mTOR KINASE INHIBITORS FOR ONCOLOGY INDICATIONS AND DISEASES
ASSOCIATED WITH THE mTOR/PIZK/AKT PATHWAY

[0061] This application claims the benefit of U.S, Provisional Application
No. 61/108,627, filed October 27, 2008, the entire contents of which are incorporated herein
by reference.

1. FIELD

[0002] Provided herein are certain heteroaryl compounds, compositions comprising
an effective amount of one or more such compounds and methods for freating or preventing
cancer, inflammatory conditions, immunological conditions, metabolic conditions and
conditions treatable or preventable by inhibition of a kinase pathway, comprising

administering an effective amount of a heteroaryl compound fo a patient in need thercof.

2. BACKGROUND
{0003} The comnection between abnormal protein phosphborylation and the cause or
consequence of discases has been known for over 20 years. Accordingly, profein kinases
have become a very important group of drug targets. See Cohen, Nature, 1:309-315 (2002).
Various protein kinage inhibitors have been used clinically in the treatment of a wide variety
of diseases, such as cancer and chronic inflammatory diseases, including diabetes and
stroke, See Cohen, Eur, J. Biochem., 268:5001-5010 (2001).

[0004] The protein kinases are a large and diverse family of enzymes that catalyze
protein phosphorylation and play a critical role in cellular signaling. Protein kinases may
exert positive or negative regulatory effects, depending upon their target protein. Protein
kinases are involved in specific signaling pathways which regulate cell functions such as,
but not limited to, metabolism, cell cycle progression, cell adhesion, vascular fimction,
apoptosis, and angiogenesis. Malfimctions of celhular signaling have been associated with
many diseases, the most characterized of which include cancer and diabetes. The regulation
of signal transduction by cytokines and the association of signal molecules with

protooncogenss and tumor suppressor genes have been well documented. Similarly, the
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connection between diabetes and refated conditions, and deregulated levels of protein
kinases, has been demonstrated. Seee.g., Sridbar er al. Pharmaceutical Research,
17¢11):1345-1353 (2000). Viral infections and the conditions related thereto have also been
associated with the regulation of protein kinases. Park et al. Cell 101 (7): 777-787 2000).

[0005] Protein kinases can be divided into broad groups based upon the identity of
the amino acid(s) that they target (serine/threonine, tyrosine, lysine, and histidine). For
example, tyrosine kinases include receptor tyrosine kinases (RTKs), such as growth factors
and non-receptor tyrosine kinases, such as the src kinase family. There are also duai-
specific protein kinases that target both tyrosine and scrine/threonine, such as cyclin
dependent kinases (CDKs) and mitogen-activated protein kinases (MAPKs).

{0006} Because protein kinases regulate nearly every celiular process, including
metabolism, cell proliferation, cell differentiation, and cell survival, they are attractive
targets for therapeutic intervention for various disease states. For example, cell-cycle
control and angiogenesis, in which protein kinases play a pivotal role are cellular processes
associated with numerous disease conditions such as but not limited to cancer, inflammatory
diseases, abnormal angiogenesis and diseases related thereto, atherosclero sis,‘ macular

dcgeneration,‘ diabetes, obesity, and pain.

[0007] Protetn kinases have become attractive targets for the treatment of cancers.
Fabbro et al., Pharmacology & Therapeutics 93:79-98 (2002). 1t has been proposed that the
involvement of protein kinases in the development of human ralignancies may occur by:
(1) genomic rearrangements (e.g., BCR-ABL in chronic myelogenous leukemia), (2)
mutations leading to constitutively active kinase activity, such as acute myelogenous
teukemia and gastrointestinal tumors, (3} deregulation of kinase activity by activation of
oncogenes or loss of tumer suppressor functions, sach as in cancers with oncogenic RAS,
(4) deregulation of kinase activity by over-expression, as in the case of EGFR and (5)
ectopic expression of growth factors that can contribute to the development and
maintenance of the neoplastic phenotype. Fabbio er al., Pharmacology & Therapeutics
93:79-98 (2002).

[00088] The elucidation of the intricacy of protein kinase pathways and the
complexity of the relationship and interaction among and between the various protein

kinases and kinase pathways highlights the importance of developing pharmaceutical agenis
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capable of acting as protein kinase modulators, regulators or inhibitors that have beneficial
activity on multiple kinases or muitiple kihase pathways. Accordingly, there remains a need
for new kinase modulators.

(0009} The protein named mTOR (mammalian target of rapamycin}, which is also
called FRAP, RAFTI or RAPTY), is a 2549-amino acid Ser/Thr protein kinase, that has been
shown to be one of the most critical proteins in the mTOR/PI3K/Akt pathway that regulates
cell growth and proliferation. Georgakis and Younes Expert Rev. Anticancer Ther,

6(1): 131-140 (2006). mTOR exists within two complexes, mTORCl and mTORC2.
mTORCI is sensitive to rapamycin analogs (such as temsirolimus or everolimus) and
mTORC?2 is 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, sirolirans was approved in 1999 for the prophylaxis of renal
transplant rejection. The interesting but limited clinical success of these mTORCI
compounds demonstrates the usefulness 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.

{0010] Citation or identification of any reference in Section 2 of this application is

not to be construed as an admission that the reference is prior art to the present application,

3. SUMMARY

{00117 In one aspect, there is provided a compound having formula (II):
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or a pharmaceutically acceptable salt, stereoisomer, or tautomer thereof, wherein:
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R' is pyridy! substituted with one or more substituents independently selected from the group
consisting of substituted or unsubstituted C, g alkyl, substituted or unsubstituted heterocyelyl,
halogen, aminocarbonyl, cyano, hydroxyalkyl, ~OR, and -NR;, wherein each R is
independently H, or a substituted or nnsubstituted C,.4alkyl;

R? is substituted or unsubstitated C;.g alkyl; and
R? is H, or a substituted or unsubstituted Cjg alkyl,

wherein substituted means substituted with a substituent selected from the group consisting of
halogen; alkyl; hydroxy; alkoxy; alkoxyalkyl; amino; alkylamino; carboxy; nitro; cyano; thiol;
thicether; imine; imide; amidine; guanidine; enamine; aminocarbonyl; acylamino;
phosphonato; phosphine; thiocarbonyl; alkylsulfonyl; sulfonamide; alkylsulfonylamino; acyl;
ester; urea; urethane; oxime; hydroxylamine; alkoxyamine; aralkoxyamine; N-oxide;
hydrazine; hydrazide; hydrazone; azide; isocyanate; isothiooyanate; cyanate; thiocyanate; 0x0;
B(OH); O{atkyljaminocarbonyl; eyecloalkyl, which may be monocyclic or fused or non-fused
polycyelic, or a heterocyelyl, which may be monocyclic or fused or non-fused polyeyclic;
monocyelic or fused or non-fused polycyclic aryl or heteroaryl; aryloxy; hydroxyalkyl;
aralkyl; aralkyloxy; heterocyclyloxy; heterocyclylalkyl; and heterocyelylalkoxy.

[0011a] In another aspect, there is provided a pharmaceutical composition comprising
an effective amount of a compound of the present invention and a pharmaceutically
acceptable carrier or vehicle.

[0011b] Disclosed herein also include compounds having the following formula (I):
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and pharmaceutically acceptable salts, clathrates, solvates, tautomers,
stereoisomers and prodrugs thereof, wherein R' <R* are as defined herein.

[0012] Further disclosed herein are compounds having the following formula (II):
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and pharmaceutically acceptable salts, clathrates, solvates, tautomers,
stereoisomers and prodrugs thereof, wherein R', R? and R® are as defined herein.
[0013] Compounds of formula (I) and (I}, or pharmaceutically acceptable salts,
clathrates, solvates, hydrates, stereoisomers, tautomers, or prodrugs thereof (each being
referred to herein as "Heteroaryl Compounds™), are nseful for freating or preventing cancer,
inflammatory conditions, immunoclogical conditions, neurodegenerative diseases, diabetes,
obesity, neurological disorders, age-related disecases, and cardiovascular conditions, and
conditions treatable or preventable by inhibition of a kinase pathway. In one example, the
kinase pathway is the mTOR/PI3K/Akt pathway. In ancther example, the kinase pathway is
the PI3Ke, PI3K, PI3KS, KDR, GSK3¢, GSK3B, ATM, ATX, ATR, cFMS, and/or DNA-~
PK. pathway.
(0014] Further provided herein are compositions comprising an effective amount of
a Heteroaryl Compound and compositions comprising an ¢ffective amount of a Heteroaryl
Compound and a pharmaceutically acceptable carrier or vehicle. The compositions are
useful for treating or preventing cancer, inflammatory conditions, immunological
conditions, neurodegenerative diseases, diabetes, obesity, neurological disorders, age-related
diseases, or cardiovascular conditions and conditions treatable or preventable by inhibition
of a kinase pathway, in one example, the mTOR/PI3K/Akt pathway.
[0015] Further provided herein are methods for treating or preventing cancer,

inflammatory conditions, immunological conditions, neurodegenerative diseases, diabetes,



obesity, neurological disorders, age-related diseases, or cardiovascular conditions and
conditions treatable or preventable by inhibition of a kinase pathway, in one example, the
mTOR/PIIK/Akt pathway, comprising administering an effective amoant of a Heteroaryl
Compound to a patient in need of the freating or preventing.

{00163 Also provided herein are methods for inhibiting a kinase in a cell expressing
said kinase, comprising contacting the cell with an effective amount of a Heteroaryl
Compound as described herein. In one example the kinase is mTOR, DNA-PK, or PI3K ora
combination thereof.

{0017) The present embodiments can be understood more fully by reference to the

detailed description and examples, which are intended to exemplify non-limiting

embodiments.
4, DETAJLED DESCRIPTION
4.1  DEFINITIONS
[0018) An "alkyl" group is a safurated, partially saturated, or unsaturated straight

chain or branched non-cyclic hydrocarbon having from 1 to 10 carben atoms, typically from
I to 8 carbons or, in some embodiments, from 1 fo 6, 1 to 4, or 2 to 6 or carbon atoms.
Representative alkyl groups include -methyl, ~ethyl, -n-propyl, -n-butyl, -n-pentyl and
-n-hexyl; while saturated branched alkyls include -isopropyl, -sec-butyl, -isobutyl, -fert-
butyl, -isopentyl, 2-methylpentyl, 3-methylpentyl, 4-methylpentyl, 2,3-dimethylbutyl and
the like. Examples of unsaturared alkyl groups include, but are not limited to, vinyl, allyl,
-CH=CH(CH3), -CH=C(CH3)3, -C(CH;)=CHa, -C{CH3)=CH(CHj3), -C(CH,;CH3)=CHz,
~C=CH, -C=C(CHjy), -C=C(CH,CHa), -CH,C=CH, -CH;C=C(CH3) and
-CHaC=C(CH,CH), among others. An alkyl group can be substituted or unsubstituted.
[0019] A “cycloalkyl™ group is a saturated, partially saturated, or unsaturated cyclic
alkyl group of from 3 to 10 carbon atoms having a single cyclic ring or multiple condensed
or bridged rings which can be optionally substituted with from 1 to 3 alkyl groups. In some
embodiments, the cycloalkyt group has 3 to 8 ring members, whereas in other embodiments
the number of ring carbon atoms ranges from 3 to 5, 3 fo 6, or 3 to 7. Such cycloalkyl
groups include, by way of example, single ring structures sach as cyclopropyl, cyclobutyl,
cyclopentyl, eyclohexyl, cycloheptyl, cyclooctyl, 1-methylcyclopropyl,



2-methyleyclopentyl, 2-methyleyclooctyl, and the like, or multiple or bridged ring structures
such as adamantyl and the like. Examples of unsaturared cycloalky! groups include
cyctohexenyi, cyclopentenyl, cyclohexadienyl, butadienyl, pentadienyl, hexadienyl, among
others. A cycloalkyl group can be substituted or unsubstituted. Such substituted cycloalkyt

groups include, by way of example, cyclohexanone and the like.

[0020} An “aryl” group is an aromatic carbocyclic group of from 6 to 14 carbon
atoms having a single ring (e.g., phenyl) or multiple condensed rings {e.g., naphthyl or
anthryl). In some embodiments, aryl groups contain 6-14 carbons, and in others from 6 fo
12 or even 6 to 10 carbon atoms in the ring portions of the groups. Particular aryls include
phenyl, biphenyl, naphthyl and the like. An aryl group can be substituted or unsubstituted.
The phrase “aryl groups” also includes groups containing fused rings, such as fused
arormatic-aliphatic ring systems (e.g., indanyl, tetrahydronaphthyl, and the iike).
{0621} A “heteroaryl” group is an aryl ring system haviag one to four heteroatoms -
as ring atoms in a heteroaromatic ring system, wherein the remainder of the atoms are
carbon atoms. In some embodiments, heteroaryl groups contain 5 to 6 ring atoms, and in
others from 6 to 9 or even 6 to 10 atoms in the ring portions of the groups. Suitable
heteroatoms inchude oxygen, sulfur and nitrogen. In cortain embodiments, the heteroaryl
ring system is monocychic or bicyclic. Non-limiting examples inctude but are not limited to,
groups such as pyrrolyl, pyrazolyl, imidazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl,
thiazolyl, pyrolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, thiophenyl, benzothiophenyl,
furanyl, benzofuranyl (for example, isobenzofuran-1,3-diimine), indolyl, azaindolyl (for
example, pyrrolopyridyl or 1H-pyrrolo[2,3-b]pyridyl), indazolyl, benzimidazoly! (for
example, 1H-benzo[d}imidazolyl), imidazopyridyl (for example, azabenzimidazolyl,
3H-imidazo[4,5-blpyridyl or 1H~midazo[4,5-b]pyridyl), pyrazolopyridyl, triazolopyridyl,
benzotriazolyl, benzoxazolyl, benzothiazolyl, benzothiadiazolyl, isoxazolopyridyl,
thianaphthalenyl, purinyl, xanthiny!, adeninyl, guaninyl, quinolinyl, isoguinolinyl,
tetrabydroquinolinyl, quinoxalinyl, and quinazolinyl groups.
[0022] A “heterocyclyl” is an aromatic (also referred to as heteroaryl} or non-
-aromatic cycloalkyl in which one o four of the ring carbon atoms are independently
replaced with a heteroatom from the group consisting of O, S and N. In some embodiments,
heterocyclyl groups include 3 010 ring members, whereas other such groups have 3 to 5,
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3to 6, or 3 to 8 ring members. Heterocyclyls can also be bended to other groups at any ring
atom (i.e., at any carbon atom or heteroatom of the heterocyelic ring). A heterocycloalkyi
group can be substituted or unsubstituted. Heterocyclyl groups encompass unsaturated,
partiaily saturated and saturated ring systems, such as, for example, imidazolyl, imidazolinyl
and imidazolidinyl groups. The phrase heterocycly! includes fused ring species, including
those comprising fused aromatic and non-aromatic groups, such as, for example,
benzotriazolyl, 2,3-dihydrobenzofl,4}dioxinyl, and benzo{l.3]Jdioxoly!l. The phrase also
includes bridged polycyclic ring systems containing a heteroatom such as, but not limited to,
quinuclidyl. Represemiative examples of a heteroeyclyl group include, but arc not limited
to, eziridinyl, azetidinyt, pyrrolidyl, imidazolidinyl, pyrazolidinyl, thiazolidinyl,
tetrahydrothiophenyl, tetrahydrofuranyl, dioxolyl, furanyl, thiophenyl, pyrrolyl, pyrroliny,
imidazolyl, imidazolinyl, pyrazolyl, pyrazolinyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl,
thiazolyl, thiazolinyl, isothiazotyl, thiadiazolyl, oxadiazoly!; piperidyl, piperazinyl,
maorpholinyl, thiomorpholinyl, tetrahydropyranyl (for example, tetrabydro~2H-pyranyl),
tetrahyydrothiopyranyl, oxathiane, dioxyl, dithianyl, pyranyl, pyridyl, pyrimidinyl,
pyridazinyl, pyrazinyl, triazinyl, dihydropyridyl, dibydrodithiinyl, dihydrodithionyl,
homopiperazinyl, quinuelidyl, indolyl, indolinyl, isoindolyl, azaindoly! (pyrrolopyridyl),
indazolyl, indolizinyl, benzotriazolyl, benzimidazolyl, benzofuranyl, benzothiophenyl,
benzthiazolyl, benzoxadiazolyl, benzoxazinyl, benzodithiinyl, benzoxathiinyl,
benzothiazinyl, benzoxazolyl, benzothiazolyl, benzothiadiazolyl, benzofl,31dioxelyl,
pyrazolopyridyl, imidazopyridyl (azabenzimidazolyl; for example, 1H-imidazof4,5-
blpyridyl, or 1H-imidazo[4,5-blpyridin-2(3H)-onyl), triazolopyridyl, isoxazolopyridyl,
purinyl, xanthinyl, adeninyl, guaninyl, quinolinyl, isoquinolinyl, quinolizinyl, quinoxalinyl,
quinazolinyl, cinnolinyl, phthalazinyl, naphthyridinyl, pteridinyl, thianaphthalenyl,
dihydrobenzothiazinyl, dihydrobenzofuranyl, dihydroindolyl, dihydrobenzodioxinyl,
ietrahydroindolyl, tetrahydroindazolyl, tetrabydrobenzimidazolyl, tetrahydrobenzotiriazolyl,
tetrahydropyrrolopyridyl, tetrehydropyrazolopyridyl, tetrahydroimidazopyridyi,
tetrabydrofriazolopyridyl, and tetrahydroguinoliny! groups. Representative substituted
heterocyclyl groups may be mono- substituted or substituted more than once, such as, but
not limited to, pyridy] or morpholinyl groups, which are 2-, 3-, 4-, 5-, or 6-substituted, or

disubstituted with various substituents such as those listed below.
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[0023] An “cycloalkylalkyl” group is a radical of the formula: -alkyl-cycloalkyl,
wherein alkyl and cycloalkyl are defined above. Substituted cycloalkylalkyl groups may be
substituted at the alkyl, the cycloalkyl, or both the alkyl and the cycloalkyl portions of the
group. Representative cycloalkylalkyl groups include but ate not limited to
cyclopentylmethyl, cyclopentylethyl, cyclohexylmethyl, cyclohexylethyl, and
cyclohexylpropyl. Representative substituted cycloalkylalkyl groups may be mono-

substituted or substituted more than once

[0024] An “aralkyl™ group is a radical of the fornmla: -alkyl-aryl, whetein alkyl and
aryl are defined above. Substituted aralkyl groups may be substituted at the alkyl, the aryl,
or both the alky! and the aryl portions of the group. Representative aralkyl groups include
but are not limited to benzy! and phenethryl groups and fused (cycloalkylaryl)atkyl groups
such as 4-ethyl-indanyl,

[6025] An “beterocyclylalkyl” group is a radical of the formula: -alkyl-heterocyclyl,
wherein alky! and heterocyclyl are defined above. Substituted heterocyclylalky! groups may
be substituted at the alkyl, the heterocyclyl, or both the alkyl and the heterocyclyl portions
of the group. Representative heterocylylalky! groups include but are not limited to 4-ethyi-
morpholinyl, 4-propylmorpholinyl, furan-2-yl methyl, furan-3-yl methyl, pyrdine~3-yl
methyl, (tetrahydro-2H-pyran-4-yl)methyl, (tetrahydro-2H-pyran-4-yDethyl,
tetrabydrofuran-2-y1 methyl, tetrahydrofuran-2-y1 ethyl, and indol-2-yi propyl.

[0026] A “halogen” is fluorine, chlorine, bromine or iedine.

[0027) A “hydroxyalkyl group is an alkyl group as described abave substituted
witk one or more hydroxy groups.

[04628] An “alkoxy” group is -O-(alkyl), wherein alkyl is defined above.

(8629 An “alkoxyalky!l” group is -(alkyl}-O-(alkyl), wherein alkyl is defined above.
[0630] An “amino” group is 4 radical of the formula: -NH,.

[0031] An “allkcylamino” group is a radical of the formmula: -NH-alkyl or -N(alkyl),,

wherein each alkyl is independently as defined above.

[6032] A “carboxy” group is a radical of the formula: -C{O)OH.



16033] An “aminocarbony!” group is a radical of the formula: -C{O)N(R™);,
-C{ONHR" or -C{O)NH;, wherein each R* is independently a substituted or unsubstituted
alkyl, cycloalkyl, aryl, aralkyl, heterocycly! or heterocyclyl group as defined herein.
10034] An “acylamino” group is a radical of the formula: -NHC{OYR") or
N(alky)C(O)( R"), wherein each alkyl and R¥ are independently as defined above,

{6635} An “alkylsulfonylaming” group is 2 radical of the formula: -NHSO,(R*) or
N(alkyl)SO2(R"), wherein each alicyl and R” are defined above.

[0036] A “urea” group is & radical of the formufa: -N(alkyDC(ON(R"),,
NalkyC(OYNHRY, -N(alky)C(O)NHz, -NHC{OW(R"),, -NHC(ONHR"), or
“NH{COYNHR, wherein each alkyl and R"are independently as defined sbove,

[6037] In one enibodiment, when the groups described herein are said to be
“substituted,” they may be substituted with any appropriate substituent or substituents.
Tilustrative examples of substituents are those found in the exemplary compounds and
embodiments disclosed herein, as well as haiogen {chloro, iodo, bromo, or fluoro); alkyl;
hydroxyl; alkoxy, alkoxyaikyl, amino; alkylamino; carboxy; nitro; cyano; thiol; thioether;
imine; imide; amidine; guanidine: enamine; aminocarbonyl, acylamino; phosphonato;
phosphine; thiocarbonyl; sulfonyl; sulfone; sulfonamide; ketone; aldehyde; ester; ures;
urcthane; oxime; hydroxyl amine, alkoxyamine; aralkoxyamine; N-oxide; hydrazine;
hydrazide; hydrazone; azide; isocyanate; isothiocyanate; cyanate; thiocyanate; oxygen
(=0); B(OH),, O(alkylaminocarbony!; cycloatkyl, which may be monocyclic or fused or
non-fused polycyclic (e.g., cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl), or a
heterocyclyl, which may be monocyclic or fused or non-fused polycyclic (e.g., pyrrolidyl,
piperidyl, piperazinyl, morpholinyl, or thiazinyl), monocyclic or fused or non-fused
polyeyclic aryl or heteroaryl (e.g., phenyl, naphthyl, pyrrolyl, indolyt, furanyi, thiophenyl,
imidazelyl, oxazolyl, isoxazolyl, thiazolyl, triazolyl, tetrazolyl, pyrazolyl, pyridinyl,
quinolinyl, isoquinolinyl, acridinyl, pyrazinyl, pyridazinyl, pyrimidinyl, benzimidazolyl,
benzothiophenyl, or benzofuranyl) aryloxy; aralkyloxy: heterocyclyloxy; and heterocyclyl
alkoxy.

[0638] As used herein, the term “pharmaceutically acceptable salt(s)” refers to a salt
prepared from a pharmaceutically acceptable non-toxic acid or base including an inorganic

acid and base and an organic acid and base. Suitable pharmaceutically acceptable base
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addition salts of the Heteroaryl Compounds include, but arc not limited to metallic salts
made from aluminum, calcium, lithium, magnesium, potassium, sodium aud zinc or organic
salts made from lysine, N,N’-dibenzylethylenediamine, chloroprocaine, choling,
diethanolamine, ethylenediamine, meglumine {N-methylglucaming) and procaine. Suifable
non-toxic acids include, but are not limited to, inorganic and organic acids such as acetic,
alginic, anthranilic, benzenesulfonic, benzoic, camphorsulfonic, citric, ethenesutfonic,
formic, fizparic, furoic, galacturonic, glucenic, glucuronic, giutamic, glycolic,
hydrobromic, hydrochloric, isethionic, lactic, maleic, malic, mandelic, methanesulfonic,
mucic, nitric, pamoic, pantothenic, phenylacetic, phosphoric, propioaic, salicylic, stearic,
succinic, sulfanilic, sulfuric, tartaric acid, and p-toluenesulfonic acid. Specific non-toxic
acids include hydrochloric, hydrobromic, phosphoric, sulfuric, and methanesulfonic acids.
Examples of specific salts thus include hydrochloride and mesylate salts. Others are well-
known in the art, sec for example, Remington’s Pharmaceutical Sciences, 18" eds., Mack
Publishing, Easton PA (1990) or Remington: The Science and Practice of Pharmacy, 19
eds., Mack Publishing, Easton PA (1995).

{6039 As used herein and unless otherwise indicated, the term “clathrate”™ means a
Heteroaryl Compound, or a salt thereof, in the form of a crystal lattice that contains spaces
{e.g., channels) that have & guest molecule (e.g., a solvent or water) trapped within or a

crystal lattice wherein a Heteroary! Compound is a guest molecule.

{6040} As used herein and unless otherwise indicated, the term “solvate” means a
Heteroaryl Compound, or a salt thereof, that further includes a stoichiometric or non-
stoichiometric amount of a solvent bound by non-covalent imtermolecular forces. In one

embodiment, the solvate is a hydrate.

[0041] As used herein and unless otherwise indicated, the term “hydrate” means a
Heteroaryl Compound, or a salt thereof, that further includes a stoichiometric or non-

stoichiometric amount of water bound by non-covalent intermolecular forces.

[0642] As used herein and unless otherwise indicated, the term “prodrug” means a
Heteroaryl Compound derivative that can hydrolyze, oxidize, or otherwise react under
biological conditions (Zr vitro or in vivo) to provide an active compound, particularly a
Heteroaryl Compound. Examples of prodrugs include, but are not limited to, derivatives

and metabolites of a Heteroaryl Compound that include bichydrolyzable moieties such as
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biohydrolyzable amides, bichydrolyzable esters, biobydrolyzable carbamates,
biohydrolyzable carbonates, biohydrolyzable ureides, and biohydrolyzable phosphate
analogues. In certain embodiments, prodrugs of compounds with carboxy! functional
groups are the lower alkyl esters of the carboxylic acid. The carboxylate esters are
conveniently formed by esterifying any of the carboxylic acid moieties present on the
molecule. Prodrugs can typically be prepared using weli-known methods, such as those
described by Burger's Medicinal Chemistry and Drug Discovery 6% ed. {Donald J. Abraham
ed., 2001, Wiley) and Design and Application of Prodrugs (H. Bundgaard ed., 1985,
Harwood Academic Publishers Gmfh).

[6043] As used herein and unless otherwise indicated, the term “stereoisomer” or
“stereomerically pure” means one sterecisomer of a Heteroaryl Compound that is
substantially free of other stereoisomers of that compound. For example, a stereomerically
pure compound having one chiral center will be substantially free of the opposite
enantiomer of the compound. A stercomerically pure compound having two chiral centers
will be substantially free of other diastereomers of the compound. A typical stereomerically
pure compound comprises greater than about 80% by weight of one stereoisomer of the
compound and less than about 20% by weight of other stercoisomers of the compound,
greater than about 90% by weight of one stereoisomer of the compound and less than about
10% by weight of the other stereoisomers of the compound, greater than about 95% by
weight of one stereoisomer of the compound and less than about 5% by weight of the other
stereoisomers of the compound, or greater than about 97% by weight of one sterecisomer of
the compound and less than about 3% by weight of the other stereoisomers of the
compound. The Heteroaryl Compounds can have chiral centers and can occur as racemates,
individual enantiomers or diastereomers, and mixtures thereof. All such isomeric forms are
included within the embodiments disclosed herein, including mixtures thereof. The use of
stercomerically pure forms of such Heteroaryl Compounds, as well as the use of mixtures of
those forms are encompassed by the embodiments disclosed herein. For example, mixtures
comprising equal or unequal amounts of the enantiomers of a particular Heteroaryl
Compound may be used in methods and compositions disclosed herein. These isomers may
be agymmetrically synthesized or resolved using standard techniques such ag chiral columns

or chiral resolving agents. See; e.g., Jacques, 1., et al., Enantiomers, Racemates and
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Resolutions (Wiley-Interscience, New York, 1981); Wilen, 8. H., et al., Tetrahedron
33:2725 (1977); Eliel, E. L., Stereochemistry of Carbon Compounds (McGraw-Hill, NY,
1962), and Wilen, S. H., Tables of Resolving Agents and Optical Resolutions p. 268 (E.L.
Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, IN, 1972).

{0044] It should also be noted the Heteroaryl Compounds can inchude £ and Z
isomers, or & mixture thereof, and cis and trans isomers or a mixture thereof. In certain
embodiments, the Heteroaryl Compounds are isolated as either the cig or trans isomer. In

other embodiments, the Heteroaryl Compounds are a mixture of the cis and trans isomers,

{0045] "Tautomers” refers to isomeric forms of a compound that are in equilibrium
with each other. The concentrations of the isomeric forms will depend on the environment
the compound is found in and may be different depending upon, for example, whether the
compound is a selid or is in an organic or aqueous solution. For example, in agueous

solution, pyrazoles may exhibit the following isomeric forms, which are referred to as

tautomers of each other:
H
.rN\ IN
HN\;/ ]
0046} As readily understood by one skilled in the art, a wide variety of functional

groups and other stuctures may exhibit tautomerism and all tautomers of compounds of

formula (1) and formula (I1} are within the scope of the present invention.

[0047] It should also be noted the Heteroaryl Compounds ¢an contain unnatural
proportions of atomic isetopes at one or more of the atoms. For example; the compounds
may be radiolabeled with radioactive isotopes, such as for example tritiom (H), iodine-125
(D, sulfur-35 (*°S), or carbon-14 (**C), or may be isotopically enriched, such as with
deuterium (*H), carbon-13 (*C), or nitrogen-15 (°N). As used herein, an “isotopologue” is
an isotopically enriched compound. The term “isotopically enriched” refers to an atom
having an igotapic cornposition other than the natural isotopic composition of that atom.
“Isotopically enriched” may also refer to a compound containing at least one atom having
an isofopic composition other than the natural isotopic composition of that atom. The term
“isotopic composifion” refers to the amount of each isotope present for a given atom.

Radiolabeled and isotopically encriched compounds are useful as therapeutic agents, ¢.g.,
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cancer and inflammation therapeutic agents, rescarch reagents, ¢.g., binding assay reagents,
and diagnostic agents, ¢:.g., in vivo imaging agents. All isotopic variations of the Heteroaryl
Compounds as described herein, whether radioactive or not, are intended to be encompassed
within the scope of the embodiments provided herein, In some embodiments, there are
provided isotopologues of the Heteroaryl Compounds, for example, the isotopologues are

deuterium, carbon-13, or nitrogen-15 enriched Heteroaryl Compounds.

{0948} “Treating” as used herein, means an alleviation, in whole or in part, of
symptoms associated with a disorder or disease, or slowing, or halting of further progression
or worsening of thosc symptoms, or prevention or prophylaxis of the disease or disorder in a

patient at risk for developing the disease or disorder.

16049] The term “effective amount” in connection with an Heteroaryl Compomnd
means an amount capable of alleviating, in whole or in part, sympioms associated with a
disorder or disease, or slowing or halting further progression or worsening of those
symptoms, or preventing or providing prophylaxis for the disease or disorder in a subject at
risk for developing the disease or disorder as disclosed herein, such as cancer, inflammatory
conditions, immunological conditions, neurodegenerative diseases, diabetes, obesity,
neurological disorders, age-refated diseases, or cardiovascular conditions, and conditions
treatable or preventable by inhibition of a kinase pathway, for example, the
mTOR/PI3K/Akt pathway, In one embodiment an effective amount of a Heteroaryl
Compound is an amount that inhibits a kinase in a cell, such as, for example, in vitro or in
vivo. In one embodiment the kinase is mTOR, DNA-PK, PI3K or a combination thereof. In
some embodimertds, the effective amount of the Heteroaryl Compound inhibits the kinase in
a cell by 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or 99%, compared to the
activity of the kinase in an untreated cell. The effective amount of the Heteroaryl
Compound, for example in & pharmaceutical composition, may be at a level that will
exercise the desired effect; for example, about 0.005 mg/kg of a subject’s body weight to
about 100 mg/kg of & patient’s body weight in unit dosage for both oral and parenteral
administration. As will be apparent to those skilled in the art, it is to be expected that the
effective amount of an Heteroaryl Compound disclosed herein may vary depending on the
indication being treated, ¢.g., the effective amount of an Heteroary! Compound would likely

be different for treating patients suffering from, or at risk for, inflammatory conditions

- 13-



relative to the effective amount of the Compound for treating patients suffering from, or at

risk of, a different disorder, ¢.g., cancer or a metabolic disorder.

10030] The term “patient” includes an animal, including, but not limited to, an
animal such as a cow, monkey, horse, sheep, pig, chicken, turkey, quail, cat, dog, mouse,

raf, rabbit or guinea pig, in one embodiment a marmmal, in ancther embodiment a human.

[0051] The term “cancer” refers to any of various malignant neoplasms
characterized by the proliferation of cells that can invade surrounding tissue and metastasize
to new body sites. Both benign and malignant tumors are classified accarding fo the type of
tissue in which they are found, For example, fibromas arc ncoplasms of fibrous connective
tissue, and melanomas are abnormal growths of pigment (melanin) cells. Malignant tumors
originating from epithelial tissue, e.g., in skin, bronchi, and stomach, are termed carcinomas,
Malignancies of epithelial glandular tissue such as are found in the breast, prostate, and
¢olon, are known as adenocarcinomas. Malignant growths of connective tissue, e.g.,
muscle, cartilage, lymph tissue, and bone, are called sarcomas. Lymphomas and leukemias
are malignancies arising among white blood cells. Through the process of metastasis, fumor
cell migration to other areas of the body establishes neoplasms in areas away from the site
of initial appearance. Bone tissucs are one of the most favored sites of metastases of
malignant tumors, occurring in about 30% of all cancer cases. Among malignant tumors,
cancers of the kang, breast, prostate or the like are particularly known to be likely to

metastasize to bone.

{0052] In the context of neoplasm, cancer, tumor growth ortumor cell growth,
inhibition may be assessed by delayed appearance of primary or secondary tumors, slowed
development of primary or secondary tumors, decreased occurrence of primary ot secondary
tumors, slowed or decreased severity of secondary effects of disease, amrested tumor growth
and regression of tumors, among others, In the extreme, complete inhibition, isreferred to
herein as preveniion or chemoprevention. In this context, the term "prevention” includes
either preventing the onset of clinically evident neoplasia altogether or preventing the onset
of a preclinically evident stage of neaplasia in individuals at risk. Also intended to be
encompassed by this definition is the prevention of transformation into malignant cells or fo
arrest or reverse the progression of premalignant cells to malignant cells, This includes
prephylactic treatment of those at risk of developing the neoplasia.
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42  HETFEROARYVE COMPOUNDS

[0053] Provided herein are compounds having the following formula (I):
R®
|
R! N N R*
B
e
N N 0
H
@

and pharmaceutically acceptable salts, clathrates, solvates, stereoisomers,

tautomers, and prodrugs thereof, wherein:

R! is substituted or unsubstituted C, 5 alkyl, substituted or unsubstituted aryl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocyclyl, or
substitiied or unsubstituted heterocyclylalkyl;

R? is H, substituted or unsubstituted C.g alkyl, substituted or unsubstitated
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 Cy.g alkyl,
substituted or unsubstituted aryl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heferocyclyl, substituted or unsubstituted heterocyclylalkyl, substituted or
unsubstituted aralkyl, substituted or unsubstituted cycloalkylatkyl, or R and RY, together
with the atoms to which they are attached, form a substifuted or unsubstituted cycloalky( 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 unsubstifuted heterocyelyl;
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provided the compound is not the compounds depicted below, namely:

HOQ( (QO/
N, N

6~(4-hydroxyphenyl)-4-(3-methoxybenzyl)-3,4-dihydropyrazinof2,3-bpyrazin-2(1H)-one;

N~NH

¢
LLL O

6~(4-(1H-1,2,4-triazol-5-yIiphenyl)-3-{cyclohexylmethyl}-3 ,4—dihydropyrazino[2,3-
blpyrazin-2(1H)-one;
or,

N~NH

P
@ :
LKL O

(R)-6-(4-(111-1,2 4-triazol-5-y[)phenyl)-3-(cyclohexylmethyl)-3 4-dihydropyrazino[2,3-
blpyrazin-2(1H)-one,
[0054] In some embodiments of compounds of formula (1), R is substituted or
unsubstituted aryl or substituted or unsubstituted heteroaryl. Tn one embodiment, R is
phenyl, pyridyl, pyrimidyl, benzimidazolyl, indolyl, indazolyl, IH-pyrrolo[2,3-blpyridyl,
1H-imidazo[4,5-bipyridyl, 1H-imidazo[4,5-b]pyridin-2(3H)-onyl, 3H-imidazo[4,3-
bipyridyl, or pyrazolyl, each optionally substituted. In some embodiments, R} is phenyl
substituted with one or more substituents independently selected from the group consisting
of substituted or unsubstituted Cy.5 alky! (For example, methyl), substituted or unsubstitated
heteracyclyl (for example, substituted or unsubstituted triazolyl or pyrazolyl), halogen (for
example, fluorine), aminocarbonyl, cyano, hydroxyalkyl {for example, hydroxypropyl), and
hydroxy. In other embodiments, R? is pyridyl substituted with one or more substituents
mndependently selected from the group consisting of substituted or unsubstituted Cy .4 alkyl,
-16-



substituted or unsubstituted heteracyelyl (for example, substituted or unsubstituted
triazolyl), balogen, aminocarbonyt, cyano, hydroxyalkyl, -OR, and -NR,, wherein each R is
independently 1, or a substituted or unsubstituted Ci.q alkyl. In yet other embodiments,

R} is 1H-pyrrolof2,3-b]pyridy! or benzimidazolyl, each optionally substituted with ong or
niore substituents independently selected from the group consisting of substituted or
unsubstituted Cyg alkyl, and ~NRj, wherein each R is independently H, or a substituted or
unsubsiituted C, 4 alkyl.

[0055} In some embodiments of compoimds of formula (1}, R' is

R
= = N 0o
@(s Ra)HOR (}{\N}L | ;%;—qNR "Li//;—eor-tz)noa
A A R P MR ,

wherein R is at each ocourrence independently H, or a substituted or
unsubstituted Cy.4 alkyl (for example, methyl); R’ is at gach occurrence independently a
substituted or unsubstituted Cy.4 alkyl, halogen (for example, fluorine), cyano, -OR, or
-NRy; 1 18 0-3; and n is 0-3. It will be understood by those skilled in the art that any of the
subsitatuents R’ may be attached to any suitable atom of any of the rings in the fused ring
systems. I wifl also be understood by those skilied in the art that the connecting bond of
R' (designated by the bisecting wavy line) may be attached to any of the atoms in any of the

rings in the fused ring systems.
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[0056) Tn some embodiments of compounds of formula (1), R* is

N N=N

@/(CR:)@R AN NG AAGRILOR Ji"’J/‘"N'NR
K KD S0 x4
n

ENG @% N N
35;;H:ﬁlwm, HNORn %% "R IOfﬁé::j:jin

wherein R is at each occurrence independently H, or a substituted or

» ZA

unsubstituted Cyq alkyl; R’ is at each occutrence independently a substituted or
unsubstituted C.4 alkyl, halogen, cyano, ~OR, or ~NRg; m is 0-3; and n is 0-3,

[0057] In some embodiments of compounds of formula {I), R* is H, substituted or
unsubstituted C alkyl, substituted or unsubstituted cycloalky!, substituted or unsubstituted
heterocyclyl, substituted or unsubstituted C, 4 alkyl-heterooyclyl, substituted or
unsubstituted Cy4 alkyl-aryl, ot substituted or unsubstituted C,.4 alkyl-cycloalkyl. For
example, R? is H, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, fert-butyl,
n-pentyl, isopentyl, cyclopentyl, cyclohexyl, tetrahydrofuranyl, tetrahydropyranyl,

(Cy.4 alkyD)-phenyl, (Cy alkyl)-cyclopropyl, (Ci4 alkyl)-cyclobutyl,

(Cis alkyl)-cyclopentyl, (C1.q alkyl)-cyclobexyl, {Ci4 alkyl)-pyrrolidyl,

{Cy2 alkyI}-piperidyl, (Ci4 alkyl)-piperazinyl, (Ci.4 alkyl)-morphotinyi,

(Cy.q alkyl)-tetrahydrofuranyl, or (C).4 alkyl}-tetrahydropyranyl, cach optionally substituied,

[6038] In other embodiments, R? is H, Cy.4 alkyl, (CMa;lkyl)(OR),
Siacl ﬂ*‘“o oy
rﬁf N (4VR
N
%ﬁﬁ“‘k\,?) ‘\,o B‘Lﬁf’“\,\tf\iﬂ

\;\/h\O Oy
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wherein R is at each occurrence independently H, or a substituied or
unsubstituted C .4 alkyl (for exampie, methyl); R’ is at each occurrence independently H,
~OR, cyano, or a substituted or unsubstituted C,.4 alkyl (for example, methyl); and p is 0-3.

[0059] In some such embodiments, R? is H, Cy4 alkyl, (Cy.4alkyD(OR),

+ . R
Ay T ey

3

A et
A ﬁa‘“\/\é :l)

wherein R is at each occurrence independently H, or a substitated or

R
A
oSN

N i

unsubstituted C;.; alkyl; R’ is at each occurrence independently H, -OR, cyano, ora
substituted or unsubstituted Cy_y alkyl; and p is 0-1.

[6060) In some other embodiments of compourds of formula (I), R* and one of
R? and R together with the atoms to which they are attached form a substituted or
unsubstituted heterocyelyl. For example, in some embodiments, the compound of

formula (I} is
. Rﬁ' : O
' R 7 RN r!z/\
RL_ Ny N RL_ Ny N \E *I
\E l \[ ;[ N N0
NTTNTO NTNTo M

R

A
ecdhred
\[N;[H Q ,er N/ﬁ 0

wherein R is af each occurrence independently H, or a substituted or unsubstituted
Ciaalkyl; R is H, OR, or a substituted or unsubstituted C;4 alkyl; and R is as defined

herein.

.
3
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{6061} In some embodiments of compounds of formula (1), R? and R* are both H. In
others, one of R? and R? is H and the other is other than H. In still others, one of R® and

R* is Cy4 alkyl (for example, methyl) and the other is H. In still others, both of R? and

R! are C,.4 alikyl (for example, methyl). '

[0062] In some such embodiments described above, R is substituted or
unsubstituted aryl, or substituted or unsubstituted heteroaryl. For example, R! is phenyl,
pyridyl, pyrimidyl, benzimidazolyl, indolyl, indazolyl, IH-pyrrolo[2,3-blpyridyt,
1H-imidazo{4,5-blpyridyl, 1H-imidazo[4,5-b]pyridin-2(3H)-onyl,
3H-imidazo[4,5-b]pyridyl, or pyrazolyl, cach optionally substituted. In some embodiments,
R' is phenyl substituted with one or more substituents independently selected from the
group consisting of substituted or unsubstituted Cy.s alkyl, substituted or unsubstituted
heterocyclyl, halogen, aminocarbonyl, cyano, hydroxyalkyl and hydroxy. In others, R!ig
pyridyl substituted with one or more substituents. independently selected from the group
«consisting of cyano, substituted or unsubstituted C,.¢ alkyl, substituted or unsubstituted
heterocyclyl, hydroxyalkyl, halogen, aminocarbonyl, -OR, and -NR», wherein each R is
independently H, or a substituted or unsubstituted Cy¢ alkyl. In others, R'is
1H-pyrrolof2,3-blpyridyl or benzimidazolyl, optionally substituted with one or more
substituents independently selected from the group consisting of substituied or unsubstituted
C, .5 alkyl, and ~NR», wherein R is independently H, or a substifuted or unsubstituted

Cy4 alkyl

[0063] In certain embodiments, the compounds of formula (1) have an R' group set
forth herein and en R? group set forth herein.

[0664] In some embodiments of compounds of formula (1}, the compound at a
concentration of 10 pM inhibits mTOR, DNA-PK, or PI3K or a combination thereof, by at
least about 50%, Compounds of formnia (I) may be shown to be inhibitors of the kinases

above in any suitable assay system, such as those described in the Examples hevein.
{6065} in some embodiments of compounds of formula (I}, the compound is
6-(1H-pyrrolof2,3-blpyridin-3-y)-4-(2-(tetrahydro-2H-pyran-4-yhethyl)-3,4-
dihydropyrazioe{2,3-blpyrazin-2( 1H)-one;

6-(4-methyl-6-(1H-1,2 4-triazol-3-yDpyridin-3-yL)-4-((tetrahydro-2H~pyran-4-ylmethyl)-

3,4-dihydropyrazine{2,3-bjpyrazin-2(1 H)-one;
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6-(5~fluoro~2-methyl-4-(1H-1,2 4-triazol-3-yDphenyl}-4-({trans-4-
methoxycyclohexyl)methyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3~y1)phenyl)-4-((cis-4-
methoxycyclohexyl)methy()-3,4-dihydropyrazino{2,3-blpyrazin-2(1H)-one;
6-(6-(1H-1,2 A-trizzol-3-yDpyridin-3-y)-4-((trans-4-methoxycyclohexymethyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one;

6-{5-flnoro-2-methyl-4-(1H-1,2 4-triazol-3-yl)pheny!)-4-((rans-4-
hydroxyeyclohexylmethyl)-3,4-dihydropyrazino{2,3-bipyrazin-2(1H)-one;

6-{6-(1H-1,2 4-triazol-3-yDpyridin-3-y1)-4-({cis-4-methoxycyclohexylmethyl)-3 4~
dihydropyrazino{2,3-b]pyrazin-2{1H}-one;
6-(6-(1H-1,2,4-triazol-3-yDpyridin-3-y1)-4-((trans-4-hydroxycyclohexylmethyl)-3,4-
dihydropyrazino{2,3-bipyrazin-2(1H)-one;

6-(6«(1H-1,2 4-triazol-3-y)pyridin-3-y1)-4-(cis-4-hydroxycyclobexyl)-3,4-
dihydropyrazinol2,3-b]pyrazin-2(1H)-one;

6-(6-{1H-1,2 4-triazol-3-y[)pyridin-3-y1)-4-{{cis—4-hydroxycyclobexylymethyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H)-ons;

6-(5-fluoro-2-methyl-4-(1H-1,2 4-riazol-3-yhphenyl)-4-(rrans-4-methoxycyclohexyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1 H)-one;

6-(6-(1H-1,2 4-iriazol-3-yI}pyridin-3-y1}-4-(trans-4-methoxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-Z{1H}-one;

6-(6-(1H-1,2 d-iriazol-3-yDpyridin-3-y)-4-(trans-4-hydroxycyclohexyl)-3,4~
dihydropyrazino[2,3-blpyrazin-2(1 H)-one;
6-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yhphenyl)-4-({cis-4-
hydroxycyclohexyl)methyl)-3,4-dihydropyrazino[2,3-blpyrazin-2(1H)-one;

6-(6-(1H-1,2 4-triazol-3-yDpyridin-3~y])-4-(cis-4-methoxyeyclohexyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one;
6~(6-(1H-1,2,4-triazol-3-yl)pyridin-3-y1)-4-(2-methoxyethyl)-3 4-dihydropyrazino[2,3-
blpyrazin-2{1H)-one;

6-(6-(1H-1,2 4-triazol-3-yDpyridin-3-yl)-d-isopropy}-3.4-dihydropyrazino{2,3-b]pyruzin-
2(1H)-one;
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6-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yDphenyl)-4-{cis-4-hydroxycyclohexyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one;
6-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yDphenyl)-4-{cis-4-methoxyeyclohexyl)-3,4-
dihydropyrazino{2,3-blpyrazin-2(1H)-one;
6-{5-fluoro-2-methyl-4-{1H-1,2,4-trinzol-3-yDphenyly-4-(2-methoxyethyl)-3,4-
dihydropyrazino{2,3-blpyrazin-2(1H)-one;
6-(6-(1H-1,2,4-triazol-3-yDpyridin-3-yl)-4-{tetrahydro-2H-pyran-4-yl)-3,4-
dihydropyrazino[2,3-bjpyrazin-2(1H)-one;
6-{6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-4-ethyl-3 4-dihydropyrazino[2,3-b]pyrazin-2(1H)-
one;
6-(3-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-4-(frans-4-hydroxycyclohexyl)-3,4-
dihydropyrazino[2,3-bJpyrazin-2{1H)-one;
6-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-4-(tetrahydro-2H-pyran-4-yl)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one;
6-(5-fluoro-2-methyi-4-(1H-1,2,4-triazol-3-yl)phenyl)-4-isopropyl-3,4-dihydropyrazino[ 2,3-
blpyrazin-2(1H)-onc;

4-cthyl-6-(5-fluoro-2-methyl-4-(1H-1,2 4-triazol-3-yl)phenyl)-3 4-dikydropyrazino[2,3-
blpyrazin-2(1H)-one;

6~(3-fluoro-2-methyl-4-(1H-1,2 4-triazol-3-ylphenyl)-4-(tetrahydro-2H-pyran-4-yi)-3 4-
dihydropyrazino{2,3-blpyrazin-2(1H)-one;
6-(3-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-ylphenyl)-4-(cis-4-methoxycyclohexyl)-3,4-
dihiydropyrazino[2,3-blpyrazin-2(1H)-one;
6-(3-fluoro-2-methyl-4-(1H-1,2,4-tr:az0}-3-yl)phenyl)-4-(frans-4-methoxycyclohexyl)-3.4-
dihydropyrazino[2,3-bipyrazin-2(1H)}-ons;

4-(2-methoxyethyl)y-6-(4-methyl-6-(1H-1,2 4-triazol-3-yDpyridin-3-y1)-3,4-
dihydropyrazino{2,3-blpyrazin-2(1H)-one;

6-(3-(1H-1,2 4-triazol-5-yl)phenyl)-4-(2~(tetrahydro-2H-pyran-4-ylethyl)-3,4-
dihydropyrazinof2,3-blpyrazin-2(1H)-one;

5~(3-(2-methoxyethyl)-6-0x0-3,6,7,8-tetxahy dropyrazinof2,3-b]pyrazin-2-yl)-4-

methylpicolinamide;
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3-{6-0x0-8~(2-(tctrahydro-2H-pyvan-4-ylethyl)-5,6,7,8-tctrahydropyrazino[2,3-blpyrazin-2-
yhbenzamide;
3-(6-0x0-8-(2-(tetrahydro-2H-pyran-4-yl)ethyl}-5,6,7,8-tetrabydropyrazino{2,3-b]pyrazin-2-
ylybenzonitrile;
5-(8-(trans-4-methoxycyclohexyl)-6-0x0-5,6,7,8~tetralydropyrazino[2,3-bpyrazin-2-y1)-4-
methylpicolinamide;
6-(1H-imidazo{4,5-blpyridin-6-y1)-4-(2-(tetrabydro-2H-pyran-4-y1)ethyD-3 4~
dihydropyrazinof2,3-b]pyrazin-2(iH)-one;
6-(1H-indazol-6-yl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino{2,3-
blpyrazin-2(1H)-one;
4-((1R,38)-3-methoxycyclopentyl)-6-(2-methyl-6-(4H-1,2,4-triazol-3-yDpyridin-3-y1)-3,4-
dihydropyrazino[2,3-blpyrazin-2{1H)-one;
4-((15,3R)-3-methoxycyclopentyl)-6-(2-methyl-6-(4H-1,2 4-triazol-3-ylpyridin-3-yi)-3.4-
dihydropyrazino[2,3-bjpyrazin-2(i H)-one;
4-{{1R,3R)-3-methoxycyclopentyl)-6-(2-methyl-6-(4H-1,2 4-triazol-3-ylpyridin-3-y1)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
4-((18,38)-3-methoxycyclopentyl)-6-(2-methyl-6-(4H-1,2 4-triazol-3-yl)pyridin-3-y1)-3,4-
diiydropyrazino{2,3-b]pyrazin-2(1H)-one;
4-cthyl-6-(2-methyl-6-(4H-1,2,4-triazol-3-yDpyridin-3-yl)-3,4-dihydropyrazinof2,3-
‘blpyrazin-2(1H}-one;
6-(1H-pyrrolo[2,3-blpyridin-5-y1)-4-(2-(tetrahydro-2H-pyran-4-yDethyD)-3,4~
dihydropyrazino{2,3-b]pyrazin-2(1H)-one;
6-(1H-tndol-6-y[}-4-(2-(tetrabydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-
bipyrazin-2(1H)-one;
6-(18-indol-5-y1}-4-(2~(tctrahydro-2H-pyran-4-y1)ethyl)-3,4-dihydropyrazino[2,3-
blpyrazin-2(1H)-one;
4-{((1R,38)-3-methoxycyclopentyDmethyl)-6-(2-methyl-6-(4H-1,2,4-triazol-3-ypyridin-3-
yD-3,4-dihydropyrazino[2,3-blpyrazin-2{1H)-one;
4-(((1S,3R)-3-methoxycyclopenty)methyl)-6-(2-methyl-6-(4H-1,2 4-triazol-3-yDpyridin-3-
y)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1 H)-one;



6-(3-fluoro-2-mnethyl-4-(4H-1,2 4-triazol-3-yl)phenyl}-4-(2-(tetrahydro-2H-pyran-4-
yhethyl)-3 4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(3-fluoro-2-methyl-4-(4H-1,2,4-triazol-3-y)phenyl-4-(2-methoxyethyl)-3,4-
dihydropyrazino[?2,3-b]pyrazin-2(1H)-one;

3,3-dimethyl-6-(4-methyl-6-(4H-1,2 4-triazol-3-y)pyridin-3-yl}-4-((tetrahydro-2H-pyran-4-
yhmethyl}-3,4-dihydropyrazino{2,3-bpyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yhpyridin-3-y1)-4-(( 1R,3S)-3-methoxycyclopentyl)-3,4-
dihydropyrazino{2,3-b]pyrazin-2{ 1H)-one;
6-(6-(2-hydroxypropan-2-ylpyridin-3-yl}-4-((18,3R}-3-methoxycyclopenty!)-3,4-
dihydropyrazinof2,3-blpyrazin-2(1H}-one;
6-(6-(2-hydroxypropan-2-yDpyridin-3-y1)-4-(((13,38)-3-methoxycyclopenty!ymethyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2{ 1H}-one;

6-(6-(2-hydroxypropan-2-yDpyridin-3-y)}-4-(((1R 3R )-3-methoxycyclopentylymethyl)-3,4-
dihydropyrazino[2,3-bjpyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yi)-4-((18,38)-3-methoxycyclopentyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-y1}-4-((1R,3R)-3-methoxycyclopentyl)-3,4-
dihydropyrazino[2,3-bipyrazin-2(1H)-one;

6-{6-(2-hydroxypropan-2-yhpyridin-3-y1)-4-(((1R ,38)-3-methoxycyclopentyymethyl)-3,4-
dihydropyrazino[2,3-bjpyrazin-2Z{ 1H)-one;
6-(6-(2-hydroxypropan-2-yDpyridin-3-y)-4-(((18,3R)-3-methoxycyclopentylymethyt)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;

6-(3-fluoro-4-(4H-1,2 4-triazol-3-ylphenyl)-4-(2-methoxyethyi)3,4-dihydropyrazino[2,3-
bipyrazin-2(1 H)-one;
6-(3-fluoro-4-(4H-1,2,4-triazol-3-v])phenyl)-4-(2-{tetraliydro-2H-pyran-4-yl)ecthyl)-3,4-
dihydropyrazino{2,3-bjpyrazin-2{1H)-one;

7'(2-methyl-4-(4H-1,2 4-triazol-3-y)phenyl)-1'-((tetrabydro-2H-pyran-4-yDmethyl)-1'H-
spirofcyclopentane-1,2'-pyrazino{2,3-blpyrazin}-3'{(4'H)-one;

7'-(2-methyl-4-(4H-1,2 4-triazol-3-yl)phenyl)-1'-((tetrabydro-2H-pyran-4-yHmethyl)-1"H-
spiro[cyclobutane-1,2'-pyrazino{2,3-blpyrazin}-3'(4'H)-one;
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4-(cyclopropylmethyl)-6-(6-(2-hydroxypropan-2-yDpyridin-3-y1)-3,4-dihydropyrazino[2,3-
blpyrazin-2(1H)~one;
7'-(2-methyl-4-(4H-1,2,4-triazol-3-yl)pheny!)-1'H-spirofcyclopentane-1,2'-pyrazinof2,3-
blpyrazin}-3'(4H)-one;

7'-(2-methyl-4-(4H-1,2 A-triazol-3-y)phenyl)- 'H-spiro{cyclobutane- 1 ,2'-pyrazinof2,3-
blpyrazin]-3{4'H)-one;

7 2-methyl-4-(4H-1,2 4-triazot-3-yl)phenyl)-1"H-spiro[cyelopropane-1,2-pyrazine[2,3-
blpyrazin}-3'{4'H)-one;

(R)-6-(4-(4H-1,2 4-triazol-3-yDphenyl)-4-({tctrahydrofuran-2-ylmethyl)-3,4-
dihydropyrazino|2,3-blpyrazin-2(1H)-one;
(8)-6-(4-(4H-1,2,4-triazol-3-yl)phenyl)-4-((tetrahydrofuran-2-ymethyl)-3 4~
dihydropyrazino{2,3-bjpyrazin-2{ 1H)-one,
6-(1H-indazol-5-y1)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl}-3,4~dihydropyrazino{2,3-
blpyrazin-2(1H)-one;
4-(6-0x0-8-(2-(tetrahydro-2H-pyran-4-yljethyl)-3,6,7,8-tetrahydropyrazino[2,3-b]pyrazin-2-
ylbenzamide; '
4-(2-methoxyethyl)-3,3-dimethyf-6-(2-methyl-4-(4H-1,2,4-triazol-3-yl)phenyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H}-one;

4-pthyl-3,3-dimethyl-6-(2-methyl-4-(4H-1,2 4-triazol-3-yl)phenyl)-3,4-
dibydropyrazino{2,3-blpyrazin-2(1H)-one;

6-(2-methyl-4-(4H-1,2 4-triazol-3-y[)phenyl)-3,4-dihydropyrazino{2,3-blpyrazin-2(1H)-one;
3,3-dimethyl-6-(2-methyl-6-(4H-1,2,4-triazol-3-yDpyridin-3-y1)-4-({tetrahydro-2H-pyran-4-
yhmethyl)-3,4-dihydropyrazino[2,3-bIpyrazin-2(1H)-one;
(R)-6-(6-(1-hydroxyethypyridin-3-yi)-4-(2-(tetrahydro-2H-pyran-4-ylethy!)-3,4-
dihydropyrazine[2,3-blpyrazin-2(1 H)-one;

3,3-dimethyl-6~(2-methyl-4-(4H-1,2 4-triazok-3-yl)phenyh)-4-((tetrahydro-2H-pyran-4-
yDmethyl)-3,4-dihydropyrazino{2,3-blpyrazin-2{1H)-one;
6-(6-(2-hydroxypropan-2-yl)-4-methylpyridin-3-yl)-4-(trans-4-methoxycyclohexyl)-3.4-
dibydropyrazino|2,3-blpyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)-4-methylpyridin-3-y)-4-((tetrahydro-ZH-pyran-4-yl)methy!}-
3,4~dihydropyrazino[2,3-blpyrazin-2(1H)-one;
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3,3-dimethyl-6-(2-methyl-4-(4H- 1,2 A-triazol-3-yl)phenyl)-3,4-dihydropyrazino{2,3-
b]pyrazin-2(1H)-one;

3,3-dimethyl-6-(2-methyl-6-(4H-1,2 4-triazol-3-yl)pyridin-3-y1)-4-(2-(tetrahydro-2 H-pyran-
4-ylethyl)-3,4-dihydropyrazina{2,3-b]pyrazin-2(1 H)-ong;
6-{6-(2-hydroxypropan-2-yl}-2-methylpyridin-3-yt)-4-({teirahydro-2H-pyran-4-yl)methyl)-
3,4-dihydropyrazinof2,3-bjpyrazin-2(1H)-one;

. 6-(6-(2-hydroxypropan-2-yi)-Z-methylpyridin-3-y1)-4-(trans-4-methoxycyclohexyl)-3,4-
dihydropyrazine{2,3-blpyrazin-2(1H)-one;
{S)-6-(6-{1-hydroxyethyDpyridin-3-yl)-4-(2-{tetrahydro-2H-pyran-4-yhicthyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one;

3,3-dimethyl-6-(2-methyl-4-(4H-1,2 4-triazol-3-yl)phenyl)-4-(2-(tetrahydro-2H-pyran-4-
yhethyl)-3,4-dihydropyrazino[2,3-blpyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-ytpyridin-3-y1)-3,3-dimethyl-4-(2-{tetrahydro-2H-pyran-4-
yljethyi)-3,4-dibydropyrazino{2,3-blpyrazin-2(1H)-one;
6-(4-(2-hydroxypropan-2-ylphenyl}-4-(#rans-4-methoxycyclohexyl)-3,4-

di hydm_pyrazino[Z,B-ﬁ}pyrazina( 1H)-ong;
6-(4-(2-hydroxypropan-2-ylyphenyl)-4-((#rans-4-methoxycyclohexyhmethyl}-3,4-
dihydropyrazino{2,3-blpyrazin-2(1H)-one;
4-{cis-4-methoxycyclohexyl)-6-(2-methyl-6-(4H-1,2,4-triazol-3-yD)pyridin-3-yD)-3,4-
dihydropyrazino{2,3-blpyrazin-2( 1 H}-one;
4-(trans-4-methoxycyclohexyl)-6-(2-methyl-6-(4H-1,2,4-triazol-3-y)pyridin-3-yi)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(4-(2-hydroxypropan-2-yl)phenyl)-4-((tetrahydro-2H-pyran-4-ylymethyl)-3,4-
dikyydropyrazine{2,3-b]pyrazin-2(1H)-one;

4-(2-methoxyethyl)-6-(2-methyl-6-(4H-1,2 4-triazol-3-yDpyridin-3-y1)-3,4-
dihydropyrazinof2,3-blpyrazin-2(1H)-one;

9-(6-(4H-1,2 4-triazol-3-yl)-3-pyridyl)-6,11 ,4a-trihydromorpholino{4,3-¢Ipyrazino[ 2,3~
blpyrazin-5-one;

6-(2-methyl-6-(4H-1,2 4-triazol-3~yDpyridin-3-yi)-4~((tetrahydvo-2H-pyran-4-yDmethyl)-
3,4-dihydropyrazino[2,3-blpyrazin-2(1 H)-one;
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5-(8-(cis-4-methoxycyclohexyl)-6-0x0-5,6,7,8-tetrahydropyrazino| 2,3-blpyrazin-2-yl)-6-
methylpicolinonitrile;

6-(6-(4H-1,2 A-triazol-3-yDpyridin-3-y)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino{2,3-blpyrazin-2(1 H}-one;

9-{4-(4H-1,2 4-triazol-3-y1)}-2~methylphenyl}-3+(Z-methoxyacetyl)-6,11,4a~
trihydropiperazinof 1,2-elpyrazino{2,3-bjpyrazin-5-one;

0-(4-(4H-1,2 4-triazol-3-y}-2~-methylpheny)-6,1 1 4a-trihydropiperazino{1,2-
¢jpyrazino{2,3-blpyrazin-5-one;
9-(4-(4H-1,2,44riazol-3-y1)-2-methylphenyl)-3-(2-methoxyethyl)-6,11 4a-
trihydropiperazinof 1,2-¢lpyrazino[2,3-b]pyrazin-5-ane;
4-(cyclopentyimethyl)-6-(2-methyl-6-(4H-1,2, 4-triazol-3-y[)pyridin-3-yi}-3,4-
dihydropyrazino[2,3-blpyrazin-2(1 H)-one;

9-(6-(4H-1,2 4-triazol-3-y)-2-methyl-3~pyridyl}-6,11,4a-trihydromorpholinof4,3-
e]pyrazino|2,3-bpyrazin-5-one;
4-(trans-4-hydroxycyclohexy)-6~(6-(2-hydroxypropan-2-yDpyridin-3-y)-3,4-
dihydropyrazino[2,3-b]pyrazin-2{1H}-one; .
4-{cis-4-hydroxyeyclohexyl)-6-(6-(2-hydroxypropan-2-ylpyridin-3-yb)-3,4-
dihydropyrazino[2,3-bjpyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-Z-yl)pyridin-3-yl}-4-((tewahydrofuran-3-yhmethyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one;
4-(cyclopentylmethyl}-6-(6-(2-hydroxypropan-2-yl)pyridin-3-y1)-3,4-dibydropyrazinof2,3-
blpyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-ylpyridin-3-yl)-4-neopentyl-3,4-dihydropyrazino{2,3-b]pyrazin-
2(1H)-one;
6~{6-(2-hydroxypropan-2-ylipyridin-3-yl}-4-isobutyl-3,4-dihydropyrazino{2,3-b]pyrazin-
2(1H)-one; '

3-metbyl-6-(2-methyl-4-(4H- 1,2 4-triazol-3-yDphenyl)-4-(2-(tetrahydro-2H-pyran-4-
yhethyl)-3,4-dihydropyrazino{2,3-b]pyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-ylypyridin-3~y1}-4-(piperidin-4-yi)-3,4-dilydropyrazino[2,3-
blpyrazin-2(1H)-one;
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6-(6-(2-hydroxypropan-2-ylpyridin-3-yl)-4-(2-(tctrahydro-2H-pyran-3-yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
8-(4-(4H-1,2,4-triazol-3-yl)-2-methylphenyl)(3aS, 2R )-2-methoxy-5,10,3a-
trihydropyrazino{2,3-blpyrrolidino| 1,2-eJpyrazin-4-one;

8-(4-(4H-1,2 4-triazol-3-yl)-2~-methylphenyl}2R 3aR}-2-methoxy-5,10,3a-
trihydropyrazino{2,3-bJpyrrolidino[1,2-elpyrazin-4-one;

8-(4-(4H-1,2 4-trfazol-3-yl)-2-methylphenyl)(28,3aR}-2-methoxy-5,10,3a-
trihydropyrazino[2,3-blpyrrolidino{1,2-¢ |pyrazin-4-one;

8-(4-(4H-1,2 A-triazol-3~yD)-2-methylpheny)(2S,345)-2-methoxy-5,10,3a-
triydropyrazino[2,3-blpyrrolidino[1,2-¢]pyrazin-4-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yi)-4-(3-methoxypropyl)-3,4-dihydropyrazinof2,3-
blpyrazin-2(1H)-one;
(8)-6-(6-(2-hydroxypropan-2-ypyridin-3-y1)-4-((tetrahydrofuran-2-yDmethyl)-3,4~
dihydropyrazino[2,3-blpyrazin-2(1H)-one;
(R)-6-(6-(2-hydroxypropan-2-yDpyridin-3-yi}-4-((tetrahydrofuran-2-ylmethyl)-3,4-
dihydropyrazino{2,3-b]pyrazin-2( 1H)-one;

6-(2-methy!-6-(4H-1,2 4-triazol-3~yl)pyridin-3-yi)-4-(2-(tetrahydro-2H-pyran-4-y[ethyl)-
3 4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;

9-(4-(4H-1,2 4-triazol-3-yl)-2-methylphenyl)-3-methyl-6,11 da-trihydropiperazinol1,2-
epyrazino[2,3-b}pyrazin-5-one;

9-(4-(4H-1,2 A-triazol-3-yl)phenyl)-6,1 I 4a-~trihydromorpholinof{4,3-elpyrazino{2,3-
blpyrazin-5-one;

9-(4-(4H-1,2 4-triazol-3-yl)-2~methylphenyl)-6,1 1 4a-trihydropiperidinof 1,2-eJpyrazino 2,3-
bipyrazin-S-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-(rrans-4-methoxycyclohexyl)-3,4-
dibydropyrazino[2,3-blpyrazin-2(1H)-one;

6-{6—(2—hydroxypropan—2 ~yhpyridin-3-y1)-4-{cis-4-methoxycyclohexyl)-3,4-
dihydropyrazino[2,3-bJpyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-(2-mormpholinoethyl)-3,4-dihydropyrazino[2,3-
blpyrazin-2{1H)-one;
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6-(6-(2-hydroxypropan-2-yhpyridin-3-yl}-4-phencthyl-3 d-dihydropyrazino{2,3-bpyrazin-
2(1H)-one;

6-(6-(2-hydrexypropan-2-yDpyridin-3-yl}-4-(tetrahydro-2H-pyran-4-yi)-3,4~
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
4-(cyclohexylmethyl})-6-(6-(2-hydroxypropan-2-ylpyridin-3-y1)-3,4-dihydropyrazino{2,3-
blpyrazin-2(1H}-one;
6-(6~(2-hydroxypropan-2-yUpyridin-3-y1)-4-({frans-4-methoxycyclohexylymethyl)-3 4-
dihydropyrazino[2 3-blpyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yDpyridin-3-y[)-4-((cis-4-methoxycyclohexylmethyi)-3,4-
dibydropyrazino[2,3-blpyrazin-2(1H)-one;
(R)-6-(6-(2-hydroxypropan-2-yDpyridin-3-y)-4-(tetrahydrofuran-3-y1)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one;
(S)-6-(6-(2-hydroxypropan-2-yDpyridin-3-yi)-4-(tetrahydrofuran-3-yl)-3,4-
dikydropyrazinof2,3-blpyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yOpyridin-3-yl)-4-phenyl-3,4-dithydropyrazino[2,3-blpyrazin-
2(1H)-one;
(S)-6-(6-(2-hydroxypropan-2-yi)pyridin-3-y1)-3-methyl-4-(2-(tetrahydro-2H-pyran-4-
yhethyl)-3,4-dihydropyrazine[2,3-b]pyrazin-2(1H}-one;
9-{6-(1-hydroxy-isopropyl}-3-pyridy!}-6,11,4a-trihydromorpholino{4,3-e]pyrazinof2,3-
blpyrezin-5-one;

6-(6-(2-hydroxypropan-2-y{pyridin-3-yl) -4-((tetrahydro-2H-pyran-4-ylymethyl}-3,4-
dihydropyrazino{2,3-bipyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-y})pyridin-3-y1)-4-(2-methoxyethyl)-3,4-dihydropyrazino[ 2,3~
blpyrazin-2{1H}-one;
6-(2-amino-7-methyl-1H-benzo{dlimidazoi-5-y1)-4-(3-(riflusromethylbenzyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-ylpyridin-3-yl)-4-(3-(friftuoromethyi)benzyt)-3 4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one;

9-{4-(4H-1,2 4-triazol-3-y1)-2-methyipheny!)-6,1 1. 4a-trihydromorpholino[4,3-
¢]pyrazino[2,3-blpyrazin-5-one;
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6-(4-methyl-2-(methylamino)-1H-benzo{d)imidazol-6-y1)-4-(2~{tctrahydro-2H-pyran-4-
yi)ethyh)-3,4-dihydropyrazino[2,3-bpyrazin-2(1H)-one;

8-(4-(4H-1,2 4-triazol-3-yl)-2-methylphenyl)-5,10,3a-trihydropyrazino(2,3-
blpyrrolidino[1,2-¢lpyrazin-4-one;

6-(4~(48-1,2 4-triazol-3-yUphenyl)-4-ethyl-3 4-dihydropyrazino[2,3-bjpyrazin-2( 1 H)-one;
6-(4-(4H-1,2 4-triazol-3-yl)phenyl}-4-((tetrahydro-2H-pyran-4-yDmethyl)-3,4-
dihydropyrazino{2,3-blpyrazin-2{1H)-ons;
6-{6-(2-hydroxypropan-2-yljpyridin-3-y1}-4-(2-(tetrahydro-2H-pyran-4-ylethyl)-3,4-
dihydropyrazine[2,3-b]pyrazin-2(1H)-one;

6-(4-(4H-1,2 4-triazol-3-y1)phenyl)-4-(2-methoxyethyl)-3 4-dihydropyrazine[2,3-blpyrazin-
2(1H)-one;

6-{4-(4H-1,2 4-triazol-3-yDphenyi)-4-(3-(trifluoromethylYbenzyl)-3 4-dihydropyrazine[2,3-
blpyrazin-2(1H)-one;
6-(2-methyl-4-(4H-1,2,4-friazol-3-yD)phenyl)-4-(2-{tefrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino[2,3-bjpyrazin-Z( 1H}-one;
6-(4-methyl-1H-benzo[dlimidazol-6-yl)-4-(2-(tetrahydro-2H-pyran-4-yllethyl}-3,4~
dihydropyrazino{2,3-b]pyrazin-2(1H)-one;
6-(4-(2-hydroxypropan-2-yl)phenyl)-4-(2-(tetrahydro~-2H-pyran-4-ylethyl)-3 4-
dihydropyrazino[2,3-blpyrazin-2{ 1H}-one; or
6-(4-(1H-1,2,4-triazol-5-yl)phenyl)-4-(2-(tetrahydro-2H-pyran-4-ylethyl)-3.4-
ditydropyrazino[2,3-blpyrazin-2(1H)-one.

[0066] Further provided herein are compounds having the following formula (H):

R2
, |
R M N 0
XX
N/ H | R?
an

and pharmaceutically acceptable salis, clathrates, solvaics, stercoisomers,

tautomers, and prodrugs thereof, wherein:

-30-



R! is substituted or unsubétitutcd C1.s alkyl, substituted or unsubstituted aryl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycelyl, or
substituted or unsubstituted heterocyclylalkyl;

R?is H, substituted or unsubstituted C1.s alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocyclyl, substituted or unsubstituted
heterocyclylalkyl, substituted or unsubstituted aralkyl, or substituted or unsubstituted
cycloalkylaikyl;

R’ is H, or a substituted or unsubstituted C; ¢ alkyl;

provided the compound of formula (IT) is not 7-(4-hydroxyphenyl)~1-(3-
methoxybenzyl)-3,4-dihydropyrazinof2,3-blpyrazin-2(1H)-one, depicted below:

0/

\QENINTO
N ﬁ .

{0067} In some embodiments of compounds of formula (11), R! is substituted or
unsubstituted aryl or substituted or unsubstituted heteroaryl. For example, R' is phenyl,
pyridyl, pyrimidyl, benzimidazolyl, 1H-pyrrolo]2,3-blpyridyl, indazelyl, indolyl,
H-imidazo4,5-blpyridyl, 1H-imidazo[4,5-b]pyridin-2(3H)-onyl,
3H-imidazo[4,5-blpyridyl, or pyrazolyl, each optionally substituted. In some embodiments,
R} is phenyl substituted with one or more substituents independently selected from the
group consisting of substituted or unsubstituted Cy.g alkyl (for example, methyl), substituted
or unsubstituted heterocyclyl (for example, a substituted or unsubstituted triazolyl or
pyrazolyl), aminocarbonyl, halogen (for example, fluorine), cyano, hydroxyalkyl and
hydroxy. In other embodiments, R' is pyridy! substituted with one or more substituents
independently selected from the group consisting of substituted or unsubstituted C_g afkyl
{for example, methyl}, substituted or unsubstituted heterocyelyl (for example, a substituted
or unsubstituted triazolyl), halogen, aminocarbony! , eyano, hydroxyalkyl (for example,
hydroxypropyl), OR, and -NR2, wherein each R is independently H, or a substituted or
unsubstituted C;.4 alkyl, In some embodiments, R is TH-pyrrolo[2,3-b]pyridyt or

~-31-



henzimidazolyl, optionally substituted with one or more substitucats independently selected
from the group consisting of substituted or unsubstituted Cy_s alkyl, and -NR;, wherein R is
independently H, or a substituted or unsubstituted C,.4 alkyl,

(0068] In some embodiments, R’ is
R
N ' 0
i -(CRy),OR 1 [ ;—«f:': '\i/\-'—ca WOR
o (383 34, e
i U Iy
\;] = E 7 (Q
\Z,‘(Jm‘ﬁms %\X NR; %{\;\Rm | ‘k[{L R

i, JRa = ' R
A N e
RN

{‘w‘;‘?

\/j" m

“h‘/m/

wherein R is at each occurrence independently H, or a substituted or
unsubstituted C.4 alkyl (for example, methyl), R’ is at each occurrence independently a
substituted or unsubstituted Ci4 alky! (for example, methyl), halogen {for example, fluoro),
cyano, -OR,, or -NRy; m is 0-3; and nis 0-3. It will be understood by those skilled in the art
that any of the subsitutuents R’ may be attached to any suitable atom.of any of the rings in
the fused ring systems.

[0069] In some embodiments of compounds of formula (D), R is

-:..1'—'\

(CRo),OR PPN (CR,),OR \J/\
’a@ NN gU EL
R

ﬁ ot 3’%@\) Ry

7 N
=0
o
N
'Zi\\{/ZJJ
Py
& ZA

A
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wherein R is at cach ocourrence independently H, or a substituted or
unsubstituted Cra alkyl; R’ is at each occurrence independently a substituted or
unsubstituted Cy.4 alkyl, halogen, cyano, -OR or -NRy; mis 0-3; and 1 is §-3.
{6070} Tn some embodiments of compounds of formula (11), R? is H, substituted or
unsubstituted C).g alkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
heterocycty!, substituted or nnsubstituted Cy.4 atkyl-heterocyclyl, substituted or
unsubstituted C4 alkyl-aryl, or substituted or unsubstituted Cy.4 alkyl-cycloalkyl. For
cxample, R? is H, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl,
n-pentyl, isopentyl, cyclopentyl, cyclohexyl, tetrahydrofuranyl, tetrahydropyranyl,
(Ci4 alkyl)-phenyl, (Ci4 alkyl)-cyclopropyl, (Ci.4 alkyl)-cyclobutyi,
(C14 alkyl)-cyclopentyl, (Cr4 alkyl)-cyclohexyl, (Craq alkyl}-pyrrolidyl,
(C1.4 alkyty-piperidyl, (C;4 alkyl}-piperazinyl, {C,.4 atkyl)-morpholinyl,
(Ci.4 alkyl)-tetrahydrofuranyl, or (Ci4 allkyl)-tetrabydropyranyl, each optionally substituted.
10071] In other embodiments, R? is H, Ci4 alkyl, (Cr4alkyl)(OR),

] XS ey

R
A e /
- 'HBMCJO U ‘I{H\CDNR

s_ls\/‘-’p\@/R'
P4 o :Yerf'}F;-v“O\R

wherein R is at each occurrence independently H, or & substituted or

El

unsubstituted Cy 4 alkyl (for example, methyl); R’ is at cach occurrence independently H,
-OR, cyano,or a substituted or unsubstituted C).4 alkyl (for example, methyl); and p is 0-3.

10672} In other embodiments of compounds of formula (Il), R? is H, Cy.4 alkyl,
(Cr4tlkyl)(OR),
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wherein R is at cach occurrence independently H, or a substituted or
unsubstituted Ci.2 alkyl; R’ is at.cach accurrence independently H, -OR, cyano,ora
substituied or unsubstituted C,.» alkyl; and pis 0-1,

[0073} In other embodiments of compounds of formula (I, R is H.

[0674) In some such embodiments described herein, R} is substituted or
vnsubstituted aryl, or substituted or unsubstituted heteroaryl. For example, R’ is phenyl,
pyridyl, pyrimidyl, benzimidazolyl, 1H-pyrrolof2,3-blpyridyl, indazolyl, indolyl,
1H-imidazo[4,5-blpyridine, pyridyl, 1H-imidaza{4,5-blpyridin-2(3H)-onyl,
3H-imidazo[4,5-bIpyridyl, or pyrazolyl, each optionally substituted. In some embodiments,
R' is pheny! substituted with one or more substituents independently sclected from the
group consisting of substituted or unsubstituted Cyg alkyl, substituted or unsubstituted
heterocyelyl, aminocarbonyl, halogen, cyano, hydroxyalkyl and hydroxy. In others, R' is
pyridyl substituted with one or more substituents independently selected from the group
consisting of C1.4 alkyl, substituted or unsubstituted heterocyclyl, halogen, aminocarbonyl,
cyano, hydroxyalkyl, -OR, and -NR;, wherein each R is independently H, or a substituted or
unsubstituted C14 alkyl. Tn stilf others, R’ is 1H-pyrrolo[2,3-blpyridyl or benzimidazolyl,
optionally substituted with ane or more substituents independently selected from the group
consisting of substituted or unsubstituted C,.¢ alkyl, and -NR;, wherein R is independently
H, or a substituted or unsubstituted C;.4 alkyl.

[0075] In certain embodiments, the compounds of formula (If) have an R group set
forth heretn and an R” group set forth herein.

[0076}] In some embodiments of compounds of formula (II), the compound at 4
concentration of 10 pM inhibits mTOR, DNA-PK, PI3K, or a combination thereof by at
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least about 50%. Compounds of formula (31} may be shown to be inhibitors of the kinascs
above in any suitable assay system, such as those described in the Exemples herein.
{8077} In some embodiments of compounds of formuia (11), the compound is
7-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)- 1-((rans-4-
methoxycyclohexyl)methyl)-3,4-dihydropyrazino[2,3-bjpyrazin-2(1H)-ong;
7-(6-(1H-1,2,4-triazol-3-y)pyridin-3-y1)-1-(cis-4-methoxycyclohexyl)-3,4-
dilyydropyrazino[2,3-blpyrazin-2(1H)-one;
7-{1H-pyrrolo[2,3-blpyridin-3-yD-1-2-(tetrahydro-2H-pyran-4-yi)ethyl)-3,4~
dihydropyrazino{2,3-blpyrazin-2(1H)-one;
7-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yhpheny!)-1-((cis-4-
methoxycyclohexylymethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
1-ethyl-7-(1H-pyrrolo[3,2-bpyridin-5-yl}-3,4-dihydropyrazino[2,3-blpyrazin-2(1H)-one;
7-(6-{1H-1,2 A-triazol-3-yDpyridin-3-y1}-1-((cis-4-methoxycyclohexylymethyl}-3 4.
dihydropyrazino[2,3-blpyrazin-2(1H)-one;
7-(1H-benzo[dlimidazol-4-y1)-1-(2-(tetrabyydro-2H-pyran-4-yDethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(1H-pyrrolol2,3-b]pyridin-4-yi)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3 4-
dihydropyrazino{2,3-blpyrazin-2(1H)-one;

7-{6-(1H~1,2 4-triazol-3-ylpyridin-3-yb)-1-((#rans-4-methoxycyclohexylmethyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one;
7-{6-(1H-1,2,4-triazol-3-ylpyridin-3-yI}-1-({frans-4-hydroxycyclohexylmethyl)-3,4~
dihydropyrazino[2,3-bjpyrazin-2(1H)-one;

7-(6-( 1H-1,2 4-triazol-3-yl)pyridin-3-yD- 1 (cis-4-hydroxycyclohexyi)-3,4-
dihydropyrazino{2,3-blpyrazin-2(IH)-one;

7-(5-fluoro-2-methyl-4-(1H-1,2 4-triazol-3-yDphenyl)-1-(cis-4-hydroxycyciohexyl)-3 4~
dihydropyrazina[2,3-b]pyrazin-2(1H)-one;

7-(6-(18-1,2 4-triazol-3-yDpyridin-3-y1}- 1 -(tetrabiydro-2H-pyran-4-y1}-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one;

7-{6-{1H-1,2 A-triazol-3-ylpyridin-3-y1)-1-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-
blpyrazin-2(1H)-one;
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T-{6-(1H-1,2 4-triazol-3-yDpyridin-3-y1)-1-cthyl-3,4-dihydropyrazinof2,3-bipyrazin-2{ 1H}-
one;

7-{5-fluoro-2-methyl-4-(1H-1,2,4-triazoi-3-yIpbenyl)-1-{{cis-4-
hydroxycyclohexylmethy!)-3,4-dihydropyrazino[2,3-blpyrazin-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-
dibydropyrazino{2,3-blpyrazin-2{ 1 H}-onz;
7-(1H-indol-4-yD)-1-(2-(tetrahydro-2H-pyran-4-ylethyl)-3,4-dihydropyrazino[2,3-
bipyrazin-2(1H)-one;

7-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yhphenyl)-1-((trans-4-
hydroxycyclohexylymethyl)-3,4-dikydropyrazinof2,3-b]pyrazin-2(1H)-one;
7-(6-(1H-1,2,4-triazo}-3-yDpytidin-3-yl)-1~({cis-4-hydroxycyclohexyhmethyi)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one;

7-(6~(1H-1,2 4-triazol-3-yDpyridin-3-yl)- 1 -(zrans-4-hydroxycyclohexyl)-3,4-
dihydropyrazino{2,3-blpyrazin-2(1H}-one;

7-(6-(1H-1,2 4-triazo}-3-ylpyridin-3-y1)- | (trans-4-methoxycyclohexyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one;

7-(6-(1H-1,2 d-triazol-3-yDpyridin-3-y{)- 1-isopropyl-3 4-dihydropyrazino| 2,3-bjpyrazin-
2(1H)-one;

7-(3-fluore-2-methyl-4-(1H-1,2 4-tiazol-3-yhphenyl)-1-(trans-4-methoxycyclohexyl)-3,4-
dihydropyrazino{2,3-blpyrazin-2(1H)-one;
7-(5-fluoro-2-methyt-4-(1H-1,2,4-triazol-3-yl)phenyl)- 1< frans-4-hydroxycyclohexyl)-3,4-
dihydropyrazinof2,3-bipyrazin-2(1H)-one;
7-(5-fluoro-2-methyl-4-{1H-1,2,4-triazol-3-ylphenyl)-1-(2-methoxyethyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2{1H)-one;
7-(3-fluoro-2-methyl-4-{1H-1,2,4-triazol-3-yhphenyl)-1-isopropyl-3,4-dihydropyrazino[2,3-
blpyrazin-2{1H)-one;

1-ethyl-7-(5-fluoro-2-methyl4-{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-(ietrahydro-2H-pyran-4-ylethyly-3,4-dihydropyrazino[2,3-
‘bipyrazin-2{1H)-one;
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1-isoptopyl-7-(4-methyl-6-( 1H-1,2,4-triazol-3-y)pyridin-3-y1)-3,4-dihydropyrazino[2,3-
blpyrazin-2(1H)-one;

5-(8-isopropyt-7-0x0-5,6,7,8-teirahydropyrazino{ 2, 3-b)pyrazin-2-y!)-4-methylpicolinamide;
7-(1H-iridazol-4-y1)- } (2-(tetrahydro-2H-pyran-4-yethyl)-3,4-dihydropyrazino[2,3-
blpyrazin-2(1H)-one;

7~(2-aminopyrimidin-5-yi}- 1-(2-(tetrahydro-2H-pyran-4-ylethy!)-3 4-dihydropyrazino[2,3-
blpyrazin-2{1H)-one;
7-(2-aminopyridin-4-y1)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dibydropyrazinof2,3-
blpyrazin-2(1H}-onc;
7-(6~(methylamino)pyridin-3-y1}-1-(2-(tetrabydro~2H-pyran-4-yl)ethyi)-3,4-
dihydropyrazino{2,3-blpyrazin-2(1H)-one;
7-(6-hydroxypyridin-3-yi)-1-(2-(tetrahydro-2H-pyran-4-ylethyl)-3 4-dihydropyrazino[2,3-
bipyrazin-2(1H)-one;
7-(4-(1H-pyrazol-3-yDphenyl)-1-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-blpyrazin-
2(1H)-one;
7-(pyridin-3-y1)-1-(2-(tetrabydro-2H-pyran-4-yl)ethyl)-3,4-dikydropyrazino[2,3-b]pyrazin-
2{1H)-one;
7-(1H-indazol-4-y1)-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-blpyrazin-2( 1 H)-one;
7-(pyrimidin-5-y1}-1-(2-(fetrahydro-2H-pyran-4-yljethyl)-3,4-dihydropyrazino{2,3-
blpyrazin-2(1H)-one;
7-(6-methoxypyridin-3-yi)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazine]2,3~
blpyrazin-2(1H)-one;
1-(2-methoxyethyl)-7-(1H-pyrrolo[2,3-b]pyridin-5-y!}-3,4-dihydropyrazino[2,3-bpyrazin-
2(1)-one;
1-ethyl-7-(1H-pyrrolof2,3-blpyridin-5-y1)-3,4-dihydropyrazino[2,3-b]pyrazin-2 (1 H)-one;
1-ethyl-7-(1H-indazol-4-y1)-3 A-dihydropyrazino{2,3-b]pyrazin-2(1H)-one;
T-(pyridin-4-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl}-3,4-dikydropyrazino[2,3-b]pyrazin-
2{1H)-one;

7-(6-atminopyridin-3-yi)-1-(2-(tetrahydro-2H-pyran-4-ylethyl}-3 4-dihydropyrazino[2,3-
blpyrazin-2(1H)-one;
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1-methyi-7-(2-methyl-6-(4H-1,2,4-triazol-3-yDpyridin-3-y1)-3,4-dihydropyrazino[2,3-
blpyrazin-2(1H)-one;
2-(2-hydroxypropan-2-91)-5-(8-(trans-4-methoxycyclohexyl)-7-0x0-3,6,7,8-
tetrahydropyrazino[2,3-b]pyrazin-2-yhpyridine 1-oxide;
4-methyl-5-{7-oxo-8-((tetrahydro-2H-pyran-4-ylymethyl)-3,6,7,8-tetrahydropyrazino|2,3-
blpyrazin-2-yi)picolinamide;

5-(8-{{cis-4-methoxycyclohexylmethyl)-7-0x0-53,6,7 8-teirahydropyrazino[2,3-blpyrazin-2-
yD)-4-methylpicolinamide;

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

1-(trans-4-methoxycyclohexyl)-7-(4-methyl-6-{ 1H-1,2 4-triazol-3-yhpyridin-3-y1)-3 4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one;

3-((7-(2-methyl-6-(4H-1,2 4-triazol-3-yDpyridin-3-yl)-2-0x0-3 4-dikydropyrazino{2,3-
blpyrazin-1(2H)-y)methyl}benzonitrile;
1-{(zrans-4-methoxycyclohexyDmethyl)-7-(4-methyl-6-(1H-~1,2 4-triazol-3-yl)pyridin-3-yl)-
3 A-dihydropyrazino[2,3-blpyrazin-2(1H)-one;
3-{7-0%0-8-(2-{tetrahydro-2H-pyran-4-yDethyl)-5,6,7,8-tetrahydropyrazinof2,3-b}pyrazin-2-
yl)benzamide;
5-(8-((trans-4-methoxycyclohexylymethyl}-7-0x0-5,6,7,8-tetrabydropyrazino[2,3-b]pyrazin-
2-yD)-4-methylpicolinamide;
3-{(7-(6~(2-hydroxypropan-2-yDpyridin-3-y1)-2-0x0-3,4-dihydropyrazinof2,3-bIpyrazin-

L 2H)ylmethybenzonitrile;
7-{6-(2-hydroxypropan-2-yDpyridin-3-y1)-1-((1R,3R}-3-methoxycyclopentyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one;
7-(6-(2-hydroxypropan-2-yhypyridin-3-y1}-1-({18,3R)-3-methoxycyclopentyl)-3 4~
dihydropyrazino[2,3-blpyrazin-2(1H)-one;

7-(6-(2-hydroxypropan-2-yDpyridin-3-y1)- 1-((18,38)-3-methoxycyclopentyl}-3,4-
dibydropyrazino[2,3-blpyrazin-2(1H)-one;
7-(6-(2-hydroxypropan-2-ylpyridin-3-y1)-1-({(1R,35}-3-methoxycyclopentyl)-3,4-
dihydropyrazino|2,3-blpyrazin-2(1H)-one;
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7-(1H-indazol-6-y)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3 4-dihydropyrazino[2,3-
bipyrazin-2(1H)-one;

7-(2-methyl-6-(4H-1,2 4-triazol-3-yDpyridin-3-y1)-1-(2-morpholinosthyl)-3,4-
dihydropyrazino{2,3-blpyrazin-2(1H)-one;
1-{trans-4-hydroxycyclohexyl)-7-(2-methyl-6-(4H-1,2 A-triazol-3-yDpyridin-3-y1)-3 4~
dihydropyrazino[2,3-blpyrazin-2{1H)-one;
1~(cis-4-hydroxycyclohexyl)-7-{2-methyl-6-(4H-1,2 4-triazol-3-ypyridin-3-y!)-3 4~
dihydmpyrazino{il,?;-b}pyrazin»il( 1H})-one;

7-{6-(2-hyrdroxypropan-2-yDpyridin-3-yl)- 1-(2-morpholinocthyl)-3 4-dihydropyrazine]2,3-
bjpyrazin-2(1H)-one;
1-isopropyl-7-(2-methyl-6-(4H-1,2,4-triazol-3-yDpyridin-3-y1)-3,4-dihydropyrazine[2,3-
blpyrazin-2(1H)-one;
7-(1H-imidazo[4,5-b]pyridin-6-y1)-1-{2-(tetrahydro-2H-pyran-4-yhethyl)-3.4~
dikydropyrazino|2,3-blpyrazin-2(1H)-one;
1-{{cis-4-methoxycyclohexyDmethyl)-7-(2-methyl-6-(1H-1,2 A-triazol-3-yDpyridin-3-y1)-
3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
1-{trans-4-hydroxycyclohexyl)-7-(6~(2-hydroxypropan-2-yljpyridin-3-y1)-3,4-
dihydrapyrazinof2,3~b]pyrazin-2(1H)-one;
I-(cis-4-hydroxycyclohexyl)-7-(6-(2-hydroxypropan-2-ylpyridin-3-y1)-3,4-
dihydropyrazino[2,3-blpyrazin-2(iH)-one;
4-(7-0x0-8~(2-(tetrahydro-2H-pyran-4-yljethyl)-3,6,7,8-tetrahydropyrazinoi2,3-b]pyrazin-2-
yhbenzamide;
1-(1d-indazol-5-y1)-1-2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino{2,3-
bipyrazin-2(1H)-one;
7-(1H-pyrrolo[2,3-blpyridin-5-yI)-1-(2-(tetrahydro-2H-pyran-4-yljethyl)-3,4-
dihydropyrazinof2,3-blpyrazin-2(1H)-one;

7-(2-methyl-6-(4H-1,2 4-triazol-3-yl)pyridin-3-yi)-1-(tetrahydro-2H-pyran-4-y1)-3.4-
dihydrepyrazino[2,3-b]pyrazin-2(1H)-one;
1-{{18,3R})-3-methoxyeyclopentyl)-7-(2-methyl-6-(4H-1,2 4-triazol-3-yl)pyridin-3-y1)-3 4-
dihydropyrazino[2,3-bipyrazin-2(1H)-one;



1-{(1R,3R)-3-methoxycyclopentyl)-7-(2-methyl-6-(4H-1,2,4-triazol-3-yhpyridin-3-y)-3,4-
dibydropyrazino{2,3-bJpyrazin-2(1H)-one;
1-((1R,35)-3-methoxycyclopentyl)-7-(2-methyl-6-{(4H-1,2,4-triazol-3-yDpyridin-3-yl)-3,4-
dihydropyrazino{2,3-bipyrazin-2(1H)-one;
1-{{15,35)-3-methoxycyclopentyl)-7-(2-methyl-6-{4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-
dihydropyrazino[2,3-bjpyrazin-2(1H)-one;
7-(1H-~indol-5-y1)-1-(2-(tetrabydro-2H-pyran-4-yJethyi)-3,4-dihydropyrazino{2,3-
bipyrazin-2(1H)-one;

1-cthyl-7-{2-methyl-6-(4H-1,2 4-triazol-3-yDpyridin-3-yl)-3,4-dihydropyrazino{2,3-
blpyrazin-2(1H)-one;
7-(1H-indol-6-y1)-1-(2-{tetrahydro-2H-pyran-4-yDethyl)-3,4-dihydropyrazino[2,3-
blpyrazin-2{1H}-one;
7-(4-(2-hydroxypropan-2-yDphenyl)-1-(zrans-4-methoxycyclohexyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2( 1 H)-one;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-yi)-1-(tetrahydro-2H-pyran-4-y1)-3,4-
dihydropyrazino[2,3-blpyrazin-2{1H}-one;
Y-((zrans-4-methoxycyclobexyDmethyl)-7-(2-methyl-6-(1H-1,2,4-friazol-3-yDpyridin-3-y1)-
3, 4-dhydropyrazino[2,3-blpyrazin-2(1H}-one;

7-(6-(2-hydroxypropan-2-yl)pyridin-3-yi)-1 {{cis-4-methoxycyclobexymethyl)-3,4-
dikydropyrazino{2,3-bjpyrazin-2(1H)-one;
1-{2-methoxyethyl)-7-(4-methyl-2-(methylamino)- | H-benzo[ dJimidazol-6-y1)-3 4-
dihydropyrazino[2,3-bipyrazin-2({1H)-one;

7-(T-methyl-2~0x0-2,3-dihydro- 1 H-benzo[ dlimidazol-5-y1)- 1-({tetrahydro-2H-pyran-4-
yhmethyl)-3,4-dihydropyrazine[2,3-b]pyrazin-2(1 H)-one;
7-(2-methyl-4-(4H-1,2,4-triazol-3-yl)phenyl)-3,4-dihydropyrazine{2,3-blpyrazin-2( 1 H)-one;
1-(2-methoxyethyl)-7-(4-methyl-6-(1H-1,2 4-friazol-3-yDpyridin-3-y1)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one,
1-benzyl-7-(2-methyl-4-(4H-1,2,4-triazol-3-yDphenyl)-3,4-dihydropyrazino[2.3-b]pyrazin-
2(1H)-one;

7-(3-fluoro-4-(4H-1,2 4-triazol-3-yphenyl)-1-(2-methaxyethyl)-3 4-dihydropyrazino(2,3-
blpyrazin-2{1H}-one;
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7-(3-fluoro-4-(4H-1,2 4-triazol-3-yDphenyl)- 1-(2-(tctrahydro-2H-pyran-4-yDethyl)-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-bjpyrazin-2(1 H)-one;
1-(rans-4-methoxycyclohexyl)-7-(2-methyl-6-(4H-1,2,4-riazol-3-yDpyridin-3-y1)-3,4-
dihydropyrazingf2,3-blpyrazin-2{ 1H)-one;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl}- L -(frans-4-methoxycyclohexyl)-3,4-
dibydropyrazino[2,3-blpyrazin-2(1H)-one;

7-(5-fluoro-2-methyl-4-(4H-1,2 4-triazol-3-yljphcnyl)-1-(2-(tetrahydro-2H-pyran-4-
yl)ethyl)-3,4-dihydropyrazino[2,3-bipyrazin-2(1 H)-one;
7-(3-flnoro-2-methyl-4-{(1H-1,2,4-triazol-3-yDphenyi)-1-(2-(tetrahydro-2H-pyran-4-
yhethyl)-3,4-dihydropyrazino|2,3-blpyrazin-2(1 H)-one;
1-(2-methoxyethyl}-7-(2-methyl-6-(4H- { 2, 4-triazol-3-yl)pyridin-3-y1)-3 4~
dihydropyrazino[2,3-blpyrazin-2(1H)-one;
7-(6~(2-hydroxypropan-2-yhpyridin-3-ylj-1-({trans-4-methoxycyclohexylmethyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2{ 1H}-one;
1-{cyclopentylmethyl)-7-(6-(2-hydroxypropan-2-yhpyridin-3-y)-3,4-dihydropyrazino[2,3-
blpyrazin-2{1H)-one;
7-{(4-(2-hydroxypropan-2-yliphenyl)-1-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-
blpyrazin-2(1H)-one;
£S)-7-(6-(1-hydroxyethyl)pyridin-3-y1)-1-{2-(tetrahydro-2H-pyran-4-yl)ethyl)-3 4~
dihydropyrazino(2,3-bjpyrazin-2(1 H)-one;
(R)-7-(6-(1-hydroxyethyl)pyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yDethyi)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one;

T-(Z2-methyl-6-(4H-1,2 4-triazol-3-yl)pyridin-3-yl)- 1 {(tctrahydro-2H-pyran-4-yimethyl)-
3,4-dihydropyrazino[2,3-blpyrazin-2{1H)-one;
7-{4-(2-hydroxypropan-2-ylyphenyl)-1-(2-(tetrahydro-2H-pyran-4-yhethyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2{1H)-one;

7-(6-(2-hydroxypropan-2-ylpyridin-3-yi)-1 -(4-(trifluoromethyl)benzyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1)-one;
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7—(6-{2—ﬁydroxypropan~2-y1)pyﬁdin—3—yi)—1 -{3-(trifluoromethy!benzyl)-3,4-
dihiydropyrazino[2,3-bjpyrazin-2(1 H)-one;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-(3-methoxypropyl)-3,4-dihydropyrazinof 2,3
blpyrazin-2(1H)-one;

7-{4-methyl-6-( 1H-1,2,4-triazol-3-yDpyridin-3-y1}-1-(2-(tetrahydro~-2H-pyran-4-ylethyl)-
3,4-dihydropyrazino{2,3-bipyrazin-2(1H)-one;
7-(6-(2-hydroxypropan-2-ypyridin-3-y[)- 1-(2-methoxyethyl}-3,4-dihydropyrazino(2,3-
blpyrazin-2(1H)-one;
7-(6-(2-hydroxypropan-2-yDpyridin-3-y1)-1-((tetrahydro-2H-pyran-4-yDmethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2( 1H)-one;
7-(4-methyl-2-(methylamino)-1H-benzo[d}imidazol-6-y1)-1-(({tetrahydro-2H-pyran-4-
yhmethyl)-3 4-dikydropyrazinof2,3-blpyrazin-2(1H)-one;

7-(2-amino-4-methyl-1 H-benzo[d}imidazol-6-y1)-1-((tetrabydro-2H-pyran-4-ylimethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;

7-(2-methyl-6-(4H-1,2 4-triazol-3-yDpyridin-3-y1)-1-2-(tetrahydro-2H-pyran-d-ylethyl)-
3 4-dihydropyrazinof2,3-blpyrazin-2(1H)-one;
(R)-7-(6-(2-hydroxypropan-2-yl)pyridin-3-y1)-3-methyl-1-(2-{tetrahydro-2H-pyran-4-
yhethyl)-3,4-dihydropyrazinol2,3-blpyrazin-2(1H)-one;
(S)-7-(6-(2-hydroxypropan-2-yDpyridin-3-yi)-3-methyl-1-(2-(tetrahydro-2H-pyran-4-
yhethyl)-3,4-dihydropyrazino{2,3-bipyrazin-2(1H)-one;
7-(6-(2-hydroxypropan-2-ylypyridin-3-y1)-3,3-dimethyl-1-(2-(tetrahydro-2H-pyran-4-
yhethyl)-3,4-dihydropyrazinof2,3-bjpyrazin-2{1 H)-one;
7-(2-amino-4-methyl-1H-benzo[d]imidazol-6-y1)- 1-(2-(tetrahydro~-2H-pyran-4-yethyl)-3.4-
dihydropyrazino[2,3-blpyrazin-2(1H{}-one;

7-(6-(2-hydroxypropan-2-yhypyridin-3-y1)- 1-(2~(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
diliydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(2-methyl-4-(1H-1,2,4-triazol-3-yDphenyl}-1-(2-(tetrahydro-2H-pyran-4-yhethyl}-3,4-
dihydropyrazino[2,3-blpyrazin-2{1H)-one;

7-(4-(1H-1,2 A-triazol-5-yDphenyl)-1-(2-(teirabydro-2H-pyran-4-ylethyl)-3,4~
dihydropyrazino[2,3-blpyrazin-2{1H}-one;
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1-{1-hydroxypropan-2-y1}-7-{2-methyl-6-(1H-1,2 4-triazol-3-yl)pyridin-3-y1)-3 4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one; or

1-(Z-hydroxyethyl)-7-(Z-methyl-6-( 1 H-1,2 4-triazol-3-yDpyridin-3-yi)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H}-one.

[0078) Representative Heteroaryl Compounds of formula (I} and (I are set forth in
Table 1.

43 METHODS FOR MAKING HETEROARYI COMPOUNDS
G679} The Heteroaryl Compounds can be made by one skilled in the art using

conventional organic syntheses and commercially available materials. By way of example
and not limitation, a Heteroaryl Compound can be prepared as outlined in Schemes 1-9
shown below, as well as in the examples set forth in Section 5.1, If should be noted that one
skilled in the art can modify the procedures set forth in the illustrative schemes and

examples to arrive at the desired product.

Brs._ Ny, R'-B{OR"), RN, NBS RNy Br
h e | — |
N/j\NH2 oo \[N’j‘mz \I:N;ENHZ
A R*-Sn(R"); B ¢
o 0
Br\/]LOJL__,B:
R2
|
RL_N__N RI_ N, Br
B RE-NH, Yy e
SO RENE & S 3
H
D
Scheme 1
{0080} Synthesis of compounds of formula (I} is shown in Scheme 1. Starting from

5-bromopyrazin-2-aming A, the R group can be introduced using the appropriate boronic
acid or borate ester (R is H, or together with the boron atom and the atoms to which they
are attached, form a cyclic boronate), palladinm catalyst (such as, for exampie,
dichloro[1,1"-bis{diphenylphosphino)ferrocene]palladium(Il)dichloromethane), solvent
(such as dimethylformamide) and base (such as sodium carbonate) through a Suzuld
coupling, or alternately with the appropriate stannane (R™ is Cy.4 aikyl), palladium catalyst
(such as dichloro[1,1-bis{diphenylphosphino)ferrocene]paltadium(I)dichloromethane or
palladium{dba)y/ tri-o-tolylphosphine) and solvent (such as dimethyHformamide with or
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without the addition of a basc such as tricthylaminc) using Stille coupling methodology.
Typical reaction conditions and reagents for Suzuki and Stille reactions can be found herein
(see also Rossi, ef al, Synthesis 15:2419-2440 (2004), Buchwald et al. decounts of Chemical
Research, 41: 1461-1473 (2008), Fu. Accounts of Chemical Research, 41: 1555-1564
{2008), and Echavarren ef al. Angew. Chem. Int. Ed. , 43: 47044734 (2004) and references
therein). The resulting R' amino pyrazine B can be brominated using NBS or other standard
brominating conditions to afford the brominated intermediate C, which is then reacted with
2-bromoacetic anhydride to afford the acylated intermediate D, The R? substituent is
introduced through amine addition to D and subsequent ring closure, in the presence of an
amine base (such as, for example, triethyl amine) and heating in an eppropriate solvent

(such as acetonitrile) to afford the desired products.

Be ofu\/ﬁf Br RZ-NH, Br +B{OR") R‘
\E I \[ I J\,Br \{ I
R‘-Sn(R*'*)
F
cheme 2
0081} Aliernatively as shown in Scheme 2, 3,5-dibromopyrazin-2-amine E, is

treated with 2-bromoacetic anhydride as above to provide intermediate F. As described
above, the R substituent is introduced throngh amine addition to F and subsequent ring
closure to afford intermediate G. The R group may then be introduced using the methods
described above, namely by reaction with the appropriate boronic acid or borate ester, in the
presence of a palladium catalyst and base through a Suzuki coupling, or alternately with the
appropriate stannane, in the presence of a palladium catalyst using Sizlle coupling

methodology as described above, to afford the desired products.

R2

Br 101\/11\ /’l\,ct ar RN 111
T I o \[ I Jl\/l T TNINLO

E

Scheme 3

[0082) In an another approach (Scheme 3), 3,5-dibromopyrazin-2-amine E, is
treated with 2-chloroacetic anhydride followed by sodium iodide to provide the iodo
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intermediate F2. Intermediafe F2 is converted to the desired products following the

pracedures outlined in Scheme 2 for F.

0 RI-B{OR"),

R2
| m3
R3 1. Coupling agent Bre _N. _N_T.R% Rl _N R4
o T X - X
N . Bro N, Br “ or .o
Rp 2 \E ‘I S RI-Sa(R™)
H NZ N,

3. Deprotection

4. Pd cat., base
Scheme 4

{0083] To afford analogs with substitotion alpha to the cerbony! (Scheme 4), the
appropriately substituted amino-protected amine acid H (Py Is amino protecting group such
asg Boc), is reacted with 3,5-dibromopyrazin-2-amine in the presence of a coupling agent,
such as, forexample, 1,1'-carbonyldiimidazole. Deprotection conditions {for example,
when Py is Boc, deprotection is achieved by, for example, treatment with TEA or HC),
followed by palladium catalyzed ring closure (using, for example, sodium bicarbonate,
paliadium(I) acetate and 4,5-bis(diphenylphosphino}-9,9-dimethylxanthene) to afford
intermediate ¥, As before, the R' group may be introduced using the appropriate boronic
acid or borate ester, palladium catalyst, solvent and base through a Suzuki coupling, or
alternately with the appropriate stannane, palladivm catalyst and solvent using Stille
coupling methodology (described above) to afford the desired products, This method may
also be used to afford analogs where R is hydrogen, Additionally, this route may be used
to afford compounds wherein R? and R*, together with the atom to which they are both

attached, form a spiro-cyclic ring, through the use of appropriate starting amino acids.

0O R%2—ring
R3 RN 131 \RS
HO™ Y Ning T\E i I
Py R NSNS0
¥
Scheme 3
10084} Analogs wherein R” and R? together with the atoms to which they are

attached form a ring (sec Scheme 5) may be obtained similarly to the chemistry shown in

Scheme 4, beginning with the appropriate cyclic amino acid J.
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Scheme 6

[0085] To obtain the desired products, the reactivity of the coupling partners may be
reversed. For example, as shown in Scheme 6, intermediate 1. may be converted {o the
corresponding stannane K, through reaction with, for example, hexamethylditin (R™ is
methyl) in the presence of a palladium catalyst (such as tetrakis(triphenylphosphine)-
palladium) and the R' group may be introduced using the appropriate halogen (such as
bromide}, and solvent using Stille coupling methodelogy as described above to afford the
desired products, Alternatively, intermediate X may be converted to the corresponding
boronate ester K2, by reaction with 4,4,4',4,5,5,5",5"-octamethyl-2,2"-bi(1,3,2-
dioxaborolane) in the presence of a palladium catalyst (such as

1,1%big{diphenylphosphine errocenelpalladium(IDdichloromethane) and 4 base (such as
potassium acetale) in a solvent such as dioxane. The R group may be introduced using the
appropriate halogen (such as bromide), pailadium catalyst and solvent using Suzuki
coupling methodology as described above, to afford the desired products.

RZ

0 |
AN o M _ToE Br 1RNH28‘"N\j2}3RB€OR)ZR‘NNO
\NINH \( IN/\]rOEl 2. H* or base j: N’INT

R&=8n{R")a H

& Di\JLDEt
Scheme 7
[0086] Compounds of formula (1) may be obtained as shown in Scheme 7.

Reductive amination of 3,5-dibromopyrazin-2-amine E with ethyl 2-oxoacetate (in the

presence of, for example, sodium borohydride as a reducing agent ) affords intermediate L.
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Alternatively, 3,5-dibromopyrazin-2-amine E may be converted to intermediate L by
reaction with ethyl 2-chloroacetate under basic conditions (using for example, Cs,COs).

The R? substituent is introduced through amine addition to L, in the presence of an amine
base, such as diisopropylethylamine, and heating in an appropriate solvent (such as DMSQ)
and subsequent acid catalyzed ring closure (using, for example, acetic acid) to afford
intermediate M. Alternatively, the ring closure of the amine addition product L may
proceed under basic catalyzed conditions, such as treatment with potassium t-butoxide in an
appropriate solvent. As before, the R' group may be introduced using the appropriate
boronic acid or borate cster, palladium catalyst, solvent and base through a Suzuki coupling,
or alternately with the appropriate stannane, palladium catalyst and solvent using Stille

coupling methodology (described above) to afford the desired products.

o]
HaN

o
&3 B Ny ABr g 1. RE-NH, BF R™BOR"}; Ri
[ 1§ e —
L l \[“IHJI i ) I I - X I |
3. NBS o
Scheme 8
{0087] An alternative approach (Scheme 8) begins with reaction of

2.6-dichloropyrazine N with the appropriate amino esfer (R is Cr.3 alkyl), followed by
reductive dehalogenation with hydrogen and a palladium catalyst such as palladium
hydroxide, a base such as potassium carbonate, in a sofvent such as ethanol, and subsequent
bromination by reaction with a brominating agent such as NBS to yicld intermediate 0. As
above, the R* substituent is introduced through amine addition to O and subsequent acid
catalyzed ring closure to afford intermediate P. The R! group may be inirodnced using the
appropriate boronic acid or borate esfer, pailadium catalyst, solvent and base through a
Suzuki coupling, or alternately with the appropriate stannane, patladium catalyst and solvent
using Stille coupling methodology to afford the desired products (described above). This
route also allows for the synthesis of analogs with R® substitution alpha to the carbonyl
group.
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Scheme 9
[0088] As before, to obtain the desired products, the reactivity of the coupling

partners may be reversed {(Scheme 9). For cxample, intermediate P may be converted to the
corresponding stannane Q, and the R' group may be introduced using the appropriate
halogen, palladium catalyst and solvent using Stille coupling methodology as deseribed
above to afford the desired products. Alternatively, intermediate P may be converted to the
corresponding boronate ester 92, and the R group may be introduced using the appropriate
halogen, palladium catalyst and solvent using Suzuki coupling methodology as described
above to afford the desired products.

[6089) Provided herein are methods of preparing a compound of formula (1),

R2
|,R3
RN _NU.R*
TXX
N NT O
H
M

the method comprising contacting a compound of formula (1II)

RZ
| RS
X. N\ N R*
ek
aip
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with R*-Y in a solvent, in the presence of a palladinm catalyst, whercin said
contacting oceurs under conditions suitable to provide a compound of formula (I), wherein
R, R% R and R* are as defined herein, and

a) when X is halogen (for example Br, Cl, or I) then Y is B{OR '), or
Sn(R™)s; or

b) when Y is halogen (for example Br, CI, or 1), then X is BOR ) or
Sn(R™ )3

wherein each R” is independenily hydrogen or substituted or unsubstituted
Cy.5 alkyl, or cach RY, together with the boron atom and the afoms to which they are
attached, form a cyclic boronate; and R™ is a Cy.q alkyl.
[0090] Typically the solvent is dimethylformamide, isopropanol, dioxane, taluene,
dimethy] acetamide, tetraliydrofuran, acetonitrile, isopropyl acetate, dimethyl sulfoxide,
acetone, methanol, methy! t-butyl ether or a combination thereof, with or without the
presence of water, and the palladium catalyst is dichloro[1,1'-
bis(diphenylphosphino)ferrocene]paliadium (IT)dichioro-methane), palladium(dba),/tri-o-
tolylphosphine, dichloro[1,1"-bis(ditert-butylphosphino)fetrocene]paliadium, dichlorobis(p-
dimethylamino phenylditbutylphosphine)palladium(IL},
tetrakis(triphenylphosphine)paliadium(0), or paliadium (I7) acetate/d,5-
bis(diphenylphosphino)-9,9-dimethylxanthene. In some embodiments when X or Y isa
halogen, the halogen is Br. In some embodiments when X or Y is B(OR ™)., the contacting
oceurs in the presence of & base such as sodium carbonate, triethyl amine, diisopropylethyl
amine, piperidine, pyridine, cesium carbonate, potassium carbonate, potassium phosphate,
or sodium hydroxide. In some such embodiments, B(OR"), is B(OH), or B(-
OC(CH;)C{CH;),0-). In other embodiments, when X or Y is Sa(R™): the contacting
optionally occurs in the presence of & base such as tricthylamine, sodium carbonate,
diisopropylethyl amine, piperidine, pyridine, cesium carbonate, potassium carbonate,
potassium phosphate, or sodium hydroxide. In some such embodiments, R™ is methyl or n-
butyl.

[0091] Also provided are methods of preparing & compound of formula (111),
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(1)

the method comprising contacting a compound of formula IV}
N._.Hal

TR
7 ﬁ/u\vi-ia!z

av)

with R>-NH; in a solvent, such as acetonitrile or tetrahydrofuran, in the

Hat

presence of a base, such as triethylamine or diisopropylethylamine, wherein said contacting
accurs under conditions suitable to provide a compound of formula (E), wherein R? is as

defined herein, R? and R are H, X is a halogen such as Br, Hal is a halogen such as Br, and
Hal’is Bror L.

{0692} Algo provided are methods of preparing a compound of formula (111),

L e
\Enlm;\to
(1),

the method comprising cyclizing a compound of formmda (V)

N, .Hal
Hal\{i :I )CH}KNHRZ
NT TN
: r* R
(V)
in a solvent, such as acetonitrile, in the presence of a palladium catalyst, such
as palladium(I)acetate, 2 ligand, such as 4,5-bis-(diphenylphosphine)-9,9-
dimethylxanthene, and a base, such as sodium bicarbonate, wherein said cyclization ocours
under conditions suitable to provide a compound of formula (11T}, wherein R? is as defined
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herein, R? and R? are as described herein, X is a halogen such as Br, and Hal is a halogen
: g

such as Br.
{0693} Also provided are methods of preparing a compound of formula (11},

R2

RI_N 131 0
T X
NN RS
H
(1)

the method compriging contacting & compound of formula (V1)

?2
ANy AN 20
(VD

with R1-Y in a solvent, in the presence of a palladium catalyst, wherein said
contacting occurs under conditions suitable to provide a compound of formula (I}, wherein
R!, R?, and R’ are as defined herein, and

a) when X is halogen (for example Br, Cl, or I) then Y is B{OR™)z or
Su(R"Ys; or

b) when Y is halogen (for example Br, Cl, or I), then X is B{OR™); or’
Sn(R™)a;

wherein each R* is independenily hydrogen or substituted or unsubstituted
Cy.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 Cq.; alkyl.
10094] Typically the solvent is dimethylformamide, isopropanoi, dioxane, toluene,
dimethylacetamide, tetrahydrofuran, acetonitrile, isopropyl acetate, dimethyl sulfoxide,
acetone, methanol, methyl t-buty! ether or a combination thereof, with or without the
presence of water, and the palladium catalyst is dichlora{1,1'-
bis{diphenyiphosphino}ferrocene]palladium (I}dichloro-methane), palladium(dba),/tri-o-
tolylphosphine, dichloro[ 1,1 -bis(ditert-butylphosphino)ferrocene]palladium, dichlorobis(p-
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dimethylamino phenylditbutylphosphinc)palladiumdll),
tetrakis(iriphenyiphosphine)palladium{®), or palladium (I} acetate/4,5-
bis{diphenylphosphine)-9,9-dimethylxanthene. In some embodiments when X or Y is &
halogen, the halogen is Br. In some embodiments when X or Y is B(OR’ )2, the contacting
occurs in the presence of a base such as sodium carbonate, triethyl amine, diisopropylethyt
amine, piperidine, pyridine, cesium carbonate, potassium carbonate, potassium phosphate,
ot sodium hydroxide. Tn some such embodiments, B(OR"); is B(OH); or B(-
OC(CH,),C{CH:),0-). In other embodiments, when X or Y is Sa{R™); the contacting
optionally occurs in the presence of a base such as tricthylamine, sodium carbonate,
diisopropylethyl amine, piperidine, pyridine, cesium carbonate, potassium carbenate,
potassium phosphate, or sodium hydroxide. In some such embodiments, R is methyl or n-
butyl.

10995} Also provided are methods of preparing a compound of formula {VI),

RZ
l
AB
NZ T NTR
H
(VI)
the method comprising cyclizing a compound of formula (VII)

R?
Hai-\EN,INH -
N/ ﬁ /HrOR
O
(VID)
in the presence of a base, such as pofassium bistoxide, oran scid, such as

acetic acid, TEA, HCI, or phosphoric acid, wherein said cyclization occurs under conditions
suitable to provide a compound of formula (VI), wherein R? and R are as defined herein,
Hal is a halogen such as Br, and R i3 H or Cy4 alkyl. Typically, the cyclization is performed

in'a solvent, such as, for example, methanol or water.
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16096} Also provided are methods of proparing— a compound of formuia (VII),

Hal N NH
T o
Y
(V1Y)

the method comprising contacting a compound of formula (VIIT)
Hal Ng Hal
X AYOR
(Vi)
with R%-NH, in a solvent, such as dimethylsulfoxide or
N-methyipyrrolidinone, optionally in the presence of a base, such as triethylamine or
diisopropylethylamine, wherein said contacting occurs under conditions suitable to provide

a compound of formula (VII), wherein R” and R are as defincd hercin, end Hal is a halogen

such.as Br.

[8697} Pharmaceutically acceptable salts of the Heteroaryl Compounds can be
formed by conventional and known techniques, such as by reacting a Heteroaryl Compound
with a suitable acid as disclosed above. Such salis are typically formed in high yields at
moderate temperatures, and often are prepared by mersly isolating the compound from a
suitable acidic wash in the final step of the synthesis. The salt-forming acid may dissolved
in an appropriate organic solvent, or aqueous organic sclvent, such as an alkanol, ketone or
ester. On the other hand, if the Heteroary!l Compound is desired in the free base form, it
may be isolated from a bagic final wash step, according to known techniques. For example,
a typical technique for preparing bydrochloride salt is to dissolve the free base in a suitable
solvent, and dry the solution thoroughly, as over molecular sieves, before bubbling
hydrogen chlonide gas through it.

44  METHODS OF USE

(6098} Heteroaryl Compounds described herein have utility as pharmaceuticals to

treat or prevent disease in animals or humans, Further, Heteroaryl Compounds described
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herein are active against kinases (e.g.; protein kinases), including those involved in cancer,
inflammatory conditions, immunological conditions, neurodegenerative diseases, diabetes,
obesity, neurological disorders, age-related diseases, and cardiovascular conditions.
Without being limited by theory, it is thought the Heteroaryl Compounds are effective for
freating and preventing said diseases and conditions due to their ability to modulate (e.g.,
inhibit) kinases which are involved in the etiolagy of these diseases and conditions.
Accordingly, provided herein are many uses of the Heteroaryl Compounds, including the
treatment or prevention of those diseases set forth below. The methods provided herein
comprise the administration of an effective amount of one or more Heteroaryl Compounds
to a patient in need thereof. In some embodiments, the methods additionally comprise

administration of a second active agent ag deseribed herein.

[0099] Representative immunological conditions that Heteroaryl Compounds are
useful for treating or preventing include, but are not limited to, rheumatoid arthritis,
rhewmatoid spondylitis, osteoarthritis, multiple sclerosis, lupus, inflammatory bowel
disease, ulcerative colitis, Crohn’s disease, myasthenia gravis, Graves diseasc,
encephalomyelitis, Type 11 diabetes, dermatomyositis, and transplant rejection (e.g. in the
treatment of recipients of e.g. heart, lung, combined heart-lung, liver, kidoney, pancreatic,
skin or corneal transplants; or grafi-versus-host diseage, such as following bone marrow

transplantation).

{00100} Representative inflammatory conditions that Heteroaryl Compounds are
useful for treating or preventing include, but are not limited to, psoriasis, asthma and
allergic rhinitis, bronchitis, chronic obstructive pulmenary disease, cystic fibrosis,
inflammatory bowel disease, irritable bowel syndrome, Crohn’s disease, mucous colitis,

ulcerative colitis, and obesity.

[00161] Representative cardiovascular diseases that Heteroaryl Compounds are useful
for treating or preventing include, but are not limited to, restenosts, Wolf-Parkinson-White
Syndrome, stroke, myocardial infarction or ischernic damage to the heart, lung, gut, kidney,

liver, pancreas, spleen or brain.

[6G102] Representative neurodegenerative diseases that Heteroaryl Compounds are
useful for treating or preventing include, but are not limited to, Huntington’s disease,

Alzheimer’s discase, Parkinson’s disease, dementias caused by tau mutations,
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spinocercbellar ataxia type 3, motor neuron diseasc caused by SOD1 mutations, ncuronal
ceroid lipofucinoses/Batten disease (pediatric neurodegene ration) and HIV-associated

encephalitis.

[00103] Representative age-related diseases that Heteroaryl Compounds are useful for
treating or preventing include but are not iimited to cancer, obesity, type il diabetes

mellitus, autoimmune discase, cardiovascular discases and neuronal degeneration.

[00104] In another embodiment, provided herein are methods for the treatment or
prevention of fibrotic diseases and disorders. In a particular embodiment, provided herein
are methods for the treaiment or prevention of sclerodcerma, idiopathic pulmonary fibrosis,
renal fibrosis, cystic fibrosis, myelofibrosis, hepatic fibrasis, steatofibrosis and

steatohepatitis.

[08105] Répresentative cancers that Heteroaryl Compounds are useful for treating ot
preventing include, but are not limited to, cancers of the head, neck, eye, mouth, throat,
esophagus, bronchus, larynx, pharynx, chest, bone, lung, colon, rectum, stomach, prostate,
urinary bladder, uterine, cervix, breast, ovaries, testicles or other reproductive organs, skin,
thyroid, blood, lymph nodes, kidney, liver, pancreas, and brain or central nervous system.
Hetcroaryl Compounds are also useful for freating or preventing solid fumors and

bloodborne tumors.

[00106] Particular cancers within the scope of the methods provided herein include
those associated with the pathways involving mTOR, PI3K, or Akt kinases and mutants or
isoforms thereof. Other cancers within the scope of the methods provided herein include
those associated with the pathways of the following kinases: PI3Ka, PI3KB, PI3K8, KDR,
GSK3a, GSK38, ATM, ATX, ATR, ¢FMS, and/or DNA-PK kinases snd mutants or
isoforms thercof. In some cmbodiments, the cancers associated with mTOR/ PI3K/Akt
pathways include solid and blood-borng tumors, for example, multiple myeloma, mantle cell
tymphoma, diffused large B-cell lymphoma, acite myeloid fymphoma, follicular
Iymphoma, chronic iymphocytic leukemis; breast, lung, endometrial, ovarian, gastric,
cervical, and prostate cancer; glioblastomas; renal carcinoma; hepatoceliular carcinoma;

colon carcinoma; neuroendocrine fumors; head and neck tumors; and sarcomas,
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(00107} In a particular embodiment, provided herein are methods for the treatment or
prevention of a disease or disorder associated with activation of mTOR signaling; including,
but not Hmited to, tumor syndromes resulting directly or indirectly from genetic defects in
PTEN (Phosphatase and tensin homologue deleted on chromosome 10}, TSC1 (Tuberous
sclerosis 1), TSCZ (Tuberous sclerosis 2), NF1 (Neurofibromin 1), AMPK (AMP-dependent
protein kinase STK11, serine/threonine kinase 11}, LKB1, VHL (von Hippei-Lindau
discase) and PKD1 (polycystin-1). Without being limited by theory, it is thought that
genetic defects associated with these proteins results in hyperactivation of the
mTOR/PI3K/Akt pathway. Some particular diseases which are freatable or preventable
through inhibition of the mTOR/PI3K/Akt pathway include, but are not limited to,
Cowden’s disease, Cowden syndrome, Cowden-like syndrome, Bannayen-Zonana
syndrome, Bannayan-Riley-Ruvalcaba syndrome, Lhermitte-Duclos disease, endometrial
carcinoma, tuberous scierosis complex, lymphangioleiomyomatosis, neurofibromatosis 1,
Peutz-Jeghers syndrome, renal cell carcinoma, von Hippel-Lindau discase, Proteus
syndrome, and polycystic kidney disease.

{00108] In a particular embodiment, provided herein are methods for the treatment or
prevention of a disease or disorder associated with mTOR, PI3K, Akt, and/or DNA-PK
signaling. Particular diseases which are treatable or preventable by inhibiting mTOR, PI3K,
Akt and/or DNA-PK signaling, include, but are not limited to, rheumatoid arthritis;
rheumatoid spondylitis; osteoarthritis; gout; asthma, brouchitis; allergic rhinitis; chronic
obstructive pulmonary disease; cystic fibrosis; inflammatory bowel disease; irritable bowel
syndrome; mucous colitis; ulcerative colitis; Crohn’s disease; Huntington’s discase;
gastritis; esophagitis; hepatitis; pancreatitis; nephritis; multiple sclerosis; hupus
erythematosus; atherosclerosis; restenosis following angioplasty; left ventricular
hypertrophy; myocardial infarction; stroke; ischemic damages of heart, lung, gut, kidney,
liver, pancreas, spleen and brain; acute or chronic organ transpiant rejection; preservation of
the organ for transplantation; organ failure or loss of limb (e.g., including, but not limited to,
that resulting from ischemia-reperfusion injury, trauma, gross bodily injury, car accident,
crush injury or transplant failure); graft versus host disease; endotoxin shock; multiple organ
failure; psoriasis; burn from exposure to fire, chemicals or radiation; eczema, dermatitis;

skin graft; ischemia; ischemic conditions associated with surgery or traumatic injury (e.g.,
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vehicle accident, gunshot wound or fimb crush); epilepsy; Alzheimer’s discase; Parkinson’s
disease; immunological response to bacterial or viral infection; cachexia; angiogeénic and
proliferative diseases (including retinitis pigmentosa), solid tumors, and cancers of a variety
of tissues such as colon, rectum, prostate, liver, lung, bronchus, pancreas, brain, head, neck;,
stornach, skin, kidney, cervix, blood, larynx, esophagus, mouth, pharynx, urinary bladder,

ovary or uferine.

{00109} Also provided herein are methods for inhibiting a kinase in a cell expressing
said kinase, comprising contacting the cell with an effective amount of a Heteroaryl
Compound as described herein. In onc embodiment the kinese is mTOR, DNA-PK, or PI3K

or a combination thereof, In some embodiments, the cell is in a patient.

[00110] Also provided herein are methods for treating or preventing a condition
treatable or preventable by inhibition of a kinase pathway, for example, the
mTOR/PIIK/Akt and/or DNA-PK pathway, comprising administering to a patient in need
thereof an effective amount of a Heteroaryl Compound as described herein. In some
embodiments, the conditions treatable or preventable by inhibition of the mTOR/ PI3K/Akt
pathway include solid and blood-borne tumors, for example, multiple myeloma, mantle cell
Iymphoma, diffused large B-cell lymphoma, acute myeloid lymphoma, follicular
lymphoma, chronic lymphocytic leukemia; breast, lung, endometrial, ovariarn, gastric,
cervical, and prostate cancer; glioblastoma; renal carcinoma; hepatocellular carcinoma;
colon carcinoma; neurosndocrine tumors; head and neck fumors; sarcomas; tumor
syndromes resulting directly or indirectly from genctic defects in PTEN (Phosphatase and
tensin homologue deleted on chromosome 10), TSCI (Tuberous sclerosis 1), TSC2
(Tuberous sclerosis 2), NF1 (Neurofibromin 1), AMPK (AMP-dependent protein kinase
STK11, serine/threonine kinase 11), and LKB1, VHL (von Hippel-Lindau discase) and
PKI}] (polycystin-1); Cowden’s disease, Cowden syndrome, Cowden-like syndrome,
Bannayan-Zonana syndrome, Bannsyan-Riley-Ruvalcaba syndrome, Lhermitte-Ducios
disease, endometrial carcinoma, tuberous sclerosis complex, lymphangioleiomyomatosis,
neurofibromatosis 1, Peutz-Jeghers syndrome, renal cell carcinoma, von Hippel-Lindau
disease, Proteus syndrome, and polycystic kidney disease; thewmatoid arthritis; thewmatoid
spondylitis; ostcoarthritis; gout; asthma, bronchitis; allergic rhinitis; chronic obstructive
pulmonary disease; cystic fibrosis; inflammatory bowel disease; irritable bowel syndrome;
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mucous colitis; ulcerative colitis; Crohn’s disease; Huntington’s discase; gastritis;
esophagitis, hepatitis; pancreatitis; nephritis; muttiple sclerosis; lupus erythematosus;
atherosclerosis; restenosis following angioplasty; left ventricular hypertrophy; myocardial
infarction; stroke; ischemic damages. of heart, lung, gut, kidney, liver, pancreas, spleen and
brain; acute or chronic organ transplant rejection; preservation of the organ for
transplantation; organ failure or loss of imb {e.g., inciuding, but not limited to, that
resulting from ischemia-teperfusion injury, trauma, gross bodily injury, car accident, crush
injury or transplant faiture); graft versus host disease; endotoxin shack; muitipie organ
failure; psoriasis; bumn from exposure to fire, chemicals or radiation; eczema; dermatitis;
skin graft; ischernia; ischemic conditions associated with surgery or traumatic injury (eg.,
vehicle accident, gunshot wound or limb crush); epilepsy; Alzheimer’s disease; Parkinson’s
disease; iminunological response to bacterial or viral infection; cachexia; angiogenic and
proliferative diseases, including retinitis pigmentosa, solid tumors, and cancers of a variety
of tissues such as colon, recturn, prostaie, liver, lung, bronchus, pancreas, bram, head, neck,
stomach, skin, kidney, cervix, blood, larynx, esophagus, mouth, pharynx, urinary bladder,
ovary or uterine.

foo111} More particularly, cancers and related disorders that can be treated or
prevented by methods and compositions provided herein include but are not limited to the
following: leukemias such as but not limited to, acute leukemia, acute lymphocytic
feukemia, acute myelocytic leukemias such as myeloblastic, promyelocytic,
myelomenocytic, monocytic, ervthroleukemia leukemias and myelodysplastic syndrome {(or
a symptom thereof such as anemia, firombocytopenia, neutropenia, bicytopenia or
pancytopenia), refractory anemia (RA), RA with ringed sideroblasts (RARS), RA with
excess blasts (RAEB), RAEB in transformation (RAEB-T), preleukemia and chronic
myelomonocytic leukemia (CMML), chronic leukemias such as but not liraited to, chronic
myelocytic (granulocytic) lenkemia (CML), chronic iymphocytic leukemia (CLL), hairy cell
leukemia; polycythemia vera; lymphomas such as but not limiied to Hodgkin's disease,
non-Hodgkin's disease; multiple myelomas such as but not limited to smoldering muitiple
miyeloma, nonsecretory myeloma, osteosclerotic myeloma, plasma cell leukemia, solitary
plasmacytoma and extramedullary plasmacytoma; Waldenstrom's macroglobulinemia;

monoclonal gammopathy of undetermined significance; benign monoclonal gammeopathy;
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heavy chain discase; bone and connective tissue sarcomas such gs but not limited to bone
sarcoma, osteosarcoma, chondrosarcoma, Ewing’s sarcoma, malignant giant cell turnor,
fibrosarcoma of bone, chordoma, periosteal sarcoma, sofi-tissue sarcomas, angiosarcoma
(hemangiosarcoma), fibrosarcorna, Kaposi’s sarcoma, leiomyosarcoma, liposarcoma,
lymphangiosarcoma, metastatic cancers, neurilemmoma, rhabdomyosarcoma, synovial
sarcoma; brain tumors such as but not limited to, glioma, astrocytoma, brain stem glioma,
ependymona, oligodendroglioma, nonglial tumor, acoustic neurinoma, craniopharyngioma,
medulloblastoma, meningioma, pineocytoma, pincoblastoma, primary brain lymphoma;
breast cancer, including, but not limited fo, adenocarcinoma, lobular (small cell) carcinoma,
intraductal carcinoma, medullary breast cancer, mucinous breast cancer, tubular breast
cancer, papillary breast cancer, primary cancers, Paget’s disease, and inflammatory breast
cancer; adrenal cancer such as but not limited to pheochromoeytorn and adrebocortical
carcinoma; thyroid cancer such as but not limited to papillary or follicular thyroid cancer,
medullary thyroid cancer and anaplastic thyroid cancer; pancreatic cancer such as but not
limited to, insulinoma, gastrinoma, glucagonoma, vipoma, somatostatin-secreting tumor,
and carcinoid or islet cell tumor; pituitary cancers such as but limited to Cushing’s discase,
prolactin-secreting tumor, acromegaly, and diabetes insipius; eye cancers such as but not
limited to ocular melanoma such as iris melanoma, choroidal melanoma, and cilliary body
melanorna, and retinoblastoma; vaginal cancers such as squamous celi carcinoma,
adenocarcinoma, and melanoma; vulvar cancer such as squamous cell carcinoma,
melanoma, adenocarcinoma, basal cell carcinoma, sarcoma, and Paget’s disease; cervical
cancers such as but not imited to, squamous cell carcinoma, and adenocarcinoma; uterine
cancers such as but not limited to endometrial carcinoma and uterine sarcoma; ovarian
cancers such as but not limited to, ovarian epithelial carcinoma, borderline tumor, germ cell
tumor, and stromal tumor; esophageal cancers such as but nos limited to, squamous cancer,
adenocarcinoma, adenoid cystic carcinoma, mucoepidermoid carcinoma, adenosquamous
carcinoma, sarcoma, melanoma, plasmacytotns, verrucous carcinoma, and oat cell (small
cell) carcinoma; stomach cancers such as but not limited to, adenocarcinoma, fungating
(polypoid), ulcerating, superficial spreading, diffusely spreading, malignant lymphoma,
liposarcoma, fibrosarcoma, and carcinosarcoma; colon cancers; rectal cancers; liver cancers

such as but not limited to hepatocellular carcinoma and hepatoblastoma, gallbladder cancers
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such as adenocarcinoma, cholangiocar¢inomas such as but not limited to papiliary; nodular,
and diffuse; lung cancers such as non-small cell lung cancer, squamous cell carcinoma
{epidermoid carcinoma}, adenocarcinoma, farge-cell carcinoma and small-cell lung cancer;
testicular cancers such as butnot limited to germinal tumor, seminoma, anaplastic, classic
(typical}, spermatocytic, nonseminoma, embryonal carcinoma, teratoma carcinoma,
choriocarcinoma (yolk-sac fumar), prostate cancers such as but not limited to,
adenocarcinoma, lelomyosarcoma, and rhabdomyosarcoma; penal cancers; oral cancers such
as buf not limited to squamous cell carcinoma; basal cancers; salivary gland catcers such as
but not limited to adenocarcinoma, mucoepidermoid carcinoma, and adenoideystic
carcinoma; pharynx cancers such as but not limited to squamous cell cancer, and verrucous;
skin cancers such as but not limited to, basal cell carcinoma, squamous celi carcinoma and
melanoma, superficial spreading mclanoma, nodular melanoma, lentigo malignant
melanoma, acral lentiginous melanoma; kidney cancers such as but not limited to renal cell
cancer, adenocarcinoma, hypernephroma, fibrosarcoma, transitional cell cancer (renal pelvis
and/ or utero), Wilms’ tumor; bladder cancers such as but not limited to transitional cell
carcinoma, squamous cell cancer, adenocarcinoma, carcinosarcoma. In addition, cancers
include mayxosarcoma, osteogenic sarcomia, endotheliosarcoma, lymphangio-
endotheliosarcoma, mesothelioma, synovioma, hemangioblastoma, epithelial carcinoma,
cystadenacarcinoma, bronchogenic carcinoma, sweat gland carcinoma, sebaceous gland
carcinoma, papillary carcinoma and papillary adenocarcinomas (for a review of such
disorders, se¢ Fishman et al., 1985, Medicine, 2d Ed., J.B. Lippincott Co., Philadelphia and
Murphy et al., 1997, Informed Decisions: The Complete Book of Cancer Diagnosis,
Treatment, and Recovery, Viking Penguin, Penguin Books 11.8.A,, Inc., United States of
Ameriea),

[00112] Accordingly, the methods and compositions provided herein ave also useful
in the treatment or prevention of a variety of cancers or other abnormal proliferative:
diseases, including (but not limited to) the following: carcinoma, including that of the
bladder, breast, colon, kidney, liver, lung, ovary, pancreas, stomach, cervix, thyroid and
skin; including squamous cell carcinoma; hematopoietic tumors of lymphoid lineage,
including leukemia, acute lymphocytic leskemia, acute lymphoblastic lenkemia, B-gell
lymphoma, T-cell lymphoma, Berketis Iymphoma; hematopoietic tumors of myeloid
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lincage, inchuding acute and chronic myelogenous leukemias and promyclocytic leukemia,
tumors of mesenchymal origin, including fibrosarcoma and rhabdomyoscarcoma; other
tumors, including melanoma, seminoma, tetratocarcinoma, neuroblastoma and glioma;
turnors of the central and peripheral nervous systemn, including astrocytomas, glioblastoma
multiforme, neuroblastoma, gliotna, and schwannomas; solid and bloodborne tumors;
tamors of mesenchymal origin, including fibrosarcoma, rhabdonmyosarcoma, and
osteosarcoma; and other fumors, including melanoma, xenoderma pigmentosum,
keratoactanthoma, seminoma, thyroid follicular cancer and teratocarcinoma. It is also
contemplated that cancers caused by aberrations in apoptosts would also be treated by the
methods and compaositions disclosed herein. Such cancers may include but not be Hmited to
follicular lymphomas, carcinomas with p53 mutations, hormone dependent tumors of the
breast, prostate and ovary, and precancerous lesions such as familial adenomatous
polyposis, juvenile polyposis syndrome, Birt—Ho_gg—Dubé syndrome (BHD), and
myelodysplastic syndromes. In specific embodiments, malignancy or dysproliferative
changes (such as metaplasias and dysplasias), or hyperproliferative disorders, are freated or
prevented in the ovary, bladder, breast, colon, lung, skin, pancreas, kidney or uterus. In

other specific. embodiments, sarcoma, melanoma, or leukemia is treated or prevented.

[00113] In a particular embodiment, the methods and compeositions provided herein
are also useful for treating, preventing or managing various types of Lymphomas (i.e.,, a
heterogenous group of neoplasms arising in the reticuloendothelial and lymphatic systems),
such as Non-Hodgkin’s lymphoma (NHL) (i.e., 2 malignant monocional proliferation of
Iymphoid cells in sites of the immune system, including lymph nodes, bone marrow, spleen,
liver and gastrointestinal tract). WILs that the Heteroaryl Compounds are useful for
treating or preventing include, but are not limited to, mantle cell lymphoma, MCL,
tymphocytic lymphoma of intermediate differentiation, intermediate lymphocytic
lymphoma, TLL, diffuse poorly differentiated Iymphocytic lymphoma, PDL, centrocytic
lymphoma, diffuse small-cleaved cell lymphoma, DSCCL, follicutar iymphoma, and any
type of the mantle cell fymphomas that can be seen under the microscope (nodular, diffuse,

blastic and mantle zone lymphoma},

06114} In another embodiment, the methods and composifions provided herein are

also usefirl for administration to patients in need of treatment for a malignant disease (e.g.,
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patients suffering from acute Iymphocytic lenkemia, acute myelogenous leukemia, chronic
myelogenous leukemia, chronic lymphocytic leukemia, myelodysplastic syndrome
(“preleukemia”), monosomy 7 syndrome, non-Hodgkin’s lymphoma, neuroblastoma, brain
tumors, muitiple myeloma, testicular germ cell tumors, breast cancer, lung cancer, ovarian
cancer, melanoma, glioma, sarcoma or-other solid fumors), as well as those in need of
treattnent of & non-malignant disease (e.g., patients suffering from hematologic disorders,
congenital immunodeficiencies, mucopolysaccharidoses, lipidoses, osteoporosis,
Langerhan’s cell histiocytosis, Lesch-Nyhan syndrome or glycogen storage diseases).
[00115] In another embodiment, provided herein are methods for the treatment of
myeloproliferative disorders or myelodysplastic syndromes, comprising administering to a
patient in need thereof an effective amount of a Heteroaryl Compound or a camposition
thereof. In certain embodiments, the myeloproliferative disorder is polycythemia rubra
vera; primary thrombocythemia; chronic myelogenous leukemia; acute or chronic
granulocytic leukemia; acute or chronic myelomonocytic leukenyia; myelofibro-
erythroleukemia; or angiogenic myeloid metaplasia.

j6o116] In another embodiment, provided herein are methods for the treaiment of
cancer or tumors resistant to other kinase inhibitors such as imatinib mesylate (STI-571 or
Gleevec™) treatment, comprising administering to a patient in need thereof an effective
amount of a Heteroaryl Compound or a composition thereof. In a particular embodiment,
provided herein are methods for the treatment of leukemias, including, but not limited to,
gastrointestinal stromal tumor (GIST), acute lymphocytic leukemia or chronic myelocytic
leukemia resistant to imatinib mesylate (STI-571 or Gleevec™) treatment, comprising
‘administering to a patient in need thereof an effective amount of a Heteroaryl Compound or
a composition thereof.

[06117) In a specific embodiment, provided herein are methods for treating or
preventing lenkemia i e., malignant neoplasms of the blood-forming tissues) including, but
not limited to, chronic lymphocytic leukemia, chronic myelocytic leukemia, acute
tymphoblastic leukemis, acute myelogenous leukemia and acute myeloblastic leukemia.
The lenkemia can be relapsed, refractory or resistant to conventional therapy. The term
“refapsed” refers to a situation where patients who have had a remission of leukemia after
therapy have a return of leukemia cells in the marrow and 2 decrease in normal blood cells.
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The term “refractory or resistant” refers to a circumstance where patients, even after

intensive treatment, have residual leukemia cells in their marrow.

[06118] The various types of the cancers are described in U.S, Patent Application
publication no. 2004/0029832, published February 12, 2004, which is incorporated herein in
its entirety by reference (see, e.g., Section 2.2. Types of Cancers). Specific cancers include,
but are not limited to, Jeukemias such as chronic lymphocytic leukemia, chronic myelocytic
Jeukemia, acute lymphoblastic leukemia, acute myelogenouns lcukemia, and acute
myeloblastic lenkemia; advanced malignancy, amyloidesis, neuroblastoma, meningioma,
hemangiopericytoma, multiple brain metastases, glioblastoma multiforms, glioblastoma,
brain stem glioma, poor prognosis malignant brain tumer, malignant glioma, recurrent
malignant glioma, anaplastic astrocytoma, anaplastic oligodendroglioma, neuroendocrine
tumor, rectal adenocarcinoma, Dukes C & D colorectal cancer, unresectable colorectal
carcinoma, metastatic hepatocellular carcinoma, Kaposi's sarcoma, karotype acute
myeloblastic leukemia, Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, cutaneous T-Cell
Iymphoma, cutaneous B-Cell lymphoma, diffuse large B-Cell lymphoma, low grade
follicular Iymphoma, malignant melanoma, malignant mesothelioma, malignant pleural
cffusion mesothelioma syndrome, peritoncal carcinoma, papillary serous carcinoma,
gynecologic sarcoma, soft tissue sarcoma, cutaneous vasculitis, Langerhans cefl
histiocytosis, leiomyosarcome, fibrodysplasia ossificans progressive, hormone refractory
prostate cancer, resected high-risk soft tissue sarcoma, unresectable hepatoceliuniar
carcinoma, Waldenstrom’s macroglobulinemia, smoldering myeloma, indelent myeloma,
fallopian tube cancer, androgen independent prostate cancer, androgen dependent stage IV
non-metastatic prostate cancer, hormone-insensitive prostate cancer, chemotherapy-
insensitive prostate cancer, papillary thyroid carcinoma, follicular thyroid carcinoma,
mednilary thyroid carcinoma, and leiomyoma. In one embodiment, the cancer is primary or
metastatic. In another embodiment, the cancer is relapsed, refractory or resistance to

chemotherapy or radiation; in particular, refractory to thalidomide.

160139} Further provided herein are methods for treating patients who have been
previously treated for cancer, but are non-responsive to standard therapies, as well as those
who have not previously been treated. Also provided herein are methods for treating
patients regardiess of patient’s age, although some cancers are more common in certain age
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groups. Still further provided herein are methods for treating patients who have undergone
surgery in an attempt 1o treat the cancer at issue, as well as those who have nof. Because
patients with cancer have heterogenous clinical manifestations and varying clinical
outcomes, the treatrnent given to a patient may vary, depending on his/her prognosis, The
skilled clinician will be able 16 readily determine without undue experimentation specific
secondary agents, types of surgery, and types of non-drug based standard therapy that can be

effectively used to treat an individual patient with cancer.

[60120] Further, provide herein are methods for the treatment or prevention of
disorders such as pulmonary hypertension, Carney Complex, muscle wasting {(atrophy,
cachexia), myopathies such as Danon's disease, and bacterial, fungal, and viral infections

{including M. tuberculosis, group A streptococcus, HSV type I, and HIV infection).
[60121] A Heteroaryl Compound can be combined with other pharmacologically

active compounds (“second active agents™) in methods and compositions described herein.
It is believed that certain combinations may work in the treatment of particular types of
diseases or disorders, and conditions and symptoms associated with such diseases or
disorders. A Heteroaryl Compound can also work o alleviate adverse effects associated

with certain second active agents, and vice versa.

[00122] " Onme or more second active ingredients or agents can be used in the methods
and compositions described herein. Second active agents can be large molecules (¢.g.,
proteing) or stall molecules {e.g., synthetic inorganic, organometallic, or organic
molecules).

{00123} Examples of large molecule second active agents include, but are not limited
to, hematopoictic growth factors, cytokines, and monoclonal and polyclonal antibodies.
Spectfic examples of the active agents are anti-CD40 monoclonal antibodies (such as, for
example, SGN-40}; histone deacetlyase inhibitors (such as, for example, MGCD0103,
SAHA and LAQ 824), hypomethylating apents (such as Vidaza), IMiDs® brand
Immunomodulatory products {(such as thalidomide, lenalidomide and pomalidomide); heat-
shock protein-90 inhibitors (such as, for example, 17-AAG); insulin-like growth factor-1
receptor kinase inhibitors; vascular endothelial growth factor receptor kinase inhibitors
(such as, for example, PTK787); insulin growth factor receptor inhibitors; lysophosphatidic

acid acyltransrerase inhibitors; IkB kinase inhibitors; p38MAPK inhibitors, Pim kinase
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inhibitors (such as, for example, SGI-1776, or those disclosed in W0/2008/106692); EGFR
inhibitors (such as, for example, gefitinib and erlotinib HCL); HER-2 antibodies {such as,
for example, trastuzumab (Herceptin®) and pertuzumad (Omnitarg™), as well as HER-2
kinase ishibitors {such as Lapatinib); VEGFR antibodies (such as, for example,
bevacizumab (Avastin™)); VEGFR inhibitors (such as, for example, flk-1 specific kinase
inhibitors, SUS5416 and ptk787/2k222584); P13K inhibitors (such as, for example,
wortmannin), C-Met inhibitors (such as, for example, PHA-665752), anfiestrogens (such as,
for example, Letrozole, Fulvestrant, tamoxifen); monoclonal antibodies (such as, for
example, rituximab (Rituxan®), tositumomab (Bexxar®), edrecolomab (Panorcx®) and
(3250); and anti-TNF-o antibodies. Examples of small molecule active agents include, but

arc not limited to, small molecule anti-cancer agents and antibiotics (e.g., clarithromycin).

{60124} Specific second active compounds that can be combined with a Heteroaryl

Compound vary depending on the specific indication to be treated, prevented or managed.

[00125]) For instance, for the freatment, prevention or management of cancer, second
active agents include, but are not limited to: anti-folates such as Premetrexed ™; semaxanib;
cyclosporin; etanercept; doxycycline; bortezomib; actvicin; aclarubicin; acodazole
hydrochloride; acronine; adozelesin; aldesleukin; aliretamine; ambomycin; ametantrone
acetate; amsacring; anastrozole; anthramycin; asparaginase; asperlin: azacitidine; azeteps;:
azotomycin; batimastat; benzodeps; bicalutamide; bisantrene hydrochloride; bisnafide
dimesylate; bizelesin; bleomycin sulfate; brequinar sodium; bropirimine; busulfan;
cactinomyecin; calusterone; caracemide; carbetimer; carboplating carmustine; carubicin
hydrochloride; carzelesin; cedefingol; celecoxib; chlorambucil; cirolemycin; cisplating
cladribine; crisnatol mesylate; cyclophosphamide; cytarabine; dacarbazine; dactinomycin;
daunorubicin hydrochloride; decitabine; dexormaplatin; dezaguanine; dezaguaning
mesylate; diaziguone; docetexel; doxorubicin; doxorubicin hydrochloride; droloxifene;
droloxifene citrate; dromostanolone propionate; duazomycin; edatrexate; eflornithine
hydrochloride; elsamitrucin; enloplatin; enpromate; epipropidine; epirubicin hydrochloride;
erbulozole; esorubicin hydrochloride; estramustine; estramustine phosphate sodium;
ctanidazole; etoposide; ctoposide phosphate; ctoprine; fadrozole hydrochloride; fazarabine;
fenretinide; floxuridine; fludarabine phosphate; fluorouracil; flurocitabine; fosquidone;
fostriecin sodium; gemcitabine; gemcitabine hydrochloride; hydroxyurea; idarubicin
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hydrochloride; ifosfamide; ilmofosine; iproplatin; irinotecan; irinotecan hydrochloride;
lanreotide acetate; letrozole; leuprolide acetate; liarozole hydrochloride; lometrexol sodium;
lomustine; losoxantrone hydrochioride; masoprocol; maytangine; mechlorethamine
hydrochloride; megestrol acetate; melengestrol acetate; melphalan; menogaril;
mercaptopurine; methotrexate;, methotrexate sodium; metoprineg; meturedepa; mitindomide;
mitocarcin, mitocromin; mitogillin; mitomalcin; mitomycin; mitosper, mitotane;
mitoxantrone hydrochloride; mycophenolic acid; nocodazole; nogalamycin; ormaplatin,
oxisuran; paclitaxel; pegaspargase; peliomycin; pentamustine; peplomycin sulfate;
perfosfamide; pipobroman; piposulfan; piroxantrone hydrochloride; plicamycing
plomestane; porfimer sodium; porfiromyein; prednimustine; procarbazine hydrochioride;
puromycin; puromycin hydrochloride; pyrazofurin; riboprine; safingol; safingol
hydrochloride; semustine; simtrazene; sparfosate sodium; sparsomycin; spirogermanium
hydrochloride; spiromustine; spiroplatin; streptonigrin; streptozocin; sulofenur; talisomycin;
tecogalan sodiumy taxotere; tegafur; teloxantrone hydrochloride; temoporfin teniposide;
teroxirone; testolactone; thiamiprine; thioguanine; thiotepa; tiazofurin; tirapazamine;
toremifene citrate; trestofone acetate; triciribine phosphate; irimetrexate; trimetrexate
glicuronate; triptorelin; tubulazole hydrochioride; uracil mustard; uredepa; vapreotide;
verteporfin; vinblastine sulfate; vincristing sulfate; vindesine; vindesine sulfate; vinepidine
sulfate; vinglycinate sulfate; vinleurosine sulfate; vinorelbine tartrate; vinrosidine sulfate;

vinzolidine sulfate; vorozole; zeniplatin; zinostating and zorubicin hydrochloride.

[60326] Other second agents include, but are not limited to: 20-¢pi-1,25-
dihydroxyvitamin D3; 5-ethynyluracil; abiraterone; aclarubicin; acyifulvene; adecypenol;
adozelesin; aldesleukin; ALL-TK antagonists; altretamine; ambamusting; amidox;
amifostine; aminolevulinic acid; amrubicin; amsacrine; anagrelide; anastrozole;
andrographolide; angiogenesis inhibitors; antagonist D; antagonist G; antarelix;
anti~dorsalizing morphogenetic protein-1; antiandrogen, prostatic carcinoma; antiestrogen;
antineoplaston, antisense oligonucleotides; aphidicolin glycinate; apoptosis gene
modulators; apoptosis regulators; campounds targeting metabolism such as resveratol;
apurinic acid; ara-CDP-DL-PTBA,; arginine deaminase; asulacrine; atamestane; atrimustine;
axinastatin 1; axinastatin 2; axinastatin 3; azasetron; azatoxin; azatyrosine; baccatin 111

derivatives; balanol; batimastat, BCR/ABL antagonists; benzochloring;
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benzoylstaurosporine; beta lactam derivatives; beta-alethine; betaclamycin B; betulinic acid;
bFGF inhibitor; bicalutamide; bisantrene; biseziridinylspermine; bisnafide; bistratene A,
bizelesin; brefiate; bropirimine; budotitane; buthionine sulfoximine; calcipotriol; calphostin
C; camptothecin derivatives; capecitabine; carboxamide-amino-triazole;
carboxyamidotriazole; CaRest M3; CARN 700; cartilage derived inhibitor; carzelesin;
casein kinase inhibitors (ICOS); castanospermine; cecropin B; cetrorelix; chlorlns;
chloroquiroxaline sulfonamide; cicaprost; cis-porphyrin; cladribine; clathromyecin;
clomifene analogues; clotrimazole; collismycin A; collismycin B; combretastatin A4;
combretastatin analogue; conagenin; crambescidin 816; crispatol; cryptophycin 8;
cryptophycin A derivatives; curacin A; cyclopentanthraquinones; cycloplatam; cypemycin;.
cytarabine ocfosfate; cytolytic factor; cytostatin; dacliximab; decitabine; dehydrodidemnin
B; deslorelin; dexamethasone; dexifosfamide; dexrazoxane; dexverapamil; diaziquone;
didernnin B; didox; diethylnorspermine; dihydro-5-azacytidine; 9-dihydrotaxol;
dioxamycin; diphenyl spiromustine; docetaxel; docosanol; dolasetron; doxifluridine;
doxorubicin, droloxifene; dronabinol; duocarmycin SA; ebselen; ecomustine; edeifosine;
edrecolomab; eflornithine; elemene; emitefur; epirubicin; epristeride; estramustine
analogue; estrogen agonists; estrogen antagonists; etanidazole; etopaside phosphate;
exemestane; fadrozole; fazarabine; fenretinide; filgrastim; finasteride; flavopiridol;
flezclastine; fluasterone; fludarabine; fluorodavnorunicin hydrochloride; forfenimex;
formestane; fostriecin; fotemustine; gadolinium texaphyrin; gallium nitrate; galocitabine;
gamirelix; gelatinase infubitors; gemeitabine; glutathione inhibitors; hepsulfam; hereguolin;
hexamethylene bisacetamide; hypericin; ibandronic acid; idarubicin; idoxifene;
idramantone; ilmofosine; ilomastat; imatinib (Gleevec®), imiquimod; immunostinmlant
peptides; insulin-like growth factor-1 receptor inhibitor; interferon agonists; interferons,
interleukins; iobenguane; iododoxorubicin, 4-ipomeanol; iroplact; irsogladine;
isobengazole; isohomohalicondrin B; itasetron; jasplakinolide; kahalalide ¥; famellarin-N
triacetate; lanreotide; leinamycin; lenograstim; lentinan sulfate; lepiolstatin; letrozale;
leukemia inhibiting factor; leukocyte alpha interferon; leuprolidetestrogentprogesterone;
leuprorelin; levamisole; larozole; linear polyamine anslogue; lipophilic disaccharide
peptide; lipophilic platinum compounds; lissoclinamide 7; lobaplatin; lombricine;

lometrexol; lonidamine; losoxantrone; loxoribine; furtotecan; lutetium texaphyrin;
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lysofyliine; lytic peptides; maitansine; mannostatin A; marimastat; masoprocol; maspin;
matrilysin inhibitors; matrix metalloproteinase inhibitors; menogaril; merbarone; meterelin;
methioninase; metoclopramide; MIF inhibitor; mifepristone; miltefosine; mirimostim;
mitoguazone; mitolactol; mitomycin analogues; mitonafide; mitotoxin fibroblast growth
factor-saporin; mitoxantrone; mofarotene; molgramostim; Erbitux, human chorionic
gonadotrophin; monophosphory! lipid A+myobacierium cell wall 8k; mopidamol; mustard
anticancer agent: mycaperoxide B; mycobacterial cell wall extract; myriaporone;
N-acetyldinaline; N-substituted benzamides; nafarelin; nagrestip; naloxonetpentazocine;
napavin; nephterpin; nartograstim; nedaplating nemorubicin; neridronic acid; nilutamidc;
nisamycin; nitric oxide modulators; nitroxide antioxidant; nitrullyn; oblimersen
{Genasense®); 06-benzylguanine; octreotide; okicenone; oligonucieotides; onapristone;
ondansetron; ondansetron; oracin; oral cytokine inducer; ormaplatin; osaterone; oxaliplatin;
oxaunomycin; paclitaxel; paclitaxel analogues; paclitaxel derivatives; palayamine;
palmitoylrhizoxin; pamidronic acid; panaxytriol; panomifene; parabactin; pazelliptine;
pegaspargase; peldesine; pentosan polysulfate sodium; pentostatin; pentrozole; perflubron;
perfosfamide; perillyl alcohol; phenazinomycin; phenylacetate; phosphatase inhibitors;
picibanil; pilocarpine hydrochloride; pirarubicin; piritrexim; placetin A; placetin B;
plasminogen activator inhibitor; platinum complex; platinum compounds; platinum-iriaraine
complex; porfimer sodium; porfiromycin; preduisone; propyl bis-acridone; prostaglandin 12;
proteasome inhibitors; protein A-based immune modulator; protein kinase C inhibitor;
protein kinase C inhibitors, microalgal; protein tyrosine phosphatase inhibitors; purine
nucleoside phosphorylase inhibitors; purpurios; pyrazoloacridine; pyridoxylated hemoglobin
polyoxyethylene conjugate; raf antagonists; raltitrexed; ramosetron; ras farnesyl protein
transferase inhibitors; ras inhibitors; ras-GAP inhibitor; retelliptine demethylated; rhenjum
Re 186 etidranate; rhizoxin; ribozymes; RII retinamide; rohitukine; romurtide; roquinimex;
rubiginone B1; ruboxyl; safingol; saintopin; SarCNU; sarcophytol A; sargramostinyg Sdi 1
mimetics; semustine; senescence derived inhibitor 1; sense oligonuclectides; signal
transduction inhibitors; sizofiran; socbuzoxane; sodium borocaptate; sedium phenylacetats;
solverol; somatomedin binding protein; sonermin; sparfosic acid; spicamycin D;
spiromustine; splenopentin; spongistatin 1; squalamine; stipiamide; stromelysin inhibitors;

suifinosine; snperactive vasoactive intestinal peptide antagonist; suradista; suramin;

- 68~



swainsonine; tallimustine; tamoxifen methiodide; tauromustine; tazarotene; tecogalan
sodium; tegafur; tellurapyrylium; telomerase inhibitors; temoporfin; teniposide;
tetrachlorodecaoxide; fetrazomine; thaliblastine; thiocoraline; thrombopoietin,
thrombopoietin mimetic; thymalfasin; thymopoietin receptor agonist; thymotrinan; thyroid
stimulating hormone; tin ethyl etiopurpurin; tirapazamine; titanocene bichloride; topsentin;
toremifene; translation inhibitors; tretinoin; triacetyluridine; triciribine; trimefrexate;
triptorelin; tropisetron, turosteride; tyrosine kinase inhibitors; tyrphostins; UBC inhibitors;
ubenimex; urogenital sinus-derived growth inhibitory factor; urokinase receptor antagonists;
vapreotide; variolin B; velaresol; veramine; verdins; verteporfin; vinorelbine; vinxsltine;
vitaxin; vorozole; zanoterone; zeniplatin, zilascorb; and zinostatin stimalamer.

[00127) Specific second active agents include, but are not limited to,
2-methoxyestradiol, telomestatin, inducers of apoptosis in mutiple myeloma cells (such as,
for exarmple, TRAIL), bortezomib, stating, semaxanib, cyclosporin, etanercept, doxycycline,
bortezomib, oblimersen (Genasense®), remicade, docetaxel, celecoxib, meiphalan,
dexamethasone (Decadron®), steroids, gemcitabine, cisplatinum, temozolomide, etoposide,
cyclophosphamide, temodar, carboplatin, procarbazine, gliadel, tamoxifen, topotecan,
methotrexate, Arisa®, taxol, taxotere, fluorouracil, lencovorin, irinotecan, xcloda, CPT-11,
interferon alpha, pegylated interferon alpha (e.g., PEG INTRON-A), capecitabine, cisplatin,
thiotepa, fludarabine, carboplatin, liposomal daunorubicin, cytarabine, doxetaxol,
pacilitaxel, vinblastine, IL-2, GM-CSF, dacarbazine, vinoretbine, zoledronic acid,
palmitronate, biaxin, busulphan, prednisone, bisphosphonate, arsenic trioxide, vinoristine,
doxorubicin (Doxil®), paclitaxel, ganciclovir, adriamycin, estramustine sodium phosphate
(Emoyt®), sulindac, and efoposide.

100128} Similarly, examples of specific second agenis according to the indications to
‘be freated, prevented, or managed can be found in the following references, all of which are
incorporated herein in their entiveties: 1.8, patent nos. 5,635,517, 6,281,230, and
7,189,74(; and U.S. patent application publication nos. 2004/0029832, 2004/0087546,
2004/0091455, 2005/0100529, 2005/0214328, 2005/0239842, 2006/0122228,
2006/0143344, 2006/0154880, and 2006/0188475.

100129] Examptes of additional second active agents include, but are not limited to,

conventionat therapeutics used to treat or prevent pain such as antidepressants,
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anticonvulsants, antihypertensives, anxiolytics, calcium channel blockers, muscle relaxants,
non-narcotic analgesics, opioid analgesics, anti-inflammatories, cox-2 inhibitors,
immunomodulatory agents, alpha-adrenergic receptor agonists or antagonists,
immunosuppressive agents, corticosteroids, hyperbaric oxygen, ketamine, other anesthetic
agents, NMDA antagonists, and other therapeutics found, for example, in the Physician’s
Desk Reference 2003, Specific examples include, but are not limited to, salicylic acid
acetate (Aspirin®), celecoxib (Celebrex®), Enbrel®, ketamine, gabapentin (Neurontin®),
phenytoin {Dilantin®), carbamazepine (Tegretol®), oxcarbazepine (Trileptal®), valproic
acid (Depakenc®), morphine sulfate, hydromorphone, prednisone, griseofulvin,
penthonium, alendronate, dyphenhydramide, guanethidine, ketorolac (Acular®),
thyrocalcitonin, dimethylsulfoxide (DMSO), clonidine {Catapress®), bretylium, ketanserin,
reserpine, droperidol, atropine, phentolamine, bupivacaine, lidocaine, acetaminophen,
nortriptyline (Pamelor®), amitriptyline (Elavil®), imipraming (Tofranil®), doxepin
(Sinequan®), clomipramine {Anafranil®), fluoxetine (Prozac®), sertraline (Zolofi®),
nefazodone (Serzone®), venlafaxine (Effexor®), trazodone (Desyrel®), bupropion
(Wellbutrin®), mexiletine, nifedipine, propranolol, tramadol, lamotrigine, ziconotide,
ketamine, dextromethorphan, benzodiazepines, baclofen, tizanidine and phenoxybenzamine.
1801367 Examples of additional second active agents include, but are not limited o, a
steroid, a light sensitizer, an integrin, an antioxidant, an interferon, a xanthine derivative, a
growth hormone, a neutrotrophic factor, g regulator of neovaseularization, an anii-VEGF
antibody, a prostaglandin, an antibiotic, a phytoestrogen, an anti-inflammatory compound or
an antiangiogenesis compound, or a combination thereof. Specific examples include, but
are not limited to, verteporfin, purlytin, an angiostatic steroid, thuFab, interferon-2§,
pentoxifylline, tin etiopurpurin, motexafin lutetium, 9-fluore-11,21-dihydroxy-16,
17-1-methylethylidinebis(oxy)pregna-1,4-diene-3,20-~dione, latanoprost (sec U.S. Patent No.
6,225,34R), tetracycline and its derivatives, rifamycin and its derivatives, macrolides,
mefronidazole (U.S. Patent Nos. 6,218,369 and 6,015,803), genistéin, genistin, 6’~0-Mal
genistin, 6'-0-Ac genistin, daidzein, daidzin, 6’-0O-Mal daidzin, 6’-O-Ac daidzin, glycitein,
glycitin, 6’-0-Mal glycitin, biochanin A, formononetin (U.S. Patent No. 6,001,368),
triamcinolone acetomide, dexamethasone (.S, Patent No. 5,770,589), thalidomide,
glutathioné (U.S. Patent No. 5,632,984), basic fibroblast growth factor (bFGF),
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transforming growth factor b (TGF-b), brain-derived neurotrophic factor (BDNF),
plasminogen activator factor type 2 (PAI-2}, EYE101 (Eyetech Pharmaceuticals),
LY333531 (Eli Lilly), Miravant, and RETISERT implant (Bausch & Lomb). All of the

references cited above are incorporated herein in their entireties by reference.

{60131} Examples of additional second active agents include, but are not limited to,
keratolytics, retinoids, a-hydroxy acids, antibiotics, collagen, botulinum toxin, interferon,
and immunomodulatory agents. Specific examples include, but are not limited to,
S-fluorouracil, masoprocol, trichloroacetic acid, salicylic acid, lactic acid, ammonturn
lactate, ures, tretinoin, isotretingin, antibiotics, collagen, botulinum toxin, interferon,
corticosteroid, transretinoic acid and collagens such as buman placental collagen, animal
placental collagen, Dermalogen, AlloDerm, Fascia, Cymetra, Autologen, Zyderm, Zyplast,

Resoplast, and Isolagen,

[80132] Examples of additional second active agents include, but are not limited to,
anticoagulants, diuretics, cardiac glycosides, caleium channel blockers, vasodilators,
prostacyclin anajogues, endothelin antagonists, phosphodiesterase inhibitors {e.g., PDEV
inhibitors), endopeptidase inhibitors, lipid lowering agents, thromboxane inhibitors, and
other therapeutics known to reduce pulmonary artery pressure. Specific examples inciude,
but are not Himited to, warfarin (Coumadin®), a diuretic, a cardiac glycoside, digoxin-
oxygen, diltiazem, nifedipine, a vasodilator such as prostacyclin (e.g., prostaglandin 12
{PG12), epoprostenol (EPO, Floran®), treprostinil (Remodulin®), nitric oxide (NO),
bosentan (Tracleer®), amlodipine, epoprostencl (Floran®), treprostinil {Remodulin®),
prostacyclin, tadalafil (Cialis®}, simvastatin (Zocor®), omapairilat (Vanlev®), irbesartan
(Avapro®), pravastatin (Pravachol®), digoxin, L-arginine, iloprost, betaprost, and sildenafil
{Viagra®).

{60133} Examples of additional second active agents include, buf are not limited to,
anthracycline, platinum, alkylating agent, oblimersen ((Genasense®), cisplatinum,
cyclophosphamide, temodar, carboplatin, procarbazine, gliadel, tamoxifen, topotecan,
methotrexate, taxotere, irinotecan, capecitabine, cisplatin, thiotepa, fludarabine, carboplatin,
liposomal daunorubicin, cytarabine, doxetaxol, pacilitaxel, vinblasting, I1.-2, GM-CSF,
dacarbazine, vinorelbine, zoledronic acid, paimitronste, biaxin, busulphan, prednisone,

bisphosphonate, arsenic trioxide, vineristine, doxorubicin (Doxil®}, paclitaxel, ganciclovir,
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adriamycin, bleomycin, hyaluronidase, mitomycin C, mepacrine, thiotepa, tetracycline and

gemeitabine.

{00134] Examples of additional second active agents include, but are not lirnited to,
chloroquine, quinine, quinidine, pyrimetharnine, sulfadiazine, doxycycline, clindamycin,
mefloguine, halofantring, primaquine, hydroxychloroguine, proguanil, atovaquone,
azithromycin, seramin, pentamidine, melarsoprol, nifurtimox, benznidazole, amphotericin
B, pentavalent antimnony compounds (e.g., sodium stiboglucuronate), interfercon gamma,
itraconazole, a combination of dead promastigotes and BCG, leucovorin, corticosteroids,

sulfonamide, spiramyecin, IgG (serology), trimethoprim, and sulfamethoxazole.

[00135] Examples of additional second active agents include, but are not limited to:
antibiotics (therapeutic or prophylactic) such as, but not limited to, ampicillin,
clarithromycin, tetracycling, penicillin, cephalosparins, streptomycin, kanamyein, and
erythromycin; antivirals such g, but not limited to, amantadine, rimantadine, acyclovir, and
ribavirin; immunoglobulin; plasma; immunologic enhancing drugs such as, but not limited
to, levami sole and isoprinosine; biologics such as, but not limited to, gammaglobulin,
transfer factor, interleuking, and interferons; hormones such as, but not limited to, thymic;
and other immunologic agents such as, but not limited to, B cell stimuiators {e.g.,
BAFR/BlyS), cytokines (e.g., IL-2, IL.-4, and IL.-5), growth factors (e.g., TGF-¥), antibodies
(e.g., anti-CD40 and IgM), oligonucleotides containing unmethylated CpG motifs, and
vaccines (e.g., viral and tumor peptide vaccines).
[00136] Examples of additional second active agents include, but are not limited to: 2
dopamine agonist or antagonist, such as, butnot limited to, Levodopa, L-IDOPA, cocaine,
a-methyl-tyrosine, reserpine, tetrabenazine, benzotropine, pargyline, fenodolpam mesylate,
cabergoline, pramipexole dihydrochloride, ropinorole, amantadine hydrochioride, selegiline
hydrochloride, carbidopa, pergolide mesylate, Sinemet CR, and Symmetrel; a MAO
inhibitor, such as, but not limited to, iproniazid, clorgyline, phenelzine and isocarboxazid; a
COMT inhibitor, such as, but not limited to, tolcapone and entacapone; 2 cholinesterase
inhibitor, such as, but not limited to, physostigmine saliclate, physostigmine sulfate,
physostigmine bromide, meostigmine bromide, neostigmine methylsulfate, ambenonim
chioride, edrophonium chloride, tacrine, pralidoxime chloride, obidoxime chloride,
trimedoxime bromide, diacety! monoxim, endrophoniwm, pyridostigmine, and demecarium;
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an anti-inflammatory agent, such as, but not limifed to, naproxen sodium, diclofenac
sodium, diclofenac potassivm, cefecoxib, oxaprozin, diflunisal, etodolac, meloxicam,
ibuprofen, ketoprofen, nabumetone, refecoxib, methotrexate, leflunomide, sulfasalazine,
gold salts, Rho-D Immune Globulin, mycophenylate mofetii, cyclosporine, azathioprine,
tacrolimus, basiliximab, daclizamab, salicylic acid, acetylsalicylic acid, methyl salicylate,
diflunisal, salsalate, olsalazine, sulfasalazine, acetaminophen, indomethacin, sulindag,
mefenamic acid, meclofenamate sodinm, tolmetin, ketorolac, dichlofenac, flurbinprofen,
oxaprozin, piroxicam, meloxicam, ampiroxicam, droxicam, pivoxicam, tenoxicam,
phenylbutazone, oxyphenbutazone, antipyrine, aminopyrine, apazone, zileaton,
aurothiogliucose, gold sodium thiomalate, auranofin, methotrexate, colchicine, allopurinol,
probenecid, sulfinpyrazone and benzbromarone or betamethasone and other glucocorticoids;
and an antiemetic agent, such as, but not limited to, metoclopromide, domperidone,
prochlorperazine, promethazine, chlorpromazine, trimethobenzamide, ondansetron,
granisetron, hydroxyzine, acetylleucine monoethanolamine, alizapride, azasetron,
benzquinamide, bietanautine, bromepride, buclizine, clebopride, cyclizine, dimenhydrinate,
diphenidol, dolasetron, meclizine, methallatal, metopimazine, nabilone, oxyperndyi,
pipamazing, scopolamine, sulpiride, tetrabydrocannabinol, thiethylperazine,
thioproperazine, fropisetron, and & mixture thereof.

[60137) Examples of additional second active agents include, but are not limited to,
immunomodulatory agents, immunosuppressive agents, antihypertensives, anticonvulsants,
fibrinolytic agents, antiplatelet agents, antipsychotics, anfidepressants, benzodiazepines,
buspirene, amaniadine, and other known or conventional agents used in patients with CNS
injury/damage and related syndromes. Specific examples include, but are not limited to:
steroids (e.g., glucocorticoids, such as, but not limited to, methylprednisolone,
dexamethasone and betamethasone); an anti-inflammatory agent, including, but not limited
to, naproxen sodium, diclofenac sodium, diclofenac potassium, celecoxib, oxaprozin,
diflunisal, etodolac, meloxicam, ibuprofen, ketoprofen, nabumetone, refecoxib,
methotrexate, leflunomide, sulfasalazine, gold salts, RHo-D Immune Globulin,
mycophenylate mofetil, cyclosporine, azathioprine, tacrolimus, bastliximab, daclizumab,
salicylic acid, acetylsalicylic acid, methyl salicylate, diflunisal, saisalate, olsalazine,

sulfasalazine, acetaminophen, indomethacin, sulindac, mefenamic acid, meclofenamate
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sodium, tolmetin, ketorolac, dichlofenac, flurbinprofen, oxaprozin, piroxicam, meloxicam,
ampiroxicam, droxicam, pivoxicam, tenoxicam, phenylbutazone, oxyphenbutazone,
antipyrine, aminopyrine, apazone, zileuton, aurothioglucose, gold sodium thiomalate,
auranofin, methotrexate, colchicine, allopurinol; probenecid, sulfinpyrazone and
benzbromarone; 4 cAMP analog including, but not limited to, db-cAMP; an agent
comprising a methylphenidate drug, which comprises I-threo-methylphenidate, d-threo-
methylphenidate, di-threo-methylphenidate, l-erythro-methylphenidate, d-erythro-
methyiphenidate, dl-etythro-methylphenidate, and a mixture thereof; and a diuretic agent
such as, but not limited to, mannitol, furosemide, glycerol, and urea.

[00138] Examples of additional second active agents include, but are not limited to, a
tricyclic antidepressant agent, a selective serofonin reuptake inhibitor, an antiepileptic agent
{gabapentin, pregabalin, carbamazepine, oxcarbazepine, levitiracetam, topiramate), an
antiaryhthric agent, & sodium channel blocking agent, a selective inflammatory mediator
inhibitor, an opioid agent, a second immunomodulatory compound, a combination agent,
and other known or copventional agents used in sleep therapy. Specific examples include,
but are not limited to, Neurontin, oxycontin, morphine, topiramate, amitryptiline,
nortryptiline, carbamazepine, Levodopa, L-DOPA, cocaine, u-methyl-tyrosine, reserpine,
tetrabenazine, benzotropine, pargyline, fenodolpam mesylate, cabergoline, pramipexole
dihydrochloride, ropinorole, amantadine hydrochloride, selegiline hydrochloride, carbidopa,
pergolide mesylate, Sinemet CR, Symmetrel, iproniazid, clorgyline, phenelzine,
isocatboxazid, iolcapone, entacapone, physostigmine saliciate, physostigmine sulfate,
physostigmine bromide, meostigmine bromide, neostigmine methylsulfate, ambenonim
chioride, edrophonium chioride, tacrine, pralidoxime chloride, obidoxime chloride,
trimedoxime bromide, diacetyl monoxim, endrophonium, pyridostigrnine, demecarium,
naproxen sodium, diclofenac sodium, diclofenac potassium, celecoxib, sulindac, oxaprozin,
diflunisal, etodolac, meloxicam, ibuprofen, ketoprofen, nabumetone, refecoxib,
methotrexate, leflunomide, sulfasalazine, gold salts, RHo-D Immune Globulin,
mycophenylate mofetil, cyclosporine, azathioprine, tacrolimus, basiliximab, daclizumab,
salicylic acid, acetylsalicylic acid, methyl salicylate, diflunisal, salsalate, olsalazine,
sulfasalazine, acetamunophen, indomethasin, selindac, mefenamic acid, meciofepamate

sodium, tolmetin, ketorolac, dichiofenac, flurbinprofen, oxaprozin, pirexicam, meloxicam,
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ampiroxicam, droxicam, pivoxicam, tenoxicam, phenylbutazone, oxyphenbutazone,
antipyrine, aminopyTine, apazone, zileuton, aurothioglucose, gold sodium thiomalate,
auranofin, methotrexate, colchicine, aliopurinol, probenecid, sulfinpyrazone,
benzbromarone, betamethasone and other glucocorticoids, metoclopromide, domperidone,
prochlorperazine, promethazine, chlorpromazine, trimethobenzamide, ondansetron,
granisetron, hydroxyzine, acetylleucine moncethancolamine, alizapride, azasetron,
benzquinamide, bictanautine, bromopride, buclizine, clebopride, cyclizine, dimenhydrinate,
-diphenidol, dolasetron, meelizine, methallatal, metopimazine, nabilone, oxyperndyl,
pipamazine, scopolamine, sulpiride, tetrahydrocannabinol, thiethylperazine,
thioproperazing, tropisetron, and a mixture thereof.

[00139] Examples of additional second active agents include, but are not limited to:
interleuking, such as IL-2 (including recombinant IL-1T (*rIL.2") and canarypox IL-2},
[L-10, 11.-12, and 1L-18; interferons, such as interferon alfa-2a, interferon alfa-2b,
interferon alfa-ni, interferon alfa-n3, interferon beta-I a, and interferon gamma-I b; and
G-CSF; hydroxyurea; butyrates or butyrate derivatives; pitrous oxide; HEMOXIN™
(NIPRISAN™; see United States Patent No. 5,800,819); Gardos channel antagonists such as
clotrimazole and triaryl methane derivatives; Deferoxamine, protein C; and transfusions of
blood, ot of a bleod substitute such as Hemospan™ or Hemospan™ PS (Sangart).

00140} Administration of a Heteroaryl Compound and a second active agentto a
patient can oceur simultaneously or sequentially by the same or different routes of
administration. The suitability of a particular route of administration employed for a
particular active agent will depend on the active agent itself (e.g., whether it can be
administered orally without decomposing prior to entering the blood stream) and the discase
being treated. A preferred route of administration for Heteroaryl Compounds is oral.
Preferred routes of administration for the second active agents or ingredients of the
invention are known to those of ordinary skill in the art. See, e.g., Physicians’ Desk
Reference, 1755-1760 (56th ed., 2002).

[60141] In one embodiment, the second active agent is administered intravenously or

subcutangously and once or twice daily in an amount of from about 1 to about 1000 mg,

from about 5 to about 500 mg, from about 10 to about 350 mg, or from about 50 to about

200 mg. The specific amount of the second active agent will depend on the specific agent
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used, the type of disease being freated or managed, the severity and stage of disease, and the
amount(s) of a Heteroaryl Compound and any optional additional active agents concusrently
administered to the patient.

[00142] Further provided herein are methods of reducing, treating and/or preventing
adverse or undesired effects associated with conventional therapy including, but not Hmited
to, surgery, chemotherapy, radiation therapy, hormonal therapy, biological therapy and
immunotherapy. Hetercary! Compounds and other active ingredients can be administered to
a patient prior to, during, or after the occurrence of the adverse effect associated with

conventional therapy.

4.5 PHARMACEUTICAL COMPOSITIONS AND
ROUTES OF ADMINISTRATION

[00143] Provided herein are compositions comprising an effective amount of a
Heteroary! Compound and compositions comprising an effective amount of a Heteroary!
Compound and a pharmaceutically acceptable carrier or vehicle. In some embodiments, the
pharmaceutical composition described herein are suitable for oral, parenteral, mucosal,

transdermal or topical administration.

[00144) The Heteroaryl Compounds can be administered to a patient orally or
parenterally in the conventional form of preparations, such as capsules, microcapsules,
tablets, granules, powder, troches, pills, suppositories, injections, suspensions and syrups.
Suitable formulations can be prepared by methods commonly employed using conventional,
organic or inorganic additives, such as an excipient {e.g., sucrose, starch, mannitol, sorbitol,
lactose, glucose, cellulose, tale, calcivm phosphate or calcium carbonats), a binder

(e.g., cellulose, methylcellulose, hydroxymethylceliulose, polypropylpyrrolidone,
polyvinylpyrrolidone, gelatin, gum arabic, polyethylenegtycol, sucrose or starch), a
disintegrator (e.g., starch, carboxymethylccllulose, hydroxypropylstarch, low substituicd
hydroxypropyiceliulose, sodium bicarbonate, calcium phosphate or calcium citrate), a
lubricant (e.g., magnesium stearate, light anhydrous silicic acid, talc or sodium lauryl
sulfate), a flavoring agent (e.g., citric acid, menthol, glycine or orange powder), a
preservative (e.g, sodium benzoate, sodium bisulfite, methylparaben or propylparaben), a
stabilizer (e.g., citric acid, sodium citrate or acetic acid), a suspending agent

(e.g., methyleellulose, polyvinyl pyrroliclone or aluminum stearate), a dispersing agent
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{e.g., hydroxypropyimethylcellulose), a diluent (e.g., water), and base wax (e.g., cocoa
butter, white petrolatum or polyethylene glycol). The effective amount of the Heteroaryl
Compound in the pharmacentical composition may be at a level that will exercise the
desired effect; for example, about 0.005 mg/kg of a patient’s body weight to about 10 mg/kg

of a patient’s body weight in unit dosage for both oral and parenteral administration.

[00145) The dose of a Heteroaryl Compound to be administered to 2 patient is rather
widely variable and can be patient to the judgment of  health-care practitioner. In general,
the Heteroaryl Compounds can be administered one to four times a day in a dose of about
0.005 mg/kg of a patient’s body weight to about 10 mg/kg of a patient’s body weight in a
patient, but the above dosage may be properly varied depending on the age, body weight
and medical condition of the patient and the type of administration. In ore embodiment, the
dose is about 0.01 mg/kg of & patieni’s body weight to about 5 mg/kg of a patient’s body
weight, about 0.05 mg/kg of a patient’s body weight to about 1 mg/kg of a patient’s body
weight, about 0.1 mg/kg of a patient’s body weight to about 0.75 mg/kg of a patient’s body
weight or about 0.25 mg/kg of a patient’s body weight to about 0.5 my/kg of a patient’s
body weight. In one embodiment, one dose is given per day. In any given case, the amount
of the Heteroaryl Compound administered will depend on such factors as the solubility of

the active component, the formulation used and the route of administration..

{00146} In another embodiment, provided herein are methods for the treatment or
prevention of a disase or disorder comprising the administration of about 0.375 mg/day fo
about 750 mg/day, about 0.75 mg/day to about 375 mg/day, about 3.75 mg/day to about

75 mg/day, about 7.5 mg/day to about 55 mg/day or about 18 mg/day to about 37 mg/day of
a Heteroaryl Compound to a patient in need thereof.

{66147} In another embodiment, provided herein are methods for the freatment or
prevention of a disase or disorder comprising the adrunistration of about 1 mg/day to about
1200 mg/day, about 10 mg/day to about 1200 mg/day, about 100 mg/day to about
1200 mg/day, about 400 mg/day to about 1200 mg/day, about 600 mg/day to-about
1200 mg/day, about 400 mg/day to about 800 mg/day or about 600 mg/day to about
800 mg/day of a Heteroaryl Compound to a patient in need thereof. In a particular
embodiment, the methods disclosed herein comprise the administration of 400 mg/day,
600 mg/day or 800 mg/day of a Heteroaryl Compound fo a patient it need thereof,
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[00148] In another embodiment, provided herein arc unit dosage formulations that
comprise between about 1 mg and about 2000 mg, about 1 mg and 200 mg, about 35 mg and
about 1400 mg, about 125 mg and about 1000 mg, about 250 mg and about 1000 mg, or
about 500 mg and about 1000 mg of a Heteroaryl Compound.

[00149] In a particular embodiment, provided herein are unit dosage formulation
comprising about 100 mg or 400 mg of a Heteroaryl Compound,

108150] In another embodiment, provided herein are unit dosage formulations that
comprise 1 mg, 2.5 mg, 5 mg, 10 mg, 15 mg, 20 mg, 30 mg, 35 mg, 50 mg, 70 mg, 100 mg,
125 mg, 140 mg, 175 mg, 200 mg, 250 mg, 280 mg, 350 mg, 500 mg, 560 mg, 700 mg, 750
mg, 1000 mg or 1400 mg of a Heteroaryl Compound.

[eo151] A Heteroaryl Compound can be administered once, twice, three, four or more
times daily. '
[00152] A Heteroaryl Compound can be administered orally for reasons of

convenience. In one embodiment, when administered otally, a2 Heteroaryl Compound is
administered with a meal and water. In another embodiment, the Heteroaryl Compound is
dispersed in water or juice {e.g., apple juice or orange juice) and administered orally as a
suspension. In another embodiment, when administered orally, a Heteroaryl Compound is

administerad in a fasted state:

[00153] The Heteraaryl Compound can also be administered intradermally,
inttamusculerly, infraperitoneally, percutaneously, intravenously, subcutaneously,
‘mtranasally, epidurally, sublingually, intracerebrally, intravaginally, transdermaily, rectatly,
mucosaily, by inhalation, or topically to the ears, nose, eyes, or skin, The mode of
administration is left to the discretion of the health-care practitioner, and can depend in-part

upon the site of the medical condition.

j00154] In onc embodiment, provided herein are capsules containing a Heteroaryl
Compound without an additional carrier, excipient or vehicle.

[00155] In another embodiment, provided herein are compositions comprising an
effective amount of a Heteroaryt Compound and a pharmaceutically acceptable catrier or

vehicle, wherein a pharmaceutically acceptable carrier or vehicle can comprise an excipient,
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diluent, or a mixture thercof. In one embodiment, the composition is a pharmaceutical

composition.

(00156 The compositions can be in the form of tablets, chewable tablets, capsules,
solutions, parenteral solutions, troches, suppositories and suspensions and the like.
Compositions can be formulaied {o contain a daily dose, or a convenient fraction of a daily
dose, in a dosage unit, which may be a single tablet or capsule or convenient volume of a
liguid, In one embodiment, the solutions are prepared from water-soluble salts, such as the
hydrochloride salt. In general, all of the compositions are prepared according to known
methods in pharmaceutical chemistry, Capsules can be prepared by mixing a Heteroaryl
Compound with a suitable carrier or diluent and filling the proper amount of the mixture in
capsules. The nsual carriers and diluents include, but are not limited to, inert powdered
substances such as starch of many different kinds, powdered cellulose, especially crystalline
and microcrystalline cellulose, sugars such as fructose, mannitol and sucrose, grain flours

and similar edible powders.

100157) Tablets can be prepared by direct compression, by wet granulation, or by dry
granulation. Their formulations usually incorporate diluents, binders, lubricants and
digintegrators as well as the compound. Typical diluents include, for exampie, various types
of starch, lactose, mamnitol, kaoltn, calcium phosphate or sulfate, inorgenic salts such as
sodium chloride and powdered sugar. Powdered cellulose derivatives are also vseful. In
one embodiment, the pharmaceutical composition is lactese-free. Typical tablet binders are
substances such as starch, gelatin and sugars such as lactose, fructose, glucose and the like.
Natural and synthetic gums are also convenient, including acacia, alginates, methylcellulose,
polyvinylpyrrolidine and the like. Polyethylene glycol, ethylcellulose and waxes can also

serve as binders.

106158) A Tubricant might be necessary in a tablet formulation to prevent the tablet
and punches from sticking in the die. The lubricant can be chosen from such slippery solids
as talc, magnesivm and calcium stearate, stearic acid and hydrogenated vegetable oils,
Tablet disintegrators are substances that swell when wetted to break up the tablet and release
the compound. They include starches, clays, celiuloses, algins and gums, More particularly,
corn and potato starches, methylcellulose, agar, bentonite, wood cellulose, powdered natural
sponge, cation-exchange resins, alginic acid, guar gum, citrus pulp and carboxymethyl
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cellulose, for example, can be used as well as sodium lauryl sulfate. Tablets can be coated
with sugar as a flavor and sealant, or with film-forming protecting agents to modify the
dissolution properties of the tablet. The compositions can also be formulated as chewable

tablets, for example, by using substances such as mannitol in the formulation.

{00159) When it is desired to administer a Heteroaryl Compound as a suppository,
typical bases can be used. Cocoa butter is a traditional suppository base, which can be
modified by addition of waxes 10 raise its melting point slightly, Water-miscible suppository
bases comprising, particularly, polyethylene glycols of various molecular weights are in

wide use,

[00160] The effect of the Heteroary! Compound can be delayed or prolonged by
proper formulation. For example, & slowly sotuble pellet of the Heteroaryl Compound can
be prepared and incorporated in a tablet or capsule, or as a slow-release implantable device.
The technique also includes making peliets of several different dissolution rates and filling
capsules with 2 mixture of the pellets, Tablets or capsules can be coated with a film that
resists dissotution for a predictable period of time. Even the parenteral preparations can be
made long-acting, by dissolving or suspending the Heteroaryl Compound in oily or

emulsified vehicles that allow it to disperse slowly in the serum.

5. EXAMPLES

100161} Chem-4D Draw {Cheminnovation Software, Inc., San Diego, CA) or
ChemDraw Ultra (Cambridgesoft, Cambridge, MA) was used to generate names for
chemical structures.

[00162] The following abbreviations were used in descriptions and examples:

AmPhos: p-dimethylamino phenylditbutylpbosphine

Boc: tert-Butoxycarbonyl

dba: dibenzylidene acetone

DMSC: Dimethylsulfoxidé

ESI: Electronspray ionization

HPLC: High performance liquid chromatography
mp: Melting point

MS: Mass spectrometry
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NBS: N-Bromosuccinimide

NMR: Nuclear magnetic. resonance
TEA: Trifluoroacetic acid
TLC: Thin layer chromatography
MTBE: methyl tert-butyl ether
{00163} The following Examples are presented by way of iltustration, not limitation.

5.1 SYNTHETIC EXAMPLES

Example 1: 7-(2-Amino-4-methyl-1H-benzo[d]imidazel-6-yI}-1-{{tetrahydro-2H-
pyran-4-yDMethyl)-3,4-dihydropyrazino[2,3-bipyrazin-2(1H)-one

o]
N
HzN—{’ ﬁ\(N NK?\
N -
e e,

106164} A. Ethyl 2-(6-chloropyrazin-2-ylamino)acetate. To 2,6-dichloropyrazine
(50 g, 336 mmo!) and ethyl 2-aminoacetate (34.6 g, 336 mmol) was added triethylamine
{140 mL, 1007 mmol) and acetonitrile (350 mL). The reaction was heated at 80 °C for 3 d.
Precipitated triethylamine salts were removed by filtration and washed with ethyl acetate
and hexane (1:1} multiple times. The fltrate and wash solvent were combined and
concentrated. The resulting white-yellow precipitate was filtered and washed with 20 %
cthyl acetate in hexane to afford an off-white solid. The filtrate was subjected to the same
process 1o give an additional batch of off-yellow solid. The batches were combined to
afford the title compound (35.5 g, 164 mmol, 49 % yield). MS (EST) m/z 216.1 [M+1]",
{00165} B. Ethyl 2-(pyrazin-2-ylamino}acetate, Ethyl 2-(6-chloropyrazin-2-
ylamino)scctate (23.6 g, 109 mmol) was dissaived in non-denatured ethianol (250 ml.) and
potassium carbonate (15.13 g, 109 mmol) was added. The reaction was put under nifrogen
and palladium hydroxide (3.84 g, 5.47 mmol) was added. The reaction was stirred under an
atmosphere of hydrogen for 18 h. Additional palladium hydroxide (3.84 g, 5.47 mmol) was
added and the reaction was charged with additional hydrogen and allowed to stir overnight.

The reaction was filtered through Celite and the solvent was removed under reduced
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pressure to afford the title compound (15.13 g, 84 mmol, 76 % yield). MS (ESD) m/4z 182.3
.

[0¢166] C. Ethyl 2-(3,5-dibromopyrazin-2-yvlamino)acetate, Ethyl 2-
(pyrazin-2-ylamino)acetate (7.6 g, 41.9 mmol) was dissolved in dimethylsulfoxide (80 ml.)
and water (4.00 mL) and cooled to 0 °C. N-Bromosuccinimide (18.66 g, 105 mmol) was
added slowly over 15 min and the reaction was allowed to warm to rf and stir for 48 h. An
additional 1.5 equiv N-bromosuccinimide was added and allowed to stir overnight, The
reaction mixture was poured into ice water (200 mL) and extracted with ethyl acetate

(150 mL). The aqueous layer was neutralized with sodium carbonate siowly, until pH~7 and
extracted with ethyl acetate (3x150 mL). The organic layers were pooled, washed with
brine, dried over magnesium sulfate, filtered and concentrated under reduced pressure. The
residue was triturated with 25-33 % ethyl acetate in hexane and the resulting precipitate was
filtered to give a yellow solid. The remaining brown residue was purified using Biotage
silica gel chromatography (0-60 % ethyl acetate in hexane) to give another batch of off-
yellow solid. The two batches were combined to afford 24 g of the title compound (24 g,

71 mrnol, 75 % yield). MS (EST) m/z 338.1 [M7", 340.1 [M+2]", 342.1 [M+47".

{60167] D. Ethyl 2-(5-bromg-3-((tetrahydro-2H-~pyran-4-
yimethylamine)pyrazin-2-ylaming)acetate, Ethyl 2-(3,5-dibromopyrazin-2-
ylamino)acetate (2.00 g, 5.90 munol), (tetrahydro-2H-pyran-4-yi)methanamine (0.713 g,
6,19 mmel), N,N-diisopropylethylamine (3.08 mL, 17.70 mmol} and dimethylsulfoxide

(4 mL) were corbined in a microwave vial with a stirbar and heated in a Biotage Emrys
Optimizer microwave reactor at 150 °C for 1 h, The resulting mixture was transferred to a
round bottom flagk with methanol. The'methanol and N N-diisopropylethylamine were
removed under reduced pressure and the residue purified using Biotage flash
chromatography (5-100 % ethy! acetate in hexane). Fractions containing the desired
product were combined in a separatory funnel and washed twice with water and once with
brine. The organics were dried over magnesium sulfate, filtered and concentrated under
reduced pressure. The residue was dried vnder high vacuum at 50 °C {o give impure desired
product (1,578 g) as an amber waxy solid which was taken on o the next step without
further purification, MS (ESI) m/4 373.4 [M]", 375.4 [M+2]".
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{00168] E. 7-Brome-1-((tetrahydro-2H-pyran-4-yl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one. A stirred solution of ethyl 2-(5-bromo-3-
((tetrahydro-2H-pyran-4-yhmethylamino)pyrazin-2-ylamino)acetate (1.474 g, 3.95 mmol)
n acetic acid (13 mL) in a sealed vessel was heated at 120 °C in an oil bath for 2h. The
acetic acid was removed under reduced pressure. The residue was partitioned between ethy!
acetate and saturated aqueous sodium bicarbonate, shaken and the layers separated. The
water layer was extracted twice with ethyl acetate. The combined organics were dried over
magnesium sulfate, filtered and concentrated nnder reduced pressure, The residue was
taken up in dichloromethane and hexane and the resulting solids collecied by vacuum
filtration. The solids were washed with hexane and dried under vacuum to give the desired
product (0.879 g, 2.688 mmol, 68 % yield) as a purple solid. MS (ESI) m/z 327.1 [MT,
329.0 [M+2Y7,

[06169] F. 2-Methyl-6-nitro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yhaniline. 4-Bromo-2-methyl-6-nitroapiline (5 g, 21.64 mmot), bis(pinacolato)diboron
(5.50 g, 21.64 mmol), potassium acetate (6.37 g, 64.9 mmol) and N,N-dimethylformamide
(100 L) were combined and degassed under vacuum. Palladium acetate (0.243 g,

1.082 mmo}) was added and ihe systern was degassed again, The reaction was heated to

90 °C for 2 h. The reaction was extracted with water and dichloromethane. The organic
layer was dried over anhydrous magnesium sulfate, filtered and concentrated. The residue
was purified by silica gel column chromatography (0-30 % ethyl acetate in hexanes) fo give
a yellow solid (5.3 g, 19.0 mmol, 88 % yield). MS (EST) mz279.0 (M+1]".

160170] G, 3-Methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolian-2-yl)benzene-1,2-
diamine. A solution of 2-Methyl-6-nitro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yhaniline (5.3 g, 19.06 mmol) in methanol {50 mL) was purged with nitrogen gas,
Palladinm on carbon (10 % by wi, 50 mg) was added and the reaction mixture was stirred
under a hydrogen balloon for 16 h. The reaction was filtered through Celite and the filter
cake was rinsed with methanol. The filtrate was concentrated and the resuiting material was
purified by silica gel column chromatography (0-100 % ethyl acetate in hexanes) to give a
dark 0il. The oil was triturated with 10 % ether in hexanes to give a tan colored solid

(4.2 g, 16.9 mmol, 89 % yield). MS (ESI) m/z 248.9 [M+17",
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[00171] H. 7-(3.4-Diamine-5-methylphenyl)-1-{(tetrahydre-2H-pyran-4-
yhmethyl)-3,4-dihydropyrazine{2,3-b]pyrazin-2(1H)-one. 3-Methyl-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-ylbenzene-1,2-diamine (0.523 g, 2.109 mmol), 7-bromo-
1~((tetrahydro-2H-pyran-4-ylymethyl)-3,4-dibydropyrazino{2,3-b]pyrazin-2{ 1H)-one

{0.600 g, 1.834 mmol), [1,1'-bis(diphenyiphosphino)-ferrocene}dichloropalladium(il),
complex with dichioromethane (1:1) (0.150 g, 0.183 mmeol), sodium carbopate (! M in
water, 5.50 mmol}, 1,4-dioxane (4.1 mL) and isopropanot {1.4 mL) were combined in a
sealable vessel with a stirbar. The system was purged with nitrogen. The resulting mixture
was sealed, stirred vigorously and heated at 100-°C for 3.5 h. The resulting mixture was
diluted with 20 % methanol in dichloromethane and all volatiles removed under reduced
pressure, The residue was taken up in 20 % methanol in dichlorornethane and concentrated
under reduced pressure with silica gel. The residue was purified using flash
chromatography (1-10 % methano] in dichloromethane} to give the desired product (0.669 g,
1.818 mmol, 99 % yield) as a brown solid. MS (ES1} m/z 369.1 M+17".

166172) 1. 7-{2-Amino-4-methyl-1H-benzo[dlimidazol-6-yl)-1-({tetrahydro-2H~
pyran-4-yDmethyl)-3,4-dihydropyrazine|2,3-b]pyrazin-2(1H)-one. Cyancgen bromide
(0.059 g, 0.556 mmol) in N,N-dimethytformamide (0.5 mL) was added to a stirred solution
of 1-(3,4-diamimo-5-methylphenyl)-1-({tetrahydro-2H-pyran-4-yhmethyl)-3 ,4-
dihydropyrazino{2,3-blpyrazin-2(1H)-one (0.195 g, 0.529 mmol) in
N.N-dimethylformamide (3 mL) at 0 °C. The resulting dark brown mixture was capped and
stirred at room temperature for 16 h. The resulting mixture was diluted with methanol,
filtered and purified using reverse-phase preparatory HPLC (5-50 % acetonitrile +

0.1 % TFA in water + 0.1 % TFA, over 30 min). Fractions containing the desired product
were combined and most of the solvent removed under reduced pressure. The residue was
loaded onto a Strata X-C ion exchange column from Phenomenex. The coluron was washed
successively with water, acetonitrile, methanol and 5% ammonium hydroxide in methanol.
The product eluted with the 5% ammonium hydroxide in methanol eluent and was
concentrated under reduced pressure and dried under high vacuum at 50 °C 1o give the
desired product (0.130 g, 0.331 mmol, 62 % yield) as an orange solid. 1 NMR (400 MHz,
D20 and DMSO-dg) & (ppm) 8.13 (s, 1HD, 7.56 (s, 1H), 7.36 (s, 1H), 4.18 (5, 2H), 4.03 (d,
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J=6.64 Hz, 2H), 3.84 - 3.90 (m, 2H), 3.24 (t, J= 11.32 Hz, 2H), 2.40 (s, 3H), 2.04 - 2.19
(m, 1), 1.59 (d, J= 12.10 Hz, 2H), 1.25 - 141 (m, 20y, MS (ESI) m/z 3942 [M+17".

Example 2; 3,3-Dimethyl-6-(2-methyl-4-(4H-1,2,4-triazol-3-yl)phenyl}-4-(2-
(tetrahydro-2H-pyran-4-yhethyl)-3,4-dihydropyrazine[2,3-b]pyrazin-2(1H)-one
J,

S L
N
et
[00173} A. 3-{4-Bromo-3-methylphenyl)-4H-1,2,4-triazole. 4-Bromo-3-
methylbenzonitrile {10.0 g, 51.0 mmol) was dissolved in ethanol (200 mL) with stirring and
coaled te 0 °C under nitrogen. Hydrogen chloride gas was bubbled into the reaction mixture
for 20 min. The resulting reaction mixture was capped and stirred while slowly warming to
raom temperature for 5.5 h. Solvent was removed under reduced pressure and the residue
dried under vacuum to give 13.86 g of an off-white solid. The off-white solid, formic
hydrazide (4,48 g, 74.6 mmol), triethylamine (28.0 mL, 199 mmol) and ethanol (90 mL)
were combined in a sealed tube and heated, with stitring, at 90 °C for 6.5 h. All the solvent
was removed under reduced pressure and the resulting residue partitioned between ethyl
-acetate and water. The layers were separated and the organics washed with brine, dried over
magnesium gulfate, filtered and concentrated under reduced pressure. The residue was
dissolved in hot ethyl acetate (13 mL), capped and let stand at room temperature overnight,
The solvent was decanted away from the solids at the bottom of the flask. The solids were
washed with ethyl acetate and diethyl ether and dried under vacuum at 45 °C to give the
desired product (7.47 g, 31.4 mmol, 63 % yield) as a light yellow solid. MS (ESI) m/z
238.2 [M]", 240.3 [M+2]".
160174 B. 3-(4-Bromo-3-methylphenyl)-4-(tetrahydro-2H-pyran-2-y1)-4H-1,2,4-
triazole. 3-(4-Bromo-3-methyiphenyl)-4H-1.2,4-triazole (2.00 g, 8.40 mmol) was dissolved
in tetrahydrofuran (10 mL) at room temperature with stirring under pitrogen. 3,4-Dihydro-
2H-pyran (3.80 mL, 42.0 mmol) and methanesulfonic acid (0.027 mL, 0.42 mmol} were
added and the resulting mixture heated at 50 °C under a reflux condenser under nifrogen for
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20 b. The resulting mixture was cooled to room temperature, dituted with ethyl acetate and
washed with saturated aqueous sodiurn bicarbonaie and brine. The organics were dried over
magnesium sulfate, filiered and concentrated under reduced pressure. Flash
chromatography (10-30-50 % ethyl acetate in hexanes) gave the desired product (2.64 g,
8.22 mmol, 98 % yield) as a yellow oil. MS (ESI) m/z 322 [M]', 324 [M+2]".

[00175] C. 3-(3-Methyl-4-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-ylyphenyl)-4-
{tetrahydro-2H-pyran-2-yh-4H-1,2 4-triazole. 3-(4-Brome-3-methylphenyl)-4-
(tetrahydro-2H-pyran-2-y1}-4H-1,2,4-triazole (2.294 g, 7.12 mmol), bis(pinacolato)diboron
(1.898 g, 7.48 mmol), [1,1'-bis(diphenylphosphino)-ferrocene]dichioropalladium(Il),
complex with dichloromethane (1:1) (291 mg, 0.36 mmol), potassium acetate (2.096 g,

21.4 mmol) and dimethyl sulfoxide (15 mL) were combined in a round bottom flask and
stirred. The atmosphere in the flask was removed under vacuum and replaced with nitrogen
three times. The resulting mixture was heated at 90 °C under nitrogen for 4 b, The resulting
mixiure was difuted with ethyl acetate and filtered through Celite. The filter cake was
washed thoroughly with: ethyl acetate. The filtrate was washed twice with water, once with
brine, dried over magnesium sulfate, filtered and concentrated under reduced pressure.

Flash chromatography (30-50 % ethyl acetate in hexanes) gave a waxy semi-solid which
was triturated with hexane at 45 °C. The resulting solids were dried under vacuum to give:
the desired product (2.10 g, 5.69 mmol, 80 % vicld) as a pink powder. MS (BSI) m/iz

370 [M+1T".

[00176} D, tert-Butyl 1-(3,5-dibromopyrazin-2-ylamino)-2-methyl-1-oxepropan-
2-ylearbamate, 1,1-Carbonyldiimidazole (2.63 g, 16.24 mmol) was added to a stirred
solution of 2-(fert-butoxycarbonyiamino}-2-methylpropanoic acid (3.00 g, 14.76 mmol} in
N, N-dimethylformamide (4 mL) and dichloromethane (8 mL) at room temperature. The
resulting clear colorless mixture was stirred at room temperature under nitrogen for 3 h.
N,N-Diisopropylethylamine (3.86 mL, 22.14 mmeol) was added followed by
3,5-dibromopyrazin-2-gmine (5.60 g, 22.14 mmol). The resulting mixture wag heated at

50 °C under a reflux condenser under nitrogen for 71 h. Dichloromethane {fzas-removcd
under reduced pressure. The residue was diluted with ethy! acetate and washed with water.
The water layer was extracted with ethyl acetate. The combined organics were washed with
brine, dried over magnesium sulfate, filtered and concentrated under reduced pressure. The
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residue was triturated with 30 % ethyl acetate in hexane and solids collected by vacuum
filtration. The filtrate was concenirated under reduced pressure and purified using flash
chromatography {5-50 % cthyl acetate in hexane}. Fractions containing the desired product
were combined with the solids obtained by filtration and concentrated under reduced
pressure, The residue was dried under high vacuum io give the desited product (2.38 g,
5.43 mmol, 37 % vield) as an off-white solid. MS (ESI) m/4 439.3 [M+1], 461.1 [M+Na]".
[001771 E. N-(3,5-Dibremopyrazin-2-yl}-2-methyl-2-(2-(tetrahydro-2H-pyran-4-
yhethylamino)propanamide triflusroacetate. TFA (3.66 ml, 47.5 mmol) was added to a
stirred mixture of tert-butyl 1-(3,5-dibromopyrazin-2-ylamino)-2-methyl-1-oxopropan-2-
ylearbamate (1.04 g, 2.374 mmol) in dichloromethane (20 mL). The resuiting clear yellow
solution was stirved at room temperature for 3 h. All volatiles were removed under reduced
pressure and the residue dried vnder high vacuum 1o give a yellow semi-solid. MS (ESI)
m/z 3391 [M+1T". Sodium sulfate (1.686 g, 11.87 mmel) was added followed by
2-(tetrahydro-2H-pyran-4-yi)acetaldehyde (0.396 g, 3.09 mmol) and 1,2-dichlorocthane

(20 mL). The resulting mixture was stirred vigorously and heated at 80 °C under a reflux
-condenser under nitrogen for 2.5 h. More 2-(tetrahydro-2H-pyran-4-yl)acetaldehyde

(0,100 g, 0.780 mamol) and sodium sulfate (1.00 g, 7.04 mmol) were added and heating at
80 °C continued for another 2 h. The resulting yellow solution was removed by pipette
from the solid sodium suifate into a dry 250 mi. round bottom flask equipped with 2 stirhar.
The resulting mixture was stirred vigorously and cooled to 0 °C under nitrogen. Sodium
triacetoxyborohydride (0.553 g, 2.61 mmol) was added slowly. The resulting mixture was
stirred vigorously at 0 °C under nitrogen for 30 min. The cold bath was removed and the
resulting mixture stirred at room temperature under nitrogen for 2 h. The mixture was
cooled to 0 °C and more sodium triacetoxyborohydride (0.250 g, 1.180 mmot) was added.
The cold bath was removed and the resulting mixture stirred &t room temperature under
nitrogen for 1.5 h. More sodium triacetoxyborohydride (0.055 g, 0.260 mmol) was added.
The resulting mixture was stirred vigorously at room temperature under nitrogen for 1 h and
then stirred overnight at 0 °C. The resulting mixture was difuted with methanof and the
volatiles removed under reduced pressure. The residue was taken up in methanol, filtered
and purified using reverse-phase preparatory HPLC (10-40 % acetonitrile -+ 0.1% TFA in

water + 0.1% TFA, over 30 min), Fractions containing the desired product were combined
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and the solvent removed under reduced pressure. The residue was dried under vacuum to
give the desired product {0.890 g, 1.978 mmol, 67 % yisld) as a slightly yelow foam-solid.
MS (ESI) m/z 451.3 [M+1]'.
[00178] F. G-Bromo»3,3-dimeﬂnyl—zi-(%(ietrahy_drd~2H«pyran-4~yl)ethyl),-3,4»
dilydropyrazine[2,3-b]pyrazin-2(1H}-one. N-(3,5-Dibromopyrazin-2-y[)-2-methyl-2-(2-
(tetrahydro-2H-pyran-4-ylethyfamino)propanamide trifluoroacetate (0.8356 g, 1.517 mmol),
N, N-diisopropylethylamine (1.321 L, 7.59 mmol) and 1,4-dioxane {25 ml.) were
combined in a sealable vessel with a stirbar, The system was purged with nitrogen and the
resulting mixfure was sealed, stirred vigorously and heated at 110 °C for 2.5 h. The reaction
mixture was concentrated under reduced pressure and purified using flash chromatography
(5-50 % ethyl acetate in hexane) fo give the desired product (0.394 g, 1.068 mmol, 70 %
yield) as a white solid. MS (EST) m/z 369.4 [MT', 371.3 [M+2]".
[00179] G. 3,3-Dimethyl-6~2-methyl-4-(4-(tetrahydro-2H-pyran-2-yD-4H-1,2,4-
triazol-3-yHphenyl-4-(2-(tetralydro-2H-pyran-d-yl)ethyl)-3,4-dihydropyrazino{2,3-
blpyrazig-2(1H)-one. 3-(3-Methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yhphenyl)-4-(tetrahydro-2H-pyran-2-y}-4H-1,2 4-triazole (1 equiv), 6-bromo-3,3-dimethyl-
4-(2~(tetrahydro-2H-pyran-4-yilethyl)-3 4-dihydropyrazino[2,3-b]pyrazin-2( 1 H)-one
(1 equiv), {1,1'-bis(diphenylphosphino)-ferrocene]dichloropatladium(il), complex with
dichloromethane (1:1) {0.1 equiv), I M sodium carbonate in water (3 equiv), 1,4~-dioxane
and isopropénol were combined and the system was purged with nitrogen. The resuiting
mixture was stirred vigorously and heated at 100 °C for 1.5 h. The resulting mixture was
cooled to room temperature, diluted with methanol and the volatiles removed under reduced
pressure, The residue was partitioned between dichloromethane and water, shaken and the
layers separated. The water layer was extracted with dichloromethane. The combined
organics were dried over magnesium sulfate, filtered and concentrated vnder reduced
pressure, The residue was purified using flash chromatography (20-100 % ethy! acetate in
hexane followed by 0-10 % methanol in dichloromethane) to give the desired product in
97 % yield. MS (ESY) m/z 532.7 [M+1T",
{00180] H. 3,3-Dimethyl-6-2-methyl-4-(4H-1,2,4-triazol-3-yDphenyl)-4-(2-
{tetrahydro-2H-pyran-4-ylethyl)-3,4-dikydrepyrazine{2,3-b) pyrazin-2(1H)-one. 6 N
Hydrochloric acid in water was added to a stirred mixture of 3,3-dimethyl-6-(2-methyl-4-(4-
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(tetrahydro-2H-pyran-2-yl)-4H- 1,2 4-triazol-3-yl)pheny)~4-(2~{tetrabydro-2H-pyran-4-
yhethyl)-3,4-dihydropyrazino[2,3-blpyrazin-2{1 H)-one in ethanol at 8) °C. The resulting
mixture was stirred vigorously and heated at 80 °C under a reflux condenser under nitrogen
for 70 min. The resulting mixture was filtered and purified using reverse-phase preparatory
HPLC (10-65 % acetoniirile + 0.1% TFA in water + 0.1% TFA, over 30 min). Fractions
containing the desired product were combined, neutralized with saturated aqueous sodium
bicarbonate and the acetonitrile removed under reduced pressure. Solids were collected by
vacuum filtration, washed thoronghly with water and diethyl ether and dried under high
vacuum at 50 °C to give the desired product in 48 % yicld, TH NMR (400 MHz, DMSO-dg}
& (ppm) 11.32 (br. 5., 1H), 8.44 (br. 8., 1H), 7.96 (s, 1H), 7.90 (d, ./ = 8.59 Hz, 1H), 7.70 (s,
1H), 7,36 {d, J="7.81 Hz, 1H), 3.78 (dd, /=293, 11.13 Hz, 2H), 3.52 - 3.64 (m, 2H), 3.23
(t, J= 10.93 Hz, 2H), 2.48 (s, 3H), 1.51 - 1.66 (m, SH), 1.49 (5, 6H), 1.11 - 1.26 (m, 2H});
MS (ESY) m/z 448.3 [M+1T",

Example 3: 7-(2-Methyl-4-{(4H-1,2 4-triazol-3-yvi)phenyl)-3,4-dihydropyrazine{2,3-
blpyrazin-2(1H}-one hydrochloride

Nepy HCt

e
H N._N._O
LI

{00181} A, Ethyl 2-(5-bromo-3-(2,4-dimethoxybenzylamino)pyrazin-2-
yiamino)acetate, Ethyl 2-(3,5-dibromopyrazin-2-ylanuno)acetate (See Example 1.C)
(1.06 g, 3.13 mmol), (2,4-dimethoxyphenylymethanamine (0,601 g, 3.60 mmol},
N,N-diisopropylethylamine (1.63 mL, 9.38 mmol) and dimethyisulfoxide (1.6 mL) were
combined in & microwave vial with a stirbar and heated in a microwave reactor at 150 °C for
2 h. The resulting mixture was purified using flash chromatography (5-60 % ethyl acetate in
hexane). Fractions containing the desired product wete combincd and concentrated ncarly
to dryness under reduced pressure. Fthyl acetate (2 mL) and hexane (18 mL) was added.
The resulting solids were collected by vacuum filtration, washed with hexane and dried
under high vacuum to give the desired product (0.636 g, 1.495 mmol, 48 % yield) as = light
pink solid. "HNMR (300 MHz, DMSO-ds) & (ppm) 7.24 (s, 1H), 7.19 (¢, J=8.52 Hz, 1H),
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7.11{t,J=5.63 Hz, 1H), 6.84 (, J=4.81 Hz, 1H), 6.59 (d, J = 2.47 Hz, 1H), 6.50 (dd,

J =220, 8.24 Hz, 1H), 4.37.{d, J = 4.67 Hz, 2H), 3.96 - 4.15 (m, 4H), 3.81 (3, 3H), 3.75 (5,
3H), 1.17 {t, 3H); MS (ES]) m/z 425.3 [MT', 426.9 [M+2]".

(60182} B. 7-Bromo-3,4-dihydrepyrazino[2,3-b]pyrazin-2{1H)-one
trifluoroacetate, Ethyl 2-(5-bromo-3-(2,4-dimethoxybenzylamino)pyrazin-2-
ylamino)acetate (0.484 g, 1.138 mmol), methanol (0.461 mL, 11.38 mmol) and TFA. (7 mL)
were combined in 2 sealable vessel with a stivbar, The system was purged with nitrogen.
The resulting mixture was sealed, stirred vigorously and heated at 75 °C in ap oil bath for
25 min. The resulting mixture was diluted with water (14 mL) and stirred at room
temperature for 5 min. Solids were collected by vacoum filtration, washed with water and
disthyl ether and dried under high vacuum to give the desired product (0.375 g, 1.093 mmel,
96 % vield) as a pink solid. MS (EST) m/z 229.0 [MY', 231.3 M+2]",

[00183) C. 7-(2-Methyl-4-(d-{(tetrahydro-2H~pyran-2-y})-4H-1,2,4-triazol-3-
yDphenyl)-3,4-dihydropyrazine[2,3-b] pyrazin-2(1H)-one. 3-(3-Methyl-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-y)phenyl)-4-{tetrahydro-2H-pyran-2-y1)-4H-1,2,4-triazole
(See Example 2.C) (0.465 g, 1.259 mmo!), 7-bromo-3 4-dihydropyrazino{2,3-b]pyrazin-
2{(1H)-one irifluoroacetate (0.432 g, 1.259 mmot), [1,1-bis(diphenylphosphine)-
ferrocene]dichloropattadium(IT), complex with dichloromethane (1:1)(0.103 g,

_0.126 mmofi), sodium carbonate (1 M in water, 3.78 mL, 3.78 mmol), 1,4-dioxane (2.5 mL)
and isopropanol (1 mL) were combined in a sealable vessel with a stirbar. The system was
purged with nitrogen. The resulting mixture was sealed, stirred vigorously and heated at
100.°C for 70 min. The resulting mixture was diluted with water and dichloromethane and
filtered through a fritted funnel. Solids were washed with 20 % methanol in
dichloromethane. Filtrate and wash were combined and the solvent was removed under
reduced pressure. The residuc was triturated with acetonitrile. Water was added. Solids
were coliected by vacuum filtration and washed thoroughly with water and disthyl ether.
Solids were washed with 20 % methanol in dichloromethane. Filtrate and wash were
combined and the soivent was removed under reduced pressure. The residue was faken up
in hot DMSO and methanol, filtered and purified using reversé-phase preparatory HPLC
(20-65 % acetonitrile + 0.1% TEA in water + 0.1% TFA, over 30 min). Fractions
containing the desired product were combined, neutralized with saturated aqueous sodium
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bicarbonate and concentrated nearly io dryness under reduced pressure. Solids were:
collected by vacuum filtration, washed with water and dried under high vacuum to give the
desired product (0.072 g, 0.184 mmol, 15 % yield) as an off-white solid. MS (ESI)

miz 392.1 [M+17",

[00184} B, 7-(2-Methyi-4-(4H-1,2,4-triazol-3-yl)phenyl)-3,4-
dibydropyrazino[2,3-bjpyrazin-2(1 H)-one hydrochloride. Hydrochloric acid (6 Nin
water 0.149 ml, 0.894 mmol) was added to a stirred imixture of 7-(2-methryl-4-(4-
(tetrabydro-2H-pyran-2-yl}-4H-1,2 4-triazol-3-yl)phenyl)-3.4-dihydropyrazino[2,.3-
bipyrazin-2{1H}-onc (0.070 g, 0.179 mmol) in ethanot (3 mL) at 80 °C. The system was
purged with nitrogen. The resulting mixture was sealed and heated at 80 °C. The resulting
mixture was heated at 80 °C for 25 min and then cooled to room temperature. Solids were
collected by filtration, washed with methano! and dried under high vacyum at 40 °C o give
the desired product (0.058 g, 0.169 mmol, 94 % yield) as a white solid. 'HNMR

(300 MHz, DMSO-dg) 8 (ppm) 11.32 (s, 1H), 8.66 (s, 1H), 7.97 (s, 1H), 7.92 (dd, /= 1.37,
7.97 Hz, 1H), 7.74 (s, 1H), 7.50 {d, J= 7.97 Hz, 1H), 4.14 (5, 2H), 2.44 (s, 3H); MS (ESI)
m/z 308.3 [M+11".

Example 4: 6-(4-(Z-Hydroxypropan-2-yhphenyl)-4-(2-(tetrahydro-2H-pyran-4-
yhethyl)-3,4-dihydropyrazino|2,3-b]pyrazin-2(1H)-one

HO
bt
-
NT N O
H

[00185] A. 2-Bromeo-N-(3,5-dibromopyrazin-2-yhacetamide. A solution of
2-amine-3,5-dibromopyrazine (6.17 g, 23.7 mmol) and bromoacetic anhydride (3.0 g,
11.9 mmol) in acctonitrile (40 mL) was stivred at 70 °C. Upon complete consumption of
starting material (by TLC), the solution was condensed and partitioned between waier and
cthyl acetate (3X). The organic layers were combined, dried over magnesium sulfate,
filtered and the sofvent was removed under reduced pressure. The resulting material was

purified using Biotage column chromatography (5-80 % ethyl acetate in hexanes) to afford
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the title compound (3.78 g, 10.1 mumol, 835 % yield). MS (BSI) m/z 372.1 [M-2T",

374.0 [M]', 376.1 [M+2]", 378.3 [M+4]".

[001R86) B. 6-Bromo-4-(2-(tetrahydro-2H-pyran-4-yDethyl)-3,4-
dihydropyrazino{2,3-bipyrazin-2(1H}-one, 2-Bromo-N-(3,5-dibromopyrazin-2-
yhacetamide (3.30 g, 8.83 mmol) and 2~{tetrahydro-2H-pyran-4-yl)ethanamine
hydrochloride (1.46, 8.83 mmol) and ditsopropyl ethylamine (6.67 mL, 35.3 mmol) were
combined and heated at 85 °C. Upon complete consumption of starting materiat (by TLC),
the reaction solution was condensed and purified via Biotage chromatography (0-100 %
cthyl acetate in hexanes) to afford the title compound (1.53 g, 4.48 mmol, 50 % yield).

MS (EST) m/z 341.4 [M]’, 343.1 [M+2]".

[00187] C. 2-(4-Bromophenyl)propan-2-ol. 1-(4-Bromophenyl)ethanone (9.25 g,
46.5 mmol) was dissolved in tetrahydrofuran (200 mL). The solution was cooled in a

50 °C bath. Methylmagnesium bromide (3M in ether, 46.5 mL, 139 mmol) was added over
a 15 min period. The reaction was allowed to warm to room temperature and then stirred
for 20 h. The reaction was quenched with saturated ammonium chloride and then extracted
with ethyl acetate. The organic layer was dried over magnesium suifate, filtered and
concenfrated to give an oil. The oil was purified on a silica gel column (0-20 % ethyl
acetate i hexanes) to give the product a colorless oil (9.1 g, 46.2 mmol, 91 % yield).

MS (EST) m/z 197.1 [M]", 199.1 [M+2]".

[00188] D. 2-(4-{4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)propan-2-
ol. 2-(4-Bromophenyl)propan-2-ol (4.7 g, 21.85 mmol)}, bis(pinacolato)diboron (6.66 g,
26.2 mmol), potassium acetate {6.43 g, 65.6 mmol) and dimethyl sulfoxide (50 mL) were
stirred and degassed under vacuum for 10 min. [1,1"-Bis(diphenyl-
phosphine)ferrocene]dichloro-palladium(1l) complex with dichloromethane (1:1) (0.892 g,
1.093 mmol) was added and the reaction was degassed for another 5 min. The reaction was
then heated to 80 °C under nitrogen for 2 h. The reaction was cooled to room temperature
and then extracted with 1:1 ether:ethyl acetate and water. The resulting black emulsion was
filtered through a pad of celite and the filtrate combined with extraction layers. The organic
layer was dried over magnesium sulfafe, filtered and then purified on silica gel column

(0-25 % ethy! acetate in hexanes), The product fractions were concenfrated and then
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triturated in hexanes o give a white solid, (4.0 g, 15.3 mmol, 70% yield). MS (ESI) m/z
263.3 [M+1T".

100185} E. 6-(4-(2-Hydroxypropan-2-ylyphenyl)-4-(2-(tetrahydro-2H-pyran-4-
yhethyl)-3,4-dihydropyrazino[2,3-blpyrazin-2(1H)-one. 6-Bromo-4-(2-(tetrahydro-2H-
pyran-4-yhethyl)-3,4-dihydropyrazinol2,3-b]pyrazin-2(1H)-one (0.250 g, 0.733 mmol),
2-(4-(4,4,5 5-tetramethyi-1,3,2-dioxaborolan-2-ylphenyl)propan-2-ol (0.192 g,

0.733 mmol) and dichlorof1,1'-bis(diphenylphosphino)ferrocene]palladium (IT)
dichloromethane (0.030g, 0.037 mmol) were combined in dimethylformamide (1.0 mi).
Sodium carbonate (0.311 g, 2.93 mmol) in ‘water (0.2 mL) was added and the reaction
solution was then heated in a Biotage Emrys Optimizer microwave reaetor at 120 °C for
15 min. The cooled reaction solution was filtered through Celite and the filter cake was
-washed with cthyl acetate. Filtrate and ethyl acctate wash were combined and solvent
removed under reduced pressure, The resulting material was purified using Biotage column
chromatography (0-5 % methano! i ethyl acetate) followed by trituration with
dimethylformamide and water to afford the title compound (6.074 g, 0.19 mmol, 25 %)

'H NMR (400 MHz, DMSO-d5) & (ppm) 12.24 (s, 1H), 7.98 (s, 1H), 7.89 (d, J=8.39 Hz,
2H), 7.53 (d, /=8.39 Hz, 1H), 5.04 (s, 1H), 4.16 (5,1H), 3.82 (dd, ./=11.1, 2,39 Hz, 2H),
3.61 (t, J=7.59 Hz, 2H), 3.25 (t, J=0.59 Hz, 31), 1.70 (s, 1H), 1.66 (s, 1H), 1.58 {m, 3H),
1.44 (s, 6H), 1.25 (m, 2H); MS (ESI) m/4 397.2 [M+17"; mp 210-212 °C.

Example 5: 6-(6-(2-Hydroxypropan-2-yl)pyridin-3-y1}-4-(2-morpholinoethyl)-3,4-
dihydropyrazino|2,3-b]pyrazin-2(1H})-one

)
Y
(X,

[06190) A. 2-Chioro-N-{3,5-dibromopyrazin-2-yljacetamide, A solution of
2-amino-3,5-dibromopyrazine (3.0 g, 11.9 mmol) and chloroacetic anhydride (4.2 g,
8.7 mmoi) were reacted in acetonitrile (10 mL) at 70 °C for 16 h. The solution was

condensed and diluted with ethyl acetate. The organics were washed with a 1:1 solution of

-93 .



sodiwm bicarbonate (saturated) and potagsium carbonate (1,75 M in water) (4X). The
organics were combined, dried over magnesium sulfate, filtered and solvent removed under
reduced pressure. The resulting solid was triturated with 10 % ethyl acetate in hexanes to
afford the title compound (3.12 g, 9.3 mmol, 72 % yield). MS (ESI) m/z 328.3 [M-17",
3304 [M+17%,332.3 IM+3]".

{69191] B. N-(3,5-Dibromepyrazin-2-y1)-2-iodoacetamide, To a solution of
2-chlero-N-(3,5-dibromopyrazin-2-yl)acetamide (3.0 g, 9.11 mmol) in acetone (40 mL} was
added sodium iodide (13.65 g, $1 mmol) dissolved in acetone (20 mL), Solution was
allowed to stir at ambient temperature for 16 'h. Scolution was cordensed under reduced
pressurs and diluted with ethyl acetate (500 mL) and washed consecutively with water (5X)
to remove the blue color. Organics were dried over magnesium sulfate, filtered and solvent
removed under reduced pressure to afford the crude product. The solid was diluted with

10 % ethyl acetate in hexanes {40 mlL) and sonicated while scraping the sides of the flask.
The solution was then heated under a heat gun for 5 min, then cooled while sonicating at
ambient temperature. The resulting solid was filtered and washed with additional hexanes
and dried under vacuam to afford the title compound (3.0 g, 7.13 mmel, 78 % yield).

MS (EST) m/z 420.3 [M-17", 422.0 [M+1]", 424.0 [M+3]".

[00192] C. 6-Bromo-4-(2-morpholinoethyl)-3,4-dihydropyrazino[2,3-b|pyrazin-
2(1H)-one. N-(3,5-Dibromopyrazin-2-yI)-2-lodoacetamide (0.5 g, 1.188 mmol),
diisopropylethylamine (0.415 mL, 2.376 mmo!) and 2-morpholinaethanamine (0.162 g,
1.248 mmol) were combined in acetonitrile (§ mL). The solution was heated to 45 °C for

1 k. Solution was condensed and diluted with 75 % ethyl acetate in hexanes. The resulting
solid was filteved and the filtrate collected and condensed followed by purification via
Biotage chromatography (0-75 % ethyl acetate in hexanes then 0-10 % methanol in ethyl
acetate) to afford the title compound (0.228 g, 0.67 mmol, 56 % yicld). MS (ESI) m/z
342.4 [M]*, 344.4 [M+2T".

[00193] D. 2-(5-Bromopyridin-2-yDpropan-2-ol. 2,5-Dibromopyridine (1.04 g,
4.39 mmol) was dissolved in toluene (22 ml.) in a 100 mi round-bottomed flask. The
mixture was cooled to -78 °C. n-Butyllithium (3.02 mi, 4.83 mmol) was added dropwise.
The mixture was stirred 30 min, followed by the addition of acetone (2 mL). The mixture

was stirred 40 min and then let warm to rt. The mixture was washed with ammmonium
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chloride (5% aq, 50 mL), water (50 mL) and then brine (50 mL). The organic layer was
dried over sodium sulfate, filtered and concentrated. The residue was purified by Biotage
(16% ethy! acetate in hexanes). Concentration-of the desired fractions afforded the product
(0.82 g, 3.78 mmol, 86 % yield). MS (ESI) m/z 216.0 [M]", 218.1 [M+2]".

[00194] E. 2~(5-(TrimethylstannyDpyridin-2-ylpropan-2-ol. 2-(5-Bromopyridin-
2-yDpropan-2-ol {0.34 g, 1.574 mmot), 1,1,1,2,2,2-hexamethyldistannane (0.361 mL,

1.652 mmol) and tetrakis(triphenylphosphine)palladium(0) (0.182 g, 0.157 mmot) were
combined in toluene (5 mL) in a 50 mL resealable flask, The reaction was stirred at 115 °C
for 1.5 h. The mixture was then concentrated to about a 2 mL volume. The residue was
purified via Biotage (16% ethy! acetate in hexanes). Concentration of the desired fractions
afforded the title compound (0.33 g, 1.10 mmol, 70 % vield). MS (EST) m/z 302.1 [M+1T".
{80195] F, 6-(6-(2-Hydroxypropan-2-yhpyridin-3-yl)}-4~(2-morpholinoethyl)-3,4-
dihydropyrazinoe[2,3-b] pyrazin-2(1 H}-one. 6-Bromo-4-(2-morpholinoethyi)-3 4~
dihydropyrazinof2,3-bjpyrazin-2(1H)-one {0.228 g, 0.666 mmol) and
2-(5-(trimethylstannyl)pyridin-2-yl)propan-2-ot (0.220 g, 0.733 mmol) were combined in
dimethylformamide (3 mL). Solution was purged with nitrogen gas followed by the
addition of dichloro{1,1-bis(diphenylphosphino)ferrocene]palladium (I7) dichloromethane
(0.109 g, 0.133 mmol). Solution was heated to 100 °C for 2 h. Solution was condensed
under reduced pressure and the resulting oil purified via reverse-phase-preparative HPLC
{5-60 % acetonitrile + 0.1 % TFA in H,O + 0.1 % TFA, over 30 min) and desired fractions
werc loaded onto a Strata-XC ion exchange column. The column was washed successively
with water, acetonitrile, methanol and 5% ammonium hydroxide in methano!. The product
eluted with the 5 % ammontum hydroxide in methanol and was concentrated under reduced
pressure and dried to afford the title compound (6.070 g, 0.18 mmol, 26 % yield). 'H NMR
(400 MHz, DMSO-ds} & (ppm) 11.33 (br. s., 1H), 9.05 (d, /=1.56 Hz, 1H), 8.27 (dd, /=8.59,
2.34 Hz, 1H), 8.06 (s, 1H), 7.72 (d, /=8.59 Hz, 1H), 5.27 (s, 1H), 4.29 (s, 2H), 3.71 {t,
J=6.44 Hz, 2H), 3.54 (t, J=4.49 Hz, 4H), 2.62 (¢, J=6.44 Hz, 2H), 2.40 - 2.48 (m, 4H), 1.46
(s, 6H); MS (ESD) m/z 399.2 [M+17"; nap 239-241 °C.
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Example 6: 1-{((trans)-d-Methoxycyclohexylymethyl)-7-(4-methyl-6-(1H-1,2,4-triazol-
3-yhpyridin-3-yD-3,4-dihydropyrazine[2,3-bipyrazin-2(1H)-one,

HN-y O
S A n O
N = l\‘
i | Ny N 20
(Xr
Y

100196] A. 5-Bromo-4-methylpicolinonitrile. 2,5-Dibromo-4-methyipyridine

(5.0 2, 19.9 mmol), copper cyanide (1.43 g, 15.9 mmol), sodium cyanide (1.801 g,

16.3 mmol) and dimethylformamide (30 mL) were combined in 2 sealed reaction vessel and
heated at 158 °C for 3 h. The reaction mixture was purified by silica gel column
chromatography (0-80 % ethyl acefate in hexanes). The resulting material was subjected to
a second silica gel column (0-20 % methanol in dichloromethane), Clean fractions were
combined and concentrated to afford the title cornpound as a white solid (2.30 g, 11.6 mmol,
58 % yield). MS (EST) m/z 198.0 [M+17".

[60197] B, Ethyl 2-(3,5-dibromopyrazin-2-ylamino)acetate. A 2000 mL 3-necked
round bottomed flask was charged with 2-amino-3,5-dibromopyrazine {172 g, 680 mmol) in
dimethylformamide (860 mL) and cooled to 0-5 °C. Cesivm carboriate (288 g, 884 mrmol)
was added in one portion followed by the portion-wise addition of ethyl chloroacetate

{R7 mL, 816 mmol), The solution was allowed to warm to 20-25 °C then heated to 55 °C
{exotherm observed, max temperature observed 76 °C). Once the internal reaction
temperature subsided to 65 °C the reaction was heated at 65 °C for ~4 h, The reaction was
cooled to 20-25 °C and filtered through filter paper to remove morganic salts and the solid
was washed with dimethylformamide (3 vol). The filtrate was added dropwise to 16 vol of
ice-water (8 vol ice/8 vol water) and the slurry was allowed to agitate for 12 -24 h. The
resulting brown solid was isolated following filtration and washed with water (10 vol) and
air~dried. Crude product was dissolved in methyl t-butyl ether (3.46 L, 15 vol). Chatcoal
(C-906 from Ecosorb, 20 wi%, 46.1 g) was added and the mixture was heated af refiux for

1 b, After cooling to it, the charcoal was removed over a Celite bed and the filtrate was
concentrated to dryness. The crude 'was dissolved in ethyl acetate (576 mL, 2.5 vol) and
concentrated to a thick slurry. A solution of 2 % ethyl acetate in heptane (1.15 L, 5 vol) was

added and the mixture was stirred at rt for 30-60 min. The product was collected by
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filtration, washed with heptane (2-3 vol) and dried under high vacuum at 35-40 °C for 16 h
to afford the desired compound ag an off-white solid {109 g, 47 % yield). A second crop
was isolated from the mother liquor as follows: the filtrate was concentrated to give a crude
oil. Ethy! acetate (I vol.) was added. The resulting solution was seeded with previously
isolated product and cooled at 0-5 °C for 1 h. The resulting solid was collected by filtration
and washed with cold ethyl acetate:heptane (1:1 mixture, <1 vol). The solid was dried as
described previously and combined with the first crop to provide the title compound (132 g,
57 % total yield). MS (BSD) m/z 337.8 [M-17", 339.8 [M+17", 341.8 [M+3]".

[0198] C. 7-Bromo-1-({(trans)-4-methoxycyclohexylymethyl)-3,4-
dihydropyrazine{2,3-blpyrazin-2(1H)-one. A solution of ethyl 2-(3,5-dibromopyrazin-2-
ylamino)acetate (500 mg, 1.47 mmol), ((irans)-4-methoxycyclohexyl)methanamine

(317 mg, 2.21 mmol) and diisopropylethyl amine (0.77 ml., 4.42 mmol) in anhydrous
dimethylsulfoxide (8.0 mL) was placed in a microwave vessel (20 mL). The reaction was
heated to 150 °C for 1 h.  The reaction was poured into water, extracted with sthyl acetate
(2x100 mL), dried over sodivm sulfate, filtered and concentrated under reduced pressure,
The resulting material was dissolved in acetic acid (30 mL) and placed in a sealed tube. The
reaction was heated to 120 °C overnight. The solution was eooled, concentrated under
reduced pressure, neutralized with saturated sodium bicarbonate, extracted with ethyl
acetate (3x100 mL), dried over sodium sulfate, filtered and adsorbed onto silica gel,
Purification by flash chromatography (50 % ethy! acetate in hexanes) gave a light orange
solid (400 mg, 1.12 mmel, 76 % yield). MS (ESI) m/z 355.2 [M-l—]{; 357.2 {M+2]",
[80199] D. 1-(({trans)-4-Methoxycyclehexyl)methyl)-7-(trimethylstannyl)-3,4-
dihydropyrazino(2,3-blpyrazin-2(1H)-one. 7-Bromo-1-{({trans)-4-
‘methoxycyclohexylymethyl)-3 4-dihydropyrazino[2,3-blpyrazin-2(1H}-one (2.71 g,

7.63 pumot), 1,1,1,2,2,2-hexamethyldistarmanc (3.00 g, 9.15 mmol) and
tetrakis(triphenylphosphine)palladium(0) (882 mg, 0.76 mmol) were combined in a sealed
tube charged with anhydrous dioxane (40 mL) and purged with nitrogen gas. The reaction
was heated to 100 °C for 4 h. The reaction was diluted with ethy! acetate, filtered through
celite, washed celite with ethyl acetate and the filtrate concentrated under reduced pressure.

The crude material was purified by flash chromatography (0-50 % ethyl acetate in hexane)
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and desired fractions were combined and concentrated to give a light yellow solid (2.32 g,
5.28 mmol, 69 % yield). MS (ESD) méz 441.1 [M+17",

[00260] E, 5-(8-(({trans)-4-MethoxycyclohexyDmethyl)-7-0x0-5,6,7,8-
tetrahydropyrazino{2,3-blpyrazin-2-yl)-4-methyipicolinonitrile. -(((trans)-4-
Methoxycyclochexylmethyl)-7-{trimethylstanny!)-3,4-dihydropyrazine[2,3-b]pyrazin-
2(3H)-one (0.721 g, 1.64 mmol), 5-bromo-4-methylpicolinonitrile (0.323 g, 1.64 mmol),
tris{dibenzylidencacetone)dipalladiem(0) (0.150 g, 0.164 mmol), tricthylamine {(0.687 mL,
4.93 mmol), tri-ortho-toytphosphine (0.100 g, 0.328 mmof) and dimethylformamide (8 mL)
were combined in a sealed reaction vesscl. Nitrogen was bubbled through the reaction for
5 min and reaction was heated at 100 °C for 3 h. Reaction is filtered, concentrated and
purified by silica gel column chromatography (0-80 % ethyl acetate in hexanes). Fractions
were combined and concentrated to afford the crude title compound used directly for next
step (0,607 g, 1.55 mumol, 94 % vield). MS (ESI) m/z 393.5 [M+17'.

100201} F. 5-(8-({(trans)-4-Methoxycyclohexyl)methyl)-7-0x0-5,6,7,8-
tetrahydropyrazino{2,3-b]pyrazin-2-yl)}-4-methylpicolinamide. 5-(8-(((trans)-4-
Methoxycyclohexyl)methyl)-7-0x0-5,6,7,8-tetrahydropyrazino[2,3-bipyrazin-2-yi)-4-
methylpicolinenitrile (0.607 g, 1.55 mmol), trifluroacetic acid (2.0 mL, 26.0 mmol) and
sulfuric acid (0.5 mL, 9.38 mmol) were combined and heated at 65 °C for 1 h. Reaction pH
was adjusted to 10 with sodium carbonate and the resulting solution was extracted with
ethyl acetate (3 x 15 mk). Organic layers were collected, dried over magnesium sulfate,
concentrated and purified using reverse-phase preparatory HPLC (10-100 % acetonitrile -+
0.1 % TEFA in HyO + 0,1 % TFA, over 30 min). Clean fractions were combined and
condensed under reduced pressure and dried under high vacuum to afford the title
compound as a yellow solid (0.425 g, 1.04 mamol, 67 % yield). MS (ESI) m/&z 411.5 [M+17T.
[00202] G. (Z)-N-((Dimethylamino)methylene)-5-(8-({(trans)-4-
eiethoxycyclohexylymethyl)-7-06x0-5,6,7,8-tetrahydropyrazino[2,3-b] pyrazin-2-yi)-4-
methylpicolinamide, 5-(8-(((trans)-4-Methoxycyclobexylymethyl)-7-0x0-5,6,7,8-
tetrabydropyrazino[2,3-blpyrazin-2-yl)-4-methylpicolinamide (0.412 g, 1.00 mmol),
dimethylformamide dineopentylacetal (1,5 mL) and tetrabydrofuran (10 mL) were

combined and heated at 85 °C for 3h. Reaction was concentrated under a strearn of nitrogen
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placed in reaction vessel. Crude product was used directly for next step (0.467 g,

1.00 mmol, 100 % yield). MS (ESI) m/ 466.6 [M+1]°

[06203] H. 1-{((trans)}-4-Methoxycyclohexylnethyl)-7-(4-methyi-6-(1H-1,2,4-
triazol-3-yDpyridin-3-yl)-3 4-dihydrepyrazinoe[2,3-bjpyrazin-2(1H}-one. (Z)-N-
{(Dimethylamino)methylene)-5-(8-(((irans)-4-methoxycyclohexylmethyl)-7-0x0-3,6,7,8-
tetrahydropyrazino[2,3-blpyrazin-2-yI)-4-methylpicolinamide (0.467 g, 1.00 mmol) was
added to acefic acid (6 mL). The reaction was cooled to 0 °C and hydrazine (1.00 mL,

32 mmol) was added dropwise. The reaction was allowed to stir and warm to 25 °C .over
10 min, Reaction was concentrated under a stream of nitrogen placed in reaction vesscl.
Water (5 mL) was added and the product was collected by filiration and purified using
reverse-phase semi-preparatory HPLC (20-70 % acetonitrile + 0.1 % TFA in H,O + 0.1 %
TFA, over 30 min). Ciean fractions were combined and condensed under reduced pressurc
and dried under high vacoum to afford the title compound as a yellow solid (0.046 g,

0.106 mmol, 11 % yield). "M NMR (400 MHz, METHANOL-d,) 8 (ppm) 8.72 {5, 1H), 8.62
(s, 1H), 8.37 (s, 1H), 7.93 (s, 1H), 4.30 (s, 28), 3.99 (d, /=7.03 Hz, 2H), 3.32 (5, 3H)},
3.08-3.17 (m, 1H), 2.71 - 2.76 (m, 3H), 2.06 (br. 5., 2H), 1.80 - 1.89 (m, 1H), 1.74 (br. s,,
2H), 1.09 (d, /=11.32 Hz, 4H); MS (ESI) m/z 435.5 [M+17,

Example 7: 7-(5-Flaoro-2-methyl-4~(1H-1,2,4-triazol-3-yD)phenyl)-1-isopropyl-3,4-
dikydropyrazino[2,3-blpyrazin-2(1H)-one

HM-py
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{00204] A. Ethyl 2-(5-bromo-3-(isopropylamino)pyrazin-2-ylamine)acetate. A
mixture of ethyl 2-(3,5-dibromopyrazin-2-ylamino)acetate (See Example 6.8) (1.5 g,
4,43 mmol), isopropylamine (0.17 g, 4.87 mmol), N,N-diisopropylethylamine (1.14 g,
8.84 mmol) and dimethylsulfoxide (10 mL) in & reaction vial was heated in an oil bath at
150 °C for 16 h., After being cooled to room temperature, the resulting mixture was poured
into water and extracied with ethyl acetate. The organic layer was dried over sodium

sulfate, filtered, evaporated under reduced pressure and purified on silica gel columm
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chromatography (10-20 % cthy! acetate in petroleum ether) to give the title compound
(780 mg, 55.7 % yield). MS (ESD) m/z 316.9 [M-+1]".

[00205) B. 7-Brome-1-isopropyl-3,4-dikydropyrazino[2,3-b] pyrazin-2(1H)-one.
A mixture of ethyl 2-(5-bromo-3-(isopropylamino)pyrazin-2-ylaminojacetste (780 mg,

2.26 ramol), methano! (5 mL) and TFA (10 mL) in a sealable vessel was purged with
nitrogen, sealed, stirred vigorously and heated at 90 °C with an oil bath for 16 h. The
Tesulting mixture was diluted with methano! and the solvent was removed under reduced
pressure. Methanol (10 mL} was added and the solvent was removed under reduced
pressure again. Mcthanol (10 mL) and sodium bicarbonate were added. The resulting
mixture was stirred at room temperature notil pH = 6 (in water), the solvent was removed
under reduced pressure, Water (20 mL) was added. The mixture was extracted with
methylene chloride {20 mLx3). The organic layer was dried over anhydrous sodium sulfate,
concentrated to give the crude product and purified on silica column chromatography
(10-20 % ethy! acetate in petroleum ether) to give the title compound (360 mg, 39.4 %
yield).

{60206] C. 1-Isopropyl-7-(trimethylstannyl}-3,4-dihydropyrazine{2,3-b]pyrazin-
2(1H)-ene. 7-Bromo-1-isopropyl-3,4-dihydropyrazino[2,3-blpyrazin-2(1H)-one (0.5 g,
1.844 mmot), hexamethylditin (0.725 g, 2.213 mmeol),
tetrakis(triphenylphosphine)palladivm{0) (0.213 g, 0.184 mmol) and 1,4-dioxane (3 mL)
were combined in a sealable vessel with a stirbar. Nitrogen gas was bubbied through the
solution. The vessel was sealed, stirred vigorously and heated at 100 °C for 2 h. The
resulting cloudy black mixture was diluted with ethyl acetate, filtered and the filter cake
washed thoroughly with ethy!l acetate. The filtrate was concentrated under reduced pressure
and purified using silica gel flash column chromatography {20-80 % ethyl acetate in .
hexanes) to give the desired product (0.49 g, 1.38 mmol, 75 % yicld) as a yellow-white
solid. MS (ESI) m/z 3574 [M+2]".

{060207] D, 4-Bromo-2-fluoro-5-meihylbenzamide. To a solution of 4-bromo-2-
fluoro-5-methylbenzonitrile (40 g, 190 mmol) in a mixture of sulfuric acid (98.%) and TFA
(viv=41, 480 mL) was stirred at 80 °C for 16 h. After the mixture was cooled to room

temperature, the resulting mixture was poured into ice-cold water. The resulting precipitate
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was collected by filtration, washed with waier and dried under reduced pressure to give the
title compound (41 g, 95 % yield) as a white solid. MS (EST) m/z 232.0 [M+17.

160208] E. 4-Brome-N-{({dimethylamino)methylene)-2-fluoro-5-
methylbenzamide. A solution of 4-bromo-2-flucro-3-methyibenzamide (20 g, 86 mmol) in
N,N-dimethyl-formamide dimethylacetal (200 mL) was stirred at 100 °C under nitrogen for
3 h. The resulting mixture was concentrated and dried to give the desired product (24.6 g,
95 % yield) as a yellow oil, which was used in the next step without further purification.
MS (EST) m/z 287.0 [M+1T".

[00209] F. 3-(4-Bromeo-2-fluoro-5-methylphenyl)-1H-1,2 4-triazole. To a solution
of 4-bromo-N-({(dimethylamino}methylene)-2-fluoro-5-methylbenzamide (24.6 g,

86.2 mmel) in acetic acid (200 mL) was added dropwise hydrazine hydrate (25 mL,

0.70 mol) at 0 °C. The reaction mixture was stirred at room temperature overnight, The
mixture was filtered washed with water {500 mLx3) and dried under reduced pressure to
give the title compound (15 g, 68 % yiekd) as a white solid. MS (ESI) m/z 256.0 [M+1]".
[60210] G. 3-(4-Brome-2-fluore-5-methylphenyl}-1-(tetrahydro-2H-pyran-Z-yi)-
1H-1,2,4-triazole. A solution of 3-(4-bromo-2-fluoro-5-methylphenyl)-1H-1,2,4-triazole
(15 g, 60 mmol), toluene-4-suifonic acid (2.0 g, 12 mmol) and 3,4-dihydro-2H-pyran (20 g,
240 mmol) in tetrahydrofuran (200 mL) was stirred at-80 °C under nitrogen for 15'h. The
resulting mixture was concentrated and purified on silica gel columa (1-25 % ethyl acetate
in petroleum ether) to give the protected triazole product (15 g, 75 % yield) us a white solid.
'"H NMR (DMSO-ds, 400 MHz): § (ppm) 8.83 (s, 1H), 7.96 {d, ./=7.6 Hz, 1H), 7.66 (d,
J=10.0 Hz, 1H), 5.61 (dd, J;=2.4 Hz, J,=9.6 Hz, 1H), 3.96 (d, /=1.6 Hz, 1H), 3.69 (m, IH),
2.36 (s, 3H), 2.00 (m, 2H), 1.70 (m, 2H), 1.57 (m, 2H); MS (ESD) m/z 340.0 [M+11°,
100211] H. 7-(5-Fluoro-2-methyl-4-(1~{tetrahydro-2H-pyran-2-yi)-1H-1,2,4-
triazel-3-yhphenyl)-1-isopropyl-3,4-dihydropyrazino{2,3-b] pyrazin-2(11}-one.
1-Isopropyl-7-(trimethylstannyl)-3,4-dihydropyrazino|[2,3-bipyrazin-2(1H)-one (300 mg,
0.84 mmol), 3-(4-brome-2-fluoro-5-methylphenyl)-1-(tetrahydre-2H-pyran-2-yl)-113-1,2,4-
triazole (428 mg, 1.26 mmol) and bis(triphenylphosphine)paliadium(IT} dichloride (56 mg,
0.08 mmol) were combined in N,N-dimethyiformamide (5 mL). The mixture was degassed
and heated at 140 °C under nitrogen for 3 h, After being cooled to room temperature, the

reaction mixture was filtered and the filtrate was partitioned between ethyl acetate (15 mL)
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and water (15 mL). The organic layer was separated and the aqueous layer was cxtracted
with ethyl acetate (10 mL*2). The combined organic layer was dried over sodium sulfate,
filtered, concentrated under reduced pressure and purified by preparative TLC (15%
methanoi in dichloromethane) to give the title compound (200 mg, yield 52%) as a solid.
[00212] L. 7-(5-Fluoro-2-methyl-4-(1H-1,2,4-triazol-3-vl)phenyl)-1-isopropyl-3,4-
dihydropyrazino|2,3-b]pyrazin-2(1H)-one A solution of 7-(5-fluoro-2-methyl-4-(1-
(tetrahydro-2H-pyran-2-yl)-1H-1,2 4-triazol-3-y)phenyl)- 1 isopropyi-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one (200 mg, 0.44 mmol) in methanolic
hydrochloride solution (20 ml., 2 M) was stirred for 5 h at oo temperature. The reaction
wasg diluted with saturated aqueous sodiwm bicarbonate solution {25 mL}) and the aqueous
mixiure was extracted with ethy! acetate (25 mLx2). The organic phase was dried over
sodium sulfate, filtered, evaporated under reduced pressure and purified on silica gel column
(50-100 % ethyl acetate in petroleum ether). The desired fractions were combined and
concentrated under reduced pressure to give the title compound (75 mg, 46 % yield).

"H NMR (DMSO-dj, 400 MHz): § (ppm) 14.25 (br. s., 1H), 8.20 (br. 5., 1H), 7.90 (m, 2H),
7.58 (s, 1H), 7.35 (s, 1H), 5.24 (m, 15}, 4.10 (s, 2H), 2.43 (s, 3H), 1.44 (d, /=7 .2, 6H);

MS (BST) m/z 368.2 [M+11".

Example 8: 7'-(2-Methyl-4-(4H-1,2,4-triazo}-3-ylyphenyl)-1"H-spirojcyclopropane-1,2'-
pyrazinoef2,3-bjpyrazin]-3'(4'H)-one

&
ﬁB\@T f
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[00213) A. tert-Butyl 1-(3,5-dibromoepyrazin-2-ylearbamoyleyclopropyl-
carbamate. 1,1'-Carbonyldiimidazole (4.37 g, 27.0-mmol) was added to a stirred solution
of I-(tert-butoxycarbonylamino)cyclopropanccarboxylic acid (4.93 g, 24.50 mmol) in
N,N-dimethylformamide (6 mL) and dichloromethane (12 mL) at room temperature. The
resulting clear yellow mixture wasg stirted at room temperature under nitrogen for 4 h.
N,N-Diisopropylethylamine (8.54 mL, 49.0 mmol) was added followed by
3,5-dibromeopyrazin-2-amine (2.29 g, 36.8 mmol). The resulting mixture was heated at
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50 °C under a reflux condenser under nifrogen for 60 h. The resulting mixturc was diluted
with ethyl acetate and washed with water. The layers were separated and the organic layer
washed with brine, dried over magnesium suifate, filtered and concentrated under reduced
pressure. The residue was taken up in dichloromethane and purified using flash
chromatography (Biotage) (5-60 % ethyl acetate in hexane). Fractions containing the
desired product were combined and concentrated under reduced pressure. The residue was
triturated with 15 % ethyl acetate in hexane and dried under high vacuurs to give the desired
product (5.349 g, 12.27 mmol, 50 % yield) as an off-white solid. 'H NMR (400 MHz,
DMSO-ds) & (ppm) 9.92 (br. 8., 1H), 8.70 (s, 18), 7.70 (br. 5., 1H), 1 41 (s, 9H), 1.34- 1.40
(m, 2H), 1.02 - 1.09 {m, 2H); MS (ESI) m/z 437.3 [M+17", 459.1 [M+Na]".
[00214] B. 1-Amino-N-(3,5-dibremopyrazin-2-yheyclopropanecarboxamide
bistrifluoroacetate. TFA (6.02 mL, 78 mmol) was added to a stirred mixture of tert-butyl
1-(3,5-dibromopyrazin-2-yicarbamoyl)cyclopropylearbamate {3.410 g, 7.82 mmol} in
dichloromethane (20 mL). The resulting clear yeilow solution was stirred at room
temperature for 4 h. All volatiles were removed under reduced pressure and the residue
dried under high vacuum at 40 °C to give the desired product (4.42 g, 7.85 mmol, 100 %
yield) as a waxy yellow solid. MS (ESI) m/z 337.1 [M+1T.
[60215] C. 7'-Bromo-1"H-spiro[cyclopropane-1,2'-pyrazine{2,3-blpyrazin]-
3'(4'H)-one. 1-Amino-N-(3,5-dibromopyrazin-2-yl)cyclopropanecarboxamide
bistrifluoroacetate (0.394 g, 0.700 mmol), N,N-diisopropylethylamine {0.610 mL,
3.50 mmol) and 1,4-dioxane {6 mL) were combined in a sealable vessel with a stirbar. The
system was purged with nitrogen. The resulting mixtore was sealed, stirred vigorously and
heated at 110 °C for 2 h. Volatiles were removed under reduced pressure. The residue was
dissolved in DMSQ and methanol, filtered and purified using reverse-phase preparatory
HPLC (10-65 % acetonitrile + 0.1% TFA in water + 0.1% TFA, over 30 min). Fractions
containing the desired product were combined, neutralized with saturated aqueous sodium
bicarbonate and most of the solvent removed umder reduced pressure. Solids were collected
by vacuum filtration, washed thoroughly with water and dried under high vacuum to give
the desired product (0.141 g, 0.553 mmol, 79 % yield) as a light yellow solid. 'H NMR
(400 MHz, DMSO-ds) 8 (ppm) 11.27 (s, 1H), 8.04 (s, 1H), 7.46 (s, 1H), 1.29 ~ 1.38 (m, 2H),
0.51 - 1.01 (m, 2H); MS (ESD) m/z 255.1 [MT*, 257.0 [M+21".
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[00216] D. 7'-(2-Methyl-4-(4-{tetrahydro-2H-pyran-2-yI}-4H-1,2,4-triazol-3-
y)phenyl}-1'"H-spiro{cyclopropane-1,2'-pyrazino|2,3-b]pyrazin]-3'(4'H)-one
triftuoroacetate. 3-(3-Methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-4-
(tetrahydro-2H-pyran-2-y1)-4H-1,2 4-triazole (See Example 2.C) (0.201 g, 0.545 mmol),
7-bromo-1'H-spirofcyclopropane-1,2-pyrazino[2,3-blpyrazin]-3(4'H)-one (0.139 g,

0.545 mmol), [1,1-bis(diphenylphosphino)-ferrocenc]dichloropalladium(ll}, complex with
dichloromethane (1:1) (0.045 g, 0.054 mmol), sodium carbonate (1 M in water, 1.635 mL,
1.635 mmol), 1,4-dioxane (1.2 mL} and isopropanol (0.4 mL) were combined in a sealable
vessel with a stirbar, The system was purged with nitrogen. The resulting mixture was
sealed, stirred vigorously and heated at 100 °C for 1 h. The resulting mixture was difuted

. with water and extracted three times with dichioromethane. The combined organics were
concentrated under reduced pressure. The residue was taken up in DMSO and methanol,
fittered and purified using reverse-phase preparatory HPLC (20-70 % acetonitrile + 0.1%
TFA in waier + 0.1% TFA, over 30 min). Fractions containing the desired product were
combined and the solvent removed under reduced pressure. The residue was dried under
high vacuum to give the desired product (0.109 g, 0.205 mmol, 38 % yield) as an orange
solid. MS (BSI) m/z 318.4 [M+17".

100217} E. T-(2-Methyl-4-(4H-1,2,4-triazol-3-yphenyl)-1'H-
spire[cyclopropane-1,2'-pyrazino{2,3-bjpyrazin}-3'(4'H)-one. 6 N Hydrochloric acid in
water (0.171 mL, 1.025 munol) was added to 2 stivred mixture of 7-(2-methyl-4-(4-
(tetrahydro-2H-pyran-2-yi}-4H- 1,2,d-triazol-3-yDphenyl)- 1 'H-spiro[cyclopropane-1,2'-
pyrazino[2,3-blpyrazin]-3'(4'H)-one triffuoroacetate (0.109 g, 0.205 mmol) in ethanol

(4 m1) at 80 °C. The resulting mixture was stirred vigorously and heated af 80 °C under &
reflux condenser under nitrogen for 30 min. The resulting mixture was filtered and purified
using reverse-phase preparatory HPLC (10-60 % acetonifrile + 0.1% TFA in water +

0.1% TFA, over 30 min). Fractions containing the desired product were combined,
neutralized with saturated aqueous sodium bicarbonate and most of the solvent removed
under reduced pressure. Solids were collected by vacuum filtration, washed thoroughly
with water and dried under high vacwum at 45 °C 1o give the desired product {0.027 g,
0.079 mmal, 39 % vield) as a yellow solid. 'H NMR (400 MHz, DMSO-ds) § (ppm) 11.22
(br. s., 1H), 8.63 (br. s, 1H), 7.93 (s, 1H), 7.89 (d, 7= 7.81 Hz, 1H), 762 (s, 1H), 7.58 (s,
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1H), 7.47 (br. 5., 1H), 2.43 (s, 3H), 1.29 - 1.38 (m, 2H), 0.95 - 1.04 (m, 2H); MS (ESDm/z
3342 [MH1T

Example 9: 7-(6-{2-Hydroxypropan-2-ylypyridin-3-yI)-1-((trans)-4-
methoxyeyclohexyl)-3,4-dihydropyrazino{2,3-blpyrazin-2(1H)-one

™0

Zis
\ 7

O
Y

{00218) A, Eihyl 2-(5-bromo-3-(trans-4-methoxycyclohexylamino)pyrazin-2-
yiamino) acetate. Fthyl 2-(3,5-dibromopyrazin-2-ylamino)acetate (See Example 6.B)
(30.0 g, 88 mmol), trans-4-methoxycyclohexanamine (17.15'g, 133 mmol),
N,N-diisopropylethylamine (30.8 mL, 177 mmol) and dimethylsulfoxide (70.8 mL) were
combined in a reaction vial with a stirbar and heated in an oil bath at 150 °C for 16 h with
stirring. The resulting mixture was diluted with ethyl acetate and the volatiles removed
under reduced pressure. The residue was purified using silica gel chromatography on a
Biotage SP1 (12 % cthyl acetate in hexanes). Fractions containing the desired product were
combined and organic volatiles removed umder reduced pressure. The residue was triturated
with 5 % ethyl acetate in hexane. Solids were collected by vacuum filtration, washed with
hexane and dried under vacuum to afford ethyl the title compound (15.37 g, 39.7 mmol,
44.8 % vield) as an off-white solid. MS {EST) m/z 387.0 [M]", 389.0 [M+2]".

[66219] B. 7-Bromo-1-(irans-4-methoxycyclohexyl)-3.4-dihydropyrazine{2,3-
blpyrazin-2(1H)-one., The following reaction was split into 3 separate scaled tubes and
worked up separately. The material was then combined following purification. Ethyl 2-(5~
bromo-3-(trans-4-methoxycyclohexylamino)pyrazin-2-ylamino)acetate (10 g, 25.7 mmol),
methanol (10.5 mL, 259 mmol) and TFA. (100 mL) were combined in a sealable vessel with
a stitbar. The system was purged with nitrogen and the resulting mixture was sealed, stirred
vigorously and heated at 90 °C with an oil bath for 18.5 h. The resulting mixture was
diluted with methanol and all the solvent was removed under reduced pressure. Methanol

(100 mL) was added and all the solvent was removed under reduced pressure again,
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Methanol {100 mL) and sodium bicatbonate (12.4 g, 147 mmol) were added. The resulting
mixture was stirred at room temperature until pH=6 (in water). The mixture was
concentrated nearly to dryness. Water (100 mL) was added. The resulting brown solids
were collected by vacuum filtration and washed with water. The brown solids were
dissolved int hot methanol and acetonitrile and purified using reverse-phase C18 flash
column chromatography (20-100 % acetonitrile in water). Fractions containing the desired
product were combined and concentrated nearly to dryness under reduced pressure. Solids
were collected by vacuum filtration, washed with water and dried under high vacuum to
give the desired product (4.88 g, 14.3 mmol, 55 % yield) as a light tan solid. HNMR

{400 MHz, DMSO-dg) 8 (ppm) 7.71 (s, IH), 7.59 (s, 1H), 4.66 (tt,./ = 3.61, 1220 Hz, iH),
4,07 (d,J = 1.56 Hz, 2H), 3.25 (s, 3H), 3.06 - 3.17 (m, 1H), 2.42 (qd, /= 3.51, 12.89 Hz,
2H), 2.10 (d, /= 10.93 Hz, 2H), 1.61 (d, J= 10.93 Hz, 2H), 1.10 - 1.24 {m, 2H); MS (ESI)
miz 3413 [MY', 343.1 [M+2]".

180220} C. 7-(6-(2-Hydroxypropan-2-y)pyridin-3-yi)-1~(trans-4-
methoxycyclohexyl)-3,4-dihydropyrazinoe|2,3-b] pyrazin-2(1H)-one, 2-(5-
(Trimethyistanny!jpyridin-2-yl)propan-2-ol (See Example 5.E) (9.43 g, 31.4 mmol),
7-bromo-1-(trans-4-methoxycyclohexyl)-3,4-dikydropyrazino{2,3-blpyrazin-2(1H)-one
(10:02 g, 29.4 mmol)}, [1,1-bis(diphenyl-phosphino)-ferrocene}dichloropalladium(IT)
dichloromethane adduct (2.398 g, 2.94 mmol) and N,N-dimethylformamide (25 mL) were
combined in a round-bottom flask with a stitbar. The atmosphere in the vessel was removed
under vacaum and replaced with nitrogen. gas three times. The resulting mixture was stirred
vigorously and heated at 126 °C under nitrogen for 35 min. The resulting mixtuse was
purified using flash chromatography, split into 4 separate columns, (2-15 % methanol in
dichloromethane). Fractions containing the desired product were combined and most of the
solvent removed under reduced pressure. The resuiting mixture was purified using reverse-
phase preparatory HPLC (20-40 % acetonitrile + 0.1 % TFA in water + 0.1 % TFA, over
30 min), split into 6 runs. Fractions containing the desired product were combined and all
of the acetonitrite and some of the water were removed under reduced pressure at 25 °C.
The remaining yellow solution was loaded onto 50 g of Strata X-C ion exchange resin from
Phenomenex. The column was washed successively with water, acetonitpiie, methanol and

then § % anunonium hydroxide in methanol. The product eluted with the 5% ammonium
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hydroxide in methanol wash and was concentrated under reduced pressure and dried under
high vacuum to give the desired product (4.85 g, 12.20 mmol, 42 % yield) as a pink foam-
sofid. 'H NMR (400 MHz, DMSO-de) 8 {(ppm) 9.03 {d, /= 1.56 Hz, 1H), 8.28 (5, 1H), 8.24
(dd, J=2.34, 8.20 Hz, 1H), 7.74 (d, J = 7.81 Hz, 1Hj}, 7.61 (s, 1H), 5.26 (s, 1H), 4.90 (&,
J=13.71, 12.10 Hz, 1H), 4.13 (s, 2H), 3.28 (s, 3H), 3.20 (i, J=4.00, 10.84 Hz, 1H), 2.58
(qd, /=293, 12.82 Hz, 2H), 2.14 (d, /= 10.15 Hz, 2H), 1.68 {d, /= 10.93 Hz, 2H), 1.47 (s,
6H), 1.17 - 1.35 (m, 2H); MS (ESD m/z 398.3 [M+11"; map 196-198 °C (imcorrected),
{60221] D. 7-(6-(2-Hydroxypropan-2-yDpyridin-3-yD-1-(irans-4-
methoxycyclohexyl)-3,4-dihydropyrazine[2,3-b] pyrazin-2(1H)-one (alternate
approach). Ethyl 2-(3,5-dibromopyrazin-2-ylamino)acetate (1 equiv) and trans-4-
methoxycyclohexanamine. hydrochloride (1.5 equiv), NMP and DIEA were combined and
heated to 127 °C and maintained at that temperature for 18 h. Upon reaction completion,
the mixture was cooled 0 35 °C over 4 h. The batch was transferred to a mixture of ethyl
acetate and 5 % brine. The agueous layer was removed and the organic layer containing the
batch wag washed successively with 5 % brine and water. The organic layer containing the
batch was concentrated by vacuum distillation to a low volume, cooled to ambient
temperature and the solids were collested by vacuum filtration. The filter cake was washed
with MTBE and the product was dried in & vacuum to give 41% yield of ethyl 2~(5-bromo-
3-{trans-4-methoxycyclohexylamino)pyrazin-2-ylamino) acetate. A mixture of ethyl 2-(5-
bromo-3-{trans-4-methoxycyclohexylamino)pyrazin-2-ylamino} acetate (1 equiv), water and
85 % phosphoric acid (3:1) was heated to 80 °C over 1 h. Heating was mamnfained for 18 h
to effect reaction completion. Upon reaction completion, the mixture was cooled to 25 °C
and filtered to give a crude product as tan solid. The resulting solids were washed with
water, slurried in water and filtered, The filter cake was washed with water until the pH of
the filtrate was between 4 and 8. The resulting material was dried under vacuum to give

89 % yield of 7-bromo-] -(trans-4-methoxycyclohexyl)-3.4-dihydropyrazino[2,3-b]pyrazin-
2(IH)-one. 7-Bromo-1-(trans-4-methoxycyclohexyl}-3,4-dihydropyrazinof2,3-b]pyrazin-
2(1H)-one (1 equiv), 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-2-(2-
(trimethylsilyloxy)propan-2-yl)pyridine (1 equiv), sodium carbonate {3 equiv) and
PAClL{AmPhos), (0.003 equiv) were combined in isopropanol and heated at 70 °C for 1.5 h.
Standard work-up and purification afforded the protected compound in 93 % yield.
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Deprotection using standard conditions for removal of a trimethylsilyl-group and isolation

gave the title compound.

Example 10: 9-(6-(4H-1,2,4-Triazol-3-y1)-2-methyl-3-pyridyl)-6,1 1 da-
trihydromorpholino[4,3-e]pyrazino[2,3-b]pyrazin-5-one

'
i o
Ny /NINI’
SN0
H

[00222] A. 5-Bromo-6-methylpicolinonitrile. 3,6-Dibromo-2-methylpyridine

(4.9 g, 19.53 mmo?}), copper(Deyanide (1.75 g, 19.53 mmol) and N,N-dimethylformamide
(20 mL) were combined in a sealable vessel with a stirbar. The resulting mixture was
sealed, stirred vigorously and heated at 110 °C for 4 h, The resulting mixture was dituted
‘with ethyl acetate, poured into & separatory funnel containing water and the layers were
separated. The water layer was extracted with ethyl acetate twice. The combined organics
were waghed with brine, dried over magnesium sulfate, filtered and concentrated under
reduced pressure. The resulting solid was purified by silica gel chromatography (10 % ethyl
acetate in hexanes) to give the title compound as a white solid (1.88 g, 9.54 mmol,

49 % yield). MS (EST) m/z 197.3 [M]".

[06223] B. tert-Batyl 3-(3,5-dibromopyrazin-2-ylearbamoyDmorphoiine-4-
carboxyiate. A solution of 4-(tert-butoxycarbonyl)morpholine-3-carboxylic acid (1.500 g,
6.49 mmot) and 1,1"-carbonyldiimidazole (1.578 g, 9.73 mmol) in N,N-dimethylformamide
(2 mL) and dichloromethane (6 mL) was stirred 4.5 h at room temperature under nitrogen.
N, N-Diisopropylethylamine (2.260 mL., 12.97 mmol) was added followed by
3,5-dibromopyrazin-2-amine (3.28 g, 12.97 mmol}. The resulting mixture was stirred and
heated at 50 °C under a reftux condenser under nitrogen for 2 d. The resulting mixture was.
concentrated under reduced pressure, The residue was dituted with water and extracted

3 times with ethy! acetate. The combined organics were washed with water and brine, dried
over magnesium sulfate, filtered and concentrated under reduced pressure. The residue was

purified using flash chromatography (20-30-50 % ethyl acctate in hexanes) to give the
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desired product (2.136 g, 4.58 mmol, 71 % yield) as a slightly yellow foam-solid. MS (ESI)
m/z 467 [M+1]".

[09224] C. 9-Bromo-6,11,4a-trikydremerpholineld,3-elpyrazino|2,3-blpyrazin-
5-one. tert-Butyl 3-(3,5-dibromopyrazin-2-ylearbamoyl)morpholine-4-carboxylate
{2.132 g, 4,57 mmol) was dissotved in dichloromethane (45 mL) with stirring at room
temperature. TFA (9 mL) was added and the resulting light yellow mixture was capped and
stirred at room temperature for 2.5 h. The solvent was removed under reduced pressure and
the residue dried under high vacuum at 45 °C to give a viscous yellow oil. The yellow oil
was dissolved in isopropanol (wet) (50 mL) with stirring at room temperature. Sodium
bicarbonate (3.84 g, 45.7 mmot), palladium(II) acetate (0.103 g, 0.457 mmol) and
4,5-bis(diphenylphosphing)-9,9-dimethylxanthene (0.239 mL, 1.372 mmol)} were added.
The atmosphere in the flask was removed and replaced with nitrogen. The resulting mixture
was stirred vigorously and heated at 80 °C under a reflux condenser under nitrogen for 2 h.
The resulting mixture was cooled to room temperature and diluted with water (30 mL). The
resulting solids were collected by vacuum filtration, washed thoroughly with water and
diethyl ether and dried under high vacuum to give the desired product at ~90% purity
(1.441 g, 5.05 mmol, 99 % yield) as a yellow solid. MS (EST) m/z 285 [M]", 287 [M+2]".
[00225] D. 9-{1,1-Dimethyl-1-stannaethyl)-6,11,4a-trihydromorpholine{4,3-
e]pyrazino{2,3-b]pyrazin-5-one. 9-Bromo-6,11,4a-trthydrotorpholino[4,3-
¢]pyrazino{2,3-b]pyrazin-5-ove (0.30 g, 1.052 mmol), hexamethylditin (0.414 g,
1.263 mmol), tetrakis(iriphenylphosphine)paliadium (0) (0.122 g, 0.105 mmol) and
L,A-dioxane (5 mL) were combined in a sealable vessel with a stirbar. Nitrogen gas was
bubbled through the solutian for five min. The vessel was sealed, stifred vigorousty and
heated at 100 °C for 2 h. The resulting cloudy black mixture was diluied with ethyl acetate,
filtered and the filter cake washed thoroughly with cthiyl acetate. The filivate was
concentrated under reduced pressure and purified using Biotage flash chromatography
(20-80 % ethyl acetate in hexanes) to give the desired product (0.350 g, 0.948 mmol,
90 % yicld) as a yellow-white solid. MS (EST) m/z 369.5 [M]".
[00226] E. 6-Methyl-5-(5-0x0(6,11,4a-trihydremorpholino[4,3-e]pyrazino[2,3-
blpyrazin-9-y))pyridine-2-carbonitrile. 5-Bromo-0-methyipicolinonitrile (0.080 g,
0.406 mmol), 9-(!,1-dimethyl-1-stannacthyl)-6, 1 1 4a-trihydromorpholino[4,3-
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¢c]pyrazinef2,3-blpyrazin-3-one (0.150 g, 0.406 mmol),
tris(dibenzylideneacetone)dipaliadium(0) (0.041 g, 0.045 mmol), tri-o-tolylphosphine
(0.027 g, 0.08% mmol) and triethylamine (0.170 mL, 1.219 mmol) were placed in a sealed
tube and N,N-dimethylformamide (2 mL) was added. Nifrogen gas was bubbled through
the reaction mixture for five minutes and the reaction scaled and heated at 100 °C for 1 h.
The resulting cloudy black mixture was diluted with methanol, filtered and the filter cake
wasbed thoroughty with methanol, The filtrate was concentrated wnder reduced pressure
and purified using Biotage flash chromatography {50-100 % ethyl acetate in hexanes) to
give the desired product (0.117 g, 0.363 mmol, 89 % vicld). MS (ESI) m/z 323.5 [M+1T

[08227] F. 6-Methyl-5-(5-0x0(6,11,4a-trihydromorpholino[4,3-e]pyrazino[2,3-
blpyrazin-9-yh))pyridine-2-carboxamide. 6-Methyl-5-(5-ox0(6,11,4a-
trihydromorpholino[4,3-e]pyrazino[2,3-blpyrazin-9-yl))pyridine-2-carbonitrile (0.18 g,
0.558 mmol) was placed in a round botiom flask and while stirring, a mixture of TFA
(1.6 mL) and sulfuric acid (0.4 mL) was added. The resulting suspension was allowed to
stir for 16 h at room temperature. The mixture was poured over ice and the excess acid was
carefully neutralized with solid potassium hydroxide. The sclid obtained was filtered,
washed with water and dried under high vacuum to yield the titlc compound (0.153 g,
0.450 mmol, 81 % yield) es a red solid. MS (ESI) m/z 341.5 [M+1]"
[06228] G. 9-(6-(4H-1 ,2,4-Triazol-S-yi)—Z-methyi-B-pyridyl)—ﬁ,1},43—
trihydromorpholine[4,3-e]pyrazino[2,3-blpyrazin-5-one. 6-Methyl-5-(5-0x0(6,11,42-
trihydromorphotino[4,3-¢]Jpyrazino{2,3-blpyrazin-9-yl))pyridine-2-carboxamide (0.159 g,
0.467 mmol), N,N-dimethylformamide dincopentyl acetal (2 mL, 8.85 mmol) and
dimethylsulfoxide (0.5 mL) were placed in a flask and heated to 85 °C for 1 h. The solution
was diluted with acetic acid (5 mL, 87 mmol) and hydrazine (0.468 mL, 14.90 mmol) was
added dropwise. The reaction was allowed to stir at 25 °C for 30 min. The mixture was
concentrated under reduced pressure and the residue was carefully neutralized with a
saturated aqueous sodium carbonate solution. This solution then was extracted with ethyl
acetate three times, concentrated under reduced pressure and purified using reverse-phase
semi-preparatory HPLC {5-50 % acetonitrile + 0.1 % TFA in water + 0.1 % TFA, aver
20 min) to afford the title compound (0.03 g, 0.082 mmol, 17.63 % yield), 'H NMR
(400 MHz, DMSQ-dg) 8 (ppm) 7.96 - 8.04 (m, 2H), 7.88 (s, 1H), 433 (dd, /=3.71,
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10.74 Hz, 1H), 4.15 - 4.23 (m, 2H), 3.98 (dd, /=3.51, 11.71 Hz, 1H), 3.51 - 3.63 (m, 2H),
2,89 -2.99 (m, 1H), 2.70 (s, 3H}; MS (BST) m/ 365.5 [M+1]"

Example 11: 6-(6-(1H-1,2,4-Triazol-3-yl)pyridin-3-yl)-4-(tetrahydro-2h-pyran-4-yi)-
3,4-dihydropyrazinef2,3-blpyrazin-2(1H)-one

1/ N &
iE\I"I‘i'if*lkO

[00229] A. 6-Bromo-4-(tetrahydro-2H-pyran-4-yl)-3,4-diliydropyrazino{2,3-
bipyvazin-2(1H)-one. To a sohution of N-(3,5-dibromopyrazin-2-y1)-2-iodoacetamide (See
Example 5.B) (6.6 g, 15.8 mmol) and diisopropylethylamine (4.0 g, 31.6 mmol) in
acetonitrile (50 mL) was added tetrabydro-2H-pyran-4-amine (6.4 g, 63.2 mmol) and the
mixture was stirred at ambient temperature for 16 h. The solvent was removed under
reduced pressure and the residue which was purified by chromatography on silica gel
(5-20 % cthyl acetate in petroleum ether) to give the title compound (1.98 g, 40 % yield).
MS (ESD) m/z 313.1 [M+1].

[06236] B. 4-(Tetrahydro-2 H-pyran-4-yI)-6-(irimethylstannyl)-3,4-
dshydropyrazine[2,3-5] pyrazin-2(1H)-one. A degassed mixture of 6-bromo-4-
(tetrahydro-2H-pyran-4-yl)-3,4-dihydropyrazino [2,3-b]pyrazin-2(1H)-one (1.98 g,

6.35 mmol), tetrakis(friphenylphosphine)palladium (1.45 g, 1.27 mmol) and
hexamethylditin (4.0 g, 12.7 mmol) in dioxane (10 mL) was heated at 90 °C for 3 b under
nitrogen. The reaction mixture was concentrated under reduced pressure and purified on
silica gel colurn (10-20 % ethyl acetate in petroleum ether) to afford the product (1.07 g,
42.3 % yield). MS (EST) m/z 399.3[M+1T".

[00231] C. 6-(6-(1-(Tetrahydro-2H-pyran-2-yl)-1H-1,2 4-triazol-3-yhpyridin-3-
yh-4-(tetrabydro-2H-pyran-4-yI)-3,4-dihydropyrazinof2,3-b] pyrazin-2(1)-one. A
mixture of 4-(tetrahydro-2H—pyran—4-y])-6-(trimethylstanny1)-3 A-dihydropyrazino[2,3-5]
pyrazin-2(1H)-one (1 equiv), S-bromo-2-(1-{tetrahydro-2 H-pyran-2-yi)-1H-1,2,4-trigzol-3-
yDpyridine (1.2 equiv), tris(dibenzylideneacetone)dipalladium (0.1 equiv),

tri-o-tolylphosphine (0.2 equiv), tricthylamine (3 equiv) and N N-dimethylformamide was
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heated at 95 °C for 3 h under nitrogen. Concentration and chromatography purification give
the desired product in 39 % yield. MS (EST) m/z 463.1 [M+17".

{00232] D. 6-(6-(1H-1,2,4-Triazol-3-yl)pyridin-3-yl)-4-(tetrahydro-2H-pyran-4-
yi)-3,4-dihydro pyrazino[2,3-b]pyrazin-2{1LH}-one. A mixture of 6-(6-(1-(tetrahydro-2H-
pyran-2-y[}-1H4-1,2,4-triazol-3-yDpyridin-3-yi)-4-(tetrahydro-2 H-pyran-4-y1)-3 4-
dihydropyrazino[2,3-bpyrazin-2(1 H)-one in methanolic hydrochloride solution was stirred
at room temperature for 0.5 h. The sclvent was evaporated under reduced pressure fo give
the crude product, which was washed with N, N-dimethylformamide to afford the title
compound as a hydrochloride salt in 34 % vicld, "H NMR (DMSO-d;, 400 MHz) § (ppm)
11.44 (s, 1H), 9.30 (8, 1H), 8.59 (d, /~8.4 Hz, 1H), 8.46 (5, 1H), 8.22 (m, ZH), 4.70 (1,

J=10 Hz, 1H), 4.16 (s, 1H), 3.99 (m, 4¥), 3.51 (¢, /~11.2 Hz, 2H), 1.86 (m, 2H)}, 1.69 (d,
J=12 8 Hz, 2H); MS (ESI) m/z 379.1 [M+17".

Example 12: 1-Ethyl-7-(2-methyl-6-(4H-1,2,4-triazol-3-yDpyridin-3-y1)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one

Me-py
¢y
N7 r
SN
H

[00233] A. 7-Bromo-i-ethyi-3,4-dihydropyrazine|2,3-blpyrazin-2(1H)}-one. A
mixture of ethyl 2-(3,5-dibromopyrazin-2-ylamino)acetate (See Example 6.8} (1 equiv),
ethylamine-hydrochloride (3.1 equiv), N, N-diisopropylethylamine {4 equiv) in N-methyl
pyrrolidinone was heated at 105 °C under nitrogen for 14 h. Standard ethyl acetate/water
work up gave the crude product in 77 % yield, This material was used without further
purificaetion. Crude cthyl 2-(5-bromo-3-(ethylamino)pyrazin-2-ylamino)acetate and acetic
acid were combined in methanol. The reaction mixture was refluxed at 60-62 °C under
nitrogen for 16 h. The reaction was concentrated under reduced pressure and the resuftant
residue was diluted with methanol and concentrated, The resultant residue was dissolved in
ethy] acetate, freated with sodium carbonate and stirred for 10 min until pH ~ 7, The
mixture was filtered and washed with ethyl acetate. The filtrate was concentrated and

purifieation by a silica gel plug purification using (0-40% ethyl acetate in hexanes) gave the
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product as a tan solid. Additionally the filter-cake was sugpended in water to remove
potassium carbonate. The remaining solid product was collected by filtration. The process
afforded product in a combined yield of 75%.

[60234] B. 1-Ethyl-7-(2-methyl-6-(4H-1,2 4-triazel-3-yl)pyridin-3-yI)-3,4-
dihydmpyrazino[Z,S-hlpyrazimz(IH)-éne. A mixture of 3-Bromo-2-methyl-6-(1-
{tetrahydro-2H-pyran-2-y1)- 1H-1,2,4-triazol-3-yl)pyridine (1 equiv), bis(pinacolate)diboron
(1.05 equiv), potassium acetate (2 equiv), potassium carbonate (3 equiv),
[1,1-bis(diphenylphosphino)-ferrocene] dichloropalladium(liI), complex with
dichloromethane (1:1Y{0.1 equiv) in anhydrous dioxanc was degassed and heated at 90 °C
for 2 h. The mixture was cooled to <40 °C and 7-bromo-1-ethy!-3,4-dihydrapyrazino(2,3-
blpyrazin-2(1H)~one (1 equiv), water and [1,1-bis(dipbenylphosphino)-
ferroceneldichloropalladium(Tl), complex with dichloromethane (1:1) (0.05 equiv) were
added. The mixture was degassed and heated at 65-70 °C under nitrogen for 1 h. The
mixture was cooled to <49 °C, diluted with water and ethyl acetate. Standard ethyl
acetate/water work up followed by flash column chromatography (0-5 % methanol in
dichloromethane) gave the title compound in 57 % yield. 'H NMR (400 Mz, DMSO-dg) 8
(ppm) 7.99 (3, 2H), 7.93 (s, 1H), 7.72 (s, 1H), 4.22 (s, 2H), 4.05 (9, J=6.77 Hz, 2H), 2.71
(s, 3H), 1.18 (t, = 7.03 Hz, 3H); MS (EST) m/z 337.6 [M+17".

Example 13: 4-((cis)-4-Methoxycyclohexyl}-6-(2-methyl-6-(4H-1,2,4-triazel-3-
yhpyridin-3-y1)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one

~o
N
N N. N
‘ —_
N,IH:LO
1002351 A. 5-Brome-6-methylpicolinamide. A solution of 5-bromo-6-

methylpicolinenitrile (1.8 g, 9.14 mmol} in & mixture of TFA and sulfuric acid (30 mL, 4:1,
V/V) was stirred at 40 °C for 16 h. The reaction mixture was poured into ice water. The
resulting sofid was filtered off and washed with water and dried to give the desired product
15 & white solid (1.0 g, 4.65 mmol, 54 % yield). MS (ESI) m/ 217.1 M+2]",
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[00236}. B. 3-Bromo-2-methyl-6-(1 H-1,2 4-triazol-3-yl)pyridine. 5-Bromo-6-
methylpicolinamide (1 g, 4.65 mmol) and N,N-dimethylformamide dimethylacetal (20 L}
were combined in a 100 mL round-bottom flask with a stir bar and heated at 85 °C under a
reflux condenser under nitrogen for 3 h, The resulting mixture was concentrated under
reduced pressure and dned under vacuum to give yellow oil, which was used in the next
step without purification. The residue was diluted with acetic acid (10 mL) and hydrazine
(2.5 mL, 70.3 mmol) was added drop-wise and aliowed to stir at room temperature for 5 h,
The reaction mixture was poured into ice water. The resulting solid was filtered, washed
with water and dried to give the desired product as a white solid. The aqueous filtrate was
extracted with dichloromethane. The organic layer was concentrated under reduced
pressure nearly to dryness to yield additional material, Combination of two batches gave
the desired product (0.7 g, 2.9 mmol, 63 % yield). MS (ESI) m/%z 241.1 [M+2]'+.

[062371 C. 3-Bromo-2-methyl-6-(1-(tetrahydro-2H-pyran-2-yl)-1H-1,2,4-triazol-
3-yDpyridine. 3-Bromo-2-methyl-6-(1H-1,2,4-triazol-3-yl)pyridine (0,7 g, 2.93 mmol)
and 3,4-dihydro-2H-pyran (0.493 g, 5.86 mmol) were dissolved in tetrahydrofuran (20 ml.).
TFA (3.34 mg, 0.029 mmol) was added and the resulting solution was heated to 70 °C for
16 h. The reaction mixture was cooled to room temperature, diluted with ethyl acetate,
filtered and poured into & separatory funnel containing water and ethyl acetate. The organic
layer was concentrated under reduced pressute.  Flash chromatography (0-60 % ethyl
acefate in hexane) gave the desired product as a vs;i.ﬁte solid (0.40 g, 1.23 mmol, 42 % yield).
MS (ESD) m/z 325.1 [M+2}".

100238] D. (cis)-4-Methoxycyclohexanamine hyvdrochloride. To a round bottom
flask, under nitrogen atmosphere tert-butyl (eis)-4-hydroxycyclohexylcarbamate (7.8 g,
36.2 mmol) was added and suspended in anhydrous tetrahydrofuran (181.0 mL) and cooled
to 0 °C. Sodium hydride (2.174 g, 54.3 mmol)} was then added and the resulting solution
was allowed fo stir for 5 min. To a second flask under nitrogen atmosphere methyl iodide
(2.265 mL, 36.2 mmol) was added and suspended in anhydrous tetrahydrofuran (10.0 mL).
The methyl iodide solution in tetrahydrofuran was slowly added dropwise to first flask over
3 min. The reaction was allowed to stir at rt for 16 h. The organic volatiles were removed
under reduced pressure and partitioned between ethyl acetate (3X) and water. Organic
fractions were pooled, dried over magnesium sulfate, filtered and condensed under reduced
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pressurc. The resuiting material was purified by silica gel column chromatography

{25-50 % ethyl acetate in hexanes). The desired fractions were combined and organic
volatiles removed under reduced pressure followed by the addition of hydrochloric acid
{4M in 1,4-dioxane, 23.5 mL). The resulting solution was heated to 40 °C for 1 hand
organic volatiles were removed under reduced pressure to afford the tifle compound (6.0 g,
36.2 mmol, 100 % yieid). MS (ESIT) m/z 130.1 [M+1]7,

09239] E. 6-Bromo-4-((cis)-4-methexycyclohexyl)-3,4-dikydropyrazino[2,3-
bipyrazin-2(1H)-one, To a solution of N-(3,5-dibromopyrazin-2-yl)-2-iodoacetamide (See.
Example 5.8) (1.0 g, 2.376 mmol) and diisopropylethylamine {1.038 mL, 5,94 mmolyin
acetonitrile (10 mL) was added (cis)-4-methoxycyclohexanamine hydrochloride (0.413 g,
2.495 mmol). The solution was stirred at 55 °C for 3 h. The resulting precipitate was
filtered and washed with acetonitrile and dried under reduced pressure to afford the title
compound (0.442 g, 1.29 mmol, 55 % yield). MS (EST).m/z 341.3 [M], 343.3 [M+2]'.
100240 F. 4-((cis)-4-Methoxycyclohexyl)-6-(trimethylstannyl)-3,4-
dihydropyrazine[2,3-b]pyrazin-2(1H}-one. 6-Bromo-4-((cis)-4-methoxycyclohexyl)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H}-one (0.442 g, 1.295 mmol),
tetrakis(iriphenylphosphine)palladium (0.225 g, 0.194 mmol) and hexamethylditin
(©.322 mL, 1.554 mmo!) were combined in dioxane (5 mL). The solution was purged with
nitrogen gas and heated to 90 °C in a screw capped fube for 3 h. The solution was
condensed undex reduced pressure and purified using Biotage column chromatography
(0-50 % ethyl-acetate in hexanes) to afford the title compound (0.356 g, 0.837 mmol,
65 % yield). MS (BESD) m/z 426.5 [M+1]", 427.5 [M+17".
[00241] G. 4-({cis)-4-Methoxycyclohexyl)-6-(2-methyl-6-(4-(tefrahydro-2H-
pyran-2-yl)-4H-1,2 4-triazol-3-yl)pyridin-3-y1)-3,4-dihydropyrazino[2,3-blpyrazin-
Z(1HY-one. 4-((¢cis)-4-Methoxycyclohexyl)-6-(trimethyistannyl)-3,4~dihydropyrazinof2,3-
blpyrazin-2(1H)-one 0.292 g, 0.687 mmol), 3-bromo-2-methyl-6-(1~(tetrahydro-2H-pyran-
2-y1)-1H-1,2,4-triazol-3-yDpyridine (0.244 g, 0.756 mmol),
tris(dibenzylidencacetone)dipaliadium (0.063 g, 0.069 mmol), tri-o-tolylphosphine {0.042 g,
0.137 mmol), tricthylamine (0.287 mL, 2.061 mmol) and dimethylformamide (5.0 ml)
were combined in a screw capped flask and heated to 95 °C for 1 h. The solution was
condensed under reduced pressure and purified using Biotage chromatography
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(0-80 % ethy! acetate in hexancs followed by 0-10 % mcthanol in cthyl acetate) to afford the
title compound (0.279 g, 0.687 mmol, 80 % yield). MS (EST) m/z 505.6 [M+17".

[06242] H. 4-({cis)-4-Methoxycyclobexyk)-6-{2-methyl-6-(4H-1,2,4-triazol-3-
yhpyridin-3-yD)-3,4-dihydropyrazino[2,3-bipyrazin-2(1 H}-one. 4-((cis)-4-
Methoxycyclohexyl)-6-(2-methyl-6-(4-(tetrahydro-2H-pyran-2-yl)-4H-1,2 4-triazol-3-
yDpyridin-3-y{)-3,4-dihydropyrazino]2,3-blpyrazin-2( 1 H}-one {0.279 g, 0.553 mmol) was
diluted with ethanol {15 mL) and hydrogen chloride (4.0 N in dioxanes, 5.mL). The
solution was sticred at 75 °C for 1 h and at 80 °C for 2 h. The solution was condensed to a
slurry and diluted with cthanof and sonicated. The precipitate was filtered and washed with
additional ethanol followed by acetonitrile. The crude solid was purified using reverse-
phased semi-preparative HPLC (10-100 % acetonitrile + 0.1 % TFA in water + 0.1 % TFA,
over 30 min} to afford the title compound (0.040 g, 0.095 mmol, 17 % yicld). "H NMR
(400 MHz, METHANOGL-~ds) 8 (ppm) 7.88 - 8.13 (m, 2H}, 7.65 (3, 1H), 4.58 (s, 1H}, 4.16
(s, 2H), 3.47 (br. 5., 1), 3.22 - 3.32 (m, 66H), 2.73 (s, 3H), 2.08 (br. 5., 2H), 1.91 (br. 5.,
2H), 1.56 (br. 5., 4H); MS (ESI) m/z 421.2 [M-+11" mp 192-195°C.

Example 14: 1-Isopropyl-7-(2-methyl-6-(411-1,2 4-triazo)-3-yl)pyridin-3-y1)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1i)-one

Ny

&y
T 1o
LT

{00243} A. 1-Isopropvl-7-(trimethylstannyl)-3,4-dihydropyrazine[2,3-bipyrazin-
2(1H)-one. 7-Bromo-1-isopropyl-3,4-dihydropyrazine|2,3-blpyrazin-2(1H)-one (See
Example 7.8) (0.5 g, 1.844 mmol), hexamethylditin (0.725 g, 2.213 mmol),
tetrakis(triphenylphosphine)palladium(0) (0.213 g, 0.184 mmol) and 1,4-dioxane (3 mL)
were combined in a sealable vessel with a stirbar. Nitrogen gas was bubbled through the
solution. The vessel was sealed, stitred vigorously and heated at 100 °C for 2 h. The
resulting cloudy black mixture was diluted with ethyl acetate, filiered and the filter cake
washed thoroughly with cthyl acetate, The filtrate was concentrated under reduced pressure
and purified using silica gel flash column chromatography (20-80 % ethyl acetate in
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hexancs) to give the desired product (2.410 g, 77 % yicld) as a yellow-white solid.
MS (ESI) m/sz 357.4 [M+21
[08244] B. 1-Isopropyl-7-(2-methyl-6-(4-(tetrahydro-2H-pyran-2-y1)-4H-1,2.4~
triazol-3-yDpyridin-3-vl}-3,4-dihydropyrazino{2,3-b]pyrazin-2(1H)-one. To a flask was
added 3-Bromo-2-methyl-6-(1-(teirahydro-2H-pyran-2-y1)-1H-1,2,4-trazol-3-yDpyridine
{0.446 g, }.380 mmol), I-isopropyl-7-(trimethylstannyl)-3,4-dihydropyrazino[2,3-blpyrazin-
2(1H)-one (0.490 g, [.380 mmol), tris(dibenzylidencacetone)dipaiiadium(0} (0.139 g,
0.152 mmol), tri-o-tolylphosphine {0.092 g, 0.304 mmol}, triethylamine (0.577 mL,
4.14 mmol) and N, N-dimethylformamide (3 mL). Nitrogen gas was bubbled through the
reaction mixture for 5 min and the mixture was heated to 100 °C for 1h. After cooling to 1,
the reaction mixture was filtered through Celite, rinsed with methanol and concentrated to
dryness. The resulting residue was purified by silica gel flash column chromatography
{0-80 % cthyl acetate in hexanes, followed by 0-10 % methanol in dichloromethane) to yield
the desired product (0.40 g, 0.921 mmol, 66.7 % yield). MS (ESI) m/z 435.5 [M+17".
100245] C. 1-Isopropyl-7-(2-methyl-6-{4H-1,2,4-triazol-3-yhpyridin-3-y1)-3,4-
dibydrepyrazinof2,3-b|pyrazin-2(1H)-one. To a stirred mixture of 1-isopropyl-7-(2-
methyl-6-(4-{tetrahydro-2H-pyran-2-yl}-4H-1,2 4-triazol-3-yi)pyridin-3-y1)-3,4-
dihydropyrazino[2,3-bjpyrazin-2{1H)-one (0.400 g, 0.921 mmol) in ethanol (40 mL) at
50 °C was added hydrogen chloride (4 M in dioxane, 1.381 mL, 5.52 mmol). The resulting
mixfure was heated at 50 °C under nitrogen for 1h, The suspension was concentrated under
reduced pressure and the resulting solid was taken up in dimethylsulfoxide and purified
using silica gel chromatography (0-10 % ammonia saturated methanol in dichloromethane)
ta afford the title compound (0.200 g, 0.571 mmol, 62.0 % yield) as a brown-red solid.
"HNMRMOO MHz, DMSO-ds) 8 (ppm) 8.10 (br. 5., 1H), 8.01 (br. 5, 2H), 7.92 (5, 1H),
5.26 (quin, J= 6.93 Hz, 1H), 4.14 (s, 2H), 3.58 (d, /= 5.08 Hz, 3H), 147 (d, /= 6.64 Hz,
6H), MS (ESI) msz 351.5 IM+1T
[00246] D, 1-Isopropyl-7-(2-methyl-6-(4H-1,24-triazo}-3-yDpyridin.3-yi)-3,4-
dihydropyrazino[2,3-b|pyrazin-2(1H)-one (alternate approach). 7-Bromo-1-isopropyl-
3.4-dihydropyrazino[2,3-bpyrazin-2(1H)-one (1 equiv), bis(pinacolate)diboron) (1 equiv),
potassium acetate (3 equiv) and bis(,1-bis(diphenylphosphino)ferrocene)palladium
(0.01 equiv) were combined in dioxane, degassed with nitrogen and heated to 95 °C under
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nitrogen. Dilution with cthyl acetate, filtration through Celite, concentratipn, frituration
with ethy! acetate and hexanes, filtration and drying gave the boronate ester in 60 % yield.
tert-Butyl 3-(5-bromo-§-methylpyridin-2-y1)-1H-1,2,4-triazole-1-carboxylate (1 equiv), 1-
isopropyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yi)-3 4-dihydropyrazinof2,3-
blpyrazin-2(1H)-one (1.2 equiv), tetrakis(triphenylphosphine) palladium(0) (0.05 equiv),
sodium carbonate (3 equiv) were combined in (3:1) dimethyl acetamide and water. The
mixfure was degassed and heated to 100 °C overnight. Standard ethyl acetate/water work

up and subsequent trituration in ethyl acetate gave the desired product in 41 % yield.

Example 15: 7-(1H-Pyrrolo[2,3-b]pyridin-5-y)-1-(2-(tetrahydro-2h-pyran-4-yhethyl}-
34-dikydropyrazine{2,3-blpyrazin-2(1H}-one

G
s
VAN N0
>
[60247] A. Ethyl 2-(5-bromo-3-(2-{tetrahydro-2H-pyran-4-
yhethylamino)pyrazin-2-ylaminoacetate. Ethyl 2-(3,5-dibromopyrazin-2-
ylaminojacetate (See Example 6.8) (1.0 g, 2.95 mmol) and 2-(tetrahydro-2H-pyran-4-
yhethanamine (0.381 g, 2.95 mmol) were placed in a microwave vial, dimethylsuifoxide
(2 mL) was added and the resulting mixture was heated in a Biotage Emrys Optimizer
mictowave reactor at 150 °C for 3600 s, The crude reaction mixture was purificd using
silica gel chromatography (33 % ethyl acetate in hexanes) fo yield the title compound (0.5 g,
1.3 mimol, 44 % yield). MS (ESI) m/z 387.1 [M]’, 389.1 [M+2]",
[00248] B. 7-Bromo-1-(2-({tetrahydro-2Xi-pyran-4-yhethyl)-3,4-
dihydrepyrazino{2,3-b]pyrazin-2(1H}-one. Fthyl 2-(S-bromo-3-(2-(tetrahydro-2H-pyran-
4-yhethylamino)pyrazin-2-ylamino)acetate (0.5 g, 1.291 mmol) and hydrochloric acid (6 M
in water, 0.215 ml, 1.291 mme!) were combined in ethanol (2 mL) and the resulting

mixture was heated in 2 Biotage Emrys Optimizer microwave renctor at 100 °C for 2400 s.

The reaction mixture was concentrated and purified using sitica gel chromatography (33 %
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cthyl acetate in hexanes) to yield the title compound (quantitative yield). MS (ESD)

miz 341.1 DM, 343.1 [M+2T" ‘

100249] C. 1-(2-(Tetrahydro-2H-pyran-4-yhethyl)-7-(trimethylstannyl)-3,4-
dihydropyrazine[2,3-b]pyrazin-2(1H}-one. 7-Bromo-1-{2-(tetrahydro-2H-pyran-4-
yDethyl)-3.4-dihydropyrazino{2,3-blpyrazin-2(1H)-one (0.4 g, 1.29 mmol), hezamethylditin
(0.57 g, 1.75 mmol) and tetrakis(triphenyiphosphine)palladium(0) (0.2 g, 0.176 mmol) were
placed in a sealed tube with 1,4-dioxane (5 mL}. The flask was evacuated, flushed with
nitrogen, sealed and heated at 110 °C for 1 h. The reaction mixture was cooled to room
temperature and filtered through Celite, washing with ethyl acetate. The filtrate was
concentrated and sonicated with a small volume of solvent mixture (50 % hexane in ethyl
acetate) and isolated by filiration to yield the title compound (0.34 g, 0.8 mmol,

54.6 % yicld). MS (ESI) m/z 427 {M+2]".

{60259] D, 7-(1H-Pyrrole{23-bipyridin-S-yl)-1-(2-(tetrahydro-2H-pyran-4-
yhethyl)-3,4-dihydropyrazine|2,3-b]pyrazin-2(1H)-one. 1-(2-(Tetrabydro-2H-pyran-4-
yDethyD)-7-(trimethylstannyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1 H)-one (1.0 g,

2.352 munol), 3-bromo-1H-pyrrolo[2,3-blpyridine (0.556 g, 2.82 mmol),
trig(dibenzylideneacetone)palladium(0) (0.237 g, 0.259 mmol), tri-o-tolylphosphine

(0.158 g, 0.5 18 mmol) and triethylamine (0.984 ml, 7.06 mmol) were combined in a sealed
tube, dimethylformamide (5 mL.) was added. The atmosphere in the vessel was removed
under vacuum and replaced with nitrogen gas. The reaction was heated to 100 °C for 1 h.
After cooling to room temperature, the reaction rixture was filtered through Celite. The
filter cake was washed with cthyl acetate. The wash and filtrate were combined and
concentrated nearly to dryness. The resulting solid was dissolved in hot methanol, filtered
through Celite and purified by reverse-phase preparative HPLC (5-80 % acetonitrile +

0.1 % TFA in water + 0.1 % TFA, over 30 min). The clean fractions were collected,
neutralized with ammonium hydroxide and concentrated to dryness. The solid obtained was
filtered, washed with water and dried under high vacuum to yield the title compound

(0.10 g, 0.264 mmol, 11.2 % vield). 'H NMR (400 MHz, DMSO-de) & (ppm) 11.7F (br. 5.,
1H), 8.81 (5, 1H), 8.44 (s, 1H), 8.26 (s, 1H), 7.49 (d, T = 10,54 Hz, 2H), 6.48 (br. 5., 1H),
4.18 (5, 2H), 4.13 (1, I = 6.44 Hz, 2H), 3.82 (d, J = 12.89 Hz, 2H), 3.27 (¢, J = 11.13 Hz, 2H),
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1.71(d, J = 12.49 Hz, 2H), 1.60 (br. 8., 3H), 1.24 (d, 2H); MS (EST) m/z 379.2 [M+115
mp 253-258 °C

Example 16: 6-(6-(2-Hydroxypropan-2-ylypyridin-3-yl)-4-((tetrahydro-2H-pyran-4-
yDmethyl)-3,4-dihydropyrazinof2,3-b] pyrazin-2(1H)-one

QL
W T ]
N, N\N
PO
NT ONT O
[}

[00251) A. 6-Bromo-4-((teirahydro-2H-pyran-4-yDmethyl)-3,4-
dihydropyrazino[2,3-bjpyrazin-2(1H}-one. N-(3,5-Dibromopyrazin-2-yl)-2-
iodoacetamide (See Example 5.B) (8.0 g, 19.01 mmol), (tetrahydro-2H-pyran-4-
ylmethanamme (2.63 g, 22.81 mmot) and diisopropylethylamine (6.64 mL, 38.0 mruol)
were placed in a 250 mL round bottom flask, suspended in acetoniirile (SO.ﬁ mL) and heated
to 40 °C for 16 h. The resulting white precipitate was filiered, washed with acetonitrile
followed by hexanes and diied under vacuum to afford the title compound (4.89 g,
14.95 mmol, 79 % yield). MS (EST) m/z 327.4 [M]’, 329.5 [M+2] .
[60252] B. 6-(6-(2-Hydroxypropan-2-yDpyridin-3-yh-4-((tetrahydro-2H-pyran-
4-yhymethyl)-3,4-dihydropyrazine[2,3-bjpyrazin-2(1H)-one. 6-Bromo-4-((fetrahydro-
2H-pyran-4-yl)methyl)-3,4-dibydropyrazino{2,3-blpyrazin-2(1H)-one (35.98 g, 110 mmol),
2-(5-(trimethylstannyl)pyridin-2-yl)propan-2-ol (See Example 5.E} (33.0 g, 110 mmol) and
[1,1"-bis(diphenyl-phosphino}ferrocene]dichioro-palladium(1l) complex with
dichloromethane (1:1) (8.05 g, 11.00 mmol) were combined in a scaled tube and suspended
in N,N-dimethylformamide (288 mL). The reaction was then heated to 125 °C for 2 &, The
reaction was cooled slightly and poured while still warm onto a silica gel column and
purified using an Biotage SP1 (0-100 % (5 % methanol in ethyl acetate) in hexanes), The
desired fractions were combined and organic volatiles remaved under reduced pressure.
The residue was tritutated with 20 % ethy! acetate in hexanes followed by several washes
with denatured ethanol. The slightly yellow solid was dried under reduced pressure to
afford the desired compound (15.08 g, 39.3 mmol, 35.8 % yield}, '"H NMR (400 MHz,
DMSQ-ds) 8 (ppm} 11.32 {s, 1H), 9.07 {d, J=1.56 Hz, 1H), 8.29 (dd, /=8.59, 2.34 Hz, 1H),
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8.05 (s, 1H)), 7.72 (d, /=8.20 Hz, 1H), 5.26 (s, 1H), 4.21 (s, 2H), 3.83 (d, J=2.73 Hz, 2H),
3.51 (d, /=7.42 Hz, 2H), 3.27 (4, J=11.32 Hz, 2H), 2.09 (br. 5., 1H), 1.61 (d,./=11.3 Hz, 2H),
146 (s, 6 H), 1.24 - 1.38 (m, 2 H); MS (ESI) m/ 384.2 [M+11"; mp 268 - 269 °C.

Example 17: 7-(6-(2-Hydroxypropan-2-yDpyridin-3-y1)-1-(2-methoxyethyl)-3,4-
dihydropyrazine[2,3-b]lpyrazin-2(1 H)-one

~o
HO™ N
. N\Kl*lf o
Jﬁmﬁr

108253] A. 7-Bromo-1-(2-methoxyethyl)-3,4-dibydropyrazino]2,3-b]pyrazin-
2{iH)-one. Ethyl 2-(3,5-dibromnopyrazin-2-ylamino)acetate (See Example 1.CJ (1 equiv),
2-methoxyethanamine (1 equiv), diisopropylethytamine (3 equiv), were suspended in
dimethylsulfoxide and heated in an Emrys Biotage microwave reactor at 150 °C for I h.
Standard ethy! acetate/water work up gave erude materiat, which was suspended in 99.7 %
acetic acid. The reactior was sealed, heated to 120 °C and aliowed to stir for 2 h. The
reaction was extracted in ethyl acetate, The organic layers were pooled and washed with
saturated sodium bicarbonate, followed by brine and dried over magnesium sulfate.
Concentration and flash column chromatography (0-100 % ethy] acetate in hexanes)gave the
desired product in 27% yield over two steps. MS (EST) m/z 287.4 [MY', 289.4 [M+2]".
{00254] B. 7-(6-(Z-Hydrexypropan-2-yDpyridin-3-yl}-1-(2-methoxyethyl)-3,4-
dihydropyrazino{2,3-b|pyrazin-2(1H)-one. 7-Bromo-1-(2-methoxyethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2{1H)-one (1 equiv), 2~(5-(trimethylstannyl)pyridin-2-
yl)propan-2-ol (See Example 5.E} (1 equiv) and dichlorobis(triphenylphosphine)-
palladium(il) (0.2 equiv) were suspended in dimethyiformamide. The teaction was purged
with nitrogen and was heated to 140 °C for 2 h. The reaction was cooled to room
temperature, filtered through Celite and washed with ethyl acetate. Volatiles were removed
under reduced pressure and the resulting purple slhurry was purified using silica gel colurn
chromatography (0-100 % (5 % methanol in ethy! acetate) in hexanes). The desired
fractions were combined and organic volatiles removed under reduced pressure. The solid

was triturated in 5 % ethyl acetate in hexanes and washed with hexanes to afford the desired
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product in 38 % yield, "H NMR (400 MHz, DMSO-dg) 3 (ppm) 9.02 (d, J=1.6 Hz, 1H),
8.27 (s, 1H), 8.24 (dd, J/=8.6, 2.3 Hz, 1H), 7.71 (d, /=0.8 Hz, 1H), 7.69 (s, 1H), 5.25 (s, 1H),
4,28 (t, J=6,2 Hz, 2H), 4.20 (d, 2H), 3.60 (t, J=6.2 Hz, 2H), 3.26 (s, 3H), 1.46 {5, 6H);

MS (ESI) m/z 344.3 {M+11".

Example 18: 7-(1H-Pyrrolof2,3-b]pyridin-4-yl)-1-[2-(tetrabydyo- pyran-4-yi)-ethyl}-
3,4-dihydro-1H-pyrazino[2,3-b]pyvrazin-2-one

0.

g N(Ti” 5

[00255] A. 7-(1H-Pyrrolo|2,3-b]pyridin-4-yI)-1-[2-(tetrahydro-pyran-4-yi)-
ethyl}-34-diy dro-1H-pyrazino{2,3-b]pyrazin-2-one. A mixture of 1-(2-(tetrahydro-2H-
pyran-4-ylethyl)-7-(trimethylstannyl)-3,4-dibydropyrazinof2,3-b]pyrazin-2(1 H)-one (See
Example 15.C) (1 equiv), 4-bomo-pyrrolo[2,3-blpyridine-1-carboxylic acid tert-butyl ester
(1 equiv), tris(dibezylidencacetone) palladium (0.13 equiv), tri-o-tolylphosphine

(0.25 equiv) and triethylamine (2.8 equiv) in anhydrous dioxane was purged, degassed for

2 min and stirred at 95 °C under nitrogen for 3-4 h. Upon completion of the reaction as
indicated by TLC, the volatiles were removed under reduced pressure and the residue was
purified by column chromatography to give the desired product in 35 % yield. MS (ESI)
m/z 479.7 [M+17". tert-Butyl 4-(7-oxo-8-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-5,6,7,8-
tetrahydropyrazino[2,3-b]pyrazin-2-yI)-1H-pyrrolo[2,3-blpyridine- 1 -carboxylate was stirred
in methanolic hydrochioride solution at room temperature. Upon completion of the reaction
as indicated by TLC, the sofvent was removed under reduced pressure and the residue was
purified on silica gel to give the title compound in 63 % yield. 'H NMR (DMSO-dé,

400 MHz) & (ppm) 11.72 (s, 1H}, 8.38 (s, 1H), 8.25 {d, /=4.8 Hz, 1H), 7.79 (s, 1H),
7.53-7.51 (m, 211), 6.97 {q, J=1.6 Hz, 1H), 4.23 (s, 2H), 4.14 (t, /=7.6 Hz, 2ZH), 3.81 {dd,
=24 Hz, J;=11.2 Hz, 2H), 3.25 (d, /=10.8 Hz, 2H), 1.67 (d, J=13.2 Hz, 2H), 1.61 (m, 3H),
1.22 (m, 2H); MS(ES: m/z 379.2 [M+17",
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Example 19: 1-(2-Methoxyethyl}-7-(2-methyl-6-(4H-1,2 4-friazol-3-yDpyridin-3-yl)-
3 4-dihydropyrazino[2,3-b] pyrazin-2{1H)-one

i‘l‘gﬁ/ \1

Na. ; :I:jo

’ H

{04256§ A. 1-(2-Methoxyethyl)-7-(trimethylstanayl)-3 4-dihydropyrazine{2,3-
blpyrazin-2(1H}-one. 7-Bromo-1-(2-methoxyethyi)-3,4-dihydropyrazinof2,3-b]pyrazin-
2(1H)-one (See Example 17.4) (0.5 g, 1.741 mmot), 1,1,1,2,2 2-hexamethyldistannane
(0.856 g, 2.61 mmol) and tetrakis(triphenylphosphine) palladivm(0) (0.201 g, 0.174 mmol)
were combined In 1,4-dioxane (20 mL) and heated at 140 °C for 2 h. The resulting mixture
cooled to room temperature, diluted with ethyl acetate and filtered through Celite. The
filtrate was concentrated under reduced pressure. Flash chromatography (0-30 % ethyl
acetate in hexane) gave the desired product as clear il (0.5 g, 1.34 mumol, 77 % yield).

MS (ESI) m/z 373.0[M+2]".

[00257} B. 1-(2-Methoxyethyl)-7-(2-methyl-6-(4H-1,2 4-triazol-3-yh)pyridin-3-
y1)-3,4-dihydropyrazine|2,3-b}pyrazin-2(1H)-one. 1-(2-Methoxyethyl)-7-
{trimethylstannyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one (0.5 g, 1.348 mmol),
3-bromo-2-methyl-6-(1-(tetrahydro-2H-pyran-2-y1)-1H-1,2,4-triazol-3~y)pyridine (0.436 g,
1.348 mmol), tris(dibenzylidineacetone)dipalladiom(0) (0.123 g, 0.135 mmol),
tri-o-tolyiphosphine (0.082 g, 0.270 mmol), triethylamine (0.584 mL, 4.04 mmeot) and
N,N-dimethylformamide (10 mL) were combined in a 75 mL sealable flask, the atmosphere
in the flask was removed and replaced with nitrogen. The mixture was stirred at 130 °C for
3 h. The resulting mixture was cooled to room temperature and filtered. The organic layer
was concentrated under reduced pressure. The resulting residue was diluted with methanol
and dimethylsulfoxide, filtered and purified using reverse-phase preparatoty HPLC

(10-30 % acetonitrile + 0.1 % TFA inwaier + 0.1 % TFA, over 30 min}. Fractions
containing clean product were passed through a Phenomenex Strata-X-C solid phase
extraction column, The column was washed successively with water, acetonitrile, methanol
and 5% ammonium hydroxide in methanol. The product eluted with the 5 % ammonium

hydroxide in methanol eluent and was concentrated under reduced pressure. The residue
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was triturated with ethyl ether in hexane to make a fine powder and dried undet vacuum at
50 °C to give the desired product (0.05 g, 0.136 mmol, 10 % yield) as a white solid.

TH NMR (400 MHz, DMSO~ds} 8 (ppm) 8.10 (br, s., 1H), 7.98 (br, 5., 1H), 7.94 (s, 1H),
7.73 (br. 5., 1H), 4.13 - 4.28 (m, 4H), 3.55 {t, J/=6.25 Hz, 2H), 3.24 (5, 3H), 2.70 (br. 5., 3H);
MS (EST) m/z 367.2[M+11°.

Example 20: §-(4-(4H-1,2,4-Triazei-3-yl)phenyl)-4-ethyl-3,4-dihydropyrazino{2,3-
bpyrazin-2(1H)-one hydrochloride

NN
&
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[00258] A. 6-Bromo-4-ethyl-3,4-dihydropyrazinof2,3-blpyrazip-2(1H}-one. Toa

solution of 2-bromo-N-(3,5-dibromopyrazin-2-yDacetamide (See Example 4.4} (1 equiv)
and diisopropylethylamine (3 equiv) in acetonitrile was added ethanamine hydrochloride
(1.05 equiv).. The solution was allowed to heat fo 70 °C for 30 min. The solution was
condensed under reduced pressure and purified using column chromatography (0-75 % ethyl
acetate in hexanes) to afford the title compound in 36 % yield. MS (ESI) m/z 257.5 [MT',
259.4 [M+21".

100259] B. 4-Ethyl-6-(4-(4-(tetrahydro-2H-pyran-2-yl)-4H-1,2,4-triazol-3-
yhphenyl)-3,4-dikydro-pyrazine[2,3-b}pyrazin-Z{1H)-one. 6-Bromo-4-¢thyl-3,4-
dibydropyrazino[2,3-b]pyrazin-2(1H)-one (1.1 equiv), 4-(tetrahydro-2H-pyran-2-yt)-3-(4-
{4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-ylphenyl)-4H-1,2,4-triazole (1 equiv) and
dichlarof1,1"-bis(diphenylphosphino)ferrocene]patladium (11) dichloromethane (0.05 equiv)
wete combined in 1 4-dioxane followed by the addition of sodium carbonate (3 equiv) in
water. The solution was heated in 2 Biotage Emrys Optimizer microwave reactor to 120 °C
for 30 min, The solution was condensed under reduced pressure and purified using column
chromaiography (0-10 % methanol in ethyl acetate) to afford the title compound in

45 % yield. MS (ESI) m/z 406.6 [M+17",

[00260] C. 6-{(4-(4H-1,2,4-Triazol-3-yI)phenyl)-4-cthyl-3,4-dihydropyrazine[2,3-
blpyrazin-2(1H)-one hydrochloride. 4-Ethyl-6-(4-(4-(tetrahydro-2H-pyran-2-yl)-4H-
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1,2 4-triazoi-3-yl)phenyl)-3,4-dihydropyrazine]2, 3-b]pyrazin-2(1 H}-one in ethanol was
treated with 2 N hydrogen chloride in dioxane. The solution was stirred at 75 °C for 1h.
The solution was condensed partially and cooled. Cold ethanol was added to the slurry and
the resulting precipitate filtered and washed with additional cold ethanol followed by
hexanes to afford the title compound as the hydrochloride salt in 82 % yield. '"HNMR

(400 MHz, METHANOQL-4;) 8 (ppm) 9.18 (s, 1H), 8.22 (d, /~8.59 Hz, 2H), 8.04 - 8.09 (m,
35), 7.66 - 7.74 (m, 1H), 7.58 - 7.64 (m, 1H), 4.24 (s, 2 H), 3.74 (g, J=7.03 Hz, 2H), 1.29 (¢,
J=7.03 Hz, 4H), 0.79 - 0.98 (m, 4H); MS (ESI) m/z 322.2 [M+1]".

BUILDING BLOCK SYNTHESIS
[06261] 'The following building blocks were prepared and used in the preparations as

described herein, or variations known in the art thereofl
tert-Butyl 4-bromo-1H-pyrrole[2,3-b|pyridine-1-carboxylate
8r

e

[00262] A. 4-Brome-1H-pyrrolo{2,3-b]pyridine. A solution of trifluoromethy!
sulfonic anhydride (9.3 g, 33 mmeol) was added dropwise to a mixture of 1/-pyrrolof2,3-
blpyridine 7-oxide (3 g, 22 mmol) and tetrabutyl ammonium bromide (10.8 g, 33 mmol) in
N,N-dimethylformamide (30 mL) at 0 °C. The resulting mixture was stirred at 0°C for4 h
and at room temperature overnight. The reaction was guenched with water and nentralized
with IN sodivm hydroxide to pH=7. The resulting mixture was exiracted twice with a
mixture of methylene chloride and i-propanol (30 mL, V'V =4:1). The organic layer was
combined, dried over anhydrous sodium sulfate, concentrated and purified by a reverse-
phase preparatory HPLC (0-30 %: acetonitrile + 0.1 % TFA in water + 0.1 % TFA, over 15
min,) to give the title compound (1.5 g, 34.3 % yield). MS(ESI) m/4 196.8 [M+11", 198.8
[M+37
[66263] B. teri-Butyl 4-bromo-1H-pyrrolo[2,3-blpyridine-1-carboxylate. A
mixture of 4-bromo-1H-pyrrolo]2,3-b]pyridine (250 mg, 1.26 mmotl), di-feri-butyl
dicarbonate (302 mg, 1.38 mmol), dimethyl-pyridin-4-yl-amine (7.6 mg, 0.06 mmol) and
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iriethylamine (127 mg; 1.26 mmol}) in anhydrous methylene chloride (15 mL) was stirred at
room temperature for 3 h. Upon completion of the reaction as indicated by TLC, the
volatiles were removed under reduced pressure and the residue was purified by column
chromatography on silica gel (9-25 % ethyl acetate in petroleum ether) to give the desired
product (230 mg, 61 % vield) as an oil. MS (EST) m/& 242.9 [M-56+1]"

i-(Tetrahydre-2H-pyran-2-yl)-4-(4,4,58,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-

indazole

[06264] A. 4-Bromo-1H-indazole. To a solution of 3-bromo-2-methylanitine (5 g,
27 mmol) in chioroform (1 mL) was added acetic anhydride (5 g, 27 mmol) at § °C and the
mixture was stirred at room temperature for 1 h. Potassium acetate (0.75 g, 7.8 mmol) and
isoamyl nitrite (0.78 g, 58 mmol) were added and the reaction mixture was refluxed for

18 h, The volatiles were removed undey reduced pressure and water (0.63 mL) was added.
The mixture was concentrated, diluted with concentrated hydrochloride acid (1 mL) and
heated at 50 °C for 2 h. After being cooled to room temperature, aqueous sodium hydroxide
solution (30 %) was added until pH=10. The aqueous mixture was extracted with ethyl
acefate (100 mL>3). The combined organic layer was washed with brine {150 mL), dried
over anhydrous sodium sulfate, filtered, evaporated and purified on silica gel column

(3 % ethyl acetate in petrolcum ether) to give the desired product (2.69 g, 34 % yield) asa
solid. MS (ESI): m/z 197.0 [M+17"

[00265] B. 4-Bromo-1-{tetrabydro-pyran-2-yl)- 1 i-indazole. A solution of
4-bromo- 1 H-indazole (1.82 g, 9.24 mmol), 3,4~dihydro-2H-pyran (1.55 g, 18.48 momol) and
toluene-4-sulfonic acid (0.26 g, 1.39 numol) in anhydrous tetrahydrofuran (40 mL) was
heated at 80 °C overnight under nitrogen. The solvent was removed under reduced pressure

and the residuc wag purified on silica gel column (3 % ethyl acetate in. petroleum ether) to
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give the title compound (2.13 g, 81 % yicld) as a yellow solid. MS (EST): m/4
280.9 [M+17%.

f00:266] C. I-(Tetrahydro-pyran-2-yl)-4-(4,4,5,5-tetramethyl-
[1,3,2])dioxaborolan-2-y}-1H-Indazole A degassed mixture of 4-bromo-1-(tetrahydro-
pyran-2-yl)-1H-indazole (2.13 g, 7.45 mmol), bis(pinacolato)diberon {3.73 g, 14.9 mmol),
potassium phosphate (2,70 g, 12.67 mmoi}, palladium acetate (0.174 g 0.75 mmol) and
triphenylphosphine (0.59 g, 2.24 mmol) in 1,2-dimethoxy-ethane {50 mL) was heated at
160 °C under nitrogen overnight, After cooling to room temperature, the reaction mixture
was filtered, concentrated under reduced pressure and purificd on silica gel colurmn

(10-30 % ethyl acetate in petroleum cther) th> give the product (1.83 g, 74 % yieid) as a
solid. MS (BSI): m/z 329.2 [M+17".

3-{4-Bromo-2-fluoro-3-methylphenyl)-4-{tetrahydro-2h-pyran-2-yl)-4H-1,2,4-triazole

Neny F
3
. L,

{06267] A. 4-Brome-3-fluore-2-methylaniline. To a stirred solution of 3-fluoro-2-
methylaniline (25 g, 200 mmotl) in acetic acid (140 mL) at 0-5 °C was added hydrogen
bromide (100 mL, 200 mmol) then dimethyl sulfoxide (72 mL) was added slowly dropwise
(reaction is exothermic and at temperature higher than 5-15 °C produces dibromoisomer).
The mixture was stirred at 5-15 °C for 12 h (mixture became clear solution), The resulting
solution was cooled to 0 °C and neutralized with sodium hydroxide then with sodium
bicarbonate to pH 7. The mixture was extracted with ethyl acetate, The organic layer was
concentrated under reduced pressure.  Flash chromatography (0-10 % ethy! acetate in
hexane) gave the desired product as a white solid (23.3 g, 114 mmol, 57 % yicld). "H NMR
(400 MHz, CHLOROFORM-d) 8 (ppm) 7.11 (t, /=8.20 Hz, 1H), 635 (d, /=8.98 Hz, 1H),
3.72 (br. 5., 2H), 2.07 (d, J=1.95 Hz, 3H).

[002.68] B. 4-Amino-2-flucro-3-methyibenzonitrile. A mixture of 4-bromo-3-
fluoro-2-methylaniline (23 g, 113 mmol) and cyanocepper (20.19 g, 225 mmol)
N,N-dimethylformamide (200 mL) was heated to 140 °C for 7h. After the mixture was
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cooled to room temperature filtered and pourcd into a separatory funncl containing water
and ethyl acetate (1:1). Layers were separated and the organic layer was concentrated under
reduced pressure. Flash chromatography (0-50 % ethy] acetate in hexane) gave the desired
product (11.4 g, 76 mmol, 67 % yield) as 2 brown solid. *H NMR (400 MHz,
CHLOROFORM-4) & (ppm) 7.22 (1, 1H), 6.45 (d, J=8.59 Hz, 1H), 4.23 (br. 5., 2ZH), 2.07 {8,
3H), MS (ESI) m/z 151.1[M+1T".

[66269] C. 4-Brome-2-fluore-3-methylbenzonitrile. A mixture of dimethyi
sulfoxide (400 mL) and potassium nitrite (22.67 g, 266 mmol) was stitred to dissolve
potagsium nitrife and 4-amino-2-fluore-3-methylbenzonitrile (10 g, 66.6 mmol) and
copper(f) bromide (1.911 g, 13.32 mmol) were added. Aqueous 48 % hydrogen bromide
(33 mL, 266 mmo}), diluted with dimethyl sulfoxide (200 mL), was added dropwise and the
reaction stifred for 2h, After complete conversion of starting material, the reaction mixture
was poured into iced-cold water and neutralized to pH 7 with cold concentrated sodium
hydroxide. The resulting solid was collected by filtration to give the desired product

(11.4 g, 53.3 mmol, 80 % yield) as white solid. 'H NMR (400 MHz, CHLOROFORM-d)

8 (ppm) 7.47 (d, 7=9.37 Hz, 1H), 7.33 (t, 1H), 2.39 (d, /=2.34 Hz, 3H).

{60270] D. 4-Bromo-2-fluore-3-methylbenzamide. 4-Bromo-2-fluoro-3-
methylbenzonitrile (11 g, 51.4 mmol) in a 100 mL mixture of TFA-gulfuric acid (4:1, V/V)
wag stirred at 40 °C for 16 h. After comnplete conversion of starting material, the reaction
mixture was poured into iced-cold water. The resuliing solid was filtered off and washed
with water and dried to give the desired product {11.24 g, 48.4mmol, 94 % yield) as a white
solid. MS (EST) m/&z 234.1 [M+2]".

[00271] E. 3-(4-Brome-2-fluoro-3-methylphenyl)-1H-1,2,4-triazole. 4-Bromo-2-
fluoro-3-methylbenzamide (11 g, 47.4 mmol) and N N-dimethylformamide dimethylacetal
(60 mL) were combined in a 100 mL round-bottom flagk with a stir bar and heated at 55°C
under a reflux condenser under nitrogen for 3 h. The resulting mixture was concentrated
under reduced pressure and dried under vacuum to give yellow oil, which was used in the
next step without purification. The residue was diluted with acetic acid (60 mL) at 6 °C and
hydrazine monchydrate {20 mL) was added dropwise and allowed to stirred at rt for 5h.
After complete conversion of starting material, the reaction mixture was poured into iced-

cold water and neutralized to pH 7 with ice cold concenirated sodium hydroxide. The
-128 -



resulting solids were collected by vacuum filtration, Solid was dissolved in ethyl acctate
(400 mL) and stired for 13 min, filtered the insoluble soiid, the filtrate dried over
magnesium sulfate, filtered, concentrated under reduced pressure and dried under vacyum to
give a brown pure solid (4.3 g, 16.79 mmol, 35 % yield) which was used in the next step
without purification. 'H NMR (400 MHz, CHLOROFORM-d) § (ppm) 8.12 (s, 1H), 7.97
(t, J=8.00 Hz, 1H), 7.52 (d, J=8.59 Hz, 1H), 2.44 (4, 3H).

[00272] F. 3-(4-Bromo-2-fluoro-3-methyiphenyl)-4-({tetrahydro-2H-pyran-2-y1}-
4H-1,2,4-triazole. Methanesulfonic acid (0.090 mi., 1.390 mmol) was added {0 a stirred
solution of 3-(4-bromo-2-fluoro-3-methyiphenyl)-1H-1,2 4-triazole (7.0 g, 27.3 mmol) and
3,4-dihydro-2H-pyran (12.68 mL, 139 mmol) in tetrahydrofuran (33 mL). The resulting
mixture stirred at 85 °C under a reflux condenser under nitrogen for 20 h. The mixture was
diluted with ethyl acetate and washed with saturated aqueous sodium bicarbonate and brine.
The organic layer was dried over magnesium sulfate, filtered and concentrated under
reduced pressure, The residue was purified using flash chromatography (20-30-50% ethyl
acetate in hexane). Product containing fractions were combined and solvent removed under
reduced pressure o afford desired product (8.8 g, 95 % yield) as a yellow sofid. MS (ESI)
m/z 340.0 (M)

3-(4-Bromo-2-fluorophenyl)-4h-1,2,4-triazole

Newy F
-
N
H
Br

{09273] A. 4-Bromo-2-fluorobenzamide. A solution of 4-bromo-2-
fluorobenzonitrile (10.0 g, 50.0 mmol) in 2 70 mL mixture of TFA (56.0 mL, 727 mmol)-
sulfuric acid (14.0 mL, 263 mmol) (4:1 V/V) was stirred at 40 °C for 16 h. The reaction
was poured while still warm over ice water, The product précipitated and the solid was
filtered and dried to give 4-bromo-2-fluorobenzamide (9.53 g, 43.7 mmol, 87 % yield) as a
white solid. MS (EST) m/z 218.1 [M]*, 220.1 [M+2]".

(00274} B. 3-(4-Bromo-2-fluerophenyl)-4H-1,2,4-triazole. 4-Bromo-2-
fluorobenzamide (9.53 g, 43.7 mmol) and N,N-dimethylformamide dimethylacetal

(75.0 mL) were combined in & 500 mL round bottom flask and purged with nitrogen. The
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reaction was heated to reflux at 83 °C for 2 h. The resulting mixture was concentrated under
reduced pressure and dried under vacuum to afford a yellow oil. The oil was suspended in
conoenirated acetic acid {75.0 mL) and cooled to 0 °C. Hydrazine hydrate (21,88 g,

437 mmol) was added dropwise and the mixture was allowed to stir at 1t for 5h. The
reaction was poured warm onto cold ice and extracted with dichloromethane (3x200 mL),
Organic volatiles were removed under reduced pressure to afford 3-(4-bromo-2-
fluorophenyl)-4H-1,2,4-triazole (7.20 g, 29.7 mmol, 68.1 % yield) as a white solid.

MS (EST) m/z 241.9 [MT', 243.9 [M+2]",

2-{4-Methyl-5-(trimethylstannyl)pyridin-2-yl)propan-2-o}l

[00275] A. 2-(5-Bromo-4-methylpyridin-2-ylprepan-2-el. 2,5-Dibromo-4-
methylpyridine (4.0 g, 15.94 mmol) was dissolved in toluene (60.0 mL) and the reaction
was cooled to -78 °C. Butyllithium (7.01 mL, 17.54 mmol) was added dropwise and the
reaction was allowed to stir for 30 min, Aceione (4.69 mi, 63.8 mmol) was then added and
the reaction was allowed to warm to rt and stir for 16 h, The reaction was quenched with
saturated ammonium chloride, extracted into ethyl acetate (3x2060 mL) and washed with
water followed by brine. The organics were dried over magnesium sulfate and volatiles
removed under reduced pressure. The compound was purified on silica gel chromatography
(0-50 % ethyl acetate in hexanes}) to afford 2-(5-brome-4-methylpyrdin-2-ylpropan-2-o}
(2.33 g, 10.13 mmol, 63.5 % vieldy. MS (ES) m/z 230.3 [M]", 232.3 [M+2]".

[00276] B. 2-(4-Methyl-5-(trimethylstannyl)pyridin-2-yDpropan-2-ol.
2-(5-Bromo-4-methylpyridin-2-ylpropan-2-ol (2.33 g, 10.13 mmol) and
tetrakis(triphenyiphosphine)paliadium(0) (1.045 g, 1.013 mmol) were added (o a pressure
tube and suspended in 1,4-dioxane (33.8 mL). 1,1,1,2,2,2-Hexamethyldistannane (2.99 mL,
12.15 mmol) was then added and heated to 150 °C for 30 min. The reaction was allowed to
cool fo rt and was filtered through celite and washed with ethyl acetate. Organic volatiles
were removed under reduced pressize followed by an extraction in ethyl acetate (3x200 mL)
and water. Organic volatiles were removed under reduced pressure and the compound
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purified using silica gel column chromatography on an Biotage column (10-50 % cthyl
acetate in hexanes) to afford 2-(4-methyl-5-(trimethylstannyDpyridin-2-yl)propan-2-ol
(1.75 g, 5.57 mmol, 55.0 % yield). 'H NMR (400 MHz, DMSO-dq) 8 {(ppm) 8.31 (s, 1H),
7.51 (s, 1H), 5.25 (br. 5., 1H), 2.37 (s, 3H), 1.41 (s, 68), 0.65 (br. 5., 3H), 0.34 (s, 6H).

Tert-buiyl 3-(5-bromo-6-methylpyridin-2-yl)-1H-1,2,4-triazole-1-carboxylate

)g(/c’
Y
N 1 -
Nog? Br
[00277] A, 5-Bromo-6-methylpicolinenitrile, A 1-L, three-neck, round-bottom
flagk equipped with a mechanical stirrer and a nitrogen inlet was charged with 3,6-dibromo-
Z-methylpyridine (150 g, 0.59 mol), copper () cyanide (42.8 g, 0.47 mob) and sedinm
cyanide (23 g, 0.47 mol). To the mixture was added N,N-dimethylformamide (300 mL}).
The mixture was heated to 95 °C and stirved for 48 h, The reaction mixture was cooled to
ambient temperature and poured into ethanol (3 L) while stirring, The mixture was filtered
through a pad of Celite, the filtrate was concentrated under reduced pressure and partitioned
between water (3 L) and ethyl acetate (3 L), The organic layer was separated and washed
with brine (2 % 660 L), dried over anhydrous sodium sulfate, filtered and concentrated.
The crude product was purified by silica gel plug purification (0-5% ethyl acetate in
hexanes) to afford the product (61.5 g, 45 % yield) as a white solid. In addition, 19.32 g
(34%) of the mixture of the starting material and the product was isolated.
{00278} B. 5-Bromo-6-methylpicolinchydrazonamide. A 500-mL, three-neck,
round-bottom flask was-equipped with 5-bromo-6-methylpicolinonitrile (101.5 g,
0.515 mol), ethanol {122 mL) and hydrazine hydrate (50 mL, 1.03 mol). The resulting very
thick mixture was allowed fo stir at ambient temperature for 24 h. More ethanol (30 ml)
was added and the mixture was alfowed to stir over the weekend. The mixfure was filtered
and washed with cold ethanol (100 mL) and cold hexanes (50 mL). The solids were dried in
a vacuum oven to afford the product (110 g, 93 % yield) as an off-white solid.
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{00279} C. 3-Bromo-2-methyl-6-(1H~1,2,4-triazol-3-yhpyridine. A 500-mL,
three-neck, round-bottom flask was equipped with a mechanical stirrer, 2 thermocouple
connected to a J-KEM temperature controller and a reflux condenser. The flask was
charged with 5-bromo-6-methylpicolinchydrazonamide (100 g, 0.463 mol) and formic acid
(250 mL). The resulting solution was heated fo 100 °C and stirred for 48 h. Formic acid
was removed under reduced pressure and the resulting slurry was treated with water (1.5 L)
while vigorously stirring, The mixtare was filiered and washed with water (300 mL). The
solids were transferred into a round-bottom flask and ireated with water (1 Lyand ! M
sodium hydroxide sofution until pH 7. The mixture was allowed to stir for 30 min, filtered,
waghed with water (300 mL) and dried in a vacuum oven at 30-35 °C for 48 h to afford the
product (96 g, 92 % yield) as a white solid.

66280} D. 3-Bromo-2-methyl-6-{I-(tetrahydro-2H-pyran-2-yl)-1H-1,2 4-triazcl-
3-yDpyridine, To a suspension of 3-bromo-2-methyl-6-(1H-1,2,4-triazol-3-yl)pyridihe
(96.0 g, 0.4 mol) in tetrahydrofuran (780 ml) was added 3,4-dibydro-2H-pyran (72.5 mL,
0.8 mol) and methanesulfonic acid (3.2 mL). The mixture was heated to 65 °C and the
resulting yellow solution was aliowed to stir at 65 ®C for 6 h. The mixture was cooled o
ambient temperature, quenched with triethylamine (23 mL), concentrated under reduced
pressure and further dried in & high vacuum for 1 h. The resulting oil was dissolved in
acetonitrile (250 mi) and the solution was added into water (750 mL) while stirring
vigorously. More acetonitrile (80 mL) was added and the mixture was allowed to stir for

1 h. The resulting solids were filtered, washed with 1:4 acetonitrile/water (800 mL) and
dried in a vacuum oven for 48 h to afford the product (110 g, 85 % vield) as a white solid,
The product was further purified by silica gel plug purification (1:1 hexanes/ethyl acetate) to
give 88 g of the pure product as a white solid and 16.2 g of less pure product, MS (EST) m/z
239.1 [M]", 241.1 (M2}

j00281]) E. tert-Butyl 3-(5-bromo-6-methylpyridin-2-yl)-1H-1,2.4-triazole-1-
carboxylate. To a mixture of 3-bromo-2-methyl-6-(1H-1,2,4-triazol-3-ylpyridine (300 g,
1.25 mol) in dioxane (4 L) was added sodium carbonate (398 g, 3.75 mol), followed by
water (4 L), di-tert-Buty! dicarbonate (274 g, 1.25 mol) was added and the mixture was
stirred of 1h at room temperature. The mixture was then diluted with cold water (~10 L)

and extracted with ethyl acetate (4 L x 3). The combined ethy! acetate layer was washed
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with brine, dried over sodium sulfate, filtered and concentrated to afford the product (254 g,
60 % yield) as a slightly yellow solid.

4-(Yetrahydro-2H-pyran-2-yi)-3-(4-(4,4,3,5-tetramethyl-1,3,2-dioxaborolan-2-
yh)phenyl)-4h-1,2,4-triazole

[60282] A. Ethyl 4-bromebenzimidate hydrochloride. A solution of
4-bromobenzonitrile (17.65 g, 97 mmol) in ethanol (500 mL) was acidified with hydrogen
chloride gas at 0 °C for fifieen minutes. The solution was allowed to stir for 16 h. The
solution was condensed under reduced pressure to afford the title compound (25.35 g,

99 9). MS (ESI) m/z 228.1 [MT', 230.4 [M+21".

[08283] B. 3-(4-Bromophenyl)-4H-1,2,4-triazole. Ethyl 4-bromobenzimidate
hydrochloride (35.6 g, 135 mmol), formic hydrazide (16.16 g, 269 mmol) and triethylamine
(75 mL, 538 mmol) were combined in a screw capped flask and heated to 85 °C for 16 h.
The solution was condensed under reduced pressure to afford a solid, which was partitioned
between water and ethyl acetate (3X), dried over magnesium sulfate and solvent removed
under reduced pressure. The resulting solid was sonicated with 20 % ethyl acefate in
hexanes, filtered and dried to afford the title compound (14.6 g, 65.2 mmol, 48 % yield).
MS (ESI) m/z 224.1 (MY, 226.1 [M+21".

{00284} C. 3-(4-Bromophenyl)-4-(tetrahydro-2H-pyran-2-yl}-4H-1,2,4-triazole.
A solution of 3-(4-Bromophenyl)-4H-1,2,4-triazole (14.1 g, 62.9 mmol), 3,4-dihydro-2H-
pyran {10.59 mmol) and methanesulfonic acid (1.19 g, 6.29 mmol) in tetrahydrofuran

(150 mL) was heated at 75 °C for 2 h. The solution was condensed and partitioned between
sodium bicarbonate solution and ethyl acetate (3X), the organics dried over magnesium
sulfate, filiered and solvent removed under reduced pressure. The solid was triturated with
10% ethyl acetate in hexanes to afford the title compound (8.1 g, 26.3 mmol, 70 % yield).
MS (ESI) m/z 308.4 [MT, 310.5 [M+2]".
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[00285] D. 4-(Tetrahydro-2H-pyran-2-y1)-3-(4-(4,4,5,5-tetramethyl-1,3,2-
dioxaboerelan-2-yl)phenyl)-4H-1,2 4-triazole. 3-(4-Bromophenyl}-4-(tetrahydro-2H-
pyran-2-yl)-4H-1,2,4-triazole (8.1 g, 26.3 mmol), bis(pinacolato)diboron (6.67 g;

26.3 mmotl} and potassivim acetate (10.32 g, 105 mmol) were combined in
dimethylformamide (100 mL). The solution was purged with nitrogen gas for 2 minutes.
Dichloro[1,1'-bis{(diphenylphosphino)ferrocene]palladium (11} dichloromethane (1.07 g,
1.31 mmot) was then added and the solution heated to 100 °C for 16 h, The solution was
filtered through celite and the filirate condensed under reduced pressure to afford a dark oil.
The oil was purified via Biotage chromatography (0-70 % ethyl acctate in hexanes) to afford
a solid upon drying. The solid was diluted with hexanes, sonicated, filtered and dried to
afford the title compound (7.1 g, 20.0 mmol, 71 % yield). MS (ESI) m/z 356.5 [M+1]".

5-Bromo-2-(1-(tetrahydre-2H-pyran-2-yl)-1H-1,2,4-triazol-3-yDpyridine

{00286} A. (E)-5-bromo-N-{{dimethylamino)methylene)picolinamide, A solution
of 5-bromopicolinamide (0.500 g, 2.49 mmol} and dimethylformamide dimethylacetal

{20 mL), were heated to 85° C for 3 h. The reaction was concentrated and the product was
used directly in the next step (0.604 g, 95 % vield). MS (ESI) m/z 257.1 [M+17".

[00287] B. 5-Bromo-2-(1H-1,2,4-triazol-3-yDpyridine. A solution of (E)-5-bromo-
N-((dimethylamino)methylene)picolinamide {0.604 mg, 2.36 mmol) and hydrazine (2.12 g,
66.1 mmol) was stirred af 25 °C for 3 b. The reaction was concentrated and diluted with
water. The resulting precipitate was collected by filiration and dried under vacuum to give
the title compound (0.442 g, 83 % yield). MS (ESI) m/z 226.1 [M+1]",

{00288] C. 5-Bromo-2-(1-(tetrahydro-2H-pyran-2-vl)-1H-1,2 4-triazol-3-
yl)pyridine. A solution of 5-bromo-2-(1H-1,24-triazol-3-yDpyridine (0.342 mg,

1.52 mmol), 3,4-dihydro-2H-pyran (0.256 g, 3.04 mmol) and 4-mcthytbenzenesulfonic
acid {0.058 g, 0.30 mumol) in tetrahydrofuran was heated to 75 °C for 6 h. The reaction was
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concentrated and purified using Biotage column chromatography (0-20 % methanol in
dichloromethane) to provide semi-clean product as an ofl (0614 g, 1.9 mmol, >100 %
yield), This material was used without further purification. MS (ESI) m/z 3094 [M]", 311.1
[M#2]",

tert-Butyl 6-bromo-4-methyl-2-(methylaminc)-1H-benzo[djimidazole-1-carboxylate

g

Q

ar: N
\@E P
N 5\

[6028%] A. (6-Bromo-4-methylbenzimidazol-2-yl}-N-methylamine.
Isothiocyanatomethane (0.055 g, 0.746 mmol) in NN-dimethylformamide (1.0 ml.} was
added dropwise slowly to a stirred sohition of 5-bromo-3-methylbenzene-1,2-diamine
(0.150 g, 0.746 mmol) in N,N-dimethylformamide (1.5 mL) at § °C. The cold bath was
removed, the reaction mixture was capped and stirred at room temperature for 48 h.
N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (0.157 g, 0.821 mmol}
was added and the reaction mixture capped and heated at 40 °C overnight. The resulting
mixture was diluted with methanol, filtered and purified using reverse-phase preparatory
HPLC {16-50 % acetonitrile + 0.1 % TFA in H,O + 0.1 % TFA, over 3¢ min). Fractions
containing the desired product were combined and most of the solvent removed under
reduced pressure. Aceioniirile was added and the resulting mixture loaded on a Strata ion
exchange column. The column was washed successively with water, acetonitrile, methanol
and 5 % ammonium hydroxide in methanol. The product eluted with the 5% ammonium
hydroxide in methanol and was concentrated under reduced pressure and dried under tugh
vacuum to give the desired product (0.128 g, 0.53 mumol, 72 % yield) as a slightly yellow
waxy solid. MS (ESI) m/ 240 [M]", 242 [M+2]". |

[6G296] B. tert-Butyl 6-bremo-4-methyl-2-(methylamino)-1H-~
benzojdjimidazele-1-carboxylate. (6-Bromo-4-methylbenzimidazol-2-yl)-N-methylamine
(0.128 g, 0.533 mumol), diisopropylethylamine (0.464 mL, 2.67 mmol), di-tert-butyl
dicarbonate (0.349 g, 1.599 mmol) and N, N-dimethylformamide (5 mL} were combined in a

100 mL round bottom flask, capped and stirred at room temperature for 21 h. The resulting
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mixture was partitioned between water and ethyl acetate. The layers were separated and the
organics were washed with water and brine. The organics were dried over magnesium
sulfate, filtered, concentrated under reduced pressure and purified using flash
chromatography (10-30 % ethyl acetate in hexanes) to give the desired product (0.092 g,
0.27 mmol, 51 % yield) as a vellow waxy solid. MS (ESI) m/ 340 [M]", 342 [M+2].

Tert-butyl 6-bromo-4-methyl-2-(methylamineg)-1H-benzo[d]imidazole-1-carboxylate

H

N

N B
a\f'

{00291} A. T-Methyl-5-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-yl)-1H-
benzo[djimidazol-2-amine, 3-Methyl-5-(4,4,5,5-tetramethyt-1,3,2-dioxaborolan-2-
yl)benzene-1,2-diamine (See Example 1.G) (500 mg, 2.015 mmol) and cyanic bromide
(0.484 mL, 2.418 mmol) were added fo a round bottom flask at room temperature,
suspended in methanol {10.0 mL) and allowed to stir for 1.5 h. Volatiles were removed
under reduced pressure followed by the addition of saturated sodium bicarbonate. The
precipitate was collected via filtration, washed with ethy! acetate and dried under reduced
pressure to afford the title compound (557 mg, 2.039 mmol, quant. vield). Compound was
carried forward without further purification or characterization. MS (EST) m/z

273.8 [M+1]",

tert-Butyl 6-bromo-4-methyl-2-(methyiamino)-1H-benzo{d]imidazole-1-carhoxylate

s
S

{00292] A. 6-Bremo-4-methyl-1-(tetrahydro-2H-pyrasn-2-ylj-1H-
benzo[dlimidazole. 6-Bromo-4-methyl-1H-benzold}limidazole (1.02 g, 4.83 mmaol) was
dissolved in tetrahydrofuran (10 mL) at room temperature with stirting under nitrogen.
3,4-Dikydro-2H-pyran {3.5 mL, 38.4 mmol) and methanesulfonic acid (0.032 mL,
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0.48 mimol) were added and the resulting mixture heated at 75 °C for 49 b, The resulting
mixture was cooled to room temperature, diluted with ethyl acetate and washed with
saturated aqueous sodium bicarbonate and brine. The organics were dried over magnesium
sulfate, filtered and concentrated under reduced pressure. Flash chromatography

{50-100 % ethyl acetate in hexanes) gave the desired product (1.32 g, 447 mmol, 93 %
yield) as a light yellow solid. MS (EST) m/z 295.1 [M] ", 297.3 [M+27".

[69293] B. 4-Methyl-1-({tetrahydro-2H-pyran-2-yI}-6-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-benzojd}imidazole. 6-Bromo-4-methyl-1-(tetrahydro-2H-pyran-2-
yh)-1H-benzofdjimidazole (1.320 g, 4.47 mmol), bis(pinacolato)diboron (1.192 g,

4,70 mmol), [1,1-bis(diphenyiphosphino)ferrocene]dichloropalladiom(ll), complex with
dichforomethane (1:1) (183 mg, 0.22 mmol), potassium acetate {1.317 g, 13.4 mmol) and
dimethyl sulfoxide (9 mL) were combined in a round bottom flask and stirred. The
atmosphere in the flask was removed under vacuum and replaced with nitrogen three times.
The resulting mixture was heated at 9¢ °C under nitrogen for 1.5 h. The resulting mixture
was diluted with ethyl acetate and filtered through Celite. The filter cake was washed
thoroughly with ethyl acetate. The filtrate was washed twice with water, once with brine,
dried over magnesium sulfate, filtered and concentrated on a under reduced pressure. Flash
chromatography (50-100 % ethyl acetate in hexanes) gave the desired product at ~90%
purity (1.31 g, 3.83 mmol, 77 % yield) as a yellow tan foam-solid. MS (EST) m/ 343.2
[M+17",

52 BIQLOGICAL EXAMPLES

52.1 Biochemical assavs

[06294)] mTOR HTR-FRET Assav. The following is an example of an assay that
can be used to determine the mTOR inhibitory activity of a test compound. Heteroaryl
Compounds were dissolved in DMSO and prepared as 10 mM stocks and diluted

appropriately for the experiments. Reagents were prepared as follows:

[00295] “Simple TOR buffer” (used to dilute high glyeerol TOR fraction): 10 mM
Tris pF 7.4, 100 mM NaCl, 0.1% Tween-20, 1 mM DTT. Invitrogen mTOR
(cat#PR8683A) was diluted in this buffer to an assay concentration of 0.200 pg/mL.
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(06256} ATP/Substratc solution: 0.075 mM ATP, 12.5 mM MnCl,, 50 mM Hepgs,
pH 7.4, 50 mM B-GOP, 250 nM Microcystin LR, 0.25 mM EDTA, 5 mM DTT, and
3.5 ug/mL GST-p7056.

[06297] Detection reagent solution: 50 mM HEPES, pH 7.4, 0.01% Triton X-100,
0.01% BSA, 0.1 mM EDTA4, 12.7 pg/mL Cy5-aGST Amersham (Cat#PA92002V),

9 ng/ml. o—phospho p7036 (Thr389) (Cell Signaling Mouse Monoclonal #9206L),

627 ng/mL a—mouse Lance Eu (Perkin Elmer Cat#AD0077).

[60298] To 20 L of the Simple mTor buffer 1s added 0.5 pl. of test compound in
DMSO. To initiate the reaction 5 pL of ATP/Substrate solution was added to 20 uL of the
Simple TOR buffer solution {control) and to the compound solution prepared above. The
assay was stopped after 60 min by adding 5 pL of a 60 mM EDTA solution; 10 uL of
detection reagent solution was then added and the mixture was allowed to sit for at least

2 hours before reading on a Perkin-Elmer Envision Microplate Reader set to detect LANCE
Eu TR-FRET (excitation at 320 nm and emission at 495/520 nm).

[00299] PI3K alpha and gamma Assavs. PI3K alpha and gamma assays were run
using the procedures described in the Millipore PI3K assay kit {cat#33-017). PI3K alpha and
gamma enzyme were obtained from Invitrogen(Cat# PV4788 and PV4786).

106300} Selected Heteroaryl Compounds have, or are expected to have, an
1Csp below 10 M in this assay, with some compounds having an ICsg below 1 uM, aud
others having an ICs below 0.10 uM.

[60301] DNA-PK assay, DNA-PK assays were performed using the procedures
supplied in the Promega DNA-PK assay kit (catalog# V7870). DNA-PK enzyme was
purchased from Promega (Promega cat#V5811).

{00302} Selected Heteroaryl Compounds have, or are expected to have, an ICs, below
10 M in this assay, with some compounds having an ICs; below 1 uM, and others having
an ICso below 0.10 uM.

522 Celi-based Assays
[00303] PC-3 p-56 and p-Akt MesoScale Assay, The following is an example of an
assay that can be nsed to deternmiine the anticancer activity of a test compound. PC-3, a
prostate adenocarcinoma cell line (#CR1L-1435) was used in the p86 Mesoscale Assay, The
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cells were grown in F-12 Kaighos® supplemented with 10% Fetal Bovine Serum and 1%
Penicillin/Streptomycin. The following buffers were used: Complete Tris Lysis Buffer (for
10 mL use: 100 L phosphatase inhibitor ¥ (100X stock), 100 pL phosphatase inhibitor I
(100X stock), 1 tablet Complete Mini (EDTA-free), 40 ul. PMSF, all mixed thoroughly for
5 minutes at room temperature); 1 X Tris wash Buffer (for 250 mL use: 25 mL 10X Tris
wash buffer, 225 mL deionized water, store at room temperature); MSD blocking solution-A
{for 28 mL use: 20 mL IX tris wash buffer and 600 mg MSD blocker A, store on ice);
Antibody dilution buffer (for 3 mL use: 1 mL blocking solution-A, 1.82 mL 1X trig wash
buffer, 150 ul. 2% MSD blocker D-M, 30 pL 10% MSD blocker D-R, stote on ice).

[00304] On day one in the afternoon, celis were plated in 96-well flat bottom cell
culture plates at 20,000 cells/well in 180 pl of volume. On day 2 in the morning, test
compounds were diluted o the desired concentration and added to the cells. Cells were
treated with compound for 1 bour at 37 °C, 5% CO;. The media was removed carefully and
50 pl. 1X Tris Lysis Buffer was added to each well and the plate placed on a shaker at 4 °C
for 1 hour to lyse the cells, 35 pL of lysate from each well was used to assay for p-S6 levels
using the protocol described in the manual for MAG000 Phospho-SORP (Ser235/236) Whole
Cell Lysate Kit #K110DFD-3. The lysatc was assayed for p-Akt levels using the protocol
described in the manual for MAG6000 Phospho-Akt (Ser4730 whole cell Iysate Kit
(#K111CAD-3). The plate was read on Sector Imager plate reader. 1Cs, values were

calculated from dose response curves,

[00305] Heteroaryl Compounds have, or are expected to have, an 1Cs, below 10 pM
in this agsay, with some compounds having an ICse below 1 pM, and others having an
ICss below 0.10 M.

(06306} Btk-PH. Akt-PH and FoxQ-EGFP franslocation assays. The following is

an example of an assay that can be used to determine the anticancer activity of a test
compound. BTK-PH_CHO cells (Bioimage CO07A) were grown in Nut. MixF-12-Ham
supplemented with 10% Fetal Bovine Serum, 1% Penicillin/Streptomycin, 0.5 mg/mL
Geneticin and 0.23% DMSO. The cells were plated at 12,000 cells per well in & black wall
clear bottom 96-well plate, Following 24 hour incubation, the cells were washed with cell
wash buffer and incubated for 1 hour with cell wash buffer, Cells were then treated with
contral/test compounds and IGF-1 (insulin-like growth factor-1) for 4 minutes at room
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temperature. The cells were then fixed, washed and stained with Hoescht in PBS containing
0.5% Triton X-100. Plates were sealed and then read on Celiormics after 30 minuies.
Akt-PH_CHO cells {Bioimage C006A) were grown in the same media as the
BTK-PH_CHO cells. The cells were plated at 10,000 cells per well in a black clear bottom
96-well plate. The rest of the protocol was identical fo the Btk-PI assay (as above).

-2 OS cel hines stably transfected with FoxOQ-EGFP consiruct was a gift from Gary
Chiang, Burnham Institute, La Jolla, The ¢ells were grown in DMEM supplemented with
10% Fetal Calf Serum and 1% Penicillin/Streptomycin. The cells were plated at

20,000 cells per well in a black clear bottom 96-well plate. Following overnight incubation,
the cells were treated with control/test compounds and incubated for 2 hours. The cells
were fixed, washed and stained with Hoescht. The plates were then washed with PBS three
times and then 100 pL PBS was added to each well. The plate was then covered with a
transparent cover slip. The plate was read on Cellomics and the ICsp values were calculated

compared to Wortmannin.

[00387] Selected Heteroaryl Compounds have, or are expected to have, an
ICs0 below 30 uM in this assay, with some compounds having an ICs) below 1 uM, and
others having an ICs below 0.10 uM,

{06308} Cell Proliferation assav, The following is an example of an assay that can

be used to determine the anticancer activity of a test compound. The assay was used to
quantify cell proliferation based on measurement of metabolic activity via the reduction of
tetrazolium salts to formazon salts. WST-1 (Roche Cat# 11 644 807 001) was used fo
measurc the proliferation of PC-3 cells. PC-3 cells were piated in 180 L of growih media
(F-12 Kaighns’ supplemented with 10% Fetal Bovine Serum and 1%
Penicillin/Streptomycin) at 3000 cells per well. The plated cells were incubated overnight
in 5% CO; at 37 °C. Compounds were diluted in DMSO from 10 mM stack solution and
then into F-12 Kaighns medium. 20 pl. of compound dilutions including the DMSO control
in triplicate were added to the cells in the 96-well plate. The cells were incubated with
compound for 3 days in 5% CO; at 37 °C. 20 pL of WST-1 was added to each well. The
plates were incubated for two hours in 5% CO; at 37 °C. The plates were read on a Victor
2 multilabel plate reader (Perkin Elmer) at 450 nm. ICsq values were calculated compared
to the DMSQ centrol,
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{00309} Heteroaryl Compounds have, or are expected 0 have, an ICg below 30 M
in this assay, with some compounds having an ICsg below 1 pM, and others having an
1Cso below 0.10 uM.

[00310] 1E-2 Inflammation assav. The following is an example of an assay that can
be used to determine the anti-inflammatory activity of a test compound. IL-2 production
from stimulated primary T cells was assayed using the IL-2 kit from Mesoscale
(MAG000#L41AHB-1). Human primary T cells were pretreated with compound for

30 minutes and then stimulated with anti-human CD3 beads and anti CD28 beads for

24 hours. After cell treatment, the media was harvested. 25 pl of sample or calibration
standard was added to human IL-2 cytokine Mesoscale Assay plate. The media was
incubated for 1-2 hours with shaking at room temperature. The plates were washed three
times with 1IXPBS. 150 ul of 2XMSD Read buffer T was added per well and the plate was

analyzed on Mesoscale Discovery Sector Imager plate reader.

[66311) Heteroaryl Compounds have, or are expected to bave, an ICso below 30 pM
in this assay, with some compounds having an ICsp below I uM, and others having an
1(:50 below 0.10 E.LM

523 In Vive modsls.

[60312] Delayed-type hypersensitivitv (DTH) model. On day 0, CD-1 mice were
sensitized using 3% oxazolone, painted on the shaved abdomen (sensitization). On day 5 the
right ear was painted with 1% oxazolone and the left car was painted with vehicle
(acetone:olive oil) (elicitation). Compound treatment was started one day prior to the 1%
oxazolane elicitation step. Compounds were administered either orally, intraperitoneally, or
intravenousty, using once or twice daily dosing for the duration of the study. On day 6

(24 br post elicitation) the right ear of untreated animals showed vedness (erythema) and
swelling (edema). The cars of compound-treated animals were measured 24, 48 and 72 hr
post elicitation. Differences between right and left ear thickness, indicating DTH

development was determined by microcaliper measurements.

j00313] In this model, Heteroaryl Compounds have, or are expected to have, an
EDsp value of <100 mg/kg, with some compounds having an EDgg of <10 mg/kg and others
an EDsp of <1 mg/ke.
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[00314] Xenograft cancer model. Human cancer cell lines were injected inte SCID
(severe combined immunodeficiency)mice. For cells maintained ir vitro, tamors were
generated by injecting precisely determined numbers of cells into mice. For tumors which
were best propagated in vivo, tumor fragments from donor mice were implanted into small
numbers of mice for maintenance, or larger numbers of mice for study initiation. A typical
efficacy study design involved administering one or more compounds to tumor-bearing
mice. Additionally, reference chemotherapeutic agents (positive control) and negative
controls were similarly administered and maintained. Routes of administration can include
subcutancous (SC), intraperitoneal (IP), intravenous (IV), intramuscular (IM) and oral (PO).
Tumor measurements and body weights were taken over the course of the study and
morbidity and mortality were recorded. Necropsy, histopathology, bacteriology,
parasitology, scrology and PCR can also be performed to enhance understanding of disease
and drug action.

100315} Some of the typical harnan cancer cell lines that were or can be used in the
above xenograft models are: the MDA MB-231, MCF7, MDA-MB-435, and T-47D cell
lines for breast cancer; the KM 12, HCT- 135, COLQ 205, HCT 116 and HT29 cell lines for
colon cancer; the NC1-H460 and A549 cell lines for lung cancer; the CRW22, LNCAP,
PC-3, and DU-145 cell lines for prostate cancer; the LOX-IMVT and A375 cell lines for
melanoma,; the SK-0 V-3 and A2780 cell lines for ovarian cancer; and the CAKI-I, A498,

and SN12C cell lines for tenal cancer; and U-87MG cell line for glioma cancer.

{00316} In short, SCID mice were dosed with compounds ranging from, for example,
100 mg/kg to 0.1 mg/kg with different dose scheduling, including, but not limited to, qd,
q2d, q3d, q5d and bid. The compounds were formulated in, for example
0.5%CMC/0.25% Tween and delivered orally, The mice were dosed for 21 days and tumor
volume measurements were taken every three days. Example Xenograft models tested
included PC-3, HCT-116, A549, MDA MB-231 and U-87MG models.

160317] In this model, Heteroaryl Compovmds have, or are expected to have, an
EDjy, vaiue of <160 mg/kg, with some compounds having an EDsg of <10 mg/kg and others
an EDsy of <1 mgrkg.

53  HETEROARYL COMPOUND ACTIVITY
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[00318] Each of the compounds in Table T was tested in the mTor HTR-FRET assay
and was found to have activity therein, with all of the compounds having an ICs, below

10 pM in the assay, with some compounds having an ICsp between and 0.005 oM and

250 nM (Activity level D), others having an ICso between and 250 nM and 500 nM
{Activity level C), othiers having an ICs between 500 nM and 1 pM (Activity level B), and
others having an ICsq between 1 pM and 10 pM (Activity levet A).

Table 1

Coopd] MS (EST)| Act.

No. Cmapd Structure | Cmpd Name iz Level

s,
) 6-(1H-pyrrolof2,3-b]pyridin-3-
! o yi)-4-(2-(tetrahydro-2H-pyran-4- 379.3
1 K r yl)ethyl)-3,4- v 1 D
“‘“;Lz' d NL dihydropyrazino|2,3-b]pyrazin- IMHL}
oy N 2(1H)-one
M

6-(4-methyl-6-(1¥-1,2,4-triazol-

wiy r(j? 3-yDpyridin-3-yl)4-((tetrahydro-| 001

2 mf . 2H-pyran-4-yl)methyl)-3,4- M +'1 T D
:;la- dihydropyrazinof2,3-b]pyrazin- '

2(1H)-one

6-(5-fluoro-2-methyl-4-(1H-
) 1,2,4-triazol-3-yphenyl)-4-
, e ((trans-4- 4522
P "g“t]h methoxyeyclohexyDmethyl)-3,4- | [M+1]

B dihydropyrazinof2,3-b]pyrazin-
2(1H)-one

. 6-(5-flyoro~-2-methyl-4-(1H-
wfel F & 11,2,4-triazol-3-yl)phenyl)-4-((cis-
rJ:j 4-methoxycyclohexyDmethyl)y- | {:2_%54
;&; v 3,4-dihydropyrazinof2,3-
blpyrazin-2(111)-one
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Cmpd MS (EST) | Act.
No. Crapd Structure Cmpd Name m/z Level
6-{6-(1H-1,2,4-triazol-3-
Wik rgj‘ yOpyridin-3-yl}-4-((zrans-4- 913
5 S methoxycyclohexylymethyl)-3,4- M +i]+ D
U1 }g dihydropyrazino[2,3-blpyrazin- '
2(1H)-one
6-(5-fluoro-2-methyl-4-(1H-
% 1,2,4-triazol-3-yD)phenyf)-4-
o | LT | Grans-4- 4381 | o
: :’{1}3 hydroxycyclohexyDmethyi)-3,4- | [M+1T"
ditydropyrazinof2,3-bjpyrazin-
2(1H)-one
_ , 6-{6-(1H~1,2,4-triazol-3-
Wit rcf‘ yhpyridin-3-y1)-4-({cis-4- 4212
7 “% methoxyoyclohexyDmethyl)}3,4- | ML | D
;EE:}% dihydropyrazino(2,3-blpyrazin- |
’ 2(1H)-one
‘f" 6-(6-(1H-1,2,4-triazol-3-
1wy . ylpyridin-3-yl)-4-((trans-4- _
g | ¥R, & hydroxyayclohexylmethyl)-3,4- [;;?zil]* D
l*:?r;?"c dihydropyrazino[2,3-b]pyrazin- :
2(1H)-one
3* "y 6—(6~(1H-1-,2,4-—t1‘iaz01~3-
g“”- [" L] yhpyridin-3-yi)-4-(cis-4- 1932
9 R N | hydroxycyclohexyl)-3,4~ M +.l]¢ D
’ “f:(p% dihydropyrazino[2,3-b]pyrazin-
) 2(1t)-one
o 6-(6-(1H-1,2,4-triazol-3-
s yDpyridin-3-yi)-4-{{cis-4-
19 ?quﬁ::l\tu r{;r hydroxycyclohexylmethyl)-3,4- {:’?13+ D
-ar&:]t: dihydropyrazino|2,3-blpyrazin-

2(1H)-one
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Cmpd MS (EST) | Act.
No. Cmpd Strocture Cmpd Name miz | Level
; 3 6-(5-fluoro-2-methyl-4-(1H-
0o 1,2 4-triazol-3-yi)phenyl)-4- .
11 %AE? t:; {trans-4-methoxycyclohexyl)- {Iﬁflz]* D
f ﬁl 3,4-dihydropyrazinof2,3-
o blpyrazin-2(1H)-one
w o 6-(6-(1H-1,2 4-triazol-3-
e C} yDpyridin-3-yl)-4-(trans-4- 1072
12 | s % methoxycoyclohexyl)-3,4- [M+-1]; D
T N’LQ dihydropyrazino[2,3-blpyrazin-
S 2(iH)-one
] 6-(6-(1H-1,2,4-triazol-3-
ks h: yDpyridin-3-y1)-4-(trans-4-
13 e LY. ﬁ:’ hydroxycyclohexyl)-3,4- [:(?jé;f D
’;YC;}: dihydropyrazino[2,3-b]pyrazin-
2(1H}-one
6-(5-fluoro-2-methyl-4-(1H-
C:(‘* 1,2,4-triazal-3-yDphenyly-4-({cis- 438.2
14 F»«,.g :& 4-hydroxycyclohexyhmethyl)- IM +i]+ D
g 3,4-dihydropyrazino{2,3- '
bipyrazin-2(1H)-one
" 6-(6-(1H-1,2,4~triazol-3-
il Dpyridin-3-yi)-4-{cis-4-
B ™ yhpyn ¥
15 HH e Sy (\;’ methoxycyclohexyl)-3,4- ;ngfr D
N‘j(j% dihydropyrazino[2,3-b]pyrazin-
N 2{1H)-ene
*-gﬁs\ » 6-(6-(1H-1,2,4-triazol-3-
Y X 3 yhpyridin-3-yt)-4-(2-
16 | R WK [methoxyethyl)3,4- [fvffﬁ D

dihydropyrazino{2,3-b]pyrazin-
2(1H)-one
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Cumpd , _ MS (EST) | Act.
No. Cmpa Structure Cmpd Name /2 Level
gk,u 6-(6-(1H-1,2,4-triazol-3-
. rf’j{‘» v yhpyridin-3-yl)-4-isopropyl-3.4- | 3371 |
’ﬁ”‘l dihydropyrazino{2,3-blpyrazin- | [M+1]
A 2(1H)-one
H 6-(5-fluoro-2-methyt-4-(1H-
WYY Q 1,2,4-iriazol-3-yDphenyl-4-(cis- | o, 5
18 it L\r«' ) 4-hydroxycyclohexyl)-3,4- ™M +'1 I D
| N*’[:;k dihydropyrazino{2,3-b]pyrazin- |
Wt
R 2(1H)-one
R 6-(5-fluoro-2-methyl-4-(1H-
&~ [::j 1,2 4-triazol-3-yiphenyl)-4-(cis- 438.3
19 Y LY 4-methoxycyclohexyl)-3,4- [M +i I D
"')\kl dihydropyrazino[2,3-b]pyrazin- |
MR [2(1H)-one
M o 6-(S-flnoro-2-methyl-4-(1H-
N ' 1,2,4-trlazol-3-yLphenyl)-4-(2-
20 "}:@1 o  lmothoxyethyl)-3,4- [f\?fl%), D
Iilwlt. ditydropyrazino[2,3-blpyrazin- :
H 2(1H}-one
Y, " 6-(6~(1H-1,2 4-triazol-3~
SRS yD)pyridin-3-y1)-4-(tetrahydso- 3791
21 | ST 2H-pyran-4-y1)-3,4- | pwar | P
I;‘;t dikydropyrazmo[2,3-b]pyrazin- 3
H 2(1H)~one
2‘” 6-(6-(1H-1,2,4-triazol-3-
” w’*{ 7 yD)pyridin-3-yl)-4-othyl-3,4- 3231 |
sl “lt dihydropyrazino[2,3-blpyrazin- | [M+1]"
.\M" . ;r’ :

2(1H)-one
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Cmpd ' MS (ESI)| Act.
No. Cmpd Structure Cmpd Name iy Level
N 6-(5-fluoro-2-methyl-4-(1H-
Wy [‘f} 1,2 4-triazol-3-y1)phenyl)-4- 242
23 i o WS (trans-4-hydroxycyclohexyl)-3,4- M +§]+ D
A 3{"}@  |dihydropyrazino]2,3-bipyrazin-
TR |2(1H)-one
", 6~(5-fluoro-2-methyl-4-(1H-
oo 0 1,2,4-triazol-3-yl)phenyl)-4- o
2 ok (ietrohydro-2Epyran-d-yD-34- | (e | D
: :]LH . dihydropyrazino[2,3-b]pyrazin-
; 2(1H)-one
6-(5-fluoro-2-methyl-4-(1H-
Fy e 1,2,4-triazol-3-yDphenyl}-4- 168.1
25 . 4%3 isopropyl-3,4- ' [M +i 1 D
Wt dihydropyrazino[2,3-bipyrazin~
" 2(1H})-one
i) 4-ethyl-6-(5-fluoro-2-methyl-4-
Y |(1H-1,2,4-riazol-3-yDphenyl)- | 3542
2-6 - ;."i\.f # 3 + D
»:i 3,4-dthydropyrazine{2,3- [M+1]
5 |blpyrazin-2{1H)-one
. o 6-(3-fluoro-2-methyl-4-(1H-
Wit 5 LY“} 1,2 4-triazol-3-yl)phenyl)-4- 409.7
27 &E‘&IN" (tetrabydro-2H-pyran-d-y)34- | (G | D
i _;,fLD dihydropyrazino[2,3-b]pyrazin-
) 2(1H)-one
o 6-(3-finoro-2-methyl-4-(1H-
oL 5 :\4 12,4-triazol-3-ylphenyl)-4-(cis- | 400 |
28 f&q 4-methoxycyclohexyl)-3,4- T D
1 K dihydropyrazino[2,3-bpyrazin-

2{(1H)-one
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bipyrazin-2-yi)benzonitrile

Cmpd MS(EST}| Act,
No. Cmnpd Structure | Cmpd Name m/z Level
& 6-(3-fluoro-2-methyl-4-(1 H-
_ ¥ 1,2,4-triazol-3-yl)phenyl)-4-
29 HiY ' Lj\;j {trans-4-methoxycyclohexyi)- [;;;E]% D
:ﬂ:;@u 3,4-dihydropyrazinof2,3-
H bjpyrazin-2(1i)-one
W o 4-{2-methoxyethy)-6-(4-methyl-
10 Ny 6-(1H-1,24-triazol-3-ylpyridin- | 3674 |
= 3-y1)-3,4-dihydropyrazinof2,3- IMAT
" blpyrazin-2{ ’H)-one
gj‘] 6-(3-(18-1,2,4-triazol-5-
. " T ylpheny!)-4-(2-(tetrahydro-2H- 406.2
3w YL pyran-d-yljethyl)-3,4- My | A
o0 Aﬁkl {dihydropyrazino[2,3-bjpyrazin- )
il 2{1H)-one
& ' 5-(8-(2-methoxyethyl)-6-oxo-
n | 't 56,7, 8-tetrahydropyrazinof2,3- | 3974 |
; :3: ), [bloyazin2-yl)-a- [M+17"
e imethylpicolinamide
‘ 3-(6-0x0-8-(2-(tetrahydro-2H-~
33 n pyran-4-yhethyl)-5,6,7,8- 21 | g
Hi‘if fig tetrahydropyrazino[2,3- [M+17]*
YL, [blpysazin2-ylybenzamide
H
3-(6-ox0-8-(2-(tetrahydro-2H-
34 pyran-4-yhethyl)-5,6,7,8- 364.8 B
tetrahydropyrazino[2,3- [M+1]"
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dihydropyrazinof2,3-blpyrazin-
2(1H)-one -

Cmpd MS (EST) | Act.

No. Cmpd Structure Cmpd Name iz Level

i 5-(8-(trans-4-
Y C:t,\.] methoxycyclohexyl)-6-0x0- 197.4
35 | o Y X 5,6,7,8tetrahydropyrazino[2,3- | el | D
o E:Lb blpyrazin-2-y1)-4- |
Ul methylpicolinamide
™ l6-(1H-imidazo[4,5-blpyridin-6-
y1)-4-(2-{tetrahydro-2H-pyran-4- 3802
36 .”““%{ ¢ yl)ethyl)-3,4- otep | B
‘ \’)‘\ﬁ"j[:;ﬂ dihydropyrazino[2,3-blpyrazin-
S ¥ 2(1H}-one
L2
CP 6-(1H-indazok-6-yl)-4-(2-
. e A (tetrahydro-2H-pyran-4-ylethyl)-|  379.5
T LI b 13 adihydropyrazino[2,3- My | A
" 'VE‘F{ . ‘b]pymzin-Z(lH}—(}ne
H
4-((1R,38)-3-
methoxycyclopentyl)-6-(2-

28 methyl-6-(4H-1,2,4-triazol-3- 4073 | 4
yhpyridin-3-y)-3,4- [M+11"
dihydropyrazinof2,3-blpyrazin-
2(1H)-one

. 44(18,3R)-3-
- » methoxycyclopentyl)-6-(2-
29 e }Q methyt-6-(4H-1,2,4-triazol-3- 4073 | o
N, pheymdin3yhad M+
e dihydropyrazino{2,3-b]pyrazin-
2(1H)y-one
mﬁ 4-(IR,3R)-3-
P A methoxycyclopentyl)-6-(2-
0 W‘E ‘ }:,3 methyl-6-{4H-1,2,4-triazol-3- 4073 |
‘ S, yDpyridin-3-y1)-3 4- M+
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dihydropyrazino[2,3-b]pyrazin-
2(1H)-one

C;Inopd Cmpd Structure Cmpd Name MSm(,}IEZSI) Ife ::el'.
4-((18,38)-3-
|methoxycyclopenty)-6-(2-
» u*@ methyl-6-(4H-1,2,4-triazol-3- 413 | o
N 35% y)pyridin-3-yl)-3,4- pM+1T*
' dihydropyrazino[2,3-blpyrazin-
_2(1H)-G:ne
£ 4-ethyl-6~(2-methyl-6-(4H-1,2,4-
» f‘*ﬁ s triazol-3-yl)pyridin-3-y1)-3,4- B77 | 4
’E? dihydropyrazino[2,3-blpyrazin- | [M+1]*
o 2(1H)-one
b 6-(1H-pyrrolof2,3-b]pyridin-5-
e ‘ y1)-4-(2-(tetrahydro-2H-pyran-4- 3792
43 “Qf’ ¢ yhethyl)-3,4- M +i}+ D
' 4 "’NL dihydropyrazino[2,3-blpyrazin-
w" EJ E(IH)-OBB
X,
(]J 6-(1H-indol-6-y1)-4-(2- |
P (tetrahydro-2H-pyran-4-yljethyl)-f  378.1
44 @;\nj o ,.15:- 3,4-dihydropyrazino[2,3- M+17 C
i \C:}\E{l“ blpyrazin-2( [H)-one
9 6-(1H-indol-5-y1)-4-(2- :
g, |(tetrahydro-2H-pyran-d-yhethyl)-| ~ 378.1 ,
45 @Vﬁ{\ bl 3,4-dihydropyrazino[2,3- [M+17" b
L e [plpyrazin2(iF)-one
H
O 4(IR,38)3-
u F methoxycyciopentyDmethyl)-6-
4 ¥ },15 (2-methyl-6-(4H~12,d-friazol-3- | 4212 | o
" Y 5} yDpyridin-3-yD-3,4- [MH1T"
i
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Cmpd| | MS (ESI) | Act.
No. Cmpd Stracture Cmpd MName mlz Level
. 4-(({(18,3R)-3-
. 3 methoxycyclopentyl)methyl)-6-
L (2-methyl-6-(4H-1,2,4-triazol-3- | 421.2
47 ﬁﬁtﬁl yDpyridin-3-y1)-3,4- il | P
N dihydropyrazino[2,3-blpyrazin-
2(1H}-one
f"“:, 6-(3-fluoro-2-methyl-4-(4H-
1,2,4-triazol-3-yDphenyD)4-(2-
48 &«f‘l (tetrahydro-2H-pyran-d-yhethyl)- [ﬁf‘% D
f’“{ 'Ib 3,4-dihydropyrazinof2,3- ‘
blpyrazin-2(1H)-one
Pari et 6-(3-ﬁu.or0-2~methy1-4-(4ﬂ-
B A 1,2,4-triazol-3-yl)phenyl)-4-(2- 384 3
49 Ak, methoxyethyl)-3,4- vy | P
ﬁ:&;lu dihydropyrazino{2,3-bjpyrazin-
o 2(1H)-one
3,3-dimethyl-6-(4-methyl-6-(4H-
g n@\ 1,2,4-triazol-3-yljpyridin-3-y1)-4-
o | ° N ) {(tetrahydro-2H-pyran-4- 4353 1 o
b\":f\ j; yhmethyl)-3,4- M+1T
L dihydropyrazinof2,3-b]pyrazin-
2(1H)-one
" 2 6-{6~(2-hydroxypropan-2-
:J\g, Ny yDpyridin-3-yi)-4-((1R,35)-3~ 184.3
51 LR methoxycyclopentyl)-3,4- M'i + D
‘ ’I L@ dihydropyrazino]2,3-b]pyrazin- [M+1]
oy 2(1H)-one
' "4, 6-(6-(2-hydroxypropan-2-
: C‘s yDpyridin-3-yD)-4-((1S3R)3- | e,
&2 methoxycyclopentyl)-3,4- M —i—i T D

|dihydropyrazino[2,3-b]pyrazin-

2(1H)-one
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dihydropyrazino[2,3-blpyrazin-

Cmpd MS (ESI) | Aet.
No. Cmpd Structure Cmpd Name s Level
b 6-(6-(2-hydroxypropan-2-
¥ S pyridin3yD-a-(US38)3- | g0
53 T W methoxycyclopentylmethyl)-3,4- [M+i]+ D
s N’{&l dihydropyrazino[2,3-bipyrazin-
wTRT 2(1H)-one
¥ 6-(6~(2-hydroxypropan-2-
(X yDpyridin3-yD4-((IR3RY3- | g0
54 | VYO &f} e methoxycyclopentyl)metuyh)-3,4- M +i]4 D
"\’[‘ﬁ:}: 1, dihydropyrazino]2,3-b]pyrazin- '
- 2(1H)-one
Hy “'% 6-(6-(2-hydroxypropan-2-
oy & yD)pyridin-3-y1)-4-((1S,38)-3- 1843
55 LN R methoxycyclopentyl)-3,4- M +i]+ A
3 «J‘h dihydropyrazinof2,3-blpyrazin-
W 2(1H)-oue
" % 6-(6-(2-hydroxypropan-2-
P 9 yipyridin-3-y1-4-((1R,3R)-3- 3843
56 Mot methoxyeyelopentyl)-3,4- M +i]¥- D
i .3\.)% dibydropyrazinof2.3-b]pyrazin-
M 2(1H)-one-
Es 6-(6-(2-hydroxypropan-2-
: ¢ yDpyridin-3-yD-4-((1R,38)-3-
T N methoxycyclopentylmethyl)-3,4- [ﬁfi} D
\[: T dihydropyrazino[2,3-blpyrazin-
N 2(1H)-one
2 6-(6-(2-hydroxypropan-2-
S rY PDoyridin3yD4-(US3R)3 | g0
58 g NwLE agf;' methoxycyclopentyl)methyl)-3,4~ [M+1]° D
<

2(1Hj-onc
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Cmpd . MS{ESI}: Act
No. Cmpd Structure Cmpd Name oz Level
é‘"‘{‘ b . 6~(3-fluoro-4-(4H-1,2,4-triazol-3-
50 5\5%‘1\' w K yDphenyl)-4-(2-methoxyethyl)- 370.2 D
i ¢ Wg:; 3,4-dihydropyrazino[2,3- M+1T
o © blpyrazin-2{1H)-one
(” 6-(3-fluoro-4-(4H-1,2,4-triazol-3-|
&Y ylyphenyt)-4-(2-(tetrahydro-2H- 4243
60 g"i | pyran-d-yl)ethyl)-3,4- nsil | P
e :‘:( dihydropyrazinof?2,3-b]pyrazin-
At 2(1H)-one
7'-(2-methyl-4-(4H-1,2 4-triazol-
P ey 3-ylphenyl)-1((tetrahydro-2H-
o1 *‘vs‘i Q‘w pyran-d-yDmethyl)-1'H- 4604 |
‘ ”zﬁf“E;} spiro[cyclopentane-1,2- M+17
5o pyrazino]2,3-blpyrazin-3'(4'H)-
one
|7-2-methyl-4(4H-1,2,4-triazol-
g8 ﬁ"’)\ 3-yhphenyl)-1'-{(tetrahydro-2H-
o g’\\;« . pyran-4-ylmethyl)-1'H- aa64 |
¥ N:( - spiro[cyclobutane-1,2'- IM+1T
M pyrazino[2,3-blpyrazin]-3{4'H)-
one
- rJ:s 4-(cyclopropylmethyl}-6-(6-(2-
6 K hydroxypropan-2-yDpyridin-3- 340.2 C
YY) [y)-3.4-dibydropyrazino2,3- MH1]
NONTe | blpyrazin-2(1H)-one
- 7-(2-methyl-4-(4H-1,2,4-triazol-
L 3-y[)phenyl)-1H-
64 Eﬁ& %w{'&g‘s spiro[cyclopentane-1,2'- [;16)%1:;]’* C
e 1 pyrazino[2,3-blpyrazin}-3'(4'H)-

ona
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blpyrazin-2-yl)benzamide

Cmpd MS (EST) | Act. |
No. Cmpd Stracture Cmpd Mame wlz Level
e 7'(2-metbyl-4-(4H-1,2 ,4-triazol-
N, o 3-yDphenyl)-1H-
63 Sﬁ\fz:({ri 3 spiro{cyclobutane-1,2'- _ [ﬁfé" C
Ui p i pyrazino{2,3-blpyrazini-3'(4'H)-
one
g_ ;'-(f)-zﬁeﬂz}g-ﬂig}i-l 2, 4-triazol-
g -ylphenyl)-1'H-
66 A %;:1{*: u":fa spirofeyclopropane-1,2'- [ﬁj&, D
P |pyrezino(2 3-blpyrazin}-3aH)- | M
i one
Netg e (R)-6-(4-(4H-1,2,4-triazol-3-
: LA I’Q ylphenyl)-4~({tetrahydrofuran-2- 378.1
67 | " @\K i ylymethyl)-3,4~ _ ™ +}']+-_ D
:l%a dihydropyrazino[2,3-bipyrazin- ’
' 2(1H)-one
“ o ‘(S)~6~(4-(4H~1,,2,4-triazoia-3-
. f\} yliphenyl)-4-((tstrahydrofuran-2-
Y . 378.1
68 . ::)»h yi)methyl)-3,4- [MHT D
3(5 ot dihydropyrazino{2,3-bipyrazin- :
' 2(1H)-one
2 7
k[) 6-(1F-indazol-5-y1)-4-(2-
60 1 "\ v (tetra?xydro-ZH-pyran—-d~y1)ethy1)— 379.0+ c
A oo 3, 4-dihydropyrazino{2,3- [M+1]
L . :;l% blpyrazin-2(1H}-one
b
=
HggH Q 4-{6-0x0-8-(2-(tetrahydro-2H-
70 QJ\E 2 4 pyran-4-yethyl)-5,6,7,8- 382.5 A
;L( I} tetralydropyrazinof2,3- IMHT
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Cmpd MS (ESI | Act.
No. Cmpd Structure Cmpd Name m Level
R - 4-(2-methoxyethyl)-3,3-
tﬁ\,{q Kj dimethyl-6-(2-methyl-4-(4E- 3942
71 A P\g 1,2 4-triazol-3-y)phenyl)-3,4- ™M +'11+ D
'ﬁg’* - dihydropyrazino[2,3-blpyrazin- |
! 2(1H)-one
v 4-cthyl-3,3-dimethyl-6-(2-
X mothyl4-(4H-1,2,d4riazol 3 | oo,
72 ] A \E‘ZAL{& k yl)phenyl)-3,4- neep | P
».k;l* @ dihydropyrazinof2.3-blpyrazin- '
R 2(1H)-one
& 6-(2-methyl-4~(4H-1,2,4-triazol-
Ll & 3-yDphenyl)-3,4- 308.1
73 Y *ﬁ"g\lﬁ dihydropyrazino[2,3-blpyrazin- | [M+1]" ¢
O 2(1H)-one
3,3-dimethyl-6-(2-methyl-6-(4H-
& O 1.2,A-triazol-3-yDpyridin-3-y1)-4-
74 N \L\\ ((tetrahydro-2H-pyran-4- 4353 D
S h yD)methyl)-3,4- M+17*
N dihydropyrazinof2,3-blpyrazin-
2(1H)-one
"y @661
B hydroxyethyl)pyridin-3-y1)-4-(2- 384.3
75 ' (tetrahydro-2H-pyran-4-yl)ethyl)- M +1 1 D
»Faﬁ”lh 3 4-dihydropyrazino[2,3-
s e blpyrazin-2(1H)-one
3,3-dimethyl-6-(2-methyl-4-(4H-
s *i:J\' 1,2,4-triazol-3-y!}phenyl)-4-
' ((tetrahydro-2H-pyran-4- 434.2
76 @\& f*::& yhmethyl)-3,4- M+ D

dibydropyrazinof2,3-b]pyrazin-

2(1H)-one
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Cmpd
No.

Cmpd Structure

Cmpd Name

MS {ESI)
m/z

Act.
.Level

77

e {

6-(6-(2-hydroxypropan-2-yl)-4-

. |methylpyridin-3-y1}-4-(trans-4-

methoxycyclohexyl)-3,4-
dihydropyrazino[2,3-blpyrazin~
2(1H)-one

4124
1Y

78

6-(6-(2-hydroxypropan-2-yl)-4-
methylpyridin-3-yl)-4-
((tetrahydro-2H-pyran-4-
yhmethyi)-3,4-
dihydropyrazino{2,3-blpyrazin-
2(1H)-one

398.3
MY

79

3,3-dimethyl-6-(2-methyl-4-(4H-
1,2 4-iriazol-3-yhphenyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(1H)-one ‘

336.2
M

80

3.3-dimethyl-6-(2-methyl-6-(4H-
1,2 4-triazol-3-yDpyridin-3-yl)-4-
(2-(tetrahydro-2H-pyran-4-
yDethyl)-3,4-
dihydropyrazino{2,3-b]pyrazin-
2(1H)-one

4492
M+1]"

81

6-(6-(2-hydroxypropan-2-yl)-2-
methylpyridin-3-yli)-4-
((tetrahydro-2H-pyran-4-
yhmethyl)-34-
dihydropyrazino[2,3-b]pytazin-
2(1 )-one

398.5
(]

82

6-(6-(2-hydroxypropan-2-yl)-2-

{methylpyridin-3-yl)-4-(frans-4- .

inethoxycyclohexyl)-3,4-
dihydropyrazino{2,3-b]pyrazin-
2(1H)-one

412.5
MY
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dihydropyrazino[2,3-blpyrazin-
2(1H)-one

Crapd MS (BESI)| Act.
No. Cmpd Structure Cmpd Name mz Level
¥
[ 71 E-6-(6-(1-
" A’ hydroxyethyDpyridin-3-y1)-4-(2- 1843
8 | Ty (fotrahydro-2H-pyran-d-ylethyl)-| e | C
Fot ﬁ“‘ﬁ:"“l 3,4-dihydropyrazino2,3- :
N bipyrazin-2(1H)-one
) 3,3-dimethyl-6-(2-methyl-4-(4H-
_ %‘"N 1,2 4-triazol-3-yi)phenyl)-4-(2- 4483
84 z"ﬂ@v b (tetrahydro-2H-pyran-4-yDethyl)- ™ +i].. D
i*fji:b 3,4-dihydropyrazino[2,3-
- TwTo blpyrazin-2(1H)-one
2 6-(6-(2-hydroxypropan-2-
:} yhpyridin-3-y1)-3,3-dimethyl-4-
g5 | g (2-(tetrahydro-2H-pyran-4- 426.3 A
i % Ly [yDethyD-34- M+1]"
\:rj: - dihydropyrazino{2,3-blpyrazin-
1-1 2(1H)-one
‘*‘f\] 6-(4-(2-hydroxypropan-2-
b I Dphenyl)-4-(trans-4-
_ _ yhpoeny
86 :&"ﬁ L“f“' methoxycyclohexyl)-3,4- [ifZ}z]“L D
%’Ti dihydropyrazino{2,3-blpyrazin-
Sy e 2(1H)-one
_ . 6-{4-(2-hydroxypropan-2-
| ;:\E r’E‘*“ y ylipheny!)-4-((trans-4- ) | 4113 ‘
87 lz!. methoxycyclqhexyl)met yl)—?,,4~- DM+ C
' :}( dihydropyrezino[2,3-bjpyrazin-
' 2(1H)-one
R 4.(cis-4-methoxyeyciohexyl)-6~
Pl i (2-methyl-6-(4H-1,2,4-triazol-3- 5
88 “f;*@(f[f yDpyridin-3-y1)-3,4- [;?j';r D
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Cmpd | MS (ESI) | Act.
No. Crpd Structure Cmpd Name iz Level
o 4-(trans-4-macthoxycyclohexyl)-
&y (‘J 6-(2-methyl-6-(4H-12 dtriazol- | o0 o
89 ‘,rf*% » 3-ylypyridin-3-y1)-3,4- oy | P
” I’a dihydropyrazino[2,3-b]pyrazin- ’
LA 2(1H)-one
" ~ 6-(4-(2-hydroxypropan~2-
-y - yDpheny!)-4-((tetrahydro-2H- 183.3
90 b ti pyran-4-yhmethyl)-3 4~ ey | P
: SN A dihydropyrazino[2,3-bjpyrazin-
oM 2{1H)-one
rf’“*f* : & 4-(2-methoxyethy)-6-(2-methyl-
o1 @f o 6-(4H-1,2,4-triazol-3-yDpyridin- | 3675 |
“g*_:l 3.y1)-3,4-dihydropyrazino{2,3- | [M+1]'
A blpyrazin-2(1H)-one
Fy 9-(6-(4H-1,2 4-triazol-3-y1)-3-
o | LT lpyridyD-6,11 e 3515 | o
‘ * \f; tribydromorpholino{4,3- [M+1]
T elpyrazino(2,3-blpyrazin-5-one -
. o |6-(2-methyl-6-(4H-1,2 d-trinzol-
& Kt f,fwj’ 3-yDpyridin-3-y1)-4-({tetrahydro-| - o
o3 | W ‘ﬁ:;LC 5 2H-pyran-d-yhimetiy)-3d- | L | c
| :EL zfl“ dihydropyrazino[2,3-b]pyrazin-
2(1H})-one
»?‘} 5-(8-(cis-4-methoxycyclohexyl)-
i 6-0%0-3,6,7,8-
H%: - bt B4 . - .
94 “‘tij; L“’ tetrahydropyrazino{2,3- [;Zfizr A
1“}( rl blpyrazin-2-y!)-6-
~= methylpicolinonitrile
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Cmpd MS (ESI)| Act.
No. Cmpd Structare Cmpd Name 1/ Level
S/‘ 6-(6-(4H-1,2,4-triazol-3-
A yDpyridin-3-yl)-4-(2-(tetrahydro-
o5 | S™ym  F [2H-pyran-dyDethyl)-3,4- [:?Zﬁ* D
- :K:LG dibydropyrazino[2,3-blpyrazin-
i 2(1H)-one
. 9-(4-(4H-1,2 4-triazol-3-y1)-2-
& {°  |methylphenyl)-3-(2-
96 WY ™ *'“: 4o methoxyacetyl)-6,11,4a- [ﬁif* D
T}N,{ o trihydropiperazinof1,2- ]
: elpyrazino[2,3-blpyrazin-5-one
F 9-(4-(4H-1,2,4-triazol-3-y1}-2-
97 | # e ‘f’“‘}‘” methylphenyl)-6,11,4a- 363.2 D
- ”i:ln trihydropiperazinof[1,2- [M+1T"
R ¢lpyrazino{2,3-blpyrazin-5-one
. 9-(4-(4H-1,2 4-triazol-3-yl)-2-
e = ethylphenyl)-3-(2-
g . methylpheny
98 i 'K ; £ jff methoxyethyl)-6,11,4a- [;?j;; C
EE{L " trihydropiperazine]1,2- anl
elpyrazino[2,3-bjpyrazin-S-one
' oy - 4-(cyclopentylmethyl)-6-(2-
VN A2 methyl-6-(4H-1,2 4-triazol-3-
I . 343
99 | © \E;It A yl)pyridin-3-yi)-3,4- [;?il? D
By ey dihydropyrazino[2,3-b]pyrazin-
: 2(1t)-one
e .
¢y _ 9-(6-(4H-1,2 4-triazol-3-y)-2-
100 4 ﬁ\]e’?:, o i"tj’ methyl-3-pyridyi)-6,11,4a- 365.5 C
e T ifﬁm trihydromorpholinof4,3- IMHIT
[

elpyrazine[2,3-b]pyrazin-5-one
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Cmpal .. ] MS (EST)| Act.
No. Cmpd Structure Cmpd Name /e Level
3" A-(trgns-d-hydroxycyciohexyl)-
v E\(:k 6-(6-(2-hydroxypropan-2- 1842
01 | 7Y 'y yh)pyridin-3-y1)-3,4- M+ * D
e ’NE‘-’:)% dihydropyrazino{2,3-bipyrazin-
N 2(1H)-one
gt 4-{cis-4-hydroxycyclohexyl)-6-
e [:j (6-(2-hydroxypropan-2- 3942
02 | WX yDpyridin-3-y1)-3.4- mgt | ©
P ?ﬁ;% dihydropyrazino[2,3-bipyrazin-
RS 2(1H)-one
pu 16-(6-(2-hydroxypropan-2-
& : b yhpyridin-3-yl)-4- 370.3
103 W, ‘-5“}: ({tetrahydrofuran-3-ylymethyl)- M+1T" B
\Lﬁ, g 3,4-dibydropyrazino[2,3-
blpyrazin-2(1H)-one
:'E,:_\ _ 4-(cyclopentylmethy!)-6-(6-(2-
104 ) L L hydroxypropan-2-yl)pyridin-3- § 368.1 B
i y1)-3,4-dihydropyrazino[2,3- M+177
RN blpyrazin-2(1H)-one
& 6-(6-(2-hydroxypropan-2-
’ : ’ yhpyridin-3-yl)-4-neopentyl-34-1  356.1
105 y}:}%”\ .ﬂi Chhy dropyrazmo[2,3—b] pyrazim [M +1] + C
NN 2(1H)-one
- i {6-(6-(2-hydroxypropan-2-
w6 | E yhpyridin-3-yl)-4-isobutyl-3 ,4- 3422 B
e . ;f' ' dihydropyrazino[2,3-blpyrazin- M+117
- ATV o]
]

2(1H)-one
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Cmpd MS(EST}| Act
No. Cmpd Structure Cmpd Name i Level
- 3-methyl-6-(2-methyi-4-(4H-
SN 1,2, 4-triazol-3-y1)phenyl)-4-(2-
107 | % ¢ |(Gettahydro-2Hopyran-4-yl)ethyl)- ﬂfffi}k D
hd I 3,4-dihydropyrazino{2,3-
RO bipyrazin-2(1H)-one
14'
T ! 6-(6~(2-hydroxypropan-~2-
108 Faprts - yDpyridin-3-yD)-4-(piperidin-4- | 3693 A
% .f”)h yl)-3,4-dihydrepyrazino[2,3- MY
D blpyrazin-2(1H)-one
M
\? 6-(6-(2-hydroxypropan-2-
4, | yDpyridin-3-yD)-4-(2-({tetrahydro-| o0
109 | N5y 2H-pyran-3-yljethyl)-3,4- i | D
Q‘T\Nf:;,h dihydropyrazino[2,3-b]pyrazin-
A 2(1H)-one
8-(4-(4H-1,2 d-triazol-3-yI)-2-
{L-!;-‘ an methylphenyl)(3aS,2R)-2-
S methoxy-5,10,3a- 378.2
116 \@{{ ‘ trihydropyrazino[2.3- 1yt | VA
B ydtop
s blpyrrolidinoj1,2-elpyrazin-4-
one
8-(4-(4H-1,2 4-triazol-3-yl)-2-
Py 7 methyiphenyl}(2R,3aR)-2-
, WY S |methoxy-5,10,3a- 3782 |
i } u'%{: N trihydropyrazino]2,3- IM+17" NA
MR blpyrrolidino[1,2-elpyrazin-4-
one
§-(4-(4H-1,2,4-iriazol-3-y1)-2-
Pl aw methylphenyl)(2S,3aR)-2-
- &;\E, A5 |methoxy-5,10,3a- 3782 | o
‘ T i‘}a trihydropyrazinof2,3- MHIT
M bipyrrolidinof1,2-ejpyrazin-4-

one
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elpyrazino[2,3-b]pyrazin-5-one

Cmpd | TMS (ESD) | Act.
No. Cmpd Structure Cmpd Name iz Level
8-(4-{4H-1,2 A~triazol-3-y1)-2-
& am methylphenyl)(28,3a8)-2~
s | gl methoxy-5,103a- 1782 |
' Y trihydropyrazino[2,3- MHT |
W blpyrrolidinof1,2-elpyrazin-4-
one
" ! 6-(6-(2-hydroxypropan-2-
% 1)) y%ghyridin-}yll))-c;-(fn wea |,
114 b L methoxypropyl)-3.4- 1t '
g T:Mﬁig}\ dihydropyrazino{2,3-b]pyrazin- [M+]
L 2(1H)-one
e (8)-6-(6-(2-hydroxypropan-2-
Sy ol [yDpyridin-dyea- 3703
115 QET& {(tetrahydrofuran-2-yDmethy)- M +i}+, A
| ok |3, 4-dihydropyrazino[2,3- '
" blpyrazin-2(1H)-one
o (R)-6~(6-(2-hydroxypropan-2-
Ayw AP ypyridin-3-y)-4- 3703
116 '::L[:HI ' ((tetrahydrofuran-2-ylymothyl)- [M‘f‘if B
. Ni_ :Lm 3,4-dihydropyrazine{2,3-
blpyrazin-2(1H)-one
"y |6-(2-methyl-6-(4H-1,2,4-triszol-
& 7 B-yDpyridin-3-yi)-4-(2- 911
117 | ¥ 'fj: - (tetrahydro-2H-pyran-4-yhethyl)- M +'1]+ b
‘ i"‘&‘: 3 4-dihydropyrazinof2,3-
N b]pyrazin-2(1H)-one
£ 9-(4-(4H-1,2 4-triazol-3-yi)-2-
118 ﬂﬂ* o -y methylphenyl}-3-methyl-6,11,4a-] 377.4 B
= }::{If trihydropiperazino[ 1,2 [M+1T°
' #;
{




Cmpd . MS(ESD)| Act.
No. Cmpd Structure Cmpd Name 1n/z Level
& 9-(4-(4H-1,2 A-triazol-3-
' Ix trihydromorpholinof4,3- M+1T"
NS |elpyrazinof2,3-bpyrazin-5-one
&y 9-(4-(4H-1,2 4-triazol-3-yH-2-
e ety S
A T o methylpheny!)-6,11,4a- 362.1
120 }“ﬁ trihydropiperidino[ 1,2~ My | P
g elpyrazino[2,3-blpyrazin-5-one
" 6-(6-(2-hydroxypropan-2-
& 4 yDpyridin-3-yl)-4-(trans-4- 398.3
121 | ° ' methoxycyclohexyl)-3,4- M+ i]+ D
Pz dihydropyrazino[2,3-b]pyrazin-
3y e 2(1H)-one
ki 6-(6~(2-hydroxypropan-2-
R C} yhpyridin-3-yl}-4-(cis-4- 308.9
122 | - v methoxycyclohexyl)-3,4- M +i]~: C
I ":JQ dihydropyrazino[2,3-blpyrazin- ’
S 2(1H)-one
{f:) 6-(6-(2-hydroxypropan-2-
2 | Py @ lmorpholinoethyl)-3,d- e | A
i ﬁiE:' : dihydropyrazino{2,3-b]pyrazin-
i 2(1H)-one
@ 6-(6-(2-hydroxypropan-2-
124 c;;\’[:wﬁ ’_j y})pyr’idin%-3‘fl)—4~phenethyi-‘3 A- 390.2; c
H f\l{ﬁii dihydropyrazino{2,3-bipyrazin- | [M+1]
F

I‘q
[

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

CI? olf d Cmpd Structure .Cmpd Name MS;)FZSI) I‘: :'tx;l
- PN 6~+6-(2-hydroxypropan-2-
s L\'/] yDpyridin-3-yl)-4-(tetrahydro- 370.3
125 R Mo 2H-pyran-4-y1}-3,4- ™M +'1 T B
.r},\:]% dihydropyrazino{2,3-blpyrazin-
it 2(1H)-one
g Q 4-(cyclohexylmethyl)-6-(6-(2-
- 7 hydroxypropan-2-yl)pyridin-3- 3823
126 el “Q;}i:lb yl)-34-dihydropyrazino[2,3- M1 D
i bipyrazin-2(1H)-one
. "")’c" 6;(6-(2—hyc§rox§zpr¢2?an—2:4
. yhipyridin-3-yl)-4-((trans-4- _ _
127 ”“ﬁ@\t YL methoxyeyclohexylmethy!)-3,4- I:ﬁfl* | D
:j(;la dihydropyrazino{2,3-b]pyrazin-
2(1H}-one
i 6-(6-(2-hydroxypropan-2-
My m yhpyridin-3-yl)-4-({cis-4- 4129
128 :"':LEM . methoxycyclohexylmethyl)-3,4- M +'1}; D
N,(;:Ih dihydropyrazino{2,3-blpyrazin-
1 2(1H)-one
M Py (R)-6-(6-(2-hydroxypropan-2-
P éo}) yDpyridin-3-y1)-4- 156.9
129 %%N\ '\L (tetrahydrofuran-3-yl)-3.4- ™ +i]+ B
. wﬂ: wron (zizklgéi)ropymzinn[lﬁl»b]pyra‘zin- :
H ~Qne
ey {3 (8)-6-(6-(2-hydroxypropan-2-
i‘e’ﬁ\]zm - ylpyridin-3-yl}-4- 356 1
136 %;xfﬁr::lo (tetrahydrafuran-3-yi)-3,4- {M +’1}+ B
’1'4 . |

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

Cﬁid Cmpd Structare Cmpd Name MSHEE_SDV I}: ‘?‘;1
" "i“ 6-(6-(2-hydroxypropan-2-
s 15T "H ) yDpyridin-3-yl)-4-phenyl-34- 3621 | o
';‘\"l dihydropyrazino[2,3-b]pyrazin- MHT
N 2(1H)-one
9 (8)-6-(6-(2-hydroxypropan-2-
B yDpyridin-3-yD)-3-methyl-4-(2- 412.3
132 1 Y b {tetrabydro-2H-pyran-4-yl)ethyl)- ;1 N D
R »:l”:i 3,4-dihydropyrazino[2,3- iM+1]
Boe e blpyrazin-2{ 1H)-one
ol 9-[6-(1-hydroxy-isopropyl}-3-
a3 | LALLY pyeidyll-6.114a- 20 | o
If T:{ trihydromorpholinof4,3- M+1Y
Rl elpyrazino(2,3-blpyrazin-5-one
" 6-(6-(2-hydroxypropan-2-
Py I3 [WDpyridin-3-yl)-4-{{tetrahydro- 384.2
134 N:.;L‘f ﬁl 2H-pyran-4-ylymethyl)-3 ,4- iyt | ©
ﬁ.ﬁ - dihydropyrazino{2,3-bjpyrazin-
H 2(1H)-one |
o o 6-(6-(2-hydroxypropan-2-
e ’) yhpyridin-3-y1)-4-(2- 344 1
135 & ,;Y \ methoxyethyl)-3,4- {MJrir A
S dibydropyrazinof2,3-bipyrazin-
# 2(1H)-ome
bt Rt 6-(2-amino-7-methyl-1H-
Fen f\% benzo|d]imidazol-5-y1)-4-(3- 454.4
136 ”’b\ s (trifluoromethybenzyl)-3,4- . B
N [M+1]
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Cmpd _ MS (ESI): Act.
No. Cmpd Structure Cmpd Name iz Level
)5 6-(6-(2-hydroxypropan-2-
Mg e yhpyridin-3-yl)-4-(3-
| XN (trifluoromethyLybenzyl)-3,4- Iﬁﬁﬁ* D
"’“\*‘]\t‘"\(‘:lh dihydropyrazino[2,3-b]pyrazin- -
S 2(1H)-one
o 9-(4-(4H-1,2 A-triazol-3-yl)-2-
¥ 0% imethylphenyl)-6,11 4a- 364
138 ‘ﬁ‘(ﬁ:}:g; {trihydromorpholino[4,3- M+17 D
o |eJpyrazino[2,3-b]pyrazin-5-one
a 6-(4-methyl-2-(methylamino)-
A &J 1H-benzofdjimidazol-6-y1)-4-(2- 4222
139 | 4 (tetrahydro-2H-pyran-4-yDethyl)- M +i’j+ D
‘i tﬁ:} 3,4-dihydropyrazino[2,3-
* ib]pyrazin-2(1H)-one
- 8-(4-(4H-1,2 4-triazol-3-yl)-2-
‘&{r\‘\g’ S methylphenyl)-5,10,3a- 3483 7
140 | P _:iﬁ-_'a trikydropyrazino[2,3- DM +'1]+ D
e blpyrrolidinof1,2-e]pyrazin-4- '
H one
N 6-(4~(4H-1,2 4-triazol-3-
| ¥ *@ A yl)phenyl)-4-cthyl-3,4- 322.2 c
- lj: 1«:. dihydropyrazino[2,3-b]pyrazin- | [M+1]* '
i 2(1H)-one
- -~ 6-(4-(4H-1,2 4-triazol-3-
QA‘E‘E" A |yDphenyl)-a-((tetrahydro-2H- 2923
142 %:{1 pyran-4-yDymethyh-3,4- (M +i T D
B

dihydropyrazino|2,3-blpyrazin-
2{1H}-one
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Cmpd MS (EST) | Act.
N n.-_l Cmpd Structure Cmpd Name miz | Level
7 _ ﬁj 6-(6-(2-hydroxypropan-2-
% " [ybpyridin-3-yl-4-(2-(etrabydro-| o0 s
143 | Ny * H-pyran-4-ylethyl)-3.4- ey | D
st “}E& dihydropyrazino[2,3-b]pyrazin-
S 2(1H)-one
g“;k@ 5 6-(4-(4H-1,2 A-triazol-3-
k; yDphenyl)-4-(2-methoxyethyt)- 352.2
144 :‘Kﬁ”t(lo 3,4-dihydropyrazino[2,3- oar | P
N bipyrazin-2(1H)-one
’le |6-{(d-(4H-1,2,4etrinzol-3-
N ' yhphenyl)-4-(3-
s | S ¢ J [eftuoromethylbenzyl)-3,4- [:ff% D
) dihydropyrazino{2,3-b]pyrazin-
MR 2(1H)-one
SN |6-(2-methyl-4-(4H-1,2,4-triazol-
ff:f %J 3syhphenyl)-4-(2-(tetrahydro- 4203
M6 | VY o 2H-pyran-4-yl)cthyl)-3,4- [MJ_3]+ D
f}’;lh dihydropyrazino[2,3-b]pyrazin- '
. 2(1H)-one
3 6-(4-methyl-1H-
: benzo[d]Jimidazol-6-yD-4-(2- 3033
147 f _ (tetrahydro-2H-pyran-4-yljethyl)- M +i_]+ B
E : r"ﬁ: 3,4-dihydropyrazina[2,3-
L blpyrazin-2(1H)-one
{f& 6-(4-(2-hydroxypropan-2-
N, - yl)phenyl)-4-(2-(tetrahydro-2H- ,&9'7 ’
148 _ pyran-4-ylethyl}-3,4- [I;\M.I]’L D

dihydropyrazino|[2,3-blpyrazin-
2(1H)-one
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Cmpd MS (EST} | Act
No. Cmpd Strecture Cmpd Name miz | Level
) [" 6-(4-(1H-1,2,4-triazol-5-
é“‘"f‘ ;’) yliphenyl}-4-(2-(tetrahydro-2H- 4062
149 | W0 pyran-4-yl)ethyl)-3,4- iMJ'iY D
"t{:!\ dihydropyrazino[2,3-b]pyrazin- '
e 2(1H)-one
7-(5-fluoro-2-methyl-4-(1H-
- ’. 1,2,4-triazol-3-yDphenyl)-1~
150 | ((trans-4- 4523 | o
@:@\CF’& o methoxycyciohexylmethyl)-3,4- | [MHT
ﬁf dihydropyrazinof2,3-blpyrazin-
2(1H)-one
u 3 7-(6-(1H-1,2,4-triazol-3-
Yeen Dpyridin-3-y1)-1-{cis-4-
, yhpyri yD-1
151 i" 4 . ©-¢, methoxycyclohexyl)-3,4- {:1?:1:;* D
g K;}\”"f‘ dihydropyrazino{2,3-blpyrazin-
W 2(1)-one
P
{ 7-(1H-pyrrolof2,3-bipyridin-3-
»fﬁi} | yh-1-(2-(tetrahydro-2B-pyran-4- 1791
152 | F £ [yDethyl)-3,4- nept | D
st !fo’ dihydropyrazino[2,3-blpyrazin-
R g 2(1H)-one
1
\ 7-(5-fluoro-2-methyl-4-(1H-
frig < 1,2, 4-triazol-3-ylphenyh)-1-({cis-
153 Hri“i}{:ﬁ(t . 4-methoxycyclohexylymethyl)- [;?Eé:, D
ti?n 3,4-dihydropyrazino[2,3- '
blpyrazin-2{1H)-one
Moo . 1-¢cthyl-7-(1H-pyrrolof3,2-
154 ﬁ?\f fe  [blpyridin-5-yD)-34- 2951 |,
‘ \;:B: diliydropyrazino{2,3-blpyrazin- | [M+1]"

2(1H)-one
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Cmpd| ' MS (ESI) | Act.
No. Cmpd Stracture Cmpd Name iz Level
7-(6-(1H-1,2 4~triazol-3-
wi o yDpyridin<3-yb)-1-((cis-4~
155 ﬁ%g methoxycyclohexylmethyl)-3.4- {ifﬁé" D
i jdihydropyrazino[2,3-blpyrazin- )
2(1H)-one
il .
- \ 7-(1H-benzo[dlimidazol-4-yl)-1-
“fgm - (2-(tetrahydro-2H-pyran-4- 370.2
156 | ¥ ¥ { yhethyl)-3,4- M +i}+ B
%)\Ea’x S dihydropyrazino[2,3-b]pyrazin-
hi 2(1H)-one
H
e
M, [ :3 7-(1H-pymolol2,3-blpyridin-4-
Lf‘: ‘}3 : y1)-1-(2-(tetrahydro-2H-pyran-4- 3792
157 fv‘*’ i ' yl)ethyl)-3,4- M +'1]+ D
e £ 1 g dihydropyrazinof2,3-bpyrazin-
g 2(1H)-one
H
‘ . |76-(1H-1,2 4-triazol-3-
i ﬁ N + -
aF ylpyridin-3-y{}-1-((trans-4- -
158 H}\E““j\t: ST mathoxycyclohexylmethyf)-3 4- {ﬁii}' D
;(;f dibydropyrazino{2,3-b]pyrazin-
‘ 2(1H)-one
o 7-(6-(1H-1,2 4-triazol-3-
g 9t yhpyridin-3-y)-1-({trans-4- _
159 {Am‘g"‘{@ hydroxyeyclohexylmethyl)-3,4- [:/?_Zé; D
NL.?O dihydropyrazino{2,3-b]pyrazin- '
2(1H)-one
N g 7-(6-(1H-1,2,4-triazol-3-
PN yDpyridin-3-yD-1-{cis-4-
164 ”&gﬁ Q hydroxycyclohexyl)-3,4- {;v?ilsf D

dihydropyrazino[2,3-blpyrazin-
2(1H)-one
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Cmpd ; MS (EST) | Act.
No. Cmpd Structure Cmpd Name m/z Level
", 7-(5-fluoro-2-methyl-4-(1H- .
Wl Q 1,2,4-triazol-3-ylphenyD- L-(cis- | 10, 5
161 ) " 4-hydroxycyelohexyl)-3,4- M +'1]+ D
LA dihydropyrazino[2,3-b]pyrazin-
& 2(1H)-one
- 7-(6-(1H-1,2 4-triazol-3-
o ] yi)pyridin-3-yi)-1-(tetrahydro-
»f%n L _ 379.2
162 Tdow. o |2H-pyrand-yl).3,4- e | P
”i:,l? dihydropyrazino{2,3-b]pyrazin-
! 2(1H)-one
" o |TH6-(1H-1,2 4-triazol-3-
N ylypyridin-3-y1)-1-(2-
163 | ?:;Lt ‘. methoxyethyl)-3,4- [g/f_f]%* D
\-;::( - dihydropyrazino[2,3-blpyrazin-
Tk 2(1H)-one
Wil 7-(6~(1H-1,2,4-triazol-3-
i yl)pyridin-3-yb)-1-cthyl-3,4- 323.2
164 "*‘Kﬁj" dihydropyrazino[2,3-blpyrazin- | [M+1]" | D
TN 2(1H)-one
" 7-(5-fluoro-2-methyl-4-( 13-
g e ;; M 11,2 4-triazol-3-yl)phenyl)- 1-((cis- 438.1
165 | " a 4-hydroxycycilohexyl)methyl})- {M +'1}+ D
;i;; 3,4-dihydropyrazino[2,3- :
blpyrazin-2{1H)-one
N o 7-{5-fluoro-2-methyl-4-(1H-
%wQCf {7 1,2,4-triazol-3-yDphenyl)-1- 410.3
166 LN tetrahydro-2HA -4-y1)-3,4- s D
6 y f::f;f: : - (tetrahydro-2H-pyran-4-yl) [MH]

dihydropyrazinof2.3-blpyrazin-
2(1H)-one
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2(1H)-one

Cmpd ' MS (EST)| Act.
No. C@pd Structure Cmpd Name iz Level
™
- o | 7-(1Heindol-d-y1)-1-{2-
167 ﬁ&,}' ; (tetrahydro-2H-pyran-4-ylyethyl)-|  378.2 C
LA s f_. |34dihydropyrazinof2,3- M+1]"
JJ\[:N\]]\J blpyrazin-2{1H)-one
7 '
7-(5-fluoro-2-methyl-4-(1H-
fon « : 1,2 4-triazol-3-y1)phenyl)-1-
68 L A ((trans-4- 438.2 -
'ﬁ:*{” hydroxycyclohexyl)methyl)-3,4- | [M+1}"
R dihydropyrazinof2,3-blpyrazin-
2(1H)-one
i :]0” 7-(6-(1H-1,2,4-triazol-3-
¢ [re yDpyridin-3-y1)-1-({cis-4-
169 | *&&EM £ £ hydroxycyclobexylymethyl)-3,4- [i?—Zjﬁ* D
! ,;Lg dihydropyrazino[2,3-b]pyrazin- | *
2(1H)-one
‘. *i;j 7-(6-(1H-1,2,4-triszol-3-
i g ’ yDpyridin-3-yl}-1-(trans-4- :
17¢ “‘ﬁﬁiﬁ ., {'}‘ N hydroxycyclohexyl)-3,4- {T%/?ilﬁ* D
t;:::f dihydropyrazino[2,3-b]pyrazin-
i 2(1H)-one
" o 7-(6-(1H-1,2,4-trizzol-3-
&y Q yDpyridin-3-y)-1-(trans-4- 4073
171 A 1 NS methoxycyclohexyt)-3,4- M +i.]+ D
#pl “M’j"c‘ dihydropyrazino{2,3-b]pyrazin-
o 2{1H)-one
gw T-(6-(1H-1,2, 4-triazol-3-
172 "‘"é\g“ Y ylpyridin-3-yl}-1-isopropyl-3,4-. 337.1_ D
R T dihydropyrazino[2,3-blpyrazin- | [M+17
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Cmpd : MS (EST)| Act.
No. Cp}pd Structure Cmpd Name /z Level
< 7-(5-fluore-2-methyl-4-(1H-
S 1,2 4-triazol-3-y)phenyl)-1-
173 | e } C;JQ (trans-4-methoxycyclohexyl)- [?\2313]+ t D
| ”?Lﬁ:j 3,4-dihydropyrazino[2,3-
al blpyrazin-2(1H)-one
Hy 7-(5-fluvoro-2-methyl-4-(1H-
Wi @ 1,2,4-trinzol-3-yl)phenyl)-1- 043
174 ""X\ B (trans-4-hydroxycyclohexyl)-3,4- M +’}}+ D
' Nﬁ[’\? dihydropyrazino[2,3-b]pyrazin-
"R 2(1t)-one
o . [75-fluoro-2-methyl-4-(1H-
L 1,2,4-triazol-3-yDphenyl)-1-2-
175 Wrﬁlﬁ !’) , methoxyethyl)-3,4- [ifE1§+ D
?E?Q dihydropyrazinof2,3-bJpyrazin-
+ 2{1H)-one
- T-(5-fluoro-2-methyl-4-(1H-
L NP 1,2,4-triazol-3-yl)phenyf)-1- :
176 ;&C&f. isopropyl-3,4- []?:/:IZ-EIZ]* D
' dihydropyrazino[2,3-b}pyrazin-
2(1H)-one
B I-ethyl-7-(5-fluoro-2-methyl-4-
LI T . (1H-1,2 4-triazol-3-yl)phenyl)- 3542
177 tﬁiﬁ“‘gf‘"“‘ 3, 4~dihydropyrazino[2,3- ey | P
M blpyrazin-2(1H)-one
7-(2-hydroxypyridin-4-yh)-1-(2-
178 (tetrahydro-2H-pyran-4-yljethyl}-f  356.1 B
13,4-dihydropyrazinof2,3- [M+17"

blpyrazin-2(1H)-one
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Cmpd MS(ESI)| Act.
No. Cmpd Structure Cmpd Name m/z Level
" 1-isopropyl-7-(4-methyl-6-(1H-
0l TEY 1,2,4-triazol-3-ylpyridin-3-yl)- | 3514 |
T MI 3,4-dihydropyrazino[2,3- IM+1T"
A bipyrazin-2(1H)-one
HN‘? . . 5-(8-isopropyl-7-0x0-5,6,7,8-
TS \1 - tetrahydropyrazino[2,3- 3274 D
blpyrazin-2-y1)-4- M+11"
v methylpicolinamide
Rty (} 7-(1H-indazol-4-y1)-1-(2-
181 s;,;[:} J (tetrahydro-2H-pyran-4-yDethyD-|  379.2 D
gmﬁsz . |34-dihydropyrazino[2,3- M+1T"
i&\r blpyrazin-2{ 1 H)-one
kﬂkft g;r"
] 7-(2-aminopyrimidin-S-yl}-1-(2-
}:"v”‘ﬁ (tetrahydro-2H-pyran-d-yDethyl)4 3551
182 Ho &’L . . P C
CNPLI 3,4-dihydropyrazinof2,3- [M+1]
E;M \j:f? blpyrazin-2(1H)-one
H
E;:] 7-(2-aminopyridin-4-yi)-1-(2-
193 .y (tetrahydro-2H-pyran-4-yljethyl)-| 355.2 B
@YE\S 3 4-dihydropyrazino[2,3- M+T*
i - . b]pyrazin-2{1)-one
™ [7-(6-(methylamino)pyridin-3-yl)-
M o 1-2-{tetrahydro-2H-pyran-4- 369 3
184 y)ethyl)-3,4- neei) | P

dihydropyrazino[2,3-bjpyrazin-
2(1H)-one
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Cmpd - MS (ESD) | Act,
No. Cmpd Structure Cmpd Name m/z Level
:} 7-(6-hydroxypyridin-3-yl)-1-(2-
185 | Py (tetrahydro-2H-pyran-4-ylethyl)-|  356.2 A
: m;{ P 5 3,4-dihydropyrazinof2,3- M+1T
\ﬁ} blpyrazin-2(1H)-one
-;*:.'* s o 7-(4-(1 H-pyrazol-ﬁ-yl}phenyi)-l~'
186 | ¢ o (2-methoxyethyi)-3,4- 3313 |
ot dihydropyrazino[2,3-b]pyrazin- | [M+1]"
N 2(1H)-one
' \I T-(pyridin-3-y1}-1-(2-(tetrahydro-~
187 ' f&“ r,: 2H-pyran-4-yDethyl)-3,4- 340.1 B
,,Et =y " dihydropyrazino[2,3-b]pyrazin- | [M+1]
Y (R)-one
B T
L
7-(1H-indazol-4-y)-1-(2-

188 methoxyethyl)-3,4- 325.0 A
dihydropyrazino[2,3-b]pyrazin- | [M+1]"
2(1H)-ope '

& {7<{1H-indazol-6-y)-1-(2-
A [ methoxyethyl)-3,4- 3247 _

189 ’?L-« *:l”j‘“ dihydropyrazino[2,3-blpyrazin- | M+1]7 |

Al 2(1H)-one
q:} T-(pyrimidin-5-yl)-1-(2-
190 oy E,Q (tetrahydro-2H-pyran-4-yhethyl)-f 3412 A
gttt R0 3 4-dihydropyrazino{2,3- [M+1T
Y j{i*“f blpyrazin-2( 1Ef)-one
e T "
M
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Cmpd MS (EST) | Act.
No. Cmpd Structure Cmpd Name e Level
o,
' 7-(6-methoxypyridin-3-y1)}-1-(2-
191 | =~ v (tetrahydro-2H-pyran-4-ylethyl}-|  370.2 B
Rt i 3,4-dihydropyrazino[2,3- M+H1T
Q:,E.\:fp blpyrazin-2{1H)-one
g & |1-(2-methoxyethyl)-7-(1H- |
0 | € 5 r" pyrolo[2,3-blpyridin-5-y1)-34- [ 3250 |
= tfﬁﬁ dihydropyrazino[2,3-blpyrazin- | [M+1]"
S 2(1H)-one
jAN 1-ethyl-7-(1H-pyrrolo[2,3-
o | SE2 (Y bipyridin-5-y1)-3,4- 952 |
. .\N:{i . dihydropyrazinoa{2,3-blpyrazin- | MHIT'
"o 2(1H}-one
H
A ¢ i-cthyl-7-(1H-indazol-4-y1-3,4~ | 0.
194 QE P s dihydropyrazine{2,3-blpyrazin- M -i-'i T A
4 :}E’; 2(1H)-one
N
&
®
Lf T-(pyridin-4-y1)-1-(2-(tetrahydro-
2H-pyran-4-yHethyh)-3,4- 3402
e - Pyt Y . ,
195 I :{ o~ j . dihydropyrazino[2,3-blpyrazin- M+ A
i :gﬁi:fp 2(1H)-one
NP« g
H
e
LP 7-(6-aminopyridin-3-yD-1-(2-
196 | niy- I |tenabydro-2Hepyranci-shetty| 3551 [,
LA 3,4-dihydropyrazino{2,3- [M+1]

bipyrazin-2(1H)}-one
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Copd; . MS (ESD)| Aect.
No. Cmpd Structore Cmpd Name n/z Level
N 1-methyl-7-(2-methyl-6-(4H-
w7 | Y ., |Ladtriazol3-ybpyridindyl | 3233 |
: f\( ,j*' 3,4-dihydropyrazinof2,3- M+1T
Rt bpyrazin-2(1H)-one
ki 2-(2-hydroxypropan-2-yl)-5-(8-
B L'j (trans-4-methoxycyclohexyl-7- | ..,
198 }{“’ 0%0-5,6,7.8- | nar | A
L‘t’é "tj"' tetrahydropyrazino[2,3- '
. Sy bipyrazin-2-yDpyridine I-oxide
. 4-methyl-5-(7-0x0~8-
o ({\/1 ((tetrahydro-2¥-pyran-4- 383 4
199 mr« Lp [ymeiyD-56.7.8- paa | A
' R,IL?, tetrahydropyrazino[2,3-
" bipyrazin-2-yl)picolinamide
548-((cis-4-
a S methoxyeyclohexyl)methyl)-7-
| 200 | "X £ 0%0-5,6,7,8- as |,
- :E[_E? tetrahydropyrazino[2,3- [M-+1]
v blpyrazin-2-yt)-4-
methylpicohnamide
E:;J 7-(1H-pyrazol-4-yl)-1-(2-
261 e : (tetrahydro-2H-pyran-4-ylethyl)-f  329.4 A
B f:f{, 3,4-dihydropyrazino[2,3- M1
{*Nj{:ﬂ’ bipyrazin-2(1H)-one
M
~ 1-(trans-4-methoxycyclohexyl)-
fen 7-(4-methyi-6-(1H-1,2,4-triazol-
202 Nmﬁy "f.:']‘ 3oyl)pyridin-3-y1)-3,4- [:fjé} D
‘ﬂ:}:;f( dihydropyrazino[2,3-bipyrazin-
2(1H)-one
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Cmpd MS (ESI}| Act,
Ne. Cmopd Structure Cmpd Name m/z Level
i 3-{(7-(2-methyl-6-(4H-1,24-

&y fg} tx'iazctl-}ayi)pyrid?n—l'u-yl)-z-oxo- 424.0
203 | S 3 4-dihydropyrazine{2,3- | pae)t D

(LY [blpyrezin l QID- -
¥ yl)methyl)benzonitrile
1-((trans-4-
. 0& methoxycyclohexylmethyl)-7-
204 S (4-methyl-6-(1H-1,2,4-triazol-3- |  435.5 D
_-_N‘;r“ yhpyridin-3-yi)-3,4- [M+17° ]
dihydropyrazino[2,3-blpyrazin-
2(1H)-one
o
L) |3-(7-ox0-8-((tetrahydro-2H-
205 . 2 pyran-d-ylyethyl)-5,6,7,8- o1,
rri‘vﬁ\ c ,.M‘Ig) tetrahydropyrazino[2,3- pM+IT
@ . v blpyrazin-2-yhbenzamide
5-{8~{(trans-4-
o Oﬂ methoxycyclohexylyméthyl)-7-
By e 0x0-5,6,7,8- 411.5
286 m\sv e ltctrahydropyrazino[2,3- My LA
I blpyrazin-2-yi)-4-
methylpicolinamide
:
" A 3-{{7-(6~{2-hydroxypropan-2-

207 | By, L1 |yDpyridin-3-y1)-2-0x0-3,4- 4012 |
Bt .'iL\?p dihydropyrazino{2,3-b]pyrazin- IM+1T"
ME:{ B 1(2H)-yhmethylbenzonitrife

e 7-(6-(2-hydroxypropan-2-

- o Z? yhpyridin-3-yl)-1-(1R,3R)-3- 3842

208 | ¢ L0 o hoo methoxycyclopentyl)-3,4- M +'1}+ D
‘ \E%Ijt dihydropyrazino}2,3-bipyrazin-

(o
it 2(1H)-cne
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Cmpd ' MS (ESI) | Act.
No. Cmpd Stracture Cmpd Name m/z Level
T psanime,
Pz yhpyridin-3-y1)-1-((18,3R)-3-
209 ?441;%,,,» Lo methoxycyclopentyl)-3,4- 384'1]£M+'1 D
';3:*]7 dihydropyrazino[2,3-b]pyrazin-
" 2(1H)-one
o 7—(6-(%-1'1ydroxypropan-2—
S‘l W i\_«} yDpyridin-3-y1)-1-({18,38)-3- 384.1{M+1
210 | v L A - ke methoxycyclopentyl}-3,4- '],- D
‘ Nj: ' dihydropyrazinof2,3-b]pyrazin-
ol 2(1H)-one
_ '“‘7.’___\6 7-(6-(2-hydroxypropan-2-
) yDpyridin-3-y1)-1-((1R,38)-3- .
211 %Kf;.l ‘:{ o methoxycyclopentyl)-3,4- 384'1]£M t B
: Et dihydropyrazino[2,3-blpyrazin-
R 2(1H)-one
1 7-(1H-indazol-6-y1}-1-(2-
s (tetrahydro-2H-pyran-4-ylethyl)  379.2
212 L8 ;L e |3.4-dihydropyrazino[2,3- )t | P
TR [olpyrazin2(1H)-one
oW
i"‘m ;) 7-(2-methyl-6-(4H-1,2 4-triazol-
gt N 3-yhypyridin-3-y1)-1-(2-
213 &’ﬁ“{‘ r 1 morpholinocthyl)-3,4- [;\fil? D
'y d\fc dihydropyrazine[2,3-blpyrazin-
W 2(1H)-one
. g™t I-(rrans-4-hydroxycyclohexyl)-
& () [Hemethyl6-(H1 2 4trinzol- | 0
214 S 3yDpyridin-3-y1)-3,4- mHr | P
~ ’"”} { dihydropyrazino{2,3-blpyrazin-
W 2(1H)-one
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dibydropyrazino[2,3-bpyrazin-

C&nﬂpd Cmpd Structore Cmpd Name Mﬁgsb Ii iz]
g* I-(cis4-hydroxycyclohexyl)-7-
F () |@methyl-6(4H-124-riazol-3- | 0, 4
218 ""ﬂg‘f R yDpyridin-3-y1)-3,4- M +'1]+ D
" 3’ dihydropyrazino[2,3-blpyrazin-
- 2(1H)-one
E‘::) 7-(6-(2-hydroxypropan-2-
g ! yl)pyndl.n-—?c "yi)" 1 "(2“ 300 7
216 ‘5’-”“‘1 o morpholinoethyl)-3,4- IMHT D
Mo \[f"'& dihydropyrazino[2,3-blpyrazin-
R 2(1H)-one
*f;iﬁ i —isoprt?py1~7~ (2-methyl-6-(4H-
217 M S 1,2,4-triazol-3-yDpyridin-3-yi}- | 351.5 D
Y 3,4-dihydropyrazinof2,3- ]
W bipyrazin-2(1H)-one
™} |7-(1H-imidazo[4,5-b]pyridin-6-
N & yi)-1-(2-(tetrahydro-2H-pyran-4- 180.2
218 | & ‘ yhethyl)-3,4- par | A
s fi j" dihydropyrazino[2,3-b]pyrazin-
ey 2(1H)-one
1-{(cis-4-
u ., methoxycyciohexyhmethyl)-7-
219 H“H#@% &‘(;)” (2-methyl-6-(1H-12,4-trfazal-3- | 4355 |
g ’ﬁ i yhpyridin-3-y1)-3,4- ‘ [M+1T"
dihydropyrazino{2,3-blpyrazin-
2(1H)-one
;{H 1-(trans-4-hydroxycyclohexyl)-
S [\:} 7-(6-(2-hydroxypropan-2- 1849
220 :L‘E;g\( A yDpyridin-3-yi)-3,4- M +i]+ D
"

2(1H)-one
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Cmpéd : MS (ESI) | Act.

No. Cmpd Structare Cmpd Name w/z Level

g {~(cis-4-hydroxycyclohexyt)-7-
' ‘ {6-(2-hydroxypropan-2-
21 ??L‘Li”i_ O yDpyridin-3-y1)-3,4- fgjfi*§+. D
v \E;i:j‘p dihydropyrazino[2,3-blpyrazin- '
o 2(1H)-one
g f 4-(7-0x0-8-(2-(tetrahydro-2H-
i pyran-4-ylethy!)-5,6,7,8- 382.3
2 J\@ TR tetrahydropyrazino[2,3- [M+1TF b
ﬁ:}(j blpyrazin-2-yi)benzamide
b
7-(1H-indazol-5-y1)-1-(2-

223 (tetrahydro-2H-pyran-4-yhethyl)-} 3792 B
3,4-dihydropyrazino[2,3- IM+17
b]pyrazin-2(1H)-one

(™ |7-(1H-pyrrolo[2,3-blpyridin-5-
" ’ y)-1-(2-(tetrahydro-2H-pyran-4- 3792
224 {“‘uf\“’ » yDethyl)-3,4- M +'1]+ D
NN ":f" dikydropyrazino[2,3-blpyrazin- |
% ¥ 2(1H)-one
! a 7-(2-methyl-6-(4H-1,2 4-triazol-
{4 () |-ydpyridin-3-y)-1-(tetrahydro- 1032
225 \@(K &I@ 2H-pyran-4-y1)-3 4- ney | D
;E";{ dihydropyrazino[2,3-b]pyrazin- '
2(1H)-one
” I-((13,3R)-3-
é:&,%" ‘,-—1 methoxycyclopentyl)-7-(2-
26 | KLY methyl-6-(4H-1,2,4-triazol-3- 407.5 | o
~ “‘“ﬁ"‘{"f“‘ yhpyridin-3-yt)-3,4- [M+1T"
e dihydropyrazinof2,3-b]pyrazin-

2(1H)-one
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blpyrazin-2(1H)-one

Cmpd St MS (ESD) | Act.
No. Cmpd Structure Cmpd Name iz Level
- I-{(1R,3R)-3~
o ot methoxycyclopentyl)-7-(2-
- ‘-g,rﬁ\[y ' methyl-6-(4H-1,2,4-triszol-3- 4075 |
j\g@ °  |yDpyridin-3-yl)-3,4- [M+1]"
WO dihydropyrazino[2,3-b]pyrazin-
2{(iH)-one
. 1-{(1R,3S8)-3~
%N-w §\ methoxycyclopentyl)-7-(2-
. ;«&i - &2 methyl-6-(4H-1,2,4-triazol-3- 407.5
us - Nlt’:ij@ y)pyridin-3-yl)-3,4- ey | P
e dihydropyrazino[2,3-b]pyrazin-
2(iH)-one
11-((18,38)-3-
g‘"ﬂ H‘?—} methoxycyclopentyl)-7-(2-
o | Y S methyl-6-(4H-1,2,4-triazol-3- 4075 | o
’ Kﬁ(b’p yhpyridin-3-yi)-3,4- M+IT" |
W dibydropyrazino[2,3-blpyrazin-
2{1H)-one
o3
%3 7-(1H-indol-5-y1)-1-(2-
230 : s (tetrahydro-2H-pyran-4-ylethyl}-} 378.2 b
% iﬁ,r ',E - 3,4-dihydropyrazino[2,3- M+
. E}f blpyrazin-2(1H)-one
il 1-ethyl-7-(2-methyl-6-(4H-1,2,4-
231 ”3\; (. ¢ |wiazol-3-yl)pyridin-3-y1)-3,4- 337.6 b
et N:{NT’ dihydropyrazino[2,3-blpyrazin- | [M+1]
e 2(1H)-one
7-(1H-indol-6-y1)-1-(2-
232 (tetrahydro-2H-pyran-4-yhethyl)d  378.2 .
3,4-dihydropyrazino[2,3- M+17
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dihydropyrazino{2,3-bipyrazin-
2(1H)-one

Cmpd MS (ESI)| Act
| No. Cmpd Strucinre Cmpd Name /e Level
i T-(4-{2-hydroxypropan-2~
", L‘j yhphenyl)-1-(trans-4- 3972
233 ‘ , methoxycyclohexyl)-3,4- M +'1]+ D
o /:I"jf dihydropyrazino[2,3-b]pyrazin- |, '
= ¥ 2(1H)-one
Ha t‘«l 7-(6-(2-hydroxypropan-2-
R I%, yDpyridin-3-y1}-~1-(tetrahydro- 170.2
24 QK\E o [PHpyrandyD)-34- ne | B
E“‘T dihydropyrazinof2,3-b]pyrazin- 1]
i 2(1H)-one
1-({trans-4-
P ﬁrc- methoxycyclohexyDmethyl)-7-
s | fﬁ:g N(k (2-methyl-6-(1H-1,2,4-triazol-3- | 435.4 D
X ;f yhpyridin-3-y1)-3,4- [M+1T
dihydropyrazino[2,3-blpyrazin-
2(1H)-one
. 7-(6-(2-hydroxypropan-2-
=9 (r:j’“ Y yDpyridin3-yl)-1-((cis-4- 4123
236 r::lt e mcthoxycyclohexyDmethyl)-3,4- (M +i]+ D
' dihydropyrazinof2,3-blpyrazin- '
2(1H}-one
o 1~(2-methoxyethyl)-7-(4-methyl-
e, 2-(methylamino)-1H- 368.3
237 | MBI b bonzoldlimidarol6:yD)-3 4- nerr | P
" ;{ dihydropyrazino[2,3-blpyrazin- ]
¥ P
‘ 2(1H)-one
7-(7-methyl-2-0x0-2,3-dihydro-
o 'P"}:s- {1H-benzofd}imidazol-5-y1)-1-
: mﬁ.’i:ﬁ:» i {(tetrabydro-2H-pyran-4- 395.2
238 | =% klg:fjr“ yhmethyl)-3,4- ey | B
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dihydropyrazino[2,3-blpyrazin-
2(IH)-one

Cmpd MS(ESD| Act
No. Cupd Structure Cmpd Name m/z Level
§y 7-(2-methyl-4-(4H-1,2 4-triazol-
239 | ® I S 3-yl)phenyl)-3,4- 3083 ¢ D
' bi;f’ dihydropyrazinof2,3-bjpyrazin- | [M+11"
' 2(1H)-one '
Wy 1-(2-methoxyethyl)-7-(4-methyl-
6-(1H-1,2,4-triazol-3~yD)pyridin- | 367.4
240 %f@‘l ’*f-“ 3-y1)-3,4-dikydropyrazino[2,3- M+ D
blpyrazin-2(1H)-one
& ,}D 1-benzyl-7-(2-rethyl-4-(4H-
2at | WS L 1,2,4-triazol-3-yD)phenyl)-3 4~ 3983 | g
' :':;:"7“ dihydropyrazino[2,3-b]pyrazin- | [M+1]"
' K 2(1H)-one
7-(3-fluoro-4-(4H-1,2 4-triazol-3-
- g""\L ylyphenyl)-1-(2-methoxyethyl)- | 3703
0 QLED« ﬁf 3,4-dibydtopyrazino[2,3- ey | P
blpyrazin-2(1H)-one
™) |7-G-fluoro-4-(4H-1,2,4-triazol-3-
‘.’;*‘-;; v ' yl)phenyl}-1-(2-(tetrahydro-2H- 4247
243 3;"( I pyran-4-yDethyl}-3,4- M +.l]* D
o ”‘( )a dihydropyrazinof2,3-b]pyrazin-
N 2(1H)-one
. " 7-(3-flugro-2-methyl-4-(1H-
LI S (1,2,4-triazol-3-yDphenyl)-1-(2- 384.5
| 244 Ll aohn  |methoxyethyl)-3,4- > | D
:3(::}* [M+1]
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dihydropyrazino{2,3-blpyrazin-
2(1H)-one

Cmpd MS (ESI) | Act.
Ne. Cmpd Stracture Cmpd Name m/z Level
’“t* 1-(trans-4-methoxycyclohexyl)-
%"‘ 7-(2-methyi-6-(4H-1,2,4-triazol- 4212
245 K[ 3-yDpyridin-3-yl)-3,4- n | D
“}fj" dihydropyrazino{2,3-blpyrazin-
2(1H)-one
i 17~(6-(2-hydroxypropan-2-
_ yhpyridin-3-y1)- 1-{rrans-4- 308.3
246 methoxycyclohexyl)-3,4- [M +'H+ D
dihydropyrazinof2,3-b]pyrazin-
12(1H)-one
7-{5-fluoro-2-methyl-4-(4H-
- 1,2 4-triazol-3~yl)phenyl)-1-(2~ 438.3
247 | Y T (tetrahydro-2H-pyran-4-yl)ethyl)- M +']]T D
¥ ‘*"E “j 3.4-dihydropyrazino{2,3-
s blpyrazin-2(1H)-one
CP 17-(3-fluoro-2-methyl-4-(1H-
. N " 1,2,4-triazoi-3-yDphenyl)-1-(2-
us | Y o (tetrahydro-2H-pyran-d-yDctiyl)- [ﬁfiﬁ”’ D
*j’p 3,4-dihydropyrazino[2,3-
NH blpyrazin-2(1 H)-one
,:f“ﬁ" & 1-(2-methoxyethyl)-7-(2-methyl-
4o w"*ﬁ . ¢  (6-(AH-1,24-miazol-3-ylpyridin- | 3672 |
T g"*f 3-yl)-3,4-dihydropyrazine[2,3- | [M+1]'
we blpyrazin-2(1H)-one
. s 7-(6-{2-hydroxypropan-2-
B f,(f,r yDpyridin-3-yl}-1-((frans-4- 4123
250 @\t& fon methoxycyclohexymethyl)34- | (55 | D
X
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dihydropyrazino]2,3-blpyrazio-

Cmpd| MS (ESI) | Act.
No. Cmpd Structure Cmpd Name miz | Level
o 1-(cyclopentylmethyl)-7-(6-(2-
251 ;\gj ‘ fE} hydroxypropan-2-yl)pyridin-3- 368.3 B
. j:“j* yl)-3,A-diftydrapyrazino[2,3- [MH+]"
N blpyrazin-2(1H)-one.
;?\ il .7-(4-(2-hydroxypropan-2—
253 ' E, L r‘ yhphenyt)-1-(2-methoxyethyl)- 3432 A
# Ij’ﬂ 3, 4-dihydropyrazine{2,3- M+1T"
oy blpyrazin-2(1H)-one
RERGEIEE
by hydroxyethylpyridin-3-y)-1-(2- 184 3
283 | ¥y - (tetrahydro-2H-pyren-4-yDethyl)- [M+i]” D
»'“\f:r" 3,4-dihydropyrazine]2,3- ~
S blpyrazin-2(1H}-one
(R)-7-(6-(1-
hydroxyethyDpyridin-3-y1)-1-(2- 384 3
254 {tetrahydro-2H-pyran-4-yDethyl)- M +i]+ D
3 4-dihydropyrazinof2,3- '
blpyrazin-2{1H)-one
7-(2-methyl-6-(4H-1,2,4-triazol- |
3-yDpyridin-3-yl)-1-((tetrahydro- 4073
255 2H-pyran-4-yhmethyi}-3,4- M ‘f”‘l}.“ D
dihydropyrazino]2,3-b]pyrazin-
2(1H)-one
< 7-(4-(2-hydvaxypropan-2-
% y)phenyl}-1-(2-(tetrabydro-2H- | 1o
256 ‘@\g “L'j?’“ pyran-4-ybethyi)-3,4- M+HT' D
"N

2(1H}-one
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Cmpd - MS (ESI)| Act.
No. Cmpd Stracture Cmpd Name oz Level
T-6-(2-hydroxypropan-2-
% @j‘? yD)pyridin-3-y)-1-(4- |
257 )ﬁ v (triftuoromethylbenzyl)-3,4- [§44f1§ D
trr :f dibydropyrazino[2,3-b]pyrazin-
2(1H)-one
st 7-(6-(2-hydroxypropan-2-
f‘m ' yhpyridin-3-yD)-1-(3- y
258 | Py {trifluoromethyl)ybenzyl)-3,4- [ﬁjl‘]* D
N%:}”Nfa dihydropyrazine|2,3-bipyrazin- '
N 2(1H)-one
" A 7-(6-(2-hydroxypropan-2-
3 '- yhpyridin-3-yl)-1-(3-
250 ﬁ“ . { methoxypropyl)-3,4- stf§1§ D
YUY |dibydropyrazino(2.3-blpyrazin- '
B 2(1H)-one
7-_(4-methyl—6—( 1H-1,2,4-triazol-
S v |3-yDpyridin-3-yl)-1-(2- 4214
260 L. {tefrahydro-2 H—pyran—4—y§)ethyi) M +i]+ D
ey ”tf‘ 3,4-dihydropyrazino[2,3- '
ol blpyrazin-2(1H)-one
H, o 7-(6-(g—i}ydraxypropan-2—
e yDpyridin-3-yl)-1-(2- 3443
261 By i, o Hlg J.'M‘Tp methoxyethyi)-3,4- ,[_M +i]+ A
fg:i o dihydropyrazino[2,3-blpyrazin-
Towm 2(1H)-one
o . 7_—.(6*(%~]_1ydroxypropan-2~
S, rfv y)pyridin-3-yD-1-((tetrahydro- | 4o, 4
262 a\;lﬁxa\f; 2H-pyran-d-ylymethyl)-3 4~ pariy | A

dihydropyrazinof{2,3-bjpyrazin-
2{1H})-one
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Cmpd| _ . MS(ESD | Act.
No. Cmpd Structure Cmpd Name /2 Level |
T-(4-methyl-2-(methylamino)-
e 1H-benzo[d}imidazol-6-yl)-1- ‘
Ty L {(tetrahydro-2H-pyran-4- 408.3 _
263 | $ Y lyhmethyl)-34- 1) | P
i jdihydropyrazinof2,3-blpyrazin-
2(1H)-one
7-(Z-amino-4-methyl-1H-
:3 benzo[d}imidazol-6-yl)-1-
q,,g*ﬁ:“ 5 . {{tetrahydro-2H-pyran-4- 3942
264 | b4 l:}(;f y)methyl)-3,4- ey | P
i dihydropyrazinof2,3-b)pyrazin-
2(1H)-one
1-(2-methyl-6-(4H-1,2,4-triazol-
3-yDpyridin-3-yi)-1-(2- 4211
265 (tetrahydro-2H-pyran-4-yljethyl)- ™ +'11+ D
3,4-dihydropyrazino[2,3-
bipyrazin-2(1H)-one
(R)-7<(6-(2-hydroxypropan-2-
yl)pyridin-3-yl)-3-methyl-1-(2- 412.5
266 {tetrahydro~-2H-pyran-4-yl)ethyl)- M +i}+ B
3,4-dihydropyrazino|2,3- '
bipyrazin-2(1H}-one
(S)-7-(6-(2-hydroxypropan-2-
vlypyridin-3-yl)-3-methyl-1-(2- 425
267 {tetrahydro-2H-pyran-4-yDethyl)-| M +'1]'+ B
3,4-dihydropyrazino{2,3~
bipyrazin-2(1H)-one
T+(6-(2-hydroxypropan-2-
yDpyridin-3-y1)-3,3-dimethyl-1-
268 2-{tetrahydro-2H-~pyran-4- 426.5 D
ylethyl)-3 4- M+1]7

dihydropyrazinof2,3-blpyrazin- |

2(iB)-one
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Cmpd: _ MS (EST) | Act,
No, Cmpd Structure Cmpd Name /e Level
w [ﬁ 7-(2~-amino-4-methyl-1H-
}:g benzo[dJimidazol-6-yl)-1-(2- 08,5
269 wj:j ' T {tetrahydro-2H-pyran-4-yDethyl)- (M +.i}+ D
th"“H:”“f’ 3, 4-dihydropyrazino{2,3- ;
e ¥ blpyrazin-2(1H}-one
(;:] 7-(6~(2-hydroxypropan-2-
% yhpyridin-3-y1)-1-(2-(tetrahydro-
270 5\@ o IH-pyran-d-ylethyl)-3 4- [ﬁfﬁ" D
et *ﬁI"jﬁD dihydropyrazino{2,3-bpyrazin-
S 2(1H)-one
y f:‘ 7-(2-methyl-4-(1H-1,2 44riazol-
g b 3-yDphenyl}-1-(2-(tetrahydro- 420.4
271 “"‘\E"“ " £ 2H-pyran-4-ylethyl}-3,4- [M-?-:E]J' D
. ."?:pj‘o dihydropyrazino{2,3-b]pyrazin- '
L 2(1H)-one
‘ I 7-(4~(1H-1,2,4-triazol-3-
& é' Y [yDphenyl)-1-(2-(tetrahydro-2H- | 0o
272 1 Ny 3 o pyran-4-yTjethyl)-3,4- M +'1]+ D
' ‘t’:ﬁt}’c dihydropyrazino[2,3-blpyrazin-
wog 2(1H)-one
o " 1-(1-hydroxypropan-2-yi)-7-(2-
| wiﬂ&t; o ~F |methyl-6-(1H-1,2,4-triezol-3-
273 mlt B, yDpyridin-3-y1)-3,4- N/A 3]
: J dihydropyrazinof2,3-b]pyrazin-
2{1H)-one
W m"’ 1-(2-hydroxyethyl)-7-(2-methyi-
sra | CEX L (6-(1H-12 4-triszol-3-ypyridin- | 3533 |
fjf 3-y1)-3 4-dihydropyrazino(2,3- | [M+17"

blpyrazin-2(1H)-one
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[60319] The embodiments disclosed herein are not to be limited in scope by the
specific embodiments disclosed in the exarmples which are intended as illustrations of a few
aspects of the disclosed embodiments and any embodiments that are functionally equivalent
are encompassed by the present disclosure. Indeed, various modifications of the
embodiments disclosed herein are in addition to those shown and described herein will
become appafent to those skifled in the art and are intended to fall within the scope of the

appended claims.

{00320] A number of réferencés have been cited, the disclosures of which are

incorporated herein by reference in their cntirety.
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CLAIMS

What is claimed is;

1. A compound having formula (If):

R
" N é! )
; Ry
i
L
N m &
I

or a pharmaceutically acceptable salt, sterecisomer, or tautomer thereof, wherein:

R} is pyridyl substituted with one or more substituents independently selected from the group
consisting of substituted or unsubstituted C;.g alkyl, substifuted or unsubstituted heterocyclyl,
halogen, aminocarbonyl, cyano, hydroxyalkyl, ~OR, and -NR., wherein each R is
independently H, or a substituted or unsubstituted C,.4 alkyl;

R? is substituted or unsubstituted C,.g alkyl; and
R?is H, or a substituted or unsubstituted C; .5 alkyl,

wherein substituted means substituted with a substituent selected from the group consisting of
halogen; alkyl; hydroxy; alkoxy; alkoxyalkyl; amino; alkylamino; carboxy; nitro; cyano; thiol;
thioether; imine; imide; amidine; guanidine; enamine; aminocarbonyl; acylamino;
phosphonato; phosphine; thiocarbonyl; atkylsulfonyl; sulfonamide; alkylsulfonylamino; acyl;
ester; urea; urethane; oxime; hydroxylamine; alkoxyamine; aralkoxyamine; N-oxide;
hydrazine; hydrazide; bydrazone; azide; isocyanate; isothiocyanate; cyanate; thiocyanate; oxo;
B(OH),; O(alkyl)aminocarbonyl; cycloalkyl, which may be monocyclic or fused or non-fused
polyeyelic, or a heterocycelyl, which may be monocyclic or fused or non-fused polycyclic;
monocyclic or fused or non-fused polycyclic aryl or heteroaryl, aryloxy; hydroxyalkyl;
aralkyl; araikyloxy; heterocyclyloxy; heterocyelylalkyl; and heterocyclylalkoxy.

2. The compound of claim 1, wherein R? is unsubstituted Cy g alkyl.
3. The compound of claim 2, wherein R%is ethyl.
4. The compound of claim 3, wherein R” is H.

5, The compound of claim 4, wherein R is pyridyl substituted with hydroxyalkyl.
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6. The compound of claim 4, wherein R! is pyridyl substituted with substituted or
unsubstituted triazolyl and substituted or unsubstituted C,.g alkyl.

7. The compound of claim 1, wherein R is pyridyl substituted with hydroxyalkyl.

8. The compound of claim 1, wherein R' is pyridy! substituted with substituted or
unsubstituted friazolyl and substituted or unsubstifuted C,; ¢ alkyl.

9. The compound of claim 1, wherein the compound is

7-(6-(1H-1,2,4-triazol-3-y])pyridin-3-y1)-1-{{cis-4-methoxycyclohexyljmethyl)-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 jmethyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2{1H)-one;

7-(6-(1H-1,2,4-triazol-3-y1)pyridin-3-y1)-1-((trans-4-hydroxycyclohexylymethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2{1 H)-one;

7-(6-(1H-1,2 4 4riazol-3~yh)pyridin-3-y1)-1-(2-methoxyethyl)-3,4-dihydropyrazino[2,3~
blpyrazin-2(1H)-one; '

7-(6-(1H-1,2 4-triazol-3~y1)pyridin-3-yl}-1-ethyl-3,4-dihydropyrazino{2,3-bJpyrazin-2 (1H)-

one;

7-(6-(1H-1,2,4-triazol-3~yl)pyridin-3-vl}-1-((cis-4-hydroxycyclohexyl)methyl}-3,4-
dihydropyrazino{2,3-b|pyrazin-2(1H)-one;

7-(6-(1H-1,2,4-triazol-3-yDpyridin-3-yl)-1-isopropyl-3,4-dihydropyrazino-[2,3-blpyrazin-
2(1H}-one;

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

1-isopropyl-7-(4-methyi-6-(1H-1,2,4-triazol-3-y)pyridin-3-v1)-3,4-dihydropyrazinof 2,3-
blpyrazin-2(1H)-one;

7-(2-aminopyridin-4-yl)-1-(2-(tetrahydro-2H-pyran-4-yi)ethyl)-3,4-dihydropyrazino{2,3-
blpyrazin-2(1H)-one;

7-(6-(raethylamino)pyridin-3-y1)-1-(2-(tetrah ydro-2H-pyran-4-yl)ethyl}-3,4-
dibydropyrazinof2,3-s]pyrazin-2(1H}-one;

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

7-(6-methoxypyridin-3-y1)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino{2,3-
blpyrazin-2(1H)-one;
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7-(6-aminopyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-
blpyrazin-2(1H)-one;

l-methyl-7-(2~-methyl-6-(4H-1,2 4-triazol-3 -yl)pyridin—3~y1)-3 JA-dihydropyrazino[2,3-
b]pyrazin-2{1H)-one;

3{(7-(2-methyl-6-(4H-1,2 A-triazol-3-yDpyridin-3-y1)-2-ox0-3,4-dihydropyrazine[2,3-
blpyrazin-1(2H)-yl)methyl)benzonitrile;

I-({trans-4-methoxycyclohexyl)methyl)-7-(4-methyl-6-(1H-1,2,4-triazol-3-yl) pyridin-3-yl)-
3,4-dihydropyrazino{2,3-bjpyrazin-2({1H)-one;

3-((7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl}-2-0x0-3,4-dihydropyrazino|2,3-bipyrazin-
1(2H)-yl)methyl)benzonitrile;

7-(2-methyl-6-(4H-1,2,4-triazol-3-y)pyridin-3-y1)-1-(2-morpholinoethyl)-3,4-
dihydropyrazino[2,3-bipyrazin-2(1H)-one;

7-(6-(2-hydroxypropan-2-yDpyridin-3-y1)-1-(2-morpholinoethyl)-3,4-dihydropyrazino[ 2,3-
blpyrazin-2(1H)-one;

1-isopropyl-7-(2-methyl-6-(4H-1,2,4-triazol-3-y1)pyridin-3-y1)-3,4-dihydropyrazinof2,3-
blpyrazin-2(1H)-one;
1-{(cis-4-methoxycyclohexyhimethyl)-7-(2-methyl-6-(1H-1,2,4-triazol-3-yI)-pyridin-3-y1)-
3,4-dihydropyrazinof2,3-blpyrazin-2(1H)-one;
1-ethyl-7-(2-methyl-6-(4H-1,2,4-triazol-3-yDpyridin-3-yl}-3 4-dihydropyrazino[2,3-
blpyrazin-2{1H)-one;

1-((trans-4-methoxycyelohexylymethyl)-7-(2-methyl-6-(1 H-1,2 4-triazol-3-yl)pyridin-3-y1)-
3,4-dihydropyrazino[2,3-blpyrazin-2(1H)-one;

7-(6-(2-hydroxypropan-2-yl)pyridin-3-yi)-1-({cis-4-methoxycyclohexylymethyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1 H)-one;

1-(2-methoxyethyl)-7-(4-methyl-6(1H-1,2 4-triazol-3-y1)pyridin-3-yl)-3.4~
dihydropyrazino[2,3-b]pyrazin-2(1 H)-one;
1-{2-methoxyethyl)-7-(2-methyl-6-(4H-1,2,4-triazo)-3-ylpyridin-3-y1)-3,4-
dihydropyrazino{2,3-b]pyrazin-2(1H)-one;
7-(6-(2-hydroxypropan-2-yDpyridin-3-yi)-1-((trans-4-methoxycyciohexytymethyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one;

1-(cyclopentylmethyl)-7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-3,4-dihydropyrazino[ 2,3-
blpyrazin-2{1H}-one;

(8)~7-(6-(1 -hydroxyethyl)pyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1 H)-one;
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(R)-7-(6~(1-hydroxyethyl)pyridin-3-y1)-1-(2-(tetrahydre-2H-pyran-4-yt)ethyl}-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;

7-(2-methyl-6-—(4H— 1,2,4-triazol-3-yhpyridin-3-y1)-1-((tetrahydro-2H-pyran-4-yhmethyl}-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1 H}-one;

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

7-(6~(2-hydroxypropan»'Z-yl)pyridjn-B-yi}.—] -(3-(trifluoromethyl)benzyl)-3,4-
dilrydropyrazino[2,3-b]pyrazin-2(1H)-one;

7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl}-1~(3~methoxypropyl)-3,4-dih ydropyrazinof2,3-
b]pyrazin-2(1H)-one;

7-(4-methyl-6-(1H-1,2,4-triazol-3-yl)pyridin-3 -yi)- 1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-
3,4-dihydropyrazino{2,3-b]pyrazin-2(1H)-one;

7-(6-(2-hydroxypropan-2-yhpyridin-3-y1)-1-(2-methoxyethyl)-3,4-dihydropyrazino[ 2,3-
blpyrazin-2(1H)-one;

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

7-(2-methyl-6-(4H-1,2 4-triazol-3-ylpyridin-3-yl)- 1 -(2-{tetrahydro-2H-pyran-4-ylethyl)-
3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;

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

1-(1-hydroxypropan-2-y1}-7-(2-methyl-6-(1 H-1,2,4-triazol-3-ylpyridin-3-y1)-3,4-
dihydropyrazino(2,3-b]pyrazin-2(1H)-one; or

1-(2-hydroxyethyl)-7-(2-methyl-6-(1H-1,2,4-triazol-3-yDpyridin-3-y1)-3,4-
dihydropyrazino(2,3-bjpyrazin-2(1H)-one,

or a pharmaceutically acceptable salt, stereoisomer, or tautomer thereof.
10. The compound of claim 1, wherein the compound is 7-(6-(1H-1,2,4-triazol-3-yl)pyridin-

3-yh-1-((cis-4-methoxycyclohexylymethyl)-3,4-dihydropyrazinof2,3-b]pyrazin-2(1H)-one or
a pharmaceutically acceptable salt, stereoisomer, or tautomer thereof.

11, The compound of claim 1, wherein the compound is 7-(6-(1H-1,2,4-triazol-3-yhpyridin-
3-y1)-1-(2-methoxyethyl)-3,4-dihydrop- yrazino[2,3-blpyrazin-2(1H)-one or a

pharmaceutically acceptable salt, sterecisomer, or tautomer thereof.

12. The compound of claim 1, wherein the compound is 7-(6-(1H-1,2,4-triazol-3-yl)pyridin-
3-yi)-1-isopropyl-3,4-dihydropyrazinof2,3-b]pyrazin-2(1H)-one or a pharmaceutically
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acceptable salt, stereoisomer, or tautomer thereof.

13. The compound of claim 1, wherein the compound is 3-((7-(2-methyl-6-(4H-1,2 4-triazol-
3-yl)pyridin-3-yl)-2-0x0-3,4-dihydropyrazino{2,3-bJpyrazin-1(2H)-ylymethyl}benzonitrile or
a pharmaceutically acceptable salt, stereoisomer, or tautomer thereof.

14. The compound of claim 1, wherein the compound is 3-({7-(6-(2-hydroxypropan-2-
yhpyridin-3-yl)-2-ox0-3,4-dihydropyrazino[ 2,3-bJpyrazin-1(2H)-y)methyl)benzonitrile or a
pharmaceutically acceptable sait, stereoisomer, or tautomer thereof.

15 The compound of claim I, wherein the compound is 1-{(cis-4-
methoxycyclohexylimethyl)-7-(2-methyl-6-(1H-1,2,4-triazol-3-yDpyridin-3-yl)-3,4-
dihydropyrazinof2,3-blpyrazin-2(1H)-one or a pharmaceutically salt, stereoisomer, or
tautomer thersof.

16. The compound of claim i, wherein the compound is 1-ethyl-7-(2-methyl-6-(4H-1,2 4~
triazol-3-ylpyridin-3-yl)-3,4-dihydropyrazino[2,3-blpyrazin-2(1H)-one or a
pharmaceutically acceptable salt, stereoisomer, or tautomer thereof.

17. The compound of claim 1, wherein the compound is 7-(6-(2-hydroxypropan-2-yl)pyridin-
3-y1)-1-({trans-4-methoxycyclohexyl)ymethyl)-3,4-dihydropyrazino[2,3-blpyrazin-2(1H)-one
or a pharmaceutically accepiable salt, stereoisomer, or tantomer thereof.

18. The compound of claim 1, wherein the compound is 7-(6-(2-hydroxypropan-2-yl)pyridin-
3-y1)-1-(4-{triftuoromethyl)benzyl)-3,4-dihydropyrazinal2,3-blpyrazin-2(1H)-one or a

pbarmaceutically acceptable salt, stereoisomer, or tautomer thereof.

19. A pharmaceutical composition comprising an effective amount of a compound of claim 1
and a pharmaceutically acceptable carrier or vehicle.

20. A pharmaceutical composition comprising an effective amount of a compound of claim 9
and a pharmaceutically acceptable carrier or vehicle.
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