
mTQR KINASE INHIBITORS FOR ONCOLOGY INDICATIONS AND DISEASES 

ASSOCIATED WITH THE mTOR/PI3K/AKT PATHWAY 

[00011 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 treating 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 to a patient in need thereof. 

2, BACKGROUND 

{0003) The connection between abnormal protein phosphorylation and the cause or 

consequence of diseases has been known for over 20 years. Accordingly, protein kinases 

have become a very important group of drug targets. See Cohen, Nature31:309-315 (2002). 

Various protein Idnase 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. Biochem268:5001-5010 (2001). 

10004] 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 cycic progression, cell adhesion, vascular function, 

apoptosis, and angiogenesis. Malfunctions of cellular 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 

profooncogenes and tumor suppressor genes have been well documented. Similarly, the 
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connection between diabetes and related conditions, and deregulated levels of protein 
•kinases, has been demonstrated. See e.g., Sridhar et al. Pharmaceutical Research, 
17(11);1345-13-53 (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). 

10005] 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 dual-
specific protein kinases that target both tyrosine and serine/threonine, such as cyclin 
dependent kinases (CDKs) and mitogen-activated protein kinases (MAPJvs). 

J0006] Because protein kinases regulate nearly every cellular 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, atherosclerosis, macular 
degeneration, diabetes, obesity, and pain. 

[0007] Protein kinases have become attractive targets for the treatment of cancers. 
Fabbro et al., Pharmacolog)> & Therapeutics 93:79-98 (2002). It has been proposed that the 
involvement of protein kinases in the development of human malignancies may occur by: 
(3) genomic rearrangements (e.g., BCR-ABL in chronic myelogenous leukemia), (2) 
mutations leading to constitutively active kinase activity, such as acute myelogenous 
leukemia and gastrointestinal tumors, (3) deregulation of kinase activity by activation of 
oncogenes or loss of tumor suppressor functions, such 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. Fabbro et al., Pharmacology? & Therapeutics 
93:79-98 (2002). 

10008] 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 agents 
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capable of acting as protein kinase modulators, regulators or inhibitors that have beneficial 

activity on multiple kinases or multiple kinase 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 RAPT1), is a 2549-amino acid Scr/Thr protein kinase, that has been 

shown to be one of the most critical proteins in the mTOR/P 13K/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, mTORCI and mTORC2, 

mTORCl is sensitive to rapamycin analogs (such as temsirolimus or everolimus) and 

mTGRC2 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, sirolimus 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 

mTORC2 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 

[0011] In one aspect, there is provided a compound having formula (II): 

en) 
or a pharmaceutical^ acceptable salt, stereoisomer, or tautomer thereof, wherein: 



R1 is pyridyl substituted with one or more substituents independently selected from tlie group 

consisting of substituted or unsubstituted C^g alky!? substituted or unsubstituted heterocyciyl, 

halogen, aminocarbonyl, cyano, hydroxyalkyl, -OR, and -NR2, wherein each R is 

independently Hs or a substituted or unsubstituted CM alkyl; 
A 

R is substituted or unsubstituted cycloalkyl; and 

wherein substituted means substituted with a substituent selected from the group consisting of 

halogen; alkyl; hydroxy; alkoxy; alkoxyalkyl; amino; alkylatnino; earboxy; nitro; cyano; 

thiol; thioether; imine; imide; amidine; guanidine; enamine; aminocarbonyl; acylamino; 

phosphonato; phospliine; tbiocarbonyl; alkylsulfonyl; sulfonamide; alkylsulfonylamino; acyl; 

ester; urea; urethane; oxime; hydroxyl amine; alkoxyam ine; aralkoxyamine; N-oxide; 

hydrazine; hydrazide; faydrazone; azide; isocyanate; isothiocyanate; cyanate; thiocyanatc; 

oxo; B(OH)2j 0(aikyl)am inocarbonyl; cycloalkyi, which may be monocyclic or fused or non-

fused polycyclic, or a heterocyciyl, which may be monocyclic or fused or non-fused 

polycyclic; monocyclic or fused or non-fused polycyclic aryl or heteroaryi; aryloxy; 

hydroxyalkyl; aralkyl; aralkyloxy; heterocyclyloxy; heterocyclylalkyl; and 

heteracyclylalkoxy. 

[001 la] In another aspect, there is provided a pharmaceutical composition comprising 

an effective amount of a compound of the present invention and a phannaceutically 

acceptable carrier or vehicle. 

[001 lb] In yet another aspect, there is provided a compound having formula (II): 

consisting of substituted or unsubstituted Cj-g alkyl, substituted or unsubstituted heterocyciyl, 

halogen, aminocarbonyl, cyano, hydroxyalkyl, -OR, and -NR2, wherein each R is 

independently H, or a substituted or unsubstituted CM alkyl; 

1 R is H, or a substituted or unsubstituted Cj_g alkyl; 

H 
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R2 is 

wherein R' is at each occurrence independently H, —OR, cyano, or a substituted or 

imsubstituied-C;^ alkyl and R is H or a substituted or unsubstituted C1-4 alkyl; and 

R3 is H, or a substituted or unsubstituted Cj_g 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; amidinc; guanidine; enamine; aminocarbonyl; acylamino; 

phosphonato; phosphine; thiocarbonyl; alkylsulfonyl; sulfonamide; alkylsulfonylamino; acyl: 

ester; urea; urethane; oxime; hydroxyl amine; alkoxyamine; aralkoxyamine; N-oxide; 

hydrazine; hydrazide; hydrazone; azide; isocyanate; isothiocyanate; cyanate; thiocyanate; oxo; 

B(OH)2; O(alkyl)aminocarbonyl; cycloalkyl, which may be monocyclic or fused or non-fused 

polycyclic, or a heterocyciyl, which may be monocyclic or fused or non-fused polycyclic; 

monocyclic or fused or non-fused polycyclic aryl or heteroaryl; aryloxy; hydroxyalkyl; 

arallcyl; aralkyloxy; heterocyclyloxy; heterocyclylalkyl; and heterocyclylalkoxy. 

[OOZlc] Disclosed herein also include compounds having the following formula (I); 

\ R* 
•WL j ^ 

(I) 
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and pharmaceutically acceptable salts, clathrates, solvates, tautomers, 

stereoisomers and prodrugs thereof, wherein R1 -R4 are as defined herein. 

clathrates, solvates, hydrates, stereoisomers, tautomers, or prodrugs thereof (each being 

referred to herein as "Heteroaryl Compounds"), are useful for treating or preventing cancer, 

inflammatory conditions, immunological conditions, neurodegenerative diseases, diabetes, 

obesity, neurological disorders, age-related diseases, 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 another example, the kinase pathway is 

the PI3Kct, PI3KJ3, PI3KS, KDR, G3K3a, GSK3p, 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 effective 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, 

[0012] Further disclosed herein are compounds having the following formula (II); 
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obesity, neurological disorders, age-related diseases, or cardiovascular conditions and 

conditions treatable or preventable by inhibition of a kinase pathway, in one example, the 

mTOK/PI3K/Akt pathway, comprising administering an effective amount of a Heteroaryl 

Compound to a patient in need of the treating or preventing. 

[0016] 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 or a 

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. DETAILED DESCRIPTION 

4.1 DEFINITIONS 

[0018] An "alkyl" group is a saturated, partially saturated, or unsaturated straight 

chain or branched non-cyclic hydrocarbon having from 1 to 10 carbon atoms, typically from 

1 to 8 carbons or, in some embodiments, from 1 to 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, -tert-

butyl, -isopentyl, 2-methylpsntyl, 3-methylpentyl, 4-methylpentyI, 2,3-dimethylbutyl and 

the like. Examples of unsaturared alkyl groups include, but are not limited to, vinyl, ally!, 
-CH=CH(CH3), -CH=C(CH3)2, -C(CH3)=CH2, ~C(CH3)=CH(CH3), -C(CH2CH3)=CH2, 
-C-CK -C=C(CH3), -CsC(C.l I2CH3), -CH2C=CH, -CH2C3C(CH3) and 

-CHjCsCfCH-iCH?), among others. An alkyl group can be substituted or unsubstituted. 

[0019] A "cycloalkyr1 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 cycloalkyl group has 3 to 8 ring members, whereas in other embodiments 

the number of ring carbon atoms ranges from 3 to 5, 3 to 6, or 3 to 7, Such cycloalkyl 

groups include, by way of example, single ring structures such as cyclopropyl, cyclobutyl, 

cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, 1-meth.ylcyclopropyl, 
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2-methylcyclopentyl, 2-rrtcthylcyclooctyi, and the like, or multiple or bridged ring structures 
such as adamantyl and the like. Examples of unsaturared cycloalkyl groups include 
cyclohexenyl, cyelopentenyl, cyclohexadienyl, butadienyl, pentadienyl, hexadienyl, among 
others, A cycloalkyl group can be substituted or unsubstituted. Such substituted cycloalkyl 
groups include, by way of example, cyclohexanone and the like. 

[0020] An "aryl" group is ail aromatic carbocyctic group of from 6 to 14 carbon 
atoms having a single ring (e.g., phenyl) or multiple condensed rings (e.g., naphthyi or 
anthryl). In some embodiments, aryl groups contain 6-14 carbons, and in others from 6 to 
12 or even 6 to 10 carbon atoms in the ring portions of the groups. Particular aryls include 
phenyl, biphenyl, naphthyi and the like. An aryl group can be substituted or unsubstituted, 
The phrase "aryl groups" also includes groups containing fused rings, such as fused 
aromatic-aliphatic ring systems (e,g,, indanyl, tetrahydronaphthyl, and the like). 

[0021J A "heteroaryl'7 group is an aryl ring system having one to four hcteroaioms 
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 include oxygen, sulfur and nitrogen. In certain embodiments, the heteroaryl 
ring system is monocyclic or bicyclic. Non-limiting examples include but are not limited to, 
groups such as pyrrolyl, pyrazolyl, imidazolyl, triazolyl, tetrazolyl, oxazolyi, isoxazotyl, 
thiazolyl, pyrolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, thiophenyl, benzothiophenyl, 
furauyl, benzofuranyl (for example, isobenzofurau-l,3-diimine)5 indolyl, azaindolyl (for 
example, pyrrolopyridyl or lH-pyrrolo[2?3-b]pyridyl)> indazolyl, benzimidazolyl (for 
example, 1 H-benzo[d]imida2oly 1), imidazopyridyl (for example, azabenzimidazolyl, 
3H-imidazo[4,5-b]pyridyl or lIT-imidazo[4,5-b]pyridyl), pyrazolopyridyl, triazolopyridyl, 
bcnzotriazolyl/benzoxazolyl, bcnxothiazolyl, bcnzothiadiazolyl, isoxazolopyridyl, 
thianaphthalenyi, purinyl, xanthinyl, adeninyl, guaninyl, qumolinyl, isoquinolinyl, 
tetrahydroquinolmyl, qumox&linyl, and quinasolmyl groups. 

[0022] A "heterocyciyl" is an aromatic (also referred to as heteroaryl) or non-
aromatic cycloalkyl in which one to four of the ring carbon atoms are independently 
replaced with a heteroatom from the group consisting of O, S and R in some embodiments, 
heterocyciyl groups include 3 tol 0 ring members, whereas other such groups have 3 to 5, 
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3 to 6, or 3 to 8 ring members. Heterocyclyls can also be bonded to other groups at any ring 
atom (i.e., at any carbon atom or heteroatom of the heterocyclic ring). A heterocycloalkyl 
group can be substituted or unsubstituted Heterocyciyl groups encompass unsaturated, 
partially saturated and saturated ring systems, such as, for example, imidazolyl, imidazolinyl 
and imidazolidinyl groups. The phrase heterocyciyl includes fused ring species, including 
those comprising fused aromatic and non-aromatic groups, such as, for example, 
benzotriazolyl, 2;3-dihydrobenzo[l,4]dioxinyl? and benzo[l,3]dioxolyl. The phrase also 
includes bridged polycyclic ring systems containing a heteroatom such as, but not limited to, 
quinuclidyl. Representative examples of a heterocyciyl group include, but arc not limited 
to. aziridinyl, azctiduiyl, pyrrolidyl, imidazolidinyl, pyrazolidinyl, thiazolidinyt, 
tetrahydrothiophenyl, tetrahydroforanyl, dioxolyl, ftiranyl, thiophenyl, pyrrolyl, pyrrolinyl, 
imidazolyl, imidazolinyl, pyrazolyl, pyrazolinyl, triazolyl, tetrazolyl, oxazoiyl, isoxazolyl, 
thiazoiyl, thiazolinyl, isothiazolytj thiadiazolyl, oxadiazolyl, piperidyl, piperazinyl, 
morphoHnyl, thiomorpholinyl, tetrahydropyranyl (for example, tetrahydro-2H"pyranyl), 
tetrahydrothiopyraayl, oxathiane, dioxyL, dithianyl, pyranyl, pyridyl, pyrimidinyl, 
pyridazinyl, pyrazinyl, triazinyl? dihydropyridyl, dihydrodithiinyl, dihydrodithionyl, 
homopiperazinyl, quinuclidyl, indolyl, indolinyl, isoindolyl, azaindolyl (pyrrolopyridyl), 
indazolyl, indoimnyl, benzotriazolyl, bcnzimidazolyl, benzofuranyl, benzothiophenyl, 
benzthiazoiyl, benzoxadiazoiyl, benzoxazinyl, benzodithiinyl, benzoxathiinyl, 
benzothiazinyl, benzoxazolyl, benzothiazolyl, benzothiadiazoiyl, benzo[I?3]dioxolyi, 
pyrazolopyridylj imidazopyridyl (azabenzimidazolyl; for example, lH-imidazo[4,5-
b]pyridyl3 or lH-imidazo[4J5-b]pyridin-2(3H)-onyl)3 triazolopyridyi, isoxazolopyridyl, 
purinyl, xanthinyl, adeninyl, guaninyl, quinolinyl, isoquinolinyl, quinolizinyl, quinoxalinyl, 
qumazotinyl, cirmolinyL phthalazinyl, naphthyridinyl, pteridinyl, thianaphthalenyi 
dihydrobenzothiazinyl, dihydrobcnzofuranyl, dihydroindolyl, dihydrobenzodioxinyl, 
ietrahydroindolyi, tetrahydroindazolyl, tetrahy drob enzimidazolyl, tetrahydrobenzotriazolyl? 

tetrahydropyrrolopyridyl, tetrahydropyrazolopyridyl, tetrahydroirnidazopyridyi, 
tetrahydrotriazolopyridyl, and tetrahydroquinolinvl groups. Representative substituted 
heterocyciyl groups may be mono- substituted or substituted more than once, such as, but 
not limited to, pyridyl or morpholinyl groups, which are 2-y 3-, 4-, 5-, or 6-substituted, or 
disubstituted with various substituents such as those listed below. 
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[0023] An "cycloalkyl alky!" group is a radical of the formula: -alkyl-eycloalkyl, 
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 are not limited to 
cyclopentytmethyt., cyclopentylethyl, cyctohexylmethyl^ cydohexylethyl, and 
cyclohexylpropyl, Representative substituted cycloalkyialkyl groups may be mono-
substituted or substituted more than once 

[0024] An "aralkyl" group is a radical of the formula: -alkyl-aryl, wherein alkyl and 
aryl-are defrncd above. Substituted aralkyl groups may be substituted at the alkylj the aryl, 
or both the alkyl and the aryl portions of the group. Representative aralkyl groups include 
but are not limited to benzyl and phenethyl groups and fused (cycloalkylaiyl)alkyl groups 
such as 4-ethyI-indanyL 

[0025] An "heterocyclylalkyl"' group is a radical of the formula; -alkyl-hetcrocyclyl, 
wherein alkyi and heterocyciyl are defined above. Substituted heterocyclylalkyl groups may 
be substituted at the alkyl, the heterocyciyl, or both the alkyl and the heterocyciyl portions 
of the group. Representative heterocylylalkyl groups include but are not limited to 4-ethyI-
morpholinyl, 4~pTOpylmoxpholmyl, furan-2-yl methyl, furan-3-yl methyl, pyrdine-3-yl 
methyl, (tetrahydro-2H-pyran-4-yl)methyl5 (tetrahydro-2H-pyran~4-yI)ethyI? 

tctrahydrofiiran-2-yl methyl, tetrahydrofuxan-2-yl ethyl, and indol-2-yl propyl 

[0026] A "halogen" is fluorine, chlorine^ bromine or iodine. 

[0027] A "hydroxyalkyl" group is an alkyl group as described above substituted 
with one or more hydroxy groups, 

[0028] An "alkoxy" group is -0~(aikyl)? wherein alkyl is defined above. 

[0029] An "alkoxyalkyl" group is -(alfcyl)-0-(a!kyl), wherein alkyl is defined above. 

[0030] An "amino" group is a radical of the formula: -NH2. 

[0031] An "alkyl amino" group is a radical of Hie formula; -NH-alkyl or -N(alkyl)2, 
wherein each alkyl is independently as defined above. 

[0032] A "carboxy" group is a radical of the formula: -C(0)0H. 
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[0033] An "aminocarbonyl" group is a radical of the formula: -C(0)N(R#)2S 

-C(0)NH(R#) or -C(0)NH2, wherein each R#is independently a substituted or unsubstituted 
alkyl, cycloalkyl, aryl, aralkyl, heterocyciyl or heterocyciyl group as defined herein, 

[0034] An "acylamino" group is a radical of the fonnula: -NHCCOXR^) or 
-N(alkyl)C(0)( Rff), wherein each alkyl and R# are independently as defined above. 

[0035] An "alkylsulfonylamino" group is a radical of the formula: -NHSOaCR**) or 
-N(alkyl)S02(R#)5 wherein each alkyl and R^are defined above, 

[9036] A "urea" group is a radical of the formula: -N(alkyl)C(0)N(R#)2s 

-N(aikyl)C(0)NH(R#)? -N(a!kyl)C(0)NH2s ~NHC(0)N(R%, ~NHC(0)NH(R#), or 
-NH(CO)NHRr/, wherein each alkyl and are independently as defined above. 

[0037] In one embodiment, when the groups described herein are said to be 
"substituted," they may be substituted with any appropriate substituent or substituents. 
Illustrative examples of substituents are those found in the exemplary compounds and 
embodiments disclosed herein, as well as halogen (chloro, iodos bromo, or fluoro); alkyl; 
hydroxy!; alkoxy; alkoxyalkyl; amino; alkylamino; carboxy; nitro; cyano; thiol; thioether; 
imine; imide; amidine; guanidine; enamine; aminocarbonyl; acylamino; phosphonato; 
phosphine; thiocarbonyl; sulfonyl; sulfone; sulfonamide; ketone; aldehyde; ester; urea; 
urethane; oxime; hydroxyl amine; alkoxyamine; aralkoxyamine; N-oxide; hydrazine; 
hydrazide; hydrazone; azide; isocyanate; isothiocyanate; cyanate; thiocyanate; oxygen 
(=0); B(OH)2> 0(alkyl)aminocarbonyl; cycloalkyl, which maybe monocyclic or fused or 
non-fused polycyclic (e.g., cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl)t or a 
heterocyciyl, which may be monocyclic or fused or non-fused polycyclic (e.g.vpyrroIidyl, 
piperidyl, piperazinyl, morpholinyl, or thiazinyl); monocyclic or fused or non-fused 
polycyclic aryl or heteroaryl (e.g., phenyl, naphthyi, pyrrolyl, indolyt, furanyl, thiophenyl, 
imidazolyl, oxazolyl, isoxazolyl, thiazolyl, triazolyi, tetrazolyl, pyrazolyl, pyridinyl, 
quinolinyl, isoquinolinyl, acridinyl, pyraziny^ pyridazinyl? pyrimidinyl, benzlmidazolyl, 
benzothiophenyl, or benzofuranyl) aryloxy; araikyloxy; heterocyclyloxy; and heterocyciyl 
alkoxy. 

[0038] As used herein, the term "phannaceutically 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 and zinc or organic 
salts made from lysine, N,TSP-dibenzylethylenediamine, chloroprocaixie, choline, 
diethanolamine, ethylenediarnine, meglumine (N-mcthylglucamme) and procaine. Suitable 
non-toxic acids include, but are not limited to, inorganic and organic acids such as acetic, 
alginic, anthranilic, benzenesulfonic, benzoic, camphorsulfonic, citric, ethenesulfomc, 
formic, fumaric, furoic, galacturonic, gluconic, glucuronic, glutamic, glycolic, 
hydrobromic, hydrochloric, isethionic, lactic, maleic, malic, rnandelic, methanesulfonic, 
mucic, nitric, pamoic, pantothenic, phenylacetic, phosphoric, propionic, 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, see for example, Remington fs Pharmaceutical Sciences, 3 8th eds+, Mack 
Publishing, Easton PA (1990) or Remington: The Science and Practice of Pharmacy, 19^ 
eds., Mack Publishing, Easton PA (1995), 

f0039J 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 a guest molecule (e.g., a solvent or water) trapped within or a 
crystal lattice wherein a Heteroaryl Compound is a guest molecule. 

100401 As used herein and unless otherwise indicated, the term "solvate11 means a 
Heteroaryl Compound, or a salt thereof, that further includes a stoichiometric or non-
stoichiometric amount of a solvent bound by rion-covalent intermolecular forces. In one 
embodiment, the solvate is a hydrate. 

[0041] As used herein and unless otherwise indicated, the term "hydrate" means a 
Heteroaryl Compound* ox a salt thereof, that further includes a stoichiometric or non-
stoichiometric amount of water bound by noivcovalent intermolecular forces, 

[0042] As used herein and unless otherwise indicated, the term "prodrug" means a 
Heteroaryl Compound derivative that can hydroiyze, oxidize, or otherwise react under 
biological conditions (in 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 biohydrolyzabie moieties such as 
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biohydrolyzabie amides, biohydrolyzabie esters, biohydrolyzabie: carbamates, 
biohydrolyzabie carbonates, biohydrolyzabie ureides, and biohydrolyzabie phosphate 
analogues. In certain embodiments, prodrugs of compounds with carboxyl functional 
groups are the lower alkyl esters of the carboxylio 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 well-known methods, such as those 
described by Burger's Medicinal Chemistry and Drug Discoveiy 6th ed. (Donald J. Abraham. 
ed.t 2001, Wiley) and Design and Application of Prodrugs (H. Bxmdgaard ed.9 1985, 
Harwood Academic Publishers Gmfh). 

[O043J As used herein and unless otherwise indicated, the term "stereoisomer" or 
"stereomerically pure" means one stereoisomer 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 stereomerically 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 stereoisomers 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 stereoisomer o f 
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 
stereomerically 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 asymmetrically synthesized or resolved using standard techniques such as chiral columns 
or chiral resolving agents. See, e.g., Jacques, j., et alf Enantiomers, Racemates and 
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Resolutions (Wiley-Interscience,New York, 1981); Wilen, S. H.f etal., Tetrahedron 
33:2725 (1977); Eliel, E. L., Stereochemistry of Carbon Compounds (McGraw-Hill, NY, 
1962); and Wilcru S. \L, Tables of Resolving Agents and Optical Resolutions p. 268 (EX. 
Eliel, Ed., XMv. of Notre Dame Press, Notre Dame, IN, 1972). 

10044] It should also be noted the Heteroaryl Compounds can include E and Z 
isomers, or a mixture thereof, and cis and trans isomers or a mixture thereof In certain 
embodiments, the Heteroaryl Compounds are isolated as either the cis or trans isomer. In 
other embodiments* the Heteroaryl Compounds are a mixture of the cis and tons isomers. 

[0045] "Tautomers" refers to isomeric forms of a compound that arc 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 solid or is in an organic or aqueous solution. For example, in aqueous 
solution, pyrazoles may exhibit the following isomeric forms, which are referred to as 
tautomers of each other: 

[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 (I) and formula (II) are within the scope of the present invention, 

[0047] It should also be noted the Heteroaryl Compounds can contain unnatural 
proportions of atomic isotopes at one or more of the atoms. For example, the compounds 
may be radiolabeled with radioactive isotopes, such as for example tritium (3H), iodine-125 
(|25I), sulfur-35 (33S), or carbon-14 (14C), or may be isotope ally enriched, such as with 
deuterium (2H)S carbon-13 (nC), or nitrogen-15 (15N)- As used herein, an "isotopologue" is 
an isotopically enriched compound. The term "isotopically enriched" refers to an atom 
having an isotopic composition other than the natural isotopic composition of that atom. 
"Isotopically enriched" may also refer to a compound containing at least one atom having 
an isotopic composition other than th e natural isotopic composition of that atom. The term 
"isotopic composition" refers to the amount of each isotope present for a given atom. 
Radiolabeled and isotopically encriched compounds are useful as therapeutic agents, e.gr, 
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cancer and inflammation therapeutic agents, research reagents, e.g., binding assay reagents* 
and diagnostic agents, e.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. 

[00483 '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 
oi worsening of those symptoms, or prevention or prophylaxis of the disease or disorder in a 
patient at risk for developing the disease or disorder. 

[0Q49] The term "effective amount" in connection with an Heteroaryl Compound 
means an amount capable of alleviating, in whole or in part, symptoms 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-related diseases, or cardiovascular conditions, and conditions 
treatable or preventable by inhibition of a kinase pathway, for example, the 
mTOR/PBK/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 embodiments, 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 a pharmaceutical composition, may be at a level that will 
exercise the desired effect; for example, about 0.005 rng/kg of a subject's body weight to 
about 100 mg/kg of a 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 vaiy depending on the 
indication being treated, e.g,, the effective amount of an Heteroaryi Compound would likely 
be different for treating patients suffering from, or at risk for, inflammatory conditions 
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relative to the effective amount of the Compound for treating patients suffering from, or at 
risk of, a different disorder* e,g.? cancer or a metabolic disorder, 

10050] The term "patient" includes an animal, including, but not limited to, an 
animal such as a cow, monkey, horse, sheep, pig, chicken, turkey, quail, cat5 dog, mouse, 
rat, rabbit or guinea pig, in one embodiment a mammal, in another 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 according to the type of 
tissue in which they are found. For example, fibrornas arc neoplasms of fibrous coimcctive 
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 
colon, are known as adenocarcinomas. Malignant growths of connective tissue, e,g.s 

muscle, cartilage, lymph tissue, and bone, are called sarcomas. Lymphomas and leukemias 
are malignancies arising among white blood cells. Through the process of metastasis, tumor 
cell migration to other areas of the body establishes neoplasms in areas away from the site 
of initial appearance. Bone tissues 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 lung, breast, prostate or the like are particularly known to be likely to 
metastasize to bone. 

[0052J In the context of neoplasm, cancer, tumor growth or tumor 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 or secondary 
tumors, slowed or decreased severity of secondary effects of disease, arrested tumor growth 
and regression of tumors, among others. In the extreme, complete inhibition, is referred to 
herein as prevention or chemoprevention. In this context, the term "prevention" includes 
either preventing the onset of clinically evident neoplasia altogether or preventing the onset 
of a preclinicaily evident stage of neoplasia in individuals at risk. Also intended to be 
encompassed by this definition is the prevention of transformation into malignant cells or to 
arrest or reverse die progression of premalignant cells to malignant cells. This includes 
prophylactic treatment of those at risk of developing the neoplasia. 
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4.2 HETEROARYL COMPOUNDS 

f0053) Provided herein are compounds having the following formula (I): 

R2 

© 
and pharmaceutical acceptable salts, clathratcs, solvates, stereoisomers, 

tautomers, and prodrugs thereof, -wherein: 

R1 is substituted or unsubstituted C].g alkyl, substituted or unsubstituted aryl, 
substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocyciyl, or 
substituted or unsubstituted heterocyclylalkyl; 

R2 is H, substituted or unsubstituted Cus a!kyl? substituted or unsubstituted 
cycloalkyl, substituted or unsubstituted heterocyciyl, substituted or unsubstituted 
heterocyclylalkyI, substituted or unsubstituted aralkyl, or substituted or unsubstituted 
cycloalkylalkyl; 

R3 and R4 are each independently H, substituted or unsubstituted Ci_g alkyl, 
substituted or unsubstituted aryl, substituted or unsubstituted cycloalkyl, substituted or 
unsubstituted heterocyciyl substituted or unsubstituted heterocyclylalkyl, substituted or 
unsubstituted aralkyl, substituted or unsubstituted cycloalkylalkyl, or R3 and RA9 together 
with the atoms to which they are attached, form a substituted or unsubstituted cycloalkyl or 
substituted or unsubstituted heterocyciyl; 

or R2 and one of R3 and R4, together with the atoms to which they are 
attached, form a substituted or unsubstituted heterocyciyl; 
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provided the compound is not the compounds depicted below, namely: 

6-(4-hydroxyphenyl)-4-(3-methoxybenzyl)-3,4-dihydropyrazinop, 3-b]pyrazin-2( 1 Hj-one; 

'N "N' 
H 

6-(4-(l H-1,2/l-triazol-5-yl)phenyl)-3-(cyclohexylmethyl)-3,4-dihydropyrazmQ[2,3-
b]pyrazin-2( 1 H)-one; 

or, 

xxo 
H 

(R)-6-(4-(l H-1 ,2s4-triazol-5-yI)phenyl)-3-(cyclohexylmethyl)-3 >4-dihydropyrazmo[253-
b]pyrazin-2(IH)-one. 

[00541 In some embodiments of compounds of formula (I), R1 is substituted or 
unsubstituted aryl or substituted or unsubstituted heteroaryl. In one embodiment, R1 is 
phenyl, pyridyl, pyrimidyl, benzimidazolyl, indolyl, indazolyl, lH~pyrrolo[2,3-b]pyridyl, 
IH-imidazo^^-bjpyridyl, IH-imxdazo[4,5-b]pyridin-2(3H)-onyl, 3H-imidazo[4,5-
b]pyridyl. or pyrazolyl, each optionally substituted. In some embodiments, R1 is phenyl 
substituted with one or more substituents independently selected from the group consisting 
of substituted or unsubstituted Ci.& alkyl (for example, methyl)., substituted or unsubstituted 
heterocyciyl (for example, substituted or unsubstituted triazolyl or pyrazolyl), halogen (for 
example, fluorine), aminocarbonyl, cyano, hydroxyalkyl (for example, hydroxypropyl), and 
hydroxy. In other embodiments, R1 is pyridyl substituted with one or more substituents 
independently selected from the group consisting of substituted or unsubstituted alkyl, 
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substituted or unsubstituted hetcrocyclyl (for example, substituted or unsubstituted 
triazolyl), halogen, aminocarbonyl, cyano, hydroxyalkyl, -OR, and -NR2, wherein each R is 
independently Hs or a substituted or unsubstituted alkyl. In yet other embodiments, 
R1 is lH-pyrrolo[2,3-b]pytidyL 0r benzimidaziolyl, each optionally substituted with one or 
more substituents independently selected from the group consisting of substituted or 
unsubstituted Ci_s alkyl, and -NR2P wherein each R is independently H, or a substituted or 
unsubstituted CM alkyl. 

[00S5J In some embodiments of compounds of formula (I), R1 is 
R p_(CRj)„0R p_(CRA0R 

5 p 

X R'm N _ X, R'r 

RN-A N=\ 
NR 

(i 3-R' N"^-, w*- JP X. O ' X 'X ' .or 

fVNR \JR" 
X 

J 

wherein Ris at each occurrence independently H, or a substituted or 
unsubstituted CM alkyl (for example, methyl); RJ is at each occurrence independently a 
substituted or unsubstituted CM alkyl, halogen (for example, fluorine), cyano, -OR, or 
"NR2; m is 0-3; and n is 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. It will also be understood by those skilled in the art that the connecting bond of 
R1 (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] In some embodiments of compounds of formula (I), Rl is 

wherein R is at each occurrence independently H, or a substituted or 
unsubstituted CM alkyl; RJ is at each occurrence independently a substituted or 
unsubstituted CM alkyl, halogen, cyano, -OR, or -NR2; m is 0-3; and n is 0-3. 

}0057] In some embodiments of compounds of formula (I), R2 is H, substituted or 
unsubstituted C\^ alkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted 
heterocyciyl, substituted or unsubstituted CM alkyl-heterocyclyl, substituted or 
unsubstituted CM alky]-aryl, or substituted or unsubstituted CM alkyl-cycloalkyl. For 
example, R2is H, methyl, ethyl, n-propyl, isopropyl, n-butyl, .s^c-butyl, isobutyl, /ert-butyl, 
n-pentyl? isopentyl, cyclopentyl, cyclohexyl, tetrahydrofuranyl* tetrahydropyranyl, 
(CM alkyi)-phei)yl, (CM aIkyI)~cyclopropyl, (Ci_4 alkyl)-cyclobutyl, 
(CM alkyl)-cyclopentyl, (CM aIkyl)-cydohexyl, (CM alkyl)-pyrroUdyl, 
(CM alkyl)-piperidyl, (CM alkyi)-piperaztnyl3 (C1-4 alkyl)-morpholinyl5 

(CM alky!)-tetrahydrofuranv 1, or (CM alkyl)-tetrahydropyranyl, each optionally substituted. 

[0058] In other embodiments, R2 is H, CM alkyi, (Ci^allcyl)(OR)5 
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wherein R is at each occurrence independently H, or a substituted or 
unsubstituted CM alkyl (for example, methyl); R1 is at each occurrence independently R 
-OR, cyano, or a substituted or unsubstituted Cu4 alkyl (for example, methyl); and p is 0-3. 

[0059] In some such embodiments, R2 is H, CM alkyl, (Ci^alkylXOR), 

Af,\nr0R 

ly ot \-HS—O-R 
S 

wherein R is at each occurrence independently Hs or a substituted or 
unsubstituted C1-2 alkyl; R' is at each occurrence independently H, -OR, cyano* or a 
substituted or unsubstituted Q_2 alkyl; and p is 0-1. 
[0060) In some other embodiments of compounds of formula (I), R2 and one of 
R3 and R4 together with the atoms to which they are attached form a substituted or 
unsubstituted heterocyciyl. For example, in some embodiments, the compound of 
formula (I) is 

'IYT "m5 XcS 
N^rf^O , N N^O , H 

K H R 

J^^NR r"w^° 

"Wx1 XCC N N^O , or M N O H H 

wherein R is at each occurrence independently H, or a substituted or unsubstituted 
CM alkyl; R" is 11, OR, or a substituted or unsubstituted CM alkyl; and R} is as defined 
herein. 
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[0061] In some embodiments of compounds of formula (I), R3 and R4 are both H. In 
others, one of R3 and R4 is H and the other is other than H. In still others, one of R3 and 
R" is C1-4 alkyl (for example, methyl) and the other is H. In still others, both of R3 and 
R4 are CM alkyl (for example, methyl), 

[0062] In some such embodiments described above, R1 is substituted or 
unsubstituted aryl, or substituted or unsubstituted heteroaryl. For example, R3 is phenyl, 
pyridyl, pyrimidyl, benzimidazolyl, indolyl, indazolyl, !H-pyrroIo[23-b]pyridyl, 
lH~imidazo[4,5-b]pyridyl, lH-imidazo[4?5-b]pyridin-2(3H)-onyi, 
3H-imidazo[4?5-b]pyridyl, or pyrazoiyl, cach optionally substituted. In some embodiments, 
R1 is phenyl substituted -with one or more substituents independently selected from the 
group consisting of substituted or unsubstituted Ci-s alkyl, substituted or unsubstituted 
heterocyciyl, halogen, aminocarbonyl, cyano, hydroxyalkyl and hydroxy. In others, R1 is 
pyridyl substituted with one or more substituents independently selected from the group 
consisting of cyano, substituted or unsubstituted Cis &Ikyl> substituted or unsubstituted 
heterocyciyl, hydroxyalkyl, halogen, aminocarbonyl, -OR, and -NRa, wherein each R is 
independently H, or a substituted or unsubstituted CM alkyl. In others, R1 is 
lH-pyrrolo[2,3-b]pyridyl or benzimidazolyl, optionally substituted with one or more 
substituents independently selected from the group consistin g of substituted or unsubstituted 
Ci-g alkyl, and -NR?,, wherein R is independently H, or a substituted or unsubstituted 
CM alkyl 

[0063] In certain embodiments* the compounds of formula (I) have an R1 group set 
forth herein and an R2 group set forth herein. 

[0064] In some embodiments of compounds of formula (I), the compound at a 
concentration of 10 \xM inhibits mTOR, DNA-PK, or PI3K or a combination thereof, by at 
least about 50%, Compounds of formula (I) may be shown to be inhibitors of the kinases 
above in any suitable assay system, such as those described in the Examples herein. 

[0065] In some embodiments of compounds of formula (I), the compound is 

6-(lH-pyrrolo[2s3-b]pyridin-3-yl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3P4-
dihydropyrazino [2,3-b]pyrazm-2( 1 H)-one; 
6-(4-methyl-6-(lH-l,2s4"triazol-3-yl)pyridi.n-3-yl)-4-((teti'ahydro-'2H-pyran-4-yl)mcth.yl)-
354-dihydropyrazuio[2.3-b]pyTazin-2(lLl)-oi\e; 
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6-(5-fiuoro-2-methyl-4-(lH-1,254-tria2.ol-3-yl)phcny!)-4-((^Yi^5-4-
metho xycyciohexyl)methyl)-3,4 -dihydropyrazino [2,3-b]pyivaziti"2(l H)~one; 
6-{5 -fluoro~2-methyl-4-( 1H- lJ2?4-triazol-3-yl)plieiiyl)-4-((d1y-4-
methoxycyclohexyl)metIiyl)-354-dihydropyi-azmo[23-b]pyrazm-2(lH)-one; 
6-(6-(I H-1 i2,4-tiiazoi-3-yI)pyridni-3-yl)-4-((/ra«5-4-methoxycycIohexyl)niethy{)-3,4-
dihydropyrazino[2,3-b3pyrazxn-2(lH)-one; 
6-(5-fluoro-2-nictliy M-( 1 EI-1 ?2,4-trtazol-3 -yl)phenyl)-4-((rra^-4-
hydroxycyclohexyI)methyl)-3J4-dihydropyrazmo[23-b]pyraziii"2(lH)-one; 
6-(6-(lH-lJ2J4-triazol-3*yl)pyridm-3-yl)-4-((cis-4-methoxycycloheKyl)mcthyl)-3!4-
dihydropyrazino[2?3"b]pyrazm-2(lH)-one; 
6-(6-(lH-lf2s4-tria2:ol-3-yl)pyridm-3"yI)-4«((?m^-4-bydroxycycIohexyl)metliyI)-3,4-
dihydropyrazino[2s 3-b]pyrazin-2( 1 H)-one; 
6-(6-(lH-lJ2,4-triazol-3-yl)pyridin-3-yl)-4-(cj>-4-hydroxycyclohexyl)-3p4-
dihydropyrazino[2s3-b]pyrazm-2(lH)-one; 
6-(6-(lH-J ^^triazol-S-ylJpyridin^-yl^^czj-^hydroxycyclohexytymediyl)^^-
dihydropyrazmo[2?3-b]pyrazm-2(lH)-oiie; 
6-(5-flaoro-2-methyl-4"(lH-l^i4"triazo]-3-yl)phenyl)-4-(jr^>j-4-inethoxycycIohexyl)-3?4-
dihydropyrazino[2,3-b]pyrazin-2(lH)-orie; 
6-(6-(lH-l,2J4-tiia7.o(-3-y()pyiidin-3-yl)"4-(rm^v-4-metiioxycyolohexyl)-3j,4-
dihydropyrazino [2,3 -b]pyr aziti-2( I H)-on e; 
6"(6-(lH-lJ2,4-tria2ol-3-yl)pyrIdm-3-yl)™4-(^ra«5-4-hydroxycyclohexylV3,4-
dihy dropyrazino[2,3-b]pypazin-2( lH)-one; 
6-(5"fluoro-2-methyl-4-(lH-l52i4-triazol-3"yl)phenyi)-4-((c?1s'"4-
hydroxycyclohexyl)methyl)»3,4-dihydi-opyrazino[2,3',t]pyrazin-2(lH)-one; 
6-(6-(IH-]J2J4"triazo]-3-yl)pyridin-3-yl)-4-(OT-4-mcthoxycyclohexyl)-3J4-
dihydropyrazino[2s3"b]pyraziu-2(lH)-oae; 
6-(6™(lH-l,214-tiiazol-3-yl)pyridin-3-yl)-4-(2-methoxyethyl)-354-dihydropyrazino[2,3-
b]pyrazin-2(lH)-one; 
6-(6"(lH-Is2s4-triazol-3-yl)pyridm-3-yL)-4-isopropyl-354-dihydropyrazino[2,3-b]pyrazin-
2{lH)-one; 
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6-(5-fluoro-2-m.eth.yl-4-(lH- !,2>4-lriazQl-3-yl)phcnyl)-4-(c/,s-4-hydroxycycfohexy!)-3J4-
dihydropyrazino[2,3-b)pyrazin-2( 1 H)-one; 
6™(5-fluoTo-2-methyl-4"(lH-l1!2,4-tria2oI-3-yl)pheriyl)-4-(ciJy-4™methoxycyclohexyl)"3s4-
dIhydTDpyrazino[2,3-b]py^in-2tlH)-one? 

6-(5-iluoro~2-melhyl-4-(lH-l,2?44ria7_ol-'3-yl)phetiyl)-4-(2-methoxyctliyV)-3,4-
dihydropyrazino[23~b]pyraziri-2(lH)-one; 
6-(6-(lH-I,2,4-triazol-3-yl)pyridin-3-yl)-4-(tetrahydrO"2H-pyraii«4-yt)-3,4-
dihydropyrazmo[23-b]pyrazin-2(lH)-one; 
6-(6-(lH-l>2?4-tria2ol-3-yl)pyri.diTi-3"yL)-4-ethyl-3s4.-dihydropyrazitK>[213^b]pyrazin-2(iH)-
one; 
6-(5-fluoro-2-methyl-4-(IH-l?2s44riazoi-3~yI)phenyl)-4"(frmy-4~hydroxycyclohexyl)-3,4-
dihydropyrazino[2?3-b]pyrazin.-2( ] H)-one; 
6-(5-fIuoro-2-methyM-(IH-la2s4-iTiazol-3-yl)phenyI)-4-(tetrahydro-2H-pyran"4-yl)-354-
dihydropyrazino [2,3-b]pyrazin-2( 1 H)-one; 
6-(5-fluoro-2-metbyl-4-(lH-l)2,4-triazoI-3-yl)phenyi)-4-isopropyl-3s4-dihydropyrazino[2s3"' 
b]pyrazin-2( 1 H)-one; 
4-ethyl-6-(5-fluoro-2-methyl-4-(lH-l?2)4-triazol»3-yI)pheiiyl)-3j4-dihydropyraziiio[2,3-
b]pyrazin-2( lH)-one; 
6-(3-fluoro-2-methyl-4-( 1H-1 ?2,4~triazol~3 -y l)phenyl)-4-(tetrahydro-2H~pyran-4~yl)-3 £~ 
dihydropyrazixio[2?3-bjpyrazin-2(lH)-one; 
6-(3-fIuoro-2-methyl-4-(lH-l,2,4»tria2ol-3-yI)phenyl)-4-(c^4-methoxycyclohexyl)-3?4-
dihydropyrazino [2?3-h]pyrazin-2( 1 H)-one; 
6-(3-fluoro-2-methyl-4-(lH-lf!2,4-tiiazol-3-yl)ph.eTiyI)-4-(^a?25-4«methoxycyclohexyI)-3,4-
dihydropytazinof2,3-b]pyrazm-2(lH)-one; 
4-(2-methoxyethyl)-6-(4-methyl-6-( 1H-1,2?4-tria2oI-3-yl)pyridin"3-yl)-3?4-
dihydropyraxino[2,3-b]pyrazin-2(lH[)»one] 
6-(3-(lH-li2,4-friazol-5-3d)phenyl)-4-(2-(tetrahydro-2H-pyraH'4-yi)ethyl)"3,4-
dihydropyrazino{2 s3-b]pyrazin-2( 1 H)-one; 
5-(8-(2-methoxyethyl)-6-oxo-5J6>7J8-tetrahydropyrazinQ[2j3-b]pyrazm-2-yl)-4-
methylpicolinamide; 
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3-(6"Oxo-8»(2-(tetrahydro-2H-pyrau-4™yl)ethyl)-5,6J7;i8-tctrahydropyraziuo[2>3-b]pyrazin-2-
yl)berizamide; 
3"(6-oxo-8-(2-(tetrahydro-2H-pyran-4~yI)ethyl)-5,6,738-tetrahydropyrazino[23-b]pyrazk-2-
yl)beuzonitriLe; 
5"(8"(/r,sfl1y-4-methoxycyclohexyl)-6-oxo-5,6,7i8-tetrahydropyra3iiio[2,3-b]pyra2m-2-yl)"4-
methylpicolinamide; 
6-{lH-imidazo[4?5-b]pyridin-6-yIV4-(2-(tetratiydro-2H-pyran-4-yl)ethyl)-374-
dihydropyra^jno[2,3-b]pyrazij]-2(lH)-one; 
6~(lH-mdazol-6-yl)-4-(2-(tetrahydro-2H-pyraii-4-yl)ethyl)-3/f-dihydropyrazino[2,3-
b]pyrazin-2(l H)-one; 
4-((l R,3S)-3~methoxycyclopeatyl)-6-(2-methyl-6-(4H" 1,2s4-triazoI"3-yl)pyridin-3"yl)-3»4-
dihydropyrazino[2,3-b]pyrazin-2(lH)-orie; 
4-((l S ?3R)-3-methoxycycIopentyl)-6-(2»methyl-6-(4H-1,2?4-triazol-3-yl)pyridin-3-yl)-3 54-
dihydropyrazino[23~b]pyrazin-2(lH)-one; 
4-((lR53R)-3-methoxycyc]opentyr)-6-(2-methyl-6"(4H-J,254-lriazol-3-yl)pyridin-3-yl)-3,4-
dihydropyrazino[2,3 -b]pyrazin-2(l H)-one; 
4-((IS)3S)-3-methoxycycJopentyl)-6-(2-methyl-6~(4H«l?2>4-triazol-3-yI)pyridin-3-yl)-314-
dihydropyrazino[2J3-b]pyrazin-2(lH)-one; 
4-ethyl-6-(2~methyl-6-(4H-1f2t44riazol-3-yl)pyridin-3-y])-3,4-'dihydropyrazino[2)3~ 
b]pyrazm-2(l'H)-one; 
6"(lH-pyrrolo[2,3-b]pyridiG-5-yl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3?4-
dihydropyrazino[2!l3-b]pyrazin-2(lH)-one; 
6-(JH-indol-6~yl)-4~(2"(tetrahydro-2H-pyran~4-yl)ethyi)-354-dihydropyra2dno[2,3-
b]pyrazin-2( 1 H)-one; 
6-(lH-indol-5-yl)»4-(2-(tetTahydro-2H-pyraii"4»yl)ethyl)-3s4-dihydropyrazino[2!13'-
b]pyrazin-2(lH)-one; 
4-(((lR3S)-3«methoxycyclopentyl)methyl)-6-(2-Tnetliyl-6-(4H-l52i4-tria2;ol»3-y])pyridin-3-
yl)-3 ,4~dihydropyrazino[234}]pyrazin-2( 1 H)-one; 
4-{((lS3R)*3-methoxycyclopeutyl)methyl)-6-(2-methyl-6-(4H~l,294-triazol-3-yl)pyridin-3-
yl^^-dihydropyrazinoP^-bjpyrazin-SflH^one; 
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6-(3 -fluoro-2 -methyi-4-(4H-12,4-tri azoi-3 -yl)ph eny l)-4-(2-(tctrahy dro-2H-pyran-4~ 
y!)ethyl)-3J4-dihydropyrastno[2)3-b]pyi'axiti-2(lH)-oiie; 
6»(3-fluoro-2-methyl-4-(4H-li234-triazo]"3-yl)phenyl)-4-(2-methoxyethyl)-3,4-
dih.ydropytazino[23-b]pytazin-2(lH)-oiie; 
3,3-dimethyl-6-(4-rDethyl-6-(4H-1,2,4-tri azol-3 -yl)pyridm-3-yl)-4™((totrahydro-2H-pyratt*4« 
yl)methyl)-3,4-dihydropyrazmo[2,3-b]pyrazin-2(lH>one; 
6"(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-((lR?3S)-3-rtictlioxycyclopentyL)-3,4-
dihydropyrazino[2P3-b]pyrazi.n-2(lH)-otie; 
6-(6-(24iydroxypropan-2-yl)pyrLdm-3-yL)-4-((lSJ3R)-3-methoxycyciapentyl)-3?4-
dihydropyrazino[2?3-b]pyrazin-2( 1H)-one; 
6-(6-(2-Iiydroxypropaii-2-yi)pyrtdin-3-yl^4-(((lSJ3S)-3-inel:hoxycyciopentyt)methyl)-3,4-
dihydropyrazino [2s3-b]pyrazin-2( 1 H)-one; 
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-(((lR;3R)-3-niethoxycyclopentyl)metbyl)-3J4-
dihydropyrazino[23-b]pyrazin-2(lH)-one; 
6-{6-(2"hydroxypropan-2-yl)pyridin-3-yl)"'4-C(lS,3S)-3-methoxycyclopentyl)-3J4-
dihydrop}Tazino[233-b]pyrazin-2( I H)-onc; 
6-(6-(2-hydroxypropan-2-y!)pyridin-3-yi)-4-((lRJ3R)-3-ruethoxycyclopeiityI)-3>4j-
dihydropyrazmo[233-b]pyrazin-2(lH)-one; 
6-(6-(2-hydroxypropaii-2-yl)pyridin-3-yI)-4-(((lR)3S)-3-methoxycyclopanty!)methyl)-374-
dihydropyraziTio[2,3-b]pyrazin-2(lH)-one; 
6-(6-(2«hydroxypropan»2-yl)pyridk'"3-yl)-4-(((lS33R)-3-niethoxycyclopeiityl)methyl)-334-
dihydr6pyrazmo[2,3~b]pyrazm-2(lH)~one; 
6-(3-fluoro-4-(4H-l,2J4«triazol-3-yl)phenyl>4-(2-methoxyethyl)-3s4-dihydropyraziiio[253-
b]pyraziti-2(lH)-one; 
6-(3-fluoro-4-(4H-l,2>4-triazoI-3-yl)phenyl)-4-(2"(tetrahydro-2H-pyraii"4-yl)ethyl)-3)4-
dihydropyrazin.o[2,3-b]pyrazin-2(lH)-one; 
7,-(2"methyl-4"(4H-ls2?4-ti*iazol-3-yl)phenyl)-r-((tetrahydro-2H-pyran-4-yl)methyl)-l,H-
spiro[cyclopentane-l ^-pyrazmo^^-blpyraziiiJ-S l(4*H)-one; 
7I-(2-methyl-4-(4H«l>2?4-triazQl-3-yl)phGnyl)-r"((letrahydro-2H"pyran-4-yl)methyl)-rH-
spiro[cyclo"butane-l;2,-pyrazino[2?3-b]pyraziB]-3,(4,H)"One; 
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4-(cyclopropylmethyl)-6-(6-(2~kydroxypropan-2-yI)pyridin~3-yl)-3?4-dihydropyraziiio[2>3-
b]pyrazin-2(3H)-one; 
7'-(2-methyl-4-(4H-l ,2,4-triazol-3-yl)pheiiyI)-1 'H-spiro[cy clopentane-1 f2r-pyrazmo[2s3-
b]pyrazin]-3t(4'H)-one; 
7,-(2-methyl-4-(4H-li2,4-lTia2ol-3-yI)phenyl)-rH-spiro[cyclobutane-ls2r-pyrazino[23-
bJpyrdzinj-3 '(4*H)-one; 
7'-(2-methyl-4-(4Il" 1,2,4-triazol-3 -yl)phenyl)-l 11-spiro [cyclopropane-] ,2^pyrazmo[23-
bjpyrazinl-S'^'HJ-one; 
(R)-6-(4-(4H-lJ2,4-triazol-3"yl)phenyl)-4"((tctrahydroftiran''2-yl)nicthyl)™3>4-
dihydropyrazirio[2,3-b]pyrazm-2(lH)-one; 
(S)-6-(4»(4H-l,2>4-triazol-3-yl)ph.etiyl)-4-((tetrahydrofliran-2-yl)methyl)-3,4-
dihydropyraziiio[2,3-b]pyrazin-2(lH.)-oiie; 
6-(lH-mdazol-5~yl)-4-(2~(tetrahydro-2H«pyran-4-yl)ethyl)~3}4"dihydropyrazino[23~ 
bJpyrazin-2( 1 H)-one; 
4-(6-0X0"8-(2-(tetrahydr0-2H-pyran-4-yl)ethyl)-5,657J8-teti*ahydropyrazirLo[2J3-b3pyrazin-2-
yl)berizamide; 
4-(2-methoxyethyl)-3,3-dimethyl-6-(2-methyl-4-(4H-1,234-friazoL-3-yl)phenyl)-3,4-
dihydropyra2dno[2,3-b]pyrazin-2{ 1 H)-one; 
4-ethyI-3J3-dimethyl-6-(2-methyl-4-(4H-3J2J4-triazGl-3-yl)phenyl)-354-
dihydropyrazinor2?3-b]pyra2m™2(lH)'OTie; 
6-(2-methyI-4-(4H-l?2t4-triazol-3-yl)phenyI)-3,4™dihydropyrazirio[2)3-b]pyrazin-2(lH)-0]ie; 
3,3-dimethyl-6"(2-metb.yl-6-(4H-1.254-triazoi-3-yl)pyridin~3-yl)-4-((tetrahydro-2H-pyran-4-
yl)methyl)-3,4-dihydropyi*azino[2,3-b]pyrazin-2(lH)-oiie; 
{R)"6-(6-(l-bydroxyethyl)pyridm-3-yI)-4-(2-(tetrahydro-2H-pyi:an-4-yl)ettiyl)-3>4™ 
dihydrop^azmo[2,3-b]pyrazm-2(lH)-one; 
3 s3-dimethyl-6-(2-metb.yl-4»(4H-l ,2 j4-triazol-3-y l)pheny l)-4-((tetrahydro-2H-pyraii-4-
yl)methyl)-3,4-dihydropyrazino[2)3-b]pyrazin-2(]H)-one; 
6-(6-(2-hydroxypropan-2-yl)-4-methyipyiidin-3"yl)-4-(?mm-4-metlioxycycIohexyl}-3,4-
dihydropyraziiio[2s3-b]pyrazin-2(lH)-oiie; 
6-(6-(2-h.ydroxypropan-2-yl)-4-methyipyridm-3-yl)-4"((teiTahydro-2H-pyrari-4-yl)meihyl)-
3s4-diliydropyrazmo[233-b]pyra2in-2(lH)-one; 
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3!3"dimethyI-6-(2-mcthyl-4«(4H-l,2>4-triazol-3-yI)phen.yl)-334-dihydropyra2imo[253" 
b]pyrazin<-2(lH)-one; 
33"dimeth.yl™6'-(2-niethyl"6-(4H«l;2,4-triazol-3-y].)pyridiii"3*-yl)-4-(2-(tetTahydro-2H-pyran' 
4-yI)ethyl)-3,4-diliydropyra2mo[2,3*'t]pyrazm-2(JH)-one; 
6"(6-(2-hydroxypropan»2-yl)-2-methylpyridin-3-yl)-4~((tetrahydro-2H-pyraty-4-yl)methyl)-
3,4-dihydropyrazmo[253-b]pyraziii-2(lH)-one; 
6-(6-(2-hydroxypropan-2-yl)"2-methylp>ridm-3-yl)-4-(/7'am,-4-methox.ycyclohexyl)-3,4-
dihydropyramo[2,3-b]pyra2:iri~2(lH)-oae; 
(S)-6-(6-(l-hydraxyethyl)pyridia-3-yl)-4-(2-(tctrafaydi*o-2H»pyran-4-yl)ethyl)"3?4-
dihydropyra2ino[2,3-b]pyrazin-2(lH)-one; 
3s3-dImethyI-6-(2-methyl-4-(4H-1 )2,44riazol-3 »yl)phenyl)-4-(2-(tetrahydro-2H-pyran-4-
yl)ethyl)-3,4-dihyd.ropyi4a2;ino[2,3-b]pyra2iii-2(lH)-one; 
6-(6-(2-hydroxypropan-2-yl)pyridm-3-yl)-3J3"dimethyl"4-(2-(tetrahydro'-2H"pyraa-4-
yi)elliyl)-3#4-dihydropyrazino[2,3"1>]pyi"a2:in-2(lH)-o!ie; 
6-(4-(2-hydroxypTopan-2-yl)phcn.yl)-4-(/r^m'"4-m.ethoxycyclohexyl)-3,4-
dihydropyra2mo[2,3-"b]pyrazm--2(lH)-one; 
6-(4-(2"hydroxypropan-2-yl)ph.enyl.)-4-((/ra«^-4-methoxycyclohexyl)methyl)-3f4-
dihydropyrazino[23'b]pyrazin-2( 1 H)-one; 
4-(cAv-4-niethoxycyclohexyl)"6-(2-metb.yi-6-(4H-l>2,4-triazoL-3-yl)pyridin-3-yI)-3,4-
dibydropyrazino[23-b]pyr&zin-2(lH)-on^ 
4-(/ra/2ly-4-methoxycyclohexyl)-6-(2-methyL-6-(4H-l}214-tri3zol-3""yl)pyridin-3-yl)-3,4-
dihydropyrazino[23-h]pyrazin-2(lH)-one; 
6-(4-(24iydroxypropan-2-yl)phenyl)-4~((teti*ah.ydrO'2H-pyran-4*-yi)racthyl)-3;4-
dihydropyrazmo[2,3-b]pyrazin-2( 1 H)-one; 
4-(2-mcthoxyetbyl)-6-(2-methyl-6-(4H-l12!]4-tri,dzoi-3-yi)pyridin-3-yl)-334-
dihydropymzino[2;3-b]pyrazinr2(lH)-one; 
9-(6-(4H-l 32)4-triazol-3-yl)-3-pyridyl)-6s 11 )4a-trthydromorphoiino[4,3-e]pyrazino[2,3~ 
bJpyrazm-5-oiie; 
6-(2-methyl-6-(4H-lJ2J4"triazol-3-yl)pyridin-3-yl)-4-{(tetrahydro-2H-pyran-4»yl)methyl)-
3 ,4-dihydropyrazmo[2.3 -b]pyrazin-2{ 1 H)-tme; 
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5-(8-(cw-4-methoxycyclohexyi)-6-oxO"5P657J8-tetrahydropyrazino[2)3-b]p3Tazin-2-yl)-6-
methylpicolinonitrile; 
6-(6-(4H-l>2J4-triazoI-3-yI)pyridin-3-yl)-4~(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3>4-
dihydropyrazin0[23^b]pyrazm-2(IH)-o*Qe; 
9-(4-(4H-l32^triazol-3-yl)-2-methyiphenyl)-3-(2~methoxyacetyl)-6,11,4a-
triiiydropiperazino[l ,2-e]pyrazino [293-b]pyrazin-5-one; 
9-(4-(4H-l,2,4-triazal-3-yl)-2'-methylphenyl)-6,l 1,4 a-trihydropiperazino [1,2-
e]pyrarino[2,3-b]pyrazin-5-one; 
9-(4-(4H-l ,2,44riazol-3-yl)-2-metbytphcnyl)-3-(2"methoxyethyl)-6,1 i ,4 a-
trihydropiperazino[l;2-e]pyra;rfno[23-b]pyraz;m-5-one; 
4-(cyclopentylmethyl)"6-(2-methyl-6-(4H-i?2J4-triazol"3-yl)pyridin-3-yl)-3J4-
dihydropyrazino[2?3"b]pyrazin-2(lH)-oiie; 
9-(6-(4H-l ,2,4-tria2:ol-3-yl)-2-methyl-3-pyridyl)-6,l 1 J4a-trihydromorpholino[4,3-
e]pyrazino[253-b]pyrazin-5-one; 
4-(?ran5-4-hyclroxycyclobexyl)-6-(6-(2-hydroxypropan-2~yl)pyridm-3-yl)-3.4-
dihydropyrazmo[2?3-b]pyrazin-2(l H)-one-
4-(etf-4-hydroxycyclohexyS)-6-(6-(2-hydroxypropan~2-yl)pyrLdii>3-yl)'-3>4-
dihydropyrazino[2>3-b]pyrazin-2(]H)-one; 
6-(6-(2-hydroxypropan-2-yl)pyridin~3-yl)-4-((tetrahydrofiiran-3-yl)methy])-3J4-
dihydrop}Tazmo[2a3-b]pyraziTi-2(lH)-one; 
4-(cyclopeutylmethyl)-6-(6-(2-hydroxypropaix-2-yl)pyridin-3-yl)-3.4-dihydropyrazino[23-
b]pyrazixi-2( lH)-one; 
6-(6-(2-hydroxypr6pan-2-yl)pyridin-3-yi)-4-neopentyl-354-dihydropyrazino[23-b]pyra2in-
2(1H)-one; 
6-(6-(2-hydTOxypropan-2-yl)pyridin-3-yl)-4-isobutyl-3)4-dihydropyrazmo[2,3+*b}pyrazin-
2(lH)-one; 
3-methyl-6-{2-methyl-4-(4H-l,2,4-triazol-3-yI)phenyl)-4-(2-(tett,ahydro-2H-pyran-4' 
y])ethyl)-3?4-dthydropyrazina[2J34-)]pyrazin-2(lH)-onc; 
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yI)-4-(piperidin-4-yl)-3>4-dihydmpyrazino[23-
b]pyraziti-2(lH)-one; 
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6-(6-{2-liydroxyptopaii-2-yl)pyrid.m-3-yl)»4-(2-(tctrahydrO"2H-pyraa"3-yl)ethyi)~3,4-
dihydropyrazino[23-b]pyrazm~2( 1 H)-orie; 
8-(4-(4H-l;2?4-triazol-3-yL)-2-methylpheayl)(3aS,2R)-2"Uiethoxy-5J10s3a-
trihydropyraziiio[213-b]pyrrolidino[l,2-e]pyraziii-4-one; 
8-{4-(4H-l ,2i4"triazol«3"*yl)-2-methylphenyI)(2RJ3aR)-2-methoxy-5s 10,3a-
trihydropyrazmo[2,3"b]pytrolidmo[ 1 J2-e]pyrazin-4-one; 
8-(4-(4H-l ?2,4-triazol-3-yl)"2-methylphenyl)(2S3^)-2-methoxy-5,10>3a-
trihydropyrazino[2)3-b]pyrrolidino[lj2-e]pyrazin-4-one; 
8-(4-(4H-l J2)4-triazol-3-yl)-2-tnethylphenyl)(2S;,3aS)-2-niethoxy-5,10,3a-
trihydropyrazino[23-b]pyrroMino[]>2"e]pyrazin-4-oiie; 
6-(6-(2-hydroxypropan-2-yl)pyridm-3-yl)-4-(3-methoxypropyl)-3,4-diliydropyrazino[23-
b]pyrazm-2(lH)-oue; 
(S)-6-(6-(2-hydroxypropan-2~yl)pyridm-3-yl)-4-((tetrahydrofuTan--2-yl)meth.y[)-354~ 
dihydropyrazino[2s3~b]pyrazin-2(lH)-one; 
(R)-6-(6-(2"hydroxypropan"2~yl)pyridin-3-yI}-4-((tetrahydro&ran-2-yI)inethyl)-334-
dihydropyrazino[253-b]pyrazin-2(lH)'-one; 
6-(2-mothyl-6-(4H-l,2J4-triazol-3-yl)pyridin-3-yl)-4-(2-(tetrahydro-2H-pyran-4-yI)ethyl)-
334-dihydropyrazmo[2?3-b]pyrazin-2{]H)-one; 
9-(4-(4H-l )254-triazoI-3-yi)-2-methylphenyl)-3-methyl-6.11J4a-trihydropiperazino[l,2-
e]pyrazino[23-b]pyrazin-5"Onc; 
9-(4-(4H-l ,2>4-triazoU3-yl)ph.enyl)-6?]l,4a-trihydromorpholiTio[43-e]pyrazmo[23-
b]pyraziu-5-one; 
9-(4-(4H-152,4-triazoI-3-yI)-2-methylphenyl)-6511,4a-trihydropiperidino[ 1,2-e]pyrazino[23-
b]pyrazin-5~one; 
6-(6-(2-hydroxypropan-2-yl)pyridia-3-yI)-4-(/ra/7y»4-methoxycyclohexyi)»354-
dihydropyrazino[23-b]pyrazin-2(lH)-one; 
6-(6-(24iydroxypropan-2-yl)pyridin-3-yl)-4-(cM-4-methoxycyclohexyl.)-3,4-
diliydropyrazino[23-b]pyrazin-2(lH)-one; 
6-(6-(24iydroxypropan-2~yl)pyridin-3«yl)^-(2-morpholinoeihyl)-3J4-dihydropyrazmo[23-
b]pyrazin-2(lH)-one; 
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6-(6-(24iydroxypropan-2~yl)pyridin-3-yl)~4~phcftcthyi-3,4-dihydropyrazuia[23-b]pyraziii-
2(JH)-one; 
6-(6-(2-hydroxypropan-2-yi.)pyridin-3-yl)-4"(tetrahydro-2H-pyran-4-yl)-3J4-
dihydropyrazino[2?3~b]pyrazm-2(lH)-one; 
4-(cyclohexylmethyl)-6-(6-(2-hydroxypropan-2-yl)pyrIdin-3~yl)-3,4-dihydropyrazino[23-
b]pyra2rin-2(lH)-one; 
6-(6-(2«hydroxypropan-2-yl)pyridiii-3-yl)-4-((fran5-4-methoxyoyclohexyi)methyl)-3)4-
dihydropyrazino [2,3-b]pyrazin-2( 1 H)-one; 
6-(6-(24iydroxypropan-2-yl)pyridm-3-yl)-4-((a!s-4-methoxycyclohexyl)mcthyl)-3,4-
dihydropyrazmo[2)3-b]pyrazm-2(lH)-one; 
(R)-6-(6-(2-bydroxypropati-2-yl)pyridin-3-yl)-4-(tetrahydrofuraB-3-yl)-3,4-
dihydropyrazino[2,3"b]pyrazin-2{ 1 H)-one; 
(S)-6-(6^(2»bydroxypropaii-2-y])pyridiii"3-yl)-4-(tetrahydrofumii-3-yl)-3)4-
dihydropyrazino [2,3-b]pyrazin-2( 1 H)-one; 
6-(6-{2-hydroxypropan-2-yI)pyridm-3-y!.)-4-phenyl-3,4-dihydiopyrazixvo[2?3-b]pyra2in» 
2(lH)-one; 
(S)-6-(6-(2-hydroxypropaa-2-yl)pyridm-3-yl)'-3-inelhyl-4-(2-(tetrah.ydro-2H-pyran-4-
yl)etbyI)-3)4-dihydropyra2ino(2)3-b3pyrazin-2(lH)-one; 
9-[6-(l-hydroxy-isopropyl)-3"pyridyl]-6,lI,4a-trihydrornorph.olino[4,3-e]pyrazmo[2J3-* 
b]pyraziH-5-one; 
6~(6-(24iydroxypropaii-'2'-yl)pyridin-3"yI)-4-((tetrahydio-2H-pyrati-4-yl)methyl)-3s4'-
dihydropyrazino[2,3-b]pyrazm-2( 1 H)-oue; 
6-(6-(2»hydroxypTopan-2-yl)pyridiii-3-yl)-4-(2-methoxyethyl)~3;i4-dihydropyrazmo[253-
b]pymzin-2( I H)-one; 
6-(2-amino-7-mcthyHH-bcnzo[d]imidazol-5-yl)-4-(3-(trifiuoromethyl)bcnzyl)-3i4-
dihydropyrazino[2?3-b]pyra2m-2(lH)-one; 
6-(6»(2-hydroxypropaR-2-yl)pyridin-3-yl)-4-(3-(trxfluoromethyI)benzyl)-3,4-
dihydropyrazino[2,3 -b]pyrazin-2( 1 H)-one; 
9-(4-(4H-l s2,4-triazal-3'yl)-2-metbylphenyI)-61l 1,4a4rihydromorphoIkio[4f3-
ejpyrazino t2f3-b]pyiazm-5 -one; 
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6-(4-methyl-2-(methylamino)-lH"benzo[d]imidazol-6-yl)-4"'(2-(tctrahydra-2H-pyraii"4-
yl)ethyl)-3,4-dihydropyrazino[23-b]pyrazin-2(lH)-one; 
8-(4-(4H -1,2 j4-triazol-3 -yl)-2-rnethylphenyl)-5,10,3 a-trihydropyrazino [23-
b]pyrrolidino[l j2-e]pyrazin-4-one; 
6-(4-(4H-l?254-triazol-3-yl)phenyl)~4-ethyl-3s4<iihydropyrazino[23-b]pyrazin-2(lH)-one; 
6-(4-(4H-l,2i4-triazol-3-yl)pheayl)-4-((tetrahydro-2H-pyraa-4-yl)rrie£hyl)-354-
dihydropyrazino[2,3'1?]pyrazm-2( I H)-one; 
6-{6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-(2-(tetrahydro-2H-pyraii"4-yl)ethyl)-3)4" 
dihydropyrazino[233-t]pyrazm-2( lH)-onc; 
6-{4~(4H-l ,2;4-triazol-3»yl)pheny})-4™(2-methoxyethyl)»334-dihydropyrazmo[2>3-b]pyrazin-
2(lH)-one; 
6-(4-(4H"ls2,4-tria2ol-3-yl)phenyI)-4-(3-(lrif]uoroinethyl)benzyl)-3?4-dihydropyraziiio[2J3' 
b]pyraziii-2(l H)-one; 
6-(2-methyl-4-(4H-l;i2>4-triazoI-'3-yl)pheiiyI)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyi)-3,4-
dihydropyrazino[2s3-b]pyrazm-2(lH)-one; 
6-(4-methyl"lH-bexizo[d]imidazoI-6-yl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyL)-3,4-
dihydropyrazino[23-b]pyrazin-2(lH)-one; 
6-(4-(2-hydroxypropan-2'yl)pheny])-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3J4-
dihydropyrazino[2s3-b]pyrazin-2(lH)-one; or 
6-(4-(lH-]52,4-triazol-5-yl)phenyl)-4-(2"(tetrahydro-2H"pyran-4-'yl)ethyl)-3,4-
dihydropyrazino[2,3-bJpyrazin-2(lH)rone. 
[0066] Further provided herein are compounds having the following formula (II): 

H 

01) 
and pharmaceutically acceptable salts, dathrates, solvates, stereoisomers, 

tautomers, and prodrugs thereof, wherein: 
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R1 is substituted or unsubstituted Ci_s alkyl, substituted or unsubstituted aryl, 
substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocyciyl, or 
substituted or unsubstituted heterocyclylalkyl; 

R2 is H, substituted or unsubstituted Cua alkyl, substituted or uusubstituted 
cycloalkyl, substituted or unsubstituted heterocyciyl, substituted or unsubstituted 
heterocyclylalkyl, substituted or unsubstituted aralkyl, or substituted or unsubstituted 
cycloalkylalkyl; 

R3 is H, or a substituted or unsubstituted Cj.s alkyl; 

provided the compound of formula (n) is not 7-(4-hydroxyphenyl)-l-(3-
methoxyhenzyl)-3)4-dihydropyrazino[2s3-b3pyrazin-2(lH)-one> depicted below: 

H 

10067] In some embodiments of compounds of formula (II), R1 is substituted or 
unsubstituted aryl or substituted or unsubstituted heteroaryl. For example, R1 is phenyl, 
pyridyl, pyrimidyl, benzirnidazolyl, lH-pyrrolo[2?3-b]pyridyL, indazolyl, indolyl, 
IH-iiuidazo^^-bjpyridyl, lH-imidazo[4?5-b]pyridin-2(3H)-onyl9 

3H-imidazo[4?5«b]pyridyl, or pyrazolyl, each optionally substituted. In some embodiments, 
Rl is phenyl substituted with one or more Lsubstituents independently selected from the 
group consisting of substituted or unsubstituted Ci.g alkyl (for example, methyl), substituted 
or unsubstituted heterocyciyl (for example, a substituted or unsubstituted triazolyl or 
pyrazolyl), aminocarbonyl, halogen (for example, fluorine), cyano, hydroxyalkyl and 
hydroxy. In other embodiments, R3 is pyridyl substituted with one or more substituents 
independently selected from the group consisting of substituted or unsubstituted Cus alkyl 
(for example, methyl), substituted or unsubstituted heterocyciyl (for example, a substituted 
or unsubstituted triazolyl), halogen, aminocarbonyl 5 cyano, hydroxyalkyl (for example., 
hydroxypropy] J, -OR, and -NR2, wherein each R is independently H, or a substituted or 
unsubstituted CM alkyl. In some embodiments, R1 is lH-pyiTolo[2,3-b]pyridyl or 
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benzimidazolyl, optionally substituted with one or more substituents independently selected 
from the group consisting of substituted or unsubstituted Ci_s alkyl, and -NR2, wherein R is 
independently H, or a substituted or "unsubstituted CM alkyL 

[0068] h1 some embodiments, R1 is 

wherein R is at each occurrence independently Rs or a substituted or 
unsubstituted CM alkyl (for example, methyl); R' is at each occurrence independently a 
substituted or unsubstituted CM alkyl (for example, methyl), halogen (for example, fluoro). 
cyano, -OR, or "NR2; m is 0-3; and n is 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 (II), R1 is 
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wherein R is at each occurrence independently H? or a substituted or 
unsubstituted CM alkyl; Rs is at each occurrence independently a substituted or 
unsubstituted CM alkyl, halogen, cyano, -OR or -NR2; mis 0-3; and n is 0-3. 

[0070] In some embodiments of compounds of formula (II), R2 is H, substituted or 
unsubstituted CM alkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted 
heterocyciyl, substituted or unsubstituted CM alkyl-heterocyclyl, substituted or 
unsubstituted CM alkyl-aryh or substituted or unsubstituted CM alkyl-cycloalkyL For 
example, K2 is H, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, 
n-pentylj isopentyl, cyclopentyl, cyclohcxyl, tctrahydrofuranylj tetrahydropyranyl, 
(CM alltyl)-phetiyls (CM alkyl)-cyclopropyl, (CM alkyI)-cyclobutyi., 
(CM alkyl)-cyclopentyl, (CM atkyl)-cyclohexyl, (CM alkyl)-pyrrolidyl, 
(CM alkyl)™piperidyl, (CM alkyl)-piperazinyl, (CM alkyl)-morpholinyl, 
(CM alkyl)-tetrahydrofuranyl, or (CM alkyl)-tetrahydropyranyl, each optionally substituted, 

[0071] In other embodiments, R2 is H, CM alkyl, (CMalkyl)(OR), 

kfXf. . 
>#*-0 

J I I 

or R 
9 

wherein R is at each occurrence independently H, or a substituted or 
unsubstituted CM alkyl (for example, methyl); R? is at each occurrence independently K 
-OR, cyano,OT a substituted or unsubstituted CM alkyl (for example, methyl); and p is 0-3. 

{0072] In other embodiments of compounds of formula (1I)> R? is H, CM alkyl, 
(CMalkyl)(OR)s 
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.R' u 
A-tv^ 

JtffO **U J<I>OR 

» 

wherein Ris at each occurrencc independently H> or a substituted or 
unsubstituted Ci_2 alkyl; R5 is at each occurrence independently -OR, cyano, or a 
substituted or unsubstituted C1-2 alkyl; and p is 0-1. 

[00731 In other embodiments of compounds of formula (II), R3 is H, 

[0074] In some such embodiments described herein, R1 is substituted or 
unsubstituted aryl, or substituted or unsubstituted heteroaryl. For example,, R* is phenyl, 
pyridyl, pyrimidyl, benzimidazolyi, lH-pyrro]o[2,3-b]pyridyl3 indazolyl, indolyl, 
lH"imidazo[4,5-b]pyridme, pyridyl, lH-imidazo[4,5-b]pyridiri-2(3H)~onyl5 

3H-imidazof4i5-b]pyridyL, or pyrazotyl, each optionally substituted. In some embodiments, 
R1 is phenyl substituted "with one or more substituents independently sciectcd from the 
group consisting of substituted or unsubstituted C(_g alkyl, substituted or unsubstituted 
heterocyciyl, aminocarbonyl, halogen, cyano, hydroxyalkyl and hydroxy, in others, RJ is 
pyridyl substituted with one or more substituents independently selected from the group 
consisting of Ci-s aJkylj substituted or unsubstituted heterocyciyl, halogen, aminocarbonyl, 
cyano > hydroxyalkyl, -OR, and -NR^ wherein each R is independently H, or a substituted or 
unsubstituted C1-4 alkyl. In still others, R1 is lH-pyrrolo[23-b]pyridyI or benzmridazolyl, 
optionally substituted with one or more substituents independently selected from the group 
consisting of substituted or unsubstituted C^s alkyl, and -NR2, whereinR is independently 
H, or a substituted or unsubstituted CM alkyl. 

[0075] In certain embodiments, the compounds of formula (II) have an R1 group set 
forth herein and an R2 group set forth herein. 

[0076] In some embodiments of compounds of formula (II)5 the compound at a 
concentration of 10 fiM inhibits mTOR, DNA-PKL, PI3K, or a combination thereof by at 
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least about 50%, Compounds of formula (II) may be shown to be inhibitors of the kinases 
above in any suitable assay system, such as those described in the Examples herein, 

J0077J In some embodiments of compounds of formula (II), the compound is 

7-(5-fluoro-2-methyl-4-(lH-U254"tria2ol-3-yl)phenyl)'"l-((/ra«Iy-4-
methoxycyclohexyI)methyl)-3!4-dihydropyrazmo[2J3-b]pyrazin"2(lH)-one; 
7™(6-(1 H-l ,2,4-triazol-3-yl)pyridin-3-yl)-1 -(cL9-4-methoxycy clohexyl)-3,4-
dihydropyrcLzino[2,3-b]pyrazin-2(lH)-ane; 
7-(lH-pyrroIo[2J3-b3pyridin-3"yl)-l-(2-(tetrahydro«2H-pyran'4»yl)ethyl)-3,4-
d ihyd rop yrazino [2,3 -b ] pyrazin -2( 1 H)-one; 
7-(5"ftuoro~2-methyl-4-(IH'-l)2,4-tria2:ol-3-yl)pheny])-l-((c?>4-
methoxycyclohexyl)methyl)-3,4-dihydropyrazinot2J3-b]pyrazin-2(lH)-one; 
l-ethyl-7-(lH-pyrrolo[352-b]pyridin-5-yl)-3,4"dihydropyra2ino[253-b]pyrazin-2(lH)-one; 
7-(6-(IH-l>2i4«triazoJ-3-yI)pyridm-3-yl)-l-((OT-4-niethoxycyclohexyI)methyl)-314-
dihydropyrazino[2,3-b]pyrazm-2( 1 H)-one; 
7-(lH"benzo[d]imidazol-4-yl)-l-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-354-
dihydi4opyrazino[2,3-bJpyrazin-2(lH)-one; 
7-(lH-pyrrolo[2s3^b]pyridin'-4-yi)-l"(2-(tetrahydto-2H-pyran-4-yl)ethyl)-354-
dihydropyrazino [2 53~b]pyrazin*-2( 1 H)~on e; 
7-(6-(lH-l1234-tria2ol-3"yl)pyridin-3-yl)-l-((?r£Z«ls,-4-methoxycyclohexyl)methyl.)-3,4-
dihydropyrazino [23-b]pyrazin-2(lH)K>tie; 
7-(6-(lH-l?2?4-tFia2ol-3-yI)pyridin-3-yl)-l-((?mn5-4-hydroxycyclohexyl)melhyI)-3?4-
dihydropyrazino[2s3-b]pyrazin-2(lH)-one; 
7-(6-(IH-I1254-fi"iazol-3-yl)pyridm-3-yl)-l-(OT-4-hydrosycycIohexyl)-3>4-
dihydropyrazino[2,3-b]pyrazin-2(lH)-one; 
7-{5-fhioro-2-methyl-4-(lH-l5254-triazol-3-yi)phcnyI)-l^c/>4-hydroxycyclohexyl>354-
dihydropyrazino[2)3-b]pyrazin-2( 1 H)-one; 
7-(6-(l H-l ,2,4-triazol-3-yi)pyridm-3-yl)- l-(tetrahydro-2H-pyran-4-yl)-3,4-
dihydropyrazino[23-b]pyrazin-2(lH)-on.e; 
7-(6-(lH- l5254-tiiazol-3-yl)pyridin-3-y!)-1 -(2-inethoxyethyi)-3>4-dihydropyrazino{2)3--

b]pyrazin-2(l H)-one; 
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7-(6-(lH-l J2i4-triazol-3-yl)pyridin-3-y!)-l-cthyl-3?4-dih.ydropyraziiio[253-b]pyrazur-2(lH)-
one; 
7-(5-fluoro-2^methyi-4-( 1H-152,4-triazol-3-y I)phen.yl)~ 1-((m-4-
hydroxycyclohexyl)methyi)"3l4-dihydropyrazino[253-b]pyr9zin-2(lH)-one; 
7-(5"£luoro-2-methyI-4-(lH-l!2544riazol-3~yI)phenyl)-l-(tetrahydro-2H-pyran-4-yl)-3,4'-
dihydropyrazino[23-b]pyrazin-2(lH)-one; 
7-(lH-iBdol"4-yl)-l-(2-(tetrahydro-2H-pyrsn*4-y!)ethyl)-3?4-dihydropyrazino[2,3-
b]pyraztn-2(lH)-one; 
?-(5-fiiioro-2-methyl-4-(lH-l,2,4-tnazol-3-yl)phcriyl)-) -((trans-4-
hydroxycycIohoxyl)nicthyi)-3,4-dihydropyrazino[2,3-b]pyray,in-2(]r:l)-one; 
7-(6-( 1 H-l ,2,4-triazol-3-yl)pyridm"3-yi)-'l-((c/5,'4-hydroxycyciohexyl)methyI)»314-
dihydropyrazino[2,3-b]pyrazin~2(lH)-one; 
7-(6-(lH-ls2)4-triazol-3~yl)pyridin-3"y])-l-(?m/?^"4-hydroxycyciohexyi)-354-
dihydropyrazino[2,3-b]pyraziii-2(lH)-oiie; 
7-(6-(lH-I>214-triazol-3-yl)pyridin-3~yl)-l-(rr£/2^4-methoxycyclohexyl)-3f4-
dihydropyrazino[2s3-b]pyrazin-2(IH)-one; 
7-(6-(lH-l?2,4-triazol-3-yl)pyridirL«3-yl)-l-isopropyl-3,4-dihydropyTazitio[253-b]pyrazin-
2(1 H)-one; 
7-(5-fiuoro-2-methyl-4-(lH-1,2,4-triazol-3-y!)pheiiyl)-l -(rra^v-4-methoxycycIohexyl)-3;4-
dihy dropyrazmo[2,3-b]pyr azin-2( 1 H)-one; 
7-(5-fIuoTO-2-methyl-4-(lH-l52T,4-triazol-3-yl)plienyl)-l-(^afi1sr"4-hydroxycyclohexyl)-3J4-
dihydropyrazino [2,3 -b]pyrazin-2( 1 H)-one; 
7-(5-fhiOTO-2-methyl-4~(lH-li2?44riaz0l-3-yl)phenyL)-l-(2-methoxyethyI)~394-
dihydropyrazitio[2,3-b]pyrazin-2(lH)-oue; 
7-{5~fhioro~2~mcthyl-4-(lH-L214-triazol-3~y])pfrenyl)"lH\sopropyl-3,4Hiihydropyrazino[2,3-
b]pyrazin-2( 1 H)»one; 
1 -ethy l-7~(5-fhioro-2-mediy L-4-( 1H-1,2,4-triazoI-3 -yl)phenyl)-3,4-dihydropyrazino [2,3 -
b]pyrazin-2(l H)»one; 
7-(2-hydroxypyridm-4-yl)-l-(2~(tetrahydro-2H-pyran-4-yI)ethyl)-3s4--dihydTopyraziiio[2,3-
b]pyraziu-2( 1 H)-one; 
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l-isopropyl-7-(4-tnethyI-6-(lH-l52j4-triazol-3-yl)pyridiii-3"yl)-3s4-dihydropyrazino[2,3" 
b]pyrazin-2(l H)-one; 
5-(8-i5opropyl-7oxo-5j6?7s8-tetrahydropyrazino[253-b]pyraziii-2-y])-4-methyIpi.colmamide; 
7-( 1 H-indazol-4-yl)-1 -(2-{tetrahydro-2H-pyran-4-yl)ethyl)-3 :t4-dihydropyrazmo[23-
b]pyrazin-2(l H)«one; 
7-(2-aminopyi"imidm-5-yl)-1 -(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[23-
h]pyrazm-2(lH)-oi\e; 
7-(2-aminopyridin-4-yl>l~{2-(tetraliydro-2H"pyran-4-yl)etTiyl)-3,4-dihydropyrazko[23-
b] pyraziu-2( 1H) -one; 
7-(6~(methyJamiBO)pyridin-3-yl)-l-(2-(tetrahydTO-2H"pyran-4-yl)ethyl)-3J4-
dihydropyrazino[2a3^b]pyrazin-2(lH)-one; 
7-(6»hydroxypyridm-3-yl)-l-(2-(tetrahydro-2H-pyran-4-yl)ethyl)«3J4-dihydropyraziiio[2J3-
b]pyraziti-2( 1 H)-one; 
7-(4-(lH-pyrazol-3-yi)phenyl)-l-(2-methoxyethyl)-354-dihydropyrazuio[2J3-b]pyrazm-
2(iH)-one; 
7 ~ (pyridia-3 -yl) -1 -(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazhio[2,3 -bjpyrazin-
2(lH)-one; 
7-(lH-indazo!-4-yl)-l-(2-methoxyethyl)-354-dihydropyrazino[2s3-b]pyraziri-2(lH)-oiie; 
7-(l H-indazoI-6-yl)-l '(2-methoxyethyl)-3,4-dihydropyrazmo[2,3~b]pyrazra~2(lH)-one; 
7*(pyrimidin-5-yl)-i-(2-(tetrahydro"2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2J3-
b]pyraziu-2( 1 H)-one; 
7-{6-methoxypyridin-3-yr)-i-(2-(tetiTahydio-2H-pyraii-4-yl)ethyl)-3,4-dihydropyrazmo[23~ 
b]pyrazin-2{ lH)-one; 
l-(2-methoxyethyl)»7-(lH-pyrrolo[2,3-b]pyridin.-5-yi)-'3,4-dihydropyrazino[2)3-b]pyrazin-
2(lH)-onc; 
I-ethyl-7-ClH"pytToIo[2J3-b]pyridin~5-yL)-3?4-dihydropyrazino[2)3-b]pyrazin-2(lH)-one; 
1 -ethyl-7-(1 H-indazol-4-y l)-3 ̂ -dihydropyrazino [2,3-b]pyraziu-2(l H)-one; 
7-(pyridin-4-yl)~l-(2-(tetrahydrO"2H"pyran"4-yl)ethyl)-3,4-dihydropyrazino[23-b]pyraziii-
2(lH)-on.e; 
7-(6"aminopyiidm-3-yi)-l-(2-(tetrahydro-2H-pyran-4"yl)ethyi)-3>4-dihydropyrazino[2J3-
b]pyrazin-2( lH)-one; 
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J -methyi-7-(2-methyl-6^(4H-1 ?234-tn*azoi-3-yl)pyi*idin-3 -yl)-3}4-dihydropyrazitto[2.,3-
b]pyrazin-2(tH)-one; 
2-(2-hydroxypropan-2-yl)-5-(8-(/ra?7^-4-mcthoxycycIohexyl)-7-oxoo56P7,8" 
tetrahydropyrazino[2 3 -b]pyrazin-2-yl)pyridiiie 1-oxide; 
4-methyl-5-(7-oxo-8-({tetrahydro-2H'-pyraii-4-yl)metbyl)-5,6s7>8-tetrahydropyrazino[2s3" 
b]pyrazm-2-yi)picolraamide; 
5-(8-((c/5-4-methoxycyclohexyl)inethyl)-7-oxo-5s6t758-tetrahydropyrazitiof2,3-b]pyrazm-2~ 
yl)-4~methytpicolinamide; 
7-(lH-pyrazol-4-yl)-l-(2-(tetrahydro-2H-pyran-4~yl)ethyl)"3?4-'dihydropyTazmo[23-
b]pyrazin-2( lH)-on e; 
1 -(/rOTA^-methoxy cyolohexyl)-7-(4-methyl-6-( 1H-1 j2,4-tria2ol-3-yl)pyri.dki-3-yl)-3,4-
diiiy dropyraziBo[23-b]pyTazm-2( 1 H)-otie; 
3-((7 -(2-methyl -6-(4H-1,2,4-triazoIo~yl)pyridin-3 -y l)-2-oxo-3 54-dihydropyrazmo[23-
b]pyrazin-1 (2H)-yl)niethyl)benzouitrile; 
1-((^an5-4-niethoxycyclohexy[)methyi)-7-(4-methyl-6-(lH-l,2J4"triazol-3-yl)pyridiri-3-yl)-
3,4-dihydropyra2ino[23-b]pyraziri~2(IH)-one; 
3-(7-oxo-8»(2-(tetrah.ydto-2H-pyraii-4-yl)ethyi)™556,7J8-tetrahydrQpyrazinQ[23"b}pyTaziti-2™ 
yl)benzaniide; 
5-(8-((^«lsr-4-methoxycyclohexyl)methyl)-7-oxo-5,6,7,8-tetrahydropyrazino[23-b]pyraziii-
2-yl)-4-methylpicoiinamide; 
3-((7-(6-(2-hydroxypropan-2-yl)pyridin-3-yI)-2-oxo-354»dihydropyrazino[23*'b]pyrazin-
l(2H)-yl)methyl)benzomtrile; 
7-(6-(2-hydroxypropan-2-yI)pyridin»3-yl)"J-((lR?3R)-3-niethoxycyclopentyl)'-3?4-
dihydropyrazino[23-b]pyrazm-2( I H)-one; 
7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-I"((IS93R)-3-niethoxycycIopentyl)-3s4-
dihydropyrazino[23-b]pyrazii3-2(lH)-one; 
7-(6-(24iydroxypropan-2-yl)pyridiii-3-yl)-1-(( 1S f 3 S)-3-methoxycyclopentyl)-3,4-
dihydropyra2ino[23-b]pyra2m-2(lH)-one; 
7-(6-{2-hydroxypropan"2-yl)pyridifl-3-yl)"l-((lRp3S)-3-methoxycyclopentyl)-3?4-
dihydropyrazino [23 -b]pyrazin»2( lH)-oiie; 

-38 -



7-(IH-itidazol-6-yl)-l-(2-(tetrahydro-2H-pyran-4-yt)ethyl)-3)4-dihydropyrazmo[23-
b]pyrazin-2(]H)-one; 
7"(2-methyi-6-(4H-l}2>4-triazol"3~yl)pyridia-3-yl)~l-(2-morpholinoetliyl)-3i4-
dihydropyrazino[23-b]pyrazin -2( 1 H)-one; 
l-(frans-4-h.ydroxycycLohexy!)-7-(2-methyl-6-(4H-lj2,4-tria2ol-3--yl)pyridi3i-3-yl)-3j4« 
dihydropyrazino[23-b]pyrazin-2(IH)-one; 
l-(cis-4-hydrQxycycLoliexyl)-7-(2-methyl-6-(4H-L2,4-triazol-3-yI)pyi*iditi-3-y!)-354-
dihydropyrazieo[23-b]pyraziii-2{ 1 H)-one; 
7»(6-(2-hydroxypropau-2-yI)pyridm-3-yl)-i-(2-'morpholmoethyI)-3>4-dihydropyrazino[2>3-
b]pyrazin-2(l H)-one; 
l-isopropyl-7-(2-methyl-6-(4H-ls2)4-triazol-3-yl)pyridin-3-yl)-3,4-dihydropyrazino[23-
b]pyrazixi-2(lH)-one; 
7-(lH-iraida2o[4?5-b]pyridin-6-yl)-l-(2-(tetrahydro-2H-pyT£m-4-yl)ethyl)-3s4" 
dihydropyrazmo[23-b]pyrazin-2(lH)-one; 
1 -((c?i,-4-methoxycycLoliexy l)methyl)-7-(2-methyl-6-( 1H-1,2,4~triazol-3-y l)pyridm-3-yI)-
3,4-dihydropyra2ino[2,3*b]pyrazin-2(lH)-one; 
l-(^an1s-4-hydroxycyciohexyl)-7-(6-(2-hydroxypropan-2-yI)pyridhi-3-yiy354-
dihydropyrazino[2?3-b]pyrazin~2(lH)-one; 
l-(dM4iydroxycyclohexyi)-7-(6-(24iydroxypropan~2-yl)pyridin"3~yl)-3?4~ 
di)iydropyrazino[23-b]pyrazin-2()H)-on.e; 
4-(7-oxo-8-(2'-(tetrahydrO"2H-pyraii"4-yi)ctbyl)-5s6f7)8-^trahydropyrazmo[2>3-b]pyTazm-2-
yl)benzarnide; 
7-(IH-indazol-5-yl)-l-(2-(tetrahydTO»2H"pyrati-4-yl)ethyl)-3>4-dihydropyraziiio[2,3-
b]pyrazin-2(lH)-one; 
7-(lH-pyrroi6[23"b]pyridin-5-yS)-l-(2-(tetrahydTo-2H-pyraB"4-yl)othyl)-3s4-
dihydropyrazino[2,3-b]pyra/:m-2(lH)-one; 
7-(2-methy1~6-(4H-l?2)44riazol-3-yl)pyridin-3-yl)-l-(tetrahydro-2H-pyraii-4-yl)-3>4-
dihydropyrazino [2,3 -b]pyrazin-2{ 1 H)-one; 
l-((lSs3B-y3-methoxycyclopentyl)-7-(2-meihyl-6-(4H-l>2,4»triazol«3-yl)pyridin-3-yl)-3J4'" 
dihydropyraziao[2r3-b]pyrazin-2(IH)-oae; 
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l-((lRs3R-)-3-mcthoxycyclopentyiy7-(2-mcth.yl"6-(4H-l52,4-triazoi-3-yl)pyridin-3-yL)-3,4-
dihydropyrazino[2;)3-b]pyrazm-2( 1 H)-one; 
l-((lR?3S)-3-methoxycyclopentyl)-7~{2-methyI-6-(4H-l>2>4-triazol"3'-yl)pyridm-3-yl)-354'-
dihydropyrazmo[2s3 -b]pyrazm-2( lH)-one; 
l-((lSJ3S)-3-methoxycyciopentyl)-7-(2-metliyl-6-(4H*ls254-'triazol-3-yl)pyridin-3-yi)-3jl4-
dihydropyrazino[2,3-b]pyrazin-2(lH)-one; 
7-(lH-indoi-5-yl)-l-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-diliydropyraziiio[253-
b]pyrazin-2(l H)~cme; 
l-ctIiyl-7-(2-raethyl-6-(4H-l,2,4"triazol-3-yl)p3Tidm-3"yl)-3,4-dihydropyrazmo[2,3" 
b]pyrazin-2{ I H)-one; 
7-(lH~indol-6-yl)-l-(2-(tetrahydFO-2H-pyran-4»yl)ethyl)~3>4-dihydropyrazino[2,3-
b]pyrazin-2(l H)-one; 
7~(4-(2~hydroxypropan-2-yl)phenyI)-l-(?rtftty-4-metlioxycyclohexyI)-3,4-
dihydropyrazmo[23-b]pyrazin-2(lH)-one; 
7-(6-(2-hydrox5T>ropan«2"yl)pyridin-3"yl)-l-(tetrahydro-2H-pyraii-4-yl)-3>4-
dihydropyrazino[2,3-b]pyrazin-2{ 1 H)~one; 
l«((zra^^-methoxycyctohexyl)methyl)-7~(2»methyl-6-(lH-l?2,4-trkzol«3-yi)pyridin-3-yI)-
3,4-dihydropyraziBo[2s3-b]pyrazm-2(lH)-one; 
7-(6-(2"hydroxypropan-2-yl)pyridm-3-yr)-l-((ci,v-4-metb.oxycyclohexyl)methyi)~3J4-
dihydrppyrazino[2,3-b]pyra2iii-2(lH)-one; 
l"(2-mDlhoxyethyl)-7-(4-methyl-2-(methyIamino)-lH-benzo[d]imidazoi'-6-yI)-3,4-
dihydropyrazino[253-b]pyrazm-2{lH)-one; 
7-(7-methy3-2-oxo-2,3-dihydro-lH-benzo[d]imidazol-5-yl)-l"((tetrahydro-2H-pyran-4-' 
yl)methyl)-3,4-dihydropyrazino[2,3-b]pyrazm-2( J H)-one; 
7-(2-mcthyl-4-(4H-l>2,4-triazo]-3-yl)phenyl)-3;4-dibydropyrazino[2,3-b]pyrazin-2(lH)-one; 
l-(2~inethoxyetbyI)-7-(4-methyl"6"(lH."l)2J4-triazol-3-'yl)pyridin~3-yl)"3>4-
dihydxopyrazino[23-'b]pyrdziii-2{ 1 H)-one; 
l-benzyI-7-(2-iriethyl-4'(4H-lJ2s4-triazoI-3-yl)pheiiyl)-3J4-dihydropyrazino[23-'b]pyrazm-
2(lH)-otie; 
7-(3-f!uoro-4-(4H-l,2,4-triazol-3-yl)pheiiyi)-l-(2-methoxyethyi)-3J4-dihydropyrazmo[2!3-
b]pyrazin-2( lH)-one; 
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7-(3-fluoro-4-(4H-l,2?4-triazol-3-yl)phcnyl)-!-(2-(tctrahydro»2H"pyran-4-yl)ethyl)"3,4-
dihydropyrazino[2,3-b]pyrazin-2( 1 H)-one; 
7-(3"fluoro-2-methyM-(lH-1,2,4-triazol-3 ~yl)phenyl)-1 -(2-methoxyethy l)-3,4-
dihydropyrazitio[23-b]pyrazin-2( 1 H)-one; 
l-(fra«5-4-methoxycycIohexyt)-7-(2-methyl-6-(4H-l>2J4-triazol-3-yl)pyridin-3-yI)-3s4-
dihydropyrazmo[23~b]pyra2m-2(lH)-one; 
7"(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-l-(^ra?7^-4-'met!ioxycycloliexyi)-314-
dihydropytazirio[2,3-b]pyrazin«2(lH}-oiie; 
7-(5~fluoro-2-methyM-(4H4a2,4~triazol-3-yl)phcnyl)-l-(2-^tetrahydrQ-2H-pyran-4-
yl)ethyl)-3?4-dihydtopyrazino[2?3"b]pyrazin-2(1H)-OTie; 
7-(3-fluorO'2-methyl-4-(1H-1,2?4~triazol-3 -yl)phenyl)-1 -(2-(tetrahydro-2H-pyran-4-
yl)ethyl)-3,4-dihydropyrazino[2!3-b]pyrazin-2(lH)-one; 
l-(2-methoxyethyI)-7-(2-methyL-6-(4H-is2,4-trLa^ol-3-yl)pyridm-3-yI)-3>4-
dihydropyra2mo[2,3-b]pyrazin-2(lH)-one; 
7-(6"(2-hydraxypropan-2-yl)pyridiB-3-yl)-l-((fm7?£'-4-TTiethoxycyclohexyl)methyl)-3>4-
dihydropyrazino[2,3-b]pyraziti-'2(lH)-one; 
l-(cyclopentybnethyl)-7-(6-(2-hydroxyprapan-2-yl)pyridin-3-y])-3J4-dihydropyra2ino[2,3-
b]pyrazin-2(lH)-one; 
7-(4-(2-hydroxypropan-2-yl)phenyl)-l-(2-mcthoxyethyl)-3}4-dihydropyrazino[2,3-
b]pyrazin-2( lH>one; 
(S)-7-(6-(l-hydroxyethyl)pyridin-3-yl)-l-(2"(tetrahydro-2H-pyran-4-yl)ethyI)-3fl4-' 
dibydmpyrazino[23-b]pyrazin-2(lH)-otie; 
(R)~7-'(6"(l-hydrQxyethyI)pyridiu-3'-yl)-l'-(2-(tetrahydro-2H-pyraxi-4-yl)ethyl)-3)4-
dihydtopyraziuo[293"b]pyrazin-2(iH)-one-s 

7-(2^ethyl"6-(4H-l?2,4»triazol-3-yl)pyridjn-3-yl)-K((tctrahydro-2H-pyran-4-yI)mcthyl)-
3,4-dihydropyra:riuo[2j3-b]pyrazm-2(lH)-one; 
7-(4"(2-hydroxypropan-2"yl)phenyl)-]~(2-(tetrahydro-2H"pyran-4-yl)ethyI)-3,4» 
dihydropyrazmo[2,3"b]pyrazm-2(lH)-on.e; 
7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-l-(4-{trifluotornethyl)benzyl)-3>4-
dihydropyrazmo[2?3-b]pyra2m-2( 1 H)-one; 
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7 - (6 -(2-hy droxypropan-2-yl)pyriditi-3 -yi)-1 -(3-(trifluoromethy5)ben2yl)-3,4-
dihydropyra2itio[253-b]pyrazm-2(lH)-one; 
7™(6-(2-KydroxypropaD"2-yL)pyiidin-3-yI)-I-(3-methoxypropyl)-3.4-dihydropyra2ino[2,3-
b]pyrazin-2( 1 H)-one; 
7-(4"Xnethyl-6-{lH-l?2>4-triazDl-3-yl)pyridm-3-yl)-l-(2-(tetrahydro-2H-pyrari«4-yI)et!iyl)-
3,4-dihydropyrazma[23-b]pyrazin-2(l H)-one; 
7-(6-(24iydroxypropau-2-yl)pyridm-3-yl)-l-(2-metlioxyethyl)-3i4-dxtiydropyraziao[2:t3-' 
b]pyrazm-2(l H)-one; 
7-(6-(2-hydroxypropan-2-yl)pyridin-3--yl)-1 -((tetrahydro-2H-pyraii-4-yl)rriethyl)-3,4-
dihydropyrazino[253-b]pyt'azixi-2(IH)-one; 
7-(4-methyl-2-(methy!armno)-lH-beazo[d]imidazol-6~yI)-l-((tetrahydro-2H-pyraa-4-
yl)niethyl)-3)4-dihydropyrazino[2>3-b]pyrazin-2(lH)-ox]e; 
7-(2-amino-4-metbyl-lH-beiizo[d]imidazol»6-yl)~]-((tetrahydro«2H-pyraii-4-yI)iiiethyl)-334-
dihydropyrazino[2?3-b]pyrazin-2( 1 H)-one; 
7-(2-methyl-6-(4H43?4-triazol-3-yl)pyridin-3-yl)-l-(2-(tetrahydro-2H~pyran-4-yl)etbyl)-
3?4-dihydropyi'azino[2,3-b]pyrazin-2(lH)-oae; 
(R)-7-(6-(2-hydroxypropaii-2-yl)pyridm-3-yl)-3~methyM«(2^tetrahydro-2H-pyran-4-
yl)ethyl)-3.4-dihydropyruzirio[2;3-b]pyija,zin-2(l H)~one; 
(S)-7-(6-(2-hydroxypropaii-2"yl)pyridiii-3-y[)-3-meth.yH-(2-(tetraIiydro-2H-pyran-4-
yl)ethyl)-3,4-clihydropyrazmo[2?13-b]pyra2i3i-2(lH)-one; 
7-(6-(2-hydroxypropan-2-yI)pyridin-3-yl)-3 s3 -dimethyl-1 -(2-(tetrahydro-2H-pyran-4-
yl)cfliy{>3 s4-dihydropyrazino [2,3 -b]pyrazin-2(! H)-one; 
7-(2-armno-4-me£hyl-IH~benzo[d]imidazol-6-yl)-1 -(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazmo[23-b]pyrazin-2(l H)-otie; 
7-(6-(2-hydroxypropaxi-2'-yl)pyridm-3'-yl)"l-(2-(tetrahydro-2H-pyran-4-yl)ethyl)"3>4-
dihydropyrazino[23-b]pyrazin-2(lH)-one: 
7-(2-methyl-4-(lH-l?2J4-triazDl-3-yl)phenyl)-l-(2-(tetrahydro-2H-pyran-4-yl)ethyi)-3,4-
dihydropyrazmo[23"b]pyraziTi-2(lH)-on.e; 
7 -(4-( 1H-1 ;,2»4-triazol-5-y I)pheny 1)-1 -(2-(tetr ahy dro-2H~pyran~4-y l)ethy I)-3 s4-
dihydropyrazino[2,3-b]pyrazm-2(lH)"Qtie; 
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1 -(1 -hydroxypropan-2-yl)-7 -(2-methyl-6-( 1H-1,2,4-triazol-3-y!)pyridin-3 -yt)«3,4-
dihydropyrazino[2,3-b]pyrazin-2(l H)-one; or 
I-(2-hydroxyethyl)-7-(2-methyl-6-(lH-l,2,4-triazo[-3-yl)pyridin-3-yI)-3,4-
dihydropyra7,ino[2.3-b]pyrazin-2(lH)"One. 
[0078] Representative Heteroaryl Compounds of formula (I) and (II) are set forth in 
Table 1. 

4,3 METHODS FOR MAKING HETEROARYL COMPOUNDS 

10079] 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. It 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. 

Brv,N R1-B{OR')2 R' N NBS 

T i T i —- T T 
Si NH2 or N NH2 N NH2 

i-Qn/D-H-l A R^SnfR^fe 

< 

XXX XOU 
R2 

N X> N N* 
H H 

D 
Scheme 1 

[0080] Synthesis of compounds of formula (I) is shown in Scheme 1. Starting from 
5-bromopyrazin~2-amine A, the Rl group can be introduced using the appropriate boronic 
add or borate ester (R^ is H, or together with the boron atom and the atoms to which they 
are attached, form a cyclic boronate), palladium catalyst (such as, for example, 
dichIoro[l, 1 r-bis(diphenylphosphino)ferrocene]palladium(ll)dichlorometb.ane), solvent 
(such as dimethylformamide) and base (such as sodium carbonate) through a Suzuki 
coupling, or alternately with the appropriate stannane (R^ is CM alkyl), palladium catalyst 
(such as dichloro[lslt-bis(diphenylphosphino)ferrocene]pailadium(Il)dichloromethane or 
palladium(dba)2/ tri-tf-tolylphosphine) and solvent (such as dimethylformamide with or 
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without the addition of a base such as triethylaminc) using Stillc coupling methodology. 
Typical reaction conditions and reagents for Suzuki and Stille reactions can be found herein 
(see also Rossi, et al5 Synthesis 15:2419-2440 (2004), Buchwald et al. Accounts of Chemical 
Research 41:1461-1473 (2008), ?\x. Accounts of Chemical Research, 41: 1555-1564 
(2008), and Echavarren et al Angew. Chem. Int. Ed. , 43: 4704-4734 (2004) and references 
therein). The resulting R1 amino pyrazine B can be brominated using NBS or other standard 
brominating conditions to afford the brominated intermediate Cs which is then reacted with 
2-bromoacetic anhydride to afford the acylated intermediate D. The R2 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 appropriate solvent 
(such as acctonitrile) to afford the desired products, 

GO ^ R2 

BK-^0^-Br B^N^Bro R2-HH2 &WS 

VMH™ " vsA-* ~ iXX0 N NHz H H- R1-Sn{K»h H 
E F G 

Scheme 2 

[0081] Alternatively as shown, in Scheme 2S 355-dibromopyrazin-2-amine E, is 
treated with 2-bromoacetic anhydride as above to provide intermediate F. As described 
above, the R2 substituent is introduced through 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 statmane, in the presence of a palladium catalyst using Stille coupling 
methodology as described above, to afford the desired products, 

o o R2 

Br^>L^Br 1.ciJ^0^a Br^bL.Br0 ^ R' 

N NH2 2. Nsi N N 
J H N N 

H 
E F2 

Scheme 3 

[0O82| 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. Intermediate F2 is converted to the desired products following the 
procedures outlined in Scheme 2 for F, 

appropriately substituted amino-protected amino acid H (PN is amino protecting group such 
as Boc)> is reacted with 3,5-dibromopyrazin-2-amme in the presence of a coupling agent, 
such as, for example, 1 ?r-carbonyldiirnidazole. Deprotection conditions (for example, 
when PK is Bocs deprotection is achieved by, for example, treatment with TFA or HC1), 
followed by palladium catalyzed ring closure (using, for example, sodium bicarbonate, 
palladium(II) acetate and 435~bi5(diphcnylphosphmo)-9>9-dimethylxanthetLe) to afford 
intermediate I. As before, the R1 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, palladium catalyst and solvent using Stille 
coupling methodology (described above) to afford the desired products. This method may 
also be used to afford analogs where R2 is hydrogen. Additionally, this route may be used 
to afford compounds wherein R3 and R4, together with the atom to which they are both 
attached, form a spito-cyclic ring, through the use of appropriate starting amino acids. 

attached form a ring (see Scheme 5) may be obtained similarly to the chemistry shown in 
Scheme 4, beginning with the appropriate cyclic amino acid J. 

3. Deprotection 

4. Pd cat,, base 
Scheme 4 

[0083] To afford analogs with substitution alpha to the carbonyl (Scheme 4), the 

J 

Scheme 5 

[0084] Analogs wherein R2 and R3 together with the atoms to which they are 
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— XXS 
I H KH H 

o R2 Ra /R-Br 

°'BYNTN^-R4 
^fA) 

H 
K2 

Scheme 6 

[0085j To obtain the desired products, the reactivity of the coupling partners may be 
reversed. For example, as shown in Scheme 6, intermediate I may be converted to the 
corresponding sfcannane K, through reaction with, for example, hexamethylditin (R++ is 
methyl) in the presence of a palladium catalyst (such as tetrakisftriphenylphosphine)-
palladium) and the R1 group may be introduced using the appropriate halogen (such as 
bromide), and solvent using Stille coupling methodology as described above to afford the 
desired products. Alternatively* intermediate I may be converted to the corresponding 
boronate ester K2, by reaction with 4,4,4\4\5,5,5^5,-octamet.hyl-2,2'-bi(13'2--
dioxaboralarie) in the presence of a palladium catalyst (such as 
1,1 -bis(dipherjylphosphino)ferroceiie]palIadium(IT)dichlorom0tlmne) and a base (such as 
potassium acetate) in a solvent such as dioxane. The R1 group may be introduced using the 
appropriate halogen (such as bromide), palladium catalyst and solvent using Suzuki 
coupling methodology as described above, to afford the desired products. 

R2 R3 
O j i 

ar^N^Br 1. Ra-NHa 

N-^NHS n 2-H" or base ^ STS-T 
9 j H Ji H R,-Sn(R++)a H 

E \ C'^OE. / L M 

Scheme 7 

[0086] Compounds of formula (II) may be obtained as shown in Scheme 7, 
Reductive amination of 3,5-dibromopyrazm-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, 315-dibromopyra2m-2-amine E may be converted to intermediate L by 
reaction with ethyl 2-chloroacetate under basic conditions (using for example, CS2CO3), 
The R2 substituent is introduced through amine addition to L, in the presence of an amine 
base, such as diisopropylethylamine, and heating in m appropriate solvent (such as DMSO) 
and subsequent acid catalyzed ring closure (using, for example, acetic acid) to afford 
intermediate ML Alternatively, the ring closure of the amine addition product h may 
proceed under basic catalyzed conditions, such as treatment with potassium t-butoxide in an 
appropriate solvent. As before,, the R1 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, palladium catalyst and solvent using Stille 
coupling methodology (described above) to afford the desired products. 

o 

1 f-i3 

R2 R2 

J*. 1^ By BfR3 l_5t^LBrvYNYNY° R^B(0H112 R1YNVNY° 
CI^S^TX! 2. H2 ^N^N'Y'0R 2. H* Tl N R3 or N R3 

H O H RuSn(R^)3 H 
N 3. NBS O U P 

Scheme 8 

[0087] An alternative approach (Scheme 8) begins with reaction of 
2,6-dichloropyrazine N with Hie appropriate amino ester (R* is CK* alkyl), followed by 
reductive dehalogenation with hydrogen and a palladium catalyst such as palladium 
hydroxide, a base such as potassium carbonate, in a solvent such as ethanol, and subsequent 
bromination by reaction with a brominating agent such as NBS to yield intermediate O. As 
above, the R3 substituent is introduced through amine addition to O and subsequent acid 
catalyzed ring closure to afford intermediate P. The R1 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, palladium catalyst and solvent 
using Stille coupling methodology to afford the desired products (described above). This 
route also allows for the synthesis of analogs with. R3 substitution alpha to the carbonyl 
group. 
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Q2 

Scheme 9 

[00881 As before, to obtain the desired products, the reactivity of the coupling 
partners may be reversed (Scheme 9). For example, intermediate P may be converted to the 
corresponding stannane Q, and the R1 group may be introduced using the appropriate 
halogen, palladium catalyst and solvent using Stille coupling methodology as described 
above to afford the desired products. Alternatively, intermediate P may be converted to the 
corresponding boronate ester Q2? and the R1 group may be introduced using the appropriate 
halogen, palladium catalyst and solvent using Suzuki coupling methodology as described 
above to afford the desired products. 

[0089] Provided herein are methods of preparing a compound of formula (I), 

R2 

1 R3 
R1NVNIR4 

V.X 
H 

(I) 

the method comprising contacting a compound of formula (III) 

H 

(III) 

-48 -



with R3-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\ R2, R3 and R4 are as defined herein, and 

a) when X is halogen (for example Br, CI, or I) then Y is B(OR"J")2 or 
S^R**1")^ or 

b) when Y is halogen (for example Br, CI, or I), then X is BfOR4^ or 
Sn(R++)3; 

wherein each R^ is independently hydrogen or substituted or unsubstituted 
Ci_3 alkyl, or each R+> together with the boron atom and the atoms to which they are 
attached, form a cyclic boronate; and R^is a CM alkyl, 

[0090] Typically the solvent is dimethylformamide, isopropanol, dioxane, toluene, 
dimethylacetamide, tetrahydrofuran, acetonitrile, isopropyl acetate, dimethyl sulfoxide, 
acetone, methanol, methyl t-butyl ether or a combination thereof, with or without the 
presence of water, and the palladium catalyst is dichloro[I,r-
bis(diphenyIphosphino)ferroceiie]paliadium (H)dichloro-methane), palladium(dba)2/tri-o-
tolylphosphine, dichloro[ 1,1' "bis(ditert-butylphosphmo)ferrocene]paIladiums dichlorobis(p-
dimethylamino pheny lditbutylphosphine)pa] ladium(II), 
tetrakis(tripheny]phosphme)palladium(0)? or palladium (H) acetate/4,5-
bis(diphenylphosphino)-9>9-dmiethylxanthene. In some embodiments when X or Y is a 
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, diisopropylethyl 
amine, piperidine, pyridine, cesium carbonate, potassium carbonate, potassium phosphate, 
or sodium hydroxide. In some such embodiments, BfOR^ is B(OH)2 or B(-
OC(CH3)2C(CH3)2t)-), In other embodiments, when X or Y is Sn(R++)3 the contacting 
optionally occurs in the presence of a base such as tricthylamine, sodium carbonate, 
diisopropyl ethyl 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 a compound of formula (III), 
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R2 

R3 

x V 
( 
H 

R* 

N N^O 

(IH) 

the method comprising contacting a compound of formula (IV) 

Hal^N Hal^ 

H 

(IV) 

with R2-NH2 in a solvent, such as acetonitrile or tetrahydrofuran, in the 
presence of a base, such as triethylamine or diisopropylethylamine, wherein said contacting 
occurs under conditions suitable to provide a compound of formula (III), wherein R2 is as 
defined herein, R3 and R4 are H, X is a halogen such as Br, Hal is a halogen such as Br? and 
Hal2 is Br or I, 

[0092] Also provided are methods of preparing a compound of formula (III), 

R2 

i 

XXX N N "Q 
H 

an) 
the method comprising cyciizing a compound of formula (V) 

Wx"" 
R3 R4 

(V) 

in a solvent, such as acetonitrile, in the presence of a palladium catalyst, such 
as palladium(II)acetate, a ligand, such as 4,5-bis-(dipheny]phosphino)-9,9-
dimethylxanthene, and a base, such as sodium bicarbonate, wherein said cyclization occurs 
under conditions suitable to provide a compound of formula (III), wherein R2 is as defined 
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herein, R5 and R4 are as described herein, X is a halogen such as Br, and Hal is a halogen 
such as Br. 

[0093] Also provided are methods of preparing a compound of formula (II), 

R2 

R1VW° XXX N N R3 

H 

(ii) 

the method comprising contacting a compound of formula (VT) 

xdc N N R3 

H 

(VI) 

with Rl-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 
R1, R2, and R3 are as defined herein, and 

a) when X is halogen (for example Br, CI, or I) then Y is R(ORT)2 or 
Sii(R^')3;or 

b) when Y is halogen (for example Br, CI, or I), then X is B(ORT)s or 
Sn(R*)a; 

wherein each R+ is independently hydrogen or substituted or unsubstituted 
Ci_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 alkyl. 

[0094] Typically the solvent is dimethylformamide, isopropanol, dioxane, toluene, 
dimethylacetamide, tetrahydrofuran, acetonitrile, isopropyl acetate, dimethyl sulfoxide, 
acetone, methanol, methyl t-butyl elher or a combination thereof, with or without the 
presence of water, and the palladium catalyst is dichloro[l3r-
bis(diphenylphosphino)ferrocene]paljadium (Il)dichloro-methane), pafIadium(dba)2/tri~o-
tolylphosphine, dichIoro[l,l >"bis(ditert-butyIphosphino)feiTocene]palladium> dichlorobis(p-
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dimethylamiuo phenylditbutylphosphmc)palladium(II), 
teti'akis(triphenylphosphine)pa11adiiim(0X or palladium (II) acetate/4,5-
bis(diphenylphosphim)>959-dimethylxanthene, In some embodiments when X or Y is a 
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, diisopropylethyl 
amine, piperidine, pyridine, cesium carbonate, potassium carbonate, potassium phosphate, 
oi sodium hydroxide. In some such embodiments* B(OR^)2 is B(0H)2 or B(-
OC(CH3)2C(CH3)2<H o&er embodiments, when X or Y is Sn,(R"~h)3 the contacting 
optionally occurs in the presence of a base such as triethylaminc, 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 

[0095] Also provided are methods of preparing a compound of formula (VI), 

acetic acid, TFAS HC1, or phosphoric acid, wherein said cyclization occurs under conditions 
suitable to provide a compound of formula (VI), wherein R2 and R3 are as defined herein, 
Hal is a halogen such as Br, and R is H or alkyl. Typically, the cyclization is performed 
in a solvent, such as, for example* methanol or water. 

H 

(VI) 

the method comprising cy clizing a compound of formula (VII) 

R2 

(VII) 

in the presence of a base, such as potassium butoxide, or an acid, such as 
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[0096} Also provided are methods of preparing a compound of formula (VII), 

R2 
t 

(VII) 

the method comprising contacting a compound of formula (VIII) 

(VIII) 

with R2-NH2 hi a solvent, such as dimethylsulfoxide or 
N-methylpyirolidmone, optionally in the presence of a base, such as triethylamine or 
diisopropylcthylamine, wherein said contacting occurs under conditions suitable to provide 
a compound of formula (VII), wherein R2 and R3 arc as defined herein, and Hal is a halogen 
such as Br. 

[0097] 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 salts are typically formed in high yields at 
moderate temperatures, and often are prepared by merely 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 solvent, such as an alkanol, ketone or 
ester. On the other hand, if the Heteroaryl Compound is desired in the free base form, it 
may be isolated from a basic final wash step, according to known techniques. For examples 
a typical technique for preparing hydrochloride salt is to dissolve the free base in a suitable 
solvent, and dry the solution thoroughly, as over molecular sieves, before bubbling 
hydrogen chloride gas through it 

4,4 METHODS OF USE 

[0098] 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 arc 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 
treating and preventing said diseases and conditions due to their ability to modulate (e.g., 
inhibit) kinases which are involved in the etiology 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 as described herein. 

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

100190] 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 pulmonary disease, cystic fibrosis, 
inflammatory bowel disease, irritable bowel syndrome, Crohn's disease^ mucous colitis, 
ulcerative colitis, and obesity. 

[001011 Representative cardiovascular diseases that Heteroaryl Compounds are useful 
for treating or preventing include, but are not limited to, restenosis, Wolf-Parkinson-White 
Syndrome, stroke* myocardial infarction or ischemic damage to the heart, lung, gut, kidney, 
liver, pancreas, spleen or brain. 

[00102] Representative neurodegenerative diseases that Heteroaryl Compounds are 
useful for treating or preventing include, but are not limited to, Huntington's disease, 
Alzheimer's disease, Parkinson's disease, dementias caused by tau mutations, 

-54-



spinocerebellar ataxia type 3, motor neuron disease caused by SOD.1 mutations, neuronal 
ceroid Iipofucinoses/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 limited to cancer^ obesity, type II diabetes 
mellitus, autoimmune disease, cardiovascular diseases 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 treatment or prevention of scleroderma, idiopathic pulmonary fibrosis, 
renal fibrosis* cystic fibrosis, myelofibrosis, hepatic fibrosis, stsatofibrosis and 
steatohepatitis, 

[001051 Representative cancers that Heteroaryl Compounds are useful for treating or 
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, 
thyroids blood, lymph nodes, kidney, liver, pancreas, and brain or central nervous system. 
Heteroaryl Compounds are also useful for treating or presenting solid tumors 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: PI3KOL, PI3KJ3, PI3KS, KDR, 

GSK3a, GSK3J3, ATM, ATX, ATR, cFMS, and/or DNA-PK kinases and mutants or 
isoforms thereof. In some embodiments, the canccrs associated with mTOR/ PI3K/Akt 
pathways include solid and blood-borne tumors, for example, multiple myeloma, mantle cell 
lymphoma, diffused large B-cell lymphoma, acute myeloid lymphoma follicular 
lymphoma, chronic lymphocytic leukemia; breast, lung, endometrial, ovarian, gastric, 
cervical, and prostate cancer; glioblastoma; renal carcinoma; hepatocellular carcinoma; 
colon carcinoma; neuroendocrine tumors; head and neck tumors; and sarcomas. 
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[00107] In a particular embodiment, provided herein arc methods for the treatment or 
prevention of a disease or disorder associated with activation of mTOR signaling, including, 
but not limited to, tumor syndromes resulting directly or indirectly from genetic defects in 
PTEN (Phosphatase and tensin homologue deleted on chromosome 10), TSC1 (Tuberous 
sclerosis 1), TSC2 (Tuberous sclerosis 2), NF1 (Neurofibroma 1), AMPK (AMP-dependent 
protein kinase STK11, serine/threonine kinase 11), LKB1, VHL (von Hippel-Lindau 
disease) 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/PBK/Akt pathway. Some particular diseases which are treatable or preventable 
through inhibition of the mTOR/P13K/Akt pathway include, but are not limited to, 
Cowden's disease, Cowden syndrome, Cowden-iike syndrome, Bannayan-Zonana 
syndrome, Bannayan-Riley-Ruvalcaba syndrome, Lhermitte-Duc!os 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, 

[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, bronchitis; allergic rhinitis; chronic 
obstructive pulmonary disease; cystic fibrosis; inflammatory bowel disease; irritable bowel 
syndrome; mucous colitis; ulcerative colitis; Crohn's disease; Huntington's disease; 
gastritis; esophagitis; hepatitis; pancreatitis; nephritis; multiple sclerosis; lupus 
erythematosus; atherosclerosis; restenosis following angioplasty; left ventricular 
hypertrophy; myocardial infarction; stroke; ischemic damages of heart, lung, gutP kidney, 
liver, pancreas, spleen and brain; acute or chronic organ transplant rejection; preservation of 
the organ for transplantation; organ failure or -loss of limb (e.g., including, but not limited to, 
that resulting from xschemia-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 fee, 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 limb crush); epilepsy; Alzheimer's disease; Parkinson's 
disease; immunological 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, rectum,prostate, liver, lung, bronchus, pancreas, "brain, head, neck, 
stomach, skin, kidney, cervix, "blood, larynx, esophagus, mouth, pharynx, urinary bladder, 
ovary or uterine. 

100109] 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 dcscribcd herein. In one embodiment the kinase is mTOR, DNA-PK, or PI3K 
or a combination thereof. In some embodiments, the cell is in a patient. 

[06110] Also provided herein are methods for treating or preventing a condition 
treatable or preventable by inhibition of a kinase pathway* for example, the 
mTOR/PI3K/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/ PI3I</Akt 
pathway include solid and blood-borne tumors, for example, multiple myeloma, mantle cell 
lymphoma, diffused large B-cell lymphoma> acute myeloid lymphoma, follicular 
lymphoma, chronic lymphocytic leukemia; breast, lung, endometrial, ovarian, gastric, 
cervical, and prostate cancer; glioblastoma; renal carcinoma; hepatocellular carcinoma; 
colon carcinoma; neuroendocrine tumors; head and neck tumors; sarcomas; tumor 
syndromes resulting directly or indirectly from genetic defects in PTEN (Phosphatase and 
tensin homologue deleted on chromosome 10), TSC1 (Tuberous sclerosis 1), TSC2 
(Tuberous sclerosis 2), NF1 (Neurofibroma I), AMPK. (AMP-dependent protein kinase 
STIC115 serine/threonine kinase 11), and LKB1, VHL (von Hippel-Lindau disease) arid 
PKD1 (polycystin-1); Cowdcn's disease, Cowden syndrome, Cowden-like syndrome^ 
Bannayan-Zonana syndrome, Bannayan-Riley-Ruyalcaba syndrome, Lhermitte-Duclos 
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; rheumatoid arthritis; rheumatoid 
spondylitis; osteoarthritis; 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 disease; gastritis; 
csophagitis; hepatitis; pancreatitis; nephritis; multiple 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 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., 
vehicle accident, gunshot wound or limb crush); epilepsy; Alzheimer's disease; Parkinson's 
disease; immunological 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, rectum, prostate, liver, lung, bronchus * pancreas, brain, head, neck, 
stomach, skin, kidney, cervix, blood, larynx, esophagus, mouth, pharynx, urinary bladder, 
ovary or uterine, 
[00111] 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 
leukemia, acute myelocytic leukemias such as myeloblast^ promyelocyte, 
myelomonocytic, monocytic, erythroleukemia leukemias and myelodysplasia syndrome (or 
a symptom thereof such as anemia, thrombocytopenia, neutropenia, bicytopenia or 
pancytopenia), refractory anemia (RA), RA with ringed sideroblasts (RARS), RA with 
excess blasts (RAEB), RABB in transformation (RAEB-T), preleukemia and chronic 
myelomonocytic leukemia (CMML), chronic leukemias such as but not limited to, chronic 
myelocytic (granulocytic) leukemia (CML), chronic lymphocytic leukemia (CLL)} hairy cell 
leukemia; polycythemia vera; lymphomas such as but not limited to Hodgkin's disease, 
uon-Hodgkin's disease; multiple myelomas such as but not limited to smoldering multiple 
myeloma, nonsecretory myeloma, osteosclerotic myeloma, plasma cell leukemia, solitary 
plasmacytoma and extramedullary plasmacytoma; Waldenstrom's macroglobulinemia; 
monoclonal gammopathy of undetermined significance; benign monoclonal gatnmopathy; 
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heavy chain disease; bone and connective tissue sarcomas such as but not limited to bone 
sarcoma, osteosarcoma, chondrosarcoma, Ewing's sarcoma, malignant giant cell tumor, 
fibrosarcoma of bone, chordoma, periosteal sarcoma, soft-tissue sarcomas, angiosarcoma 
(hemangiosarcoma), fibrosarcoma, Kaposi's sarcoma, Leiomyosarcoma, Liposarcoma, 
lymphangiosarcoma, metastatic cancers, neuxilemmoma, rhabdomyosarcoma, synovial 
sarcoma; brain tumors such as but not limited to, glioma, astrocytoma, brain stem glioma, 
ependymoma, oligodendroglioma, nonglial tumor, acoustic neurinoma, craniopharyngioma, 
medulloblastoma, meningioma, pineocytoma, pineoblastoma, primary brain lymphoma; 
breast cancer, including, but not limited to, 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 pheochromocytom and adrenocortical 
carcinoma; thyroid cancer such as but not limited to papillaiy or follicular thyroid cancer5 

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 disease, 
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 
melanoma, and retinoblastoma; vaginal cancers such as squamous cell carcinoma, 
adenocarcinoma, and melanoma; vulvar cancer such as squamous cell carcinoma, 
melanoma, adenocarcinoma, basal cell carcinoma, sarcoma* and Pagef s disease; cervical 
cancers such as but not limited 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 canccrs such as but not limited to, squamous cancer, 
adenocarcinoma, adenoid cystic carcinoma, mucoepidermoid carcinoma, adenosquamous 
carcinoma, sarcoma, melanoma, plasmacytoma, verrucous carcinoma, and oat cell (small 
cell) carcinoma; stomach cancers such as but not limited to, adenocarcinoma; fungating 
(polypoidX 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; cholangiocarcinomas such as but not limited to papillary, noduiar, 
and diffuse; lung cancers such as non-small cell lung cancer, squamous cell carcinoma 
(epidermoid carcinoma), adenocarcinoma, large-cell carcinoma and small-cell lung cancer; 
testicular cancers such as but not limited to germinal tumor, seminoma, anaplastic, classic 
(typical), spermatocyte, nonseminoma, embryonal carcinoma, teratoma carcinoma, 
choriocarcinoma (yolk-sac tumor), prostate cancers such, as but not limited to, 
adenocarcinoma, leiomyosarcoma, and rhabdomyosarcoma; penal cancers; oral cancers such 
as but not limited to squamous cell carcinoma; basal cancers; salivary gland cancers such as 
but not limited to adenocarcinoma, mucoepidermoid carcinoma, and adenoidcystic 
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 cell carcinoma and 
melanoma^ superficial spreading melanoma, 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); Wilms5 tumor; bladder cancers such as but not limited to transitional cell 
carcinoma, squamous cell cancer, adenocarcinoma^ carcinosarcoma. In addition, cancers 
include myxosarcoma, osteogenic sarcoma, endotheliosarcoma, lymphangio-
endotheiiosarcoma, mesothelioma, synovioma, hemangioblastoma, epithelial carcinoma* 
cystadeno carcinoma, bronchogenic carcinoma, sweat gland carcinoma, sebaceous gland 
carcinoma, papillary carcinoma and papillary adenocarcinomas (for a review of such 
disorders, see Fishman et al., 1985, Medicine, 2d Ed., J.B. Lippincott Co,, Philadelphia and 
Murphy et aiTJ 1997, Informed Decisions: The Complete Book of Cancer Diagnosis, 
Treatment and Recovery, Viking Penguin, Penguin Books U.SA., Inc., United States of 
America). 

[001121 Accordingly, the methods and compositions provided herein are 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 leukemia, acute lymphoblastic leukemia, B-cell 
lymphoma, T-cell lymphoma, Berketts lymphoma; hematopoietic tumors of myeloid 
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lineage, including acutc and chronic myelogenous leukemias and promyclocytic leukemia; 
tumors of mesenchymal origin, including fibrosarcoma and rhabdornyoscarcoma; other 
tumors, including melanoma, seminoma, tetratocarcinoma, neuroblastoma and glioma; 
tumors of the central and peripheral nervous system, including astrocytoma, glioblastoma 
multiforme, neuroblastomas gllomas and schwannomas; solid and bloodborne tumors; 
tumors of mesenchymal origin, including fibrosarcoma, rhabdomyosarcoma, and 
osteosarcoma; and other tumors, including melanoma, xeroderma pigmentosum, 
keratoactanthorna, seminoma, thyroid follicular cancer and teratocarcinoma, It is also 
contemplated that cancers causcd by aberrations in apoptosis would also be treated by the 
methods and compositions disclosed herein. Such cancers may include but not be limited 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-Hogg-Dub6 syndrome (BHD), and 
myelodysplastic syndromes. In specific embodiments, malignancy or dysproliferative 
changes (such as metaplasias and dysplasias), or hyperproliferative disorders, are treated or 
prevented in the ovary, bladder, breast, colon, lung, skin, pancreas, kidney or uterus, la 
other specific embodiments, sarcoma, melanoma, or leukemia is treated or prevented. 

[00113] In a particular embodiment, the methods and compositions provided herein 
are also useful for treating, preventing or managing various types of lymphomas (ire,9 a 
heterogenous group of neoplasms arising in the reticuloendothelial and lymphatic systems), 
such as Non-Hodgkin's lymphoma (NHL) (ft e., a malignant monoclonal proliferation of 
lymphoid cells in sites of the immune system, including lymph nodes, bone marrow, spleen, 
liver and gastrointestinal tract), NHLs that the Heteroaryl Compounds are useful for 
treating or preventing include, but are not limited to, mantle cell lymphoma, MCL, 
lymphocytic lymphoma of intermediate differentiation, intermediate lymphocytic 
lymphoma, ILL, diffuse poorly differentiated lymphocytic lymphoma, PDL, centrocytic 
lymphoma, diffuse small-cleaved cell lymphoma, DSCCL, follicular lymphoma, and any 
type of the mantle cell lymphomas that can be seen under the microscope (nodular, diffuse, 
blastic and mantle zone lymphoma). 

100114] In another embodiment, the methods and compositions provided herein are 
also useful for administration to patients in need of treatment for a malignant disease (e.g., 
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patients suffering from acute lymphocytic leukemia, acute myelogenous leukemia, chronic 
myelogenous leukemia, chronic lymphocytic leukemia, myelodysplastic syndrome 
("preleukemia");, monosomy 7 syndrome, tion-Hodgkin's lymphomas neuroblastoma, brain 
tumors, multiple myeloma, testicular germ cell tumors, breast cancer, lung cancer, ovarian 
cancer, melanoma, glioma, sarcoma or other solid tumors), as well as those in need of 
treatment of a 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 composition 
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 leukemia; myelofibro-
erythroleukemia; or angiogenic myeloid metaplasia. 

[Q0116] In another embodiment, provided herein are methods for the treatment of 
cancer or tumors resistant to other kinase inhibitors such as imatmib mesylate (3TI-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. 

(00117] In a specific embodiment, provided herein are methods for treating or 
preventing leukemia (Le., malignant neoplasms of the blood-forming tissues) including, but 
not limited to, chronic lymphocytic leukemia, chronic myelocytic leukemia, acute 
lymphoblastic leukemia, acute myelogenous leukemia and acute myeloblast^ leukemia. 
The leukemia can be relapsed, refractory or resistant to conventional therapy. The term 
4'relapsed" 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 a decrease in normal blood cells. 
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The term "refractoiy or resistant" refers to a circumstancc where patients, even after 
intensive, treatment, have residual leukemia cells in their marrow. 

{00118} 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, leukemias such as chronic lymphocytic leukemia, chronic myelocytic 
leukemia, acute lymphoblastic leukemia, acute myelogenous leukemia, and acute 
myeloblasts leukemia; advanced malignancy, amyloidosis, neuroblastoma, meningioma, 
hemangiopericytoma, multiple brain metastases, glioblastoma multiforms, glioblastoma, 
brain stem glioma, poor prognosis malignant brain tumor, malignant glioma, recurrent 
malignant glioma, anaplastic astrocytoma, anaplastic oligodendroglioma, neuroendocrine 
txmior^ rectal adenocarcinoma, Dukes C & D colorectal cancer, unresectable colorectal 
carcinoma, metastatic hepatocellular carcinoma, Kaposi's sarcoma, karotype acute 
myeloblasts leukemia, Hodgkin's lymphoma, non-Hodgkin's lymphoma,, cutaneous T-Cell 
lymphoma, cutaneous B-Cell lymphoma, diffuse large B-Cell lymphoma, low grade 
follicular lymphoma, malignant melanoma, malignant mesothelioma, malignant pleural 
effusion mesothelioma syndrome, peritoneal carcinoma, papillary serous carcinoma, 
gynecologic sarcoma, soft tissue sarcoma, cutaneous vasculitis, Langerhans cell 
histiocytosis, leiomyosarcoma, fibrodysplasia ossificans progressives hormone refectory 
prostate cancer* resected high-risk soft tissue sarcoma unresectable hepatocellular 
carcinoma, Waldenstrom's macroglabulinemia, smoldering myeloma, indolent myeloma^ 
fallopian tube cancer, androgen independent prostate cancer, androgen dependent stage TV 
non-metastatic prostate cancer, hormone-insensitive prostate cancer, chemotherapy-
insensitive prostate cancer, papillary thyroid carcinoma, follicular thyroid carcinoma, 
medullary 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. 

[00119} 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 regardless of patient's age, although some cancers are more common in certain age 
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groups. Stili further provided herein are methods for treating patients who have undergone 
surgery in an attempt to treat the cancer at issue, as well as those who have not. Because 
patients with cancer have heterogenous clinical manifestations and varying clinical 
outcomes, the treatment given to a patient may vary, depending on his/her prognosis. The 
skilled clinician will be able to 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. 

100120] Further, provide herein are methods for the treatment or prevention of 
disorders such as pulmonary hypertension, Carney Complex, musclc wasting (atrophy, 
cachexia), myopathies such as Panon's disease, and bacterial, fungal, and viral infections 
(including M. tuberculosis, group A streptococcus, HSV type I, and HIV infection), 

[00121] A Heteroaryl Compound can be combined with other pharmacologically 
active compounds ("second active agents5') in methods and compositions described herein. 
Jt 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 to alleviate adverse effects associated 
with certain second active agents, and vice versa. 

[00122J One or more second active ingredients or agents can be used in the methods 
and compositions described herein. Second active agents can be large molecules (e.g., 
proteins) or small molecules (e,g.s synthetic inorganic, organometallic. or organic 
molecules). 

[001231 Examples of !arge molecule second active agents include, but are not limited 
to, hematopoietic growth factors, cytokines, and monoclonal and polyclonal antibodies. 
Specific examples of the active agents are anti-CD4G monoclonal antibodies (such as, for 
example, SGN-40); histonc deacetlyase inhibitors (such as, for example, MGCD0103, 
SAHA and LAQ 824); hypomethylating agents (such as Vidaza); IMiDs® brand 
Immunomodulatory products (such as thalidomide, lenalidomide and pornalidomide); 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; p38MAFK inhibitors; Pim kinase 
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inhibitors (such as, for example, SGI-1776, or those disclosed in W0/2Q08/1G6692); EGFR 
inhibitors (such as, for example, gefitmib and erlotinib HCL); HER-2 antibodies (such as, 
for 'example, trastuzumab (Herceptin®) and pertuzumab (OmnitargTM)f as well as HER-2 
kinase inhibitors (such as Lapatiaib); VEGFR antibodies (such as, for example, 
bevacizumab (Avastin™)); VEGFR inhibitors (such as, for example, flk-1 specific kinase 
inhibitors, SU5416 andptk787/zk222584); P13K inhibitors (such as, for example, 
wortrnartnin); C-Met inhibitors (such as3 for example, PHA-665752); antiestrogens (such as, 
for example* Letrozole, Fulvestrant, tamoxifen); monoclonal antibodies (such as, for 
example, rituximab (Rituxan®), tositumomab (Bcxxar®), edrecolomab (Panorcx®) and 
G250); and anti-TNF-a antibodies. Examples of small molecule active agents include, but 
are not limited to, small molecule anti-cancer agents and antibiotics (e.g,, clarithromycin). 

[00124] 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 treatment, prevention or management of cancer, second 
active agents include, but are not limited to: anti-folates such as Premetrexed ™; semaxanib; 
cyclosporin; etanercept; doxycycline; boxtczomib; acivicin; aclarubicin; acodazole 
hydrochloride; acronine; adozelesin; aldesleukin; altretamine; ambomycin: ametantrone 
acetate; amsacrine; anastrozole; anthramycin; asparaginase; asperiin; azacitidine; azetepa; 
azotomycin; batimastat; benzodepa; bicalutamide; bisantrene hydrochloride; bisnafide 
dimesylate; bizelesin; bleomycin sulfate; brequmar sodium; bropirimiae; busulfan; 
cactinomycin; calusterone; caraccmide; carbetimcr; carboplatin; carmustine; carubicin 
hydrochloride; catzelesm; cedeftngol; cclecoxib; chlorambucil; cirobmycin; cispiatin; 
cladribine; crisnatol mesylate; cyclophosphamide; cytarabine; dacarbazine; dactinomycin; 
daimorubicin hydrochloride; decitabine; dexormaplatin; dezaguanine; dezaguanine 
mesylate; diaziquone; docetaxel; doxorubicin; doxorubicin hydrochloride; droloxifene; 
droloxxfene citrate; dromostanoione propionate; duazomycin; edatrexate; eflomithine 
hydrochloride; elsamitrucin; enloplatin; enprornate; epipropidine; epirubicin hydrochloride; 
erbulozole; esorubicin hydrochloride; estramustine; estramustme phosphate sodium; 
etanidazole; etoposidc; ctoposide phosphate; ctoprine; fadrozolc hydrochloride; fazarabinc; 
fenretinide; floxuridine; fludarabine phosphate; fluorouracil; flurocitabine; fosquidone; 
fostriecin sodium; gemcitabme; gemcitabine hydrochloride; hydroxyurea; idarubicin 
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hydrochloride; ifosfaraide; itoiofosinc; iproplatin; irinolecan; irinotecan hydrochloride; 
lanreotide acetate; letrozole; leuprolide acetate; liarozole hydrochloride; lometrexol sodium; 
lomustine; losoxantrone hydrochloride; masoprocol; maytansine; mechlorethamine 
hydrochloride; megestrol acetate; melengestrol acetate; melphalan; menogaril; 
mercaptopurine; methotrexate; methotrexate sodium; metoprme; meturedepa; rnitindomide; 
mitocarcin; mitocrornin; mitogiUin; mitomalcin; mitomycin; mitosper; mitotane; 
mitoxantrone hydrochloride; mycophenolic acid; nocodazole; nogalamycin; ormapiatin; 
oxisuran* paclitaxcl; pegaspargase; peliomycin; pentamustine; peplomycin. sulfate; 
perfosfamide; pipobroman; piposulfan; piroxantrone hydrochloride; pticamycin; 
plomestane; porfrmer sodium; porfirornycin; prednimustine; procarbazine hydrochloride; 
puromycin; puxomyciti hydrochloride; pyrazofiirin; riboprine; safixigol; safingol 
hydrochloride; semustine; simtrazene; sparfosate sodium; sparsomycm; spirogermamum 
hydrochloride; spiromustine; spiroplatin; streptonigrin; strcptazocin; sulofenur; talisomycin; 
tecogalan sodium; taxotere; tsgafur; teloxantrone hydrochloride; temoporfin; teniposide; 
teroxiroae; teste lactone; thiamiprine; thioguanme; thiotepa; tia^ofunn; tirapazamine; 
ioremifene citrate; trestolone acetate; triciribine phosphate; trimetrexate; trimetrexate 
glucuronate; triptorelin; tubulozole hydrochloride; uracil mustard; uredepa; vapreotide; 
verteporfin; vinblastine sulfate; vincristine sulfate; vindesine; vindesine sulfate; vinepidine 
sulfate; vinglycinate sulfate; vinleurosine sulfate; vinorelbine tartrate; viarosidine sulfate; 
vinzolidine sulfate; vorozoie; zeniplatin; zinostatin; and zorubicin hydrochloride, 

[00126] Other second agents include, but are not Limited to: 20-epi-l,25-
dihydroxyvitamin D3; 5-ethynyhiraci!; abiraterone; aclarubicin; acylfutvene; adecypenol; 
adozclesin; aldesleukin; ALL-TK antagonists; altretamine; ambamustine; amidox; 
amifostine; aminolevulinic acid; amrubicin; amsacrine; anagrelide; anastrozole; 
andrographolide; angiogenesis inhibitors; antagonist D; antagonist G; antarelix; 
anti-dorsalizing morphogenetic protein-1; an ti androgen, prostatic carcinoma; antiestrogen; 
antineoplaston; antisense oligonucleotides; aphidicolin glycinate; apoptosis gene 
modulators; apoptosis regulators; compounds targeting metabolism such as resveratol; 
apurinic acid; ara-CDP-DL-PTBA; arginine deaminase; asulacrine; atamestane; atrimuslmc; 
axinastatin 1; axmastatin2; axinastatiii3; azasetron; azatoxin; azatyrosine; baccatinlll 
derivatives; balanol; batimastat; BCR/ABL antagonists; benzochlorins; 
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bcnzoylstaurosporine; beta lactam derivatives; beta-alcthinc; betaclamycin B; betulinic acid; 
bFGF inhibitor; bicahitamide; bisantrene; bisaziridiiiylspermitie; bisnafide; bistratene A; 
bizelosin; breflate; bropirimine; budotitane; buthionine sulfoximine; calcipotriol; calphostin 
C; camptothecin derivatives; capecitabinc; carboxamide-amixio-triazole; 
carboxyamidotriazoic; CaRestM3; CARJSI 700; cartilage derived inhibitor; carzelesin; 
casein kinase inhibitors (ICGS); castanospermine; cecropin B; cetrorelix; cblorlns; 
chloroquinoxaiine sulfonamide; cicaprost; cis-porphyrin; cladribine; clathromycin; 
clomifene analogues; clotrimazole; collismycin A; collismycin B; combretastatin A4; 
combretastatin analogue; conagenin; crambescidin 816; crisnatol; cryptophycin 8; 
cryptophycin A derivatives; curacin A; cyclopentanthraquinones; cycloplatam; cypemycin; 
cytarabine ocfosfate; cytolytic factor; cytostatic; dacliximab; decitabine; dehydrodidemnin 
B; deslorelin; dexamethasone; dexifosfamide; dexrazoxane; dexverapamil; diaziquone; 
didemnin B; didox; diethylnorsp ermine; dihydro-5-azacytidine; 9-dihydrotaxol; 
dioxamycin; diphenyl spiromustine; docetaxel; docosanol; dolasetron; doxifluridinc; 
doxorubicin; droloxifene; dronabinol; duocarmycin SA; ebselen; ecornustine; edelfosine; 
edrecolomab; eflomithine; elemene; emitefur; epirubicin; epristeride; estmrrustine 
analogue; estrogen agonists; estrogen antagonists; etanidazole; etoposide phosphate; 
exemestane; fadrozole; fazarabine; fenretirride; filgrastim; finasteride; flavopiridol; 
flezelastxne; fluasterone; fludarabine; fluorodaunorunicin hydrochloride; forfenimex; 
formestane; fostriecin; fotemustiiie; gadolinium texaphyrin; gallium nitrate; galocitabine; 
ganirelix; gelatinase inhibitors; gemcitabine; glutathione inhibitors; hepsulfam; heregulin; 
hexamethylenebisacetamide; hypericin; ibandronic acid; idarubicin; idoxifene; 
idramantone; ilmofosine; ilornastat; imatinib (Gleevec®), imiquimod; immunostimulant 
peptides; insulin-like growth factor-1 receptor inhibitor; interferon agonists; interferons; 
interieukins; iobenguatie; iododoxorubichi; 4-ipomcanot; iroplact; irsogladine; 
isobengazole; isohomohaiicondrin B; itasetron; jasplakinolide; kahalalide F; lamellarin-N 
triacetate; lanreotide; leinamycin; lenograstim; lentinan sulfate; leptolstatin; i.etrozole; 
leukemia inhibiting factor; leukocyte alpha interferon; leuprolide+estrogen-i-progesterone; 
leuprorelin; levaniisole; liarozole; linear polyamine analogue; lipophilic disaccharide 
peptide; lipophilic platinum compounds; lissoclinamide 7; lobaplatin; lombricine; 
lometrexol; lonidamine; losoxantrone; loxoribine; lurtotecan; lutetium texaphyrin; 
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lysofyUinc; lytic peptides; maitansinc; mannostatin A; marimastat; masopTocol; maspin; 
matrilysin inhibitors; matrix metalloprotemase inhibitors; meriogaril; merbarone; meter c!in; 
methioninase; metoclopramide; MIF inhibitor; mifepristone; miltefosine; mirimostim; 
mitoguazone; mitolactol; mitomycin analogues; mitonafide; mitotoxin fibroblast growth 
factor-saporin; mitoxantrone; mofarotene; molgramostim; Erbitux, human chorionic 
gonadotrophin; monophosphoryl Lipid A+myobacterium cell wall sk; mopidamol; mustard 
anticancer agent; mycaperoxide B; mycobacterial cell wall extract; myriaporone; 
N~acetyldinaline; N-substituted benzamides; nafarelm; nagrestip; naloxone+pentazocine; 
napavin; naphterpin; nartograstim; ncdaplatin; nemorubicin; neridronic acid; nitutamidc; 
nisamycin; nitric oxide modulators; nitroxide antioxidant; nitrullyn; oblimersen 
(Genasense®); 06-benzylguanine; octreotide; okicenone; oligonucleotides; onapristone; 
ondansetron; ondansetron; oracin; oral cytokine inducer; ormaplatin; osaterone; oxaliplatin; 
oxaunomycin; paclitaxel; paclitaxel analogues; paclitaxel derivatives; palauamine; 
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-triamine 
complex; porfimer sodium; porfiromycin; prednisone; propyl bts-acridone; prostaglandin J2; 
proteasome inhibitors; protein A-based immune modulator; protein kinase C inhibitor; 
protein kinase C inhibitors, microalgal; protein tyrosine phosphatase inhibitors; purine 
nucleoside phosphorylase inhibitors; purpurins; pyrazoloacridine; pyridoxylated hemoglobin 
polyoxyethylene conjugate; raf antagonists; raltitrexed; ramosetron; ras farnesyl protein 
transferase inhibitors; ras inhibitors; ras-GAP inhibitor; retelliptine demethylated; rhenium 
Re 186 etidronate; rhizoxin; ribozymes; RI1 rctinamide; rohitukine; romurtide; roquinimex; 
xubiginoneBl; ruboxyl; safingol; saintopin; SarCNU; sarcophytol A; sargramostim; Sdi 1 
mimetics; semustine; senescence derived inhibitor 1; sense oligonucleotides; signal 
transduction inhibitors; sizofiran; sobuzoxane; sodium borocaptate; sodium phenylacetate; 
solverol; somatomedin binding protein; sonermin; sparfosic acid; spicamycin D; 
spiromustine; spienopentin; spongistatiu 1; squalamine; stipiamide; stromelysin inhibitors; 
sulfinosine; superactive vasoactive intestinal peptide antagonist; suradista; suramin; 
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swaittsonine; taUimustine; tamoxifen methiodide; tauromustine; tazarotene; tecogalan 
sodium; tegafur; tellurapyrylhim; telomerase inhibitors; temoporfin; teniposide; 
tctrachlorodecaoxide; tetrazomine; thaiiblastine; thiocoraline; thrombopoietin; 
thrombopoietin mimetic; thymalfasin; thymopoietin receptor agonist; thymotrinan; thyroid 
stimulating hormone; tin ethyl ctiopurpurin; tirapazamine; titanocene bichloride; topsentin; 
toremifene; translation inhibitors; tretinoin; triacetyluridine; triciribine; trimetrexate; 
triptorelin; tropisetron; turosteride; tyrosine kinase inhibitors; tyrphostins; UBC inhibitors; 
ubenimex; urogenital sinus-derived growth inhibitory factor; urokinase receptor antagonists; 
vapreotidc; variolin B; velaresol; vcramine; verdins; vertcporfin; vinorelbine; vinxaltine; 
vitaxin; vorozole; zanoterone; zcniplatm; ziiascorb; 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 example, TRAIL), bortezomib, statins, semaxantb, cyclosporin, etanercept, doxycycline, 
bortezomib, oblimersen (Getiasense®), remicade, docetaxel, celecoxib, melphalan, 
dexamethasone (Decadron®)s steroids, gemcitabine, cisplatinum, temozolomide, etoposide, 
cyclophosphamide, temodar, carboplatin, procarbazine, gliadel, tamoxifen, topofecan, 
methotrexate, Arisa®, taxol, taxotere, fluorouracii, leucovorin4 irinotecan, xefoda, CPT-11, 
interferon alpha, pegylated interferon alpha (e.g., PEG INTRON-A), capecitabine, cisplatin, 
thiotepa, fludarabine} carboplatin, liposomal daiinorubicin, cytarabine, doxetaxol, 
pacilitaxel, vinblastine, IL-2, GM-CSF, dacarbazine, vinorelbine, zoledronic acids 

palmitronate, biaxm} busulphan, prednisone, bisphosphonate> arsenic trioxide, vincristine, 
doxorubicin (Doxil®), paclitaxel, ganciclovir* adriamyciri, estramustine sodium phosphate 
(Emcyt®), sulindac, and etoposide. 

[00128] Similarly, examples of specific second agents according to the indications to 
be treated, prevented, or managed can be found in the following references, all of which are 
incorporated herein in their entireties: U.3. patent nos. 5,635,517, 6,281,230, and 
7,189,740; 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. 

[00129] Examples of additional second active agents include, but are not limited to, 
conventional therapeutics used to treat or prevent pain such as antidepressants, 
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anticonvulsants, antihypertensives, anxiolytics, calcium channci blockers, muscle relaxants, 
non-narcotic analgesics, opioid analgesics, antHnflamrmtories, cox-2 inhibitors, 
immunomodulatory agents, alpha-adrenergic receptor agonists or antagonists, 
immunosuppressive agents, corticosteroids,, hyperbaric oxygen, ketamine, other anesthetic 
agents, 1S1MDA antagonists, and other therapeutics found, foT example, in the Physician Ts 
Desk Reference 2003. Specific examples include, but are not limited to, salicylic acid 
acetate (Aspirin©), celecoxib (Celebrex®), Enbrel®, ketamine, gabapentin (Neuron-tin®), 
phenytoin (Dilantin©), carbamazepine (Tegretol®), oxcarbazepine (Trileptal®), valproic 
acid (Depakene®), morphine sulfate, hydromorphone, prednisone, griseofulvin, 
penthonium, alendronate, dyphenhydramide., guanethidine, ketorolac (Acular®), 
thyrocaIcitonin> dimethylsulfoxide (DMSO)? clonidine (Catapress®), bretylium, ketanserin, 
reserpine, droperidol, atropine, phentolamine, bupivacame, lidocaine, acetaminophen, 
nortriptyline (Pamelor®), amitriptyline (Elavil®), imipramine (Tofranil®), doxepin 
(Sinequan®), clomipramine (Auafranil®), fluoxetine (Prozac®), sertraline (Zoloft®), 
nefazodone (3erzone®)> venlafaxine (Effexor®), trazodone (Desyrel®), bupropion 
(Wellbutrin®), mexiletine, nifedipine, propranolol, tramadol, lamotrigine, ziconotide, 
ketamine, dextromethorphan, benzodiazepines, baclofen, tizanidine and phenoxybenzamine. 

[00130] Examples of additional second active agents include, but are not limited to, a 
steroid, a Light sensitizer, an integrity an antioxidant, an interferon, a xanthine derivative, a 
growth hormone, a neurotrophic factor, a regulator of neovascularization, an anti-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, verteporfm, purlytin, an angiostatic steroid, rhuFab, interferon-2y, 
pentoxifylline, tin etiopurpurm, motexafin lutetium, 9-fluoro-l l,21-dihydroxy-16, 
17-1 -methylethylidinebis(oxy)pregna-l,4-diene-3?20-dione; latanoprost (see U.S. Patent No. 
6*225,348), tetracycline and its derivatives, rifamycin and its derivatives, macrolides, 
metronidazole (U.S. Patent Nos, 6,21-8,369 and 6,015,803), genistein, genistin, 6J-OMal 
genistin* 6'-0-Ac genistin, daidzeriL daidzin, 6'-0-Mal daidzin, 6'-Q-Ac daidzin, glycitem„ 
glycitin, 6'-0-Mal glycitin, biochanin A, formononetin (U.S. Patent No, 6?0G1>368), 
triamcinolone acetomidc, dexamethasone (U.S. Patent No. 5,770,589), thalidomide, 
glutathione (U.S. Patent No. 5,632,984), basic fibroblast growth factor (bFGF), 
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transforming growth factor b (TGF-b)5 brain-derived neurotrophic factor (BDNF), 
plasminogen activator factor type 2 (PAI-2), EYE1Q1 (Eyetech Pharmaceuticals), 
LY333531 (Eli Lilly), Mimvant and RETISERT implant (Bausch & Lomb). Ail of the 
references cited above are incorporated herein in their entireties by reference. 

[0013IJ Examples of additional second active agents include, but are not limited to, 

keratolyses, retinoids, cx-hydroxv acids, antibiotics, collagen, botulinum toxin, interferon, 
and immunomodulatory agents. Specific examples include, but are not limited to* 
5-fluorouracil? masoprocol, trichloroacetic acid, salicylic acid, lactic acid, ammonium 
lactate, urea, tretinoin, isotretinoin, antibiotics* collagen, botulinum toxin, interferon, 
corticosteroid, transretinoic acid and collagens such as human placental collagen, animal 
placental collagen, Dermalogens AlloDerm, Fascia, Cymetra, Autologen, Zyderm. Zyplast, 
Rcsoplast. and Isolagen. 

[00132] Examples of additional second active agents include, but are not limited to, 
anticoagulants, diuretics, cardiac glycosides, calcium channel blockers, vasodilators, 
prostacyclin analogues, endoth.elin antagonists, phosphodiesterase inhibitors (e.g., PDE V 
inhibitors), endopeptidase inhibitors, lipid lowering agents, thromboxane inhibitors, and 
other therapeutics known to reduce pulmonary artery pressure. Specific examples include, 
but are not limited to, warfarin (Coumadin®), a diuretic, a cardiac glycoside, digoxin-
oxygen, diltiazem, nifedipine, a vasodilator such as prostacyclin (e.g., prostaglandin 12 
(PGI2), epoprostenol (EPO, Floran©), treprostinil (Remodulin®), nitric oxide (NO), 
boscntan (Tracleer®), amlodipine, epoprostenol (Floran®), treprostinil (Remodulin®), 
prostacyclin, tadalafll (Cialis@)f simvastatin (Zocor®), omapatrilat (Vaniev®), irbesartan 
(Avapro®), pravastatin (Pravachol®), digoxin, L-arginine., iloprost, betaprost, and sildenafil 
(Viagra®). 

100133} Examples of additional second active agents include, but 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 daunorabicin, cytarabine, doxetaxol, pacilitaxel, vinblastines IL-2, GM-CSP, 
dacarbazine, vinorelbine, zoledronic acid, palmitronate, biaxin, busulphan, prednisone, 
bisphosphoriate, arsenic trioxide, vincristine5 doxorubicin (Doxil®), paclitaxel, ganciclovir, 
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adriamycm, bleomycin, hyaluronidase, mitomycin C, mcpacrinc, thiotcpa, tetracycline and 
gemcitabine, 

[00134] Examples of additional second active agents include, but are not limited to, 
chloroquine, quinine, quinidine, pyrimethamine, sulfadiazine, doxycycline, clindamycin, 
mefloquine, halofantrine, primaquine, hydro xychloroquine, proguanil, atovaquone, 
azithromycin, suramin, pentamidine, meiarsoproi, nifurtimox, benznidazole, amphotericin 
B, pentavalent antimony compounds (e.g., sodium stibogluconate), interfereon gamma, 
itraconazole, a combination of dead promastigotes and BCG? leucovorin, corticosteroids, 
sulfonamide, spiramycin, 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, atnpicillin, 
clarithromycin^ tetracycline, penicillin, cephalosporins, streptomycin, kanamycin, and 
erythromycin; antivirals such as, but not limited to, amantadine* rimantadine, acyclovir, and 
ribavirin; immunoglobulin; plasma; immunologic enhancing drugs such as* but not limited 
to, levami sole and isoprinosine; biologies such as, but not limited to, gammaglobulin, 
transfer factor, interleukins, and interferons; hormones such as? but not limited to, thymic; 
and other immunologic agents such as, but not limited to, B cell stimulators (e.g., 
BAFF/BlyS), cytokines (e.g., IL-2,1L-4, and 1L.-5), growth factors {e.g., TGF-y), 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 include9 but are not limited to: a 
dopamine agonist or antagonist, such as, but not limited to, Levodopa, L-DOPA* cocaine,, 
a-methyl-tyrosine, reserpine, tetrabenazme, benzotropine, pargyiine, fenodolpam mesylate, 
cabergolinc, pramipexole dihydrochloride, ropinorole, amantadine hydrochloride, selegiline 
hydrochloride, carbidopa, pergolide mesylate, Sinemef CR? and Symmetrel; a MAO 
inhibitor, such as, but not limited to, iproniazid, clorgyiine> phenelzine and isocarboxazid; a 
COMT inhibitor, such as5 but not limited to, tolcapone and entacapone; a cholinesterase 
inhibitor, such as, but not limited to, physostigmme saliclate, physostigmme sulfate, 
physostigmine bromide, neostigmine bromide, neostigmine methylsulfate, ambenonim 
chloride, edrophonium chloride, tacrine, praHdoxime chloride, obidoxime chloride, 
trimedoxime bromide^ diacetyl monoxim, endrophonium, pyridostigmine, and demecarium; 
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an anti-inflammatory agent, such, as, but not limited to, naproxen sodium, diclofenac 
sodium, diclofenac potassium, celecoxib, oxaprozm, difhmisal, etodoiac, meloxicam, 
ibuprofen, ketoprofen, nabumetone, refecoxib, methotrexate, lefhinornide, sulfasalazine, 
gold salts, Rho-D Immune Globulin, mycophenylate mofetil, cyclosporins, azathioprine, 
tacrolimus, basiliximab, daclizumab, salicylic acid, acetylsalicylic acid, methyl salicylate, 
diflunisal, salsatete, olsalazme, sulfasalazine, acetaminophen, indometliacin, sulindac, 
mefenamic- acid, meclofenamate sodium, tolmetin, ketorolac, dichlofenac, flurbiprofen, 
oxaprazin, piroxicam, meloxicam, ampiroxicam, droxicam, pivoxicam, tenoxicam, 
phenylbutazone, oxyphenbutazone, antipyrfne, aminopyrine, apazone, zileuton, 
aurothioglucose, gold sodium thiornalate, auranofm, 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, chloxpromazine, trimethobenzaoiide, ondansetron, 
granisetrott, hydroxyzine, acetylleucine monoethanolamine, aiizapride, azasetron, 
benzquinamide, bietanautine, bromoprides buclizine, clebopride, cyclizine, dimenhydrinate, 
diphenidol, dolasetron, meclizine, methallatal, metopimazine, nabilone, oxyperndyl, 
pipamazine, scopolamine, sulpiride, tetrahydrocannabinol, thiethylperazine, 
thioproperazine, tropisetron, arid a mixture thereof 

[00137} Examples of additional second active agents include, but are not limited to, 
immunomodulatory agents, immunosuppressive agents, antihypertensives, anticonvulsants, 
fibrinolytic agents, antiplatelet agents, antipsychotics, antidepressants, benzodiazepines, 
buspirone, amantadine, 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, methylprcdnisolone, 
dexamethasone and betamethasone); an anti-inflammatory agent, including, but not limited 
to, naproxen sodium, diclofenac sodium, diclofenac potassium, celecoxib, oxaprozin, 
diflunisal. etodolac, metoxieam, ibuprofen, ketoprofen, nabumetone, refecoxib, 
methotrexate, lefhmomide, sulfasalazine, gold salts, RHo-D Immune Globulin, 
mycophenylate mofetil, cyclosporins, azathioprine, tacrolimus, basiliximab, daclizumab, 
salicylic acid, acetylsalicylic acid/methyl salicylate, diflunisal, salsalate, olsalazine, 
sulfasalazine, acetaminophen, indomethacin, snlindac, mefenamic acid, meclofenamate 
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sodium, tolmetin, ketorolac, dichlofcnac, flurbiprofen, oxaproziru piroxicam^ mcloxicam, 
ampiroxicam. droxicam} pivoxicam, tenoxicarn5 phenylbutazone, oxyphenbutazone, 
aatipyrine, aminopyrine, apazone, zileuton, aurothioglucose, gold sodium thiomalate, 
auranofin, methotrexate, colchicine, allopurmol, probenecid, sulfinpyrazone and 
benzbromarone; a cAMP analog including, but not limited to, db-cAMP; an agent 
comprising a methylphenidate drug> which comprises 1-threo-methylphenidate, d-threo-
methylphenidate, dl-threo-methylphenidate, l-erythro-methylphenidatet d-erythro-
methylphenidate, dl-eiythro-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 serotonin reuptake inhibitor, an antiepileptic agent 
(gabapentin, pregabalin, carbamazepine, oxcarbazepine, levitiracetam, topiramate), an 
antiaryhthmic agents a sodium channel blocking agent, a selective inflammatory mediator 
inhibitor, an opioid agent, a second immunomodulatory compound, a combination agent, 
and other known or conventional agents used in sleep therapy. Specific examples include, 
but are not limited to, Neurontm. oxycontin, morphine, topiramate, amitryptiline, 

nortiyptiline, carbamazepine, Levodopa, L-DOPA, cocaine, a-methyl-tyrosine, reserpine, 
tetrabenazine, benzotropine, pargyline^ fenodolpam mesylate, cabergoiine, pramipexole 
dihydrochloride, ropinorole, amantadine hydrochloride, selegiline hydrochloride, carbidopa, 
pergolide mesylate, Stnemet CR, Symmetrel, iproniazid, clorgyline, phenelzine, 
isocarboxazid* tolcapone, entacaponc, physostigmme saliclate, physostigmine sulfate, 
physostigmme bromide, meostigmine bromide, neostigmine methylsulfate, ambenonim 
chloride, edrophonium chloride, tacrine, pralidoxime chloride, obidoxime chloride, 
trimedoxime bromide, diacetyl monoxim, endrophonium, pyridostigmine, demecarium, 
naproxen sodium, diclofenac sodium, diclofenac potassium, celecoxib, sulindac, oxaprazin, 
diflunisal, etodolac, meloxicam, ibuprofen, ketoprofen, nabumetone, refecoxib, 
methotrexate, lefhmomide, sulfasalazine, gold salts, RBo-D Immune Globulin, 
mycophenylate mofetil, cyclosporins, azathioprine, tacrolimus, basiiiximab, daclizumab, 
salicylic acids acetylsalicylic acid, methyl salicylate diflunisal, salsalate, olsatazine> 
sulfasalazine, acetaminophen, indomethacin, sulindacp mefenamxc acid, meclofenamate 
sodium, tolmetin, ketorolac, dichlofenac, flurbiprofen, oxaprozin, piroxicam, meloxicam, 

-74-



ampiroxicam, droxicam, pivoxicam> tenoxicam, phenylbutazone, oxyphenbutazone, 
antipyrine, aminopyrine, apazone, zileuton, aurothioglucose, gold sodium thiornalate, 
auranofm, methotrexate, colchicine, allopurinol, probenecid, sulfinpyrazone, 
benzbromarone, betamethasone and other glucocorticoids, metoclopromide, domperidone, 
prochlorperazine, promethazine, chlarpromazme> trimsthobenzamide> ondansetron, 
granisetron, hydroxyzine, acetylleucine monoethanolamine, alizapride, azasetron, 
benzquinamide, bietanaufine, brornopride, buclizine, clebopride, cyclizine, dimenhydrinate, 
diphenidol, doiasetron, meclizine, methallatal, metopimazine, nabilone, oxypemdyl, 
pipamazine, scopolamine, sulpiride, tetrahydrocannabinol, thiethylpcrazinc, 
thioproperazine, tropisetron, and a mixture thereof. 

[00139] Examples of additional second active agents include, but are not limited to: 
interieukins, such as IL-2 (including recombinant IL-II ("rIL2") and canarypox IL-2), 
IL-10,1L-12, and IL-18; interferons, such as interferon alfa-2a, interferon alfa-2b> 
interferon alfa-nl, interferon alfa-n35 interferon beta-I a, and. interferon gamma-I b; and 
G-CSF; hydroxyurea; butyrates or butyrate derivatives; nitrous 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, or of a blood substitute Lsuch as Hemospan™ or Hemospan™ PS (Sangart). 

[00140] Administration of a Heteroaryl Compound and a second active agent to a 
patient can occur 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 disease 
being treated A preferred route of administration for Heteroaryl Compounds is oral. 
Preferred routes of administration for the second activc 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). 

[00141] In one embodiment, the second active agent is administered intravenously or 
subcutaneously 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 treated or managed, the severity and stage of disease, and the 
amount(s) of a Heteroaryl Compound and any optional additional active agents concurrently 
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 limited 
to, surgery, chemotherapy, radiation therapy, hormonal therapy, biological therapy and 
immunotherapy. Heteroaryl Compounds and other active ingredients can he 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 OP ADMINISTRATION 

[00143] Provided herein are compositions comprising an effective amount of a 
Heteroaryl Compound and compositions comprising an effective amount of a Heteroaiyl 
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 convention aJ 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, talcs calcium phosphate or calcium carbonate), a binder 
(e,gt> cellulose* methylcelluloses hydroxymethylcellulose, polypropyipyrrolidone, 
polyvinylpyrrolidone, gelatin, gum arabic, poiyethyleneglycol, sucrose or starch), a 
disintegrator (e.g., starch, carboxymethylcolluiose, hydroxypropylstarch, low substituted 
hydroxypropylcelluiose5 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 ox propylparaben), a 
stabilizer (e.g., citric acid, sodium citrate or acetic acid), a suspending agent 
(e.g., methylcellulose, polyvinyl pyrroliclone or aluminum stearate), a dispersing agent 
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(e.g., hydroxypropylmethylcellulose), 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 pharmaceutical 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 a patient is rather 
widely variable and can be patient to the judgment of a 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 one embodiment, the 
dose is about 0.01 mg/kg of a patient'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 OA 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 mg/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. 

[0G146J 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 to 
about 750 mg/days about 0.75 mg/day to about 375 mg/days 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 

[00147] In another embodiment, provided herein are methods for the treatment or 
prevention of a disase or disorder comprising the administration of about 1 mg/day to about 
1200 mg/day5 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 to a patient in 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. 

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

100150} In another embodiment, provided herein are unit dosage formulations that 
comprise 1 nig, 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 mgf 250 mg, 280 mg, 350 mg, 500 mg, 560 mg, 700 mg, 750 
mga 1000 mg or 1400 mg of a Heteroaryl Compound. 

[00151] 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 orally, a Heteroaryl Compound is 
administered with a meal and water. In another embodiment, the Heteroaiyl Compound is 
dispersed in water or juice (e.g,9 apple juice or orange juice) and administered orally as a 
suspension. In another embodiment, when administered orally5 a Heteroaryl Compound is 
administered in a fasted state. 

[00153] The Heteroaryl Compound can also be administered mtradermally, 
intramuscularly, intraperitoneally, percutaneously, intravenously, subcutaneously, 
Intranasal^ epidurally, sublingually, intracerebrally, intravaginally, transderaially, rectally, 
mucosally, 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-pail 
upon the site of the medical condition, 

[00154] In one 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 Heteroaryl Compound and a pharmaceutically acceptable carrier or 
vehicle, wherein a pharmaceutically acceptable carrier or vehicle can comprise an excipient, 
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diluent^ or a mixture thereof. 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 formulated to contain a daily dose, ox a convenient fraction of a daily 
dose, in a dosage unit, which may be a single tablet or capsule or convenient volume of a 
liquid. 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 usual carriers and diluents include, but are not limited to* inert powdered 
substances such as starch of many different kinds* powdered cellulose* especially crystalline 
and rnicrocrystalline cellulose, sugars such as fructose, mannitol and sucrose, grain flours 
and similar edible powders, 

[00157] Tablets can be prepared by direct compression, by wet granulation, or by dry 
granulation. Their formulations usually incorporate diluents, binders, lubricants and 
disintegrators as well as the compound. Typical diluents include, for example, various types 
of starch, lactose, mannitol, kaolin, calcium phosphate or sulfate, inorganic salts such as 
sodium chloride and powdered sugar. Powdered cellulose derivatives are also useful. In 
one embodiment, the pharmaceutical composition is lactose-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, 

|00158] A lubricant 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, magnesium 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, celluloses, algins and gums. Moreparticularly, 
com 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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ccllulose, 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 m the formulation. 

[001591 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 to 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 Heteroaryl Compound can be delayed or prolonged by 
proper formulation-. For example, a slowly soluble 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 a mixture of the pellets. Tablets or capsules can be coated with a film that 
resists dissolution 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 

[00161] Chem-4D Draw (Chemlnnovation 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'dimethylammo phenylditbutylphosphine 
Boc: tert-Butoxycarbonyl 
dba: dibenzylidcne acetone 
DMSO: Dimethylsu Ifoxi d e 
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 
TFA: Trifluoroacetic acid 
TLC: Thin layer chromatography 

MTBE: methyl tcrt-butyl ether 

[00163} The following Examples are presented by way of illustration, not limitation, 

5.1 SYNTHETIC EXAMPLES 

Example 1: 7-(2-Amino-4-methyl~lH-besizo[d]imidazol-6-yl)-l-((t£trahydro-2H-
pyran-4-yl)Methyl}~3,4-difrydropyrazino[253-b]pyrazsn-2(lH)-0ne 

100164] A. Ethyl2-(6~cWoropyrazin-2-ylammo)acetate. To 2,6-dichloropyrazine 
(SO g, 336 mmol) and ethyl 2-aminoacetate (34,6 g, 336 mmol) was added triethylamine 
(140 mLj 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 filtrate and wash solvent were combined and 
concentrated. The resulting white-yellow precipitate was filtered and washed with 20 % 
ethyl acetate in hexane to afford an off-white solid. The filtrate was subjected to the same 
process to 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 (ESI) m/z 216.1 [M+l]\ 

{00165J B, Ethyl 2-(pyrazin-2-ylamino)acetate. Ethyl 2-(6-chloropyrazm-2-
ylamino)acctate (23.6 g, 109 mmol) was dissolved in non-denatured ethanol (250 mL) and 
potassium carbonate (15.13 g, 109 mmol) was added. The reaction was put under nitrogen 
and palladium hydroxide (3.84 g. 5.47 mmol) was added. The reaction was stirred under an 
atmosphere of hydrogen for 18 L 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 Celile and the solvent was removed under reduced 
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pressure to afford the titlecompound (15.13 g, 84 mmol> 76 % yield), MS (ESI) m/zT82.3 

[00166] C. Ethyl 2-(3»5-dibromopyra2io-2-ylamino)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 rt 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 tnL) and extracted with ethyl acetate 
(150 mL). The aqueous layer was neutralized with sodium carbonate slowly, until pH~7 and 
extracted with ethyl acetate (3x1-50 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 g3 

71 mmol, 75 % yield). MS (ESI) m/z 338.1 [Mf, 340.1 [M+2f > 342.1 [M+4]\ 

(00167] D. Ethyl 2-{5-bromo-3-((tetrahydro-2H-pyraci-4-
yl)mcthylamino)pyrazin-2-ylamlno)acetate. Ethyl 2-(3,5-dibromopyrazin-2-
y]amino)acetate (2,00 & 5.90 mmol), (tetrahydro-2H-pyran-4-yl)methanamine (0.713 gs 

6.19 mmol), N?N-diisopropylethylamine (3.08 mL, 17.70 mmol) and dimethylsulfoxide 
(4 mL) were combined in a microwave vial with a stirbar and heated in a Biotage Emiys 
Optimizer microwave reactor at 150 °C for 1 h. The resulting mixture was transferred to a 
round bottom flask with methanol The methanol and NjN-diisopropylethylamine were 
removed under reduced pressure and the residue purified using Biotage flash 
chromatography (5-100 % ethyl 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 under high vacuum at 50 °C to give impure desired 
product (1,578 g) as an amber waxy solid which was taken on to the next step without 
further purification. MS (ESI) m/z 373.4 [M]+, 375.4 
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[00168] E, 7-Bromo-l-((tetrahydro-2H-pyran-4-yI)inethy!>3?4~ 
dihydropyrazino[2,3-b]pyrazin-2(lH>one. A stirred solution of ethyl 2-(5-bromo-3-
((tetrahydix>2H-pyran-4-yl)methylamino)pyrazin-2-ylaimno)acetate (1.474 g, 3,95 romo!) 
in acetic acid (13 mL) in a sealed vessel was heated at 120 °C in an oil bath for 2 h. The 
acetic acid was removed under reduced pressure. The residue was partitioned between ethyl 
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 under reduced pressure. The residue was 
taken up in dichloromethane and hexane and the resulting solids collected 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 [M]+, 
329.0 [M+2]+. 

[00169] F. 2-Methyl-6-nitro-4-(454,5?5-tetramethyM,3?2~dioxaboroIan~2-
y])aniline. 4-Bromo-2-methyl-6-nitroanilme (5 g5 21.64 mmol), bis(pmacofato)diboroa 
(5.50 gj 2L64 mmol), potassium acetate (6.37 gT 64.9 mmol) and N,N-dimethylformamide 
(100 mL) were combined and degassed under vacuum. Palladium acetate (0.243 g, 
1.082 mmol) was added and the system was degassed again. The reaction was heated to 
90 °C for 2 h. The reaction was extracted with water and dichioromethane. 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) to give 
a yellow solid (53 g, 19.0 mmol, 88 % yield). MS (EST) m/z 279.0 JM+1 f. 

[00170J G. 3~Methyi-5-(4?4,5^-tetraiJiethyi-lfl3,2-dio:3;abor0laii-2-yl)benzene-l,2" 
diamine. A solution of 2-Methyl-6~nitro-4-(454,5,5-tetramethyl-l>3s2-dioxaborolaH-2-
yl)aniline (5.3 g, 19.06 mmol) in methanol (50 mL) was purged with nitrogen gas. 
Palladium on carbon (10 % by wt5 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 resulting material was 
purified by silica gel column chromatography (0-100 % ethyl acetate in hexanes) to give a 
dark oil 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+lf. 



[00171] H. 7-(3,4-DIamino-5-'niethylpheiiyl)-l-((tetrahydro-2H-pyfan-4-
yl)methyI)-3,4-dihydrGpyrazino[2,3-b]pyrazin-2(lH)-one> 3-Methyl-5-(4,4,5,5-
tetramethyl-13,2-dioxaborolan-2-yI)benzene-l ,2-diamine (0.523 g, 2.109 mmol), 7-bromo-
l-((tcrtrahydro-2H-pyran-4-y])mctbyl)-3,4-dihydTopyrazino[2,3-b]pyrazin-2(lH)-one 
(0.600 g, 1. S3 4 mmol), []>r-bis(diphenylphosphitxo)«ferroceBD]dichloropalladiurn(Il)) 

complex with dichloromethane (1:1) (0.150 g, 0,183 mmol), sodium carbonate (1 M in 
water, 5.50 mmol), 1,4-dioxane (4,1 mL) and isopropanol (1.4 mL) were combined in a 
scalable 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 dichloromethane and concentrated 
under reduced pressure with silica gel. The residue was purified using flash 
chromatography (1-10 % methanol in dichloromethane) to give the desired product (0.669 g, 
1.818 mmol, 99% yield) as a brown solid, MS (ESI) m/z 369.1 []VHT]+. 

[00172] L 7-(2-Amino-4-methyl-lH-benzo[d]imidazol-6-yl)-T-((tetrahydr0-2H-
pyran-4-yJ)methyI)-3,4-dihydropyrazino[253-b]pyrazhi-2(.lH)-one. Cyanogen bromide 
(0.059 g, 0.556 mmol) in NsN-dimethyIformamide (0.5 mL) was added to a stirred solution 
of 7-(3,4-diamino-5-methylphenyl)-]-((tetrahydro-2H'-pyran"4-yl)methyl)-354-
dihydropyrazino[2,3-b]pyrazin-2(lH)"One (0.195 g, 0.529 mmol) in 
N,N-dimethylfonnaimde (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 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 and dried under high vacuum at 50 °C to give the 
desired product (0,130 g, 0,331 mmol, 62 % yield) as an orange solid. XH NMR. (400 MHz, 
D20 and DMSO-d<s) 5 (ppm) 8.13 (s, 1H)> 7.56 (s, 1H), 7,36 (s, 1H), 4.18 (s, 2H), 4.03 (d, 



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, 1H), 1.59 (d5./- 12.10 Hz, 2H), 1.25- 1.41 (m,2H); MS (ESI) m/z 394.2 [M+l]+. 

Example 2; 3,3-Dinaethyl-6-(2-methyI-4-(4H-l,2^4-tmzol-3-yI)phenyI)-4-(2-
(tetrahydiio-2H-pyran-4-y])ethyl)-3,4-dihydropyra2iiio[2?3-b]pyrazin-2(lH)-one 

[00173] A. 3-(4-Bromo-3-methylphenyl)-4H-l,2?4-tnaxole. 4-Broroo-3-
mcthylbcnzonitrile (10.0 g, 51.0 mmol) was dissolved in ethanol (200 mL) with stirring and 
cooled to 0 °C under nitrogen. Hydrogen ch loride gas was bubbled into the reaction mixture 
for 20 min. The resulting reaction mixture was capped and stirred while slowly warming to 
room temperature for 5.5 L Solvent was removed under reduced pressure and the residue 
dried under vacuum to give ] 3.86 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 seated tube and heated, with stirring* 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, sulfate, 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 g3 3L4 mmol, 63 % yield) as a light yellow solid. MS (ESI) m/z 
238.2 [Mf, 240.3 [M+2f. 

[00174] B. 3-(4-Bromo-3-methylphenyl)-4-(tetrahydro-2H-pyran-2-yl)-4H-lj2,4-
triazole, 3-(4-Bromo-3-methylphenyl)-4H-1,2,4-triazole (2,00 g, 8.40 mmol) was dissolved 
in tetrahydrofuran (10 mL) at room temperature with stirring under nitrogen. 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 nitrogen for 
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20 h. 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 (10-30-50 % ethyl acetate in hexanes) gave the desired product (2.64 % 
8.22 mmol, 98 % yield) as a yellow oil, MS (ESI) m/z 322 [M]"' 3 324 [M+2]+. 

[00175] C. 3-(3-MethyI-4-(494J5,S-tetraTOethyH,3,2-dioxaborolaii'-2-yI)phenyl)-4-
(tetrahydro-2H-pyran'2-yl)-4H-l,2,4-triazole+ 3 ~(4-Bromo-3 -methylpheny 4-
(tetrahy dro-2H-pyran-2-y 1)-4H- 3,2,4-triazole (2.294 g, 7.12 mmol), bis(pinacolafo)diboron 
(1.898 g, 7.48 mmol), [1,1 '-bis(diphenylphosphino)-fcrrocene]dichloropalladium(IT), 
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 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 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 % yield) as a pink powder, MS (ESI) m/z 
370[M+lf. 

[00176] D. tert-Butyl l-(3,5-cBbromopyrazi)n-2-ylamino)-2HmetliyM-oxopropan-
2-ylearbamate. 151 '-CarbonyldHmidazole (2.63 g, 16.24 mmoi) was added to a stirred 
solution of 2~(tert-butoxycarbonylamino)-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«DiisopropylethyIamine (3.86 mL, 22.14 mmol) was added followed by 
3,5-dibromopyrazin~2~amine (5.60 g, 22.14 mmol). The resulting mixture was heated at 
50 °C under a reflux condenser under nitrogen for 71 h, Dichloromethane was removed 
under reduced pressure. The residue was diluted with ethyl 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 concentrated under reduced pressure and purified using flash 
chromatography (5-50 % ethyi 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 to give the desired product (2,38 g, 
5.43 mmol, 37 % yield) as an off-white solid. MS (ESI) m/z 439.3 [M+l]_,461.1 [M-HNa]11 

100177] E. N™(355-Dibromopyrazin~2-yl)-2~f0ethyl-2-(2-(tetrahydro-2H~pyran-4-
yl)etiiyIamino)pr©paiiamide trifluoroacetate. TFA (3.66 mL, 47.5 mmol) was added to a 
stirred mixture of tert-butyl 1 -(3,5-dibromopyrazm-2-ylaiiiiao)-2-mcthyl-l-oxopropan-2-
ylcarbamate (1,04 g5 2.374 mmol) in dichloromethane (20 mL). The resulting clear yellow 
solution was stirred at room temperature for 3 h. All volatiles were removed under reduced 
pressure and the residue dried under high vacuum to give a yellow semi-solid. MS (ESI) 
m/z 339J [M-fl]*. Sodium sulfate (3,686 g511,87 mmol) was added followed by 
2«(tetrahydro-2H-pyran-4-yl)acetaldehyde (0.396 g3 3,09 mmol) and 1,2-dichIoToethane 
(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-pyraa-4-yl)acetaldehyde 
(0,100 g, 0,780 mmol) 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 sulfate into a dry 250 mL round bottom flask equipped with a stirbar. 
The resulting mixture was stirred vigorously and cooled'to 0 °C under nitrogen. Sodium 
iriacetoxyborohydride (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 Iriacetoxyborohydride (0.250 g, 1.180 mmol) was added. 
The cold bath was removed and the resulting mixture stirred at 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 diluted with methanol and the 
volatiles removed under reduced pressure. The residue was taken up in methanol, filtered 
and purified using reverse-phase preparatory HPLC (3 0-40 % acetonitrile 4-0.1% TFA in 
water -f 0.1% TFA, over 30 min), Fractions containing the desired product were combined 
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and the solvent removed under rcduced pressure. The residue was dried under vacuum to 
give the desired product (0.890 g, ] .978 mrnol5 67 % yield) as a slightly yellow foam-solid, 
MS (ESI) m/z 45 L3 

100178] F. 6"Bromo-3^-dimethy]-4-(2-(tetrahydro-2H-pyran-4-yI)ethyl)-3,4-
dihydropyrazino[2,3-I>]pyrazin-2(lH)-one. N"(3>5-Dibromopyrazin-2-yl)-2-methyl-2-(2-
(tetrahydro-2H-pyran^~yl)ethylamino)propanamide trifluoroacetate (0.856 g, 1*517 mmol)5 

N,N-diisopropylethylamine (1,321 mL? 7.59 mmol) and 1,4-dioxane (25 mL) were 
combined in a scalable vessel with a stirbar. The system, was purged with nitrogen and the 
resulting mixture was sealed, stirred vigorously and heated at 110 aC for 2.5 h The reaction 
mixture was concentrated under reduced pressure and purified using flash chromatography 
(5-50 % ethyl acetate in hexane) to give the desired product (0,394 g, 1.068 mmol, 70 % 
yield) as a white solid. MS (ESI) m/z 369,4 [Mf, 371.3 [M+2f. 

[00179] G. 3,3~Dimethyl-6-(2-methyI-4-(4-(tetrahydro~2H-pyraa-2~yl>4H-l,2,4-
triazoI-3-yl)phenyI)-4-(2-(tetrahydro-2H~pyran-4-yl)ethyl)-3,4-dihydrQpyrazinQt253-
b]pyrazin-2(lH)-one. 3-(3-Methyl"4-(4?4,5,5-tetramethyt-13,2-diqxaborolan-2-
yl)phenyl)-4»(tetrahydro-2H-pyran-2-yl)-4H-l,2,4-triazole (1 equiv), 6-bromo-3,3~dimethyl~ 
4™(2-(tetrahydro-2H-pyran-4-y l)ethy L)-3,4-dihydropyrazmo [2,3 ~b]pyrazin-2(l H)-one 
(1 equiv), [l,lf-bis(diphenylphosphino)-ferrocene]dichloropalladium(ll), complex with 
dichloromethane (1:1) (0.1 equiv), 1 M sodium carbonate in water (3 equiv), 1,4-dioxane 
and isopropanol were combined and the system was purged with nitrogen. The resulting 
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 under reduced 
pressure. The residue was purified using flash chromatography (20-100 % ethyl acetate in 
hexane followed by 0-10 % methanol in dichloromethane) to give the desired product in 
97 % yield MS (ESI) m/z 532.7 [M~Hf. 

[00180] H. 3j3"DimethyI»6-(2-methyl»4-(4H-l,2?4-triaxoI-3-yi)pheiiyI)-4«(2-
(tetrahydro-2H-pyran-4-yl)ethyI>3,4-dihydropyra2Jno [2,3-b] pyrazin-2(lH)-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-l ,2,4^0 azoL™3-yl)phenyl)-4-(2-(tetrahydro-2H-pyran"4-
yl)ethyl)-3,4-dihydropyrazino[2,3-b]pyrazn>2(lH)-one in ethanol at 80 °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 % 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 the acetonitrile removed under reduced pressure, Solids were collected by 
vacuum filtration, washed thoroughly with water and diethyl ether and dried under high 
vacuum at 50 °C to give the desired product in 48 % yield. NMR (400 MHz, DMSO-da) 
5 (ppm) 11.32 (br. s„ 1H)S 8.44 (br. s., 1H), 7:96 (s5 1 H), 7.90 (d, J = 8.59 Hz, 1H), 7.70 (s, 
1H), 7,56 (d, ./= 7.81 Hz, 1H), 3.78 (dd, 2.93, 11.13 Hz, 2H), 3.52 - 3.64 (in, 2H), 3.23 
(t, J* 10.93 Hz, 2H), 2.48 (a, 3H), 1.51 -1.66 (m, 5H), 1.49 (s, 6H), 1.11 -1.26 (m, 2H); 
MS (ESI) m/z 448.3 

Example 3: 7-(2»Methyl-4-(4H-ly2)4-triazoI-3-yl)phenyl)-3,4-dihy(lropyrazino[2?3-
blpyrazin-2(lH)-onc hydrochloride 

N^fyj HCi 

trv^ H VLNYVO 

K 

[00181] A, Ethyl 2-(5-bromo-3-(2,4-dimethoxybeiizylamlno)pyra;rii?-2-
ylamino)acetate. Ethyl2-(3,5-dibromopyrazin-2-ylamino)acetate (See Example LC) 
(1.06 g, 3.13 mmol), (2,4-dimethoxyphenyl)methanamine(0.601 g, 3.60 mmol), 
N5N-diisopropylethylamine (1.63 mL, 9.38 mmol) and dimethylsulfoxide (1.6 mL) were 
combined in a microwave vial with a stirbar and heated in a microwave reactor at 150 for 
2 h. The resulting mixture was purified using flash chromatography (5-60 % ethyl acetate in 
hexane). Fractions containing the desired product were combined and concentrated nearly 
to dryness under reduced pressure. Ethyl 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 a light 
pink solid. (300 MHz, DMSO-d«) 5 (ppm) 7.24 (s, 1"H), 7.19 (d, J-8-52 Hzf 1H), 
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7.11 (t, J= 5.63 Hz, 1H), 6.84 (t, J= 4.81 Hz, 1H), 6.59 (d, J = 2.47 Hz, 1H), 6.50 (dd, 
2.20, 8.24Hz, 1H), 4.37 (d5./= 4.67 Hz, 2H), 3.96 -4.15 (m,4H), 3.81 (s, 3H), 3.75 (s, 

3H). 1.17 (t, 3H); MS (ESI) m/z 425.3 [Mf, 426.9 [M+2]". 

[00182] B. 7-Bromo-3,4-dlhydropyrazino(2,3-blpyrazin-2(lH)-orie 
trifluoroacetate. Ethyl 2-f5-bromo-3-(2,4-dimethoxybenz}'lam.itio)pyrazin-2-
yiamino)acetate (0.484 g, 1.138 mmol), methanol (0.461 mL, 11.38 mmol) and TFA (7 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 75 °C in an 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 vacuum filtration, washed with water and 
diethyl ether and dried under high vacuum to give the desired product (0.375 g, 1.093 mmol, 
96 % yield) as a pink solid. MS (ESI) m/z 229.0 [M]\ 231.3 [M+2]+. 

[00183] a 7-(2-MethyI-4-(4"(l;etrahyc!ro-2H-pyraii-2-yi)-4H-l,2,4-triazoI-3-
yl)pheny])-3?4-dihydropyrazino[2,3-b]pyrazin-2(lH)-0ne« 3-(3-Methyl-4-(4)4,5,5-
ietramethyl-l,3>2-dioxabQrolan-2-y[)phenyl)-4~(tetrahydro~2H-pyran-2-yl)-4H-l,2,4-triazo!e 
(See Example 2>C) (0,465 g3 1.259 mmol), 7-bromo-3,4"dihydropyrazino[23-b]pyrazin-
2(lH)-one trifluoroacetate {0.432 g, 1.259 mmol), [1,1 l-bis(diphenylphosphino)-
ferrocene]dichloxopal5adium(II)f complex with dichloromethane (1:1) (0.103 g? 

0.126 mmol), sodium carbonate (1 M in wafer. 3,78 mL, 3,78 mmol), 1,4-dioxane (2.5 mL) 
and isopropanol (I 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 residue was triturated with acetonitrilc. Water was added. Solids 
were collected by vacuum filtration and washed thoroughly with water and diethyl ether. 
Solids were washed with 20 % methanol in dichloromethane. Filtrate and wash were 
combined and the solvent was removed under reduced pressure. The residue was taken up 
in hot DMSO and methanol, filtered and purified using reverse-phase preparatory J fPLC 
(20-65 % acetonitrile 4- 0.1% TFA 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 to 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) 
m/z 392.1 [M+lf. 

[00184] D. 7-(2-Methyl-4-(4H-l,2,4-tria»ol-3-yl}phenyl)-3>4-
dihydropyrazino[253-b]pyrazifl-2(lK)-one hydrochloride. Hydrochloric acid" (6 N in 
water 0,149 mL. 0.894 mmol) was added to a stirred mixture of 7-(2-methyM-(4-
(tetrahydro-2H~pyran-2~yl)-4H-l52s44riazol-3-yl)phenyl)«3s4-dihydropyrazino[233-
b]pyrazin-2(lH)-onc (0.070 g, QJ79 mmol) in ethanol (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 methanol, and dried under high vacuum at 40 °C to give 
the desired product (0,058 g, 0.169 mmol, 94 % yield) as a white solid. lB NMR 
(300 MHz, DMSO-dfi) S (ppm) 11.32 (s, 1H), 8.66 (s, 1H), 7.97 (s, 1H), 7.92 (dd, J- 1.37, 
7.97 Hz, 1H), 7.74 (s,1H), 7.50 (d, J= 7.97 Hz, 1H), 4.14 (s, 2H), 2.44 (s, 3H); MS (ESI) 
m/z 308.3 [M+l]+. 

Example 4: 6-(4-(2-Hydroxypropan-2-yl)phenyI)-4-(2-(tetrahydro-2H-pyran-4-
yl)ethyl>3,4-dihydropyraziiioI2,3-b]pyrazin-2(lH)-one 

H 

{00185] A, 2-Bromo-N-(3,5-dibroniopyraziii-2-yl)acetamide, A solution of 
2-ammo~3,5-dibromopyrazme (6.17 g> 23.7 mmol) and bromoacetic anhydride (3.0 g, 
11,9 mmol) in acetonitrile (40 mL) was stirred at 70 °C. Upon complete consumption of 
starting material (by TLC), the solution was condensed and partitioned between water and 
ethyl acetate (3X). The organic layers were combined^ dried over magnesium sulfate, 
filtered and the solvent 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 mmol, 85 % yield), MS (ESI) m/z 372.1 [M-2]'\ 
374.0 [M]+, 376.1 [M+2]\ 378.3 [M+4f. 

100186] B. 6-Bromo-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3J4-
dihydropyrazino[2,3-bjpyraziii-2(lH)<me. 2-BTomo-N~(3>5-dibromopyrazin-2-
yl)acetamide (330 g, 8.83 mmol) and 2-(tetrahydro-2H-pyran-4-yl)ethanainine 
hydrochloride (1.46,8,83 mmol) and diisopropyl ethylamine (6.67 mL, 35.3 mmol) were 
combined and heated at 85 °C, Upon complete consumption of starting material, (by TLC), 
the reaction solution was condensed and purified via Biotage chromatography (0-100 % 
ethyl acetatc in hexanes) to afford the title compound (1.53 g, 4.48 mmol, 50 % yield). 
MS (ESI) m/z 341.4 [M]\ 343.1 [M+2f. 

[001871 C 2-(4-Bromophenyl)propan-2-oL l-(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 sulfate, filtered and 
concentrated to give an oil. The oil was purified on a silica gel column (Q-20 % ethyl 
acetate in hexanes) to give the product a colorless oil (9.1 g, 46.2 mmol, 91 % yield). 
MS (ESI) m/z 197.1 [M]\ 199J [M+2]*. 

[001881 2-(4-(4,4?5,5~Tetramethy]-lj3?2-dJo*abor<>Ian-2--yI)phenyI)propan-2-
oL 2-(4-Bromophenyl)propan-2-ol (4.7 g9 21.85 mmol)4 bis(pmacolato)diboron (6.66 g5 

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 >r-Bis(diphenyl-
phosplniio)ferrocene]dichloro-paliadium(lI) 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 ceiite and the filtrate combined with extraction layers. The organic 
layer was dried over magnesium sulfate, filtered and then purified on silica gel column 
(0-25 % ethyl acetate in hexanes). The product fractions were concentrated and then 
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triturated in hexanes to give a white solid, (4.0 g, 15.3 mmol, 70% yield). MS (ESI) m/z 
263.3 [M-H]+. 

[00189] E. 6-(4-(2-Hydroxypropan-2-yl)phenyl)-4»(2-(tetrahydro~2H-pyratt-4-
yI)ethyl)-3,4-dihydropyraziiio[2^-blpyrazm-2(lH)-otte* 6-BTomo-4-(2-(tetrdhydro-2H-
pyran-4-y[)ethyl)»3/Mihydropyrazino[2,3-b]pyrazin-2(lB)"One (0,250 g, 0.733 mmol), 
2-(4-(4,4,5,5-tclramethyl-l 53t2-dioxaboroIan~2-yl)phenyl)propan-2-ol (0,192 g, 
0.733 mmol) and dichloro [3,1 '-bis(diphenylphosphiiio)ferrocene]palladmm (II) 
dichloromethane (0.030g5 0.037 mmol) were combined in dimethylformamide (1.0 mL). 
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 reactor at 120 °C for 

15 min. The cooled reaction solution was filtered through Ceiite and the filter cake was 
washed with ethyl acetate. Filtrate and ethyl acetate wash were combined and solvent 
removed under reduced pressure. The resulting material was purified using Biotage column 
chromatography (0-5 % methanol in ethyl acetate) followed by trituration with 
dimethylformamide and water to afford the title compound (0.074 g, 0,19 mmol, 25 %) 
'H NMR (400 MHz, DMSO-«y 6 (ppra) 12.24 (s, 1H), 7.98 (s, 1H), 7.89 (d, J=8.39 Hz, 
2H), 7.53 (d, J=8.39 Hz, 1H), 5.04 (s, 1H), 4.16 (s,lH), 3.82 (dd, J-ll.l, 2.39 Hz, 2H), 
3.61 (t, J=7.59 Ha, 2H), 3.25 (t, ,/=9.59 Hz, 3H), 1.70 (s, 1H), 1.66 (s, 1H), 1.58 (ms 3H), 
1.44 (s, 611), 1.25 (m, 2H); MS (ESI) m/z 397.2 [M+l]+; mp 210-212 °C, 

Example 5: 6~(6-(2~Hydroxypropan-2-y])pyridin-3-yI)-4-(2-marpholinoethyl)-3,4-
dihydropyra2ifio[2,3-b]pyraziii-2(lH)-one 

2-amino-3?5-dibromopyrazine (3.0 g, 11.9 mmol) and chloroacetic anhydride (4,2 g, 
8.7 mmol) 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 

[00190] A. 2-ChJoro-N-(3?5-dibromopyraxin-2-yl)acetaniide. A solution of 
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sodium bicarbonate (saturated) and potassium 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 gs 9.3 mmol, 72 % yield). MS (ESI) m/z 328,3 [M-l]* 
330.4 [M+ If, 332.3 [M+3]+. 

(00191J B„ N-(3,5-DH>romopyraz!fi-2-yi)-2-jodoflcetainide* To a solution of 
2-chloro-N-(3)5-dibromopyrazin-2-yl)acetamide (3.0 g, 9,11 mmol) in acetone (40 mL) was 
added sodium iodide (13.65 g, 91 mmol) dissolved in acetone (20 mL), Solution was 
allowed to stir at ambient temperature for 16 h. Solution was condensed under reduced 
pressure and diluted with ethyl acetate (500 mL) and washed consecutively with water (5X) 
to remove the blue color. Organics were dxied 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 mL) 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 vacuum to afford the title compound (3.0 g, 7.1-3 mmotj 78 % yield). 
MS (ESI) m/z 420.3 [MU]4, 422.0 [M+l]+, 424.0 [M+3J+. 

[001921 C, 6-Bronio-4"(2-morphoIinoethyl)-3,4-dihydropyrazino[233~bJpyrazln-
2(lH)-one. N™(3,5-Dibromopyrazin~2-yI)-2-iodoacetamid£ (0.5 g, 1.188 mmol), 
diisopropylethylamine (0.415 mL, 2.376 mmol) and 2-morpholinoethanamine (0.162 g, 
1.248 mmol) were combined in acetonitrile (5 mL). The solution was heated to 45 DC for 
1 hi Solution was condensed and diluted with 75 % ethyl acetate in hexanes. The resulting 
solid was filtered 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 gs 0.67 mmol, 56 % yield). MS (ESI) m/z 
342.4 [M]+, 344.4 [M+2f. 

[00193] IX 2-(5-Bromopyridln-2-yl)propan~2-oL 2,5-Dibromopyridine (1.04 g, 
4,39 mmol) was dissolved in toluene (22 mL) in a 100 mL round-bottomed flask. The 

mixture was cooled to -78 °C. n-Butyllithium (3.02 mL, 4.83 mmol) was added dropwise. 
The mixture was stirred 30 miUj 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 ammonium 
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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% ethyl 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]+. 

[001941 E. 2-(5-(Triniethylstsiimy!)pyrldln-2-yl)propaii-2-ol. 2-(5-Bromopyridin-
2-yi)propan-2-ol (0.34 g, 1.574 mmol), 1,1,1,2,2.2-hexamcthyIdistannanc (0.361 mL, 
1.652 mmol) and tetrakis(triphenylphosphme)palladmm(0) (0.182 g, 0.157 mmol) 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% ethyl acetate in hexanes). Concentration of the desired fractions 
afforded the title compound (0.33 g, 1.10 mmol, 70 % yield). MS (ESI) m/z 302.1 [M+I]". 

[00195] F. 6-(6-(2~Hydroxypropan-2~yl)pyridxn-3-yI)-4-(2-mo rphoIiaoetltyl)-3,4-
dihydi'opyrazino[2,3~bJpyrazin-2(lH)-oije. 6-B?-omo-4-(2-morpholinoethyI)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(lH)-otie (0.228 g, 0.666 mmol) and 
2-(5-(trimethylstannyl)pyridin-2-yl)propan-2-ol (0,220 g, 0.733 mmol) were combined in 
dimethylformamide (3 mL). Solution was purged with nitrogen gas followed by the 
addition of dichloro[l,r-bis(diphenylphosphin.o)ferrocene]palladium (II) dichloromethane 
(0,109 g, 0.133 mmol). Soliition 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 H2O + 0.1 % TFA, over 30 min) and desired fractions 
were loaded onto a Strata-XC 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 to afford the title compound (0.070 g, 0.18 mmol, 26 % yield). 'H NMR 
(400 MHz, DMSO-cffi) S (ppm) 11.33 (br. s.a 1H), 9.05 (d, .7=1.56 Hz, 1H), 8.27 (dd,..7=8.59, 
2.34 Hz, 1H), 8.06 (s, 1H), 7.72 (d, J=8.59 Hz, 1H), 5.27 (s, 1H), 4.29 (s, 2H), 3.71 (t, 
.7-6.44 Hz, 2H), 3.54 (t, J-4.49 Hz, 4H), 2.62 (t, J=6.44 Hz, 2H), 2.40 - 2.48 (m, 4H), 1.46 
(s, 611); MS (ESI) m/z 399.2 [M+l]+; mp 239-241 °C. 
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Example 6: l-(((trans)-4-MethoxycyclohexyJ)methyI>7"(4-niethyl-6-(lH-l,2,4-triazol-
3-yl)pyridin-3-yI)-3,4-dihydropyrazino[253-b]pyrasdn-2(lH>one. 

(5.0 g, 19.9 mmol), copper cyanide (1.43 g, 15.9 mmol), sodium cyanide (0.801 g, 
16.3 mmol) and dimethyiformarnide (30 mL) were combined in a sealed reaction vessel and 
heated at 158 °C for 3 h. The reaction mixture was purified by silica gel column 
chromatography (0-80 % ethyl acetate 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 compound as a white solid (230 g3 11.6 mmol, 
58 % yield). MS (ESI) m/z 398.0 

[00197] B. Ethyl 2-(3,5-dibrornopyrazin-2-yiamino)acetate. A 2000 mL 3-necked 
round bottomed flask was charged with 2-amtno-355-dibromopyrazine (172 g> 680 mmol) in 
dimethylforaiamide (860 mL) and cooled to 0-5 °C. Cesium carbonate (288 g, 884 mmol) 
was added in one portion followed by the portion-wise addition of ethyl chloroacetate 
(87 mL, 816 mmol). The solution was allowed to warm to 20-25 °C then heated to 55 DC 
(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 inorganic salts and the solid 
was washed with dimethylformamide (3 vol). The filtrate was added dropwise to J 6 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). Charcoal 
(C-906 from Ecosorb, 20 wt%5 46.1 g) was added and the mixture was heated at reflux for 
1 h. After cooling to rt, the charcoal was removed over a Ceiite bed and the filtrate was 
concentrated to dryness. The crude was dissolved in ethyl acetate (576 mL5 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 

H 

[00196] A. 5-Bromo-4-methylpicolinonltrSle, 2J5-Dibmmo-4~metbylpyridine 
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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 as 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. Ethyl acetate (1 vol.) was added. The resulting solution was seeded with previously 
isolated product and cooled at 0-5 °C for 1 ix. The resulting solid was collected hy filtration 
and washed with cold ettiyl 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 (ESI) m/z 337,8 [M-lf, 339.8 [M+l]"1', 341.8 [M+3f. 

[00198] C. 7-Bromo-l-(((trans)-4-methosycyclohexyl)methyl)-3J4-
dihydropyrazmo[2,3-blpyrazln-2(lH)-one. A solution of ethyl 2-(3,5-dibromopyrazin-2-
ylamino)acetate (500 mg, 1.47 mmol), ((trans)-4-methoxycyclohexyl)methanamine 
(317 mg, 2.21 mmol) and diisopropylethyl amine (0,77 mL5 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 ethyl acetate 
(2x100 mL), dried over sodium 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 °G overnight. The solution was cooied, 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 % ethyl acetate in hexanes) gave a light orange 
solid (400 mg, 1.12 mmol, 76 % yield). MS (ESI) m/z 355.2 [M+]+, 357.2 {M+2]'. 

[00199] D, l-(((trans>4-Methoxycyclohexyl)methyl)-7-(trimethy]stannyl)-3,4-
dihydropyrazino[2?3-blpyrazin-2(lH)-one. 7-Bromo-l-(((trans)-4-
methoxycyclohexyl)methyl)Oy4-dihydropyrazmo[2s3-b]pyrazin-2(lH)-one (2.71 g, 
7.63 mmol), 1,1,1,2,2,2-hexamcthyldistannane (3.00 g, 9.15 mmol) and 
tetrakis(triphenylphosphine)palladhrm(0) (882 mg, 0.76 mmol) were combined in a sealed 
tube charged with anhydrous dioxane (40 mL) and pinged with nitrogen gas. The reaction 
was heated to 100 °C for 4 h. The reaction was diluted with ethyl acetate, filtered through 
ceiite, washed ceiite 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 conccntrated to give a light yellow solid (232 g5 

5.28 mmol, 69 % yield). MS (ESI) m/z441. J [M+l]+. 

[00200] E. 5-(8-(((trans)-4-MethoxycycIohexyI)nietliyI)-7-oxo-5?6?7,8-
tetrahydropyrazitto[2,3-b]pyrazin-2-yl)-4«raethylpicoIinonltriie. l.-(((trans)-4-
Methoxycyclohexyl)methyl)-7-(trimethylstannyl)-3>4-'dihydropyrazino[2>3-b]pyrazin-
2(IH)-one (0.721 g51.64 mmol)s 5-bromo-4-methylpicolinonitrile (0323 g. 1.64 mmol), 
fris(dibenzylideneacetone)dipalladium(0) (0.150 g5 0,164 mmol), triethylamine (0.687 mL, 
4.93 mmol), tri-ortho-toylpfiosphine (0.100 g, 0328 mmol) and dimethylformamide (8 mL) 
were combined in a sealed reaction vessel. 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 mmol, 94 % yield). MS (ESI) m/z 393.5 {M+l]4. 

[00201] F, 5-(8-(((trans)-4-MefhoxycyclohexyI)metliy3)-7-oxo-5,6,7?8~ 
tetrahydropyra»no[2^b]pyrazm-2-yl)-4-methylpico]inaniide. 5-(8-(((trans)-4-
Methoxycyclohexyl)mcthyl)-7-oxo-576?7,8~tetrahydropyrazino[2J3-b]pyrazin-2-'yl)-4-
methylpicolinonitrile (0.607 g, 1.55 mmol), trifluroacetic acid (2.0 mL, 26.0 mmol) and 
sulfuric acid (0.5 mL, 938 mmol) were combined and heated at 65 °C for 1 hu Reaction pH 
was adjusted to 10 with sodium carbonate and the resulting solution was extracted with 
ethyl acetate (3x15 mL). Organic layers were collected, dried over magnesium sulfate, 
concentrated and purified using reverse-phase preparatory HPLC (10-100 % acetonitrile + 
0,1 % TFA in H^O + 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, L04 mmol, 67 % yield). MS (ESI) m/z 411.5 

[00202] G. (Z)-N-((Dimethylamino)methylene)-5-(8-(((trans)-4-
methoxycyclohexyl)methyI)-7-oxo-5,6,7,8-tetrahydropyrazino[2,3-b]pyrazin-2-yl)-4-
methylpicolinamide* 5-(8-(((trans)-4-Methoxycyclohexyl)methyl)-7'-oxo-5J6J7!8-
tetrahydropyrazino[23-b]pyrazin-2-y[)"4-methylpicolinamide (0.412 gP LOO mmol), 
dimethylformamide dirieopentylacetal (1,5 mL) and tetrahydrofuran(lOinL) were 
combined and heated at 85 °C for 3h. Reaction was concentrated under a stream 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/z 466.6 [M+l]4" 

[00203] H. l-<((trans)-4-MetlioxycycIohexyl)melhyJ)-7-(4-methyl~6-( 1H-1,2,4-
triazol-3-yI)pyridin-3-yI)-3,4-dlhydropyrazino[2,3-b]pyrazin-2(lH)-one, (Z)-N-
((Dimethylamino)methylene)-5-(8-({(trans)-4-methoxycyclohexyl)methyl)-7-oxo~5,6!7,8-
tetrahydropyrazino[2,34)]pyrazin-2-yl)-4-methyIpicolinam.ide (0.467 g, .1.00 mmol) was 
added to acetic 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 vessel. 
Water (5 mL) was added and tlie product was collected by filtration and purified using 
reverse-phase semi-preparatory HPLC (20-70 % acetonitrile + 0.1 % TFA in H2O + 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 (0.046 g, 
0.106 mmol, 11 % yield). 'H NMR (400 MHz> METHANOL-^) S (ppm) 8.72 (s, IH), 8.62 
(s, .IH), 8.37 (s, 1H), 7.93 (s, 1H), 4.30 (s, 2H), 3.99 (d,.7=7.03 Hz, 2H), 3.32 (s, 3H), 
3.08-3.17 (m, IH), 2.71 - 2.76 (m, 3H), 2.06 (br. s., 2H), 1.80 - 1.89 (m, 1H), 1.74 (br. s., 
2H), 1.09 (d, J= 11.32 Hz, 4H); MS (ESI) m/z 435.5 [M-i-lf. 

Example?: 7-(S-Jl«oro-2-methyl-4-(lH-l,2,4-tiiazol-3-yI)phenyl)-l-isopropyl-3,4-
dihydropyraz;ino[2,3-b]pyrazin-2(lH)-one 

[00204] A. Ethyl 2-(5-bromo-3-(isopropyIamino)pyrazin-2-ylamlno)acetate. A 
mixture of ethyl 2-(3I5-dibromopyraEin-2-ylanii!io)acetate (See Example 6,B) { 1.5 g, 
4.43 mmol), Lsopropylamine (0,17 g5 4,87 mmol), A^A^diisopropylethylamine (1.14 g, 
8.84 mmol) and dimethylsulfoxide (10 mL) in a 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 extracted with ethyl acetate. The organic layer was dried over sodium 
sulfate, filtered, evaporated under reduced pressure and purified on silica gel colnntn 
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chromatography (10-20 % ethyl acetate in petroleum ether) to give the title compound 
(780 mg, 55,7 % yield). MS (ESI) m/z 316,9 [M+l]\ 

[0O2G5] B. 7-Bromo-l-isopropy]-3,4-dihydropyra2ano[2^-b]pyimin~2(lH)-one. 
A mixture of ethyl 2-(54>romo-3-(isopropyiamino)pyrazin-2-ylammo)acetate (780 mg, 
2,26 mmol), methanol (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 L The 
resulting mixture was diluted with methanol and the solvent was removed under reduced 
pressure. Methanol (10 mL) was added and the solvent was removed under reduced 
pressure again. Methanol (10 mL) and sodium bicarbonate were added. The resulting 
mixture was stirred at room temperature until pH = 6 (in water), the solvent was removed 
under reduced pressure. Water (20 mL) was added. The mixture was extracted with 
methylene chloride (20 mL*3). The organic layer was dried over anhydrous sodium sulfate, 
concentrated to give the crude product and purified on silica column chromatography 
(10-20 % ethyl acetate in petroleum ether) to.give the title compound (360 mgs 39,4 % 
yield). 

[00206] C. l«lsopropyl-7"(trimethylstannyl)-3,4»dihydropyrasdno[253-b]pyraa:in-
2(lH)-one. 7-Bromo-1-isopropyl-3,4-dihydropyrazino[2,3-b]pyrazm-2(IH)-one (0.5 g, 
1.844 mmoi), hexamethylditin (0.725 gf 2.213 mmol), 
tetrakis(triphenylphosphine)palladium(0) (0.213 g, 0.184 mmol) and l?4-dioxane (3 mL) 
were combined in a sealable vessel with a stirbar. Nitrogen gas was bubbled through the 
solution. The vessel was sealed, stirred vigorously and heated at 100 °C for 2 L The 
resulting cloudy black mixture was diluted with ethyl acetate, filtered and the filter cake 
washed thoroughly with ethyL 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, L38 mmol, 75 % yield) as a yellow-white 
solid. MS - (ESI) m/z 357.4 [M+2]T. 

[00207] IX 4-Bromo-2-fluoro-5-methyIbenzamide, To a solution of 4-bromo-2-
fluoro-5-methyibenzonitrile (40 g, 190 mmol) in a mixture of sulfuric acid (98 %) and TFA 
(v/v=4:ls 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 collccted by filtration, washed with water and dried under reduced pressure to give the 
title compound (41 g, 95 % yield)"as a white solid, MS (ESI) m/z 232.0 

[00208] E, 4-Bromo-N-((dimethylamino)methylene)-2-£lu0ro-5-
methyibenzamide. A solution of 4-bromo-2-iluoro-5-inethylbenzami.de (20 g, 86 mmol) in 
^/V-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 g5 

95 % yield) as a yellow oil, which was used in the next step without further purification. 
MS (ESI) JTI/Z 287*0 [M+l]\ 

[00209] F. 3^4-Broino-2"fluorO"5~Enethylphenyl)-lH-l,2?4-tria£ole. To a solution 
of 4-bromo-N-((dimetbylamino)naethylene)-2-fIuoro-5-methylbenzamide (24.6 g> 
86.2 mmol) in acetic acid (200 mL) was added dropwise hydrazine hydrate (25 mL? 

0.70 mol) atO °C, The reaction mixture was stirred at room temperature overnight The 
mixture was filtered washed with water (500 TnL*3) and dried under reduced pressure to 
give the title compound (15 g, 68 % yield) as a white solid. MS (ESI) m/z 256.0 

[00210] G. 3-(4-Bromo-2-fluoro-5~me4hyIphenyI>-l-(tetrahydro-2H-pyran-2-yI)<' 
lBH,2,4-triazole. A solution of3-(4-bromo-2-fluoro-5~methylphenyl)-lH-l)2,4-triazoie 
(15 g, 60 mmol), toluene-4-suifonic acid (2,0 g> 12 mmol) and 3,4-dihydro-2if-pyran (20 g, 
240 mmol) in tetrahydrofuran (20GinL) was stirred at 80 °C under nitrogen for 15 h. The 
resulting mixture was concentrated and purified on silica gel column (1-25 % ethyl acetate 
in petroleum ether) to give the protected triazole product (15 g, 75 % yield) as a white solid. 
]HNMR (DMSO-tfe 400 MHz): 5 (ppm) 8.83 (s, IH), 7.96 (d,/=7.6 Hz, IH). 7.66 (d, 
.7=10.0 Hz, IH), 5.61 (dd, Jf*2.4 Hz, J/-9.6 Hz, IH), 3.96 (d, ,/-1.6 Hz, IH), 3-69 (m, IH), 
2.36 (s, 3H), 2.00 (m, 2H), 1.70 (in, 2H), 1.57 (m, 2H); MS (ESI) m/z 340.0 jM+l]+. 

[00211] H. 7-(5-FIUGro-2-methyM-(l^tetrahydro-2H-pyran-2-yI)-XH-l?2,4-
triazol-3-yl)plieny!)-l-isopropyI-354-dihydropyraziiio[2j3-b]pyrazi)n-2(lH)-one. 
1 -Isopropy 1-7-(trimethylst ann.yl)-3,4-diby dropyrazmo[2,3-b]pyrazin~2( 1 H)-one (300 mg, 
0.84 mmol), 3-(4-bromo-2-fluoro-5-methylphenyI)-l-(tetrahydro-2H-pyran-2-yI)-lH-l ,2,4-
triazole (428 mg, 1.26 mmol) and bis(triphenylphosphine)palJadium(II) dichloride (56 mg3 

0,08 mmol) were combined in AW-dimethylforrnamide (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 extracted 
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% 
methanol in dichloromethane) to give the title compound (200 mg, yield 52%) as a solid. 

{00212] I 7"(5"Fluoro-2-methyl-4-(lH»l,2,4-tria2oI-3-yI)pheiiyl)»l-isopropyI«3,4-
<Uhydropyrazmo[23-b]pyrazin-2(lH)-one A solution of 7-(5-fluoro-2-methyl-4-(L 
(tetrahydro-2H-pyran-2-yl)-lH-l,2l,4-triazol-3-yl)phenyl)»l-isoprppyL-3!4-
dihydropyrazino[253-b]pyra2:m-2( 1 H)~one (200 mg, 0.44 mmol) in methanolic 
hydrochloride solution (20 mL, 2 M) was stirred for 5 h at room temperature. The reaction 
was diluted with saturated aqueous sodium bicarbonate solution (25 mL) and the aqueous 
mixture was extracted with ethyl acetate (25 mL*2), 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). 
lH NMR (DMSO-dtf, 400 MHz): 5 (ppm) 14.25 (br. s., 1H)S 8.20 (br. s., IH), 7.90 (m, 2H), 
7.58 (s, IH), 7.35 (s, IH), 5.24 (m, IH), 4.10 (s, 2H), 2.43 (s, 3H), 1,44 (d, .7=7.2, 6H); 
MS (ESI) m/z 368.2 [M+lf. 

Example 8r 7^(2-Methyl"4-(4H-l,2!4-triazoI-3™-yl)pheny])-lfH-spiro[cycIopropane-l,2'-
pyrazino[2^3-b]pyrajdnJ-3,(4'H)-one 

N fj 0 

100213] A, iert-Bntyl l-(3,5-dibromopyrazin-2-y]carbamoyI)cyclopropyJ-
curbaniate, 1 J'-Carbonyldiitnidazolc (4.37 g? 27.0 mmol) was added to a stirred solution 
of l-(tert"butoxycarbonylamino)cycIoproparLecaTboxylic 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 was stirred at room temperature under nitrogen for 4 h. 
N?N-Diisopropylethyiamine (8.54 mL, 49,0 mmol) was added followed by 
3J5-dibromopyrazin-2-amine (9.29 g, 36,8 mmol). The resulting mixture was heated at 
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50 &C under a reflux condenser under nitrogen for 60 h. The resulting mixture was diluted 
with ethyl acetate and washed with water. The layers were separated and the organiclayer 
washed with brine, dried over magnesium sulfate, 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 resi due was 
triturated with 15 % ethyl acetate in hexane and dried under high vacuum to give the desired 
product (5.349 g, 12,27 mmol, 50 % yield) as an off-white solid. lU NMR (400 MHz, 
DMSO-dg) 5 (ppm) 9.92 (br s., IH), 8.76 (s, IH), 7.70 (br. s.} IH), 1.41 (s5 9H)? 1.34 -1.40 
(m, 2H)S 1,02 - 1,09 (m, 2H); MS (ESI) m/z4373 [M+lfs 459.1 [M+Naf. 

[00214] B+ l-Amino-N-(3j5"dSbromopyrazin-2-yl)cycIopropanecarboxamide 
bistrifluoroacetafce. TFA (6.02 mL, 78 mmol) was added to a stirred mixture of tert-butyl 
1 -(3,5-dibromopyrazin-2-ylcarbamoy2)cyclopropylcarbamate (3.410 g, 7.82 mmol) in 
dichloromethane (20 mL). The resulting clear yellow 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*H]+. 

[00215] C 71-Bromo-rH-spiro[cyclopropane-l,2T-pyrazmo[2,3-b]pyrazinl-
3'(4 rH)-oae. 1 ~Ammo~N-(3,5-dibromopyrazin-2-yl)cyclopropanecarboxamide 
bistrifluoroacetate (0394 gP 0.700 mmol), NsN-diisopropylethylamine (0.610 mL, 
3.50 mmoi) and 1,4-dioxane (6 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 110 °C for 2 h. Volatiles were removed under reduced pressure. The residue was 
dissolved in DMSO and methanol, filtered and purified using reverse-phase preparatory 
HPLC (10-65 % acetonifcrilc-t- 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 vacuum to give 
the desired pioduct (0,141 g„ 0.553 mmol, 79 % yield) as a light yellow solid, ]HTS1MR 
(400 MHz, DMSO-dc) 5 (ppm) 11.27 (s, IH), 8.04 (s, IH), 7.46 (s, IH), L29 - 1.38 {m, 2H)? 

0,91 - 1.01 (m, 2H); MS (ESI) m/z 255.1 [M]\ 257.0 [M+2]\ 
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[00216| D. 7f-(2-MethyI-4-(4-(tetrahydro»2H"pyrasi-2-yI)-4H"l,2,4-triazal-3-
yI)phenyl)-rH-spiro[cyclopropane-l>2'-pyrazino[253-b]pyrazin]-3T(4,H)-one 
trifluoroacetate. 3-(3-MethyI-4'(4,4J5s5-tetramethyHJ3s2-dioxaborolan-2-yl)phenyl)-4-
(ietrahydro-2H-pyran-2-y 1)-4H-1,2?4~triazole (See Example 2.C) (0,201 g? 0.545 mmol), 
7,-bronio-rH-spiro[cyclopTopane-l52^pyxazino[2J3-b]pyrazm]-3l(4,H)'-oiie (0.139 g, 
0.545 mmol), [1,1 J-bis(diphenylphospMno)-ferrocenc]dichIoropalIadiutn(II), 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 
sea)ed3 stirred vigorously and heated at 100 °C for I h, The resulting mixture was diluted 
with water and extracted three times with dichloromethane. The combined organics were 
concentrated under reduced pressure. The residue was taken up in DMSO and methanol, 
filtered and purified using reverse-phase preparatory HPLC (20-70 % acetonitrile + 0,1% 
TFA in water + 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 (ESI) m/z 418.4 [MH-]]* 

[00217] E. 7*-(2-Methyl-4-(4H-l ,2,4-triazol-3-yl)phenyl>l 'H-
spiro(cyciopropane-l,2T-pyraziKo[2j3-I)Jpyrazin]»3t(4tH)-one, 6 N Hydrochloric acid in 
water (0.171 mL, 1,025 mmol) was added to a stirred mixture of 7'-(2-methyl-4-(4-
(tetrahydro-2H-pyran-2-yl)-4H-1 ?254-triazol-3-yl)phenyl)~ 1 'H-spiro[cyclopropane-152» 
pyrazino[2;3-b]pyrazin]-3,(4,H)-one trifluoroacetate (0J09 g, 0.205 mmol) in ethanol 
(4 mL) at 80 °C. The resulting mixture was stirred vigorously and heated at 80 °C under a 
reflux condenser under nitrogen for 30 min. The resulting mixture was filtered and purified 
using reverse-phase preparatory HPLC (10-60 % acetonitrile + 0.1% TFA in water 4-
0.1% TFA, over 30 min). Fractions containing the desh_ed 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 vacuum at 45 °C to give the desired product (0.027 g, 
0,079 mmol, 39 % yield) as a yellow solid. rH NMR. (400 MHz, DMSO-d^) 5 (ppm) 11.22 
(br. IH), 8.63 (br. s., IH), 7.93 (s, 1H)S 7.89 (dVJ*> 7.81 Hz, IH), 7.62 (ss IH), 7.58 (s, 
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1H)3 7,47 (br. s„ 1H), 2.43 (s, 3H), 1.29 - 1.38 (m, 2H), 0.95 - 1.04 (m, 2H); MS (ESI) m/z 
334.2 [M+l]+. 

Example 9: 7H^(2-Hydroxypropan-2-yl)pyridin-3-yI)-l~((trans)-4-
methoxycycIohexyI)-3>4-dihydropyrazino[2^-b]pyrazin-2(lH)-one 

[00218] A, Ethyl 2-(5-bromo-3-(trans-4-inethosycyclohexylaniino)pyrazin-2-
ylamino) acetate. Ethyl 2-(3,5~dibromopyrazm-2-ylamino)acetate (See Example 6.B) 
(30.0 g, 88 iDTiiol), 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 DC for 16 h with 
stirring. The resulting mixture was diluted with ethyl acetate and the volatiles removed 
xmder reduced pressure. The residue was purified using silica gel chromatography on a 
Biotage SP1 (12 % ethyl acetate in hexanes). Fractions containing the desired product were 
combined and organic volatiles removed under 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 mmoi, 
44.8 % yield) as an off-white solid, MS (ESI) m/z 387.0 [Mf , 389.0 [M+2]~. 

[00219} B. 7~Bromo-l-(trans-4-methoxycyclGhexyl)-3,4-dihydropyraziiio[2,3-
blpyrazm-2(lH)-one. The following reaction was split into 3 separate sealed tubes and 
worked up separately. The material was then combined following purification. Ethyl 2-(5-
bromo-3-(trans-4-methoxycyclohexylamino)pyrazin-2-ylammo)acetate (10 g, 25,7 mmol), 
methanol (10.5 mL, 259 mmol) and TFA (.100 mL) were combined in a sealable vessel with 
a stirbar. The system was purged with nitrogen and the resulting mixture was sealed, stirred 
vigorously and heated at 90 °G 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 bicarbonate (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 (10G mL) was added. The resulting brown solids 
were collected by vacuum filtration and washed with water. The brown solids were 
dissolved in 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. NMR 
(400 MHz, DMSO-dg) 5 (ppm) 7.7-1 (s, IH), 7.59 (s, IH), 4.66 (tt5J= 3.61,12,20 Hz, IH), 
4.07 (dyJ- 1.56 Hz;, 2H), 3.25 (s, 3H), 3.06 - 3.17 (m, IH), 2,42 (qd, 3.51,12,89 Hz, 
2H), 2.10 (d, J= 10.93 Hz, 2H), 1.61 (d, 10.93 Hz, 2H), 1.10 - L24 (m, 2H); MS (ESI) 
m/z 3413 [M]\ 343.1 [M+2]\ 

100220] C. 7-(g-(2-Hydroxypropan«2-yi)pyridin-3-yI)-l-(traiis-4-
methoxycydohexyl)-3,4-dihydrapyrazino[253"b]pyra2iii-2(lH)-one, 2-(5-
(Trimethylstannyl)pyridin-2-yl)propan-2-o! (See Example 5.E) (9,43 g, 31.4 mmol), 
7-bramo-l-(trans-4-methoxycyclohexyl)~3 T4-dihydrapyra^ino[2,3-b]pyrazin-2(lH)-orie 
(10.02 g, 29.4 mmol), [lsr-bis(diphenyl-phosphmo)-ferrocene]dichloropalladium(II) 
dichloromethane adduct (2.398 g, 2.94 mmol) and N ,N-d i me thy 1 fo rmam i de (25 mL) were 
combined in a round-bottom flask with a stirbar. The atmosphere in the vessel was removed 
under vacuum, and replaced with nitrogen gas three times. The resulting mixture was stirred 
vigorously and heated at 120 °C under nitrogen for 35 min. The resulting mixture 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 resulting mixture was purified using reverse-
phase preparatory HPLC (20-40 % acetonitrile + 0*1 % TFA in water -f 0.1 % TFA, over 
30 min), split into 6 runs. Fractions containing the desired product were combined and all 
of the acetonitrile 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 
Phenomeriex. The column was washed successively with water, acetonitrile, methanol and 
then 5 % ammonium 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-
solid. -HNMR (400 MHz, DMSO-d6) 5 (ppm) 9.03 (d, J= 1.56 Hz, IH), 8.28 (s, IH), 8.24 
(dd, J= 2.34, 8.20 Hz, IH), 7.74 (d,J= 7.81 Hz, IH), 7.61 (s, IH), 5.26 (s, IH), 4,90 (tt, 
J= 3.71,12,10 Hz, IH), 4.13 (s, 2H), 3.28 (s, 3H), 3.20 (tt, J = 4.00,10.84 Hz, IH), 2.58 
(qd, J=2.93,12.82 Hz, 2H), 2.14 (d,J= 10.15 Hz, 2H), 1.68 (d,J= 10.93 Hz, 2H), 1.47 (s, 
6H), 1.17 -1.35 (m, 2H); MS (ESI) m/z 398.3 [M+lf; mp 196-198 °C (uncorrected). 

[002211 D. 7-(6"(2-Hydroxypfopan-2-yI)pyridin-3-yI)"l-(trans-4-
methoxycyclohexyl)-3,4-<iihydropyraziiio [2,3-b] pyrazin-2(lHy one (alternate 
approach), Ethyi2-(3}5-dibromopyrazm-2~ylammo)acetate (1 equiv) and trans™4-
methoxycyclohexanamine.hydrochloride (1.5 equiv), NMF and DIEA were combined and 
heated to 127 °C and maintained at that temperature for 18 h. Upon reaction completion, 
the mixture was cooled to 3 5 QC over 4 L The batch was transferred to a mixture of ethyl 
acetate and 5 % brine. The aqueous layer was removed and the organic layeT containing the 
batch was 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 collected by vacuum filtration. The filter cakc was washed 
with MTBE and the product was dried in a vacuum to give 4 ] % yield of ethyl 2-(5-bromo-
3~(trans^-methoxycyclohexyIamino)pyrazm-2-ylamino) acetate, A mixture of ethyl 2-(5-
bromo~3-(trans-4-methoxycyclohexylamino)pyrazin-2-ylamina) acetate (1 equiv), water and 
85 % phosphoric acid (3:1) was heated to 80 °C over 1 tu Heating was maintained 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 
watery 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-methoxycyclahexyI)-3,4-dihydropyrazino[2s3-b]pyrazin-
2(lH)-one, 7-Bromo-l-(trans-4-methoxycyclohexyl)-354-dihydropyrazino[23-b]pyrazm-
2(lH)-one (1 equiv), 5-(4J4J5)5-tetramethyH,352-dioxaborolan-2-yl)-2-(2-
(trimethylsilyloxy)propan-2-yl)pyridine (1 equiv), sodium carbonate (3 equiv) and 
FdCl2(AmPhos)2 (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-l,2,4-Triazol'3-y!)-2-roethyl-3-pyr!dyI)-6,11,4a-
trihydromorpholhio[453-*e]pyrazino[2,3-b]pyrazin-5-one 

[00222] A. 5-Bromo-6-methy]picollnomtrlle. 3 i6-Dibromo-2"inethylpyridine 
(4.9 gj 19.53 mmol), copper(I)cyanide (1,75 g, 19,53 mmol) andN,N-dimethy lformamide 
(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 diluted 
with ethyl acetate, poured into a separatory funnel containing water and the layers were 
separated. The water layer was extracted with ethyl acetate twice. The combined organics 
were washed 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 (ESI) m/z 1973 [M]+. 

[00223] B. tert-ButyJ 3-(3,5-djbromopyraziii-2-ylcarbamoyi)morphoiine-4-
carboxylate, A solution of 4-(tert-butoxycarbonyl)morpholine-3«carboxylic acid (1.500 g9 

6.49 mmol) and l?r-carbonyldiimida2ole (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, 
NjN-Diisopropylothylamine (2.260 mL, 12.97 mmol.) was added followed by 
3,5-dibromopyrazm-2-amine (3.28 g? 12.97 mmol). The resulting mixture was stirred and 
heated at 50 °C under a reflux condenser under nitrogen for 2 d. The insulting mixture was 
concentrated under reduced pressure. The residue was diluted with water and extracted 
3 times with ethy] acetate. The combined organics were washed with water and brtne, dried 
over magnesium sulfate, filtered and concentrated under reduced pressure. The residue was 
purified using flash chromatography (20-30-50 % ethyl acetate 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&467\M+l]\ 

[00224] C 9-Bromo-6,il^4a^triiiydroinorphoIiHo(-4)3-e]pyraziiio[253-b]pyrazin" 
5~one* tert-Butyl3-(3,5-dibromGpyrazm-2-ylcarbamGyl)morpholine-4~carboxylate 
(2.132 g, 4.57 mmol) was dissolved 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 mmol), palkdium(II) acetate (0.103 g, 0.457 mmol) and 
435-bis(diphenylphosphino)-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 (ESI) m/z 285 [M]+f 287 [M+2]T, 

[00225] D. 9-(l ,1-DimethyI- l-stannaethyl)-6, n?4a-trlhydromorpholino [4,3-
e]pyra2ano[2>3-b]pyra£m-5-one. 9-Bromo-6s 11, 4a-trihydromorpholino[4>3-
e]pyrazino[293-b]pyrazm-5-oae(0-30 g, 1.052 mmol), hexarnethylditin (0.414 g, 
1.263 mmol), tetrakis(triphenylphosphine)palladitun (0) (0.122 g? 0.105 mmol) and 
l}4-dioxane (5 mL) were combined in a sealable vessel with a stirbar. Nitrogen gas was 
bubbled through the solution for five min. The vessel was sealed, stirred vigorously and 
heated at 100 °C fox 2 h. The resulting cloudy black mixture was diluted with ethyl acetate, 
filtered and the filter cake washed thoroughly with ethyl acetate. The filtrate was 
concentrated under reduced pressure and purified using Biotage flash chromatography 
(20-80 % ethyl acetate in hexanes) to give the desired product (0350 g, 0.948 mmol, 
90 % yield) as a yellow-white solid. MS (ESI) m/z 369.5 [M]+. 

[00226] E. 6-MethyI-5-(5-oxo(6,ll,4a-trihydr0morpliolino[4,3~e]pyrazin0[253-
bJpyraxiii-9-yl))pyridine-2»carbonitriIe, 5-Bromo-6-methyIpicolinonitrile (0.080 g, 
0.406mmol), 9-(l,l-dimethyl-l-stannaethyl)-61ll54a-trihydi-omoi"pholino[4?3-
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c]pyrazmo[253-b]pyrazin-5~oric (0.150 gs 0.406 mmol)> 
tris(dibenzylideneacetone)dipalladium(0) (0.041 g, 0.045 mmol), tri-o-tolylphosphine 
(0.027 g, 0.089 mmol) and triethylamine (0..170 mL, 1.219 mmol) were placed in a sealed 
tube arid NJSl-dimethylformamide (2 mL) was added. Nitrogen gas was bubbled through 
the reaction mixture for five minutes and the reaction sealed and heated at .100 °C for 1 h. 
The resulting cloudy black mixture was diluted with methanol, filtered and the filter cake 
washed thoroughly with methanol. The filtrate was concentrated under 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 % yield). MS (ESI) m/z 323.5 [M+l]'r 

[00227J F. 6-MethyI-5«(5"Oxo(6,ll,4a-trihydromorpholino[4,3-e]pyitazlno[2,3-
bIpyrazin-9-yI))pyridme-2-carboxamide. 6-Methyl-5-(5-oxo(6,l 1,4a-
trihydromofpholino[433-e3pyrazino[2,3-b]pyrazin~9-yI))pyridme-2-carbonitrile (0J 8 gs 

0.558 mmol) was placed in a round bottom 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 solid obtained was filtered, 
washed with water and dried under high vacuum to yield the title compound (0.153 g, 
0.450 mmol, 81 % yield) as a red solid. MS (ESI) m/z 341.5 

[00228] G. 9-(6-(4H-I?2,4-Trlazol-3-yI>2-methyl-3-pyrldyI)-6,H,4a-
trihydromorphoIino^S-eJpyrazlno^jS-bJpyrazin-S-one, 6-Methyl-5-(5-oxo(6?ll!4a-
trihydromorpholino[4s3-e]pyrazino[2,3-b]pyrazin-9-yl))pyridine-2-cafboxamide (0,159 g, 
0.467 mmol), NyN-dimeihylformamide dineopentyl acetal (2 mL? 8.85 mmol) and 
dimethylsulfoxide (0.5 mL) were placed in a flask and heated to 85 °C for 1 L 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 + 0T1 % TFA in water + 0,1 % TFA, over 
20 min) to afford the titie compound (0,03 g, 0,082 mmol, 17.63 % yield). fH NMR 
(400 MHz, DMSO-de) 5 (ppm) 7,96 - 8.04 (m, 2H), 7.88 (s, IH), 4.33 (dd, .^3,71, 
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10,74 Hz, 1H)} 4.15-4.23 (m, 2H), 3.98 (dd, 7=3.51,11.71 Hz, IH), 3.51 - 3.63 (m, 2H), 
2,89 - 2,99 (m, IH), 2.70 (s, 3H); MS (ESI) m/z 365,5 [M+}]* 

Example 11: <>-(6-(lH-l,2,4-Triazol-3-y!)pyrjdin-3-yl)-4-(tetrahydro-2h-pyran-4-yI)-
3s4-dihydropyrazino[2?3-b]pvrazin-2(IH)-one 

[00229] A. 6-Bromo-4-(tetrafaydro-21?-pyran-4-yI)-3?4-dihydropyrazirtoC2,3-
b] pyra/in-2(lH)-one. To a solution of ̂ -(S^-dibTomopyrazin^-y^^-iodoaoetamide {See 
Example 5,B) (6.6 g, 15.8 mmol) and diisopropylethylamine (4.0 g, 31.6 mmol) in 
acetonitrile (50 mL) was added tetrahydro-2//-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 % .ethyl acetate in petroleum ether) to give the title compound (1.98 gs 40 % yield). 
MS (ESI) m/z 313.1 [M+lf. 

[00230] B. 4-(Tetrahydro-2#-pyraii-4-yl)-6-(trimetbylstannyl)-3,4-
dihydropyrazino[2?3-£] pyraziii-2(lJ2)-one. A degassed mixture of 6-bromo-4-
(tetrahydro-2i?-pyraTa-4-yl)-3!l4-dihydropyraztno [2,3-fcjpyr azin-2( 1 //)-one (1.98 g, 
6.35 mmol), tetrakis(triphenylphosphine)palladium (1.45 g, L27 mmol) and 
hexamethylditin (4,0 g, 12.7 mmol) in dioxane (10 mL) was heated at 90 °C for 3 h under 
nitrogea. The reaction mixture was concentrated under reduced pressure and purified on 
silica gel column (10-20 % ethyl acetate in petroleum ether) to afford the product (1.07 g, 
42.3 % yield). MS (ESI) m/z 399J[M+1]\ 

[00231] C. 6-(6-(I-(Tetrahydro-2//-pyran-2-yI)-liy-1^2^4-'trIazol-3-yl)pyridfn-3-
yI)-4-(tetraliydro-2Jy-pyran"4-yI)"3i4-dlhydropyraziiio[253-^]py^zin-2(1^0-one. A 
mixture of 4-(tefrahydro-2#-pyran-4-yI)-6-(trimethyistannyl)-3 ;4-dihydropyra2in o [2,3 -b] 
pyrazin-2(lH>one (1 equiv), 5-bromo-2-(l-(tetrahydro-2i?-pyran-2-yl)-l//~lf2,4~triazol-3-
yl)pyridine (1.2 equiv), tris(dibenzylideneacetorie)dipaUadium (0.1 equiv), 
tri-o-toiylphosphine (0.2 equiv), triethylamine (3 equiv) and JV,A^dimethyiformamide 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 J 

[00232J D. 6-(6-(l#-l?2y4-Triazo]-3-yl)pyridin-3-yI)-4-(tetrahyclrG-2//-pyran-4-
yl)-*354-dihydr€ pyrazino[23-6]pyr2zln-2(li/)~one. A mixture of 6-(6-(l<tetrahydro-2ff-
pyran-2-yi)- IH- i >2 ?4-triazol-3 -yl)pyridin-3 -y I)-4-(tetrahydro-2#-pyran-4-yI)-3 ?4-
dihydrop>a'azmo[2,3-/?]p>Taziii-<2(l//)-one in rnethanolic hydrochloride solution was stirred 
at room temperature for 0,5 h. The solvent was evaporated under reduced pressure to give 
the crude product, which was washed with i^A^dimethylformamide to afford the title 
compound as a hydrochloride salt in 34 % yield. ]H NMR (DMSO^, 400 MHz) 5 (ppm) 
11.44 (s, IH), 9,30 (s, IH), 8.59 (d, J=%A Hz, IH), 8.46 (s, IH), 8.22 (m, 2H), 4.70 (1, 
.MQ Hz, IH), 4.16 (s, IH), 3.99 (ni, 4H), 3.51 (t, J-1L2 Hz, 2H)f 1,86 (m, 2H)t 1.69 (d, 
J-12.8 Hz, 2H); MS (ESI) m/z 379.1 [M+l] \ 

Example 12: l-Ethy]-7-{2™methyl-6-(4H-'l,2,4-trjaxol-3-yl)pyridin-3»yI)-3?4-
dihydropyrazioo[2,3-b]pyraaiin-2(lH)-one 

100233} A. 7-Bromo-l-ethyl-3,4-dihydropyrazinot23-bjpyrazin-2(lH)-one. A 
mixture of ethyl 2-(3&5«dibromopyrazin-2-ylamino)acetate (See Example C\B) (1 equiv), 
ethylamine hydrochloride (3.1 equiv), A",ALdi isopropylethy lamin e (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 materia! was used without further 
purification. Crude ethyl 2-(5-bromo-3-(ethylamino)pyrazm-2-y!amino)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 resultant 
residue was diluted with methanol and concentrated. The resultant residue was dissolved in 
ethyl acetate, treated 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 
purification by a silica gel plug purification using (0-40% ethyl acetate in hexanes) gave the 

H 
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product as a tan soiid. Additionally the ftltcr-cake was suspended in water to remove 
potassium carbonate. The remaining solid product was collected by filtration. The process 
afforded product in a combined yield of 75%. 

[00234] B. l-Ethyl-7-(2-methyl™6-(4H-l52?4-triazoI-3-y])pyridin-3-yl)-3,4-
dihydropyrazino[2,3-b]pyrazia-2(lli)-<me. A mixture of 3-Bromo~2-iBethyl-6~(l~ 
(tetrahydro-2H"pyran-2~yl)~lH-l,294-triazol-3-yl)pyridine (1 equiv), bis(pinacolato)diboron 
(LOS equiv), potassium acetate (2 equiv), potassium carbonate (3 equiv), 
flsr-bis(diphenylpKosphino)-ferrocene] dichioropaIIadium(II), complex with 
dichlorometfranc (1:1) (0.1 equiv) in anhydrous dioxane was degassed and heated at 90 °C 
for 2 h. The mixture was cooled to <40 °C and 7-:bromo-l'eth.yl-3J4-dihydropyrazino[2J3-
b]pyrazin-2(lH)-one (] equiv), water and [l5] -bis(diphenylphosphino)-
fenx)cene]dichloropalladium(n)s 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 <40 °Cy 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, XH NMR (400 MHz, DMSG-dg) 5 
(ppm) 7.99 (s, 2H)S 7,93 (s, IH), 7.72 (s, IH), 4.22 (s, 2H), 4.05 (q, J- 6.77 Hz, 2H), 2.71 
(s, 3H), 1.18 (t, J- 7.03 Hz, 3H); MS (EST) m/z 337.6 [M+l]4. 

Example 13: 4-((cisJ-4-Methoxycyclohexyt)-6-(Z-methyb6-(4H-1^4-irmzol-3-
yI)pyridm-3-yI)-3^4-dihydropyrazino[293-bJpyrazln-2(lH)-one 

methyipicoiinonitrile (1.8 g5 9.14 mmol) in a 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 solid was filtered off and washed with water and dried to give the desired product 
as a white solid (1.0 g> 4.65 mmol, 54 % yield), MS (ESI) m/z 217.1 [M+2f. 

H 

[00235] A. 5-Bromo-6-methylpicGlmamide. A solution of 5«bromo~6-
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[00236] B> 3-Broma-2-methyl-6-(lH-l,2?4-tnaz0l-3-yl}pyridme. 5-Bromo-6-
melhylpicolinamide (I g, 4.65 mmol) and N,N-dimethy]formamide dimetbylacetal (20 mL) 
were combined in a 100 mL round-bottom flask with a stir bar and heated at 85 °C under a 
reflux condenser under nitrogen foT 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 (10 mL) and hydrazine 
(2.5 mL* 70.3 mmol) was added drop-wise and allowed 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] . 

[00237] C. 3-Bromo-2-methyl"6-(l«(tetrafaydro-2H-»pyran-2-yI)-lH-1^254-triazol-
3~yl)pyridine. 3-Bromo-2-methyl-6-(lH-l,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 a separatory funnel containing water and ethyl acetate. The organic 
layer was concentrated under reduced pressure. Plash chromatography (0-60 % ethyl 
acetate in hexane) gave the desired product as a white solid (0.40 g? 1,23 mmol, 42 % yield), 
MS (ESI) m/z 325,3 [M+2]H. 

[00238] D. (c/^-4-MethoxycycloIiexanamine hydrochloride. To a round bottom 
flask, under nitrogen atmosphere tert-butyl (m^-4-hydroxycyclohexylcarbamate (7.8 g, 
36.2 mmol) was added and suspended in anhydrous tetrahydrofuran (18L0 mL) and cooled 
to 0 °C. Sodium hydride (2.174 g, 54.3 mmol) was then added and the resulting solution 
was allowed to 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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pressure. The resulting 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 h and 
organic volatiles were removed under reduced pressure to afford the title compound (6.0 g, 
36,2 mmol, 100 % yield). MS (ESI) m/z 130,1 [M+l]*. 

[00239] E. 6-Bromo-4-«cts>4-methoxycycIohexyl)-354-dihydropyraziao[2^-
b]pyrazin-2{lH)-one. To a solution of N-(3?5-dibromopyrazin-2-yl)-2-iodoacetamide (See 
Example 5M) (1,0 g. 2.376 mmol) and diisopropylethylamine (1.038 mL, 5.94 mmol) in 
acetonitrile (l'O mL) was added fm>4-methoxycyclohexanarnine hydrochloride (0,433 g, 
2.495 mmol). The solution was stirred at 55 °C for 3 k 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 (ESI) m/z 341,3 [M]+, 343,3 [M+-2]"1. 

[09240] F. 4-(f£r/^-4-MethoxycyclohexyI)-6-(trimethy]stannyl)-3j4-
dihydropyrazino [2^3-bjpyrazin-2(lH)-OEie, 6-Bromo-4-(fc/s^-methoxycyclohexyl)-3 A-
dihydropyrazin.o[23-b]pyrazin-2(lH)~one (0.442 g, 1.295 mmol), 
tetrakis(triphenyiphosphine)palladium (0.225 g, 0.194 mmol) and hexamethylditin 
(0.322 mL, 3.554 mmol) were combined in dioxane (5 mL). The solution was purged with 
nitrogen gas and heated to 90 °C in a screw capped tube for 3 h. The solution was 
condensed under 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 (ESI) m/z 426,5 [M+lf, 427.5 [M+lf. 

[00241) G« 4-((cis>4-Methoxycyclohexyl)-6-(2-methyl-6-(4-(tetrahydro-2H-
pyran-2-yl)-4H4,2,4-triazol-3--yl)pyridin-3-yI)-3,4-dihydropyraziiio[2J3-b]pyrazin-
2(lH)-one, 4»((c^-4-MethoxycycIohexyl)-6-(trimethyIstaiinyl)-3?4"dihydropyrazino[2,3« 
b]pyrazin-2(lH)-one 0.292 g, 0.687 mmol)5 3~bromo-2-methyl-6-(l~(tetrahydro-2H-pyran~ 
2-yl)-1H-1 t2,4-ixiazol-3-yi)pyridine (0.244 g, 0.756 mmol), 
tris(dibenzylideneacetone)dipaliadium (0,063 gs 0.069 mmol), tri-o-tolylphosphine (0,042 g5 

0.137 mmol)4 triethylamine (0.287 mL» 2,061 mmol) and dimethylformamide (5.0 mL) 
were combined in a screw capped flask and heated to 95 °C for 3 h. The solution was 
condensed under reduced pressure and purified using Biotage chromatography 
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(0-80 % ethyl acetate in hexanes followed by 0-10 % methanol in ethyl acetate) to afford the 
title compound (0.279 g? 0.687 mmol, 80 % yield). MS (ESI) m/z 505,6 [IVB-1]4. 

[00242] H. 4-((c/s')-4-Methoxycyc]ohexyl)-6-(2-methyI-6-(4H-l,2,4-tria2:oI"3-
yl)pyridm-3-yI)-3,4-dlhydropyrazino[2^-b]pyrazin-2(lH}-one. 4 
Methoxycyclohexy})-6-(2-methyl-6"(4-(tetrahydro-2H-pyran-2-yl)-4H-'i!12>4-triazol-3" 
yl)pyridm-3-yr)-3,4-dihydropyrazmo[23-b]pyra:mi~2{lH)-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 stirred at 75 °C for 1 h and at 80 °C for 2 h. The solution was condensed to a 
slurry and diluted with ethanol 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 i~ 0,1 % TFA in water + 0.J % TFA,, 
over 30 min) to afford the title compound (0.040 gs 0.095 mmol, 17 % yield). ]H NMR 
(400 MHz, METHANOLS) 6 (ppm) 7.88 - 8.13 (m, 2H), 7.65 (s, 1H)S 4.58 (ss IH), 4.16 
(s, 2H), 3,47 (br, s., IH), 3.22 - 3.32 (m, 66H), 2,73 (s, 3H), 2.08 (br. s„ 2H), 1,91 (br. s„ 
2H), L56 (br. s.s 4H); MS (ESI) mk421.2 [M+lf; mp 192-195 °C. 

Example 14: l-IsopropyI-7-(2-me£hyl-6~(4H-l ,2y4«tria^l-3~yI)pyridIn~3-yI)-3,4-
dihydropyraziiio[2?3-b]pyrazin«2(lH)-one 

NYNy° 

[00243| A, l-Isopropyl-7-(trlmethylstannyI)-3,4-dihydropyrazinof2,3-b]pyrazin-
2(!H)-one. 7-Bromo-l-isopropyl-3?4"dihydropyrazino[2?3-b]pyrazm-2(lH)™one (See 
Example 7.B) (0.5 g, 1.844 mmol), hexamethylditin (0.725 g, 2:213 mmol), 
tetrakis(triphenyiphosphine)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, 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 ethyl 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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hexanes) to give the desired product (2.410 g, 77 % yield) as a yellow-white solid, 
MS (ESI) m/z 357.4 [M+2]+ 

{00244] B> i-Isopropyl-7-(2-methyI-6-(4-(tetrahydro-2H-pyran-2-yI)-4H-l,2,4« 
tria«ol-3-yI)pyrtdin-3-yl)-3>4-dihydropyrazino[2,3-bJpyrazin-2(lH)-one» To a flask was 
added 3-Bromo-2-methyI-6-(l-(tetrahydro-2H-pyran-2-yl)-lH-l,254-tria2oi-3~yI)pyridme 
(0.446 g, 1.380 mmol), l-isopropyl-T-^methylstanuyO-S^-dihydropyrazmop^-bjpyraziii-
2(lH)-one (0.490 g, 1.380 mmol), tiis(dibenzylideneacetone)dipaliadium{0) (0.139 g} 

0.152 mmol), tri-c?-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 Ih. After cooling to it, 
the reaction mixture was filtered through Ceiite, rinsed with methanol and concentrated to 
dryness. The resulting residue was purified by silica gel flash column chromatography 
(0-80 % ethyl 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+l]\ 

[00245] C l-IsopropyI-7-(2-methyl-6-(4H-l,2,4-tria2oK3~y])pyridm-3~yI)~3,4-
dihydropyrazino[2,3-b]pyrazin-2(lH>oiie, To a stirred mixture of 1 -isopropyl-7-(2-
methyL6-(4-(tetrahydro-2H-pyi*an-2-yl)-4H-l,2;4-triazol-3-yl)pyridin*-3-yl)-3,4-
dihydropyrazino[2,3-b]pyraziti-2(lH)-one (0.400 g; 0.921 tnmof) in ethanol (40 mL) at 
50 °C was added hydrogen chloride (4 M in dioxane, 1.381 mL? 5.52 mmol). The resulting 
mixture was heated at 50 °C under niti'ogen for lh. 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) 
to afford the title compound (0.200 g, 0.571 mmol, 62.0 % yield) as a brown-red solid, 
'H NMR (400 MHz, DMSO-cV) 8 (ppm) 8.10 (far. s„ IH), 8.01 (br. s., 2H), 7.92 (s, IH), 
5.26(quin,.7=6.93 Hz, IH),4.14 (s,2H), 3.58 (d,,7=5.08 Hz, 3H), 1.47(d,J= 6.64Hz, 

6H); MS (ESI) m/z 351.5 [M+lf. 

[00246] D. l-Isopropyl-7-(2-methyl-6-(4H-l ,2,4-triazol-3-yl)pyridin-3-y!)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(lH)-one (alternate approach). 7-Bromo-1 -isopropyl-
3,4-dihydropyrazino[2}3-b]pyrazia-2(lH)-orie (1 equiv), bis(pinacolato)diboron) (1 equiv), 
potassium acetate (3 equiv) andbis(l,r4>is(diphenylphosplimo)feirocene)paikdium 
(0.01 equiv) were combined in dioxane, degassed with nitrogen and heated to 95 °C under 
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nitrogen. Dilution with ethyl acetate, filtration through Ceiite, concentration, trituration 
with ethyl acetate and hexanes, filtration and drying gave the boronate ester in 60 % yield. 
tert-Buiyl3~(5-bromo-6-methylpyridin-2-yl)-lH-lj2/ktriazole-l-earboxylate (1 equiv), 1-
isopropyI-7-(4,4,5f5-tetramethyl-ls3>2-dioxaborolan-2-yl)-3,4-dihydropyrazino[2?3-
b]pyrazin-2(lH)-one (1.2 equiv), tefrakis(triphenyiphosphme)palladium(0) (0.05 equiv), 
sodium carbonate (3 equiv) were combined in (3:1) dimethyl acetamide and water. The 
mixture was degassed and heated to 10G °C overnight. Standard ethyl acetate/water work 
up and subsequent trituration in ethyl acetate gave the desired product in 41 % yield. 

Example 15: 7-(lH-PyrroIo[2i3-b]pyridfn-5«yI)-l«(2-(tetrahydro-2h-pyran-4-yl)efliyl)-
3,4-d!hydropyrasci]no[2^-blpyraxiii-2(lH>one 

[00247J A. Ethyl 2-(5-bromo-3-(2»(tetrahydro-2H-pyran-4-
y!)ethylammo)pyrazin-2-ySamino)£icetate. Ethyl 2-(3,5"dibromopyrazm-2-
y!amino)acetate (See Example 6.B) (1.0 g, 2.95 mmol) and 2-(tetrahydro-2H-pyran-4-
yl)ethanamine (0.381 g> 2.95 mmol) were placed in a microwave vial, dimethylsulfoxide 
(2 mL) was added and the resulting mixture was heated in a Biotage Emrys Optimizer 
microwave reactor at 150 °C for 3600 s: The crude reaction mixture was purified using 
silica gel chromatography (33 % ethyl acetate in hexanes) to yield the title compound (0.5 g, 
1.3 mmol, 44% yield). MS (ESI) m/z 387.1 [Mf,389,3 [M+2f. 

[002481 B. 7-Bromo-l-(2»(tetrahydro~2H-pyrac-4-yl)etbyI)-3>4-
dihydropyrazino[2,3-bIpyrazJn-2(lH)-one. Ethyl 2-(5-bromo-3-(2-(tctrahydro-2H-pyran-
4-yl)ethylamino)pyrazin~2-y]amino)acetate (0.5 g51.291 mmol) and hydrochloric acid (6 M 
in water, 0,215 mL, 1,291 mmol) were combined in ethanol (2 mL) and the resulting 
mixture was heated in a Biotage Emrys Optimizer microwave reactor at 100 °C for 2400 s. 
The reaction mixture was concentrated and purified using silica gel chromatography (33 % 

H 
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ethyl acetate in hexanes) to yield the title compound (quantitative yield). MS (ESI) 
m/z341.1 [Mf, 343.1 [M+2]*. 

[00249] C. l-(2<Tetrahydr(h2H"pyran~4~yl)ethyl)-7~(trimethylstannyl)-3,4-
dihydropyraxino[253-t)]pyrariii»2(lH)"One. 7-Bromo-l-(2-(tetrahydro-2H-pyran-4-
yl)ethyl)-3,4-dihydropyra2iino[23-b]pyraxiii-2(lH)-one (0.4 g. 1.29 mmol), hexamethylditin 
(0.57 g, 1.75 mmol) and tetrakis(triphenylphosphine)palladiurn(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 1 ] 0 °C for 1 h. The reaction mixture was cooled to room 
temperature and filtered through Ceiite, 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 filtration to yield the title compound (0.34 g, 0-8 mmol, 
54.6 % yield), MS (ESI) m/z 427 [M+2] \ 

[00250] D« 7-(lH-Pyrrolo[2,3-b]pyridin-5-yI)-l-(2-(tetrahydro-2H-pyran-4-
yl)ethy!)-3?4-dihydropyrazino[2s3-bJpyrazin-2(lH)-oiie, 1 ~(2-(T etrahydro-2H-pyran-4 -
yi)ethyl)-7-(trimethylstannyl)-3>4-dihydropyrazino{253-b]pyrazin-2(lH)-one (3.0 g, 
2.352 mmol), 5-bromo-1 H-pyrrolo[2,3-bjpyridine (0,556 gs 2,82 mmol), 
tris(dibenzylideneacetone)palladi"um(0) (0.237 g, 0.259 mmol), txi-o-tolylphosphine 
(0-158 g, 0,518 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 mixture was filtered through Ceiite. The 
filter cake was washed with ethyl acetate. The wash and filtrate were combined and 
concentrated nearly to dryness. The resulting solid was dissolved in hot methanol, filtered 
through Ceiite and purified by reverse-phase preparative HPLC (5-80 % acetonitrile + 
0.1 % TFA in water -f 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 % yield). 'H NMR (400 MHz, DMSO-d<0 S (ppm) 11.71 (br. s., 
IH), 8.81 (s, IH), 8.44 (s, IH), 8.26 (s, IH), 7.49 (d, J = 10.54 Hz, 2H), 6.48 (br. s„ IH), 
4.18 (s, 2H), 4.13 (t, 3 = 6.44 Hz, 2H), 3.82 (d, J= 12.89 Hz, 2H), 3.27 (t, J = 11A 3 Hz, 2H), 
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•1,71 (ds J - 12.49 Hz, 2H), 1.60 (br. s„ 3H)> 1.24 (d, 2H); MS (ESI) m/z 379,2 [M+l ]+; 
mp 255-258 °C 

Example 16: 6-(6-(2-Hydroxypropan-2-yI)pyricUn-3-yI)-4-((tetrahydro-2H-pyran-4-
yl)methyI)-3,4-dihydropyrazino[2,3-blpyrazin-2(lH)-one 

dihydropyrazino[23-bjpyraria-2(lH}-one* N~(3s5-Dibromopyrazin-2-y{)-2-
iodoacetamide (See Example 5.B)(8.0 g, 19.01 mmol), (tetrahydro-2H-pyran-4-
yl)methanamine (2.63 g, 22.81 mmol) and dusopropylethyiamine (6.64 mL, 38.0 mmol) 
were placed in a 250 mL round bottom flask, suspended in acetonitrile (80.0 mL) and heated 
to 40 °C for 16 h. The resulting white precipitate was filtered, washed with acetonitrile 
followed by hexanes and dried under vacuum to afford the title compound (4,89 ga 

14.95 mmol, 79 % yield). MS (ESI) m/z 327.4 [M]\329.5 pVf-£-2f. 

[00252] B. 6-(6-(2-Hydrosypropan-2-yl)pyridin-3-yl)-4-((tetrahydro-2H-pyran-
4-yl)methyl)~3,4-dihydropyraxino[2,3-b]pyraziii-2(lH)-oiie. 6-Bromo-4-((tetrahydro-
2H-pyran-4»yl)methyl)-3)4»dihydropyra2ino[2J3-'b]pyrazin-2(lH)-one (35.98 gs 110 mmol), 
2-(5»(trimethylstannyI)pyridin-2-yl)propan-2-ol (See Example 5.E) (33.0 g5 i 10 mmol) and 
[\ Jf-bis(dipheiiyl-phosphino)ferrocene]dichloTO-pal{adium(II) complex with 
dichloromethane (1:1) (8.05 g, 11.00 mmol) were combined in a sealed tube and suspended 
inN,N-dimethylfcrmamide(288 mL), The reaction was then heated to 125 DC for 2 h. 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 removed under reduced pressure. 
The residue was triturated with 20 % ethyl 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). lH NMR (400 MHz, 
DMSO-d6) 5 (ppm) 11.32 (s, IH), 9.07 (d, J-l .56 Hz, IH), 8.29 (dd, J=8.59,2,34 Hz, IH), 

H 

[00251] A. 6-Bromo-4«((tetrahydro-2H-pyran-4-yI)methyl)-3,4-
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8.05 (s5 IH), 7,72 (d, .^8,20 Hz5 IH), 5.26 (s, IH), 4,21 (s5 2H), 3.83 (d,>2.73 Hz, 2H), 
3.51 (d, ,7-7.42 Hz, 2H), 3,27 (t, 1.32 Hz, 2H), 2.09 (br. s., IH), 1.61 (d,/=IU Hz,2H), 
1.46 (s, 6 H), 1.24 -138 (m; 2 H); MS (ESI) m/z 384.2 [M+lf • mp 268 - 269 °C. 

Example 17: 7-(6-(2-Hydroxypropan-2-yl)pyridin-3-yl)-l-(2-inethoxyethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(lH)-one 

2(lH)-one, Ethyl 2-(3,5-dibromopyrazin-2-yJamiao)acetatc (See Example I.Q (1 equiv), 
2-methoxyethanamine (1 equiv), diisopropylethylarnine (3 equiv), were suspended in 
dimethylsulfoxide and heated in an Etnrys Biotage microwave reactor at 150 °C for 1 h. 
Standard ethyl acetate/water work up gave crude material, which was suspended in 99.7 % 
acetic acid. The reaction was sealed, heated to 120 °C and allowed 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 % ethyl acetate in hexanes)gave the 
desired product in 27% yield over two steps. MS (ESI) m/z 287.4 [M]+, 289.4 [M+2]\ 

(00254] B. 7-(6<2-Hydroxypropan-2-yl)pyridin-3-yI)--i-(2~meth6xyethyl)-354-
dihydropyrazino[2,3-b]pyrazm-2(lH)«one, 7-Brotno-l-(2-methoxyethyl)-354-
dihydropyrazino[2:i3-b]pyrazin-2(lH)-one (I equiv), 2-(5-(trimethyIstannyl)pyridin-2-
yl)propan-2-ol (See Example 5£) (1 equiv) and dichlorobis(triphcnylphosphine)-
palladium(II) (0.2 equiv) were suspended in dimethylformamide. The reaction was purged 
with nitrogen and was heated to 140 °C for 2 h. The reaction was cooled to room 
temperature, filtered through Ceiite and washed with ethyl acetate, Volatiles were removed 
under reduced pressure and the resulting purple slurry was purified using silica gel column 
chromatography (0-100 % (5 % methanol in ethyl 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 

H 

100253] A* 7~BromQ-l-(2-methoxyethyl)-3>4-dihydropyrazinol2!3-b]pyrazki-
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product in 38 % yield. 'H NMR (400 MHz, DMSO-d6) S (ppm) 9.02 (d, J=L6 Hz, IH), 
8.27 (s, IH), 8.24 (dd, ,7=8.6,2.3 Hz, 1H), 7.71 (d, J=0.8 Hz, IH), 7.69 (s, IH), 5.25 (a, IH), 
4.28 (t, .7-6.2 Hz, 2H), 4.20 (d, 2H), 3.60 (t, .7-6.2 Hz, 2H), 3.26 (s, 3H), 1.46 (s, 6H); 
MS (ESI) m/z 344.3 [M+lf. 

Example 18: 7-(IH-Pyrro]o[2,3-b]pyridln-4-yl)-l-[2-(letrahydro- pyran-4-yl)-ethylj-
3,4-iSihydro-lH-pyra/mo[2,3-bjpyrazm-2-one 

[00255] A. 7-(lH-Pyrro!o[2,3-6Jpyridin-4-yI)-I-[2-(tefrahydro-pyran-4-yl)-
ethyl]-3,4-dihy dro-li?-pyrazino[2.3-bjpyrazi!i-2-oiie. A mixture of 1 -(2-(tetrah.ydro-2H-
pyran-4-yl)ethyl)-7-(trimethylstaimyl)-3,4-dihydropyrazino[2,3-b]pyrazitt-2(lH)-orLe (See 
Example 15.C) (1 equiv), 4-bomo-pyrrolo[2,3-&]pyridine-l-carboxylic acid tert-butyl ester 
(1 equiv), tris(dibezylideneacetone) palladium (0.13 equiv), tri-£>-tolylphosphine 
(0,25 equiv) and triethylarnine (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/z479.7 pvH l] , tert-Butyl4-(7-oxo-8-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-5,6,7f8-
teti"ahydropyrazino[2,3-b]pyrazin-2-yl)-lH-pyrrolo[2,3-b]pyridine-] -carboxylate was stirred 
in methanolic hydrochloride solution, at room temperature. Upon completion of the reaction 
as indicated by TLC, the solvent was removed under reduced pressure and the residue was 
purified on silica gel to give the title compound in 63 % yield. JH NMR (DMSO-t4, 
400 MHz) 8 (ppm) 11.72 (s, IH), 8.38 (s, IH), 8.25 (d, .7=4.8 Hz, IH), 7.79 (s, IH), 
7.53-7.51 (m, 2H), 6.97 (q, .7=1.6 Hz, IH), 4.23 (s, 2H), 4.14 (t, J=7.6 Hz, 2H), 3.81 (dd, 
4=2.4 Hz, Jj=l 1.2 Hz, 2H), 3.25 (d, >10.8 Hz, 2H), 1.67 (d, .7=13.2 Hz, 2H): J..61 (m, 3H), 

1.22 (m, 2H); MS(ESI): m/z 379.2 [M+lf. 
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Example 19: l-(2-MethoxyethyI)-7-(2-methyl-6-(4H-l,2,4-triazoI-3-y!)pyridin-3-yl)-
3,4-dihydropyra;dno[2^bIpyFazin-2(lH)"One 

[00256] A. l-(2-Methoxyethyl>7-(trimethylstannyl)"3,4-dihydropyrazino[253-
bjpyrazin-2(lH)-one. 7-Bromo-1 -(2-methoxye thyl)-3 ̂ -dihydropyrazino[2,3-bjpyrazin-
2(lH)-one (See Example 17A) (0.5 g, 1.741 mmol), 1,1,1,2,2.2-bexamcthyldistajinane 
(0.856 gs 2.61 mmol) and tetrakis(triphenylphosphine) palladium(G) (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 Ceiite. The 
filtrate was concentrated under reduced pressure. Flash chromatography (0-30 % ethyl 
acetate in hexane) gave the desired product as dear oil (0.5 g51.34 mmol, 77 % yield). 
MS (ESI) m/z 373,G[M+2f. 

[00257] B, l-(2-Me*hoxyethyl)-7-(2-inethyl-6-(4H-l^,4-triazoI-3-yl)pyridiii-3-
yI)-3,4~dihydropyrazino[2,3-fa]pyrazin-2(lH)-one* 1 -(2 -Methoxy ethyl) -7-
(trimethy]stanny3)-3?4-dihydropyrazino[2?3-b]pyrazin-2(lH)-one (0.5 g, 1.348 mmol), 
3-bromo-2-methyl-6-(l-(tetrahydro-2H-pyran-2"yI)-lH-l,2,4-trLazol-3-yl)pyridine (0.436 g? 

1.348 mmol), tris(dibenzylidineacetone)dipalladiiim(0) (0.123 g9 0J35 mmol), 
iri-o-tolylphosphine (0.082 g, 0,270 mmol), triethylamine (0,584 mL, 4.04 mmol) and 
>J,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 hr 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 preparatory HPLC 
(10-30 % acetonitrile + 0.1 % TFA in water + 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 

H 
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was triturated with ethyl ether in hexane to make a fine powder and dried under vacuum at 
50 °C to give the desired product (0.05 g, 0. I36 mmol, 10 % yield) as a white solid. 
'H NMR (400 MHz, DMSO-cU) 5 (ppm) 8.10 (br. s„ IH), 7.98 (br. s„ IH), 7.94 (s, IH), 
7.73 (br. s., IH), 4.13 - 4.28 (m, 4H), 3.55 (t, .7=6.25 Hz, 2H), 3.24 (s, 3H), 2.70 (br. s., 3H); 
MS (ESI) m/z 367.2[M+l]i. 

Example 26: 6-(4~(4H-l5254"Triazo!-3-yl)phenyl)-4--ethyV3,4-dihydropyrazinol2>3-
b|pyrazm-2(lH)«one hydrochloride 

[00258] A. 6-Bromo^-ethvl-3,4»dihydropyra:dno[234b]pyrazm-2(lH)-oiie. To a 
solution of 2-bromo-N"(3,5-dibromopyrazin-2"yl)acetamide (See Example 4A) (1 equiv) 
and diisopropylethylamine (3 equiv) in acetonitrile was added ethanamine hydrochloride 
(1.05 equiv). The solution was allowed to heat to 70 QC 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 fM]+, 
259,4 [M+2f. 

[00259] B. 4-Bthyl-6-(4-(4-(tetrahydro-2H-pyran-2-yI)-4H-l,2,4-triazol-3-
y3)phenyl)-3j4"dihydro-pyrazino[2,3-b]pjTazm-2(lH)-one. 6-Bromo-4-ethy!-3,4-
dihydropyrazino[253-h]pyrazin-2(lH)-one (1.1 equiv), 4-(tetrahydro-2H-pyran-2-yl)-3-(4-
(4)4J5,5-teti,amethyl-l}3)2«dioxaborolan-2-yl)phenyl)-4H-l,2,4-triazole (1 equiv) and 
dichloro[l > 1 -bis(dipheny[phosphino)ferroccne]palladxum (II) dichloromethane (0.05 equiv) 
were combined in ] ,4-dioxane followed by the addition of sodium carbonate (3 equiv) in 
water. The solution was heated in a Biotage Emrys Optimizer microwave reactor to 120 °C 
for 30 min. The soLution was condensed under reduced pressure and purified using column 
chromatography (0-10 % methanol in ethyl acetate) to afford the title compound in 
45 % yield. MS (ESI) m/z 406.6 [M+lf. 

[00260] C, 6-{4-(4H-l^J4-Triazol-3"yI)phenyl)-4-ethyl-3,4-dihydropyrazino[2,3-
falpyrazin-2(lH)-one hydrochloride. 4-Ethyl-6-(4-(4-(tetrahydro~2H-pyran-2-yl)-4H-
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l,2,44riazoi-3-yl)phenyl)-3,4-dihydropyrazmo[2,3-b]pyrazm-2(lH)-onc in ethanol was 
treated with 2N hydrogen chloride in dioxane. The solution was stirred at 75 °C for lh. 
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. 'H NMR 
(400 MHz, METHANOL-^) 8 (ppm) 9.18 (s, IH), 8.22 (d, .7=8.59 Hz, 2H), 8.04 - 8.09 (m, 
3H), 7.66 - 7.74 (m, 1H): 7.58 - 7.64 (m, IH), 4.24 (s, 2 H), 3.74 (q, Jh7.03 Hz, 2H), 1.29 (t, 
.7=7.03 Hz, 4H), 0.79 - 0.98 (m, 4H); MS (ESI) m/z 322.2 [M+l]+. 

BUILDING BLOCK SYNTHESIS 

[002611 The following building blocks were prepared and used in the preparations as 
described herein, or variations known in the art thereof, 

tert-Butyl 4»bramo-lH-pyrrolo[2,3-bIpyridine-l-carboxyIate 
Br 

[00262] A, 4-Bromo-lH-pyrro4o[2,3-blpyridinc> A solution of trifluoroinethyl 
sulfonic anhydride (9.3 g> 33 mmol) was added dropwise to a mixture of l#-pyrrolo[2,3-
Ajpyridine 7-oxide (3 g, 22 mmol) and tetrabutyl ammonium bromide (10,8 g, 33 mmoi) in 
iV,Af-dimethylformamide (30 mL) at 0 °C. The resulting mixture was stirred at 0 °C for 4 h 
and at room temperature overnight. The reaction was quenched with water and neutralized 
with IN sodium hydroxide to pH~7, The resulting mixture was extracted twice with a 
mixture of methylene chloride and f-propanol (30 mL, Vm:Vp - 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(ES1) m/z 196.8 [M-J-1 ]+, 198.8 
[M+3]+. 

[00263] B. tert-Butyl4-bromo-lH-pyrrolo[2,3-b]pyridine-l-carboxylate. A 
mixture of 4-bromo-l#-pyrrolo[23-&]pyridine (250 mg5 1,26 mmol), di~tens-butyl 
dicarbonate (302 mg, 1.38 mmol), dimethyl-pyridm-4-yI-amdne (7.6 mg, 0.06 mmol) and 
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triethylamine (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 mg5 61 % yield) as an oil MS (ESI) m/z 242.9 [M-56+1]1 

l-(Tetrahydro-2H-pyran-2-yl)-4~(4>4,5?5-tetrarnethyM>3>2-dioxaboro!an-2-yl)-lH~ 
indazole 

[00264] A, 4~Bromo-l/Mnda£ole. To a solution of 3-bromo-2-methylaniline (5 g, 
27 mmol) in chloroform (1 mL) was added acetic anhydride (5 g? 27 mmol) at 0 °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 gs 58 mmol) were added and the reaction mixture was refluxed for 
18 h, The volatiles were removed under reduced pressure and water (0.65 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 (50 %) was added until pH=l 0. The aqueous mixture was extracted with ethyl 
acetate (100 mL*3)i The combined OTganic layer was washed with brine (150 mL), dried 
over anhydrous sodium sulfate, filtered, evaporated and purified on silica gel column 
(3 % ethyl acetate in petroleum ether) to give the desired product (2.69 g, 34 % yield) as a 

solid. MS (ESI): m/z 197,0 PVHT]+, 

[00265] B. 4-Bromo-l-(tetrahydro«pyran~2-yIHZT~indazoIe. A solution of 
4-bromo- 1/7-indazole (1.82 gf 9.24 mmol), 3,4-dihydro-2i7-pyran (1,55 g, 18.48 mmol) and 
toluene-4-suifonic acid (0.26 g, 1.39 mmol) in anhydrous tetrahydrofuran (40 mL) was 
heated at 80 °C overnight under nitrogen. The solvent was removed under reduced pressure 
and the residue was purified on silica gel column (3 % ethyl acetate in petroleum ether) to 
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give the title compound (2.13 g, 81 % yield) as a yellow solid. MS (ESI): m/z 
280,9 [M-fIf. 

(002661 C l~(Tetrahydro~pyran-2-yl)-4-(4?4,5,5-tetrametfayI-
[1,3,2] dioxa"borolan-2-yl)-lH-Indaico]e A degassed mixture of 4-brorao-1 -(tetrahydro-
pyran-2-yl)-l//-inda2ole (2.13 g, 7,45 mmol), bis(pinacolato)diboron (3.73 g. 14.9 mmol), 
potassium phosphate (2>70 g, 12.67 mmol), palladium acetate (0.174 g 0.75 mmol) and 
triphenylphosphine (0.59 g, 2.24 mmol) in 1,2-dimeihoxy-ethane (50 mL) was heated at 
100 °C under nitrogen overnight. After cooling to room temperature, the reaction mixture 
was filtered, concentrated under reduced pressure arid purified on silica gel column 
(10-30 % ethyl acetate in petroleum ether) to give the product (L83 g, 74 % yield) as a 
solid. MS (ESI): m/z 329.2 [M-Hf. 

3-(4-Bromo-2-flttoro~3-inethylphenyI)-4-(£etrahyciro-2h>-pyran-2-yl)-4H-l,254-triazoIe 

(00267] A* 4~Bromo-'3-fluoro-2-inethylaniline. To a stirred solution of 3~fluon>2-
metbylaniline (25 g5 200 mmol) 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 % ethyl acetate in 
hexane) gave the desired productas a white solid (23.3 g5 114 mmol, 57 % yield). ]H NMR 
(400 MHz, CHLOROFORM-tf) 8 (ppm) 7.11 (t5 J-8.20 Hz, IH), 6,35 (d, J-8.98 Hz, IH), 
3.72 (br. s.t 2H)> 2.07 (d, J-L95 Hz, 3H). 

[00268] B. 4-Amino-2-fluoro-3-methyIbenzonitrite. A mixture of 4-bromo-3-
fluoro-2-methylaniline (23 gs 113 mmol) and cyanocopper (20.19 g3 225 mmol) 
N-dimethylformamide (200 mL) was heated to 140 aC for 7h. After the mixture was 
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cooled to room temperature filtered and poured into a separatory funnel containing water 
and ethyl acetate (1:1). Layers were separated and the organic layer was concentrated under 
reduced pressure. Flash chromatography (0-50 % ethyl acetate in hexane) gave the desired 
product (11.4 g> 76 mmol, 67 % yield) as a brown solid. *H NMR (400 MHz, 
CHLOROFORM-^ 5 (ppm) 7.22 (t, IH), 6.45 (d, >8.59 Hz, IH), 4.23 (br. s.a 2H)5 2.07 (s, 
3H); MS(£SI)m/zl51.1[M-H]\ 

[0O269J C- 4-BromO"2-fluoro-3-mefhylbenz6nitrlIe. A mixture of dimethyl 
sulfoxide (400 mL) and potassium nitrite (22.67 g, 266 mmol) was stirred to dissolve 
potassium nitrite and 4-amino-2-fluoro-3-methylbenzonitrile (10 g, 66,6 mmol) and 
copper(I) bromide (1.911 gs 13 32 mmol) were added. Aqueous 48 % hydrogen bromide 
(33 mL, 266 mmol), diluted with dimethyl sulfoxide (200 mL), was added dropwise and the 
reaction stirred for 2h. After complete conversion of starting material, the reaction mixture 
was poured into iced-eoid water and neutralized to pH 7 with cold concentrated sodium 
hydroxide. The resulting solid was collected by filtration to give the desired product 
(3 L4 gs 53.3 mmol, 80 % yield) as white solid XH NMR (400 MHz, CHLOROFORM-^ 
6 (ppm) 7,47 (d, >9.37 Hz, IH), 7-33 (t, IH), 2.39 (d5 >2.34 Hz, 3H). 

[00270] D. 4-Bromo-2-fluoro"3-metftyIbenzamide. 4-Bxomo-2-ftuoro-3-
methylbenzonitrile (11 g} 51.4 mmol) in a 100 mL mixture of TFA-sulfuric acid (4:1, V/V) 
was stined at 40 °C for 16 h. After complete conversion of starting material, the reaction 
mixture was poured into iced-cold water. The resulting 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 (ESI) m/z 234.1 [M-f2]+. 

[00271] B. 3-(4-Bromo-2-flaoro-3-methyiphenyl)-lH"lj254-triazoIe. 4-Bromo-2-
fluoro-3-methyIbenzaxnide (1.1 g, 47.4 mmol) and N^N-diinethylformamide dimethylacetal 
(60 mL) were combined in a 100 mL round-bottom flask 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 0 °C and 
hydrazine moaohydrate (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 concentrated sodium hydroxide. The 
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resulting solids were collected by vacuum filtration. Solid was dissolved in ethyl acctate 
(400'mL) and stirred for 15 min, filtered the insoluble solid, the filtrate dried over 
magnesium sulfate, filtered, concentrated under reduced pressure and dried under vacuum 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-;-/) 5 (ppm) 8.12 (s, IH), 7.97 
(t, .7=8.00 Hz, -1H), 7.52 (d, ,/=8.59 Hz, IH), 2.44 (d, 3H). 

(00272J F, 3-(4-Bromo-2-flnoro-3-methylphesiyl)-4-(tetrahydro-2H«pyran«2-yl)-
4H-l,2,4-triazoIe. Methanesulfonic acid (0.090 mLs 1,390 mmol) was added to a stirred 
solution of 3-(4-bromo-2-fluoro-3-methylphenyl)"lH-l,2>4-triazoie (7.0 g„ 273 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 to afford desired product (8.8 g, 95 % yield) as a yellow solid. MS (ESI) 
m/z 340.0 [M]+ 

3-(4-Bromo-2-fluorophenyl)-4h-lj2,4-triazole 

[002731 A, 4-Bromo-2"ffuorobenzamide, A solution of 4-bromo-2-
fluorobenzonitrile (10,0 g5 50.0 mmol) in a 70 mL mixture of TFA (56.0 mL, 727 mmol)-
sulfuric acid (14.0 mL, 263mmol) (4:1 V/V) was stirred at 40 °C for 16 h. The reaction 
was poured while still warm over ice water. The product precipitated 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 (ESI) m/z 218,1 [Mf, 220.1 [M+2]+. 

[00274] B, 3-(4-Bromo-2-fluorophenyl)-4H~l,2,4-triazo]e. 4-Bromo-2-
fluorobenzanride (9.53 43.7 mmol) and N5N-dimethylformamide dimethylacetal 
(75.0 mL) were combined in a 500 mL round bottom flask and purged with nitrogen. The 
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reaction was heated to reflux at 85 °C for 2 h. The resulting mixture was conccntrated under 
reduced pressure and dried under vacuum to afford a yeilow oil. The oil was suspended in 
concentrated acetic acid (75.0 mL) and cooled to 0 °C. Hydrazine hydrate (21.88 gf 

437 mmol) was added dropwise and the mixture was allowed to stir at rt for 5 h, 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-l ,2,4-triazole (7.20 g, 29.7 mmol, 68.1 % yield) as a white solid. 
MS (ESI) m/z 241.9 [Mf, 243.9 [M+2]+, 

2-(4-Methyl-5-(trimethyIstannyl)pyridm-2-y])propan-2~oi 

[00275J A, 2-(5~Bromo-4-methy]pytidm~2-yl)propan-2-oL 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. Acetone (4.69 mL5 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 (3x200 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-bromo-4-methylpyridin-'2-yl)propan-2-ol 
(2.33 g, 10.13 mmoi, 63.5 % yield). MS (ESI) m/z230.3 [M]+, 232.3 [M+2]+. 

[00276] B. 2-(4~Methyl-5-(trlmethylstannyl)pyridin-2-yl)propaii-2-oL 
2-(5-Bromo-4-methylpyridin-2-yl)propan-2-ol (2.33 g, 10.13 mmol) and 
tetrakis(triphenylphosphine)pailadium(0) (1.045 g, 1.013 mmol) were added to a pressure 
tube and suspended in 1,4-dioxane (33.8 mL). 1,1,1,2,2.2-Hexamethyldistannanc (2.99 mL, 
12.15 mmol) was then added and heated to 150 °C for 30 min. The reaction was allowed to 
cool to rt and was filtered through ceiite and washed with ethyl acetate. Organic volatiles 
were removed under reduced pressure 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 % ethyl 
acetate in hexanes) to afford 2 ~(4-m ethy 1-5-(trimethylstanny! )pyridin-2-yl)propan-2-ol 

(1.75 g, 5.57 mmol, 55.0 % yield). lHNMR (400 MHz, DMSO-4) 5 (ppm) 8.31 (s, IH), 
7.51 (s, IH), 5.25 (br. s., IH), 2.37 (s, 3H)t 1.41 (s, 6H), 0.65 (br. s., 3H), 0.34 (s, 6H). 

Tert-butyl 3-(5-bromo-6-methylpyridin-2-yI)-lH-l?2,4~triazGle-I-carboxylate 

100277] A, S-Bromo-6-ffiethylpicoliiionitrile. A 1-L, three-neck, round-bottom 
flask equipped with a mechanical stirrer and a nitrogen inlet was charged with 3,6-dibromo-
2-mcthyIpyridinc (150 g, 0.59 mol), copper (I) cyanide (42.8 g, 0.47 mol) and sodium 
cyanide (23 g, 0,47 mol). To the mixture was added N5N-dimethy!formamide (300 mL). 
The mixture was heated to 95 °C and stirred 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 Ceiite, 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 * 600 mL), dried oyer 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 
(14%) of the mixture of the starting material and the product was isolated. 

[00278] B* 5-Bromo-6-methylpico]moliydrazonamide. 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 to stir at ambient temperature for 24 h. More ethanol (50 mL) 
was added and the mixture was allowed to stir over the weekend. The mixture 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. 

-131 -



[002791 C* 3-BromG-2-methyl-6-(IH-l,254-triazo!-3-yl)pyridine* A 500-mL, 
three-neck, round-bottom flask was equipped with a mechanical stirrer, a thermocouple 
connected to a J-KEM temperature controller and a reflux condenser. The flask was 
charged with 5-bromo-6-methylpicoiinohydrazGnamide (100 g, 0.463 mol) and formic acid 
(250 mL), The resulting solution was heated to 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 mixture was filtered and washed with water (300 mL). The 
solids were transferred into a round-bottom flask and treated with water (I L) and 1 M 
sodium hydroxide solution until pH 7. The mixture was allowed to stir for 30 min, filtered, 
washed 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. 

[00280J B. 3-Bromo-2~methyI-6~(l^tetraftydro~2H~pyratt-2-yI)-lH-l»2s4~triazoI-
3-yl)pvridine. To a suspension of 3-bromO"2-methyl-6-(lH-L2?4-triazoL3-yl)pyridine 
(96.0 g, 0.4 mol) in tetrahydrofuran (780 mL) was added 3,4-dihydro-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 allowed to stir at 65 °C for 6 h. The mixture was cooled to 
ambient temperature, quenched with triethylamine (23 mL), concentrated under reduced 
pressure and further dried in a high vacuum for 1 h. The resulting oil was dissolved in 
acetonitrile (250 mL) 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 % yield) as a white solid. 
The product was further purified by silica gel plug purification (1:1 hexanes/ethyt 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 [M+2J\ 

[00281] E. tert-Butyl3~(54bromo-6-methylpyridin-2-yI)-lH-l?2,4-triazole-I-
carboxviate, To a mixture of 3-bromo-2-methyl-t>( 1H-152,44riazol-3-yl)py ridine (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-Butyl dicarbonate (274 g5 L25 mol) was added and the mixture was 
stirred of Hi at room temperature. The mixture was then diluted with cold water (-10 L) 
and extracted with ethyl acetate (4 L-x 3). The combined ethyl 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-(Tetrahydro-2H-pyran-2-y])-3-(4-(4?4,5?5-tetramethyI-l,332-dloiaborolaa"2-
yl)phenyl)~4h-l52,4-triazGle 

[00282] A, Ethyl 4-bromofcenzimidate hydrochloride* A solution of 
4-brDmobenzonitrile (17.65 g, 97 mmol) in ethanol (500 mL) was acidified with hydrogen 
chloride gas at 0 °C for fifteen, 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 %). MS (ESI) m/z 228.1 [M]+, 230,4 [M+2f. 

[00283] B, 3-(4-BromophenyI)"4H-l,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 acetate in 
hexanes, filtered and dried to afford the title compound (14.6 gs 65.2 mmol, 48 % yield), 
MS (ESI) m/z 224.1 [M]\ 226.1 [M+2f. 

[00284] C. 3-(4-BrGmophenyl)-4-(tetraliydro-2H-pyran-2-yl)-4H-l,2,4-triazole, 
A solution of 3-(4-Sromophenyl)-4H-l,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, filtered and solvent removed under reduced pressure. The solid was triturated with 
10% ethyl acetate in hexanes to afford the title compound (8.1 g> 263 mmol, 70 % yield), 
MS (ESI) m/z 308.4 [M]+, 310.5 [M+2]\ 
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[00285] D. 4-(Tetrahydro-2H-pyran-2-yl)-3-(4-(454,5,S-tetranaethyH>3,2-
dioxaborolan-2-yl)pheRyl)-4H-l,2,4-triazole. 3--(4»Bromophenyl)-4-(tetrahydro-2H-
pyran-2-yI)-4H-l,2,4-triazole (8.1 g, 26.3 mmol), bis(pinacolato)diboron (6.67 g, 
26.3 mmol) and potassiuim acetate (10,32 g? 105 mmol) were combined in 
dimethylformamide (100 mL), The solution was purged with nitrogen gas for 2 minutes. 
Dich]orG[l,I-bis(dipheny]phosphino)feirocene]palladxiim (II) dichloromethane (J .07 gs 

1.31 mmol) was then added and the solution heated to 100 °C for 16 h. The solution was 
filtered through ceiite and the filtrate 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 [MH-1]+. 

5-Bromo-2<l-(tetrahydra-2H-pyran-2-yI>lH-l,2?4-triazol-3-yl)pyridine 

[00286] A. (E)-5-bromo-N-((dimethvlamino)methylene)picoIinatnide, A solution 
of 5-bromopieolinamide (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 g3 95 % yield). MS (ESI) m/z 257.1 [M+l]+. 

[00287] B. 5-Bromo-2-(IH-l,2,4-triazoI-3-yl)pyridine. A solution of (E)-5-bromo~ 
N-((dimethylamino)methylene)picolmamide (0.604 mg, 2.36 mmol) and hydrazine (2.12 g, 
66,1 mmol) was stirred at 25 0C for 3 h. The reaction was concentrated and diluted with 
water. The resulting precipitate was collected by filtration and dried under vacuum to give 
the title compound (0.442 g, 83 % yield). MS (ESI) m/z 226.1 pVBT]\ 

[00288] C. 5-Bromo-2-(l-(tetrahydro-2H-pyran-2-yl)-lH-l^,4-triazol-3-
yl)pyri(line, A solution of 5~bromo-2-(lH-l,2,4-triazol-3-yI)pyridine (0.342 mg. 
L52 mmolX 3,4-difrydro-2H-pyran(0256 g, 3,04 mmol) and 4-methylbenzenesulfonic 
acid (0,058 g, 0.30 mmol) in tetrahydrofuran was heated to 75 °C for 6 h. The reaction was 

- 134 -



concentrated and purified using Biotage column chromatography (0-20 % methanol in 
dichloromethane) to provide semi-clean product as an oil (0.614 gt 1.9 mmol, >100 % 
yield). This material was used without farther purification. MS (ESI) m/z 309.4 [M]+, 311.1 
[M+2f. 

tert-Butyl 6-bromo-4-methyi-2-(methylamino)-lH-benzo[d]imidazole-l-carboxyIate 

v° 
i 

^—NH 
l \ 

[00289J A* (6-Bn)mo-4-methyIbenzimklazoL2~yl)-N-methylarnine. 
Isothiocyanatomethane (0.055 gf 0.746 mmol) in N>N-dimethylformamide (1.0 mL) was 
added dropwise slowly to a stirred solution of 5 -bromo-3~methylbenz;ene-1,2-diamine 
(0,150 gs 0.746 mmol) inN,N-dimethylformamide (1.5 mL) at 0 °C The cold bath was 
removed, the reaction mixture was capped and stirred at room temperature for 48 h. 
N-(3-Dimethylaminopropyl)-N'-ethylcarbodiiniide 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 (10-50 % acetonitrile + 0.1% TFA in H20 + 0.1 % TFA, over 30 min). Fractions 
containing the desired product were combined and most of the solvent removed under 
reduced pressure. Acetonitrile 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 high 
vacuum to give the desired product (0,128 g, 0.53 mmolt 72 % yield) as a slightly yellow 
waxy solid. MS (EST) m/z 240 [M]\ 242 [M+2f. 

[00290] B. tert-Butyl 6-bromo-4-methyi-2-(methyIamino)-lH-
benzo[d]imidazole-l-carboxylate. (6-Bromo^-methylbenzimidazoL2-yl)-N-methylamine 
(0.128 g, 0.533 mmol), 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 
sulfate5 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 yellow waxy solid. MS (ESI) m/z 340 [Mf5 342 [M+2]+. 

Tert-butyl 6-bromo-4-methyI-2-(methyIamino)"lH-benzo[d]iniidazoIe-l"CarboxyIate 

[00291] A. 7-MethyI-5-(4,4>5,5-tetramethyM,3)2-dioxaboroIan-2-y!)-lH-
benzo[d]imidazoI-2-aminer 3-MethyL5-(4f4,5,54etrarnethyM,3,2-dioxaborolan-2-
yl)benzene-ls2-diamine (See Example LQ) (500 mg5 2.015 mmol) and cyanic bromide 
(0.484 mL, 2.418 mmol) were added to a round bottom flask at room temperature, 
suspended in methanol (10,0 mL) and allowed to stir for L5 h. Volatiles were removed 
under reduced pressure followed by the addition of saturated sodium bicarbonate. The 
precipitate was collected via filtration, washed with ethyl acetate and dried under reduced 
pressure to afford the title compound (557 mg, 2.039 mmol, quant, yield). Compound was 
carried forward without further purification or characterization. MS (ESI) m/z 
273,8 [MHT]+, 

fer£-Butyl6-bromo-4-methyl-2-(metliylamino)-lH-benzG[d]iniidazeIe"l-carboxyiate 

fO0292] A. 6«BrGmo-4-methyM"(tetraliydro-2H-pyran-2-yl)~lH~ 
benzofdjimidazole, 6~Bromo-4-methyl-lH-benzo[d]imidazole (1.02 g, 4.83mmol) was 
dissolved in tetrahydrofuran (10 mL) at room temperature with stirring under nitrogen. 
3>4~Dihydro-2H-pyran (3.5 mL, 38.4 mmol) and methanesulfonic acid (0.032 mL, 
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0.48 mmol) were added and the resulting mixture heated at 75 °C for 49 h. 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, 4.47 mmol* 93 % 
yield) as a light yellow solid. MS (ESI) m/z 295.1 [M] +3 297.3 [M*f-2]+. 

[00293] B, 4-Methyl-l-(tetrahydro-2H-pyran-2-yl)-6-(4,4s5,S-tetramethyHr3,2-
dioxafooroIan-2-y])-lH-benzo[d]lmidazo)e. 6-Bromo-4~methyl-l-(tetrahydro-2H-pyran-2-
yi)-lB-bcnzo[d]imidazole (1.320 g, 4.47 mmol), bis(pinacolato)diboron (1.192 g, 
4.70 mmol)> [1>1 M}is(diphenylphosphino)ferrocene]dichloropaIladi:um(II)5 complex with 
dichloromethane (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 90 °C under nitrogen for 1.5 h. The resulting mixture 
was diluted with ethyl acetate and filtered through Ceiite. 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 (ESI) m/z 343.2 
[M+l]\ 

5.2 BIOLOGICAL EXAMPLES 

5.2.1 Biochemical assays 

[00294} mTOR HTR-FRET Assay. 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 glycerol TOR fraction): 10 mM 
Tris pH 7.4,100 mM NaCl, QA% Tween-20, 1 mM DTT, Invitrogen mTOR 
(cat#PR8683A) was diluted in this buffer to an assay concentration of 0.200 fig/mL. 
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(002961 ATP/Substrate solution: 0.075 mM ATP, 12.5 mM MnC^, 50 mM Hepes, 

pH 7.4, 50 mM p-GOP, 250 nM Microcystin LR„ 0.25 mM EDTA, 5 mM DTT, arid 

3.5 |ig/mL GST-p70S6, 

[00297] Detection reagent solution: 50 mM HEPES, pH 7A, 0.01% Triton X-100, 

0.01% BSAs 0.1 mM EDTA, 12.7 jig/mL Cy5-aGST Amersham (Cat#PA92002V); 

9 ng/mL a-phospho p70S6 (Thr389) (Cell Signaling Mouse Monoclonal #9206L), 

627 ng/mL a-mouse Lance En (Perkin Elmer Cat#AD0077), 

[00298] To 20 pL of the Simple mTor buffer is added 0.5 jiL of test compound in 

DMSO. To initiate the reaction 5 fiL of ATP/Substrate solution was added to 20 \xL of the 

Simple TOR buffer solution (control) and to the compound solution prepared above. The 

assay was stopped after 60 rain by adding 5 p,L of a 60 mM EDTA solution; 10 \xL 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 am and emission at 495/520 urn). 

[00299] PI3K alpha and samma Assays. PI3K alpha and gamma assays were run 

using the procedures described in the Millipore PI3K assay kit (cat#33~017). P13K ai.pha and 

gamma enzyme were obtained from Invitrogen(Cat# PV4788 and PV4786). 

[00300] Selected Heteroaryl Compounds have, or are expected to have, an 

IC50 below 10 11M in this assay* with some compounds having an IC50 below 1 uM, and 

others having an IC50 below 0,10 (xM, 

]00301] 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 IC50 below 

10 \M in this assay, with some compounds having an IC50 below 1 pM? and others having 

an IC50 below 0.10 pM. 

5.2.2 Celt-based Assays 

[00303] PC-3 p-S6 and p-Akt MesoScale Assay. The following is an example of an 

assay that can be used to determine the anticancer activity of a test compound. PC-3, a 

prostate adenocarcinoma ceil line (#CRL-1435) was Used in thepS6 Mesoscale Assay. The 
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ceils were grown in F-12 Kaighns' supplemented with 10% Fetal Bovine Serum and 1% 
Penicillin/Streptomycin, The following buffers were used: Complete Tris Lysis Buffer (for 
10 mL use: 100 \xL phosphatase inhibitor I (100X stock), 100 (iL phosphatase inhibitor II 
(100X stock), 1 tablet Complete Mini (EDTA-free)s 40 |xL PMSF, all mixed thoroughly for 
5 minutes at room temperature); IX 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 20 mL use: 20 mL IX tris wash buffer and 600 mg MSD blocker As store on ice); 
Antibody dilution buffer (for 3 mL use: 1 mL blocking solution-A, 1.82 mL IX tris wash 
buffer, 150 JJL 2% MSD blocker D-M, 30 |iL 10% MSD blocker D-R, store on ice). 

[00304] On day one in the afternoon, cells were plated in 96-welI flat bottom cell 
culture plates at 20,000 cells/well in 180 jiL of volume. On day 2 in the morning, test 
compounds were diluted to the desired concentration'and added to the cells. Cells were 
treated with compound for 1 hour at 37 °C, 5% COj, The media was removed carefully and 
50 (JL IX 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 joL of lysate from each well was used to assay for p-S6 levels 
using the protocol described in the manual for MA6000 Phospho-S6RP (Ser235/236) Whole 
Cell Lysate Kit #K110DFD-3, The lysate was assayed for p-Akt levels using the protocol 
described in the manual for MA6000 Phospho-Akt (Ser4730 whole cell lysate Kit 
(#K11 lCAD-3); The plate was read on Sector Imager plate reader. IC50 values were 
calculated from dose response curves. 

[90305] Heteroaryl Compounds have, 01 are expected to have, an IC50 below 10 yM 
in this assay, with some compounds having an IC50 below 1 yiM, and others having an 
IC50 below 0,10 |JM, 

[00306] Btk-PH, Akt-PII and FoxO-EGFP translocation 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 C007A) were grown in Nut .MixF-12-Ham 
supplemented with 10% Fetal Bovine Serum, 1% Penicillin/Streptomycin, 0,5 mg/mL 
Geneticin and 0.25% DMSO. The cells were plated at 12,000 cells per well in a 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. Ceils were then treated with 
control/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-10G, Plates were sealed and then read on Cellomics after 30 minutes, 
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 plaie. The rest of the protocol was identical to the Btk-PH assay (as above), 
U-2 OS cell lines stably transfected with FoxO-EGFP construct was a gift from Gary 
Chiang, Burnham Institute, La Jolla, The cells were grown in DMEM supplemented with 
10% Fetal Calf Serum and 1% Penicillin/Streptomycin. The cells were plated at 
20j000 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 \JIL PBS was added to each well. The plate was then covered with a 
transparent cover slip. The plate was read on Cellomics and the ICso values were calculated 
compared to Worfmannin. 

[00307] Selected Heteroaryl Compounds have, or are expected to have, an 
IC50 below 30 f-iM in this assay, with some compounds having an IC50 below 1 uM, and 
others having an IC50 below 0.10 pM. 

[00308] Cell Proliferation assay. 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 fomiazon salts. WST-1 (Roche Cat# 11 644 807 001) was used to 
measure the proliferation of PC-3 cells. PC-3 cells were plated in 180 fxL of growth media 
(F-12 Kaighns* supplemented with 10% Fetal Bovine Serum and 1% 
Penicillin/Streptomycin) at 3000 ceils per well. The plated cells were incubated overnight 
in 5% CO2 at 37 °C, Compounds were diluted in DM SO from 10 mM stock solution and 
then into F-12 Kaighns medium. 20 jiLof 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% CO2 at 37 °C. 20 juL of WST-1 was added to each well. The 
plates were incubated for two hours in 5% C02 at 37 °C. The plates were read on a Victor 
2 muitUabel plate reader (Perkin Elmer) at 450 nm, IC50 values were calculated compared 
to the DMSO control. 
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[00309J Heteroaryl Compounds have, or are expected to have, an IC50 bel.ow 30 uM 
in this assay, with some compounds having an TC50 below ] and others having an 
ICSD below 0.10 |jM. 

[00310] IL-2 Inflammation assay. 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 
(MA6G00#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 coll treatment, the media was harvested. 25 [\L 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 1XPBS. 150 (xL of 2XMSD Read buffer T was added per well and the plate was 
analyzed on Mesoscale Discovery Sector Imager plate reader. 

[00311] Heteroaryl Compounds have, or are expected to have, an IC50 below 30 joM 
in this assay, with some compounds having an IC50 below 1 \.iMi and others having an 
IC50 below 0.10 pM. 

5.2.3 In Vivo models. 

[00312] Delaved-type hypersensitivity (DTH> model. On day 0, CD-I 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 ear was painted with vehicle 
(acetone:olive oil) (elicitation), Com pound treatment was started one day prior to the 1% 
oxazolone elicitation step. Compounds were administered either orally, intraperitonealiy, or 
intravenously* using once or twice daily dosing for the duration of the study. On day 6 
(24 hr post clicitation) the right ear of untreated animals showed redness (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. 

100313] In this model, Heteroaryl Compounds have, or are expected to have, an 
ED® value of <100 mg/kg, with some compounds having an EDJO of <10 mg/kg and others 
an ED50 of <1 mg/kg. 
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[00314] Xenograft cancer model. Human cancer cell lines were injected into SCID 

(severe combined immunodeficiency)mice. For cells maintained in vitro, tumors 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 

subcutaneous (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, serology and PCR can also be performed to enhance understanding of disease 

and drug action, 

[00315] Some of the typical human 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- 15, COLO 205, HCT 116 and HT29 cell lines for 

colon cancer; the NCJ-H460 and A549 cefl lines for lung canccr; the CRW22, LNCAP, 

PC-3, and DU-145 cell lines for prostate cancer; the LOX-IMVI and A375 cell UneLs for 

melanoma; the SK-G V-3 and A2780 cell lines for ovarian cancer; and the CAKJH, A498, 

and 3N12C cell lines for renal 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. 

[00317] In this model, Heteroaryl Compounds have, or are expected to have, an 

ED50 value of <100 mg/kg, with some compounds having an ED50 of <10 mg/kg and others 

an EDSQ of <1 mg/kg. 

5.3 HETEROARYL COMPOUND ACTIVITY 
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[00318] Each of the compounds in Table 1 was tested in the mTor HTR-FRET assay 
and was found to have activity therein, with all of the compounds having an IC50 below 
10 JJM in the assay, with some compounds having an IC50 between and 0.005 nM and 
250 nM (Activity level D), others having an IC50 between and 250 nM and 500 nM 
(Activity level G), others having an IC50 between 500 nM and 1 pM (Activity level B), and 
others having an IC50 between 1 uM and 10 JJM (Activity level A). 

Table 1 

Cmpd 
No. Cmpd Structure Cmpd Name MS (ESI) 

m/z 
Act 

Level 

1 

0 V 
M / 

H 

6-(lH-pyrrolo[2,3-b]pyridin-3-
yl)-4-(2~(tetrahydro-2H-pyran-4-
yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(lH)-one 

379.3 
[M+l]+ D 

2 
V&ti 

r 

6-(4-methy]-6-( 1 H-l ,2,4-triazol-
3-yl)pyridin-3-yl)~4-((tetrahydro-
2H-pyran-4-yl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(lH)-one 

407.1 
[M+l]+ D 

3 

6-(5-flu.oro-2-methyI-4-(lH-
1,2,4-tri azol-3 -yl)phenyl)-4~ 
{{trans-4-
methoxycyclohexyl)methyl)-3,4-
dihydropyrazmo[2,3-b]pyxazin-
2(lH)-one 

452.2 
[M+l]+ D 

4 -cy, 
6-(5-F3uoro-2-mcthy]-4-(lIT-
1,2,4-tri.azol-3 -y l)phenyl) -4-((c is-
4-methoxycyclohexyl)methyl)-
3,4-d.ihydropyrazino[2,3-
b]pyrazin-2 (1 H)-one 

452.2 
[M+1J+ D 
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Cmpd 
No. Cmpd Structure Cmpd Name MS (ESI) 

m/z 
Act 

Level 

5 

6-(6-(l H-],2,4-triazo!-3-
yl)pyridin-3-yl)-4"((^ra«5-4-
methoxy cyclohexyl)metliyl)-3,4-
di. fry dr opyr azino [2,3-b]pyrazin-
2(lH)-one 

421.3 
[M+l]+ D 

6 b- x /T 
rYY\ 

6-(5-ftuom-2-rnethyl-4-(lH-
152!4-triazol-3-yl)pheiryi)-4-
((trans-4-
hydroxycy el ohexyl)methyI)-3,4-
dihydropyrazino [2,3-b]pyrazin-
2(lH)-one 

438.1 
[M+1]' D 

7 £f 
6-(6-( 1H-1,2,4-triazoI-3-
yI)pyridin-3-yl)-4-((czs-4-
methoxy cy clohexy l)methy l)-3,4-
dihydropyrazino[2,3-b]pyraziii-
2(lH)-one 

421.2 
[M+lf D 

S ^y:s M 
F H W 

6-(6-(lH-l,2,4-tria?,ol-3-
yl)pyridm-3-yl)-4-((/y-a«s-4-
hydroxycyclohexyl)methyl)~3,4-
dihydropyrazino[2,3-b]pyrazin-
2(lH)-one 

407.1 
[M+l]+ D 

? 

Hff 

%-ti W> V' 
6-(6-(lH-l,2,4-triazol-3-
yl)pyridin-3-yl)-4-(m-4-
hydroxycyclohexyl)-3,4-
dihydropyrazitio[2,3-b]pyrazm-
2(lH)-one 

393.2 
[M+lf D 

10 
*?bi y^'^Pu /J 

- <^ffS 

6-(6-(lH-l,2.4-triazol-3-
yl)pyridin-3 -yI)-4-((c/s-4.-
hydroxycycIohexyl)methyl)-3,4-
dihydropyrazino [2,3 -bjpyrazin-
2(lH)-one 

407,3 
[M+l]+ D 
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No. Cmpd Structure Cmpd Name MS (ESI) 

m/z 
Act. 
Level 

11 

y * 
J w ? 

H 

6 -(5 -fluoro-2-methyl-4-( 1H-
1,2,4-triazo!-3 -yi)phenyl)-4-
(o-afijf-4-metlioxycyclohexyl)-
3s4-dihydropyrazmo[2,3-
b]pyrazin-2(I H)-on.e 

438.2 
[M+lf D 

12 tip, 6 
UyVS 

H 

6-(6-(l H-l ,2,4-triazol-3-
yl)pyridin-3 -y])-4-(rraw.y-4-
meth.oxycyclohcxyl)-3,4-
dibydropyrazino[2,3-b]pyrazin-
2(lH)-one 

407.2 
[M+lf D 

13 

*b. rt 
V*V 

6-(6-(lH-l ,2,4-triazoI~3~ 
yl)pyridiii-3 -y\)-4-(tram-A-
hydroxycycloliexyl)-3,4-
dihydropyrazmo[2,3-b]pyrazin-
2(lH)-one 

393.2 
[M+lf D 

14 -C^Cr ^ 
6-(5-fluoro~2-mcthyl-4-(lH-
1 j2,4-triazoi-3-yl)pheny])-4-((cw-
4-hydroxycycLohexyL)methyl)-
3,4-dih.ydropyrazino [2,3-
b]pyrazin-2(l H)-one 

438.2 
[M+lf D 

15 f<. 

M 

6-(6-( 1H-1,2,4-triazol~3-
yl)pyridm-3-yl)-4-(c/.9-4-
methoxycyclohexyl)-3,4-
dihydropyrazmo[2,3-b]pyrazin-
2(lH)-one 

407.3 
[M+lf D 

16 vyi rJ 

"b 
H 

6-(6-(lH-l ,2,4-triazol-3-
yI)pyridm-3 -yl)-4-(2-
methoxyethyl)-3,4-
dihydropyrazirio[2,3-b]pyrazin-
2(lH)-otie 

353.2 
[M+lf D 
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No. Cmpd Structure Cmpd Name MS (ESI) 

m/z 
Act. 

Level 

17 
h» 

Y 
iA» 
H 

6-(6-(lH-l,2,4-triazol-3-
yI)pyridin-3 -yl)-4-isopropy 1-3,4-
dihydropyrazmo[2,3-b]pyrazin-
2(lH)-one 

337.1 
[M+lf D 

13 
Jk. /5S-W |: f N -y 

SVft 
6-(5-fluoro-2-methyl-4-(l H-
1,2,4-triazol-3 -yl)phenyl)-4-(cz'£-
4-hydroxycyclohexyI)-3,4-
dihydropyrazino [2,3-b]pyrazin-
2 (H-I)-one 

424.2 
[M+1]4 D 

19 

V 
f*S U 

H 

6-(5-fluoro-2-metkyl-4-( 1H-
1.2,4-triazol-3 -yl)pheiiyl)-4-(cw-
4-methoxycyclohexyI)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(lH)-one 

438.3 
[M+lf D 

26 
y ,N Cf*' 

^C& 
H 

6-(5-fluoro-2-methyl-4-(1 H-
1,2,4-triazol-3-yl)phei!yl)-4-(2-
mctfroxyethyl)-3,4-
dihydropyrazino[2.3-b]pyrazin-
2(lH)-one 

384.2 
[M+lf D 

21 

®i <? 
/**M f' S v 

CY\ tvp N^V.« 
H 

6-(6-(lH-l,2,4~triazol-3-
y 1) pyri d i ii - 3 -y!.) -4- (tctrahy dro -
2H-pyran-4-yI)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(1 H)-onc 

379.1 
[M+lf D 

22 
J^W 
i 1 hi. VY1 r" 

-Fj-'"!-r'% 
H 

6-(6-(lH-1,2,4-triazoL-3-
yl)pyridin-3 -yl)-4-cthyl-3,4-
d ibydrop v razino [2,3 -b]pyrazin-
2(lH)-one 

323.1 
[M+lf D 
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m/z 
Act. 

Level 

23 *C£r r 6 
H 

6-(5-fluoro-2-methyl-4-(lH-
1,2,4-triazol-3-yl)pheayl)~4-
(^a«^-4-hydroxycyclohexyl)-3,4-
dihydropyrazino[2!3-b]pyrazia-
2(iI-I)-one 

424.2 
[M+lf D 

24 
h 0 

H 

6-(5-fluoro-2-methyl-4-(lH-
1,2,4-triazoI-3-yl)pbenyf)-4-
(tetrahydro-2H-pyran-4-y1)-3,4-
dihydropyi'azino[2,3-b]pyrazm-
2(lH)-one 

410.1 
[M+lf D 

25 

/**« 
V 

,H. ..W, 

M O 
1*1 

6 -{5 -fluoro -2-methyl-4-(l H-
1,2,4-triazol-3-yl)phenyl)-4-
isopropy 1-3,4-
dihydropyrazmo[2,3-b]pyrazin-
2(lH)-one 

368.1 
[M+lf D 

26 

i^-N 

•» 

4-ethyl-6~(5-fluoro-2-methyl-4-
(1H-1,2,4-triazol-3-yl)phcnyl)-
3,4-dihydropyraziiio[2.3-
b]pyrazin-2(l H)-one 

354,2 
[M+lf D 

27 

•^N F f^'A ' Y 
^TiCi V^sA> 

H 

6-(3-fluoro-2-methyl-4-(lH-
1,2,4-triazol-3-yl)phenyl)-4-
(tetrahydro-2H-pyran-4-yl)-3,4-
d i ii y dropy razirio [2,3 -b] p yrazin-
2(lH)-one 

409.7 
[M+lf D 

28 

o" 

"tlX, 6 
WSrfMyS 

H 

6-(3-fliioro-2-methyl-4-(l H-
1,2.4-tnazol-3-yI)pbeay!)-4-(67i'-
4-raethoxycycl ohexyl )-3,4-
di hy dropyrazino [2,3 -bjpy razin-
2(lH)-one 

437.7 
[M+lf D 
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No. Cmpd Structure Cmpd Name MS (ESI) 

m/z 
Act 
Level 

29 "Vyy V 
SAtA) 

H 

6-(3-fluoro-2-me£hyl-4-(lH-
1,2j4-triazoI"3-yl)phenyL)-4-
(?ra^5-4-methoxycyclohexyl)-
3,4-dihydropyrazino[2,3-
b]pyraziri-2( 1 H)-one 

438,0 
[M+lf D 

30 
»\<Vr ? vx 

w 

4-(2-methoxyethyl)-6-(4-methyl-
6-(l H-1,2,4-tria2;oI-3-yl)pyridiii-
3-y]>3,4-dihydropyrazino[2,3-
b]pyrazin~2(l H)-one 

367.4 
[M+lf D 

31 •c y 
% JL ,]&_ 

ft 

6-(3 -(1H-1,2,4-triazol-5-
yl)phenyl)-4-(2-(tetrahydro-2H -
pyran-4-yl)ethyl)-3,4-
dihydropyrazino [2,3 -b]pyrazin-
2(lH)-one 

406.2 
[M+lf A 

32 

Q. <=** 

"sVr rJ • 
H 

5-(8-(2-methoxyethyl)-6-oxo-
5,6,7,8 -tctrahy dropyrazino [2,3-
b]pyrazin-2-yl)-4-
ineLhylpicolma-raide 

397.4 
[M+lf D 

33 
0 

H A f "rVtl ^vNA* 
W-

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

382.1 
[M+lf B 

34 . 9 
^ErAfAfi 

H 

3-(6-oxo-8-(2-(tctrahydro-2H-
pyran-4-yl)eth.yl)~5,6,7,8-
tetrahydropyrazino[2,3-
b]pyrazin-2-yl)benzonitrile 

364.8 
[M+lf B 

- 148-



Cmpd 
No. Cmpd Structure Cmpd Name MS (ESI) 

m/z 
Act. 
Level 

35 

*0, 

6 
H '^Yt\ SAjA 

5-(8-(tran\-4-
methoxycyclohsxyl) -6-oxo-
5,6,7,8-tetrahydropyrazino[2,3-
b]pyrazin-2-yl)-4-
mcthylpi coliiiamide 

397.4 
[M+lf D 

36 _ ? 
H 

6-(lH-imSc!azo[4J5-b]pyridin-6-
yl)-4-(2-(tetrahydro-2H-pyran-4-
yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(lH)-one 

380.2 
[M+lf B 

37 9 
H 

6-(l H-indazol-6-yl)-4-(2-
(tetrahydro-2H-pyrati-4-yl)ethyl)-
3,4-dihydropyrazino [2,3-
b]pyrazm-2(lH)-one 

379,5 
[M+lf A 

38 
**-1* y—s 

VV'V V 

H 

4-((3R,3S)-3-
methoxycyclopentyl)-6-(2-
meth.yl-6-(4H~l ,2,4-triazol-3-
y l)pyridin-3-y 1)~3,4-
di hydropyrazi no[2,3 -b] pyraziii-
2{lH)-one 

407.3 
[M+lf D 

39 
ti ,L "h 

H 

4-((.lS,3R)-3-' 
methoxycyclopentyl)-6-(2-
mcthyl-6-(4H-1,2,4-triazol-3-
yl)pyridin-3-yI)-3,4-
dih.ydropyraziiio[2,3-b]pyi-azin-
2(lH)-one 

407.3 
[M+lf D 

40 

•"I? 

Vs-,fV 0 "°m 
Ki 

4-((IR,3R)-3-
rnethoxycyclopentyl)-6-(2-
methyl-6-(4H-l ,2,4-triazol-3-
yl)pyridin-3-yl)~3,4-
dihydropyrazino [2,3-b'jpyrazin-
2(lH)-one 

407.3 
[M+lf D 
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No. Cmpd Structure Cmpd Name MS (ESI) 

m/z 
Act. 
Level 

41 

*—i 

H 

4-((lS,3S)-3-
methoxycyciopenty1)-6-(2-
methyl-6-(4H-l ,2,4-triazoi-3-
yL)pyridin-3~yl)-3,4-
dihydropyrazmo[2,3-b]pyrazin-
2(lH)-one 

407.3 
[M+lf D 

42 
Hi « srS*£',4kv' TCvfs 

H 

4-cthyl-6-(2-methyl-6-(4H-l ,2,4-
triazol-3-yl)pyridin-3-yl)-3,4-
dihydropyrazino [2,3 -b]pyrazin-
2(lH)-one 

337.7 
[M+1]"1' D 

43 a 9 "SfS r ^ TY\ 
u 

6-( 1 H-pyrrolo [2,3-b]pyriditi-5-
yl)-4-(2-(tetrahydro~2H-pyran-4-
yl)ethyl)-3,4-
dihyd.ropyrazino[2,3-b]pyrazin-
2(lH)-one 

379.2 
[M+1]'1" D 

44 

fl 
rT 

r^Y"i 
H 

6-(lH-indol-6-yl>4-(2-
(tetrali y dro - 2H-pyraii -4 -y Delhyl) -
3,4-dihydropyrazino[2,3-
b]pyrazin-2(l H)~one 

378.1 
[M+lf C 

45 
0 

/V'N f 

U-A 
i-i 

6-(lH-indol-5-yl)-4-(2-
(tetrahydro-2H-pyran-4-yl)ethyl)-
3 }4-dihydropyrazino[2,3 -
b]pyrazm-2(lH)-one 

378.1 
[M+lf D 

46 

O 
}*~n-

\T{ 
4-(((lR,3S)-3-
methoxycyc!opentyl)rncthyl)-6-
(2-methyl-6-(4H-1,2,4-triazol-3-
yl)pyridin-3 -y l)-3,4-
dihydropyrazino[2,3-b]pyrazin~ 
2(lH)-one 

421.2 
[M+lf D 
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47 

V 
O 

N-N 

4-(((lS,3R)-3-
mcthoxycyc]opentyl)rncthyl)-6-
(2-methyl-6-(4H-1,2,4-triazol-3-
yl)pyridm-3 -yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(1 H)-one 

421.2 
[M+lf D 

48 

ft w-* p v 
UW\ 

H 

6-(3-fluoro -2-methyl-4-(4H-
1,2,4-triazol-3 -yI)plienyl)-4-(2-
(tetrahydro-2H-pyran-4-yl)ethyl)~ 
3,4-dihydropyrazmo[2,3-
b]pyrazin-2( lH)-one 

438.3 
[M+lf D 

49 

p. 
^ J 

^XX 
H 

6-(3-fluoro-2-methyl-4-(4H-
1,2,4-tri azol-3 -yl)ph enyl)-4-(2-
methoxyethyl)-3}4-
dihydropyrazino [2.3-b]pyrazin-
2(lH)-one 

384.3 
[M+lf D 

50 
rf O Vv'S V\ 

3s3-dimethyl-6-(4-methyl-6-(4H-
1,2,4-tri azol-3 -y l)pyr idin.-3 -yl) -4-
((tetrah.ydro-2H-pyran-4-
yL)methyl)-3,4-
dihydropyrazino[2=3-b]pyraziri-
2(lH)-one 

435.3 
[M+lf D 

51 'tl Y -^VV^ 
H 

6-(6-(2-hydroxypropan-2-
yl)pyridin-3-yl)-4-({lR)3S)-3-
methoxycyclopentyl)~3,4-
dihydropyrazino[2,3 -b]pyrazin -
2(lH)-oiie 

384.3 
[M+lf D 

52 

-O ^ y~\ 
aoa 

M 

6-(6-(2-hydroxypropan-2-
yl)pyridin-3-yl)-4-((l S,3R)-3-
methoxycycIopentyl)-3,4-
dihydropyi'azino[2,3-b]pyrazin-
2(lH)-onc 

384.3 
[M+lf D 
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53 

t 
C3 

"t r"> Y:S p 

VNA* 
H 

6-(6-(2-hydroxypropan-2-
yl)pyridm-3-yl)-4-(((] S,3S)-3-
methoxycyclopentyl)methyl)-3,4-
dihydropyrazmo[2,3-b]pyrazin-
2(lH)-one 

398.3 
[M+lf D 

54 
** r{ 

H 

6-(6-(2-hydroxypropan-2-
yl)pyridin-3-yl)-4-(((lR,3R)-3-
meth.oxycyclopentyI)methyl)-3,4-
dihydropyrazin.o[2,3-b]pyrazin-
2(lH)-one 

398.3 
[M+1]' D 

55 
^ O 

H 

6-(6-(2-hydroxypropan-2-
yl)pyri di n-3-yl)-4-(( 1 S,3S)-3 -
methoxycyclopentyl)~3,4-
dihydropyrazino[2,3-b]pyrazin-
2(lH)-one 

384.3 
[M+lf A 

56 **0 V TYKI 
w' 

6-(6-(2-hydroxypropan-2-
yl)pyridin-3-yl)-4~((lR,3R)-3-
mcthoxycyclopentyl)-3,4-
dihydropyrazino[2,3-b]pyraziii-
2(1 II)-one 

384,3 
[M+lf D 

57 

«l o 
HD r""( 

>YN p"* 

H 

6-(6-(2-hydroxypropan-2-
yl)pyridin-3-yl)-4-(((lR,3S)-3-
methoxycyclopen.tyl)methyI)-3,4-
dih yd rop yraz ino [2,3 -b]pyrazin-
2(lH)-one 

398.3 
[M+lf D 

58 

b 

> ^ 0 • Y^I f ^ 

H 

6-(6-(2-hydroxyprop an-2-
yl)pyridiii-3-yI)-4-(((lS,3R)-3-
methoxycyclopentyl)methyl)-3,4-
dihydropyrazino[2,3 -b]pyrazin-
2(lH)-one 

398.3 
[M+lf D 
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59 Vy\ (J 
XAtTx 

6-(3-fluoro-4-(4H-1 ̂ ^-trrazoM-
yl)phenyl)-4-(2-methoxyethyl)-
3,4-diliydropyrazino[2,3-
b]pyrazin.-2( 1 H)-one 

370,2 
[M~rl]+ D 

60 fl T rT\ r A^-yVS M>A> 
' H 

6-(3-fluoro-4-(4H-l)2J4-triazol-3-
yl)phenyI)-4-(2-(tetrahydro-2H-
pyran-4-yl)ethyl)-3,4-
dihydropyrazino [2,3 -b]pyraziB~ 
2(lH)-one 

424.3 
[M+1]4 D 

61 

t'iv. M 

f i \ x. 
Of ^ i 

'•nr°' 

7'-(2-methyi-4-(4H-1,2,4-triazol-
3-yl)phenyl)-1 ,-((tetrahydro-2H-
pyran-4-y])methyl)-1 'H-
spiro[cyclopentane-l ,2-
pyrazino [2,3-b]pyrazinj-3' (4'H)-
one 

460.4 
[M+lf D 

62 
vI o 

7'-(2-methyl-4-(4H-l,2/Mxiazol-
3-yI)plienyl)-1 -((tetrahydro-2H~ 
pyran-4-yl)methy i)-Ifl-
spiro[cyclob"utane-l s2'-
pyrazino[2>3-b]pyrazin3-3'(4,H)-
one 

446.4 
[M+lf D 

63 
£ A 

^x'xX NT ^ Ni k' 

4-(cyclopropylmetbyl)-6-(6-(2-
hydiraypropan-2-yl)pyridin-3-
yl)-3,4-dihydi'opyrazino[2,3-
b]pyra2in-2(l H)-one 

340.2 
[M+lf C 

64 
^•ir K o 

H 

7'-(2-methyl-4-(4H-l ,2,4-triazol-
3-yl)phenyl)-1 'H-
spiro[cyclopentane-l f2'-
pyrazino[2,3 wb]pyraziii]-3'(4^)*-
one 

362.3 
[M+1f C 
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65 
rf 7,-(2-methyl-4-(4H-1,2,4-triazol-

3-yl)phenyl)-TH-
spiro[cyclobutane-1,2'-
pyrazino [2 3-b]pyrazin]-3'(4'H)-
one 

348.2 
(M+1]* C 

66 

7'-(2-niethyl-4-(4H-1,2,4-triazoi.-
3-yl)phenyl)-l*H-
spiro[cyciopropane-l ,2'-
pyrazino [23 3 ~b]pyrazin]-31(4'H)-
one 

334.2 
[M+ir D 

67 

H-jy '-•-*Y 
VY**. A> H Ovfv'^ V>X 

(R)-6-(4-(4H-1,2,4-triazol-3-
yl)phenyl)-4-((tetrahydro&ran-2-
yl)metkyl)-3,4-
dihydropyxazino[2,3 -b]pyrazixi-
2(lH)-one 

378.1 
[M+lf. D 

63 

"J*-N 0-\ 

J-Ay^ fA/ 

•^X 
(S)-6-(4-(4H-lj2s4-triazol"3-
yl)phenyL)-4-((tetrahydrofuran-2-
yl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2{lH)-one 

378.1 
[M+lf D 

69 •o, ? 
ii 

6-( 1 H-indazoI-5-yl)^-(2-
(tetrahydro-2H-pyran-4-yl)ethyl)~ 
3,4-dihydropyrazino[2?3-
b]pyrazin-2( lH)-one 

379.0 
[M+lf C 

70 

0 H^K V 

r 
k\\ 

1-3 

4-(6~oxo-8-(2 -(tctrahy dro -2H-
pyran-4-yl)ethy l)-5 ?6,7 $-
tetr ahy dr opyrazmo[2,3 -
b]pyrazin-2-yl)benzamide 

382.5 
[M+1]4 A 
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71 

.N-N ""O 

' A)Qt. 
4-(2-methoxyethyl)-3,3-
dimethyL-6-(2-methyl-4-(4H-
] ^^-txiazol-S-y^phenyl)^^-
dihydropyrazino[2^-b]pyrazin-
2(1 H)-one 

394.2 
[M-fl]" D 

72 
/"£ yy^ x 

4-eth.yL~3,3-dimetkyl~6»(2« 
metfayI-4-(4H-l ?2,4-triazol-3-
yl)pheniyl)-3t4-
dihydropyrazino [2,3 -b]pyrazin-
2(lH)-one 

364.2 
[M+lf D 

73 T U-gX 
6™(2-methyl-4- (4H-1,2,4-triazo]-
3-yl)phenyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(]H)-one 

308.1 
[M+lf C 

74 VyVH 
"H 

3,3-dimethyl-6-(2-methyk6"(4H-
1,2 ̂ -triazoM -yl)pyridin-3-yl)-4-
((tetrahydro-2H-pyran-4-
yl)methyl)-3,4-
dihydropyrazino [ 2 9 3-b ]pyrazin-
2(lH)~one 

435.3 
[M+lf D 

75 
0 

*V*? r 
X X A. 

H 

(R)-6-{6-(l-
hydroxyethyl)pyridin-3-yl)-4-(2-
(tetrahydro-2H~pyran-4-yl)ethyl)-
354-dLhydropyrazino[2,3-
b]pyrazm-2( 1 H)-one 

384.3 
[M+lf D 

76 

.v'"lN 

Tift V>A 
H 

3,3-dimethyl-6-(2-methyl-4-(4H-
1,2,4«triazol-3-yl)phenyl)-4-
((ietrahydro-2H-pyran-4-
yl)methyl)-3s4-
dihydropyrazmo[253-b]pyrazin-
2(lH)-one 

434.2 
[M+lf D 
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77 

T *X 
H 

6-(6-(2-liydroxypropaii-2-yl)-4- , 
methylpyridin-3 -y\)A-{trans-A-
methoxycyclo]iexyl)-3,4-
dihydropyrazino [2,3-b]pyrazin-
2(lH)-one 

412.4 
[M+lf D 

78 

lh fr-o 

^rY\ HArA 
H 

6-(6-(2-hydroxypropan-2-y])-4-
methylpyridin-3-yl)-4-
((tetraliydro-2H-pyraii-4-
yl.)methyl)-3,4-
dihydropyra2ino[2,3-b]pyrazin-
2(lH)-one 

398.3 
[M+lf D 

79 

JM-M 

W*4* , H 
iA 

H 

3,3-dimclhyl-6-(2-methyl-4-(4H-
1,2,4-triazoI-3 -yl)phenyl)-3,4-
dihydropyrazino [2,3-b]pyrazin-
2(lH)-one 

336.2 
[M+1] C 

80 
W-N "V^ 

rV\ 1 

H 

3,3 -dimethyI-6-(2-metliyl-6-(4H-
1.2.4-triazol-3 -yl)pyridin-3-yl)-4-
(2-(tetrahydro-2H-pyran-4-
yl)eth.yI)-3,4-
dihydropyrazino [2,3 -h]pyrazirt-
2(lH)-one 

449.2 
[M+lf D 

SI tci 
u 

6-(6-(2-hydroxypropan-2-yI)-2-
methylpyridin-3-yI)-4~ 
((tetrahydro-2H-pyran-4-
yl)methyl)-3,4-
diliydropyrazino[2,3-b]pyrazm-
2(lH)-one 

398.5 
[M+lf D 

82 
, X 
s*YV 

tY\ ^w-SA* 1 H 

6-(6-(2-hydroxypropan-2-yl)-2-
methylpyridin-3 ~yI)-4-(£ra«,?-4-
rnethoxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(lH)-one 

412.5 
[M+lf 

' 

C 
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83 

o 
^fX f 

H 

(S)-6-(6-(l-
hydroxycthyl)pyridin-3-yI)-4-(2-
(tetrahydro-2H-pyran-4"yl)ethyl)-
3 ̂ dihydropyrazmoP^ -
b]pyrazm~2(lH)-one 

384,3 
[M+1]'" C 

84 
r- Q W\ S, Yxyx 

]-r. 

3,3 -dimethyI-6-(2-methyi-4-(4H-
1 ̂ ^-triazol-S -yl)phenyl)-4-(2-
(tetrahydro-2H-pyran-4-yl)ethyl)-
3,4-dihydropyrazino[2,3-
b]pyrazin-2( lH)-one 

448.3 
[M+1]H D 

85 9 o-^K. V 
H Wvk 

H 

6-(6-(2-hydroxypropan-2-
yl)pyri din-3 -yl)-3,3-dimetliyl-4" 
(2-(tetrahydro-2H-pyran-4-
yl)ethyl)-3,4-
dihydropyrazmo[23-b]pyrazin-
2(lH)-one 

426.3 
[M+l]+ B 

86 >• H. 

QcX 
H 

6-(4-(2~hydroxypropan-2-
y l)pheny I)-4-(7r a nsA -
methoxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazia-
2(IH)-one 

397.2 
[M+J ]+ D 

87 

L 
i-fe 

^"rY "V* 

6-(4-(24iydroxypropan-2-
yl)phenyl)-4-((rrafi5-4-
methoxycy clohexyl)methy l)-3,4-
dihydropyrazino[23-b]pyrazin-
2(lH)-one 

41L3 
[M+lf C 

88 

"\3 

fA 
v*vv W fl ^ws 

H 

4"(c^-4-methoxycycloliexyl)-6-
(2-methyl-6-(4.H» 1,2,4-triazoI-3-
yl)pyridin-3™yl)-3j4-
dihydropyrazino[293-b]pyraziii-
2(lH)-onc 

421.2 
[M+1]"1" D 
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89 

H 

4-(r?'fl«i'-4-methoxycyclohexyl)-
6-(2-methyl-6-(4H-l,2,4-triazol-
3-yl)pyridin-3-yl)-3.4-
dihydropyrazino[2,3-b]pyrazin-
2(lH)-one 

421.0 
[M+1]' D 

90 V, P 
"nCOb 

H 

6-(4-(2-hydroxypropati-2-
yl)ph.enyI)-4-((tetrahydro-2H-
pyran-4-yj)methyl)-3,4-
dihydropyrazino [2,3 -b]pyrazin-
2(lH)~onc 

383.3 
[M+lf D 

91 
f" vyy r* 

Vv^V'S 

H 

4-(2-methoxyethyl)-6-(2-methyl-
6-(4H-1,2,4-triazol-3-yl)pyridin-
3-yl)-3,4-dihydropyrazino [2,3-
b]pyrazin-2(lH)-one 

367.5 
[M+lf D 

92 
yv^i r^> 

^(AtA) 
H 

9-{6-(4H-l,2t4-triazol-3-yl)-3-
pyridyl)-6,11,4a-
trijiydramorphoiino[4,3-
e]pyrazino[2,3-b]pyrazin-5-one 

351.5 
[M+l]+ B 

93 

.N-W 

H 111 i 

u«;\. 

6-(2-methyl-6-(4H-1,2,4-triazoI-
3-yt)pyridin-3-yl)-4-((tetrahydro-
2H-pyratn-4-yl)rneth.yl)-3J4-
dihydropyrazino [2,3-b]pyrazin-
2(lH)-one 

407.8 
[M+lf C 

94 

• 
\v y 

rV'^-| 
%AA» 

H 

5-(8-(czs-4-methoxycyclohexyI)-
6-0X0-5,6,7,8-
tetrahydropyrazino[2,3-
b]pyrazin-2-yI)-6-
niethyLpicolinonitriic 

+ 

0
\ 

-f • • A 
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95 
0 

vN"\ f 
VY 

H 

6-(6-(4H-l,2,4-trwaol-3-
yl)pyridin-3-yl)-4-(2-(tetrahydro-
2H-pyraa-4-yl)ethyl)-3,4-
dibydropyrazino[2,3 -bjpyrazin-
2(lH)-one 

407.3 
[M+lf D 

96 
ti f 
Vf'T r*"'MQ 

' 'V'Y'Y'Y^ 

9-(4-(4H-I,2,4-triazoL-3-yl)-2-
methylphenyl)-3-(2-
methoxyacetyI)-6,11,4a-
trifa.ydropiperazmo[ 1,2-
e]pyrazino[2,3 -b]pyrazm-5 -one 

435.3 
[M+lf D 

97 
ft VVy t ry1 9-(4-(4H-l,2,4-triazoI-3-yI)-2-

methylphenyl)-6,i 1,4a-
trihydropiperazino[ 1,2-
e]pyrazino [2,3-b]pyrazin-5-one 

363.2 
[M+lf E> 

98 
f£ f rfi'. ry 
"C# 

9-(4-(4H-1,2,4-triazol-3-yl)-2-
methy]phenyl)-3-(2-
methoxyethyl)-6,11,4a-
trihydropiperazinof 1,2-
e]pyrazino [2,3-b]pyrazin-5-one 

421.4 
[M+lf C 

99 
t% P> 4-(cyciopentylniethyl)-6-(2-

methyl -6-(4II -1,2,4-triazol-3-
yl)pyridin-3-yl)-3,4-
dihydropy razi n o[2,3-bjpyrazin-
2(lH)-one 

391.8 
[M+lf D 

100 
^ f-r s rj* ti 

H 

9-(6-{4H-1,2,4-triazol-3-yl)-2-
naethyl-3-pyridyl)-6,11,4a-
trihydromorpholino [4,3 -
e]pyrazino [2s3-b]pyrazjn-5-one 

365.5 
[M+lf C 
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101 
^ |A 
>Y*, ^ 
^OcX 

hi 

4-(^a/?^-4-hydroxycyclohexyl)-
6-(6-(2-hydroxypropan-2-
yl)pyridm-3-yl)-3,4-
dihydropyrazino[293^b]pyraziti-
2(lH)-one 

384.2 
[M+1] + D 

102 

9H 

K\ 0 
OsA> 

H 

4-(cz>4-hydroxycyclohexyl)-6-
(6-(2"hydroxypropan-2-
yl)pyridin-3"yl)-3,4-
dihydropyrazmo[233-b]pyfaziu-
2(lH)-one 

384.2 
[M+1] *" C 

103 

jjs r* 

%Af,Av 

6-(6-(2-<hydroxypTopaa-2-
yl)pyridin-3-yl)'4-
((tetrahydrofuran»3-yI)inethyl)-
3 ̂ -dihydropyrazino^S-
b] pyrazm-2( lH)-oae 

370.3 
[M+lf B 

104 

.'"b r*\ 4-(cyciopentyimethyl)-6-(6-(2-
hydroxypropan-2~yl)pyridin-3-
y l)-3>4-dihydropyrazino[2,3 -
b]pyrazin-2( IH)-one 

368.1 
[M+1] * D 

105 

w-, 

^VYS 
H 

6-(6-(2-hydroxypropai]-2-
yI)pyridin~3-yl)-4~neopen.tyl~3,4-
dihydropyrazino[2.3-b]pyrazm-
2(lH)-one 

356,1 
[M+1] * C 

106 

Ho 
xri r1-~Vn 

W 

6-{6-(2-hydroxypropan-2-
yl)pyridin"3«yI)-4-isobutyl"3s4-
dihydropyrazmo[253 -b]pyrazin~ 
2(lH)-one 

342.2 
[M+1] + B 
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107 n 9 vyY r 

H 

3-methyl-6-(2-metbyM-(4H-
1,2,4-iiiazol-3 -yl)phen.yl)-4-(2-
(tctrahydro-2H-pyran-4-yl)clhyl)-
3,4-dihydropyrazin.o[2,3-
b]pyrazin-2( 1 H)-one 

434.1 
[M+1] + D 

108 Vi P UXXX 
M 

6-(6-(2-hydroxypropan-2-
yljpyridin-3-yl) -4-(piperidin-4-
yl)-3,4-dihydropyraznio[2,3-
b]pyrazin-2( J H)-one 

369.3 
[M+1]4 A 

109 
3* V 
Oy,y\ 

^w*^rAo 
H 

6-(6-{2~hydroxypropan-2-
yl)pyridin-3~yl)-4-(2-(tetrahydro-
2H-pyran-3-yl)eth.yl)-3,4-
dihydropyrazino[2,3-b]pyraziii-
2(lH)-one 

398.1 
[M+lf D 

no 
N-w 

YXjGv rj 
8-(4-(4H-1,2,4-triazol-3-yI)-2-
methylphenyl)(3aS,2R)-2-
methoxy-5,10,3 a-
triliydropyi"azino[2,3-
b]pyrroHdino[l ,2-e]pyrazm-4-
one 

378.2 
[M+l]+ N/A 

111 ^QyoCf 
8-(4-(4H-l ,2,4-triazol-3-yl)-2-
methylphenyl)(2R,3aR)-2-
methoxy-5,10,3a-
trihydropyrazino[2,3-
b]pyrrolidmofl ,2-c]pyrazin-4-
one 

378.2 
[M+lf N/A 

112 
/•¥ Yv'V H 

S^NA--. 

8-(4-(4H-l,2,4-triazo]-3-yl}-2-
methylphenyl)(2S,3aR)-2-
methoxy-5,10,3a-
trihydropyrazino [2,3 -
b]pyrrolidino[l ,2-c]pyrazin-4-
one 

378.2 
[M+lf D 
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113 
^ o-

8-(4-(4H-l ,2,4-triazol-3-yl)-2-
rnethylphenyl)(2S 53aS)-2" 
tnethoxy-5510,3a-
trihydropyrazino[2,3-
b]pyrrolidino[ l52-e]pyraziti-4-
one 

378,2 
[M+l]+ C 

114 

r 
•"b f* 

i 

H 

6-(6-(2-hydroxypropan-2-
yl)pyridm-3 -yl)-4-(3 -
methoxypropyl)-3s4-
dihydropyrazino[213-b ] pyrazin-
2(lH)-one 

358.4 
[M+lf A 

115 

r\ 
SL ^ X ^ 
" T^j f 10 

H 

(S)-6-(6-(2-hydroxypropan-2-
yl)pyri din-3-yl)-4-
((tetrahydrofuratL-2-yL)methyl)-
3,4-dihydropyrazino [2,3-
b]pyrazin-2(lH)-one 

370.3 
[M+lf A 

116 
^ . r> (R)-6-(6-(2-hydroxypropan~2~ 

yl)pyridin-3-yI)-4-
((tetrahydrofaran-2-yl)methyl)~ 
3,4-dihydropyrazino [2 s3-
b]pyrazin-2(J H)-one 

370.3 
[M+lf B 

117 
0 H.w V J hr Nf ^ H- M^YS 

hi W" 
H 

6-(2-methyl-6-(4H-l j254-triazol-
3~yl)pyridm-3-yli)-4-(2-
(tetrahydro-2H-pyran~4-yl)ethyl)-
B^-dihydropyrazinoP^-
b]pyrazin-2( 1 H)-one 

421.1 
[M+lf D 

118 
•fl: '•'XvCf 

9-(4-(4H»l ,2,4-triazol-3-yl)-2-
methylphenyl)-3-rnethyl-6J 11,4a-
trihydropiperazino[l ,2-
e]pyrazino[2,3-b]pyrazm~5-one 

377.4 
[M+lf B 
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119 
rJ""° 

VA) 
H 

9-(4-(4H-l ,2,4-triazal-3-
yl)phcnyl)-6,11,4a-
trihydromorpholmo[4,3-
e]pyrazino [2,3-b]pyrazjn-5 -on e 

350.5 
[M+lf D 

120 
* I 

" vXX U 

9-(4-(4H-l ,2,4-triazol-3-yl)-2-
methyiphenyl)-6,l 1,4a-
trihydropiperidmo[l ,2-
e]pyrazmo[2,3-b]pyrazin-5-one 

362.1 
[M+lf D 

121 

u 

6-(6-(2-hydroxypropan-2-
yI)pyriclrn-3-yl)-4-(X7-a/25-4-
methoxycyclohcxyI)-3,4-
dihydropyrazino[2,3 -bjpyrazin-
2(lH)-one 

398.3 
[M+lf D 

122 &,,, 0 
f%] T ^xyx 

M 

6-(6-(2~hydroxypropati-2-
yl)pyridin-3 -yi) -4-(m-4-
methoxy cyclohexy 1)~3,4-
dihydropyrazino[2,3-b]pyrazm-
2(lH)-one 

398.2 
[M+lf c 

123 

o 
^Vi r «^wFVlS 

l-i 

6-(6-(2-hydroxypropan-2-
yl)pyridin-3-yl)-4-(2-
ni.orpiiolinoethyl)-3,4-
dihy dropyrazi no [2,3 -b]pyrazln-
2(lH)~one 

399.2 
[M+lf A 

124 H CJ*v. UA 
H 

6-(6-(2-hydroxyptopan-2-
yl)pyri(iiii-3-yl)-4-plieiiethyl.-3!4-
d i hydropy ra z ino ['2,3 -bjpyrazin-
2(lH)-one 

390.2 
[M+if C 

-163 -



Cmpd 
No. Cmpd Structure Cmpd Name MS (ESI) 

m/z Level 

125 

"b p*| v 
H 

6-(6-(2-hydroxypropan-2-
yi)pyridln-3-yl)-4-(tetrahydro-
2H-pyran-4-y l)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(lH)-one 

370.3 
[M+if B 

126 ^X.., 
H' 

4-(cyclohexyimethyl)-6-(6-(2-
hydroxypropan-2-yl)pyiidin-3-
yl)-3,4-dib,ydropyrazino[2T3 -
b]pyrazin-2(] H)-one 

382.3 
[M+lf D 

127 V & 
sAgk 

6-(6-(2~hydroxypropati-2-
yl)pyridin-3-yl)-4-((/raj?ly-4-
methoxy cyclohexy l)methyl)-3 >4-
dihydropyrazino[253-b]pyrazin-
2(lH)-one 

412,2 
[M+lf D 

128 

i 
*fa f^f >Y^ 

6-(6~(2-hydroxypropan-2-
yl)pyridin-3-yl)-4-((6*zs-4-
methoxycyclohcxyl)methy l)-3 ,4-
dihydropyrazino[2?3-b]pyraziii™ 
2(lH)-one 

412.2 
[M+lf D 

129 

H« f\ 
Vi V vyv^ 

V%A-
H 

(R)-6-(6-(2-hydroxypropaii-2-
yl)pyridin-3-yl)-4-
(tetrahydrofuran-3-yl)-354-
dihydropyrazino[253-b]pyrazia-
2(lH>one 

356.2 
[M+lf B 

130 

t ^ ft Ml O T\ **& £ V 
Y"1 V 

^'Y'" TJN 

h 

(S)-6-(6-(2-hydroxypropan-2-
yl)pyridin-3-yl)-4-
(tetrah.ydrofiirati-3-yl)-3,4-
dihydropyrazino [2S 3-b]pyrazin-
2(lH)-one 

356.1 
[M+lf B 
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131 >AX 
H 

6-(6-(2-hy droxypropari-2-
yl)pyridin-3-yl)"4-pbenyl"3,4-
dihydropyrazino[2s3-h]pyraziii-
2(l"H)-one 

362.1 
[M+l]+ D 

132 
* 0 
Vi s, 

(S)-6-(6-(2-hydroxypropan-2-
y l)pyridin -3 -yl)- 3-methyl-4-(2-
(tetrahydro-2H-pyran-4-yl)ethyl)-
3,4-dihydropyrazino[2,3-
b]pyrazm-2( lH)-one 

412,3 
[M+l]+ D 

133 

c/M 

H 

9-[6-(l -hydroxy-isopropyl)-3 -
pyridyl]-6sll,4a-
trihydromorpholino[4s3-
e]pyrazmo[293-b]pyrazin-5-one 

342.0 
[M+1]4 B 

134 

4^ p* 

Y'V^I 
H 

6-(6-(2-hydroxypropan-2" 
yl)pyridin~3-yl)-4-((tetrahydro-
2H-pyran-4-yl)xnethyi)-3,4-
dihydropyrazino[2.3 -bjpyrazin-
2(lH)-one 

384.2 
[M+l]+ C 

135 

1o ^ 

Y^j r 
VNT^O 

H 

6-(6-(2-hydroxypropan-2-
yl)pyriditi-3-yl)-4-(2-
methoxyethyl)-3,4-
dihydropyrazino[2>3 ~b]pyrazm-
2(lH)-one 

344.1 
[M+l]+ A 

136 

.. P -r-f..F 

wf I roria "[CL r-M 
H 

6-(2-amino-7-methyl-1H-
benzo[d]imidazol-5-yl)-4-(3-
(trifluoromethyl)benzyi)-3?4-
dihydropyrazino[23-b]pyrazin-
2(lH)-one 

454.4 
[M+l]+ B 
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137 

'00^ 
H 

6-(6-(2-hydroxypropan-2-
y l)pyridin-3 -y I)-4-(3 -
(trifluoromethyI)benzyl)-3,4-
dihydropyrazino [2,3-b]pyrazin-
2(lH)-one 

444,4 
[M+1]" D 

138 " X^yVY 
H 

9-(4-(4H-l ,244-triazol-3-yl)-2-
methylpheny!)-6,11,4a-
trihydromorphoIino[4>3"' 
e]pyrazino [2,3-b]pyrazin-5-one 

364 
[M+lf D 

139 
0 

v/A r 
' r^YVi 

6"{4"methyl-2-(methylamlno)-
IH-benzo[d]imidazol-6~yl)-4-(2-
(tetrahydro-2H-pyran-4-yi)ethyl)-
3,4-dihydropyrazmo [2,3-
b]pyrazin™2( 1H) -one 

422.2 
[M+l]+ D 

140 

&-H 4 i ^ r YY * n 
H 

8-{4-(4H-l ,2,4-triazol-3-yl)-2-
methylpheny l)-5 > 10,3 a-
trihydropyr azino [2,3-
b]pyirolidino[] ,2-c]pyraziii-4-
one 

348.3 
[M+lf D 

141 
c^. r 
^tXv 

H 

6-(4-(4H-l ,2,4-triazol-3~ 
yl)phenyl)-4-ethy 1-3 y4-
dihydropyrazino[23-b]pyrazin-
2(lH)-one 

322.2 
[M+lf C 

142 

f&-pi 

)Vi f uot>. 
6_(4_(4H-1,2?4-triazol-3-
yl)phenyl)-4-((tetrahydro-2H-
pyran-4-yl)methy l)-3,4-
dihy dropyrazino[2,3 -b]pyrazin-
2(lH)-one 

392.3 
[M+lf D 
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Leve] 

143 

0 ^ Y 
r 
r<r^b 
H 

6-(6-(2-hydroxypropan-2-
yi)pyridin-3-yI)-4-(2-(tetrahydro-
2H-pyran-4-yl)ethyl)-3 ;4-
dihydropyrazino[293-b]pyrazin-
2(lH)-one 

398,3 
[M+l]+ D 

144 

}'"+ Yi C' 

'IfS^ r'^ uca 
H 

6-(4-(4H-l,2,4-triazol-3-
yl)phenyl)-4-(2-methoxyethyL)-
3,4-dihydropyrazmo [2,3-
b]pyrazin-2( IH)-one 

352.2 
[M+1]1 D 

145 
A, 

^\X'Y^ 
M 

6-(4-(4H-l,2s4-triazoi-3» 
yl)phenyL)-4-(3-
(trifluoromethyl)benzyl)-3,4-
dihydropyrazino[2,3-b]pyrazia-
2(lH)-one 

420,3 
[M+l]+ D 

146 9 MYY 1 'oa 
H 

6-(2-methyl-4-(4H-l,2?4-triazol-
3-yi)phenyl)-4-(2-(tetrahydro-
2H-pyran-4-yi)ethyl)-3,4-
dihydropyrazmo[253-b]pyrazm-
2(lH)-one 

420.3 
[M-rl ]+ D 

147 oi? yw^Y^s 
T'.f hi "1^ 

6-(4-methyl-lH-
benzo[d]iinLdazol"6-yL)-4-(2" 
(tetrahydto-2H-pyran-4-yl}ethyl)-
3)4-dihydropyrazino[2?3-
b]pyrazin-2( lH)-one 

393.3 
[M+lf B 

148 *o ? ' tYX Nw,xhr^ 
H 

6"(4«(2»hydroxypropaii-2-
yl )pheny l)-4-(2~ (tetrahy dro-2 H-
pyran"4"yl)ethyl)-3j4-
dihydropyrazitio[2,3-b]pyraziri-
2(lH)-one 

397.2 
[M+lf D 

- 167-



Cmpd 
No. Cmpd Structure Cmpd Name MS (ESI) 

m/z 
Act. 

Level 

149 

Ci itf V 
6-(4-(lH-l,2}4-triazol-5-
yI)phcnyi)-4-(2-(tctraliydro-2H-
pyran-4-yl)ethyl)-3,4-
dihy dropyrazino [2,3 -b] pyr azin-
2(lH)-one 

406.2 
[M+lf D 

150 -vW A" 
x07 

7-(5-fluoro-2-methyl-4-(lH-
1,2,4-triazol-3-yL)phcnyl)-1 -
((trans-4-
meth.oxycyclohexyl)methyl)-3,4-
dihydropyrazmo[2,3-b]pyi"azin-
2(lH)-one 

452.3 
[M+lf D 

151 tfYv 6 
IsA^vS*3 

SAw* 
H 

7-(6-(lH-l ,2,4-triazol-3-
yl)pyridin- 3-yl)-1 -(cis-4-
methoxycyclohexyI)-3,4-
dihy dropyrazino [2,3-b]pyrazin-
2(lH)-one 

407.3 
[M+lf D 

152 

A u 
H r ^V^V'V* 

H 

7 -(lH-pyrrolo[2,3 -b]pyridin-3 -
yL)-l -(2-(tetrahy dro-2H-pyran-4-
yL)ethyl)-3,4-
dihydTopyrazino[2,3-b]pyrazi n-
2ClH)-one 

379.1 
[M+lf D 

153 

» 
«*w 

^W^Y"^T' 

7-(5-fluoro-2-methyl-4-(IH-
] ,2,4-tri azol-3 -y L)phcnyl)-1 -((cis-
4-methoxycyclohexyl)raetkyL)-
3,4-dihydropyrazmo[2,3-
b]pyrazin-2( 1 H)-one 

452.3 
[M+lf D 

154 

H oc^y 
H 

1 -ethyl-7-(lH-pyrroto[3,2-
b]pyridin-5 -yl) -3,4-
dihv di"opyrazino[2,3 -b]pyrazi.n-
2(lH)-one 

295.1 
[M+lf A 

- 1.68 -



Cmpd 
•No. Cmpd Structure Cmpd Name MS (ESI) 

m/z 
Act. 

Level 

155 
-CN,, ff 

^x' 

7-(6-(lH-l r2,4-triazol-3-
yl)pyridin-3-yl)- 3 -((cis-4-
methoxycyclohexyl)methyl)-3,4-
dihydropyrazino [2,3-b]pyrazin-
2(lH)-one 

421.4 
[M+lf D 

156 
, o { ™ . :| A J* J f' ^xr/ Kr-» 

K 

7-( 1 H-bcnzo [d]imid azol-4-yl.)-1 -
(2-(tetrahydro-2H-pyriin-4-
yl)ethyl)-3,4-
dihydropyrazino[2,3 -bjpyrazin-
2(lH)-one 

379.2 
[M+lf B 

157 

fl H T 
i-t^Y f 

XX J ^tr U 

7-(lH-pyrrolo[2,3-b]pyridin-4-
yl)-l-(2~(tetrahydro-2H-pyraii-4-
yl)ethyl)-3,4-
dihydropyrazino[2,3 -b]pyrazin-
2(lH)-one 

379.2 
[M+lf D 

158 
%* r"Y° 
N^Vfr\j j****."* 

Vy 

7-(6-{ 1H-1,2,4-triazol -3-
yi}pyridin-3-y!)-l-((fr-<my-4-
mcthoxycyclohcxyl)methyi)-3.4-
dihydropyrazino[2,3-b]pyrazin-
2(lH)~one 

421.3 
[M+lf D 

159 
"OU. /f 

iv^YV 
"Sr 

7 -(6-(l H-1,2,4-triazol- 3 -
y t)pyridin-3-yl)-1 -((trans-4-
hydroxycyclohexyl)methy L)-3,4-
dihydropyrazrao[2,3-b]pyrazin-
2(lH)-one 

407.2 
[M+lf D 

160 

cr 

&ys 0 
£i 

7-{6-( IH-1,2,4-triazol-3-
yl)pyridm-3-yl)-l -(cis-4-
h y dr o x y cy c 1 o h exy i)-3,4 -
dihydropyrazino[2,3-b]pyrazin-
2(lH)-one 

393.3 
[M+lf D 

- 169-



Cmpd 
No. Cmpd Structure Cmpd Name MS (ESI) 

m/z 
Act. 

Level 

161 -CSyr 0 
vv 

H 

7-(5-fluoro-2-methyl-4-(IH-
1,2,4-triazoI-3-yl)phenyO-1 -{cLv-
4-hydroxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(lH)-one 

424.2 
[M+l]+ D 

162 
Q 

^TXT 
H 

7-(6-(lH-l ,2,4-triazol-3-
yl)pyridin-3-yl)~l-(tetrahydro-
2H-pyran-4-yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(lH)-one 

379.2 
[M+1]' D 

163 

O"' 

VY%I f 
^-Ccj 

H-

7-(6-(lH-l,2,4-triazol-3-
yl)pyridin-3-yI)-l-(2-
methoxyeth.yl)-3,4-
dihydropyrazino[2l3-b]pyraziii-
2(lH)-one 

353.2 
[M+l]+ D 

164 

/*w 
"Vy^ r 

H 

7 •(()'( 1H-1,2,4~triazol-3-
yI)pyridm-3-yl)-I -ethy 1-3,4-
dihy dropyrazino [2,3 -b]pyrazin-
2(lH)-one 

323.2 
[M+l]+ D 

165 
fr PI J^K 

"V 

7-(5-fluoro-2-methyl-4-( 1H-
1,2,4-tri.azol-3 -y l)pheny 1)-1 -((cis-
4-hyd.roxycycl.ohcxyl)nicthyl)-
3,4-dihydropyrazino [2,3-
b]pyrazin-2( 1 H)-oae 

438.1 
[M+lf D 

166 
h- v A V^A y 

iL ^JN. Jf ^prSr 
w 

7-(5-fluoro-2-methyl-4-( 1H-
1,2,4-triazol-3 -yl)phenyl)-1 -
(tetrahydro-2H-pyran-4-yl)-3,4-
dihydropyrazino[2,3 -bjpyrazin-
2(lH)-one 

410.3 
[M+ir D 

- 170-



Cmpd 
No. Cmpd Structure Coipd Name MS (ESI) 

m/z 
Act. 
Level 

167 

o 3r> J &£ r 
kx; 

fi 

7-(l H-mdol-4-yl)-l -(2-
(tetrahydro-2H-pyran-4-yl)ethyl)-
3,4-dihydropyrazma[2,3-
b]pyrazin-2(lH)-one 

378.2 
[M+ir C 

168 Yyvv 

7-(5-fluoro-2-methyl-4-(l H-
1,2,4-tria-/ol-3 -yl)phenyl)-1 -
((trans-4-
hydroxycyclohexyl)metliyi)-3,4-
dihydropyrazino[2,3~b]pyraziii-
2(lH)-one 

438.2 
[M+1]' D 

169 
|HI 

1^3 

7-(6-(lH-1,2,4-triazol-3-
yl)pyridin-3-yl)- l-((m-4-
hydroxycyclohexyl)methyI)-3,4-
dihydropyrazino [2,3-b]pyrazin-
2(lH)-one 

407,1 
[M+lf D 

170 

Hp 

VN^J 

jr* 

7-(6-(lH-l,2,4-triazoI-3-
j'I)pyridiri-3-yl)-1 Airans-A-
hydroxycyclohexyl)-3,4-
dihydropyrazmo[23-b]pyrazm-
2(lH)-one 

393.2 
[M+l]+ D 

171 tu- i1 
ut):Y 

H 

7-(6-(lH-l ,2,4-triazol-3-
yl)pyridin-3 -yl)-1 -(transA-
methoxycy clohexyl)-3,4-
di.hydropyrazirLo[2,3-b]pyraziii~ 
2(IH)-one 

407.3 
[M+lf D 

172 

>{ 

Vv^ Y 
7-(6-(]H-1,2,4-triazol-3-
y L)pyridm-3 -y I)-1 -isopropy L- 3,4-
dihydropyrazitio [2,3 -bjpyrazin-
2(lH)-one 

337.1 
[M+1]" D 

- 171 -



C™f| Cmpd Structure Cmpd Name MS (ESI) 
m/z 

Act 
Level 

173 ^rY 0 
• fSr 

7-(5-fluoro-2-methyl-4-(lH-
152,4-triazol-3 -y I)phenyl)-1~ 
(trans-4 -methoxycy cl ohexyl)-
S^-diliydropyrazinoP^-
b]pyrazin-2( 1H) -one 

438.3 
[M+lf D 

174 
,+!^VY" 6 

fa"* KT 
.U 

7-(5-fluoro-2-methyl-4-(l H-
1,2,4-tri azol-3 -yl)pb eny 1)-1 -
(trans A -hydroxycyclohexyl}-3,4-
dihydropyrazino [2,3~b]pyrazin-
2(lH)-orie 

424.3 
[M+lf D 

175 

*4 7-(5-fluoro-2-methyl-4-(lH-
1,2,4-triazol-3 -y L)plieny 1)-1 -(2-
met1ioxyethyl)~3 .,4-
dihydropyrazino [2,3 -b]pyrazin-
2(IH)-one 

368.2 
[M+lf D 

176 

/VN 

^/w y xx^ 
k 

7-(5-fluoro-2-methyl-4-(lH-
1,2/l-triazal-3-yi)phenyl)~l -
isopropyl-3,4-
dihydropyrazino[2:i3"b]pyrasin-
2(lH)-one 

323.2 
[M+lf D 

177 
nAfV f 

""V 
1 -ethyl-7-(5 -fluoro-2-methy 1-4-
(1H-1,2,4-triazol -3-yl)plienyl)~ 
3)4-dihydropyrazino[2?3-
b] pyrazin-2( 1H) -one 

354.2 
[M+lf D 

178 - V 6YVV XXJ 
U 

7-(2-hydroxypyridin-4-yl)~ 1 -(2-
(tetrahydro-2H-pyran-4-yL)ethyl)-
354-dihydropyra2ino[2,3~ 
b]pyrdzin-2(lH)-one 

356.1 
[M+lf B 

- 372-



Cmpd 
No. Cmpd Structure Cmpd Name MS (ESI) 

m/z 
Act, 

Level 

179 
Y ^xy/ 

1 -isopropyl-7-(4-methy]-6-(l H-
1 ?254-triazol-3-yL)pyriditi-3-yl)-
S^-dihydropyrazinoP^-
b]pyrazm~2( 1 H)-one 

351,4 
[M+lf D 

180 

o 

H ^XY>KYHJ^ 
^p-r^nr 

H 

5-(8-isopropyl-7-oxo~5,6,7,8-
tetrahy dropyrazino [2,3-
b]pyrazm-2-yl)-4-
methylpicolinamide 

327.4 
pVlH-1] f" D 

181 

A H- K^J Tl T r Y r 
c 
H 

7-( 1 H-indazol-4-yl)-1 -(2-
(tetrahydrO"2H~pyi*an"4-yl)ethyl)" 
3 ̂ -dihydropyrazinoP^-
b] pyrazin-2( 1 H)-one 

379.2 
[M+lf D 

182 
Q 

wSj^V f 

^Xf 
h 

7-(2-aminopyriimdiii-5-yl)-l -(2-
(tetrahydro-2H-pyran-4-yl)ethyl)~ 
3,4-dihydropyrazino [2,3 -
b]pyrazin-2(lH)-one 

355.1 
[M+lf C 

183 

\A/ 
K 

7~(2~aminopyridin-4-yI)-l-(2-
(tetrahydro-2H-pyran-4-yl)efchyl)-
3 ,4-dihydropyrazino [2,3-
b]pyrazin»2( 1 H)-one 

355.2 
[M+lf B 

184 
0 

p T J 
V^YYY 

7-(6-(methylammo)pyridm-3"yl)-
I -(2-(tetrahydro-2H-pyran-4~ 
yl)ethyl)-3s4-
dihydropyrazmo[2s3 -b]pyrazin-
2(lH)-oue 

369,3 
[M+lf D 

- 173 -



Cmpd 
No. Cmpd Structure Cmpd Name MS (ESI) 

m/z 
Act 

l^evel 

185 
0 J r 
H 

7-(6~hydroxypyridm-3-yl)-1 -(2-
(teirahydro-2H-pyran-4-yl)ethyl)-
3,4-dihydropyrazitio[2,3-
b]pyrazin-2( 1 H)-one 

356,2 
[M+1]* A 

186 

M 

v ir 

vy 

7~(4-(lH-pyrazol-3-yl)phenyl)-l -
(2-methoxyethyI)-3,4-
dihydropyrazmo[2,3"b]pyrazin-
2(lH)-one 

351.3 
[M+lf D 

187 

0 
A r ^rry 

r 
M 

7-(pyridm-3 -yl)-1 -(2 -(teirahy dro-
2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazirio[233-b]pyraziri-
2(lH)-one 

340.1 
[M+lf B 

138 

K J* 

w C. ^ 
H 

7-(l H-indazol-4~yl)-l~(2-
methoxy ethyl)-3,4-
dihydropyrazino [2;3-b]pyrazin-
2(lH)-one 

325.0 
[M+lf A 

189 

fl'" 

/Y^l fJ 

V "-'•gf'1':-|^i"j',T' 
H 

7-(lH-mdazol-6-yl)~] ~(2-
meitaoxy ethyl)-3 ?4-
dihydropyrazino[23-b]pyrazin-
2(lH)-one 

324.7 
[M+ir A 

190 
0 

A r wvy 
WW; 

1 
K 

7-(pyrimidin-5-yl)-l-(2~ 
(tetrahydro-2H-pyran-4"yl)ethyl)-
3 ,4-dihydropyrazino [2,3-
b]pyraziii-2( 1H) -one 

341.2 
[M+lf A 

-174-



Cmpd 
No. Cmpd Structure Cmpd Name MS (ESI) 

m/z 
Act. 

Level 

191 
9 •"V^i r 

^ ?-r v r<f* 
H 

7-(6-methoxypyridin-3-y])-1 -(2-
(ietrahydro-2H-pyran.-4-yl)ethyl)-
3,4-dihydropyrazino[2,3-
bJpyrazin-2( 1 H)-one 

370.2 
[M+1]4 B 

192 tfS ^ 
SAJ 

H 

1 -(2-methoxyethyl )-7-(1H-
pyrrolo[2,3-b]pyridm-5-yl)-3,4-
dihydropyrazino{2;3-b)pyrazin-
2(lH)~one 

325.0 
[M+lf D 

193 
bf^ r 

^w" "ri 
w 

1 -ethyl-7-(lH-pyrrolo[2,3-
b]pyridin-5-yl)-3,4-
dihy dropyrazino [2,3 -bjpyrazin-
2(lH)-one 

295.2 
[M+lf C 

194 

*"V-N 

^OCT 
ff"" NN* 

4 
H 

l-ethyi-7-(lH-iiidazol-4-yj.)-3,4-
dihydropyrazino [2,3-b]pyrazin-
2(lH)-one 

295.2 
[M+1 ]+ A 

195 

^-V 

C J T A r" vvvV 
r 
H 

7-(pyridin-4-yl)-1 -(2-(tetrahydro-
2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazirto[2,3-b]pyrazm-
2(lH)-one 

340.2 
[M+lf A 

196 
0 

»V*i r 
YY 
Fa w. 

H" 

7-(6-aminopyridm-3-yl)-l -(2-
(tetrahydro-2H-pyran-4-yI)ethyl)-
3,4-dihydropyrazino [2,3-
b]pyrazin-2( lH)-one 

355.1 
[M+lf D 

-175 -



Cmpd 
No.. Cmpd Structure Cmpd Name MS (ESI) 

m/z 
Act. 
Level 

197 
VNs'v Cy^y 

1 -mcthyi-7-(2-rnethyl-6-(4H-
1,2,4-triazol-3 -yl)pyridin-3-yl)-
3,4-dihydropyrazino[2,3-
b]pyrazin-2(lH)-one 

323.3 
[M+lf D 

198 5U. 6 
H 

2-(2-hydroxypropan-2-yl)-5-(8~ 
(fraH5-4-methoxycyc]ohexyI)-7-
oxo-5,6,7,8-
tetrahydropyrazino[2,3-
b]pyrazin-2-yl)pyridine 1-oxide 

414.2 
[M+1]' A 

199 
r* 

Yrr i^v 
^JL,., n.., y\,p 

h^f 

4-metiiyl-5-(7-oxo-8-
((tetrahydro-2H-pyraa-4-
yl)methyl)-5s6,7,8-
tetrahydropyrazino[2,3-
b]pyrazin-2-yl)picolinamide 

383.4 
[M+l]+ A 

200 
Q 

5-(8-((cis-4-
meth.oxycycloh.exyl)methyi)-7-
oxo-5,6,7,8-
tetrahydropyrazino[2,3-
bjpyrazin-2-yI)-4-
methylpicolinamide 

411.5 
[M+lf A 

201 
9 

Mw, jr*" 

H 

7-(l.H~pyrazol-4 -yl)-1 -(2-
(tetrahydro-2H-pyran-4-yl)ethyl)-
3,4-di hy dropyrazino [2,3-
b ] pyraz in~2 (1H) -one 

329.4 
[M+lf A 

202 
vWW. /*N 

"V^y- Y 
XJCJ 

& 

1 -(ira«i--4-methoxycyclohexyl)-
7-(4-methyl-6-( 1 H-l ,2,4-triazol-
3-yl)pyri din-3-yl.)-3,4-
dihydropyrazmo[2,3-b]pyrazin-
2(lH)-one 

421.5 
[M+lf D 

-176 -



Cmpd 
No, Cmpd Structure Cmpd Name MS (ESI) 

mix 
Act. 

Level 

203 
f ,A| 

v-isxyf 
3-((7-(2-methy]»6-(4H-l ,2,4-
triazol-3-yl)pyridin~3~yl)-2-oxo-
3 }4-dihydropyrazmo[2f3" 
b]pyrazin-1 (2H)-
yl)methyl)benzonitrile 

424.0 
[M+lf D 

204 
f^w r£J 

^Sf 

l-((tranS-4-
metlioxycyclohexyl)methyl)-7-
(4-methyl-6-(]B-l52)4-triazol-3-
yl)pyridin-3-yl)-3,4-
dihydropyraziDo[2,3-b]pyrazin-
2(lH)-one 

435.5 
[M+1]4 D 

205 
0 

H CL 
Q L JL. } 

H 

3-(7"Oxo-8-(2-(tetrahydro-2H-
pyran-4-yI)ethyl)"55657,8-
tetrahydropyrazino[2,3-
b]pyrazin-2-yl)benzarrride 

382.1 
[M+lf A 

206 
o r*Y^ 

'Wf r'-^ 
^ if 

5-(8-((^-aw)y-4-
methoxycyclohexyl)methyl)-7-
oxo-5s6s7s8-
tetrahydropyrazino[2,3~ 
b]pyrazin-2-y!)-4-
methylpicofmamide 

411.5 
[M+1]4 A 

207 

U 

H=, fS 
i"\ 

H 

3~((7-(6-(2-hydroxypropan-2-
yL)pyridin-3-yl)-2-oxo-3?4-
dihydropyrazmo[2>3 -blpyrazin-
1 (2H)-yl)methyl)benzonitri Le 

401.2 
[M+lf D 

208 

»*ri-

M V-\^SV'SVC> ' VJ 
H 

7-(6-(2-hydroxypropan-2-
y])pyridm-3-yl)-l~((lR13R.)-3-
methoxycyclopentyl)-3 ,4-
dihydropyrazino[2J3-b]pyra^in-
2(lH)-onc 

384.2 
[M+lf D 

-177-



Cmpd 
No. Cmpd Structure Cmpd Name MS (E SI) 

mix 
Act. 
Level 

209 K 

H' 

7-(6-(2-liy droxyptopan-2-
y l)pyridm-3 -y 1)-1 -((1 3?3R>3-
methoxycyclopentyl)-3s4-
dihydropyrazino[2f3-b]pyrazin-
2(lH)-one 

384.1 [M+1 r D 

210 ^Sfi ^ X^J 
H 

7-{6"(2-hydroxypropan-2-
yl)pyridin-3-yl)» J-((1S53 S)-3-
methoxycyc!opentyl)»3j4» 
dihyd.ropyrazino[23-b]pyrazin-
2(lH)-one 

384.1 [M+1 r D 

211 ^£\ "V 
H 

7 -(6-(2-hy droxypropau-2-
yl)pyridm-3-yl)-l-{(] R,3S)-3-
methoxycycloperityl)-3?4-
dihydropyrazino[2,3~b]pyraziri-
2(lH)-one 

384.1[M+1 
]"' D 

212 
0 

•QO^ 
w 

7-( I H-indazol-6-yi)-1 -(2-
(tetfahydro-2H-pyran-4-yl)ethy!)-
3,4-dihydropyrazinoP ,3 -
b ]pyrazm-2(l H)-one 

379.2 
[M+l]+ D 

213 

fl W1 Sr' 
? jT f KJ-k. lKpP 

V"V 
rt 

7 -(2 -me thyl-6- (4H~1 ,2,4-triazol-
3 -y l)py ridin-3 -y 1)-1 -(2-
morpholmoethyl)-3,4-
dihydropyrazmo[2s3-b]pyrazin-
2(lH)-one 

422.2 
[M+1]" D 

214 <x,v 0 
H 

1 -(/rflKy«4-hydroxycyclohexyI)-
7-(2-methyl-6-(4H-1P2 ?4-tx*iazol-
3-yl)pyridin-3-yl)-3s4-
dihydropyrazino[2s3-b]pyrazm-
2(lH)-o ne 

407.3 
[M+l]+ D 

-178-



Cmpd 
No. Cmpd Structure Cmpd Name MS (ESI) 

m/z 
Act. 

Level 

215 
s-f A 

ro* j/ 
hr 

1 -(eis-4-hydxoxycyclohexyl)-7-
(2-oiethyl-6-(4H-1,2,4-tri azol-3-
y l)pyridm-3-yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(lH)-one 

407.3 
[M+lf D 

C
N

 

. 0 
r 
H 

7-(6-(2-hydroxypropan-2-
yl)pyridin-3 -yl)-1 -(2-
morpho lino ethyl) -3.4-
dihydropyrazinof2,3-b]pyrazin-
2{lH)-one 

399.2 
[M+lf D 

217 
rt 

atrr 
M 

1 -Lsopropyl-7-(2-methyl-6-(4H-
1,2,4-triazol-3-yl)pyridin-3-yl)-
3,4-dihydropyrazino[2,3-
b]pyrazin-2( 1H) -on e 

351.5 
[M+lf D 

218 
9 

iX\ ' 
H 

7-(lH-imidazo[4,5-b]pyridin-6-
yLV 1 -(2-(tetrahydro-2H-pyran~4-
yl)cthyl)-3,4-
d i h y dro pyr az ino [2,3 ~b ] py razin-
2(lH)-one 

380.2 
[M+lf A 

219 
i»»w fY^-

'^V-T^VS ^r^Vv"1 

U<X7 
1 -((cis-4-
metko xy cy c io h ex y 1) m e t hy 1) - 7-
(2-methyl-6-( 1H-1,2,4-triazol-3 -
yi)pyridin-3-yl)-3,4-
dihydropyrazino[2,3b]pyrazin-
2(lH)-one 

435.5 
[M+lf D 

220 %
 

, 

^c
?~

> -<r 1 -{A-4 -fry d roxycyclohexyl) -
7-(6-(2-hydroxypropan-2-
yl)pyridm-3-yi)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(lB)-one 

384.2 
[M+lf D 
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Cmpd 
No. Cmpd Structure Cmpd Name MS (ESI) 

m/z 
Act. 

Level 

221 

o'1H 

H 

l-(cw-4-liydroxycyciohcxyl)-7-
(6-(2-hydroxypropan-2-
yl)pyridin-3 -yl) -3,4-
dihydropyrazino[2,3-b]pyrazin-
2(lH)-one 

384.2 
[M+lf D 

222 

CI 

If 

4-(7-oxo-8-(2-(tctraliydro~2H-
pyrarv4-yI)ethyl)-5,6,7,8-
tetrahydropyrazino[2,3-
b]pyrazin-2-yl)ben2amide 

382.3 
[M+1]" D 

223 
0 

•OCL^C 
H 

7-(l H-indazol-5-yI)-l-(2-
(tetrahydro-2H-pyran-4-yl)ethyl)-
3,4~dihydropyrazino[2,3 -
b]pyrazin~2(l H)~onc 

379.2 
[M+lf B 

224 <Vj r* 
Pa 

w 

7-(l H-pyrrolo[2,3~b]pyridia-5-
yl)-1 -(2-(tetrahydro-2H-pyran-4-
yl)ethyl)-3,4-
dihydropyraziDo[2,3-b]pyritzin-
2(lH)-one 

379.2 
[M+lf D 

225 
. /N rV%£%-' *Y 

7-(2-methyl-6-(4H-1,2,4-tri.azol-
3-y!)pyridin-3-yi)-l-(tetra}iydro-
2B-pyran-4-yl)-3,4-
dihydropyrazino [2}3 -bjpyraziu-
2(lH)-onc 

393.2 
[M+lf D 

226 
'XY "'o 

H 

1-((1S,3R>3-
mcthoxycyclopentyl)-7-(2-
rricthyL-6~(4H"l,2,4-inazol-3-
yl)pyridin-3-yl)-3,4-
dihydropyrazino[2,3-b3pyraziii-
2(lH)-one 

407.5 
[M+lf D 
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Cmpd 
No. Cmpd Structure Cmpd Name MS (ESI) 

m/z 
Act 
Level 

227 

-vO 

H 

l-((lR,3R)-3-
methoxycyclopentyl)-7-(2-
methyl-6-(4H-lJ2,4-triazol-3-
yl)pyridin-3 -yl)-3,4-
dihydropyrazino[2,3-b]pyrazm-
2(lH)-one 

407.5 
[M+lf D 

228 

H-W °y_ 

VN^v i 1 

H 

I-((lR,3S)-3-
methoxycyclopentyl)-7-(2-
methyl-6-(4H-l ,2,4-triazol-3 -
yl)pyridm-3 -yl)-3,4-
dihydropyrazino[2,3-b]pytazin-
2(lH)-one 

407.5 
[M+1]1 D 

229 YVY t) 
l-((lS,3S)-3-
mcthoxycyclopcatyl)-7-(2-
inetliy]-6-(4H-] ,2,4-triazol-3-
yI)pyridm-3-yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(lH)-otie 

407.5 
[M+lf D 

230 
9 Jv-^ ^ 

%,K ,K_XP XX T 
H 

7-(lH-indol-5-yI.)-l-(2-
(tetrahydro-2H-pyran-4-yl)ethyl)-
3,4-dihydropyrazirto[2,3 -
b]pyrazin-2( IH) -one 

378.2 
[M+lf D 

231 

w* 
^W?^Stfl jf" 

H 

1 -ethyl-7-(2-meth.y l-6-(4H~ 1,2,4-
triazol-3-yl)pyridm-3-yl)-3,4-
dihydropyrazino [2.3-b]pyrazm-
2(lH)-one 

337.6 
[M+lf D 

232 

0 
OOU v " w 

7-(lH-in doI-6-yl)-1 -(2-
(tetrahydro-2H-pyran-4-yI)ethyl)-
3,4-diliydropyrazmo[253-
b]pyrazin-2( 1 H)-one 

378.2 
[M+lf C 
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Cmpd 
No. Cmpd Structure „ ... 1 MS (ESI) Cmpd Name \ ' I m/z 

Act. 
Level 

233 V* 9 JXff 
H 

7-(4-(2-hydroxypropan-2-
yl)phenyl)-l -(trans-4-
methoxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin- , 
2(lH>one 

397.2 
[M+lf D 

234 

^ r°*v 
T 

H 

7-(6-(2-hydroxypropan-2-
yl)pyridin-3 -yl)- l-(tetraliydro-
2H-pyran-4-yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(IH)-one 

370.2 
[M+lf B 

235 

l-((prais-4-
methoxycyclohexyl)methyl)-7 -
(2-methyl-6-(lH-l,2,4-triazoI-3-
yl)pyridin-3-yl)-334-
dihydropyrazino[2,3-b]pyrazin-
2(lH)-one 

435.4 
[M+lf D 

236 
*b. fV^ 
>Y**I /-...-

7-(6-(2-hydroxypropan-2-
yl)pyridin-3-yl)-1 -((m-4-
mcthoxycyclohexyl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(lI!)-one 

412.3 
[M+lf D 

237 
1 ^ wvS t„ r* ' rVW "V 

1 -(2-methoxyethyl)-7-(4-methyl-
2-(methylammo)- 1H-
benzo [d]imidazol-6-yI)-3,4-
di hy dropyrazino [2,3 -b ]py ra7.in-
2(lH)-one 

368.3 
[M+lf D 

238 
%x rO 

^ir^xyy*' 
K 

7-(7-metbyl-2-oxo-2,3-dihydro-
lH-benzo[d]imidazol-5-yl)-l-
((tetrahy dro-2H-pyran -4-
yl)methyl)-3,4-
dihydropyrazino [2,3 -b] pyrazin-
2(lH)-one 

395.2 
[M+lf B 
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Cmpd 
No. Cmpd Structure j Cmpd Name MS (ESI) 

m/z 
Act. 

Level 

239 

Hf-N 

" A:^ 
7-(2-metbyI-4-(4H-l,2,4-triazol-
3-yl)phenyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(lH)-one 

308.3 
[M+lf D 

240 

>»M oT 

^ r'V'VJ 

M 

1 -(2-methoxyethyl)-7-(4-methyl-
6-(lH^l,2,4-triazol-3-yl)pyridiii-
3-yl)-3,4-dih.ydropyrazmo[2,3-
b]pyrazi n-2( 1 H)-one 

367.4 
[M+lf D 

241 
it..,, JO •f ill « r y, Y *Y ̂ Y° 

1 -benzyl-7-(2-methyl-4-(4H~ 
1,2,4-triazol-3 -yl)phenyl)-3,4-
dihydropyrazmo[2.3-b]pyrazin-
2(1 H)-one 

398.3 
[M+lf D 

242 VVS / 
v Y 

7-(3-fluoro-4-(4H-1,2,4-triazol-3-
yl)phenyl)~ 1 -(2-methoxyethyl)-
3,4-d iliy dropyrazino [2,3-
b ]pyrazin-2( 1 H)-one 

370.3 
[M+lf D 

243 
o ru j 

i *^cif 
7-(3-fluoro-4-(4H-l ̂ ^-triazol-S-
yOphcnyl)- 1 -(2-(tcti'ahydro -2H-
pyraiv4-y!)ethy!)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(1 H)-one 

424.2 
EM+lf D 

244 j • 
H 

7 -(3-fluoro-2 -methyl-4-( 1H-
1,2,4-triazol-3 -yl)phenyl)-1-(2-
methoxyethy!)-3,4-
dihydropyrazino[2,3-b]pyrazia-
2(lH)-onc 

384.5 
[M+lf D 
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j Cmpd Structure Cmpd Name MS (ESI) 
m/z 

Act. 
Level 

245 9YY 6 w & ., 1, rY T 
N" 
H 

1 -(/rarai-4-methoxycyclohexy!)-
7-(2-methyl-6-(4H-l,2,4-triazol-
3-yl)pyridin-3-yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(lH)-one 

421,2 
[M+lf D 

246 
^ rS 

Sf ftf 
K 

7 -(6-(2-hydroxypropan-2-
yl)pyridin-3-yl) -1 -(trans-4-
methoxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(lH)-one 

398,3 
[M+lf D 

247 VVr 9 
• tT 

7-(5-fluoro-2-methyl-4-(4H-
1,2,4-f:ria2oJ-3-yl)phcnyi)-l -(2-
(tetrahydro -2H-pyran-4-y l)ethyl)-
3 s4-dih.ydropyraziiio[2,3 -
b]pyrazin-2( 1 H)-one 

438.3 
[M+1]' D 

248 
fl F T 

J-+?i| J 1 J KYr r 
u 

7-(3-fiuoro -2-melhy l-4-( 1H-
1,2,4-tri azoi-3-yl)phenyi)-1 -(2-
(tetrahydro-2H-pyran-4-yl)etliyl)-
3,4~dibydropyrazino[2,3-
b]pyrazin-2(] H)-one 

438,6 
[M+lf D 

249 
rf Y v rV - r 

^NpsVV--1 

er r/ 
H 

1 -(2-metb.oxyethyl)~7-(2-iTicthyl-
6-(4H-1,2,4-tiiazol-3-y!)pyridin-
3-yl)-3,4-dihydropyrazko[2,3-
b]pyrazin-2( 1 H)-one 

367.2 
[M+lf D 

250 
H, r^'Y""-

f U • 
7-(6-(2-hydroxypropan-2-
yl)pyridia-3-yl)-l-((n-a«5-4-
methoxycyclohexyl)methyl)-3,4-
dihydropyrazino [2:3-bjpyrazi n-
2{lH)-one 

412,3 
[M+l]+ D 
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No. Cmpd Structure Cmpd Name MS (ESI) 

m/z 
Act. 

Level 

251 
1 -(cyclopentylmetbyl)-7~(fi-(2-
hydroxypropan-2-yl)pyridin-3-
yl)-3,4-dihydropyraziiio[2,3-
b]pyrazin-2(lH)-one 

368.3 
[M+lf B 

252 

"<s f 

H 

7-(4-(2-hydroxypropan-2-
yl)ph.enyl)-l -(2-methoxyetbyl)-
3,4-dihydropyrazino[2,3-
b]pyrazin-2( 1 H)-one 

343.2 
[M+lf A 

253 
0 
r 

kJLJ 
H 

(S)-7-(6-(l-
hydroxyethyl)pyi-idin~3-yl)-i-{2-
(tetrahydro-2H~pyran-4-yl)ethyl)-
3,4-dihydropyrazino[2,3-
b]pyrazin-2( 1 H)-one 

384.3 
[M+lf D 

254 9 *N> r 
KAJ 

>i 

(R)-7-(6-(l-
hydroxyethyl)pyridin-3-yl)-l-(2-
(tetrahydro-2H-pyran-4-yl)ethyl)-
3,4-difrydropyrazmo[2,3-
b]pyrazin-2(lH)-one 

384.3 
[M+lf D 

255 W 
7-(2-meth.yl-6-(4H-l,2>4-triazoI-
3-yl)pyridin-3-yl)-1-((tetrahydro-
2H-pyran-4-y i)methyl)-3,4-
dihydropyrazino[2,3 -b]pyrazm-
2(lH)-one 

407.3 
[M+1]' D 

256 V, ? 
L! Nlfr 
Kj^»W 

H 

7-(4-(2-liydroxypropati-2-
yl)piienyl)-1 -(2-(tetrahydro-2H-
pyran-4-y L)ethyl)-3,4-
dihydropyrazino[2,3 -bjpyrazin-
2(lH)-one 

397.2 
[M+lf D 
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Cmpd 
No. Cmpd Structure Cmpd Name MS (ESI) 

m/z 
Act. 

Level 

257 V, 
7-{6-(2-hydroxypropan-2-
yl)pyri din-3-yl)-1 -(4-
(trifluoromethyi)benzyl)-3,4-
dihy dropyrazino[2,3 -b]pyrazi n-
2(lH)-one 

444.3 
[M+lf D 

258 

r£* 
*b f\ 
y"x^i H 

H 

7-(6-(2~hydroxypropan-2~ 
yl)pyridin-3-yl)-l -(3-
(trifluoromethyl)ben2yI)-3,4-
dihydropyrazin.o[2,3-b]pyrazin-
2(lH)-one 

444.2 
[M+lf D 

259 
'•b f 
3*/ 
^ rVV' 

\r^tf 
JH 

7-(6-(2-hydroxypropati-2-
yl)pyridin-3-yl)-l-(3-
methoxypropyl)-3,4-
dihydropyrazin.o[2,3-b]pyrazin-
2(lH)-one 

358.2 
[M+lf D 

260 
0 f*N Y 

WJLJJJ 

7-(4-methyl-6-( 1H-1,2,4-triazoI-
3-yl)pyridm-3-yl)-1 -(2-
(tetrah.ydro-2H-pyran-4-yl)ethyI)-
3,4-dihydropyrazino[2,3-
b]py raz in-2( 1H) -one 

421.4 
[M+lf D 

261 
:Vi r 

yj 
w 

7-(6-(2-hydroxypropan.-2-
yl)pyridin-3-yl)-1 -(2-
mcthoxyethyl)-3,4-
dihydropyrazino[2,3 -bjpyrazin-
2(lH)-pne 

344.3 
[M+lf A 

262 
3* f? 

r'vf"-^'rrf.'''1-^ 

7-(6-(2-hydroxyprop an-2-
yI)pyridin-3-yI)-]-((teti'ahydro-
2H-pyran-4-yl)msthyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-
2(1 H)-one 

384.3 
[M+lf A 
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Cmpd 
No. Cmpd Structure Cmpd Name MS (ESI) 

m/z 
Act. 

Level 

263 WYJL » ^ w 
7-(4-methyl-2-(methylamino)-
lH-beri2o[d]irnidazol-6-yl)-l -
((tetrahy dro-2H-pyran-4-
ytymethyl)^^-
dihydropyrazino[2,3-b]pyrazin-
2(lH)-one 

408,3 
[M+lf D 

264 
NV 

7-(2-amino-4-methyMH-
benzo[d]imidazol-6-yI)"l-
{(tetrahydro-2H-pyrati-4~ 
yl)rnethyl)~354-
dihy dropyrazino [2,3-b]pyrazin-
2(lH)-one 

394.2 
[M+lf D 

265 
0 7-(2-methyi-6-(4H-1 ?2,4-tria2ol-

3-yl)pyridm~3-yl)-l-(2-
(tetrahydro-2H-pyran-4-yl)ethyl)-
3,4-dihydropyrazino [2,3-
b]pyrazin-2(lH)-one 

421.1 
[M+lf D 

266 

-T-V 0 
^Vi r 

W. 
>i 

(R)-7-(6-(2"hydroxypropan-2-
yl)pyridiu-3-yl)-3-methyl-X-(2-
(tetrahydto-2H-pyraxi-4-yl)ethyl)-' 
3,4-dihydropytaziiio[253 -
b]pyrazin-2( ] H)-one 

412.5 
[M+lf B 

267 
0 ^ V 

Vv r1 
I\S0K^IUY*K^ 

H 

(S)-7-(6-(2-hydroxypropan-2-
yl)pyridin-3-yI)-3-methyl-l -(2-
(tetrahydro-2H-pyran-4-yI)ethyl)-
3,4-dihydropyrazino[2f3" 
b]pyrazin-2( 1 H)-one 

412.5 
[M+lf B 

268 * 9 ir^i r 

H. 

7-(6-(2-hydroxypropan-2-
yl)pyridm-3~yI)-3 P3-dimethyl-1 -
(2-(tetrahydro-2H-pyrau-4-
yl)ethyl)-3,4--
dihydrop^TaziaoP^-b^yrazin-
2(lH)-one 

426.5 
[M+lf D-
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m/z 
Act 

Level 

269 
NH 0 r* y YS I 

H 

7-(2-amino-4-methyI-lH-
benzo[d]imidazol-6-yl)-]! -(2-
(tetrahydro-2B-pyran-4-yl)ethyl)-
3,4-dihydropyrazino[2,3-
b] pyraz i ti-2 (i H)-onc 

408.5 
[M+lf D 

270 

Ci *>. Y 
r 

%<r N 
w. 

7-(6-(2-hy droxypropan-2-
yl)pyridin-3-yl)-l-(2-(tetrahydro-
2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazm-
2( 1 H)-one 

398.4 
[M+1]'1 D 

271 
h P 

J.-'v 

'vV 

7-(2-methyl-4-(] H-l ,2,4-triazol-
3-yl)phenyl)-1 -(2-(tetrahydro-
2H-pyran-4-yl)ethyl)-3»4-
dihydropyrazino[2,3 -b]pyrazm~ 
2(lH)-one 

420.4 
[M+lf D 

272 
r* • 9 "Jy^ f •*v 

7-(4-(lH-1,2,4-triazol-5-
yl)pheayl)-1 -(2-(teirahydro-2H-
pyran.-4-y l)ethy I)-3,4-
dihydropyrazin.of2,3-b]pyrazin~ 
2(lH)-one 

406.0 
[M+lf D 

273 
^vw *£* 

"VyV Y 

"V 

1 -(1 -hydroxypropan-2-yl)-7 -(2-
methyl-6-(lH-l ,2,4-triazol-3-
yl)pyridin-3-yl)-3,4-
dihydropyra7Jiiof2.3-b]pyi"azm-
2(lH)-oae 

N7A D 

274 "®YV / 
x!)c;f 

1 -(2-hydr oxyethy I)-7-(2-methy 1-
6-(l H-1,2,4-triazol-3-yI)pyridin-
3-yl)-3,4-dihydtopyra7i!io[2,3-
b]pyrazin-2(l H)-one 

353.3 
[M+lf D 

-188-



[00319] The embodiments disclosed herein arc not to be limited in scopc by the 
specific embodiments disclosed in the examples 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 apparent to those skilled in the art and are intended to fall within the scope of the 
appended claims. 

[00320] A number of references have been cited, the disclosures of which are 
incorporated herein by reference in their entirety. 
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CLAIMS 
What is claimed is; 

1. A compound haying formula (II): 

T 
R* ,-N. 

N N Rs 
H 

(n) 
or a pharmaceutically acceptable salt, stereoisomer, or tautomer thereof, wherein: 

Ri is pyridyl substituted with one or more substituents independently selected from the group 

consisting of substituted or unsubstituted alkyl, substituted or unsubstituted heterocyciyl, 

halogen, aminocarbonyl, cyano, hydroxyalkyl, -OR, and -NR2, wherein each R is 

independently Ht or a substituted or unsubstituted CM alkyl; 

R2 is substituted or unsubstituted cycloalkyl; and 

R3 is H, or a substituted or unsubstituted Cj_s 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; guanidxne; enamine; aminocarbonyl; acylamino; 

phosphonato; phosphine; thiocarbonyl; alkylsulfonyl; sulfonamide; alkylsulfonylamino; acyl; 

ester; urea; urethane; oxime; hydroxyl amine; alkoxyamine; aralkoxyamine: N-oxide; 

hydrazine; hydrazide; hydrazone; azide; isocyanate; isothiocyanate; cyaaate: thiocyanate; oxo; 

B(OH)2; O(alkyl)aminocarbonyl; cycloalkyl* which may be monocyclic or fused or non-fused 

polycyclic, or a heterocyciyl, which may be monocyclic or fused or non-fused polycyclic; 

monocyclic or fused or non-fused polycyclic aryl or heteroaryl; aryloxy; hydroxyalkyl; 

aralkyl; aralkyloxy; heterocyclyloxy; heterocyclylalkyl; and heterocyclylalkoxy. 

2. The compound of claim 1, wherein R1 is pyridyl substituted with hydroxyalkyl. 

3. The compound of claim 1, wherein R1 is pyridyl substituted with substituted or 

unsubstituted triazolyl and substituted or unsubstituted Cug alkyl. 
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4, The compound of claim l> wherein R2 is: 

wherein R' is at each occurrence independently H, -OR, cyano, or a CM alkyl and R is H or a 

CM alkyl, 

5. The compound of claim 4, wherein R' is -OR. 

6. The compound of claim 5, wherein R is H. 

7. The compound of claim 6, wherein R! is pyridyl substituted with hydroxyalkyl. 

8. The compound of claim 6, wherein R1 is pyridyl substituted with substituted or 

unsubstituted triazolyl. 

9. The compound of claim 1, wherein the compound is 7-(6-(lH-l?2,4-tria2:ol-3-yl)pyridin-3-

yl)-t ~{cis-4-hydroxycyclohexyl)-3 54-dihydropyrazmo[2P3 -b]pyrazin-2( 1 H)-one or a 
pharmaceutically acceptable salt, stereoisomer;, or tautomer thereof. 

10. The compound of claim 1, wherein the compound is 7-(6-(2-hydroxypropan-2-yl)pyridin-

3-yl)-l-((lR?3R)-3-methoxycyclopentyl)-334-dihydropyrazino[2,3-b3pyrazin-2(lH)-one or a 

pharmaceutically acceptable salt, stereoisomer, or tautomer thereof 

11. The compound of claim 1, wherein the compound is l-{trans-4-hydroxycyclohexyl)-7-(2-

methyl"6-(4H-l?2J4-triazol-3-yl)pyridin-3-yl)-3,4-dihydi*opyrazinof273-b]pyrazin-2(lH)-one 

or a pharmaceutically acceptable salt, stereoisomer, or tautomer thereof. 

12. The compound of claim 1, wherein the compound is l-(trans-4-hydroxycyclohexyl)-7-{6-

(2-hydroxypropan-2"yl)pyridin-3-y])"3,4-dihydropyrazmo[2?3-b]pyrazm-2(lH)-one or a 

pharmaceutically acceptable salt, stereoisomer, or tautomer thereof. 
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13. The compound of claim 1, wherein the compound is 1 -((1 S?3R)-3-methoxycyclopentyl)-

7-(2-methyI-6-(4H-l,2?4-triazol-3-yl)pyridm-3-yI)-354-dihydropyra2ino[253-b]pyrazin-2(lH)-

one or a pharmaceutically acceptable salt, stereoisomer, or tautomer thereof. 

14. The compound of claim 1, wherein the compound is 7-{6-(2-hydroxypropan-2-yl)pyridin-

3-yl)-l ™(trans~4~methoxycyclohexyi}-3,4-dihydropyrazmo[2;3-b]pyrazm-2(lH)-one or a 

pharmaceutically acceptable salt, stereoisomer, or tautomer thereof. 

15. The compound of claim 1, wherein the compound is 7-(6-(2-hydroxypropan-2-yl)pyridin-

3-yl)-l-((lR,33)-3-methoxycyclopentyl)-354-dihydropyrazino[2>3-b]pyrazin'-2(lH)-one or a 

pharmaceutically acceptable salt, stereoisomer, or tautomer thereof. 

16. The compound of claim 1, wherein the compound is l-(cis-44iydroxycyclohexyl)-7-(2-

methyl-6~(4H-l,2,4-triazol-3-yl)pyiidin-3-yl)-354-dihydropyrazino[2,3-b]pyrazin-2(lH)-one 

or a pharmaceuticaliy acceptable salt, stereoisomer, or tautomer thereof 

17. The compound of claim 1, wherein the compound is 1 -((1 R>3 S}-3 -methoxycyclopentyl)-

7-(2-methyl-6"(4H-l ^^-triazol-S-ylJpyridin-S -yl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(l H)-

one or a pharmaceutically acceptable salt, stereoisomer, or tautomer thereof. 

18. The compound of claim 1, wherein the compound is: 

7-(6-( 1H-1 ?2T4-tria2oI-3-yl)pyridin-3-yl)-l -(cis-4-methoxycyclohexyl)-3,4-

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

7-(6-(lH-lJ2,4-triazol-3-yl)pyridin-3-yl)-l-(cis-4-hydroxycyclohexyl)-3,4-

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

7-(6-(l H-1,254-triazol-3-yl)pyridm--3~yl)-l -(trans-4-hydroxycyclohexyl)-3,4-

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

7"(6-(lH-l52,4-triazol-3-yl)pyridin-3-yl)-l"(trans-4-metlioxycyclohexyl)-3?4" 

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

l-(trans™4™methoxycyclohexyl)-7'(4-methyl-6-(lH-l?2,4-triazol-3-yl)pyridin"3-yl)-3,4-

dihydropyi"azino[2,3-blpyrazin-2(lH)-one; 

7"(6-(2-hydroxypropan-2-yl)pyridm-3-yl}-l-({lR?3R)-3-methoxycyclopentyl)-3,4-

dihydropyrazino[2,3-b]pyra2in~2(lH)-one; 
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7-(6-(2-hydroxypropan-2-yl)pyridin~3 -yl)-l -((1S, 3 R)-3 -methoxycyclopentyI)~3s4-

dihydropyrazino [2,3-b]pyr azin-2 (1 H)«one; 

7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)~l-((lS?3S)-3-methoxycyc]opentyl)-3?4-

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

7-(6~(24iydroxypropan-2-yl)pyridin~3 -yl)-1 -((1 R^3 S)-3-methoxycyclopentyl)-3,4-

dihydropyrazino[2?3-b]pyrazin-2(lH)-one; 

l-(trans-44iydroxycyclohexyl)-7-(2-methyl-6-(4H-l52,4-triazol-3-yl)pyridm-3-yl)-3,4-

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

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

dihydropyrazi.no[2,3-b]pyrazin-2( 1 H)-one; 

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

dihydropyrazino[23-b]pyrazin-2(lH)-one; 

l"(cis-4-hydroxyoyclohexyl)-7-{6-(2-hydroxypropan-2"yl)pyridin-3-yl)-3,4-

dihydropyrazino [2,3 -b]pyrazin-2(l HVone; 

l-{(lS3R)~3-methoxycyclopentyl)-7-(2-met3iyl-6-(4H-l,2,4-triazol-3-yl)pyridm-3-yl)-3,4-

dihydropyraziao[2J3-b]pyrazin-2(lH)-one; 

l-((lR,3R)"3"methoxycycIopentyl)-7-(2-methyl-6"(4H»ls2s4-triazol-3-yl)pyridm-3-yl)-3}4" 

dihydropyra2ino[2,3-b]pyrazin-2(l H)-one; 

l-((lR,3S)-3-niethoxycyclopentyl)-7-(2-methyl~6''(4H-lj214"triazol~3-yl}pyridin-3"yl)"3,4-

dihydropyrazirLo[2,3-b]pyrazirL-2(lH)-one; 

l"((lS?3S)-3-methoxycycIopentyl)~7-(2-metliyl-6-(4H-l;2J4-triazol-3-yl)pyridin™3-y])»3,4-

dihydropyrazitLo[2?3-b]pyrazin-2(lH)«one; 
l"(trans-4-methoxycyclohexyl)"7-(2-Tnethyl-6-(4H-l?2J4-triazol-3-yl)pyridin-3-yl)»354-

dihydropyrazmo[2?3 -b]pyrazin-2(l H)-one; or 

7-{6-(2-hydroxypropan-2-yI)pyridin-3~yl)-l-(trans-4-methoxycycIohexyI)~3,4-

dihydropyrazino [253~b]pyrazin-2( 1H) -one, 

or a pharmaceutically 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 

18 and a pharmaceutically acceptable carrier or vehicle. 
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21, A compound having formula (II): 

N w >NV 

N 
H 

(13) 

or a pharmaceutically acceptable salt., stereoisomer, or tautomer thereof, wherein: 

R1 is pyridyl substituted with one or more substituents independently selected from the group 

consisting of substituted or unsubstituted Cj-g alkyl, substituted or unsubstituted heterocyciyl, 

halogen, aminocarbonyl, cyano, hydroxyalkyl, -OR, and -NR2s wherein each R is 

independently H, or a substituted or unsubstituted 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; alkylsulfonyl; sulfonamide; alkylsulfonylamino; acyl; 

ester; urea; urethane; oxime; hydroxyl amine; alkoxyamme; aralkoxyamine; N-oxide; 

hydrazine; hydrazide; hydrazone; azide; isocyanate; isothiocyanate; cyanate; thiocyanate; oxo; 

B(OH)2; 0(alkyl)aminocarbonyl; cycloalkyl, which maybe monocyclic or fused or non-fused 

polycyclic, or a heterocyciyl, which may be monocyclic or fused or non-fused polycyclic; 

monocyclic or fused or non-fused polycyclic aryl or heteroaryl; aryloxy; hydroxyalkyl; 

aralkyl; aralkyloxy; heterocyclyloxy; heterocyclylalkyl; and heterocyclylalkoxy. 

R2 is 

wherein R1 is at each occurrence independently H, -OR, cyano, or a substituted or 

unsubstituted-CM alkyl and R is H or a substituted or unsubstituted CM alkyl; and 

R3 is H, or a substituted or unsubstituted C|.g alkyl; 

- 194 -


