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Macrocyclic LRRK2 kinase inhibitors

Field of the invention

The present invention relates to novel macrocyclic compounds and compositions containing
said compounds acting as kinase inhibitors, in particular as inhibitors of LRRK2 kinase
(Leucine-Rich Repeat Kinase 2), for use in the diagnosis, prevention and/or treatment of
LRRK2-kinase associated diseases. Moreover, the present invention provides methods of using
them, for instance as a medicine or diagnostic agent, in particular for the prevention, treatment
and/or diagnosis of diseases characterized by LRRK2 kinase activity such as neurological
disorders including Parkinson’s disease and Alzheimer’s disease. Finally, the present invention

also relates to new macrocyclic compounds.

Background of the invention

Parkinson’s disease is a degenerative disorder of the central nervous system. It results from the
death of dopaminergic neurones in the midbrain. In the early stages of the disease the most
obvious symptoms are movement-related such as shaking, slowness of movement and difficulty
with walking. Later on also cognitive and behavioural problems arise, with dementia commonly
occurring in the advanced stages of the disease. Although Parkinson’s disease is generally
considered to be sporadic, within the last decade, a few mutations in the LRRK2 (leucine rich
repeat kinase 2) gene have been linked to Parkinson’s disease (W02006068492 and
W02006045392). LRRK2, also known as dardarin, is a member of the leucine-rich repeat
kinase family having mixed-lineage kinase activity, in particular in the brain, but also in other
tissues throughout the body. Researchers have identified over 20 LRRK2 mutations in families
with late-onset Parkinson Disease. For example the G2019S mutation co-segregates with
autosomal dominant Parkinsonism and accounts for about 6% of familial Parkinson’s disease
cases and 3% sporadic Parkinson’s disease cases in Europe. The G2019S mutation occurs in
the highly conserved kinase domain and it has therefore been postulated that the G2019S
mutation may have an effect on kinase activity (W0O2006068492). Furthermore, amino acid
substitutions at a second residue R1441 are also associated with Parkinson’s disease and have
also been shown to elevate LRRK2 kinase activity. Over-expression of the mutant LRRK2
protein R1441G in transgenic mouse models (Li, Y et al. 2009, Nature Neuroscience 12:826-
828) is associated with symptoms of Parkinson’s disease as well as reduced dopamine release,
suggesting that inhibitors of LRRK2 could also positively regulate dopamine release and have
potential utility in treatment of conditions characterized by reduced dopamine levels, such as
withdrawal sypmtoms/relapse associated with drug addiction; Tauopathy diseases such as

Alzheimer’'s disease, argyrophilic grain disease, Pick’s disease, corticobasal degeneration;
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inherited frontotemporal dementia; and Parkinson’s disease. Two further mutations in LRRK2
have been clinically associated with the transition from mild cognitive impairment to Alzheimer’s
disease (W0200714979). These data further provide evidence that inhibitors of LRRK2 kinase

activity could be useful for the treatment of dementias and related neurodegenerative disorders.

Thus, pharmacological inhibition of LRRK2 kinase is an attractive strategy towards mechanism-
based therapies in neurodegenerative disorders, such as Parkinson’s disease and Alzheimer’s
disease. It was therefore an object of the present invention to provide compounds and

compositions comprising said compounds, acting as inhibitors of LRRK2 kinases.

Untill today several (non-macrocyclic) pyrazolopyrimidines have been suggested for the
treatment of neuronal disorders, in particular Alzheimer's disease and/or Parkinson’s disease
(see for example EP1908764, US6194410, EP1354884, EP(0729758 and US6194410).
However, none of the compounds disclosed in said references have been shown to have
LRRK2 inhibitory activity.

Furthermore, the currently developed LRRK2 kinase inhibitors, in particular those for the
treatment of neuronal disorders, do not comprise macrocyclic pyrazolopyrimidine moieties (see
for example W02009127652, WO2011038572).

Nonetheless, there is a continuing need to design and develop LRRK2 kinase inhibitors for the
treatment of neuronal disorders. We have now found that the macrocyclic pyrazolopyrimidines,
imidazopyridazines and pharmaceutically acceptable compositions according to this invention
are useful for the treatment of several neuronal disorders associated with LRRK2 kinase

activity.

SUMMARY OF THE INVENTION

We have surprisingly found that the macrocyclic compounds described herein act as LRRK2
kinase inhibitors, and are thus very useful in the diagnosis, prevention and/or treatment of

LRRK2-kinase associated diseases.

In a first objective the present invention provides a compound of Formula | or a sterecisomer,

tautomer, racemic, metabolite, pro- or predrug, salt, hydrate, N-oxide form, or solvate thereof,



10

15

20

25

30

WO 2014/140235 PCT/EP2014/055049
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Wherein

A, and A, are selected from C and N; wherein when A, is C, then A, is N; and wherein when A,
is C, then A;is N;

R; and R; are each independently selected from —H, —halo, -OH, -C, salkyl, -O-Csalkyl, -S-C.
salkyl, -NRgRp, -(C=0)-R4, -SO,-R4, -CN, -NRy-SO,-R4, -Csecycloalkyl, and -Hets; wherein
each of said -Cisalkyl is optionally and independently substituted with from 1 to 3
substituents selected from —halo, -OH, -NR4R,, -O-C,salkyl, and -S-C,_ ¢alkyl;

R, is selected from —-H, -halo, -OH, -Cisalkyl, -O-C,ealkyl, -S-C,ealkyl, -(C=0)-Cqsalkyl,
-(C=0)-0-Calkyl, (C=0)-NRx7Rzs, -Het;, (C=0)-Het;, -SO,-C,¢alkyl, and -C; scycloalkyl;
wherein each of said -C,.salkyl is optionally and independently substituted with from 1 to 3
substituents selected from —halo, —OH, -O-C, salkyl, -S-C,_ealkyl, -Hets, -Ar,, and -NR 3R 4;

R3 is selected from —H, -halo, -OH, -C_salkyl, -O-C, salkyl, -S-C_salkyl, (C=0)-C,_salkyl, -(C=0)-
O-Cealkyl, -Het,, -Cs scycloalkyl -(C=0)-Het,, -(C=0)-NRxR30, and -SO,-C4_salkyl; wherein
each of said -Cisalkyl is optionally and independently substituted with from 1 to 3
substituents selected from —halo, —OH, -O-C, salkyl, -S-C,_ealkyl, -NR1sR ¢, -Het, and -Ar;

R, is independently selected from —halo, —OH, -C,alkyl, -O-C,salkyl, -S-C4alkyl, -NR7R g,
and -Hety;

Rs is selected from —-H, -C,ealkyl, -Csecycloalkyl; wherein each of said Cigalkyl or
-Csecycloalkyl is optionally and independently substituted with from 1 to 3 substituents
selected from —halo, —OH, -OC, salkyl, -SC4 salkyl, -Hets, and -NR3:R3y;

Rs is selected from -H, -OH, -halo, -C4_salkyl, -O-C4_salkyl, -S-C1_salkyl, -NR33R34, and -Hetsg;

R91 R'IO, R'I'I, R'IZ, R'IS, R141 R151 R161 R171 R'IS, R191 R201 RZ'I, R221 R231 R241 R251 R261 R271 R281 R291
Ra0, Rs1, R32, Rss, Ras, Rs7 and Rsg are each independently selected from —H, =0, -C, salkyl,
and -Hetq; wherein each of said -C,salkyl is optionally and independently substituted with
from 1 to 3 substituents selected from —halo, -OH, -O-C;salkyl, -S-C,alkyl, -NR35R36,
-Het;, and -Ary;

Rss and Rsg are each independently selected from —H, =0, and -C,_¢alkyl; wherein each of said -
C1ealkyl is optionally and independently substituted with from 1 to 3 substituents selected
from —halo, —OH, -O-C, salkyl, and -S-C, salkyl;
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X, is selected from —C,galkyl-, —O-C4ealkyl-, —S-C4alkyl-, -(C=0)-, -NR3-(C=0)-, -Csalkyl-
NR;-, -NR3-, -(C=0)-, -NR;3-(C=0)-NR37-, -NR;3-C;salkyl-, -NR;3-SO,-, -NR;-(C=0)-C_salkyl-,
-(C=0)-NR3-C4 salkyl-, —O-C,_galkyl-O-C¢alkyl- and -C,salkyl-NR3-C, salkyl-; wherein each
of said -C,alkyl is optionally and independently substituted with from 1 to 3 substituents
selected from —halo, -OH, -C,_salkyl, -O-C,_¢alkyl, -S-C4_salkyl, -phenyl, and -NR3R24

X, is selected from —C,galkyl-, —O-C4ealkyl-, —S-C4ealkyl-, -(C=0)-, -NR,-(C=0)-, -Csalkyl-
NR;-, -NR>-, -(C=0)-, -NR-(C=0)-NR3s-, -NR>-C4salkyl-, -NR>-SO,-, -NR,-(C=0)-C_salkyl-,
-(C=0)-NRy-C4 salkyl-, —O-C,_galkyl-O-C¢alkyl- and -C,salkyl-NR,-C4 salkyl-; wherein each
of said -C,alkyl is optionally and independently substituted with from 1 to 3 substituents
selected from —halo, -OH, -C,_salkyl, -O-C,_salkyl, -S-C4 salkyl, -phenyl and —-NR>5R;

Y is selected from a direct bond, -CHRg-, -O-, -S-, and -NRs-;

Ar,, Ars, and Ar, are each independently a 5- or 6-membered aromatic heterocycle optionally
comprising 1 or 2 heteroatoms selected from O, N and S; wherein each of said Ar,, Arz, and
Ar, is optionally and independently substituted with from 1 to 3 substituents selected from
—NR19R2g, -C4salkyl, -O-C4ealkyl, and -S-C,_ ¢alkyl;

Het, Het,, Het;, Hety, Hets, Hets, Het; and Het; are each independently a 5-or 6-membered
monocyclic heterocycle having from 1 to 3 heteroatoms selected from O, N and S, wherein
each of said Het,, Het,, Hets, Hets, Hets, Hets, Het; and Hets is optionally substituted with
from 1 to 3 substituents selected from —Cgalkyl, -O-C4alkyl, -S-C,ealkyl, and -NR>R;;
wherein each of said -C,salkyl is optionally and independently substituted with from 1 to 3 -
halo;

Z4, 2y, Z3, Z, and Zs are each independently selected from C and N;

m and n are each independently 1, 2, 3, or 4.

for use in the diagnosis, prevention and/or treatment of a LRRK2-kinase associated disease.

In a first embodiment, the present invention provides a compound of Formula | or a
stereoisomer, tautomer, racemic, metabolite, pro- or predrug, salt, hydrate, N-oxide form, or
solvate thereof, wherein

AjisCand Asis N

R; and R; are each independently selected from —H, —halo, -OH, -C, salkyl, -O-Csalkyl, -S-C.
salkyl, -NRgRp, -(C=0)-R4, -SO,-R4, -CN, -NRy-SO,-R4, -C3 ecycloalkyl, and -Hets; wherein
each of said -Cisalkyl is optionally and independently substituted with from 1 to 3
substituents selected from —halo, -OH, -NR4R,, -O-C,salkyl, and -S-C,_ ¢alkyl;

R, is selected from —-H, -halo, -OH, -Cisalkyl, -O-C,ealkyl, -S-C,ealkyl, -(C=0)-Cqsalkyl,
-(C=0)-0-Calkyl, (C=0)-NRx;Rzs, -Het;, (C=0)-Hets, -SO,-C,¢alkyl, and -C; gcycloalkyl;
wherein each of said -C,.salkyl is optionally and independently substituted with from 1 to 3
substituents selected from —halo, —OH, -O-C, salkyl, -S-C,_ealkyl, -Hets, -Ar,, and -NR 3R 4;

Rs is selected from —H, -halo, -OH, -C_salkyl, -O-C, salkyl, -S-C_salkyl, (C=0)-C,_salkyl, -(C=0)-
O-Cealkyl, -Het,, -Cs scycloalkyl -(C=0)-Het,, -(C=0)-NRxR39, and -SO,-C4_salkyl; wherein
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each of said -Cisalkyl is optionally and independently substituted with from 1 to 3
substituents selected from —halo, —OH, -O-C, salkyl, -S-C,_ealkyl, -NR1s5R ¢, -Het, and -Ar;

R, is independently selected from —halo, —OH, -C,alkyl, -O-C,alkyl, -S-C4alkyl, -NR17R s,
and -Hety;

Rs is selected from —H, -C,ealkyl, -Csecycloalkyl; wherein each of said Csealkyl or -Cs.
sCycloalkyl is optionally and independently substituted with from 1 to 3 substituents selected
from —halo, —OH, -OC, salkyl, -SC_alkyl, -Hets, and -NR31R3y;

Rs is selected from -H, -OH, -halo, -C4_salkyl, -O-C4_salkyl, -S-C1_salkyl, -NR33R34, and -Hets;

R91 R'IOy R'I'I, R'IZ, R131 R141 R151 R161 R171 R'IS, R'IQ, RZOy RZ'I, R221 R231 R241 R251 R261 R271 R281 R291
Ra0, Rs1, R3z, Rss, Ras, Rs7 and Rsg are each independently selected from —H, =0, -C, salkyl,
and -Hetq; wherein each of said -C,salkyl is optionally and independently substituted with
from 1 to 3 substituents selected from —halo, —OH, -O-C,salkyl, -S-C4alkyl, -NR35R36, -
Het;, and -Ary;

Rss and Rsg are each independently selected from —H, =0, and -C,_¢alkyl; wherein each of said -
C1ealkyl is optionally and independently substituted with from 1 to 3 substituents selected
from —halo, —OH, -O-C,_salkyl, and -S-C, salkyl;

X, is selected from —-C,galkyl-, —O-C4ealkyl-, —S-C,alkyl-, -(C=0)-, -NR3-(C=0)-, -Csalkyl-
NR;-, -NR3-, -(C=0)-, -NR;3-(C=0)-NR37-, -NR;3-C;salkyl-, -NR;3-SO,-, -NR;-(C=0)-C_salkyl-,
-(C=0)-NR3-C4 salkyl-, —O-C,_galkyl-O-C¢alkyl- and -C,salkyl-NR3-C, salkyl-; wherein each
of said -C,alkyl is optionally and independently substituted with from 1 to 3 substituents
selected from —halo, -OH, -C,_salkyl, -O-C,_¢alkyl, -S-C4_salkyl, -phenyl, and -NR3R24

X, is selected from —C,galkyl-, —O-C4ealkyl-, —S-C4ealkyl-, -(C=0)-, -NR,-(C=0)-, -Csalkyl-
NR;-, -NR>-, -(C=0)-, -NR-(C=0)-NR3s-, -NR>-C4salkyl-, -NR>-SO,-, -NR,-(C=0)-C_salkyl-,
-(C=0)-NRy-C salkyl-, —O-C,_¢alkyl-O-C¢alkyl- and -C, salkyl-NR,-C, salkyl-; wherein each
of said -C,alkyl is optionally and independently substituted with from 1 to 3 substituents
selected from —halo, -OH, -C,_salkyl, -O-C,_salkyl, -S-C4 salkyl, -phenyl and —-NR>5R;

Y is selected from a direct bond, -CHRg-, -O-, -S-, and -NRs-;

Ar,, Ars, and Ar, are each independently a 5- or 6-membered aromatic heterocycle optionally
comprising 1 or 2 heteroatoms selected from O, N and S; wherein each of said Ar,, Arz, and
Ar, is optionally and independently substituted with from 1 to 3 substituents selected from
—NR19R2g, -C4salkyl, -O-C4ealkyl, and -S-C,_ ¢alkyl;

Het, Het,, Het;, Hety, Hets, Hets, Het; and Het; are each independently a 5-or 6-membered
monocyclic heterocycle having from 1 to 3 heteroatoms selected from O, N and S, wherein
each of said Het,, Het,, Hets, Hets, Hets, Hets, Het; and Hets is optionally substituted with
from 1 to 3 substituents selected from —Cgalkyl, -O-C4alkyl, -S-C,ealkyl, and -NR>R;;
wherein each of said -C,salkyl is optionally and independently substituted with from 1to 3 -
halo;

Z4, 2y, Z3, Z, and Zs are each independently selected from C and N;

m and n are each independently 1, 2, 3, or 4.
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for use in the diagnosis, prevention and/or treatment of a LRRK2-kinase associated disease.

In yet a further embodiment, the present invention provides a compound of Formula | or a
stereoisomer, tautomer, racemic, metabolite, pro- or predrug, salt, hydrate, N-oxide form, or

solvate thereof, wherein
AjisNand A, is C

R; and R; are each independently selected from —H, —halo, -OH, -C, salkyl, -O-Csalkyl, -S-C.
salkyl, -NRgRp, -(C=0)-R4, -SO,-R4, -CN, -NRy-SO,-R4, -C3 ecycloalkyl, and -Hets; wherein
each of said -Cisalkyl is optionally and independently substituted with from 1 to 3
substituents selected from —halo, -OH, -NR4R,, -O-C,salkyl, and -S-C,_ ¢alkyl;

R, is selected from —H, -halo, -OH, -Cqsalkyl, -O-C4salkyl, -S-C,ealkyl, -(C=0)-C,ealkyl, -
(C=0)-0O-Cqsalkyl, -(C=0)-NRx;Rzs, -Het;, (C=0)-Hets, -SO,-C1alkyl, and -C;¢cycloalkyl;
wherein each of said -C,.salkyl is optionally and independently substituted with from 1 to 3
substituents selected from —halo, —OH, -O-C, salkyl, -S-C,_ealkyl, -Hets, -Ar,, and -NR 3R 4;

R3 is selected from —H, -halo, -OH, -C_salkyl, -O-C,salkyl, -S-C_salkyl, (C=0)-C,_salkyl, -(C=0)-
O-Cealkyl, -Het,, -Cs scycloalkyl -(C=0)-Het,, -(C=0)-NRxR39, and -SO,-C4_salkyl; wherein
each of said -Cisalkyl is optionally and independently substituted with from 1 to 3
substituents selected from —halo, —OH, -O-C, salkyl, -S-C,_ealkyl, -NR1s5R ¢, -Het, and -Ar;

R, is independently selected from —halo, —OH, -C,alkyl, -O-C,alkyl, -S-C4alkyl, -NR17R s,
and -Hety;

Rs is selected from —H, -C,ealkyl, -Czecycloalkyl; wherein each of said Csealkyl or -Cs.
sCycloalkyl is optionally and independently substituted with from 1 to 3 substituents selected
from —halo, —OH, -OC, salkyl, -SC_salkyl, -Hets, and -NR31R3y;

Rs is selected from -H, -OH, -halo, -C4_salkyl, -O-C4_salkyl, -S-C1_salkyl, -NR33R34, and -Hets;

R91 R'IOy R'I'I, R'IZ, R131 R141 R151 R161 R171 R'IS, R'IQ, RZOy RZ'I, R221 R231 R241 R251 R261 R271 R281 R291
Ra0, Rs1, R3z, Rss, Ras, Rs7 and Rsg are each independently selected from —H, =0, -C, salkyl,
and -Hety; wherein each of said -C,salkyl is optionally and independently substituted with
from 1 to 3 substituents selected from —halo, -OH, -O-C;salkyl, -S-C,alkyl, -NR35R36,
-Het;, and -Ary;

Rss and Rsg are each independently selected from —H, =0, and -C,_¢alkyl; wherein each of said -
C1ealkyl is optionally and independently substituted with from 1 to 3 substituents selected
from —halo, -OH, -O-C,_salkyl, and -S-C_salkyl;

X, is selected from —-C,galkyl-, —O-C4ealkyl-, —S-C4ealkyl-, -(C=0)-, -NR3-(C=0)-, -Csalkyl-
NR;-, -NR3-, -(C=0)-, -NR;3-(C=0)-NR37-, -NR;3-C;salkyl-, -NR;3-SO,-, -NR;-(C=0)-C_salkyl-,
-(C=0)-NR3-C4 salkyl-, —O-C,_galkyl-O-C¢alkyl- and -C,salkyl-NR3-C, salkyl-; wherein each
of said -C,alkyl is optionally and independently substituted with from 1 to 3 substituents
selected from —halo, -OH, -C,_salkyl, -O-C,_¢alkyl, -S-C4_salkyl, -phenyl, and -NR3R24

X, is selected from —C,galkyl-, —O-C4ealkyl-, —S-C4ealkyl-, -(C=0)-, -NR,-(C=0)-, -Csalkyl-
NR;-, -NR>-, -(C=0)-, -NR-(C=0)-NR3s-, -NR>-C4salkyl-, -NR>-SO,-, -NR,-(C=0)-C_salkyl-,
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-(C=0)-NRy-C4 salkyl-, —O-C,_galkyl-O-C¢alkyl- and -C,salkyl-NR,-C4 salkyl-; wherein each
of said -C,alkyl is optionally and independently substituted with from 1 to 3 substituents
selected from —halo, -OH, -C,_salkyl, -O-C,_salkyl, -S-C4 salkyl, -phenyl and —-NR>5R;
Y is selected from a direct bond, -CHRg-, -O-, -S-, and -NRs-;
5 Ar,, Ars, and Ar, are each independently a 5- or 6-membered aromatic heterocycle optionally
comprising 1 or 2 heteroatoms selected from O, N and S; wherein each of said Ar,, Arz, and
Ar, is optionally and independently substituted with from 1 to 3 substituents selected from
—NR19R2g, -C4salkyl, -O-C4ealkyl, and -S-C,_ ¢alkyl;
Het, Het,, Het;, Hety, Hets, Hets, Het; and Het; are each independently a 5-or 6-membered
10 monocyclic heterocycle having from 1 to 3 heteroatoms selected from O, N and S, wherein
each of said Het,, Het,, Hets, Hets, Hets, Hets, Het; and Hets is optionally substituted with
from 1 to 3 substituents selected from —Cgalkyl, -O-C4alkyl, -S-C,ealkyl, and -NR>R;;
wherein each of said -C,salkyl is optionally and independently substituted with from 1to 3 -
halo;
15 Z4, 2y, Z3, Z, and Zs are each independently selected from C and N;
m and n are each independently 1, 2, 3, or 4.

for use in the diagnosis, prevention and/or treatment of a LRRK2-kinase associated disease.
In a particular embodiment, the present invention provides compounds for use in the diagnosis,

20 prevention and/or treatment of a LRRK2-kinase associated disease wherein said compounds

are selected from:

—N
= N a N/N Z N \
\ \ ™ A
N N = HN N
H H N F H
H HN\/\
N N —N
= N/\ = N\ Z” N N
x> ==, N = NS =,
gN N ; H
HN HN ﬁ
\/\ WN mN
H H H



WO 2014/140235

PCT/EP2014/055049
-8-
_ —N -~ —N
P NN 9 NS¢ &
=~ =~ =~
N %N \N \N \N
o} HN HN
N
HN\/\/ _\/\H H_\—o

/

/L‘ é /N / J.. ?
H\/\N ”k ”N
o5 L5 ey
~ N A /(\ \
HN \N F HNS N F 0O \N =
ﬁ HN ’/’
”/\/0 j/”

/

-~ N/N
e N/N\ ™ \\ Z =N
s HN N N N
HN N HN N F
N
(o]
HN ==



WO 294 4140235

g /N 10 Hl\{)
\/\'{;’
N\ —N N
N, A ) \
N N = HN \N N = /N
/) (/ NN v/
NN
F
e T add
(o] H 7o)
o oy
= Sn—N
N, Ay NN \\ rN |
/) " /) v N Pt
o
/N
\/¥O HN\/L ﬁ
(o] H&O
= Ny—N
oS
TN oS
F \
(oY 4 RK
ci
h’/>\o
HN
\/¥o



WO 2014/140235

-n

Iz

PCT/EP2014/055049

z—\_§
VA

\Z
\
[0 g



WO 2014/140235 PCT/EP2014/055049

-11 -

=~ N/N
/(\\\ \ /(YN
=~ SN
HN N /E\ \ Y,
F \ \/N
NS = N
_/_"'
N
H

c N
N \/NWN e WN

H H

/(\N/N\ /(YN
> = N /
HNT N’ ; e N N ;
ﬁ ﬁ |
OkN NkN
H H H
5 In particular in the compounds according to this invention, the pyrazolopyrimidine or the

imidazopyridazine moiety is linked to the aryl or heteroaryl moiety at position Z, or Zs, in
accordance with the numbering as provided in Formula I. Furthermore, the R, of the compounds
according to this invention is preferably linked to the aryl or heteroaryl moiety at position Z,, Z,

or Z3, in accordance with the numbering as provided in Formula I.

10 In a further embodiment, the present invention provides a compound of Formula (lic) or a
stereoisomer, tautomer, racemic, metabolite, pro- or predrug, salt, hydrate,

N-oxide form, or solvate thereof,

(lic)
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wherein

A, and A, are selected from C and N; wherein when A, is C, then A, is N; and wherein when A,
is C, then A;is N;

R, is selected from the list comprising —H, -F, -CHs, and -CN

X, is selected from the list comprising —NH- and —O-

m and n are each independently 1, 2, 3, or 4

for use in the prevention and/or treatment of a LRRK2-kinase associated disease.

In a particular embodiment, the present invention provides compounds for use in the diagnosis,
prevention and/or treatment of a LRRK2-kinase associated disease wherein said compounds

are selected from:

4 /N\ 2 N=N =z N/N\
> A N 4 A

H HN

and QN N
HN\/\O

In a particular embodiment, the LRRK2-kinase associated disease is chosen between Crohn’s
disease, leprosy, and a neurological disorder. Preferably, the neurological disorder is

Parkinson’s disease or Alzheimer’s disease.

The present invention further provides a pharmaceutical composition for use in the diagnosis,
prevention and/or treatment of a LRRK2-kinase associated disease comprising a compound

according to the present invention.

The present invention also provides the use of a compound, or a composition according to this

invention, suitable for inhibiting the activity of a kinase; in particular a LRRK2 kinase.
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Furthermore, the present invention provides the use of a compound or a composition according
to this invention, for the diagnosis, prevention and/or treatment of a LRRK2-kinase associated

disease.

5 Moreover, the present invention provides a method for the prevention and/or treatment of a
LRRK2-kinase associated disease; said method comprising administering to a subject in need

thereof a compound or a composition according to this invention.

Furthermore, the present invention provides new compounds of Formula (llic) or a

stereoisomer, tautomer, racemic, metabolite, pro- or predrug, salt, hydrate, N-oxide form, or

10 solvate thereof,
~N
~ N N
~N ~
j N R7
NH
NG /\O R,
(llc)
wherein

R;is —-H and R is —F; or
R7is —H and R, is —F.

15 In another embodiment, the present invention provides a compound of formula (IVc) or a
stereoisomer, tautomer, racemic, metabolite, pro- or predrug, salt, hydrate, N-oxide form, or

solvate thereof:

~N

(IVc)
wherein

20 R, is selected from the list comprising —H, -F, -CHs, and -CN
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Xy and X, are each independently selected from the list comprising -NH- and —O-
m and n are each independently 1, 2, 3, or 4.

with the proviso that said compound is not

5 In a further aspect, the present invention provides a compound according to this invention for

use as a medicine or diagnostic agent.

The present invention also provides a pharmaceutical composition comprising a compound as

defined herein.

In another embodiment, the present invention provides a compound of formula (Vc)

10
N
Q N/:
X N
S 2 H
(CHy)n
N
Rn/ X
/ 1
(CH2)m (VC)
wherein
R, is selected from the list comprising —H, and —F,
Xy and X, are each independently selected from the list comprising -NRx- and —O-,
15 Rx is H or a methyl group,

m and n are each independently 1, 2, 3, or 4,

Rn is H or a methyl group,

with the proviso that said compound is not
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DETAILED DESCRIPTION OF THE INVENTION

The present invention will now be further described. In the following passages, different aspects
of the invention are defined in more detail. Each aspect so defined may be combined with any
other aspect or aspects unless clearly indicated to the contrary. In particular, any feature
indicated as being preferred or advantageous may be combined with any other feature or

features indicated as being preferred or advantageous.

Unless a context dictates otherwise, asterisks are used herein to indicate the point at which a
mono- or bivalent radical depicted is connected to the structure to which it relates and of which

the radical forms part.

As already mentioned hereinbefore, in a first aspect the present invention provides a compound
of Formula | or a stereoisomer, tautomer, racemic, metabolite, pro- or predrug, salt, hydrate, N-

oxide form, or solvate thereof,

(CHz)m

Wherein

A, and A, are selected from C and N; wherein when A, is C, then A, is N; and wherein when A,
is C, then A;is N;

R; and R; are each independently selected from —H, —halo, -OH, -C, salkyl, -O-Csalkyl, -S-C.
salkyl, -NRgRp, -(C=0)-R4, -SO,-R4, -CN, -NRy-SO,-R4, -Csecycloalkyl, and -Hets; wherein
each of said -Cisalkyl is optionally and independently substituted with from 1 to 3
substituents selected from —halo, -OH, -NR4R,, -O-C,salkyl, and -S-C,_ ¢alkyl;

R, is selected from —H, -halo, -OH, -Cqgsalkyl, -O-C4salkyl, -S-C,ealkyl, -(C=0)-C,ealkyl, -
(C=0)-0O-Cqsalkyl, -(C=0)-NR27R2s, -Het;, (C=0)-Hets, -SO,-C4salkyl, and -Cj scycloalkyl;
wherein each of said -C,.salkyl is optionally and independently substituted with from 1 to 3
substituents selected from —halo, —OH, -O-C, salkyl, -S-C,_ealkyl, -Hets, -Ar,, and -NR 3R 4;

R3 is selected from —H, -halo, -OH, -C_salkyl, -O-C,salkyl, -S-C_salkyl, (C=0)-C,_salkyl, -(C=0)-
O-Cealkyl, -Het,, -Cs scycloalkyl -(C=0)-Het,, -(C=0)-NRxR30, and -SO,-C4_salkyl; wherein
each of said -Cisalkyl is optionally and independently substituted with from 1 to 3
substituents selected from —halo, —OH, -O-C, salkyl, -S-C,_ealkyl, -NR1sR ¢, -Het, and -Ar;



10

15

20

25

30

35

WO 2014/140235 PCT/EP2014/055049

-20-

R, is independently selected from —halo, —OH, -C,alkyl, -O-C,salkyl, -S-C4alkyl, -NR17R s,
and -Hety;

Rs is selected from —H, -C,ealkyl, -Csecycloalkyl; wherein each of said Csealkyl or -Cs.
sCycloalkyl is optionally and independently substituted with from 1 to 3 substituents selected
from —halo, —OH, -OC, salkyl, -SC_salkyl, -Hets, and -NR31R3y;

Rs is selected from -H, -OH, -halo, -C4_salkyl, -O-C4_salkyl, -S-C4_salkyl, -NR33R34, and -Hetsg;

R91 R'IO, R'I'I, R'IZ, R131 R141 R151 R161 R171 R'IS, R'IQ, R201 RZ'I, R221 R231 R241 R251 R261 R271 R281 R291
Ra0, Rs1, R3z, Rss, Ras, Rs7 and Rsg are each independently selected from —H, =0, -C, salkyl,
and -Het,; wherein each of said -C,_¢alkyl is optionally and independently substituted with
from 1 to 3 substituents selected from —halo, —OH, -O-C,salkyl, -S-C4alkyl, -NR35R36, -
Het;, and -Ary;

Rss and Rsg are each independently selected from —H, =0, and -C,_¢alkyl; wherein each of said -
C1ealkyl is optionally and independently substituted with from 1 to 3 substituents selected
from —halo, -OH, -O-C,_salkyl, and -S-C_salkyl;

X, is selected from —C,galkyl-, —O-C4ealkyl-, —S-C,ealkyl-, -(C=0)-, -NR3-(C=0)-, -Csalkyl-
NR3-, -NR;-, -(C=0)-, -NR;3-(C=0)-NR37-, -NR3-C4salkyl-, -NR5-SO,-, -NR;3-(C=0)-C_salkyl-,
-(C=0)-NR3-C4 salkyl-, —O-C,_galkyl-O-C¢alkyl- and -C,salkyl-NR3-C, salkyl-; wherein each
of said -C,alkyl is optionally and independently substituted with from 1 to 3 substituents
selected from —halo, -OH, -C,_salkyl, -O-C,_salkyl, -S-C4_salkyl, -phenyl, and -NR3R24

X, is selected from —C,galkyl-, —O-C4ealkyl-, —S-C4ealkyl-, -(C=0)-, -NR,-(C=0)-, -Csalkyl-
NR>-, -NR;-, -(C=0)-, -NR,-(C=0)-NR3s-, -NR>-C4salkyl-, -NR>-SO,-, -NR>-(C=0)-C_salkyl-,
-(C=0)-NR,-C4 salkyl-, —O-C,_galkyl-O-C¢alkyl- and -C,salkyl-NR,-C4 salkyl-; wherein each
of said -C,alkyl is optionally and independently substituted with from 1 to 3 substituents
selected from —halo, -OH, -C,_salkyl, -O-C,_salkyl, -S-C4 salkyl, -phenyl and -NR25R;

Y is selected from a direct bond, -CHR¢-, -O-, -S-, and -NRs-;

Ar,, Ars, and Ar, are each independently a 5- or 6-membered aromatic heterocycle optionally
comprising 1 or 2 heteroatoms selected from O, N and S; wherein each of said Ar,, Arz, and
Ar, is optionally and independently substituted with from 1 to 3 substituents selected from
—NR19R2g, -C4salkyl, -O-C4ealkyl, and -S-C,_¢alkyl;

Het, Het,, Het;, Hety, Hets, Hets, Het; and Het; are each independently a 5-or 6-membered
monocyclic heterocycle having from 1 to 3 heteroatoms selected from O, N and S, wherein
each of said Het,, Het,, Hets, Hets, Hets, Hets, Het; and Hets is optionally substituted with
from 1 to 3 substituents selected from —Cgalkyl, -O-C4alkyl, -S-C,¢alkyl, and -NR>R;;
wherein each of said -C,salkyl is optionally and independently substituted with from 1to 3 -
halo;

Z4, 2y, Z3, Z, and Zs are each independently selected from C and N;

m and n are each independently 1, 2, 3, or 4.

for use in the diagnosis, prevention and/or treatment of a LRRK2-kinase associated disease.
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Unless indicated otherwise, all of the above radicals can be read both ways. For example, when
A is -(C=0)-NRs-, the -(C=0)- may be attached to X; and -NRs- attached to X,. Alternatively, the
-(C=0)- may be attached to X; and -NRs- attached to X;. What is called “left part” of a radical is
for example when A is -(C=0)-NRs-, -(C=0)-, and the “right part” is -NRs-.

Preferably, Y is such as the left part of the possible values of Y (i.e. in particular —CH from -
CHRg-) is attached to X;. Alternatively, Y is such as the right part of the possible values of Y

(i.e. in particular -Rg- from -CHRe- is attached to X;.

Preferably, X is such as the left part of the possible values of X, (i.e. in particular —O from -O-
Cisalkyl, -S from —S-Cgalkyl, -NR; from -NR3-(C=0) and -NR3-C, salkyl, -SO, from -SO,-NR3,
etc) is attached to the Z-Z5s aryl or heteroaryl moiety. Alternatively, X; is such as the right part
of the possible values of X, (i.e. in particular (C,alkyl)- from —O-C,¢alkyl, —S-C4alkyl and -
NR;-C4salkyl, -(C=0) from -NR;-(C=0), (NR;)- from -SO,-NR;, etc) is attached to the Z,-Z5 aryl

or heteroaryl moiety.

Preferably, X; is such as the left part of the possible values of X; (i.e. in particular —-O from -O-
Cisalkyl, -S from —S-C,ealkyl, -(C=0) from —(C=0)-NR;, -NR; from -NR>-C,¢alkyl, -SO, from -
S0,-NR;, etc) is attached to the pyrazolopyrimidine moiety. Alternatively, X, is such as the right
part of the possible values of X; (i.e. in particular (C4salkyl)- from —O-C, salkyl, —=S-C, ¢alkyl and
-NR,-Cisalkyl, (NR;)- from —(C=0)-NR, and -SO,-NR,, etc) is attached to the

pyrazolopyrimidine moiety.

The same principle applies to all the radicals of the invention unless specified otherwise.

When describing the compounds of the invention, the terms used are to be construed in

accordance with the following definitions, unless a context dictates otherwise:

The term "alkyl" by itself or as part of another substituent refers to fully saturated hydrocarbon
radicals. Generally, alkyl groups of this invention comprise from 1 to 6 carbon atoms. Alkyl
groups may be linear or branched and may be substituted as indicated herein. When a
subscript is used herein following a carbon atom, the subscript refers to the number of carbon
atoms that the named group may contain. Thus, for example, C1salkyl means an alkyl of one to
six carbon atoms. Examples of alkyl groups are methyl, ethyl, n-propyl, i-propyl, butyl, and its
isomers (e.g. n-butyl, i-butyl and t-butyl); pentyl and its isomers, hexyl and its isomers. C4-Cg
alkyl includes all linear, branched, or cyclic alkyl groups with between 1 and 6 carbon atoms,
and thus includes methyl, ethyl, n-propyl, i-propyl, butyl and its isomers (e.g. n-butyl, i-butyl and
t-butyl); pentyl and its isomers, hexyl and its isomers, cyclopropyl, cyclobutyl, cyclopentyl, and

cyclohexyl.
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The term "optionally substituted alkyl" refers to an alkyl group optionally substituted with one or
more substituents (for example 1 to 3 substituents, for example 1, 2 or 3 substituents or 1 to 2
substituents) at any available point of attachment. Non-limiting examples of such substituents
include —halo, -OH, primary and secondary amides, -O-C4alkyl, -S-C4¢alkyl, heteroaryl, aryl,
and the like.

The term “cycloalkyl” by itself or as part of another substituent is a cyclic alkyl group, that is to
say, a monovalent, saturated, or unsaturated hydrocarbyl group having a cyclic structure.
Cycloalkyl includes all saturated or partially saturated (containing 1 or 2 double bonds)
hydrocarbon groups having a cyclic structure. Cycloalkyl groups may comprise 3 or more
carbon atoms in the ring and generally, according to this invention comprise from 3 to 6 atoms.
Examples of cycloalkyl groups include but are not limited to cyclopropyl, cyclobutyl, cyclopentyl,

cyclohexyl.

Where alkyl groups as defined are divalent, i.e., with two single bonds for attachment to two
other groups, they are termed "alkylene" groups. Non-limiting examples of alkylene groups
includes methylene, ethylene, methylmethylene, trimethylene, propylene, tetramethylene,

ethylethylene, 1,2-dimethylethylene, pentamethylene and hexamethylene.

Generally, alkylene groups of this invention preferably comprise the same number of carbon
atoms as their alkyl counterparts. Where an alkylene or cycloalkylene biradical is present,
connectivity to the molecular structure of which it forms part may be through a common carbon
atom or different carbon atom. To illustrate this applying the asterisk nomenclature of this
invention, a C; alkylene group may be for example *-CH,CH,CH,-*, *-CH(-CH,CHs3)-*, or *-
CH,CH(-CHj5)-*. Likewise a C; cycloalkylene group may be

The terms "heterocycle” as used herein by itself or as part of another group refer to non-
aromatic, fully saturated or partially unsaturated cyclic groups (for example, 3 to 6 membered
monocyclic ring systems, or 8-10 membered bicyclic rings) which have at least one heteroatom
in at least one carbon atom-containing ring. Each ring of the heterocyclic group containing a
heteroatom may have 1, 2, 3 or 4 heteroatoms selected from nitrogen atoms, oxygen atoms
and/or sulfur atoms. An optionally substituted heterocyclic refers to a heterocyclic having
optionally one or more substituents (for example 1 to 4 substituents, or for example 1, 2, 3 or 4),
selected from those defined above for substituted alkyl.

Exemplary heterocyclic groups include piperidinyl, azetidinyl, imidazolinyl, imidazolidinyl,
isoxazolinyl, oxazolidinyl, isoxazolidinyl, thiazolidinyl, isothiazolidinyl, piperidyl, succinimidyl, 3H-
indolyl, isoindolinyl, chromenyl, isochromanyl, xanthenyl, 2H-pyrrolyl, 1-pyrrolinyl, 2-pyrrolinyl, 3-
pyrrolinyl,  pyrrolidinyl, 4H-quinolizinyl, 4aH-carbazolyl, 2-oxopiperazinyl, piperazinyl,
homopiperazinyl, 2-pyrazolinyl, 3-pyrazolinyl, pyranyl, dihydro-2H-pyranyl, 4H-pyranyl, 3,4-
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dihydro- 2H-pyranyl, phthalazinyl, oxetanyl, thietanyl, 3-dioxolanyl, 1,3-dioxanyl, 2,5-
dioximidazolidinyl, 2,2 4-piperidonyl, 2-oxopiperidinyl, 2-oxopyrrolodinyl, 2-oxoazepinyl,
indolinyl, tetrahydropyranyl, tetrahydrofuranyl, tetrehydrothienyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, thiomorpholinyl, thiomorpholinyl sulfoxide, thiomorpholinyl sulfone, 1,3-
dioxolanyl, 1,4-oxathianyl, 1,4-dithianyl, 1,3,5-trioxanyl, 6H-1,2,5-thiadiazinyl, 2H-1,5,2-
dithiazinyl, 2H-oxocinyl, 1H-pyrrolizinyl, tetrahydro- 1,1-dioxothienyl, N- formylpiperazinyl, and
morpholinyl; in particular pyrrolidinyl, imidazolidinyl, pyrazolidinyl, piperidinyl, dioxolanyl,
dioxanyl, morpholinyl, thiomorpholinyl, piperazinyl, thiazolidinyl, tetrahydropyranyl, and

tetrahydrofuranyl.

8-10 membered heterocyclic groups are also meant to include spiro-groups, which are bicyclic
compounds with both rings connected through a single atom, such as for example
spiro[4.5]decane, which is a spiro compound consisting of a cyclohexane ring and a

cyclopentane ring.

The term “aryl" as used herein refers to a polyunsaturated, aromatic hydrocarbyl group having
from 5-10 atoms. Aryl is also intended to include the partially hydrogenated derivatives of the
carbocyclic systems enumerated herein. Non-limiting examples of aryl comprise phenyl,
biphenylyl, biphenylenyl, 5- or 6-tetralinyl, 1-, 2-, 3-, 4-, 5-, 6-, 7-, or 8-azulenyl, 1- or 2-naphthyl,
1-, 2-, or 3-indenyl, 1-, 2-, or 9-anthryl, 1- 2-, 3-, 4-, or 5-acenaphtylenyl, 3-, 4-, or 5-
acenaphtenyl, 1-, 2-, 3-, 4-, or 10-phenanthryl, 1- or 2-pentalenyl, 1, 2-, 3-, or 4-fluorenyl, 4- or
5-indanyl, 5-, 6-, 7-, or 8-tetrahydronaphthyl, 1,23 4-tetrahydronaphthyl, 1,4-dihydronaphthyl,
dibenzo[a,d]cylcoheptenyl, and 1-, 2-, 3-, 4-, or 5-pyrenyl; in particular phenyl.

The aryl ring can optionally be substituted by one or more substituents. An “optionally
substituted aryl” refers to an aryl having optionally one or more substituents (for example 1 to 5
substituents, for example 1, 2, 3 or 4) at any available point of attachment, selected from those

defined above for substituted alkyl.

Where a carbon atom in an aryl group is replaced with a heteroatom, the resultant ring is

referred to herein as a heteroaryl ring.

The term “heteroaryl” as used herein by itself or as part of another group refers but is not limited
to 5 to 10 carbon-atom aromatic rings in which one or more carbon atoms can be replaced by
oxygen, nitrogen or sulfur atoms. Non-limiting examples of such heteroaryl, include: pyrrolyl,
furanyl, thiophenyl, pyrazolyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, triazolyl,
oxadiazolyl, thiadiazolyl, tetrazolyl, oxatriazolyl, thiatriazolyl, pyridinyl, pyrimidyl, pyrazinyl,
pyridazinyl, oxazinyl, dioxinyl, thiazinyl, triazinyl, imidazo[2,1-b][1,3]thiazolyl, thieno[3,2-
blfuranyl, thieno[3,2-b]thiophenyl, thieno[2,3-d][1,3]thiazolyl, thieno[2,3-d]imidazolyl,
tetrazolo[1,5-a]pyridinyl, indolyl, indolizinyl, isoindolyl, benzofuranyl, isobenzofuranyl,
benzothiophenyl, isobenzothiophenyl, indazolyl, benzimidazolyl, 1,3-benzoxazolyl, 1,2-
benzisoxazolyl, 2,1-benzisoxazolyl, 1,3-benzothiazolyl, 1,2-benzoisothiazolyl, 2,1-

benzoisothiazolyl, benzotriazolyl, 1,2,3-benzoxadiazolyl, 2,1,3-benzoxadiazolyl, 1,2,3-



10

15

20

25

30

35

WO 2014/140235 PCT/EP2014/055049

24 -

benzothiadiazolyl, 2,1,3-benzothiadiazolyl, thienopyridinyl, purinyl, imidazo[1,2-a]pyridinyl, 6-
oxo-pyridazin-1(6H)-yl, 2-oxopyridin-1(2H)-yl, 6-oxo-pyridazin-1(6H)-yl, 2-oxopyridin-1(2H)-yl,
1,3-benzodioxolyl, quinolinyl, isoquinolinyl, cinnolinyl, quinazolinyl, quinoxalinyl, 7-azaindolyl, 6-
azaindolyl, 5-azaindolyl, 4-azaindolyl.

An “optionally substituted heteroaryl” refers to a heteroaryl having optionally one or more
substituents (for example 1 to 4 substituents, for example 1, 2, 3 or 4), selected from those

defined above for substituted alkyl.

The term “halo” or “halogen” as a group or part of a group is generic for fluoro, chloro, bromo, or

iodo, as well as any suitable isotope thereof.

Whenever the term “substituted” is used in the present invention, it is meant to indicate that one
or more hydrogens on the atom indicated in the expression using “substituted” is replaced with
a selection from the indicated group, provided that the indicated atom’s normal valency is not
exceeded, and that the substitution results in a chemically stable compound, i.e. a compound
that is sufficiently robust to survive isolation to a useful degree of purity from a reaction mixture,

and formulation into a therapeutic and/or diagnostic agent.

Where groups may be optionally substituted, such groups may be substituted once or more,
and preferably once, twice or thrice. Substituents may be selected from, those defined above for

substituted alkyl.

As used herein the terms such as “alkyl, aryl, or cycloalkyl, each being optionally
substituted with” or “alkyl, aryl, or cycloalkyl, optionally substituted with” refers to optionally

substituted alkyl, optionally substituted aryl and optionally substituted cycloalkyl.

More generally, from the above, it will be clear to the skilled person that the compounds of the
invention may exist in the form of different isomers and/or tautomers, including but not limited to
geometrical isomers, conformational isomers, E/Z-isomers, stereochemical isomers (i.e.
enantiomers and diastereoisomers) and isomers that correspond to the presence of the same
substituents on different positions of the rings present in the compounds of the invention. All
such possible isomers, tautomers and mixtures thereof are included within the scope of the

invention.

In addition, the invention includes isotopically-labelled compounds and salts, which are identical
to compounds of formula (1), but for the fact that one or more atoms are replaced by an atom
having an atomic mass or mass number different from the atomic mass or mass number most
commonly found in nature. Examples of isotopes that can be incorporated into compounds of
formula () are isotopes of hydrogen, carbon, nitrogen, fluorine, such as *H, "'c, N, c, ™0
and '®F. Such isotopically-labelled compounds of formula (1) are useful in drug and/or substrate
tissue distribution assays. For example "'C and F isotopes are particularly useful in PET
(Positron Emission Tomography). PET is useful in brain imaging. Isotopically labeled

compounds of formula (I) can generally be prepared by carrying out the procedures disclosed
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below, by substituting a readily available non-isotopically labeled reagent with an isotopically

labeled reagent.

Whenever used in the present invention the term “compounds of the invention” or a similar term
is meant to include the compounds of general Formula | and any subgroup thereof. This term
also refers to the compounds as depicted in Table 1, their derivatives, N-oxides, salts, solvates,
hydrates, stereoisomeric forms, racemic mixtures, tautomeric forms, optical isomers, analogues,
pro-drugs, esters, and metabolites, as well as their quaternized nitrogen analogues. The N-
oxide forms of said compounds are meant to comprise compounds wherein one or several

nitrogen atoms are oxidized to the so-called N-oxide.

As used in the specification and the appended claims, the singular forms "a", "an", and "the"
include plural referents unless the context clearly dictates otherwise. By way of example, "a

compound" means one compound or more than one compound.

The terms described above and others used in the specification are well understood to those in

the art.

In a particular embodiment, the present invention provides compounds of Formula | or a
stereoisomer, tautomer, racemic, metabolite, pro- or predrug, salt, hydrate, N-oxide form, or
solvate thereof; for use in the diagnosis prevention and/or treatment of a LRRK2-kinase

associated disease; wherein one or more of the following applies

A, and A, are selected from C and N; wherein when A, is C, then A, is N; and wherein when A,
is C, then A;is N;

R; and R; are each independently selected from —H, —halo, -OH, -C, salkyl, -O-Csalkyl, -S-C.
salkyl, -NRgRp, -(C=0)-R4, -SO,-R4, -CN, -NRy-SO,-R,, -C3 ecycloalkyl, and -Hets; wherein
each of said -Cisalkyl is optionally and independently substituted with from 1 to 3
substituents selected from —halo, -OH, -NR4R,, -O-C,salkyl, and -S-C,_ ¢alkyl;

R, is selected from —H, -halo, -OH, -Cqsalkyl, -O-C;salkyl, -S-C,ealkyl, -(C=0)-C,ealkyl, -
(C=0)-0O-Cqpalkyl, -(C=0)-NRx;Rzs, -Het;, (C=0)-Hets, -SO,-C1alkyl, and -C;¢cycloalkyl;
wherein each of said -C,.salkyl is optionally and independently substituted with from 1 to 3
substituents selected from —halo, —OH, -O-C, salkyl, -S-C,_ealkyl, -Hets, -Ar,, and -NR 3R 4;

Rs is selected from —H, -halo, -OH, -Csalkyl, -O-C, salkyl, -S-C_salkyl, (C=0)-C,_salkyl, -(C=0)-
O-Cealkyl, -Het,, -Cs scycloalkyl -(C=0)-Het,, -(C=0)-NRxR39, and -SO,-C4_salkyl; wherein
each of said -Cisalkyl is optionally and independently substituted with from 1 to 3
substituents selected from —halo, —OH, -O-C, salkyl, -S-C,_ealkyl, -NR1sR ¢, -Het, and -Ar;

R, is independently selected from —halo, —OH, -C,alkyl, -O-C,salkyl, -S-C4alkyl, -NR17R s,
and -Hety;

Rs is selected from —H, -C,ealkyl, -Csecycloalkyl; wherein each of said Csealkyl or -Cs.
sCycloalkyl is optionally and independently substituted with from 1 to 3 substituents selected
from —halo, —OH, -OC, salkyl, -SC_salkyl, -Hets, and -NR31R3y;
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Rs is selected from -H, -OH, -halo, -C4_salkyl, -O-C4_salkyl, -S-C4_salkyl, -NR33R34, and -Hetsg;

R91 R'IO, R'I'I, R'IZ, R131 R141 R151 R161 R171 R'IS, R'IQ, R201 RZ'I, R221 R231 R241 R251 R261 R271 R281 R291
Ra0, Rs1, R3z, Rss, Ras, Rs7 and Rsg are each independently selected from —H, =0, -C, salkyl,
and -Hetq; wherein each of said -C,salkyl is optionally and independently substituted with
from 1 to 3 substituents selected from —halo, —OH, -O-C,salkyl, -S-C4alkyl, -NR35R36, -
Het;, and -Ary;

Rss and Rsg are each independently selected from —H, =0, and -C,_¢alkyl; wherein each of said -
C1ealkyl is optionally and independently substituted with from 1 to 3 substituents selected
from —halo, —OH, -O-C,_salkyl, and -S-C, salkyl;

X, is selected from —C,galkyl-, —O-C4ealkyl-, —S-C,ealkyl-, -(C=0)-, -NR3-(C=0)-, -Csalkyl-
NR3-, -NR3-, -(C=0)-, -NR;3-(C=0)-NR37-, -NR;3-C4salkyl-, -NR3-SO,-, -NR;3-(C=0)-C_salkyl-,
-(C=0)-NR3-C4 salkyl-, —O-C,_galkyl-O-C¢alkyl- and -C,salkyl-NR3-C, salkyl-; wherein each
of said -C,alkyl is optionally and independently substituted with from 1 to 3 substituents
selected from —halo, -OH, -C,_salkyl, -O-C,_salkyl, -S-C4salkyl, -phenyl, and -NR»3R24

X, is selected from —C,galkyl-, —O-C4ealkyl-, —S-C4ealkyl-, -(C=0)-, -NR,-(C=0)-, -Csalkyl-
NR>-, -NR>-, -(C=0)-, -NRx-(C=0)-NR3s-, -NR>-C4salkyl-, -NR>-SO,-, -NR>-(C=0)-C_salkyl-,
-(C=0)-NR,-C4 salkyl-, —O-C,_galkyl-O-C¢alkyl- and -C,salkyl-NR,-C4 salkyl-; wherein each
of said -C,alkyl is optionally and independently substituted with from 1 to 3 substituents
selected from —halo, -OH, -C,_salkyl, -O-C,_salkyl, -S-C4 salkyl, -phenyl and —-NR25R;

Y is selected from a direct bond, -CHR¢-, -O-, -S-, and -NRs-;

Ar,, Ars, and Ar, are each independently a 5- or 6-membered aromatic heterocycle optionally
comprising 1 or 2 heteroatoms selected from O, N and S; wherein each of said Ar,, Arz, and
Ar, is optionally and independently substituted with from 1 to 3 substituents selected from
—NR19R2g, -C4salkyl, -O-C4ealkyl, and -S-C,_¢alkyl;

Het,, Het,, Het;, Hety, Hets, Hets, Het; and Het; are each independently a 5-or 6-membered
monocyclic heterocycle having from 1 to 3 heteroatoms selected from O, N and S, wherein
each of said Het,, Het,, Hets, Hets, Hets, Hets, Het; and Hets is optionally substituted with
from 1 to 3 substituents selected from —Cgalkyl, -O-C4alkyl, -S-C,¢alkyl, and -NR>R;;
wherein each of said -C,salkyl is optionally and independently substituted with from 1to 3 -
halo;

Z4, 2y, Z3, Z, and Zs are each independently selected from C and N;

m and n are each independently 1, 2, 3, or 4.

In particular, X4, and X, as used herein, represent biradicals, which taken together with the
radicals to which they are attached form a macrocyclic pyrazolopyrimidine compound. Said
biradicals may be present in either of both directions in the macrocyclic pyrazolopyrimidine, but

are preferably present in the direction as described below:

Referring to formula I:
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X, is selected from the list comprising *—C,_salkyl-, *~O-C4_¢alkyl-, *-S-C, salkyl-, *-(C=0)-
, *-NR;-(C=0)-, *-C4salkyl-NR;-, *-NR;-, *-(C=0)-, *-NR;-(C=0)-NR37-, *-NR3-C4salkyl-, *-
NR;3-SO»-, *-NR3-(C=0)-Cqsalkyl-, *-(C=0)-NR3-C,alkyl-, *—O-C, salkyl-O-C,¢alkyl- and
*-Cqealkyl-NR3-C4 salkyl-; wherein said biradical is preferably attached to the aryl or
heteroaryl moiety via *;

X is selected from the list comprising *~C.salkyl-, *~0O-C,_salkyl-, *-S-C_salkyl-, *-(C=0)-,
*-NR-(C=0)-, *-Ciealkyl-NRy-, *-NR,-, *-(C=0)-, *-NR,-(C=0)-NR3s-, *-NR-C,alkyl-,
*-NRx-SO,-, *-NR,-(C=0)-Cqsalkyl-, *-(C=0)-NR,-C,qalkyl-, *-0O-C,galkyl-O-C,alkyl-
and *-C,ealkyl-NR,-Cqsalkyl-; wherein said biradical is preferably attached to the

pyrazolopyrimidine moiety via *;

In a preferred embodiment, the present invention provides compounds of formula | or a
stereoisomer, tautomer, racemic, metabolite, pro- or predrug, salt, hydrate, N-oxide form, or
solvate thereof, for use in the diagnosis, prevention and/or treatment of a LRRK2-kinase

associated disease wherein
AjisCand Asis N

R; and R; are each independently selected from —H, —halo, -OH, -C, salkyl, -O-Csalkyl, -S-C.
salkyl, -NRgRp, -(C=0)-R4, -SO,-R4, -CN, -NRy-SO,-R4, -C3 ecycloalkyl, and -Hets; wherein
each of said -Cisalkyl is optionally and independently substituted with from 1 to 3
substituents selected from —halo, -OH, -NR4R,, -O-C,salkyl, and -S-C,_ ¢alkyl;

R, is selected from —H, -halo, -OH, -Cqsalkyl, -O-C4salkyl, -S-C,ealkyl, -(C=0)-C,ealkyl, -
(C=0)-0O-Cqsalkyl, -(C=0)-NRx;Rzs, -Het;, (C=0)-Hets, -SO,-C1alkyl, and -C;¢cycloalkyl;
wherein each of said -C,.salkyl is optionally and independently substituted with from 1 to 3
substituents selected from —halo, —OH, -O-C, salkyl, -S-C,_ealkyl, -Hets, -Ar,, and -NR 3R 4;

Rs is selected from —H, -halo, -OH, -C_salkyl, -O-C,salkyl, -S-C_salkyl, (C=0)-C,_salkyl, -(C=0)-
O-Cealkyl, -Het,, -Cs scycloalkyl -(C=0)-Het,, -(C=0)-NRxR39, and -SO,-C4_salkyl; wherein
each of said -Cisalkyl is optionally and independently substituted with from 1 to 3
substituents selected from —halo, —OH, -O-C, salkyl, -S-C,_ealkyl, -NR1s5R ¢, -Het, and -Ar;

R, is independently selected from —halo, —OH, -C,alkyl, -O-C,alkyl, -S-C4alkyl, -NR17R s,
and -Hety;

Rs is selected from —H, -C,ealkyl, -Csecycloalkyl; wherein each of said Csealkyl or -Cs.
sCycloalkyl is optionally and independently substituted with from 1 to 3 substituents selected
from —halo, —OH, -OC, salkyl, -SC_salkyl, -Hets, and -NR31R3y;

Rs is selected from -H, -OH, -halo, -C4_salkyl, -O-C4_salkyl, -S-C1_salkyl, -NR33R34, and -Hets;

R91 R'101 R'I'I, R'IZ, R131 R141 R151 R161 R171 R'IS, R'IQ, R201 RZ'I, R221 R231 R241 R251 R261 R271 R281 R291
Ra0, Rs1, R3z, Rss, Ras, Rs7 and Rsg are each independently selected from —H, =0, -C, salkyl,
and -Hetq; wherein each of said -C,salkyl is optionally and independently substituted with
from 1 to 3 substituents selected from —halo, —OH, -O-C,salkyl, -S-C4alkyl, -NR35R36, -
Het;, and -Ary;
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Rss and Rsg are each independently selected from —H, =0, and -C,_¢alkyl; wherein each of said -
C1ealkyl is optionally and independently substituted with from 1 to 3 substituents selected
from —halo, -OH, -O-C,_salkyl, and -S-C_salkyl;

X, is selected from —C,galkyl-, —O-C4ealkyl-, —S-C,ealkyl-, -(C=0)-, -NR3-(C=0)-, -Csalkyl-
NR3-, -NR3-, -(C=0)-, -NR;3-(C=0)-NR37-, -NR;3-C4salkyl-, -NR3-SO,-, -NR;3-(C=0)-C_salkyl-,
-(C=0)-NR3-C4 salkyl-, —O-C,_galkyl-O-C¢alkyl- and -C,salkyl-NR3-C, salkyl-; wherein each
of said -C,alkyl is optionally and independently substituted with from 1 to 3 substituents
selected from —halo, -OH, -C,_salkyl, -O-C,_¢alkyl, -S-C4salkyl, -phenyl, and -NR»3R24

X, is selected from —C,galkyl-, —O-C4ealkyl-, —S-C4ealkyl-, -(C=0)-, -NR,-(C=0)-, -Csalkyl-
NR>-, -NR>-, -(C=0)-, -NRx-(C=0)-NR3s-, -NR>-C4salkyl-, -NR>-SO,-, -NR>-(C=0)-C_salkyl-,
-(C=0)-NR,-C4 salkyl-, —O-C,_galkyl-O-C¢alkyl- and -C,salkyl-NR,-C4 salkyl-; wherein each
of said -C,alkyl is optionally and independently substituted with from 1 to 3 substituents
selected from —halo, -OH, -C,_salkyl, -O-C,_salkyl, -S-C4 salkyl, -phenyl and —-NR25R;

Y is selected from a direct bond, -CHR¢-, -O-, -S-, and -NRs-;

Ar,, Ars, and Ar, are each independently a 5- or 6-membered aromatic heterocycle optionally
comprising 1 or 2 heteroatoms selected from O, N and S; wherein each of said Ar,, Arz, and
Ar, is optionally and independently substituted with from 1 to 3 substituents selected from
—NR19R2g, -C4salkyl, -O-C4ealkyl, and -S-C,_¢alkyl;

Het, Het,, Het;, Hety, Hets, Hets, Het; and Het; are each independently a 5-or 6-membered
monocyclic heterocycle having from 1 to 3 heteroatoms selected from O, N and S, wherein
each of said Het,, Het,, Hets, Hets, Hets, Hets, Het; and Hets is optionally substituted with
from 1 to 3 substituents selected from —Cgalkyl, -O-C4alkyl, -S-C,¢alkyl, and -NR>R;;
wherein each of said -C,salkyl is optionally and independently substituted with from 1to 3 -
halo;

Z4, 2y, Z3, Z, and Zs are each independently selected from C and N;

m and n are each independently 1, 2, 3, or 4.

In yet another particular embodiment, the present invention provides a compound or a
stereoisomer, tautomer, racemic, metabolite, pro- or predrug, salt, hydrate, N-oxide form, or
solvate thereof, for use in the diagnosis, prevention and/or treatment of a LRRK2-kinase

associated disease, wherein

AjisNand A, is C

R; and R; are each independently selected from —H, —halo, -OH, -C, salkyl, -O-Csalkyl, -S-C.
salkyl, -NRgRp, -(C=0)-R4, -SO,-R4, -CN, -NRy-SO,-R4, -C3 ecycloalkyl, and -Hets; wherein
each of said -Cisalkyl is optionally and independently substituted with from 1 to 3
substituents selected from —halo, -OH, -NR4R,, -O-C,salkyl, and -S-C,_ ¢alkyl;

R, is selected from —H, -halo, -OH, -Cqsalkyl, -O-C;salkyl, -S-C,ealkyl, -(C=0)-C,ealkyl, -
(C=0)-0O-Cqpalkyl, -(C=0)-NRx;Rzs, -Het;, (C=0)-Hets, -SO,-C1alkyl, and -C;¢cycloalkyl;
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wherein each of said -C,.salkyl is optionally and independently substituted with from 1 to 3
substituents selected from —halo, —OH, -O-C, salkyl, -S-C,_ealkyl, -Hets, -Ar,, and -NR 3R 4;

Rs is selected from —H, -halo, -OH, -C_salkyl, -O-C, salkyl, -S-C_salkyl, (C=0)-C,_salkyl, -(C=0)-
O-Cealkyl, -Het,, -Cs scycloalkyl -(C=0)-Het,, -(C=0)-NRxR39, and -SO,-C4_salkyl; wherein
each of said -Cisalkyl is optionally and independently substituted with from 1 to 3
substituents selected from —halo, —OH, -O-C, salkyl, -S-C,_ealkyl, -NR1s5R ¢, -Het, and -Ar;

R, is independently selected from —halo, —OH, -C,alkyl, -O-C,alkyl, -S-C4alkyl, -NR17R s,
and -Hety;

Rs is selected from —H, -C,ealkyl, -Csecycloalkyl; wherein each of said Csealkyl or -Cs.
sCycloalkyl is optionally and independently substituted with from 1 to 3 substituents selected
from —halo, —OH, -OC, salkyl, -SC_salkyl, -Hets, and -NR31R3y;

Rs is selected from -H, -OH, -halo, -C4_salkyl, -O-C4_salkyl, -S-C1_salkyl, -NR33R34, and -Hets;

Re, Ri1o, R11, Ri2, Ris, Ris, Ris, Rig, Ri7, Rig, Rig, Rao, Ro1, Rao, Ros, Ros, Ras, Ros, Raz, Ros, Ros,
Ra0, Rs1, R3z, Rss, Ras, Rs7 and Rsg are each independently selected from —H, =0, -C, salkyl,
and -Hetq; wherein each of said -C,salkyl is optionally and independently substituted with
from 1 to 3 substituents selected from —halo, -OH, -O-C;salkyl, -S-C,alkyl, -NR35R36,
-Het;, and -Ary;

Rss and Rsg are each independently selected from —H, =0, and -C,_¢alkyl; wherein each of said -
C1ealkyl is optionally and independently substituted with from 1 to 3 substituents selected
from —halo, —OH, -O-C,_salkyl, and -S-C, salkyl;

X, is selected from —C,galkyl-, —O-C4ealkyl-, —S-C,ealkyl-, -(C=0)-, -NR3-(C=0)-, -Csalkyl-
NR;-, -NR3-, -(C=0)-, -NR;3-(C=0)-NR37-, -NR;3-C;salkyl-, -NR;3-SO,-, -NR;-(C=0)-C_salkyl-,
-(C=0)-NR3-C4 salkyl-, —O-C,_galkyl-O-C¢alkyl- and -C,salkyl-NR3-C, salkyl-; wherein each
of said -C,alkyl is optionally and independently substituted with from 1 to 3 substituents
selected from —halo, -OH, -C,_salkyl, -O-C,_¢alkyl, -S-C4_salkyl, -phenyl, and -NR3R24

X, is selected from —C,galkyl-, —O-C4ealkyl-, —S-C4ealkyl-, -(C=0)-, -NR,-(C=0)-, -Csalkyl-
NR;-, -NR>-, -(C=0)-, -NR-(C=0)-NR3s-, -NR>-C4salkyl-, -NR>-SO,-, -NR,-(C=0)-C_salkyl-,
-(C=0)-NRy-C4 salkyl-, —O-C,_galkyl-O-C¢alkyl- and -C,salkyl-NR,-C4 salkyl-; wherein each
of said -C,alkyl is optionally and independently substituted with from 1 to 3 substituents
selected from —halo, -OH, -C,_salkyl, -O-C,_salkyl, -S-C4 salkyl, -phenyl and —-NR>5R;

Y is selected from a direct bond, -CHRg-, -O-, -S-, and -NRs-;

Ar,, Ars, and Ar, are each independently a 5- or 6-membered aromatic heterocycle optionally
comprising 1 or 2 heteroatoms selected from O, N and S; wherein each of said Ar,, Arz, and
Ar, is optionally and independently substituted with from 1 to 3 substituents selected from
—NR19R2g, -C4salkyl, -O-C4ealkyl, and -S-C,_ ¢alkyl;

Het, Het,, Het;, Hety, Hets, Hets, Het; and Het; are each independently a 5-or 6-membered
monocyclic heterocycle having from 1 to 3 heteroatoms selected from O, N and S, wherein
each of said Het,, Het,, Hets, Hets, Hets, Hets, Het; and Hets is optionally substituted with
from 1 to 3 substituents selected from —Cgalkyl, -O-C4alkyl, -S-C,ealkyl, and -NR>R;;
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wherein each of said -C,salkyl is optionally and independently substituted with from 1 to 3 -
halo;
Z4, 2y, Z3, Z, and Zs are each independently selected from C and N;

m and n are each independently 1, 2, 3, or 4.

Preferably the present invention provides compounds of Formula (1), for use in the diagnosis,
prevention and/or treatment of a LRRK2-kinase associated disease, wherein A, is N and A,
is C.

Preferably, the compounds of Formula (I) of the invention are such that both R, and R; are —H.

Alternatively, the compounds of Formula (I) of the invention are such that R; is

-Halo and Ry is —H.
Preferably, when R, is —Halo, Ry is —F.

For example, the present invention provides compounds of Formula (1) for use in the diagnosis,

prevention and/or treatment of a LRRK2-kinase associated disease wherein
A;is N, Ay is C;

R; and R; are both —H;

and one of Z4, Z,, Z3, Z, and Zsis N and the other ones are each C.

For example, the present invention provides compounds of Formula (1) for use in the diagnosis,

prevention and/or treatment of a LRRK2-kinase associated disease wherein
A;is N, Ay is C;

R; and R; are both —H;

and Z4, Z», Zs, Z4 and Zs are each C.

For example, the present invention provides compounds of Formula (1) for use in the diagnosis,

prevention and/or treatment of a LRRK2-kinase associated disease wherein
A;is N, Ay is C;

R, is -F and Ry is —H;

and Z4, Z», Zs, Z4 and Zs are each C.

For example, the present invention provides compounds of Formula (1) for use in the diagnosis,

prevention and/or treatment of a LRRK2-kinase associated disease wherein
A;is N, Ay is C;
R, is -F and Ry is —H;

and one of Z4, Z,, Z3, Z, and Zsis N and the other ones are each C.
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For example, the present invention provides compounds of Formula (1) for use in the diagnosis,

prevention and/or treatment of a LRRK2-kinase associated disease wherein
A;isC,Asis N;
and R, is -F and R; is —H.

Preferably, the compounds of Formula (1) for use in the diagnosis, prevention and/or treatment

of a LRRK2-kinase associated disease of the invention are such that X; is —O-C salkyl or NR3-.
Preferably, X, is —O-C,salkyl. Alternatively, X, is NR;-.

Preferably, the compounds of Formula (1) for use in the diagnosis, prevention and/or treatment

of a LRRK2-kinase associated disease of the invention are such that X; is NR,- or —O-C4_¢alkyl.

Preferably, X, is NR,-. Alternatively, X, is —O-Calkyl, for example —O-CH,- -O-CH,-CH,- or —
O-CH,-CHs-.

Preferably, the compounds of Formula (1) for use in the diagnosis, prevention and/or treatment

of a LRRK2-kinase associated disease of the invention are such that R, is —H.

Preferably, the compounds of Formula (1) for use in the diagnosis, prevention and/or treatment

of a LRRK2-kinase associated disease of the invention are such that R is —H.

Preferably, the compounds of Formula (1) for use in the diagnosis, prevention and/or treatment

of a LRRK2-kinase associated disease of the invention are such that Y is -NRs or —O-.

Preferably, the compounds of Formula (1) for use in the diagnosis, prevention and/or treatment

of a LRRK2-kinase associated disease of the invention are such that Y is —NRs.

Preferably, the compounds of Formula (1) for use in the diagnosis, prevention and/or treatment
of a LRRK2-kinase associated disease of the invention are such that Rs is —H or -C,_salkyl,

more preferably Rs is —H.

Preferably, the compounds of Formula (1) for use in the diagnosis, prevention and/or treatment

of a LRRK2-kinase associated disease of the invention are such that Y is —O-.

Preferably, the compounds of Formula (1) for use in the diagnosis, prevention and/or treatment
of a LRRK2-kinase associated disease of the invention are such that Z4, Z,, Zs, Z, and Zs are

each C. Alternatively, one of Z4, Z,, Z3, Z, and Zsis N and the other ones are each C.

Preferably the compounds of Formula (1) for use in the diagnosis, prevention and/or treatment
of a LRRK2-kinase associated disease of the invention are such that m is 1. Alternatively, m is

2. Alternatively, m is 3. Alternatively, m is 4.
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Preferably the compounds of Formula (1) for use in the diagnosis, prevention and/or treatment
of a LRRK2-kinase associated disease of the invention are such that nis 1. More preferably, n

is 2. Even more preferably, n is 3. Alternatively, n is 4.
For example, mis 1 or2and nis 2 or 3.

For example, the present invention provides compounds of Formula (1) for use in the diagnosis,

prevention and/or treatment of a LRRK2-kinase associated disease wherein
A;is N, Ay is C;

Xy is —=O-Cgalkyl or NR;-; and

Xz is NR>- or —O-C, galkyl.

For example, the present invention provides compounds of Formula (1) for use in the diagnosis,

prevention and/or treatment of a LRRK2-kinase associated disease wherein
A;is N, Ay is C;

Xy is =O-methyl; and

Xz is NR-.

For example, the present invention provides compounds of Formula (1) for use in the diagnosis,

prevention and/or treatment of a LRRK2-kinase associated disease wherein

A;is N, Ay is C;
X, is NRs-; and
X2 is NRz-.

For example, the present invention provides compounds of Formula (1) for use in the diagnosis,

prevention and/or treatment of a LRRK2-kinase associated disease wherein

A;is N, Ay is C;

Xy is =O-methyl or NR3-;

Xz is NR»- or —O-methyl; and

n and m are each independently 1, 2 or 3.

In particular the present invention provides compounds, for use in the diagnosis, prevention

and/or treatment of a LRRK2-kinase associated disease, wherein said compounds are selected

from:
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