
3 

 

[0008] Further provided herein are methods of preparing compounds having the 

following formula (II): 

 
(�) 

and pharmaceutically acceptable salts, tautomers, and stereoisomers thereof, wherein R
1
, 

R
2
 and R

3
 are as defined herein.  

[0009] Further provided herein are chemical intermediates useful in the methods 

provided herein. In one aspect, there is provided a method of preparing a compound having 

formula (II): 

 
(II) 

the method comprising contacting a compound of formula (VI) 

 
(VI) 

with R
1
 -Y in a solvent comprising isopropanol at 70 ºC for 1.5 hours, in the presence of 

dichloro[1,1’-bis(ditert-butylphosphino) ferrocene]palladium(II) or dichlorobis(p-dimethylamino 

phenylditbutylphosphine)palladium(II), wherein said contacting occurs under conditions suitable 

to provide a compound of formula (II), wherein  

a) when X is halogen, then Y is B(OR
+
)2 or Sn(R

++
)3; or  

b) when Y is halogen or triflate, then X is B(OR
+
)2 or Sn(R

++
)3;  

wherein each R
+
 is independently hydrogen or substituted or unsubstituted C1-3 alkyl, or 

each R
+
, together with the boron atom and the atoms to which they are attached, form a cyclic 

boronate; and each R
++

 is a C1-4 alkyl; and wherein:  

 

R
1
 is substituted or unsubstituted C1-8 alkyl, substituted or unsubstituted aryl, substituted 

or unsubstituted cycloalkyl, substituted or unsubstituted heterocyclyl, or substituted or 

unsubstituted heterocyclylalkyl;  

R2 is H, substituted or unsubstituted C1-8 alkyl, substituted or unsubstituted cycloalkyl, 

substituted or unsubstituted heterocyclyl, substituted or unsubstituted heterocyclylalkyl, 

substituted or unsubstituted aralkyl, or substituted or unsubstituted cycloalkylalkyl;  

R
3
 is H, or a substituted or unsubstituted C1-8 alkyl; 



3b 
 

heterocyclyl, substituted or unsubstituted heterocyclylalkyl, substituted or unsubstituted 

aralkyl, substituted or unsubstituted cycloalkylalkyl, or R
3
 and R

4
, together with the atom to 

which they are attached, form a substituted or unsubstituted cycloalkyl or substituted or 

unsubstituted heterocyclyl;  

or R2 and one of R3 and R4, together with the atoms to which they are attached, form a 

substituted or unsubstituted heterocyclyl; and  

each Hal is independently a fluorine, chlorine or iodine. 

 

In a further aspect there is provided a compound having formula (VI): 

 
(VI) 

or a salt, tautomer or stereoisomer thereof, wherein:  

X is fluorine, chlorine or iodine, B(OR+)2 or Sn(R++)3;  

each R+ is independently hydrogen or substituted or unsubstituted C1-3 alkyl, or each R+, 

together with the boron atom and the atoms to which they are attached, form a cyclic boronate;  

each R
++

 is independently C2-3 alkyl;  

R
2
 is H, substituted or unsubstituted C1-8 alkyl, substituted or unsubstituted cycloalkyl, 

substituted or unsubstituted heterocyclyl, substituted or unsubstituted heterocyclylalkyl, 

substituted or unsubstituted aralkyl, or substituted or unsubstituted cycloalkylalkyl; and  

R
3
 is H, or a substituted or unsubstituted C1-8 alkyl. 

In yet a further aspect, there is provided a compound having formula (VII) 

 
(VII) 

or salt, tautomer or stereoisomer thereof, wherein:  

Hal is a halogen;  

R is H or C1-4 alkyl;  

R
2
 is H, substituted or unsubstituted C1-8 alkyl, substituted or unsubstituted cycloalkyl, 

substituted or unsubstituted heterocyclyl, substituted or unsubstituted heterocyclylalkyl, 

substituted or unsubstituted aralkyl; and  

R
3
 is H, or a substituted or unsubstituted C1-8 alkyl. In yet a further aspect, there is 

provided a compound having formula (VIII) 

 
(VIII) 

or a salt, tautomer or stereoisomer thereof, wherein:  

each Hal is independently a fluorine, chlorine or iodine;  

R is H or C1-4 alkyl, or the alkali metal salt of the carboxylate; and R
3
 is H, or a substituted or 

unsubstituted C1-8 alkyl.  



- 131 - 

 

CLAIMS 

What is claimed is:  

1. A method of preparing a compound having formula (II): 

 

(II) 

the method comprising contacting a compound of formula (VI) 

 

(VI) 

with R
1
 -Y in a solvent comprising isopropanol at 70 ºC for 1.5 hours, in the presence of 

dichloro[1,1’-bis(ditert-butylphosphino) ferrocene]palladium(II) or dichlorobis(p-dimethylamino 

phenylditbutylphosphine)palladium(II), wherein said contacting occurs under conditions suitable 

to provide a compound of formula (II), wherein  

a) when X is halogen, then Y is B(OR
+
)2 or Sn(R

++
)3; or  

b) when Y is halogen or triflate, then X is B(OR
+
)2 or Sn(R

++
)3;  

wherein each R
+
 is independently hydrogen or substituted or unsubstituted C1-3 alkyl, or 

each R
+
, together with the boron atom and the atoms to which they are attached, form a cyclic 

boronate; and each R
++

 is a C1-4 alkyl; and wherein:  

 
R

1
 is substituted or unsubstituted C1-8 alkyl, substituted or unsubstituted aryl, substituted 

or unsubstituted cycloalkyl, substituted or unsubstituted heterocyclyl, or substituted or 

unsubstituted heterocyclylalkyl;  

R
2
 is H, substituted or unsubstituted C1-8 alkyl, substituted or unsubstituted cycloalkyl, 

substituted or unsubstituted heterocyclyl, substituted or unsubstituted  

heterocyclylalkyl, substituted or unsubstituted aralkyl, or substituted or unsubstituted 

cycloalkylalkyl;  

R
3
 is H, or a substituted or unsubstituted C1-8 alkyl;  

provided the compound of formula (II) is not 7-(4-hydroxyphenyl)-l-(3-methoxybenzyl)-

3 ,4-dihydropyrazino [2,3 -b]pyrazin-2(1H)-one.  
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2. The method of claim 1, wherein when X or Y is a halogen, the halogen is Br. 

 

3. The method of claim 1, wherein the solvent is dimethylformamide, isopropanol, 

dioxane, toluene, dimethylacetamide, tetrahydrofuran, or a combination thereof, with 

or without the presence of water.  

 

4. The method of claim 1, wherein when X or Y is B(OR
+
)2, the contacting occurs in the 

presence of a base.  

 

5. The method of claim 4, wherein the base is sodium carbonate.  

 

6. The method of claim 4, wherein B(OR
+
)2 is B(OH)2 or B(-OC(CH3)2C(CH3)20- ).  

 

7. The method of claim 1, wherein when X or Y is Sn(R
++

)3, the contacting optionally 

occurs in the presence of a base.  

 

8. The method of claim 7, wherein the base is triethylamine. 

  
9. The method of claim 7, wherein R

++
 is methyl or n-butyl.  

 

10. The method of claim 1, further comprising preparing a compound of formula 

(VI), 

 

(VI) 

the method comprising cyclizing a compound of formula (VII) 

 

(VII) 

in the presence of a base or an acid, wherein said cyclization occurs under conditions suitable to 

provide a compound of formula (VI), wherein Hal is a halogen, and R is H or C1-4 alkyl, or the 

alkali metal salt of the carboxylate. 
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11. The method of claim 10, wherein the base is potassium butoxide.  

 

12. The method of claim 10, wherein the acid is acetic acid, TFA, HCl, or phosphoric 

acid.  

 

13. The method of claim 10, wherein Hal is a halogen and the halogen is Br.  

 

14. The method of claim 10, wherein the cyclization is performed in a solvent. 

 

15. The method of claim 14, wherein the solvent is methanol or water.  

 

16. The method of claim 10, further comprising preparing a compound of formula (VII), 

 

(VII) 

the method comprising contacting a compound of formula (VIII) 

 

(VIII) 

with R
2
-NH2 in a solvent, optionally in the presence of a base, wherein said contacting occurs 

under conditions suitable to provide a compound of formula (VII), wherein Hal is a halogen.  

 

17. The method of claim 16, wherein the solvent is dimethylsulfoxide or N-

methylpyrrolidinone. 

  

18. The method of claim 16, wherein the base is triethylamine or diisopropylethylamine. 

  

19. The method of claim 16, wherein the halogen is Br. 

 

20. The method of claim 1, wherein the compound is  

7-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-1-((trans-4-

methoxycyclohexyl)methyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 
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7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-(cis-4-methoxycyclohexyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(1H-pyrrolo[2,3-b]pyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-1-((cis-4-methoxycyclohexyl)methyl)-

3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

1-ethyl-7-(1H-pyrrolo[3,2-b]pyridin-5-yl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-((cis-4-methoxycyclohexyl)methyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(1H-benzo[d]imidazol-4-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(1H-pyrrolo[2,3-b]pyridin-4-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-((trans-4-methoxycyclohexyl)methyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-((trans-4-hydroxycyclohexyl)methyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-(cis-4-hydroxycyclohexyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-1-(cis-4-hydroxycyclohexyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-(tetrahydro-2H-pyran-4-yl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 

7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-ethyl-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-

one; 

7-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-1-((cis-4-hydroxycyclohexyl)methyl)-

3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-1-(tetrahydro-2H-pyran-4-yl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(1H-indol-4-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-

2(1H)-one; 
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7-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-1-((trans-4-

hydroxycyclohexyl)methyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-((cis-4-hydroxycyclohexyl)methyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-(trans-4-hydroxycyclohexyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-(trans-4-methoxycyclohexyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-isopropyl-3,4-dihydropyrazino[2,3-b]pyrazin-

2(1H)-one; 

7-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-1-(trans-4-methoxycyclohexyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-1-(trans-4-hydroxycyclohexyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-1-(2-methoxyethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-1-isopropyl-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 

1-ethyl-7-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 

7-(2-hydroxypyridin-4-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 

1-isopropyl-7-(4-methyl-6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 

5-(8-isopropyl-7-oxo-5,6,7,8-tetrahydropyrazino[2,3-b]pyrazin-2-yl)-4-methylpicolinamide; 

7-(1H-indazol-4-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 

7-(2-aminopyrimidin-5-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 
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7-(2-aminopyridin-4-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 

7-(6-(methylamino)pyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-hydroxypyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 

7-(4-(1H-pyrazol-3-yl)phenyl)-1-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-

2(1H)-one; 

7-(pyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-

2(1H)-one; 

7-(1H-indazol-4-yl)-1-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(1H-indazol-6-yl)-1-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(pyrimidin-5-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 

7-(6-methoxypyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 

1-(2-methoxyethyl)-7-(1H-pyrrolo[2,3-b]pyridin-5-yl)-3,4-dihydropyrazino[2,3-b]pyrazin-

2(1H)-one; 

1-ethyl-7-(1H-pyrrolo[2,3-b]pyridin-5-yl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

1-ethyl-7-(1H-indazol-4-yl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(pyridin-4-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-

2(1H)-one; 

7-(6-aminopyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 

1-methyl-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 

2-(2-hydroxypropan-2-yl)-5-(8-(trans-4-methoxycyclohexyl)-7-oxo-5,6,7,8-

tetrahydropyrazino[2,3-b]pyrazin-2-yl)pyridine 1-oxide; 

4-methyl-5-(7-oxo-8-((tetrahydro-2H-pyran-4-yl)methyl)-5,6,7,8-tetrahydropyrazino[2,3-

b]pyrazin-2-yl)picolinamide; 

5-(8-((cis-4-methoxycyclohexyl)methyl)-7-oxo-5,6,7,8-tetrahydropyrazino[2,3-b]pyrazin-2-

yl)-4-methylpicolinamide; 

7-(1H-pyrazol-4-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 
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1-(trans-4-methoxycyclohexyl)-7-(4-methyl-6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

3-((7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-2-oxo-3,4-dihydropyrazino[2,3-

b]pyrazin-1(2H)-yl)methyl)benzonitrile; 

1-((trans-4-methoxycyclohexyl)methyl)-7-(4-methyl-6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-

3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

3-(7-oxo-8-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-5,6,7,8-tetrahydropyrazino[2,3-b]pyrazin-2-

yl)benzamide; 

5-(8-((trans-4-methoxycyclohexyl)methyl)-7-oxo-5,6,7,8-tetrahydropyrazino[2,3-b]pyrazin-

2-yl)-4-methylpicolinamide; 

3-((7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-2-oxo-3,4-dihydropyrazino[2,3-b]pyrazin-

1(2H)-yl)methyl)benzonitrile; 

7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-((1R,3R)-3-methoxycyclopentyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-((1S,3R)-3-methoxycyclopentyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-((1S,3S)-3-methoxycyclopentyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-((1R,3S)-3-methoxycyclopentyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(1H-indazol-6-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 

7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-(2-morpholinoethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

1-(trans-4-hydroxycyclohexyl)-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

1-(cis-4-hydroxycyclohexyl)-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-(2-morpholinoethyl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 

1-isopropyl-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 

7-(1H-imidazo[4,5-b]pyridin-6-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 
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1-((cis-4-methoxycyclohexyl)methyl)-7-(2-methyl-6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-

3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

1-(trans-4-hydroxycyclohexyl)-7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

1-(cis-4-hydroxycyclohexyl)-7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

4-(7-oxo-8-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-5,6,7,8-tetrahydropyrazino[2,3-b]pyrazin-2-

yl)benzamide; 

7-(1H-indazol-5-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 

7-(1H-pyrrolo[2,3-b]pyridin-5-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-(tetrahydro-2H-pyran-4-yl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

1-((1S,3R)-3-methoxycyclopentyl)-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

1-((1R,3R)-3-methoxycyclopentyl)-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

1-((1R,3S)-3-methoxycyclopentyl)-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

1-((1S,3S)-3-methoxycyclopentyl)-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(1H-indol-5-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-

2(1H)-one; 

1-ethyl-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 

7-(1H-indol-6-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-

2(1H)-one; 

7-(4-(2-hydroxypropan-2-yl)phenyl)-1-(trans-4-methoxycyclohexyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-(tetrahydro-2H-pyran-4-yl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

1-((trans-4-methoxycyclohexyl)methyl)-7-(2-methyl-6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-

3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 
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7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-((cis-4-methoxycyclohexyl)methyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

1-(2-methoxyethyl)-7-(4-methyl-2-(methylamino)-1H-benzo[d]imidazol-6-yl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(7-methyl-2-oxo-2,3-dihydro-1H-benzo[d]imidazol-5-yl)-1-((tetrahydro-2H-pyran-4-

yl)methyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(2-methyl-4-(4H-1,2,4-triazol-3-yl)phenyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

1-(2-methoxyethyl)-7-(4-methyl-6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

1-benzyl-7-(2-methyl-4-(4H-1,2,4-triazol-3-yl)phenyl)-3,4-dihydropyrazino[2,3-b]pyrazin-

2(1H)-one; 

7-(3-fluoro-4-(4H-1,2,4-triazol-3-yl)phenyl)-1-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 

7-(3-fluoro-4-(4H-1,2,4-triazol-3-yl)phenyl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(3-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-1-(2-methoxyethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

1-(trans-4-methoxycyclohexyl)-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-(trans-4-methoxycyclohexyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(5-fluoro-2-methyl-4-(4H-1,2,4-triazol-3-yl)phenyl)-1-(2-(tetrahydro-2H-pyran-4-

yl)ethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(3-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-1-(2-(tetrahydro-2H-pyran-4-

yl)ethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

1-(2-methoxyethyl)-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-((trans-4-methoxycyclohexyl)methyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

1-(cyclopentylmethyl)-7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 

7-(4-(2-hydroxypropan-2-yl)phenyl)-1-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-

2(1H)-one; 

(S)-7-(6-(1-hydroxyethyl)pyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 
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(R)-7-(6-(1-hydroxyethyl)pyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-

3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(4-(2-hydroxypropan-2-yl)phenyl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-(4-(trifluoromethyl)benzyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-(3-(trifluoromethyl)benzyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-(3-methoxypropyl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 

7-(4-methyl-6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-

3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one; 

7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(4-methyl-2-(methylamino)-1H-benzo[d]imidazol-6-yl)-1-((tetrahydro-2H-pyran-4-

yl)methyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(2-amino-4-methyl-1H-benzo[d]imidazol-6-yl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-

3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

(R)-7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-3-methyl-1-(2-(tetrahydro-2H-pyran-4-

yl)ethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

(S)-7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-3-methyl-1-(2-(tetrahydro-2H-pyran-4-

yl)ethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-3,3-dimethyl-1-(2-(tetrahydro-2H-pyran-4-

yl)ethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(2-amino-4-methyl-1H-benzo[d]imidazol-6-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 
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7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one;  

7-(2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(4-(1H-1,2,4-triazol-5-yl)phenyl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

1-(1-hydroxypropan-2-yl)-7-(2-methyl-6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; or 

1-(2-hydroxyethyl)-7-(2-methyl-6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one.  

 

 

 

 

21. A compound having formula (VI): 

 

(VI) 

or a salt, tautomer or stereoisomer thereof, wherein:  

X is fluorine, chlorine or iodine, B(OR
+
)2 or Sn(R

++
)3;  

each R
+
 is independently hydrogen or substituted or unsubstituted C1-3 alkyl, or each R

+
, 

together with the boron atom and the atoms to which they are attached, form a cyclic boronate;  

each R
++

 is independently C2-3 alkyl;  

R
2
 is H, substituted or unsubstituted C1-8 alkyl, substituted or unsubstituted cycloalkyl, 

substituted or unsubstituted heterocyclyl, substituted or unsubstituted heterocyclylalkyl, 

substituted or unsubstituted aralkyl, or substituted or unsubstituted cycloalkylalkyl; and  

R
3
 is H, or a substituted or unsubstituted C1-8 alkyl.  

 

 

22. A compound having formula (VII) 
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(VII) 

or salt, tautomer or stereoisomer thereof, wherein:  

Hal is a halogen;  

R is H or C1-4 alkyl;  

R
2
 is H, substituted or unsubstituted C1-8 alkyl, substituted or unsubstituted cycloalkyl, 

substituted or unsubstituted heterocyclyl, substituted or unsubstituted heterocyclylalkyl, 

substituted or unsubstituted aralkyl; and  

R
3
 is H, or a substituted or unsubstituted C1-8 alkyl. 

 

 

23. A compound having formula (VIII) 

 

(VIII) 

or a salt, tautomer or stereoisomer thereof, wherein:  

each Hal is independently a fluorine, chlorine or iodine;  

R is H or C1-4 alkyl, or the alkali metal salt of the carboxylate; and R
3
 is H, or a 

substituted or unsubstituted C1-8 alkyl.  

 


