greater force but fatigue faster than slow skeletal muscle fibers and are functionally useful for acute,
large scale movements such as rising from a chair or correcting falls. Healthy diaphragm contains
approximately equal amounts of fast and slow skeletal muscle fibers, but the proportion can change
under diseased conditions.

Summary of invention

[0006] Inone aspect there is provrded a use-of-a-skeletalmuscle-troponinastivator-inthe

i iaphragr-functioninepalientinneedtheresfuse ol a

chemical entity selected from 8-ethynyl-1-(pentan-3-vh-1H-imidazol[4.5-blpyrazin-2-0l, and

6-ethynyl-1-(pentan-3-yl)-1H-imidazo[4.5-blpyrazin-2(3H)-one, or a pharmaceutically acceptable salt

thereof, in the manufacture of a medicament for improving diaphragm function in a patient suffering

from a disease or condition selected from ventilator-induced diaphragmatic weakness or atrophy

steroid-induced diaphragmatic atrophy, hemidiaphraam paralysis, fetal hvdrops. pleural effusion

botulinum poisoning, organophosphate poisoning, Guillain-Barre syndrome, phrenic nerve

dysfunction, asthma, heart failure, amvotrophic lateral sclerosis (ALS), spinal muscular atroph

(SMA), and muscular dystrophy.
[0006a] In another aspect there is prowded aeeeeﬁ&ske&e%elm}se?e%eemﬂee\%%emmhe

emewiaagaeeﬁei@e&ai&%séemmmﬁw%m%pammmeﬂ use of a chemical

entity selected from 6-ethynvl-1-(pentan-3-v-1H-imidazol4,.5-blpyrazin-2-ol, and

g-ethynvil-1-(pentan-3-vh-1H-imidazol4 5-blpyrazin-2(3H)-one, or a pharmaceutically acceptable salf

thereof, in the manufaciure of a medicament for increasing the function, activity, efficiency

sensitivity 1o calcium, or time to fatioue of skeletal muscle in the diaphragm of a patient suffering

from a disease or condition selected from ventilator-induced diaphragmatic weakness or atrophy,

steroid-induced diaphragmatic atrophy, hemidiaphragm paralysis, fetal hydrops., pleural effusion

botulinum poisoning, organophosphate poisoning, Guillsin-Barre syndrome, phrenic nerve

dysfunction. asthma, heart failure, amyotrophic lateral sclerosis (ALS), spinal muscular atrophy

{SMA), and muscular dystrophy.

[0006b] In yet another aspect, there is prowded awsee%eekeieta% muscie-froponin-activaterinthe
rranulzely » or-aetivity-officiencyforce-sensithvitrie
ea%ewmmemme-teiaegue eﬂﬁewesfe@wagm“skeie%a! mese%e»ﬂ%e«ee use of a chemical entity selected
from 6-ethynvl-1-(pentan-3-y1)-1H-imidazo[4.5-blpyrazin-2-ol, and
B-ethvnvi-1-(pentan-3-vh)-1H-imidazol4.5-blpyrazin-2(3H)-one, or a pharmaceutically acceptable salt
thereof, in the manufacture of a medicament for increasing the function, activity, efficiency, force,
sensitivity to calcium. or time fo fatigue of a diaphragm skeletal muscle fiber in g patient sufferin
from a disease or condition selected from ventilator-induced diaphragmatic weakness or atrophy
steroid-induced diaphragmatic atrophy, hemidiaphragm paralysis, fetal hydrops, pleural effusion
botulinum poisoning. organophosphate poisoning, Guillain-Barre syndrome, phrenic nerve
dysfunction, asthma, heart failure, amyotrophic lateral sclerosis (ALS), spinal muscular atrophy
(SMA), and muscular dystrophy.




[0006¢] Also provided are compositions and methods for improving diaphragm function. In some
examples, the methods comprise administering to a patient or contacting a diaphragm skeletal
muscle fiber with an effective amount of a skeletal muscle troponin activator. Likewise, compositions
and methods are also provided for increasing the function, activity, efficiency, sensitivity to calcium,
or time to fatigue of skeletal muscle in the diaphragm.

[0007] In some examples, the patient receiving such administration suffers from diaphragmatic
atrophy. In some examples, the patient suffers from a disease or condition selected from
ventilator-induced diaphragmatic weakness or atrophy, steroid-induced diaphragmatic atrophy,
hemidiaphragm paralysis, fetal hydrops, pleural effusion, botulinum poisoning, organophosphate
poisoning, Guillain-Barre syndrome, phrenic nerve dysfunction, asthma, heart failure, amyotrophic
lateral sclerosis (ALS), spinal muscular atrophy (SMA), and muscular dystrophy. In some examples,
the patient is in use of mechanical ventilation. In some examples, the patient undertakes an intense
physical activity or is in an environment with a reduced partial pressure of oxygen in the air.

[0008] In some examples, the skeletal muscle troponin activator is a chemical entity selected from
compounds of Formula A and compounds of Formula B:

R, N\ N R, N\ y
= =
N N
R; N \R R, N \R
2 2
Formula A Formula B

and pharmaceutically acceptable salts thereof, wherein R4, R, and R, are as defined herein.
[0009] In some examples, the skeletal muscle troponin activator is a chemical entity
selected from compounds of Formula I:
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CLAIMS:

l. Use of a chemical entity selected from
6-ethynyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2-ol, and
6-ethynyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one, or a pharmaceutically
acceptable salt thereof, in the manufacture of a medicament for improving diaphragm function in
a patient suffering from a disease or condition selected from ventilator-induced diaphragmatic
weakness or atrophy, steroid-induced diaphragmatic atrophy, hemidiaphragm paralysis, fetal
hydrops, pleural effusion, botulinum poisoning, organophosphate poisoning, Guillain-Barre
syndrome, phrenic nerve dysfunction, asthma, heart failure, amyotrophic lateral sclerosis (ALS),
spinal muscular atrophy (SMA), and muscular dystrophy.

2. Use of a chemical entity selected from
6-ethynyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2-ol, and
6-ethynyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one, or a pharmaceutically
acceptable salt thereof, in the manufacture of a medicament for increasing the function, activity,
efficiency, sensitivity to calcium, or time to fatigue of skeletal muscle in the diaphragm of a
patient suffering from a disease or condition selected from ventilator-induced diaphragmatic
weakness or atrophy, steroid-induced diaphragmatic atrophy, hemidiaphragm paralysis, fetal
hydrops, pleural effusion, botulinum poisoning, organophosphate poisoning, Guillain-Barre
syndrome, phrenic nerve dysfunction, asthma, heart failure, amyotrophic lateral sclerosis (ALS),
spinal muscular atrophy (SMA), and muscular dystrophy.

3. The use of claim 1 or 2, wherein the patient suffers from diaphragmatic atrophy.

4, The use of claim 1 or 2, wherein the patient suffers from amyotrophic lateral sclerosis
(ALS).

5. The use of any one of claims 1 to 4, wherein the chemical entity selected from

6-ethynyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2-ol, and
6-ethynyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one, or a pharmaceutically
acceptable salt thereof, is to be co-administered with mechanical ventilation.

6. Use of a chemical entity selected from
6-ethynyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2-ol, and
6-cthynyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one, or a pharmaceutically
acceptable salt thereof, in the manufacture of a medicament for increasing the function, activity,
efficiency, force, sensitivity to calcium, or time to fatigue of a diaphragm skeletal muscle fiber in
a patient suffering from a disease or condition selected from ventilator-induced diaphragmatic
weakness or atrophy, steroid-induced diaphragmatic atrophy, hemidiaphragm paralysis, fetal
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hydrops, pleural effusion, botulinum poisoning, organophosphate poisoning, Guillain-Barre
syndrome, phrenic nerve dysfunction, asthma, heart failure, amyotrophic lateral sclerosis (ALS),
spinal muscular atrophy (SMA), and muscular dystrophy.

7. The use of claim 2 or 6, wherein the skeletal muscle is fast skeletal muscle.
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CLAIMS:

1. Use of a skeletal muscle troponin activator in the manufacture of a medicament fof
improving diaphragm function in a patient in need thereof.

2. Use of a skeletal muscle troponin activator in the manufacture of a medicapent for
increasing the function, activity, efficiency, sensitivity to calcium, or time to fatigug of skeletal
muscle in the diaphragm of a patient in need thereof. '

3. The use of claim 1 or 2, wherein the patient suffers from diaphragnyatic atrophy.

4, The use of claim 1 or 2, wherein the patient suffers from a disgése or condition selected
from ventilator-induced diaphragmatic weakness or atrophy, steroid;ihduced diaphragmatic
atrophy, hemidiaphragm paralysis, fetal hydrops, pleural effusion, Hotulinum poisoning,
organophosphate poisoning, Guillain-Barre syndrome, phrenic nérve dysfunction, asthma, heart
failure, amyotrophic lateral sclerosis (ALS), spinal muscular affophy (SMA), and muscular
dystrophy.

5. The use of any one of claims 1 to 4, wherein the/patient is in use of mechanical

ventilation.
6. The use of any one of claims 1 to 5, whergin the patient undertakes an intense physical

activity or is in an environment with a reduced partial pressure of oxygen in the air.

7. The use of any one of claims 1 to 6/wherein the patient has a forced vital capacity
(FVC) lower than about 75% of predicted/of healthy individual in similar conditions, or the
patient shows evidence of increased wdrk of breathing indicative of reduced diaphragm
function.

8. Use of a skeletal muscleAroponin activator in the manufacture of a medicament for

increasing the function, activity, efficiency, force, sensitivity to calcium, or time to fatigue of a
diaphragm skeletal muscle fiber.
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9. The use of claim 2 or 8, wherein the skeletal muscle is fast skeletal muscle.

chemical entity selected from compounds of Formula A and compounds of Formula B;

R, N\ N Ry N\ ¥
= =
N N
2

2

10. The use of any one of claims 1 to 9, wherein the skeletal muscle troponin activ7 is a

Formula A Formula B
and pharmaceutically acceptabie salts thereof, wherein:
R4 is alkenyl or alkynyl;
R4 is hydrogen; and
R, is selected from 3-pentyl, 4-heptyl, 4-methyl-1-merpholinopentan-2-yl isobutyl,
cyclohexyl, cyclopropyl, sec-butyl, tert-buyl, isopropyl, 1-hydroxybutan-2yl,
tetrahydro-2H-pyran-4-yl, 1-methoxybytan-2-yl, 1-aminobutan-2-yi, and

1-morpholinobutan-2-yl;

provided that R+ is not hex-1-enyl.
1. The use of claim 9, wherein R, is sglected from butenyl, propenyl, vinyl, and ethynyl.

12. The use of claim 11, wherein R, is selected from isobuten-1-yl, (Z)-propen-1-yl,
(E)-propen-1-yl, propen-2-yl, vinyl,/and ethynyl.

13. The use of claim 11, wherein Ry is ethynyl.

14. The use of any ghe of claims 10 to 13, wherein R; is selected from 3-pentyl, 4-heptyl,

4-methyl-1-morpholinopentan-2-yl, isobutyl, sec-butyl, tert-butyl, isopropyl, 1-hydroxybutan-2-yl,
tetrahydro-2H-pyran-4-yl, 1-methoxybutan-2-yl, 1-aminobutan-2-yl, and 1-morpholinobutan-2-yl.
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15. The use of claim 14, wherein R, is selected from 3-pentyl, 4-heptyl, isobutyl, sec-butyl,

tert-butyl, isopropyl, and 1-hydroxybutan-2-yl.

16. The use of claim 15, wherein R is selected from 3-pentyl, 4-heptyl, isobutyl,

sec-butyl, tert-butyl, and isopropyl.

17. The use of claim 10, wherein the compound of Formula A is selected fyom:
1-(ethylpropyl)-6-ethynylimidazo[4,5-b]pyrazin-2-ol;
1-[(1R)-1-(morpholin-4-ylmethyl)propyl]-6-ethynylimidazo[4,5-b]pytazin-2-ol;

E)-1 -(pentan-3-yl)-6-(prop-1 -enyl)-1 H-imidazo[4 5—b]pyrazin-

E)-1-cyclohexyl-6-(prop-1-enyl)-1H-imidazo[4,5- b]pyraZ|
E)-1-cyclopropyl-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2-ol;
E)-1-isopropyl-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2-ol;
E)-6-(prop-1-enyl)-1-(tetrahydro-2H-pyran-4-yl)-H-imidazo{4,5-b]pyrazin-2-ol;
Z)-1-(pentan-3-yl)-6-(prop-1-enyl)-1H-imidazo{4,5-b]pyrazin-2-ol;

Z)-1-cyclohexyl-6-(prop-1-enyl)-1H-imidazg[4,5-b]pyrazin-2-ol;

Z)-1-cyclopropyl-6-(prop-1-enyl)-1H-imi azo[4 5-b]pyrazin-2-ol;

/\/\/\/\/\A’\A,—\/\

Z)-1-isopropyl-6-(prop-1-enyl)-1H-imjdazo[4,5-blpyrazin-2-ol;
(Z2)-6-(prop-1-enyl)-1-(tetrahydro-2H-pyran-4-yl)-1H-imidazo[4,5-b]pyrazin-2-ol;
1-(pentan-3-yl)-6-(prop-1-ynyl)-1H-imidazo[4,5-b]pyrazin-2-ol;
6-ethynyl-1-(pentan-3-yl)-1H-jthidazo[4,5-b]pyrazin-2-ol;
1-(ethylpropyl)-6-vinylimidazo[4,5-b]pyrazin-2-ol; and
1-(ethylpropyl)-6-(1-methylvinyl)imidazo[4,5-b]pyrazin-2-ol;

or a pharmaceutically acceptable salt thereof.

18. The use of claim’ 10, wherein the compound of Formula B is selected from:
6-ethynyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(R)-6-ethypyl-1-(1-morpholinobutan-2-yl}-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(E)-1-(péntan-3-yl)-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(E)-14cyclohexyl-6-(prop-1-enyl)-1H-imidazo[4,5-blpyrazin-2(3H)-one;

85




(E)-1-cyclopropyl-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(E)-1-isopropyl-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(E)-6-(prop-1-enyl)-1-(tetrahydro-2H-pyran-4-yl}-1H-imidazo[4,5-b]pyrazin-2(3H)-oné;
(Z2)-1-(pentan-3-yl)-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(Z)-1-cyclohexyl-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(2)-1-cyclopropyl-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(2)-1-isopropyl-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(2)-6-(prop-1-enyl)-1-(tetrahydro-2H-pyran-4-yl}-1H-imidazo[4,5-b]pyrdzin-2(3H)-one;
1-(pentan-3-yl)-6-(prop-1-ynyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-ong;
6-ethynyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
1-(pentan-3-yl)-6-vinyl-1H-imidazo[4,5-b]pyrazin-2(3H)-one; and
1-(pentan-3-yl)-6-(prop-1-en-2-yl)-1H-imidazo[4,5-b]pyrazi ~2(3H)-one;

or a pharmaceutically acceptable salt thereof.

19. The use of claim 10, wherein the chemical entity is’selected from
1-(ethylpropyl)-6-ethynylimidazo[4,5-b]pyrazin-2-ol,
6-ethynyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2-ol, and
6-ethynyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazjn-2(3H)-one, or a pharmaceutically acceptable
salt thereof.

20. The use of claim 10, wherein the ghemical entity is

6-bromo-1-(ethylpropyl)imidazo[4,5-b]pyrazin-2-ol or a pharmaceutically acceptable salt thereof.

21. The use of claim 10, whepéin the chemical entity is
1-(ethylpropyl)-6-ethynylimidazo[4,5-b]pyrazin-2-ol or a pharmaceutically acceptable salt

thereof.

22. The use of any’one of claims 1 to 9, wherein the skeletal muscle troponin activator is a
chemical entity seletted from compounds of Formula I
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R1
X
CRER® R’
R3 N//\N/( >m7<
}L RS R®
Formula |

or a pharmaceutically acceptable salt thereof, wherein:
R’ is selected from hydrogen, halogen, CN, Cy4 alkyl, C4.¢ haloalkyl, C(Q)OR?, C(O)NRbRC,
OR?, NR°R®, Cg.1o aryl and 5-10 membered heteroaryl;

R? is selected from Cs.g cycloalkyl, Cs.g cycloalkenyl, 3-8 mefmbered heterocycloalkyl,
3-8 membered heterocycloalkenyl, Ce.10 aryl, 5-10 membered heferoaryl and NR°R®,
wherein each of the C;.5 cycloalkyl, C;.5 cycloalkenyi, 3-8 membered heterocycloalkyl, 3-8
membered heterocycloalkenyl, Cg.1¢ aryl and 5-10 membeyed heteroaryl groups is optionally
substituted with 1, 2, 3, 4 or 5 substituents selected fromf halogen, CN, oxo, (CH,),OR?,
(CH2)ROC(O)R?, (CH,),OC(O)OR?, (CH,),OC(OINRRS, (CH,).NR°R®, (CH,).NRIC(O)R?,
(CH2)sNRIC(O)OR?, (CH,),NRIC(OINRPR®, (CH,WNRC(O)C(O)NRPR®, (CH2).NRC(S)R?,
(CH2):NRUC(S)OR?, (CH,)aNRIC(SINRPRE, (CH4).NRIC(NR®)NR'R®, (CH,),NRIS(O)R?,
(CH2)aNRISO,R?, (CH,)oNRISO,NRPR®, (CHA),C(O)R?, (CH2)aC(O)OR?, (CH2),C(OINR°R?,
(CH2)WC(S)R?, (CH:)aC(S)OR?, (CH,)nC(SINRR®, (CH2),C(NR®NRR®, (CH,).SR?,
(CH2)nS(O)R?, (CH,)aS02R?, (CH2),SOANRPR®, Cy5 alkyl, Cyg haloalkyl, Co alkenyl, Cos
alkynyl, (CH;):,Cs.g cycloalkyl, (CH3)
(CH3),5-10 membered heteroaryl/wherein each of the C,.s alkyl, C,s alkenyl, Cy alkynyl,
(CH,)nCs.5 cycloalkyl, (CH3),3-
is optionally substituted with 1, 2, 3, 4 or 5 R" substituents;
hydrogen, halogen, CN, C1¢ alkyl, Cy haloalkyl, C(O)OR?,
Ce.10 aryl and 5-10 membered heteroaryl;

-8 membered heterocycloalkyl, (CH;),Cs.10 aryl and

membered heterocycloalkyl, (CH;),Ce.10 aryl and (CH;),5-10
membered heteroaryl grou
R’ is selected fro
C(O)NR°R®, OR?, NRR®,
R* is selected from hydrogen, Cy.s alkyl, C4 haloalkyl, C(O)R? C(O)OR?,
C(O)NRR® and 80O,R*;

® are each independently selected from hydrogen, halogen, Cy.6 alkyl and
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or alternatively, R®> and R°® together with the carbon atom to which they are bound

form a group selected from Cs.g cycloalkyl, Cs.5 cycloalkenyl, 3-8 membered
heterocycloalkyl and 3-8 membered heterocycloalkenyl, each optionally substituted with 1,
2, 3, 4 or 5 substituents selected from halogen, CN, oxo, OR? OC(O)R? OC(0O)OR?,
NRPR®, C(O)R?, C(0)OR?, C(OINRPR®, S(O)R? SO,R?, SO,NR°R, Cy.6 alkyl and C1.
haloalkyl;

R’ is selected from Cai.4 cycloalkyl, Cs.5 cycloalkenyl, 3-8 membered heterbeycloalkyl,
3-8 membered heterocycloalkenyl, Cq.19 aryl and 5-10 membered heteroaryl, €ach optionally
substituted with 1, 2, 3, 4 or 5 substituents selected from halogen, CN, oxg/ OR?, OC(O)R?,
OC(0)OR?, OC(O)NRPR®, NR°R®, NRC(0)R?, NRC(C)OR?, NRIC(O)NR R®,
NRIC(O)C(OINRPR®, NRYC(S)R?, NRIC(S)OR?, NRYC(S)NR°R®, NRIC(NR®)NR®R®,
NRYS(0)R? NRS0O,R?, NR*SO,NR"R®, C(O)R?, C(O)OR?, C(O)NRR®, C(S)R?, C(S)OR?,
C(S)NRPR®, C(NR®INRPR®, SR?, S(O)R?, SO,R?, SO;NRPR®, Cys alkyl, Cy haloalkyl, Cos
alkenyl, C,5 alkynyl, Cs.5 cycloalky!, C; 5 cycloalkenyl, 3-8 mgmbered heterocycloalkyl, 3-8
membered heterocycloalkenyl, Cs.40 aryl, C7.44 aralkyl, and 5-10 membered heteroaryl,
wherein each of the Cq.¢ alkyl, C,¢4 alkenyl, C,.5 alkynyl, Cs.¢ cycloalkyl, Cs5 cycloalkenyl, 3-8
membered heterocycloalkyl, 3-8 membered heterog{cloalkenyl, Cg 1q aryl, C7.11 aralkyl and

5-10 membered heteroaryl groups is optionally sdbstituted with 1, 2, 3, 4 or 5 R'

substituents;
R® and R®, at each occurrence, are gach independently selected from hydrogen,
halogen and Cy.s alkyl;
Xis selected from a bond, -(CH,)p-, <(CH3),C(O)CH2)g-, -(CH2),O(CH2)q-,
~(CH2),S(CHy)gr, (CH2)pNRY(CHa), «(CH2)sC(O)O(CHa)gm, ~(CH2),0C(0)(CHa)er,
~(CH,),NRIC(O)(CHa)g, -(CH2)C(OINRUCHy)q-, (CH2),NRIC(O)NRY(CHy)q-,
~(CH2),NRISO5(CHz)q-, and ACH,),SO,NRY(CH,)q;

or alternatively, X, /R* and R® together with the carbon atoms to which they are

bound, form a 5-6 merrfbered ring optionally containing one or more heteroatoms selected
from oxygen nitrogen and sulfur, and optionally containing one or more double bonds, and
optionally substituted with 1, 2, 3,4 or 5 R' substituents;

R? at
46 alkenyl, Co5 alkynyl, Cs.5 cycloalkyl, Cs.5 cycloalkenyl, 3-8 membered

ch occurrence, is independently selected from hydrogen, Cy alkyl, C16
haloalkyl,
heterocycloalkyl, 3-8 membered heterocycloalkenyl, Cs.19 aryl, C;.11 aralkyl and 5-10
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membered heteroaryl, wherein each of the Cy.¢ alkyl, C,.5 alkenyl, C,6 alkynyl, Cs.s
cycloalkyl, Cs.5 cycloalkenyl, 3-8 membered heterocycloalkyl, 3-8 membered
heterocycloalkenyl, Cs.19 aryl, C7.4; aralkyl and 5-10 membered heteroaryl groups is
optionally substituted with 1, 2, 3, 4 or 5 R substituents;

R® and R®, at each occurrence, are each independently selected from hydrogen/C.

alkyl, Cy haloalkyl, C,5 alkenyl, C, alkynyl, Cs.s cycloalkyl, Cs.s cycloalkenyl, 3-8

membered heteroaryl groups is optionally substituted with 1, 2, 3, 4 oy, R’ substituents;
R, at each occurrence, is independently selected from hydrdgen and Ci.¢ alkyl;
R®, at each occurrence, is independently selected from hydrogen, CN, OH,

C1. alkoxy, Cy5 alkyl and Cq. haloalkyl;

R’ at each occurrence, is independently selected frédm halogen, CN, OR", OC(O)R",
OC(0)OR", OC(OINR'R!, NR'R, NRC(O)R", NRC(O)OR", NR°C(O)NR'R/,
NRUC(O)C(OINRR!, NRIC(S)R", NRC(S)OR", NR'C(S)NR'R!, NR'C(NR*)NR'R/,
NRUS(O)R", NRSO,R", NRISO,NR'R!, C(O)R", CO)OR", C(ONR'R, C(S)R", C(S)OR",
C(S)NRR!, C(NR®)NR'R, SR", S(O)R", SO,R", BO,NR'R!, C1. alkyl, Cy¢ haloalkyl, C,.
alkenyl, C, alkynyl, Cs.5 cycloalkyl, Cs5 cycléalkenyl, 3-8 membered heterocycloalkyl, 3-8
membered heterocycloalkenyl, Ce.19 aryl, £7.11 aralkyl and 5-10 membered heteroaryl,
wherein each of the Cy¢ alkyl, Cy.5 alkeniyl, Cy6 alkynyl, Cs.g cycloalkyl, Cs.g cycloalkenyl, 3-8
membered heterocycloalkyl, 3-8 membered heterocycloalkenyl, Cg.1 aryl, C7.11 aralkyl and
5-10 membered heteroaryl groupg is optionally substituted with 1, 2, 3,4 or 5 R
substituents;

or two R’ substituent€ bound to a single carbon atom, together with the carbon atom
to which they are both betind, form a group selected from carbonyl, Cs. cycloalkyl and 3-8
membered heterocycloalkyl;

RY, at each dccurrence, is independently selected from C,.4 alkyl, Ci. haloalkyl,
phenyl, naphthy)/ and C-.14 aralkyl, each optionally substituted with 1,2, 3, 4 or 5
substituents selected from halogen, CN, OH, C4.5 alkoxy, C1. alkyl and C4. haloalkyl,
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R" at each occurrence, is independently selected from hydrogen, Cq alkyl, Ci,
haloalkyl, C,¢ alkenyl, C,4 alkynyl, C; cycloalkyl, C;.¢ cycloalkenyl, 3-8 membered
heterocycloalkyl, 3-8 membered heterocycloalkenyl, Cg.19 aryl, Cs.44 aralkyl and 5-10 me
heteroaryl, wherein each of the C,4 alkyl, Cg_ﬁ alkenyl, C,.¢ alkynyl, Cs ¢ cycloalkyl, Cs.

substituents;

R'and R/, at each occurrence, are each independently selected fronyhydrogen, Ci.
alkyl, C,¢ haloalkyl, C, alkenyl, C,¢ alkynyl, Cs.4 cycloalkyl, C;4 cycloalkényl, 3-8 membered
heterocycloalkyl, 3-8 membered heterocycloalkenyl, Cq.1o aryl, C;.41 ardlkyl, 5-10 membered
heteroaryl, C(O)R?, and C(O)OR?, wherein each of the C,¢ alkyl, Cy% haloalkyl, C,.¢ alkenyl, C,4
alkynyl, Cs.g cycloalkyl, Cs¢ cycloalkenyl, 3-8 membered heterocycloalkyl, 3-8 membered
heterocycloalkenyl, Cq.10 aryl, C;.11 aralkyl and 5-10 membered heteroaryl groups is optionally
substituted with 1, 2, 3, 4 or 5 substituents selected from halogen, CN, OH, C,¢ alkoxy, Ci
alkyl and C4.4 haloalkyl;

R, at each occurrence, is independently selegted from halogen, CN, OH, Cy4 alkoxy,
NH,, NH(C, alkyl), N(C.¢ alkyl),, NHC(O)C, 4 alkyl; NHC(O)C;.4; aralkyl, NHC(O)OC, alkyl,
NHC(O)OC.41 aralkyl, OC(O)C.s alkyl, OC(O)C#.44 aralkyl, OC(O)OC. alkyl, OC(O)OC1.44
aralkyl, C(O)Cy. alkyl, C(O)C7.44 aralkyl, C(O)YOC. alkyl, C(O)OC-.1; aralkyl, C1¢ alkyl, Cy.6
haloalkyl, C,¢ alkenyl, and C,4 alkynyl, wherein each C, alkyl, C,¢ alkenyl, C,.¢ alkynyl, and
Cy.41 aralkyl substituent is optionally subgtituted with 1, 2 or 3 substituents selected from OH,
Ci.6 alkoxy, NH,, NH(C,¢ alkyl), N(C4 £ alkyl),, NHC(O)C,.¢ alkyl, NHC(O)C-_4 aralkyl,
NHC(O)OC alkyl, and NHC(O)O®Z-.14 aralkyl;

or two R* substituents bo(ind to a single carbon atom, together with the carbon atom to
which they are both bound, fofm a carbonyl group;

mis 0,1 or 2;

n, at each occurpénce, independently is 0, 1 or 2;

pis 0, 1or2; dnd

qis 0,1 or2.

23. The yge of claim 22, wherein the chemical entity is of Formula V(a) or V(b), or a

pharmaceutically acceptable salt thereof:
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or

Formula V(b)

wherein R™ and R" are each independently selected from hydrogen, halogen and C,. alkyl.

Formula Xll{a).
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26. The use of claim 22, wherein the chemical entity is
1-(2-(((trans)-3-fluoro-1-(3-fluoropyridin-2-yl)cyclobutyl)methylamino)pyrimidin-5-yl)-1H-pyrrgle-3

-carboxamide.

27. The use of claim 22, wherein the chemical entity is

3-(2-(((trans)-3-fluoro-1-(3-fluoropyridin-2-yl)cyclobutyl)methylamino)pyrimidin-5-yl) benzamide.
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