FUSED TRI CYCLI C DUAL | NHI BI TORS OF CDK 4/ 6 AND FLT3 CROSS REFERENCES TO
RELATED APPLI CATI ONS [1] This application clainms the benefit of United
St at es Prwoizsizned44Appl i cati on No. 61/466, 841, filed onprimnuskoi283008011,
which is hereby incorporated by reference inits entirety and for al
purposes as if fully set forth herein. FIELD OF THE I NVENTION [2] The
present invention relates to conpounds capable of inhibiting the kinase
activity of cyclin dependent kinases such as CDK4 and CDK6, and

conposi tions that include conmpounds that inhibit cyclin dependent kinases.
The present invent FERERITRIGYETCd3UAD INUMJIORS OF (Tdo e AFD FRABDLI ti ng t he
ki nase activity of FLT3, and conpositions that include conpounds that

inhibit FLT3. The co bl Y treat various
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di seases or conditio ancer and are

especi al |y usdf@lll i n tr dhisiapjicptmicéannsthppereficefieted StaBADKEROUND OF THE

| NVENTI ON | I e nt unmnet
medi cal need. jzﬁltpﬁﬁ %ﬁ%%%g%gg?géﬁemmﬁé%%gﬁ &hgggsg%e r;erb?lzng!()ilggﬂa{eh%g | ock in
di fferenti ati onfceenes inffepntisty apskfor alf myppsesan idhlly deefortp &¢reind | i neage of

hemat opoi etic progenitor cells. There are approxi mately 13,000 new cases
and 9, 000 deat hs per year in twmﬁﬁml e survival rate is 25-70%

in patients yqygmger thath@{?reé’e%%'h%n%‘ﬁreﬁ’cés%/Bdnﬂ)o&'lcg%Epal?l%tokﬁl'iﬁb%l th wor se
outconmes in patiénts with poor risk cytogenetics. Current standard of care

treatment is d@mwmwfrwdmiewﬂaﬁmﬁ%swhéﬁﬁpﬁé@awDIﬂémdpmmmO@m and
Con30|'dat'0”tHﬂ%&ﬁﬁccﬁﬂ&ﬁn&ﬁﬁ&ﬂMﬂﬁ&%ﬁhﬁ b&m&h@ﬁé&%aﬁﬁeﬁﬁwﬂh%%n&§?d for
treating AML in younger patients Cycli n-dependent” ki nases (CDKs) are
a fam |y of sedsorglptes faceppiuigs %pdﬂtlwfnnheblh%@égklmsawttwgtyIOﬁETeTi ant cel lul ar
functions. Th%oﬁﬂggkﬁdﬁ§ t1af 1%015&%0%@%9{ MhiBit pﬂfﬁ [ Bhel claﬁ’ii)oﬁgg én\ﬂat e the

catal ytic CDKs clin clin A CDK2/Cyclin E, CDK4/Cyclin
D, CDK6/ Cycl i rvompa%ﬂémémay peured foetpat W@F%dliﬁﬁse&éﬂ qongijiensanqsiplatyd d% dicem.  CDKs

al so regul at e 0860 REhREy anPHR egﬁeéléeuseﬁﬂ Inft?era&%tﬁaa&ﬂtpwnh Shbgscence and
apoptosis (Mrgan, D. 0., Annu. , 13:261-291 (1997)).

[3] Small nol ecul e inhi bi t@&cﬁbR@ﬂﬁDmﬁﬁvEWgNoped to treat cancer
(de Career, G et al., Cur VEd.  Che T47969-85 (2007)). A | arge anount
of genetic evild@¥ice sup@@ﬂ&eslwwwe@m@ (APHeirepresghys ¢ pigriganbynpcegtlistior s have
been shown to fg Iﬁﬁ%%&%l‘% icWnfall %Wcﬂﬁ%@@ﬂze@%%%[o%k (MBEUEREES) ot et al,
Nat ure Rev. Cancer, 1:222- 1 206 . Endogenous protein inhibitors of
CDKs i ncl udi ngibgiast prplszraaﬁlaofﬁhezmvdwﬂ I}pftag@ei@ea@topwmpr%?aﬂqrwdm There

OVer expr essi orarer@@%un@até 13:@dolne€v>e§s!e@aﬁr9" mtdemdpelr géyrlaithe gﬂuéafsmttwmr growt h
in preclinical nod (Kamb, A Mcro | nmunol

227:139-148 (1@981}171%1 rpig s 25rHP4 mrPB‘Il@éﬁ}IOéngehWPlbiSQYﬂa@ agf S-¢fisn st al so be
used to treat \ét%éﬂtsewch %rs%ﬁ't@&méi‘n%&e%%Mtﬂ@&or&ﬁféb&%geﬁé&ﬁn RENF @tdae! !
proliferation, including cardiovascular disorders, tenal diseases, certain
i nfectious di S6syeycament sdonnomhivie s wesbie chapthergparibriadusioromdpat hway's

i ncl udi ng gen%ngonmbﬂﬁﬂas&sn ﬂoﬁ@m‘aﬁ%v{r stelmlel@t&éplams RdRaPR: chBeKROIINT (P33,
pRb, pl5, pl6, and ins A CDK4) have been associ at ed
with plaque prlfb@?"é‘S@”P@ﬁentSsteno& S and resten05| s after angiopl asty.

Over - expressi qpogf the EOKid-fbRIchQinaR QEBKD aQQaLfaH@@ obg‘e@iﬁe/sm@meto i nhi bi t
vascul ar snooth rnuscle proliferation and intimal P pl asia foll ow ng

angi opl asty ( @Higpig kingges peyiag ingportant pelludyrifnctipnsy, d§¢ cyc 1%@‘216@%(112@95) Yang,
Z-Y. et al., Pﬁ&ﬁuts hﬁidcﬁve@@ﬁgcataﬁ?ﬁcClﬁlkLSAtD%?f/C%@ﬁlﬁsB( w@/dychﬁn@m” mol ecul e

CDK2 i nhibitor CVT-313 (Ki 5 nM was shown'to cause significant

i nhi bition of (&} ﬁt’@ilﬁ*@ fSQIKI‘IéﬁﬁCBIP\DI QDR AIGralin Pratgeridcyl meplgies of pell geleet g |
J. Biol. Chem rog%gsglog 9@IQIZS glggr:leéulﬁtg: %%sll)iptlog ﬁl{lﬁgéﬂaﬁ‘t dlffé}eﬁfan@rﬁ Eéne&:}é&lee has

been associ at ed Wt h OII’%C ysticC dney di seases, ich are characterized by
the growth of anfl apagptopis|(Meggap Qs ADfﬁlur afclf- sy Riel. 13282 NPt h smal |

nol ecul e inhi hpgArs of CRKE niRlIdEMiRhERFEDKE hve RS de%lo%‘é(i% trGat irgGase in
nouse nodel s (Bukanov, N. 0., et al., Nature, 4444:949-9 (2006)).
| nf ecti on by e(dwﬁm@t@v o pl. iGufreded. cﬁh@magéﬁﬁ%% (2A8D U Irgzcrameght, Ofa?:r@tl@zoan
arasites suc I ﬁm may be
!to reated with ?%ﬁé@%?g{rhgm ? %eﬁave%giﬁqes O\Rﬁg{ﬁ%ew rsg%ngg fo?/
replication of herpes sinplex virus (HSV) (Schang, L. M et al., J. Virol.,
72:5626 (1998)). Synovial tissue hyperplasia plays inportant roles in the
devel opment of rheumatoid arthritis; inhibition of synovial tissue
proliferation may suppress inflammti onl and prevent joint destruction. It
has been shown that over-expression of CDK inhibitor protein pl6 inhibited
synovi al fibroblast growth (Taniguchi, K et al., Nat. Med., 5:760-767
(1999)) and 10| nt svvel I | ng was substantl ally |nh| blted |n an| rral arthr|t| S
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cycle may reduce the side effects associated with the cytotoxic

chenot herapy and possi bly increase the therapeutic wdow It has been shown
t hat i nduwwoiz2ore/ap34gel | ul ar protein inhibitors of CDKs (pLé/usp@z/oamd7 p21)
conferred strong resistance to paclitaxelor cisplatin-nediated cytotoxicity
on the inhibitor-responsive cells but not on the inhibitor-unresponsive
cells (Schmdt, M Oncogene, 2001 20:6164-71). [6] CDK4 and CDK6 are two
functionally indistinguishable cyclin D dependent ki nases. They are wi dely
expressed with high | evels of expression observed in cells of hematopoeitic
| i neage (CDK4/a@somaleld“bténwgéhummm@rﬁdmalwnmr@, Moetwhélature Bew: ehreeehidZ- bot h
CDK4 and CDK6)j3 6 cedql e by
phosphorylatlng g@%ﬁpeFﬁ% 8%%&%?%%g§ﬂk?gg?naﬁmﬁ (SQ?IMQ §-}S|n | e
knockout ni ce inlikit QDKUIC@VIE(W@d d@mmf@eﬂpms;klw*@ulmlt@llwde arestnd nnhlblthm with

def ective hemuyapg): saiiy ﬁ@@émﬁlem&aa@ anfd, AStCuA! 7o %@9&@3%&%?92&3 39
(2009); Mal unbres, et al., Cell 8:493-'504 (ibo4 . Strong evidence
supports a sigﬁ7ﬂ5%éﬁ109%9blvenent of the cyclin D CDK4-pl6l NK4A-Rb pat hway
in cancer deve[b@ﬁmsnt (Waﬂmﬁe@ae nhﬁbltglts o?bDKslhl?a lalfsgbgﬁs dto%f:%ety of
1:222-31(2001)). Ro negatively regul ates e at

sequest ering E@Eréwﬁﬁ@ﬂh%r$hmﬁmaﬂéﬂm@qmﬂpéﬁﬂﬁﬁnmamnmdmﬁqaﬂwwwaﬁﬂphase pl
6147 T's a key JTRARRL fll diBRed St A dobs BcdCRAA BuGifhlidk BRcdliepi tors. The
genes for and pléx4A are tunor suppressors that are often deleted or
silenced in caﬁ@é@ﬂ@EMP®MMﬂudﬂv@mmamﬂynﬂﬂkﬂln@EK@J%N@(Hw@ﬂﬁmhmﬂare reported

to be anmplifi -Qg?ﬁ; j ] . 6S i

i nportance ofq?ﬁ&gmpa ﬁ§§agﬂgﬂﬂ§6%ggzgﬁﬁgr?a?urtﬁ%ﬁgiggggg?ﬁﬁggg t he
finding that deyrietedonthorqiqpiegessani ssmosf andmprdtenpsihiafier prgiaplpyeyr Ogarowt h i n
nouse tunor ntéQEIJeﬁlo(n%lﬂthe(éDI@hlhﬁ pI‘(Q@l %gf ndsBbdn shOwh & i Fl( %%Q@r,s H%Ol M
Cancer Cell, 63- 73 (2010)) and 161 NK4A are rare eted I n ANL
However, the pnusgle PIdmatge ged ingimak yserplasinfrdlewie atlﬁwlﬂlswhﬁw W.¢has been
reported to beal dPW'ﬂanﬁ‘Qelé! %%6@0&95‘3&510%11%92 Rylahi s, 'NltlURcah(’?c@Q%SR AML
(Naof umi, M . Kem a 297557-64 (2005 ex . G
Leukem a, 12: 294559-9939(1(92@9% Smﬂbmﬁlﬁwle GDKginhghtitop V- 3@2&6‘(’9@95@@ WaSSHO\’BB? 41
(1997)), 5Ugg%é%&@&m@nﬂ&ﬁ§b§bﬁoﬁBf&%ﬁﬁ&aﬁﬂhﬁn&ﬂﬁa&ﬁ%ﬂé@kaBﬁN&s%ﬁt'5 [7]

FLT3 (Fms-1i ke tyrosrne kinase 3, K2) is a class recePtor tyrosi ne
ki nase. It is caehilvéipeGhyy, We?%@‘f%mli @Qﬂ@)(ml)egdhtdmsafgﬂbays cthiykpagh t he

Pl 3K, RAS, an

L3 s (Zogagwc (FIAE ggﬁkﬂw@mnéy%a@eé ichke c%%rg?e%gwthegm

(2009)). FLT3 fhidfHedeysteingehahtubales. nyP?élilTﬁtt@’p‘bIS@Slll moleade mhibgorg ef iJEKént mce
have reduced nihRlclr:Qhve RFADGILRL ARl bk M gsmwde' bnaages
(Mackar eht schi‘an K, et ity, 147-61(1995 Activating nutations
in FLT3 are fd&ﬁﬁﬂﬁ%4ﬁﬁﬁk%ﬂﬂﬁﬁﬁﬁl9ﬁ€m@@bﬁaﬁwwbhéwﬁéﬁ@35%?@@ﬂ@@@ﬁ&lng t he
most frequent GenakiGzodh hEEAL QB kPIARRSERDEu BRHIN AT RUALAS.c,

activating mut ations are internal tandem duplications (I1TD) and 25% are

poi nt mut at i oriBaybe tiepfed witk Chkt ipkybitqre dpPles havp bedeisheygeto de raghied ffhe nost
frequently i de}g&licﬁﬁo%q)f és%ﬁﬂﬂla&lﬁgka)r@ElﬁB% QN M. St PBBINrof. Y—@rg%gpt o et al.

Bl ood, 97(8) 434- 2439 2001%V However ations have al so been found at
N841l (Jiang, (19988t Sahovial Bysoebhperpipgiapiays BBt gse ip gigoleydloparedt ofg42C
(Kindler et alrhemrﬁ'to@@ﬁhhnaﬁﬁﬁ}ﬁ 1t101§§f§y1§)%%1 ﬁ%ggﬁ‘))ﬂiferaﬁglgﬁﬁ}} %ﬁljesspm nt nutations
have been identified in uxt anenbr ane dormal n and Ki nase donai n,

al t hough t hesenfliaveatioe epd mhmnombd%@%qym It has| bgQieshown Has ost- mm@sm@fent i al
(Rei ndel et alon Biads JOUh s i 1900 36071 {2008 dhonnl Bhyidihd Reciapne marr ow

transplanted with a retrovirus expressin has been shown to
result in the NYatodesets¥A-767 (1§9%tlwalpm lemrwls ﬁlfbé?aat@allvenhehl@éasaéumai mce
(Kelly et al.,,®8ieodofRR: 310-318 (2002)) characterized by |eukocytosis
consi sting of mature neutrophils. This disease did not show a block in

di fferentiati dA0%s seen Selactiyambitamiof supfelRKs may elprke wsedg priechnéreas conf er
a proliferati ‘{ﬁnr%sfo?ﬁléd’ée&’l%y REpAN %@&%ﬂfe%h&'@@of%ﬁk le ﬁ%&&ioﬁ@en%ﬁpge“e
mut at i on pr oduci In differentiation suc

hypot hesi zed UwagChﬁﬁﬂﬁﬁ@@wt%ZHP%@Q@%2@N§bé§@W@WB@“M@hﬁﬁ@@ﬁ@ﬁﬁpﬁar to
human AML. [ Qyifhd Bﬁa% 1 sféfz%y{om;icm by iﬁﬂ%ﬁs DEeBrehGIhE st (i i ni cal
trials. Although they have shown |n|t|a clinical responses in AM.,, the
responses observed were transient and resistance can devel op rapidly

(Wei sberg, E. et al., Oncogene, 29:5120-34 (2010)). The major resistance
mechani sm appears to be through the acguisition of secondary nutations in
FLT3, which may interfere with the binding of FLT3 inhibitors to the FLT3
receptor (Weisberg, E. et al., Oncogene, 29:5120-34 (2010); Chu, S. H et
aI , Eng Re5|st ~Update, 12:8-16 (2009)). Cne such re5|stance nutatlon
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NRSNN/ m" 1 '"R2 Rl | or a pharnmaceutically acceptable salt thereof, a
hydrate thereof, or a m xture thereof, wherein: R is a group of Formula
| A, Formwe 2®/1263mnmula IC, or Formula 1D R8a R8b R6PCTNIS2012/030007

cycle may reduce the side effects associated with the cytotoxic chemotherapy and
possibly increase the therapeutic widow. It has been shown that induction of cellular
protein inhibitors of CDKs (p16, p27 and p21) conferred strong resistance to paclitaxel-
or cisplatin-mediated cytotoxicity on the inhibitor-responsive cells but not on the
inhibitor-unresponsive cells (Schmidt, M, Oncogene, 2001 20:6164-71).

[006] CDK4 and CDKG6 are two functionally indistinguishable cyclin D
dependent kinases. They are widely expressed with high levels of expression observed
in cells of hematopoeitic lineage (CDK4/6 will be used throughout this document to
reference both CDK4 and CDK6). CDK4/6 promotes G1-S transition of the cell cycle
by phosphorylating the retinoblastoma protein (Rb). CDK4 and CDK6 single knockout
mice are viable and double knockout mice die around birth with defective
hematopoiesis (Satyanarayana, A. et al., Oncogene, 28:2925-39 (2009); Malumbres, M.
et al., Cell, 118:493-504 (2004)). Strong evidence supports a significant involvement
of the cyclin D-CDK4-p16™***-Rb pathway in cancer development (Malumbres, M. et
al., Nature Rev. Cancer, 1:222-31 (2001)). Rb negatively regulates the cell cycle at G1
by sequestering E2F proteins that are required for initiation of S phase. p16™ " is a
key member of the INK4 family of CDK4/6 cellular inhibitors. The genes for Rb and
p16™** are tumor suppressors that are often deleted or silenced in cancer cells.
Additionally CDK4, CDK6 and cyclin D are reported to be amplified in hematologic
malignancies and solid tumors. The importance of this pathway in oncogenesis is
further supported by the finding that depletion or inactivation of CDK4 inhibits tumor
growth in mouse tumor models (Yu, Q. et al., Cancer Cell, 9:23-32 (2006); Puyol, M.
Cancer Cell, 18:63-73 (2010)). Rb and p16™*** are rarely deleted in AML. However,
the p15™*® gene, another member of the INK4 family, has been reported to be down
regulated by hypermethylation in up to 60% of AML (Naofumi, M. et al., Leukemia
Res., 29:557-64 (2005); Drexler, H. G. Leukemia, 12:845-59 (1998); Herman, J. G. et
al., Cancer Res., 57:837-41 (1997)), suggesting a possible critical role for CDK4/6 in
AML cells.

[007] FLT3 (Fms-like tyrosine kinase 3, FLK?2) is a class III receptor tyrosine
kinase. It is activated by the FLT3 ligand (FL) and signals through the PI3K, RAS, and
JAK/STAT pathways (Scholl C. et al., Semin. Oncol., 35:336-45 (2008); Meshinchi S.
et al., Clin. Cancer Res., 15:4263-9 (2009)). FLT3 plays a role in early hematopoiesis
and FLT3 deficient mice have reduced numbers of progenitors of multiple lymphoid

lineages (Mackarehtschian K, et al., Immunity, 3:147-61 (1995). Activating mutations
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in FLT3 are found in approximately 30% of AML patients, representing the most
frequent genetic alteration in the disease. About 75% of the activating mutations are
internal tandem duplications (ITD) and 25% are point mutations in the activation loop
of the kinase domain. The most frequently identified activating point mutation is
D835Y (Yamamoto et al., Blood, 97(8): 2434-2439 (2001)). However, mutations have
also been found at N84 11 (Jiang, J. et al., Blood, 104(6): 1855-1858 (2004)) and Y842C
(Kindler et al., Blood, 105(1): 335-340 (2005)). Additional point mutations have been
identified in the juxtamembrane domain and kinase domain, although these have been
shown to result in lower transforming potential (Reindel et al., Blood 107(9): 3700-
3707 (2006)).

[008] Murine bone marrow transplanted with a retrovirus expressing the
FLT3-ITD has been shown to result in the production of a lethal myeloproliferative
disease in mice (Kelly et al., Blood 99: 310-318 (2002)) characterized by leukocytosis
consisting of mature neutrophils. This disease did not show a block in differentiation as
seen in human AML suggesting that FLT3 mutations confer a proliferative or survival
advantage to the cells. Additional oncogene mutation producing a block in
differentiation such as AMLI1/ETO is hypothesized to be required to produce disease
that is more similar to human AML.

[009] A number of FLT3 inhibitors have been tested in clinical trials.
Although they have shown initial clinical responses in AML, the responses observed
were transient and resistance can develop rapidly (Weisberg, E. et al., Oncogene,
29:5120-34 (2010)). The major resistance mechanism appears to be through the
acquisition of secondary mutations in FLT3, which may interfere with the binding of
FLT3 inhibitors to the FLT3 receptor (Weisberg, E. et al., Oncogene, 29:5120-34
(2010); Chu, S. H. et al., Drug Resist. Update, 12:8-16 (2009)). One such resistance
mutation (N676K) was identified in a patient at the time of clinical relapse while on
multi-kinase FL'T3 inhibitor midostaurin (PKC412) monotherapy (Heidel, F. et al.,
Blood, 107:293-300 (2006)). Combinations of FLT3 inhibitors with chemotherapy are
being tested in clinical trials despite the recognition that chemotherapy is poorly
tolerated. Additional possible mechanisms for lack of durable responses include
inadequate target coverage (Pratz, K. W., et al., Blood, 139:3938-46 (2009)) and
protection of AML cells in the bone marrow where stromal growth factors may provide
proliferative signals in addition to FLT3 activation (Tam, W. F. et al., Best Pract. Res.
Clin. Haematol., 21:13-20 (2008)). Inhibitors with combined FLT3 and CDK4/6



R8a R8e R8b N 18f R6 ID wherein the "UV synbol indicates the point of

attachnment of the group of Fornmula IA IB, IC, or IDto the rest of the

nol ecul e; w0 2012/12884i s a C5- C7 cycl oal kyl group, is a 5 ProTShEnivset!

het erocyclyl group that includes 1, 2, or 3 heteroatons selected fromN, O,

and S, or is a C7-C o bicyclic group; wherein the C5-C7 cycl oal kyl group,

the 5 to 7 nenbered heterocyclyl group, or the C7- G o bicyclic group is

unsubstituted or is substituted with 1-3 substituents independently

sel ected fromunsubstituted -(C1-C6 al kyl), -OH, halo, -0-(Cl-C6 al kyl),

-CO2H, C(=0) -ighigiory @@Vﬁileka}rb yovel @dxoy-prReeRencficiRn Reatingvarous gseris t ut ed

-(C1- G4 al kyl )inc sy gllnqlo qug futed -(CL-C4 alkyl) is substituted with

1 3 substituents | ndepen ent y se ected fromhalo, -OH -OCH3, -S(=0)2-CH3,
-C(=0)-CH3;[0R8a is s@u@dﬁ@dclmnmﬂmﬁ pyrimjdiggy andculazine(ce:lllp@@damml §0r or

-O(ClcSaIk tuted

_(Cl- 6 al kyl %le)aﬂnﬁ?&aéﬁm C(?"ateéjﬁ’}L @DKZlgE' dlSCBf§d%“@2@d)9mg%gélb{{CB%H§?E{§ 1y,

-C(=0)-NR R" J@)Py 992@)9hwhich iytheighy @@mp@@e@\bﬁkvfe)rencmwmﬂewﬁed ubktituted

-(C1-Co al kyl )pu%séqpﬁtfﬁlg“\%:ﬂgrtﬂ\hérgn1V§n0ﬁf§%§r¥1'd§sﬂ€sﬁh§ed‘ aﬂg%ﬁ)@%@t l'y sel ected

from hal o,
compounds useful for treating diseases mediated by CDK4 are disclosed in WO

2009/0126584, published on October 15, 2009, which is hereby incorporated by
reference in its entirety and for all purposes as if fully set forth herein.

[011] A continued need exists for new compounds that can be used to
modulate CDK4, CDK6, and/or FLT3 and can be used to treat various discase
conditions associated with these kinases. The compounds of the present invention
provide significant improvements in inhibition in one or more of these kinases and have

properties making them excellent therapeutic candidates.

SUMMARY OF THE INVENTION

[012] In one aspect, the invention provides a compound of Formula I:

R3C R3a

or a pharmaceutically acceptable salt thereof, a hydrate thereof, or a mixture thereof,
wherein:

R'isa group of Formula IA, Formula IB, Formula IC, or Formula 1D



R3c is -H -(Cl1-C3 alkyl), or halo; R4 is -H R5 is -H R6 is
selected from-H, -(Cl1-C6 alkyl), -C(=0)-(Cl-C6 al kyl), -C(=0)-0-(C1l-Co6
al kyl), -v02002/120349) - OH, -C(=0)-NR R', or -S(=0)-NR R', pamarsesin/osdve7 al kyl
group of the -(Cl-C6 alkyl), -C(=0)-(Cl-C6 alkyl), and -C(=0)-0-(C1-C6
al kyl) groups is unsubstituted or is substituted with 1-3 substituents

i ndependently selected from-0OH, F, -S(=0)2-(Cl-C6 al kyl), -0-(Cl-C6

al kyl), -NRR', or -CN, R7fa is-H, -CH3, or halo; R7b is -H -(Cl-C6
al kyl), or halo; or R7b is absent if R is a group of Fornmula IB or Formula
| O R7c is -H, .nun,substltuted (Cl-CG al kyl), halo, -0-(Cl-C6 al kyl),

-N®2, -CN, -NRR", -
substituted -(Cl- CGNa y vvherel n the s
substituted wWRAC1- subsl |tuents i ndepen
-O(CIC6aIlp(B¢i 7bor CH3; or
Formula | A or ‘For - R R8a iR/CH, ™ 'E{gbed (C1-C6 al kyl),
or a substityge RISQyI) wher ei nﬁ{jﬂne substli t (C1-C6 alkyl) is
substituted w t?f N sR%?Duents i ndepe Neégfed from-OH halo, or
-0-(Cl1- 06 al kYR is -H unsubRBAt uykd - (IBI-C6 al kyl), or a
substituted -(Cl-C6 kyl), wherein the subBetu -(C1-C6 alkyl) is
substituted with 1-3 substituents independently selected from-OH, halo, or
-0-(C1-C6 al kyl); oA R8a and R8b, when taken IBogether, can represent =0;
R8c is selected from-H -OH unsubstituted -(Cl-C6 al kyl), or a
substituted -(Cl-C6 al kyl), wherein the substituted -(Cl-C6 al kyl) is
substituted with 1-3 suwbstituents independeply selected from-OH, halo, or
-0-(C1-C6 al kyl): MY R8¢,7s -H unsubsti utedRK?.Cl 6 alkyl), or a
substituted -(Cl-C6 erein the spNpBTI -(C1l-C6 alkyl) is
substituted wghBal- |tuents |ndepen entlx{ sel §ed from-0OH, halo, or
-0-(C1-Co6 al ﬁ{gg i

substituted -IRCI

Rse is -H, unsnf tu 1-C6 al kyl), or a
Rier ei n t R Subs &i-06 alkyl) is

substituted with -3 slbshiBtuents i ndepe

-0-(Cl1- 06 al kyl).N f is -H unsubs

nfly s¢l e 8ed from-0OH, halo, or
Re&%6 al kyl), or a

substituted - FCl- G674l kyRBd wherein the slabbti t'ﬁte

substituted wt tRaeB Rﬂbstl tuents i ndependent| 3R6e cted

s7a(=0)-NR' R', or a
B - (C1-C5 alkyl) is
sel ec ed from-0OH, halo,
5_abf® if R is a group of

8f(C1-C6 alkyl) is
IC D

wherein the vwwVv symbol indicates the point of attachment of the group of Formula
1A, 1B, IC, or ID to the rest of the molecule;

R is a Cs-C; cycloalkyl group, is a 5 to 7-membered heterocyclyl group that
includes 1, 2, or 3 heteroatoms selected from N, O, and S, or is a C;-C;q bicyclic group;
wherein the Cs-C; cycloalkyl group, the 5 to 7 membered heterocyclyl group, or the Cs-
Cyp bicyclic group is unsubstituted or is substituted with 1-3 substituents independently
selected from unsubstituted —(C;-Cg alkyl), -OH, halo, -O-(C;-Cg alkyl), -CO,H,
-C(=0)-0-(C;-Cq alkyl), -C(=0)-NR’R”, -NR’R”, or a substituted —(C;-C, alkyl),
wherein the substituted —(C;-C, alkyl) is substituted with 1-3 substituents independently
selected from halo, -OH, -OCHj;, -S(=0),-CHs, or -C(=0)-CHj;

R* is selected from —H, -F, or —Cl, -(C;-C; alkyl), or -O-(C;-C5 alkyl);

R* is -H, halo, -OH, -O-(C;-Cg alkyl), unsubstituted «(C;-Cg alkyl), -NR’R”,
-C(=0)-(C;-Cs alkyl), -C(=0)-0-(C,;-Cg alkyl), -C(=0)-NR’R”, or a substituted —(C;-Cs
alkyl), wherein the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents
independently selected from halo, -OH, -OCHj3, -CN, or -NO»;



from-OH, halo, or -0-(Cl1-C6 al kyl); or Rse and R8f, when taken together,
can represent =0; and R and R' are independently selected from-H,
unsubst i twoed12/12e4C4 al kyl ), or (Cl-C4 al kyl) substit ecedses2iozdot o 3
substituents independently selected from-OHor F. [13] In sone

enbodi nents of the conmpound of Fornmula | or the pharmaceutically acceptable
salt thereof, the hydrate thereof, or the mxture thereof, R2 is a C5-C7
cycl oal kyl group that is unsubstituted or is substituted with 1-3
substituents |ndependently selected fromunsubstituted -(Cl-C6 al kyl), -OH,
hal o, -0-(C1-C6 alﬂy I H?(Qfﬁdﬂhﬁxﬁﬂykm (C1-C6 alkyl), -C(=0)-NR R",

-NR R', or a substqya -(Cl1-4 alkyl), wherein the substituted -(CL-C4

al kyl) is substltute W'th 1-3 substituents i ndependently sel ected from
hal 0, -OH, -OCH3, -RS(i=}2-CH3, or -C(=0)-CH3. [14] In sonme enbodi ments of

the conpound of FOH@H&&kka%o&hﬁiR@aé ﬁﬁyt¢@g& dl@gﬁg@tqug)éqththereof

the hydrate thereof, or the mxture t unsubstituted or

substi t ut ed cwél‘{}'@h&(y@) @(—@ -OH,nCeéheV KBS wfe%@dﬁ?eﬁ’f QVheﬁﬂl theallylgyawbohexyl
group substituyfad W LA Ay E= g%@ éxi%n%aue( g)—&?lldJalkfygéI‘(Jaﬁ{wSUCh
Xyl grou

enbodi ments, R2 is a cyclohe ubstltut W th thyl group. In
some such enboubybstiftisd ORS sybstitgted path - bﬁlbfﬁl@#ema liglepend @tlpBelogiasifeom HaHav vy

synbol indicaﬁegxtgg(@obnakﬁj @Qéﬁ@hﬂgﬁ%lgggfnﬁ ¢gst of the nolecule. In

sone enbodi nent's unsub exyl group. [15] In sone
enbodi nent s of thelhoﬁﬂéuﬁﬂad$hﬁ®rnula | or the pharnaceutlcally accept abl e

“hdependent|y sel hydﬁ_ye Ererﬁog)Opﬁﬂ%Q?Rmygﬁﬁéﬁ?ﬁgﬁkﬁﬁa ky Ie}[ﬁﬁlilflilare

|ndependently sel ecte unsubsti tuted In
some enbodi nerrSofula e conpound of Fornula | or the pharmaceutically

acceptabl e salt thqyeng;&ggmg Qha oﬁﬂmob{&h@6gkﬁ%uﬁ§ thereof, R2 is
In°so

an unsubstituted or subsfltute cyc o ent ring. suc¢h enmbodi ment s,

R2 is a cycl optR{R/ -l CEObHHG G emyw -CrQ@Q-NR @lr o2 seliskiprel Fidep. I n stil I
further such a‘ﬁ%ﬂ ), Ghkad 'tl{é"s{}l;sﬁtutegz (¢15C63a11812§1§ QRS wilh ﬁ"é@m?s‘dﬁl%ﬁtk tuted with a
met hyl group. Some such ment's IS an unsubstituted cycl opentyl
gr oup. independently selected from —OH, halo, -O-(C;-Cs alkyl), -CN, -NR’R”, or —S(=0),-
CH;; or R™ is absent if R' is a group of Formula IA or Formula IC;
R™ is -H, unsubstituted —(C;-Cs alkyl), or a substituted —(C;-Cy alkyl), wherein
the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents independently selected
from —OH, halo, or —O-(C;-Cs alkyl);
R™ is -H, unsubstituted —(C;-Cy alkyl), or a substituted —(C;-Cg alkyl), wherein
the substituted —(C;-Cq alkyl) is substituted with 1-3 substituents independently selected
from —OH, halo, or —O-(C;-Cg alkyl); or R*and R®, when taken together, can represent
=0;
R¥ is selected from -H, -OH, unsubstituted —(C;-Cg alkyl), or a substituted
-(C;-Cs alkyl), wherein the substituted —(C;-Cs alkyl) is substituted with 1-3
substituents independently selected from —OH, halo, or —O-(C;-Cs alkyl);
R is -H, unsubstituted —(C;-Cy alkyl), or a substituted —(C;-Cg alkyl), wherein
the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents independently selected
from —OH, halo, or —O-(C;-Cs alkyl);
R¥ is -H, unsubstituted —(C;-Cs alkyl), or a substituted —(C;-Cy alkyl), wherein
the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents independently selected
from —OH, halo, or —O-(C;-Cs alkyl);
R¥ is -H, unsubstituted —(C;-Cy alkyl), or a substituted —(C;-Cg alkyl), wherein
the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents independently selected



[17] In some enbodi nents of the conpound of Fornmula I or the

phar maceutically acceptable salt thereof, the hydrate thereof, or the

m xture twererf12984 is a group of Fornmula A or IB. | n ®OFASIUCI030007

enbodi ments, R is a group of Formula I A In other such enbodinents, R is
a group of Fornmula IB. [18] In sone enbodi nents of the conpound of Fornul a
| or the pharmaceutically acceptable salt thereof, the hydrate thereof, or
the m xture thereof, R is a group of Fornula IC or ID. In sone such

enbodi nents, R is a group of Formula 1C In other such enbodinments, R is
a group of Forfraum ZOH thalo, pr1-)-(GirCosiiiyd: @ o@dr?enwbelvﬁkemh@e&@hp@unme@ﬁt For mul a
| or the pharrrqy%u(;l cally acceptable salt thereof, the hydrate thereof, or
the mixture thereo R2 is a C5-C7 cycloal kyl group that is unsubst i t ut ed
or is substituted vi'thd R are ifdependently|sklpdtyd fgemy uld sunsBtituied —goteetkell, ¢ir om - H,

B I(-|'C1- C3 al kyl )—’(Clc—)@ afllgy'l)(s%tﬁecﬁklilﬁw ‘)0;3 sﬁgg?itd.eﬁts iﬂdép%&tlb%elééfgd R i—éH'oH RS is
—F.
[013] In some embodiments of the compound of Formula I or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R?
is a Cs-C5 cycloalkyl group that is unsubstituted or is substituted with 1-3 substituents
independently selected from unsubstituted —(C;-Cs alkyl), -OH, halo, -O-(C;-Cs alkyl),
-CO,H, -C(=0)-0-(C,;-Cs alkyl), -C(=0)-NR’R”, -NR’R”, or a substituted —(C;-C4
alkyl), wherein the substituted —(C;-C, alkyl) is substituted with 1-3 substituents
independently selected from halo, -OH, -OCHj3, -S(=0),-CHj, or -C(=0)-CHj.
[014] In some embodiments of the compound of Formula I or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R?
is an unsubstituted or substituted cyclohexyl ring. In some such embodiments, R” is a
cyclohexyl group substituted with a —(C;-C, alkyl) group. In still further such
embodiments, R” is a cyclohexyl group substituted with a methyl group. In some such

embodiments, R” is a group of formula

CH,
where the vwwv symbol indicates the point of attachment to the rest of the molecule.
In some embodiments, R is an unsubstituted cyclohexyl group.
[015] In some embodiments of the compound of Formula I or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R’
and R” are independently selected from —H or unsubstituted —(C;-C,4 alkyl).
[016] In some embodiments of the compound of Formula I or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R?
is an unsubstituted or substituted cyclopentyl ring. In some such embodiments, R” is a

cyclopentyl group substituted with a —(C;-C, alkyl) group. In still further such



R6 is selected from-H, -(Cl-C6 alkyl), -C(=0)-(C1-C6 al kyl), or
C(=0)-C(=0)-0H, wherein the alkyl group of the -(Cl-C6 al kyl) and

- C(=0) - ((voQ6122128344) groups i s unsubstituted or i s substcratsed2mwddon7 1- 3
substituents independently selected from-OH, F, -S(=0)2-(Cl-C6 al kyl), or
-0-(C1l-C6 alkyl); Rfa is-H R7bis -H or is absent if R is a group of
Formula IB or Formula ID;, R7fe is -H, or is absent if R is a group of
Formula 1A or Formula IC, RBa is -H, R8b is -H R8e is selected from-H,
-OH, or unsubstituted -(Cl-C6 alkyl); R8d is -H Rse is -H and R8f is -H.
9 - WO 2012/ *odiRay/RIvoqzl0s00arup siiptjutdvidaemetst etvupnbodinasyshs, R s

' ot her “enbodi penrsi b & S BIRAS TR a0 ° Tn%other embodi ments, R
is a group of [Fbinul a | M someembodiments of the compound of Formula I or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R'
is a group of Formula IA or IB. In some such embodiments, R is a group of Formula
IA. In other such embodiments, R' is a group of Formula IB.
[018] In some embodiments of the compound of Formula I or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R'
is a group of Formula IC or ID. In some such embodiments, R' is a group of Formula
IC. In other such embodiments, R' is a group of Formula ID.
[019] In some embodiments of the compound of Formula I or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof,

R’ is a C5-C; cycloalkyl group that is unsubstituted or is substituted with 1-3
-(C1-Cg alkyl) groups;

R* is selected from —H, -(C;-C; alkyl), or —O-(C;-Cs alkyl);

R is -H;

R* is -H;

R*is -H;

R’is -H;

R® is selected from -H, -(C;-Cg alkyl), -C(=0)-(C;-Cg alkyl), or
-C(=0)-C(=0)-0OH, wherein the alkyl group of the —(C;-Cs alkyl) and -C(=0)-(C;-Cs
alkyl) groups is unsubstituted or is substituted with 1-3 substituents independently
selected from —OH, F, -S(=0),-(C;-Cs alkyl), or —O-(C;-Cs alkyl);

R™is-H;

R™ is —H; or is absent if R" is a group of Formula IB or Formula ID;

R’ is —H; or is absent if R" is a group of Formula IA or Formula IC;

R¥is -H;

R® is -H;

R¥ is selected from —H, -OH, or unsubstituted -(C;-C alkyl);

R™is -H;

R* is —H; and

R is -H.



[21] In sonme enbodi nents of the conpound of Fornula I or the

phar maceutically acceptable salt thereof, the hydrate thereof, or the

m xture tweremf129R8 i s selected from-H, -(Cl-C6 al kyl) PCT@TS2@pA40@07 C6
alkyl), -C(=0)-C(=0)-0H, -C(=0)- NRR', or -S(=0)-NR R', wherein the alkyl
group of the -(Cl-C6 alkyl) and -C(=0 (Cl-C6 al kyl) groups is unsubstituted
or is substituted with 1-3 substituents independently selected from-0OH, F,
-S(=0)2-(Cl1-C6 al kyl), -0-(C1-C6 alkyl), -NRR', or -CN. [22] In sone
enbodi nents of the conpound of Fornula | or the pharnaceutically acceptable
salt thereof, 08 hydr afesontsepepfmbodimentieR i x gigreof FramelafA. tghesonpound i s

the glucuroni g b@&’iﬁ%&ﬁt% R 1&2%?1186‘4 F%ﬂﬂﬁagétlegf&m@ l%dﬂ{l]nﬁshﬁl&g Ay of

Forrmula | or t ar naceut y acce l e sa er eof e hydr at e
t hereof, or tkf@ﬂml?d@r]@ otfiseplfdimantseR cio mstnun df hasutleHB. Fornula 11 A R3a

HN) N- - - NR3b [?ill A R3a 'II?SO%%'G%B&QIGB’[E gf@heﬁ) O'L:md&{ ongllaloxtg' C3 alkyl), or
-0-(CL-C3 al ky "R “Ch al kyl),

unsubsti t ut ed Phél’@ﬁcmcaélb’lawe})tablﬁm tbzereof '@G hﬂ)raté @EE% Olaﬂhkylll%tufe ﬂ@(eﬂf)ﬁ- 0-(C1-Cs
al kyl'), -C(=0); Mﬁcfé’d ’froﬁ)lr Ha (éuésélk}l tedo Q@lc y;ILB' ?{t%c{l‘?ﬁﬁﬁﬁ ncths

substituted -(Cl-Co I's Substituted w tuents
i ndependent |y I‘éliaRemre&(ﬂM Ralvdhereirghe alk}@@H&p Ofth, (@rCs-apy@P:and fE=P% sel ect ed

from-H, - (CL-E5calikyfl droups & FRbsifaksa FPis@libsYiluled with 1-3 substituents
independently selected from —OH, F, -S(=0),-(C;-Cs alkyl), -O-(C;-Cs alkyl), -NR’R”,
or —CN.
[022] In some embodiments of the compound of Formula I or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, the
compound is the glucuronide adduct.
[023] In some embodiments of the compound of Formula I or the
pharmaceutically acceptable salt thereof, the hydrate thercof, or the mixture thereof, the

compound has the Formula ITA

R3a
NS
HNJl\N/ N R®
N7
R&¢ \l
CHa
i

ITIA

R*™ is selected from —H, -F, or —Cl, <(C;-Cj alkyl), or -O-(C;-Cs alkyl);

R* is -H, halo, -OH, -O-(C;-Cg alkyl), unsubstituted —(C;-Cy alkyl), -NR’R”,
-C(=0)-(C;-Cs alkyl), -C(=0)-0-(C;-Cg alkyl), -C(=0)-NR’R”, or a substituted —(C;-Cs
alkyl), wherein the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents
independently selected from halo, -OH, -OCHj3, -CN, or -NO»;

-10 -



C(=0)-C(=0)-0H, -C(=0)-NR R', or -S(=0)-NR R', wherein the al kyl group of
the -(Cl-C6 alkyl) and -C(=0)-(Cl-C6 al kyl) groups is unsubstituted or is
substit utwo 20i¥1h93443 substituents i ndependently sel ect e#Crsno2@sHooF,
-S(=0)2-(C1-C6 alkyl), -0-(C1-C6 alkyl), -NRR', or -CN, and Rse is
selected from-H, -OH unsubstituted -(Cl-C6 alkyl), or a substituted
(C1-C6 alkyl), wherein the substituted -(Cl-C6 alkyl) is substituted with
1-3 substituents independently selected from-0OH, halo, or -0-(Cl-C6
alkyl). [24] In sone enbodi nents of the conpound of Fornula I1A or the
phar maceutical |y ad%:eme@meéfrgml -H, (GetedkyD). stePedisGmtiylt her eof |

har naceut i cal & (S » S Mo
!tohereof R3a |§Y Iect eg)wf’r o 6 NR@E{ Bp%&éfﬁg ?]H&Emﬂ% &?&C[SE 2)({I{t yl); R3b

is -H R&Ci-Gs %bll)e@ﬂe@(ﬂé@m CHmnygr,qups:es @slmtyted oG sptifged w8 al kyl ),
-C(0)-C(0 a 0 e 1 X
"o-0)- (c1- Cb ol K1 Sl L LPB PO P el €T 1.

substituents ialgdpetiiBitaryCNedcted from-0OH, F, -S(=0)2-(Cl-C6 alkyl), or
-0- (G -C6 al kyl); %{‘dls'&ﬁ@ctédsfrcﬁr?lkﬁcéﬁduﬁsﬁ&mufeh"— NS 2%3' $rLét tituddl - €O

alkyl), or -OH [25] I'n sone enbodi hents eco Forrmula Il A or
t he phar maceut-{@&ldakyhcekqstinbicsubstitutedt E%r%@ﬂkyl)tlh@bﬁy@i?dw@h ﬂ-ﬁereof or the
m xture there B some such

enbodi nent s, %bm%ﬁtslhﬁep%?g&?%geci%ine eg%H %Sn%?lrtgj 621114y[c}orrpound of

Formul a || A orl034ie phar @am@tq@adlwma@f:@m@mosmb@Hoﬂtllﬁeﬂédlfr,thet he hydrate

thereof or o laldul iy WDEHERE st FAbbOucrtlivor 2 Hhych AR SHARGIT mont s of

t he conpound For mu | A"or t har maceuti c e salt

t hereof, the yehptable selhefrtboficreqsonteher thie xtixipe thawefeof , R3' is -H or - OCH3.
I'n some such enbodigrent§e.tdBon SH_tE,-c[A8)), & di ments of the
compound of Formula |TA %Cr t he pha macSeé(?’l)carl I y acce@g’bl e salt thereof,

the hydrate t her eofR” BrHthe mixture thereof, R6 is sel ected from -H,

o0 TS: SRS HE o BRRART ¢ o TR GGk Bl At

enbodi ments, FBHjvghergip the hlkizitgli@ap Oéﬁ’ﬁoé@lrl%mﬂlg'l) aRG- G(sokﬁlcﬁbtaéﬂl)fgmm isC(=0) - CH3

- C(=0) - CH2 Qﬁ'subkﬁ'tm%& bll 1L s&fsﬂﬁ{ed ‘é‘v%ﬁqck' sﬂﬁé&ft&ms E%Qlebe%déﬁk%&&&éﬁ fiJn‘P Ny CH2CH2OH,
-CHZCHZCHZO—I or - In still other di ments,

F, -S(= O)z (C1 C6 alkyl) or —0-(C;- C6 alkyl); and

R¥ is selected from —H, unsubstituted —(C;-Cg alkyl), or —OH.
[025] In some embodiments of the compound of Formula IIA or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R*
is selected from —H, -CHs, or —OH. In some such embodiments, R* is —H.
[026] In some embodiments of the compound of Formula IIA or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R*®
is —H.
[027] In some embodiments of the compound of Formula IIA or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R*
is —H or —OCHjs. In some such embodiments, R* is —H.
[028] In some embodiments of the compound of Formula IIA or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R®
is selected from -H, -C(=0)-CHj3, -CH,CH,OH, -CH,CH,CH,OH, -C(=0)-CH,0H, -
C(=0)-C(=0)-0OH, -CH,CH,CF3, -CH,CH,F, -CH,CH,S(=0),-CH3, or -CH,CH,OCHs.
In some embodiments, R® is —H. In other embodiments, R® is selected from
-C(=0)-CHj; or -C(=0)-CH,OH. In still other embodiments, R is selected from
-CH,CH,OH, -CH,CH,CH,OH, or -CH,CH,OCHs;. In still other embodiments, RS is

-11 -



selected from - CH2CH2CF3, -CH2CH2F, or -CH2CH2S(=0)2-CH3. In sone
enbodi nents of any of these enbodinents, R3ais -Hand R3bis -H In still
ot her sucNOentodpimnts, Rse is -H [029]1n sone enbodi meorasedi2iob@oronpound
of Formula | or the pharmaceutically acceptable salt thereof, the hydrate
thereof, or the mxture thereof, the conpound has the Formula Il A R3a HN
NNR3b I1lA R3a is selected from-H, -F, or -d, -(Cl-C3 al kyl), or
-0-(Cl-C3 alkyl); R3b is -H, halo, -OH -0-(Cl-C6 al kyl), unsubstituted
-(C1-C6 alkyl), -NRR', (C(=0)-(Cl-C6 alkyl), -C(=0)-0-(Cl1l-C6 al kyl),
-Q(=0) -NR R, selected BerpsEilit6:, -{FOCHTE oatWy L. S@Rer@iln In branesubst i t ut ed
-(CL-C6 al kyl )erﬂbﬁdlﬁllépéw%%to?%ey@etnﬁ)o&m%néqgsfs' HUBRRS if m@eﬁ%ﬂﬁ%&g Jepel ected

from hal o, IS se rom-H
al kyl), - O)QI(b@:f_hnws,éi foykﬁ

[029] In some embodiments of the compound of Formula I or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, the

compound has the Formula ITTA

RSa
N
DR
= 3b
HN NN R
N/|
\ -
CH
RSC N‘RG 3

IITA

R* is selected from —H, -F, or —Cl, -(C;-Cj alkyl), or -O-(C;-Cs alkyl);

R™ is -H, halo, -OH, -O-(C;-Cg alkyl), unsubstituted —(C;-Cy alkyl), -NR’R”,
-C(=0)-(C;-Cs alkyl), -C(=0)-0-(C;-Cs alkyl), -C(=0)-NR’R”, or a substituted —(C;-Cs
alkyl), wherein the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents
independently selected from halo, -OH, -OCHj3, -CN, or -NO»;

R® is selected from -H, -(C;-Cg alkyl), -C(=0)-(C,-Cy alkyl),
-C(=0)-C(=0)-0OH, -C(=0)-NR’R”, or —S(=0)-NR’R”, wherein the alkyl group of the
—(C1-Cg alkyl) and -C(=0)-(C;-Cq alkyl) groups is unsubstituted or is substituted with
1-3 substituents independently selected from —OH, F, -S(=0),-(C;-Cs alkyl), -O-(C;-Cq
alkyl), -NR’R”, or -CN; and

R¥ is selected from -H, -OH, unsubstituted —(C;-Cg alkyl), or a substituted
-(C1-Cg alkyl), wherein the substituted —(C;-Cg alkyl) is substituted with 1-3
substituents independently selected from —OH, halo, or —O-(C;-Cg alkyl).

[030] In some embodiments of the compound of Formula IT1A or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof,

R* is selected from —H, -(C;-Cs alkyl), or —O-(C;-C; alkyl);

R* is -H;

12 -



C(=0)-C(=0)-0H, -C(=0)-NR R', or -S(=0)-NR R', wherein the al kyl group of
the -(Cl-C6 alkyl) and -C(=0)-(Cl-C6 al kyl) groups is unsubstituted or is
substit utwo 20i¥1h93443 substituents i ndependently sel ect e#Crsno2@sHooF,
-S(=0)2-(C1-C6 alkyl), -0-(C1-C6 alkyl), -NRR', or -CN, and Rse is
selected from-H, -OH unsubstituted -(Cl-C6 alkyl), or a substituted
(C1-C6 alkyl), wherein the substituted -(Cl-C6 alkyl) is substituted with
1-3 substituents independently selected from-0OH, halo, or -0-(Cl-C6

al kyl). [030]In sonme embodi ments of the conmpound of Formula I11A or the
phar maceut i cal | y adtéptekbied froml-H, {Gefetky)), tHeOh/@rGtadyDher-6610)-GrOt-he

B e A e L

- C(=0) - ( C1- Co wmbubytityted oy is substit@ed @itk O)3Qubstimeats aidapantentlyls@dgdtedframupOds t he

-(C1-C6 al kyl )r aqpdg ) ark il oAb KY i@ @UPS 1S unsubstituted or is
substituted w tﬁﬂl g%ubs%lgﬁgnts%dl:ndsepe%ently selected from-OH, F,

-S(=0)2-(Cl1-C6 al kﬁ % is selpcteddfrqnctH amsubbityiey ~(Carfd alkgB. drsOBe| ect ed from - H,
unsubsti tut ed § ?1 alhg(éloln)e’enf%'bdlmgﬂs oftﬂlg’édmﬂoﬂnégf%nﬁlﬂpﬁﬂi gEaL S of the

conpound of For miula 111 A or e pharmaceutically acceptable salt thereof,
the hydrate t h@a@@fteutmllytah@pmlms@lrTéer@ﬁeﬂlebfdratﬁzﬁ@repé ot e mift@Rheraaf, Kome
embodi ments of, the conpound of Formula Il A or the pharmaceutically

accept abl e sal't thereof, the hydrate thereof, or the mixture thereof, R3b
is -H [33] IPBone en@omnmnbgdwnt@héth@mﬁmmownmdamarth¢|A or the

pharmaceuti ca O(th){m?a‘é&ﬁf:) E‘r%@egt%ﬁi'etsaﬁ @&%S}O{he ny e ﬁ%ﬁ%ﬁ% thE Hl%{u%fthere%f prhe

m Xture there I h some suc odinents, R3a is -H
[34] In some éxbddi ments of the conpound of Fornmula II1A or the

phar maceut i caly Pé’s jaccept %P%o‘ﬁleseﬂlgk?m%@%e c&ﬁb%um’%%hﬁul&h%s%e or the

m xture thereo R6 is selecte rom-H

- CH2CH2CH2OH, Pha@apdutigHy @eteptablgganyerayf=ty hmﬂate IWCPQ@FQIX”@FHE@OIQ R™
- CH2CH2S( =0) 2-CH3 o %CHpjigg}memgdanggnl&eﬁh%nﬁpdl ments, R6 is -H In still

ot her enbodinents, R6 is selected from 0) or -C(—O) CH2OH. In still
ot her enbodi ndAt4E, R6 i $n saiceptbedimpnts af the Compound of Formula IIIA or the

pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R®
is selected from -H, -C(=0)-CHj3, -CH,CH,OH, -CH,CH,CH,OH, -C(=0)-CH,0H, -
C(=0)-C(=0)-0OH, -CH,CH,CF3, -CH,CH,F, -CH,CH,S(=0),-CH3, or -CH,CH,OCHs.
In other embodiments, R® is —H. In still other embodiments, R® is selected from
-C(=0)-CHj; or -C(=0)-CH,OH. In still other embodiments, R is selected from
-CH,CH,0OH, -CH,CH,CH,OH, or -CH,CH,OCHs;. In still further embodiments, R®is
selected from -CH,CH,CF;, -CH,CH,F, or -CH,CH,S(=0),-CH;. In some
embodiments of any of these embodiments, R** is —H and R* is —H. In still other such
embodiments, R* is -H.

[035] In some embodiments of the compound of Formula, the compound is

selected from

—

N
———N N XN\ /

N XN\ / '/
A ”

HN” N” N N7

" O N

\| / C

CHy
N o CH,
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CH2CH2OH, - CH2CH2CH2OH, or -CH2CH2OCH3. In still further enbodi nents, R6 is
sel ected from - CH2CH2CF3, -CH2CH2F, or -CH2CH2S(=0)2-CH3. In sone
enbodi menwe 20f2/ama4o0f these enbodi nents, R3 is -H and RPBoTIGs201Rl03d0n7 St i |

ot her such enbodinments, Rse is -H [035]1n sone enbodi nents of the conpound
of Fornula, the conpound is selected from or is a pharnaceuti cal

salt or hydrate thereof. In sone enbodi nents, the conpound is in a neutral
formwhereas in others it is a pharmaceutically acceptable salt. In sone
such enbodi nents, the salt is selected froma chloride salt, a

met hanesul fonate salt, or a benze | fonate salt. Ip™s such
enbodi ments, the salt is a ¢ lt. In oN e Iments, the salt is
a met hanesul fonate salt. InJstill er enbodLﬂe the conpound is a

benzenesul fonate salt. | rHNt RSt
the neutral conmpound or o

bodi nent s\ h Nound is a hydrate of
For e e, iv gme enbodi nents, the
conpound may be a chlori i | a di hydrate, or a
trihydrate. [36] In s onpound of Fornula | or the
pharmaceutical ly acceptablje salt theﬁgof thd hydrate ¢hereof, or the

m xture thereof, the compdund is in a neutr%lpéfrn1 [37] In sone

enbodi nents of the compoundopf Formul a | armaceutically acceptable
salt thereof, the hydrate thereof, or the m xtur thereoﬂ, t he conpound is
a pharmaceutically acceptable salt. In sone such enbodinents, the salt is
selected froma chloride salt, a nethanesulfonate sal a

benzenesul fonate salt. In sone_su eﬁbodlnents is a chloride

salt. In other enbodi nments, é\ a t/As a nme nate salt. In stil

ot her enbodi nents, the co a benzenesyl fonateysalt. [38] Al so
provi ded are pharnmaceuti cgﬁ t| ons tha§Zhpcl ud | east one
pharmaceutical Iy accept aky arrl exci pi elt r di huexat and a

t herapeutically effectivg_anpunt he co d, the p%arnaceutlcally
acceptabl e salt, the hydr , or the mxtu her eof ac %?dlng to any of

t he enbodi nents described herein. |ftsome suth enbodi nents, the conpound is
present in an anmount effé&ctive for the tre PHof cancer. In some

enbodi nments, the phar 1@l conposition includes at | east one

pharmaceutical ly acceptable carrier, excipient or diluent ‘and a
t herapeutically effective anount of the conpound in g_neutral form In
ot her enbodi nents, the pharnaceuti/€a conp05|t|o- i nél uldes at | east one
pharmaceutical ly acceptable ,/%x0|p|entlo?\ﬂ'> gnt and a
t herapeutically effective adbug t he phar gfl |y acceptable salt.
In some such enbodi ment s,HN heNsal'y is a chlorjide sal¥._In other enbodi nents
the salt is a net hanesulf In stin therodi ments, the salt

‘ hese \enodi nents, the
phar maceuti cal conposi urther—4 ncl udés | east d@ﬁ second t herapeutic
agent. In sone such enbodijmrents, th8Hgeco her apeuti ¢ agent is one that
is used in treating canckf. In sone such enpofisents, the second
t herapeutic agent is useH\Lanreating acute §F@ﬁ9 | eukemi a or any of the
ot her ’ ’

Nzlbgj@c

L_F K/oc:H3
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cancers described below. In some enbodi nents, the second therapeutic agent
is selected from cytosi ne arabi nosi de, daunorubicin, idarubicin,

doxor ubi cwo,20yicbaphosphan de, etoposi de, carbopl atin, Pcuaseabios®p?

m t oxantrone, dexanet hasone, rituxi mab, m dostaurin, a granul ocyte
colony-stinulating factor, filgrastim PEGilgrastim |enograstim
deci t abi ne, azacitidine, paclitaxel, gentitibine, notesanib di sphosphate,
pani t umumab, an anti body directed agai nst CD33, or a CD33 bispecific T-cel
engager anti body. In other enbodi nents, the second therapeutic agent is
sel ected from cytosi ne arabi nosi de, daunorubi cin, /A dagubi ci n, doxor ubi ci n,
cycl ophospham de, etoposide, carboplatin, fINi \n¢, mtoxantrone,
dexamet hasone, rituxi mab, m dostAuryp, a graﬁu yte col ony-stinul ati ng
factor, filgrastim PEGI|Nf ti dqci t abi ne, azaci ti dine,
paclitaxel, gentitibine, Uﬂl b di sphq ate, pgam tumumab. In stil

ot her such enbodi ments, Me Necopd t hera eutli ¢ age is selected from

cyt osi ne ar abi nosi de, rubi i dar uby€iry, doxar ubi cin,

cycl ophospham de, etoposid ca pl atin, r abi &3 mi t oxantrone,
dexanet hasone, rituxi mab} ostaurin, decitabihe, azacitidine, paclitaxel,
genti ti bi ne, or notesani hosphdte. In some h embodi ments, the
second therapeutic agent i35 cytosine arabinoside.”In other enbodi nents, the
second therapeutic agent is daunorubicin, idarubicin, or doxarubicin. In
still other enbodi ments, the secgond therapeutic agent js azaciyi di ne or
deci tabi ne. In sone enbodinents” t Secbnd therapeuPFc /is an

ant hracycline. In some enbodi e second thqhgée agent is an

aurora kinase inhibitor such
2- pynyI ) oxy) 1)-4
1 ne @ anothgb/co ound di osed in WD

N-(44(3-(2-am no-4-pyrimd
nmet hyl - 2-t hi enyl) - 1- pht

2007/ 087276. [39] FurtherYprquided are har neCelt ical conpo‘htions t hat

i nclude at | east one phar edtically a ept abl eccarrier, an% a
therapeutically effective aﬁ$unt of the conpositi%n of matter of any of the
enbodi nents described herein in conbination with at | east one additional
conmpound such as a cytotoxic agent or conmpound that inhibi anot her

ki nase. [40] In other enbodi nme e ﬂhvention pr% Rges{a pﬁthod of
treating cancer. In sone such e , the cancer) i s|rest+sStant to ot her
agents such as to an ant hracyg rapeuti c ageN~ CIN et hods
typically include adm nisterirng to a subject an efflective amagunt of the
conpound, the pharnmaceuticalN¥ Saccep e salt thetrepf, t drate
thereof, or the m xturedtQereQf’ of any-Of thecs i oL/ a

phar maceuti cal conposition any of th@Hgnbodi
enbodi nents, the cancer is~ggtected fromacute
| ynphobl astic | eukem a nyelog%ngastic syndr one, Ikﬁple nyel oma, chronic
nyel oid | eukem a, acute |ynphocytic |eukenia, chrontC | ynphocytic | eukem a,
non- Hodgki n | ynphona, anot her | ynphonma, another nyel oma, or anot her

| eukem a. Exanpl es of other cancers atymay be treated wtThyhe conpounds
of the present invention inclu \t¥"'s | ynphomaN tye cel

| ynphoma. I n sone such enbodiqﬂhts the cancer is @&gt el oid | eukem a.
In some such embodi ments, th&subjec is a humanHhati¥nt With nutant FLT3

such as a patient with FLT3g posi e acute id | ma. In sone
such enbodi nents, the gf y al cluﬂﬁ defermnin t her the
patient has FLT3-1TD p cute nyel oi d T"éeyKerra. For éxanple, such a

met hod m ght include obtailni a sanpl &46rom alpatli ent and @ral yzi ng

whet her the sanple is FLTS-HITD positive. In other such enbodi nents, the
subject is a human patient With wild type’ FLT3 acute mnyel oid leukem a. In
anot her enbodi nent, the cancer is acute |ynphoblastic | eukem a. I n other
enbodi nents, the cancer is selected from breast cancer, colorectal cancer,
small cell lung carcinoma, head and neck, glioblastom, pancreatic,
gastrointestinal, liver, prostate, ovarian, testicular, endonetrial,

bl adder, nel anonma, osteosarcona, or another sarcoma. In sone enbodi nents,
the cancer is Ropositive whereas in other enbodi nents, the cancer is not
Rb- positive. In sone enbodi nents, the subject is a nmanmal, and in sone
enbodi ments, is a human cancer patient. In sone such enbodi nents, the
cancer is a hematol ogical cancer. In other enbodi nents, the cancer is a
solid tunmor. In some enbodiments, the hethod includes administering to a
subj ect an effective anmount of the conpound, the pharmaceutically
acceptabl e salt thereof, the hydrate thereof, or the m xture thereof of any
of the enbodi nents or a pharmaceutical conposition of any of the

T T T R M T T o g, o, b1 g e =~



[ 45] Ot her objects, features and advantages of the invention will becone
apparent to those skilled in the art fromthe foll ow ng description and
cl ai ns. BROBR12DBSGRI PTI ON OF THE DRAW NGS [ 46] Fi gur e PCTIUS2@2@8@phH
show ng the dose dependent anti-tunor activity observed after twice daily
dosing (BID) with Exanple 5 in CrTac: NCR-Foxn/" nude mce with MOLML3
subcut aneous xenograft tunors. [47] Figure 2 is a graph show ng the dose
dependent anti-tunor activity observed after twice daily dosing (BID) with
Exanple 5 in CrTac: NCR-Foxn/" nude m ce with Colo 205 subcut aneous
xenograft tunors. [48] Figure 3 is an Xyray Powder Diffracthpn (XRPD)
Spectrum of the hydrochl ori de MI™yoN Exanple 5 showi a () on the
Xx-axis and Intensity (counts)_dh the, axis. DETALUED. CRI PTION OF THE

| NVENTION  [49] Uni ess ot hethhi s® indi cated, all nmb¥r s ‘expressing
tion di tions, so feofth used in the
Y be et st opd as|_bellng mydi fied in al

quantities of ingredients, {
specification and cl ai ar
i nstances by the term™ N~ Accordingly, ufl€ss indicatéd to the
contrary, the nunerical pdraneters set CHerth i tHe foll ow @ds specification
and attached cl ai ns are appNoxi mations that may Nary dependi ng upon the
standard deviation found in IH respective tesLLp@Hneasurenents. [ 50] As
used herein, if any variable occurs nore than one tine in a chem cal
formula, its definition on each occurrenace is i ndependent (ts definition
at every other occurrence. If i%r 1 ;N structure emMNal name
conflict, the chem cal structur m native of i ity of the
conmpound. The conmpounds of thg disclosure|m@%\g/n Min one or nore
chiral centers and/or doubl e Qonds angt herefore, y exis S
st ereoi soners, such as doubHefbrnd i%‘i&rs (i.e.,Ngeqnetri oners),
enantioners or di asteraogogr cordi‘rgly, amyC.c i dal styuectures within
the scope of the specifica depi ct edzni N wholfe of in partzpwith a
rel ative configurati on encornpdss all possible e i omers and &t er eoi somers
of the illustrated conpounds|including the stereojsonerically pure form
(e.g., geonetrically pure,o€n ionerically pure”orcHli astereonerically
pure) and enantioneric and stereoisoneric mxtures. Enantioneric and
stereoi soneric mxtures can be resolved into the conponegjciHgnanti oners or
stereoi soners using separation technipgwes or chiral sy esi s techni ques
well known to the skilled artisan. _{51] Certain of the invention
may possess asymmetric carbon _at ops i #/doubl e bonds; the
racemat es, enantioners, d:;ﬁté?- rs and individual
.
op

isomers are all intended inNthe scope of the
i nvention. Furthernore, songrs and m Xxg S th such as those
tati bout twolardmatic het er oaromati c
rings bonded to one another ljare i ded tq be enconpasiﬁd wi thin the scope
of the invention. As n above, various unds of é invention may
contain one or nore chi centers, “Hnd can §xist as racenic nmixtures of
enantioners, mxtures ofjdi astereoners or iBherically or optically
pure conpounds. This invention enconpassés the use of stereonerically pure
forms of such conpounds, as well he use of m xtures of those forns. For
exanpl e, m xtures conprisinqN or Nunequal anount f the enantioners of
a particular conpound of the i LQ MmN hods and
conposi tions of the invenj fmetrically
synt hesi zed or resol ved using stard t eCchp ch as chiral colums
or chiral resolving agentNs” SSee, 4'; , Jacquegs, J., &t al., Enantioners,
Racemat es and Resol uti ongg( W I ey-I'miter sci eng&, > New , 1981); Wlen, S
H, et al. (1997) Tetrahedfon 33:2725; Eli . L., Stereochem stry of
Car bon Conpounds (MG a P11, NY, 1962); Wlen, S. H, Tables of
Resol vi ng Agents and CpticaJoﬁ@solutions 68 (E.L. Eliel, Ed., Univ. of
Notre Dame Press, Notre , I'N, 1972) or [%2] As used herein and unl ess
ot herwi se indicated, the term"stereoi soner” or "stereonerically pure”
means one stereoi soner of a conpound that is substantially free of other
stereoi soners of that conpound. For exanple, a stereonerically pure

NE

:N“Thelse | soners

conmpound havi ng one chiral center will be substantially free of the
opposi te enanti omer of the conpound. A stereonerically pure conpound having
two chiral centers will be substantially free of other diastereoners of the

compound. A typical stereonerically pulfe- conmpound conprises greater than
about 80% by wei ght of one stereoi soner of the conpound and | ess than about
20% by wei ght of other stereoisoners of the conmpound, nore preferably
greater than about 90% by wei ght of one stereoi soner of the conpound and
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WO 2012/ 129344PCT/ US2012/ 030007 [54] As noted above, prodrugs also fall
within the scope of chemcal entities, for exanple, ester or am de

deri vat i wee 20f2/2bs4conpounds of Formula |I. The term " predragstiziogmbudes any
conpounds that becone conpounds of Fornula | when adm nistered to a
patient, e.g., upon netabolic processing of the prodrug. Exanples of
prodrugs include, but are not limted to, acetate, formate, benzoate,

car bonet hoxy, carboethoxy and |i ke derivatives of functional groups (such
as al cohol, carboxylic acid, ether, ester, or am ne groups) in the
conpounds of Fisrapbarmaceuticg53lt e dtaterthareofoInsame empedimpens, thy compowdmpound
formed by the 1hQ‘ilf‘Lft1%P1‘oh{?Ovh91fe s%%fﬁkﬁé%% @{%ﬁn&eﬂf& JF]&@ abRMa it 2f Sme ol vat es
are pharmaceuti ca accept abl e sol vat &5, SuUC rates, i'ncl udi ng
nonohydr at es  aHeh Wﬂﬁ?}lﬁrt&@ gad is Sehvetet] &op aphpride %ﬁltr %metﬂlsne'@ldfonﬁﬁ Gﬂllfy@rr?at es,

di hydr at es, arlgn}e'flésmfg{a‘?etsgl% In s[)rﬁglucig@ﬁb&ﬁlgplgy%%a@fsacﬂﬁnh@éﬁﬁnﬁﬂ (Qfllermay al SO
contain unnatural proportions of atom c Isotopes at one or nore t he
atoms that corestbodigreats.gheialt éormpehandsifomue saty dngillether Piéb@éim)muﬂ?ds nay be
radiol abel ed wiohBoGAd PRENNEILFAL ORCT o fHSAANEAL tRBARbAIL 4 Bjdki (SH)

i odi ne- 125 (12§1 Oor car borlll- 4 (140). R(gdélilo | a emed (t:orrpounds ar e§J useful as
t her apeuti ¢ orof ffreapwydl aerppogndefenithe salt. clds gramivle, dagoxntembodmgnts, thessay r eagent s
such as the 14C, Lhy NERARAL Akl 819 25 Rdin St nts, e.g.,
in vivo inmaging ggen nﬁsjaly%@ac ?s%efsoﬁl c f\%arnl?oa?%ﬂaéé‘o ' ?%&gn& ) d of t he

i nvention, whdb¥dr radi dagomieembedimeess of the eonipvehefdgrmga ber t corrpassed

Wi thin the Scopgnled{dyBUBAb:OM: oSt & AARLE thekcbt, 3r Wakhaltk clcoesai d o be
H or -H thi sq)%eanse tIantyat%eg vgriﬂ% Fe nayﬂ%stot%e de{Jtt eﬁlum %Dg or tritium
(T). [57] As cgspeurdeyigiameuttahéormer s "conpri si ng" and "incl udi ng" and ot her
forms of thesqoyrds ar g UagCnBhfchs bt BfkdouAPGTorBART bidl LT Ng sense. For
exanple, if a conposition is said to conprise A, C, then A B, and C
are in the cor?@@@iawmhaﬂmmepﬁblelialt therdefothe ny(imythﬁ@of ar whmlwqﬁ@smf ithsn  as

wel | [58] " CHNouie! ShAnhRoGiel BedEREAIRNN fho ﬁeﬁib 46k Medgpgndent

ki nases are a 1 seri ne/threoni ne kinases t ay I nportant roles
in cellular fusleetbdiiomrdhleadd satyaonahypelfpenssiabiror a@mndself@a@aﬂlallyu c
subunit of the pE QfRicMbELiRBRE tQIPLEXhlRAL saltS 1] FRATC xn@@almmf] S lscdycl e Gl
phase progression. The activity of CDK4 is restricted to t S phase,

whi ch i s cont rmadthasgsubfgnatdralty boptill ather gmbpdiveanist the prpppyed @yévrslimq@esalﬁdla‘@DK
inhibitor plex4f CDK4 has been denonstrated to be responsible for the
phosphoryl ati on of retinoblastoma gene product (Rb). Mitations in this gene
as well as inl[P3& rel at édsopropidsdnte ihamiagiting cmwrs@nt%tlmqwe aplpass eubA and Rb
have al | been dugtiiddieBecasaBELaTied il BllJ(HBEﬂtQﬁJ‘?ﬁkﬁpéuﬁceﬁly\éﬁEétﬁEy of
cancers. WO 2012/129344 S2012/ 030007 59] refers’to cyclin
dependent ki naswud. of@V@pmm@éﬁbm@ﬁnacwtwalbe@cw@l%alﬁ b hygiragss, or the

serine/thr eon'rﬁ‘ﬁtuke' tﬂa@(ﬁ”sacéol&ﬁltlg tBlaﬁy oftﬁpgﬁﬁoﬁﬂﬁen{scdeﬁzﬁbédhe?&ﬁ ll‘ﬂlsé’t{le gddﬁ]c“ on and
cell cycle progression. CDK6 1s a catalytic subunit of a protein kinase
conpl ex i npor teapedimsnts dbg qomppendes Eesephinge appot eégsvofer dadre@mes of r ansi ti on.
The activity GhnePKbhi ShoRARRERS o BhétrnReuRAS Sy ombrpﬁcmées%pﬂa&s& gid ed by t he
regul atory subunits including D-type cyclins and3 nbers of 4 famly of
CDK i nhi bi t or eharapr@itikiliyaseertabls carrigip csegnt slhbkmltta@d @the@mv@wlly@ffectwand t hus
regul ate the agliideiheQbmp TR o SUBR'EES Of oftePhillolins, ik flmiddcdi 1 ef ers
to FMS-1i ke receptor tyrosine kinase. FLT3 Is a menber o the class |11
tyrosi ne ki nagempesstegptipnludespfil¢ayt ongphaympeeptidally acsepfptdecapfiors grpipictati | y i ncl ude
an_extracel | ul @i flGHRl ReGontiaiy kAt ¥fol-MMAOMH. AR Y Koo ABIRLAS, 8

t ransnmenbrane domai n a | uxtanmenbrane domain and an intracel 'l ar region
cont ai ni ng tyriasomesukh prakaslinants;, thie salt is Seblevidy saltntnathcp pbddimenisTBe ylfve been

| denti fied and, GhOMBBEIH! in difl FRASHIGHAKCHICH Y RbLORANhRE ciecept or

In acute nyel oid I eukem a, these nutations are the nost common genetic
alteration asdbeimg efdnypf these hmbefliments ghe phamriapytica cerpipsbien frathen ipclodsy, of
patients with AN OEé-s-Eg’on'a"‘%&r%%@tQ SRR S RRASAIGNHAL Snalithgeoul ate the
activity of STATS. [61] refers to FLT3 internal tandem

dupl i cation. Fheraeptipgest igonsdhadisivsedintraatingsaricar. de brnes syylesrehodineatsk@eri a wi t h
variation in tB&nRRkbhAR 1l RGO in B0MinDUAREHy Abia WiRLAG B LRNS uloukche FLTS
gene. A patient wth FLT3 %TD positive acute nyeloid leukema is a patient
with acute nyeloid | eukemia in which the FLT3 gene exhibits this
duplication. [62] The phrase "Rb-positive" refers to cells that express a
functional retinoblastoma (Rb) proteinl7Rb is a tunmor suppressor that

regul ates progression of cells through the cell cycle at the GlL-S
transition. Phosphorylation of Rb regulates its activity. Wien Ro is in a
hypophosphoryl at ed state, |t prevents. ceII cycle progression and allows it

-,



2-met hyl - propan-2-y1 (-C(CH3)3), and tert-butyl (-C(CH3)3); and the Ilike.
In certain enbodi nents, an al kyl group conprises 1 to 20 carbon atons. In
sonme enboapreryr934al kyl groups include 1 to 6 carbon at ecs/ush@rea®oi n ot her
enbodi nents, al kyl groups include 1 to 4 or 1 to 3 carbon atons. In still
ot her enbodi nents, an al kyl group includes 1 or 2 carbon atons. Branched
chain al kyl groups include at |east 3 carbon atons and typically include 3
to 7, or in sonme enbodinents, 3 to 6 carbon atons. An al kyl group having 1
to 6 carbon atons may be referred to as a -(Ci -C6)al kyl or -(Cl- Co6) alKkyl
group, an al kyknegrsoigribed/bolyy. Insemacnotndemisathe ssorbijcraerutiedgsniried to as a
-(C1- 4)al kylg Rl £ J eaa{g@{gz d@'lﬂ KYdar @ QYR 1 to 3 carbon
atons may be rsg et?re%tcgéé% e{ e I%Flkb%%l oran?)ECI-OCS a@gy The sane
desi gnat i on sy=stlephoappmidssctenyside, I@yﬂbOI@lmﬁuﬂsdambmq, witdenirent denamaeasencof car bon
atons. Al Kyl . FRos i WRS b ol b1 8y SR oA HESHBRKiN! Pl | n sone
enbodi nent s, E;!{/Iﬁ grouogs rz;re%ﬁdtr?sug};tt?Otuyesd | g t her thrnbsoldl ments, an al kyl
group may be sfdgrgﬂttint, Ianegrastint, Hewipkeing razwmd@emﬁblst@xeﬂ ugemclgbmﬁ@rot@%abrpl e, in
some enbodi ms%% Hat@‘hgﬁﬂunﬁﬁlgygmgﬁ% B¢ i RaLLdint eﬁﬁwowcbssalspémffé
substituents anot her enbo iment, an al kyl 'group may, where
permitted by v%tfélrﬂlﬁéageb@tlb@dstlm pthereeehbylimiants, thaegond dipsapeutiseens Is [ 64] The
term "al koxy” s'él%{t Jforﬁ‘eyt%ﬁ@éi’éb&% ide, u &n':ﬁa%ﬁ)‘?du?%i‘émrémans”a' ght or
branched chain a group as fi'hed abov Representative exanpl es

i ncl ude, but awelomphammet depopide, cnlbpmwyﬂ(lda@@m)mlt@iahw (exQEHPSHB) |,

propoxy (- OCHBHRCH bl 80 ARAbr OCH B Ao PHEG fyka GRO-20H)
pent oxy( - OCHZCHZCHZCHZICIEIS %g%‘ (())xyt P tg 1|}]éras QI;B Typi cal

al koxy groups ﬁlgrestmdéenmgr@@mme@ablb@razaatt@m@, pag lt@w@l @emarlblo% mptespEb 1 to 4
carbon at oM, huohpiiu€ 3R ALE st bindr 4i6h anGRALAAR, AL OBnd Rkl o OUP-

Al koxy groups t |nc carbon atons may be designate

-0-(C1-C6 al kwlgyntg@rs(@@ptsd fr@hmﬂoan Vablmsmwuw@ypg idamepicip, ek ayetdcin, to 3
carbon atons @y G NS R a8 2 arm Okt Al o3P Sdex ShdikorRl KOXY
groups may berE? Bﬁggent (% srlﬁ)n aregpsatme met h or%o o%;y F ST Eﬁgso term

"car boxy" ref @fteximab, mhdostapii, Qﬂltab@? Oy e rakliteen). gamtnébmator wefejane written
as - C(=0) OH, - fLROLRAE | REmbddRbhs, WAL ohi et @hiC Rl is 36 @hdOXY group
is renoved ando‘;{p %acednvs\n 5 bn3 ﬁ%o San a{;bo*q GI'r_llcj)u ) elsg%]toup may be
witten as - C(af@)m@'d%tl Iklyalther ayhsidinagntss the hecgmbfbgrgpeiuﬁwg@a@s dauggubiginoups with 1
to 10 carbon 3giiein br iRk, bﬂ@tﬂ@gtﬂ%nbgzﬁﬂrfémé 1 ALLA R e abeft® 3 carbon
atons, or 1 to 2 carbon atons. -C(=0)-0-al roups that i ncl ude al kyl
groups W th 1 agesiglinegr Jenitaking ng sm«ye@@dmwm'@@an therajguaQygetit @ - C6 al kyl )
groups. Si MM | ahliacy SHENALALERLIMHAL, BR1UAR ekl agéﬁpg bl dak 4 or 1
to 3 carbon atons My be resEec |ve0€%/ designated as -C(=0)-0-(Cl-C4 al kyl)
and - C(=0) - 0- (@!Eblt%swhl@yf\’)@@ 3ddpgn Pﬁé’rmlémfll)ﬂg’b’ﬁdﬂpﬂ)%whwl)rdeﬁr esent ed
using the Sam?néﬁ?}llquﬁlﬁpyphthz[l@z@l]am-[&%rta%tﬁ@rc RANYLclodgLEWS to a radical
-C(=0)-. Carbonyl” groups nay be bonded to alkyl groups and witten as
-C(=0) -al kyl gOBUPS2ihere al kyl has the neaning set forth above. Typical

al kyl groups iguch - Cﬁuuﬁﬁera}o%wbd %B%a&ﬁﬁﬁl dontyRsithGhs G nfamdéstq&q%p 1to6
carbon atons, 1 to 4 carbon atons, carbon ‘atons, or car bon
atonms. The - C(Oii@))h?éilmwptlﬁﬂfowépt%hlﬁt Wﬂaqfkd}lﬂ adfrepnpaicatty %feﬁfe‘/e@ﬁ@amb)éﬂleat oms nmay
be_desi gnat ed o ontk e o PlnyA il o GRS dosclibalrfelin oSG Rauh QRS wher e
t he al kyl groups %ave carbon atons may be respectively
desi gnat ed as at pstope ‘f(d@!m@l carnkfyml Slé?h@”@(t@i@)w pent @3 campgunyl thyt phivgs Ot her
such groups may.f& gL esented using the sane net hodol ogy. [67] The term
"cyano" refers to the radical -CN which nay also be witten as -CN. [68]
The term "cyclle#llkyl " r &f ethey embodiments, theiecitienpepyidesal mefhodgpdt gegiingder i ved by
the removal = ofc,gne NYGHOURR bR O MeRaRk Y r&isGal D BtheRAloM Qlcn 3 BAREN

cycl oal kane. Typical cycloal kyl groups include, but are™not limted to,

cycl opr opane, a{dcHine theempeutiy @Eembebie ﬁ@thoé%/mléﬁb&%fﬁ@e agppisgiagtanhe and t he
ike. 10 cert alied TROM AR :Sount M&&G%galdkﬂak p%gab@u&%ny B Ga
cycl oal kyl, such as, for exanp cl oal . I'n" sonme enbodi nents, a
cycl oal kyl gr dhﬁseqfsth%lhx@su@herg@foerph%m@ﬁlraﬁleﬁoﬁqf@nb@%m grbodimenisohexyl , or
cycl oheptyl Orihliac el 0ahiKlio LPHRS ¢ IRYnBEuBLRS bbb et RbmbAAHARL T tut ed.
[69] The term™bicyclic group” reféers to a cyclic alkyl group t hat i ncl udes
two, three, or nore rings derived by the renoval of one hydrogen atom from
a single carbon atom of a parent bicyclic cycl oal kane. Typical bicyclic
groups include, but are not linmted tol8adamantyl, norbornyl, decalinyl,
oct ahydr o- 1Hi ndenyl , bicycl o[ 2. 2. 2] oct anyl, oct ahydropental enyl, and the
like. In certain enbodinents, the bicyclic group is C6-Cl4 bicyclic group,
a C6-Cl0 bicyclic group, a C? C14 b| cycl iC ‘group, a Cr- ClO b| cycl i c group,
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[74] The term"nitro" refers to a radical of fornmula -NO2. [75] The term
"sulfonyl" refers to a radical -S(=0)2-, or alternatively -SO2-. Sulfonyl
groups arwotymieedsdy bonded to R groups and may be wr it Pem/s301286000) 2- R or
as -502-R where Ris a substituted or unsubstituted al kyl, cycl oal kyl, or
ot her specified group as defined herein. Representative exanples where Ris
a straight chain alkyl, an al kyl sul fonyl, include, but are not limted to,
met hyl sul fonyl (-S(=0)2-CH3), ethylsulfonyl (-S(=0)2-CHCH3),

propyl sul fonyl (-S(=0)2-CH2CH2CH3), butyl sul fonyl (-S(=0)2- CH2CH2CH2CH3) ,
and the |ike. tRqanels salektpd Gerh borg/myeeid qusernincicuid é/niphpljastio lavkeran at ons, 1
to 6 carbon at %ggplﬂ%ﬁy%n%ﬁlg%lﬂﬁlgﬁﬁr oﬂiatc ro%lcqg};elﬂ)q(ﬁlleéﬁe cftd 1to?2

carbon atons int rou groups t at include 1 to 6
carbon at ons rEypiveytifdeikgnis woracslymsbeeawleel@nnmoaﬁh%@n ymobgeea, Sinmilarly,
al kyl sul fonyl . gb@ungmbih, dGELARIdNE B ohofiRf RARNAL %mgﬁyopﬁheq@m goated as
(C1-C3 al kyl) groups. al kyl sul fonyl groups ma descri beé using the
same mnet hodol d@@ﬁmap’(bffﬁ?ﬁwe’vlt@hmowmbf?mméeﬁ@lttfwelalonmil@aﬁuwR' where R
and R' are '”%Hﬁﬂ)%%{j]}ﬁaﬁtﬁ%ﬁﬁhﬁﬂh%h fibso RE seRHRAbOMiHERE 1R cabiBEHASH ! ut ed
straight or branched chain al cycl oal yf or other 'specified group as
defined her ei mycliésuiRmiznlg sRhe awbelbedﬁneI% therﬁlebJeqT\IR'aFklmD@n paijsng withy - NH2

TRR 1o a NLa DT AR ape phEn AATIINES LG sk Rl e AP 1@
-N(H) (al kyl) gpmaglchmémlmentaﬂ@ methaglmeaylydsio inchudg yietergriving whethdygheatakgit  gr oups
may be differ uesh 9 al kyl)
group. If R gﬁ%Fngrrﬁe‘gkglth%ﬁ%k@m?%u S gng‘ﬁ%ﬁ%“@f S a%%{lj&a}sﬁ gléte t he
same, the gr oupclmbw@mgeafsemplédrwmelaanw@ yngvlg)@ethqrﬁhe satnlpgplls BrBups of the
R and R ey o8 gggeegﬁgt)ﬁgr Jaa%ﬂboaﬂne&ﬁgem@gf%e@glaqﬁ%ﬁa{pa%m%ﬁr@g the
rrayybegdes?gnaﬁléfd aa@englyelél@ie@@nal Rlyiln))the@nﬁﬁoﬂmelny?he&hncﬁ is@eut®R" al kyl group
honl i1 t1 g exanp e R, 2Eo BRI A Anee Rl M 0

t he ot her |gs aiﬂnwale,ylpfegflﬂb@p@f\ﬁglaﬂCgllmn$@r%mmaah@ﬁr@ndlirﬁﬁly dheblpssnesired to as a
-NH(C1- C4 al k)ﬂa)i r%@%s‘tﬂﬁnt@sﬁnﬁ hM E‘)oggge (QI%HQA If\?)é!l()ulag re(PlH(Hnetr?dl rBlAdﬁEr

met hodol ogy may be used describe different -NR R groups. Typical R and
R' al kyl gr oup@elgﬂrom;\qratemar@mwgnwh@lsem@n% In gom@enakpdiventsathe pancertis Ry 6
tons, [077] THE Vo L PR A AR Iment e taRE R B e e ot of |
formul a C(=0)myrdipentpfthetubigetys amgymple alrdelﬁé@m@@n@dm@mso(s & Hym R%cqnhgr e R
and R are i nGaRaRdanbhY &RE0HERD et ls%qa@astbfognfcma&@r UpsiRst i tut ed
strai ght or branched chain alkyl, cycloal kyl, or er specified group as
def i ned her ei rembpigentR thexaeicaris agolid fonon Injsome prabadimangx Heinehodineludes writt en
other 15 an alkymarasts MR dntsan IRuRPUCtonhou e RCTin kB T

al so be desi gr?ﬁ%leétﬂlg]&§alathﬁl@eﬂ@1)?hwfﬂy theraed jor the (B(lﬁwlhemoﬁwﬁ@b’l@%h}f g

G oupe. e 8l BT B P e O e Bt st anat o
gs aIo C( =0) - N(MKW?S)%@EW Pa)n)égrp@m@t with satagt E@mﬂwwmywﬁ(%bwlm)emg FS@ug | f
aroup may be. 1orer o e L PP ) 2 or as & - Ol <0) N al kyD) 2

Gt oub. "The.al K1 gt oups AsotRebaRe, tsmiounb 6Lipe imyionémdsighitid bhased on
a1 kyl aroup wieh 1 5 E by bos At A Rl FEAR e ot gy

al k§| )g Si ﬁm | anfl yutaghwith regectRo FRTky [Theye Wplwmhel%qu@nmﬁazﬁwmmmnons may be
st gnat o 28 RorChubunt il B Rl 00n VU ROLEXAIBE n fuer

al kyl groups \%ntbngmwntSdh%mmtlam presidesyagthasls for éetng sanceipin gaticats wafh=0) - NH( C1- C4
ised 1o deser i Batai Floront it PED lp R s L e PRI SRR T
groups i ncl udéwumap gangey petignhanefiecdypmmonntiad the Cé@?%ﬁ the phepmacguticallys car bon

at oms, 1 to 3 .gcanhen s§1¥ BBRof, ik h}dr&t@t}%re%firopfh@nﬁt%ﬁher&o@gﬁinyaﬁthfser m
"sul f onanmi de” as ' used herein, refers to a group of formula S(=0)2-NR R’

whi ch may al so be referred to a -S(=0)2NR R* where R and R' are

i ndependently chosen from-H, or substituted or unsubstituted straight or
branched chain al kyl, cycloal kyl, or other specified group as defined
herein. Wien R and R' are both - H, the sul fonam de may be witten as a
-S(=0) 2NH2 or -8§(=0)2-NH2 group. \Wen one of R and R' is -H and the other
|s an al kyI group, the sulfonamde is a S(=0)2-NH al kyl which may al so be
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S(=0)2-NR R" groups. Typical R and R' al kyl groups include 1 to 10 carbon
atons, 1 to 6 carbon atons, 1 to 4 carbon atons, 1 to 3 carbon atonms, or 1
to 2 carbwoatxisi44 [ 79] "Di sease" refers to any di seaseCTdissaraany7
condition, synptom or indication. [80] "Pharmaceutically acceptable”
refers to generally recognized for use in animals, and nore particularly in
humans. WO 2012/ 129344PCT/ US2012/ 030007 [81] "Pharmaceutically acceptable
salt" refers to a salt of a conpound that is pharnaceutically acceptable
and that possesses the desired pharnmacol ogical activity of the parent
conpound.  Suctendaflimsnts ad plgemaceuticalaomgosiddi of panofdld apodimspive th swineh

| norgani ¢ act dseisHilafifally it OG0 A LficBflofia IMARAPIRWike GER dnbddithdd( | ¢ act d.
nitric acid, phosphoric acid or e organlc aci ds
such as acet i dhawpiget ipz b\pn@matzenamtumumk% agcfaa,slad)atlwmabtpemﬁﬁepf%pl oni c
acid, glycoli %Iﬁ&m FL@?’E&&Yé Iﬁye%a? RukdnACt EGinRf Or FITR QG ﬁlemae bRUFET NI C

acid, malic acid, maleic acid, fumaric aci tartaric acid, ¢itric acid,
sallcyllc aci chot beiteddp.FLAGH AP, @VKﬂWﬁV@ﬂw%Vbénw@ym)mb@h@@ﬁ@ma€FHT3C|nnanlc

acid, mandeli %S%%Y%Lf%é‘a%@ie%&ﬁff Q?' 5331 ﬁggﬁk@@,@?ﬁﬁ{i fORL. @4’0}?' Pherefore
benzenesulfonlc aci d, ptoluénesul fonic acid, ethane disulfonic acid and the
like; or (2) Sabane dndhrodieniahibn F s mekdiicFlphoildh Ip pthseambodimentiethpar ent
conpound ei t h%’Lﬁs%lﬁﬁlPls%% t%sf?‘ MRLRotHePAnbRirGkents, AP FRT X RlufanfBFAY31 ON,  an

al kaline earth ion, or an alum numion; or coordi hates with an organi c base
such as et hand®&dfiné Otbtr@tnhadtmﬁlamthﬁeFLTt3rmlé%rh&rﬁ.ﬂTérﬁ&iéV Nngilltogiegl ucani ne,
di cycl ohexy! argufi6ainBRd et dian REMEMA 0SB iy LY h@hSdimPas Medr at es
such that the use of the terntsmp ene?% ?t Jﬂﬁlne dto ?ﬁg’ude hydr at ed
and non- hydr at%ﬁl@ﬁ% isgfL T e 44kl ln Some[ 5821} emlmdanmeame@aﬂ gy dskdpt abl e
exci pi ent, Riéf’éhﬁﬁ&%%h?ﬁél thypAEGRL ﬁl}ﬂaﬁ FEA5LERE myelOl 1oRBAL TRGEUL i cal Iy
acceptable adj uvant' er, respectively, to an e%C|p|ent carrier or
adj uvant wi t h axkihRlh sugh 4 mefBed g t ipdngscolriaenins a &amelerfmesfemlemlagéhf@wlzﬂé is
adni ni ster ed. wfﬁéftﬁ@%gﬁé £al poiRE AEBHAR! fork BT Chiant & S duboiién! 2
di l uent, adjuvant, excipient or carrier wt | east one conpound of
the pr esent  ditbemeBed iaclpdss adminpicsing foercbubje§t@ g pifecGy ere@ins of e compefisk s t 0 an
| somer that diihd sHafindcBurlhfy RELABEIIRIHeroBE, HefiFaGRARFE WP ik @fiEndibrspace.
Stereoi soners that are mrror i mages of each other an tically active are
t er med " enant iodaey &f the eappgdistcats @bi Blaptimpcsuticabrommpstionotf apy ¢ tberemhﬁég@etmf one
another and arg anhl filohots Ak Sa el SfTRA metkiR L PSSR Loing sugl 541
"Subj ect" |ncIu§es manmal s and humans. ternms "human' subject are
used |nterchaﬁ@@@@hvnmeﬁeﬂmmnC?@@Hﬂﬂqheﬁhae@vmwﬂ@ﬂym@ﬁmect|ve armount "
refers to the gimunt of i GRMRAKA of Rafing WRER tﬁ@lﬁyn@mstaeﬁmn%c@r subj ect for
treating a disease, or at |east one of the clinical nEtons &, di sease
or di sorder, ingtient fvith ¢ sedisk or hemaiplpgieal taues i Whlé]athﬁélﬁltwfﬁ@? itsew gl Sease,
di sorder, or sygpf RWp1dves el RQLBREHE Sahd YicREABRAHMS (AR pafidR WA Y
dependlng on the conpound, the disease, disorder, and/or synptons of the
di sease or d|§@Wﬁeb@béﬁv@¢ﬁWNWMﬁe$%em@r§@&§ékmdﬂéor3@?Wmdﬁﬁmé¢ synpt ons  of
the disease Orexﬂﬂe%ﬁfnd%sorﬁer}ﬁlb@&iﬁleﬁtg iR HRIBR 6y BEs Er el Rioyand/ o ¢ he
wei ght of the subject to be treat ed. appropriate anmount in any given
i nstance can bé6reaGMﬁ?ﬁepﬁak@ﬁnm@bﬂﬂE@Qe%gkmmﬂe@ﬂﬂwtbh@V@t@“@ﬁecapable of
deter m nat | on PeifOb:h 8¢ 8 AGH LB BALOMem 1f BElevall FEARAE mloid kkgAL Tent”
of any disease or disorder refers to arresting or aneliorating a disease,
di sorder, or akhiymaeibed conld absp be hved édriofticeaimos tyngst dntymof that canigiaaises ithe
di sorder, redyging:the,, 'l§d(‘<4®f)ro%ﬁlgl&ﬁ1km(ﬁ-bgtﬁ%%?fougd Aar gﬁﬁal cQl at Ieast
one of the clinical synptons a dj sease or disorder, reducing the
devel oprment ofwanldhesmg ghat exéﬂb@é)l@d‘elﬂ%r P and/prad 6t - O pETRshion. ke semg ni cal synpt ons
of the di seaseuhlhllilehmoPhobEIUSL it S0 164 Hon 8Dy, IEUGHAPLIYIA, diysease or
dlsorder or at | east one i ni cal qptons of a disease or disorder.
"Treating" or 60 élalﬁﬁéhﬂn‘w%ﬂ Osftﬁlfr Fegns/of Dlﬁ | i qeags ipenognalegde or
di sorder, eithgizphysi C%nwfth@ Grcfhods &t&ﬁtt hékah bAY iRfueBudSEaLALEhE
synpt om, phyS|oIog|caIIy (e.qg., stabilization of a physical paraneter),
or both, or i ﬁh@rtnevth@e@tsw@ééhoswﬁécrwsl?q:val F?mi’“aﬁtﬂt eltowftbhdlm?t et be
di scernible t Qn\teﬂﬁmls[h‘md@ééta melt:ljrbrdtobgéatmg Ez{ngﬁ't&m in@hdes E&Iﬁﬂfs@ﬁﬁg toaf €fers to
del ayi ng the onset of the disease or disorder or at |east synptons thereof
in a subject which may be exposed to or predisposed to a di sease or
di sorder even though that subject does not yet experience or display
synptoms of the disease or disorder. -}87] Reference will now be made in
detail to enmbodi nents of the present disclosure. Wile certain enbodi nents
of the present disclosure will be described, it will be understood that it
IS not |ntended tolimt the enbodlnents of the pr esent dlsclosure to those
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[88] In one aspect, the invention provides a conpound of Forrmula I: or a
phar maceutically acceptable salt thereof, a hydrate thereof, or a mxture
t hereof , wowheredsss R is a group of Fornula | A FornulpaTiuB201B08000f a | C,
or Fornula ID1 R7a R8a R8b N, R6 R8f

subject (a) an effective amount of the compound, the pharmaceutically acceptable salt
thereof, the hydrate thereof or the mixture thereof of any of the embodiments or the
pharmaceutical composition of any of the embodiments; and (b) at least one second
therapeutic agent used in the treatment of cancer. In some such embodiments, the
second therapeutic agent is used in treating acute myeloid leukemia or any of the other
cancers described herein. In some embodiments, the second therapeutic agent is
selected from cytosine arabinoside, daunorubicin, idarubicin, doxorubicin,
cyclophosphamide, etoposide, carboplatin, fludarabine, mitoxantrone, dexamethasone,
rituximab, midostaurin, a granulocyte colony-stimulating factor, filgrastim, PEG-
filgrastim, lenograstim, decitabine, azacitidine, paclitaxel, gemcitibine, motesanib
disphosphate, panitumumab, an antibody directed against CD33, or a CD33 bispecific
T-cell engager antibody. In other embodiments, the second therapeutic agent is
selected from cytosine arabinoside, daunorubicin, idarubicin, doxorubicin,
cyclophosphamide, etoposide, carboplatin, fludarabine, mitoxantrone, dexamethasone,
rituximab, midostaurin, a granulocyte colony-stimulating factor, filgrastim, PEG-
filgrastim, lenograstim, decitabine, azacitidine, paclitaxel, gemcitibine, motesanib
disphosphate, panitumumab. In still other such embodiments, the second therapeutic
agent is selected from cytosine arabinoside, daunorubicin, idarubicin, doxorubicin,
cyclophosphamide, etoposide, carboplatin, fludarabine, mitoxantrone, dexamethasone,
rituximab, midostaurin, decitabine, azacitidine, paclitaxel, gemcitibine, or motesanib
disphosphate. In some such embodiments, the second therapeutic agent is cytosine
arabinoside. In other embodiments, the second therapeutic agent is daunorubicin,
idarubicin, or doxorubicin. In still other embodiments, the second therapeutic agent is
azacitidine or decitabine. In some embodiments, the second therapeutic agent is an
anthracycline. In some embodiments, the second therapeutic agent is an aurora kinase
inhibitor such as N-(4-((3-(2-amino-4-pyrimidinyl)-2-pyridinyl)oxy)phenyl)-4-(4-
methyl-2-thienyl)-1-phthalazinamine or another compound disclosed in WO
2007/087276. In some embodiments, the compound, the pharmaceutically acceptable
salt thereof, or the mixture thereof of any of the embodiments or the pharmaceutical
composition of any of the embodiments is administered to the subject after the at least
one second therapeutic agent is administered to the subject. In other embodiments, the
compound, the pharmaceutically acceptable salt thereof, or the hydrate thereof, or the
mixture thereof of any of the embodiments or the pharmaceutical composition of any of

the embodiments is administered to the subject before the at least one second
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therapeutic agent is administered to the subject. In still other embodiments, the
compound, the pharmaceutically acceptable salt thereof, the hydrate thereof, or the
mixture thereof of any of the embodiments or the pharmaceutical composition of any of
the embodiments is administered to the subject at the same time that the at least one
second therapeutic agent is administered to the subject.

[044] The invention further provides a compound for use in the preparation of
a medicament. Any of the compounds, salts, hydrates or mixtures of any of the
embodiments described herein can be used to prepare the medicament. In some
embodiments, the cancer is selected from acute myeloid leukemia, myelodysplastic
syndrome, multiple myeloma, chronic myeloid leukemia, acute lymphocytic leukemia,
chronic lymphocytic leukemia, non-Hodgkin lymphoma, another lymphoma, another
myeloma, or another leukemia. In some such embodiments, the cancer is acute myeloid
leukemia. In other embodiments, the cancer is selected from breast cancer, colorectal
cancer, small cell lung carcinoma, head and neck, glioblastoma, pancreatic,
gastrointestinal, liver, prostate, ovarian, testicular, endometrial, bladder, melanoma,
osteosarcoma, or another sarcoma. In some embodiments, the cancer is Rb-positive
whereas in other embodiments, the cancer is not Rb-positive. In some embodiments,
the subject is a human cancer patient and, in some such embodiments, the cancer is a
hematological cancer.

[045] Other objects, features and advantages of the invention will become

apparent to those skilled in the art from the following description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[046] Figure 1 is a graph showing the dose dependent anti-tumor activity
observed after twice daily dosing (BID) with Example 5 in CrTac:NCR-FoxnI™
nude mice with MOLMI13 subcutaneous xenograft tumors.

[047] Figure 2 is a graph showing the dose dependent anti-tumor activity
observed after twice daily dosing (BID) with Example 5 in CrTac:NCR-Foxnl™
nude mice with Colo 205 subcutaneous xenograft tumors.

[048] Figure 3 is an X-ray Powder Diffraction (XRPD) Spectrum of the
hydrochloride salt of Example 5 showing 2Theta (°) on the x-axis and Intensity (counts)

on the y axis.
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R7a N I R8c R7bR8d R8a R8e R8b N 18f R6 ID wherein the "UV synbol indicates
the point of attachment of the group of Formula IA 1B, IC or IDto the
rest of twe meeiske; R2 is a C5-C7 cycl oal kyl gr egp/useei2a3d@ot o

7- menbered heterocyclyl group that has 1, 2, or 3 heteroatons selected from
N, O, and S, or is a C7-C o bicyclic group; wherein the C5-C7 cycl oal kyl
group, the 5 to 7 nenbered heterocyclyl group, or the Cr7- Cl10 bicyclic
group is unsubstituted or is substituted with 1-3 substituents

i ndependent|ly selected fromunsubstituted -(Cl-C6 al kyl), -OH, halo,
-0-(C1-C6 al kyl), C@W@MB&@G}%RR' -NR R or a

substituted - (el O ! Kihlews WABLEL kDRI SHASHLLML Gk Chfhilfoy!) 1o

substituted with 1-3 substituents inde en ent ecte alo, -OH,
-OCH3, -S(=0) gnggpqggnt@react@@:egl)dn@qg,,and so forth used in the specification and claims are to

be understood as being modified in all instances by the term “about.” Accordingly,
unless indicated to the contrary, the numerical parameters set forth in the following
specification and attached claims are approximations that may vary depending upon the
standard deviation found in their respective testing measurements.

[050] As used herein, if any variable occurs more than one time in a chemical
formula, its definition on each occurrence is independent of its definition at every other
occurrence. If the chemical structure and chemical name conflict, the chemical
structure is determinative of the identity of the compound. The compounds of the
present disclosure may contain one or more chiral centers and/or double bonds and
therefore, may exist as sterecoisomers, such as double-bond isomers (i.e., geometric
isomers), enantiomers or diastereomers. Accordingly, any chemical structures within
the scope of the specification depicted, in whole or in part, with a relative configuration
encompass all possible enantiomers and stereoisomers of the illustrated compounds
including the stereoisomerically pure form (e.g., geometrically pure, enantiomerically
pure or diastereomerically pure) and enantiomeric and stereoisomeric mixtures.
Enantiomeric and stereoisomeric mixtures can be resolved into the component
enantiomers or stereoisomers using separation techniques or chiral synthesis techniques
well known to the skilled artisan.

[051] Certain compounds of the invention may possess asymmetric carbon
atoms (optical centers) or double bonds; the racemates, enantiomers, diastercomers,
geometric isomers and individual isomers are all intended to be encompassed within the
scope of the invention. Furthermore, atropisomers and mixtures thereof such as those
resulting from restricted rotation about two aromatic or heteroaromatic rings bonded to
one another are intended to be encompassed within the scope of the invention. As
noted above, various compounds of the invention may contain one or more chiral
centers, and can exist as racemic mixtures of enantiomers, mixtures of diastereomers or
enantiomerically or optically pure compounds. This invention encompasses the use of
stereomerically pure forms of such compounds, as well as the use of mixtures of those
forms. For example, mixtures comprising equal or unequal amounts of the enantiomers
of a particular compound of the invention may be used in methods and compositions of

the invention. These isomers may be asymmetrically synthesized or resolved using

_23.



R3a is selected from-H, -F, or -d, -(Cl-C3 alkyl), or -0-(C1l-C3 al kyl);
R3b is -H halo, -OH -0-(Cl-C6 al kyl), unsubstituted -(Cl-C6 alkyl), -NR R
C(=0) - (CiwCaorlteyi4x, -C(=0)-0-(Cl-C6 al kyl), -C(=0)-NR RCT/Use01a/03Mbst it ut ed
-(Cl-C6 alkyl), wherein the substituted -(Cl-C6 alkyl) is substituted with
1-3 substituents independently selected fromhalo, -OH -OCH3, -CN, or

-N®2; R3e is -H, -(Cl1-C3 alkyl), or halo; R4 is -H R5 is -H R6 is
selected from-H, -(Cl-C6 alkyl), -C(=0)-(Cl-C6 al kyl), -C(=0)-0-(C1-C6
alkyl), -C(=0)-C(=0)-0H, -C(=0)-NR R', or -S(=0)-NR R', wherein the al kyl
group of the -sfaadarGgchiqueb yuch aghisg) cofumins Opchalakapholyingwagnts.Cgee03.2.0- ( C1- C6

al kyl ) groups Jh&]IuHé"?U %% 'én‘dﬁt%%e%r Rbc%m%fép%d ﬁéf&lﬁﬁlon‘é“(wpﬁl %’brs%%éﬁléeE N%é&e”t S

i ndependent |y ected from -
al kyl), -NR R"Yorbrl%m\WﬂRv;S HseiHll (13 Tetehedyen 33:2725; Eliel, ERZ6 i s - H1 (Cl B

al kyl'), or hal 0 a or Formul a
| D esq?res&El it ns stl tut bLfl d %b%@a@i&qﬁ? %Z)Fgﬂdwg&( ICS:?HCG al kyl ),

-NG2, -CN, - NFTalees OfmlmngA@emeammm@ml@nomyp)268 (CL3Yjel. N, Rniv- of  a
substituted - ﬁ@tre%n{%'ﬁf%sk)mtfé‘ﬂﬁh%'l@l §op)substituted -(CLl-G6 alkyl) is

substituted with 3 substituents mdependently selected from-CH, halo,
-0-(C1-C6 al kyiP52] -CN, -ANRsq@heregyandmglesseiheRyise indicatbrb éhetterinf“sRfeoisgmer” group of

Formula 1A or (F Ogtamf'érﬁerf Qly a[iuﬁe Tean% sie?&ofs{?fﬁerl{)ri}ﬁgplﬁ[?dugl&'{ gfjis &bgant%gal kyl),

or a substituted rern e substitute | kyl) is
substituted wiftde OiOtBe@thSpm@@ﬁfﬁla'iqt?d’@p‘éﬁd@hlthym@yWf@@eﬁﬁdh‘lpu@-l hal o, or

-0-(C1-C6 al kyclo)npound h]aan% 5@@: V\}ﬁ?ﬁ cetlter VH pH Qﬁ)%ﬂaﬁtﬁ‘ilg@ree @&%e (%goﬁiel%?{i ip er a

substituted - (Cl-Cb erelnt e substituted
substi t ut ed wuquero@p@mﬂsﬁustez@megcallmwénmewnﬂya‘s@ fe@tcémalfcmﬁmw e hal 0, or

-0-(C1-C6 al kydidstanfifigRRR 0Bl RtcrdBHRR Jf A eOmpRAG! J&%ica‘?&&e&ﬁ&fcﬁ%ﬁ”t =0;

pure compound comprises greater than about 80% by weight of one stereoisomer of the
compound and less than about 20% by weight of other stereoisomers of the compound,
more preferably greater than about 90% by weight of one stereoisomer of the
compound and less than about 10% by weight of the other stereoisomers of the
compound, even more preferably greater than about 95% by weight of one stereoisomer
of the compound and less than about 5% by weight of the other stereoisomers of the
compound, and most preferably greater than about 97% by weight of one stereoisomer
of the compound and less than about 3% by weight of the other stereoisomers of the
compound. Ifthe stereochemistry of a structure or a portion of a structure is not
indicated with, for example, bold or dashed lines, the structure or portion of the
structure is to be interpreted as encompassing all stereoisomers of it. A bond drawn
with a wavy line indicates that both stereoisomers are encompassed.

[053] As known by those skilled in the art, certain compounds of the
invention may exist in one or more tautomeric forms. Because one chemical structure
may only be used to represent one tautomeric form, it will be understood that for
convenience, referral to a compound of a given structural formula includes tautomers of
the structure represented by the structural formula. The same is true with respect to
stereoisomers unless a specific stereochemistry is shown or noted. For example, a
compound of a specific formula includes all stereoisomers or mixtures thereof.
Similarly, a pharmaceutically acceptable salt of the compound includes

pharmaceutically acceptable salts of all individual stereoisomers or mixtures thereof.
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R8e is selected from-H, -OH unsubstituted -(Cl-C6 alkyl), or a
substituted -(Cl-C6 al kyl), wherein the substituted -(Cl-C6 al kyl) is
substi t utwo 20i2rh93443 substituents independently sel ect e#Crrusaor2@Byoonal o, or
-0-(C1-C6 al kyl); R8d is -H, unsubstituted -(Cl-C6 alkyl), or a
substituted -(Cl1-C6 al kyl), wherein the substituted -(C1-C6 alkyl) is
substituted with 1-3 substituents independently selected from-OH, halo, or
-0-(C1-C6 al kyl); Rse is -H, unsubstituted -(Cl-C6 alkyl), or a
substituted -(Cl1-C6 al kyl), wherein the substituted -(C1-C6 alkyl) is
substituted wilfH]1-3 subsmptedebnvs, nrevdegs elvd édlwighinép seopedf dhewigple@iiicshal o, or
-0-(C1-C6 al kyd,) B Sqozibh I = , or a
substituted - (flﬁf)f-’%%lplg’l Ry @%ﬁiﬁe&uﬁwﬁg{%‘%ﬁ’ ?%Iﬁtg Sﬁﬁﬁ‘é@‘c‘%\héﬁ% ) is
substituted wiPrediugs igelbdes pueompounda thapeasoian cdnpoyedsed Ferthula lovhenOH, hal o, or
-0- (C1-C6 al ky)pin: g : t =0;
HihiniQreFBG ﬁ%@%%,?%,gg%@?g%ﬁ? ?gbﬁ%s?@gk%é Ero‘&x%@. E%&)‘i’g%‘(%@

and R and R' are Indepe se unsubstitute Cl-c4
al kyl), or ((@rodpagsandiyde)busybaetlimited b, agctdte, formatedenrtatet arkrarethyxy,

i ndependent | y c%ﬁ)lof'tg&%qui [19{]'&?1%\/% of fEncti_mLa@ ?1%0;155%5&9 Q?alg{ﬁgﬁ gér%@ilﬁ a (],(1, the

conpound of Fornmnu or the pharnmaceutica accepta salt "thereof, the
hydr at e t her ecther,gpter; preanmrivxgrowns) ik eopourd of lpraulgs- C7 cycl oal kyl group

that is unsubshiduted ory,i u i b A - i I ndent |y
LSRG RO R S L )

- , - = - 2 S { e
-(Cl-C4 al kyl) in.t i (] (C yh) ituted with
1-3 substituent %Mlggl g‘%@%h@ﬁ%‘iﬁ%@o{e‘ﬁbféﬁ% ¥ éo%mmﬁéld%%%ﬂeﬁnc%%ﬁ éf-e%?g:O) 2- CH3,
or - C(=0) - CH3.to mog@iydiates gihydratasiroditihydiates.of t he conpound of Formula | or

the phar rm-ceUt[-P%ql |y acqgpLofin@dl the iR maylal CQM&% ﬁh&t*%ﬁé@?{ﬁon@r the

m xture thereof, "R2 is an unsubstituted or substituted cyc ring. In
some such enbodiivey isotofRe af ane g1 wyLe|ob e vipms dirap eqpststuts sedhtcgmpelngp. tfera - ( C1- C2

al kyl ) group. _elemﬁE,itflé %?B{[BBM&? 'fna§ ye ﬂdﬁ)%g’lg& Qﬁﬁqaﬁioag%_e iis%to es?é{ﬁil 9%1‘3/' group
substituted with a methyl group. In sone such enbodinments, R2is a group of
fornula _ C K3awmplepdivpHealedinedyibol o prtbanatdds - hikadidabgted edmpaundschrent t o
the rest of the fRkeaYh&apchit %@@R@%ﬂ%&%ﬁéear&ed&n@,@ M Q%‘d??eta dnit ed
cycl ohexyl group. [9]] I'n son odi nents of the conpound of Formula | or
t he phar maceutshdedsithe e Bepiditsl incosiratiop hespp afd dingnestinpdert et Fevieof , or the
m xture ther eclfna%ﬁ% a&ﬁ@ Ri1 i@ pic AASRAOGERL LR GAR OF 88 irfv e, Fheter
unsubstituted - (TCI1- al kyl).

radioactive or not, are intended to be encompassed within the scope of the invention.

For example, if a variable is said to be H or -H, this means that the variable may also be

deuterium (D) or tritium (T).

[057] As used herein, the terms “comprising” and “including” and other

forms of these words are used herein in their open, non-limiting sense. For example, if

a composition is said to comprise A, B, and C, then A, B, and C are in the composition,

but D, E, and/or F may be in the composition as well.

[058] “CDK4” refers to cyclin dependent kinase 4. Cyclin dependent kinases

are a family of serine/threonine kinases that play important roles in cellular function

and cell cycle progression. CDK4 is a catalytic subunit of the protein kinase complex

that is important for cell cycle G1 phase progression. The activity of CDK4 is

restricted to the G1-S phase, which is controlled by the regulatory subunits D-type

cyclins and CDK inhibitor p16™***.  CDK4 has been demonstrated to be responsible

for the phosphorylation of retinoblastoma gene product (Rb). Mutations in this gene as

well as in its related proteins including D-type cyclins, p16™** and Rb have all been

found to be associated with tumorigenesis in a variety of cancers.
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[92] In sonme enbodi nents of the conpound of Fornula I or the

phar maceutically acceptable salt thereof, the hydrate thereof, or the

m xture twererf12922 i s an unsubstituted or substituted egrlusp@niogdoori ng. In
sonme such enbodi nents, R2 is a cyclopentyl group substituted with a -(Cl-C2
al kyl) group. In still further such enbodiments, R2 is a cycl opentyl group
substituted with a nmethyl group. In sone such enbodi nents, R2 is an
unsubstituted cycl opentyl group. [93] In sone enbodi nents of the conpound
of Formula | or the pharmaceutically acceptable salt thereof, the hydrate

t hereof, or tHBHi xt ur e “CREp@tsfers Ricy¢lin dgpemdent inafe G-Siyedint depemplentrkina®s | n sonme

such e nbOdl MentS, faﬁlﬂm seﬁng{hﬁ:’é& 1n9{(1ngs%£ {Haq r@dyl ei%mjt;ﬂlt R)tlég% c?luﬁﬂﬁﬁmgdl ments,

Rl is a group of For I'n some odi nents o e conmpound of
Formula | or tahécﬁharpmmmsmalW%@@@p@am gubyeil of atetpip dinasetdempleydr at e

thereof, or thg g@i‘t&fﬁ i gellt@l@l'é%ﬁf haﬂprdg?es@rw%ngt{g/S){ralgf?ilbﬂph?e alchlgrr ofl D I'n some

such enbodi nent Is a"group of I n other such enbodi nents,
R is a group K Ehishappeary mid- G| pisipe, which draenselsd i theressagdry subanigssonpound of

Formula | or the, %% lﬁlgéﬂdr}{en%%e&tlﬁﬁh ?anﬁ@rlotfcmﬁlﬁﬁgftorstﬁgK@ydrat e

thereof, or the mx ur er eof - cycl oal group that
i s unsubsti t utkerhsohasialso bQﬂns”;hQWrup@hOSanrhlattr@d11(11@16g@f@t€ahd<%¢tly1t§g¢fo@pml: R3is
sel ected fromg leyl) or -0-(Cl1-C3 alkyl); R36 is -H R3e is
-H R4 is -H resy(r%}mgﬁ 8 is selected from-H -(Cl-C6 al kyl),
-C(=0)-(C1-C6 [9¢Q<ly| ), ofFLY” f@fym@( Hﬂﬁ-ltkﬁrecw’s@rrt@rpﬂnq Feasal KyI3 igeowpbor t he

-(C1-C6 al kyl )of%célassql g)osﬁlgﬂ'mg@ r&:le[%(]t}ﬁl f)amﬁ Rﬁn}r %ﬂﬁéél%gmflstﬂﬁlﬁg or is

substituted with 1-3 substituents | dependen ecte rom F,
- S(=0) 2- ( C1- Concideyn pxtragellulay.dowgain ogntanikg fiye mm’moglgbqhn liRggomhains, B, or i s

absent ' f R tﬁnﬁn&ﬁlﬁ’éﬁg dgﬁialﬁgr&ﬂin?erﬂb%ng rdmﬁQllfl &h 111@1061@% ré@on (!dntagﬁngj S
absent if R is a group of r]rrua A or Formula IC,
tyrosine kinase act1V1ty Several mutations in FLT3 have been 1dent1ﬁed and shown to

result in constitutive activation of the receptor. In acute myeloid leukemia, these
mutations are the most common genetic alteration associated with the disease, making
up approximately 25% of patients with AML. FLT3 has been shown to phosphorylate
and regulate the activity of STATS.

[061] “FLT3-ITD” refers to FLT3 internal tandem duplication. FLT3-ITD is
a somatic mutation in acute myeloid leukemia with variation in the position, length, and
number of duplications of the FLT3 gene. A patient with FLT3-ITD positive acute
myeloid leukemia is a patient with acute myeloid leukemia in which the FLT3 gene
exhibits this duplication.

[062] The phrase “Rb-positive” refers to cells that express a functional
retinoblastoma (Rb) protein. Rb is a tumor suppressor that regulates progression of
cells through the cell cycle at the G1-S transition. Phosphorylation of Rb regulates its
activity. When Rb is in a hypophosphorylated state, it prevents cell cycle progression
and allows it to carry out its tumor suppressor function. Many cancer cells have been
shown to contain mutated or deleted Rb.

[063] The term “alkyl” refers to a saturated, branched or straight-chain
monovalent hydrocarbon group derived by the removal of one hydrogen atom from a
single carbon atom of a parent alkane. Typical alkyl groups include, but are not limited
to, methyl (-CHj3); ethyl (-CH,CH3); propyls such as propan-1-yl (-CH,CH,CHj3), and
propan-2-yl (-CH(CH,;),); and butyls such as butan-1-yl (-CH,CH,CH,CH3),
butan-2-yl, -CH(CH;3)CH,CHj; 2-methyl-propan-1-yl (-CH,CH(CHs),,
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R86 is -H R8e is selected from-H, -OH or unsubstituted -(Cl-C6 al kyl);
R8d is -H Rseis -H and R8f is -H [96] In sone such enbodinents, R is
a group oVoRorrmbm4|l A. I n other enbodinents, R is a greap/uskoiBoswot a | B.
In other enbodinents, R is a group of Formula IC. In other enbodinents, R
is a group of Formula ID. [97] In some enbodi ments of the conpound of
Formula | or the pharnaceutically acceptable salt thereof, the hydrate
thereof, or the mxture thereof, R6 is selected from-H, -(Cl-C6 al kyl),
-C(=0)-(C1-C6 alkyl), -C(=0)-C(=0)-0H, -C(=0)- NR R', or -S(=0)-NR R',
wherei n the alXgkthgrroupnafyl {ReCH) GGk} (L (@Hd:)- Bl #E)lke1 Inggrtain ky| )
groups is uns t t

i ndependent | ylé?g)ué%l;&étg’ddp (rag%l QC@& %hgéé qgfyz%a?%fja ’uﬁns %1% eﬂ%ﬁ&l emSCG

al kyl ), -NR RualkybgrougNoclyds lst@ﬁréarém@mwhﬁ@sm Othﬁ@mbm@umlk@f grfemsnul a | or
t he phar nmaceut; 3 r or the
m xture ther eol%‘l&c?de Mo Q%P?R}ﬁ%%lﬂ(ﬁ)&%@h{s tzlarhf 11%9{65?1%%?{2%%’ %elﬁk}tlg%gbst ituted
with a -NR R inqlmﬂeséméZ eAtled a@mocﬁirwmdschalmeﬂwlsgrgms énstudel afflpashg carbon

- ((=0) - CH2- N( %s%n@'ﬁyplcgly Qlll'u%:}?fow( GHA G5 énbod[n%ls 1D comRyarhiRdiagent s of
t he conpound of Formila e pharmaceutically acceptable sa'lt t her eof

t he hydrate t dyégoup kwmghleto fricsb oy gomprapyelesf referrpétocs apurchalkey] pdCi-

gl ucuroni de aqd 9, d m rmul a |
or the phar mace iﬁlkclflmfg %cg%p?ﬁgﬁgﬁg%ﬁ?b?ﬁ%inoﬁ %ﬂgyﬁ%l?g%gt gfgr(ggf or
the mixture tHevadof or -H(heCootybambantvde givep Rymgul ta 3 lcirhon 3tamRBay b sel ect ed
from-H -F, a I a ik hal o,
_OH, -0-(Cl- R %0 Sé%s%)sﬁyﬁtéc @FCH?E;1 (rgel ? é%{g Sﬁ“gﬁc?p% > °H -6
al kyl), C( =0)allgyl g@&pS(YGthailffWI)t numbi(rwf)caﬁpzn Roms. oﬁﬁ@[ ggmwv e @d)sm(l‘@i CG
kL), uier el k08 SHOBLAKLE S8l ChuOBuRbiodil L bl bRtk 0 1.3

substituents i ndependentl Yy sel ected from hal o,
other embodiments, an alkyl group may be substituted with one or more substituents.

For example, in some embodiments, an alkyl group may be substituted with 1, 2 or 3
substituents whereas in another embodiment, an alkyl group may, where permitted by
valence, be substituted with 1 to 5 substituents.

[064] The term “alkoxy” refers to a radical —OR where R represents a straight
or branched chain alkyl group as defined above. Representative examples include, but
are not limited to, methoxy (-OCHj;), ethoxy (-OCH,CH3), propoxy (-OCH,CH,CH3),
isopropoxy (-OCH(CHjs),), butoxy (-OCH,CH,CH,CHs),
pentoxy(-OCH,CH,CH,CH,CH3;), t-butoxy (-OC(CHjs);) and the like. Typical alkoxy
groups include 1 to 10 carbon atoms, 1 to 6 carbon atoms, 1 to 4 carbon atoms, 1to 3
carbon atoms, or 1 to 2 carbon atoms in the R group. Alkoxy groups that include 1 to 6
carbon atoms may be designated as —O-(C;-C¢ alkyl) groups. Similarly, alkoxy groups
that include 1 to 3 carbon atoms may be designated as —O-(C;-Cs alkyl) groups. Other
alkoxy groups may be represented using the same methodology.

[065] The term “carboxy” refers to the radical -C(O)OH which may
alternatively be written as —C(=0)OH, —C(=0)-OH, —COOH or -CO,H. When the H
atom of a carboxy group is removed and replaced with a bond to an alkyl group, the
group may be written as -C(=0)-0-alkyl. Typical such groups include alkyl groups
with 1 to 10 carbon atoms, 1 to 6 carbon atoms, 1 to 4 carbon atoms, 1 to 3 carbon
atoms, or 1 to 2 carbon atoms. -C(=0)-O-alkyl groups that include alkyl groups with 1
to 6 carbon atoms may be designated as -C(=0)-0-(C;-Cs alkyl) groups. Similarly,

such groups that include alkyl groups with 1 to 4 or 1 to 3 carbon atoms may be
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R6 is selected from-H, -(Cl-C6 alkyl), -C(=0)-(Cl-C6 al kyl),
C(=0)-C(=0)-0H, -C(=0)-NR R", or -S(=0)-NR R', wherein the al kyl group of
t he - (Cl1-wB 2aidb3id4and - C(=0)-(CLl-C6 al kyl) groups is umsuhmstomos®@d7 or is
substituted with 1-3 substituents independently selected from-OH, F,
-S(=0)2-(C1-C6 alkyl), -0-(C1-C6 alkyl), -NRR', or -CN, and Rse is
selected from-H, -OH, unsubstituted -(Cl-C6 alkyl), or a substituted
(C1-C6 alkyl), wherein the substituted -(Cl-C6 alkyl) is substituted with
1-3 substituents independently selected from-OH, halo, or -0-(Cl1-C6

al kyl). [0100]rFredivple devidrotiil aeri(SOLP-(Ehe: dirthodnb(D-FarrfuladyDigioups. t he
phar maceut i cal by A6GRS B@fcrebdhRligQhe 1R SEhEALROTRIgyL her eof ,
pharnaceutlcal1yﬂacc§£f%gk§ysa*%m(%’t he %%ere&?soner Bt the mxture

t hereof, R3a i[86&el ect edh¢ feom caphonyll Gafere® afaigyl-C(<8))-.- Qarbaq@yl grupsinkey| ) ; R3b
s -H R bloftded ] A §Fbubd Sifhirltlen ad EA=6PaRydubs wnlrk TR rHaChe 6_al kyl),
or OH, wherein the ea (Lyg r(ljlhp o]‘w tthga-%l%ﬁ%ﬁyt?p v &:é %he(m C6

al kyl ) groups mesnipgaseiberth abayce d yoicaljatkysgiownsiin @RdeC(/ﬁQ)Wﬂqyl gogmti@yq t@ent s

i ndependent | 'y 1%)%'211%8{1 thmg fl%% Cg;l’)l’l £ toms, $(t0 QL%B&n%n%GI ‘?(J fé@rl)on a@Ums ?f l(tQ - (6
alkyl); and Rse is selected from-H, 'unsubstituted - kyl), or -OH.
[0101] I n some Zethodipivert 's“hQ)fC(Fﬁéaléﬂrg@@mwﬂbﬁlkﬂcgrwsa 110/6 O@rbon Aems

phar maceuti cal r , t he

m xture thereo r#lexl b%%ﬁ@{s? se ecg?g}d(éf it% aﬁ& gr&%ﬁﬁ%ﬁgﬂ &ch@ﬁiuﬁi%%@%ach
embodi ment's, Rl groupsthavg DG 1o %mw@wpmﬂrsspmtlwlméeﬁmd@ﬁd of
Formula Il A or phar W agcy 9% <S @it fi 5 hydrate
t hereof, or thekﬂgffureHEﬁZreogekgéc . E*? %ﬁ %heﬁ&go Ry dﬂ?%ents of
t he corrpound geprigntadibang thesape m%@dology

[067] The term “cyano” refers to the radical -CN which may also be written
as -C=N.
[068] The term “cycloalkyl” refers to a saturated cyclic alkyl group derived

by the removal of one hydrogen atom from a single carbon atom of a parent
cycloalkane. Typical cycloalkyl groups include, but are not limited to, cyclopropane,
cyclobutane, cyclopentane, cyclohexane, cycloheptane and the like. In certain
embodiments, the cycloalkyl group can be Cs-Cyp cycloalkyl, such as, for example,
C;-Cg cycloalkyl. In some embodiments, a cycloalkyl group is a Cs-C; group such as a
cyclopentyl, cyclohexyl, or cycloheptyl group. Cycloalkyl groups may be substituted
or unsubstituted.

[069] The term “bicyclic group” refers to a cyclic alkyl group that includes
two, three, or more rings derived by the removal of one hydrogen atom from a single
carbon atom of a parent bicyclic cycloalkane. Typical bicyclic groups include, but are
not limited to, adamantyl, norbornyl, decalinyl, octahydro-1H-indenyl,
bicyclo[2.2.2]octanyl, octahydropentalenyl, and the like. In certain embodiments, the
bicyclic group is Cs-Cy4 bicyclic group, a C¢-Cyg bicyclic group, a C;-Cy4 bicyclic
group, a C;-Cyp bicyclic group, or a similar type bicyclic group. In some embodiments,
a bicyclic group is a C;-Cyg group. Cycloalkyl groups may be substituted or
unsubstituted.

[070] The term “heterocyclyl group” refers to a cycloalkyl group, except that
in a heterocyclyl group at least one ring atom is replaced by a heteroatom. Typically,
heterocyclyl groups are characterized by the number of ring members and include 1, 2,

or 3 heteroatoms independently selected from N, O, or S. In some embodiments, the
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pharmaceutically acceptable salt thereof, the hydrate thereof, or the

m xture thereof, R3'" is -H or -OCH3. In sone such enbodi nents, R3a is -H.

[ 0104] | n worre12enziadi nent s of the conpound of Fornul a || RCEOrUS2#1€/030007
pharmaceutically acceptable salt thereof, the hydrate thereof, or the

m xture thereof, R6 is selected from-H, -C(=0)-CH3, -CH2CH2COH,

- CH2CH2CH2COH, -C(=0)-CH2CH, - (C(=0)-C(=0)-0H, -CH2CH2CF3, -CH2CH2F,

- CH2CH2S(=0) 2- CH3, or -CH2CH2OCH3. I n some enbodinents, R6 is -H |n other
enbodi ments, R6 is selected from C(=0)-CH3 or -C(=0)-CH2OH. In still other
enbodi ments, REterasyde| gapedn havemto BHARHRORbers, TR GHR THRADMembers,-oCHREH2 OCHS.

[0, 301, oLt gRefEDton ot 56, ok GRS peREer, o
-H and R3b i s ringthat ekl | 201 Rdetematoms ervbpaientlisdectq@sfeon N, OHr S{ 0105] I n sone
o0, e O R OTRRAR B B Tl byl SRR TBEgb bl ecent bl
t he For nul a | |9xatamdghiatapy INetsghgdrofyranyyl, tetrahydrothiophenyl, pyrrolidinyl, piperazinyl,

piperidinyl, tetrahydro-2H-pyranyl, tetrahydro-2H-thiopyranyl, morpholinyl,

thiomorpholinyl, azepanyl, oxepanyl, thiepanyl, and the like. Heterocyclyl groups may

be substituted or unsubstituted. Some examples of alkyl substituted heterocycles

include N-methylmorpholinyl, N-methylpiperidinyl, N-ethylpiperidinyl, N-

methylpiperazinyl, N-propylpiperazinyl, 3-methylpiperidinyl, 2-methylpiperidinyl, and

the like.

[071] The term “halo” or “halogen” refers to a fluoro (-F), chloro (-Cl),

bromo (-Br), or iodo (-I) group.

[072] The term “haloalkyl” refers to an alkyl group as defined above in which

at least one hydrogen atom is replaced with a halogen. Thus, the term “haloalky]”

includes “monohaloalkyl” (an alkyl substituted with one halogen atom), “dihaloalkyl”

(an alkyl substituted with two halogen atoms which may be the same or different), and

“trihaloalky]” (an alkyl substituted with three halogen atoms which may be the same or

different). The term “polyhaloalkyl” refers to an alkyl group that is substituted with

two or more halogen atoms. The term “perhaloalkyl” means, unless otherwise stated,

an alkyl group in which each of the hydrogen atoms is replaced with a halogen atom.

For example, the term “perhaloalkyl”, includes, but is not limited to, trifluoromethyl

(-CF3), pentachloroethyl, 1,1,1-trifluoro-2-bromo-2-chloroethyl, and the like.

[073] The term “hydroxy” refers to the hydroxyl group (-OH).
[074] The term “nitro” refers to a radical of formula —-NO,.
[075] The term “sulfonyl” refers to a radical —S(=0),-, or alternatively —SO,-.

Sulfonyl groups are typically bonded to R groups and may be written as —S(=0),-R or
as —SO,-R where R is a substituted or unsubstituted alkyl, cycloalkyl, or other specified
group as defined herein. Representative examples where R is a straight chain alkyl, an
alkylsulfonyl, include, but are not limited to, methylsulfonyl (-S(=0),-CHs),
ethylsulfonyl (-S(=0),-CH,CHs), propylsulfonyl (-S(=0),-CH,CH,CHj),
butylsulfonyl(-S(=0),-CH,CH,CH,CHs), and the like. Typical alkylsulfonyl groups
include 1 to 10 carbon atoms, 1 to 6 carbon atoms, 1 to 4 carbon atoms, 1 to 3 carbon

atoms, or 1 to 2 carbon atoms in the alkyl R group. Alkylsulfonyl groups that include 1
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-; CH3 R IIlAR3a is selected from-H, -F, or -, -(Cl-C3 alkyl), or
Cl-C3 alkyl); R3bis -H halo, -OH -0-(Cl-C6 alkyl), unsubstituted
C6 avbyb)2/129MR R C(=0)-(Cl-C6 al kyl), -C(=0)-0-(Crctarsadiripbgop7

-C(

ha

(o
I

-0-(
-(C1-
=0)-NR R', or a substituted -(Cl-C6 al kyl), wherein the substituted
(C1-C6 al kyI) IS substituted with 1-3 substituents independently sel ected

m halo, -OH, -OCH3, -CN, or -NO2; R6 is selected from-H, -(Cl-C6

kyl), -C(=0)-(Cl-C6 alkyl), C(=0)-C(=0)-0H, -C(=0)-NR R', or

S(=0)-NR R', wherein the al kyl group of the (Cl-C6 alkyl) and

-C(=0) - (C1- B ta b kyrbyn Feraupay bosdesigralidsiats -3 (GOd Cotos dlkylseriounsi Stpikdlywi t h 1- 3
substituents i | kyl),

0~ (C1- 0o ol Kyl R R VRS Ao ey PSS OO,
unsubstituted (C( €12ld) growpl )Othe@ plkglswfopgligreups edy bg @herdgd agika/thy Sanwher ein the
substituted - (GlsldBioad Kyl) is substituted with 1-3 substituents

i ndependent!ly selectéd from-OH, halo, or -0-(Cl1-C6 alkyl). WO

2012/ 129344PCTP1852012/ 03boEm “amino” refers to a radical -NR’R” where R’ and R” are

independently chosen from —H, or substituted or unsubstituted straight or branched

f
a

chain alkyl, cycloalkyl, or other specified group as defined herein. When R” and R” are
both —H, the -NR’R” group is a -NH, group. When one of R’ and R” is —H and the
other is an alkyl group, the -NR’R” is a -NH-alkyl which may also be designated as a
-NH(alkyl) or -N(H)(alkyl) group. When R’ and R” are both alkyl groups, the alkyl
groups may be different, and the group may be designated as a —N(alkyl)(alkyl) group.
If R’ and R” are both alkyl groups and the alkyl groups are the same, the group may be
referred to as a —N(alkyl),. The alkyl groups of the R’ and R” may be designated based
on the number of carbon atoms in the alkyl group. For example, an R” or R” alkyl
group with 1 to 6 carbon atoms may be designated as a -(C;-Cg alkyl). Similarly, an R’
or R” alkyl group with 1 to 4 carbon atoms may be designated as a -(C;-C, alkyl). By
way of nonlimiting example, a -NR’R” group in which one of R’ and R” is a —-H and
the other is an alkyl groups with 1-4 carbon atoms, may be referred to as a -NH(C;-Cy4
alkyl) group or as a -N(H)(C;-C, alkyl) group. Similar methodology may be used to
describe different -NR’R” groups. Typical R’ and R” alkyl groups of -NR’R” groups
include 1 to 10 carbon atoms, 1 to 6 carbon atoms, 1 to 4 carbon atoms, 1 to 3 carbon
atoms, or 1 to 2 carbon atoms.

[077] The term “carboxamide” as used herein, refers to a group of formula
-C(=0)-NR’R” which may also be referred to a —C(=O)NR’R” where R’ and R” are
independently chosen from —H, or substituted or unsubstituted straight or branched
chain alkyl, cycloalkyl, or other specified group as defined herein. When R” and R” are
both —H, the carboxamide may be written as a —C(=0)NH, or —C(=0)-NH, group.
When one of R’ and R” is —H and the other is an alkyl group, the carboxamide is a
-C(=0)-NH-alkyl which may also be designated as a —C(=0)-N(H)-alkyl, -C(=0)-
N(H)(alkyl), -C(=O)N(H)-alkyl, or —C(=O)N(H)(alkyl) group. When R’ and R” are
both alkyl groups, the alkyl groups may be different, and the group may be designated
as a -C(=0)-N(alkyl)(alkyl) group or as a -C(=O)N(alkyl)(alkyl) group. IfR> and R”
are both alkyl groups and the alkyl groups are the same, the group may be referred to as
a -C(=0)-N(alkyl),, or as a -C(=O)N(alkyl), group. The alkyl groups of the R’ and R”
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[0106] I n sone enbodi nents of the conpound of Formula I11A or the

phar maceutically acceptable salt thereof, the hydrate thereof, or the
m xture twererfi29R3a is selected from-H, -(Cl-C3 al kyl pCTaIS2010/040@07 C3
al kyl); R3b is -H R6 is selected from-H, -(Cl-C6 al kyl),
-C(=0)-(C1-C6 alkyl), or -C(0)-C(0)CH, wherein the alkyl group of the
-(Cl1-C6 alkyl) and -C(=0)-(Cl-C6 al kyl) groups is unsubstituted or is
substituted with 1-3 substituents independently selected from-OH, F,
-S(=0)2-(C1-C6 alkyl), or -0-(GC-C6 alkyl); and Rse is selected from
unsubst i t ut ed gr¢ups m@p bafldsignited nsed @Hhe fuIbeT9ficarbop ateme iritbelilindgragipofont he

conpound of Faqg EEHIL ahlRb 5 Arﬁ";alﬁl%r&bp%ﬂm%%%rﬁ&lAtéfm%&;ﬁ%&%ﬁa& IS%_ ere

the hydrate there e thereo Rse one
enmbodi ment s ofcetaﬂgl)c&ny@dmﬁnd?f oFBY ﬁliiylgmqplvst\thdrmﬂmfbplh@tpm@enbﬁi cally

accept abl e Sal(femglﬁ?erdedgfol (Ct I&ealﬂ%ﬂg g#@a%g'ﬁ{oﬁ%ﬁm E??e ALl é ?\Hﬂ -Rer eof

is -H [0109]In sonme enbodi nmen ecorrpou For nu IAorth
phar maceut i caldrgupae wéish aid & RS ahd RY war-&lofnd therpghen pdn atke! grhlmse\oiﬂl,l -br the

m xture ther eQ:fa boBgtomk %naglﬂe%ferre%@s a ICQ épﬁﬁ(é L@%&%Q%?(?l‘p%?% as—t%é%ﬁ s

[0110] I'n sonme enbodi nment the conpound of ' For Aor t
phar maceut i calNyD&c€eplkab wupabimilhaethetology ey hy dicd teedosdide ddferenbr  t he

TS e o By 35 SRy e B IR

- CH2CH2S( =0) 2-tChigarbeyr atormH2 GHP DB atqmps, é)tt@h%%r@mémsmrritts 2 cRBon gfom, | n

ot her enbodi ”‘16&8%’ R6 i g he ?ehﬁ Ggu%ndcrﬂia)cmas used herein, refers to a group of formula
-S(=0),-NR’R” which may also be referred to a —S(=0),NR’R” where R’ and R” are
independently chosen from —H, or substituted or unsubstituted straight or branched
chain alkyl, cycloalkyl, or other specified group as defined herein. When R” and R” are
both —H, the sulfonamide may be written as a —=S(=0),NH, or —S(=0),-NH, group.
When one of R’ and R” is —H and the other is an alkyl group, the sulfonamide is a
-S(=0),-NH-alkyl which may also be designated as a —S(=0),-N(H)-alkyl, —S(=0),-
N(H)(alkyl), =S(=0).N(H)-alkyl, or -S(=0),N(H)(alkyl) group. When R’ and R” are
both alkyl groups, the alkyl groups may be different, and the group may be designated
as a —S(=0),-N(alkyl)(alkyl) group or as a —=S(=0),N(alkyl)(alkyl) group. IfR’ and R”
are both alkyl groups and the alkyl groups are the same, the group may be referred to as
a —S(=0),-N(alkyl),, or as a —S(=0),N(alkyl), group. The alkyl groups of the R’ and
R” may be designated based on the number of carbon atoms in the alkyl group. For
example, an R” or R” alkyl group with 1 to 6 carbon atoms may be designated as a -(C;-
Cg alkyl). Similarly, an R” or R” alkyl group with 1 to 4 carbon atoms may be
designated as a -(C;-C,4 alkyl). By way of nonlimiting example, a —S(=0),-NR’R”
group in which one of R” and R” is a —H and the other is an alkyl groups with 1-4
carbon atoms, may be referred to as a —S(=0),-NH(C;-C, alkyl) group or as a —S(=0),-
N(H)(C;-C4 alkyl) group. Similar methodology may be used to describe different
-S(=0),-NR’R” groups. Typical R’ and R alkyl groups include 1 to 10 carbon atoms,

1 to 6 carbon atoms, 1 to 4 carbon atoms, 1 to 3 carbon atoms, or 1 to 2 carbon atoms.

[079] “Disease” refers to any disease, disorder, condition, symptom, or
indication.
[080] “Pharmaceutically acceptable” refers to generally recognized for use in

animals, and more particularly in humans.
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C(=0)-CH3 or -C(=0)-CH20OH. In still other enbodinments, R6 is selected from
CH2CH2OH, - CH2CH2CH2OH, or -CH2CH2OCH3. In still further enbodinents, R6 is
sel ect ed Woam 2 1GHRACH2CF3, - CH2CH2F, or - CH2CH2S(=0) 2- CHRCTIUS2610/080007

enbodi nents of any of these enbodinents, R3is -Hand R3b is -H In still
ot her such enbodinents, Rse is -H [0111]In sone enbodi nents of the
conpound of Fornula, the conpound is selected from HO O or is a
pharmaceutical salt or hydrate thereof. In sonme enbodi nents, the conpound
is in a neutral formwhereas in others it is a pharmaceutically acceptable
salt. In some [8%dh enbodPhmnecsuticalpacseiitabld sltSeefascioadalf olomompetiddhdt e sal t,

a met hanesul f %%ﬁcfﬁl:&l? a@éegﬁFl@%ﬂ&ﬁthﬁFhegsgm& fes Qdﬁhaﬂil) oRIIR acilG

f
enbodi nents, the sa ori de I n ot odi nts, k(l)e salt is
a net hanesul f dhereecns egmpoundy Syieh balts ichide: (Brrstsciddigion @lts,tfmeéwb@mmnms a

benzenesul f onaf gy %htas th?ocﬂfoH@Bc&@f?&l@bﬂ%ﬁﬁbta%ld Wi HQQM%HHQaéI%ﬂO&PH&{Cat e of

the neutral conpound he sal exanple, 1 n sone e nments, the
conpound nay tedaandihaoikeder fermiet withatganis agidnwyalbipyagetatasid, propioniy deidt e, or a

E:‘)imf;gg;gt |es [ G LgbicRe ROTRIFIRAG) BFDLS 2 Ql, SHCRPAHI: i rREeWig |, the
malonic acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric

acid, salicylic acid, benzoic acid, 3-(4-hydroxybenzoyl) benzoic acid, cinnamic acid,
mandelic acid, methanesulfonic acid, ethanesulfonic acid, benzenesulfonic acid, p-
toluenesulfonic acid, ethane disulfonic acid and the like; or (2) salts formed when an
acidic proton present in the parent compound either is replaced by a metal ion, e.g., an
alkali metal ion, an alkaline earth ion, or an aluminum ion; or coordinates with an
organic base such as ethanolamine, dicthanolamine, tricthanolamine, N-
methylglucamine, dicyclohexylamine, and the like. Several salt forms may exist as
hydrates such that the use of the term salt is generally defined to include hydrated and
non-hydrated forms of the salt.
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[082] “Pharmaceutically acceptable excipient,” “pharmaceutically acceptable
carrier,” or “pharmaceutically acceptable adjuvant” refer, respectively, to an excipient,
carrier or adjuvant with which at least one compound of the present disclosure is
administered. “Pharmaceutically acceptable vehicle” refers to any of a diluent,
adjuvant, excipient or carrier with which at least one compound of the present
disclosure is administered.

[083] “Stercoisomer” refers to an isomer that differs in the arrangement of the
constituent atoms in space. Stereoisomers that are mirror images of each other and
optically active are termed “enantiomers,” and stereoisomers that are not mirror images
of one another and are optically active are termed “diastercomers.”

[084] “Subject” includes mammals and humans. The terms “human” and
“subject” are used interchangeably herein.

[085] “Therapeutically effective amount” refers to the amount of a
compound that, when administered to a subject for treating a disease, or at least one of
the clinical symptoms of a disease or disorder, is sufficient to affect such treatment for
the disease, disorder, or symptom. The “therapeutically effective amount” can vary
depending on the compound, the disease, disorder, and/or symptoms of the disease or

disorder, severity of the disease, disorder, and/or symptoms of the disease or disorder,
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or is a pharmaceutically acceptable salt or a hydrate thereof. In sone
enbodi nents, the conpound is in a neutral formwhereas in others it is a
phar macewocaldpomacept abl e salt. In sonme such enbodi nerCT/USkéI/03@HT | S
selected froma chloride salt, a nmethanesul fonate salt, or a

benzenesul fonate salt. In sonme such enbodi nents, the salt is a chloride
salt. In other enbodinents, the salt is a nmethanesul fonate salt. In stil
ot her enbodi nents, the conpound is a benzenesul fonate salt. In other
enbodi ments, the conpound is a hydrate of the neutral conpound or of the
salt such as dhmeaohihdseiest todedictigd pad/er, thweighttof th yehiest @ beigata®]Am some

enbodi ment s Ofalpg)lljagréeg (Q.tl)lpﬂ aﬂ{z 1591{ 1%{5&6 k%lrﬁengadﬁgg@)(al‘é?pto'ﬂﬁ)se Q(ll% E is a

phar maceut i cal e saft or a hydrate t I'n sonme enbodi nent s,
t he conmpound iastq‘rnarablﬁ@ﬁdﬂf@fmlrrab@mbwm@trrr@&qunmeo@ms it is a

phar maceut i calphys accept aj?lle%n&a'olt ‘treht'ﬁleﬁt‘i’%?a@%iéas%%‘?@%rﬁ&@éf@rs iRt 1S

selected froma chlorl e salt, a nethanesulfonate sa
benzenesul f onat emglilrating Iarﬁhsgﬁ%i@lﬁ@h opptderdi ane ﬁf e clithiesnl ssaiptonssofa diskaser i de

salt. In ot herorﬁgpr‘agﬂ RS thd HQ{ oc'f@tlz iﬁ aHiJTE ?&ylofrgﬂ@zrsteon%%ﬁhe In still
1

ot her enbodi nents, the conpound is a b nzene fonate salt. I'n other
enbodi nent s, tqhelcelcmp@tama %dlssamﬁap@erofedum@ thedevelpmewpodisdsodr of t he

sal t such as adléﬁﬁd%%'rya‘? [e%t% & &%Qﬁfsgﬁptog{s oftht ﬁisgb)égf’)@&&)rdel,%ai‘egﬂrléﬂlﬂgs S gma

enbodi nents of the conpoun of Fornu he co
pharnaceutlcaﬁhwmﬁééégﬁbbméaﬁaﬁﬁeGrmaﬂﬁydrﬁ$@ﬁﬂhépﬁﬁ¢dﬂmnlS@Wﬁm@ﬂﬁedinents,

the compound i &bl R4RGHLT afre&tﬁ%”b?’“ﬁ%&tﬁéﬁt” lafdo ﬁetfée}ﬁ{())g]aﬂﬂgltlh%sthgdls% se or

phar maceutical |y acceptable salt. 1n sone suc ' e salt is
selected fr om(h%oam@nlile(ﬂehﬁ@hkly, (g rrgabil zateanuf f dpedreblsaympton), a

benzenesul fon?pthgﬁggélga#gl {ésg %ﬁgﬁgﬁgﬂm%ﬁt hare]teltgl‘@bgﬁl & 1ﬁ1§b1§ngci?| ori de

salt. In othe Is’a esul fonate salt. In stil
ot her enbodi rrémstsonemhjesw@bmﬁp@m whechanayantkertisserinfolata the sglipat.. Furthent her

enbodi ment s, t‘]ﬂ@at gmo%gtmieﬁ” ?efé}%;g) dd%fa 1n8fthe OIﬁ&t Q@tﬂ Hl@éas&(gmﬁfﬂ'aldor%'f of the

salt such as a nonohydrate, a di or atrihydrate 0115] 1 n sone
enbodi nment s ofleqsrﬁafm@mpdlaﬂﬁ@f afa ﬂublew@mmaytméxm%f@@nareﬁlsposed toa

disease or disorder even though that subject does not yet experience or display
symptoms of the disease or disorder.
[087] Reference will now be made in detail to embodiments of the present
disclosure. While certain embodiments of the present disclosure will be described, it
will be understood that it is not intended to limit the embodiments of the present
disclosure to those described embodiments. To the contrary, reference to embodiments
of the present disclosure is intended to cover alternatives, modifications, and
equivalents as may be included within the spirit and scope of the embodiments of the
present disclosure as defined by the appended claims.
[088] In one aspect, the invention provides a compound of Formula I:
F23C F23a
R4
N

)\ R3b

or a pharmaceutically acceptable salt thereof, a hydrate thereof, or a mixture thereof,
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OH or is a pharmaceutically acceptable salt or a hydrate thereof. In sone
enbodi nents, the conpound is in a neutral formwhereas in others it is a
phar macewocaldpomacept abl e salt. In sonme such enbodi nerCT/USkéI/03@HT | S
selected froma chloride salt, a nethanesul fonate salt, or a

benzenesul fonate salt. In sonme such enbodi nents, the salt is a chloride
salt. In other enbodinents, the salt is a methanesulfonate salt. In stil

ot her enbodi nents, the conpound is a benzenesul fonate salt. In other

enbodi nents, the conpound is a hydrate of the neutral conpound or of the
salt such aswewwnohydrate, a dihydrate, or a trihydrate. [0 1 1 6] I n sone
enbodi nents of the I or is a
pharmaceutical ly aggeg¥gﬂﬁ£MQ%Fﬁﬁggyf%ﬁhlrg?got ereo?gﬂ¥%ugg§§ enbodi nent s,
the conpound is in a Rantral formwhereas inlothers it is a
pharmaceutical ly accepjlablepg@t. In sone sl err%ﬁj ments, the salt is
sel ected froma_chl pyrde t, a nethanes alt, or a
benzenesulfond?%csalt I n| some such enbod the salt is a chloride
salt. In othgp8e the salt isa esyR%hate salt. In still
ot her enbodi rents]” t heYcomp&Rind is a HRAZen ﬁgbalt. I n ot her
enbodinents,[Qﬁ@ onpo 88 a hydrate oﬁgmh neutlr al® conpound or of the
salt such as a F{ r t§3 a di hydrate, j gte. In sone such
enbodi nents, tRE sall i sRE%hi oride salt. RBH s er enbodi ment's, the
conpound is the glu oni de adduct where tt‘R8g uR.&foni de is bonded to the
termnal O atom of e -C(=0)-CH2-0H group. WO

2012/ 129344PCT/ US202/ 030007 [0117] I n sone enBodi nents of the conpound of
Formula |, the compound is

o A

\ im R?a
| RSC
R7CR83\ R8d
8e
R8b NG R8|13
R
1C 1D

wherein the vwwv symbol indicates the point of attachment of the group of Formula
1A, 1B, IC, or ID to the rest of the molecule;

R is a Cs-C; cycloalkyl group, is a 5 to 7-membered heterocyclyl group that
has 1, 2, or 3 heteroatoms selected from N, O, and S, or is a C;-Cygbicyclic group;
wherein the Cs-C; cycloalkyl group, the 5 to 7 membered heterocyclyl group, or the Cs-
Cyp bicyclic group is unsubstituted or is substituted with 1-3 substituents independently
selected from unsubstituted —(C;-Cg alkyl), -OH, halo, -O-(C;-Cg alkyl), -CO,H,
-C(=0)-0-(C;-Cq alkyl), -C(=0)-NR’R”, -NR’R”, or a substituted —(C;-C, alkyl),
wherein the substituted —(C;-C, alkyl) is substituted with 1-3 substituents independently
selected from halo, -OH, -OCHj;, -S(=0),-CHs, or -C(=0)-CHj;

R* is selected from —H, -F, or —Cl, -(C;-Cj alkyl), or -O-(C;-Cs alkyl);

R* is -H, halo, -OH, -O-(C;-Cg alkyl), unsubstituted —(C;-Cy alkyl), -NR’R”,
-C(=0)-(C;-Cg alkyl), -C(=0)-0-(C;-Cs alkyl), -C(=0)-NR’R”, or a substituted —(C;-Cs

-34 -



O or is a pharmaceutically acceptable salt or a hydrate thereof. In sone
enbodi nents, the conpound is in a neutral formwhereas in others it is a
phar macewocaldpomacept abl e salt. In sonme such enbodi nerCT/USkéI/03@HT | S
selected froma chloride salt, a nethanesul fonate salt, or a

benzenesul fonate salt. In sonme such enbodi nents, the salt is a chloride
salt. In other enbodinents, the salt is a methanesulfonate salt. In stil
ot her enbodi nents, the conpound is a benzenesul fonate salt. In other
enbodi ments, the conpound is a hydrate of the neutral conpound or of the
salt such as allwbnahgrein deeubstitugidhyldrGtadkylos substitpiedyith dt3eubstigent8] | n some
enbodi ment s of; &qugﬁgnggﬁgjgg Egaﬂhhﬁ4ﬁ%aihﬁmQﬁmmﬁgnd is CF3 or is a
pharnaceutlcaIPy acceptable salt or a hydrate thereof. In sone enbodi nents,
the conpound is in R’ nedttG@rCsadih oheloeas in others it is a
pharmaceutical |y aggeptable salt. In some such enbodinents, the salt is
sel ected froma chloridé salt, a nethanesul fonate salt, or a

benzenesul fonat e sd’tis-H:n some such enbodi ments, the salt is a chloride

salt. In other enbaqgh; egsabtcl nethapesul ate—gabtc, bn still

ot her enbodinents,q?ﬁgﬁg%%%gﬁﬁdHigbéc %ﬁgéggégﬁpgﬁgfﬁggéﬁg.éf?(S{E%r

enbodi nent s, taeDedrpOUAGD DL -GirdhAtRERGfor +-HeOnd’ Ralwhewsmpbusllylgrounf t he

salt such as nohydr a8 hye AR iddr '

2012/ 129344pCH] %28‘%2 60%@07@[%’1% |6?i&k§3’rﬁ€ﬁeﬁ(b%)gidqnﬁt%tag?l)tgﬁpsclénpound of

Formula |, themedstotaser is subp@eted with 1-3 substituents ndgpenilentls sgprasdrfercet®Hcal | y

accept abl e sah;_%%aﬁ{hxgggkﬁ)L@g@g@gmk¢p;§@@p(gn@gdinents, the conpound is
; i

in a neutral for iereas inothers i s a pharnmaceutically acceptabl e
salt. In sonme such Fenbsddi-kBntoghalphe salt is selected froma chloride salt,

a met hanesul fonat e t e OF | .fen S
enbodi ment s, theF saffiaj;i sH gbb%’ %ﬁnégﬂg&g ’tOl.;R Wil i rO8 TR roHifh 1
or Formula ID;

R’ is —H, unsubstituted —(C;-Cs alkyl), halo, -O-(C;-Cs alkyl), -NO,, -CN,
-NR’R”, -CO,H, -C(=0)-0-(C;-Cs alkyl), -C(=0)-NR’R”, or a substituted —(C;-Cs
alkyl), wherein the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents
independently selected from —OH, halo, -O-(C;-Cs alkyl), -CN, -NR’R”, or —S(=0),-
CH;; or R™ is absent if R! is a group of Formula IA or Formula IC;

R™ is -H, unsubstituted —(C;-Cs alkyl), or a substituted —(C;-Cy alkyl), wherein
the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents independently selected
from —OH, halo, or —O-(C;-Cq alky]);

R™® is -H, unsubstituted —(C;-Cg alkyl), or a substituted —(C;-Cg alkyl), wherein
the substituted —(C;-Cq alkyl) is substituted with 1-3 substituents independently selected
from —OH, halo, or —O-(C;-Cg alkyl); or R*and R®, when taken together, can represent
=0;

R¥ is selected from -H, -OH, unsubstituted —(C;-Cs alkyl), or a substituted
-(C;1-Cs alkyl), wherein the substituted —(C;-Cs alkyl) is substituted with 1-3
substituents independently selected from —OH, halo, or —O-(C;-Cs alkyl);

R is -H, unsubstituted —(C;-Cy alkyl), or a substituted —(C;-Cg alkyl), wherein
the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents independently selected
from —OH, halo, or —O-(C;-Cs alky]);

R¥ is -H, unsubstituted —(C;-Cs alkyl), or a substituted —(C;-Cy alkyl), wherein
the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents independently selected
from —OH, halo, or —O-(C;-Cs alky]);
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In other enbodinents, the salt is a nmethanesulfonate salt. In still other
enbodi nents, the conpound is a benzenesulfonate salt. In other enbodi nents,
t he conpowoaoisi2essaydrate of the neutral conpound or of pChass@kii®orh as a
nonohydrate, a dihydrate, or a trihydrate. [0120] F or is a
pharmaceutically acceptable salt or a hydrate thereof. In sone enbodi nents,
the conmpound is in a neutral formwhereas in others it is a
pharmaceutical |y acceptable salt. In some such enbodinents, the salt is
selected froma chlogride salt, a nmethanesul fonate salt, or a

benzenesul fonat e sd tis H.rmsdsttuisd s &bt e asebstituted -§atGs allyDawbditinr i de

salt. In ot hertheeganagﬁgae%s c, L) R3lifRad ABLAADSRULTANRRG Sl Lelolitl STT 1

ot her enbodi ments e co s a enzenesu onate sa

enbodi nent s, tﬂ*@lc@ﬁiﬁ@lmdﬁ%(% Gryadigyhit er Fot andiRe’, whent taken teasthob aandeesent  t he
salt such as a,drgg(phydrate a dihydrate, or a trihydrate. [0121]1n sone
enbodi ments of t'he conpound of Formula |, the conpound is OCH3 or is a
phar maceut i cal | y ad€eapd Bbris llgkmnd@ﬁlyaelh%iw%Q@—Hhélﬁ@@fituteﬂn(CchmU@HUUdi ment s,

the conpound i %C' a, ﬁk}n)esldgﬁti@dtec{ WM W@%ﬁﬁ%eh@ 1&%15%%&&1t1&tselé(§edqrom —OH or

phar maceut i caIIy accepta e salt. I'n sonme such enbodinents, the salt is
sel ected from-d&.chloride salt, a nethanesul fonate salt, or a

benzenesul f ongpgysal t. i R SHEETPALLIRALS: of) §@1 b ihs a chloride

salt. In other enbodi nents, e sa Is a t hanesul fonate salt. In still
ot her enbodi nmh@@lacmﬁealb'@m@hld salstherefethe byibsata fhersnfioeths slitture fheraof, Rér

embodi ment s, 19@ C ”@gﬂ)gﬁiyf g%mﬂa JH%%&E&)S%’[GH '891s @@dﬁh&%h v&ﬁtﬂqppéﬂlgglt tsmc the

salt such as a nono rate drate, or a tri rate. [0122]1n sone

enbodi nent s ofindehendenstypolaeted 6¢mﬂmuhmﬂaed ~(Ct- ﬁealkﬂhp@ﬂnltﬁlq,so (@I‘Cd atkyd),
pharmaceut i cal Ly I‘E‘C@F:Rig%’- &- é6aajl l)orc(aomqﬁq@t i ﬁero?%fsubsh{ﬁteﬁof@l €mbodi ment s,

the conmpound is in an whereas 1n others it
phar maceut i calaﬂlwl)awb@gtlﬁwlsébsﬁalltqd @wﬁ@é@@ is spbkfitetadydh ﬂréﬁv@tltwﬁé salt is

sel ected from;a; 60l.Qkiyd€icS@d Fom BalEDRANSSH] fQDES, & 1paltc(-@F)-@,.
benzenesul fona{t eeﬁsa ycg I’el sorr%msﬁc’h enbodﬁr’resgt 552 he rsaf )I s ‘a chl oride
salt. [090] In some embodiments of the compound of Formula I or the

pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R
is an unsubstituted or substituted cyclohexyl ring. In some such embodiments, R” is a
cyclohexyl group substituted with a —(C;-C, alkyl) group. In still further such
embodiments, R” is a cyclohexyl group substituted with a methyl group. In some such

embodiments, R* is a group of formula

CH,
where the vwwv symbol indicates the point of attachment to the rest of the molecule.
In some embodiments, R is an unsubstituted cyclohexyl group.
[091] In some embodiments of the compound of Formula I or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R’
and R” are independently selected from —H or unsubstituted —(C;-C,4 alkyl).

[092] In some embodiments of the compound of Formula I or the

pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R?
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I n other enbodiments, the salt is a nethanesulfonate salt. In still other
enbodi nents, the conpound is a benzenesulfonate salt. In other enbodi nents,
t he conpowoaoisi2essaydrate of the neutral conpound or of pChass@kii®orh as a
nonohydrate, a dihydrate, or a trihydrate. [0123]In sone enbodi nents of the
conpound of Forrmula I, the compound is N HNNNN 1 -CH3 10H o or is a
phar maceutically acceptable salt or a hydrate thereof. In sone enbodi nents,
the conpound is in a neutral formwhereas in others it is a
pharmaceutically acceptable salt. In sone such enbodi nents, the salt is

sel ect ed fr ominacisehstigeed onsubstitatedreschrapsluing o fratomesadhtembegdimgnts, R” is a
benzenesul f on e i t : | chl ori de
salt. In ot he?cglglﬁ@%é? ﬁ%){ﬁl?gbgtt gégg{;‘? @Qg a@pﬁguﬁl .Smes]g%%%r%hgfs?g t. In still
ot her enbodi mesmbsdiments, R dhpoigherty goupenbstiveed titharmeatley] geoup., Injsame sushy

enbodi nents, t QIRQ I f eutral conmpound or of the
salt such as aelaﬁ)g%lohydgg%%%%ﬁﬁgﬁﬁgﬁé&eg?&goﬁfi hydr at e. L0124] I n sone
enbodi nent s ofl0%3e conpdusnhesmbpdiments af the cqniwuebefdoumda i er the

pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R'
is a group of Formula IA or IB. In some such embodiments, R' is a group of Formula
IA. In other such embodiments, R' is a group of Formula IB.

[094] In some embodiments of the compound of Formula I or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R'
is a group of Formula IC or ID. In some such embodiments, R' is a group of Formula
IC. In other such embodiments, R' is a group of Formula ID.

[095] In some embodiments of the compound of Formula I or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof,

R’ is a C5-C; cycloalkyl group that is unsubstituted or is substituted with 1-3
-(Cy-Cg alkyl) groups;

R* is selected from —H, -(C;-C; alkyl), or —O-(C;-Cs alkyl);

R is -H;

R* is -H;

R*is -H;

R’is -H;

R®is selected from -H, -(C;-Cg alkyl), -C(=0)-(C;-Cg alkyl), or
-C(=0)-C(=0)-0OH, wherein the alkyl group of the —(C;-Cs alkyl) and -C(=0)-(C;-Cs
alkyl) groups is unsubstituted or is substituted with 1-3 substituents independently
selected from —OH, F, -S(=0),-(C;-Cs alkyl), or —O-(C,;-Cs alkyl);

R™is-H;

R™ is —H; or is absent if R" is a group of Formula IB or Formula ID;

R’ is —H; or is absent if R" is a group of Formula IA or Formula IC;

R¥is -H;

R® is —H;

R¥ is selected from —H, -OH, or unsubstituted -(C;-Cs alkyl);

R™is -H;

R* is —H; and
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or is a pharmaceutically acceptable salt or a hydrate thereof. In sone
enbodi nents, the conpound is in a neutral formwhereas in others it is a
phar macewocaldpomacept abl e salt. In sonme such enbodi nerCT/USkéI/03@HT | S
selected froma chloride salt, a nmethanesul fonate salt, or a

benzenesul fonate salt. In sonme such enbodi nents, the salt is a chloride
salt. In other enbodinents, the salt is a nmethanesul fonate salt. In stil
ot her enbodi nents, the conpound is a benzenesul fonate salt. In other
enbodi nents, the conpound is a hydrate of the neutral conpound or of the
salt such as a nnndhy@rﬁte a dihydrate, or a trihydrate. [0125]In sone
eMmmnmnsof e conp 6®%%9 r a
pharnaceutlcal %ﬁacce tgg?gxgg?{gggﬂﬁﬁﬁ&dRégg %ﬁereo ukEAsgﬁgﬁﬁnbodlnents,
t he conpound |691bpdﬂmntﬁ,éhtl$ agrofoeirionhen B%lslnuorheb@rhlmdannts Risis g group of

phar maceut i caloynt §EPhALoffdment"RSR P%PF&HHB%”EN s, the salt is
sel ected froma chloride saf a et hane u onate salt, or

benzenesul f ond?¥]sal t . mnN§@ﬁﬁﬂ@¢@hn@ﬁﬁ@dﬁ%ﬁ%@@iNﬂﬁéméal@Wh% a chloride
salt. In ot her Qéélltlgﬁl?tats,ce {agl@ saclf’atjhére% th@'h%&t@ﬁl@%§f’ I()lf tﬂ@ﬁﬁ;@ur@ alel:evof IR'a still

ot her enbodlnéhts un I's a benzenesul fonate sal

enbodi nent s, Uh@kwwdﬁﬁmnﬂﬁK§1Qsﬁ&ﬁ}a@@fhﬂct¢k?MM@uﬁKa®)66ﬁﬁdﬂhdcbﬁnof t he
salt such as RQhy » hydrat L some
enbodi nment s oi}lﬁe co?r{)ﬁm{ gf q;!{:ﬂg%’e(ﬂ{?,& %kquétl;%ug Otf{hle él @ iﬁ?l)[a%@i bj‘ is a
phar maceut i cal(FyCadkdpgratitsés wablstigredzr hy@hsatU@dch@r1ein$ubstlt'ﬂﬁn§orre enbodl ment s,
t he conpound | r@&m@e ) i »
pharnaceutical ;bgg%gg%gktgigg t. Egﬁéz Cﬁ%ﬁﬁ% éfﬁéﬁ%gﬁylhe g%lt is

sel ect ed fromoa—€NI &rsothe cadbdiments ﬁﬁbhmmd‘ ofiFatrenls hertthe pharngaceutically

benzenesul f on 6 hl-ori de
cal tz | nuot he?at:@eﬁ%g%tsalt &&eé@ﬁ@h?df&t@tlﬁ%@gffﬁ@ﬂﬁ)&urettﬁ%?w?@é tis b%— (% tO i

i nent he” sal i's a net hanesul fonate salt. In stil
ot her enbodi nmetyd) and He a&ahﬁ)@)@ﬁ@meé Weth BENR &ie usdnsragheendhwilimentsy R Gs her

enbodi nents, the CORRRURAO)- SN ANALE Rl ™E 0@ YLFA]), conpound or of the
salt such as ) ﬁ%no ydgﬂ? 5 a 5?% Jratepfgr a trlﬁyd at e.
[098] Tn some embodlments of the compound of Formula I or the

pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, the
compound is the glucuronide adduct.

[099] In some embodiments of the compound of Formula I or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, the

compound has the Formula ITA

R3a

80

ITA
R*™ is selected from —H, -F, or —Cl, <(C;-Cj alkyl), or -O-(C;-Cs alkyl);
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[0127] 1 n sonme enbodi nents of the conpound of Formula |, the compound is OH
or is a pharmaceutically acceptable salt or a hydrate thereof. In sone
enbodi mrenwe,20the9x@npound is in a neutral form whereas POTASR@ER®3W0D7IS a
pharmaceutically acceptable salt. In sonme such enbodi nents, the salt is
selected froma chloride salt, a nethanesulfonate salt, or a

benzenesul fonate salt. In sone such enbodi nents, the salt is a chloride
salt. In other enbodinents, the salt is a nmethanesulfonate salt. In still

ot her enbodi nents, the corrpound is a benzenesul fonate salt. In other
enbodi nents, the ccﬂfrp@uﬂdlall% -QHhPdCatCe alsy) tuhsubptduted AC.-€opibplintROY”, of t he

salt such as ac Q@’@r Qﬁaﬁ% é(féé!%-gjr/&ﬂ% QikyBr ﬁgé)rmw taesubs[u%e%&](dncso”e

enbodi nent s of t ) oun
phar maceut i calalllsyl)awb@fmﬁwlseb%lalltqd ¢ %W@rl&f&l@sttwfe@ wih 1- 3ISan§@1|Q@S errbodl ment s,

the conpound '1§deb£hd@nt§/%%'fe t@z!lfr&ﬁ'ia@ib""@‘%f &6 rbl@tol?%é it is a

phar maceutical |l y acce e sal I'n Sone Such enbodi ments, the salt is

sel ected from a chlRoris wéecisd from H et barlodlt¢eRat @ -Gy, or a _
benzenesul fo”abgr%gééil%b@l S9IB) §I!E{€Ib ,BIQOHTRRLS:, whiEin 3R g'lgré)ﬁl% ghhori de

salt. In other nts, the salt |Is a nethanesulfonate 3 . In still
ot her enbodi nef€sCs alkwd) @dn%@mﬂcu S5 adkyihegiourn soumbdbsitatee osia bubstitpied pither

erbodi Tent s, e SOTRANIAL Sl XIIAL Lo bﬁangyId)Z-écf@m?nggﬁq 9f the

salt such as a nono rate rate, or a trihydrate n°some
enbodi ment s ofalwe%ﬁiiwr@\lmﬂldFor mula |, the conpound is or is a

pharmaceutical |y aqgegtsgpét&-jl§ ty,0H audam%t%&ea @e@?ﬂ{-"?’ (Igrg Sggs%t&nbodi ment s,

t he COI’TpOUI’]d is in a neutr orm ereas In ot

phar maceut i cal-{§-Geadept whiran dglspbstiuteds feCaplioh iewbestitebnitk 1-3t he salt is
sel ected fr Omsﬁbs‘ﬁﬁk{?ﬂé 'irQl e'ﬁ nttl sdediBRINANESH] fRDEL - ﬁg'é ral

f{
benzenesul f onat e sal such enbodi ment s, sakgl)l s a chloride
salt. [0100] In some embodiments of the compound of Formula IIA or the

pharmaceutically acceptable salt thereof, stereoisomer thereof, pharmaceutically
acceptable salt of the stereoisomer, or the mixture thereof,

R* is selected from —H, -(C;-Cs alkyl), or —O-(C;-C; alkyl);

R* is -H;

R® is selected from -H, -(C;-Cg alkyl), -C(=0)-(C;-Cs alkyl), or -C(=0)-C(=0)-
OH, wherein the alkyl group of the —(C;-C¢ alkyl) and -C(=0)-(C;-Cs alkyl) groups is
unsubstituted or is substituted with 1-3 substituents independently selected from —OH,
F, -S(=0),-(C;-Cg alkyl), or —O-(C;-Cs alkyl); and

R¥ is selected from —H, unsubstituted —(C;-Cg alkyl), or —OH.
[0101] In some embodiments of the compound of Formula IIA or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R*
is selected from —H, -CHs, or —OH. In some such embodiments, R* is —H.
[0102] In some embodiments of the compound of Formula IIA or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R*
is —H.
[0103] In some embodiments of the compound of Formula IIA or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R*
is —=H or —OCHjs. In some such embodiments, R* is —H.
[0104] In some embodiments of the compound of Formula IIA or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R®
is selected from -H, -C(=0)-CHj3;, -CH,CH,OH, -CH,CH,CH,0H, -C(=0)-CH,0OH, -
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I n other enbodiments, the salt is a nethanesulfonate salt. In still other
enbodi nents, the conpound is a benzenesulfonate salt. In other enbodi nents,
t he conpowoaoisi2essaydrate of the neutral conpound or of pChass@kii®orh as a
nonohydrate, a dihydrate, or a trihydrate. [0130]In sone enbodi nents of the
compound of Formula I, the conpound is OH or is a pharmaceutically
acceptable salt or a hydrate thereof. In sone enbodi nents, the conpound is
in a neutral formwhereas in others it is a pharmaceutically acceptable

salt. In sone such enbodi nents, the salt is selected froma chloride salt,
a net hanesul f dHaPeCedMtOH o HaClibé iz e tHoF ofhdh €HSET®)2-(Oth, o orB-(GLERHs.

enbodi ment s, tfigosalddiindioR! 0T 105, ﬁﬂértem%(ﬁlg%p%ﬁlses@i@ﬁ[gd%ﬂts the salt is

a net hanesulfonate sa In stil I ment s e conpound is a
benzenesul f onaf&E@dFHs, or FE(= @bﬁéhoﬁnﬁoﬂﬂlrﬁélm smquﬁeelktsoﬁtp@@ﬁ@m ran hydr at e of

the neutral cq SPrcicH, bR, Gl dr -SHEh, ?é H%H@B%Qfe%b%?mﬁng'ﬂwate or

a trihydrate. 0131]1R sone en‘%)od’l nments o he conpound Formula I, the
conpound is Geleged frgm sCIHK AR Frhe el RN, oy -EEEERYER)Clialln sare a hydr at e

thereof. In S%oﬁm%b%t&the;e%b%@i%g%@ fsSH'a'ﬁdﬁ%rl?%rﬁJ stifl Qfnd? B eas in

others it is a pharmaceutically accept le salt. In sone such enbodi nents,
the salt is seimbedisgntomsatehl ori de salt, a nmethanesul fonate salt, or a

benzenesul fongpggal t. | HRIELSH n@mgb(@mdom &1 brihs a chloride

salt. In other e odi nent s, e sa Is a t hanesul fonate salt. In still
ot her enbodi rrmh@@lacmealb'@nm@hld silstheregfethe bysata thetsnh oeths afixture theragf, theer

enbodi nents, thg &%ﬁm URArl St fixdr ate of the neutral conpound or of the
salt such as a no ygrate A dllﬂ ydrate, or a trihydrate. [0132]
a

RSC
IITA

R*™ is selected from —H, -F, or —Cl, <(C;-Cj alkyl), or -O-(C;-Cs alkyl);

R* is -H, halo, -OH, -O-(C;-Cg alkyl), unsubstituted —(C;-Cy alkyl), -NR’R”,
-C(=0)-(C;-Cs alkyl), -C(=0)-0-(C;-Cs alkyl), -C(=0)-NR’R”, or a substituted —(C;-Cs
alkyl), wherein the substituted —(C;-Cg alkyl) is substituted with 1-3 substituents
independently selected from halo, -OH, -OCHj3, -CN, or -NO»;

R® is selected from -H, -(C;-Cg alkyl), -C(=0)-(C;-Cg alkyl),
-C(=0)-C(=0)-0OH, -C(=0)-NR’R”, or —S(=0)-NR’R”, wherein the alkyl group of the
—(C;-Cg alkyl) and -C(=0)-(C;-Cg alkyl) groups is unsubstituted or is substituted with
1-3 substituents independently selected from —OH, F, -S(=0),-(C;-Cs alkyl), -O-(C;-Cs¢
alkyl), -NR’R”, or -CN; and

R¥ is selected from -H, -OH, unsubstituted —(C;-Cs alkyl), or a substituted
-(C1-Cg alkyl), wherein the substituted —(C;-Cs alkyl) is substituted with 1-3
substituents independently selected from —OH, halo, or —O-(C;-Cg alkyl).
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O CH3 or is a pharmaceutically acceptable salt or a hydrate thereof. In
sone enbodi nents, the conpound is in a neutral formwhereas in others it is
a phar mmowotoalzbisdacceptabl e salt. I n sone such enbodi remtus2012logoosal t i s
selected froma chloride salt, a nmethanesul fonate salt, or a

benzenesul fonate salt. In sonme such enbodi nents, the salt is a chloride
salt. In other enbodinents, the salt is a nmethanesul fonate salt. In stil

ot her enbodi nents, the conpound is a benzenesul fonate salt. In other

enbodi ments, the conpound is a hydrate of the neutral conpound or of the
salt such as dOHﬁhohydr@l%mwanwpﬁy@mapﬁme@mmnmmiWHVdmd@BlAPU@@S]In some

enbodi ment s of hmﬁcaamag%&paﬂ Sk, Jhe idge HRBOYAH. b uEkBior s a

pharnaceutlcally accept abl e sa t or drate theréof. I'n sone enbodi nents,
the conpound is inHR® ﬁé@l@qtﬁailfr%ﬂrh 0@1&3@&@1)1%’&@%1% alkyDi s a
pharmaceutical ly aggeptagple salt. In some such enbodinents, the salt is
selected froma chlorlde salt, a nethanesul fonate salt, or

benzenesul f onat e séiﬂswkﬁwéén@»HU&ﬁl@ﬂﬂbﬁ]ﬁﬁh@%«lﬂﬁéMQQL@‘pé{ﬁ(ﬂﬁpbrlde
sal t. In ot herggripdi MBELRy dr &ﬁo‘?ﬁle (& Scanmth rﬁsék g@;@;ltat yB%'r&ugt hgrStl A

ot her enbodi ment’s, the co is a enze es fona
enbodi nent s, Uﬁ@m@vmﬁégh@Sﬂ%ﬁﬁmﬁy@$éﬁ%Wbﬁmmh§Hﬁbmmﬂqmy@dﬁ$®UhUMG@Hof t he

salt such as q;qﬁngpxgr@tgﬁﬂﬁpgiéxgt?t )Jp&ﬁp trihydrate. [0134]In sone

enbodi nents of oun e conpound is OC H3 or is a
phar maceuti cal 'y adtepﬁd&&ﬁﬂQMtmeB@ﬁﬁy@da@é(kﬁﬁwbﬂﬂ ~OHn sone enbodi nents,

the conpound i§yj7n a ”ezxi)foﬂlee E)Hﬂn\é@t§5m§cd o%&@rr%ahﬁlahﬂ@rth

pharnaceutlcal y accept e sa I'n sonme s ment s he salt is
sel ected frompdamhtoricaly asesptable salhtherhefnids hydranticesos af the mpyturg thereof, R™
benzenesul fongtegsalt. In sone such enbodinments, the salt is a chloride
salt. In other enbodlnents the salt is a nethanesulfonate salt. In stil
ot her enbodi miﬂt@ t he é@mmw@e&w bethe eaenvund ofifarrauls éM orthey ot her

enbodi nent s, ﬂqa g%ceeﬁtaale@a%@&@f BF hidiGie LESH 3t th€ Rl ROF the
nono

salt such as a di hydrate, or a trihydrate. 0135]In sone
enbodi ment s ofis the conpound of Fornmula |, the conpound IS

[0109] In some embodiments of the compound of Formula IT1A or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R*
is —-H or —OCHs. In some such embodiments, R* is —-H

[0110] In some embodiments of the compound of Formula IT1A or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, R®
is selected from -H, -C(=0)-CHj;, -CH,CH,OH, -CH,CH,CH,0H, -C(=0)-CH,OH, -
C(=0)-C(=0)-0OH, -CH,CH,CF3, -CH,CH,F, -CH,CH,S(=0),-CHj3, or -CH,CH,OCH;.
In other embodiments, R® is —H. In still other embodiments, R® is selected from
-C(=0)-CH; or -C(=0)-CH,OH. In still other embodiments, R® is selected from
-CH,CH,0OH, -CH,CH,CH,OH, or -CH,CH,OCHs;. In still further embodiments, R®is
selected from -CH,CH,CF;, -CH,CH,F, or -CH,CH,S(=0),-CH3. In some
embodiments of any of these embodiments, R* is —H and R* is —H. In still other such
embodiments, R* is -H.

[0111] In some embodiments of the compound of Formula, the compound is

selected from
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OOH or is a pharmaceutically acceptable salt or a hydrate thereof. In sone
enbodi nents, the conpound is in a neutral formwhereas in others it is a
phar macewocaldpomacept abl e salt. In sonme such enbodi nerCT/USkéI/03@HT | S
selected froma chloride salt, a nethanesul fonate salt, or a

benzenesul fonate salt. In sonme such enbodi nents, the salt is a chloride
salt. In other enbodinents, the salt is a nmethanesul fonate salt. In stil

ot her enbodi nents, the conpound is a benzenesul fonate salt. In other

enbodi ments, the conpound is a hydrate of the neutral conpound or of the
salt such as a nonohydrate, a dihydrate, or a trihydyat [0136] I n sone
enbodi nents of the conpound of For al, the ¥s OCHor is a
pharmaceutically acceptabl e hydrate_ﬂhep In sonme enbodi nents,
the conpound is in a neutralll fgrmAthereas i fHthlrs 'yt is a

pharmaceutical |y acceptabiN sklt.Nin some s enbodi ments, the salt is
sel ected froma chloride | t, a&:i;Qanesul ongte s or a

benzenesul fonate salt. I sfme s nbodi S, the salt is a chloride
salt. In other enbodi the s i s almethanesul foRHte salt. In stil
ot her enbodi ments, the|conpound is &Hpenzen®sul fonate salt. |In other

enbodi nents, the conpound”™is a hydrate of eutral conpound or of the
salt such as a nonohydrafe, a dihydrate, 8 a %ihydrate.. [0137]In sone
enbodi nents of the conmpound of Fornula I, the conpound is N N
— N
oS o
P e
HNT N N HN” N7 N
NZ C N/| O
\| / X -
TH, CHs
N N

N
N / =
/l~/, \ HN” N~ N
HN” N N
g @
N/’| N /
N / CHs
CHy N
N OH
OJY
OH
O)\/ , O ,
= Y
N A
NN 4 N 2
[ # N HN" N N
HN” N
N/
VI g
N -
- CH3
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H or is a pharmaceutically acceptable salt or a hydrate thereof. In sone
enbodi nents, the conpound is in a neutral formwhereas in others it is a
phar macewocaldpomacept abl e salt. In sonme such enbodi nerCT/USkéI/03@HT | S
selected froma chloride salt, a nethanesul fonate salt, or a

benzenesul fonate salt. In sonme such enbodi nents, the salt is a chloride
salt. In other enbodinents, the salt is a nmethanesul fonate salt. In stil
ot her enbodi nents, the conpound is a benzenesul fonate salt. In other
enbodi nents, the conpound is a hydrate of the neutral conpound or of the
salt such as a nonohydrate, a dihydrgte, or a trihydfatyg. [0138]1n sone
enbodi nents of the conpoundN6fT¥oRoquka |, the 80 d/sis or is a
pharmaceutical ly acceptable)&ab r a hydrate/ﬂh . I'n sonme enbodi nents,
the conmpound is in a neuttthl Normwhereas i ANotHérs'yt is a

pharmaceutically accept salt, sone enbo nts, the salt is
sel ected froma chloride|sallt, a anesul|fonate s or a
benzenesul fonate salt. Nsome such. enbodj s, the Salt is a chloride

salt. In other enbodingnts, the sal €His al nefhanesul fd#tlte salt. In stil
ot her enbodi nents, the cpnpound is a benzemesul fonate salt. In other

enbodi nents, the conpountl i$§ a hydrate of tke ®@dfral conpound or of the
salt such as a nonohydrate, a di hydrate, or a trihydrate.’ [0139]In sone

enbodi nents of the conpound of Fornula |, the co dis or is a
pharmaceutical ly acceptable salt or a hydratexth eojN In sonme enbodi nents,
the conmpound is in a neutral for ereas | | ot per t is a

pharmaceutical ly acceptablﬁ odinents, the salt is

selected froma chloride salt,

/N Somgy R“€e
hanesu| fonate}salt, or a

benzenesul fonate salt. HN'S ch enbodmint s, salt is a chloride

salt. In other enbodi nentls, thegiz}t IS haneswfonate salt. In stil

ot her enbodi ments, the Nonmpound a benzenesll fonatg salt. In other

enbodi nents, the conpou a ate of Npeutra 3conpound or of the
salt such as a nonohydr at|e, di hyglgate, or a tFihydrate. [0140] I n sone
enbodi nents of the conpo N Fornﬁia |, the compbund is

—— ——

N N
QO D O
o o
HN” N~ °N HN” N
3 QL
H3C \l 4 H3C/,' \l 4
CH, CH,
N N
H 9 H 9
N N
N\ / NN\ /

| |
HN/l\N/ N HN/l\N/ N
3 O D O
HaC L / e g /
CHy CHy
N N
L_oH L_oH

L L
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O .OH or is a pharmaceutically acceptable salt or a hydrate thereof. In
sone enbodi nents, the conpound is in a neutral formwhereas in others it is
a phar mmowotoalzbisdacceptabl e salt. I n sone such enbodi remtus2012logoosal t i s
selected froma chloride salt, a nethanesul fonate salt, or a

benzenesul fonate salt. In sonme such enbodi nents, the salt is a chloride
salt. In other enbodinents, the salt is a nmethanesul fonate salt. In stil

ot her enbodi nents, the conpound is a benzenesul fonate salt. In other

enbodi ments, the conpound is a hydrate of the neutral conpound or of the
salt such as a monohydrate, a di hydrateyor a trihydrate. 1] I n sone
enbodi nents of the conpound of , the conpoNA® S\ A :)OH or is a
pharmaceutically acceptabl e sallt. hydr at e t her edf . \/some enbodi nent s,
the conpound is in a neutralH qreas i n ot h&h

s i isya

pharmaceutically acceptabl e t. | ore such i men the salt is
selected froma chlori salt, |a nmet esul f gnatie s@l t,
benzenesul fonate salt. 0 such enbodi 8 e salt I:s a chloride

salt. In other enbodi nent the salt i $Ha nethanesul fonate @dt. In stil
ot her enbodi nents, the conpfund is a benzenesul ffbnate salt. In other
enbodi nents, the conpound is a hydrate of’the neutral conpound or of the

salt such as a nonohydrate, a dihydrate, or a trihydrate. 142] I n sone
enbodi ments of the conpound of Egnul/la, {he conmpound is |l egt ed from NN
np N & /N nmp X ;m
~

,k,,

HN N HN N
HO ™ | / HO, A | /
CHs CH,
N N
L_oH L_oH
N N
DR DR
s o
HN” N~ N HN” >N~ N
D O LD O
H3C \| 4 H3C/ \| 4
CHy CHy
N N
0% “CHj, , 0% “CHjy ,
OCH,
OCH,4 —
N
— \ Nl\ \ /
N™ X \ /, —
P HN” N~ N
“~N
HN” N N7
X / CH,
CHs N



HN N NHN NN 11 tH3 tH3 OOH . aH3 or is a pharmaceutical salt or
hydrate thereof. In sone enbodi nents, the conpound is in a neutral form
wher eas iwoabtrengs4st is a pharmaceutically accept abl e salctr/uskon2os007 such
enbodi nents, the salt is selected froma chloride salt, a nethanesul fonate
salt, or a benzenesulfonate salt. In sone such enbodi nents, the salt is a
chloride salt. In other enbodi nents, the salt is a nethanesul fonate salt.
In still other enbodi ments, the conmpound is a benzenesul fonate salt. In

ot her enbodi nents, the conpound is a hydrate of the neutral compound or of
the salt such as a nonohydrate, a Adihydrate, or a trihydrate. [0143]In sone
enbodi nents of the conpound MNyul/a | or the tically acceptable
salt thereof, the hydrate tbﬁj N ©or the m xXtNF& repf, the conpound is
in aneutral form In somENsucdh eg?odinents, t He ound is in a hydrate

form such as a nonohydra a dih te, or H trNhydy at e.

N N= |
N
N

O)\/OH

or is a pharmaceutical salt or hydrate thereof. In some embodiments, the compound is

N
,or H :

in a neutral form whereas in others it is a pharmaceutically acceptable salt. In some
such embodiments, the salt is selected from a chloride salt, a methanesulfonate salt, or a
benzenesulfonate salt. In some such embodiments, the salt is a chloride salt. In other
embodiments, the salt is a methanesulfonate salt. In still other embodiments, the
compound is a benzenesulfonate salt. In other embodiments, the compound is a hydrate
of the neutral compound or of the salt. For example, in some embodiments, the
compound may be a chloride salt that is a monohydrate, a dihydrate, or a trihydrate.

[0112] In some embodiments of the compound of Formula 1, the compound is

—

N XN\ /

|
NN
Ay O
g /
CH;
N
H

or is a pharmaceutically acceptable salt or a hydrate thereof. In some embodiments, the

N

compound is in a neutral form whereas in others it is a pharmaceutically acceptable salt.
In some such embodiments, the salt is selected from a chloride salt, a methanesulfonate
salt, or a benzenesulfonate salt. In some such embodiments, the salt is a chloride salt.
In other embodiments, the salt is a methanesulfonate salt. In still other embodiments,
the compound is a benzenesulfonate salt. In other embodiments, the compound is a
hydrate of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a
trihydrate.

[0113] In some embodiments of the compound of Formula 1, the compound is
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[0144] 1 n sonme enbodi ments of the conpound of Formula | or the

phar maceutically acceptable salt thereof, the hydrate thereof, or the

m xt ure twerenfi293dhe conpound is a pharnmaceutical ly aceeptiabéie/osabt or a
hydrate thereof. In some enbodi nents, the salt is selected froma chloride,
citrate, tartrate, salicylate, ethanesul fonate, nethanesulfonate,

benzenesul fonate (besylate), tosylate, phosphate, sulfate, or ethane

di sul fonate salt. In sone such enbodinments, the salt is selected froma
chloride salt, a nethanesul fonate salt, or a benzenesul fonate salt. In sone
enbodi nents, the salt is selected froma_chlporige, citrate, tartrate,

sal i cyl ate, ethanesul fonate, benzenesuN , fosyl ate, phosphate, sulfate
(1/2 equivalent), sulfate (1 equivalenﬂ)yz ane disul fonate, (1/2
equi val ent), or an ethane disul fona (Neqly val ent). In some such

enbodi ments, the salt is selected fy a ch Nde salt, a methanesul fonate
salt, or a benzenesulfonate salt. I|n spnme s\ enbodi nents, the salt is a
chloride salt. In other enbodi ment§ the salt s s a met hanesul fonate salt.
In still other enbodinents, the cqQnmpgund is a ®dnzenesul fonate salt. In any
of these enbodinments, the salt may e a hydrate such as a nonohydrate, a

di hydrate, or a trihydrate. In so gﬁbodinents, the salt is not a hydrate.
[ 0145] Al so provided are pharmaceutical ®>conpositions that include at |east
one phar maceutsr gal JhimaeERBAIBRL&pRBIAIESa IURIRhQRIL. OF sofhle lhiBEimaRd 1R
therapeutically effective ampunt of the conpound, the pharmaceutically
accept abl e sal®PmPeyRd i dmgite! fopamdsicas g pthedt i Rhagmeecptiafugreenithdorli ng to

any of the enbhpdim@ntscARIIGHnRSHe BAT i€ kdloctddTroRDN®hI e Bal€ FaRBh AR AT atet he
conpound is present in an anount effective for the treatnent of cancer. In

some enbodi mertt% °r ¢ REZEsvEve sl datomeoipbERtodmienisnibr tafidse shlodsset one
phar maceut i calih ¥thaCa@RtRRhE, thakalti e me@XfebMoBRE sa 181kt ILRRY: cABSHiBents,
therapeutically effectjve amount of the conmpound in a neutral form such as
in an anhydr oaﬁe FogIPRYSs 3 kengengyifongtgsaly fn gihefembadipisefs. i fompopylds a
phar maceut i calhy@QFRe ficint@fhl EJoURES Athels@BSich NEmPRYALdFRGE SiklihyGiadd, ¥r a
acceptable carrjer, excipient or diluent and a therapeutically effective
anount of thetﬂﬁ%k%%ceutically acceptable salt or a hydrate thereof. In
sone such embqdimgnts, td@nk@hibolitets 61HhOEdRdUB@Eorhila OtltomBoiadi Ment s
the salt is a nethanesul fonate salt. In still_oQther enbodinments, the salt
is a benzenesul fonate salt. In sonme of t'Rese enbodi nents, the
pharmaceutical conposition further in A east one second therapeutic
agent. In sone such enbodi nents, thﬁN Nt herapeutic agent is one that
is used in treating cancer. In sone entyodi nents, the second
t herapeutic agent is used in treatiy cut |l oid | eukem a or any of the
ot her cancers described below. In Qpﬂ enbo nts, the second therapeutic
agent is selected fromcytosine abrnosi de, daunorubi cin, idarubicin,
doxor ubi ci n, cycl ophospham de, et'Qpgsi de, car53blatin, f I udar abi ne,
m t oxantrone, dexanet hasone, ritu%igib, m dostaurin, a granul ocyte
colony-stinulating factor, filgrastimO®EGilgrastim |enograstim

phat e,

deci t abi ne, azacitidi ne, .. lita ., _genti ti bine t esani i sphas
it amume, - 4o BB st BBl P R bR B ERE SR BB AR T oo
engager anti badwpodnd i0ihhetutaitvod iwherbsin othas isie e piviimideaticapeatdce@atdgeant | s

sel ected from.cytosi ne ar abi nosi de, . .daunor.ubi ci i dar.ubi ci,n xor ubi ci n,
e onhasham SR R RS St 15 S Pt a8t Rl acs IR
dexanet hasone,salt,iok aik¢rraiesulfonato sdlia i ke saclgenatiodineaist the el ionyhlaidersuit.at i ng

factor, fil t] PEG i | ti I ti deci i i.tidine,
pacl i taxel , “gdReit Btdmenly Bt mrCmRogBHAr e o Chd sun R 1 1
ot her such enhbdéompniisl,is & benzaeadfodatt bt dpettiér embadjeaiits,ithe @alpewtdada f r om

t osi bi de. d bi Ci . S g bi o
s e o S s BEC Bl TP e SERRLYShA o v,

dexamet hasone,triliyidtatexi mab, m dostaurin, decitabine, azacitidine, paclitaxel,

gencti ti bi ne, tesani b di sphosphate..ln some, sych di nents,..the
second therapgg{% agen nf%y%%%ﬁiﬁﬁgs8%%%f%@%?ﬁ%¢%%ﬁm§?ﬁ%F”@ﬁ@gﬂpﬁ%nts, t he
second therapeutic agent is daunorubicin, idarubicin, or doxorubicin. In
still other enbodi ments, the second therapeutic agent is azacitidine or
decitabine. In sone enbodi nents, the second therapeutic agent is an

ant hracycline. In some enbodi nents, the second therapeutic agent is an
aurora kinase inhibitor such as -46 -

N- (44(3-(2-am no-4-pyrimdinyl)-2-pyridinyl)oxy)phenyl)-4-(4-

met hyl - 2-t hi eny1l) - 1- pht hal azi nam ne or anot her conpound disclosed in WO
2007/ 087276. [0146] Further provided are pharmaceutical conpositions that

I T . o [ T T 1 T T N 1 o




anot her | ynphoma, another nyel oma, or another |eukem a. Exanpl es of other
cancers that nmay be treated with the conpounds of the present invention

i ncl ude Buokbizi29344ynphoma and nmantl e cell | ynphona. | nPEOsS2612080007
enbodi nents, the cancer is acute nyeloid | eukem a. In sone such

enbodi ments, the subject is a patient with acute nyeloid |l eukem a that is
60 years of age or older. In sone such enbodi nents, the subject is a
patient with acute nyeloid | eukema that is 70 years of age or older. In
sonme enbodi nents, the subject is a human patient with nutant FLT3 such as a
patient with FLT3-1TD positive acute nyeloi Teykem a. In sonme such
enbodi nents, the nethod may al so i ncl rmni ng whether the patient
has FLT3-1TD positive acute nyeI0|d Iehk ﬁ For exanpl e, such a nethod
m ght include obtaining a sanple fr H1a'bat|ent and anal yzi ng whet her the
sampl e is FLT3-1TD positive. |n otRersuch podi nents, the subject is a
human patient with wild type FLT3 acutle nye % Ieukenia. I n anot her

enbodi nent, the cancer is acute | bl astic=l eukem a. |In other

enbodi ments, the cancer is sel ectled §rom breasiHscancer, col orectal cancer,
small cell lung carcinoma, head an neck gl i obl ast oma, pancreati c,
gastrointestinal, liver, prostate, (ﬁg testicular, endonetrial,

bl adder, nel anonma, osteosarcoma, or anot r sarcoma. |In sonme enbodi ments,

t he cancer is<ﬁ&&¢mmmmmmmthememsmkmmomhﬁwdmwhmﬂﬂﬂbhnsnmEhmmﬁmmﬂeMmis not
eRbn{:)gg;s Inéln;/; I nm§8 m(ai r1],58‘18 a élglﬁ[%lg ?()rm Whterrég 1% oplre]resgtt 1%% p}éaam%ceut r%g%acr%%pq%ble sa, h

cancer is a helrmtrmd ogh eralbodﬁmmcseme sdlns adidvexd fenbochlarigln b, atﬂeelamﬂﬁcelatm s a
S U PR SRS TS ot DSBS RE B R B o ®
accept abl e saHhomham&mmnwhhﬁh&yMHaammhhemﬂﬁhmemﬂtﬂMsﬂhnMﬂambmﬁmeﬁeof of any
of the enbodi nts aor a armc “faMQ oSl f any.9 d

embodi ment s whét €PRE! IS%)I CRET s gaﬁunann%aenrcelenr o lmtelfl %’nﬁl v?nn?ﬂun lf ant FLT3
and in sone suxyhraerdﬁdﬂlnmr’aﬂ soniy®uad drwfrenr saasuckeas aplabnoamram adihyldkalSot A D. | n
sone enbodlneqtﬁy he met hod i ncludes adm nistering to a subject an

ef fective anmoun “the conpound, the pharmaceutically acceptable salt

t hereof, the ngmmate t héu eafe, enboditdasts of the congpothesfdotmdb I, aleycompouridds

enbodi ments or a pharmaceutical conposition any of the enbodi nents where
the patient is a human cancer patient evuted | evel s of FLT3 I|i gand,
for exanple a human patient with acut el f eukeni a that has el evated
FLT3 ligand. [0148] As noted above, nds of the invention have been
found to be active in cancer cells, anple acute nyeloid | eukem a
cells, that are both wild type and nt w respect to FLT3. Therefore,
in some enbodi ments, the inventionprovide thods for treating cancer in

patients with wild type FLT3 wher@as|in ot her 3 nbodlnents the invention
provi des nethods for treating can in patientfsswith mutant FLT3. Such

nmet hods typically include adm nistgring to a subject such as a human cancer
patient an effective anmount of thgggﬂﬂgﬂund t he pharnmaceutically

acceptable salt there te thereof, or the m xture .thereof of any
of the enbodi &t %a?ﬂaa%lﬁg é@@?eée&r oradppls srent Blrsoalﬁﬁm%?dnelﬁ%s the

enbodi nents. IdmpeE 1§1u@meﬁﬁbﬂﬂhmeltess 1ntoh1erseﬁmspmanm§ceaﬁdanyeadw@dm alt.

| eukemi a. In sone such enbodi nents, 6%5 ect is.a unan patient with

mut ant FLT3 sdBAORSSUSh pabqdapints wgtsa“tlééet%ct m%@sﬁa 2 sthapsulM S acut e

myel oi d | eukenhig.or E¥xé&rplcagfoaite BT 3n fottcantiSehbdalnuae, thosHt ias enlev@te shit.m ted to,
tatlons uch as. Fl.T3- D835Y,

FLT3-1TD, FLT3 wi.th ctlvatl n | oo i nt
FLT3- D835H, arlfOhfresn E‘?_SF%‘ ﬁég@g%a ?fiﬁaét rlleﬁf hothef FEPAFBFYES: i n sone
enbodi nent s, ttmecoﬁipwldnyﬁ Bé’iizeﬂe&lﬁhéﬁ@sdlﬂ_ﬁh oth& catbb@imeapmcdonpoirsl,is 4 he FLT3

nmutant is FLT3-D835Y. In ill ot nbodi nents, the FLT3 rutant is FLT3-
D835H. In oth @ngeﬁsﬁfaicowmén %ﬁlm Psa iRy s RIS 0T 4 | ot her

enmbodi nent s, tthleydateTan Rethagtich EBbddind Srtd<68 34D is b OhISHidd shltf Hrstihemesuch

enmbodi nents, t FLT3 tant is FLT3- hB4l n sqQme such e di ment t he
met hod may i né’l“%& dimgets. gyerﬁ"mpﬂbn glycurppide i‘fJQP?té‘a’Freﬁg%g%‘f 11“—‘1"1“8 C§1cu

myel oi d | eukend ae tdrdinabG aivpl & theSWGROACABDRIAGUH ght i ncl ude obtai ning a
sanple froma patient and anal yzi ng whether the sanple tests positive for
one or nmore FLT3 nutant. In sonme enbodi nents, the nethod includes

adm nistering to a subject an effective anount of the conpound, the

phar maceutically acceptable salt therebf; the hydrate thereof, or the

m xture thereof of any of the embodi ments or a phar maceuti cal conposition
of any of the enmbodi ments where the patient is a human cancer patient wth
nut ant FLT3 and in sonme such enbodlnents is a hunan cancer patlent wth
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[ 0151] Assays for determ ning pl5 nRNA expression are described by Mtsuno
et al. and may be used in accordance with the invention to screen or access
pati ents wo 201zmeR4f or pl5l NKAB expressi on. Matsuno et &CT/USpdi5/080RNA
expression detected by real-tine quantitative reverse

transcri ptase-pol ynerase chain reaction correlates with the nmethyl ation
density of the gene in adult acute | eukem a," Leukem a Res., 29(5), pp.
557-564 (2005) which is hereby incorporated by reference inits entirety
and for all purposes as if specifically set forth herein. The assay
described in tiAlIg] publ i dasangrenibgdizens ahthe eemioped eidwayulaf, theiompRigA is
expression in the bone marrow cells using re time quantitative reverse
transcri ptase-pol ynerase chain reactio thnDre, this references
describes the quantification of pl5 Xp sion in normal controls.

[ 0152] Assays for determining ple nRNAE ion are described by de Jonge
et al. and may be used in accordance/with thke-invention to screen or access
patients or tunors for pleTK4A expmMESsyon. onge et al. "AM. at ol der
age: age rel ated gene expression p ides rewedl a paradoxical
down-regul ati on of Pl 61 NKAA mRNA W prognostag significance,” Bl ood,
114(14), pp. 2869-2877 (2012) whi s hereby 1 ncorporated by reference in
its entirety and for all purposes gs iBHspecificaIIy set forth herein. The
assay described in this publicati® €s quantitative reverse transcriptase
pol ynerase chain reaction (RT-PCR). verify the gene expression profiles,
gquantitative RT-PCR studies were perfornmed usi 4+ cel | s, derived from
heal t hy bone wéfsra&vme%wlysaaﬁﬁta&g il Ofpﬁé}yeaﬁstﬂ%@?\?ﬁw%a§mh@dé@.enwrﬁ@ | evel s
of pl6 | NK4AB exppesdiinin a\Wegrall @@ WheRedin Otheishes h pRiratReiGDB4teaald altder i ved

from heal t hy hone marrow and derived from AML sanples. [0153]W|d type FLT3
means the protBFeHEL R %BE?@“fsh’é‘eﬁ o éfil%cte&?ioal %@%@ﬁé@t’ %fne%é#% te

?ccessi Fg nunglr, ongénéé&ngfoihatg Mit antonklshiéh érﬁooﬁﬁh&énﬁ}-ﬂi@saﬁﬁﬂwaﬂ@lﬂlekﬁlﬁt differs
rom wi type FLT3 am no acj equence i Prot KB/ Swi ssProf Accession
nunber P36888)1.1°éﬁra odimegtp, 43*‘15?% I%’Elﬁtﬁ?‘?g‘iyﬁl?‘l‘tﬁ f. I%Esptﬁ ofheg eHBRAIMEIHS. { od t o
FLT3-1TD, FLT3hd®apYundit-dBern283Rttondit b DB, crndbbdiBre®6&QonpbchdRt 3- N84 11 .

[ 0154] Any of the methods descri bed herei i nclude the yse of a second
t herapeutic ad¥ m§ﬁ?ﬁ“§§r ﬂﬁ@?uﬂggégﬂﬁéatgﬁ%ﬁﬁvn YRSy drgi ophe
enbodi nent, thehjdaenti on provi des a nethod of treating cancer which

compound, i he BT maceutt SHI9 AECER: Sbhe-aIop HEPEBRe | EoRyadTe

thereof, or the m xture thereof of any of th nbodi ments or the

pharmaceutical conposition of any of t Qdi/fents; and (b) at |east one
second therapeutic agent used in the tjeajne of cancer. In sonme such
enbodi ments, the second therapeuti cHEgemN i used in treating acute mnyel oid
| eukemi a or any of the other cancersidescri herein. In sone enbodi ments,
t he second therapeutic agent is seWecq d fr yt osi ne ar abi nosi de,

daunor ubi ci n, idarubicin, doxorubj - cycl Hospham de, et oposi de,
carbopl atin, fludarabine, mtoxantrone, dexand&Hasone, rituxi mab,

m dostaurin, a granul ocyte col ony-"st’1 nul ating factor, filgrastim

PEG il grastim |enograstim decitaljnesrazacitidine, paclitaxel,
genti ti bi ne, notesani b di sphosphat e, “pani tunmumab, an anti body directed
agai nst CD33, opis agph@DBBeutica lyacidhiable Falcalal hydngab@eofaht somo dybodimerog, iter
embodi ment s, Lhe Seeond . LIGLARGHLIGAGR LS SELASHEd ALAMENt a5l 8

ar abi nosi de, daURBIUBI Ci'Ay i dar ubicicn, " doxor ubf B, “Cy ¢ ophicsphani’de,
et oposi de, carlhephaducingmbddinckarsathe sat is paldcoddrvinT oehdgridd edaaetcthaseuiéynate

rituxi mab, mdostautrin, a.granulocyte col,ony-sti | ating factor,
filgrastim PECHY gPaetien®rnoyr 2 ebetiodietl, Raxlld ¢ Mo

pacl i taxel, gdnoihtidmbodimens]tbsailtiida dethpleasfohat enlt. pastilt armw ombodihentst i | |

ot her such eandinentsr t he seco dth rﬁgqﬂtic agent. | se|l ected from
. 1he compound ds a benzenesultonate salf, ¢r.embodimerits, t ecomﬁ)ound iS'a
cyt osi ne arabi noSide, daunorubicin, rdarubicin, doxorubicih,

cycl ophosphamhgérateet dpasitchdcongrtxd ofi thenalt fuchi ekar @bohgdratig « dixalnte, one,
dexanethasone%ﬁﬁhﬁgginab, m dost aurin, decitabine, azacitidine, paclitaxel,
genti ti bi ne, or ot ésani b di sphosphate. In sone such enbodi nents, the
second therapeutic agent is cytosine arabinoside. In other enbodi nents, the
second therapeutic agent is daunorubicin, idarubicin, or doxorubicin. In
still other enbodi ments, the second therapeutic agent is azacitidine or

deci tabine. In some enbodi nents, the s&tond therapeutic agent is an

ant hracycline. In sonme enbodi nents, the second therapeutic agent is an
aurora kinase inhibitor such as

N- (44(3-(2-am no-4-pyrimdinyl)-2-pyridinyl)oxy)phenyl)-4-(4-

T ~ 1 1. " oA I T D T o - Y .,



[0156] I n anot her enbodi nent, the invention provides a nethod of treating a
proliferation-related disorder in a mammal in need thereof. Such nethods

i ncl ude awioi2nizdiesssng to the nammal a therapeutical |y efCeatsevenawount of a
conpound, a salt, a hydrate, or a mxture of any of the enbodi nents
described herein or a pharmaceutical conposition conprising the conmpound,
salt, hydrate, or m xture. Another enbodi nent of the invention conprises
treating abnormal cell growth by adm nistering a therapeutically effective
anount of a conpound, salt, hydrate, or mxture of the invention or a

phar maceut i call0tl@hposi t ilbypmsfenbhdimenty ehthe ermprogndofdighpdet. tharomeewndtiher eof .

I n some enbodi ments, the invention provides use of a conpound, salt,
hydrate, or m xture of any of the enb gN a phar maceut i cal
conposition of the invention for treat)ng ab mal cell growth. The
abnormal cell growth can be a beniggn Nor a malignant growth. In
particul ar, the abnormal cell grow hjcan be carci noma, sarconmm, |ynphons,
or leukem a. In one enbodi nent of NAI § net the abnormal cell growth is
a cancer, including, but not limt , lumgCcancer, bone cancer,
pancreatic cancer, skin cancer, cancer of the(ﬁead or neck, cutaneous or

i ntraocul ar nel anoma, uterine cancgf; povarian cancer, rectal cancer, cancer
of the anal region, stonach cancer,k}méfﬁlcancer br east cancer, uterine
cancer, carcinoma of the fallopian tubexH;carci nona of the endonetrlun1
carci noma of the cervix, carcinoma of the va carci noma of the vulva,

Hodgki n' s Di sePhde? Phampicaticaly %?F@taé%ﬂh%gﬂydfa%éh%qf By somg smEpdippnts. fcest i ne,

cancer of the SRYOGUIING aS¥StErmGARRE inQthetsheis b PidrRhdu@adPibceganean:. of the
par at hyr oi d gland cancer of the adrenal gl and, sarcoma of soft tissue,

cancer of the BPERHLh crabgdimgntsythe siliis selepted frogy Helorids silt g msthangsplfoaice or

acute | eukem asaltloyaaaesﬁémlfbnbtywqme sean&@aodﬁﬁenish@e bdlﬁ@lalan@ndémeer of the
ki dney or ureter, renal carci noma, carci nona of the renal peIV|s

neopl asns of tﬁ@fh&wh‘)%meﬁer%w gy wethepeiaaytc saly imatill otkauempotiniitie, spi nal

axis tunors, Rh@dompStRID §béRERsulRhitbbdamY oBENDBmRE, the Gapbbmial hon of one
or nore of the f oregoi ng cancers. The nethod of the invention also

conpri ses tredViRl ﬂﬁé‘ﬂ“@ﬁf"%i‘%r of st sughay emedy EaRch RIS 8 Bt ed

fromsmal | celiinjdng carci noma, non-small cell lung carcinoma, esophagea

cancer, kldney cancer, pancreatic canc nelanona bl adder cancer, breast

cancer, col on @%¥8¢er, | Imeesbe P?n¥ﬂﬁﬁcﬁ omppoapd ofdigpraydh thecopRa¥e itancer

chol angi ocar ci nong, nesotheliona, or prostat ancer. |n another

enbodi nent, the abnormal cell growth i proliferative disease,

including, but not limted to, psoriasjs,, n prostatic hypertrophy or

restenosis. ADDI Tl ONAL EMBODI MENTS H Ne enbodi nents |isted bel ow are
[ ' Teh are in addition to the

/ US2012/ 030007 1. A conpound

enbodi nents descri bed above. WO 2 Iéq 2934
of Formula |: R4

or is a pharmaceutically acceptable salt or a hydrate thereof. In some embodiments, the
compound is in a neutral form whereas in others it is a pharmaceutically acceptable salt.
In some such embodiments, the salt is selected from a chloride salt, a methanesulfonate
salt, or a benzenesulfonate salt. In some such embodiments, the salt is a chloride salt.
In other embodiments, the salt is a methanesulfonate salt. In still other embodiments,
the compound is a benzenesulfonate salt. In other embodiments, the compound is a
hydrate of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a
trihydrate.

[0121] In some embodiments of the compound of Formula 1, the compound is
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NN / RBb 1 NR2 RL I or a pharnmaceutically acceptable salt thereof, a
hydrate thereof, or a m xture thereof, wherein: R is a group of Formula
I A, Formwe20/1263mnula IC, or Formula ID 1 JUNIV R7a ReaTR8R01030007

—

N™ \/N
7

I
HN)\N N
O
X | /
CH,

N
L_0cH,

or is a pharmaceutically acceptable salt or a hydrate thereof. In some embodiments, the
compound is in a neutral form whereas in others it is a pharmaceutically acceptable salt.
In some such embodiments, the salt is selected from a chloride salt, a methanesulfonate
salt, or a benzenesulfonate salt. In some such embodiments, the salt is a chloride salt.
In other embodiments, the salt is a methanesulfonate salt. In still other embodiments,
the compound is a benzenesulfonate salt. In other embodiments, the compound is a
hydrate of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a
trihydrate.

[0122] In some embodiments of the compound of Formula 1, the compound is

——

N \/N

NH

or is a pharmaceutically acceptable salt or a hydrate thereof. In some embodiments, the
compound is in a neutral form whereas in others it is a pharmaceutically acceptable salt.
In some such embodiments, the salt is selected from a chloride salt, a methanesulfonate
salt, or a benzenesulfonate salt. In some such embodiments, the salt is a chloride salt.
In other embodiments, the salt is a methanesulfonate salt. In still other embodiments,
the compound is a benzenesulfonate salt. In other embodiments, the compound is a
hydrate of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a
trihydrate.

[0123] In some embodiments of the compound of Formula 1, the compound is
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R6

R8f

lA i

vvv N1YR7a R8a | R8b \ R6* N R8e ICIB | dvvv

WO 2012/129344 PCT/US2012/030007

or is a pharmaceutically acceptable salt or a hydrate thereof. In some embodiments, the
compound is in a neutral form whereas in others it is a pharmaceutically acceptable salt.
In some such embodiments, the salt is selected from a chloride salt, a methanesulfonate
salt, or a benzenesulfonate salt. In some such embodiments, the salt is a chloride salt.
In other embodiments, the salt is a methanesulfonate salt. In still other embodiments,
the compound is a benzenesulfonate salt. In other embodiments, the compound is a
hydrate of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a
trihydrate.

[0124] In some embodiments of the compound of Formula 1, the compound is

——

N
N X\ /

N/

O\Cf

or is a pharmaceutically acceptable salt or a hydrate thereof. In some embodiments, the
compound is in a neutral form whereas in others it is a pharmaceutically acceptable salt.
In some such embodiments, the salt is selected from a chloride salt, a methanesulfonate
salt, or a benzenesulfonate salt. In some such embodiments, the salt is a chloride salt.
In other embodiments, the salt is a methanesulfonate salt. In still other embodiments,
the compound is a benzenesulfonate salt. In other embodiments, the compound is a
hydrate of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a
trihydrate.

[0125] In some embodiments of the compound of Formula 1, the compound is
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R7a N I Rsc R7bRsci R8a R8e R8b N 18f R6 ID wherein the AAA synbol
I ndi cates the point of attachment of the group of Formula IA 1B, IC or ID
to the res0 20f2b4nol ecul €; R2 is a C5-C7 cycl ealrkygkoigosesp?

to 7-menbered heterocyclyl group that includes 1, 2, or 3 heteroatons

is ab

selected fromN, O, and S, or is a C7-Cio bicyclic group; wherein the C5-C7

cycl oal kyl

bi cyclic group is unsubstituted or

group, the 5 to 7 nenbered heterocyclyl group, or the C7-
is substituted with 1-3 substituents

i ndependent|ly sel ected fromunsubstituted -(Cl1-C6 al kyl), -OH, halo,
-0-(C1-C6 al kyl), -CO2H, YN

N X\ /

N ’z
HsC,,.

or is a pharmaceutically acceptable salt or a hydrate thereof. In some embodiments, the
compound is in a neutral form whereas in others it is a pharmaceutically acceptable salt.
In some such embodiments, the salt is selected from a chloride salt, a methanesulfonate
salt, or a benzenesulfonate salt. In some such embodiments, the salt is a chloride salt.
In other embodiments, the salt is a methanesulfonate salt. In still other embodiments,
the compound is a benzenesulfonate salt. In other embodiments, the compound is a
hydrate of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a
trihydrate.

[0126] In some embodiments of the compound of Formula 1, the compound is

—

N
N A\

N/

or is a pharmaceutically acceptable salt or a hydrate thereof. In some embodiments, the
compound is in a neutral form whereas in others it is a pharmaceutically acceptable salt.
In some such embodiments, the salt is selected from a chloride salt, a methanesulfonate
salt, or a benzenesulfonate salt. In some such embodiments, the salt is a chloride salt.
In other embodiments, the salt is a methanesulfonate salt. In still other embodiments,
the compound is a benzenesulfonate salt. In other embodiments, the compound is a
hydrate of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a
trihydrate.

[0127] In some embodiments of the compound of Formula 1, the compound is

-5
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C(=0)-0-(C1-C6 alkyl), -C(=0)-NR R', -NR R', or a substituted -(C1-C4

al kyl ), wherein the substituted -(Cl-C4 alkyl) is substituted with 1-3
substi t uenbD20indesaendent |y sel ected from hal o, -OH, - COCHBT/USS(1203@0TH3, or
R3a is selected from-H, -F, or -d, -(Cl-C3 alkyl), or -0-(Cl-C3 al kyl);
R3b is -H halo, -OH -0-(Cl-C6 al kyl), unsubstituted -(Cl-C6 al kyl),
-NR R, (C(=0)-(C1-C6 alkyl), -C(=0)-0-(C1-C6 alkyl), -C(=0)-NR R', or a
substituted -(Cl-C6 al kyl), wherein the substituted -(Cl-C6 alkyl) is
substituted with 1-3 substituents independently selected from hal o, -OH,
-OCH3, -CN, or -NO2; R3e is -H -(Ci1-C3 aIkyI)“ K halo; RAis -H R5is
-H; R6 is selected from-H, -(Cil- -C(=0)-(C1-C6 al kyl),
-C(=0)-0-(Cl-C6 al kyl), -C(=0)-C(=0)-0HM-cls -NR R', or -S(=0)-NR R',
wherein the alkyl group of the -(ci-c8NalRy1)\ - C(=0)-(Cl-C5 alkyl), and

-C(=0)-0-(C1-C6 al kyl) groups is uns$ i tuted is substituted with 1-3
substituents i ndependently selgﬁpgd rom - OH, -S(=0)2-(C1-C6 al kyl),
-0-(C1l-C6 alkyl), -NR R", or - H, 3, or hal o; R7b is
-H, -(Cl-C6 al kyl), or halo or is)absent ifCHR is a group of Fornul a
IB or Formula ID;, R7e is -H, unsubstNtuted (C1-C6 al kyl), halo, -0-(Cl-C6
alkyl), -NC2, -CN, NRR', - ~ ol<Q)oto- (CL- C6 al kyl ), 0(0) NR R', or

a substituted - -(Cl-C6 al ky I{, mhereln t he substltuted -(Cl-Cq aIkyI) is
substitut ed wi% P aphermageicaly psrrpablesplbprearfyding thered) Brory cppestiinertiithchal o,

-0- (C1- C6 al kydompoun@hb inaMNRtRl forﬂrwh@}égs 1anheBZﬁs b phaRsRGficall§ ada:pt!ib'ie altgroup of
Formula 1A or Formula |C; unsubstituted - - al kyl),

or a substit utBaomqesh eBbimapts) the\?\ﬂ@? éﬁlwtqdﬁ@ng%%%dmlbamethe&ese%ona‘iekw) is

sgb?tc |1 t g edI \li\/lsFﬂ')ﬂ olaBerﬁzbm&lfowemus Ihﬁtd&&agd@mohynml ﬁggmsﬁémaﬂde@kh hal o, or
- al Ky unsubstituted - or a
substi t ut ed (Ittffhesenéhome}lts %@ﬂté@ %mfﬂh@eéld‘gygw palit élastl k@iere@b%ﬁr e s

substituted wWthdcohpdusibs bédz RN fonhtB S SN SBEL b o GifleRS R ompound is a

hydrate of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a

trihydrate.
[0128] In some embodiments of the compound of Formula 1, the compound is
N
IO
~
HN” N7 N
N ’
HO SN | /
CHs
N
H

or is a pharmaceutically acceptable salt or a hydrate thereof. In some embodiments, the
compound is in a neutral form whereas in others it is a pharmaceutically acceptable salt.
In some such embodiments, the salt is selected from a chloride salt, a methanesulfonate
salt, or a benzenesulfonate salt. In some such embodiments, the salt is a chloride salt.
In other embodiments, the salt is a methanesulfonate salt. In still other embodiments,
the compound is a benzenesulfonate salt. In other embodiments, the compound is a
hydrate of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a
trihydrate.

[0129] In some embodiments of the compound of Formula 1, the compound is
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from-0OH, halo, or -0-(C1-C6 al kyl); or R8a and R8b, when taken together,
can represent =0; R8e is selected from-H, -OH unsubstituted -(Cl-C6
al kyl), owoaosuhsi4tuted - (Cl-C6 al kyl), wherein the sulpstriusaaied3eo0Tl- C6

al kyl) is substituted with 1-3 substituents independently selected from
-OH, halo, or -0-(Cl1-C6 al kyl); R8d is -H, unsubstituted -(Cl-C6

al kyl), or a substituted -(Cl-C6 al kyl), wherein the substituted -(Cl-C6

al kyl) is substituted with 1-3 substituents independently selected from
-OH, halo, or -0-(Cl1-C6 al kyl); Rse is -H unsubstituted -(Cl-C6

al kyl), or a substituted -(Cl-C6 al kyl), mher%rﬁ;&he substituted -(Cl-C6
alkyl) is substituted wth 1-3 substitu@ntsyiRdependently selected from
-OH, halo, or -0-(Cl-C6 al kyl); s _/H, unsubstituted -(Cl-C6
alkyl), or a substituted -(Cl1-C6 al kylN, Whergin the substituted - (Cl-C6
alkyl) is substituted with 1-3 subst| [ endently selected from
-OH, halo, or -0-(Cl-C6 al kyl); en taken together, can
represent =0; and R and " i

unsubstituted -(Cl-C4 alkyl), or -(Cl-)C4 al kyl)CHebstituted with 1 to 3
substituents independently selected from-OH or - F. 2. The conpound

of enbodi nent 1 or the pharmaceutically acceptable salt thereof, the
hydr at e t her eafr js agrhatnipecuticadtyuarceeptahlersaodr, a hyldereghered®2 In ®ma c@bodimey clicoal kyl

group that is un t.jtut IS stituted w 1-3.sybsti n

i ndependent |y Cgﬁg%%ésdl% rngl?n[raﬁﬁogﬁl l%ht%llue? Su1§]é)¥ el-;s(l%iEl E%@élﬁfw(}%ﬂy ?Cééétglﬁ%%%;

-0- (C1- C6 al kyihpome UCR bipbod@ienfy) the s{1G3 sel€Bdetoayd JhloridEat h nidRaiSylfonhi® R', or
a substituted - - Kk erein th i tut - (Cl-CGA.al kyl) is
Subst: tut ed vt o Blitohare WIS LenCslth SHRRLGH BTl o)

- OCH3, - S(=0) 2a Q8 engrodin@fitsOthe @H3s a methanesul®natd kedt. dosrpoatimd cmbodembrodi ment 1
or the pharmacgutical |y e t fhere ; dr at eof , or
the mxture t i sspogie? BBl B Bl ARk B eoohaRy Tk BulIFL g

cycl ohexyl ri rydrate of the nevral Témepoondypoditie saf suehoadinpmhy drdte or dibyigate, or a
pharnaceuticahpﬂyﬁﬁgeptable salt thereof, the hydrate thereof, or the

m xture thereo erein R2 is a cycl ohexyl group substituted with a
-(Cl-C2 al ky)0OG0dup. WORGEkHLLEARAH PONE YSAOLR] F3VOOYa b tiflvempamdaund of

enbodi ment 4 or the pharmaceutically accept abl alt thereof, the hydrate
thereof, or the m xture thereof, mherei%/8%1%§i§jgroup of formula

HN/M\N/ N
v @
HoW s _
CTH,
N
L_oH

or is a pharmaceutically acceptable salt or a hydrate thereof. In some embodiments, the

compound is in a neutral form whereas in others it is a pharmaceutically acceptable salt.
In some such embodiments, the salt is selected from a chloride salt, a methanesulfonate
salt, or a benzenesulfonate salt. In some such embodiments, the salt is a chloride salt.
In other embodiments, the salt is a methanesulfonate salt. In still other embodiments,
the compound is a benzenesulfonate salt. In other embodiments, the compound is a
hydrate of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a
trihydrate.

[0131] In some embodiments of the compound of Formula 1, the compound is
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V..AAA1l CH3 wherein the ivvy synbol indicates the point of
attachnent to the rest of the nolecule. 6. The conpound of

enbodi mrenwoRotwi2p3a@ phar maceutically acceptabl e salt theceafS2oizlogoonydr at e
t hereof, or the m xture thereof, wherein R2 is an unsubstituted or
substituted cycl opentyl ring. 7. The conpound of any one of

enbodi nents 1-6 or the pharmaceutically acceptable salt thereof, the
hydrate thereof, or the m xture thereof, wherein R is a group of Formula

| A or IB. 8. The compound of enbodi nent 7 or the pharnaceutically
acceptabl e salt thereof, the hydrate thereof, /Oor Y he m xture thereof,
wherein R is a group of Formula I A N” X9\ The conpound of enbodi nent 7
or the pharmaceutically acceptable saILth , the hydrate thereof, or

the mixture thereof, wherein R is afoul of y\Formul a 1B. 10. The
conpound of any one of embodi ments 1 r the/pharmaceutically acceptable
salt thereof, the hydrate there(I)_I(j the m x e thereof, wherein R is a
group of Formula I C or " ATX~The conpound of embodi ment 10 or the
pharmaceutical ly acceptable salt theregof, the h¢gHeate thereof, or the

m xture thereof, wherein Rl is a gro¥Mp of Formula IC 12. The
conpound of enbodi nent 10 or the pha tically acceptable salt thereof,

the hydrate thereof, or the m xture thereof, wherein R is a _group of
Formul a |1 D. orisa pharmaceutlcally acceptable salt or a hydrate thereof. In some embodiments, the

compound is in a neutral form whereas in others it is a pharmaceutically acceptable salt.
In some such embodiments, the salt is selected from a chloride salt, a methanesulfonate
salt, or a benzenesulfonate salt. In some such embodiments, the salt is a chloride salt.
In other embodiments, the salt is a methanesulfonate salt. In still other embodiments,
the compound is a benzenesulfonate salt. In other embodiments, the compound is a

hydrate of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a

trihydrate.
[0132] In some embodiments of the compound of Formula 1, the compound is
N N <T>N
e
EH,
O CH4

or is a pharmaceutically acceptable salt or a hydrate thereof. In some embodiments, the
compound is in a neutral form whereas in others it is a pharmaceutically acceptable salt.
In some such embodiments, the salt is selected from a chloride salt, a methanesulfonate
salt, or a benzenesulfonate salt. In some such embodiments, the salt is a chloride salt.
In other embodiments, the salt is a methanesulfonate salt. In still other embodiments,
the compound is a benzenesulfonate salt. In other embodiments, the compound is a
hydrate of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a
trihydrate.

[0133] In some embodiments of the compound of Formula 1, the compound is
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13. The compound of enbodi nent 1, wherein:

group that is unsubstituted or

gr oups;
is -H
al kyl),

R8e 20r/ed4ected from-H, -(CL-C3 al kyl), or -0-@CIAS2012l0Booh)
R3e is -H R4 is -H R5is -H, R6 is selected from-H
-C(=0)-(C1-C6 alkyl), or -C(=0)-C(=0)-0H, wherein the alkyl
of the -(Cl-C6 alkyl) and -C(=0)-(Cl-C6 al kyl) groups is unsubstituted or
is substituted with 1-3 substituents independently selected from-OH, F,
-S(=0)2-(C1-C6 alkyl), or -0-(C1-C6 alkyl); Rfa is-H R7b is -H or

absent if R is a group of Formula IB or Formf=a\D, R7e is -H or
absent if R is a group of Forrmula I A orN aylC, RBa is -H, R8b
R8e is selected from-H, -OH or unsuﬁﬁpﬂk -(Cl-C6 alkyl); R8d i

Rse is -H and

H3C/,, N | /

PN

0O~ "CHs;

or is a pharmaceutically acceptable salt or a hydrate thereof. In some embodiments, the
compound is in a neutral form whereas in others it is a pharmaceutically acceptable salt.
In some such embodiments, the salt is selected from a chloride salt, a methanesulfonate
salt, or a benzenesulfonate salt. In some such embodiments, the salt is a chloride salt.
In other embodiments, the salt is a methanesulfonate salt. In still other embodiments,

the compound is a benzenesulfonate salt. In other embodiments, the compound is a

hydrate of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a

trihydrate.
[0134] In some embodiments of the compound of Formula 1, the compound is
OCHj,
N
N/

|
HN/kN/ N
g /
CHy
N
H

or is a pharmaceutically acceptable salt or a hydrate thereof. In some embodiments, the

compound is in a neutral form whereas in others it is a pharmaceutically acceptable salt.

In some such embodiments, the salt is selected from a chloride salt, a methanesulfonate
salt, or a benzenesulfonate salt. In some such embodiments, the salt is a chloride salt.
In other embodiments, the salt is a methanesulfonate salt. In still other embodiments,
the compound is a benzenesulfonate salt. In other embodiments, the compound is a
hydrate of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a
trihydrate.

[0135] In some embodiments of the compound of Formula 1, the compound is
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IS substituted with 1-3 -(C1l-C6 al kyl)

: R3b
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group

S
S
is -H
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R8f is -H, or the pharmaceutically acceptable salt thereof, the
hydrate thereof, or the m xture thereof. 14. The conpound of enbodi nent 1,
wher ei n twe 20mvmessad has the Formula I A R3a [ 1 A or PCInAIS2012/030007
pharmaceutically acceptable salt thereof, the hydrate thereof, or the

m xture thereof, wherein: R3a is selected from-H, -F, or -d, -(Cl-C3

al kyl), or -0-(Cl-C3 alkyl); R3b is -H halo, -OH -0-(Cl-C6 al kyl),
unsubstituted -(Cl-C6 alkyl), -NR R,

OCH,

—

N
N\ N\ /

N/

O
or is a pharmaceutically acceptable salt or a hydrate thereof. In some embodiments, the
compound is in a neutral form whereas in others it is a pharmaceutically acceptable salt.
In some such embodiments, the salt is selected from a chloride salt, a methanesulfonate
salt, or a benzenesulfonate salt. In some such embodiments, the salt is a chloride salt.
In other embodiments, the salt is a methanesulfonate salt. In still other embodiments,
the compound is a benzenesulfonate salt. In other embodiments, the compound is a
hydrate of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a
trihydrate.

[0136] In some embodiments of the compound of Formula 1, the compound is

—

N
NN\ /

&
N
A OH
or is a pharmaceutically acceptable salt or a hydrate thereof. In some embodiments, the
compound is in a neutral form whereas in others it is a pharmaceutically acceptable salt.
In some such embodiments, the salt is selected from a chloride salt, a methanesulfonate
salt, or a benzenesulfonate salt. In some such embodiments, the salt is a chloride salt.
In other embodiments, the salt is a methanesulfonate salt. In still other embodiments,
the compound is a benzenesulfonate salt. In other embodiments, the compound is a
hydrate of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a

trihydrate.

[0137] In some embodiments of the compound of Formula 1, the compound is
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C(=0)-(C1-C6 alkyl), -C(=0)-0-(C1-C6 al kyl), -C(=0)-NR R', or a substituted
-(C1-C6 alkyl), wherein the substituted -(CLl-C6 alkyl) is substituted with
1- 3 substwouentr9ismdependent|ly sel ected from hal o, - OH, PCOTIN3912408M)7 Or
-NO2; R6 is selected from-H, -(Cl-C6 alkyl), -C(=0)-(Cl-C6 al kyl),
-C(=0)-C(=0)-0H, C(=0)-NR R', or -S(=0)-NR R', wherein the al kyl group of
the -(Cl-C6 alkyl) and C(=0)-(Cl-C6 al kyl) groups is unsubstituted or is
substituted with 1-3 substituents independently selected from-OH, F,

-S(=0)2-(C1-C6 al kyl), -0-(C1-C6 alkyl), -NRR', or CN, and Rse is
selected from-H, -OH unsubstituted -(Cl-Co/algyl), or a substituted -(Cl-
C6 al kyl), wherein the substituted - (G- Kyl) is substituted with 1-3
substituents independently sel ected fgﬂwnf / hal o, or -0-(Cl-C6 al kyl).
15. The conpound of enbodi nent 14, Wher

-(C1-C3 alkyl), or -0-(C1-C3 al kyl
-H, -(Cl-C6 al kyl), -C(=0)-(C1l-C6
al kyl group of the -(Cl-C6 al kyl)pra C(=0)-(C1-C6 al kyl) groups is
unsubstituted or is substituted withl1-3 substituents independently
selected from-OH, F, -S(:O)Z-(Cl-gﬁ al kyl), or -0-(Cl-C6 al kyl); and Rse
is selected from-H, unsubstituted -(Cl-C6 alkyl), or -OH, or the

phar maceut i caldry atewpralicdlysatdptablenleafa hytlhe thyrehfatresoteembodipews, thehe

m xture thereqf

&N'n: \R3a is selected from-H
-~ R3b is§irlx R6 is selected from
kvl|), o 0)-C(0)OH, wherein the

mpound is in a neutral form whereas in others it is a pharmaceutically acceptable salt.
In some such embodiments, the salt is selected from a chloride salt, a methanesulfonate
salt, or a benzenesulfonate salt. In some such embodiments, the salt is a chloride salt.
In other embodiments, the salt is a methanesulfonate salt. In still other embodiments,
the compound is a benzenesulfonate salt. In other embodiments, the compound is a
hydrate of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a
trihydrate.

[0138] In some embodiments of the compound of Formula 1, the compound is

—

N
N XN\ /

N/

or is a pharmaceutically acceptable salt or a hydrate thereof. In some embodiments, the
compound is in a neutral form whereas in others it is a pharmaceutically acceptable salt.
In some such embodiments, the salt is selected from a chloride salt, a methanesulfonate
salt, or a benzenesulfonate salt. In some such embodiments, the salt is a chloride salt.
In other embodiments, the salt is a methanesulfonate salt. In still other embodiments,
the compound is a benzenesulfonate salt. In other embodiments, the compound is a
hydrate of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a
trihydrate.

[0139] In some embodiments of the compound of Formula 1, the compound is
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16. The conmpound of enbodi nent 14 or enbodi nent 15 or the pharmaceutically
acceptabl e salt thereof, the hydrate thereof, or the m xture thereof,

wherei n Rse20r/ed4ected from-H, -CH3, or -OH 1PCT/ise01c08@OLINd Of
enbodi ment 16 or the pharnaceutically acceptable salt thereof, the hydrate
thereof, or the m xture thereof, wherein Rse is -H. 18. The conpound

of any one of enbodi nents 14-17 or the pharnaceutically acceptable salt
thereof, the hydrate thereof, or the m xture thereof, wherein R3 is -H or

- OCH3. 19. The corrpound of enbodi nment 18 or the pharmaceutical ly
acceptabl e salt thereof, the hydrate thereo the m xture thereof,
wherein R3'" is -H 20. The conNO ny one of enbodi nents 14-19
or the pharmaceutically acceptable sa,lﬂt eof, the hydrate thereof, or

the m xture thereof, wherein R6 is
- CH2CH2CH20H, - C(=0) - CH20H, -C(=0
- CH2CH2S(=0) 2- CH3, or - CHZCHZ

| tedyfrom-H, -C(=0)-CH3, -CH2CH2CH,
=0)-0 CH2CH2CF3, - CH2CH2F,
| The conpound of any one of
enbodi ments 14-19 or the phar maceuthca y acceptable salt thereof, the
hydrate thereof, or the mixture therleof] wher€fn R6 is -H. 22. The
conpound of any one of enbodi nents 14N19 or the pharmaceutically acceptable
salt thereof, the hydrate thereof, or the m xture thereof, wherein R6 is
sel ect ed fr omorGadpm@eBitionlly-aB{cp@ple@HP@H, hydrate thereof. RsomElymbobimpoytit of any
one of enbodi er eof
the hydrate t@{r}% ,HS i n%Eetmtrlnﬁ)%tn S\tr}%{et e(r?)gltg Sq?iv\,héhag&%%&%&ﬁ% gccgiﬁébl &l from
- CH2CH2CH, - CHE SHRCHRIOPinb alimenGHOECHAOTCHBected fromacmldefﬁeamﬂpmmkﬂon@fe any one
of enbodi nment s of t he
hydrate thereo ]al%%r;g?%gne&nﬁ)n%?gﬂt{rﬁg rgog%%s%a{ \A%{Xboﬁﬁl?e%%@tp At 1§?Lﬁlgﬁ%% £
- CH2CH2CF3, - CrRGe2mbodmenGHACHAS( aDptharGkiBionate salt. In gtHl otlenemeﬂmeund of any
one of enbodi t her eof
the hydr ate. t noy sapv iy Bl EIRE TR I LAk BRRE AR by | 2 76
al kyl) and thélyétak:wf thegiewttab samptoundet ofitticlyalasucN (Rhonohydrate, a diigydrafher €onpound
of enbodi nment E?Y .o.the pharmaceutically acceptable salt thereof, the
hydrate t hereo or the m xture thereof, wherein R6 is -C(=0)-CH2- N(CH3) 2

- C( =0) - CH2-[A\(40H2CH3) 21 some embodigients Fide conpowhef fofmearb dighi aempount is wher ei n

the conpound has the Formula I11A —
O
HNTNT N
D O
i
N
O

or is a pharmaceutically acceptable salt or a hydrate thereof. In some embodiments, the
compound is in a neutral form whereas in others it is a pharmaceutically acceptable salt.
In some such embodiments, the salt is selected from a chloride salt, a methanesulfonate
salt, or a benzenesulfonate salt. In some such embodiments, the salt is a chloride salt.
In other embodiments, the salt is a methanesulfonate salt. In still other embodiments,
the compound is a benzenesulfonate salt. In other embodiments, the compound is a
hydrate of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a
trihydrate.

[0141] In some embodiments of the compound of Formula 1, the compound is
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or the pharmaceutically acceptable salt thereof, the hydrate thereof, or
the m xture thereof, wherein: R3a is selected from-H -F, or -d, -(Cl-C3
al kyl), owo-201(1C34€3 al kyl); R3b is -H halo, -OH -0-@CrASeoialoBooby ,
unsubstituted -(Cl-C6 alkyl), -NR R C(=0)-(C1-C6 al kyl), -C(=0)-0-(C1-C6
al kyl), -C(=0)-NR R', or a substituted -(Cl-C6 al kyl), wherein the
substituted -(Cl1-C6 alkyl) is substituted with 1-3 substituents

i ndependently selected fromhalo, -OH -OCH3, -CN, or -NO2; R6 is selected
from-H -(Cl-C6 alkyl), -C(=0)-(Cl-C6 alkyl), -C(=0)-C(=0)-0H, or
-S(=0)-NR R', wherein the alkyl group of the/~T{;1-C6 al kyl) and

C(=0)-(C1-C6 al kyl) groups is unsubstiNu r/As substituted with 1-3
substituents independently sel ected frhm Oy F-S(=0)2-(C1-C6 al kyl),
-0-(C1-C6 alkyl), -NRR', or CN alll N "Rse is selected from-H -OH,

unsubstituted -(Cl1-C6 aIkyI) or a stitu -(C1- C6 alkyl), wherein the
substituted -(Cl-C6 alkyl) is substjitufed w 1-3 substituents

i ndependently sel ected from - OH, or -0-(C1-C6 al kyl). 28. The
conmpound of enbodi nent 27, whereilg: ais selected from-H, -(Cl1-C3

al kyl), or -0-(Cl-C3 alkyl); R3b i§ -H, R6 is selected from-H,
-(C1-C6 alkyl), -C(=0)-(C1-C6 al @i OH, wherein the al kyl group of the
-(Cl-C6 alkyl) and -C(=0)-(C1-C6 al kyl) groups is unsubstituted or is
substitut ed wdrls aph3mswbsicaliywenpsbliecndepeargdntd therse] dcdoed embodimendl theF,

compound is in a neutral form whereas in others it is a pharmaceutically acceptable salt.
In some such embodiments, the salt is selected from a chloride salt, a methanesulfonate
salt, or a benzenesulfonate salt. In some such embodiments, the salt is a chloride salt.
In other embodiments, the salt is a methanesulfonate salt. In still other embodiments,
the compound is a benzenesulfonate salt. In other embodiments, the compound is a
hydrate of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a
trihydrate.

[0142] In some embodiments of the compound of Formula, the compound is

selected from

N
N\ \/N N\\/
O“/ @
EH, N
H
— N
\\/
N
N\ N\ /

O“
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S(=0)2-(Cl-C6 alkyl), or -0-(Cl1-C6 alkyl); and Rse is selected from-H,
unsubstituted -(Cl-C6 alkyl), or -OH, or the pharnaceutically acceptable
salt therwof21hesshydrate thereof, or the m xture there®CT/US2012/0300029. The
conmpound of enbodi nent 27 or enbodi ment 28 or the pharmaceutically
acceptabl e salt thereof, the hydrate thereof, or the m xture thereof,

wherein Rse is -H 30. The conpound of any one of enbodi nents 27-29
or the pharmaceutically acceptable salt thereof, the hydrate thereof, or
the m xture thereof, wherein R3a is -H or -OCH3. 31. The conpound of
enbodi mrent 30 or the phar ically accepta @alt t hereof, the hydrate
t hereof, or the m xt , Wherei } 32 The
corrpound of any one € iments 27- Ji har maceuti cal |y acceptabl e
salt thereof, thedM hereof, gyNThe MmN ure thereof, wherein R6 is
sel ected from H 1 C(=0)- - CH2CHZOH, - CH2EHRCH2OH, - C(=0) - CH2CH,

C(=0) - C(=0) - OH, N ~CH2C )2-C|—|3, or - CH2CH2OCHS.
or the pharmaceutically

accept abl e sal { t hgreof, thezhydrgteYhereof, of the m xture thereof,

wherein R6 is 34. onmpound of anyHene of enbodinents 27-31

or the pharnmaceufically acceptablefsalt thereof, the hydrate thereof, or

the m xture the f ,OMherein R6 is_sel ed from-C(=0)-CH3 or

- C(=0) - CH20H. O 35. The comﬁ of any one of enbodi ments 27-31 or

t he pharnmaceuti calCht; accept abl e salt Gther eof , the hydrate thereof, or the
m xture thereof, wherein R6 is sSel ected from CH2CH2OH, CHZCHZCHZO—| or

- CH2CH2OCH3. 36. The conpound of any on enbodi ments 27-31 or the
pharmaceutical |y acceptabl It ther eofN drate thereof, or the

m xture thereof, wher i SNsel ected - 2CF3, - CH2CH2F, or

- CH2CH2S(=0) 2- CH3. N /The conprdn nbodi ment 1, wherein the

- I
d
conmpound is sel e%,\?,dkf,\r N 7
g @
/ ’C
CHj

| O W

o CH3 o CHs ,

or is a pharmaceutical salt or hydrate thereof. In some embodiments, the compound is
in a neutral form whereas in others it is a pharmaceutically acceptable salt. In some
such embodiments, the salt is selected from a chloride salt, a methanesulfonate salt, or a
benzenesulfonate salt. In some such embodiments, the salt is a chloride salt. In other
embodiments, the salt is a methanesulfonate salt. In still other embodiments, the
compound is a benzenesulfonate salt. In other embodiments, the compound is a hydrate
of the neutral compound or of the salt such as a monohydrate, a dihydrate, or a
trihydrate.

[0143] In some embodiments of the compound of Formula I or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, the
compound is in a neutral form. In some such embodiments, the compound is in a
hydrate form such as a monohydrate, a dihydrate, or a trihydrate.

[0144] In some embodiments of the compound of Formula I or the

pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof, the
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compound is a pharmaceutically acceptable salt or a hydrate thereof. In some
embodiments, the salt is selected from a chloride, citrate, tartrate, salicylate,
cthanesulfonate, methanesulfonate, benzenesulfonate (besylate), tosylate, phosphate,
sulfate, or ethane disulfonate salt. In some such embodiments, the salt is selected from
a chloride salt, a methanesulfonate salt, or a benzenesulfonate salt. In some
embodiments, the salt is selected from a chloride, citrate, tartrate, salicylate,
cthanesulfonate, benzenesulfonate, tosylate, phosphate, sulfate (1/2 equivalent), sulfate
(1 equivalent), ethane disulfonate, (1/2 equivalent), or an ethane disulfonate (1
equivalent). In some such embodiments, the salt is selected from a chloride salt, a
methanesulfonate salt, or a benzenesulfonate salt. In some such embodiments, the salt
is a chloride salt. In other embodiments, the salt is a methanesulfonate salt. In still
other embodiments, the compound is a benzenesulfonate salt. In any of these
embodiments, the salt may be a hydrate such as a monohydrate, a dihydrate, or a
trihydrate. In some embodiments, the salt is not a hydrate.

[0145] Also provided are pharmaceutical compositions that include at least one
pharmaceutically acceptable carrier, excipient or diluent and a therapeutically effective
amount of the compound, the pharmaceutically acceptable salt, the hydrate thereof, or
the mixture thereof according to any of the embodiments described herein. In some
such embodiments, the compound is present in an amount effective for the treatment of
cancer. In some embodiments, the pharmaceutical composition includes at least one
pharmaceutically acceptable carrier, excipient or diluent and a therapeutically effective
amount of the compound in a neutral form such as in an anhydrous form or as a
hydrate. In other embodiments, the pharmaceutical composition includes at least one
pharmaceutically acceptable carrier, excipient or diluent and a therapeutically effective
amount of the pharmaceutically acceptable salt or a hydrate thereof. In some such
embodiments, the salt is a chloride salt. In other embodiments the salt is a
methanesulfonate salt. In still other embodiments, the salt is a benzenesulfonate salt.
In some of any of these embodiments, the pharmaceutical composition further includes
at least one second therapeutic agent. In some such embodiments, the second
therapeutic agent is one that is used in treating cancer. In some such embodiments, the
second therapeutic agent is used in treating acute myeloid leukemia or any of the other
cancers described below. In some embodiments, the second therapeutic agent is
selected from cytosine arabinoside, daunorubicin, idarubicin, doxorubicin,

cyclophosphamide, etoposide, carboplatin, fludarabine, mitoxantrone, dexamethasone,
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or the pharmaceutically acceptable salt or the hydrate thereof. 38. The
conpound of enbodi nent 1, wherein the conpound is or the pharnmaceutically
accept ablwo=al®120344t he hydrate thereof. 39. The conpouna&cofUuseshosionent 1,
wherein the conpound is NHNNNN), | tH3

rituximab, midostaurin, a granulocyte colony-stimulating factor, filgrastim, PEG-
filgrastim, lenograstim, decitabine, azacitidine, paclitaxel, gemcitibine, motesanib
disphosphate, panitumumab, an antibody directed against CD33, or a CD33 bispecific
T-cell engager antibody. In other embodiments, the second therapeutic agent is
selected from cytosine arabinoside, daunorubicin, idarubicin, doxorubicin,
cyclophosphamide, etoposide, carboplatin, fludarabine, mitoxantrone, dexamethasone,
rituximab, midostaurin, a granulocyte colony-stimulating factor, filgrastim, PEG-
filgrastim, lenograstim, decitabine, azacitidine, paclitaxel, gemcitibine, motesanib
disphosphate, panitumumab. In still other such embodiments, the second therapeutic
agent is selected from cytosine arabinoside, daunorubicin, idarubicin, doxorubicin,
cyclophosphamide, etoposide, carboplatin, fludarabine, mitoxantrone, dexamethasone,
rituximab, midostaurin, decitabine, azacitidine, paclitaxel, gemcitibine, or motesanib
disphosphate. In some such embodiments, the second therapeutic agent is cytosine
arabinoside. In other embodiments, the second therapeutic agent is daunorubicin,
idarubicin, or doxorubicin. In still other embodiments, the second therapeutic agent is
azacitidine or decitabine. In some embodiments, the second therapeutic agent is an
anthracycline. In some embodiments, the second therapeutic agent is an aurora kinase
inhibitor such as N-(4-((3-(2-amino-4-pyrimidinyl)-2-pyridinyl)oxy)phenyl)-4-(4-
methyl-2-thienyl)-1-phthalazinamine or another compound disclosed in WO
2007/087276.

[0146] Further provided are pharmaceutical compositions that include at least
one pharmaceutically acceptable carrier, and a therapeutically effective amount of the
composition of matter of any of the embodiments described herein in combination with
at least one additional compound such as a cytotoxic agent or a compound that inhibits
another kinase.

[0147] In other embodiments, the invention provides a method of treating
cancer. In some such embodiments, the cancer is resistant to other agents such as to an
anthracycline therapeutic agent. Such methods typically include administering to a
subject an effective amount of the compound, the pharmaceutically acceptable salt
thereof, the hydrate thereof, or the mixture thereof of any of the embodiments or a
pharmaceutical composition of any of the embodiments. In some such embodiments,
the cancer is selected from acute myeloid leukemia, acute lymphoblastic leukemia
myelodysplastic syndrome, multiple myeloma, chronic myeloid leukemia, acute

lymphocytic leukemia, chronic lymphocytic leukemia, non-Hodgkin lymphoma,
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CH3 or the pharmaceutically acceptable salt or the hydrate thereof. 40. The
conpound of enbodi nent 1, wherein the conpound is N HNAeN NI 1 OH or

t he phar msioeut¥ieadsdsy acceptabl e salt or the hydrate therewofus2¢i2/0300he
conmpound of enbodi nent 1, wherein the conmpound is OH or the
pharmaceutically acceptable salt or the hydrate thereof. 42. The conpound
of enbodi nent 1, wherein the conpound is

another lymphoma, another myeloma, or another leukemia. Examples of other cancers
that may be treated with the compounds of the present invention include Burkitt’s
lymphoma and mantle cell lymphoma. In some such embodiments, the cancer is acute
myeloid leukemia. In some such embodiments, the subject is a patient with acute
myeloid leukemia that is 60 years of age or older. In some such embodiments, the
subject is a patient with acute myeloid leukemia that is 70 years of age or older. In
some embodiments, the subject is a human patient with mutant FLT3 such as a patient
with FLT3-ITD positive acute myeloid leukemia. In some such embodiments, the
method may also include determining whether the patient has FLT3-ITD positive acute
myeloid leukemia. For example, such a method might include obtaining a sample from
a patient and analyzing whether the sample is FLT3-ITD positive. In other such
embodiments, the subject is a human patient with wild type FLT3 acute myeloid
leukemia. In another embodiment, the cancer is acute lymphoblastic leukemia. In
other embodiments, the cancer is selected from breast cancer, colorectal cancer, small
cell lung carcinoma, head and neck, glioblastoma, pancreatic, gastrointestinal, liver,
prostate, ovarian, testicular, endometrial, bladder, melanoma, osteosarcoma, or another
sarcoma. In some embodiments, the cancer is Rb-positive whereas in other
embodiments, the cancer is not Rb-positive. In some embodiments, the subject is a
mammal, and in some embodiments, is a human cancer patient. In some such
embodiments, the cancer is a hematological cancer. In other embodiments, the cancer
is a solid tumor. In some embodiments, the method includes administering to a subject
an effective amount of the compound, the pharmaceutically acceptable salt thereof, the
hydrate thereof, or the mixture thereof of any of the embodiments or a pharmaceutical
composition of any of the embodiments where the patient is a human cancer patient
with mutant FLT3 and in some such embodiments is a human cancer patient with
FLT3-ITD. Insome embodiments, the method includes administering to a subject an
effective amount of the compound, the pharmaceutically acceptable salt thereof, the
hydrate thereof, or the mixture thereof of any of the embodiments or a pharmaceutical
composition of any of the embodiments where the patient is a human cancer patient
with elevated levels of FLT3 ligand, for example a human patient with acute myeloid
leukemia that has elevated FLT3 ligand.

[0148] As noted above, the compounds of the invention have been found to be
active in cancer cells, for example acute myeloid leukemia cells, that are both wild type

and mutant with respect to FLT3. Therefore, in some embodiments, the invention
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OOH or the pharmaceutically acceptable salt or the hydrate thereof. 43. The
conpound of enbodi nent 1, wherein the conpound is O or the

phar macewocaldpomacept abl e salt or the hydrate thereof pcgAS20ib@3@onpound
of enbodi ment 1, wherein the conpound is CF3 or the pharmaceutically
acceptable salt or the hydrate thereof. 45. The conpound of enbodi ment 1,
wherein the conmpound is

provides methods for treating cancer in patients with wild type FLT3 whereas in other
embodiments, the invention provides methods for treating cancer in patients with
mutant FLT3. Such methods typically include administering to a subject such as a
human cancer patient an effective amount of the compound, the pharmaceutically
acceptable salt thereof, the hydrate thereof, or the mixture thereof of any of the
embodiments or a pharmaceutical composition of any of the embodiments. In some
such embodiments, the cancer is acute myeloid leukemia. In some such embodiments,
the subject is a human patient with mutant FLT3 such as a patient that tests positive for
a mutant FLT3 acute myeloid leukemia. Examples of FLT3 mutants include, but are
not limited to, FLT3-1TD, FLT3 with activation loop point mutations such as FLT3-
D835Y, FLT3-D835H, and FLT3-D835V, FLT3-K663Q, and FLT3-N8411. Therefore,
in some embodiments, the FLT3 mutant is FLT3-ITD. In other embodiments, the
FLT3 mutant is FLT3-D835Y. In still other embodiments, the FLT3 mutant is FLT3-
D835H. In other embodiments, the FLT3 mutant is FLT3-D835V. In still other
embodiments, the FL'T3 mutant is FLT3-K663Q. In still further such embodiments, the
FLT3 mutant is FLT3-N8411. In some such embodiments, the method may include
determining whether the patient has mutant FLT3 acute myeloid leukemia. For
example, such a method might include obtaining a sample from a patient and analyzing
whether the sample tests positive for one or more FLT3 mutant. In some embodiments,
the method includes administering to a subject an effective amount of the compound,
the pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture thereof
of any of the embodiments or a pharmaceutical composition of any of the embodiments
where the patient is a human cancer patient with mutant FLT3 and in some such
embodiments is a human cancer patient with acute myeloid leukemia.

[0149] In some methods of treating cancer, the patient is a human cancer

patient with a solid or hematological tumor in which the tumor exhibits low p15™*®

INK4A
6

and/or low pl expression and in some such embodiments is a human patient with

INK4B 6INK4A

acute myeloid leukemia where the tumor exhibits low p15 and/or low pl

INK4B

expression. In some embodiments, a tumor that exhibits low p15 and/or low

p16™** expression is determined using an assay that measures the levels of these
proteins or mRNA or both and compares them to the levels in a normal myeloid tumor.
This method could also be used for other tumor types. A tumor that contains less of the
p15™® and/or p16™** proteins or mRNA or both than is found in a normal cell

would be one that exhibits low p15™*® and/or p16™*** expression. In some
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or the pharmaceutically acceptable salt or the hydrate thereof. 46. The
conpound of enbodi nent 1, wherein the conpound is or the pharnmaceutically
accept ablwo=al®120344t he hydrate thereof. 47. The conpourdTafS2@nismonent 1,
wherein the conmpound is OCH3 or the pharnaceutically acceptable salt or

t he hydrate thereof.

48. The conpound of enbodi nent 1, wherein the conpound

I's or the pharmaceutically acceptable salt or the hydrate thereof. 49. The
conmpound of enbodi ment 1, wherein the conpound is or the pharmaceutically

acceptabl e salt or the hydrate thereof.
embodiments, the tumor includes less than 90%, less than 80%, less than 70%, less than

60%, or less than 50% of p15™® and/or p16™*** than occurs in a normal cell such as

a C34" cell taken from healthy bone marrow.

[0150]

Various assays may be used to evaluate whether a particular patient has

wild type or mutant FLT3. For example, LabPMM (San Diego, CA), a subsidiary of

Invivoscribe Technologies, Inc. (San Diego, CA) is a commercial source providing

assay services such as FLT3-ITD and D835 mutation assays. Such assays may be used
in accordance with the invention to screen patients or determine whether a patient, such
as a patient with acute myeloid leukemia, acute lymphocytic leukemia, or
myelodysplastic syndrome has or tests positive for FLT3 mutations such as FLT3-ITD
or for mutations in the codon for the aspartic acid residue at position 835 (D835) in the
FLT3 kinase domain such as in the FLT3-D835Y and FLT3-D-835H mutations. See
also U.S. Patent No. 6,846,630 which is hereby incorporated by reference in its entirety

and for all purposes as if specifically set forth herein.

[0151]

Assays for determining p15 mRNA expression are described by

Matsuno et al. and may be used in accordance with the invention to screen or access

patients or tumors for p15™*® expression. Matsuno et al. “p15 mRNA expression

detected by real-time quantitative reverse transcriptase-polymerase chain reaction

correlates with the methylation density of the gene in adult acute leukemia,” Leukemia

Res., 29(5), pp. 557-564 (2005) which is hereby incorporated by reference in its

entirety and for all purposes as if specifically set forth herein. The assay described in

this publication is a quantitative assay of p15 mRNA expression in the bone marrow

cells using real-time quantitative reverse transcriptase-polymerase chain reaction.

Furthermore, this references describes the quantification of p15 mRNA expression in

normal controls.

[0152]

Assays for determining p16 mRNA expression are described by de

Jonge et al. and may be used in accordance with the invention to screen or access

patients or tumors for pl

related gene expression profiles reveal a paradoxical down-regulation of P1

6™ * expression. De Jonge et al. “AML at older age: age

INK4A
6

mRNA with prognostic significance,” Blood, 114(14), pp. 2869-2877 (2012) which is

hereby incorporated by reference in its entirety and for all purposes as if specifically set

forth herein. The assay described in this publication uses quantitative reverse

transcriptase polymerase chain reaction (RT-PCR). To verify the gene expression

profiles, quantitative RT-PCR studies were performed using CD34" cells derived from
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50. The conpound of enbodi nent 1, wherein the conpound is or the
phar maceutically acceptable salt or the hydrate thereof. 51. The conpound

of enbodiwerni2li2omherein the conmpound is N H3C/,, -CH3 ®CTIUs$e012/030007
pharmaceutically acceptable salt or the hydrate thereof. 52. The conpound
of enbodi ment 1, wherein the conpound is NHNN..... -N N H3C -CH3 OH

healthy bone marrow and AML samples of persons of various ages. The levels of
p16™**® expression was determined on the isolated CD34" cells derived from healthy
bone marrow and derived from AML samples.

[0153] Wild type FLT3 means the protein encoded by the nucleic acid
sequence of Gen Bank accession number BC144040.1. Mutant FLT3 is any FLT3
sequence that differs from wild type FLT3 amino acid sequence (UniProtKB/Swiss-
Prot Accession number P36888). Examples of FLT3 mutants include, but are not
limited to FLT3-ITD, FLT3-D835Y, FLT3-D835H, FLT3-D835V, FLT3-K663Q, and
FLT3-N8411L

[0154] Any of the methods described herein may include the use of a second
therapeutic agent such as those described above. For example, in one embodiment, the
invention provides a method of treating cancer which includes administering to a
subject (a) an effective amount of the compound, the pharmaceutically acceptable salt
thereof, the hydrate thereof, or the mixture thereof of any of the embodiments or the
pharmaceutical composition of any of the embodiments; and (b) at least one second
therapeutic agent used in the treatment of cancer. In some such embodiments, the
second therapeutic agent is used in treating acute myeloid leukemia or any of the other
cancers described herein. In some embodiments, the second therapeutic agent is
selected from cytosine arabinoside, daunorubicin, idarubicin, doxorubicin,
cyclophosphamide, etoposide, carboplatin, fludarabine, mitoxantrone, dexamethasone,
rituximab, midostaurin, a granulocyte colony-stimulating factor, filgrastim, PEG-
filgrastim, lenograstim, decitabine, azacitidine, paclitaxel, gemcitibine, motesanib
disphosphate, panitumumab, an antibody directed against CD33, or a CD33 bispecific
T-cell engager antibody. In other embodiments, the second therapeutic agent is
selected from cytosine arabinoside, daunorubicin, idarubicin, doxorubicin,
cyclophosphamide, etoposide, carboplatin, fludarabine, mitoxantrone, dexamethasone,
rituximab, midostaurin, a granulocyte colony-stimulating factor, filgrastim, PEG-
filgrastim, lenograstim, decitabine, azacitidine, paclitaxel, gemcitibine, motesanib
disphosphate, panitumumab. In still other such embodiments, the second therapeutic
agent is selected from cytosine arabinoside, daunorubicin, idarubicin, doxorubicin,
cyclophosphamide, etoposide, carboplatin, fludarabine, mitoxantrone, dexamethasone,
rituximab, midostaurin, decitabine, azacitidine, paclitaxel, gemcitibine, or motesanib
disphosphate. In some such embodiments, the second therapeutic agent is cytosine

arabinoside. In other embodiments, the second therapeutic agent is daunorubicin,
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or the pharmaceutically acceptable salt or the hydrate thereof. 53. The
conpound of enbodi nent 1, wherein the conpound is N

HN N N NIwO 20r2/i2bs#4phar maceuti cal |y acceptabl e salt or wrhe/tusgdras@®ot her eof .
54. The conpound of enbodi nent 1, wherein the conpound is or the
pharmaceutically acceptable salt or the hydrate thereof. 55. The conpound
of enbodi nent 1, wherein the conpound is

idarubicin, or doxorubicin. In still other embodiments, the second therapeutic agent is
azacitidine or decitabine. In some embodiments, the second therapeutic agent is an
anthracycline. In some embodiments, the second therapeutic agent is an aurora kinase
inhibitor such as N-(4-((3-(2-amino-4-pyrimidinyl)-2-pyridinyl)oxy)phenyl)-4-(4-
methyl-2-thienyl)-1-phthalazinamine or another compound disclosed in WO
2007/087276. In some embodiments, the compound, the pharmaceutically acceptable
salt thereof, the hydrate thereof, or the mixture thereof of any of the embodiments or
the pharmaceutical composition of any of the embodiments is administered to the
subject after the at least one second therapeutic agent is administered to the subject. In
other embodiments, the compound, the pharmaceutically acceptable salt thereof, the
hydrate thereof, or the mixture thereof of any of the embodiments or the pharmaceutical
composition of any of the embodiments is administered to the subject before the at least
one second therapeutic agent is administered to the subject. In still other embodiments,
the compound, the pharmaceutically acceptable salt thereof, the hydrate thereof, or the
mixture thereof of any of the embodiments or the pharmaceutical composition of any of
the embodiments is administered to the subject at the same time that the at least one
second therapeutic agent is administered to the subject.

[0155] The invention further provides a compound for use in the preparation of
a medicament. Any of the compounds, salts, hydrates, or mixtures of any of the
embodiments described herein can be used to prepare the medicament. In some
embodiments, the cancer is selected from acute myeloid leukemia, acute lymphoblastic
leukemia, myelodysplastic syndrome, multiple myeloma, chronic myeloid leukemia,
acute lymphocytic leukemia, chronic lymphocytic leukemia, non-Hodgkin lymphoma,
another lymphoma, another myeloma, or another leukemia. In some such
embodiments, the cancer is acute myeloid leukemia. In other embodiments, the cancer
is selected from breast cancer, colorectal cancer, small cell lung carcinoma, head and
neck, glioblastoma, pancreatic, gastrointestinal, liver, prostate, ovarian, testicular,
endometrial, bladder, melanoma, osteosarcoma, or another sarcoma. In some
embodiments, the cancer is Rb-positive whereas in other embodiments, the cancer is
not Rb-positive. In some embodiments, the subject is a human cancer patient and, in
some such embodiments, the cancer is a hematological cancer.

[0156] In another embodiment, the invention provides a method of treating a
proliferation-related disorder in a mammal in need thereof. Such methods include

administering to the mammal a therapeutically effective amount of a compound, a salt,
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or the pharmaceutically acceptable salt or the hydrate thereof. 56. The
conpound of enbodi nent 1, wherein the conpound is OH or the

phar macewocaldpomacept abl e salt or the hydrate thereof PCRUS20ik@3@oMPoOUNd
of enbodi ment 1, wherein the conmpound is HO,, tH3 OH or the
pharmaceutically acceptable salt or the hydrate thereof. 58. The conpound
of enbodi nent 1, wherein the conpound is

a hydrate, or a mixture of any of the embodiments described herein or a pharmaceutical
composition comprising the compound, salt, hydrate, or mixture. Another embodiment
of the invention comprises treating abnormal cell growth by administering a
therapeutically effective amount of a compound, salt, hydrate, or mixture of the
vention or a pharmaceutical composition of the invention to a subject in need thereof.
In some embodiments, the invention provides the use of a compound, salt, hydrate, or
mixture of any of the embodiments or a pharmaceutical composition of the invention
for treating abnormal cell growth. The abnormal cell growth can be a benign growth or
a malignant growth. In particular, the abnormal cell growth can be a carcinoma,
sarcoma, lymphoma, or leukemia. In one embodiment of this method, the abnormal
cell growth is a cancer, including, but not limited to, lung cancer, bone cancer,
pancreatic cancer, skin cancer, cancer of the head or neck, cutancous or intraocular
melanoma, uterine cancer, ovarian cancer, rectal cancer, cancer of the anal region,
stomach cancer, colon cancer, breast cancer, uterine cancer, carcinoma of the fallopian
tubes, carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the vagina,
carcinoma of the vulva, Hodgkin’s Disease, cancer of the esophagus, cancer of the
small intestine, cancer of the endocrine system, cancer of the thyroid gland, cancer of
the parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the
urethra, cancer of the penis, prostate cancer, chronic or acute leukemia, lymphocytic
lymphomas, cancer of the bladder, cancer of the kidney or ureter, renal cell carcinoma,
carcinoma of the renal pelvis, neoplasms of the central nervous system (CNS), primary
CNS lymphoma, spinal axis tumors, brain stem glioma, pituitary adenoma, or a
combination of one or more of the foregoing cancers. The method of the invention also
comprises treating a patient having cancer where the cancer is selected from small cell
lung carcinoma, non-small cell lung carcinoma, esophageal cancer, kidney cancer,
pancreatic cancer, melanoma, bladder cancer, breast cancer, colon cancer, liver cancer,
lung cancer, sarcoma, stomach cancer, cholangiocarcinoma, mesothelioma, or prostate
cancer. In another embodiment, the abnormal cell growth is a benign proliferative
disease, including, but not limited to, psoriasis, benign prostatic hypertrophy or
restenosis.

ADDITIONAL EMBODIMENTS

[0157] The embodiments listed below are presented in numbered form for

convenience and are in addition to the embodiments described above.
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or the pharmaceutically acceptable salt or the hydrate thereof. 59. The
conpound of enbodi nent 1, wherein the conpound is C H3 CH3 or the

phar macewocaldpomacept abl e salt or the hydrate thereof pcoAS20ib@3@onpound
of enbodi ment 1, wherein the conpound is OCH3 or the pharmaceutically
acceptable salt or the hydrate thereof. 61. The conpound of enbodi ment 1,
wherein the conmpound is OCH3 HO O or the pharnaceutically acceptable salt
or the hydrate thereof.

1. A compound of Formula I:
R3C R3a
R4
N
X N\ /,
)\ R3b
R1 \Rz

or a pharmaceutically acceptable salt thereof, a hydrate thereof, or a mixture thereof,
wherein:

R'isa group of Formula IA, Formula IB, Formula IC, or Formula 1D

wherein the vwwVv symbol indicates the point of attachment of the group of Formula A,

1B, IC, or ID to the rest of the molecule;
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62. The conmpound of enbodi ment 1, wherein the conpound is HNN---N Na HO
0 or the pharnmaceutically acceptable salt or the hydrate thereof. 63. The
conpound wO 2embiagisrent 1, wherein the conpound is N N PSR US201x080dD7 N H

R is a Cs-C; cycloalkyl group, is a 5 to 7-membered heterocyclyl group that
includes 1, 2, or 3 heteroatoms selected from N, O, and S, or is a C;-C;q bicyclic group;
wherein the Cs-C; cycloalkyl group, the 5 to 7 membered heterocyclyl group, or the C-
Cyp bicyclic group is unsubstituted or is substituted with 1-3 substituents independently
selected from unsubstituted —(C;-Cg alkyl), -OH, halo, -O-(C;-Cg alkyl), -CO,H,
-C(=0)-0-(C;-Cq alkyl), -C(=0)-NR’R”, -NR’R”, or a substituted —(C;-C, alkyl),
wherein the substituted —(C;-C,4 alkyl) is substituted with 1-3 substituents independently
selected from halo, -OH, -OCHj3, -S(=0),-CHs, or -C(=0)-CHs;

R*™ is selected from —H, -F, or —Cl, -(C;-Cj alkyl), or -O-(C;-Cs alkyl);

R™ is -H, halo, -OH, -O-(C;-Cg alkyl), unsubstituted —(C;-Cy alkyl), -NR’R”,
-C(=0)-(C;-Cs alkyl), -C(=0)-0-(C,;-Cg alkyl), -C(=0)-NR’R”, or a substituted —(C;-Cs
alkyl), wherein the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents
independently selected from halo, -OH, -OCHj3, -CN, or -NO»;

R* is -H, -(C;-C; alkyl), or halo;

R*is -H;

R’is -H;

R® is selected from -H, -(C;-Cg alkyl), -C(=0)-(C;-Cs alkyl), -C(=0)-0-(C;-Cs
alkyl), -C(=0)-C(=0)-OH, -C(=0)-NR’R”, or —S(=0)-NR’R”, wherein the alkyl group
of the —(C;-Cs alkyl), -C(=0)-(C;-Cs alkyl), and -C(=0)-0-(C;-Cg alkyl) groups is
unsubstituted or is substituted with 1-3 substituents independently selected from —OH,
F, -S(=0),-(C;-Cg alkyl), -O-(C;-Cq alkyl), -NR’R”, or -CN;

R™ is—H, -CHs, or halo;

R™is —H, -(C;-Cg alkyl), or halo; or R™ is absent if R' is a group of Formula IB
or Formula ID;

R’ is —H, unsubstituted —(C;-Cs alkyl), halo, -O-(C;-Cs alkyl), -NO,, -CN,
-NR’R”, -CO,H, -C(=0)-0-(C;-Cs alkyl), -C(=0)-NR’R”, or a substituted —(C;-Cs
alkyl), wherein the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents
independently selected from —OH, halo, -O-(C;-Cs alkyl), -CN, -NR’R”, or —S(=0),-
CH;; or R™ is absent if R! is a group of Formula IA or Formula IC;

R™ is -H, unsubstituted —(C;-Cs alkyl), or a substituted —(C;-Cy alkyl), wherein
the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents independently selected
from —OH, halo, or —O-(C;-Cs alkyl);

R™ is -H, unsubstituted —(C;-Cy alkyl), or a substituted —(C;-Cg alkyl), wherein
the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents independently selected
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or the pharmaceutically acceptable salt or the hydrate thereof. 64. The
conpound of enbodi nent 1, wherein the conpound is or the pharnmaceutically
accept ablwo=al®120344t he hydrate thereof. 65. The conpouna&cofUseshosionent 1,
wherein the conmpound is or the pharmaceutically acceptable salt or the
hydrate thereof. 66. The conpound of enbodi ment 1, wherein the conmpound is
0.0H or the pharmaceutically acceptable salt or the hydrate thereof. 67.
The conpound of enbodi ment 1, wherein the conpound is

from —OH, halo, or —O-(C,-Cs alkyl); or R*and R®, when taken together, can represent
=0;

R¥ is selected from -H, -OH, unsubstituted —(C;-Cg alkyl), or a substituted
-(C;-Cg alkyl), wherein the substituted —(C;-Cq alkyl) is substituted with 1-3
substituents independently selected from —OH, halo, or —O-(C;-C alkyl);

R is -H, unsubstituted —(C;-Cg alkyl), or a substituted —(C;-Cg alkyl), wherein
the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents independently selected
from —OH, halo, or —O-(C;-Cs alkyl);

R¥ is -H, unsubstituted —(C;-Cs alkyl), or a substituted —(C;-Cy alkyl), wherein
the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents independently selected
from —OH, halo, or —O-(C;-Cs alkyl);

R¥ is -H, unsubstituted —(C;-Cy alkyl), or a substituted —(C;-Cg alkyl), wherein
the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents independently selected
from —OH, halo, or —O-(C;-Cs alkyl); or R* and R¥, when taken together, can represent
=Q; and

R’ and R” are independently selected from —H, unsubstituted —(C;-C, alkyl), or
—(C1-C4 alkyl) substituted with 1 to 3 substituents independently selected from —OH or -
F.

2. The compound of embodiment 1 or the pharmaceutically acceptable salt
thereof, the hydrate thereof, or the mixture thereof, wherein R?is a Cs-Cs cycloalkyl
group that is unsubstituted or is substituted with 1-3 substituents independently selected
from unsubstituted —(C;-Cs alkyl), -OH, halo, -O-(C;-Cs alkyl), -CO,H, -C(=0)-0O-(C;-
Cg alkyl), -C(=0)-NR’R”, -NR’R”, or a substituted —(C;-C, alkyl), wherein the
substituted —(C;-C, alkyl) is substituted with 1-3 substituents independently selected
from halo, -OH, -OCHjs;, -S(=0),-CHj3, or -C(=0)-CHs.

3. The compound of embodiment 1 or the pharmaceutically acceptable salt
thereof, the hydrate thereof, or the mixture thereof, wherein R? is an unsubstituted or

substituted cyclohexyl ring.
4. The compound of embodiment 3 or the pharmaceutically acceptable salt

thereof, the hydrate thereof, or the mixture thereof, wherein R” is a cyclohexyl group

substituted with a —(C;-C, alkyl) group.
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OOH or the pharmaceutically acceptable salt or the hydrate thereof. 68.
The conpound of enbodi nent 1, wherein the conpound is selected from or the
phar macewocaldpomacept abl e salt or the hydrate thereof pcéAS20ib@3@onpound
of enbodi ment 1, wherein the conpound is or the pharmaceutically
acceptable salt or the hydrate thereof. 70. The conpound of enbodi nent 1,
wherein the conmpound is N HN) NN

5. The compound of embodiment 4 or the pharmaceutically acceptable salt

thereof, the hydrate thereof, or the mixture thereof, wherein R? is a group of formula

1
v

CHs;
wherein the vwwVv symbol indicates the point of attachment to the rest of the

molecule.

6.  The compound of embodiment 1 or the pharmaceutically acceptable salt
thereof, the hydrate thereof, or the mixture thereof, wherein R? is an unsubstituted or

substituted cyclopentyl ring.

7. The compound of any one of embodiments 1-6 or the pharmaceutically
acceptable salt thereof, the hydrate thereof, or the mixture thereof, wherein R' is a

group of Formula IA or IB.

8. The compound of embodiment 7 or the pharmaceutically acceptable salt
thereof, the hydrate thereof, or the mixture thereof, wherein R'isa group of Formula
TA.

9. The compound of embodiment 7 or the pharmaceutically acceptable salt
thereof, the hydrate thereof, or the mixture thereof, wherein R' is a group of Formula
1B.

10. The compound of any one of embodiments 1-6 or the pharmaceutically

acceptable salt thereof, the hydrate thereof, or the mixture thereof, wherein R' is a

group of Formula IC or ID.
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or the pharmaceutically acceptable salt or the hydrate thereof. 71. The
conpound of enbodi nent 1, wherein the conpound is or the pharmaceutically
accept ablwozal®120344t he hydrate thereof. 72. The conpouna&cofUuseshosionent 1,
wherein the compound is NN A HNNNN"' 1 N OOH or the
pharmaceutically acceptable salt or the hydrate thereof. 73. The conpound
of enbodi nent 1, wherein the conpound is or the pharnmaceutically
acceptabl e salt or the hydrate thereof.

11.  The compound of embodiment 10 or the pharmaceutically acceptable salt
thereof, the hydrate thereof, or the mixture thereof, wherein R'isa group of Formula

1C.

12.  The compound of embodiment 10 or the pharmaceutically acceptable salt
thereof, the hydrate thereof, or the mixture thereof, wherein R' is a group of Formula

1D.

13.  The compound of embodiment 1, wherein:

R’ is a C5-C; cycloalkyl group that is unsubstituted or is substituted with 1-3
-(C1-Cg alkyl) groups;

R* is selected from —H, -(C;-Cs alkyl), or —O-(C;-C; alkyl);

R is -H;

R* is -H;

R*is -H;

R’is -H;

R® is selected from -H, -(C;-Cg alkyl), -C(=0)-(C,-Cy alkyl), or
-C(=0)-C(=0)-0OH, wherein the alkyl group of the —(C;-Cs alkyl) and -C(=0)-(C;-Cs
alkyl) groups is unsubstituted or is substituted with 1-3 substituents independently
selected from —OH, F, -S(=0),-(C;-Cs alkyl), or —O-(C;-Cs alkyl);

R™is-H;

R™ is —H; or is absent if R' is a group of Formula IB or Formula ID;

R’ is —H; or is absent if R is a group of Formula IA or Formula IC;

R is -H;

R® is -H;

R¥ is selected from —H, -OH, or unsubstituted -(C;-C alkyl);

R™is -H;

R* is —H; and

R¥is -H,

or the pharmaceutically acceptable salt thereof, the hydrate thereof, or the

mixture thereof.

14. The compound of embodiment 1, wherein the compound has the Formula

1IA
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74. The conmpound of enbodi ment 1, wherein the conpound is OOH . oH3 or

t he pharnaceutically acceptable salt or the hydrate thereof. 75. The
conpound w0 2emhiadisarent 1, wherein the compound is or trhe/ysh@zmsmeutically
acceptabl e salt or the hydrate thereof. 76. The conpound of enbodi ment 1,
wherein the conpound is or the pharnmaceutically acceptable salt or the
hydrate t hereof.

R3a
NN
HN)l\N/ N R®
N7
R&¢ \l
CHa,
i

ITIA
or the pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture
thereof,
wherein:

R*™ is selected from —H, -F, or —Cl, -(C;-Cj alkyl), or -O-(C;-Cs alkyl);

R™ is -H, halo, -OH, -O-(C;-Cg alkyl), unsubstituted —(C;-Cy alkyl), -NR’R”,
-C(=0)-(C;-Cs alkyl), -C(=0)-0-(C;-Cs alkyl), -C(=0)-NR’R”, or a substituted —(C;-Cs
alkyl), wherein the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents
independently selected from halo, -OH, -OCHj3, -CN, or -NO»;

R® is selected from -H, -(C,-Cs alkyl), -C(=0)-(C,-C alkyl), -C(=0)-C(=0)-OH,
-C(=0)-NR’R”, or —S(=0)-NR’R”, wherein the alkyl group of the —(C;-Cs alkyl) and
-C(=0)-(C;-Cg alkyl) groups is unsubstituted or is substituted with 1-3 substituents
independently selected from —OH, F, -S(=0),-(C;-Cs alkyl), -O-(C;-C¢ alkyl), -NR’R”, or
-CN; and

R¥ is selected from -H, -OH, unsubstituted —(C;-Cg alkyl), or a substituted -(C;-
Cs alkyl), wherein the substituted —(C;-Cg alkyl) is substituted with 1-3 substituents
independently selected from —OH, halo, or —O-(C;-Cg alkyl).

15. The compound of embodiment 14, wherein:
R* is selected from —H, -(C;-Cs alkyl), or —O-(C;-C; alkyl);
R* is -H;
R® is selected from -H, -(C;-Cg alkyl), -C(=0)-(C;-Cs alkyl), or -C(=0)-C(=0)-
OH, wherein the alkyl group of the —(C;-C¢ alkyl) and -C(=0)-(C;-Cs alkyl) groups is
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77. The conmpound of any one of enbodinents 1-76 in a neutral form 78. The
phar maceutical ly acceptable salt of any one of enbodi nents 1-76. 79.
The phar msoeut¥ieadsdsy acceptabl e salt of enbodi nent 78, waensze2b@o7
pharmaceutically acceptable salt is selected froma chloride salt, a

met hanesul fonate salt, or a benzenesul fonate salt. 80. The
phar maceutical |y acceptable salt of enbodi nent 78, wherein the
pharmaceutically acceptable salt is a chloride salt. 81. The

pharmaceutical ly acceptable salt of enbodinent 78, wherein the
phar maceut i canjupstigtedeqrtingybsgitaged vith &3 subsstuprinmdenchdently eelested from —OH, F, 82.

The pharnacegﬁL@%(bycagﬁﬁfggbbgcﬁééﬁggLa&pbodlnent 78, wherein the

phar maceutic accept a enzenesul fonate salt. 83. A
phar maceut i cal coﬁpd@ﬁﬁk@dﬁvmhéipﬁwbﬁm@@hﬁpc§kﬂéﬁhpbs®ﬂion conprising a

therapeuti caly| y. 9ﬁatn% %ht‘{c%ufﬂ&ls&ﬂ&blé’ialtttﬁ%‘?eo?QHQ%%H&% th&BS: ﬁhﬁélﬁﬁﬁlwt ically

accept abl e salt, ydr a er eof he 'm xture thereof according to
any one of eﬂﬁﬁ@fnents 1-82 and at | east one pharnaceutically acceptable
excipient, carrier, or diluent. 84. A nethod of treating cancer, the

met hod conprising: adm nistering to a subject an effective amount of the
conpound, the phar nécedbf eaioyncrefcapodibicet 1dar pmbdsemend s onthe hydrat e

thereof , O Lt bdL 08 ERL Al 10N, ADEyRhic BIRGELABL by e Brdf, L he

pharnaceutlcal conmposi tion e net hod of
enbodi ment 84, wheteit BT is selieted fiore eH, i@ iswl-@Bt ed from acute nyel oi d | eukeni a,
acute | ynphobl astic | eukem a, nyelodysplastlc syndronme, multiple nmyel oma,
chronic nyeloid | eukem a, acute nphocytic | eukem a, chronic |ynphocytic
| eukeni a, non- Hodgkli’n ﬂ?ﬁﬁh@ﬂﬂmﬂ@%@ﬁh@ﬁwmyﬁwh6ﬁ@hmﬁm@mh@ﬁyﬂv@P@Meﬁﬂbr

anot her | EUKerﬂlQ‘eof thehélrata,Btfﬁerergr tﬁ@ﬁlﬁ‘ﬁge %Ere@ﬁ'%@l‘el'i{%‘tls 8ﬁ wherein the

cancer is acute nyeloid | euken a The met hod of enbodi nent 84,
wherein the cancer is sel ected fron1breast cancer col orectal cancer, snall

cel I lung carcino Mg h q‘ﬁg c&%uﬂ@@éﬁn glllé §r an@é&n?ﬁﬁs 1PRPNG tﬁ@ﬁﬂaﬁnaceutlcally

gastrointestinal, liver, prostate, ovarian, testicular, endonetrial,

bl adder, el arfeseatablsseletierapic hahydrae therpof. nethe sxteis tereof, wherein R8is —fha met hod
of any one of gghodi ments 84-88, wherein the cancer is Rbpositive.

89. The nethod of enbodi nent 84, wherein the subject is a human patient,
and the cancer is a hematol ogi cal cancer.

19.  The compound of embodiment 18 or the pharmaceutically acceptable salt

thereof, the hydrate thereof, or the mixture thereof, wherein R*is -H.

20. The compound of any one of embodiments 14-19 or the pharmaceutically
acceptable salt thereof, the hydrate thereof, or the mixture thereof, wherein R is
selected from -H, -C(=0)-CHj3, -CH,CH,OH, -CH,CH,CH,OH, -C(=0)-CH,0OH,
-C(=0)-C(=0)-0OH, -CH,CH,CFj3, -CH,CH,F, -CH,CH,S(=0),-CHj3, or -
CH,CH,OCHs.

21. The compound of any one of embodiments 14-19 or the pharmaceutically

acceptable salt thereof, the hydrate thereof, or the mixture thereof, wherein R® is -H.
22.  The compound of any one of embodiments 14-19 or the pharmaceutically

acceptable salt thereof, the hydrate thereof, or the mixture thereof, wherein R is
selected from -C(=0)-CHj5 or -C(=0)-CH,OH.
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90. A nethod of treating cancer, the nmethod conprising: admnistering to a
subj ect (a) an effective anmount of the conpound, the

phar macewocaldpomacept abl e salt thereof, the hydrate tirerastoizosoonhe

m xture thereof of any one of enbodi ments 1-82 or the pharnmaceuti cal
conposition of enbodi nent 83; and (b) at |east one second

t herapeutic agent used in the treatnent of cancer. 91. The net hod of
enbodi ment 90, wherein the second therapeutic agent is cytosine

ar abi nosi de, daunorubi ci n, idarubicin, doxorubicin, cyclophospham de,

et oposi de, car bopl a3i n,Th¢ paeiwredéfmay ord af sxbedimenie | 4- exdhenmagawically

rituxi mab, m doshaykl e ,@@ﬂ&ﬁ%hﬁm&;@'@gmhﬁ (el N feREA QL

filgrastim PEG rastim | enograstim emt% e, azacltidine,
paclitaxel, gengited bomeCH e arkitbCH SIS phdtte CHSWHt ununab, an anti body
directed agai nst CD33, or a CD33 bispecific T-cell engager anti body.

92. The nethod of enbodi nent 90, wherein the second therapeutic agent is
cyt osi ne arabi nosi d¢: The compgnd aftsay aea dHsorbedimenih bt herthe Wormagpicelivn t he
second { her apeylRYRiiheicsr, AR SR cHSP dr i nfififre iicRBEIRRI AL jacut € myel of d
| eukem a. 4. The nethod of any one of enbodi nents 90-93, wherein the
ef fective anouslected freh eClddhobn o HAOheE, ph ikt (E0eafly accept abl e sal t
thereof, the hydrate thereof, or the m xture thereof of any one of

enbodi ments 1-82 or the pharmaceutical conposition of enbodinment 83 is

admi ni stered to theSsubjpecimppbrdef anhencxf eeedimensn &4- §xedhbhateacapisulli ¢ agent
s adm ni st er eded0ploN SURLERE hydrpts theredP o B GfREL ARLRIIRRY N8 Of

enbodi ments 90-93, wherein f fective anmount o e conmpound, the

phar maceut i cal-CFQd€ept allsylpansighg alkyd ésrsebtitutedyeithra ¥RIRE. t her eof , or the

m xture thereof of any one of enbodi ments 1-82 or the pharnmaceuti cal
conposition of enbodinent 83 is admnistered to the subject before the at

| east one second t Wér agbeiednepozipdbefienbgdipgnti23ios the phampeputi¢adly gergpteldle salt

96. The netho ' = I ot f ive
anount of t hquégéoﬂgtg%}éﬁpaﬁ%% b ar rrgéclg%ﬁr ?:%*?‘991933%%%?;% g ( séabﬁgﬁztﬁhgﬁ%%f , the
hydr at e thereoﬁ;C‘ﬁD{%b$ﬁCHﬂﬁhé-thereof of any one of enbodi nents 1-82 or
t he pharnmaceuti cal conposition of enbodinment 83 is adm nistered to the
subject at the sanme tinme that the at | east one second therapeutic agent is
admi ni stered to the7sujpeeqmpound of embgdimente whespip dharrdmppungdgs BpEorgula

enbodi ments 1-82 in the preparation of a nmedi canent. 98. The
conmpound of any one of enbodi nents 1-82 or the pharnaceutically acceptable
salt, or the hydrate thereof, or the mixture thereRP2or the pharnaceuti cal
conposi tion of enbodi ment 83 for treating cancer.

N~ |
\ -
CH
RSC N. R6 °
IITA

or the pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture
thereof,
wherein:

R* is selected from —H, -F, or —Cl, -(C;-C; alkyl), or -O-(C;-C5 alkyl);
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99. The conpound of enbodi ment 98 or the pharmaceutically acceptable salt,
or the hydrate thereof, or the mxture thereof, wherein the cancer is

sel ect ed Wwoanm2aeei4e myel oi d | eukem a, acute | ynphobl ast iPCTIusakienB@)7

nyel odyspl astic syndrome, nultiple nyeloma, chronic nyeloid | eukem a, acute
| ynphocytic | eukem a, chronic |ynphocytic | eukem a, non-Hodgkin | ynphong,
anot her | ynphoma, another nyel oma, or another |eukem a. 100. The
conpound of enbodi ment 98 or the pharmaceutically acceptable salt, or the

hydrate thereof, or the mxture thereof, wherein the cancer is acute

nyel oi d | eukeni a. R" is -H, halpg-DH, T@éccﬁnﬁbsdhdnﬁybstleﬁwodf:n@mlk@% -TR°R’he

phar maceuti c C s h t h t xture

t her eof vvhe?&e(: b) e@%elllﬁm et(lg ?e(c(e)g %gﬁ r%érjn-r rhgegt%ggg%bestrltg{ed {tgrdgct al
cancer, smal !alka']éalwhemm@e subsitiied ne 1 -ChekkalD) arrabstiewidd wigh - 3 bbaNE, pancreati c,
gast r oi nt estj endémg%lectéarmﬁ Rlg.oRYAIdIALCN, Ul ar, endometrial

bl adder, nel ano teosar conm, 'Of anot her sar cora. 102. The
corrpound of errbod|Rrr!§r‘f”telegg1 @@mt%e(cbl“%raﬂﬁbeﬂr‘éhqqlﬁsa&&@p@&t@)ec(sgb ©H.or the
hydrate ther eglo) VR kNG M XbYRR KNSR VIS §lddp bR CRNGE LKL § ofRP- POSI ti ve.
103. The corrpo(ﬁnd en‘rr)oof ment 98 or tnte pﬁgg geutfcgrlﬁveagl?:gpt able salt,
or the hydr at@ﬁé@e@dalk%}gromlsmnmbafrlteted breis subbtitutgf aitbil i subsditusotrpound i s for
use n treat g, RalHTRN.GANER Gl Loy aedct IRy iEanGer.cl s herabologi cal
cancer. 104 Eg ecorrpound the§t h%lzf(naceut%lgg?ﬁy a%ce% ble salt

t hereof, the @Nchﬂéte t hereof, or the m xture thereof of any one of

enbodi ments 1-82 gt &@eceﬁeroﬂzaﬁe%ﬁ%gubeﬂa@95¢ comgh, ErbadiaRIL S for

treating cancer, the treatnment of cancer co |S|n ‘adm ni steri to a
subj ect Ce alfcal), veheredtf the sbbtitetednibunéts 21 nswgb&tlmmouﬂﬁl -3 gubstituents

phar maceutic | Byt f rate thereof, or the

m xture thergddfeyen?&gggélgég%adef(r)@ éHo%ﬁmgﬁt%(%r%zh%ﬁ t he phar rraceutl cal
conposi tion of enbodi nent 83; and (b) at |east one second

t herapeutic agent %edﬁgcﬁ%uﬁ&%%&lbe&fm%ﬁ&&ﬁ 105. The conpound
of enbodi nent 104 or the pharmaceutically acceptable salt, or the hydrate

t hereof, or the niRxtisiscdecte dromoft, -(Whér elkpl).tdneOdEcEndkylher apeutl c agent is
cytosine arabi nosipag, _gaunorubicin, idarubicin, doxorubicin,
cycl ophosphani de, et oposi de, car bopl atin, fl udar abi ne, mtoxantrone,

dexamet hasone, ri Rikisaled fiond gdt-EorGarlkyh. @Ka‘ﬁhﬂ%@@&wmfﬂy%ﬁ@% ating
factor, fil gr(ﬂﬁ‘%thE'BemREe%n‘i;ll g%ﬁ%ﬂhgl(éﬂ MW B B=FLE!, tCagleﬁ%ro Agagei tidine,

paclltaxel gencti ti bi ne, nbtesan I sphosphat e, anlt umuimab, an anti body

di rect ed agauumlbstmmor lmubﬁlt@@%lﬂbiépd@tlwms md@r@nqlenémeé@eri fremTQﬂ)&y
106. The conpguad_ef ¢ ggﬂgﬁglope(gt(c 4180, Lie pharmaceutically acceptable

salt, or the hydrate ther eof , or t(he m xture thereof, wherein the second
t her apeutl c agent R'ss @?}qctﬁélﬁ‘r‘?@ﬁ abiuhgisiters—(C1-Cs alkyl),o7-OFhe conmpound of

enbodi ment  1Q4,0 bh&ﬂ@ce&t‘?@[@@&@ﬁ&ﬂl&@a‘lt terdd6 GEPHARKEN S8 or 1 miREe hydrate

thereof, or the mxture thereof, wherein the second therapeutic agent is an
agent used i therdeé. t r eat ment  of acute nyel oi d | eukem a. 108. The
conmpound of any one of enbodi ments 104-107 or the pharnaceutically
acceptable salt, or the hydrate thereof, or the m xture thereof, wherein
the effective amour®. offhe W@Gﬁf})@f@ﬁ@od@h@t%Waﬁln’ef@emm%&mtye accept abl e salt

thereof, or t %aﬂﬁlaééulﬁ[%ﬁly a@@eb%f?lfe s8I th&0Y, AP GyRte HIRGE LIEP hidxtdre 8Rrdf, t he
phar maceut i cal hconp%sl H
whereim 18 —

30. The compound of any one of embodiments 27-29 or the pharmaceutically
acceptable salt thereof, the hydrate thercof, or the mixture thereof, wherein R*is—H or

—OCHs.

31.  The compound of embodiment 30 or the pharmaceutically acceptable salt

thereof, the hydrate thereof, or the mixture thereof, wherein R*is -H.
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of enbodinment 83 is admnistered to the subject after the at |east one
second therapeutic agent is adm nistered to the subject. 109. The
conpound w0 2areyi2e33@¢ of enbodi nents 104-107 or the phar meceaise@alobopo?
acceptable salt, or the hydrate thereof, or the m xture thereof, wherein
the effective anount of the conpound, the pharmaceutically acceptable salt
thereof, or the mxture thereof of any one of enbodinents 1-82 or the
pharmaceuti cal conposition of enbodinent 83 is adm nistered to the subject
before the at | east one second therapeutic agent is admnistered to the
subj ect . 110. The conpound of any one of enbodi nents 104- 107 or the
phar maceuti cal | y acsep ture

t her eof , wherein tﬁg e??ggﬁwégh%%%ﬁ%O&nﬁ thﬁg%ﬁs%ﬂ%fﬁqaﬂﬂgﬁﬁ%?ﬁgglut|caIIy
accept abl e salaecaphblesdt thergpf, tha dydritg thereef, hie avftugfthezge); vohaeinR’ iembodi ment s
174 or the phaciBeRih LGk CHM@AsidLem of eARCHICIERY, (R-05cAdsiNi stered to

the subject at t sanme ti he at 1east one second therapeutlc agent
i s adm ni st er dd=PoCtHY- Qb H (PO 1681CHhE. Hihar Hede@hiCEhl orceipydsPCHans or
conpositions for the adm nistration of the conpounds of this invention may
conveniently be presented in unit dosage formand may be prepared by any of
the nmet hods wel | kridwn Theicanteurg of anppie afgmheodimentn]-fider thaghamaspntiséllyor i ngi ng
the active ingpali:8Rlail bRoARS AELAL [iRfeotiol fhe Wiy HctdoflwHeR L iEqRSt ] tut es
one or nore accessory I ngredien n geéneral, the pharnmaceutica
conpositions are prepared by uniformy and |nt|nately bringing the active

i ngredient into assQci d solid
carrier or both, ﬁﬁ tﬁé%&ﬂm%hﬁgggggg%HHthgﬁﬁﬁﬁé2P§1&wﬂdﬁﬁHMF%¥%Mﬂe
desired f or mulaaedpwhle spihthergef, @héymmtwéartheewm@ﬂhqmﬁ whersén Rict i ve obj ect
conpound i s i ngl.Udesohc @ JIRYPIcSYf-EhGhgnt to produce the desired effect
upon the process or condit on *of élseases [0159] The phar maceuti cal

conposi tions cont ai ni ng the active ingredient may be in a formsuitable for
oral use, for exanpie, m&&g@h&&éﬁam{?Bﬁectteﬁlboal%ﬁ@mt offiyeous or oily
suspensi ons, dispersible ers or” granul es, emulsions, hard or soft

capsul es, or g@mmﬁ@mwﬁﬂbﬁm%mﬁéhS@bﬁﬁ@@i%Fbﬁhmﬁﬁﬁ@ﬂﬂéﬂmﬁevm@ﬁﬁwﬁmﬁe may be
prepar ed accor g kO aidIat AP KON L eI H.On! Gr.chitaeRayf act ure of
phar maceuti cal conpositions. Such conp05|t|ons may contain one or nore
agents sel ected from sweetening agents, flavoring agents, coloring agents

and preserving agentss i ({)n%{m&&a %?Qﬂé(ﬁ%mbé)d}ﬁéﬁ{@@?e&'férq dé}bénﬂc&ﬂi%m and

pal at abl e preparations s contain the active in ent 1n adm xture
W th ot her noﬁwﬁmwb@Sﬁh@@ﬁd&@@@W@&FMvﬁaé@eﬁ@abﬁefé%eW&W&%%ﬁQﬁﬁch are

suitable for g@gmgpgg£a@ﬁgﬁgcpi(ﬁ@Qﬁgﬁew Jinesesexsi@ients my be, for
exanple, inert diluents, such as cal C|un1carbonate sodluntcarbonate
| act ose, caIC|un1phosphate or sodi um phosphate; granul ati ng and

di si ntegrating agens, TBQEon%aﬁﬁ)éf%mbB&t&@nﬁt hGBin 1 o GidiiCseftble ol Ndi NG
agents, for exanple starch, gelatin or acacia, and Iu rlcatlng agents, for

exanpl e magnesi um stearate, stearic acid, or talcg. rfiblets may be
uncoated or they may be coated by techn;ﬁﬁ d ay disintegration
and absorption in the gastre (n tract ‘eby provide a

sustai ned action over a |onder_perfod. For npl*e, time delay materi al
such as glyceryl nonosteathat eNor 'yl yceryl dj ar at be enpl oyed. They
may al so be coated by the S descrl\ed|in u. at ent Nos.

4,256, 108, 4,160,452, and 4265, § hotic therapeutic tablets for
control release. [0160] 757 for oral Juse may afFbe be presented as
hard gel atin capsul es erjein the aCHgve |n%red|ent is mxed wth an inert

solid diluent, for exanpNe, calcium carbo cal ci um phosphate, or
kaolin, or as soft gelatiln capsul es wherern thé active ingredient is mxed
with water or an oil nedium for exanple peanut oil, liquid paraffin, or
olive oil. [0161] Aqueous suspensions contain the active materials in

adm xture with excipients suitable for the nanufacture of aqueous

suspensi ons. Such excipients are suspendi ng agents, for exanple sodi um

car boxymet hyl cel | ul ose, net hyl cel | ul ose, hydroxy-propyl nmet hyl cel | ul ose,
sodi um al gi nate, polyvinyl-pyrrolidone, gumtragacanth and gum acaci a;

di spersing or wetting agents may be a naturally-occurring phosphatide, for
exanpl e lecithin, or condensation products of an al kyl ene oxide with fatty
acids, for exanple pol yoxy-et hyl ene stearate, or condensation products of
ethylene oxi de with long chain aliphat7®-al cohols, for exanple

hept adecaet hyl eneoxycet anol, or condensati on products of ethyl ene oxide
with partial esters derived fromfatty acids and a hexitol such as
polyoxyethylene sorbltol nDnooIeate or. condensatlon products of ethylene

T T . . I R Y Y T T T N M 1 I T



WO 2012/ 129344PCT/ US2012/ 030007 [0162] G |y suspensi ons may be fornul ated by
suspendi ng the active ingredient in a vegetable oil, for exanple arachis

oi I, oliwsoanizyizs@gane oil, or coconut oil, or in a m necalusediz/oswweh as
liquid paraffin. The oily suspensions may contain a thickening agent, for
exanpl e beeswax, hard paraffin, or cetyl alcohol. Sweetening agents such as
those set forth above, and flavoring agents nay be added to provide a
pal at abl e oral preparation. These conpositions may be preserved by the
addition of an anti-oxidant such as ascorbic acid. [0163] D spersible
powders and granul es suitable for paration of an Aqugous suspensi on by
the addition of water provi \ac Nve i ngr e n/adm xture with a

di spersing or wetting agen{;Lsy p I ng agent/ﬁnd/ or nore
preservatives. Suitable dHNpeENSIing or wetti adent sy and suspendi ng agents

are exenplified by those r eady tioned ve. i onal excipients,
for exanpl e sweet eni ng, aylori ng d col or|l nd| agen may al so be present.
[ 0164] The pharmaceutic osi tTefis of S nvention may al so be in the
formof oil-in-water enulsjons. Thecaily hase may be @&lavegetable oil, for

exanple olive oil or ar is oil, or a nigﬁLiL&Sil, for exanple liquid
paraffin or m xtures of thegg Suitable e Sy (hgg agents nmay be
natural |l y-occurring guns, for exanple gum acacia or gum tragacanth,
natural | y-occurring phosphatides, for exanple soy bean_.|ecithin, and
esters or partial esters derived fromfatty acids._and heyi tol anhydri des,
for exanpl e sorbitan nonool eat g, 1d ‘gondensat i s of the said
partial esters with ethyl eneNo e _for exanﬂh pxyet hyl ene sorbitan
nonool eate. The enul si ons g/ contai n swget eni ngg and flavoring agents.
[ 0165] Syrups and elixirs foymul ated w swee ng agents, for
exanpl e gl ycerol, propyl l yco vor bi toll orll sucrses/ Such conpositions
may al so contain a demnul ap grvat i and flavaring and col oring
agents. [0166] The phar i cal conpositi may be i Hhe form of a
sterile injectabl e agueQus/)or ol eag us suspension. This suspension may be

formul ated according to the known art usi '® suitabl e dispersing or
wetting agents and susQ§4dLn@4agents whi ch haxe been nmentioned above. The
sterile injectable ’ ’
TN N™ X\ A
N™ X N\ / |
P HN)\N/ N
HN” N7 N
’
N <i:> ]
NS 4 X <
CH, q CHs
” 4
CF3 CH3
N N
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preparation may also be a sterile injectable solution or suspension in a
non-toxic parenterally acceptable diluent or solvent, for exanple as a

sol uti on wo 201232b34iane di ol . Anong the accept abl e vehi clres/tspa208000ENt S
that may be enployed are water, Ringer's solution, and isotonic sodium
chloride solution. In addition, sterile, fixed oils are conventionally

enpl oyed as a solvent or suspending nmedium For this purpose, any bl and
fixed oil may be enpl oyed including synthetic nono- or diglycerides. In
addition, fatty acids such as oleic acid find use in the preparation of

i njectables. [0167] The pharmaceuti cal conposition al so be adm ni stered
in the formof suppositories for rectal admNAi n of the drug. These
conpositions can be prepared by g the i’th a suitable
non-irritating excipient Wi #ﬁ d atNorWdinaky tenperatures but Iiquid
at the rectal tenperature mel the rectumto rel ease
the drug. Such material §Ni ncdVudey for exanplle, cdcog butter and

pol yet hyl ene gl ycol s. [p%268] For A Opi cal U reams; ointnents, jellies,

sol utions, or suspensiops,| etc.)\ centainin i i
are enployed As used hewre€i topupal applicatipn is also meant to include
the use of nout hwashes a w— gl esCH{ 0169] The ;E@punds of the invention
may be used to treat or pr&vent various kinase-rel ated disorders. Thus, the
present invention provides nethods for_treating or preventi such

di sorders. In sonme enbodi nents, the i ion provides.a for

treating a ki nase-nedi at ed dISONdéT subj ect tha i

adm ni stering a therapeuti cal f ive anDunt @ und of any of

t he enbodi nents of the inventijon harnaceu conposition to the
subj ect. In sone enbodi nent y“the su- gt is a anqi:sesone such
enbodi nents is a hurran.H Eh sQie enbo Ent s ,_hae di.so der i di ated by
CDK4, CDK6, and/or FLT3°C . I'n sorg suc ments, the disorder is
medi at ed by CDK4 and/ or 6.1 n other ®fodi me t he dlse He is nediat ed

by FLT3. In sone enbodlnentij adm ni stration of t e conpound, salt, or
pharmaceutical conposition produces inhibi'tion of CDK4 and FLT3. In sone
enbodi ments, the disorder is cancer. present invention us provides
met hods for treating or prevent| d FLT3- nedh i se states,
such as cancer. In some enbodi cancer is ajtu h as a solid
tunor. However, in other enbegy N t he cancer iy a G ol ogi cal cancer.

I n sone enbodi nents, the cancgr is acMe myeloid | gukem a. sone

enbodi nents, the disorder i NTie iate pl6 and W15y expr on and in sone
vel s pl5 | NK4B

ounds of %ﬁe i nvention

such enbodi nents is corH;ela ith Mew expressi

and/ or pl6l NK4A. [0170] As desdri bed aboyg, the

may al so be used to treat i feration-rel ated orders. t he

i nvention further provides ng;ggﬂs for treating SHrg Hrollferatlon rel at ed
di sorders in a subject. Such ods include admn 9er|ng to a subject in
need thereof a therapeutically effective anount of the conpound or

phar maceutical conposition of any of /fh Nenbodinents.
the subject is a manmal In som’s Nempodi ments, tRéyamyal/is a human. In
sone enbodi ments, the prollferaljo -r#lated di sordel_ig_agnormal cel

growth. In other enbodi nentsiNth& di'qorder is |nﬁNanﬁ& i or an

i nfl ammati on-rel ated dlsordﬁ/ In stA other e i \he disorder is
a nmetabolic disease su as | di g
di sorder is cancer. In h enbodt nment ancer 1S a solid tunor.

In other such enbodi ments,|_the cancer C&isa he tollogi cal cdider, and, in
sone such enbodi nents, is aHute nyel oi d Ieukeniﬁ

2
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[0171] The magni tude of a prophylactic or therapeutic dose of a compound of
any of the enbodi nents or a pharnaceutically acceptable salt, solvate,
hydr at e, wo 28t@nessissoner thereof in the acute or chroni eCrrsat®s00Dr
prevention of a cancer or other disease or condition will vary with the
nat ure and aggressi veness of the condition, and the route by which the
active ingredient is admnistered. The dose, and in sone cases the dose
frequency, will also vary according to the condition to be treated, the
age, body wei ght, and response of the individual patient. Suitable dosing
regi nens can be readily selected by t/nosg skilled in the Arty\with due
consi deration of such factors. N'n \ epbodi nent, tke m ni st ered
depends upon the specific conpdhn be used, and _ihe ght and condition
of the patient. In general, 'the Hoseyper day is tff tHe range of from about
0.001 to 100 ny/ kg, preferal about 0 25 ny/ kg nore ef erably about 1
to about 5 ng/kg. For treatment| of S hﬁéin a [tance about 0.1 ng to
about 15 g per day is } ered in about ‘oh four divsions a day,
preferably 10 ng to 12 g ay, noreCpheferaklyJfrom40 neflt o 500 ng per
day. In one enbodi ment the Bonpounds of the invention are adm nistered from
40 ng to 500 ng per day in Hone to four diVviksi©OHs a day. Additionally,
t he recommended daily dose can be administered in cycles as si'ngle agents
or in conbination with other therapeutise agents. In one e (ment, the
daily dose is adm nistered in a, st qpte or in eq ivﬂﬂed doses. In

nded

~

a related enbodi nent, the reco | y dose canbe stered one
Fmpékm ee tines pennmééﬁf

time per week, two tines per Nur tines per
week or five tines per week. In sonme gabodi ments, conpouid. or

phar maceuti cal conposition df the in' on i s ddsed Q@D @ in other
enbodi nents, it is dosedcRBl Px J9172] The/ conpoandsiQf ’t he i‘rwéntion can be
adm ni stered to provide systemic distrigytion o e conpoungywi thin the
patient. Therefore, in so odi ments, the co nds of the Invention are
adm ni stered to produce a systemc effect in the4Q$dy. WO

2012/ 129344PCT/ US2012/ 030 Bk 73] The conpounds®™ofcH;he invention may al so
be adm nistered directly to a site affected by a condition, as,” for
exanple, an in the treatment of an accessible area of skipgygr an esophageal
cancer. [0174]As indicated above, thegcggnpounds of the_ifivention may be
adm ni stered via oral, nucosal (inclgading sublingual, /buggal, rectal,
nasal, or vaginal), parentera i ACT Ui ng subcufy ndpuN 4 nt ranuscul ar,
bolus injection, intra-a ntravean§#>N sdermal , or topica

rte
adm nistration. In sone ”' t he conpgunds of Yyt he invention are
adm ni stered via nucosal nc udiii subl i ngug bucc rectal, nasal, or

vagi nal ), parenteral (ing ing g ar, bol us
injection, intra-arteria rint enous) , nsder mal 3 or topical

adm ni stration. In othef odi nents, the ounds of FH@ i nvention are
adm ni stered via oral 'nistratioﬁH3In still other enbodi ments, the
conpounds of the inventifdn are not adminisg O a oral administration.
[0175] Different therapeutically effective anounts nmay be applicable for
different conditions, as will be r ily known by those of ordinary skil
inthe art. Simlarly, anmuntssg icNent to treat or_prevent such
conditions, but insufficient)to , or suffici toN educe, adverse

effects associated with cgR Nal therapiesiaré sd/ enconpassed by the
above descri bed dosage anoynts angtffse fregﬂp%qy/ shedul es.

N/
> g @

A

N

O)\/OH

or the pharmaceutically acceptable salt or the hydrate thereof.

N
,or H ,
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[0176] Some net hods of the invention conprise the adm nistration of a
conpound of the invention and an additional therapeutic agent (i.e., a

t her apeutwo 2apenb34aet her than a conpound of the inventi omCT/UShmg/03d0he
conpounds of the invention can be used in conmbination with at | east one
ot her therapeutic agent, for exanple with a second therapeutic agent.
Exanpl es of additional therapeutic agents include, but are not |limted to,
antibiotics, anti-enetic agents, antidepressants, antifungal agents,
anti-inflamuatory agents, antineoplastic agents, antiviral agents,
cytotoxi c agents, aid dbhermppned efmbedimgeidnwierein ianeomenndliat ory agents,

al pha-interferons,f3-interferons, alkylating age , hornones, and

cytoki nes. I n one enbodi nent, the inventio Jpapses admi ni stration of
an additional therapeutic agent that denon nticancer activity. In
anot her enbodi nent, an additional therapf gent that denonstrates
cytotoxic activity is admnistered to a gubj ect h as a cancer patient.
I n some enbodi nents, the second therapeif Nt agef s selected from cytosine
ar abi nosi de, daunor ubi ci n, idarubicin, rubi ¢+, cycl ophosphanmi de,

et oposi de, carboplatin, fludarabine, mt xant r one,? @exanethasone

rituxi mab, mdostaurin, a granul ocyte | ony- stlnulatlng factor,
filgrastim PEGfilgrastim |enograstim decitabine, azacitidine,
paclitaxel, gentitibine, notesanib di sphosphate, panitununmab, an anti body
di rect ed agai nsthepbddhacarkicaly GE¥3ptable spegitid Iy drhteaRdrtofengager anti body. 1In
ot her enbodi nents, the second therapeutic agent is selected from cytosine

ar abi nosi de, daunor i dar C|n bi cin, phosphani de,
et oposi de, car bopl %%?VW5§P% 7' W??Hﬁaﬁ#ggﬁgw‘Hgigﬂﬁt%asone
rituximab, nldostaurln, a granulocyte col ony-sti ting factor,
filgrastim PEGfilgrastim |enograstim dg n@N azacitidine,
paclitaxel, gentitibine, notesanib dlsphogmbqte ani tumumab. In stil
ot her such enbodi ments, the second therapeutNc agent is selected from

cyt osi ne ar abi nosi de, daunorub|0|n i daruhi cin, > or ubi cin,
cycl ophospham de, etoposi de, carboplatl | uda e, mtoxantrone,
dexamnet hasone, rituximab, mdostaurin t abi nes7 azaci ti di ne, paclitaxel,

genctitibine, or notesanib di sphosphat¢. Ijn sone suth; enbodi nents, the
second therapeutic agent is cytosine a i noside. In other enbodi nents, the
second therapeutic agent is daunorubieyhl i darubi cin, or doxorubicin. In
still other enbodiments, the second t®eré&peutic agent, i s azacitidine or
deci tabi ne. [0177] The conpounds of the invention and the other therapeutics
agent can act @ddiphirdatanticlly aprephiele 84 of thesydRteghagtdfcal |y. I n some
enbodi nents, a conposition conprising a conpound of the invention is

anot her therapeutic

adni ni st er ed concur f.en dmi ni stration of

agent, which can bé paﬁ%XSFmPH@IQ% OUBIT s MEFER WCORBAES i n a dif ferent
conposition fromthe one that conprises the conp of the invention. In
ot her enbodi nents, a conpound of the invengs s gdm ni stered prior to, or
subsequent to, adm nistration of another ther e ic agent. In still other

enbodi ments, a conpound of the inventiohN s Nidnfthi stered to a patient who

has not previously undergone or is not rent| ywpdergoing treatment with
anot her therapeutic agent. A conpound the i n| on may be adm ni stered
to a subject that has had, is current ergoimg, or is scheduled to

recei ve radiation therapy. In sonme such g¢nbodi ment&, the subject is a
cancer patient. [0178] When adm ni sterew”as a conbi nation, the therapeutic
agents can be fornul ated as separate cdqgg§ﬁtions that are adm ni stered at
the sane tinme or sequentially at different tinmes, or °the therapeutic agents

can be given as 05|t on ras o-t herapy" (or
"conblngtlon ﬁﬁgpé%?m%“mpﬁ”ﬁéﬁﬁﬁ? Sﬂ%%h%ﬁﬁ%b%ﬁﬁ%ﬂ nd of tﬁg pﬁesent

i nvention and anot her pharnaceutlcal agent, is intended to enbrace

adm ni stration of edachTagesupound & cadgditvht 1alvheraiRArcoinpowndriegi men that wl |
provi de beneficial effects of the drug conbination, and is intended as well
to enbrace co-admnistration of these agents in a substantially

si mul t aneous manner, such as in a single capsule having a fixed ratio of
these active agents or in nultiple, separate capsules for each agent.
Specifically, the adm nistration of conpounds of the present invention may
be in conjunction with additional therggies known to those skilled in the
art in the prevention or treatnent of-®eoplasia, such as with radi ation
therapy or with cytostatic or cytotoxic agents. [0179]If formul ated as a
fi xed dose, such conbinati on products enploy the



conpounds of this invention within the accepted dosage ranges. Conpounds of
any of the enbodi nents described herein may al so be adm ni stered
sequent i avbyowyib34enown anti cancer or cytotoxic agents waEnsaoieos®@onati on
formulation is inappropriate. The invention is not limted in the sequence
of adm ni stration as conpounds of the invention may be adm nistered either
prior to, simultaneous with, or after adm nistration of a known anti cancer
or cytotoxic agent. [0180] There are | arge nunbers of antineoplastic agents
avail able in comrercial use, in clinical evaluation and in pre-clinica
devel opnent, which may be sel ected for treatpent/of\\neopl asia by

conbi nati on drug chenot herapy. Such anti ne®p c /agents fall into several
maj or categories, nanely, antibiotic-tyﬂe R al kyl ati ng agents,
antimetabolite agents, hornonal agents, HN

ol ogi cal agents,
interferon-type agents and a category ] scel gous agents. [0181] A
first famly of antineoplastic agents mayused in conbination with
conpounds of the present invention copSi :
anti nmetabol itetype/thym dil ate synt hage |
Suitabl e antinetabolite antineopl asticMgents nmay be selected from but are
not limted to, the group consisting of\5: Jibrinogen, acanthifolic acid,
am not hi adi azol e, brequi nar sodi um carnofur; G ba-Gei gy CGP-30694,
cycl opentyl cytaosine, cytarabi ne phosphate stearate, cytarabi ne conjugates,
Lilly DATHF, n?éﬁl}eénhafmwumﬂ@;w&@tzﬁg ST e, hydratpdbstsady t i di ne,

di deoxyguanosi ne, didox, Yoshitom DMDC, doxifluridine, WlIlconme EHNA
Merck & Co. EX-015,40f azas althdand 6 cawudindhinewhirbidiar abipsedphosphat e,  5-
fluorouracil, N-(2'-furanidyl)-5-fluorouracil, Daiichi Seiyaku FO 152,

i sopropyl pyrrolizine, Lilly LY-188011, Lilly LYf264618, nethobenzaprim
met hotrexate, Wellcome MZPES, norsperm’dirlii%(I I -127716, NC

NSC- 264880, NCI NSC39661, NCI NSC- 612567, N Lanbert PALA, pentostatin,

piritrexim plicamycin, Asahi Chem cal - AC, Takeda TAC- 788, t hi oguani ne,

tiazofurin, Erbanont TIF, trinetrexate,y 0Si nnase i nhibitors, Taiho
2002/ 0300 [0182] A second fam |y

of antineoplastic agents which may befus in conbination with conpounds of

t he present invention consists of alk i ng-type H%ineoplastic agents.

Sui t abl e al kyl ati ng-type antineoplastid“agents may be selected from but

are not limted to, the group consistbﬁb\apHShionogi 254- S,

al do- phosphanm de anal ogues, altretam ne, anaxirone, Boehringer Mannhei m

BBR- 2207, bestrabucil. b titan k a -102.. carbopl atin,

carmusti ne, Cholrﬁl%ip%?%@e,uﬁ%gly ﬁ%cl%ﬂt?lqlg\é%t%%ryg%l}%%qf ci splatin,

cycl ophospham de, Anmerican Cyanam d CL-286558, Sanofi CY-233, cyplatate,

Degussa D- 19- 384, SGmi ffibt conpa@HP{inbp dmenti Ipvberyinslp coopostdiine, di pl ati num

cytostatic, Erba distamycin derivatives, Chugai c2114R, | Tl EO9,

el mustine, Erbanont FCE-24517, estranustin hqpe sodi um fotenusti ne,
m de, iproplatin,

| onusti ne, nmafosfam de, mtolactol, N p NK-121, NCI NSC264395,

NCI NSC- 342215, oxaliplatin, Upjohn PCNU,| pr edniti ne, Proter PTT-119,

UFT, and uricytin. WO 2012/ 129344PCT/

rani nusti ne, semnustine, SmthKline SK&NT01772, ult Honsha SN-22,

t sti t enozol om de,

spi ronusti ne, Tanabe Seiyaku TA-077,
teroxirone, tetraplatin, and trinela . [ 0183] A t?ﬁrd famly of
ant i neopl astic agents which may be us ¥n conbi natidn with conmpounds of
the present invention consists of anti%Lgééﬁ-type anti neopl astic agents.
t
O

Suitable antibiotic-type anti neopl ast@ s may be sel ected

2

or the pharmaceutically acceptable salt or the hydrate thereof.

44.  The compound of embodiment 1, wherein the compound is

-84 -



from but are not limted to, the group consisting of Taiho 4181-A,

acl arubi cin, actinomycin D, actinoplanone, Erbanont ADR-456, aeroplysinin
derivati wep 28j2/mne3mt o AN-201-11, Ajinonoto AN-3, Ni pponP&ods2@Rios®nyci ns,
ant hracycl i ne, azino-nyci nA, bisucaberin, Bristol-Mers BL-6859,

Bristol - Mers BMy-25067, Bristol-Mers BMY-25551, Bristol-Mers BMY-26605,
Bristol - Myers BMy-27557, Bristol-Mers BMY-28438, bl eonycin sulfate,
bryostatin-1, Tai ho C 1027, calichemycin, chronoxinycin, dactinonycin,
daunor ubi ci n, Kyowa Hakko DC- 102, Kyowa Hakko DC-79, Kyowa Hakko DC- 88A,
Kyowa Hakko DC89- Al, Kyowa Hakko DC92-B, ditrisafubycin B, Shionogi DOB-41,
doxor ubi ci n, doxorubicin-fibrinogen, elsamNTNWA\ epirubicin, erbstatin,
esorubi cin, esperamcin-Al, esperanici n- ALR, nont FCE21954, Fuji sawa
FK-973, fostriecin, Fujisawa FR-900482, Hjji i dbbacgin, gregatin-A,
grincanycin, herbimcin, idarubicin, i I,JB i NS, Nsanyci n, kesarirhodins,
Kyowa Hakko KM 5539, Kirin Brewery KRN-[860R2, Ky¥ Hakko KT-5432, Kyowa
Hakko KT-5594, Kyowa Hakko KT-6149, an Cyanam d LL-D49194, Meiji

Sei ka ME 2303, nenogaril, mtonycin, Ggitoxantrone,CtnithKline M TAG
neoenactin, N ppon Kayaku NK-313, N pmon Kayaku NKT-01, SRl International
NSC- 357704, oxal ysi ne, oxaunomnyci n, pephop®ies n, pilatin, pirarubicin,

por ot hramyci n, pyrindanycin A, Tobishi RA-1, rapanyci’'n, rhizoxin,

rodorubi cin, sj 1 Gl .S i i 87, Snow Brand SN- 706,
Snow Br and SNSJ(S%%@%&%&&uﬁlﬁi&%@ﬁ%%g%%%% %a%éﬁg%gr maceuti cal SS-21020, SS
Phar maceutical SS-7313B, SS Pharmaceutical SS-9816B, steffimycin B, Taiho
4181- 2, talisonyci 5. Tdkedanppani eamodimentgewhereinthe compawidie, tricrozarin A,
Upj ohn U 73975, Kyowa Hakko UCN- 10028A, Fuji sawa2AK3405, Yoshitom Y-25024,
and zorubicin. [0184]A fourth famly of angi as/Ni c agents which may be
used in conbination with conpounds of theeﬁ1 'nventi on consists of a
m scel | aneous fam |y of antineoplastic Ag Nncl udi ng tubulin

i nteracting agents, topoisonerase |1 inhibitors,)}topoi sonerase | inhibitors
and hornonal agents, selected from butN/nc1 i @ to, the group

consi sting of a-carotene, a-difluorone |} argi M€, acitretin, Biotec
AD-5, Kyorin AHC-52, al stonine, anonafide, anphet r&gpsi | e, amsacri ne,

Angi ost at, anki nonycin, anti-neopl ast 0, antineopl aston A2,

anti neopl aston A3, anti neoplaston A5, aQ]t%; opl aston A52- 1, Henkel APD,
aphidi colin glycinate, asparagi nase, Avarol ,cHyaccharin, batracylin,

benfl uron, benzotript, |psen-Beaufour Bl M 23015, bisdntrene, Bristol-Mers
BMY- 40481, Ve " i I BW 502, Wellcone

BW 773, carac zjtrrnﬁ{iglﬂ %%%?ﬁl? ? %f%g%l%{lﬁdfrﬁ‘fgg?f‘%g&%%o not o CDAF,

chl or sul f aqui noxal one, Chenex CHX-2053, Chenex CHX- 100, Warner-Lanbert

Cl - 921, War ner - Lants#ér t Ty c@@pundgrenbdpdimgntbe whergin dig4pmpyindier - Lanber t

Cl -958, clanfenur, claviridenone, |ICN conpound 1 , I CN conmpound 4711,
Contracan, Yakult Honsha CPT-11, crisnatol r Qerhh cytochal asin B,
cytarabi ne, cytocytin, Merz D609, DABIS | edt e acar bazi ne,

datel l'iptinium didemin-B, dihaemat opomq%m/ &t her, di hydrol enperone,

di nal i ne, distanycin, Toyo Pharmar DM 341, Toyo rmar DM 75, Daii chi

Sei yaku DN- 9693, docetaxel elliprabin, NeTI|' ptin acetate, Tsunura EPMIC,
t he epot hil ones, ergotam ne, etoposidegiretinate, fenretinide, Fujisawa
FR-57704, galliumnitrate, genkwadaph Chugai % 43, d axo GR-63178,
grifolan NVF-5N, hexadecyl phosphochol 7 Green Cross HO 221,

honohar ri ngt oni ne, hydroxyurea, BTG I CF&/?Z i I mof osi ne, isoglutam ne,
isotretinoin, Qsuka Jl-36, Ranot K-477, suak K-76C0O0ONa, Kureha Chem cal
K-AM MECT Corp KI-8110, Anerican Cyanam d L-623, |eukoregulin, |onidan ne,
Lundbeck LU 23xr itpharmiagduiicdlly ad@p@ule saliN@ithe(lySateNtPeotmar yci n, Merrel Dow
MDL27048, Medco MEDR- 340, nerbarone, nerocyanl ne derivatives,

nmet hyl ani | i noacri di pe, 1 =1 1 i.vin, mtonafide,
m t oqui done nopi darﬁgl : %%ﬁ@tﬁ}lﬁ({o €, %ﬂﬁ%gtklu %rélgghen?@??q‘gd% (retinoyl)am no
acids, Nisshin Flour MIling N-021, N-acyl ated-dehydroal ani nes, nafazatrom
Tai sho NCU- 190, nocodazol e derivative, Nornmpsang, NCI NSC- 145813, NCI

NSC- 361456, NCI NSC- 604782, NCI NSC- 95580, ocreotide, Ono ONO 112,

oqui zanoci ne, Akzo Org-10172, paclitaxel, pancratistatin, pazelliptine,

War ner - Lanbert PD-111707, Warner-Lanbert PD-115934, Warner-Lanbert

PD- 131141, Pierre Fabre PE-1001, |ICRT %epti de D, piroxantrone,

pol yhaemat opor phyrin, polypreic acid,-&anol porphyrin, probinmane,

procar bazi ne, proglum de, Invitron protease nexin |, Tobishi RA-700,
razoxane, Sapporo Breweries RBS, restrictin-P, retelliptine, retinoic acid,
Rhone- Poul enc RP-49532, Rhone- Poul enc RP-56976, Sm thKline SK&F- 104864,
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[ 0186] The conpounds of the invention may further be used with VEG-R

i nhibitors. O her conpounds described in the foll ow ng patents and patent
appl i cat iwoorandtae used i n conbi nation therapy: US 6, 2B8TAK2012/08)007

2003/ 0105091, WO 01/37820, US 6,235, 764, W) 01/32651, US 6, 630,500, US

6, 515, 004, US 6, 713,485, US 5,521,184, US 5,770,599, US 5,747,498, WO

02/ 68406, WO 02/ 66470, WD 02/55501, WO 04/05279, WO 04/07481, WD 04/ 07458,
WO 04/ 09784, WD 02/59110, WD 99/45009, WO 00/59509, WD 99/61422, US

5,990, 141, WD 00/12089, and WO 00/02871. [0187]In sonme enbodi nents, the
conbi nati on conprises a conposition of the prese f,nvention in conbination
with at | east one anti-angi ogeni c agent. e

limted to, in vitro synthetically prepargg\
anti bodi es, antigen binding regions, raNondtlid
conj ugates thereof. An agent can be an i st, fagoni st, allosteric
nmodul ator, toxin or, nore generally, det to i bit or stinulate its
target (e.g., receptor or enzyne actiya n or inhibition), and thereby
pronote cell death or arrest cell grolh) [0188] EXé&Mmpl ary anti-tunor agents
i ncl ude HERCEPTI NTm (trastuzunmab), whi may be used to treat breast cancer
and other forms of cancer, and Rl TUXA OCHuxi mab), ZEVALIITM

(i britunomab tiuxetan), and LYMPHOCI DETm (epratuzumab), which may be used
to treat non- 0 cancer, GLEEVACTM whi ch
may be used tgp?% g?n%ﬁ%ggﬁg%%%gﬁggﬁﬁﬁg?&gﬁﬁgggﬁg&gastrointestinal stromal
tunors, and BEXXARTM (i odi ne 131 tositunonab) which may be used for

treat ment of non- Ho@gkiThstompobyhefeorpadimpa1lg hexia sl campowndtis - angi ogeni ¢
agents include ERBI TUXTm (I MC- C225), KDR (ki nas mai n receptor)
inhibitory agents (e.g., antibodies and a§f' e \pipﬂing regi ons that

Wwre/ i nclusive of, but not
Ycal conpositions,
cs, and conbi nati ons and

specifically bind to the kinase domain re@eptpr)y—anti-VEG- agents (e.qg.
anti bodi es or antigen binding regions t gPewifically bind VEGF, or

sol ubl e VEGF receptors or a ligand bindijng regi @a_thereof) such as
AVASTI NTm or VEGF- TRAPTm and anti - VEG :ceptﬂllagents (e.g., antibodies
or antigen binding regions that specif bi‘ad/t hereto), EGFR inhibitory
agents (e.g., antibodies or antigen binding| regigps that specifically bind
t heret o) such as ABX- EGF (panitununab), '-“*ATNI?g%jitinib), TARCEVATM
(erlotinib), anti-Ang 1 and anti-Ang2 agents (e.g., antibodies or antigen
bi ndi ng regi ong tigRpBEkdat@atdlly abicpebid galt BeKalyQra@ithdréoft heir receptors, e.g.,
Ti e2/ Tek), and anti-Tie2 kinase inhibitory agents (e.g., antibodies or

antigen binding regions_ that specifically bind thereto). The pharnmaceuti cal
conposi tions of thépr d8ertMAHYEMTHAISH! laragein iy HBOYYES or nore agents

(e.g., antibodies, antigen binding regions, or bl e receptors) that
specifically bind and inhibit the aCtiVitN/@f[?%EZEh factors, such as
- | al
g

ant agoni sts of hepatocyte growh factor (HGF known as Scatter
Factor), and antibodi es or antigen bindi Kegihns that specifically bind
its receptor "c-nmet”. [0190] & her anti - gdagi ogenfe~agents include Canpat h,
I L-8, B-FG-, Tek antagonists (Ceretti '®t al., Publ i cati on No.

2003/ 0162712; U.S. Patent No. 6,413,932 Nt i - TAEAK agents (e.g.,
specifically binding antibodies or antig bi ndi ngH; egi ons, or sol ubl e
TWEAK receptor antagonists; see, Wl ey, . Patent No. 6,727,225), ADAM
distintegrin domain to antagoni ze the bindinglof integrinto its |igands
(Fanslow et al., U S. Publication No. 2002/ 0042868),, specifically binding
antieph receptor and/or anti-ephrin antibodies or antigen binding regions
(U. S. Patent Noshe phardBdquliddly abeep@Ble 84Qyr ths, 1§88 1clidsof6, 596, 852; 6, 232, 447,
6, 057,124 and patent fam |y nenbers thereof), and anti-PDG-- BB ant agoni sts
(e.g., specifically.,bindin nt | i r..antigen binding.regions) as well
as anti bodi es or aﬁpiggﬁe%?ﬂ%?%%&%%g?%ﬁgmgp3%??@2%(P§ggfﬁ’?ng t o PDG-- BB

| i gands, and PDGFR ki nase inhibitory agents (e.g., antibodies or antigen
bi ndi ng regions that specifically bind thereto). [0191] Additi onal

anti - angi ogeni c/ anti-tunor agents include: SD- 7784 (Pfizer, USA);
cilengitide. (Mrck KGA, Germany, EPO 770622); pegaptanib octasodi um

(G lead Sciences, USA); Al phastatin, (BioActa, UK); MPGA (Celgene, USA
US 5712291); ilomastat, (Arriva, USA, US 5892112); emaxanib, (Pfizer, USA,
US 5792783); vatalanib, (Novartis, Switzerland); 2-nethoxyestradiol,
(EntreMed, USA); TLC ELL-12, (Elan, Ireland); anecortave acetate, (Al con,
USA) : al pha- D148 Mab, (Angen, USA); CE¥ 7055, (Cephal on, USA); anti-Vn Mab,
(Crucel |, Netherlands) DAC. anti angi ogeni c, (ConjuChem Canada); Angi ocidin,
(I'nKi ne Pharmaceutical, USA); KM 2550, (Kyowa Hakko, Japan); SU 0879,
(Pfizer, USA); CGP-79787, (Novartis, Switzerland, EP 970070); ARGENT
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angi ogenesi s inhibitor, (Tripep, Sweden); maspin, (Sosei, Japan);
2- met hoxyestradi ol, (Oncol ogy Sciences Corporation, USA); ER-68203-00,
(1 VAX, USKp;20RBenefssn, (Lane Labs, USA); Tz-93, (TsunurapPCIASa0mp/030DAN- 1120,
(Takeda, Japan); FR-111142, (Fujisawa, Japan, JP 02233610); platelet factor
4, (RepliGen, USA, EP 407122); vascul ar endothelial growth factor
ant agoni st, (Borean, Denmark); cancer therapy, (University of South
Carolina, USA); bevaci zumab (pl NN), (CGenentech, USA); angi ogenesis
i nhibitors, (SUGEN, USA); XL 784, (Exelixis, USA); XL 647, (Exelixis, USA);
MAb, al pha5beta3 integrin, second generation, (Applieg Ml ecular Evol ution,
USA and Medl nmune, USA); gene therapy, retindpa Oxford Bi oMedi ca, WK);
enzast auri n hydrochl oride (USAN), (Lilly, USA) ~CEP 7055, (Cephal on, USA
and Sanofi - Synthel abo, France); BC 1, (Gehba I™Mstigute of Cancer Research,
I taly); angiogenesis inhibitor, (A chem gzAustra )\; VEGF ant agoni st
(Regeneron, USA); rBPI 21 and BPI -dgir' ved_ arlti ang gnic, (XOVA, USA); PI
88, (Progen, Australia); cilengitid 3% 7 (Merck=KGaA, German; Minich
Technical University, Germany, Scripps Cinic and Rég&arch Foundati on,
USA); cetuximab (INN), (Aventis, France) ;ﬁ AVE 8062, (Ajinonoto, Japan); AS
1404, (Cancer Research Laboratory, New Zeal and); SG 292, (Telios, USA);
Endostatin, (Boston Childrens Hospital, USA): ATN 161, (Attenuon, USA);
ANG CSTATI N, (%%tpgmﬁi“fl léﬁ%ce%@ﬁﬁaﬁtaqr,th%g)ﬂﬁafe%m t hoxyestradi ol , (Boston
Chil drens Hospital, USA); ZD 6474, (AstraZeneca, UK); ZD 6126, (Angi ogene
Phar maceutical s, UK, RRtcaddnd (fRidedimsnt 1USAIreinAZRoBP3Md i{ Ast r aZeneca,
UK); AZD 2171, (AstraZeneca, UK); vatalanib (plNN) Novartis, Swtzerl and
and Schering AG Cernany); tissue factor path i/nhiRi tors, (EntreMed,
USA); pegaptanib (Pinn), (G lead Sciences, A hor r hi zol , (Yonsei
Uni versity, South Korea); vaccine, gene- bﬁﬁ -2, (Scripps dinic and
Research Foundation, USA); SPV5.2, (Suprategk, '\tan a); SDX 103, (University
of California at San Diego, USA); PX 478N ol X, %&E&); METASTATI N,
(EntreMed, USA); troponin I, (HarvaggcUnilyerlsity, ): SU 6668, (SUGEN,
USA); OXI 4503, (OXi GENE, USA); oguani dine¥, ( Dinengional Pharmaceutical s,
USA); notuporamine C, (British Col unbia fversity, nada); CDP 791,
(Celltech Group, UK); atiprinmod (plNN), axoSm t hKl i ne, UK); E 7820,
(Ei sai, Japan); CYC 381, (Harvard University, USA); AE’941, (Aeterna,
Canada) ; vacci @y AN QK08 laSocplofl LAENRL 1y SR herllsOKi Nase plasni nogen
activator inhibitor, (Dendréon, USA); ogl utani de (pINN), (Melnotte, USA);
H F-lalfa inhibitors, (Xenova, UK); CEP 5214, (Cephal on, USA); BAY RES
2622, (Bayer, Gernmexy) Thagminsendiofrembodipitie wheigayhe cagpoyndigst rom USA) ; KR
31372, (Korea Research Institute of Chem cal Techn gy, South Korea); GW
2286, (d axoSmithKline, UK); EHT 0101, (Exontk an e); CP 868596,

2§3

(Pfizer, USA); CP 564959, (OSlI, USA); CP 54 r'zer, USA); 786034,
(daxoSmthKline, UK); KRN 633, (Kirin Brgwer dpan); drug delivery
system intraocular, 2- nethoxyestradiol, (Entre USA) ; angi nex,
(Maastricht University, Netherlands, andN esot iversity, USA); ABT
510, (Abbott, USA); AAL 993, (NovartHkG iLtzerl| andy; VEQ, (ProteonTech,
USA); tunor necrosis factor-al pha inhibjtons, (Nati c'm.@I I nstitute on Aging,
USA); SU 11248, (Pfizer, USA and SUGEN ; ABT 518, "(Abbott, USA); YH16,
(Yantai Rongchang, China); S-3APG, (BostQ/ ildrens Hospital, USA and
EntreMed, USA); MAb, KDR, (InC one Systens; A); MAb, -al pha5 beta 1,
(Protein Design, USA); KDR kinase inhibitor, (Celltech Goup, UK, and
Johnson & Johrs @ phugiayeuticatp aqepptable s arheptiydiejedbereddi ver sity, USA and Yal e
University, USA); CS 706, (Sankyo, Japan); conbretastatin A4 prodrug,
(Arizona State Uni v@rsithyeondafd ofCRB08@MRA( 1 RASEInAe collbBEis Canada) ; BAY RES
2690, (Bayer, Gernmany); AGM 1470, (Harvard University, USA, Takeda, Japan,
and TAP, USA); AG 13925, (Agouron, USA); Tetrathionolybdate, (University of
M chi gan, USA); GCS 100, (Wayne State University, USA) CV 247, (lvy

Medi cal, UK); CKD 732, (Chong Kun Dang, South Korea); MAb, vascul ar

endot hel ium growt h factor, (Xenova, UK); irsogladine (INN), (N ppon

Shi nyaku, Japan); RG 13577, (Aventis, France); W 360, (WIex, Germany);
squal am ne (pINN), (Genaera, USA); RPI 4610, (Sirna, USA); cancer therapy,
(Marinova, Australia); heparanase inhibitors, (InSight, Israel); KL 3106,
(Kol on, South Korea); Honokiol, (Emory University, USA); ZK CDK, (Schering
AG, Gernmany); ZK Angio, (Schering AG -%ermany); ZK 229561, (Novartis,
Switzerland, and Schering AG GCermany); XWMP 300, (XOVA, USA); VGA 1102,
(Tai sho, Japan); VEGF receptor nodul ators, (Pharmacopeia, USA);

VE- cadherin-2 antagonists, (InClone Systens, USA); Vasostatin, (National
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or the pharmaceutically acceptable salt or the hydrate thereof.

54. The compound of embodiment 1, wherein the compound is

—

N
N\ N\ /

N/

or the pharmaceutically acceptable salt or the hydrate thereof.

55.  The compound of embodiment 1, wherein the compound is

—

N
N\ N/

N ’d
HO,,,

O\\U

or the pharmaceutically acceptable salt or the hydrate thereof.

56. The compound of embodiment 1, wherein the compound is
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1G [0194] Schene 1 illustrates how conpounds of the invention can be
prepared starting fromchl oropyrimdine 1A Reaction of chloropyrimdine | A
Wi th an approprizeise amni ne provi des di am nopyri di m ne 1BPémiushoicasnobe
iodinated to form 1C with N-iodosuccini m de. |odopyrimdine 1C can be
reacted with the appropriate zinc reagent 1D to formthe unfused bicyclic
internmediate | E which can then be cyclized to formthe useful reagent 1F.
Reaction of 1F with suitable chloro substituted and protected R groups or
precursors (See Schene 3) may be used to convert 1F to 1G which may then
be converted into various conpounds of the inventi/on®gs shown in Scheme 4.
Schenme 2 [0195] Schene 2 provides an alternatNve t ¢ showi ng how conpounds
of the invention can be prepared starting f tlom di chl oropyri m di ne 2A.

Reaction of bronodi chl oropyri nidi ne 2A with aN apgropriate am ne provides
am nobr onochl oropyri di m ne 2B whi ch can onvertfed to

mmni ydroxide in

e reacted with the boronic acid

di am nobr onopyri m di ne 2C by reacti

i sopropanol . Di am nobronopyri m di ne

reagent 2D to formthe unfused bicycli er nedi at &H2E whi ch can then be
cyclized to formthe useful reagent 2F. Reaction of 2F with suitable chloro
substituted and protected R groups or prec ors (See Schene 3) nmay be
used to convert 2F to 2G which nay then be converted i hto various conpounds

of the invent 'o?ﬂae%ﬁaﬁﬁ&’éﬂﬂcdll@ A% gigsﬁt or t R,g1001‘;1‘3241eJrgOQB44PCT/ US2012/ 030007

Schenme 3 (Boc) 20, room tenperatu

57.  The compound of embodiment 1, wherein the compound is

O
HN)\N/ N
N/
HO,, g .
CH,
N

or the pharmaceutically acceptable salt or the hydrate thereof.

58.  The compound of embodiment 1, wherein the compound is

—

N\ \/N
4 O
EH,8

oc:H3

or the pharmaceutically acceptable salt or the hydrate thereof.

59. The compound of embodiment 1, wherein the compound is
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ri. [0196] Schene 3 shows how various R'-ClBoc protected conpounds nmay be
prepared fromthe starting am ne The Boc-protected chl oro-substituted
conmpoundswBBy123i29343F, and 3H are useful reagents for prepaniseg2oswpounds of
the invention as shown in Schenes 1 and 2. Scheme 4 [0197] Schene 4 shows
how Boc- prot ected conpound 4A prepared from Boc- protected chloro conpound
3B and 1F (see Schene 1) can be deprotected to form4B. The deprotected 4B
may be used to prepare a wide variety of derivatives as shown in Schene 4.
For exanple, reaction of 4B with acetic anhydride can be used to prepare
4C. Simlarly 4B can be reacted with commercially {,| abl e

(tbutyl di met hyl sil yl oxy) acet al dehyde and (t-iu hyl si | yl oxy) pr opanal
and then be reduced to respectively f orm 4D_Hnd: E. As described in Exanple
5, conpounds such as 4B may be reacted wi tl 2N%-divoxopyrrolidin- 1
-y12-acetoxyacetate to form 4F after tregf i s0di um et hoxi de. 4B
may al so be used to form conpounds %qgh s 4G by at mrent with

met hyl chl or ooxoacetate fol | owed by rédcti with LIQH in a mxture of

t et rahydrof uran, nethanol, and water. alfinal, budiHnon-exhaustive
exanpl e, compounds such as 4B may be tredted with reagents such as
comercially avail abl e 3,3,3-trif|uoroQ% ?gal and then reduced to form
trifluoromethyl conmpounds such as tis ot her coenpounds can be
prepared from conmpound 4B. For exanple, a reagent such as an al kyl

chl or of or mat e,or themharrapqyrieallsapgeptapla b afhsrhydeate thetegf. be reacted with the
depr ot ected conpound 4B to produce conpounds in which R6 is -C(=0)-0-(d -C6
alkyl) . [0198] The iy} lindotind HckiBlindSCLhBEM ddcohBhfGnce Lo the
foll ow ng exanpl es, which are intended to exenplify the clainmed invention
but not to limt it in any way. EXAMPLES [0199] Uff¥ds ot herwi se stated,

all starting nmaterials were obtained from =

Ir=z

or the pharmaceutically acceptable salt or the hydrate thereof.

61. The compound of embodiment 1, wherein the compound is

OCH;
P
NN
g /
CH;
N
)\/OH

O

or the pharmaceutically acceptable salt or the hydrate thereof.

62. The compound of embodiment 1, wherein the compound is
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commerci al sources such as Sigma-Aldrich, St. Louis, MO, or were obtained
using literature procedures. [0200] 1H NMR spectra were typically acquired
on a Brukeo2canex4l 11 500 spectroneter system (Bruker, PBTIuS2oica300WA)
operating at a 1H frequency of 500.13 MHz, equi pped with a Bruker 5 mm
PABBI probe with a z-axis gradient; or on a Bruker Avance |l 400
spectroneter operating at a 1H frequency of 400.23 M1z, equi pped with a
Bruker 5 nm PABBO probe with a z-axis gradient. Sanples were typically

di ssolved in 500 [IL DVBSO d6, CD30D, CDC13, or another deuterated NWR
solvent for NWR analysis. 1H chemi cal shifts are/Téeferenced to the residual

sol vent signals from DMSO-d6 at 6 2.50, CDB N6 #.30, or other reference
solvents, or may be referenced to tetranetﬂyl ne. Significant peaks were
tabul ated and typically include: nunber pilot ops, multiplicity (s,
singlet; d, doublet; dd, doublet of do s; t, iplet; g, quartet; m
multiplet; br s, broad singlet) and couplifng co nt(s) in Hertz.

[ 0201] El ectron loni zation (El) nass spéctra were typically recorded on an
Agi | ent Technol ogi es 6140 Quadrupol e LT mass spectroneter. Mass
spectrometry results are reported as t rati o of mass over charge,
sonetines followed by the relative abﬁ Ol of each ion (in parentheses).
[ 0202] sol vents: The follomjng Abbrevrations are used to refer to various

reagents and Ac20Acetic anhydride AcOHAceti ¢ ac TPAdenosi ne Tri phosphate
BSABovi ne Ser I%ﬂﬁpﬁmﬁc aVWP%WFﬁﬂﬁthﬁhﬁ%m fodt

2012/129344PCT/U82Q%2/0E0007

¢ compound of embodiment 1, wherein the compound is

——

N
N N/

2]
N
H
or the pharmaceutically acceptable salt or the hydrate thereof.

64. The compound of embodiment 1, wherein the compound is

——

N
N N/

HN” N7 N

3 O

N | /
HN CH

2

or the pharmaceutically acceptable salt or the hydrate thereof.

65. The compound of embodiment 1, wherein the compound is
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DCMVDI chl or onet hane DMEMDul becco' s Modifi ed Eagl e Medi um

DVFN, N- Di net hyl f or mam de DMSQODI net hyl sul f oxi de DTTDi t hi ot hrei t ol

EDCN- ( 3- awoebteyi2asss nopr opyl) - N - et hyl car bodi i m de hydr oebirarseae/030007
EDTAEt hyel enedi am net etraaceti c aci d EGIAEt hyl enegl ycol bi s(2-am noet hyl
ether)-N,N, N, N tetraacetic acid EtOAcEthyl Acetate EtOHEthanol

HPLC- MSHi gh Per f or mance Li qui d Chromat ography Mass Spectronetry

——

N
NS Y/

|
HN)\N/ N
g /
CH3
N
H 2

or the pharmaceutically acceptable salt or the hydrate thereof.

66. The compound of embodiment 1, wherein the compound is

—

O
HN)\N/ N
0 O
|
N
A _OH

0

2

or the pharmaceutically acceptable salt or the hydrate thereof.

67. The compound of embodiment 1, wherein the compound is

—

N
NI N/

|
HN)\N/ N F
T
g

N

O)\/OH

or the pharmaceutically acceptable salt or the hydrate thereof.

68. The compound of embodiment 1, wherein the compound is selected from

-9D .



HTSH gh Thr oughput Screen HTRFHonogeneous Ti nme- Resol ved Fl uorescence
LCMSLI qui d Chr onat ogr aphy Mass Spectronetry Li HVDSLI t hi um

bi s(tri mawbybsii2g9igranm de MeOHMet hanol NI SN-1 odosucci ni mpde/URBNRAOIGIDA cel
growt h medi um devel oped at Roswel|l Park Menorial Institute

TBSt - But yl di met hyl silyl TEATri et hyl am ne TFATri fl uoroacetic acid
THFTet r ahydr of uran WO 2012/ 129344PCT/ US2012/ 030007

—

- N
Na s W N\\’
2
HN)\N N
N/| O N~
\ b
CH3 N
N H
— N
N N\ N\ /
HN
N/
g b
x
N
HO/\n/
O ’O 9
TN TN
N\ N\ / N\ N\ /
/
"c
o o.
CH, CH,

—

N
— N \
N\

/N A

o
)\/N “CH3 \(|3H3

, O ’
or the pharmaceutically acceptable salt or the hydrate thereof.

69. The compound of embodiment 1, wherein the compound is
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[ 0203] Preparati on of Exanples [0204] Exanpl e 1.

9-((1r, 40-4- Met hyl cycl ohexyl )-N-(5, 6, 7, 8-t et rahydr o-
1, 6- naphtworoin4yl) - 9H pyri do[ 4' , 3' : 4, 51pyrrol of 2, 3- #Cpyus2e2@B0v02- an ne

1 NII+ HZNNCI i CH3 [0205] Synt hesi s of

N4- ((1r, 40-4- et hyl cycl ohexyl ) pyri di ne- 2, 4-di am ne.

4- Chl oropyri m di ne-2-am ne (comercially avai
Louis, MO (1000 g, 7.72 nol, 1.0 eq), trans-
hydrochl oride (comercially available from TC
10.03 nol, 1.3 eq) and TEA (3.23 L, 23.2 nol,
in n-butanol (8 L). The reaction m xture

able fromSi gna-Al drich, St
4- et hyl cycl ohexyl am ne
Anmerica, ML780) (1500 g,

3. O'Eq were m xed together
N reflux for 36 hours

and nonitored using LCMS. Upon conpletion, lthelre c Ion m xture was cool ed

to roomtenperature, diluted with water H

10 L). The organic |layers were conbined,/ ried oy
concentrated under reduced pressure to 'giveg the f
whi ch was used in the next step w thou t her

HN

andy extracted with Et0Ac (2 x
Na2504, and

conpound (1770 g)
Afication.

or the pharmaceutically acceptable salt or the hydrate thereof.

70.  The compound of embodiment 1, wherein the compound is

NTX
A -
HN N
N/
U

Iz

or the pharmaceutically acceptable salt or the hydrate thereof.

71.  The compound of embodiment 1, wherein the compound is

N/

HO/\n/

—

N

N X\ /

or the pharmaceutically acceptable salt or the hydrate thereof.

72.  The compound of embodiment 1, wherein the compound is
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CH3CH3 [ 0206] Synt hesi s of
5-io0do- N4- ((1r, 40- 4- net hyl cycl ohexyl ) pyri di ne-2, 4- di am ne.
NA- ((1r, awp-2412d2vd¢| cycl ohexyl ) pyri di ne- 2, 4-di am ne (17P0TgiS2@28800D|, 1.0
eq) was dissolved in anhydrous DVF (8 L). To this solution under N2
at nosphere at 10 C was added NIS (1.93 kg, 8.58 nol, 1.0 eq) in portions
over 10 m nutes. Upon conpletion of the addition, the reaction m xture was
stirred at roomtenperature for 2 hours. The reaction was nonitored using
LCVS. Upon conpl etion, the reaction m xture was cool ed using an ice bath,
guenched with saturated aqueous sodi um carbonat @ 5,,L) and extracted with
Et0Ac (2 x 15 L). The conbi ned organi c exN Nepye washed with saturated
aqueous sodi um carbonate (2 x 5 L), mate[iKS/ , dried over Na2SsO4, and
concentrated under reduced pressure. The&lreNid was purified using colum
chromat ography eluting with 25%to 40%E{OAc in anes to provide the
title conpound (1.47 kg, 57% over twoMs NVR (300 WHz, DMSO-d6) 6
ppm 0.85 (3H, d, J= 7.2 Hz), 0.98 (1H dd~\J= ~4, 2.7 Hz), 1.41 - 1.27
(3H, m, 1.66 (2H, d, J = 12.3 Hz), 1.7 , d, %ﬁh12.3 Hz), 3.85 (1H, m,
5.48 (1H, d, J=8.1 Hz), 6.16 (2H br s)»\7 86 (1H "s) ppm M nmz: 333
(Mt1l). F N H2NA NNHF i CH3 [0207] Synt hesi (ﬁOH
5-(3-fluoropyridin-4-y1)-N4-((1r,40-4- ©
met hyl cycl ohexyl ) pyri mi di ne- 2, 4-di ami ne. To a solution of 2,2,6,6-
tetranet hyl pi Rﬁﬁﬂe%‘h%aé&ﬁ@ﬁ?%@deﬁﬂaﬂ)l}! sVl th@eSi gma- Al dri ch, St.
Louis, MO (997 m., 5.87 nol, 3 eq) in anhydrous THF (6 L) under N2
atnosphere at 0 C, was added n-BulLi (2.5 Min hexanes, 2.35 L, 5.87 nmol, 3
eq) via an additi or’3f ufhetongipend gombpdipertsl, wien thegepresiddn of t he
addition, the reaction mxture was stirred at 0 ¢=hor 1 hour. The reaction
m xture was cooled to -74 C (acetone/ dry [es o;<h)ﬁhnd a solution of
3-fluoropyridine (comercially available fromjSi gma-Aldrich, St. Louis, M)
(561 g, 5.773 nol, 2.95 eq) in anhydr ousiN M nL) was added over 15
p—gonpl eti on of the
addition, the reaction nmixture was stirfedjat -{4 G for an additional 2
hours. A solution of ZnBr2 (1422 g, 6. /eq) in anhydrous THF (3
L) was then added dropwi se over 35 m nutgs keepi ngcthe tenperature bel ow
-60 C. Upon conpletion of the additiomnthe cold bath was renoved and the
reaction mxture was allowed to warm t%l\éjg@pp tenperature. Then 5-

o

i odo- N4- ((Ir, 4r)-4-nmethyl cycl ohexyl ) p9fi & ne- 2, 4-di am ne (650 g, 1.95 nol,
1.0 eq) was added in one portion foll owedHyy Pd(PPh3)4 (113 g, 97.8 nmol,
0.05 eq). The reaction mxture was heated at reflux overnight and nonitored
using LOMS.  UnpmheGRmaEhtiQMy abd3FtabIE QAL dr AR Yk URE RS cool ed to room
tenperature, quenched wth Saturated aqueous NaHCO3 (6 L) and extracted
with EtOAc (10 L x 2). The organic extracts were washed wi th saturated
NaHCO8 (2.5 L x 2) 7dnd The pavepoppd of embodigigef wehercineerropppiendit r at ed under
vacuum The residue was dissolved in 2N HC1 (2.5 and washed wi th DCM
(1.25 Lx 3). The aqueous phase was adjuste 1M 12 by addition of
aqueous 4N NaCH and extracted with DCM (1.3 L — The organic extracts
were washed with water (1.25 L x 2), dri (s ncentrated to give the
title conpound (540 g, 929 . 1H NWVR (300 lVHz, dé) 6 ppm 0.85 (3H, d,
J=7.2 Hz), 0.98 (1H, dd, J= 12.9, 2.7 Mz)) 1.3 .18 (3H, m, 1.64 (2H

d, J=12.3 Hz), 1.74 (2H, d, J= 11.7 .96 (& m, 5.00 (1H, d, J= 8.4
Hz), 6.24 (2H, br s), 7.35 (1H, dd, Jf¥ 6.6, 4.4 Hz&H37.58 (1H, s), 8.37
(1H, d, J= 4.8 Hz), 8.50 (1H d, J= 6. ) ppm
O)\:/OH
CHs

or the pharmaceutically acceptable salt or the hydrate thereof.

75.  The compound of embodiment 1, wherein the compound is
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[ 0208] Synt hesi s of 9-((1r, 40-4-net hyl cycl ohexyl)-9H
pyrido[4', 3%, 51pyrrolo [2,3-d] pyrimdin-2-amne. To a solution of 543-

f | uor opyrwoiznrAr2y3}- N4- (( 1r, 40- 4- et hyl cycl ohexyl ) pyr i nmpdirns2@243@dam ne
(854 g, 2.84 nmol, 1.0 eq) in anhydrous 1-nethyl-2-pyrrolidinone (8 L) under
N2 at nosphere at room tenperature, was added LiHVDS (1.0 Min toluene, 8.5
L, 8.5 mol, 3.0 eq) over 30 mnutes. Upon conpletion of the addition, the
reaction m xture was heated at 90 C overni ght and nonitored using LCVS.
Upon conpl etion, the reaction m xture was cool ed to roomtenperature,
guenched with ice cold water (10 L) and extracted wgh EtOAc (12 L). The
organi ¢ phase was washed with saturated aqWyé (4 L x 2, and water
(2 L x 3). The aqueous | ayers were conbi ned ack extracted with EtOAc
(15 L x 2). The organic layers were co r“ned dryed over Na2SO4, and
concentrated under reduced pressure. T I|d 3 obtained was suspended
in DCM (2.5 L) and agitated using a ro ar evaporat or for 30m nutes. The
solid was collected by filtration, wa With DCM and dried to afford the
title conpound (400 g). The nnther | i quor) was puri$¥Hed by col um

chromat ography (el uting with DCM MeOH N50CH} to afford, after triturating
with DCM (750 nL), additional title c8 NdC 277 g, total: 677 g, yield:
84% . 1H NWR (300 MHz, CD30D) 6 ppm 1702 (d, = 6.3:Hz, 3H), 1.33-1.20 (m
2H), 1.67-1.60 (m ZFD, 1.95-1.84 (m 4H), 1.58-1.45 (n1 2H), 4.87-4.77 (m
1H), 7.94 (d, oyhemphamyapeutiqally ac@ptlle pait or yhe Iydrteptpereofy) | 8. 87 (s, 1H), 8.96
(s, 1H) ppm M niz: 282.0 (Mtl). CC NN (Boc) 20, DI EA
DCM rt [0209] Synt hgsi §h0forkRlha M%Bdlment 1, wherein the compound is

2-chl or o- 7, 8- di hydr o- 1, 6- napht hyri di ne- 6(5H)-carboxylate. To a slurry of
2-chloro-5,6, 7, 8- tetrahydro 1, 6- napht hyridin toghl oride (106.1 g, 517
nmol , connercially available from DL Chigil i cal s, ST-0143) and

N, N- di i sopropyl et hyl am ne (80 g, 108 ni, , 1.2 eq) in DCM (1 L) was
added a solution of di-tert-butyl dicar L9 g, 543 mmol, 1.05 eq) in
DCM (100 nmL) via an addition funnel wt 1 hr \e reaction m xture
becane a clean solution and the solutiop thus ol ed was stirred at room
tenperature for an additional hour an Itored using LCVS. Upon

conpl etion, the reaction mxture was congente ed. Chthe resi due was

di ssolved in EtOAc (1 L) and washed wt mafer (3 x 300 nL), washed with
brine (300 nmL) and dried over My504. & Uﬁgg?t was evapor at ed under

vacuumto give the title conmpound as an off-Wwhite solid (139 g,

yi el d: 100%9. 1H NWR (400MHz , CDC13) 6 ppm 1. (9H, s), 2.97 (2H, t
5.9 Hz), 3.73 (2H, t, J= 6.0 Hz), 4.57 (2H, s), 7.17 (1H, d, J= 8.0
7.38 (1H d, Jrtg pharsayeuppatly apeMBblapadt or 2@dy(inkeltherecof WO

2012/ 129344PCT/ US2012/ 030007

77. The compound of any one of embodiments 1-76 in a neutral form.

J
Hz),

78. The pharmaceutically acceptable salt of any one of embodiments 1-76.
79. The pharmaceutically acceptable salt of embodiment 78, wherein the
pharmaceutically acceptable salt is selected from a chloride salt, a methanesulfonate

salt, or a benzenesulfonate salt.

80. The pharmaceutically acceptable salt of embodiment 78, wherein the

pharmaceutically acceptable salt is a chloride salt.

81. The pharmaceutically acceptable salt of embodiment 78, wherein the

pharmaceutically acceptable salt is a methanesulfonate salt.
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[ 0210] Synt hesis of tert-butyl 2-49-((1r, 40-4-nethyl cycl ohexyl)-9H
pyrido[4',3 :4,51pyrrolo [2,3-d] pyrimdin-2-yl)am no)-7,8-dihydro-1, 6-
napht hyr iworer2628H) - car boxyl ate. To a sol uti on of PCT/US2012/030007

9-((1r, 40-4-net hyl cycl ohexyl) -

OH-pyrido[4',3 :4,5]pyrrolo[2,3-d] pyrimdin-2-amne (2.81 g, 10 mol) in

1, 4-di oxane (45 nlL) were added tert-butyl

2-chl oro-7, 8-di hydro-1, 6- napht hyri di ne-6(5H) - carboxylate (2.57 g, 9.55
mol ), 4, 5-bi s(di phenyl phosphi no) -9, 9-di net hyl xanene (231 ng, 0.40 mol),
and sodiumt-butoxide (1.44 g, 15 nmmol). Argon was bubbl ed through the

m xture for 10 m nupe %ﬂ%h ) (183 ny,
0.20 nmol ) was addLgté The @ahﬁ&c%ﬁﬁ%&%é@gﬁ%ﬁ)‘f@% EE g‘hr gzégﬁﬁﬂ%ﬂdﬁgt%)xt ure for 5
m nutes. The n%mmn%&%w¢mmm%m@bkhﬂ§w@b@ﬁﬁﬁ%@ﬂmm@S@t|rred at 100 C for 3
hours whereupon HPLC-MS anal ysis indicated that the reaction was conpl ete.
The reaction m xture was cooled to 40 C and diluted with DCM (90 nL) and
treated with Sitri&ddi néd ghumpseutisplgbinpesetion; the phprgedeutichleompsSiitigncycl e,
FR31017TR130B),, filter
aid 545 (6 9) maﬁnﬁﬁggm%¥&%ﬂ&mggﬂﬁ?§%%?gh%ggnf&ﬁ%29§1ﬂ&ﬁ%hkgmgpﬁpgred gl ass
funnel and t hecewiably splhawdydrats tharepd e theimiktupahMréof@eopding toFeoreioft r at e was
concentrated ty tiak.y, xture of
Et 0Ac and hexa(lr?b%%m%ts(??;2%(Ij le%t Ong %2181 %}lﬁ@@?& @%ﬂl%@%ﬁf} trCLr&gg[ G room

t enperat ure fcohlugthours. The SO|Id was collected by filtration, mashed W th
a mxture of Et0OAc and hexane (20 nL, 1:1) and air dried for a few hours to
provide the title conpound as an off-white solid (4.90 g, 100%vyield). 1H
NVR (500 MHz, CD2CI1%%) @ pghediof@gat{ngidancgr, thy-meghod cppprising: JdminisierPd@ tqPH, ) ,
1.48 (9H, s), 9 g, J= 3.1,
12.8 ). 2.8 SsalzjgczH ah ta'lff’sctlpg am(ﬁl}lt of%hé)(,%m_lioz&ndzﬁe gﬁ%ﬁna&mcaﬁy Qc%elgt%g’s SSa%l (2H, s).
7.51 (1H, d, thr®fﬂh¢-lz>)dfat€7th8t§ﬂ c_m-qhe mlxﬂgﬁtth@emfﬁquy oi@ of mpadnersy 1-83yr g 42
(1H d, J= 8. ché_li})arma%e‘]tﬁal(&)lﬂ otiondiF eftbolid@n 83 8- 97 (1H s), 9.10 (1H, s)

ppm LCMS mlz: 5 4(Nhf$. L0 2012/129344PCT/U82012/030007
[0211] Synt hesi s of 9-((1r, 40-4-nethyl cycl ohexyl)-N- (5, 6,7, 8-tetrahydro-

85. The method of embodiment 84, wherein the cancer is selected from acute
myeloid leukemia, acute lymphoblastic leukemia, myelodysplastic syndrome, multiple
myeloma, chronic myeloid leukemia, acute lymphocytic leukemia, chronic lymphocytic
leukemia, non-Hodgkin lymphoma, another lymphoma, another myeloma, or another

leukemia.

86. The method of embodiment 85, wherein the cancer is acute myeloid

leukemia.

87. The method of embodiment 84, wherein the cancer is selected from
breast cancer, colorectal cancer, small cell lung carcinoma, head and neck,
glioblastoma, pancreatic, gastrointestinal, liver, prostate, ovarian, testicular,

endometrial, bladder, melanoma, osteosarcoma, or another sarcoma.

88. The method of any one of embodiments 84-88, wherein the cancer is Rb-

positive.

89. The method of embodiment 84, wherein the subject is a human patient,

and the cancer is a hematological cancer.
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, 6-napht hyridin-2-y1)-9H pyrido[4', 3" :4,51pyrrol o[ 2, 3-d] pyri m di n-2-am ne
T

1,6
(1). To a suspension of tert-butyl
2- ((9- (( woaor4r20mthyl cycl ohexyl ) - 9H pyri do[ 4', 3' : 4, 5] pycralsedi2/0300d] pyri m d
i n-2-yl)am no) -7, 8-di hydro- 1, 6- napht hyri di ne- 6(5H) - car boxyl at e:

9-((1r, 4r)-4-met hyl cycl ohexyl)-9H pyrido[4', 3" :4,5]pyrrol o[ 2, 3-
dlpyrimdin-2-amne (4.65 g, 9.05 mol) in MeOH (30 nL) were added
concentrated HC1 (6.74 nL) and water (14 nlL). The m xture thus obtained was
stirred at roomtenperature overnight. 50% NaOH in water (4.8 nL) was added
at 0 Cto the reaction mxture to adjust the pH value to 9. The
precipitated yell owgys I , wat er
(25 nmL) and air dryggd%‘%gh(yﬁgé@% g%:lgeteﬂ%t eféHOFItCB%ﬁs r'rpoun(fjS 3%0?9, 10099 .
1H NMR (400 MHmbie@€DC13) 6 ppm 1.07 (3H, d, J= 6.5 Hz), 1.29 - 1.25 (3H, m,
2.00 - 1.95 (3H, n')‘](a)a%e%ctﬂvglihioﬁ)toft%e Q(gnpougd% ﬁlgt]ﬁllacéalcall% agc% {aglléisali’ J=6.0
Hz), 3.26 (2H, t, J= AT04 (2HS) 71 C1H 0278712, 8 Hz),
7.41 (1H, d, Jhﬁr®f4h¢-b})dfate7th8f401( qthe mlxtlmtthsreifqiizl)ly 0117e @mpqqqnerms 1-§205. 1 Hz),
8.03 (1H, 5)1 t ﬁl%nﬁajcﬁltlcgl’co OS%IO%OH%I)IbOCﬁnéQ ﬁjahlzl d, J=5.3 Hz), 8.96 (1H,
s), 9.08 (1H, sy ppm mz PR B31%] Exanpl e 2.

1-(2-((9- ((1r 40- 4-(MaqtIfaﬁt@pwe@w@)@wrypegm—agpytw@mmetlzatmnt@f;pwﬁrol o [2,3-d]
pyrim di n-2-yl)am no)-7, 8-di hydro-1, 6- naphthyridin-6(5H)-yl)ethanone 2 N
HN NN O CH3 12 [0213] Synt hesis of

1- (2-09- ((1r, 40- 4- Bt hyhe ypethothebapibpdigrant iy whetein he,sgeond hempgutic okt {52, 3- d]
pyri mi di n-2- y'%@%@%)amgos@dedamammgp1§a AR e, Bophdpkk g hanone (2).
To a stirred e-cool ed solution o ( r,4ar)-4-

met hyl cycl ohexjdprpsife. ¢8belatingflydarapimpyroifayantroge. siggsmothppdng, rwdmett) - OHpyr i do[ 4'
3':4,5]pyrrol r n 3 nL of

1, 4 di oxane m%ag%ﬁg]&p%%%ﬁ%&gﬁﬁb@t%&ﬂ%f&%g fHEzasuQn %%G Qt%léter stirring
for 10 mi nut edenoRBstin, dg¢itaDmpa aamtldllm Pﬁsihmelvmﬁlbm,rléot%@édlsphqf\@hateesuI ting
sol ution was liMedMdt t ution,
wat er and bri ﬂﬁ&ﬁ%ﬁ%ﬁ%&%@%ﬁ%%%% 1 galﬁﬁwﬁ,@ &q g%éﬁk%ngglg?&bacuum
The residue westipndyi fi ed by preparatory LC to gl ve the title conpound (50
ng, 50% . 11-1 NWR (400 MHz, CD30D) 6 ppm 1.10 (3H, d, J= 6.46 Hz) 1.31 -
1.43 (2H, m 1.70-1.80 (1H br. s.) 2.00 - 2.09 (4H rr) 2.27 (3H d, J=
7.24 Hz) 2.67 - 2.8 ( mn&o@ofle@lbpilmemt% yhergn g spwpdglemﬁewlcag@zls(lH m
3.98 (2H, dt, c}ms&é)’aéﬁnos@deo‘l Hz) 4.79 - 4.84 (2H, m) 4.91-5.00 (1H, m 7.90
-7.98(2H,n) 8.65 (2H, m 9.40 - 9.41 (1H, m 9.62 (1H d, J= 2.74
Hz) ppm LCMS rrlz. 456 (M+1)

93.  The method of embodiment 90, wherein the second therapeutic agent is

an agent used in the treatment of acute myeloid leukemia.

94. The method of any one of embodiments 90-93, wherein the effective
amount of the compound, the pharmaceutically acceptable salt thereof, the hydrate
thereof, or the mixture thereof of any one of embodiments 1-82 or the pharmaceutical
composition of embodiment 83 is administered to the subject after the at least one

second therapeutic agent is administered to the subject.

95. The method of any one of embodiments 90-93, wherein the effective
amount of the compound, the pharmaceutically acceptable salt thereof, the hydrate
thereof, or the mixture thereof of any one of embodiments 1-82 or the pharmaceutical
composition of embodiment 83 is administered to the subject before the at least one

second therapeutic agent is administered to the subject.
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[ 0214] Exanpl e 3. 2-(2-09-((1r, 40-4- Met hyl cycl ohexyl ) -9H

pyridol4', 3" :4,51pyrrolo [2,3-d] pyrimdin-2-yl)am no)-7,8-dihydro-1, 6-
napht hyr iwtore{&b44yl ) et hanol 3 13 [ 0215] Synt hesi s Pafr/US2012/030007
2-(2-09-((12r, 40-4-net hyl cycl ohexyl )-9H pyridol4', 3" :4,51pyrrolo [2,3-d]
pyri mdin-2-yl)am no)-7,8-di hydro-1, 6- naphthyridin-6(5H)-yl)ethanol (3). A
slurry of

9-((1r, 40-4-net hyl cycl ohexyl)-N-(5, 6,7, 8-tetrahydro-1, 6-napht hyri din-2-y1)-
9H pyrido[4',3 :4,5]pyrrol o] 2, 3-d] pyri md| n-2-amne (1) (50 ng, 0.12 mmol)
and (tert-butyl di m#ohy(Td¢ mpt 9@(9@@@@@%1¢fde1by@i@em€8@rﬁ%r@6@m the effegiiveabl e from

Si gma- Al dri Ch’am%Emt olf%'cﬁlgpaﬁ)ei tﬁg’ ﬁn;{ggutlcgﬂyla%c Le)saft& %r fngw:h érag' oxane Was

stirred for 5 mnutes an n30|umtr|acet oro cormermally
avail able fr orfh@@r@rmﬂm@mwherstfofawng Ofmod(mtsngZ @twawacwas added.

After stirri n%o sﬂ%le O%IQF'écﬁelﬁent Waﬁﬁ%ﬂté}%ﬁ to\ﬁ?e%u ggqgfjthé Qan{el‘{ﬁ"ner tﬁ‘aﬁ?ﬁe‘ on

m xture. The res tlng sol ut1 on was washe seque W th saturated
aqueous NaHCCI%@Pﬂphwconﬂaheéirpe@!mgmt|15r?61}n11ﬁ$t¢fé@ltodbfe9rubﬁﬁhydr ous |vi S04, and
evapor at ed under vacuumto give the internedi ate TBS protected al cohol
(LCVBS mz: 572 (M+l)). The TBS protected al cohol was treated wwth 3 nL of 4
N HC1/ di oxane to retfovéhe benppBB! ¢frapyipre Afembedidons hit exthe phearatioaef# on was
concentrated aghdipieid i ed by flash chromatography on silica gel eluting
with 0 to 20 % 2N NH3 MeOH solution in DCMto give the title conpound (38
ng, 68 %yield). 1H NWR (400 MHz, CDC13) 6 ppm 1.09 (3H, d, J= 6.65 Hz)

%—2112-8;; 32 é iHHz;%Zng%% conlpoZr?déf%h%oﬁQof% %édlmen’ts P8y gf‘cth'ef,ﬁglmgcen?%aﬁ H, _qg w0

(4H, m 4.70 -aceep@blealiior thp hydrmtl(e@pif ophe mﬂtge thrqqur tire jg@rpackyticald, J— 5.18,

1.08 Hz) 8.08 8.53 (1H, d, J= 5.28 Hz
8.97 - ga 00 (f&&l%r%ﬁ%lO?Sﬁgo‘%&%ﬁgmor?reatﬁgg%ﬁz)CJMs n1(z 458 (M1). )

[ 0216] Exanpl e 4. 3-(2-49-((1r, 40-4- Met hyl cycl ohexyl ) -9H

pyridol4' , 3" :4,51lpyoro . 3 7.8 0-1.6- n
Boht hyr i di n-6(5H) 3;9{9) pkrg% L(gnn;?o chofF&{{bb&ﬂnght@B% We AL a1 e hYSlE

salt, or the hydrate thereof, or the mlxture thereof, wherein the cancer is selected from
acute myeloid leukemia, acute lymphoblastic leukemia, myelodysplastic syndrome,
multiple myeloma, chronic myeloid leukemia, acute lymphocytic leukemia, chronic
lymphocytic leukemia, non-Hodgkin lymphoma, another lymphoma, another myeloma,

or another leukemia.

100. The compound of embodiment 98 or the pharmaceutically acceptable
salt, or the hydrate thereof, or the mixture thereof, wherein the cancer is acute myeloid

leukemia.

101. The compound of embodiment 98 or the pharmaceutically acceptable
salt, or the hydrate thercof, or the mixture thereof, wherein the cancer is selected from
breast cancer, colorectal cancer, small cell lung carcinoma, head and neck,
glioblastoma, pancreatic, gastrointestinal, liver, prostate, ovarian, testicular,

endometrial, bladder, melanoma, osteosarcoma, or another sarcoma.

102. The compound of embodiment 98 or the pharmaceutically acceptable

salt, or the hydrate thereof, or the mixture thereof, wherein the cancer is Rb-positive.
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OH 4 [0217] Synt hesis of 3-(2-09-((1r, 40-4-net hyl cycl ohexyl)-9H
pyridol4', 3" :4,51pyrrolo [2,3-d] pyrimdin-2-yl)am no)-7,8-dihydro-1, 6-
napht hyr iwore{&b44yl ) propan-1-ol (4). The title conpoumrdT(U$poramsoopt epar ed
from 9-

((l'r,40-4-net hyl cycl ohexyl)-N-(5, 6,7, 8-tetrahydro-1, 6-napht hyri di n-2-y1)-9H
pyrido[4',3 :4,5]pyrrolo[2,3-d]pyrimdin-2-amne (1) using chemstry
simlar to that described in Exanple 3 using
(tert-butyl di met hyl silyl oxy) propanal éconnercially avai l abl e from

ChenPaci fic, Balti ndpe Thppymporngdigodogiment 98 or the pharmaceutically acceptable

(tertbut y'_d' W%Eﬁ%'rﬁie'hki/&rgeéme%?to?lh?%m&%% thelédiM%eﬁlﬁ%Q n@%&[a)seﬁ ppm 1.10
(3H, d, J= 6. .16 (6H,

m, 2.37 -2. 45reemgah\a)nanzar@mpan@ta@d(@lqancm)lsa@er@@olgglmC(r@ﬂ rr) 3 46 - 3.57
(2H, ), 3.66 - 3.90 (2H, n), 4.55 - 4.64 (2H, n), 4.95 (1H n), 7.81 (1H,
dd, J= 8.51, 1.27 Hz), 8.36 (1H, d, J= 8.80 Hz), 8.62 (2H, g, J= 6.26 Hz),
9.42 (1H, s), 9.59 J04HTheommermd, te/ph@mapentically 2cqentatily saI{teri@] B hydsite 5.

2- Hydr oxy- 1-( %ﬁ(@qgof(((rll{e’réigfufle t%%&%k%dn@la?éﬂw&dln%ﬁ‘fs lpgﬁrdr%]p[lllaml?éceuﬁcaﬁ lpyrrolo
[2,3-d] pyrim di n-2-yl)am no) - hydro-1

napht hyri di n- @p@pps.lt},qn)oé@mhqﬁyn@t 83 Fq@trgat@g (gan.cel:, th.e freatment of cancer comprising:

administering to a subject

(a) an effective amount of the compound, the pharmaceutically acceptable salt
thereof, the hydrate thereof, or the mixture thereof of any one of embodiments 1-82 or
the pharmaceutical composition of embodiment 83; and

(b) at least one second therapeutic agent used in the treatment of cancer.

105. The compound of embodiment 104 or the pharmaceutically acceptable
salt, or the hydrate thereof, or the mixture thereof, wherein the second therapeutic agent
is cytosine arabinoside, daunorubicin, idarubicin, doxorubicin, cyclophosphamide,
etoposide, carboplatin, fludarabine, mitoxantrone, dexamethasone, rituximab,
midostaurin, a granulocyte colony-stimulating factor, filgrastim, PEG-filgrastim,
lenograstim, decitabine, azacitidine, paclitaxel, gemcitibine, motesanib disphosphate,
panitumumab, an antibody directed against CD33, or a CD33 bispecific T-cell engager
antibody.

106. The compound of embodiment 104 or the pharmaceutically acceptable
salt, or the hydrate thereof, or the mixture thereof, wherein the second therapeutic agent

is cytosine arabinoside.

107. The compound of embodiment 104 or the pharmaceutically acceptable
salt, or the hydrate thereof, or the mixture thereof, wherein the second therapeutic agent

is an agent used in the treatment of acute myeloid leukemia.

108. The compound of any one of embodiments 104-107 or the
pharmaceutically acceptable salt, or the hydrate thereof, or the mixture thereof, wherein
the effective amount of the compound, the pharmaceutically acceptable salt thereof, or

the mixture thereof of any one of embodiments 1-82 or the pharmaceutical composition
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of embodiment 83 is administered to the subject after the at least one second therapeutic

agent is administered to the subject.

109. The compound of any one of embodiments 104-107 or the
pharmaceutically acceptable salt, or the hydrate thereof, or the mixture thereof, wherein
the effective amount of the compound, the pharmaceutically acceptable salt thereof, or
the mixture thereof of any one of embodiments 1-82 or the pharmaceutical composition
of embodiment 83 is administered to the subject before the at least one second

therapeutic agent is administered to the subject.

110. The compound of any one of embodiments 104-107 or the
pharmaceutically acceptable salt, or the hydrate thereof, or the mixture thereof, wherein
the effective amount of the compound, the pharmaceutically acceptable salt thereof, or
the mixture thereof of any one of embodiments 1-74 or the pharmaceutical composition
of embodiment 75 is administered to the subject at the same time that the at least one

second therapeutic agent is administered to the subject.

[0158] The pharmaceutical compositions or compositions for the
administration of the compounds of this invention may conveniently be presented in
unit dosage form and may be prepared by any of the methods well known in the art. All
methods include the step of bringing the active ingredient into association with the
carrier which constitutes one or more accessory ingredients. In general, the
pharmaceutical compositions are prepared by uniformly and intimately bringing the
active ingredient into association with a liquid carrier or a finely divided solid carrier or
both, and then, if necessary, shaping the product into the desired formulation. In the
pharmaceutical composition, the active object compound is included in an amount
sufficient to produce the desired effect upon the process or condition of diseases.

[0159] The pharmaceutical compositions containing the active ingredient may
be in a form suitable for oral use, for example, as tablets, troches, lozenges, aqueous or
oily suspensions, dispersible powders or granules, emulsions, hard or soft capsules, or
syrups or elixirs. Compositions intended for oral use may be prepared according to any
method known to the art for the manufacture of pharmaceutical compositions. Such
compositions may contain one or more agents selected from sweetening agents,

flavoring agents, coloring agents and preserving agents in order to provide
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0 [0219] Synthesis of 2,5-dioxopyrrolidin-1-yl 2-acetoxyacetate. A 3-neck
round- bottom fl ask equi pped with a nmechanical stirrer, thernocouple and
addi ti on Wworznel120844h ni t rogen inl et was charged with N rgadnuszei2es®oni m de
(comrercially available from Sigma-Aldrich, St. Louis, MO (211 g, 1.83
nol) and DCM (2.25 L) at roomtenperature, resulting in a suspension.
Pyridine (178 nL, 2.2 nol) was added in one portion with no change in the

i nternal tenperature. A solution of acetoxyacetyl chloride (comrercially
avai l able from Sigma-Al drich, St. Louis, M) (197 niL, 1.83 nol) in DCM (225
n) was added réiropwiusieallseiegars @ndaiidbéspremihtivtre Toblapeptinthe aetvse to 35 C.

Stirring was Gg, &cgéﬂt'ﬁ%gﬂﬁxtﬁrg toﬁ”fgp?drn"%ﬁfz afnﬂicegncéglp%épﬁ leQ{%lpEe action

m xture was vvas wat er (1x1L 2x 1L rine (1x1L). The
organi ¢ | ayer wikeh asosvaielle foathsdnagn@etprowitablem dhebe grawentopadbanfarh t ol uene

(1x1 L) to obtaip,t I?I?ertpdllgglﬂ§ ts (fﬁsols @al&&h%ﬁbg‘lﬁke’ g)d{L%pgarlg)natg:%@tose :It:lE'lcml}{lQ
(400MHz, CDC13) 4.96 (2H, . d) s)
238 (MtNa) . phgsphate or sodium phosphate granulatmg an dlslntegratmg agents for example

CMS il z:
corn starch, or alginic acid; binding agents, for example starch, gelatin or acacia, and
lubricating agents, for example magnesium stearate, stearic acid, or talc. The tablets
may be uncoated or they may be coated by known techniques to delay disintegration
and absorption in the gastrointestinal tract and thereby provide a sustained action over a
longer period. For example, a time delay material such as glyceryl monostearate or
glyceryl distearate may be employed. They may also be coated by the techniques
described in U.S. Patent Nos. 4,256,108, 4,160,452, and 4,265,874 to form osmotic
therapeutic tablets for control release.

[0160] Compositions for oral use may also be presented as hard gelatin
capsules wherein the active ingredient is mixed with an inert solid diluent, for example,
calcium carbonate, calcium phosphate, or kaolin, or as soft gelatin capsules wherein the
active ingredient is mixed with water or an oil medium, for example peanut oil, liquid
paraffin, or olive oil.

[0161] Aqueous suspensions contain the active materials in admixture with
excipients suitable for the manufacture of aqueous suspensions. Such excipients are
suspending agents, for example sodium carboxymethylcellulose, methylcellulose,
hydroxy-propylmethylcellulose, sodium alginate, polyvinyl-pyrrolidone, gum
tragacanth and gum acacia; dispersing or wetting agents may be a naturally-occurring
phosphatide, for example lecithin, or condensation products of an alkylene oxide with
fatty acids, for example polyoxy-ethylene stearate, or condensation products of ethylene
oxide with long chain aliphatic alcohols, for example heptadecacthylencoxycetanol, or
condensation products of ethylene oxide with partial esters derived from fatty acids and
a hexitol such as polyoxyethylene sorbitol monooleate, or condensation products of
ethylene oxide with partial esters derived from fatty acids and hexitol anhydrides, for
example polyethylene sorbitan monooleate. The aqueous suspensions may also contain
one or more preservatives, for example ethyl, or n-propyl, p-hydroxybenzoate, one or
more coloring agents, one or more flavoring agents, and one or more sweetening

agents, such as sucrose or saccharin.
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WD 2012/ 129344PCT/ US2012/ 030007 [ 0220] Synt hesi s of

2-(2-09-((1r, 40-4-met hyl cycl ohexyl )-9H pyrido[4',3" :4,5]pyrrolo [2,3-d]
pyri m di rw@-2912yaei40) - 7, 8- di hydr o- 1, 6- napht hyri di n- 6( 5iPCTHUERe12/06000Et hy|
acetate. To a suspension of 9-((lr,4r)-4-

met hyl cycl ohexyl )-N- (5, 6, 7, 8-tetrahydro-1, 6- napht hyri di n-2-y1)-9Hpyri do[ 4",
3':4,5]pyrrolo[2,3-d]pyrimdin-2-amne (1) (827 ng, 2 0 nmmol) in chloroform
(10 mL.) were added diisopropyl ethylam ne (258 ng, 348 uL, 2 0 nmol) and
2,5- dioxopyrrolidin-l-yl2-acetoxyacetate (560 ng, 2.6 mmmol ). The reaction
m xture thus dBt@@il ned wélysespenseds aey potomlatapey suspanding the agdeni nut es
whereupon t he il kit & AREAM, 8 ¥k IS Bhtth! Ao FEC M ATRLY Sesug NI cat ed
that the reaction was co ete.” The reaction mxturé was concentrated. MOH
(5 nmL) and watady or(is a minerahei such@el Babid pardfnmlbe Glypspgnsigns ohay vedaisei rred at
room t enper at I nto give
the ti 116 combrd aarar ot pRENrS S o i FREEFy Dol SHEFHHET N (400
MHz, CDC13, r cigeniesush asehqu Agt forg@bpBiHandflavgemgmesnty-papy bejaddqd to plovg a( 2H, ),
2.03 - 1.97 ( : 12. 8,
12.8 Hz). 3.0 atame oraq %ﬁargﬁiﬁ THdse cgm;%%ltlongmézbe(s[géerv bth':l):le g(%(ﬁ‘v(lozlr_ll_l:lt):l'l af?, =5 6
Hz), 4.59 (1Han§)0><1d?ntswh81@ascoﬂpl<>6€1d( m, ), 4.90 - 4.82 (2H, m, 7.57 -
Zlﬁ? E])l!_l 8@52 ?Iﬁ%ﬁ; ((leJ Iﬁsg)eéi‘bll_‘%ozldgzhnd Igﬂ'es s 1@1b1%(}01(1p1'é_15aratm)n fga'n% ue0u§3 40
514 (M+l). N NusxcsionHINhgH digion ofNwagr pr Naacwmgpedlemme@wq Wltf%

dispersing or wetting agent, suspending agent and one or more preservatives. Suitable

CVMS M z:

dispersing or wetting agents and suspending agents are exemplified by those already
mentioned above. Additional excipients, for example sweetening, flavoring and
coloring agents, may also be present.

[0164] The pharmaceutical compositions of the invention may also be in the
form of oil-in-water emulsions. The oily phase may be a vegetable oil, for example
olive oil or arachis oil, or a mineral oil, for example liquid paraffin or mixtures of these.
Suitable emulsifying agents may be naturally-occurring gums, for example gum acacia
or gum tragacanth, naturally-occurring phosphatides, for example soy bean, lecithin,
and esters or partial esters derived from fatty acids and hexitol anhydrides, for example
sorbitan monooleate, and condensation products of the said partial esters with ethylene
oxide, for example polyoxyethylene sorbitan monooleate. The emulsions may also
contain sweetening and flavoring agents.

[0165] Syrups and elixirs may be formulated with sweetening agents, for
example glycerol, propylene glycol, sorbitol or sucrose. Such compositions may also
contain a demulcent, a preservative, and flavoring and coloring agents.

[0166] The pharmaceutical compositions may be in the form of a sterile
injectable aqueous or oleagenous suspension. This suspension may be formulated
according to the known art using those suitable dispersing or wetting agents and
suspending agents which have been mentioned above. The sterile injectable
preparation may also be a sterile injectable solution or suspension in a non-toxic
parenterally acceptable diluent or solvent, for example as a solution in 1,3-butane diol.
Among the acceptable vehicles and solvents that may be employed are water, Ringer's
solution, and isotonic sodium chloride solution. In addition, sterile, fixed oils are

conventionally employed as a solvent or suspending medium. For this purpose, any
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CH3 OAcOH 0 5 [0221] Synt hesi s of

2- hydroxy-1-(2-09-((1r, 40-4- net hyl cycl ohexyl )-9H pyrido[4',3" :4,5]pyrrolo
[ 2, 3-d] pwoi2nidizes42- yl ) ami no) - 7, 8- di hydro- 1, 6- PCT/US2012/030007

napht hyri di n- 6(5H) -yl ) et hanone (5). To a solution of 2-(249-((1r, 40-4-

met hyl cycl ohexyl ) -9H pyrido[4', 3" :4,5]pyrrol o[ 2, 3-d] pyri mdin-2-yl)am no)-7
, 8- di hydro-1, 6-napht hyridi n-6(5H)-y1)-2-oxoethyl acetate (514 ng, 1 0
mmol) in DCM (7.5 nL) and MeOH (2.5 L) was added 0.5 M sodi um net hoxi de
solution in MeOH (0.30 m., 0.15 nmol), and the reaction mxture was stirred
at room t enperbdndriged g may brownplayad inading syreittio giong or diglsceridsoninconpl et i on,

the reaction otk Guilasid, «RROCABLEAL s THPUE GG A% LLERLSD Wi th ELOH

(5 nmL) and wat er to provide a so was C ected by
filtration, wd8Hdd wi t h Thapksrmacgpieabompdsiiions anay glse bedsiristergdl irgthe @rl@ver ni ght

i he ti o viel d). 1H NVR
Egogl Kﬁzt :cfaltoffg %H%%dréfé?él)aﬁﬁﬁlé&rﬁgﬁ Mhesoq%%dn{e%%m%uf @ C/anyﬂeel él 1. 43

(2H m, 1. 70-P16P8®d(>1H1X1n§ the drug §uith a@@itabieroniyitating eeximdent Fhich 4 soh«i at 2 68 (2H,

g? ' ‘; _) ,3 2 7 % ?okrcglrﬁ#; )empéragupes Q)ghlqdd’ at ‘l.]ne ré:ta‘f' telﬁigxleram%e A8 v&(ﬂ@ 'ﬂiferetPJre m%}t lrr th 3’6 S EH

8.5 Hz), 8.33 e tcnrelea&e tls @umz@ach @aumalq mHudfd forJ:zcam*pl@ cewy bu@relstl (1H d, J=
6.0 Hz), 9.35 {ikhfle QA3 (1H s) ppm LCMS mfz: 472 (M+1). N )L HN

e---Nl
[0168] For topical use, creams, ointments, jellies, solutions, or suspensions,

efc., containing the compounds of the invention are employed. As used herein, topical
application is also meant to include the use of mouthwashes and gargles.

[0169] The compounds of the invention may be used to treat or prevent various
kinase-related disorders. Thus, the present invention provides methods for treating or
preventing such disorders. In some embodiments, the invention provides a method for
treating a kinase-mediated disorder in a subject that includes administering a
therapeutically effective amount of a compound of any of the embodiments of the
vention or a pharmaceutical composition to the subject. In some embodiments, the
subject is a mammal, and in some such embodiments is a human. In some
embodiments the disorder is mediated by CDK4, CDK6, and/or FLT3 complex. In
some such embodiments, the disorder is mediated by CDK4 and/or CDK6. In other
embodiments, the disease is mediated by FLT3. In some embodiments, administration
of the compound, salt, or pharmaceutical composition produces inhibition of CDK4 and
FLT3. In some embodiments, the disorder is cancer. The present invention thus
provides methods for treating or preventing CDK4 and FLT3-mediated disease states,
such as cancer. In some embodiments, the cancer is a tumor such as a solid tumor.
However, in other embodiments, the cancer is a hematological cancer. In some
embodiments, the cancer is acute myeloid leukemia. In some embodiments, the

disorder is mediated by p16 and p15 expression and in some such embodiments is

INK4B 6INK4A

correlated with low expression levels of p15 and/or p1
[0170] As described above, the compounds of the invention may also be used
to treat proliferation-related disorders. Thus, the invention further provides methods for
treating such proliferation-related disorders in a subject. Such methods include
administering to a subject in need thereof a therapeutically effective amount of the

compound or pharmaceutical composition of any of the embodiments. In some
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+HCI1\1 HO O 5 HCl D hydrate [0222] Synt hesi s of

2- hydroxy-1-(2-09-((1r, 40- 4- net hyl cycl ohexyl ) - 9H

pyri do[ 4'w820te/Bd3ayrrol of 2, 3-d] pyri m di n-2-yl ) am no) - 7, @caitusgaro3@yB6-

napht hyri di n-6(5H) - y1l) et hanone nonohydrochl ori de di hydrate. To a suspensi on
of

2- hydroxy-1-(2-((9-((1r, 40-4-net hyl cycl ohexyl)-9H pyrido[4', 3':4,5] pyrrol o]
2,3- d] pyrimdin-2-yl)am no)-7, 8-di hydro-1, 6- napht hyri di n- 6(5H) - y1) et hanone
(472 mg, 1.0 mol) in water (2 nm) was added 2 N HCL (2 nL). The m xture
becane a cl earen@odimem@rthe sphisctpih manwel. df sankresuslp¢ruhdidiprenivathe adinastied to 4 by

addi ti on of 2 iNNaCH Bhe OfocAdhd B pRIFGHRhLALEIaLLl, ASbhoNGOL i d vas

col l ected by fi tratlon was washed w col d wat er
three times. Enevtholndhaambeiithents. thedesordgnis inflammetie wranfiflemnjatiperelaiddpound as

a light yell OVM1S% ef qngélﬁgth%mb?&lﬂ)eﬂtk Qfledalsor&elfilsul\ﬂ%tébéﬁpdlwge su%o' dé) 6 1.02
(3H, d, J= 5. 1.20 , 4 (1H m, 1.88-1.90 (4H m,

2.59-2.66 (2H, dlabytes Angsll othgmbpmenty, the:adlmqqrqcamer 18s@Be ekl ), 4.19-4.22

(2H, m, 4.60- ef]hbg 1m@1%§| thé@anceﬁs%%oﬁ&!dmo?ﬁ In 0&1617 élcﬁ éth‘oocﬁlneng th% célcﬁzll a 8.19
(1H, d, J= 8.5 d) J= 5.0 Hz), 9.47

(1H, s), 9.58 I(emmologycal cmvesgn(( 1n$on1§rsu®)eﬁﬂ>pmnen®vsamezmye¢’mlema Anal .

(2012102 R0 3y B i 7y s ©

[ 0223] Al ter natany ef ts?ﬁnlmlgn@tscﬁfr apharmeetilionly deccsable sabf s@uaﬁyuymynl (2-((9-
l'r, 4r)-4- et -d
( ( r, ar ) e F&Yéo?s\é&le@ﬂ&é&@ dfhl% 'ﬁkd.\%' &l CQIQ)JI% treﬁtﬁﬁnt ar fkveélgaﬂ ﬁg;{ (901}11? otﬁer ]

pyrimdin-2- yl)am no 6- napht hyri | n- 6 anone. To a
suspensi on of disease or condition will vary with the nature and aggressiveness of the condltlon and

hydr oxy-1- ( 2- (tﬁegroﬁt@ |b§r Will{(‘)‘l_ﬂ’{b a@ﬁ\;eh%f% ﬁy&lt %@gﬁlﬂlgterg 'lmérd'() O&n‘!i m §ome4ba pyrr ol O[ 2

, 3- d] pyrimdin-2-yl)am no)- dro-1, 6-napht hyridi n-6 et hanone
(2 385 g, 5.0 thawsisy frpquengat will aéswawycomﬁsg @d@%@anNombe(trwedxﬂ)e aaq, bodyC. The

m xture becam’wé?gh?'aﬁcﬂe déddlngé‘&ftléle%&l%‘ﬁhaﬁ\lg&t%{ %ltab-[ﬁgosﬂlg‘ré/g%h% o betllaaﬁhl?m ution

was adjusted to 4 b tion of hroug i t1on funnel
and the preci pﬁﬁ‘l@%t@(b‘w these[skilledsio [thediriygidh dvolcprsidertiohyf spel fagtansi breneThe

resul ting sol ighpd@hetemb acke Wik histP dlieP@Hi€lp dn M Eedifid&Snpound to be used,

and the weight and condition of the patient. In general, the dose per day is in the range
of from about 0.001 to 100 mg/kg, preferably about 1 to 25 mg/kg, more preferably
about 1 to about 5 mg/kg. For treatment of humans having a cancer, about 0.1 mg to
about 15 g per day is administered in about one to four divisions a day, preferably 10
mg to 12 g per day, more preferably from 40 mg to 500 mg per day. In one
embodiment the compounds of the invention are administered from 40 mg to 500 mg
per day in about one to four divisions a day. Additionally, the recommended daily dose
can be administered in cycles as single agents or in combination with other therapeutic
agents. In one embodiment, the daily dose is administered in a single dose or in equally
divided doses. In a related embodiment, the recommended daily dose can be
administered one time per week, two times per week, three times per week, four times
per week or five times per week. In some embodiments, a compound or pharmaceutical
composition of the invention is dosed QD whereas in other embodiments, it is dosed
BID.

[0172] The compounds of the invention can be administered to provide
systemic distribution of the compound within the patient. Therefore, in some
embodiments, the compounds of the invention are administered to produce a systemic

effect in the body.
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The solid was dried under vacuumat 50 C for two days to provide 2.49 g of
the hydrochl oride salt of

2- hydr oxyw0-202/12084 ( ( 1r , 40- 4- net hyl cycl ohexyl ) - 9H pyri de4/us301243@ppyr r ol of
2,3-d] pyrimdin-2-yl)am no)-7, 8-di hydro-1, 6- napht hyri di n- 6(5H) -y1) et hanone
as a solid. This salt was al so obtained as a hydrate. [0224] Preparation of
O her Salts of Exanple 5 [0225] The following salts were prepared as

descri bed bel ow. Whether or not these were obtained as the hydrates or as
anhydrous forns has not yet been determ ned. [0226] Synt hesis of Phosphate
Salt of 2-Hydrl@ki] 1- ( 2- Thgcqnipprndsrof theinvieetidmyhaypdsh bhesyinistegiddpyetlyded 4 ', 3

. 4 ,5lpyrrol %t£ %Sfééfeq]bygyzgﬂﬂow L for ¥>!a TQ ﬁpi}ltheztre?fme {(;}‘35? Lsstbl Qezﬁof

apht hyrl din-6 ano n e. dr oxy- 1- (a 3

met hyl cycl oheWiﬂ)OI@fl—?Spphag@PéF@CﬂB 4, 5] pyrrol o[ 2, 3-d] pyri m d| n 2- yI ) ami no) - 7
, 8- di hydr o- 1,igrnapht hy@s%&a@@t@wy&é agdg%f(h%%em cadded to a 20
n1_ vi al . ApprOX| nmat el m Xt ur 70% DCM and 30% Et OH (v/v) was
added to the vidainistepdivig pral, muxqsalr(elcmglgwwméu@é@umk regfabmasel. naraging) 30
seconds to d| t: hosphori c
acid (1 equiv Iceéh%é{);‘l mﬁgcg&m%fdgugl&?ag&tﬁ%é{lﬁm* t 1%%8)1??{&1?%81\%%1'\%2”' cated
for approxi mtl@k@fﬁ@l@@s@%dﬂn@al mﬁ@@éhdmlmsgatmr & sohesmapdioprssl theo evapor at e
slowy to proy !

Cr ey 2t méﬁ&?%@n?ﬁfﬁfé%%?%%m3?1.*“ Le%‘ el fes GBI B - 2.
yl )am no) - 7, geatdlhypehl.or yagnahaphertisrali(diclidiog Ssubputyicpes moneulathelusal t was
characteri zed y nogr ans.
[0227] Synt hosi" ééo 1;89 ééﬁfgteglglgaﬁhﬁiv%ﬁc%@} h%lrsg%&_éf{?ﬂ tgﬁg% %&?ﬂsﬁfﬁw it J}cﬁ&

et hy| CyC| ohe)@wb))(_.hmeptgth @omaqunds gf the 1nvqnt105 mwdmmls@erf@@m@] admlmstratlon

pyrim din-2-yl h@tm &Rér'em% elgé LE‘%dco{nBOL{Inds Br e ﬁ’&%}fum( Elleqlb{hdﬁm{lémd ‘yﬁ') eth ano
n e. 2-Hydroxy-1 52((9 ?(1

met hyl cycl ohexydlp @Hlsﬁytrqndo[4 3 4 5] pyrrol o[ 2, 3-d] pyri m di n 2-yl)am no)-7
, 8- dihydro-1 pht hy dged to a 20
L vi al . Appr[giﬁ?}at el yrﬂlﬁ‘ér&lt%Mut*ﬂ%}(}fﬂf??ﬂ%@ﬁmﬁ&tpw2%) 0% Et OH (v/v)

was added to tduéereit agnditiong as Wal beireadily nawesbyvbese ekerdinfiyskilppheritmat el y 30
seconds to di sgaliyf, maﬁns%fffc{aﬁt 0 Gt O@Lres&wﬁeh' Bhdit AU BAURsuPrickenMoCi tTi € acid
(1 equival ent) was added he vi al e mxturé was sonicated for
approxi mat el y %@es@é@fﬁé@nt tcrﬁréu@owgrm effagis pesoeipted wih Fewertiond toyapiss pest e
slowmy to proy 4r) - 4-

met hyl cycl ohex;llslg;aen&)lli}l-%géélf?(iI l?f&@alﬁ)% Hesg&liegﬂpérég %é{mgs aﬁf%@s&%ﬁ]&%}l %1 2-yl)am no)-7
, 8- di hydr o- 1,sehedalght hyri di n- 6(5H) - y1) et hanone The salt was characterized
usi ng XRPD and offef T €1 enishik nRFANN IR GRh AL FRhEiNe GOSIAROEAT or s

[0228] Synthesi's of Tartrate Salt of 2-Hydroxy-1-(2-49-((1r, 40-4-

met hyl cycl ohexympogiopihe iingention'angan ?lﬂdsll?nfﬂﬁrer?mlﬁlﬁlc[age@(ld?] a therapeutic agent

Fz)yuy(r:ﬂ g;(; i %/lz&l(ﬁ?}hgl?% chlﬁ)u?&ibﬂMéjﬁlQen%m% R b heRa O invendi & Barene.

met hyl cycl ohexiy¢d ingembjpatiog gyith at I3ast anogjthyy theepeyftip agengjferyexpmplewith2- y| ) ami no) - 7
, 8- di hydr o- Ls@co‘ﬂ@%ﬁa@é’dﬂcqg&ﬁ %@hople){ %)ﬁfdﬁi%ﬁﬁ%rafp@&ga s h8gqadgded to a 20
L vi al . Approximately 1 a mxture of and 30% EtOH (v/v) was

added to the wioglimiteie aml@otmsX@uﬁ@emgev@ram@%@smﬁs, aap ingal pgaatsetngi- 30

seconds to di §3@ledHatenRf adil&pREHE IcBhts, %HEQ?&P nts %%?(R%Saggnt;' M &gt aric

acid (1 equivalent) was a ded t0 thevial he m xture was sonl cat ed

for approxi mataetigangn ageatsoRunompdulaferly Pamess alﬂ]@*@terfh@ns atinteRfrenst o evapor at e

slowy to pr O‘é'lk@‘fatlh% eh@rﬁolflﬁ&%s %ﬁ!i E:lytSlIme% ﬂy(q{eg?ﬁ)fo&lhné& thé glvén(tlloﬁ 4r) - 4-

nmet hyl cycl ohexyl) pyrid | pyrrol o[ 2 I pyrinmdin-2-yl)am no) -7
, 8- dihydro-1 GBCWWhWI@FWW 5?1)%9141)1@1@%%@1@@10%?@ haf demgpasiratehatact eri zed

U sing XRPD ang,gli.f éc‘ﬁ(/ﬁ'}n tihahotR& %Bb@ﬂerﬁ,%%ﬁﬂl{f&{a[ bﬁe&ﬁ'&&ﬂ%’&%@ﬂﬁ&t

demonstrates cytotoxic activity is administered to a subject such as a cancer patient. In

some embodiments, the second therapeutic agent is selected from cytosine arabinoside,
daunorubicin, idarubicin, doxorubicin, cyclophosphamide, etoposide, carboplatin,

fludarabine, mitoxantrone, dexamethasone, rituximab, midostaurin, a granulocyte
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[ 0229] Synt hesis of Salicylate Salt of 2-Hydroxy-1-(2-09-((1r, 40-4-

nmet hyl cycl ohexyl ) -9H pyrido 14',3':4,51 pyrrolo [2, 3-d]
gyL;gidinw?a?gy??gn?%i7,2-)dzhydro-1,6-naphthyridin-6(5PmTymyemmamone.

- roxy-1-(2- - r,4ar)-4-

met hyl cycl ohexyl ) -9H pyrido[4',3' :4,5]pyrrol o[ 2,3-d] pyrimdin-2-yl)am no)-7
, 8- di hydro-1, 6-napht hyri di n-6(5H)-y1) et hanone (100 ng) was added to a 20
m. vial. Approximately 15 nL of a mi xture of 70% DCM and 30% Et OH (v/v) was
added to the vial, and the m xture was vortexed for approxi mtely 30
seconds to di sobhyetipgatingdictarhiglgretin. G- tlgrapaurenogmstiracigsitabing, M sal i cylic
acid (1 equiv : ] at ed
for approxi ma'?dl gfcm%lbe\l\@%g%g%egqm%ﬁgﬁlg g?éégsﬁ{lﬂs) d&@%gﬁ%%éﬁgngﬁy{éﬁ%ﬁé@?%ﬁged por at e
slowy to provilra@ect 4eainst{I D By brax @ Fidtispeific D-chl) eheogey antibogv gin(ogher | 40-
4- met hyl cycl OQ%XJh)negt tpé@‘eb(q{a[ﬂ%r @utlc%géltﬁ)sysefeals(?{:rgm% tgld?é/efréﬂﬁo%@ 2-y1) am no)
-7,8- dihydro-1, 6-naphthyridin-6 hanone. T%e sal
characterlzed(hykwémXPPEﬂ@ﬁwldpﬂﬁdn@mKW@Pm@ﬁémmkhgﬁ@@Wé¢wﬁbmﬁvﬂmheranranB
VO 20120 12934 ARGHAS2 AL AROR0 T LARANRY PhGI o0 SDRRMLL AN ©
49-((1r, 40-4- Wﬁbhyﬁmy@wané%yn)ﬁ@Fﬁ@yﬁﬁ@bﬁmﬁﬂwﬂ1@K5&@Wﬁﬂb@b@2ﬁ8 d] pyri m di n-
2 o b grxnyng) : 2_%&&1@9&&&.31 CreRRRBRBYh ek fin PR 6) FRIARAAS. 1n sril

((1r, 4r) - 4- metdther sueh eobedipents, digspspni thefageutigagept & elgatedoranf ovt@ing] pyri mi di n- 2-
yl )am no)- 7 L= 64.5H) - ] ) was
flod to a 20 ELroy el FcksoRAP R Bkl oI LA RGNS AT and 309
Et OH (v/v) wasaddeleid, tﬂgdar#benevmmxanaw depemethagenes wtuwmabymidpsyeid, f or

approxi mat el y 0866 0DERdR, AR YR IRBMe Ur n{olfegam@&ﬁggh%phg@m%aq Aqueous
0.1 M benzenesulfonic acid (1 equi a ent) was a to the vial, and the

m xture was soh¢hcmbedinfeots, thpgseex thaanshie %@ntswm@d@ arapiesidwollpethes wer e t hen
all oned to eV%HfBB?hl%né'tf? e¥onh%ePJpQMicdage1¥t € Hﬁ%&ﬁr&db‘? ﬁto‘?do%hib & 2-

hydr oxy-1-(2-((9-((lr,4 I'cyclohexyl’) - 9H pyri 4, 5] pyrrol o[ 2
, 3- d] pyri mi dilns@lgthyrambedipnerms, @%ﬁmdﬁf@rapelﬁwﬁa@ﬁtswwtmm %@mbﬂpﬁ ) et hanone.
The salt vas g Tct er i zgd o dsio gds%lf%ﬁl@waguayam ﬁ{e%nfe{atsraﬁeqla&ru agcgal or' metry

t her mograns. [023 nt hesi s of p-Tol uenesul fonate (Tosyl ate
2- Hydr oxy- 1- ( 2ct addltlvely or, preferably, synerglstlcally In some embodiments, a composmon

49- ((1r, 40-4- rE%;nBM i &(!‘O%%élyd C)ﬂl%Hﬁ\@/lﬁéIf}lQ L(‘ﬂnmétereﬂ CMME t@lvﬁ[h%hcs d] pyri mdin-
2- yl)anlno) 8-di hydro-1, 6-napht hyridin-6 anone.
2- Hydr oxy- 1- ( ’Lud(n(rg;stratlon of another therapeutlc agent, Wthh can be part of the same composition

((1r, 4r)-4- ”Eto'?}éérpaé%ﬁ’ﬁﬁféye'n?co%m&ﬂﬂj&lﬂfhe oﬁe e c%lnBMéeE BleQbs &nﬁhpﬁaé' m di n- 2-

yl )am no)- 7, 8- dro-1, 6-napht hyridi n-6(5H) - hanone ng) was

added to a 20 lm_enwnalln Ommﬁwv@l a)ﬂomomi Oéfheanwntﬂanuﬁf @I@nlsfm%)mm and 30%

Et OH ( v/ V) WelSy %qg&ﬂleﬁt% taﬁ'tﬁm}/s'trgt on o‘fi}%tﬁel?ﬁle%éfng 'agenwaﬁ stPBtthgtxed for

approxi mately 30 seconds to dissolve nost of the neutral conpound. Agueous

0.1 M p-tol uerrebadlimepit.c campernd pf thg inveetiosns Jdnipisterad heaatienttihe hod it ,  and t he

mixture was soplaaltnidtondBPh Al ARL Rl Yin s SRLONH o ;mﬁameya@;aﬁeu%r e then

allowed to evaporaté slowWy to providé the tosylate salt of hydr oxy- 1- ( 2-

((9-((1r, 4r) - 4cerét hwp@p@lndlqéshyIﬂyvelg}qnmﬂmbde@m:mlswedzto 5}%&@#@@@@ d] pyrim di

n-2- yl)am nO)cu%mﬁry% P%fn@g r € HERILAY '}éch'vé'raﬁ{aﬁbﬂ ﬂaé‘éﬁ}ﬁtlﬁg&{?@&mh The salt was

characterized using and differential scanning cdlorinetry thernograns.

[ 0232] Synt hes|e@lbeﬁnr@tlthahﬁe%lb]eﬂomwcfa;amenbf 2- Hydr oxy- 1- (2- 49- (( 1r, 40- 4-

met hyl cycl onexy}oky Ot pYRilakhnindicréh a§%eaﬁmﬁétgh2th§m%paﬁm RislisRadsy 1) am no) - 7
, 8- di hydro-1, 6-napht hyridi n-6(5H) -y1) et hanone.

2 Hydr oxy- 1- ( 2’01(11(11@16@(@ pemfa)e.(xpmposmons that are administered at the same time or

met hyl cycl Ohe)%)(élu)en Qy&lffg%ﬂtéhmeg or ﬂwe@ﬂe?%'éﬁtﬁl a%grgs gan@]: Bﬁ(f@ﬁ £E'adsl1ﬂ§1e2 yl)amnino)-7
, 8- di hydro-1, 6- naph?h ridin- ( 5H) -y )ethanone was added to a 20

mL vi al . Appr G?mﬁ%tl‘@lny h&physe Geo-thenapK t(afr'éo@lPlnaF@%tmw n@ ROvpEegEf¢v/ v) was

added 1o the \hoabouddfink Bfesdth th Hiifn WA ALF S Rica A0BA X BRIy SO

seconds to dissolve nost of the neutral mpound. Aquéous O.

et hanesul f oni cMiwcea¢miniggiatiop af eash yzopbis aé@ﬂ!’é@flaﬂ Banrgein a regimen that wﬂl

provide beneficial effects of the drug combination, and is intended as well to embrace
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vial, and the m xture was sonicated for approximately 30 seconds. The

sol vents were then allowed to evaporate slowy to provide the

et hanesulwonat22saht of 2-hydroxy- 1-(2- PCT/US2012/030007
((9-((12r, 4r)-4-met hyl cycl ohexyl)-9H pyrido[4', 3" :4,5]pyrrol o[ 2, 3-d] pyri m di
n-2- yl)am no)-7, 8-di hydro-1, 6-napht hyri di n-6(5H)-yl) et hanone. The salt was
characterized using XRPD and differential scanning calorinetry thernograns.
[ 0233] Synt hesis of Sulfate Salt (1 Equival ent) of 2-Hydroxy-1-(2-09-

((1r, 40-4-net hyl cycl ohexyl)-9H-pyrido 14',3':4,51 pyrrolo 12, 3-d]

pyri m di n-2- yoyadmindiption  thshagdnts imla wbyiznbinthhymplginaous nBEperysuyieasianone.

2- Hydr oxy- 1- (4 le h fi fth Ifipl
((1r 4I’) 4- et H%fe%;%suoehg;/(li}% a 1xed ratlo o& e[se actlve agents or glrng%ﬁlp separate] pyrl i di n- 2-

yl ) am no) - 7, Saghuley éhr @ach, aserkﬁa%ﬂwﬁyirllymhna@(llB}Si)rat}Pll)Oé@mw of te@ravgf was
added to a 20 1m'en'ef6narhay B%RPE%H%HG\JVM‘I Qdﬁltl%l%era%leﬁw 1§ tﬁ-\))ge i&gﬂi%and 30%
EtOH (v/v) was added to the vial he m xture was vortexed for
apprOX|natelya@Onﬁ@@ﬁﬁ@ﬁwv@fﬂﬁﬁs%mv@wﬁﬂ3$a@Wm@h@ﬁhé@ﬁmemﬂ@@ny@uwdl Aqueous
0.1 Msulfuric acha {lyBalick %ﬁpt) was added to the vial, and the m xture

was sonicated for apprOX|nat y 30 seconds. The solvents were then allowed
to evaporate dP6Rly to pirformudeed e fixad flese sududomb{mptienprpdugiseniploy dife

2- hydr oxy- 1- (

((9-((Ir,4r)- ff"‘r‘%@‘t"ﬁ*?f Oy e Ry Bl By A o 4™ Ay Sy 8 %Y 8 pyri mi di
n-2- yi1) ani no)thwengaodinm@rdescmb@ih@e@phm%yfrlwmemd@(@%rew;l@mdhow@ knWe salt was
characterized s Iy %%1?Q ﬁ o &a E’lﬂﬁki q? r mogr ans.
[ 0234] Synt hesi's % (ger Jé%tt%&gaglq 4 2 éIEdcﬂlﬁo:H%/aa en%1151 1}091 éHyls e, T 09-

((1r, 40- 4- net Hytcaya le)h@t)h}mt)ed 9Hhpseabapee afpdmBlistytiGnasgomp@inds afzhg- d]

pyr i di 02 Yh) ARy B HhHEL Sndr RPNl S ) et hanone.

((1r, 4r) - 4- netdyliyielighd kg wortigyncris Eyotogic agens] pyrr ol of 2, 3- d] pyri ni di n- 2-

yl)am noy- 7. gotlgfy dr o- dnfre Ql%ﬁ%%@%@rﬁb@%s%‘f@ﬂtﬁ'é%p‘lé’s@ R L
added to a 20 'ml vi al Appr oxi a mxture o % DCM and 30%
EtOH (v/v) wasomggeihl by, tnw@nwlalvaluaémm andhi prerotinigpledeyepment, tdich dnaly be

appr oxi mat el y séﬁcté@ﬁpﬂ%%n&&oﬂﬁe% 1941y§'y Ftinsbn CREHIADy COEROUNd. Aqueous
0.1 Msulfuric acid equi val ent)” was added tTo the vial, and the m xture

was sonlcatedaﬁ@ﬁoﬁpﬁwax@Wﬁ?%F&NEMGEQQ%WEEWgIWén@@ﬂve%wbw%kb@e@%mﬁaallomed
! oh%fgg;atl e shigWhidg s RnR! AYndEbIHRCagiMb Bk SonBlgbntl, dhufiitlikRhenk) of

(2- ((9-((Ir, 4riptederpietyng hgopis lrothesaipryoiinpseeilapeus agats: 4, 5] pyrrol o[ 2, 3-d] pyri m
din- 2 yl) amipa) 7, 8- difydr@ady Br ARG S68Hhaydd @LhanONe. The sal

was characterlzed using XRPD and differential scannin alorimetry

t her nogr ans. [ORBBSyiHeompowkls pf thepettnsiny mgpmeansifty o%ummb@m) Salt of

2- Hydroxy-1- ( eﬂ%rn(uﬁﬂa{te S%th%serﬂﬂEﬁXJr QMﬁJeSm%ﬁy ngeng HsR¥ab 1 3Rtirh&abotite
:4,51pyrrolo 1 pyri'm di n- 2-

yI )am no)-7, 8 amnw Bic rg@usaphretglester forg(bHre potyliatitea tro Hie Lropp ki tsoRg -
1-(2-((9- of 5-FU- ﬁbnnogen acanthlfohc a01d ammothladlazole brequinar sodlum carmofur
((1r,4r)-4- nethéic ycl ohéxy %b 4, 5] pyrrol o] 2, 3-d] pyri mi di n- 2-
yl )am no) - 7, &ibd-Ggidy 6GR;386 QSI‘WMW WldWPSIGQ Smraylll}?é q@amﬁéea(amo ng) was
added 10 a 20 dlarfirlonRRE SITBAGHY. WBmllbodf pBECTdhldifhidel | 70% DOM and 30%
EtOH (v/v) was ad he vial he m xture was vortexed for
apprOX|nately<G®0§@E@h@sdﬂ@”@ﬁ@@@$ﬁ@dﬁﬁsﬂbéﬁm@h@NﬂébﬁpﬁﬂU@ﬁwvﬂﬁﬂ@Hn¢queous

0.1 M et hanediggpt A id,Eix RS Eﬁ(%l?%a\’a@ln@nﬂ&xuﬁ@ﬁe @lﬁ@a%’mﬁeophBQ%aﬁé'sa' and the

m xture was sonicated for approximately 30 second sol vents were then
al | oned t o evdporoatagil.SY-GAnfuyanidyp- ﬂwfél@actﬂh@aléthh%@éﬂ@@r1f56rﬂaftré01?(§’l equi val ent)
sal t of éoyrrohzme Lilly LY-188011, Lilly LY-264618, methobenzapnm methotrexate

2- hydr oxy- 1-( ((Lr, 40- 4-met hyl'cycl ohe 4, 5] pyrrol of

X
2, 3-d] pyri ni dl‘ﬁe@ﬂw EgoarspegnidinpyWrIgNS(- s%ﬁa@m%coﬁm @(‘;’fﬂﬂ)I N}?@) et hanone.

The salt vas chasasieriszad s mn%ﬁf&m&&fp@ﬁtwm m&%m i@, or i metry
t her nogr ans. [0236 Synthesi's of Ethanedi sul fonate (1/ ui val ent) 'Salt of

2- Hydr oxy- 1- (‘alii(Gepicak PI46CaTaedhiA ey 88.dhesupnine, mq@wﬁ, ampgnt T3F.: 4 51
pyrrol o [2, 3- Qlimetrexate tyrosme klnase 1nh1b1t0rs Taiho UFT, and uric

pyrim di n2-yl)amno)-7, 8 hydr o- 1, 6- napht hyr’i di n- gtSH) yl ) et hanone.

2- Hydroxy-1-(2-((9-

((1r, 4r)-4-met hyl cycl ohexyl)-9H- pyri dok4 3':4,5]pyrrol o[ 2, 3-d] pyri m di n- 2-
yl)am no)- 7, 8-di hydro-1, 6-napht hyri dil 86(5I—|) yl) et hanone (100 ngy) was
added to a 20 nL vial. Approximately 15 nL of a m xture of 70% DCM and 30%
EtOH (v/v) was added to the vial, and the m xture was vortexed for

apprOX| mately 30 seconds to d| ssol ve rmst of the neutral corrpound Aqueous

a ~ o - g, a . a



[ 0237] Synt hesi s of methyl 2-06-(2-nethoxy-2-oxoacetyl)-5,6,7, 8-

tetrahydro- 1, 6- napht hyridi n-2-y1) (9-((1r, 40-4- et hyl cycl ohexyl ) -9Hpyri dol14'

, 3' 1 4, 51pyor012022343- di pyri m di n- 2-y1) am no) - 2- oxoacet at eCT/S2@2980001 | on at
room tenperature of

9-((1r, 4r)-4-met hyl cycl ohexyl)-N- (5,6, 7, 8-tetrahydro-1, 6-

napht hyri di n-2-y1)-9H pyrido[4', 3" :4,5]pyrrol o[ 2,3-d] pyrimdin-2-amne (1)
(83 nmg, 0.2 mml) in THF (10 nL), were added pyridine (129 uL, 1 6 nmol)
and net hyl chl orooxoacetate (commercially available from Sigma-Aldrich, St.
Louis, MO (740182] 0.8 dnwtond family ofiaptingpelastinagentsoria¢hosy beasedsini rred at room

tenperat ure ovehBindn wi " give the
5%{1/\1/21 ¥ it &t @ G bﬂﬁeﬁ‘eg%'h%@e Yi@?co%& QQPJHE At gt)épg

title conpoun was us Int next step OUt puri tion.
m z: 586 (Mt+1)antinegplpR384nGy fuiiebd¢ gkyd4ting-type antmeoplastlc agents may be selected

2-(2-09-((1r 49) SR RONECN Qet)ﬁé( lgl)ou%ﬁinsﬁﬂ' (qgin%nog’% 2544 S %l&g}fh%gﬂhgm{dg 3-d]

pyrlmd|n2y amno-78d| ydro-1 nap hyri din-6 -2-0xoacetic
acid (6). To analegugs, |abwta@11nqz|m1{r(prfel @@hmeh%am@mm BBR- 2207 bestrabucil,

§(30§2_ met hox Y, dsRxRaf et dhdds Ga G0 Sobiidabydigmnd Grmarohyhih&hns2- y1) (9- ((I

met hyl cycl oherO)aIMIbyrSpla@l[ gycl@hosphaidy.rAndrisprpCgangdinshGli- A§6dp h-Sanofi ) ami no) - 2
- oxoacetate '@5{1_ %Qgé Iﬂ%(gu%gblb%gﬁsﬂaﬁquﬂégg@g,dhl t hi um hydroxi de (19

mg, 0.80 mmol) xturet obt ai was stir) roomtenperature
for 2 hours. Thrélemmpmgﬁmm@ml%tmemmwstemwéémdvsmdm @ﬂtﬁtltfﬁech%i due was

di ssol ved 1n askala MRS E@NGuRYL! b DY rERYAL P MIRSSHBRARLERLC.  The

fractions containing the desired uct were collecte yophilized to
give the titl éO@gmp‘g@mst{r@)U@meéGrﬁ -Mh Chipein| @EKIsITRP @Y hegnl-fag, 1f®mmer t wo

t 1H N 1.28 (2H,
352, 5 0 o A St 1l 120 2

(2H, m), 3.77 202345, W1 N&C ﬁ@Z?(li;_q)xagglanng]@h]Q liq;NUr@redn?mqsgn( fmter(fTTJI:w,lo Hz),

8.21 (1H, dd, ral{u:hus'ﬁng'%elhgstme] %ml@Kﬁnm&FQOWZ (ilehéult 'ﬁ)on 18 'S§I622( élpH’omqs— J=5.0
Hz), 9.47 (1H, br. S) br. s) ppm LCV5 m z: 486

(M+1). [0239] Em&rﬂbln@e'ﬁelygkl{T410771®au11mm§tlmyFeéy)@l@m@ﬁyﬁl)mlmn(ﬂﬂﬂ(@lagn@nd
trifluoropropytle@mb: 7, 8-tetrahydro-1, 6-naphthyridin-2-y1)-9Hpyrido 14',3
": 4,51 pyrrol 0[018%, 3-d] pyrimdin-2-am ne CF3 7

] A third family of antineoplastic agents which may be used in
combination with compounds of the present invention consists of antibiotic-type
antineoplastic agents. Suitable antibiotic-type antineoplastic agents may be selected
from, but are not limited to, the group consisting of Taiho 4181-A, aclarubicin,
actinomycin D, actinoplanone, Erbamont ADR-456, aeroplysinin derivative, Ajinomoto
AN-201-1I, Ajinomoto AN-3, Nippon Soda anisomycins, anthracycline, azino-mycin-
A, bisucaberin, Bristol-Myers BL-6859, Bristol-Myers BMY-25067, Bristol-Myers
BMY-25551, Bristol-Myers BMY-26605, Bristol-Myers BMY-27557, Bristol-Myers
BMY-28438, bleomycin sulfate, bryostatin-1, Taiho C-1027, calichemycin,
chromoximycin, dactinomycin, daunorubicin, Kyowa Hakko DC-102, Kyowa Hakko
DC-79, Kyowa Hakko DC-88A, Kyowa Hakko DC89-A1, Kyowa Hakko DC92-B,
ditrisarubicin B, Shionogi DOB-41, doxorubicin, doxorubicin-fibrinogen, elsamicin-A,
epirubicin, erbstatin, esorubicin, esperamicin-A 1, esperamicin-Alb, Erbamont FCE-
21954, Fujisawa FK-973, fostriecin, Fujisawa FR-900482, glidobactin, gregatin-A,
grincamycin, herbimycin, idarubicin, illudins, kazusamycin, kesarirhodins, Kyowa
Hakko KM-5539, Kirin Brewery KRN-8602, Kyowa Hakko KT-5432, Kyowa Hakko
KT-5594, Kyowa Hakko KT-6149, American Cyanamid LL-D49194, Meiji Seika ME

2303, menogaril, mitomycin, mitoxantrone, SmithKline M-TAG, neoenactin, Nippon
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17 [0240] Synt hesi s of 9-((1r, 40-4-nethyl cycl ohexyl)-N-(6-(3, 3, 3-
trifluoropropyl)-5,6,7,8-tetrahydro-1, 6-

, Slpyrr
3':4,5]

m nut es,

(32 mm,
- 1.45

napht hyri din-2-y1)-9Hpyrido[4',3 :4

olwp20R/dp3ayri m din-2-amine (7). A slurry of 9-(@CT/UsR)12430007

met hyl cycl ohexyl )-N- (5, 6, 7, 8-tetrahydro-1, 6- napht hyri di n-2-y1)-9Hpyri do[ 4",
pyrrolo[2,3-d]pyrimdin-2-amine (1) (40 ng, 0.10 nmmol) and 3, 3, 3-
trifluoropropanal (comercially available from ChenPacific, Baltinore, ND)
(10.8 ng, 0.10 mmol ) in 1,4-dioxane (2 nL) was stirred for 5 mnutes, and
then sodiumtriacet oxyborohydride (61.5 ng, 0.29 mmol) was added. After 10
t he riesyelt MiR-3hd. iproa Kna@ucﬂlﬂrﬂécswmmmlm PATY04, Pradysings ul t i ng

| ut
vater and bri oy SR O Gl bl TR R AR N MR,
The residue wadh- pugtiafmyeld, rbywpn,e*p@ndﬁtlmél RGN G wWeantyhig, $14n1110@0c§c%‘p0und (7)
65 % 58§ﬁSWB§a%Q@NM% SMQAd ﬁﬂ-@?%f‘an%gn-(ﬁgl_ioarrr{&myém @S 46 Hz), 1.31

(2H, m, 1.69 - 1.81 (1H m, 1.98 -

6/ -

Hs‘lﬁ I on,

er vacuum

2.79 (2H,

m, 2.90 - 3. @a@@ppungz)l ssglg@ SS ghamlaqegppalﬁ{; 733Bg0S PhanageuticpESS. 36 Hz) ,
H s), 9%1&? feffﬁnyQ;Ql]&E’[ulhorﬁ)l?Bl Z tﬁgo&}(ﬂn ﬂked‘agA% @6]8AH?E}pen§c1§6 (1H d,

4.58 (2

J= 8.80 Hz), 8.62°
L MS M z:

94(1 r,
(rrethyl
',3 '

40- 4- Meyyhy Iyq)xﬂogmfxyslolzx Nad Qm(Jﬁ

sul fonyl )éth tetra
4, 5 pyllP 61 | 2, 3 Adpursyfami a sti2capimstisagents which may be used i

combination with compounds of the present invention consists of a miscellancous

), IH,~s) ppm
510hr@me1)ncrozml ao@mplmztggamémwwasz@@mem%{foma@@np| e 8.

Sr 0- 1, 6- napht hyri di n- 2-y1) - 9Hpyr i do[ 4

family of antineoplastic agents, including tubulin interacting agents, topoisomerase 11

inhibitors, topoisomerase 1 inhibitors and hormonal agents, selected from, but not
limited to, the group consisting of a-carotene, a-difluoromethyl-arginine, acitretin,

Biotec AD-5, Kyorin AHC-52, alstonine, amonafide, amphethinile, amsacrine,

Angiostat, ankinomycin, anti-neoplaston A10, antineoplaston A2, antineoplaston A3,

antineoplaston A5, antineoplaston AS2-1, Henkel APD, aphidicolin glycinate,

asparaginase, Avarol, baccharin, batracylin, benfluron, benzotript, Ipsen-Beaufour

BIM-23015, bisantrene, Bristol-Myers BMY-40481, Vestar boron-10, bromofosfamide,

Wellcome BW-502, Wellcome BW-773, caracemide, carmethizole hydrochloride,
Ajinomoto CDAF, chlorsulfaquinoxalone, Chemex CHX-2053, Chemex CHX-100,

Warner-Lambert CI-921, Warner-Lambert CI-937, Warner-Lambert CI-941, Warner-
Lambert CI-958, clanfenur, claviridenone, ICN compound 1259, ICN compound 4711,

Contracan, Yakult Honsha CPT-11, crisnatol, curaderm, cytochalasin B, cytarabine,

cytocytin, Merz D-609, DABIS maleate, dacarbazine, datelliptinium, didemnin-B,

dihaematoporphyrin ether, dihydrolenperone, dinaline, distamycin, Toyo Pharmar DM-
341, Toyo Pharmar DM-75, Daiichi Seiyaku DN-9693, docetaxel elliprabin, elliptinium

acetate, Tsumura EPMTC, the epothilones, ergotamine, etoposide, etretinate,

fenretinide, Fujisawa FR-57704, gallium nitrate, genkwadaphnin, Chugai GLA-43,

Glaxo GR-63178, grifolan NMF-5N, hexadecylphosphocholine, Green Cross HO-221,

homobharringtonine, hydroxyurea, BTG ICRF-187, ilmofosine, isoglutamine,

isotretinoin, Otsuka JI-36, Ramot K-477, Otsuak K-76COONa, Kurecha Chemical K-

AM, MECT Corp KI-8110, American Cyanamid L.-623, leukoregulin, lonidamine,

Lundbeck LU-23-112, Lilly LY-186641, NCI (US) MAP, marycin, Merrel Dow MDL-

27048, Medco MEDR-340, merbarone, merocyanlne derivatives,
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[ 0242] Synt hesi s of 2-chl oro-6-(2-(nethylsul fonyl)ethyl)-5,6,7, 8-

t et rahydro- 1, 6- napht hyri di ne. Met hyl sul fonyl ethene (comrercially avail abl e
from Si gmsoAbrizedas St. Louis, MO (142 ng, 1.33 mmol) wag/sdded3@odpw se
to a solution of 2-chloro-5,6,7,8-tetrahydro-1, 6-naphthyridi ne (150 ny,
0.89 mol, commercially available fromDL Chiral Chem cals, ST-0143) in
EtOH (10 nL). The reaction m xture was stirred at 60 C for 2 hours, and
then concentrated and purified by flash chromatography on silica gel
eluting with 0%to 5% MeOH in DCM to gi ve 2-chl oro- 6-

(2- (met hyl sul frmﬁlwlanélimwﬁ)dins,,Mol‘vzc@rtc@m@hwld% gingegipht mfeiadilhe (220 ng, 90

°:/0 )éi g|5d?—lz) 12 ) q 391%7%dam9%%%)3mﬁdeoQ%ﬁé@ﬁogyo%&é’ﬁ'lé %tgretmo%lg n?iﬁo ( ZH, 5’: J

8.02 Hz) ppm aeids.NsshinFlowp WEllingAN1021, Njagdare]-gymidiealeiinesofafgaigom, Taisho

r, 40- 4-met hyl gy X¥dokadd Biil ftive, N NCINSC-145813, NGI NSC-361456
(rret hylsulfonyl(j€U E@ 576, 7, 8- g?raoﬁrygsragg’l 6- napht hyridi n-2-y1)-9H pyrido

[4,3"': 4,5] WrNSﬂ 604[7Q2 @@]NSEy?ﬁﬂS(‘i) deigotRieanin@NO8)12, ahgandeineeAlvonpound was
prepared usi ngy, %h@ﬁzs a[c){ta%l”ﬂah Ensﬁa%ntﬂ&%ll(s(ﬂﬁé%hﬁ&%a!nfbe@éﬁ”ﬁ'l?oﬂ usi ng

2-chl oro-6-(2- {ret hyl sul f onyl) et hyl) /,8-tetrahydro-1, 6-napht hyridi ne
in place of teVengltapiberr PD-115934, Warner-Lambert PD- 131141, Pierre Fabre PE-1001,

CD%%BE) 768pg:’nh§_fﬁgg)eﬂﬂd§]j’]gﬂ&§aﬁt¥(%fe o%%a?a(é«%!) gﬁ%p%xhﬁxc%cmlﬂfa%% (1428 '(VIZ_IIZ—l

m, 1.68-1. 72 pedHyrityprobgnane, pro@ghazing pouglupmids, Tnvjtron prag@se nexinApT bisHi

ﬁi ,9833886( (ZﬁH RSAT?](DO 3&29)9&81@ ?Sl_&)%&() Bre’\)if‘)e&é% liB’)é_'re(s{rrctn‘P P, Igteﬁl{Btnlféz }e'tmgﬂf é(?ig 12 ?88.( ]Z_E’

(1H m, 8. 25 1%1”11)1413 Pejileng RPg19532, Rhpne-Bulpge REHOIW, S@ﬁhlghf@ESH&F) 1048645 (1H, s),

9.28 - 9.29 (gnifhoRRM osL L NR WAN@@%&ME&A splif@AHExampl e 9.
N- (6- (2-Fl uoroethyl)-5,6, 7, 8-t gtrahydro- -

napht hyri di n- ZSPi}'%)’ClQPTQIQaIl? dmauqu@phgge@ymlmé;@ymgd, SHPparmagpotiapr] S396H.51pyrrol o

12, 3d] pyrim cytrpﬁdg(lif:i’(ff}.e,rlﬁyp09di0ne, Suntory SUN 0237, Suntory SUN 2071, superoxide
dismutase, Toyama T-506, Toyama T-680, taxol, Teijin TEI-0303, teniposide,
thaliblastine, Eastman Kodak TJB-29, tocotrienol, topotecan, Topostin, Teijin TT-82,
Kyowa Hakko UCN-01, Kyowa Hakko UCN-1028, ukrain, Eastman Kodak USB-006,
vinblastine sulfate, vincristine, vindesine, vinestramide, vinorelbine, vintriptol,
vinzolidine, withanolides, and Yamanouchi YM-534.
[0185] Alternatively, the present compounds may also be used in co-therapies
with other anti-neoplastic agents, such as acemannan, aclarubicin, aldesleukin,
alemtuzumab, alitretinoin, altretamine, amifostine, aminolevulinic acid, amrubicin,
amsacrine, anagrelide, anastrozole, ANCER, ancestim, ARGLABIN, arsenic trioxide,
BAM 002 (Novelos), bexarotene, bicalutamide, broxuridine, capecitabine, celmoleukin,
cetrorelix, cladribine, clotrimazole, cytarabine ocfosfate, DA 3030 (Dong-A),
daclizumab, denileukin diftitox, deslorelin, dexrazoxane, dilazep, docetaxel, docosanol,
doxercalciferol, doxifluridine, doxorubicin, bromocriptine, carmustine, cytarabine,
fluorouracil, HIT diclofenac, interferon alfa, daunorubicin, doxorubicin, tretinoin,
edelfosine, edrecolomab, eflornithine, emitefur, epirubicin, epoetin beta, etoposide
phosphate, exemestane, exisulind, fadrozole, filgrastim, finasteride, fludarabine
phosphate, formestane, fotemustine, gallium nitrate, gemcitabine, gemtuzumab
zogamicin, gimeracil/oteracil/tegafur combination, glycopine, goserelin, heptaplatin,
human chorionic gonadotropin, human fetal alpha fetoprotein, ibandronic acid,

idarubicin, (imiquimod, interferon alfa, interferon alfa, natural, interferon alfa-2,
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19 [0245] Synthesis of N-(6-(2-fluoroethyl)-5,6,7,8-tetrahydro-1, 6-

napht hyri di n-2-y1)-9-((1r, 40-4-net hyl cycl ohexyl ) -9H pyri do[ 4', 3%, 51pyrrol o
12, 3d] pyworntimnod4am ne (9). To a solution of PCT/US2012/030007
9-((1r, 40-4-net hyl cycl ohexyl)-N- (5,6, 7, 8-
tetrahydro-1, 6- napht hyridin-2-y1)-9Hpyrido [4',3" :4,5]pyrrolo [2,3
-d]pyrimdin-2-amne (1) (149 ng, 0.36 mml) in absolute EtOH (4 nlL) and
DMF (2 nl), was added 1- bronp-2-fluoroethane (comrercially avail able from
AK Scientific, Muntain View, CA) (50 [iL, 0.67 mml ). The resulting
reaction m xt unterfegersalrday mgeeferghialfe 2hénterderpredl faddl, anterGpon@liam3ainisrieroheat ed oi |
bath. After 70, put ﬁl?erﬁ% hed E'n%ral %éﬁ?&{'ﬁetﬂﬂ&ﬁﬁ?&n 15%$ 13a 1nterfero beta-
br ono- 2-f | uor oet hane (50 FI was added. A 5 hour s of
heating, when lbOnGriamagysing rnamhl emr@ebntglqmmatllqemmt?r@n gmym@ﬂb,tlmt@ﬂ@mrltl ng
material had Begn GoRsHIEAnLAE 1%%15(1415@1%@&1@6' t@%ﬂz (f@klﬁg,%ﬂ&%idé,o' atiles
were renoved in vacuG. The resul g solution was uted 1n DCM and
sequentially ﬂH@E@éHmM@hmanH@ﬁ§m§§©@rb@@dﬁﬁb@@KBWﬂW@@é@mﬂéﬂdhbrine The

or gani ¢ | ayer o1l 2o AT iR ORieUBb S Abfdardhd twaﬁs#m AgprRECENt rat ed
to a residue m% was purif y flash chronat ography on silica gel
eluting with an‘ﬁi@%m@, m%%mmd@mlfemsw witafosing, (HDGM)MG]HIHNM@%H 90:9:1) in
DCM  Chromat o Lhachi N AT TI B [-¥e (<] 1 Lpwer e conbi ned
and stripped o g%agg%gégts to p?%ﬁgﬁgéalgegﬁduégmﬁ#%ﬁgﬁgég t her purified by
precipitationIﬁﬁ@ﬁmﬂ@%ﬂh@kﬁﬁ@gﬂmmwemg@gvéﬁeH@ﬁmkmnobbﬁmm@dmmawﬂ§on|cated
and filtered <14 e, ’ Y. k to glve
the title conﬁ%;gﬁgg? 55%&);55&3%&% vﬁg&kl ngﬁsz@b&ﬁlm d%21 % fg% G%He

(400 MHz, CDCIs}liplginpppaditaxad papBipnigiacid) peggsiBradse) pegint@eran 2 Z@mqnwﬁ@)n

1.85-1. 69 (3H, I 96 n B RpRPar 2.90 (6H,
M. 3.78 (21 poBr'éu arfgs’od% Fpenéli)s nl(g%an %eral%bﬁ \]Eﬁ Ha: 1%0@33 p(ﬁ}é(ggnf (14 m .
7.42 (1H, d, yﬂtllwd& mb)fthylﬁnﬁgﬂyq@mter@@n alfa-2g; Il@ff![nelﬂzodlm reloxifeng Hz), 8.12
(1H br. s), a'alaéex(e&'_llastmcnfe r&nﬁ‘ﬁm'_ﬁe)}%%tl na(te“ﬁﬂ IQMnaﬂildeSrléleﬁ'ﬁ)) 8.96 (1H,
s), 9.10 (1H, s) ppm
2012/129344PCTNU$20%2W@%@@075{QQM@FEwaﬁmwégﬁﬁwﬁmlSHNHMleuﬂmmw
N-(6-(2-Metho W dtion ab&id GNER f fi
hapht hyr i di n- )2(s¥1?etntﬂ Qt;; tﬁn %9_@ 'E) rraeeg ﬁh’ agonﬁ‘gl)l(r;/ ltal)z?ré)&l% )t/ega O[tehmopgr in,
pyrrolo 12, 3d]telp(yz;0]0m1 Wn@ogqiﬁ Wgachﬂ(@qz@qe]ogyjﬂ,tthaiglpglld@;thymalfasm thyrotropm
N-(6-(2- rmt hoxy, fgtt&yolte)carg ’t(ﬁeIZPféie t@&ﬁlﬂﬁ}ﬁ% ‘R)dilnreqm fra tuzumab treosulfan, tretingin,
napht hyri di n-2-y1)-9-((1r, 40- 4- met hyl cycl o hexyl§ Hpyrido[4',3 ":4,51
pyrrolo 12, 3- telostpye mme@fﬁwezlrmfﬁrﬂ@, (L) necmﬁlsefeﬂyé@lpba getur.iubenipex,

et hOXyaCEt al %@J&Mgr%a&fer VRARL, %Ea%ﬂ%‘%a&%%él&r{o%'lf%’ate‘%@ém&b&a%ﬁ‘i% by heating
a solution of 1,1,2- trinethoxyethane (commercially available from

Si gna- Al dri ch Ve&porfuomngrelbm VIRLE-1GIN, gmosigtin| sfimialymgr, 8r gladonic(at®l) nl) at 50 C
for 30 m nut esabarEl%! lz@ivﬁqi (Ré’telfnﬁ)a%ﬁa nedén%géngé @IEOQ&IG%M@BHQS(@QQH c

pressure. Sodiumtriacet oxyborohydride ny, was added to a
sol uti on of APC 8015 (Dendreon), cetuximab, dec1tab1ne dexam1n0g1uteth1m1de d1a21qu0ne EL

9-((1r, 40-4- n%%@yﬁl%ﬁm@efré&doﬂ&ﬂeﬁyh@y anﬁrarcﬁte&mé%lpernﬁietaﬁehmg%mnsﬂ n 2-y1)-9
Hpyrido[4',3" :4 rrolo rimdin-2-amn (101 nmg, 4 mmol )

in DCM (15 rrL)SD,Oérﬁ«t\mgen)d‘glvgﬂtraefb aﬂlocAelmw gasod {7L1mmu110gzennﬁlrb4\)B7@qu ther@py[ LL of
the met hOXVaCG(Waﬂe%?mfoc%hﬂ%ﬂoﬁ&g%&a{ggﬁﬁuﬁmﬁ Betor! MRl GRGHil AR AU € Was

stirred at anbi ent erature i tional sodiumtriacetoxyborohydride
(474 ny, 2.24 bﬁfnmomilhwuqun,slsm@@@tsmé@f&mrﬂrangyeﬂm minrposepadétldPdehyde

(100 [LL of tQ%l@%@ﬂéﬁdﬁﬁ&h%ﬂt&ﬁﬁmﬁ‘@@lﬁ%ﬁgFléi&tniré ), B VALY RLS | ndi cat ed

that the starting nmaterial had been conpletely consuned. The reaction was
t hen quenched Byyrmpgeiiticd] SieveepmgmpHIER-2 and Fc MADb (Medarex), idiotypic 105AD7

MAD (CRC Technology), idiotypic CEA MAD (Trilex), LYM-1-iodine 131 MAb

14,51

(Techniclone), polymorphic epithelial mucin-yttrium 90 MAb (Antisoma), marimastat,
menogaril, mitumomab, motexafin gadolinium, MX 6 (Galderma), nelarabine,
nolatrexed, P 30 protein, pegvisomant, pemetrexed, porfiromycin, prinomastat, RL

0903 (Shire), rubitecan, satraplatin, sodium phenylacetate, sparfosic acid, SRL 172 (SR
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(6 nmL), and stripped of volatiles on a rotary evaporator. The resulting
resi due was purified by flash chromatography on silica gel eluting with a
10% t o 60%Ogoedizesst of sol vent A (DCM MeOH NHAOH, 90: 9: PLTIUS20ENB0007

Chr omat ogr aphy fractions containing the desired product were conbi ned and
concentrated in vacuo to give a residue that was further purified by
precipitation from DCM hexanes. The suspension obtained in this way was
soni cated and vacuumfiltered. The filter cake was dried under high vacuum
overnight to provide the titled conpound (10) (32.6 ng, 28%yield). 1H NWR
(400 MHz, CDCEhyrmag S5hinle (STGESHTAG77 fEansha tegajhionolgglaty, haibidtine. n) , 1. 65
(3H, br. s), ( : = 2 - R 2H, m,
3.02-2. 97 (4H,%h%§“PJp§’?e%3’ t%?”%’?o,p%?gg%%@%a@%’ ﬁ@gécﬁz@)(,gw%%? (2H, br. s),
4.76-4.68 (1Hmagnomyz vacpine (New d orkjldnigrgty biajelangm@ gacCing{(Slepa Kettering= 5.3 Hz, J2

), 8,96 (1 Sy brggisihouiagSuehGny xin Bl Vil Ry
[ 0248] Exanpl e cgh lysgeyyagqineg@oyal %wwtleygsp@wéwmlsmdqrs, 6, 7, 8-t et rahydr o-
;239?; rr:flgihtn[1 o ;%b{?g?_ ﬁ) _Pgiza% g a%ogl?&%ﬁ%gﬁ%g o Jy{@é}%b[)\iﬁ? Sg%l%ﬁ ARSENNK .. D. N
Boc NH mhibitors. Other compounds described in the following patents and patent applications
can be used in combination therapy: US 6,258,812, US 2003/0105091, WO 01/37820,
US 6,235,764, WO 01/32651, US 6,630,500, US 6,515,004, US 6,713,485, US
5,521,184, US 5,770,599, US 5,747,498, WO 02/68406, WO 02/66470, WO 02/55501,
WO 04/05279, WO 04/07481, WO 04/07458, WO 04/09784, WO 02/59110, WO
99/45009, WO 00/59509, WO 99/61422, US 5,990,141, WO 00/12089, and WO
00/02871.
[0187] In some embodiments, the combination comprises a composition of the
present invention in combination with at least one anti-angiogenic agent. Agents are
inclusive of, but not limited to, in vifro synthetically prepared chemical compositions,
antibodies, antigen binding regions, radionuclides, and combinations and conjugates
thereof. An agent can be an agonist, antagonist, allosteric modulator, toxin or, more
generally, may act to inhibit or stimulate its target (e.g., receptor or enzyme activation
or inhibition), and thereby promote cell death or arrest cell growth.
[0188] Exemplary anti-tumor agents include HERCEPTIN™ (trastuzumab),
which may be used to treat breast cancer and other forms of cancer, and RITUXAN™
(rituximab), ZEVALIN™ (ibritumomab tiuxetan), and LYMPHOCIDE™
(epratuzumab), which may be used to treat non-Hodgkin's lymphoma and other forms
of cancer, GLEEVAC™ which may be used to treat chronic myeloid leukemia and
gastrointestinal stromal tumors, and BEXXAR™ (iodine 131 tositumomab) which may
be used for treatment of non-Hodgkins’s lymphoma.
[0189] Exemplary anti-angiogenic agents include ERBITUX™ (IMC-C225),
KDR (kinase domain receptor) inhibitory agents (e.g., antibodies and antigen binding
regions that specifically bind to the kinase domain receptor), anti-VEGF agents (e.g.,
antibodies or antigen binding regions that specifically bind VEGF, or soluble VEGF
receptors or a ligand binding region thereof) such as AVASTIN™ or VEGF-TRAP™,
and anti-VEGF receptor agents (e.g., antibodies or antigen binding regions that

specifically bind thereto), EGFR inhibitory agents (e.g., antibodies or antigen binding
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11 [0249] Synthesis of 9-((1r, 40-4-nethyl cycl ohexyl)-N-(5,6,7,8-tetrahydro-
2, 6-napht hyridin-3-y1)-9H pyrido[4',3 :4,51pyrrolo [2, 3-d]

pyrim di rw@-2amne34l1l): The title conpound was prepar edPa3iusgoiclosmnst ry
simlar to that described in Exanple 1 using

7-chloro-1, 2, 3, 4-tetrahydro- 2, 6- napht hyri di ne hydrochl oride (commercially
avai l able from Anichem North Brunswi ck, NJ) in place of

2-chl oro-5,6,7,8-tetrahydrol, 6- napht hyri di ne hydrochl oride. 1H NNR (400
MHz, CD30D) 6 ppm1.10 (3H, d, J = 6.46 Hz), 1.33 - 1.45 S , 1.80 -
1.70 (1H, ), regions that spegiicyllyfyindrtheretp) eh as ABNFEGFAppnitrrumah QIEE(SSHTM , J—
6.36 Hz), 3.6 t M

5 30 (1h 5 ‘tge( %g'lb_) TAR]CEV(@’ S n(%'@.}bé, aﬁu%?.%l art %&% Alﬁgb'age?ﬁi ﬁeg glfhbg&lté %) e
mz: 414 (M+1)0r alﬁt@%bl}@narﬁgm@s sr@mﬁQall(ybn@%(ﬂqeﬁrto moahemmmocswg ohexyl ) - 9H

i dol14' , 3' 2, 6-
apht byt n- 20 TH O o et s B GHLES AR otafggl oML

2-(7-09-((1r, 4cgigns berigipa lydtrshidryto)d Frhe pharimgesutical @mposigansyof thlpeesg2 | 3- d]
pyrim din- 2- yllﬁ\%mlcﬂloc)an s 1ngfuﬁé/ SiI{eQ)r ﬁroﬁs Qlﬁp&t%“éll’lﬂl%ld{és %(ll:l’é_ﬁl)l-b)ﬁd} gtrmgl (12).

The title conpound was prepared using chemstry simlar to that described
i n Exanpl e 3 sbelgplorecqptors)4im apep(ﬁlpﬁw bangdednd frdidyt the activity of growth factors,

g* ( 3] Syr7| ?n életnﬁéé}r%%ﬁtg%% £ %mpgawaytg PU“I?? B LG aRY AR & 'scatter FacklPY T 1 0l [ 2,

9-((1r, 40-4- n@pﬁyﬁt&yy@pm’f@n‘yge)lbmd@g J@ions ghat specifically bind its receptor "c-met".

|t ﬁt rza%dﬁg 1, GoiRpht hyT i adi-Yrloe @it Rdehis @Rkl Cmpdtn, 2L RYBIHRIFOTE, 3-d] pyri m d
antagonists (Ceretti et al., U.S. Publication No. 2003/0162712; U.S. Patent No.
6,413,932), anti-TWEAK agents (e.g., specifically binding antibodies or antigen
binding regions, or soluble TWEAK receptor antagonists; see, Wiley, U.S. Patent No.
6,727,225), ADAM distintegrin domain to antagonize the binding of integrin to its
ligands (Fanslow et al., U.S. Publication No. 2002/0042368), specifically binding anti-
eph receptor and/or anti-ephrin antibodies or antigen binding regions (U.S. Patent Nos.
5,981,245; 5,728,813; 5,969,110; 6,596,852; 6,232,447; 6,057,124 and patent family
members thereof), and anti-PDGF-BB antagonists (e.g., specifically binding antibodies
or antigen binding regions) as well as antibodies or antigen binding regions specifically
binding to PDGF-BB ligands, and PDGFR kinase inhibitory agents (e.g., antibodies or
antigen binding regions that specifically bind thereto).
[0191] Additional anti-angiogenic/anti-tumor agents include: SD-7784 (Pfizer,
USA); cilengitide.(Merck KGaA, Germany, EPO 770622); pegaptanib octasodium,
(Gilead Sciences, USA); Alphastatin, (BioActa, UK); M-PGA, (Celgene, USA, US
5712291); ilomastat, (Arriva, USA, US 5892112); emaxanib, (Pfizer, USA, US
5792783); vatalanib, (Novartis, Switzerland); 2-methoxyestradiol, (EntreMed, USA);
TLC ELL-12, (Elan, Ireland); anecortave acetate, (Alcon, USA); alpha-D148 Mab,
(Amgen, USA); CEP-7055,(Cephalon, USA); anti-Vn Mab, (Crucell, Netherlands)
DAC:antiangiogenic, (ConjuChem, Canada); Angiocidin, (InKine Pharmaceutical,
USA); KM-2550, (Kyowa Hakko, Japan); SU-0879, (Pfizer, USA); CGP-79787,
(Novartis, Switzerland, EP 970070); ARGENT technology, (Ariad, USA); YIGSR-
Stealth, (Johnson & Johnson, USA); fibrinogen-E fragment, (BioActa, UK);
angiogenesis inhibitor, (Trigen, UK); TBC-1635, (Encysive Pharmaceuticals, USA);
SC-236, (Pfizer, USA); ABT-567, (Abbott, USA); Metastatin, (EntreMed, USA);
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(1). 1H NMR (500 MHz, CD30D) 6 ppm 1.11 (3H, d, J= 6.60 Hz), 1.28 - 1.46
(2H, m, 1.7-2.8 (1H m 1.86 - 2.09 (4H m, 2.61 - 2.76 (2H, m, 2.79
(2H, t, JwozoP%2b8a), 2.86 - 3.01 (4H, n), 3.8-3.9 (4H ®rLCI/US2@8/060bT n),
8.05-8.09 (1H, m, 8.11 (1H, s), 8.26 - 8.30 (1H, nm), 8.39 - 8.44 (1H m,
8.98 - 9.03 (1H, m, 9.21 - 9.25 (1H m ppm LC M5 mz: 458 (M1).

[ 0252] Exanpl e 13. N-(8-Methyl-5,6,7, 8-tetrahydro- 1, 6- napht hyri di n- 2-
y1)-9-((1r, 40-4- et hyl cycl ohexyl)-9H pyri dol4', 3" :4, 51pyrro| o [2, 3-d]
pyrimdin-2- am ne 13 0253] Synt hesi s of tert buty

8- met hyl - 2- oxcﬁnglogenvswamhléttqra Yidero Swedn); mapirin.Hoscid janen) 61 melphowstmﬂWI at e.

pert-Butyl 3 Bhlds A XORERLLALR eslnanr hOKlia! Gy L comuEr slaldyuayal | abl e

from Ryan Sci ent asant g, pyrrol i di ne
(1.3 L, 15. 9zLahm§JS)4)v@%3 (fisusoiayiean); ﬁ”tl‘@rllb%@n@akgian@})an)é?dlﬂti@ sol ution was

heated under _I(?Lfg sk, JXﬂaLUPtOQ?s%ﬁOgDMQtEIe%ctW @igﬂ@gﬂ?bsﬁeﬁﬁ 2@i@pK conditions,

for 5 hours. sol’ut'l on was t cool ed om t'enpérat ure and
propi ol am de (Vascajparnsidthakal sl fabtedanlt%gOEF!, ER1esd®nmirk); cgncen Beday, mol ) was

added. The reaghi,oRigbrdothatdiis ARKGWRE (NRRY QBAKRER 'L%lijxg; under

it
reflux. The reaction nixture was cor%centrated and the resi was purified
by flash chrorﬂagle@qnawhlbmrs(SUGENgTéM)eMﬁ%gEWltXh?, U84 XL1G T UENIE. | N DCM

o 9% e 4@y GAPAUILR ety S hob MM IER- ML) o

(1H, m, 4. 12-126&%d(1\1¢41mm}me & SA& ger_m,herapy, Jetingpagy, (@xford BigMedice HJKY, J= 9. 39

Hz) ppm  LC MR aaridRRirdcMbhide (USAN), (Lilly, USA); CEP 7055, (Cephalon, USA and
Sanofi-Synthelabo, France); BC 1, (Genoa Institute of Cancer Research, Italy);
angiogenesis inhibitor, (Alchemia, Australia); VEGF antagonist, (Regeneron, USA);
1BPI 21 and BPI-derived antiangiogenic, (XOMA, USA); P1 88, (Progen, Australia);
cilengitide (pINN), (Merck KGaA, German; Munich Technical University, Germany,
Scripps Clinic and Research Foundation, USA); cetuximab (INN), (Aventis, France);
AVE 8062, (Ajinomoto, Japan); AS 1404, (Cancer Research Laboratory, New
Zealand); SG 292, (Telios, USA); Endostatin, (Boston Childrens Hospital, USA); ATN
161, (Attenuon, USA); ANGIOSTATIN, (Boston Childrens Hospital, USA); 2-
methoxyestradiol, (Boston Childrens Hospital, USA); ZD 6474, (AstraZeneca, UK);
ZD 6126, (Angiogene Pharmaceuticals, UK); PPI 2458, (Praecis, USA); AZD 9935,
(AstraZeneca, UK); AZD 2171, (AstraZeneca, UK); vatalanib (pINN), (Novartis,
Switzerland and Schering AG, Germany); tissue factor pathway inhibitors, (EntreMed,
USA); pegaptanib (Pinn), (Gilead Sciences, USA); xanthorrhizol, (Yonsei University,
South Korea); vaccine, gene-based, VEGF-2, (Scripps Clinic and Research Foundation,
USA); SPV5.2, (Supratek, Canada); SDX 103, (University of California at San Diego,
USA); PX 478, (ProlX, USA); METASTATIN, (EntreMed, USA); troponin I, (Harvard
University, USA); SU 6668, (SUGEN, USA); OX1 4503, (OXiGENE, USA); o-
guanidines, ( Dimensional Pharmaceuticals, USA); motuporamine C, (British Columbia
University, Canada); CDP 791, (Celltech Group, UK); atiprimod (pINN),
(GlaxoSmithKline, UK); E 7820, (Eisai, Japan); CYC 381, (Harvard University, USA);
AE 941, (Aeterna, Canada); vaccine, angiogenesis, (EntreMed, USA); urokinase
plasminogen activator inhibitor, (Dendreon, USA); oglufanide (pINN), (Melmotte,
USA); HIF-1alfa inhibitors, (Xenova, UK); CEP 5214, (Cephalon, USA); BAY RES
2622, (Bayer, Germany); Angiocidin, (InKine, USA); A6, (Angstrom, USA); KR
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r LENA10 Boc, N (CF3S02) 20 Pyri di neNOTf DCM Boo. [0254] Synthesis of
tert-butyl 8-nmethyl-2-(((trifluoronethyl)sulfonyl)oxy)-

7, 8- di hydwo-2b12620@pht hyri di ne- 6( 5H) - car boxyl ate. To a s®CWttsSee 2080007
tert-butyl 8-

met hyl- 2- oxo- 1, 2, 7, 8-t etrahydro- 1, 6- napht hyri di ne- 6( 5H) - car boxyl ate (129
nmg, 0.49 nmmol) and pyridine (120 [EL, 1.47 mmol) in DCM (10 nL) at OC was
added dropwi se trifl uoronet hanesul foni ¢ anhydride (conmercially avail abl e
from Sigma-Aldrich, St. Louis, éﬁl@; [ EL, 0.59 m‘ml%. The reaction

M xture was stilp72eKdrer RBerets Inmt‘etso nti¢sé hechnolesn bowh Bdrean 68Y 22%duced

pressure. The O(E}?a%%‘ﬁﬂé’lﬁé Lﬁ#A’)L EE'T%QOPYEJ&%%&&EPEE%%Q@% ('%zé?%@{?' g?a gel

eluting with 0%to 40 % Et I n hexane to give etitle co (161 ny,
83 %yield). LCAVS &2 URO7CPMI0B2, (Pfizef, 0@83’9] @@ﬁ%é@lﬂsosmlth@mlmt yl

8- met hy1- 2- 09y %334@1(1%?1 @W, qyp%ll)? Ial%é)ﬂleﬂv'ery system, intraocular, 2-
methoxyestradiol, (EntreMed, USA); anginex, (Maastricht University, Netherlands, and
Minnesota University, USA); ABT 510, (Abbott, USA); AAL 993, (Novartis,
Switzerland); VEGI, (ProteomTech, USA); tumor necrosis factor-alpha inhibitors,
(National Institute on Aging, USA); SU 11248, (Pfizer, USA and SUGEN USA); ABT
518, (Abbott, USA); YH16, (Yantai Rongchang, China); S-3APG , (Boston Childrens
Hospital, USA and EntreMed, USA); MAb, KDR, (ImClone Systems, USA); MAb,
alpha$5 betal, (Protein Design, USA); KDR kinase inhibitor, (Celltech Group, UK, and
Johnson & Johnson, USA); GFB 116, (South Florida University, USA and Yale
University, USA); CS 706, (Sankyo, Japan); combretastatin A4 prodrug, (Arizona State
University, USA); chondroitinase AC, (IBEX, Canada); BAY RES 2690, (Bayer,
Germany); AGM 1470, (Harvard University, USA, Takeda, Japan, and TAP, USA);
AG 13925, (Agouron, USA); Tetrathiomolybdate, (University of Michigan, USA);
GCS 100, (Wayne State University, USA) CV 247, (Ivy Medical, UK); CKD 732,
(Chong Kun Dang, South Korea); MAb, vascular endothelium growth factor, (Xenova,
UK); irsogladine (INN), (Nippon Shinyaku, Japan); RG 13577, (Aventis, France); WX
360, (Wilex, Germany); squalamine (pINN), (Genacra, USA); RP1 4610, (Sirna, USA);
cancer therapy, (Marinova, Australia); heparanase inhibitors, (InSight, Israel); KL
3106, (Kolon, South Korea); Honokiol, (Emory University, USA); ZK CDK, (Schering
AG, Germany); ZK Angio, (Schering AG, Germany); ZK 229561, (Novartis,
Switzerland, and Schering AG, Germany); XMP 300, (XOMA, USA); VGA 1102,
(Taisho, Japan); VEGF receptor modulators, (Pharmacopeia, USA); VE-cadherin-2
antagonists , (ImClone Systems, USA); Vasostatin, (National Institutes of Health,
USA);vaccine, Flk-1, (ImClone Systems, USA); TZ 93, (Tsumura, Japan); TumStatin,
(Beth Israel Hospital, USA); truncated soluble FLT1 (vascular endothelial growth
factor receptor 1), (Merck & Co, USA); Tie-2 ligands, (Regeneron, USA); and,
thrombospondin 1 inhibitor, (Allegheny Health, Education and Research Foundation,
USA).

[0192] Alternatively, the present compounds may also be used in co-therapies
with other anti-neoplastic agents, such as VEGF antagonists, other kinase inhibitors

including p38 inhibitors, aurora kinase inhibitors, c-met inhibitors, KDR inhibitors,
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O9H pyrido 14',3 ' : 4,5] pyrrolo [2,3-d]

pyrim di n-2-yl)am no)-7, 8-di hydro-1, 6- naphthyridi ne-6(5H)-carboxylate. A

gl ass m cwowaw2ei2emEacti on vessel was charged with PCT/US2012/030007

9-((1r, 40-4- et hyl cycl ohexyl )-9H pyrido[4', 3" :4,5] pyrrol o[ 2, 3-d] pyrimdin-2
- amne (110 ng, 0.39 mml) and (9, 9-di net hyl- 9H xant hene- 4, 5-

di y1) bi s(di phenyl phosphi ne) (45.2 ng, 0.078 mmol ), Pd2(dba)3 (35.8 ng,

0.039 mml ), tert-butyl

8-nmet hyl-2-(trifluoronethyl sul fonyl oxy)-7, 8-di hydro-1, 6-napht hyri di ne6(5H) -
car boxyl at e arfGP2inhbiteys and QDI indkataes, TIYhabibatast arix mictetlenreteingsss dMPed at 100
C for 90 m nut. i Jre was
concentr at ed, 1%13%?%?6&%?1 %\g@r\\é\/gnsdu%glg%%]ﬁ&glbbiﬁgg zggﬂo?fgﬁgnnﬂlﬁﬁg graphy on
silica gel el uoing wit hTﬁ%moﬁm%@diemntloﬁc@mprm@dmmﬂge@@al9 1) in DCM
to give the title & S hesi s of

N- ( 8- et hyl - s%n et Q{)IR%SI, ﬁwrallpgt:}l}/%o wm ?(%lglﬁésr hescabe%f& g:g}r fly tﬂ%

r, 4r)-4-met hyIE@mbkes hexyl ) - 9H pyri do[ 4',3 "' :4,5]pyrrolo [2,3-d]
pyrimdin-2- amne (13). A solution of erlé -butyI

8-nmet hyl-249-((1r, 40- 4- net hyl cycl ohexyﬁ ﬁ’ pyrido[4',3 :4,5]pyrrol o[ 2, 3-d]
pyri m di n-2- yOam no) - R*8-di hydr o- 1, 6- napht hyri di ne- 6( 5H* car boxyl ate in 50%
TFA in DCM (10 ni) vva stirred at roomtq_EEerature for 0 m nutes and then
concentrated and I%ULILR, d by, phemgﬁgt ory to,gi ve t Ne |tIe conmpound (13)

(135 ng, 81 %. R ap Mz OB OH Rt - 1R N BR®6.46 Hz),
1.36 - 1.41 (2H, 1.56°(3H, d, J= 6.65 Hz), 1.701% 1.80H 1H, br. s),

2.00 - 2.08 (4H, r‘r), AP65-2.71 (2H, m), 2.73 (2H, s), 3Br6 - 3.81 (1H ),
4.46 (2H, d, J= 4.50 Hz), 4.91 - 4.94 (1H_m, 7.76 (1H d, J= 8.61 He),
8.47 (1H, d, J= 8.41 Hz) 8.56 - 8.61 ng 'm 9,37 (1K )g' 54 (1H, s) ppm
LC/MS nlz: 428 (Mrl). [0257] Exanpl e BN A

1- (8- Met hy1- 2- 49- ((1r 40- 4-
[2,3-d] pyrimdin-2-yl) X
napht hyri di n- 6( 5H) - yl ) et’han e 14 Cﬁsa1314

R4
NI R3b B N |
R2, - N
NN PAPPha)s  gs Il ge
" NN

Ryl cycl ohg yI - 9H- pyrido}14',3" :4,5]pyrrolo

R2 THF, reflux
1E
NaH/DMF 1C
or
LIHMDS/NMP
3 3a 3¢ 3a
Re \_( Re R
- R"-Cl TN
NI AN \ /N » NTX N/
RQNJ\N/ N R®  Pdydba)s XanPhos R )\ N R¥®
4 R? t-BuONa, dioxane RT R2
1F 100°C 1G
[0194] Scheme 1 illustrates how compounds of the invention can be prepared

starting from chloropyrimidine 1A. Reaction of chloropyrimidine 1A with an
appropriate amine provides diaminopyridimine 1B which can be iodinated to form 1C
with N-iodosuccinimide. Iodopyrimidine 1C can be reacted with the appropriate zinc
reagent 1D to form the unfused bicyclic intermediate 1E which can then be cyclized to
form the useful reagent 1F. Reaction of 1F with suitable chloro substituted and

protected R' groups or precursors (See Scheme 3) may be used to convert 1F to 1G
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[ 0258] Synt hesi s of 1-(8-nmethyl-2-((9-((1r, 40-4-nethyl cycl ohexyl)-9H
pyridol4', 3" :4,51pyrrolol2, 3-d] pyri mdin-2-yl)am no)-7, 8-di hydro-1, 6-

napht hyriworne{Bb44yl) et hanone (14). The title conpoundpPeadispeiepanet usi ng
chem stry simlar to that described in Exanple 2 using

N-(8-nethyl-5, 6, 7, 8-tetrahydrol, 6- napht hyri di n-2-y1)-9-((1r, 4r)-4-nmet hyl cyc
| ohexyl)-9H pyrido[4',3" :4,5]pyrrolo[2,3- d]pyrimdin-2-amne (13) instead
of 9-((1r, 4r)-4-nmethyl cycl ohexyl)-N (5,6, 7, 8-

tetrahydro-1, 6-napht hyri din-2-y1)- 9H—pyr|do[4' 3" :4,5]pyrrolo[2,3-d]pyrimd
i n-2-ami ne (1)wh1c111majyt e(camrtm—wto @D@@@pmﬁo%m@hmﬁn@w asho@Eing . 46 Hz),
1.31 - 1.43 (244 1.48 - 1.57 (3H, m, 2.00 - 2.09 (4H m, 2.28 (3H,

s), 2.68 - 2.80 (2H, m, 3.70- 3.89 (1H, m, 3.99 (1H td, J= 13.35, 4.79
Hz), 4.91 - 5.01 (1H, m, 7.92 (1H brSchegghe¢27 96 - 8.01 (1H, n), 8.64 -
8.69 (2H, m, 9.46 (1hh d, J=2.93 Hz), 9.70 (1H d, J=3gh2 Hz) ppm LC M
mz: 470 (M+l). [0259] l e 15.

2- (8- Met hyl - 2- 49- ( ( 1K L et hyl cycl ohextoknedH- B
pyridol4',3':4,51p Lﬂpl 2, 3t dfpy n1drn‘§%g%§$ﬂ1no)/1\8, i hydro- 1, 6-
naphthyrldln 6(5FD yl)%tthoI OH 1315°%™ theGi's Wf

2- (8-met hyl -2-49- ((1r,40-4-met hyl cycl ohexyl )-9H pyri dojg' f% :4,51pyrrolo
[2,3-d] pyrimdin-2-yl)am no)-7,8-di hydro-1, 6-

napht hyri di n-6(5H) -yl ) et hanol (15). Th@HtKﬂIe conmpound JoHepar ed usi ng
chem stry simlar to that described IDB | @3 using | i-PrOH

N- (8-methyl-5, 6, 7, 8-tetrahydrgé, 6- n&ﬁhth ridin-2-yl)-9-((spedr)-4-nmethylcyc
Iohexyl)-9Fprrido[4',3 . &R36] yrrolo[gQ Npy2D mi di n-2¥am ne (13) instead
of 9-((1r,4r)-4-methylc 6

t et rahydro- 1, 6- napht hyri

in-2-amne (1). 11-1N
1.30 - 1.47 (2H, nhqdﬁiﬁV

[54' 3': 4, 5] p§trol of 2, 3-d] pyrinid
110(,°<,\ BrJ= 6.65 Hz),
?«hc'd J= Gvd%i(#ﬂ%)Qlw )I\18 (1151 m, 1.94

Nach3

H
120°
dioxane, 120° C 2C
Pd,(dba);
XantPhos
t-BuONa
dioxane, 150° C
R3¢ R3a ' 3¢ R3a
RO\ R"-CI re T
N > N
NT N/ N /
)|\ _ - Pdy(dba); )|\ _ N %
H,N” N N , R XantPhos HN” N TN , R
R t-BuONa R" R
2F dioxane, 150° C 2G
[0195] Scheme 2 provides an alternative route showing how compounds of the

invention can be prepared starting from bromodichloropyrimidine 2A. Reaction of
bromodichloropyrimidine 2A with an appropriate amine provides
aminobromochloropyridimine 2B which can be converted to diaminobromopyrimidine
2C by reaction with ammonium hydroxide in isopropanol. Diaminobromopyrimidine
2C can be reacted with the boronic acid reagent 2D to form the unfused bicyclic
intermediate 2E which can then be cyclized to form the useful reagent 2F. Reaction of
2F with suitable chloro substituted and protected R' groups or precursors (See Scheme
3) may be used to convert 2F to 2G which may then be converted into various

compounds of the invention as shown in Scheme 4.
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- 2.11 (4H, m, 2.67 - 2.81 (2H, m, 3.39 - 3.58 (4H, m, 3.92 - 4.10 (3H,
m, 4.54 - 4.71 (2H, m, 4.94 - 5.05 (1H, m, 7.80 (1H, d, J= 8.80 Hz),
8.38 (1HwO0,20bA4283461 Hz), 8.59 - 8.67 (2H, m, 9.42 (1HPCI)US2@26680001H, S)
ppm LC/MS miz: 472 (Mtl). [0261] Exanpl e 16.

2-09-((1r, 40-4- Met hyl cycl ohexyl )-9H pyrido[4',3" :4,5]pyrrolol2, 3-d]
pyrimdin-2-yl)am no)-5,6,7,8-tetrahydro-1, 6- naphthyridin-8-o0l N tH3 HN

1\ 1

N
N
H

Scheme 3

R'-CI

Cl
(Boc),0O, DIEA
DCM, room temperature NI N
- P4
N

|
Boc
C
I

Cl
AN
| P4

3A 3B

[ Cl

(Boc),0O, DIEA

N7 DCM, room temperature N

7 | Z

N.
NH Boc

3C

Y

3D
Cl Cl
N (Boc),0, DIEA
NI DCM, room temperature NI N
Z - =
HN N
Boc”
3E 3F
Cl Cl
(Boc),0, DIEA SN
'\q\jj DCM, room temperature N|
Y - Z
N \
H Boc
3G 3H
[0196] Scheme 3 shows how various R -Cl Boc protected compounds may be

prepared from the starting amine. The Boc-protected chloro-substituted compounds
3B, 3D, 3F, and 3H are useful reagents for preparing compounds of the invention as

shown in Schemes 1 and 2.
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16 [0262] Synthesis of 6-(tert-butoxycarbonyl)-2-chloro-5, 6,7, 8-tetrahydro-
1, 6- napht hyri di ne 1-oxi de. 3-Chl orobenzoperoxoic acid (241 ng, 1 4 mol)
was addedwoaor/redsation at 0 C of tert-butyl PCT/US2012/030007

2-chl oro-7, 8-di hydro-1, 6- napht hyri di ne-6(5H) - carboxylate (250 ng, 0.93
mol , see Exanple 1 procedure) in CHCL3 (3 nL). The reaction m xture thus
obt ai ned was warnmed to roomtenperature and stirred overnight. After
concentration, the residue was purified by flash chromat ography on silica
gel eluting with 0% to 80 % Et OAc in hexane to give the title conmpound (150
my, 56.6 %yield). 1H NVR (400 MHz, CBch@hed ppm 1.51 (9H, s), 3.11 (2H,
m, 3.77 (2H, t, J=6.16 Hz), 4.60 (2H, Skx 699 (1H, d, J= 8.41 Hz), 7.40
(1H, d, J=8.41 Hz) ppm LCO M miz: 285 (MyE), CICl [0263] Synthesis of
tert-butyl 8-acetoxy-2-chloro-7, 8-di hydjt\o\/ 18-

napht hyri di ne- 6( 5H) - gar boxyl ate. A sobyit¥ort.of

6- (tert-But oxycar bdﬂyl) - 2-chl or 05, 6, A8y Tetranydr o- 1, 6- napht hyr i diane

1- oxi de (150 ng, nol ) in aceti nhyd’ide (2.5 nL, 26.3 /NI), was
stirred and heate 70, Grno@WELRAI ght” under nitrogen at nospherg. | DCM (20
tni_.) was added t®" the reaetiron m xtir e, and the:Pestktifg sof ufi on was
washed sequenti al b t B Wat BY"""sat ur at gacaguedus,, NakdeB8sol uti O'Qéand bri ne,
dried over anhydrou$ MyS®%-—and concent [afed under v m The Pesfdue was
purified by flash C‘ﬁrorrgtograp silica gel Gating with 0% to 30 %

Et OAc i n hexane t @ugi ve Yherstidwte conpoumd (115 ng, 66.8 % yi el

(400 MHz, cocn:;%;j)e ppmiadiosl (9H, s), 23 (3H, s _3.030- 3. 49 (;*/
4
.

12.0 Hz), 4.25-14]J40 Y%H,_n). 4.45-4.88 [ 1H d? J= 12 0 F¥¥. 5 .
M, 5.73 (1H, Bry s), 7.34 (1H d, J 822 Hz) pnafuosd (1H, d, J=]8.41 Hz)
ppm LG/ M5 nmlz:%327 (M+l). [0264] Syntthesi s of ¥+ \

2-09- ((1r, 40- 4- #mohw cyclshexyl )-9H pyridold',3 ' :4,51pyrrol Mos-d]
pyri m di n-2-yl ) a® no) - 5, ®F rahydro- 1, g napht hyri di n- 8- yl*acet at e.
The title conpound,mas €pared using the tiy simlar to that described
in Exanple 13 usig,?tert-butyl 8- acet oxy! 2 ¢l or o- 8 hydr o- 1, 6-

napht hyri di ne- 6( carboxylate in place of tert-butyl 8-nethyl-2-
(trifluoromethyllsul fonyl oxy) -7, 8-di hydr ¢-"1°"8°HdBHt hyri di ne- 6( 5H) - car boxyl at
e. LO/MS miz: 472 (M1).

4C

[0197] Scheme 4 shows how Boc-protected compound 4A prepared from Boc-
protected chloro compound 3B and 1F (see Scheme 1) can be deprotected to form 4B.
The deprotected 4B may be used to prepare a wide variety of derivatives as shown in
Scheme 4. For example, reaction of 4B with acetic anhydride can be used to prepare
4C. Similarly 4B can be reacted with commercially available (t-
butyldimethylsilyloxy)acetaldehyde and (t-butyldimethylsilyloxy)propanal and then be
reduced to respectively form 4D and 4E. As described in Example 5, compounds such
as 4B may be reacted with 2,5-dioxopyrrolidin-1-yl 2-acetoxyacetate to form 4F after
treatment with sodium methoxide. 4B may also be used to form compounds such as 4G
by treatment with methylchlorooxoacetate followed by reaction with LiOH in a mixture
of tetrahydrofuran, methanol, and water. As a final, but non-exhaustive example,
compounds such as 4B may be treated with reagents such as commercially available

3,3,3-trifluoropropanal and then reduced to form trifluoromethyl compounds such as
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16 [0265] Synthesis of (2-09-((1r, 40-4-nethyl cycl ohexyl)-9H
pyridol4', 3" :4,51pyrrol o[ 2, 3-d]

pyri m di rw@-2912yaeiso0) -5, 6, 7, 8-t et rahydro- 1, 6- napht hyri e¢cmAS2@bk/08@M6) .

Li t hi um hydroxide (47.6 nmg, 2 0 mol) was added to a sol ution of
2-((9-((2r,4r)-4-nmet hyl cycl ohexyl )-9H pyrido[4', 3" :4,5]pyrrol o 2, 3-

d] pyri mdi n-2-yl)am no)-5, 6, 7, 8-tetrahydro-1, 6- napht hyridi n-8-yl acetate
(106 ng, 0.226 mol) in 10 nL of MeOH, 10 nL of THF and 5 nlL of water. The
reaction m xture was heated at 50 C for 1 hour. The reaction m xture was
extracted wi t HHOGMrionnetherisemprugdadan bp pigpgrediiem comizoend #1t Bef exapde. pesi due was

fied b , 90% . 1H
ﬁll\J/rRl '480 M&Zprr%a%gﬂt%%éh (S alrﬁk%_l%hg)'m\(‘f@m{'aréefotr %iah%l&&t@@%l&gi&%%l (11?%47 (2H A )

1. 70 1. 82 ( 1Hgactyl with tigdeprogected cémpgundryB topra@icg opppogelds ig whith R&®, 4. 30 Hz)

3.69 (2H, d, Jg (%Q?(@fzd’all%rl)‘lz - 454 (2H m, 4.97 - 5.02 (2H m, 7.89
(1H, d, J= 8. 61 HZ) 8. 42 (IH, d, J=8.80 Hz), 8.59 - 8.67 (2H m, 9.43
(1H, 5) 9. 63 [P138) 5) pﬂ“m lnMQyt]WBlSrﬁHZhGI' 4®gr1l(em1;1)eferem@to the following

2012/ 129344pP e/ %Qsl %9:1"} ngqgten({eﬁ) %@Lﬁﬁl%e%laltzed invention but not to limit it in
6- ( 2- Hydr oxyet hyl) -2-((9-(
nethylcyclohexyyymgkkpyrldo[4' 3@& 51pyrrol o[ 2, 3-d] pyri m di n-2-y1l)am no) -

5,6,7,8-tetrahydro-1,6-naphthyridin-8-o|
EXAMPLES

[0199] Unless otherwise stated, all starting materials were obtained from
commercial sources such as Sigma-Aldrich, St. Louis, MO, or were obtained using
literature procedures.

[0200] "H-NMR spectra were typically acquired on a Bruker Avance IIT 500
spectrometer system (Bruker, Bilerica, MA) operating at a 'H frequency of 500.13
MHz, equipped with a Bruker 5 mm PABBI probe with a z-axis gradient; or on a
Bruker Avance IT 400 spectrometer operating at a 'H frequency of 400.23 MHz,
equipped with a Bruker 5 mm PABBO probe with a z-axis gradient. Samples were
typically dissolved in 500 uL. DMSO-ds, CDs0D, CDCl;, or another deuterated NMR
solvent for NMR analysis. 'H chemical shifts are referenced to the residual solvent
signals from DMSO-dg at 8 2.50, CD;0D at 6 3.30, or other reference solvents, or may
be referenced to tetramethylsilane. Significant peaks were tabulated and typically
include: number of protons, multiplicity (s, singlet; d, doublet; dd, doublet of doublets;
t, triplet; q, quartet; m, multiplet; br s, broad singlet) and coupling constant(s) in Hertz.
[0201] Electron lonization (EI) mass spectra were typically recorded on an
Agilent Technologies 6140 Quadrupole LC/MS mass spectrometer. Mass spectrometry
results are reported as the ratio of mass over charge, sometimes followed by the relative

abundance of each ion (in parentheses).

[0202] The following Abbreviations are used to refer to various reagents and
solvents:

Ac,O Acetic anhydride

AcOH Acetic acid

ATP Adenosine Triphosphate

BSA Bovine Serum Albumin

n-BuLi n-butyllithium
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OH 17 OH 1617 [0267] Synt hesis of 6-(2-hydroxyethyl)-2-09-((1

r, 40- 4- met hyl cycl ohexyl )- 9H pyrido[4',3% 4,51 pyrrol o] 2, 3-d]

pyri m di rw@-2912yaeismo) -5, 6, 7, 8-t etrahydro-1, 6- napht hyri ecmAS2a@bk/08@é) . The
title conpound was prepared using chem stry simlar to that described in
Exanpl e 3 using

(2-((9-((l'r,4r)-4-methyl cycl ohexyl)-9Hpyrido[4',3" :4,5]pyrrolo [2,3

-d] pyrimdin-2-y1l) amno)-5,6,7,8-tetrahydro-1, 6- naphthyridin-8-ol (16)in
pl ace of

9-((1r, 40-4- et hyl cycl &%yl ) - N- Oichdprgm@hangt r ahydr 01, 6- napht hyri di n-2-y1)-9
Hpyrido [4',3':4,5]py gg)‘h@ [ 2, 3DuﬂJe§’c§6"MbcﬁhéH]§ag?erN/[&ﬁmﬁ 1). 1H NWMR (400 MHz,
CD30D) 6 ppm 1.10 (3H, : 32 - (2H, m, 1.76 (1H, dd,
J= 6.75, 3.81 Hz), 1.9®MF 2, 11 ( 2N-Oipethglf@mamide. 80 (2H, n), 3.49 - 3.62
(2H, m, 3.75 - 3.98 (P . 3. ?ﬁmeth“ls&ﬁxi(dg"' m, 4.55 - 4.70 (2H, m,
4.92 - 5.06 (2H, m, 7.86 (1H, d, 8. 80 Hz), 8.50 (1H, d, J= 8.61 Hz),
8.59 - 8.68 (2H, m, 9M7 (1H, s)Dlth@ﬂE@tol 9.64 (1H, m ppm LC M mz: 472
(M+1l). [0268] Exanple 1 14(R)

r,4R) - 4-met hyl cycl ohex??))c oOH- pyﬁgbfﬁyth%’l%nglg%&éﬁrro
pyr| m di n-2-yl ) am no) - 7, 8- di hydr dydro@loridaapht hyri di n- 6( 5H) - yl ) et hanone or
14( S) - 8- net hy1-2-49- (( S) - 4- &I@e% pyrido[4', 3
:4,51pyrrolo [2,3-d] p)%r F% di n- Z%Q%hé&}%&l Xée)lcgcl{h

di hydro 1, 6- napht hyr i diE&Té( 5H) - ylE)fefﬂehegim\?ébIS(Z amlnoethyl ether)-N,N,N',N'

tetraacetic acid
EtOAc Ethyl Acetate
EtOH Ethanol
HPLC-MS High Performance Liquid Chromatography Mass

Fthylfarbo?ghldm]lde

Spectrometry
HTS High Throughput Screen
HTRF Homogeneous Time-Resolved Fluorescence
LCMS Liquid Chromatography Mass Spectrometry
LiHMDS Lithium bis(trimethylsilyl)amide
MeOH Methanol
NIS N-Iodosuccinimide

RPMI-1640 A cell growth medium developed at Roswell Park

Memorial Institute

TBS t-Butyldimethylsilyl
TEA Triethylamine

TFA Trifluoroacetic acid
THF Tetrahydrofuran
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or 18a [0269] Separ ati on of

1- (8-nmethyl-2-09-((1r, 40-4- et hyl cycl ohexyl ) - 9H

pyri dol4d'wl20t/B43yrrol 012, 3-d] pyri m di n-2-y1) am no) - 7, @caitusgaro3@yB6-

napht hyri di n-6(5H) -yl) et hanone. The racem ¢ m xture obtained in Exanple 14
was separated on a Thar 350 SFC system by sequential injections (1.2 ni;
8.0 my/mL in MeOH, 10 nL total) with a 250 X 30 mm | A columm and with 45
m./mn | PA+(20 nM NH3) and 55 g/min CO2. The resulting fractions were
concentrated on a rotary evaporator and anal yzed. The enanti oners were each
obt ai ned wit h [B88% ee. [PoanoitipneofExpmplegnanti oner to el ute was assi gned as
18a (16 ng as ff |

rotaners) 6 pp [%%3?92 -\Mﬁxmp%q 48 r,4lh%3§%§%f]@? D%M@%ZS ~'1.25
(1H, m, 1.34 Le6- nalgllh)(rm*t,l-Zﬂ‘)),%ﬂ:pmdoHﬁ ‘A5 1y2eolo[Rp-dlpyrigidin-2-agne( 1H, n)
1.98 (4H, d, J= 10.0 Hz), 2.22 (3H, d, J= 4. ), 2.71 - 2.55 (2H, m,
3.12 - 2.97 (1H, m, 3.77 - 3.63 (1H, 2 N3.78 (1H m, 4.85 - 4.71
(1H, m, 4.91 (1H, d, J= 17.1 Hz), 7. (1Hn)798(1HdJ—54

Hz), 8.46 - 8.37 (2H, m, 892(1HH|S . 9.13 (1H, ppm LCVS m z:
470.2 (Mtl); HPLC purity: 99. 3%(254 nn) ] Exampl e 18b St er eoi soner
of Exanple 18a. 1-0R)-8-Methyl - N |

09-((1r, 4R) - 4-net hyl cycl ohexyl ) - 9 do[ 4 yé, 51pyrrol o 2, 3-d] pyri m di n-

2- yl)am no)-7, 8 di hydro-1, 6- napht hy i di n- 6(5@Hy1) et hanone or

1- 0S) - 8- et hyI

09-((1r, 4S)- rret hyl cycl ohexyl ) - 9Hprr| do[ 4', 3%, 51pyrrol o 2, 3-d] pyri m di n-
2- yl)am no) - 7 8- di hydr o- 1, 6- napht hyri d| 6(5H) y1) et hanone [0272] The
second enantioner to elute in the separa ion described in Exanple 18a was

assigned as 18b (20 ng as a light tan solid). 1H NVR (© , CD3CD: DCM d2
1.1, rotarrers)6ppm089-080( 21I—|) 1.06 (3H, gJ\ 6.6 Hz), 1.31 -
1.25 (2H, m, 1.43- 1 1.62a (1H, N 2.0 NMH, d, J= 10.0
Hz), 2.22 (3H, d, J 58—2H—m> 3.17 - 3, (1H, m, 3.67

(1H, dd, J= 5.7, 132 <3 88 - 76 cﬁHOHn{ieﬂum 92 - 4.40 (PH, m, 7.67
(1H, d, J= 8.3 Hz) 833-818(2¢ﬂ-|rr) 8.47 (1H, d, J= ), 9.10 (1H,
s), 9.35 (1H, d, J= 1.7 Hz) ppm LCIVB mz: 470.2 (I\/H); HPLgHg)urlty 98. 6%

254 nm. [02 ampl e .
é_ Net hg'Z(y [ [%],(Ei m néywxl)r:s&%/%fl]\gﬁg%ﬂm—@-ﬁetlgf,lcg,cl?l,ug{yl)pyr1d1ne-2 4-diamine.
t et rahydr o- 1 &Olamhpﬁyﬁldﬁen-aaﬁge]@mﬁhlerpiyni dafldble 8@ SEhpyxldadh) S| Rods,d]

pyrim din-2- %?8 000 g, 7.72 mol, 1.0 eq), trans- 4-methylcyclohexylamine hydrochloride
(commercially available from TCI America, M1780) (1500 g, 10.03 mol, 1.3 eq) and
TEA (3.23 L, 23.2 mol, 3.0 eq) were mixed together in n-butanol (8 L.). The reaction
mixture was heated at reflux for 36 hours and monitored using LCMS. Upon
completion, the reaction mixture was cooled to room temperature, diluted with water (8
L) and extracted with EtOAc (2 x 10 L). The organic layers were combined, dried over
Na,SQ,, and concentrated under reduced pressure to give the title compound (1770 g)

which was used in the next step without further purification.

i i
HZN)\N/ NH , N7

NIS, DMF H,N™ "N™ "NH
CHy CHs
[0206] Synthesis of 5-iodo-N'-((1r,4r)-4-methylcyclohexyl)pyridine-2,4-

diamine. N'-((1r,4r)-4-Methylcyclohexyl)pyridine-2,4-diamine (1770 g, 8.58 mol, 1.0
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NL Il H2ZN N NH CH3 [0274] Synt hesi s of
5-(5-fluoro-2-nethoxypyridin-4-yl1)-N4-((1r, 4r)-4-
met hyl cycwohewreyl2dgayr i m di ne- 2, 4-di am ne. A pre-cool ed (P20/USpo12mBaed7 on of
5- fluoro-2-nmethoxypyridine (commercially avail abl e from Wt er st one
Technol ogy, Carnel, IN)(3.56 g, 28 0 mmol) in THF (25 nL) was added to a 2M
l'ithiumdiisopropylamde solution in THF (14.45 nL, 28 9 nmol) over 20
m nutes at -78C. The yel |l ow brown sol ution thus obtained was stirred at -78
Cfor 1.5 hours, then zinc (Il1) chloride (58.7 nL, 29.4 mmol) was added.
The cooling b@ghwmsspbm@dhydmw&ﬁ)ximt@ sphigiom pdgnisdatmosphere i 1o r oom
Lemperatur . 70 \0GaLRGS [ 61, @2 Afdsden el Hihftkefy
5-i odo- Nd41r, 40- 4 mateﬁfy ycl o exy gﬂ ri mq)glgﬂe 3 4- dllthamﬁ)lng 3p0n 9. 03 nmol ,
See Exanpl e 1 completen él}e aaidtﬂlomdlﬁe(wfi@) ]nmtl(riW@mﬁtlr@d aUO@O@HmWWe fOﬁZTHF (20
mh). The T esuliblRg TR Xhhbf eReRRHHXRE LOWRL Ni@Rkon B fecklaR vas cool ed
to roomtenperature, quenched sat urat ed 50 m.) and extracted
with DCM The roKgemvas chelgdpsings l@dwﬁ&?emen@ﬁéwlthawaﬁﬁeqqee@ﬂ sddiemwas puri fi ed
by flash chro L 9 9 cin
hexane to gi vﬁb ﬁ%ﬁ%ﬂ%ﬁgﬁi‘%ﬁﬂa%ﬁ lﬂggloa y(gl |1§%)‘5M5f‘&§91(6%’%§ Olé,glgé%’%ag@el d. 1H
NVR (400 MHz, vRIEEasti&) wih spxpmt@d @pequd khdidy catbonBteQ2 KAL), Wat893 x 2.L0Qried H, rr),
1.16- 1.32 (3H = 12
3.84 (3H, s), er{%’ ﬁ‘}”@%“d(“%PFe“H%éd ‘gldérée?‘ffisz%ésuﬁ %g"zl(eé‘d‘tl‘i’z‘)vds Pé“‘i?f’z‘tsﬁlﬁ 5),
6.74 (1H, d, XsluBin@hidmatogiapby/eltidd,with)25%S8t0 H0%(EkBIAc &) hepfiey tolpthidenthatitle332. 2
(M) oCH3 Nc%ylpound (1.47 kg, 57% over two steps). "H-NMR (300 MHz, DMSO-dg) & ppm 0.85

(3H, d,J=7.2 Hz), 0.98 (1H, dd, /= 12.9, 2.7 Hz), 1.41 — 1.27 (3H, m), 1.66 (2H, d, J

=12.3 Hz), 1.78 (2H, d, J = 12.3 Hz), 3.85 (1H, m), 5.48 (1H, d, J= 8.1 Hz), 6.16 (2H,

brs), 7.86 (1H, s) ppm; MS m/z: 333 (M+1).

F

~ ! BrZn /IN

X = [oQ

HoNT N7 TNH - AN

2 Pd(PPH3), HoN™ "N “NH
THF, reflux
92%

Chs CHs

[0207] Synthesis of 5-(3-fluoropyridin-4-yl)-N*-((1r,4r)-4-

methylcyclohexyl)pyrimidine-2,4-diamine. To a solution of 2,2,6,6-
tetramethylpiperidine (commercially available from Sigma-Aldrich, St. Louis, MO)
(997 mL, 5.87 mol, 3 eq) in anhydrous THF (6 L) under N, atmosphere at 0 °C, was
added n-BuLi (2.5 M in hexanes, 2.35 L, 5.87 mol, 3 eq) via an addition funnel over 30
minutes. Upon completion of the addition, the reaction mixture was stirred at 0 °C for 1
hour. The reaction mixture was cooled to —74 °C (acetone/ dry ice bath) and a solution
of 3-fluoropyridine (commercially available from Sigma-Aldrich, St. Louis, MO) (561
g, 5.773 mol, 2.95 eq) in anhydrous THF (500 mL) was added over 15 minutes keeping
the temperature below —63 °C. Upon completion of the addition, the reaction mixture
was stirred at -74 °C for an additional 2 hours. A solution of ZnBr, (1422 g, 6.32 mol,
3.22 eq) in anhydrous THF (3 L) was then added dropwise over 35 minutes keeping the
temperature below —60 °C. Upon completion of the addition, the cold bath was

removed and the reaction mixture was allowed to warm to room temperature. Then 5-
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\DMF HZN N N i CH3 % CH3 WD 2012/ 129344PCT/ US2012/ 030007 [ 0275] Synt hesi s
of 6-net hoxy-9-((1r, 40-4- et hyl cycl ohexyl) - 9H

pyri do[ 4'we%125ep3aar ol of 2, 3-d] pyri m di n-2-am ne. Sodi umphyadrseae/06@®0%0

di spersion in mneral oil) (1.09 g, 27 2 mol) was added slowy to a
solution of 5-(5-fluoro-2-

met hoxypyridi n-4-y1)-N4-((Ir, 40-4-net hyl cycl ohexyl ) pyri m di ne- 2, 4-di am ne
(3.0 g, 9.05 mol) in DV (60 nL) at 0OC. After addition, the m xture was
stirred at roomtenperature for 20 m nutes under N2 at rmsphere and then at
105C over ni ghtiodoTNe((iredact shyledolesprdding 2igbaminerhd@eat Ureolahll eguenched

W th saturate i tqacted with
ot OAcand ans i) gen Binedrdbl 5,34 bg 5\#(?%1 T %egrb 2%{“&% Feor®Naz504. The
sol vent was r e*mtz@umlxamlwﬂi@a@d aicreflyxrayaumight wdan@upneﬁ hek IfyMFB| Hoen

chr omat 0gr aphy..Apicsb, i dedfiln Bhiih! Atk ?Jpeaanés’n{%%p%a‘ré Qubleiangat © gi ve the
title corrpoun an off-wnite so g, 50%vyie 1H NWR (400 MHz,
DVBO- d6) 6 ppripioragd a(ll@lelus NaHQGG: (8 LQ)aereytraCledO@thEt@AMlO(IZHZ) njhe 012288 - 1. 65
(I1H m, 1.74 e&gﬁts Were \Jvashgd @nﬁg'c)turata'd ﬁ?ﬂé@ 2. SqL Itanf bgné_@)& L)2a11€1Q7ve?e 45 (2H,
m, 3.87 (3H, s), 4.64-4 %_ , 8.52 (1H,
s), 8.94 (1H, ﬂ?ﬁ)ﬂ Cpm@‘ptril_@\@dm@wmzf g rf(SMHiyvaS digehred N/ZN H@Q((Zdtld)asd

Xant Phosl | t- %%’Wigli I%IQQF.ZS t"k"&)‘ TM ané:dﬁé Bg'gtléé\@vasI adjusted to pH 10-12 by

addition of aqueous 4N NaOH and extracted with DCM (1.5 L x 3). The organic

extracts were washed with water (1.25 L x 2), dried and concentrated to give the title
compound (540 g, 92%). 'H-NMR (300 MHz, DMSO-ds) & ppm 0.85 (3H, d, J=7.2
Hz), 0.98 (1H, dd, J=12.9, 2.7 Hz), 1.30 - 1.18 (3H, m), 1.64 (2H, d, /= 12.3 Hz),
1.74 2H, d, J=11.7 Hz), 3.96 (1H, m), 5.00 (1H, d, J = 8.4 Hz), 6.24 (2H, br 5), 7.35
(1H, dd, J=6.6, 4.4 Hz), 7.58 (1H, s), 8.37 (1H, d, /= 4.8 Hz), 8.50 (1H, d, /= 6.6 Hz)

Z>N _
N
N _ N\
P £ LiHMDS/NMP P
H,N” N7 “NH _ H,N” N7 °N
© 90°C O
& CHs
[0208] Synthesis of 9-((1r,4r)-4-methylcyclohexyl)-9H-

pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine. To a solution of 5-(3-
fluoropyridin-4-y1)-N*-((1r,4r)-4-methylcyclohexyl)pyrimidine-2,4-diamine (854 g,
2.84 mol, 1.0 eq) in anhydrous 1-methyl-2-pyrrolidinone (8 L) under N, atmosphere at
room temperature, was added LiHMDS (1.0 M in toluene, 8.5 L, 8.5 mol, 3.0 eq) over
30 minutes. Upon completion of the addition, the reaction mixture was heated at 90 °C
overnight and monitored using LCMS. Upon completion, the reaction mixture was
cooled to room temperature, quenched with ice cold water (10 L) and extracted with
EtOAc (12 L). The organic phase was washed with saturated aqueous NaHCO; (4 L x
2), and water (2 L x 3). The aqueous layers were combined and back extracted with
EtOAc (15 L x 2). The organic layers were combined, dried over Na,SOy4, and

concentrated under reduced pressure. The solid thus obtained was suspended in DCM
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bH3 N H 19 [0276] Synt hesi s of

6- met hoxy-9- ((1r, 40- 4- net hyl cycl ohexyl )-N- (5, 6, 7, 8-

t et r ahydrwoo®/mogaht hyri di n-2-y1) - 9H pyri do[ 4' , 3%}, 51py PColus2§12/036007
pyrimdin-2- amne (19). The title conmpound was prepared using chem stry
simlar to that described in Exanple 1 using

6- met hoxy-9- ((1r, 40- 4- net hyl cycl ohexyl ) -9Hpyrido[4', 3" : 4, 5] pyrrol o[ 2, 3-d] py
rimdin-2-amne in place of 9-((lr, 40-4-

met hyl cycl ohexyl ) -9H-pyrido[ 4',3':4,5]pyrrol o[ 2, 3-d] pyri m din-2-am ne. 1H
NMR (500 MHz, (ED30m)d @itppdmsingdgro(agievagbratgfon3(gnipgtys;, The pgid-wag calBctedH, ),

%_GEO‘ OlHZ)S ( %b'? ﬁl@%igﬁ]wagﬁed \%th%c&[%hh ghné)d o gff@rgl {ie4itlé %orﬁl?ddnd fﬁoo '5)3 ﬁ% (2H d,

4.82-4.90 (1Hmather iqua vas lefl% b(/ QWmnryhromatsgramlmaelu@gwm IB@M(M[F@HG J= 10.0
Hz), 8.73 (1H,
2012/ 129344 PC?/O?JétZOOa(l%%? ‘g %(ﬁb%rg%mﬁ)l %E‘ [E)E%f%% odftort €dcbimountfe277 o
2- Hydr oxy- 1- ( 20860 s, biskdy 8951 ( HrNMB-@lQO ez Hy:eN B obraxXy2Y(d.9 oy He.ddh4g' | 3'
: 4, 51- pyrrol o[;233dd Py m@'l%o%nybﬁiﬂ%@q)m%m&[m 1.58-1.45 (m, 2H), 4.87-4.77

dlhydro 1, 6- naphthyrldln 6(5 anone
(m, 1H), 7.94 (d, J= 51Hz 1H) 8.31(d,J=5.1 Hz, 1H), 8.87 (s, 1H), 8.96 (s, 1H)

ppm; MS m/z: 282.0 (M+1).

Cl Cl
X

NS (Boc),0, DIEA N

. » =

DCM, rt
N \
H Boc
[0209] Synthesis of tert-butyl 2-chloro-7,8-dihydro-1,6-naphthyridine-

6(5H)-carboxylate. To a slurry of 2-chloro-5,6,7,8-tetrahydro-1,6-naphthyridine
hydrochloride (106.1 g, 517 mmol, commercially available from D-L Chiral Chemicals,
ST-0143) and N,N-diisopropylethylamine (80 g, 108 mL, 621 mmol, 1.2 eq) in DCM (1
L) was added a solution of di-tert-butyl dicarbonate (119 g, 543 mmol, 1.05 eq) in
DCM (100 mL) via an addition funnel within 1 hr. The reaction mixture became a
clean solution and the solution thus obtained was stirred at room temperature for an
additional hour and monitored using LCMS. Upon completion, the reaction mixture
was concentrated. The residue was dissolved in EtOAc (1 L) and washed with water (3
x 300 mL), washed with brine (300 mL) and dried over MgSQ,4. The solvent was
evaporated under vacuum to give the title compound as an off-white solid (139 g,
yield:100%). "H NMR (400MHz ,CDCls) § ppm 1.49 (9H, s), 2.97 (2H, t, J = 5.9 Hz),
3.73 (2H, t,J=6.0 Hz), 4.57 (2H, s), 7.17 (1H, d, /= 8.0 Hz), 7.38 (1H, d, /= 8.0 Hz)
ppm; LCMS m/z: 269 (M+1).

—

N

\
=N\ cl 4
NN/ N
P Nl Pd,(dba)3, XantPhos
H.NT N7 N + =
t-BuONa, dioxane
N 100 °C, 100%
g Boc
CHs Boc
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0 20 1920 [0278] Synt hesi s of 2-hydroxy-1-(2-46-nethoxy-9-((1r, 40-4-
nmet hyl cycl ohexyl ) - 9H pyri dol4',3" :4,51-pyrrol o] 2, 341]
pyri m di rw@-29i2yaedso) - 7, 8- di hydro- 1, 6- napht hyri di n- 6( 5iFcTyiSp@bivamone ( 20) .
The title conpound was prepared using chem stry simlar to that described
I n Exanpl e 5 using 6-nethoxy-9-((Ir,4r)-4-
nmet hyl cycl ohexyl)-N- (5, 6, 7, 8-tetrahydro-1, 6- napht hyri di n-2-y1)-9H
pyrido[4',3 :4,5]pyrrolo[2,3-d] pyrimdin-2-anmne (19)in place of
?re§ ﬁly[ éifﬂ) oﬁeml)oi N- (5, Gymthesit efteribytil (@ ELraphmteyiercbey) DH-9Hpy r i do[ 4'
i Oj (5]3ayr g?' ‘J%Iy%d?}%tdi Qg’if]b&flrﬁllbfk ?d]%ghﬂn?dlﬁ élyr%aﬁﬁhd\'w &15%97'\{"&2 1HCD?r;;) D) 1692pm
-2.05 (4H, m ,naph@hyridine@®SH)arboxylateg Tpa solugopg 9-((1r,41)-4- methylcyclohexyl)

9H-pyrido[4',3":4,5 pyrrolo[2,3-d]pyrimidin-2-amine (2.81 g, 10 mmol) in 1,4-dioxane

(45 mL) were added tert-butyl 2-chloro-7,8-dihydro-1,6-naphthyridine-6(5H)-

carboxylate (2.57 g, 9.55 mmol), 4,5-bis(diphenylphosphino)-9,9-dimethylxanene (231

mg, 0.40 mmol), and sodium t-butoxide (1.44 g, 15 mmol). Argon was bubbled

through the mixture for 10 minutes. Tris(dibenzylideneacetone)dipalladium (0)(183

mg, 0.20 mmol) was added, and argon was again bubbled through the mixture for 5

minutes. The reaction mixture thus obtained was stirred at 100 °C for 3 hours

whereupon HPLC-MS analysis indicated that the reaction was complete. The reaction

mixture was cooled to 40 °C and diluted with DCM (90 mL) and treated with Si-

triamine (functionalized silica gel, from Silicycle, FR31017TR130B) (2.8 g) overnight

at room temperature. Celite® brand filter aid 545 (6 g) was added, and the mixture was

filtered with a sintered glass funnel and the solid phase was rinsed with DCM (100

mL). The filtrate was concentrated to 25 mL on a rotary evaporator and diluted with a

mixture of EtOAc and hexane (20 mL, 4:1). The resulting slurry was stirred at room

temperature for 5 hours. The solid was collected by filtration, washed with a mixture of

EtOAc and hexane (20 mL, 1:1) and air dried for a few hours to provide the title

compound as an off-white solid (4.90 g, 100% yield). "H NMR (500 MHz, CD,Cl,) §

ppm 1.06 3H, d,J=6.4 Hz), 1.34 - 1.22 (2H, m), 1.48 (9H, s), 1.67 (1H, br. s), 2.02 -

1.93 (4H, m), 2.63 (2H, dq, J= 3.1, 12.8 Hz), 2.88 (2H, t,J=5.7 Hz), 3.74 2H, t,J =

6.0 Hz), 4.57 (2H, s), 7.51 (1H, d, /= 8.6 Hz), 7.85 (1H, d, J= 5.1 Hz), 8.10 (1H, br. s),

8.42 (1H, d,J=8.3 Hz), 8.46 (1H, d,J=4.9 Hz), 8.97 (1H, s), 9.10 (1H, s) ppm;

LCMS m/z: 514(M+1).

—

N
N\ N/ N\ \/N
/

ﬁ?

1) HCI, H,0/MeOH

N
2) NaOH, 100% N7 O

O w U
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(2H, m, 3.84 - 3.99 (2H, m, 4.02 (3H, s), 4.37 (2H, br. s.), 4.74 (2H
br. s.), 4.82-4.91 (1H, m, 7.28 (1H, d, J= 10.0 Hz), 7.59 (1H, s),
7.89-7.94W0D2b2/193448. 70 (1H, s), 9.34 (1H, s) ppm LCVSPoraIS2&@A3@01 M+1) .
WO 2012/ 129344PCT/ US2012/ 030007 [ 0279] Exanpl e 21.

9- Cycl opentyl -N-(5, 6,7, 8-tetrahydro-1, 6- naphthyridin-2-y1)-9H pyrido
[4'",3 :4,5]pyrrolo [2,3-d] pyrimdin-2-amne 21

[0211] Synthesis of 9-((1r,4r)-4-methylcyclohexyl)-N-(5,6,7,8-tetrahydro-
1,6-naphthyridin-2-yl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d]pyrimidin-2-amine (1).
To a suspension of tert-butyl 2-((9-((1r,4r)-4-methylcyclohexyl)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-7,8-dihydro-1,6-naphthyridine-
6(5H)-carboxylate: 9-((1r,4r)-4-methylcyclohexyl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-
d]pyrimidin-2-amine (4.65 g, 9.05 mmol) in MeOH (30 mL) were added concentrated
HCI (6.74 mL) and water (14 mL). The mixture thus obtained was stirred at room
temperature overnight. 50% NaOH in water (4.8 mL) was added at 0 °C to the reaction
mixture to adjust the pH value to 9. The precipitated yellow solid was collected by
filtration, rinsed with water (25 mL) and air dried for 3 days to give the title compound
(3.75 g, 100%). "HNMR (400 MHz, CDCL3) § ppm 1.07 (3H, d, J= 6.5 Hz), 1.29 -
1.25 (3H, m), 2.00 - 1.95 (3H, m), 2.02 (2H, s), 2.69 - 2.53 (2H, m), 2.89 (2H, t,J=6.0
Hz),3.26 (2H,t,J=6.0 Hz), 4.04 (2H, s), 4.71 (1H, m, J=12.8, 12.8 Hz), 7.41 (1H, d,
J=8.4Hz),7.84(1H,d,J=6.1 Hz), 7.84 (1H, d, J= 6.1 Hz), 8.03 (1H, s), 8.34 (1H, d,
J=8.4Hz),8.50 (1H, d, J= 5.3 Hz), 8.96 (1H, s), 9.08 (1H, s) ppm; LCMS m/z: 414
(M+1).

[0212] Example 2. 1-2-((9-((1r,4r)-4-Methylcyclohexyl)-9H-

pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)ethanone
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[ 0280] Synt hesis of tert-butyl 2-((9-cyclopentyl-9H

pyrido[4',3 :4,5]pyrrolo [2,3-d] pyrimdin-2-yl)am no)-7,8-dihydro-1, 6-
napht hyr iworer26i28H) - car boxyl ate. To a sol uti on of 9-cyclPoparseyi2ANde7
pyrido[4',3" :4,5]pyrrolo[2,3-d]pyrimdin-2-am ne (prepared as described in
WD 2009/ 085185) (152 ng, 0 6 mmol) in dioxane (6 nL.) were added tert-butyl
2-chl or o7, 8-di hydro-1, 6- napht hyri di ne- 6(5H) - car boxyl ate (177 ng, 0.66

mol ), tris(dibenzylideneacetone)dipalladium (0) (28 ng, 0.030 mol ), 4,5-
bi s(di phenyl phosphi no) - 9, 9- di net hyl xant hene (52 ng, 0.090 mmol), and sodi um
t but oxi de (86 ng, 0.9 mmol ) /~Yhe reaction m xture thus gbhtayned was heated
at 150C under mi crowave radihtion for 1 hour. The redctiol+i xture was
diluted with DCM iWh brine, and then dried. nWPhev’Sol vent was

evaporated and the resi due was purlfled by-dblaash chr t ography on silica
gel eluting with 10%tp 50I veht ARS( DOV VEORT NHAQH, || 100: 1) in DCMto
give the title conposd as a4l ight yellow solid (21 , 72%%&eld). 1H NWR
(500 MHz, CDC13) 6[ 1.)52 (9H, QH); 1.88 - 1.90 (2H, 2.14 - 2321 (4H m,

2.45 -2.47 (2H, m,N2.92 - 2.94 (2H, m), 3.76 - 3.79 (2H, m), 4.59 (2H, m,
537 (1H m, 7.49 (1H d, J= 10.0 Hz), 7.85 (1H, @ G 5.0 Hz). 8.14 (1H
br. s), 8.37 (1H, d, J=,10.0 Hz), 8.52 (1H, d, J= 5.0 Hz), 8.92 (1H, s),
9.11 (1H, s) ppm LCMS rﬂz 486 (M+l). 21 [0281] Synt heS| s of

9-cycl opent yl -[B135, 6, 7, SyntbesiadfydRdO1(B-4rapimdihyi¢ydlohexyl)-9H- _

(2)f ytlzar?';]ltoy” 9RHA0p433" 4‘5]?919815[203 QlpFrirtidthBYiya i) F;s20iffdra8,421) - A solution
2((9-cycl opentlsanhgvrlﬂylrﬁ(éﬂl Wetlginone €).pY¢ # girsfl Xeodppyalitivn @i A(@r.9)-Fam no) - 7,
8- di hydro-1, 6- s [Nal 20.477 mmol ) in

TFA/ DCM (1: 1, %&%ﬁ&%ﬁﬁgﬁmﬁgg%%m%%%en@;et?}g{dﬁlrl%yg%rfl 30 m nutes and then
concent r at ed. pyheolf'@st.dlnmerelels. 3pdlpyrintidia-2amin¢ dg (P0ahg, ORA e EipRymloef si | i ca
gel eluting wit Jioin DCM to
G ve the 11 e baesil b LB RO R A M IE -”mg DS AT e 11 TR (500
MHz, CDC13) 6 nlm@vs, 20 mLoG D@M~|andnl)0 mioflwater v@rez@d Hbergsultipg gdutiop way (2H, m)
%?97-( ZZlT, (El.i-l s§edQec§%)maH§ "v‘gi@ szgtngted%ﬁ}ldﬁukﬁdi%ﬂ)ﬂwm1 Q»%tegzxﬁbrx?é dl‘ﬂ‘;}i)36 (1H,
8.31 (1H, d, J&erl@hﬂirwyvigs@a@d(e&qﬁma&d ugder Baq@uiy fThe ®sidye \(@munﬁgd by9. 11 (1H,
s) ppm LCMS %L@églqga(ls 2500/ 1 z.

1- (2- ((9- Oycl ggéﬁ’nrta;?}’%ééw p%%?%%?ﬁg 34, 51%“%%0/3 13 NI 00 MHz.

pyri m di n- 2- yIGRIANS)pph BLUBHy dr/c= @4(6Hﬂalp3‘1t HyA3i (iLrm)el(. BH). 8¢/ QY Br. s.)

hydroxyethanongy, _» g9 4, m) 2.27 (3H, d, J = 7.24 Hz) 2.67 - 2.79 (2H, m) 3.10 (1H, t, J = 6.16
Hz) 3.15 - 3.22 (1H, m) 3.98 (2H, dt, J = 13.16, 6.04 Hz) 4.79 - 4.84 (2H, m) 4.91-5.00
(1H, m) 7.90 - 7.98 (2H, m) 8.61 - 8.65 (2H, m) 9.40 - 9.41 (1H, m) 9.62 (1H, d, J =
2.74 Hz) ppm; LCMS m/z: 456 (M+1).

[0214] Example 3. 2-(2-((9-((1r,4r)-4-Methylcyclohexyl)-9H-
pyrido[4',3":4,5]|pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)ethanol

O
HN)\N/ N
g /
CH,
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NHNNNNI11j) NHOO 22 - 163 - 2122 [0283] Synt hesi s of
1-(2-((9-cycl opentyl-9H pyrido[4',3" :4,51pyrrolo 12, 3- d]

pyri m di rw@-2912y12ed4n0) - 7, 8- di hydr o- 1, 6- napht hyri di n- 6( SHPCYA)S2®2/030007

hydr oxyet hanone (22). To a sol ution of

9-cycl opentyl -N- (5, 6, 7, 8-tetrahydro-1, 6-

napht hyri di n-2-y1)-9H pyrido[4', 3" :4,5]pyrrol o[ 2,3-d] pyri mdin-2-am ne (21)
(145 ny, 0.367 mmol) in DVMF (10 nmL) were added 2-hydroxyacetic acid (34.3
ng, 0.451 mmol), EDC (191.7 ng, 0.451 mml), N hydroxybenzotriazole (61 ny,
0.451 mml ), and N, N—diisopropylethylaniﬁe (157 uL, 0.903 muol ). The

m xture thus obtalned irred at roomtenperature for 2 rs. The
reaction m xture mas tfated, and the residue was irfNed by flash
chromat ogr aphy on sj, el eluting with 20%to 75@63@] N A

(117 ng, 70%yi el d)]_ (500 MHz°"®DIVBO2d6)ci 6 1. 77 < H m, 2.07

( DCM MeOH: NH4OH, ;%E;io 13—t 0 .gi we_the tit P&EL6tthoun ndfzg-mhite solid
.8

22,10 (4H, n) 2.44 (2H, m, 2.82 - 2.91 (2H, M, 3 66 +n3.82 (2H,

M, 4.18 - P LA (2H, ), 5.36 (1 &% 7.68 (1H, d. J=
10.0 Hz), 5 06 (lH d, J= 5.0 Hz). 819 (1H d, J= 10.9-%), 8. 48 (1H d,
J= 5.0 Hz), 9.03 (1H sh 9.31 (1H, s) 9.98 (1H br. s) ppm LCVGS mz: 444
(M+1). [0284] Exa

9- ((1r, 40- 4- I\/t[%lgf cycl oﬁé&“}‘P%‘s-‘Pﬁ-z(@ (@- (L rgir)-drmeshy)eyiclghexyl)-9H-

1,7-n aght hyri CiiniuBWi)ar S by Rvio [280Rapyrididif-23haKikd)7X-diRy dodle-

pyri m di n- 2- am

naphthyr1d1n-6(5H)-yl)ethanol (3). A slurry of 9-((1r,41r)-4-methylcyclohexyl)-N-
(5,6,7,8-tetrahydro- 1,6-naphthyridin-2-yl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-
2-amine (1) (50 mg, 0.12 mmol) and (tert-butyldimethylsilyloxy)acetaldehyde
(commercially available from Sigma-Aldrich, St. Louis, MO) (31.6 mg, 0.18 mmol) in
3 mL 1,4-dioxane was stirred for 5 minutes and then sodium triacetoxyborohydride
(commercially available from Sigma-Aldrich, St. Louis, MO) (77 mg, 0.363 mmol) was
added. After stirring for 10 minutes, DCM (30 mL) was added to the reaction mixture.
The resulting solution was washed sequentially with saturated aqueocus
NaHCOssolution, water and bring, dried over anhydrous MgSQ,, and evaporated under
vacuum to give the intermediate TBS protected alcohol (LCMS nv/z: 572 (M+1)). The
TBS protected alcohol was treated with 3 mL of 4 N HCl/dioxane to remove the TBS
group. After 30minutes, the reaction was concentrated and purified by flash
chromatography on silica gel eluting with 0 to 20 % 2N NH; MeOH solution in DCM
to give the title compound (38 mg, 68 % yield). 'H NMR (400 MHz, CDCls) & ppm
1.09 (3H, d,J=6.65Hz) 1.24 - 1.36 (2H, m) 1.56 - 1.73 (3H, m) 1.96 - 2.06 (4H, m)
2.63 (2H, qd, /= 12.88, 3.81 Hz) 2.81 (2H, t, J=5.38 Hz) 2.94 - 3.04 (4H, m) 3.73 -
3.80 (4H, m) 4.70 - 4.79 (1H, m) 7.44 (1H, m, J = 8.61 Hz) 7.86 (1H, dd, J=5.18, 1.08
Hz) 8.08 (1H, s) 8.37 (1H, m, J=8.41 Hz) 8.53 (1H, d, J=5.28 Hz) 8.97 - 9.00 (1H,
m) 9.10 - 9.12 (1H, m) ppm; LC/MS m/z: 458 (M+1).

[0216] Example 4. 3-(2-((9-((1r,4r)-4-Methylcyclohexyl)-9H-

pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)propan-1-ol
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23 [0285] Synthesis of tert-butyl 2-chloro-5, 6-di hydro-1, 7-napht hyri di ne-
7(8H) -carboxyl ate. The title conpound was prepared using chem stry simlar
to that dweaniZessstn Exanple 1 using PCT/US2012/030007

2-chl oro-5,6,7,8-tetrahydro-1, 7- napht hyri di ne hydrochl oride (commercially
obt ai ned from Anichem North Brunswi ck, NJ) in place of

2-chloro-5, 6,7, 8-tetrahydro-1, 6-napht hyri di ne hydrochl oride. 1H NVR (500
MHz, CD2C12) 6 1.47 (9H, s), 2.79 (2H, t, J=5.6 Hz), 3.64 (2H t, J=5.6
Hz), 4.58 (2H, s), 7.13 (1H, d, J= 8.0 Hz), 7.42 (1H, d, J= 8.0 Hz) ppm
LCMS mz: 269 (M+l). + t-BuONa, dioxane 'N Boo Boo' [0286] Synthesi s
of tert-butyl 2-49-((1r, 40-4-nethylcydi©o 4/OH pyrido[4',3 :4,51pyrrolo
[ 2, 3-d] pyrlmd|n2yl)amno)56d|h)dﬂt -

napht hyri di ne- 7( 8H) - car boxyl ate. TheNt | tN e oonpound was prepared using
chem stry simlar to that describegJw Exanp 1 using tert-butyl

2-chl oro-5, 6-di hydro-1, 7- naphthyrldld -7(8 car boxyl ate in place of
tert-butyl 2-chloro-7, 8-dihydro- apht hyri.di ne- 6( 5H) - car boxyl ate. 1H
NVR (500 MHz, CDC13) 6 1.07 (3H, = 6.4 Hz)GHs1.23-1.33 (2H, m, 1.52
(9H, s), 1.64-1. 68 (1H, m, 1.99 (4&H, t, J=11.0 Hz), 2.60 (2H, dq, J= 3.3,
12.3 Hz), 2.85 (2H, br. s), 3.72 ( s), 4.60 (2H, s), 4.73 (1H, t, J
= 12.3 Hz), 7.53 (1H, d, J= 8.3 Hz), 7.§j}"(1H, d, J= 5.4 Hz), 8.10 (1H, br.
s), 8.37 (1H, d, J= 8.3 Hz), 8.51 (1H, d4 J= 5.4 Hz), 8.97 (1H, s), 9.12
(1H, s) ppm LCMS niz: 4 (M1) . —

N
\ N\ / N/
)\
. O\/\/OTBS 1) NaBH(OACc)3 N7
2) 4N HCI < ,
CH,
N
K/\OH
4
[0217] Synthesis of 3-(2-((9-((1r,4r)-4-methylcyclohexyl)-9H-

pyrido[4',3":4,5]|pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)propan-1-ol (4). The title compound (4) was prepared from 9-
((1r,4r)-4-methylcyclohexyl)-N-(5,6,7,8-tetrahydro-1,6-naphthyridin-2-y1)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine (1) using chemistry similar to that
described in Example 3 using (tert-butyldimethylsilyloxy)propanal (commercially
available from ChemPacific, Baltimore, MD) in place of (tert-
butyldimethylsilyloxy)acetaldehyde. 'H NMR (400 MHz, CD;0D) & ppm 1.10 (3H, d,
J=6.65Hz), 1.32 - 1.44 (2H, m), 1.75 (1H, m), 1.98 - 2.16 (6H, m), 2.37 - 2.45 (2H,
m), 2.67 - 2.80 (2H, m), 3.30-3.40 (2H, m), 3.46 - 3.57 (2H, m), 3.66 - 3.90 (2H, m),
4.55-4.64 (2H, m), 4.95 (1H, m), 7.81 (1H, dd, J=8.51, 1.27 Hz), 8.36 (1H, d, J =
8.80 Hz), 8.62 (2H, q, J=6.26 Hz), 9.42 (1H, s), 9.59 (1H, m) ppm; LC/MS m/z: 472
(M+1).

[0218] Example 5. 2-Hydroxy-1-(2-((9-((1r,4r)-4-methylcyclohexyl)-9H-

pyrido[4',3":4,5]|pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)ethanone
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WO 2012/ 129344PCT/ US2012/ 030007 [ 0287] Synt hesi s of

9-((1r, 40-4- met hyl cycl ohexyl )-N- (5, 6, 7, 8-t et rahydro-

1, 7- naphtworoin4yl) - 9H pyrido 14',3' : 4,51 pyrrol o [ 2pP8TdiS2012/030007

pyri m di n-2-am ne di hydrochloride. To a solution of tert-butyl
2-((9-((2r,4r)-4-met hyl cycl ohexyl )-9H pyrido[4',3" :4,5]pyrrolo[2,3-d] pyrim
di n-2-yl)am no) -5, 6-di hydro- 1, 7- napht hyri di ne- 7(8H)-carboxylate (320 ng,
0.623 mml) in DCM (5 nmL) and MeOH (5 nL) was added 4.0 M HCL in di oxane
(10 nL) and a slurry formed within m nutes. The m xture was stirred

overni ght at roomtenperature, concentr?%@,\lt hen reslurried with ether.
The slurry was filtered with a BuchnerN e oviding 9-((lr,4r)-4-

met hyl cycl ohexyl )-N- (5,6, 7, 8-tetrah dw/J;L- LZ-Aapht hyri di n-2-y1)-9Hpyri do[ 4',
3':4,5]pyrrolo[2,3-d] pyrimdin-2-a
solid. 1H NWR (500 MHz, CD30D) 6 1.
m, 1.77 (1H, br. s), 2.06 (4H, t, 115. 5 2.64-2.79 (2H, rr), 3.21
(2H, t, J=6.2 Hz), 3.63 (2H, t, 72 Hz), 61 (2H, s), 4.93-5.03 (1H,
m, 7.88 (1H, br. s), 7.91-7.96 (UH Jm, 8. 74Q|1Isl—l d, J=6.1 Hz), 8.81 (1H,
d, J=6.1 Hz), 9.55 (1H, s), 9.80 (N_LH s) ppm LCMVS mz: 414 (M) .

[ 0288] Exanpl e 24. 9-((1r, 40-4- I\/bt(iv,yld\y@Hohexyl) N- (5, 6,7, 8-tetrahydro-

2, 7-napht hyri di n-3-y1)-9H pyri do ,3':4,51 pyrrolo [2, 3-d]

pyri m di n-2-am ne (Boc)20, DIEA 7.- DCM rt N N

e dYhydyochloride (176 ng) as a tan
3H, = 6.4 Hz), 1.32-1.45 (2H,

0O

0
pyrldlne
EléN—OH + C|)J\/OAC </;( )J\/OAC
O
[0219] Synthesis of 2,5-dioxopyrrolidin-1-yl 2-acetoxyacetate. A 3-neck

round-bottom flask equipped with a mechanical stirrer, thermocouple and addition
funnel with nitrogen inlet was charged with N-hydroxysuccinimide (commercially
available from Sigma-Aldrich, St. Louis, MO) (211 g, 1.83 mol) and DCM (2.25 L) at
room temperature, resulting in a suspension. Pyridine (178 mL, 2.2 mol) was added in
one portion with no change in the internal temperature. A solution of acetoxyacetyl
chloride (commercially available from Sigma-Aldrich, St. Louis, MO) (197 mL, 1.83
mol) in DCM (225 mL) was added dropwise over 60 minutes and the temperature rose
to 35 °C. Stirring was continued at room temperature for 2.5 hours. The reaction
mixture was washed with water (1x1L), IN HCI (2x1L) and brine (1x1L). The organic
layer was concentrated under vacuum and azeotroped with toluene (1x1L) to obtain the
product as a white solid (367 g, 93%). "H NMR (400MHz, CDCls) 8 4.96 (2H, s), 2.86
(4H, s), 2.19 (3H, s) ppm; LCMS m/z: 238 (M+Na).

N
NN\ /N = \ /
HN)l\ 7N © )\
. i/ DIPEA
el
N7 o o e ]
3
\ o X
CH3 CHs
N N
H o)
o AcC
1

-132 -



H Boc [0289] Synthesis of tert-butyl

6- chl or o- 3, 4-di hydr o- 2, 7- napht hyri di ne- 2(1H)-car boxyl at e.

6- Chl or 0o-wp20B/1934a@t r ahydr o- 2, 7- napht hyri di ne hydr ochl oPcaas¢cems®@oti al | y
obtained from Ani chem North Brunswi ck, NJ) (2.0 g, 9.75 mmol) and TEA
(2.72 nmL, 19.50 nmmol) were mxed in DCM (19.50 nlL). Boc20 (2.34 g, 10.7
nmol ) was added. The m xture was then stirred for 2 hours at room
tenperature. TLC indi cated good consunption of the starting material and

the formation of one nmajor spot. There was also a | ess polar spot that was
more faint. THE2Z0dacti oﬁymh%ﬂmfé R - (obp4r)-¢mestlesdeyglobpryDW-and wat er. The

organic | aye\:\éﬁlﬁﬁoﬂ‘ J%&&?WW& &Ulﬁétﬁ‘)’anﬁﬁd)tﬁcﬁﬂ%dlﬂri% concentr at ed.

The residue ur| um c¢hr onat ogr a on silica gel
eluting with owb@yno%@@)e@l)-ﬂﬁxmmﬁeet@t@ be @wsa@smerqf-9tioltr§t) -4-

col or | ess. o | A HLge B P B b R D B ™ ol Sy 2. 80 (2
t, J= 6.0 Hz), pyedcﬁi 3( ﬂﬂpwolo@,% Epyyinkigin; 2-amise(1) (8437 mg) 2.0 amigd) ip ehjorofyrm g 13
e ]

pyri m di n-2- yld}%ﬁpﬂm)lld@ 14311&4@9*@1(3@0@%7(5663@2 ﬁylrmqi] ﬂéﬂfZﬁ(ﬁ@lﬂi)n-Imaﬁlmhk}ﬂl ate. The
Litle compoundyuasq RLERRAG Sk A REM RE B fEs LAE bl Ahixfifs Cr i bed in
Exanple 1 using tert-butyl 6-chloro-3, 4-di ro-2

napht hyri di ne-b2¢amd)a ysHewoyticat SPLA-MP anﬁéymflndl@ﬂtqd—th?&ﬁlylreactlon was

éDgI'S;)rg I 3-7 %%3&;3&0*&@ ﬁeact{aﬂmhnaéwagg%ﬁirﬁ{a@aﬁ) Me@ﬁﬁ(;amf%&w 111,1::{6% (500 Mz,
1.62-1. 73 ( 1H,waigadded @do@mlurmwfnsl) waszsnmsd@treozn {epcratyye fop! Bauwr3TEL (2H, ),
g 4712H§)2H 8bI£I_0 ?ﬁd whk c?ﬂlecﬁ%'ﬂry fﬁt)ratlorAf toZ@ve(tﬂé_lutl%comé)omgdza gll’éﬁ%ﬂell(?w ?o?ﬂg“ghz ((le‘] _d
J= 5.4 Hz), 8. gggs%yﬁld)s)HNMRl(zoq MIHZ EPChprtame@MBSpImi 208 §3H) d( 4 8)5 Hz),

1.37-1.20 (2H, m), 2.03 - 1.97 (4H, m), 2.22 (3H, s), 2.69 - 2.52 2H, m, J = 2.9, 12.8,
12.8, 12.8 Hz), 3.08 - 2.93 (2H, m), 3.75 (1H, t, /= 5.9 Hz), 3.97 (1H, t, J= 5.6 Hz),
4.59 (1H, s), ), 4.80 - 4.65 (2H, m), ), 4.90 - 4.82 (2H, m), 7.57 - 7.45 (1H, m), 7.86
(1H, d, J=5.7 Hz), 8.21 - 8.10 (1H, m), 8.49 - 8.40 (1H, m), 8.52 (1H, d, /= 5.3 Hz),
8.98 (1H, s), 9.11 (1H, s) ppm; LCMS m/z: 514 (M+1).

— —

\ \ /N \ N\ /N
DCM/MeOH
@ +  MeONa N7 O
3
O)\/OAC O)\/OH
5
[0221] Synthesis of 2-hydroxy-1-(2-((9-((1r,4r)-4-methylcyclohexyl)-9H-

pyrido[4',3":4,5]|pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)ethanone (5). To a solution of 2-(2-((9-((1r,4r)-4-
methylcyclohexyl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-7,8-
dihydro- 1,6-naphthyridin-6(5H)-y1)-2-oxoethyl acetate (514 mg, 1.0 mmol) in DCM
(7.5 mL) and MeOH (2.5 mL) was added 0.5 M sodium methoxide solution in MeOH
(0.30 mL, 0.15 mmol), and the reaction mixture was stirred at room temperature for 1

hour and monitored using LCMS. Upon completion, the reaction mixture was
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[ 0291] Synt hesi s of 9-((1r, 40-4-net hyl cycl ohexyl)-N-(5, 6,7, 8-tetrahydro-

2, 7-napht hyridin-3-y1)-9H pyrido[4',3" :4,51pyrrolo [2,3-di pyrimdin-2-am ne
di hydr ochworznei293ie a slurry of tert-butyl PCT/US2012/030007
64(9-((1r, 40-4- et hyl cycl ohexyl )-9H pyrido[4', 3" :4,5]pyrrol o] 2, 3-d] pyri m di
n- 2-yl) am no) - 3, 4-di hydr o- 2, 7- napht hyri di ne- 2(1H) - car boxyl ate (446 ng,

0.868 mml) in MeOH (4.3 nL) and DCM (4.3 nL) was added 10 nL of 4.0 M HCL
i n di oxane. The resulting clear solution was then stirred overnight at room

tenperature. Solid precipitated fromthe reaction nmxture during the course
of the react i sancemiedyiThe mslugures ttwared enthFa@EdS mb) arslerhteni(thmbt tegrovided

filtered to yiglgwh liected by fltrti hed wit d dried i
9-((lr,40-4-neth ?W ICTWﬁSe? F%e y 5, ¢ o7 8Y eet\?llamwﬁﬁroaHZ 7len1511l %Vaﬁyrl di n-3-yl)-

9Hpyr i do[ 4", 3'ovapn a]Séy€|omr@1[glzt t(?)g]d? Wrﬂiﬂﬁ?‘mﬂﬂu@ @bfﬂi’n‘fewhﬂewym @é&mr 9%e (461 ny,

?'zaf‘Bm”Tm'l) 6915’%1@%%%%@%95@%3% f§gn%g()%€%ﬁ( 2H," 132291( Z‘ﬁ

t, J= 6.4 Hz),1.3-64 QBHn),tl 701:806114 rh{Z)l 992, (B421(12h-),2§§ 2.13 (BHnp, D(78 CH4, m,

61 k) o 55 Pl 53y AR M@y St ST B S B 58]

25. 1-(2-((9- @Hﬂnme,pqt%mﬂﬂmprwa ﬁdlAHz;M%(ﬂiprcﬂiﬂﬁ@, 833 (1H,d,J=8.5

6 oxyet hanor £ @5b 7 GBS RTNRL L SRRV F R B i oy o

14',3 "' :4,5] I;f}hﬂ$01Vzn4122(1\/BJ=1)d]

pyrimdin 2 yl ) am no) - -di hydr o- 1, 6- napht hyri di n- 6( 5H) - yl) -

hydr oxyet hanone (25) t)NtIe conmpound can be prepar f chhem' stry
simlar to that desgB n Exanples 1 and 5 using c%g\o e yI am ne

Ne

(comrercially avaHN from Sigma- Al drich, St. Loui¥ plrace of
trans-4-nmet hyl cyg| exyl@ne hydr echl or Lde_. NE | O
X | / X
N N 2H,0
o)\/OH oé]\/OH ?
5 HCI Dihydrate
[0222] Synthesis of 2-hydroxy-1-(2-((9-((1r,4r)-4-methylcyclohexyl)-9H-

pyrido[4',3":4,5]|pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)ethanone monohydrochloride dihydrate. To a suspension of
2-hydroxy-1-(2-((9-((1r,4r)-4-methylcyclohexyl)-9H-pyrido[4',3":4,5 |pyrrolo[2,3-
d]pyrimidin-2-yl)amino)-7,8-dihydro-1,6-naphthyridin-6(5H)-yl)ethanone (472 mg, 1.0
mmol) in water (2 mL) was added 2 N HCI (2 mL). The mixture became a clear
solution. The pH value of the solution was adjusted to 4 by addition of 2 N NaOH at 0
°C and the precipitated light yellow solid was collected by filtration. The collected
solid was washed with cold water three times. The solid was dried under vacuum to
give the title compound as a light yellow solid (469 mg, 92% yield). "H NMR (500
MHz, DMSO-dg) 6 1.02 (3H, d, J = 5.0 Hz), 1.20-1.30 (2H, m), 1.64 (1H, m), 1.88-1.90
(4H, m), 2.59-2.66 (2H, m), 2.85-2.95 (2H, m), 3.71(1H, m), 3.83 (1H, m), 4.19-4.22
(2H, m), 4.60-4.67 (2H, m), 4.85 (1H, m), 7.75 (1H, d, /= 8.5 Hz), 8.19 (1H, d, /= 8.5
Hz), 8.55 (1H, d, J=5.0 Hz), 8.63 (1H, d,J= 5.0 Hz), 9.47 (1H, s), 9.58 (1H, s), 10.59
(1H, br.s) ppm; LCMS m/z: 472 (M+1). Anal. (C,6sH20N70,-HCl-2H,0) Calc: C =
57.40,H=6.30, N=18.02; Found: C =57.06, H=6.31, N =17.92.
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WO 2012/ 129344PCT/ US2012/ 030007 [ 0294] Exanpl e 26.

1-(2-((9-Cycl opentyl-8-fluoro-9H pyrido[4',3" :4,51pyrrolo [2, 3-d]

pyri m di rw@-2¢912y2ed40) - 7, 8- di hydr o- 1, 6- PCT/US2012/030007
napht hyri di n-6(5H) -y1) - 2- hydr oxyet hanone 26 [0295] Synt hesi s of
1-(2-((9-cycl opentyl-8-fluoro-9H pyrido[4',3 :4,51pyrrolo [2, 3-d]

pyrim di n-2-yl)am no)-7, 8-di hydro-1, 6-

napht hyri di n-6(5H) -y1) - 2- hydr oxyet hanone (26). The title conpound can be

prepared using chemstry simlar to that described in Exanples 21 and 22
using 9- [0223] Alternative Synthesis of Hydrochloride Salt of 2-Hydroxy-1-(2-((9-

(br eparod as dostr bas GRS o opufiony BASR Hofoi s Aiibnch.n 2 am ne
9- cycl opent y1-yYDrgmino)-d S dihy do-1g-siphihyridinnpGHR-yhithgmangi dp aswpenyionef 2-
o208 ol S MR RE S B At o |
napht hyri di n- 8{BHEmigipLetlammond.8-ditodre zo-paddpridp i Hdsilisthepone (2.385 g, 5.0
2- hydroxy-1-( %ﬁ&&) ﬁltv%gr%mﬂﬂﬁﬁgs%d@éﬁrﬂ’]ﬂéf o é)n'L? bF20°C. The mixture became a
clear light yellow solution. The pH value of the solution was adjusted to 4 by addition
of 2N NaOH through addition funnel at 0° C, and the precipitated yellow solid was
collected by filtration. The resulting solid was washed with cold water three times.
The solid was dried under vacuum at 50° C for two days to provide 2.49 g of the
hydrochloride salt of 2-hydroxy-1-(2-((9-((1r,4r)-4-methylcyclohexyl)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-7,8-dihydro-1,6-naphthyridin-
6(5H)-yl)ethanone as a solid. This salt was also obtained as a hydrate.
[0224] Preparation of Other Salts of Example 5
[0225] The following salts were prepared as described below. Whether or not
these were obtained as the hydrates or as anhydrous forms has not yet been determined.
[0226] Synthesis of Phosphate Salt of 2-Hydroxy-1-(2-((9-((1r,4r)-4-
methylcyclohexyl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amino)-7,8-
dihydro-1,6-naphthyridin-6(5H)-yl)ethanone. 2-Hydroxy-1-(2-((9-((1r,4r)-4-
methylcyclohexyl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-7,8-
dihydro- 1,6-naphthyridin-6(5H)-yl)ethanone (100 mg) was added to a 20 mL vial.
Approximately 15 mL of a mixture of 70% DCM and 30% EtOH (v/v) was added to the
vial, and the mixture was vortexed for approximately 30 seconds to dissolve most of the
neutral compound. Aqueous 0.1 M phosphoric acid (1 equivalent) was added to the
vial, and the mixture was sonicated for approximately 30 seconds. The solvents were
then allowed to evaporate slowly to provide the phosphate salt of 2-hydroxy-1-(2-((9-
((1r,4r)-4-methylcyclohexyl)-9H-pyrido[4',3":4,5 Ipyrrolo[2,3-d]pyrimidin-2-yl)amino)-
7,8-dihydro-1,6-naphthyridin-6(5H)-yl)ethanone. The salt was characterized using
XRPD and differential scanning calorimetry thermograms.
[0227] Synthesis of Citrate Salt of 2-Hydroxy-1-(2-((9-((1r,4r)-4-
methylcyclohexyl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amino)-7,8-
dihydro-1,6-naphthyridin-6(5H)-yl)ethanone. 2-Hydroxy-1-(2-((9-((1r,4r)-4-
methylcyclohexyl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-7,8-
dihydro- 1,6-naphthyridin-6(5H)-yl)ethanone (100 mg) was added to a 20 mL vial.
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pyrido[4',3 :4,51pyrrolo [2,3-d] pyrimdin-2-yl)am no)-7,8-dihydro-1, 6-
napht hyri di n- 6(5H) -yl ) et hanone (27). The title conpound can be prepared
usi ng oWermerny34gi m |l ar to that described in Exanpl esPLTAISd013/08®0NQ
9- (tetrahydro-2H pyran4-yl)-9H pyrido[4',3 :4,5]pyrrol o[ 2, 3-d] pyrimdin-2-a
m ne (prepared as described in WO 2009/085185) in pl ace of
9-((lr,4r)-4-nmet hyl cycl ohexyl)-9H pyrido [4,3 ' : 4,5] pyrro lo [2,3 - d]
pyrim di n-2- am ne. [0298] Exanpl e 28.
1- (2-09- ((1R 2R 4S)-Bi cycl 012. 2. 11hept an-2-y1) - 9H
pyri dold’ , 3" Abipymately 61 mL3 dpyinicri 8% DEN )P ABIRHVE) diahytdetothe-
napht hyri di n- Q)ﬁa‘i'ﬂ)nd %)tﬁigthwsg&(&u{'ﬁ)@%]ﬁoxhgat@}l 30 s&loéﬂsw)iilssollv%'lﬁ&st offtid
neutral compound. Aqueous 0.1 M citric acid (1 equivalent) was added to the vial, and
the mixture was sonicated for approximately 30 seconds. The solvents were then
allowed to evaporate slowly to provide the citrate salt of 2-hydroxy-1-(2-((9-((1r,4r)-4-
methylcyclohexyl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-7,8-
dihydro-1,6-naphthyridin-6(5H)-yl)ethanone. The salt was characterized using XRPD
and differential scanning calorimetry thermograms.
[0228] Synthesis of Tartrate Salt of 2-Hydroxy-1-(2-((9-((1r,4r)-4-
methylcyclohexyl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amino)-7,8-
dihydroe-1,6-naphthyridin-6(SH)-yl)ethanone. 2-Hydroxy-1-(2-((9-((1r,4r)-4-
methylcyclohexyl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-7,8-
dihydro-1,6-naphthyridin-6(5H)-yl)ethanone (100 mg) was added to a 20 mL vial.
Approximately 15 mL of a mixture of 70% DCM and 30% EtOH (v/v) was added to the
vial, and the mixture was vortexed for approximately 30 seconds to dissolve most of the
neutral compound. Aqueous 0.1 M tartaric acid (1 equivalent) was added to the vial,
and the mixture was sonicated for approximately 30 seconds. The solvents were then
allowed to evaporate slowly to provide the tartrate salt of 2-hydroxy-1-(2-((9-((1r,4r)-4-
methylcyclohexyl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-7,8-
dihydro-1,6-naphthyridin-6(5H)-yl)ethanone. The salt was characterized using XRPD
and differential scanning calorimetry thermograms.
[0229] Synthesis of Salicylate Salt of 2-Hydroxy-1-(2-((9-((1r,4r)-4-
methylcyclohexyl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amino)-7,8-
dihydroe-1,6-naphthyridin-6(SH)-yl)ethanone. 2-Hydroxy-1-(2-((9-((1r,4r)-4-
methylcyclohexyl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-7,8-
dihydro-1,6-naphthyridin-6(5H)-yl)ethanone (100 mg) was added to a 20 mL vial.
Approximately 15 mL of a mixture of 70% DCM and 30% EtOH (v/v) was added to the
vial, and the mixture was vortexed for approximately 30 seconds to dissolve most of the
neutral compound. Aqueous 0.1 M salicylic acid (1 equivalent) was added to the vial,
and the mixture was sonicated for approximately 30 seconds. The solvents were then
allowed to evaporate slowly to provide the salicylate salt of 2-hydroxy-1-(2-((9-((1r,4r)-
4-methylcyclohexyl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-7,8-
dihydro-1,6-naphthyridin-6(5H)-yl)ethanone. The salt was characterized using XRPD

and differential scanning calorimetry thermograms.
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0 28 [0299] Synthesis of 1-(2-09-((1R 2R 4S)-bicyclo [2.2.1]

hept an-2-y1)-9H pyrido[4',3 "' :4,5]pyrrolo [2, 3-d]

pyri m di rw@-2¢912y2ed40) - 7, 8- di hydr o- 1, 6- PCT/US2012/030007

napht hyri di n- 6( 5H) - y1) - 2- hydr oxyet hanone (28). The title compound can be
prepared using chem stry simlar to that described in Exanples 1 and 5
using 9-

((I'R 2R, 4S) - bi cycl o[ 2. 2. 1] hept an-2-y1) - 9H pyri do[4', 3" : 4, 5] pyrrol o] 2, 3-d] py
rimdin-2- am ne (prepared as described in WD 2009/085185) in place of
9-((lr,4r)-4- [0230] Synthesis of Benzenesulfonate (Besylate) Salt of 2-Hydroxy-1-(2-

T o1 ot e i S Ehongd ek i i e

14',3':4,51py ry:l)@mm[) -7 ,83diby drpyls6-wapdithyrigling p(SHpriyheshanong.- &iHygeprip-1 42-609-

B A e L e
7,8-dihydro-1,6-naphthyridin-6(5SH)-yl)ethanone (100 mg) was added to a 20 mL vial.
Approximately 15 mL of a mixture of 70% DCM and 30% EtOH (v/v) was added to the
vial, and the mixture was vortexed for approximately 30 seconds to dissolve most of the
neutral compound. Aqueous 0.1 M benzenesulfonic acid (1 equivalent) was added to
the vial, and the mixture was sonicated for approximately 30 seconds. The solvents
were then allowed to evaporate slowly to provide the benzenesulfonate salt of 2-
hydroxy-1-(2-((9-((1r,4r)-4-methylcyclohexyl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-
d]pyrimidin-2-yl)amino)-7,8-dihydro-1,6-naphthyridin-6(5H)-yl)ethanone. The salt
was characterized using XRPD and differential scanning calorimetry thermograms.
[0231] Synthesis of p-Toluenesulfonate (Tosylate) Salt of 2-Hydroxy-1-(2-
((9-((1r,4r)-4-methylcyclohexyl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d]pyrimidin-2-
yl)amino)-7,8-dihydro-1,6-naphthyridin-6(5H)-yl)ethanone. 2-Hydroxy-1-(2-((9-
((1r,4r)-4-methylcyclohexyl)-9H-pyrido[4',3":4,5 Ipyrrolo[2,3-d]pyrimidin-2-yl)amino)-
7,8-dihydro-1,6-naphthyridin-6(SH)-yl)ethanone (100 mg) was added to a 20 mL vial.
Approximately 15 mL of a mixture of 70% DCM and 30% EtOH (v/v) was added to the
vial, and the mixture was vortexed for approximately 30 seconds to dissolve most of the
neutral compound. Aqueous 0.1 M p-toluenesulfonic acid (1 equivalent) was added to
the vial, and the mixture was sonicated for approximately 30 seconds. The solvents
were then allowed to evaporate slowly to provide the tosylate salt of 2-hydroxy-1-(2-
((9-((11,4r)-4-methylcyclohexyl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-
ylDamino)-7,8-dihydro- 1,6-naphthyridin-6(5H)-yl)ethanone. The salt was characterized
using XRPD and differential scanning calorimetry thermograms.
[0232] Synthesis of ethanesulfonate Salt of 2-Hydroxy-1-(2-((9-((1r,4r)-4-
methylcyclohexyl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amino)-7,8-
dihydro-1,6-naphthyridin-6(SH)-yl)ethanone. 2-Hydroxy-1-(2-((9-((1r,4r)-4-
methylcyclohexyl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-7,8-
dihydro-1,6-naphthyridin-6(5H)-yl)ethanone (100 mg) was added to a 20 mL vial.
Approximately 15 mL of a mixture of 70% DCM and 30% EtOH (v/v) was added to the
vial, and the mixture was vortexed for approximately 30 seconds to dissolve most of the

neutral compound. Aqueous 0.1 M ethanesulfonic acid (1 equivalent) was added to the
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pyrido [4',3 :4,5]pyrrolo [2,3-d] pyrimdin-2-yl)amno)-7,8-di hydro-1, 6-
napht hyri di n- 6(5H) -y1) - 2- hydr oxyet hanone (29). The title conpound can be
prepar ed weiznp/iebsami stry simlar to that described i n ErpampiSesi2b3@nd 5
using 9-((ls,3s)-

adamant an-1-y1)-9H-pyrido[4', 3" :4,5] pyrrol o] 2, 3-d] pyri m di n-2-am ne
(prepared as described in WO 2009/085185) in place of

9-((lr,4r)-4-met hyl cycl ohexyl)-9Hpyrido[4', 3" :4,5]pyrrol o[ 2, 3-d] pyrimdin-2
-am ne. [0302] Exanpl e 30. 2-Hydroxy-1-(2-09-((1r, 40-4-net hyl cycl ohexyl)-9H
pyrido[ 4', 3': #id]ang thewhistufeyas selficadriprrappiionnioly Jlaerandy. - Bregoldehiydere- 1, 7-

napht hyri di n- %ﬁ&'d%m%é%ﬁﬁ DRRSIoWE méﬁ éeltﬁgéﬂaf}lpgf’ot&%%%%g&gg 10

[ 0303] Synt hesi xy-1-( 1r, 40- 4- et
pyrido14' ,3' 4(95(1b}ﬂﬁ)“b%@?lcwmeﬁiﬂfi)ﬁhpdﬁﬂfﬁy‘}§aﬂiif<ﬂd)2,3 W@ildﬂy@ro 1, 7-

napht hyri di n- HBHhoY Ihesnanone P?p%;ggn@m@c}mm WG YRS RLSDATLARHSIN

chenmistry sim’l'ar to that 5 usi ng

61 (11, 41) - 4- e HREPLANGHESeynyal N408InG Calompietry thermograms.

tetrahydro-l,? ht hyr i I A 3\ 6l . 3-d] pyrimd
i n-2-am ne di t@%?gchl or |Sghﬂﬂf&s M]S)u f%fggf q ﬁﬁ%ﬁgg@ %1?2 ﬁ&ﬁ%&f? (?J(@

9-((1r, 4r)-4- rf@trHy]-‘byf@ﬂtYlWRlyhf)Xé’WﬁpﬁldM‘Bﬁ :4,5]pyrrolo[2,3-d]pyrimidin-2-

oo e, 1R ot o Sl U2 g
(2H, ), 1.99 (148D %methﬂcw@h&yﬂ%z%H p@d@m 3244 pmlo[a&d@ysmldmzal)mmo) 2. 91
Eiﬂ a 3: g 87 8 ydr@l%%a&ﬂtﬁvndtl 6(«}1:1) ?1215% ﬂ%ﬁe(@ﬁg) \('é]sld detdto ?]T%o ﬂflL‘?{/1JT|Z%1H3 2)7
7.55 (1H, d, Jwpgxgngly 15 mLsga@mure@ﬂQ% DMy aibdY0% @tcmr(v(vmas «Wed@th@ (1H,

d - V1 a UIe! wds VOrtex TOX1 c 'S¢ S T S
d CNJB m§26 Z'%)Z v(aﬁfm%éﬂ{e%%‘;éto% E’%a r'i'?ei %di‘zmpp Seiddelly Bblsecdhds 1 dibsbiehibst SHthdPPM

2- Hydr oxy- 1- (GRQKQCQWMHQOA@EW%VMW@PWWﬂ PqO4lent) was added to the vial,

pyridold’, 3': 4,8 {]h@fﬂ&tglleQ%a% st @G agk. ;ciﬂfa?ely 30 RE0O) Tid s I AW dE e 7-
napht hyr i d| n- Zg y1) et hanone
lowed to evaporate slowly to provide the sulfate salt (1 equivalent) of 2-hydroxy-1-(2-

((9-((1r,4r)-4-methylcyclohexyl)-9H-pyrido[4',3":4,5 ]pyrrolo[ 2,3-d]pyrimidin-2-
yl)amino)-7,8-dihydro-1,6-naphthyridin-6(5H)-yl)ethanone. The salt was characterized
using XRPD and differential scanning calorimetry thermograms.

[0234] Synthesis of Sulfate Salt (1/2 Equivalent) of 2-Hydroxy-1-(2-((9-
((1r,4r)-4-methylcyclohexyl)-9H-pyrido[4',3':4,5] pyrrolo[2,3-d]pyrimidin-2-
vl)amino)-7,8-dihydro-1,6-naphthyridin-6(5H)-yl)ethanone. 2-Hydroxy-1-(2-((9-
((1r,4r)-4-methylcyclohexyl)-9H-pyrido[4',3":4,5 Ipyrrolo[2,3-d]pyrimidin-2-yl)amino)-
7,8-dihydro-1,6-naphthyridin-6(5H)-yl)ethanone (100 mg) was added to a 20 mL vial.
Approximately 15 mL of a mixture of 70% DCM and 30% EtOH (v/v) was added to the
vial, and the mixture was vortexed for approximately 30 seconds to dissolve most of the
neutral compound. Aqueous 0.1 M sulfuric acid (1/2 equivalent) was added to the vial,
and the mixture was sonicated for approximately 30 seconds. The solvents were then
allowed to evaporate slowly to provide the sulfate salt (1/2 equivalent) of 2-hydroxy-1-
(2-((9-((11,4r)-4-methylcyclohexyl)-9H-pyrido[4',3":4,5 pyrrolo[2,3-d [pyrimidin-2-
yl)amino)-7,8-dihydro-1,6-naphthyridin-6(5H)-yl)ethanone. The salt was characterized
using XRPD and differential scanning calorimetry thermograms.

[0235] Synthesis of Ethanedisulfonate (1 Equivalent) Salt of 2-Hydroxy-1-
(2-((9-((1r,4r)-4-methylcyclohexyl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-
vl)amino)-7,8-dihydro-1,6-naphthyridin-6(5H)-yl)ethanone. 2-Hydroxy-1-(2-((9-
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0 [0305] Synt hesi s of 2-hydroxy-1-(6-09-((1r, 40-4-nethyl cycl ohexyl)-9H
pyridol4', 3" :4,51pyrrolol2, 3-d] pyri mdin-2-yl)am no)-3, 4-di hydro-2, 7-

napht hyr iwore2(1kb§44yl ) et hanone. The titl e conpound was pCefse@d/8®INg

chem stry simlar to that described in Exanple 5 using

9-((lr, 40-4- et hyl cycl ohexyl)-N- (5,6, 7, 8-

tetrahydro-2, 7-napht hyridi n-3-y1)-9Hpyrido [4',3 :4,5]pyrrolo [2,3

-d] pyrim di n-2-am ne di hydrochl ori de (Exanple 24) in place of

9-((1r, 4r)-4-nethyl cycl ohexyl)-N-(5,6,7, 8-

tetrahydro-1, Gélméﬁﬁtmgthylwcmh@cyﬂl)i% 9341149%3&@5 iparol@2. 34 psTipydin-giybahino B

-d] pyrimdin ]Il}lﬁ@] g;gg( 7 6.4 Hz),
1 95, 1 36 (BHTW%O 1%]11% é](tﬁ@(@HMi_%etha ?Pib()lglg)éﬁ/_gfdée%h%ag@m%\?aljg 00 (2H
q, J = 5.7 Hz)App@XBQat(mlﬁ mi_,of 3 mixtgre@f 7 DC aid 6B OHI (V) mips ad@ed thelH, t, J

(:13, Od !_iz?] 453}%1 (Fa|2%§1'|thetm1xt'glre v@as%ok%()ed fot a 1%3?0)&1111§elg%b ’sec%an]to déso%% Il,((%glbf Stfég ( 1L Og
J= 5.1 Hz), 9.100w tiposhd. AqupgusOLHM egl;anmwfowv@d i ogivaing) maﬂ;ied 0
[9&3351 Fég?g! e tl:f’e?-\{lal( o t%:yrlﬁ%%ﬁ‘eg%%/s s%léaglc(f(ngaﬂoﬁdx{mﬁé’l} 3¢ dBIRY TRYShRRAEXY! ) -
pyrimdin-2-y I\’yeafrrﬁhm)aﬂowegmcthMfrtbslw o prapide Hy cihdipadisglf@ipe-(y Equavadpin- 1 - one
N N A BN N NG o£2-hydroxy-1-2-((9-((1r,4r)-4-methyleyclohexyl)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-7,8-dihydro-1,6-naphthyridin-
6(5H)-yl)ethanone. The salt was characterized using XRPD and differential scanning
calorimetry thermograms.
[0236] Synthesis of Ethanedisulfonate (1/2 Equivalent) Salt of 2-Hydroxy-
1-2-((9-((1r,4r)-4-methylcyclohexyl)-9H-pyrido[4',3':4,5] pyrrolo[2,3-d| pyrimidin-
2-yl)amino)-7,8-dihydro-1,6-naphthyridin-6(5H)-yl)ethanone. 2-Hydroxy-1-(2-((9-
((1r,4r)-4-methylcyclohexyl)-9H-pyrido[4',3":4,5 [pyrrolo[2,3-d]pyrimidin-2-yl)amino)-
7,8-dihydro-1,6-naphthyridin-6(5H)-yl)ethanone (100 mg) was added to a 20 mL vial.
Approximately 15 mL of a mixture of 70% DCM and 30% EtOH (v/v) was added to the
vial, and the mixture was vortexed for approximately 30 seconds to dissolve most of the
neutral compound. Aqueous 0.1 M ethanedisulfonic acid (1/2 equivalent) was added to
the vial, and the mixture was sonicated for approximately 30 seconds. The solvents
were then allowed to evaporate slowly to provide the ethanedisulfonate (1/2 equivalent)
salt of 2-hydroxy-1-(2-((9-((1r,4r)-4-methylcyclohexyl)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-7,8-dihydro-1,6-naphthyridin-
6(5H)-yl)ethanone. The salt was characterized using XRPD and differential scanning
calorimetry thermograms.
Example 6. 2-(2-((9-((1r,4r)-4-Methylcyclohexyl)-9H-pyrido[4',3':4,5]pyrrolo|[2,3-
d]pyrimidin-2-yl)amino)-7,8-dihydro-1,6-naphthyridin-6(5H)-yl)-2-oxoacetic acid
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+HO OHEDC, HOBtN YIN. | DIEA, CHCI3 b H3 CH3 [0307] Synt hesi s of
(S)-2-hydroxy-1-(2-((9-((1 r,4 r)-4-methylcyclo h exyl)- 9H pyridold4 ', 3

' 4,51 pywoabr/122343- d] pyri m di n-2-yl)am no) -7, 8- di hydr ®T/t52012/030007

napht hyri di n-6(5H) -yl )propan- 1 -one. To a solution of 9-((1r, 4r)-4-

met hyl cycl ohexyl )-N- (5, 6, 7, 8-tetrahydro-1, 6- napht hyri di n-2-y1)-9Hpyri do[ 4",
3':4,5] pyrrolo[2,3-d] pyrimdin-2-am ne (Exanple 1) (83 ng, 0.20 mmol) in
chl oroform (10 nmL.) were added L-lactic acid (conmercially obtained from
Sigma-Aldrich, St. Louis, MO (15 ulL, 0.20 mml), EDC (46 ngy, 0.24 mmol),
Nhydr oxybenzotriazole (32 ng, 0.24 nmol), an \\F di | sopropyl et hyl am ne (84
uL, 0.48 mmol). The m xture thus obtai Ne irred at room tenperature
and HPLC- M5 anal ysi s indicated that tbﬁ\r o} ion was conplete after 4
hours. The reaction mxture was dil &fed N t iy chl or of orm and washed with

wat er and brine, then the organic | was /dried over Myg504 and
concentrated under reduced pressure, The re§i dde was purified by flash
col um chr omat ography on silica g uting wxth 10%to 30% sol vent A

(DCM MeOH: NHAOH, 90:9:1) in DCMtQ pygovide theCHitl e conpound as a |ight
yel low solid (67 ng, 69%yvyield). 1R NWR (500 MHz, CDCl3) 6 1.06 (3H, d, J=
5.0 Hz), 1.24-1.33 (2H, n), 1.38-144 08H, n), 1.63-1.68 (1H n), 1.96-2.02
(4H, m, 2.56- 2.64 (2H, m, 2.98°3.03 (2H, n), 3.78 (1H, t, J= 5.0 Hz),
3.90-3.94 (1H, m, 4.12-4.15 (1H MO 4.56-4.63 (2H, m), 4.73-4.77 (1H, m,
4.81 (1H, br. s), 7.50 (1H, d, J= 10 Hz)e 7.54 (1H, d, J= 10 Hz), 8.30 (1H,
s), 8.43 (1H, d, J= 10 Hz), 8.47 (1H, d, J= 10 Hz), 9.14 (1H, s), 9.16 (1H,
s) ppm LCVS mz: 486 (M+1l). [0308] Exanple 33. (R)-2-Hydroxy-1-(2-((9-((1

r,4r)-4-nethyl cycl ohexyl)- 9H pyrido[4',3 : 4,51 pyrrolo [2, 3- N
pyrimdin-2-yl)am no’\? U {3?/ i hydro-1 , 6- naphthyridi n-&(5H)> op an- 1

I
-one )|\ A chojHj\N)\N/ N
HN N o pyridine @) N7
+ Hy ——————
™ 4 0O =CH3
CH3 N

N
i O)Y

OCH,
o}

[0237] Synthesis of methyl 2-((6-(2-methoxy-2-oxoacetyl)-5,6,7,8-
tetrahydro-1,6-naphthyridin-2-yl)(9-((1r,4r)-4-methylcyclohexyl)-9H-
pyrido[4',3":4,5]|pyrrolo[2,3-d] pyrimidin-2-yl)amino)-2-oxoacetate. To a solution at
room temperature of 9-((1r,4r)-4-methylcyclohexyl)-N-(5,6,7,8-tetrahydro-1,6-
naphthyridin-2-yl)-9H-pyrido[4',3":4,5 ]pyrrolo[2,3-d]pyrimidin-2-amine (1) (83 mg, 0.2
mmol) in THF (10 mL), were added pyridine (129 uL, 1.6 mmol) and methyl
chlorooxoacetate (commercially available from Sigma-Aldrich, St. Louis, MO) (74 uL,
0.8 mmol). The mixture thus obtained was stirred at room temperature overnight. The
reaction mixture was concentrated to give the title compound which was used in the

next step without purification. LCMS m/z: 586 (M+1).
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CHs

[0238] Synthesis of 2-(2-((9-((1r,4r)-4-methylcyclohexyl)-9H-
pyrido[4',3":4,5]|pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)-2-oxoacetic acid (6). To a solution of unpurified methyl 2-
((6-(2-methoxy-2-oxoacetyl)-5,6,7,8-tetrahydro-1,6-naphthyridin-2-y1)(9-((1r,4r)-4-
methylcyclohexyl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-2-
oxoacetate in THF/MeOH/H,O (3/1/1, 5 mL) was added lithium hydroxide (19 mg,
0.80 mmol). The mixture thus obtained was stirred at room temperature for 2 hours.
The reaction mixture was concentrated, and the residue was dissolved in acidic water
and purified by reverse phase prep-HPLC. The fractions containing the desired product
were collected and lyophilized to give the title compound (6) as a light yellow solid (32
mg, 33% over two steps). 'HNMR (500 MHz, DMSO-ds) & ppm 1.02 (3H, d, J= 5.0
Hz), 1.28 (2H, m), 1.65 (1H, m), 1.85-1.95 (4H, m), 2.60-2.70 (2H, m), 2.91 (1H, m),
2.95 (2H, m), 3.77 (2H, m), 4.70 (1H, s), 4.84 (1H, m), 7.79 (1H, d, J= 10 Hz), 8.21
(1H, dd, J; = 10 Hz, J, = 5.0 Hz), 8.59 (1H, m), 8.66 (1H, d, /= 5.0 Hz), 9.47 (1H, br.
s), 9.59 (1H, s), 10.65 (1H, br. s) ppm; LCMS m/z: 486 (M+1).

[0239] Example 7. 9-((1r,4r)-4-Methylcyclohexyl)-N-(6-(3,3,3-

trifluoropropyl-5,6,7,8-tetrahydro-1,6-naphthyridin-2-yl)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine
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H, OH3 [0309] Synt hesi s of

(R) - 2- hydroxy-1-(2-09-((1r, 40-4- et hyl cycl ohexyl ) -

OH pyri doyo 20 399Eipyrrol o [ 2, 3-d] pyri m din-2-yl)anm nopcT/iB2adizloy@oD- 1, 6-
napht hyri di n-6(5H) -yl ) propan- 1-one. The title conpound was prepared using
chem stry simlar to that described in Exanple 32 using D-lactic acid
(comercially obtained fromSignma-Aldrich, St. Louis, M) in place of
L-lactic acid. 1H NWR (500 MHz, CDC13) 6 1.06 (3H, d, J= 5.0 Hz), 1.23-1.31
(2H, m, 1.38-1.44 (3H m, 1.63- 1.67 (1H, 1.96-2.02 (4H, m,
2.56-2.64 (2H, m, 2.99-3.05 (2H, m, 3.78 t, J= 5.0 Hz), 3.90-3.93
(1H, m, 4.12-4.15 (1H, m, 4.58-4.63 ,/% 72-4.77 (1H, m, 4.81 (1H,
d, J=5.0 Hz), 7.50 (1H, d, J= 10 Hz) N7 1H, d, J= 10 Hz), 7.84 (1H,
s), 8.44 (1H, d, J= 10 Hz), 8.47 (1 dNJ— 10 Hz), 9.19 (1H, s), 9.23 (1H,
S) ppm LCMS miz: 486 (M+l). [0310 npl e

2-(Dimethylam no)-1-(2-((9-((lr, 4r
met hyl cycl ohexyl ) - 9H pyri do[ 4' , 3% -2, 3-
pyri m di n-2-yl)ami no)-7, 8- dihydrlo- 1) 6- napht hydtsdi n- 6( 5H) - yl ) et hanone N
HN N N HON, CH3 0 cH3 EDC HOBt DI EN, CHC 3

L_cF,

7
— \ W)
\ \ /
NaBH(OAc),
?oww*§©
K/CFS
1 7
[0240] Synthesis of 9-((1r,4r)-4-methylcyclohexyl)-N-(6-(3,3,3-

trifluoropropyl)-5,6,7,8-tetrahydro-1,6-naphthyridin-2-yl)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine (7). A slurry of 9-((1r,4r)-4-
methylcyclohexyl)-N-(5,6,7,8-tetrahydro- 1,6-naphthyridin-2-y1)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine (1) (40 mg, 0.10 mmol) and 3,3,3-
trifluoropropanal (commercially available from ChemPacific, Baltimore, MD) (10.8
mg, 0.10 mmol) in 1,4-dioxane (2 mL) was stirred for 5 minutes, and then sodium
triacetoxyborohydride (61.5 mg, 0.29 mmol) was added. After 10 minutes, the reaction
mixture was diluted with DCM (30 mL). The resulting solution was washed
sequentially with saturated agueous NaHCQO; solution, water and brine, dried over
anhydrous MgSQy, and concentrated under vacuum. The residue was purified by
preparative LC to give the titie compound (7) (32 mg, 65 %). 'H NMR (400 MHz,
CD;0D) 6 ppm 1.10 (3H, d, J=6.46 Hz), 1.31 - 1.45 (2H, m), 1.69 - 1.81 (1H, m),
1.98 - 2.09 (4H, m), 2.67 - 2.79 (2H, m), 2.90 - 3.03 (2H, m), 3.62 - 3.70 (2H, m), 3.80
(2H, t,J=6.36 Hz), 4.58 (2H, s), 4.92 - 5.00 (3H, m), 7.80 (1H, d, J=8.61 Hz), 8.36
(1H, d, J=8.80 Hz), 8.62 (2H, q, J= 6.13 Hz), 9.41 (1H, s), 9.58 (1H, s) ppm; LC/MS
m/z: 510 (M+1).
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cH3 ON, CH3 [0311] Synthesis of 2-(dinethylamno)-1-(2-((9-((lr,4r)-4-
nmet hyl cycl ohexyl )-9H pyrido[4',3" :4,51pyrrolo [2, 3-d]

pyri m di rw@-2912yaed40) - 7, 8- di hydro- 1, 6- napht hyri di n- 6( 5iPcTyUSp@boamwone. The
title conpound was prepared using chem stry simlar to that described in
Exanpl e 32 using 2-(di nethylam no)acetic acid (comrercially obtained from
Sigma-Aldrich, St. Louis, MJ) in place of L-lactic acid. 1H NVWVR (500 MHz,
CDC13) 6 1.07 (3H, d, J=5.0 Hz), 1.24-1.32 (2H, m, 1.64- 1.67 (1H m,
1.96-2.02 (4H, n), 2.32 (6H, s), 2.57-2.64 (2H, m, 2.97 (1H t, J=5.0
Hz), 3.02 (1H,[0341]J= 5. @xpinple 83 IA6lr@dp)-#-MathyleyclohgeyhINgo-g8 (2H, n),
4.70-4.76 (3H, i 5.0 Hz), 8.44
AT (%hyls&fﬂﬁ%l)%ﬁlzl) 5%0,7§fetﬂa@.yh'l%11 Za@‘hé;g&d'h 2%»1)39;][{ 0 18 (1H 9
ppn LCVS i z:pyasido[4{, M41§]pyl[r®lsn_22iﬂ-ﬁparrpllubn-351mmert But yl

2-09-((1r,40-4- et hyl cycl ohexyl )-9H pyrido[ A3': 4, 51pyrrolo [ 2, 3-d]
pyri m di n-2-yl)am no) -5, 6-di hydro- 1, 7 Qy di ne-7(8H)-carboxylate o 1

H3CO H3C | CH3
(N?

O“

\\ /,
CH3
8
Cl
Cl
N o’
N | |
I EtOH AN
Z + SO, —»
' 60 °C
CHj3
N WP
H K/ “CH,
[0242] Synthesis of 2-chloro-6-(2-(methylsulfonyl)ethyl)-5,6,7,8-

tetrahydro-1,6-naphthyridine. Methylsulfonylethene (commercially available from
Sigma-Aldrich, St. Louis, MO) (142 mg, 1.33 mmol) was added dropwise to a solution
of 2-chloro-5,6,7,8-tetrahydro- 1,6-naphthyridine (150 mg, 0.89 mmol, commercially
available from D-L Chiral Chemicals, ST-0143) in EtOH (10 mL). The reaction
mixture was stirred at 60 °C for 2 hours, and then concentrated and purified by flash
chromatography on silica gel eluting with 0% to 5% MeOH in DCM to give 2-chloro-6-
(2-(methylsulfonyl)ethyl)-5,6,7,8-tetrahydro-1,6-naphthyridine (220 mg, 90 % yield).
'H NMR (400 MHz, CDs0D) § ppm 2.91 - 3.11 (9H, m) 3.43 (2H, t, J = 6.65 Hz) 3.73
-3.77 (2H, m) 7.26 (1H, d, /=8.22 Hz) 7.56 (1H, d, J = 8.02 Hz) ppm; LC/MS m/z:
275 (M+1).
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35 [0313] Synthesis of tert-butyl 2-49-((1r, 40-4-nethyl cycl ohexyl)-9H
pyrido[4',3 :4,51pyrrolo [2,3-d] pyrimdin-2-yl)am no)-5, 6-di hydro-1, 7-
napht hyr iworer2728+H) - car boxyl ate. The title conpound was PpTAsaried3@s7
described in Exanple 23. 1H NMR (500 MHz, CDC13) 6 1.07 (3H, d, J= 6.4 Hz),
1.23-1.33 (2H, m, 1.52 (9H, s), 1.64-1.68 (1H, m, 1.99 (4H t, J= 11.0
Hz), 2.60 (2H, dq, J= 3.3, 12.3 Hz), 2.85 (2H, br. s), 3.72 (2H, br. s),
4.60 (2H, s), 4.73 (1H, t, J=12.3 Hz), 7.53 (1H, d, J= 8.3 Hz), 7.87 (1H,
d, J= 5.4 Hz), 810 (1H, br. s), 8.37 (1H, d, J= 8.3 Hz), 8.51 (1H d, J=
5.4 Hz), 8.97 (1H, s), 9.12 (1H, s) ppm LCVS ni z: 514( d \’I/ 314] Exampl e

36. tert- Butyl 6- 09- ( 1r /%0y 4- met hy cycl ohexyl ) - 9H
pyrido[4', 3 :4, 51py -d] pyr di Ba,2pays1R:APIN0) - 34N21J\d/ dro-2, 7-
0315 %)

napht hyri di ne- 2( 1h;)\. OxXyl ate NS of
tert-butyl 6-49-((1r, 40- thyI c ohexyBI“(fNagjﬁfane

pyrido[4', 3 :4,51pyrrol 3 d] pyr rﬂm n- 2-y1l) am no) 3 4 di hya‘emg 2,7-
napht hyr i di ne- 2( 1H) - car boxy] ate. tqH&I e conpound Sops epared as

described in Exanpl e 24. 1H vaR(500|sz CDC13) 6 1.0%-Vak, d, J= 6.4 Hz),
1.23-1.35 (2H, m), 1.53 (9H, s), 1.62-1.73 (1H, n), 2.00 (2H br. s),
2.48-2.67 (2H, m, 2.81-3.01 (2H, m, 3.72 (2H br. s), 4861 (2H s), 4.78

(1H, t, J= 12. 52413@) 7. %911&134-&0@ (11’41'54%&1?')10 cﬁhé@n(l\tgt @br. s), 8.12 (1H,
br. s), 8.36 (1H _g Hz) 8 (1H s), 9.12 (1H
s) ppm LCMB m‘hybﬂﬁovﬁwyh -Spga8-tteabysior bo-gaphthyridin-2-yl)-9H

2- (Di et hyl am [}fzir}rdé[ﬂ(?' ‘(,é]gyl(r‘lb[Zyﬂﬂ]brémldmlzmyﬁlﬁé[? O Mle ko bbudd Faglo[ 4, 3

:4,5] pyrrolo rimdin-2 ) am no).-
dI hydr o- 1, 6- n epﬁqp@ﬁg Hpipg ?peglesgpq)smwaF wrthai dessgbed in Example 1 using 2-chloro-6-(2-

(methylsulfonyl)ethyl)-5,6,7,8-tetrahydro- 1,6-naphthyridine in place of tert-butyl 2-
chloro-7,8-dihydro-1,6-naphthyridine-6(5H)-carboxylate. 'H NMR (400 MHz, DMSO-
de) 6 ppm 1.09 (3H, d, J=6.60 Hz), 1.34 (1H, br. s.), 1.26-1.40 (2H, m), 1.68-1.72 (1H,
br. s.), 1.98 - 2.04 (4H, m), 2.66 - 2.72 (2H, m), 2.98-3.06 (4H, m), 3.09 (3H, s), 3.13
(2H, t,J=6.60 Hz), 3.43 - 3.48 (2H, m), 3.80 (2H, s), 4.89 (1H, br. s.), 7.62 (1H, d, J =
8.31 Hz), 8.14 - 8.15 (1H, m), 8.25 (1H, d, /= 8.22 Hz), 8.45 (1H, d, /= 5.38 Hz), 9.05
(1H, ), 9.28 - 9.29 (1H, m) ppm; LC/MS m/z: 520 (M+1).

[0244] Example 9. N-(6-(2-Fluoroethyl)-5,6,7,8-tetrahydro-1,6-
naphthyridin-2-yl)-9-((1r,4r)-4-methylcyclohexyl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-

d]pyrimidin-2-amine

—

O
HN)\N/ N
g /
CH,
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[ 0317] Synt hesi s of 2-(diethylam no)-1-(2-49-((1r, 40-4-

nmet hyl cycl ohexyl ) -9H pyrido[4',3"':4,51pyrrol o[ 2, 3-d] pyri mdi n-2-yl)am no)-7
, 8- di hydwo-20126e2e@pht hyri di n- 6(5H) - y1) et hanone. The ti t lPeETASAEQOBHOTNAS
prepared using chemstry simlar to that described in Exanple 32 using

2- (di et hyl am no)acetic acid (commercially obtained from Matrix Scientific,
Colunbia, SC) in place of L-lactic acid. 1H NMR (500 MHz, CDC13) 6 ppm
1.02-1.09 (9H, m, 1.24-1.33 (2H m, 1.63- 1.69 (1H, m, 1.96-2.02 (4H,
m, 2.57-2.65 (6H, m, 2.98 (2H, t, J=5.0 Hz), 3.39 (2H, br. s), 3.97 (2H,
t, J= 5.0 Hz), 4.71-4.77 , M, 7.49 (1H, d, J= 10 Hz) Q. 8% \1H d, J =
5.0 Hz), 8.24 (1H, s)N/\\jg@felH, d, J= 10 Hz), 8.51 (1H \d,JI=%.0 Hz),
8.97 (1H, s), 9.13 (14 sy, LCVM5 mlz: 527 (M1). [0318%(5%)(,"‘FLT3, and

Ny O he

| ina@assay. The

MOLML3 Assays [ 031%] The 4 and, CDK# inﬁ'iob(P'Y'Fo?y act iy
CDK4/ 6- FLT3 i nhi bi §0ns etermined with a filtrati y
conpounds, ki nase substfate diluted in the kinas uffer (2@ mM Tri s,

pH7. 4, 50 mM NaCl mM DTTGH: 0. 1% BSA) were sequenti ahly added to a 96-wel |
Mil ti screen HTS filitration plate (MIlipore). The fi nak-100 [LI., reaction
m xture in each well contained 0.3 [ig of CDK4/Cyclin D1,or CDK1/Cyclin B
(Cell Signaling Technology), 1 [tg of Rb fragnent (aa773- 328, MI1lipore)
for the CDK4 g8B@y or 5 Syihtfesid oftN-e-@rftuoklethiydy-5,6,n8-tGMdilydassay and 1 [t G of
[ 33P] - ATP. The nj xt urge i ncyhat ed at r.oom er e for 1 . The
brot oins i n 't ePpyHiR e AR Rl B PR A SERT LRt e nbEty Tch
sol uti on usi ngl|pyrimglpi-2-amirend). i Totarsatutiono @ Liim-Systhelry cldizeypNab g5, 88er e
dried at roomte rature,  an h t ai ned, r.adi oact] yi . asured by
Setnti 11 at s on CEE RSB e AR AR RE L B FRER

CDK4/ 6- FLT3 1 ) (b#9 @mp,.3asmoe incabsolire 8tQOH {4 mB) HdTIRMK (nase wassildyd 1-The FLT3
enzynme (GST-FLT3 fusion), was purchased fr Car, Bi osci ences....An

L ght - | abel edrayhe RupREnE T PSRN Vel R s B st S de R RGER

( agltOlSE 102_7|_,h )i (gmnk,mjmmagrmten?umg )eag\%jl mitdulfei \ﬁhegﬂ;iﬁai xtzlltﬁ_h IB}aiﬁtgmaahcﬂﬂaccept or
substrate. e y was, c i.n - We ite .

(Perki nel rrer) ot ha-bg ERSRIRE! Attt e St et i yne - o,
&_16 [thA]'cI']I?, &I@B@Bﬂﬁ%ﬂha&Kﬂmﬂa@gW(ﬁ;ﬂl%@v@gi@ﬁ ﬁ)fesv.scbmgﬂmgmr%w Whefrﬂ_?_e |

i nase buffer pe . . , an

0. 0085% Tween 0TS - aRereD i€ marlas s i Ete Poroein RB0P  oom

t enper at ur e anbk masrstvapiledediy caddnthgolDespiere reafovddlin RAdUEDTHR reghltidg] LANCE( r )

Eu- W024 anti - spho- Si nt.i body. j,n LAN det ect i er

Crer ki ngi mor ) ORAEPRR e RLOEMAR bR a D =PET I debEh PRI S our s

after additi _on;vamefr, ahdbenad. i'Tha orgaaig &ytis wamﬂriehevermﬁdn Qﬂfa@nﬁ@@d, saddn rul t i1 node

[ ﬁ:dg’]élrgr EL%EL&E&Q@ tggil)eezsil'd]u-erbw?licﬁ %vlals plpr{ﬁ%ld lb{l %gs%tc %rrlla!torg]palpgll (Er{ s?lri]ca%(e)f[ ency of
celuting with a 10% to 45% gradient of solvent A (DCM:MeOH:NH,OH, 90:9:1) in

DCM. Chromatography fractions containing the desired product were combined and
stripped of solvents to provide a residue which was further purified by precipitation
from DCM/hexanes. The suspension so obtained was sonicated and filtered. The filter
cake was dried under high vacuum overnight to give the title compound (9) as an off-
white solid (35 mg, 21% yield). "H NMR (400 MHz, CDCls): 8 ppm 1.07 (3H, d, J =
6.5 Hz), 1.33-1.22 (2H, m), 1.85-1.69 (3H, br. m), 2.00-1.96 (4H, m), 2.66-2.56 (2H,
m), 3.02-2.90 (6H, m), 3.78 (2H, s), 4.71 (2H, dt, Jsu=47.6 Hz, Jun=4.8 Hz), 4.72
(1H, m), 7.42 (1H, d, J= 8.4 Hz), 7.84 (1H, dd, J; = 5.1 Hz, J/, = 0.98 Hz), 8.12 (1H, br.
s), 8.35(1H, d, J=8.4 Hz), 8.50 (1H, d, /= 5.3 Hz), 8.96 (1H, s), 9.10 (1H, s) ppm;
MS m/z: 460.4 (M+1), 482.2 (M + Na).
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i nhibitors was determ ned by using a [14C]-thym di ne i ncorporation assay.
Exponentially grow ng cells (MOLM 13, Col 0-205, etc.) were seeded in a
96-wel | Qybast2an93i4pl at e (GE Heal t hcare Bi osci ences) at paTdsesi2ztogooof 5 x
103 cell s/well and incubated overnight. Serially diluted conpounds and 0.1
[tC of [14C]-thym di ne (CGE Heal thcare Bi osci ences) were added to each wel |l
on the follow ng day. After 72 hour incubation, isotope incorporation was
determined with a 13 plate counter (Wallac). MOLM3 is a human AM tunor
cell line expressing FLT3, FLT3ITD and wild type Rb. [0322]1C50 val ues of
t he conpounds [P3#6i he ab@wemabéﬁyél-(\ﬁ;é?-é’lfl!h@é@ﬁw&é& Wrtetrghydriorlear regr essi on
anal ysis usin 0, T 0

i ncl udes |csoq‘\?§f‘h§§h{6’gg?)gggg(}§|{1 @S‘r’%%gﬁé’]rﬁe@%s%ﬁ ? 0%]%931%%\% for the
Exanpl e conpoulipwinddic?-amént her ei n. TabI e of FLT3, CDK4, and MOLML3 Data
For Exanpl e Conpounds Exanple Structure' FLT ICso (LM' CDK4 1Cso (LM

N
N\ N/

N
g b
CH,

K/ocH3

10
- \ \ /"
\ \ /
Ot NaBH(OAG); W C
(5)) -
K/OCH3
1 10
[0247] Synthesis of N-(6-(2-methoxyethyl)-5,6,7,8-tetrahydro-1,6-

naphthyridin-2-yl)-9-((1r,4r)-4-methylcyclohexyl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-
d]pyrimidin-2-amine (10). An aqueous solution of methoxyacetaldehyde of
indeterminate concentration was obtained by heating a solution of 1,1,2-
trimethoxyethane (commercially available from Sigma-Aldrich, St. Louis, MO) (10 g,
83 mmol) in 0.5 M HCI1 (150 mL) at 50 °C for 30 minutes, followed by fractional
distillation at atmospheric pressure. Sodium triacetoxyborohydride (331 mg, 1.56
mmol) was added to a solution of 9-((1r,4r)-4-methylcyclohexyl)-N-(5,6,7,8-tetrahydro-
1,6-naphthyridin-2-yl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine (1) (101
mg, 0.24 mmol) in DCM (15 mL) containing glacial AcOH (100 pL, 1.7 mmol) and
400 pL of the methoxyacetaldehyde solution obtained above. The reaction mixture was
stirred at ambient temperature, and additional sodium triacetoxyborohydride (474 mg,
2.24 mmol, in two successive portions) and methoxyacetaldehyde (100 uL. of the
aqueous solution) were added until LCMS analysis indicated that the starting material

had been completely consumed. The reaction was then quenched by addition of MeOH
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(6 mL), and stripped of volatiles on a rotary evaporator. The resulting residue was
purified by flash chromatography on silica gel eluting with a 10% to 60% gradient of
solvent A (DCM:MeOH:NH,OH; 90:9:1) in DCM. Chromatography fractions
containing the desired product were combined and concentrated in vacuo to give a
residue that was further purified by precipitation from DCM/hexanes. The suspension
obtained in this way was sonicated and vacuum filtered. The filter cake was dried
under high vacuum overnight to provide the titled compound (10) (32.6 mg, 28%
yield). "HNMR (400 MHz, CDCls): 8 ppm 1.07 (3H, d, J= 6.5 Hz), 1.33-1.23 (2H,
m), 1.65 (3H, br. s), 2.01-1.96 (4H, m), 2.66-2.56 (2H, m), 2.86-2.83 (2H, m), 3.02-2.97
(4H, m), 3.42 (3H, s), 3.67 (2H, t, J=5.3 Hz), 3.76 (2H, br. s), 4.76-4.68 (1H, m), 7.41
(1H, d, /= 8.6 Hz), 7.83 (1H, dd, J; = 5.3 Hz, J, = 0.98 Hz), 8.08 (1H, br. s), 8.34 (1H,
d, J=8.4Hz), 8.50 (1H, d, J= 5.3 Hz), 8.96 (1H, s), 9.09 (1H, s) ppm; MS m/z: 472.3
(M+1), 494.2 (M + Na).

[0248] Example 11. 9-((1r,4r)-4-Methylcyclohexyl)-N-(5,6,7,8-tetrahydro-
2,6-naphthyridin-3-y1)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d]pyrimidin-2-amine

——

N
N\ N/

%o

A \ 7 Pd,(dba)3, XantPhos
)\ t-BuONa, dioxane

TFA/DCM % C

[0249] Synthesis of 9-((1r,4r)-4-methylcyclohexyl)-N-(5,6,7,8-tetrahydro-
2,6-naphthyridin-3-y1)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d]pyrimidin-2-amine (11):

O“

—

\ N\ /

The title compound was prepared using chemistry similar to that described in Example

1 using 7-chloro-1,2,3,4-tetrahydro-2,6-naphthyridine hydrochloride (commercially

- 147 -



2 N HNNN N)'

1 tH3 CH3 0.0032 0.0045 0.0225 3 N HNNN N1 eH3

WO 2012/129344 PCT/US2012/030007

available from Anichem, North Brunswick, NJ) in place of 2-chloro-5,6,7,8-tetrahydro-
1,6-naphthyridine hydrochloride. 'H NMR (400 MHz, CDs0OD) § ppm 1.10 (3H, d, J =
6.46 Hz), 1.33 - 1.45 (2H, m), 1.80 - 1.70 (1H, m), 2.01 - 2.10 (4H, m), 2.68 - 2.77
(2H, m), 3.22 (2H, t,J=6.36 Hz), 3.64 (2H, t, J = 6.36 Hz), 4.93 - 5.02 (1H, m), 8.04
(1H, s), 8.39 (1H, s), 8.63 - 8.70 (2H, m), 9.45 (1H, s), 9.63 (1H, s) ppm; LC/MS m/z:
414 (M+1).

[0250] Example 12. 2-(7-((9-((1r,4r)-4-Methylcyclohexyl)-9H-
pyrido[4',3":4,5]|pyrrolo[2,3-d] pyrimidin-2-yl)amino)-3,4-dihydro-2,6-
naphthyridin-2(1H)-yl)ethanol

——

N
N A/
TH,
OH
12
— T N
N N
)le\ > L N
P2 HN N
HN N N . ONOTBS NaBH(OAc)3 w
N7 4N HCI |
| X {
N % N CHB
NH CH3 \L
OH
11 12
[0251] Synthesis of 2-(7-((9-((1r,4r)-4-methylcyclohexyl)-9H-

pyrido[4',3":4,5]|pyrrolo[2,3-d] pyrimidin-2-yl)amino)-3,4-dihydro-2,6-
naphthyridin-2(1H)-yl)ethanol (12). The title compound was prepared using
chemistry similar to that described in Example 3 using 9-((1r,4r)-4-methylcyclohexyl)-
N-(5,6,7,8-tetrahydro-2,6-naphthyridin-3-y1)-9H-pyrido[4',3":4,5 ]pyrrolo[2,3-
d]pyrimidin-2-amine (11) in place of 9-((1r,4r)-4-methylcyclohexyl)-N-(5,6,7,8-
tetrahydro-1,6-naphthyridin-2-y1)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d |pyrimidin-2-amine
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(1). "H NMR (500 MHz, CD;0D) & ppm 1.11 (3H, d, J = 6.60 Hz), 1.28 - 1.46 (2H,
m), 1.7-1.8 (1H, m) 1.86 - 2.09 (4H, m), 2.61 - 2.76 (2H, m), 2.79 (2H, t, J = 5.99 Hz),
2.86 - 3.01 (4H, m), 3.8-3.9 (4H, m), 4.98 (1H, m), 8.05-8.09 (1H, m), 8.11 (1H, s),
8.26 - 8.30 (1H, m), 8.39 - 8.44 (1H, m), 8.98 - 9.03 (1H, m), 9.21 - 9.25 (1H, m) ppm;
LC/MS m/z: 458 (M+1).

[0252] Example 13. N-(8-Methyl-5,6,7,8-tetrahydro-1,6-naphthyridin-2-
yD-9-((1r,4r)-4-methylcyclohexyl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d]pyrimidin-2-

amine
N
N N/
HN” N” N
H,sC AN | /
CH;
13
O toluene H 0
CNH + N—Boc T —_— |
oc NH2 reflux N _
Boc”
[0253] Synthesis of tert-butyl 8-methyl-2-0x0-1,2,7,8-tetrahydro-1,6-

naphthyridine-6(SH)-carboxylate. tert-Butyl 3-methyl-4-oxopiperidine-1-carboxylate
(commercially available from Ryan Scientific, Mt. Pleasant, SC)(1.7 g, 7.97 mmol) and
pyrrolidine (1.3 mL, 15.94 mmol) were dissolved in toluene (9 mL), and the solution
was heated under reflux, with the removal of water under Dean-Stark conditions, for 5
hours. The solution was then cooled to room temperature and propiolamide (prepared
as described in EP 1813606)(1.1 g, 15.94 mmol) was added. The reaction mixture thus
obtained was heated overnight under reflux. The reaction mixture was concentrated,
and the residue was purified by flash chromatography on silica gel eluting with 0% to
10 % MeOH in DCM to give the title compound (2.1 g, 55% yield). 'H NMR (400
MHz, CDCls) 8 ppm 1.36 (3H, d, J=7.04 Hz), 1.52 (9H, s), 3.37-3.44 (1H, m), 3.77-
3.84 (1H, m), 4.12-4.17 (1H, m), 6.48 (1H, d, J=9.39 Hz), 7.21 (1H, d, J = 9.39 Hz)
ppm; LC/MS m/z: 265 (M+1).
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H
N._.O Pyridine N, _OTf
| + (CF3802)20 W’ | N
Boc” N Z Boc” N Z
[0254] Synthesis of tert-butyl 8-methyl-2-(((trifluoromethyl)sulfonyl)oxy)-

7,8-dihydro-1,6-naphthyridine-6(SH)-carboxylate. To a solution of tert-butyl 8-
methyl-2-oxo0-1,2,7,8-tetrahydro- 1,6-naphthyridine-6(5H)-carboxylate (129 mg, 0.49
mmol) and pyridine (120 pL, 1.47 mmol) in DCM (10 mL) at 0°C was added dropwise
trifluoromethanesulfonic anhydride (commercially available from Sigma-Aldrich, St.
Louis, MO) (99 uL, 0.59 mmol). The reaction mixture was stirred for 30 minutes and
then concentrated under reduced pressure. The residue was purified by flash
chromatography on silica gel eluting with 0% to 40 % EtOAc in hexane to give the title
compound (161 mg, 83 % yield). LC/MS m/z: 397 (M+1).
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[0255] Synthesis of tert-butyl 8-methyl-2-((9-((1r,4r)-4-methylcyclohexyl)-

9H-pyrido[4',3":4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridine-6(5H)-carboxylate. A glass microwave reaction vessel was charged
with 9-((1r,4r)-4-methylcyclohexyl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-
amine (110 mg, 0.39 mmol) and (9,9-dimethyl-9H-xanthene-4,5-
diyl)bis(diphenylphosphine) (45.2 mg, 0.078 mmol), Pdy(dba); (35.8 mg, 0.039 mmol),
tert-butyl 8-methyl-2-(trifluoromethylsulfonyloxy)-7,8-dihydro-1,6-naphthyridine-
6(5H)-carboxylate and 2 mL of 1,4-dioxane. The reaction mixture was heated at 100
°C for 90 minutes under microwave radiation. The reaction mixture was concentrated,
and the residue was purified by flash chromatography on silica gel eluting with 0% to
70% solvent A (DCM:MeOH:NH,OH, 90:9:1) in DCM to give the title compound.
LCMS ny/z: 528 (M+1).
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[0256] Synthesis of N-(8-methyl-5,6,7,8-tetrahydro-1,6-naphthyridin-2-yl)-

9-((1r,4r)-4-methylcyclohexyl)-9H-pyrido[4',3':4,5] pyrrolo[2,3-d] pyrimidin-2-
amine (13). A solution of tert-butyl 8-methyl-2-((9-((1r,4r)-4-methylcyclohexyl)-9H-
pyrido[4',3":4,5pyrrolo[2,3-d]pyrimidin-2-yl)amino)-7,8-dihydro-1,6-naphthyridine-
6(5H)-carboxylate in 50% TFA in DCM (10 mL) was stirred at room temperature for
30 minutes and then concentrated and purified by preparatory LC to give the title
compound (13) (135 mg, 81 %). 'H NMR (400 MHz, CD;OD) § ppm 1.10 (3H, d, J =
6.46 Hz), 1.36 - 1.41 (2H, m), 1.56 (3H, d, J=6.65 Hz), 1.70 - 1.80 (1H, br. s), 2.00 -
2.08 (4H, m), 2.65-2.71 (2H, m), 2.73 (2H, s), 3.76 - 3.81 (1H, m), 4.46 (2H, d, /=4.50
Hz),4.91 -4.94 (1H, m), 7.76 (1H, d, /= 8.61 Hz), 8.47 (1H, d, /= 8.41 Hz) 8.56 -
8.61 (2H, m) 9.37 (1H, s) 9.54 (1H, s) ppm; LC/MS m/z: 428 (M+1).

[0257] Example 14. 1-(8-Methyl-2-((9-((1r,4r)-4-methylcyclohexyl)-9H-
pyrido[4',3":4,5]|pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-

naphthyridin-6(5H)-yl)ethanone
N
0
NN
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[0258] Synthesis of 1-(8-methyl-2-((9-((1r,4r)-4-methylcyclohexyl)-9H-
pyrido[4',3":4,5]|pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)ethanone (14). The title compound was prepared using
chemistry similar to that described in Example 2 using N-(8-methyl-5,6,7,8-tetrahydro-
1,6-naphthyridin-2-y1)-9-((11,4r)-4-methylcyclohexyl)-9H-pyrido[4',3":4,5 ]pyrrolo[2,3-
d]pyrimidin-2-amine (13) instead of 9-((1r,4r)-4-methylcyclohexyl)-N-(5,6,7,8-
tetrahydro-1,6-naphthyridin-2-y1)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d |pyrimidin-2-amine
(1). "H NMR (400 MHz, CD;0D) & ppm 1.10 (3H, d, J = 6.46 Hz), 1.31 - 1.43 (2H,
m), 1.48 - 1.57 (3H, m), 2.00 - 2.09 (4H, m), 2.28 (3H, s), 2.68 - 2.80 (2H, m), 3.70-
3.89 (1H, m), 3.99 (1H, td, J=13.35, 4.79 Hz), 4.91 - 5.01 (1H, m), 7.92 (1H, br. s),
7.96 - 8.01 (1H, m), 8.64 - 8.69 (2H, m), 9.46 (1H, d, J/=2.93 Hz), 9.70 (1H, d, J/=3.52
Hz) ppm; LC/MS m/z: 470 (M+1).

[0259] Example 15. 2-(8-Methyl-2-((9-((1r,4r)-4-methylcyclohexyl)-9H-
pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)ethanol

HsC \| _
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[0260] Synthesis of 2-(8-methyl-2-((9-((1r,4r)-4-methylcyclohexyl)-9H-

pyrido[4',3":4,5]|pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)ethanol (15). The title compound was prepared using
chemistry similar to that described in Example 3 using N-(8-methyl-5,6,7,8-tetrahydro-
1,6-naphthyridin-2-y1)-9-((11,4r)-4-methylcyclohexyl)-9H-pyrido[4',3":4,5 ]pyrrolo[2,3-
d]pyrimidin-2-amine (13) instead of 9-((1r,4r)-4-methylcyclohexyl)-N-(5,6,7,8-
tetrahydro-1,6-naphthyridin-2-y1)-9H-pyrido[4',3":4,5]]pyrrolo[2,3-d |pyrimidin-2-amine
(1). "H NMR (400 MHz, CD;0D) & ppm 1.10 (3H, d, J = 6.65 Hz), 1.30 - 1.47 (2H,
m), 1.59 (3H, d,/=6.85 Hz), 1.69 - 1.83 (1H, m), 1.94 - 2.11 (4H, m), 2.67 - 2.81 (2H,
m), 3.39 - 3.58 (4H, m), 3.92 - 4.10 (3H, m), 4.54 - 4.71 (2H, m), 4.94 - 5.05 (1H, m),
7.80 (1H, d, /= 8.80 Hz), 8.38 (1H, d, /= 8.61 Hz), 8.59 - 8.67 (2H, m), 9.42 (1H, s),
9.60 (1H, s) ppm; LC/MS m/z: 472 (M+1).

[0261] Example 16. 2-((9-((1r,4r)-4-Methylcyclohexyl)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-5,6,7,8-tetrahydro-1,6-
naphthyridin-8-ol

——
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[0262] Synthesis of 6-(tert-butoxycarbonyl)-2-chloroe-5,6,7,8-tetrahydro-

1,6-naphthyridine 1-oxide. 3-Chlorobenzoperoxoic acid (241 mg, 1.4 mmol) was
added to a solution at 0 °C of tert-butyl 2-chloro-7,8-dihydro-1,6-naphthyridine-6(5H)-
carboxylate (250 mg, 0.93 mmol, see Example 1 procedure) in CHCl; (3 mL). The
reaction mixture thus obtained was warmed to room temperature and stirred overnight.
After concentration, the residue was purified by flash chromatography on silica gel
eluting with 0% to 80 % EtOAc in hexane to give the title compound (150 mg, 56.6 %
yield). "H NMR (400 MHz, CDCls) § ppm 1.51 (9H, s), 3.11 (2H, m), 3.77 (2H, t, J =
6.16 Hz), 4.60 (2H, s), 6.99 (1H, d, J=8.41 Hz), 7.40 (1H, d, /= 8.41 Hz) ppm;
LC/MS nv/z: 285 (M+1).

Cl
N/
+ A0 —— 3 AcO X |
N
Boc
[0263] Synthesis of tert-butyl 8-acetoxy-2-chloro-7,8-dihydro-1,6-

naphthyridine-6(SH)-carboxylate. A solution of 6-(tert-Butoxycarbonyl)-2-chloro-
5,6,7,8-tetrahydro-1,6-naphthyridine 1-oxide (150 mg, 0.53 mmol) in acetic anhydride
(2.5 mL, 26.3 mmol), was stirred and heated at 70 °C overnight under nitrogen
atmosphere. DCM (20 mL) was added to the reaction mixture, and the resulting
solution was washed sequentially with water, saturated aqueous NaHCOssolution and
brine, dried over anhydrous MgSQ,, and concentrated under vacuum. The residue was
purified by flash chromatography on silica gel eluting with 09 to 30 % EtOAc in
hexane to give the title compound (115 mg, 66.8 % yield). 'H NMR (400 MHz, CDCl;)
dppm 1.51 (9H, s), 2.13 (3H, s), 3.30-3.49 (1H, d, J=12.0 Hz), 4.25- 4.40 (1H, m),
4.45-4.55 (1H, d, J= 12.0 Hz), 5.20-5.00 (1H, m), 5.73 (1H, br. s), 7.34 (1H, d, J =
8.22 Hz), 7.51 (1H, d, J=8.41 Hz) ppm; LC/MS m/z: 327 (M+1).
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[0264] Synthesis of 2-((9-((1r,4r)-4-methylcyclohexyl)-9H-

pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-5,6,7,8-tetrahydro-1,6-
naphthyridin-8-yl acetate. The title compound was prepared using chemistry similar
to that described in Example 13 using tert-butyl 8-acetoxy-2-chloro-7,8-dihydro-1,6-
naphthyridine-6(5H)-carboxylate in place of tert-butyl 8-methyl-2-
(trifluoromethylsulfonyloxy)-7,8-dihydro-1,6-naphthyridine-6(5H)-carboxylate.
LC/MS nv/z: 472 (M+1).
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[0265] Synthesis of (2-((9-((1r,4r)-4-methylcyclohexyl)-9H-

pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-5,6,7,8-tetrahydro-1,6-
naphthyridin-8-0l (16). Lithium hydroxide (47.6 mg, 2.0 mmol) was added to a
solution of 2-((9-((1r,4r)-4-methylcyclohexyl)-9H-pyrido[4',3":4,5 pyrrolo[2,3-
d]pyrimidin-2-yl)amino)-5,6,7,8-tetrahydro-1,6-naphthyridin-8-yl acetate (106 mg,
0.226 mmol) in 10 mL of MeOH, 10 mL of THF and 5 mL of water. The reaction
mixture was heated at 50 °C for 1 hour. The reaction mixture was extracted with DCM,
and the organic layer was concentrated. The residue was purified by preparative LC to
give the title compound (16)(87 mg, 90 %). "H NMR (400 MHz, CD;OD) & ppm 1.10
(3H, d,J=6.46 Hz), 1.32 - 1.47 (2H, m), 1.70 - 1.82 (1H, m), 1.99 - 2.11 (4H, m), 2.73
(2H, qd, J=12.91,4.30 Hz), 3.69 (2H, d, J = 3.52 Hz), 4.42 - 4.54 (2H, m), 4.97 - 5.02
(2H, m), 7.89 (1H, d, J= 8.61 Hz), 8.42 (1H, d, J= 8.80 Hz), 8.59 - 8.67 (2H, m), 9.43
(1H, s), 9.63 (1H, s) ppm; LC/MS m/z: 430 (M+1).
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[0266] Example 17. 6-(2-Hydroxyethyl)-2-((9-((1r,4r)-4-
methylcyclohexyl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-
5,6,7,8-tetrahydro-1,6-naphthyridin-8-ol

—
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[0267] Synthesis of 6-(2-hydroxyethyl)-2-((9-((1r,4r)-4-methylcyclohexyl)-

9H-pyrido[4',3':4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-5,6,7,8-tetrahydro-1,6-
naphthyridin-8-0l (17). The title compound was prepared using chemistry similar to
that described in Example 3 using (2-((9-((1r,4r)-4-methylcyclohexyl)-9H-
pyrido[4',3":4,5|pyrrolo[2,3-d]pyrimidin-2-yl)amino)-5,6,7,8-tetrahydro-1,6-
naphthyridin-8-ol (16)in place of 9-((1r,4r)-4-methylcyclohexyl)-N-(5,6,7,8-tetrahydro-
1,6-naphthyridin-2-y1)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine (1). 'H
NMR (400 MHz, CDs;0D) 6 ppm 1.10 (3H, d, J=6.46 Hz), 1.32 - 1.46 (2H, m), 1.76
(1H, dd, J=6.75,3.81 Hz), 1.98 - 2.11 (4H, m), 2.67 - 2.80 (2H, m), 3.49 - 3.62 (2H,
m), 3.75 - 3.98 (2H, m), 3.98 - 4.10 (2H, m), 4.55 - 4.70 (2H, m), 4.92 - 5.06 (2H, m),
7.86 (1H, d, J=8.80 Hz), 8.50 (1H, d, J=8.61 Hz), 8.59 - 8.68 (2H, m), 9.42 (1H, s),
9.59 - 9.64 (1H, m) ppm; LC/MS m/z: 472 (M+1).

[0268] Example 18a. 1-((R)-8-Methyl-2-((9-((1r,4R)-4-methylcyclohexyl)-
9H-pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amino)-7,8-dihydro-1,6-
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naphthyridin-6(5H)-yl)ethanone or 1-((S)-8-methyl-2-((9-((1r,4S5)-4-
methylcyclohexyl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amino)-7,8-
dihydro-1,6-naphthyridin-6(5H)-yl)ethanone

N X\ /N
N/
U
eH,
O CH3
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TN
N N/
| /
N~ |
SC/, 4
’C Ha
O CHs,
18a
[0269] Separation of 1-(8-methyl-2-((9-((1r,4r)-4-methylcyclohexyl)-9H-

pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)ethanone. The racemic mixture obtained in Example 14 was
separated on a Thar 350 SFC system by sequential injections (1.2 mL; 8.0 mg/mL in
MeOH; 10 mL total) with a 250 X 30 mm IA column and with 45 mL/min [PA+(20
mM NHj3) and 55 g/min CO,. The resulting fractions were concentrated on a rotary
evaporator and analyzed. The enantiomers were each obtained with >99% ee.

[0270] The first enantiomer to elute was assigned as 18a (16 mg as an off-
white solid). 'H NMR (500MHz, CD;0D:DCM-d; 1:1, rotamers) & ppm 0.92 - 0.79
(1H, m), 1.06 (3H, d, J= 6.6 Hz), 1.28 - 1.25 (1H, m), 1.34 - 1.31 (2H, m), 1.41 - 1.36
(2H, m), 1.75 - 1.62 (1H, m), 1.98 (4H, d, /= 10.0 Hz), 2.22 (3H, d, J=4.2 Hz), 2.71 -
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2.55(2H, m), 3.12 - 2.97 (1H, m), 3.77 - 3.63 (1H, m), 3.92 - 3.78 (1H, m), 4.85 - 4.71
(1H, m), 4.91 (1H, d, J=17.1 Hz), 7.62 - 7.54 (1H, m), 7.98 (1H, d, J= 5.4 Hz), 8.46 -
8.37 (2H, m), 8.92 (1H, s), 9.17 - 9.13 (1H, m) ppm; LCMS m/z: 470.2 (M+1); HPLC

purity: 99.3% (254 nm).

[0271] Example 18b. Stereoisomer of Example 18a. 1-((R)-8-Methyl-2-
((9-((1r,4R)-4-methylcyclohexyl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-
yl)amino)-7,8-dihydro-1,6-naphthyridin-6(5H)-yl)ethanone or 1-((S)-8-methyl-2-
((9-((1r,45)-4-methylcyclohexyl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d]pyrimidin-2-
yl)amino)-7,8-dihydro-1,6-naphthyridin-6(5H)-yl)ethanone

[0272] The second enantiomer to elute in the separation described in Example
18a was assigned as 18b (20 mg as a light tan solid). "H NMR (500MHz,
CD;0D:DCM-d, 1:1, rotamers) & ppm 0.89 - 0.80 (m, 1 H), 1.06 (3H, d, /= 6.6 Hz),
1.31-1.25(2H, m), 1.43 - 1.35 (3H, m), 1.74 - 1.62 (1H, m), 2.00 (4H, d, /= 10.0 Hz),
222 (3H,d,J=2.2 Hz),2.71 - 2.58 (2H, m), 3.17 - 3.12 (1H, m), 3.67 (1H, dd, J= 5.7,
13.6 Hz), 3.88 - 3.76 (1H, m), 4.92 - 4.80 (2H, m), 7.67 (1H, d, /= 8.3 Hz), 8.33 - 8.18
(2H, m), 8.47 (1H, d, J= 5.6 Hz), 9.10 (1H, s), 9.35 (1H, d, /= 1.7 Hz) ppm; LCMS
m/z: 470.2 (M+1); HPLC purity: 98.6% (254 nm).

[0273] Example 19. 6-Methoxy-9-((1r,4r)-4-methylcyclohexyl)-N-(5,6,7,8-
tetrahydro-1,6-naphthyridin-2-yl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d]pyrimidin-2-

amine
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[0274] Synthesis of 5-(5-fluoro-2-methoxypyridin-4-yI)-N4-((1r,4r)-4-
methylcyclohexyl)pyrimidine-2,4-diamine. A pre-cooled (-20 °C) solution of 5-
fluoro-2-methoxypyridine (commercially available from Waterstone Technology,
Carmel, IN)(3.56 g, 28.0 mmol) in THF (25 mL) was added to a 2M lithium
diisopropylamide solution in THF (14.45 mL, 28.9 mmol) over 20 minutes at

-78°C. The yellow-brown solution thus obtained was stirred at -78 °C for 1.5 hours,
then zinc (II) chloride (58.7 mL, 29.4 mmol) was added. The cooling bath was
removed, and the mixture was allowed to warm to room temperature. To the reaction
mixture was added a solution of 5-iodo-N*-((1r,41r)-4-methylcyclohexyl)pyrimidine-2,4-
diamine (3 g, 9.03 mmol, See Example 1 procedure) and Pd[(PPhs)]4 (1.044 g, 0.903
mmol) in THF (20 mL). The resulting mixture was refluxed overnight. The reaction
was cooled to room temperature, quenched with saturated NaHCO3(50 mL) and
extracted with DCM. The organic layer was concentrated, and the residue was purified
by flash chromatography on silica gel eluting with 0% to 100% EtOAc in hexane to
give the title compound as a yellow solid (1.5 g, 50% yield). "H NMR (400 MHz,
DMSO-dg) 6 ppm 0.86 (3H, d, J=8.0 Hz), 0.89 - 1.00 (2H, m), 1.16 - 1.32 (3H, m),
1.65 (2H, d,J=12.0 Hz), 1.76 (2H, d, J=12.0 Hz), 3.84 (3H, s), 3.92-4.02 (1H, m),
5.96(1H, d,J=12.0 Hz), 6.20 (2H, s), 6.74 (1H, d, J=8.0 Hz), 7.57 (1H, ), 8.10 (1H,
s) ppm; LCMS m/z: 332.2 (M+1).

OCHs OCH3
~ e
N Y DMF PP
M F + NaH ————— = H,NT N7 N
HNT N7 NH 105 °C O
© CH;
CHs
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[0275] Synthesis of 6-methoxy-9-((1r,4r)-4-methylcyclohexyl)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine. Sodium hydride (60% dispersion
in mineral oil) (1.09 g, 27.2 mmol) was added slowly to a solution of 5-(5-fluoro-2-
methoxypyridin-4-yl)-N*-((1r,4r)-4-methylcyclohexyl)pyrimidine-2,4-diamine (3.0 g,
9.05 mmol) in DMF (60 mL) at 0°C. After addition, the mixture was stirred at room
temperature for 20 minutes under N, atmosphere and then at 105°C overnight. The
reaction was cooled to room temperature and quenched with saturated NH,ClI at 0°C
while stirring. The mixture was extracted with EtOAc and washed with water and then
with brine, and dried over Na,SO,4. The solvent was removed, and the crude product
was purified by flash chromatography on silica gel eluting 0% to 50% EtOAc in hexane
to give the title compound as an off-white solid (1.5 g, 50% yield). 'H NMR (400
MHz, DMSO-ds) 6 ppm 0.96 (3H, d, J= 8.0 Hz), 1.05-1.24 (2H, m), 1.55 - 1.65 (1H,
m), 1.74 (2H, d, J=8.0 Hz), 1.85 (2H, d, J = 8.0 Hz), 2.30-2.45 (2H, m), 3.87 (3H, s),
4.64-4.74 (1H, m), 6.93 (2H, s), 7.31 (1H, s), 8.52 (1H, s), 8.94 (1H, s) ppm; LCMS
m/z: 312.3 (M+1).
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[0276] Synthesis of 6-methoxy-9-((1r,4r)-4-methylcyclohexyl)-N-(5,6,7,8-
tetrahydro-1,6-naphthyridin-2-yl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-

amine (19). The title compound was prepared using chemistry similar to that described
in Example 1 using 6-methoxy-9-((1r,4r)-4-methylcyclohexyl)-9H-
pyrido[4',3":4,5pyrrolo[2,3-d]pyrimidin-2-amine in place of 9-((1r,4r)-4-
methylcyclohexyl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine. "H NMR
(500 MHz, CDs;0D) 6 ppm 1.05 (3H, d, /= 6.6 Hz), 1.25 - 1.48 (2H, m), 1.65 - 1.75
(1H, m), 1.95 - 2.05 (4H, m), 2.51 — 2.74 (2H, m), 3.42 (2H, d, J= 10.0 Hz), 3.70 (2H,
d, J=10.0 Hz), 4.03 (3H, s), 4.45 (2H, s), 4.82-4.90 (1H, m), 7.30 - 7.45 (1H, m), 7.62
(1H, s), 7.84 (1H, d, J=10.0 Hz), 8.73 (1H, s), 9.35 (1H, s) ppm; LCMS m/z: 444.3
(M+1).
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[0277] Example 20. 2-Hydroxy-1-(2-((6-methoxy-9-((1r,4r)-4-
methylcyclohexyl)-9H-pyrido[4',3':4,5]-pyrrolo[2,3-d]pyrimidin-2-yl)amino)-7,8-
dihydro-1,6-naphthyridin-6(5H)-yl)ethanone

OCH,
N
N XN\
EH,
O
20
OCH; OCH;
- Y
NN N N\

VR

o)
o 1) DIPEA
N_ J\/OA NZ
Y 2) MeONa
o}

OU

19 20
[0278] Synthesis of 2-hydroxy-1-(2-((6-methoxy-9-((1r,4r)-4-
methylcyclohexyl)-9H-pyrido[4',3':4,5]-pyrrolo[2,3-d]pyrimidin-2-yl)amino)-7,8-
dihydro-1,6-naphthyridin-6(5H)-yl)ethanone (20). The title compound was prepared
using chemistry similar to that described in Example 5 using 6-methoxy-9-((1r,41)-4-
methylcyclohexyl)-N-(5,6,7,8-tetrahydro- 1,6-naphthyridin-2-y1)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine (19)in place of 9-((1r,41)-4-
methylcyclohexyl)-N-(5,6,7,8-tetrahydro- 1,6-naphthyridin-2-y1)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine (1). 'H NMR (500 MHz, CD;0D) &
ppm 1.04 3H, d, J=6.6 Hz), 1.25-1.33 (2H, m), 1.65 - 1.75 (1H, m), 1.95 - 2.05
(4H, m), 2.51 - 2.62 (2H, m), 3.14 - 3.26 (2H, m), 3.84 — 3.99 (2H, m), 4.02 (3H, s),
4.37 (2H, br. s.), 4.74 (2H, br. s.), 4.82-4.91 (1H, m), 7.28 (1H, d, J = 10.0 Hz), 7.59
(1H, s), 7.89-7.94 (1H, m), 8.70 (1H, s), 9.34 (1H, s) ppm; LCMS m/z: 502.2 (M+1).
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[0279] Example 21. 9-Cyclopentyl-N-(5,6,7,8-tetrahydro-1,6-
naphthyridin-2-yl)-9H-pyrido[4',3":4,5] pyrrolo[2,3-d] pyrimidin-2-amine

—

N
N Y/

|
HN)\N/ N
" @
U

N
H
21

t-BuONa, dioxane

— Cl |
N
NN/ NN HN)\N/ N
P | Pd,(dba)3, XantPhos
HoN N N + = N¥Z |
[o]0]

[
N 100 °C, 100%
|
B N
Boc

[0280] Synthesis of tert-butyl 2-((9-cyclopentyl-9H-
pyrido[4',3":4,5]|pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridine-6(SH)-carboxylate. To a solution of 9-cyclopentyl-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine (prepared as described in WO
2009/085185) (152 mg, 0.6 mmol) in dioxane (6 mL) were added tert-butyl 2-chloro-
7,8-dihydro-1,6-naphthyridine-6(5H)-carboxylate (177 mg, 0.66 mmol),
tris(dibenzylideneacetone)dipalladium (0) (28 mg, 0.030 mmol), 4,5-
bis(diphenylphosphino)-9,9-dimethylxanthene (52 mg, 0.090 mmol), and sodium t-
butoxide (86 mg, 0.9 mmol). The reaction mixture thus obtained was heated at 150°C
under microwave irradiation for 1 hour. The reaction mixture was diluted with DCM,
washed with brine, and then dried. The solvent was evaporated and the residue was
purified by flash chromatography on silica gel eluting with 10% to 50% solvent A
(DCM/MeOH/NH4OH, 100:10:1) in DCM to give the title compound as a light yellow
solid (211 mg, 72% yield). "HNMR (500 MHz, CDCl3) & 1.52 (9H, s), 1.88 - 1.90
(2H, m), 2.14 - 2.21 (4H, m), 2.45 -2.47 (2H, m), 2.92 - 2.94 (2H, m), 3.76 - 3.79 (2H,
m), 4.59 (2H, m), 5.37 (1H, m), 7.49 (1H, d, J=10.0 Hz), 7.85 (1H, d, /= 5.0 Hz),
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8.14 (1H, br. s), 8.37 (1H, d, /= 10.0 Hz), 8.52 (1H, d, /= 5.0 Hz), 8.92 (1H, s), 9.11
(1H, s) ppm; LCMS m/z: 486 (M+1).
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[0281] Synthesis of 9-cyclopentyl-N-(5,6,7,8-tetrahydro-1,6-naphthyridin-

2-yD)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine (21). A solution of tert-
butyl 2-((9-cyclopentyl-9H-pyrido[4',3":4,5 pyrrolo[2,3-d]pyrimidin-2-yl)amino)-7,8-
dihydro- 1,6-naphthyridine-6(5H)-carboxylate (217 mg, 0.477 mmol) in TFA/DCM
(1:1, 2 mL) was stirred at room temperature for 30 minutes and then concentrated. The
residue was purified by flash chromatography on silica gel eluting with 25% to 75%
solvent A (DCM:MeOH:NH,OH, 100:10:1) in DCM to give the title compound as a
yellow solid (148 mg, 86% yield). '"H NMR (500 MHz, CDCls) 8 1.87 - 1.90 (2H, m),
2.14-2.21 (4H, m), 2.43 -2.47 (2H, m), 2.89 (2H, t, /=5.0 Hz), 3.26 (2H, t,J=5.0
Hz), 4.02 (2H, s), 5.36 (1H, m), 7.41 (1H, d, J= 10.0 Hz), 7.85 (1H, d, /= 5.0 Hz),
8.19 (1H, br. s), 8.31 (1H, d, J=10.0 Hz), 8.52 (1H, d, J= 5.0 Hz), 8.91 (1H, s), 9.11
(1H, s) ppm; LCMS m/z: 386 (M+1).

[0282] Example 22. 1-(2-((9-Cyclopentyl-9H-pyrido[4',3':4,5]pyrrolo[2,3-
d]pyrimidin-2-yl)amino)-7,8-dihydro-1,6-naphthyridin-6(5SH)-yl)-2-
hydroxyethanone
D0
HN" N N
>y O
J
N
O)\/OH
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[0283] Synthesis of 1-(2-((9-cyclopentyl-9H-pyrido[4',3':4,5] pyrrolo[2,3-

d]pyrimidin-2-yl)amino)-7,8-dihydro-1,6-naphthyridin-6(5H)-yl)-2-
hydroxyethanone (22). To a solution of 9-cyclopentyl-N-(5,6,7,8-tetrahydro-1,6-
naphthyridin-2-yl)-9H-pyrido[4',3":4,5 [pyrrolo[2,3-d]pyrimidin-2-amine (21) (145 mg,
0.367 mmol) in DMF (10 mL) were added 2-hydroxyacetic acid (34.3 mg, 0.451
mmol), EDC (191.7 mg, 0.451 mmol), N-hydroxybenzotriazole (61 mg, 0.451 mmol),
and N,N-diisopropylethylamine (157 uL, 0.903 mmol). The mixture thus obtained was
stirred at room temperature for 2 hours. The reaction mixture was concentrated, and the
residue was purified by flash chromatography on silica gel eluting with 20% to 75%
solvent A (DCM:MeOH:NH,OH, 100:10:1) to give the title compound as an off-white
solid (117 mg, 70% yield). 'HNMR (500 MHz, DMSO-ds) & 1.77 - 1.80 (2H, m), 2.07
-2.10 (4H, m), 2.42 -2.44 (2H, m), 2.82 - 2.91 (2H, m), 3.66 - 3.82 (2H, m), 4.18 - 4.20
(2H, m), 4.57 - 4.66 (2H, m), 5.36 (1H, m), 7.68 (1H, d, J=10.0 Hz), 8.06 (1H, d, J=
5.0 Hz), 8.19 (1H, d, /= 10.0 Hz), 8.48 (1H, d, J= 5.0 Hz), 9.03 (1H, s), 9.31 (1H, s)
9.98 (1H, br. s) ppm; LCMS m/z: 444 (M+1).

[0284] Example 23. 9-((1r,4r)-4-Methylcyclohexyl)-N-(5,6,7,8-tetrahydro-
1,7-naphthyridin-2-yl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine

—

R
HN)\N/ N
3 O
HN CH,
23
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[0285] Synthesis of tert-butyl 2-chloro-5,6-dihydro-1,7-naphthyridine-

7(8H)-carboxylate. The title compound was prepared using chemistry similar to that
described in Example 1 using 2-chloro-5,6,7,8-tetrahydro-1,7-naphthyridine
hydrochloride (commercially obtained from Anichem, North Brunswick, NJ) in place
of 2-chloro-5,6,7,8-tetrahydro-1,6-naphthyridine hydrochloride. "H NMR (500 MHz,
CD,ClL) 6 1.47 (9H, ), 2.79 (2H, t,J=5.6 Hz), 3.64 (2H, t, J= 5.6 Hz), 4.58 (2H, s),
7.13 (1H, d, J=8.0 Hz), 7.42 (1H, d, J = 8.0 Hz) ppm; LCMS m/z: 269 (M+1).

—
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[0286] Synthesis of tert-butyl 2-((9-((1r,4r)-4-methylcyclohexyl)-9H-

pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amino)-5,6-dihydro-1,7-
naphthyridine-7(8H)-carboxylate. The title compound was prepared using chemistry
similar to that described in Example 1 using tert-butyl 2-chloro-5,6-dihydro-1,7-
naphthyridine-7(8H)-carboxylate in place of tert-butyl 2-chloro-7,8-dihydro-1,6-
naphthyridine-6(5H)-carboxylate. "H NMR (500 MHz, CDCl;) § 1.07 (3H, d, J = 6.4
Hz), 1.23-1.33 (2H, m), 1.52 (9H, s), 1.64-1.68 (1H, m), 1.99 (4H, t, J = 11.0 Hz), 2.60
(2H, dq, J=3.3, 12.3 Hz), 2.85 (2H, br. s), 3.72 (2H, br. s), 4.60 (2H, s), 4.73 (1H, t, J
=123 Hz), 7.53 (1H, d, J=8.3 Hz), 7.87 (1H, d, J= 5.4 Hz), 8.10 (1H, br. s), 8.37
(1H, d, J=8.3 Hz), 8.51 (1H, d, /= 5.4 Hz), 8.97 (1H, s), 9.12 (1H, s) ppm; LCMS
m/z: 514 (M+1).

—
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C 5 @
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[0287] Synthesis of 9-((1r,4r)-4-methylcyclohexyl)-N-(5,6,7,8-tetrahydro-
1,7-naphthyridin-2-yl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine
dihydrochloride. To a solution of tert-butyl 2-((9-((1r,4r)-4-methylcyclohexyl)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-5,6-dihydro-1,7-naphthyridine-
7(8H)-carboxylate (320 mg, 0.623 mmol) in DCM (5 mL) and MeOH (5 mL) was
added 4.0 M HCl in dioxane (10 mL) and a slurry formed within minutes. The mixture
was stirred overnight at room temperature, concentrated and then reslurried with ether.
The slurry was filtered with a Buchner funnel providing 9-((1r,4r)-4-
methylcyclohexyl)-N-(5,6,7,8-tetrahydro-1,7-naphthyridin-2-y1)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine dihydrochloride (176 mg) as a tan
solid. "HNMR (500 MHz, CD;0D) & 1.09 (3H, d, J = 6.4 Hz), 1.32-1.45 (2H, m), 1.77
(1H, br. s), 2.06 (4H, t, J=15.5 Hz), 2.64-2.79 (2H, m), 3.21 (2H, t, J= 6.2 Hz), 3.63
(2H, t,J=6.2 Hz), 4.61 (2H, s), 4.93-5.03 (1H, m), 7.88 (1H, br. s), 7.91-7.96 (1H, m),
8.74 (1H, d, J=6.1 Hz), 8.81 (1H, d,J= 6.1 Hz), 9.55 (1H, s), 9.80 (1H, s) ppm;
LCMS m/z: 414 (M+1).

[0288] Example 24. 9-((1r,4r)-4-Methylcyclohexyl)-N-(5,6,7,8-tetrahydro-
2,7-naphthyridin-3-yl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d]pyrimidin-2-amine

TN
NN\ /
iijQ

HN N
X | /
CHs
N
H
24
Cl Cl
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N \
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[0289] Synthesis of tert-butyl 6-chloro-3,4-dihydro-2,7-naphthyridine-

2(1H)-carboxylate. 6-Chloro-1,2,3,4-tetrahydro-2,7-naphthyridine hydrochloride
(commercially obtained from Anichem, North Brunswick, NJ) (2.0 g, 9.75 mmol) and
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TEA (2.72 mL, 19.50 mmol) were mixed in DCM (19.50 mL). Boc,O (2.34 g, 10.7
mmol) was added. The mixture was then stirred for 2 hours at room temperature. TLC
indicated good consumption of the starting material and the formation of one major
spot. There was also a less polar spot that was more faint. The reaction mixture was
partitioned with DCM and water. The organic layer was dried with sodium sulfate,
filtered, and concentrated. The residue was purified by flash column chromatography
on silica gel eluting with 0% to 40% EtOAc in hexane to provide tert-butyl 6-chloro-
3,4-dihydro-2,7-naphthyridine-2(1H)-carboxylate as a clear colorless oil (1.53 g). 'H
NMR (500 MHz ,CD,CCl,) 6 1.46 (9H, s), 2.80 (2H, t, /= 6.0 Hz), 3.62 (2H, t,J=6.0
Hz), 4.55 (2H, s), 7.12 (1H, s), 8.13 (1H, s) ppm; LCMS m/z: 269 (M+1).
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[0290] Synthesis of tert-butyl 6-((9-((1r,4r)-4-methylcyclohexyl)-9H-

pyrido[4',3":4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amino)-3,4-dihydro-2,7-
naphthyridine-2(1H)-carboxylate. The title compound was prepared using chemistry
similar to that described in Example 1 using tert-butyl 6-chloro-3,4-dihydro-2,7-
naphthyridine-2(1H)-carboxylate in place of tert-butyl 2-chloro-7,8-dihydro-1,6-
naphthyridine-6(5H)-carboxylate. "H NMR (500 MHz, CDCL3) § 1.07 (3H, d, J= 6.4
Hz), 1.23-1.35 (2H, m), 1.53 (9H, s), 1.62-1.73 (1H, m), 2.00 (2H, br. s), 2.48-2.67 (2H,
m), 2.81-3.01 (2H, m), 3.72 (2H, br. s), 4.61 (2H, s), 4.78 (1H, t, J= 12.5 Hz), 7.89
(1H, d, J=5.4 Hz), 8.10 (1H, br. s), 8.12 (1H, br. s), 8.36 (1H, br. s), 8.52 (1H, d, J =
5.4 Hz), 8.98 (1H, s), 9.12 (1H, s) ppm; LCMS m/z: 514 (M+1).

—
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[0291] Synthesis of 9-((1r,4r)-4-methylcyclohexyl)-N-(5,6,7,8-tetrahydro-

2,7-naphthyridin-3-y1)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d]pyrimidin-2-amine
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dihydrochloride. To a slurry of tert-butyl 6-((9-((1r,4r)-4-methylcyclohexyl)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-3,4-dihydro-2,7-naphthyridine-
2(1H)-carboxylate (446 mg, 0.868 mmol) in MeOH (4.3 mL) and DCM (4.3 mL) was
added 10 mL of 4.0 M HCl in dioxane. The resulting clear solution was then stirred
overnight at room temperature. Solid precipitated from the reaction mixture during the
course of the reaction. The mixture was concentrated, rinsed with ether and filtered to
yield 9-((1r,4r)-4-methylcyclohexyl)-N-(5,6,7,8-tetrahydro-2,7-naphthyridin-3-yl1)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine dihydrochloride (461 mg, 0.948
mmol). 'HNMR (500 MHz, CD;0D) § 1.07 (3H, d, J = 6.6 Hz), 1.29-1.42 (2H, m),
1.69-1.81(1H, m), 1.98-2.09 (4H, m), 2.64-2.76 (2H, m), 3.39 (2H, t, J = 6.4 Hz), 3.64
(2H, t,J=6.4 Hz), 4.54 (2H, s), 4.95-5.07 (1H, m), 7.68 (1H, br. s), 8.48 (1H, s), 8.71
(1H, d, /= 6.1 Hz), 8.83 (1H, d, /= 6.1 Hz), 9.55 (1H, s), 9.78 (1H, s) ppm; LCMS
m/z: 414 (M+1).

[0292] Example 25. 1-(2-((9-Cycloheptyl-9H-pyrido[4',3':4,5]pyrrolo[2,3-
d]pyrimidin-2-yl)amine)-7,8-dihydro-1,6-naphthyridin-6(5H)-yl)-2-
hydroxyethanone
O

HN)\N/ N

SH@

|

N

oA OH
25

[0293] Synthesis of 1-(2-((9-cycloheptyl-9H-pyrido[4',3':4,5] pyrrolo[2,3-

d]pyrimidin-2-yl)amino)-7,8-dihydro-1,6-naphthyridin-6(SH)-yl)-2-
hydroxyethanone (25). The title compound can be prepared using chemistry similar to
that described in Examples 1 and 5 using cycloheptylamine (commercially available
from Sigma-Aldrich, St. Louis, MO) in place of rans-4-methylcyclohexylamine
hydrochloride.
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[0294] Example 26. 1-(2-((9-Cyclopentyl-8-fluoro-9H-
pyrido[4',3":4,5]|pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)-2-hydroxyethanone
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[0295] Synthesis of 1-(2-((9-cyclopentyl-8-fluoro-9H-
pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)-2-hydroxyethanone (26). The title compound can be
prepared using chemistry similar to that described in Examples 21 and 22 using 9-
cyclopentyl-8-fluoro-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine (prepared as
described in WO 2009/085185) in place of 9-cyclopentyl-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine.

[0296] Example 27. 2-Hydroxy-1-(2-((9-(tetrahydro-2H-pyran-4-yl)-9H-
pyrido[4',3":4,5]|pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)ethanone
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[0297] Synthesis of 2-hydroxy-1-(2-((9-(tetrahydro-2H-pyran-4-yl)-9H-
pyrido[4',3":4,5]|pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)ethanone (27). The title compound can be prepared using
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chemistry similar to that described in Examples 1 and 5 using 9-(tetrahydro-2H-pyran-
4-y1)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine (prepared as described in
WO 2009/085185) in place of 9-((1r,4r)-4-methylcyclohexyl)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine.

[0298] Example 28. 1-(2-((9-((1R,2R,4S)-Bicyclo[2.2.1]heptan-2-y])-9H-
pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)-2-hydroxyethanone
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[0299] Synthesis of 1-(2-((9-((1R,2R,45)-bicyclo[2.2.1]heptan-2-y])-9H-
pyrido[4',3":4,5]|pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)-2-hydroxyethanone (28). The title compound can be
prepared using chemistry similar to that described in Examples 1 and 5 using 9-
((1R,2R,45)-bicyclo[2.2.1]heptan-2-y1)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-
amine (prepared as described in WO 2009/085185) in place of 9-((1r,4r)-4-
methylcyclohexyl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine.

[0300] Example 29. 1-(2-((9-((1s,3s)-Adamantan-1-yl)-9H-

pyrido[4',3":4,5]|pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)-2-hydroxyethanone
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[0301] Synthesis of 1-(2-((9-((1s,3s)-adamantan-1-yl)-9H-
pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)-2-hydroxyethanone (29). The title compound can be
prepared using chemistry similar to that described in Examples 1 and 5 using 9-((1s,3s)-
adamantan-1-y1)-9H-pyrido[4',3":4,5pyrrolo[2,3-d]pyrimidin-2-amine (prepared as
described in WO 2009/085185) in place of 9-((1r,4r)-4-methylcyclohexyl)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine.

[0302] Example 30. 2-Hydroxy-1-(2-((9-((1r,4r)-4-methylcyclohexyl)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d] pyrimidin-2-yl)aminoe)-5,6-dihydro-1,7-
naphthyridin-7(8H)-yl)ethanone

N
N X N\ /
. O
THs
HO/\n/
30
\ \ \ \ 7
1) DIEA, CH5ClI
@5 ko) e @
NZ 2) MeONa, MeOH NZ

HO/\H/
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[0303] Synthesis of 2-hydroxy-1-(2-((9-((1r,4r)-4-methylcyclohexyl)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d] pyrimidin-2-yl)aminoe)-5,6-dihydro-1,7-
naphthyridin-7(8H)-yl)ethanone. The title compound was prepared using chemistry
similar to that described in Example 5 using 9-((1r,4r)-4-methylcyclohexyl)-N-(5,6,7,8-
tetrahydro-1,7-naphthyridin-2-y1)-9H-pyrido[4',3":4,5]]pyrrolo[2,3-d|pyrimidin-2-amine
dihydrochloride (Example 23) in place of 9-((1r,4r)-4-methylcyclohexyl)-N-(5,6,7,8-
tetrahydro-1,6-naphthyridin-2-y1)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d |pyrimidin-2-amine.
'H NMR (500 MHz, CDCl3) & 1.08 (3H, d, J = 6.4 Hz), 1.21-1.35 (2H, m), 1.99 (4H, t,
J=10.5Hz), 2.60 (2H, dq, /= 3.5, 12.8 Hz), 2.91 (2H, q,J=5.9 Hz), 3.58 (1H, t, J =
5.9 Hz),3.68 (1H,t,J=4.3 Hz), 3.97 (1H,t,J=5.9 Hz), 4.10 (2H, m), 4.44 (1H, s),
4.75 (1H, m), 4.82 (1H, s), 7.55 (1H, d, J= 8.6 Hz), 7.88 (1H, d, /= 5.4 Hz), 8.07 (1H,
s), 8.43 (1H, d, /J=8.6 Hz), 8.53 (1H, d, /= 5.4 Hz), 8.99 (1H, s), 9.11 (1H, s) ppm;
LCMS m/z: 472 (M+1).

[0304] Example 31. 2-Hydroxy-1-(6-((9-((1r,4r)-4-methylcyclohexyl)-9H-
pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amine)-3,4-dihydro-2,7-
naphthyridin-2(1H)-yl)ethanone

-
HN)\N/ N
N | /
CHs
N
O)\/OH
31
\ \’/ \ \ /
© 0
1) DIEA, CH4ClI
N. OA
% b i/;( OJ\/ ®  2)MeONa, MeOH '\fgj O
[0305] Synthesis of 2-hydroxy-1-(6-((9-((1r,4r)-4-methylcyclohexyl)-9H-

pyrido[4',3":4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amino)-3,4-dihydro-2,7-
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naphthyridin-2(1H)-yl)ethanone. The title compound was prepared using chemistry
similar to that described in Example 5 using 9-((1r,4r)-4-methylcyclohexyl)-N-(5,6,7,8-
tetrahydro-2,7-naphthyridin-3-y1)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d|pyrimidin-2-amine
dihydrochloride (Example 24) in place of 9-((1r,4r)-4-methylcyclohexyl)-N-(5,6,7,8-
tetrahydro-1,6-naphthyridin-2-y1)-9H-pyrido[4',3":4,5]pyrrolo[2,3-d |pyrimidin-2-amine.
'H NMR (500 MHz, CDCL3) § 1.07 (3H, d, J = 6.4 Hz), 1.25-1.36 (3H, m), 2.01 (4H, d,
J=10.5Hz),2.51-2.64 (2H, m), 3.00 (2H, q, J =5.7 Hz), 3.59 (1H, t, ] = 6.0 Hz),
3.61-3.67 (1H, m), 3.97 (1H, t, J = 6.0 Hz), 4.31 (2H, t, ] =3.4 Hz), 4.49 (1H, s), 4.71-
4.85 (2H, m), 7.09 (1H, d, J =5.1 Hz), 8.14 (1H, s), 8.16 (1H, s), 8.42 (1H, s), 8.52
(1H, d, J=5.1 Hz), 9.00 (1H, s), 9.13 (1H, s) ppm; LCMS m/z: 472 (M+1).

[0306] Example 32. (S)-2-Hydroxy-1-(2-((9-((1r,4r)-4-methylcyclohexyl)-
9H-pyrido[4',3":4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amino)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)propan-1-one

N
-
HN N7 N
X | /
CHs
N
OH
Y
CH,
32
Y NN S
NI D HN” N7 "N
HN)\N/ N
o+ _EDC, HoBt N7
N7 + Ho)k( |
| DIEA, CHCI3 X /
X / CH3
CH; N
o)
CHj
[0307] Synthesis of (S)-2-hydroxy-1-(2-((9-((1r,4r)-4-methylcyclohexyl)-

9H-pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amino)-7,8-dihydro-1,6-
naphthyridin-6(SH)-yl)propan-1-one. To a solution of 9-((1r,4r)-4-
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methylcyclohexyl)-N-(5,6,7,8-tetrahydro- 1,6-naphthyridin-2-yl)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine (Example 1) (83 mg, 0.20 mmol) in
chloroform (10 mL) were added L-lactic acid (commercially obtained from Sigma-
Aldrich, St. Louis, MO) (15 uL, 0.20 mmol), EDC (46 mg, 0.24 mmol), N-
hydroxybenzotriazole (32 mg, 0.24 mmol), and N,N-diisopropylethylamine (84 uL,
0.48 mmol). The mixture thus obtained was stirred at room temperature and HPLC-MS
analysis indicated that the reaction was complete after 4 hours. The reaction mixture
was diluted with chloroform and washed with water and brine, then the organic layer
was dried over MgSQ, and concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica gel eluting with 10% to 30% solvent
A (DCM:MeOH:NH4OH, 90:9:1) in DCM to provide the title compound as a light
yellow solid (67 mg, 69% yield). "HNMR (500 MHz, CDCL3) § 1.06 (3H, d, J=5.0
Hz), 1.24-1.33 (2H, m), 1.38-1.44 (3H, m), 1.63-1.68 (1H, m), 1.96-2.02 (4H, m), 2.56-
2.64 (2H, m), 2.98-3.03 (2H, m), 3.78 (1H, t, /= 5.0 Hz), 3.90-3.94 (1H, m), 4.12-4.15
(1H, m), 4.56-4.63 (2H, m), 4.73-4.77 (1H, m), 4.81 (1H, br. s), 7.50 (1H, d, /=10
Hz), 7.54 (1H, d, J=10 Hz), 8.30 (1H, s), 8.43 (1H, d, /= 10 Hz), 8.47 (1H, d,J =10
Hz), 9.14 (1H, s), 9.16 (1H, s) ppm; LCMS m/z: 486 (M+1).

[0308] Example 33. (R)-2-Hydroxy-1-(2-((9-((1r,4r)-4-methylcyclohexyl)-

9H-pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amino)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl)propan-1-one
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[0309] Synthesis of (R)-2-hydroxy-1-(2-((9-((1r,4r)-4-methylcyclohexyl)-

9H-pyrido[4',3":4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amine)-7,8-dihydro-1,6-
naphthyridin-6(SH)-yl)propan-1-one. The title compound was prepared using
chemistry similar to that described in Example 32 using D-lactic acid (commercially
obtained from Sigma-Aldrich, St. Louis, MO) in place of L-lactic acid. 'H NMR (500
MHz, CDCls) 8 1.06 (3H, d, /= 5.0 Hz), 1.23-1.31 (2H, m), 1.38-1.44 (3H, m), 1.63-
1.67 (1H, m), 1.96-2.02 (4H, m), 2.56-2.64 (2H, m), 2.99-3.05 (2H, m), 3.78 (1H, t, J =
5.0 Hz), 3.90-3.93 (1H, m), 4.12-4.15 (1H, m), 4.58-4.63 (2H, m), 4.72-4.77 (1H, m),
4.81 (1H,d, J=5.0Hz), 7.50 (1H, d,J=10 Hz), 7.54 (1H, d, /=10 Hz), 7.84 (1H, s),
8.44(1H, d,J=10 Hz), 8.47 (1H, d, /=10 Hz), 9.19 (1H, s), 9.23 (1H, s) ppm; LCMS
m/z: 486 (M+1).

[0310] Example 34. 2-(Dimethylamino)-1-(2-((9-((1r,4r)-4-

methyleyclohexyl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amino)-7,8-
dihydro-1,6-naphthyridin-6(SH)-yl)ethanone
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Synthesis of 2-(dimethylamino)-1-(2-((9-((1r,4r)-4-

methylcyclohexyl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amino)-7,8-

dihydro-1,6-naphthyridin-6(5H)-yl)ethanone. The title compound was prepared

using chemistry similar to that described in Example 32 using 2-(dimethylamino)acetic

acid (commercially obtained from Sigma-Aldrich, St. Louis, MO) in place of L-lactic
acid. "H NMR (500 MHz, CDCls) § 1.07 (3H, d, J= 5.0 Hz), 1.24-1.32 (2H, m), 1.64-
1.67 (1H, m), 1.96-2.02 (4H, m), 2.32 (6H, s), 2.57-2.64 (2H, m), 2.97 (1H, t,J=5.0
Hz), 3.02 (1H, t, J= 5.0 Hz), 3.25 (2H, br. 5), 3.93-3.98 (2H, m), 4.70-4.76 (3H, m),
7.50 (1H, d,J=10 Hz), 7.84 (1H, d, ] = 5.0 Hz), 8.44 (1H, d, /= 10 Hz), 8.51 (1H, d, J
= 5.0 Hz), 8.97 (1H, s), 9.18 (1H, s) ppm; LCMS m/z: 499 (M+1).

[0312]

Example 35. tert-Butyl 2-((9-((1r,4r)-4-methylcyclohexyl)-9H-

pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amine)-5,6-dihydro-1,7-

naphthyridine-7(8H)-carboxylate

H3C>|/

CHs

[0313]

N\ N\ /

N/

35

Synthesis of tert-butyl 2-((9-((1r,4r)-4-methylcyclohexyl)-9H-

pyrido[4',3":4,5]pyrrolo[2,3-d] pyrimidin-2-yl)aminoe)-5,6-dihydro-1,7-

naphthyridine-7(8H)-carboxylate. The title compound was prepared as described in
Example 23. "HNMR (500 MHz, CDCls) § 1.07 (3H, d, J= 6.4 Hz), 1.23-1.33 (2H,
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m), 1.52 (9H, s), 1.64-1.68 (1H, m), 1.99 (4H, t, /= 11.0 Hz), 2.60 (2H, dq, /= 3.3,
12.3 Hz), 2.85 (2H, br. s), 3.72 (2H, br. s), 4.60 (2H, s), 4.73 (1H, t, J = 12.3 Hz), 7.53
(1H, d,J=8.3 Hz), 7.87 (1H, d, J=5.4 Hz), 8.10 (1H, br. s), 8.37 (1H, d, J = 8.3 Hz),
8.51(1H, d,J=5.4 Hz), 8.97 (1H, s), 9.12 (1H, s) ppm; LCMS m/z: 514 (M+1).

[0314] Example 36. tert-Butyl 6-((9-((1r,4r)-4-methylcyclohexyl)-9H-
pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amine)-3,4-dihydro-2,7-
naphthyridine-2(1H)-carboxylate

H3C™ | "CHj

CH3
36
[0315] Synthesis of tert-butyl 6-((9-((1r,4r)-4-methylcyclohexyl)-9H-
pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amine)-3,4-dihydro-2,7-
naphthyridine-2(1H)-carboxylate. The title compound was prepared as described in
Example 24. "HNMR (500 MHz, CDCls) § 1.07 (3H, d, J= 6.4 Hz), 1.23-1.35 (2H,
m), 1.53 (9H, s), 1.62-1.73 (1H, m), 2.00 (2H, br. s), 2.48-2.67 (2H, m), 2.81-3.01 (2H,
m), 3.72 (2H, br. s), 4.61 (2H, s), 4.78 (1H, t, J= 12.5 Hz), 7.89 (1H, d, J= 5.4 Hz),
8.10 (1H, br. s), 8.12 (1H, br. s), 8.36 (1H, br. s), 8.52 (1H, d, J= 5.4 Hz), 8.98 (1H, s),
9.12 (1H, s) ppm; LCMS m/z: 514 (M+1).

[0316] Example 37. 2-(Diethylamino)-1-(2-((9-((1r,4r)-4-

methyleyclohexyl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amino)-7,8-
dihydro-1,6-naphthyridin-6(SH)-yl)ethanone
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[0317] Synthesis of 2-(diethylamino)-1-(2-((9-((Lr,4r)-4-

methylcyclohexyl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-yl)amino)-7,8-
dihydro-1,6-naphthyridin-6(5H)-yl)ethanone. The title compound was prepared
using chemistry similar to that described in Example 32 using 2-(diethylamino)acetic
acid (commercially obtained from Matrix Scientific, Columbia, SC) in place of L-lactic
acid. "H NMR (500 MHz, CDCls) § ppm 1.02-1.09 (9H, m), 1.24-1.33 (2H, m), 1.63-
1.69 (1H, m), 1.96-2.02 (4H, m), 2.57-2.65 (6H, m), 2.98 (2H, t, /= 5.0 Hz), 3.39 (2H,
br.s), 3.97 (2H, t,J=5.0 Hz), 4.71-4.77 (3H, m), 7.49 (1H, d,J=10 Hz), 7.84 (1H, d,
J=5.0Hz), 8.24 (1H, s), 8.42 (1H, d, /=10 Hz), 8.51 (1H, d, J= 5.0 Hz), 8.97 (1H, s),
9.13 (1H, s); LCMS m/z: 527 (M+1).

[0318] CDK4, FL T3, and MOLM13 Assays
[0319] The CDK4 and CDK1 inhibitory activity of the CDK4/6-FLT3

inhibitors was determined with a filtration kinase assay. The compounds, kinase and
substrate diluted in the kinase buffer (20 mM Tris, pH7.4, 50 mM NaCl, 1 mM DTT,
0.1% BSA) were sequentially added to a 96-well Multiscreen HTS filtration plate
(Millipore). The final 100 pL reaction mixture in each well contained 0.3 pg of
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CDK4/Cyclin D1 or CDK1/Cyclin B (Cell Signaling Technology), 1 pg of Rb fragment
(aa773-928, Millipore) for the CDK4 assay or 5 pg of histone H1 for the CDK1 assay
and 1 uCi of [°P]-ATP. The mixture was incubated at room temperature for 1 hour.
The proteins in the reaction were then precipitated and washed with cold TCA solution
using an aspiration/filtration vacuum system. The plates were dried at room
temperature, and the retained radioactivity was measured by scintillation counting.
[0320] The FLT3 inhibitory activity of the CDK4/6-FLT3 inhibitors was
determined with a HTRF kinase assay. The FLT3 enzyme (GST-FLT3 fusion) was
purchased from Carna Biosciences. An ULight-labeled synthetic peptide derived from
human Janus kinase 1 (aal015-1027, ULight-JAK]1, PerkinElmer) was utilized as the
phosphoacceptor substrate. The assay was conducted in a 384-well white OptiPlate
(PerkinElmer). The 20 pL reaction mixture contained 50 nM ULight-JAK1, 116 uM
ATP, 0.0385 ng/uLL FLT3 and dilutions of test compounds in the kinase buffer (S0 mM
Hepes, pH 7.6, | mM EGTA, 10 mM MgCl,, 2 mM DTT, and 0.005% Tween 20). The
reaction was allowed to proceed for 1 hour at room temperature and was stopped by
adding 20 uL of 10 mM EDTA, 2 nM LANCE® Eu-W1024 anti-phospho-tyrosine
antibody in LANCE® detection buffer (PerkinElmer). The plates were incubated at
room temperature for 2 hours after addition of detection reagents and then read on an
Envision multimode reader (PerkinElmer).

[0321] The cell proliferation inhibition potency of the CDK4/6-FLT3
inhibitors was determined by using a [**C]-thymidine incorporation assay.
Exponentially growing cells (MOLM-13, Colo-205, etc.) were seeded in a 96-well
Cytostar T plate (GE Healthcare Biosciences) at a density of 5 x 10° cells/well and
incubated overnight. Serially diluted compounds and 0.1 uCi of [**C]-thymidine (GE
Healthcare Biosciences) were added to each well on the following day. After 72 hour
incubation, isotope incorporation was determined with a 3 plate counter (Wallac).
MOLM13 is a human AML tumor cell line expressing FLT3, FLT3"" and wild type
Rb.

[0322] 1Cso values of the compounds in the above assays were determined by
non-linear regression analysis using Prism (GraphPad Software).

[0323] The following table includes ICs, values obtained using the procedures

set forth above for the Example compounds described herein.
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Table of FLT3, CDK4, and MOLM13 Data For Example Compounds
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Example Structure® FLT3 CDK4 MOLM13
ICso ICso ICso
(uM)° (uM)° (uM)°
9 P
N\ /N
A 2
HN
N7 | 0.0034 | 0.0728 | 0.0649
\ -
CHy
N
(_F
10 =\
N N/
HN)\ 7N
N? | 0.0017 | 0.0105 | 0.0332
\ -
CHy
N
L_ocH;,
11 =\
)N
HN" N N
A O 0.0737 | 0257 >3
N | /
N O
12 =\
Y-
NN
N” | O 0.0027 | 0.0184 | 0.0108
\ >
N CHy
L,

- 182 -



N'.--Ne H3 "CH3 ND 0.003 0.0003 35 - N N HNNN N | --o0oF-13
WO 2012/129344 PCT/US2012/030007
Example Structure® FLT3 CDK4 MOLM13
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ON CH3 aThe AA/V synbol indicates that a m xture of the Rand S
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1. A conpound of Fornmula I: RA NN / R5/ nRBb NN" NR2 RL1 or a

phar maceutically acceptable salt thereof, a hydrate thereof, or a mxture
t her eof , wibeneins4®Rl is a group of Formula |IA Fornul a PBI/USes1210B@0T C, or
Formula ID 1A

were estimated using the equation Width® x Length x 0.5. Figure 1 shows the
calculated tumor volume as a function of time after twice daily dosing with Example 5.
Dose-dependent inhibition of tumor growth was observed. All doses were statistically
different from the vehicle treated group. Statistical significance was evaluated using
RMANOVA on log transformed tumor volume with baseline as covariate. P values are
shown in Figure 1.

[0327] Tumor Growth Inhibition in Colo205 Xenograft Tumors

[0328] The activity of Example 5 was evaluated in the human colon
carcinoma, Colo205, xenograft tumor model. This cell line expresses CDK4/6 but not
FLT3. Therefore, this system will measure the activity of Example 5 against CDK4/6.
Colo205 cells (obtained from American Type Culture Collection, Manassas, VA, USA)
were cultured in DMEM cell growth medium containing 10% fetal bovine serum
(commercially obtained from Invitrogen, Carlsbad, CA USA). Two million cells were
innoculated on the right flank of CrTac:NCR-Foxn!™ nude mice (commercially
available from Taconic Farms, Inc, Hudson, NY USA) and allowed to grow for 13
days. Mice were then distributed into groups of 10 mice based on ranking of initial
tumor volume to achieve groups in which the average tumor size was 170mm’.
Example 5 was formulated in 2% HPMC (Hypermellose; HY 122-13; commercially
available from Spectrum Chemical Manufacturing Gardena, CA USA)/1% Tween-80
(Crillet 4 HP; commercially available from Croda, Inc Edison, NJ USA) and dosed
daily or twice daily 6 hours apart for a total of 10 days with 12.5mg/kg, 25mg/kg,
37.5mg/kg, or 50mg/kg. Tumors were measured every other day using two-
dimensional calipers and tumor volumes were estimated using the equation Width? x
Length x 0.5. Figure 2 shows the calculated tumor volume as a function of time after
twice daily dosing with Example 5. Dose-dependent inhibition of tumor growth was
observed. All doses were statistically different from the vehicle treated group.
Statistical significance was evaluated using RMANOVA on log transformed tumor
volume with baseline as covariate. P values are shown in Figure 2.

[0329] All publications and patent applications cited in this specification are
hereby incorporated by reference herein in their entireties and for all purposes as if each
individual publication or patent application were specifically and individually indicated
as being incorporated by reference and as if each reference was fully set forth in its
entirety. Although the foregoing invention has been described in some detail by way of

illustration and example for purposes of clarity of understanding, it will be readily

- 191 -



,AILNAI | B 1 vww NVTR a R8a | R8b \ R6. N R8e

WO 2012/129344 PCT/US2012/030007

apparent to those of ordinary skill in the art in light of the teachings of this invention
that certain changes and modifications may be made thereto without departing from the

spirit or scope of the appended claims.
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IC 1 Rf7a NI Rsc R7cR8d R8a R8e R8b N 18f R6 ID wherein the sAfvv synbol
I ndi cates the point of attachment of the group of Formula IA 1B, IC or ID
to the r ew020f2/2b34n0l ecul e; PCT/US2012/030007

WHAT IS CLAIMED:

1. A compound of Formula I:
3c 3a
R* R A
N
N™ X\ /
RS\N)l\N/ N R3b
R R?

or a pharmaceutically acceptable salt thereof, a hydrate thereof, or a mixture thereof,
wherein:

R'isa group of Formula IA, Formula IB, Formula IC, or Formula 1D

R
R8C N |
R8d X R7b
R8€ R8a
R8f N R8b
R6
1A 1B

\ y R?a
| RSC
R7°R8a\ R8d
8e
R8b N RSIfQ
R6
1C 1D
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R2 is a C5-Crcycl oal kyl group, is a 5 to 7-nmenbered heterocyclyl group that
includes 1, 2, or 3 heteroatons selected fromN, 0, and S, or is a C7-C o
bi cycl i c woaop/i2zedierei n t he C5- C7 cycl oal kyl group, thePETIUS20121080002r ed
het erocycl yl group, or the C7- C obicyclic group is unsubstituted or is
substituted with 1-3 substituents independently selected from unsubstituted
-(C1-C6 alkyl), -OH, halo, -0-(Cl-C6 al kyl), -CO»2H, C(=0)-0-(C1-C6 alkyl),
-C(=0)-NR' R', -NRR', or a substituted -(Cl-C4 al kyl), wherein the
substituted -(Cl-C4 alkyl) is substituted with 1-3 substituents
i ndependent | yheigingbe eaf syorhohailigates- toHpointOCpBichmeyt 2Ofhe gopBof rmulg{A0) - CH3;
R3a is sel ectﬂﬁqcf(grqﬂltoh{ere Foftf?ermo]]%ul -(Cl-C3 alkyl), or -0-(C1-C3 al kyl);
R3b is -H ha ei , unsubstituted -(Cl-C6 al kyl),
-NR R', (C(=0)-(C1- R alkyt c)ycloalaflzgngupow(aéxo Coneaibripil heteroQehh proNRIBR' | or a
substi tuted - (061 & 94 herer WG SleRek Mo N0T b SftisalcClr, Boy@likdbdp:i S
substituted V\Al'?%ul 3 Sub ste;t%ruentsel %depgndently sel 1(—‘:S-caflt e??r%}%lﬁ%l orf’ - OH,
OCHS - CN, orwhengapthe R3€7 pxsloallyl growp the3 tail mpmperedheteratysly! gaup, or theiC-R5 i s
R6 1S, S8IAHE kR fs B Wbstited §GLsubRidbk ¥l 1.3 TRkl fhefRadbky! ) .
G=0)-0- (o & ﬁﬁyf%,%éﬁzgﬁbft@?tio R L CU=0) - NR R or -s?‘gg?-mg R
wherein the aISRlyMe(bfr@manbstmh@i—(CC@e @dhyla-RE halo, -@(&o¥s4licl), €BqH) kyl ), and
- (=0) - 0- (C1- OB -ad)kylo SO ﬁtﬁ)stwﬁﬁte&l Qibst tdtgd with 1-3
8 Bendentﬁy sel % }lg F Slt?]teg)g‘f;

substituents in ected from "al kyl),
-0- (CLl- C6 al kywherein faRsulstituigd (TG4 2RV R i sybﬂqtutequﬂll Mubh@wwts mdependem’r&b is -H,

-(C1-C6 al kyl) 7 b i group of Forrmula IB or
Fornmul a | D; ngle%d}-?@l%lﬂﬁlﬁsugﬁt(?g%? SS é)engSC%r B{;g e hal o, -0-(Cl1-Co6

al kyl), -NO2, -CN, RNmsekcted fompHi, Fc(r—G} @11(Cmﬂ< oarwclycg allgf=0) -NR R', or
a substituted -(Cl -156;5af1 kil o Loﬂh@@ g < L6 Eﬁt&t&f cgﬁ%w?ﬁm"ﬂéy') i s
ndep ent e hal o

substituted with 1-3 substituents y se ect om - OH,

-0- (CL- 6 al kyF§50)=(ENCs 2N, RE(=0giO- CCS(C‘?@@)kZl) )R Ri3yes ai sgbsibasin( Ci- s R

i S
group of For I I G LS ed -(C1-C6
al kyl), or [ ol fhtin FRBM e S ﬁalkyl)%%rbg?‘ﬁwﬁgiﬂg Skttt £d (Cl o6

alkyl) is subs}tldepertdé'@ﬂwkeweqﬁgn:b@ibsﬂ& t@@ﬂs -MdepPdent |y sel ected from
-OH, halo, or -0-(Qk Byalkyd)aikyl), or halo;

R*is -H;

R’is -H;

R® is selected from -H, -(C;-Cg alkyl), -C(=0)-(C;-Cs alkyl), -C(=0)-0-(C;-Cs
alkyl), -C(=0)-C(=0)-OH, -C(=0)-NR’R”, or —S(=0)-NR’R”, wherein the alkyl group
of the —(C,-Cs alkyl), -C(=0)-(C;-C¢ alkyl), and -C(=0)-0-(C;-Cg alkyl) groups is
unsubstituted or is substituted with 1-3 substituents independently selected from —OH,
F, -S(=0),-(C;-Cg alkyl), -O-(C;-Cg alkyl), -NR’R”, or -CN;

R™ is—H, -CHs, or halo;

R™ is —H, -(C,-Cy alkyl), or halo; or R™ is absent if R" is a group of Formula IB

a

or Formula ID;

R’ is —H, unsubstituted —(C;-Cs alkyl), halo, -O-(C;-Cs alkyl), -NO,, -CN,
-NR’R”, -CO,H, -C(=0)-0-(C;-Cs alkyl), -C(=0)-NR’R”, or a substituted —(C;-Cs
alkyl), wherein the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents
independently selected from —OH, halo, -O-(C;-Cs alkyl), -CN, -NR’R”, or —S(=0),-
CH;; or R™ is absent if R' is a group of Formula IA or Formula IC;

R™ is -H, unsubstituted —(C;-Cs alkyl), or a substituted —(C;-Cy alkyl), wherein
the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents independently selected
from —OH, halo, or —O-(C;-Cs alkyl);
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R8b is -H unsubstituted -(Cl-C6 alkyl), or a substituted -(Cl-C6 al kyl),
wherein the substituted -(Cl-C6 alkyl) is substituted with 1-3 substituents
i ndependewol2zgi2ebmat ed from -OH, hal o, or -0-(Cl-C6 al kpCr/uses12B8m@moand R8b,
when taken together, can represent =0; R8e is selected from-H, -OH,
unsubstituted -(Cl1-C6 al kyl), or a substituted (Cl1-C6 alkyl), wherein the
substituted -(Cl1-C6 alkyl) is substituted with 1-3 substituents

i ndependently selected from-0OH, halo, or -0-(Cl-C6 al kyI) R8d is
-H, unsubstituted -(Cl-C6 al kyl), or a substituted -(Cl-C6 al kyl), wherein
the substituted - (G- S6Hamkylshituied €uKstallylit erd swhstifntetl-—8C sCirdlvilk whereis

i ndependent |y tﬁeeg B&%ﬂﬁgd f £Q @F ﬁlgﬂ‘; is Qgﬂsﬁmte(a 1t'hq isg%stg@en% nlﬁé%ﬁrrdelrt? SFl)ectecﬁse i's

-H, unsubstitut ed , a substitute wher ei n
the substit ut debm (QH @B, ai 481G G@l@ub@ﬁwﬂ@éb whethtalien 3ogsthior £4nt gRrAtest
|ndependently:'~‘@l ected from-0OH, halo, or -0-(Cl-C6 al kyl); R8f is
-H, unsubstitutéd (Cl C6 al kyl), or a substituted -(Cl-C6 al kyl), wherein
the substituted - (&> esecledtédyfiim its -QUbasilstivesd (6 it 2y, ubssbstitatesht s

i ndependent |y g@'@%‘ﬂ%ﬂ \fvﬁé?éﬂlfhg"ubsﬁﬁke‘a_(@rc a%)@é%lgﬁm?tlsd%ltﬁi -30r Rse and Ref,

when taken toget her, “can represent =0; are 1 ndependently
sel ected fromsubsitugnis itgsnendantl delectadfromy- %HWIO) or 6H(Ci{{rlkgh: al kyl )

substituted with 1 8®1s3H31H191§Js{1ﬁ1{é§n£C% (F1 e(;}q%{}lgslnﬁte?e C S gqllgjb)r Q,ngelﬁﬁ -

F. 2. The conpound of claim1 or ceutica cce [e sa
thereof, the Hyuwasteutehedfess alkgi IStSﬁQtlmeximﬁhé 3 vbstivesints independpmilyRple¢ted a C5- C7
cycl oal kyI ar thatpales Iu_Q§_ 6'a‘il§5 yed or is substituted with 1-3
substituents in epen ent 'y sel'ected from unsubstituted - -(Cl-C6 al kyl), -0OH,

hal o, -0-(Cl-C6 al T H @Glmﬂltuted:tﬁbjca@ﬂwbzlﬂr@@ul&hwwdﬂc1—@(aﬂ(}'ﬂ) NRTEm
-NR'R", or a %Hé)sﬁ)étftﬁ{&? Ch bcg'lk)gl"flls%ﬂ%}ﬂu)ed vmﬂqrf" Bst{t&%tsqﬁql%géﬂdgrﬂg%glecté(pl C4

al kyl) is substituted w Substituents in epen ent cted from
hal o, OH, - Odign-Ol(haf) Qf-@-l(ﬁ -GralkyQ{ =0) - CH3. 3. The conpound of claim 2 or

the pharmaceut i cal |y goqeptabhfictald ¢ IRYAAa JNBRILIALE SR Eflvin O the

m xture thereof, wherein I's a cycl ohexyl group sub titut
-(C1-C2 al kyl )th@%@j@ted (C1 Cs alkyl) is substituted with 1-3 substituents independently selected

from —OH, halo, or —O-(C,-Cs alkyl); or R* and R*, when taken together, can represent
=Q; and

R’ and R” are independently selected from —H, unsubstituted —(C;-C, alkyl), or
—(C;-C4 alkyl) substituted with 1 to 3 substituents independently selected from —OH or -
F.

2. The compound of claim 1 or the pharmaceutically acceptable salt thereof,
the hydrate thereof, or the mixture thereof, wherein R” is a Cs-C; cycloalkyl group that
is unsubstituted or is substituted with 1-3 substituents independently selected from
unsubstituted —(C;-Cg alkyl), -OH, halo, -O-(C;-Cs alkyl), -CO,H, -C(=0)-0-(C;-Cs¢
alkyl), -C(=0)-NR’R”, -NR’R”, or a substituted —(C;-C, alkyl), wherein the substituted
—(C;-C4 alkyl) is substituted with 1-3 substituents independently selected from halo,
-OH, -OCHs;, -S(=0),-CHj3, or -C(=0)-CHs.

3. The compound of claim 2 or the pharmaceutically acceptable salt thereof,
the hydrate thereof, or the mixture thereof, wherein R” is a cyclohexyl group substituted

with a —(C;-C, alkyl) group.
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WO 2012/ 129344PCT/ US2012/ 030007 4. The conpound of claim3 or the

phar maceutically acceptable salt thereof, the hydrate thereof, or the

m xt ure twerenfi29serein R2 is a group of forrmula V Y%AARCT/US2@2i63@07
wherein the Jvvv synbol indicates the point of attachment to the rest of

t he nol ecul e. 5. The conmpound of any one of clains 1-4 or the
phar maceutically acceptable salt thereof, the hydrate thereof, or the
m xture thereof, wherein Rl is a group of Forrmula I A or |IB. 6. The

conmpound of claim5 or the pharmaceutically acceptable salt thereof, the
hydrate t her eof , or4.t hdharponmeped eflsdaim gfor thambaraiaepurally gccaptgli’l@enét thgrector mul a

| A J’lgrd&%‘ﬂﬂ%&dorqﬂe i x?drg%h&veom% &h W is a group Jfforhifila2

CSC7cycIoaIky oup that is unsu stltute ustltuted with 1-3
-(C1-C6 al kyl) groups X,

CHs
wherein the vwwv symbol indicates the point of attachment to the rest of the

molecule.

5. The compound of any one of claims 1-4 or the pharmaceutically
acceptable salt thereof, the hydrate thereof, or the mixture thereof, wherein R' is a

group of Formula IA or IB.

6.  The compound of claim 5 or the pharmaceutically acceptable salt thereof,

the hydrate thereof, or the mixture thereof, wherein R' is a group of Formula IA.

7. The compound of claim 1, wherein:

R’ is a C5-C; cycloalkyl group that is unsubstituted or is substituted with 1-3
-(C1-Cg alkyl) groups;

R* is selected from —H, -(C;-Cs alkyl), or —O-(C;-C; alkyl);

R is -H;

R* is -H;

R*is -H;

R’is -H;

R® is selected from -H, -(C;-Cg alkyl), -C(=0)-(C,-Cy alkyl), or
-C(=0)-C(=0)-0OH, wherein the alkyl group of the —(C;-Cs alkyl) and -C(=0)-(C;-Cs
alkyl) groups is unsubstituted or is substituted with 1-3 substituents independently
selected from —OH, F, -S(=0),-(C;-Cs alkyl), or —O-(C;-Cs alkyl);

R™is-H;

R™ is —H; or is absent if R' is a group of Formula IB or Formula ID;

R’ is —H; or is absent if R is a group of Formula IA or Formula IC;
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R3a is selected from-H, -(Cl-C3 alkyl), or -0-(Cl1-C3 alkyl); R3b is -H
R3e is -H R4 is -H R5is -H, R6 is selected from-H, -(Cl-C6

al kyl), -vw0=20)2/12a344C6 al kyl ), or -C(=0)-C(=0)-0H, wher eipaTtuseoialoBopb7 gr oup
of the -(Cl1-C6 alkyl) and -C(=0)-(C1-C6 al kyl) groups is unsubstituted or
is substituted wth 1-3 substituents independently selected from-0OH, F,
-S(=0)2-(C1-C6 alkyl), or -0-(Cl-C6 alkyl); R7fais-H R7/bis -H or is
absent if R is a group of Formula IB or Formula ID, R7e is -H, or is
absent if R is a group of Fornula IA or Formula IC R8a is -H R8b is -H
R8e is selected frdh1BkH OH, or unsubstituted -(Cl1-C6 alkyl); R8d is -H
R8e is -H and R8f jss; -H or the pharnmaceutically acceptable salt thereof,

the hydrate thereof or fhe mixture thereof.
¢ is selected from —H, -OH, or unsubstituted -(C;-Cs alkyl);

R¥is -H;

R™ is —H; and

R¥is -H,

or the pharmaceutically acceptable salt thereof, the hydrate thereof, or the

mixture thereof.

8. The compound of claim 1, wherein the compound has the Formula ITA

R3a
N™ XY\ A
ey R
>
R&¢ \l
CH,
e

ITIA
or the pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture
thereof,
wherein:

R* is selected from —H, -F, or —Cl, -(C;-C; alkyl), or -O-(C;-C5 alkyl);

R* is -H, halo, -OH, -O-(C;-Cg alkyl), unsubstituted —(C;-Cy alkyl), -NR’R”,
-C(=0)-(C;-Cs alkyl), -C(=0)-0-(C;-Cs alkyl), -C(=0)-NR’R”, or a substituted —(C;-Cs
alkyl), wherein the substituted —(C;-Cs alkyl) is substituted with 1-3 substituents
independently selected from halo, -OH, -OCHj3, -CN, or -NO»;

R® is selected from -H, -(C,-Cs alkyl), -C(=0)-(C,-Cs alkyl), -C(=0)-C(=0)-OH,
-C(=0)-NR’R”, or —S(=0)-NR’R”, wherein the alkyl group of the —(C;-C¢ alkyl) and
-C(=0)-(C;-Cs alkyl) groups is unsubstituted or is substituted with 1-3 substituents
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8. The conpound of claim1, wherein the conpound has the Formula I A R3a Il A
or the pharnmaceutically acceptable salt thereof, the hydrate thereof, or

t he m xt uwe 20teenesafi, wherein: R3a is selected from-H, PEI/USR012@Bg007 ( Cl- C3
al kyl), or -0-(Cl-C3 alkyl); R36 is -H, halo, -OH, -0-(Cl-C6 al kyl),
unsubstituted -(Cl1-C6 alkyl), -NRR', (C(=0)-(C1l-C6 alkyl), -C(=0)-0-(C1-Co6
alkyl), -C(=0)-NR R', or a substituted -(Cl-C6 al kyl), wherein the
substituted -(Cl1-C6 alkyl) is substituted with 1-3 substituents

i ndependently selected fromhalo, -OH -OCH3, -CN, or -NO2; R6 is selected
from-H, (Clnd@@nmrklylsglected@((m@)m(i(ﬂ @SOM(EVIC) alkylﬂ:( Qg§+-C a-lbs)l),EiFR R”, or
C(=0)-NR R", O 4 o =0)-NR R, wherein the alkyl group of the -(Cl-C6 al kyl)
and C(=0)- (Cl % aI kyl) groups is unsubstituted or is substituted with 1-3
substituents i n®eperiRsetifipmsel, H.adsibpiinted 619, -Gr alkylg(ez@ pubs(iaed 86al kyl ) ,

-0-(C1-Co al I@élaﬂql), R the Qbstituted —(C,-Cs alkyl) is substituted with 1-3 substituents
independently selected from —OH, halo, or —O-(C;-Cg alkyl).

9.  The compound of claim 8, wherein:

R* is selected from —H, -(C;-Cs alkyl), or —O-(C;-C; alkyl);

R* is -H;

R® is selected from -H, -(C;-Cg alkyl), -C(=0)-(C;-Cs alkyl), or -C(=0)-C(=0)-
OH, wherein the alkyl group of the —(C;-C¢ alkyl) and -C(=0)-(C;-Cs alkyl) groups is
unsubstituted or is substituted with 1-3 substituents independently selected from —OH, F,
-S(=0),-(C4-Cg alkyl), or —O-(C;-Cg alkyl); and

R¥ is selected from —H, unsubstituted —(C;-Cy alkyl), or —OH,
or the pharmaceutically acceptable salt thereof, the hydrate thereof, or the mixture

thereof.

10.  The compound of claim 8 or claim 9 or the pharmaceutically acceptable
salt thereof, the hydrate thereof, or the mixture thereof, wherein R* is selected from -H,
-CHj3;, or -OH.

11.  The compound of claim 10 or the pharmaceutically acceptable salt

thereof, the hydrate thereof, or the mixture thereof, wherein R* is —H.

12.  The compound of claim 11 or the pharmaceutically acceptable salt

thereof, the hydrate thereof, or the mixture thereof, wherein R*is -H.

13.  The compound of any one of claims 7-12 or the pharmaceutically
acceptable salt thereof, the hydrate thereof, or the mixture thereof, wherein R is
selected from -H, -C(=0)-CHj3;, -CH,CH,OH, -CH,CH,CH,OH, -C(=0)-CH,OH,
-C(=0)-C(=0)-0OH, -CH,CH,CF3, -CH,CH,F, -CH,CH,S(=0),-CHj3, or -
CH,CH,OCHs.
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CN; and Rs' is selected from-H, -OH unsubstituted -(Cl-C6 al kyl),
or a substituted -(Cl- C6 alkyl), wherein the substituted -(Cl-C6 al kyl) is
substi t utwo 20i2rh93443 substituents independently sel ect e#Crrusaor2@Byoonal o, or
-0-(C1l-C6 alkyl). 9.The conmpound of claim8, wherein: R3a is selected from
-H, -(Cl-C3 alkyl), or -0-(C1-C3 alkyl); R3b is -H R6 is selected
from-H -(Cl-C6 alkyl), -C(=0)-(C1l-C6 al kyl), or OH wherein the alkyl
group of the -(Cl-C6 alkyl) and -C(=0)-(Cl-C6 al kyl) groups is
unsubstituted or is substituted with 1-3 substituents independently

sel ected from-OH, B, T8¢ e@ypuiddif-cidmdp Rythy phagmacegtiqaliy acceptaliksplt) ; and Rs'
is selected frtﬁmafﬁhe bbbl A ke BB ifbdin 101 febled BEm D
pharmaceutically accep e sa %ereo? ydrate thereof, or the

m xture ther eof3(=0)-CH3 Or @(ﬁo)ﬂﬁieoﬁorrpound of claim8 or claim9 or the
pharmaceutically acceptable salt thereof, the hydrate thereof, or the

m xture thereof, wherein Rs' is selected from-H, CH3, or -O—| 11.
The compound of cl aim Tbe @rmﬁoh@i@W&lmﬂc‘éhﬂr@@melcymmépﬁsalmtedﬁ@mt t her eof ,
the hydrate thereof, or the m xture thereof, wherein is -H 12.
The conpound of claim 11 or the phat tg | e salt thereof,
the hydrate thereof, or the tuye thnereof, whgreln is -H 13.
The conpound of any one of ' ar Neutically acceptable

salt thereof, the hydrat N or the mxjure th of, wherein R6 is
selected from-H, -C(=0)- -CH CH2OH, -CN CH2 C(=0) - CH2OH,

N~ | X /

S / CH3
CH; N

N A

H O CH3
— Y

NS NI
I

HN)\N/ N AN N7 N

g 3 O

N | X -
CH3 CH,

N N

(_on o Neon |
— \ N| X N\ /N

X

HN” N N

N” | |

X CH;
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C(=0) - O(=0) - OH, - CH2CH2CF3,

- CH2CH2F,

- CH2CH2S( =0) 2- CH3, or

CH2 CH2 OCHS.

14. The conpound of claim 13 or the pharmaceutically acceptable salt

t her eof , wbeotwyidoztie t her eof ,

or the m xture thereof,

wire Taisn0 12634087

selected from-C(=0)-CH3 or -C(=0)-CH2CH.
1, wherein the conmpound is selected from

15. The compound of claim
WD 2012/ 129344PCT/ US2012/ 030007

NN HNNNHNNN NV 1INV 1 11 H3C,, .
= Y
A - HN)\N/ N

HN” "N N

S O

N F N CH
CH; 3

N N Q0

o ey
HN)\N/ N HN)\N/ N
A0 A
N / g /
CH; CH,
N N
L_F _ocH,
jpRsd
- —
NS W HN” N N
|
HN)\N/ N N7 O
~ X E
N -
CH
N | - NI ’
NH o T OH
NI N \ /N NI AN N\ /N
HN)\N/ N HN)\N/ N
: ke
H3C . | 4 H3C/,‘ ™ | 4
CH, CHs
N N
H H
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-CH3 N H or the pharmaceutically acceptable salt or the hydrate
thereof. 16. The conmpound of claim1l, wherein the conpound is N
HNN- - - - N wWo 201r2/i2ba#4phar maceut i cal | y acceptabl e salt or trhe/usgadeas@ot her eof .
17. The compound of claim 1, wherein the compound is

— ——

N N
D O D O
o o
HN” >N~ N HN” N~ N
H3C \| / H3C/,, \| /
CH, CHs
N N
L_oH L_oH
N N
D O D W
2 o
HN” N~ N HN” N~ N
@ @ g O
HO N / HO, X
CHy CHy
N N
H H) H H)
N N
) O D O
2 o
HN” N~ °N HN” N~ "N
3 QW k
HO \l / HO,,, \| /
CHs CH,
N N

N N
D D
P 2
HN” N~ N HN” N~ °N
NZ | NZ |
H,C ™ HiCr, A /
CHy CH,
N N
0% “CHj, 07 “CHj,
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OH or the pharnmaceutically acceptable salt or the hydrate thereof. 18. The
conpound of claim1, wherein the conpound is OH O or the pharnmaceutically
accept ablwo=al®120344t he hydrate thereof. 19. The conpouna&cofusediaiornod
wherein the conpound is selected from or the pharnmaceutically acceptable
salt or the hydrate thereof. 20. The conpound of any one of clainms 1-19 in
a neutral form 21. The pharmaceutically acceptable salt or a
hydrate t hereof of any one of clains 1-19.

OCH,

OCH,4
ﬂ TQ
X\ /
)\
O K
N/
53 f?

O“

H) O H)
NT \/N W
x\ >
N
OH N
O)\/ ,or H

or the pharmaceutically acceptable salt or the hydrate thereof.

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

——

N XN\ /

HN” SN N

- <i:>

\ | 4
CH;

N

H

or the pharmaceutically acceptable salt or the hydrate thereof.

N

17.  The compound of claim 1, wherein the compound is
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22. The pharmaceutically acceptable salt or a hydrate thereof of claim 21,
wherein the pharmaceutically acceptable salt or hydrate thereof is selected
froma chwornteizsait, a net hanesul fonate salt, or a benremascéios@mbe salt.
23. A pharmaceutical conposition, the pharmaceutical conposition conprising
a therapeutically effective anount of the conmpound, the pharnmaceutically
acceptable salt, the hydrate thereof, or the m xture thereof according to
any one of clainms 1-22 and at | east one pharmaceutically acceptable

excipient, carrier, or diluent. 24. A nethod of treating cancer, the
met hod conprising: admnistering to a subject an/€efYective anount of the
conpound, the pharmaceutically acceptable 8a er/eof , the hydrate

ims 1-22 or the

thereof, or the m xture thereof of any oneﬂpt/
N* N The nethod of claim 24,

phar maceuti cal conposition of claim 23.H
wherein the cancer is selected from acyt eukem a, acute

| ynphobl astic | eukeni a, nyel odyspl asti g_sylpdro I tiple nyeloma, chronic
nyel oid | eukem a, acute |ynphocytic | a, chronic |ynphocytic | eukem a,
non- Hodgki n | ynphoma, anot her | ynphong, gnother mf&fmonma, or anot her

| eukem a. 26. The nethod of clai\n 25, wherein the cancer is acute
nyel oi d | eukem a. 27. The nethod\giOHlain124, wherein the cancer is
sel ected from breast cancer, colorectal cancer, small’ cell |ung carcinom,
head and neck, i i i stinal, liver, prostate,
ovari an, testfgueiggkgﬁﬁgggyfggpg&%?ggggfg@ﬁgﬁghgﬁg, ost eosar conma, or

anot her sarcona. 28. The nethod of any one of clains 24-27, wherein
the cancer i s Rbposli8ti Vbe cagpoupd efefdrod. whertin dwtcpmpouvdiscer, the net hod
conprising: adm nistering to a subject (a) ef fective anount of

t he conpound, the pharmaceutically acceptaH saf\t phereof, the hydrate
thereof, or the mxture thereof of any onejof [cl 1-22 or the
pharmaceutical conposition of claim23; N° N (b) at |east one second
t herapeutic agent used in the treatnent df cance 30. The nethod of
claim 29, wherein the second therapeutiN”agent i t osi ne ar abi nosi de,
daunor ubi ci n, idarubicin, doxorubicin, ophospham de, etoposide,

carbopl atin, fludarabine, mtoxantron examet hasgpe, rituxi mab,

m dostaurin, a granul ocyte col ony-sti ting factor, filgrastim

PEG filgrastim |enograstim decitabin%kbﬁégcitidine, pacl it axel,

genti tibi ne, notesani b di sphosphate, @gan~ununmab, an anti body directed

agai nst CD33, or a CD33 bhispecific T-cell engager anti body. 31. The
conpound of any tRpBadfacutiedlfBcckp@Ble ki)t driie WERRARAEION of a medi cament .

32. The conpound of any one of clains 1-22 or the pharmaceutically

acceptable salt, or _the hydrate thereof, or the m xture thereof or the
phar maceut i cal conpdsi tieFPyPUR] ofictaind. vhreip the pprynd iyelgpted from
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33. The conpound of claim 32 or the pharmaceutically acceptable salt, or
the hydrate thereof, or the m xture thereof, wherein the cancer is selected
from acutworpeliapzk4| eukem a, acute | ynphobl asti c | eukenPaT/usp@hosiyspl asti c
syndronme, nultiple nyeloma, chronic nyeloid | eukem a, acute |ynphocytic

| eukem a, chronic |ynphocytic | eukem a, non-Hodgkin | ynphoma, another

| ynphonma, anot her nyel oma, or anot her | eukem a. 34. The conpound of
claim 32 or the pharmaceutically acceptable salt, or the hydrate thereof,

or the mxture thereof, wherein the cancer is acute nyeloid | eukem a.

35. The conpound of cIa|n13 —0 utycal Iy acceptable salt, or

the hydrate thereof, ure thie \ f/or use in treating a hunan
cancer patient, mhere|n the cer | t ol ogi cal cancer. 36.
The use of the co % Nany oneH ai 1-22 or the pharmaceutically
acceptable salt, or]the hydpate t o) e mxture thereof in the
preparation of a Nedi arren trieat/j ng ¢ r. 37. The use of
claim 36, wherein cance S se d from acute nyeloid | eukem a, acute

1 a, nyelogéspla tid syndidhe, nultiple myel oma, chronic
nyel oi d | eukenH® ute | ynphotytic Iﬁukenla chronic | ynphocytic | eukem a,
non- Hodgki n | ynphoma, anot her | ynphona, another *nyel oma, or anot her

| eukem a. 38. The use of claim 36, wherein_the/canger is acute nyeloid
| euken a. N XN\ /
N i\ |
P HN” N7 N
HN” N” N
NZ ' |
g N ,
- CH,4
~" oy
HO
OH
®) , O)\/ ,
TN TN
NI XN\ / NI X\ /
HN/k ZN HN/kN/ N
g O g C
X / N /
CHs CH;
N N
O)YOH O)»\:/OH
CH; CHs
N
— \ N| AN \ y/
A
Jﬁ\ \} HN"NZ N
Z>N
HN” ~N N
g b ~ '
N L CH,  Cffs
CHs N
Z\/N OJ\/NW
CH3 , or CH3

or the pharmaceutically acceptable salt or the hydrate thereof

20. The compound of any one of claims 1-19 in a neutral form.
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21. The pharmaceutically acceptable salt or a hydrate thereof of any one of

claims 1-19.

22. The pharmaceutically acceptable salt or a hydrate thereof of claim 21,
wherein the pharmaceutically acceptable salt or hydrate thereof is selected from a

chloride salt, a methanesulfonate salt, or a benzenesulfonate salt.

23. A pharmaceutical composition, the pharmaceutical composition
comprising a therapeutically effective amount of the compound, the pharmaceutically
acceptable salt, the hydrate thereof, or the mixture thereof according to any one of

claims 1-22 and at least one pharmaceutically acceptable excipient, carrier, or diluent.

24. A method of treating cancer, the method comprising: administering to a
subject an effective amount of the compound, the pharmaceutically acceptable salt
thereof, the hydrate thereof, or the mixture thereof of any one of claims 1-22 or the

pharmaceutical composition of claim 23.

25. The method of claim 24, wherein the cancer is selected from acute
myeloid leukemia, acute lymphoblastic leukemia, myelodysplastic syndrome, multiple
myeloma, chronic myeloid leukemia, acute lymphocytic leukemia, chronic lymphocytic
leukemia, non-Hodgkin lymphoma, another lymphoma, another myeloma, or another

leukemia.
26. The method of claim 25, wherein the cancer is acute myeloid leukemia.
27. The method of claim 24, wherein the cancer is selected from breast
cancer, colorectal cancer, small cell lung carcinoma, head and neck, glioblastoma,
pancreatic, gastrointestinal, liver, prostate, ovarian, testicular, endometrial, bladder,

melanoma, osteosarcoma, or another sarcoma.

28. The method of any one of claims 24-27, wherein the cancer is Rb-

positive.
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29. A method of treating cancer, the method comprising: administering to a
subject

(a) an effective amount of the compound, the pharmaceutically acceptable salt
thereof, the hydrate thereof, or the mixture thereof of any one of claims 1-22 or the
pharmaceutical composition of claim 23; and

(b) at least one second therapeutic agent used in the treatment of cancer.

30. The method of claim 29, wherein the second therapeutic agent is cytosine
arabinoside, daunorubicin, idarubicin, doxorubicin, cyclophosphamide, etoposide,
carboplatin, fludarabine, mitoxantrone, dexamethasone, rituximab, midostaurin, a
granulocyte colony-stimulating factor, filgrastim, PEG-filgrastim, lenograstim,
decitabine, azacitidine, paclitaxel, gemcitibine, motesanib disphosphate, panitumumab,

an antibody directed against CD33, or a CD33 bispecific T-cell engager antibody.

31.  The compound of any one of claims 1-22 in the preparation of a

medicament.

32. The compound of any one of claims 1-22 or the pharmaceutically
acceptable salt, or the hydrate thereof, or the mixture thereof or the pharmaceutical

composition of claim 23 for treating cancer.

33.  The compound of claim 32 or the pharmaceutically acceptable salt, or the
hydrate thereof, or the mixture thereof, wherein the cancer is selected from acute
myeloid leukemia, acute lymphoblastic leukemia, myelodysplastic syndrome, multiple
myeloma, chronic myeloid leukemia, acute lymphocytic leukemia, chronic lymphocytic
leukemia, non-Hodgkin lymphoma, another lymphoma, another myeloma, or another

leukemia.

34. The compound of claim 32 or the pharmaceutically acceptable salt, or the

hydrate thereof, or the mixture thereof, wherein the cancer is acute myeloid leukemia.
35. The compound of claim 32 or the pharmaceutically acceptable salt, or the

hydrate thereof, or the mixture thereof, for use in treating a human cancer patient,

wherein the cancer is a hematological cancer.
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36. The use of the compound of any one of claims 1-22 or the
pharmaceutically acceptable salt, or the hydrate thereof, or the mixture thereof in the

preparation of a medicament for treating cancer.

37. The use of claim 36, wherein the cancer is selected from acute myeloid
leukemia, acute lymphoblastic leukemia, myelodysplastic syndrome, multiple
myeloma, chronic myeloid leukemia, acute lymphocytic leukemia, chronic lymphocytic
leukemia, non-Hodgkin lymphoma, another lymphoma, another myeloma, or another

leukemia.

38. The use of claim 36, wherein the cancer is acute myeloid leukemia.
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