{2006). mTOR exists within two complexes, mTORC] and mTORC2. mTORC] is sensitive
to rapamycin analogs {such as temsirolimus or everolimus) and nﬁ‘ORCE 1s largely rapamycin-
insensitive. Several mTOR inhibitors have been or are being evaluated in clinical trials for the
treatment of cancer. Temsirolimus was approved for use in renal cell carcinoma in 2007 and
everolimus was approved in 2009 for renal cell carcinoma patients that have progressed on
vascular endothelial growth factor receptor inhibitors, In addition, sirolimus was approved in
1999 for the prophylexis of renal transplant rejection. The interesting but limited clinical
success of these mTORCI compounds demonstrates the usefuiness of mTOR inhibitors in the
treatment of cancer and transplant rejection, and the increased potential for compounds with

both mTORCI and mTORC?2 inhibitory activity.

[0006] Citation or identification of any reference in Section 2 of this application is not

10 be construed as an admission that the reference is prior art to the present application.
3. SUMMARY

10006a] In an aspect, the present invention refers to a method of preparing a

compound of formuia O,

the method comprising contacting a compound of formuia (I}

FEQ
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Kﬂ_v?ymw&qyﬁﬂ
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WOHT TG
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(IID)




with R-Y in a solvent, in the presence  of dichlorof1,1°-bis(ditert-
butylphosphino)ferrocene]palladium(Il)  or  dichlorobis(p-dimethylamino  phenylditbutyl
phosphine) palladium(Il), wherein said contacting occurs under conditions suitable to provide a
compound of formula (I), wherein:

X is halogen, B(OR ™}, or Sn(R™);s;

Y is balogen, triflate, B(OR™), or Sn(R™")3; wherein

a) when X is halogen, then Y is B{OR™), or Sn(R™")3; or

b) when Y is halogen or triflate, then X is B(OR ), or Sn{R™)3;

wherein each R” is independently hydrogen or substituted or unsubstituted
Ci3 alkyl, or each R, together with the boron atom and the atoms to which they are attached,
form a cyclic boronate; and R is a C; alkyl; and wherein

R'is substituted or unsubstituted C g alkyl, substituted or unsubstituted aryl, substituted
or unsubstituted cycloalkyl, substituted or unsubstituted heterocyclyl, or substituted or
unsubstituted heterocyclylalkyl;

R” is H, substituted or unsubstituted C;.¢ alkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocyclyl, substituted or unsubstituted
heterocyclylalkyl, substituted or unsubstituted aralkyl, or substituted or unsubstituted
cycloalkylalkyl;

R? and R* are each independently H, substituted or unsubstituted C;_g alkyl, substituted or
unsubstituted aryl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
heterccyclyl, substituted or unsubstifuted heterocyclylalkyl, substituted or unsubstituted aralkyl,
substituted or unsubstituted cycloalkylalkyl, or R* and R?, to gether with the atom to which they
are attached, form a substituted or unsubstituted cycloalkyl or substituted or unsubstituted
heterocyclyl;

or R” and one of R® and R”, 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)phenyl)-3-
(cyclohexylmethyl)-3,4-dihydropyrazino{2,3-blpyrazin-2(IH)-one, or (R)-6-(4-(IH-1 ,2,4-triazol-
5-yDphenyl)-3-(cyclohexylmethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one.
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[G007] Provided herein are methods of preparing compounds having the following

formula (I):
RZ
R3
R N N Rr*
B
=
N N @]
H
44

and pharmaceutically acceptable salts, tautomers, and stereoisomers thereof,

wherein R'-R* are as defined herein.

- 2h-



6-(2-methyl-4-(4H-1,2 4-triazol-3-yl)phenyl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-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-vyl}ethyl}-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(4-(2-hydroxypropan-2-yl)phenyl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1 H}-one; or
6-(4-(1H-1,2,4-triazol-5-yl)phenyl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one.

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

B2

Rt ,,%%,z;z\{fﬁ

T

e, .
RM» “-‘.Eé.f"‘”k P

(1) |
the method comprising contacting a compound of fgm‘ﬁﬁla {(VH

o)

with R -Y in a solvent, in the presence q/f.d’i&ﬂoro[l,l *-bis(ditert-butylphosphino)
ferrocene]palladium(Il) or dichlorobi’é'ﬁ:a dimethylamino phenylditbutylphosphine)palladium(Il),
wherein said contacting occurs- under conditions suttable to provide a compound of formula (1),
wherein . !

a) when X ;'_s--ﬁéiogen, then Y is B(OR™), or Sn{R"™)s; or

b} When’"Y; is halogen or triflate, then X is B(OR™); or Sn(R")a;

wherem each R is independently hydrogen or substituted or unsubstituted Cy_; alkyl, or
each R , together with the boron atom and the atoms to which they are attached, form a cyclic

ﬁzber@nate .and-each-R.is.a-Cy.5 alkyly-and wherein: -
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R' is substituted or unsubstituted Cy.g alkyl, substituted or unsubstituted aryl, substituted
or unsubstituted cycloalkyl, substituted or unsubstituted heterocyclyl, or substituted or /

rd
unsubstituted heterocyclylalkyl; /

R%is H, substituted or unsubstituted C;.g alkyl, substituted or unsubstituted cyclo,ziﬁ/{yl,
substituted or unsubstituted heterocyclyl, substituted or unsubstituted ’
heterocyclylalkyl, substituted or unsubstituted aralkyl, or substituted or unsubstitl}té'd
cycloalkylalkyl;

R%is H, or a substituted or unsubstituted C,¢ alkyl; 4_

provided the compound of formula (II} is not 7—(4—hydroxypheny_1,)ii-(3-methoxybenzyl)—
3 4-dihydropyrazino [2,3 -b]pyrazin-2(1H)-one . |

24. The method of claim 23, wherein when X or Y is a hal(}.g'én, the halogen is Br.

25. The method of claim 23, wherein the solvent is dim@tﬂlylformamide, isopropanol,
dioxane, toluene, dimethylacetamide, tetrahydrofurgn, or a combination thereof, with
or without the presence of water.

26. The method of claim 23, wherein when X Q_r"Y is B(OR ), tﬁe contacting occurs in
the presence of a base. __

27. The method of claim 26, wherein the/._bé,se is sodium carbonate.

28. The method of claim 26, wherein ;B'(OR+)2 is B(OH), or B(~-OC(CH;3»C(CH3)20-).

29. The method of claim 23, wherein ..when X or Y is Sn(R" )1, the contacting optionally

occurs in the presence of a base.

30. The method of claim 29, wherein the base is triethylamine.



31. The method of claim 29, wherein R™™ is methyl or n-butyl. //
/
32. The method of claim 23, further comprising preparing a compound of formula /f”
VD), /
f;/

(VD

the method comprising cyclizing a compound of formul_a"(VII)

Hal Mg N

[+ ] ‘
e
Woox

J
(VID)

in the presence of a base or an acid, wherein said cyciizatibﬂn occurs under conditions suitable to
provide a compound of formula (VI), wherein Hal is a--ﬁé.logen, and R 1s H or C; 4 alkyl, or the
alkali metal salt of the carboxylate. _

33. The method of claim 32, wherein the ‘r;ase is potassium butoxide.

34. The method of claim 32, Wherein_.-tﬁe acid is acetic acid, TFA, HCL, or phosphoric

acid. S |
35. The method of claim 32, \aghéfein Hal is a halogen and the halogen is Br.
36. The method of claim 32, ﬁherein the cyclization is performed in a solvent.

37. The method of claim 36, wherein the solvent is methanol or water.

NNNNNNN . e S . Y O



38. The method of claim 32, further comprising preparing a compound of formula (VII), ///

o ! A
Ml My A /
L /
g e R /
ok i
¢
(VL)

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

gt )

Py HAl

e

(VIID )
with R>-NH; in a solvent, optionally in the presence of a base, whertgi‘i/{ said contacting ocecurs
under conditions suitable to provide a compound of formula (VII')';"Kx'Jvherein Hal is a halogen.
39. The method of claim 38, wherein the solvent is di]pé%hyisulfoxide or N-
methylpyrrolidinone . Ve

40. The method of claim 38, wherein the base isf,ﬁfiethylaminc or ditsopropylethylamine,

41. The method of claim 38, wherein the halp-g?én is Br.

42. The method of claim 23, wherein the g;(ﬁ’npound is
7-(5-fluoro-2-methyl-4-(1H-1 ,2,4—triazol-§,¢§i)phenyl)- 1-({(trans-4-
methoxycyciohexyi)methyl)-3,4-dihyd;o£;yrazin0[2,3—b}pyrazin—2(IH)—One;
7-(6-(1H-1,2,4-triazol-3 —yl)pyridin—}'-’};fl)—l -(cis-4-methoxycyclohexyl)-3,4-
dihydropyrazino{2,3 —b]pyrazin-Z_(l’ﬁ)—one;
7-(1H-pyrrolo[2,3-b]pyridin-3 +§1)— 1-(2-(tetrahydro-2H-pyran-4-yi)ethyl}-3,4-
dihydropyrazino{2,3 —b]pwaﬁin@( 1H)-one;




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

rd

3.4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; 7

[-ethyl-7-(1H-pyrrolo[3,2-b]pyridin-53-yi)-3,4-dihydropyrazino| 2, 3—b]pyra7in-2(1H)—oncf’g

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

dihydropyrazino|2,3-b]pyrazin-2(1H}-one; /
7-(1H-benzo[dJimidazol-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-blpynidin-4-y1)-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-yD)pyridin-3-yi}-1-((frans-4- methoxycyclohexyl)methyl) 3,4~

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

7—(6—(1H—1,2,4—&'1&201—3-yl)pynd1n-3—yl)—1-((frans—4—hydr0?cyéyclohexyl)methyl)-3,4—

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

7-(6-(1H-1,2.4-triazol-3-yl)pyridin-3-y1)-1 —(cis—4—hydr5kycyclohexyl)—3 A

dihydropyrazino[2,3-blpyrazin-2(1H}-one; 4_

7-(5~fluoro-2-methyl-4-(1H-1,2, 4-triazol~3~yl)p}i'ényl)«l -{cis-4-hydroxycyclohexyl)-3,4-

dihydropyrazino[2,3-blpyrazin-2(1H}-one; -

7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3 —y‘l);,l -(tetrahydro-2H—pyran—4-yl)—3 A-

dihydropyrazino[2,3-b]pyrazin-2(1 H)._.u.éﬁe;

T-{6-(1H-1,2,4-tr1 a..zol~3~y1)pyrid.in_wf§ ~y1)-1-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-

blpyrazin-2(1H)-one; :

7-(6-(1H-1,2,4-trtazol-3 —yl)pYﬁdin—&-yl)- I-ethyl-3,4-dihydropyrazino[2,3-blpyrazin-2(1H)-

one, '

7~(5~ﬂuoro~2~methy174$( 1H-1,2 4-triazol-3-vl)phenyl)-1-((cis-4-hydroxycyclohexyl )methyl)-

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

7-(5-fluoro-2- methyl -4-(1H-1,2,4-triazol-3-yl)phenyl)-1- (tetrahydro-ZH pyran-4-y1)-3.4-

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

7~(1H~11‘1_d01—4—y1)—1 -(2-(tetrahydro-2H-pyran-4-yliethyl)-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- /
hydroxycyclohexylymethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; /

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

o/

A

dihydropyrazino{2,3-blpyrazin-2(1H)-one; ' Vi
7-(6-(1H-1,2 4-triazol-3-yl)pyridin-3-yl}-1-(frans-4-hydroxycyclohexyl)-3,4- /7
dihydropyrazino[2,3-blpyrazin-2( 1 H)-one; g
7-(6-(1H-1,2,4-triazol-3-yD)pyridin-3-yl)-1-(trans- 4-methoxycyciohexyl)
dihydropyrazino{2,3-b]pyrazin-2(1 H)-one; g
7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-isopropyl-3,4- dlhydmpyrazm()[Q 3-bipyrazin-
2(1H)-one;

7-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-1- (tmns-4—methoxycyclohexy}) 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-blpyrazin-2(1H}-one; ’

7-(5-fluoro-2-methyl-4-{ 1 H-1 ,2,4~triaz01~3«yl)ph§n§l)—1 -(2-methoxyethyl)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;

7-(5-fluorp-2-methyl-4-(1H-1.2 4-triazol- 3 vl)phenyl) 1-1sopropyl-3,4-dihydropyrazino{2,3-
blpyrazin-2(1H)-one;

1-ethyl-7-(5-fluoro-2-methyl-4- (1H 1 2 4mtr1az01 3-vh)phenyl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H})-one;

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

1—isopmpyi—7—(4—methyl;6i( 1H-1,2 4-triazol-3-yl)pyridin-3-y1)-3 ,4-dihydropyrazino{2,3-
b]pyrazin-2(1H)-one;
5~(8—isopropyIm’?~0_x(;;S,6,7,8-tetrahydropyrazino[2,3—b}pyrazin-Z-yi)-4-methy1picolinamide;
7-(1 H-indazoi-_ﬁ&-’i}l)— 1-(2-(tetrahydro-2H-pyran-4-ylethyl)-3,4-dihydropyrazino[2,3-
b}pyrazin—Z(liil)—onc;

7—(2-amigdi$yﬁmidin~5—yl)~ 1-(2-{tetrahydro-2H-pyran-4-yljethyl}-3,4-dihydropyrazino|2,3-
b]pmzi'g_z(l_}{)—one;




ya
A

7-(2-aminopyridin-4-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3- .
blpyrazin-2(1H)-one; f,,f"i{
7-(6-(methylamino)pyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl}-3,4- _J_g”f
dihydropyrazinoi2,3-b]pyrazin-2(1H)-one; /J

7-(6-hydroxypyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3 ,4-dihydr0py:?;igno [2,3-
blpyrazin-2(1H)-one; ”
7-(4-(1H-pyrazol-3-yljphenyl})-1-(2-methoxyethyl)-3,4- d1hydr0pyrazmo[2 3-b}pyrazm-
2(1H)-one;

T-(pyridin-3-y1)-1-(2-(tetrahydro-2H-pyran-4-yDethyl)-3,4- dlhydropyrazmo[Q, 3-b]pyrazin-
2(1H)-one;
7-(1H-1ndazol-4-y1)-1-(2-methoxyethyl)-3 ,4—dihydropyrazino[%g‘éi‘—b]pyrazinQ(1H)-one;
7-(1H-indazol-6-yl)-1-(2-methoxyethyl)-3,4- dihydropyrazino’f:’z 3-blpyrazin-2(1H)-one;
7-(pyrimidin-5-y1)-1-(2-(tetrahydro-2H-pyran-4- yl)ethyl) 3 J4-dihydropyrazino[2,3-
blpyrazin-2(1H)-one;

7-(6-methoxypyridin-3-y1)-1-(2-(tetrahydro- 2H—pyran~4 yhethyl)-3,4-dihydropyrazino[2,3-
blpyrazin-2(1H)-one; ‘

1-(2-methoxyethyl)-7-(1H-pyrr olo[253-b]py1jid§n-5—yl)-3?4 dihydropyrazino[2,3-bpyrazin-
2(1H)-one;

1-ethyl-7-(1H-pyrrolo [2,3—b}pyﬁdin-5fyij-3,4—dihydr0pyrazin0 [2.3-b]pyrazin-2(1H)-one;
1-ethyl-7-(1H-indazol-4-y1}-3.4- dihyﬁropwa?ino{Z 3-blpyrazin-2(1H)-one;
7-(pyridin-4-y1-1-(2- (tetrahydro 2H-pyran—4 yl)ethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-
2{1H}-one;

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

1-methyl-7-(2-m ethylléu(4H~ 1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-dihydropyrazino[2,3-
b]pyrazin—Z(lH)foﬁe;
2-(2-hydroxypropan-2-yl)-5-(8-(trans-4-methoxycyclohexyl )-7-0x0-5,6,7,8-
tetrahydropyi‘:ézino{2,3-b]pyrazin-.’z—yl)pyridine 1-oxide;




4-methyl-5-(7-ox0-8-((tetrahydro-2H-pyran-4-ylymethyl})-5,6,7,8-tetrahydropyrazino[ 2,3- /

blpyrazin-2-yl)picolinamide; //

5-(8~((cis~4~methoxycyciohexyl)methyi)—7—ox0—5,6,7,8~tetrahydropyrazino[2,3—b]pyra%;ﬂ—2-
yl)-4-methylpicolinamide; ﬁ/ {
7-(1H-pyrazol-4-y1)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4- dlhydropylazmo[E 3~
blpyrazin-2(1H)-one;

1-(trans-4-methoxycyclohexyl)-7-(4-methyl-6-(1H-1,2 4-triazol-3- y})pyndm 3 yi)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H}-one; ”
3-((7-(2-methyl-6-(4H-1,2 4-triazol-3-yl)pyridin-3-y1)-2-0x0-3.4- dlhydropyrdzm0{2 3-
blpyrazin-1(2H)-ylmethyl)benzonitrile; /

1-{{(trans-4-methoxycyclohexyl)methyl)-7-(4-methyl-6- (1H 1 2 4 triazol-3-yhpyridin-3-y1)-
3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
3-(7-0x0-8-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-5,6,7, 8 tetrahydropyrazmo[Z 3-bipyrazin-2-
yl)benzamide; S
5-(8-((trans-4-methoxycyclohexyl)methyl})-7- 0X0- 5 6 7.8-tetrahydropyrazino|2,3-b]pyrazin-
2-yl)-4-methylpicolinamide;

3-((7-(6-(2-hydroxypropan-2-yl)pyridin-3- yi) 2~oxo-°§ 4-dihydropyrazino[2,3-b]pyrazin-
I{(2H)-yl)methyl}benzonitrile;

7-(6-(2-hydroxypropan-2-yl)pyridin- 3 yl) I-((1R,3R)-3-methoxycyclopentyl)-3,4-
d]hydropyrazm(){Z,3~b]pyrazmw2(1.H)mone,

7~(6~(2~hydr0xypr0pan—Z—yl)pXriéin—S—yl)— 1-((18,3R)-3-methoxycyclopentyl}-3,4-
dihydropyrazino{Zj»b}pyra;i’f;-Z(l.H)mone;

7~(6~(2~hydroxypropan»2;=§i)pyridin—3—yl)-l -((18,38)-3-methoxycyclopentyl)-3,4-
dihydropyrazino[2,3-bJpyrazin-2(1H)-one;

7~(6—(2—hydr0xyprqpein—Z—yi)pyridin—B—yI)-1 ~((1R,38)-3-methoxycyclopentyl)-3,4-
dihydropyrazino [2,3-b]pyrazin-2(1H})-one;
7—(}H—indaz9ii%~y1}ul~(2-(tetrahydro-2H~pyran—4—yi)ethy1)—3,4-dihydropyrazino[2,3-
bpyrazin-3(1H)-one;




7-(2-methyl-6-(4H-1,2 4-triazol-3-yl)pyridin-3-y1)-1-(2-morpholinoethyl)-3,4-
dihydropyrazino{2,3-b]pyrazin-2(1 H}-one; /
1-(trans-4-hydroxyeyclohexyl)-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-y1)-3, 4_ /
dihydropyrazino[2,3-bijpyrazin-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-blpyrazin-2(1H)-one; .
7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-(2-morpholinoethyl)-3,4- d1hydropy1azmo[2 3-
blpyrazin-2(1H}-one;

1-isopropyl-7-(2-methyl-6-(4H-1,2,4-triazol-3-ylpyridin-3-yl}-3,4- dlhydropyrd?mo{Z 3-
bipvrazin-2(1H)-one;

7-(1H-imidazo[4,5-b]pyridin-6-y1)-1-(2-(tetrahydro-2H- pyran -4- yl)ethyl) -3,4-
dihydropyrazino[2,3-b]pyrazin-2{1 H}-one;
1-((cis-4-methoxycyclohexyl)methyl)-7-(2-methyl-6- (1H 1 ,2,4-triazol-3-yDpyridin-3-yl)-
3.4-dihydropyrazino{2,3-blpyrazin-2(1H)-one;

1 —(Imns-4~hydr0xycyclohexyl)~7»(6~(2~hydr0xypr_9§’an»2—y1)pyridin—3—yl)—3 A
dihydropyrazino[2,3-blpyrazin-2(1H)-one;

1 -(cis-4-hydroxycyclohexyl)-7-(6-(2- hvdroxyp’ropan 2-vhpyridin-3-y1)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1 H)—on_e,
4-(7—0X0~8~(2~(tetrahydrouzﬂwpyran-%&]:)eth.yi)«S,6,7,8—tetrahydr0pyrazino[2,3—b]pyrazin-Q-
vD)benzamide; .

7-(1H-indazol-5-y1)-1 ~(2~(tetrahy’éro&H~pyran»4~yl)ethyl)—3 J4-dihydropyrazino[2,3-
blpyrazin-2(1H)-one;

7-(1H-pyrrolo[2,3- b]pyndm 5 vi)-1-(2-(tetrahydro-2H-pyran-4-yhethyl)-3,4-
dihydropyrazmo[2,3-b‘_]pyrazm~2(1H)~0ne,

7»(2nmethy1~6w(4Hw‘_1-:,'é,4—tria.zol~3 -yDpyridin-3-y1)-1-(tetrahydro-2H-pyran-4-yl)-3,4-
dihydropyrazino [:2:,.3 -blpyrazin-2(1 H)-one;
1-((15,3R)-3-methoxycyclopentyl)-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-y1)-3 4-
dihydropyraiino[Z,S ~bipyrazin-2(1H}-one;




I-((1R,3R)-3-methoxycyclopentyl)-7-(2-methyl-6-(4H-1,2,4-triazol-3-yDpyridin-3-yl)-3,4- /’ '
dihydropyrazino[2,3-b]pyrazin-2{1H)-one; /"j
1-{(1R,3S)-3-methoxycyclopentyl)-7-(2-methyl-6-(4H-1,2 4-triazol-3-yl)pyridin-3- yl) 3’/:4"
dihydropyrazino[2,3-bjpyrazin-2(1 H)-one; /f
1-((18,35)-3-methoxycyclopentyl)-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-y1)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one; /
7-(1H-indol-5-y1)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4- d}hydropyrazmo{Z 3-blpyrazin-
2(1H)-one; :
1-ethyl-7-(2-methyl-6-(4H-1,2,4-triazol-3-yDpyridin-3-y1)-3,4- dlhydropyrazmo{Z 3-
blpyrazin-2(1H}-one;

7-(1H-indol-6-y1}-1-(2-(tetrahydro-2 H-pyran-4-yl)ethyl)-3,4- dlhydropyrazmo[z 3-bipyrazin-
2(1H)-one; '
7-{4-(2-hydroxypropan-2-yl)phenyl)-1-(trans- 4-methoxycyclohexy1) 3,4-
dibydropyrazino|2,3-bjpyrazin-2(1 H)-one; ) 4
7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl})-1 —(tetra}1=§dro-2H—pyran—4—y1)-3 4~
dihydropyrazino[2,3-b]pyrazin-2(11)-one; .
1-{(trans-4-methoxycyclohexyl imethyl)-7- (2~mefhy1m6-( 1H-1,2,4-triazol-3-yD)pyridin-3-yi)-
3,4-dihvdropyrazino[2,3-b]pyrazin-2(1 H).-one,
7~(6~(2~hydroxypropan—2—y1)pyridin-3_—3}1)—1 ~((cis-4-methoxyeyclohexylmethyl)-3,4-
dihydmpyrazinofzﬁ~~b]pyrazinw2(1.H:'.)<~one;
1 ~(2~meth0xyethyl)—7—(4—methy1—"2:.—(methylamino)— IH-benzo[d}limidazol-6-y1)-3,4-
dihydropyrazino[2,3 -b]pyraziﬁ;Z(l H)-one;
7~(7—methyl—2—oxo—2,3—di_hyﬂro— IH-benzo[d]imidazol-5-y1)-1-((tetrahydro-2H-pyran-4-
yhmethyl)-3,4-dihydropyrazino|2,3-bjpyvrazin-2(1H}-one;
7-(2-methyl-4-(4H-1.2 4-trtazol-3-yl)phenyl)-3,4-dihydropyrazino| 2,3-b]pyrazin-2 (1 H)-one;
1-(2-methoxyethyl)-7-(4-methyl-6-(1H-1,2,4-triazol-3-yljpyridin-3-y1)-3,4-
dihydropyraz_iﬁo{!l,ﬁ%—b]pyrazin—Z(1H)—0ne;
1~benzy1~7-('.2~methyl-4—(4H—1 ,2,4-triazol-3-yliphenyl)-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-

blpyrazin-2(1H)-one;
7-(3-fluoro-4-(4H-1,2,4-triazol-3-yl)phenyl)-1-(2-(tetrahydro-2H-pyran-4-ylethyl)-3, 4m
dihydropyrazino[2,3-b]pyrazin-2(1H)-one; /
7-(3-fluoro-2-methyl-4-(1H-1,2 4-triazol-3-yl)phenyl)-1-(2-methoxyethvl)-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)pyrldm 3 vi)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-(trans-4- methoxycyc]ohexyi) 3,4~
dibydropyrazino[2,3-bjpyrazin-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 —,@ii(tetrahydro—EH—pyran-ﬁl»
yl)ethyi)-3,4-dihydropyrazino{2,3—b]pyrazin~2(1H)»or}ef;f
I-(2-methoxyethyl)-7-(2-methyl-6-(4H-1 ,2,4~triazq}5§ -yhpyridin-3-y1)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one; ‘ "
7—(6—(2—hydroxypropan@~y1)pyridin—3—yl)—1—(_fi;’ans-4—111Bt,,oxycyclohexyl)methyl}~354~
dihydropyrazino{2,3-b]p yrazin—2(1H)—one'«--"(X

I-(cyclopentylmethyl)-7-(6-(2- hydroxyplopan 2-ylpyridin-3-y1)-3.4-dihydropyrazino[2,3-
blpyrazin-2(1H)-one; ,

7-(4- (2-hydr0xypropan-2-y1)phe1}3fij— I-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-
2(1H)-one; 7

(8)-7-(6-(1 -hydroxyethyi)pyz{din—B—yI)—1 ~(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino[2,3—b]pyfézin-Z(1H)—one;

(R)-7-(6-(1 &ydroxyethizl)pyﬁdin—f&-yl)— 1-(2-(tetrahydro-2H-pyran-4-vyl)ethyl)-3,4-
dihydropyrazino [2,3'—b]pyrazin~2(1 H)-one;

7—(2—1nethy1-6—(4ﬁ— 1,2,4-triazol-3-yl)pyridin-3-yl)-1-((tetrahydro-2H-pyran-4-y)methyl)-
3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;




7-(4-(2-hydroxypropan-2-yl)phenyl)-1-(2-(tetrahydro-2H-pyran-4-vl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-y1)-1-(4-(trifluoromethyl)benzyl)-3,4- /
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-{6-(2-hydroxypropan-2-yl)pyridin-3-y1)-1-(3-(trifluoromethyl}benzyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one; .
7-(6-(2-hydroxypropan-2-yl)pyridin-3-y1)-1-(3-methoxypropyi)-3,4- dlhydrepyra?mo[z 3-
blpyrazin-2(1H)-one;

7-(4-methyl-6-(1H-1,2,4-triazol-3-yDpyrdin-3-y1)-1-(2- (tetrahydro~2H—pyran-4 -yhethyl)-
3,4-dihydropyrazino|2,3-blpyrazin-2(1H)-one;

7-{6-(2-hydroxypropan-2-yl)pyridin-3-y1)-1- (2—methoxyethy1) 3 4*d1hydropyraz1n0{2 3-
bipyrazin-2(1H)-one,

7-(6-(2-hydroxypropan-2-yl)pyridin-3-y1)-1 —((tetrahydro‘__—:2i—1—pyran~4»yi)methyl)—3 ,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one; Vd
7~(4-rnethy1~2—(methylamino)-1H—benzo[d]imidazolié—yl)—l-((tetrahydro-2H—pyran~4~
ylymethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;

7-(2-amino-4-methyl- TU»thvnm]lmlﬂﬂzol 6-yl\ L-({tetrahydro-2H-pyran-4-ylimethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)- on@,

7-(2-methyl-6-(4H-1 ,2,4—t1iazol-3—yl)pgyfi.din%myl)-« 1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-
3Adihydropymzino[zj—b]pymzinf?_.'(iH)~0ne;
(R)-7~(6~(2-hydroxypropan—2-y1)p'yridin—3-wyi)-»S—methyl—1 -(2-(tetrahydro-2H-pyran-4-
yl)ethyl)-3,4-dihydropyrazina[2,3-b]pyrazin-2(1H)-one;

(S)- 7~(6—(2—hydr0xypr0pan&2-y1)p yridin-3-y1)-3-methyl-1-(2-(tetrahydro-2H-pyran-4-
yDethyl)-3,4-dihydropyrazino[2.3-b]pyrazin-2(1H)-one;
7—(6—(2~hydroxypropa’h~2—yi)pyridin—3 -y1)-3,3-dimethyl-1-(2-(tetrahydro-2H-pyran-4-
yD)ethyl)-3 4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one; |

7—(2—a,mino-4—n1’"éthyl—1 H-benzo[d]imidazol-6-y1)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyljaz'{no [2,3-blpyrazin-2(1H)-one;




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; /’ﬁ d
7-(2-methyl-4-(1H-1.2 4-triazol-3-yl)phenyl)-1 ~(2—(tetrahydro~2Hmpyran-4~yl)ethyl)-3’?4{
dihydropyrazino[2,3-b]pyrazin-2(1 H)-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(1 H)-one;
1-(I-hydroxypropan-2-yl)-7-(2-methyl-6-(1H-1 ,2,4mtriazolu3uyl)pyridinam_yl’)ﬂs 4-
dihydropyrazino[2,3-b]pyrazin-2(1 H)-one; or E
1-(2-hydroxyethyl)-7-(2-methyl-6-(1H-1 ,2,4-mazoi-3-yz)pyridin-a-yz)‘isz A
dihydropyrazino[2,3-b]pyrazin-2(1 H}-one. /
43. A compound having formula (I1I):

e

5 o
, T

Ao Mg L

i : H
Moy e
W g*’“m

(11D

or a salt, tautomer or stereoisomer thereof, _Wherein:

X is fluorine, chiorine, iodine, B(OR ), of Sn{R s

each R" is independently hydrogen or substituted or unsubstituted C1.3 alkyl or each R”,
together with the boron atom and the atom-s":to which they are attached, form a cyclic boronate;

each R is independently Cos aikyi;

R? is H, substituted or unsubsﬁfuted Cy.g alkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heter_ot::yclyl, substituted or unsubstituted heterocyclylalkyl,
substituted or unsubstituted ara]l;yl, or substituted or unsubstituted cycloalkylalkyl; and

R® and R* are each in‘&ependently H, substituted or unsubstituted C, ¢ alkyl, substituted or

unsubstituted aryl, substituted or unsubstituted cycloalkyl, substituted or



unsubstituted heterocyclyl, substituted or unsubstituted heterocyclylalkyl, substituted or f,/
unsubstituted aralkyl, substituted or unsubstituted cycloalkylalkyl, or R* and R®, to gether with
the atom to which they are attached, form a substituted or unsubstituted cycloalkyl or substi‘gﬁ’;;’:d
or unsubstituted heterocyclyl,

or R? and one of R* and R?, to gether with the atoms to which they are attached, form a
substituted or unsubstituted heterocyelyl.

44. A compound having formula (IV):
Hatw, B g o el

aﬂ»fv&.ﬁ ... Bial

{av)
or a salt, tautomer or stereoisomer thereof, wherein:
each Hal is independently a halogen; and
Hal” is Bror L.
45. A compound having formula (V):

Hal, Ny Ha -/

e

K £V
or a salt, tautomer or stereoisomer thereéf, wherein:
R%is H, substituted or unsubstitutegi -Clkg alkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocyelyl, 'éﬁbstituted or unsubstituted
heterocyclylalkyl, substituted or unsubstituted aralkyl, or substituted or unsubstituted
cycloalkylalkyl;




R* and R? are each independently H, substituted or unsubstituted C,.s alkyl, substituted or/
unsubstituted aryl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted ;

/,1‘
£

heterocyclyl, substituted or unsubstituted heterocyclylalkyl, substituted or unsubstituted a;tzi‘ikyl,
substituted or unsubstituted cycloalkylalkyl, or R’ and R*, together with the atom to whlch they
are attached, form a substituted or unsubstituted cycloalkyl or substituted or unsubs_titﬁted
heterocyclyl; ‘.

or R? and one of R and RY, together with the atoms to which they are ‘a‘ft"ached, form a
substituted or unsubstituted heterocyclyl; and

each Hal is independently a fluorine, chlorine or iodine.

46. A compound having formula (VI):

T

KoMl s

o

}?..

g T ot

(VD)

or a salt, tautomer or stercoisomer thereof, w_h‘é:;*ein:

X is fluorine, chlorine or iodine, B(OR.*)Z_p% Sn(R™)a;

each R is independently hydrogen or suBstituted or unsubstituted C; .3 alkyl, or each R,
together with the boron atom and the atoms fo which they are attached, form a cyclic boronate;

each R is independently C,.; alkyl;

R’ is H, substituted or unsubsf__tit:ﬁted Cy.g alkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterq_c&clyl, substituted or unsubstituted heterocyclylalkyl,
substituted or unsubstituted ara_llé&l, or substifuted or unsubstituted cyvcloalkylalkyl; and

Ris H,ora substitgted or unsubstituted C; g alkyl.




47. A compound having formula (VII)

Hal, M MH

P
S, e, R
Y

i
&

(Vi)

or salt, tautomer or stereoisomer thereof, wherein:
Hal is a halogen;
R is H or Cy4alkyl, or the alkali metal salt of the carboxylate;

R?is H, substituted or unsubstituted C\.g atkyl, substituted or unsuﬁ}stituted cycloalkyl,
substituted or unsubstituted heterocyclyl, substituted or unsubstitutedﬁhéterocyclylalkyl,
substituted or unsubstituted aralkyl, or substituted or unsubstituted_.c‘"’g/cioalkylalkyl; and

RYis H, or a substituted or unsubstituted C,_g alkyl.

48. A compound having formula (VIII}

Hal “%rﬁwﬁﬂi -

(VI
or a salt, tautomer or stereoisomer ther.gé}, wherein:
each Hal is independently a ﬂuorinf;;"é.hlorine or iodine;
R is H or Cy4alkyl, or the alkal ‘.rrf:f:tal salt of the carboxylate; and R* is H, or a
substituted or unsubstituted C;.g alky_l.-‘"g




