
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] In one aspect, there is provided a «se-of--a-&keletal^wfcfSGle4fop0fl^f^^t^vatof-4F^tl:te 

mamrfa€faiffi^f-a-fyse4teamefit-fef4mBFQvtf^ 4ia0hra^w-faRGttefHft-a^attent4frBeed4^em&fv-use of a 

chemical entity selected from 6-ethvnvl-1-(pentan-3-ylV-1H-imidazol4.5-blpyrazin-2-ol, and 

6-ethvnvl-1 -(pentan-3-vD-l H-imidazof4.5-b1pyrazin-2( 3H)~one. or a pharmaceutical^ 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 hydrops, pleural effusion, 

botulinum poisoning, orqanophosphate poisoning. Guillain-Barre syndrome, phrenic nerve 

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

(SMA), and muscular dystrophy. 

[0006a] In another aspect, there is provided a^e^te^ketetalHmjsete4rep©f#i-a0ti¥at©f4H4he 

roaiutfaGtwe~0f-a-me4k>am€H#40p4RGfeas+R§4!^4ufKjti0fva 

ifm€^-4o4atfQue^f ̂ keletal"^mjsele4R4l:>e-^p|yaam-of"a-patiefrt4R-fieed4hefeofr use of a chemical 

entity selected from 6-ethvnvl-1-(pentan-3-vlV-1H-imidazo[4,5-blPvrazin-2-ol. and 

6-ethvnvl-1-(pentan-3-vh-1H-imidazof4.5-blPvrazin-2(3H)-one, or a pharmaceutical^ 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, hemidiaphraqm paralysis, fetal hydrops, pleural effusion, 

botulinum poisoning, organophosohate poisoning. Guillain-Barre syndrome, phrenic nerve 

dysfunction, asthma, heart failure, amyotrophic lateral sclerosis (ALS). spina I muscuiar atrophy 

(SMA), and muscuiar dystrophy. . 

[0006b] In yet another aspect, there is provided a use-of a skeletal musote tropGniR aGtivatGF in the 
3-mediGamefrt-^ 

eatel-tjri-w4ime4e4atlmi&"0f^^iaBl¥a0m-stetetai--m«sete4-ibef.- use of a chemical entity selected 
from 6-ethvnvi-1 -(oentan-3-vl)-1 H-imidazof4.5-b1pvrazin-2-ol, and 
6-ethvnvl-1-(pentan-3-vh-1 H-imidazof4.5-blpyrazin-2(3H Vone. or a pharmaceutical^ 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, hemidiaphraqm paralysis, fetal hydrops, pleural effusion, 
botulinum poisoning, orqanophosphate poisoning. Guillain-Barre syndrome, phrenic nerve 
dysfunction, asthma, heart failure, amyotrophic lateral sclerosis (ALS). spinal muscular atrophy 
(SMA), and muscular dystrophy. 

2 



[0006c] 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: 

Formula A Formula B 
and pharmaceutically acceptable salts thereof, wherein R-i, R2 and R4 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: 

1. Use of a chemical entity selected from 
6-ethynyl-1 -(pentan-3-yl)-1 H-imidazo[4,5-b]pyrazin-2-ol, and 
6-ethynyl-l-(pentan-3-yl)-lH-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-l-(pentan-3-yl)-lH-imidazo[4,5-b]pyrazin-2-ol, and 
6-ethynyl-l-(pentan-3-yl)-lH-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-l-(pentan-3-yl)-lH-imidazo[4,5-b]pyrazin-2-ol, and 
6-ethynyl-l-(pentan-3-yl)-lH-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-l-(pentan-3-yl)-lH-imidazo [4,5-b]pyrazin-2-ol, and 
6-ethynyl-1-(pentan-3-yl)-1 H-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 for 
improving diaphragm function in a patient in need thereof. / 

2. Use of a skeletal muscle troponin activator 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 in need thereof. / 

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 a disease or condition selected 
from ventilator-induced diaphragmatic weakness or atrophy, steroidTmduced diaphragmatic 
atrophy, hemidiaphragm paralysis, fetal hydrops, pleural effusion J5otulinum poisoning, 
organophosphate poisoning, Guillain-Barre syndrome, phrenic nerve dysfunction, asthma, heart 
failure, amyotrophic lateral sclerosis (ALS), spinal muscular atrophy (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, wherein 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 work of breathing indicative of reduced diaphragm 
function. / 

8. Use of a skeletal muscle/troponin 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 froer. 
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9. The use of claim 2 or 8, wherein the skeletal muscle is fast skeletal muscle. 

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

chemical entity selected from compounds of Formula A and compounds of Formula By 

is a 

Formula A Formula B 

and pharmaceutically acceptable salts thereof, wherein: 

R! is alkenyl or alkynyl; 

R4 is hydrogen; and 
R2 is selected from 3-pentyl, 4-heptyl, 4-methyl-1-mjdrpholinopentan-2-yl isobutyl, 

cyclohexyl, cyclopropyl, sec-butyl, tert-butyl, isopropyl, 1-hydroxybutan-2yl 

tetrahydro-2H-pyran-4-yl, 1-methoxybi/an-2-yl, 1-aminobutan-2-yl, and 

1 -morpholinobutan-2-yl; 

provided that R1 is not hex-1-enyl. 

11. The use of claim 9, wherein is selected from butenyl, propenyl, vinyl, and ethynyl. 

12. The use of claim 11, wherein is selected from isobuten-1-yl, (Z)-propen-l-yl, 

(E)-propen-l-yl, propen-2-yl, vinyL/and ethynyl. 

13. The use of claim 11, wherein R-i is ethynyl. 

14. The use of any one of claims 10 to 13, wherein R2 is selected from 3-pentyl, 4-heptyl, 

4-methyl-1-morpholiraopentan-2-yl, isobutyl, sec-butyl, tert-butyl, isopropyl, 1-hydroxybutan-2-yl, 

tetrahydro-2H -py rafn-4-y I, 1 -methoxybutan-2-yl, 1-aminobutan-2-yl, and 1 -morpholinobutan-2-yl. 
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15. The use of claim 14, wherein R2 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 R2 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 fpom: 

1 -(ethylpropyl)-6-ethynylimidazo[4,5-b]pyrazin-2-ol; / 

1 -[(1 R)-1 -(morpholin-4-ylmethyl)propyl]-6-ethynylimidazo[4,5-b]pyrazin-2-ol; 
(E)-1-(pentan-3-yl)-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2/ol; 
(E)-1-(pentan-3-yl)-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazitf-2-ol; 
(E)-1-cyclohexyl-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyraz|rf-2-ol; 
(E)-1-cyclopropyl-6-(prop-1 -enyl)-1 H-imidazo[4,5-b]pwazin-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)-3n-imidazo[4,5-b]pyrazin-2-ol; 

(Z)-1-(pentan-3-yl)-6-(prop-1-enyl)-1H-imidazof4,5-b]pyrazin-2-ol; 

(Z)-1-cyclohexyl-6-(prop-1-enyl)-1H-imidaz0l4,5-b]pyrazin-2-ol; 

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

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

(Z)-6-(prop-1-enyl)-1-(tetrahydro-2b^-pyran-4-yl)-1H-imidazo[4,5-b]pyrazin-2-ol; 

1-(pentan-3-yl)-6-(prop-1-ynyl)-ln-imidazo[4,5-b]pyrazin-2-ol; 

6-ethynyl-1 -(pentan-3-yl)-1 H-iitiidazo[4(5-b]pyrazin-2-ol; 

1-(ethylpropyl)-6-vinylimidazo[4,5-b]pyrazin-2-ol; and 

1 -(ethylpropyl)-6-(1 -meWyIvinyl)imidazo[4,5-b]pyrazin-2-ol; 

or a pharmaceutically acceptable salt thereof. 

18. The use of claiixr 10, wherein the compound of Formula B is selected from: 

6-ethynyl-1 -(pentan-3-yl)-1 H-imidazo[4,5-b]pyrazin-2(3H)-one; 
(R)-6-ethwfyl-1 -(1 -morpholinobutan-2-yl)-1 H-imidazo[4,5-b]pyrazin-2(3H)-one; 

(E)-1-(oentan-3-yl)-6-(prop-1 -enyl)-1 H-imidazo[4,5-b]pyrazin-2(3H)-one; 

(E)-1/cyclohexyl-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one; 
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(E)-1-cyclopropyl-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one; y 

(E)-1 -isopropyl-6-(prop-1 -enyl)-1 H-imidazo[4,5-b]pyrazin-2(3H)-one; / 

(E)-6-(prop-1 -enyl)-1-(tetrahydro-2H-pyran-4-yl)-1 H-imidazo[4,5-b]pyrazin-2(3H)-one; 

(Z)-1 -(pentan-3-yl)-6-(prop-1 -enyl)-1 H-imidazo[4,5-b]pyrazin-2(3H)-one; / 

(Z)-1 -cyclohexyl-6-(prop-1 -enyl)-1 H-imidazo[4,5-b]pyrazin-2(3H)-one; / 

(Z)-1 -cyclopropyl-6-(prop-1 -enyl)-1 H-imidazo[4,5-b]pyrazin-2(3H)-one; / 

(Z)-1 -isopropyl-6-(prop-1 -enyl)-1 H-imidazo[4,5-b]pyrazin-2(3H)-one; / 

(Z)-6-(prop-1-enyl)-1-(tetrahydro-2H-pyran-4-yl)-1 H-imidazo[4,5-b]pyrazin-2(3H)-one; 

1 -(pentan-3-yl)-6-(prop-1 -ynyl)-1 H-imidazo[4,5-b]pyrazin-2(3H)-onef 
6-ethynyl-1 -(pentan-3-yl)-1 H-imidazo[4,5-b]pyrazin-2(3H)-one; / 

1 -(pentan-3-yl)-6-vinyl-1 H-imidazo[4,5-b]pyrazin-2(3H)-one; and 

1 -(pentan-3-yl)-6-(prop-1 -en-2-yl)-1 H-imidazo[4,5-b]pyrazmh2(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)-1 H-imidazo[4,5-b]pyrazin-2^ol, and 

6-ethynyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazj/-2(3H)-one, or a pharmaceutically acceptable 

salt thereof. / 

20. The use of claim 10, wherein the (Znemical 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, whepein the chemical entity is 

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

thereof. / 

22. The use of anyone of claims 1 to 9, wherein the skeletal muscle troponin activator is a 

chemical entity selected from compounds of Formula I: 
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R1 

Formula I / 

or a pharmaceutically acceptable salt thereof, wherein: / 

R1 is selected from hydrogen, halogen, CN, C^Q alkyl, haloalkyl, C(G)ORa, C(0)NRbRc, 

ORa, NRbRc, C6-io aryl and 5-10 membered heteroaryl; / 

R2 is selected from C3.8 cycloalkyl, C3.8 cycloalkenyl, 3-8 membered heterocycloalkyl, 

3-8 membered heterocycloalkenyl, C6-io aryl, 5-10 membered heteroaryl and NRbRc, 

wherein each of the C3.8 cycloalkyl, C3.8 cycloalkenyl, 3-8 membered heterocycloalkyl, 3-8 

membered heterocycloalkenyl, C6.10 aryl and 5-10 membered heteroaryl groups is optionally 

substituted with 1, 2, 3, 4 or 5 substituents selected frorn halogen, CN, oxo, (CH2)nORa, 

(CH2)nOC(0)Ra! (CH2)n0C(0)0Ra, (CH2)n0C(0)NR^Rc, (CH2)nNRbRc, (CH2)nNRdC(0)Ra, 

(CH2)nNRdC(0)0Ra, (CH2)nNRdC(0)NRbRc, (CH2VNRdC(0)C(0)NRbRc, (CH2)nNRdC(S)Ra, 

(CH2)nNRdC(S)ORa, (CH2)nNRdC(S)NRbRc, (CB^nNRdC(NRe)NRbRc, (CH2)nNRdS(0)Ra, 

(CH2)nNRdS02Ra, (CH2)nNRdS02NRbRc, (CH^)nC(0)Ra, (CH2)nC(0)0Ra, (CH2)nC(0)NRbRc, 

(CH2)nC(S)Ra, (CH2)nC(S)ORa, (CH2)nC(^fNRbRc, (CH2)nC(NRe)NRbRc, (CH2)nSRa, 

(CH2)nS(0)Ra, (CH2)nS02Ra, (CH2)nSQ^JRbRc, Ci„6 alkyl, C^ haloalkyl, C2.6 alkenyl, C2_6 

alkynyl, (CH2)nC3.8 cycloalkyl, (CH2L8-8 membered heterocycloalkyl, (CH2)nC6.10 aryl and 

(CH2)n5-10 membered heteroaryl/wherein each of the C^e alkyl, C2.6 alkenyl, C2.6 alkynyl, 

(CH2}nC3.8 cycloalkyl, (CH2)n34smembered heterocycloalkyl, (CH2)nC6.10 aryl and (CH2)n5-10 

membered heteroaryl groups is optionally substituted with 1, 2, 3, 4 or 5 Rf substituents; 

R3 is selected froprhydrogen, halogen, CN, C-|.6 alkyl, C^g haloalkyl, C(0)0Ra, 

C(0)NRbRc, ORa, NRyRc, C6.10 aryl and 5-10 membered heteroaryl; 

R4 is selected from hydrogen, C-|.6 alkyl, C-i_6 haloalkyl, C(0)Ra, C(0)0Ra, 

C(0)NRbRc and^02Ra; 

R5 and/K6 are each independently selected from hydrogen, halogen, C^ alkyl and 

Ci-6 haloalkyl; 
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or alternatively, R5 and R5 together with the carbon atom to which they are bound 

form a group selected from C3.8 cycloalkyl, C3.8 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, ORa, 0C(0)Ra, 0C(0)0Ra, / 

NRbRc, C(0)Ra, C(0)0Ra, C(0)NRbRc, S(0)Ra, S02Ra, S02NRbRc, Ci.6 alkyl and 

haloalkyl; / 

R7 is selected from C3.8 cycloalkyl, C3.8 cycloalkenyl, 3-8 membered heterocycloalkyl, 

3-8 membered heterocycloalkenyl, C6-io aryl and 5-10 membered heteroaryl^each optionally 

substituted with 1, 2, 3, 4 or 5 substituents selected from halogen, CN, oxy; ORa, 0C(0)Ra, 

0C(0)0Ra, 0C(0)NRbRc, NRbRc, NRdC(0)Ra, NRdC(0)0Ra, NRdC(OMRbRc, 

NRdC(0)C(0)NRbRc, NRdC(S)Ra, NRdC(S)ORa, NRdC(S)NRbRc, NR?C(NRe)NRbRc, 

NRdS(0)Ra, NRdS02Ra, NRdS02NRbRc, C(0)Ra, C(0)0Ra, C(0)NRbRc, C(S)Ra, C(S)ORa, 

C(S)NRbRc, C(NRe)NRbRc, SRa, S(0)Ra, S02Ra, S02NRbRc, cAalkyl, C^ haloalkyl, C2-6 

alkenyl, C2.6 alkynyl, C3.8 cycloalkyl, C3.8 cycloalkenyl, 3-8 membered heterocycloalkyl, 3-8 

membered heterocycloalkenyl, C6.10 aryl, C7_ii aralkyl, ana 5-10 membered heteroaryl, 

wherein each of the C-i-6 alkyl, C2_6 alkenyl, C2„6 alkvnvx C3.8 cycloalkyl, C3.8 cycloalkenyl, 3-8 

membered heterocycloalkyl, 3-8 membered hete loalkenyl, C6.10 aryl, C7.n aralkyl and 

5-10 membered heteroaryl groups is optionally s^L^^uted with 1, 2, 3, 4 or 5 Rf 

substituents; / 

R8 and R9, at each occurrence, are/ach independently selected from hydrogen, 

halogen and Ci.6 alkyl; / 

X is selected from a bond, -(CM2)P-, -(CH2)pC(0)(CH2)q-, -(CH2)pO(CH2)q-, 

-(CH2)pS(CH2)q-, -(CH2)pNRd(CH2y,-(CH2)pC(0)0(CH2)q-, -(CH2)p0C(0)(CH2)q-, 

-(CH2)pNRclC(0)(CH2)p-, -(CH2VC(0)NRd(CH2)q-,-(CH2)pNRdC(0)NRd(CH2)q-, 

"(CH2)pNRdS02(CH2)q-, apH ;(CH2)pS02NRd(CH2)q-; 

or alternatively, X,/ and R3, together with the carbon atoms to which they are 

bound, form a 5-6 membered 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 Rf substituents; 

Ra, attach occurrence, is independently selected from hydrogen, C^e alkyl, Ci-6 

haloalkyl, C/2-Q alkenyl, C2_6 alkynyl, C3.8 cycloalkyl, C3.8 cycloalkenyl, 3-8 membered 

heterocyaoalkyl, 3-8 membered heterocycloalkenyl, C6-10 aryl, C7.n aralkyl and 5-10 
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membered heteroaryl, wherein each of the alkyl, C2.6 alkenyl, C2-6 alkynyl, C3.8 

cycloalkyl, C3.8 cycloalkenyl, 3-8 membered heterocycloalkyl, 3-8 membered 

heterocycloalkenyl, C6-io aryl, C7-n aralkyl and 5-10 membered heteroaryl groups is / 

optionally substituted with 1, 2, 3, 4 or 5 Rf substituents; / 

Rb and Rc, at each occurrence, are each independently selected from hydrogen/ 

alkyl, Ci„6 haloalkyl, C2.5 alkenyl, C2.6 alkynyl, C3.8 cycloalkyl, C3.8 cycloalkenyl, 3-8 / 

membered heterocycloalkyl, 3-8 membered heterocycloalkenyl, C6-io aryl, C7-n aralkyl, 5-10 

membered heteroaryl, C(0)R9, C(0)0R9, C(0)NR'Rj and S02R9, wherein eacl/of the C^ 

alkyl, C2-6 alkenyl, C2.6 alkynyl, C3.8 cycloalkyl, C3_8 cycloalkenyl, 3-8 membered 

heterocycloalkyl, 3-8 membered heterocycloalkenyl, C6.10 aryl, C7_n aralkyl and 5-10 

membered heteroaryl groups is optionally substituted with 1, 2, 3, 4 or/5 Rf substituents; 

Rd, at each occurrence, is independently selected from hydrogen and C^ alkyl; 

Re, at each occurrence, is independently selected from hydrogen, CN, OH, 

Ci.6 alkoxy, Ci_6 alkyl and C^.& haloalkyl; / 

Rf, at each occurrence, is independently selected fnom halogen, CN, ORh, 0C(0)Rh, 

0C(0)0Rh, 0C(0)NR'Ri, NR'R', NRdC(0)Rh, NRdC(0)01Rh, NRdC(0)NR'Ri, 

NRdC(0)C(0)NRiRJ, NRdC(S)Rh, NRdC(S)ORh, NRdCfS)NR'Rj, NRdC(NRe)NR'RJ, 

NRdS(0)Rh, NRdS02Rh, NRdS02NRiRj, C(0)Rh, QO)ORh, C(0)NR'Rj, C(S)Rh, C(S)ORh, 

C(S)NRiRj, C(NRe)NRiRi, SRh, S(0)Rh, S02Rh/802NRiRj, C^ alkyl, C^ haloalkyl, C2_6 

alkenyl, C2.6 alkynyl, C3.8 cycloalkyl, C3.8 cydoalkenyl, 3-8 membered heterocycloalkyl, 3-8 

membered heterocycloalkenyl, C6.10 aryl jo7-n aralkyl and 5-10 membered heteroaryl, 

wherein each of the C^ alkyl, C2.6 alkenyl, C2.6 alkynyl, C3.8 cycloalkyl, C3.8 cycloalkenyl, 3-8 

membered heterocycloalkyl, 3-8 membered heterocycloalkenyl, C6.10 aryl, C7.n aralkyl and 

5-10 membered heteroaryl groups is optionally substituted with 1, 2, 3, 4 or 5 Rk 

substituents; / 

or two Rf substituents bound to a single carbon atom, together with the carbon atom 

to which they are both bound, form a group selected from carbonyl, C3.8 cycloalkyl and 3-8 

membered heterocycloalkyl; 

R9, at each Recurrence, is independently selected from C<|.6 alkyl, C^ haloalkyl, 

phenyl, naphthvj/and C-Mi aralkyl, each optionally substituted with 1, 2, 3, 4 or 5 

substituents selected from halogen, CN, OH, Ci.6 alkoxy, C^.6 alkyl and Ci.5 haloalkyl; 
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Rh, at each occurrence, is independently selected from hydrogen, C-i_6 alkyl, C-|.6 / 

haloalkyl, C2.6 alkenyl, C2.6 alkynyl, C3_8 cycloalkyl, C3.8 cycloalkenyl, 3-8 membered / 

heterocycloalkyl, 3-8 membered heterocycloalkenyl, C6.10 aryl, C7_n aralkyl and 5-10 meirroered 

heteroaryl, wherein each of the Ci-6 alkyl, C2.6 alkenyl, C2-6 alkynyl, C3.8 cycloalkyl, C3_«/ 

cycloalkenyl, 3-8 membered heterocycloalkyl, 3-8 membered heterocycloalkenyl, c/w aryl, C7_n 

aralkyl and 5-10 membered heteroaryl groups is optionally substituted with 1, 2, % 4 or 5 Rk 

substituents; / 

R' and Rj, at each occurrence, are each independently selected fron/hydrogen, Ci.6 

alkyl, C-i-6 haloalkyl, C2_6 alkenyl, C2.6 alkynyl, C3.8 cycloalkyl, C3.8 cycloalkenyl, 3-8 membered 
heterocycloalkyl, 3-8 membered heterocycloalkenyl, C6.10 aryl, C7.u aralkyl, 5-10 membered 

heteroaryl, C(0)R9, and C(0)0R9, wherein each of the C-|.6 alkyl, oA haloalkyl, C2_6 alkenyl, C2.6 

alkynyl, C3.8 cycloalkyl, C3_8 cycloalkenyl, 3-8 membered heterocycloalkyl, 3-8 membered 

heterocycloalkenyl, C6-io aryl, C7_n aralkyl and 5-10 memberepheteroaryl groups is optionally 

substituted with 1, 2, 3, 4 or 5 substituents selected from halogen, CN, OH, Ci„6 alkoxy, Ci_6 

alkyl and Ci_6 haloalkyl; / 

Rk, at each occurrence, is independently selected from halogen, CN, OH, C^ alkoxy, 

NH2( NH(C1.6 alkyl), N(C1.6 alkyl)2, NHC(0)C1.6 alky/MHC(0)C7-n aralkyl, NHC(0)0C1.6 alkyl, 

NHC(0)0C7.n aralkyl, 0C(0)C-,.6 alkyl, 0C(0)C/n aralkyl, 0C(0)0C^ alkyl, 0C(0)0C7.n 

aralkyl, C(0)C^ alkyl, C(0)C7.n aralkyl, C(0\0Ci.6 alkyl, C(0)0C7.n aralkyl, C-,.6 alkyl, C^ 

haloalkyl, C2.6 alkenyl, and C2.6 alkynyl, wherein each Ci_6 alkyl, C2.6 alkenyl, C2.6 alkynyl, and 

C7.n aralkyl substituent is optionally substituted with 1, 2 or 3 substituents selected from OH, 

C-u6 alkoxy, NH2, NH(C1.6 alkyl), N(Cy/alkyl)2, NHC(0)C.,_6 alkyl, NHC(0)C7.11 aralkyl, 

NHC(0)0Ci.6 alkyl, and NHC(O)O07-n aralkyl; 

or two Rk substituents bound to a single carbon atom, together with the carbon atom to 

which they are both bound, form a carbonyl group; 

m is 0, 1 or 2; / 

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

p is 0, 1 or 2; .and 

q is 0, 1 or/. 

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

pharmaceutical^ acceptable salt thereof: 
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m Dn 

Formula V(a) 

R1 

.R' 

or 

Formula V(b) 

Rn 

wherein R and R are each independently selected from hydrogen, halogen and Ci_6 alkyl 

24. The use of claim 22 or 23, wherein X is a bond. 

25. The use of claim 24, wherein the chemical entity is of Formula Xll(a), or a 

pharmaceutically acceptable salt thereof: 

R' 

(CR8R9)m 

'R: N' 
R' 

R4 

Formula Xll(a). 

R5 R1 
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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-pyrnzne-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. 

92 


