OXIM DERIVATIVES AS HSP90 INHIBITORS

FIELD OF THE INVENTION

[0001]  The present invention relates to compounds that may be used to inhibit heat shock
protein 90 (HSP90) as well as compositions of matter, kits and articles of manufacture
comprising these compounds. The invention also relates to methods for inhibiting HSP90 and
treatment methods using compounds according to the present invention. In addition, the
invention relates to methods of making the compounds of the present invention, as well ag
intermediates useful in such methods. In particular, the present invention relates to I1SP90
inhibitors, compositions of matter, kits and articles of manufacture comprising these compounds,

methods for inhibiting HSP90, and methods and intermediates useful for making the inhibitors.

BACKGROUND OF THE INVENTION

[0002] Molecular chaperones maintain the appropriate folding and conformation of nascent
polypeptides. This activity is crucial in regulating the balance between protein synthesis and
degradation. When a protein is damaged, molecular chaperones may also facilitate their re-
folding or, in the case of irreparably impaired proteins, their removal by the protein degradation
machinery of the cell’

[0003]  Heat shock proteins (HSPs) were originally defined according to their increased
expression in response to diverse cellular insults such as elevated temperature as well as exposure
to heavy metals and oxidative stress'. Most, but not all IISPs are molecular chaperones that are
organized into families according to their molecular size or function, including HSP100, HSP90,
HSP70, HSP60, HSP40 and small HSPs. The rapid induction of HSP gene expression is referred
to as the heat shock response (HSR) which confers cytoprotection to repeat exposure of the initial
insult which would otherwise cause lethal molecular damage®. Cytoprotection is an example of
increased molecular chaperone expression associated with the functioning of normal cells within
an organism. However, aberrant expression of this family of proteins can also be associated with
several disease states.

[0004] A large body of evidence exists supporting the role of molecular chaperones in
maintaining the cancer phenotype. In addition, increasing evidence associating molecular
chaperone expression with other disease including but not limited to: neurodegenerative
disorders including Parkinson’s, Alzheimer’s, Huntington’s and prion-related disease,

inflammation and inflammation related disorders such as pain, headaches, fever, arthritis, asthma,

1.



bronchitis, tendonitis, eczema, inflammatory bowel disease, and the like, and diseases dependent
on angiogenesis such as, cancer, arthritis, diabetic retinopathy, age associated macular
degeneration (AMD) and infectious diseases in particular fungal infections, viral diseases
including but not limited to diseases caused by hepatitis B virus (HBV), hepatitis C virus (HCV)
and herpes simplex virus type-1 (HSV-1), cardiovascular and central nervous system
diseases™*57.

[00051 HSP90 is an abundant molecular chaperone which constitutes 1-2% of total cellular
protein. It exerts its chaperone function to ensure the correct conformation, activity, intracellular
localization and proteolytic turnover of a range of proteins that are involved in cell growth,
differentiation and survival™?®. Because of the large number of important signaling proteins with
which HSP90 has been shown to associate and assist in stabilizing (these are generally called
HSP90 client proteins), a rationale exists for the therapeutic use of HSP90 inhibitors for the
treatment of a wide range of human diseases (as discussed above)g.

[0006]  HSPO9Q activity is required for the stability and the function of many oncogenic client
proteins, which contribute to all of the hallmark traits of malignancy, and thus, HSP90 has been
widely acknowledged as an attractive therapeutic target for the treatment of cancer’*>*, These
client proteins include; BCR-ABL, AKT/PKB, C-RAF, CDK4, steroid hormone receptors
(estrogen and androgen), surviving, c-Met, HER-2, and telomerases among others. Inhibition of
HS5P90 function leads to the destabilization and degradation of client proteins via the ubiquitin--
proteasome pathway, resulting in the down-regulation of several signals being propagated via
oncogenic signaling pathways and modulation of all aspects of the malignant phenotype™*.
Therefore, HSPS0 inhibitors have potential to treat cancers driven by numerous diverse
molecular abnormalities and their combinatorial effects could also reduce the possibility of
resistance developing.

[0007] HSP90 is considered to exert its chaperone function via a cycle which utilizes the
coordinated interaction of a number of co-chaperone proteins that are collectively involved in an
orchestrated, mutually regulatory interplay with ATP/ADP exchange and ATP hydrolysis by the
intrinsic and essential N-terminal ATPase domain. Crystallographic studies have revealed that
several HSPY0 inhibitors occupy the N-terminus ATP binding site'”, thereby inhibiting HSP90
ATPase activity and function.

{0008] The 14-membered macrocyclic antibiotic radicicol was first demonstrated to have anti-
tumor activity in vitro and shown to reverse the malignant phenotype of v-SRC transformed

cells". Subsequently, radicicol was shown using X-ray crystallography to bind to the N-terminal
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ATP-binding pocket of HSP90 with high affinity’®, and to inhibit HSP90 ATPase activity
resulting in the degradation of a number of signaling prote'ms]z. Although radicicol inhibits
tumor cell growth ir vitro, it lacks activity in vivo, most likely due to its potentially reactive
epoxide moiety and other adverse chemical features that cause instability and possible
toxicity™?.

[0009]  The benzoquinone ansamycins are a second class of naturally occurring antibiotics
which have been demonstrated to inhibit the activity of HSP90. The first example is
geldanamycin which also competes with ATP for binding to the N-terminal nucleotide binding
site of HSP90™, As was the case with radicicol, despite promising anti-tumor activity in vitro
(and in vive), the development of geldanamycin into a human therapeutic was stopped due to
compound instability and unacceptable hepatotoxicity at therapeutic doses"”.

[0010]  Analogs of geldanamycin have been pursued with the objective of finding agents with
an improved safety margin for clinical use, including the derivative 17-ailylamino-17-
demethoxygeldanamycin (17-AAG or tanespimycin)m. 17-AAG has similar cellular effects to
geldanamycin, including client protein degradation, and cell cycle arrest but with improved
metabolic stability and lower toxicity™®. Preclinical studies using 17-AAG have shown this
derivative to be highly potent in vitro and to exhibit anti-twmor activity at non-toxic doses in

718 Based on its biological activity, 17-AAG has
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various human tumor xenograft models
recently completed several phase I clinical trials with some encouraging results™ ~. As a result,
17-AAG has now entered phase II monotherapy clinical trials in various tumor types, including
melanoma and breast.

[0011]  There are several possible factors which may reduce the clinical efficacy of 17-AAG.
Preclinical studies have shown that hepatic metabolism of 17-AAG by cytochrome P450 leads to
the formation of 17-amino-17-demethoxygeldanamycin (17-AG)". Although 17-AG retains
inhibitory activity, metabolism by CYP3A4 is likely to be a cavse of variable pharmacokinetics.
In addition, the activity of 17-AAG is enhanced by its conversion to the hydroquinone form, 17-
AAGH,, by the reductase enzyme NQO1 or DT-diaphorase’*°, The polymorphic expression of
both of these metabolic enzymes may pose limitations for the clinical use of 17-AAG across the
population™®!”. The efficacy of 17-AAG may be further reduced by its association with the
nwlti-drug resistance protein MDR1 or P-glycoprotein'’. Finally, 17-AAG is limited by its poor
solubility, cumbersome and complex formulation and lack of oral bioavailability. Attempts to
reformulate 17-AAG have resulted in clinical trials commencing with CNF1010 and a

cremaphore-based formulation (KOS-953) the latter of which has shown promising results during
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the phase I trial in patients with relapsed-refractory myeloma. The US National Cancer Institute
and Kosan Biosciences have also developed a more water soluble and potentially orally
bioavailable analog of 17-AAG, 17-dimethylaminoethylamino-17-demethoxygeldanamycin (17~
DMAG or alvespimycin, which was evaluated in preclinical and clinical trials”. 17-AAGH,, also
known as IPI-504, has also entered clinical trial as a soluble derivative of 17-AAG?.

[6012]  Non-natural product HSP90 inhibitors have recently been described. One of these
contains a 3,4-diarylpyrazole resorcinol scaffold. These molecules were exemplified by
Compound CCT0O18159, and analogues CCT0129397/VER-49009 and VER-50589. Treatment
of cancer cells with these HSP90 inhibitors resulted in HSP70 induction, client protein depletion,

eytostasis and apoptosis™>> >+,

1% 10 develop a novel class of HSP90

[0013] Rational drug design was used by Chiosis er a
inhibitors with a purine-scaffold. The first compound to be identified from this series, PU3,
bound to HSP90 with moderate affinity resulting in cellular effects which are characteristic of
HSP90 inhibitors®®., An important feature of PU3 is that it is more soluble than 17-AAG:;
however, it is also significantly less potent against cells than the ansamycins’®. Subsequent
efforts focused on improving the potency of PU3 and led to the identification of PU24FCI*’.

This compound exhibited biological effects on cells within a concentration range of 2-6 uM?*’,
and also demonstrated 1050 times higher affinity for HSPY0 from transformed cells compared
to that from normal tissues”™. Administration of PU24FC] in human breast tumor xenograft
models led to anti-tumor activity without significant toxicity’’. A more recent study has
identified 8-arylsulfanyl, 8-arylsulfoxyl and 8-arylsulfonyl adenine derivatives of the PU class
which exhibit improved water solubility and approximately 50 nM potency in cellular models,
together with therapeutic activity in human temor xenograft models”,

[0614]  Additional non-natural product small molecule inhibitors of HSP90 have been
identified including 2-amino-quinazolin-5-one compounds (W020061 13498A2), 2-amino-7,8-
dihydro-6H-pyrido[4,3-d]pyrimidin-5-one compounds (W02007041362A1) and quinazolin-
oxime derivatives (W02008142720A2) which target HSP9Q for the prophylaxis or treatment of
cell proliferative diseases. These molecules have reasonable potency and drug-likeness.

[0015]  The preclinical proof-of-concept provide by small molecules with reasonable drug like
properties coupled with the clinical proof-of-concept for the approach of inhibition of HSPS(0
activity achieved with 17-AAG, has generated a high level of interest in industry to develop
additional HSPS0 inhibitors with improved drug like properties that can provide therapeutic

benefit to patients suffering from disease states related to abnormal protein folding.

-4-



[0616]  The following publications are referred to in the background:

I. J.C. Young, V.R. Agashe, K. Siegers and F.U. Hartl, Pathways of chaperone-mediated
protein folding in the cytosol, Nat. Rev. Mol. Cell Biol. 5 (2004}, pp. 781-791.

2. 8.D. Westerheide and R.I. Morimoto, Heat shock response modulators as therapeutic
tools for diseases of protein conformation, J. Biol. Chem. 280 (2005), pp. 33097-33100.

3. L. Whitesell and S.L. Lindquist, HSP90 and the chaperoning of cancer, Nat. Rev.
Cancer § (2005), pp. 761-772.,

4. S.K. Calderwood, M.A. Khaleque, D.B. Sawyer and D.R. Ciocca, Heat shock proteins
in cancer: chaperones of tumorigenesis, Trends Biochem. Sci. 31 (2006), pp. 164-172.

5. M.V. Powers and P. Workman, Targeting of muliiple signaling pathways by heat
shock protein 90 molecular chaperone inhibitors, Endocr. Relat. Cancer 13 (Suppl. 1) (2006). pp.
5125-5135.

6. A.J. Macario and Conway de Macario, Sick chaperones, cellular stress, and disease, V.
Engl. J. Med. 353 (2005), pp. 1489-1501.

7. J.M. Barral, S.A. Broadley, G. Schaffar and F.U. Hartl, Roles of molecular chaperones
in protein misfolding diseases, Semin. Cell Dev. Biol. 15 (2004), pp. 17-29.

8. S. Sharp and P. Workman, Inhibitors of the HSP90 molecular chaperone: current
status, Adv. Cancer Res. 95 (2006), pp. 323-348.

9. S. Pacey, U. Banesji, L. Judson and P. Workman, Hsp90 inhibitors in the clinic,
Handbook Fxp. Pharmacol. 72 (2006), pp. 331-358.

10. S.M. Roe, C. Prodromou, R. O'Brien, J.E. Ladbury, P.W. Piper and L. H. Pearl,
Structural basis for inhibition of the Hsp90 molecular chaperone by the antitamor antibiotics
radicicol and geldanamycin, J. Med. Chem. 42 (1999), pp. 260-266.

11. H.J. Kwon, M. Yoshida, K. Abe, S. Horinouchi and T. Beppu, Radicicol, an agent
inducing the reversal of transformed phenotypes of sic-transformed fibroblasts, Biosci.
Biotechnol. Biochem. 56 (1992), pp. 538-539.

12. T.W. Schutite, S. Akinaga, T. Murakata, T. Agatsuma, S. Sugimoto, H. Nakano, Y.S.
Lee, B.B. Simen, Y. Argon, S. Felts, D.O. Toft, L.M. Neckers and 5.V. Sharma, Interaction of
radicicol with members of the heat shock protein 90 family of molecular chaperones, Mol.
Endocrinol. 13 (1999), pp. 1435-1448.

13. Clarke, P.A., Powers, M., and Workman, P. (2006} Inhibition of the molecular

chaperone heat shock protein 90 in cancer: consequences for the regulation of survival signaling



and induction of cell death. In: Apoptosis and Cancer Therapy (Debatin, K.-M. and Fulda, S.,
Eds), pp. 933-959. Wiley-VCH, Weinheim, Gerniany.

14. C. Prodromou, S.M. Roe, R. O’Brien, J.E. Ladbury, P.W. Piper and L.H. Pear],
Identification and structural characterization of the ATP/ADP-binding site in the Hsp90
molecular chaperone, Cell 90 (1997}, pp. 65-75.

15. J.G. Supko, R.L. Hickman, M.R. Grever and L. Malspeis, Preclinical pharmacologic
evaluation of geldanamycin as an antitumor ageni, Cancer Chemother. Pharmacol. 36 (1995),
pp- 305-315.

16. R.C. Schaur, ML.L. Corman, R.J. Gallaschun, B.A. Cooper, M.F. Dee, LL. Doty, M.L.
Muzzi, J.D. Moyer, C.L DiOrio and E.G. Barbacci, Inhibition of the oncogene product
p185erbB-2 in vitro and in vive by geldanamycin and dihydrogeldanamycin derivatives, J. Med.
Chem. 38 (1995), pp. 3806-3812.

17. L.R. Kelland, 8.Y. Sharp, P.M. Rogers, T.G. Myers and P. Workman, DT-
Diaphorase expression and tumor cell sensitivity to 17-allylamino, 17-demethoxygeldanamycin,
an inhibitor of heat shock protein 90, J. Nafl. Cancer Inst. 91 (1999), pp. 1940-1949.

18. U. Banerji, M. Walton, F. Raynaud, R. Grimshaw, L. Kelland, M. Valenti, I. Judson
and P. Workman, Pharmacokinetic-pharmacodynamic relationships for the heat shock protein 90
molecular chaperone inhibitor 17-allylamine, 17-demethoxygeldanamycin in human ovarian
cancer xenograft models, Clin. Cancer Res. 11 (2005), pp. 7023-7032.

19. 1. Banerji, A. O'Donnell, M. Scurr, S. Pacey, S. Stapleton, Y. Asad, L. Simmons, A.
Maleney, F. Raynaud, M. Campbel], M. Walton, S. Lakhani, $. Kaye, P. Workman and 1.
Judson, Phase 1 pharmacokinetic and pharmacodynamic study of 17-allylamino, 17-
demethoxygeldanamycin in patients with advanced malignancies, J. Clin. Oncol. 23 (2005), pp.
4152-4161.

20. W. Guo, P. Reigan, D. Siegel, 1. Zirrolli, D. Gustafson and D). Ross, Formation of 17-
allylamino-demethoxygeldanamycin (17-AAG) hydroquinone by NAD(P)H:quinone
oxidoreductase 1: role of 17-AAG hydroquinone in heat shock protein 90 inhibition, Cancer Res,
65 (20035), pp. 10006--10015.

21. I.R. Sydor, E. Normant, C.S. Pien, J.R. Porter, I. Ge, L. Grenier, R.H. Pak, J.A. Ali,
M.S. Dembski, J. Hudak, J. Patterson, C. Penders, M. Pink, M.A. Read, J. Sang, C. Woodward,
Y. Zhang, D.S. Grayzel, J. Wright, J.A. Barrett, V.J. Palombella, J. Adams and J.K. Tong,

Development of 17-allylamino-17-demethoxygeldanamycin hydroquinone hydrochloride (IPE-



504), an anti-cancer agent directed against Hsp90, Proc. Natl. Acad. Sci. USA 103 (2006}, pp.
17408-17413.

22. K.M. Cheung, T.P. Matthews, K. James, M.G. Rowlands, K.J. Boxall, S.Y. Sharp, A.
Maloney, 5.M. Roe, C. Prodromou, L.H. Pearl, G.W. Aherne, E. McDonald and P. Workman,
The identification, synthesis, protein crystal structure and in vifro biochemical evaluation of a
new 3.4-diarylpyrazole class of Hsp90 inhibitors, Bicorg. Med. Chem. Lert. 15 (2005), pp. 3338~
3343,

23. S.Y. Sharp, K. Boxall, M. Rowlands, C. Prodromou, S.M. Roe, A. Maloney, M.
Powers, P.A. Clarke, G. Box, S. Sanderson, L. Patterson, T.P. Matthews, K.M. Cheung, K. Ball,
A. Hayes, F. Raynaud, R. Marais, L. Pearl, 8. Eccles, W. Aherne, E. McDonald and P.
Workman, In vitro biological characterization of a novel, synthetic diaryl pyrazole resorecinol
class of heat shock Protein 90 inhibitors, Cancer Res. 67 (2007}, pp. 2206-2216.

24. B.W. Dymock, X. Barril, P.A. Brough, 1.E. Cansficld, A. Massey, E. McDonald,
R.E. Hubbard, A. Surgenor, 5.D. Roughley, P. Webb, P. Workman, L. Wright and M.J. Drysdale,
Novel, potent small-molecule inhibitors of the molecular chaperone Hsp90 discovered through
structure-based design, J. Med. Chem. 48 (2005), pp. 4212-4215.

25. S.Y. Sharp, C. Prodromou, K. Boxall, M.V. Powers, J.L.. Holimes, G. Box, T.P.
Matthews, K.M. Cheung, A. Kalusa, K. James, A. Hayes, A. Hardcastle, B. Dymock, P.A.
Brough, X. Barril, I.E. Cansfield, I.. Wright, A. Surgenor, N, Foloppe, R.E. Hubbard, W,
Aherne, L. Pearl, K. Jones, E. McDonald, F. Raynaud, S. Eccles, M. Drysdale and P. Workman,
Inhibition of the heat shock protein 90 molecular chaperone ir vitro and in vive by novel,
synthetic, potent resorcinylic pyrazole/isoxazole amide analogues, Mol Cancer Ther. 6 (2007),
pp. 1198-1211.

26. G. Chiosis, ML.N. Timaul, B. Lucas, P.N. Munster, F.F. Zheng, 1.. Sepp-Lorenzino
and N. Rosen, A small molecule designed to bind to the adenine nucleotide pocket of Hsp90
causes Her? degradation and the growth arrest and differentiation of breast cancer cells, Chem.
Biol. 8 (2001), pp. 289--299,

27. M. Vilenchik, D. Solit, A. Basso, H. Huezo, B, Lucas, H. He, N. Rosen, C.
Spampinato, P. Modrich and G. Chiosis, Targeting wide-range oncogenic transformation via
PU24FCl, a specific inhibitor of tumor Hsp90, Chem. Biol. 11 (2004), pp. 787-797.

28. H. He, D. Zatorska, J. Kim, J. Aguirre, L. Llauger, Y. She, N. Wu, R.M. Immormino,
D.T. Gewirth and G. Chiosis, Identification of potent water soluble purine-scaffold inhibitors of
the heat shock protein 90, J. Med. Chem. 49 (2006), pp. 381-390.

-



SUMMARY OF THE INVENTION

[0017]  The present invention relates to compounds that have activity for inhibiting HSP90.
The present invention also provides compositions, articles of manufacture and kits comprising
these compounds. In addition, the invention relates to methods of making the compounds of the
present invention, as well as intermediates useful in such methods.

[0018] In one aspect, the invention is directed to compounds having the formula;

By
X
B2
N7 A
P
HzN B Rg
Re Re'

or a tautomer, stereoisomer, or pharmaceutically acceptable salt thereof, wherein

A is NRsor CRsRs;

Bis CRyor N;

Xis O, NRg or CRgRy;

R; is selected from the group consisting of hydrogen, carbonyl, hydroxycarbonyl,
oxycarbonyl, aminocarbonyl, sulfonyl, sulfinyl, (Cy.1e)alkyl, halo(Cy.i0)alkyl, hetero(Cq.0)alkyl,
(Ci.1ppalkyl, hydroxy(Cr.joalkyl, alkoxy(C.io)alkyl, amino(C.jo)alkyl, imino(Cy.y)alkyl,
carbonyl{C;.jp)alkyl, sulfonyl(C_jg)alkyl, sulfinyl(C;_jg)alkyl, carbonylamino(Cy_jpyalkyl,
thiocarbonyl(Cy_1p)alkyl, hydroxylcarbonyl(Cq_jg)alkyl, aminocarbonyl{C;.iojalkyl,
aminosulfonyl(Cy.qp)alkyl, sulfonylamino(C; jo)alkyl, (Cig)alkylsulfonylamino(Cy.jg)alkyl,
(Ci.12)eycloalkyl(Cys)alkyl, hetero(Cs.ix)eyeloalkyl(Cr.yg)alkyl, aryl(Ci.q0)alkyl,
hetero(Cy.q0)aryl{Cy.s)alkyl, (Cy.r)bicycloaryl(Cy.s)alkyl, hetero(Cy.12)bicycloaryl(Cy.s)alkyl,
{Cyp)eyceloalkyl, hetero{(Csa.ia)cycloalkyl, (Co.g2dbicycloalkyl, hetero(Cs.z)bicycloalkyl,
(Cyap)aryl, hetero{Cy.1)aryl, (Co.12)bicycloaryl, and hetero(Cy.s2)bicycloaryl, each unsubstituted
or substituted;

R, is selected from the group consisting of hydrogen, halo, cyano, thio, hydroxy,
carbonyloxy, (Ciae)alkoxy, (Cyz)aryloxy, hetero(Cyolaryloxy, carbonyl, oxycarbonyl,
aminocarbonyl, amine, (Cyjp)alkylamino, sulfonamido, sulfonyl, sulfinyl, (Ciag)alkyl,
halo(Cy_jp)alkyl, hydroxy(C;.ig)alkyl, carbonyl(Cy.ip)alkyl, thiocarbonyl(Cy.jodalkyl,
sulfonyl(Crao)alkyl, sulfinyl(Cijp)alkyl, hetero(Cqo)alkyl, imine(C.a0)alkyl,
(Cs.a2)eycloalkyl(Cr.s)alkyl, hetero(Cs.1z)eycloalkyl(Cy.io)atkyl, aryl(Cioyglalkyl,
hetero(Cj.10)aryl(Cys)alkyl, {Co.qz)bicycloaryl(Cy.s)alkyl, hetero(Cg.iz)bicycloaryl(Cys)alkyl,
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(Cagpyeyeloalkyl, hetero{Cs.q2)cycloalkyl, (Coya)bicycloalkyl, hetero{Cs.qp)bicycloalkyl,
(Ca-idaryl, hetero(Cy.jo)aryl, (Co.12)bicycloaryl, and hetero(Cy.12)bicycloaryl, each substituted or
unsubstituted;

R3 is selected from the group consisting of hydrogen, halo, nitro, cyano, thio, oxy,
hydroxy, carbonyloxy, (Cy.jp)alkoxy, (Cy.az)aryloxy, hetero{Cy_jp)aryloxy, carbonyl, oxycarbonyl,
aminocarbonyl, amino, (Cy.io)alkylamino, sulfonamido, sulfonyl, sulfinyl, (Cii0)alky],
(Ciag)alkenyl, halo{Cy_je)alkyl, hydroxy(Cy.g)alkyl, carbonyi(Cy.jpyalkyi,
thiocarbonyl(Cy.qp)alkyl, sulfonyl(Cyq0)alkyl, sulfinyl(Cy.g)alkyl, hetero(C p)alkyl,
imino(Cy.)alkyl, (Cs.pa)eycloatkyl(Co.salkyl, hetero(Cs.2)eyeloatkyl(Cyjo)alkyl,
aryl(Ci.i0)alkyl, hetero(Cyygaryl(Cis)alkyl, (Cogp)bicycloaryl(Cy.s)alkyl,
hetero(Cs.12)bicycloaryl(Cy.s)alkyl, (Cs.in)cycloalkyl, hetero(Cs.iz)cycloalkyl, (Co.iz)bicycloalkyl,
hetero(Cs_z)bicycloalkyl, (Caqp)aryl, hetero(Croo)aryl, (Coz)bicycloaryl, and
hetero(Ca.1z)bicycloaryl, each unsubstituted or substituted with 1-3 substituents, and the
substituents on adjacent atoms may be taken together to form a substituted or unsubstituted ring;

R4 is selected from the group consisting of hydrogen, carbonyl, oxycarbonyl, amino,
(Ci.10)alkylamino, sulfonamido, sulfonyl, sulfinyl, (Cy.10)alkyl, halo(Ci.10)alkyl,
hydroxy(Ci.10)alkyl, carbonyi(Cy.to)alkyl, thiocarbonyl(Cy yo)alkyl, sulfonyl(Cy j)alkyl,
sulfinyl(C).i0)alkyl, imino(Cj_jp)alkyl, (Cs.12)cycloalkyl(Cy.s)alkyl,
hetero(Cs.12)cycloalkyl(Crqp)alkyl, aryl{C1.10)alkyl, hetero(Ci0)aryl(Ci.s)alkyl,
(Co.ypdbicycloaryl(Cos)alkyl, hetero{Cs 12 )bicycloaryl{C;s)atkyl, hetero(Cip)alkyl,
(Cagneycloalkyl, hetero(Cs_pp)eycloalkyl, (Cop2)bicycloalkyl, hetero(Ca.gz)bicycloalkyl,
(Ca.1z)aryl, hetero(Cy_jo)aryl, (Co.z)bicycloaryl, and hetero(Cy_i;)bicycloaryl, each substituted or
unsubstituted;

Rs and Rs are each independently selected from the group consisting of hydrogen, cyano,
carbonyl, oxycarbonyl, aminocarbonyl, sulfonyl, sulfinyl, (Cy.g)alkyl, halo{Cy.g)alkyl,
hydroxy(Ci.ip¥alkyl, carbonyl(Cj.jo)alkyl, thiocarbonyl(Ci.ip)alkyl, sulfonyl(C).ip)alkyl,
sulfinyl(C.10)alkyl, hetero(Cyo)alkyl, imino{Cy.g)alkyl, (Caiz)eycloalkyl(Cy.s)alkyl,
hetero{C;.12)cycloalkyl(Cqo)alkyl, aryl{Cy.j0)alkyl, hetero(Cy.q0paryl{C;s)alkyt,
(Co.gadbicycloaryl(Cy.s)alkyl, hetero(Cg_iz)bicycloaryl(Cys)alkyl, {(Csiz)eycloalkyl,
hetero{Cs.j2)cycloalkyl, (Cy.j2)bicycloalkyl, hetero(Cs.i2)bicycloalkyl, (Cy.p2)aryl,
hetero{Ci.10)aryl, (Co.j2)bicycloaryl and hetero(C4.12)bicycloaryl, each substituted or

unsubstituted:



R¢ and Re are each independently selected from the group consisting of hydrogen,
halogen, cyano, (Cy.ip)alkyl, sulfonyl(Cy.ip)alkyl, sulfinyl(Cy.jo)alkyl, hetero(C.jp)alkyl,
(Cs.pp)eyceloalkyl(Cys)alkyl, hetero(Cs.pa)eycloalkyl(Cy.jp)alkyl, aryi{Cyyo)alkyl,
hetero(Cy.19)aryl(Cy.syalkyl, (Co.j2)bicycloaryl(Cy.s)alkyl, hetero(Cs.i2)bicycloaryl(Cy.s)alkyl,
(Cs.qpeycloalkyl, hetero(Cs.pp)eycloalkyl, (Co.g2)bicycloalkyl, hetero(Cs.jz)bicycloalkyl,
(Cy12)aryl, hetero(Cy_jo)aryl, (Cy.12)bicycloaryl and hetero(Cq.12)bicycloaryl, each substituted or
unsubstituted, provided that Re is absent when A is CRsRs;

Rz 1s selected from the group consisting of hydrogen, cyano, sulfonyl, sulfinyl,
(Ci.10)alkyl, sulfonyl(Ci.q0)alkyl, sulfinyl{C;.jo)alkyl, (Cs.12)cycloalkyl(C, 5)alkyl,
hetero(Cs.ip)eycloalkyl(Cy.ip)alkyl, aryl{C.jodalkyl, hetero(Cy.ip)aryl(Cy.s)alkyl,
(Co_ip)bicyeloaryl(Cy_s)alkyl, hetero( Cs.12)bicyeloaryl(C, s)alkyl, hetero(Cy.jo)alkyl,
(Cs.n)eyeloalkyl, hetero(Cs.i2)eycloalkyl, (Co.gp)bicycloalkyl, hetero(Cs.qz)bicycloalkyl,
(Cyan)aryl, hetero(Cy.1p)aryl, {Co.12)bicycloaryl and hetero(Cy j3)bicycloaryl, each substituted or
unsubstituted:

Ry is selected from the group consisting of hydrogen, (Ci.io)alkyl, hetero(Cq.p)alkyl,
hydroxy(Ci.10)alkyl, , sulfonyl(C;.10)atkyl, sulfinyl{Cy.j0)alkyl, (Ca.12)cycloalkyl(Cy.s)alkyl,
hetero(Cs.12)eycloalkyl(Ch.g)alkyl, aryl{C) jg)alkyl, hetero(C;.1p}aryl(Cy.5)alkyl,
(Co.12)bicycloaryl(C.s)alkyl, hetero(Csg.ia)bicycloaryl(Cy s)alkyl, (Ca.y2)eycloalkyl,
hetero(Cs.12)cycloalkyl, (Cy.io)bicycloalkyl, hetero(Cs.iz)bicycloalkyl, (Caz)aryl,
hetero(Ci.19)aryl, (Cy.12)bicycloaryl and hetero(Ca.1z)bicycloaryl, each substituted or
unsubstituted;

Ro and Ry are each independently selected from the group consisting of hydrogen,
sulfonamido, sulfonyl, sulfinyl, {Cj.10)alkyl, hydroxy(C.ip)alkyl, suifonyl(Cj.jp)alkyl,
sulfinyl(C_1p)alkyl, hetero(Cy.10)alkyl, (Cs.12)cycloalkyl(Cy.s)alkyl,
hetero(Cj.3z)cycloalkyl(Cyg)alkyl, aryl(Cy.io)alkyl, hetero(C;._j0)aryl(Cy.5)alkyl,
(Co-1p)bicycloaryl(Cy.s)alkyl, hetero(Cs.n)bicycloaryl(Co.s)alkyl, (Cs.i2)eycloalkyl,
hetero(Ca.ip)eycloalkyl, (Coy2)bicycloalkyl, hetero(Cs.p2)bicycloalkyl, (Cyaa)aryl,
hetero(Cr.io)aryl, (Cy.1p)bicycloaryl and hetero(Cy.q2)bicycloaryl, each substituted or
unsubstituted; and

provided that when A is CRsRs, B is N, X is O, R, is (Cy.¢)alkyl substituted with at least
two hydroxyl groups.
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[0019]  In another aspect, the invention is directed to salts and polymorphs of the compounds,
Particularly, (R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yhphenyl)-4-methyl-7 8-
dihydropyrido{4,3-dlpyrimidin-5(6H)-one 0-(5)-3,4-dihydroxybutyl oxime benzoate Form A.
[0020]  In another aspect, the invention is directed to pharmaceutical compositions that
comprise a HSP90 inhibitor according to the present invention as an active ingredient.
Pharmaceutical compositions according to the invention may opticnally comprise 0.001%-100%
of one or more inhibitors of this invention. These pharmaceutical compositions may be
administered or coadministered by a wide variety of routes, including for example, orally,
parenterally, intraperitoneally, intravenously, intraarterially, transdermally, sublingually,
intramuscularly, rectally, transbuccally, intranasally, liposomally, via inhalation, vaginally,
intraoccularly, via local delivery (for example by catheter or stent), subcutaneously,
intraadiposally, intraarticularly, or intrathecally. The compositions may also be administered or
coadministered in slow release dosage forms,

{0021] In another aspect, the invention is directed to kits and other articles of manufacture for
treating disease states associated with HSP90. In one embodiment, the kit comprises a
composition comprising at least one HSP90 inhibitor of the present invention in combination
with instructions. The instructions may indicate the disease state for which the composition is to
be administered, storage information, dosing information and/or instructions regarding how to
administer the composition. The kit may also comprise packaging materials. The packaging
material may comprise a container for housing the composition. The kit may also optionally
comprise additional components, such as syringes for administration of the composition. The kit
may comprise the composition in single or multiple dose forms.

[0022] In another aspect, the invention is directed to articles of manufacture that comprise a
composition comprising at least one HSP90 inhibitor of the present invention in combination
with packaging materials. The packaging material may comprise a container for housing the
composition. The container may optionally comprise a label indicating the disease state for
which the composition is to be administered, storage information, dosing information and/or
instructions regarding how to administer the composition. The article of manufacture may also
optionally comprise additional components, such as syringes for administration of the
composition. The article of manufacture may comprise the composition in single or multipie
dose forms.

[0023] In yet another aspect of the invention is directed to methods for preparing compounds,

compositions, kits, and articles of manufacture according to the present invention. For example,
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several synthetic schemes are provided herein for synthesizing compounds according to the
present invention.

[06024]  In yet other aspect, the invention is directed to methods of using compounds,
compeositions, kits and articles of manufacture according to the present invention.

[0025] In one embodiment, the compounds, compositions, kits and articles of manufacture are
used to inhibit HSPO.

[0026] In another embodiment, the compounds, compositions, kits and articles of manufacture
are used to treat a disease state for which HSPS0 possess activity that contributes to the
pathology and/or symptomology of the disease state.

[0027]  In another embodiment, a compound is administered to a subject wherein HSPO0
activity within the subject is altered, preferably reduced.

[0628] In another embodiment, a prodrug of a compound is administered to a subject that is
converted to the compound in vive where it inhibits HSPS0,

[0029]  In another embodiment, a method of inhibiting HSP90 is provided that comprises
contacting 2 HSP90 with a compound according to the present invention.

[0030] In another embodiment, a method of inhibiting HSPI0 is provided that comprises
causing a compound according to the present invention to be present in a subject in order to
inhibit HSPY0 in vivo.

[0031] In another embodiment, a method of inhibiting a HSP90 is provided that comprises
administering a first compound to a subject that is converted iz vive to a second compound
wherein the second compound inhibits HSP90 in vive. It is noted that the compounds of the
present invention may be the first or second compounds.

[0032] In another embodiment, a therapeutic method is provided that comprises administering
a compound according to the present invention.

[0033] In another embodiment, a method of treating a condition in a patient that is known to
be mediated by HSP90, or which is known to be treated by HSP90 inhibitors, comprising
administering to the patient a therapeutically effective amount of a compound according to the
present invention.

{00341  In another embodiment, a methed is provided for treating a disease state for which
HSP90 possesses activity that contributes to the pathology and/or symptomology of the disease
state, the method comprising: causing a compound according to the present invention to be

present in a subject in a therapeutically effective amount for the discase state.
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[0035]  In another embodiment, a method is provided for treating a disease state for which
HSP90 possesses activity that confributes to the pathology and/or symptomology of the disease
state, the method comprising: administering a first compound to a subject that is converted in
vive 1o a second compound such that the second compound is present in the subject in a
therapeutically effective amount for the disease state. It is noted that the compounds of the
present invention may be the first or second compounds.

[0036] In another embodiment, a method is provided for treating a disease state for which
HSP90 possesses activity that contributes to the pathology and/or symptomology of the disease
state, the method comprising: administering a compound according to the present invention o a
subject such that the compound is present in the subject in a therapeutically effective amount for
the disease state.

{0037]  In another embodiment, a method is provided for using a compound according to the
present invention in order to manufacture a medicament for use in the treatment of a disease state
that is known to be mediated by HSP9Q, or that is known to be treated by HSP90 inhibitors.
[0038] Itis noted in regard to all of the above embodinments that the present invention is
intended to encompass all pharmaceutically acceptable ionized forms (e.g., salts) and solvates
(e.g., hydrates) of the compounds, regardless of whether such ionized forms and solvates are
specified since it is well known in the art to administer pharmaceutical agents in an ionized or
solvated form. It is also noted that unless a particular stereochemistry is specified, recitation of a
compound is intended to encompass all possible stereoisomers (e.g., enantiomers or
diastercomers depending on the number of chiral centers), independent of whether the compound
is present as an individual isomer or a mixture of isomers. Further, unless otherwise specified,
recitation of a compound is intended to encompass all possible resonance forms and tautomers.

RN 1S

With regard to the claims, the language “compound comprising the formula,” “compound having
the formula” and “compound of the formula” is intended to encompass the compound and all
pharmaceutically acceptable ionized forms and solvates, all possible stezeoisomers, and all
possibie resonance forms and tautomers unless otherwise specifically specified in the particular
claim.

[0039] It is further noted that prodrugs may also be administered which are altered in vivo and
become a compound according to the present invention. The various methods of using the
compounds of the present invention are intended, regardless of whether prodrug delivery is

specified, to encompass the administration of a prodrug that is converted in vive to a compound

according to the present invention. It is also noted that certain compounds of the present

-13-



invention may be altered in vivo prior to inhibiting HSP90 and thus may themselves be prodrugs
for another compound. Such prodrugs of another compound may or may not themselves

independently have HSP90 inhibitory activity.

BRIEF DESCRIPTION OF THE FIGURES

[0040] Figure 1 illustrates SEQ I NQ:1 and SEQ ID NO: 2 referred to in this application.
[0041]  PFigure 2 illustrates the powder X-ray diffractogram of (B Z)-2-amino-7-(4-fluoro-2-(6-
methoxypyridin-2-yl)phenyl)-4-methyl-7,8-dihydropyrido[4,3-dlpyrimidin-5(6H)-one O-(5)-3,4-
dihydroxybutyl oxime benzoate Form A.

f0042]  Figure 3 shows the differential scanning calorimetry trace and the thermogravimetric
trace of (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y)phenyl)-4-methyl-7.8-
dihydropyrido[4,3-d]pyrimidin-5(6 H)-one O-(5)-3,4-dihydroxybutyl oxime benzoate Form A.

DEFINITIONS

[0043]  Unless otherwise stated, the following terms vsed in the specification and claims shall
have the following meanings for the purposes of this Application.

{0044] Itis noted that, as used in the specification and the appended claims, the singular forms
“a,” “an” and “the” include plural referents unless the context clearly dictates otherwise. Further,
definitions of standard chemistry terms may be found in reference works, including Carey and
Sundberg “ADVANCED QRGANIC CHEMISTRY 5 ED.” Vols. A (2007) and B (2007), Springer
Science+Business Media, New York. Also, unless otherwise indicated, conventional methods of
mass spectroscopy, NMR, HPLC, protein chemistry, biochemistry, recombinant DNA techniques
and pharmacology, within the skill of the art are employed.

[0045] < *” when appears in a chemical structure, particularly in radicals, indicates the point
of attachment of the radical.

[0046] “Alicyclic” means a moiety comprising a non-aromatic ring structure. Alicyclic
moieties may be saturated or partially unsaturated with one, two or more double or triple bonds.
Alicyclic moieties may also optionally comprise heteroatoms such as nitrogen, oxygen and
sulfur. The nitrogen atoms can be optionally quaternerized or oxidized and the sulfur atoms can
be optionally oxidized., Examples of alicyclic moieties include, but are not limited to moieties
with (Ca.) rings such as cyclopropyl, cyclohexane, cyclopentane, cyclopentene, cyclopentadiene,
cyclohexane, cyclohexene, cyclohexadiene, cycloheptane, cycloheptene, cycloheptadiene,

cyclooctane, cyclooctene, and eyclooctadiene,
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[0047]  “Aliphatic” means a moiety characterized by a straight or branched chain arrangement
of constituent carbon atoms and may be saturated or partially unsaturated with one, two or more
double or triple bonds,

{0048] “Alkenyl” means a straight or branched, carbon chain that contains at least one carbon-
carbon double bond (-CR=CR'- or -CR=CR'R", wherein R, R' and R" are each independently
hydrogen or further substituents). Examples of alkenyl include vinyl, allyl, isopropenyl,
pentenyl, hexenyl, heptenyl, 1-propenyl, 2-buteny}, 2-methyl-2-butenyl, and the like. In
particular embodiments, “alkenyl,” either alone or represented along with another radical, can be
a (Caan)alkenyl, a (Casalkenyl, a (Cyyp)alkenyl, a (Casyalkenyl or a (Cy.a)alkenyl.
Alternatively, “alkenyl,” either alone or represented along with another radical, can be a
(Ca)alkenyl, a (Cs)alkenyl or a (Cq)alkenyl.

[0049]  “Alkenylene” means a straight or branched, divalent carbon chain having one or more
carbon-carbon double bonds (-CR=CR'-, wherein R and R' are each independently hydrogen or
further substituents). Examples of alkenylene include ethene-1,2-diyl, propene-1,3-diyl,
methylene-1,1-diyl, and the like. In particular embodiments, “alkenylene,” either alone or
represented along with another radical, can be a (Cz.9) alkenvlene, a (Cy.5) alkenylene, a (Cao)
alkenylene, a (C,5) alkenylene or a (Ca3) alkenylene. Alternatively, “alkenylene,” either alone
or represented along with another radical, can be a (C;) alkenylene, a (Cs) alkenylene or a {Cy4)
alkenylene,

[0050] “Alkoxy” means an oxygen moiety having a further alkyl substituent. The alkoxy
groups of the present invention can be optionally substituted.

[0051]  “Alkyl” represented by itself means a straight or branched, saturated or unsaturated,
aliphatic radical having a chain of carbon atoms. (Cx)alkyl and (Cx.y)alkyl are typically used
where X and Y indicate the number of carbon atoms in the chain. For example, (Cy.4)alkyl
includes alkyls that have a chain of between 1 and 6 carbons (e.g., methyl, ethyl, propy},
isopropyi, butyl, sec-butyl, isobutyl, ter-butyl, vinyl, allyl, 1-propenyl, isopropenyl, i-butenyl,
2-butenyl, 3-butenyl, 2-methylallyl, ethynyl, 1-propynyl, 2-propynyl, and the like). Alkyl
represented along with another radical (e.g., as in arylalkyl, heteroarylalkyl and the like) means a
straight or branched, saturated or unsaturated aliphatic divalent radical having the number of
atoms indicated or when no atoms are indicated means a bond (e.g., (Ce.10)aryl(Cy.3)alkyl
includes, benzyl, phenethyl, 1-phenylethy}, 3-phenylpropyl, 2-thienylmethyl, 2-pyridinylmethyl
and the like). In particular embodiments, “alkyl,” either alone or represented along with another

radical, can be a (Cyap)alkyl, a (Cras)alkyl, a (Craodalkyl, & (Crs)alkyl or a (Cyz)alkyl.
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Alternatively, “alkyl,” either alone or represented along with another radical, can be a (Cy)alkyl,
a (Cplalkyl or a (Cslalkyl.

[6052]  “Alkylene”, unless indicated otherwise, means a straight or branched, saturated or
unsaturated, aliphatic, divalent radical. (Cy)alkylene and (Cx.y)alkylene are typically used where
X and Y indicate the number of carbon atoms in the chain. For example, {Cj.¢)alkylene includes
methylene (-CHy-), ethylene (-CH,CH,-), trimethylene (-CH;CH,CH;-), tetramethylene
(-CH,CH,CH,;CHj,-) 2-butenylene (-CH,CH=CHCH,-), 2-methyltetramethylene
(-CH,CH(CH;3)CH,CH;-), pentamethylene (-CH,CH,CH,CHyCH,-) and the like. In particular
embodiments, “alkylene,” either alone or represented along with another radical, can be a
(Crp)alkylene, a {Cy.as)alkylene, a (Cyjp)alkylene, a (Cy.s)alkylene or a (Cy.3)alkylene.
Alternatively, “alkylene,” either alone or represented along with another radical, can be a
(Cy)alkylene, a (Cylalkylene or a (Cs)alkylene.

[0053] “Alkylidene” means a straight or branched, saturated or unsaturated, aliphatic radical
connected to the parent molecule by a double bond. (Cx)alkylidene and (Cx.y)alkylidene are
typically used where X and Y indicate the number of carbon atoms in the chain. For example,
(Cr.g)alkylidene includes methylene (=CHy), ethylidene (=CHCH3), isopropylidene (=C(CH3)3),
propylidene (=CHCH2CHzs), allylidene (=CH-CH=CH,), and the like. In particular
embodiments, “alkylidene,” either alone or represented along with another radical, can be a
(Cirap)alkylidene, a (Cy.s)alkylidene, a (Cy.p)alkylidene, a (Cys)alkylidene or a {Cy.3)alkylidene,
Alternatively, “alkylidene,” either alone or represented along with another radical, can be a
(Cpalkylidene, a (Cy)alkylidene or a (Cj)alkylidene.

[0054]  “Alkynyl” means a straight or branched, carbon chain that contains at least one
carbon-carbon triple bond (-C=C- or ~C=CR, wherein R is hydrogen or a further substituent).
Examples of alkynyl include ethynyl, propargyl, 3-methyl-1-pentynyl, 2-heptynyl and the like,
In particular embodiments, “alkynyl,” either alone or represented along with another radical, can
be a (Cy.p0)atkynyl, a (Czys)alkynyl, a (Co.i0)alkynyl, a (Co.s)alkynyl or a (Cya)alkynyl.
Alternatively, “alkynyl,” either alone or represented along with another radical, can be a
(Cy)alkynyl, a (Cs)alkynyl or a (Cy)alkynyl.

[0055] “Alkynylene” means a straight or branched, divalent carbon chain having one or more
carbon-carbon triple bonds (-CR=CR'-, wherein R and R’ are each independently hydrogen or
further substituents). Examples of alkynylene include ethyne-1,2-diyl, propyne-1,3-diyl, and the
like. In particular emboediments, “alkynylene,” either alone or represented along with another

radical, can be a (Cy.9) alkynylene, a (Cy.q5) alkynylene, a (Cya0) alkynylene, a (C,s) alkynylene
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or a (Cs.3) alkynylene. Alternatively, “alkynylene,” either alone or represented along with
another radical, can be a (C;) alkynylene, a (Cj) alkynylene or a (C,) alkynylene.

[0056] “Amido” means the radical -C(=Q)-NR-, -C(=0)-NRR’, -NR-C(=0)- and/or
-NR-C(=0)R’, wherein each R and R’ are independently hydrogen or a further substituent.

[0057]  “Amino” means a nitrogen moiety having two further substituents where, for example,
a hydrogen or carbon atom is attached to the nitrogen. For example, representative amino groups
include -NH;, -NHCH;, -N(CH3z),, -NH((Cy.jo)alkyl), -N((Cy.jp)alkyl),, -NH({aryl),
-NH(heteroaryl), -N(aryl),, -N(heteroaryl),, and the like. Optionally, the two substituents
together with the nitrogen may also form a ring. Unless indicated otherwise, the compounds of
the invention containing amino moieties may include protected derivatives thereof. Suitable
protecting groups for amine moieties include acetyl, tert-butoxycarbonyl, benzyloxycarbonyl,
and the like.

[0058] “Animal” includes humans, non-human mammals {e.g., dogs, cats, rabbits, cattle,
horses, sheep, goats, swine, deer, and the like) and non-mammals (e.g., birds, and the like).
[0059]  “Aromatic” means a moiety wherein the constituent atoms make up an unsaturated
ring system, all atoms in the ring system are sp” hybridized and the total number of pi electrons is
equal to 4n+2. An aromatic ring may be such that the ring atoms are only carbon atoms or may
include carbon and non-carbon atoms (See “heteroaryl™).

[0060]  “Aryl” means a monocyclic or polycyclic ring assembly wherein each ring is aromatic
or when fused with one or more rings forms an aromatic ring assembly. If one or more ring
atoms is not carbon {e.g., N, S), the ary! is a heteroaryl. (Cy)aryl and (Cx.v)aryl are typically
used where X and Y indicate the number of carbon atoms in the ring. In particular embodiments,
“aryl,” either alone or represented along with another radical, can be a (Ca.ig)aryl, a (Ca.g)aryl, a
(Csyaryl, a (Cs.ip)aryl or a (Cs.p)aryl. Alternatively, “aryl,” either alone or represented along
with another radical, can be a {Cs)aryl, a (Cylaryl, a (Cylaryl, a (Cglaryl., a (Cglaryl or a (Cyp)aryl.
[0061] “Azaalkyl” means an alkyl, as defined above, except where one or more of the carbon
atoms forming the alkyl chain are replaced with substituted or unsubstituted nitrogen atoms
(-NR- or -NRR', wherein R and R' are each independently hydrogen or further substituents). For
example, a (Cy.ip)azaalkyl refers to a chain comprising between 1 and 10 carbons and one or
MOTE MHirogen atoims,

[0062] “Bicycloalkyl” means a saturated or partially unsaturated fused, spiro or bridged
bicyclic ring assembly. In particular embodiments, “bicycloalkyl,” either alone or represented

along with another radical, can be a (Cyas)bicycloalkyl, a (Cqqo)bicycloalkyl, a
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(Cs-10ybicycloalkyl or a (Cg.yg)bicycloalkyl. Alternatively, “bicycloalkyl,” either alone or
represented along with another radical, can be a {Cg)bicycloalkyl, a (Cy)bicycloalkyl or a
(Cro)bicycloalkyl.

[0063] “Bicycloaryl” means a fused, spiro or bridged bicyclic ring assembly wherein at least
one of the rings comprising the assembly is aromatic. (Cx)bicycloaryl and (Cx_y)bicycloaryi are
typically used where X and Y indicate the number of carbon atoms in the bicyelic ring assembly
and directly attached to the ring. In particular embodiments, “bicycioaryl,” either alone or
represented along with another radical, can be a (a (Cy.q5)bicycloaryl, a {Cyao)bicycloaryl, a
(Cs.10)bicycloaryl or a (Cg.jo)bicycloaryl. Alternatively, “bicycloalkyl,” either alone or
represented along with another radical, can be a (Cg)bicycloaryl, a (Co)bicycloaryl or a
(Cqg)bicycloaryl.

[0064] “Bridging ring” and “bridged ring” as used herein refer to a ring that is bonded to
another ring to form a compound having a bicyclic or polycyclic structure where two ring atoms
that are common to both rings are not directly bound to each other. Non-exclusive examples of
common compounds having a bridging ring include borneol, norbornane, 7-
oxabicyclo[2.2.1]heptane, and the like. One or both rings of the bicyclic system may also
conprise heteroatoms,

[0065] “Carbamoyl” means the radical -OC(O)NRR', wherein R and R' are each
independently hydrogen or further substituents.

[0066] “Carbocycle” means a ring consisting of carbon atoms.

[0067]  “Carbony]l” means the radical ~C(=0)- and/or -C(=0)R, wherein R is hydrogen or a
further substituent. It is noted that the carbonyl radical may be further substituted with a variety
of substituents to form different carbonyl groups including acids, acid halides, aldehydes, amides,
esters, and ketones.

[0068] “Carboxy” means the radical ~C(=0)-O- and/or -C(=0)-OR, wherein R is hydrogen or
a further substituent. It is noted that compounds of the invention containing carboxy moieties
may include protected derivatives thereof, i.e., where the oxygen is substituted with a protecting
group. Suitable protecting groups for carboxy moieties include benzyl, rert-butyl, and the like.
[0069] “Cyano” means the radical -CN.

[06070] “Cycloalkyl” means a non-aromatic, saturated or partially unsaturated, monocyclic,
bicyclic or polycyclic ring assembly. (Cx)cycloalkyl and (Cx.y)cycloalkyl are typically used
where X and Y indicate the number of carbon atoms in the ring assembly. For example,

(Cs.ae)cycloalkyl includes cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclobexenyl,
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2,5-cyclohexadienyl, bicyclo[2.2.2]octyl, adamantan-1-y1, decahydronaphthyl, oxocyclohexyl,
dioxocyclohexyl, thiocyclohexyl, 2-oxobicyclo[2.2.1Jhept-1-y1, and the like. in particular
embodiments, “cycloalkyl,” either alone or represented along with another radical, can be a
(Cag)eycloalkyl, a (Cajodeycloalkyl, a (Csa)eycloalkyl, a (Cgae)eycloalkyl or a (Cso)eycloalkyl.
Alternatively, “cycloalkyl,” either alone or represented along with another radical, can be a
(Cs)eycloalkyl, a (Cg)eycloalkyl, a (Creycloalkyl, a (Cg)eycloalkyl., a (Co)eyeloalkyl or a
{Cro)eycloalkyl.

[0071] “Cycloalkylene™ means a divalent, saturated or partially unsaturated, monocyclic,
bicyclic or polycyclic ring assembly. (Cx)cyeloalkylene and (Cx.y)eycloalkylene are typically
used where X and Y indicate the number of carbon atoms in the ring assembly. In pasticular
embodiments, “cycloalkylene,” either alone or represented along with another radical, can be a
(Cs.q)cycloalkylene, a (Cs.o)cycloalkylene, a (Cyq)eycloalkylene, a (Cs.i0)cycloalkylene or a
(Csq)cycloalkylene. Alternatively, “cycloalkylene,” either alone or represented along with
another radical, can be a (Cs)cycloalkylene, a (Cg)cycloalkyiene, a (Cr)cycloalkylene, a
(Cg)eyeloalkylene., a (Co)eyeloalkylene or a (Cip)eycloalkylene,

[0072] “Disease” specifically includes any unhealthy condition of an animal or part thereof
and includes an unhealthy condition that may be caused by, or incident to, medical or veterinary
therapy applied to that animal, i.e., the “side effects” of such therapy.

[0073] “ECsy” means the molar concentration of an agonist that produces 50% of the maximal
possible effect of that agonist. The action of the agonist may be stimulatory or inhibitory.
[0074]  “Fused ring” as used herein refers to a ring that is bonded to another ring to form a
compound having a bicyclic structure where the ring atoms that are comimon to both rings are
directly bound to each other. Non-exclusive examples of common fused rings include decaling,
naphthalene, anthracene, phenanthrene, indole, furan, benzofuran, quinoline, and the like.
Compounds having fused ring systems may be saturated, partially saturated, carbocyclics,
heterocyclics, aromatics, heteroaromatics, and the like.

[0075]  *Halo” means fluoro, chloro, bromo or iodo.

[0076]  “Heteroalkyl” means an alkyl, as defined in this Application, provided that one or
more of the atoms within the alky! chain is a heteroatom or a carbonyl group. “Heteroalkyl” as
defined herein includes alkyl chain containing oxygen (See “oxaalkyl™), a carbonyl group (See
“oxoalkyl”), sulfur (See “thioalkyl™), and nitrogen (See “azaalkyl”). Hetero(Cx)alkyl and
hetero(Cx.y)alkyl are typically used where X and Y indicate the number of carbon atoms in the

chain. In particular embodiments, “heteroalkyl,” either alone or represented along with another
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radical, can be a hetero(C; zo)alkyl, a hetero(Cy.ys)alkyl, a hetero{Cy.i¢)alkyl, a hetero((’; s)alkyl,
a hetero(C.3)alkyl or a hetero(Cj5)alkyl. Alternatively, “heteroalkyl,” either alone or
represented along with another radical, can be a hetero(Cy)alkyl, a hetero(Cy)alkyl or a
hetero(Ca)alkyl.

[0077]  “Heteroaryl” means a monocyelic, bicyclic or polycyclic aromatic group wherein at
least one ring atom is a heteroatom and the remaining ring atoms are cartbon. Monocyclic
hetercaryl groups include, but are not lmited to, cyclic atomatic groups having five or six ring
atoms, wherein at least one ring atom is 2 heteroatom and the remaining ring atoms are carbon,
The nitrogen atoms can be optionally quaternerized and the sulfur atoms can be optionally
oxidized. Heteroaryl groups of this invention include, but are not limited to, those derived from
furan, imidazole, isothiazole, isoxazole, oxadiazole, oxazole, 1,2,3-oxadiazole, pyrazine,
pyrazole, pyridazine, pyridine, pyrimidine, pyrroline, thiazole, 1,3,4-thiadiazole, triazole and
tetrazole. “Heteroaryl” also includes, but is not limited to, bicyclic or tricyclic rings, wherein the
hetercaryl ring is fused to one or two rings independently selected from the group consisting of
an aryl ring, a cycloalkyl ring, a cycloalkenyl ring, and another monocyclic heteroaryl or
heterocycloalkyl ring. These bicyclic or tricyclic heteroaryls include, but are not limited to, those
derived from benzo[b]furan, benzo[b]thiophene, benzimidazole, imidazo{d,5-c]pyridine,
quinazoline, thienof2,3-c]pyridine, thieno[3,2-b]pyridine, thieno[2,3-bipyridine, indolizine,
imidazo[1.2a]pyridine, quinoline, iscquinoline, phthalazine, quinoxaline, naphthyridine,
quinolizine, indole, isoindole, indazole, indoline, benzoxazole, benzopyrazole, benzothiazole,
imidazol1,5-a)pyridine, pyrazolo[1,5-a]pyridine, imidazo[1,2-a]pyrimidine, imidazof1,2-
clpyrimidine, imidazo[1,5-a]pyrimidine, imidazo[1,5-c]pyrimidine, pyrrolo[2,3-b]pyridine,
pyrrolo[2,3-c]pyridine, pyrrolo[3,2-c]pyridine, pyrrolo{3,2-bpyridine, pyrrolof2,3-d]pyrimidine,
pyrrolo3,2-dipyrimidine, pyrrolo{2,3-b]pyrazine, pyrazolo[1,5-a]pyridine, pytrolo[1,2-
blpyridazine, pyrrolo[1,2-clpyrimidine, pyrrolo[1,2-a]pyrimidine, pysrolof1,2-a]pyrazine,
trinzof1,5-a]pyridine, pteridine, purine, carbazole, acridine, phenazine, phenothiazene,
phenoxazine, 1,2-dihydropyrrolo[3,2.1-Ailindole, indolizine, pyrido[1,2-alindole and 2(J H)-
pyridinone. The bicyclic or tricyclic heteroaryl rings can be attached to the parent molecule
through either the heteroaryl group itself or the aryl, cycloalkyl, cycloalkenyl or heterocycloalkyl
group to which it is fused. The heteroaryl groups of this invention can be substituted or
unsubstituted. In particular embodiments, “heteroaryl,” either alone or represented along with
another radical, can be a hetero(Cy.13)aryl, a hetero(Ca.q3)aryl, a hetero(Cy.g)aryl, a

hetero(Csg)aryl or a hetero(Csg)aryl. Alternatively, “heteroaryl,” either alone or represented
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along with another radical, can be a hetero(Cs)aryl, a hetero(Cy)aryl, a hetero(Cs)aryl, a
hetero(Cslaryl, a hetero(Coaryl, a hetero(Cgaryl or a hetero(Co)aryl.

[0078]  “Heteroatom™ refers to an atoin that is not a carbon atom. Particular examples of
hetercatoms include, but are not limited to, nitrogen, oxygen, and sulfur,

[0079] “Heteroatom moiety” includes a moiety where the atom by which the moiety is
attached is not a carbon. Examples of heteroatom moieties include -NR-, -N*(Q )=, -O-, -S- or
-5(0),-, wherein R is hydrogen or a further substituent.

[0080]  “Heterobicycloalkyl” means bicycloalkyl, as defined in this Application, provided that
one or more of the atoms within the ring is a heteroatom. For example hetero(Co.12)bicycloalkyl
as used in this application includes, but is not limited to, 3-aza-bicyclof{4.1.0}hept-3-yl, 2-aza-
bicyclo[3.1.0]hex-2-yl, 3-aza-bicyclof3.1.0]hex-3-y], and the like. In particular embodiments,
“heterobicycloalkyl,” either alone or represented along with another radical, can be a
hetero(Ci.14)bicycloalkyl, a hetero(Cq.q4)bicycloalkyl, a hetero(Cyg)bicycloalkyl or a
hetero(Cs.)bicycloalkyl. Alternatively, “heterobicycloalkyl,” either alone or represented along
with another radical, can be a hetero(Cs)bicycloalkyl, hetero{Cgs)bicycloalkyl,
hetero(Cq)bicycloalkyl, hetero(Cg)bicycloalkyl or a hetero(Cy)bicycloalkyl.

[0081] “Heterobicycloaryl” means bicycloaryl, as defined in this Application, provided that
one or more of the atoms within the ring is a heteroatom. For example, hetero(C,.jp)bicycloaryl
as used in this Application includes, but is not limited to, 2-amino-4-oxo-
3,4-dihydropteridin-6-yl, tetrahydroisoquinolinyl, and the like. In particular embodiments,
“heterobicycloaryl,” either alone or represented along with another radical, can be a
hetero(C;.14)bicycloaryl, a hetero(Cyq)bicyeloaryl, a hetero(Cyo)bicycloarylor a
hetero(Csg)bicycloaryl. Alternatively, “hetercbicycloaryl,” either alone or represented along
with another radical, can be a hetero(Cs)bicycloaryl, hetero(Ce)bicycloaryl,
hetero(Cy)bicycloaryl, hetero{Cg)bicycloaryl or a hetero(Cy)bicycloaryl.

[0082] “Heterocycloalkyl” means cycloalkyl, as defined in this Application, provided that one
or more of the atoms forming the ring is a heteroatom selected, independently from N, O, or S.
Non-exclusive examples of heterocycloalkyl include piperidyl, 4-morpholyl, 4-piperazinyl,
pyrrolidinyl, perhydropyrrolizinyl, 1,4-diazaperhydroepinyl, 1,3-dioxanyl, 1,4-dioxanyl and the
like. In particular embodiments, “heterocycloalkyl,” either alone or represented along with
another radical, can be a hetero(Cj.1a)cycloalkyl, a hetero(Cy.¢)cycloalkyl, a
hetero(Ci.¢)eycloalkyl, a hetero(Csg)eycloalkyl or a hetero(Cqg)cycloalkyl. Alternatively,

“heterocycloalkyl,” either alone or represented along with another radical, can be a
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hetero(C,)cycloalkyl, a hetero(Cs)cycloalkyl, a hetero(C,)cycloalkyl, a hetero(Cs)eycloalkyl, a
hetero(Cg)cycloalkyl, hetero(Cricycloalkyl, hetero(Cgeycloalkyl or a hetero(Co)eyeloalkyl,
[0083] “Heterocycloalkylene” means cycloalkylene, as defined in this Application, provided
that one or more of the ring member carbon atoms is replaced by a heteroatom. In particular
embodiments, “heterocycloatkylene,” either alone or represented along with another radical, can
be a hetero(Cj.13)cycloalkylene, a hetero(Cig)cycloalkylene, a hetero{Cy¢)cycloalkylene, a
hetero(Cs.g)cycloalkylene or a hetero{C, ¢)eycloalkylene. Alternatively, “heterocycloalkylene,”
either alone or represented along with another radical, can be a hetero(Cy)eycloalkylene, a
hetero(Cs)eycloalkylene, a hetero(Cy)eycloalkylene, a hetero(Cs)eycloalkylene, a
hetero(Cgjcycloalkylene, hetero(Cy)eycloalkylene, hetero(Cg)cycloatkylene or a
hetero(Cy)cycloalkylene.

[0084] “Hydroxy” means the radical -OQI.

[0085] “ICs;” means the molar concentration of an inhibitor that produces 50% inhibition of
the target enzyme.

[0686] “Imino” means the radical -CR{=NR'} and/or —-C(=NR")-, wherein R and R’ are each
independently hydrogen or a further substituent.

[0087] “Iminoketone derivative” means a derivative comprising the moiety -C{NR)-, wherein
R is hydrogen or a further substituent.

[0088] “Isomers” means compounds having identical molecular formulae but differing in the
nature or sequence of bonding of their atoms or in the arrangement of their atoms in space.
Isomers that differ in the arrangement of their atoms in space are termed “sterecisomers.”
Stereoisomers that are not mirror images of one another are termed “diastereomers” and
sterecisomers that are nonsuperimposable mirror images are termed “enantiomers™ or sometimes
“optical isomers.” A carbon atom bonded to four nenidentical substituents is termed a “chiral
center.” A compound with one chiral center has two enantiomeric forms of opposite chirality. A
mixture of the two enantiomeric forms is termed a “racemic mixture.” A compound that has
more than one chiral center has 2" enantiomeric pairs, where # is the number of chiral centers.
Compounds with more than one chiral center may exist as ether an individual diastereomer or as
a mixture of diastereomers, termed a “diastereomeric mixture.” When one chiral center is
present a stereoisomer may be characterized by the absolute configuration of that chiral center.
Absolute configuration refers to the arrangement in space of the substituents attached to the
chiral center. Enantiomers are characterized by the absolute configuration of their chiral centers

and described by the R- and S-sequencing rules of Cahn, Ingold and Prelog. Conventions for
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stereochemical nomenclature, methods for the determination of stereochemistry and the
separation of stereoisomers are well known in the art (e.g., see “Advanced Organic Chemistry”,
5th edition, March, Jerry, John Wiley & Sons, New York, 2001).

[0089] “Leaving group” means the group with the meaning conventionally associated with it
in synthetic organic chemistry, i.e., an atom or group displaceable under reaction (e.g.,
alkylating) conditions. Examples of leaving groups include, but are not limited to, halo (e.g., F,
Cl, Br and I), alkyl {e.g., methyl and ethyl) and sulfonyloxy (e.g., mesyloxy, ethanesulfonyloxy,
benzenesulfonyloxy and tosyloxy), thiomethyl, thienyloxy, dihalophosphinoyloxy,
tetrahalophosphoxy, benzyloxy, isopropyloxy, acyloxy, and the like.

[0090]  “Linker” refers to a divalent radical which links together two moieties. A “linker
providing X atom separation” between two other moieties mean that the chain of atoms directly
linking the two other moieties is X atoms in length. When X is given as a range (e.g., X;-X3),
then the chain of atoms is at least X; and not more than X; atoms in length. It is understood that
the chain of atoms can be formed from a combination of atoms including, for example, carbon,
nitrogen, sulfur and oxygen atoms. Further, each atom can optionally be bound to one or more
substituents, as valencies allow. In addition, the chain of atoms can form part of a ring.
Accordingly, in one embodiment, 4 moiety providing X atom separation between two other
moieties (R and R') can be represented by R-(L.}x-R’ where each L. is independently selected from
the group consisting of CR"R"™, NR"™, O, 8, CO, CS, C=NR"™", S0, §0O,, and the like, where any
two or more of R", R", R" and R™" can be taken together to form a substituted or unsubstituted
ring.

[0091]  “Nitro” means the radical -NQs,.

[0092] “Oxaalkyl” means an alkyl, as defined above, except where one or more of the carbon
atoms forming the alkyl chain are replaced with oxygen atoms (-O- or ~OR, wherein R is
hydrogen or a further substituent). For example, an oxa(Cy.jg)alkyl refers to a chain comprising
between 1 and 10 carbons and one or more oxygen atoms.

[0093] “Oxoalky!” means an alkyl, as defined above, except where one or more of the carbon
atoms forming the alkyl chain are replaced with carbonyl groups (-C(=0}- or ~C(=0)-R, wherein
R is hydrogen or a further substituent). The carbonyl group may be an aldehyde, ketone, ester,
amide, acid or acid halide. For example, an 0xo{C).;jo)alkyl refers to a chain comprising between
1 and 10 carbon atoms and one or more carbonyl groups.

[0094] “Oxy” means the radical -O- or ~OR, wherein R is hydrogen or a further substituent,

Accordingly, it is noted that the oxy radical may be further substituted with a variety of
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substituents to form different oxy groups including hydroxy, alkoxy, aryloxy, heteroaryloxy or
carbonyloxy.

[0095]1  “Pharmaceutically acceptable™ means that which is vseful in preparing a
pharmaceutical composition that is generally safe, non-toxic and neither biologically nor
otherwise undesirable and includes that which is acceptable for veterinary use as well as human
pharmaceutical use.

[0096]  “Pharmaceutically acceptable salts” means salts of compounds of the present invention
which are pharmaceutically acceptable, as defined above, and which possess the desired
pharmacological activity. Such salts include acid addition salts formed with inorganic acids such
as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phospheoric acid, and the like; or
with organic acids such as acetic acid, propionic acid, hexanoic acid, heptanoic acid,
cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic acid, succinic acid,
malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid,
o-{4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethanedisulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic
acid, p-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, p-toluenesuifonic acid,
camphorsulfonic acid, 4-methylbicyclo[2.2.2}oct-2-ene- 1 -carboxylic acid, glucoheptonic acid,
4,4'-methylenebis(3-hydroxy-2-ene- 1-carboxylic acid), 3-phenylpropionic acid, trimethylacetic
acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid, glutamic acid,
hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid and the like.

[0097]  Pharmaceutically acceptable salts also include base addition saits which may be
formed when acidic protons present are capable of reacting with inorganic or organic bases.
Acceptable inorganic bases include sodiom hydroxide, sodium carbonate, potassium hydroxide,
aluminuin hydroxide and calcium hydroxide. Acceptable organic bases include ethanolanine,
diethanolamine, triethanolamine, tromethamine, N-methyiglucamine and the like,

[0098] “Polycyclic ring” includes bicyclic and multi-cyclic rings. The individual rings
comprising the polycyclic ring can be fused, spiro or bridging rings.

[0099]  “Prodrug™ means a compound that is convertible in vivo metabolically into an inhibitor
according to the present invention. The prodrug itself may or may not also have activity with
respect to a given target protein. For example, a compound comprising a hydroxy group may be
administered as an ester that is converted by hydrolysis in vive to the hydroxy compound.
Suitable esters that may be converted in vivo into hydroxy compounds include acetates, citrates,

lactates, phosphates, tartrates, malonates, oxalates, salicylates, propionates, succinates,
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fumarates, maleates, methylene-bis-b-hydroxynaphthoates, gentisates, isethionates,
di-p-toluoyltartrates, methanesulfonates, ethanesulfonates, benzenesulfonates, p-
toluenesulfonates, cyclohexylsulfamates, quinates, esters of amino acids, and the like. Similarly,
a compound comprising an amine group may be administered as an amide that is converted by
hydrolysis in vivo to the amine compound.

[00100] “Protected derivatives” means derivatives of inhibitors in which a reactive site or sites
are blocked with protecting groups. Protected derivatives are useful in the preparation of
inhibitors or in themselves may be active as inhibitors. A comprehensive list of suitable
protecting groups can be found in P.G.M. Wuts and T.W. Greene, “Greene’s Protecting Groups
in Organic Synthesis, 4th edition, John Wiley & Sons, Inc. 2007.

[00101] “Ring” and “ring assembly” means a carbocyclic or a heterocyclic system and includes
aromatic and non-aromatic systems. The systein can be monocyclic, bicyclic or polycyclic. In
addition, for bieyclic and polycyclic systems, the individual rings comprising the polycyclic ring
can be fused, spiro or bridging rings.

[00102] “Subject” and “patient” includes humans, non-human mammals (e.g., dogs, cats,
rabbits, cattle, horses, sheep, goats, swine, deer, and the like) and non-mammals (e.g., birds, and
the like).

[0100] “Substituted or unsubstituted” means that a given moiety may consist of only hydrogen
substituents through available valencies (unsubstituted) or may further comprise one or more
non-hydrogen substituents through available valencies (substituted) that are not otherwise
specified by the name of the given moiety. For example, isopropyl is an example of an ethylene
moiety that is substituted by -CHs. In general, a non-hydrogen substituent may be any
substituent that may be bound to an atom of the given moiety that is specified to be substituted.
Examples of substituents include, but are not limited to, aldehyde, alicyelic, aliphatic,
{C1.10)alky], alkylene, alkylidene, amide, amino, aminoalkyl, aromatic, aryl, bicycloalkyl,
bicycioaryl, carbamoyl, carbocyclyl, carboxyl, carbony! group, cycloalkyl, cycloalkylene, ester,
halo, heterobicycloalkyl, heterocycloalkylene, heteroaryl, heterobicycloaryl, heterocycloalkyl,
oxo, hydroxy, iminoketone, ketone, nitro, oxaalkyl, and oxoalkyl moieties, each of which may
optionally also be substituted or unsubstituted. In one particular embodiment, examples of
substituents include, but are not limited to, hydrogen, halo, nitro, cyano, thio, oxy, hydroxy,
carbonyloxy, (Cyp)alkoxy, (Cyrdaryloxy, hetero(Cy.jo)aryloxy, carbonyl, oxycarbonyl,
aminocarbonyl, amino, (Cy.jo)alkylaming, sulfonamido, imine, sulfonyl, sulfinyl, (C:.q0)alkyl,
halo(Cy.1¢)alkyl, hydroxy(Cy.ig)alkyl, carbonyl(Ci.o)alkyl, thiocarbonyl{C;. jo)alkyl,
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sulfonyl(Cyi0)alkyl, sulfinyl(Cy.10)alkyl, (Cy.10)azaalkyl, imino{Ci.0)alkyl,
{Cs12)eycloalkyl(Cy.5)alkyl, hetero(Cs.i)eycloalkyl(Cragyatkyl, aryl{Cy.ag)alkyl,
hetero(Craodaryl{Cys)alkyl, (Co.qp)bicycloaryl{C.s)alkyl, hetero{Cs.io)bicycloaryl{Cy s)alkyl,
(Cs.19)cycloalkyl, hetero(Ca.jz)eycloalkyl, (Co.ip)bicycloalkyl, hetero(Cs.ip)bicycloalkyl,
(Cya)aryl, hetero(Cyygdaryl, (Co.qa)bicycloaryl and hetero(Cy 12)bicycloaryl. In addition, the
substituent is itself optionally substituted by a further substituent. In one particular embodiment,
examples of the further substituent include, but are not limited to, hydrogen, hale, nitro, cyano,
thio, oxy, hydroxy, carbonyloxy, (Cy.ig)alkoxy, {Caz)aryioxy, hetero(C.p)aryloxy, carbonyl,
oxycarbonyl, aminocarbonyl, amino, (Cy.1p)alkylamino, sulfonamido, imino, sulfonyl, sulfinyl,
(Cy.10)alkyl, halo{Cy.ioalkyl, hydroxy(Cy.ip)alkyl, carbonyl(Ci.10)alkyl, thiocarbonyl(Cy.0)alkyl,
sulfonyl{ Cy.10)alkyl, sulfinyi(Cy_jo)aikyl, (Cy.jo)azaalkyl, imino(Ci.ipalkyl,
(Ca.gz)eycloalkyl(Cy.5)alkyl, hetero(Ca.iz)eycloalkyl(Ci.ioyalkyl, aryl(Ciag)alkyl,
hetero(Cy.19)aryl(Cys)alkyl, (Cop)bicycloaryl(Cy.s)alkyl, hetero(Cs.q2)bicycloaryl(Cy s)alkyl,
(Ci.iz)eycloalkyl, hetero(Ca.jpdeyeloalkyl, (Coqz)bicycloalkyl, hetero(Cs.2)bicyclealkyl,
(Csaz)aryl, hetero(Cy.10)aryl, (Cq.yz)bicycloaryl and hetero(Cq.12)bicycloaryl.

[0101] “Sulfiny!” means the radical —-SO- and/or —-SO-R, wherein R is hydrogen or a further
substituent. It is noted that the sulfinyl radical may be further substituted with a variety of
substituents to form different sulfinyl groups including sulfinic acids, sulfinamides, sulfinyl
esters, and sulfoxides.

[0102]  “Sulfonyl” means the radical -SO,- and/or -SO»-R, wherein R is hydrogen or a further
substituent. It is noted that the sulfonyl radical may be further substituted with a variety of
substituents to form different sulfonyl groups including sulfonic acids, sulfonamides, sulfonate
esters, and sulfones.

[0103] “Therapeutically effective amount™ means that amount which, when administered to
an anima} for treating a disease, is sufficient (o effect such treatment for the disease.

[0104]  “Thio” denotes replacement of an oxygen by a sulfur and includes, but is not limited
to, -SR, -S- and =S containing groups.

{01051  “Thiocalkyl” means an alkyl, as defined above, except where one or more of the carbon
atoms forming the alkyl chain are replaced with sulfur atoms (-S- or ~S-R, wherein R is
hydrogen or a further substituent). For example, a thio(Cj.o)alkyl refers to a chain comprising
between 1 and 10 carbons and one or more sulfur atoms.

[0106]  “Thiocarbonyl” means the radical —~C(=S)- and/or —C(=5)-R, wherein R is hydrogen or

a further substituent. 1t is noted that the thiocarbonyl radical may be further substituted with a
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variety of substituents to form different thiocarbonyl groups including thioacids, thioamides,
thioesters, and thioketones.

[0107]  “Treatment” or “treating” means any administration of a compound of the present
invention and includes:

(1)  preventing the disease from occurring in an animal which may be predisposed to
the disease but does not yet experience or display the pathology or syniptomatology of the
disease,

(2) inhibiting the disease in an animal that is experiencing or displaying the pathology
or symptomatology of the diseased (i.e., arresting further development of the pathology and/or
symptomatology), or

(3) ameliorating the disease in an animal that is experiencing or displaying the
pathology or symptomatology of the diseased (J.e., reversing the pathology and/or
symptomatoiogy).

[0108]  Itis noted in regard to all of the definitions provided herein that the definitions should
be interpreted as being open ended in the sense that further substituents beyond those specified
may be included. Hence, a Cy alkyl indicates that there is one carbon atom but does not indicate
what are the substituents on the carbon atom. Hence, a (C;)alkyl comprises methyl (i.e., -CHa) as
well as -CRR'R" where R, R', and R" may each independently be hydrogen or a further
substituent where the atom attached to the carbon is a heteroatom or cyano. Hence, CF;, CH,OH
and CH,CN, for example, are all (Cy)alkyis. Similarly, terms such as alkylamino and the like
comprise dialkylamino and the like.

{0109] A compound having a formuia that is represented with a dashed bond is intended to
include the formulae optionally having zero, one or more double bonds, as exemplified and

shown below:

/A\ /A\. /A-.. /A‘:- -~
Py ey U TR TR
E. -C E\D,,C E. .C E. =C

[0110]  In addition, atoms making up the compounds of the present invention are intended to
include all isotopic forms of such atoms. Isotopes, as used herein, include those atoms having

the same atomic number but different mass numbers. By way of general example and without
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limitation, isotopes of hydrogen include tritium and deuaterium, and isotopes of carbon include

3C and ™.

DETAILED DESCRIPTION OF THE INVENTION

{0111]  The present invention relates to compeounds that may be used to inhibit HSP90. The
present invention also relates to pharmaceutical compositions, kits and articles of manufacture
comprising such compounds. In addition, the present invention relates to methods and
intermediates useful for making the compounds. Further, the present invention relates to
methods of using said compounds. It is noted that the compounds of the present invention may
also possess activity for other members of the same protein family and thus may be used to
address disease states associated with these other family members.

[0112]  Itis noted that the compounds of the present invention may also possess inhibitory
activity for other HSP family members and thus may be used to address disease states associated

with these other family members.

Compound of the Invention

[0113]  1Inone of its aspects, the present invention relates to compounds that are useful as
HSPO0 inhibitors, In one embodiment, HSP90 inhibitors of the present invention is of a formula

selected from the group consisting of:

R, R, Rs R4
1 i
X X _X X
R: N R N Rs N Rz N
Rs Rs R R
U e O YT O
- P = P
HoN Rz  HN" °N Ry HxN Ry HN" °N Rs
R; Rs Rg Rz Rg' R; Rs Re Rs Rg'
| i IH v

or a tautomer, stereoisomer, or pharmaceutically acceptable salt thereof, wherein

X is O, NRg or CRgRy;

R; is selected from the group consisting of hydrogen, carbonyl, hydroxycarbonyl,
oxycarbonyl, aminocarbonyl, sulfonyl, sulfinyl, (Cy.;0)alkyl, halo(C1.0)alkyl, hetero(C. o)alkyl,
(Crao)alkyl, hydroxy(Crae)alkyl, alkoxy(Ci.ig)akkyl, amino(Cr.io)alkyl, imino(Ci.0)alkyl,
carbonyl(C.yg)alkyl, sulfonyl{(C;.10)alkyl, sulfinyl{Cy.10)alkyl, carbonylamino(C;.1o)alkyl,
thiocarbonyl(Cy.10)alkyl, hydroxylcarbonyl(Cy.10)alkyl, aminocarbonyl{Cy._;0)alkyl,
aminosulfonyl(Cy.p¥alkyl, sulfonylamino{Ci.io)alkyl, (Ci.¢)alkylsuifonylamino(C;. o)alkyl,
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(Csapyeyceloalkyl(Cq.s)alkyl, hetero(Caqz)eycloalkyl(Crso)alkyl, aryl(Cqqo)alkyl,
hetero(Ciao)aryl(Cys)alkyl, (Co.pa)bicycloaryl(Cy.s)alkyl, hetero(Cs.12)bicycloaryl(Cys)alkyl,
(Csag)eycloalkyl, hetero{Cs.pajcycloalkyl, (Co.2)bicycloalkyl, hetero(Cs.pz)bicycloalkyl,
(Caayaryl, hetero(Cy_jo)aryl, (Co.1z)bicycloaryl, and hetero(Ca.12)bicycloaryl, each unsubstituted
or substituted:

R; is selected from the group consisting of hydrogen, halo, cyano, thio, hydroxy,
carbonyloxy, (Cy.qpjalkoxy, (Cyp)aryloxy, hetero{C; yp)aryloxy, carbonyl, oxycarbonyl,
aminocarbonyl, amino, (Cy_jo)alkylamino, sulfonamido, sulfonyl, sulfinyl, (C;pjalkyl,
halo{Cy.1g)alkyl, hydroxy(Cy.igyalkyl, carbonyl(Cy.ip)alky], thiocarbonyl{Ci.joyalkyl,
sulfonyl(Ci.i0)alkyl, sulfinyi(Cy_j0)alkyl, hetero(Cyioyalkyl, imino(Ci.i0)alkyl,
(Cs.a)eycloalkyl(Cys)alkyl, hetero(Cs.iz)eycloalkyl(Cy io)alkyl, aryl(Ci.ip)alkyl,
hetero(Cy.1p)aryl(Cy.5)alkyl, {Co.1p)bicycloaryl(Cys)alkyl, hetero(Cs.az)bicycloaryl(Cys)alkyl,
(Cs.nn)eycloalkyl, hetero(Cs.yz)cycloalkyl, (Co 2)bicycloalkyl, hetero(Cs.ya)bicycloalkyl,
(Canaryl, hetero(Cyyp)aryl, (Cy.i2)bicyeloaryl, and hetero(Cy.12)bicycloaryl, each substituted or
unsubstituted;

Rj is selected from the group consisting of hydrogen, halo, nitro, cyano, thio, oxy,
hydroxy, carbonyloxy, (Cr.ap)alkoxy, (Cy.2)aryloxy, hetero(Cj.ip)aryloxy, carbonyl, oxycarbonyl,
aminocarbonyl, amino, (C1.;¢)alkylamino, sulfonamido, sulfonyl, sulfinyl, (Ci.io)alkyl,
(Crap)alkenyl, halo(Ci.p)alkyl, hydroxy(Ci.10)alkyl, carbony(Cio)alkyl,
thiocarbonyl(Cy.10)alkyl, sulfonyl(Ci_je)alkyl, sulfinyi(C;_jg)alkyl, hetero(Crapyalkyl,
imino(Cj.jp)alkyl, (Cs.1o)eycloalkyl{Co5)alkyl, hetero{Ca.qp)eycloalkyl(Cy.a0)alkyl,
aryl(Cj_ip)alkyl, hetero(Ci.10)aryl(C,_5)alkyl, (Cy.12)bicycloaryl(C, s)alkyl,
hetero(Cg12)bicycloaryl{Ci.s)alkyl, (Ca.gz)eycloalkyl, hetero(Ca.iz)cycloalkyl, (Co.z)bicycloalkyl,
hetero(Cs.1)bicycloalkyl, (Cy.i2)aryl, hetero(Cy.ip)aryl, (Co.j2)bicycloaryl, and
hetero{Cy ;) bicyeloaryl, each unsubstituted or substituted with 1-3 substituents, and the
substituents on adjacent atonis may be taken together to form a substituted or unsubstituted ring;

Ry is selected from the group consisting of hydrogen, carbonyl, oxycarbonyl, amino,
(Crap)alkylamino, sulfonamido, sulfonyl, sulfinyl, (Cj.1p)alkyl, halo(Cy.jp)alkyl,
hydroxy(Cy.i0)alkyl, carbonyl(Cy.19)alkyl, thiocarbonyl{C.ip)alkyl, sufonylCy.10)alkyl,
sulfiny(C;_jo)alkyl, imino(Cj.jo)alkyl, (Csa2)cycloalkyl(Ci.s)atkyl,
hetero(Cs.12)cycloalkyl(Cy yp)alkyl, aryl(Ci0)alkyl, hetero(Cq.qp)aryl(Cysyalkyl,
(Coaa)bicycloaryl(Cy.s)alkyl, hetero(Cs 12)bicycloaryl(Cy.s)alkyl, hetero(Cy.j0)alkyl,
(Csaz)eyceloalkyl, hetero(Cs.z)eycloalkyl, (Co.pz)bicycloalkyl, hetero(Cs.jz)bicycloalkyl,
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(Cyaa2)aryl, hetero(Cy.jo)aryl, (Co.1z)bicycloaryl, and hetero(Cy 12)bicycloaryl, each substituted or
unsubstituted;

Rs and Ry are each independently selected from the group consisting of hydrogen, cyano,
carbonyl, oxycarbonyl, aminocarbonyl, sulfonyl, sulfinyl, (Ciyo)alkyl, halo(Cyjp)alkyl,
hydroxy(Ci.103alkyl, carbonyl(Cy.j0)alkyl, thiocarbonyl(Cj.10)alkyl, sulfonyl(Cy.io)alkyi,
sulfinyl(Cy.10)alkyl, hetero{C.io)alkyl, imino(Cy_jn)alkyl, (Ca.qz)eycloalkyl(Cy.s)alkyl,
hetero(Cy.p)eycloalkyl(Cyyp)alkyl, aryl{Cq_)alkyl, hetero(Cqp)aryl(Cys)alkyl,
(Cy.az)bicycloaryl(Cy_s)alkyl, hetero(Cy 12 )bicycloaryl(Cy s)alkyl, (Cas)cycloalkyl,
hetero(Cs.1p)cycloalkyl, (Co.pa)bicycloalkyl, hetero{Cs.qp)bicycloalkyl, (Caz)aryl,
hetero(Ci.10)aryl, (Co.;a)bicycloaryl and hetero(Cq.i2)bicycloaryl, each substituted or
unsubstituted;

R¢ and Rg are each independently selected from the group consisting of hydrogen,
halogen, cyano, (C;.jp)alkyl, sulfonyl(Cy.j0)alkyl, sulfinyl(C;.10)alkyl, hetero(Cy.jo)alkyl,
(Cs.in)eycloalkyl{C;s)alkyl, hetero{Cs.;2)cycloatky{C0)alkyl, aryl{(Ci.i0)alkyl,
hetero(Ci.in)aryl(Cr.s)alkyl, (Co.a)bicyeloaryl(Ci.s)alkyl, hetero(Cg iz )bicycloaryl(Cys)altkyl,
(Csp)eycloalkyl, hetero{Cy.1a)cycloalkyl, (Cs.q2)bicycloalkyl, hetero(Csz)bicycloalkyl,
(Cayparyl, hetero{Cy.ipdaryl, (Cq.12)bicycloaryl and hetero(Cy.15)bicycloaryl, each substituted or
unsubstituted, provided that Re is absent when A is CRsRs;

Ry is selected from the group consisting of hydrogen, cyano, sulfonyl, sulfinyl,
(Ciraoalkyl, sulfonyl{Ci.j0)alkyl, sulfinyl(C.10)alkyl, {Csi2)cycloalkyHCy.s)alkyl,
hetero(Cs.12)cycloalkyl(Cy.ip)alkyl, aryl{Ci.i0)alkyl, hetero(Cii9)aryl(Cys)alkyl,
(Cg.12)bicycloaryl(C).s)alkyl, hetero(Cy 12)bicycloaryi(Cis)alkyl, hetero(C,.ig)alkyl,
(Cs.12)eycloalkyl, hetero(Cs.q0)eycloalkyl, (Cs.2)bicycloalkyl, hetero(Cs.az)bicycloalkyl,
(Cyip)aryl, hetero(Cyg)aryl, (Coq2)bicycloaryl and hetero(Cy.io)bicycloaryl, each substituted or
unsubstituted;

Rs is selected from the group consisting of hydrogen, (Ci.i0)alkyl, hetero(Cj.i0)alkyl,
hydroxy(Ci.10)alkyl, , sulfonyl{(Cy.q0)alkyl, sulfinyl(C;.10)alkyl, (Cs.i2)cycloalkyl(Cys)alkyl,
hetero(Ca.ys)eyeloalkyl(Cy_1p)alkyl, aryl(Cyy)alkyl, hetero{Cyyo)aryH(Crs)alkyl,
(Cy.g2)bicycloaryl(Cy.s)alkyl, hetero(Csg.i2)bicycloaryl{Cy.s)alkyl, (Cs2)cycloalkyl,
hetero(Cs.qp)eycloalkyl, (Cy.12)bicycloalkyl, hetero(Cs pz)bicycloalkyl, (Ca.z)aryl,
hetero(Cq.ap)aryl, (Cs.qz)bicycloaryl and hetero(Cy.17)bicycloaryl, each substituted or

unsubstituted,

230-



Ro and Ry are each independently selected from the group consisting of hydrogen,
sulfonamido, sulfonyl, sulfinyl, (Ciie)alkyl, hydroxy(Ci.jo)alkyl, sulfonyl(Ciain)alkyl,
sulfinyl(C.:0)alkyl, hetero(Cy.o)alkyl, (Ca.i2)cycloalkyl(Cy.s)alkyl,
hetero(Cs.az)cycloalkyl(Cyip)alkyl, aryl(Cy0)alkyl, hetero(Cy.ipdaryl{C,.5)alkyl,
(Cy.12)bicycloaryl(Cy.5)alkyl, hetero(Cs.i2)bicycloaryl(Cy.s)alkyl, (Caia)cycloalkyl,
hetero(Cs.iz)cycloalkyl, (Cogz)bicycloalkyl, hetero(Csp)bicyctoalkyl, (Cyaz)aryl,
hetero(C.o)aryl, (Cy.12)bicycloaryl and hetero(C,.12)bicyeloaryl, each substituted or
unsubstituted; and

provided that for Formula T, when X is O, Ry is a (C; g)alkyl substituted with at least two
hydroxyl group.

[0114]  In another embodiment, the compounds of the invention consisting the formula:

w Ry
HoN Ra
R; Rs Re
I
or a tautomer, stereoisomer, or pharmaceutically acceptable salt thereof, wherein

X is O, NRg or CR¢Rg;

R; is selected from the group consisting of hydrogen, carbonyl, hydroxycarbonyl,
oxycarbonyl, aminocarbonyl, sulfonyl, sulfinyl, (Ci.imalkyl, halo{C;.i¢)alkyl, hetero(Ci.10)alkyl,
(Crao)alkyl, hydroxy(Ci.igalkyl, alkoxy(Cy.1e)alkyl, amino{C.i¢)alkyl, imino(C1_yp)alkyl,
carbonyl(Ci.io)alkyl, sulfonyl{Cj_1g)alkyl, sulfiny}{(C.10)alkyl, carbonylamino{Cy.1g)alkyi,
thiocarbonyl(Cy.ip)atkyl, hydroxylcarbonyl(Cy.1¢)alkyl, aminocarbonyl(Cy.qp)alkyl,
aminosulfonyl{C;.ig)alkyl, sulfonylamino(Cj.jg)alkyl, (Cig)alkylsulfonylamino{C.;o)alkyl,
(Cs.ra)eycloalkyl(Cy.s)alkyl, hetero{Cs.2)cycloalkyl(Cy.i0)alkyl, aryl(Ciao)alkyl,
hetero(Cs.10)aryl(Cy.5)alkyl, (Cy.12)bicycloaryl(Cys)alkyl, hetero(Cs2)bicycloaryl{C;.s)alkyl,
(Csa)eycloalkyl, hetero{Caq)eyeloalkyl, (Co.pz)bicycloalkyl, hetero(Cs.az)bicycloalkyl,
{Caaparyl, hetero(C;.10)aryl, (Co.1z)bicycloaryl, and hetero(Cy.12)bicycloaryl, each unsubstituted
or substituted;

R; is selected from the group consisting of hydrogen, halo, cyano, thio, hydroxy,
carbonyloxy, (Ciio)alkoxy, (Cyin)aryloxy, hetero(C.jp)aryloxy, carbonyl, oxycarbonyl,

aminocarbonyl, amino, (Cye)alkylamino, sulfonamido, sulfonyl, sulfinyl, (Ci.io)alkyl,
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halo(Cy.1p)alkyl, hydroxy(Cy_ig)alkyl, carbonyl{Cyp)alkyl, thiocarbonyl{(Cy.;pkalkyl,
sulfonyl(C;.j0)alkyl, sulfinyl{Cy.jp)alkyl, hetero{Ci.1p)alkyl, imino(C.q0)atkyl,
(Car2)eycloalkyl(Ch.s)alkyl, hetero(Cs 1p)eycloalkyl(Cao)alkyl, aryl{Ci0)alkyl,
hetero(Cy0)aryl(Cys)alkyl, (Co.1p)bicycloaryl(Cy.s)alkyl, hetero(Cs.ip)bicycloaryl(C s)alkyl,
(Cs.12)eycloalkyl, hetero(Cs.p2)cycloaikyl, (Cy.q2)bicycloalkyl, hetero(Cs.12)bicycloalkyl,
(Caaz)aryl, hetero(Cy.o)aryl, (Cogp)bicycloaryl, and hetero(Cy2)bicycloaryl, each substituted or
unsubstituted;

Rs is selected from the group consisting of hydrogen, halo, nitro, cyano, thio, oxy,
hydroxy, carbonyloxy, (Cy.q0)alkoxy, (Cyaz)aryloxy, hetero(Cy.jp)aryloxy, carbonyl, oxycarbonyl,
aminocarbonyl, amino, (C;.1g)atkylamino, sulfonamide, sulfonyl, sulfinyl, (C;0)alkyl,
(Ciaip)alkenyl, halo(Cy.10)alkyl, hydroxy(Cijo)alkyl, carbonylCy.10)atkyl,
thiocarbonyl(Ci.10)alkyl, sulfonyl{C;.10)alkyl, sulfinyl(C;.10)alkyl, hetero(Ci.0)alkyl,
imino(Ci.jo¥alkyl, (Cs.1a)eycloalkyl(Ci.s)alkyl, hetero(Cs.12)cycloalkyl(Cy jo)alkyl,
aryi(Cy_1oyalkyl, hetero(Cia0)aryl{C.s)alky], (Cs.12)bicycloaryl{Cys)alkyl,
hetero(Cy.12)bicycloaryl{Cy s)alkyl, (Cs.12)eycloalkyl, heterof{Cs.po)cycloalkyl, (Cygp)bicycloalkyl,
hetero(Cs.i2)bicycloalkyl, (Cagp)aryl, hetero{Csqo)aryl, (Co.i2)bicycloaryl, and
hetero((C4.12)bicycloaryl, each unsubstituted or substituted with 1-3 substituents, and the
substituents on adjacent atoms may be taken together to form a substituted or unsubstituted ring;

Rs and R are each independently selected from the group consisting of hydrogen, cyano,
carbonyl, oxycarbonyl, aminocarbonyl, suifonyl, sulfinyl, (Ci.ip)alkyl, halo(C.0)alkyl,
hydroxy(Cy.10)alkyl, carbonyl(Cy.q0}alkyl, thiocarbonyl{Cy.1g)alkyl, sulfonyl(Cy jp)alkyl,
sulfinyl(C;. p9)alkyl, hetero(C.p)alkyl, imino(C;_g)alkyl, (Caizdeycloalkyi(Cys)alkyl,
hetero(Cs.12)eycloalkyl(Ci.0)alkyl, aryl(Ci.io)alkyl, hetero(Ci.io)aryl(Cys)alkyl,
(Co.1z)bicycloary(Ci.s)alkyl, hetero(Cs yz)bicycloaryl{Cis)alkyl, (Caqz)eycloalkyl,
hetero(Cs.1p)eycloalkyl, (Coqp)bicycloalkyl, hetero(Cs p)bicyeloalkyl, (Caaq)aryl,
hetero{Cj_jp)aryl, {Co.12)bicycloaryl and hetero(Cy.12)bicycloaryl, each substituted or
unsubstituted;

R¢ and R¢ are each independently selected from the group consisting of hydrogen,
halogen, cyano, (Cy.jg)alkyl, sulfonyl(C;.iodalkyl, sulfinyl(C;.10)alkyl, hetero(C;.q0)alkyl,
{Capeycloalkyl(Cy.s)alkyl, hetero{Cs. iz)cycloalkyl(Crao)alkyl, aryl(Ci.i0)alkyl,
hetero(Cy.10)aryl(Cys)alkyl, (Ce.12)bicycloaryl{Cy.s)alkyl, hetero(Cs.1z)bicycloaryl(Ci s)alkyl,
(Ci1z)eyeloalkyl, hetero(Cipz)cyeloalkyl, (Co.q2)bicycloalkyl, hetero(Cs.po)bicycloalkyl,
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(Ca.1p)aryl, hetero(Cy_jp)aryl, (Co.12)bicycloaryl and hetero(Cy.12)bicycloaryl, each substituted or
unsubstituted, provided that Re is absent when A is CRsRs;

Ry is selected from the group consisting of hydrogen, cyano, sulfonyl, sulfinyl,
{(Crapalkyl, sulfonyl{C;. g)alkyl, sulfinyl(Ci_jodalkyl, (Csz)eycloalkyl(Cy.s5)alkyl,
hetero(Cs.2)cycloalkyl(Cy.ig)alkyl, aryl(Ciig)alkyl, hetero(Cy10)aryl(CysYalkyl,
(Co.rp)bicycloaryl(Cy.s)alkyl, hetero(Cs.p)bicycloaryl(Cy.s)alkyl, hetero(Cq.0)alkyl,
(Cs.12)eycloalkyl, hetero{Cs. p)eycloalkyl, (Co.qz)bicycloalkyl, hetero(Cs.1)bicycloaltkyl,
(Caazaryl, hetero(Cyqg)aryl, (Co.z)bicycloaryl and hetero(C,yp)bicycloaryl, each substituted or
unsubstituted;

Rg is selected from the group consisting of hydrogen, (Cy.o)alkyl, hetero(Cy_1p)alkyl,
hydroxy(C.10)alkyl, , sulfonyl(Cy.i0)alkyl, sulfinyl(C;.10)alkyl, (Cs.12)eycloalky}(Cy.s)alkyl,
hetero{Cs.1;)cycloalkyl{Cy1p)alkyl, aryl(Ci.o)alkyl, hetero(C.0)aryl(Cq.s)atkyl,
(Co.12)bicycloaryl(Cy_s)alkyl, hetero(Cs.1z)bicycloaryl(Cys)alkyl, (Cs.q2)cycloalkyl,
hetero(Cs.1z)eycloalkyl, (Co.yz)bicycloalkyl, hetero{Cs.q2)bicycloalkyl, (Cy.y2)aryl,
hetero(Ciag)aryl, (Cy.1p)bicycloaryl and hetero(Ca.12)bicycloaryl, each substimated or
unsubstituted; and

Rg and Ry- are each independently selected from the group consisting of hydrogen,
sulfonamido, sulfonyl, sulfinyl, (C;.j0)alkyl, hydroxy(C;.io)alkyl, sulfonyl{C;. p)alkyl,
sulfinyl(C1.j)alkyl, hetero(Cy.10)alkyl, {Cs.i2)cycloalkyl(Cy.s)alkyl,
hetero(Cs.iz)cycloalkyl(Chiglalkyl, aryl{Cy.10)alkyl, hetero(C;.10)aryl{Cy_s)alkyl,
(Co.pibicycloaryl(Cy.s)alkyl, hetero(Cy.12)bicycloaryl(Cqs)alkyl, (Cs.gz)cycloalkyl,
hetero(Cs._jz)eycloalkyl, (Co)bicycloalkyl, hetero(Cs 2 )bicycloalkyl, (Cqqz)aryl,
hetero(Cj.ip)aryl, (Co.12)bicycloaryl and hetero{Cy.12)bicycloaryl, each substituted or
unsubstituted,

{0115]  Inanother embodiment, the compounds of the invention consist of the formula

or a tautomer, stereoisomer, or pharmaceutically acceptable salt thereof, wherein

X is O, NRjs or CRgRy';
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R; is selected from the group consisting of hydrogen, carbonyl, hydroxycarbonyl,
oxycarbonyl, aminccarbonyl, sulfonyl, sulfinyl, (Cy.jo)alkyl, halo(Ci.ie)alky], hetero(Cy.i0)alkyl,
(Cyav)alkyl, hydroxy(Cy.jo)alkyl, alkoxy(C.i0yalkyl, amino(Cy.jo)alkyl, imino(Cy.jo)alkyl,
carbonyl(C.ip)alkyl, sulfonyl(Cyjo)alkyl, sulfinyl(Cj.10)alkyl, carbonylamino(Ci.in)alkyl,
thiocarbonyl{Cy.i0yalkyl, hydroxylcarbonyl(Cy.sp¥alkyl, aminocarbonyl(Cy.ip)alkyl,
aminosulfonyl{Cr.1g¥alkyl], sulfonylamino(Chio)alkyl, {(Cr.¢)alkylsulfonylamino{Cy. 0)alkyl,
{Ca19)eyeloatkyl(Cs)alkyl, hetero(Ca iz eycloalkyl{Cy.1p)alkyl, aryl{Cypdalkyl,
hetero{C.0)aryl(Cy.s)alkyl, (Co.1p)bicycloaryl(Cy.5)alkyl, hetero(Cs.qz)bicycloaryl{Cy s )alkyl,
(Cs.ip)eycloalkyl, hetero(Cs.yz)cycloalkyl, (Co z)bicycloaikyl, hetero(Ca.qa)bicycloalkyl,
(Cuanaryl, hetero(Cyyp)aryl, (Co.12)bicycloaryl, and hetero{C,.1o)bicycloaryl, each unsubstituted
or substituted;

Ry is selected from the group consisting of hydrogen, halo, cyano, thio, hydroxy,
carbonyloxy, (Cq.j0)alkoxy, (Cqq2)aryloxy, hetero(Cy_gp)aryloxy, carbonyl, oxycarbonyl,
aminecarbonyl, amino, (Cy.j0)altkylamino, sulfonamido, sulfonyl, sulfinyl, (Cy.i0)alkyl,
halo(Ci.ap)alkyl, hydroxy(Ci.jp)alkyl, carbonyl(Cy.jp)alkyl, thiocarbonyl(C;.q0)alkyl,
sulfonyl(C.j0)alkyl, sulfinyl(Cy.i0)alkyl, hetero(Cy.jo)alkyl, imino(Cj.jp)alkyl,
{Canp)eycloalkyl(Cys)alkyl, hetero(Cs.12)cycloalkyl(C.io)alkyl, aryl{Ci.10)alkyl,
hetero(Ci.19)}aryl{C;.s)alkyl, (Co.1z)bicycloaryl(C .s)alkyl, hetero(Cs.i;)bicycloaryl(C.s)alkyl,
(Cs.12)eycloalkyl, hetero(Cs.qz)cycloalkyl, (Co.12)bicycloalkyl, hetero(Cs.1z)bicycloalkyl,
(Caap)aryl, hetero(Cy.ip)aryl, (Coz)bicycloaryl, and hetero(C,.12)bicycloaryl, each substituted or
unsubstituted;

R is selected from the group consisting of hydrogen, halo, nitro, cyano, thio, oxy,
hydroxy, carbonyloxy, (Ci.i0)alkoxy, (Ca.12)aryloxy, hetero(Cy.qg)aryloxy, carbonyl, oxycarbonyl,
aminocarbonyl, amino, (C;.jg)alkylamino, sulfonamido, sulfonyl, suifinyl, (Ci.j0)alkyl,
(Cy.10)alkenyl, halo(Cy.p)alkyl, hydroxy(Cy.jo)alkyl, carbonyl(C.q0)alkyl,
thiocarbony(C,.jp)alkyl, sulfonyl(C; jplalkyl, sulfinyi(C;.;p)alkyl, hetero(C,. o)alkyl,
imino(C.ag)alkyl, (Csyz)eycloalkyl(Cys)alkyl, hetero(Ca o )eycloalkyl(Chaojalkyl,
aryl{Cy.1p)alkyl, hetero{Cy.10)aryl{C.s)alkyl, (Cq.2)bicycloaryl{Cy.s)alkyl,
hetero{Cs .y )bicycloaryl(Cy s)alkyl, (Cappleyeloalkyl, hetero(Cs.pp)eycloalkyl, (Coqa)bicycloatkyl,
hetero{Cs.12)bicycloalkyl, (Ca.12)aryl, hetero(Cy.ip)aryl, (Co.12)bicycloaryl, and
hetero(Cy.12)bicycloaryl, each unsubstituted or substituted with 1-3 substituents, and the

substituents on adjacent atoms may be taken together to form a substituted or unsubstituted ring;
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Rs and Ry are each independently selected from the group consisting of hydrogen, cyano,
carbonyl, oxycarbonyl, aminocarbonyl, sulfonyl, sulfinyl, (Cy¢)alkyl, halo(Cyyp)alkyl,
hydroxy(Cy.io)alkyl, carbonyl(C;.10)alkyl, thiocarbonyl{Cy.io)alkyl, sulfonyl(C;.10}alkyl,
sulfinyl{Cy.19)alkyl, hetero(Cy.10)alkyl, imino(C.i0palkyl, (Cs.a2)cycloalkyl(Cy.s)alkyl,
hetero(Cs.i2)eycloalkyl(Cyq0)alkyl, aryl(Cy.iodalkyl, hetero(Coio)aryl(C.5)alkyl,
(Co.qp)bicycloaryl(C s)alkyl, hetero(Cg.12)bicycloaryl(Cy s)alkyl, (Csgzjcycloalkyl,
hetero(Cs.iz)eycloalkyl, (Cyqp)bicyeloalkyl, hetero(Cs;p)bicycloalkyl, (Caa)aryl,
hetero(Cy.jp)aryl, (Cyaa)bicycloaryl and hetero{Cjy.12)bicycloaryl, each substituted or
unsubstituated;

Rg and R¢ are each independently selected from the group consisting of hydrogen,
halogen, eyano, (Ci.10)alkyl, sulfonyl(Cy_je)alkyl, sulfinyl(Cjipyalkyl, hetero(Cijolalkyl,
(Cs.z)cycloalkyl(Ci.s)alkyl, hetero(Cs.jz)cycloalkyl(Cy.io)alkyl, aryl(Ciio)alkyl,
hetero(C.qp)aryl{C.s)alkyl, (Co.13)bicycloaryl(C.s)alkyl, hetero(Cs.j2)bicycloaryl(Cys)alkyl,
(Csaz)eycloalkyl, hetero(Cs.io)eycloalkyl, (Co.pz)bicycloalkyl, hetero(Cs.12)bicycloatkyl,
(Cy2)aryl, hetero(Cr.yplaryl, (Coan)bicycloaryl and hetero(C,.12)bicycloaryl, each substituted or
unsubstituted, provided that Re is absent when A is CRsRy;

Rg is selected from the group consisting of hydrogen, (C;.0)alkyl, hetero(Cy.q0)alkyl,
hydroxy(C.jp)alkyl, , sulfonyl(Cy.10)alkyl, sulfinyl(C,_jo)alkyl, {Cs.12)cycloalkyl(Cy s)alkyl,
hetero(C;.1z2)eycloalkyl(Crio)alkyl, aryl(Cyg)alkyl, hetero(Cyip)aryl(Cy.s)alkyl,
(Co.12)bicycloaryl(Cy_s)alkyl, hetero{Cg.12)bicycloaryl(Cy syalkyl, (Cs.y2)cycloalkyl,
hetero(Cs.pa)eycloalkyl, (Co.pp)bicyeloalkyl, hetero(Ca.gp)bicycloalkyl, (Cyqa)aryl,
hetero(Cy_jplaryl, (Co.p)bicycloaryl and hetero{C,_j>)bicycloaryl, each substituted or
unsubstituted;

Ry and Ry are each independently selected from the group comnsisting of hydrogen,
sulfonamido, sulfonyl, sulfinyl, (Cy.0)alkyl, hydroxy(Ci_jg)alkyl, sulfonyl(Cy.q0)atkyl,
sulfinyl(C.p)alkyl, hetero(C;_1¢)alkyl, (Cs.12)cycloalkyl(Cs)alkyl,
hetero(Cs jp)cycloalkyl(Crq0)alkyl, aryl{Ci.jojalkyl, hetero(Ci.10)aryl{(C;s)alkyl,
(Cy.12)bicycloary(Cy.s)alkyl, hetero(Cs.12)bicycloaryl(Cy.s)alkyl, (Cs.iz)eycloalkyl,
hetero(Cs.p2)cycloalkyl, (Co.q2)bicycloalkyl, hetero(Cs.yp)bicycloalkyl, (Cypplaryl,
hetero(C.j0)aryl, {Co.1z)bicycloaryl and hetero(Ca.i2)bicycloaryl, each substituted or
unsubstituted; and

provided that when X is O, R, is (Cy.¢)alkyl, substituted with at least two hydroxyl

groups.
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{0116]  Inone embodiment, the compounds of the invention having the formula:

Or a taufomer, stereoisomer, or pharmaceutically acceptable salt thereof, wherein

Xis O, NRg or CRgRg;

R, is selected from the group consisting of hydrogen, carbonyl, hydroxycarbonyl,
oxycarbonyl, aminocarbonyl, sulfonyl, sulfinyl, (Cy.jg)alkyl, halo(Cyyo)alkyl, hetero(C.yp)atkyl,
(Cra0)alkyl, hydroxy(Cs.j0)alkyl, alkoxy(Cy.iolalkyl, amino{Cy.1p)alkyl, imino{(C.jo)alkyl,
carbonyl(Cy.10)alkyl, sulfonyl(C;.ae)alkyl, sulfinyl(Cj.10)alkyl, carbonylamino(Cy.i0)alkyl,
thiocarbonyl(Ci.1p)alkyl, hydroxylcarbonyl(Cy_19)alkyl, aminocarbonyl(C;_jp)alkyl,
aminosulfonyl(Cy.p)alkyl, sulfonylamino(Cyo)alkyl, (Crealkylsulfonylamino(Ci.ie)alkyl,
(Csapeycloalkyl(Crs)alkyl, hetero(Cs.z)eyeloalkyi(Ciro)alkyl, aryl(Ci.ip)alkyl,
hetero{Cy.10)ary1(Cy.5)alkyl, (Co.12)bicycloaryl(C;.s)alkyl, hetero(Cg.jz)bicycloaryl{Cys)atkyl,
(Cs.1a)eycloalkyl, hetero(Cs_a)eyeloalkyl, (Copz)bicycloalkyl, hetero(Cs.ip)bicycloalkyl,
(Cy12)aryl, hetero{Cy 10)aryl, (Co 12 bicycloaryl, and hetero(C,.qz)bicycloaryl, each unsubstituted
or substituted;

R is selected from the group consisting of hydrogen, halo, cyano, thio, hydroxy,
carbonyloxy, (Cy.io)alkoxy, (Ca1p)aryloxy, hetero(Cy.qp)aryloxy, carbonyl, oxycarbonyl,
aminocarbonyl, amino, (Cyjg)alkylamino, sulfonamido, sulfonyl, sulfinyl, (Cia0)alkyl,
halo(Crao)alkyl, hydroxy(Ciap)alkyl, carbonyl(Cyio)alkyl, thiocarbonyl(Ci.jo)alkyl,
sulfonyl(C;.qp)alkyl, sulfinyl{C_1p)alkyl, hetero(Cy.ie)alkyl, imino(Ci.jp)atkyl,
(Ciaeyeloalkyl{Cy.s)alkyl, hetero(Cs.y2)eycloalkyl(Cro)alkyl, aryl(Craojalkyl,
hetero(C.10)arylCh.s)atkyl, (Cy.qo)bicycloaryl(Cy.s)alkyl, hetero{Cs.12)bicycloaryl(Ci.s)alkyl,
(Cs.1o)cycloalkyl, hetero{Cs.y;)cycloalkyl, (Cq.1z)bicycloalkyl, hetero(Cs ya)bicycloalkyl,
{Cyparyl, hetero(Cr.q)aryl, (Coz)bicycloaryl, and hetero(Cy jp)bicycloaryl, each substitated or
unsubstituted:;

Rj is selected from the group consisting of hydrogen, halo, nitro, cyano, thio, oxy,
hydroxy. carbonyloxry, (Ciaepalkoxy, (Caazjaryloxy, hetero(Ci.ig)aryloxy, carbonyl, oxycarbonyl,

aminocarbonyl, amino, (Cyo)alkylamino, sulfonamido, sulfonyl, sulfinyl, (Ci.10)atkyl,
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(Ci.a0)alkenyl, halo(Chag)alkyl, hydroxy(Cr.g)alkyl, carbonyl(Cy.jo)atkyl,
thiocarbonyl(Cy.q0)alkyl, sulfonyl(Cy.io¥alkyl, sulfinyl(C.o)alkyl, hetero(Cy.jpyalkyl,
imino(Cr.g)atkyl, {Cs.q2)cycloalkyl(Cys)alkyl, hetero(Csyz)cycloalkyl(C0)alkyl,
aryl(Cr.0)alkyl, hetero(Cy.i0)aryl(Cy.5)alkyl, (Co.12)bicycloaryl(Cy.s)alkyl,
hetero(Cy12)bicycloaryl(C s)alkyl, (Csiz)cycloalkyl, hetero(Cs.p)cycloalkyl, (Coqp)bicycloalkyl,
hetero(Cj.12)bicycloalkyl, (Cyiz)aryl, hetero(Cy_yo)aryl, (Cy.12)bicycloaryl, and
hetero(Cj.2)bicycloaryl, each unsubstituted or substituted with 1-3 substituents, and the
substituents on adjacent atoms may be taken together to form a substituted or unsubstituted ring;

R4 is selected from the group consisting of hydrogen, carbonyl, oxycarbonyl, amino,
{Cra)alkylamino, sulfonamido, sulfonyl, sulfiny, (Ciao)alkyl, halo(Cy.io)alkyl,
hydroxy(Cy0)alkyl, carbonyi(Ci.10)alkyl, thiocarbonyl(Cj.jp)alkyl, sulfonyl(Cy.o)alkyl,
sulfinyl(C1.0)alkyl, imino(Crae)alkyl, (Cs.izcycloalkyl(Cq.s)alkyl,
hetero(Cs.iz)eycloalkyl(C.10)alkyl, aryl{Cy.10)alkyl, hetero(Cy.so)aryl(Cy.s)alkyl,
(Co.in)bicyeloaryl(Cy_s)alkyl, hetero(Cy.i2)bicycloaryl(C,.5s)alkyl, hetero(Cy.pyalkyl,
(Csp)eyclealkyl, hetero(Cs.azleyeloalkyl, (Co.az)bicycloalkyl, hetero(Cs.iz)bicycloalkyl,
(Cap)aryl, hetero(Cy.ro)aryl, (Corz)bicycloaryl, and hetero(Cj.q2)bicycloaryl, each substituted or
unsubstituted;

Re and Rg are each independently selected from the group consisting of hydrogen,
halogen, cyano, (Cy.p)alkyl, sulfonyl{C.10)alkyl, sulfinyl(Ci.10)alkyl, hetero(C;10)alkyt,
{Csa2)eycloalkyl(Cy s)alkyl, hetero(Cs.qp)eycloalkyl{Cyo)alkyl, aryl{Ci.10)alkyl,
hetero(Cy.y0)aryl(C.s)alkyl, (Co.pp)bicycloaryl{Cy.s)alkyl, hetero(Cg.1p)bicycloaryl(Cy.5)alkyl,
(Cs.12)cycloalkyl, hetero(Cs.yq)cycloalkyl, (Co 1o bicycloalkyl, hetero{Cs.j2)bicycloalkyl,
(Caayaryl, hetero(Cr.y0)aryl, (Co.gz)bicycloaryl and hetero(Ca.2)bicycloaryl, each substituted or
unsubstituted, provided that Re is absent when A is CRsRs;

R7 is selected from the group consisting of hydrogen, cyano, sulfonyl, sulfinyl,
(Ci-ro)alkyl, sulfonyl(Cy_io)alkyl, sulfinyl(C;.10)alkyl, (Cs.12)cycloalkyl(C s)alkyl,
hetero{Cs.12)cycloalkyl(Ci-yo)alkyl, aryl(Ci.1o)alkyl, hetero(Ci.10)aryl(Ci.s)alkyl,
(Co.p)bicycloaryl(Cy.s)alkyl, hetero(Cg.12)bicycloaryl(Cis)alkyl, hetero{Cio)alkyl,
(Cs.aa)eycloalkyl, hetero(Cs.i2)eycloalkyl, (Cy.12)bicycloalkyl, hetero(Cs.qp)bicycloalkyl,
(Caaz)aryl, hetero(Cy.g)aryl, (Co.pz)bicycloaryl and hetero(Cy. o) bicycloaryl, each substituted or
unsubstituted;

Rs is selected from the group consisting of hydrogen, {Cyao)alkyl, hetero(Cy.o)alkyl,
hydroxy(Ci.10)alkyl, , sulfonyl(Ciip)alkyl, sulfinyl(Cy.p)alkyl, (Ca.rp)eycloalkyl(Cys)alkyl,
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hetero(Ca.12)eycloalkyl(Cy.i0)alkyl, aryl(Cy.10)alkyl, hetero(C).ip)aryl(Cy.s)alkyl,
(Cy.az)bicycloaryl(Cy.s)alkyl, hetero{Cs.12)bicycloaryl(Cy.s)alkyl, (Caqz)cycloalkyl,
hetero(Ca.i2)eycloalkyl, (Co.3p)bicycloalkyl, hetero(Cs sz )bicycloalkyl, (Caan)aryl,
hetero(Ci.1o¥aryl, (Cy.12)bicycloaryl and hetero(Cy.yz)bicycloaryl, each substituted or
unsubstituted;

Ry and Ry are each independently selected from the group consisting of hydrogen,
sulfonamido, sulfonyl, sulfinyl, (Cy_jp)alkyl, hydroxy(C, jp)alkyl, sulfonyl(Ci.1p)alkyl,
sulfinyl(C.10)alkyl, hetero(Cy_jp)alkyl, (Cs_yp)cycloalkyl(Cy.s)alkyl,
hetero(Cs.12)cycloalkyl(Cy_sp)alkyl, aryl{C.1p)alkyl, hetero{Cy sodaryl(C;s)alkyl,
(Co.appbicycloaryl(Cy.s)alkyl, hetero(Cs.j2)bicycloaryl(Cy.s)alkyl, (Csq2)cycloalkyl,
hetero(Cs.z)eyeloalkyl, (Cop)bicycloalkyl, hetero(Cs.iz)bicyeloalkyl, (Cqi2)aryl,
hetero(Ci.ip)aryl, (Co.1z)bicycloaryl and hetero(Ca.12)bicycloaryl, each substituted or
unsubstituted.

[0117]  In another embodiment, the compounds of the invention consisting of the formula;

or a tautomer, stereoisomer, or pharmaceutically acceptable salt thereof, wherein

X is O, NRg or CRgRg;

R, is selected from the group consisting of hydrogen, carbonyl, hydroxycarbonyl,
oxycarbonyl, aminocarbonyl, sulfonyl, sulfinyl, {Cy.;0)alkyl, halo(Ci.10)alkyl, hetero(Cy.0)alkyl,
(Cia0)alkyl, hydroxy(Cy.qp)alkyl, alkoxy{Cy.10)alkyl, amino(Ci.qp)alkyl, imino{Cy_joalkyl,
carbonyl(Cy.10)alkyl, sulfonyl(Ci_1g)alkyl, sulfinyl(Cy.ig)alkyl, carbonylamino(Ci.jo)alkyl,
thiocarbonyl(Cy.jp)alkyl, hydroxylearbonyl(Cy.qg)alkyl, aminocarbonyl(Cj.y0)alkyl,
aminosulfonyl(Cy_jg)alkyl, sulfonylamino(C, yp)alkyl, (Cyg)alkylsulfonylaminoe(Cy.yp)alkyl,
(Csp)eycloalkyl(Cys)alkyl, hetero(Cs_ya)eycloalkyl(Cyyo)alkyl, aryKCy.o)alkyl,
hetero(Cy.30)aryl{Cr.s)alkyl, (Ce.12)bicycloaryl(Cy.s)alkyl, hetero(Cy.ia)bicycloaryl(Cys)alkyl,
{Caeyeloalkyl, hetero(Cy.q0)cycloalkyl, (Co.z)bicycloalkyl, hetero(Cs.y2)bicycloalkyl,
(Ca12)aryl, hetero(Cy.jo)aryl, (Cy.12)bicycloaryl, and hetero(Cy.12)bicycloaryl, each unsubstituted

or substituted;
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R; is selected from the group consisting of hydrogen, halo, cyano, thio, hydroxy,
carbonyloxy, (Cy.glalkoxy, (Caqp)aryloxy, hetero(Cy.p)aryloxy, carbonyl, oxycarbonyl,
aminocarbonyl, amino, (C).jp)alkylamine, suifonamido, sulfonyl, sulfinyl, (Ci.0)alkyl,
halo(Ci.ip)alkyl, hydroxy(Ci.ip)alkyl, carbonyl(C.10)alkyl, thiocarbonyl(Cy.i0)alkyl,
sulfonyl(Cy.10)alkyl, sulfinyl{Cj_j)alkyl, hetero(Cy.ip)alkyl, imino(Ciag)alkyl,
(Cs.1n)eycloalkyl(Cy.s)alkyl, hetero(Cs.qp)eyeloalkyl{Cy.io)alkyl, aryl(Cyqpdalkyl,
hetero(Cq0)aryl(Cy.s)alkyl, (Cy.12)bicycloaryl(Cys)alkyl, hetero(Cs.ig)bicycloaryl(Cy.5)alkyl,
(Caqp)eycloalkyl, betero(Cs_ja)eycloalkyl, (Cy jp)bicycloalkyl, hetero(Cy.yz)bicycloalkyl,
(Cappyaryl, hetero(Cy.jodaryl, (Co12)bicycloaryl, and hetero(C,.;z)bicycloaryl, each substituted or
unsubstituted;

R; is selected from the group consisting of hydrogen, halo, nitro, cyano, thio, oxy,
hydroxy, carbonyloxy, (Ci.ip)alkoxy, (Csaz)aryloxy, hetero(C;.10)aryloxy, carbonyl, oxycarbonyl,
aminocarbonyl, amino, (Cy.jo)alkylamino, sulfonamido, sulfonyl, sulfinyl, (Ci0)alkyl,
(Ci.1e0)alkenyl, halo(Cy_jg)alkyl, hydroxy(Ci.jp¥alkyl, carbonyl(Ci.ip)alkyl,
thiocarbonyl(Cy.19)alkyl, sulfonyl(Cj.ie)alkyl, sulfinyl{C).1p)alkyl, hetero(C.jp)alkyl,
imino(Cy.1p)alkyl, (Cs.p2)eycloalkyl(Cy.s)alkyl, hetero(Cs.qz)cycloalkyl(Ci.a0)alkyl,
arvl(Cy_10)alkyl, hetero(Cy.jo)aryl{C,.5)alkyl, (Cq.j2)bicycloarylCy s)alkyl,
hetero(Cg.12)bicycloaryl{(Cy.s)alkyl, (Ca.gz)cycloalkyl, hetero(Ca.yp)eycloalkyl, (Co.a)bicycloalkyl,
hetero(Ca.jz)bicycloalkyl, (Cy.12)aryl, hetero(Cy.qp)aryl, (Co.pz)bicycloaryl, and
hetero(Cq.12)bicycloaryl, each unsubstituted or substituted with 1-3 substituents, and the
substituents on adjacent atoms may be taken together to form a substituted or unsubstituted ring;

R, is selected from the group consisting of hydrogen, carbonyl, oxycarbonyl, amino,
(Cia0)alkylamino, sulfonamide, sulfonyl, sulfinyl, (C1.10)alkyl, halo(Cy.ip)alkyl,
hydroxy{Ci.i0)alkyl, carbonyl(C;.q¢)alkyl, thiocarbonyl(Cy.10)alkyl, sulfonyl(Ci.ipralkyl,
sulfinyl(Cy.;pdalkyl, imino(Cy.yg)alkyl, (Csyz)eycloalkyl{Cy.s)alkyl,
hetero(Cs.i2)cycloalkyl(C_io)alkyl, aryl(C . o)alkyl, hetero(Cy.ip)aryl(Cis)alkyl,
(Co.12)bicycloaryl(Cy.s)alkyl, hetero(Cs 12 )bicycloary}(Ci.s)alkyl, hetero(Cy.j0)alkyl,
(Cs.1a3eycloalkyl, hetero(Cso)cycloalkyl, (Cya)bicycloalkyl, hetero(Ca.qp)bicycloalkyl,
(Cq.1p)aryl, hetero(Cy.yp)aryl, (Co.pz)bicycloaryl, and hetero{Cy.12)bicycloaryl, each substituted or
unsubstituted;

R¢ and Rg- are each independently selected from the group consisting of hydrogen,
halogen, cyano, (Cy.1p)alkyl, sulfonyl(C.j0)alky], sulfinyl(Ci.i0)alkyl, hetero(C.ip)alkyl,
(Cia2)eyeloalkyl(Cys)alkyl, hetero(Cs.p2)eyeloalkyl(Cr.io)alkyl, aryl(Cy.yo)alkyl,
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hetero(Cr.i0)aryl(Cy.s)alkyl, (Co.1x)bicycloaryl(C.s)alkyl, hetero(Cg.i2)bicycloaryl(Cy.s)alkyl,
(Cs.1z)cycloalkyl, hetero(Cs.yz)eycloalkyl, (Co.1z)bicycloalkyl, hetero(Ca.iz)bicycloalkyl,
(Cyap)aryl, hetero(Cy_ip)aryl, (Cg.q2)bicycloaryl and hetero(Ca.i2)bicycloaryl, each substituted or
unsubstituted, provided that R is absent when A is CRsRs;

Rg is selected from the group consisting of hydrogen, (Ci.io)alkyl, hetero(Cy.19)alkyl,
hydroxy(Cs.0)alkyl, , sulfonyl(Cy.ie)alkyl, sulfinyl(C_jo)alkyl, (Cs.y2)cycloalkyl(Cys)alkyl,
hetero(Cs.p)cycloalkyl(Cy_yp)alkyl, aryl(Cy.q)alkyl, hetero(Cy.i0)aryl(Cq.s)alkyl,
{Coq2)bicycloaryl{Cy_syalkyl, hetero(Cs 1o )bicycloaryl(Cy syalkyl, (Cspp)eycloalkyl,
hetero(Cy.q2)cycloalkyl, (Co.ya)bicycloalkyl, hetero(Cs 2 )bicycloalkyl, (Cy.qp)aryl,
hetero(Ciap)aryl, {(Cagz)bicycloaryl and hetero(Ca.qa)bicycloaryl, each substituted or
unsubstituted; and

Ry and Ry are each independently selected from the group consisting of hydrogen,
sulfonamido, sulfonyl, sulfinyl, (Ci.10)alkyl, hydroxy(Ci.10}alkyl, sulfonyl(Cr.ip)atkyl,
sulfinyl(C,.ip)alkyl, hetero(Cj.ip)alkyl, (Cs.q2)eycloalkyl(Cis)alkyl,
hetero(Cs.12)eycloalkyl(Cojoyalkyl, aryl(Cyao)alkyl, hetero(Crao)aryl(Cis)alkyl,
(Co.1p)bicycloaryl(Cy.s)alkyl, hetero(Cs.i2)bicycloaryl(Cis)alkyl, (Csagz)eycloalkyl,
hetero(Cj.12)cycloalkyl, {Cs.12)bicycloalkyl, hetero(Cs 12)bicycloalkyl, (Cyaa)aryl,
hetero(Cio)aryl, (Coip)bicycloaryl and hetero(Ca.z)bicycloaryl, each substituted or
unsubstituted.

{0118] In another embodiment, the compounds of the invention consisting of the formula:

or a tautomer, stereoisomer, or pharmaceutically acceptable salt thereof, wherein

X i5 O, NRg or CRoRo;

R; is selected from the group consisting of hydrogen, carbonyl, hydroxycarbonyl,
oxycarbonyl, aminocarbonyl, sulfonyl, sulfinyl, (Ci.10)alkyl, halo{C;_jg)alkyl, hetero(C;_jojalkyl,
(Cy.10)alkyl, hydroxy(Cy_ip)alkyl, alkoxy(Cy.jg)alkyl, amino(Ci.i0)alkyl, imino(Ci.jo)alkyl,
carbonyl(C jp)alkyl, sulfonyl(Cy 0)alkyl, sulfinyi(Cy.10)alkyl, carbonylamino(Ci.jg)alkyl,
thiocarbonyl(Cj.1)alkyl, hydroxylcarbonyl(C;.1p)alkyl, aminocarbonyl(Cy.io)alkyl,
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aminosulfonyl(Cj.10)alkyl, sulfonylamino(Cy.qo)alkyl, (Cq.e)alkylsulfonylamino(Cy.ye)alkyl,
(Csapeycloalkyl(Cy.5)alkyl, hetero(Cayz)eycloalkyl{Cqo)alkyl, aryl(Cyo)alkyl,
hetero(Cy.ip)aryl(Cy.5)alkyl, (Cy.1zibicycloaryl(C s)alkyl, hetero(Csg.iz)bicycloaryl(Cys)atkyl,
(Cs.z)eycloalkyl, hetero(Caz)eycloalkyl, (Co.1o)bicycloalkyl, hetero(Cs.32)bicycloalkyl,
(Cyaz)aryl, hetero(Cy.jg)aryl, (Co.i2)bicycloaryl, and hetero(Cy y2)bicycloaryl, each unsubstituted
or substituted;

R; is selected from the group consisting of hydrogen, halo, cyane, thio, hydroxy,
carbonyloxy, (Ci.jo)alkoxy, (Cyi2)aryloxy, hetero(Cyp)aryloxy, carbonyl, oxycarbonyl,
aminocarbonyl, amino, (Cy.1¢)alkylamino, sulfonamido, sulfonyl, sulfinyl, (C;.p)alkyl,
halo(Ci.10)alkyl, hydroxy(C.p)alkyl, carbonyl(Ci.io)alkyl, thiocarbonyl(Cy.jg)alkyl,
sulfonyl(Cy.10)alkyl, sulfinyl{C;.jo)alkyl, hetero(Ciio)alkyl, imino(Cyp)alkyl,
(Cs.z)eycloalkyl(Cys)alkyl, hetero(Cs.i2)eycloalkyl{Cy io)alkyl, aryl(Cyig)alkyl,
hetero(Cy.30)aryl(C.s)alkyl, (Co.12)bicycloaryl(C.s)alkyl, hetero(Cs.y2)bicycloaryl(C.s)alkyl,
(Capp)eycloalkyl, hetero(Cs_ja)cycloalkyl, (Co.iz)bicycloalkyl, hetero(Cs.12)bicycloalkyl,
(Caandaryl, hetero(Cyyp)aryl, (Cy.12)bicycloaryl, and hetero(C,.12)bicycloaryl, each substituted or
unsubstituted;

R3; is selected from the group consisting of hydrogen, halo, nitro, cyano, thio, oxy,
hydroxy, carbonyloxy, (Ci.o)alkoxy, (Cai2)aryloxy, hetero(C;.ig)aryloxy, carbonyl, oxycarbonyl,
aminocarbonyl, amino, (Cy.i0)alkylamino, sulfonamido, sulfonyl, sulfinyl, (C;e)alkyl,
(Cy.1)alkenyl, halo(Cy.p)alkyl, hydroxy(Ci_jp)alkyl, carbonyl(Cy_y)alkyl,
thiocarbonyl(C.p)alkyl, sulfonyl{C). s)alkyl, sulfinyl{C. g)alkyl, hetero(C).ig)alkyl,
imino(C.io)alkyl, (Ci.12)eycloalkyl(C) syalkyl, hetero(Cs 5 Jeycloalkyl(Ciplalkyl,
aryl(Cy.jo)atkyl, hetero(Cy.yp)aryl(Cy.5)alkyl, (Cy.y2)bicycloaryl(Cys)alkyl,
hetero(Cs.iz)bicycloaryl(Cy.s)alkyl, (Csaz)cycloalkyl, hetero(Cs.qz)cycloalkyl, {Co.1p)bicycloalkyl,
hetero(Cs.ip)bicycloalkyl, (Cyy2)aryl, hetero(Cyyp)aryl, (Co_jz)bicycloaryl, and
hetero(Ca.j2)bicycloaryl, each unsubstituted or substituted with 1-3 substituents, and the
substituents on adjacent atoms may be taken together to form a substituted or unsubstituted ring;

R4 is selected from the group consisting of hydrogen, carbonyl, oxycarbonyl, amino,
(Cy.p)alkylamino, sulfonamido, sulfonyl, sulfinyl, (Cy.yp)alkyl, halo(C;.ip)alkyl,
hydroxy(Ci.10)alkyl, carbonyl{C.j¢)alkyl, thiocarbonyl(C,.j0)alkyl, sulfonyi(Cy.j0)alkyl,
sulfinyl(Cy.1p)alkyl, imino(Ci.10)alkyl, (Csa)cycloalkyl(Cys)alkyl,
hetero(Cs.1p)eycloalkyl(Cqap)alkyl, aryi(Ci.ioralkyl, hetero(Cs.o)aryl(Cis)alkyl,
(Co.pp)bicycloaryl{C;_s)alkyl, hetero(Cg.12)bicycloaryl(Cys)alkyl, hetero(Cyq0)alkyl,
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(Ca.pz)eycloalkyl, hetero(Caga)eycloalkyl, (Copz)bicycloalkyl, hetero(Cs.p2)bicycloalkyl,
(Caaz)aryl, hetero{Cy. g)aryl, (Co.p2)bicycloaryl, and hetero(Cy.2)bicycloaryl, each substituted or
unsubstituted;

Rg and Ry are each independently selected from the group consisting of hydrogen,
halogen, cyano, (Ci.;0alkyl, sulfonyl(C.jo)alkyl, sulfinyl(Cy.1p)alkyl, hetero(Cy.1p)alkyl,
(Ciaz)eycloalkyl{Cy.5)alkyl, hetero(Cs.yz)eyeloalkyl{Cy io)alkyl, aryl(Cypdalkyl,
hetero(Cy.19)aryl(Cys)alkyl, (Cy.10)bicycloaryl(C) syalkyl, hetero(Cy.12)bicycloaryl(Cy)alkyl,
(Cs.ip)eycloalkyl, hetero(Cs g )eyeloalkyl, (Cypp)bicycloalkyl, hetero(Cs pp)bicycloalkyl,
{Ca12)aryl, hetero(Cy.jp)aryl, (Co.i2)bicycloary]l and hetero(Cy.q2)bicycloaryl, each substituted or
unsubstituted, provided that Re is absent when A is CRsRs;

Ry is selected from the group consisting of hydrogen, (Cy.j0)alkyl, hetero(Cy._j)atkyl,
hydroxy(Cj.ie)alkyl, , sulfonyl(Cy.10)alkyl, sulfinyl{C.10)alkyl, (Cs.1z)cycloalkyl(Cy.s)alkyl,
hetero(Cy.1p)eycloalkyl(Cy.io)alkyl, aryl(Cy.jo)alkyl, hetero(Cy.10)aryl(Cy.s)alkyl,
{Cy.12)bicycloaryl(C.s)alkyl, hetero(Cy.z)bicycloaryl(C;s)alkyl, (Cs.q)eyeloalkyl,
hetero(Ca_pz)cycloalkyl, (Co.ga)bicycloalkyl, hetero(Cs.aa)bicycloalkyl, (Cyaz)aryl,
hetero(Cy.ip)aryl, (Co.12)bicycloaryl and hetero(Cy.12)bicycloaryl, each substituted or
unsubstituted; and

Ro and R are each independently selected from the group consisting of hydrogen,
sulfonamido, sulfonyl, sulfinyl, (Cy.io)alkyl, hydroxy(Ci.ip)alkyl, sulfonyl{Ci.1¢)alkyl,
sulfinyl(C.10)alkyl, hetero(Cy.j0)alkyl, (Csyp)cycloalkyl{C s)alkyl,
hetero(Cs.ip)eycloalkyl(Cy.qg)alkyl, aryl(Ci.po)alkyl, hetero(Cs.ip)aryl{C.s)alkyl,
{Copdbicycloaryl(Cs)alkyl, hetero(Cg.i2)bicycloaryl(Cos)alkyl, (Caqo)eycloalkyl,
hetero{Cs.12)eycloalkyl, (Cy.12)bicycloalkyl, hetero(Cs.g;)bicycloalkyl, (Ca.z)aryl,
hetero(Cs.ip)aryl, (Ce.1z)bicycloary! and hetero(C,y_j;)bicycloaryl, each substituted or
unsubstituted.

X
[0119]  Inone variation of the above embodiments of the compounds of the invention, X is O.
[0120]  In another variation, X is NRs, where Ry is selected from the group consisting of
hydrogen, (Cy.j0)alkyl, hydroxy(Cj.10)alkyl, {Cs.12)cycloalkyl(Cy.s)alkyl, aryl(Cy.y)alkyl,
hetero(C.10)arvi{Cy.s)alkyl, hetero(Cy0)alkyl, (Cs.iz)cycloalkyl, hetero{C;.p)cycloalkyl,
(Co.12)bicycloalkyl, hetero(Cs.in)bicycloalkyl, (Cayz)aryl, hetero(Cyiolaryl, each substituted or
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[0121]  In yet another variation, X is NRs where Rg is selected from the group consisting of
hydrogen, hydroxylalkyl, alkyl, aminoalkyl, and alkoxyalkyl.

[0122]  In still another variation, X is NRs where Ry is selected from the group consisting of
hydrogen, hydroxyl, (Ci.s)alkyl, and hydroxy(Cy.3)alkyl.

f0123]  Instill another variation, X is NIH.

[0124]  Instill another variation, X is CRgRy where Ry and Ry are each individually selected
from the group consisting of hydrogen, (Ci.jp)alkyl, hydroxy(Ci.ip)alkyl, sulfonyl(Cy.jodalkyl,
aza(Cyyo)alkyl, (Cyjp)oxaalkyl, (Ca.p)eycloalkyl(Cy.s)alkyl, hetero(Cs.qp)eyeloalkyl{Cy jo)alkyl,
aryl(Cy.q0)alkyl, hetero(Cy.10)aryl(Cy.5)alkyl, (Cs 12)cycloalkyl, hetero{Cs.qz)eycloalkyl,
(Caan)aryl, and hetera(Cyqp)aryl, each substituted or unsubstituted.

[025]  Instill another variation, X is CRgRy where Rg and Re- are each independently
selected from the group consisting of hydrogen, hydroxyl, halo, (Cy.3)alkyl, hydroxy(C.3)alkyl,
(Ci3)alkoxy, amino, aryl and heteroaryl.

[0126]  Instill another variation, X is CR¢Rg where one of Ry and Ry is independently
hydrogen.

[0127]  Instill another variation, X is CH;,

R;

[0128] In one variation of the above embodiments and variations of the compounds of the
invention, R; is selected from the group consisting of hydrogen, carbonyl, hydroxycarbonyl,
oxycarbonyl, aminocarbonyl, sulfonyl, sulfinyl, (Ci¢)alkyl, halo(Ci.¢)alkyl, hetero(Cig)alkyl,
hydroxy(Ci.¢)alkyl, alkoxy(Cj.¢)alkyl, amino(C;¢)alkyl, imino(Ci.¢)alkyl, carbonyl(Cs.¢)alkyl,
sulfonyl(Cy)alkyl, sulfinyl(Cy.¢)alkyl, carbonylamino(Cyg)alkyl, thiocarbonyl(Cy.¢)alkyl,
hydroxylcarbonyl(C.¢)alkyl, aminocarbonyl(Cyg)alkyl, aminosulfonyl(Ci.¢)alkyl,
sulfonylamino(Ci.g)alkyl, (Cy¢)alkylsulfonylamino(Cy.¢)alkyl, (Cse)eycloalkyl(Cy g)alkyl,
hetero(Cs s)cycloalkyl(Cy.)alkyl, (Cyg)aryl(Cyg)alkyl, and hetero(Cy.s)aryl(Cy.6)alkyl, each
unsubstituted or substituted.

[0129] In another variation, R is selected from the group consisting of hydrogen,
hydroxycarbonyl, oxycarbonyl, aminocarbonyl, (Ci.s)alkyl, halo(Cyg)alkyl, hetero(Cy.q)alkyl,
hydroxy(Ci.s)alkyl, atkoxy(C.s)alkyl, amino(C,.¢)atkyl, imino(Cy.g)alkyl, carbonyl{(Cy.¢)alkyl,
carbonylamino(C, ¢)alkyl, thiocarbonyl(Cy.¢)alkyl, hydroxylcarbonyl(Cy.¢)alkyl,
aminocarbonyl(Cy gjalkyl, (C;¢lalkylamino(Cygdalkyl, (Cae)cycloalkyl(Cy ¢)alkyl,
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hetero(Cs.s)cycloalkyl(Cre)alkyl, (Cyg)aryl(Crg)alkyl, and hetero{C,.s)aryl(C, s)alkyl, each
unsubstituted or substituted.
[0130] In another variation, R, is selected from the group consisting of hydrogen, (Cj.g)alkyl,
halo{C.)alkyl, hetero(Cy g)alkyl, hydroxy(Ci.g)alkyl, alkoxy(Ci.s)alkyl, amino(Ci.g)alkyl,
carbonylamino{Cjs}alkyl, hydroxylcarbonyl(C; ¢)alkyl, aminocarbonyl(Cy.s)alkyl,
(Crs)alkylamino(Cyg)alkyl, (Cse)eycloalkyl(Cy.g)alkyl, hetero(Cas)eycloalkyl(Cy.g)alkyl,
(Cyp)aryl(Cy g)alkyl, and hetero(Cy.s)aryl(Cy.g)alkyl, each unsubstituted or substituted.
fG131] In one particular variation of the above embodiments and variations of the compounds of
the invention, R; is -L-R4s, where

L is absent or is a linker of one to five atoms, wherein the atoms in L are each
independently selected from the group consisting of N, O, and S, and are independently
unsubstituted or substituted with 1-2 substituents selected from the group consisting of nitro,
cyano, thio, oxy, hydroxy, carbonyloxy, (Cy.j0)alkoxy, (C4z)aryloxy, hetero(C;y.j0)aryloxy, oxo,
carbonyl, oxycarbonyl, aminocarbonyl, amine, atkylearbonylamino, {(C,_jp)alkylamino,
sulfonylamino, aminosulfonyl, sulfonyl, sulfinyl, imino, (Ciio)alkyl, hetero{Ci.jo)alkyl,
hydroxy(C.1p)alkyl, carbonyl(C).10)alkyl, thiccarbonyl(Cy_jg)alkyl, sulfonyl(Ci.qo}alkyl,
sulfinyl(Cy.joyalkyl, (Cs.12)cycloalkyl(Ci.g)alkyl, hetero{Cs.12)cycloalkyl(Cy.yp)alkyl,
aryl(C,.;o)alkyl, heteraryl(C,.1p)alkyl, (Cs.az)eyeloalkyl, hetero(Cs.jz)cycloalkyl, aryl and
heteroaryl, each unsubstituted or further substituted; or any two substituents on adjacent atoms of
L. are taken to form a 3, 4 and 5 membered ring, each unsubstituted or substituted; and
[0132]  Rysis independently selected from the group consisting of hydrogen, hydroxyl, halo,
{Cya)alkyl, hydroxy(Cy.alkyl, (C).3)alkoxy, amino, carbonylamine, aminocarbonyl, carbonyl,
hydtoxylcarbonyl, aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, each unsubstituted or
further substituted.
[0133] Insome variations L is absent.
[0134] Insome variations of the above particular variation, L is an alkyl or heteroalky! of one
to five atoms where each atom is independently selected from the group consisting of N and O,
and each atoms is independently unsubstituted or substituted with 1-2 substituents selected from
the group consisting of hydroxy, oxo, carbonyloxy, (Cig)alkoxy, (Cagaryloxy,
hetero{Ci.s)aryloxy, carbonyl, oxycarbonyl, aminocarbonyl, amino, alkylearbonylamino,
(Cy.1pyalkylamine, imino, (Cy.g)alkyl, hetero(Cyg)alkyl, hydroxy(Ci.¢)alkyl, carbonyl(C,.¢)alkyl,
thiocarbonyl(Cy_g)alkyl, sulfonyi(Cj.g)alkyl, (Cs.g)cycloalkyl(Cy.g)alkyl,
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hetero(Cs.s)cycloalkyl(C.g)alkyl, aryl(Cqg)alkyl, heteroaryl(C).¢)alkyl, (Cig)cycloalkyl,
hetero(Cs.)eycloalkyl, aryl and heteroaryl, each unsubstituted or further substituted.

[0135]  In other variation, L is (-CR4R47-)a, where nis 1, 2, 3,4, or 5. In yet other variations,
L i8 (-CR4R4v-)s. In still other variations, L is (-CR4sR47-)4. In still other variations, L is
(-CR46R47-)3. In still other variations, 1. is (:CR4R4r-)2. In still other variations, L. is —
(CRy4gRa7)-.

[0136]  In the above variations where L is (-CR4gR47-)n, Ry and Ry; are each independently
selected from the group consisting of hydrogen, hydroxy, oxo, carbonyloxy, (Cy.g)alkoxy,
(Cyg)aryloxy, hetero(C,.s)aryloxy, carbonyl, oxycarbonyl, aminocarbonyl, amino,
alkylcarbonylamine, (Cj.jp)alkylamino, imino, (Cy.g)alkyl, hetero(Cy.g)alkyl, hydroxy(C¢)alkyl,
carbonyl(C.g)alkyl, thiocarbonyl(Ci.¢)alkyl, sulfonyl(Cy.alkyl, (Css)eycloalkyl{(Cy g)alkyl,
hetero(Cag)eycloalkyl(Cyg)alkyl, aryl{Cy.¢)alkyl, heteroaryl(C;galkyl, (Cs.s)cycloalkyl,
hetero(Cig)cycloalkyl, aryl and heteroaryl, each unsubstituted or further substituted.

{01371  In other variations, R4 and Ryy are each independently selected from the group
consisting of hydrogen, hydroxyl, hydroxy(C,.¢)alkyl, (Cy.5)alkoxy, oxo, amino, imino,
(Cig)alkyl, (Cyglaryl{Ci.¢)alkyl, hetero(Cy s)aryl(Cig)alkyl, (Cse)cycloalkyl(Cyg)alkyl,
hetero(Cy.s)cycloalkyl(C.¢)alkyl, (Cyg)aryl, hetero(Cy.s)aryl, (Cag)eycloalkyl, and hetero(Cy.
s)cycloalkyl, each unsubstituted or substituted. In other variations, Rys and R4y are each
independently selected from the group consisting of hydrogen, hydroxyl, oxo, (Cy.¢)alkyl,
hydroxy(Ci.g)atkyl, (Cj.¢yalkoxy, amino and aminocarbonyl, each substituted or unsubstituted. In

other variations, Ry, and R47 are both hydrogen.
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[0138}  In one variation of the above embodiment and variations, Ry is selected from the group

consisting of hydrogen, and
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[0139]  In another variation, lesehcwdﬁnnlmegnmpconﬁsﬁngofhymngen
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[0140]  In still another variation, R, is selected from the group consisting of hydrogen,
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[0141]  Instill another variation, Ry is selected from the group consisting of hydrogen,
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[0142]  Instill another variation, R; is selected from the group consisting of hydrogen,
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[0143]  Instill other variations, R, is selected from the group consisting of hydrogen, *

TN N N I N OH
0 “
‘/& A (& (K -~ (go H/’OH
and * . In yet other variations, Ry is *
OH

OH HO,,

OoH
In yet other variations, R; is * . In yet other variations, Ry is  * . In yet other

OH
HO,
(0]
(o]

variations, Ry is * . In still further variations, Ry s * . In yet further variations, R;
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HO HO
~n~ NS

. In yet further variations, R is * . In still yet further variations, R,

is hydrogen
X-R;

[0144]  Inone variation of the above embodiments and variations of the compounds of the

invention, -X-R; is selected from the group consisting of

’ CH NH, O
HaN NH
Y
0] N I
-~ */0 */0 « H ,,/O /

OH

OH
HG, HO,, OH OH OH OH OH HO |: j
! N
., . Or
e 0 . N 0 s Y /O
N NC, 0 @) H H
. I BNSING
JoPsBenie g,,o r,r e
S 12 12
Lo 0 O Y O 0 O

0]

*/0
N o o o] Q HO,
0
*/O ¥ */O - */O */0 */
\/A % COH OH OH NH; NH;
g 3 Jd 3 HO,,, 5 )
1\\“ d N o w~d N o o o 0
*/o */o " © i * * * OH
HO
HO NH,  HON SNy~ MO N \]
1(&0 \H/&O \k[/g (&
P A A ’
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[0145]  In another variation, -X-R7 is selected from the group consisting of
OH

OH NH; NH,
OH OH NH, NH; )
H: ({ “INH, J/ENHQH_/’ JJ'OH J/EOH
NH, NH; o ‘OH OH o CH H
#/O a/o J: */O */O l l as/o *”O

0
}

ST YRS
peipetipsyiel fU X

a/O /O

[0146]  In another variation, -X-R; is selected from the group consisting of

OH OH OH OH
HO Ho. F7 Ho HO HO
. .”O/ Tgio/ r&o ™0 N
WO o w0 A w
| e | | | H

e - - - -

H H
N N j ]
J. J([JH”’O ff‘
o” g
e} o]
0 0 : i

[0147]  In another variation, -X—R1 is selected from the group consisting of hydroxyl, methoxy,

OH OH HQ,, - ~. -
NH2 HN N O(\N
OH “IOH o (go / (go
0 > o o

* *

[0148]  Instill other variations, -X-R; is -OH. In still other variations, -X-R is -OCHs. In
MG OH

still other variations, -X-R; is *—0 . In still other variations, -X-R; is
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HO OH

CH
*-C . In still further variations, -X-R;is *—© OH |, In still further variations,
NHo

OH o)

-X-R;is *—0 OH | In other further variations, -X-Ry is *~ . In yet other further
o o
. e - . O

variations, -X-R; is * . In other further variations, -X-R; is * . In yet other

'/\N/
/O (go
. , ~0

further variations, -X-R;is *

R,

[0149]  Inanother variation of the embodiments and variations of the compounds of the
invention, R, is selected from the group consisting of hydrogen, halo, hydroxy, (Cj.j0)alkoxy,
{Ca.rp)aryloxy, hetero(Cy.ip)aryloxy, amino, (Cj.jp)alkylamino, suifonamido, sulfonyl, sulfinyl,
(Ci10)alkyl, halo(Ci.i0)alkyl, hydroxy(Ci.ip)alkyl, carbonyl(Cj.jp)alkyl, thiocarbonyl(C, jo)alkyl,
sulfonyl(Cy_jo)alkyl, sulfinyl{Cy.ig)alkyl, hetero(C.ig)alkyl, imino(Cy.ip)alkyl,
{Csa2)eycloalkyl(Cy.s)alkyl, hetero(Csz)eyeloalkyl(Cyo)alkyl, aryl{Cy_i¢)alkyl,
hetero(Ci.10)aryl(Ci.s)alkyl, (Cs.12)bicycloaryl(Cy.s)alkyl, hetero(Cs.y2)bicycloaryl(Cy.s)alkyl,
(Cs.ap)eycloatkyl, hetero(Cs.qz)cycloalkyl, (Co.i2)bicycloalkyl, hetero(Cs.jp)bicycloalkyl,
(Ca.1n)aryl, hetero(C.1g)aryl, {Cs.1z)bicycloaryl, and hetero(Cy.12)bicycloaryl, each substituted or
unsubstituted.

[0150]  In another variation, R; is selected from the group consisting of hydrogen, of
hydrogen, hydroxyl, halo, cyano, thiol, (Cr.¢)alkoxy, (Cy.¢)alkylthiol, {(Cy.¢)alkyl,
hetero{C.q)alkyl, aryl(Cy.¢)alkyl, heteroaryl(C,g)alkyl, (Cy.s)eycloalkyl{Cy.q)alkyl,
hetero(C1.s)eycloalkyl(Crelalkyl, (Cag) aryl, (C1s) heteroaryl, (Cyg)cycloalkyl, and
hetero(Cy.s)cycloalkyl, each unsubstituted and substituted.

[0151]  Inyet another variation, R, is selected from the group consisting of hydrogen,
hydroxyl, halo, cyano, thiol, {(C;glalkoxy, (Cig)alkylthiol, (Cy.¢)alkyl, hetero(Cq.e)alkyl,
aryl(C,g)alkyl, heteroaryl(C,¢)alkyl, (C;s)cycloalkylCyg)alkyl,
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hetero(C.s)cycloalkyl(Cy.g)alkyl, (Cy) aryl, (Cy.5) heteroaryl, (Cig)cycloalkyl, and
hetero(Cy.s)cycloalkyl, each unsubstituted and substituted.

[0152]  In yet another variation, Rs is selected from the group consisting of hydrogen,
hydroxyl, methyl, ethyl, methoxymethyl, triflucromethyl, phenylethyl, and substituted benzyl
where the substituents are each independently selected from the group consisting of methoxy,
halo, nitro, amino, and acetamide.

[0153]  Instill another variation, R; is selected from the group consisting of hydrogen,
(Ci¢)alkyl or halo(Cy.g)alkyl, aza(Cyg)alkyl, (Cr.g)oxaalkyl, each unsubstitoted or substituted.
[0154] In yet another variation, R, is selected from the group consisting of unsubstituted or
substituted (Cj.g)alkyl.

[0155]  Inyet another variation, R, is hydrogen.

[0156] In yet another variation, R; is methyl.
R

{01571  Inone variation of the above embodiments and variations of the compounds of the
invention, when present, Ry is selected from the group consisting of hydrogen, (Ci.¢)alkyl, (Ca.
syalkenyl, (Cs.g)alkynyl, hydroxy(Cj.¢)alkyl, amino(Cy.g)alkyl, (Cs.n)cycloalkyl(Cys)alkyl,
hetero(Cs.12)eycloalkyl(C.so)alkyl, aryl(Cjodalkyl, hetero(Cy.ip)aryl{Cys)alkyl, (Cy12)aryl,
hetero(Cy.ip)aryl, (Cyq)eycloalkyl, (Css)eycloalkenyl, and hetero(Cs.12)cycloalkyl, each
unsubstituted or substituted.

[0158] In ancther variation, when present, Ry is selected from the group consisting of
hydrogen, methy], ethyl, allyl, 3-methylbutyl, isobutyl, 2-hydroxyethyl, 3-aminopropyl, 1-(4-
methoxyphenylethyl, (2-methyl-2-morpholin-4-yl)propyl, pyridin-4-ylmethyl, tetrahydropyran-
4-ylmethyl, benzyl, 2,4-dimethoxy-benzyl, 3-chloro-benzyl, 2-chloro-benzyl, 2-fluoro-benzyl, 4-
fluoro-benzyl, 3-trifluoromethyl-benzyl, pyrazin-2-yl, and—(CHy)sNHC(O)YO-C(CHa)s.

[0159] In yet another variation, when present, R, is selected from the group consisting of
hydrogen, unsubstituted (Cyg)alkyl, and substituted (Cq4)atkyl

[0160] In yet another variation, when present, Ry is selected from the group consisting of
methyl, ethyl, allyl, 3-methyl-butyl, and isobutyl.

[0161] In still another variation, when present, Ry is selected from the group consisting of
hydtogen, benzyl, 1-(4-methoxyphenyl)ethyl, 1-methyl-(4-methoxyphenylymethyl, methyl, 3-
amninopropyl, and 2-methyl-2-morpholinopropyl.

[0162]  Instill another variation, when present, wherein R, is hydrogen.
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Rq and RS’

[0163] Inone variation of the embodiments and variations of the compounds of the invention,
when present, Rs and Ry are each independently selected from the group consisting of hydrogen,
halo, cyano, carbonyl, aminocarbonyl, sulfonyl, (C,_jp)alkyl, halo(C,.p)alkyl,
hydroxy(Cy.joalkyl, carbonyl(Ci.io)alkyl, and hetero(Cj.1o)alkyl, each substituted or
unsubstituted.

[0164]  Inanother variation, when present, Rsand Ry are each independently selected from the
group consisting of hydrogen, halogen, (Cj¢)alkyl, -ORu2, -SR42, -N(Ra2)2, -CC{O}R 42,
-NR4y;C(O)R 4, and -N(R42)S(0)2Ry5, where Ry, is selected from the group consisting of
hydrogen, (C;.g)alkyl, (Cy¢)alkenyl, (C,¢)alkynyl, (Csq)eycloalkyl, (Csy)eycloalkenyl, aryl,
heteroaryl, and (Ca7)heterocycloalkyl, each unsubstituted or substituted.

[0165]  Inanother variation, when present, Rsand Ry are each independently selected from the
group consisting of hydrogen, unsubstituted (Cy.g)alkyl, and substituted (Cy.¢)alkyl.

[0166]  In still another variation, when present, Rs and Rs: is hydrogen.

[0167] Inyet another variation, when present, both Rs and Ry are hydrogen.
R¢

[0168] Inone variation of the embodiments and variations of the compounds of the invention,
when present, Rg and R are each independently selected from the group consisting of hydrogen,
halogen, cyano, (C.;p)alkyl, and hetero(C;.jp)alkyl, each substituted or unsubstituted.

[0169]  In another variation, when present, Re and Rg- are each independently selected from
the group consisting of hydrogen, halogen, cyano, (Cj.g)alkyl, -OR43, -SRy43, -N(R43)2, -
OC(O)Ra43, -NR43C(O)R 43, and -N(R43)S(0):Ru43, where Rys is selected from the group consisting
of hydrogen, halogen, cyano, nitro, amino, (Cye)alkyl, (Cae)alkenyl, (Cag)alkynyl,
(Cypeycloalkyl, (Csq)eycloalkenyl, aryl, heteroaryl, and (Cs.)heterocycloatkyl, each
unsubstituted or substituted.

[0170]  Instill another variation, when present, Rg and Rg are each independently selected
from the group consisting of hydrogen, halogen, unsubstituted or substituted (Cy.¢)alkyl.

{0171]  Instill another variation, when present, R, and Rg are both halogen.

{0172]  Instill another variation, when present, one of Rg and Rg is halogen, and the other one
of Rg and Rg is hydrogen.

[0173] Inone variation, the halogen of the Ry, and Re: definition is fluoro.

[0174]  In yet still other variations, when present, R and R¢ are both hydrogen.
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[0175]  1In yet still other variations, when present, Rg is fluoro. In yet still other variations,

when present, Rg is cyano. In yet another variation, when present, Re is hydrogen.
R,

[6176] Inone variation of the embodiments and variations of the compounds of the invention,
when present, Ry is selected from the group consisting of hydrogen, cyano, sulfonyl, sulfinyi,
{Crapalkyl, hetero(Co)alkyl, amino(Cy_j¢)alkyl, hydroxy(Ci_jo)alkyl, sulfonyl(C.i0)alkyl,
(Cranalkoxy, and (Cr.i0)alkoxy(Ci.ie)alkyl, each unsubstituted or substituted.

[0177]  In another variation, when present, Ry is selected from the group consisting of
hydrogen, cyano, sulfonyl, sulfinyl, {C.10)alkyl, sulfonyi(C,.;o)alkyl, aza(C\.10)alkyl, and
(Cra0)oxaalkyl, each substituted or unsubstituted.

[0178]  In another variation, when present, R, is selected from the group consisting of
hydrogen, cyano, alkoxy, hydroxylalkyl, alkyl, aminoalkyl, and alkoxyalkyl.

[0179]  In yet another variation, when present, R, is hydrogen.

R
[0E80] In one variation of the above embodiments and variations of the compounds of the
invention, Rj is selected from the group consisting of hydrogen, (Cyg)alkyl, {Cig)alkenyl, (Cs.
1s)cycloalkyl, hetero(Cy_j4)cycloaikyl cycloalkenyl, (Cygsdaryl, and hetero(Ci.14)aryl, each
unsubstituted or substituted with 1-4 substituents each of which is independently selected from
the group consisting of hydrogen, halo, cyano, thio, oxy, hydroxy, carbonyloxy, (Ci.ip)alkoxy,
{Caaparyloxy, hetero(Cy ¢)aryloxy, carbonyl, oxycarbonyl, aminocarbonyl, amino,
{C1.10)alkylamino, sulfonylamino, aminosuifonyl, sulfonyl, sulfinyl, (Ci.1p)alkyl, halo(Cyip)alkyl,
hydroxy(Cy.10)alkyl, carbonyl(Cy.10)alkyl, thiocarbonyl(C).10)alkyl, sulfonyl(Cy_ig)alkyl,
sulfinyl(Cj_j0)alkyl, hetero(Cy_jp)alkyl, imino{C).jg)alkyl, (Cs.iz)cycloalkyl{C.5)alkyl,
hetero(Ci.iz2)cycloalkyl(Ch.ag)alkyl, aryl(Ci.io)alkyl, hetero(Cyaoyaryl{(Cisalkyl,
(Co.12)bicycloaryl(Cy.s)alkyl, hetero(Cs.s2)bicycloaryl(Cy.5)alkyl, (Cs.q2)cycloalkyl,
hetero(Ci.z2)eyeloalkyl, (Co.az)bicycloalkyl, hetero(Ca.qp)bicycloalkyl, (Cy.z)aryl,
hetero(Cy.ip)aryl, (Co.12)bicycloaryl and hetero(Cqy.12)bicycloaryl, each unsubstituted or
substituted with 1-3 substituents, or the substituents on adjacent atorn may be taken together to

form a substituted or unsubstituted ring.
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[0181] In one variation, Ry is of the formula

¥,

IRm
|

Rz R

wherein

Rjp and Ry are each independently selected from the group consisting of hydrogen,
(Craog)alkyl, halo(Ci.1p)alkyl, hydroxy(Ci.i1oyalkyl, sulfonyl(Cq.joyalkyl, sulfinyl(Cy_g)alkyl,
hetero(Ci.i0)alkyl, (Csaz)eycloalkyl(Crs)alkyl, hetero{Cs.ia)eycloalkyl(Cioalkyl,
aryl(Ci.0)alkyl, hetero(Cy.io)aryl(Cy.s)alkyl, (Co.qa)bicycloaryl(Cis)alkyl,
hetero(Cs.12)bicycloaryl(C).s)alkyl, (Ca.pa)eveloalkyl, hetero(Cs.pp)eycloalkyl, (Coiz)bicycloalkyl,
hetero(Cs.a)bicycloalkyl, (Cyqp)aryl, hetero(Cy_jg)aryl, (Cq.yz)bicycloaryl and
hetero(Cs.yz)bicycloaryl, each substituted or unsubstituted, or Ry and Ry, are taken together to
form Ring C which is selected from a group consisting of monocyclic, bicyclic, saturated,
unsaturated, aromatic, carbocyclyl and heterocyclyl, each unsubstituted or substituted with 1-3
substituents independently selected from the group consisting of hydroxy, nitro, halo, cyano,
thio, oxy, carbonyloxy, (C;.ip)alkoxy, aryloxy, heteroaryloxy, carbonyl, oxycarbonyl,
aminocarbonyl, amino, (Cr.olalkylamine, sulfonylamino, aminosulfonyl, sulfonyl, sulfinyl,
(Craoalkyl, halo(Cj.0)alkyl, hydroxy(C.io)alkyl, carbonyl{C;.ip)alkyl, thiocarbonyl(C.0)alkyl,
sulfonyl(Cy)alkyl, sulfiny}(C;.10)alkyl, hetero(C;.jo)alkyl, imino(C;q0)alkyl,
(Caap)eycloalkyl(Cr.s)alkyl, hetero(Cs.ro)eycloalkyl(Crao)alkyl, aryi(Cyyo)alkyl,
hetero(Ci.19)aryl(Cys)alkyl, (Co.1n)bicycloaryl(Cy.g)alkyl, hetero(Cg.j2)bicycloaryl(Cy.s)alkyl,
(Cs.z)cycloalkyl, hetero(Cs.pa)eyeloalkyl, (Co.i2)bicycloalkyl, hetero{Cs.12)bicycloalkyl,
(Caan)aryl, hetero(Cy.jpdaryl, (Co.1o)bicycloaryl and hetero(Ca.pp)bicycloaryl, each substituted or
unsubstituted; and

Ry, is selected from a group consisting of Cy.19)aryl, hetero(Cr.i0)aryl, (Co.1p)bicycloaryl,
hetero{Ca.j2)bicycloaryl, (Cs.qz)eyeloalkyl, and hetero{C;.11)cycloalkyl, each unsubstituted or
substituted with 1-3 substituents independently selected from the group consisting of hydroxy,
halo, nitre, cyano, thio, alkylthio, carbonyloxy, (Cs.io)alkoxy, (Cisodhaloalkoxy, (Cyqp)aryloxy,
hetero(C;_jp)aryloxy, carbonyl, oxycarbonyl, aminocarbonyl, alkylaminocarbonyl, amino, amido,
(Cy.ap)alkylamino, sulfonylamino, aminosulfonyl, imino, alkoxyalkyl, alkoxycarbonylalkyl,
aryloxyalkyl, heteroarylalkyl, sulfonyl, sulfinyl, (Cy1o)alkyl, halo(Cy0)alkyl,
hydroxy(Cj.jo)alkyl, carbonyl{Cy.jo)alkyl, thiocarbonyl{C;.j¢)alkyl, suifony}{(C;.ip)alkyl,
sulfinyl(Cy.10)alkyl, hetero(C.jp)alkyl, imino(C .j0)alkyl, (Cs.i2)cycloalkyl(Cy.s)alkyl,
hetero(Cs.1p)cycloalkyl{Cy.jp)alkyl, aryl(Cy.1p)atkyl, hetero(Cy.19)aryl{C;s)alkyl,
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(Co.1p)bicycloaryi(Cy.s)alkyl, hetero(Cs.jz)bicycloaryl(Cy s)alkyl, (Csq2)cycloalkyl,
hetero(Cs.1p)cycloalkyl, (Co.g2)bicycloalkyl, hetero(Cs.yz)bicycloalkyl, (Cypp)aryl,
hetero(Cr.iodaryl, (Co.qzdbicycloaryl and hetero(Caiz)bicycloaryl, unsubstituted or substituted; or
one of said 1-3 substituents on Ry, and one of said 1-3 substituents on said Ring C are taken
together to form a six or seven membered, saturated, unsaturated, or aromatic ring that is
unsubstituted or substituted with 1-4 substituents.

[0182]  Inone variation, when present, Ryp is selected from the group consisting of hydrogen,
(Cy.10)alkyl, halo(Cy.ip)alkyl, hydroxy(Ci.qo)alkyl, hetero(Cy ip)alkyl, (Ca.gz)eycloalkyl(Cys)alkyl,
hetero(Cs.iz)cycloalkyl(Cy jo}alkyl, aryl(Cyae)alkyl, and hetero(Cy_ip)aryl(C.s)alkyl, each
substituted or unsubstituted.

[0183]  In another variation, when present, Ry is selected from the group consisting of
hydrogen, halo, unsubstituted or substituted alkyl, and unsubstituted or substituted heteroalkyl.
[0184]  Instill another variation, when present, Ry is selected from the group consisting of
hydrogen, halo, unsubstituted or substituted alkyl.

[0185]  Inone variation, when present, Ry is selected from the group consisting of hydrogen,
(Cro)alkyl, halo(Cy.e)alkyl, hydroxy(Ciio)alkyl, hetero(Ci.i)alkyl, (Cs.z)eycloalkyl(Cys)alkyl,
hetero{C;.1p)cycloalkyl(Ci.10)alkyl, aryl(Cjyo)alkyl, and hetero(Cy.i0)aryl(Cy.s)alkyl, each
substituted or unsubstituted.

[0186] In another variation, when present, Ry is selected from the group consisting of
hydrogen, halo, alkyl, and hetercalkyl.

[0187] In still another variation, when present, Ry is methyl.

R ,and R, are taken together to form aring

[0188] Inone specific variation of Rs, where Ryp and Ry; are taken together to form Ring C,

"

R3 is of the fornula R? , wherein Ring C is selected from the group consisting of (C,.
12)aryl, (Cy.qp)heteroaryl, (Cs qp)cycloalkyl, and hetero(Cy 1)cycloalkyl, each of which is
unsubstituted or substituted said 1-3 substituents independently selected from the group
consisting of hydroxy, nitro, halo, cyano, thio, oxy, carbonyloxy, (Cy.jo)alkoxry, aryloxy,
heteroaryloxy, carbonyl, oxycarbonyl, aminocarbonyl, amino, (Cy.j0)alkylamine, sulfonylamino,
aminosulfonyl, sulfonyl, sulfinyl, (Cy.10)alkyl, halo(C1.1g)alkyl, hydroxy(Cig)alkyl,
carbonyi(C.j0)alkyl, thiocarbonyl(Ci.ip)alkyl, sulfonyl(Ci.i0)alkyl, sulfinyl(C;.jo)alkyl,
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hetero(Cy.yo)alkyl, imino(Cy_jg)alkyl, (Cs.12)cycloalkyl(Cy.s)alkyl,
hetero(Cs.jp)eycloalkyl(Crao)alkyl, aryi{(Ciao)alkyl, hetero(Cy.ig)aryl(Cy.s)alkyl,
(Co-12)bicycloaryl(Cys)alkyl, hetero(Cy.1a)bicycloaryl{Cy.5)alkyl, (Cs.12)cycloalkyl,
hetero(Cs.iz)eycloalkyl, (Coyp)bicycloalkyl, hetero(Cs.p)bicycloalkyl, (Cagp)aryl,
hetero(Cy.1p)aryl, (Cy.ga)bicycloaryl and hetero(Cy.12)bicycloaryl, each substituted or
unsubstituted.

[0189]  In another variation, Ring C is selected from the group consisting of aryl, heterocyclyl,
heteroaryl, (Csy)cycloalkyl, and {Cs.q)cycloalkenyl, each of which is substituted with 1-3
substituents. In some variations, the aryl, heterocyclyl, heteroaryl, (Cs.7)eycloalkyl, and
(Csa)eycloalkenyl is selected from the group consisting of pyrrolyl, phenyl, pyridyl, pyrazinyl,
pyrimidinyl, pyridazinyl, pyrazolyl, imidazolyl, triazolyl, indolyl, oxadiazole, thiadiazole,
furanyl, quinolinyl, isoquinolinyl, isoxazolyl, oxazolyl, thiazolyl, morpholino, piperidinyl,
pyrrolidinyl, thienyl, cyclohexyl, cyclopentyl, cyclohexenyl, and cyclopentenyl, each
unsubstituted or substituted with 1-3 substituents selected from the group consisting of halo,
alkoxy, alkyl, amino, alkylamino, haloalkyl, and haloalkoxy.

[0190]  In another variation, Ring C is selected from the group consisting of

(Cy.g)aryl or (Cys)heteroaryl, each unsubstituted or substituted with 1-3 substituents. In one
variation, the aryl or heteroaryl is selected from the group consisting of phenyl, pyridinyI,
pyrimidinyl, pyrazinyl, indolyl, thiazolyl, and thienyl, each of which is unsubstituted or
substituted with 1-3 substituents.

[0191]  Inthe above embodiments and variations, the 1-3 substituents on Ring C is, in some
variations, independently selected from the group consisting of hydroxy, nitro, halo, cyano, thio,
oxy, carbonyloxy, (Cy.j0)alkoxy, aryloxy, heteroaryloxy, carbonyl, oxycarbonyl, aminocarbonyl,
amino, (Cyie)alkylamino, sulfonylamineo, aminosulfonyl, sulfonyl, sulfinyl, (Ci.i0dalkyl,
halo(Cy_jp)alkyl, hydroxy(C.ie)alkyl, carbonyl(Cy_y)alkyl, thiocarbonyl(C, g)alkyl,
sulfonyl(Cy.jo)alkyl, sulfinyl(C;.10)alkyl, hetero(Cieralkyl, imino(Ci.amalkyl,
(Cs.iz)eycloalkyl(Cys)alkyl, hetero(Cs.in)eycloalkyl(Ci.10)atkyl, aryl{Ci.j0)alkyl,
hetero(Ci.10)aryl(Cy.s)alkyl, (Co.12)bicycloaryl(Cy.s)alkyl, hetero(Cy.12)bicycloaryl(Cys)alkyl,
(Ca.12)eycloalkyl, helero(Cs2)eycloalkyl, (Co z)bicyeloalkyl, hetero(Cs.yz)bicycloalkkyl,
(Ca2)aryl, hetero{Cy.p)aryi, (Co.12)bicycloaryl and hetero(Cy.12)bicycloaryl, each substituted or
unsubstituted. In some other variations, the 1-3 substituents are each independently selected
from the group consisting of substituted or unsubstituted aryl, substituted or unsubstituted

heteroaryl, halo, alkyl, haloalkyl, alkoxy, and haloalkoxy. In some other variations, at least one
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of the 1-3 substituents on Ring C is selected from the group consisting of tluoro, methyl, and
methoxy. In other variations, the 1-3 substituents on Ring C are each independently selected
from the group consisting of halo. In other variations, the substituents are fluoro. In still other
variations, the substituents are methyl. In yet still other variations, the substituents are methoxy.

[0192] Tn one particular variation, Rj is of the formula:

—dig

[ C:;JH

J
Ris 12

whetein
10 is selected from the group consisting of O, S, NRag, and CRy7Ry7,
I is selected from the group consisting of O, S, NRyg, and CRy9Roy,
J17 is selected from the group consisting of O, S, NR3p, and CR31Rsy-,
where
Ra¢, Ros and Rjp are each independently selected from the group consisting of
hydrogen, (Ci.jp)alkylamino, sulfonamido, sulfonyl, sulfinyl, (C;.10)alkyl,
halo(C\.10)alkyl, hydroxy(Ci.10)alkyl, carbonyl(Cy.j0)alkyl, thiocarbonyl(C;.ig)alkyl,
sulfonyl(Cy.o)alkyl, sulfinyl{C;_1g)alkyl, aza(Cy_ip)alkyl, imino(Cy.i0)alkyl,
(Cs.qp)eycloalkyl(Cysdalkyl, hetero(Ca_p2)eycloalkyl(Cy)alkyl, aryl{C).i0)alkyl,
hetero(Ci.10)aryl(C).s)alkyl, (Cy.12)bicycloaryl(Cy.s)alkyl,
hetero(Cs.12)bicycloaryl(Cy.s)alkyl, hetero(Ci.jg)alkyl, (Cs.i2)cycloalkyl,
hetero(Cs.z)eycloalkyl, (Coz)bicyeloalkyl, hetero(Cs_pp)bicycloalkyl, (Csz)aryl,
hetero(C;.jp)aryl, (Co_12)bicycloaryi and hetero(Cy. 2 )bicycloaryl, each substituted or
unsubstituted, or Rz, Rag, and R are each independently absent when the nitrogen atom
to which it is bound forms parts of a double bond, and
Ra7. Ry, Ryg, Rygr, Ry, and Ry are each independently selected from the group
consisting of hydrogen, halo, nitro, cyano, thio, oxy, hydroxy, carbonyloxy, (Ci.ip)alkoxy,
{Cy.1z)aryloxy, hetero{Cy.1g)aryloxy, carbonyl, oxycarbonyl, aminocarbonyl, amino,
(Ciao)alkylamino, sulfonamido, sulfonyl, sulfinyl, (Ci.10)alkyl, halo{C.10)alkyl,
hydroxy(Crao0)alkyl, carbonyl{Cy jo)alkyl, thiocarbonyl(Cy.10)alkyl, sulfonyl(Cy.q0)alkyl,
sulfinyl{Cy.1p)alkyl, hetero(C.jp)alkyl, imino(Ci.jo)alkyl, (Csip)cycloalkyl(C.s)alkyl,
hetero(Cs.z)eycloalkyl(Cy.qo)alkyl, aryl{Cr.ro)alkyl, hetero(Cy.ip)aryl(Cis)alkyl,
(Cy.gz2)bicycloaryl(Cy.s)alkyl, hetero(Cg.12)bicycloaryl(Cys)alkyl, (Cs.ao)cycloalkyl,
hetero(Cs.1o)cycloalkyl, (Co.p2)bicycloalkyl, hetero(Cs_ip)bicycloalkyl, {Caazdaryl,
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hetero(Cy.yp)aryl, (Co.12)bicycloaryl and hetero(Cy.q2)bicycloaryl, each substituted or

unsubstitated, or Ryy, Rae, Rape are each independently absent when the carbon atom to

which it is bound forms parts of a double bond.
[0193]  Inone variation of the above variation of Ring C, Rys, Rys and Ry, are each
individually selected fron the group consisting of hydrogen, (Cy.g)alkylamino, sulfonamido,
sulfonyl, sulfinyl, (Cy.jp)alkyl, halo(Cy.10)alkyl, hydroxy(C.jo)alkyl, carbonyl(Cy.1p)alkyl,
thiocarbonyl{Cy_jp)alkyl, sulfonyl(C,.jplalkyl, sulfinyl(C,_jsyalkyl, aza(Cy_p)alkyl,
(Ca.z)eyctoalkyl(Cys)alkyl, hetero(Cayz)cycloalkyl(Cyp)alkyl, aryl(Cyo)alkyl, and
hetero(C;.;9)aryl{Cy.s)alkyl, each substituted ot unsubstituted, or Rag, Rag, and Ry are each
independently absent when the nitrogen to which it is bound forms parts of a double bond; and
Rz, Rar, Ras, Rog, Ray, and Ray are each individually selected from the group consisting of
hydrogen, halo, nitro, cyano, thio, oxy, hydroxy, carbonyloxy, (Cj.qo)alkoxy, (Ca.12)aryloxy,
hetero(Cy.jp)aryloxy, carbonyl, oxycarbonyl, aminocarbonyl, amino, (Cy_je)alkylamino,
sulfonamido, sulfonyl, sulfinyl, {Cy_jp)alkyl, halo(C,.o)alkyl, hydroxy(C . jq)alkyl,
carbonyl{Cy.p)alkyl, thiocarbonyl(C1.19)alkyl, sulfonyl(Cy.ip)alkyl, sulfinyl(C;.o)atkyl,
hetero(Cy.1p)alkyl, imino(Cy.ip)alkyl, (Cs.12)eycloalkyi(Cr.sdalkyl,
hetero(Cy.1z)eycloalkyl(C.rp)alkyl, aryl(Cy 16)alkyl, hetero(Cy q0)aryl{C;s)alkyl, each substituted
or unsubstituted, or Ryy, Ryg, Rayr are each independently absent when the carbon atom to which
it is bound forms parts of a double bond.
[0194]  In yet another variation of the above embodiment of Ring C, Rys, Rys and Ry, are each
individually selected from the group consisting of hydrogen, (Cy.j0)alkylamino, (Cyo)alkyl,
halo(C;. 0)alkyl, hydroxy(C,.jg)alkyl, carbonyl(Cy.10)alkyl, and aza(C.i0)alkyl, each substituted
or unsubstituted, or Ry, Rag, and Rsp each is independently absent when the nitrogen atom to
which it is bound forms parts of a double bond; and Ry7, Ra7+, Rag, Ragr, Ry, and R3p- are each
individually selected from the group consisting of hydrogen, halo, nitro, cyano, oxy, hydroxy,
carbonyloxy, (Cy.ip)alkoxy, carbonyl, aminocarbonyl, amino, (C;.jg)alkylamino,
hydroxy(Ci.io)alkyl, aza(Cy.i0)alkyl, and (Cy.1p)oxaalkyl, each substituted or unsubstituted, or
Ry, Rag, R3y- are each independently absent when the carbon atom to which it is bound forms
parts of a double bond.
[0195]  Instill another variation, Rae, Rys and Rag, are each individually selected from the
group consisting of hydrogen, (Ci.¢)alkylamino, (Cie)alkyl, halo(Cy.s)alkyl, hydroxy(Cie)alkyl,
carbonyl(C;.¢)alkyl, aza(Cy.¢)alkyl, each substituted or unsubstituted, or Ryg, Ras, and Rsp each is

independently absent when the nitrogen atom to which it is bound forms part of a double bond;
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and Ry7, Ray, Rag, Ragr, R3y, and Ry are each individually selected from the group consisting of
hydrogen, halo, nitro, cyano, oxy, hydroxy, carbonyloxy, (Cj¢)alkoxy, carbonyl, aminocarbonyl,
amino, (Cy.jp)alkylamino, hydroxy(Ci.io)alkyl, aza(Cy.g)alkyl, (Ci.g)oxaalkyl, each substituted or
unsubstituted, or Ryr, Ry, Rap- are each independently absent when the carbon atom to which it
is bound forms part of a double bond.
[0196]  In another particular variation, R; is of the formula:
. 13
IC j’jm
Ry i ©
where
113 is selected from the group consisting of O, S, NR3;, and CRa3R33,
114 is selected from the group consisting of O, S, NRs4, and CRasRys,
I35 is selected from the group consisting of O, S, NR3g, and CRa7Ray,
J16 18 selected from the group consisting of O, S, NRss, and CR139Rae,
where
R32, R34, Ras, and Rag are each independently selected from the group consisting of
hydrogen, oxy, hydroxy, (Ci.ip)alkylamino, sulfonantido, sulfonyl, sulfinyl, (Cy.1¢)alkyl,
halo(Ci.10)alkyl, hydroxy(Ci.10)alkyl, carbonyl(Ci_yo)alkyl, thiocarbonyl{Cy.1s)alkyl,
sulfonyl(Cy.j0)alkyl, sulfinyl(Cy_jp)atkyl, aza(Cy.jp)atkyl, (Cs.in)eycloalkyl(Cy s)alkyl,
hetero(Cs._1p)eycloalkyl(Cy.io)alkyl, aryl(Cyjo)alkyl, hetero(Cy.i0)aryl(C) 5)alkyl,
(Co.1z)bicycloaryl(Ci.s)alkyl, hetero(Cs.12)bicycloaryl(Cis)alkyl, hetero(Ci.ip)alkyl,
(Csaa)eycloalkyl, hetero(Cs.jp)cycloalkyl, (Co.12)bicycloalkyl, hetero(Cs.yz)bicyecloalkyl,
{Caaz)aryl, hetero(Cy.je)aryl, (Cy.q2)bicycloaryl, and hetero(Cy.pp)bicycloaryl, each
substituted or unsubstituted, or Rs, Ri4, Rag, and Ry are each independently absent when
the nitrogen atom to which it is bound forms parts of a double bond, and
Ra3, Ras', Ras, Rss', Ryy, Ry, Rag, and Rsg are each independently selected from
the group consisting of hydrogen, halo, nitro, cyano, thio, oxy, hydroxy, carbonyloxy,
(Ciao)alkoxy, (Caz)aryloxy, hetero(C;.jp)aryloxy, carbonyl, oxycarbonyl,
aminocarbonyl, amino, (Cy.10)alkylamino, sulfonamido, sulfonyl, sulfinyi, (Cy.10)alkyl,
halo(C,.ipyalkyl, hydroxy(C.ip)alkyl, carbonyl(Cy.1p)alkyl, thiocarbonyl(C;.jp)alkyl,
sulfonyl(Cy.rp)alkyl, sulfinyl(Cj.jp)alkyl, hetero(C.jo)alkyl, (Cs.2)cycloalkyl(Ci.s)alkyl,
hetero(Cs.1p)eycloalkyl{Cy jo)alkyl, aryl(Cy_jg)alkyl, hetero(C;.jo)aryl{C.s)alkyl,
(Cs.1z)bicycloaryl(Ci.5)alkyl, hetero(Cs.1z)bicycloaryl(Cys)atkyl, (Caiz)cycloalkyl,
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hetero(Cs.1p)cycloalkyl, (Co.pa)bicycloalkyl, hetero(Cs.ip)bicycloalkyl, (Cyop)aryl,

hetero(Cs.p)aryl, (Co.12)bicycloaryl, and hetero(Cy.jp)bicycloaryl, each substituted or

unsubstituted, or Ras, Ras, Rap, and Rag are each independently absent when the carbon

atom to which it is bound forms parts of a double bond, and

Rz 18 as previously defined.
[0197]  In one variation of the above embodiment of Ring C, R3z, R34, Ra¢, and Rsg are each
independently selected from the group consisting of hydrogen, oxy, hydroxy, (Ci.ip)alkylamino,
(Ci.10)alkyl, hydroxy(Cy_jg)alkyl, aza(Cy yp)alkyl, (Csiz)cycloatkyl(Ci.s)alkyl,
hetero(Cs.q2)cycloalkyl(Cy_ypalkyl, aryl(Cqqo)alkyl, hetero{Cy 1o)aryl{Cy.5)alkyl, each substituted
or unsubstituted, or R3;, Ra4, Rag, and Ryg are each independently absent when the nitrogen atom
to which it is bound forms parts of a double bond, and Rss, Rss, Ras, Ras, Rs7, Ray, Rag, and Ragr
are each independently selected from the group consisting of hydrogen, halo, nitro, cyano, thio,
oxy, hydroxy, carbonyloxy, (Cy.jp)alkoxy, (Caip)aryloxy, hetero(Cy.1g)aryloxy, oxycarbonyl,
aminocarbonyl, amino, (Ci.g)alkylamine, (Ciae)alkyl, halo{C;.je)alkyl, hydroxy(Ci.ja)alkyl,
carbonyl(Cy.10)alkyl, hetero(C.30)alkyl, each substituted or unsubstituted, or Rax, Rasr, Raye, and
Raor are each independently absent when the carbon atom o which it is bound forms parts of a
double bond.
[0198]  In still another variation, Rsp, R34, Rag, and Rag are each independently selected from
the group consisting of hydrogen, oxy, hydroxy, (Cjp)alkylamino, (Ci.1a)aikyl,
hydroxy(Cy.j0)alkyl, aza(Cy_jo)alkyl, each substituted or unsubstituted, or Rs;, Rag, R36, and Rag
are each independently absent when the nitrogen atom to which it is bound forms parts of a
double bond, and Rss, Ray, Ris, Ras, Rs7, R3pr, Rse, and R3e are each independently selected from
the group consisting of hydrogen, halo, nitro, cyano, oxy, hydroxy, carbonyloxy, (Cy.ip}alkoxy,
aminocarbonyl, amine, (Cyg)alkylamino, (Cypdalkyl, hydroxy(Ci.io)atkyl, carbonyl(Cy.o)alkyl,
aza(Cy.qp)alkyl, (Cy_ip)oxaalkyl, each substitated or unsubstituted, or Rsz, Ras, Ryp, and Ryg- are
each independently absent when the carbon atorm to which it is bound forms parts of a double

bond.
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[0199]  1n still another variation, R; is selected from the group consisting of

0 QO O
* Ras * * N’R“ *r'LN«Rad *IlLNzRaa,
0. 0 1 XL
R F Ra Riz N Riz H o]
* / N’R34 *, / O * \ #*, = * S * O
« N | S | |
0O Ry “Rss  Ri S Ry Rz Ry3

* . * * x » ¥
o0 05 X 0 0
Rig Ry~ © Ry N ry © Ry N Ry S Ry
Ry
where

Ryg and Ry are each independently selected from the group consisting of hydrogen, halo,
cyano, hydroxy, carbonyloxy, (Ci.io)alkoxy, (Ca.2)aryloxy, hetero(Cy.o)aryloxy, aminocarbonyl,
amino, (Cy.jo)alkylamino, sulfonamido, (Cy0)alkyl, halo(Cy.1p)alkyl, hydroxy(Ci.jp)atkyl,
sulfonyl(C,.10)alkyl, sulfinyl(C;_jo)alkyl, hetero(C,_jp)alkyl, each substituted or unsubstituted;

Rss, Rss, Ry7, and Ry are each independently selected from the group consisting of
hydrogen, halo, (Ci.jo)alkoxy, (Crao)alkyl; and

R34 and R3¢ are each independently selected from selected from the group consisting of
alkyl, aza(Cy.0)alkyl, and hydroxyl(Cy.q0)alkyl.

[0200] Instill another variation, wherein Rj is of the formula

*\FN
R
where
Rag and R4y are each independently selected from the group consisting of hydrogen,
halogen, cyano, nitro, (Ci¢)alkyl, (Coglalkenyl, (Cogalkynyl, amino or substitated amino, aryl,
heteroaryl, (Csg)eycloalkyl, (Cspieycloalkenyl, (Csq)heterocycloalkyl, -ORao, -SRap, -C{O)R 40, -
C(O)YOR 40, -C(O)N(Rap)2, -S(O)R4p, -S(0)2R40, -S{O)2N(Ry0)2, -OC(O)R 40, -NR40C(O)R4o, and -
N(R40)S(O}2Rao;
where
Rap is selected from the group consisting of methyl, ethyl, isopropyl, cyclopentyl,

cyclohexyl, unsubstituted or substituted phenyl, unsubstituted or substituted thiazolyl,

unsubstituted or substituted pyridyl, unsubstituted or substituted pyrazinyl, and
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unsubstituted or substituted pyrimindinyl, 2-aminoethyl, 2-piperidinylethyl, 2-
piperazinylethyl, 2-morpholinylethyl, and 2-(N-methylpiperazinylethyl.
[0201]  In one variation of the immediately above variation, Ry is selected from the group
consisting of methyl, ethyl, isopropyl, cyclopentyl, and 2-aminoethyl. In another varation, Ryq is
methyl. In another variation, Ry is ethyl. In another variation, Ryp is isopropyl. In another
variation, Ry is cylcopentyl, In another varation, Rap is 2-aminoethyl.

f0202]  Instill another variation, R is of the formula

Ras
* Ras

Ryg Rar
Rag
where
R, Ris, R37, and Rag are each independently selected from the group consisting of
hydrogen, alkyl, alkoxy, halo, unsubstituted or substituted aryl, and substituted heteroaryl.

[0203]  Instill another variation, R is selected is selected from the group consisting of

[0204]  Of the above embodiments and variations of the present invention, in some variations,
R13 is selected from the group consisting of (Cy.q2)aryl, hetero{Cy.ap)aryl, {Co.12)bicycloaryl,
hetero(Cy.12)bicycloaryl, (Ciiz)cycloalkyl, and hetero{C;.;)cycloalkyl, each unsubstituted or
substituted with 1-3 substituents. In other variations Rs is selected from the group consisting of
furanyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, triazolyl, isoxazolyl,
oxadiazolyl, thiadiazolyl, phenyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, triazinyl, indolyl,
isoindolyl, indelizinyl, benzimidazolyl, purinyl, naphthalenyl, quinolinyl, isoquinclinyl,
cinnolinyl, phthalazinlyl, quinazolinyl, quinoxalinyl, naphthyridinyl, pteridinyl, pyridone, and
pyrimidone, each of which is unsubstituted or substituted with 1-3 substituents.

[0205]  Insome variations of the above embodiments and variations, the 1-3 substituents of
Ry, are each independently selected from the group consisting of halo, nitro, cyano, thio, oxy,
0x0, hydroxy, carbonyloxy, (Cj.jg)alkoxy, (Cygp)aryloxy, hetero(C;.jp)aryloxy, carbonyl,
oxycarbonyl, aminocarbonyl, amino, amido, (Cy.jp)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (Cq.q0)alkyl, halo(C.ip)alkyl, hydroxy(Ci.i0)alkyl, carbonyl(C.ro)alkyl,
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thiocarbonyl(C;.;p)alkyl, sulfonyl(Cy jg)alkyl, sulfinyl(C, j0)alkyl, hetero(Cy.qp)alkyl,
imino(C.;0)alkyl, (Cs.i)eycloalkyl(C.s)alkyl, hetero(Csaz)eycloalkyl(Cyo)alkyl,
aryl(Cy.1p)alkyl, hetero(C).0)aryi(Cy.5)alkyl, (Cs.z)bicyeloaryl{(Cy.s)alkyl,
hetero(Cg.12)bicycloaryl(Cy.syalkyl, (Cs.aa)cycloalkyl, hetero(Ca.)eycloalkyl, (Co.pn)bicycloalkyl,
hetero(Cy.q;)bicycloalkyl, (Cqq2)aryl, hetero(Cy.jo)aryl, (Co.12)bicycloaryl and
hetero(Cq.3z)bicycloaryl, each unsubstituted or further substituted.

[6206]  In other variations, the 1-3 substituents on R, are each independently selected from
the group consisting of halo, cyano, oxy, oxo, (Cy¢)alkoxy, (C4p)aryloxy, hetero(Cyplaryloxy,
carbonyl, amino, amido, sulfonyl, (Ci4)alkyl, sulfonyl(Cj.io)alkyl, (Cs.z)cycloalkyl(Cy.5)alkyl,
hetero(Ca.iz)eycloalkyl(Crag)alkyl, aryl{Cio)alkyl, hetero{Cy0)aryl(Ci.s)alkyl,
hetero(Cy.jo)alkyl, (Cs.y2)cycloalkyl, hetero(Cs.jz)cycloalkyl, (Cq.i)aryl, and hetero(C.o)aryl,
each unsubstituted or substituted,

[0207]  Instill other variations, the 1-3 substituents on Ry, are each independently selected
from the group consisting of halo, cyano, (Cy¢)alkyl, (Cis)alkoxy, amino, acetamido, carbonyl,
aryl, hetercaryl, cycloalkyl, and heterocycloalkyl, each unsubstituted or substituted. In still other
variations, the 1-3 substituents on Ry, are each independently selected from the group consisting
of fluoro, diftuoro, chloro, bromo, cyano, amino, methylamino, ethylamino dimethylamino,
hydroxyethylamino, methyl, ethyl, ethynyl, triflucromethyl, aminomethyl, methoxy, ethoxy,
dimethoxy, 2,2,2-triflucroethoxy, trifluoromethoxy, phenoxy, acetamido, ethoxyacetamido,
acetyl, substituted methoxycarbonyl, ethoxyaminocarbonyl, methanesulfonylamino,
4-trifluoromethoxyphenoxymethyl, 3-trifluoromethoxyphenoxymethyl, and isothiazolidine 1,1
dioxide. In still other variations, the 1-3 substituents on Ry, are each independently selected from
the group consisting of fluoro, chlore, methoxy, ethoxy, and amine. In still another variation, the
1-3 substituents on R, are each independently selected from the group consisting of fluore,
chloro.methoxy, ethoxy, and amine.

[0208] In still another variation, Ry» is selected from the group consisting of (2-hydroxy-
ethylamino)-pyrazin-2-yl, 1H-pyrazol-4-yl, 1-methyl-1H-pyrazol-4-yl, 1-methyl-1H-pyrazol-4-
vl, 2-(5-methyl-pyridin-2-yl)-phenyl, 2,3-difluore-phenyl, 2,3-dimethoxy-phenyl, 2,4-difluorc-
phenyl, 2,4-dimethoxy-phenyl, 2,4-dimethoxy-pyrimidin-5-yl, 2,5-difluoro-phenyl, 2,6-difluoro-
phenyl, 2,6-dimethyl-pyridin-3-y], 2-acetamidophenyl, 2-aminocarbonylphenyl, 2-amino-
pyrimidin-35-yl, 2-chloro-4-methoxy-pyrimidin-5-yl, 2-chloro-5-fluoro-pyridin-3-yi, 2-chloro-
phenyl, 2-chloro-pyridin-3-yl, 2-chloro-pyridin-4-yl, 2-difluoro-3-methoxyphenyl, 2-ethyl-
phenyl, 2-ethoxy-thiazol-4-yl, 2-fluoro-3-methoxy-phenyl, 2-fluoro-3-methylphenyl, 2-fluoro-4-
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methyl-phenyl, 2-fluoro-5-methoxy-phenyl, 2-fiuoro-5-methylphenyl, 2-fluorophenyl, 2-fluoro-
pyridin-3-yl, 2-hydroxymethyl-3-methoxyphenyl, 2-hydroxymethylphenyl, 2-isoquinolin-4-y1, 2-
methoxy-3-triflucromethyl-phenyl, 2-methoxy-phenyl, 2-methoxy-pyridin-3-yl, 2-methoxy-
pyrimidin-4-yl, 2-methoxy-thiazol-4-yl, 2-methyl-phenyl, 2-methyl-pyridin-3-yl, 2-oxo-1,2-
dihydro-pyridin-3-yl, 2-phenoxyphenyl, 2-pyridin-3-yl, 2-pyrimidin-5-y1, 2-
trifluoromethoxyphenyl, 2-triflucromethoxy-phenyl, 3,4-dimethoxy-phenyl, 3,5-dimethyl-
isoxazol-4-yl, 3,6-dimethyl-pyrazin-2-yl, 3-acetamidophenyl, 3-aminocarbonylphenyl, 3-bromo-
phenyl, 3-chloro-pyrazin-2-yl, 3-cyanophenyl, 3-dimethylaminophenyl, 3-ethoxy-phenyl, 3-
ethyl-4-methyl-phenyl, 3-ethynyl-phenyl, 3-fluoro-6-methoxy-pyridin-2-yl, 3-fluorophenyl, 3-
fivoro-pyrazin-2-yl, 3-methanesulfonamidophenyl, 3-methoxycarbonylphenyl, 3-methoxyphenyl,
3-methoxy-pyrazin-2-yl, 3-methyl-3H-imidazo{4,5-b]pyrazin-5-yl, 3-methylphenyl, 3-methyl-
pyridin-2-y}, 3-trifluoromethoxyphenyl, 3-trifluoromethylphenyl, 4,5-dimethoxy-pyrimidin-2-yl,
4-amino-5-fluoro-pyrimidin-2-yl, 4-chloro-2,5-dimethoxy-phenyl, 4-chloro-2-fluoro-phenyl, 4-
chloro-2-methoxy-5-methyl-phenyl, 4-chloro-pyridin-3-yl, 4-difluoro-2-methyl-phenyl, 4-
ethoxy-5-fluoro-pyrimidin-2-yl, 4-ethoxy-pyrimidin-2-yl, 4-ethoxy-pyrimidin-5-y1, 4-ethyl-1H-
pyrazol-3-yl, 4-fluoro-2-methoxy-phenyl, 4-fluoro-2-methyl-phenyl, 4-fluorophenyl, 4-methoxy-
5-methyl-pyrimidin-2-yl, 4-methoxy-pyridin-3-yl, 4-methoxy-pyrimidin-2-y1, 4-methoxy-
pyrimidin-5-yl, 4-methyl-phenyl, 4-methyl-pyridin-2-yl, 4-methyl-pyridin-3-yl, 4-pyrrolidin-1-
yl-pyrimidin-2-yl, 5,6-dimethoxy-pyrazin-2-yl, S-acetyl-thiophen-2-yl, 5-amino-6-ethoxy-
pyrazin-2-yl, 5-amino-6-methoxy-3-methyl-pyrazin-2-yl, 5-amino-6-methoxy-pyridin-2-yl, 5-
chloro-4-methoxy-pyrimidin-2-yl, 5-chloro-6-methoxy-pyrazin-2-yl, 5-dimethylamino-6-
methoxy-pyrazin-2-yl, 5-fluoro-2-methoxyphenyl, 5-fluoro-4-methoxy-pyrimidin-2-yl, 5-flucro-
6-methoxy-pyrazin-2-yl, 5-fluoro-pyridin-2-yl, 5-methoxy-pyridin-3-yl, 5-methoxy-thiophen-2-
yl, 5-trifluoromethyl-pyrimidin-2-y1, 6-acetyl-pyridin-2-yl, 6-chloro-pyrazin-2-yl, 6-ethoxy-
pyrazin-2-yl, 6-ethoxy-pyridin-2-yl, 6-fluoro-pyridin-2-yl, 6-fluoro-pyridin-3-yl, 6-hydroxy-
pyridin-2-y1, 6-methoxy-5-methylamino-pyrazin-2-yl, 6-methoxy-5-methyl-pyrazin-2-yl, 6-
methoxy-pyrazin-2-yl, 6-methoxy-pyridin-2-yl, 6-methoxy-pyridin-3-yl, 6-methylamino-pyrazin-
2-yl, 6-methyl-pyridin-2-yl, 5-amino-6-(2,2,2-trifluoroethoxy)pyrazin-2-yl, and 6-
trifluoromethyl-pyridin-2-y1.
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[0209] In other variations of the above embodiments and variations of the invention, Rs,

when present, is a five membered aryl or heteroaryl of the formula

*

ot
\ =
wherein

Jo is selected from the group consisting of N and C;

J1 is selected from the group consisting of O, S, N, NRj; and CRyy;

J2 18 selected from the group consisting of O, S, N, NR1s and CR g,

J3 is selected from the group consisting of O, §, N, NRy7 and CRy3;

14 is selected from the group consisting of O, S, N, NR 9 and CRy;

where

Ry3, Rys, Ry7, and Ry are each individually selected from the group consisting of
hydrogen, (Ci.io)alkyl, halo(Cs.1p)alkyl, hydroxy(Ci.an)alkyl, carbonyl(Cy.i0)alkyl,
thiocarbonyl(Cy.i9)alkyl, sulfonyl(Cy.10)alkyl, sulfinyl(Cy.ip}alkyl, aza(Ci.i0)alkyl,
(Caaz)eyeloalkyl(C;5)alkyl, hetero(Cs.z)eycloalkyl(Crag)alkyl, aryl(Cioyalkyl,
hetero(Cy.10)aryl(Cy.s)alkyl, (Co.az)bicycloaryl(Cr.s)alkyl,
hetero(Cs.12)bicycloaryl(Cy.s)alkyl, hetero(Ci.i0)alkyl, (Csan)cycloalkyl,
hetero(Cs.;)eycloalkyl, (Co_pz)bicycloalkyl, hetero(Caipbicycloalkyl, (Cyqp)aryl,
hetero(C,. g)aryl, (Co.jx)bicycloaryl and hetero(C,. 2 )bicycloaryl, each substituted or
unsubstituted;

R4, Rig, Ris, and Ryp are each individually selected from the group consisting of
hydrogen, halo, nitro, cyano, thio, oxy, hydroxy, carbonyloxy, (Ciae)alkoxy,
(Cy2)aryloxy, hetero{Cy.q0)aryloxy, carbonyl, oxycarbonyl, aminocarbonyl, amino,
{Crae)atkylamino, sulfonamide, sulfonyl, sulfinyl, (Ci.iedalkyl, hydroxy(Ci.o)alkyl,
carbonyl{C .10)alkyl, thiocarbonyl(Ci.ip)alkyl, sulfonyl(Cy.10)alkyl, sulfinyl(C;.10)alkyl,
hetero(Ci.1g9)alkyl, imino(Cy.jo)alkyl, (Cs.zdeycloalkyl(Cs.s)alkyl,
hetero(Cs.12)cycloalkyl(Cyip)alkyl, aryl{Cy.10)alkyl, hetero(C,.10)aryl(C;.5)alkyl,
(Co.az)bicycloaryl(Crs)alkyl, hetero(Cy.qp)bicycloaryl(Co.s)alkyl, (Caaz)eycloalkyl,
hetero(Cs.in)eycloalkyl, (Cy.1z)bicycloalkyl, hetero(Cs_ia)bicycloalkyl, (Cyan)aryl,
hetero(Ci.yp)aryl, (Co.jp)bicycloaryl and hetero(Cy.12)bicycloaryl, each substituted or

unsubstituted; and
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one of Rj3, Ris, Rig and Ry may be taken together with Ry toforma 6 or 7
membered, saturated, unsaturated or aromatic ring, each unsubstituted or further
substituted with 1-3 substitotents, and one of Ris, R4, Ry9 and Ryp may be taken together
with a substituent on the ring formed by taking Ry and Ry, together to form a 6 or 7
membered, saturated, unsaturated or aromatic ring, each unsubstituted or further
substituted with 1-3 substituents.

[0210G]  Inanother variation, Ryz, when present, is a six membered aryl or heteroaryl of the

formula

wherein
Iy is selected from the group consisting of N and C;
Js is selected from the group consisting of NRy;+, CRyy and C({O);
Jg is selected from the group consisting of NRj,- CRy; and C(O),;
I7 is selected from the group consisting of NRa3+, CRy; and C(0O);
Jg is selected from the group consisting of NRa4-, CRz4 and C(O);
Jy is selected from the group consisting of NRs, CRzs.and C(O);
where
Ra1, R21v, Rag, Raoe, Ras, Rage, Ros, Rz, Ros and Rose are each individually selected
from the group consisting of hydrogen, halo, nitro, cyano, thio, alkylthio, hydroxy, oxy,
(Ciapalkoxy, (Ci.p)haloalkoxy, aryloxy, heteroaryloxy, carbonyloxy, carbonyl,
alkoxycarbonyl, alkoxyaminocarbonyl, alkylaminocarbonyl, amino, (C;_ip)alkylamino,
hydroxy(Cy.p)alkylamino, (Cy. g)alkylcarbonylamino, sulfonylamino,
alkylsulfonylamino, arylsulfonylamino, suifonyl, aminosulfonyl, sulfinyl, (C_jo¥alkyl,
halo(Ciae)alkyl, hydroxy(Ci.q0)alkyl, alkoxyalkyl, aryloxyalkyl, carbonyl(C.io)alkyl,
alkoxycarbonylalkyl, aryloxycarbonylalkyl, thiocarbonyl(Cj.jp)alkyl, sulfonyl{C;.19)alkyi,
cycloalkylsulfonylalkyl, sulfinyl(Ci.10)alkyl, hetero{Ci.10)alkyl, alkoxycarbonylalkyl,
aryloxyalkyl, heteroaryloxyalkyl, (Cs.;p)eyctoatkyl(Co.s)alkyl,
hetero(Cs.12)cycloalkyl{Crjo)alkyl, aryl(Cy.10)altkyl, hetero(Ciyo)aryl(Cis)alkyl,
(Coaadbicycloaryl{C1.5)alkyl, hetero(Cs.12)bicycloaryl(Ci.s)alkyl, (Cazdeycloalkyl,
hetero(Cs.12)cycloalkyl, (Cy.10)bicycloalkyl, hetero(Cs.1a)bicycloalkyl, {Cy.qpdaryi,
hetero{Cy.y0)aryl, (Co.2)bicycloaryl and hetero(C,.12)bicycloaryl, each unsubstituted or
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substituted with 1-4 substituents, and Ray, Ray, Ras, Ray, and Rys may be individually
absent when the nitrogen atom to which it is bonded forms part of a double bond; and

one of Ry; and Rys may be taken together with R;; fo form a 6 or 7 membered,
saturated, unsaturated or aromatic ring, each unsubstituted or further substituted with 1-3
substituents; and one of Ry; and Rjs may be taken together with a substituent on the ring
formed by taking Ry and Ryq; together to form a 6 or 7 membered, saturated, unsaturated
or aromatic ring, each unsubstituted or further substituted with 1-3 substituents.

[0211]  Inone variation of the immediately above embodiments and variations, where Ry,

/J \;}/
[\

I |
Jz Js

when present, is a six membered aryl or heteroaryl of the formula ~g , Jo is selected from
the group consisting of N and C; Js is N or CRy1 where Ra; is hydrogen or fluoro; Jg is N or CRy
where Ry is selected from the group consisting of hydrogen, hydroxy, fluoro, methyl, ethyl,
methoxy, and ethoxy; 17 is N or CRs3 where Rys 1s hydrogen or fluoro; Jg is N or CRay where Ry
is hydrogen or tluoro; and Jq is N or CRys where Rys is hydrogen or fluoro. In another variation,
Jo is selected from the group consisting of N and C; Jsis N; Jgis N or C(OCH3); I is CH;; Jg is
CH; and Jo is N or CH.

[0212] In yet another variation, Ry, is selected from the group consisting of:
Oy O OO
N SF F N N i N NZ o
N N/ P £ \O = - c =
DS AoShasl U hd T
\VOIN\ * /O N\ * FaC
SEe S Has lla pik (I

HNT N7 \‘rr i

A FaCO
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[0213]

O L3

In yet other variations, Ry2 is selected from the group consisting of:
I

©/a< @* o\ENj/* /ij/* /OIN ‘j/*
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NT E = HaN HN™ N
YUY O O
P P
7 N & N

*

&) N
v
[6214]  Instill other variations, Rz is of the formula 2
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[0215]  In another variation, when present, R is selected from the group consisting of;

.* v ,* «'.:‘ P

Q= S-—O

T/\;F \Q\/‘;‘ .\‘,
St e Ry
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[02%6]  Instill another variation, when present, Rs is selected from the group consisting of:

* * " * F * F
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[0217}  In another variation, R3, when present, is selected from the group consisting of"

* & *,
/Oﬁ /O IN\ F /0 | N\ E Y ;N\ F
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LN =N FLN ~0 =N

HOIN: . OJ\EN: .
N
o N Z

{0218]  In another variation, R3, when present, is selected from the group consisting of:
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[0219]  In still another variation, R3, when present, is selected from the group consisting of:

P i
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[0220]  In another variation, Ry, when present, is selected from the group consisting of:

* 5 * N * N

| > >

0 | Ned /OIN\ s> e | N s>
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{02211  Instill another variation, R3, when present, is selected from the group consisting of:
* * - ’I‘:\/O\ *j@:o\ *IZO\/ *j{N\>
/\: : ~F ar: : v g PN g o Br 0 g7 S

74



{0222]  Instill another variation, Ra, when present, is selected from the group consisting of:

* ¥ *

4,
R
24 N Ry N Rog _N Rzq N
R
\ / " 37 \ / Rar \ / R37 \ / RB?
HN N ” ©
* *,
Ry N Roq N
N / Rsy N / Ray
O

where
Ra4 is selected from the group consisting of methoxy and ethoxy;
Ray is selected from the group consisting of halo, alkoxy and alkyl, each unsubstituted or
substituted; and
Ru: is selected from the group consisting of hydrogen, (Ci.s)oxaalkyl and (C;.¢)alkyl.

{0223]  Instill another variation, R3, when present, is selected from the group consisting of

* . * S
Ly
A Fr PN j@\
B F
= N/F = r
*, FXO *
Q_JJ. ~ ®
25 F o F
“
O\O

[0224]  In yet still another variation, Rj, when present, is

[0225]  Particular examples of compounds according to the present invention include, but are
not limited to:

(E)-2-amino-7-(4-fluoro-2-(2-fluoropyridin-3-yDpheny}-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-methyl oxime;

(R E)-2-amino-7-(4-fluoro-2-(2-fluoropyridin-3-yphenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-methyl oxime
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(S, E)-2-amino-7-(d-fluoro-2-(2-fluoropyridin-3-yl)phenyl)-4-methyi-7,8-
dihydroquinazolin-5(6H)-one O-methyl oxime
(E)-2-amino-7-{4-flucro-2-(2-fluoropyridin-3-ylyphenyl}-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-ally] oxime;
(E)-2-amino-7-(4-fluoro-2-(2-fluoropyridin-3-yl)pheayl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-text-butyl oxime;
(E)-2-amino-7-(4-fluoro-2-(2-fluoropyridin-3-ylphenyl)-4-mnethyl-7,8-
dihydroquinazolin-5(6H)-one O-isobutyl oxine;
(E)-2-amino-7-(4-fluoro-2-(2-flacropyridin-3-yl)phenyl)-4-methyi-7,8-
dihydroquinazolin-5(6H)-one O-benzyl oxime;
(E)-2-amino-7-(4-fluoro-2-(2-fluoropyridin-3-yhphenyly-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-phenyl oxime;
(E)-2-amino-7-(4-flaoro-2-2-fluoropyridin-3-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-cne O-4-nitrobenzyl oxime;
(E)-2-amino-7-(4-flucro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one Q-2-methoxyethyl oxime;
(R, E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yDphenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H}-one O-2-methoxyethyl oxime
(S,E)-2~-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H}-cne O-2-methoxyethyl oxime
(E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yDphenyl)}-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-(R)-2,3-dihydroxypropyl oxime;
(R, E)-2-amino-7-(4-flucro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-(R)-2,3-dihydroxypropyl oxime;
(S, F)-2-amino-7-(4-fluoro-2-{6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-(R)-2,3-dihydroxypropyl oxime;
(E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-2-tert-butoxyethyl oxime;
(E)-2-amino-7-(4-fluoro-2-(6-methox ypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydroguinazolin-5(6H)-one O-3-methoxypropyl oxime;
(E)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y)phenyl)-4-methyl-7,8-

dihydroquinazolin-5(6H)-ylideneaminooxy)acetic acid;
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(E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydroguinazolin-5(6H)-one O-(5)-2,3-dihydroxypropyl oxime;

(R E)-2-amino-7-(4-tluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-(R)-2,3-dihydroxypropyl oxime;

(8, E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-(R)-2,3-dihydroxypropyl oxime;

(E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl}-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-2-aminoethyl oxime;

(R,E)-2-amino-7-(4-flaoro-2-(6-methoxypyridin-2-yDphenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-2-aminoethyl oxime;

(5,E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyi-7,8-
dihydroquinazolin-5(6H)-one O-2-aminoethyl oxime;

(E)-2-amino-7-(4-fluore-2-(6-methoxypyridin-2-yl}phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-pyridin-3-ylmethyl oxime;

(Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-ylyphenyl)-4-methyl-7,8-
dihydroquinazolin-5{6H)-one O-pyridin-3-ylmethyl oxime;

(E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y1)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-3-hydroxy-2-(hydroxymethyl)propyl oxime;

(R, E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl}-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-3-hydroxy-2-(hydroxymethyl)propyl oxime;

(5, Ey-2-amino-7-(4-fleoro-2-(6-methoxypyridin-2-y)phenyl)-4-methyl-7,8-
dihydroquinazolin-5{(6H)-one 0-3-hydroxy-2-Chydroxymethyl)propyl oxime;

(E)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6 H)-ylidene)hydrazinecarboximidamide;

(S, E)-2-amino-7-(4-fluoro-2-(6-methoxypynidin-2-yliphenyl)-4-methyl-7,8-
dihydroguinazolin-5(6H)-one 0-(5)-3,4-dihydroxybutyl oxime;

(R.Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl}-4-methy!-7,8-
dihydropyrido[4,3-dpyrimidin-5(6H)-one O-((R)-2,2-dimethyl-1,3-dioxolan-4-ylymethyl oxime;

(R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yD)phenyl)-4-methyl-7,8-
dihydropyride[4,3-d]pyrimidin-5(6H)-one O-(R)-2,3-dihydroxypropyl oxime;

(R, Z)-2-amino-7-(4-fluoro-2-{6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(5)-2,3-dihydroxypropy! oxime;

“77-



(R,Z)-2-amino-7-{4-fluoro-2-(6-methoxypyridin-2-y)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H}-one O-3-hydroxy-2-(hydroxymethyl)propyl oxime;

{R,Z}-2-amino-7-(2-bromo-4-fluorophenyl}-4-methyl-7,8-dihydropyrido[4,3- d]pyrimidin-
5(6H)-one (-(5)-3,4-dihydroxybutyl oxime;

(R, Z)-2-amino-7-(4-flucro-2-(6-methoxypyridin-2-yl}phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one 0-(5)-3,4-dihydroxybutyl oxime;

(R,Z)-2-amino-7-(4-flucro-2-(6-methoxypyridin-2-yliphenyl)-4-methyl-7,8-
dihydropyrido[4,3-djpyrimidin-5(6H)-one O-(R)-3,4-dihydroxybutyl oxime;

(S)-4-({2)-((R)-2-amino-7-(4-fluoro-2-{6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-dlpyrimidin-5(6H)-ylidene)amino)butane-1,2-diol;

(R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6 H)-one O-((R)-1,4-dioxan-2-ylYmethyl oxime;

(7R, 2)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yhphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-morpholin-2-ylmethy! oxime;

(R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-ylyphenyl)-4-methyl-7,8-
dihydropytido[4,3-d]pyrimidin-5(6H}-one O-(R)-morpholin-2-ylmethyl oxime;

(R.Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-ylyphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-3(6H)-one 0-($)-morpholin-2-ylmethyl oxime;

(R.Z)-2-amino-7-(4-flooro-2-(6-methoxypyridin-2-ylyphenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H)-one O-((2R,35,4R)-3,4,5-trihydroxytetrahydrofuran-2-
ylmethyl oxime;

(R, Z)-2-amino-7-(4-fluore-2-(6-methoxypyridin-2-yl)phenyl}-4-methyl-7.8-
dihydropyrido{4,3-d]pyrimidin-5(6H)-one O-((2R, 35,4R, 5R)-3,4-dihydroxy-5-
methoxytetrahydrofuran-2-ylymethyl oxime;

(R Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyride{4,3-d]pyrimidin-5(6H)-one O-((3aR, 4R, 6R,6aR)-6-methoxy-2,2-
dimethyltetrahydrofuro{3.4-d][ 1,31dioxol-4-yl)methyl oxime;

(R, Z)-2-amino-7-(4-fluore-2-{6-methoxypyridin-2-yl}phenyl)-4-methyl-7,8-
dihydropyrido{4,3-dlpyrimidin-5(6H)-one O-((2R,35,4R,55)-3,4-dihydroxy-5-
methoxytetrahydrofuran-2-ylymethyl oxime;

(R, 2)-2-amino-7-(4-fluoro-2-(6-methosypyridin-2-ylyphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-{(3aR,4R,65,6aR)-6-methoxy-2,2-
dimethyltetrahydrofuro[3.4-d][1,3]dioxol-4-yl}methyl oxime;
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(R, Z)-2-amino-7-(3'-(cyclopropylsulfonyl)-5-fluorcbiphenyl-2-yI3-4-methyl-7.8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one 0-(S)-2,3-dihydroxypropyl oxime;

(R, Z}-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-methyl-7.8-
dihydropyrido [4, 3-d] pyrimidin-5(6H})-one O-((2R,35,4R)-3, 4, 5-trihydroxytetrahydrofuran-2-
yl) methyl oxime;

(R, Z)-2-amino-7-{4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-methyl-7,8-
dihydropyrido {4, 3-d] pyrimidin-5(6H)-one O-((2R,35.45)-3, 4-dihydroxytetrahydrofuran-2-yl)
methyl oxime;

(R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y1) phenyl)-4-methyl-7,8-
dihydropyrido [4, 3-d] pyrimidin-5(6H)-one O-((25,4R)-4-hydroxypyrrolidin-2-yl) methyl
oxime;

(3R,55)-1-acetyl-5-(((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-
methyl-7.8-dihydropyrido [4, 3-d] pyrimidin-5(6H)-ylidene) aminooxy} methyl} pyrrolidin-3-yl
acetate,

(25 AR)-methyl 4-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-
methyl-7.8-dihydropyrido [4, 3-d] pyrimidin-5(6H)-ylidene) aminooxy) pyrrolidine-2-
carboxylate;

(28 AR)-4-((2)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-methyl-
7.8-dihydropyrido [4, 3-d] pyrimidin-5(6H)-ylidene) aminooxy) pyrrolidine-2-carboxylic acid;

(R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-methyl-7.8-
dihydropyrido [4, 3-d] pyrimidin-5(6H)-one O-(3R,585)-5-(hydroxymethyl) pyrrolidin-3-yi
oxime;

(R, Z)-2-amino-7-(4-fluoro-2-(6-methox ypyridin-2-yl) phenyl)-4-methyl-7,8-
dihydropyrido {4, 3-d] pyrimidin-5(6H)-one O-{{2R,3R,45)-3, 4-dihydrozypyrrolidin-2-y1)
methy! oxime;

(TR, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-methyl-7,8-
dihydropyrido {4, 3-d] pyrimidin-5(6H)-one O-(3R,45)-3, 4-dihydroxycyclopentyl oxime;

(7TR,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-methyl-7,8-
dihydropyrido [4, 3-d] pyrimidin-5(6H)-one O-((3R,45)-3, 4-dihydroxycyclopeatyl) methyl
oxime;

{7R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-methyl-7,8-
dihydropyrido {4, 3-d] pyrimidin-5(6H)-one 0-3, 4-dihydroxy-4-methylpentyl oxime;
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(R, Z)-2-amino-7-{4-fluoro-2-(6-methoxypyridin-2-yhphenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H)-one oxime;
(R)-4-(({Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-ylphenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)methyl)oxazolidin-2-one;
(R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-2-morpholinoethyl oximne;
(R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl}phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(tetrahydro-2H-pyran-4-yhmethyl oxime;
(R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-S(6H)-one O-((1s,45)-4-hydroxycyclohexylymethyl oxime;
($)-4-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)-2-hydroxybutanamide;
(7R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-dJpyrimidin-5(6H)-one O-2-(morpholin-2-ylethyl oxime;
(S)-4-{((Z)-({R)~2-amino-7-(4-fluore-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6F)-ylidene}aminooxy)ymethyl)-3-benzyloxazolidin-2-one;
(R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(R)-2-amino-3-hydroxypropyl oxime;
(R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H)-one O-(1-methyl-1H-imidazol-4-yl)methyl oxime;
(R)-7-(4-fluoro-2-(6-methoxypyridin-2-ylphenyl)-5-imino-4-methyi-5,6,7,8-
tetrahydropyrido[4,3-d]pyrimidin-2-amine;
(R.Z)-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-yl}-4-fiuorophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(5)-3,4-dihydroxybutyl oxime;
(R.Z)-2-amino-7-(4-fluoro-2-(6-methoxypyrazin-2-yl)phenyi)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(S5)-3,4-dihydroxybutyl oxime;
(R,Z)-2-amino-7-(4-fluoro-2-(2-methoxythiazol-4-yl)phenyl)-4-methyi-7,3-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one 0-(5)-3,4-dihydroxybutyl oxime;
(R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyridol[4,3-dlpyrimidin-5(6 H)-one O-($)-4,5-dihydroxypentyl oxime;
(R, 2)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-ylyphenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H)-one O-(S)-3-amino-2-hydroxypropyl oxime;
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(5)-5-(((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyh)-4-methyl-7,8-

dihydropyrido[4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)methylyoxazolidin-2-one;

(R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido{4,3-dlpyrimidin-5{(6H)-one G-3-hydroxypropyl oxime;

(R, Z)-2-amino-7-(4-fhaoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,3-
dihydropyrido[4,3-d)pyrimidin-5(6H)-one O-4-hydroxybutyl oxime;

(7R, Z)-2-amino-7-(4-fluore-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-dlpyrimidin-5(6H)-one O-3-hydroxy-2-methoxypropyl oxime;

(R,Z)-2-amino-7-(4-fluoro-2-(6-methox ypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyridof4,3-d]pyrimidin-5(6H)}-one 0-(R)-4,5-dihydroxypentyl oxime;

(R,Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylideneaminooxy)-N-(2-hydroxyethyl)-N-
methylacetamide;

(R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylideneaminooxy)-N,N-dimethylacetamide;

2-((Z)~((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyi-7,8-
dihydropyrido[4,3-dlpyrimidin-5(6H)-yldene)aminooxy)- [-(($)-3-hydroxypyrrolidin-1-
vl)ethanone;

2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-methyl-7,8-
dihydropyrido [4, 3-d] pyrimidin-5(6H)-ylidene) aminooxy)-1-((R)-3-fluoropyrrolidin-1-yI)

ethanone;

(5)-4-((£)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-

dihydropyrido[4,3-d)pyrimidin-5(6H)-ylidenejaminooxy)-2-hydroxybutanoic acid,;
3-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-methyl-7,8-
dihydropyrido {4, 3-d] pyrimidin-5(6 H)-ylidene) aminooxy) dihydrofuran-2(3H) one;
2-((£)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-methyl-7,8-
dihydropyrido [4,3-d] pyrimidin-5(6H)-ylidene) aminooxy)-4-hydroxybutanamide;
(5,2)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yDphenyl}-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(R)}-3,4-dihydroxybutyl oxime;
(S,2)-2-amino-7-(4-fluore-2-(6-methoxypyridin-2-yhphenyl)-4-methy1-7.8-
dihydropyrido[4,3-d]pyrimidin-S(6H)-one O-(R)-3,4-dihydroxybutyl oxime;
2-((Z}-((R)-2-amino-7-(2-bromeo-4-fluorophenyl)-4-methyl-7,8-dihydropyrido[4,3-
d]pyrimidin-5(6H)-ylidene)aminooxy)-4-hydroxy-N, N-dimethylbutanamide;
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2-((Z)-((R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-dihydropyrido [4, 3-d]
pytimidin-5(6H)-ylidene) aminooxy)-4-hydroxy-N,N-dimethylbutanamide;
(5)-2-((Z)-((R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-dihydropyrido{4,3-
d]pyrimidin-5(6H)-ylidene)aminooxy)-4-hydroxy-N,N-dimethylbutanamide;
(R)-2-{(Z)-((R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-dihydropyridof4,3-
d]pyrimidin-5(6H)-ylidene)aminooxy)-4-hydroxy-N,N-dimethylbutanamide;
(R)-2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y1) phenyl)-4-methyl-7,8-
dihydropyrido [4,3-d] pyrimidin-5(6H)-ylidene) aminooxy)-4-hydroxy-N, N-dimethylbutanamide;
(9)-2-((2)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y1) phenyl)-4-methyl-7,8-
dihydropyrido [4,3-d] pyrimidin-5(6H)-ylidene) aminooxy)-4-hydroxy-N, N-dimethylbutanamide;
2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6/1)-ylidene)aminooxy)-4-hydroxy-1-morpholinobutan-1-one;
2-({Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y1) phenyl)-4-methyl-7,8-
dihydropyrido [4, 3-d] pyrimidin-5(6H)-ylidene) aminooxy)-4-methoxy-N,N-
dimethylbutanamide;
2-((D)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyi-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylideneYaminooxy)-N-((S)-2,3-dihydroxypropyl)-N-
methylacetamide;
(R,Z)-2-(2-amino-7-(4-fluora-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6 H)-ylideneaminooxy)-N-(2-hydrox yethyl}-N-
methylacetamide;
(R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl}phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylidencaminooxy)-N,N-bis(2-hydroxyethyl)acetamide;
2-((Z)-((K)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,§-
dihydropyrido[4,3-dlpyrimidin-5(6H)-ylidene)aminooxy)-N, N-bis(2-hydroxypropyl)acetamide;
(R, Z2)-2-(2-amino-7-(4-fluoro-2-( 6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H }-ylideneaminooxy)- 1-(azetidin-1-yl)ethanone;
(R, 2)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H}-ylideneaminooxy)- 1-(pyrrolidin- 1-yl)ethanone;
2-((£)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yDphenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)-1-((5)-2-(hydroxymethyl)pyrrolidin-1-

yl)ethanone;
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(R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyD-4-methyl-7,8-
dihydropyrido[4,3-dpyrimidin-5(6 H )-ylideneaminooxy)- 1 -(4-hydroxypiperidin- 1 -yl)ethanone;

(R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methox ypyridin-2-yhphenyl)-4-methyl-7,8-
dihydropyrido[4,3-djpyrimidin-3(6H )-ylideneaminooxy)-N-methyl-N-((6-methylpyridin-2-
yl)methylacetamide;

(R, Z}-2-(2-amino-7-(4-fluoro-2-(6-methox ypyridin-2-y)phenyl)-4-methyl-7 8-
dihydropyrido[4,3-dlpyrimidin-5(6H )-ylideneaminooxy)-N, N-bis(2-methoxyethyl)acetamide;

(R, Z)-N-(2-amino-2-oxoethyl}-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-
4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-ylideneaminooxy)-N-methylacetamide,

2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H )-ylidene)aminooxy)-1-((R}-2-thydroxymethy)pyrrolidin-1-
yl)ethanone;

(R, £)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-ylphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylideneaminooxy)-N-(2-methoxyethyl)-N-
methylacetamide;

2-((2)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H )-ylidene)aminooxy)- 1-((R)-3-hydroxypyrrolidin-1-
yDethanone;

2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyi)-4-methyi-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6J1)-ylidene)aminocoxy)-1-((R)-3-hydroxypiperidin-1-
ylethanone;

2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyridof4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)- 1-(¢($)-3-hydroxypyrrolidin-1-
yl)ethanone;

2-((D)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H )-ylidene)aminooxy)- 1-(($)-3-hydroxypiperidin-1-
ylyethanone;

(R, Z)-2-(2-amino-7-{(4-fluoro-2-(6-methoxypyridin-2-yphenyl)-4-methyl-7,8-
dihydropyrido{4,3-dlpyrimidin-5(6H }-ylideneaminooxy)-1-(3-hydroxyazetidin-1-yl)ethanone;
(R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin- 2-yl)phenyl)-4-methyl-7,8-

dihydropyrido{4,3-d]pyrimidin-5(6H)-ylideneaminooxy)-1-(3,3-difluoropyrrolidin-1-

ylethanone;
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2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yliphenyl)-4-methyl-7 8-
dihydropyrido[4,3-d]pyrimidin-S(6H )-ylidene)aninooxy)- 1-((R)-3-flucropyrrolidin-1-
yl)ethanone;

2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H )-ylidene)aminooxy)-1-(($)-3-flucropyrrolidin-1-
yl)ethanone;

(R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H)-ylideneaminooxy)-1-(4-methoxypiperidin-1-yliethanone

(R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl- 7,8-
dihydropyrido[4,3-d]pyrimidin-S(6H-ylideneaminooxy)-1-(3,3-difluorcazetidin-1-yl)ethanone;

2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-dpyrimidin-S(6H}-ylidene)aminooxy)- 1-(3-(methoxymethylpiperidin-1-
yl)ethanone;

(R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H }-ylideneaminooxy)-N-methyl-N-(2-(methylamino)-2-
oxoethyl)acetamide;

(R Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-dJpyrimidin-5(6 H}-ylideneaminooxy)-N-(isoxazol-3-ylmethyl}-N-
methylacetamide;

(R, Z2)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido{4,3-d)pyrimidin-5(6H }-ylideneaminooxy)-N-methyl-N-(thiazol-4-
ylmethyl)acetamide;

(R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yi)phenyl)-4-methyl-7 8-
dihydropyrido[4,3-d]pyrimidin-5(6H )}-ylideneaminooxy)-1-(pyrazin-2-yl)ethanone;

2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H )-ylidene)aminooxy)- 1-(3-(dimethylamino)piperidin-1-
yl)ethanone;

2-((Z)-((R)-2-amino-7-(4-fluore-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)-1-(2-methyltetrahydro- 1 H-pyrrolo{3,4-
clpyridin-5(6H,7H,7aH)-yl)ethanone;

(R, 2)-2-(2-amine-7-(4-flaoro-2-{6-methoxypyridin-2-yhphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylideneaminooxy)-N-methyl-N-((5-methyl-1 H-pyrazol-3-

yhmethylacetamide,
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(R, Z)-2-(Z-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yliphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6 H)-ylideneaminooxy)-1-(2-methyl-6,7-dihydro-3H-
imidazo[4,5-c]pyridin-5(4H)-ylethanone;

2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)-1-(3-(hydroxymethyl)pyrrolidin-1-
yl)ethanone;

2-2-((2)-{(R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yphenyl)-4-methyl-7 8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)acetyl thexahydropyrrolo[1,2-a]pyrazin-
6(7H)-one;

(R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5{6H)-ylideneaminooxy)-1-(3-methoxyazetidin-1-ylethanone;

(R,Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylideneaminooxy)-1-(4,4-difluoropiperidin-1-yl)ethanone;

(7R, Z)-2-amino-7-(4-fluoro-2-{6-methoxypyrazin-2-yphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one 0-3,4-dihydroxybutyl oxime;

(7R, Z)-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-yl)-4-fluorophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one 0-3,4-dihydroxybutyl oxime;

(7R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyrazin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(3,4-dihydroxy-5-methoxytetrahydrofuran-2-
yl)methyl oxime;

(7R, Z)-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-y13-4-fluorophenyl)-4-meihyl-7,8-
dihydropyrido{4,3-¢|pyrimidin-5(6H)-one O-(3,4-dihydroxy-5-methoxytetrahydrofuran-2-
yhmethyl oxime;

5-(((Z)-((R)-2-amino-7-(4-flucro-2-(6-methoxypyrazin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)methyl)-3,4-dihydroxydihydrofuran-
2(3H)-one;

5-(({D-((R)-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-yl)-4-fluorophenyl)-4-methyl-
7,8-dihydropyrido{4,3-d]pyrimidin-5(6H)-ylidene)aminooxy ymethyl)-3,4-
dihydroxydihydrofuran-2(3H}-one;

(7R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyrazin-2-yljphenyl)-4-methyl-7,8-
dihydropyrido[4,3-dlpyrimidin-5(6H)-one O-(3,4-dihydroxytetrahydrofuran-2-yl)methyl oxime;

(7R, Z)-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-y1}-4-fluorophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(3,4-dihydroxytetrahydrofuran-2-yl)methyl oxime;
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(7R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyrazin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H)-one O-(3,4-dihydroxypyrrolidin-2-yDmethyl oxime;

(7R, Z)-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-yl)-4-fiuorophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one 0-(3,4-dihydroxypyrrolidin-2-yDmethyl oxime;

(758,2)-2-amino-§,8-difluoro-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one 0-3 4-dihydroxybutyl oxime;

(78,2)-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-y1)-4-fluorophenyl)-8,8-difluoro-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-one 0-3,4-dihydroxybutyl oxime;

(75,Z)-2-amino-8,8-difluoro-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d}pyrimidin-5(6H}-one 0-(3 4-dihydroxytetrahydrofuran-2-ylmethyl oxime;

(75, Z)-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-y1)-4-fluoropheny1}-8,8-difluoro-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-S(6H)-one 0-(3,4-dihydroxytetrahydrofuran-2-
ymethyl oxime;

(78, 2)-2-amino-38,8-difluoro-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl1-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)}-one O-(3,4-dihydroxypyrrolidin-2-ylmethyl oxime;

(78, Z)-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-yl)-4-fluorophenyly-8,8-difluoro-4-
methyl-7,8-dihydropyridof4,3-d]pyrimidin-5(6H)-one 0-(3,4-dihydroxypyrrolidin-2-yl)methyl
oxime;

(78, 2Z)-2-amino-8-fluoro-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one 0-3,4-dihydroxybutyl oxime;

(78,Z)-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-yl}-4-fluoropheny}-8-flucro-4-
methyl-7,8-dihydropyrido[4,3-dlpyrimidin-5(6 H)-one O-3,4-dihydroxybutyl oxime;

(75, 2)-2-amino-8-fluoro-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one 0-(3,4-dihydroxytetrahydrofuran-2-yl)methyl oxime;

(785, 2)-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-yh)-4-fluoropheny!)-8-fluoro-4-
methyl-7,8-dihydropyrido[4,3-dlpyrimidin-53(6H)-one O-(3,4-dihydroxytetrahydrofuran-2-
y)methyl oxime;

(75,2)-2-amino-8-fluoro-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one 0-(3,4-dihydroxypyrrolidin-2-ylymethyl oxime;

(75,2)-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-yl)-4-fluorophenyl}-8-fluoro-4-
methyl-7,8-dihydropyrido{4,3-d]pyrimidin-5(6H)-one O-(3,4-dihydroxypyrrolidin-2-yl)methyl

oxime;
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(TR, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yhphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-3-amino-4-hydroxybutyl oxime;

(7R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-4-amino-3-hydroxybuty! oxime;

(7R, Zy-2-amino-7-(4-fluoro-2-(G-methoxypyridin-2-yhphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-cne O-2-amino-3-hydroxypropyl oxime; and

(7R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-3-amino-2-hydroxypropyl oxime.
[0226]  In another of its aspects, the present invention relates to process of making compounds
that are useful as HSP90 inhibitors.

{0227}  Inone embodiment, the process comprising:
R &

[\1 =
HQN*N/

reacting a compound having the formula Br F with a compound

NH

having the formula HzN-O-R; under conditions that form a intermediate having the formula

Ry
Rs e
N =r” TNH
P
HeN™ N
Br F
/O(KJ/B\O
reacting the intermediate with a compound having the formula & under
21
Re N
N = "NH
Az
HaN" TN
[ "
=N
conditions that form product having the formula A0
wherein



R; is selected from the group consisting of hydrogen, carbonyl, hydroxycarbonyl,
oxycarbonyl, aminocarbonyl, sulfonyl, sulfinyl, (Cy_je)alkyl, halo(C;.o)alkyl, hetero(Ci.ig)alkyl,
(Crip)alkyl, hydroxy(Ciao)alkyl, alkoxy(Ciag)alkyl, amino(Cyjg)alkyl, imino(Ci.ig)alkyl,
carbonyl(Ci.ip)alkyl, sulfonyl{Cy.ip)alkyl, sulfinyi(C;.10)alkyl, carbonylamino(Ci.0)aikyl,
thiocarbonyl(Cj.j0)alkyl, hydroxylecarbonyl(Cy e)alkyl, aminocarbonyl(Cy.io)alkyl,
aminosulfonyl(Cy.p)alkyl, sulfonylamino(Ci_joalkyl, (Ciglalkylsulfonylamino(Cy.je)alkyl,
(Csp)eycloalkyl(Cy.s)alkyl, hetero(Cs.p)cycloalkyl(Cy yo)alkyl, aryl(Cy¢)alkyl,
hetero(Cy.praryl{Cy.s)alkyl, (Co.ya)bicycloaryl(Cys)alkyl, hetero(Cs 14 )bicycloaryl(Cyg)atkyl,
(Caip)eycloalkyl, hetero(Cs ya)cycloalkyl, (Co.pp)bicycloalkyl, hetero(Cs. q2)bicycloalkyl,
(Ca.rz)aryl, hetero(Cyyp)aryl, {Cs.j2)bicycloaryl and hetero(Cy.q2)bicycloaryl, each unsubstituted
or substituted; and

Ry is selected from the group consisting of hydrogen, halo, cyano, thio, hydroxy,
carbonyloxy, (Cy.jp)alkoxy, (Cs.12)aryloxy, hetero{Cj.jp)aryloxy, carbonyl, oxycarbonyl,
aminocarbonyl, amino, (C;.jo)alkylamino, sulfonamido, sulfonyl, sulfinyl, (Cyo)alkyl,
halo(Cy.ip)alkyl, hydroxy(Ci.1p)alkyl, carbonyl(Ci.q0)alkyl, thiocarbonyl(Cy.1g)alkyl,
sulfonyl(Ci.i0)alkyl, sulfinyl(C1.a0)alkyl, hetero(Cy.jo)alkyl, imino(Cy.e)alkyl,
(Csp)eycloalkyl(Cy 5)alkyl, hetero(Cs.1a)cycloalkyl(Cragdalkyl, aryl(C.q0)alkyl,
hetero(Cy.1p)aryl{Cy.s)alkyl, (Ce.1z)bicycloaryl(Cy.s)alkyl, hetero(Cy.2)bicycloaryl(C.s)alkyl,
(Cs.2)eycloalkyl, hetero(Ca.pz)cycloalkyl, (Cy.q2)bicycloalkyl, hetero(Cs.iz)bicycloalkyl,
(Caap)aryl, hetero(Cy_jg)aryl, (Co.1z)bicycloaryl and hetero(Cy.q2)bicycloaryl, each substituted or

unsubstituted,
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[0228]  In another embodiment of the process of making the compounds of the invention

comprises

Rz
I\‘ =
A~
H:N N
reacting a compound having the formula Br Fwith a compound
B

/O\[Nj/ o
having the formuia Z under conditions that form an intermediate having the
R2

;\1 =
HgN/kN/
|

formula ~O s and

reacting the intermediate with a compound having the formula H;N-O-R, under

R
R, -0
[\l %
A 7
HoN N
® i
=N
conditions that form a product having the formula ~O ;
wherein

R, is selected from the group consisting of hydrogen, carbonyl, hydroxycarbonyl,
oxycarbonyl, aminocarbonyl, sulfonyl, sulfinyl, (Cy.10)alkyl, halo(C.10)alkyl, hetero(C;j.ip)alkyl,
(Craoalkyl, hydroxy(Cy.jp)alkyl, alkoxy(Ci.jp)alkyl, amino(Cy.yg)alkyl, imino(Cy.g)alkyl,
carbonyl(Ci.ip)alkyl, sulfonyl{Ci.ip)alkyl, sulfinyl(C.i0)alkyl, carbonylamino(Cy.jo)alkyl,
thiocarbonyl(Cj.ig)alkyl, hydroxylcarbonyl(C,.io)alkyl, aminocarbonyl{(C,._js)alkyl,
aminosulfonyl(C,.i¢)alkyl, sulfonylamino(C;.jp)alkyl, (C;g)alkylsulfonylamino{C,.ip}alkyl,
(Cs.ip)eycloalkyl(Cy.s)alkyl, hetero(Cs.ip)eycloalkyl(Cyio)alkyl, aryl(Cig)alkyl,
hetero{C.10)aryl(Cy.s)alkyl, (Coj2)bicycloaryl{C;.s)alkyl, hetero(Cg.q2)bicycloaryl(Cy.5)alkyl,
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(Ca.a)cycloalkyl, hetero(Csz)cycloalkyl, (Co.pa)bicycloalkyl, hetero(Cs.jp)bicycloalkyt,
(Caan)aryl, hetero(C;y . p)aryl, (Co.2)bicycloaryl and hetero(Cy 1o )bicycloaryl, each unsubstituted
or substituted; and

Ry is selected from the group consisting of hydrogen, halo, cyano, thio, hydroxy,
carbonyloxy, (Cj.jg)alkoxy, {Cs.qz)aryloxy, hetero(Cy.qp)aryloxy, carbonyl, oxycarbonyl,
aminocarbonyl, amine, (C.jg)alkylamino, sulfonamido, suifonyl, sulfinyl, (Cy_so)alkyl,
halo(Cy.p)alkyl, hydroxy(Cy.jp)alkyl, carbonyl(Cy y)alkyl, thiocarbonyl(Cy g)alkyl,
sulfonyl(Cy0)alkyl, sulfinyl{Cy_g)alkyl, hetero(Cy.jp)alkyl, imino{Cy_jp)alkyl,
(Csaz)eycloalkyl(Cy s)alkyl, hetero(Cs.rp)eycloalkyl(Cy.io)alkyl, aryl(Cy.i0)alkyl,
hetero(Cy.ap)aryl(Csyalkyl, (Co.1z)bicycloaryl(C.s)alkyl, hetero(Cg.i2)bicycloaryl(C.5)alkyl,
(Ca.pz)eycloalkyl, hetero(Cs.yp)eycloalkyl, (Co.1z)bicycloalkyl, hetero(Cs.jp)bicycloalkyl,
(Caaz)aryl, hetero(Cy.qp)aryl, (Co.12)bicycloaryl and hetero(Ca.qa)bicycloaryl, each substituted or
unsubstituted,

[0229]  In yet another embodiment of the process of making the compounds of the invention

comprising:
Rz 8
N7 NH
A 2
HNT N
reacting a compound having the formula Br F with Starting Material I

/O‘\
having the formula H2N" PG ynder conditions that form Intermediate F having the

R, I\{/O—PG
N7 ™ NH
A
HNT N
formula Br F.
wherein

PG is a protecting group selected from the group consisting of ((Cy.¢)salkyl)silyl,
(((Cy.s)alkyl)zy)phenyl)silyl where k is 0-3, benzyl, and tetrahydropyranyl; and
R; is selected from the group consisting of hydrogen, (Cy.)alkyl, halo(C;.)alkyl,

aza(Cy.g)alkyl, (Cigoxaalkyl, each unsubstituted or substituted.



[0230]  In the above embodiment of the process, preparation of the compounds of the

invention may be achieved via Method A comprising:

7, -Ph
o N
N,
coupling Starting Material Il having the formula Riz" 70 to said Intermediate F
JOH
Rz Ni ©
N™ == NH
A~
HoN" N
Rz F

which form Intermediate G having the formula ;

coupling Starting Material 11 having the fornmla ! " to said Intermediate G under

R{"
1
O
Ro Nl"
N ™% NH
A
HzN N
Ryz F

conditions that form Intermediate H having the formula ;

deprotecting said Intermediate H under conditions that form Product having the formula

Ry

]

(0]

Rs NI’

NT NH
l o
HaNT TN

Ry F;

wherein

R;" is a protected form of R,

R; is selected from the group consisting of hydrogen, carbonyl, (Cy 1p)alkyl,
hetero(Cy.jp)alkyl, halo{C.ip)alkyl, hydroxy(Ci.i0)alkyl, carbonyl(Ci.io)alkyl,
thiocarbonyl{(C.1e)alkyl, sulfonyl{Cy.io)alkyl, sulfinyl(Cy0)alkyl, imino(Cy.o)alkyl,
{Can)eycloalkyl(Cy.s)alkyl, hetero(Cs.ip)eyeloalkyl(Cy.io)alkyl, arvi(Ci.g)alkyl,
hetero{C10)aryl(Cy.s)alkyl, (Cirzdeycloalkyl, hetero(Ca.pz)eycloalkyl, (Co.ga)bicycloalkyl,
hetero{Cs.jz)bicycloalkyl, (Ca.12)aryl, and hetero(Cy_jo)aryl, each unsubstituted or substituted with
1-3 substituents each of which is independently selected from the group consisting of hydroxyl,

(Ciaoalkyl, hydroxy(Ci_so)alkyl, amino, amino(Cy_joyalkyl, aminocarbonyl, (Cs.aa)cycloalkyl,
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hetero(Cs.q;)cycloalkyl, (Cyg2)aryl, and hetero(Cy 1g)aryl, each is unsubstituted or further
substituted; and

Rz is selected from a group consisting of (Cy.12)aryl, hetero(Cy.jo)aryl, (Co_yz)bicycloaryl,
hetero(Ca.i2)bicycloaryl, (Caadeycloalkyl, and hetero(Co ;1 )eyeloalkyl, each unsubstituted or
substituted with 1-3 substituents.
[0231]  Inthe above embodiment of the process, preparation of the compounds of the
invention may be achieved via Method B comprising:

deprotecting Intermediate F under conditions which form Intermediate F' having the

L0l
Ry NI i
N7 NH
A -
HN™ N
formula Br F:
O/""'\N,Ph
5 )
couphing Statting Material II having the formula Riz” 0 to said Intermediate B
LOH
R, N' ©
N NH
A~
HNT N
which form Intermediate G having the formula Rig F,

ARF . .
coupling Starting Material Il having the formula | " to said Intermediate G under

R
e
Ry N1
N7 NH
A -
HN™ TN
conditions that form Intermediate H having the formula Rz a

deprotecting said Intermediate H under conditions that form Product having the formula

R
1
0
Ro N[
NT ™% NH
A 2
HzN N
R12 F;
wherein
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R,V is a protected form of Ry,

R; is selected from the group consisting of hydrogen, carbonyl, (Cy.jo)alkyl,
hetero(Cy.i0)alkyl, halo{C;.1g)alkyl, hydroxy(C,.ig}alkyl, carbonyl{C . o)alkyl,
thiocarbonyl{C.1g)alkyl, sulfonyl(C.1o)alkyl, sulfinyl(C; 10)alkyl, imino(C.io)alkyl,
(Csanyeycloalkyl(Cy sdalkyl, hetero{Csapeycloalkyl(Chae)alkyl, aryl{Cyo)alky],
hetero(Cj.10)aryl{Cys)alkyl, (Cs.1z)cycloalkyl, hetero(Cs.i2)eycloalkyl, (Co.q2)bicycloalkyl,
hetero(Cs.qa)bieyeloalkyl, (Cygz)aryl, and hetero(Cy_yp)aryl, each unsubstituted or substituted with
1-3 substituents each of which is independently selected from the group consisting of hydroxyl,
(Cya0)alkyl, hydroxy(C;.i0)alkyl, amino, amino(Cy.ioalkyl, aminocarbonyl, {Cs.ip)cycloalkyl,
hetero(Ca.iz)eycloalkyl, (Caz)aryl, and hetero(Cy.ap)aryl, each is unsubstituted or further
substituted; and

Rz is selected from a group consisting of (Cs.1z)aryl, hetero(Ch.ap)aryl, (Cy.1p)bicycloaryl,
hetero(Cy.q2)bicycloaryl, (Cs.19)cycloalkyl, and hetero(Cs.p1 Yeycloalkyl, each unsubstituted or
substituted with 1-3 substituents.

[0232]  Another process which may be used to prepare the compounds of the inventions
comprising :
S

A

reacting a compound having the formula Br F with Starting

Ra
N~ NH
-
N

HzN

’O\
Material I having the formula H2N PG under conditions that form Intermediate F having the

R, NI.»O““F’G
N™ ™= NH
AL 2
HNT N
formula Br F.

deprotecting said Intermediate F under conditions which form Intermediate F* having the

~OH
Ra Nl
NT NH
P
HaN N
formula Br F;
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/R P :
coupling Starting Material IH having the formula | " to Intermediate ' under

N
O
Rz Nl’
N NH
A~
HzN N
conditions that form Intermediate ] having the formula Br F;

N, PR
c|) N
B

deprotecting and then coupling Starting Material IT having the formula Riz" 0

to Intermediate J under conditions which form Product having the formula

Ry
[}
L0
Ra NI
N NH
A 2
HaN N
R4 F
wherein

Ry is a protected form of Ry,

R, is selected from the group consisting of hydrogen, carbonyl, (Cy.jo)alkyl,
hetero(Cy_jp}alkyl. halo(Ci.1p)alkyl, hydroxy(C, o)alkyl, carbonyl(Cy oyalkyl,
thiocarbonyl(Cy_jp)alkyl, sulfonyl(C_ip)alkyl, sulfinyl(Cy_p)alkyl, imino(Cy_jo)alkyl,
{Cs.az)eycloalkyl(Cy s)alky], hetero(Cs.iz)cycloalkyl{Cy.p)alkyl, aryl(Cy.qo)alkyl,
hetero(Ci.ip)aryl{C .s)alkyl, (Cs.12)cycloalkyl, hetero(Cs.i2)cycloalkyl, (Co.1z)bicycloalkyl,
hetero(Cs.12)bicycloalkyl, (Ca.12)aryl, and hetero(Ci.ip)aryl, each unsubstituted or substituted with
1-3 substituents each of which is independently selected from the group consisting of hydroxyl,
(Crao0)alkyl, hydroxy(Cr.yp)alkyl, amino, amino{C).jp)alkyl, aminocarbonyl, (C312)eycloalkyl,
hetero(Cs.12)eycloalkyl, (Ca.12)aryl, and hetero(Cy.jp)aryl, each is unsubstituted or further
substituted;

R, is selected from the group consisting of hydrogen, (Ci.¢)alkyl, halo(Cy.6)alkyl,
aza{Cye)alkyl, (Cyg)oxaalkyl, each unsubstituted or substituted; and

R7 is selected from a group consisting of (Cs.12)aryl, hetero(Cy.ig)aryl, (Co.12)bicycloaryl,
hetero(Ca.p)bicycloaryl, (Cs2)cycloalkyl, and hetero(Ca.y1)eycloalkyl, each unsubstituted or
substituted with 1-3 substituents.

[0233]  In all the above embodiments of the processes, in some variations, Ry is-L-Rys,
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where

L is (-CR46Rar-)n, where nis 1, 2, 3, 4, o1 5; where Rag and Ryy are each independently
selected from the group consisting of hydrogen, hydroxyl, hydroxy(C.s}alkyl, (Ci.c)alkoxy, oxo,
amino, imino, (Cr.e)alkyl, (Caelaryl(Cielalkyl, hetero(Cys)aryl(Ci.s)alkyl, (Cig)eycloalkyl(Cy.
s)alkyl, hetero(Cy.sycycloalkyl{Cy g)alkyl, (Caglaryl, hetero(Cy.s)aryl, {(Cs.¢)cycloalkyl, and
hetero(Cy.s)cycloalkyl, each unsubstituted or substituted; and

Ry4s is independently selected from the group consisting of hydrogen, hydroxyl, halo,
(Cy5)alkyl, hydroxy(Ci.3)alkyl, (Ciz)alkoxy, amino, carbonylamino, aminocarbonyl, carbonyl,
hydroxylcarbonyl, aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, each unsubstituted or
further substituted.

{0234]  Inother variations, R, is selected from the group consisting of hydrogen,

AT T IS
LEFRL AR
A
Lo ;L o L

O

on - SN, )J\ e
, (J)L rj; (U) (d) (d)
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OH oH OH
ES HN —0
P00 AT G
N ﬁOH HO\‘ES-'OH Hfc:J)CO KE°>:0 'N)-:o KEN}:O
Ho M, OH l\“ ° : L i i ; ° * 0
o o e ™ n] Oj Oj
..,0>< }HIOX " " /(p;":\) J{/"/EO ){"ro )}(EO

In other variations, R; is selected from the group consisting of; hydrogen

«&ﬁywr&ﬁ»}??
Hzm\n/;; Mo Moy Ho s OH O

L X Y\(g\rm ~y

»*

[0235]

SO Ny

r*o L LT AR LU L

| HO,
HO - n- HO ~ © ~n~ f/
S LWL X

*
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[0236] Instill other variations, R is selected from the group consisting of:

OH NH,
gﬂ/ K[\ 2N NH H H H H CH3
OH OH OH N o
]
‘iOH (If’OH (LOH @ p K&J (©/
& * * * & A !
0 H OH OH
()X N HO;,‘ HO
- )
l/j:o (ﬁ‘EO
OH " v * *
OH OH NH, NH, NH, NH, oH o
Ny N 7 oR on H'/"OH KE OH (E’NHz y/E NH
* # * *
* ¥ " "
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[0237]  In still other variations, Ry is selected from the group consisting of hydrogen,

CH OH NH; NH H '
HO HO:, OH OH
"INH, NH, "HoH OH o
NH; NH,
* # * ¥ * * * *
HN/\ . /\N/\\

ﬂﬁﬁﬁﬁ&&%%é
G D L D =
{H

"R A K

[0238] In stili other variations, R; is selected from the group consisting of hydrogen,

OH OH
OH HO HO,,, NH, HNY HNTS SN oSN I/\N/
OH “OH (KO (&o H%O (&O (&O 0 (1\0
: *® * * * * * F

[0239]  Insome variation of the process of the invention, R, is selected from the group
consisting of hydrogen, {C g)alkyl, halo{C, s)alkyl, aza(C, g)alkyl, (C4)oxaalkyl, each
unsubstituted or substituted. In other variations, R; is selected from the group consisting of
unsubstituted or substituted {Cig)alkyl. In still other variations, R; is methyl. In yet still other
variations, R, is hydrogen.

[0240]  Inthe above embodiments of the processes of the invention, in some variations, Ry, is

selected from the group consisting of
’N/ . U N/ &N |\t/ N/ N/ O/
OO T
NN # 7 N NF & o~
LON A O N A 0 * SO Nyt SO N SO N
OGO CERRGIGOERe]
F 0 N HoN N
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X
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- X
=y Ko g

5 * 5 * [ * S * S *
AT AT AT AT AT A

[0241] In some other variations, Ry, is selected from the group consisting of
group
* * (I) N * O N * (0] N *
OO XY Y
e o
NT F Z HNT HaNT N
O Y O O
o - P
N = N

*

N‘\
[02421 In still other variations, Ry, is of the formula U .
[0243] Anocther aspect of the invention relates to compounds that are useful for the preparation of
the compounds of the invention.

[0244] In one embodiment, intermediate compounds of the invention consisting of the formula:

Ri
N"O
N~ ™% NH
P
HoN N
X F

wherein
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R is selected from the group consisting of hydrogen, carbonyl, (Cy.j0)alkyl,
hetero(C.ia)alkyl, halo(Cy.joyalkyl, hydroxy(Ci.ro)alkyl, carbonyl(Ci.ip)alkyl,
thiocarbonyl(Ci.0)alkyl, sulfonyl(Ci.e)alkyl, sulfinyl(Ch.ipyalkyl, imino{Ci.ip)alkyl,
(Caaz)eycloalkyl(Cy.s)alkyl, hetero(Cs.1z)eycloalkyl(Cy.ie)alkyl, aryl(Cy.eyalkyl,
hetero(Ci.10)aryi{Cys)alkyl, (Ca.pp)eycloalkyl, hetero(Cs.jz)eycloalkyl, (Co ga)bicycloalkyl,
hetero(Cs.12)bicycloalkyl, (Caiz)aryl, and hetero(Cjo)aryl, each unsubstituted or substituted with
1-3 substituents each of which is independently selected from the group consisting of hydroxyl,
{Ciao)alkyl, hydroxy(Ciig)alkyl, amino, amino(Ci.g)alkyl, aminocarbonyl, (Cs.zp)eycloalkyl,
hetero(Cs.iz)eycloalkyl, (Cya2)aryl, and hetero(Cy 0)aryl, each is unsubstituted ot further
substituted; and

X is a leaving group.

{0245] In yet another variation of the above embodiment of intermediate compound, wherein the

intermediate compound consisting of the formula:

Ri
N,O
N ™% NH
AL 2
H.N N
X F

wherein
R, is selected from the group consisting of hydrogen, carbonyl, (Cy.jo)alkyl,

hetero(Cy_jp)alkyl, halo(Cy.1p)alkyl, hydroxy(Ci.0)alkyl, carbonyl(Cy.1g)alkyl,
thiocarbonyl(C.zp)alkyl, sulfony{(Cy.q0)alkyl, sulfinyl{Cy.1p)alkyl, imino(Cy.ip)alkyl,
(Csaz)eycloalkyl(Cy.s)alkyl, hetero(Cs.p)eycloalkyl(Crio)alkyl, aryKCy.i0)alkyl,
hetero(Ci.o}aryl(Cy s)alkyl, (Cs.p)cycloalkyl, hetero(Ca.iz)eyeloalkyl, (Co.pp)bicycloalkyl,
hetero(Cs i) bicycloalkyl, (Cy.aaaryl, and hetero(Ci.ip)aryl, each unsubstituted or substituted with
1-3 substituents each of which is independently selected from the group consisting of hydroxyl,
(Crao)alkyl, hydroxy(Cy.1p)alkyl, amino, amino{Cy.jo)alkyl, aminocarbonyl, (Cs.1z2)cycloalkyl,
hetero{Ca_j2)cycloalkyl, (Cyq2)aryl, and hetero(Cy.jo)aryl, each is unsubstituted or further
substituted; and

X is a leaving group.
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j0246] In some variations of the above embodiment and variations of the intermediate

compounds of the invention, R is selected from the group consisting of hydrogen,

OH oH )
SHI ‘/L NHz N OHH/ f D/ O
YA e 7S
* * % \( * * L] * "
OH OH
OH OH NH; NH, NH; NHz
IJ: NH, (ENHZ Nt N2 Hj’OH (KOH OH OH
k ES # # * * * £
OH OH OH
OH OH HO HO,, HO OH OH
OH OH H OH )
H'/'.«OH KEOH N ‘/'\) (\/EOH ‘/\/EOH
pe * * ® * * * * ®
L. ft; w@ P B
O \\”
OH / NH2 O:\é,NHQ )1\
0'1 (‘J)D.T ((J)M ra)
¥

0
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[0247] In some other variations, R is selected from the group consisting of hydrogen,

Mﬁ*fééﬁ&faj

H
Hsz/\N/ N N/ HO\/\ - HO\/\ /~\/OH HO\@/\rOH O\/\N

LY R ~

TATAR AT L9 LU 6
N e

Mo o HkNa\ H\; Ao AL AS
for tomtomite fom fox

o]

safacalacaiaoaiacfigey
HO*Q A0y - #ﬁ? Ao P

~.
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[0248] In still other variations, R is selected from the group consisting of hydrogen,

OH
\ J< OH OH
NH, N7 o7 © OH
CH H %/ |/L l) H (i o 7 “oH OH
i * * * * * * * *
OH OH OH OH OH o) OH HQNYNH
{s) (R HO . HO,,
OH ‘o O HO Ao 0 o 0
o
* * * * M * * *

S DO
RYE KGO0

OO 3,00 O KL D

0
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[0249] In still other variations, Ry is selected from the group consisting of hydrogen,

OH oH NH; NH; oH OH
HO HO:,, OH CH
“ NH “1OH OH .,
J)/ NH, J/E ) fr /r[ g) KH K('NHZ K[NHQ
* * * w * * * *
NH, / HN/\ ~n /\ E (\N/
(f (E (& A (g (& A
HO(,
FePelt
OH

e

[0250] In yet other variations, Ry is selected from the group consisting of
OH
H H Y R wo SR S HO, o o
N N y y
PP e V% o S

. (o} O o QO w o} AN fo] W o W N

‘0 ° | | | I [ H
* * * *
* * ¥ It

[0251] In yet still other variations, R1 is selected from the group consisting of hydrogen,

OH HO HO:, HNT SN TN I/\N/
o on H* ot LTRSK
* * £

Q

* OH
[0252] In yet still other variations, R; is selected from the group consisting of OH and
" on
OH
OH
AN

{0253] In yet still other variations, R; is selected from the group consisting of *
OH

PPN .

and *
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NH,

{0254] In vet still other variations, R, is O
H
* N
[0255] In yet still other variations, R, is o
|
® N'\
[0256] In yet stifl other variations, Ry is 0
\O/\
*/ﬁr N,
[6G257] In yet still other variations, Ry is o

[0258] In some variations of the above embodiments and variations of the compounds of the
invention, R;; is a leaving group selected from a group consisting of halo, and substituted and
unsubstituted alkylsulfonate. In some variations, Ry, is bromo. In other variations, Ry; is chloro.
{0259] In still other variations, Ry; is iodo. In still other variations, Ry, is
trifluoromethanesulfonate.

[0260] In another embodiment, the intermediate compound of the invention consisting of the

formula;
Ra
o
Ry Nl’
N7 ™= NH
PP
HaN N
Rz F
wherein

R. is selected from the group consisting of hydrogen, (Ci.s)alkyl, and a protecting group;
and

Ry, is selected from a group consisting of (C4.12)aryl and hetero(Cy_jp)aryl, each
unsubstituted or substituted, with 1-3 substituents independently selected from the group
consisting of halo, nitro, cyano, thio, alkylthio, (C.ip)alkoxy, (Cijp)haloalkoxy, hydroxy,
aryloxy, heteroaryloxy, carbonyloxy, carbonyl, alkylaminocarbonyl, amino, (Cy.ip)alkylamino,
sulfonylamino, sulfonyl, aminosulfonyl, sulfinyl, (Cy.10)alkyl, halo(Cy.q0)alkyl,
hydroxy{Ci.10)alkyl, carbonyl(Cy.je)alkyl, thiocarbonyl(Cy9)alkyl, sulfonyl(Cia0)alkyl,
sulfinyl{Ci.j0)alkyl, hetero(Cj.o)alkyl, alkoxyalkyl, alkoxycarbonylalkyl, aryloxyalkyl,
heteroaryloxyalkyl, (Ciiz)eycloalkyl(Cqs)alkyl, hetero(Cs.12)eyeloalkyl{Cy jo)alkyl,
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aryHC;.0)alkyl, hetero{Cy.10)aryl(Cr.s)alkyl, (Coqz)bicycloaryl(Cys)atkyl,
hetero(Cs.12)bicycloaryl(C).s)alkyl, (Csq2)cycloalkyl, hetero(Cs.jp)eycloalkyl, (Co.z)bicycloalkyl,
hetero(Cs.jz)bicycloalkyl, (Caaz)aryl, hetero(Crig)aryl, (Cy.z)bicycloaryl and
hetero(Cy.12}bicycloaryl.

[6261] In another variation of the immediate above embodiment, the intermediate compounds of

the invention are of the formula:

Ry
i
's)
Re N]’
N NH
A
HoN™ N
R12 F

[0262] In some variations of the above embodiment and variations of the compounds of the
invention, R, is hydrogen. In other variations, R, is methyl, In other variations, R is a
protecting group selected from the group consisting of ((Cy.¢)salkyl)silyl,
((Cr.eyalkyl)s.n)phenyl,)silyl where n is 0-3, benzyl, and tetrahydropyranyl. In still other
variations, R, is selected from the group consisting trimethylsilyl, triethylsilyl, triisopropylsilyl,
tert-butyldimethylsilyl, and tert-butyldiphenylsilyl. In still other variations, R, is ferr-
butyldimethylisilyl. In still other variations, R, is trimethylsilyl. In still other variation, R, is
benzyl. In yet still other variations, R, is tetrahydropyranyl.

[0263] In some variations of the above embodiment and variations of the compounds of the
invention, Ry, is phenyl or hetero(C1.5)aryl, each unsubstituted or substituted with said 1-3

substituents. In yet still other variations, Ry, is selected from the group consisting of halo,
O CLY U O
N E = N #N N N N o
/OINj/* HO\Cj/* \voﬁj/* /Ojl/\Nj/* /\Cj/* Hojl/\Nj/*
N N/ o o ‘\0 P = cl P
LY \©/ \V/O\[ ]/ /O]j/\Nj/* /O\[N\j/*
N~ N N
S s._" Se_" S " S~ O._-~
O 0 O O j/ O Q
/ﬁ __/g /h<\j§q/ /\<\N’ /h<\NI /\<}r\f(
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[0264] In still other variations, R, is selected from the group consisting of bromo,
group g
* * (t) N * O N * O N *
O OO 1y ay
o -
N & HoNT HoNT N
U YT O
- p -
N Z N
|

=

[0265] In still other variations, Ry, is #

[0266] Particular examples of intermediate compounds according to the present invention

include, but are not limited to:

(R.Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-
5(6H)-one oxime;

(R, Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-dihydropyride[4,3-d pyrimidin-
5(6H)-one O-tert-butyldimethylsilyl oxime;

(R, Z)-2-amino-7-(4-flucro-2-(6-methox ypyridin-2-yphenyl)-4-methyl-7,8-
dihydropyride[4,3-d]pyrimidin-5(6 H)-one oxime;

(R,Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-dihydropyrido[4,3-dlpyrimidin-
5(6H)-one O-2-((5)-2,2-dimethyl-1,3-dioxolan-4-yl)ethyl oxime;
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(R, Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-
5(6H)-one 0-(5)-3,4-dihydroxybutyl oxime;

(R,Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7.8-dihydropyrido[4,3-d]pyrimidin-
5(6H)-one O-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)methyl oxime;

(R, Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8 -dihydropyrido[4,3-d]pyrimidin-
5(6H)-one O-(R)-2,3-dihydroxypropyl oxime;

(R, 2)-2-(2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-dihydropyrido[4,3-
d]pyrimidin-5(6H)-ylideneaminooxylacetamide;

(R, Z)-2-(2-amino-7-(2-bromo-4-fluorophenyl}-4-methyl-7,8-dihydropyrido[4,3-
d]pyrimidin-5(6H)-ylideneaminooxy)-N-methylacetzmide; and

(R, Z)-2-(2-amino-7-(2-bromo-4-fluorophenyl}-4-methyl-7,8-dihydropyrido{4,3-
d]pyrimidin-5(6H)-ylideneaminooxy)-N, N-dimethylacetamide.
[0267] Itis noted that the compounds of the present invention may be in the form of a
pharmaceutically acceptable salt, biohydrolyzable ester, biohydrolyzable amide, bichydrolyzable
carbamate, solvate, hydrate or prodrug thereof. For example, the compound optionally comprises
a substituent that is convertible in vivo to a different substituent such as hydrogen.
[0268] It is further noted that the compound may be present as a mixture of sterecisomers, or
the compound may present as a single stereoisomer.
[0269] In another of its aspects, there is provided a pharmaceutical composition comprising as
an active ingredient a compound according to any one of the above embodiments and variations.
In one particular variation, the composition is a solid formulation adapted for oral administration,
In another particular variation, the composition is a liquid formulation adapted for oral
administration. In yet another particular variation, the composition is a tablet. In still another
particular variation, the composition is a liquid formulation adapted for parenteral administration.
[0270]  The present invention also provides a pharmaceutical composition comprising a
compound according to any one of the above embodiments and variations, wherein the
composition is adapted for administration by a route selected from the group consisting of orally,
parenterally, intraperitoneally, intravenously, intraarterially, transdermally, sublingually,
intramuscularly, rectally, transbuccally, intranasally, liposomally, via inhalation, vaginally,
intracccularly, via local delivery (for example by catheter or stent), subcutaneously,
intraadiposally, intraarticularly, and intrathecally.
[0271]  In yet another of its aspects, there is provided a kit comprising a compound of any one

of the above embodiments and variations; and instructions which comprise one or more forms of
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information selected from the group consisting of indicating a disease state for which the
composition is {o be administered, storage information for the compesition, dosing information
and instructions regarding how to administer the composition. In one particular variation, the kit
comprises the compound in a muitiple dose form.

[0272]  In still another of its aspects, there is provided an article of manufacture comprising a
compound of any one of the above embodiments and variations; and packaging materials. In one
variation, the packaging material comprises a container for housing the compound. In one
particular variation, the container comprises a label indicating one or more members of the group
consisting of a disease state for which the compound is to be administered, storage information,
dosing information and/or instructions regarding how to administer the compound. In another
variation, the article of manufacture comprises the compound in a multiple dose form.

[0273]  In afurther of its aspects, there is provided a therapeutic method comprising
administering a compound of any one of the above embodiments and variations to a subject.
[0274]  In another of its aspects, there is provided a method of inhibiting HSP90 comprising
contacting HSP90 with a compound of any one of the above embodiments and variations,

[0275] In yet another of its aspects, there is provided a method of inhibiting HSP90
comprising causing a compound of any one of the above embodiments and variations to be
present in a subject in order to inhibit HSPOO0 in vivo.

[0276] In a further of its aspects, there is provided a method of inhibiting HSP9(Q comprising
administering a first compound to a subject that is converted in vivo to a second compound
wherein the second compound inhibits HSPO(Q in vive, the second compound being a compound
according to any one of the above embodiments and variations.

[0277]  In another of its aspects, there is provided a method of treating a disease state for
which HSP90 possesses activity that contributes to the pathology and/or symptomology of the
disease state, the method comprising causing a compound of any one of the above embodiments
and variations to be present in a subject in a therapeutically effective amount for the disease state.
{0278] In yet another of its aspects, there is provided a method of treating a disease state for
which HSP90 possesses activity that contributes to the pathology and/or symptomology of the
disease state, the method comprising administering a compound of any one of the above
embodiments and variations to a subject, wherein the compound is present in the subject in a
therapeutically effective amount for the disease state.

[02791  In a further of its aspects, there is provided a method of treating a disease state for

which HSP90 possesses activity that contributes to the pathology and/or symptomology of the
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disease state, the method comprising administering a first compound to a subject that is
converted in vive to a second compound wherein the second compound inhibits HSPSO in vivo,
the second compound being a compound according to any one of the above embodiments and
vatiations.

f0280}  In one variation of each of the above methods, the disease state is selected from the
group consisting of cancer, inflammation, inflammatory bowel disease, psoriasis, arthritis, and
transplant rejection.

[0281] In one variation of each of the above methods, the disease state is cancer. The cancer
is selected from the group consisting of squamous cell carcinoma, astrocytoma, Kaposi's
sarcoma, glioblastoma, non small-cell lung cancer, bladder cancer, head and neck cancer,
melanoma, ovarian cancer, prostate cancer, breast cancer, small-cell lung cancer, glioma,
colorectal cancer, genitourinary cancer, gastrointestinal cancer, renal cancer, hematological
cancers, non-Hodgkin’s lymphoma, lymphoma, multiple myeloma, leukemia (including acute
myelogenous leukemia, chronic myelogenous leukemia, chronic lymphocytic leukemia),
myelodysplastic syndrome, and mesothelioma.

[0282]  In one variation of each of the above methods, the HSP90 is an HSP90a. In another
variation, the HSP90 is an HSP90J.

Salts, Hydrates, and Prodrugs of HSP90 Inhibitors

[0283] It should be recognized that the compounds of the present invention may be present
and optionally administered in the form of salts, hydrates and prodrugs that are converted in vivo
into the compounds of the present invention. For example, it is within the scope of the present
invention to convert the compounds of the present invention into and use them in the form of
their pharmaceutically acceptable salts derived from various organic and inorganic acids and
bases in accordance with procedures well known in the art.

[0284] When the compounds of the present invention possess a free base form, the
compounds can be prepared as a pharmaceutically acceptable acid addition salt by reacting the
free base form of the compound with a pharmaceuntically acceptable inorganic or organic acid,
e.g., hydrohalides such as hydrochloride, hydrobromide, hydroiodide; other mineral acids and
their corresponding salts such as sulfate, nitrate, phosphate, efc.; and alkyl and
monoarylsulfonates such as ethanesulfonate, toluenesulfonate and benzenesulfonate; and other
organic acids and their corresponding salts such as acetate, tartrate, maleate, succinate, citrate,

benzoate, salicylate and ascorbate. Further acid addition salts of the present invention include,
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but are not limited to; adipate, alginate, arginate, aspartate, bisulfate, bisulfite, bromide, butyrate,
camphorate, camphorsulfonate, caprylate, chloride, chlorobenzoate, cyclopentanepropionate,
digluconate, dihydrogenphosphate, dinitrobenzoate, dodecylsulfate, fumarate, galacterate (from
mucic acid), galacturonate, glucoheptonate, gluconate, glutamate, glycerophosphate,
hemisuccinate, hemisulfate, heptanoate, hexanoate, hippurate, hydrochloride, hydrobromide,
hydroiodide, 2-hydroxyethanesulfonate, iodide, isethionafe, iso-butyrate, lactate, lactobionate,
malate, malonate, mandelate, metaphosphate, methanesolfonate, methylbenzoate,
menohydrogenphosphate, 2-naphthalenesulfonate, nicotinate, nitrate, oxalate, oleate, pamoate,
pectinate, persulfate, phenylacetate, 3-phenylpropionate, phosphate, phosphonate and phthalate.
1t should be recognized that the free base forms will typically differ from their respective salt
forms somewhat in physical properties such as solubility in polar solvents, but otherwise the salts
are equivalent to their respective free base forms for the purposes of the present invention.
[0285]  When the compounds of the present invention possess a free acid form, a
pharmaceutically acceptable base addition salt can be prepared by reacting the free acid form of
the compound with a pharmaceutically acceptable inorganic or organic base. Examples of such
bases are alkali metal hydroxides including potassium, sodium and lithium hydroxides; alkaline
earth mefal hydroxides such as bartum and calcium hydroxides; alkali metal alkoxides, e.g.,
potassium ethanolate and sodivm propanolate; and various organic bases such as ammonium
hydroxide, piperidine, diethanolamine and N-methylglutamine. Also included are the aluminum
salts of the compounds of the present invention. Further base salts of the present invention
include, but are not limited to: copper, ferric, ferrous, lithium, magnesium, manganic,
manganous, potassium, sodinm and zinc salts. Organic base salts include, but are not limited to,
salts of primary, secondary and tertiary amines, substituted amines including naturally occurring
substituted amines, cyclic amines and basic ion exchange resins, e.g., arginine, betaine, caffeine,
chloroprocaine, choline, N,N'-dibenzylethylenediamine (benzathine), dicyclohexylamine,
diethanclamine, 2-diethylaminoethanol, 2-dimethylaminoethanol, ethanolamine,
ethylenediamine, N-ethylmorpholine, N-ethylpiperidine, glucamine, glucosamine, histidine,
hydrabamine, iso-propylamine, lidocaine, lysine, meglumine, N-methyl-D-glucamine,
morpholine, piperazine, piperidine, polyamine resins, procaine, purines, theobromine,
triethanolamine, triethyiamine, trimethylamine, tripropylamine and tris-Cthydroxymethyl)-
methylamine (tromethamine). It should be recognized that the free acid forms will typically

differ from their respective salt forms somewhat in physical properties such as solubility in polar
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solvents, but otherwise the salts are equivalent to their respective free acid forms for the purposes
of the present invention.

[0286] Compounds of the present invention that comprise basic nitrogen containing groups
may be quaternized with such agents as (C;.4) alkyl halides, e.g., methyl, ethyl, iso-propyl and
tert-butyl chlorides, bromides and iodides; di (C1.q) alkyl sulfates, e.g., dimethyl, diethyl and
diamyl sulfates; (Cio.15) alkyl halides, ¢.g., decyl, dodecyl, lauryl, myristyl and stearyl chlorides,
bromides and iodides; and ary} (C1.) alkyl halides, e.g., benzyl chloride and phenethyl bromide.
Such salts permit the preparation of both water-soluble and oil-soluble compounds of the present
invention.

[0287]  N-oxides of compounds according to the present invention can be prepared by methods
known to those of ordinary skill in the art. For example, N-oxides can be prepared by treating an
unoxidized form of the compound with an oxidizing agent (e.g., trifluoroperacetic acid,
permaleic acid, perbenzoic acid, peracetic acid, meta-chloroperoxybenzoic acid, or the like) in a
suitable inert organic solvent (e.g., a halogenated hydrocarbon such as dichloromethane) at
approximately O °C. Alternatively, the N-oxides of the compounds can be prepared from the N-
oxide of an appropriate starting material.

[0288]  Prodrug derivatives of compounds according to the present invention can be prepared
by modifying substituents of compounds of the present invention that are then converted in vivo
to a different substituent. It is noted that in many instances, the prodrugs themselves also fall
within the scope of the range of compounds according to the present invention. For example,
prodrugs can be prepared by reacting a compound with a carbamylating agent (e.g.,
1,1-acyloxyalkylcarbonochloridate, para-nitropheny! carbonate, or the like) or an acylating agent.
Further examples of methods of making prodrugs are described in Saulnier et al.(1994),
Bioorganic and Medicinal Chemistry Letters, Vol. 4, p. 1985.

[0289]  Protected derivatives of compounds of the present invention can also be made.
Examples of techniques applicable to the creation of protecting groups and their removal can be
found in P.G.M. Wuts and T.W. Greene in “Greene’s Protective Groups in Organic Synthesis”
4th edition, John Wiley and Sons, 2007.

[0290]  Compounds of the present invention may also be conveniently prepared, or formed
during the process of the invention, as solvates (e.g., hydrates). Hydrates of compounds of the
present invention may be conveniently prepared by recrystallization from an aqueous/organic

solvent mixture, using organic solvents such as dioxin, tetrahydrofuran or methanol.
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[0291] A “pharmaceutically acceptable salt”, as used herein, is intended to encompass any
compound according to the present invention that is utilized in the form of a salt thereof,
especially where the salt confers on the compound improved pharmacokinetic properties as
compared to the free form of compound or a different salt form of the compound. The
pharmaceutically acceptable salt form may also initially confer desirable pharmacokinetic
properties on the compound that it did not previously possess, and may even positively affect the
pharmacodynamics of the compound with respect to its therapeutic activity in the body. An
example of a pharmacokinetic property that may be favorably affected is the manner in which the
compound is transported across cell membranes, which in turn may directly and positively affect
the absorption, distribution, biotransformation and excretion of the compound. While the route
of administration of the pharmaceutical composition is important, and various anatomical,
physiological and pathological factors can critically affect bioavailability, the solubility of the
compound is usually dependent upon the character of the particular salt form thereof, which it
utilized. One of skill in the art will appreciate that an agueous solution of the compound will
provide the most rapid absorption of the compound into the body of a subject being treated, while
lipid solutions and suspensions, as well as solid dosage forms, wilt result in less rapid absorption

of the compound.

Uses of the Compounds of the Invention

{0292]  One set of indications that HSP90 inhibitors of the present invention may be used to
treat are those involving undesirable or uncontrolled cell proliferation. Such indications include
benign tumors, various types of cancers such as primary tumors and tumor metastasis, restenosis
(e.g. coronary, carotid, and cerebral lesions), abnormal stimnulation of endothelial cells
(atherosclerosis), insults to body tissue due to surgery, abnormal wound healing, diseases that
produce fibrosis of tissue, repetitive motion disorders, disorders of tissues that are not highly
vascularized, proliferative responses associated with organ transplants, neurodegenerative
disorders including Parkinson’s, Alzheimer’s, Huntington’s and prion-related disease,
inflammation and inflammation related disorders such as pain, headaches, fever, arthritis, asthima,
bronchitis, tendonitis, eczema, inflammatory bowel disease, and the like, and diseases dependent
on angiogenesis such as, cancer, arthritis, diabetic retinopathy, age associated macular
degeneration (AMD) and infectious diseases in particular fungal infections, viral diseases

including but not limited to diseases caused by hepatitis B virus (HB V), hepatitis C virus (HCV)
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and herpes simplex virus type-1 {(HSV-1), cardiovascular and central nervous system
diseases™** &7,

[0293]  Generally, cells in benign tumors retain their differentiated features and do not divide
in a completely uncontrolled manner. A benign tumor is usually localized and non-metastatic.
Specific types of benign tumors that can be treated using HSP90 inhibitors of the present
invention include hemangiomas, hepatocellular adenoma, cavernous haemangioma, focal nodular
hyperplasia, acoustic neuromas, neurcfibroma, bile duct adenoma, bile duct cystanoma, fibroma,
lipomas, leiomyomas, mesotheltiomas, teratomas, myxomas, nodular regenerative hyperplasia,
trachomas and pyogenic granulomas.

[0294]  Inthe case of malignant tumors, cells become undifferentiated, do not respond to the
body’s growth control signals, and multiply in an uncontrolled manner. Malignant tumors are
invasive and capable of spreading to distant sites (metastasizing). Malignant tumors are
generally divided into two categories: primary and secondary. Primary tumors arise directly
from the tissue in which they are found. Secondary tumors, or metastases, are tumors that
originated elsewhere in the body but have now spread to distant organs. Common routes for
metastasis are direct growth into adjacent structures, spread through the vascular or lymphatic
systems, and tracking along tissue planes and body spaces (peritoneal fluid, cerebrospinal fluid,
ete.).

[0295]  Specific types of cancers or malignant tumors, either primary or secondary, that can
be treated using the HSPS0 inhibitors of the present invention include, but are not limited to,
leukemia, breast cancer, genitourinary cancer, skin cancer, bone cancer, prostate cancer, liver
cancer, lung cancer, brain cancer, cancer of the larynx, gall bladder, pancreas, rectum,
parathyroid, thyroid, adrenal, neural tissue, bladder, head and neck, colon, stomach, colorectal,
bronchi, kidneys, basal cell carcinoma, squamous cell carcinoma of both ulcerating and papiliary
type, metastatic skin carcinoma, osteo sarcoma, Ewing's sarcoma, veticalum cell sarcoma,
myeloma, giant cell tumor, smali-ceil lung tumor, non small-cell lung cancer, gallstones, islet cell
tumor, primary brain tumeor, acute and chronic lymphocytic and granulocytic tumors, hairy-cell
tumor, adenoma, hyperplasia, medullary carcinoma, pheochromocytoma, mucosal neuronms,
intestinal ganglioneuromas, hyperplastic corneal nerve tumor, marfanoid habitus tumor, Wilm's
tumor, seminoma, ovarian tumor, leiomyomater tumor, cervical dysplasia and in situ carcinoma,
neuroblastoma, retinoblastoma, soft tissue sarcoma, malignant carcinoid, topical skin {esion,
gastrointestinal cancer, hematological cancers, myelodysplastic syndrome, mycosis fungoide,

rhabdomyosarcoma, astrocytoma, non-Hodgkin’s lymphoma, Kaposi's sarcoma, osteogenic and
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other sarcoma, malignant hypercalcemia, renal cell tumor, polycythermia vera, adenocarcinoma,
glioblastoma multiforma, glioma, leukemia (including acute myelogenous leukemia, chronic
myelogenous leukemia, chronic lymphocytic leukemia), lymphomas, malignant melanomas,
epidermoid carcinomas, and other carcinomas and sarcomas.

[0296] The HSP90 inhibitors of the present invention may also be used to treat abnormal cell
proliferation due to insults to body tissue during surgery. These insults may arise as a resuilt of a
variety of surgical procedures such as joint surgery, bowel surgery, and cheloid scarring.
Diseases that produce fibrotic tissue inclode emphysema. Repetitive motion disorders that may
be treated vsing the present invention include carpal tunnel syndrome. An example of a cell
proliferative disorder that may be treated using the invention is a bone tumor.

[0297]  Proliferative responses associated with organ transplantation that may be treated using
HSPO0 inhibitors of the invention include proliferative responses contributing to potential organ
rejections or associated complications. Specifically, these proliferative responses may oceur
during transplantation of the heart, lung, liver, kidney, and other body organs or organ systems.
[0298]  Abnormal angiogenesis that may be may be treated using this invention include those
abnormal angiogenesis accompanying rtheumatoid arthritis, ischemic-reperfusion related brain
edema and injury, cortical ischemia, ovarian hyperplasia and hypervascularity, (polycystic ovary
syndrom}, endometriosis, psoriasis, diabetic retinopaphy, and other ocular angiogenic diseases
such as retinopathy of prematurity (retrolental fibroplastic), macular degeneration, corneal graft
rejection, neuroscular glaucoma and Oster Webber syndrome.

[0299] Examples of diseases associated with uncontrolled angiogenesis that may be treated
according to the present invention include, but are not limited to retinal/choroidal
neuvascularization and corneal neovascularization, Examples of retinal/choroidal
neuvascularization include, but are not limited to, Bests diseases, myopia, optic pits, Stargarts
diseases, Pagets disease, vein occlusion, artery occlusion, sickle cell anemia, sarcoid, syphilis,
pseudoxanthoma elasticum carotid abostructive diseases, chronic uveitis/vitritis, mycobacterial
infections, Lyme’s disease, systemic lupus erythematosis, retinopathy of prematuzity, Eales
disease, diabetic retinopathy, macular degeneration, Bechets diseases, infections causing a
refinitis or chroiditis, presumed ocular histoplasmosis, pars planitis, chronic retinal detachment,
hyperviscosity syndromes, toxoplasmosis, trauma and post-laser complications, diseases
associated with rubesis (neovascularization of the angle) and diseases caused by the abnormal
proliferation of fibrovascular or fibrous tissue including all forms of proliferative

vitreoretinopathy. Examples of corneal neuvascularization inciude, but are not limited to,
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epidemic keratoconjunctivitis, vitamin A deficiency, contact lens overwear, atopic keratitis,
superior limbic keratitis, pterygium keratitis sicca, sjogrens, acne rosacea, phylectenulosis,
diabetic retinopathy, retinopathy of prematurity, corneal graft rejection, Mooren ulcer, Terrien’s
marginal degeneration, marginal keratolysis, polyarteritis, Wegener sarcoidosis, scleritis,
periphigoid radial keratotomy, neovascular glaucoma and retrolental fibroplasia, syphilis,
Mycobacteria infections, lipid degeneration, chemical burns, bacterial ulcers, fungal ulcers,
Herpes simplex infections, Herpes zoster infections, protozoan infections and Kaposi sarcoma.
[0300]  Chronic inflammatory diseases associated with uncontrolled angiogenesis may also be
treated using HSP90 inhibitors of the present invention. Chronic inflammation depends on
continuous formation of capillary sprouts to maintain an influx of inflammatory cells. The influx
and presence of the inflimmatory cells produce granulomas and thus maintains the chronic
inflammatory state. Inhibition of angiogenesis using an HSP90 inhibitor alone or in conjunction
with other anti-inflammatory agents may prevent the formation of the granulosmas and thus
alleviate the disease. Examples of chronic inflammatory diseases inclnde, but are not limited to,
inflammatory bowel diseases such as Crohn’s disease and ulcerative colitis, psoriasis, sarcoidois,
and rheumatoid arthritis.

[0301] Inflammatory bowel diseases such as Crohn’s disease and ulcerative colitis are
characterized by chronic inflammation and angiogenesis at various sites in the gastrointestinal
tract. For example, Crohn’s disease occurs as a chronic transmural inflammatory disease that
most commonly affects the distal ileumn and colon but may also occur in any part of the
gastrointestinal tract from the mouth to the anus and perianal area. Patients with Crohn'’s disease
generally have chronic diarrhea associated with abdominal pain, fever, anorexia, weight loss and
abdominal swelling. Ulcerative colitis is also a chronic, nonspecific, inflammatory and
ulcerative disease arising in the colonic mucosa and is characterized by the presence of bloody
diarthea. These inflammatory bowel diseases are generally caused by chronic granulomatous
inflammation throughout the gastrointestinal tract, involving new capillary sprouts surrounded by
a cylinder of inflammatory cells. Inhibition of angiogenesis by these inhibitors should inhibit the
formation of the sprouts and prevent the formation of granulomas. Inflammatory bowel diseases
also exhibit extra intestinal manifestations, such as skin lesions, Such lesions are characterized
by inflammation and angiogenesis and can occur at many sites other the gastrointestinal tract.
Inhibition of angiogenesis by HSP90 inhibitors according to the present invention can reduce the

influx of inflammatory cells and prevent lesion formation.
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f0302]  Sarcoidosis, another chronic inflarnmatory disease, is characterized as a multisystem
granulomatous disorder. The granulomas of this disease can form anywhere in the body. Thus,
the symptoms depend on the site of the granulomas and whether the disease is active. The
granulomas are created by the angiogenic capillary sprouts providing a constant supply of
inflammatory cells. By using HSP90 inhibitors according to the present invention to inhibit
angiogenesis, such granulomas formation can be inhibited. Psoriasis, also a chronic and
recurrent inflammatory disease, is characterized by papules and plaques of vatious sizes.
Treatment using these inhibitors alone or in conjunction with other anti-inflanmmatory agents
should prevent the formation of new blood vessels necessary to maintain the characteristic
lesions and provide the patient relief from the symptoms.

[0303] Rheumatoid arthritis {(RA) is also a chronic inflammatory disease characterized by
non-specific inflammation of the peripheral joints. It is believed that the blood vessels in the
synovial lining of the joints undergo angiogenesis. In addition to forming new vascular
networks, the endothelial cells release factors and reactive oxygen species that lead to pannus
growth and cartilage destruction. The factors involved in angiogenesis may actively contribute
to, and help maintain, the chronically inflamed state of rheumatoid arthritis. Treatment using
HSP90 inhibitors according to the present invention alone or in conjunction with other anfi-RA
agents may prevent the formation of new blood vessels necessary to maintain the chronic

inflamnmation and provide the RA patient relief from the symptoms.

Combination Therapy

[6304] A wide variety of therapeutic agents may have a therapeutic additive or synergistic
effect with HSP9Q inhibitors according to the present invention. Combination therapies that
comprise one or more compounds of the present invention with one or more other therapeutic
agents can be used, for example, to: 1) enhance the therapeatic effect(s) of the one or more
compounds of the present invention and/or the one or more other therapeutic agents, 2) reduce
the side effects exhibited by the one or more compounds of the present invention and/or the one
or more other therapeutic agents; and/or 3) reduce the effective dose of the one or more
compounds of the present invention and/or the one or more other therapeutic agents. It is noted
that combination therapy is intended to cover when agents are administered before or after each
other (sequential therapy) as well as when the agents are administered at the same time.

[0305] Examples of such therapeutic agents that may be used in combination with HSP90

inhibitors include, but are not limited to, anti-cell proliferation agents, anticancer agents,
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alkylating agents, antibiotic agents, antimetabolic agents, hormonal agents, plant-derived agents,
and biologic agents.

[0306]  Anti-cell proliferation agents are those which inhibit undesirable and uncontrolled cell
proliferation. Examples of anti-cell proliferation agents that may be used in conjunction with the
HSPOQ inhibitors of the present invention include, but are not limited to, retinoid acid and
derivatives thereof, 2-methoxyestradiol, ANGIOSTATIN™ protein, ENDOSTATIN™ protein,
suramin, squalamine, tissue inhibitor of metalloproteinase-I, tissue inhibitor of metalloproteinase-
2, plasminogen activator inhibitor-1, plasminogen activator inhibitor-2, cartilage-derived
inhibitor, paclitaxel, platelet factor 4, protamine sulphate (clupeine), sulphated chitin derivatives
(prepared from queen crab shells), sulphated polysaccharide peptidoglycan complex (sp-pg),
staurosporine, modulators of matrix metabolism, including for example, proline analogs ((1-
azetidine-2-carboxylic acid (LACA), cishydroxyproline, d,1-3,4-dehydroproline, thiaproline,
beta-aminopropionitrile fumarate, 4-propyl-5-(4-pyridinyl)-2(3H)-oxazolone, methotrexate,
mitoxantrone, heparin, interferons, 2 macroglobulin-serum, chimp-3, chymostatin, beta.-
cyclodextrin tetradecasulfate, eponemycein; fumagillin, gold sedium thiomalate, d-penicillamine
(CDPT), beta-1-anticollagenase-serum, alpha-2-antiplasmin, bisantrene, lobenzarit disedium, n-
(2-carboxyphenyl-4-chloroanthronilic acid disodium or "CCA", thalidomide, angostatic steroid,
cargboxynaminolmidazole, metalloproteinase inhibitors such as BB94. Other anti-angiogenesis
agents that may be used include antibodies, preferably monoclonal antibodies against these
angiogenic growth factors: bFGFE, alFGF, FGF-5, VEGF isoforms, VEGF-C, HGF/SF and Ang-
l/Ang-2. Ferrara N. and Alitalo, K. “Clinical application of angiogenic growth factors and their
inhibitors” (1999) Nature Medicine 5:1359-1364.

[0307]  Alkylating agents are polyfunctional compounds that have the ability to substitute
alkyl groups for hydrogen ions. Examples of alkylating agents include, but are not limited to,
bischloroethylamines (nitrogen mustards, e.g. chlorambucil, cyclophosphamide, ifosfamide,
mechlorethamine, melphalan, uracil mustard), aziridines (e.g. thiotepa}, alkyl alkone sulfonates
(e.g. busulfan), nitrosoureas (e.g. carmustine, lomustine, streptozocin), nonclassic alkylating
agents (altretamine, dacarbazine, and procarbazine), platinum compounds {carboplastin and
cisplatin). These compounds react with phosphate, amino, hydroxyl, sulfihydryl, carboxyl, and
imidazole groups. Under physiological conditions, these drugs ionize and produce positively
charged ion that attach to susceptible nucleic acids and proteins, leading to cell cycle arrest

and/or cell death. Combination therapy including an HSP90 inhibitor and an alkylating agent
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may have therapeutic synergistic effects on cancer and reduce sides affects associated with these
chemotherapeutic agents.

[0308]  Antibiotic agents are a group of drugs that produced in a manner similar to antibiotics
as a modification of natural products. Examples of antibiotic agents include, but are not limited
to, anthracyclines (e.g. doxorabicin, daunorubicin, epirubicin, idarubicin and anthracenedione),
mitomyein C, bleomycin, dactinomycin, plicatomycin. These antibjotic agents interfere with cell
growth by targeting different cellular components. For example, anthracyclines are generally
believed to interfere with the action of DNA topoisomerase 11 in the regions of transcriptionally
active DNA, which leads to DNA strand scissions. Bleomycin is generally believed to chelate
iron and forins an activated complex, which then binds to bases of DNA, causing strand scissions
and cell death. Combination therapy including an HSP90 Inhibitor and an antibiotic agent may
have therapeutic synergistic effects on cancer and reduce sides affects associated with these
chemotherapeutic agents.

{0309] Antimetabolic agents are a group of drugs that interfere with metabolic processes vital
to the physiclogy and proliferation of cancer cells. Actively proliferating cancer cells require
continuous synthesis of large quantities of nucleic acids, proteins, lipids, and other vital cellular
constituents. Many of the antimetabolites inhibit the synthesis of purine or pyrimidine
nucleosides or inhibit the enzymes of DNA replication. Some antimetabolites also interfere with
the synthesis of ribonucleosides and RNA and/or amino acid metabolism and protein synthesis as
well. By interfering with the synthesis of vital cellular constituents, antimetabolites can delay or
arrest the growth of cancer cells. Examples of antimetabolic agents include, but are not limited
to, fluorouracil (5-FU), floxuridine (5-FUdR), methotrexate, leucovorin, hydroxyurea,
thioguanine (6-TG), mercaptopurine (6-MP), cytarabine, pentostatin, fludarabine phosphate,
cladribine (2-CDA), asparaginase, and gemcitabine. Combination therapy including an HSPS0
inhibitor and an antimetabolic agent may have therapeutic synergistic effects on cancer and
reduce sides affects associated with these chemotherapeutic agents.

[0310] Hormonal agents are a group of drag that regulate the growth and development of their
target organs. Most of the hormonal agents are sex steroids and their derivatives and analogs
thereof, such as estrogens, androgens, and progestins. These hormonal agents may serve as
antagonists of receptors for the sex steroids to down regulate receptor expression and
transcription of vital genes. Examples of such hormonal agents are synthetic estrogens (e.g.
diethylstibestrol), antiestrogens (e.g. tamoxifen, toremifene, fluoxymesterol and raloxifene),

antiandrogens (bicalutanmide, nilutamide, and flutamide), aromatase inhibitors (e.g.,
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aminoglutethimide, anastrozole and tetrazole), ketoconazole, goserelin acetate, leuprolide,
megestrol acetate and mifepristone. Combination therapy including an HSPS0 inhibitor and a
hormonal agent may have therapeutic synergistic eftects on cancer and reduce sides affects
associated with these chemotherapeutic agents.

[0311]  Plant-derived agents are a group of drugs that are derived from plants or modified
based on the molecular structure of the agents. Examples of plant-derived agents include, but are
not limited to, vinea alkaloids (e.g., vincristine, vinblastine, vindesine, vinzolidine and
vinorelbine), podophyllotoxins (¢.g., etoposide (VP-16) and teniposide (VM-26)), and taxanes
(e.g., paclitaxel and docetaxel). These plant-derived agents generally act as antimitofic agents
that bind to tubulin and inhibit mitosis. Podophyllotoxins such as etoposide are believed to
interfere with DNA synthesis by interacting with topoisomerase I, leading to DNA strand
scission. Combination therapy including an HSP90 inhibitor and a plant-derived agent may have
therapeutic synergistic effects on cancer and reduce sides affects associated with these
chemotherapeutic agents.

[0312] Biologic agents are a group of biomolecules that elicit cancer/tumor regression when
used alone or in combination with chemotherapy and/or radiotherapy. Examples of biologic
agents include, but are not limited to, immung-modualating proteins such as cytokines,
monoclonal antibodies against tumor antigens, tumor suppressor genes, and cancer vaccines.
Combination therapy including an HSP90 inhibitor and a biologic agent may have therapeutic
synergistic effects on cancer, enhance the patient’s immune responses to tumorigenic signals, and
reduce potential sides affects associated with this chemotherapeutic agent.

[0313] Cytokines possess profound immunomodulatory activity. Some cytokines such as
interleukin-2 ([1.-2, aldesleukin) and interferon have demonstrated antitumor activity and have
been approved for the treatment of patients with metastatic renal cell carcinoma and metastatic
malignant melanoma. IL.-2 is a T-cell growth factor that is central to T-cell-mediated immune
responses. The selective antitumor effects of 1L-2 on some patients are believed to be the result
of a cell-mediated immune response that discriminate between self and nonself. Examples of
interleukins that may be used in conjunction with HSP90 inhibitors include, but are not limited
1o, interleukin 2 (11.-2), and interleukin 4 (I1.-4), interleukin 12 (11.-12).

{0314] Interferon include more than 23 related subtypes with overlapping activities, all of the
IFN subtypes within the scope of the present invention. IFN has demonstrated activity against

many solid and hematologic malignancies, the later appearing to be particularly sensitive.
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[6315] Other cytokines that may be used in conjunction with an HSP90 inhibitor include
those cytokines that exert profound effects on hematopoiesis and immune functions. Examples
of such cytokines include, but are not limited to erythropoietin, granulocyte-CSF (filgrastin), and
granulocyte, macrophage-CSF (sargramostim). These cytokines may be used in conjunction with
an HSPOO inhibitor to reduce chemotherapy-induced myelopoietic toxicity.

{0316]  Other immuno-modulating agents other than cytokines may also be used in
conjunction with an HSP90 inhibitor to inhibit abnormal cell growth. Examples of such
immuno-modulating agents include, but are not limited to bacillus Calmette-Guerin, levamisole,
and ocireotide, a long-acting octapeptide that mimics the effects of the naturally occurring
hormone somatostatin.

[0317]  Monoclonal antibodies against tumor antigens are antibodies elicited against antigens
expressed by tumors, preferably tumor-specific antigens. For example, monoclonal antibody
HERCEPTIN® (Trastruzumab) s raised against human epidermal growth factor receptor2
(HER?2) that is overexpressed in some breast tumors including metastatic breast cancer.
Overexpression of HER?2 protein is associated with more aggressive disease and poorer prognosis
in the clinic. HERCEPTIN® is used as a single agent for the treatment of patients with metastatic
breast cancer whose tumors over express the HER?2 protein. Combination therapy including
HSP90 inhibitor and HERCEPTIN® may have therapeutic synergistic effects on tumors,
especially on metastatic cancers.

[0318]  Another example of monoclonal antibodies against tumor antigens is RITUXAN®
(Ritoximab) that is raised against CD20 on lymphoma cells and selectively deplete normal and
malignant CD20" pre-B and mature B cells. RITUXAN® is used as single agent for the
treatment of patients with relapsed or refractory low-grade or follicular, CD20", B cell non-
Hodgkin’s lymphoma. Combination therapy including an HSP90 inhibitor and RITUXAN® may
have therapeutic synergistic effects not only on lymphoma, but also on other forms or types of
malignant tumors.

{0319]  Tumor suppressor genes are genes that function to inhibit the cell growth and division
cycles, thus preventing the development of neoplasia. Mutations in tumor suppressor genes
cause the cell to ignore one or more of the components of the network of inhibitory signals,
overcoming the cell cycle check points and resulting in a higher rate of controlled cell growth—
cancer. Examples of the tamor suppressor genes include, but are not limited to, DPC-4, NF-1,
NF-2, RB, p53, WI'l, BRCAI and BRCA2. DPC-4 is involved in pancreatic cancer and

participates in a cytoplasmic pathway that inhibits cell division. NF-I codes for a protein that
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inhibits Ras, a cytoplasmic inhibitory protein. NF-7 is involved in neurofibroma and
pheochromocytomas of the nervous system and myeloid leukemia. NF-2 encodes a nuclear
protein that is involved in meningioma, schwanoma, and ependymoma of the nervous system.

RB codes for the pRB protein, a nuclear protein that is a major inhibitor of cell cycle. RB is
involved in retinoblastoma as well as bone, bladder, small cell lung and breast cancer, P53 codes
for p53 protein that regulates cell division and can induce apoptosis. Mutation and/or inaction of
p53 are found in wide ranges of cancers. WT17 is involved in Wilms tumor of the kidneys.

BRCAI is involved in breast and ovarian cancer, and BRCAZ is involved in breast cancer, The
tumor suppressor gene can be transferred into the tumor cells where it exerts its tumor
suppressing functions. Combination therapy including an HSP90 inhibitor and a tumor
suppressor may have therapeutic synergistic effects on patients suffering from various forms of
cancers.

[0320]  Cancer vaccines are a group of agents that induce the body’s specific immune response
to tumors. Most of cancer vaccines under research and development and clinical trials are tumor-
associated antigens (TAAs). TAA are structures (i.e. proteins, enzymes or carbohydrates) which
are present on tumor cells and relatively absent or diminished on normal cells, By virtue of being
fairly unique to the tumor cell, TAAs provide targets for the immune system to recognize and
cause their destruction. Example of TAAs include, but are not limited to gangliosides (GM2),
prostate specific antigen (PSA), o-fetoprotein (AFP), carcinoembryonic antigen (CEA) (produced
by colon cancers and other adenocarcinomas, e.g. breast, lung, gastric, and pancreas cancers),
melanoma associated antigens (MART-1, gp100, MAGE 1,3 tyrosinase), papillomavirus E6 and
E7 fragments, whole cells or portions/lysates of antologous tumor cells and allogeneic tumor
cells.

[0321]  An adjuvant may be used to augment the immune response (0 TAAs. Examples of
adjuvants include, but are not limited to, bacillus Calmette-Guerin {BCQG), endotoxin
lipopolysaccharides, keyhole limpet hemocyanin (GKLH), interleukin-2 (1L.-2), granulocyte-
mactrophage colony-stimulating factor (GM-CSF) and c¢ytoxan, a chemotherapeutic agent which

is believe to reduce tumor-induced suppression when given in low doses.

Compositions Comprising HSP20 Inhibitors

[0322] A wide variety of compositions and administration methods may be used in
conjunction with the compounds of the present invention. Such compositions may include, in

addition to the compounds of the present invention, conventional pharmaceutical excipients, and
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other conventional, pharmaceutically inactive agents. Additionally, the compositions may
include active agents in addition to the compounds of the present invention. These additional
active agents may include additional compounds according to the invention, and/or one or more
other pharmaceutically active agents.

[0323] The compositions may be in gaseous, liquid, semi-liquid or solid form, formulated in 2
manner suitable for the route of administration to be used. For oral administration, capsules and
tablets are typically used. For parenteral administration, reconstitution of a lyophilized powder,
prepared as described herein, is typically used.

[0324]  Compositions comprising compounds of the present invention may be administered or
coadministered orally, parenteraily, intraperitoneally, intravenously, intraarterially,
transdermally, sublingually, intramuscularly, rectally, transbuccally, intranasally, liposomally,
via inhalation, vaginally, intraoccularly, via local delivery (for example by catheter or stent),
subcutaneously, intraadiposally, intraarticularly, or intrathecally. The compounds and/or
compositions according to the invention may also be administered or coadministered in slow
release dosage forms.

[0325]  The HSP90 inhibitors and compositions comprising them may be administered or
coadministered in any conventional dosage form. Co-administration in the context of this
invention is intended to mean the administration of more than one therapeutic agent, one of
which inchudes a HSP90 inhibitor, in the course of a coordinated treatment to achieve an
improved clinical outcome. Such co-administration may also be coextensive, that is, occurring
during overlapping periods of time.

[0326]  Solutions or suspensions used for parenteral, intradermal, subcutaneous, or topical
application may optionally include one or more of the following components: a sterile diluent,
such as water for injection, saline solution, fixed oil, polyethylene glycol, glycerin, propylene
glycol or other synthetic solvent; antimicrobial agents, such as benzyl alcohol and methyl
parabens; antioxidants, such as ascorbic acid and sodium bisulfite; chelating agents, such as
ethylenediaminetetraacetic acid (EDTA); buffers, such as acetates, citrates and phosphates;
agents for the adjustment of tonicity such as sodium chloride or dextrose, and agents for
adjusting the acidity or alkalinity of the composition, such as alkaline or acidifying agents or
buffers like carbonates, bicarbonates, phosphates, hydrochloric acid, and organic acids like acetic
and citric acid. Parenteral preparations may optionally be enclosed in ampules, disposable

syringes or single or multiple dose vials made of glass, plastic or other suitable material.
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[0327]  When compounds according to the present invention exhibit insufficient solubility,
methods for solubilizing the compounds may be used. Such methods are known to those of skill
in this art, and include, but are not limited to, using cosolvents, such as dimethylsulfoxide
(DMSQO), using surfactants, such as TWEEN, or dissolution in aquecus sodium bicarbonate.
Derivatives of the compounds, such as prodrugs of the compounds may also be used in
formulating effective pharmaceutical compositions.

[0328] Upon mixing or adding compounds according to the present invention {0 a
composition, a solution, suspension, emulsion or the like may be formed. The form of the
resulting composition will depend upon a number of factors, including the intended mode of
administration, and the solubility of the compound in the selected carrier or vehicle. The
effective concentration needed to ameliorate the disease being treated may be empirically
determined.

[0329]  Compositions according to the present invention are optionally provided for
administration to humans and animals in unit dosage forms, such as tablets, capsules, pills,
powders, dry powders for inhalers, granules, sterile parenteral solutions or suspensions, and oral
solutions or suspensions, and oil-water emulsions containing suitable guantities of the
compounds, particularly the pharmaceutically acceptable salts, preferably the sodium saits,
thereof. The pharmaceutically therapeutically active compounds and derivatives thereof are
typically formulated and administered in unit-dosage forms or multiple-dosage forms. Unit-dose
forms, as used herein, refers to physically discrete units suitable for human and animal subjects
and packaged individually as is known in the art. Fach vnit-dose contains a predetermined
quantity of the therapeutically active compound sufficient to produce the desired therapeutic
effect, in association with the required pharmaceutical carrier, vehicle or dilvent. Examples of
unit-dose forms include ampoules and syringes individually packaged tablet or capsule. Unit-
dose forms may be administered in fractons or multiples thereof. A multiple-dose form is a
plurality of identical unit-dosage forms packaged in a single container to be administered in
segregated unit-dose form. Examples of multiple-dose forms include vials, bottles of tablets or
capsules or bottles of pint or gallons. Hence, multiple dose form is a multiple of unit-doses that
are nof segregated in packaging.

[0330] In addition to one or more compounds according to the present invention, the
composition may comprise: a diluent such as lactose, sucrose, dicaicium phosphate, or
carboxymethylceliulose; a lubricant, such as magnesium stearate, calcium stearate and talc; and a

binder such as starch, nataral gums, such as gum acaciagelatin, ghicose, molasses,
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polyvinylpyrrolidine, celluloses and derivatives thereof, povidone, crospovidones and other such
binders known to those of skill in the art. Liquid pharmaceutically administrable compositions
can, for example, be prepared by dissolving, dispersing, or otherwise mixing an active compound
as defined above and optional pharmaceutical adjuvants in a carrier, such as, for example, water,
saline, aqueous dextrose, glycerol, glycols, ethanol, and the like, to form a solution or
suspension. If desired, the pharmaceutical composition to be administered may also contain
minor amounts of auxiliary substances such as wetting agents, emulsifying agents, or solubilizing
agents, pH buffering agents and the like, for example, acetate, sodium citrate, cyclodextrine
derivatives, sorbitan monolaurate, triethanolamine sodium acetate, triethanolamine oleate, and
other such agents. Actual methods of preparing such dosage forms are known in the art, or will
be apparent, to those skilled in this art; for example, see Remington: The Science and Practices of
Pharmacy, Lippincott Williams, and Wilkins Publisher, 21* edition, 2005. The composition or
formulation to be administered will, in any event, contain a sufficient quantity of an inhibitor of
the present invention to reduce HSP90 activity in vive, thereby treating the disease state of the
subject.

[0331] Dosage forms or compositions may optionally comprise one or more compounds
according to the present invention in the range of 0.005% to 100% (weight/weight) with the
balance comprising additional substances such as those described herein. For oral
administration, a pharmaceutically acceptable composition may optionally comprise any one or
more commonly employed excipients, such as, for example pharmaceutical grades of mannitol,
lactose, starch, magnesiwm stearate, talcum, cellulose derivatives, sodium crosscarmellose,
glucose, sucrose, magnesium carbonate, sodium saccharin, talcum. Such compositions include
solutions, suspensions, tablets, capsules, powders, dry powders for inhalers and sustained release
formulations, such as, but not limited to, implants and microencapsulated delivery systems, and
biodegradable, biocompatible polymers, such as collagen, ethylene vinyl acetate, polyanhydrides,
polyglycolic acid, polyorthoesters, polylactic acid and others. Methods for preparing these
formulations are known to those skilled in the art. The compositions may optionally contain
0.01%-100% (weight/weight) of one or more HSPO0 inhibitors, optionally 0.1-95%, and
optionally 1-95%.

[0332]  Salts, preferably sodium salts, of the inhibitors may be prepared with carriers that
protect the compound against rapid elimination from the body, such as time release formulations
or coatings. The formulations may further include other active compounds to obtain desired

combinations of properties.
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A. Formulations for Oral Administration

[0333]  Oral pharmaceutical dosage forms may be as a solid, gel or liquid. Examples of solid
dosage forms include, but are not limited to tablets, capsules, granules, and bulk powders. More
specific examples of oral tablets include compressed, chewable lozenges and tablets that may be
enteric-coated, sugar-coated or film-coated. Examples of capsules include hard or soft gelatin
capsules. Granules and powders may be provided in non-effervescent or effervescent forms.
Each may be combined with other ingredients known o those skilled in the art.

[0334]  In certain embodiments, compounds according to the present invention are provided as
solid dosage forms, preferably capsules or tablets. The tablets, pills, capsules, troches and the
like may optionally contain one or more of the following ingredients, or compounds of a similar
nature: a binder; a diluent; a disintegrating agent; a lubricant; a glidant; a sweetening agent; and a
flavoring agent.

[0335]  Examples of binders that may be used include, but are not limited to, microcrystalline
cellulose, gum tragacanth, glucose solution, acacia mucilage, gelatin solution, sucrose, and starch
paste.

f0336]) Examples of lubricants that may be used include, but are not limited to, talc, starch,
magnesiuin or calcium stearate, lycopedium and stearic acid.

[0337] Examples of diluents that may be used include, but are not limited to, lactose, sucrose,
starch, kaolin, salt, mannitol, and dicalcium phosphate.

[6338] Examples of glidants that may be used include, but are not limited to, colloidal silicon
dioxide.

[0339] Examples of disintegrating agents that may be used include, but are not limited to,
crosscarmellose sodium, sodium starch glycolate, alginic acid, cormn starch, potato starch,
bentonite, methylcellulose, agar and carboxymethylcellulose.

[0340] Examples of coloring agents that may be used include, but are not limited to, any of
the approved certified water-soluble FD and C dyes, mixtures thereof; and water insoluble FD
and C dyes suspended on alumina hydrate.

[0341] Examples of sweetening agents that may be used include, but are not limited to,
sucrose, lactose, mannitol and artificial sweetening agents such as sodium cyclamate and
saccharin, and any number of spray-dried flavors.

{0342}  Examples of flavoring agents that may be used include, but are not limited to, natural
flavors extracted from plants such as fruits and synthetic blends of compounds that produce a

pleasant sensation, such as, but not limited to peppermint and methyl salicylate.
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f0343]  Examples of wetting agents that may be used include, but are not limited to, propylene
glycol monostearate, sorbitan monooleate, diethylene glycol monolaurate, and polyoxyethylene
lauryl ether.

[0344] Examples of anti-emetic coatings that may be used include, but are not limited to, fatty
acids, fats, waxes, shellac, ammoniated shellac and cellulose acetate phthalates.

[0345]  Examples of filin coatings that may be used include, but are not limited to,
hydroxyethyleellulose, sodium carboxymethyleellulose, polyethylene glycol 4000 and cellulose
acetate phthalate.

[0346] I oral administration is desired, the salt of the compound may optionally be provided
in a composition that protects it from the acidic environment of the stomach. For example, the
composition can be formulated in an enteric coating that maintains its integrity in the stomach
and releases the active compound in the intestine. The composition may also be formulated in
combination with an antacid or other such ingredient.

[0347] When the dosage unit form is a capsule, it may optionally additionally comprise a
liquid carrier such as a fatty oil. In addition, dosage unit forms may optionally additionally
comprise various other materials that modify the physical form of the dosage unit, for example,
coatings of sugar and other enteric agents.

[0348] Compounds according to the present invention may also be administered as a
component of an elixir, suspension, syrup, wafer, sprinkle, chewing gum or the like. A syrup
may optionally comprise, in addition to the active compounds, sucrose as a sweetening agent and
certain preservatives, dyes and colorings and flavors.

[0349] The compounds of the present invention may also be mixed with other active materials
that do not impair the desired action, or with materials that supplement the desired action, such as
antacids, H2 blockers, and diuretics. For example, if a compound is used for treating asthma or
hypertension, it may be used with other bronchodilators and antihypertensive agents,
respectively.

[0350] Examples of pharmaceutically acceptable carriers that may be included in tablets
comprising cornpounds of the present invention include, but are not limited to binders, lubricants,
diluents, disintegrating agents, coloring agents, flavoring agents, and wefting agents. Enteric-
coated tablets, because of the enteric-coating, resist the action of stomach acid and dissolve or
disintegrate in the neutral or alkaline intestines. Sugar-coated tablets may be compressed tablets
to which different layers of pharmaceutically acceptable substances are applied. Film-coated

tablets may be compressed tablets that have been coated with polymers or other snitable coating.
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Multiple compressed tablets may be compressed tablets made by more than one compression
cycle utilizing the pharmaceutically acceptable substances previously mentioned. Coloring
agents may also be used in tablets. Flavoring and sweetening agents may be used in tablets, and
are especially useful in the formation of chewable tablets and lozenges.

[0351] Examples of liquid oral dosage forms that may be used include, but are not limited to,
aqueous solutions, emulsions, suspensions, solutions and/or suspensions reconstituted from non-
effervescent granules and effervescent preparations reconstituted from effervescent granules.
[0352] ZIxamples of aqueous solutions that may be used include, but are not limited to, elixirs
and syrups. As used herein, elixirs refer to clear, sweetened, hydroalcoholic preparations.
Examples of pharmaceutically acceptable carriers that may be used in elixirs include, but are not
limited to solvents. Particular examples of solvents that may be used include glycerin, sorbitol,
ethyl alcohol and syrup. As used herein, syrups refer to concentrated aqueous solutions of a
sugar, for example, sucrose. Syrups may optionally further comprise a preservative,

[0353] FEmulsions refer to two-phase systems in which one liquid is dispersed in the form of
small globules throughout another liquid. Emulsions may optionally be oil-in-water or water-in-
oil emulsions. Examples of pharmaceutically acceptable carriers that may be used in emulsions
include, but are not limited to non-agueous liquids, emulsifying agents and preservatives.

[0354] Examples of pharmaceutically acceptable substances that may be used in non-
effervescent granules, to be reconstituted into a liquid oral dosage form, include diluents,
sweeteners and wetting agents.

[0355]  Examples of pharmaceutically acceptable substances that may be used in effervescent
granules, to be reconstituted into a liquid oral dosage form, include organic acids and a source of
carbon dioxide.

[0356] Coloring and flavoring agents may optionally be used in all of the above dosage forms.
[0357]  Panicular examples of preservatives that may be used include glycerin, methyl and
propylparaben, benzoic add, sodium benzoate and alcohol.

[0358]  Particular examples of non-aqueous liquids that may be used in emulsions include
mineral oil and cottonseed oil.

{0359]  Particular examples of emulsifying agents that may be used include gelatin, acacia,
tragacanth, bentonite, and surfactants such as polyoxyethylene sorbitan monooleate.

[0360]  Particular examples of suspending agents that may be used include sodium

carboxymethylcellulose, pectin, tragacanth, Veegum and acacia. Diluents include lactose and
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sucrose. Sweetening agents include sucrose, syrups, glycerin and artificial sweetening agents
such as sodivm cyclamate and saccharin.

[0361]  Particular examples of wetting agents that may be used include propylene glycol
monostearate, sorbitan monooleate, diethylene glycol monelaurate, and polyoxyethylene lauryl
ether.

[0362]  Particular examples of organic acids that may be used include citric and tartaric acid.
[0363] Sources of carbon dioxide that may be used in effervescent compositions include
sodium bicarbonate and sodium carbonate. Coloring agents include any of the approved certified
water soluble FD and C dyes, and mixtures thereof.

[0364]  Particular examples of flavoring agents that may be used include natural flavors
extracted from plants such fruits, and synthetic blends of compounds that produce a pleasant taste
sensation.

[0365]  For a solid dosage form, the solution or suspension, in for example propylene
carbonate, vegetable oils or triglycerides, is preferably encapsulated in a gelatin capsule. Such
solutions, and the preparation and encapsulation thereof, are disclosed in U.S. Pat. Nos.
4,328,245; 4,409,239; and 4,410,545. For a liquid dosage form, the solution, ¢.g., for example, in
a polyethylene glycol, may be diluted with a sufficient quantity of a pharmaceutically acceptable
liquid carrier, e.g., water, to be easily measured for administration.

[0366]  Alternatively, liquid or semi-solid oral formulations may be prepared by dissolving or
dispersing the active compound or salt in vegetable oils, glycols, triglycerides, propylene glycol
esters (e.g., propylene carbonate) and other such carriers, and encapsulating these solutions or
suspensions in hard or soft gelatin capsule shells. Other usefui formulations include those set

forth in U.S. Pat. Nos. Re 28,819 and 4,358,603.
B. Injectables, Solutions, and Emulsions

[0367]  The present invention is also directed to compositions designed to administer the
compounds of the present invention by parenteral administration, generally characterized by
subcutaneous, intramuscular or intravenous injection. Injectables may be prepared in any
conventional form, for example as liquid solutions or suspensions, solid forms suitable for
solution or suspension in liquid prior to injection, or as emulsions.

[0368] Examples of excipients that may be used in conjunction with injectables according to
the present invention include, but are not limited to water, saline, dextrose, glycerol or ethanol.

The injectable compositions may also optionally comprise minor amounts of non-toxic auxiliary
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substances such as wetting or emulsifying agents, pH buffering agents, stabilizers, solubility
enhancers, and other such agents, such as for example, sodium acetate, sorbitan monolaurate,
tricthanolamine oleate and cyclodextrins. Implantation of a slow-release or sustained-release
system, such that a constant level of dosage is maintained (see, e.g., U.5. Pat. No. 3,710,795) is
also contemplated herein. Fhe percentage of active compound contained in such parenteral
compositions is highty dependent on the specific nature thereof, as well as the activity of the
compound and the needs of the subject.

[0369] Parenteral administration of the formulations includes intravenous, subcutaneous and
intramuscular administrations. Preparations for parenteral administration include sterile solutions
ready for injection, sterile dry soluble products, such as the lyophilized powders described herein,
ready to be combined with a solvent just prior to use, including hypodermic tablets, sterile
suspensions ready for injection, sterile dry insoluble products ready to be combined with a
vehicle just prior to use and sterile emulsions. The solutions may be either aqueous or
nonagueocus.

[0370] When administered intravenously, examples of suitable carriers include, but are not
limited to physiological saline or phosphate buffered saline (PBS), and solutions containing
thickening and solubilizing agents, such as glucose, polyethylene glycol, and polypropylene
glycol and mixtures thereof.

[0371]1  Examples of pharmaceutically acceptable carriers that may optionally be used in
parenteral preparations include, but are not limited to aqueous vehicles, nonaqueous vehicles,
antimicrobial agents, isotonic agents, buffers, antioxidants, local anesthetics, suspending and
dispersing agents, emulsifying agents, sequestering or chelating agents and other
pharmaceutically acceptable substances.

[0372]  Examples of aqueous vehicles that may optionally be used include Sodium Chloride
Injection, Ringers Injection, Isotonic Dextrose Injection, Sterile Water Injection, Dextrose and
Lactated Ringers Injection.

f0373] Examples of nonaqueous parenteral vehicles that may optionally be used include fixed
oils of vegetable origin, cottonseed oil, corn oil, sesame oil and peanut oil.

[0374]  Antimicrobial agents in bacteriostatic or fungistatic concentrations may be added to
parenteral preparations, particularly when the preparations are packaged in multiple-dose
containers and thus designed to be stored and multiple aliquots to be removed. Examples of

antimicrobial agents that may be used include phenols or cresols, mercurials, benzyl alcohol,
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chlorobutanol, methyl and propyl p-hydroxybenzoic acid esters, thimerosal, benzalkonium
chloride and benzethonium chloride.

f0375]  Examples of isotonic agents that may be used include sodium chloride and dextrose.
Examples of buffers that may be used include phosphate and citrate. Examples of antioxidants
that may be used include sodium bisulfate. Examples of local anesthetics that may be used
include procaine hydrochloride. Examples of suspending and dispersing agents that may be used
include sodivm carboxymethylcellulose, hydroxypropy! methyleellulose and
pelyvinylpyrrolidone. Examples of emulsifying agents that may be used include Polysorbate 80
(TWEEN 80). A sequestering or chelating agent of metal ions includes EDTA.

[0376] Pharmaceutical carriers may also optionally include ethyl alcohol, polyethylene glycol
and propylene glycol for water miscible vehicles and sodium hydroxide, hydrochloric acid, citric
acid or lactic acid for pH adjustment.

[0377]  The concentration of an inhibitor in the parenteral formulation may be adjusted so that
an injection administers a pharmaceutically effective amount sufficient to produce the desired
pharmacological effect. The exact concentration of an inhibitor and/or dosage to be used will
ultimately depend on the age, weight and condition of the patient or animal as is known in the art.
[0378]  Unit-dose parenteral preparations may be packaged in an ampoule, a vial or a syringe
with a needle. All preparations for parenteral administration should be sterile, as is known and
practiced in the art.

f0379]  Injectables may be designed for local and systemic administration. Typically a
therapeutically effective dosage is formulated to confain a concentration of at least about 0.1%
wiw up to about 90% w/w or more, preferably more than 1% w/w of the HSP90 inhibitor to the
treated tissue(s). The inhibitor may be administered at once, or may be divided into a number of
smaller doses to be administered at intervals of time. It is understood that the precise dosage and
duration of treatment will be a function of the location of where the coiposition is parenterally
administered, the carrier and other variables that may be determined empirically using known
testing protocols or by extrapolation from in vivo or in vitro test data. It is to be noted that
concentrations and dosage values may also vary with the age of the individual treated. It is to be
further understood that for any particular subject, specific dosage regimens may need to be
adjusted over time according to the individual need and the professional judgment of the person
administering or supervising the administration of the formulations. Hence, the concentration
ranges set forth herein are intended to be exemplary and are not intended to limit the scope or

practice of the claimed formulations.
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[0380]  The HSP90 inhibitor may optionally be suspended in micronized or other suitable
form or may be derivatized to produce a more soluble active product or to produce a prodrug.
The form of the resulting mixture depends upon a number of factors, including the intended
mode of administration and the solubility of the compound in the selected carrier or vehicle. The
effective concentration is sufficient for ameliorating the symptoms of the disease state and may

be empirically determined.
C. Lyophilized Powders

[0381] The compounds of the present invention may also be prepared as lyophilized powders,
which can be reconstituted for administration as solutions, emulsions and other mixtures. The
Iyophilized powders may also be formuliated as solids or gels.

[0382]  Sterile, lyophilized powder may be prepared by dissolving the compound in a sodium
phosphate buffer solution containing dextrose or other suitable excipient. Subsequent sterile
filtration of the solution followed by lyophilization under standard conditions known to those of
skill in the art provides the desired formulation. Briefly, the lyophilized powder may optionally
be prepared by dissolving dextrose, sorbitol, fructose, corn syrup, xylitol, glycerin, glucose,
sucrose or other suitable agent, about 1-20%, preferably about 5 to 15%, in a suitable buffer, such
as citrate, sodium or potassium phosphate or other such buffer known to those of skill in the art
at, typically, about neutral pI1. Then, a HSP90 inhibitor is added to the resulting mixture,
preferably above room temperature, more preferably at about 30-35 °C, and stirred until it
dissolves. The resulting mixture is diluted by adding more buffer to a desired concentration. The
resulting mixture is sterile filtered or treated to remove particulates and to insure sterility, and
apportioned into vials for lyophilization. Each vial may contain a single dosage or multiple

dosages of the inhibitor.
D. Formulation for Topical Administration

[0383] The compounds of the present invention may also be administered as topical mixtures.
Topical mixtures may be used for local and systemic administration. The resulting mixture may
be a solution, suspension, emulsions or the like and are formulated as creams, gels, ointments,
emuisions, solutions, elixirs, lotions, suspensions, tinctures, pastes, foams, aerosols, irrigations,
sprays, suppositories, bandages, dermal patches or any other formulations suitable for topical
administration,

[0384]  The HSP90 inhibitors may be formulated as aerosols for topical application, such as by
inhalation (see, U.S. Pat. Nos. 4,044,126, 4,414,209, and 4,364,923, which describe aerosols for
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detivery of a steroid useful for treatment of inflammatory diseases, particularly asthma). These
formulations for administration to the respiratory tract can be in the form of an aerosol or
solution for a nebulizer, or as a microfine powder for insutflation, alone or in combination with
an inert carrier such as lactose. In such a case, the particles of the formulation will typically have
diameters of less than 50 microns, preferably less than 10 microns.

[0385]  The inhibitors may also be formulaied for local or topical application, such as for
topical application to the skin and mucous membranes, such as in the eye, in the form of gels,
creams, and Jotions and for application to the eye or for intracisternal or intraspinal application.
Topical administration is contemplated for transdermal delivery and also for administration to the
eyes or mucosa, or for inhalation therapies. Nasal solutions of the HSP90 inhibitor alone or in

combination with other pharmaceutically acceptable excipients can also be administered.
E. Formulations for Other Routes of Administration

{0386] Depending upon the disease state being treated, other routes of administration, such as
topical application, transdermal patches, and rectal administration, may also be used. For
example, pharmaceutical dosage forms for rectal administration are rectal suppositories, capsules
and tablets for systemic effect. Rectal suppositories are used herein mean solid bodies for
insertion into the rectum that melt or soften at body teimperature releasing one or more
pharmacologically or therapeutically active ingredients. Pharmaceutically acceptable substances
utilized in rectal suppositories are bases or vehicles and agents to raise the melting point.
Examples of bases include cocoa butter {theobroma oil), glycerin-gelatin, carbowax,
{polyoxyethylene glycol} and appropriate mixtures of mono-, di- and triglycerides of fatty acids.
Combinations of the various bases may be used. Agents to raise the melting point of
suppositories include spermaceti and wax. Rectal suppositories may be prepared either by the
compressed method or by molding. The typical weight of a rectal suppository is about 2 to 3 gm.
Tablets and capsules for rectal administration may be manufactured using the same
pharmaceutically acceptable substance and by the same methods as for formulations for oral

administration.
F. Examples of Formulations

[0387]  The following are particular examples of oral, intravenous and tablet formulations that
may optionally be used with compounds of the present invention. It is noted that these
formulations may be varied depending on the particular compound being used and the indication

for which the formulation is going to be used.
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ORAL FORMULATION

Compound of the Present Invention 10-100 mg
Citric Acid Monohydrate 105 mg
Sodium Hydroxide 18 mg
Flavoring
Water g.s. to 100 mL
INTRAVENOUS FORMULATION
Compound of the Present Invention 0.1-10 mg
Dextrose Monohydrate q.s. to make isotonic
Citric Acid Monohydrate 1.05 mg
Sodium Hydroxide 0.18 mg
Water for Injection g.8. to 1.0 mL
TABLET FORMULATION
Compound of the Present Invention 1%
Microcrystalline Cellulose 73%
Stearic Acid 25%
Colloidal Silica 1%.

Dosage. Host and Safety

[0388] The compounds of the present invention are stable and can be used safely. In
particular, the compounds of the present invention are useful as HSP90 inhibitors for a variety of
subjects (¢.g., humans, non-human mammals and non-mammals).

[0389] The optimal dose may vary depending upon such conditions as, for example, the type
of subject, the body weight of the subject, on the severity of the condition, the route of
administration, and specific properties of the particular compound being used. Generally,
acceptable and effective daily doses are amounts sufficient to effectively slow or eliminate the
condition being treated. Typically, the daily dose for oral administration o an adult (body
weight of about 60 kg) is about 1 to 1000 mg, about 3 to 300 mg. or about 10 to 200 mg. It will
be appreciated that the daily dose can be given in a single administration or in multiple (e.g., 2 or

3) portions a day.

Kits and Articles of Manufacture Comprising HSP9) Inhibitors

[0390] The invention is also directed to Kits and other articles of manufacture for treating
diseases associated with HSP90. 1t is noted that discases are intended to cover all conditions for
which the HSP90 possess activity that contributes to the pathology and/or symptomology of the

condition.
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[0391] In one embodiment, a kit is provided that comprises a composition comprising at least
one inhibitor of the present invention in combination with instructions. The instructions may
indicate the disease state for which the compesition is to be administered, storage information,
dosing information and/or instructions regarding how to administer the composition. The kit
may also comprise packaging materials. The packaging material may comprise a container for
housing the composition. The kit may also optionally comprise additional components, such as
syringes for administration of the composition. The kit may comprise the composition in single
or multiple dose forms.

[0392]  In another embodiment, an article of manufacture is provided that comprises a
composition comprising at least one inhibitor of the present invention in combination with
packaging materials. The packaging material may comprise a container for housing the
composition. The container may optionally comprise a label indicating the disease state for
which the composition is to be administered, storage information, dosing information and/or
instructions regarding how to administer the composition. The kit may also optionally comprise
additional components, such as syringes for administration of the composition. The kit may
comprise the composition in single or multiple dose forms.

[0393]  Itis noted that the packaging material used in kits and articles of manufacture
according to the present invention may form a plurality of divided containers such as a divided
bottle or a divided foil packet. The container can be in any conventional shape or form as known
in the art which is made of a pharmaceutically acceptable material, for example a paper or
cardboard box, a glass or plastic bottle or jar, a re-sealable bag (for example, to hold a “refill” of
tablets for placement into a different container), or a blister pack with individual doses for
pressing out of the pack according to a therapeutic schedule. The container that is employed will
depend on the exact dosage form involved, for example a conventional cardboard box would not
generally be used to hold a liquid suspension. It is feasible that more than one container can be
used together in a single package to market a single dosage form. For example, tablets may be
contained in a bottle that is in turmn contained within a box. Typically the kit inchudes directions
for the administration of the separate components. The kit form is particularly advantageous
when the separate components are preferably administered in different dosage forms (e.g., oral,
topical, transdermal and parenteral), are administered at different dosage intervals, or when
titration of the individual components of the combination is desired by the prescribing physician.
[0394]  One particular example of a kit according to the present invention is a so-called blister

pack. Blister packs are well known in the packaging industry and are being widely used for the
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packaging of pharmaceutical unit dosage forms (tablets, capsules, and the like). Blister packs
generally consist of a sheet of relatively stiff material covered with a foil of a preferably
transparent plastic material. During the packaging process recesses are formed in the plastic {oil.
The recesses have the size and shape of individual tablets or capsules to be packed or may have
the size and shape to accommodate multiple tablets and/or capsules to be packed. Next, the
tablets or capsules are placed in the recesses accordingly and the sheet of relatively stiff material
is sealed against the plastic foil at the face of the foil which is opposite from the direction in
which the recesses were formed. As a result, the tablets or capsules are individually sealed or
collectively sealed, as desired, in the recesses between the plastic foil and the sheet. Preferably
the strength of the sheet is such that the tablets or capsules can be removed from the blister pack
by manually applying pressure on the recesses whereby an opening is formed in the sheet at the
place of the recess. The tablet or capsule can then be removed via said opening.

[0395]  Another specific embodiment of a kit is a dispenser designed to dispense the daily
doses one at a time in the order of their intended vse. Preferably, the dispenser is equipped with
a memory-aid, so as to further facilitate compliance with the regimen. An example of such a
memory-aid is a mechanical counter that indicates the number of daily doses that has been
dispensed. Another example of such a memory-aid is a battery-powered micro-chip memory
coupled with a liquid crystal readout, or audible reminder signal which, for example, reads out
the date that the last daily dose has been taken and/or reminds one when the next dose is to be
taken.

Preparation of HSP90 Inhibitors

[0396]  Various methods may be developed for synthesizing compounds according to the
present invention. Representative methods for synthesizing these compounds are provided in the
Examples. Ftis noted, however, that the compounds of the present invention may also be

synthesized by other synthetic routes that others may devise.
Synthetic Schemes for Compounds of the Present Invention

[0397] Compounds according to the present invention may be synthesized according to the

reaction schemes shown below. Other reaction schemes could be readily devised by those skilled

in the art. It should also be appreciated that a variety of different solvents, temperatures and

other reaction conditions can be varied to optimize the vields of the reactions.

[0398]  In the reactions described hereinafter it may be necessary to protect reactive functional

groups, for example hydroxy, amino, imino, thio or carboxy groups, where these are desired in
-136-



the final product, to avoid their unwanted participation in the reactions. Conventional protecting
groups may be used in accordance with standard practice, for examples see P.G.M. Wuts and
T.W. Greene in “Greene’s Protective Groups in Organic Synthesis” 4th edition, John Wiley and
Sons, 2007.

Scheme 1: Preparation of dihydroquinazolinone oxime-ether
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[0399]  Reaction of aldehyde 1A with acetone derivative 1B gives enone 1C (Step 1).
Treatment of enone 1C with malonate derivative 1D followed by saponification and
decarboxylation gives vinylogous acid 1E (Step 2). C-acylation with acid chioride 1F gives
trione 1G (Step 3). Treatment of 1G with guanidine in the presence of pyrrolidine gives
dihydroquinazolinone 1H (Step 4). Suzuki coupling with boronic ester 11 (Step 5) gives
compound 1J. Reaction with alkoxyamine 1K in refluxing pyridine (Step 6), and, if necessary,
deprotection (Step 7), gives oxime ether 1L. Chiral separation via SFC gives both enantiomers,
1M and 1N.
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Scheme 2. Preparation of dihydropyridopyrimidinone oxime ether
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[0400]  The reaction of aldehyde 2A with chiral sulfinamide 2B in the presence of titanium
tetraethoxide gives imine 2C (Step 1). Treatment of the sulfinamide with the Reformatsky
reagent of 2D exclusively gives chiral sulfinamide 2E (Step 2) which is followed by acid-
catalyzed deprotection to give chiral beta-amino acid 2F (Step 3). Reaction of the amine with
functionalized diketene 2G gives amide 2 (Step 4) which is followed by treatment with
methoxide to form Dieckmann condensation product 21 (Step 5). Reaction of the vinylogous
acid 21 with acetylguanidine gives condensation product 2J (Step 6). Conversion of lactam 2J to
the thiolactam 2K is effected with a thiolating reagent such as Davy’s or Lawesson’s reagent
(Step 7). Conversion of thiolactam 2K to the amidine 2M is achieved by treatment with
substituted alkoxyamine 2L (Step 8). Lastly, Suzuki coupling with boronic ester 2N (Step 9)

and, if necessary, deprotection (Step 10}, gives final product 20.
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Scheme 3: Preparation of dihydroisoquinolinone oxime ether
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[0401]  Reaction of aldehyde 3A with acetone derivative 3B gives enone 3C (Step 1).

Treatment of enone 3C with malonate derivative 3D followed by saponification and

decarboxylation gives vinylogous acid 3E (Step 2). C-acylation with acid chioride 3F gives

trione 3G (Step 3). Acetylation of the vinylogous acid gives 3H (Step 4), which is in turn

subjected to malonoenitrile under basic conditions to give 31 (Step 5). Treatment of bisnitrile 31

with ammonia gives aminopyridine 3J (Step 6). Suzuki coupling with boronic ester 3K (Step 7)

gives compound 3L. Reaction with alkoxyamine 3M in refluxing pyridine (Step 8), and, if

necessary, deprotection (Step 9), gives oxime ether 3N. Chiral separation via SFC gives both

enantiomers, 30 and 3P.
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[0402]  Furthermore, 3L may be manipulated with the following series of transformations to
access various R, moieties. Aminopyridine 3L is protecied as its acetyl derivative 3Q (Step 10).
Treatment of nitrile 3Q with HCI gives acid 3R (Step 11). Curtius rearrangement induced by
diphenylphosphoryl azide (Step 12} gives aniline 3S. Finally aniline 38 can be converted to
phenol 3T via Sandmeyer chemistry. Any of the intermediates 3Q, 3R, 35, and 3T may be
functionalized as in Steps 8 and 9 to give the corresponding oxime ethers, followed by chiral

separation via SFC.

Scheme 4: Preparation of dihydro-naphthyridinone oxime ether
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where Y is a halogen {Cl, Br, I}

and Ry farough Ryp are as defined in the application 2. deprotect  Step 10

[0403] The reaction of aldehyde 4A with chiral sulfonamide 4B in the presence of titanium
tetracthoxide gives imine 4C (Step 1). Treatment of the sulfinamide with the Reformatsky
reagent 4D exclusively gives enantiopure sulfonamide 4E (Step 2) which is followed by acid-
catalyzed deprotection to give beta-amino acid 4F (Step 3). Reaction of the amine with
functionalized diketene 4G gives amide 4H (Step 4) which is followed by treatient with
methoxide (o give Dieckmann condensation product 4 (Step 5). After oxidation, reaction of the

bisnitrile 41 with ammonia gives condensation product 4J (Step 6). Conversion of lactam 4] to
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the thiolactam 4K is effected with a thiolating reagent such as Davy’s or Lawesson’s reagent
(Step 7). Conversion of thiolactam 4K to the amidine 4M is achieved by treatment with
substituted alkoxyamine 4L (Step 8). Lastly, Suzuki coupling with boronic ester 4N (Step 9)

and, if necessary, deprotection (Step 10), gives final product 40.

Scheme 5: Preparation of dihydropyridopyrimidinone oxime ether
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where Y is a halogen (Cl, Br, or I), and
Ry through Ry, are as defined in the application

[0404] The reaction of thiolactam 2K with protected hydroxylamine SA (e.g., TBS protected)
in the presence of mercuric acetate yields amidine SB, which is followed by acid catalyzed
deprotection to give hydroxyl derivative 5C. Alkylation with the appropriate haloalkyl 5D in
base, e.g., Cs2C0s3, vields oxime ether SE, followed by a coupling reaction such as Suzuki

coupling with boronic acid 5C, and if necessary deprotection gives product 5F.

-141-



Scheme 6: Preparation of dihydro-naphthyridinone oxime ether
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[0405]  The reaction of thiolactam 2K with protected hydroxylamine 6A (e.g., TBS protected)
in the presence of a strong thiophile (e.g., mercuric acetate) yields amidine 6B. Arylation
reaction {e.g Suzuki coupling) with boronic ester 6C and deprotection to give hydroxyl derivative

6D. Alkylation with the appropriate haloalkyl 6E in base, e.g., Cs,C0Os3, gives product GF.

[0406] Ineach of the above reaction procedures or schemes, the various substituents may be

selected from among the various substituents otherwise taught herein.
General Procedures

[0407] Tt will be readily recognized that certain compounds according to the present invention
have atoms with linkages to other atoms that confer a particular stereochemistry to the compound
{e.g., chiral centers). It is recognized that synthesis of compounds according to the present
invention may result in the creation of mixtures of different stereoisomers (i.., enantiomers and
diastereomers). Unless a particular stereochemistry is specified, recitation of a compound is
intended to encompass all of the different possible stereoisomers.

[0408] Compounds according to the present invention can also be prepared as their individual
sterecisomers by reacting a racemic mixture of the compound with an optically active resolving
agent to form a pair of diasterecisomeric compounds, separating the diastercomers and

recovering the optically pure enantiomer. While resolution of enantiomers can be carried out
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using covalent diastereomeric derivatives of compounds, dissociable complexes are preferred
(e.g., crystalline diastereoisomeric salts).

[04091  Compounds according to the present invention can also be prepared as a
pharmaceutically acceptable acid addition sait by reacting the free base form of the compound
with a pharmaceutically acceptable inorganic or organic acid. Alternatively, a pharmaceutically
acceptable base addition salt of a compound can be prepared by reacting the free acid form of the
compound with a pharmaceutically acceptable inorganic or organic base. Inorganic and organic
acids and bases suitable for the preparation of the pharmaceutically acceptable salts of
compounds are set forth in the definitions section of this Application. Alternatively, the salt
forms of the compounds can be prepared using salts of the starting materials or intermediates.
[0410] The free acid or free base forms of the compounds can be prepared from the
corresponding base addition salt or acid addition salt form. For example, a compound in an acid
addition salt form can be converted to the corresponding free base by treating with a suitable base
(e.g., ammonium hydroxide solution, sodium hydroxide, and the like). A compound in a base
addition salt form can be converted to the corresponding free acid by treating with a suitable acid
{e.g., hydrochloric acid, etc).

[0411]  The N-oxides of compounds according to the present invention can be prepared by
methods known to those of ordinary skill in the art. For example, N-oxides can be prepared by
treating an unoxidized form of the compound with an oxidizing agent (e.g., trifluoroperacetic
acid, permaleic acid, perbenzoic acid, peracetic acid, meta-chloroperoxybenzoic acid, or the like)
in a suitable tnert organic solvent {e.g., a halogenated hydrocarbon such as dichloromethane) at
approximately 0 °C. Alternatively, the N-oxides of the compounds can be prepared from the N-
oxide of an appropriate starting material.

[0412] Compounds in an unoxidized form can be prepared from N-oxides of compounds by
treating with a reducing agent (e.g., sulfur, suifur dioxide, triphenyl phosphine, lithinm
borohydride, sodium borohydride, phosphorus trichloride, tribromide, or the like) in an suitable
inert organic solvent {e.g., acetonitrile, ethanol, aqueous dioxane, or the like) at 0 to 80 °C.
[0413}  Prodrug derivatives of the compounds can be prepared by methods known to those of
ordinary skill in the art (e.g., for further details see Saulnier ef al. (1994), Bicorganic and
Medicinal Chemistry Letters, Vol. 4, p. 1985). For example, appropriate prodrugs can be
prepared by reacting a non-derivatized compound with a suitable carbamylating agent (e.g.,

1,1-acyloxyalkylcarbonochloridate, para-nitrophenyl carbonate, or the like).
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[0414]  Protected derivatives of the compounds can be made by methods known to those of
ordinary skill in the art. A detailed description of the techniques applicable to the creation of
protecting groups and their removal can be found in P.G.M. Wuts and T.W. Greene, “Greene's
Protecting Groups in Organic Synthesis”, 4" edition, John Wiley & Sons, Inc. 2007.

[0415]  Compounds according to the present invention may be conveniently prepared, or
formed during the process of the invention, as solvates (e.g., hydrates). Hydrates of compounds
of the present invention may be conveniently prepared by recrystallization from an
aqueousforganic solvent mixture, using organic solvents such as dioxin, tetrahydrofuran or
methanol,

[0416] . The present invention also provides (R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
yDphenyl)-4-methyl-7,8-dihydropyrido{4,3-d]pyrimidin-5(6H}-one O-(5)-3,4-dihydroxybutyl
oxime benzoate Form A. The formation of (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
yl)phenyl)-4-methyl-7,8-dihydropyrido{4,3-d]pyrimidin-5(6H)-one 0-(S5)-3,4-dihydroxybutyl
oxime benzoate Form A is generally carried out by crystallization from a solvent. In practice
suitable solvents include chloroform, toluene, acetonitrile, and acetone. Anti-solvents, that is, a
solvent or solvents in which the compound is less soluble than in the selected solvent can also be
used. The volume of solvent is not critical but should be kept to a minimal amount as a matier of
convenience. Optionally, the crystallization may be seeded with Form A. Such processes
generally require 2 hours to seven days. It is understood that the terms “crystallize,”
“crystallizing,” and “crystallization” to complete dissolution followed by precipitation and slarry
processes that do not involve complete dissolution.

[0417] (R Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido(4,3-d]pyrimidin-5(6H)-one O-(5)-3,4-dihydroxybutyl oxime benzoate Form A can
be characterized by X-ray diffraction. A powder X-ray diffractogram of Form A obtained by
standard powder X-ray diffraction technique is provided in Figure 2. Standard powder
diffractometers are generally equipped with a copper source, primary beam monochromator, and
position sensifive detector. The incident beam is typically collimated using a divergence slit to
around 1°. The source generally operated at 40 kV and 30 mA. X-ray powder diffraction data
may be collected from 3 degrees to 120 degrees two theta using a step width of 0.02 to 0.04
degrees two theta. The diffractometer can be calibrated with a silicon standard or other suitable
standard materials. Many modern diffractometers are also equipped with a goniometer head that
can be motorized to permit spinning of the sample during data acquisition. It is recognized that

the relative intensity of X-ray diffraction peaks can be dependent on preferred orientation and
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other factors. Therefore, a sample of Form A may require processing to mitigate such factors,
such as grinding the sample in an agate mortar and pestle or other measures. It is understood that
differences in relative intensity of the diffraction peaks does not preclude an acquired pattern
from being consistent with (R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-S(6H)-one 0-(5)-3.4-dihydroxybutyl benzoate Form
A. Further it is also understood that only a subset of the peaks shown in Figure 2, in some
instances as few as one peak, are required to identify (R, Z)-2-amino-7-(4-fluoro-2-(6-
methoxypyridin-2-yl)phenyi)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(S5)-3,4-
dihydroxybutyl benzoate Form A.

[0418] Form A can also be characterized by thermal analysis, typically differential scanning
calorimetry (DSC) and thermogravimetry. Figure 3 shows DSC and therogravimetry
thermograms of Form A. The DSC thermogram shows a single endothermic event at 128 °C
which was consistent with a melt.

[0419] As used herein the symbols and conventions used in these processes, schemes and
examples are consistent with those used in the contemporary scientific literature, for example, the
Journal of the American Chemical Society or the Journal of Biological Chemistry. Standard
single-letter or three-Jetter abbreviations are generally used to designate amino acid residues,
which are assumed to be in the L-configuration unless otherwise noted. Unless otherwise noted,
all starting materials were obtained from commercial suppliers and used without further
purification. Specifically, the following abbreviations may be used in the examples and

throughout the specification:

uL (microliters) Ac (acetyl)

atm (atmosphere) ATP (Adenosine Triphosphatase)

BOC (tert-butyloxycarbonyl) BOP (bis(2-oxo-3-oxazolidinyl)phosphinic
chloride)

BSA (Bovine Serurn Albumin) CBZ (benzyloxycarbonyl)

CDI (1,1-carbonyldiimidazole) DCC (dicyclohexylcarbodiimide)

DCE (dichloroethane) DCM (dichloromethane)

DMAP (4-dimethylaminopyridine) DME (1,2-dimethoxyethane)

DMEF (N,N-dimethylformamide) DMPL} (NN’ -dimethylpropyleneurea)

DMSQ (dimethylsulfoxide) EDCI (ethylcarbodiimide hydrochloride)

EDTA (Ethylenediaminetetraacetic acid) Et (ethyl)

Et,O (diethyl ether) EtOAc (ethyl acetate)

FMOC (9-fluorenylmethoxycarbonyl) g (grams)

h (hours) HOAc or AcOH (acetic acid)

HOBT (1-hydroxybenzotriazole) HOSu (N-hydroxysuccinimide)

HPL.C (high pressure liquid chromatography) | Hz (Hertz)

i.v. (intravenous) IBCF (isobutyl chloroformate)
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i-PrOH (isopropanol) L. (liters)

M (molar) mCPBA {meta-chloroperbenzoic acid)
Me (methyl) MeOH (methanol)

mg {milligrams) ' MHz (megahertz)

min (minutes) mlL (milliliters)

mM (millimolar) mmol (miflimoles)

mol (moles) MOQOPS (Morpholinepropanesulfonic acid)
mp (melting point) NaQAc (sodium acetate)

OMe (methoxy) psi (pounds per square inch)

RP {reverse phase) r.t. (ambient temperature)

SPA (Scintillation Proximity Assay) TBAF (tetra-n-butylammonium fluoride)
TBS (t-butyldimethylsilyl) tBu {(tert-butyl)

TEA (triethylamine) TFA (trifluoroacetic acid)

TFAA (trifluoroacetic anhydride) THEF (tetrahydrofuran})

TIPS (triisopropylsilyl) TLC (thin layer chromatography)

TMS (trimethylsilyl) TMSE (2-(trimethylsilylethyl)

Tr (retention time) Brij35 (polyoxyethyleneglycol dodecyl ether)

[0420]  All references to ether or Et,O are to diethyl ether; and brine refers to a saturated
aqueous solution of NaCl. Unless otherwise indicated, all temperatures are expressed in °C
(degrees Centigrade). All reactions are conducted under an inert atmosphere at r.t. unless
otherwise noted.

[0421] 'HNMR spectra were recorded on a Bruker Avance 400. Chemical shifts are
expressed in parts per million (ppm). Coupling constants are in vnits of Hertz (Hz). Splitting
patterns describe apparent multiplicities and are designated as s (singlet), d (doublet), t (triplet), q
(quartet), m (multipiet), br (broad).

[0422]  Low-resolution mass spectra (MS) and compound purity data were acquired on a
Waters ZQ LC/MS single quadrupole system equipped with electrospray ionization (ESI) source,
UV detector (220 and 254 nm), and evaporative light scattering detector (ELSD). Thin-layer
chromatography was performed on 0.25 mm E. Merck silica gel plates (60F-254), visualized with
UV light, 5% ethanolic phosphomolybdic acid, Ninhydrin or p-anisaldehyde solution. Flash
column chromatography was performed on silica gel (230-400 mesh, Merck).

[0423]  The starting materials and reagents used in preparing these compounds are either
available from commercial supphers such as the Aldrich Chemical Company (Milwaukee, WI),
Bachem (Torrance, CA), Sigma (St. Louis, MO), or may be prepared by methods well known to
a person of ordinary skill in the art, following procedures described in such standard references
as Fieser and Fieser’'s Reagents for Organic Synthesis, vols. 1-23, John Wiley and Sons, New

York, NY, 2006; Rodd’s Chemistry of Carbon Compounds, vols. 1-5 and supps., Elsevier
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Science Publishers, 1998; Organic Reactions, vols. 1-68, John Wiley and Sons, New York, NY,
20067, March J.: Advanced Organic Chemistry, 5th ed., 2001, John Wiley and Sons, New York,
NY; and Larock: Comprehensive Organic Transformations, 2° edition, John Wiley and Sons,
New York, 1999, The entire disclosures of all documents cited throughout this application are
incorporated herein by reference.

[0424]  Various methods for separating mixtures of different sterecisomers are known in the
art. For example, a racemic mixture of a compound may be reacted with an optically active
resolving agent to form a pair of diastereoisomeric compounds. The diastereomers may then be
separated in order to recover the optically pure enantiomers. Dissociable complexes may also be
used to resolve enantiomers (e.g., crystalline diastereoisomeric salts). Diastereomers typically
have sufficiently distinct physical properties (e.g., melting points, boiling points, solubilities,
reactivity, etc.} and can be readily separated by taking advantage of these dissimilarities. For
example, diastereomers can typically be separated by chromatography or by separation/resolution
techniques based upon differences in solubility. A more detailed description of techniques that
can be used to resolve stereoisomers of compounds from their racemic mixture can be found in
Jean Jacques, Andre Collet, and Samuel H. Wilen, Enantiomers, Racemates and Resolutions,
John Wiley & Sons, Inc. (1981).

[0425]  Diastereomers have distinct physical properties (e.g., melting points, boiling points,
solubilities, reactivity, efc.) and can be readily separated by taking advantage of these
dissimilarities. The diastereomers can be separated by chromatography or, preferably, by
separation/resolution techniques based upon differences in solubility. The optically pure
enantiomer is then recovered, along with the resolving agent, by any practical means that would
not result in racemization. A more detailed description of the techniques applicable to the
resolution of stereoisomers of compounds from their racemic mixture can be found in Jean
Jacques, Andre Collet, and Samuel H. Wilen, Enantiomers, Racemates and Resolutions, John
Wiley & Sons, Inc. (1981).

[0426]  Chiral components can be separated and purified using any of a variety of techniques
known to those skilled in the art. For example, chiral components can be purified using
supercritical fluid chromatography (SFC). In one particular variation, chiral analytical SFC/MS
analyses are conducted using a Berger analytical SFC system (AutoChem, Newark, DE) which
consists of a Berger SFC dual pump fluid control module with a Berger FCM 1100/1200
supercritical fluid pump and FCM 1200 modifier fluid pump, a Berger TCM 2000 oven, and an
Alcott 718 autosampler. The integrated system can be controlled by BI-SFC Chemstation
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software version 3.4, Detection can be accomplished with a Waters ZQ 2000 detector operated
in positive mode with an ESI interface and a scan range from 200-800 Da with 0.5 second per
scan. Chromatographic separations can be performed on a ChiralPak AD-H, ChiralPak AS-H,
ChiralCel OD-H, or ChiralCel OJ-H column (5u4.6 x 250 mm; Chiral Technologies, Inc. West
Chester, PA) with 10 to 40% methanel as the modifier and with or without ammonium acetate
(10 mM). Any of a variety of flow rates can be utilized including, for exampie, 1.5 or 3.5
mL/min with an inlet pressure set at 100 bar. Additionally, a variety of sample injection
conditions can be used including, for example, sample injections of either 5 or 10pL in methanol
at 0.1 mg/mL in concentration.

[0427]  In another variation, preparative chiral separations are performed using a Berger
MultiGram II SEC purification system. For example, samples can be loaded onto a ChiralPak
AD column (21 x 250 mm, 10u). In particular variations, the flow rate for separation can be 70
mkE/min, the injection volume up to 2 mL, and the inlet pressure set at 130 bar. Stacked
injections can be applied to increase the efficiency.

[0428]  Descriptions of the syntheses of particular compounds according to the present
invention based on the above reaction schemes and variations thereof are set forth in the Example

section.

Assaying the Biological Activity of the Compounds of the Invention
[0429]  The inhibitory effect of the compound of the invention on HSP90 may be evaluated by

a variety of binding assays and functional assays. It is well known that binding to the N-terminal
ATP-binding domain of HSP90 inhibits ATP binding and ATP-dependent chaperone activities,
Roe et al. J. Med. Chem. 1999 42, 260-266. A variety of in vitro and in vive binding assays are
available in the literature for assessing the affinity of the compounds of the invention on HSP90;
e.g., Chiosts et al. Chemistry & Biology 2001 8: 289-299, Carreras et al. Anal Biochem 2003
317(1): 40-6; Kim et al. J Biomol Screen 2004 9(5): 375-81; and Zhou ¢t al. Anal Biochem 2004
331(2): 349-57.

{4307 Ixample A-I below provides an in vitro competition fluorescence polarization assay in
which a test compound competes with a fluorescent probe for binding to the binding domain of
human recombinant HSP90. The reaction can be followed kinetically using fluorescence
(excitation =485 nm; emission A=538 nm). The binding affinity of the test compound to HSP90
is determined by the changes in the polarized fluorescence; the intensity of the polarized

fluorescence is proportional to the fraction of bound probe. A novel small molecule fluorescence
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probe, (S, E)-5-(2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methy1-7,8-
dihydroquinazolin-5(6H)-ylideneaminooxy)ethylcarbamoyl)-2-(6-hydroxy-3-oxo-3H-xanthen-9-
yhbenzoic acid (TSD-FP probe) was specifically developed for the assay. Inhibition constants
(ICsp) may be calculated by non-linear curve fitting of the compound concentrations and
fluorescence intensities to the standard ICs, equation. As reference, the ICsq values by this assay
for the two known HSP90 inhibitors geldanamycin (GM) and 17-allylamino,17-
demethoxygeldanamyein (17-AAG) after one hour incubation with the enzyme and the TSD-FP
probe were 90 nM and 400 nM, respectively. Using the procedure described in Example A-1,
some of the exemplified compounds were shown to have HSP90 binding affinity at an ICsg of
less than 10 pM, some others less than about 1 pM, and most others of the compounds have an
1Csg value of less than about 6.1 uM. The ICso values of the exemplified compounds of the
present invention are given in Table 1.

[043F] The inhibitory effect of the compounds of the invention against HSP90 in live cells
may be evaluated by measuring cell viability. Example A-2 described a cell viability assay
where exponentially growing tamor cells were exposed to a range of drug concentrations. After
the drog treatment, the viability of the cells was measured by the conversion of tetrazolium salts
MTS (3-[4,5,dimethylthiazol-2-y1]-5-[3-carboxymethoxy-phenyl]-2-[4- sulfophenyl]-2H-
tetrazolivm, inner salt), (Promega, Madison, WI) by metabolically active cells. Further, the
selected cancer cell panel includes BT-474, HT-29, K-562, and MKN-45 cells each of which
Tepresents a different cancer type and a well understood route of oncogenic transformation.
[0432] Downstream effects of HSP90 inhibition can be evaluated based on the induction of
HSP70 and on the function and stability of various steroid receptors and signaling proteins
including, e.g., HER2/ERBB2. HSP7( induction is a hallmark of HSP90 inhibition. HSP70 as
an ATP dependent heat shock protein itself will be transcriptionally up-regulated in response to
misfolded, denatured or aggregated proteins. As HSP90 function becomes compromised, HSP70
is induced in direct response to HSP90 client protein changes within the cell. Guo et al. Cancer
Res 2005 65(22) 10536, Example A-3 provides a method to quantify HSP70 induction by
monitoring the non-infrared luminescence of f-galactosidase, and determine the ECsq values of
the test compounds for HSP708/8-galactosidase induction.

[0433] The depletion of HER-2/ERBB2 oncoprotein is also a hallmark of HSP90 inhibition.
Sain er al. Mol Cancer Ther 2006 5(5) 1197, Sharp er al. Mol Cancer Ther 2007 6(4) 1198,
HER-2 uses HSP90 for maturation; perturbations in HSP90 function lead to misfolded proteins

that ultimately will be sent for ubiquitination and proteasomal degradation. Compounds of the
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present invention induce degradation of these molecules, which can be measured using well
known antibody techniques such as immunoblotting, radioimmunoassays, Western blotting,
immunoprecipitation, enzyme-linked immunosorbant assays (ELISA), and derivative techniques
that make use of antibodies directed against HER2. Example A-4 provides a Western blotting
procedure for the determination of the ECsy value of the test compounds for depletion of
HERZ/ERBB2.

[0434] 1t will be apparent to those skilled in the art that various modifications and variations
can be made in the compounds, compositions, kits, and methods of the present invention without
departing from the spirit or scope of the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention provided they come within the scope of

the appended claims and their equivalents.

EXAMPLE

Example 1. General Procedure for the Preparation of Oxime Ethers and Analogs

a)\M/ Q

acetohe 1c
NaOH NaOMe, 50°C Acz0, EtsN
e
b) 6 M NaOH, 80°C HO DMAP, CHaCly
1 g

¢) conc HGY, 100°C

o]
B{OH
0 i e S
dimethylamine, N P ¢ 1 )]\ P
HO™ guanidine HCI P N Hal N
o froH, 1000 NN Fd(PhgP)s = .
1F aq. K2CO3 wol
1E g F Br F DME, 100°C N
Ry
1
O
N
|
N7
method A or 8 )[\ P
T ———— HaNT TN
NH2-0-R4
1 s F

A. (E)-4-(2-Bromo-d-fluorophenyljbut-3-en-2-one (1B):

[0435] To a 500 mL recovery flask was added 2-bromo-4-fluorobenzaldehyde (1A, 10.0 g,
49.3 mmol, 1.0 eq.) and acetone (22.9 g, 394 mmol, 8.0 eq.). The mixture was cooled to 0 °C in
an ice bath. H,0 (200 mL) was added and the mixture became a thick suspension. Solid NaOH

(2.16 g, 54.2 mmol, 1.1 eq.) was added and the reaction was gradually warmed to room
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temperature and stirred overnight. The reaction was acidified with IN HCI and extracted with
EtOAc (3 x 100 mL). The organic phases were combined and washed with saturated aqueous
NaCl. The organic phase was dried over anhydrous Na,SQs, filtered, and concentrated to give a
dark yellow oil that was carried on to the next step without further purification (11.9 g, 99%).
ESI-MS: n/z 243.2 (M+H)".

B. 5-(2-Bromo-4-fluorophenyl}-3-hydroxycyclohex-2-enone (1D)

[0436]  To a 500 mL recovery flask was added (E)-4-(2-bromo-4-flucrophenylibut-3-en-2-one
(1B, 11.9 g, 49.0 mmol, 1.0 eq.) and MeOH (200 mL). Dimethyl malonate (1C, 6.47 2,49.0
mmol, 1.0 eq.) was added, followed by NaOMe (30% wt in MeOH, 9.6 miL, 51.4 mmol, 1.05
€q.). The reaction mixture was refluxed overnight upon which it was concentrated to a brownish-
red solid. The residue was taken up in 1N NaOH (150 mL) and refluxed for 1 h, during which
the reaction color proceeded from cloudy-brown, to clear brown, to clear solution with brown
precipitate. Concentrated HCl was carefully added until the mixture was acidic by pH paper.
The reaction mixture was diluted with EtOAc (200 ml.) and washed with saturated aqueous
NaCl. The aqueous phase was extracted with EtOAc (1x 75 mL). The organic phase was dried
over anhydrous Na;SOq, filtered, and concentrated to give a foamy orange solid that was carried

on to the next step without further purification (14.3 g, 100%). ESI-MS: m/z 285.2 (M+H)",
C. 5-(2-Bromo-4-fluorophenyl)-2-(1-hydroxyethylidene)cyclohexane-1,3-dione (1E)

[0437]  To a 500 ml recovery flask was added 5-(2-bromo-4-fluorophenyl)-3-
hydroxycyclohex-2-enone (1D) (14.3 g, 50.1 mmo}, 1.0 eq.), CH,Cl; (200 ml.), acetic anhydride
(6.65 g, 65.2 mmol, 1.3 eq.), EtsN (15.22 g, 150 mmol, 3.0 eq.), and DMAP (catalytic amount).
The reaction mixture was stirred overnight at room temperature. Monitoring by LC/MS judged
the reaction to be complete. The reaction mixture was concentrated and purified via column
chromatography (gradient 70% CH,Cl/Hex to 100% CH,Clz) to yield the product as light yeliow
foam which later became an 0il (3.55 g, 22%). The crude material was used in the next step

without further purification. ESI-MS: m/z 327.2 (M+H)".

D. 2-Amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-dihydroquinazolin-5(6 H)-one
(1F)
[0438] To a 150 mL pressure vessel was added 5-(2-bromo-4-fluorophenyl)-2-(1-
hydroxyethylidene)cyclohexane-1,3-dione (1E, 1.12 g, 3.42 mmol, 1.0 eq.), EtOH (30 mL),
guanidine hydrochloride (818 mg, 8.56 mmol, 2.5 eq.), and dimethylamine (2.0 M in THE, 10
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mL, 20.5 mmol, 6.0 eq.). The vessel was sealed and heated for 72 hours at 100 °C. L.C/MS
determined the reaction to be complete. The reaction was cooled and concentrated to give a
pasty gray solid. EtOH (~10 mL) was added to the residue and sonicated to give a suspension,
The solid was collected by filtration and rinsed with cold EtOH to give a light-yellow solid (288
mg, 24%). ESI-MS: m/z 350.2 (M+H)".

E. 2-Amino-7-(4-fluoro-2-(2-fluoropyridin-3-yliphenyl)-4-methyl-7,8~
dihydroquinazelin-5(6H}-one (1H)

[0439] Toa 10 mL recovery flask was added 2-amino-7-(2-bromo-4-flucrophenyl)-4-methyl-
7.8-dihydroguinazolin-3(6H)-one (33 mg, 0.0942 mmol, 1.0 eq.), 2-fluoropyridine-2-boronic
acid (27 mg, 0.188 mmol, 2.0 eq.). DME (2 mL), potassium carbonate (2.0M aq., 94 pl., 0.188
mmol, 2.0 eq.), and palladium tetrakis triphenyiphosphine (5 mg, 0.00471 mmol, 0.05 eq.). The
reaction was refluxed overnight wherenpon LC/MS analysis judged the reaction to be complete.
The reaction mixture was filtered through Celite and concentrated to a residue. The residue was
purified via preparatory-HPLC to give the product white solid (30 mg, 96%). "H NMR (400
MHz, DMSO-ds) 6 ppm 2.67 (dd, J=3.54, 1.77 Hz, 1 H) 2.89 (br. s., 1 H) 3.06 (t, J=12.51 Hz, 2
H) 3.18 (br. s, l H) 7.18 (dd, J=9.60, 2.78 Hz, 1 H) 7.31 - 7.53 (m, 4 H) 7.72 (dd, J=8.84, 5.81
Hz, 1 H)7.98 (ddd, J=9.79, 7.52, 1.89 Hz, 1 H) 8.28 (d, J/=4.80 Hz, 1 H). ESI-MS: mv/z 367.3
(M+H)*. ESI-MS: nv/z 367.3 (M+H)™.

F. Formation of Oxime Ethers

[04401  Oxime ethers may be formed by either Method A or Method B below.

[0441] Method A, basic conditions: A solution of 2-amino-7-(4-fluoro-2-(2-fluoropyridin-3-
yl)phenyl)-4-methyl-7,8-dihydroquinazolin-3(6H)-one (1H, 0.27 mmel, 1.0 eq.) and the
corresponding hydroxylamine 11 (0.54 mmol, 2.0 eq.) in dry pyridine (2 mL) were stirred
overnight at 75°C. The mixture was poured into ice water and the resulting precipitate was
collected by filtration. The crude solid was recrystallized in hot ethanol to yield pure product 1)
as a white solid in 90% yield.

{0442] Method B, acidic conditions: A solution of 2-amino-7-(4-fluoro-2-(2-fluoropyridin-3-
yl)phenyl}-4-methyl-7.8-dihydroquinazolin-5(6H)-one (1H, 0.27 mmol, 1.0 eq.) in EtOH (3 ml)
was stirred under nitrogen. The corresponding hydroxylaniine 11 (0.35 mmol, 1.3 eq.) and
aqueous HCI (5M, 0.48 mmol, 1.8 eq.) were added and the reaction was heated to reflux for 4 h.

The reaction mixture was cooled to room temperature and concentrated. The resulting residue
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was collected and recrystallized in hot ethanol to obtain pure product 1J as a white or off-white

powder in about 90% yield.
Example 2. Preparation of Hydroxylamine Reagenis

A. Synthesis of O-(2-methoxyethyl) hydroxylamine (2B)

O
N CH
/ hydrazine
hydrate, EIOH _O
HO\’/\O/ - HaN \/"\O/

F'haP 80°C, 2hr
DIAD 2B
THF Step 2
Step 1

[0443]  Step 1. 2-methoxyethanol (2.00 g, 26.3 munol), N-hydroxyphthalimide (4.72 g, 28.9
mmel, 1.1 eq., and triphenyiphosphine (7.58 g, 28.9 mmol, 1.1 eq.) were dissolved in 85 ml. of
dry THF and then the mixture was cooled in an ice bath. Diisopropyl azodicarboxylate (6.91 g,
34.2 mmol, 1.3 eg.) was dissolved in 15 mL of dry THF and was added slowly to the above
mixture, The reaction was stirred in the ice bath for 10 minutes and then the ice bath was
removed. The reaction then was allowed to stir at room temperature under Ny overnight. The
reaction was done by LC/MS and was concentrated to an oil. 1t was then purified by flash
column chromatography using hexane/ethyl acetate 70/30 to give 2-(2-
methoxyethoxy)isoindoline-1,3-dione (24, 5.19 g, 89.2 % vield). ESI-MS: m/z 222.3 (M+H)",
[0444]  Step 2: 2-(2-methoxyethoxy) iscindoline-1,3-dione (5.18 g, 23.4 mmol) was dissolved
in 30 mL of ethanol and hydrazine hydrate (22.7 mlL, 468 minol). The solution was heated for 2
hours in a 80 °C oil bath. The reaction was then cooled to room temperature and a solid
precipitated out. This solid was then filtered and the filtrate was concentrated and purified on
flash column chromatography using chloroform/methanot 98/2 to give O-(2-methoxyethyl)
hydroxylamine (2B, 0.866 g, 36.2 % yield). "H NMR (400 MHz, MeOD) 3 ppm 3.36 (s, 3 H)
3.52-3.59 (m, 2 H) 3.73 - 3.85 (m, 2 H).

B. Synthesis of O-(3-methoxypropylhydroxylamine(2D)

O

@;& o
hydrazine
0 /,_/_ EtOH
PhyP

DIAD 2D
THF 0

O Q
HoN R NP
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[0445]  2-(3-Methoxypropoxy)isoindoline-1,3-dione (2C) was prepared from 3-
methoxypropan-1-ol and N-hydroxyphthalimide by a procedure analogous to Example 2A, Step 1
(3.71 g, 94.9 % yield). ESI-MS: m/z 236.3 (M+H)",

[6446]  2C was deprotected as described in Example 2A, Step 2 to yield O-(3-
methoxypropyhydroxylamine (2D, 0.633 g, 38.1 % yield). 'H NMR (400 MHz, MeOD) & ppm
[.81 (t, J=6.32 Hz, 2 H) 3.31 (s, 3 H) 3.45 (t, J=6.32 Hz, 2 H) 3.70 (t, /=6.32 Hz, 2 H). ESI-MS:
m/z 106.4 (M+H)Y",

C. Synthesis of tert-butyl 2-(aminooxy)ethylcarbamate (2F)

0 ;
H (:\I:N“OH 0 Hydrazinle. H \[<
thano
/\VN Q (o] O HN & HQN\ /\/N Q
LA G G R A e
O PhyP N—0 0
DIAD 2E 2F
THF

o
{0447]  rert-Butyl 2-(1,3-dioxoisoindolin-2-yloxy)ethylcarbamate 2E was prepared with
quantitative yield from rers-butyl 2-hydroxyethylcarbamate and N-hydroxyphthalimide by a
procedure analogous to Example 2A, Step 1. ESI-MS: m/z 329.3 (M+Na)™.
[0448] 2E was deprotected as previously described in 2A, Step 2 to give ters-butyl 2-
(aminooxy)ethylcarbamate (2F, 1.26 g, 58 % yield). 'H NMR (400 MHz, CHLOROFORM-d) &
ppm 1.45 (s, 9 H) 3.37 (q, J=5.31 Hz, 2 H) 3.62 - 3.85 (m, 2 H) 4.90 (br. 5., 1 I} 5.47 (br. 5., 2
Hj.

D. Synthesis of O-(pyridine-3-ylmethyl} hydroxylamine (2H)

O
N OH Hydrazine,
ethanol NH
o @ o
= PhaP & oH
DIAD
THF

{0449]  Phthalimide-protected intermediate 2G was prepared from pyridin-3-ylmethanol and
N-hydroxyphthalimide by a procedure analogous to Example 2A, Step 1 (3.22 g, 81.3 % yield).
ESI-MS: m/z 255.2 (M+H)".

[0450] 2G was deprotected as previously described in Example 2A, Step 2 to give O-
(pyridine-3-ylmethyl) hydroxylamine (2H, 0.734 g, 69.2 % yield). 'H NMR (400 MHz, DMSO-
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de) & ppm 4.71 (s, 2 H) 7.44 (dd, J=7.83, 5.05 Hz, 1 H) 7.85 (d, J=7.83 Hz, 1 H) 8.47 (dd,
J=5.05,1.26 Hz, | H) 8.53 (d, J=2.27 Hz, 1 H). ESI-MS: m/z 125.3 (M+H)".

2E. Synthesis of (R)-O-((1,4-dioxan-2-ylimethyDhydroxylamine (2M)

HO/\/CI aq. NaOH

o ol /\’/\O/\/Cl rt. T/\G/\/CI
0 BF5.0Et, OH Step 2 o,
Step 1
0

-~

aqg. NaOH ©::N OH ) H:Oj
0% KE ] ! NNy ([ j

N
Step 3 DIAD PPhg,
THF 0 oL CH3Clo/CHaOH
Step 4 Step &

[0451]  Step 1: 2-chloroethanol (34.8g, 43.2 mmol) and boron triftuoride diethyl etherate
(0.136 mL, 1.08 mmol) were dissolved in 20 mL of THF and cooled in an ice bath. (R)-(-)-
epichlorohydrin (10.0 g, 10.8 mmol) in 10 mL of THF was added slowly through a syringe.
After the addition, the ice bath was removed and the mixture was heated in a 45 °C oil bath for
90 min at which time the reaction was complete. The reaction was concentrated in vacuo to give
an oily crude product (R)-1-chloro-3-(2-chloroethoxy)propan-2-ol (21, 16.2 g, 86.6 % vield). 'H
NMR (400 MHz, CHLOROFORM-d} 8 ppm 3.56 - 3.71 (m, 6 H) 3.85 - 3.92 {m, 3 H).

{0452] Step 2: 21 (16.2 g, 93.6 mmol) was dissolved in 45 mL of THF and was cooled in an
ice bath. Sodium hydroxide (9.36 g, 234 mmol) in 20 ml. of water was added dropwise and the
reaction was stirred in the ice bath for 15 min, and at room temperature for 6 h. The reaction
mixture was diluted with ethyl acetate and saturated sodium chloride solution. The product was
extracted into ethyl acetate layer three times. The combined organic layers was then washed with
saturated sodium chloride solution, dried over sodium sulfate and concentrated to a crude oily
product, ($)-2-((2-chloroethoxy)methyljoxirane (2, 11.1 g, 86.7 % yield. "H NMR (400 MHz,
CHLOROFORM-d) & ppm 2.57 - 2.72 (m, 2 H) 2.76 - 2.89 (m, 2 H) 3.08 - 3.25 (m, 2 H) 3.45
{dd, J=12.25, 5.68 Hz, 1 H) 3.51 - 3.70 (m, 2 H).

[0453]1 Step 3: 2J(11.1 g, 81.3 mumel) was dissolved in 50 mL of THF. Sodium hydroxide
(16.3 g, 406 mmol) in 50 mL of water was added and the reaction was heated in a 90 °C cil bath
for one day. Despite the TLC showing the reaction to be only half completed the product was
extracted from the aqueous layer with ethyl acetate/THF, dichloromethane, n-butanol. The first

two extractions contained product and the starting material, which was later purified by flash
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column (ethy] acetate/hexane 30/70). The latter extractions contained pure (5)-(1,4-dioxan-2-
ylmethanol (2K, 1.98 g, 20.8 % yield). 'H NMR (400 MHz, CHLOROFORM-d) § ppm 3.47 (1,
J=9.98 Hz, 1 H) 3.51 - 3.67 (m, 3 H) 3.67 - 3.87 {m, 5 H).

[0454]  Step 4: 2K (1.33 g, 11.2 minol), N-hydroxyphthalimide (2.02 g, 12.4 mmol),
triphenylphosphine (3.25 g, 12.4 mumol) were dissolved in 30 mL of dry THF and the mixture
was cooled in an ice bath. Diisopropyl azodicarboxylate (2.51 g, 12.4 mmol) in 5 mL of THF
was added to the above mixture dropwise. After the addition was complete, the ice bath was
removed and the reaction was stirred at room temp overnight. Next day, the reaction was done.
It was concentrated in vacuo to an oil and then purified on flash column chromatography using
ethyl acetate/hexane 20/80 to give (R)-2-((1,4-dioxan-2-yl)methoxy)isoindoline-1,3-dione (2L).
'H NMR (400 MHz, CHLOROFORM-4) & ppin 3.56 (t, /=10.74 Hz, 1 H) 3.60 - 3.85 (m, 4 H)
3.92 (dd, J=11.75, 2.40 Hz, 1 H) 4.05 (ddd, J=9.98, 3.03, 2.91 Hz, 1 H) 4.11 - 4,19 (m, 1 1) 4.20
-4.29(m, 1H) 7.71 - 7.80 (;n, 2 H) 7.81 - 7.91 {m, 2 H).

[0455]  Step 5: 2L (4.30g, 12.4 mmol) was dissolved in 90 mL of methanol/dichloromethane
1/9 ratio. Hydrazine hydrate (1.67 mL, 22.4 mmol) was added and the reaction was stirred at
room temperature for 2 h at which time the deprotection was done. The precipitate byproduct
was filtered, and the filtrate was concentrated down to an oil and then purified by flash column
chromatography, using chloroform/methanol 99/1 ratio to yield (R)-0-((1.4-dioxan-2-
yDmethylhydroxylamine (2M, 0.915 g, 61.4 % yield over 2 steps). 'H NMR (400 MHz,
CHLOROFORM-4) & ppm 3.41 (t, J=10.86 Hz, 1 H) 3.57 - 3.71 (in, 4 H) 3.71 - 3.82 (m, 3 H)
3.83-392(m, 1 H)S555(br.s.,2 H).

F. Synthesis of (8)-2-(2, 2-dimethyl-1, 3-dioxolan-4-ylethanamine (20)
X° . X
OH NH»
0_7’\/ 0‘7’\,
2N 20
[0456]  ($)-2-(2, 2-dimethyl-1, 3-dioxolan-4-yhethanamine (20) was prepared from (5)-2-

(2,2-dimethyl-1,3-dioxolan-4-yljethanol (2N} using a literature procedure {Tetrahedron Lett,
2005, 46, 5475-5478).
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G. Synthesis of (R)-0-((2,2-dimethyl-1,3-dioxolan-4-yDmethyDhydroxylamine (2F)

8]
K
N’O 2P

[0457]  The title compound was prepared according to Bailey et al., J. Med. Chem., 1991, 34,
51-65.

2H. Synthesis of {S)-0-((2,2-dimethyl-1,3-dioxolan-4-yl)methyDhydroxylamine (20)

0
I
N’O 2Q

[0458]  The title compound was prepared according to Bailey et al., J. Med. Chem., 1991, 34,
51-65,

21, Synthesis of O-((2,2-dimethyl-1,3-dioxan-5-yDmethyDhydroxylamine (2R)

A/O
O\J\/O\
NH,

2R
[0459]  The title compound was prepared according to Harnden ef al, J. Med. Chem., 1990, 33,
187-196.

J. Synthesis of tert-butyl 2-(aminooxymethyl)morpholine-4-carboxylate (2T)

o]

HO—N
W“’ b@ + e Y
3\, i
:l\,OH PPhy CHC!3MeOH []\/ “NH,

DIAD
DCM

[0460]  To a solution of tert-butyl 2-(hydroxymethyl)morpholine-4-carboxylate (5 g, 23
mmol) in CHyCl (250 mL) was added 2-hydroxyisoindoline-1,3-dione (5.6 g, 34.5 mmol) and
triphenylphosphine (15 g, 57.5 numol). The resultant mixtare was cooled to 0 °C and diisopropyl
azodicarboxylate (11.1 ml, 57.5 mmol) was slowly added dropwise with an addition funnel under
Nj atmosphere. The reaction mixture was stirred at ambient temperature for 48 h. To the
reaction mixture HyO (300 mL) was added and extracted with CH,Cl,. The organic layers were
washed with brine. Dried over anhydrous MgSQ,, filtered and concentrated to provide clear oil,
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which was purified by flash chromatography (50% EtOAc-Hexane). The resultant clear oily
compound 28 was dissolved in CHCl3:CH;OH (50 ml). Hydrazine hydrate (25 mL, 0.25 mol)
was added. The reaction mixture was stirred at ambient temperature overnight. The resultant
solid was filtered off and the filtrate concentrated under reduced pressure to provide a clear oil,
which was purified by flash chromatography (10% CH;OH-CH,Cl,) to afford 3 g (56%, over two
steps) of fert-butyl 2-(aminocoxymethyhmorpholine-4-carboxylate (2T) as a clear oil. '"H NMR
(400 MHz, CHLOROFORM-¢) 8 ppm 1.47 (3, 9 H) 3.46 - 3.62 (m, 2 H) 3.61 - 3.79 (m, 4 H)
3.79 - 4,04 (m, 3 ). [M+H] calc’d for CyoH20N204, 233; found, 233.

K. Synthesis of (8)-0-(2-(2,2-dimethyl-1,3-dioxolan-4-yDethylYhivdroxylamine (2W)

@N OH 0

WLO L_-(——\ hydrazme O

0

\)(3)\/\ F'Ph3 e (S oMz
DIAD 2W

CHCly
[0461] To asolution of (§)-2-(2, 2-dimethyl-1, 3-dioxolan-4-yl) ethanol (14.2 mL, 0.1 mol) in
CH,Cl, (250 mL) was added 2-hydroxyiscindoline-1, 3-dione (16.3 g, 0.1 mol) and
triphenylphosphine (39.3 g, 0.15 mol). The resultant mixture was cooled to 0 °C and
diisopropylazodicarboxylate (29.5 ml, 0.15 mol) was slowly added drop wise with an addition
funnel under N, atmosphere. The reaction mixture was stirred at ambient temperature for 48 h.
To the reaction mixture, H,O (300 mL) was added and the mixture extracted with CH»Cl,. The
organic layers washed with brine. Dried over anhydrous MgSQy, filtered and concentrated to
provide a yellow oil, which was purified by flash chromatography (509% EtQAc-hexane) to yield
2U as a light yellow oil,
[0462] 2U was dissolved in CH,Cl, (250 ml) and cooled to 0 °C. Hydrazine hydrate (25 ml.,
0.25 mol) was added drop wise through an addition funnel. The reaction mixture was stirred at
ambient temperature over night. The resultant solid was filtered off and the filtrate concentrated
under reduced pressure to provide a vellow oil, which was purified by flash chromatography
(70% BEtOAc-hexane) to afford 7.2 g (45%, over two steps) of (8)-0-(2-(2,2-dimethyl-1,3-
dioxolan-4-yljethyl)hydroxylamine (2W) as a pale yellow oil. 'H NMR (400 MHz,
CHLOROFORM-d) & ppm 1.13 (s, 3 H), 1.18 (s, 3 H), 1.53 - 1.71 (m, 2 H), 3.53 (g, /=6.48 Hz,
2H),3.79-3.89 (m, 1 H), 3.89 - 4.01 {(m, 1 H), 4.63 - 4.81 (m, 1L H). MS (ES) [M+H] calculated
for CoH1gNOs, 162.11; found 162.0.
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2L, Synthesis of (R)-0-(2-(2,2-dimethyl-1,3-dioxolan-d-yhethyDhydroxvlamine (2X)

O ><
Cyon o
»L o \i‘\ Q hydrazine WLO

[0}

: ) —_— =
o S e —— -
\/(}'-"\)\/\OH PPhy O—N CHyCly \/('R)\/\O/ NH;
DIAD
CH,Cly 4 2%

[0463]  The title compound was prepared using the procedure described for Example 2K by
using (R)-2-(2, 2-dimethyl-1, 3-dioxolan-4-yl) ethanol (4.28 ml., 30 mmol), CH,Cl, (100 mL), 2-
hydroxyisoindoline-1, 3-dione (4.9 g, 30 mmol), triphenylphosphine (11.8 g, 45 mmol),
diisopropylazodicarboxylate (8.8 ml, 45 nunol} and hydrazine hydrate (6.0 ml., 60 mmol) to
afford 2.1 g (43%, over two steps) of (R)-0-(2-(2,2-dimethyl-1,3-dioxolan-4-
yhethyDhydroxylamine (2X) as a pale yellow oil. "H NMR (400 MHz, CHLOROFORM-) 6
ppm 1.13 (s, 3H), 1.18 (s, 3 ), 1.53 - 1.71 (m, 2 H), 3.53 (m, 2 H), 3.79 - 3.89 (m, 1 H), 3.89 -
4.01 (m, 1 H), 4.63 - 4.81 (m, 1 H). MS (ES) [M+H] calculated for C;H6NOs, 162.11; found
162.0.

2M. Synthesis of O-(((3aR,4R,6aR)-6-methoxy-2,2-dimethyltetrahydrofuro(3,4-
djf1,3}dioxol-4-yDmethyl)hydroxylamine (2Y)

><o mN-OH 9 70
(o) be) - § o hydrazine

0] voT0 . Q
. 0 PPhs C') \ CH,Cl, N ¢) \

\\
P00\ piap N i
OH GHaCl HoN” 2y

[0464]  The title compound was prepared using the procedure described for Example 2K by
using ((3aR 4R, 6aR)-6-methoxy-2,2-dimethyltetrahydrofuro]3,4-d][1,3]dioxol-4-yl)methanol
(2.04 g, 10 mmol), CH,Cl, (25 mlL.), 2-hydroxyisoindoline-1, 3-dione (2.0 g, 12 mmol),
triphenyiphosphine (4.0 g, 15 mmol), diisopropylazodicarboxylate (3.0 ml, 15 mmol) and
hydrazine hydrate (2.0 ml., 20 mmol) to afford 1.12 g of O-({(3aR 4R, 6aR)-6-methoxy-2,2-
dimethyltetrahydrofuro[3,4-¢][ 1,3 ldioxol-4-yDmethyhydroxylamine (2Y) (50%, over two
steps) as a pale yellow oil. "H NMR (400 MHz, CHLOROFORM-d) & ppm 1.24 (s, 3 H) 1.26 (s,
3H)3.31(s,3H)3.59-3.75 (m, 2 H) 4.44 (t, J=7.20 Hz, 1 H) 4.56 (d, J=5.81 Hz, 1 H) 4.67 (d,
J=0.06 Hz, 1 H) 4.92 - 5.00 (m, 1 H). MS (ES) [M+H] calculated for CyH3NOs, 220.11; found
220.10.
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Example 3. Chiral Separation of Racemic Mixture of 2-Amino-7-(2-bromo-4-
fluorophenyl)-4-methyl-7,8-dihydroquinazolin-5(6H)-one (1F” and 1¥")

0 0 0
I 00 ®
N~ N7 - HQNJ\N/ /@\ * HEN*N/
1F Br F 1F2  Br F iEk  Br F

[0465] Dihydroquinazolinone 1F (Example 1) was separated into its enantiomers by

supercritical fluid chromatography (SFC) under the following conditions:

Column: ChiralPak 1A, 250 x 10 mm, 5 pm

Mobile Phase:
o} A COy (1)
o B: MeQH

Gradient Condition: 20% MeOH
Run Time: 12 min

Flow Rate: 20 mL/min

Injection volume: 800 pL

[0466]  Total yield for the two enantiomers was 82% of the original amount of the racemic
mixture. The yield for (R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one (1F") was 45%. The yield for ($)-2-amino-7-(2-bromo-4-
fluorophenyl)-4-methyl-7,8-dihydroquinazolin-3(6H)-one (1¥") was 37%.

Example 4. Chiral Separation of 2-Amino-7-(4-fluoro-2-(2-fluoropyridin-3-yl)phenyl)-4-
methyl-7,8-dihydroquinazolin-5(6H)-one (IH" and 1H")

THP

1H 1H?
[0467] Dihydroquinazolinone IH (Example 1) was separated inte its enantiomers, TH® and
14", by supercritical fluid chromatography (SFC) under the following conditions:

° Column: ChiralPak AD-H, 250 x 2 mm, 5 um
. Mobile Phase:

o) A CO ()

o) B: MeOH

Gradient condition: 30% MeOH

Run Time: 10 min

Flow Rate: 50 mL/min
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. Injection volume; 1600 L

[0468]  Total yield for the two enantiomers was 68% of the original amount of the racemic
mixture. The yield for (R)-2-amino-7-(4-fluoro-2-(2-fluoropyridin-3-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one (10"} was 36%. The yield for (S)-2-amino-7-(4-fluoro-2-(2-
fluoropyridin-3-yl)phenyl)-4-methyl-7,8-dihydroquinazolin-5(6H)-one (1H") was 32%.

Example 5. Preparation of (£)-2-Amine-7-(4-fluoro-2-(2-fluoropyridin-3-yl)phenyl)-4-
methyl-7,8-dihydroquinazolin-5(6H)-one O-methyl oxime (Compound 1)

N F 1

[0469] Compound 1 was prepared as a white or off-white powder (90%) according to the
procedure analogous to Example 1 using O-methylhydroxylamine. 'H NMR (300 MHz, CDCls)
8 ppm 2.58-2.68 (m, 5H), 2.78-2.88 (m, 3H), 5.02 (s, 2H), 6.92 (dd, 1H), 7.17 (td, 1H), 7.29 (m,
1H), 7.40 (dd, 1H), 7.67 (t, 1H), 8.25 (d, 1H). ESI-MS: m/z 396.1 (M-+H)".

Example 6. Chiral Separation of R and § Enantiomers of (E)-2-amino-7-(4-fluoro-2-(2-
fluoropyridin-3-yl)phenyl)-4-methyl-7,8-dihydroquinazolin-5(6H)-one O-methyl oxime
(Compound 2 and Compound 3)

[0470] Racemic mixture of Compound 1 was separated into its R and § enantiomers,
Compound 2 and Compound 3, by SFC under the following conditions:

. Column: ChiralPak IA, 250 x 21 mm, 5 pm
. Mobile Phase:
o} A CO (D
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o B: EtOH

Gradient condition: 40% EtOH
Run time; § min

Flow Rate: 50 mL/min
Injection volume: 1000 pl.

[0471]  Total yield for the two enantiomers was 45%. Yield for (R, E}-2-amino-7-(4-fluoro-2-

(2-flvoropyridin-3-yl)phenyl)-4-methyl-7,8-dihydroquinazolin-5(6H)-one Q-methyl oxime (1)
was 23%. Yield for (§,E)-2-amino-7-(4-fluoro-2-(2-fluoropyridin-3-yl)phenyl}-4-methyl-7,8-
dihydroquinazolin-5(6H)-one (2) was 22%.

Example 7. Preparation of (£)-2-Amino-7-(4-fluoro-2-(2-fluoropyridin-3-yl)phenyl)-4-
methyl-7,8-dihydroquinazolin-5(6H)-one O-allyl oxime (Compound 4)
!
N,O

N™ ™=
HzN/“\N/
[ F
NZ > F 4
[0472] Compound 4 was prepared as a white or off-white powder (90%) according to the
procedure described in Example 1 vsing O-allylhydroxylamine. The R and § enantiomers of
Compound 4 may be obtained by SFC using a procedure analogous to Example 6. 'H NMR (300
MHz, CDCl3) 8 ppm 2.58 (m, SH), 2.82 (m, 3H), 4.60 (s, 2H), 4.97 (s, 2H), 5.19-5.23 (m, 2H),
5.99 (s, 1H). 6.92 (dd, 1H), 7.17 (td, 1H), 7.27 (m, 1H), 7.41 (dd, 1H), 7.69 (m, 1H), 8.23 (s, 1H).

ESL-MS: nv/z 422.1 (M+H)".

Example 8. Preparation of (E)-2-Amino-7-(4-flooro-2-(2-fluoropyridin-3-yl)phenyl)-4-
methyl-7,8-dihydroquinazolin-5(64)-one O-tert-butyl oxime (Compound 5)



[0473] Compound 5 was prepared as a white or off-white powder (90%) according to a
procedure described in Example 1 using O-fert-butylhydroxylamine. The R and § enantiomers of
Compound 5 may be obtained by SEC using a procedure analogous to Example 6. 'H NMR (300
MHz, CDCI3) 6 ppm 1.29 (s, 9H), 2.61 (m, 4H), 2.82 (m, 3H), 4.96 (s, 2H), 6.94 (dd, 1H), 7.18
(td, TH), 7.30 (m, 1H), 7.43 (dd, 1H), 7.70 (in, 1H), 8.25 (s, 1H). ESI-MS: m/z 438.2 (M+H)",

Example 9. Preparation of (£)-2-amino-7-(4-fluoro-2-(2-fluoropyridin-3-yl)phenyl)-4-
methyl-7,8-dihydrogquinazolin-S(6 H}-one O-isobutyl oxime {Compound 6)

[0474] Compound 6 was prepared as a white or off-white powder (90%) according to the
procedure described in Example 1 using O-isobutylhydroxylamine. The R and § enantiomers of
Compound 6 may be obtained by SFC using a procedure analogous to Example 6, 'H NMR (300
MHz, CDCl3) 8 ppm 0.88 (1, 6H), 1.67 (m, 1H), 2.26 (m, 5H), 2.59 (s, 3H), 3.86 (m, 2H), 5.03
(m, 2H), 6.93 (dd, 1H), 7.19 (td, 1H), 7.27 (m, 1H), 7.41 (dd, 1H}, 7.70 {m, 1H), 8.24 (s, 1H).
ESI-MS: m/z 438.2 (M+H)".

Example 10. Preparation of (E)-2-amino-7-(4-fluoro-2-(2-fluoropyridin-3-yl)phenyl)-4-
methyl-7,8-dihydroquinazolin-5(6H)-one O-benzyl oxime (Compound 7)

N’O
NT=
AL 2
HoM N
B F
o
N F 7

{0475] Compound 7 was prepared as a white or off-white powder (90%) according to the
procedure described in Example 1 using O-benzylhydroxylamine. The R and § enantiomers of
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Compound 7 may be obtained by SFC using a procedure analogous to Example 6. "H NMR (300
MHz, CIDCl3) & ppm 2.51 (s, 3H), 2.60-2.8[ {(m, 4H), 4.97 (m, 2H), 5.12 {m, 2H}, 6.91 {dd, 1H),
7.16 (td, 1H), 7.26-7.39 (m, 7TH), 7.65 (m, 1H), 8.25 (m, 1H). ESI-MS: m/z 472.1 (M+H)*,

Example 11. Preparation of (E)-2-amino-7-(4-fluoro-2-(2-fluoropyridin-3-yl)phenyl)-4-
methyl-7,8-dihydroquinazolin-5(6H)-one O-phenyl oxime (Compound 8)

[0476] Compound 8 was prepared as a white or off-white powder (90%) according to the
procedure described in Example | using O-phenylhydroxylamine. The R and § enantiomers of
Compound 8 may be obtained by SFC using a procedure analogous to Example 6. "H NMR (300
MHz, CDCl3) § ppm 2.65-3.07 (m, 7H), 6.04 (m, 2H), 6.96 (dd, 1H), 6.99 (t, 1H}), 7.11-7.25 (m,
3H), 7.26-7.35 (m, 3H), 7.44 (dd, 1H), 7.72 (m, 1H), 8.25 (m, 1H). ESI-MS: m/z 458.1 (M+H)".

Example 12, Preparation of (F)-2-Amino-7-(4-fluore-2-(2-fluoropyridin-3-yl)phenyl)-4-
methyl-7,8-dihydroquinazolin-5(6f7)-one (-4-nitrobenzyl oxime {(Compound 9)

O

N
N7 =
A~
HaN N
o F
L
N F 9

[0477] Compound 9 was prepared as a white or off-white powder (90%) according to the
procedure described in Example 1 using O-4-nitrobenzylhydroxylamine. The R and §
enantiomers of Compound 9 may be obtained by SFC using a procedure analogous to Example 6.

"H NMR (300 MHz, DMSO-ds) § ppm 2.44 (s, 3H), 2.64-6.80 (m, 3H), 3.20 {m, 2H), 5.28 (s,
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2H}, 7.18 (dd, 1H), 7.38 (td, 1H), 7.45 (m, 1H}, 7.60 (m, 2H), 7.72 (dd, 1H), 7.99 {m, 1H), 8.25
(m, 3H). ESE-MS: m/z 517.2 (M+H)™.

Example 13. Preparation of 2-Amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7.8-dihydroquinazolin-5(6H)-one (13A)

O
O
o I\ g
— \O Nl =
-~
g ‘ N

N7 =
PP
HaN™ N Pd(dppf)Cl, =% F
DMA, aq. KGO |
Br F microwave, 150 °C 2N
" 0 13A

[0478] Toa 5 mL microwave vial was added 2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-
7,8-dihydroquinazolin-5(6H)-one (IF (Example 1), 56 mg, 0.163 mmol, 1.0 eq.), 2-methoxy-6-
(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhpyridine (77 mg, 0.325 mmol, 2.0 eq.), Pd(dppf)Cl,
(11 mg, 0.013 mnel, 0.08 eq.), 2.0 M agqueous K;CO5 (162 uL, 0.325 mmol, 2.0 eq.), and
dimethylacetamide (2 mL). The vial was sealed and heated in a microwave at 150 °C for 10 min.
LC/MS analysis showed the reaction was completed. The reaction mixture was filtered through
Celite and purified via preparative-HPLC to give the product 13A as a white solid (33 mg, 55%).
'H NMR (400 MHz, DMSO-ds) & ppm 2.54 (s, 3 H) 2.62 (ddd, /=15.73,3.03,2.72 Hz, 1 H) 2.84
-3.04 (m, 2H) 3.15-3.31 (m, 1 H) 3.60 - 3.73 (m, 1 H) 3.78 (s, 3 H) 6.81 (d, /=8.34 Hz, 1 H)
7.15(d, J=7.07 Hz, 1 H) 7.22 (dd, J=9.60, 2.78 Hz, 1 H) 7.33 (td, J=8.59, 2.78 Hz, 1 H) 7.55 (br.
s, 2H)7.71 (dd, J=8.84, 5.81 Hz, 1 H) 7.81 (dd, J=8.34, 7.33 Hz, 1 H). ESI-MS: m/z 379.3
(M+H)*.

Example 14. Chiral Separation of R and § Enantiomers of 2-Amino-7-(4-fluore-2-(6-
methoxypyridin-2-yl)phenyl)-4-methyl-7,8-dihydroquinazolin-5(6H)-one (13A" and 13A")

e 0 Q
N7 N7 N7
| | !
= ~ . P
HZN/,\N H?_N)“N “ HZN)\N

e .

! = F | = F | = F
N N N

-9 13A O 13A% P 13

[0479] Racemic mixture of Compound 13A was separated into its R and S enantiomers,

Compound 13A% and Compound 13A°, by SFC under the following conditions:
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Column: ChiralPak AD-H, 150 x 2.1 mm, 5 pm
Mobile Phase:

o) A CO, (D

0 B: MeOH

(radient condition: 30% MeOH

Run Time: 10 min

Flow Rate: 50 mL/min

Injection volume: 1000 pL

{0480] Total yield for the two enantiomers was 20%. Yield for (R)-2-amino-7-(4-fluoro-2-(6-

* » ¢ @

methoxypyridin-2-yl)phenyl)-4-methyl-7,8-dihydroquinazolin-5(6H)-one (13A") was 10%.
Yield for (S)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-ylyphenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one (13A") was 10%.

Example 15. Preparation of (E)-2-Amino-7-(4-fluore-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7,8-dihydroquinazolin-5(6H)-one O-2-methoxyethyl oxime (Compound 10)

O/

0 1)
N
)NI\\ AcOH/ EtOAC |
P -0 -
HaN” N r HNT"0 NS
p-TSA P
I S F HzN N
=N I ! F
Q =N
g 13A
_O 10

[0481]  2-amino-7-(4-fluoro-2-(6~-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6{7)-one (13A (Example 13), 0.126 g, 0.33 mmol) and O-(2-methoxyethyl)
hydroxylamine (0.121 g, 1.33 mmol) were dissolved in 2.2 mL of acetic acid/ethyl acetate 20/80
mol/mol ratio with a small amount of p-toluenesulfonic acid monohydrate (0.0127 g, 0.0666
mmol). The reaction was heated in a 80-85 °C oi} bath overnight. The product was purified by
preparatory LC/MS (35-50% CHiCN in H;O to give (E)-2-amino-7-(4-fluoro-2-(6-
methoxypyridin-2-ylphenyl}-4-methyl-7,8-dihydroquinazolin-5(6H)-one O-2-methoxyethyl
oxime (10) as a TFA salt (0.067 g, 45 % yield). 'H NMR (400 MHz, DMSO-d) & ppm 2.58 (s, 3
H)2.60-2.69 (m, 1 H) 2.73 - 2.83 (m, 1 H)3.17 - 3.22 (m, 1 H) 3.23 (s, 3 H) 3.36 (dd, J=13.89,
2.02 Hz, 2 H) 3.55 (t, J=4.67 Hz, 2 H) 3.74 (s, 3 H) 4.17 (g, J=4.29 Hz, 2 H} 6.79 (d, J==8.34 Hz,
1 H)7.15(d, J=7.33 Hz, 1 H) 7.22 (dd, J=9.73, 2.65 Hz, | H) 7.32 (td, J=8.53, 2.65 Hz, 1 H)
7.69 (dd, J=8.59, 5.81 Hz, 1 H) 7.78 (t, J=7.83 Hz, 1 H). ESI-MS: m/z 452.2 (M+H)".
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Example 16. Chiral Separation of R and S Enantiomers of (E)-2-Amino-7-{(4-fluoro-2-(6-
methoxypyridin-2-ylphenyl)-4-methyl-7,8-dihydroquinazolin-5(6)-on¢ O-2-methoxyethyl

oxime (Compound 11 and Compound 12)

HO/ RO/
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[0482] Racemic mixture of Compound 10 was separated into its R and § enantiomers,
Compound 11 and Compound 12, by SFC under the following conditions:

¢+  Column: ChiraiPak AD-H, 250 x 21.2 mm, 5 um
* Mobile Phase:
o A: CO (D)
o B: EtOH
Gradient condition: 30% B
Run Time: 15 min
Flow Rate: 50 mIL/min
Injection volume: 1000 pL

[0483]  Total yield for the two enantiomers was 68.1%. The yield for (R, E)-2-amino-7-(4-
fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8 -dihydroquinazolin-S(6H}-one 0-2-
methoxyethyl oxime (11} was 33.6%. The yield for (5, E)-2-amino-7-(4-fluoro-2-(6-

. & & &

methoxypyridin-2-yl)phenyi)-4-methyl-7,8-dihydroquinazolin-5(6H)-one O-2-methoxyethyl
oxime (12) was 34.5%.
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Example 17. Preparation of (£)-2-Amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7,8-dihydroquinazolin-5(6 H)-one O-(R)-2,3-dihydroxypropyl oxime (Compoung 13)
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[0484]  2-Amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl}-4-methyl-7,8-
dihydroquinazolin-5(6H)-one (13A (Example 13), 0.097 g, 0.256 mmol} and R-0-(2,2-dimethyl-
1,3-dioxolan-4-yl-methyl)-hydroxylamine (0.113 g, 0.769 mmol} were dissolved in 2.0 mL of
dry pyridine. The reaction was heated in a 70-80 °C oil bath overnight. The reaction was poured
into an ice cold water beaker and the product precipitated out. It was then filtered and rinsed
with H»O to yield (E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dilrydroquinazolin-5(6H)-one 0-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)methyl oxime (17A) which
was taken onto the next step without further purification. ESI-MS:m/z 508.4 (M+H)".

[0485]  17A was deprotected with 80% acetic acid in water for 40 min, and the product was
then purified by preparatory LC/MS (30-45% CH+CN in HyO to give (£)-2-amino-7-(4-fluoro-2-
(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-dihydroguinazolin-5(6H)-one O-(R)-2,3-
dihydroxypropyl oxime (13) as a TFA salt (0.108 g, 89.7 % yield). "H NMR (400 MHz, MeOD)
6 ppm 2.69 - 2.81 (m, 4 H) 3.07 (br. s., 1 H) 3.15-3.25 (m, 2H) 3.36 - 3.63 (m, 3 H) 3.81 - 3.86
(s, 3H)3.87-3.97(m, 1 H)4.21 (m, 2 H) 4.38 (in, 1 H) 442 - 4.54 (m, 1 H) 6.75 (d, /=8.34 Hz,
1H)7.06(d, J=707 Hz, L H) 7.09 - 7.17 (mm, 1 H) 7.17 - 7.27 (m, 1 H) 7.57 (d, J=2.27 Hz, 1 H)
7.73 (t, J=7.96 Hz, 1 H). ESI-MS: m/z 468.4 (M+H)".

-168-



Example 18. Chiral Separation of R and § Enantiomers of (E}-2-Amino-7-(4-fluoro-2-(6-
methoxypyridin-2-yl)phenyl)-4-methyl-7,8-dihydrogquinazolin-3(61)-one O-(R)-2,3-
dihydroxypropyl oxime (Compound 14 and Compound 15)
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[0486] Racemic mixture of Compound 13 was separated into its R and S enantiomers,
Compound 14 and Compound 15 by SFC under the following conditions:

¢  Column: ChiralPak AD-H, 250 x 21.2 mm, 5 pm
*  Mobile Phase:
o A: CO (1)
o B: EtOH
Gradient condition: 20% B
Run Time: 25 min
Flow Rate: 20 mL/min
Injection volume: 1000 pL

{0487]  Total yield for the two enantiomers was 16.2%. Yield for (R, E)-2-amino-7-(4-flucro-
2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-dihydroquinazolin-5(6H)-one O-(R)-2,3-
dihydroxypropyl oxime (14) was 9.0%. Yield for (§,E)-2-amino-7-(4-flucro-2-(6-
methoxypyridin-2-yl)phenyl}-4-methyl-7,8-dihydroquinazolin-3(6F)-one O-(R)-2,3-

dihydroxypropyl oxime (15) was 7.2%.
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Example 19. Preparation of (E)-2-Amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7,8-dihydroquinazolin-5(6H)-one O-2-tert-butoxyethyl oxime (Compound 16)
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[0488] Compound 16 was prepared according to a procedure analogous to that described in
Example 15 using O-(2-tert-butoxyethylbhydroxylamine. The crude product was purified by
preparatory LC/MS (45-55% CHCN in H»O) to give Compound 16 as a TFA salt (0.0417 g, 51
% yield). The R and S enantiomers of Compound 16 may be obtained by SFC using a procedure
analogous to Example 16. 'H NMR (400 MHz, DMSQ-ds} 6 ppm 1.07 (s, 9 H) 2.58 (s, 3 H) 2.60
-2.69(m, 1 HY 2.73 - 2.87 (m, 1 H) 3.20 (dd, J=16.04, 12.25 Hz, 1 H) 3.28 - 3.44 (m, 2 H) 3.52
(t, J=5.31 Hz, 2H) 3.75 (s, 3H) 4.02 - 4.17 (m, 2 H) 6.79 (d, J=8.08 Hz, 1 H) 7.14 (d, J=7.33
Hz, 1 H)7.22 (dd, J=9.73, 2.91 Hz, 1 H) 7.32 (td, J=8.53, 2.91 Hz, 1 H) 7.68 (dd, /=8.59, 5.81
Hz, 1 H) 7.74 - 7.83 (m, 1 H). ESI-MS:m/z 494.3 (M+H)".

Example 20. Preparation of (E)-2-Amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7.8-dihydroquinazolin-5(6H)-one G-3-methoxypropyl oxime (Compound 17)
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[0489] Compound 17 was prepared according to a procedure analogous to that described in
Example 15 except O-(3-methoxy-propylhydroxylamine was used. The crude product was
puritied by preparatory LC/MS (50-65% CH3CN in H,O to give Compound 17 as a TFA salt
{0.0428 g, 55.4 % yield). The R and § enantiomers of Compound 17 may be obtained by SEC
using a procedure analogous to Example 16. "H NMR (400 MHz, DMSO-ds) § ppm 1.83 (t,
J=6.57 Hz, 2 H) 2.51 (s, 3 H) 2.55 - 2.66 (m, 1 H} 2.67 - 2.79 (m, 1 H) 3.07 - 3.18 (1, 1 H) 3.20
(s, 3 H)3.25-332 (m, 2 H) 3.35 (t, J=6.32 Hz, 2 H) 3.74 (s, 3 H) 4.08 (td, /=6.44, 1.77 Hz, 2 H)
6.79 (d, J=8.08 Hz, 1 H) 7.14 (d, /=7.33 Hz, 1 H) 7.21 (dd, J=9.60, 2.78 Hz, 1 H) 7.31 (td,
J=8.65,2.91 Hz, | H) 7.68 (dd, J=8.84, 5.81 Hz, | H) 7.74 - 7.84 (m, 1 H). ESI-MS: m/z 466.4
(M+H)™".

Example 21. Preparation of (E)-2-(2-Amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-
4-methyl-7,8-dihydroquinazolin-5{(6H)-ylideneaminooxy)acetic acid (Compound 18)
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[0490] Compound 18 was prepared using an analogous procedure described for Example 135
except that 2-(aminooxy)acetic acid was used. The crude product was purified by preparatory
LC/MS (40-60% CH:CN in H,0O to give Compound 18 as a TFA salt {0.0413 g, 70 % vield).
The R and S enantiomers of Compound 18 may be obtained by SFC using a procedure analogous
to Example 16. '"H NMR (400 MHz, DMSO-dg) 8 ppm 2.42 (s, 3 H) 2.66-2.79 (i, 3 H) 3.08-
3124{m,2H)3.75 (s, 3 H) 456 (d, J=1.77 Hz, 2 H) 6.79 (d, J=8.08 Hz, 1 H) 7.14 (d, J=7.07 Hz,
1H)7.21(dd, J=9.73,2.91 Hz, 1 H}7.26 - 7.36 (m, | H) 7.66 - 7.73 (m, 1 H) 7.74 - 7.83 (m, 1
H). ESI-MS: m/z 452.3 (M+H)".
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Example 22. Preparation of (K)-2-Amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7,8-dihydroquinazolin-5(6H)-one 0-(5)-2,3-dihydroxypropyl oxime (Compound 19)

[0491] Compound 19 was prepared using an analogous procedure described for Example 17
except that $-0-(2,2-dimethyl-1,3-dioxolan-4-yl-methyl)-hydroxylamine was used. The crude
product was purified by preparatory LC/MS (30-40% CH;CN in H0 to give Compound 19 as a
TFA salt (0.0818 g, 70.5% yield). 'H NMR (400 MHz, DMSO-ds) § ppm 2.52 (s, 3 H) 2.62 (dd,
J=17.94, 14.15 Hz, 1 ) 2.75 (d, J=1.01 Hz, 1 H) 3.07 - 3.19 (m, 1 H) 3.27 - 3.38 (n, 5 H) 3.68 -
373 (m, 2 H) 3.75 (s, 3 H) 3.89 - 3.99 (m, 1 H) 4.06 (ddd, J=10.86, 4.67, 3.16 Hz, 1 H) 6.79 (d,
J=7.83 Hz, 1 H) 7.14 (d, J=7.33 Hz, 1 H) 7.21 (dd, J=9.60, 2.78 Hz, 1 H) 7.32 (1d, J=8.59, 2.78
Hz, 1 H) 7.69 (dd, J=8.72, 5.94 Hz, 1 H) 7.75 - 7.82 (in, 1 H). ESI-MS: m/z 468.4 (M+H)",

Example 23. Chiral Separation of R and § Enantiomers of (E)-2-Amino-7-(4-fluoro-2-(6-
methoxypyridin-2-yl)phenyl)-4-methyl-7,8-dihydroquinazolin-5(6H)-one O-(R)-2,3-
dibydroxypropyl oxime {Compound 20 and Compound 21)
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[0492] Racemic mixture of Compound 19 was separated into its R and § enantiomers,
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Compound 20 and Compound 21 by SFC under the following conditions:
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¢ Column: ChiralPak AD-H, 250 x 10 mm, 5 pm
¢ Mobile Phase:
o A COO
o B: MeOH
Gradient condition: 25% B
Run Time: 15 min
Flow Rate: 20 mIL/min
Injection volume: 1000 pL

[04937  Total yield for the two enantiomers was 34.7%. Yield for (R, E)-(E)-2-amino-7-(4-
fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-dihydroquinazolin-5(6 H)-one O-(R)-2,3-
dihydroxypropyl oxime (20) was 14.1%. Yield for (S,E)-(2-amino-7-(4-fluoro-2-(6-
methoxypyridin-2-yl)phenyl)-4-methyl-7,8-dihydroquinazolin-5(6H)-one O-(R)-2,3-

* & & »

dihydroxypropyl oxime (21) was 20.6%.

Example 24. Preparation of (E)-2-Amino-7-(4-flnoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7.8-dihydroequinazelin-5(6H)-one O-2-aminocethyl oxime (Compound 22)

NHBoc HNH2
g iy
= =
\ _ 20% TFA/CH,CI, j{\ P
HoN N HaN N
[ i [ i
=N =N
24A
-0 -0 22

[0494] Compound 22 was prepared using an analogous procedure described for Example 15
except that fert-butyl 2-(aminooxy)ethylcarbamate was used. The final Boc-deprotection was
effected by treatment of 24A (0.180 g, 0.019 mumol) with 20 % TFA/CH,Cl; for 10 min. The
reaction was completed as judged by LC/MS. The reaction was concentrated in vacue and the
residue was purified by preparatory LC/MS (25-35% CH3CN in H,O) to give product 22 as a
TFA salt (0.0625 g, 75.3% yield). 'H NMR (400 MHz, DMSO-ds) 3 ppm 2.52 (s, 3 H) 2.62 -
274 (m, 1 H}2.76-2.90 (m, 1 H) 2.99 - 3.18 (m, 3 H) 3.32 (d, /=12.38 Hz, 2 H) 3.75 (s, 3 H)
4.20(t, /=5.05 Hz, 2 H) 6.80 (d, J=B.08 Hz, 1 H) 7.14 (d, J=7.33 Hz, 1 H) 7.23 (dd, J=9.73, 2.1
Hz, 1 H) 7.33 (td, /=8.53, 2.91 Hz, 1 H) 7.69 (dd, /=8.84, 5.81 Hz, I H) 7.74 - 7.86 (m, | H).
ESI-MS: m/z 437.4 (M+H)*.
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Example 25. Chiral Separation of R and S Enantiomers of (E)-2-Amino-7-(4-fluoro-2-(6-
methoxypyridin-2-yl)phenyl}-4-methyl-7,8-dihydroquinazolin-S(6H)-one O-2-aminoethyl
oxime (Compound 23 and Compound 24)
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[0495] Racemic mixture of Compound 22 was separated into its R and S enantiomers,
Compound 23 and Compound 24, by SFC under the following conditions:

¢ Column: ChiralPak AD-H, 250 x 10 mm, 5 um
* Mobile Phase:
o A: CO (1)
o B: MeQOH + 10 mM NH,0Ac
Gradient condition: 30% B
Run Time: & min
Flow Rate: 20 mL/min
Injection volume: 75 uL

[0496] Total yield for the two enantiomers was 23%. Yield for (R, E)-2-amino-7-(4-fluoro-2-

* & » 9

(6-methoxypyridin-2-yl)yphenyl)-d-methyl-7,8-dihydroquinazelin-5{6H)-one O-2-aminoethyl
oxime (23) was 9.2%. Yield for (5, E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7,8-dihydroquinazolin-5(6H)-one (-2-aminoethyl oxime (24) was 13.9%.
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Example 26. Preparation of (E) and (Z) isomers of 2-Amino-7-(4-fluoro-2-(6-
methoxypyridin-2-yl)phenyl)-4-methyl-7,8-dihydroquinazolin-5(6H)-one O-pyridin-3-
ylmethyl oxime (Compound 25 and Compound 26)

/N N\.
N’O
|
N7 ™=
X -
HaN N HaN
| = F
N
25
A

[0497]  The racemic mixture which contained Compounds 25 and 26 was prepared by a
procedure analogous to that described in Example 15 except that O-(pyridin-3-
ylmethyl)hydroxylamine was used. The crude product was purified by preparatory LC/MS (25-
40% CH3CN in H;O to give products as TFA salt. The E and Z isomers were separated by
preparatory LC/MS (25%-40% CHACN in H;O) with a total yield of 71.6%.

[0498]  Yield for (E) 2-amino-7-(4-flucro-2-(6-methoxypyridin- 2-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-pyridin-3-ylmethyl oxime (25) was 0.0398 g, 50.2%. "H NMR
{400 MHz, DMSO-dg) 8 ppm 2.37 (s, 3 H) 2.58 - 2.83 (in, 2 H) 3.12 (dd, /=16.04, 12.25 Hz, 1 H)
3.32(dd, J=13.26,3.92 Hz, 2 H) 3.67 (s, 3 H) 520 (d, /=3.03 Hz, 2 H) 6.78 (d, J=8.34 Hz, | H)
7.14 (d, J/=7.33 Hz, 1 H) 7.21 (dd, J=9.60, 2.78 Hz, 1 H) 7.31 (td, J=8.53, 2.91 Hz, 1 H) 7.63 -
7.73 (m, 2 H) 7.78 (t, /=7.83 Hz, 1 H) &.11 (d, J=7.58 Hz, 1 H) 8.68 (br. 5., 1 1) 8.74 (s, 1 H).
ESI-MS: nv/z 485.4 (M+H)".

[0499]  Yield for (Z) 2-amine-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-pyridin-3-ylmethyl oxime (26) was 0.017g, 21.4%. 'H NMR
(400 MHz, DMSO-ds) 6 ppm 2.12 (s, 3H) 2.63 - 2,71 (m, 1 H) 2.72 - 3.00 (m, 4 H) 3.80 (s, 3 H)
5.11 (s, 2 H) 6.83 (d, J=8.34 Hz, 1 H) 7.12 (d, J=7.33 Hz, 1 H) 7.18 (dd, J=9.73, 2.91 Hz, 1 H)
7.26 (td, J=8.53, 2.91 Hz, 1 H) 7.57 (ddd, J=13.71, 8.40, 5,43 Hz, 2 H) 7.73 - 7.88 (m, 1 H) 7.96
(d, J=7.33 Hz, 1 H) 8.64 (s, 1 H) 8.79 (br. 5., 1 H). ESI-MS: m/z 485.4 (M+H)".
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Example 27, Preparation of (E)-2-Amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7,8-dihydroguinazolin-5(6)-one (3-3-hydroxy-2-(hydroxymethylpropyl oxime
(Comypound 27) and Chiral Separation of Enantiomers

OH

Lon

[0500] Compound 27 was prepared by a procedure analogous to that described in Example 17
except that O-((2,2-dimethyl-1,3-dioxan-5-yl)ymethylhydroxylamine was used. The crude
product was purified by preparatory EC/MS (35-40% CH3CN in IO to give Compound 17 as a
TFA salt (0.109 g, 42.9% yield). 'H NMR (400 MHz, DMSQO-dg) 6 ppm 1.89 (m, 1 H) 2.47 (s, 3
H) 2.54 (m, 1 H) 2.67 (br. 5., 2 H) 3.07 (d, J=15.66 Hz, 1 H) 3.25 (i, 11} 3.41 (q., /=531 Hz, 4
H) 3.75 (s, 3 H) 4.03 (d, J=8.00 Hz, 2 H) 4.39 (q, /=4.97 Hz, 2 H) 6.79 (d, J=8.34 Hz, 1H) 7.13
(d, /=7.33 Hz, 1 H) 7.20 (dd, J=9.60, 2.53 Hz, 1 H) 7.25 - 7.35 (m, 1 H} 7.68 (dd, J=8.59, 5.81
Hz, 1 H)7.74 - 7.83 (m, | H). ESI-MS: nv/z 482.4 (M+H)".

[0501] The R and § enantiomers of Compound 27 was separated by SFC under the following
conditions:

Column: ChiralPak AD, 250 x 10 mm, 5 pm
Mobile Phase:
o A: CO, (1)
o B: IPOH
Gradient condition: 40% B
Run Time: 12 min
Flow Rate: 15 ml/min
Injection volume: 300 pl

[0502]  Total yield for the two enantiomers was 50.3%. Yield for (R, E)- 2-amino-7-(4-fluoro-

* & @

2-(6-methoxypyridin-2-yDphenyl)-4-methyl-7,8-dihydrogquinazolin-3(6H}-one O-3-hydroxy-2-
(hydroxymethyl}propyl oxime (28) was 27.9%. Yield for (S, E)- 2-amino-7-(4-fluoro-2-(6-
methoxypyridin-2-yl)phenyl)-4-methyl-7,8-dihydroquinazolin-5(6H)-one O-3-hydroxy-2-
(hydroxymethyl}propyl oxime (29} was 22.4%.
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Example 28. Preparation of (E)-2-(2-Amino-7-(4-fluoro-2-(6-methoxypyridin-2-yDphenyl)-
4-methyl-7,8-dihydroquinazolin-5(6H)-ylidene)hydrazinecarboximidamide (Compound 30)
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[0503]  The ketone 13A ((Example 13) 0.100g), aminoguanidine hydrochloride (0.0876 g, 3
eq.) and SN HCI (5 eq.) were dissolved in ethanol and was heated in a 90 °C oil bath for 2 hours.
The crude product was then purified by preparatory LC/MS (40-45% CH3CN in H,O to give (E)-
2-(Z-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-dihydrequinazolin-
5(6H)-ylidene)hydrazinecarboximidamide (30) as a TFA salt (0.0617 g, 53.6% yield). 'H NMR
(400 MHz, DMSO-ds) 6 ppm 2.64 (s, 3 H)2.70 - 2.82 (m, 2 H) 3.15 - 3.33 (m, 2 H) 3.48 (br. 5., |
H)3.73 (s, 3H) 6.80 (d, /=8.34 Hz, 1 H) 7.17 (d, J=7.33 Hz, 1 H) 7.25 (dd, J=0.73, 2.65 Hz, |
H) 7.33-7.40 (m, 1 H) 7.74 - 7.86 (m, 2 H) 10.74 (s, 1 H). ESI-MS: m/z 435.4 (M+H)".

Example 29. Preparation of (S,£)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7,8-dihydroquinazolin-5(6 H)-one 0-(5)-3,4-dihydroxybutyl oxime (Compound 31)

0 3

{0504] Compound 31 was prepared using an analogous procedure described for Example 17
except that {5}-0-(2-(2,2-dimethyl-1,3-dioxolan-4-yl)ethyDhydroxylamine was used. The crude
product was purified by preparatory LC/MS (CH;CN in HyO to give (5,E)-2-amino-7-(4-fluoro-
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2-(6-methoxypyridin-2-yDphenyl)-4-methyl-7,8-dihydroguinazolin-5(6H)-one 0-(5)-3.4-
dihydroxybutyl oxime as a TFA salt (31, 4.5 mg, 7.1% yield). "H NMR (400 MHz,
CHLOROFORM-d) 6 ppm 1.17 - 1.37 (i, 1 H) 2.46 - 2.64 (m, 4 H) 2.81 - 2.99 (m, 2 H) 3.25 -
3.53 (m, 3 H) 3.58 - 3.66 (m, 1 H) 3.77 - 3.96 (m, 4 H) 4.16 - 4.38 (m, 3 H) 5.18 (br. 5., 2 H) 6.66
-6.78 (m, 1 H) 6.95 (dd, J=7.33,4.29 Hz, 1 H) 7.02 - 7.22 (m, 2 H} 7.31 - 7.44 (in, 1 H) 7.55 -
7.68 {m, 1 H). [M+H] calc’d for CpsHogFNsOy, 482; found, 482,

Example 30. Preparation of 2-Amino-7-(3-(6-methoxypyridin-2-yl)thiophen-2-yl}-4-methyl-
7.8-dihydroquinazolin-5(6 H)-one (30H)

Br
| = o o o
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0
pyrrolidine,
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4 DMAP, CHzCl; EtOH, 100 °C
—
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A. Synthesis of 3-(6-methoxypyridin-2-yl)thiophene-2-carbaldehyde (30C)

[0505] To a 500 mL flask was added 2-formylthiophene-3-boronic acid (30A, 5.00 g, 32.1
mmol, 1.0 eq.), 2-bromo-6-methoxypyridine (30B, 6.03 g, 32.1 mmol, 1.0 eq.), toluene (100
mL), EtOH (100 mL), aqueocus sodium carbonate (2N, 32 ml, 64 mmol, 2.0 eq.), and Pd{dppf)Cl;
(1.17 g, 1.6 mmol, 0.05 eq.). The reaction was stitred overnight at 90 °C. The reaction was
cooled and saturated aqueous NaCl (100 mL) was added and the mixture was stirred for 20 min.
The reaction mixture was extracted with EtOAc¢ (2 x 100 ml.) and the resulting organic layers
were combined and passed through a Celite pad to remove residual Pd. The organic phases were
washed with a succession of H20 (100 ml) and saturated aquecus NaCl (100 mL) and then dried
over anhydrous Na,;SQy, filtered, and concentrated to give a bubbly brown solid that was used in

the next step without further purification (6.2 g, 88%). ESI-MS: m/z 220.2 (M+H)".
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B. Synithesis of (E)-4-(3-(6-methoxypyridin-2-yl)ihiophen-2-yl)but-3-en-2-one (30D)

[0506] To a 500 mL recovery flask was added 3-(6-methoxypyridin-2-yl)thiophene-2-
carbaldehyde (30C, 6.2 g, 28.3 mmol, 1.0 eq.), acetone (16.6 mL, 226 mmol, 8.0 eq.), and H,O
(130 mL). Upon cooling to § °C in an ice bath, aqueous NaOH (5N, 6.2 mL, 31.1 mmol, 1.1 eq.)
was added. The reaction mixture was stirred overnight while warming to room temperature.
LC/MS monitoring showed the reaction to be ~60% complete, so additional aqueous NaQH (5N,
1 mL, 5.0 mmol, 0.18 eq.) was added. After stirring for an additional 6 h the reaction was
complete by LC/MS. The reaction mixture was neutralized with 3N aqueous HCl to a pH ~8.
The mixture was extracted with EtOAc (3 x 100 mL). The organic phases were conmbined and
washed with saturated aqueouns NaCl (100 ml.). The combined aqueous phases were extracted
with EtOAc (100 mL). The organic phases were combined and dried over anhydrous Na,S0,,
filtered, and concentrated to give a black solid. The residue was purified via flash
chromatography (60% CH,Cly/Hex to 100% CH,Cly) to give a yellow solid 30D (4.8 g, 67%).
"H NMR (400 MHz, DMSO-dg) 8 ppm 2.29 (s, 3 H) 3.96 (s, 3 H) 6.59 (d, J=15.92 Hz, 1 H) 6.84
(d, J=8.34 Hz, 1 H) 7.41 (d, /=7.58 Hz, 1 H) 7.60 (d, J=5.31 Hz, 1 H) 7.75 - 7.88 (m, 2 H) 8.71
(d, J=15.92 Hz, 1 H). ESI-MS: m/z 260.3 (M+H)".

C. Synthesis of 3-hydroxy-5-(3-(6-methoxypyridin-2-y)thiophen-2-yl)cyclohex-2-
enone (30F)

[0507] To a 200 mL recovery flask was added (F)-4-(3-(6-methoxypyridin-2-yl)thiophen-2-
ylbut-3-en-2-one (30D, 4,81 g, 18.6 mmol, 1.0 eq.), MeOH (100 ml.), and dimethylmalonate
(30E, 2.13 mL, 18.6 mmol, 1.0 eq.). NaOMe (30% wt in MeOH, 3.66 mL, 19.5 mmol, 1.05 eq.)
was added and the reaction mixture was stirred overnight at reflux. LC/MS analysis showed the
desired intermediate and the mixture was concentrated and then taken up in 1N aqueous NaOH
(100 mL) and refluxed for | h. The reaction was then cooled to 0 °C in an ice bath and acidified
with 1N HCl until acidic. The reaction mixtuse was then stirred at 80 °C for 1h. After cooling to
room temperature, EtOAc (200 mL) was added and the organic phase was washed with saturated
aqueous NaCl (100 mL). The combined aqueous phases were extracted with EtOAc (100 mL).
The combined organic phases were dried over anhydrous Na,SQ,, filtered, and concentrated to
give a foamy brown solid 30F that was taken on to the next step without further purification. (4.9
g, 88%). "H NMR (400 MHz, DMSO-ds) & ppm 2.67 (m, 3 H) 3.79 (s, 3 H) 4.54 - 470 (m, 1 H)
530(s,1 HY6.73 (¢, J=8.08 Hz, 1 H) 7.31 (d, J=7.33 Hz, 1 H) 7.39 - 7.54 (m, 2 H) 7.76 (t,
J=7.83 Hz, 1 H). ESI-MS: m/z 302.3 (M+H)".
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D. Synthesis of 2-acetyl-3-hydroxy-5-(3-(6-methoxypyridin-2-yDthiophen-2-
yleyelohex-2-enone (30G)

[0508] To a 200 mL recovery flask was added 3-hydroxy-5-(3-(6-methoxypyridin-2-
yhthiophen-2-ylcyclohex-2-enone (30F, 4.9 g, 16.3 mmol, 1.0 eq.}, CH2Cl, (100 ml), acetic
anhydride (2.15 g, 21.1 mmol, 1.3 eq.), EGN (6.8 ml., 48.8 mmol, 3.0 eq.}, and DMAP
{catalytic). The reaction mixture was stirred overnight at room temperature whereupon LC/MS
showed two signals corresponding to M+H = 344. Additional acetic anhydride (0.5 mL, 5.3
mmol, 0.32 eq.) was added and the reaction mixture was heated for 6 h at 40 °C. LC/MS analysis
showed the reaction to be complete whereupon the mixture was concentrated to a solid and
purified via flash chromatography (70% CH,Cly/Hex to 100% CH,Cl,) to vield a dark orange
solid 30G (1.72 g, 31%). 'H NMR (400 MHz, DMSO-ds)  ppm 2.52 - 2.57 (m, 3 H) 2.83 (m, 2
H)3.09 (m, 2 H)3.78 (s, 3H) 4.68 {(m, 1 H) 6.74 (d, J=8.34 Hz, 1 H) 7.32(d, J=7.33 Hz, 1 H)
7.41-7.47 (m, 1 HY7.51 {d, J/=5.31 Hz, 1 H) 7.76 (t, J=7.96 Hz, 1 ). ESI-MS: m/z 344.3
(M+H)™.

E. Synthesis of 2-amino-7-(3-(6-methoxypyridin-2-ylthiophen-2-yl)-4-methyl-7,8-
dihydroquinazolin-5(6H)}-one (30H)

[0509] Toa 150 mL pressure vessel was added 2-acetyl-3-hydroxy-5-(3-(6-methoxypyridin-
2-yhthiophen-2-yleyclohex-2-enone (30G, 1.72 g, 5.01 mmol, 1.0 eq.), EtOH (50 mL),
pyrrolidine (2.13 g, 30.1 mmol, 6.0 eq.), guanidine hydrochloride (1.44 g, 15 mmol, 3.0 eq.).

The vessel was sealed and heated overnight at 100 °C. LC/MS analysis showed the reaction to be
complete whereupon the reaction mixture was concentrated and the residue was taken up in 20%
EtOAc/CH,Cl;. Aninsoluble solid proving not to be product was filtered off. The remaining
filtrate was purified via column chromatography (20% EtOAc/CH;Cl, to 70% EtOAc/CH,Cly) to
yield the product 30H as a light gray solid (270 mg, 15%). 'H NMR (400 MHz, DMSO-dq) 8
ppm 2.55(s, 3H)2.76-2.85(m, 2 H)3.02 -3.22 (m, 2 H) 3.70 (5, 3 H) 4.62 - 4.77 (m, L H) 6.72
(d, J=8.34 Hz, 1 H) 7.31 (d, J/=7.58 Hz, 1 H) 7.41 - 7.54 (m, 4 H) 7.75 (t, J=7.83 Hz, 1 H). ESI-
MS: nvz 367.3 (M+H)".
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Example 31. Preparation of (R)-2-Amino-7-(2-bromo-4-fluore-phenyl)-4-methyl-7,8-
dihydro-6H-pyrido{4,3-d]pyrimidine-5-thione (311) and (R)-2-Amino-7-(4-fluoroe-2-(6-
methoxypyridin-2-yl)phenyl)-4-methyl-7,8-dikydropyrido[4,3-d]pyrimidin-5(6/)-one (31J)

o X 1.Zn, CuCl NHp ~ HE!
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ar F Br F
31D
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At Ty P
e HNT N
= F
Pd(dpphiCl; |
DMA, KQCO3 31d =N

ricrowave, 110 °C

A. Synthesis of (5)-2-methyl-propane-2-sulfinic acid 1-(2-bromo-4-fluore-phenyl)-
methyl-(E)-ylideneamide (31C)

[0510]  (S)-terr-Butanesulfinimide (31A, 9.9 g, 81.6 mmol), 2-bromo-4-fluoro-benzaldehyde
(31B, 15.5 g, 76 munol), and titanium tetraethoxide (34 mL) were charged into & 500 mL round
bottom flask containing THF (dry, 50 mL). The reaction was allowed to stir at ambient

temperature for 2 h which was deemed complete by LCMS. EtOAc (200 mL), brine (150 mL.),
and celite was added and stir for 1 h. The heterogencous mixture was filtered through a pad of

celite, and washed with EtOAc. The organic layer was washed with brine and dried (Na;SQy),

-181-



then concentrated in vacuo to afford the product 31C as viscous 0il (23.3 g, 99% yield). 31C

was used in the next step without further purification.

B. Synthesis of (R)-3-amino-3-(2-bromo-4-fluore-phenyl}-propionic acid ethyl ester
(31D).

[0511] A 500 mL 3-necked flask fitted with an overhead stirrer, a 150 mL addition funne] and
a reflux condenser, was charged with THF (dry, 150 mL), Zn (74.5 g, 1.14 mol, 10 pm particle
size) and CuCl (11.3 g, 114 mmol) under N; atmosphere, The heterogeneous mixture was
refluxed for 1 h while stirring vigorously. After cooling to ambient temperature, ethyl
bromoacetate (12.61 ml., 114 mmol) was added and the reaction was held at 50 °C for 1 h then
cooled 1o 0 °C. 31C (23.3 g, 76 mmol} in THF (dry, 80 mL} was added via the addition funnel
over 10 min. The reaction was held at 0 °C for 4 h then warmed to ambient temp and stirred for
12 h. The heterogeneous mixture was filtered through a pad of celite and washed with EtOAc,
The organic layer was washed with citric acid (1M), NaHCOs, brine, dried over Na;SQO, and
concentrated in vacuo to give 24.3 g of light yellow solid. The solid was then taken up in diethyl
ether (200 mL), EtOH (5 ml.}, and HCI (38 mL, 4M in dioxane). After 30 min the product 31D
precipitated and was filtered, the solid washed with excess diethyl ether dried under high vacuum
to afford the B-amino ester HCl salt in good yield (15.6 g, 47.7 mmol, 63%). The mother liquor
contained an additional 1.9 g (6.5 mmol, 8.5%) of freebase after neutralization and column
chromatography (1-5%, MeOH in DCM). ESI-MS: m/z 290.01 (MH+).

C. Synthesis of (R)-3-(2-bromo-4-fluore-phenyl)-3-(3-oxo-butyrylamino)-propionic
acid ethyl ester (31F)

[0512] A 500 ml. round-bottom flask charged with 31D (13.3 g, 41 mmol) in 200 mL of
DCM and TEA (22.8 ml., 3 equiv.) was added diketene (31E, 8.81 mi., 50% in DCM). The
reaction was stirred at ambient temperature until completion (2 h, determined by LCMS). The
reaction mixture was washed with 1 N NaHSQ,, brine, dried over Na;SQ,4 and concentrated in

vacuo to afford Compound 31F as a yellow solid (15.3 g, 99%). ESI-MS: m/z 374.0 (MH").

D. Synthesis of (R, E}-6-(2-bromo-4-fluorophenyl)-3-(1-hydroxyethylidene)piperidine-
2,4-dione (31G)

[0513] To a flask containing 30 mL dry MeOH was added sodium metal (1.00 g, 43.5 mmo},
3.4 eq.). The mixture was stirred vigorously until sodium is dissolved. To a pressure vessel

containing 31F (4.81 g, 12.9 mmol, 1.0 eq.) in MeOH (50 mL} was added the freshly prepared
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NaOMe solution. The pressure vessel was sealed and heated at 100 °C overnight. LC/MS
analysis showed the product as the major signal. The reaction mixture was concentrated and then
diluted with methylene chloride (500 mL) and aqueous 1 N NH4C1 (100 mL). The organic phase
was further washed with aqueous 1 N NIH,4CI (100 mL) and saturated agqueous NaCl (100 mL),
The combined aqueous phases were extracted with methylene chloride (2 x 75 mL). The
combined organic phases were dried over anhydrous Na,SQy, filtered, and concentrated to give a
dark yellow solid 31G which was deemed pure enough to take on to the next reaction without
further purification (2.05 g, 49%). ESI-MS: m/z 328.2 (M+H)"

E. Synthesis of (R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-
dihydropyridof4,3-d]pyrimidin-5(6H)-one (31H)

[0514] A microwave vial charged with acetylguanidine (800 mg, 7.9 mmol) was added
pyrrolidine (3.25 ml., 39 mmo¥), 5 ml of EtOH and 31G (1.3 g, 3.9 mmol). The mixture was
heated in a microwave at 160 °C for 10 min. The reaction mixture was diluted with EtOAc (50
mL) and washed with 1M NaHSQ, (40 mL x 2), brine, dried over Na,SO,, concentrated in
vacuo. The resulting solid was purified by column chromatography (2-5% MeOH in DCM
gradient) to give the product 31H as a light yellow crystalline solid (989 mg, 72%). 'H NMR
(400 MHz, DMSO-dg) 6 ppm 2.61 (s, 3 H) 2.83 (dd, /=16.29, 5.94 Hz, 1 H) 3.22 (dd, J=16.42,
6.06 Hz, I H) 4.84 - 5.06 (m, 1 H) 7.11 (br. s., 2 H) 7.19 - 7.40 (m, 2 H) 7.61 (dd, J=8.59, 2.53
Hz, 1 H) 7.98 (d, /=3.28 Hz, 4 H). ESI-MS: m/z 351.0 (MH™).

F. Synthesis of (R)-2-Amino-7-(2-bromo-4-fluoro-phenyl)-d-methyl-7,8-dihydro-6H-
pyrido{4,3-d]pyrimidine-5-thione (311)
[0515] A 4 mL vial charged with 31H and 2 mL of DME was added Davy reagent (250 mg,
0.71 mmol). The mixture was heated to 100 °C for 20 min. The crude mixture was directly
charged into a 12 g silica column and eluted (2-4% MeOH in DCM) to give the thiolactam 311 in
modest yield (134 mg, 52%). ESI-MS: m/z 367.0 (MH").

G. Synthesis of (R)-2-aming-7-(d-fluore-2-(6-methoxypyridin-2-yDphenyl}-d-methyl-
7.8-dihydropyrido{4,3-d]pyrimidin-5(6H)-one (31J)

[0516] To a5 mL microwave vial was added 31H (700 mg, 1.99 mmol, 1.0 eq.), 2-(6-
methoxypyridin-2-yl)-6-phenyl-1,3,6,2-dioxazaborocane (1.43 g, 4.78 mmol, 2.4 eq.),
Pd(dppfHHCl, (73 mg, 0.0997 mmol, 0.05 eq.), K,CO; (826 mg, 5.98 mmol, 3.0 eq.), and

dimethylacetamide (10 mL). The vial was sealed and heated in a microwave at 110 °C for 30
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min. LC/MS analysis showed the reaction was complete. The reaction mixture was diluted with
methanol, filtered, and purified via preparative-HPLC to give the product 31]) as a white solid
(618 mg, 81.7% yield). '"H NMR (400 MHz, DMSO-dq) § ppm 2.58 (5,3 H)2.80-295(m, 1 H)
3.08-3.22(m, 1 H) 3.86 (s, 3 H}5.15 (br. s., I H) 6.86 (d, /=7.58 Hz, 1 H) 7.18 (d, J=6.82 Hz, 1
H)7.23-7.33 (m, 2 H) 7.55 (dd, J=8.59, 5.81 Hz, 1 H) 7.84 (dd, /=8.34, 7.33 Hz, 2 H). ESI-
MS: m/z 380.2 (M+H)™.

Example 32. Preparation of (R,Z)-2-Amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl}phenyl)-
4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6 H)-one O-((R)-2,2-dimethyl-1,3-dioxolan-4-
yDmethyl oxime (Compound 32) and (R,Z)-2-Amino-7-(4-fluoro-2-(6-methoxypyridin-2-
yhphenyl)-4-methyl-7,8-dihydropyride[4,3-d]pyrimidin-5(6H)-one O-(R)-2,3-

dihydroxypropyl oxime (Compound 33)
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[0517}] A 4 mL vial charged with (R)-2-amino-7-(2-bromo-4-fluoro-phenyl)-4-methyl-7,8-

dihydro-6H-pyrido[4,3-d]pyrimidine-S-thione (311 (Example 31), 107 mg, 0.28 mmol), (R)-0-

((2,2-dimethyl-1,3-dioxolan-4-ylymethylhydroxylamine (247 mg, 1.68 mmol), and dioxane (2

mL) was heated to 100 °C for 12 h. The crude mixture was purified by preparative reverse phase

HPLC (10-70% H20-AcCN, 0.035 % TFA) to afford the product (R,Z)-2-amino-7-(2-bromo-4-

flucrophenyl)-4-methyl-7 8-dihydropyrido[4,3-d]pyrimidin-5(6 H)-one O-((R)-2,2-dimethyl-1,3-
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dioxolan-4-yhmethyl oxime {32A) in modest yield (40 mg, 30% yield). ESI-MS: m/z 480.1
(M+H) ™.

[0518]  To a vial containing 32A (40 mg, 0.083 mmotl), 2-methoxy-6-(4,4,5,5-tetramethyl-
1,3.2-dioxaborolan-2-yDpyridine (58 mg, 0.25 mmol), Na;CO; (0.5 mL, 1.0 mmol), Pd(dppf).Cl,
(3.4 mg, 0.004 mmol) and DMA (0.5 mL) was heated to 130 °C for 20 min in the microwave.
The resultant crude mixture was diluted with EtOAc, and washed with H»O, brine, dried over
NaySOy, and concentrated in vacuo to yield (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
ylphenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-((R)-2,2-dimethyl-1,3-
dioxolan-4-yl)methyl oxime (32) after reverse-phase preparative HPLC (16 mg, 39% yield, 10-
70% H,0-AcCN, 0.035 % TFA). "H NMR (400 MHz, CHLOROFORM-d) & ppmt 1.35 (s, 3 H)
1.41 (s, 3 H) 2.85 (s, 3 H) 3.15 (dd, J=17.05, 10.48 Hz, 1 H) 3.46 (dd, J=17.18,3.79 Hz, 1 H)
370 -3.80(m, 1 H) 3.88 (s, 3 H) 3.99 - 4.17 (m, 3 H) 4.36 - 4.49 (m, 1 H) 4.90 (dd, J/=10.36,
3.54 Hz, 1 H) 4.30-5.10 (br, 2H) 5.80 (br, 1H) 6.76 (d, J=8.34 Hz, 1 H) 7.02(d, J=7.33 Hz, 1 H)
7.10 - 7.24 (i, 2 H) 7.60 (dd, J=8.59, 5.56 Hz, 1 H) 7.68 (t, J=7.83 Hz, 1 H}. ESI-MS: m/z 509.4
(M+H)".

[0519] Compound 32 was taken up in AcOH-H,0 (I mL, 5:1) and heated to 80 °C for 30 min;
the excess AcOH was removed under vacoum. The crude product was then purified by reverse
phase preparative HPLC to yield (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methy!-7,8-dihydropyrido[4,3-d]pyrimidin-5{6H)-one O-(R)-2,3-dihydroxypropyl oxime (33, 12
meg, 20-75% H,0-AcCN, 10 mM (NH4),CO,). 'H NMR (400 MHz, DMSO-ds) § ppm 2.48 (s,
3H) 2.81 (dd, J=16.17, 7.83 Hz, 1 H) 3.04 (dd, J=16.17, 4.80 Hz, 1 H) 3.28-3.41 (m, 2H) 3.66 -
376 (m, 1 H) 3.78 - 3.84 (m, 1 H) 3.9 (s, 3 H) 3.89 - 3.97 (i, 1 H) 4.51 (t, J=5.68 Hz, 1 H) 4.64
(d, /=4.80 Hz, 1 H) 4.94 - 5,05 (m, 1 H) 6.48 (s, 1 H) 6.79 (s, 2 H) 6.85 (d, J=8.34 Hz, 1 H) 7.18
(d, J=7.33 Hz, 1 H) 7.23 - 7.35 (;m, 2 H) 7.53 (dd, J=8.59, 5.81 Hz, 1 H) 7.84 {t, J=7.83 Hz, 1 H).
ESI-MS: m/z 469.2 (M+H)".
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Example 33. Preparation of (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6 H}-one 0-(S)-2,3-dihydroxypropyl oxime
(Compound 34)

34

[0520] The title compound was prepared by the procedure of Example 32 except that (5)-0-
((2,2-dimethyl-1,3-dioxolan-4-yDmethyl)hydroxylamine was used. 'H NMR (400 MHz,
CHLOROFORM-d) & ppm 2.63 (s, 3 H) 2.97 - 3.14 (m, 1 H) 3.16 - 3.28 (m, 1 H) 3.55 - 3.68 (m,
1 H}3.68 - 3.76 (m, 3 H) 3.90 (s, 3 H) 3.97 - 4.20 (m, 3 H) 4.90 (dd, /=10.23, 3.92 Hz, 1 H) 5.26
(br.s.,2H)5.83 (s, | H) 6.74 (d, /=8.34 Hz, | H} 7.00 (d, J/=7.07 Hz, 1 H) 7.07 - 7.22 (m, 2 H)
7.52-7.76 (m, 2 H). ESI-MS: m/z 469.2 (M+H™).

Example 34, Synthesis of {R,Z)-2-Amino-7-(4-fluoro-2-(6-methoxypyridin-2-yhphenyh-4-
methyl-7,8-dihydropyrido[4,3-dpyrimidin-5(6 H)-one (-3-hydroxy-2-
(hydroxymethyl)propyl oxime (Compound 35)

(@\

* NH HZN’O NH
e
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[0521]  The title compound 35 was prepared by a procedure analogous to that disclosed in
Example 32 except O-((2,2-dimethyl-1,3-dioxan-5-ylymethylhydroxylamine was used. The
crude product was purified by reverse phase HPLC (5 mg, 20-75% H;O-AcCN, 10 mM
(NH.4),CO;} to afford (R,7)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y1) phenyl)-4-methyl-

OH
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7,8-dihydropyrido[4,3-d]pyrimidin-3(6H)-one O-3-hydroxy-2-(hydroxymethyl)propyl oxime (33,
5 mg, 2.9% yield). 'H NMR (400 MHz, DMSO-dg) & ppm 1.88 - 2.05 (m, 1 H) 2.53 (s, 3 H) 2.81
(dd, J=16.17, 7.33 Hz, 1 H) 3.03 (dd, J=16.04, 493 Hz, 1 H) 3.42 - 3.50 (m, 4 H) 3.86 (s, 3 H)
3.93 (dd, J=6.32, 2.53 Hz, 2 H) 4.29 - 4.39 (m, 2 H) 5.00 - 5.10 (m, 1 H) 6.31 (s, 1 H) 6.76 (5, 2
H) 6.85 (d, /=8.34 Hz, 1 H) 7.19 (d, J=7.33 Hz, 1 H) 7.21 - 7.32 (mn, 2 H) 7.49 (dd, J=8.59, 5.81
Hz, 1 H) 7.84 (t, J=7.83 Hz, 1 H). ESI-MS: m/z 483.3 (M+H").

Lxample 35. Synthesis of (R, Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-3(6H)-one O-(S)-3,4-dihydroxybutyl oxime (Compound 36)
and (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(S)-3,4-dihydroxybutyl oxime (Compound 37)
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[0522] A mixture of (R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidine-5(6H)-thione (311, 100 mg, 0.3 mmol), ($)-0-(2-(2,2-dimethyl-
1,3-dioxolan-4-yl)ethylhydroxylamine (194 mg, 1.2 mmol), Hg(OAc), (192 mg, 0.6 mmol) and
anhydrous foluene (2 mL) was heated at 100 °C for Ih. LCMS shows completion of the reaction.
The mixture was cooled, filtered through celite and washed with ethyl acetate. Filtrate
concentrated and the resulting oily residue was purified by preparative LCMS to afford (R,Z)-2-
amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-dihydropyrido{4,3-d]pyrimidin-3{6 H}-one O-2-
((5)-2,2-dimethyl-1,3-dioxolan-4-yl)ethyl oxime (35A, 87 mg, 65%) as a pale yellow solid. H
NMR (400 MHz, CHLOROFORM-d) & 1.35 (s, 3 H) 1.40 (s, 3 H) 2.01 (qd, J=6.32,3.03 Hz, 2
H) 2.76 (s, 3 H) 2.95 (dd, /=16.42, 8.84 Hz, 1 H) 3.18 (dd, J=17.18, 5.05 Hz, 1 H) 3.56 - 3.62
(m, 1 H)4.09 (dd, J=7.96, 5.94 Hz, 1 H) 4.16 - 4.28 (m, 2 H) 4.98 (ddd, J=8.78, 4.61, 1.52 Hz, 1
H) 7.07 (1d, J=8.21, 2.53 Hz, | H) 7.34 (dd, J=8.08, 2.53 Hz, 1 H) 7.68 (dd, J=12.00, 6.95 Hz, |
H). MS (ES) [M~+H)] calculated for CyHagBrFNsQ4, 494.11; found 494.00.

[0523] A mixture of the above compounds (83.0 mg, 0.17 mmol), 2-methoxy-6-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (80.0 mg, 0.34 mmol), Pd{dpp1),Cl, (14 mg, 0.017
mmol), 2N Na,CO3 (0.42 ml.,, 0.85 mmol) in DMA (2 mL} was degassed with N, and heated at
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80 °C for 2.5h. LCMS shows 1.1 mixture of starting material and product. The reaction mixture
was cooled, filtered through celite and washed with 1:1 MeOH-CH»Cl,. The filtrate was
concentrated and the residue was dissolved in 4:1 mixture of AcOH-H>O and heated at 80 °C for
30 minutes. Solvent remnoved under reduced pressure and the residue was purified by preparative
HPLC (basic mode) to afford Compounds 36 and 37.

[0524]  Compound 36: (R,Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(S)-3,4-dihydroxybutyl oxime (36, 8.0 mg). 'H
NMR (400 MHz, METHANQOL-d,} d 1.68 - 1.80 (dddd, J = 14.31, 8.75, 5.65, 5.65 Hz, 1 H),
202 (dddd, J=14.24,7.74, 6.44,3.92 Hz, 1 H), 2.85 (s, 3 H), 3.18 (dd, J = 16.93, 6.57 Hz, 1 H),
3.37(dd, J=16.80,543Hz, 1 H),3.43-3.55(m, 2 H), 3.72 - 3.82 (m, 1 H),4.18 - 4.31 (n, 2
H), 5.14{t, J =594 Hz, 1 H), 7.15 (td, J = 8.40, 2.65 Hz, 1 H}, 7.39 (dd, J = 8.84, 5.81 Hz, 1 H),
7.46 (dd, J = 8.34, 2.78 Hz, 1 H). MS (ES) [M+H] calculated for CysHy:BrFN=05, 454.29; found
454.20).

[0525]  Compound 37: (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl}-4-
methyl-7.8-dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-($)-3,4-dihydroxybuty] oxime (37, 8.0
mg). 'H NMR (400 MHz, CHLOROFORM-d) & 1.53 - 1.58 (m, 1 H) 1.69 — 1.73 (m, 1 H) 2.46
(5,3H)2.79-2.87 (m, 1 H)2.93~-2.98 (m, 1 H)3.22-3.28(m, 1 H)3.35-3.38(m. 1 H) 3.54 -
3.60 (m, 1 H) 3.70 (s, 3 H) 3.94 - 4.00 (m, 2 H) 4.69 (ddd, J/=10.23, 3.03, 2.91 Hz, 1 H) 6.55 (dd,
J=8.34,2.53 Hz, 1 H) 6.84 (dd, J=7.33, 2.53 Hz, 1 H) 6.94 -7.00 (m, 2 H) 7.43 - 7.52 (m, 2 H).
MS (ES) [M+H] calculated for CyyHygFNgO4, 483.50; found 483.30.

Example 36. Synthesis of (R,Z)-2-amino-7-(4-flueroe-2-(6-methoxypyridin-2-yl}phenyl)-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6 H)-one 0-(5)-3,4-dihydroxybutyl oxime
(Compound 37)

OH
OH
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{0526] Compound 37 was synthesized using an analogous procedure described for Example
39 except that ($)-0-(2-(2, 2-dimethyl-1, 3-dioxolan-4-y1) ethyl) hydroxylamine was used. 'H
NMR (400 MHz, CHLOROFORM-d) § 1.43 - 1.55 (mm, T H) 1.66 (m, 1 H) 2.55 (s, 3 H) 2.83 -
295(m,2H)3.11 -344 (m, 1 HY3.17-324 {m, 1 H) 3.27 - 3.33 (m, 1 H) 3.48 - 3.56 (m, 1 H)
3.65(s,3 H)3.89-4.01 (m, 2 H) 4.68 (ddd, J=10.23, 3.03, 2.91 Hz, 1 H) 6.53 (dd, J=8.34, 2.53
Hz, 1 H} 6.81 (dd, J=7.33, 2.53 Hz, 1 H) 6.90 {dt, J=9.28, 2.68 Hz, 1 H) 6.96 (1d, J=8.40, 2.65
Hz, 1 H) 7.38 - 7.43 (m, 1 H) 7.44 - 7.51 (m, 1 H). MS (ES) [M+H]" calculated for
CaaHasFNgOy, 483.21; found 483.00.

Example 37. (R,Z)-2-Amino-7-(4-fluoro-2-(¢6-methoxypyridin-2-yl)phenyl)-4-methyt-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6 H)-one 0-(R)-3,4-dihydroxybutyl oxime (Compound 38)

{0527] Compound 38 was synthesized using an analogous procedure described for Example
39 except that (R)-O-(2-(2, 2-dimethyl-1, 3-dioxolan-4-yl) ethyl) hydroxylamine was used. "
NMR (400 MHz, CHLOROFORM-d) & ppm 1.74 - 1,93 (m, 1 H) 2.13 - 2.16 (m, 1 H) 2.66 (s, 3
H)3.00-3.11 (m, 1 H)3.14 - 3.24 (m, 1 H) 3.32 (d, J=3.03 Hz, 1 H) 3.50 (ddd, f=11.18, 7.01,
4.55 Hz, T H) 3.65 (ddd, J=10.74, 6.95, 3.54 Hz, 1 H) 3.90 (s, 3 H) 4.13 - 4.28 (m, 2 H) 4.88 (dd,
J=10.61,4.04 Hz, 1 H) 5.11 (s, 2 H, OH) 5.72 (s,  H, NH) 6.74 (d, J=8.84 Hz, 1 H} 7.00 (d,
J=7.83Hz, 1 H) 7.10 - 7.22 (m, 2 H) 7.61 - 7.70 (m, 2 H). MS (ES) [M+H] calculated for
Cr4H23FNgO4, 483.21; found 483.30.
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Example-38. {S)-4-{(Z)-({R)-2-amino-7-{4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6)-ylidenc)amino)butane-1,2-diol
(Compound 39)

OM
OH
N
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N R NH
P
HoN™ N
[ F
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_0 39

[0528] Compound 39 was synthesized using an analogous procedure described for Example
39 except that (3)-2-(2, 2-dimethyl-1, 3-dioxolan-4-yl)ethanamine (20, Example 2-F)} was used.
"H NMR (400 MHz, CHLOROFORM-d) & ppm 1.55 - 1.68 (m, 2 H) 2.57 (s, 3 H) 2.66 - 2.78 (m,
2 H) 3.16 (dd, J=16.17, 3.54 Hz, 1H} 3.25 (ddd, J=14.08, 4.29, 4.11 Hz, 1 H) 3.41 - 3.49 (m, 1
H})3.52-3.59 (m, 1 H) 3.65 - 3.78 (m, 1 H) 3.88 (s, 3 H) 4.83 (dd, /=12.63, 3.03 Hz, 1 H) 5.30
(br.s., 2 H, OH} 6.70 (d, /=8.34 Hz, 1 H) 7.01 (d, J=7.33 Hz, 1 H) 7.10 (dd, /=947, 2.65 Hz, 1
H)}7.17 (td, J=8.27,2.65 Hz, 1 H) 7.62 (¢, J=7.83 Hz, 1 H) 7.80 (dd, /=8.59, 5.81 Hz, 1 H). MS
(ES) [M+H] calculated for CoqHysFNgOs, 467.21; found 467.30.

Example 39. Synthesis of (R,Z)-2-Amine-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7.8-dihydropyrido[4,3-d]pyrimidin-5(6I1)-one O-({(R)-1,4-dioxan-2-yl)methyl oxime
(Compound 40)

NS N R G I
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[0529]  Thiolactamn (311 (Example 31), 0.087 g, 0.0272 munol), {R)-O-((1,4-dioxan-2-
yDmethyl)hydroxylamine (2M (Example 2-E), 0.145 g, 1.09 mmol), and mercury (II) acetate
(0.173 g, 0.045 mmol) were dissolved in 3.5 mL of dry toluene and heated in 100 °C oil bath for
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1 h. The reaction was done as judged by LC/MS. The crude mixture was filtered through Celite,
rinsed with methanol and then concentrated and purified on preparatory LC/MS (25-55% CH3CN
in H;0) to afford (R, Z)-2-amine-7-(2-bromo-4-tluorophenyl)-4-methyl-7,8-dihydropyrido{4,3-
dlpyrimidin-5(6H)-one O-((R)-1,4-dioxan-2-yl)methyl oxime (39A, 0.0405 g, 36.7% yield). 'H
NMR (400 MHz, CHLOROFORM-d) & ppm 2.90 (s, 3 H) 3.04 (dd, J=17.05, 8.97 Hz, 2 H) 3.28
(dd, J=17.56,4.17 Hz, 1 H) 3.43 (dd, J=11.62, 9.85 Hz, 1 H)} 3.58 - 3.68 (m, 1 H) 3.70 - 3.76 (m,
2 H)3.77 - 3.88 (m, 2 H) 3.93 - 4.00 (m, 1 H) 4.01 - 4.08 (m, 1 H)4.09 - 4.18 (m, 1 H) 5.01 (4,
J=5.05 Hz, 1 H) 5.78 (s, 1 ) 7.11 (1d, J=8.21, 2.53 Hz, | H) 7.37 (dd, J=7.96,2.65 Hz, 1 H)
7.41 (dd, /=8.84, 5.81 Hz, 1 H). ESI-MS: m/z 468.1 (M+H)".

[0530]  39A was reacted with 2-(6-methoxypyridin-2-yl)-6-phenyl-1,3,6,2-dioxazaborocane
(39B) according to a procedure analogous to Example 31, the step of 31H to 31J, to afford (R, Z)-
2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-dihydropyrido(4,3-
d]pyrimidin-5(6H)-one O-((R)-1,4-dioxan-2-yl)methyl oxime (40, 37.3 % yield). 'H NMR (400
MHz, DMSO-ds) & ppm 2.55 (s, 3 H) 2.85 (dd, J=16.17, 7.07 Hz, 1 H) 3.10 (dd, J=16.29, 5.18
Hz, 1 H) 3.24 - 3.35 (m, 1 H) 3.45 (dd, J=10.99, 2.65 Hz, 1 H) 3.50 - 3.59 (m, 1 H} 3.59 - 3.74
(m, 2 H) 3.76 - 3.84 (m, 3 H) 3.86 (s, 3 H) 3.89 - 3.96 (m, 1 H) 5.10 (m, 1 H) 6.54 (br. 5., 1 H)
6.85(d, /=834 Hz, 1 H) 7.19 (4, /=7.07 Hz, t H) 7.23 - 7.31 (11, 2 H) 7.45 (dd, J=8.46, 5.94 Hz,
1 H)7.78 - 7.92 (m, 1 H). ESI-MS:m/z 495.3 (M+H)".

Example 40. Preparation of (7R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-
4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-morpholin-2-ylmethyl oxime and

isomers (Compounds 41-43)
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[0531] 40A was prepared by a procedure analogous to that disclosed in Examiple 39 except

H
)
N’G

O 43

tert-butyl 2-(amincoxymethylymorpholine-4-carboxylate was used. The final Boc-deprotection
was effected by treatment of 40A (6 mg, 0.01 mmol) with 4N HCl in dioxane (0.7 mL). The
reaction was dried in vacuo to afford (7R,2)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
yhphenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-morpholin-2-ylmethyl
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oxime as a tan oil (41, quantitative yield). "H NMR (400 MHz, MeOD) § ppm 2.84 (s, 3 H) 3.00
-3.10 (m, T H) 3.11 - 3.21 (m, | H) 3.34 - 3.50 {m, 2 H) 3.53 - 3.77 {m, 2 H) 3.81 - 3.92 (m, | H)
4.06(s,31H)4.09-413(m,2H)4.13-421 (m, 2H) 4.95-4.99 (m, 1 ) 7.11 - 7.18 (m, 1 H)
7.23-7.29(m, 1 H) 7.29 - 7.38 (m, 2 H) 7.67 - 7.76 (m, 1 H) 8.04 - 8.12 (m, 1 H). [M+H]*
cale’d for CasHygFN7Os, 494; found, 494. SFC separation of 41 yields the two enantiomers.
[0532] (R Z)-2-Amino-7-(4-fluoro-2-(6-methoxypyridin-2-ylphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(R)-morpholin-2-yimethyl oxime (42). 'H NMR
(400 MHz, MeOD) & ppm 2.82 (s, 3 H) 2.95 - 3.28 (m, 4 H) 3.33 - 3.45 (i, 2 H) 3.83 {td,
J=12.57,2.40 Hz, 1 H) 3.92 (s, 3 H) 4.02 - 4.21 {(m, 4 H) 5.07 (dd, /=8.84, 429 Hz, 1 H) 6.81 (4,
J=8.34 Hz, 1 H)7.13 (d, J=733 Hz, 1 H) 7.17 - 7.29 (m, 2 H) 7.63 (dd, J=8.59, 5.56 Hz, | H)
7.78 (t, J/=7.83 Hz, 1 H). {M+H]} calc’d for CpsHagFNZO4, 494; found, 494.

[0533] (R 2)-2-Amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyi-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(S)-morpholin-2-ylmethyl oxime (43). "H NMR
(400 MHz, MeOD) 6 ppm 2.82 (s, 3 H) 2.95 - 3.28 (i, 4 H) 3.33 - 3.45 (m, 2 H) 3.83 (1d,
J=12.57,2.40 Hz, 1 H) 3.92 (s, 3H) 4.02 - 4.21 (1, 4 H) 5.07 (dd, J=8.84, 420 Hz, 1 H} 6.81 (d,
J=834Hz, 1 H)7.13(d, J=7.33 Hz, | H) 7.17 - 7.29 (m, 2 H) 7.63 (dd, J=8.59, 5.56 Hz, 1 H)
178 (t, J=7.83 Hz, 1 H). [M+H] calc’d for CosHasFN7Qs, 494, found, 494.
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Example 41. Synthesis of (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-((2R,35,4R)-3,4,5-
trihydroxytetrahydrofuran-2-yl)methyl oxime (44) and its analog (Compound 44) and
sterevisomers (Compounds 45, 46, 47, and 48)
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{0534]  Reaction of 31I and O-(((3aR,4R,6aR)-6-methoxy-2,2-dimethyltetrahydrofuro[3,4-

di[1,3]dioxol-4-ylymethyl}hydroxylamine (2Y) according to a procedure analogous to Example
39 yielded a racemic mixfure of (R, Z)-2-amino-7-(2-bromo-4-flucrophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-3(6H)-one O-((3aR,4R,6aR)-6-methoxy-2,2-
dimethyltetrahydrofurof3,4-d][1,31dioxol-4-ylymethyl oxime. Prep LC/MS (40-85% NH4OAc-
H,0-AcCN) separation yielded the diastereomers 41A and 41B.

[0535]  The diastereomers, 41A and 41B, were each separately coupled to 2-methoxy-6-
(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)pyridine according also according to the procedure
described in Example 39. Deprotection and prep LC/MS (40-85% NH,OAc-H,0-AcCN)

separation of each of the reaction mixtures yielded a hydroxyl analog and two stereoisomers,
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[0536] (R Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5{6H)-one O-((2R, 35,4R)-3,4,5-trihydroxytetrahydrofuran-2-
ylymethyl oxime (44). 'H NMR (400 MHz, CHLOROFORM-d)  ppm 2.35 (s, 3 H) 2.67 - 2.72
(m, 1) 2.78 - 2.90 (m, 1 M} 3.29 (dt, J=11.94, 2.87 Hz. 1 H) 3.30 - 348 (m, 1 H) 3.59 (s, 3 H)
3.65-3.77 (m, 1 H) 3.82 - 3.90 (m, 1 H) 3.91 - 4.01 (m, 1 H) 4.57 - 4.69 (m, 1 H} 4.83 ~ 4.97
(m, 1 H) 6.37 - 6.50 (n, 1 H) 6.75 (d, J=7.33 Hz, 1 H) 6.79 - 6.91 (m, 2 H) 7.32 ~ 7.44 (m, 2
H). MS (ES) [M+H] calculated for CysHasFINOs, 527.20; found 527.20.

[0537] (R Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y)phenyl)-4-methyl-7,8-
dihydropyridof4,3-d]pyrimidin-5(6 H)-one O-((2R, 35,4R, 5R)-3,4-dihydroxy-5-
methoxytetrahydrofuran-2-yl)methyl oxime (48). 'H NMR (400 MHz, CHLOROFORM-d) &
ppm 2,44 (5,3H) 2,72 -2.84 (n, 1 H) 2.88 - 2.97 (m, 1 H) 3.05 (5, 3 H) 3.68 (s, 3 H) 3.70 {d,
J=2.27Hz, 1 H) 3.81 - 3.94 (m, 2 H) 3.95 - 4.03 (m, 2 H) 4.56 (s, 1 X} 4.69 (dd, /=9.98, 3.16 Hz,
I H) 6.53 (d, J/=8.34 Hz, 1 H) 6.82 (d, /=7.33 Hz, 1 H) 6.88 - 7.00 (m, 2 H) 7.39 - 7.52 (m, 2 H).
MS (ES) [M+H] calculated for CaH3oFNgOg, 541.21; found 541.20.

[0538] (R Z)-2-Amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-((3aR,4R,6R,6aR)-6-methoxy-2,2-
dimethyltetrahydrofure[3,4-d]{1,3]dioxol-4-yhmethyl oxime (46). 'H NMR (400 MHz,
CHLOROFORM-d) d ppm 1.10 (5, 3H) 1.27 (5,3 H) 246 (s, 3H) 279 - 2.88 (m, 1 H) 2.92 -
3.01(m, 1 H) 3.08 (s, 3H)3.69 (5,3 H) 3.78 - 3.91 (m, 2 H) 4.32 (1, /=6.44 Hz, 1 H) 4.37 (d,
J=5.81 Hz, 1 H) 4.57 (d, /=6.06 Hz, 1 H) 4.72 (dd, J=10.74, 3.66 Hz, 1 H) 4.75 (s, 1 H) 6.56 (d,
J=8.85Hz, 1 H) 6.84 (d, J=6.32 Hz, 1 H) 6.90 - 7.04 (m, 2 H) 7.44 - 7.54 (m, 2 H). MS (ES)
[M+H] calculated for CooH14FNGOg, 581.24; found 581.30.

[0539] (R Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yDphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-((2R, 35,4R,55)-3,4-dihydroxy-5-
methoxytetrahydrofuran-2-ylmethyl oxime (47). TH NMR (400 MHz, CHLOROFORM-d) §
ppm 2.51 (s, 3H)2.81-2.91 (m, 1 H)2.96-3.04 (m, 1 H) 3.12 (s, 3 H) 3.74 (s, 3 H) 3.77 (4,
J=4.80 Hz, 1 H} 3.92 - 4.00 {m, 2 H) 4.01 - 4.07 (m, 2 H) 4.63 (s, 1 H) 4.74 (dd, J=10.36, 4.04
Hz, 1 H) 6.59 (d, /=8.08 Hz, 1 H) 6.88 (d, J=7.07 Hz, 1l H) 6.94 - 7.07 (1, 2 H) 7.52 (1, J=7.83
Hz, 2 H). MS (ES) [M+H] calculated for CagHaoFNgOs, 541.21; found 541.20.

[0540] (R Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,3-
dihydropyridof4,3-d]pyrimidin-3(6H)-one O-({3aR,4R,68,6aR)-6-methoxy-2,2-
dimethyltetrahydrofuro[3,4-d){1,3]dioxol-4-yD)methy! oxime (48) TH NMR (400 MHz,
CHLOROFORM-d) & ppm 1.04 (5,3 H) 1.20 (s, 3 H)2.40 (5,3 H) 2.72 - 2.81 (m, 1 H) 2.86 -
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2.94 (m, 1 H) 3.02 (s, 3 H) 3.63 (s, 3 H) 3.64 - 3.79 (m, 3 H) 4.26 (t, J=6.69 Hz, 1 H) 4.51 (d,
J=4.55 Hz, 1 H) 4.62 - 4.70 (n, 2 H) 6.50 (d, J=8.59 Hz, 1 H) 6.79 (d, J=7.33 Hz, 1 H) 6.85 -
6.95 (m, 2 H) 7.39 - 7.47 (m, 2 H). MS (ES) [M+H] calculated for CoH34FNsOs, 581.24; found
581.30.

Example 42, General Procedure for Suzuki Coupling

HaNT N Pd{dppf)Clz*CHaClp
DMA:2N K,CO4
120 °C MW 10min

31H Br F

[0541] Into a 5 mL microwave vial was charged (R)-2-amino-7-(2-bromo-4-fluorophenyl}-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-one (31H (Example 31), 100 mg, (.28 mmol, 1
eq), boronic acid 42A (4 eq), and Pd(dppf)Cl, CH,Cl; (93 mg, 0.11 mmol, 0.4 eq). The
compounds were dissolved in a mixture of DMA (3 mL} and 2M K;CO3 (1 mL, 8 eq) and the
vial was sealed. The reaction mixture was beated to 120 °C for 10 min in a microwave reactor.
After cooling to RT, the reaction mixture was diluted with DCM and washed with H,0 (x3) and
satarated brine, then dried over anhydrous sodium suifate, filtered, and evaporated under reduced
pressure to give crude product. The crude material was purified via preparative HPLC to yield

the pure TFA salt of the product 42B as an off-white solid.
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Example 43. Preparation of {R)-2-amino-7-{5-flaoro-3'-((4-
(trifluoromethoxy)phenoxyymethylbiphenyl-2-yl)-4-methyl-7,8-dihydropyrido{4,3-
dipyrimidin-5(6H)-one (43A)

O
© 43A
F. O
Y
[0542] Compound 43A was prepared by the method outlined in Example 42 using 3-({(4-
(trifluoromethoxy)phenoxy)methyl)phenylboronic acid. 'H NMR (400 MHz, CHLOROFORM-
d) 8 ppm 2.79 (s, 3H) 2.86 - 2.93 (m, 1 H) 3.08 (dd, /=16.80, 11.75 Hz, 1 H) 4.83 (dd, J=11.49,

442 Hz, 1 H) 507 (s,2H)6.91 - 6.97 (m, 3 H) 6.98 - 7.05 (m, 2 H} 7.17 - 7.24 (m, 2 H) 7.45 -
7.48 (m, 1 H) 7.51 - 7.62 (m, 2 H) 7.66 - 7.75 (m, 1 H). ESI-MS: m/z 539 (MH").

n

Example 44, Preparation of (R)-2-amino-7-(S-fluoroe-2'-((3-(1,1-dioxideisothiazolidin-2-
ylmethyl)biphenyl-2-yl)-4-methyl-7.8-dihydropyrido[4,3-d]pyrimidin-5(6 H)-one (41A)

N4
% 44A

[0543]  The title compound 44A was prepared by the method outlined in Example 42 using 3-
(1,1-dioxidoisothiazolidin-2-yl)phenylboronic acid. 'H NMR (400 MHz, MeOD) & ppm 2.50
(quin, J=6.88 Hz, 2 H) 2.80 (s, 3 H) 3.00 (dd, J=17.05, 4.17 Hz, 1 H) 3.23 - 3.29 (m, 1 H) 3.43 (,
J=7.45 Hz, 2 H) 3.80 (t, /=0.44 Hz, 2 H) 4.90 - 4.93 (m, 1 H) 7.06 (dd, J=9.22, 2.40 Hz, 1 H)
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7.12(d, J=1.58 Hz, 1 H) 7.19 - 7.28 (m, 3 H) 7.45 {t, J=7.83 Hz, 1 H) 7.69 (dd, J=8.84, 5.56 Hz,
1 H). ESI-MS: m/z 468 (MH™).

Example 45. (R,Z)-2-Amino-7-(3'-(cyclopropylsulfonyl}-5-fluorobiphenyl-2-yb)-4-methyl-
7,8-dihydropyrido{4,3-d]pyrimidin-5(6H)-one O0-(S)-2,3-dihydroxypropyl oxime
{Componnd 49)

8 J >< OKEEX QS/Q\B.OH

NH N v o oM
= *
Hg(OAc)Z )Nl\ NH 1, Suzuki coupling HaN
toluene HaN N/ 2. deprotection
F 1000C Hz
Br F
A45A

{0544] Compound 45A was synthesized according to the procedure of Example 39 using ($)-
0-((2,2-dimethyl-1,3-dioxolan-4-yDmethyDhydroxylamine, 3-
(cyclopropylsulfonyl)phenylboronic acid was then coupled to 45A according to the Suzuki
coupling reaction of Example 42 yielding the title compound 49. "H NMR (400 MHz,
CHLOROFORM-d) & ppmn 0.76 - 0.88 (m, 1 H) 0.99 - 1.11 (m, 1 H) 2.29 - 2.38 (m, 1 H) 2.45 (s,
3 H)2.60 (dd, J=16.55, 3.66 Hz, 1 H) 2.81 (dd, J=16.42, 10.86 Hz, 1 H) 3.28 - 3.43 (m, 1 H)
3.70-3.76 (m, 1 H) 3.77 - 3.85 {m, 1 H) 3.85 - 3.92 (m, 1 H} 4.21 (dd, /=10.86, 3.28 Hz, 1 H)
6.78 {(dd, J=9.09, 2.53 Hz, 1 H) 6.98 (td, J=8.27,2.40 Hz, 1 H) 7.37 - 7.48 (m, 3 H) 7.62 (s, 1 H)
7.68 (dt, 1 H). MS (ES) [M+H] calculated for CygHyoFNsQsS, 542.18; found 542.20.
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Example 46. (5)-4-({Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(65)-ylidenejaminooxy)-2-methoxybutanoic
acid (Comypound 50)

XN/ A/
0 1. (CHahS0;  \ O 1.PpPh Nou ©
NaH, THF O DIAD
wornd S
2-&(2833 2. NH,-NH,
© OH CH,Cl, o
46a 46b 46c  HyN
i 0
0
" SOH
N/
S \ 0
Olll-
A
e
HNT N
0
311 Br F HaN 450

A. Synthesis of (S)-methyl 4-(aminooxy)-2-methoxybutanoate

[0545]  To a suspension of NaH (60% in mineral oil, 552 mg, 12.0 mmol) in THF (5 mL) was
added a solution of (5)-3-hydroxydihydrofuran-2(3H)-one (46a, 1.02 g, 10.0 mmol} in THF (5
mL) slowly drop wise at O °C under N; atmosphere. The reaction mixture was stirred for 30
minutes and dimethylsulphate (1.4 mL, 15.0 mmol) was added. The reaction mixture was stirred
at r.t. overnight and the TLC shows completion of the reaction. Cold water (25 mL) was added
to the reaction mixture and extracted with ethyl acetate. Organic layer washed with brine, dried
over anhydrous Na»SO, and filtered. Concentrated to provide (5)-3-hydroxydihydrofuran-2(3H)-
one {46a) as yellow oil, which was dissolved in MeOH. Catalytic amount of K,CQOs; (50 mg) was
added at 0 °C and the reaction mixture stirred for 1h. TLC shows completion of the reaction.
Cold water (25 mL) was added to the reaction mixture and extracted with ethyl acetate. Organic
layer washed with brine, dried over anhydrous Na,SOy and filtered. Concentrated to provide (5)-
methyl 4-hydroxy-2-methoxybutanoate (46b, 1.5g, 99%) as yellow oil. 'H NMR (400 MHz,
CHLOROFORM-d) & ppm 2.07 - 2.28 (m, 1 H) 2.36 - 2.58 (m, 1 H) 3.36 (s, 3 H) 3.49 (s, 3 H)
3.85-4.07(m. 1 H)4.29 - 4.42 (m, 2 H).
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[0546]  To a solution of ($)-methyl 4-hydroxy-2-methoxybutanoate (46b, 1.48 g, 10.0 mmol)
in CH,Cl; (25.0 mL) was added 2-hydroxyisoindoline-1,3-dione (1.63 g, 10.0 mmol) and
triphenylphosphine (3.93 g, 15.0 mmol). The resultant mixture was cooled to 0 °C and
diisopropylazodicarboxylate (2.95 ml, 15.0 mmol) was slowly added drop wise under N,
atmosphere. The reaction mixture was stirred at ambient temperature for 48 h. To the reaction
mixture, HyO (100 mL) was added and extracted with CH,Cl,. The organic layers washed with
brine. Dried over anhydrous Na,SOy, filtered and concentrated to provide yellow oil, which was
purified by flash chromatography (50% EtOAc-hexane) to afford (5)-methyl 4-(1,3-
dioxoisoindolin-2-yloxy)-2-methoxybutanoate (46¢c, 1.25 g, 42%) as light yellow oil. "H NMR
{400 MHz, CHLOROFORM-d) 6 ppm 1.98 - 2.10 (m, 1 H) 2.23 - 2.37 (m, 1 H) 3.51 (s, 3 H)
3.79 (s, 3H) 4.24 (dd, J=9.47,3.66 Hz, | H) 4.31 - 440 (m, 2 H) 7.74 - 7.82 (mn, 2 H) 7.81 - 7.90
{m, 2 H).

{0547]  To a solution of (5)-methyl 4-(1,3-dioxoisoindolin-2-yloxy)-2-methoxybutanoate (1.2
£, 4.0 mmoel) in CH,Cl, (5.0 ml) was added hydrazine hydrate (0.98 ml., 10.0 mmol) was added
drop wise at 0 °C. The reaction mixture was stirred at ambient temperature over night. The
resultant solid was filtered off and the filtrate concentrated under reduced pressure to provide a
yellow oil, which was purified by flash chromatography (70% EtOAc-hexane) to afford (S)-
methyl 4-(amincoxy)-2-methoxybutanoate (46¢, 0.552 g, 84%) as a pale yellow oil. "H NMR
(400 MHz, CHLOROFORM-d) 8 ppm 1.75 - 2.23 (m, 2 H) 3.40 (5, 3 H) 3.46 (s, 3 H) 3.65 - 3.86
(m, 2 H) 4.96 (dt, J=12.57, .22 Hz, 1 H).

B. Preparation of Compound 50

[0548] A mixture of (R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7, 8-dihydropyrido
{4, 3-d} pyrimidine-5{6H)-thione (311, 146 mg, C.4 mmol), (S)}-methyl 4-(aminooxy)-2-
methoxybutancate (46¢, 260 mg, 1.6 mmeol), Hg(OAc), (257 mg, 0.8 mmol) and toluene (2 ml.)
was heated at 100 °C for 2 h. Cooled to 1t, filtered through celite and purified to afford (5)-
methy! 4-((Z)-((R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyi-7,8-dihydropyrido[4,3-
dipyrimidin-3(6H)-vlidene)aminooxy)-2-methoxybutanocate (23 mg, 12%) as off white sclid.

MS (ES) [M+H] calculated for CapHasBrFNsOy, 496.09; found 496.20.

[0549] A mixture of the resultant compound (23 mg, 0.05 mmol), 2-(6-methoxypyridin-2-yI)-
6-phenyl-1, 3, 6, 2-dioxazaborocane (74.5 mg, 0.25 mmol), Pd(dppf):Clz (4.0 mg, G.005 mmol),
2N ag NayCOs; (0.25 ml., 0.5 mmol) and DMA (2 mL) was degassed with N> and heated at §5 °C

for 4h. During the reaction, the methy! ester saponified in situ. Cooled to 1t, filtered trough
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celite and puritied to afford (5)-4-({(Z3-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
yhphenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6/}-ylidene)aminooxy)-2-
methoxybutanoic acid (4.6 mg, 20%) as off white solid. 'H NMR (400 MHz, CHLOROFORM:-
A Eppm 1.61-2.03 (m, 1 H) 2.10-2.24 (m, 1 H) 2.74 (s, 3 H) 2.84 - 2.98 (m, 1 ) 3.00 - 3.10
(m, 1 H) 3.31 (br.s.,3H)3.75-3.79 (m, 1 H) 3.81 (s, 3 H) 4.02 - 4.16 (m, 2 H) 4.82 (ddd,
J=10.23,2.91, 2.78 Hz, 1 H) 6.69 (dd, J=8.34, 2.02 Hz, 1 H) 6.95 (dd, /=7.20, 1.89 Hz, 1 H) 7.06
(ddd, J=9.16, 2.46, 2.27 Hz, 1 H) 7.09 - 7.16 (m, 1 H) 7.60 (dddd, J=15.73, 8.15, 7.96, 2.27 Hz, 2
H). MS (ES) [M+H] calculated for CpsHosFNgOs, 511.20; found 511.40.

Example 47, (R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-methyl-7, 8-
dihydropyrido [4, 3-d] pyrimidin-5(6H)-one O-({2R, 35, 45)-3, 4-dihydroxytetrahydrofuran-
2-y1) methyl oxime (Compound 51)

51

[0550] To a solution of (R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-((2R,35 4R)-3.4-dihydroxy-5-
methoxytetrahydrofuran-2-yl)methyl oxime (10.5 mg, 0.02 mmol) in CH;Cl, (1 mL) was added
Et;SiH (16 uL, 0.05 mmol) and BF;.Et0 (8.0 uL, 0.05 mmol) at 0 °C under N; atmosphere. The
reaction mixture was stirred overnight at r.4. and poured on crushed ice. The resultant slurry was
extracted with CH,Cl, and washed with brine. Work-up and purification by Preparative LCMS
afforded the title compound (3.0 mg, 30%) as light brown solid. 'H NMR (400 MHz,
CHLOROFORM-d) & ppm 2.50 (s, 3 H) 2.77 {dd, J=16.04, 6.95 Hz, 1 H) 3.00 (dd, /=16.04, 5.18
Hz, 1 H)3.15-3.26 (m, 2 H) 3.35 - 3.42 (m, 2 H) 3.83 (s, 3 H) 3.85 - 3.94 (m, 2 H) 4.38 — 4.41
(m, 1 H)4.93 - 513 (m, 1 H) 6.82 (d, J/=9.09 Hz, 1 H) 7.16 (d, J=7.07 Hz, 1 11) 7.21 -~ 7.30 (m, 2
H) 7.45 (dd, J=8.46, 5.94 Hz, 1 H) 7.86 (dd, J=8.34, 7.33 Hz, 1 H). MS (ES) [M+H] calculated
for C5sHasFNgOs, 511.51; found 511.20.
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Example 48. (25, 4R)-tert-butyl 2-(aminocoxymethyl)-4-(fert-butyldimethylsilyloxy)

pyrrolidine-1-carboxylate
0 \{/
o—sii\ N OH
/" (j/ _Hydrazine
- N— o N o
[ A PPh3, DIAD Comon [N

HO /\Qo CH2C2 HN~C )*o

[0551]  To asolution of (25, 4R)-tert-butyl 4-(tert-butyldimethylsilyloxy)-2-(hydroxymethyl)
pyrrolidine-1-carboxylate (2.0 g, 6.0 mmol) in CH;Cl, (15.0 mL) was added 2-
hydroxyisoindeline-1, 3-dione (978 mg, 6.0 mmol) and triphenylphosphine (2.36 g, 6.0 mmol.
The resultant mixture was cooled to 0 °C and diisopropylazodicarboxylate (1.78 ml, 9.0 mmol)
was slowly added drop wise under N; atmosphere. The reaction mixture was stirred at ambient
temperature for 48 h. To the reaction mixture, H,O (100 ml.) was added and extracted with
CH;Cl;. The organic layers washed with brine. Dried over anhydrous Na SQy, filtered and
concentrated to provide yellow oil, which was purified by flash chromatography (30% EtOAc-
hexane) to yield (25, 4R)-terr-butyl 4-(tert-butyldimethylsilyloxy)-2-((1, 3-dioxoisoindolin-2-
yloxy) methyl) pyrrolidine-1-carboxylate as light yellow oil.

[0552]  The resultant oily compound was dissolved in CH,Cl, (250 ml) and cooled to 0 °C.
Hydrazine hydrate (1.2 mL, 12.0 mmol) was added dropwise. The reaction mixture was stirred
at ambient temperature over night. The resultant solid was filtered off and the filtrate
concentrated under reduced pressure to provide a yellow oil, which was purified by flash
chromatography (70% EtOAc-hexane) to afford 1.2 g (60%, over two steps) of (25, 4R)-tert-
butyl 2-(amincoxymethyl)-4-(tert-butyldimethylsilyloxy) pyrrolidine-1-carboxylate as a pale
yellow oil. '"H NMR (400 MHz, CHLORQFORM-d) § ppm 0.24 (s, 3 H) 0.26 (s, 3 H) 0.87 (s,
9H) 1.26(s,9H) 1.67 - 1.76 (m, 1 H) 1.81 - 1.94 (m, 1 H) 3.18 (dd, J=12.25, 4.93 Hz, 1 H)
322-331(m, 1 H)3.70- 3.81 {m, 1 H) 3.88 - 3.96 (m, 1 H) 3.98 - 4.09 (m, 1 H) 4.12 - 421 (in,
1 H). MS (ES) [M+H] calculated for C16H3sN>Q481, 347.23; found 347.22.
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Example 49, (R, £)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-methyl-7, 8-
dibydropyrido [4, 3-d] pyrimidin-S(6H)-one O-((2S, 4R)-4-hydroxypyrrolidin-2-yl) methyl

oxime (Compound 52)

[0553] A mixture of (R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7, §-dihydropyrido
[4, 3-d] pyrimidine-5(6H)-thione (183 mg, 0.5 mmol), (25, 4R)-rert-butyl 2-(aminooxymethyl) -
4-(tert-butyldimethylsilyloxy) pyrrolidine- 1-carboxylate (692 mg, 2.0 mmol), Hg(OAc), (320
mg, 1.0 mmol } and toluene (2 mL) was heated at 100 °C for 2 h.

Cooled to r.t., filtered through celite and purified to afford (25,4R)-tert-butyl 2-(((Z)-((R)-2-
amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-S-(6H)-
ylidene)aminooxy)methyl)-4-(terr-butyldimethylsilyloxy)pyrrolidine- 1 -carboxylate (200 mg,
50%) as off white solid. MS (ES) [M+H] calculated for CsgH4sBrFNg481, 679.24; found 679.20.
[0554] A mixture of the resultant compound (200 mg, 0.3 mmol), 2-(6-methoxypyridin-2-y1)-
6-phenyl-1, 3, 6, 2-dioxazaborocane (447 mg, 1.5 mmol), Pd(dppf),Cl, (25 mg, 0.03 mmol), 2N
aq NaCOs (1.5 mL, 3.0 mmel) and DMA (2 mL) was degassed with N, and heated at 85 °C for
4h. Cooled to rt, filtered trough celite and purified to afford (25,4R)-ters-butyl 2-(((Z)-((R)-2-
amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-dihydropyridof4,3-
d)pyrimidin-5(6H)-ylidene)aminooxy)methyl)-4-hydroxypyrrolidine-1-carboxylate (94 mg, 53%)
as a viscous oil. MS (ES) [M+H)] calculated for CaoH37FN7Os, 594.28; found 594.30.

The resultant oily compound was dissolved in dioxane (1.0 ml) and cooled to 0 °C. 4N HCl in
dioxane (0.1 ml., 0.375 mmol) was added and the reaction mikture was stirred at ambient
temperature for 2h. The resultant solid was filtered off and dried to afford Compound 52 as an
HCl salt (56 mg, 76%) as white solid. "H NMR (400 MHz, CHLORQFORM-d) 6 ppin 1.64
(ddd, J=13.64, 8.08, 5.56 Hz, 1 H) 1.88 (dd, J=13.64, 7.07 Hz, 1 H) 2.65 (5, 3 H) 2.90 (d,
J=11.62 Hz, 1 H) 3.00 - 3.09 (m, 2 H) 3.13 - 3.27 (m, 1 H) 3.68 - 3.82 (m, 1 H) 3.84 - 3.94 (m, 4
H) 3.95-4.02 (m, 1 H) 4.40 (t, J=4.67 Hz, 1 H) 4.87 (dd, J=10.48,3.92 Hz, 1 H) 5.18 (5, 2 H)
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5.72(s, 1 H) 6.73 (d, J=8.34 Hz, 1 H) 7.00 (d, J=7.07 Hz, 1 H) 7.07 - 7.24 (m, 2 H) 7.57 - 7.77
(m, 2 H). MS (ES) {M+H] calculated for CysHysFN7Q3, 494.22; found 494.20.

Example 50. (3R, 55)-1-acetyl-5-(({Z)-({R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)
phenyl)-4-methyl-7, 8-dihydropyrido [4, 3-d] pyrimidin-5(6H)-ylidene) aminooxy) methyl)
pyrrolidin-3-yl acetate (Compound 53)

f0555]  To a solution of (R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y1) phenyl)-4-
methyi-7, 8-dihydropyrido [4, 3-4] pyrimidin-5(6H)-one O-((28, 4R)-4-hydroxypyrrolidin-2-yi)
methyl oxime (20 mg, 0.05 mmol) in CH,Cl; (1 mL) containing catalytic amount of DMAP was
added EtsN (20.86 pL., 0.15 mmol) and acety! chloride (10.0 uL, 0.1 mmol) at 0 °C under N,
atmosphere. The reaction mixture was stirred at r.t. for 2h. Quenched with sat NH,Cl solution
and extracted with CH,Cl,. The combined organic layers washed with brine, dried over
anthydrous Na,SO.. The resultant residue was purified by preparative LCMS to afford the title
compound (5 mg, 25%) as a white solid. 'H NMR (400 MHz, CHLOROFORM-d) & ppm 2.00
(s,3H)2.04 (s,3H)2.09-223(m, 1 H)2.29-2.41 (m, | H) 2.64 (s, 3 H) 2.95 - 3.11 (m, 1 H)
3.15~3.29 (m, 1 H), 3.66 (dd, J=11.37, 5.56 Hz, 1 H) 3.90 (s, 3H) 4.04 (dd, J=11.87, 5.31 Hz, 1
H)4.13-4.30 (m, 1 H)4.32 - 4.49 (m, 1 H) 4.77 ~ 4.95 (m, 1H), 5.06 - 5.16 (m, 1 H) 5.20 —
532 (m, 1H) 6.74 (d, J=8.34 Hz, | H)7.01 (d, J=8.34 Hz, 1 H) 7.10 - 7.22 (m, 2 H) 7.57 - 7.74
(m, 2 H). MS (ES) [M+H] calculated for Cs9H33FN;Os, 578.60; found 578.30.
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Example §1. (25, 4R)-1-tert-butyl 2-methyl 4-(amingoxy) pyrrolidine-1, 2-dicarboxylate

~NH3

e e 1Y
_>_Z>_N" o) >LO)LNQ o Hydrazme %* }— /.\:l\

PPha, DEAD CH.C,

OH  CH,Ch O—N

o)
[0556]  To a solution of (25, 4R)-1-tert-butyl 2-methyl 4-hydroxypyrrolidine-1, 2-
dicarboxylate (4.9 g, 20.0 mmol) in CH>Cly (50.0 mL) was added 2-hydroxyisoindoline-1, 3-
dione (3.26 g, 20.0 mmol) and triphenylphosphine (7.86 g, 30.0 mmol). The resultant mixture
was cooled to 0 °C and diisopropylazodicarboxylate (5.90 ml, 30.0 mmol) was slowly added drop
wise under N, atmosphere. The reaction mixture was stirred at ambient temperature for 48 h.
Work-up and purification as described in Example 2A, Step 1 afforded (25,4R)-1-tert-butyl 2-
methyl 4-(1,3-dioxoisoindolin-2-yloxy)pyrrolidine-1,2-dicarboxylate as a viscous oil.
The resultant oily compound was dissolved in CH,Cl, (100 ml) and cooled to 0 °C. Hydrazine
hydrate (4.0 mL, 40.0 mmol) was added drop wise. The reaction mixture was stirred at ambient
temperature over night. Work-up and purification as described in Example 2A, Step 2 afforded
(2.8 g, 53%, over two steps) of (25, 4R)-1-tert-butyl 2-methyl 4-(aminooxy) pyrrolidine-1, 2-
dicarboxylate as a pale yellow oil. 'H NMR (400 MHz, CHLOROFORM-d) 3 ppm 1.42 (5, 9 H)
2.13-229(m, 1 H) 2.34 - 2.48 (m, 1 H) 3.48 - 3.68 (m, 2H) 3.72 (s, 3 H) 4.23 — 430 (m, 1 H)
4.30 - 4.49 (im, 1 H). MS (ES) [M+H] calculated for Cy3HyN;Os, 261.14; found 261.22.

Example 52. (25, 4R)-methyl 4-((Z)-((R)-2-amino-7-{4-fluoro-2-(6-methoxypyridin-2-yI)
phenyh)-4-methyl-7, 8-dihydropyrido [4, 3-d] pyrimidin-5(6H)-ylidene) aminooxy)
pyrrolidine-2-carboxylate (Compound 54)




{05571 A mixture of (R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7, 8-dihydropyrido
[4, 3-d] pyrimidine-5(6H)-thione (150 mg, 0.4 mmol), (25,4R)-1-tert-butyl 2-methyl 4-
(aminooxy)pyrrolidine-1,2-dicarboxylate (416 mg, 1.6 mmol), Hg(OAc); (256 mg, 0.8 mmol)
and toluene (2 mL}) was heated at 100 °C for 2 h. Cooled to rt, filtered through celite and purified
to afford (25,4R)-1-tert-butyl 2-methyl 4-((Z)-((R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-ylidene) aminooxy)pyrrolidine-1,2-
dicarboxylate (172 mg, 570%) as off white solid. MS (ES) [M+H] calculated for CysHz BrFN4Os,
593.14; found 593.10.

[0558] A mixture of (R)-2-amino-7-(2-bromo-4-flucrophenyl)-4-methyl-7, 8-dihydropyrido
[4, 3-¢I] pyrimidine-5(6H)-thione (150 mg, 0.4 mmol), (25,4R)-1-tert-butyl 2-methyl 4-
(aminooxy)pyrrolidine-1,2-dicarboxylate (416 mg, 1.6 mmol), Hg(OAc), (256 mg, 0.8 mmol)
and toluene (2 ml.) was heated at 100 °C for 2 h. Cooled to 1t, filtered through celite and purified
to afford (25,4R)- 1-tert-butyl 2-methyl 4-((Z)-((R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-
methyl-7,8-dihydropyrido[4,3-dpyrimidin-5(6H)-ylidene) aminooxy)pyrrolidine-1,2-
dicarboxylate (172 mg, 570%) as off white solid. MS (ES) [M-+H] calculated for

CosHs BrFNgOs, 593.14; found 593.10.

[0589] The resuitant oily compound was dissolved in dioxane (1.0 ml) and cooled to 0 °C. 4N
HCl in dioxane (62.0 pnL., 0.25 mmol) was added and the reaction mixture was stirred at ambient
temperature for 2h. The resultant solid was filtered off and dried to afford Compound 54 as an
HCl salt (45.0 mg, 82%) as white solid. 'H NMR (400 MHz, CHLOROFORM-d) & ppm 2.32 -
2.46 (m, 2 H) 2.53 (s, 3 H) 2.87 (dd, J=16.80, 10.74 Hz, 2 H) 3.12 (d, J=4.04 Hz, 1 H) 3.30 (dd,
J=12.63,3.54 Hz, 1 H) 3.47 (s, 3H) 3.71 (s, 3 H) 4.38 (dd, J=9.98, 2.65 Hz, 1 H) 4.67 (1, J=3.79
Hz, 1 H) 4.73 (dd, J=10.23, 3.66 Hz, 1 H) 6.60 (d, /=8.34 Hz, 1 H) 6.87 (d, J=7.07 Hz, 1 H) 6.97
(dd, J=9.22, 2.65 Hz, 1 H) 7.03 (td, /=8.46, 2.02 Hz, 1 H) 7.46 (dd, J=5.09, 4.80 Hz, 1 H) 7.53 (t,
J=7.71 Hz, 1 H). MS (ES) [M+H] calculated for CogHyeFN-Q4, 522.542; found 522.24
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Example 53. (28, 4R)-4-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-
methyl-7, 8-dihydropyrido [4, 3-d] pyrimidin-5(6H)-ylidene) aminooxy) pyrrolidine-2-
carboxylic acid (Compound 55)

HO
=0
g
N7 TNH
i e
H,N” N
_0 !N\ E
= 55

[0560]  The title compound was prepared analogous to the procedure described for Example
52. "H NMR (400 MHz, MeOD) § ppm 2.23 - 2.36 (m, 1 H) 2.39 - 2.49 (m, 1 H) 2.69 (s, 3 H)
3.14-3.26 (n, 2 H) 3.43 - 3.54 (m, 2 H) 3.76 (s, 3 H) 4.14 - 4.26 (m, 1 H) 4.53 (dd, J=9.09, 3.79
Hz, 1 H) 4.60 (d, 7=2.27 Hz, 1 H) 6.82- 6.91 (m, 1 H) 6.93-7.09 (m, 2 H) 7.20 - 7.32 (m, 1 H)
7.44 (dd, J=8.84, 5.31 Hz, 1 H) 7.68 - 7.90 (m, 1 H). MS (ES) [M+H] calculated for
CasHarFIN7Q34, 507.51; found 508.20.

Example 54. (R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-methyl-7, 8-
dihydropyridoe [4, 3-d] pyrimidin-5(6H)-one 0-(3R, 55)-5-(hydroxymethyl) pyrrolidin-3-yl

oxime (Compound 56)

HO
)

56

[0561] To a solution of (28, 4R)-methyl 4-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-

methoxypyridin-2-yl) phenyl}-4-methyl-7, 8-dihydropyrido [4, 3-4] pyrimidin-5(6H)-ylidene)

amincoxy) pyrrolidine-2-carboxylate (25.0 mg, 0.04 mmol) in dry ether {1 mL) was added

LiAlH4 (0.1 mL, 0.01 mmol, 1M solution in ether) at 0 °C under N, atmosphere, Stirred for 1 h
-206-



and quenched with 1N NaOH (0.1 mL) solution. Anhydrous MgSQ, was added and filtered
through celite, The filtrate was concentrated under reduced pressure and purified by preparative
LCMS to afford the title compound (6.0 mg, 32%) as a white solid. "H NMR (400 MHz,
CHLOROFORM-d) & ppm 1.67 - 1.95 (m, 2 H) 2.47 (s, 3 H) 2.58 (d, J/=3.03 Hz, 1 H) 2.71 (d,
J=3.28Hz, 1 H)2.94-3.00(m,21)3.13-3.19(m, 1 H)3.22 - 3.39 (m, 2 H) 3.43 (dd, J=11.12,
6.32 Hz, 1 H) 3.58 (s, 3 H) 4.65 - 4.73 (m, 1 H) 6.47 (dd, J=8.46,2.91 Hz, 1 ) 6.76 (dd, J=7.20,
2.65 Hz, 1 H) 6.84 (ddd, J=9.73,2.78,2.65 Hz, | H) 6.87 - 6.93 (m, 1 H) 7.29 - 7.36 (m, 1 H)
7.41 (t, J=7.83 Hz, 1 H). MS (ES) [M+H] calculated for CysHagFN, 05, 494.53; found 494.20.

Example 55, (3aR, 4R, 6a85)-tert-butyl 4-(aminooxymethyl)-2, 2-dimethyldihydro-3aH-[1, 3]
dioxolo [4, 5-c] pyrrole-5(4H)-carboxylate

8}
NOH

C\ 1;122;;9”*:‘1% >< N—{ L!AIH4 g N 4 1. PPha DEAD >< E "<
" I,‘ \L XA b,

\62 DMP, PPTs ether 2. Hydrazine
acelone NHZ

[0562] To a solution of (S)-1-fert-butyl 2-methyl 1 H-pyrrole-1, 2(2H, 5H)-dicarboxylate (1.0
g, 4.5 mmol) in dioxane ~H,O (4:1) was added NMO (580 mg, 4.95 mmoel) and OsO4 114 mg,
0.45 mmol, 2.5 wt% in HzO) and the reaction mixture was stirred for 24 h at r.t. Quenched with
10% aqueous Na»S,03 solution and extracted with ethyl acetate. The combined organic layers
washed with brine and dried over anhydrous Na;S0,4. The resultant residue was dissolved in
acetone (5 mL), added catalytic amount of PPTS and dimethoxy propane (1.5 mL). The reaction
mixture was stirred over night at r.t. and diluted with ethyl acetate, washed with saturated
NaHCOs; and brine. Dried over anhydrous NaSQ,4 and concentrated under reduced pressure. The
residue was dissolved in ether (5.0 mL) and LiATH,4 (3.0 mi, 3.0 mmol, 1M solution in ether)
was added at 0 °C under N; atmosphere. Stirred for 1 h and quenched with 1N NaOH (0.1 mL)
solution. Anhydrous MgSO, was added and filtered through celite. The filtrate was concentrated
under reduced pressure and purified by flash chromatography (5% MeOH-CH,Cl,) to afford
(3aR, 4R, 6aS)-tert-butyl 4-(hydroxymethyl)-2, 2-dimethyldihydro-3af-[1, 3] dioxolo [4, 5-c]
pyrrole-5(4H)-carboxylate (550 mg, 45%, over 3 steps). 'H NMR (400 MHz, CHLOROFORM-
dy§ ppm 1.32 (5, 6 HY 1.47 (s, 9 H) 3.33 - 3.38 (m, 1 H) 3.50 (dd, J=13.14, 6.00 Hz, 2 H) 4.54 (d,
J=3.79Hz, 1 H) 4.59 - 4.61 (m, 1 H) 4.66 - 4.73 (m, 2 H).

[0563]  The resultant oily compound (550 mg, 2.0 mmol) was subjected to the Mitsunobu
coupling followed by phthalimide deprotection analogous to the procedure described in Example

2 afforded (3aR, 4R, 6aS)-tert-butyl 4-(aminooxymethyl)-2, 2-dimethyldihydro-3aH-[1, 3]
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dioxolo [4, 5-¢] pyrrole-5(4H)-carboxylate (340 mg, 59%) as a viscous oil. 'H NMR (400 MHz,
CHLORGFORM-d) 8 ppm 1.31 (s, 3 H) 1.45 (s, 3H) 1.47 (5,9 H) 3.26 - 3.47 (m, 1 H) 3.59 -
3.80 (m, 2H)4.07 - 4.38 (m, 1 H) 4.51 - 4.67 (m, 1 H) 541 - 5.71 (m, 2 H). MS (ES) [M+H]
calculated for C13H5N2Os, 289.17; found 289.20,

Example 86. (R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-methyl-7, 8-
dihydropyrido [4, 3-d] pyrimidin-5(6H)-one O-((2R, 3R, 45)-3, 4-dihydrexypyrrolidin-2-yl})

methyl oxime (Compound 57)

HorOSH
o N
| H
o)
N
|
N™ ™% N
A, 57
HoNT N
0 EN\ .
e

[0564]  The title compound was prepared according to the procedure described for example #
using (R}-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7, 8-dihydropyrido [4, 3-d] pyrimidine-
5(6H)-thione (150 mg, 0.4 mmol) and (3aR, 4R, 6aS)-tert-butyl 4-(aminooxymethyl)-2, 2-
dimethyldihydro-3aH-[1, 3] dioxolo [4, 5-c] pyrrole-5(4H)-carboxylate (340 mg, 1.2 mmol).
Suzuki coupling followed by deprotection afforded the title compound as a white solid. "H NMR
(400 MHz, CHLOROFORM-d) & ppm 2.53 (s, 3 H) 2.85 - 2.99 (m, 1 H) 3.02 - 3.15 (m, 1 H)
3.18-325(m, 1 H)3.26-3.31 (m, 2H) 3.81 (s, 3 H) 3.83-3.95 (m, 1 H) 3.97 - 4.04 (m, 1 H)
4.10 (brs, 1 H) 4.20 - 4.29 (m, 1 H) 4.37 (d, J=4.80 Hz, 1 H) 4.60 (brs, 1 H) 4.81 (dd, J=9.47,
3.41 Hz, 1 H) 6.68 (d, /=8.34 Hz, 1 H) 6.95 (d, /=7.07 Hz, 2 H) 7.01 - 7.14 (1, 1 H) 7.48 - 7.57
(m, 1 H) 7.61 (t, J=7.71 Hz, 1 H). MS (ES) [M+H] calculated for CysHagFN7Oy, 510.53; found
510.40.

Example 57, (1R, 25)-4-(aminooxy) cyclopentane-1, 2-diol

@NOH HQ
0504 NMO NHa-NHz.H,O
));@ )

PPhs DEAD
CHCty dioxane, H,0 5)
4 HoN
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[0565]  To a solution of cyclopent-3-enol (840 mg, 10.0 mmol) in CH,Cl, (25.0 mL} was
added 2-hydroxyisoindoline-1, 3-dione (1.96 g, 12.0 mmol) and triphenylphosphine (3.93 g, 15.0
mmel). The resultant mixture was cooled to 0 °C and diisopropylazodicarboxylate (2.95 mi, 15.0
mmol} was slowly added drop wise under N, atmosphere. The reaction mixture was stirred at
ambient temperature for 48 h. To the reaction mixture, H>O (1060 miL) was added and extracted
with CH,Cl,. The organic layers washed with brine. Dried over anhydrous Na;SQy, filtered and
concentrated to provide yellow oil, which was purified by flash chromatography (50% EtOAc-
hexane) to yield 2-(cyclopent-3-enyloxy)isoindoline-1,3-dione (740 mg, 32%) as light yellow oil.
"H NMR (400 MHz, CHLOROFORM-d) 8 ppmn 2.57 ~ 2.87 (m, 4 H) 5.12 (t, J=6.19 Hz, 1 H)
5.75 (s, 2 H) 7.74 (dd, J=5.68, 3.16 Hz, 2 H) 7.79 ~ 7.87 {1, 2 H). MS (ES) [M+H] calculated
for Cy3H;2NO;, 230.07; found 230.20.

[0566] To a solution of 2-(cyclopent-3-enyloxy)isoindoline-1,3-dione (736 mg, 3.2 mmol) in
dioxane —H,0 (5.0 mL, 4:1) was added NMOQO (421 mg, 3.60 mmeol) and 0sO4 (1.0 ml mg, 0.32
mmol, 2.5 wt% in H>O) and the reaction mixture was stirred for 24 h at rt. Quenched with 10%
aqueous Na,S$;03 solution and extracted with ethyl acetate. The combined organic layers washed
with brine and dried over anhydrous NaySQ,. Filtered and concentrated to provide yellow oil,
which was purified by flash chromatography (80% EtOAc-hexane) to yield 2-({3R, 45)-3,4-
dihydroxycyclopentyloxy)isoindoline-1,3-dione (650 mg, 77%) as light yellow oil. 'H NMR
(400 MHz, CHLOROFORM-d) & ppm 1.94 - 2,12 (m, 2 H) 2.14 - 2.35 (mm, 2 H) 4.22 — 4.88 (m,
2H)4.75-5.11 (m, 1H) 7.67 - 7.78 (in, 2 H) 7.79 — 7.86 (m, 2 H). MS (ES) {M+H] calculated
for Cy3H14NOs, 264.08; found 264.20.

[05671  The resultant oily compound (650 mg, 2.47 mmol) was dissolved in CH,Cl, (5 ml) and
cooled to 0 °C. Hydrazine hydrate (0.3 mL, 6.17 mmol) was added dropwise. The reaction
mixture was stirred at ambient temperatuare over night. The resultant solid was filtered off and
the filtrate concentrated under reduced pressure to afford (248 mg, 71%) of (1R, 25)-4-
(aminooxy) cyclopentane-1, 2-diol as a pale yellow oil. "H NMR (400 MHz, CHLOROFORM-
d) 6 ppm 1.67 — 1.87 (m, 4 H) 3.86 — 3.96 (m, 2 H) 4.00 - 4.21 (m, 1 H). MS (ES) [M+H]
calculated for CeHioNO;, 134.07; found 134.21.
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Example 58. (7R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl} phenyl)-4-methyl-7, 8-
dihydropyrido [4, 3-d] pyrimidin-5(6H)-one O-(3R, 45)-3, 4-dihydroxycyclopentyl oxime
{Compound 58)

[0568] A mixture of (R)-2-amino-7-(2-bromo-4-fluorophenyl}-4-methyl-7, §-dihydropyrido
(4, 3-d} pyrimidine-5(6H)-thione (146 mg, 0.4 mmol}, (LR, 25)-4-(aminooxy) cyclopentane-1, 2-
diol (212 mg, 1.6 mmel), Hg(OAc): (256 mg, 0.8 mmol ) and toluene (2 mL) was heated at 100
°C for 2 h. Cooled to tt, filtered through celite and purified to afford (7R,Z)-2-amino-7-(2-bromo-
4-fluorophenyl)-4-methyl-7,8-dihydropyrido[4,3-d|pyrimidin-5(6H)-one O-(3R.45)-3,4-
dihydroxycyclopentyl oxime (78 mg, 43%) as off white solid. MS (ES) [M+H] calculated for
CiyH»BrENsOs, 466.08; found 467.30.

[0569] A mixture of the resultant compound (75 mg, 0.16 mmol), 2-(6-methoxypyridin-2-y1)-
6-phenyl-1, 3, 6, 2-dioxazaborocane (238 mg, 0.8 mmol), Pd(dppf),Cl; (13 mg, 0.016 mmol), 2N
aq NapCO3 (0.4 ml, 0.8 mmol) and DMA (2 mlL) was degassed with N and heated at 85 °C for
4h. Cooled tor.t., filtered trough celite and purified to afford (7R, Z)-2-amino-7-(4-fluoro-2-(6-
methoxypyridin-2-y1) phenyl)-4-methyl-7, 8-dihydropyrido {4, 3-d] pyrimidin-5(6H)-one O-(3R,
4.5)-3, 4-dihydroxycyclopenty! oxime (8.4 mg, 12%) as white solid. 'H NMR (400 MHz,
CHLOROFORM-d) § ppin 1.75 ~ 2.03 (m, 4 H) 2.51 (5, 3 H) 2.71 ~ 2.89 (m, 1H) 2.95 —~ 3.10 (i,
1 Hj3.86 (s, 3H)4.36 (d, J=3.28Hz, 2 H) 449 - 4.63(m, 1 H) 4.94 (m, 1 H) 6.85 (d, /=7.83
Hz, THY7.19(d, /=7.33 Hz, 1 H) 7.22 - 7.32 (m, 2 H} 7.42 - 7.54 (in, 1 H) 7.84 (t, J=7.58 Hz, 1
H). MS (ES) IM-+H] calculated for CpsHsFNGOy, 495.52; found 495.40.

-210-



Example 59, (1R, 25)-4-(aminooxymethyl} cyclopentane-1, 2-diol

HO OH
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HO OH
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0 e} 0504, NMO G NHpNH2H0
[ \ [

Oz Nnz0 '
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HO CHaCls i
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[0570]  The title compound was prepared analogous to the procedure described in Example 57.
'H NMR (400 MHz, CHLOROFORM-d) & ppm 1.21 — 1.38 (m, 2 H) 1.50 - 1.64 (m, 2 H) 1.69 -
1.84 (m, 1 H) 3.86 - 3.96 (m, 2 H) 4.11 (dd, J=7.33, 1.52 Hz, 2 H). MS (ES) [M+H] calculated
for CoH14NO3, 148.09; found 148.07.

Example 60. (7R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-methyl-7, 8-
dihydropyrido [4, 3-d] pyrimidin-5(6H)-one 0-((3R, 45)-3, 4-dihydroxycyclopentyl) methyl

oxime (Compound 59)

OH
OH
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|
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[0571]  The title compound was prepared analogous to the procedure described in Example 58.
'H NMR (400 MHz, MeOD) & 1.54 - 1.69 (m, 2 H), 1.73 - 1.88 (m, 2 H), 2.61 (s, 3 H), 2.64 -
2.75 (m, 1 H),2.90- 3.03 (m, 1 H), 3.11 (dd, /= 16.29, 4.42 Hz, 1 H), 3.80 - 3.88 {m, 2 H), 3.90
(s,3H), 3.94 - 405 (m, 2 H), 5.00 (dd, J = 8.46, 4.42 Hz, 1 H), 6.78 (d, J=8.34 Hz, 1 H), 7.11
(d,J=733Hz, 1 H),7.13-7.24 (m, 2 H), 7.59 (dd, J = 8.08, 5.81 Hz, 1 H), 7.76 (t, J = 7.83 Hz,
1 H). MS (ES) [M+H] calc’d for CygHsgFNgQ4, 509.22; found, 509.20.
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Example 61. 5-(aminooxy}-2-methylpentane-2,3-diol

Route-A
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HO OH
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[0572]  To a solution of 5-bromo-2-methylpent-2-ene (1.33 mL, 10.0 mmol) in CH;CN (25
mL) was added rert-butyl hydroxycarbamate (2.0 g, 15.0 mmol) and DBU (4.5 mL, 30 mmol) at
0 °C and the reaction mixture stirred at r.t. for overnight. Quenched with saturated NH,Cl
solution and extracted with brine. Combined organic layers washed with brine and dried over
anhydrous Na,50,, filtered and concentrated to provide yellow oil, which was purified by flash
chromatography (50% EtQOAc-hexane) to yield ferf-butyl 4-methylpent-3-enyloxycarbamate (750
mg, 70%) as a viscous oil. "H NMR (400 MHz, CHLOROFORM-d) & ppm 140 (s, 9H) 1.54 (
$.,3H) 1.61 (s, 3H) 221 - 2.31 (m, 2H)3.70 - 3.78 (m, 2 H) 5.02 - 5.10 (m, 1 H). MS (ES)
[M+H] caleulated for C13HNO;s, 216.15; found 216.10.

[0573]  The resultant oily compound (750 mg, 3.5 mmol) was dissolved in 4:1 dioxane-H,0,
NMO (409 mg, 3.85 mmol) and OsO, (0.2 mL, 0.35 mmol, 2.5 wt% in H,() was added. The
reaction mixture was stirred for 24 h at rt. Work-up similar to the procedure described in
Example 58 afforded tert-buty] 3,4-dihydroxy-4-methylpentyloxycarbamate (510 mg, 58%) as a
viscous oil. "H NMR (400 MHz, CHLOROFORM-d) § 1.14 (s, 3 H) 1.20 (s, 3 H) 1.46 (s, 9 H)
1.57-1.70 (m, 1 H) 1.72 - 1.88 (m, 1 H) 3.62 - 3.76 (m, 1 H) 3.92 - 4.15 (m, 2 H). MS (ES)
[M-+H] caleulated for Cy3Hp4NO;, 250.15; found 250.20.

[0574]  The resultant oily compound (498 mg, 2.0 mmol) was dissolved in dioxane (2.0 ml)
and cooled to 0 °C. 4N HCl in dioxane (1.25 mL, 5.0 mmol) was added and the reaction mixture
was stirred at ambient temperature for 2h. The resultant solid was filtered off and dried to afford
the HC salt of the title compound (260 mg, 70%) as white solid. 'H NMR (400 MHz,
CHLOROFORM-d) 8 1.16 (s, 3 H) 1.19 (s, 3 H) 1.63 - 1.71 (m, 1 H) 1.98 ~ 2.06 (m, I H) 3.45
(d, J=12.88 Hz, 1 H) 4.14 - 4.33 (m, 2 H). MS (ES) [M+H] calculated for CgHcNO3, 150.11;
found 150.10.
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[0575] A mixture of 5-bromo-2-methylpent-2-ene (0.66 ml., 5.0 mmol) in CH;CN (15 mL)

‘?/P/
Br DBU, CHLCN ojg"*?o

was added 2-hydroxyisoindoline-1,3-dione (3.33 g, 6.0 mmol) and DBU (4.5 mL, 30 mmol) was
heated at 100 °C for 4 h. Work-up analogous to the procedure described in Example 58 afforded
2-(4-methylpent-3-enyloxy)isoindoline-1,3-dione (1.14g, 90%) as a viscous oil.

[0576]  The resultant compound was subjected for dihydroxylation followed by phthalimide

deprotection analogous to the procedures described earlier (Example 57) afforded the title
compound.

Example 62. (7R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl}-4-methyl-7, 8-
dihydropyrido [4, 3-d] pyrimidin-5(6H)-one 0-3, 4-dihydroxy-4-methylpentyl oxime
(Compound 60)

HO

{05771  The title compound was prepared analogous to the procedure described in Example 58.
'H NMR (400 MHz, MeOD) & ppm 0.99 (d, J/=5.31 Hz, 3 H) 1.04 (d, /=531 Hz, 3 H) 1.34 - 1.51
(m, 1H)1.92-2.07 (m, 1 H) 2.53 (d, J=1.77 Hz, 3 H) 2.73 - 2.89 (m, | H) 3.03 (dd, J=16.17,
5.05Hz, 1 H)3.16 - 3.30 (m, 1 H) 3.86 (d, J/=3.03 Hz, 3 H) 3.95-4.06 (m, 2 H) 4.93 - 5.13 (m, 1
H) 6.86 (d, /=8.34 Hz, 1 H) 7.19 (d, J/=7.33 Hz, 1 H) 7.22 - 7.34 (m, 2 H) 7.41 - 7.56 (m, 1 H)
7.78 - 7.91 (m, I H). MS (ES) [M+H] calc’d for CygHaFNOy, 511.56; found 511.40.
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Example 63. (R,Z)-2-amino-7-(4-fluoro-2-{6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5{6H)-one oxime (Compound 61)

~OH
N

[0578] A mixture of (R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidine-S(6H)-thione (366 mg, 1.0 mmol), O-(tert-
butyldimethylsilyDhydroxylamine (588 mg, 4.0 mmaol), Hg(OAc): (640 mg, 2.0 mmol) and
toluene (5 mL) was heated at 100 °C for 2h. The mixfure was cooled to r.t. and filtered through
celite. Filtrate concentrated and the resulting oily residue was triturated with dry methanol to
afford a pale yellow solid. Filtered and dried to afford ((R, Z)-2-amino-7-(2-bromo-4-
fluorophenyl)-4-methyi-7, 8-dihydropyrido [4, 3-4] pyrimidin-5(6H)-one O-fert-
butyldimethylsilyloxime (384 mg, 80%) as a pale yellow solid. 'H NMR (400 MHz,
CHLOROFORM-d) & ppm 0.22 (s, 3 H), 0.23 (5, 3 H) 0.97 (s, 9 H) 2.70 (s, 3 H) 2.91 (dd,
J=16.42, 8.08 Hz, 1 H) 3.19 {(ddd, 7=16.36, 4.86, 1.26 Hz, 1 H) 4.99 (ddd, J=7.77, 5.12, 2.02 Hz,
1 H) 7.05 (td, J=8.27, 2.65 Hz, 1 H) 7.33 (dd, J=8.08, 2.78 Hz, 1 H) 7.39 (dd, J=8.72, 5.94 Hz, 1
H). MS (ES) {M-H] calculated for C,oHysBrFNsOSi, 480.12.; found 480.30.

[0579] A mixture of the above compound (47.9 mg, 0.1 mmol), 2-(6-methoxypyridin-2-yI)-6-
phenyl-1,3,6,2-dioxazabarocane (149 mg, 0.5 mmol), Pd(dppf).Cls (8.12 mg, 0.01 mmol), 2N
NayCO; (0.25 mL, 0.5 mmol) in DMA (3 mL) was degassed with N; and heated at 85 °C
overnight. L.CMS shows (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl}-4-
methyl-7,8-dihydropyridof4,3-d]pyrimidin-5(6H)-one O-tert-butyldimethylsilyl oxime ( [M+H]
calenlated for CyHzqBrFNeO,S1, 509.24; found 509.40. The reaction mixture was diluted with
ethyl acetate and filtered through celite. The filtrate was concentrated to afford brown oil which
was purified by preparative LCMS to afford (R, Z)-2-amino-7-(4-tluoro-2-(6-methoxypyridin-2-
¥1) phenyl)-d-methyl-7,8-dihydropyrido [4, 3-d] pyrimidin-5(6H)-one oxime (11.8 mg, 30%) as

white solid.
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Example 64, (R)-4-(({Z)-{(R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yhHphenyl)-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6 H)-ylidenc)aminooxy)methylhoxazolidin-2-
one (Compound 62)

3hes|mg
thiolactam
O>\/ o 0>( 0 Mitsungbu NHo—NH; Hg{OAc);a ><
N'{ LAH N—{ __<
X = oY “1 N L& 5(
o} OH
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o
OH

Q
4N HCI '/EN>:0
fn diox e tnphosgene 0 H
N

NH
I

62 mg Br 12mg B F 1.9mg

[0580] A solution of (R)-3-tert-butyl 4-methyl 2,2-dimethyloxazolidine-3,4-dicarboxylate (5
2, 19.3 mmol) in anhydrous diethyl ether was chilled in an ice bath and M LiAlH, in diethyl
ether (38 ml., 38.6 mmol) was added dropwise under an N3 atmosphere. The reaction was
allowed to warm to room temperature with stirring overnight. The reaction was quenched by
slowly adding saturated aqueous NaySQO, (5 mL). The slurry was filtered through a pad of Celite.
The Celite pad was rinsed with EtOAc and the solution was dried in vacuo to yield (S}-rert-butyl
4-(hydroxymethyl)-2,2-dimethyloxazolidine-3-carboxylate (2.77 g, 12 mmol) as a clear oil.
[M+H}] cale’d for Cy1H21NO4, 232; found, 232.

[0581]  Standard Mitsunobu and hydrazine deprotection route to alkoxyamine was used as
described in Example 2. [M+H] calc’d for C3H3aN,0,, 247, found, 247.

[0582]  Standard coupling to thiolactam scaffold via Hg(OAc), was used as described in
Example 39. [M+H] calc’d for CosH3BrFNgQ,, 580; found, 580.

[0583]  To a solution of (R)-fert-butyl 4-(((Z)-((R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)methyl)-2,2-
dimethyloxazolidine-3-carboxylate in dioxane was added 4 N HCl in dioxane. The reaction was
allowed to stir under an N, atmosphere at room temperature for 90 min. The reaction was
Iyophilized to dryness to yield (R,Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(R)-2-amino-3-hydroxypropyl oxime (65 mg, 0.13
mmol). [M+H] calc’d for CyiHaeBrFNgO,, 440; found, 440.
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{6584] To a solution of (R,Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-S(6H}-one O-(R)-2-amino-3-hydroxypropyl oxime (65 mg, 0.13
minol) in anhydrous dichloromethane (3 mL) was added triethylamine (400 uL, 22 eq) and
triphosgene (94 mg, 0.33 mmol). The reaction was stirred under an Ny atmosphere at room
temperature overnight. The reaction was washed with H,O x 1 and the organic phase dried over
anhydrous Na,S04. The solvent was removed in vacio and the residue was purified via
preparative HPLC eluting with TFA/ACN/H,0 to vield (R)-4-(((Z)-((R)-2-amino-7-(2-bromo-4-
fluorophenyl)-4-methyl-7.8-dihydropyrido[4,3-dlpyrimidin-5(6H)-
ylidene)aminooxy)ymethyloxazolidin-2-one (12 mg, 0.026 mmol). [M+H] calc’d for
CisHysBrENgOs, 466; found, 466.

[0585]  Standard Suzuki conditions to attach pyridyl ring were used as described in Example
39. TH NMR (400 MHz, MeOD) 8 2.76 (s, 3 H), 3.03 - 3.19 (m, 1 H), 3.33 - 3.53 (m, 1 H), 3.91
(s,3H),3.97-408 (m, 1 H), 407 -4.24 (m, 2 H), 4.29 (dd, J=8.72,4.67 Hz, 1 H), 442 - 4,55
(m, 1 H), 5.05(dd, F=8.97,4.17Hz, | H),6.79(d, /= 8.34 Hz, 1 H), 7.12 (d, J =733 Hz, | H),
7.14-7.29(m,2 H), 7.66 (dd, J = 8.59,5.56 Hz, 1 H), 7.77 (t, J="7.83 lz, 1 H). [M+H] cale’d
for Cp4Ha FN70,, 464, found, 494,

Example 65. (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-S(61)-one O-2-morpholinoethyl oxime (Compound 63)

: ®

N. HaN.
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[0586] To a solution of 2-morpholinoethanol (5 g, 38 mmol} in CH,Cly (250 mE) was added
2-hydroxyisoindoline-1, 3-dione (9.3 g, 57 mmotl} and triphenyiphosphine (15 g, 57 mmol). The
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resultant mixture was cooled to 0 °C and diisopropyl azodicarboxylate (11 ml, 57 mmol) was
slowly added drop wise with an addition funnel under N; atmosphere. The reaction mixture was
stirred at ambient temperature for 48 h. The reaction mixture was concentrated to provide clear
oil, which was purified by flash chromatography (50% EtOAc-Hexane). The resultant clear oily
compound was dissolved in CH3Cl (50 mi). Hydrazine hydrate (5.8 mL, 76 mmol) was added.
The reaction mixture was stirred at ambient temperature for 8 h. The resultant solid was filtered
off and the filtrate concentrated under reduced pressure to provide a clear oil of O-(2-
morpholinoethyDhydroxylamine (3.5 g, 24 mmol). [M+H] calc’d for CeH 14N, O,, 147; found,
147.

[0587]  To a solution of O-(2-morpholinoethyDhydroxylamine (600 mg, 4.1 mmol) in
anhydrous toluene {6 mL) was added {R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-
dihydropytido[4,3-d]pyrimidine-5(6.H)-thione (0.150 g, 0.41 mmel) and mercuric acetate (I1)
(262 mg, 0.82 mmol). The resultant mixture was heated to 100 °C for 1 h. The reaction was
allowed to cool to r.t. and filtered through a pad of Celite, rinsing with EtOAc and CH3OH. The
filtrate was concentrated to provide a yellow-green oil, which was purified by preparative HPLC
eluting with TFA/ACN/H,0. The fractions were concentrated to provide (R,Z)-2-amino-7-(2-
bromo-4-flucropheny1)-4-methyl-7,8-dihydropyrido{4,3-d]pyrimidin-5(6H)-one O-2-
morpholincethyl oxime (196 mg, 0.41 mmol). [M+H] calc’d for CyoHaBrFNgO,, 480; found,
480.

[0588] To a solution of (R,Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-2-morpholinoethyl oxime (100 mg, 0.21 mmol) in
DMA was added 6-methoxypyridine-2-boronic acid N-phenyldiethanolamine ester (250 mg, 0.84
mmol), Pd(dppf),Cl, (17 mg, 0.02 mmol), and 2N Na,CO; (522 pL, 1.05 mmol). The resultant
mixture was degassed with Np for 5 min then heated in a sealed tube at 85°C for 14 h. The
reaction was allowed to cool to r.t. and filtered through a pad of Celite topped with anhydrous
NayS0,, rinsing with EtOAc and CH;0H. The filtrate was concentrated to provide a brown
residue which was purified by preparative HPLC eluting with TEA/ACN/H20. The solvent was
removed on a rotary evaporator and the sample was dried under high vacuum to yield (R,Z)-2-
amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-dihydropyrido[4,3-
dlpyrimidin-3{6H)-one O-2-morpholincethyl oxime (67.4 mg, 0.13 mmol). "H NMR (400 MHz,
CHLOROFORM-d) §2.81 (s, 3 H), 2.95 (1d, J=11.87, 3.79 Hz, 2 H), 3.12 (dd, J = 17.18, 9.60
Hz, 1 H), 3.34 - 3.56 (m, 3 H), 3.70 {dd, J = 11.75, 3.41 Hz, 2 H), 3.84 - 4.06 (m, 7 H), 439 (¢, J
=4.80 Hz, 2 H), 4.94 (dd, J = 9.60, 4.04 Hz, 1 H), 6.81 (d, /=834 Iz, 1 1), 7.06 (d, J = 7.07

217-



Hz, 1 H), 7.08 - 7.21 (m, 2 H), 7.50 (dd, J = 8.59, 5.31 Hz, 1 H), 7.68 - 7.81 (m, 1 H). [M+H]}
cale’d for CygHzoFN703, 508; found, 508.

Example 66, (R,Z}-2-amino-7-(4-fluoro-2-{6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4.3-d]pyrimidin-5{6H)-one O-{tetrahydro-2H-pyran-4-ylimethyl oxime

(Compound 64)
Q N (o] NHo
1 | o
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. . |
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X — () = — A
O o o Y HaN N
Br F

Suzuki

[0589] A solution of methyl tetrahydro-2H-pyran-4-carboxylate (5 g, 34.6 mmol} in
anhydrous diethyl ether was chilled in an ice bath and 1 M LiAlH, in diethyl ether (52 mi., 51.9
mmol) was added dropwise under an N; atmosphere. The reaction was allowed to warm to room
temperature with stirring overnight. The reaction was quenched by slowly adding 1 N aqueous
NaOH (3 mL). The slurry was filtered through a pad of Celite. The Celite pad was rinsed with
diethyl ether followed by methanol and the solution was dried in vacuo to yield (tetrahydro-2H-
pyran-4-ylymethanocl {4 g, 34.6 mmol) as a clear cil. [M+H] calc’d for CqH 204, 117; found, 117.
[0590] Standard Mitsunobu/hydrazine deprotection route to alkoxyamine was used as
described in Example 2, [M+H] calc’d for CsHisNO3, 132; found, 132,

[0591]  Standard coupling to thiolactam scaffold via Hg{OAc), was used as described in
Example 39, [M+H] cale’d for CooHsBrFNsQs, 465, found, 465,

10592]  Standard Suzuki conditions to attach pyridyl ring were used as described in Example
39, "H NMR (400 MHz, MeOD) & 1.19 - 1.41 (m, 2 H), 1.64 (d, J = 12.88 Hz, 2 H), 1.96 - 2.13
(m, 1 H), 2.80 (s, 3 H), 3.19(dd, J = 16.93, 8.59 Hz, 1 H), 3.33 - 3.47 (m, 3 H), 3.84 - 4.00 (m, 7
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H), 5.03-5.13(m, 1 H), 6.80(d, J =834 Hz, 1 1), 712 (d, J = 7.07 Hz, L H), 7.15-7.27 (m, 2
H), 7.60 (dd, J=8.34,5.56 Hz, 1 H), 7.77 (t, 7 =7.83 Hz, 1 H). [M+H] calc’d for CygHz9FNgO3,
493; found, 493.

Example 67, (R,Z)-2-amino-7-(4-ffuoro-2-(6-methoxypyridin-2-yDphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6)-one O-((15,45)-4-hydroxycyciohexyl)methyl oxime
{Compound 65)

[+]
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OH
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[05893]  To asolution of (1r,4r)-4-hydroxycyclohexanecarboxylic acid (5 g, 34.7 nmol) in
anhydrous DMF (35 mL.} was added imidazole (4.72 g, 69.4 mmol) and TBDMS chloride (5.75
2. 38.2 mmol). The reaction was allowed to stir under an N3 atmosphere at room temperature
overnight. The reaction was diluted with diethyl ether and washed with 1 N aqueous HCI x 2 then
brine x 1. The organic phase was dried over amhydrous Na,S(O,4 and the solvent removed in
vacuo to yield (1r,4r)-4-(tert-butyldimethylsilyloxy)cyclohexanecarboxylic acid (8.9 g, 34.7
mmol} as a clear oil.

[0594] A solution of (1r,4r)-4-(tert-butyldimethylsilyloxy)cyclohexanecarboxylic acid (8.9 g,
34.7 mmol) in anhydrous dichloromethane (80 mi.) was chilled in a dry icefacetone bath and a 20
wt% solution of DIBAL-H in toluene (57 mL, 69.4 mmol) was added dropwise under an N;
atmosphere. The reaction was allowed to warm to -30 °C with stirring over 1h. The cold
reaction mixture was slowly poured into chilled 1 N aqueous HCI (150 mL). The aqueous phase
is washed with DCM x 2 and the combined organic phases were washed with brine x 1 and dried
over anhydrous Na,SQy4. The solvent was removed in vacuo to yield ((1r,4r)-4-(tert-
butyldimethylsilyloxy)cyclohexyl)methanol (4.5 g, 18.4 mmol).

[0595]  To asolution of ((1r,4r)-4-(tert-butyldimethylsilyloxy)cyclohexyhmethanol (4.5 g,
18.4 mmol) in CH,Cl, (150 ml.) was added 2-hydroxyisoindoline-1, 3-dione (4.5 g, 27.6 mmol)
and triphenylphosphine (7.25 g, 27.6 mmol). The resultant mixture was cooled to 0°C and

diisopropyl azodicarboxylate (5.35 ml, 27.6 mmol) was slowly added drop wise with an addition
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funnel under N3 atmosphere. The reaction mixture was stirred at ambient temperature for 48 h.
The reaction mixture was concentrated to provide clear oil, which was purified by flash
chromatography (50% EtOAc-Hexane). The resultant clear oily compound was dissclved in
CH,Cl; (50 ml). Hydrazine hydrate (1.47 mL, 19.3 mmol) was added. The reaction mixture was
stirred at ambient temperature for 8 h. The resultant solid was filtered off and the filtrate
concentrated under reduced pressure to provide a clear oil of O-(((1r,4r)-4-(tert-
butyldimethylsilyloxy)cyclohexylmethylhydroxylamine (2.5 g, 9.66 mmol). {M+H] calc’d for
Ci3H9NO;Si, 260; found, 260.

[0596] To a solution of O-(((1r,4r)-4-(tert-
butyldimethylsilyloxy)cyclohexylymethylhydroxylamine (530 mg, 2.05 mmol) in anhydrous
toluene (8 mL) was added (R)-2-amino-7-(2-bromo-4-flucrophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidine-5(6H)-thione (0.150 g, 0.41 mmol) and mercuric acetate (262
mg, 0.82 mmol). The resultant mixture was heated to 100°C for 1 h. The reaction was allowed
to cool to 1.t. and filtered through a pad of Celite, rinsing with EtOAc and CH;0H. The filirate
was concentrated to provide a yellow-green oil, which was puritied by preparative HPLC eluting
with TFAJACN/H;0. Upon drying down the preparative HPLC fractions at 50 °C on a rotary
evaporator, the alcohol was formed cleanly to provide (R,Z)-2-amino-7-{2-bromo-4-
fluorophenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6 H)-one O-({15,45)-4-
hydroxycyclohexyl)ymethyl oxime (63 mg, 0.13 mmol). [M+H] calc’d for CyHasBrENsQ,, 479;
found, 479,

[0597]  To a solution of (R,Z)-2-amino-7-(2-bromo-4-flucrophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-((15.45)-4-hydroxycyclohexyl)methyl oxime (63
mg, 0.13 mmol) in DMA was added 6-methoxypyridine-2-boronic acid N-phenyldiethanolamine
ester (157 mg, (.52 mmol}, Pd(dppf),Cl (10.6 mg, 0.013 mmol), and 2N Na,COs (329 nl., 0.65
mmol). The resultant mixture was degassed with N, for 5 min then heated in a sealed tube at 85
°C for 14 h. The reaction was allowed to cool to r.t. and filtered through a pad of Celite topped
with anhydrous Na;SQy, rinsing with EtOAc and CHsOH. The filtrate was concentrated to
provide a brown residue which was purified by preparative HPLC eluting with TFA/ACN/H,0.
The solvent was removed on a rotary evaporator and the sample was dried under high vacuum to
yield (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyride[4,3-d]pyrimidin-5(6H)-one O-({15,45)-4-hydroxycyclohexyDmethy} oxime (10
mg, .02 munol). 'H NMR (400 MHz, MeOD) 8 1.40 - 1.60 (m, 6 H}, 1.69 (dd, J = 8.08, 4.55
Hz,2H), 1.77- 1.92 (m, 1 H), 2.73 {s, 3 H), 3.05 - 3.18 {m, 1 H}, 3.21 - 3.28 (m, t H}, 3.83 -
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3.96 (m, 6 H), 5.09 (dd, J = 8.34,4.55 Hz, 1 H), 6.80 (d, 7= 8.34 Hz, 1 H), 7.12 (d, J = 7.07 Hz,
1 H),7.15-7.25 (m, 2 H),7.58 (dd, J =8.34, 5.81 Hz, 1 1), 7.71 - 7.82 (m, 1 H). [M~+H] cale’d
for C27H31FN603., 507; found, 507.

Example 68. (5)-4-({(Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yhphenyl)-4-
methyl-7,8-dihydropyrido{4,3-d]pyrimidin-5(6 H)-ylidene)aminooxy)-2-hydroxybutanamide

(Compound 66)
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[0598]  To a solution of 3-hydroxydihydrofuran-2(3 H)-one (5 g, 49 mmol) in anhydrous DMF
(50 ml.) was added imidazole (6.7 g, 98 mmol) and TBDMS chloride (8.1 g, 54 mmol}. The
reaction was allowed to stir under an N, atmosphere at room temperature overnight. The reaction
was diluted with diethyl ether and washed with 1 N aqueous HCI x 2 then brine x 1. The organic
phase was dried over Na;S504 and the solvent removed in vacuo to yield 3-(tert-
butyldimethylsilyloxy)dihydrofuran-2(3H)-one (11 g, 49 mmol} as a clear oil. [M+H] cale’d for
CioHz00381, 217, found, 217.

[0599]  To a solution of 3-(fers-butyldimethylsilyloxy)dihydrofuran-2(3H)-one (11 g, 49
mmol) in methanol was added 7 N ammnionia in methanol (20 mL., 140 mmol). The reaction was
stirred in a sealed tube for 2 days. The solvent was removed in vacuo to yield (S)-2-(fert-
butyldimethylsilyloxy)-4-hydroxybutanamide (4.85 g, 20.8 mmol} as a white solid. [M+H] calc’d
for CyyHa3sNO;Si, 234; found, 234,

[6600]  To a solution of (5)-2-(tert-butyldimethylsilyloxy)-4-hydroxybutanamide (4.85 g, 20.8
mmol) in CH,Cl, (150 mL) was added 2-hydroxyisoindoline-1, 3-dione (5.1 g, 31.2 mmol) and
triphenylphosphine (8.2 g, 31.2 mmol). The resultant mixture was cooled to 0°C and diisopropyl
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azodicarboxylate (6.0 ml, 31.2 mmol) was slowly added dropwise with an addition funnel under
N, atmosphere. The reaction mixture was stirred ai ambient temperature for 48 . The reaction
mixture was concentrated to provide clear oil, which was purified by flash chromatography (60%
EtOAc-Hexane). The resultant pale yellow compound was dissolved in CH,Cl, (60 ml).
Hydrazine hydrate (670 uL, 8.8 mmol) was added. The reaction mixture was stirred at ambient
temperature for 8 h. The resultant solid was filtered off and the filtrate concentrated under
reduced pressure to provide a clear yellow oil of (5)-4-(aminooxy)-2-(rert-
butyldimethylsilyloxy)butanamide (1.1 g, 4.4 mmol). {M-+H] cale’d for CipH24N,0551, 249;
found, 249,

[0601] To a solution of (S)-4-(aminooxy)-2-(tert-butyldimethylsilyloxy)butanamide (1 g, 4.1
mmol) in anhydrous toluene (10 mL) was added (R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidine-5(6 H)-thione (0.300 g, 0.82 mumol) and mercuric (I)
acetate (523 mg, 1.64 mmol). The resultant mixture was heated to 100°C for 2 h. The reaction
was allowed to cool to r.t. and filtered through a pad of Celite, rinsing with EtOAe and CH;0H,
The filtrate was concentrated to provide a yellow-green oil, which was purified by preparative
HPLC eluting with TFA/ACN/H,0. Upon drying down the preparative HPLC fractions at 50°C
on a rotary evaporator, the alcohol was formed cleanly to provide (S}-4-((Z)-((R)-2-amino-7-(2-
bromo-4-fluorophenyl}-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6 H)-ylidene)aminooxy)-
2-hydroxybutanamide (51 mg, 0.11 mmol). [M+H] calc’d for CisHyoBrENgOs, 477; found, 477.
[0602] To a solution of (8)-4-({Z)-((R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d)pyrimidin-5(6 H)-ylidene)aminooxy)-2-hydroxybutanamide (51 mg, 0.11
mmol) in DMA was added 6-methoxypyridine-2-boronic acid N-phenyldiethanolamine ester
(130 mg, 0.44 mmol), Pd(dpp),Cl; (9 mg, 0.011 mmol), and 2N Na,CO; (273 ulL., 0.55 mmol).
The resultant mixture was degassed with N; for 5 min then heated in a sealed tube at 85 °C for 14
h. The reaction was allowed to cool to r.t. and filtered through a pad of Celite topped with
anhydrous Na,SO,, rinsing with EtOAc and CH30H. The filtrate was concentrated to provide a
brown residue which was purified by preparative HPLC eluting with TFA/ACN/H,0. The
solvent was removed on a rotary evaporator and the sample was dried under high vacuum to
yield (8)-4-((Z2)-((R)-2-amino-7-{4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)-2-hydroxybutanamide (12.6 mg, 0.025
mmol). "H NMR (400 MHz, MeOD) 8 1.76 - 1.93 (m, 1 H), 2.16 - 2.35 (m, I H), 2.80 (s, 3 H),
3.18(dd, J = 16.80, 9.22 Hz, 1 H), 3.32 - 3.42 (m, 1 H), 3.90 (s, 3 H), 4.10 (dd, J=8.72, 3.16 Hz,
1 H), 4.13 - 4.31 (m, 2 H), 5.07 (dd, J = 9.09, 4.04 Hz, 1 H), 6.79 (d, J=8.08 Hz, 1 H), 7.12 (d, J
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=733 Hz, 1 H), 7.15-7.28 (m, 2 H), 7.66 {dd, F=8.59, 556 Hz, T H), 7.71 - 7.83 (m, 1 H).
[M+H] calc’d for CoyH36FN7Qy4, 496; found, 496,

Example 69. (7R,Z)-2-amino-7-(4-fluoroe-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d}pyrimidin-5(6H)-one O-2-(morpholin-2-yl)ethyl oxime (Compound 67)

(\NH
0

[0603] 'H NMR (400 MHz, MeOD) 8 1.75 - 1.92 (m, 1 H), 1.91 - 2.08 (m, 1 H), 2.78 (s, 3 H),
2.90(t,/=11.87 Hz, I H),3.03 - 3.18 (im, 1 H), 3.18 - 3.28 (m, 2 H), 3.32 - 3.42 (m, 2 H), 3.68 -
3.85(m, 2 H),3.91 (5,3 H),4.02(d, J=12.88 Hz, 1 H), 4.07 - 4.28 (m, 2 H), 5.01 - 5.11 (i, 1
H), 6.81(d, J=834 Hz, 1 H),7.13(, J=7.07 Hz, I H), 7.16 - 7.35 (m, 2 H), 7.56 - 7.6% (m, 1
H), 7.78 (t, J = 7.83 Hz, 1 H). {M+H] calc’d for CaHaoFN704, 508; found, 508.

Example 70, ($)-4-(((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)methyl)-3-

benzyloxazolidin-2-one (Compound 68)

[0604] 'H NMR (400 MHz, CHLOROFORM-d) & 2.48 - 2.65 (m, 3 H), 2.97 - 3.16 (m, 1 H),
3.19-3.35(m, 1 H), 3.88 (5,3 H),3.90-3.99 (m, 1 H),4.00 - 4.16 (m, 2 H), 4.15- 4.27 (m, 1
H), 4.26 -4.39(m, 1 H), 472 - 4.86 (1, 1 H), 4.90 (dd, J = 10.23, 3.41 Hz, 1 H), 547 - 5.63 (i,
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1H),674(d, J=834 Hz, 1 H), 6.97 - 7.06 (m, 1 H), 7.10 - 7.21 (m, 2 H), 7.20 - 7.26 (m, 5 H),
7.57-7.71 (m, 2 H). [M+H] calc’d for Ci;HagFN;Q., 584; found, 584,

Example 71. (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6 H)-one O-(R)-2-amino-3-hydroxypropyl oxime
{Compound 69)

[0605] 'H NMR (400 MHz, MeOD) & 2.81 (s, 3 H), 2.90 - 3.00 (m, 1 H), 3.02 - 3.16 (m, 1 H),
3.69-3.78 (m, 1 H), 3.82 (dd, J = 11.37, 3.54 Hz, 2 H), 3.91 (s, 3 H), 4.13 - 4.34 (m, 2 H), 5.03 -
510 (m, 1 H), 6.72 - 6.92 (m, 1 H), 7.13(d, J = 7.07 Hz, 1 H}, 7.16 - 7.34 (m, 2 H), 7.63 - 7.75
(m, 1 H), 779 (t, = 7.71 Hz, 1 H). {M+H] calc’d for C3H,sFN4Q3, 468; found, 468,

Example 72. (R,Z)-2-amino-7-(4-fluoroe-2-(6-methoxypyridin-2-yiphenyl)-4-methyl-7,8-
dihydropyrido[4,3-dlpyrimidin-5{6 H)-one O-(1-methyl-1H-imidazol-4-yl)methyl oxime

{Compound 70)
/
N
K[ p
N

[0606] 'H NMR (400 MHz, MeOD) §2.71 (s, 3 H), 3.18 (dd, J = 16.80, 9.22 Hz, 1 H), 3.34 -
343 (m, 1 H), 3.87 (s,3H),3.92 (s, 3 H),5.06 - 5.11 {m, 3 H), 6.80 (d, /=8.34 Hz, l H), 7.12
(d,J=7.33Hz, 1 H),7.15-7.29 (m, 2 H), 7.53 - 7.67 (m, 2 H), 7.67 - 7.85 (m, 1 H), 8.85 (br. s.,
L Hj. [M+H] cale’d for CasHasFNgO,, 489; found, 489.
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Example 73. (R)-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-5-imino-4-methyl-5,6,7,8-

tetrahydropyrido[4,3-d]pyrimidin-2-amine (Compound 71)
NH

[0607]  'H NMR (400 MHz, MeOD) §2.56 - 2.66 (m, 3 H), 3.28 (d, J = 7.83 Hz, 2 H), 3.88 (s,
3H),532(t, J=7.83 Hz, 1 H), 6.75-6.86 (in, 1 H), 7.11 - 7.22 (m, 1 H), 7.23 - 7.36 (m, 2 H),
772, /=682 Hz, 1 H), 7.74 - 7.84 (m, 1 H). [M+H] calc’d for CaoH19FNGO, 379; found, 379.

Example 74. (R,Z)-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-ylj-4-fluorophenyl)-4-
methyl-7,8-dihydropyridof4,3-dlpyrimidin-5(6 H)-one O-(8)-3,4-dihydroxybutyl oxime
(Compound 72)

OH
OH

[0608] 'H NMR (400 MHz, DMSO-de) 8 1.44 - 1.61 (m, 1 H), 1.78 - 195 (m, 1 H), 2.53 (5,3
H), 2.86 (dd, J=16.04, 7.45 Hz, 1 H), 3.08 (dd, J = 15.92, 4.80 Hz, 1 H), 3.20 - 3.30 (m, 2 H),
3.47-3.58 (m, 1 H), 3.89 (s, 3 H), 3.96 - 4.07 (n, 2 H), 4.40 - 4.51 (m, 2 H), 4.95 - 5.06 (m, 1
H), 6.22(d, J=1.52 Hz, 1 H), 6.54 (s,2 H), 6.78 (5, 2 H), 7.13 - 7.29 (m, 2 H), 7.45 (dd, J =
8.46, 594 Hz, 1 H), 7.70 (s, 1 H). [M+H] calc’d for Cy3Hp7FNgO4, 499; found, 499.
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Example 75. (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyrazin-2-yl)phenyD)-4-methyl-7,8-

dihydropyrido[4,3-dipyrimidin-5(6H)-one 0-(S)-3,4-dihydroxybutyl oxime (Compound 73)
OH
OH

[0609] 'H NMR (400 MHz, MeOD) & 1.59 - 174 (m, 1 H), 1.88 - 2.06 (m, 1 H), 2.62 (s, 3 H),
3.02(dd, J = 16.29,9.22 Hz, 1 H), 3.13 - 3.25 (m, 1 H), 3.39 - 3.53 (m, 2 H), 3.67 - 3.78 (m, 1
H), 3.97 (s, 3 H), 4.06 - 424 (m, 2 H), 4.89 - 4.94 (m, 1 H), 7.20 - 7.33 (m, 2 H), 7.63 - 7.74 (m,
1 H), 8.21 (s, 1 H), 8.32 (5, 1 H). [M+H] calc’d for CpaHagFN;0y4, 484; found, 484.

Examptle 76. (R,Z)-2-amino-7-(4-fluoro-2-(2-methoxythiazol-4-yDphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6 H)-one O-(S)-3,4-dihydroxybutyl oxime (Compound 74)

OH
OH

[0610] 'H NMR (400 MHz, MeOD) 1.61 - 1.75 (m, 1 H), 1.91 - 2.06 (m, 1 H), 2.63 (s, 3 H),
2.95(dd, /= 16.17, 8.08 Hz, 1 H}, 3.21 (dd, J = 16.17, 4.80 Hz, 1 H), 3.40 - 3.53 (m, 2 H), 3.69 -
3.79 (m, 1 H), 4.08 (s, 3 H), 4.11 - 4.22 (m, 2 H), 5.06 (dd, J =7.71, 4.93 Hz, 1 H), 7.00 (s, 1 H),
7.10 (td, J = 8.46, 2.78 Hz, 1 H), 7.22 (dd, J =9.60, 2.78 Hz, 1 H), 748 (dd, J=8.72, 5.68 Hz, 1
H). [M+H] calc’d for CzpHasFNgO4S, 489; found, 489,
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Example 77. Synthesis of (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7,8-dihydropyridol[4,3-d]pyrimidin-5(6 H)-one 0-(5)-4,5-dihydroxypentyl oxime
{Compound 75)
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[0611] Compound A was synthesized as previously reported (70.7 % yield) 'H NMR (400
MHz, CHLOROFORM-d) 8 1.36 (s, 3 H), 1.41 (s, 3 H), 1.71 - 2.01 (m, 4 H}, 3.43 - 3.67 (m, 1
H), 4.05-4.10(m, 1 H), 4.16 - 4.31 {m, 3 H), 7.70 - 7.79 (m, 2 H), 7.80 - 7.91 (m, 2 H).

{06121 Compound B ((8)-0-(3-(2,2-dimethyl-1,3-dioxolan-4-y))propyhhydroxylamine) was

synthesized as previously reported on similar chemistry, quantitative yield. 'H NMR (400 MHz,
CHLOROFORM-d) 6 1.36 (s, 3 H), 1.41 (s, 3 H), 1.57 - 1.76 {m, 4 H), 3.50 - 3.55 (m, 1 H), 3.69
(td, J = 6.13, 2.65 Hz, 2 H), 4.02 - 4.07 (m, 1 H), 4.07 - 4.16 (m, 1 H), 5.36 (s, 2 H).

[0613] Compound C was also prepared as described before. ESI-MS: ny/z 508.2 (M+H)",
Purification by prep TFA method deprotected the acetonide group and gave compound D (55.1

% yield). 'H NMR (400 MHz, DMSO-dg) 8 1.21 - 1.37 (m, 1 H), 1.47 - 1.60 (m, 1 H), 1.68 (ddd,
J=13.01,10.11,5.94 Hz, 1 H), 1.73 - 1.91 (m, 1 H), 2.61 (s, 3 H), 2.87 (dd, J = 16.17, 4.29 Hz,
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1 H),3.16- 3.33 {(m, 3 H),3.35 - 3.50 (m, 1 H), 3.87 - 4.07 (in, 3 H), 4.89 - 5.00 {m, 2 H), 6.91
(br.s., 1 H), 7.14 - 7.26 (m, 3 H), 7.58 (dd, J = 8.46, 2.40 Hz, 1 H).

[0614]  Suzuki’s coupling of compound D with the usual procedure provided compound 75
(19.3 % yield). "H NMR (400 MHz, DMSO-dg) 8 1.16 - 1.33 (m, 2 H), 1.48 (d, J = 4.55 Hz, 1
H), 1.62 (br.s., 1 H), 1.76 (d, J = 10.36 Hz, 1 H), 2.52 (s, 3 H), 2.80 (dd, J = 16.04, 6.95 Hz, 1
H), 2.97 - 3.07 (m, 1 H), 3.18 - 3.29 (m, 2 H), 3.41 (br. 5., 2 H), 3.86 (s, 3 H}, 3.87 - 3.98 (m, 2
H), 4.40 (br.s., 2 H), 4.97 - 5.15 (m, 1 H), 6.19 - 6.39 (m, 1 H), 6.78 (s, 2 H), 6.85 (d, /= 8.34
Hz, 1 H), 7.19 (4, J = 6.57 Hz, 1 H), 7.21 - 7.30 (m, 2 H), 7.47 (dd, J = 8.46, 5.94 Hz, 1 H), 7.84
(dd, J = 8.34, 7.33 Hz, 1 H).

-228-



Lxample 78. (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(61)-one 0-($)-3-amino-2-hydroxypropyl oxime
(Compound 76)
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[0615] Compound F: "H NMR (400 MHz, CHLOROFORM-d) & 1.26 (s, 9 H), 1.28 (s, 6 H),
3.65-3.74 (m, 2 ), 3.89-3.93 (m, 1H), 4.12 (m, 1 H), 4.28 - 4.41 (m, 1 H), 5.58 (br. 5., 2 H).
[0616] Compound G was synthesized as described above. ESI-MS: m/z 579.1 (M+H)*,
[0617]  Purification of G by LC/MS gradient 35-60 % ACN in H,O with TFA system
deprotected the acetonide group to give compound H after evaporation step. ESEMS: m/z 539.2
(M+H)*, 20.8 % yield over 2 steps.

[0618]  Suzuki's coupling of H produced compound I. ESI-MS: m/z 568.3 (M+H)", which
was then deprotected with 20% TFA in dichloromethane for 45 minutes to give product

Compound 76..
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[0619]  Compound 76 was purified by basic mode, gradient 25-50% ACN in H,Q, 46.1 %
yield. 'H NMR (400 MHz, DMSO-d) § 2.52 (s, 3 H), 2.69 - 2.86 (m, 2 H), 3.05 (d, J = 4.55 Hz,
2 H), 3.85(s, 3 H), 3.88 (dd, J =5.81, 3.79 Hz, 2 H), 3.98 (br. 5., 2 H), 5.02 (br. 5., 1 H), 5.05
(br.s., 2H), 6.59(d, /= 1.77 Hz,  H},6.86 (d, F=7.58 Hz, 1 H), 7.18 (d, /= 7.33 Hz, 1 H), 7.28
(ddd, J = 5.68, 2.78, 2.65 Hz, 2 H), 7.52 (dd, J = 8.59, 5.81 Hz, 1 H), 7.75 (br. s, 2H}, 7.84 (dd, J
=8.34,7.33 Hz, 1 H).

Example 79, ($)-5-(((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yDphenyl)-4-
methyl-7,8-dihydroepyride[4,3-d]pyrimidin-5(6H}- ylidene)aminooxy)methyl)oxazolidin-2-
one (Compound 77)
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[0620] Compound H was deprotected with 20% TFA in dichloromethane for 10 minutes to
give compound K, ESI-MS: m/z 439.1 (M+H)".

[0621] Compound K was reacted with triphosgene, triethylamine in dichloromethane as
described previously to give compound L. It was purified by preparative LC/MS, gradient 25-
50% ACN in H,0, 10.6 % yield, ESI-MS: m/z 439.2 (M+H)".

[6622]  Suzuki’s coupling of compound K with the normal procedure provided compound 77,
32.7 % yield. 'H NMR (400 MHz, MeOD) §2.92 (s, 3 H), 3.35-3.40 (m, 1 H), 3.44 - 3.52 (m, 1
H), 3.55-3.59 (m, 1H), 3.63-3.66 (m, 1 H), 3.91 (s, 3 H), 4.20 (dd, J = 6.44, 4.67 Hz, 2 H), 495
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(m, 1 H),5.05(m, 1TH),6.79(, /=834 Hz, T H), 711 (d, F=6.57 Hz, 1 H), 7.14 - 7.25 (m, 2
H), 7.59 (m, 1 H), 7.76 (dd, J = 8.46, 7.20 Hz, 1 H).

Example 80. (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yDphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5{(6H)-one 0-3-hydroxypropyl oxime(Compound 78)
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[0623]  Compound 3 as prepared by procedure described above, 78.7 % yield. "H NMR (400
MHz, CHLOROFORM-d) 6 0.08 (s, 6 H), 0.84 - 0.93 (m, 9 H), 1.99 (s, 2 H), 3.76 - 3.90 (m, 2
H), 427 - 4.39 (m, 2 H), 7.70 - 7.78 (m, 2 H), 7.80 - 7.88 (m, 2 H).

[0624]) Compound 4 as prepared by procedure described above, 93.2 % yield. 1H NMR (400
MHz, CHLOROFORM-d) 8 0.05 - 0.09 {m, 6 H}, 0.84 - 0.95 (m, 9 H), 1.73 - 1.86 (m, 2 H), 3.69
(t, J=6.19 Hz, 2 H), 3.75 (t, J = 6.32 Hz, 2 H), 5.34 (s, 2 H).

[0625] Compound 6: ESI-MS: m/z 538.3 (M-+H)". Purification was done by preparative
LC/MS, using gradient 50-85% ACN in H,O with TFA system. After evaporation compound 7
was obtained, 42.5 % yield over 2 step, ESI-MS: m/z 424.2 (M+H)".
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[0626]  Compound 78, LC/MS purification using basic mode, gradient 40-60% ACN in H,0,
45.9% yield. "H NMR (400 MHz, DMSO-dg) § 1.77 (quin, J = 6.44 Hz, 2 H), 2.53 (s, 3 H), 2
(dd, J=16.29,7.20 Hz, | H), 3.04 (dd, 7= 16.17, 5.05 Hz, 1 H), 3.42 - 3.54 (m, 2 H), 3.85 (s,
3H), 3.91 - 4.04 (m, 2 H), 4.97 - 5.13 (i, 1 H), 6.37 (br. s., 1 H), 6.85(d, J ="7.58 Hz, 1 H), 6.90
(br. §.,2H), 7.19 (d, /= 6.82 Hz, 1 H), 7.21 - 7.33 (m, 2 H), 7.47 (dd, J = 8.46, 5.94 Hz, 1 H),
7.84 (dd, J=8.34,7.33 Hz, 1 H).

Example 81. (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-4-hydroxybutyl oxime (Compound 79)
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[0627]  Compound 81c as prepared by the procedure described above, 88.0 % yield. 1H NMR
(400 MHz, CHLOROFORM-d) 8 0.03 - 0.07 (m, 6 H), 0.82 - 0.96 (m, 9 H), 1.74 (d, J = 8.84 Hz,
2H), 1.86(d, J=8.34 Hz, 2H), 3.69 (t, J = 6.19 Hz, 2 H), 4.24 (t, J = 6.57 Hz, 2 H), 7.75 (dd, J
= 5.56, 3.03 Hz, 2 H), 7.80 - 7.87 (m, 2 H).
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[0628]  Compound 81d as prepared by the procedure described above, 94.5 % yield. 'H NMR
(400 MHz, CHLOROFORM-d) § 0.060 (s, 6H), 0.85 - 0.94 (m, 9 H), 1.51 - 1.59 (m, 3 H), 1.59 -
L.69 (m, 2 H), 3.63 (¢, J = 6.32 Hz, 2 H), 3.65 - 3.72 (i, 2 H), 5.35 (s, 2 H).

[0629]  Compound 8 as prepared by the procedure described above. ESI-MS: m/z 554.3
(M+H)". Purification by LC/MS using the TFA system of gradient 60-90 % ACN/H,0
deprotected the TBDMS group to give compound 15, 22.2 % vield over 2 steps. ESI-MS: m/z
438.1 (M+H)Y".

[0630] Compound 79 as prepared by the procedure described above. The product was
purified by the basic mode, gradient 35-65% ACN/H,0, 19.2 % yield. T NMR (400 MHz,
DMSO-dg) 8 1.37 - 1.56 (m, 2 H), 1.56 - 1.74 (m, 2 H), 2.53 (s, 3 H), 2.81 (dd, J = 16.04, 7.20
Hz, 1 H), 3.03 (dd, J = 16.17, 5.05 Hz, 1 H), 3.40 (t, J = 6.44 Hz, 2 H), 3.92 (s, 3H), 3.88 - 3.98
(m, 2H), 5.05 (br. s, 1 H), 6.31 (br. s., 1 H), 6.85 (d, J=8.34 Hz, 3 H), 7.19 (d, /= 6.57 Hz, 1
H), 7.22 - 7.32 (m, 2 H), 7.47 (dd, F = 8.46, 5.94 Hz, 1 H), 7.84 (dd, J = 8.34, 7.33 Hz, | H).

Example 82. (7R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-3-hydroxy-2-methoxypropyl oxime
(Compound 80)
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[0631]  Compound N: ESI-MS: m/z 122.0 (M+H)". 'H NMR (400 MHz, CHLOROFORM-d)
83.33 (s, 3 H), 3.40 - 3.46 (1n, 3 H), 3.67 - 3.75 (im, 1 H), 3.75 - 3.83 (i, 1 H), 4.07 (m, 1H),
5.52 (br.s., 2 H).

[0632] Compound O: purified by preparative LC/MS, gradient 25-55% ACN in H,0, 4.9 %
yield, ESI-MS: m/z 454.3 (M+H)".

{06331  Compound 80: purified by preparative LC/MS, basic mode, gradient 30-70% ACN in
H,0, 16.1 % yield. "H NMR (400 MHz, MeQD) 8 2.61 (s, 3H), 2.89 - 3.05(m, I 11}, 3.07-3.21
(m, 1 H), 3.34 (d, 7=2.02 Hz, 3 H), 3.37 - 3.50 (m, 2 H), 3.61 - 3.75 (m, 1 H), 3.89 (s, 3 H), 3.92
-401 (m, 1 H),4.01 -4.09 (m, 2 H),4.93-5.03(m, 1 H), 6.78 (d, J =834 Hz, 1 H),7.11 (d, J =
7.07 Hz, 1 H),7.13 - 7.25 (m, 2 H), 7.64 (dd, J = 8.46, 5.68 Hz, 1 H), 7.75 (1, = 7.83 Hz, 1 H).

Example 83. (R,Z)-2-amino-7-(4-fluoroe-2-(6-methoxypyridin-2-y)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(R)-4,5-dihydroxypentyl oxime (Compound
81)
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[0634]  Compound 83b as prepared by a procedure described above. 'H NMR (400 MHz,
CHLOROFORM-d) 8 1.36 (s, 3 H), 1.39 - 1.45 (s, 3 H), 1.73 - 2.00 (m, 4 H), 2.05 (s, 1 H), 3.54 -
3.63(m, 1H),4.04-414(m, 1 H),4.14-4.21 (m, 1 H),4.21 - 433 (m, 2 H), 7.72 - 7.79 (m, 2
H), 7.81 - 7.87 (m, 2 H).

[0635] Compound 83c as prepared by a procedure described above, 88.2 % yield over 2 steps.
1H NMR (400 MHz, CHLOROFORM-d) 3 1.36 (s, 3 H), 1.41 (s, 3 ), 1.59 - 1.78 (m, 4 H), 3.50
-3.55 (m, 1 H), 3.69 (td, 7 =6.25, 2.40 Hz, 2 H), 4.01 - 4.07 (m, 1 H), 4.11 (dd, F =7.07,5.56
Hz, 1 H), 5.36 (s, 2 H).

[0636] Compound 83d: ESI-MS: m/z 508.3 (M+H)+. LC/MS purification using gradient 40-
60 % ACN in H20 (TFA method) gave compound 5, ESI-MS: nv/z 468.1 (M+H)", 24.1 % yield
over 2 steps.

[0637]  Compound 81, purification was done by both the basic mode and acidic mode, 21.6 %
yield, 'H NMR (400 MHz, MeOD) § 1.35 - 1.52 (m, 1 H), 1.59 (dt, J = 10.04, 4.07 Hz, 1 H),
1.74 (ddd, J = 13.71, 10.04, 6.06 Hz, 1 H), 1.82 - 2.08 (m, 1 H), 3.14 (dd, J = 16.67, 8.84 Hz, |
H), 3.28-3.35 (m, J=4.55Hz, 1 H), 3.38 - 3.49 (m, 2 H), 3.54 - 3.68 (m, 1 H), 3.84-3.97 (s, 3
H), 4.06 (t, / = 6.44 Hz, 2 H), 5.08 (dd, /= 8.84, 4.29 Hz, 1 H), 6.79(d, J=7.58 Hz, 1 H), 7.12
(d,J=6.57 Hz, 1 H), 7.15 - 7.24 (m, 2 H), 7.62 (dd, J = 8.59, 556 Hz, 1 H), 7.76 (dd, J = 8.34,
7.33 Hz, 1 H).

Example 84. (5)-4-(2-iodoethyl)-2,2-dimethyl-1, 3-dioxolane
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[0638] To a solution of (5)-2-(2, 2-dimethyl-1,3-dioxolan-4-yl)ethanol {1.58 mL, 10.0 mmol)
in CH,Cl, (25 ml.) was added DMAP (120 mg, 1.0 mmol) and triethylamine (2.08 mL, 15.0
mmol). The reaction mixture was cooled to 0 °C and methanesulfonyl chloride (12.0 mmol,
0.928 mL) was added slowly dropwise under N, atmosphere. The reaction mixture was stirred
for 2 h {monitored by TLC, 1:2 EtOAc-Hexanes). Saturated NH,Cl solution (20 mL) was added
and the mixture was extracted with CH,Cl,. The combined organic layers were washed with
brine, dried over anhydrous Na,$Qy, filtered and concentrated to provide a yellow oil, which was

dissolved in dry acetone (25 ml), followed by addition of Nal (7.5 g, 50 mmol). The reaction
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mixture was refluxed for 2 h (monitored by TI.C, 1:4 EtOAc-Hexanes), cooled to room
temperature and water (50 mL) was added. Extraction with ethyl acetate, washing of the
combined organic layers with brine, drying over anhydrous NaySQy, filtration and concentration
provided a yellow oil, which was purified by flash chromatography (25% EtOAC-Hexane) to
afford the title compound, ($)}-4-(2-iodoethyl)-2,2-dimethyl-1,3-dioxolane (0.82 g, 32% over two
steps) as a clear oil. 'H NMR (400 MHz, CHLOROFORM-d) & ppm 1.36 (5, 3 H), 1.41 (s, 3 H),
1.99-1.16 (m, 2 H), 3.25 (dd, J=18.19, 8.84 Hz, 2 H), 3.58 (t, J=7.20 Hz,1 H), 4.03 -4.13 (m, 1
H), 4.13 - 4.24 (m, I H). MS (ES) [M-+H] calculated for C,H;4,10,, 257.00; found 257.08.

Example 85, Alternative synthesis of (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
yDphenyl)-4-methyl-7,8-dihydropyrido[4,3-dpyrimidin-5(6H)-one O-(53-3,4-
dihydroxybutyl oxime (Compound 37)

1.9 TFAIH2Q !
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[0639] Compound 2K was prepared as previously described. A mixture of (R)-2-amino-7-(2-
bromo-4-fluorophenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidine-5(6H)-thione (2K, 366
mg, 1.0 mmol), O-(rert-butyldimethylsilyhydroxylamine (85a, 588 mg, 4.0 mmol), Hg{OAc),
(640 mg, 2.0 mmol) and toluene (5 mL) was heated at 100 °C for 2h. The mixture was cooled to
room temperature and filtered through Celite. The filtrate was concentrated and the resulting oily
residue was triturated with dry methanol to afford, after filtration and drying, (R,Z)-2-amino-7-
(2-bromo-4-fluorophenyl)-4-methyl-7,8-dith ydropyrido[4,3-dpyrimidin-S(6H)-one O-tert-
butyldimethylsilyloxime (384 mg, 80%) as a pale yellow solid. 'H NMR (400 MHz,
CHLOROFORM-4) 6 ppm 0.22 (s, 3 H), 0.23 (5, 3 H) 0.97 (s, 9 H) 2.70 (s, 3 H) 2.91 {dd,
J=16.42, 8.08 Hz, | H) 3.19 (ddd, J=16.36, 4.86, 1.26 Hz, 1 H) 4.9% (ddd, J=7.77,5.12, 2.02 Hz,
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1 H)7.05 (td, J=8.27, 2.65 Hz, 1 H) 7.33 (dd, J=8.08, 2.78 Hz, 1 H) 7.39 (dd, /=8.72, 594 Hz, |
H). MS (ES) [M+H] calculated for CagHasBrENsOSI, 480.12.; found 480.30.

[0640]  To a solution of (R,Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,3-
dihydropyrido[4,3-d] pyrimidin-5(6/7)-one O-tert-butyldimethylsilyloxime (85b, 384 mg, 0.8
mmol) in dioxane (2 mL) was added 1:9 TFA-H>O and the reaction mixture stirred at room
temperature for Zh. The resulting solid was filtered and washed with dioxane, then dried to
afford (R,Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-dihydropyrido{4,3-d)pyrimidin-
5(6H)-one oxime (85¢, 206 mg, 70%) as a pale yellow solid. "H NMR (400 MHz, DMSO-dg) 6
ppm 2.56 (s, 3 H) 2.83 (dd, J=15.92, 4.55 Hz, 1 H) 3.17 (dd, J=16.04, 5.94 Hz, 1 H) 4.90 (q,
J=4.97 Hz, 1 H) 7.20 (d, J=1.52 Hz, 1 H) 7.21 - 7.23 (m, 1 H) 7.57 (ddd, J=8.34, 1.64, 1.39 Hz, |
H) 9.82 (s, 1H). MS (ES) [M+H] calculated for C14H;4BrENsO, 366.03; found 366.20.

[0641]  To asolution of (R,Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one oxime (85¢, 9.2 mg, 0.025 mmol) in dry DMF (1 mL)
was added Cs,CO; (12.2 mg, 0.0375 munol) and the reaction mixture stirred at ambient
temperature for 30 minates. Then, (§)-4-(2-iodoethyl}-2,2-dimethyl-1,3-dioxolane (85d, 7.68
mg, 0.03 mmol) was added and the reaction mixture stirred overnight. LCMS showed complete
consumption of the starting material. The reaction mixture was poured onto crushed ice and the
resulting solid was filtered and rinsed with cold water. Drying afforded (R,Z)-2-amino-7-(2-
bromo-4-fluorophenyl)-4-methyi-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-2-((8)-2,2-
dimethyl-1,3-dioxolan-4-yl)ethyl oxime (7.8 mg, 63%}) as a light brown solid. '"H NMR (400
MHz, CHLOROFORM-d} & ppim 1.35 (s, 3 H) 1.41 (s, 3 H) 2.02 (gd, /=6.32, 3.03 Hz, 2 H) .75
(s, 3 H) 2.94 (dd, J=16.42, 8.84 Hz, I H) 3.17 (dd, /=16.42, 4.55 Hz, 1 H) 3.59 (dd, J=8.08, 7.07
Hz, 1 H) 4.09 (dd, J=8.08, 6.06 Hz, 1 H) 4.17 - 4.28 (m, 3 H) 4.98 (ddd, J=8.72, 4.55, 1.64 Hz, 1
H) 7.07 (td, J/=8.27,2.65 Hz, 1 H) 7.34 (dd, J=8.08, 2.78 Hz, 1 H) 7.43 (dd, J/=8.72, 594 Hz, 1
H). MS (ES) {M-+H] calculated for Cy;Hy7BrENsO;, 495.11; found 495.30.

[0642] To a solution of (R, Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-
dihydropyrido[4,3-dlpyrimidin-5(6H)-one O-2-((5)-2,2-dimethyl-1,3-dioxolan-4-yl)ethyl oxime
(83e, 1 g, 2 mmol) in 3N aq HCI (10 mL) and the reaction mixture stirred at ambient temperature
for 1 h. LCMS shows complete consumption of the starting material. The resulting solid was
filtered, washed with cold 1N HCI, and dried to afford (R, Z}-2-amino-7-(2-bromo-4-
fluorophenyl)-4-methyl-7,8-dihydropyrido [4,3-d] pyrimidin-5(6H)-one O-(S)-3,4-
dihydroxybuatyl oxime (deprotected 83e, 603 mg, 65%]) as an off-white solid. MS (ES) [M+H)]
calculated for C;gH»BrFNsQOs, 454.08; found 454.02.
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[0643}] A mixture of (R,Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(64)-one O-(5)-3,4-dihydroxybutyl oxime (deprotected 85e,
480 mg, 1.05 mmol), 2-(6-methoxypyridin-2-y1)-6-phenyl-1,3,6,2-dioxazaborocane (1.57 g, 5.25
mmol), Pd(dppf).Cl (0.086g, 0.1 mmol), and 2N Na,CO; (2.64 mlL, 5.25 mmoel) in DMAc (5
ml) was degassed with N, and heated at 85 °C overnight. The reaction mixture was cooled to
ambient temperature, diluted with ethyl acetate and filtered through Celite. The filtrate was
concentrated to afford a brown oil, which was purified by preparative LCMS
{(NH4HCO3/ACN/H,O) to afford (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(5)-3,4-dihydroxybutyl oxime
(Compound 37, 375 mg, 73%) as a light brown solid. "H NMR (400 MHz, CHLOROFORM-d)
dppm 1.43-1.55(m, 1H) 1.66 (m, 1 H) 2.55 (s, 3 H)2.83-295(m, 2 H)3.11 - 344 (m, 1 H)
347-3.24(m, 1 H)3.27 - 3.33 (m, 1 H) 3.48 - 3.56 {m, 1 H) 3.65 (5, 3 H) 3.89 - 4.01 (1n, 2 H)
4.68 (ddd, J=10.23, 3.03, 2.91 Hz, 1 1) 6.53 (dd, J/=8.34, 2.53 Hz, 1 H) 6.81 (dd, J=7.33, 2.53
Hz, 1 H) 6.90 (dt, J=9.28, 2.68 Hz, 1 H) 6.96 (td, /=8.40,2.65 Hz, 1 H} 7.38 - 7.43 (m, 1 H) 7.44
- 7.51 (m, 1 H). MS (ES) [M+H] calculated for CaqH23FNgQ,, 483.21; found 483.00.
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Example 86. Second alternative synthesis of (R,Z)-2-amino-7-(4-flooro-2-(6-
methoxypyridin-2-yDphenyl)-4-methyl-7.8-dihydropyrido[4,3-d]pyrimidin-5(6 H)-one O-(5)-
3,4-dihydroxybutyl oxime (Compound 37)
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[0644] Compound 86b was prepared as described in Example 85 above. Coupling of 86f to
86b was prepared by both Method A and Method B.

[0645] Method A: A mixture of (R,Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-teri-butyldimethylsilyloxime (86b, 47.9 mg, 0.1
mmol), 2-(6-methoxypyridin-2-yl)-6-phenyl-1,3,6,2-dioxazaborocane (86f, 149 mg, 0.5 mmol),
Pd(dppf)Cl, (8.12 mg, 0.01 mmol}, and 2N NaC0; (0.25 mL, 0.5 mmol) in DMA (3 mL) was
degassed with Ny and heated at 85 °C overnight. LCMS showed consumption of starting
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material and formation of (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl}phenyl)-4-
methyl-7,8-dihydropyride[4,3-d]pyrimidin-5(6H)-one O-fert-butyldimethylsilyl oxime (86g or
61). {({M-+H] calculated for CpgH34BrFN0,Si, 509.24; found 509.40).

[0646]  The reaction mixture was diluted with ethyl acetate and filtered through Celite. The
filtrate was concentrated to afford a brown oil, which was purified by preparative HPLC. During
this purification the rert-butyldimethylsilyl protecting group was cleaved as well, thus affording
(R,2}-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl}-4-methyl-7.8-dihydropyrido[4,3-
dlpyrimidin-5(6H)-one oxime (37, 11.8 mg, 30%) as a white solid. '"H NMR (400 MHz,
CHLOROFORM-d) ¢ ppm 2.78 (s, 3 H) 3.14-3.31 (m, 1H) 3.43 - 3.46 (m, 1 H) 3.89 (s, 3 H)
5.08 (d, /=7.58 Hz, 1 H) 6.78 (d, J=8.34 Hz, 1 H) 7.05 (d, /=7.07 Hz, 2 H) 7.18 (d, J=8.84, 2 H)
7.70 (t, J=7.71, 1 H). MS (ES) [M+H] calculated for CogHyoFNgO,, 365.16; found 395.20.

[0647] Method B: (R,Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6 H)-one oxime (Compound 86¢) was prepared as described in
Example 85 above. A mixture of 86¢ (36.5 mg, 0.1 mmol and 2-(6-methoxypyridin-2-y])-6-
phenyl-1,3,6,2-dioxazaborocane (86f, 149 mg, 0.5 mmol), Pd(dppf},Cl, (8.12 mg, 0.01 mmol),
and 2N Na,COs (0.25 mL, 0.5 mmol) in DMA (3 ml.) was degassed with Ny and heated at 85 °C
overnight. The reaction mixture was cooled to ambient temperature, dilated with ethy] acetate
and filtered through Celite. The filtrate was concentrated to afford brown oil which was purified
by preparative HPLC to afford (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-
methyl-7,8-dihydropyridof4,3-d]pyrimidin-3(6H)-one oxime (86g or 61), 13.2 mg, 33%) as white
solid. "H NMR (400 MHz, CHLOROFORM-d) § ppm 2.78 (s, 3 H) 3.14 - 3.31 (m, 1H) 3.43 -
3.46(m, I H) 3.89 (s, 3 H) 5.08 (d, /=7.58 Hz, 1 H) 6.78 (d, J=8.34 Hz, 1 ) 7.05 (d, J/=7.07 Hz,
2H)7.18 (d, J=8.84, 2 H) 7.70 (t, J=7.71, 1 H). MS (ES) {M+H] calculated for CaylH20FN¢O,,
395.16; found 395.20.

[0648] To a solution of (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y1)phenyl)-4-
methyl-7.8-dihydropyrido[4,3-d]pyrimidin-5(6H)-one oxime (86g or Compound 61, 10.0 mg,
0.025 mmol) in dry DMF (1 mL) was added Cs,COs (12.2 mg, 0.0375 mimol) and the reaction
mixture stirred at ambient temperature for 30 minutes. Then, ($)-4-(2-iodoethy])-2,2-dimethyl-
1,3-dioxolane (86d, 7.68 mg, 0.03 mmol) was added and the reaction mixture stirred overnight.
L.CMS showed complete consumption of starting material. The reaction mixture was poured
onto crushed ice and the resulting solid was filtered, rinsed with cold water, and dried to afford
(R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)pheny})-4-methyl-7,8-dihydropyrido[4,3-
dlpyrimidin-5(6H)-one O-2-({5)-2,2-dimethyl-1,3-dioxolan-4-yl)ethyl oxime (86h, 8.2 mg, 63%)
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as a light brown solid. 'H NMR (400 MHz, CHLOROFORM-d) 8 ppm 1.33 (s, 3 H) 1.39 (s, 3
H) 1.91-2.01 (m,4 H) 2.72 (s, 3 H) 3.07 {dd, J=16.55, 10.48 Hz, 1 H} 3.26 (dd, J=17.05, 4.93
Hz, 1 H) 3.55 (dd, J=7.96, 7.20 Hz, 1 H) 3.90 (s, 3 H) 4.05(dd, /=796, 5.94 Hz, 1 H)4.10 - 4.21
(m, 3 H) 4.89 (dd, J=10.61, 3.79 Hz, 1 H) 6.74 (d, J=8.84 Hz, 1 H) 7.01 (d, /=8.08 Hz, 1 H) 7.11
-7.22 (m, 2 H) 7.61 - 7.69 (m, 2 HYMS (ES) [M+H] calculated for Cz;Hz,FNgOy4, 523.24; found
523.50.

[0049]  Deprotection of 86h was achieved by treating with diluted HCI as described in
Example 85 to yield Compound 37.

Example 87. (R,Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylideneaminooxy)-N-methylacetamide (Compound
82)

A, Synthesis of 2-(aminooxy)-N-methylacetamide (87¢)
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[0650] A solution of 2-(fert-butoxycarbonylaminooxy)acetic acid (87a, t g, 5.23 mmol) in
anhydrous THF was chilled in an ice bath and N-methylmorpholine (863 uL., 7.85 mmol) and
isobutyl chloroformate (746 yL, 5.75 mmol) were added sequentially. The mixture was stirred
under an Ny atmosphere for 20 min. A 33 wt% solution of methanamine in ethanol (1.3 mL,
10.46 mmol) was added to the reaction which was subsequently allowed to warm to room
temperature with stirring overnight, The THF was removed in vacuo and the residue was

pattitioned between ethyl acetate and water. The organic phase was washed with HyO x 2 and
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dried over anhydrous Na;$SQ4. The ethyl acetate was removed in vacuo to yield tert-butyl 2-
(methylamine)-2-oxoethoxycarbamate (87b, 775 mg, 3.80 mmol).

[0651]  To a slurry of tert-butyl 2-(methylamino)-2-oxoethoxycarbamate (87¢, 775 mg, 3.80
mmotl) in anhydrous dioxane was added 4N HCl in dioxane (3 mL, 12 mmol}. The reaction was
allowed to stir at room temperature under an N atmosphere for 5h. The reaction was freeze-dried
and the residue was taken up in 20% triethylamine in ethyl acetate to neutralize the HCI salt. The
sturry was stirred for 1h and the solvents were removed in vacuo to yield a mixture of 2-

(aminooxy)-N-methylacetamide (87¢) and triethylammonium chloride salt.
B. Preparation of Compound 82

[0652]  The titled compound 82 was prepared by a procedure analogous to Example 68,
coupling of 2-(aminooxy)-N-methylacetamide (87¢) was via Hg(OAc),. 'H NMR (400 MHz,
MeOD) 8 2.75 (s, 3 H), 2.76 (s, 3 H), 3.19 (dd, J = 16.67, 9.35 Hz, 1 H), 341 (dd, J = 16.80, 4.17
Hz, 1 RH), 3.91 (s, 3 H), 4.47 (s, 2 H), 5.06 (dd, J=9.35,4.04 Hz, 1 H), 6.80 (d, J = 8.34 1z, |

H), 713, J=733 Hz, 1 H),7.16-~7.29 (in, 2 H}, 7.71 (dd, J=8.84, 5.56 Hz, 1 H), 7.73-7.82
{m, 1 H). [M+H] calc’d for Cy3H,yFN; O3, 466; found, 466.

Example 8§8. (R,Z)-2-(2-amino-7-{4-fluoro-2-{6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylideneaminooxy)-N, N-dimethylacetamide
{(Compound 83)

83

[0653]  The titled compound 83 was prepared by a procedure analoguous to Example 87
except dimethylamine was used. "H NMR (400 MHz, METHANOL-d,) § 2.74 (s, 3H), 2.93 (s,
31, 3.04 (s, 3H), 3.10 - 3.24 (m, 1H), 3.35 - 3.45 (m, 1H), 3.91 (s, 3H), 4.69 - 4.81 (m, 2H), 5.06
(dd, J =9.35, 4.04 Hz, 1H), 6.79 (d, F = 8.08 Hz, IH), 7.13 {d, J =7.07 Hz, 1H), 7.16 - 7.29 (m,
2H), 7.70 (dd, J = 8.72, 5.68 Hz, 1H), 7.73 - 7.82 (m, 1H). [M+H] cale’d for C,4sHyFN+O3, 480;
found, 480.
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Example 89. (R,Z)-2-(2-amino-7-(4-flnoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-

dihydropyrido{4,3-d]pyrimidin-5(6H}-ylideneaminooxy)acetamide (Compound 84)
NHo

[0654]  The titled compound 84 was prepared by a procedure analoguous to Example 87
except dimethylamine was used. 'H NMR (400 MHz, MeQOD) 8 2.73 (s, 3 H), 3.09 - 3.23 (m, 1
H), 3.34-3.43 (m, 1 H), 3.91 (5, 3H), 4.46 (5,2 H), 5.01 - 5.12 (m, 1 H), 6.80 (d, J=8.34 Hz, 1
H),7.12(d,J=7.07 Hz, 1 H), 7.16 - 7.28 (m, 2 H), 7.64 - 7.73 (m, 1 H), 7.73 - 7.82 (mm, 1 H).
{M+H] cale’d for CopHypFN7Os, 452 found, 452,

Example 90, 2-((Z)-((R}-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-d-methyl-7,
8-dihydropyride [4, 3-d] pyrimidin-5(6H)-ylidene) aminooxy)-1-((R)-3-fluoropyrrofidin-1-
¥1) ethanone {Compound 85)

[0655]  To a solution of (R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-
methyl-7, 8-dihydropyrido {4,3-d] pyrimidin-5(6H)-ylidencaminooxy) acetic acid (0.05 mmol,
22.6 mg) in DMF ((.5 mL} was added HBTU (0.075 mmol, 28 mg), Et;N (0.125 mmol, 17 pl.}
and (R)-3-fluoropyrrolidine (0.06 mmol, 7.5 mg). The reaction mixture was stirred over night at
r.t. and LCMS shows completion of the reaction. Purified by prep LCMS to afford the title
compound (Compound 85, 13.0 mg, 50%) as light brown solid. '"H NMR (400 MHz, methanol-
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ds) & ppm 2.05 - 2.40 (m, 2 H) 2.72 (s, 3 H) 3.06 (dd, J=16.93, 10.36 Hz, 1 H) 3.27 - 3.38 (m, 1
H)3.39 - 3.62 (m, 4 H) 3.63 - 3.78 (m, 2 H) 3.82 (s, 3 H) 4.47 - 4.67 (m, 2 H) 4.87 (dd, 1=10.36,
3.03 Hz, 1 H) 5.11 - 5.36 (m, 1 H) 6.69 (d, J=8.34 Hz, 1 H) 6.97 (d, J=7.33 Hz, 1 H) 7.06 (dd,
1=9.35, 2.53 Hz, 1 H) 7.13 (t, J=8.34 Hz, 1 H) 7.50 - 7.70 (m, 2 H). MS (ES) [M+H] calculated
for CagHasFyN:Q3, 524.53; found 524.50,

Example 91. (8)-4-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yh)phenyl)-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6 H)-ylidene)aminooxy}-2-hydroxybutanoic
acid (Compound 86)

oo B \|/ \l/ \;,/
Step A i - Step C

P
KGO0 oS~ s| Step D LSi
Imidazole, 0 WeOH MsCl g o 9 Nal e
—_— \ e : \ ———— | \
91a 91b ote a1d
-~
Step E ﬂ\| &
NOH sis’o"' Q
i’ TN
HaNTN N° Step Step G
91  Br F i (i} Suzuki 1N LiOH
i/ | i {ii) TFAHO
Cs00; I a2
DMF HANT N HzN
g Br F
Step A,

[0656] To a solution of ($)-3-hydroxydihydrofuran-2(3H)-one (91a, 5 g, 49 mmol) in
anhydrous DMF (40 mL) was added imidazole (6.7 g, 98 mmol) and TBDMS-chloride (8.1 g, 54
mmol} and the reaction is stirred for 3 h. The reaction was diluted with diethyl ether and washed
with IN HCl x 3. The organic phase was dried over anhydrous sodium sulfate and the solvent
was removed in vacuo to yield (5)-3-(fert-butyldimethylsilyloxy)dihydrofuran-2(3H)-one (91b)
as a clear oil (10.6 g, 49 mmol). "H NMR (400 MHz, CHLOROFORM-d) 8 0.15 (s, 3 H), 0.18
(s,3H),0.86-0.99 (m, 9 H), 2.23 (dq, J = 12.63, 8.67 Hz, 1 H), 2.46 (dddd, J = 12.63, 7.58,
6.57,3.28 Hz, 1 H), 2.84 - 3.01 (m, 1 H), 4.20 (td, J = 9.16, 6.44 Hz, 1 1}, 4.33 - 4.47 (m, 2 H).

Step B,
[0657] To a solution of (S)-3-(tert-butyldimethylsilyloxy)dihydrofuran-2(3H)-one (91b, 6 g,
27.8 mmol) in methanol (40 mL) was added potassium carbonate (500 mg, 3.6 mmol). The

reaction was refluxed overnight. The methanol was removed in vacuo and the residue partitioned
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between ethyl acetate and water. The organic phase was washed with H,O x 2 and dried over
anhydrous sodium sulfate. The solvent was removed in vacuo to yield (S5)-methyl 2-(tert-
butyldimethylsilyloxy)-4-hydroxybutanocate (91¢, 3.9 g, 15.7 mmol) as a clear oil. [M+H] calc’d
for Cy1Hz40451, 249; found, 249.

Step C.
{0658]  To a solution of (S)-methyl 2-(tert-butyldimethylsilyloxy)-4-hydroxybutanoate (91¢,
3.9 g, 15.7 mmol) in anhydrous dichloromethane was added triethylamine, DMAP, and mesyl
chloride. The reaction was allowed to stir for 1.5 h. The reaction was quenched with satorated
aqueous NH4Cl. The agueous phase was extracted with dicholormethane and the combine
organic phases were washed with brine. The organic layer was dried over anhydrous sodium
sulfate and the solvent removed in vacuo to yield (S)-methyl 2-(tert-butyldimethylsilyloxy)-4-
mesylbutanoate (91d, 4.9 g, 15 mmol) as a yellow oil. [M+H] cale’d for Ci2H2606S 51, 327,
found, 327.

Step D,
[0659]  To a solution of (§)-methyl 2-(fert-butyldimethylsilyloxy)-4-mesyIbutancate (91d, 4.9
£, 15 mmol) in anhydrous acetone was added sodium iodide {11.5 g, 75 mmol). The reaction was
heated at reflux for 1.5 h. The reaction was quenched with water and extracted into EtQAc x 3.
The combined organic phases were washed with brine then dried over anhydrous sodium sulfate.
The solvent was removed in vacuo to yield (5)-methyl 2-(fers-butyldimethylsilyloxy}-4-
iodobutanoate (91e, 4.33 g, 12 mmol) as a yellow oil. 'H NMR (400 MHz, CHLOROFORM-d) §
0.07-0.13(m, 6 H),0.82-0.99 (m, 9 H), 2.09-2.32 (m, 2 H), 3.17 - 3.36 (m, 2 H), 3.74 (s, 3
H), 4.29 {dd, /=8.08,4.04 Hz, | H).

Step E.
{0660] To a solution of (R,Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H}-one oxime (91e, 150 mg, 0.41 mmol) in anhydrous DMF
(2 mL) was added cesium carbonate{200 mg, 0.62 mmol). The reaction mixture was allowed to
stir for 1 h, at which time (5)-1methyl 2-(rer-butyldimethylsilyloxy)-4-mesylbutanoate (91f, 220
mg, 0.62 mmol) was added. The reaction was allowed (o stir under a nitrogen atmosphere
overnight. The reaction was poured onto ice to crash out (S)-methyl 4-((Z)-({(R)-2-amino-7-(2-
bromo-4-fluoropheny!}-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6 H)-ylidene)aminooxy)-
2-(tert-butyldimethylsilyloxy)butanoate (91g, 244 mg, 0.41 mmol) as a dark yellow precipitate.
[M~+H] cale’d for C,5H3sBrFNsQ,481, 596; found, 596.
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Step F.
[0661] To a solution of (S)-methyl 4-((Z)-((R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6 H)-ylidene)aminooxy)-2-(tert-
butyldimethylsilyloxyYoutanoate (91g, 244 mg, 0.41 mmol) in DMA was added 6-
methoxypyridine-2-boronic acid N-phenyldiethanolamine ester (488 mg, 1.64 mmol),
Pd(dppf):Cl; (66 mg, 0.08 mmol), and 2 N Na;CO3 (2 ml., 4.1 mmol). The resultant mixture
was degassed with N, for 5 min then heated in a sealed tube at 85 °C for 14 h. The reaction was
allowed to cool to r.t. and filtered through a pad of Celite topped with anhydrous Na,SO,, rinsing
with BtOAc and CH,OH. The filtrate was concentrated to provide a black residue which was
purified by preparative HPLC eluting with TFA/ACN/H,0. The fractions were dried down in
vacuo to yield (S)-methyl 4-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)-2-(tert-
butyldimethylsilyloxy)butanoate. This material was directly taken up in dioxane (700 p1.) and
treated with 1:9 TFA:H,O (1 mL) for 3 h. The solvents were removed in vacuo to yield (5)-
methyl 4-((2)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-dlpyrimidin-5(6 H)-ylidene)aminooxy)-2-hydroxybutanoate (91h, 15 mg, 0.03
mmol}. [M+H] calc’d for CysHasFINgQOs, 511; found, 511,

Step G.
[0662] To a solution of (S)-methyl 4-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
yDphenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6 H)-ylidene)aminooxy)-2-
hydroxybutanoate (91h, 15 mg, 0.03 mmol) in dioxane (500 uL.) was added 1 N LiOH (74 uL,
0.08mmol). The reaction was allowed to stir for 3 h, at which time it was diluted with 1:1
DMS0O:MeOH and purified via preparative HPLC eluting with TFA/ACN/H,0. The fractions
were dried down in vacuo to yield (5)-4-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
yl)phenyl)-4-methyl-7,8-dihydropyrido{4,3-dlpyrimidin-5(6 H}-ylidene)aminooxy)-2-
hydroxybutanoic acid (Compound 86, 7.1 mg, 0.014 mmol) as a yellow oil. 'H NMR (400
MHz, METHANOL-ds) 8 1.86 - 2.08 (m, 1 H), 2.18 - 2.35 (m, 1 H), 2.70 - 2.87 (m, 3 H), 3.18
(dd, J=16.80, 9.22 Hz, 1 H), 3.31 - 3.44 (m, 1 H), 3.84 - 3.97 (m, 3 H), 4.10 - 4.32 (1, 3 H),
5.08(dd, fF=9.09,404 Hz, 1 H), 6.79(d, J=8.34Hz, 1 H),7.12(d, J=7.33 Hz, 1 H), 7.14 -
7.31 (m, 2 H), 7.66 (dd, J = 8.59, 5.56 Hz, | H), 7.76 (t, J=7.83 Hz, 1 H). [M+H] cal¢’d for
CaaH,5FNgOs, 497; found, 497.
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Example 92. 3-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yI) phenyl)-4-methyl-7,
8-dihydropyrido [4, 3-d] pyrimidin-5(6H)-ylidene) aminooxy) dihydrofuran-2(3H) one
(Compound 87)

[0663] To a solution of (R, Z)-2-amino-7-(2-bromo-4-fluorophenyl}-4-methyi-7, 8-
dihydropyrido {4,3-d] pyrimidin-S(6H)-one oxime (0.3 munol, 109 mg) in DMF (2.0 mL} was
added CspCO3 (0.45 mmol, 146 mg) and 3-bromodihydrofuran-2(3H)-one (0.36 mimol, 33.6 uL.).
The reaction mixture was stirred overnight at r.t. and LCMS shows completion of the reaction.
The reaction mixture was poured on crushed ice and the resultant solid was filtered and dried to
afford 3-((Z)-((R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7, 8-dihydropyrido {4,3-d]
pyrimidin-5(6H)-ylidene) aminooxy) dihydrofuran-2(3H}-one (105 mg, 78%) as off white solid.
MS (ES). [M+H] calculated for C3HsBrFNsQ3, 450.03; found 450.30.

[0664] A mixture of the resuitant compound (0.2 mmol, 92 mg), 2-(6-methoxypyridin-2-yI)-6-
phenyl-1, 3, 6, 2-dioxazaborocane (0.5 mmol, 150 mg), Pd(dppf):Cl; (0.02 mmeol, 16 mg), 2N aqg
Na,CO; (1.0 mmol, 0.5 mL) and DMA (2.0 mL) was degassed with N, and heated at 85°C for 4h.
Cooled to 1t, filtered trough celite and purified by prep LCMS to afford 2-((Z)-((R)-2-amino-7-(4-
fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6 H)-
ylidene)aminooxy)-4-hydroxybutanoic acid (29 mg, 29%}) as brown solid. MS (ES) [M+H]
calculated for CosHasFNGOs, 497.19; found 497.00.

[0665]  The resultant compound was dissolved in THF (1.0 ml) and cooled to 0°C. N-methyl
morpholine (0.15 mmol, 16.5 ul.) and isobutyl chloroformate (0.1 mmol, 15.5 uL.) was added
and the reaction mixture was stirred at ambient temperature for 2 h. Purified by prep 1.LCMS to
afford the title compound 3-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y1) phenyl)-4-
methyl-7, 8-dihydropyrido[4,3-d] pyrimidin-5(6H)-ylidene)aminooxy)dihydrofuran-2(3H)one (5
mg, 21%) as white solid. 'H NMR (400 MHz, CHLOROFORM-d) § 2.52 (d, J=3.54 Hz, 1 H)
2,66 (br.s., 3 H)2.95-3.11 (m, 1 H) 3.27 (br. s, 2 H) 3.79 (s, 3 H) 4.19- 4.29 {m, 1 H) 4.34 -
4.45 (m, 1 HY4.73 - 491 (m, 2 H) 6.67 (d, /=8.34 Hz, 1 H) 6.94 (d, J=6.57 Hz, 1 H) 7.00-7.15
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{m, 2 H) 7.49 - 7.66 (m, 2 H). MS (ES) [M+H] calculated for Cy4HasFNgO4, 479.47; found
479.40.

Example 93, 2-({Z)-({R)-2-amino-7-(4-fluoro-2-(6-methaxypyridin-2-yl) phenyl}-4-methyl-7,
8-dihydropyrido [4,3-d] pyrimidin-5{6H)-ylidene) aminooxy}-4-hydroxybutanamide
{(Compound 88)

[0666]  3-((Z)-((R)-2-amino-7-{(4-fluoro-2-(6-methoxypyridin-2-y1) phenyl)-4-methyl-7, 8-
dihydropyrido {4,3-d] pyrimidin-5(6H)-ylidene)aminooxy)dihydrofuran-2(3H)one (14.3 mg, 0.03
mmol) was dissolved in 7N NHs-MeOH solution and stirred overnight in a sealed tube. The
solvent was removed and residue dried to afford the title compound 2-((Z)-((R)-2-amino-7-(4-
fluoro-2-(6-methoxypyridin-2-y1) phenyl}-4-methyl-7,8-dihydropyrido{4,3-d]pyrimidin-5(6H)-
ylidene)aminooxy)-4-hydroxybutanamide (13.2 mg, 89%) as a white solid. 'H NMR (400 MHz,
METHANOL-d,) 6 1.83 - 2.16 (m, 2 H) 2.58 (d, J=6.06 Hz, 3 H) 2.85 - 3.03 (m, { H) 3.07 - 3.25
(m, 1 H)3.70 (q, J/=7.24 Hz, 2 H) 3.90 (d, /=11.37 Hz, 3 H) 4.54 (td, J=7.83, 5.05 Hz, 1 H) 4.97
~-5.17(m, 1 H) 6.69 - 6.85 (m, 1 H) 7.11 {(dd, J=7.71,2.40 Hz, 1 H) 7.14 - 7.26 {m, 2 H) 7.57 -
7.72 (m, 1 H) 7.76 (dd, J=15.03, 6.69 Hz, 1 H). MS (ES) [M+11] calculated for Cy4HaI'N7Oy,
496.50; found 496.40.
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Example 94. 2-((Z}-({R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7.8-
dihydropyrido[4,3-d}pyrimidin-3(6H)-ylidene)aminooxy)-4-hydroxy-N,N-

dimethylbitanamide (Compound 89) and chiral separation

HO
HO SN HO ~NT W Sy
o TS " ©
.0
N’O N"O N
i S | |
N7 “NH N7 " “NH * N™ 7" “NH
A 2 P P
HN™ N HoN™ TN HaN" N
Br F Br F Br F
89 90 91

[0667]  Toa solution of 3-((Z)-((R)-2-amino-7-(2-bromo-4-flucrophenyl)-4-methyl-7, 8-
dihydropyrido {4, 3-d] pyrimidin-5(6H)-ylidene) amincoxy) dihydrofuran-2(3f)-one (310 mg,
0.668 mg) in THF (2mL) was added N, N-dimethylamine (2.0M solution in MeQH, 0.86 mL,
1.72 mmol) and the reaction mixture was stirred overnight at r.t. The solvent was removed and
purified by LCMS to afford the title compound 2-((Z}-((R)-2-amino-7-(2-bromo-4-fluorophenyl)-
4-methyl-7,8-dihydropyrido[4.3-d]pyrimidin-5(6H)-ylidene)aminooxy)-4-hydroxy-N,N-
dimethylbutanamide (89, 80 mg, 24%) as white solid. '"H NMR (400 MHz, METHANOL-d,)
62.63 (d, /=278 Hz, 3 H) 2.84 - 2.99 (m, 1 H) 3.01 (d, J=3.28 Hz, 3 H) 3.08 - 3.25 (m, 4 H) 3.61
-3.93 (m, 2 H) 4.99 (dddd, J=15.03, 4.86,2.59,2.27 Hz, 1 H}5.09 - 523 (m, 3 H) 5.91 (d,
J=9.09 Hz, 1 H) 6.98 - 7.14 (m, 1 H) 7.33 (ddd, J=7.89, 4.99, 2.53 Hz, 1 H) 7.38 - 7.48 (m, 1H).
MS (ES) [M+H] calculated for CaoHasBrENgOs, 495.34; found 495,30,
{06681  2-((Z)-((R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7, 8-dihydropyrido [4, 3-d]
pyrimidin-3(6H)-ylidene) amincoxy)-4-hydroxy-N, N-dimethylbutanamide {89) was separated
into its enantiomers by supercritical fluid chromatography (SFC) under the following conditions.

¢  (Column: ChiralPak AS-H (250 x 21 mm, 5 pm)

* Mobile Phase:

o A: CO2()
o B: i-PrOH

¢ (Gradient Condition: 25% i-PrOH

* Run Time: § min

¢+ Flow Rate: 50 mL/min

¢ Injection volume: 2000 uL
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Example 95. Synthesis of (R)-2-({Z)-((R)-2-amino-7-{4-flaore-2-(6-methoxypyridin-2-yl)
phenyl)-4-methyl-7, §-dihydropyrido [4,3-d] pyrimidin-5(611)-ylidene) aminooxy)-4-
hydroxy-N, N-dimethylbutanamide (Compound 92)

HO
w SN
"$O
L0
i

N7 X" NH 92
M
HoN" N
_0 IN\ .
o

[0669] A mixture of (R)-2-((Z}-((R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6 H)-ylidene)aminooxy)-4-hydroxy-N, N-dimethylbutanamide
(31 mg, 0.063 mmol), 2-(6-methoxypyridin-2-y}-6-phenyl-1, 3, 6, 2-dioxazaborocane (93 mg,
0.313 mmol), Pd(dpp1),Cl, (9.16 mg, 0.013 mmol), 2N ag NayCO4 (0.156 mL, 0.313 minol) and
DMA (2.0 mL) was degassed with N; and heated at 85 °C for 4h. Cooled to r.t. , filtered trough
celite and purified by prep LCMS to afford (R)-2-((Z)-((R)-2-amino-7-{4-fluoro-2-(6-
methoxypyridin-2-yl) phenyl)-4-methyl-7, 8-dihydropyrido [4,3-d] pyrimidin-5(6H)-ylidene)
aminooxy)-4-hydroxy-N, N-dimethylbutanamide (92, 14.4 mg, 43.9%) as off-white solid. 'H
NMR (400 MHz, CHLOROFORM-d) 8 2.08 - 2.16 (m, 2 H) 2.60 (s, 3 H) 2.98 (s, 3 H) 3.02 (4,
J=9.85Hz, | H)3.10 (s, 3 H) 3.16 - 3.33 (m, 1 H) 3.62 - 3.81 (m, 2 H) 3.89 (s, 3 H) 4.94 (ddd,
J=10.04, 3.98, 0.88 Hz, 1 H) 5.03 (t, J=06.19 Hz, 1 H) 5.27 (br. s., 2 H) 5.79 {5, 1 H) 6.74 (dd,
J=8.34,0.76 Hz, 1 H) 7.01 (dd, J=7.33,0.76 Hz, 1 H) 7.07 - 7.23 (m, 2 H) 7.65 (dd, J=8.34, 7.33
Hz, 2 H). MS (ES) [M+H] calculated for CosH31FIN;7OQ4, 524.56; found 524.40.
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Ixample 96. (5)-2-((Z)-((R)-2-amino-7-(4-fluore-2-(6-methoxypyridin-2-yl) phenyl)-4-
methyl-7, 8-dihydropyrido [4,3-d] pyrimidin-5(6H)-ylidene) aminooxy)-4-hydroxy-N, N-

g O

dimethylbutanamide (Compound 93)

pe
I
N7 NH 93
[
N
/o |N\ -
=

[0670] A mixture of (5)-2-((Z)-((R)-2-amino-7-(2-bromo-4-flucrophenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)-4-hydroxy-N,N-dimethylbutanamide
(26 mg, 0.052 munol), 2-(6-methoxypyridin-2-yl)-6-phenyl-1, 3, 6, 2-dioxazaborocane (78 mg,
0.262 mmol), Pd(dppf),Cl; (7.68 mg, 0.01 mmeol), 2N ag Na,CO; (0.131 mL, 0.262 mmol) and
DMA (2.0 mL) was degassed with N, and heated at 85°C for 4 h. Cooled to r.t. , filtered trough
celite and purified by prep LCMS to afford (8)-2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-
methoxypyridin-2-yl) phenyD-4-methyl-7, 8-dihydropyrido[4,3-d] pyrimidin-S(6.H)-
ylidene)aminooxy)-4-hydroxy-N, N-dimethylbutanamide (93, 10.3 mg, 37%) as off-white solid.
'H NMR (400 MHz, CHLOROFORM-d) § 2.04 - 2.15 (in, 2 H) 2.60 (s, 3 H) 2.97 (s, 3 H) 3.01 -
3.07 (m,1 H) 3.13 (s, 3 H) 3.30 (ddd, J=16.42, 3.79, 1.52 Hz, 1 H) 3.70 - 3.84 (m, 2 H) 3.89 (s, 3
H) 4.90 (dd, J=10.74,3.66 Hz, 1 H) 5.12 (¢, J=6.32 Hz, | H) 5.26 (br. 5., 1 H} 5.78 (s, } H) 6.74
(dd, J=8.34, 0.76 Hz, 1 H) 7.02 (dd,J=7.20, 0.88 Hz, 1 H) 7.11 - 7.21 (m, 2 H) 7.65 (dd, J=8.34,
7.07 Hz, 2 H). MS (ES) {M+H] calculated for CacH3FN;Q4, 524.56; found 524.40,
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Example 97, 2-((Z}-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yhphenyl)-4-methyl-
7.8-dihydropyrido[4,3-dIpyrimidin-5(6H)-ylidene)aminooxy)-4-hydroxy-1-

morphelinobutan-1-one (Compound 94)

v
94
N~ ™ NH
M
HNT N
O N | c
.

[0671]  To a solution of 3-{(Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-
methyl-7, 8-dihydropyrido [4, 3-d] pyrimidin-5(6I)-ylidene) aminooxy) dihydrofuran-2(3H) one
(12.0mg, 0.025 mmol) in THF (1.0 mL) was added morpholine (5.52 pL, 0.063 mmol) and the
reaction mixture was stirred overnight. Solvent was removed and purified by prep LCMS to
afford the title compound 2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y1) phenyl)-4-
methyl-7, 8-dihydropyrido[4,3-d]pyrimidin-5(6 H)-ylidene)aminooxy)-4-hydroxy-1-
morpholinobutan-1-one (94, 5.7 mg, 40%) as white solid. "H NMR (400 MHz, METHANOL-d,)
8 1.79 - 2.03 (m, 2 H) 2.57 (d, J=7.07 Hz, 3 H) 2.99 (ddd, J=16.86, 8.72, 8.53 Hz, 1 H) 3.10 -
3.18 (m, 1 H) 3.22 - 3.29 (m, 4 1) 3.46 - 3.55 (m, 4 H) 3.57 - 3.62 (m, 2 H) 3.81 (d, J=5.81 Hz, 3
H) 4.95 (ddd, J=19.45, 8.84, 4.80 Hz, 1 H) 5.00 - 5.06 (m, 1 H) 6.70 {dd, J=7.58, 6.06 Hz, 1 H)
7.03 (d, J=6.57 Hz, 1 H) 7.06 - 7.16 (m, 2 H) 7.54 (ddd, J=19.20, 8.34, 5.81 Hz, 1 H) 7.67 (id,
J=7.83,4.80 Hz, 1 H). MS (ES) [M+H1 calculated for CagH1:FN,Qs, 566.59; found 566.50.
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Example 98. 2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yI) phenyl)-4-methyl-7,
8-dihydropyrido [4, 3-d] pyrimidin-5(6H}-ylidene)} aminocoxy)-4-methoxy-N, V-
dimethylbutanamide (Compound 95)

-0
i
95
N™™= NH
Az
HoN™ N
-0 /NI F
T

[0672] To a solution of 2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7,8-dihydropyridof4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)-4-hydroxy-N,N-
dimethylbutananmide (0.03 mmol, 16 mg ) in THF (2mL) was added 50% NaH (0.034 mmol, 1.65
mg ) at O °C under N, atmosphere. The reaction mixture was stirred for 15 minutes and dimethyl
sulphate (4.08 pl., 0.043 mmol) was added. The reaction mixture was stirred at r.t. for 3h.
Quenched with MeOH (1 mL) and purified by LCMS to afford the title compound 2-((Z)-({R)-2-
amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-methyl-7,8-dihydropyrido [4,3-d]
pyrimidin-5(6H)-ylidene) aminooxy)-4-methoxy-N, N-dimethylbutanamide (95, 3.6 mg, 25%) as
an off-white solid. 'H NMR (400 MHz, DMSO-ds) & 1.81 - 2.06 {m, 2 H) 2.47 (s, 3 H) 2.70 -
2.80 (i, 1 H) 2.83 (d, J=10.61 Hz, 3 H) 3.05 (d, /=7.58 Hz, 3 H} 3.07 - 3.17 (m, 1 H) 3.20 (d,
J=4.80 Hz, 3 H) 3.31 - 3.39 (m. 2 H) 3.40 - 3.49 (m, 2 H) 3.87 (d, /=3.79 Hz, 3 H) 4.80 - 4.93
(m, LH)5.06-522 (m, 1 H) 6.83 - 6.90 (m, 1 H} 7.20 (d, J=8.84 Hz, 1 H) 7.23-7.32 (m, 2 H)
7.44 (ddd, J=14.34, 8.91, 5.81 Hz, 1 H) 7.85 (td, J=7.83, 3.28 Hz, 1 H). MS (ES) [M+H]
calculated for Cy7H33FN;Qy, 538.58; found 538.40.

-253-



Example 99. Synthesis of 2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
yDphenyl)-4-methyt-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)-N-((S)-
2,3-dihydroxypropyl)-N-methylacetamide (Compound 96)

OH
CH

[0673] 'H NMR (400 MHz, METHANOL-d,) § 2.57 (d, J = 5.31 Hz, 3 H), 2.89 - 3.21 (m, 5
H), 3.34 - 3.65 (m, 4 H), 3.75- 3.88 (m, 1 H), 3.89 (s, 3 H), 4.55 - 4.77 (n, 4 H), 5.01 (dt, J =
9.16,4.64 Hz, 1 H), 6.77 (d, J=8.34 Hz, 1 H),7.12(d, J=7.33 Hz, 1 H), 7.13 -7.25 (m, 2 H),
7.67 (dd, J=8.21, 5.68 Hz, 1 H), 7.75 (t, J = 7.83 Hz, 1 H).

{M+H] cale’d for CagH3oFN70s, 540; found, 540.

Example 100. Synthesis of (R,Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-
4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-ylidencaminooxy)}-N-
cyclopropylacetamide (Compound 97)

[0674]  The titled compound 97 was prepared by a procedure analoguous to Example 87
except cyclopropanamine was used 'H NMR (400 MHz, MeOD)  0.43 - 0.53 (i, 2 H), 0.68 -
0.79 (m, 2 H), 2.67 (dt, J=7.33,3.41 Hz, 1 H), 2.71 (s, 3 H), 3.09 - 3.21 (m, 1 H), 3.37 - 3.52
(m, 1 H), 3.91 (5, 3 H), 4.43 (s, 2 H), 506 (dd, J = 9.35, 4.29 Hz, 1 H), 6.80 (d, 7= 8.34 Hz, 1 H),
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7.13(d, J=7.07Hz, 1 H), 7.15 - 7.29 (m, 2 H), 7.69 (dd, J = 8.84, 5.56 Hz, 1 H), 7.72 - 7.83 (m,
1 H). [M+H] cale’d for CosHagFN7O4, 492: found, 492,

Example 101, Synthesis of (R,Z)-4-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-
4-methyl-7,8-dihydropyridof4,3-d)pyrimidin-5(6H)-ylideneaminooxy)-N,N-
dimethylbutanamide (Compound 98)

,OH
Suzuh
exsra base
CSQCO;}
DME ""”

101a
[0675] A solution of (R,Z)-4-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6 H)-ylideneaminooxy)butanoic acid (101a, 26 mg,

0.054 mmol) in anhydrous THF was chilled in an ice bath and N-methylmorpholine (9 uL, 0.081
mmol) and isobutyl chloroformate (7.7 uL, 0.060 mmol) were added sequentially. The mixture
was stirred under an N, atmosphere for 20 min. A 33 wt% solution of dimethylamine in
methanol (54 pL, (.11 mmol} was added to the reaction which was subsequently allowed to
warm o room temperature with stirring overnight. The THF was removed in vacuo and the
residue was partitioned between ethyl acetate and water. The organic phase was washed with
H>0 x 2 and dried over anhydrous Na;S0,. The ethyl acetate was removed in vacuo and the
residue was purified via preparative HPLC to yield (R,Z)-4-(2-amino-7-(4-fluoro-2-(6-
methoxypyridin-2-yl)phenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-
ylideneaminooxy)-N,N-dimethylbutanamide (98, 6.4 mg, 0.0126 mmol).

[0676] 'H NMR (400 MHz, MeOD) & 1.91 - 2.05 (i, 2 H), 2.46 (t, J = 7.33 Hz, 2 H), 2.70 (s,
3H),2.87 (s, 3H), 3.00 (s, 3H), 3.02 - 3.16 (m, 1 H}, 3.25(dd, 7= 16.55, 4.67 Hz, 1 H), 3.91 (s,
3H),4.00-4.12 (m, 2 H), 5.05 (dd, J =8.59, 4.55 Hz, 1 H), 6.79 (d, /=834 Hz, | H), 7.12(d, J
=733 Hz, 1 H), 7.15-7.25 (m, 2 H), 7.59 (dd, J= 8.46, 5.68 Hz, | H), 7.71 - 7.82 (m, 1 H).
[IM+H} cale’d for CygH3oFN7O3, 508; found, 508.
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Example 102. Synthesis of (R,Z}-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl-
4-methyl-7,8-dihydropyrido[4,3-dpyrimidin-5(6H)-ylideneamincoxy)-N-(2-hydroxyethyl)-
N-methylacetamide (Compound 99)

OH HO\//\N/

102a
[0677]  To a solution of (R,Z)-2-(2-amino-7-(4-tluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6/1)-ylideneaminooxy)acetic acid (102a, 43 mg,
0.095 mmel) in anhydrous DMF (1 mL) was added 2-(1 H-benzotriazole-1-y1)-1,1,3,3-
tetramethyluronium hexafluorophosphate (72 mg, 0.19 mmol), triethylanine (53 uL, 0.39
mmol), and finally 2-{methylamino)ethanol {102b, 16 ul, 0.19 mmol). The reaction was
allowed to stir under a nitrogen atmosphere overnight. The reaction mixture was diluted with 1:1
DMSO:MeOH and puritied via preparative HPLC eluting with NHJHICO3/ACN/H,0. The titled
compound (Compound 99, 11 mg, 0.022 mmnoel) was crashed out from the HPLC fractions as a
white solid. 'H NMR (400 MHz, METHANOL-d4) § 2.57 (d, J = 4.04 Hz, 3 H), 2.86 - 3.21 (m,
SH), 3.44 - 3.55 (m, 2 H), 3.66 - 3.73 (my, 2 H), 3.8% (s, 3 H), 4.69 - 4.82 (m, 2 H), 5.01 (dt, J =
9.09,420Hz, 1 H),6.77(d, /=834 Hz, T H), 7.12(d, =733 Hz, 1 H), 7.14 - 7.24 (m, 2 H),
7.60 - 7.70 {m, 1 H), 7.70 - 7.80 (m, 1 H). {M+H] calc’d for C,5H,5FN,Qy4, 510; found, 510.

-256-



Example 103, Synthesis of 2-((Z)-({R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
yhphenyl)-4-methyl-7,8-dihydropyrido[4,3-dIpyrimidin-5(6H)-ylidene)aminooxy)-1-(($)-3-
hydroxypyrrolidin-1-yDethanone (Compound 100)

OH

-

(Y

N

100

[0678]  The titled compound 100 was prepared by a procedure analoguous to Example 102
except (S)-pyrrolidin-3-ol was used. "H NMR (400 MHz, METHANOL-d,) & 1.82 - 2.13 (m, 2
H), 2.57(d, J = 3.03 Hz, 3 H), 2.95 (ddd, J = 16.23, 8.91, 3.92 Hz, 1 H), 3.09 - 3.22 (m, 2 H),
3.38-3.54(m, 2 H), 3.54-3.74 (n, 2 H), 3.90 (5, 3H), 441 (d, J=9.35Hz, 1 H), 4.55-4.73
(m, 2H),4.96-5.08 (m, 1 H),6.78(d, /=834 Hz, 1 H),7.12(d, J=7.07Hz, | H), 7.13-7.24
(m, 2H), 7.64 (dt, J = 8.53, 5.84 Hz, 1 H), 7.75 (t, J = 7.83 Hz, 1 H). [M+H] cale’d for
CasHzsFN7 Oy, 522; found, 522.

Example 104, Synthesis of (R,Z)-2-(2-amine-7-(4-fluoro-2-(6-methoxypyridin-2-yhphenyl)-
4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-ylideneaminooxy)-N,N-
diethylacetamide (Compound 101)

SN

[0679]  The titled compound 101 was prepared by a procedure analoguous to Example 102.
'"H NMR (400 MHz, METHANOL-d,) § 1.12 (t, J = 7.07 Hz, 3 H), 1.15 - 1.26 (m, 3 H), 2.71 (s,
3 H), 3.17 (dd, /= 16.80, 9.47 Hz, 1 H), 3.32 - 3.46 (m, 5 H), 3.89 (s, 3 H), 4.65 - 4.81 (m, 2 H),
5.05(dd, /=947,4.17Hz,  H), 6.79 (d, J=8.34 Hz, 1 H),7.13(d, J=7.33 Hz, 1 H), 7.15 -
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7.29 {m, 2 H), 7.70 (dd, J = 8.59, 5.56 Hz, 1 H), 7.72 - 7.83 (m, 1 H). [M+H] calc’d for
C26H30FN703, 508, fOUlld, 508.

Example 105. Synthesis of (R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)
phenyl)-4-methyl-7, 8-dihydropyrido {4, 3-d] pyrimidin-5(6H)-ylideneaminooxy)-1-

morpholinoethanone (Compound 102)

\QT \S' OH
i ;
N7 NH H N’O‘S'k (5 N
" i P ;
P FAA N 1:9 TEAH20 R
HaN™ N - . | R N NH
i N7 NH dioxane, ri, 3h i -
Hg{OAc)2 | H.NT N
3 Br F teluene H N)\N/
400 oG, 2h 2 105b g, .
105a Br F
o}
Br\)l\o/
CsCO3
DWF 1t
-~
OH 0
) (go
o(K o’d"Nz:u o
N7 .0 lN B, / Ni'
HBTU, EtaN N! N
-—
—\ A Pd(depfi2Cl2 |, N)\N/
HN O HzN 2N Na2C03 2
j— DMF, 85 oC
~ F 105¢c Br F

105d

A. (R, Z)-2-amino-7-(2-bronmo-4-fluorophenyl)-d-methyl-7, 8-dilydropyrido {4, 3-d]
pyrimidin-5(6H)-one O-tert-butyldimethylsilyloxime (105a)

[0680] A mixture of (R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidine-5(6H)-thione (31X, 366 mg, 1.0 mmol), O-(tert-
butyldimethylsily)hydroxylamine (588 mg, 4.0 mmol), Hg{OAC);: (640 mg, 2.0 mmol) and
tolune (5 mL) was heated at 100 °C for 2h. The mixture was cooled to r.t. and filtered through
celite. Tiltrate concentrated and the resulting oily residue was triturated with dry methanol to
afford a pale yellow solid. Filtered and dried to afford ((R, Z)-2-amino-7-(2-bromo-4-
fluorophenyl)-4-methyl-7, 8-dihydropyrido {4, 3-d] pyrimidin-5(6H)-one O-tert-
butyldimethylsilyloxime (105a, 384 mg, 80%) as a pale yellow solid. 'H NMR (400 MHz,
CHLOROFORM-d) & ppm 0.22 (s, 3 H), 0.23 (s, 3 H) 0.97 (s, 9 H) 2.70 (s, 3 H) 2.91 (dd,
J=16.42, 8.08 Hz, 1 H) 3.19 (ddd, J=16.36, 4.86, 1.26 Hz, 1 H) 4.99 (ddd, J=7.77, 5.12, 2.02 Hz,
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1 H)Y 7.05 (td, J/=8.27, 2.65 Hz, 1 H) 7.33 (dd, J=8.08, 2.78 Hz, 1 H) 7.39 (dd, J=8.72, 5.94 Hz, |
H). MS (ES) [M+H] calculated for CypH2sBrFNsOSI, 480.12.; found 480.30.

B. (R, Z)-2-amino-7-(2-bromo-4-fluorephenyl)-4-methyl-7, 8-dilydro pyrido{4,3-
dlpyrimidin-5(6H)-one oxime (105b)

[0681]  To a solution of ((R, Z)-2-amino-7-(2-bromo-4-fluocrophenyl)-4-methyl-7, 8-
dihydropyrido [4, 3-d] pyrimidin-5(6H)-one O-terr-butyldimethylsilyloxime (105a, 384 mg, 0.8
mmol} in dioxane (2 mL) was added 1:9 TFA-H,0 and the reaction mixture stirred at i for 2h.
The resultant sold was filtered and washed with dioxane. The resultant solid was dried to afford
(R, Z)-2-amino-7-(2-bromo-4-fluorophenyl}-4-methyl-7, §-dihydro pyrido[4,3-d}pyrimidin-
5(6H)-one oxime (105b, 206 mg, 70%) as a pale yellow solid, "H NMR (400 MHz, DMSO-dg) 8
ppm 2.56 (s, 3 H) 2.83 (dd, J=15.92, 4.55 Hz, 1 H) 3.17 (dd, J=16.04, 5.94 Hz, 1 H) 4.90 (q,
J=497Hz, 1 H)7.20 (d, J=1.52Hz, 1 H) 7.21 - 7.23 (m, 1 H) 7.57 (ddd, J=8.34, 1.64, 1.39 Hz, |
H) 9.82 (s, 1H). MS (ES) [M+H] calculated for Cy14H1sBrENsO, 366.03; found 366.20.

C. (R, Z)-methyl 2-(2-aming-7-(2-bromo-4-fluorophenyl)-d-methyi-7, 8-dihydropyrido
[4, 3-d] pyrimidin-5(6H)-ylidencaminooxy) acetate (105¢c)

[0682] To a solution of (R, Z)-2-amino-7-(2-bromo-4-tluorephenyl)-4-methyl-7, 8-dihydro
pyrido[4,3-dpyrimidin-5(6H)-one oxime (105¢,150 mg, 0.4 mmol} in dry DMPE (! mL) was
added CsCOs (195 mg, 0.6 mmol) and the reaction mixture stirred at ambient temperature for 30
minutes. Then methyl 2-bromoacetate (45 uL, 0.48 mmol) was added and the reaction mixture
stirred for overnight. 1.CMS shows completion of the starting material. The rection mixture was
poured on crushed ice and the resultant sold was filtered and washed with cold water. The
resultant solid was dried to afford (R, Z)-methyl 2-(2-amino-7-(2-bromo-4-fluorophenyl)-4-
methyl-7, 8-dihydropyrido [4, 3-d] pyrimidin-5(6H)-ylideneaminooxy) acetate (105¢, 172 myg,
99%) as a light brown solid. "H NMR (400 MHz, CHLOROFORM-d) & ppm 2.66 (s, 3 H) 3.12 -
3.18(m, 1 H)3.24 - 3.32 (m, 1 H) 3.71 (s, 3 H) 4.57 (s, 2 H) 4.96 (ddd, J=8.40,4.48, 1.77 Hz, |
H) 7.01 (td, /=8.27, 2.65 Hz, 1 H) 7.23 - 7.29 (m, 1 H) 7.39 (dd, J=8.84, 5.81 Hz, 0 H). MS (ES)
[M-+H] caleulated for C7HsBrENsO;, 438.05; found 438.00.

D. (R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-d-methyl-7, 8-
diliydropyrido [4, 3-d] pyrimidin-5(6H)-ylideneaminooxy) acetic acid (105d)

[0683] A mixture of (R, Z)-methyl 2-(2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7, 8-
dihydropyrido {4, 3-d} pyrimidin-5(0H)-ylidencaminooxy) acetate (105¢, 175 mg, 0.4 mmol), 2-
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{(6-methoxypyridin-2-yl}-6-phenyl-1,3,6,2-dioxazaborocane (298 mg, 1.0 mmol), Pd(dppf),Cl»
{32.5 mg, 0.04 mmol), 2N Na,CO; (1.0 mlL, 2.0 mmol) in DMA (3 mlL.} was degassed with N,
and heated at 85 °C for over night. The reaction mixture was cooled to ambient temperature,
diluted with ethyl acetate and filtered through celite. The filtrate was concentrated to afford
brown oil which was purified by preparative LCMS to afford (R, Z)-2-(2-amino-7-(4-fluoro-2-(6-
methoxypyridin-2-yI) phenyl)-4-methyl-7, 8-dihydropyrido [4, 3-d] pyrimidin-5(6 H)-
ylideneaminooxy) acetic acid (105d, 56 mg, 31%) as white solid. 'H NMR (400 MHz,
CHLOROFORM-d) & ppm 2.79 (s, 3 H) 3.16 (dd, J=17.05, 10.48 Hz, 1 H) 3.45 (dd, J=17.05,
3.92 Hz, 1 H) 3.88 (s, 3 H) 4.59 (d, /=3.03 Hz, 2 H) 4.96 (dd, J=10.36, 3.79 Hz, 1 H) 5.90 (brs, 1
H)} 6.76 (d, /=8.34 Hz, 1 H) 7.02 (d, J=6.82 Hz, 1 H) 7.14 (dd, J=9.09, 2.78 Hz, 1 H) 7.19 (ud,
J=8.34, 278 Hz, 1 H) 7.62 (dd, J=8.59, 5.56 Hz, 1 H) 7.68 (dd, /=8.34, 7.33 Hz, 1 H). MS (ES)
[M-+H} calculated for CyyHzpNgQ4, 453.16; found 453.30.

E. (R, Z)-2-(2-amino-7-(d-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-d-methyl-7, 8-
dihydropyride [4, 3-d] pyrimidin-5(6 H)-ylideneaminooxy)-I1-morpholinoethanone
(Compound 102)

[0684] To a solution of (R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y1) phenyl)-4-
methyl-7, 8-dihydropytido {4, 3-d] pyrimidin-5(6H)-ylideneaminooxy} acetic acid (1058d, 0.05
mmol, 22.6 mg) in DMF (0.5 mL) was added HBTU (0.075 mmol, 28 mg), Bt;N (0.125 mmol,
17 uL) and morpholine (0.1 mmol, 8.3 pL.). The reaction mixture was stirred over night at r.t.
and LCMS shows completion of the reaction. Purified by prep LCMS to afford the title
compound (R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y1) phenyl)-4-methyl-7, 8-
dihydropyrido [4, 3-d] pyrimidin-5(6H)-ylideneaminooxy)-1-morpholinoethanone (102, 5.7 mg,
22%) as off white solid."TH NMR (400 MHz, CHLOROFORM-d) & ppm 2.83 (s, 3 H) 3.15 (dd,
J=17.31, 10.23 Hz, 2 H) 3.43 - 3.51 (m, 2 H) 3.63 (d, J=5.31 Hz, 2 H) 3.65 - 3.71 (m, 4 H) 3.89
(s, 3H}4.71 (s,2 H) 4.97 (dd, J=10.36, 3.79 Hz, 1 H) 5.96 (br. 5., 1 H) 6.77 (d, /=8.34 Hz, 1 H)
7.03 (d, J=7.07 Hz, 1 H) 7.14 (dd, J=9.35, 2.78 Hz, 1 H) 7.19 (td, J=8.40, 2.65 Hz, 1 H) 7.63 (dd,
J=8.84, 5.56 Hz, 1 H) 7.68 (dd, J=8.34, 7.33 Hz, 1 H). MS (ES) [M+H] calculated for
CosHasFNy Oy, 522.22; found 522.00.

[0685] The reaction schemes ddisclosed in the Example above was used to prepare the

compounds listed in the following table:
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Compound
No.

Structure & Name

MW

M+H
(observed)

103

HO\\//\ N /\/OH

o
Nlo

N NH

=
| o
N
,o Ny .

| =
(R,Z)-2-(Z2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
yl)phenyl)-4-methyl-7,8-dihydropyrido[4,3-
dlpyrimidin-3{(6H)-ylideneaminooxy)-N, N-bis(2-
hydroxyethyl)acetamide

539.6

540

104

WjU

O

2-{((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-
2-yDphenyl)-4-methyl-7,8-dihydropyrido{4,3-
d]pyrimidin-5(6H)-ylidene}aminooxy)-N,N-bis(2~
hydroxypropyljacetamide

539.6567.6

568

105

N
o
N’O

N7 NH

i/

N

/O|N\ c
L

(R.Z)-2-(2-amino-T-{(4-fluoro-2-{6-methoxypyridin-2-
ylphenyl)-4-methyl-7,8-dihydropyrido[4,3-
dlpyrimidin-S(6H)-ylideneaminooxy)-1-(azetidin-1-
yl)ethanone

491.5

492
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Compound
No.

Structure & Name

MW

M+H
(observed)

106

(R, Z)-2-(2-amino-T7-(4-fluoro-2-(6-methox ypyridin-2-
ylyphenyl)-4-methyl-7,8-dihydropyrido{4,3-
dlpyrimidin-5{6H)-ylideneaminooxy)-1-(pyrrolidin-1-
ylethanone

505.5

506

107

S

N

£

N,O

N
|

Xy NH
i

N

,o Ny .

-
2-({Z)((R)-2-amino-7-{4-fluoro-2-(6-methoxypyridin-2-
yhphenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-

S(6H)-ylidene)aminooxy)-1-((5)-2-

535.6

536

108

(hydroxymethyl)pyrrolidin-1-vl)ethanone
OH

®

N

o

O
N

N7 ™% NH

] P

N

,0 |N\ -

=

(R, Z£)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
yhphenyl)-d4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-
(6 H)-ylideneaminooxy)-1-(4-hydroxypiperidin-1-
yl)ethanone

535.6

-262-




Compound
No.

Structure & Name

MW

M+H
{observed)

109

~ Nas
N/U

O
N,O

N
i

= NH
o
N
/o | Ny .
P
(R.2)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
yliphenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-

3{6H)-ylideneamincoxy)-N-methyl-N-((6-methylpyridin-2-

yDmethyl)acetamide

570.6

571

110

N~ ™~

NN
N
O Ny c

P
(R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
ylphenyl)-4-methyl-7,8-dihydropyrido{4,3-d]pyrimidin-
5(6H)-ylideneaminooxy)-N, N-bis(2-
methoxyethyl)acetamide

567.6

111

HzN\[(\N/
o (go

N
N™ ™~ NH
{ o
N
/o lN\ .
e

(R, Z)-N-(2-amino-2-oxoethyl)-2-(2-amino-7-(4-fluore-2-
{6-methoxypyridin-2-yphenyl)-4-methyl-7,8-
dihydropyrido[4,3-dlpyrimidin-5(6H)-ylideneaminooxy)-
N-methylacetamide

522.5

523
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Compound
No.

Structure & Name

MW

M+H
(observed)

112

f !I'”/DH

N™ = NH
=

2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
yliphenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-
S5{(6H)-ylideneyaminooxy)-1-((R)-2-
(hydroxymethyl)pyrrolidin-1 -ylyethanone

535.6

536

113

/O\/'\N/

o
NI AL

N NH

~
’ o
N
/0 | Ny F

-

{R,2)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-

yhphenyl)-4-methyl-7,8-dihydropyrido{4,3-dlpyrimidin-
S5(0H}-ylidencamimooxy)-N-(2-methoxyethyi)-N-
methylacetamide

523.6

524

114

OH

»

N

o

=

s
HaN N
O

2-{(Z3-{(R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2 -

yl)phenyt)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-

5(6H)-ylidene)aminooxy)-1-{{R)-3-hydroxypyrrolidin-1-
yl)ethanone

522
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Compound
No.

Structure & Name

MW

M+H
(observed)

115

~

N

Ao

L0

I
N7y NH
l s
H,NT N
_O |N\ .
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2-({2)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-

yhphenyl)-4-methyl-7,8-dihydropyrido{4,3-d]pyrimidin-

5(6H)-ylideneyaminooxy)-1-((R)-3-hydroxypiperidin- -
yhethanone

535.6

536

116

OH

G
L

e

I
N7 NH
1 et
HNT N
_0 |N\ .
o

2-((Z)-{((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-

yDphenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-

5(6H)-ylidene)aminooxy)-1-((S)-3-hydroxypyrrolidin-1-
yl)ethanone

521.5

117

O‘.\OH
N

0
o)

"1
N7y NH
1 e
HNT N
0 lN\ -
P

2-((Z2)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-

yhphenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-

5(6H)-ylidene)aminooxy)-1-((5)-3-hydroxypiperidin- 1 -
ylethanone

Lh
(]
A
N

536
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Compound
No.

Structure & Name

M+H
{observed}

118

OH
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N ™% NH
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N
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|
HaNT N

(R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
yhphenyl)-4-methyl-7,8-dihydropyrido{4,3-d]pyrimidin-
5(6H)-ylideneaminooxy)- 1 -(3-hydroxyazetidin-1-
yl)ethanone

508

119

F
F F
N
o
g
N™ ™= NH
P
HoN

N

(R, Zy-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
yhphenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-
5(6H)-ylidencaminooxy)-1-(3,3-difluoropysrrolidin-1-
yl)ethanone

5415

542

120

CL

N
o
0
i
N~ NH
i o
H,N™ N
_0 IN\ F
=

2-((Zy-((R)-2-amino-7 -(4-fluoro-2-(6-methoxypyridin-2-
yliphenyl)-4-methyl-7,8-dihydropyrido{4,3-d]pyrimidin-
S(6H)-ylidene)aminooxy)-1-((K)-3-fluoropyrrolidin-1-

5235

524
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Compound Structure & Name MW M+H
No. (observed)
yljethanone
121 E 523.5 524
N
o
NI,O
NTR NH
A -
HN™ N
e | Ny F
=~
2-({Z2)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
yhiphenyl)-4-methyi-7 8-dihydropyrido[4,3-d]pyrimidin-
5(6H}-ylideneyaminooxy)-1-((5)-3-fluoropyrrolidin-1-
ylethanone
122 o 549.6 550
N
O
NI,O
N~ NH
| p
H,N™ N
0 | Ny E
=2
(R, 2)-2-(2-amino-7-{4-fluoro-2-{6-methoxypyridin-2-
yhphenyl)-4-methyl-7,8-dihydropyrido{4,3-d]pyrimidin-
5(0H)-ylideneaminooxy)- 1 -(4-methoxypiperidin-1-
yhethanone
123 F?{ 527.5 528
N
o
v
N™™= NH
% s
N
/O | N e
P

(R Z)-2-(2-aminc-7-(4-fluoro-2-(6-methoxypyridin-2-
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Compound
No.

Structure & Name

MW

M+H
(observed)

yhphenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-
S(6H)-ylideneaminooxy)-1-(3,3-difluoroazetidin-1-
yhethanone

124

J

N

£

o)

I
N7 NH
l/
N7 N
/OlN\ -
P

2-{(Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
yDphenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-
5(6H)-ylidene)aminooxy)-1-(3-(methoxymethylpiperidin-
1 yl)ethanone

563.6

564

\r(\N

N

=
.
N
O

-

(R.Z)-2-(2-amino-7-{4- ﬂuoro 2-(6-methoxypyridin-2-
ylphenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-

5(6H)-ylideneaminooxy}-N-methyl-N-(2-(methylamino)-2-

oxoethylacetamide

536.6

126

-—N
o 0

(Y;l’
N’O

N™ ™%

l/

N

0

(R, Z)-2-(2-aminc-7-(4-fluoro-2-(6-methoxypyridin-2-
ylphenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-
S(6H)-ylideneaminooxy)-N-(isoxazol-3-ylmethyl)-N-
methylacetamide

546.6
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Compound
No.

Structure & Name

MW

M+H
(observed)

127

N

l e
HyN" N
SO N E

=
(R Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
yDphenyl)-4-methyl-7,8-dihydropyrido{4,3-dlpyrimidin-
5(6H)-yhdeneaminooxy)-N-methyl-N-(thiazol-4-
ylmcthyl)acetamide

562.6

563

128

2
5

{R,Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
ylphenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-
S(6H)-ylideneaminooxy)-1-(pyrazin-2-yl)ethanone

557.6

558

129

O/N\

N

A

A0

)\
NS NH
A 2
HaN” N
/O%N\ .
£

2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-

ylphenyl)-4-methyl-7 8-dihydropyrido{4,3-d]pyrimidin-

3(6H)-ylidene)aminooxy)-1-(3-(dimethylamino)piperidin-
1-yl)ethanone

562.6

563
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Compound
No

Structure & Name

MW

M+H
{observed)

130

/

&

£

.0

I
N7 NH
l/
HoN™ TN

2-({Z)-((R)-2-amino-7-{4-fluoro-2-(6-methoxypyridin-2-
yhphenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-
5(6H)-ylideneyaminooxy)-1-(2-methyltetrahydro-1/-
pyrrolo[3,4-clpyridin-5(6H,7H,7TaH)-yl)ethanone

574.6

575

131

HN-N

N

X
| o

HNT N

o)

-

(R Z)-2-(2-amino-7-(4-fluoro-2-(6~-methoxypyridin-2-
ylyphenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-
5(6H)-ylideneaminooxy)-N-methyl-N-((5-methyl-1 H-
pyrazol-3-ylymethyDacetamide

132

§ﬁ=N

N
o
A0
)
N7 NH
I -
HoNT TN
0 I N .
=

(R.Z)-2-(2~amino-7 -(4-fluoro-2-(6-methoxypyridin-2-
ylphenyl)-4-methyl-7,8-dihydropyrido[4,3-dlpyrimidin-

571.6
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Compound
No.

Structure & Name

MW

M+H
(observed)

5(6H)-ylidencaminooxy)-1-(2-methyl-6,7-dihydro-3H-
imidazo[4,5-c]pyridin-5(4H)-yDethanone

133

8
N
0]
L0

)|
N™ ™ NH
|
HaN N
gee) |N\ F
P

2-{(Z2)-((R)-2-amino-T7-(4-fluoro-2-(6-methoxypyridin-2-
yhphenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-
5(6H)-ylidene}aminooxy)-1-(3-(hydroxymethyl)pyrrolidin-
1-yl)ethanone

L
a2
Ln
[}

536

134

O

b
£

\
N™ ™ NH
' e
HoN™ N
_0 |N\ F
o

2-2-((2)-((R)-2-amino-7-(4-fluore-2-(6-methoxypyridin-
2-ylphenyl)-4-methyl-7 8-dihydropyrido[4,3-d]pyrimidin-
S(6H)-ylidene)aminooxy)acetylihexahydropyrrolo[1,2-
alpyrazin-6(7H)-one

N

574.6

575
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Compound Stracture & Name MW M+H
No. (observed)
135 o~ 521.5 522

N
o
v
N™ ™ NH
AL 2
HNT N
O | Ny .
P
(R, Z)-2-(2-amino-7-(4-fluoro-2-(G-methoxypyridin-2-
yljphenyl)-4-methyl-7 8-dihydropyride[4,3-d]pyrimidin-
5(6H)-ylideneaminooxy)-1-(3-methoxyazetidin-1-
ylethanone
136 ?g 555.6 556
N
&
Y
N7~ NH
A 2
HaN™ N
e [N\ F
=

(R,Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
ylyphenyl)-4-methyl-7,8-dihydropyrido[4,3-dipyrimidin-
5(6H)-ylideneaminooxy)-1-(4,4-difluoropiperidin-1-
yhethanone
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Example 106, Alternative synthesis of (R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
yl)phenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6/)-one oxime (Compound 61)

> N
N | NH Step A
A + N . N¥ Y
HaN™ N N " POC; PN |

106a Br = H 108b  CHiCN,75°Cc H2N" N
106c p; e
Step C
Step B
p I b
HaN. i
o Creo
106d C(j 106f
_0
e
CHyCN 2M NapGOs, Pd(dppfiCI2
CH3COOH DMA, 85 C

Step D
HCHdioxane

Step A. Synthesis of (R)-5-(1H-benzofd][1,2,3]triazol-1-yl)-7-(2-bromo-4-
Jluorophenyl)-4-methyl-7,8-dihydropyrido[4,3-d[pyrimidine-2-amine (Compound 106¢)
{06861 In a 2-neck round-bottomed flask, under a blanket of nitrogen was added (R)-2-amino-
7-(2-bromo-4-fluorophenyl}-4-methyl-7,8-dihydropyrido]4,3-d]pyrimidin-5(6H)-one (106a, 1.00
2, 2.85 mmol), 1H-benzo[d][1.2,3]triazole (106b, 0.678 g, 5.70 mmol) and anhydrous acetonitrile
{14 ml.). Phosphoryl trichloride (0.796 ml., 8.54 mmol) was added slowly to the mixwre and the
reaction was heated in 75 °C oil bath for 18 hours. By LC/MS about 7-10% of compound 1
remained unreacted. The reaction mixture was concentrated, then diluted with 80 mL of ethyl
acetate and the resulting mixture was added slowly to 40 mL of saturated sodium bicarbonate.

The layers were partitioned. The aqueous layer was washed one more time with 40 mL of ethyl
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acetate. The organic layers combined, washed with brine, dried over sodium sulfate, and
concentrated to a yellow-light brown solid, 1.72 g, contained about 0.37g of excess
benzotriazole. The crude material was taken on to the next step without purification. MS (ES)
[M+1H] calc’d for CogHisBrFN7, 452, found, 452.3-454.3. 'H NMR (400 MHz,
CHLOROFORM-d) 8 1.96 (s, 3 H), 2.74 (dd, J = 16.42, 14.91 Hz, 1 H), 3.13 (dd, J = 16.55, 4.17
Hz, 1 H), 5.20 (dd, J = 14.91, 4.04 Hz, 1 H), 5.69 (5,2 H), 7.03 - 7.12 (xn, 1 H), 7.38 (dd, J =
3.21,2.65Hz, 1 H), 7.47 - 7.52 (m, 1 H), 7.56 - 7.63 (m, I H), 7.74 (dd, J = 8.84, 6.06 Hz, 1 H),
8.16 (d, J=9.35 Hz, 2 H).

Step B. Synthesis of (7R)-7-(2-bromo-4-fluorophenyl)-4-methyl-5-(tetrahydro-2H-
pyran-2-yloxyamino)-7,8-dilyydropyridof4,3-dJpyrimidin-2-amine (Compound 106e)
[0687]  (R)-5-(1H-benzo[d]]1,2,3]triazol-1-y1)-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidine-2-amine (1.13 g, 2.50 mmol) and O-(tetrahydro-2H-pyran-2-
yDhhydroxylamine (0.322 g, 2.75 mmol) were combined in 15 mL of acetonitrile. Then acetic
acid (0.858 mL, 15.0 mmol) was added and the reaction mixture was stirred at room temperature
for 18 h. Next day, the reaction was complete and it was concentrated in vacuo and then purified
by flash column chromatography, SiO, gradient 30-100% ethyl acetate/hexane. Obtained 0.838
g of compound 5, 74.5 % yield. MS (ES) [M+H] calc’d for CjoHy BrFNsO,, 450; found, 450.3-
452.3. "H NMR (400 MHz, CHLOROFORM-d) & 1.45 - 1.97 (m, 6 H), 2.72 (s, 3 H), 2.91 (ddd,
J=16.17,10.86, 7.83 Hz, 1 H), 3.05 - 3.26 (m, 1 H), 3.58 - 3.71 (m, 1 H), 3.86 - 4.08 (m, 1 H},
492 -506 (m, 1 M), 5.25(dd, J=5.81, 2.27 Hz, 1 H), 5.63 (d, f=4.04 Hz, 211), 5.79-5.88 (d, J
=36 Hz, 1 H), 6.93-7.11 (m, J = 16.07, 8.19, 8.19, 2.65 Hz, 1 1}, 7.28 - 7.34 (m, 1 H), 7.35-
7.44 (ddd, J =36 Hz, 1 H).

Step C. Synthesis of (7R)-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl}-d-metiyl-5-
(tetralydro-2H-pyran-2-yloxyamino)-7,8-dilydropyrido{4,3-d [pyrimidin-2-amine (Compound
106g)

[0688]  (7R)-7-(2-bromo-4-fluorophenyl)-d-methyl-5-(tetrahydro-2H-pyran-2-yloxyamino)-
7.8-dihydropyrido[4,3-dpyrimidin-2-amine (0.838 g, 1.86 mmol), 2-(6-methoxypyridin-2-y1)-6-
phenyl-1,3,6,2-dioxazaborocane (1.33 g, 4.47 mmol), sodium carbonate 2M solution (3.72 mlL,
7.44 mmol) were combined in N, N-Dimethylacetamide (12 mL) and then the mixture was
purged with nitrogen for 5 minutes. 1,1’-bis(diphenylphosphino}fertocenedichioro palladium(II)
dichloromethane complex (0.136 g, 0.186 mmol) was then added and the reaction was heated in

85°C oil bath overnight. Next day, the reaction was diluted with ethyl acetate 80 mL, washed
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with brine (80 mL}), dried over sodium suifate, and concentrated to a crude product which was
then purified by flash column chromatography, SiO,, gradient 20-100 % ethyl acetate/hexane to
give a white solid, 1.11 g of product, contaminated with the impurity of mass 182 {byproduct
from the boronic ester, compound 6). MS (ES) {M+H] cale’d for CasH2/FNeO3, 479; found,
479.4.

Step D. Synthesis of (R,Z)-2-amino-7-(4-fluora-2(6-methoxypyridine-2-yl)phenyl)-4-
methyl-7,8-dilydropyrido{4,3-d]pyrimidin-5(6H)-one oxime (Compound 61)
{71R)-7-(4-flucro-2-(6-methoxypyridin-2-yhphenyl)-4-methyl-5-(tetrahydro-2H-pyran-2-
yloxyamino}-7,8-dihydropyrido[4,3-d]pyrimidin-2-amine (0.891 g, 1.86 mmol} was dissolved in
10 mL. of dioxane. 4M of HCl in dioxane (1.86 mL, 7.45 mmol) was then added slowly to the
above stirred solution. After all the HC] was added, a yellow solid was formed at the bottom of
the reaction flask. The deprotection was allowed to go for 30 minutes, then the supernatant was
decanted. Dichloromethane was added to wash the solid, then it was decanted. This process was
repeated a few times. No product was found in the dioxane and dichloromethane washes. The
solid product was then purified on flash column chromatography, Si0,, gradient 2-15%
methanol/chloroform to give 0.404 g of product, 63.5 % yield over 2 steps. MS (ES) [M+H]
cale'd for CooH 1oFNGO,, 395; found, 395.3. 'H NMR (400 MHz, METHANOL-d,) § 2.60 {s,3
H), 3.09 - 3.19 (m, 1 H),3.29-3.34 (m, 1 H), 3.91 (s, 3 H), 5.45 (br. 5., 1 H), 6.82 (d, J = 8.34 Hz,
1H),7.16(d,J=6.57Hz, 1 H),7.19 - 7.30 (m, 2 H), 7.55 (dd, J = 8.59, 5.56 Hz, 1 H}), 7.79 (dd,
J=28.34,7.33 Hz, 1 H).

Example 107. Preparation of (R,Z)-2-amino-7-(4-fluore-2-(6-methoxypyridin-2-yliphenyl)-
4-methyl-7.8-dihydropyrido[4,3-d]pyrimidin-5(6 H)-one O-(5)-3,4-dihydroxybutyl oxime
benzoate Form A.

[0689] (R Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyride[4,3-dlpyrimidin-5(6H)-one O-(S5)-3.4-dihydroxybutyl oxime (Compound 37, 20
mg, a white powder) was weighed in a reaction vessel equipped with a magnetic stirring bar.
Chloroform (5 ml.) and benzoic acid in 1,4-dioxane (340 pl., 0.124 mol/L.) were added, and the
reaction mixture was cooled at 5 °C. The solvent was evaporated with a gentle stream of
nitrogen, providing a paste.

[6690] Acetone (2.5 mL) was added to the residue. The mixture was sonicated at room
temperature until a solution was obtained. Heptane (1 mlL.) was added and the reaction mixture

was cooled at 5 °C, The solvent was evaporated with a gentle stream of nitrogen yielding a solid.
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[0691]

The residual solid was characterized by powder X-ray diffraction, differential scanning

calorimetry (DSC) and thermogravimetry. Figure 2 shows the powder X-ray diffraction

diffractogram, which contains distinct lines characteristic of a crystalline product. Figure 3

shows an DSC thermogram which shows an endotherm that starts at 128 °C. The solid possesses

a melting point of 128 °C.,
[0692]

In addition, the above reaction schemes and variations thereof can be used to prepare

the following compounds. It is understood that recitation of a compound is intended to

encompass all of the different possible sterecisomers.

OH

OH

(7R, Z)-2-amino-7-(4-fluoro-2-{6-methoxypyrazin-
2-yl)phenyl)-4-methyl-7,8-dihydropyrido[4,3-
dlpyrimidin-5(6H)-one (?-3,4-dihydroxybutyl

OH

N =
HEN)\N/

I F
N
HoN N
(7R, Z)-2-amino-7-(2-(5-amino-6-
methoxypyrazin-2-yl)-4-fluorephenyl)-4-methyl-
7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-

/O\E,N | .

S

N

(1R, Z}-2-amino-7-(4-fluoro-2-(6-methoxypyrazin-
2-y)phenyl)-4-methyl-7. 8-dihydropyrido[4,3-
dpyrimidin-53(6H)-one 0-(3 4-dihydroxy-5-
methoxytetrahydrofuran-2-yl)methyt oxime

oxime 3,4-dihydroxybutyl oxime
H H o O
/ /
e} O
0 0
-0
N7 TNH

(7R, Z)-2-amino-7-(2-(5-amino-6-
methoxypyrazin-2-y1)-4-fluorophenyl)-4-methyl-
7,8-dihydropyride[4,3-d]pyrimidin-5(6H)-one O-

(3,4-dihydroxy-5-methoxytetrahydrofuran-2-
yDmethyl oxime
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S-(((2)-((R)-2-amino-T-(4-fluoro-2.(6-
methoxypyrazin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido(4,3-dlpyrimidin-5(6H)-
ylidene)aminooxy)methyl)-3,4-
dihydroxydihydrofuran-2(3 H)-one

OH

-0

NH

A0

O N .
XL
HoN N
S5-(((Z)-((R)-2-amino-7-(2-(5-amine-6-
methoxypyrazin-2-y1)-4-fluorophenyl)-4 -methyl-
7.8-dihydropyrido[4,3-d]pyrimidin-5(6 H)-
ylidene)aminooxy)methyl)-3,4-
dihydroxydihydrofuran-2(3H)-one

HzN

H

(7R, Z)-2-amino-7-(4-fluore-2-(6-methoxypyrazin-
2-y)phenyl)-4-methyl-7,8-dihydropyrido[4,3-
dlpyrimidin-5(6H)-one 0-(3,4-
dihydroxytetrahydrofuran-2-yl)methyl oxime

(7R,Z)-2-amino-7-(2-(5-amino-6-
methoxypyrazin-2-yl)-4-fluorophenyl)-4-methyl-
7,8-dihydropyrido[4,3-djpyrimidin-5(6H)-one O-
(3,4-dihydroxytetrahydrofuran-2-y)methyl oxime

o QM

(7R, Z)-2-amino-7-{4-fluoro-2-(6-methoxypyrazin-
2-ylyphenyl)-4-methyl-7,8-dihydropyrido[4,3-
dlpyrimidin-5(6H)-one 0-(3,4-
dihydroxypyrrolidin-2-ylymethyi oxime

Ho §H

N
H
-0

|

NH

A2

Sy
HoN N
(7R, Z)-2-amino-7-(2-(5-amino-6-
methoxypyrazin-2-yl}-4-fluorophenyl)-4-methyl-
7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-one (-
(3.4-dihydroxypyrrolidin-2-yl)methyl oxime

HaN
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OR

(75,Z)-2~amino-8,8-difluore-7-(4-fluoro-2-(6-
methoxypyridin-2-yl)phenyl)-d-methyk7 8-
dihydropyrido[4,3-dlpyrimidin-3(6H)-one -3,4-
dihydroxybutyl oxime

(78.Z)-2-amino-7-(2-(5-amino-6-methoxypyrazin-

2.yhy-4-fluorophenyl)-8,8-difluoro-4-methyl-7,3-

dihydropyrido[4,3-dpyrimidin-5(6H)-one O-3,4-
dihydroxybutyl oxime

Ho, ¢

(75, 2)-2-amino-8,8-difluoro-7-(4-fluoro-2-(6-
methoxypyridin-2-y)phenyl}-4-methyl-7 8-
dihydropyrido[4,3-d)pyrimidin-5(6H)-one (-(3,4-
dihydroxytetrahydrofuran-2-yl)methyl oxime

Ho ¢H

(78, Z)-2-amino-7-(2-(5-amino-6-methoxypyrazin-
2-yD)-4-fluorophenyl)-8,8-difluoro-4-methy!-7,8-
dihydropyrido]4,3-d]pyrimidin-5{6H)-one 0-(3 4-
dihydroxytetrahydrofuran-2-yl)methyl oxime
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(785,2)-2-amino-8,8-difluoro-7-(4-fluoro-2-(6-
methoxypyridin-2-yl)phienyl)-4-methyl-7,8-
dibydropyrido[4,3-dipyrinudin-5(6 H)-one O-(3,4-
dihydroxypyrrolidin-2-yD)methy! oxime

HO,

(78,2)-2-amino-7-(2-(5-amino-6-methoxypyrazin-

2-y1)-4-fluorophenyl)-8,8-diflucro-4-methyi-7,8-

dihydropyrido[4,3-d]pyrimidin-3(6H)-one 0-(3,4-
dihydroxypyrrolidin-2-ylymethy! oxime

H
OH

(75, Z)-2-amino-8-fluoro-7-(4-fluoro-2-(6-
methoxypyridin-2-ylyphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5 (6 H)-one 0-3,4-
diyydroxybutyl oxime

H
OH

(78,2)-2-amino-7-(2-(5-amino-6-methox ypyrazin-
2-y1)-4-fluorophenyl)-8-fluoro-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H}-one 0-3,4-
dihydroxybutyl oxime

Ho, M

(78, 2)-2-amino-8-fluoro-7-(4-fluoro-2-(6-
methoxypyridin-2-yl)phenyl}-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6 H)-one 0-(3,4-
dihydroxytetrahydrofuran-2-y)methyl oxime

H

HO,

HaN
(78.Z)-2-amino-7-(2-(5-amino-6-methoxypyrazin-
2-yD)-4-fluorophenyl)-8-fluoro-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(3,4-
dihydroxytetrahydrofuran-2-yl)methyl oxime
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(75,Z)-2 ~amino-8 -fluoro-7-(4-fluoro-2-(6-
methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyridol4,3-dipyrimidin-5(6 H)-one O-(3,4-
dihydroxypyrrolidin-2-yl)methyl oxime

(78,2)-2-amino-7-(2-(5-amino-6-methoxypyrazin-
2-yl)-4-fluorophenyl)-8-fluoro-4-methyl-7, 8-
dihydropyrido{4,3-dlpyrimidin-5(6H)-one O0-(3.4-
dihydrexypyrrolidin-2-yl)methyl oxime

H
HaN

(7R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-
2-yhphenyl)-4-methyl-7,8-dihydropyridof4,3-
dpyrimidin-5(6 Hy-one O-3-amino-4-

NH.,
HOX
-0
I
Sy UNH
A
N
O N

Z F

Y
(7R, 2)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-
2-ylphenyl)-4-methyl-7,8-dihydropyrido{4,3-
dpyrimidin-5(6H)-one O-4-amino-3-

HoN

hydroxybutyl oxime hydroxybutyl oxime
OH NH2
‘INHQ (EOH

NI,-O NI,O

=7 UNH N ST UNH

P X0
HaN N HoN N
O N ‘ . O N l "
Xy [

(1R, Z)-2-amino-7-{4-fluoro-2-{6-methoxypyridin-
2-yhphenyl)-4-methyl-7,8-dihydropyrido{4,3-
dpyrimidin-5(6 H}-one O-2-amino-3-
hydroxypropyl oxime

(7R, Z)-2-amino-7-(4-fluoro-2-{0-methoxypyridin-
2-yhphenyl)-4-methyl-7,8-dihydropyrido[4,3-
djpyrimidin-5(6H)-one (-3-amino-2-
hydroxypropyl oxime
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Example A, Biological Assays
1. Enzyme Binding (Fluorescence Polarization) Assay for HSP90 inhibitors.
a. Preparation of HSP90a Protein

[0693]  This example describes cloning, expression and purification of a protein comprising
the N-terminal domain of HSP90a. It should be noted that a variety of other expression systems
and hosts are also suitable for the expression of such protein, as would be readily appreciated by
one of skill in the art.

[0694]  The sequence of human wild-type HSP90a is well known in the art; see, Chen B. et al.
Genomics 2005 86:627-637. The gene encoding HSP90aq can be isolated from RNA, cDNA or
cDNA libraries. In this case, the gene encoding residues 9-236 of image clone 5270926 of
HSP90a (ATCC) was isolated. This portion of the gene encoding a section of human HSP90a
that includes the N-terminal nucleotide binding domain of human HSP90q was cloned into
pET28a vector (Novagen). The DNA sequence of the vector is shown in SEQ D NO: 1.
Expression from this vector produced a protein consisting of the recombinant N-terminal
nucleotide binding domain of HSP90a with a cleavable 6x-histidine tag and a cleavage site at the
N-terminus. The amino acid sequence of this recombinant protein is shown in SEQ 1D NO: 2.
[0695]  Recombinant human N-terminal truncated Hisg-HSP90 « was expressed in E.coli
(BL21) cells with IPTG induction. Cell paste from 24 x 60 mL tubes (grown in a multi-tube
airlift fermentor) was lysed using an automated sample lyser. Briefly, the pellet in each tube was
suspended in 21 mL of iysis buffer consisting of 50 mM Tris pH 7.9, 50 mM NaCl, 1 mM
MgCly, 0.6 g/L. Lysozyme (Sigima), 100 uL/L. Benzonase {(Novagen). After lysis, buffer was
added; the tubes were sonicated for 75 seconds, and then incubated for 20 minutes, After
incubation, 5 M NaCl was added to bring the final salt concentration to 400 mM. The tubes were
sonicated for 50 seconds and then centrifuged at 3400 rpm for 50 min. The supernatants were
pooled and 4 ml of ProBond Ni resin (Invitrogen) was added. After at least 30 minutes, the resin
was spun down, washed with 25 mM Tris pH 7.6, 400 mM NacCl, 20 mM imidazole, poured into
a column and washed with 10 column volumes of the same buffer. The protein was eluted from
the column using 3 column volumes of 25 mM Tris pH 7.6, 400 mM Na(l, 400 mM imidazole.
The eluate was loaded onto a Supedex 200 column (GE Healthcare) equilibrated with 25 mM
Tris pH 7.6, 250 mM NaCl, 0.25 mM TCEP, 1 mM EDTA and peak fractions were pooled and
concentrated to ~6 mg/mL using 10 kDA MWCO centrifugal concentrators (Millipore). Aliquots
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were flash frozen in liquid nitrogen and stored at -80 °C. All purification was done

at 4 °C.
b. Preparation of the fluorescence polarization probe.

[0696} A fluorescein labeled small molecule was designed and synthesized as a probe (TSD-
FP probe) for the determination of the binding affinity of the test compound to HSP90 proteins.
The synthesis of the small molecule, (S, E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-
yDphenyl)-4-methyl-7,8-dihydroguinazolin-S(6H)-one O-2-aminoethyl oxime (Compound 24)
was described in Examples 24 and 25 above. The TSD-FP probe was prepared according to the

following procedure:

5-FAM
EtzN, DCM
O
N
I
N7
A -
HoN N
i = F
Compound 24 N
o TSD-FP probe
-

[0697]  To a4 mlL vial containing a solution of Compound 24 (5 mg, 0.00908 mmeol, 1.0 eq.)
in dichloromethane (0.6 mL) and triethylamine (6.3 pl., 0.0454 mmol) was added a solution of
(5-((2,5-dioxopyrrolidin- 1-yloxy)carbonyl)-2-(6-hydrox y-3-ox0-3H-xanthen-9-yl)benzoic acid
(5-FAM, 4.7 mg, 0.01 mmol, 1.1 eq.} in dichloromethane (0.4 mL); the mixture was stirred at
room temperature overnight. When the reaction was completed, as determined by LC/MS, the
reaction mixture was diluted with MeOH and purified directly by preparative HPLC to give the
TSD-FP probe as a white solid (6.8 mg, 75%). ESI-MS: m/z 795.4 (M+H)".

¢. Assaying the in vitro enzymatic activity of HSP9) inhibitors.

[0698]  The inhibitory effect of the compounds of the invention against HSP90« was

determined by fluorescence polarization assay. The assay was run in a black 384-well-plate and
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in an assay buffer comprising 25 mM Hepes pH 7.3, 150 mM NaCl, 0.1 mM EDTA, 0.01%
Brij35, | mM DTT.

[0699] To each test well, an aliquot of buffer, 2 ul of test compound in 10% DMSO, 4 ul of
6.25 nM of TSD FP probe, 4 ul of 12.5 nM of purified HSP90a protein were added . For
positive control, T pM geldanamycin (GM) was used instead of the test compound (GM is a
natural benzoquinone ansamycin that is known to bind to the N-terminal ATP-binding pocket of
HSPY0 and inhibits ATP binding and ATP-dependent chaperone activities). For negative
control, no inhibitor was added. The assay mixtures were incubated at room temperature for 60
min and overnight (960 min). The fluorescence intensity of the assay mixtures (both 60 min and
overnight incubation) was obtained using an Analyst HT (Molecular Devices) with excitation

wavelength of 485 nm and emission wavelength of 535 nm.
d. Calculation of 1Csp Values

[0700]  ICso value may be calculated by non-linear curve fitting of the compound
concentrations and FP signal to the standard ICs equation. See, J. Kim ef al. “Development of a
Fluorescence Polarization Assay for the Molecular Chaperone Hsp90™ J. Biomolecular Screening
2004 9(5).
[0701] The percent inhibition of HSP9Q at a given compound concentration is defined as:
100% x [1 - (FPcompound/FPblank)]

where FPcompound is the observed polarized fluorescence at a given concentration of test
compound and FPblank is the observed polarized fluorescence in the presence of vehicle alone.
[0702]  The pICs; value (negative log of the molar concentration of the compound that
produces 50% inhibition) of a test compound is calculated by non-linear least squares curve
fitting of the equation:

Percent Inhibition = 100% / (1 + (10-pICso / 10 log[1]})
to percent inhibition versus compound concentration. The 50% inhibitory concentration {ICs) of
a test compound is calculated by raising 10 to the negative pICsy (10-pICsp).
[0703]  As reference, known HSP90 inhibitors, geldanamycin (GM) and 17 allylamino,17-
demethoxygeldanamycin (17-AAQG), were assay and the results summarized in Table 1. It is
noted that these two inhibitors showed a time dependence behavior of HSP9( binding which are

not common, among the small molecule inhibitors of the invention.
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Table 1. 1Cs, Values of Known HSP%) Inhibitors

Standard ICs (nM) after IC s, (nM) after
Compounds 1 hour incubation overnight incubation
Geldanamycin 90 10
17-AAG 400 110

2. Cellular Viability Assay

[0704] BT-474, HT-29, K-562 and MKN-45 tumor cell lines were maintained according to
the suppliers (American Type Culture Collection, Rockville, MD or Human Science Research
Resources Bank, Osaka, Japan). Cells were seeded in 96-well tissue culture microplates at
5,000-25,000 cells per well and cultured for 24 hours prior to addition of compounds or DMSO
(dimethylsulfoxide) vehicle. A sample where the cells were only treated with DMSQ was used a
negative control and A sample where the cells were treated with 17-AAG was used a positive
control. After 72 hours of test compound treatment, the conversion of tetrazolium salt MTS
(Promega, Madison, WI) by metabolically active cells was determined through measuring the
OBu90 nm with a Spectramax microplate reader (Molecular Devices, San Diego, CA). To generate
concentration-response curves, cells were treated in duplicate with a range of serial compound
dilutions (final DMSO concentration was 0.5%). The percentage of viable cells per well was
determined by correcting for background and normalizing against DMSO-treated cells. ECso
values for inhibition of cell viability were calculated using XLfit4 Microsoft Excel curve-fitting

software.
3. HSP70p Induction Assay

{07051  The HSP70p/B-galactosidase reporter vector was purchased from Stressgen
Bioreagents Corporation (Victoria, BC Canada). This vector was transiently transfected into 2
million HeLa cells per 10 cm? dish according to the protocol provided by Stressgen using the
lipid based transfection reagent HeLaMONSTER (Mirus Bio Corporation, Madison, WI). Cells
were subsequently plated in 96 well plates at 20,000 cells/well and after 24 hours of recovery
dosed with test compounds for 10 hours. To generate concentration-response curves, cells were
treated in duplicate with a range of serial compound dilutions (final DMSO concentration was
0.5%). To measure B-galactosidase activity, lysates were prepared using the Galacto-Star System
(Applied Biosystems, Bedford, MA). Total non-infrared luminescence was read on an EnVision

plate reader (Perkin Elmer, Tuorku, Finland). ECs, values for HSP70B/B-galactosidase induction
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were calculated using XLfit4 Microsoft Excel curve-fitting software. A sample where the cells
were treated with DMSO only was used a negative control, and a sample of 17-AAG was used as

a positive control,
4. Western Blotting of the HSP90 Client Protein HER-2

f0706] 1 million SKOV3 cells (American Type Culture Collection, Rockville, MD) were
seeded in 35 mm? wells in McCoy's 5A medium containing 10% fetal bovine serum. 24 hours
after seeding, cells were treated with compounds serially diluted 2.5-fold in DMSQ (final DMSO
concentration was 0.5%). After 16 hours of test compound incubation, whole cell lysates were
prepared by lysing cells in 62.5 mM Tris-HCL pH 7, 1% SDS, 10% glycerol. Proteins were
resolved by SDS-PAGE and transferred to PVDF membranes. Membranes were probed with the
appropriate primary antibodies followed by incubation with secondary IRDye 680- or 800CW-
conjugated antibodies (Li-Cor, Lincoln, NE). HER-2/ERBB2 was analyzed using monoclonal
antibodies (Cell Signaling Technologies, Danvers, MA). Total HSP70 levels were also analyzed
using a mouse monoclonal antibody {Stressgen, Ann Arbor, MI). PCNA was used as a control
for protein loading and was detected by a monoclonal antibody (Calbiochem, San Diego, CA).
Blots were scanned on the Odyssey (Li-Cor, Lincoln, NE) and signals corresponding 10 PCNA,
HER-2/ERBB2, were quantified using Li-Cor software. Loss of total HER-2/ERBB2 protein
ECs0s were obtained by curve-fitting the ratios of total HER-2/ERBB?2 signal over PCNA protein

signal using XLfit4 Microsoft Excel curve-fitting software.

Example B. In vitro HSP90 Binding Affinity of Compound of the Invention

[0707]  The enzyme activities of the compounds of the present invention against HSP90 were
determined using the method disclosed Example A-1. The compounds of the invention are
inhibitors of HSP90; the IC50 values of the exemplified compounds are typically less than 1 uM
and more typically less than 100 nM. The ICsq values of selected compounds are reported in
Table 2.

Table 2: 1Cs of Exemplified Compounds Against HSP90

Binding Aflfinity
Compound No
ICs(nM)
33 4
35 13
37 6
40 10
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Binding Affinity

Compound No
1C:0(nM)
45 10
58 5
59 8
61 3
65 10
75 10
78 4
79 O
83 8
85 4
93 8
96 13
99 8
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What is claimed is;

1. A compound of a formula selected from the group consisting of:
$1 R+ §1 Ry
I I
X X WX X
R N R N Ry N Ry N
Rs Rs R, R
N7 . N . Ny N NN
\~ A N L~ P
HoN R3 HaN N Rs HsN Ra HoN N Rs
R; Rs Rg Ra Re' R; Rs R¢' Rs R¢'

| ] i v

or a tautomer, stereoisomer, or pharmaceutically acceptable salt thereof, wherein

X is O, NRg or CRoRg;

R, is selected from the group consisting of hydrogen, carbonyl, hydroxycarbonyl,
oxycarbonyl, aminocarbonyl, sulfonyl, sulfinyl, (Ci.j0)alkyl, halo(Cy.ip)alkyl, hetero(Cy.o)alkyl,
(Cyanyalkyl, hydroxy(Cy.jo)alkyl, alkoxy(Ci.io)alkyl, amino{Cj.jp)alkyl, imino(C.ye)alkyl,
carbonylCj0)alkyl, sulfonyl(C)0)alkyl, sulfinyl(C;.;p)alkyl, carbonylamino(C;_jp)alkyl,
thiocarbonyl{C;.yp)alkyl, hydroxylcarbonyl{Cy.1p}alkyl, aminocarbonyl(C;._j¢)alkyi,
aninosuifonyl(Ci.jojalkyl, sulfonylamino{Cy_je)alkyl, (Cqg)alkylsulfonylamino(Ci.1)alkyl,
(Cz.an)cycloalkyl(Cys)alkyl, hetero(Cy 1z )eycloalkyl(Cy y)alkyl, aryi{(Ci.ioalkyl,
hetero{Cy_jo)aryl(Cs)alkyl, (Ce.12)bicycloaryl(C;s)alkyl, hetero(Cg.jp )bicycloaryl{C s)alkyl,
(Cagz)eycloalkyl, hetero(Ca.n)cyeloalkyl, (Co.az)bicycloalkyl, hetero(Cs.iz)bicycloalkyl,
(Ca.g)aryl, hetero{C.1g)aryl, (Cs.12)bicycloary], and hetero(Cy.12)bicycloaryl, each unsubstituted
or substituted;

Ry is selected from the group consisting of hydrogen, halo, cyano, thio, hydroxy,
carbonyloxy, (Ciao)alkoxy, (Cyqo)aryloxy, hetero(Cy.io)aryloxy, carbonyl, oxycarbonyl,
aminocarbonyl, amino, (Ci.1p)alkylamino, sulfonamido, sulfonyl, sulfinyl, (C;.10)alkyl,
halo(Ci.0)alkyl, hydroxy(Cyaon)alkyl, carbonyl{Cy.q0)atkyl, thiocarbonyl(Cy.jp)alkyl,
sulfonyl(Cj.iopalkyl, sulfinyl(Cy.ip)alkyl, hetero(C.jp)alkyl, imino(C;.o)alkyl,
(Cagp)eycloalkyl(Cys)atkyl, hetero(Cs.ia)eycloalkyl(Cyip)alkyl, aryl(Ciipdalkyl,
hetero{Cy.10)aryl(Cy.s)alkyl, (Cy_1a)bicycloaryl{Cy s)alkyl, hetero(Cy.ip)bicycloaryi(C.s)alkyl,
(Cs.ap)eycloalkyl, hetero(Cs jp)cycloalkyl, (Co.pp)bicycloalkyl, hetero{Cs.12)bicycloalkyl,
(Cy2)aryl, hetero{Cy.q0)aryl, (Ce.12)bicycloaryl, and hetero(Cy.12)bicycloaryl, each substituted or

unsubstituted;
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R; is selected from the group consisting of hydrogen, halo, nitre, cyano, thio, oxy,
hydroxy, carbonyloxy, (Cig)alkoxy, (Chqz)aryloxy, hetero(Cy p)aryloxy, carbonyl, oxycarbonyl,
aminocarbonyl, amino, (Cy.jp)alkylamino, sulfonamido, sulfonyl, sulfinyl, (Cy.10)alkyl,
(Crap)alkenyl, halo(Cy.19)alkyl, hydroxy(Cy.o)alkyl, carbonyi(Cy.jodalkyl,
thiocarbonyl(Cy.i0)alkyl, sulfonyl(Cy.10)alkyl, sulfinyl(Cy.ia¥alkyl, hetero(Ciglalkyl,
imino(C.g)alkyl, (Cs.qp)eycloalkyl(C.syatkyl, hetero(Cs.z)eycloalkyl(Cyo)alkyl,
aryl(Cy.10)alkyl, hetero(Crigyaryl(Cqs)alkyl, (Coqp)bicycloaryl(Cqs)alkyl,
hetero(Cg.j2)bicycloaryl(Cy.s)alkyl, (Cs.qq)cycloalkyl, hetero(Cs.1p)cycloatkyl, (Cg.a)bicycloalkyl,
hetero(Cs.12)bicycloalkyl, (Ca2)aryl, hetero{Cy.jo¥aryl, (Co12)bicycloaryl, and
hetero(C4.52)bicycloaryl, each unsubstituted or substituted with 1-3 substituents, and the
substituents on adjacent atoms may be taken together to form a substituted or unsubstituted ring;

R4 is selected from the group consisting of hydrogen, carbonyl, oxycarbonyl, amino,
{Cr.10)alkylamino, sulfonamido, sulfonyl, sulfinyl, (Ci.0)alkyl, halo(Cy.jodalkyl,
hydroxy(C.1p)alkyl, carbonyl(C,.;¢)alkyl, thiocarbonyl(C . q)alkyl, sulfonyl(Cj.10)alkyl,
sultinyl(Ci.ap)alkyl, imino(Cyo)alkyl, (Cs.2)eycloalkyl(Cy.s)alkyl,
hetero(Cs.12)cycloalkyl(Cr.10)alkyl, aryl(Cy.i0)alkyl, hetero(Cy.10)aryl(Cy.s)alkyl,
(Co.12)bicycloaryl{Cj.s)alkyl, hetero(Cg.;z)bicycloaryl{C; s)alkyl, hetero(Cy.jo)atkyl,
(Cs.p)eycloalkyl, hetero(Ca iz )cycloalkyl, (Co z)bicycloalkyl, hetero(Cs.i2)bicycloalkyl,
(Cy12)aryl, hetero(Cj.10)aryl, (Cy.12)bicycloaryl, and hetero(Cq.12)bicycloaryl, each substituted or
unsubstituted;

Rs and Rs are each independently selected from the group consisting of hydrogen, cyano,
carbonyl, oxycarbonyl, aminocarbonyl, sulfonyl, sulfinyl, (C).1o)alkyl, halo(C . s)alkyl,
hydroxy(Cr.i0)alkyl, carbonyl(Cy.i0)alkyl, thiocarbonyl(Cy.je)alkyl, sulfonyl{Cy.io¥alkyl,
sulfinyl(C.ip)alkyl, hetero(Cio)alkyl, imino(Cy.ig¥alkyl, (Cs.2)eycloalkyl{Cq s)alkyl,
hetero(Cs.z)eyeloalkyl(Cqg)alkyl, aryl(Cye)alkyl, hetero(Coyo)aryl(Crs)alkyl,
(Co.12)bicycloaryl(Cy.5)alkyl, .hetero(Cs.lz)bicycloaryl(c;.s)aikyi, {Csz)eycloalkyl,
hetero(Cs.12)cycloalkyl, (Co.q2)bicycloalkyl, hetero(Cs.i2)bicycloalkyl, (Cyaparyl,
hetero(Ci.o)aryl, (Coaabicycloaryl and hetero(Ca.12)bicycloaryl, each substituted or
unsubstituted;

R¢ and Rg are each independently selected from the group consisting of hydrogen,
halogen, cyano, (C;.jp)alkyl, sulfonyl{C;.ip)alkyl, sulfinyl(C;.;0)alky}, hetero(Cr.io)alky],
(Ca.1ayeycloalkyl(Cy.s)alkyl, hetero{Ca 2)eycloalkyl(Ciae)alkyl, aryl(Ci.10)alkyl,
hetero(C1.1p)aryl(C.5)alkyl, (Co.12)bicycloaryl{Cy.s)alkyl, hetero(Cy.1a)bicycloaryl{Cy.s)alkyl,
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{Cs.i2)eyceloalkyl, hetero(Cs.q2)cycloalkyl, (Co.i2)bicycloalkyl, hetero(Cs.i2)bicycloalkyl],
{(Car)aryl, hetero{Cq_jp)aryl, (Coz)bicycloaryl and hetero(Cy.j2)bicycloaryl, each substituted or
unsubstituted, provided that Rg is absent when A is CRsRs;

Ry is selected from the group consisting of hydrogen, cyano, sulfonyl, sulfinyl,
(Crap)alkyl, sulfonyl(Cy.o)alkyl, sulfinyi{Cy.ig)alkyl, (Cs.qz)eycloalkyl(Cy s)alkyl,
hetero(Cs.12)eycloalkyl{Cs.opalkyl, aryi(Ci.j0)alkyl, hetero(Cr.i0)aryl{Cy.s)atkyl,
{Co.12)bicycloaryl(Cy_s)alkyl, hetero{Cy 35 )bicycloaryl(C.s)alkyl, hetero(C) jp)alkyl,
(Csazyeyceloalkyl, hetero(Cspp)eycloalkyl, (Cg.z)bicyeloalkyl, hetero(Cs.p)bicycloalkyl,
(Ca12)aryl, hetero(Cyodaryl, (Co.pp)bicycloary]l and hetero{Cy.12)bicycloaryl, each substituted or
unsubstituted:

Rj3 is selected from the group consisting of hydrogen, (Ci.1p)alkyl, hetero(C;. p)alkyl,
hydroxy(Cj.ig)alkyl, , sulfonyl(Cyo)alkyl, sulfinyl(Cy_jo}alkyl, (Cs12)cycloalkyl(Cy.s)alkyl,
hetero(Cs.y2)cycloalkyl{Cy.10)alkyl, aryl(Cy 10)alkyl, hetero(Cy.q0)aryl(Cy.5)alkyl,
(Co.1z)bicycloaryl(Cy_s)alkyl, hetero(Cy.j2)bicycloaryl{Cy_s)alkyl, (Cxppleycloalkyl,
hetero(Cs.i2)eycloalkyl, (Cy.p2)bicycloalkyl, hetero(Cy.iz)bicycloalkyl, (Cagz)aryl,
hetero(Cy_jp)aryl, (Co.1p)bicycloaryl and hetero(Cy.1z)bicycloaryl, each substituted or
unsubstituted:

Ro and Ry are each independently selected from the group consisting of hydrogen,
sulfonamido, sulfonyl, sulfinyl, (Cy.1p)atkyl, hydroxy(Ci.ipalkyl, sulfonyl(C;_jp)alkyl,
sulfinyl(Ci.ip)alkyl, hetero(Cr.io)alkyl, (Csiz)eycloalkyl(Cr.s)alkyl,
hetero(Cs_i2)cycloalkyl(Cy.jg)alkyl, aryl{Cj.jo)alkyl, hetero(Cy.jp)aryl{C;.s)alkyl,
{Co.mbicycloaryl{Cs)alkyl, hetero(Cs. |5 )bicyeloaryl(Cy.s)alkyl, (Capa)eycloalkyd,
hetero(Cs.y2)cycloalkyl, (Coz)bicyeloalkyl, hetero(Cs.iz)bicycloalkyl, (Cypzdaryl,
hetero(Cy.o)aryl, (Coqz)bicycloaryl and hetero(Cy.y2)bicycloaryl, each substituted or
unsubstituted; and

provided that for Formula II, when X is O, R; is a (C).¢)alkyl substituted with at least two
hydroxyl group.
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The compound according to claim 1 consisting of the formula

Ry
X
Ra N
= Rs
PO
-
HsN Ra
Ry Re Rg

The compound according fo claim 1 consisting of the formula

Ry

|

4

Ry N
Rs
N7 Re
P

HaN N Ra

Rs Rg

Ry Rs Re'

The compound according to claim 1 consisting of the formula
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6. The compound according to claim 5 consisting of the formula

Ry
U
X
Ra N
N \ Nf R4
A~
HaN N Rs
Rg Re'
IVa
7. The compound according to any one of claims 1-6, wherein X is O.
8. The compound according to any one of claims 1-6, wherein X is NRg,

where
Ry is selected from the group consisting of hydrogen, (Cr.ao)alkyl, hydroxy(Ci.ie)alkyd,
(Caan)eycloalkyl(Cy.5)alkyl, aryi(Cy_jp)alkyl, hetero(Cy.io)aryl{Cys)alkyl, hetero(Cy.j0)alkyl,
(Ciaanyeycloalkyl, hetero(Cs.pa)eyeloalkyl, (Co.qp)bicycloalkyl, hetero(Cs.qa)bicycloalkyl,

(Caaz)aryl, hetero(C)_jo)aryl, each substituted or unsubstituted.

9. The compound according to claim 8, wherein Ry is selected from the group consisting of
hydrogen, hydroxyl, hydroxyl(Cy.3)alkyl, (Cy3)alkyl, amino(C;.3)alkyl, and alkoxy(C;.3)alkyl.

10,  The compound according to claim 8, wherein Ry is hydrogen.

1. The compound according to any one of claims 1-6, wherein X is CRyRo:
where
Ro and Rg are each independently selected from the group consisting of hydrogen,
(Crao)alkyl, hydroxy(Ci.jpalkyl, sulfonyl(Cio)alkyl, aza(Cyioyalkyl, (Crap)oxaalkyl,
(Capp)eycloalkyl(Cy.s)alkyl, hetero(Cs.aa)eycloalkyl(Cy.jo)alkyl, aryi(Ci.iodalkyl,
hetero(Cy.1¢)aryl(Cy.s)yalkyl, {Cs.12)cycloalkyl, hetero(Cs.a)cycloalkyl, (Cyp)aryl, and

hetero(Cy.jp)aryl, each substituted or unsubstituted.

12. The compound according to claim 11, wherein Ry and Re- are each independently selected
from the group consisting of hydrogen, hydroxyl, halo, (Cr.aYalkyl, hydroxy(Ci.s)alkyl,

(Cy.3)alkoxy, amino, aryl and heteroaryl.
13. The compound according to claim 11, wherein one of Ry and Ry is hydrogen.

14, The compound according to claim 11, wherein Ry and Re- are both hydrogen.
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15.  The compound according to any one of claims 1-14, where in Ry is selected from the
group consisting of hydrogen, carbonyl, hydroxycarbonyl, oxycarbonyl, aminocarbonyl, sulfonyl,
sulfinyl, (Cr.e)alkyl, halo(Cys)alkyl, hetero(Cig)alkyl, hydroxy(Ci.e)alkyl, alkoxy(Ci.¢)alkyl,
amino(Cy.g)alkyl, imino(Cy.¢)alkyl, carbonyl(Cy.g)alkyl, sulfonyl(C;¢)alkyl, sulfinyl(Cy.¢)alkyl,
carbonylamino(Cj.¢yalkyl, thiocarbonyl(Cy.¢)alkyl, hydroxylcarbonyl(Ci.g)alkyl,
aminocarbonyl(Ci.¢)alkyl, aminosulfonyl(C.¢)alkyl, sulfonylamino(C,.¢)alkyl,
(Cy.g)alkylsulfonylamino(C; g)atkyl, (Cs.e)eycloalkyl(Cyg)alkyl,
hetero(Cs.s)eyeloalkyl(Cy.g)alkyl, (Cyg)aryl{Cy¢)alkyl, and hetero(Cy.s)aryl(Cyg)alkyl, each
unsubstituted or substituted with 1.3 substituents, and the substituents on adjacent atoms may be

taken together to form a substituted or unsubstituted ring.

16. The compound according to any one of claims 1-14, wherein R is —L-Rys,

where

L. is absent or is a linker of 1-5 atoms, wherein the atoms are each independently
setected from the group consisting of C, N, O, and S, and are each independently
unsubstituted or substituted with 1-2 substituents each independently selected from the group
consisting of nitro, cyano, thio, oxy, hydroxy, carbonyloxy, (Cj.jp)alkoxy, (Cyga)aryloxy,
hetero(Cy.joaryloxy, oxo, carbonyl, oxycarbonyl, aminocarbonyl, amino,
alkylcarbonylamino, (Cy.jodalkylamino, sulfonylamino, aminosulfonyl, sulfonyl, sulfinyl,
imino, (Cy.1p)alkyl, hetero(C1.jo}alkyl, hydroxy(Ci.10)alkyl, carbonyl(Cy.io)alkyi,
thiocarbonyl(C1.y0)alkyl, sulfonyl(Cr.i0)alkyl, sulfinyl{(Ci.ia)alkyl,
(Csaa)eycloalkyl(Cy.s)alkyl, hetero(Cs.jp)eycloalkyl{Cy.io)alkyl, aryl(Ci.1g)alkyl,
heteraryl(Cy_1o)alkyl, (Ca.12)cycloalkyl, hetero(Cs.q2)cycloalkyl, aryl and heteroaryl, each
unsubstituted or further substitated; or any two substituents on adjacent atoms of L are taken
to form a 3, 4 and 5 membered heterocyclic ring, each unsubstituted or substituted; and

Rys is independently selected from the group consisting of hydrogen, hydroxyl, halo,
(Cy3)alkyl, hydroxy({Cy_3)atkyl, (Cy5)alkoxy, amino, carbonylamino, aminocarbonyl,
carbonyl, hydroxylcarbonyl, (Cy.glaryl, hetero{Ci.s)aryl, (Cs¢)eycloalkyl, and

hetero(Cs.s)cycloalkyl, each unsubstituted or further substituted.
17. The compound according to claim 16, wherein L is absent.

18. The compound according to claim 17, wherein L is (-CR46R47),

where
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nis1,2,3,4,0r5;

Rus and Ry7 are each independently selected from the group consisting of hydrogen,
hydroxy, oxo, carbonyloxy, (C.g)alkoxy, (Caglaryloxy, hetero(C.s)aryloxy, carbonyl,
oxycarbonyl, aminecarbonyl, amino, alkylcarbonylamine, (Cr.ipalkylamino, imino, (C,.
oyalkyl, hetero{C g)alkyl, hydroxy(C, ¢)alkyl, carbonyl(C.4)alkyl, thiocarbonyl(Cy.¢)alkyi,
sulfonyl(Cr.¢)alkyl, (Ci.g)cycloalkyl(C.g)alkyl, hetero{Cy.gleycloalkyl(Cyg)alkyl,
aryl(C.¢)alkyl, heteroaryi(Cy_¢)alkyl, (Csg)cycloatkyl, hetero(Cs g)eycloatkyl, aryl and

heteroaryl, each unsubstituted or further substituted.
19. The compound according to claim 18, wherein L is (-CRyeR47-)s.
20. The compound according to claim 18, wherein L is (-CR4sR47-)4.
21. The compound according to claim 18, wherein L is (-CR4cR47-)3.
22. The compound according to claim 18, wherein L is (-CR45R47-)0.
23.  The compound according to claim 18, wherein L is ~CR4Ra7-.

24.  The compound according to any one of claims 18-23, wherein each Rys or Ryy is
independently selected from the group consisting of hydrogen, hydroxyl, hydroxy(Ci.¢)alkyl,
(C1¢)alkoxy, oxo, amino, imino, (Ci¢)alkyl, (Ciglaryl(Cg)alkyl, hetero(Ci.s)aryl(C.¢)alkyl,
(Cigdeycloalkyl(Cy.g)alkyl, hetero(Crs)eyeloalkyl(Cig)alkyl, (Cae)aryl, hetero(Cjs)aryl,

(Ca.g)eycloalkyl, and hetero(Cy.s)eycloalkyl, each unsubstituted or substituted.

25.  The compound according to any one of claims 18-23, wherein Ry and Ry; are earch
independently selected from the group consisting of hydrogen, hydroxyl, oxo, (Cys)alkyl,

hydroxy(Cj_g)alkyl, (C;.¢)alkoxy, amino and aminecarbonyl, each substituted or unsubstituted..

26. The compound according to any one of claims 18-23, wherein Ry and R4y are both

hydrogen.
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27.  The compound according to any one of claims 1-14, wherein R is selected from the

group consisting of hydrogen,

on ¢
. i NH, NH O O
Sy NI e IS
* = * * * *
OH OH
OH OH NH, NH, NH; Nz
. NH NH 5 R OH
((‘NHg (ENHE 2 2 (r’OH KEOH OH
* » * % * * ® W
OH OH CH
HO HO HO, OH CH
o O 0w on oH o K
"M OH (‘\/! (\) “ou OH
* L] * * Ll * * * *
OH OH OH Qe O oK OH OH
OH
OH OH N ..
gf ’/\L (rfOH KEOH /’O/ (‘[O/ g/o\
> * ¥ * # & * *
Q O O\l,r
/O OH NH; \ NH; HN’ ~
Jos )as rﬂ’m r(J rd)
*® * *
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28.  The compound according to any one of claims 1-14, wherein R is selected from the

group consisting of hydrogen,

NH, NH, NHa  HNT  HN N OSSN TN TS
HOI,
(&0 0 . 0 ‘/&0 r&o 0 KK (&
* L] x *
* ¥
*

HzNY\N/ /H N/ HO\/\ - HQ.\/\ e OH HOY;&/\rOH 0\/\ -

LTL LA ~

T ?‘ KCD rCL(NH L ((T]
o o, fiu? o B A
aeadacniacaiacaiseliaet
HLO\ asiaeais R o G
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29. The compound according to any one of claims 1-14, wherein R; is selected from the

group consisting of

OH
\ J( OH OH H

| NH, N7 o~ o ©
w0V ONE PP P e
3‘ * * * * * * * * * * *

OH OH oH oH oH o OH  HyN.__NH

() (R HO o HO,,

OH “OH HTJ) 2) Hog)( <" oH O oH

* * * * H * * *

CH

OH NH NH
2 2 NH; NH, OH OH
ey NH -uoH OH . o
N ? (r’OH ’/[OH ’/( NH; (‘ENH
¥ * * * * * * #*
NH,
HO,, N NO
NHe " o BN SN (\N/ “ z
O T
(go (&0 (&O / (&O
¥ * * % * * * *

p‘j}@ JiErepe £> =
r‘b E§ (r KEN\F‘)*

O
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30.  The compound according to any one of claims 1-14, wherein R is selected from the

group consisting of

OH OH NH; NH oH OH
HO HO,, o OH
“'NH NH; “OH OH .
2 NH NHo
* * * * * ¥ *
NH; NH; OH OH NH, HN/\\ \ - /\ Py
“ioH OH “1OH OH fg (/J% KK fg ,/K
* % * %
g HOTS Y& HOI’S 3

31.  The compound according to any one of claims 1-14, wherein R; is selected from the

NH, N N P T N
K& (‘K (g (K (& ~0 (&o
group consisting of hydrogen, * and * .
32. The compound according to any one of claims 1-14, wherein R, is hydrogen.
OH
KEOH
33, The compound according to any one of claims 1-14, wherein R; is * .
OH
OH

34.  The compound according fo any one of claims 1-14, wherein Ry is *

OH
HO,,

35. The compound according to any one of claims 1-14, wherein Ry is *
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OH
HO

36. The compound according to any one of claims 1-14, wherein Ry is

37. The compound according to claim 7, wherein -X-R is selected from the group consisting

of

NIy

I Pkt e I'Tey

H

OH OH
HO. HO,,. OH OH OH OH OH Ho y
. . OH
OH OH OH 'OH 0
*/O * * */O */O ,.,/O */O
N NO, O o y y
. )Ly Iy 1)
Qa0 0 10
o 1.2 1.2
*/O */O */O e */0 */0 */0

C

*/O
OH e OH OH
>< ".fo>< OH o] OH
5 (EO ! g \ |\\.. d
0 -~
0 e ¥
= ¥ * ,,,/O H */O "
% % CH OH OH NH NH.
Jd 3 d HQy,, o .
10 1)
o (o) \ !Nl [o] \ o Ie) ? (I)
| !
P
*/O ,,/0 * * * ¥ * OH
HO

TR UL TN G
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38. The compound according to claim 7, wherein -X-R; is selected from the group consisting

of
OoH OH J/r
H'/"NH;, (ﬁNHE H/'IOH (E H
*/O */O O

o 0
t I
* *
OH OH N HNT SN TSNS
H./"OH (EOH KK (& (go A0 (K
e L 0 +C
OH N
“°I’3 Ii ”°1’S s
©
g] LX
0
*/ */ ,!‘ */O

39, The compound according to claim 7, wherein -X-R; is selected from the group consisting

of
o) OH O OH
HO oo PY o HO HO
/
rg"'o \ES‘O/ \.(S:O LN Ay
ot O At ot 0O w W
| e 1 | | H

" -~ - e o~

H H
H H N N
H t j j
/Jgjj&j&
I’O O
8] [8)
O 0 ! [

40.  The compound according to claim 7, wherein -X-R; is selected from the group consisting

of hydroxyl, methoxy,

HO,,
o O
OH 0 Ao / H*o
O

* *

41, The compound according to claiim 7, wherein -X-R; is -OH.
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42, The compound according to claim 7, wherein -X-R; is —-OCHs.

HG,  OH
/—}
43. The compound according to claim 7, wherein -X-R; is *—0
44, The compound according to claim 7, wherein -X-R; *—©
—~ "
45.  The compound according to claim 7, wherein -X-R; *—© OH
/_/—‘OH
46, The compound according to claim 7, wherein -X-R; *—0 OH
47. The compound according to claim 7, wherein -X-R is selected from the group consisting
of:
N HNT N N7
O
S A A2 A
. L0 . O . e . O
48. The compound according to any one of claims 1-47, wherein R; is selected from the

group consisting of hydrogen, hydroxyl, halo, cyano, thiol, {C,.¢)alkoxy, (C;¢)atkylthiol,
(Ci.6)alkyl, hetero(Cy.¢alkyl, aryl(Cy.g)alkyl, heteroaryl(C g)alkyl, (Cys)cycloalkyl{C;.¢)alkyl,
hetero(C1 s)eycloalkyl(Cr.g)alkyl, (Ca) aryl, (Cy.5) heteroaryl, (Crg)cycloalkyl, and

hetero(C;.s)cycloalkyl, each unsubstituted and substituted.

49.  The compound according to any one of claims 1-47, wherein R; is selected from the
group consisting of hydrogen, (C;.¢)alkyl, halo(Cy¢)alkyl, aza(Cj.¢)alkyl, and (Cy4)oxaalkyl,

each unsubstituted or substituted.
50. The compound according to any one of claims 1-47, wherein R, is hydrogen.

51. The compound according to any one of claims 1-47, wherein R, is methyl.
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52. The compound according to any one of claims 1 and 4-51, wherein R, is selected from
the group consisting of hydrogen, (Cy.¢)alkyl, (Cs.g)alkenyl, (Ca.)alkynyl, hydroxy(Cy.e)alkyl,
amino(Cy.g)alkyl, (Cs.1p)eycloalkyl{C, s)alkyl, hetero(Ca js)cycloalkyl(Cig)alkyl,
aryl(Cy.i0)alkyl, hetero(Ci.10)aryl{C.s)alkyl, (Ca.12)aryl, hetero(Ci.odaryl, (Csg)cycloalkyl,

{Cs)eycloalkenyl, and hetero(Ca.12)eycloalkyl, each unsubstituted or substituted.

33.  The compound according to any one of claims 1 and 4-51, wherein Ry is selected from
the group consisting of hydrogen, methyl, ethyl, allyl, 3-methylbutyl, isobutyl, 2-hydroxyethyl,
3-aminopropyl, 1-(4-methoxyphenyl}ethyl, (2-methyi-2-morpholin-4-yDpropyl, pyridin-4-
ylmethyi, tetrahydropyran-4-ylmethyl, benzyl, 2,4-dimethoxy-benzyl, 3-chloro-benzyl, 2-chioro-
benzyl, 2-fluocro-benzyl, 4-fluoro-benzyl, 3-trifluoromethyl-benzyl, pyrazin-2-yl, and —
(CH,):NHC(O)O-C(CHj3)s.

54, The compound according to any one of claims 1 and 4-51, wherein R, is hydrogen.

55. The compound according to any one of claims 1-3 and 7-51, wherein Rs and Rs are each
independently selected from the group consisting of hydrogen, halo, cyano, carbonyl,
aminocarbonyl, sulfonyl, (Cy.0)alkyl, hetero(Cj0)alkyl, halo(C_jg)alkyl, hydroxy(C;.io)alkyl,

and carbonyl(C;.q0)alkyl, each substituted or unsubstituted;.

56.  The compound according to any one of claims 1-3 and 7-51, wherein Rs and Rs are each
independently selected from the group consisting of hydrogen, halogen, (C.¢)alkyl, -OR42, -SR4z,
-N(Raz2)2, “OC(O)R4z, -NR 4 C(O)R 42, and -N(R42)S(0)sR4, where Ry, is selected from the group
consisting of hydrogen, (C.¢)alkyl, (Cygalkenyl, (C,galkynyl, (Cip)cycloalkyl, (Cs.
7)eycloalkenyl, aryl, heteroaryl, and (Cs7)heterocycloalkyl, each unsubstituted or substituted.

57.  The compound according to any one of claims 1.3 and 7-51, wherein Rs and Rs: are both

hydrogen.

58, The compound according to any one of claims 1-37, wherein Rg and R are each
independently selected from the group consisting of hydrogen, halogen, cyano, (C,.10)alkyl, and

hetero(Cy.10)alkyl, each substituted or unsubstituted,

59.  The compound according to any one of claims 1-57, wherein R and R are each
independently selected from the group consisting of hydrogen, halogen, cyano, (Cy.¢)alkyl, -
OR43, -SR43, -N(R43)2, -OC(O)R43, —NR43C(O)R43, and -N(R43)S(0)2R43, where R43 is selected
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from the group consisting of hydrogen, halogen, cyano, nitro, amino, (Cy.g)alkyl, (Cy¢)alkenyl,
(Cos)alkynyl, (Cig)eycloalkyl, (Cs7)cycloalkenyl, aryl, heteroaryl, and (Cs.7)theterocycloalkyl,

each unsubstitated or substituted.

60.  The compound according to any one of claims 1-57, wherein Rg and R¢ are each
independently selected from the group consisting of hydrogen, halogen, unsubstituted or

substituted (C.4)alkyl.

61. The compound according to any one of claims 1-57, whetein Rg and Rer are both

hydrogen.

62.  The compound according to any one of claims 1, 2, 4, and 7-61, wherein Ry is selected
from the group consisting of hydrogen, cyano, sulfonyl, sulfinyl, (C.jp)alkyl, hetero(C.jn)alkyl,
amino(Cy.ip)alkyl, hydroxy(C;.p)alkyl, sulfonyl(C;.q0)alkyl, (Cii¢)alkoxy, and

(Cr.10)atkoxy(Ciiodalkyl, each unsubstituted or substituted.
63.  The compound according to any one of claims 1, 2, 4, and 7-61, wherein R is hydrogen.

64. The compound according to any one of claims 1-63, wherein Rj is selected from the
group consisting of hydrogen, (Cy.¢)alkyl, (Cy.g)alkenyl, (Cs.15)cycloalkyl, hetero(Ci.14)cycloalkyl
cycloalkenyl, (Cy.15)aryl, and hetero(C.14)aryl, each unsubstituted or substituted with 1-4
substituents each of which is independently selected from the group consisting of hydrogen, halo,
cyano, thio, oxy, hydroxy, carbonyloxy, (Cy.10)alkoexy, (Caiz)aryloxy, hetero(Cy jodaryloxy,
carbonyl, oxycarbonyl, aminocarbonyl, amino, (Cy.1p)alkyiamino, sulfonylamino, aminosulfonyl,
sulfonyl, sulfinyl, (Cy.0)alkyl, halo{C jp)alkyl, hydroxy(Cy.e)alkyl, carbonyl(Ci.i¢)alkyl,
thiocarbonyl(Cy_jp)alkyl, sulfonyl{Cy.je)alkyl, sulfinyl{Cy.10)alkyl, hetero(C\.jg)atkyl,
imino{C.j0)alkyl, (Cs.iz)eycloalkyl(Chsialkyl, hetero(Ca.qz)eycloalkyl(Crp)alkyl,
aryl(Cy_ip)alkyl, hetero(C;.i0)aryl(Cs)alkyl, (Co.12)bicycloaryl{(Cy.s)alkyl,
hetero(Cs.ia)bicycloaryl{Cy.s)alkyl, (Caaz)eycloalkyl, hetero(Cs.iz)eycloalkyl, (Co.ip)bicycloalkyl,
hetero(Cs.ja)bicycloaltkyl, (Ca.2)aryl, hetero{C.ip)aryl, (Co.12)bicycloaryl and
hetero(Ca.1z)bicycloaryl, each unsubstituted or substituted with 1-3 substituents, or the

substituents on adjacent atom may be taken together to form a substituted or unsubstituted ring.
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65, The compound according to claim 64, where in Ry is of the formula;

*:[Rw
|

Ry Ri1
wherein

Rig and Ry; are each independently selected from the group consisting of hydrogen,
(Cy_yo)alkyl, halo(Cyp)alkyl, hydroxy(Ci.ip)alkyl, sulfonyl(Cy.i0)alkyl, sulfinyl(C,.10)alkyl,
hetero(Crolalkyl, (Capleycloalkyl(Cis)alkyl, hetero(Cs.i2)eyeloalkyl(Cy.ioyalkyl,
aryl(Ci.0)alkyl, hetero(Cy.o)aryl{Cy.s)alkyl, (Co.12)bicycloaryl(C;s)atkyl,
hetero(Cg.12)bicycloaryl{Cys)alkyl, (Ciaz)eycloalkyl, hetero(Cs.12)cycloalkyl, (Co.io}bicycloalkyl,
hetero(Cs.i2)bicycloalkyl, (Cy)aryl, hetero(Crg)aryl, (Coz)bicycloaryt and
hetero(Ca.i2)bicycloaryl, each substituted or unsubstituted, or Ryp and Ry are taken together to
form Ring C which is selected from a group consisting of monocyclic, bicyclie, saturated,
unsaturated, aromatic, carbocycly! and heterocyclyl, each unsubstituted or substituted with 1-3
substituents independently selected from the group consisting of hydroxy, nitro, halo, cyano,
thio, oxy, carbonyloxy, (Ci1p)alkoxy, aryloxy, heteroaryloxy, carbonyl, oxycarbonyl,
aminocarbonyl, amino, (Cy.1p)alkylamino, sulfonylamine, aminosulfonyl, sulfonyl, sulfinyl,
(Crigalkyl, halo(C,.ip)alkyl, hydroxy(C,.jg)alkyl, carbonyl(C;.i¢)alkyl, thiocarbonyl(C,_p)alkyl,
sulfonyl(Ci.1p)alkyl, sulfinyl(Cy.yp)alkyl, hetero(Cr.1o)alkyl, imino{Ci.1¢)alkyl,
(Caip)cycloalkyl(Cys)alkyl, hetero(Cs.pp)cycloalkyl{Cio)alkyl, aryl(Cygo)alkyl,
hetero(Cyi0)aryl(Ci.s)alkyl, (Co.y2)bicycloaryl(Cys)alkyl, hetero(Cs.y2)bicycloaryl(Cy.5)alkyl,
(Csaz)cycloalkyl, hetero(Cs.p)cycloalkyl, (Co.z)bicycloalkyl, hetero(Cs.z)bicycloatkyl,
(Caamaryl, hetero{C.qp)aryl, (Co.ja)bicycloaryl and hetero(Cy 1o )bicycloaryl, each substituted or
unsubstituted; and

Rz is selected from a group consisting of Cyj5)aryl, hetero(Coio)aryl, (Co.qp)bicycloaryd,
hetero(Ca.jo)bicyeloaryl, {Ci.qa)cycloalkyl, and hetero(C,.j;)eycloalkyl, each unsubstituted or
substituted with 1-3 substituents independently selected from the group consisting of hydroxy,
halo, nitro, cyano, thio, alkylthio, catbonyloxy, (Ci.ip)alkoxy, (Ci.ip)haloalkoxy, (Cyp)aryloxy,
hetero(Cy.q0)aryloxy, carbonyl, oxycarbonyl, aminocarbonyl, alkylaminocarbonyl, amino, amido,
(Ci.ipyalkylamino, sulfonylamino, aminosulfonyl, imino, alkoxyalkyl, alkexycarbonylalkyl,
aryloxyalkyl, heteroarylalkyl, sulfonyl, sulfinyl, (Cy_gg)alkyl, halo{C,.i¢)alkyl,
hydroxy(Cj.ip)alkyl, carbonyl(C so)alkyl, thiocarbonyl(Cy_jo)alkyl, sulfonyl(C,.p)alkyl,
sulfinyl(C;_jg)alkyl, hetero(Cy_jojalkyl, imino{C;.jp)alkyl, (Cs.a2)cycloalky(Cysalkyl,
hetero(Cs.12)cycloalkyl(Cy.io)atkyl, aryl(C).10)alkyl, hetero(Ci.odaryl(C .s)alkyl,
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(Co.1p)bicycloaryl{Cy.s)alkyl, hetero(Cg 12)bicycloaryl(Cy s)atkyl, (Cs.z)cycloalkyl,
hetero{Cs.1a)cycloalkyl, (Co.q2)bicycloalkyl, hetero(Cs.q bicycloalkyl, (Ca.yz)aryl,
hetero(Cr.10)aryl, (Co.ja)bicycloaryl and hetero(Ca.iz)bicycloaryl, unsubstituted or substituted; or
one of said 1-3 substituents on Ry; and one of said 1-3 substitbents on said Ring C are taken
together to form a six or seven membered, saturated, unsaturated, or aromatic ring that is

upsubstituted or substituted with 1-4 substituents.

66. The compound according to claim 65, wherein R is selected from the group consisting
of hydrogen, halo, {(Cy.j0)alkyl, hetero(Ci.p)alkyl, halo(Cyqo)alkyl, hydroxy(Ci.0)alkyl,
(Cr.1oyox0alkyl, (Ca.gz)eycloalkyl(Cs)alkyl, hetero(Ca.z)eycloalkyl(Cy yo)alkyl, aryl(C.jq)alkyl,
and hetero(Cy.jp)aryl(C.s)alkyl, each unsubstituted or substituted.

¢7.  The compound according to claim 65, wherein R, is selected from the group consisting
of hydrogen, halo, unsubstituted or substituted (C;.19)alkyl, and unsubstituted or substituted
hetero(Cy.jo)alkyl

68.  The compound according to claim 63, wherein Ry is selected from the group consisting

of hydrogen, halo, unsubstituted or substituted (C; g)alkyl.

69.  The compound according to any one of claims 65-68, wherein Ry, is selected from the
group consisting of hydrogen, (Cy.10)alkyl, hetero(Cy.19)alkyl, hato(Cyqp)alkyt,
hydroxy(Ci.ao)alkyl, (Ciao)oxoalkyl, (Cs.z)eycloalkyl(Cy.s)alkyl,
hetero(Cs.p)cycloalkyl(Cy_yp)alkyl, aryi(Cyjp)atkyl, hetero(Cy_19)aryl(Cy.5)atkyl, each

unsubstituted or substituted,

70. The compound according to any one of claims 65-68, wherein Ry is selected from the
group consisting of hydrogen, halo, unsubstituted or substituted (Ci.o)alkyl, and unsubstituted or

substituted hetero(C,._jp)alkyl.
71.  The compound according to any one of claims 65-68, wherein R;; is methyl.
72.  The compound according to claim 635, where Ryq and Ry; are taken together to form Ring

)6

R1s

C, and Rj is of the formula

*
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wherein
Ring C is selected from the group consisting of (Cy.z)aryl, (Cy.q)heteroaryl, (Cs.
1z)cycloalkyl, and hetero(Cy.11)cycloalkyl, each of which is unsubstituted or substituted said 1-3

substituents.

73. The compound according to claim 72, wherein Ring C is selected from the group
consisting of pyrrolyl, phenyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, pyrazolyl, imidazolyl,
ttiazolyl, indolyl, oxadiazole, thiadiazole, furanyl, quinolinyl, isoquinolinyl, isoxazolyl, oxazolyl,
thiazolyl, morpholino, piperidinyl, pyrrolidinyl, thienyl, cyclohexyl, cyclopentyl, cyclohexenyl,
and cyclopentenyl, each of which is unsubstituted or substituted with said 1-3 substituents
selected from the group consisting of halo, atkoxy, alkyl, amino, alkylamino, haloalkyl, and

haloaltkoxy.

74.  The compound according to claim 72, wherein Ring C is selected from the group
consisting of (Cyg)aryl or (C1.5)heteroaryl, each unsubstituted or substituted with said 1-3
substituents selected from the group consisting halo, alkoxy, alkyl, amino, alkylamino, haloalkyl,

and haloalkoxy.

75.  The compound according to claim 72, wherein Ring C is selected from the group
consisting of phenyl, pyridinyl, pyrimidinyl, pyrazinyi, indolyl, thiazolyl, and thieny}, each of

which is unsubstituted or substituted with said 1-3 substituents.

76. The compound according to any one of claims 72-75, wherein at least one of the 1-3

substituents on Ring C is selected from the group consisting of flucro, methyl, and methoxy.

7. The compound according to claim 72, wherein Ry is of the formula;
: ~dip
W/E’:}‘\JM
Rz Jiz
wherein

Jio 1s selected from the group consisting of O, S, NRag, and CRyyRy;
111 is selected from the group consisting of O, S, NRys, and CR;0R,¢; and
J12 is selected from the group consisting of O, §, NR3y, and CR3Rs;;

where
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78.

Ra6, Rag and Ryg are each independently selected from the group consisting of
hydrogen, (Cy.j0)alkylamino, sulfonylamino, aminosulfonyl, salfonyl, sulfinyl,
(Ciap)alkyl, halo(Crao)alkyl, hydroxy(Ci.ao)alkyl, carbonyl{Ci.ig)alkyl,
thiccarbonyl(Cy.1o)alkyl, sulfonyl{C.j0)alkyl, sulfinyl{C.1)alkyl, aza(Ci.10)alkyl,
imino{Cy.0)alkyl, (Cs.2)cycloalkyl(Cy.5)alkyl, hetero(Cs.ip)eycloalkyi(Cy.i0)alkyl,
aryl(Ci.io)alkyl, hetero(Cy_p)aryl{C1.s)alkyl, (Co.pp)bicycloaryl(Cy.s)alkyl,
hetero(Cg jaibicycloaryl(Cy.s)alkyl, hetero(C.g)alkyl, (Cs.ap)cycloalkyl,
hetero(Cs_1p)cycloalkyl, (Cy.jz)bicycloalkyl, hetero(Ca.p)bicycloalkyl, (Cq.q)aryl,
hetero(Cy.zp)aryl, (Cy.q2)bicycloaryl and hetero(Cay.12)bicycloaryl, each substituted or
unsubstituted, or Ryg, Rag, and Rs, are each independently absent when the nitrogen atom
to which it is bound forms part of a double bond, and

Ra7. Ror, Rag, Raor, Ry, and R3ype are each independently selected from the group
consisting of hydrogen, halo, nitro, cyano, thio, oxy, hydroxy, cartbonyloxy, (Cjyp)alkoxy,
(Caadaryloxy, hetero(Cy.g)aryloxy, carbonyl, oxycarbonyl, aminocarbonyl, amino,
(Ciae)alkylamino, sulfonylamino, aminosulfonyl, sulfonyl, sulfinyl, (Ci.1s)alkyl,
halo(C.jp)alkyl, hydroxy(Ci.1n)alkyl, carbonyl(Cs.1p)alkyl, thiocarbonyl(Ci_jo)alkyl,
sulfonyl(Cy.q0)alkyl, sulfinyl{Cy.3)alkyl, hetero(Cy.p)alkyl, imino(Cy.jg)alkyl,
(Cap)eycloalkyl(Cys)alkyl, hetero{Cs.2)cycloalkyl(C . io)alkyl, aryl(C.ip)alkyl,
hetero(Cy.1g)aryl(Cy s)alkyl, (Co.p2)bicycloaryl(Cy.s)alkyl,
hetero(Cs.s2)bicycloaryl(Cy.s)alkyl, (Cs.az)eycloalkyl, hetero(Cs.pz)cycloalkyl,
(Co.12)bicycloalkyl, hetero(Ca.qa)bicycloalkyl, (Chpz)aryl, hetero(Cy.p)aryl,
(Coaz)bicycloaryl and hetero(C,.;)bicycloaryl, each substituted or unsubstituted, or Ry,
Rz, Rap are each independently absent when the carbon atom to which it is bound forms

part of a double bond.

The compound according to claim 77, wherein

Ryg, Rys and Ry, are each individually selected from the group consisting of hydrogen,

(Ci.o)alkylamino, sulfonylamino, aminosulfonyl, sulfonyl, sulfinyl, (Ci.10)alkyl, halo(Cy.j)alkyl,

hydroxy(Ci.10)atkyl, carbonyl(Cr.p)alkyl, thiocarbonyl(Ci.yp)alkyl, sutfonyl(Cs.g)alkyl,
sulfinyl{C .ip)alkyl, aza(Cj.1p)alkyl, (Csaz)eyeloalkyl{Ci.s)alkyl,
hetero(Ci.p)eycloatkyl(Cy jo)alkyl, aryi(Ci.i0)alkyl, and hetero(Cy.yp)aryl(Cy.s)alkyl, each

substituted or unsubstituted, or Ry, Rag, and R are each independently absent when the nitrogen

to which it is bound forms part of a double bond; and
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Ra7, Rar, Rag, Ry, Rap, and Rap are each individually selected fron: the group consisting
of hydrogen, halo, nitro, cyano, thio, oxy, hydroxy, carbonyloxy. (Crioyalkoxy, (Cy.yo)aryloxy,
hetero(C)_jp)aryloxy, carbonyl, oxycarbonyl, aminocarbonyl, amino, (Cy.jgjalkylamino,
sulfonylamino, aminosulfonyl, suifonyl, sulfinyl, (Cy.10)alkyl, hetero(Cy.ipyalkyl, halo(Cy.yp)alkyl,
hydroxy(Ciao)alkyl, carbonyl(Cy.jo)atkyl, thiocarbonyl(Cy_io)alkyl, sulfonyl(Cy.qo)alkyl,
sulfinyl(Crip)alkyl, imino(C).jo)alkyl, (Cs.1x)cycloalkyl(C.s)alkyl,
hetero(Cs.iz)eycloalkyl(Cyypyalkyl, aryl{Cy.y0)alkyl, hetero(Cy.1g)aryl(Cis)alkyl, each substituted
or unsubstituted, or Ry, Ryg, R3p» are each independently absent when the carbon atom to which

it i$ bound forms part of a double bond.

79.  The compound according to claim 77, wherein

Ras, Rag and Ryp, are each individually selected from the group consisting of hydrogen,
(Crgalkylamino, (Cy.¢)alkyl, halo(Cg)alkyl, hydroxy(C, g)alkyl, carbonyl(Cy g)alkyl,
aza(Cy.g)alkyl, each substituted or unsubstituted, or Rag, Rag, and R each is independently
absent when the nitrogen atom to which it is bound forms part of a double bond; and

Raz, Rar, Rag, Rogr, R3p, and Ray are each individually selected from the group consisting
of hydrogen, halo, nitro, cyano, oxy, hydroxy, carbonyloxy, (C;g)alkoxy, carbonyl,
aminocarbonyl, amino, (Cj.j0)alkylamino, hydroxy(C,.jp)alkyl, aza(C.s)alkyl, (C).¢)oxaalkyl,
each substituted or unsubstituted, or Rz7, Rog, Rap- are each independently absent when the

carbon atom to which it is bound forms part of a double bond.

80. The compound according to claim 72, wherein R is of the formula:
* s
T ~Uie
(el
N L ]
Riz N

115 is selected from the group consisting of O, 5, NRa;, and CR33R33-,

where

J14 is selected from the group consisting of O, S, NR1s4, and CRisRss,
145 is selected from the group consisting of O, S, NRsg, and CR37R3yp,
I is selected from the group consisting of O, S, NR3s, and CR39R3e,
where
Ray, Ra4, R3s, and Rag are each independently selected from the group consisting of
hydrogen, oxy, hydroxy, (C;.10)alkylamino, suifonylamino, aminosulfonyl, sulfonyl,
sulfinyl, (Cy.p)alkyl, halo(Cy.19)alkyl, hydroxy(Ci.i0)alkyl, carbonyl{C;.1o)alkyl,
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81

thiocarbonyl{C.10)alky], sulfonyl(Ciip)alkyl, sulfinyl(Ci.10)alkyl, aza(Cy.i0)alkyl,
{Cs.p)eyeloalkyl(CysYalkyl, hetero{Cs.yp)cycloalkyl(Cy1p)alkyl, aryl{Cy.j0)alkyl,
hetero(C.y0)aryl(Cy.s)alkyl, (Ce.azibicycloaryl(Cy.s)alkyl,
hetero(Cs.1p)bicycloaryl(Cys)alkyl, hetero(Cj0)alkyl, (Csa)cycloalkyl,
hetero(Cs.12)cycloalkyl, (Cy.jo)bicycloalkyl, hetero(Cs.jp)bicycloalkyl, (Cq.q2)aryl,
hetero(Cy.1p)aryl, (Ce.ip)bicycloaryl, and hetero(Ca.1z)bicycloaryl, each substituted or
unsubstituted, or Ry, R4, Rss, and Ry are each independently absent when the nitrogen
atom to which it is bound forms part of a double bond, and

Ri3, Rap, Ras, Ras, Rar, Ry, Rag, and Rag are each independently selected from
the group consisting of hydrogen, halo, nitro, cyano, thio, oxy, hydroxy, carbonyloxy,
{Cyaoalkoxy, (Cagn)aryloxy, hetero(Cy.ip)aryloxy, carbonyl, oxycarbonyl,
aminocarbonyl, amino, (Cy.1o)alkylamino, suifenylamino, aminosulfonyl, sulfonyl,
sulfinyl, (Cy.y0)alkyl, halo(Cy.j0)alkyl, hydroxy(Cy jo)alkyl, cartbonyl(Cy.10)atkyl,
thiocarbonyl(C;.10)alkyl, sulfonyl{C;_jp)alkyl, sulfinyl(C;_jo)alkyl, hetero{Cy.io)alkyl,
imino(Ci.0)atkyl, (Csaz)eycloalkyl(Ci.syalkyl, hetero(Ca.z)eycloalkyl(Ch.i0)alkyl,
aryl(Cy_jpalkyl, hetero(Cy.ig)aryl(Cs.5)alkyl, (Co.jo)bicycloaryl(C;.s)alkyl,
hetero(Cs.1z)bicycloaryl{Cy s)alkyl, (Ca.iz)cycloalkyl, hetero(Csz)cycloalkyl,
{Co.12)bicycloalkyl, hetero(Cs.z)bicycloalkyl, (Ca.p)aryl, hetero(C.jo)aryl,
(Cy.gz)bicycloaryl, and hetero(Ca.32)bicycloaryl, each substituted or unsubstituted, or Ry,
Ris», Ra7, and Ripr are each independently absent when the carbon atom to which it is

bound forms part of a double bond.

The compound according to claim 80, wherein

R32, R34, Ras, and Rag are each independently selected from the group consisting of

hydrogen, oxy, hydroxy, (Ci.i0dalkylamino, (Cy.jo)alkyl, hydroxy(Ci.ip)alkyl, aza(Cyypdalkyl,
(Cs.12)eycloalkyl(Cys)alkyl, hetero{Cs.z)eyeloalkyl{Cy.p)alkyl, aryl(Cyq)alkyl,

hetero(Cq10)aryl(Cysyalkyl, each substituted or unsubstituted, or Raa, Rag, Rss, and Rys are each

independently absent when the nitrogen atom to which it is bound forms part of a double bond,

and

Rz, Raz, Ras, Ras, Ry, Ray, R, and Rag are each independently selected from the group

consisting of hydrogen, halo, nitro, cyano, thio, oxy, hydroxy, carbonyloxy, (Ci.jo)atkoxy,

{C4a2)aryloxy, hetero(Cqyp)aryloxy, oxycarbonyl, aminocarbonyl, amino, (Cq.jg)alkylamino,
(Craip)alkyl, halo(Cy.ig)alkyl, hydroxy(Ci.ip)alkyl, carbonyl(C;.jo)alkyl, and hetero(C . o)alkyl,
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each substituted or unsubstituted, or Rz, R3sr, Ra7, and R3¢ are each independently absent when

the carbon atom to which it is bound forms part of a double bond.

82.  The compound according to claim 80, wherein

R3;, R34, R3, and Rag are each independently selected from the group consisting of
hydrogen, oxy, hydroxy, (Cj.g)alkylamino, (Cy.s)alkyl, hydroxy(Ce)alkyl, aza(C)alkyl, each
substitated or unsubstituted, or Ray, Raq, Rag, and Rsg are each independently absent when the
nifrogen atom to which it is bound forms part of a double bond, and

Ris, R3s-, R3s, Ras, Ryz, Rap, Rag, and Ryo are each independently selected from the group
consisting of hydrogen, halo, nitro, cyano, oxy, hydroxy, catbonyloxy, (Ci.jo)alkoxy,
aminocarbonyl, amino, (Ci)atkylamino, (Cig)alkyl, hydroxy(Ci.galkyl, carbonyl(C,.¢)alkyl,
aza(Cy.gralkyl, (Cyg)oxaalkyl, each substituted or unsubstituted, or Rz, Rss, Rsy, and Rag- are
each independently absent when the carbon atom to which it is bound forms part of a double

bond.

83. The compound according to claim 72, wherein Ra is selected from the group consisting of

Ras
* R * ¥ * ¥
35 \ N 5 0,
| 9 | |
Ryz Rar Ry F Rys S Ry Rig Ris

Rag
* * * * * * *
— Q N S N N
T Iy Xy Xy T Iy T
Rz Rig 0 Rao N R4z 0 Rqo N Ryg s R12/ X
31

where

Rae and R3; ate each independently selected from the group consisting of hydrogen, halo,
cyano, hydroxy, carbonyloxy, (Cy.i0)alkoxy, (Cs.qz)aryloxy, hetero(Cy.qo)aryloxy, aminocarbonyl,
amino, {C;.jp)alkylamino, sulfonylamino, aminosulfonyl, (C.1¢)altkyl, halo(Cy_1o)alkyl,
hydroxy(Ci.ip)alkyl, sulfonyl(Cy.j0)alkyl, saltinyl{Cy.i¢)alkyl, and hetero(C.q0)alkyl, each
substituted or unsubstituted

Ra3, Ras, R3r, and R are each independently selected from the group consisting of
hydrogen, halo, (C;.ip)alkoxy, {Ci.10)alkyl; and

Ras and R3¢ are each independently selected from the group consisting of alkyl, aza(Cy.
w)atkyl, hydroxyl{Cy_joalkyl.
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84.  The compound according to claim 83, wherein Ry is of the formula

*\I"N
e
Riz
Ras
where
Rao and Rj3; are each independently selected from the group consisting of hydrogen,
halogen, cyano, nitro, (Cigalkyl, (Cag)alkenyl, (Cag)alkynyl, amino or substituted amino, aryl,
heteroaryl, (Cizeycloalkyl, (Csq)eycloalkenyl, (Csq)heterocycloalkyl, -ORyo. -SRyy, -C(O)R.y, -
C{OYOR 49, -C(OIN(Rap)a, -S(O)Rup, -S(0)2R40, -S(0)2N(R40)2, -OC(O)R 40, -NR4oC(O)R 40, and -
N(R4e)S(0)2Ra0;
where
Ry is selected from the group consisting of methyl, ethyl, isopropyl, cyclopentyl,
cyclohexyl, unsubstituted or substituted phenyl, unsubstituted or substituted thiazolyl,
unsubstituted or substituted pyridyl, unsubstituted or substituted pyrazinyl, and
unsubstituted or substituted pyrimindinyl, 2-aminoethyl, 2-piperidinylethyl, 2.
piperazinylethyl, 2-morpholinylethyl, and 2-(N-methylpiperazinyl)ethyl.

85.  The compound according to claim 84, wherein Ry is selected from the group consisting

of methyl, ethyl, isopropyl, cyclopentyl, and 2-aminoethyl.

86.  The compound according to claim 83, wherein Ry is of the formula

Ras
¥ Rss

Rig Ray
Rag
where
Raiz. Ras, R3y, and Rag are each independently selected from the group consisting of

hydrogen, alkyl, alkoxy, halo, unsubstituted or substituted aryl, and substituted heteroaryl.

87. The compound according to claim 86, wherein R; is selected from the group consisting of

Ry F,R1 O/A

Z 2 Cl and Rz

88.  The compound according to any one of claims 65-87, wherein Ry, is selected from the
group consisting of (Ca.ip)aryl, hetero(C.io)aryl, (Co.a2)bicycloaryl, hetero(Ca.a)bicycloaryl,
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(Cs.12)eycloatkyl, and hetero(C,.q1)eycloalkyl, each unsubstituted or substituted with 1-3

substituents.

89. The compound according to any one of claims 65-87, wherein R, is selected from the
group consisting of furanyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, triazolyl,
isoxazolyl, oxadiazolyl, thiadiazolyl, phenyl, pyridyl, pyraziny}, pyrimidinyl, pyridazinyl,
triazinyl, indolyl, isoindolyl, indolizinyl, benzimidazolyl, purinyl, naphthalenyl, quinolinyl,
isoquinoliny!, cinnolinyl, phthalazinlyl, quinazolinyl, quinoxalinyl, naphthyridinyl, pteridinyl,

pyridone, and pyrimidone, each of which is unsubsiituted or substituted with 1-3 substituents.

90. The compound according to either claim 88 or claim 89, wherein the 1-3 substituenis on
R, are each independently selected from the group consisting of halo, cyano, oxy, oxo,
(Cig)alkoxy, (Ca.pp)aryloxy, hetero{Cy_iparyloxy, carbonyl, amino, amido, sulfenyl, (Cy.g)alkyl,
sulfonyl(Cedalkyl, (Caaz)cycloalkyl(Cys)alkyl, hetero(Cs.z)eyeloalkyi(Cop)alkyl,
aryl(Cy.10)alkyl, hetero(Cyip)aryl{C,_s)alkyl, hetero(Cy_je)alkyl, (Cy1a)cycloalkyl,
hetero(Cs.1z)cycloalkyl, (Cy.2)aryl, and hetero(Cyp)ary], each unsubstituted or substituted.

91.  The compound according to either claim 88 or claim 89, wherein the 1-3 substituents on
Ry, are each independently selected from the group consisting of halo, cyano, {C;.¢)alky],
(Cy.¢)alkoxy, amino, acetamido, carbonyl, aryl, hetercaryl, cycloalkyl, and heterocycloalkyl, each

unsubstituted or substitated.

92. The compound according to either claim 88 or claim 89, wherein the 1-3 substituents on
R;; are each independently selected {rom the group consisting of fluoro, difluoro, chlero, bromo,
cyano, amino, methylamino, ethylamino dimethylamino, hydroxyethylamino, methyl, ethyl,
ethynyl, trifluoromethyl, aminomethyl, methoxy, ethoxy, dimethoxy, 2,2,2-trifluoroethoxy,
trifluoromethoxy, phenoxy, acetamido, ethoxyacetamido, acetyl, substituted methoxycarbonyl,
ethoxyaminocarbonyl, methanesulfonylamino, 4-trifluoromethoxyphenoxymethyl,

3-trifluoromethoxyphenoxymethyl, and isothiazolidine 1,1 dioxide.

93.  The compound according to either claim 88 or claimn 89, wherein the 1-3 substituents on
Ry; are each independently selected from the group consisting of fluoro, chloro, methoxy,

ethoxy, and amino.

94. The compound according to any one of claims 63-87, wherein Ry; is selected from the
group consisting of (2-hydroxy-ethylamino)-pyrazin-2-yl, 1H-pyrazol-4-yl, 1-methyl-1H-
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pyrazol-4-yl, t-methyl-1H-pyrazol-4-yl, 2-(5-methyl-pyridin-2-yi)-phenyl, 2,3-difluoro-phenyl,
2,3-dimethoxy-phenyl, 2,4-difluoro-phenyl, 2,4-dimethoxy-phenyl, 2,4-dimethoxy-pyrimidin-5-
yl, 2,5-difluoro-phenyl, 2,6-difluoro-phenyl, 2,6-dimethyl-pyridin-3-yl, 2-acetamidophenyl, 2-
aminocarbonylphenyl, 2-amino-pyrimidin-5-yi, 2-chloro-4-methoxy-pyrimidin-5-yl, 2-chloro-5-
fluoro-pyridin-3-yl, 2-chloro-phenyl, 2-chloro-pyridin-3-yl, 2-chloro-pyridin-4-y1, 2-difluoro-3-
methoxyphenyl, 2-ethyl-phenyl, 2-ethoxy-thiazol-4-yl, 2-fluore-3-methoxy-phenyl, 2-fluoro-3-
methylphenyl, 2-fluoro-4-methyl-phenyl, 2-fluoro-5-methoxy-phenyl, 2-fluoro-5-methyiphenyl,
2-fluorophenyl, 2-fluoro-pyridin-3-yl, 2-hydroxymethyi-3-methoxyphenyl, 2-
hydroxymethylphenyl, 2-isoquinclin-4-yl, 2-methoxy-5-trifluoromethyl-phenyl, 2-methoxy-
phenyl, 2-methoxy-pyridin-3-yi, 2-methoxy-pyrimidin-4-yl, 2-methoxy-thiazol-4-yl, 2-methyl-
phenyl, 2-methyl-pyridin-3-yl, 2-oxo-1,2-dihydro-pyridin-3-yl, 2-phenoxyphenyi, 2-pyridin-3-yl,
2-pyrimidin-5-yl, 2-trifluoromethoxyphenyl, 2-trifluoromethoxy-phenyl, 3,4-dimethoxy-phenyl,
3,5-dimethyl-isoxazol-4-yl, 3,6-dimethyl-pyrazin-2-yl, 3-acetamidophenyl, 3-
aminocarbonylphenyl, 3-bromo-phenyl, 3-chloro-pyrazin-2-yl, 3-cyanophenyl, 3-
dimethylaminophenyl, 3-ethoxy-phenyl, 3-ethyl-4-methyl-phenyl, 3-ethynyl-phenyl, 3-fluoro-6-
methoxy-pyridin-2-yl, 3-fluorophenyl, 3-fluoro-pyrazin-2-yl, 3-methanesulfonylaminophenyl, 3-
methoxycarbonylphenyl, 3-methoxyphenyl, 3-methoxy-pyrazin-2-yi, 3-methyl-3H-imidazo[4,5~
b]pyrazin-5-y1, 3-methylphenyl, 3-methyl-pyridin-2-yl, 3-trifluoromethoxyphenyl, 3-
trifluoromethylphenyl, 4,5-dimethoxy-pyrimidin-2-yl, 4-amino-5-fluoro-pyrimidin-2-yl, 4-
chloro-2,5-dimethoxy-phenyl, 4-chloro-2-fluoro-phenyl, 4-chloro-2-methoxy-5-methyl-phenyl,
4-chloro-pyridin-3-yl, 4-difluore-2-methyl-phenyl, 4-ethoxy-5-fluoro-pyrimidin-2-yl, 4-ethoxy-
pyrimidin-2-yl, 4-ethoxy-pyrimidin-5-yl, 4-ethyl-1H-pyrazol-3-yl, 4-fluoro-2-methoxy-phenyl,
4-fluoro-2-methyl-phenyl, 4-fluorophenyl, 4-methoxy-5-methyl-pyrimidin-2-yl, 4-methoxy-
pyridin-3-yi, 4-methoxy-pyrimidin-2-yl, 4-methoxy-pyrimidin-5-yl, 4-methyl-phenyl, 4-methyl.
pyridin-2-yl, 4-methyl-pyridin-3-yl, 4-pyrrolidin-1-yl-pyrimidin-2-yl, 5,6-dimethoxy-pyrazin-2-
yl, 5-acetyl-thiophen-2-yl, 5-amino-6-ethoxy-pyrazin-2-yl, 5-amino-6-methoxy-3-methyl-
pyrazin-2-yl, 5-amino-6-methoxy-pyridin-2-yl, 5-chloro-4-methoxy-pyrimidin-2-yl, 5-chlero-6-
methoxy-pyrazin-2-yl, 5-dimethylamino-6-methaxy-pyrazin-2-yl, 5-fluoro-2-methoxyphenyl, 5-
fluoro-4-methoxy-pyrimidin-2-yl, 5-fluoro-6-methoxy-pyrazin-2-yi, 5-fluoro-pyridin-2-yl, 5-
methoxy-pyridin-3-yl, 5-methoxy-thiophen-2-yl, 5-trifluoromethyl-pyrimidin-2-yl, 6-acetyl-
pyridin-2-y1, 6-chloro-pyrazin-2-yi, 6-ethoxy-pyrazin-2-y}, 6-ethoxy-pyridin-2-yl, 6-fluoro-
pyridin-2-yi, 6-flucro-pyridin-3-yl, 6-hydroxy-pyridin-2-yl, 6-methoxy-5-methylamino-pyrazin-
2-yl, 6-methoxy-5-methyl-pyrazin-2-yl, 6-methoxy-pyrazin-2-yl, 6-methoxy-pyridin-2-yl, 6-
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methoxy-pyridin-3-yl, 6-methylamino-pyrazin-2-yl, 6-methyl-pyridin-2-yl, 5-amino-6-(2,2,2-
trifluoroethoxy)pyrazin-2-yl, and o-trifluoromethyl-pyridin-2-yl.

95.  The compound according to any one of claims 65-87, wherein R;; is a five membered

aryl or heteroaryl of the formula

*

N

Js(::>/°

=

wherein
Jo is selected from the group consisting of N and C;
I1 is selected from the group consisting of 0, S, N, NRya and CRy4,
3, is selected from the group consisting of O, S, N, NR ;s and CRg,
I3 is selected from the group consisting of O, S, N, NR;;7 and CR3,
J4 is selected from the group consisting of O, S, N, NR 9 and CRyg,
where

Ris, Ris, Ry7, and Rye are each individually selected from the group consisting of
hydrogen, (Cy.yo)alky], halo(Cy.q0)alkyl, hydroxy(Ci.jeyalkyl, carbonyl(Cy.jo)alkyl,
thiocarbonyl(Cy.j0)alkyl, sulfonyl(Cy.i0)alkyl, sulfinyl(C;.10)alkyl, aza(Cy.so)alkyl,
{Cs2)eycloalkyl(C s)alkyl, hetero(C.12)cycloalkyl{Cy.1p)alkyl, aryl{C.o)alkyl,
hetero(Cy.j0)aryi(Cy.s)alkyl, {(Co.g2)bicycloaryl(Cy.syalkyl,
hetero(Cg.j2)bicycloaryl(C.syalkyl, hetero(C,_jo)alkyl, (Caiaicycloalkyl,
hetero(Ca.z)cycloalkyl, (Co.12)bicycloalkyl, hetero(Cs.12)bicycloalkyl, (Cy.12)aryl,
hetero(Cy.o)aryl, (Co.1z)bicycloaryl and hetero(Ca.p2)bicycloaryl, each substituted or
unsubstituted;

Ri4. Ris, Ris, and Ry ate each individually selected from the group consisting of
hydrogen, halo, nitro, cyano, thio, oxy, hydroxy, carbonyloxy, (Ci.10)alkoxy,
(Caazyaryloxy, hetero(Cyg)aryloxy, carbonyl, oxycarbonyl, aminocarbonyl, amino,
(Ci.ioyalkylamino, sulfonylamino, aminosulfonyl, sulfonyl, sulfinyl, (Cs.ip)alkyl,
hydroxy(Cy.jp)alkyl, carbonyl(Cy.10)alkyl, thiocarbonyl(Ci.1e)atkyl, sulfonyl(Cy.qo)alkyl,
sulfinyl(Cj.10)alkyl, hetero(Cj.ip)alkyl, imino(C.1p)alkyl, (Cs.2)cycloalkyl(Cr.5)alkyl,
hetero(C;.1p)cycloalkyl(Cy 9)alkyl, aryl(Cy joyalkyl, hetero(Ci.yn)aryl(Cys)alkyl,
(Cy.1p)bicycloaryl(C.s)alkyl, hetero(Cs.12)bicycloaryl(Cy.s)alkyl, (Cs.rz)cycloalkyl,
hetero(Ci.iz)cycloalkyl, (Cyq)bicycloalkyl, hetero(Ca pp)bicycloalkyl, (Cyqo)aryl,
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hetero(Cy.o)aryl, (Co.;z)bicycloaryl and hetero(Cq.g2)bicycloaryl, each substituted or
unswubstituted; and

one of Ry3, Ri4, R1o and Ry may be taken together with Ry toform a 6 or 7
membered, saturated, unsaturated or aromatic ring, each unsubstituted or further
substituted with 1-3 substitutents, and one of Rys, R4, Ryg and Ry may be taken together
with one of said 1-3 substituents on Ring to forn a 6 or 7 membered, saturated,

unsaturated or aromatic ring, each unsubstituted or substituted with 1-3 substituents.

96.  The compound according to any one of claims 65-87, wherein Ry, is a six membered aryl

or heteroaryl of the formula

wherein
Jp is selected from the group consisting of N and C;
Js is selected from the group consisting of NR1+, CR3; and C(O);
g is selected from the group consisting of NRyy, CRy; and C(O);
}y is selected from the group consisting of NRjsy-, CRy3 and C(O);
Js is selected from the group consisting of NRys», CRo4 and C(O);
Jg is selected from the group consisting of NRjs-, CRys and C(O);
where
Ra1, Roye, Rag, Ray, Raa, Rox, Ros, Rogr, Ros and Rose are each individually selected
from the group consisting of hydrogen, halo, nitro, cyano, thio, alkylthio, hydroxy, oxy,
(Ciap)alkexy, (Ciae)haloalkoxy, aryloxy, heteroaryloxy, carbonyloxy, carbonyl,
alkoxycarbonyl, alkoxyaminocarbonyl, alkylaminocarbonyl, amino, (Cj.jpjalkylamino,
hydroxy(Ci.jodalkylamino, (Cq.g)alkylcarbonylamino, sulfonylamino,
alkylsulfonylamino, arylsulfonylamino, sulfonyl, aminosulfonyl, sulfinyl, (Ci.10)alkyl,
halo(Cy_jp)alkyl, hydroxy(Cy_jg)atkyl, alkoxyalkyl, arvloxyalkyl, carbonyl{C;_jg)alkyl,
alkoxycarbonylalkyl, aryloxycarbonylalkyl, thiocarbonyl(C;_jp)alkyl, sulfonyl{C, ;o)alkyl,
cycloalkylsuifonylalkyl, sulfinyl(C;.19)alkyl, hetero(C;_jp)alkyl, atkoxycarbonylaikyl,
aryloxyalkyl, heteroaryloxyalkyl, (Ca.a2)eycloalkyl(Cy.s)alkyl,
hetero(Cs.12)cycloalkyl(Cyo)alkyl, aryl(Cy.ypdalkyl, hetero(Cy.q0)aryl(Cys)alkyl,
(Cyap)bicycloaryl(C) s)alkyl, hetero(Cs.yz)bicycloaryl(Ci.s)alkyl, (Cs.i2)eycloalkyl,
hetero(Cs.12)cycloalkyl, (Co.1z)bicycloalkyl, hetero(Cs.ip)bicycloalkyl, (Ca.ip)aryl,
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97.

fluoro,

98.

hetero(Cr.qparyl, {Co.ia)bicycloaryl and hetero{(Cy.i»)bicycloaryl, each unsubstituted or
substituted with 1-4 substituents, and Ryy-, Ryar, Ras, Roy, and Ry may be individually
absent when the nitrogen atom to which it is bonded forms part of a double bond; and
one of Ry; and Rzs may be taken together with Ry; to form a 6 or 7 membered,
saturated, unsaturated or aromatic ring, each unsubstituted or further substituted with 1-3
substituents; and one of Ry, and Rys may be taken together with a substituent on the ring
formed by taking Rip and Ry; together to form a 6 or 7 membered, saturated, unsaturated

or aromatic ring, each unsubstituted or further substituted with 1-3 substituents.

The compound according to claim 96, wherein

Js5 is N or CRy; where Ry is hydrogen or fluoro;

I is N or CRy; where Ry, is selected from the group consisting of hydrogen, hydroxy,
methyl, ethyl, methoxy, and ethoxy;

J71s N or CRy3 where Rys is hydrogen or fluoro;

Jg is N or CRyq where Ry is hydrogen or fluoro; and

Jy is N or CRys where Ros is hydrogen or fluoro.

The compound according to the claim 97, wherein
Jsis N;

Js is N or C(OCH;);

J; is CH;

Jyis CH; and

Jois N or CH.
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99.  The compound according to any one of claims 65-87, where in Ry is selected from the

group consisting of:
nel U “‘”’OWLNJ” OO
PCECCEACIRA GRS aa Y
\;:1:3” ;gz;r e ey <,

5C0

©L el
BeoN M@r Reale e
vty To- B
AT T AT /O“QNS]/ * /O{I * /O{I *

100. The compound according to any one of claims 65-87, where in Ry; is selected from the

o]

ZED

group consisting of:
|
o LT Y
NZ F & HoN™ HNT N
SO Ny HOL N ~# Noor’ O N
Ty Y
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101.  The compound according to any one of claims 65-87, wherein Rz is of the

|
(@] N .
oy
formula = .

102.  The compound according to any one of claims 1-63, wherein R; is selected from the

group consisting of

/“ ‘n ,n ,.n‘*

0= 53—0

““ @?" 8
Fn P R P
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103.  The compound according to any one of claims 1-63, wherein Rs is selected from the

group consisting of

L] * *, F *, r
O M ~_C | Ny 0 | Ny O Ny O Ny
= = = P
HoN # HpN
N
* L) *, *
\/O N\
HC N N
O Ny £ AN 13 = F ~0 | £ | P
P P ZF =

ANy F
=
PN
=
N
- = F
=
*, *, *, *, -,
\0* \O
N
N = N N F |\ F |\ F
L N |~ | = N
» &, * L] *
al al GF3
N7 £ T F Nl\ F Nl\ £ l\ F
o
v W = = o™ N

~318-



104. The compound according to any one of claims 1-63, wherein R is selected from the

group consisting of

*

* * *
£ P LN LN FLN
*, * * *
-0 | N\ F ~_-0 ! N'ﬁD\F ~_-0 | N\ E e | NQ‘;@\F
el N N F =N \O =N

* *
HO. N Cr\ N
o~ N

105.  The compound according to any one of claims 1-63, wherein Ry is selected from the

group consisting of

*, ”*, *, z, L]
/O\EN p /OJEN jD /OIN\ /OIN\ /OIN p
N/ N/ , P ~ P \N N/

HoN N N N
H
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106.  The compound according to any one of claims 1-63, wherein R is selected from the

group consisting of

¥

o0, 20 50, S
SO O wﬂ?
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107. The compound according to any one of claims 1-63, wherein R; is selected from the

group consisting of
* | s *, l N\) - | N\>
O NI /O\[N\?IS e i Ne g
| & NG Z
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108.  The compound according to any one of claims 1-63, wherein R; is selected from the

group consisting of
%, ] *. *fro\ * O\ * O\/ *IN\>
: : ~F Br: : ¢ g 2N Br: : :O/Br: : :o/\ g’ S
109.  The compound according to any one of claims 1-63, wherein R; is selected from the

group consisting of

* * * *
R
24 _N Rog _N R4 N Rog _N
R
Y ] NH 7 Y / o7 N J Rar RN / Rt
HN N H o
8] o] Io) H
¥ * *
R
. Rog _N Roq _N 24 _N
R
A / Rsr \ / Ray7 N / 37
N o
Ra1

where
R4 is selected from the group consisting of methoxy and ethoxy;

Ri7 is selected from the group consisting of halo, alkoxy and alkyl, each unsubstituted or

substituted; and
Ry is selected from the group consisting of hydrogen, (C;.¢)oxaalkyl and (Cyg)alkyl.

110. The compound according to any one of claims 1-63, wherein R; is selected from the

group consisting of

* *, * S
L,
= Br F
- N F o
* e )
O 1. » 1L ®
=9 F 0 F
[eI\!

3 O

111.  'The compound according to any one of claims 1-63, wherein R is
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o
112, The compound according to any one of claims 1-63, wherein Ryis "N” °F

113, A compound selected from the group consisting of:
(E)-2-amino-7-(4-fluoro-2-(2-fluoropyridin-3-y)phenyl)-4-methyl-7,8-
dihydroquinazotin-3(6H)-one G-methyl oxime;
(R,E)-2-amino-7-(4-fluoro-2-(2-fluoropyridin-3-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one G-methyl oxime
(S, E)-2-amino-7-(4-fluoro-2-(2-fluoropyridin-3-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-methyl oxime
(E)-2-amino-7-{4-fluoro-2-(2-tluoropyridin-3-ylphenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-allyl oxime;
(E)-2-amino-7-(4-fluoro-2-(2-fluoropyridin-3-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-ter-butyl oxime;
(E)-2-amino-7-(4-fluoro-2-(2-fluoropyridin-3-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-isobutyl oxime;
(E)-2-amino-7-(4-fluoro-2-(2-fluoropyridin-3-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-benzyl oxime;
(£)-2-amino-7-(4-fluoro-2-(2-fluoropyridin-3-yl)phenyl)-4-methyl-7,3-
dihydroquinazolin-5(6H)-one O-phenyl oxime;
(E)-2-amino-7-(4-fluoro-2-(2-fluoropyridin-3-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-4-nitrobenzyl oxime;
(E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-2-methoxyethyl oxime;
(R, E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5{6H)-on¢ O-2-methoxyethyl oxime
(S, E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-ylphenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-2-methoxyethyl oxime
(E)-2-amino-7-(4-fluoro-2-(6-methoxypynidin-2-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-(R)-2,3-dihydroxypropyl oxime;
(R, E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yDphenyl)-4-methyl-7,8-
dihydroquinazolin-3(6H)-one O-(R)-2,3-dihydroxypropyl oxime;
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(S, E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7.8-
dihydroquinazolin-5(6H}-one O-(R)-2,3-dihydroxypropyl oxime;

(E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl}-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-2-tert-butoxyethyl oxime;

(E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yphenyl)-4-methyi-7,8-
dihydroquinazolin-5(6H)-one O-3-methoxypropyl oxime;

(E)-2-(2-amino~7-(4-fleorg-2-(6-methox ypyridin-2-yDphenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H}-ylideneaminooxy)acetic acid;

{E£)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)pheny!}-4-methyl-7,8-
dihydroquinazolin-5(6H}-one 0-(S)-2,3-dihydroxypropyl oxime;

(R E)-2-aming-7-(4-fluoro-2-{6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)-one O-(R)-2,3-dihydroxypropyl oxime;

(5, F)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yhphenyl)-4-methyl-7,8-
dihydroquinazolin-5{6H)-one O-(R)-2,3-dihydroxypropyl oxime;

(£)-2-amino-7-(4-tluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-S(6H)-one O-2-aminoethyl oxime;

(R,E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydroguinazolin-5(6H)-one 0-2-aminoethyl oxime;

(S,E)-2-amino-7-{4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6 H)-one O-2-aminoethyl oxime;

(E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydroquinazolin-5(6H)}-one O-pyridin-3-ylmethyl oxirne;

(Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yljphenyl)-4-methyl-7,8-
dihydroquinazolin-5(6 H)-one O-pyridin-3-ylmethyl oxime;

(E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yliphenyl)-4-methyi-7,8-
dihydroquinazolin-5(0H)-one (-3-hydroxy-2-(hydroxymethylpropyl oxime;

(R, E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7.8-
dihydroquinazolin-5(6H)-one 0-3-hydroxy-2-ChydroxymethyDpropyl oxime;

(S, E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yphenyl}-4-methyl-7,3-
dihydroguinazolin-5(6H)-one 0-3-hydroxy-2-(hydroxymethyDpropyl oxime;

(E)-2-(2-amino-7-(4-flucro-2-(6-methoxypyridin-2-yl)phenyly-4-methyl-7,8-
dihydroquinazolin-5(6 H)-ylidene)hydrazinecarboximidamide;
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(§,E)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yhphenyl)-4-methyl-7,8-
dihydroquinazolin-S(6H)-one 0-($)-3,4-dihydroxybutyl oxime;

(R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yljphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6 H)-one O-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)methyl oxime;

(R,Z)-2-amino-7-(4-fluoro-2-(¢-methoxypyridin-2-yDphenyl)-4-methyl-7,.8-
dihydropyrido[4,3-d]pyrimidin-5(6H}-one O-(R)-2,3-dihydroxypropyl oxime;

(R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yliphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one G-(5)-2,3-dihydroxypropyl oxime;

(R,Z)-2-amino-7-(4-flucro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6 H}-one 0-3-hydroxy-2-(hydroxymethyl)propyl oxime;

(R,Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-
5(6H)-one 0-(5)-3,4-dihydroxybutyl oxime;

(R,Z)-2-amino-7-(4-flucro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H)-one O-(5)-3,4-dihydroxybutyl oxime;

(R.Z}-2-amino-7-{4-fluoro-2-(6-methox ypyridin-2-ylphenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H}-one O-(R)-3,4-dihydroxybutyl oxime;

(S¥-4-((Z)-{(R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyi-7,8-
dihydropyrido{4,3-d]pyrimidin-3(6 H}-ylidene)amino)butane-1,2-diol;

(R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yDphenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6 H)-one O-((R)-1,4-dioxan-2-yl)methyl oxime;

(TR, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-morpholin-2-ylmethy! oxime;

(R Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6 H)-one O-(R)-morpholin-2-ylmethyl oxime;

(R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(5)-morpholin-2-ylmethyl oxime;

(R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyi-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-((2R,35,4R)-3,4,5-trihydroxytetrahydrofuran-2-
yDmethyl oxime;

(R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-ylphenyl}-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6 H)-one O-((2R,35,4R,5R}-3,4-dihydroxy-5-

methoxytetrahydrofuran-2-ylymethyl oxime;
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(R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyi-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H}-one O-((3aR,4R,6R,6aR)-6-methoxy-2,2-
dimethyltetrahydrofuro[3,4-d][1,31dioxol-4-yDimethyl oxime;

(R Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-ylyphenyl}-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6£)-one O-((2R,35,4R,55)-3 4-dihydroxy-5-
methoxytetrahydrofuran-2-ylymethyl oxime;

{R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-dlpyrimidin-5(6H)-one O-((3aR, 4R, 65, 6aR)-6-methoxy-2,2-
dimethyltetrahydrofuro[3,4-d1{1,3]dioxol-4-yl)methyl oxime;

(R, Z)-2-amino-7-(3'-(cyclopropylsulfonyl)-5-fluorobiphenyl-2-y1)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(5)-2,3-dihydroxypropyl oxime;

(R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y1) phenyl)-4-methyl-7,8-
dihydropyrido {4, 3-d] pyrimidin-5(6H}-one O-((2R,35,4R)-3, 4, S-trihydroxytetrahydrofuran-2-
yl) methyl oxime;

(R, Z)-2-amino-7-(4-fluoro-2-{6-methoxypyridin-2-yl) phenyly-4-methyl-7,8-
dihydropyrido [4, 3-d] pyrimidin-5(6H)-one O-((2R,35,45)-3, 4-dihydroxytetrahydrofuran-2-yI)
methyl oxime;

(R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y1} phenyl)-4-methyl-7,8-
dihydropyrido [4, 3-d] pyrimidin-5(6H)-one O-((25,4R)-4-hydroxypyrrolidin-2-y1) methyl
oxime;

(3R,55)- 1-acetyl-5-(((Z)-((R)-2-amino-7-{4-fluoro-2-(6-methoxypyridin-2-y1) phenyl)-4-
methyl-7,8-dihydropyrido [4, 3-d] pyrimidin-5(6H)-ylidene) aminooxy) methyl) pyrrolidin-3-yi
acetate,

(25 4R)-methyl 4-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y1) phenyl)-4-
methyl-7,8-dihydropyrido [4, 3-d] pyrimidin-5(6H)-ylidene) ainincoxy) pyrrolidisne-2-
carboxylate;

(25 4R)-4-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-methyl-
7.8-dihydropyrido [4, 3-d] pyrimidin-5(6H)-vylidene) aminooxy) pyrrolidine-2-carboxylic acid;

(R, Z)-2-amino-7-(4-fluore-2-(6-methoxypyridin-2-y1) phenyl)-4-methyl-7,8-
dihydropyrido [4, 3-d] pytimidin-5(6H)-one O-(3R,55)-5-(hydroxymethyl) pyrrolidin-3-yl

oxime;
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(R, Zy-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y1) phenyl)-4-methyl-7,8-
dihydropyrido [4, 3-d] pyrimidin-S(6H)-one O-((2R,3R,45)-3, 4-dihydroxypyrrolidin-2-yl)
methyl oxime;

(7R, Z)-2~amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-methyl-7,8-
dihydropyrido [4, 3-d] pyrimidin-5(6H}-one 0-(3R,45)-3, 4-dihydroxycyclopentyl oxime;

(7R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y1} phenyl)-4-methyl-7,8-
dihydropyrido [4, 3-d] pyrimidin-5{6H)-one O-((3R,45)-3, 4-dihydroxycyclopentyl) methyl
oxime;

(7R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y1) phenyl)-4-methyl-7.8-
dihydropyrido [4, 3-d] pyrimidin-5(6H)-one O-3, 4-dihydroxy-4-methylpentyl oxime;

(R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyi-7,8-
dihydropyrido[4,3-d]pyrimidin-5{6 H}-one oxime,;

(R)-4-(((Z)-((R)-2~-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)methyl)oxazolidin-2-one;

(R.Z)-2-amino-7-(4-flucro-2-(6-methoxypyridin- 2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-3(6H)-one O-2-morpholinoethyl oxime;

(R.Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-dipyrimidin-5(6H)-one O-(tetrahydro-2H-pyran-4-yiymethyl oxime;

(R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-dipyrimidin-5(6H)-one O-((1s,45)-4-hydroxycyclohexyl)methyl oxime;

(9)-4-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yDphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)-2-hydroxybutanamide;

(7R, Z)-2-amino-~7-(4-flucro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido{4,3-dlpyrimidin-5(6H)-one O-2-(morpholin-2-ylethyl oxime;

(5)-4-(({(D)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl}phenyl}-4-methyl-7,8-
dihydropyrido{4.3-d]pyrimidin-5(6H}-ylidene)aminooxy)methyl)-3-benzyloxazolidin-2-one;

(R.Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y)phenyl)-4-methyl-7,8-
dihydropyride[4,3-d]pyrimidin-5{6H)-one O-(R)-2-amino-3-hydroxypropyl oxime;

(R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-ylphenyl}-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5{6H)-one O-(1-methyl-1H-imidazol-4-yl)methyl oxime;

{R)-7-(4-fluoro-2-(6-methoxypyridin-2-yDphenyl}-5-imino-4-methyi-5,6,7,8-
tetrahydropyrido[4,3-d]pyrimidin-2-amine;
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(R,2)-2-amino-7-(2-(5-amino-6-methox ypyrazin-2-yl)-4-fluorophenyl}-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H)-one O-($)-3,4-dihydroxybutyl oxime;

(R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyrazin-2-ylphenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H)-one O-(5)-3,4-dihydroxybutyl oxime;

(R,Z)-2-amino-7-(4-fluoro-2-(2-methoxythiazol-4-yl)phenyl)-4-methyl-7.8-
dihydropyrido[4,3-d]pyrimidin-5{6H)-one OQ-(5}-3,4-dihydroxybutyl oxime;

(R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyridol{4,3-d]pyrimidin-5(6H)-one O-(5)-4,5-dihydroxypentyl oxime;

(R, Z)-2-amino-7-(4-fluoro-2-{6-methoxypyridin-2-yhphenyl}-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H}-one O-($)-3-amino-2-hydroxypropyl oxime;

(8)-5-(((Z)-((K)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-ybHphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H}-ylidene)aminooxymethyhoxazolidin-2-one;

{R.Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-3-hydroxypropyl oxime;

(R, Z)-2-amino-7-(4-tfluoro-2-(6-methoxypyridin-2-yhphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5S(6H)-one O-4-hydroxybutyl oxime;

(7R, Z2)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7, 8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-3-hydroxy-2-methoxypropyl oxime;

(R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H}-one O-(R)-4,5-dithydroxypentyl oxime;

(R,Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yi)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylideneaminooxy)-N-(2-hydroxyethyl)-N-
methylacetamide;

(R, Z)-2-(2-amino-7-(4-fluoro-2.{6-methoxypyridin-2-yl)phenyl)-4-methyl- 7,8~
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylideneaminooxy}-N,N-dimethylacetamide;

2-((Z)-((R)-2-amino-7-(4-fluore-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)-1-(($)-3-hydroxypyrrolidin-1-
yhethanone;

2-({(Z3-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y1) phenyl)-4-methyl-7 8-
dihydropyrido [4, 3-d] pyrimidin-5(6/)-ylidene) aminocoxy)-1-({R)-3-flucropyrrolidin-1-yl)
ethanone;

(8)-4-((Z)-((R)-2-amino-T7-(4-fluoro-2-{6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)-2-hydrox ybutanoic acid;
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3-((D)-((R)-2-amino-7-{(4-fluoro-2-(6-methoxypyridin-2-y1} phenyl)-4-methyl-7 8-
dihydropyrido [4, 3-d] pyrimidin-5(6H)-ylidene) aminooxy} dihydrofuran-2(3H) one;

2-((D)-((R)-2-amino-7-{(4-fluoro-2-(6-methoxypyridin-2-yl} phenyl)-4-methyl-7,8-
dihydropyrido [4,3-d] pyrimidin-5(6H)-ylidene) aminooxy)-4-hydroxybutananide;

(S,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yDphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(R)-3,4-dihydroxybutyl oxime;

(S.2)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7.8-
dihydropyrido[4,3-d]pyrimidin-3(6H)-one 0-(R)-3,4-dihydroxybutyl oxime;

2-{(Z)-({R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7.8-dihydropyrido[4,3-
dlpyrimidin-5(6H)-ylidene)amincoxy}-4-hydroxy-N,N-dimethylbutanamide;

2-((D)~-({R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-dihydropyrido [4, 3-d]
pytimidin-5(6H)-ylidene) aminooxy)-4-hydroxy-N,N-dimethylbutanamide;

(8)-2-((Z)-((R)-2-amino-7-(2-bromo-4-fluorophenyli}-4-methyl-7,8-dihydropyrido[4,3-
dlpyrimidin-5(6H)-ylidene)aminooxy)-4-hydroxy-N,N-dimethylbutanamide;

(R)-2-({£)-((R)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-dihydropyrido|4,3-
dipyrimidin-5(6H)-ylidene)aminooxy)-4-hydroxy-N,N-dimethylbutanamide;

{R)-2-({(Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-methyl-7,8-
dihydropyrido [4,3-d] pyrimidin-5(6H)-ylidene) aminooxy)-4-hydroxy-N,N-dimethylbutanamide;

(5)-2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl)-4-methyl-7,8-
dihydropyrido [4,3-d) pyrimidin-3(6H)-ylidene) aminooxy)-4-hydroxy-N,N-dimethylbutanamide;

2-({Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyndin-2-yhphenyl)-4-methyl-7,3-
dihydropyrido[4,3-d]pyrimidin-5{6H)-ylideneyaminooxy)-4-hydroxy- 1 -morpholinobutan-1-one;

2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl) phenyl}-4-methyl-7,8-
dihydropyrido [4, 3-d] pyrimidin-5(6H)-ylidene) aminooxy)-4-methoxy-N,N-
dimethylbutanamide;

2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(67)-ylidene)aminooxy)-N-(($)-2,3-dihydroxypropyl)-N-
methylacetamide;

(R, 7)-2-(2-amino-T-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-53(6H)-ylideneaminooxy}-N-(2-hydroxyethyl)-N-
methylacetamide;

(R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyridof4,3-dlpyrimidin-5(6 H)-ylideneaminooxy)-N, N-bis(2-hydroxyethyl)acetamide;
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2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methox ypyridin-2-y)phenyl)-4-methyl-7 8-
dihydropyride[4,3-dlpyrimidin-5{(6 H)-ylidene}aminooxy)-N,N-bis(2-hydroxypropyhacetamide;

(R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,3-
dihydropyrido{4,3-d]pyrimidin-3(6 H)-ylideneaminooxy}- 1-(azetidin- 1-yl)ethanone;

(R.Z)-2-(2-amino-7-{4-fluoro-2-(6-methox ypyridin-2-yhphenyl)-4-methyi-7,8-
dibydropyrido{4,3-dlpyrimidin-5(6 H)-ylideneaminooxy)- 1 -(pyriolidin-1-yDethanone;

2-((Z)-((R)-2-amino-7-{4-fluoro-2-(6-methox ypyridin-2-yDphenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)- 1-({3)-2-(hydroxymethylpyrrolidin-1-
vl)ethanone,

(R, 2)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y)phenyl)-4-methy}-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H)-ylideneaminooxy)-1-(4-hydroxypiperidin- 1 -yl)ethanone;

(R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-ylyphenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H)-ylideneaminooxy)-N-methyl-N-((6-methylpyridin-2-
yDmethylacetamide;

(R.Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-ylphenyl)-4-methyl-7,8-
dihydropyrido{d,3-d]pyrimidin-5(6 H)-ylideneaminooxy)-N,N-bis(2-methoxyethyl)acetamide;

(R, Zy-N-(2-amino-2-oxoethyl)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yliphenyl}-
4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-ylideneaminooxy)-N-methylacetamide;

2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)-1-((R)-2-(hydroxymethypyrrolidin-1-
yDhethanone;

(R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methox ypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6/)-ylideneaminooxy)-N-(2-methoxyethyl)-N-
methylacetamide;

2-((Z)-{{R)-2-amino-7-(4-fluoro-2-(6-methox ypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]}pyrimidin-5(6H)-ylideneyaminooxy)- I-{({R}-3-hydroxypyrrolidin- 1-
yDethanone;

2.((Zy-L(R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5{6H)-ylidene)aminooxy)- i-((R)-3-hydroxypiperidin-1-
ylethanone;

2-({Z)-((R)-2-amino-7-(4-fluoro-2-{6-methoxypyridin-2-ylyphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]lpyrimidin-5(6H)-ylidene)aminooxy)-1-((8)-3-hydroxypyrrolidin-1-

yl)ethanone;
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2-{(Z)y-((R)-2-amino-T-(4-fluoro-2-(6-methox ypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylidene)aminooxy)- 1-((:5)-3-hydroxypiperidin- 1 -
yl)ethanone;

(R, 2)-2-(2-amino-7-(4-fluoro-2-(6-methox ypyridin-2-y)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-dipyrimidin-5(6H)-ylideneaminooxy)-1-(3-hydroxyazetidin-1-yl)ethanone;

(R, Z}-2-(2-amino-7-(4-fluore-2-(6-methox ypyridin-2-ypheny)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylideneaminooxy)-1-(3,3-difluoropyrrolidin-1-
yl)ethanone;

2-({£)-({R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H}-ylidene)aminooxy)-1-((R}-3-fluoropyrrolidin- -
yl)ethanone;

2-((Z)-((R)-2-amine-7-(4-Tluoro-2-{6-methox ypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido{4,3-djpyrimidin-5(6H)-ylidenejaminooxy)-1-(($)-3-fluoropyrrolidin- 1 -
yhethanone;

(R.Z)-2-(2-amino-7-(4-fluoro-2-(6-methox ypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6/}-ylideneaminooxy)-1-(4-methoxypiperidin- 1-yl)ethanone;

(R.Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyi-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H)-ylideneaminooxy)-1-(3,3-difluoroazetidin- 1-yethanone;

2-((Z)-((R)-2-amino-7-{4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-dlpyrimidin-5(6H)-yhdene)aminooxy)-1-(3-(methoxymethyl)piperidin-1-
yDethanone;

(R.Z)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y!)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-dlpyrimidin-5(6 H)-ylideneaminooxy)-N-methyl-N-(2-(methylamino)-2-
oxocthyl)acetamide;

(R.Z)-2-(2-amino-7-(4-fluoro-2-(6-methox ypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylideneaminooxy)-N-(isoxazol-3-yimethyl)-N-
methylacetamide;

(R, Z)}-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yhphenyl)-4-methyl-7,8-
dihydropyridofd,3-d)pyrimidin-5(6H)-ylideneaminooxy)-N-methyl-N-(thiazol-4-
yvimethyljacetamide;

(R.Z)-2-(2-amino-7-(4-fluoro-2-(6-methox ypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4.3-d]pyrimidin-5(6H)-ylideneaminooxy)--(pyrazin-2-yl)ethanone;
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2-((2)-((R)-2-amino-7-(4-fluoro-2-(6-methox ypyridin-2-yl}phenyl)-4-methyl-7,8-
dihydropyridol4,3-d]pyrimidin-5{6H)-ylidene)aminooxy)-1-(3-(dimethylamino)piperidin- 1 -
yhethanone;

2-((Z)-((R)-2-amino-7-{4-fluore-2-(6-methox ypyridin-2-ylyphenyl)-4-methyl-7,8-
dihydropyrido[4,3-dlpyrimidin-5(GH)-ylidene)aminoox y)- 1-(2-methyltetrahydro- | H-pyrrolo[3,4-
cpyridin-5(6H,7TH,7aH)-yl)ethanone;

(R, Z2)-2-(2-amino-7-(4-fluoro-2-{6-methox ypyridin-2-yhphenyl)-4-methyl-7 8-
dihydropyrido{4,3-d]pyrimidin-3(6H)-ylideneaminooxy)-N-methyl-N-((5-methyl-1H-pyrazol-3-
yl)methyhacetamide;

(R, Z)-2-(2-amino-7-(4-fluoro-2-(6-methox ypyridin-2-yl)phenyl)-4-methyl-7.8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylideneaminooxy)-1-(2-methyl-6,7-dihydro-3H-
imidazof4,5-c)pyridin-5(4H)-ylethanone;

2-((Z)-((R)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yi)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H}-ylidene)aminooxy)- 1-(3-thydroxymethyl)pyrrolidin-I-
yl)ethanone;

2-(2-({(Z)-((R)-2-amino-7-{4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylidenejaminooxy)acetyl)hexahydropyrrolo{1,2-alpyrazin-
6(TH)-one;

(R, Z)-2-(2-amino-7-{4-fluorc-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H}-ylideneaminooxy)- 1 -(3-methoxyazetidin- 1-yl}ethanone;

(R, 7)-2-(2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-y)phenyl}-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6H)-ylideneaminooxy)-1-(4,4-diflucropiperidin-1-yljethanone;

(7R, 7)-2-amino-7-(4-fluoro-2-(6-methoxypyrazin-2-yl)phenyl}-4-methyl-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6 H)-one 0-3 4-dihydroxybutyl oxime;

(7R, Z)-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-yly-4-fluorophenyl)-4-methyl-7,8-
dihydropyridof4,3-d]pyrimidin-5(6H)-one (-3 4-dihydroxybutyl oxime;

(TR, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyrazin-2-yl)phenyh)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one 0-(3,4-dihydroxy-5-methoxytetrahydrofuran-2-
yl)methy! oxime;

(7R, Z)-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-yl}-4-fluorophenyl)-4-methyl-7,8-
dihydropyride[4,3-d]pyrimidin-5(6H)-one 0-(3,4-dihydroxy-5-methoxytetrahydrofuran-2-

y)methyl oxime;
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5-(((2)-((R)-2-amino-7-(4-fluoro-2-(6~-methoxypyrazin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-ylidene)aminoox y)methyl)-3,4-dihydroxydihydrofuran-
2(3H)-one;

5-(({2)-((R)-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-yl)-4-tluorophenyl)-4-methyl-
7.8-dihydropyrido{4,3-d]pyrimidin-5(6H}-ylidene)aminooxy)methyl)-3,4-
dihydroxydihydrofuran-2(3H)-one;

(7R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyrazin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H}-one O-(3,4-dihydroxytetrahydrofuran-2-ylymethyl oxime;

(1R, Z2)-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-yI)-4-fluorophenyl)-4 -methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6 H)-one O-(3.4-dihydroxytetrahydrofuran-2-ylmethy! oxime;

(7R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyrazin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-dlpyrimidin-5(6H)-one 0-(3,4-dihydroxypyrrolidin-2-yDmethyl oxime;

(7R, Z}-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-yl)-4-fluorophenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(3,4-dihydroxypyrrolidin-2-y)methy! oxime;

(78,Z)-2-amino-8,8-ditluoro-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyly-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one (-3,4-dihydroxybutyl oxime;

(78,7Z)-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-yl)-4-fluorophenyl)-8,8-difluoro-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-one 0-3,4-dihydroxybutyl oxime;

(75,£)-2-amino-8,8-difluoro-7-(4-fluoro-2-(6-methoxypyridin-2-yphenyl)-4-methy1-7,8-
dihydropyrido{4,3-d]pyrimidin-5(6)-one O-(3,4-dihydroxytetrahydrofuran-2-yl)methyl oxime;

(75,2)-2-amino-7-(2-(5-amino-6-methox ypyrazin-2-yl)-4-fluorophenyl)-8 8-dif luoro-4-
methyi-7,8-dihydropyrido]{4,3-dlpyrimidin-5(6 H)-one 0-(3,4-dihydroxytetrahydrofuran-2-
ylmethyl oxime;

(75, Z)-2-amino-8,8-difluoro-7-(4-fluoro-2-{6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-(3,4-dihydroxypyrrolidin-2-yl)methyl oxime;

(15, Z)-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-y1)-4-fluorophenyl}-8,8-difluoro-4-
methyl-7,8-dihydropyrido{4,3-d]pyrimidin-5(6 H)-one 0-(3,4-dihydroxypyrrolidin-2-yh)methy}
oxime;

(75, 2)-2-amino-8-fluoro-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl}-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one 0-3,4-dihydroxybutyl oxime;

(75,2)-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-yl)-4-fluorophenyl)-8-fluoro-4-
methyl-7.8-dihydropyrido{4,3-d]pyrimidin-5(6H)-one (0-3,4-dihydroxybutyl oxime;
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(75, 2)-2-amino-8-fluoro-7-(4-fluoro-2-(6-methoxypyridin-2-y)phenyl)-4-methyl-7,8-
dihydropyride[4,3-d]pyrimidin-5(6H)-one 0-(3,4-dihydroxytetrahydrofuran-2-yDmethyl oxime;

(78, Z)-2-amino-7-(2-(5-amino-6-methoxypyrazin-2-yh)-4-flucrophenyl)-8-fluoro-4-
methy}-7,8-dihydropyride{4,3-d]pyrimidin-5(6H)-one (-(3.4-dihydroxytetrahydrofuran-2-
ylmethy! oxime;

(15, 2)-2-amino-8-fluoro-7-(4-fluoro-2-(6-methoxypyridin-2-ylphenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H}-one O-(3,4-dihydroxypyrrolidin-2-yl)methyl oxime;

(75,Z)-2-amino-7-(2-(5-amino-6-methox ypyrazin-2-yl)-4-fluorophenyl}-8-fluoro-4-
methyl-7,8-dihydropyrido[4,3-d]pyrimidin-5(6H)-one 0-(3,4-dihydroxypyrrolidin-2-yl)methyl
oxime;

{7R,Z)-2-amino-7-(4-tluoro-2-(6-methoxypyridin-2-yhphenyl}-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6/)-one O-3-amino-4-hydroxybutyl oxime;

{7R,Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-4-amino-3-hydroxybutyl oxime;

(7R, Z)-2-amino-7-(4-tluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-dlpyrimidin-5(6H)-one O-2-amino-3-hydroxypropyl oxime; and

(7R, 2)-2-amino-7-(4-fluoro-2-{6-methoxypyridin-2-yl)phenyl)-4-methyl-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one O-3-amino-2-hydroxypropyl oxime.

114.  The compound according to any one of claims 1-113, wherein the compound is in the

form of a pharmaceutically acceptable salt.

115, The compound according to any one of claims 1-113, wherein the compound is present as

a mixture of stereoisomers.

116. The compound according to any one of claims 1-113, wherein the compound is present as

a single stereoisomer.

117. A pharmaceutical composition comprising as an active ingredient a compound according

to any one of claims 1-116.

118.  The pharmaceutical composition according to claim 117, wherein the composition is a

solid formulation adapted for oral administration.

119. The phammaceutical composition according to claim 117, wherein the composition is a
tablet.
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120.  The pharmaceutical composition according to claim 117, wherein the composition is a

liguid formulation adapted for oral administration.

121, The pharmaceutical composition according to claim 117, wherein the composition is a

liquid formulation adapted for parenteral administration.

122, The pharmaceutical composition according to claim 117, wherein the composition is
adapted for administration by a route selected from the group consisting of orally, parenterally,
intraperitoneally, intravenousty, intraarterially, transdermally, sublingually, intramuscularly,
rectally, transbuccally, intranasally, liposomally, via inhalation, vaginally, intraoccularly, via

local delivery, subcutaneously, intraadiposally, intraarticularly, and intrathecally.

123. A kit comprising:

a compound of any one of claims 1-116; and

instructions which comprise one or more forms of information selected from the group
consisting of indicating a disease state for which the compound is to be administered, storage
information for the compound, dosing information and instructions regarding how to administer

the compound.
124.  The kit of ¢laim 123, wherein the kit comprises the compound in a multiple dose form.

125.  An article of manufacture comprising:
a compound of any one of claims 1-116; and

packaging materials,

126.  The article of manufacture of claim 125, wherein the packaging material comprises a

container for housing the compound.

127.  The article of manufacture of claim 126, wherein the container comprises a label
indicating one or more members of the group consisting of a disease state for which the
compound is to be administered, storage information, dosing information and/or instructions

regarding how to administer the compound.

128.  The article of manufacture of claim 125, wherein the article of manufacture comprises the

compound in a multiple dose form.
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129.  Use of a compound according to any one of claims 1-116 for the manufacture of a

medicament for inhibiting HSP90.

130.  Use of a first compound for the manufacture of a medicament for inhibiting HSP90,
wherein the first compound is convertible to a second compound that is a compound according to

any one of claims 1-116.

131, Use of a compound according to any one of claims 1-116 for the preparation of a
medicament for treating a disease state for which HSP90 possesses activity that contributes to the

pathology and/or symptomology of the disease state

132, Use of a first compound for the manufacture of a medicament for treating a disease state
for which HSP90 possesses activity that contributes to the pathology and/or symptomology of the
disease state, wherein the first compound is convertible to a second compound that is a

compound according to any one of claims 1-116.

133, The use according to claim 131 or claim 132, wherein the disease state is selected from
the group consisting of cancer, inflammation, inflammatory bowel disease, psoriasis, arthritis or

transplant rejection.
134.  The use according t¢ claim 133, wherein the disease state is cancer.

135.  Use of a compound according to any one of claims 1-116 for the preparation of a

medicament for treating cancer.

136. The use according to claim 135, wherein the cancer is selected from the group consisting
of squamous cell carcinoma, astrocytoma, Kaposi's sarcoma, glioblastoma, non smail-cell lung
cancer, bladder cancer, head and neck cancer, melanoma, ovarian cancer, prostate cancer, breast
cancer, small-cell lung cancer, glioma, colorectal cancer, genitourinary cancer, gastrointestinal
cancer, renal cancer, hematological cancers, non-Hodgkin’s tymphoma, lymphomna, multiple
myeloma, leukemia {including acute myelogenous leukeniia, chronic myelogenous leukemia,

chronic lymphocytic leukemia), myelodysplastic syndrome, and mesothelioma.
137, 'The use according to any one of claims 129-134, wherein the HSP90 is an HSP90a.

138.  The method according to any one of claims 129-134, wherein the HSP90 is an HSPS0R.
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139. A process comprising:

R, §
NT ™= NH
P
HNT N
reacting a compound having the formula Br F with a compound

having the formula H;N-O-R; under conditions that form a intermediate having the formula

Ri
O
Ry N
N™y" “NH
A 2
HoN™ N
Br F
O | Ny By
reacting the intermediate with a compound having the formula = under
Ry
O
R, N
N~ NH
PN
HNT N
® "
=N
conditions that form product having the formula A0

wherein

R; is selected from the group consisting of hydrogen, carbonyl, hydroxyearbonyl,
oxycarbonyl, aminocarbonyl, sulfonyl, sulfinyl, (C;.19)alkyl, halo(Cj.jo)alkyl, hetero(Cy_3o)alkyl,
(Ci.10)alkyl, hydroxy(Ci.g)alkyl, alkoxy(Cj.10)atkyl, amino(Cy.jg)alkyl, imino(Cy.10)atkyl,
carbonyl(Cy.i0)alkyl, sulfonyl Cy_j0)alkyl, sulfinyl(Ci.s0)alkyl, carbonylamino(Cy.10)alkyl,
thiocarbonyl(Cj.i0)alkyl, hydroxylearbonyl(Ci.jp)alkyl, aminocarbonyl{C;_j¢)alkyl,
aminosulfonyl(C.je)alkyl, sulfonylamino{Cy.ie)alkyl, (Crs)alkylsulfonylamino(Cio)alkyl,
(Cs.z)eycloalkyl{Cy.s)alkyl, hetero(Cs.p)cycloalkyl(Cy.y9)alkyl, aryl(Cg)alkyl,
hetero(Ci.i0)aryl(C.5)alkyl, (Coip)bicycloaryl{C,.s)alkyl, hetero(Cg.iz)bicycloaryl(Cys)alkyl,
(Cs.az)eycloalkyl, hetero(Cs.qz)eycloalkyl, (Co.pp)bicycloalkyl, hetero(Cs.1;)bicycloalkyl,
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(Caa2)aryl, hetero(Cy.jp)aryl, (Cy.p)bicycloary] and hetero(Cy.12)bicycloaryl], each unsubstituted
or substituted; and

R; is selected from the group consisting of hydrogen, halo, cyano, thio, hydroxy,
carbonyloxy, (Cr.an)alkoxy, (Caz)aryloxy, hetero(Chio)aryloxy, cartbonyl, oxycarbonyl,
aminocarbonyl, amino, (Cy.j¢)alkylamino, sulfonamido, sulfonyl, sulfinyl, (Cio)alkyl,
halo(Cy.j0)alkyl, hydroxy(Cy.qp)alkyl, carbonyl{Cy.yp)alkyl, thiocarbonyl(C,.1p)alkyl,
sulfonyl(Cy.jo)alkyl, sulfinyl(C,_js)alkyl, hetero(Ci.jplalkyl, imino(Cy.q9)alkyl,
(Csap)eyeloalkyl(Cys)alkyl, hetero(Ca.pp)eycloalkyl(Crp)alkyl, aryl(Cyoyalkyl,
hetero(Cy.o)aryl(Cys)alkyl, (Co.q2)bicycloaryl(Ci.s)alkyl, hetero(Cs.1z)bicycloaryl(C;s)alkyl,
(Csap)eycloalkyl, hetero(Cs.gq)cycloalkyl, (Co.iz)bicycloalkyl, hetero(Cs.a2)bicycloalkyl,
(Caaparyl, hetero(Cy.jp)aryl, (Ce.12)bicycloaryl and hetero(Cy.1p)bicycloaryl, each substituted or

unsubstituted.

140. A process comprising:

reacting a compound having the formula Br F with a compound
B~

having the formula & under conditions that form an intermediate having the

formula ;and

-337-



reacting the intermediate with a compound having the formula H,N-O-Ry under

conditions that form a product having the formula :
wherein

R, is selected from the group consisting of hydrogen, carbonyl, hydroxycarbonyl,
oxycarbonyl, aminocarbonyl, sulfonyl, sulfinyl, (C;.j0)alkyl, halo(Ciap)alkyl, hetero(C; 1p)alkyl,
(Cr.o)alkyl, hydroxy(Cj.o)alkyl, alkoxy(Ci.io)alkyl, amino(Ci.ip)alkyl, imino(C,.p)altkyl,
carbonyl(Ci.1pyalkyl, sulfonyl(Cy.p)alkyl, subfinyl(Cyq0)alkyl, carbonylamino(Cyygyalkyl,
thiocarbonyl(C.j)alkyl, hydroxylcarbonyl(Cy.ip)alkyl, aminocarbonyl(Cj_i6)alkyl,
aminosulfonyl(C;.jg)atkyl, sulfonylamino(Cyigdalkyl, (Cie)alkylsulfonylamino(Cyq)alkyl,
(Cs.12)cycloalkyl(Cys)alkyl, hetero(Cs.iz)cycloalkyl(Ch.jo)alkyl, aryl(Cy.jo)alkyl,
hetero{Ci.15)aryl(C.s)alkyl, (Cy.12)bicycloaryl{Cy.5)alkyl, hetero(Cy. 1o bicycloaryl(C s)aikyl,
(Cs.n)eycloalkyl, hetero(Ca.aa)eycloalkyl, (Co.rz)bicycloalkyl, hetero(Cs.ya)bicycloalkyl,
(Cagpyaryl, hetero(Cyqo)aryl, (Co.12)bicycloaryl and hetero(C,.12)bicycloaryl, each unsubstituted
or substituted; and

R: is selected from the group consisting of hydrogen, halo, cyano, thio, hydroxy,
carbonyloxy, (Cy.j0)alkoxy, (Cy.2)aryloxy, hetero(Ci.iolaryloxy, carbonyl, oxycarbonyl,
aminocarbonyl, amino, (Cy.palkylanino, sulfonamido, sulfony], sulfinyl, (Ci.0)alkyl,
halo(Cy.1e)alkyl, hydroxy(Ci.10)alkyl, carbonyl{C;.1g)atkyl, thiocarbonyl{C.1p)alkyl,
sulfonyl(Ci.ao)alkyl, sulfinyl(Cy_jo)alkyl, hetero{C1.io)alkyl, imino(Cy0)alkyl,
(Cs.12)eycloalkyl(C.s)alkyl, hetero(Ca.jz)eycloalkyl{Cy.io)alkyl, aryl(Ci.yo)alkyl,
hetero(Cs.1p)aryl{Cy.s)alkyl, (Cs.17)bicycloaryl{Cy.s)alkyl, hetero(Cs.ip)bicycloaryl{Cy.s)alkyl,
(Csz)cycloalkyl, hetero(Cs.iajeyeloalkyl, (Co.ia)bicycloalkyl, hetero(Cs.ip)bicycloalkyl,
(Cagpyaryl, hetero(Cr.p)aryl, (Co.qo)bicycloaryl and hetero(Cy.pz)bicycloaryl, each substituted or

unsubstituted.
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141, A process comprising:
s

A

reacting a compound having the forniula Br F with Starting

Rz
N7 ™% NH
o
N

HoN

PN
Material I having the formula H2N PG under conditions that form Intermediate F having the

LO-PG
R N
N™ ™ NH
P
HNT N
formula Br F.
wherein

PG is a protecting group selected from the group consisting of ((Cy.)zalkyl)silyl,
((Ci.g)alkyDsi phenyly)sityl where k is 0-3, benzyl, and tetrahydropyranyl; and

R; is selected from the group consisting of hydrogen, (Cy.¢)alkyl, halo(C, ¢)alkyl,
aza(Cy.g)alkyl, (Cis)oxaalkyl, each unsubstituted or substituted.

142.  The process of claim 141, further comprising:

7N -Ph
o N
B
coupling Starting Material II having the formula RiZ" M0 to said Intermediate F
OH
R, N| ©
N™ ™% NH
P
HoNT N

R,y F

which form Intermediate G having the formula ;

/R P . .
coupling Starting Material 111 having the formula ! " to said Intermediate G under

i
o]
Ry N;
N~ NH
Az
HoN N
conditions that form Intermediate H having the formula Rz F.
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deprotecting said Intermediate H under conditions that form Product having the formula

Rq
i
o}
Ry Ni’
N7 = NH
P
HsN" N
R4o F;
wherein

R4P is a protected form of Ry,

R; is selected from the group consisting of hydrogen, carbonyl, (Cy.10)alkyl,
hetero(Cy.1p)alkyl, halo(Cy_yoaltkyl, hydroxy(Ci_o)alkyl, carbonyl{C;.j)alkyl,
thiocarbonyl C1.10)alkyl, sulfonyi(Cy.iodalkyl, sulfinyl{Cy.jo)alkyl, imino(Cig)alkyl,
(Csa2)eycloalkyl{Crsyalkyl, hetero{Cs_ja)cycloalkyl(Cy.io)alkyl, aryl{Cy jojalkyi,
hetero(Cro)aryl(Cys)alkyl, (Csaz)eyeloalkyl, hetero(Cs.)eycloalkyl, (Coandbicycloalkyl,
hetero(Cs.y2 Jbicycloalkyl, (Cq.12)aryl, and hetero(C,.jo)aryl, each unsubstituted or substituted
with 1-3 substituents each of which is independently selected from the group consisting of
hydroxyl, (C.10)alkyl, hydroxy(Ci.ie)alkyl, amino, amino{C.ip)alkyl, aminocarbonyl,
(Cs.12)cycloalkyl, hetero(Cs.yo)cycloalkyl, (Cy.q2)aryl, and hetero(Cj.jg)aryl, each is
unsubstituted or further substituted; and

R, is selected from a group consisting of (Cy.2)aryl, hetero(C. jp)aryl,
{Cy.12)bicycloaryl, hetero(Cy.q2)bicycloaryl, (Cs.p)eycloalkyl, and hetero(Cy.q1)cycloalkyl,

each unsubstituted or substituted with 1-3 substituents.

143, The process of claim 141 further comprising comprising:

deprotecting Intermediate F under conditions which form Intermediate F° having the

OH
Ro NI
N7 NH
P
HsN™ N
formula Br F:
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/""\N,Ph

0
B
coupling Starting Material I having the formula Riz" "0 to said Intermediate F’
R, f\;'OH
N7 NH
Az
HoN™ N
which form Intermediate G having the formula Ry F.

R,P
coupling Starting Material I1I having the formula 1 " to said Intermediate G under

R

|

e

Ry N|
N7 NH
P
HNT N
conditions that form Intermediate H having the formula Riz F.

deprotectiing said Intermediate H under conditions that form Product having the formula

R4
i
Q
Ry Nl’
N7 NH
A -
HaN™ N
R12 F;
wherein

R/’ is a protected form of R,

R is selected from the group consisting of hydrogen, carbonyl, (Cy.ip)alkyl,
hetero(Cy.1p)alkyl, halo{C;_oalkyl, hydroxy(C.ig)alkyl, carbonyl(Cy.q0)alkyl,
thiocarbonyl(C; p)alkyl, sulfonyl(C_io)alkyl, sulfinyl(Cya0)alkyl, imina(Cy_jodalkyl,
(Csazieyeloalkyl(Crs)alkyl, hetero{Cs.j2)cycloalkyl(C . 0)alkyl, aryl(Cro)alkyl,
hetero(Ci1p)aryl{C.s)alkyl, (Caqz)cycloalkyl, hetero(Capa)eycloalkyl, (Co.12)bicycloalkyl,
hetero(Ca.1p)bicycloalkyl, (Ca.pp)aryl, and hetero(C; 1p)aryl, each unsubstituted or substituted
with 1.3 substituents each of which is independently selected from the group consisting of
hydroxyl, (Ci.ip)alkyl, hydroxy(Ci.jo)alkyl, amino, amino(Cy.p)alkyl, aminocarbonyl,
(Csazeycloalkyl, hetero(Cs.ip)eycloalkyl, (Caaz)aryl, and hetero(Cy.yo)aryl, each is

unsubstituted or further substituted; and
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Rys is selected from a group consisting of (Ca.az)aryl, hetero(Cy.ip)aryl,
{Cy.)bicycloaryl, hetero(Cy.jabicycloaryl, (Cs.pp)eycloalkyl, and hetero(Cy.q1)cycloalkyl,

each unsubstituted or substituted with 1-3 substituents.

144. A process comprising:
S

A

reacting a compound having the formula Br F with Starting

R
N™ ™= NH
o
N

HoN

Material I having the formula HoN"""PG ynder conditions that form Intermediate F having the

LO-P
Rs NlO G
N NH
A 2
HNT N
formula Br F:

deprotecting said Intermediate F under conditions which form Intermediate F° having the

LOH
Ra N|
N7 ™% NH
A
HNT N
formula Br F:

RyP

]

L0

Rz NI
N7 NH
A 2
HaN" TN
conditions that form Intermediate J having the formula Br F;
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-Ph
g N
B.

deprotecting and then coupling Starting Material Il having the formula Ri™ 0

to Intermediate J under conditions which form Product having the formula

Ry
1
A0
R, N!
N7 TR NH
P
HoNT N
Rag F
wherein

R " is a protected form of R,

R, is selected from the group consisting of hydrogen, carbonyl, (Cy.p)alkyl,
hetero(Cy.1p)alkyl, halo(Cj.19)alkyl, hydroxy(C.10)alkyl, carbonyl(Cy.i0)alkyl,
thiocarbonyl(C;.yp)alkyl, sulfonyi(Cy.ip)alkyl, sulfinyl(Ci.q0)alkyl, imino(Ci.1e)alkyi,
(Cs.z)eycloalkyi(Cy.s)alkyl, hetero{Cs jp)cycloalkyl(C)_jo)alkyl, aryl(C,_so)alkyl,
hetero(C.i0)aryl{C;.s)alkyl, (Cs.12)eycloalkyl, hetero(Cs.1z)cycloalkyl, (Cy.ip)bicycloalkyl,
hetero(Cj.12)bicycloakkyl, (Cy.a2)aryl, and hetero(Cy_jo)aryl, each unsubstituted or substituted
with 1-3 substituents each of which is independently selected from the group consisting of
hydroxyl, (Ci.ig)alkyl, hydroxy(Ci.i9)alkyl, amino, amino(Cy.jp)alkyl, aminocarbonyl,
(Csa2)eycloalkyl, hetero(Cs.ig)eycloalkyl, (Cyg2)aryl, and hetero(Cy.yo)aryl, each is
unsubstituted or further substituted;

R; is selected from the group consisting of hydrogen, (C;.¢)alkyl, halo(C;.¢)alkyl,
aza(Cy¢)alkyl, (Ci-g)oxaalkyl, each unsubstituted or substituted; and

Ry is selected from a group consisting of (Cy4.15)aryl, hetero(Cy_yp)aryl,
{Co.12)bicycloaryl, hetero(Cy.ix)bicycloaryl, (Cs.pp)eyeloalkyl, and hetero(Cs.1q)eycloalkyl,

each unsubstituted or substituted with 1-3 substituents,

145. The process according to any one of claims 142-144, wherein Ry is-L-Rys,
where
L is (-CR4Rar)s, where n is 1, 2, 3, 4, or 5; where Ruq and Ry4; are each independently
selected from the group consisting of hydrogen, hydroxyl, hydroxy(C;.¢)alkyl, (Cy.¢)alkoxy, oxo,
amino, imino, (C;.¢}alkyl, (Cs.)aryl{Cr.s)alkyl, hetero(Cy.s)aryl(Cy.gdalkyl, (Csg)eycloalkyl(C,.
s)alkyl, hetero(Cy_s)cycloatkyl(Cyg)alkyl, {Caig)aryl, hetero{Cy s)aryl, (Cs.g)cycloalkyl, and
hetero(C, s)cycloalkyl, each unsubstituted or substituted; and
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Rys is independently selected from the group consisting of hydrogen, hydroxyl, halo,
(Ciz)alkyl, hydroxy(Ci.3)alkyl, (Cy.3)alkoxy, amino, carbonylamino, aminocarbonyl, carbonyl,
hydroxylearbonyl, aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, each unsubstituted or

further substituted.

146, The process according to any one of claims 142-144, wherein R; is selected from the

group consisting of hydrogen,

o OH J
~
(EH3J H\ NH; 0 o
! \~/ H (’ (| HaN.__NH H H H
® * * \f ¥ * *
OH OH NH NH
OH OH NH NH, 2 2
“'NH NH Y “OH H
H/NHz 1/[?«42 : 2 H/’OH (QOH ©
® M * B ® * # ®
OH QH OH
HO HO,, HG OH OH
OH OH QH OH :
‘)/"OH ‘/E (\) g)( H/‘ ’J}(\/’on (\):OH
* * * * *
O 0-— CH QOH QOH
‘/L I/VL/ H:OH (EOH ‘/l‘/';o/ K[O/ ('[,O\
* * * * L

o]
0 )J\ o\\S,,O
\\,NHQ HN BN

fd)‘“ (:J)
| QM
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147.  The process according to any one of claims 142-144, wherein R is selected from the

group consisting of hydrogen,

\./ /\/\

T T Y T
P S s
TR R0 L% G0N
Fo da, g o o AT AS
O, O D Mo 0 04
o b oo b,
HLCL Ay e R Aorh- O
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148.  The process according to any one of claims 142-144, wherein R, is selected from the

group consisting of hydrogen

oH OH NH; NH; OH o
HO, HO»,. OH OH
N NH “OH OH .,
¢ z NH NH
* * * * ® - * =
HNTS S NN

S o A B %& AR
G 2 NS Dk

@

149.  The process according to any one of claims 142-144, wherein R, is selected from the

OH

group consisting of hydrogen

OH  HO. HO.,, NHg / HN/\ \_ - /\ Ay
“HH ‘A (& (&O O (&
* 0

150. The process according to any one of claims 141-149, wherein R, is selected from the

group consisting of hydrogen, and unsubstituted or substituted (C;¢}alkyl.
151,  The compound according to any one of ¢laims 141-149, wherein R» is methyl.

152.  The compound according to any one of claims 141-149, wherein R; is hydrogen.
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153.  The process according to any one of claims 142-152, where in R;; is selected from the

group consisting of:

sgisdacsasdegodeded
PSR CIACESCESCES S
O OOC T Y
X O Y UQ
Eaedcedhager mﬁl«@/
POOuLARGS GL\O ©/\ o
. “”""“*(j SEVN 8 b

&

S S * S S S _* O
APT A A~ /°‘<}J/ /O“ﬁj.,?u/ /°‘<}q,\”/

m:O

O=

154.  The process according to any one of claims 142-152, where in Ry is selected from the
group consisting of’

|
O LU O Yy
NT & T T i
OO O Y
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155.  The process according to any one of claims 142-152, where in Ryz is of the

0 N *
| -~
forinula =

156.  Anintermediate compound consisting of the fornmla;

Ri
N’o
N~ ™% NH
Mz
HNT N
X F

wherein

R; is selected from the group consisting of hydrogen, carbonyl, (Cj.i0)atkyl,
hetero(Cj.10)alkyl, halo(Cy j0)alkyl, hydroxy(Cy ie)alkyl, carbonyl(Ci.i0)alkyl,
thiocarbonyl(Cy1p)alkyl, sulfonyl(Cy.ig)alkyl, sultinyi(C;.1gyalkyl], imino(Cy.ie)atkyl,
(Csaz)eycloalkyl(Cy .s)alkyl, hetero(Caiz)eyeloalkyl(Ci.jo)alkyl, arylCiio)alkyl,
hetero(C).10)aryl(Cy.s)alkyl, (Cs.12)cycloalkyl, hetero(Cs.iz)cycloalkyl, (Co.2)bicycloalkyl,
hetero(Cs.1)bicycloalkyl, (Cy.qp)aryl, and hetero(Cy_jp)aryl, each unsubstituted or substituted with
1-3 substituents each of which is independently selected from the group consisting of hydroxyl,
(Crao)alkyl, hydroxy(Cipyalkyl, amino, amino{Cy.j¢)alkyl, aminocarbonyl, (Cs.iz)cycloalkyl,
hetero(Cs.pp)cyeloalkyl, (Cygz)aryl, and hetero(Cypyaryl, each is unsubstituted or farther
substituted; and

X is a leaving group.

157. The compound according to claim 156 having the formula

F$1
N,O
N~ ™% NH
Py
HNT N
X F
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158.  The compound according to either claims 156 or 157, wherein R; is selected from the

group consisting of hydrogen,

\

CHs | NH, NH N OH OHJJOH o~ oJ
OIS e P

OH OH NH NH
OH OH NH; NH, ? ¢
y “INH NH y “1OH OH
‘/’/’NHZ ([NHz ? : H/ “OH K[OH
L * S * L3 * ES B3
OH OH OH
OH OH HO HO,, HO. OH OH
OH OH OH OH '
“ioH OH (,\) (\) oM OH
* * * *® % ¥* * ¥* L3

OH

CH OH OH OH
/N NOz N < HM O
| OH OH
2 -
( ( NN o
* ® * * ® 01 * 0'1 * H *

*

O
*

WwOH ﬁ 0 0
)I>< ﬁj’x e Jﬁ e Jmi() frj [EOJ
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159.  The compound according to either claims 156 or 157, wherein R; is selected from the

group consisting of hydrogen,

'\/ /\/\

Aéﬁyﬁééﬁ&f«&

HzN -~ /N - HO o~~~ HO -~ /\JOH BO OH Oy~

\g/\m \g/\n N N w/\ /\r N~

oo lNe NNe. o a
* *® * *

*

o\/}l:,\/ \;& rO:» pQas H*/\O/ (CEJ
gﬂﬁmwﬁﬂw%%r%>%6ﬁ%§”
geadseniscaisogiaoWiget
HLQ asiaess %ﬁ? Mo -
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160, The compound according to either claims 156 or 157, wherein R is selected from the

group consisting of hydrogen,

OH
A\ k OH OH
| NH, N7 o~ o O
w Y NOP S R e A
J: & ® #® * = * * # * * *

ot OH OH OH OH O OH HzNYNH
(5 R, HO HO,,
OH on O HO A0 Son N0 o
a
* * * & M * * *

OH NH NH
OH 2 2 NH; NH, OH OH
v NH “OH OH . .
NH2 ? KF’OH (£0H ‘)/’NHz KiNHZ
*: * * * * * *

NH;

HO,, N NO
NH, N0 inT SN (\N/ Z ?
9} 2
K&O (&O (&0 / (go
* * * * * * * ¥

WO B N 0 o P
D0 20 0 L L
o’tk OH y
O D I O
P b Por

0

*

o OH




161.  The compound according to either claims 156 or 157, wherein R, is selected from the

gioup consisting of hydrogen,

on on N NH, o ™
HO HO;,, O OH
N NH “IoH O .
L S L
" * * # & * * *
P N

PP BE S dealpe
PO X 0,08
o

‘\«K\*Wm\/(‘ LN X

162.  The compound according to either claims 156 or 157, wherein R, is selected from the

group consisting of

H H OH OH O OH OH
H H N N HO, HO HO HO, HO,
N N 7 7
j j " I”G D O
'y o 0 WG W WO W WS
0 0 1 | | | | H
® = * * *
H « ¥ "

163.  The compound according to either claims 156 or 157, wherein R; is selected from the

group consisting of hydrogen,

OH OH
OH OH HO HO,,, NH, HN HN/\‘ \ -~ /\ P
Lo Lo r‘*r&r‘“r&r%fr&
% % * * *

164. The compound according to either claims 156 or 157, wherein R; is selected from the
*/Y\OH */‘\;’/\‘OH

group consisting of OH and OH



165. The compound according to either claims 156 or 157, wherein R; is selected from the
OH QH

group consisting o and *

166. The compound according to either claims 156 or 157, wherein R, is selected from the
S
0
A s A
0 Q O .

group consisting of o

167.  The compound according to either claims 156 or 166, wherein X is a leaving group

selected from a group consisting of halo, and substituted and unsubstituted alkylsulfonate.
168. The compound according to claim 167, wherein X is bromo.

169.  The compound according to claim 167, wherein X is chloro.

170.  The compound according to claim 167, wherein X is iodo.

171.  The compound according to claim 167, wherein X is trifluoromethanesulfonate.

172.  An intermediate compound consisting of the formula:

Rz
1
0
Ry Nl’
NT TR NH
P
HaN™ N
R12 F

wherein

R, is selected from the group consisting of hydrogen, (C,.¢)alkyl, and protecting groups;
and

R is selected from a group consisting of (C4.1z)aryl and hetero(Cy.jo)aryl, each
unsubstituted or substituted, with 1-3 substituents independently selected from the group
consisting of halo, nitro, cyano, thio, alkylthio, (Cy_jg)alkoxy, (Ci.io)haloalkoxy, hydroxy,
aryioxy, heteroaryloxy, carbonyloxy, carbonyl, alkylaminocarbonyl, amino, (Cy.jp)alkylamino,
sulfonylamino, sulfonyl, aminosulfonyl, sulfinyl, (C;.10)alkyl, halo(Cj.ip)alkyl,
hydroxy(Cy.jg)alkyl, carbonyl(C).1p)alkyl, thiocarbonyl(Cy.1g)alkyl, sulfonyl(Cig)alkyl,
sulfinyl(Cy_jp)alkyl, hetero(Ci.i0)alkyl, alkoxyalkyl, alkoxycarbonylalkyl, aryloxyalkyl,
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heteroaryloxyalkyl, (Cs.12)eycloalkyl{(Cy.s)alkyl, hetero(Cs.i;)eyeloalkyl(Cr.yo)alkyl,
aryl(Cy.0)alkyl, hetero(C.ip)aryl{Cy.s)alkyl, (Co.pz)bicycloaryl(Cy.s)alkyl,
hetero(Cg.p)bicyeloaryl(C .s)atkyl, {Ca2)eycloalkyl, hetero(Cs.z)eycloalkyl, {Co.12)bicycloalkyl,
hetero(Cs.12)bicycloalkyl, (Ca.i2)aryl, hetero(Ciap)aryl, (Co.i2)bicycloaryl and
hetero(Cq.12)bicycloaryl.

173.  The compound according to claim 172 having the formula

Ra
1
0
Ro N|’
N™ ™~ NH
PP
HaN N
Reg F

174.  The compound according to either claims 172 or 173, wherein R, is hydrogen.
175.  The compound according to either claims 172 or 173, wherein R, is methyl.

176.  The compound according to either claims 172 or 173, wherein R, is a protecting group
selected from the group consisting of ((Cye)salkylJsilyl, (((C;.¢)alkyDsa)phenyly)silyl where k is
0-3, benzyl, and tetrahydropyranyl.

177.  The compound according to claim 176, wherein R, is selected from the group consisting

trimethylsilyl, triethylsilyl, triisopropylsilyl, ters-butyldimethylsilyl, and tert-butyidiphenylsilyl.
178. The compound according to claim 176, wherein R, is rert-butyldimethylsily].

179.  The compound according to claim 176, wherein R, is trimethylsilyl.

180.  The compound according to claim 176, wherein R, is benzyl

181. The compound according to claim 176, wherein R, is tetrahydropyranyl.

182. The compound according to any one of claims 172-181, wherein Ry, is phenyl or

hetero(C;.s)aryl, each unsubstituied or substituted with said 1-3 substituents.
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183. The compound according to claim 182, where in R;; is selected from the group consisting
of halo,

O U O OOl
Q N\“ \* O N\* O N\* N\*HO N\*
LYY Y ST Y Y
* e] N * e O N * N * O N\‘
SO BRI e > b1
G N\* O N\*F HO
:NINJ Xy U vy Ay @’
FsCO
Sedilaned Q%:r CR o
vt Gio- 8o

¢

8. St St S S O~
AT AT AT /°‘<\N]/ AT ST

N N

184. The compound according to claim 182, wherein Ry; is selected from the group consisting
of bromo,
. .l .
O CL O T Xy
® | ®
N F & HNT HoN™ N
YO Y T Y
| | | ®
# N/ = N
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185. The compound according to claim 182, wherein Rj; is

186.  Anintermediate compound selected from the group consisting of:

(R, Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-dihydropyrido{4,3-d]pyrimidin-
5(6H)-one oxime;

(R, Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-dihydropyrido[4.,3-d]pyrimidin-
5{6H)-one O-tert-butyldimethylsilyl oxime;

(R, Z)-2-amino-7-(4-fluoro-2-(6-methoxypyridin-2-yl)phenyl)-4-methyi-7,8-
dihydropyrido[4,3-d]pyrimidin-5(6H)-one oxime;

{R,Z)-2-amino-7-(2-bromo-4-flucrophenyl)-4-methyl-7,8-dihydropyrido[4,3-d]pyrimidin-
5(6H)-one 0-2-(($)-2,2-dimethyl-1,3-dioxolan-4-yDhethyl oxime;

{R,Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-dihydropyrido[4.,3-d]pyrimidin-
S5(6H)-one 0-(5)-3,4-dihydroxybutyl oxime;

(R, Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7.8-dihydropyridoe{4,3-d]pyrimidin-
5(6H)-one O-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)methy! oxime;

(R, Z)-2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-dihydropyrido[4.3-d]pyrimidin-
5(6H)-one O-(R)-2,3-dihydroxypropyl oxime;

(R, Z)-2-(2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-dihydropyrido[4,3-
dipyrimidin-5(6H)-ylideneaminooxy jacetamide;

(R, Z)-2-(2-amino-7-(2-bromo-4-fluorophenyl)-d-methyl-7,8-dihydropyrido[4, 3-
d]pyrimidin-5(6H)-ylideneaminooxy)-N-methylacetamide; and

(R, Z)-2-(2-amino-7-(2-bromo-4-fluorophenyl)-4-methyl-7,8-dihydropyrido[4,3-
dlpyrimidin-5(6H)-ylideneamincoxy)-N, N-dimethylacetamide.
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