
(2006). mTOR exists within two complexes, mTORC 

to rapamycin analogs (such as temsirolimus or everolimus) 

insensitive. Several mTOR inhibitors have been or are 

treatment of cancer. Temsirolimus was approved for use 

everolimus was approved in 2009 for renal cell carcinoma 

vascular endothelial growth factor receptor inhibitors. 

1999 for the prophylaxis of renal transplant rejection. 

success of these mTORC1 compounds demonstrates the 

treatment of cancer and transplant rejection, and the increased 

both mTORC1 and mTORC2 inhibitory activity. 

10006] 	Citation or identification of any reference 

to be construed as an admission that the reference is prior 

3. 	SUMMARY 

I and mTORC2. mTORC1 is sensitive 

and mTORC2 is largely rapamycin-

being evaluated in clinical trials for the 

in renal cell carcinoma in 2007 and 

patients that have progressed on 

In addition, sirolimus was approved in 

The interesting but limited clinical 

usefulness of mTOR inhibitors in the 

potential for compounds with 

in Section 2 of this application is not 

art to the present application. 

[0006a] 	In an aspect, the present invention refers to a method of preparing a 

compound of formula (I), 

N 

H 

(I) 

the method comprising contacting a compound of fo 	iula (III) 

R2  
I 	Ra 

N...4_,HRI 

H 

(III) 
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with 	R1 -Y 	in 	a 	solvent, 	in 	the 	presence 	of 	dichloro[1,1 '-bis(ditert- 

butylphosphino)ferrocene]palladium(11) 	or 	dichlorobis(p-dimethylamino 	phenylditbutyl 

phosphine) palladium(II), wherein said contacting occurs under conditions suitable to provide a 

compound of formula (I), wherein: 

X is halogen, B(OR+ )2  or Sn(R++)3; 

Y is halogen, triflate, B(0124)2  or Sn(R4)3; 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(103; 

wherein each It.' is independently hydrogen or substituted or unsubstituted 

C1.3  alkyl, or each It+, together with the boron atom and the atoms to which they are attached, 

form a cyclic boronate; and Ril  is a C1 .4  alkyl; and wherein 

R I  is substituted or unsubstituted Ci_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; 

R3  and R4  are each independently H, substituted or unsubstituted C1_8 alkyl, substituted or 

unsubstituted aryl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted 

heterocyclyl, substituted or unsubstituted heterocyclylalkyl, substituted or unsubstituted aralkyl, 

substituted or unsubstituted cycloalkylalkyl, or R3  and R4, 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; 

provided the compound is not 6-(4-hydroxyphenyl)-4-(3-methoxybenzyl)-3,4-

dihydropyrazino [2,3-b]pyrazin-2(1H)-one, 6-(4-(1H-1 ,2,4-triazol-5-yl)pheny1)-3-

(cyclohexylmethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one, or (R)-6-(4-(IH-1 ,2,4-triazol- 

5-yl)pheny1)-3-(cyclohexylmethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one. 
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[00071 Provided herein are methods of preparing compounds having the following 

formula (I): 

R2  
R3  

Ri 	 N R4  N
.,..  T,,./ 

.. --.N--,'N  \., 
N 
.... 0 H 

0) 

wherein 12.1-R4  

and 

are 

pharmaceutically acceptable salts, tautomers, and 

as defined herein. 

stereoisomers thereof, 
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6-(2-methy1-4-(4H-1,2,4-triazol-3-y1)pheny1)-4-(2-(tetrahydro-2H-pyran-4-ypethyl)-3,4-

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

6-(4-methyl-1H-benzo[d]imidazol-6-y1)-4-(2-(tetrahydro-2H-pyran-4-ypethyl)-3,4-

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

6-(4-(2-hydroxypropan-2-yl)pheny1)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(11-1)-one; or 

6-(4-(1H-1,2,4-triazol-5-yOphenyl)-4-(2-(tetrahydro-2H-pyran-4-y1)ethyl)-3,4- 

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

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

k2  

R I., 	,N,,,...,N,.<,-0 

(II) 

the method comprising contacting a compound of 0 	u a (VI) 

x 
"I

„..ts,„,..._ 
 ' 
„ _.,..,._ 

IN -. 	N- 	R)  
H,  

(VI) 

with R -Y in a solvent, 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 (I), 

wherein 

a) when X is halogen, then Y is B(012.1-)2  or Sn(R h  )3; or 

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

4-boronate; and each R++-is a C1 _3  alkyl; and herein: 
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RI  is substituted or unsubstituted C1.8  alkyl, substituted or unsubstituted aryl, substituted 

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

unsubstituted heterocyclylalkyl; 	 / 
/ 

2 • R 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; 

R3  is H, or a substituted or unsubstituted C kg alkyl; 

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

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

24. The method of claim 23, wherein when X or Y is a halogen, the halogen is Br. 
,./ 

25. The method of claim 23, wherein the solvent is dimethylfortnamide, isopropanol, 

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

or without the presence of water. 

26. The method of claim 23, wherein when X or Y is B(OR )2, the contacting occurs in 

the presence of a base. 

27. The method of claim 26, wherein the base is sodium carbonate. 

28. The method of claim 26, wherein B(01:02  is B(OH)2  or B(-0C(CH3 )2C(CH3 )20- ). 

29. The method of claim 23, wherein when X or Y is Sn(r)3, the contacting optionally 

occurs in the presence of a base. 

30. The method of claim 29, wherein the base is triethylamine. 
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31. The method of claim 29, wherein R+*  is methyl or n-butyl. 
rF 32. The method of claim 23, further comprising preparing a compound of formula 

(VI), 

(VI)  

the method comprising cyclizing a compound of formula (VII) 

7R 

H 
I 

(VII)  

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

provide a compound of foi 	mula (VI), wherein Hal is a halogen, and R is H or C IA  alkyl, or the 

alkali metal salt of the carboxylate. 

33. The method of claim 32, wherein the base is potassium butoxide. 

34. The method of claim 32, wherein the acid is acetic acid, TFA, HC1, or phosphoric 

acid. 

35. The method of claim 32, wherein Hal is a halogen and the halogen is Br. 

36. The method of claim 32, wherein the cyclization is performed in a solvent. 

37. The method of claim, 36, wherein the solvent is methanol or water 
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38. The method of claim 32, further comprising preparing a compound of formula (VII), 

Fr 
,,,P4H 

p
, 

/ 
/ 

(VII)  

the method comprising contacting a compound of formula (VIII) , 

Hzi,„,,,N, 	H I 

(VIII)  

with R2-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. 

39. The method of claim 38, wherein the solvent is dimethylsulfoxide or N-

methylpyrrolidinone . 

40. The method of claim 38, wherein the base is triethylamine or diisopropylethylamine, 

41. The method of claim 38, wherein the halogen is Br. 

42. The method of claim 23, wherein the compound is 

7-(5-fl uoro-2-meth y1-4-(1H-1,2,4-triazol-3-y1)pheny1)-14 (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-y1)-1-(eis-4-methoxycyclohexyl)-3,4-

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

7-(1H-pyrrolo[2,3-b]pyridin-3-y1)-1-(2-(tetrahydro-2H-pyran-4-yflethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 
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7-(5-fluoro-2-methy1-4-(1H-1,2,4-triazol-3-yOpheny0-1 -((cis-4-methoxycyclohexyemethyl)- 

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

1-ethy1-7-0 H-pyrrolo[3,2-b]pyridin-5-y0-3,4-dihydropyrazino[2,3-b]pyrazin-2(i H)-one; 

7-(6-0 H-1,2,4-triazol-3-yOpyridin-3-y1)-1-((cis-4-methoxycyclohexyemethyl)-3,4- 

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

7-(1H-benzo[d]imidazol-4-y1)-1-(2-(tetrahydro-2H-pyran-4-yeethyl)-3,4- 

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

7-0 H-pyrrolo[2,3-b]pyridin-4-y1)-1 -(2-(tetrahydro-2H-pyran-4-yOethyl)-3 ,4- 

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

7-(6-(1H-1,2,4-triazol-3-yOpyridin-3 -y1)-1-((mans-4-methoxycyclohexyl)methyl)-3,4- 

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

7-(6-(1H-1,2,4-triazol-3-yOpyridin-3-y1)-1-((trans-4-hydroxycyclohexyl)methyl)-3,4-

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

7-(6-(1H-1,2,4-triazol-3-yOpyridin-3-y1)-1-(cis-4-hydroxycyclohexyl)-3,4-

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

7-(5-fluoro-2-methy1-4-(1H-1 ,2,4-triazol-3-yOpheny1)-1 -(cis-4-hydroxycyclohexyl)-3,4-

dihydropyrazinn[7,3 -h]pyrazin-20 H)-one; 

7-(6-0 H-1,2,4-triazol-3-yOpyridin-3 -y1)-1 -(tetrahydro-2H-pyran-4-y1)-3 ,4-

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

7-(6-0 H-1 ;2,4 -tri a zol-3-yOpyridin-3 -y1)-1 -(2-methoxyethyl)-3,4-dihydropyrazino[2,3-

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

746-0 H-1,2,4-triazol-3-yOpyridin-3-y1)-1-ethyl-3,4-dihydropyrazino[2,3-b]pyrazin-2(1 H)-

one; 

7-(5-fluoro-2-methyl-40 H-1,2,4-triazol-3-yOpheny1)- 1 -((cis-4-hydroxyeyelohexyl)methyl)- 

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

7-(5-fluoro-2-methy1-4-0 H-1,2,4-triazol-3-yOpheny1)-1-(tetrahydro-2H-pyran-4-y1)-3,4- 

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

7-(1H-indo1-4-y1)-1-(2-(tetrahydro-2H-pyran-4-yOethyl)-3,4-dihydropyrazino[2,3-b]pyrazin- 

2(1H)-one; 
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745 -fluoro-2-methyl-4-(1H- 1,2,4-triazol-3 -yl)pheny1)-1 -((trans-4- 

hydroxycyclohexyl)methyl)-3,4-dihydropyrazino [2,3 -Npyrazin-2( 1H)-one; 	 ff 

746-(1 H- 1,2,4-triazol-3 -yl)pyridin-3 -y1)- 1 -((cis-4-hydroxycycl ohexyl)methyl)-3,4-

dihydropyrazino[2,3 -Npyrazin-2( 1 H)-one; 

746-(1 H- 1,2,4-triazol-3 -yl)pyridin-3 -y1)- 1 -(trans-4-hydroxycyclohexyl)-3,4-

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

746-(1 H-1,2,4-triazol-3-yl)pyridin-3 -y1)- 1 -(trans-4-methoxycyclohexyl)-3,4-

dihydropyrazino[2,3 -Npyrazin-2( 1 H)-one; 

7-(6-(1 H-1 ,2,4-triazol-3 -yppyridin-3 -y1)- 1 -isopropy1-3,4-dihydropyr 	no[2,3-b]pyrazin- 

2(1H)-one; 

745 -fluoro-2-methy1-44 1H- 1 ,2,4-triazol-3 -yl)pheny1)- 1 -(trans-4-methoxycyclohexyl)-3,4-

dihydropyrazino[2,3 -13]pyrazin-2(1H)-one; 

745 -fluoro-2-methy1-44 1H- 1 ,2,4-triazol-3 -yl)pheny1)- 1 -(trans-4-hydroxycyclohexyl)-3 ,4-

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

7-(5-fluoro-2-methy1-4-(1H-1,2,4-triazol-3-yOpheny1)-1-(2-methoxyethyl)-3,4- 

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

7-(5 -fluoro-2-methyl-4-( 1H- 1,2,4-triazol -3 -yl)pheny1)- 1 -isopropy1-3,4-dihydropyrazino[2,3- 

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

1 -ethy1-7-(5-fluoro-2-methy1-4-(1H- ,2,4-triazol-3 -yl)pheny1)-3 ,4-dihydropyrazino [2,3 - 

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

7-(2-hydroxypyridin-4-y1)-1-(2-(tetrahydro-2H-pyran-4-ypethyl)-3,4-dihydropyrazino[2,3- 

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

1 -isopropy1-7-(4-methy1-6-(1H- 1,2,4-triazol-3 -yppyridin-3 -y1)-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-y1)-4-methylpicolinamide; 

7-(1 H-indazol-4-y1)- 1 -(2-(tetrahydro-2H-pyran-4-yDethyl)-3 ,4-dihydropyrazino [2,3 - 

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

7-(2-aminopyrimidin-5-y1)- 1 -(2-(tetrahydro-2H-pyran-4-yeethyl)-3,4-dihydropyrazino [2,3 - 

b]pyrazin-2(1 H)-one; 
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7-(2-aminopyridin-4-y0-1-(2-(tetrahydro-2H-pyran-4-yDethyl)-3,4-dihydropyrazino[2,3-

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

7-(6-(methylamino)pyridin-3-y1)-1-(2-(tetrahydro-2H-pyran-4-y0ethyl)-3,4-

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

7-(6-hydroxypyridin-3 -y1)-1-(2-(tetrahydro-2H-pyran-4-y0ethyl)-3 ,4-dihydropyrazino [2,3-

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

7-(4-(1H-pyrazol-3-yepheny1)-1-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-b]pyrazin- 

2(1H)-one; 

7-(pyridin-3-y1)-1-(2-(tetrahydro-2H-pyran-4-ypethyl)-3,4-dihydropyraz no[2,3-b]pyrazin- 

2(1H)-one; 

7-(1H-indazol-4-y0-1-(2-methoxyethyl)-3,4-dihydropyrazino[2s3-b]pyrazin-2(1H)-one; 

7-(1H-indazol-6-y1)-1-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 

7-(pyrimidin-5-y1)-1 -(2-(tetrahydro-2H-pyran-4-yDethyl)-3,4-dihydropyrazino [2,3-

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

7-(6-methoxypyridin-3-y1)-1 -(2-(tetrahydro-2H-pyran-4-yDethyl)-3,4-dihydropyrazino [2,3- 

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

1 -(2-methoxyethyl)-7-0 H-pyn-olo[2,3-blpyridin-5-y1)-3,4-dihydropyrazino[2,3-Npyrazin- 

2(1H)-one; 

1 -ethy1-7-(1 H-pyrrolo [2,3-b]pyridin-5-y0-3,4-dihydropyrazino [2,3-b]pyrazin-2(1H)-one; 

1 -ethyl -741 H -indazol -4 -y1)-3 ;4 -dihydropyrazino[2,3-h]pyrazin-2(1 H)-one; 

7-(pyridin-4-y0-1-(2-(tetrahydro-2H-pyran-4-y0ethyl)-3,4-dihydropyrazino[2,3-b]pyrazin- 

2(1H)-one; 

7-(6-aminopyridin-3-y1)-1-(2-(tetrahydro-2H-pyran-4-yDethy0-3,4-dihydropyrazino[2,3-

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

1 -methy1-7-(2-methy1-6-(4H-1,2,4-tr 	o 3-yl)pyridin-3-y1)-3 ,4-dihydropyrazino [2,3 - 

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

2-(2-hydroxypropan-2-y1)-5-(8-(trans-4-methoxycyclohexyl)-7-oxo-5,6,7,8-

tetrahydropyrazino [2,3 -b]pyrazin-2-y0pyridine 1-oxide; 
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4-methy1-5-(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]pyraziti-2- 

y1)-4-methylpicolinamide; 	 / 
/ 

7-(1H-pyrazol-4-y1)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)- 3 	 [2,3- ,4-dihydropyrazino 

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

1-(trans-4-methoxycyclohexyl)-7-(4-methy1-6-(1 H-1,2,4-triazol-3-yl)pyridirt-3-y1)-3,4-

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

3-((7-(2-methy1-6-(4H-1,2,4-triazol-3-yl)pyridin-3-y1)-2-oxo-3,4-dihydropyrazino[2,3-

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

1-((mans-4-methoxycyclohexyl)methyl)-7-(4-methyl-6-(1H-1,2,4-triazol-3-y1)pyridin-3-y1)- 

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

3-(7-0x0-8-(2-(tetrahydro-2H-pyran-4-ypethyl)-5,6,7,8-tetrahydropyrazino[2,3-b]pyrazin-2-

y1)benzamide; 

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

2-y1)-4-methylpicolinamide; 

3-((7-(6-(2-hydroxypropan-2-34)pyridin-3-y1)-2-oxo-3,4-dihydropyrazino [2,3-b]pyrazin- 

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

7-(6-(2-hydroxypropan-2-yepyridin-3-y1)-1 -((lR,3R)-3-methoxycyclopenty1)-3 ,4-

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

7-(6-(2-hydroxypropan-2-yl)pyridin-3-y1)-1-((1 S,3R)-3-methoxycyclopenty1)-3,4- 

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

7-(6-(2-hydroxypropan-2-yppyridin-3-y1)-1-((1S,3S)-3-methoxycyclopenty1)-3,4- 

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

7-(6-(2-hydroxypropan-2-y1)pyridin-3-y1)-1 -((lR,3S)-3-methoxycyclopenty1)-3,4-

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

7-(1H-indazol-6-y1)-1-(2-(tetrahydro-2H-pyran-4-yeethyl)-3,4-dihydropyrazino [2,3-

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



7-(2-methy1-6-(4H-1,2,4-triazol-3-yppyridin-3 -y1)-1 -(2-morpho noethyl)-3 ,4-

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

1-(trans-4-hydroxycyclohexyl)-7-(2-methy1-6-(4H-1,2,4-triazol-3-yl)pyridin-3-y1)-3,4-/ 

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

1-(cis-4-hydroxycyclohexyl)-7-(2-methy1-6-(4H-1,2,4-triazol-3-yOpyridin-3-y1)-3;4-

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

7-(6-(2-hydroxypropan-2-yl)pyridin-3-y1)- 1 -(2-morpholinoethyl)-3 ,4-dihydropyrazino [2,3-

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

1 -isopropy1-7-(2-methy1-6-(4H-1,2,4-triazol-3-yppyridin-3 -y1)-3,4-dihydropyrazino[2,3-

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

7-(1H-imidazo[4,5-b]pyridin-6-y1)-1-(2-(tetrahydro-2H-pyr 	4-ypethyl)-3,4-

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

1-((cis-4-methoxycyclohexyl)methyl)-7-(2-methyl-6-(1H 	,2,4-triazol-3-yl)pyridin-3 -y1)- 

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

1 -(trans-4-hydroxycyclohexyl)-7-(6-(2-hydroxypropan-2-yep 	din-3-y1)-3,4- 

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

1 -(cis-4-hydroxycyclohexyl)-7-(6-(2-hydroxypropan-2-yl)pyri di n-3-y1)-3 ,4-

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

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

yllbenzamide; 

7-(1H-indazol-5-y1)-1-(2-(tetrahydro-2H-pyran-4-ypethyl)-3,4-dihydropyrazino[2,3-

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

7-(1H-pyrrolo[2,3-b]pyridin-5-y1)-1-(2-(tetrahydro-2H-pyran-4-yDethyl)-3,4-

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

7-(2-methy1-6-(4H-1,2,4-triazol-3-yl)pyridin-3-y1)-1-(tetrahydro-2H-pyran-4-y1)-3,4-

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

1 -((1 S,3R)-3-methoxycyclopenty1)-7-(2-methy1-6-(4H-1,2,4-triazol-3-yppyridin-3 -y1)-3 ,4-

dihydropyrazino [2,3-b]pyrazin-2(1 H)-one; 
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1 -((lR,3 R)-3 -methoxycyclopenty1)-7-(2-methy1-6-(4H- 1,2,4-triazol-3-yl)pyridin-3 -y1)-3,4-

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

14(1 R,3 S)-3-methoxycyclopenty1)-7-(2-methy1-6-(4H-1,2,4-triazol-3-yDp 	idin-3 -y1)-37,74- 

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

1 -(( 1 S,3 S)-3 -methoxycyclopenty1)-7-(2-methy1-6-(4H- 1 ,2,4-triazol-3-yl)pyridin-3 -y1)-3,4- 

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

7-(1H-indo1-5-y1)- 1 -(2-(tetrah ydro-2H-p yran-4-yHethyl)-3,4-dihydropyrazirio [2,3-b]pyrazin- 

2(1 H)-one; 

1 -ethy1-7-(2-m ethyl -6-(4H- 1,2,4-triazo1-3 -yl)pyri d in-3 -y1)-3,4-dihydropyrazino [2,3 - 

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

7-(1H-indo1-6-y1)-1 -(2-(tetrahydro-2H-pyran-4-yDethyl)-3,4-dihydropyrazino [2,3 -b]pyrazin- 

2(1H)-one; 

7-(4-(2-hydroxypropan-2-yl)pheny1)- 1 -(trans-4-m ethoxycyclohexyl)-3 ,4-

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

7-(6-(2-hydroxypropan-2-yl)pyridin-3-y1)-1-(te ahydro-2H-pyran-4-y1)-3,4-

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

1 -((trans-4-methoxycyclohexyl)methy0-7-(2-methyl-64 1H-1,2,4-tri a7o1-3-yl)pyridin-3-y1)- 

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

7-(6-(2-hydroxypropan-2-yl)pyridin-3-y1)-1 -((cis-4-methoxycyclohexypmethyl)-3,4-

dihydropyrrino[2,3-h]pyrazi n-2(1 H).-one; 

1 -(2-methoxyethyl)-7-(4-methy1-2-(m ethyla 	no)- 1 H-benzo [d] imidazol-6-y1)-3,4-

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

7-(7-m ethy1-2-oxo-2,3-dihydro-1H-benzo [di imidazol-5 -y1)- 1 -((tetrahydro-2H-pyran-4-

yOmethyl)-3,4-dihydropyrazino [2,3 -b]pyrazin-2(11-1)-one; 

7-(2-methy1-4-(4H-1,2,4-triazol-3-Apheny1)-3,4-dihydropyrazino[2,3-b]pyraz n-2( 1 H)-one; 

1 -(2-methoxyethyl)-7-(4-methy1-64 1H-1,2,4-triazol-3 -yl)pyridin-3-y1)-3,4-

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

1 -benzy1-7-(2-methy1-4-(4H- 1,2,446 azol-3-yl)pheny1)-3,4-dihydropyrazino [2,3-b]pyrazin- 

2(1H)-one; 
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7-(3-fluoro-4-(4H- 1,2,4 	azol-3-yl)pheny1)- 1 -(2 	ethoxyethyl)-3 ,4-dihydropyrazino [2,3 - 

b]pyrazin-2(1H)-one; 	 / (7  

7-(3-fluoro-4-(4H- 1,2,4-triazol-3-yl)pheny1)- 1 -(2-(tetrahydro-2H-pyran-4-ypethyl)-3 ,4/: 
/ 

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

7-(3-fluoro-2-methy1-4-(1H-1,2,4-triazol-3 -yepheny1)- 1 -(2-methoxyethyl)-3,4- (,) 

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

1-(trans-4-methoxycyclohexyl)-7-(2-methy1-6-(411-1,2,4-triazol-3-yOpyridin-3-y1)-3,4-

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

7-(6-(2-hydroxypropan-2-yl)pyridin-3-y1)- 1 -(trans-4-methoxycyclorp5tyl)-3,4-

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

7-(5 -fluoro-2-methy1-4-(4H-1 ,2,4-triazol-3-yflpheny1)- 1 -(2-(tetrahydro-2H-pyran-4- 

yOethyl)-3 

	

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

7-(3-fluoro-2-methy1-4-0 H-1,2,4-triazol-3 -yepheny1)- 1 -(2-(tetrahydro-2H-pyran-4-

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

1 -(2-methoxyethyl)-7-(2-methyl-6-(4H- 1,2,4-triazol-3 -yl)pyridin-3-y1)-3,4-

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

74642 -hydroxypropan-2 -yl)pyriclin-3-y1)- 1-((t 	s-4-methoxyeyelobexyernethyl)-3 ,4-

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

1 -(eyelopentylmethyl)-7-(6-(2-hydroxypropan-2-yl)pyridin-3 -y1)-3 ,4-dihydropyrazino[2,3-

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

7-(4-(2-hydronpropan-2-yl)pheny1)- 1 -(2-methoxyethyl)-3 ,4-dihydropyrazino[2,3-b]pyrazin- 

2(1 H)-one; 

(S)-7-(6-( 1 -hydroxyethyl)pyridin-3-y1)- 1 -(2-(tetrahydro-2H-pyran-4-ypethyl)-3,4-

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

(R)-7-(64 1-hydroxyethyl)pyridin-3-y1)- 1 -(2-(tetrahydro-2H-pyran-4-yHethyl)-3 ,4-

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

7-(2-methy1-6-(4H-1,2,4-triazol-3-yl)pyridin-3 -y1)-1-((tetrahydro-2H-pyran-4-yemethyl)- 

3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 
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7-(4-(2-hydroxypropan-2-yOpheny1)-1-(2-(tetrahydro-2H-pyran-4-yDethyl)-3,4-

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

7-(6-(2-hydroxypropan-2-yOpyridin-3-y0-1-(4-(trifluoromethyObenzy1)-3,4-

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

7-(6-(2-hydroxypropan-2-yOpyridin-3-y1)-143-(trifluoromethyObenzy1)-3,4-

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

7-(6-(2-hydroxypropan-2-yOpyridin-3-y1)-1-(3-methoxypropy1)-3,4-dihydropyrazino[2,3-

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

7-(4-methy1-6-(1H-1,2,4-triazol-3-yOpyridin-3-y1)-1 -(2-(tetrahydro-2H-pyran-4-yDethyl)- 

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

7-(6-(2-hydroxypropan-2-yOpyridin-3-y1)-1-(2-methoxyethyl)-3A-dihydropyrazino[2,3-

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

746-(2-hydroxypropan-2-yOpyridin-3-y1)-1-((tetrahydro-2H-pyran-4-yOmethyl)-3,4-

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

7-(4-methy1-2-(methylamino)-1H-benzo[d]imidazol-6-y1)-1-((tetrahydro-2H-pyran-4-

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

7-(2-amino-4-methy1-1H-benzo[d]inaidazol-6-y1)-1-((tetrahydro-2H-pyran-4-yOmethyl)-3,4- 

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

7-(2-methy1-6-(4H-1,2,4-triazol-3-yOpyridin-3-y1)-1-(2-(tetrahydro-2H-pyran-4-yDethyl)- 

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

(R)-7-(6-(2-hydroxypropan-2-yepyridin-3-y1)-3-methy1-1-(2-(tetrahydro-2H-pyran-4-

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

(S)- 7-(6-(2-hydroxypropan-2-yOpyridin-3-y1)-3-methy1-1-(2-(tetrahydro-2H-pyran-4-

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

7-(6-(2-hydroxypropan-2-yOpyridin-3-y1)-3,3-dimethy1-1-(2-(tetrahydro-2H-pyran-4- 

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

7-(2-amino-4-methy1-1H-benzo[d]imidazol-6-y0-1-(2-(tetrahydro-2H-pyran-4-yOethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 
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7-(6-(2-hydroxypropan-2-yl)pyridin-3-y1)-1-(2-(tetrahydro-2H-pyran-4-ypethyl)-3,4- 

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

7-(2-methyl-4-(1H-1,2,4-triazol-3 -yl)pheny1)- 1 -(2-(tetrahydro-2H-pyran-4-yDethyl )-3,4-

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

7-(4-( 1H- 1,2,4-triazol-5-y1 )pheny1)- 1 -(2-(tetrahydro-2H-pyran-4-ypethyl)-3,4-

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

1 -(1 -hydroxypropan-2-y1)-7-(2-methy1-6-( 1H- 1,2,4-triazol-3-yl)pyridin-3-y1)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(11-1)-one; or 

1 -(2-hydroxyethyl)-7-(2-meth y1-6-( 1 H- 1 ,2,4-triazol-3-yl)p 	d n-3-y1)-3,4- 

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

43. A compound having formula (III): 

R2  

N 

(III) 

or a salt, tautomer or stereoisomer thereof, wherein: 

X is fluorine, chlorine, iodine, B(OR)2  or Sti(R"-)3; 

each RH-  is independently hydrogen or:substituted or unsubstituted C1.3  alkyl or each RT  

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

each R7+  is independently C2_4 alkyl; 

, 

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; and 

R3  and R4  are each independently H, substituted or unsubstituted C1 _8  alkyl, substituted 

unsubstituted aryl, substituted or unsubstituted cycloalkyl, substituted or 

or 



unsubstituted heterocyclyl, substituted or unsubstituted heterocyclylalkyl, substituted or 

unsubstituted aralkyl, substituted or unsubstituted cycloalkylalkyl, or R3  and R4, together with 

the atom to which they are attached, form a substituted or unsubstituted cycloalkyl or substitthe 

or unsubstituted heterocyclyl; 

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

substituted or unsubstituted heterocyclyl. 

44. A compound having formula (IV): 

pu 

(IV) 

or a salt, tautomer or stereoisomer thereof, wherein: 

each Hal is independently a halogen; and 

Hale  is Br or I. 

45. A compound having formula (V): 

Hair-„, 

or a salt, tautomer or stereoisomer thereof, wherein: 

R2  is H, substituted or unsubstituted C14 alkyl, substituted or unsubstituted cycloalkyl, 

substituted or unsubstituted heterocyclyl, substituted or unsubstituted 

heterocyclylalkyl, substituted or unsubstituted aralkyl, or substituted or unsubstituted 

cycloalkylalkyl; 



R3  and R4  are each independently H, substituted or unsubstituted C14 alkyl, substituted ( 

unsubstituted aryl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted 	//  
heterocyclyl, substituted or unsubstituted heterocyclylalkyl, substituted or unsubstituted araikyl, 

substituted or unsubstituted cycloalkylalkyl, or R3  and R4, 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. 

46. A compound having formula (VI): 

X 	N "t"' !I 	: 
c..r. 

(VI) 

or a salt, tautomer or stereoisomer thereof, wherein: 

X is fluorine, chlorine or iodine, B(01e)2 or Sn(le+)3; 

each le 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; 

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; and 

R3  is H, or a substituted or unsubstituted C1.8 alkyl. 
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47. A compound having formula (VII) 

N 	NH 
Fe , 

..---- 

(VII) 

or salt, tautomer or stereoisomer thereof, wherein: 

Hal is a halogen; 

R is H or C1 _4  alkyl, or the alkali metal salt of the carboxylate; 

R2  is H, substituted or unsubstituted C[..8  alkyl, substituted or unsubstituted cycloalkyl, 

substituted or unsubstituted heterocyclyl, substituted or unsubstituted heterocyclylalkyl, 

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

R3  is H, or a substituted or unsubstituted C i _g  alkyl. 

48. A compound having formula (VIII) 

Hal ,,,,F,4„ 

H 

WI(i) 

or a salt, tautomer or stereoisomer thereof, wherein: 

each Hal is independently a fluorine, chlorine or iodine; 

m
,  

R is H or C1.4  alkyl, or the alkali 	etal salt of the carboxylate; and R3  is H, or a 

substituted or unsubstituted C1 _8  alkyl/  
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