g. R is H or C15 alkyl. In one
embodiment acyl is alkyl-carbonyl. Examples of acyl groups include, but are not limited to, formyl,

acetyl, propionyl and butyryl. A particular acyl group is acetyl (also represented as Ac).

[00135] Throughout the description and claims of this specification, the words “comprise” and
“contain” and variations of them mean “including but not limited to”, and they are not intended to (and
do not) exclude other moieties, additives, components, integers or steps. Throughout the description
and claims of this specification, the singular encompasses the plural unless the context otherwise
requires. In particular, where the indefinite article is used, the specification is to be understood as

contemplating plurality as well as singularity, unless the context requires otherwise.

[00136] Features, integers, characteristics, compounds, chemical moieties or groups described in
conjunction with a particular aspect, embodiment or example of the invention are to be understood to
be applicable to any other aspect, embodiment or example described herein unless incompatible
therewith. All of the features disclosed in this specification (including any accompanying claims,
abstract and drawings), and/or all of the steps of any method or process so disclosed, may be
combined in any combination, except combinations where at least some of such features and/or steps

are mutually exclusive. The invention is not restricted to the details of any foregoing embodiments.
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The invention extends to any novel one, or any novel combination, of the features disclosed in this
specification (including any accompanying claims, abstract and drawings), or to any novel one, or any

novel combination, of the steps of any method or process so disclosed.

[00137] The reader's attention is directed to all papers and documents which are filed concurrently
with or previous to this specification in connection with this application and which are open to public
inspection with this specification, and the contents of all such papers and documents are incorporated

herein by reference.

[00138] Suitable or preferred features of any compounds of the present invention may also be

suitable features of any other aspect.

[00139] The invention contemplates pharmaceutically acceptable salts of the compounds of the
invention. These may include the acid addition and base salts of the compounds. These may be acid

addition and base salts of the compounds.

[00140] Suitable acid addition salts are formed from acids which form non-toxic salts. Examples
include the acetate, aspartate, benzoate, besylate, bicarbonate/carbonate, bisulfate/sulfate, borate,
camsylate, citrate, edisylate, esylate, formate, fumarate, gluceptate, gluconate, glucuronate,
hexafluorophosphate, hibenzate, hydrochloride/chloride, hydrobromide/bromide, hydroiodide/iodide,
isethionate, lactate, malate, maleate, malonate, mesylate, methylsulfate, naphthylate, 1,5-
naphthalenedisulfonate, 2-napsylate, nicotinate, nitrate, orotate, oxalate, palmitate, pamoate,
phosphate/hydrogen phosphate/dihydrogen phosphate, saccharate, stearate, succinate, tartrate,

tosylate and trifluoroacetate salts.

[00141] Suitable base salts are formed from bases which form non-toxic salts. Examples include
the aluminium, arginine, benzathine, calcium, choline, diethylamine, diolamine, glycine, lysine,
magnesium, meglumine, olamine, potassium, sodium, tromethamine and zinc salts. Hemisalts of
acids and bases may also be formed, for example, hemisulfate and hemicalcium salts. For a review
on suitable salts, see "Handbook of Pharmaceutical Salts: Properties, Selection, and Use" by Stahl
and Wermuth (Wiley-VCH, Weinheim, Germany, 2002).

[00142] Pharmaceutically acceptable salts of compounds of the invention may be prepared by for

example, one or more of the following methods:

0] by reacting the compound of the invention with the desired acid or base;

(i) by removing an acid- or base-labile protecting group from a suitable precursor of the compound
of the invention or by ring-opening a suitable cyclic precursor, for example, a lactone or lactam, using
the desired acid or base; or

(i) by converting one salt of the compound of the invention to another by reaction with an

appropriate acid or base or by means of a suitable ion exchange column.



10

15

20

25

30

35

WO 2019/073253 PCT/GB2018/052936

50

[00143] These methods are typically carried out in solution. The resulting salt may precipitate out
and be collected by filtration or may be recovered by evaporation of the solvent. The degree of

ionisation in the resulting salt may vary from completely ionised to almost non-ionised.

[00144] 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 centre, 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 centre
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”. Where a compound of the invention has two or more stereo centres any combination of (R)
and (S) stereoisomers is contemplated. The combination of (R) and (S) stereoisomers may result in
a diastereomeric mixture or a single diastereoisomer. The compounds of the invention may be present
as a single stereoisomer or may be mixtures of sterecisomers, for example racemic mixtures and
other enantiomeric mixtures, and diasteroemeric mixtures. Where the mixture is a mixture of
enantiomers the enantiomeric excess may be any of those disclosed above. Where the compound is
a single stereoisomer the compounds may still contain other diasteroisomers or enantiomers as
impurities. Hence a single sterecisomer does not necessarily have an enantiomeric excess (e.e.) or

diastereomeric excess (d.e.) of 100% but could have an e.e. or d.e. of about at least 85%.

[00145] The compounds of this invention may possess one or more asymmetric centres; such
compounds can therefore be produced as individual (R)- or (S)-stereoisomers or as mixtures thereof.
Unless indicated otherwise, the description or naming of a particular compound in the specification
and claims is intended to include both individual enantiomers and mixtures, racemic or otherwise,
thereof. The methods for the determination of stereochemistry and the separation of stereoisomers
are well-known in the art (see discussion in Chapter 4 of “Advanced Organic Chemistry”, 4th edition
J. March, John Wiley and Sons, New York, 2001), for example by synthesis from optically active
starting materials or by resolution of a racemic form. Some of the compounds of the invention may
have geometric isomeric centres (E- and Z- isomers). It is to be understood that the present invention

encompasses all optical, diastereoisomers and geometric isomers and mixtures thereof.

[00146] Compounds and salts described in this specification may be isotopically-labelled (or
“radio-labelled”). Accordingly, one or more atoms are replaced by an atom having an atomic mass
or mass number different from the atomic mass or mass number typically found in nature. Examples
of radionuclides that may be incorporated include 2H (also written as “D” for deuterium), *H (also
written as “T” for tritium), ''C, '3C, *C, 30, 70, "0, '8F and the like. The radionuclide that is used

will depend on the specific application of that radio-labelled derivative. For example, for in vitro
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competition assays, *H or '*C are often useful. For radio-imaging applications, ''C or '®F are often
useful. In some embodiments, the radionuclide is *H. In some embodiments, the radionuclide is '“C.

In some embodiments, the radionuclide is ''C. And in some embodiments, the radionuclide is "®F.

[00147] It is also to be understood that certain compounds of the invention 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 MAP4K4 inhibitory activity.

[00148] It is also to be understood that certain compounds of the invention may exhibit
polymorphism, and that the invention encompasses all such forms that possess MAP4K4 inhibitory

activity.

[00149] Compounds of the invention may exist in a number of different tautomeric forms and
references to compounds of the invention 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 compounds of the invention. Examples of tautomeric
forms include keto-, enol-, and enolate-forms, as in, for example, the following tautomeric pairs:
keto/enol (illustrated below), imine/enamine, amide/imino alcohol, amidine/amidine, nitroso/oxime,

thioketone/enethiol, and nitro/aci-nitro.

" o N OH H o
—C—C. = C=C == c=c¢’
| AN / AN H* / \
keto enol enolate

[00150] The in vivo effects of a compound of the invention 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 invention.

[00151] Equally a compound of the present invention may be responsible for in vivo effects but the
compound may have been administered in a pro-drug form. Accordingly, the present invention

contemplates pro-drugs of compounds of formula (l), whether with or without proviso.

[00152] Further information on the preparation of the compounds of the invention is provided in the
Examples section. The general reaction schemes and specific methods described in the Examples

form a further aspect of the invention.

[00153] The resultant compound of the invention from the processes defined above can be isolated

and purified using techniques well known in the art.

[00154] Compounds of the invention may exist in a single crystal form orin a mixture of crystal forms
or they may be amorphous. Thus, compounds of the invention intended for pharmaceutical use may

be administered as crystalline or amorphous products. They may be obtained, for example, as solid
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plugs, powders, or films by methods such as precipitation, crystallization, freeze drying, or spray

drying, or evaporative drying. Microwave or radio frequency drying may be used for this purpose.

[00155] The processes defined herein may further comprise the step of subjecting the compound of
the invention to a salt exchange, particularly in situations where the compound of the invention is
formed as a mixture of different salt forms. The salt exchange suitably comprises immobilising the
compound of the invention on a suitable solid support or resin, and eluting the compounds with an

appropriate acid to yield a single salt of the compound of the invention.

[00156] In a further aspect of the invention, there is provided a compound of the invention obtainable

by any one of the processes defined herein.

[00157] Certain of the intermediates described in the reaction schemes above and in the Examples
herein may be novel. Such novel intermediates, or a salt thereof, particularly a pharmaceutically

acceptable salt thereof, form a further aspect of the invention.

Pharmaceutical Compositions

[00158] In accordance with another aspect, the present invention provides a pharmaceutical
formulation comprising a compound of the invention, or a pharmaceutically acceptable salt thereof,
and a pharmaceutically acceptable excipient.

[00159] Conventional procedures for the selection and preparation of suitable pharmaceutical
formulations are described in, for example, "Pharmaceuticals - The Science of Dosage Form
Designs", M. E. Aulton, Churchill Livingstone, 1988.

[00160] 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 aqueous 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,
intracoronary, subcutaneous, intramyocardial, intraperitoneal or intramuscular dosing or as a

suppository for rectal dosing).

[00161] 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.

[00162] An effective amount of a compound of the present invention for use in therapy of a condition

is an amount sufficient to achieve symptomatic relief in a warm-blooded animal, particularly a human
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of the symptoms of the condition, to mitigate the physical manifestations of the condition, or to slow

the progression of the condition.

[00163] 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 host 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.

[00164] The size of the dose for therapeutic or prophylactic purposes of a compound of the invention
will naturally vary according to the nature and severity of the conditions, the concentration of the
compound required for effectiveness in isolated cells, the concentration of the compound required for
effectiveness in experimental animals, the age and sex of the animal or patient and the route of

administration, according to well known principles of medicine.

[00165] 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, a daily dose selected from
0.1 mg/kg to 100 mg/kg, 1 mg/kg to 75mg/kg, 1 mg/kg to 50 mg/kg, 1 mg/kg to 20 mg/kg or 5 mg/kg
to 10 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 80 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. Suitably the compound of the invention is
admistered orally, for example in the form of a tablet, or capsule doasage form. The daily dose
administered orally may be, for example a total daily dose selected from 1 mg to 2000 mg, 5 mg to
2000 mg, 5 mg to 1500 mg, 10 mg to 750 mg or 25 mg to 500 mg. Typically, unit dosage forms will
contain about 0.5 mg to 0.5 g of a compound of this invention.

Experimental

General Chemical Synthesis

[00166] All reagents were either purchased from commercial sources or synthesised in
accordance with known literature procedures unless otherwise stated. Commercial reagents were
used without further purification unless otherwise stated. Microwave reactions were conducted
using a CEM Discover (200 W). Flash column chromatography was conducted using pre-packed
silica Biotage® SNAP (KP-Sil/KP-C18-HS) cartridges. lon exchange chromatography was
performed using Isolute® SCX-2 and Isolute® NH2 cartridges. Palladium removal was conducted
using SiliaPrep™ SPE Thiol cartridges referred to a Si-thiol in the experimental methods. On a
number of occasions Biotage® phase separators were used to separate the organic from the

ageous layer during aqueous work up. These are referred to as phase seperators.

[00167] Abbreviations Used
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AcOH
Ac20

aq.
br

(BusP)2Pd
Cpd #
Cu(OAc):2
CcvVv

d

DBU
dd

DCM
DIPEA
DME
DMF
DMSO
DMSO-ds
EDC.HCI

EDTA
ESI

Et.O
EtOAc
EtOH
h

HATU

HOAt
HPLC
HPLC-MS
KOAc
LC-MS

LiIHMDS
m

MeCN
MeOH
min
m/z
NaOAc
NEts
NMR

Pd(dppfHCl2.DCM

Pd(dBuPF)Clz
Pd(PPhs)s

PPhaz
PS
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apparent
acetic acid

acetic anhydride

aqueous
broad

Bis(tri-tert-butylphosphine)palladium(0)
Compound number
Copper(ll) acetate monohydrate

column volume

doublet
1,8-Diazabicylo[5.4.0Jundec-7-ene
doublet of doublets
dichloromethane

N,N-diisopropylamine
dimethoxyethane
N,N-dimethylformamide
dimethyl sulfoxide

Dimethyl sulfoxide-de
N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride
Ethylenediaminetetraacetic acid
electrospray ionisation

diethyl ether

ethyl acetate

ethanol

hour(s)
2-(7-Aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate

1-hydroxy-7-azabenzotriazole

high-performance liquid chromatography
high-performance liquid chromatography-mass spectrometry
potassium acetate

liquid chromatography-mass spectrometry

Lithium bis(trimethylsilylyamide solution
multiplet

acetonitrile
methanol
minute(s)
mass/charge ratio
sodium acetate

triethylamine

nuclear magnetic resonance
[1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium
[1,1'-Bis(di-tert-butylphosphino)ferrocene]dichloropalladium(ll)
Tetrakis(triphenylphosphine)palladium(0)

triphenyl phosphine

polymer supported
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q quartet
quint quintet
quant quantitative
RT room temperature
Ry retention time
S singlet
satd. saturated
t triplet
tt triplet of triplets
TBAF tetra-n-butylammonium fluoride
TBTU O-(benzotriazol-1-yl)-N,N,N',N-tetramethyluronium tetrafluoroborate
TFA trifluoroacetic acid
THF tetrahydrofuran
WAX weak anion exchange

Analytical Methods

[00168] A number of compounds were purified by reversed phase preparative HPLC-MS: Mass-
directed purification by preparative LC-MS using a preparative C-18 column (Phenomenex Luna
C18 (2), 100 x 21.2 mm, 5 ym).

[00169] Analysis of products and intermediates has been carried out using reversed phase

analytical HPLC-MS using the parameters set out below.

HPLC Analytical Methods:

AnalpH2_MeOH_4min: Phenomenex Luna C18 (2) 3 ym, 50 x 4.6 mm; A = water + 0.1% formic
acid; B = MeOH; 45 °C; %B: 0 min 5%, 1 min 37.5%, 3 min 95%, 3.51 min 5%, 4.0 min 5%; 2.25

mL/min.

AnalpH2_MeOH_4min(1): Phenomenex Luna C18 (2) 3 um, 50 x 4.6 mm; A = water + 0.1% formic
acid; B = MeOH + 0.1% formic acid; 45 °C; %B: 0 min 5%, 1 min 37.5%, 3 min 95%, 3.51 min 5%,
4.0 min 5%; 2.25 mL/min.

AnalpH2_MeCN_4min: Phenomenex Luna C18 (2) 3 um, 50 x 4.6 mm; A = water + 0.1% formic
acid; B = Acetonitrile; 45 °C; %B: 0 min 5%, 1 min 37.5%, 3 min 95%, 3.51 min 5%, 4.0 min 5%:;
2.25 mL/min.

AnalpH2_MeCN_4min(1): Acquity BEH C18 (2) 1.7 um, 50 x 2.1 mm; A = water + 0.1% formic acid;
B = Acetonitrile + 0.1% formic acid; 35 °C; %B: 0 min 3%, 0.4 min 3%, 2.5 min 98%, 3.4 min 98%,
3.5 min 3%, 4.0 min 3%; 0.6 mL/min.

AnalpH9_MeOH_4min: Phenomenex Luna C18 (2) 3 um, 50 x 4.6 mm; A = water pH9 (Ammonium
Bicarbonate 10 mM); B = MeOH; 45 °C; %B: 0 min 5%, 1 min 37.5%, 3 min 95%, 3.51 min 5%, 4.0
min 5%; 2.25 mL/min.
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AnalpH9_MeCN_4min: Phenomenex Luna C18 (2) 3 um, 50 x 4.6 mm; A = water pH9 (Ammonium
Bicarbonate 10 mM); B = Acetonitrile; 45 °C; %B: 0 min 5%, 1 min 37.5%, 3 min 95%, 3.51 min 5%,
4.0 min 5%; 2.25 mL/min.

AnalpH9_MeCN_6min: X Bridge BEH C18 2.5 ym, 50 x 4.6 mm; A = water pH9 (Ammonium
Bicarbonate 10 mM); B = Acetonitrile; 35 °C; %B: 0 min 5%, 0.5 min 5%, 1 min 15%, 3.3 min 98%,
5.2 min 98%, 5.5 min 5%, 6.0 min 5%; 1.3 mL/min.

AnalpH2_MeOH_QC_V1: Phenomenex Gemini NX C18 5 ym, 150 x 4.6 mm; A = water + 0.1%
formic acid; B = MeOH; 40 °C; %B: 0 min 5%, 7.5 min 95%, 10 min 95%, 10.10 min 5%,13.0 min
5%: 1.5 mL/min.

AnalpH2_MeOH_QC_V1(1): Phenomenex Gemini NX C18 (2) 5 um, 150 x 4.6 mm; A = water +
0.1% formic acid; B = MeOH + 0.1% formic acid; 40 °C; %B: 0 min 5%, 7.5 min 95%, 10 min 95%,
10.10 min 5%,13.0 min 5%; 1.5 mL/min.

AnalpH2_MeCN_QC_V1: Phenomenex Gemini NX C18 5 ym, 150 x 4.6 mm; A = water + 0.1%
formic acid; B = Acetonitrile; 40 °C; %B: 0 min 5%, 7.5 min 95%, 10 min 95%, 10.10 min 5%,13.0

min 5%; 1.5 mL/min.

AnalpH9_MeOH_QC_V1: Phenomenex Gemini NX C18 5 uym, 150 x 4.6 mm; A = water + pH9
(Ammonium Bicarbonate 10 mM); B = MeOH; 45 °C; %B: 0 min 5%, 7.5 min 95%, 10 min 95%,
10.10 min 5%,13.0 min 5%; 1.5 mL/min.

AnalpH9_MeOH_QC_V1(1): Phenomenex Gemini NX C18 5 uym, 150 x 4.6 mm; A = water + pH9
(Ammonium Bicarbonate 10 mM); B = MeOH; 40 °C; %B: 0 min 5%, 7.5 min 95%, 10 min 95%,
10.10 min 5%,13.0 min 5%; 1.5 mL/min.

AnalpH9_MeCN_QC_V1: Phenomenex Gemini NX C18 5 ym, 150 x 4.6 mm; A = water + pH9
(Ammonium Bicarbonate 10 mM); B = Acetonitrile; 45 °C; %B: 0 min 5%, 7.5 min 95%, 10 min 95%,
10.10 min 5%,13.0 min 5%; 1.5 mL/min.

Chemical Synthesis Examples

The synthesis of a number of the examples of formula (I) required the synthesis of boronic acid or
esters that could not be readily purchased from commercial suppliers. A number of these boronic

acids/esters were prepared from the corresponding bromo compounds.

[00170] 1-(4-Bromo-phenyl)-3-methyl-imidazolidin-2-one (A1)

Br
- ©A1

are e
H \

Br
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To NaH, 60% dispersion in mineral oil, (120 mg, 2.99 mmol) at 0°C, under Nz, was added 1-(4-

bromophenyltetrahydro-2H-imidazole-2-one (600 mg, 2.49 mmol) in anhydrous DMF (30 mL). After
15 min, iodomethane (0.19 mL, 2.99 mmol) was added and the reaction mixture stirred at RT, under
N2, overnight. The reaction mixture was cooled with ice and quenched with 1M HCI (aq). EtOAc was

added and the organic layer separated. The organic layer was washed with H20, separated, passed

through a phase seperator and evaporated to dryness. The aqueous layer (also found to contain

product) was extracted with DCM and the organic phase combined with the EtOAc layer and

evaporated to dryness. The crude compound was purified by silica gel column chromatography

eluting with 20-60% EtOAc/iso-hexane to afford 1-(4-bromo-phenyl)-3-methyl-imidazolidin-2-one
(A1) as a white solid (413 mg, 65%); LC-MS. Rt 2.77 min, AnalpH2_MeOH_4min(1); (ESI*) m/z
255.2, 257.2 [M+H]".

[00171] The following bromo intermediates were prepared using analogous procedures to that

used for the synthesis of compound A1:

Table 1
Cpd . Mass, % Yield,
Compound Analytical Data
# Appearance
\
N—~—
S~
L_ N LC-MS. R 1.54 min, AnalpH2 MeOH_4min(1);
Xo A2 295 mg, 46%,
N (EST") m/z 312.2 [M+H]* ) i
© white solid
Br
/‘/o—/s\}Y LC-MS. R 3.74 min, AnalpH2 MeOH_4min(1);
[N (ESI") m/z 399.1 [M+H]*; 'H-NMR (400 MHz, 116 2. 70%
N)§O A3 | CDCls): 67.47-7.40 (m, 4H), 3.81-3.75 (m, 4H), 3.67- o & . >
white solid
3.62 (m, 2H), 3.40 (t,J = 5.3 Hz, 2H), 0.90 (s, 9H),
0.07 (s, 6H).
Br
OH
[N/\&
N)§O A4 LC-MS. R( 2.95 min, AnalpH2 MeOH_4min(1); 260 0%
m,
(EST") m/z 313.2, 315.2 [M+H]* &
Br

A number of bromo intermediates were prepared via ring opening of the epoxide.

[00172] 4-[3-(4-Bromo-phenoxy)-2-hydroxy-propyl]-morpholin-3-one (A5)
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A5

OH

O._N

18

To a suspension of NaH, 60% dispersion in mineral oil, (148 mg, 3.71 mmol) in anhydrous DMF (2
mL), under N2 at 0°C, was added morpholin-3-one (250 mg, 2.47 mmol) in anhydrous DMF (3 mL)
and the mixture stirred for 1h at this temperature. After this time, the reaction mixture was allowed
to warm to RT and 2-[(4-bromophenoxy)methylloxirane (850 mg, 3.71 mmol) in anhydrous DMF (5
mL) and the reaction stirred at RT, under Nz, overnight. The reaction mixture was added dropwise
to ice-water (50 mL) and extracted with EtOAc (50 mL). The organic phase was separated (phase
seperator) and concentrated in vacuo. The crude compound was purified by silica gel column
chromatography eluting with 0-3% MeOH/DCM. The compound was further purified by reversed
phase preparative HPLC-MS to afford 4-[3-(4-Bromo-phenoxy)-2-hydroxy-propyl]-morpholin-3-one

as a white solid (250 mg, 31%); LC-MS. R: 1.72 min, AnalpH2_MeOH_4min(1); (ESI*) m/z 330.1,
332.1 [M+H]".

[00173] 1-(4-Bromo-phenoxy)-3-morpholin-4-yl-propan-2-ol (A6)

N
p s
o

A solution of 2-[(4-Bromophenoxy)methyljoxirane (500 mg, 2.18 mmol) and morpholine (267 L,

o

3.05 mmol) in isopropanol (10 mL) was heated at 100°C for 30 min in a microwave reactor (200 W).
The reaction was repeated once more. The 2 reaction mixtures were combined and concentrated in
vacuo. The crude solid was pre-absorbed onto silica and purified by silica gel chromatography
eluting with 0-20% MeOH/DCM to afford 1-(4-bromo-phenoxy)-3-morpholin-4-yl-propan-2-ol (A6) as
a colourless oil (1.21 g, 88%). LC-MS. Rt 1.50 min, AnalpH2_MeOH_4min(1); (ESI*) m/z 316.2,
318.2 [M+H]".

[00174] 1-(4-bromophenoxy)-3-methoxypropan-2-ol (A21)
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Br

Br
—_—
i o A21
0
J OH

To a solution of the 2-((4-bromophenoxy)methyl)oxirane (500 mg, 2.1 mmol) in anhydrous MeOH
(10 mL) was added NaH (60% dispersion in oil) (167 mg, 4.3 mmol). Reaction was resealed and
flushed with nitrogen and stirred for 66 h at RT. The reaction mixture was quenched with water and
extracted with DCM. The organics were concentrated in vacuo. The crude solid was purified by
silica gel chromatography eluting with 0-45% EtOAc/iso-hexane to afford the title compound A21 as
a colourless oil (550 mg, 89%); LC-MS. Rt 2.87 min, AnalpH2_MeOH_4min(1); (ESI*) m/z 283.2,
285.3 [M+Nal*.

The following methoxy compound was prepared via methylation of the corresponding alcohol:
[00175] 4-[3-(4-Bromo-phenoxy)-2-methoxy-propyl]l-morpholine (A7)

Br Br

o o]

g\OH Q\OMe
N N
) ™
A6 A7

A solution of bromo compound (A6) (1.18 g, 3.7 mmol) was dissolved in THF (20 mL) and NaH
(60% dispersion in oil, 448 mg, 11.2 mmol) was added. After 10 min, iodomethane (279 L, 4.5
mmol) was added and the mixture stirred at RT for 4 h. The reaction mixture was quenched with
water at 0°C and reduced to a residue by rotary evaporator. The residue was partitioned between
water (100 mL) and EtOAc (100 mL). The organic layer was washed with brine (100 mL), dried
(anhydrous NazS0a,), filtered and concentrated in vacuo. The crude solid was pre-absorbed onto
silica and purified by silica gel chromatography eluting with 0-100% EtOAc/iso-hexane to afford 4-
[3-(4-bromo-phenoxy)-2-methoxy-propyl]l-morpholine (A7) as a colourless oil (993 mg, 81%); LC-
MS. Rt 1.72 min, AnalpH2_MeOH_4min(1); (ESI*) m/z 330.2, 332.2 [M+H]*.

The following bromo intermediates were prepared via alkylation of the corresponding phenol:

[00176] 4-(4-Bromo-phenoxy)-2-methyl-butan-2-ol (A8)
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OH

(@]
—_—
A8
Br
Br

4-Bromophenol (690 mg, 4.06 mmol) and K2COs3 (826 mg, 5.98 mmol ) were dissolved in anhydrous
DMF (20 mL) and 4-bromo-2-methylbutan-2-ol (800 mg, 4.79 mmol) was added. The mixture was
stirred at 130°C for 18 h before allowing to cool to RT. The reaction mixture was diluted with H2O
(30 mL) and extracted with DCM (3 x 20 mL). Combined organic fractions were dried by phase
separator and evaporated to a residue using a Genevac. The crude solid was pre-absorbed onto
silica and purified by silica gel chromatography eluting with 0-100% EtOAc/iso-hexane to afford 4-
(4-bromo-phenoxy)-2-methyl-butan-2-ol (A8) as a yellow oil (483 mg, 47%); LC-MS. Rt 3.16 min,
AnalpH2_MeOH_4min(1); (ESI*) m/z 243.2, 245.2 [M-HO+H]*.

[00177] The following bromo compounds were prepared using analogous procedure to compound
A8 with for 6-66 h heating at 80-140°C.

Table 2
. Mass, % Yield,
Compound Cpd # Analytical Data
State
Br
S A0 LC-MS. R 2.87 min, AnalpH2 MeOH_4min(1); 1.44 g, 53%,
N (EST") m/z 292.2, 294.2 [M+Na]". yellow oil

©\\\N A22P LC-MS. R( 2.94 min, AnalpH2 MeOH_4min(1); 1.28 g, 60%, white

>H/O (EST") m/z 266.2, 268.2 [M-H,O+H]". solid
OH
Br
F

145 g,

LC-MS. R 3.21 min, AnalpH2 MeOH_4min(1); . g.
A23P¢ qunatitative,

O (EST") m/z 299.2, 301.1 [M+Na]". )
yellow oil

OH
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. Mass, %Yield,
Compound Cpd # Analytical Data
State
Br
F A2gbe LC-MS. R 3.17 min, AnalpH2 MeOH_4min(1); 1.70 g, 79%,
>H/O (EST") m/z 299.1, 301.1 [M+Na]". orange oil
OH
Br
A2sed LC-MS. R¢ 3.25 min, AnalpH2 MeOH_4min(1); 330 mg, 22%, light
H;O (EST*) m/z no ionization. yellow oil
OH

i N A26° LC-MS. R 2.77 min, AnalpH2 Me¢OH_4min(1); 1.1 g, quant., white
© § (ESIY) m/z 256.2, 258.1 [M+H]". solid

Br

ApTeH LC-MS. R( 17 min, AnalpH2 MeCN 4min(1); 2.2 g, 63%, white
0 (EST") m/z 273.0, 275.0 [M+H]*. solid

OH

2 Chloride was used instead of the bromide. ® Tosylate reagent was used as the alkylating reagent. © Cs,CO; was
used as the base. 42 eq. of KI was also used. ® Acetonitrile was used instead of DMF.
#A27 required the synthesis from the corresponding mesylate rather than bromide. The mesylate

A30 was synthesised in 3 steps by the following methods:

[00178] Step 1: Ethyl 2-(3-hydroxyoxetan-3-yl) acetate (A28)
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O. O\/
o<>=o - O<>jo/|—|

A28

To a solution of EtOAc (36.68 g, 416 mmol) in THF (400 mL) was added LIHMDS (229 mL, 458 mmol,
2 M in THF) dropwise at -70°C for 20 min. After addition, the reaction mixture was stirred at the same
temperature for a further 1 h, and then oxetan-3-one (30 g, 416 mmol) in THF (50 mL) was added
dropwise to the reaction mixture and then stirred at -70 °C for 1 h. Reaction mixture was cooled to
0°C, quenched by adding satd. ag. NH4CI (200 mL) and allowed to stir at RT for 30 min. The crude
mixture was diluted with H20 (200 mL) and extracted with EtOAc (3 x 400 mL). The combined organic
layer was washed with water (2 x 100 mL), brine (1x 200 mL), dried with Na:SOs, filtered and
concentrated under reduced pressure. The crude residue was purified by silica gel column
chromatography eluting with 20% EtOAc/hexane to afford ethyl 2-(3-hydroxyoxetan-3-yl)acetate
(A28) as a yellow liquid (25 g, 37%).

[00179] Step 2: 3-(2-hydroxyethyl) oxetan-3-ol (A29)

i;j/o\/ OH
O —_—
OH OQJOH

A28 A29

To a solution of ethyl 2-(3-hydroxyoxetan-3-yl) acetate (A28) (15 g, 93.8 mmol) in THF (400 mL) and
EtOH (100 mL) was added sodium borohydride (7 g, 37.8 mmol) portionwise at 0 °C. After addition,
the reaction was stirred at ambient temperature for 16 h. The resulting suspension was acidified with
Dowex 50WX8-100 (H* form) to pH 6 at 0 °C. The reaction mixture was stirred for 15 mins and then
the resin was filtered and washed with EtOAc (100 mL). The filtrate was concentrated under reduced
pressure to afford 3-(2-hydroxyethyl) oxetan-3-ol (A29) as a white solid (8 g, 72%).

[00180] Step 3: Synthesis of 2-(3-hydroxyoxetan-3-yl) ethyl methanesulfonate (A30)

OH OMs
OQJ — <>J
OH OV oH

A29 A30
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To a stirred solution of 3-(2-hydroxyethyl)oxetan-3-ol (A29) (8 g, 67.8 mmol) and NEts (20.5 g, 203
mmol) in DCM (150 mL) was added mesyl chloride (11.59 g, 102 mmol) dropwise at 0°C. After
addition, the reaction was stirred at 10°C for 3 h. After completion, the reaction mixture was diluted
with water (100 mL) and extracted with DCM (3 x 200 mL). The combined organic layer was
washed with water (2 x 100 mL) and brine (1x 200 mL), dried with Na2SO4, filtered and
concentrated under reduced pressure to afford 2-(3-hydroxyoxetan-3-yl)ethyl methanesulfonate
(A30) (5.5 g, 42%) as a yellow liquid.

[00181] [3-(4-Bromo-phenoxymethyl)-oxetan-3-yl]-methanol (A10)

OH

o\%)
OH e}
—_—
A10
Br Br

4-Bromophenol (100 mg, 0.58 mmol) was dissolved in anhydrous DMF (8 mL) at 0 °C under Na.
NaH (60% dispersion in mineral oil, 25 mg, 0.64 mmol) was added portion wise and the solution
stirred for 15 min. 3-(Bromomethyl)oxetan-3-ylmethanol (105 mg, 0.58 mmol) was added dropwise
as a solution in DMF (2 mL). The solution was stirred at 0 °C and allowed to warm to RT over 4 h.
Excess NaH was quenched with H20 (2 mL) and volatiles removed by rotary evaporator. The
resulting residue was suspended in H20 (15 mL) and extracted with DCM (3 x 10 mL), combined
organic fractions were dried by phase separator and residual DMF removed by high vacuum
overnight. The product A10 was taken forward as a crude clear oil (155 mg, quant); LC-MS. Rt 2.92
min, AnalpH2_MeOH_4min(1); (ESI*) m/z 273.2, 275.2 [M+H]*.

[00182] The following bromo compound A31 was prepared using analogous procedure to

compound A10:
Table 3
. Mass, %Yield,
Compound Cpd # Analytical Data
Appearance
Br
LC-MS. R, 3.05 min,
i . . 141 mg, 98%,
A31 AnalpH2 MeOH_4min(1); (ESI") m/z no ) .
O white solid
mass detected
HO,,
H

# Compound A31 was synthesised from the corresponding tosylate rather than bromide. The

tosylate was made from the corresponding commercially available alcohol:

[00183] (S)-3-hydroxybutyl 4-methylbenzenesulfonate (A32)
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‘\\OH
H
-\‘OH o\ Ho)
H SSO
—_—
OH A32

p-Toluenesulfonyl chloride (381 mg, 1.68 mmol) was dissolved in anhydrous DCM (10 mL) at RT
under N2. (s)-(+)-1,3-butandiol (300 uL, 3.33 mmol) was added followed by NEts (450 pL, 3.33
mmol) and the solution stirred for 18 h. The solution was partitioned with H2O (15 mL) and extracted
with DCM (3 x 10 mL), Combined organic fractions were dried by phase separator and the mixture
loaded onto silica for purification by flash chromatography. The desired compound A32 was isolated
as a clear oil (144 mg, 29%); 'H-NMR (400 MHz, DMSO-ds): 0 7.78 (d, J= 8.0 Hz, 2H), 7.48 (d, J =
8.0 Hz, 2H), 4.56 (d, J= 5.0 Hz, 1H), 4.12-4.00 (m, 2H), 3.65-3.57 (m, 1H). 2.43 (s, 3H), 1.69-1.54
(m, 2H), 1.00 (d, J = 6.0 Hz, 3H).

The following bromo compound A33 was prepared via reduction of ethyl 2-(4-bromophenoxy)-2, 2-
difluoroacetate (this ester was prepared in accordance to literature prcoedure as reported in Org.
Lett., 2016, 18, 18, 4570-4573):

[00184] 2-(4-bromophenoxy)-2, 2-difluoroethanol (A33)

Br Br
_—
R R
(0]
F © F
A33
EtO (0] HO

To a solution of sodium borchydride (2.7 g, 71.4 mmol} in EIOH (40 mbL) was added ethyl 2-(4-
bromophenoxy)-2, 2-difluoroacetate (7 g, 23.8 mmol) portionwise at 0°C. The reaction mixture was
slowly warmed to RT and stirred at this temperature for 2 h. After completion, the reaction was
quenched with saturated ammonium chloride solution (30 mL), 1 M HCI solution (2 mL), and then
extracted with EtOAc (2 x 300 mL). The combined organic layer dried over anhydrous Na2SOy, filtered
and concentrated under reduced pressure to afford 2-(4-bromophenoxy)-2, 2-difluoroethanol (A33)
as a white solid (5 g, 59%).

The following bromo-Isoglycosides were prepared from the corresponding triflate intermediates

which were prepared in accordance to literature methods?:

[00185] (3R,3aS,6R,6aS)-6-(4-bromophenoxy)hexahydrofuro[3,2-b]furan-3-ol (A34)
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H (0]
ol TfOu.. f OAc H (0]
(0] 0] OH
o H
Br

Br A34

Sodium hydride (73 mg, 2.16 mmol, 60% dispersion in oil) was added to a solution of 4-
bromophenol in THF (10 mL) at 0°C once bubbling had ceased the reaction was stirred for 30 mins
at 0°C. Crude (3R,3aS,6S,6aR)-6-(((trifluoromethyl)sulfonyl)oxy)hexahydrofuro[3,2-b]furan-3-yl
acetate (509 mg) as a solution in THF (6 mL) was then added dropwise. Once addition was
complete the reaction was stirred at 0°C for 2 h then 30 mins at RT. Analysis by TLC showed
consumption of triflate; the reaction was concentrated under vacuum and redissolved in THF (12
mL). LiOH (890 mg, 15.9 mmol) in water (4 mL) was then added and the reaction stirred at 50°C for
2 h. After which time a further amount of LiOH (800 mg) was added and the reaction stirred at RT
for 16 h. The THF was removed under vacuum, EtOAc (50 mL) was added and the layers
separated. The aqueous layer was extracted with EtOAc (3 x 50 mL), the organic layers combined
then dried (phase separator). The crude material was purified by silica gel chromatography eluting
with 5-65% EtOAc/iso-hexane to afford the title compound A34 as a white crystalline solid (352 mg,
73%). "H NMR (400 MHz, CDCls): 8 7.38 (d, J = 9.0 Hz, 2H), 6.81 (d, J = 9.0 Hz, 2H), 4.76-4.70 (m,
2H), 4.59 (d, J =4.1 Hz, 1H), 4.38 (br s, 1H), 4.00 (ddd, J = 4.1, 6.9, 10.5 Hz, 2H), 3.94-3.86 (m,
2H), 1.69 (br s, 1H).

[00186] (The antiisomer was prepared via an analogous procedure to compound A34.

Table 4

Mass, %Yield,

Compound Cpd # Analytical Data
Appearance

'H NMR (400 MHz, CDCL): & 7.38 (d,
J =8.7Hz, 2H), 6.80 (d,.J — 8.7 Hz,
2H), 4.77 (d,J = 3.9 Hz, 1H), 4.68 (t,J

H — 4.8 Hz, 1H), 4.54 (d,J - 48 Hz,
© . OoH A35" 1H), 4.31 (d, J = 6.9 Hz, 1H), 4.19- 275 mg, 43%,
Q o 4.14 (m, 1H), 4.09 (dd, J = 3.9, 10.5 white solid
Hz, 1H), 3.90 (dd,J = 6.0, 9.6 Hz, 1H),
3.63 (dd,J = 5.5, 9.6 Hz, 1H), 2.58 (d,
J = 6.9 Hz, 1H).

2 Prepared in accordance to literature methods reported in RSc Adv., 2014, 4, 47937-47950.

The following cyclobutyl intermediate was prepared via ring opening of 5, 5-difluoro-1-oxaspiro [2.3]
hexane, which was prepared in accordance to literature procedures as reported in J. Med. Chem.,
2016, 59, 8848-8858.

[00187] 1-((4-bromophenoxy)methyl)-3,3-difluorocyclobutan-1-ol (A36)
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Br o F Br
F
A36
OH O
HO/&F
F

Potassium carbonate (1.44 g, 10.4 mmol) was added to a stirred solution of 5, 5-difluoro-1-oxaspiro
[2.3] hexane (500 mg, 4.17 mmol) and 4-bromophenol (788 mg, 4.58 m mol) in MeCN (5 mL) in a
30 mL sealed tube, and the resulting mixture was stirred at 120°C for 2 h. Reaction mixture was
cooled to RT, filtered and washed with EtOAc (10 mL). The filtrate was washed with water (10 mL)
and brine (10 mL). Organic layer was dried over NazSOq, filtered and concentrated to give crude
product which was purified by silica gel column chromatography eluting with 0-10% of
EtOAc/petroleum ether to afford the title compound A36 as a pale yellow gum (400 mg, 33%), LC-
MS. Rt 3.59 min, AnalpH9_MeCN_4min(1); (ESI) m/z 586.0 [2M-H].

[00188] Tert-butyl N-[3-(4-bromophenoxy)-1,1-dimethyl-propyllcarbamate (A37)

Br Br
—_—
i i A37

HNYO
ag

To a solution of 4-bromophenol (471 mg, 2.72 mmol), tert-butyl (4-hydroxy-2-methylbutan-2-
ylcarbamate (1.38 g, 6.81 mmol) and triphenylphosphine (1.78 g, 6.81 mmol) in dry THF (9 mL) at
RT was added dropwise a solution of 1,1’-(azodicarbonyl)dipiperidine (1.73 g, 6.81 mmol) in dry
THF (9 mL). The resulting mixture was stirred at RT for 2 days and the mixture was filtered to
remove a white precipitate. The filtrate was diluted with DCM and washed with aqg NaOH (2 M) to
remove unreacted phenol starting material. The organic fraction was evaporated to dryness and

was purified by silica gel chromatography eluting with 0-15% EtOAc/iso-hexane to afford the
desired product A37 as a white solid (464 mg, 48%).

[00189] 1-(4-Bromo-phenoxymethyl)-cyclopropanol (A38)
Br
,LO O  A38
0o HOJ/V

Br
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To a solution of ethyl(4-bromophenyl)acetate (2 g, 7.7 mmol) in THF (20 mL), at 0°C, under Nz, was
added titanium (1V) isopropoxide (2.3 mL, 7.7 mmol) followed by dropwise addition of
ethylmagnesium bromide (3.0 M in Et2O, 7 mL, 20.8 mmol). The reaction was allowed to warm to
RT and stirred for 2.5 h. The reaction was added dropwise onto ice and the resultant mixture was
extracted with EtOAc (200 mL), whereupon a solid precipitated which was collected by filtration.
The organic layer was separated, passed through a phase separator and the solvent removed in
vacuo. The crude material was purified by silica gel chromatography, eluting with 9-17% EtOAc /
iso-hexane to afford 1-(4-bromo-phenoxymethyl)-cyclopropanol (A38) as a white solid (788 mg,
42%); LC-MS. Rt 2.90 min, AnalpH2_MeOH_4min(1); (ESI) m/z 242.4 (M-H)"; "H-NMR (400 MHz,
DMSO-de): 6 7.46-7.32 (m, 2H), 6.94-6.82 (m, 2H), 5.55 (s, 1H), 3.89 (s, 2H), 0.67-0.59 (m, 2H),
0.60-0.53 (m, 2H).

[00190] The following bromo intermediate was prepared using analogous procedure to that used

for the synthesis of compound Ax:

Table 5

Cpd . Mass, % Yield,

Compound Analytical Data
# State
Br

A39° LC-MS. R( 1.97 min, AnalpH2 MeOH_4min(1); 5.3 g, 75%, off-

A)/O (EST") m/z 257.0, 259.0 [M+H]*. white solid
OH

a Compound A39 required the ester A40 which was prepared from the resulting acid:

[00191] Methyl 3-(4-bromophenoxy)propanoate (A40)
iBj
O\k(

OH @)

o) o)

Br
—_—

:rL A40

O\k(

~

To a stirred suspension of 3-(4-bromophenoxy)propanoic acid (4.90 g, 20 mmol) in methanol (16
mL) was carefully added fuming sulfuric acid (98%, 20-30% SOs3, 4 drops). The reaction mixture
was heated at 140°C for 5 mins in the microwave and repeated once more on the same scale. The
combined reaction mixtures were concentrated in vacuo and the resulting residue was partitioned
between EtOAc (100 mL) and aqg. 10% sodium hydroxide (100 mL). The organic layer was
separated, and the aq. layer was back-extracted with EtOAc (100 mL). The combined organic layer

was then washed with brine (100 mL), dried over MgSOsa, filtered and concentrated in vacuo to
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afford the title compound A40 as pale yellow solid (9.86 g, 95%). LC-MS. Rt 3.10 min,
AnalpH2_MeOH_4min(1); (ESI*) m/z 281.1, 283.1 [M+Na]*.

[00192] 5-Bromo-2-(oxiran-2-ylmethoxy)benzonitrile ( A11)

o

OH oJ>
N cN
A1
Br Br

5-Bromo-2-hydroxybenzonitrile (2 g, 10.1 mmol) and Cs2COs (3.9 g, 12.1 mmol) were dissolved in
anhydrous THF (25 mL). 2-(Chloromethyl)oxirane (789 uL, 10.1 mmol) was added dropwise and the
solution stirred at reflux for 18 h. The solution was allowed to cool to RT and diluted with EtOAc/iso-
hexane solution (1:1, 150 mL). The resulting suspension was filtered and volatiles removed in
vacuo. The crude solid was pre-absorbed onto silica and purified by silica gel chromatography
eluting with 0-100% EtOAc/iso-hexane to afford 5-bromo-2-(oxiran-2-ylmethoxy)benzonitrile (A11)
as a white solid (714 mg, 28%); LC-MS. Rt 2.77 min, AnalpH2_MeOH_4min(1); (ESI*) m/z 254.3,
256.3 [M+H]".

[00193] (R)-1-(4-Bromo-phenoxy)-propan-2-ol (A12)

Br

Br
© A12
OH

o)
I
HO

R-(+)-Propylene oxide (1.22 mL, 17.3 mmol) was added to a reaction vessel containing a stirred
suspension of 4-bromophenol (750 mg, 4.3 mmol) and K2COs (1.19 g, 8.7 mmol) in DMF. The
reaction vessel was sealed and the suspension heated to 85°C for 16 h overnight. Once complete
the reaction was quenched by addition of 2 M NaOH (aq.) solution (10 mL) and allowed to stir for 1
h. H20 (80 mL) was then added and the resulting solution extracted with EtOAc (3 x 50 mL) the
combined organics were combined and washed with brine (2 x 50 mL), then dried by filtration over
MgSO4 and concentrated in vacuo. The crude material was purified by silica gel chromatography,
eluting with 0-40% EtOAc / iso-hexane to afford (R)-1-(4-bromo-phenoxy)-propan-2-ol (A12) as a
colourless oil (744 mg, 75%); LC-MS. Rt 2.88 min, AnalpH2_MeOH_4min(1), no mass ion detected.
THNMR (400 MHz, DMSO-de):  7.37 (d, J = 8.9 Hz, 2H), 6.78 (d, J = 8.9 Hz, 2H), 4.22-4.14 (m,
1H), 3.89 (dd, J=9.2, 3.2 Hz, 1H), 3.75 (dd, J= 9.2, 7.8 Hz, 1H). 2.32-2.21 (brs, 1H), 1.27 d, J =
6.4 Hz, 3H).
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[00194] The S-enantiomer A13 was prepared via an analogous procedure to compound A12.

Table 6
Cpd . Mass, % Yield,
Compound Analytical Data
# Appearance
Br LC-MS. R 2.88 min, AnalpH2 MeOH_4min(1); (ESI")
m/z no mass detected; 7.36 (d, J=9.2 Hz, 2H), 6.78 (d,
791 mg, 80%,
Al13 | J=9.2 Hz, 2H), 4.22-4.14 (m, 1H), 3.89 (dd, /= 9.2, )
e} colourless oil
¥ 32 Hz 1H), 3.75(dd,J=9.2, 7.8 Hz, 1H). 2.10-2.32
\OH (brs, 1H), 1.27 (d, J = 6.4 Hz, 3H).

[00195] The following bromo intermediates were synthesised in accordance with literature

5 methods:

Table 7

Bromo compound Cpd # Reference
Br
O
H/ Al4 WO02013/267493
()
N
I
Br
o AlS W0O2006/65659
Hoj\
OH
Br
F
Bioorganic Med.
) A41 Chem. Lett., 2007,
j 17,6, 1659-1662
7
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Bromo compound Cpd # Reference

0]

Br
: A42 W02016/144936
e
0

H

[00196] 1-(4-bromophenoxy)-2-methyl-propan-2-amine (A43)

Br Br Br
ij < j > < j A43
OH Oj OJ\

ll NH
N 2

Bromoacetonitrile (1.2 mL, 17.3 mmol) was added to a stirred suspension of 4-bromophenol (2.00
g, 11.6 mmol) and potassium carbonate in DMF (60 mL). Once addition was complete, the
resulting mixture was heated at 50°C overnight. The reaction mixture was cooled to RT, diluted with
EtOAc (150 mL) and the organic layer was separated, washed with water (2 x 70 mL), brine (2 x 40
mL) then dried by passing through phase separator. The organics were concentrated in vacuo and
the crude compound was purified by silica gel chromatography eluting with 0-50% EtOAc/iso-
hexane to afford 2-(4-bromophenoxy)acetonitrile (2.40 g). A portion of this material (1.00 g, 4.72
mmol) was dissolved in dry THF (20 mL) under Nz and methylmagnesium bromide (3 M in Et20, 5.5
mL, 16.5 mmol) was added dropwise. The reaction mixture was heated to 60°C for 1 h, then
titanium (1V) isopropoxide (1.4 mL, 4.72 mmol) was added dropwise. The reaction mixture was
stirred at 50°C for 16 h. The reaction mixture was partitioned between DCM and brine. The mixture
was filtered through celite and the filter cake washed with DCM. The organic fraction was
separated, washed with brine again, followed by washing with aq 10% NaOH (2x) to remove the
phenol starting material, dried by passing through a phase separator and evaporated to dryness to
afford the desired product A43 as a brown oil (712 mg, 62%); LC-MS. Rt 1.48 min,
AnalpH2_MeCN_4min(1); (ESI*) m/z 244.0, 246.0 (M+H)*.

Boc protection of the above bromo intermediate yielded A44.

[00197] Tert-butyl N-[2-(4-bromophenoxy)-1,1-dimethyl-ethyllcarbamate (A44)
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Br Br
—_—
b Ik
NH» H (o}
A43 Ad4

1-(4-bromophenoxy)-2-methylpropan-2-amine (A43) (712 mg, 2.92 mmol) was dissolved in DCM (5
mL). Di-fert-butyl dicarbonate (668 mg, 3.062 mmol) dissolved in DCM (4 mL) was added and the
reaction mixture stirred at RT for 16 h. Water was added to the reaction mixture to quench
unreacted di-fert-butyl dicarbonate and the mixture was stirred for a further 24 h. The reaction
mixture was evaporated to dryness and purified by silica gel chromatography eluting with 0-15%
EtOAc/iso-hexane to afford the product A44 as a pale yellow solid (516 mg, 51%); LC-MS. Rt 3.48
min, AnalpH2_MeCN_4min(1); (ESI*) m/z 365.9, 367.9 (M+Na)*.

The following diol intermediate A45 was prepared in 2 steps from 4-bromophenol.

[00198] 1-(4-bromophenoxy)-3-methylbutane-2,3-diol (A45)

x OH
HO
OH
0
Q A45
_ _—
Br Br

Br

A mixture of 4-bromophenol (1.00 g, 5.78 mmol) and NaH (388 mg, 11.56 mmol, 60% dispersion in
oil) were suspended in anhydrous THF (80 mL) at 0°C and stirred for 30 mins after which 1-bromo-
3-methylbut-2-ene (1.29 g, 8.67 mmol) was added dropwise. Once addition was complete, the
reaction was allowed to warm to RT and stirred overnight. The reaction mixture was diluted with
water (70 mL), layers were separated and washed with EtOAc (2 x 75 mL). The combined organics
were passed through a phase separator and concentrated in vacuo. The crude compound was
purified by silica gel chromatography eluting with 0-50% EtOAc/iso-hexane to afford 1-bromo-4-((3-
methylbut-2-en-1-yl)oxy)benzene (1.35 g) as a colourless oil, which was used for further
derivatization. Admixa (2.00 g) was added to a stirred biphasic solution of 1-bromo-4-((3-methylbut-
2-en-1-yl)oxy)benzene (1.35 g, 5.6 mmol) in tert-Butanol/water. A yellow biphasic solution formed
and was allowed to stir for 16 h. A further portion of Admix-a (500 mg) was added and the reaction
was allowed to stir for 18 h. A further potion of Admix-a (1.50 g) was added and reaction mixture
was stirred for 18 h. The reaction mixture was quenched with sodium sulphite (5 g), and stirred for 1
h. The mixture was diluted with EtOAc (75 mL) and water (75 mL), layers were separated and the
aqueous layer was extracted with EtOAc (3 x 50 mL), washed with brine (20 mL) and dried using a
phase separator. The crude solid was purified by silica gel chromatography eluting with 0-75%
EtOAc/iso-hexane to afford the title compound A45 as a yellow oil (1.13 g); LC-MS. R 2.81 min,
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AnalpH2_MeOH_4min(1); (ESI*) m/z 297.1, 299.1 [M+Na]*. The enantiomeric excess was not
determined.

[00199] The bromo intermediates were used to synthesise the corresponding boronic esters or
acids using bis(pinacalato)diboron. These reactions could be carried out using either traditional

heating methods or in a microwave reactor.

[00200] 1-[4-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-imidazolidin-2-one (B1)

Br 0.0
2 — G,
N o
NH (_;/;’

KOAc (609 mg, 6.21 mmol) and bis(pinacolato)diboron (631 mg, 2.48 mmol) were added to a round
bottom flask and placed under Nz. 1-(4-bromophenyl)tetrahydro-2H-imidazol-2-one (500 mg, 2.07
mmol) in DMSO (11 mL) was added followed by Pd(dppf)Cl2.DCM (51 mg, 0.06 mmol). Nz gas was
bubbled through the reaction mixture for 10 min after which time the reaction was heated at 85°C
for 3.5 h. The reaction mixture was cooled to RT, EtOAc (50 mL) added, washed with saturated
NaHCOs (aq, 50 mL) and brine (50 mL). The organic phase was separated, passed through a
phase seperator and evaporated to dryness. The crude compound was purified by silica gel column
chromatography eluting with 0%-2% MeOH/DCM to afford 1-[4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-phenyl]-imidazolidin-2-one (B1) as a white solid (377 mg, 63%); LC-MS. Ry
2.87 min, AnalpH2_MeOH_4min(1); (ESI*) m/z 289.3 [M+H]*.

[00201] The following boronic ester was prepared using analogous procedures to compound B1
by heating at 85°C for 3 h:

Table 8
Cpd ] Mass, %Yield,
Compound Analytical Data
# State
> LC-MS. R, 3.11 min, AnalpH2_MeOH_4min(1);
Og° (EST") m/z 313.3 [M+Na]";
517 'H-NMR (400 MHz, DMSO-ds): 5 7.58-7.44 (m, | 272 mg, 29%, white
2H), 6.98-6.82 (m, 2H), 5.55 (s, 1H), 3.93 (s, 2H), solid
/g 1.23 (s, 12H), 0.67-0.61 (m, 2H), 0.60-0.54 (m, 2H)
HO




10

15

WO 2019/073253 PCT/GB2018/052936

73

[00202] 1-[2-(tert-Butyl-dimethyl-silanyloxy)-ethyl]-3-[4-(4,4,5,5-tetramethyl-[1,3,2]dioxabolan-2-yl)-
phenyl]-imidazolidin-2-one (B2)

O-si 0-~8i
(Nﬂ Ry
o { Ao
B2
Br .B
o O

A mixture of 1-(4-bromo-phenyl)-3-[2-(tert-butyl-dimethyl-silanyloxy)-ethyl]-imidazolidin-2-one (1.16
g, 2.9 mmol), bis(pinacolato)diboron (1.10 g, 4.35 mmol), Pd(dppf)Cl=.DCM (237 mg, 0.29 mmol),
KOAc (854 mg, 8.7 mmol) and 1,4-dioxane (15 mL) was de-oxygenated with nitrogen for 10
minutes then heated in the microwave at 130°C for 1 h. The mixture was filtered through celite, with
further methanol washing, then concentrated in vacuo. The crude material was partitioned between
DCM (50 mL) and water (50 mL), passed through a phase separator, concentrated in vacuo then
purified by silica gel chromatography, eluting with 0-100% EtOAc / iso-hexane, to afford 1-[2-(tert-
butyl-dimethyl-silanyloxy)-ethyl]-3-[4-(4,4,5,5-tetramethyl-[1,3,2]dioxabolan-2-yl)-phenyl]-
imidazolidin-2-one (B2) as a cream solid (817 mg, 1.83 mmol, 63%); LC-MS. Ry 3.80 min,
AnalpH2_MeOH_4min(1); (ESI*) m/z 447.3 [M+H]*

[00203] The following boronic esters were prepared using analogous procedures to compound B2
with duration of heating varying between 30 min and 16 h and heating between 100°C and 130°C:

Table 9
Cp . Mass, %Yield,
Compound Analytical Data
d# State
/
(e
NTTO LC-MS. R; 2.81 min,
AnalpH2 MeOH_4min(1); (ESI") m/z 303.2
B3 90 mg, 38%
[M+H]*
.B.
Ja
\
N—
N/\/
X LC-MS. R 1.96 min,
\ AnalpH2 MeOH_4min(1); (ESI") m/z 360.4 98 mg, 29%, pale
B4
[M+H]* brown solid
.B.
o
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Cp . Mass, % Yield,
Compound Analytical Data
d# State
|
()
N
J) LC-MS. R, 2.01 min,
o ps | AnalpH2_MeOH_dmin(1); (ESI*) m/z 361.3 195 mg, 95%,
© [M+H]* brown solid
.B.
hut
o, .0
B
LC-MS. R, 2.06 min,
. 168 mg, 73%
B6 | AnalpH2 MecOH 4min(1); (ESI") m/z 378.3 ,
o yellow oil
[M+H]".
OMe
)
O
0. .0
B
LC-MS. R, 2.87 min,
) 152 mg, 60% pale
B7 | AnalpH2 MeOH 4min(1); (ESI") m/z 378.3 ,
o) yellow solid
[M+H]".
OH
S
(0]
o, .0
B
LC-MS. R 2.81 min,
. 352 mg, 74%, off-
B8 | AnalpH2 MecOH_ 4min(1); (ESI") m/z 317.4 >
. white solid
o [M+Na]".
Hoj\
OH
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Cp . Mass, %Yield,
Compound Analytical Data
d# State
0. .0
B
LC-MS. R; 3.13 min, )
) 174 mg, 99%,white
B9 | AnalpH2 MeOH 4min(l); (ESI") m/z 343.3 lid
soli
[M+Na]".
0]
&\/OH
0]
0. .0
B
LC-MS. R, 3.31 min,
325 mg,

AnalpH2 MeOH_4min(1); (ESI*) m/z 289.5

[M-H,0+H]*.

57%.yellow solid

s

(X,

N

s

.B
O

(o)

B11

LC-MS. R, 3.15 min,

AnalpH2 MeOH_4min(1); (ESI*) m/z 361.4

[M+H]

154 mg, 52%, white
solid

AN
Jb

ok

O\B/O
LC-MS. R 3.21 min,
B12 ) 158 mg, 38%,
AnalpH2 MeOH_4min(1); (ESI") m/z 302.3 i
N . yellow oil
(( O
(0]
O~B,O
LC-MS. R; 3.19 min,
. 463 mg, 66%, pale
B13 | AnalpH2 MeOH_4min(1); (EST") m/z 340.3 i
X . yellow oil
NN [M+Na] .
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Cp . Mass, % Yield,
Compound Analytical Data
d# State
#_% LC-MS. R; 3.10 min, analpH2_MeOH_4min;
o. 0 (ESI*) m/z 301.4 [M+Na]"
B
THNMR (400 MHz, CDCL:): 7.74 (d,J = 8.7
481 mg, 54%,
B14 Hz, 2H), 6.89 (d J= 8.7 Hz, 2H), 4.23-4.15 .
yellow oil
(m, 1H), 3.96 (dd, J=9.2, 3.2 Hz, 1H), 3.81
i: (dd, 9.2, 7.8 Hz, 1H), 1.32 (s, 12H), 1.27 (d, J
NoH = 6.4 Hz, 3H).
B
LC-MS. R 3.10 min, AnalpH2 MeOH_4min; 689 mg, 73%
B15 ’ ’
(ESI*) m/z 301.4 [M+Na]" yellow oil
0
It
HO
ﬁ" OH
o LC-MS. R, 3.20 min,
B48 | AnalpH2_MeOH_4min(1); (ESI") m/z293.4 | 142 mg, 84%, white
[M+H]" solid
.B.
JE N
LC-MS. R 3.14 min, AnalpH2 MeOH_4min | 116 g, 44%, white
B49

" o
O_O_W\
o]

HO

(EST); m/z 301.4 [M+H]"

solid
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Cp . Mass, % Yield,
Compound Analytical Data
d# State
O.B,O
LC-MS. Rt 2.83 min,
9 2
BS0 | AnalpH2_MeOH_dmin(1); (ESI) miz | 287 M9, 36%, off
white solid
304.2 [M+H]*
Cr°
OH
0.0
B
© LC-MS. R; 3.27 min, AnalpH2 MeOH_4min | 125 g, 20%, white
B51 ’ ’
(ESIY); m/z 327.3 [M+Na]* solid
DH/ O
OH
0.0
B
© LC-MS. R 3.38 min, AnalpH2 MeOH_4min | 150 mg, 31%, white
B52
1 (ESIY); m/z 363.2 [M+Na]* solid
HO/%(F
F
0.0
© LC-MS. R; 3.04 min, AnalpH2 MeOH_4min | 129 g, 40%, white
B33 ’ ’
(ESI"); m/z 321.3 [M+H]" solid
o}
O\A)/
OH




WO 2019/073253 PCT/GB2018/052936
78

Cp . Mass, %Yield,
Compound Analytical Data
d# State

(_,\sffo

No LC-MS. R, 2.88 min,
BS54 | AnalpH2 MeOH_4min(1); (ESI*) m/z 324.3 328 mg, 93%,
[M+H]" yellow solid

o}
o

LC-MS. R, 3.03 min,

) 361 mg, 93%, white
B55 | AnalpH2 MecOH_4min(1); (ESI") m/z 307.2

solid
Hé) [M+H]".
OH
[oXgpe)
B
©/F LC-MS. R, 3.32 min, AnalpH2 MeOH_4min | 454 mg, 65%, palc
B56
(ESI*); m/z 347.3 [M+Na]* yellow solid
>H/ O
OH
o, 0
B
© LC-MS. R 3.55 min, AnalpH2 MeOH 4min | 574 mg, 98%, pale
B57 oo
0 (ESI"); m/z 392.3 [M+Na]* yellow solid
HNJ;
OAO
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Cp . Mass, %Yield,
Compound Analytical Data
d# State
0.0
B
(? LC-MS. R 3.52 min, AnalpH2 MeOH_4min o .
) B58 (EST); m/z 306.1 [M-Boc+H]* 305 mg, 58%, white
a .
AH/ solid
OxNH
\~/O
0.0
B
@\ 5o LC-MS. R, 3.33 min, AnalpH2_MeOH_4min | 64 g 83%, pale
F (EST*); m/z 347.1 [M+Na]* orange solid
>H/ O
OH
0,0
LC-MS. R(2.87 IIliIl, 1.52 g,
- B60 | AnalpH2 MeOH_4min(1); (ESI) m/z332.2 | Quantitative, pale
=
>H/o N [M+H]". yellow oil
OH
0,0
LC-MS. R, 3.02 min,
0,
©\ B61 | AnalpH2 McCN 4min(1); (EST) m/z 3042 | 1268 97% yellow
Ny

[M+H]".

oil
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Cp . Mass, % Yield,
Compound Analytical Data
d# State
O\B,O
LC-MS. R, 3.02 min,
0
©\ B62 | AnalpH2 McOH 4min(1); (EST) m/z2972 | 208 Sof” yellow
F 01
J/o [M+H]".
O
|
o, 0
- LC-MS. R, 2.95 min,
0
©/ B63 | AnalpH2 McCN_4min(1): (ESI) m/z297.1 | 1108 47?” yellow
01
) [M+H]"

o. .0
B
LC-MS. R 3.36 min, AnalpH2 MeOH 4min 1.72 g, 72%, pale
B64 ’ ’
) (EST); m/z 315.2 [M+Na]* yellow oil
o]
LC-MS R; 3.06

AnalpH2 MeOH_4min (EST?); m/z no

Hay ionization; 'THNMR (400 MHz, CDCls): &
/O/O ‘&‘OH Bes | 774 (d.J=87Hz 2H),6.91 (d, /=87 Hz, 320 mg, 79%
>§;Ei© 2H), 4.80 (t, /= 3.2 Hz, 1H), 477 (d, J= 3.7 colourless oil
Hz, 1H), 4.60 (d,.J = 4.1, 1H), 4.38 (br s, 1H),
4.03 (d,J = 3.2 Hz, 2H), 3.94-3.87 (m, 2H),
1.32 (s, 12H)




AnalpH2 MeOH_4min(1); (ESI*) m/z 331.4

yellow oil
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Cp . Mass, % Yield,
Compound Analytical Data
d# State
LC-MS R¢ 3.06 min
AnalpH2 MeOH_4min (EST?); m/z no
ionization; 'THNMR (400 MHz, CDCl;): &
e 7.74 (d,J=8.7Hz, 2H), 6.89 (d, /= 8.7 Hz,
s{\g"w 2H), 4.87 (d, J= 3.8 Hz, 1H), 4.69 (t,J = 4.6
H 0,
gO ° B66 | Hz 1H), 4.56 (d.J= 4.6 Hz, 1H), 432 (q,J = 3015 m?’ 8 /"1
- colourless oi
>§<i 5.5Hz, 1H), 4.19 (d,J = 10.3 Hz, 1H), 4.10
(dd,/=3.8,10.3 Hz, 1H), 3.89 (dd, /= 5.5,
9.4 Hz, 1H), 3.64 (dd, J = 5.5, 9.4 Hz, 1H),
1.25 (s, 12H).
0., 0
LC-MS. R, 3.04 min,
0,
B67 | AnalpH2 MeOH_4min(1); (ESI*) m/z 345.3 112899 A’
) [MEANa]* colourless oil
+Na]™.
%J:OH
OH
0. 0
B
LC-MS. R, 3.07 min,
B6S 550 mg, 92%,
o}

e

O

[M+Na]".

aTHF was used as solvent instead of 1,4-dioxane

[00204] 1-[4-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-pyrrolidin-2-one (B16)

Oo._.0
B
E—— © B16

N

Qéo (_T/O
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To 1-(4-bromophenyl)pyrrolidin-2-one (1.51 g, 6.3 mmol) was added bis(pinacolato)diboron (1.92 g,
7.56 mmol), Cs2COs3 (2.46 g, 7.56 mmol), Pd(dppf)Cl..DCM (515 mg, 0.63 mmol) in a mixture of
1,4-dioxane:H20 (25 mL, 4:1) and the reaction mixture flushed with N2 for 15 min. The reaction
mixture was heated to reflux for 18 h. The reaction mixture was evaporated to dryness, suspended
in EtOAc (100 mL) and washed with H20 (100 mL), whereupon a precipitate formed which was
removed by filtration. The organic phase was separated, passed through a phase seperator and
evaporated to dryness. The crude compound was purified by silica gel column chromatography
eluting with 7-32% EtOAc/iso-hexane to obtain 1-[4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-
phenyl]-pyrrolidin-2-one (B16) as a pale yellow solid (756 mg, 42%); LC-MS. Rt 3.00 min,
AnalpH2_MeOH_4min; (ESI*) m/z 288.3 [M+H]*.

[00205] The following boronic ester were prepared using analogous procedures to B16:

Table 10

Mass, %Yield,

Compound Cpd # Analytical Data
State

~

0. .0
B

LC-MS. R;3.13 min, | 59 mg, 9%, pale
AnalpH2 MeOH 4 yellow solid
min(1); (ESI") m/z

N (0]
Lj 302.5 [M+H]".

B17

[00206] Dimethyl-{2-[4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenoxy]-ethyl}-amine (B18)

— .
N

—N
AN

Br

g
—N
AN

To a suspension of N-[2-(4-bromophenoxy)ethyl]-N-N-dimethylamine (500 mg, 2.05 mmol),
bis(pinacolato)diboron (625 mg, 2.46 mmol), K2COs (425 mg, 3.07 mmol) in DME (10 mL) was
added Pd(dppf)Cl2.DCM (84 mg, 0.1 mmol) and the reaction mixture de-oxygenated with Nz for 10
min and the reaction mixture heated at 100 °C for 15 h. The reaction mixture was filtered through a
celite cartridge (2.5 g), the column washed with MeOH (8 x CV) and the filtrate evaporated in vacuo.
The crude compound was purified by silica gel column chromatography eluting with 100% DCM -
10% MeOH/ DCMto obtain dimethyl-{2-[4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenoxy]-
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ethyl}-amine (B18) as a yellow oil (700 mg, quantitative); LC-MS. Rt 1.93 min,
AnalpH2_MeOH_4min(1); (ESI*) m/z 292.4 [M+H]".

The following Isoglycoside boronic ester was prepared via methylation of the corresponding alcohol:

[00207] 2-(4-(((3R,3aS,6S,6aS5)-6-methoxyhexahydrofuro[3,2-bJfuran-3-yl)oxy)phenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (B69)

N o
O "1oH H Y
O e
4 H | o
0
- B69

O-Ee - -
>§<o B66 >§<E§
o

To a stirred suspension of sodium hydride (73 mg, 2.20 mmol, 60% dispersion in oil) in anhydrous
THF (14 mL) at 0°C was added (3S,3aS,6R,6aS)-6-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
ylphenoxy)hexahydrofuro[3,2-b]furan-3-ol (B66) (500 mg, 1.44 mmol) as a solution in anhydrous
THF (5 mL). The reaction was stirred at 0°C for 10 mins then methyl iodide (267 L, 4.32 mmol)
was added. The resulting reaction mixture was stirred for 30 mins at 0°C then warmed to RT and
concentrated in vacuo. The residue was re-dissolved in DCM, absorbed onto silica and purified by
silica gel column chromatography eluting with 5-75% EtOAc/iso-hexane to obtain the title compound
as a colourless oil (110 mg, 21%). "HNMR (400 MHz, CDClzs): d 7.74 (d, J = 8.7 Hz, 2H), 6.90 (d, J
=8.7Hz, 2H),4.82 (d, J=3.2Hz, 1H), 4.75 (d, J= 4.4 Hz, 1H), 4.62 (d, J= 4.6 Hz, 1H), 4.18 (dd, J
=10.5,4.1 Hz, 1H), 412 (d, J = 8.7 Hz, 1H), 4.01-3.91 (m, 2H), 3.67 (t, J= 7.3 Hz, 1H), 3.48 (s,
3H), 1.32 (s, 12H).

A number of boronic esters were synthesised from the corresponding anilino-substituted boronic
ester using amide coupling reactions:

[00208] 2-(4-Methyl-piperazin-1-yl)-N-[4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl) phenyl]
acetamide (B19)

e [
o'B NH: 0 Vs B19
o N
-
\

To a mixture of 4-(4,4,5,5)tetramethyl-1,3,2-dioxaborolan-2-ylaniline (500 mg, 2.28 mmol). 2-(4-
methylpiperazin-1-yl) acetic acid (433 mg, 2.74 mmol) and HATU (1.04 g, 2.74 mmol) in DMF (11
mL) was added DIPEA (1.2 mL, 6.85 mmol) and the reaction stirred at RT for 2 h. The solvent was

removed in vacuo, the residue dissolved in DCM (50 mL) and washed with saturated NaHCO3 (aq)
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(50 mL). The layers were separated (phase seperator) and the organic phase evaporated to
dryness. The crude compound was purified by silica gel column chromatography eluting with 100%
DCM to 10% MeOH/DCM to afford 2-(4-methyl-piperazin-1-yl)-N-[4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-phenyl] acetamide (B19) as a white solid (565 mg, 69%); LC-MS. Rt 2.03
min, AnalpH2_MeOH_4min(1); (ESI*) m/z 360.4 [M+H]".

[00209] The following boronic acids/esters were prepared using analogous procedures to

compound B19:

Table 11
. Mass, % Yield,
Compound Cpd # Analytical Data
State
72( o
0-B LC-MS. Ry 2.84 min,
AnalpH2 McOH 4 379 mg, quant,
B20¢ - -
min; (EST") m/z dark orange oil
NH 278.3 [M+H]".
oﬁ
HO
7% :
O’B\©\ LC-MS. R, 2.22 min,
NH B21 min: (ESTY) m/z & quant,
o)\ 3474 [M+H]+ yellOW SOlld
()
(@)
72( o
O-B
LC-MS. Ry 3.26 min,
AnalpH2_MeOH_4 3554 mg, 86% .
NH B22 min(1); (ESI") m/z i .
o 3773 [M+H]+ Off'Whlte SOlld
HN
>=o
bas
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. Mass, % Yield,
Compound Cpd # Analytical Data
State
72( %
O-B
LC-MS. R; 3.31 min,
AnalpH2 McOH 4 610 mg, 98%,
NH B23 min(1); (ESI*) m/z . .
O:g 391.4 [MH]" off-white solid
—N
=0
bas
72( P
O-B
LC-MS. R¢ 3.24 min,
AnalpH2 MeOH_4 841 mg, 91%,
" B24° min; (ESI*) m/z . id
5 405.5 [M+HT", pale orange soli
R
N
/0
HO. ;.OH LC-MS. R, 0.51min,
AnalpH2 MeOH 4 604 mg, 83%,
o] | B25¢ . . .
J\/N\ min(1); (ESI") m/z brown oil*
N 2233 [M+H]*

42.4 eq of HATU and acid species used, reaction time of 36 h; » TBTU used in place of HATU; ©
HOAt and EDC.HCI used in place of HATU, TEA used in place of DIPEA, DCM used in place of
DMF, 24 h duration, purified SCX-2 cartridge.

The following amides were prepared from the corresponding benzoic acid using amide coupling

conditions:

[00210] N-(2-Dimethylamino-ethyl)-3-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-benzamide
(B26)

0. .0
B
—_—
H
OH N~
o} o |
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To a solution of 3-carboxyphenyl boronic acid pinacol ester (500 mg, 2.02 mmol), HOAt (411 mg,
3.02 mmol) and EDC.HCI (579 mg, 3.02 mmol) in DMF (10 mL) was added N,N-dimethylethylene
diamine (440 uL, 4.03 mmol). The mixture was stirred at RT for 1 h. The reaction mixture was
diluted with saturated sodium bicarbonate solution (30 mL) then extracted in EtOAc (2 x 50 mL).
The combined organics were washed with H2O (2 x 30 mL) then brine (30 mL), dried (anhydrous
MgSOy), filtered and concentrated in vacuo to afford N-(2-dimethylamino-ethyl)-3-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-benzamide (B26) as a pale yellow oil (186 mg, 0.58 mmol,
29%); LC-MS. Rt 2.03 min, AnalpH2_MeOH_4min(1); (ESI*) m/z 319.3 [M+H]*

A number of substituted boronic esters were synthesised via ring opening of the corresponding

epoxide:

[00211] 1-Morpholin-4-yl-3-[4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenoxy]-propan-2-ol-
(B27)

- -

0. .0
0. .0 m
B B

e}
(l/ H:OH B27
o N
)

A solution of 4-(oxiran-2-ylmethoxy)phenylboronic acid, pinacol ester (1.0 g, 3.62 mmol) and
morpholine (443 pL, 5.07 mmol) in isopropanol (20 mL) was heated at 100°C for 30 min in a
microwave reactor (200 W). The reaction was repeated once more. The two reaction mixtures were
combined and concentrated in vacuo. The crude solid was pre-absorbed onto silica and purified by
silica gel chromatography eluting with 0-5% MeOH/DCM to afford 1-morpholin-4-yl-3-[4-(4,4,5,5-

tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenoxy]-propan-2-ol (B27) as a white solid (2.56 g, 97%);
LC-MS. Rt 1.90 min, AnalpH2_MeOH_4min(1); (ESI*) m/z 364.4 [M+H]".

[00212] The following boronic esters were prepared using analogous procedures to compound
B27:

Table 12
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. Mass, %oYield,
Compound Cpd # Analytical Data
State
o._.0
B
B2S LC-MS. R¢ 1.82 min, 565 mg, 97%,
AnalpHZ_MeOH_4 orange oil
o min(1); (ESI") m/z
322.3 [M+H]".
OH
/N\
O, .0
B
LC-MS. R, 2.04 min, .
AnalpH2 MeOH 4 | 203 mg, 75%,
0o B29 min(1); (ESI*) m/z pale yellow oil
377.4 [M+H]".
OH
)
N
I
0. .0
B
LC-MS. R, 2.48 min,
© AnalpH2_MeOH 4 | 134mg 35%,
o B30 min(1); (ESI*) m/z pale yellow oil
391.5 [M+H]".
OH
L)
o
0. .0
B
LC-MS. R, 2.20 min,
N B31° AnalpH2_MeOH_4 | 17 g 5804,
min(1); (ESI") m/z .
g\OH
)
(@]
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0._.0
B
LC-MS. R; 2.05 min,
B32 AnalpH2_MeOH_4 248 mg, 99%’
min(1); (ESI*) m/z )
(0] 3483 [M+H]+ brown solid
g\ OH
o
o._ .0
B
LC-MS. Ry 2.15 min,
B33b AnalpH2_MeOH_4 164 mg, 66%,
min(1); (ESI") m/z i
o) 348.4 [M+H]". Not given
g\ OH
/NW
0. .0
B
LC-MS. R; 2.81 min,
i B34 AnalpH2_MeOH 4 | 169m8. 36%,
o} min(1); (ESI*) m/z pale yellow oil
412.4 [M+H]".
OH
)
0*%0

a Synthesised using 2-(oxiran-2-ylmethoxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yhbenzonitrile (B12); YAmine species used as HCI salt therefore 1 eq of EtsN was also added.

The two enantiomers of the following urea-substituted boronic esters were prepared from the

commercial available isocyanate.

[00213] (S)-3-Hydroxy-pyrrolidine-1-carboxylic acid [4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-

yh)-phenyl]-amide (B35)

B ———
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To 4-(isocyanatophenyl)boronic acid, pinacol ester (100 mg, 0.41 mmol) and (S)-3-pyrridinol (53
mg, 0.61 mmol) was added DCM (1 mL) and the mixture stirred at RT, overnight. The reaction
mixture was evaporated in vacuo, dissolved in MeOH (2 mL) and passed through a 5g SCX-2
cartridge, eluting with MeOH (2 x CV) and DCM (2 x CV). The solvent was removed in vacuo to
afford (S)-3-hydroxy-pyrrolidine-1-carboxylic acid [4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-
phenyl]-amide (B35) as a purple oil (107 mg, 79%); LC-MS. Rt 2.72 min, AnalpH2_MeOH_4min(1);
(ESI+) m/z 333.4 [M+H]*

[00214] The (R) enantiomer B36 was prepared using analogous procedures to compound B35.

Table 13
. Mass, % Yield,
Compound Cpd # Analytical Data
Appearance
Ny
O-B LC-MS. R 2.72 min,
\O\ B36 AnalpH2 MeOH 4 132 mg, 97%,
E\H min(1); (ESI") m/z pale yellow oil
O” N 333.4 [M+H]".
OH

A number of boronic esters were prepared via Mitsunobu reactions of the corresponding phenol:

[00215] 3-[4-(4,4,5,5-Tetramethyl-[1,3]dioxaborolan-2-yl)-phenoxymethyl]-azetidine-1-carboxylic
acid tert-butyl ester (B37)

4-(4,4,5,5-tetramethyl-[1,3]dioxaborolan-2-yl)-phenol (100 mg, 0.45 mmol), 1,1'-
(azodicarbonyl)dipiperidine (230 mg, 0.91 mmol) and PPhs (238 mg, 0.91 mmol) were dissolved in
THF (5 mL) under Nz and 3-hydroxymethyl-azetidine-1-carboxylic acid terf-butyl ester (80 pL, 0.45
mmol) was added. The solution was stirred at RT for 18 h. The reaction was partitioned between
H20 (10 mL) and DCM (3 x 15 mL) and the organic layer dried by phase separator. The final
compound was obtained by flash chromatography (0-100% EtOAc in iso-hexane). The title
compound was isolated as a clear gum (120 mg, 68%). LC-MS. Rt 3.53 min,
AnalpH2_MeOH_4min(1); (ESI+) m/z 390.3 [M+H]".

[00216] The following boronic esters were prepared using analogous procedures to compound
B37.



Table 14

315.3 [M+Na]*.

WO 2019/073253 PCT/GB2018/052936
90
. Mass, % Yield,
Compound Cpd # Analytical Data Stat
ate
LC-MS. R, 3.60 min,
QL/% AnalpH2_MeOH 4 | 118 mg, 22%.
o B38° N
] ot min(1); (EST") m/z yellow gum
RS 4043 [M+H]".
j\o LC-MS. Ry 2.10 min,
o’l AnalpH2 McOH 4 205 mg, 50%
B39 . o
Q min(: ESOY ™2 | orange oil
(0]
X\N\ 304.3 [M+H]".
\O
}o LC-MS. R, 3.32 min,
Q . AnalpH2 McOH 4 878 mg, 66%
B70 . S
. min(1); (ESI") m/z pale yellow oil
d >e< 315.2 [M+NaJ".
\O
N\q LC-MS. R; 3.32 min,
$ Q i AnalpH2 MeOH 4 | 880 mg, 66%,
B71 .
. min(1); (ESI") m/z pale yellow oil
4 >e< 315.3 [M+NaJ".
\
O{o LC-MS. R, 2.10 min,
Q ; AnalpH2 MeOH_4 1.10 g, 83%
B72 . S
o min(1); (ESI*) m/z orange oil
3 >€< 315.3 [M+NaJ".
N
"o LC-MS. R, 2.10 min,
Q . AnalpH2 McOH 4 519 mg, 71%
B73 . S
min(1); (ESI") m/z pale yellow oil

of 1,1'-(azodicarbonyl)dipiperidine.

@ Polymer supported triphenylphosphine was used. P Diisopropyl azodicarboxylate was used instead
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The following oxetane intermediate was prepared via displacement of the corresponding tosyl

derivative:

[00217] Toluene-4-sulfonic acid 3-hydroxy-oxetan-3-ylmethyl ester (A46)

o<><o/Ho\ 2
o< g
° on - O// \©\

A4d6

To a stirred solution of 3-(hydroxymethyl)oxetan-3-ol (250 mg, 2.4 mmol) in anhydrous DCM (7 mL)
and anhydrous pyridine ( 7 mL), under Nz at 0°C was added p-toluenesulfonyl chloride (595 mg,
3.12 mmol). The reaction was maintained at this temperature for 5.5 h. The reaction mixture was
evaporated to dryness, partitioned between EtOAc (50 mL) and H20 (50 mL). The organic phase
was separated, washed with 2M HCI (50 mL), satd. aq. NaHCOs (50 mL). The organic phase was
separated (phase separator) and evaporated to dryness. The crude compound was purified by silica
gel column chromatography eluting with 30 - 80% EtOAc/iso-hexane to afford toluene-4-sulfonic
acid 3-hydroxy-oxetan-3-ylmethyl ester A46 as a white solid (411 mg, 66%); LC-MS. Rt 2.23 min,
AnalpH2_MeOH_4min(1); (ESI*) m/z 259.3 [M+H]*.

[00218] 3-[4-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenoxymethyl]-oxetan-3-ol (B41)

Toluene-4-sulfonic acid 3-hydroxy-oxetan-3-ylmethyl ester (100 mg, 0.39 mmol), 4-
hydroxybenzeneboronic ester (102 mg, 0.46 mmol), K2COs (80 mg, 0.58 mmol) and anhydrous
DMF (1 mL) were added to a microwave vial and heated thermally at 80 °C for 4 h. The reaction
mixture was evaporated to dryness, suspended in DCM (20 mL) and washed with H2O (20 mL). The
organic phase was separated (phase seperator) and evaporated to dryness. The crude compound
was purified by silica gel column chromatography eluting with 5 - 35% EtOAc/iso-hexane to afford
3-[4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenoxymethyl]-oxetan-3-ol as a white solid (71
mg, 60%); LC-MS. Rt 2.93 min, AnalpH2_MeOH_4min(1); (ESI*) m/z 329.3 [M+Na]*; '"H NMR (400
MHz, DMSO-ds): 8 7.58 (**d, 2H, J = 8.2 Hz), 6.94 (**d, 2H, J= 8.7 Hz), 5.99 (s, 1H), 4.47-4.43 (m,
4H), 4.09 (s, 2H), 1.24 (s, 12H).

[00219] The following boronic acids/esters were synthesised in accordance with literature
methods:
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Table 15
Boronic ester Cpd # Reference
0. .0
B
) B42 W02014/117090
HNJ/
'y
0. .0
B
F
B43 W02015/132228
J/O
HO
0. .0
B
EP1679304, 2006,
B44
Al
J/O
HO
o, .0
B
© B45 US2014/121200
@)
HOJ%
0. .0
B
Synthesis, 2016, 48,
B46
8, 1226-1234
o)
AT
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Boronic ester Cpd # Reference
L0
N
o /©)L \j\ . B40 US2015/99732

S
B 0 '\K
I

OH
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[00220] A number of examples of formula (la) were synthesised according to the following route:

Route 1: Scheme 1

H,N HN N
o
A~ 7 NH
o= | NC—7 "NH o _

I
{ Step 1 b Step2 R4 Step3 R4
o R4
R12 R12
R12
Step 4
R3
N/sN N&N =N
. R11 . . HN P
cl _ cl _ o NH
Step 6 Step 5 —=
R4 R4 R4
R12 R12 R12

R12

[00221] Example Ex-1: 4-(4-Oxo-5-phenyl-3,4-dihydro-pyrrolo[2,3-d]pyrimidin-7-yl)-benzoic acid
5 [00222] 2-(2-Oxo-2-phenyl-ethyl)-isoindole-1,3-dione (A16)

o O
CQ“( — CE:EN)_@ A8
0 o O

Potassium phthalimide (6.00 g, 32 mmol) and 2-bromoacetophenone (6.44 g, 32 mmol) in
anhydrous DMF (64 mL) was stirred at RT gently until the exothermic reaction ceased. The reaction
mixture was heated at 150°C for 30 min. The reaction mixture was cooled to RT and the resulting
10 solid filtered. The filtrate was poured into H2O and the resulting solid filtered, washed with H20 and
dried, under vacuum, overnight to afford 2-(2-oxo-2-phenyl-ethyl)-isoindole-1,3-dione as a pale
yellow solid (7.30 g, 85%); LC-MS. Ri 2.85 min, AnalpH2_MeOH_4min; (ESI*) m/z 266.2 [M+H]*.

[00223] 2-amino-4-phenyl-1H-pyrrole-3-carbonitrile (A17)
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O N
W
N
C:: }—< > 7\
o O N~ NH,
H
A16 Al17

To 2-(2-oxo-2-phenyl-ethyl)-isoindole-1,3-dione (A16) (7.30 g, 27.0 mmol) and malononitrile (2.36 g,
35.6 mmol) in EtOH (55 mL) at 0°C was added sodium ethoxide (3.75 g, 55.1 mmol) and the
reaction was stirred at RT for 30 min and then at 60°C for 1.5 h. The reaction mixture was cooled to
RT and concentrated in vacuo. The residue was quenched with 1% AcOH (aq) (100 mL) to afford a
brown precipitate which was filtered and washed with H20. The crude product was dissolved in
MeOH (20 mL) and purified by SCX-2 (50g) washing with MeOH (2 x CV) and the compound eluted
from the column with 0.5M NH3/MeOH to afford 2-amino-4-phenyl-1H-pyrrole-3-carbonitrile (A17) as
a dark red solid (3.30 g, 65%); LC-MS. Rt 2.47 min, AnalpH2_MeOH_4min; (ESI*) m/z 184.2
[M+H]*.

[00224] 2-Amino-4-phenyl-1H-pyrrole-3-carboxylic acid amide (A18)

N 0
V4 NH2
I\
/N\ NH, N~ NH,
N H
A17 A18

2-Amino-4-phenyl-1H-pyrrole-3-carbonitrile (A17) (670 mg, 3.65 mmol) was dissolved in conc.
H2S04 (6 mL) and the reaction mixture was heated at 100°C for 45 min. The reaction mixture was
cooled to 0°C and quenched to pH 7-8 with 2M NaOH (100 mL). The compound was extracted with
EtOAc (3 x 50 mL) and the combined organic layers washed with H20, dried over Na:SO4, filtered
and the solvent removed in vacuo to afford 2-amino-4-phenyl-1H-pyrrole-3-carboxylic acid amide
(A18) as a dark red solid (126 mg, 17%); LC-MS. Rt 2.19 min, AnalpH9_MeOH_4min; (ESI*) m/z
202.3 [M+H]*.

[00225] 5-Phenyl-3,7-dihydro-pyrrolo[2,3-d]pyrimidin-4-one (A19)

A18 A19
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To a solution of 2-amino-4-phenyl-1H-pyrrole-3-carboxylic acid amide (A18) (1.46 g, 7.25 mmol) in
DMF (18 mL) was added p-toluene sulfonic acid (41 mg, 0.22 mmol) and triethyl orthoformate (24
mL, 145 mmol) and the solution stirred at RT, under Nz for 1 h. The reaction mixture was
evaporated to dryness to afford 5-phenyl-3,7-dihydro-pyrrolo[2,3-d]pyrimidin-4-one (A19) as a dark
red solid (1.8 g, quant) which was used in the next step without further purification; LC-MS. Rt 2.31
min, AnalpH2_MeOH_4min(1); (ESI*) m/z 212.3 [M+H]".

[00226] 4-Chloro-5-phenyl-7H-pyrrolo[2,3-d]pyrimidine (A20)

o cl

h B
7\~ ]\ 2
N~ N NT N
H H
A19 A20

5-Phenyl-3,7-dihydro-pyrrolo[2,3-d]pyrimidin-4-one (A19) ( 1.53 g, 7.25 mmol) was dissolved in
POCI; (36 mL, 7.2 mmol) and DMF (6.5 mL) and the reaction mixture was heated at 120°C for 1 h.
The reaction mixture was evaporated to obtain a viscous oil. Ice was added to the residue and the
residue was placed in an ice-bath. NH4OH (aq, 30% NH3) was added with continuous stirring and
the residue basified to pH10 then extracted with DCM (3 x 200 mL). The organic layer was passed
through a phase separatorand evaporated to dryness. A precipitate was observed in both the
aqueous layer and phase separation cartridge which was filtered and found to contain the desired
product. This precipitate was combined with the evaporated filtrate. The crude compound was
purified by silica gel column chromatography eluting with 15% - 35% EtOAc/iso-hexane to obtain 4-
chloro-5-phenyl-7H-pyrrolo[2,3-d]pyrimidine (A20) as an off-white solid (789 mg, 47%); LC-MS. Rt
3.01 min, AnalpH2_MeOH_4min(1); (ESI*) m/z 230.3, 232.3 [M+H]*; '"H NMR (400 MHz, DMSO-ds):
0 12.83-12.79 (br s, 1H), 8.63 (s, 1H), 7.79 (s, 1H), 7.55 (m, 2H), 7.44 (m, 2H), 7.36 (m, 1H).

[00227] 4-(4-Chloro-5-phenyl-pyrrolo[2,3-d]pyrimidin-7-yl)-benzoic acid (CP1)

cl cl
I\ 2 T\ 2
N~ N N
H
A20
o™on  CP1

To 4-chloro-5-phenyl-7H-pyrrolo[2,3-d]pyrimidine (A20) (100 mg, 0.44 mmol), Cu(OAc)2 (198 mg,
1.09 mmol), 4-carboxybenzene boronic acid (181 mg, 1.09 mmol), NEts (303 L, 2.18 mmol) and
molecular sieves (4 A, 1 x small spatula) was added to DMF (2.2 mL). The reaction vessel was

capped and a needle inserted to allow O: (air) into the reaction mixture. The reaction mixture was
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heated at 60°C for 2 h. Further amounts of Cu(OAc)z (79 mg, 0.44 mmol), 4-carboxybenzene
boronic acid (72 mg, 0.44 mmol) and NEts (121 pL, 0.88 mmol) were added and the reaction
mixture heated at 60°C for a further 1 h. The reaction mixture was evaporated to dryness,
suspended in DCM (50 mL) and washed with H20 (50 mL). The combined aqueous/organic layers
was filtered and passed through a phase separator. The organic phase was evaporated to dryness,
re-dissolved in DCM (2 mL) and passed through a Si-thiol cartridge (2 g), eluting with DCM (2CV),
MeOH (2 CV) and the filtrate evaporated in vacuo. The crude compound was purified by reversed
phase preparative HPLC-MS to afford 4-(4-chloro-5-phenyl-pyrrolo[2,3-d]pyrimidin-7-yl)-benzoic
acid (CP1) as a white solid (21.6 mg, 14%); LC-MS. Rt 3.42 min, AnalpH2_MeOH_4min(1); (ESI¥)
m/z 350.2, 352.2 [M+H]*.

[00228] The following substituted 4-chloro-5-phenyl pyrrolo[2,3-d]pyrimidine derivatives were
prepared from (A20) using analogous procedures used for the synthesis of intermediate CP1
(duration of reactions between 1 and 3 h) using commercially available boronic esters/acids:

Table 16
. Mass, % Yield,
Compound Cpd # Analytical Data
State
cl
\‘N LC-MS. R, 3.16 min,
[ N/ AnalpH2 MeOH 4 | 19mg 12%,

N A
cP2 mlg(igfz(issll?zm/z white solid
o [M+H]".
Cl
=N
T\ 2 LC-MS. R, 3.19 min,
N 128 mg, 38%,

i CP3 AnalpH2_MeOH_4
© min(1); (ESI") m/z white solid
384.1, 386.1
%5 [MH]*,
Cl
=N
[ ) N/> LC-MS. R 2.36 min,
I CP4 AnalpH2 McOH_4 126 mg,
min; (ESI") m/z quantitative
@ 386.4, 3884
) [M+H]".

[00229] 4-(4-Oxo-5-phenyl-3,4-dihydro-pyrrolo[2,3-d]pyrimidin-7-yl)-benzoic acid (Ex-1)
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9%
PN
W
— NN
0~ "OH 0~ OH
CP-1 Ex-1

To 4-(4-chloro-5-phenyl-pyrrolo[2,3-d]pyrimidin-7-yl)-benzoic acid (CP1) (21.6 mg, 0.06 mmol) was
added NaOAc (10.1 mg, 0.12 mmol) and glacial AcOH (0.12 mL, 0.06 mmol and the reaction
mixture was heated at 100°C overnight. The reaction mixture was diluted with DCM (5 mL) and H20
(5 mL) and a fine precipitate formed which was collected by filtration. The resulting filtrate was
passed through a phase separator. The organic phase was combined with the filtered precipitate
and evaporated to dryness. The product was lyophilised from 1:1 MeCN/H20 to obtain 4-(4-0xo0-5-
phenyl-3,4-dihydro-pyrrolo[2,3-d]pyrimidin-7-yl)-benzoic acid (Ex-1) as a white solid (20 mg, 100%);
LC-MS. Rt 7.52 min, AnalpH2_MeOH_QC_V1(1); (ESI*) m/z 332.2 [M+H]*; 'TH NMR (400 MHz,
DMSO-de): 6 13.13 (brs, 1H), 12.28 (brd, J = 3.8 Hz, 1H), 8.11 (d, J = 8.8 Hz, 2H), 8.04 (d, J = 3.8
Hz, 1H), 8.02-7.97 (m, 4H), 7.93 (s, 1H), 7.40 (t, J = 7.3 Hz, 2H), 7.28 (it, J= 7.3, 1.3 Hz, 1H).

[00230] The following examples were synthesised using analogous procedures to example Ex-1:

Table 17
Ex. # . Mass, % Yield,
Compound ) Analytical Data
(Intermediate Appearance
@]

NH

F\ Ex-2 LC-MS. R; 6.92 min, .

N . 10 mg, 57%, white
N (CP2) AnalpH2 MeOH_QC V1(1); (ESI") m/z lid
soli
331.2 [M+H]".

O
NH,
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Ex-3
(CP3)

LC-MS. R, 6.98 min,
AnalpH2 MeOH _QC_VI(1); (ESI")
m/z 366.2 [M+H]™;

'H NMR (400 MHz, DMSO-ds):
12.39-12.26 (brs, 1H), 8.16 (d,.J — 8.8
Hz, 2H), 8.12 (d, 7 = 8.8 Hz, 2H), 8.06
(s, 1H), 7.99 (dd, J = 8.3, 1.3 Hz, 2H),
7.96 (s, 1H), 7.41 (t,J = 7.3 Hz, 2H),
728 (tt,J = 7.3, 1.3 Hz, 1H), 3.31 (s,

3H).

38 mg, 31%, off-
white solid

—

o)
N)H
/ p
N N
//\?

!

b

Ex-4*f
(CP4)

LC-MS. R, 5.02 min,
AnalpH2 MeOH _QC_VI(1); (ESI*) m/z
368.2 [M+H]™;

'H NMR (400 MHz, DMSO-ds):
12.20-12.13 (brs, 1H), 8.16-8.12 (brs,
1H), 7.98-7.97 (m, 1H), 7.96 (m, 2H),
7.85-7.80 (brs, 1H), 7.79 (s, 1H), 7.75
(d,J = 8.6 Hz, 2H), 7.44 (d, J = 8.6 Hz,
2H), 7.37 (**t,J = 7.3 Hz, 2H), 7.25 (i,
J =73,1.3 Hz, 2H), 6.98-6.91 (brs,
1H), 5.28 (s, 2H)

44 mg, 36%?, white
solid

4Yield calculated from substituted 4-chloro-5-phenyl pyrrolo[2,3-d]pyrimidine derivative. flsolated as

a formate salt

A number of amide examples were synthesised from Ex -1:

[00231] N-Methyl-4-(4-oxo-5-phenyl-3,4-dihydro-pyrrolo[2,3-d]pyrimidin-7-yl)-benzamide (Ex-5)

o}

3

(0]

NH

r}H 7\ N/>
H

N
Ex-5

To 4-(4-0x0-5-phenyl-3,4-dihydro-pyrrolo[2,3-d]pyrimidin-7-yl)-benzoic acid (16 mg, 0.05 mmol) and
TBTU (16 mg, 0.05 mmol) in dry DMF (0.55 mL) was added 1M DIPEA/DCM and the reaction
mixture stirred at RT for 50 min (under Nz balloon). Methylamine hydrochloride (7 mg, 0.1 mmol) in

1 M DIPEA/DCM was added and the reaction mixture stirred at RT overnight. The reaction mixture

was passed through a 1g Si-NH:z cartridge (pre-conditioned with DMF + MeOH) and the column
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washed with DMF (2 x CV) and MeOH (2 x CV). The solvent was removed in vacuo. The crude
compound was purified by reversed phase preparative HPLC-MS and the product was lyophilised
from 1:1 MeCN/ H20 to afford N-Methyl-4-(4-oxo-5-phenyl-3,4-dihydro-pyrrolo[2,3-d]pyrimidin-7-yl)-
benz-amide (Ex-5) as an off-white solid (9 mg, 55%); LC-MS. Ry 7.10 min, AnalpH2_MeOH_ QC(1);

5 (ESI*) m/z 345.2 [M+H]*; 'TH NMR (400 MHz, DMSO-de): d 12.27-12.08 (br s, 1H), 8.57 (9, J = 4.5
Hz, 1H), 8.03-7.99 (m, 5H), 7.93 (**d, J = 8.8 Hz, 2H), 7.90 (s, 1H), 7.39 (**t, J = 7.3 Hz, 2H), 7.28
(tt, J=7.33,1.3 Hz, 1H), 2.83 (d, J = 4.5 Hz, 3H).

[00232] The following examples were synthesised using an analogous procedure to Ex-5:

10 Table 18

Mass, %Yield,

Compound Ex. # Analytical Data
Appearance

o LC-MS. R 6.86 min, AnalpH2 MeOH_QC_V1(1);
NH (EST") m/z 331.2 [M+H]"; 'H NMR (400 MHz,
A\ » Ex-6 DMSO-ds): 612.22 (br s, 1H), 8.10 (br s, 1H), 8.05
N N 9 mg, 56%, off-
(Ex-1) (d, J = 8.8 Hz, 2H), 8.03 (s, 1H), 8.00 (dd, J = 8.3,
1.3 Hz, 2H), 7.93 (d, J = 8.8 Hz, 2H), 7.91 (s, 1H),
7.52-7.47 (brs, 1H), 7.39 (t, J = 7.3 Hz, 2H), 7.28 (it,
07 "NH, J=73,13Hz 1H)

white solid

[00233] A number of examples of formula (la) were synthesised according to Route 2a or Route
2b:

Route 2: Scheme 2
15
R3
~ Route 2a
N\/\N R3 Step 2 NN R11
VY Step 1 /=N ep |
C|)\¢NH P N R ——— 7 N

_ P N Cl
[LBr] cl -

1,Br]

R4

R12

Route 2b
Step 4 Step 3

HN/EN
RS Step 5 RPN R
HN/EN o
R11 =
S~ N
o

R4

R12
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Synthesis of compounds using Route 2 required the synthesis of a number of 4-chloro-5-iodo-7-

aryl-7H-pyrrolo[2,3-d]pyrimidine intermediates using Chan Lam chemistry.
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[00234] 4-Chloro-5-iodo-7-phenyl-7H-pyrrolo[2,3-d]pyrimidine (CH1)

To a solution of 4-chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidine (15.0 g, 53.5 mmol) in DMF (100 mL)
was added 2-phenyl-1,3,2-dioxoborinone (17.3 g, 107.0 mmol), copper (Il) acetate monohydrate
(21.35 g, 107.0 mmol) and activated molecular sieves (44, 0.4 g), followed by addition of NEts (22.3
mL, 160.4 mmol) and the resulting reaction mixture was stirred at 60°C for 24 h. The reaction
mixture was then cooled to RT and the solvent concentrated in vacuo. The crude residue was
dissolved in DCM (300 mL) and quenched with saturated EDTA (aq) (100 mL). The separated
aqueous layer was extracted with DCM (2 x 100 mL) and the combined organic layer was dried
over anhydrous NazSOyq, filtered and concentrated in vacuo. The crude compound was purified by
reversed phase preparative HPLC to afford 4-chloro-5-iodo-7-phenyl-7H-pyrrolo[2,3-d]pyrimidine as
an off-white solid (6.2 g, 33%); LC-MS. Rt 3.37 min, AnalpH2_MeOH_4min(1); (ESI") m/z 356.1,
358.0 [M+H]*; "H NMR (400 MHz, DMSO-dg): 0 8.70 (s, 1H), 8.39 (s, 1H), 7.81-7.77 (m, 2H), 7.61-
7.56 (m, 2H), 7.47 (tt, J=7.8, 1.4 Hz, 1H).

[00235] The following intermediates were made using an analogous procedure to intermediate
CH1 (reaction duration varied between 5-24 h):

Table 19
Mass, %Yield,
Compound Cpd # Analytical Data
State
Cl
! =N
I\ 2 LC-MS. R, 3.47 min, 173 g, 65%,
N CH2 AnalpH2 MeOH_4min; (ESI*) m/z 374.0, . .
376.1 [MLH]" white solid
F
Cl
[ =N LC-MS. R 3.41 min,
) AnalpH2 MeOH_4min(1); (ESI*) m/z 386.0, .
No N CH3e | 3880 [MHH]"; 'H NMR (400 MHz, DMSO- | 569 mg. 41%,
ds): 08.70 (s, 1H), 8.40 (s, 1H), 7.48 (**t,J | pale brown solid
/@ =7.3 Hz, 1H), 7.41-7.38 (m, 1H), 7.05-7.02
~o (m, 1H), 3.83 (s, 3H).
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. Mass, % Yield,
Compound Cpd # Analytical Data
State
of
7\ N/) " LC-MS. R, 3.16 min, 1.98 g, crude,
N CH12* AnalpH2 MeCN_4min; (EST") m/z 381.0 hite solid
@ o W
SN
Cl
| =N
DWW LC-MS. R, 3.18 min, 2.34 g, 62%, pink
N a,b ; N > >
N CH13 AnalpH2 MeCN_4min; (ESI*) m/z 391.8 solid
T [M+H]".
F F

aPurified by silica gel chromatography. ® Work-up procedure involved passing the reaction mixture
through a SCX-2 cartridge and eluting with MeOH, DMF, DCM and EtOAc.

Route 2a, Step 2, Suzuki-Miyaura coupling

[00236] 5-(4-Chioro-7-phenyl-7H-pyrrolo[2, 3-d]pyrimidin-5-yl)-2-(2-hydroxy-2-methyl-propoxy)-
benzonitrile (CP5)

OH

A mixture of 4-chloro-5-iodo-7-phenyl-7H-pyrrolo[2,3-d]pyrimidine (CH1) (100 mg, 0.281 mmol), 2-
(2-Hydroxy-2-methyl-propoxy)-5-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-benzonitrile (B13)
(133.9 mg, 0.42 mmol), Pd(dppf)Cl2.DCM (22.9 mg, 0.028 mmol) and K2COs (77.7 mg, 0.56 mmol)
in 1,4-dioxane:H20 (1.5 mL, 9:1) was de-oxygenated with N2 for 5 min and then heated in a
microwave reactor at 90°C for 1 h. The reaction mixture was filtered through a Si-thiol cartridge (1
g) and washed with methanol (3 x CV) followed by DCM (3 x CV). The organics were concentrated
in vacuo. The crude solid was purified by silica gel chromatography, eluting with 0-60% EtOAc /
iso-hexane to afford 4-Chloro-7-[4-(3-morpholin-4-ylpropoxy)phenyl]-5-phenyl-5H-pyrrolo[3,2-
d]pyrimidine (CP5) as an orange oil (61.3 mg, 52%). LC-MS. Rt 3.23 min, AnalpH2_MeOH_4min(1);
(ESI*) m/z 419.3 [M+H]*.

[00237] The following compounds were made using analogous procedures to CP5 (duration of

heating varied between 15-90 min; temperature varied between 90-95°C):
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Table 20
Cpd # .
. ) Mass, %Yield,
Compound (Intermediate Analytical Data
Appearance
used?)
LC-MS. R 8.21 min,
AnalpH2 MeOH Q
51 mg, 37%, off-
C V1), (EST") m/z i i
CPo white solid
331.0, 333.0
[M+H]".
Bso
HN LC-MS. R, 3.17 min,
ci AnalpH2 MeOH_4
=N ] . 15 mg, 30%,
CP7 min; (EST") m/z .
7\ P orange solid
NT N 363.4,3653
i [M+H]".
@)
o} LC-MS. R¢ 3.53 min,
AnalpH2 MeOH 4
cl min(1); (ESI*) m/z 63 mg, 29%,
( "‘3 CP8 392.2,394.3 brown oil
/N N [M+H]".
LC-MS. R 3.32 min,
AnalpH2 MeOH 4
min(1); (ESI") m/z 93 mg, 67%, off-
N
N CP9 331.1,333.1 white solid
@ [M+H]".
{
N “ \ LC-MS. R, 3.16 min,
0 -
A 2 CP10 AnalpH2 MeOH 4 | 24 mg, 47%, off:
NN min(1); (ESI) m/z white solid

363.2,3652
[M+H]".
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Cpd # )
. ) Mass, %Yield,
Compound (Intermediate Analytical Data
Appearance
used?)
cl LC-MS. R 2.19 min,
=N AnalpH2 McOH 4 Used crude in
I\ 2 CP11 ,
NN min(1); (ESI") m/z next step
386.4, 3884
[M+H]".
OH
Yo
HN LC-MS. R, 3.05 min,
cl AnalpH2 McOH 4 .
. Used crude in
=N min(1); (ESI") m/z
\ > CP12 (B20) next step
/ N 379.3,381.2
N [M-+H]".
\
N ——
? LC-MS. R, 2.21 min,
AnalpH2 MeOH 4
Cl ] 45 mg, 68%,
CP13/ (B18) min(1); (ESI*) m/z ,
=N brown solid
7\ 4 393.3,3953
N~ N [M+H]".
(o
N‘)
S‘O LC-MS. R, 2.49 min,
HN AnalpH2_MeOH_4
ol min(1); (ESI") m/z 98 mg, 62%,
=N CP14 (B21) 4483, 450.3 brown oil
/ - [M+H]+.
N N
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Cpd # )
. . Mass, %Yield,
Compound (Intermediate Analytical Data
Appearance
used?)
/
(N
" |
LC-MS. R 2.29 min,
S=0 AnalpH2 MeOH_4
AN min(1); (ESIYm/z | 26 mg, 20%,
o CP15 (B19) ,
461.3, 4633 colourless oil
=N
) [M+H]".
<Nj |
/
(N
wj |
LC-MS. R 2.38 min,
g=0 AnalpH2 MeOH_4
HN
min(1); (ESI") m/z 11 mg, 9%,
o CP16 (CH2, B19) .
4793, 481.3 yellow oil
=N
— ) [M+H]".
N~ N
F
o] /
}—N
bas
. LC-MS. R, 2.38 min,
HN AnalpH2_MeOH_4
min(1); (ESI*) m/z 45 mg, 28%, off-
o CP17 (B24) (1); (BT 8 2570
=N 506.2, 508.3 white solid
I\ 2 [M+H]
N
e
N LC-MS. R, 3.28 min,
cl AnalpH2 MeOH 4
=N min(1); (ESI m/z | 45 mg, 25%, pale
7\ N/> CP18 (B16) 389.3,391.2 yellow solid
N [M+H]".




407.2,409.3
[M+H]".
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Cpd # Mass, % Yield
ass ie
Compound (Intermediate Analytical Data 7 ’
Appearance
used?)
o]
Ch?: LC-MS. R, 3.37 min,
ol AnalpH2 MeOH 4
- min(1); (ESI*) m/z 40 mg, 49%,
N CP19 (B17) (1); (ESI) &
I\ Nx) 403.2, 405.2 orange oil
N [M+H]".
o—
cl LC-MS. R¢ 3.46 min,
— ‘j P20 AnalpH2 McOH_4 | 36 mg, 49%, off-
n” N min(1); (ESI") m/z white solid
336.2,338.2
[M+H]".
/
o
cl .
LC-MS. R; 3.46min,
=N 11 mg, 15%,
2 CP21 AnalpH2 MeOH 4 o
N . white solid
N min(1); (ESI") m/z
@ 336.2,338.2
e
N
cl LC-MS. R¢ 3.34 min,
=N AnalpH2 MeOH 4 | 76 mg, 54%, pale
C) CP22 (CH2, B16) , . .
/ N min(1); (ESI) m/z yellow solid

CP23 (B3)

LC-MS. R; 3.19 min,
AnalpH2 MeOH 4
min(1); (ESI") m/z
404.3 [M+H]

21 mg, 17%, pale
orange solid
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Cpd # )
) ) Mass, %Yield,
Compound (Intermediate Analytical Data
Appearance
used?)
/
Si—
o\\\
N /R LC-MS. R, 3.87 min,
o) AnalpH2 MeOH 4 73 mg, 22%,
o] CP24 (B2) . . .
=N min(1); (ESI") m/z white solid
A\ ) 548 3 [M+H]*
N~ N
N
7/
1Nﬁ |
)‘—N LC-MS. R1 2.19 min,
O ol AnalpH2 MeOH 4
- CP25 (B4) min(1); (ESI") m/z 75 mg, 60%
I\ 5 461.3 [M+H]
iN) |
\N
NV
\’\’O LC-MS. R 2.19 min,
AnalpH2 MeOH 4
Cl . 66 mg, 52%,
CP26 (BS) min(1); (ESI") m/z .
=N brown solid
7\ /) 461.3 [M+H]*
N N
HO
b cl
© N LC-MS. R; 3.16 min,
) AnalpH2 MeOH_4 1 75 10 7304, off-
N CP27 min(1); (EST") m/z . .
N 3662 [M+H]+ Whlte SOlld
HO-—\’O
cl LC-MS. R; 3.20 min,
=N AnalpH2_MeOH_4 32 mg, 259, ,
F B\ /> CP28 (B43) min(1); (ESI") m/z .
N N 3843 [M+H]+ Orange 011
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Cpd # .
. ) Mass, %Yield,
Compound (Intermediate Analytical Data
) Appearance
use
HO-—\’O
Cl LC-MS. R 3.25 min,
7\ /> CP29 (B44) min(1); (ESI") m/z o
No N 380.3 [M+H]*, orangg oil
/
—N
\’\,o
LC-MS. R 2.36 min,
Cl AnalpH2_MeOH_4 35 mg, 53%’
=N CP30 min(1); (ESI") m/z .
/ \ N/) 4073 [M+H]+ yellOW SOlld
N
’N/ OH
\’«,o
. LC-MS. R(2.17 min,
AnalpH2 MeOH 4 | 46 1110 370, off-
=N CP31 (B28) min(1); (ESI*) m/z ) )
/ \ /) 4231 [M+H]+ Whlte SOlld
é |
°Y
&N’\_
C LC-MS. R, 2.33 min,
Cl AnalpH2_MeOH_4 42 mg, 33% ,
=N CP32 min(1); (ESI") m/z .
/ \ /) 4493 [M+H]+ Orange 011
N N
o]
0 LC-MS. R; 2.19 min,
cl AnalpH2_MeOH_4 573 mg, 20%’
=N CP33/ (B27) min(1); (ESI*) m/z )
/ \ P 4653 [M+H]+ Orange 011
N
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Cpd #
P . ) Mass, %Yield,
Compound (Intermediate Analytical Data A
earance
used?) pp
o]
0 LC-MS. R 2.31 min,
cl CP34/ (CH2, | AnalpH2_MeOH_4 49 mg, 31%,
=N min(1); (ESI") m/z .
/ \ /) B27) 4832 [M+H]+ Orange 011
N° N
o]
0 LC-MS. R, 2.28 min,
cl CP35 (CH3, Afl,al(lil)ﬂ(—El\gff)}nIJ“ 22 mg, 16%,
=N min(1); z .
/ \ /) B27) 4953 [M+H]+ Orange 011
N° N
o)
0 LC-MS. R, 2.38 min,
cl AnalpH2_Me+OH_4 29 mg, 20% ,
N CP36/ (B6) min(1); (ESI*) m/z ,
— 4793 [M+H]*, orangg oil
<Nj |
O’é
o=<N
':k,o LC-MS. R; 3.70 min,
cl CP37° (B37) AnalpH2 MeOH 4 81 mg, 53%,
=N min(1); (ESI*) m/z yellow gum
7\ N/) 491.1 [M+H]".
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Cpd # )
) ) Mass, %Yield,
Compound (Intermediate Analytical Data
Appearance
used?)
N H
/NN cl
LC-MS. R, 2.26 min,
O =N AnalpH2_MeOH 4
I\ 2 CP38 (B26) , ) 35 mg, 40%
N~ N min(1); (ESI") m/z
i 420.2 [M+H]*
’N/ O
4 N LC-MS. Ry 2.25 min,
H =N AnalpH2 MeOH 4
. 46 mg, 40%,
B CP39 (B25) min(1); (EST*) m/z
N yellow wax
N 406.3 [M+H]*
HO H
N cl
K -\ LC-MS. R, 3.03 min,
I\ ) AnalpH2 MeOH_4
N CP40 , . 87 mg, 79%
N min(1); (ESI") m/z
@ 393.3 [M+H]*
HO
cl LC-MS. R 3.54 min,
=N AnalpH2 MeOH_4
T\ » eV 20 mg, 21%,
N CP41 min(1); (ESI") m/z .
N yellow oil
f 336.3 [M+H]*
cl
=N LC-MS. R, 3.46 min,
o\ ) cpsz AnalpH2 McOH 4 | 71 mg, 74%, off-
N
N min(1); (ESI") m/z white solid
@ 340.1 [M+H]".
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Cpd # .
. . Mass, %Yield,
Compound (Intermediate Analytical Data
Appearance
used?)
Fci LC-MS. R, 3.37 min,
F / | =N CP43’ AnalpH2 MeOH 4 | 71 mg, 75%, pale
N—NZ min(l); ESI)m/z |  yellow solid
@ 342.1 [M+H]",
Yo
yN ol LC-MS. R, 3.58 min,
o ~N AnalpH2 MeOH_4
. 75 mg, 59%, off-
T\ CP44 min(1); (EST*) m/z 277
N white solid
N 4493 [M+H]".
/
—N cl LC-MS. R, 2.06 min,
=N AnalpH2 MeOH 4
B CP45/ min(1); (ESI*) m/z 30 mg, 29%
N
N 363.2 [M+H]*
Foi
e .
o cl LC-MS. R, 3.44 min,
=N AnalpH2_MeOH_4
T\ 2 CP46 : A 26 mg, 21%
N~ N min(1); (ESI") m/z
f 4353 [M+H]"
HO%
0 LC-MS. R, 3.24 min,
Cl CP47 AnalpH2 MeOH 4 210 mg, quant,
*'\i min(1); (ESI") m/z brown gum
/ N \ 380.2 [M+H]".
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Cpd # .
. . Mass, %Yield,
Compound (Intermediate Analytical Data
Appearance
used?)
N
o LC-MS. R, 2.24 min,
cl AnalpH2 MeOH 4 | 35 mg, 29%, pale
CP48/ (B29) . PRe } s 0.p
( "‘j min(1); (ESI") m/z yellow solid
4 N 478 4 [M+H]",
ol
,?\, OH
° \’«'0 LC-MS. R, 3.16 min,
Cl AnalpH2 MeOH 4 | 16 mg, 11%, light
=N CP49 (B7) . .
4 ) min(1); (ESI") m/z brown oil
NN 479.2 [M+H]".
o]
(2 on
\’Q'O LC-MS. R; 2.41 min,
= cl AnalpH2_MeOH_4 77 mg, 599, .
N N CP50 (B31) min(1); (ESI*) m/z o o]
T\ 2 490.3 [M+H]". yellow oi
N~ N
0
N
NJS
K/N OH
. LC-MS. R, 2.88 min,
AnalpH2 McOH 4 38 21%
l CP51/ (B30) G e 2T
=N min(1); (ESI") m/z brown oil
[\ N’> 4923 [M+H]*,
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Cpd # )
. . Mass, %Yield,
Compound (Intermediate Analytical Data
Appearance
used?)
Q
o=S
O OH
— LC-MS. R, 3.14 min,
AnalpH2 MeOH 4 15 mg, 8%,
¢ CP52 (B34) PR S50
\\'} min(1); (ESI") m/z brown oil
[ N 513.2 [M+H]".
HO
\—o
cl LC-MS. R;3.43 IIliIl,
=N AnalpH2 MeOH 4 51 mg, 44%,
\ > CP33 (B10) . S .
/ N/ min(1); (ESI") m/z yellow oil
N 4083 [M+H]*,
OH
Q_
N LC-MS. R, 2.96 min,
cl AnalpH2 MeOH 4 20 mg, 17%,
CP54 (B35) . :
=N min(1); (ESI") m/z brown oil
[ \ /7 4343 [MHH]".
OH
QL
HN>= LC-MS. R, 2.96 min,
AnalpH2 MeOH 4 | 19 mg, 13%, light
cl CP55 (B36) . .
=N min(1); (ESI") m/z brown solid
B 4343 [M+H]".
<Nj
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Cpd # .
. ) Mass, %Yield,
Compound (Intermediate Analytical Data
Appearance
used?)
LC-MS. R; 3.18 min,
AnalpH2_MeOH_4 61 mg, 529, ,
CP56 (B9) min(1); (ESI") m/z i
4220 [M+H]+ YellOW 011
LC-MS. R 3.40 min,
AnalpH2 MeOH 4 55 mg, 45%,
CP57 (B14) . :
min(1); (ESI") m/z yellow oil
380.3 [M+H]*
HO
Ho.
o)
LC-MS. R 3.26 min,
cl AnalpH2 MeOH 4 35.8 mg, 29%
CP58 (B15) ) . .
NT ‘ A min(1); (ESI") m/z yellow oil
+
L\N N 380.3 [M+H]
S
HO ©
cl LC-MS. R; 3.36 min,
=N AnalpH2 MeOH 4 42 mg, 33%,
> CP72 (B48) . + :
min(1); z ellow oi
7\ o (1); (ESI") m/ yellow oil

394.4 [M+H]*
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Cpd # .
. ) Mass, %Yield,
Compound (Intermediate Analytical Data
d’ﬁ) Appearance
use
OH
oL
F
LC-MS. R, 3.24 min,
cl CP73 a9y | AMIPH2MEOH 4 | 118 mg, 41% pale
N* | N\ min(1); (ESI") m/z yellow oil
k\N N 402.2 [M+H]*
HO
Cl .
N LC-MS. R¢ 3.22 min,
— - ) CPs AnalpH2 MeOH 4 | 87 mg, 26%, pale
N N min(1); (ESI") m/z yellow solid
322.0,324.0 [M+H]"

* Commercial starting material or CH1 used unless otherwise stated. ? Heated at 90 °C for 1 h then
Pd(d'Bupf)Clz added and heated for 230 mins; ? 2,6-difluorophenylboronic acid (1.5 eq), (tBusP)2Pd
(0.2 eq), DIPEA (2 eq), 1,4-dioxane:Hz20 (9:1). fIsolated as a formate salt.

Route 2a, Step 2, Suzuki-Miyaura coupling with addition of NEt:

[00238] 1-[2-(tert-Butyl-dimethyl-silanyloxy)-ethyl]-3-[4-(4-chloro-7-phenyl-7H-pyrrolo[2,3-
d]pyrimidin-5-yl)-phenyl]-imidazolidin-2-one (CP59)

Cl

! cl
N N
m > Nk: | > CP59
3 Rs
A mixture of 4-chloro-5-iodo-7-phenyl-7H-pyrrolo[2,3-d]pyrimidine (CH1) (80 mg, 0.225 mmol), 1-[2-
(tert-Butyl-dimethyl-silanyloxy)-ethyl]-3-[4-(4,4,5,5-tetramethyl-[1,3,2]dioxabolan-2-yl)-phenyl]-

imidazolidin-2-one (B2) (151 mg, 0.338 mmol), Pd(dppf)Cl..DCM (9.2 mg, 0.011 mmol), K2.COs3 (62
mg, 0.450 mmol), NEts (47 pL, 0.338 mmol) in 1,4-dioxane:H20 (2 mL, 4:1) was de-oxygenated with
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nitrogen for 10 min then heated in a microwave at 90 °C for 30 min. The mixture was filtered
through celite, with further methanol washing, then concentrated in vacuo. The crude material was
partitioned between DCM and water, passed through a phase separator, concentrated in vacuo
then purified by silica gel chromatography, eluting with 0-100% EtOAc / iso-hexane. The material
obtained was further purified by silica gel chromatography, eluting with 0-100% Et20 / iso-hexane,
to afford 1-[2-(tert-butyl-dimethyl-silanyloxy)-ethyl]-3-[4-(4-chloro-7-phenyl-7H-pyrrolo[2,3-
d]pyrimidin-5-yl)-phenyl]-imidazolidin-2-one (CP5) (53 mg, 43%); LC-MS. Rt 3.86 min,
AnalpH2_MeOH_4min(1); (ESI*) m/z 548.3 [M+H]*.

[00239] The following compound were synthesised using an analogous procedure to CP59:

Table 21
Mass,
Cpd # ) .
Compound . Analytical Data %Yield,
(Intermediate used)
state
Ho\k
NS
K LC-MS. R, 3.31 min,
cl CP60 (B11, CH1) | AnalpH2 MeOH 4min( | 41 mg,
( ‘N> 1); (ESI*) m/z 462.3 32%
/ N N [M+H]*

The following chloro-pyrimidine compound was prepared via alkylation of the corresponding phenol:

[00240] 5-(4-(but-2-en-1-yloxy)phenyl)-4-chloro-7-phenyl-7H-pyrrolo[2,3-d]pyrimidine (CP75)
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HO \5\—0

cl cl
=N =N

N\, — I\ »

3 CIS |
CP74 CP76

Potassium carbonate (75 mg, 0.54 mmol) was added to a solution of the 5-(4-hydroxyphenyl)-7-
phenyl-3,7-dihydro-4H-pyrrolo[2,3-d]pyrimidin-4-one (CP74) (87 mg, 0.27 mmol) and trans-1-Bromo-
2-butene (138 pL, 1.35 mmol) in acetone (6 mL) then heated to 60°C for 18 h. The reaction mixture
was filtered and the organics were concentrated in vacuo. The crude residue was then purified by
silica gel chromatography eluting with 1-35% EtOAc/iso-hexane to afford (4-(but-2-en-1-
yloxy)phenyl)-4-chloro-7-phenyl-7H-pyrrolo[2,3-d]pyrimidine (CP75) as a white solid (138 mg, 68%).
LC-MS. Rt 3.65 min, AnalpH2_MeOH_4min(1); (ESI*) m/z 376.2 [M+H]".

Route 2a, Step 3: Final Compounds via acidic Hydrolysis

[00241] 2-(2-Hydroxy-2-methylpropoxy)-5-(4-oxo-7-phenyl-4,7-dihydro-3H-pyrrolo[2,3-d]pyrimidin-
5-yl)benzonitrile (Ex-7)

HO{
o)

A mixture of 5-(4-Chloro-7-phenyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-(2-hydroxy-2-methyl-propoxy)-
benzonitrile (CP5) (74.8 mg, 0.179 mmol) and NaOAc (29.4 mg, 0.358 mmol) in AcOH (358 uL) was
heated at 100°C for 3 h. The reaction mixture was concentrated in vacuo. The crude residue was
purified by reversed phase preparative HPLC-MS to afford 2-(2-Hydroxy-2-methylpropoxy)-5-(4-
oxo-7-phenyl-4,7-dihydro-3H-pyrrolo[2,3-d]pyrimidin-5-yl)benzonitrile (Ex-7) as a white solid (48.6
mg, 68%). LC-MS. Rt 7.88 min, AnalpH2_MeOH_QC_V1(1); (ESI*) m/z 401.3 [M+H]*; "H NMR (400
MHz, DMSO-dg): 12.23 (br s, 1H), 8.45 (d, J = 2.5 Hz, 1H), 8.33 (dd, J = 9.2, 2.3 Hz, 1H), 7.99 (s,
1H), 7.97 (s, 1H), 7.80-7.76 (m, 2H), 7.59-7.54 (m, 2H), 7.45-7.41 (m, 1H), 7.28 (d, J = 8.7 Hz, 1H),
4.75 (s, 1H), 3.92 (s, 2H), 1.26 (s, 6H).

[00242] The following compounds were synthesised using an analogous procedure to Ex-7

(heating durations varied between 1.5 — 24 h):

Table 22



(CP6)

m/z 313.3 [M+H]".
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Ex. # .
. Mass, %Yield,
Compound (Intermed Analytical Data
. Appearance
iate used)
7
O Ex-8 LC-MS. R; 7.69 min,
X-
NH CP9) AnalpH2 MeOH_QC_VI(1); (ESI) 8 mg, 13%,
/ N \ N’) m/z 313.2 [M+H]". white solid
LC-MS. R, 7.21 min,
o AnalpH2 MeOH_QC_VI(1); (ESI")
HN m/z 345.3 [M+H]".
Q 'H NMR (400 MHz, DMSO-dy):
NH Ex-9 11 mg, 75%,
512.33-11.94 (brs, 1H), 9.96 (s, 1H), o
7\ /> (CP7) white solid
NN 7.96 (s, 1H), 7.93 (**d, J = 8.8 Hz,
2H), 7.78-7.77 (m, 1H), 7.76-7.75 (m,
2H), 7.58-7.54 (m, 4H), 7.42 (i, J =
7.3, 1.3 Hz, 1H), 2.06 (s, 3H).
O
O
LC-MS. R, 8.06 min,
o) Ex-10 AnalpH2 McOH_QC_V1(1); (ESI") | 13 mg, 22%,
> (CP8) m/z 374.3 [M+H]". off-white solid
V/
LC-MS. R, 7.62 min,
Ex-11 AnalpH2 MeOH_QC_V1(1); (ESI") | 9 mg, 100%,

white solid
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Compound

Ex. #
(Intermed
iate used)

Analytical Data

Mass, %Yield,
Appearance

Ex-12
(CP10)

LC-MS. R, 7.26 min,
AnalpH2 MeOH_QC_VI(1); (ESI")
m/z 345.3 [M+H]".

'H NMR (400 MHz, DMSO-d5):
§12.15 (brs, 1H), 9.97 (s, 1H), 7.98
(s, 1H), 7.94 (1, J = 2.0 Hz, 1H), 7.78-
7.75 (m, 2H), 7.67 (s, 1H), 7.60-7.54
(m, 4H), 7.46 (tt,.J = 7.3, 1.3 Hz, 1H),
729 (1,7 = 8.1 Hz, 1H), 2.05 (s, 3H).

15.2 mg, 69%,
white solid

Ex-13
(CP11)

LC-MS. R 5.23 min,
AnalpH2 MeOH_QC_VI1(1); (ESIY)
m/z 368.3 [M+H]".

'H NMR (400 MHz, DMSO-dy):
612.17 (br d,J = 3.5 Hz,1H), 7.96-
7.95 (m, 3H), 7.81 (s, 1H), 7.79 (br s,
1H), 7.77-7.75 (m, 2H), 7.56 (**t,J =
7.6 Hz, 2H), 7.43 (tt,J = 7.3, 1.8 Hz,
1H), 7.27 (d, J = 8.6 Hz, 2H), 7.23 (1,
J=1.0Hz, 1H), 6.91 (brs, 1H), 5.20
(s, 2H).

16 mg, 31%,
white solid

Ex-14
(CP12)

LC-MS. R, 6.95 min,
AnalpH2 MeOH_QC_VI(1); (ESI")
m/z 361.2 [M+H]".

8 mg, 15%, off-
white solid




4H), 3.14 (s, 2H), 2.56 (br s, 4H), 2.25
(brs, 3H).
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Ex. # .
. Mass, %Yield,
Compound (Intermed Analytical Data
. Appearance
iate used)
\
g_—
0 LC-MS. R, 5.16 min,
0 Ex-15 AnalpH2 MeOH_QC_VI(1); (ESI") 5mg, 11%,
NH (CP13) m/z 375.3 [M+H]". white solid
T\ 2
N N
o LC-MS. R, 5.37 min,
( j AnalpH2 MeOH_QC_VI(1); (ESI")
N m/z 430.3 [M+H]".
Szo 'H NMR (400 MHz, DMSO-dj):
HN §12.15 (brs, 1H), 9.77 (s, 1H), 7.97
Ex-16 19 mg, 20%,
o (s, 1H), 7.95 (d, J = 8.8 Hz, 2H), 7.79 o
NH (CP14) white solid
— (s, 1H), 7.77 (d, J = 8.6 Hz, 2H), 7.64
No N (d,J = 8.6 Hz, 2H), 7.57 (t, J = 7.6
Hz, 2H), 7.43 (t,J = 7.6 Hz, 1H),
3.67-3.64 (m, 4H), 3.15 (s, 2H), 2.54-
2.53 (m, 4H).
/ .
N LC-MS. R, 5.20 min,
(; _} AnalpH2 MeOH_QC_VI(1); (ESI")
S= m/z 443 .4 [M+H]*; 'H-NMR (400
o © MHz, DMSO-dy): & 12.13 (d,J = 3.7
Ex-17 Hz, 1H), 9.75 (s, 1H), 7.96-7.92 (m, 18 mg, 76%,
O (CP15) 3H), 7.77-7.74 (m, 3H), 7.61 (d, J = white solid
— BH 8.7 Hz, 2H), 7.75 (t, J = 7.8 Hz, 2H),
NN 741 (t,J = 7.6 Hz, 1H), 3.32 (brs,
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Compound

Ex. #
(Intermed
iate used)

Analytical Data

Mass, %Yield,
Appearance

Ex-18
(CP16)

LC-MS. R 5.33 min,
AnalpH2 MeOH_QC_VI1(1); (ESIY)
m/z 461.3 [M+H]".

'H NMR (400 MHz, DMSO-dy):
612.21 (brs, 1H), 9.71 (s, 1H), 8.01
(s, 1H), 7.94 (**d, J = 8.6 Hz, 2H),
7.84 (s, 1H), 7.77 (dt, J = 10.6, 2.0
Hz, 1H), 7.73-7.67 (m, 1H), 7.63
(**d, J = 8.8 Hz, 2H), 7.61-7.57 (m,
1H), 7.30-7.23 (m, 1H), 3.12 (s, 2H),
2.17 (s, 3H), 2.38 (br s, 4H). Other
piperazine protons masked by water
peak @ 6 3.3

14 mg, 80%,
white solid

Ex-19
(CP18)

LC-MS. R, 7.40 min,
AnalpH2 MeOH_QC_VI(1); (ESI")
m/z 371.4 [M+H]".

'H NMR (400 MHz, DMSO-d5):
§12.17 (brs, 1H), 8.03 (**d,J — 8.8
Hz, 2H), 7.98 (s, 1H), 7.82 (s, 1H),
7.73 (d,J = 7.6 Hz, 2H), 7.66 (**d, J
— 8.6 Hz, 2H), 7.57 (t,J = 7.6 Hz,
2H), 7.43 (t,J = 7.3 Hz, 1H), 3.88 (t,
J = 6.8 Hz. 2H), 2.53-2.50 (m, 2H),
2.12-2.07 (m, 2H).

18 mg, 40%,
off-white solid

Ex-20
(CP19)

LC-MS. R, 7.36 min,
AnalpH2 MeOH_QC_VI(1); (ESI")
m/z 385.2 [M+H]".

'H NMR (400 MHz, DMSO-d5):
§12.13 (br s, 1H), 7.99-7.96 (m, 3H),
7.83 (s, 1H), 7.79-7.77 (m, 2H), 7.57
(t,J = 7.6 Hz, 2H), 7.43 (tt, J = 7.6,
1.0 Hz, 1H), 7.27 (d, J = 8.6 Hz, 2H),
3.64 (t,J = 5.1Hz, 2H), 241 (t,J =
6.3 Hz, 2H), 1.90-1.85 (m, 4H).

36 mg, 47%,
white solid
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Ex. # .
. Mass, %Yield,
Compound (Intermed Analytical Data
. Appearance
iate used)
N\
/N’\,H o
Y i LC-MS. R; 5.21 min,
o NH Ex-21 8 mg, 24%,
B AnalpH2 MeOH_QC_V1(1); (ESIY) , ,
NN (CP38) white solid
@ m/z 402.3 [M+H]*
LC-MS. R, 7.78 min,
0— AnalpH2 MeOH_QC_V1(1); (ESIY)
o m/z 318.2 [M+H]".
NH 'H NMR (400 MHz, DMSO-dy):
) Ex-22 21 mg, 59%,
7\ 4 5 12.19 (brs, 1H), 7.98 (s, 1H), 7.88 , ,
N (CP20) white solid
(s, 1H), 7.79-7.77 (m, 2H), 7.74-7.73
@ (m, 1H), 7.59-7.55 (m, 3H), 7.43 (tt, J
=73,1.0Hz 1H), 7.28 (,J =7.8
Hz, 1H), 6.84-6.82 (m, 1H), 3.81 (s,
3H).
/
0]
0 LC-MS. R 7.74 min,
l\jH Ex-23 AnalpH2_MecOH_QC_V1(1); (ESI) 8 mg, 77%,
/ N ) N (CP21) m/z 318.2 [M+H]". white solid
LC-MS. R 5.19 min,
AnalpH2 MeOH_QC_V1(1); (ESIY)
/o m/z 388.3 [M+H]";
\—J(N o 'H-NMR (400 MHz, DMSO-ds): &
H ( N>H Ex-24 12.15 (br s, 1H), 9.65 (s, 1H), 8.01- 16 mg, 37%,
4 N (CP39) | 7.98 (m, 2H), 7.79-7.75 (m, 2H), 7.73 white solid

(m, 2H), 7.43 (tt,J = 7.5, 1.3 Hz, 1H),
731 (t,J = 8.0 Hz, 1H), 3.09 (s, 2H),

2.30 (s, 6H);
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Ex. # .
. Mass, %Yield,
Compound (Intermed Analytical Data
. Appearance
iate used)
are
N
o LC-MS. R, 7.53 min,
NH Ex-25 AnalpH2 MeOH_QC_VI1(1); (ESI) 17 mg, 23%,
AW (CP22) m/z 389.4 [M+H]*. white solid

LC-MS. R, 5.37 min,
. AnalpH2 MeOH_QC_VI1(1); (ESI")
m/z 389.2 [M+H]*; 'H NMR (400
MHz, DMSO-ds): 7.96-7.92 (m, 3H),
7.80-7.76 (m, 2H), 7.70 (s, 1H), 7.58-
7.53 (m, 2H), 6.93 (d,J = 8.8 Hz,
2H), 4.03 (t, J = 6.3 Hz, 2H), 2.37 (t,
J=7.04 Hz, 2H), 2.15, (s, 6H), 1.89-
1.83 (m, 2H).

16 mg, 32%,

? Ex-26
white solid

(CP30)

LC-MS. R 5.33 min,
AnalpH2 MeOH_QC_VI1(1); (ESI")
m/z 431.2 [M+H]*; "H NMR (400

N
o MHz, DMSO-dy): 12.15-12.10 (brs,

Ex-27
(CP32)

1H), 7.97-7.90 (m, 3H), 7.80-7.75 (m,

7.45-7.39 (m, 1H), 6.97-6.92 (m, 2H),
4.04 (1, J = 6.3 Hz, 2H), 3.60-3.56 (m,

2H), 7.72 (s, 1H), 7.59-7.53 (m, 2H),

4H), 2.44 (t, J = 7.3 Hz, 2H), 2.40-
2.35 (brs, 4H), 1.94-1.85 (m, 2H).

24 mg, 59%,
white solid

Ex-28
(CP36)

LC-MS. R, 5.47 min,
AnalpH2 MeOH_QC_VI1(1); (ESI")
m/z 461.4 [M+H]*; "H NMR (400
MHz, DMSO-dy): 12.18-12.08 (brs,
1H), 7.97-7.92 (br s, 3H), 7.79-7.76
(m, 2H), 7.73 (s, 1H), 7.59-7.53 (m,
2H), 7.45-7.40 (m, 1H), 6.99-6.96 (m,
2H), 4.14 (dd, J = 10.6, 7.1 Hz, 1H),
4.02 (dd, J = 10.6, 5.1 Hz, 1H), 3.72-
3.65 (m, 1H), 3.59-3.56 (m, 4H), 3.39

19 mg, 77%,
white solid

(s, 3H) 2.49-2.44 (m, 6H).




m/z 431.3 [M+H]".
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Ex. # .
. Mass, %Yield,
Compound (Intermed Analytical Data
. Appearance
iate used)
~NY LC-MS. R, 7.30 min,
O% N AnalpH2 MeOH_QC_VI(1); (ESI")
Q m/z 386.2 [M+H]"
NH Ex-29 ) 6 mg, 30%,
) H-NMR (400 MHz, DMSO-ds): 6 . .
/7 N\ 4 (CP23) white solid
NT N 12.14 (br s, 1H), 7.98-7.95 (m, 3H),
7.79-7.75 (m, 3H), 7.58-7.53 (m, 4H),
7.42 (t,J =73 Hz, 1H), 3.84-3.80 (m,
2H), 3.48-3.43 (m, 2H), 2.78 (s, 3H).
LC-MS. R, 7.81 min,
Q AnalpH2 MeOH_QC_VI(1); (ESI")
NH +. 1
m/z 322.2 [M+H]"; ‘"H-NMR (400
o A\ ) Ex-30 IM+H] ( 63 mg, 94%,
MHz, DMSO-ds): & 12.12 (br-s, 1H), : )
N (CP42) off-white solid
7.98 (s, 1H), 7.77 (d, J = 8.7 Hz, 2H),
7.62 (s, 1H), 7.58-7.51 (m, 4H), 7.42
(t,J=7.8 Hz, 1H), 7.37-7.35 (m, 2H).
LC-MS. R, 5.00 min,
y AnalpH2 MeOH_QC_VI(1); (ESI")
—N o m/z 345.3 [M+H]*; 'H-NMR (400
NH MHz, DMSO-ds): 5 7.97 (s, 1H),
¢ ) Ex-31 15 mg, 54%,
PN 7.90-7.87 (m, 1H), 7.85-7.84 (m, 1H), R
N (CP45) white solid
7.80-7.77 (m, 3H), 7.58-7.53 (m, 2H),
@ 742 (tt,J=7.3, 1.4 Hz, 1H), 7.32 (t.J
=7.7 Hz, 1H), 7.19-7.16 (m, 1H),
3.41 (s, 2H), 2.17 (s, 6H).
(o] /
N 0 .
0 3 LC-MS. R; 8.25 min,
NH Ex-32 27 mg, 37%,
TN 2 AnalpH2 MeOH_QC_VI1(1); (ESIY) . .
NN (CP44) white solid
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Ex. # .
. Mass, %Yield,
Compound (Intermed Analytical Data
. Appearance
iate used)
N
/
\\\N/ﬁ |
2N LC-MS. R, 5.21 min,
© 0 Ex-33 AnalpH2_MecOH_QC_V1(1); (ESI) 5 mg, 7%,
— “3” (CP25) m/z 443.3 [M+H]* white solid
N N
LC-MS. R, 7.60 min,
Fo AnalpH2 MeOH_QC_VI(1); (ESI")
m/z 324.1 [M+H]" ; 'H NMR (400
NH “ [M+H] ( 31 mg, 47%,
For\ 2 Ex-34 MHz, DMSO-dy): 12.15 (br s, 1H),
N pale yellow
N (CP43) | 7.98 (s, 1H), 7.75 (d,J = 7.8 Hz, 2H), e
soli
@ 7.68 (s, 1H), 7.57 (**t,J = 8.2 Hz,
2H), 7.48-7.41 (m, 2H), 7.16 (**t,J =
7.8 Hz, 2H).
\N
L
o LC-MS. R, 5.26 min,
o Ex-35 15 mg, 24%,
0 AnalpH2 MeOH_QC_VI1(1); (ESI) ) )
“ﬁ“ (CP26) white solid
s \_/ m/z 4443 [M+H]*
HO
p\,o
% LC-MS. R, 7.71 min,
jL— Ex-36 . 11 mg, 6%,
— ) AnalpH2 MeOH_QC_VI(1); (ESI") o
N (CP47) white solid
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Ex. # .
. Mass, %Yield,
Compound (Intermed Analytical Data
. Appearance
iate used)
Ho\ﬁ
)
O)—N LC-MS. R, 7.67 min,
Q Ex-37 AnalpH2 MeOH_QC_VI(1), (ESI) | 15 mg, 40%,
— B“ (CP60) m/z 444 3 [M+H]* white solid
N N
LC-MS. R, 7.31 min,
- 0 -
Ex-38 | AnalpH2 MeOH QC VI(1); (EST) | > M8 12%. off
(CP49) m/z 461.3 [M+H]". white solid
OH
N%H LC-MS. R, 7.02 min,
0o o “ :321;54 AnalpH2_MeOH_QC_VI(1): (ESI) | 5110 1904 off-
a +
NH ) m/z 416.3 [M+H]". white solid
AW CP55)
N N
LC-MS. R 8.22 min,
AnalpH2 MeOH_QC_VI(1); (ESI")
HO m/z 390.3 [M+H]*
ﬂo IH-NMR (400 MHz, DMSO-ds): &
° 12.06 (brs, 1H), 7.91 (s, 1H), 7.88 (d,
A, Ex-40 ® ) (s, 1H) ( 15 mg, 32%,
¢ ) J=69Hz 2H),7.73 (d,J=7.3 Hz, . .
P (CP53) white Solid
N 2H), 7.67 (s, 1H), 7.51 (**t,J =73
© Hz, 2H), 7.34 (t,J = 7.3 Hz, 1H), 6.90
(d,J=19.2 Hz, 2H), 4.35 (s, 1H), 4.08
(t,J=7.1Hz, 2H), 1.82 (t,J=7.1 Hz,
2H), 1.14 (s, 6H).

4 Mixture of enantiomers used.

Route 2a: Step 3, Final Compounds via acidic followed by basic hydrolysis
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[00243] 5-[4-(2-Hydroxy-3-morpholin-4-yl-propoxy)-phenyl]-7-(3-methoxy-phenyl)-3,7-dihydro-
pyrrolo[2,3-d]pyrimidin-4-one (Ex -41)

- -

N OH

R

Cl
\N _—
N )
N N
e

CP35 Ex-41

To a stirred solution of 1-{4-[4-chloro-7-(3-methoxy-phenyl)-7H-pyrrolo[2,3-d]pyrimidin-5-yl]-

5 phenoxy}-3-morpholin-4-yl-propan-2-ol formic acid salt (CP35) (21.0 mg, 0.039 mmol) and NaOAc
(6.40 mg, 0.078 mmol) in AcOH (50 pL) was heated at 100°C for 3 h. The reaction mixture was then
concentrated in vacuo and the resulting residue diluted with H2O and LiOH.H20 (43.2 mg, 1.03
mmol) was added. The resulting mixture was heated at 40°C for 2 h. Reaction mixture was
concentrated in vacuo and the crude compound was purified by reversed phase preparative HPLC-

10 MS to afford 5-[4-(2-Hydroxy-3-morpholin-4-yl-propoxy)-phenyl]-7-(3-methoxy-phenyl)-3,7-dihydro-
pyrrolo[2,3-d]pyrimidin-4-one (Ex-41) as a white solid (15 mg, 83%); LC-MS. Rt 5.47 min,
AnalpH2_MeOH_QC_V1(1); (ESI*) m/z 477.1 [M+H]*; '"H NMR (400 MHz, DMSO-de): 12.12-12.02
(br s, 1H), 7.93-7.86 (m, 3H), 7.68 (s, 1H), 7.43-7.38 (m, 1H), 7.34-7.30 (m, 2H), 6.96-6.89 (m, 3H),
4.84 (d, J=4.6 Hz, 1H), 4.00-3.93 (m, 3H), 3.79 (s, 3H), 3.56-3.50 (m, 4H), 2.44-2.38 (m, 6H).

15
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[00244] The following examples were made using analogous procedures to Ex-41 with heating

durations varying between 0.5 — 24 h for each hydrolysis:

Table 23

Compound

Ex. #
(Intermediate
used)

Analytical Data

Mass, %Yield,
Appearance

Ex-42 (CP33)

LC-MS. R, 5.07 min,
AnalpH2 MeOH_QC VI(1)
(EST") m/z 447.2 [M+H]", 'H

NMR (400 MHz, DMSO-ds): 5
12.09-12.06 (br s, 1H), 7.93-
7.86 (m, 3H), 7.75-7.71 (m,

2H), 7.69 (s, 1H), 7.54-7.49 (m,

2H), 7.40-7.36 (m, 1H), 6.91 (d,

J=92Hz, 2H), 4.85(d,J= 46
Hz, 1H), 4.00-3.84 (m, 3H),
3.57-3.51 (m, 4H), 2.48-2.32
(m, 6H).

45 mg, 52%,
white solid

Ex-437 (CP34)

LC-MS. R, 5.54 min,
AnalpH2 MeOH_QC VI(1)
(EST") m/z 465.2 [M+H]"; 'H

NMR (400 MHz, DMSO-ds): 5
12.15 (brs, 1H), 7.96 (s, 1H),
7.89 (d,J= 8.7 Hz, 2H), 7.76-
7.71 (m, 2H), 7.69-7.59 (m,
1H), 7.59-7.52 (m, 1H), 7.22
(dt, J=8.7, 2.3 Hz, 1H), 6.92

(d,J =92 Hz 2H),485(d, J=

4.6 Hz, 1H), 4.00-3.85 (m, 3H),
3.56-3.49 (m, 4H), 2.48-2.32

(m, 6H).

28 mg, 61%,
white solid

Ex-44 (CP40)

LC-MS. R, 6.82 min,
AnalpH2 MeOH _QC_VI(1);
(EST") m/z 375.3 [M+H]"

28 mg, 34%,
white solid




WO 2019/073253

130

PCT/GB2018/052936

Compound

Ex. #
(Intermediate
used)

Analytical Data

Mass, %Yield,
Appearance

HO

Ex-45 (CP41)

(brs, 1H), 7.97 (s, 1H)

1H), 7.25-7.23 (m, 1H),

453(d, J=55Hz,

LC-MS. R, 6.97 min,
AnalpH2 MeOH _QC_VI(1);
(EST") m/z 318.4 [M+H]*; 12.12
, 7.90-

7.86 (m, 2H), 7.79-7.77 (m,
3H), 7.58-7.54 (m, 2H), 7.44-
7.41 (m, 1H), 7.36-7.32 (m,

J=55Hz, 1H),

6 mg, 33%,
white solid

517,

1H).

Ex-46 (CP31)

12.4, 6.0 Hz, 1H), 2.25

LC-MS. R, 5.12 min,
AnalpH2 MeOH _QC_VI(1);
(EST*) m/z 405.3 [M+H]", 'H
NMR (400 MHz, DMSO-ds):
12.08 (brs, 1H), 7.92-7.86 (m,

3H), 7.75-7.71 (m, 2H),
1H), 7.54-7.48 (m, 2H), 7.40-
7.35 (m, 1H), 6.92-6.88 (m,
2H), 4.80 (d, J = 4.1 Hz, 1H),
3.96 (dd, J=9.2, 3.2 Hz, 1H),
3.92-3.81 (m, 2H), 2.36 (dd, J =

12.4, 6.4 Hz, 1H), 2.27 (s, 6H).

7.68 (s,
17 mg, 26%,

white solid

(dd,.J=

HO

Ex-47 (CP27)

Hz, 2H).

LC-MS. R, 7.57 min,
AnalpH2 MeOH _QC_VI(1);
(EST") m/z 348.2 [M+H]", 'H
NMR (400 MHz, DMSO-ds):
12.13-12.08 (brs, 1H), 7.94 (s,
1H), 7.83 (s, 1H), 7.76-7.71 (m,
2H), 7.70-7.68 (m, 1H), 7.55-

7.49 (m, 3H), 7.42-7.37 (m,
1H), 7.22 (t,J = 7.8 Hz, 1H),
6.78 (dd, J=8.2, 3.2 Hz, 1H),
4.90 (1, = 5.5 Hz, 1H), 4.00 (1,
J=4.6Hz 2H),3.71(q,J=5.1

13 mg, 18%,
white solid
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Ex. # .
) ) Mass, %Yield,
Compound (Intermediate Analytical Data
Appearance
used)
\N
) o
o LC-MS. R, 5.40 min,
0 -
. Ex48 (CP48) | AnalpH2_McOH_QC_Vi(ly; | 27me 84%. off
aty (ESI*) m/z 460.4 [M+H]". white solid
N

N OH
\’«’o
LC-MS. R, 5.66 min,
= Q 23 mg, 31%,
N x| Ex-49 (CP50) | AnalpH2 MeOH_QC_VI(1) e
white solid
I\ N/) (EST*) m/z 472.3 [M+H]".
N
\ O
o
Q,N OH
o LC-MS. R, 6.10 min,
o AnalpH2 MeOH_QC_VI(1): | 4 mg, 5%, white
Ex-50/ (CP51) R N .
NH (EST*) m/z 474.4 [M+H]". solid
B
(Nj |
0
O:S
0 LC-MS. R; 7.01 min,
0
3 . | ExS1(CPsy | AnalpH2 MeOH_QC_VI(l): 6 mi’.% A’i.‘;ff'
— ) (ESI") m/z 495.3 [M+H]". white solt
N
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Compound

Ex. #
(Intermediate
used)

Analytical Data

Mass, %Yield,
Appearance

R isomer

L

Ex-52 (CP57)

LC-MS. R, 7.73 min,
AnalpH2 MeOH _QC_VI(1);
(EST") m/z 362.2 [M+H]", 'H
NMR (400 MHz, DMSO-dj):
12.09-12.06 (br s, 1H), 7.92-

7.84 (m, 3H), 7.76-7.70 (m,
2H), 7.68 (s, 1H), 7.54-7.48 (m,
2H), 7.40-7.35 (m, 1H), 6.92-
6.89 (m, 2H), 4.84 (d,J = 5.0,
1H), 3.97-3.89 (m, 1H), 3.85-
3.74 (m, 2H), 1.13 (d,J = 6.4
Hz, 3H).

12 mg, 25%,
white solid.

Ex-53 (CP58)

LC-MS. R, 7.73 min,
AnalpH2 MeOH _QC_VI(1);
(EST") m/z 362.2 [M+H]", 'H
NMR (400 MHz, DMSO-ds):
12.10-12.07 (br s, 1H), 8.46-
8.44 (brs, 1H), 7.92-7.86 (m,
3H), 7.71 (m, 2H), 7.51 (t, J =

7.3 Hz, 2H), 7.38 (1, J= 7.3 Hz,
1H), 6.90 (d, J = 9.2 Hz, 2H),
4.80 (d,J= 4.1 Hz, 1H), 3.97-

3.89 (m, 1H), 3.85-3.75 (m,
2H), 1.13 (d, J = 6.0 Hz, 3H),

6 mg, 16%,
white solid

Ex-54 (CP56)

LC-MS. R, 7.54 min,
AnalpH2 MeOH_QC_VI(1);
(EST") m/z 404.3 [M+H]"

7 mg, 12%,
white Solid

Ex-103 (CP72)

LC-MS. R, 8.02 min,
AnalpH2 MeOH _QC_VI(1);
(EST") m/z 376.3 [M+H]"

2 mg, 5%, white
solid
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Ex. # .
. . Mass, %Yield,
Compound (Intermediate Analytical Data
Appearance
used)
LC-MS. R, 7.79 min,
AnalpH2 MeOH_QC_VI1(1);
Ho’>ro (ESI") m/z 3843 [M+H]" 'H-
il o NMR (400 MHz, DMSO-ds):
12.16 (s, 1H), 7.99 (d, T = 8.7
45 mg, 39%,

A\ SH Ex-104 (CP73) | Hz, 2H), 7.95 (s, 1H), 7.80 (s,
N~ N 1H), 7.73 (d, J = 7.8 Hz, 2H),
7.53 (t,J = 7.8 Hz, 2H), 7.39 (¢,
J=73Hz 1H),7.17 (d, =82
Hz, 2H), 5.86 (,.J = 6.6 Hz,

1H), 3.90-3.76 (m, 2H)
@ Basic hydrolysis conducted at RT over 66 h. fIsolated as a formic acid salt.

white solid

The following final compound was prepared directly from the silyl-protected chloro-pyrimidine.

[00245] 5-{4-[3-(2-Hydroxy-ethyl)-2-oxo-imidazolidin-1-yl]-phenyl}-7-phenyl-3,7-dihydro-
pyrrolo[2,3-d]pyrimidin-4-one (Ex-55)

0. K

TSI OH
(\ N I~ N
N’go (N\’&o
cl o
N N\
| HN
k\N \ L

| A\
N N
@ CcP29 @ Ex-55

A solution of 1-[2-(tert-butyl-dimethyl-silanyloxy)-ethyl]-3-[4-(4-chloro-7-phenyl-7H-pyrrolo[2,3-
d]pyrimidin-5-yl)-phenyl]-imidazolidin-2-one (CP29) (65 mg, 0.12 mmol), NaOAc (30 mg, 0.36
mmol) and AcOH (1 mL) was heated at 100°C for 4 h. The mixture was concentrated in vacuo then
re-dissolved in THF (1 mL). A solution of TBAF in THF (180 L, 1M, 0.18 mmol) was added and the
mixture stirred at RT for 3 h. A further aliquot of TBAF (180 uL, 1M, 0.18 mmol) was added and
stirring continued at RT for 90 min. The mixture was concentrated in vacuo then re-dissolved in a
mixture of THF (1 mL) and H20 (1 mL). LiOH.H20 (25 mg, 0.6 mmol) was added and the mixture
stirred at RT for 18 h. A further amount of LiOH.H20 (15 mg, 0.36 mmol) was added and stirring
continued at RT for a further 1 h. The mixture was purified by reversed phase preparative HPLC-
MS. The material obtained was purified by silica gel chromatography, eluting with 0-20% MeOH /
DCM. The material obtained was re-dissolved in MeCN:H2O (2 mL, 1:1) then lyophilised to afford 5-
{4-[3-(2-hydroxy-ethyl)-2-oxo-imidazolidin-1-yl]-phenyl}-7-phenyl-3,7-dihydro-pyrrolo[2,3-d] pyrimidin-
4-one as an off-white solid (24 mg, 48%); LC-MS. R 7.30 min, AnalpH2_MeOH_QC_V1(1); (ESI*)
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m/z 416.1 [M+H]*; "H-NMR (400 MHz, DMSO-ds): 8 12.11 (br's, 1H), 7.98-7.94 (m, 3H), 7.78-7.74
(m, 3H), 7.58-7.52 (m, 4H), 7.41 (t, J = 7.6 Hz, 1H), 4.74 (br s, 1H), 3.84-3.80 (m, 2H), 3.57-3.52 (m,
4H), 3.25 (t, J = 6.0 Hz, 2H).

Route 2a, Step 3: Final Compounds via Basic Hydrolysis

[00246] 5-[2-Fluoro-4-(2-hydroxy-ethoxy)-phenyl]-7-phenyl-3,7-dihydro-pyrrolo[2,3-d]pyrimidin-4-
one (Ex-56)

HO"\’O HO’\’O

Cl o)

=N NH
For\ /) For\ 2
NN N

N
@ CP28 @ Ex-56

2M NaOH (415 pL, 0.83 mmol) was added to a stirred solution of 2-[4-(4-chloro-7-phenyl-7H-
pyrrolo[2,3-d]pyrimidin-5-yl)-3-fluoro-phenoxy]-ethanol (CP28) (32.0 mg, 0.083 mmol) in 1,4-
dioxane (500 uL). The resulting mixture was heated at reflux for 90 min. The reaction mixture was
cooled to RT and acidified with formic acid to pH5. The resulting reaction mixture was concentrated
in vacuo and the crude solid was then purified by reversed phase preparative HPLC-MS to afford 5-
[2-fluoro-4-(2-hydroxy-ethoxy)-phenyl]-7-phenyl-3,7-dihydro-pyrrolo[2,3-d]pyrimidin-4-one (Ex-56)
as a white solid (10 mg, 34%); LC-MS. Rt 7.36 min, AnalpH2_MeOH_QC_V1(1); (ESI*) m/z 366.3
[M+H]*; "H NMR (400 MHz, DMSO-ds): 12.18-12.11 (br s, 1H), 7.98 (s, 1H), 7.80-7.72 (m, 3H),
7.60-7.53 (m, 3H), 7.46-7.41 (m, 1H), 6.88 (dd, J=12.6, 2.5 Hz, 1H), 6.84 (dd, J = 8.6, 2.5 Hz, 1H),
4.86 (t, J=56 Hz, 1H), 4.03 (t, J= 5.1 Hz, 2H), 3.74 (q, J = 5.1 Hz, 2H).

[00247] The following examples were made using an analogous procedure to Ex-56:

Table 24
Ex. # .
. . Mass, %Yield,
Compound (Intermediate Analytical Data
Appearance
used)
HO-—\’O

(e}
LC-MS. R, 7.33 min,

NH
2\ 2 Ex-57 (CP29) AnalpH2 MeOH_QC VI(1 . .
N . + + white solid
N ): (ESI*) m/z 362.3 [M+H]".

O

6 mg, 31%, off-
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Route 2b, Step 4: Acidic Hydrolysis

[00248] 5-lodo-7-phenyl-3,7-dihydro-pyrrolo[2,3-d]pyrimidin-4-one (CH4)

cl o

: =N NPT
o
N~ N N~ N

@ CH1 @ CH4

A suspension of 4-chloro-5-iodo-7-phenyl-7H-pyrrolo[2,3-d]pyrimidine (CH1) (4.00 g, 11.25 mmol)

5 and NaOAc (1.85 g, 22.5 mmol) in AcOH (25 mL) was heated at 100°C for 15 h. The reaction
mixture was concentrated in vacuo. The crude solid was diluted with H2O and the resulting solid
was filtered and dried under vacuum to afford 5-iodo-7-phenyl-3,7-dihydro-pyrrolo[2,3-d]pyrimidin-4-
one (CH4) as a yellow solid (3.68 g, 97%); LC-MS. Rt 2.79 min, AnalpH2_MeOH_4min(1); (ESI*)
m/z 338.1 [M+H]*; "H NMR (400 MHz, DMSO-ds): 8 12.16 (br's, 1H), 7.95 (s, 1H), 7.70-7.66 (m,

10 2H), 7.68 (s, 1H), 7.56-7.51 (m, 2H), 7.41 (tt, J=7.3 1.4 Hz, 1H).

[00249] The following intermediate was made using an analogous procedure to CH4:

Table 25
Cpd # .
. ) Mass, %Yield,
Compound (Intermediate Analytical Data
Appearance
Used)
? LC-MS. R, 2.94
B N/) o, 496 mg, 38%:;
N CHS5 (CH2) AnalpH2 McOH_4 o
. white solid
min(1); (ESI") m/z
. 356.1 [M+H]".
0
'Z_ﬁLgH LC-MS. R, 2.58 min,
[ A N/ AnalpH2 MeOH 4 90 mg crude;
N CH14* (CH12) ) . .
min(1); (ESI") m/z white solid
363.0 [M+H]".
SN
0
' NH LC-MS. R, 2.99 min,
B, AnalpH2 MeOH_4 | 1.93 g, 85%; pink
N CH15 (CH13) , .
min(1); (ESI") m/z solid
/@\ 374.1 [M+H]".
F F

apPurified by silica gel chromatography.
15

Route 2b, Step 5: Final Compounds via Suzuki-Miyaura coupling
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[00250] 5-[4-(2-Methoxy-ethoxy)-phenyl]-7-phenyl-3,7-dihydro-pyrrolo[2,3-d]pyrimidin-4-one (Ex-
58)

N\
o
o

s}

o
! NH NH
7\ N) — /B N)
N N
@ CH4 @ Ex-58

A mixture of 5-iodo-7-phenyl-3,7-dihydro-pyrrolo[2,3-d]pyrimidin-4-one (CH4) (180 mg, 0.534
mmol), 2-(4-(2-methoxyethoxy)phenyl-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (186 mg, 0.667
mmol) (commercial source), Pd(dppf)Clz (43.6 mg, 0.053 mmol) and K2COs3 (148 mg, 1.07 mmol) in
1,4-dioxane:Hz20 (3 mL, 9:1) was de-oxygenated for 5 min then heated in a microwave reactor at
120°C for a total of 90 min. The reaction was repeated on the same scale with heating in a
microwave reactor for 2 h. The reaction mixture were filtered through celite and washed with
methanol. The combined organics were concentrated in vacuo. The crude solid was diluted with
DCM (25 mL) and H20 (25 mL) and the layers separated via a phase separator. The combined
organics were concentrated in vacuo. The crude solid was purified by silica gel chromatography
eluting with 0-7.5% MeOH/DCM, followed by reversed phase preparative HPLC-MS. A final
purification using silica gel chromatography was carried out by eluting with 0-5% MeOH/DCM to
afford 5-[4-(2-methoxy-ethoxy)-phenyl]-7-phenyl-3,7-dihydro-pyrrolo[2,3-d]pyrimidin-4-one (Ex-58)
as a white solid (70 mg, 18%); LC-MS. Rt 7.66 min, AnalpH2_MeOH_QC_V1(1); (ESI*) m/z 362.2
[M+H]*; "H NMR (400 MHz, DMSO-ds): 12.13 (br s, 1H), 7.95 (s, 1H), 7.93 (d, J = 8.8 Hz, 2H), 7.78-
7.75 (m, 2H), 7.73 (s, 1H), 7.58-7.55 (m, 2H), 7.42 (tt, J = 7.6, 1.3 Hz, 1H), 6.95 (d, J =8.8 Hz, 2H),
4.13-4.11 (m, 2H), 3.69-3.66 (m, 2H), 3.32 (s, 3H).

[00251] The following examples were synthesised using analogous procedures to Ex-59 (duration
of heating between 0.5 -3 h)

Table 26
Ex# Mass,
Compound (Intermedi Analytical Data %Yield,
ate used”) Appearance
,7( o
04
H)-N LC-MS. R, 3.14 min,
© o Ex-59 AnalpH2_MeOH_4min; (ESI) | 30 mg, 44%,
7\ 'j)H (B22) m/z 460.4 [M+H]". brown solid
N
N
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Ex# Mass,
Compound (Intermedi Analytical Data %Yield,
ate used”) Appearance
,7( o
oJ<N ]
/YN LC-MS. R, 3.20 min,
° Q Ex-60 AnalpH2 MeOH_4min; (EST?) 50 mg, 50%,
— j“ (B23) m/z 473.4 [M+H]". brown oil
N~ N
HNTY
N
O
2 LC-MS. R, 7.10 min,
NH 4 mg, 5%, pale
) Ex-61 (B1) | AnalpH2 MeOH QC_VI(1); .
7\~ . N brown solid
N° N (EST") m/z 372.3 [M+H]
Q
o LC-MS. R, 8.13 min,
NH Ex62 AnalpH2 MeOH _QC VI(1); 5 mg, 5%, off-
X-
7\ N/) (ESI") m/z 357.3 [M+H]" white solid
N
Lo
o«
N o
LC-MS. R, 3.12 min,
Q Ex-63 25 mg, 25%,
NH AnalpH2_ MecOH_QC_VI(1); ,
) (B42) . N brown solid
7\ \ (ESI*) m/z 447.3 [M+H]".
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Ex# Mass,
Compound (Intermedi Analytical Data %Yield,
ate used”) Appearance
LC-MS. R; 8.02 min,
AnalpH2 MeOH_QC VI(1);
HO{ (EST) m/z 376.1 [M+H]*; 'H
0, NMR (400 MHz, DMSO-ds):
0 12.11 (brs, 1H), 7.95 (s, 1H),
- 0
'}H Ex-64 792(d,J=8.7Hz 2H),7.77 | '2me 9%
/ \ \ 7 (B45) (d,J - 7.8 Hz, 2H), 7.72 (s, white solid
1H), 7.55 (t, J = 8.0 Hz, 2H),
7.44-7.40 (m, 1H), 6.94 (d,J =
8.7 Hz, 2H), 4.64 (s, 1H), 3.74
(s, 2H), 1.22 (s, 6H).
\
O—\—O
° LC-MS. R, 7.77 min,
\ Ex-63 AnalpH2 MeOH QC Vi(ly, | M 3%
B (CHS) PH2_MeOH_QC_VI(): | (e sotid
N~ N (EST*) m/z 380.2 [M+H]*:
@F
(0]
NH LC-MS. R, 7.87 min,
F 7\ /) 9 mg, 12%,
N Ex-66 AnalpH2 MeOH_QC_V1(1); T
N off-white solid
? (ESI*) m/z 306.2 [M+H]".
\
N%
(o]
] LC-MS. R; 5.48 min,
o Ex-67* 2 mg, 2%,
AnalpH2 MeOH_QC_V1(1); =
NH (B39) . N white solid
) (ESI*) m/z 387.2 [M+H]".
N
N
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(s, 1H), 7.57-7.53 (m, 2H),

1H), 4.02 (1, J = 4.8 Hz, 2H),
3.75-3.71 (m, 2H).

7.44-7.40 (m, 1H), 6.95 (d, J =
8.8 Hz, 2H), 4.64 (t,J = 5.2 Hz,
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Ex# Mass,
Compound (Intermedi Analytical Data %Yield,
ate used”) Appearance
Ho  CH
\,«’o
Q LC-MS. R, 7.14 min,
NH 5.8 mg, 5%,
) Ex-68 (B8) | AnalpH2 McOH_QC_VI(1), . .
7\ 4 . N white solid
NN (ESI") m/z 378.4 [M+H]".
LC-MS. R, 7.41 min,
oH AnalpH2 MeOH_QC_V1(1);
o% (EST") m/z 390.2 [M+H]".
d IH NMR (400 MHz, DMSO-
ds): 12.08 (brs, 1H), 7.92 (s,
o Ex-69 1H), 7.92 (d, J = 8.7 Hz, 2H), 31 mg, 9%,
— 'j)H (B41) 7.73 (d,J = 7.3 Hz, 2H), 7.70 | off-white solid
N~ N (s, 1H), 7.52 (t,J = 7.8 Hz, 2H),
738 (t,J = 7.3 Hz, 1H), 6.97 (d,
J = 8.7 Hz, 2H), 6.00 (s, 1H),
4.50 (d,J= 6.9 Hz, 2H), 4.46
(d,J = 6.4 Hz, 2H), 4.10 (s, 2H).
LC-MS. R, 7.32 min,
AnalpH2 MeOH_QC_V1(1);
Ho— (EST") m/z 348.2 [M+H]"; 'H
0 NMR (400 MHz, DMSO-ds):
° 12.13 (brs, 1H), 7.96 (s, 1H),
NH 7.93 (d,J = 8.8 Hz, 2H), 7.77 14 mg, 27%,
I 2 Ex-70° S
N~ N (dd,J =838, 1.2 Hz, 2H), 7.73 off-white solid
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Ex# Mass,
Compound (Intermedi Analytical Data %Yield,
ate used”) Appearance

LC-MS. R, 7.77 min,
AnalpH2 MeOH_QC_VI(1);
(EST") m/z 374.3 [M+H]"; 'H-

HO’EO NMR (400 MHz, DMSO-ds): &
12.08 (s, 1H), 7.95-7.85 (m,
K 17 mg, 12%
NH Ex-105 3H), 7.78-7.70 (m, 2H), 7.69 (s, ﬁ“,t& I,O{%
whnite soli
7\ N/> (B47) 1H), 7.58-7.47 (m, 2H), 7.44-
N 7.32 (m, 1H), 6.98-6.87 (m,

2H), 5.57 (s, 1H), 3.95 (s, 2H),
0.72-0.62 (m, 2H), 0.62-0.54

(m, 2H)
-0 OH
\’K—O
o) Ex-106 LCMS R; 7.65 min 10 mg, 18%,
NH AnalpH2_MeOH_QC_V1(1), white solid

BN (B68) (EST*) m/z 391 4 [M+H]"

3 Cs2C03 was used instead of K2COs; ? Pd(PPhs)4 used instead of Pd(dppf)Cl..DCM; fIsolated as a

formic acid salt. #If not stated commercial and/or CH4.

Route 2b, Step 6: Final Compounds via Suzuki coupling using PdXPhosG3 with K;PO,4 as
S  base

[00252] 5-(2-fluoro-4-(3-hydroxy-3-methylbutoxy)phenyl)-7-phenyl-3,7-dihydro-4H-pyrrolo[2,3-
d]pyrimidin-4-one (Ex-107)

HO

T\ o
ol o
' NH NH
B P\
N [ — NN

@ CH4 @ Ex-107

5-lodo-7-phenyl-3,7-dihydro-4H-pyrrolo[2,3-d]pyrimidin-4-one (100 mg, 0.297 mmol), 4-(3-fluoro-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenoxy)-2-methylbutan-2-ol (B56) (115 mg, 0.356
mmol), KsPO4 (126 mg, 0.594 mmol), PAXPhosG3 (12.7 mg, 0.015 mmol) in 1,4-dioxane:Hz20 (3

10
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mL, 4:1) was de-oxygenated with Nz for 5 min and then heated in a microwave reactor at 90°C for 1
h. The reaction mixture was filtered through a Si-thiol cartridge (2 g) and washed with MeOH (3 x
CV) followed by DCM (3 x CV). The filtrate was evaporated to dryness and the crude residue was
purified by purified by silica gel column chromatography eluting with 0-10% MeOH/DCM followed by
reversed phase preparative HPLC to afford 5-(2-fluoro-4-(3-hydroxy-3-methylbutoxy)phenyl)-7-
phenyl-3,7-dihydro-4H-pyrrolo[2,3-d]pyrimidin-4-one_as a white solid (47 mg, 39%); LC-MS. R 8.27
min, AnalpH2_MeOH_QC_V1(1); (ESI*) m/z 408.3 [M+H]*; "TH-NMR (400 MHz, DMSO-dg): 5 12.12
(s, 1H), 7.97 (s, 1H), 7.78-7.72 (m, 3H), 7.58-7.53 (m, 3H), 7.45-7.40 (m, 1H), 6.90-6.80 (m, 2H),
4.41 (s, 1H), 414 (t, J=7.1 Hz, 2H), 1.86 (t, J = 7.1 Hz, 2H), 1.18 (s, 6H).

The following compounds of formula (1a) were made using analogous procedures to compound Ex-
x with heating durations between 1hr-1.5 hrs:

Table 27
Ex# Mass,
Compound (Intermedi Analytical Data %Yield,
ate used”) Appearance
LC-MS. R; 8.11 min,
- AnalpH2 MeOH_QC_VI1(1);
F (ESI") m/z 424.2 [M+H]*; H-
’ O§ NMR (400 MHz, DMSO-ds): &
0 12.12 (brs, 1H),
Q Ex-108 7.97-7.92 (m, 3H), 7.79-7.75 84 mg, 47%,
NH (B52) (m, 2H), 7.74 (s, 1H), white solid
[ " \ N/) 7.58-7.53 (m, 2H), 7.44-7.39
(m, 1H), 6.98 (d,J = 9.2 Hz,
@ 2H), 5.85 (s, 1H), 3.99 (s, 2H),
2.91-2.80 (m, 2H), 2.68-2.56
(m, 2H).
HO,
I\
Q LC-MS. R, 8.06 min,
NH Ex-109 58 mg, 17%,
T\ ) (B51) AnalpH2 MeOH_QC VI ) o otid
No N (ESI") m/z 388.2 [M+H]*
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Ex# Mass,
Compound (Intermedi Analytical Data %Yield,
ate used”) Appearance

HO,

Q LC-MS. R; 7.69 min,
Ex-110 85 mg, 47%,

AnalpH2 MeOH_QC_VI(1);

NH
BS3 hite solid
[ \ \ N/) (BS3) (EST*) m/z 404.3 [M+H]* white sot

LC-MS. R; 7.15 min,
AnalpH2 MeOH_QC VI1(1);
(ESI") m/z 387.2 [M+H]"; H-
HO\Q NMR (400 MHz, DMSO-ds): 6

12.14 (s, 1H), 8.05-7.97 (m,
o] “ Ex111 2H), 7.94 (s, 1H), 7.79 (s, 1H), 38 mg, 22%’
7.76-7.70 (m, 2H), 7.69-7.62 white solid

T\ (B50)
N (m, 2H), 7.57-7.49 (m, 2H),

7.43-7.35 (m, 1H), 5.83-5.60

@ (m, 1H), 4.36-4.18 (m, 1H),
3.85-3.62 (m, 2H), 2.44-2.32

(m, 1H), 1.92-1.65 (m, 1H)

LCMS. Rt 7.60 min
AnalpH2_MeOH_QC_V1(1),
(ESI") m/z 432.2 [M+H]*; 'H-
NMR (400 MHz, DMSO-ds): &
7.94-7.89 (m, 3H), 7.75-7.70
(m, 3H), 7.52 (t,J = 8.2 Hz,
2H), 7.41-7.35 (m, 1H), 6.95 (t,
NH Ex-112* | J=87Hz 2H),521(d,J=3.7 “Vihrirzegasii‘?
2 (B65) Hz, 1H), 4.86-4.82 (m, 1H),

N~ N 4.56 (d,J = 4.1 Hz, 1H), 4.40
(d,J=4.1Hz, 1H), 4.08 (t,J =
3.4 Hz, 1H), 3.94 (dd, J= 4.1,
10.3 Hz, 1H), 3.83 (ddJ = 1.4,
10.3 Hz, 1H), 3.75 (dd, J = 3.4,
9.6 Hz, 1H), 3.66 (d,J=9.6 Hz,
1H).
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Compound

Ex#
(Intermedi
ate used”)

Analytical Data

Mass,
%Yield,
Appearance

Ex-113
(B66)

LCMS R; 7.55 min
AnalpH2 MecOH_QC _VI1(1),
(ESIY) m/z, 432.2 [M+H]*;
'H-NMR (400 MHz, DMSO-
ds): 6 12.10 (brs, 1H), 7.93-
7.88 (m, 3H), 7.75-7.69 (m,
3H), 7.51 (t,J= 7.3 Hz, 2H),
7.40-7.35 (m, 1H), 6.93 (d,J =
8.7Hz, 2H), 4.90 (d,/J=6.2 Hz,
1H), 4.80 (dd, J=0.92, 3.8 Hz,
1H), 4.49-4.45 (m, 2H), 4.12-
4.08 (m, 1H), 4.04 (dd, /= 3.8,
10.3 Hz, 1H), 3.92 (dd, /= 1.4,
10.3 Hz, 1H), 3.74 (dd, J=6.2,
8.2 Hz, 1H) 3.40 (dd, /= 7.3,
8.2 Hz, 1H).

140 mg, 74%,
white solid

Ex-114
(B69)

LCMS R; 7.89 min
AnalpH2 MeOH_QC VI1(1),
(ESI*) m/z 446.2 [M+H]"; 'H-

NMR (400 MHz, DMSO-ds): &
12.05 (br s, 1H), 7.94-7.89 (m,
3H), 7.74-7.69 (m, 3H), 7.51 (t,
J=7.8 Hz, 2H), 7.40-7.35 (m,
1H), 6.93 (d, /= 8.7 Hz, 2H),

484 (d,J=3.0 Hz, 1H), 4.69 (t,

J=5.0Hz, 1H),4.51(d, /=46

Hz, 1H), 4.00 (dd, J=4.12, 10.5
Hz, 1H), 3.90-3.80 (m, 3H),

3.50 (dd, J = 7.33, 8.7 Hz, 1H),

3.31 (s, 3H)

26 mg, 34%,
white solid

Ex-115°
(B67)

LCMS. R;7.56 min
AnalpH2 MeOH_QC_VI1(1)
(ESI*); m/z 406.3 [M+H]";; 'H-
NMR (400 MHz, DMSO-dy): &
12.07 (br s, 1H), 7.93-7.85 (m
,3H), 7.72 (d,J = 8.0 Hz, 2H),
7.67 (s, 1H), 7.51 (t, J=7.7 Hz,
2H), 7.73 (t, /= 7.3 Hz, 1H),
6.91 (d, /= 8.7 Hz, 2H), 4.96
(d,J =5.5Hz 1H), 438 (brs,
1H), 422 (dd,/=1.8,10.1 Hz,
1H), 3.99 (dd, J=7.8, 9.6 Hz,
1H), 3.55-3.49 (m, 1H), 1.11 (s,

10 mg, 7%,
white solid

3H), 1.05 (s, 3H).
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Ex #
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\

(Intermedi
ate used”)

Analytical Data

Mass,
%Yield,

Appearance

O’\—O
Q

[\

NH

Ex-116°
7 (CH14)

LCMS. Rt 7.50 min
AnalpH2 MeOH_4min(1);
(EST") m/z 387.2 [M+H]™;

'H-NMR (400 MHz, DMSO-
ds): $12.19 (s, 1H), 8.32 (1, J =
1.8 Hz, 1H), 8.21-8.16 (m, 1H),
7.99 (s, 1H), 7.90 (d,J = 8.7 Hz,
2H), 7.86-7.82 (m, 2H), 7.76-
7.70 (m, 1H), 6.93 (d,.J = 8.7
Hz, 2H), 4.11-4.07 (m, 2H),
3.67-3.61 (m, 2H), 3.25 (s, 3H)

37 mg, 39%,

white solid,

HO{
0

33

X

N
N

QL

N
\\N
0
l\}H
N
F
OH
H

Ex-117
(B45,
CH15)

LCMS. Rt 8.22 min
AnalpH2 MeOH_4min(1);
(EST") m/z 412.2 [M+H]™;

'H-NMR (400 MHz, DMSO-
ds): 12.22 (bs, 1H), 8.01 (s,
1H), 7.88 (d, J = 8.7 Hz, 2H),
7.83 (s, 1H), 7.73 (dd, J = 8.9,
2.1 Hz, 2H), 7.31-7.24 (m, 1H),
6.92 (d,J = 8.7 Hz, 2H), 4.61 (s,
1H), 3.71 (s, 2H), 1.18 (s, 6H)

20 mg, 12%,
white solid

F
—@‘
H
o O
O

|\
N
QF
F

HN

N

Ex-118*

(B65,
CH15)

LCMS. Rt 7.90 min
AnalpH2 MeOH_4min(1);
(EST") m/z 468.2 [M+H]".

17 mg, 5%,
white solid

0

HO\%
0

(0]

NH
I\ /
NN

Q,

(B9, CH15)

Ex-119*

LCMS. Rt 7.85 min
AnalpH2 MeOH_4min(1);
(ESI) m/z 440.2 [M+H]*; 'H-
NMR (400 MHz, DMSO-ds): 6
12.23 (s, 1H), 8.03 (s, 1H), 7.92
(d,J=8.7Hz, 2H), 7.85 (s, 1H),
7.74 (dd,J = 8.5, 2.1 Hz, 2H),
7.29 (tt,J=9.2,2.2 Hz, 1H),
6.98 (d,/=9.2 Hz, 2H), 4.99 (t,
J=53Hz 1H),4.40 (q,J=5.3
Hz, 4H), 4.16 (s, 2H), 3.70 (d, J
=5.5Hz, 2H)

81 mg, 46%,

white solid
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Ex# Mass,
Compound (Intermedi Analytical Data %Yield,
ate used”) Appearance
0=5—N
1
0 .
Ex-120° LC-MS. R; 7.31 min,
NH x-
AnalpH2 MeOH_QC _VI(1); | 48mg 27%,
7\ /> (B54) white solid
" (ESI") m/z 407.2 [M+H]"
LC-MS. R 8.25 min,
Ho AnalpH2 MeOH_QC_V1(1);
\{O (ESI") m/z 390.3 [M+H]*;
'H-NMR (400 MHz, DMSO-
Exiapr | 9981210 (brs, 1H), 7.96 (s,
NH (’;;55) 1H), 7.92 (** d,/=9.2 Hz, 53 mg, 46%,
I\ 7 2H), 7.80-7.76 (m, 2H), 7.16 (5. | white solid
No N 1H), 7.56 (t, J=7.3Hz, 2H), 7.42
(t,J=7.3Hz, 1H), 6.94 (** d,J
=92 Hz 2H), 4.61 (t,J=
5.5Hz, 1H), 3.74 (s, 2H), 3.31
(d,J = 5.5Hz, 2H), 0.95 (s, 6H).
(0]
’%—( {
HN
O,
LC-MS. R, 3.44 min, 147 mg, 77%,
] Ex-122 ,
NH (BS7) AnalpH2 MeOH_4min(1); pale brown
\ (ESIY) m/z 4753 [M+H]". | solid
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Compound

Ex#
(Intermedi
ate used”)

Analytical Data

Mass,
%Yield,
Appearance

HO,

Ex-123
(B59)

LC-MS. R, 8.09 min,
AnalpH2 MeOH _QC_VI(1);
(EST") m/z 408.2 [M+H]"; 'H-

NMR (400 MHz, DMSO-ds): 5
12.18 (br's, 1H),

8.02 (dd,J = 13.7, 2.3 Hz, 1H),
7.97 (s, 1H), 7.86 (s, 1H), 7.84-
7.80 (m, 1H), 7.79-7.75 (m,
2H), 7.59-7.53 (m, 2H), 7.45-
7.40 (m, 1H),

7.18 (d,J = 9.0 Hz, 1H), 4.41
(s, 1H), 4.19 (t, J = 7.1 Hz, 2H),
1.88 (1, = 7.1 Hz, 2H), 1.18 (s,
6H).

63 mg, 35%,
white solid

—0,

Ex-124
(Bo4)

LC-MS. R, 8.19 min,
AnalpH2 MeOH _QC_VI(1);
(EST*) m/z 376.3 [M+H]"; 'H-

NMR (400 MHz, DMSO-ds): 5
12.08 (brs, 1H),

7.95 (s, 1H), 7.92 (d,J = 8.7
Hz, 2H), 7.79-7.75 (m, 2H),
7.72 (s, 1H), 7.58-7.53 (m, 2H),
7.44-7.39 (m, 1H), 6.94 (d, J =
9.2 Hz, 2H), 4.05 (t, J = 6.4 Hz,
2H), 3.49 (t, J = 6.4 Hz, 2H),
2.91 (s, 3H), 1.96 (quint, J = 6.4
Hz, 2H).

13 mg, 31%,
white solid

HO

Ex-125
(B10, CH5)

LC-MS. R, 8.17 min,
AnalpH2 MeOH_QC_VI(1);
(EST) m/z 408.2 [M+H]";

51 mg, 44%,
off-white solid
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Compound

Ex#
(Intermedi
ate used”)

Mass,
%Yield,
Appearance

Analytical Data

HO

Ex-126°
(B10,
CH15)

LC-MS. R, 8.34 min,
AnalpH2 MeOH _QC_VI(1);
(EST") m/z 426.2 [M+H]™;
IH-NMR (400 MHz, DMSO-
ds): 5 12.28 (br s, 1H), 8.06 (s,
1H), 7.92 (** d, J= 9.2 Hz, 2H),
7.87 (s, 1H), 7.77 (dd, J = 8.7,
1.8 Hz, 2H), 7.32 (tt, J= 9.2,
2.3 Hz, 1H), 6.96 (**d,J=9.2
Hz, 2H), 441 (s, 1H), 4.13 (t,J
=73 Hz 2H), 187 (,J=73
Hz, 2H), 1.19 (s, 6H).

60 mg, 35%,
white solid

Ex-127°
(CH15)

LC-MS. R; 8.17 min,
AnalpH2 MeOH_QC _VI(1);
(EST") m/z 398.2 [M+H]*;
'H-NMR (400 MHz, DMSO-
dg): 6 12.28 (brs, 1H), 8.06 (s,
1H), 7.94 (app d, /= 8.7 Hz,
2H), 7.88 (s, 1H), 7.78 (dd, J =

82, 1.8 Hz 2H), 7.32 (t,J =
92,23 Hz, 1H), 6.98 (**d,J =
8.7Hz, 2H), 4.14 (t,J=4.6 Hz,
2H), 3.69 (1, J=4.6 Hz, 2H), 3.34
(s, 3H).

25 mg, 16%,
white solid

HO,

(B60)

Ex-128*

LC-MS. R, 7.88 min,
AnalpH2 MeOH _QC_VI(1);
(EST") m/z 415.3 [M+H]™;
'H-NMR (400 MHz, DMSO-
ds): 512.24 (brs, 1H), 8.45 (d, J
=2.3 Hz, 1H), 8.36 (dd, J=8.7,
2.3 Hz, 1H), 8.00 (s, 1H), 7.97
(s, 1H), 7.79 (d, J = 7.8 Hz, 2H),
7.58 (t,J= 7.8 Hz, 2H), 7.44 (,
J=7.8 Hz, 1H), 7.32(d, J = 8.7
Hz, 1H), 4.46 (s, 1H), 4.30 (t, J

=6.9 Hz, 2H), 1.91 (. /= 6.9
Hz, 2H), 1.21 (s, 6H).

64 mg, 35%,
white solid
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Ex# Mass,
Compound (Intermedi Analytical Data %Yield,
ate used”) Appearance
\ N
O—\’O Vi
LC-MS. R, 7.69 min, 08 mo. 574
a mg, X
“}H Ex-129 AnalpH2. MeOH_QC_V1(1); e, > 77
[\ s (B61) . . white solid
No N (ESI") m/z 387.2 [M+H]
LC-MS. R, 7.88 min,
AnalpH2 MeOH_QC_V1(1);
% (ESI) m/z 380.2 [M+H]";
N, f IH-NMR (400 MHz, DMSO-
dg): 12.21 (brs, 1H), 8.05 (dd, .
\H Ex-130° | J=13.7,2.3 Hz, 1H), 7.98 (s, 77 mg, 46%,
I\ ) (B62) 1H), 7.89 (s, 1H), 7.85 (brd, /= |  white solid
N4 8.7 Hz, 1H), 7.78 (d, J= 8.2 Hz,
N 2H), 7.57 (t,J = 8.2 Hz, 2H),
7.44 (t,J =82 Hz, 1H), 7.19 (t,
J=8.7Hz, 2H), 4.24 - 4.19 (m,
1H), 3.73 - 3.67 (m, 2H), 3.34
(s, 3H-under water peak).
\O
g
LC-MS. R, 7.97 min, %7 o 5104
m > 2
F “5'* Ex-131" | ApaisH2 MeOH QC_VI(1); 18, 2%
/ 4 (B63) . N white solid
N~ N (ESI") m/z 380.3 [M-+H]
Yo
HN
0 )V_\,O 146 mg, brown
Q Ex-132° AnalpH2 MeCN_4min(1); crude for
NH (BSS) (ESI) m/z 389.1 [M-Boc+H]".
\ /) synthesis of
NN Ex-138
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Ex # Mass,
Compound (Intermedi Analytical Data %Yield,
ate used”) Appearance
\
(0]
T
Q LC-MS. R, 8.13 min,
NH Ex-133 170 mg, 51%,
\ AnalpH2 MeOH_QC VI1(1); . .
/ (B70) . N white solid
N~ N (ESI*) m/z 376.2 [M+H]".
\O
’\:—o
O LC-MS. R, 8.13 min,
NH Ex-134 176 mg, 53%,
\ ) AnalpH2 MeOH_QC VI1(1); , .
[ 4 (B71) . N off-white solid
N~ N (ESI*) m/z 376.3 [M+H]".
v
(0]
O,
] LC-MS. R, 8.14 min,
NH Ex-135 69 mg, 21%,
AnalpH2 MeOH_QC VI1(1); . .
/ \ /) (B72) . N off-white solid
N (ESI") m/z 376.3 [M+H]".
\ S
’\——o
] LC-MS. R, 8.15 min,
NH Ex-136 31 mg, 9%,
AnalpH2 MeOH _QC VI(1); )
/ \ /) (B73) . N brown solid
No N (ESI") m/z 376.3 [M+H]".

*|f not stated commercial and/or CH4. ? KsPO4 added as a solution in water
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Example Ex-71 was prepared by acidic Boc-deprotection followed by acetylation of the resulting
amine.

[00253] N-[3-(4-Oxo-7-phenyl-4,7-dihydro-3H-pyrrolo[2,3-d]pyrimidin-5-yl)-benzyl]-acetamide (Ex-

71)
O  H H
Py %N_%
0 0
D
I N7

o
NH
I\ 2
N N~ N
CP46 @ Ex-71 @

A mixture of [3-(4-chloro-5-phenyl-5H-pyrrolo[3,2-d]pyrimidin-7-yl)-benzyl]-carbamic acid tert-butyl
ester (CP46) (26 mg, 0.06 mmol), NaOAc (15 mg, 0.18 mmol) and AcOH (1 mL) was heated at
100°C for 18 h. The mixture was concentrated in vacuo then re-dissolved in DCM (5 mL). Ac20 (8.5
pl, 0.09 mmol) and pyridine (7.3 ul, 0.09 mmol) were added and the mixture stirred at RT for 5 min.
The mixture was diluted with 1M HCI (aq), extracted into ethyl acetate (x2), washed with brine, dried
(anhydrous MgSOys), filtered, concentrated in vacuo, purified by reverse phase preparative HPLC-
MS then lyophilised from a mixture of MeCN:H20 (2 mL, 1:1) to afford N-[3-(4-Oxo-5-phenyl-4,5-
dihydro-3H-pyrrolo[3,2-d]pyrimidin-7-yl)-benzyl]-acetamide (Ex-71) as a white solid (9.8 mg, 0.027
mmol, 46%); LC-MS. Rt 7.02 min, AnalpH2_MeOH_QC_V1(1); (ESI*) m/z 359.3 [M+H]*.

Example Ex-72 was synthesised from Ex-11.

[00254] [4-(4-Oxo-7-phenyl-4,7-dihydro-3H-pyrrolo[2,3-d]pyrimidin-5-yl)-benzyl]-carbamic acid tert-
butyl ester (Ex-72).

0]
. 44
N
H

0

NH 0

B - = NH

N T\ )
N

N
Ex-11 i Ex-72

4-(4-oxo-7-phenyl-4,7-dihydro-3H-pyrrolo[2,3-d]pyrimidin-5-yl)-benzonitrile Ex-11 (30 mg, 0.1
mmol), NiClz (12 mg, 0.1 mmol) and di-ferf-butyl dicarbonate (42 mg, 0.2 mmol) were suspended in
1:1 THF:MeOH (0.8 mL) and cooled to 0°C. NaBH4 (26 mg, 0.7 mmol) was added followed by
further 1:1 THF:MeOH (0.2 mL) and the reaction was stirred at RT for 18 h. Further NaBH4 (26 mg,
0.7 mmol) added and the reaction mixture stirred at RT for 1.5 h. Diethylenetriamine (11 L, 0.1
mmol) in THF (0.1 mL) was added and the reaction mixture stirred for 30 min. The solvent was
removed in vacuo and the residue suspended in DCM (20 mL) and washed with NaHCOs (aq.,

satd., 2 x 20 mL). The organic layer was separated (phase separator) and evaporated to dryness to
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afford [4-(4-0x0-7-phenyl-4,7-dihydro-3H-pyrrolo[2,3-d]pyrimidin-5-yl)-benzyl]-carbamic acid tert-
butyl ester as a pale purple solid (22 mg, 52%) which was used in the next step without further
purification; LC-MS. Rt 3.28 min, AnalpH2_MeOH_4min(1); (ESI*) m/z 361.2 [M+H-fert-Bu]*., 833.2
[2M+H]*.

[00255] The following examples were synthesised using an analogous procedure to Ex-72

Table 28
Ex. # .
. . Mass, %Yield,
Compound (Intermediate Analytical Data
Appearance
used)
Foi
O)’N Q LC-MS. R, 3.30 min,
NH AnalpH2 MeOH_4min(1); 95 mg, 97%,
T\ )| Ex73(@CP9) i X "
N~ N (EST") m/z 417.3 [M+H]". off-white solid

Example Ex-74 was synthesised from Ex-72.

[00256] 5-(4-Aminomethyl-phenyl)-7-phenyl-3,7-dihydro-pyrrolo[2,3-d]pyrimidin-4-one (Ex-74)

O
%0'4 HzN,%
N
H
Q —_—

tztf””

N\

<Nj |

(@]
NH
A\ )
) N
Ex-73 @ Ex-74

TFA/DCM 1:2 (0.45 mL) was added to [4-(4-0x0-7-phenyl-4,7-dihydro-3H-pyrrolo[2,3-d]pyrimidin-5-
yl)-benzyl]-carbamic acid fert-butyl ester (Ex-72) (22 mg, 0.05 mmol) and the reaction mixture was
stirred at RT for 1 h. The reaction mixture was evaporated to dryness, neutralised with 0.7 M
NH3/MeOH and evaporated to dryness. The residue was dissolved in DCM (2 mL) and passed
through a SCX-2 cartridge (1 g), washing with MeOH (2 x CV) and DCM (2 x CV). The compound
was eluted from the column with 0.7M NHs/MeOH. The crude compound was purified by reverse
phase preparative HPLC-MS and lyophilised from 1:1 MeCN/H:O to obtain 5-(4-aminomethyl-
phenyl)-7-phenyl-3,7-dihydro-pyrrolo[2,3-d]pyrimidin-4-one as a white solid (5.4 mg, 34%); LC-MS.
Rt 5.04 min, AnalpH2_MeOH_QC_V1(1); (ESI") m/z 317.3.

[00257] The following examples were synthesised using analogous procedures to example Ex-74
(reaction duration varied between 0.5-1.5 h):

Table 29
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Ex. #.
Mass, %Yield,
Compound (Intermediate Analytical Data
Appearance
used)
HZN’>__H
N
© o LC-MS. R, 5.10 min,
NH AnalpH2 McOH_QC_V1(1); 2 mg, 7%, white
T ) | Ex-76 (Ex-59) pH2_MeOH_QC_V1(D)
N~ N (ESIY) m/z 360.3 solid
N H
H’>—N
0 o LC-MS. R, 5.14 min,
NH AnalpH2 MeOH_QC_VI1(1); 10 mg, 34%,
Ex-77 (Ex-60 ~ R
/N \ N/) (Ex-60) (EST") m/z 374.3 white solid
LC-MS. R 5.15 min,
AnalpH2 MeOH_QC_V1(1);
HAN o (ESI") m/z 317.3;
NH 'H NMR (400 MHz, DMSO-ds):
§ 23 mg, 32%,
7\ N/) Ex75 (Ex73) 8.42 (s, 1H), 7.99 (s, 1H), 7.98-7.93 g, 32%
N (m, 2H), 7.81 (s, 1H), 7.79-7.77 (m, white solid
@ 2H), 7.58 (t,J = 7.6 Hz, 2H), 7.44
(tt,J=76,13Hz 1H), 736 (t,J =
7.6 Hz, 1H), 7.28 (d,J = 7.8 Hz,
1H), 3.86 (s, 2H);
o]
o LC-MS. R 5.10 min, 16 mg, quant,
NH Ex-78 (Ex-63) AnalpH2 MeOH_QC_VI; (ESTY) ) )
R\ /> off-white solid
N m/z 347.2
iNJ
H
—N
k)
P LC-MS. R, 4.98 min,
N ) 13.7 mg, 74%,
N Ex-79 (Ex-32) | AnalpH2 MecOH QC_V1; (ESI")
| white solid
@ m/z 331.3 [M+H]"
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LC-MS. R, 5.77 min,
HQN{O AnalpH2_ MeOH_QC_VI1(1);
o (EST") m/z 375.3 [M+H]"; 'H-NMR
N | Ex-137 (Ex- (400 MHz, DMSO-ds): $ 7.95 (s, | 39 mg, 34%,
[\ N/) 122) 1H), 7.94-7.91 (m, 2H), 7.78-7.75 | white solid
N (m, 2H), 7.72 (s, 1H), 7.58-7.53 (m,
@ 2H), 7.44-7.40 (m, 1H), 6.97-6.93
(m, 2H), 3.71 (s, 2h), 1.13 (s, 6H).
. LC-MS. R, 5.94 min,
2 )T\,o AnalpH2 MeOH_QC _VI(1); 44 mg, 30%
(EST") m/z 389.2 [M+H]™; over 2 steps
O 1 .
Ex-138 (Ex- H-NMR (400 MHZ, DMSO'dﬁ) ) . .
NH 132)( 7.96 (s, 1H), 7.93 (** d,.J =9.2 Hz, | {including
I\ /) 2H), 7.78 (d,J= 8.2 Hz, 2H), 7.72 | Suzuki
NN (s, 1H), 7.56 (1, J = 8.2 Hz, 2H), i "
7.42 (,J =82 Hz, 1H), 6.95 (app d, | COuPling). white
J=9.2Hz, 2H),4.12 (. J=73 Hz, | solid
2H), 1.78 (t, J=7.3 Hz, 2H), 1.10 (s,
6H).

flsolated as formate salt.
The following final compounds were prepared directly from the Boc-protected chloro-pyrimidines:

Example Ex-80 was synthesised from CP37.

[00258] 5-[4-(Azetidin-3-yImethoxy)-phenyl]-7-phenyl-3,7-dihydro-pyrrolo[2,3-d]pyrimidin-4-one-
formate salt (Ex-80)

’K °
oA
(@] (@]
Cl (@]
=N NH
A ) T\ )
N N

N N

@ CP37 @ Ex-80

3-[4-(4-Chloro-5-phenyl-5H-pyrrolo[3,2-d]pyrimidin-7-yl)-phenoxymethyl]-azetidine-1-carboxylic acid
tert-butyl ester CP37 (81 mg, 0.16 mmol) and NaOAc (41 mg, 0.49 mmol) were dissolved in AcOH

(5 mL) and stirred at reflux for 18 h. The solution was neutralised with NaOH solution (50% in water)

and the mixture partitioned between DCM and H20. The organic layer was dried by phase separator
and volatiles removed in vacuo. The residue was dissolved in DMSO and purified by reversed
phase preparative HPLC-MS. Ex-80 was obtained after freeze drying in 1:1 H2O:MeCN as a white
solid (5 mg, 8%); LC-MS. Rt 7.71 min, AnalpH2_MeOH_QC_V1(1); (ESI*) m/z 373.2 [M+H]*.

[00259] The following example was synthesised using an analogous procedure to Ex-80:
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Table 30

Mass, %Yield,

Compound Ex. # (Intermediate used) Analytical Data
Appearance

%zo LC-MS. R, 5.16 min,

AnalpH2 MeOH QC
Q Ex-81/ (CP17) V1(1); (EST) m/z
NH .
388.4 [M+H]".
¥ M

5 mg, 16%, white
solid

" |solated as a formic acid salt.

Example Ex-82 was synthesised from Ex-10.

[00260] [4-(4-Oxo-7-phenyl-4,7-dihydro-3H-pyrrolo[2,3-d]pyrimidin-5-yl)-phenyl]-acetic acid (Ex-

82)
0 HO
NH —_— NH
I\ 2 ,
<Nj S [ \ 7

Ex-10 Ex-82

To [4-(4-0x0-7-phenyl-4,7-dihydro-3H-pyrrolo[2,3-d]pyrimidin-5-yl)-phenyl]-acetic acid ethyl ester
(Ex-10) (40 mg, 0.11 mmol), LiOH.H20 (14 mg, 0.33 mmol) was added THF:MeOH 3:1 (2.2 mL)
and the reaction mixture stirred at RT overnight. The reaction mixture was diluted with DCM (10 mL)
and evaporated to dryness. The crude compound was purified by reversed phase preparative
HPLC-MS and lyophilised from 1:1 MeCN/H20 to afford [4-(4-Oxo-7-phenyl-4,7-dihydro-3H-
pyrrolo[2,3-d]pyrimidin-5-yl)-phenyl]-acetic acid (Ex-82) as a white solid (18.4 mg, 48%); LC-MS. Ry
7.40 min, AnalpH2_MeOH_QC_V1(1); (ESI*) m/z 346.3.

Example Ex-83 was synthesised from Ex-82.

[00261] 2-[4-(4-Oxo-7-phenyl-4,7-dihydro-3H-pyrrolo[2,3-d]pyrimidin-5-yl)-phenyl]-acetamide (Ex-
83)
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/\ /\

Ex-82 Ex-83

To [4-(4-0x0-7-phenyl-4,7-dihydro-3H-pyrrolo[2,3-d]pyrimidin-5-yl)-phenyl]-acetic acid (17 mg, 0.05
mmol) (Ex-82) , TBTU (16 mg, 0.05 mmol) in anhydrous DMF (0.55 mL) was added a 1M solution
of DIPEA/DCM (50 uL, 0.05 mmol) and the reaction mixture stirred for 50 min. Ammonium chloride
(5.2 mg, 0.1 mmol) in a 1M solution of DIPEA/DCM (100 pL, 0.1 mmol) was added to the reaction
mixture followed by anhydrous DMF (0.1 mL). The reaction vessel was sealed and stirred at RT for
18 h. The reaction mixture was passed through a 1g Si-NH: cartridge (pre-conditioned with DMF +
MeOH) and the column washed with DMF (2 x CV) and MeOH (2 x CV). The solvent was removed
in vacuo. The crude compound was purified by reversed phase preparative HPLC-MS and the
product was lyophilised from 1:1 MeCN/HzO to to afford 2-[4-(4-oxo-7-phenyl-4,7-dihydro-3H-
pyrrolo[2,3-d]pyrimidin-5-yl)-phenyl]-acetamide as a white solid (13 mg, 77%); LC-MS. R 6.95 min,
AnalpH2_MeOH_QC_V1(1); (ESI") m/z 345.3.

The following diol Ex-139 was prepared from CP75 in two steps.

[00262] 5-(4-((2S,3S5)-2,3-dihydroxybutoxy)phenyl)-7-phenyl-3,7-dihydro-4H-pyrrolo[2,3-
d]pyrimidin-4-one (Ex-139)

/\ /\ /\

CP75 Ex-139

(4-(But-2-en-1-yloxy)phenyl)-4-chloro-7-phenyl-7H-pyrrolo[2,3-d]pyrimidine (CP75) (138 mg, 0.37 mmol)
and NaOAc (60 mg, 0.74 mmol) in AcOH (2 mL) was heated at 100°C for 2.5 h. The reaction mixture was
concentrated in vacuo and the residue diluted with DCM and water. The organic layer was separated, washed
with DCM (2 x 30 mL) followed by EtOAc (2 x 30 mL), dried with anhydrous MgSQy, filtered and
concentrated in vacuo to ,afford 5-(4-(but-2-en-1-yloxy)phenyl)-7-phenyl-3,7-dihydro-4H-pyrrolo[2,3-
d]pyrimidin-4-one (80 mg, 60%) as a white solid. LC-MS. R 3.39 min, AnalpH2 MeOH_4min(1); (ESI")
m/z 358.3 [M+H]". A portion of this material was used in the next step without further purification. AD-mix
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o (120 mg) was added to a stirred solution of 'BuOH/H20 (1.5 mL, 1:1). The mixture was stirred until
solids were dissolved, then cooled to 0°C and a mixture of E and Z 5-(4-(but-2-en-1-yloxy)phenyl)-7-
phenyl-3,7-dihydro-4H-pyrrolo[2,3-d]pyrimidin-4-one (40 mg, 0.11 mmol) was added. The resulting
mixture was stirred for 4 h then allowed to warm to RT and stirred for a further 18 h.
Methanesulfonamide (20 mg, 0.11 mmol), AD-mix a (100 mg) and ‘BuOH (750 L) were added and
the reaction mixture was heated at 40°C for 3 h. The reaction was quenched by addition of sodium
sulfite (675 mg), diluted with water (30 mL) and extracted EtOAc (3 x 30 mL). The crude residue
was concentrated under vacuum. The crude residue was taken up in THF (800 uL) and added to a
solution of AD-mix a in 'BuOH/water (50:50, 1 mL), then stirred overnight. AD-mix a (500 mg) was
added and the reaction stirred overnight. Sodium sulfite (500 mg) was added and stirred until the
reaction became colourless then diluted with water (30 mL) and extracted EtOAc (3 x 30 mL) and
dried (anhydrous MgSQOy4). The crude residue was purified by silica gel column chromatography
eluting with 0-10% MeOH/DCM followed by reversed phase preparative HPLC to afford 5-(4-
((28,35)-2,3-dihydroxybutoxy)phenyl)-7-phenyl-3,7-dihydro-4H-pyrrolo[2,3-d]pyrimidin-4-one (Ex-
139) (10 mg, 23%) as a white solid. LCMS Ry7.53 min AnalpH2_MeOH_QC_V1(1), . (ESI*) m/z
392.3 [M+H]*; "H-NMR (400 MHz, DMSO-de): 8 12.09 (br s, 1H), 7.93-7.86 (m, 3H), 7.73 d, J=7.3
Hz, 2H), 7.68 (s, 1H), 7.52 (t, J= 7.8 Hz, 2H), 7.40-7.35 (m, 1H), 6.90 (d, J= 8.7 Hz, 2H), 5.09 d, J
= 5.0 Hz, 1H), 3.97-3.84 (m, 3H), 3.43-3.32 (m, 2H), 3.20 (s, 3H). Enantiomeric excess was not
determined.

Synthesis of Phosphates

A number of examples of formula (1a) were converted to phosphate analogues:

[00263] Phosphoric acid di-tert-butyl ester 5-[4-(2-methoxy-ethoxy)-phenyl]-4-oxo-7-phenyl-4,7-
dihydro-pyrrolo[2,3-d]pyrimidin-3-ylmethyl ester (Ex-140)

\ \
o™\, o\, i )L
0 0 /\O,‘&{—o
NH N O\é
I\, — I\
<Nj | (’5 |
Ex-58 Ex-140

A mixture of 5-[4-(2-methoxy-ethoxy)-phenyl]-7-phenyl-3,7-dihydro-pyrrolo[2,3-d]pyrimidin-4-one (50
mg, 0.14 mmol), di-fert-butyl(chloromethyl)phosphate (Ex-58) (38 uL, 0.17 mmol), Cs2CO3 (50 mg,
0.15 mmol) and DMF (5 mL) were stirred at RT under Nz for 18 h. The reaction mixture was diluted
with H20 (20 mL), extracted with EtOAc (2 x 20 mL), washed with H2O (2 x 20 mL), brine (20 mL) and
dried over MgSOas. The organics were concentrated in vacuo and the crude compound was purified
by silica gel column chromatography eluting with 20 - 100% EtOAc/iso-hexane to afford phosphoric
acid di-fert-butyl ester 5-[4-(2-methoxy-ethoxy)-phenyl]-4-oxo-7-phenyl-4,7-dihydro-pyrrolo[2,3-



WO 2019/073253 PCT/GB2018/052936
157

d]pyrimidin-3-ylmethyl ester (Ex-140) as a colourless oil (30 mg, 37%); LC-MS. Ry 3.52 min,
AnalpH2_MeOH_4min(1); (ESI*) m/z 584.3 [M+H]".

[00264] The following example was synthesised using an analogous procedure to Ex140:
5 Table 31

Ex. #
(Inter ) Mass, % Yield,
Compound ) Analytical Data
mediat Appearance
eused)
Hoﬁ’\_
° Q Ex-141
Q ,‘F;—o% LC-MS. R 3.57 min,
o O\é (Ex- ) . 144 mg, 56%,
) AnalpH2 MeOH_4min(1); (ESI") m/z .
T\ 7 40) yellow solid
NN 612.1 [M+H]*

[00265] Phosphoric acid mono-{5-[4-(2-methoxy-ethoxy)-phenyl]-4-oxo-7-phenyl-4,7-dihydro
pyrrolo[2,3-d]pyrimidin-3-ylmethyl} ester (Ex-142)

10
\O"\—_ \O"\__
o, >L O o
QA /‘&1‘0 Q ,"é’\‘OH
N O\é N © oH
7\ N/) g J \Nx)

N
@ Ex-140 @ Ex-142

A mixture of phosphoric acid di-tert-butyl ester 5-[4-(2-methoxy-ethoxy)-phenyl]-4-oxo-7-phenyl-4,7-
15 dihydro-pyrrolo[2,3-d]pyrimidin-3-ylmethyl ester (Ex-140) (30 mg, 0.05 mmol) and AcOH:H20 (41, 2
mL) was heated at 65°C for 2 h. The reaction mixture was evaporated to dryness and the crude
compound was purified by reversed phase preparative HPLC-MS to afford phosphoric acid mono-{5-
[4-(2-methoxy-ethoxy)-phenyl]-4-oxo-7-phenyl-4,7-dihydro pyrrolo[2,3-d]pyrimidin-3-ylmethyl} ester
(Ex-142) as the bis ammonium salt, white solid (16 mg, 68%), LC-MS. R¢ 7.03 min,
20  AnalpH9_MeOH_QC_V1(1):; (ESI*) m/z 472.2 [M+H]*; "TH-NMR (400 MHz, DMSO-ds): 8.43 (s, 1H),
7.87 (d, J=8.7 Hz, 2H), 7.77-7.75 (m, 2H), 7.69 (s, 1H), 7.55 (t, J = 8.0 Hz, 2H), 7.43-7.39 (m, 1H),
6.94 d, J= 8.7 Hz, 2H), 5.55 (d, J = 11.4 Hz, 2H), 4.13-4.10 (m, 2H), 3.69-3.66 (m, 2H), 3.32 (s, 3H).

[00266] The following example was synthesised using an analogous procedure to Ex-142:
25  Table 32
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Ex. #
(Inter ) Mass, % Yield,
Compound ) Analytical Data
mediat Appearance
eused)
LC-MS. R 6.99 min,
AnalpH9 MeOH_QC_VI(1); (ESI")
HO, m/z 500.2 [M+H]*; "H-NMR (400
A\ > Ex-143 | MHz, DMSO-de): 8.42 (s, 1H), 7.86
3 N/‘O’Rc?ﬁ’ "l Ex- | (@dJ=87Hz2H),7.76(d,J=73 27 mg, 18%,
/N \ 2 1417 | Hz 2H), 7.71-7.62 (1H), 7.55 (, T = white solid
7.8 Hz, 2H), 7.41 (t, T = 7.6 Hz, 1H),
@ 692(d,J=92Hz 2H),555,J=
11.6 Hz, 2H), 4.11 (t, J = 7.2 Hz, 2H),
1.86 (t, J= 7.2 Hz, 2H), 1.18 (s, 6H).

@ |solated as a bis ammonium salt.

[00267] Dibenzyl-(2-methyl-4-(4-(4-oxo-7-phenyl-4,7-dihydro-3H-pyrrolo[2,3-d]pyrimidin-5-
ylphenoxy)butan-2-yl)phosphate (Ex-144)

BnO PBN
HO, P-O
I
ﬁ’\,o © ﬁ’\—o
o) @]

NH NH
B B
N N

A mixture of 5-(4-(3-hydroxy-3-methylbutoxy)phenyl)-7-phenyl-3,7-dihydro-4H-pyrrolo[2,3-
d]pyrimidin-4-one (Ex-40) (60 mg, 0.154 mmol), dibenzyl N,N-isopropylphosphoranidite (258 L,
0.77 mmol) and 1,2,4-triazole (53.2 mg, 0.77 mmol) in 1,2-dicholoroethane (3 mL) was heated at
reflux for 90 min. After cooling to RT, 50% hydrogen peroxide (57 pL, 0.924 mmol) was slowly
added dropwise. The resulting reaction mixture was stirred at RT for 30 mins, then diluted with
DCM, washed sequentially with water and 5% aq. sodium thiosulfate. The organic layer was
separated, dried (anhydrous NaxSOy), filtered and concentrated in vacuo. The crude residue was
twice purified by silica gel column chromatography eluting with 0-5% MeOH/DCM and then 0-100%
EtOAc/iso-hexane to afford Dibenzyl-(2-methyl-4-(4-(4-oxo-7-phenyl-4,7-dihydro-3H-pyrrolo[2,3-
d]pyrimidin-5-yl)phenoxy)butan-2-yl)phosphate (Ex-144) as a gummy colourless oil (34 mg, 34%);
LC-MS. R 3.56 min, AnalpH9_MeOH_4min(1); (ESI*) m/z 650.4 [M+H]*; "H-NMR (400 MHz,
DMSO-ds): 12.13 (s, 1H), 7.96 (s, 1H), 7.93 (d, J = 8.7 Hz, 2H), 7.82-7.75 (m, 2H), 7.72 (s, 1H),
7.56 (t, J=7.8 Hz, 2H), 7.40-7.27 (m, 11H), 6.91 (d, J= 8.7 Hz, 2H), 5.01 (dd, J= 8.0, 1.6 Hz, 4H),
4.09 (t, J=6.6 Hz, 2H), 2.16 (t, J = 6.6 Hz, 2H), 1.51 (s, 6H).

[00268] The following example was synthesised using an analogous procedure to Ex-144:
Table 33
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Ex. #
(Inter ) Mass, % Yield,
Compound ) Analytical Data
mediat Appearance
eused)
LC-MS. R, 3.50 min,
AnalpH9 MeOH_4min(1); (ESI") m/z
664.3 [M+H]"; 'H-NMR (400 MHz,
BnO\P?Eg Q DMSO-dy): 12.13 (s, 1H),
¢ o 7.96 (s, 1H), 7.96 (d,J = 9.2 Hz, 2H),
o Ex-145 | 5 84775 (m, 2H). 7.74 (s. 1H). 7.56
(Ex- 362 mg, 73%,
NH (t,J=78Hz 2H), 743 (d,J =73 Hz, >
7\ P 54) off-white solid
N 1H),
@ 7.40-7.27 (m, 11H), 6.96 (d, J = 8.7
Hz, 2H), 5.04 (d, J = 8.0 Hz, 4H), 4.44
(d,J=6.0Hz 4H), 431 (d,J=5.5
Hz, 2H), 4.18 (s, 2H).
LC-MS. R, 3.53 min,
AnalpH2 MeOH_4min(1); (ESI") m/z
e 636.4 [M+H]"; '"H-NMR (400 MHz,
oo Ex-146 | DMSO-de) 8 12.12 (s, 1H), 7.96 (s,
Q (Ex- 1H), 7.94 (d, J = 8.0 Hz, 2H), 7.78- 141 mg, 42%,
NH . .
I\ N/) 64) | 7.75 (m, 2H), 7.72 (s, 1H), 7.58-7.53 white solid
N
@ (m, 2H), 7.44-7.31 (m, 11H), 6.95 (d,
J=9.2Hz, 2H), 5.00 (d, /= 7.8 Hz,
4H), 4.09 (s, 2H), 1.55 (s, 6H).
BnO,PBN
I,P_O
¢ T\ Ex-147 ,
LC-MS. R; 3.74 min,
Q (Ex- ) 192 mg, 47%,
NH AnalpH9 MeOH_4min(1); (ESI") m/z i .
) 107) . off-white solid
N 668.3 [M+H]

[00269] 2-methyl-4-(4-(4-ox0-7-phenyl-4,7-dihydro-3H-pyrrolo[2,3-d]pyrimidin-5-yl)phenoxy)butan-
2-yl dihydrogen phosphate (Ex-148)
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Ho PH
IF_O
¢ T\
Q
NH
I\ 2
N

10% Palladium on carbon (3.2 mg) was added to a mixture of dibenzyl [1,1-dimethyl-2-[4-(4-0x0-7-

phenyl-3H-pyrrolo[2,3-d]pyrimidin-5-yl)phenoxy]ethyl] phosphate (Ex-144) (32.0 mg, 0.049 mmol) in

EtOH (3 mL) under nitrogen. Reaction mixture was stirred under a hydrogen atmosphere for 20 h,
then filtered through a pad of celite, washed with EtOH (3 x 20 mL) and the organics were

concentrated in vacuo. The crude compound was purified by reversed phase preparative HPLC-

MS and the product was lyophilised from 1:1 MeCN/HzO to afford Dibenzyl-(2-methyl-4-(4-(4-0x0-7-

phenyl-4,7-dihydro-3H-pyrrolo[2,3-d]pyrimidin-5-yl)phenoxy)butan-2-yl)phosphate (Ex-148) as the
bis ammonium salt, white solid (15 mg, 61%). LC-MS. R 7.10 min, AnalpH9_MeOH_QC_V1(1);

(ESI*) m/z 470.3; "H-NMR (400 MHz, DMSO-ds): 5 7.94 (s, 1H), 7.90 (d, J = 8.7 Hz, 2H), 7.78-7.74 (mm,
2H), 7.69 (s, 1H), 7.57-7.51 (m, 2H), 7.43-7.38 (m, 1H), 6.93 (d, J = 9.2 Hz, 2H), 4.14 (t, ] = 7.1 Hz, 2H),

2.08 (t, = 7.1 Hz, 2H), 1.40 (s, 6H).

The following example was synthesized using analogous procedures to example Ex-148:

Table 34
Ex. #
(Inter ) Mass, % Yield,
Compound ) Analytical Data
mediat Appearance
eused)
LC-MS. R; 6.47 min,
AnalpH9 McOH_QC_V1(1); (ESI)
HO\P?EO \_%o m/z 484.2 [M+H]*; '"H-NMR (400
/)
¢ o MHz, DMSO-dy) & 7.97-7.92 (m, 3H),
o Ex-149 | 7.78-7.75 (m, 2H), 7.73 (s, 1H), 7.57-
NI (E 7.52 (m, 2H), 7.43-7.39 (m, 1H), 6.99 102 mg, 64%,
X- -
B 2 (m. 21, 7.43-7.39 (. 1. 6 white solid
N 145)?

(d,J=88Hz 2H), 445 (d,J = 6.0
Hz, 2H), 4.44 (d, J = 6.0 Hz, 2H), 4.16
(s, 2H), 3.95 (d, T = 6.0 Hz, 2H).
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Ex. #
(Inter ) Mass, % Yield,
Compound ) Analytical Data
mediat Appearance
eused)
LC-MS. R; 6.95 min,
.y AnalpH9 MeOH_QC_V1(1); (ESI)
Ho’F’\o—k_o m/z 456.3 [M+H]"; "H-NMR (400
Ex-150 | MHz, DMSO-ds): & 7.95 (s, 1H), 7.91
18 mg, 79%,
NH (Ex- | (d,J=9.2Hz, 2H), 7.78-7.75 (m, 2H), , ,
r\ 7 white solid
N 146)** | 7.71 (s, 1H), 7.57-7.51 (m, 2H), 7.43-
@ 737 (m, 1H), 6.93 (d,.J = 9.2 Hz, 2H),
3.98 (s, 2H), 1.44 (s, 6H).
LC-MS. R 7.32 min,
AnalpH9 MeOH_QC_V1(1); (ESI)
Ho OH m/z 488.2 [M+H]"; '"H-NMR (400
IF_O
3 I\ q MHz, DMSO-ds) & 7.96 (s, 1H), 7.76-
Ex-151
E 7.60 (m, 3H), 7.56-7.51 (m, 3H), 7.43- | 68 mg, 48%,
NH X- : :
P\ 2 a | 7.38 (m, 1H), 6.88-6.80 (m, 2H), 4.17 white solid
! 147)

(t,J=6.9Hz, 2H), 2.09 (1, = 6.9 Hz,
2H), 1.40 (s, 6H).

4 |solated as a bis ammonium salt. ® EtOAc was used as the solvent.

A number of examples of formula (1b) were synthesised according to route 3a or route 3b:

Route 3: Scheme 3

Route 3, Step 1: lodination

Route 3a
=N
\ Y |
Step 2 al | Step 3
N
R4
R12
Route 3b Step 5
&N
Step 6

R4% i R4®
R12

[00270] 4-Chloro-7-iodo-5H-pyrrolo[3,2-d]pyrimidine (CH6)

Step 4

R11
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cl cl
HN \\9) — ~ HN \\B
XN N N cHe
[
To a solution of 4-chloro-5H-pyrrolo[3,2-d]pyrimidine (25.0 g, 162.8 mmol) in THF (700 mL) was
added N-iodosuccinamide (40.1 g, 179 mmol) at the resulting mixture was stirred for 4 h at RT and
then was concentrated in vacuo. The residue triturated in Et20, the resulting solid was collected by
5 filtration and washed with Et20. The crude compound was purified by silica gel column
chromatography eluting with 20-30% EtOAc/petroleum ether to afford 4-chloro-7-iodo-5H-
pyrrolo[3,2-d]pyrimidine (CH6) as a yellow solid (32.0 g, 70%); LC-MS. Rt 2.29 min,
AnalpH2_MeOH_4min(1); (ESI*) m/z 280.0, 282.0 [M+H]".

Route 3, Step 2: Chan-Lam

10 [00271] 4-Chloro-7-iodo-5-(4-methoxy-phenyl)-5H-pyrrolo[3,2-d]pyrimidine (CH7)

/
(o]
Cl Cl
H /=N =N
N N
\ N’
X ) X N>
' cHe ! CH7

To 4-chloro-7-iodo-5H-pyrrolo[3,2-d]pyrimidine (150 mg, 0.54 mmol), 4-methoxyphenyl boronic acid
(163 mg, 1.07 mmol), triethylamine (150 uL, 1.07 mmol), pyridine (87 pL, 1.07 mmol), copper (II)
acetate monohydrate (195 mg, 1.07 mmol), molecular sieves (4 A, ~320 mg) were added and

15 suspended in DCM (3.6 mL). The reaction mixture was stirred, with a silica gel dehydrating guard,
at RT overnight. The reaction mixture was evaporated to dryness, re-suspended in DCM and
washed with aq. satd. EDTA. The precipitated solid was removed by filtration and the filtrate passed
through a phase separation cartridge and the organic phase was evaporated evaporated in vacuo.
The crude compound was purified by reversed phase preparative HPLC-MS to afford 4-chloro-7-

20 iodo-5-(4-methoxy-phenyl)-5H-pyrrolo[3,2-d]pyrimidine (CH7) as an off-white solid (14.2 mg, 7%);
LC-MS. R 3.10 min, AnalpH2_MeOH_4min(1); (ESI*) m/z 386.0, 388.0 [M+H]*; '"H NMR (400 MHz,
DMSO-d): 8 8.77 (s, 1H), 8.30 (s, 1H), 7.50 (**d, J = 9.2 Hz, 2H), 7.07 (**d, J = 8.8 Hz, 2H), 3.84
(s, 3H).

CHé CHs8
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To a solution of 4-chloro-7-iodo-5H-pyrrolo[3,2-d]pyrimidine (CH6) (40.4 g, 249.55 mmol) in DMF
(250 mL) was added copper (Il) acetate monohydrate (49.8 g, 249.55 mmol) and activated
molecular sieves (1.00 g) followed by addition of NEts (52.07 mL, 374.31 mmol) and the resulting
reaction mixture was heated at 60°C for 24 h. The reaction mixture was cooled to RT and the
solvent concentrated in vacuo. The crude solid was dissolved in DCM (600 mL) and quenched with
saturated aqueous solution of EDTA (200 mL). The separated aqueous layer was dried (anhydrous
NazxS0.), filtered and concentrated in vacuo to afford a crude solid. The crude compound was
purified by silica gel column chromatography eluting with 0-5% EtOAc/petroleum ether to afford 4-
chloro-7-iodo-5-phenyl-5H-pyrrolo[3,2-d]pyrimidine (CH8) as an off-white solid (5.2 g, 12%); LC-MS.
R 3.08 min, AnalpH2_MeOH_4min(1); (ESI*) m/z 356.1, 358.1 [M+H]*; '"H NMR (400 MHz, DMSO-
de): 0 8.80 (s, 1H), 8.39 (s, 1H), 7.64-7.54 (m, 5H).

[00273] The following intermediates were synthesised using an analogous procedure to CH8 from

CH6 (reaction duration varied between 75mins-10 h:

Table 35
Cpd # .
. ) Mass, %Yield,
Compound (Intermediate Analytical Data Stat
ate
Used)
LC-MS. R;3.11
min,
844 mg, 21%,
CHY* AnalpH2 McOH 4 . .
] - - off-white solid?
min; (ESI") m/z
308.2,310.2 [M+H]"
LC-MS. R; 3.16 min,
Cl AnalpH2 MeOH 4 792 mg, 17%,
CH16 (B10) , . . .
N \N) min; (EST") m/z pale beige solid
N \ N 457.9 [M+H]"
|
0
\-o LC-MS. R, 3.02 min,
cl AnalpH2 MeOH 4 62 mg, 1%,
- CH17 . . .
N { /) min; (EST") m/z yellow solid
N 430.1 [M+H]*
[

aWork-up carried out with 20% aq. NH4+OH.

Route 3a, Step 3: Suzuki -Miyaura Coupling




10

15

WO 2019/073253 PCT/GB2018/052936

164

[00274] 4-Chloro-7-[4-(3-morpholin-4-yl-propoxy)-phenyl]-5-phenyl-5H-pyrrolo[3,2-d]pyrimidine
formic acid salt (CP61)

Q Cl
Q Cl N =N

Y 7
N

CH8 H/O CP61
)
o)
A mixture of 4-chloro-7-iodo-5-phenyl-5H-pyrrolo[3,2-d]pyrimidine (CH8) (100 mg, 0.161 mmol), 4-
(3-morpholinopropoxy)phenyl boronic acid, pinacol ester (117.0 mg, 0.34 mmol), (commercial

source), Pd(dppf)Cl..DCM (22.9 mg, 0.028 mmol) and K=COs (77.7 mg, 0.56 mmol) in 1,4-
dioxane:Hz20 (1.5 mL, 9:1) was de-oxygenated with Nz for 5 mins and then heated in the microwave

at 120°C for 2 h. The reaction mixture was filtered through a celite cartridge (2.5 g) and washed with
MeOH (3 x CV) followed by DCM (3 x CV). The organics were concentrated in vacuo. The crude
solid was purified by reverse phase preparative HPLC-MS to afford 4-chloro-7-[4-(3-morpholin-4-yl-
propoxy)-phenyl]-5-phenyl-5H-pyrrolo[3,2-d]pyrimidine formic acid salt (CP61) as an orange oil (63
mg, 45%). LC-MS. Rt 2.30 min, AnalpH2_MeOH_4min(1); (ESI*) m/z 449.3 [M+H]*.

[00275] The following intermediates were synthesised using analogous procedures to CP61 from
the chloropyrimidine CH8 unless otherwise stated (total duration of heating varied between 0.5 and
5 h):

Table 36
Cpd# )
. . Mass, %oYield,
Compound (Intermedi Analytical Data
Appearance
ate used)?
Q -
N =N
\ »
N
LC-MS. R 2.23 min,
CP62/ AnalpH2 MeOH_4min(1); (ESI") m/z 61 mg, 43%,
(B27) 465.3 [M+H]". orange oil
O
H:OH
)
O
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Cpd# .
. . Mass, %Yield,
Compound (Intermedi Analytical Data
Appearance
ate used)?
Q
=N
N ) .
) ¥ LC-MS. R, 2.31 min,
CP63/ AnalpH2 MeOH_4min(1); (ESI") m/z 57 mg, 44%,
(B46) 419.1 [M+H]". pale brown solid
O
AT
/
o
cl
N N
\ .
N LC-MS. R, 2.31 min,
CP64/ 34 mg, 47%, off-
AnalpH2 MeOH_QC_VI(1); (ESI") >
(CH7) white solid?
m/z 437.3 [M+H]".
o
/N\
Q -
N N
\ 2
N
LC-MS. R 3.72 min,
AnalpH2 MeOH_4min(1); (ESI") m/z 132 mg, 97%,
CPo65 (B38) .
0 505.1 [M+H]* yellow solid
é
o=(
~




449 3 [M+H]*
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Cpd# .
. . Mass, %Yield,
Compound (Intermedi Analytical Data
Appearance
ate used)?
Q -
=N
W
N LC-MS. R 3.34 min,
AnalpH2 MeOH_4min(1); (ESI") m/z 120 mg, 54%,
CP66 (B45) i
3943 [M+H]* pale yellow solid
O
Ho/g
Q ¢
N =N
W
XN
LC-MS. R; 3.03 min,
. 49 mg, 44%,
CP67 (B8) | AnalpH2 MeOH_4min(1); (EST) m/z )
pale orange oil
396.3 [M+H]*
(@]
HOJ;
OH
Q:
/)
LC-MS. R 2.38 min,
AnalpH2 MeOH_4min(1); (ESI") m/z
CP68 (B33) 31 mg, 25%
4493 [M+H]*
o)
Hi OH
Q -
N =N
\ »
XN
LC-MS. R¢ 2.34 min,
. 91 mg, 71%,
CP69 (B32) | AnalpH2 MeOH_4min(1); (ESI") m/z

yellow solid




HN" "O

349.2 [M+H]"
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Cpd# )
) ) Mass, %Yield,
Compound (Intermedi Analytical Data
Appearance
ate used)?
LC-MS. R 3.24 min,
. 60 mg, 56%,
CP70 (B14) | AnalpH2 MeOH_4min(1); (ESI") m/z )
pale yellow solid
380.3 [M+H]*
LC-MS. R 3.23 min,
. 60 mg, 56%,
CP71 (B15) | AnalpH2 MeOH_4min(1); (ESI") m/z )
pale yellow solid
380.3 [M+H]*
Cl
N =N
) N/) LC-MS. R; 3.07 min,
. 129 mg, quant,
CP76 AnalpH2 MeOH_4min(1); (ESI") m/z . .
white solid
363.2 [M+H]*
\n/NH
O
Q -
=N
N \ ) .
7 LC-MS. R( 2.93 min,
N . 90 mg, 83%,
CP77 AnalpH2 MeOH_4min(1); (ESI") m/z

white solid




4222 [M+H]*
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Cpd# )
. . Mass, %Yield,
Compound (Intermedi Analytical Data
Appearance
ate used)?
Q-
o
P LC-MS. R, 3.10 min,
. 52 mg, 62%,
CP78 AnalpH2 MeOH_4min(1); (ESI") m/z . .
white solid
377.2 [M+H]*
Q -
N =N
\
N TN LC-MS. R 2.14 min,
. 79 mg, 81%,
CP79 AnalpH2 MeOH_4min(1); (ESI") m/z .
yellow solid
4323 [M+H]*
N0
N
Q-
N =N
\ .
N N LC-MS. R( 2.95 min,
CP80 ) 55 mg, 60%,
AnalpH2 MeOH_4min(1); (ESI") m/z
(B40)* brown gum
405.2 [M+H]*
N”~0
HO
Q-
N =N
P
LC-MS. R 3.21 min,
) 88 mg, 93%,
CP81 (B53) | AnalpH2 MeOH_4min(1); (ESI") m/z
brown gum
o)

S

OH
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Cpd# )
. . Mass, %oYield,
Compound (Intermedi Analytical Data
Appearance
ate used)?
Q
=N
N \ /) LCMS. Rt 3.09
N . . 80 mg, 52%,
CPS82 AnalpH2 MeOH_4min(1); (ESI") m/z . .
. white solid
o 363.3 [M+H]
NJ\
H
Q-
N—
\ / LCMS. Rt 2.98
AN N . 63 mg, 65%,
CP83 AnalpH2 MeOH_4min(1); (ESI") m/z . .
white solid
3493 [M+H]*
NH»
0]
Q-
N— N LCMS. Rt 3.09
W . 88 mg, 62%,
N N CP84 AnalpH2 MeOH_4min(1); (ESI") m/z .
brown oil
336.3 [M+H]*
HO
Q-
N =N
\ / LCMS. Rt 3.09
N N i 36 mg, 38%,
CPS85 AnalpH2 MeOH_4min(1); (ESI") m/z

HO

336.3 [M+H]"

white solid
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Cpd# )
. . Mass, %oYield,
Compound (Intermedi Analytical Data
Appearance
ate used)?
Q cl
N N LCMS.Rt3.14
\ 2 , 51 mg, 33%,
NN CP86 AnalpH2 MeOH_4min(1); (ESI") m/z
colourless gum
366.3 [M+H]*
O/\/OH

# If not stated commercial and/or CH4. @ Tert-butyldimethylsiyl protecting group was also removed

under the Suzuki coupling conditions. fIsolated as a formic acid sal.

Route 3a, Step 4: Final Compounds via acidic Hydrolysis

[00276] 7-[4-(3-Morpholin-4-yl-propoxy)-phenyl]-5-phenyl-3,5-dihydro-pyrrolo[3,2-d]pyrimidin-4-
one (Ex-84)

A mixture of 4-chloro-7-[4-(3-morpholin-4-yl-propoxy)-phenyl]-5-phenyl-5H-pyrrolo[3,2-d]pyrimidine
formic acid salt CP61 (62.6 mg, 0.126 mmol) and NaOAc (20.7 mg, 0.252 mmol) in AcOH (256 L)
was heated at 100°C for 4 h. The reaction mixture was concentrated in vacuo. The crude residue
was purified by reversed phase preparative HPLC-MS to afford 7-[4-(3-Morpholin-4-yl-propoxy)-
phenyl]-5-phenyl-3,5-dihydro-pyrrolo[3,2-d]pyrimidin-4-one (Ex-84) as an off-white solid (45.1 mg,
83%); LC-MS. Ry 5.27 min, AnalpH2_MeOH_QC_V1(1); (ESI*) m/z 431.2 [M+H]*; "H NMR (400
MHz, DMSO-dg): 12.14 (br s, 1H), 8.07-8.05 (m, 3H), 7.98 (s, 1H), 7.56 (d, J = 8.7 Hz, 2H), 7.49
**t,J=7.8Hz,2H), 740 (t, J= 7.3 Hz, 1H), 6.97 (d, J = 8.7 Hz, 2H), 4.03 (t, J= 6.4 Hz, 2H), 3.58
(t, J=4.6 Hz, 4H), 2.43 (t, J = 7.3 Hz, 2H), 2.40-2.35 (m, 4H), 1.88 (tt, J=6.4, 7.3 Hz, 2H).

0
H/ cP-61 H/ Ex-84
) N
o o
[00277] The following examples were synthesised using an analogous procedure to Ex-85
reaction duration of up to 24 h:



8.07 (s, 1H), 7.99 (s, 1H), 7.58-7.55 (m,
2H), 7.51-7.47 (m, 2H), 7.43-7.38 (m, 1H),
6.98 (d,J = 8.6 Hz, 2H), 4.64 (s, 1H), 3.74

(s, 2H), 1.22 (s, 6H).
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Table 37
Ex. No. Mass,
Compound (Intermediate Analytical Data %Yield,
used) Appearance
LC-MS. R; 5.19 min,
d AnalpH2 MeOH_QC_VI(1); (ESI") m/z
o 419.3 [M+H]" 'H NMR (400 MHz,
NH DMSO-ds): 12.08 (br-s, 1H), 8.04 (d,J =
N ) 8.8 Hz, 2H), 7.97 (s, 1H), 7.95 (s, 1H),
N 28 mg, 95%,
7.46 (d,J =88 Hz, 2H), 7.03 (d, /= 8.8 ,
Ex-85 (CP64) off-white
Hz, 2H), 6.96 (d,J = 8.8 Hz, 2H), 4.01 (t,J i
SOl
=6.6 Hz, 2H), 3.83 (s, 3H), 2.36 (t, J = 7.0
o Hz, 2H), 2.15 (s, 6H), 1.85 (tt, /= 7.0, 6.6
H/ Hz, 2H).
/N\
LC-MS. R 5.36 min,
o AnalpH2 MeOH_QC_VI(1); (ESI") m/z
NH 401.2 [M+H]"; 'H NMR (400 MHz,
N ) DMSO-ds): 12.14 (brs, 1H), 8.20 (s, 1H),
N 33 mg, 60%,
8.05 (s, 1H), 8.03 (d, J = 8.7 Hz, 2H), 7.98 o vl
= ale yello
Ex-86/(CP63) | o 111 7.56 (d.J = 8.2 Hz, 2H), 7.49 (¥+(, | © yld W
SOl
J=7.8Hz, 2H), 7.40 (t,J = 7.3 Hz, 1H),
o) 6.99 (d,J = 8.7 Hz, 2H), 4.40 (m, 1H),
/,O/ 2.66-2.63 (m, 2H), 2.25-2.21 (m, 5H),
1.97-1.93 (m, 2H), 1.69-1.62 (m, 2H).
° LC-MS. R, 7.85 min,
NH AnalpH2 MeOH_QC_VI(1); (ESI") m/z
N ) 376.4 [M+H]"; 'H NMR (400 MHz,
N DMSO-dy): 50.0 mg,
Ex-87 (CP66) | 12.15 (brs, 1H), 8.07 (d,J = 8.7 Hz, 2H), | 44%. white
solid




Ex-152 (CP76)

345.3 [M+H]*
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Ex. No. Mass,
Compound (Intermediate Analytical Data %Yield,
used) Appearance
Q3
NH
N ) LC-MS. R, 7.10 min,
N AnalpH2 MeOH_QC_V1(1); (ESI*) m/z 4 mg, 4%,

white solid

HN"TO

Ex-153 (CP77)

LC-MS. R, 6.71 min,
AnalpH2 MeOH _QC_VI(1); (ESI*) m/z
331.2 [M+H]*

16 mg, 18%,
white solid

Ex-154 (CP78)

LC-MS. R, 7.22 min,
AnalpH2 MeOH _QC_VI(1); (ESI*) m/z
359.3 [M+H]"

32 mg, 68%,
white solid




@

Ex-155 (CP79)

414.4 [MHH]
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Ex. No. Mass,
Compound (Intermediate Analytical Data %Yield,
used) Appearance
Q 3
et .
N N/ LC-MS. R 4.83 min,
AnalpH2 MeOH_QC_VI1(1); (ESI) m/z | 25mg, 32%,

white solid

NH
\ /7 ~ 4 8%
NN LC-MS. R, 6.82 min, mg, 8%,
Ex-156 (CP80) | AnalpH2 MeOH _QC_VI(1); (ESI*) m/z off white
387.3 [M+H]" solid
L7
HO
Q 3
N NH
\N/)
LC-MS. R 7.51 min, 13 mg, 15%.
. +
Ex-157 (CP81) | AnalpH2_ MeOH_QC_VI(1);: BSIYm/z | (oo oy
404.3 [M+H]*
(@)

OH
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Ex. No. Mass,
Compound (Intermediate Analytical Data %Yield,
used) Appearance

Ex-158 (CP83) | DMSO-dy): & 8.49-8.51 (m, 1H), 8.31-8.35

(m, 1H), 8.18 (s, 1H), 7.99 (s, 1H), 7.90

(brs, 1H), 7.67-7.71 (m, 1H), 7.53-7.58
(m, 2H), 7.35-7.50 (m, 5H).

white solid

o LC-MS. R 6.99 min,
NH AnalpH2 MeOH_QC_VI(1); (ESI*) m/z
N +. 1
q \ N/) 331.2 [M+H]"; 'H-NMR (400 MHz, 13 mg, 21%
NH2
O

N white solid
345.3 [M+H]

Q) 3
N NH .
\ /) LC-MS. R; 7.30 min, 47 mg, 62%,
NN Ex-159 (CP82)* | AnalpH2 MeOH QC V1(1); (ESI*) m/z
(0]
NJ\
H

flsolated as a formate salt. @ ag. work-up carried out with EtOAc and water.
Route 3a, Step 4: Final Compounds via acidic hydrolysis followed by basic hydroylsis

[00278] 7-[4-(2,3-Dihydroxypropoxy)-phenyl]-5-phenyl-3,5-dihydropyrrolo[3,2-d]pyrimidin-4-one

(Ex-88)
Q Cl Q @)
N =N _ 9 N NH
\_ 2 \ 2
X N X~ N
L L

Ex-88

HO HO

OH OH

To a stirred solution of 3-[4-(4-chloro-5-phenyl-5H-pyrrolo[3,2-d]pyrimidin-7-yl)-phenoxy]-propane-
1,2-diol (CP67) (48.7 mg, 0.123 mmol) and NaOAc (20.2 mg, 0.246 mmol) in AcOH (100 uL) was
heated at 100°C for 3 h. The reaction mixture was then concentrated in vacuo and the resulting
residue diluted with water and LiOH.H20 (51.6 mg, 1.23 mmol) was added. The resulting mixture
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was heated at 40°C for 30 mins. Reaction mixture was concentrated in vacuo and the crude
compound was purified by reversed phase preparative HPLC-MS to afford 7-[4-(2,3-
dihydroxypropoxy)-phenyl]-5-phenyl-3,5-dihydropyrrolo[3,2-d]pyrimidin-4-one (Ex-88) as a white
solid (29.2 mg, 63%); LC-MS. R;6.92 min, AnalpH2_MeOH_QC_V1(1); (ESI*) m/z 378.3 [M+H]*; 'H
NMR (400 MHz, DMSO-ds): 12.14 (br-s, 1H), 8.07-8.05 (m, 3H), 7.98 (s, 1H), 7.56 (d, J = 7.3 Hz,
2H), 7.50 (**t, J=7.3 Hz, 2H), 7.40 (t, J= 7.3 Hz, 1H), 6.98 (d, J = 8.7 Hz, 2H), 4.95 (d, J = 5.0 Hz,
1H), 4.68 (m, 1H), 4.02 (m, 1H), 3.88 (m, 1H), 3.80 (m, 1H), 3.46 (m, 2H).

[00279] A number of examples were made using an analogous procedure to Ex-88.

Table 38
Ex. No. ‘
i . Mass, % Yield,
Compound (Intermediate Analytical Data
d) Appearance
use
Q3
N N)H
« \ K
LC-MS. R, 5.07 min,
0
Ex-89 (CP62) AnalpH2 MeOH_QC_V1(1); (ESI*) m/z 32 mg, 59%,
© 447.2 [MHH]*, white solid
H: OH
)
o)

o
ZN NH
W
X~ "N
LC-MS. R; 5.46 min,
9 mg, 29%,
Ex-90 (CP68) AnalpH2 MeOH_QC_VI1(1); (ESI") m/z

4313 [M+H]" white solid
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Q 0 LC-MS. R, 5.23 min,
N T)H AnalpH2 MeOH_QC V1(l); (ESIY m/z
Y

Ex-91 (CP69)

431.3 [M+H]"; 'H NMR (400 MHz, DMSO-
ds): 807-8.05 (m, 3H), 7.98 (s, 1H), 7.56 (d, J
=73 Hz, 2H), 7.49 (**(,J = 7.3 Hz, 2H), 7.40
(t, J= 73 Hz, 1H), 6.98 (d, J = 6.9 Hz, 2H),
4.87 (br s, 1H), 4.02-3.99 (m, 1H), 3.90-3.86
(m, 2H), 2.65-2.60 (m, 1H), 2.47-2.42 (m,
2H), 1.67 (s, 4H).

37 mg, 43%,
white solid

Ex-92 (CP70)

LC-MS. R, 7.57 min,
AnalpH2 MeOH QC VI(1); (ESIY) m/z
362.3 [M+H]".; 'H NMR (400 MHz, DMSO-
ds): 11.97-11.88 (br s, 0.6H), 7.89-7.85 (m,
3H), 7.79 (s, 1H), 7.39-7.35 (m, 2H), 7.33-
7.28 (m, 2H), 7.24-7.19 (m, 1H), 6.79 (d, J =
9.2 Hz, 2H), 4.79 (d,J = 5.0 Hz, 1H) 3.81-3.74
(m, 1H), 3.69-3.59 (m, 2H), 0.98 (d, J = 6.41
Hz, 3H).

12 mg, 21%,
white solid

o’
I I

Ex-93 (CP71)

LC-MS. R, 7.59 min,
AnalpH2 MeOH QC VI(1); (ESIY) m/z
362.3 [M+H]".; 'H NMR (400 MHz, DMSO-
ds): 11.99-11.95 (brs, 1H), 7.91-7.87 (m, 3H),
7.81 (s, 1H), 7.41-7.37 (m, 2H), 7.35-7.29 (m,
2H), 7.26-7.21 (m, 1H), 6.81 (d, J = 8.7 Hz,
2H), 4.71 (d, J = 4.8 Hz, 1H), 3.83-3.76 (m,
1H), 3.71-3.61 (m, 2H), 1.00 (d, J = 6.41 Hz,
3H).

9 mg, 15%,
white solid
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Q3
N— “jH LC-MS. R; 7.37 min, 12 mg, 15%,
4 Ex-160 (CP84) | AnalpH2 McOH_QC_V1(1); (ESI") m/z pale yellow
318.3 [M+H]". solid.
OH
LC-MS. R, 7.21 min,
Q Q AnalpH2 MeOH_QC_VI1(1); (ESI*) m/z
N—( TH 318.1 [M+H]"; 'H-NMR (400 MHz, DMSO-
NN de): 512.09 (brs, 1H), 8.11 (s, 1H), 8.07(d, | 18 mg, 45%,
Ex-161 (CP85) | (brs. 1H), 8.11 (5. 1H), 807 ( 8
J =82 Hz, 2H), 7.96 (s, 1H), 7.52-7.55 (m, white solid
2H), 7.49-7.44 (m, 2H), 7.35-7.4 (m, 1H),
731(d, J=82Hz 2H),5.13 (t, J=5.7 Hz,
HO 1H), 4.48 (d, J=5.7 Hz, 2H)
Q 3
¢ NH LC-MS. R 7.45 min,
\ . 28 mg, 58%,
NN Ex-162 (CP86) | AnalpH2 MecOH_QC V1(1); (ESI") m/z , ,
white solid
348.3 [M+H]".
O/\/OH

Example Ex-94 was made from CP65.

[00280] 5-Phenyl-7-[4-(pyrrolidin-3-ylmethoxy)-phenyl]-3,5-dihydro-pyrrolo[3,2-d]pyrimidin-4-one
5  (Ex-94)
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NZ | N ? u
~ HN
N L »
—_—

o)
o)
CP65 \%j Ex-94
N__o
NH

A mixture of 3-[4-(4-chloro-5-phenyl-5H-pyrrolo[3,2-d]pyrimidin-7-yl)-phenoxymethyl]-pyrrolidine-1-
carboxylic acid tert-butyl ester (CP65) (132 mg, 0.26 mmol), 2ZM NaOH (aq) (2 mL) and 1,4-dioxane
(2 mL) was heated at 100°C for 18 h. The reaction mixture was allowed to cool to RT and two layers
formed. The top layer was taken, concentrated in vacuo, re-dissolved in a mixture of MeOH(5 mL)
and 4M HCI / dioxane (2 mL) then heated at 40°C for 2.5 h. The mixture was concentrated in vacuo,
purified by reversed phase preparative HPLC-MS then lyophilised from a mixture of MeCN:H20 (2
mL, 1:1) to afford 5-phenyl-7-[4-(pyrrolidin-3-ylmethoxy)-phenyl]-3,5-dihydro-pyrrolo[3,2-d]pyrimidin-
4-one as a white solid (4 mg, 14%); LC-MS. Ry 5.48 min, AnalpH2_MeOH_QC_V1(1); (ESI*) m/z
387.1 [M+H]*

Example Ex-95 was made from Ex-94.

[00281] 7-[4-(1-Methyl-pyrrolidin-3-ylmethoxy)-phenyl]-5-phenyl-3,5-dihydro-pyrrolo[3,2-
d]pyrimidin-4-one (Ex-95)

e P

HN N HN N

W, P W,

N N

(o]
Ex-94 ozj zj\ Ex-95
NH N

N

To a suspension of 5-phenyl-7-[4-(pyrrolidin-3-yImethoxy)-phenyl]-3,5-dihydro-pyrrolo[3,2-
d]pyrimidin-4-one Ex-94 (20 mg, 0.05 mmol) in DCM (5 mL) at RT was added 37wt% formaldehyde
solution in H20 (20 pl, 0.25 mmol) followed by sodium triacetoxyborohydride (16 mg, 0.08 mmol).
The mixture was stirred at room temperature for 90 min. A further aliquot of formaldehyde (20 pl,
0.25 mmol) and sodium triacetoxyborohydride (11 mg, 0.05 mmol) were added and reaction mixture
stirred for a further 45 min at RT. The mixture was diluted with DCM (10 mL), partitioned with H2O
(10 mL), passed through a phase separator, concentrated in vacuo, purified by reversed phase
preparative HPLC-MS then lyophilised from a mixture of MeCN:H20 (2 mL, 1:1) to afford 7-[4-(1-
methyl-pyrrolidin-3-ylmethoxy)-phenyl]-5-phenyl-3,5-dihydro-pyrrolo[3,2-d]pyrimidin-4-one (Ex-95)
as a white solid (1 mg, 4%); LC-MS. Rt 5.42 min, AnalpH2_MeOH_QC_V1(1); (ESI*) m/z 401.2
[M+H]*
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A number of examples of formula (Ib) were made according to the Route 3b, Step 5 - Acidic
hydrolysis

[00282] 7-Bromo-5-phenyl-3,5-dihydro-pyrrolo[3,2-d]pyrimidin-4-one (CH10)

Br

To a solution of 7-bromo-4-chloro-5-phenyl-5H-pyrrolo[3,2-d]pyrimidine (840 mg, 2.72 mmol)
(commercial source) in AcOH (13.6 mL) was added NaOAc (447 mg, 5.44 mmol) and the reaction
mixture heated at 100°C for 18 h. The reaction mixture was cooled to RT, diluted with H20 and the
layers separated (phase separator) and the organic phase evaporated in vacuo. The crude
compound was purified by silica gel column chromatography eluting with 0-10% MeOH/DCM to
obtain 7-bromo-5-phenyl-3,5-dihydro-pyrrolo[3,2-d]pyrimidin-4-one (CH10) as an off-white solid
(341 mg, 43%); LC-MS. Rt 2.72 min, AnalpH2_MeOH_4min(1); (ESI*) m/z 290.2, 292.2 [M+H]*.

{3G283Y The following intermediates were prepared from using an analogous procedure to CH10

reaction duration varied between 3-8 h:

Table 39
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Cpd #
P ) ) Mass, % Yield,
Compound (Intermediate Analytical Data
Appearance

Used)

@] .

Q LC-MS. R; 2.81 min, .
NH . 31 mg, 54%, off-white
CH11 (CHS) AnalpH2 MeOH_4min; (ESTY) m/z

N
\\N/)

solid
338.2 [M+H]".

CH18 (CH16)

LC-MS. R, 2.93 min,
AnalpH2 MeOH_4min; (ESI") m/z
440.1 [M+H]".

613 mg, 81%, pale
brown solid

\
O_—\——O

O
Z NH

N
V4
\\N

CH19 (CH17)

LC-MS. R, 2.74 min,
AnalpH2 MeOH_4min; (ESI") m/z
412.1 [M+H]".

49 mg, 84%, yellow
solid
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Route 3b, Step 6 — Suzuki Miyaura Coupling

[00284] 3-(4-Oxo-5-phenyl-4,5-dihydro-3H-pyrrolo[3,2-d]pyrimidin-7-yl)-benzoic acid ethyl ester
(Ex-96)

" N,
N N N
i Ex-96
CH11
O\/
(@]

7-lodo-5-phenyl-3,5-dihydro-pyrrolo[3,2-d]pyrimidin-4-one (CH11) (85 mg, 0.23 mmol), 3-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-benzoic acid ethyl ester (75 mg, 0.27 mmol), K-COs (62 mg,
0.45 mmol), Pd(dppf)Cl=.DCM (10 mg, 0.011 mmol) in 1,4-dioxane:H20 (4:1, 1.2 mL) was added to
a microwave vial and de-oxygenated with N2. The reaction mixture was heated at 120°C for 1 hiin a
microwave reactor. The reaction mixture was passed through a 2g Si-thiol cartridge, eluting with
DCM (2 x CV) and MeOH (2 x CV) and the filtrate evaporated to dryness. The residue was
suspended in DCM (10 mL) and washed with H20 (10 mL), the organic phase separated (phase
separator) and evaporated to dryness. The crude compound was purified by reversed phase
preparative HPLC-MS to afford 3-(4-oxo0-5-phenyl-4,5-dihydro-3H-pyrrolo[3,2-d]pyrimidin-7-yl)-
benzoic acid ethyl ester as an off-white solid (25 mg, 30%); LC-MS. Rt 8.21 min,
AnalpH2_MeOH_QC_V1(1); (ESI") m/z 360.3 [M+H]*.

[00285] The following examples were synthesised using an analogous procedure to Ex-96:
Table 40

Ex. #
. . Mass, %Yield,
Compound (Intermediate Analytical Data
Appearance
used)
LC-MS. Ry 791 min,
Q o AnalpH2 McOH_QC_VI(1);
NH (ESI*) m/z 288.2 [M+H]", 'H NMR
N
Z 400 MHz, DMSO-ds): 12.20 (br s, 12 mg, 20%,
@\ N> Ex-97 (CH11) | ) ® e =
1H), 8.17 (s, 1H), 8.15 (dd, /=83, |  white solid
1.3 Hz, 2H), 8.01 (s, 1H), 7.60-7.56
(m, 2H), 7.53 -7.48 (m, 2H), 7.45-
7.40 (m, 3H), 7.28-7.24 (m, 1H).
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O
Z NH

7.3 Hz, 1H).

N ) .
P! ¥ LC-MS. R, 8.18 min,
AnalpH2 MeOH_QC VI1(1); 17 mg, 6%, off-
Ex-98 (CH11) o
(EST") m/z 360.3 [M+H]". white solid
S
LC-MS. R, 7.55 min,
Q o AnalpH2. MeOH_QC_VI1(1);
\ NH (ESI*) m/z 313.2 [M+H]*; 'H NMR
\ N/> (400 MHz, DMSO-ds):
6 mg, 8%, off-
Ex-99 (CH11) | 12.30 (brs, 1H), 8.43-8.41 (m, 3H), o
white solid
8.06 (s, 1H), 7.87 (d,J = 8.7 Hz,
2H), 7.59 (d, J = 7.8 Hz, 2H), 7.52
! (**t,J=7.3 Hz, 2H), 7.44 (t, J =

Ex-100 (CH11)

LC-MS. R, 7.56 min,
AnalpH2 MeOH _QC_VI(1);
(EST") m/z 313.2 [M+H]"; 'H NMR
(400 MHz, DMSO-ds):

12.31 (brs, 1H), 8.66 (s, 1H), 8.53
(d,J=7.8Hz, 1H), 8.39 (s, 1H),
8.07 (s, 1H), 7.70 (d,J = 7.8 Hz,
1H), 7.64 (**,J = 7.8 Hz, 1H),
7.59 (d. J=7.8 Hz, 2H), 7.52 (**t,
J=82Hz 2H), 744 (t,J= 7.3 Hz,
1H).

7 mg, 9%, off-
white solid

Route 3b, Step 6: Final Compounds via Suzuki coupling using PdXPhosG3 with K;PO, as

base

[00286] 5-(4-(3-hydroxy-3-methylbutoxy)phenyl)-7-phenyl-3,5-dihydro-4H-pyrrolo[3,2-d]pyrimidin-

4-one (Ex-163)

Q5. — )
NH N
N )

N

CH18 Ex-163
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5-(4-(3-hydroxy-3-methylbutoxy)phenyl)-7-iodo-3,5-dihydro-4H-pyrrolo[3,2-d]pyrimidin-4-one
(CH18) (150 mg, 0.341 mmol), phenylboronic acid (62.4 mg, 0.512 mmol), KsPO4 (145 mg, 0.682
mmol), PdAXPhosG3 (14.4 mg, 0.017 mmol) in 1,4-dioxane:H20 (3 mL, 4:1) was de-oxygenated with
N2z for 5 min and then heated in a microwave reactor at 90°C for 1 h. The reaction mixture was
filtered through a Si-thiol cartridge (1 g) and washed with MeOH (3 x CV) followed by DCM (3 x
CV). The filtrate was evaporated to dryness and the crude residue was purified by purified by silica
gel column chromatography eluting with 0-5% MeOH/DCM followed by reversed phase preparative
HPLC to afford 5-(4-(3-hydroxy-3-methylbutoxy)phenyl)-7-phenyl-3,5-dihydro-4H-pyrrolo[3,2-
d]pyrimidin-4-one (Ex-163) as a white solid (46 mg, 35%); LC-MS. Rt 8.20 min,
AnalpH2_MeOH_QC_V1(1); (ESI*) m/z 390.3 [M+H]*; '"H NMR (400 MHz, DMSO-de): 12.13 (br-s,
1H), 8.15-8.13 (m, 2H), 8.07 (s, 1H), 7.97 (s, 1H), 7.46 (d, J = 8.7 Hz, 2H), 7.42-7.37 (m, 2H), 7.25-
7.22 (m, 1H), 7.02 (d, J= 8.7 Hz, 2H), 4.43 (s, 1H), 4.15 (t, J=7.1 Hz, 2H), 1.88 (t, J= 7.1 Hz, 2H),
1.19 (s, 6H).

[00287] The following compounds of formula () were made using analogous procedures to

compound Ex-163 reaction duration varied between 1-2.5 h:

Table 41

Ex. #

. ) Mass, % Yield,
Compound (Intermediate Analytical Data

Appearance
used) PP

LC-MS. R, 8.17 min,
AnalpH2 MeOH_QC_V1(1);
Q o (EST) m/z 322.1 [M+H]"; 'H-

\H NMR (400 MHz, DMSO-dy):

N\ \ N,) Ex-164 (CH11) 12.17 (brs, 1H), 7.93 (d, J = 4.6 28 mg, 30%,

Hz, 2H), 7.81 (dd, /= 7.3, 1.8 Hz, white solid

cl 1H), 7.60-7.53 (m, , 3H), 7.49 (1, J

=7.6 Hz, 2H), 7.41 (td, /= 7.4, 1.5

Hz, 2H), 7.35 (td, J= 7.7, 1.7 Hz,
1H).

LC-MS. R, 8.10 min,
Q o AnalpH2 MeOH _QC_VI(1);
NH (EST") m/z 302.2 [M+H]"; 'H-
N NMR (400 MHz, DMSO-d5): & 16 mg, 18%,
Y N Ex-165 (CHID | 1) 10 (brs, 1H), 7.89 (s, 1H), 7.78 white solid
(s, 1H), 7.61-7.53 (m, 2H), 7.52-
7.44 (m, 3H), 7.43-7.36 (m, 1H),
7.33-7.17 (m, 3H), 2.36 (s, 3H).
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Ex-166 (CH11)

LC-MS. Rt 7.49 min,
AnalpH2 MeOH_QC _VI(1),
(ESIY) m/z 313.3 [M+H]".

15 mg, 18%,
white solid

Ex-167* (CH11,
B54)

LC-MS. R, 7.12 min,
AnalpH2_ MecOH_QC_VI(1);
(EST") m/z 407.2 [M+H]";

11 mg, 9%,
white solid

Ex-168* (CH11)

LC-MS. R, 6.51 min,
AnalpH2 MeOH _QC_VI(1);
(EST") m/z 367.1 [M+H]";

4 mg, 4%.
White solid

Ex-169° (CH11)

LC-MS. R, 8.02 min,
AnalpH2 MeOH _QC_VI(1);
(EST") m/z 354.2 [M+H]"; 'H-
NMR (400 MHz, DMSO-ds): 5

12.16 (br s, 1H), 8.19-8.13 (m, 3H),

7.97 (s, 1H), 7.53 (d,J =8.3, 2H),

746 (t, J =73, 2H), 7.42-4.35 (m,
1H), 7.17-7.22 (m, 3H)

12 mg, 11%,
white solid

-n

Ex-170* (CH11)

LC-MS. R, 8.53 min,
AnalpH2 MeOH _QC_VI(1);
(EST") m/z 372.1 [M+H]"; 'H-
NMR (400 MHz, DMSO-ds): &

12.16 (br s, 1H), 8.19-8.13 (m, 3H),

7.97 (s, 1H), 7.53 (d,J = 8.3, 2H),

746 (t, J =73, 2H), 7.42-4.35 (m,
3H).

24 mg, 23%, off
white solid
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LC-MS. R, 7.90 min,
AnalpH2 MeOH_QC_VI(1);
(EST") m/z 362.3 [M+H]"; 'H-

\O’\—o NMR (400 MHz, DMSO-ds): &
Q 12.13 (brs, 1H), 8.15-8.13 (m, 2H),
Q
\H 8.08 (s, 1H), 7.97 (5. 1H), 747 (.7 | 13 mg, 31%.
N 3 | Ex171(CHID) .
@) g = 8.7 Hz, 2H), 7.42-7.38 (m, 2H), white solid

7.25-7.22 (m, 1H), 7.04 (d, J=8.7

Hz, 2H), 4.24-4.12 (m, 2H), 3.77-

3.67 (m, 2H), 3.33 (s, 3H, masked
by water peak).

8 K3sPO4 added as a solution in waterEx-101 was synthesised from Ex-96.

[00288] 3-(4-Oxo-5-phenyl-4,5-dihydro-3H-pyrrolo[3,2-d]pyrimidin-7-yl)-benzoic acid (Ex-101)

(: 2? o < 2? o
NH NH

N \ p N \ ,
N N X N
o~ OH
(e} (e}
Ex-96 Ex-101

To 3-(4-0x0-5-phenyl-4,5-dihydro-3H-pyrrolo[3,2-d]pyrimidin-7-yl)-benzoic acid ethyl ester (Ex-96)
(24 mg, 0.07 mmol), LiOH.H20 (8.4 mg, 0.2 mmol) was added in a mixture of THF:MeOH 3:1 (1.4
mL) and the mixture was stirred at RT overnight. The reaction mixture was diluted with DCM (2 mL)
and evaporated to dryness. DMSO (1 mL) was added to the crude compound whereupon a solid
precipitated out of solution. The solid was collected by filtration and the filtrate was concentrated in
vacuo then purified by reversed phase preparative HPLC-MS. The product, along with the
precipitated solid which was found to be clean desired product, was lyophilised from a mixture of
MeCN/H20 (1:1) to afford 3-(4-ox0-5-phenyl-4,5-dihydro-3H-pyrrolo[3,2-d]pyrimidin-7-yl)-benzoic
acid as a white solid (10 mg, 42%); LC-MS. Ry 7.40 min, AnalpH2_MeOH_QC_V1(1); (ESI*) m/z
332.3 [M+H]*.

The following examples were synthesised in an analogous procedure to Ex-101:
Table 42
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Ex. # .
. . Mass, %Yield,
Compound (Intermediate Analytical Data
Appearance
used)
o
ZN NH
\ .
X N LC-MS. R 7.32 min, 6 mg, 47%,
Ex-102 (Ex-98) ) )
AnalpH2 MeOH_QC_VI1(1); (ESIY) white solid
m/z 332.2 [M+H]".
O~ OH

A number of examples of formula (Ia) were synthesised according to Route 4

Route 4: Scheme 4

R3 R3

N Rs HN T /@L Step 3 WY @\Rﬁ
N L NH Step 1 S Step 2 N R11 P N
o _— R ————= >
N

— \Z
el

[1.Br] — [1,Br] R4
[1,Br]

[00289] 3-lodo-4-methoxy-1-phenyl-1H-pyrrolo[3,2-c]pyridine (CH20)

/
Q

/ l =N
O

N [ M
I\ 4
CH20

N
H

To 3-lodo-4-methoxy-1H-pyrrolo[3,2-c]pyridine (1.01 g, 3.68 mmol), phenyl boronic acid (719 mg,
5.9 mmol), 2,2’-bipyridyl (1.15 g, 7.4 mmol), triethylamine (7.7 mL,55.2 mmol) and molecular sieves

10 4 A, 1) in DCM (18 mL) was added Cu(QAc)z (1.34 g, 7.4 mmol). The flask was evacuated and
flushed with air (x2). The flask was sealed and a P2Os filled syringe was placed in the suba seal and
the reaction was stirred at RT overnight. The reaction mixture was passed through a celite cartridge
(10 g) and the cartridge washed with MeOH (2 x CV) and DCM (2 x CV) and the filtrate evaporated
to dryness. The residue was dissolved in MeOH and passed through a SCX-2 cartridge (25 g),

15 washing with MeOH (2 x CV) and DCM (2 x CV). The compound was eluted from the column with
0.7 M NHs/MeOH and the solvent removed in vacuo. The crude compound was purified by silica gel
column chromatography eluting with 6-10% EtOAc/iso-hexane to obtain 3-lodo-4-methoxy-1-
phenyl-1H-pyrrolo[3,2-c]pyridine (CH20) as an yellow oil which crystallised on standing (688 mg,
53%); LC-MS. R; 3.40 min, AnalpH2_MeOH_4min(1); (ESI*) m/z 351.1 [M+H]*. "H-NMR (400 MHz,

20  DMSO-dg): 0 7.79 (s, 1H), 7.78 (s, 1H), 7.59-7.49 (m, 4H), 7.46-7.39 (m, 1H), 7.10 (d, J= 6.0 Hz,
1H), 3.96 (s, 3H)
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[00290] 3-lodo-1-phenyl-1,5-dihydro-pyrrolo[3,2-c]pyridin-4-one (CH21)

To 3-lodo-4-methoxy-1-phenyl-1H-pyrrolo[3,2-c]pyridine (CH20) (451 mg, 1.29 mmol) and sodium
iodide (502 mg, 3.35 mmol) in MeCN (10.5 mL) was added chlorotrimethylsilane (1.63 mL, 12.9
mmol) dropwise and the reaction mixture heated at 50°C for 5 h. The reaction mixture was added to
NaHCOs (50 mL, aqg., satd) and the mixture extracted with EtOAc (2 x 50 mL). The organic layer
was separated, washed with brine (100 mL) and passed through a phase separator and the solvent
was removed in vacuo. The crude compound was purified by silica gel column chromatography
eluting with DCM 0-5% MeOH/DCM to obtain 3-lodo-1-phenyl-1,5-dihydro-pyrrolo[3,2-c]pyridin-4-
one (CH21) as a pale yellow solid (337 mg, 78%); LC-MS. Rt 2.84 min, AnalpH2_MeOH_4min(1);
(ESI*) m/z 337.1 [M+H]*; "H-NMR (400 MHz, DMSO-ds): d 11.00 (d, br, J=5.0 Hz, 1H), 7.60-7.39
(m, 6H), 7.08-6.99 (m, 1H), 6.31 d, J = 7.3 Hz, 1H).

[00291] 3-[4-(2-Methoxy-ethoxy)-phenyl]-1-phenyl-1,5-dihydro-pyrrolo[3,2-c]pyridin-4-one (Ex-172)

N\
O

?
)
\
3 $

QO

3-lodo-1-phenyl-1,5-dihydro-pyrrolo[3,2-c]pyridin-4-one (58 mg, 0.17 mmol), 2-(4-(2-

Ex-172

methoxyethoxy)phenyl-4,4,5,5-tetramethyl-1,3,2-dioxaboralane (72 mg, 0.26 mmol), KsPO4 (74 mg,
0.35 mmol), PAXPhosG3 (17 mg, 0.02 mmol) in 1,4-dioxane:H20 (0.9 mL, 4:1) was de-oxygenated
with N2 for 5 min and then heated in a microwave reactor at 90°C for 1 h. The reaction mixture was
filtered through a Si-thiol cartridge (1 g) and washed with DCM (2 x CV) followed by MeOH (2 x
CV). The crude solid was purified by silica gel chromatography, eluting with 5% - 95% DCM/iso-
hexane, then DCM - 65% EtOAc/DCM with 0.2% AcOH. The fractions were combined, evaporated
in vacuo and lyophilised from MeCN:HzO (1:1) to afford 3-[4-(2-methoxy-ethoxy)-phenyl]-1-phenyl-
1,5-dihydro-pyrrolo[3,2-c]pyridin-4-one (Ex-172) as a pale yellow solid (44 mg, 72%); LC-MS. Ry
7.95 min, AnalpH2_MeOH_QC_V1(1); (ESI*) m/z 361.2 [M+H]*; "H-NMR (400 MHz, DMSO-dg): d
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10.93 (brd, J = 6.0 Hz, 1H), 7.79 (d, J = 8.7 Hz, 2H), 7.62-7.52 (m, 4H), 7.50 (s, 1H), 7.47-7.38 (m,
1H), 7.05 (t, J = 6.4 Hz, 1H), 6.94-6.75 (m, 2H), 6.35 (d, J = 7.3 Hz, 1H), 4.14-3.88 (m, 2H), 3.76-
3.42 (m, 2H), 3.29 (s, 3H).

[00292] The following examples were synthesised in an analogous procedure to Ex-172:

Table 43

Ex. #

. ) Mass, % Yield,
Compound (Intermediate Analytical Data

Appearance
used) PP

LC-MS. Rt 8.16 min,
HO AnalpH2_MeOH_QC_V1(1); (ESI*)
m/z 389.3 [M+H]".
'H-NMR (400 MHz, DMSO-ds): &
10.91 (d, J=6.0 Hz, 1H), 7.84-
o) 31 mg, 31%,
Ex-173 7.73 (m, 2H), 7.59-7.51 (m, 4H), . .
white solid
T\ 4 7.48 (s, 1H), 7.46-7.39 (m, 1H),
N 7.05 (t, J=6.6 Hz, 1H), 6.92-6.80
@ (m, 2H), 6.35 (d, J= 7.3 Hz, 1H),
4.35(s,1H),4.07 (t, J=7.1 Hz,
2H),1.82 (t, J=7.1 Hz, 2H), 1.14
(s, 6H)

9 LC-MS. R: 7.64 min, 60 mg, 43%,
— ;“H Ex-174 AnalpH2_MeOH_QC_V1(1); (ESI*) | pale yellow
miz 370.3 [M+H]".

N solid

MAP4K4 is activated by cardiac death signals and promotes cardiac muscle cell death

[00293] To ascertain the scientific case for inhibiting MAP4K4 in cardiac cell death, three
biological settings first were explored: diseased human heart tissue, mouse models, and rat
cardiomyocytes (Figs. 1-4). Activation of human cardiac MAP4K4 was prevalent in chronic heart
failure from diverse etiologies (N = 26), relative to healthy donor hearts (N = 10; Fig. 1). MAP4K4
activation was associated uniformly with active (cleaved) caspase-3, a mediator of apoptosis (Fig.
1A), and activation of its MAP3K intermediary, TAK1 (Fig. 1B), which itself can drive cardiac cell
death (Zhang et al., 2000). In adult mouse myocardium, MAP4K4 was activated by
ischemia/reperfusion injury, biomechanical load (transverse aortic constriction, TAC), and
cardiomyocyte-restricted expression of tumour necrosis factor-a or the G-protein Goq all of which

promote cardiac muscle cell death, Fig. 1C. Likewise, in cultured rat cardiomyocytes, MAP4K4 was
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activated by defined death signals: the cardiotoxic drug, doxorubicin; ceramide, a mediator of
apoptotic signals including ischemia/reperfusion and TNFa (Suematsu et al., 2003); and H202, a
surrogate for oxidative stress (Brown and Griendling, 2015) (Fig. 1D). Thus, it was shown that

MAP4K4 activation accompanies cardiac muscle cell death, both in vitro and in vivo.

[00294] Next, an increase in MAP4K4 activity was simulated by viral gene transfer in rat
cardiomyocytes (Fig. 2A), with the caveat that kinase activity, not expression, increases in the
settings above. A pro-apoptotic effect of exogenous MAP4K4 was confirmed (Fig. 2B), potentially
involving TAK1 (Fig. 2C), JNK (Fig. 2D, E), and the mitochondrial death pathway (Fig. 2E, F). In
adult mice, cardiomyocyte-restricted MAP4K4 sensitized the myocardium to otherwise sub-lethal
death signals — TAC and low copy number Myh6-Gnaq — potentiating myocyte loss, fibrosis, and
dysfunction (Fig. 3). In clear contrast to the pro-apoptotic effect of wild-type MAP4K4, cultured rat
cardiomyocytes were protected at least 50% not only by dominant-interfering mutations (Fig. 4A),
but also by MAP4K4 shRNA (Fig. 4B-D). Together, these gain-of-function, dominant-negative, and
loss-of-function studies suggest a pivotal role for MAP4K4 in cardiac muscle cell death, albeit with

the limitations inherent to non-human models.
MAP4K4 target validation in human stem cell-derived cardiomyocytes

[00295] To establish whether an equivalent requirement for MAP4K4 also exists in human cardiac
muscle cells, the role of MAP4K4 in cardiomyocytes derived from human induced pluripotent stem
cells was investigated. Human stem cell-derived cardiomyocytes (hiPSC-CMs) are envisioned as a
highly auspicious tool for cardiac drug discovery. MAP4K4 function was tested in well-
characterized, purified, commercially available hiPSC-CMs that have already gained acceptance by
industry and regulatory authorities as a human platform (Blinova et al., 2017; Rana et al., 2012;
Sirenko et al., 2013), and initiated our studies using iCell cardiomyocytes (Ma et al., 2011).

[00296] First, the expression of cardiomyocyte-specific markers and of MAP4K4 protein was
validated (Fig. 5A, B). Two of three shRNAs directed against human MAP4K4 reduced expression >
60%, with no extraneous effect on MINK/MAP4K6 and TNIK/MAP4K?7, the most closely related
genes (Fig. 5C). Cell death was quantified by high-content analysis (Fig. 5D) as the loss of
membrane integrity (DRAQ7 uptake) in successfully transduced (GFP*) hiPSC-CMs (Myh6-RFP™).
Each of the two potent shRNAs conferred protection against H2O2: myocyte loss was reduced up to
50% (Fig. 5E). By contrast, shRNA with little effect on MAP4K4 did not confer protection. Thus, the
results of gene silencing strongly suggest a requirement for endogenous MAP4K4 in human cardiac

muscle cell death.
Novel inhibitors of MAP4K4

[00297] Small molecule inhibitors of MAP4K4 were identified with sufficient potency and
selectivity. One such compound was the known compound F1386-0303 (5,7-diphenyl-7H-
pyrrolo[2,3-d]pyrimidin-4-ol).

[00298] Compounds of the present invention were screened for their inhibitory activity against

MAP4K4, versus selected off-target hits found with early members of this chemical series. MAP4K4
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kinase activity was monitored using the CisBio HTRF Transcreener ADP assay, a competitive
immunoassay with a reproducible Z’ > 0.6. In the detection step, endogenous ADP and d2-labeled
ADP compete for binding an anti-ADP monoclonal antibody labelled with Eu®* cryptate. A
ratiometric fluorescent read-out is used at 665 and 620 nm. Reactions were performed in the
presence of 1% DMSO with ATP added at Km (10 uM), 0.5 nM human MAP4K4 kinase domain
(Invitrogen), 1 uM biotin-myelin basic protein as substrate (Invitrogen), and extension of reaction
time to 2 h. Assays were run in Greiner low volume plates with a final reaction volume of 10 ul. The
MAP4K4 inhibition data are provided in Table 33 below for selected compounds of the present
invention. The data has been categorised based on the I1Cso value of the compound as “A”, “B” or
“C”. ICso: A<100 nM; 100 nM<B<1 yuM; 1 uM <C; nd = not determined.

Table 33
ExNo. | MARKS ExNo. | MARKS

1 B 52 A
2 A 53 A
3 C 54 nd
4 C 55 A
5 C 56 A
6 B 57 A
7 A 58 A
8 A 59 nd
9 A 60 nd
10 A 61 A
11 A 62 A
12 B 63 B
13 A 64 A
14 A 65 A
15 A 66 B
16 A 67 B
17 A 68 A
18 A 69 A
19 A 70 A
20 B 71 B
21 C 72 nd
22 B 73 nd
23 A 74 B
24 C 75

25 A 76
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26 A 77 A
27 A 78 A
28 A 79 Cc
29 A 80 A
30 B 81 A
31 Cc 82 A
32 B 83 A
33 A 84 B
34 B 85 A
35 A 86 A
36 A 87 Cc
37 A 88 B
38 A 89 B
39 A 90 B
40 A 91 B
41 A 92 B
42 A 93 Cc
43 A 94 Cc
44 Cc 95 Cc
45 A 96 Cc
46 A 97 A
47 B 98 Cc
48 A 99 B
49 A 100 B
50 A 101 Cc
51 A 102 B

[00299] MAP4K4 inhibitory data and comparative data for 13 other protein kinases are \provided in
Table 34. The data in Table 34 also provides the fold selectivity of the two compounds in favour of
MAP4K4 over the tested kinase. The fold selectivity is indicated in parenthesis. Ex-58 represents a

highly selective inhibitor of MAP4K4 compared to the known compound F1386-303.

[00300] Table 34

Target F1386-303 Ex-58 Ex-56 Ex-27
pIC50 (fold pIC50 (fold pIC50 (fold pIC50 (fold
selectivity) selectivity) selectivity) selectivity)

MAP4K4 7.46 8.55 8.3 8.2

MINK1/MAP4K6 7.42 8.18 8.1 8.2

TNIK/MAP4K7 7.03 7.96 7.7 8
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GCK/MAP4K2 5.91 (35) 6.50 (112) 6.4 (79) 6.7 (31)
GLK/MAP4K3 4.52 (871) 4.95 (3981) 4.5 (6309) 5.8 (251)
KHS/MAP4K5 5.22 (174) 6.36 (153) 6 (199) 7.4 (6)
ABL1 4.52 (865) 5.80 (560) 5.7(398) 5.5 (501)
Aurora B 4.88 (380) 5.49 (560) 5.2 (1258) 5 (1584)
FLT3 5.66 (63) 5.31 (1148) 4.8 (3162) 5.1 (1258)
GSK3p 4.57 (776) 4.66 (7762) 4.5 (5011)
MLK1/MAP3K9 6.28 (15) 7.19 (23) 6.7 (39) 7.1 (13)
MLK3/MAP3K11 6.09 (23) 6.99 (36) 6.7 (39)
NUAK 6.16 (20) 6.88 (47) 5.6 (501)
VEGFR 5.72 (55) 5.72 (675) 4.5 (6309) 6.1 (125)
Target Ex-22 Ex-61

pIC50 (fold pIC50 (fold

selectivity) selectivity)
MAP4K4 6.8 8.8
MINK1/MAP4K6 8.18 8.1
TNIK/MAP4K7 6.7 8.3
GCK/MAP4K2 5.1 (50) 6.5 (316)
GLK/MAP4K3 4.5 (199) 4.5 (31622)
KHS/MAP4K5 6.36 (199) 6 (316)
ABL1 4.5 (199) 6.1 (794)
Aurora B 4.5 (199) 4.5 (31622)
FLT3 4.5 (199) 4.5 (31622)
GSK3p 4.5 (199) 4.5 (31622)
MLK1/MAP3K9 5.4 (25) 7.2 (63)
MLK3/MAP3K11 4.5 (199) 7.2 (63)
NUAK 7.2 (63)
VEGFR 4.9 (79) 6.3 (501)

Pharmacological inhibition of MAP4K4 suppresses human cardiac muscle cell death

[00301] To substantiate the hypothesis that pharmacological inhibition of MAP4K4 would confer
resistance to cell death in human cardiomyocytes, cytoprotection was next assessed using hiPSC-
CMs. Pharmacological inhibition by F1386-0303 was protective, reducing human cardiac muscle
cell death by 50% in iCell cardiomyocytes even at 1.25 yM, the lowest concentration tested
(DRAQY7 uptake: Fig. 7B), equaling the benefit achieved by gene silencing. Human cardiac muscle
cell protection was substantiated in a second, independent line, CorV.4U cardiomyocytes, which are
more highly enriched for ventricular myocytes. At 10 uM, protection from H202 or menadione was

virtually complete (luminescent cell viability assay, Fig. 7C; human cardiac troponin assay, Fig. 7D).
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Thus, F1386-0303 is a potent, selective MAP4K4 inhibitor that was first identified in this study and

successfully protects human stem cell-derived cardiomyocytes from lethal oxidative stress.

[00302] F1386-0303 does not, however, have sufficient bioavailability in mice to be used for proof
of concept studies in vivo: it is rapidly cleared and accumulates only to low levels when dosed orally
in mice (Fig. 6; Table 35). Compounds of the present invention were prepared to improve on the
properties of the known compound. A compound of the invention, Ex-58 showed 10-fold greater
potency (IC50 3 vs 34 nM), while retaining high selectivity (Tables 34, 35). As a result of its reduced
clearance, the free plasma concentration of Ex-58 was 334 and 8 nM, respectively, 1 and 10 h after
a 50 mg kg-1 oral dose, more than an 80-fold improvement over the earlier compound (Fig. 6; Table
35). Ex-58 was therefore taken forward for detailed testing in human cardiomyocytes and mice.
Protection of human cardiomyocytes was substantiated, using CorV.4U cells as the target, H202
and menadione as the death triggers, in both viability assays (Fig. 7C, D). A comparable extent of
protection of human cardiomyocytes was also conferred by diverse other members of the chemical
series, including DMX-51, 40, 54, 107, 123, 128 at an EC50 < 1 uM. In H9¢2 cardiomyocytes, these
seven novel MAP4K4 inhibitors all were superior to the previously reported cardioprotective drugs

Cyclosporine A, Exenatide, Necrostatin, and SB203580.

[00303] Table 35

Compound IV PK Oral PK
(1 mg kg™) (50 mg kg™)
Cl ti2 Cmax Va AUCiqs Cmax Tmax ti2
(L hr' (h) (nM) (L kg (nM) (h) (h)
kg™) ")
F1386-0303 5.33 01 3262 1.05 2162 295 1.00 3.7
Ex-58 2.50 0.6 1590 1.22 63733 13847 1.00 1.8

MAP4K4 inhibition improves human cardiac muscle cell function

[00304] Key aspects of mitochondrial function were monitored in CorV.4U hiPSC-CMs after acute
oxidative stress (15 uM menadione for 2 h), with or without Ex-58 (Fig. 8A). Maximum oxidative
capacity, a measure of mitochondrial respiration, was reduced to 15% of control levels by
menadione, and residual activity was improved 5-fold by 10 uM Ex-58 (Fig. 8A, left). Likewise, 10
uM Ex-58 largely rescued the extracellular acidification rate, a measure of glycolytic function (Fig.

8A, right). No significant benefits were seen at lesser concentrations of the inhibitor.

[00305] Calcium cycling, a hallmark of the cardiac phenotype, likewise is susceptible to redox- and
phosphorylation-dependent abnormalities. To determine whether MAP4K4 inhibition might preserve
calcium homeostasis, hiPSC-CMs were assessed using the intracellular calcium indicator, Fura-2
(Fig. 8B). Under the conditions tested, the percentage of wells that exhibit calcium cycling was
highly sensitive to oxidative stress, whereas beating rate and kinetics of the calcium transient in
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cycling cultures were not. At 50 uM menadione, spontaneous calcium oscillations persisted in only 8
of 24 cultures (33.3%), versus 21 of 24 receiving 10 uM Ex-58 (87.5%; P < 0.001).

[00306] Thus, MAP4K4 inhibition preserves mitochondrial function and calcium cycling in hiPSC-
CMs, in the setting of acute oxidative stress. Moreover, of relevance to potential future safety

considerations, no adverse effect of Ex-58 was seen on any of the functional parameters.
MAP4K4 inhibition reduces infarct size in mice

[00307] To test if target validation and compound development in hiPSC-CMs might predict
success in a whole-animal context, mice undergoing experimental myocardial infarction were
treated with Ex-58 or the vehicle control (Fig. 9). Based on pharmacokinetic results, the mice
received 50 mg kg™' twice by gavage, spaced 10 h apart, to achieve coverage exceeding the
compound’s EC50 for nearly a day (Fig. 9A). The endpoints assayed are indicated in Fig. 9B,C.
Treatment was begun either 20 min prior to ischemia (Fig. 9D), or 1 h after reperfusion injury (Fig.
9E, F), the latter having greater relevance to potential clinical benefits. The suppression of cardiac
muscle cell death was demonstrated in both studies, achieving respectively more than 50% and
60% reductions in infarct size as a proportion of the area at ischemic risk. In addition, TUNEL
staining was performed in the post-injury study, demonstrating suppression of cardiomyocyte
apoptosis within the infarct itself and the jeopardized adjacent myocardium, by 39 and 52%
respectively. Reduction of infarct size in mice was also demonstrated for other novel compounds of
the chemical series, Example 54. Relative to Ex-58, the latter compound exhibits superior plasma

protein binding (PPB) or resistance to degradation in hepatocyte microsomes (Heps).

[00308] Table 36

Parameter Example 54 Ex-58
MAP4K4, ICso 4 nM 3nM
Protection in H9c2

cardiomyocytes, 199 nM 350 nM
ECso (efficacy (0.3) (1)
relative to Ex-58)

Formulated

solubility 0.3 mg/mL 0.1/2.8 mg/mL
Mouse Heps 25 85
Human Heps 5 <10
Rat Heps 3 10

Pig Heps 6 8

Mouse/Human PPB
%

97/97 98/99
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>10 uM
Cyp Inhibition >10 uM
(2C9 8 uM)
In vivo efficacy
(infarct size / area at | 53% reduction 65% reduction
risk)
Protection in human
iPSC-derived
ventricular 469 nM 403 nM
cardiomyocytes, (0.9) (1)
EC5o HzOz (Efficacy
relative to Ex-58)

Prodrugs

[00309] It is envisaged that compounds of the invention may be delivered as a prodrug, wherein
an active substance is generated in vivo by hydrolysis of said prodrug. It is envisaged that the
prodrug may be a compound with -CH.OP(=0)(OH)2 substituted on the NH (replacing the H) of the
bicyclic core of the compounds. Alternatively, the prodrug may be a compound in which a free OH is
replaced by -OP(=0)(OH)..

[00310] Examples of compounds that can act as prodrugs and the compounds that are generated

from the said prodrugs are shown in Table 37 below

[00311] Various in vitro systems have been used to study the metabolism of compounds in
humans such as microsomes, hepatocytes and the liver S9 fraction. The S9 fraction consists of
both microsomes and cytosol and contains most of the metabolic enzymes present in a human liver.
1 UM of the prodrugs described in Table 37 were incubated with human S9 liver fraction for 120 min
and the release of the corresponding MAP4K4 inhibitor was quantified by mass spectrometry
relative to a 1 uM standard of said compound. This experiment demonstrates that prodrugs of the
type described herein can be hydrolysed in humans to give the corresponding MAP4K4 inhibitor.

Figures 10 and 11 show the rate of hydrolysis of prodrugs into the corresponding compounds.

[00312] Several of the prodrugs were also tested in vivo in rats and were shown to be rapidly
hydrolysed to the corresponding MAP4K4 inhibitor. In such experiments the prodrugs were dosed to
female SD rats and the levels of prodrug and drug substance monitored by mass spectrometry. The

data is shown in Figures 12 and 13.

[00313] Table 37

Pro-drug Compound generated

Structure Cpd # Structure Cpd#
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CLAIMS
1. A compound of formula (I) or a pharmaceutically acceptable salt thereof:
R3
4
L™~ 2~R!
a
>
N /7,
z’ Y
o]
4 —
R L3 Z\L4/ R2
0
wherein
Wis CH or N;

either XisNandYisC,orYisNand X is C;
Z is either H or -CH20P(=0O)(OH)z;

L' and L® are independently selected from a bond, -(CR?R?)m-, -O(CR?R?)m- or -NH(CR?R?)m-,

wherein m is at each occurrence independently selected from 1, 2, 3, or 4,

Z'is a bond, -NR%2-, -O-, -C(O)-, -SO2-, -SO:NR%-, -NR52S0;-, -C(O)NR%-, -NR%*C(0)-, -C(0)O-,
or -NR%C(O)NR%-:

Z2is a bond, -NR®-, -O-, -C(O)-, -SO2-, -SO:NRS-, -NR%2S0,-, -C(O)NR%-, -NR*C(O)-, or -C(O)O-

L2 and L* are independently either a bond or -(CR°R%,-, wherein n is at each occurrence

independently selected from 1, 2, 3, or 4;

R'is selected from H, halo, Cis alkyl, C26 alkenyl, Cis haloalkyl, -NR®R® -OR®, -OP(=0)(OH)2, -

C(O)R®2, 5 or 6 membered heteroaryl rings, or 3 to 8 membered heterocycloalkyl ring systems,

wherein the heteroaryl and heterocycloalkyl rings are unsubstituted or substituted with 1
or 2 groups selected from: oxo, halo, OR®?, C1.6 alkyl, Cis alkyl substituted with NR®2R8®,
C1 alkyl substituted with OR®?, -C(O)R7, and -NR8C(O)R’;

R? is selected from H, halo, C1s alkyl, C26 alkenyl, Cis haloalkyl, -NR®R® -OR®, -OP(=0)(OH)2, -
C(O)R®, -NR®*C(0O)O-C1.6 alkyl, phenyl, 5 or 6 membered heteroaryl rings, or 3 to 8 membered
heterocycloalkyl ring systems,

wherein the phenyl, heteroaryl and heterocycloalkyl rings are unsubstituted or substituted
with 1 or 2 groups selected from: oxo, halo, OR®, Cis alkyl, C1.s alkyl substituted with
NR®R® C1. alkyl substituted with OR® -C(O)ORS, and -NR2C(O)R’;
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R® and R* are independently selected from H, halo, -CN and Cis alkyl;
R® and R*" are independently selected at each occurrence, from: H, C1.s alkyl, or Cs.s cycloalkyl;

R® and R®" are, independently selected at each occurrence, from: H, C16 alkyl, C16 alkyl
substituted with -OR®, C1. alkyl substituted with -NR®R', and Css cycloalkyl;

R’ is selected from H, -OR9, C1.s alkyl and Cs.s cycloalkyl;
R8 is selected from H and Cis alkyl;

R?, RP, R® and R are, at each occurrence, independently selected from: H, halo, C1. alkyl, and -
OR" or R? and R or R® and R taken together with the atom to which they are attached form a 3 to
6 membered cycloalkyl ring or a 3 to 6 membered heterocycloalkyl ring containing 1 or2 O, Nor S

atoms, wherein the cycloalkyl ring is unsubstituted or substituted with 1 or 2 halo groups; and
Re, Rf, R% and R" are each independently selected at each occurrence from H or Ci.s alkyl,

with the proviso that the compound of formula (1) is not a compound selected from:
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A compound of claim 1, wherein L' is represented by a bond or -CHz-.

3. A compound of any preceding claim wherein Z' is a bond, -O-, -C(O)-, -SO2-, or -NR%*C(O)-

5 4. A compound of any preceding claim wherein L2 is bond, -CHa-, -CH2CHa-, -(CH2)3-, -
CH2CH(OH)CH2- or

o .
5. A compound of any preceding claim wherein R' is selected from H, halo, C16 alkyl, C2s
alkenyl, Cis haloalkyl, -NR®R®" -OR® 5 or 6 membered heteroaryl rings, or 3 to 8 membered
10 heterocycloalkyl ring systems (optionally 4, 5 or 6 membered), wherein the heteroaryl and

heterocycloalkyl rings are unsubstituted or substituted with 1 or 2 groups selected from: C1 alkyl, -
OR®? and oxo.

6. A compound of any preceding claim wherein L® is represented by a bond or -CHz-.

7. A compound of any preceding claim wherein Z2 is a bond, -NR*-, -O-, -C(O)-, or -
15  NR®C(O)-.

8. A compound of any preceding claim wherein L* is represented by a bond, -CH>-, -CH2CHa-,
-CH2C(Me)2-, -CH2CH2C(Me)2-, -(CH2)3-, -CH2CH(OH)CHz2-, -CH2CH(OMe)CH:-, -CH2CH(Me)--
CH2CH(OH)CH(OH)- , -CH2CH2CH(OH)-, -CF2CH>-, -CH2CH(CH3)2CH2-, -CH2CH(OH)C(Me)2-, or

20 9. A compound of any preceding claim wherein R? is selected from: H, halo, Cis alkyl, C2s
alkenyl, -NR®R®", -OR® -C(O)R®, -NR**C(0)O-C1.s alkyl, and 3 to 8 membered heterocycloalkyl

ring systems,
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wherein the heterocycloalkyl rings are unsubstituted or substituted with 1 or 2 groups
selected from: oxo, halo, OR®?, Cis alkyl, Cis alkyl substituted with NR®R®, C1.¢ alkyl substituted
with OR®?, -C(O)R’, and -NR2C(O)R".

10. A compound of claim 1, wherein the compound is a compound of formulae (lla) or (lIb):
R3
R11
W
o
N 7/
z
o]
4 4
R R12 R R12
(lla) (Ilb)

wherein

R'" is selected from: H, halo, C1s alkyl, -O-C1.s haloalkyl, C2. alkenyl, -(CH2)oRY, -(CH2)sNR?R®?, -
(CH2)oOR?, -(CH2)0S02R®, -(CH2)eS0O2NR®R®, -(CH2)oC(O)NR?R®, -(CR?R),OP(=0)(OH)2 or -
(CH2)oC(O)OR?,

RY is selected from 5 or 6 membered heteroaryl rings or 5 or 6 membered heterocycloalkyl rings,

wherein the heteroaryl and heterocycloalkyl rings are unsubstituted or substituted with 1 or 2
groups selected from: oxo, halo, OR®?, C1.¢ alkyl, C1.s alkyl substituted with NR®R®, C1 alkyl
substituted with OR®?, -C(O)R’, and -NR®C(O)R’;

R? is selected from H, C1.6 alkyl, -C(O)R®?, -C(O)OR?®?, -C(0)(CR?RP),NR?R®", (CR?R"),OR®?,
(CR?RY);NR®R® (CRZR"),RY; and
RV is selected from 3 to 8 membered heterocycloalkyl ring systems, wherein the heterocycloalkyl

ring is unsubstituted or substituted with 1 or 2 groups selected from: oxo, C1.s alkyl or halo, and

R'2 is selected from: H, halo, C1.s alkyl, C2s alkenyl, -(CH2)oR"?, -(CH2)oNR??R®3, -(CH2),OR??, -
(CH2)oC(O)NR?#2R® -(CR?RY),OP(=0)(OH)2 or -(CH2),C(O)OR??,

RY2 is selected from 5 or 6 membered heteroaryl rings or 5 or 6 membered heterocycloalkyl rings,
wherein the phenyl, heteroaryl and heterocycloalkyl rings are unsubstituted or substituted

with 1 or 2 groups selected from: oxo, halo, OR®, Cis alkyl, C1.s alkyl substituted with
NR®R®" C1.s alkyl substituted with OR®?, -C(O)ORSY, and -NRC(O)R”;

RZ is selected from H, C1 alkyl, -C(O)R®, -C(O)ORE2, -C(O)(CR?R?),NR%*R®, (CR?R"),OR®?,
(CR2R?),NR%?R®, (CR2R?),RY2 or -C(O)(CR?R),RV2:

RY? is selected from 3 to 8 membered heterocycloalkyl ring systems, wherein the heterocycloalkyl
ring is unsubstituted or substituted with 1 or 2 groups selected from: oxo, halo, C1.s alkyl, C1 alkyl
substituted with NR®R®®, or C1.s alkyl substituted with OR®?:
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o is selected from 0, 1, 2 or 3; and
p is selected from 0, 1, 2 or 3.
11. A compound of claim 1 or claim 10, wherein -L'-Z'-L2-R" or R"" is selected from: H, halo, -

OR®3, -O-C1.6 haloalkyl, -(CR?R).-5 or 6 membered heteroaryl rings, -(CR?R?),-5 or 6 membered
heteroaryl rings, -SO2-C1.s alkyl, -C(O)OR®?, -C(O)NR®R®, -NR%C(O)R®?, -

(CH2)oS02NR%R® -O(CR?R"),-NR®R®, and -O(CR?RP),-3 to 8 membered heterocycloalkyl

ring, -C(0)-3 to 8 membered heterocycloalkyl ring, wherein the heteroaryl and heterocycloalkyl rings
are unsubstituted or substituted with 1 or 2 groups selected from: C1.s alkyl, oxo, OR®, or halo.
Optionally, -L3-Z2-L*-R? or R'? may also be H.

12. A compound of claim 1 or claim 10, wherein -L'-Z2'-L%-R" or R"" is selected from: H, Me, ClI,
F, -OMe, -CH2OH, -OH, OCF3, OCHF2, -C(O)OH, -C(O)OEt, -C(O)NHMe, -C(O)NH_, -SO:Me, -
SO2NHz, -C(O)NHz, -NHC(O)Me, -C(O)NMez, -C(O)-N-methyl piperazinyl, -O(CH2)20H, -CHa-
imidazolyl -O(CH2)sNMez, -OCH:z-pyrolidinyl, -OCH2-N-methylpyrolidinyl, -O(CHz)s-morpholinyl, -
OCH2CH(OH)CHz-morpholinyl or

O
haas wzfi Gk

13. A compound of claim 1 or claim 10, wherein -L3-Z%-L*-R? or R"? is selected from: halo, Cis
alkyl, C2s alkenyl, -CN, -OR®, -NR®R®8 -(CR?RP)m-phenyl, -(CR?R®)x-5 or 8 membered heteroaryl
rings, -(CR?R?)mNR®R®, -(CR?R?)mORS, -(CR?R?)nOC(O)RE®, -

(CR?RY)C(O)OR®, -(CR?R?)»C(O)NRERE®, -(CR?R?)mNR52C(0)-Ci.6

alkyl, -(CR2R?)mNR%2C(O)OR®2, -O(CR?R),OR?, -O(CR?R?),NR*C(0)OC12 alkyl, 3 to 8 membered
heterocycloalkyl ring, -O(CR?R):-3 to 8 membered heterocycloalkyl ring, -O(CR?RP),-NR8R®, -
NR%2(CR°R?),0OR®?, -C(O)NREZR®, -NRS*C(0)-C1.6 alkyl, -NRSC(O)(CR°RY)NREaRE®, -
NR3*C(O)(CR°R%,OR®, and -NR**C(O)(CR°R%).-3 to 8 membered heterocycloalkyl ring,

wherein the phenyl, heteroaryl and heterocycloalkyl rings are unsubstituted or substituted
with 1 or 2 groups selected from: oxo, halo, OR®, Cis alkyl, C1.s alkyl substituted with NR®?R®", C1.s
alkyl substituted with OR®?, -C(O)R’, and -NR8C(O)R’. Optionally, - L'-Z'-L2-R" or R'" may be H.

14, A compound of claim 1 or claim 10, wherein -L3-Z2-L*-R? or R"? is selected from: H, F, ClI, -
OMe, CN, methyl, NH2, -CH2-phenyl, -CHz-imidazolyl, -CH2NH2, -CH2NMe:, -CH2NHMe, -
CH2NHC(O)Me, -CH2N(Me)C(O)Ot-Bu, -CH20H, -CH2CH20H, -CH2CH20OMe, -CH2CH2NHMe, -
(CH2)s0H, -(CH2)sOMe, -CH2C(Me2)OH, -CH2CH20C(O)Me, -CH2C(O)OMe, -CH2C(O)OH, -
CH2C(O)OEt, -CH2C(O)NH2, -OMe, -OCH2CH20H, -OCH2CH20OMe, -

OCH2C(Me)20H, -OCH2CH2C(Me)20H, -OCH2CH(OH)CH20H, -OCH:C(Mez)OH, -OCH2CH2NH;, -
OCH2CH2NMe3, -O(CHz)sNMez, -OCH2CH(OH)CHzNMez, -OCH2CHNHC(0)O'Bu, -
OCH2CH(OH)CH20Me, -OCH2CH(OH)CH(OH)Me, -OCH2CH2CH(OH)Me, -OCF2CH20H, -
OCH2C(Me)20P(=0)(OH)z, -OCH2CH(Me)2CH20H, -OCH2CH2C(Me)2NH;, -
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OCH2C(Me)2NH2, -OCH2CH(OH)C(Me)20H, -OCH2C(Me)20OMe, -OCH2CH2C(Me)20P(=0)(OH)z, -
OCH(Me)CH20OMe, -OCH2CH(Me)OMe, -OCH:-azetidinyl, -OCH2-N-methylazetindinyl, -O-/N-
ethylpiperadinyl, -O(CHz)s-morpholinyl, -OCH2CH(OH)CHz-morpholinyl, -OCH2CH(OMe)CH:-
morpholinyl, -O(CHz)s-N-methylpiperazinyl, -OCH2CH(OH)CH2-N-methylpiperazinyl, -

5 OCH2CH(OH)CH2-N-methylpiperazinonyl, -O(CHz)s-N-methylpiperazinonyl, -OCHCH(OH)CH2-
morpholinonyl, -OCH2CH(OH)CHz-morpholinonyl, -OCH2CH(OH)CHz-thiomorpholin-dionyl, -
NHCH2CH20H, -N(Me)CH2CH20OH, -NHCH2CH20Me, -C(O)NHCH2CH2NMez, -C(O)NHCH2CH:0OH,
-NHC(O)Me, -NHC(O)CH20H, -NHC(O)CH2NHz2, -NHC(O)CH2NHMe, -NHC(O)CHzNMez, -

NHC (O)CH2CH2NHMe, -NHC(O)(CHz)sNMez, -NHC(O)CHz-morpholinyl, -NHC(O)CH2- /- oxetanyl,
10 azetidinyl, hydroxypyrolidinyl, methylpiperazinyl, pyrolidinonyl, imidazolidinonyl, N-
methylimidazolidinonyl, piperidinonyl,

15. A compound of claim 1 or claim 10, wherein -L'-Z'-L2-R' or R" is -O(CRR")13-R".
15 16. A compound of claim 1 or claim 10, wherein -L3-Z%-L*R? or R"? is -O(CR?R")13-R2.

17. A compound of claim 1, wherein the compound of formula (I) is a compound selected from:
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18. A compound of formula (I) or a pharmaceutically acceptable salt thereof for use as a
medicament:
R3
4
L' 2R
a
>
N /7,
z’ Y
o]
4
R L3 - Z\ 4— R2
0
wherein
Wis CH or N;

either XisNandYisC,orYisNand X is C;
Z is either H or -CH20P(=0O)(OH)z;

L' and L® are independently selected from a bond, -(CR?R?)m-, -O(CR?R?)m- or -NH(CR?R?)m-,
wherein m is at each occurrence independently selected from 1, 2, 3, or 4,

Z'is a bond, -NR%2-, -O-, -C(O)-, -SO2-, -SO:NR%-, -NR52S0;-, -C(O)NR%-, -NR%*C(0)-, -C(0)O-,
or -NR%C(O)NR%-:
Z2is a bond, -NR®-, -O-, -C(O)-, -SO2-, -SO:NRS-, -NR%2S0,-, -C(O)NR%-, -NR*C(O)-, or -C(O)O-

L2 and L* are independently either a bond or -(CR°R%,-, wherein n is at each occurrence
independently selected from 1, 2, 3, or 4;

R'is selected from H, halo, C1s alkyl, C26 alkenyl, Ci.s haloalkyl, -NR®R® -OR® -OP(=0)(OH)2,-

C(O)R®2, 5 or 6 membered heteroaryl rings, or 3 to 8 membered heterocycloalkyl ring systems,
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wherein the heteroaryl and heterocycloalkyl rings are unsubstituted or substituted with 1
or 2 groups selected from: oxo, halo, OR®?, C1.6 alkyl, Cis alkyl substituted with NR®2R8®,
C1 alkyl substituted with OR®?, -C(O)R7, and -NR8C(O)R’;

R? is selected from H, halo, C1.s alkyl, C2.6 alkenyl, C1.s haloalkyl, -NR®R® -OR®2 -P(=0)(OH)2,-
C(O)R®, -NR®*C(O)O-C1.6 alkyl, phenyl, 5 or 6 membered heteroaryl rings, or 3 to 8 membered

heterocycloalkyl ring systems,

wherein the phenyl, heteroaryl and heterocycloalkyl rings are unsubstituted or substituted
with 1 or 2 groups selected from: oxo, halo, OR®, Cis alkyl, C1.s alkyl substituted with
NR®R® C1. alkyl substituted with OR® -C(O)ORS, and -NR2C(O)R’;

R® and R* are independently selected from H, halo, -CN and Cis alkyl;
R® and R*" are independently selected at each occurrence, from: H, C1.s alkyl, or Cs.s cycloalkyl;

R® and R®" are, independently selected at each occurrence, from: H, C1s alkyl, Cis alkyl, -
P(=0)(OH)2, substituted with -OR®, C1.s alkyl substituted with -NR®R', and Ca.s cycloalkyl;

R’ is selected from H, -OR9, C1.s alkyl and Cs.s cycloalkyl;
R8 is selected from H and Cis alkyl;

R?, RP, R® and R are, at each occurrence, independently selected from: H, halo, C1. alkyl, and -
OR" or R? and R” or R® and R taken together with the atom to which they are attached form a 3 to
6 membered cycloalkyl ring or a 3 to 6 membered heterocycloalkyl ring containing 1 or2 O, Nor S
atoms, wherein the cycloalkyl ring is unsubstituted or substituted with 1 or 2 halo groups; and

Re, Rf, R% and R" are each independently selected at each occurrence from H or C1.s alkyl.
19. A compound for use of claim 18, wherein L' is represented by a bond or -CH»-.

20. A compound for use of any of claims 18 or 19 wherein Z' is a bond, -O-, -C(O)-, -SO»-, or -
NR3%2C(O)-.

21. A compound for use of any of claims 18 to 20 wherein L? is bond, -CHz-, -CH2CH2-, -(CH2)=-
, “CH2CH(OH)CH2- or

o .
22. A compound for use of any of claims 18 to 21 wherein R is selected from H, halo, Cis
alkyl, C2.6 alkenyl, C1.s haloalkyl, -NR®R® -OR®%2 5 or 6 membered heteroaryl rings, or 3 to 8
membered heterocycloalkyl ring systems (optionally 4, 5 or 6 membered), wherein the heteroaryl

and heterocycloalkyl rings are unsubstituted or substituted with 1 or 2 groups selected from: C16
alkyl, -OR®? and oxo.

23. A compound for use of any of claims 18 to 22 wherein L® is represented by a bond or -CHz-.
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24, A compound for use of any of claims 18 to 23 wherein Z? is a bond, -NR%-, -O-, -C(O)-, or -
NRS52C(O)-.

25. A compound for use of any of claims 18 to 24 wherein L* is represented by a bond, -CH»-, -
CH2CH2-, -CH2C(Me)2-, -CH2CH2C(Me)2-, -(CH2)s-, -CH2CH(OH)CH2-, -CH>CH(OMe)CH2-, -

5 CH2CH(Me)--CH2CH(OH)CH(OH)- , -CH2CH2CH(OH)-, -CF2CHz-, -CH2CH(CH3)2CH2-
, -CH2CH(OH)C(Me)2-, or

26. A compound for use of any of claims 18 to 25 wherein R? is selected from: H, halo, -CN, Ci.
s alkyl, C2.6 alkenyl, -NR®R® -OR®2 -C(O)R®?, -NR**C(0)O-C1.s alkyl, and 3 to 8 membered
10 heterocycloalkyl ring systems,

wherein the heterocycloalkyl rings are unsubstituted or substituted with 1 or 2 groups
selected from: oxo, halo, OR®?, Cis alkyl, Cis alkyl substituted with NR®R®, C1.¢ alkyl substituted
with OR®?, -C(O)R’, and -NR2C(O)R".

27. A compound of claim 18, wherein the compound is a compound of formulae (lla) or (lIb):
R3
R11
" .
N 7/
z
o]
4 4
R R12 R R12
15 (Ila) (I1b)

wherein

R'" is selected from: H, halo, C1s alkyl, -O-C1.s haloalkyl, C2. alkenyl, -(CH2)oRY, -(CH2)sNR?R®?, -
(CH2)oOR?, -(CH2)0S02R®, -(CH2)eS0O2NR®R®, -(CH2)oC(O)NR?R®, -(CR?R),OP(=0)(OH)2 or -
(CH2)sC(O)OR?,

20 RY is selected from 5 or 6 membered heteroaryl rings or 5 or 6 membered heterocycloalkyl rings,

wherein the heteroaryl and heterocycloalkyl rings are unsubstituted or substituted with 1 or 2
groups selected from: oxo, halo, OR®?, C1.¢ alkyl, C1.s alkyl substituted with NR®R®", C1 alkyl
substituted with OR®?, -C(O)R’, and -NR®C(O)R’;

RZ is selected from H, C1.6 alkyl, -C(O)R®, -C(O)OR®?, -C(0)(CR?R"),NR®*R®, (CR2RP),0R®,
25  (CRR"),NR®RE (CRZR"),RY; and
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RV is selected from 3 to 8 membered heterocycloalkyl ring systems, wherein the heterocycloalkyl

ring is unsubstituted or substituted with 1 or 2 groups selected from: oxo, C1.s alkyl or halo, and

R'2 is selected from: H, halo, C1.s alkyl, C2s alkenyl, -(CH2)oR"?, -(CH2)oNR??R®3, -(CH2),OR??, -
(CH2)oC(O)NR?#2R® -(CR?RY),OP(=0)(OH)2 or -(CH2),C(O)OR??,

RY2 is selected from 5 or 6 membered heteroaryl rings or 5 or 6 membered heterocycloalkyl rings,

wherein the phenyl, heteroaryl and heterocycloalkyl rings are unsubstituted or substituted
with 1 or 2 groups selected from: oxo, halo, OR®, Cis alkyl, C1.s alkyl substituted with
NR®R® C1. alkyl substituted with OR® -C(O)OR?, and -NR2C(O)R’;

RZ is selected from H, C1 alkyl, -C(O)R®, -C(O)ORE2, -C(O)(CR?R?),NR%*R®, (CR?R"),OR®?,
(CR2R?),NR%?R®, (CR2R?),RY2 or -C(O)(CR?R),RV2:

RY? is selected from 3 to 8 membered heterocycloalkyl ring systems, wherein the heterocycloalkyl
ring is unsubstituted or substituted with 1 or 2 groups selected from: oxo, halo, C1.s alkyl, C1 alkyl
substituted with NR®R®®, or C1. alkyl substituted with OR®?:

o is selected from 0, 1, 2 or 3; and
p is selected from 0, 1, 2 or 3.

28. A compound for use of claim 18 or claim 27, wherein -L'-Z'-L2-R" or R"" is selected from: H,
halo, -OR®2, -O-C1.6 haloalkyl, -(CR?R"),-5 or 6 membered heteroaryl rings, -(CR?R?),-5 or 6
membered heteroaryl rings, -S02-C16 alkyl, -C(O)OR® -C(O)NR®R®", -NR®C(O)R®?, -
(CH2)oS0O2NR?RE -O(CR?R),-NR®R®, and -O(CR?R"),-3 to 8 membered heterocycloalkyl

ring, -C(0)-3 to 8 membered heterocycloalkyl ring, wherein the heteroaryl and heterocycloalkyl rings
are unsubstituted or substituted with 1 or 2 groups selected from: C1.s alkyl, oxo, OR®, or halo.
Optionally, -L3-Z2-L*-R? or R'? may also be H.

29. A compound for use of claim 18 or claim 27, wherein -L'-Z'-L2-R" or R"" is selected from: H,
Me, CI, F, -OMe, -CH20H, -OH, OCF3, OCHF2, -C(O)OH, -C(O)OEt, -C(O)NHMe, -C(O)NH, -
SO2Me, -SO2NHz, -C(O)NHz, -NHC(O)Me, -C(O)NMez, -C(O)-N-methyl piperazinyl, -O(CHz)20H, -
CHz-imidazolyl -O(CH2):NMez, -OCH2-pyrolidinyl, -OCH2-N-methylpyrolidinyl, -O(CHz)s-morpholinyl,
-OCH2CH(OH)CHz-morpholinyl or

o OH OH (\l _
YNO, 0 N—SSO
o

A A o

30. A compound for use of claim 18 or claim 27, wherein -L3-Z?-L*-R? or R'? is selected from:
halo, C1 alkyl, C2s alkenyl, -CN, -OR®, -NR®R® -(CR*R")n-phenyl, -(CR?R®)n-5 or 6 membered
heteroaryl rings, -(CR?R®)mNR®?R®, -(CR?R?)nORE?, -(CR?R?)nOC(O)R®?, -

(CR?RY)C(O)OR®, -(CR?R?)»C(O)NRERE®, -(CR?R?)mNR52C(0)-Ci.6

alkyl, -(CR2R?)mNR%2C(O)OR®2, -O(CR?R),OR?, -O(CR?R?),NR*C(0)OC12 alkyl, 3 to 8 membered
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heterocycloalkyl ring, -O(CR?RP)»-3 to 8 membered heterocycloalkyl ring, -O(CR?R?),-NRR®®, -
NR%(CR°RY,0R®, -C(O)NR¥R®, -NR*®C(0)-C1.6 alkyl, -NR®C(O)(CR°R¢),NR®R®®, -
NR3*C(0)(CR°R%:OR®, and -NR**C(O)(CR°R%:-3 to 8 membered heterocycloalkyl ring,

wherein the phenyl, heteroaryl and heterocycloalkyl rings are unsubstituted or substituted
with 1 or 2 groups selected from: oxo, halo, OR®, Cis alkyl, C1.s alkyl substituted with NR®?R®", C1.s
alkyl substituted with OR®?, -C(O)R’, and -NR®C(O)R’. Optionally, - L'-Z'-L2-R" or R"" may be H.

31. A compound for use of claim 18 or claim 27, wherein -L3-Z2-L*-R? or R"? is selected from: H,
F, Cl, -OMe, CN, methyl, NHz, -CHz2-phenyl, -CHz-imidazolyl, -CH2NHz, -CH2NMe2, -CH2NHMe, -
CH2NHC(O)Me, -CH2N(Me)C(O)Ot-Bu, -CH20H, -CH2CH20H, -CH2CH20OMe, -CH2CH2NHMe, -
(CH2)30H, -(CH2)3sOMe, -CH2C(Me2)OH, -CH2CH-OC(O)Me, -CH2C(O)OMe, -CH2C(O)OH, -
CH2C(O)OEt, -CH2C(O)NH2, -OMe, -OCH2CH20H, -OCH2CH>OMe, -

OCH2C(Me)20H, -OCH2CH2C(Me)20OH, -OCH2CH(OH)CH20H, -OCH2C(Me2)OH, -OCH2CH2NHz, -
OCH2CH:zNMez, -O(CHz)sNMez, -OCH2CH(OH)CHzNMe2, -OCH2CH:NHC(O)O'Bu, -
OCH2CH(OH)CH20OMe, -OCH>CH(OH)CH(OH)Me, -OCH2CH2CH(OH)Me, -OCF2CH20OH, -
OCH2C(Me)20P(=0)(OH)z, -OCH2CH(Me)2CH20H, -OCH2CH2C(Me)2NHz, -

OCH2C(Me)2NH2, -OCH2CH(OH)C(Me)20H, -OCH2C(Me)20OMe, -OCH2CH2C(Me)20P(=0)(OH)z, -
OCH(Me)CH20OMe, -OCH2CH(Me)OMe, -OCH:-azetidinyl, -OCH2-N-methylazetindinyl, -O-/N-
ethylpiperadinyl, -O(CHz)s-morpholinyl, -OCH2CH(OH)CHz-morpholinyl, -OCH2CH(OMe)CH:-
morpholinyl, -O(CHz)s-N-methylpiperazinyl, -OCH2CH(OH)CH2-N-methylpiperazinyl, -
OCH2CH(OH)CH2-N-methylpiperazinonyl, -O(CHz)s-N-methylpiperazinonyl, -OCHCH(OH)CH2-
morpholinonyl, -OCH2CH(OH)CHz-morpholinonyl, -OCH2CH(OH)CHz-thiomorpholin-dionyl, -
NHCH2CH20H, -N(Me)CH2CH20OH, -NHCH2CH20Me, -C(O)NHCH2CH2NMez, -C(O)NHCH2CH:0OH,
-NHC(O)Me, -NHC(O)CH20H, -NHC(O)CH2NHz2, -NHC(O)CH2NHMe, -NHC(O)CHzNMez, -

NHC (O)CH2CH2NHMe, -NHC(O)(CHz)sNMez, -NHC(O)CHz-morpholinyl, -NHC(O)CH2- /- oxetanyl,
azetidinyl, hydroxypyrolidinyl, methylpiperazinyl, pyrolidinonyl, imidazolidinonyl, N-

methylimidazolidinonyl, piperidinonyl,

O

I
o
I
O
£~
0%
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32. A compound for use of claim 18 or claim 27, wherein -L'-Z'-L2-R" or R"" is -O(CR%R");-R".
33. A compound for use of claim 18 or claim 27, wherein -L3-Z?-L*-R? or R'? is -O(CR?R")3-R2.

34. A compound for use of claim 18 or claim 27, wherein the compound of formula (1) is a

compound selected from the compounds according to claim 17.

35. A compound for use of any preceding claim in the treatment of myocardial infarction.
36. A compound for use of any preceding claim in the treatment of infarcts.
37. A compound for use of any preceding claim in the treatment of a condition selected from:

heart muscle cell injury, heart muscle cell injury due to cardiopulmonary bypass, chronic forms of
heart muscle cell injury, hypertrophic cardiomyopathies, dilated cardiomyopathies, mitochondrial
cardiomyopathies, cardiomyopathies due to genetic conditions; cardiomyopathies due to high blood
pressure; cardiomyopathies due to heart tissue damage from a previous heart attack;
cardiomyopathies due to chronic rapid heart rate; cardiomyopathies due to heart valve problems;
cardiomyopathies due to metabolic disorders; cardiomyopathies due to nutritional deficiencies of
essential vitamins or minerals; cardiomyopathies due to alcghol consumption; cardiomyopathies
due to use of cocaine, amphetamines or anabolic steroids; cardiomyopathies due to radiotherapy to
{reat cancer; cardiomyopathies due to certain infections which may injure the heart and trigger
cardiomyopathy; cardiomyopathies due to hemochromatosis; cardiomyopathies due to sarcoidosis;
cardiomyopathies due to amyloidosis; cardiomyopathies due to connective tissue disorders; drug-
or radiation-induced cardiomyopathies; idiopathic or cryptogenic cardiomyopathies; other forms of
ischemic injury, including but not limited to ischemia-reperfusion injury, ischemia stroke, renal artery
occlusion, and global ischemia-reperfusion injury (cardiac arrest); cardiac muscle cell necrosis; or

cardiac muscle cell apoptosis.
38. A MAP4K4 inhibitor for use in the treatment of myocardial infarction.
39. A MAP4K4 inhibitor for use in the treatment of infarcts.

40. A MAP4K4 inhibitor for use of claims 38 or 39, wherein the MAP4K4 inhibitor is a

compound of any of claims 1 to 17 or a compound for use of claims 18 to 34.
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41, A method of using stem cell-derived cardiomyocytes for the identification of therapies for
myocardial infarction, wherein the method comprises contacting stem cell-derived cardiomyocytes

with compounds in a cell culture model of cardiac muscle cell death.

42. A method of claim 41, wherein the stem cell-derived cardiomyocytes are human stem cell-

derived cardiomyocytes.

43. A method of claim 41, wherein the model of cardiac muscle cell death employs a stressor
selected from: H202, menadione, and other compounds that confer oxidative stress; hypoxia;
hypoxia/reoxygenation; glucose deprivation or compounds that interfere with metabolism;
cardiotoxic drugs; proteins or genes that promote cell death; interference with the expression or

function of proteins or genes that antagonise cell death.
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