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2,6-DIAMINOG-PYRIMIDIN-3-YL-CARBOXAMIDES AS SYK OR JAK KINASES
INHIBITORS

CROSS REFERENCES TO RELATED APPLICATIONS
[0001] This application is claims the benefit of U.S. Provisional Patent Application No.

61/120,348, filed December 5, 2008; U.S. Provisional Patent Application No. 61/120,346,
filed December 5, 2008; U.S. Provisional Patent Application No. 61/045,406, filed April 16,
2008; and U.S. Provisional Patent Application No. 61/045,499, filed April 16, 2008; the

entire disclosures of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

{0602] This invention is directed to pyrimidine-5-carboxamide compounds which act as
inhibitors of Spleen tyrosine kinase (syk) and/or 'JAK kinases. This invention is also
directed to pharmaceutical compositions containing the pyrimidine-5-carboxamide
compounds and methods of using the compounds or compositions to treat a condition
characterized by other indications. The invention is also directed to methods of making the

compounds described herein.

State of the Art

[0003] Protein kinases constitute a large family of structurally related enzymes that are
responsible for the control of a variety of signal transduction processes within cells (see, e.g.,
Hardie and Hanks, The Protein Kinase Facts Book, I and II, Academic Press, San Diego,
Calif., 1995). Protein kinases are thought to have evolved from a common ancestral gene due
to the conservation of their structure and catalytic function. Almost all kinases contain a
similar 250-300 amino acid catalytic domain. The kinases can be categorized into families by
the substrates they phosphorylate (e.g., protein-tyrosine, protein-serine/threonine, lipids, ete.).
Sequence motifs have been identified that generally correspond to each of these families (see
e.g., Hanks & Hunter, (1995), FASEB J. 9:576-596; Knighton et al., (1991), Science
253:407-414; Hiles et al., (1992), Cell 70:419-429; Kunz et al., (1993), Cell 73:585-596;
Garcia-Bustos et al., (1994}, EMBO J. 13:2352-2361).

?

{0004] Many diseases are associated with abnormal cellular responses triggered by protein
kinase-mediated events. These diseases include autoimmune diseases, inflammatory diseases,
bone diseases, metabolic diseases, neurological and neurodegenerative diseases, cancer,

cardiovascular diseases, allergies, asthma, alzheimer's disease and hormone-related discases.
*



As a consequence, there has been substantial efforts in medicinal chemistry to find inhibitors

of protein kinases for use as therapeutic agents.

la



L5

oy

WO 2009/136595 POTIUSIO69/002401

851 Immunereceptor tyrosine activation motif (ITAM)-mediated signaling has emerged

as a primary event in éégﬂaling pathways responsibie for human pathologies. TTAM-
mediated signaling is responsible for relaying activation signals initiated at classical lmmune
receprars such as T-cell receptors, B-cell receptors, Fe receptors in immune cells and ai GPVY
and FeyRIIa in plateiets to downstreamn wntracellnlar molecules such as syk and ZAP-70

{(Underhill, D.M and Goodridge, H. S., Treands Immunol., 28:66-73, 2007,

{G006]  The binding of a ligand to an I'TAM-coniaining receptor triggers signaling events
which allows for the recruitment of proteins from a family of nonreceptor tyrosine Kinases
calied the Src family. These kinases phosphoryiate tyrosine residues within the TTAM

sequence, a region with which the tandem 5HZ domains on etther syk or ZAP-7U interact,

OG0T Syl along with Zap-70, is a member of the syk family of protein tyrosine kKinases,
The tnteraction of syk or ZAP-70 with diphosphoryiated ITAM sequences induces a
conformation change in the kinases that allows for tyrosine phosphorylation of the kinase
itself, Phosphorylated Syk family members activate 2 multitude of downstream signaling
pathway proteins which include Sre homology 2 (SH2) domain containing leukocyte-specific
phosphoprotein of 76 kDa (5LP-76), Linker of Activation of T-cells (LAT) and PLC

{phospholipase C)y2.

{60681 Human pathologies attributed to dysfunctional TTAM-mediated signaling include
autoimmune discases such as rhenmatoid arthritis, systemic upus, multinke sclerosis,
hemolytic anemia, immune-thrombocyiopenia purpura, and heparin-induced
thrombocytopenia and arteriosclerosis. Interestingly, many of the above mentioned diseases
are thought to occur throngh crosslinking of e receptors by antibodies which, via syk,
activate a signaling cascade in mast, basophil and other immune cells that result in the release
of cell mediators responsible for inflammatory reactions. The release of mediators and the
production of cytokines in Igh stimulation-dependent allergic and inflammatory reactions
from mast cells and basophiles can be controlled by inhibiting the tyrosine kinase activity of
syk (Hossi, AB. etal, J Allergy Clin Irvnunol., 118:7749-755, 2006}, In moaune-
thrombocytopenia, antibody bound platelets are cleared by the spleen by an Fe
receptor/TTAMY/syk-mediated process (Crow, AR, et al., Blood, 106:abstract 2165, 2005).
Drug-induced thrombocytopenia, caused by heparin- plateiet factor 4 immune complexes that
activate platelet FeyRiia, also involve syk signaling downstream of receptor engagement

{(Reilly, M.P., Blood, 98:24472-2447, 2001 ).
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16097 Platelet agonists induce inside-out integrin signaling resulfing in fibrinogen binding
and platelet aggregation. This inltiates outside-in signaling which prodoces further
stimulation of platelets. syk is activated during both phases of integrin signaling, and
inhibition of syk is shown to inhibit platelet adhesion to immobilized proteins (Law, DA et
al., Blood, 93:2645-2652, 1999). Release of arachidonic acid and serotonin and platelst
aggregation mduced by collagen are markedly inhibited in platelets derived from syk
deficient mouse (Poole, AL et al,, EMEO J., 16:2333-2341, 1997). Thus syk inhibitors may

a

also POSSEss aniicoa ’Ui’ﬂi()ﬂ action.

04161 Becavse of the role syk plays in Ig-induced platelet activations, it is likely to be
mportant in arteriosclerosis and restenosis. Areriosclerosis is a class of diseases
characterized by the thickening and hardening of the arterial wails of blood vessels.
Although ail blood vessels are susceptible 1o this serious degenerative condition, the aoria
and the coronary arteries serving the heart are most ofien affected. Arterioscierosis is of
profouna clinical importance since it can increase the misk of heart attacks, myocardial

infarctions, sirokes, and aneurysms.

0111 The wraditional freatment for avieniosclerosis melades vascular recanslization
procedures for less-serious blockages and coronary bypass surgery {01 major b-iec:kag&:&x A
serious shortcoming of intravascular procedurss is that, in a significant number of treater
individuals, some or all of the weated vessels restenose (ie., re-narrow). For example,
restenosis of an atherosclerotic coronary artery alter PTCA occurs in 10-30% of patienis
undergoing this procedore and subsequenily requires either Turther angioplasty or a coronary
artery bypass grafl. Furthermore, restenosis of an atherosclerotic coronary ariery after

stenting occurs in 10-20% of patients undergoing this procadure and subseguently requires

regeat treatments o maintain ad@qua‘tﬁ: biood flow through the affected artery. Restenosis
generatly occurs in a relatively brief time perind, e.g., roughly ess than stz months, afler
treatment,

(0121 While the exact hormonal and cellular processes promoting restenosis have not been
determined, restenosis is thought to be due in part to mechanical injury to the walls of the

iood vessels caused by the balloon catheter or other intravascular device. For exampie, the
process of FTCA, in addition to opening the obstructed arfery, also injures resident coronary
arterial smooth muscle cells (SMCs). In response to this injury, adhering platelets,

infiitrating macrophages, leukocytes, or the smoeoth muscle cells themselves release cell-
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derived growth factors such as platelet-derived growth factor {PDGF), with subsequent
proliferation and migration of medial SMCs through the internal elastic lamina to the arca of
the vessel intima, Further proliferation and hyperplasia of intimal SM{Us and, most
significantly, production of large amounts of extraceilular matrix over a period of three to six
months results in the filling in and narrowing of the vascular space sufficient to significantly

obstruct blood flow,

(00131 Inaddition o the role syk plays in Ig-induced platelet activations, syk plays a very
important role in collagen-mediated signaling. The primary adhesive protein responsibie for
platelet adhesion and activation is collagen. Collagen is a filamenlous protein contained
within the fibrotic caps of atherormas which becomes exposed to bloed during plague rupiure.
Collagen functions mnitially by binding von Willebrand factor which tethers platelets through
binding plate embrane GPIb. Collagen functions secondarily by engaging the two

collagen receptors on platelets, GPYT and integrin «251.

(0014} GPYIewsts in platelet membranes a3 a complex with FoRy, an interaction required
for the expression of GPVI Activation of FoyRila on platelets results in platelet shape
change, secretion and thrombosis. Signaling by the CPVUICRy complex is initiated by
tyrosine phosphorylation of the ITAM domain of FCRy followed by the recroitment of syik.
Activation of GPV] leads 1o induction of multiple platele? functions including: activation of
infegring ¢2f1 0 achieve Nitm platelet adhesion, and GP Hb-THa which mediates plateiet
aggregation and thrombosis growth; platelet speretion, allowing for the delivery of
inflammatory proleins such as CD40L, RANTES and TGEB 1o the vessel wall] and the
gxpression of P-selectin which allows for the recruitment of leukocytes, Therefore, itis
believed that syk inhibitors can inhibit thromboiic events mediated by platelet adhesion,

activanon and aggregation.

(00451 It has been reported that the tyrosine phosphorylation of intracellular protein

{activation) induced by stimulation of a receptor for IgG antibody, FeyR, and the

phagocytosis mediated by Poyll are considerably intibited 10 macrophages derived from syk
deficient mouse (Crowley, MUT. et al,, [ Exp. Med., [86:10727-1039, 1997) SUZEests

that syk has a markedly tmportant role in the FoyR-mediated phagocytosis of macrophages.

08161 It has also been reported that an antisense oligonucleotide of syl suppresses the
apoptosis inhibition of eosinophils induced by GM-CSF (Yousefi, 5. et al, /. K Med,

183:1407-1414, 1958), showing that syk is essential for the life extending signal of
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eosinophils caused by GM-USF and the like. Since life extension of eosinophils is closely
related to the ransition of diseases into a chronic state in allergic disorders, such as asthma,

syk inhibitors can also serve as therapeutic agents for chronic eosinophilic inflammation.

{09171 Syk is important for the activation of B-cells via a B-cell antigen receptor and is
mvolved in the phosphatidylinositol metabolism and increase in the intraceilular calcium
concentration caused by the antigen receptor stimufation (Hutcheroft, J E. et al., J. Biol.
Chern, 267:8613-8619, 1992, and Takata, M. et al,, EMEBO ., 13:1341-1349, 1994). Thus,
syk inhibitors ynay be used to control the function of B-cells and are, therefore, expected to

serve as therapeutic agents for antibody-related diseases.

K

BOAE]  Byk binds to a T-cell antigen receptor, quickly undergoes tyrosine phosphorylation

s

through crosslinking of the receptor and synergistically acts upon intraceliular signals
mediated by Sre tyrosing kinases such as Lok (Couture, T et al,, Proe. Natl. Acad. Sci. USA,
91:3301-5305, 1994, and Couture, C. et al., Mol. Cell. Biol,, 14:5249-3258, 1994). syk is
present in mature T-cell populations, such as intraepithelial vd T-cells and naive off Tecells,
and has bezn reported to be capable of phosphorylation of musdtiple components of the TUR
signating cascade (Latour, 5. et al., Mol Cell Biol., 17:4434-4441, 1997). As a consequence,
syk inhibitors may serve as agents for inhibiting cellular immunity mediated by T-cell

antigen recepior,

[6813]  Recent comparative genomic hybridization studies have identified syk as another
gene important in the pathogenesis of Mantle Cell Lymphoma 0MCL) (Chen, B. et al
Journal of Clinical Oncology, 2007 ASCO Annual Meeting Proceedings (Pos;b—M@eting
Edition). Vol 25, No 185 (June 20 Supplement), 2007: 8036). MCL represants 5-10% of all
non-Hodgkins lymphomas and it 18 a difficult form of ymphoma to treat. It has the worst
prognosis among the 8 cell lymphomas with median survival of three years. It has been
reported that Syk is overexpressed in MCL (Rinaldi, A, et.al, Br. £ Haemarol, 2006;
132:303-316) and that Syk madiates mTOR {(mammalian target of Rapamycin) survival
signals in follicilar, mantel cell, Burkitt’s, and diffuse arge B-cell non-Hodgkin’s

tymphomas {(Leseux, L., et al, Blood, 2006; 108:4156-4162)

{00207 Several lines of evidence suggest that many B-cell lymphomas depend vpon B-cell
receptor (BCR)-mediated survival signals. BCR signaling induces receptor oligomerization
and phosphorylation of Tgtt and B immunoreceptor tyrosine-based activated motifs by 5RC

famuly kinases. YTAM phosphoryiation results in the recruitment and activation of syk that

LA
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initiates downstream events and amplifies the original BCR signal. Given the role of tonic
BCR signaling in normal B cel! and syk-dependent survival of non-Hoedgkins tymphoma cell
lines in vitro (Chen, L., etal, Blood, 2000; 108:3428-3433), syk wnhibition is a promising
rational treatment target for certain B-cell lymphomas and chronic lymphocyiic leukemia
(CCLL) (Siefania Gobessi, Luca Laurenti, Pablo Longo, Lavra Carsetti, Giuseppe Leone,
Dimitar . Efremov, Constitutive activation of the protein tyrosine kinase Svk in Chronic
Lymvohocytic Leukemia B-cells, Blood, 2007, 110, Abstract 1123}, Recent data shows that
administration of & multikinase inbibitor which inhibits syk, may have significant clinical

activity in CLL patients (Friedberg IW et al, Blood 2008, 112(11), Absiract 3).

i0023] The oncogenic potential of the spleen tyrosine kinase (Syk) has been described in a
number of different settings. Clinically, Syk over-expression is reporied in Mantie Ceil
Lymphoma (Rinaldi, A, st.al, Br. J. Haemarol,, 2006; 132:303-316) and the TEL-Svk fusion
protewn (Translocated ETS Leukemia) generated by a chromosomal translocation

(9, 12)(q22;p12)) leads to increased Syk activity and is associated with myelodysplastic
syndrome (Kuno, Y., et.al, Blood, 2001; 97:1050--1055). Leukemia is induced in mice by
adoptively transierring bone marrow cells that express buman TEL-5vk (Wossning, T., JEM,
2006; 203:2829-2840). Further, in mouse primary boae marrow cells, over-expression of
Syl results in IL-7 independent growth in culture {Wossning, T, et.al, JEM, 2000; 203:2829-

[+
28407

08227 Interestingly, Svk signaling appears to be required for B-cell development and
survival in humans and mouse, Inducible loss of the B-cell receptor (Lam, X, etal, Cell,
1997, S0:1073-1083) or Ipo (Kraus, M, etal, Celf, 2004; 1177787-80G0) results in loss of
peripheral B-cells in mice. Over-expression of the protein tyrosine phosphatase PTP-RO,
which is known to negatively regulate Syi activity, inhibiis proliferation and induces
apoptosis i ceil lines derived from non-Hodgkin's tymphomas (Chen, L., et.al, Blood, 2000;
108:3425-3433). Finally, B-cell lymmphomas rarely exhibit loss of BOUR expression, and anti-

idiotype therapy rarely leads to resistance (Kuppers, R. Mat Rev Cancer, 2005; 5:251-267).

U231 Engagerent of the antigen-specific B celi receptor (BCR) activates multiple

signaling pathways that ultimately regulate the cells activation status, promoting survival and

clonal expansion, Sigonaling through the BCR is made possible by its association with two
ther members of the immunoglobulin super-family; Igo and 1g83, each bearing an immuono-

tyrosine based activation motf (ITAM) (Jumag, Hendriks et al. Annu Rev Immunol 23: 415~
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45 (2005). The ITAM domain is directly phosphorylated by Src farnily kinases in response to
BCHR engagement. The spleen tyrosine kinase (Syk) docks with and phosphorylaies the
ITAM, a process that enhances ifs Kinase activity, resulting in Syk avtophosphorylation and
tyrosine phosphorylation of multiple downstream subsirates (Rolll, Gallwitz et al. Mol Cell
10(5): 1057-69 (2002), This signaling pathway is active in B cells beginning at the transition
from pro- 1o pre-B cell stage of development, when the newly formed pre-BCR is expressed.
In fact, B call development arrests at the pro-B cell stage in Svik lonockout mice (Cheng,

Rowley et al. 1993, Turner, Mee ef al. Nature 378(6554): 303-6 (1995, Induocible loss of the

B cell receptor (Lam, Kubn et al. Cell 90(6): 1073-83 (1997) or Igo (Mrans, Alimzhanov et
ar. el 117(6): 787-800 (20045 results 1n loss of peripheral B cells inomice. Human B cells

also appear to reguire Syk for proliferation and survival., Over-expression of the protein
tyrosine phosphatase PTP-RO, a negative regulator of Syk activity, inhibits proliferation and
induces apopiosis in cell lines derived from non-Hodghkin's Tyimphoraas (INHL) (Chen,
Juszowyaski et al, Blood 108(10): 3428-33 (2006). Knock down of Svk by siBMNA in the
NEL hine SUDHL-4 led to a block in the G1/5 wansition of the cell cvele {Gururajan, Dasu e

T

al. I Irnmunol 17801 11321 {2007y, Topgether, these data suggest that Syl signaling is

[=F

reauired for the development, proliferation, and even survival of human and mouse B cells.

Woz24!  Conversely, the oncogenic potential of Syk has been desenibed in a number of
different settings. Clinically, Syk over-expression is reported i Mantle Cell Lymphoma
(Rinaldi, Kwee et al. Br] Haematol 132033 302-16 (2006) and the TEL-Syk fusion protein
(Transiccated ETS Leukemia) generated by 2 chiromosomal transiccation (19 12H{g22;p12))
leads to increased Svk activity and is associated with myeclodysplastic syndrome (Kuno, Abe
et al. Blood 87(4): 1050-5 (2001). Leukemia is induced 1 mice by the adoptive transfer of
bone marrow cells that express humen TEL-Syk (Wossning, Herzog et al. T Exp Med
Z0O3(13): 28259-40 (2006). Further, in mouse primary bone marrow cells, over-expression of

p

Syk "ﬁ:suits in 1L-7 independent growth in culture {Wossning, Herzog et al. 2006).
Consistently, Syk was reported to mediate mTOR {mammalian target of ’Rapar;nycin} survival
signals in follicular, mantle cell, Burkstt’s, and diffuse large B-cell NHL (Lesenx, Hamdi et
al. Blood 10B(13): 4156-62 (2006). Additional recent studies also suggest that Syk-
dependant survival signals raay play a role in B-cell malignancies, inciuding DLBCL, manile
cell lymphoma and follicular Iymp‘ﬂoma {Gururajan, Jennings et al. 2006; Insh, Czerwinski et

L Immunol 176{10): 5715-9 (2006). (iiven the role of tonic BUR signsling in normal B

7
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ells and Syk-dependent survival of MHL cell lines in vilro, the specific inhibition of Svk
! ¥

may prove promising for the treatment of certain B-cell lymphomas.

[0025]  Recently, R406 (Rigel Pharmaceuticals) was reporied to inhibit TTAM signaling in
response o various stiraull, including FeeR 1 and BUR induced Syk activation {Braselmann,

Taylor et al. J Pharmacol Exp Ther 319(3): 998-1008( 2000). Interestingly, this ATP-
competitive inhibitor of Svk was also active against Fit3, oK, and JAK kinases, buf not
agamst Sre kinsase (Braseimann, Tayler et al, 2006). Activating mutations io Fitd are
associated with AML and inhibition of this kinase is cusrently under clinical development
{E"ﬁurm.:'i:i antt Xpapper Hermatology Am Soc Hematol Hdac E'ﬁ.s‘ogrml 2007, 429-34 (2007},
Over-activation of the tyrosine kinase c¥it is also associaied with hematologic malignancies,
and a target for cancer therapy (Heinrich, Gritfith et al. Biood 96(3): 925-32 (2000)
Simitarly, JAKS signaling is implicated in levukemias and lymphomas, and is corrently
exploited as a potential therapeutic target (Heinrich, Gafiith et al. 2000). Importantly, the
mulii-kinase inhibitory activity of R406 attenvates BCE signaling in tymphoma cell lines and
primary human fymphoma saroples, resubting in ag;op{osis of the {ormer (Chen, Monti et al.
Biood 11104y 2230-7 (2008). Further, a phase 1] clinical trial reported favorable resulis by
this compound in refractory MEHL and chronic tymphocyiic levkemia (Friedberg IW et ai,
Blood 2008, 112(11), Absiract 3). Although the precise mechanism of action 1s unclear [or
R4G6, the data suggest that inhibition of kinases that mediate suevival signaling in

Wymphocyies 1s clinically beneficial.

D026]  Additional recent studies also suepest that syk-dependant survival signals may play
L 3 iy i o S E

a role in B-ceil malignancies, including DLBCL, mantie cell lymphoma and follicular

tymohoma {see eow, 5. Lintengshen ot al. Blood, Feh, 2008, 111 2230-2237, 1. 0/4. Irish et al.
) &

Blood, 2006, 108 3135-3142 A Benaldi et al, Briv 1 {mrzfmszf,py, 006 137 03316 ML

Lurnoaian ot ab . feomanel, 2006, 1760 3715-5719 L. Laseux et al. Bloed, 201 8 4156

41672,

G271 Patents and patent applications describing substituted pyrimidinediamine
compounds include: U.S. application Ser. Mo, 10/355,543 {iled Jan. 31, 2003
{(US2004/0G29902 A1), international applicaﬁon Serial No, POT/USC/03022 filed fan, 31,
2003 (WO 03/063794), US -apphcation Ser. No. 10/631,629 filed Jul. 20, 2003, international
application Serial Mo, PCT/AIS03/24087 (WO 04/014382), U.S. application Ser. Mo

H/003,263 filed Jul 36, 2004, and mternational application Serial No, PCT/UIS2004/24716
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(WO 05/016893}, the disclosures of which are incorporated herein by reference. Substituted
pyrimidinediamine compounds are also described in international patent application
publication numbers: WO 02/059110, WO (3/074515, WO 03/106416, WO 03/066601, WO
03/063794, WO 04/046118, WO 05/016894, WO 05/122294, WO 05/066156, WO
03/002542, WO 03/030909, WO 00/39101, WO 05/037800 and U.S. Pat. Pub. No.
2003/0149064.

[0628] While progress has been made in this field, there remains a need in the art for
compounds that inhibit syk kinase, as well as for methods for treating conditions in a patient,
such as restenosis, thrombosis, and/or inflammation that can benefit from such inhibition.
Moreover, the availability of compounds that selectively inhibit one of these kinases as
compared to other kinases would also be desirable. The present invention satisfies this and

other needs,

SUMMARY

[00291 The present disclosure provides novel compounds having activity inhibitors of syk
activity {also referred to herein as "syk inhibitors”) kinase activity {also referred to herelin as
"IAK inhibitors™), as well as to methods for their preparation and use, and to pharmaceutical

compositions containing the same. Such compounds have the following structure (1)

or a pharmaceutically acceptable sali thereof, wherein D' E' and Y! are as defined below.

{002%a] In one aspect, there 1s provided a compound having formula (1):



(D)

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

D! is phenyl substituted with heteroaryl;

cach E' is independently selected from the group consisting of C,.g alkyl, Ca.5 alkenyl,
Cygalkynyl, Cygalkoxy, Cialkylthio, aminocarbonyl, C;galkoxycarbonylC, salkyiene,
Ci.ealkoxycarbonylC;.sC.galkoxy, Ci.galkoxycarbonylamino, oxo, halo, cyano, haloC, galkyl,
hatoC; galkoxy, aminosulfonyl, heteroarylsulfinyl; amino, hydroxyl, C,.sarvlalkylene, phenyi,
aminoCigalkyl, aminoCjgeycloalkyl, heterocyclyl, heteroaryl, Cjgacyl, C; salkylsulfonyl,
acylamino and heterocyclylCisalkylene;

the subscript nis 0, 1, 2, 3 or 4; the moiety:

9a



RE R
Yy

.,
R 15 either:

(a)

NHz: o oand
wherein X and Y is each independently selected from the group consisting of:
CH,, NH. NCOCH, and S,

{b) selected from the group consisting of:

RBa Rta EEE REs
R‘ab Rab Rga Rah HzN i Rab RQE ! R
|
R " RQ"QH“J Vﬁ
NHZ R93 Rgb NHQ
, , and ; and

wherein each R* and R¥is independently H, hydroxyl, halo or if on adjacent
carbon atoms, may be combined with the atoms to which they are attached to form a
fused benzene ring; and

each R** and R* is independently H, hydroxyl, halo or, if on adjacent carbon
atoms, may be combined with the atoms to which they are attached to form a fused
benzene ring; and the wavy line indicates the point of attachment to the rest of the

moiecule; or

{c)

NHz

R REE O
| LR U
Q R
Y
N
or ;

wherein each R® and R® is independently H or may be combined with the atoms to

which they are attached to form a fused benzene ring; and the wavy line indicates the point of

attachment to the rest of the molecule; and “cycloalkyl” refers to a mono- or polycyclic aliphatic

nydrocarbon group, which may form a bridged ring or a spiro ring, and which may have one or

more doubie or triple bond(s).

9%b



| [0030] The present disclosure also provides a pharmaceutical composition compnsing a
therapeutically effective amount of a compound of formula I, or a pharmaceutical acceptabie

salt thereof, and 2 pharmaceutically acceptable carrier and/or diluent.

[0030a] In another aspect, there is provided a composition comprising a compound as defined herein

in combination with a pharmaceutically acceptable carrier or diluent.
[8031]  The compounds of the present disclosure have utility over a wide range of

therapeutic applications, and may be used to treat 2 variety of conditions, mediated at least in

9¢
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part by syk activity, in both men and women, as well as a mammal in general (also referred to
herein as a "subject”). For example, such conditions include, but are not limited to, those
associated with cardiovascular disease, inflammatory disease or autoimmune disease. More
specifically, the compounds of the present disclosure have utility for treating conditions or
disorders including, but not limited to: restenosis, thrombosis, inflarmation, heparin induced
thrombocytopenia, dilated cardiomyopathy, sickle cell disease, atherosclerosis, myocardial
infarction, vascuiar inflammation, unstable angina, acute coronary syndromes, allergy,
asthma, rheumatoid arthritis, B-cell mediated diseases such as Non Hodghkin's jymphormna,
anti-phospholipid syndrome, lupus, psoriasis, multiple scierosis, end stage renal disease,
hemolyiic anemia, immune thrombocytopenic purpura, and chronic lymphocytic leukemia,
Thus, in one embodiment, methods are disclosed which include the administration of an
effective amount of a compound of formula (1), typically in the form of a pharmaceutical

composition, to a subject in need thersof.

[0031a] In another aspect, there is provided a compound or a composition as defined herein for use
in a method for treating a condition or disorder mediated at least in part by syk kinase activity ina

subject.

[0032] The conditions asscciated with cardiovascular disease is selected from the group
consisting of acute coronary syndmn‘ie, myocardial infarction, unstable angina, refractory
anging, occluhsive corcnary thrombosis occurring post-thrombolytic therapy or posi-coronary
anglopiasty, a thrombotically mediated cerebrovascular syndrome, embolic stroke,
thrombotic stroke, transient ischemic attacks, venous thrombosis, deep venous thrombosis,
pulmonary embolism, coaguiopathy, disseminated intravascular coagulation, thrombotic
thrombocytopenic purpura, thromboangiitis obliterans, thrombotic disease associated with
heparin-induced thrombocytopenia, thrombotic complications associated with extracorporeal
circulation, thrombotic complications associated with instrumentation such as cardiac or
other intravascular catheterization, intra-aortic balloon pump, coronary stent or a:érdiac vajve,

and conditions requiring the {itting of prosthetic devices.

[0633] The present disclosure also provides a method for mhibiting the syk kinase activity
of 2 blood sample comprising contacting said sample with a compound of the present

disclosure.

10



[6033a] In another aspect, there is provided a compound or a composition as defined herein forusein a

method for inhibiting syk or JAK kinase or a signal transduction pathway mediated at least in part by syk
kinase activity.

In another aspect, there is provided a kit comprising a composition as defined herein for use in a

method for inhibiting syk or JAK kinase or a signal transduction pathway mediated at least in part by syk
kinase activity, packaging and instructions for use.

{0634]  The present disclosure further provides compounds in purified forms, as well as chemical
intermediates.

r6035]  These and other aspects, objects, features and advantages of the disciosure will be
apparent upon reference to the following detailed description and figures. To this end,

various references are set forth hersin which describe in more detail certain background

10a
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information, procedures, compounds and/or compositions, and are each hereby incorporated

by reference in their entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

{00367 Figure I shows how 8yk serves as a key mediator of Fe receptor mediated signaling

in celialar biclogy and multiple diseases.

BOEYY Figure 7 shows how gene targeting of 5vk indicated that 5vk serves as a ke
el .J
mediator in arterial platelet biclogy and a selective target for treating acterial thrombosis.

0381 Figure 3 shows a general synthesis of compounds of the present inveniion.

{60391 Figures 44, BB and C provides tables 2A, B and C illustrating compounds of the

present invention and syk ICsgs.

[0048]  Figure 5 provides table 3 illustrating compounds of the present invention and syk

(80437 Figure & provides table 4 1llustrating compounds of the present invention and syk

[0042]  Fligure 74 and 7 B provide table 5 A and B illustrating comnpounds of the present

invantion and syk 1508,

Tigurs § shows a series of compounds that were identified to selectively inhibit Syk
i purified kinase assays. figure 84) Compounds (example 596 and example 87 and P420-
89) wers sereened at 300nM against the Millipore purified kinase panel (270 kinases tested

with 10ubd ATP) 1o determine potency and selectivity for Syk. Data are mpr@ssmﬁd a5 a

heal-aap, defined at the botiom. > 283 SBubset of the purified kinases that had »>80%

inhibitlon by any of the three compounds. example 596 only inhibited Syk and MLK1

example 87 at 300 (~10x greater than s Syk $C50) only inhibited Syk. P420-89 inhibiied

multiple kinases, including Svk, JAK? and JAKS. The IC50 of Syk inhibition is reported for
e

cach compound on the el of the heat map, Perceni kinase inhibition is given in each panel

within the heat-map

{00441 Figure ¥ shows the selective inhibition of Syk in non-Hodgkin's Lymphoma cell

Wt

lines. B cells were stimulated with anti-BCR antibody in the presence of the indicated
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concentrations of Sy specific inhibitors example 596 and example 87 {(Figure 34 and
Flgure 188 or the dual SykR/AIAK inhibitor P420-89 (Fignre 3. Western blot analyses of
whole cell Iysates were then performed to evaloate Syk kinase activity (pBLNK Y84 and
iotal BLNE; wop two gels) and Sre kinase activity (pSyk Y352 and total Svk; bottom two
gelsy. BExperiments were performed 2-3 times each, bar graphs represent mean = 5.0, of

pBLNK Y84, The calenlated 1C50s of Syk kinase inhibition are presented above the graphs.

1

{0045]  Figure 11 provides a comparison of Syk{mmiﬁc and Dual Byk/IAK Inhibition in
MEL Cell Lines. B cells ware stirpulated with anti-BOR (Figare 1145, or 1L-4 (Figuve 118)
for 15min iy the presence of various concentrations of each inhibitor, as indicated, Cells
were then svaluated for inhibition of signaling pathways by phospho-Tlow cytometry. Figure
1A bar graphs (mean + 5.0, p=3) representing Sre activily {pSyk Y352 ML) and Syk
activity (pBERX Y204 MFD) iollowing BOR stimulztion under the various freatment
conditions, Ipure 138 Bar graphs depicting pSTAT-6 Y641 MFI (mean = 5.0, n=73)
following simulation with T-4 in the presence of various concentrations of each inhibitor, as

indicated.

(Bh4g]  Fipure 12 shows how Syk-specific inhibitors disrapt protiferation and survival of
and mduces apoptosis in NHL cell tines . The S};i{.@ﬁper&d nt “BCR type” and Syk-

independent “non-BOR rype” MHL cell lines were previously described (Polo, Juszezynski ef

I

al. Proc Matl Acad Sei U 5 A T04(9): 3207-12 (2007, ¥igure 12A) Cells were treated for
720 with | and 3uM of the Byk-specitic inhiblior example 87, Apoptosis was determined by
FALE analbysis of active caspase 3; data 38 represented as histograms. Figare 128)
Additional cell Hnes were tested Tor sensitivity 10 Syk specific (example 596 and example 87)
versus dual Syk/IAK (P420-89) inhubition. Bar graphs represent mean & 5.5 {0=3) of the

percent of caspase 3 positive cells following each condition.

JO0471 Figwre 13 shows how selective inhibition of Syk prevents BUR-induced activation
of mouse primary B cells. Figure 13 provides a comparison of Syk-Specific and Dual
Syl/IAK Inhibition in MHL Cell Lines, B cells were stimulated with anti-BCR (Figure 130
for 15min in the presence of various concentrations of each inhibitor, as indicaied. Cells
were then evaluated for inhibition of signaling pathways by phospho-flow cytometry. Figure
13C) Flow cytometry plots (mean £ 5.1, n=3) representing Sre activity {phvk V352 MET)
and Syk activity (pERK Y204 MFD following BCR stimulation under the various treatment

conditions.



L

.

o)

L5

20

LA

WO 2009/136595 POTAISZ009/602401

]

048] Figure 14 shows the efficacy in a mouse arthritis model by specific inhibition of

{00487 Figure 15 shows how the histopathology in a mouse model confirms the clinical

score for a 8yk specific inhibitor,

G058 Figure 16 shows the dose dependent effect of inhibition of Syk/JAK in a Mouse

Arthritis Meodel:

s how Syk Inhibition prevents MNEL tumor formation in a xenograft

mouse model with o NHL cell line. Selective Syk inhibitor example 87 prevents tamor

o . . vy e, Ty

formation. Sy mhibition prevents MHL tumor formation in xenografl mice. Mice were

desed twice ¢ally with 10, 15, or 20mg/kg example 87 or vehicle control beginning the dav of
mmor cell inoculation. A) Turmor welghts were determined at 4 weeks post-inoculation for
gach freatment condition. Statistical differences relative to vehicle control are depicted as ¥
values within the graph. B) Bar graphs depict normal blood cell counts (mean + 8.0, n=13

t015) of mice treated with each concentration of example 87 or vehicle control.

DETAILED DESCRIPTION OF THE INVENTION

[GO531 As used berein, the below terms have the following meanings unless specified

otherwise:

i Abbreviations aad Definitions

1 The abbreviations used hersin are conventional, unless otherwise defined. The
following abbreviations are used: AcUH = acetic acid, AIBMN = azobisisobutyronitrile {also
azobisisobutylonitrile), ag. = aqueous, Boc = t-hutylearboxy, Bz - benzyl, BOP =
benzotriazol- L-yloxyiris{dimethylamino)-phosphonium hexaflvorophosphate, BPO = benzoyl
R

peroxide, nBuOH = n-butanol, CBry = tetrabromomethane, mCPBA = m-

-

chloroperoxybenzoic acid, CHoCly or DOM = dichloromethane, CspCO

= ORIV

a3

carbonate, CaCly = copper chloride; DPPA = diphenyl phosphoryl azide; DIBAL =
diisobuiylalominom hydride, DIEA = Hunig’s base or diisopropyl ethylamine, DME =

dimethyt ether, DMF = dimethy! formamide, DMSO = dimethy! sulfoxide, BigN =
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iricthylamine, BEtOAc = ethyl acetate, g = gram, HATU = 2-(1H 7-Azabenzotriazol-1-yl}-
1,1,3,3-tetramethyl urormum hexalluorophosphate, Ho = hydrogen; HyO = water; HBr =
hydrogen bromide; HCL = hydrogen chioride, FIV = human immunocdeficiency virus, HPLC
= high pressurs houid chromatography, b = hour, IpE = immunoglobulin E, s = The

5 concentration of an inhibitor that is required for 50% inhibition of an enzyme in vitro, IPA =

isoprepyl aleohol, kg = kifogram, KON = potassiom cyanide, KOH = potassium hydroxide,
n PO4 = potassivm phosphate, LA = lithiom dilsopropylaming, LialHy = lithium

aluminum hydride = LIOF: lithium hydroxide; WeCN = acetonitrile; M3 = Mass Spec, m/z
= nass 1o charge ratio, MHz = Mega Hertz, MeQH = methanol, p = micromolar, ul. =

W microiiter, mg = milligram, mm = millimeter, mbd = millimolar, mmol = millimole, ml. =
milliliter, mOD/min = millioptical density units per minute, min = minute, M = molar,
WasCOn = sodium carbonate, ng = nanogram, MaHCOs = sodwum bicarbonate; MalMOq =
sodivm nitrite; MaOH = sodiom hydroxide: Nagy 5,02 = sodivm bisuifate, MNa
sulfaie; NBS = N-bromosuccinaride; MH4CE= ammonium chloride; MHaOAC = ammonium

15 acetate; NaSMe = sodium methylthiolate, MBS = N-bromosuccinamide, n-Buli = n-butyl

tithiurs, nim = nanometer, nd = nanomelar, N = Normal, MMP = N-methylpyrrolidine, NMER

= nuclear magnetic resonance, PA/C = palladium on carbon, PA(PPhy)s = Tetrakis-{iriphenyl-
phosp 1, P ;:}icomoh Pin = pinacolato, PHEG = polyethylens glycol, ¥Phy
oF Phai = ?.z'ipi'lenyl phosphine, RLY = Raucher levkemia virus, Ra-INi = Rainey Micked,

20 SOCHy = thionyl chloride, BT = room temperature, TEA = riethylamine, THE =

tetrahiydiofuran, THFA = uifluorcacetic acid, TLC = thin layer chromatography, 1

£

trimethyisilyvl, T = rifluoromethylsetfonyt and TSC = risodium cirate.

[BO55T 1t is noted here that as used in this specification and the appended claims, the

singular forms "a,” "an,” and "the" include plural reference unless the context clearly dictates
25 otherwise.
100561 "Alkyl)” by ltself or as part of ancther substituent, means, unless oiherwise stated, 2
PR o Ty . I . i, “ oy fos - b s 1 . W ) M ] 3 v ceqh g
stralght or branched chata, fully saturated alipnatic hydrocarbon radicsl having the number of
carbon atoms designated. For example, “C,galkyl” refers to a hydrocarbon radical straight or
branched, containing from 1 10 8 carbon atoms that is dervived by the removal of one
36 hydrogen atom from a single carbon atomm of a parent alkane. The phrase “onsubstituted

alkyl” refers 1o alkyl groups that do not contain groups other than fully saturated aliphatic

hydrocarbon radicals. Thus the phrase inciudes straight chain alkyl groups such as methyl,
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ethyl, propyl, butyl, pentyl, hexyl, heptyi, octyl, nonyl, decyl, undecyl, dodecyl and the like.
The phrase also includes branched chain 1somers of straight chain alkyl groups such as
isopropyl, t-butyl, isobutyl, sec-butyl, and the like. Representative alky! groups include
stréjght and branched chain alloyl groups having 1,2, 3,4, 5,6,7,8,9, 10, 11 or 12 carbon
atoms. Purther representative alkyl groups include straight and branched chain alkyl groups

having 1,2, 3,4, 5,6, 7 or 8 carbon aloms.

FO6571 “Alkenyl” by itself or as pait of another substituent refers to a straight or branched
chain, which may be mone- or polyunsaturated, having the number of carbon atoms
designated. For example, "Cy-Cy alkenyl” means an alkenyl radical having from 2, 3, 4, 5, 6,
7 o1 B atoms that 1s derived by the removal of ons hydrogen atom from a single carbon atom
of a parent alkane. Examples include, but are not limited to vinyl, 2-propeny! i.e. -
CHaC{H)(CHy), - CH=C )y, ~C{CH ) =C{H)y, ~CCH)=CH)(CHy), -C(CH, CHR)=CH,,
butadienyl e.g. 2-(butadienyl), pentadienyl e.g. 2 4-pentadienyl and 3-(1 4-pentadienyl), and
hexadienyl, among others, and higher homologs and stereoisomers thereof. A "substituied”
alkenyl group includes atkeny! groups in which a non-carbon or non-hydrogen atom is
bonded o a carbon double bonded to another carbon and those in which one of the non-
carbon or non-hydrogen atoms is bonded to a carbon not involved in a double bond to another

] 1

carbon. Fach site of unsaturation may be either ois or trans configuration about the double
&

-

bond(s).

he ferm "alkynyl”, by isell or as part of another substituent, means a straight or
branched chain hydrocarbon radical, which may be mono- or polyunsaturated, having the
numbper of carbon atoms desipnated. For example, “Co—CUy atkyny!l” means an alloynyl radical
having from 7 1o 8 carbon atoms that is derived by the removal of one hydrogen atom from a
single carbon atom of a parent alkans. “Unsubstituied altkynyl” refers o straight and
oranched chain groups such as those described wilh respect to unsubstifuted aikyl groups as
defined above, except that al least one triple bond exists between two carbon atoms.
Erarmples include, but are not Lmited to ethynyi eg. -Ca=U(HD, - propynvi e.g, ~C=C{CH,),
~CEC{CHCH), —CHC=C), -CHRC=C(CHy), and -CHRCaC(CH,CHy) among
others, and higher homologs and isomers thereol, A "substiiuted” alkyny! group includes
altkynyl groups in which a non-carbon or non-hydrogen ator 18 bonded o a carbon triple
bonded 1o another carbon and those 1 which a non-carbon or non-hydrogen atom is bonded

o a carbon not involved in a triple bond to another carbon.
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06557 "Alkylene” by itself or as part of another substituent means z divalent radical
derived from an alkane, as ﬁmmpiif}ﬁd by ~CHyCH,CHLCH,-. Typically, an alkylene group
will have from 1,2, 3,4, 5, 6,7 or 8 carbon atoms that is derived by the removal of one

hydrogen atom from a single carbon atom of a parent alkyl.

(00601 "Oycloatkyl” or "carbocycle”, by themselves or in combination with other ferms,
represent, unless otherwise stated, cyche versions of "allkyl”, "atkenyl™ and "atkyanyl”

which all ring atoms are carbon. "Cyclealkyl” or "carbocyele” refers (o a mono- or

oy

ol 1

solvoyelic group, When used in connection with oycloalkyl substituenis, the term
"polyeyelic” refers herein to fused and non-fused alkyl cychic structures, "Cycloalkyl” or

"carbocyele” may form a "ofiaigeﬁ ring of a spire ring. The cyeloalkyl group may have one or
mors double or rinle bond{s). The term “cycloalkeny!” refers to 2 cycloalkyl group that has

s

at izast one site of alicenyl unsaturation between the ring vertices. The term “cycloalkynyl”
faml - .

refers 1o a cycloallyl group that has at least one site of alkynyl unsaturation between the ring
vertices, When "cycloalkyl” is used in combination with "alkyl”, as in

Cageycioatkyils gatkylene-, the cycloalkyl portion 1s meant to have the stated number of
carbon atoms {(e.g., from three 1o eight carbon atorns), while the alkylene portion has from
one 1o eight carbon atoms. Typical eyeloalkyl substituents have from 3 to 8 ring atoms

-

Examples of cycloalky! include cyclopentyl, cyelohexyl, I-cycichexenyl, 3-cyclohexenyl,

cycicheptyl, and the iike.

-

[BO61T “Aryl” by fsell or as part of another substituent refers to a polyunsaturated,
aromatic, hydrocarbon group condaining from & Lo 14 carbon atoms, which can be a single
ring or multiple rings (up to three rings) which are {used together or hnked covalently, Thus
the phrase includes, but is not Himited to, groups such as phenyl, biphenyl, anthracenyl,

naphihyl by way of example. Non-limiting examples of unsebstituted aryl groups include
s b P bR

1, 1 (L]

phenyl, T-naphthyl, Z-naphibyl and 4-biphen Substituted aryl group” includes, for
exarple, -CHoOH (one carbon atom and one heteroaton replacing a carbon atom) and
CHoSH. The term "heteroalkylene” by itsell or as part of another substituent means a
divalent radical derived from heteroalkyl, as exemplified by -UHy Uy S5-CHHCHy . - and
-CHy 5-CHy CHy NH-UHy . For heteroalkylene groups, hetercatoms can also occupy either
of both of the chain termind {e.g., alkyleneoxy, alkvlenedioxy, alkylensaming,
alkylenediamino, and the like). Buil further, for alkylene and hetercalkylene linking groups,

no orieniation of the linking group is imphied.

o
N
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{20627 The terms “heterocyele”,

ug

‘heterocyelyl” or “heterocyelic” refer saturated or
upsaturated non-aromatic cyclic group containing at least one heteroatom. As used herein,
the term "heteroatom” is meant to include oxygen (O), nitrogen (N), sulfur {(5) and silicon
(51). Each heterocycle can be attached at any available ring carbon or heteroatom. Each
beterocycle may have one or more rings. When multiple rings are present, they can be fused
together or linked covalentdy, Hach beterocycle typically contains 1,2, 3, 4 or 5,
independently selected heteroatoms. Preferably, these groups contain 1,2, 3,4, 5,6,7, 8,9
or 10 carbon atoms, 0, 1, 2, 3, 4 or 5 nitrogen atoms, 0, 1 or 2 sulfur atoms and O, 1 or 2
oxygen atoms. More preferably, these groups contamn 1, 2 or 3 nitrogen atoms, O-1 salfur
atoms and 0-1 oxygen atoms. Mon-limiting examples of heterocycle gronps include
morpholin-3-cne, piperazine-2-one, piperazin- -oxide, pyx?idinc--}one., piperidine,
morpholing, piperazine, isoxazoline, pyrazoline, irnidazoline, pyrazoi-5-one, pyrroliding-2,5-
dione, imidazolidine-2 4-dione, pyrrolidine, retrabydroquinolinyl, decahydroguinolinyl,

tetrahydrobenzooxazepinyl dihydrodibenzooxepin and the like,

0631 “Hetercaryl” refers to a cyclic or polycyclic aromatic radical that contain from one
to five heterpatorns selected from N, O, and 5, wherein the nitrogen and sulfur atoms are
optionally oxidized, and the nitrogen atom(s) are optionally guaternized. A heteroaryl group
can be attached to the remainder of the molecule through a hetercatom or through a carbon
atorn and can contain 5 to 10 carbon atoras, Mon-limiting examples of hetercaryl groups
melude T-pyrrolyl, 2-pyrrolyl, 3-pyrrolyvl, L-pyrazolyl, 3-pyrazolyl, 2-imidarolyl, 4-
imnidazolyl, pyrazinyl, 2~--0;{a?,0‘ayk, d-oxazotyl, 5-oxazolyl, 3-isoxazolyl, 4-1sexazolyl, 5-
isoxazolyl, Z-thiazolyl, 4-thiazolyl, S-thrazolvl, 2-turyl, 3-furyt, 2-thienyl, 3-thienyi, Z-
pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrinidyl and 4-pyrimidyl I not specifically stated,
substituenis for each of the above noted aryi and heieroaryl ring systems are selected from the

THETY

group of acceptable substituents described hersin, "Substituted heteroaryl” vefers (o a
unsubstiuted hetercaryl group as defined above in which one or more of the ring members is

bonded o a non-hydrogen atorn such as described above with respect (o subsilituted alloyl

groups and substituied aryl groups. E%{\pi ative substituents tnclude straight and branched
chain alkyl groups-Cis, ~Cols, -CH0H, ~0OH, ~0CH,, ~OCyHs, ~OCF,, ~OCE=0CH -

OC(=0NNH,, ~OC=0IN(CHY, -CN, ~NOy, ~C=0)CH,, ~CO, —CO0,CH,, ~CONH,, ~
NH,,~N(CHy ), ~NHSC,CHy, NHCOCHs, ~NHC(=0)OCH:, ~MNHSO,CHs, ~S0,CHs, —

A

5 NH, and halo.
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166647 “Bicvelic heteroaryl” refers to bicyclic aromatic radical that contan {from one to
five heteroatoms selected from N, O, and 5, wherein the nifrogen and sulfur atoms are
optionally exidized, and the niirogen atom(s) are optionally quaternized. A bicyclic
heteroaryl group can be attached fo the remainder of the molecule through a heteroatom or
through a carbon atom and can contain 5 to 10 carbon atoms. Mon-limiting examples of
mcyelic heteroaryl groups include 5-beazothiazolyl, puriny!, 2-benzimidazolyl,
benzopyrazelyl, S-indolyl, azaindole, lm.i:-‘_;oqz:a}'mlyl,: isoguinolyl, Z-quinoxalinyl, 5-
quinoxalinyl, J-quinolyl and 6-quinolyl, If not specifically stated, sobstitnents for each of the
above noted aryl and hetercaryl ring sysieins are selected from the group of acceptable

substituents described herein,

0085 “Aryiheteroaryl” or “arviessheteroaryl” refers to a radical wherein a heteroaryl
moiety is attached 10 an aryl moiety in a non-fused fashion, The aryl group is aftached o the
remainder of the molecule through a carbon atom and can coniain 5 w0 10 carbon atoms. Non-
firniting examples of aryl and hetercaryl groups are described above. The term
“phenylheteraryl” or “phenyleneheteroaryl” refers o a heteroaryl moiety attached to a phenyl

moety which is altached to the remainder of the molecule.

~

Bas]  “Aryiheterocyelyl” or “arylencheterocyelyl” refers to a radical whersin a
heteroeyebyl motety is attached to an aryl moiety in a non-fused fashion. The aryl group is
attached o the remainder of the moleenle through a carbon atom and can contain 5 (o 10
carbon atoms. Mon-limitng examples of ary! and heterocyely! groups are described above.
The term “phenylheterceyvelvl” or “phenyieneheterocyelyl” refers to a heteroaryl moisty

attached o a phenyl moisty which is attached to the remainder of the moleculs.

180671 In each of the above embodiments designating a number of atoms e.g. “Cy.

meant to inchide all possible embodiments that have one fewer atom. Non-limiting examples

inciude Uy 5, Cag, Cog, Uag, Ly and the like.

[B36a]  Bach of the terms hevein (e g, "alleyl" "heteroalkyl" "

7

aryl” and "heteroaryi'} is

meant to inclode both "unsubstituted” and optionally "substituted” forms of the indicated

radical, unless otherwise indicated. Typicaily each radical s substimated with 0, 1,234 or 5
substituents, unless otherwise indicated. Hxamples of substituents for each type of radical are

provided below.

{88691 "Substitted” refers 1o a group as defined herein in which one or more bonds 1o a

carbon(s) or nvdrogen{s) are replaced by a bond o non-hydrogen and non-carbon atom

[
]
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"substituents” such as, but not limited to, a halogen atom such as &, T}, Br, and I, an oxygen
atom in groups such as hydroxyi groups, alkoxy groups, aryioxy, and acyloxy groups; a
sutfur atorn in groups such as thiol groups, aikyl and aryl suifide groups, sulfone groups,
sulfonyl groups, and suifoxide groups; a nitrogen atom in groups such as amine, alkylamines,
dialkylamines, arylamines, alkylarylamines, diarylamines, alkoxyamino, hydroxyamno,
acylamine, sulfonylamineo, MN-oxides, imides, and enamines; and other hetercatoms in
various other groups. “Substitents” also include groups in which one or more bonds o a

arbon{s} or hydrogen(s) atom 18 replaced by a higher-order bond {e.2., a double- or triple-

Pt

bona) to a heteroatom such as oxygen 1 0x0, acyl, amido, alkoxycarbony!, aminccarbonyl,

carboxyl, and ester groups; niirogen in groups such as imines, oximes, hydrazones, and

nltriles. "Substitvents” further include groups in which one or more bonds (o a carbon(s) or
hydrogen{s} atoms s replaced by a bond to a cycloalkyl, heterocyelyl, aryl, and heteroaryl
grouns. Kepresentative "substituents” include, among others, grouns in which one or more
bonds toa carbon or hydrogen atom is/are replaced by one or more bonds to fluore, chloro, or
bromo group. Another representative "substituent” is the trifluoromethyl group and other
groups that contain the iriffucromethyl group. Other representative "substituents” include
those in which one or more bonds to a carbon or hydrogen atom is replaced by a bond to an
oxygen aitom such that the substituied alicyl gronp contains a hydroxyl, alkoxy, or srvioxy
group. Other representative "substitnenis” include alkyl groups that have an amine, or a
substituted or unsubstituted alkylamine, dialkylamine, arylamine, (alkyD{aryDamine,
diarylamine, heterocyelylamine, dihetercoyclyiamine, (alkyly(heterocyelylamine, or
{aryD{heterocyclyDamine group. Sall other representative "substituents” include those in
which one or more bonds (o a carbon{(s) or hydrogen(s) atoms 1s replaced by a bond to an

alkyl, cycloalkyl, aryl, heteroarvi, or heterocyelyl group.

HWS78] The hersin-defined grouns may include prefizes and/or sulfixes that are cormmonly
ised in the art o reate additional well-recognized substituent groups. As examples,

51'5‘3 b
IS

“alkylamino” refers to a group of the formula ~-NR'R". Unless stated otherwise, for the
following groups containing R”) | b, g- '-?ff and RS R® and 2" are each independently
selected from H, alkyl, alkoxy, thioalkoxy, cycloatkyl, aryi, heteroaryl, or heterccyclyl or are
optionally joined together with the atom(s) to which they are attached to form a cyelic group.
When B* and ®” are attached to the sume nitrogen atom, they can be combined with the

nitrogen atom to form a 5-, 6~ or 7-membered ring. For example, NR'RP is meant to inc

i

i-pyrrobidiny! and 4-morpholinyl

19
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96711 RS RY R®and R are each independently selected from alkyl, alkenyl, alkynyl,

cycloatkyl, cycloalkenvi, aryl, heteroaryi, heterocyelyl or alkylenearyl as defined herein.

(0721 Typically, a particular radical will have 0, 1, 2 or 3 substituents, with those groups
having two or fewer substituents being preferred in the present invention. More preferably, a

5 radical will be unsubstituted or monosubstitnted. Most preferably, a radical will be

pnsubstituied.

(5731 "Substituents”for the allyl and hetercalkyl radicals {as well as those groups referred
o as alkyiene, alkenyl, hetercaliylens, hetercalkenyi, alkynyl, cycloalloyl, heterocyeiyl) can
be a variety of groups selected from: -OR®, =0, =NR", =MN-OR", -NR*R®, -SR”, halogen,

10 -SIRRY RE -OCENRY, -CIOIRY, -C0, R, COMR'RY, -OCIOWMR'RY, MR CIO)RY, -NR
CIOMNRPRS, -MR SO NRRE, -NR COy R, -NH-C(NHo y=NH, -NR*C{MH y=NH,
NH-CINH)=NR", -5(0) R®, -80R", -S0pNER®, MR SO R, -C1¥ and NGy, in a number
ranging irom zero o three, with those groups having zern, one or two substituenis being

particularly preferred.

15 10674} In some embodiments, "substituenis"for the alkyl and heteroalkyl radicals are
selected from: -OR®, =0, - NR'R®, -8RY, halogen, -SiR*RPRE, -OC(OIRY, -COR?, -C O R,
CONRRY, -OCOINR'R, -NROCIORY, --mz;«zbf;iﬁzw, NRE-SOLNRPRE, -5(0) RY, -S0, 1,
SOHMNRIRE, -NRSOR, -UN and -NOy, where R and R” are as defined above. I some
embodiments, substituents are selected from: -ORY, =0, - NR'R”, halogen, -0C(0) RF,

W0 -COpRY, -CONRR®, -OC{ONRIRY, NRPCIOIRY, -NRCORY -NRALSOHNRRE, -804 R,

SO NR'RY, -NR"SOHR, -CM and -N Oy,

H75) Examples of substituted allyl arer ~(CHyaMH,, —(CH BMHCH),

(CHNHCHSY,, ~CHyC=CH CHa Ny ~CHLCEOYCH N, ~CHB(=0)CH; -

hH BEramples of substituents of substituted alkvl arer UH,0H, -GH, -

25 DCHs, SO0 s, ~OCK, -OCEGCH, —OC(=0NE; ~OC=ON{CH;),, —CHN, -MNG,, -
C(=O)YCH, -CO T, OO Hy, ~CONH,, =M, ~N(CHz ), ~NHEOCHy, ~NHCOTH;,

SNHO=000H, —NHSGUH, 50,0 Hy, =50,MH,, and halo

-

0761 Similarly, "substituents” for the aryl and heteroaryl groups are varied and are
selected from: -halogen, -OR® -OC(0) R®, -NR FRY LSRR IR LON, MOy, -COsRE,
o T { 3 T D g g oy i 2T vy 11 ek - =
30 COMNR'R® OO RY, -OCONERRY, -NRCIODY RY, *i”»!a{bf:{(}}zﬁ SR "b}NRhR(}

AN
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SNHACNH)=NH, -NRYC(NH=NH, -NH-C(NH)=NR", -S(D) R, -S(0) » R, -5(0)
ANRMR b , N3, “CH{Ph),, perfluoroC _galkoxy, and perfluoroC galkyl, in a number ranging
from zero to the total number of open valences on the aromatic ring system; and where B, R
and £ are independently selected from hydrogen, C_galkyl and hetercallyl, unsubstituted

acyl and heteroaryl, (unsubstituted aryh)-C_galkyl, and (unsubstituted aryloxy-C; _galloyl.

00771 Two of the "substituents"on adjacent atoms of the aryl or heteroaryl ring may
optionally be replaced with a substituent of the formuia -T-C{O)~(CHy)g-U-, wherein T and

Uare independently -MNH-, -C-, -CHy_ or a single bond, and g is 0, 1 or 2. Altematively, two

1

of the substituents on adiacent ators of the aryl or heteroaryl ring may optionally be replaced

with a substituent of the formula -A-(DHS)_B-, wherein A and B are independeatly -0 Hq
7k i ¥

S}
O, -MH-, -8-, -8(0)-, -8(0)7_, -5(0) oNE or a single bond, and ¢15 1, 2 or 3. One of the
singie bonds of the new ring so {ormed may optionally be replaced with a double bond.
Alternatively, two of the substituents on adjacent atoms of the aryl or heleroaryl ring may
opticnaily be replaced with a substituent of the formula -(CH;})}S._X{CHZ)EN -, where s and
are independently integers of (4 to 3, and X 15 -O-, -INR"-, -3~ , -S(0)-, -5{0)7_, or -5{0)

AR The substituent R in -NR" and -S(O); NR" is selected from hydrogen or

unsubstitufed O _galkyl, Otherwise, R 15 as defined above.
1B078]  Unless indicated otherwise, the nomenclature of snbstifuents that are not expiicitly
defined herein are arrived at by naming the terminal portion of the fanctionality followed by

the adjacent functionality toward the point of attachment. For example, the substituent

~

"arylalkyloxycarbonyl" refers o the group (aryD-(atkyD-0-C(00-

(06791 The term “acyl” refers 1o the group —C{=OR" where R® is alkyl, alkenyi, atkynyl,

H

cycloalkyl, cyeloalkenyl, aryl, beteroaryl or heterocyelvl, Acylincludes the "acetyl” group —

[DOBGT  “Acylamino-” sefers 1o the group -NR'CEOR® where 2 is alkyl, alkenyl, alkynyl,

1

cyeloalkyl, cveloalkenyl, aryl, heteroaryi or heterceyeliyl,
SR

06811 “Acyloxy” refers to ~OC(=0)-R" where R is alkeyi, alkenyl, alkynvi, cycloalkyl,

cyeloalkenyl, arvl, heteroaryl or heterocyelyl,
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(82]  "Alkoxy" refers o ~ORY wherein R g sl kyl as defined herein. Representative
examples of alkoxy groups inclade methoxy, ethoxy, +-butoxy, triffuoromethoxy, and the hike.

-,

66831 “Alkoxyamino” refers to the group ~-NHOR® where R” is alkyl.

[084]  "Alkoxycarbonyl” t0 ~C(=0)OR? wherein RY is allyl. Representative

alkoxyoarbonyl groups inchude, for example, those shown below

S /O - ~, >
“\h—p?ﬂ r H\“f/ © \\‘I’//;{Wa
. o {“‘} f O\ ! \-\ e O ,E
- (&R ~. 1 H i . .
E O 1 T : i N
(N . l O l &}\//\_/ i\z\\ i
H 4 b 1 ?
\.T_&D
O Lo
LA
-

| !
N . )
L T T ow l/\m

" L. /53 and O )

These z‘slkoxycm’i)onyi oroups can be further substituted as will be apparent to those having
skall in the organic and medicinal chemisiry arts in conjunction with the disclosure hereirn,
BEEs]  “Alkoxycarbonylaming ” ;rt‘h,rs to to ~NR*C(=0j0R" wherein R is alkyl.

(00861 “Alkoxysulfonylaming” refers to the group —NR*S(=0)-0R" where R" is alkyl.
[DURTT “Alkylcarbonyl” refers to the group ~C(=0MR" where RS is alkyl,

(.

[OORRY  “Alkylearbonyloxy” refers to ~OU(=0)-R" where R" is alkyl.

thl “Alkyiearbonylaming” refers (o -MN {“{’_‘_(::Q}R_C wherein R” is alkyl, Represemiative
atkyic ’iihOﬂjsdﬁ*‘; no groups include, for example, ~MHOE0YCH,, ~NRC(E=O)CHLCH,,

NE

C{=0)CH, N({Ting)g; or NHO(=0)CH RO,

3 NIRRT HO- O S T T TR B 4 [T 3 | R T . . "'345
6561 TAlkvisudfanyl”, “allkylthio”, or "thioalkoxy” refers o the group 5-K

alloyh.

; oy td
swhere B i

0691 “Alkylsulfonyl” refers to -S(=01R" where B® is alleyl, Alkvisulfony! groups

employed in compounds of the present invention are typically U salkylsnlfonyl groups.

921 “Alkyisulfonylaminog” refers o ~NR"S(=0),-R® wherein R" is alkyl,
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(06931 "Alkynviony” refers to the group -O-alkynyl, wherein alkynyl is as defined herein.

Alkynyloxy includes, by way of example, ethynyioxy, propynyioxy, and the fike.

[2694] "Amidino” refers to the group -C(=NENR R, wherein RY and R® independently

are selected from the group consisting of hydrogen, alloyl, substituted alkyl, alkenvl, alkynvi,
g yarog Y ¥ h; yony

aryl, eycloalkyl, cycloalkenyl, heteroaryl, heterocyelic, and where 8” and R® are optionally
Y Vi ¥, Y ¥ 2 )

joined together with the nitrogen bound thereto to form a heterocyelic or substituted

heterocyclic group. BY is selected from the group consisting of hydrogen, alkyl, alkenyl,
alloynvl, cycioaikynyl, aryl, cycloalkyi, cycloalkenyl, heteroaryl, heterocyclic, substituted

heterocyclic, nitro, nitrosoe, hydroxy, alkoxy, cvano, -MN=M-N-alkyl, -M{alkyD50,-alkyl, -

M=PM=PM-atkyl, acyl and -SOq-alkyl.

0957 “Amino” refers to a monovalent radical ~NRR® or divalent radical -NR*-. The term
‘alkylamino™ refers to the group ~NR'R® where R is alky! and R” is H or alkyl. The term
"arylamino” refers to the group —NR*R” where at leasi one R or R® is aryl. The term
{alicyl(aryDaimino” refers to the group —NRR” where R® is allyl and R” is aryl.
Additionally, for dialleylamino groups, the alkyl portions can be the same or different and can
also be combined to form a 3-7 membered ring with the nitrogen atorn to which sach is
attached. Accordingly, a group represented as -NR*R” is meant (o include piperidinyl,
pyrrolidinyl, morpholinyl, azetidinyl and the like.
096]  "Aminocarbonyl” or “amincacyl” refers to the amide —C(=0) NRRY. The term
‘allylaminocarbonyl” refers herein o the group —C(=0MRR” where B 16 alky] and R” is
Horalkyl, The term "arylaminocarbonyl” refers herein to the group —C(=0)-N RR" where
R or R is aryi. Representative aminocarbonyl groups include, for example, those shown
below. These aminocarbonyl group can be further substituted as will be apparent to those

having skill in the organic and medicinal chemistry arts in conjunction with the disclosure

herein,
.G
O ~
T . /O /(J \\//D
i HE\H " i
FHN L ' RN
O 0 L \j T CH
i N ]
R e
NHp M 3 “OH, P07 TNy o7
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{971 "Aminccarbonylamine" refers to the group -NR"C(O)NR'RY, wherein R is
hydrogen or alkyl and R® and B® idependently are selected from the group consisting of

hydrogen, alkyl, alkenyl, alikynyl, arvi, cycloalloyl, cveloalkenyl, heteroaryl, heterocyelic, and

&

where R and R” are optionally oined together with the nitrogen bound theceto to form a

heterocyelic or substituted heterocyelic group.

“Aminosulfonyl” refers 1o -S(0ORNRR” where R is independentily are selected from

the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl,
alloynyl, substinnted alkynyl, aryl, substituted aryl, cycloalkyl, substitnted cycloaikyl,

10 cycloatkenyl, substituted chéoaik, y%, het emaryi substiiuted heteroaryl, heterocyclic,
substituied heterocyclic and where B and R” are optionally joined together with the nitrogen
pound therete o form a heterocyclic or substituted heterccyclic gronp and alkyl, subsiztuted
alkyl, alkenyl, substituted alkenyl, atkynyl, substituted alkyayl, cycloaliyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, substituied aryl, heteroaryl,

15 substituted heteroaryl, heterocyelic and substitated heterceyelic are as defined herein,
{6997 ”Amim}sulf@nyi@w " refers 1o the group -O-8O,NR*R", wherein B and ®®
independently are selected from the group consisting of hydrogen, alkyl, atkenyl, alkynyi,
aryl, cycloalkyt, cycloalkenyl, heteroarvl and heterocyelic; R® and d ¥ are optionally jomed
together with the nitrogen bound thereto to form a heterocyelic or substituted heterocyclic

W groun.

1607 "Aminosulfonylaming” refers to the growp -MRS-SO,NRRS, whersin R* is hydrogen
or alkyl and }'E?E? and R° independently are selected from the group consisting of hydroger

atloyl, substituted alloyl, alkenyl, substituted alkenyl, alkynyl, substituted alkyoyl, aryl,
subsiituted aryl, cycloatkyl, substituted cycloalkyl, cycloaikenyl, substitnted cyeloalkenvi,

25 heteroaryl, substituied heteroaryl, heterocyclic, and substituted heierocyelic and where R® and

R® are optionally joined together with the nitrogen bound thereto to form a heterceyclic or

substituted heterocyelic group, and wherein atkyl, substituted alkyi, alkenyl, substituted

atkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl,

substituted cycloalkenyi, aryl, substituted aryl, heteroary, subsitiuted hetercaryl, heterocyclic
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and substituted heterocyelic are as defined herein,

(i8] " Aminothiccarbonyi” refers to the group CFB}I\!“"Rb, wherein R and R”
independently are selected from the group consisting of hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, cycloalkyl,

5 substituted cycloatkyl, cycloalkenyl, substituted cycloalkenyl, heteroaryl, substituted
heteroaryl, heterocyelic, and substituted heterocyclic and where R” and R® are optionally
joined together with the nitrogen bound thereto to form a heterocycelic or substitnted
heterooyelic group, and wherein alkyi, substituted alkyl, alkenyl, substituied alkenyi, alkynyl,

L

substituted atkynyi, cyctoalkyl, substituted cycioalkyi, cycloalkenyl, substimied cycloalkenyl,

¥
W aryh substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, and subsittued
heterocyclic are as defined herein.
{01021 "Amincthiocarborylamine” refers to the group - NRC(S) YNR™R", wherein R” is
hydrogen or alkyi and 22 and RS are optionally ioined together with the nitrogen bound

thereto to form a heterocyelic or substituted heterocyelic group.

15 (81037 “Aryicarbonyl” refers to the group ~C(=0)R" where R is aryl.
{01047  “Aryicarbonylamine” refers to ~-NR*C(=0)R® wherein R" is aryl,
(31057 “Arvicarbonyloxy” refers to ~OC{(=0)-R" where R® is aryl.

Wils]  "Aryloxy” refers to —ORY where 815 aryl. Representative examples of aryloxy

groups include phenoxy, naphthoxy, and the like.
- g . ~ o Y
200 (B077 "Arvioxycarbonyl” refers to ~C(=0)0OR" wherein R is aryl.
(01081 “Aryloxyearbonylamino” refers to ~INR'C(= O}O‘{ wherein R is ar yi.

PRI " e, TR Talal gLl 7 3 : d BN I
01091 “Aryisuifanyl”, “arylthio”, or “thioaryioxy” refers to the group 5-R%where R% Is

(4101 “Arvisulfonyl” refers 10 -5(=0)R" where R” is is aryl.

fa
LA
ey
]
Sk
Yosnds
i
[}

“aryisulfonylaming” refers to MR S(=01-R" wherein R is aryl.

(5112)  "Aryhthio" refers 0 the group -S-aryl, wherein aryi is as defined herein. In other
embodiments, sulfor may be cxadized to -S(0)- or -505- moieties. The sulfoxide may ¢xist as

Gre OF MOre SIerenisomers.

(03131 "Azdo” refers to =M.
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[9%14] “Bond” when used a slement in a Markush group means that the corresponding
group does not exist, and the groups of both sides are directly linked.

1R15] "Carbonyl” refers to the divalent group ~CU{=0)-—
116]  “Carboxy” or “carboxyl” refers to the group —{COH.

0337 "Carboxyl ester” or "carboxy ester” refers to the groups J’C(m@)OR“,
{31181 "(Carboxy! esterjamino” refers to the groups -NR*-C({OYOR®, where R™ is alkyl or
hydrogen.

19T {Carboxvi esteriony” or "Carbonate ester” refers to the groups ~O-CE=0)0RS

oa2ey “Cyano” refers to ~Ch

Cycloalkoxy” refers o ~ORY where R s cycloalkyl
01221 "Cyeloatkoxyearbonyl” refers to ~CE=0RY wherein RY is eyeloalicyl,

1231 “Cycloalkoxycarbonylamine ” refers to to -NR*C(=0YOR" wherein R
cycloalioyl,
fas

M124)  "Cycloatiovlalloylene” refers to a radical -RERY wherein R* iy an alicylene group and

RY is a cycloalleyl group as defined herein, e.g., cyclopropylmethyl, eyclohexenylpropyl, 3-

cyclohexyi-Z2-methylpropyl, and the like.

[01257  “Cycloalkylearbonyl” refers to the group ~C(=O)R" where R° is cycloaliyl,
(01261 “Cycloalkylcarbonylamino” refers to ~NR'C(=R" wherein R® is cycloalkyl,
{1271 “Cycloalkylearbonvioxy” refers 0 ~OC(=0)-R® where R is cycloalkyl.
191281 “Cycloalloylsuifonylamine” refers to ~INRAS(=0)-R" wherein B is cycloalkyl.

[GE291 "Cyeloalkylthio” refers to -S-cyeloaikyl In other embodiments, sulfur may be
oxidized 1 S0 or -30,- moienies. The sulfoxide may exist as one or mOre SIErenisomers.

101381 "Cycioalkenylon” refers o Ai}azyc_%oaikenyi.

231 "Cycloalkenyithio” refers to -S-cycioalkenyl. In other embodiments, sulfur may be
oxidized o sulfinyl or sulfonyl moieties, The sulfoxide may exist as one or more
SIEreoisomars.

[B132]  “Ester” refers o —C(=0)0R" wherein B is alloyl, cycloalkyl, aryl, heteroaryl, or

heierocyelivl,

"Guaniding” refers to the group -NHC(=NH)NH,.

i

[
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(01341 "Halo" or "halogen” by themselves or as part of another substituent, mean, unless
otherwise stated, a [Tuorine, chloring, bromine, or iodine atom. Additionally, terms such as
"haloalkyl”, are meant to include alkyl in which one or more hydrogen is substituted with
halogen atoms which can be the sarmme or different, in a2 number rangin g from one up 1o the
maxinum number of halogens permitied e.g. for atkyl, (Zm'+1), where m' is the total number
of carbon atomns In the alkyl group. For example, the term "haloCy _gatkyl” is meant to
mcﬁuqie trifluoromethyl, 2,2,2-trifluoroethyl, 4-chlorobutyl, 3-bromopropyl, and the like. The
term “perhaloalkyl” means, unless otherwise stated, allyl substituted with (2m'+1) halogen
atoms, where m'is the otal number of carbon atoms in the alkyl group, For example, the term
"perhaloC | galiyl”, is meant to include triffuoromethyl, pentachloroethyl,

U1 i-trifluoro-2-bromo-2-chioroethyl, and the like. Adduionally, term "haloalkoxy" refers o

an alkoxy radical substituied with one or more halogen atoms.

381 "Hetoroalkyl” means an alkyl radical as defined hercin with one, two or three
substituents independently selected from cyano, -ORY, -NRARY, and -3(0), % (where n is
an integer from O to 2 ), with the understanding that the point of attachment of the heteroalkyl
radical is through a carbon atom of the heteroalkyl radical. BW is hydrogen, allovl,
cycloatkyl, cyeloalkyl-alkyl, aryl, araaikyl, alkoxyearbonyl, aryloxycarbouyl, carboxamido,

or mono- or di-alkylcarbamoyl, R7 is hydrogen, alkyl, cycloalkyl, cycloalkyi-alkyl, aryi or
araaticyl. Ry is hydrogen, atkyl, cvcloalkyl, eycloatkyl-atkyl, aryl, araalcyl, alkoxyearbonyl,
aryloxyoarbonyl, carboxamido, mono- or di-alkylcarbamoy! or alkyisulfonyl, RZis h ydrogen
{(provided that n 15 0), alkyl, cycloalkyi, cycloalkyl-alkyl, aryl, araalkyl, amine, mono-
atkylamino, di-alkylamino, or hydroxyalkyl. Representative examples include, for example,
2-hydroxyethyl, 2,3-dihydroxypropyl, Z-methoxyethyi, benzyioxymethyl, 2-cvanoethyl, and
Z-methylsulfonyl-ethyl, For each of the above, BY, R RY, and R? can be further substinsed

by amino, tduonne, alkylamino, d.i—aikyimraino, OH or alkozy. Additionaily, the prefix

indicating the aomber of carbon atoms (e.g., C1-Cyg) refers (o the total number of carbon
atoms in the portion of the hezemaikyi group exclusive of the cyano, -ORY, -NRARY, or -

S{OyR% portions.

(08361 “Heteroarylearbonyl” refers 10 the group ~C{=0)R" where R is hetercaryl.

L)

1371 “Heteroarvicarbonylaming” refers 10 —-NR"C(=0)R" wherein R is heteroaryl,

27
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1381 “Hetercaryicarbonyloxy” refers to ~OC(=0)-R" where R® is heteroaryl,
[0139]  "Heteroaryloxy" refers to ~OR where RY is heteroaryl.
191407 “Heteroaryloxyearbonyl” refers to ~C{=0)0R® wherein R is heterouryl.

9 ki ¥ . ‘ 33 o ¥y e o~y O r ‘i'
(5141} “Heteroaryloxycarbonylamine 7 refers (o to —NR'C{=0)OR" wherein R” is

heteroaryl.

[0142%  “Heteroaryisulfonyilamino” refers 1o ~MRS(=0)p- R wherein ®° is heteroaryi.
0143)  "Heteroaryithio” refers to the group --E-heteroaryl. In other embodiments, sulfur
may be oxidized o -B(0)- or -50,- meieties, The sulfoxide may exist a8 one or more
SIErecisomers.

{344l "Heterocyelylalieyl” or "Cycloheteroalloyl-alikoyl” means 2 radical -RARY where BX

is an alkylene group and BY is a heterocyelyt group as defined herein, 2.2, tetrabydropyran-

Zeylinethyl, 4-(4-substituted-phenylpiperazin-1-yimethyl, J-pipendinyiethyl, and the like.

(0345 “Heterocveloxyoarbonylamino ” refers o to ~NR'C(=0)0R $herein B is
heterocyclyl

“Heterocyelylcarbonyl” refers 1o the ~C(=0R" where R is heterocyelyl,
[147  “Heterocyclylearbonylamino” refers to ~NRYC(=()R" wherein R" is heterocyciyl,

[0148]  “Meterocyclylcarbonyloxy” refers fo ~OC{=00-R" where R s heterocyelyl,

- - oy d :
1451 "Heterocyelyloxy® refers to ~OR where " 18 heterocyelyi.

"Heterocyelyloxyearbonyl” refers to ~C(=0)0RY wherein RY is heterocyelyl,

o
A».,k

Heterocyciylsulfonyl” refers to —S{=0)R" where B is heterocyciyl.

H o o B e 8 T - M = wie
sultfonyilamino” refers 10 ~NRE(=0),-R" wherein R iz heterocyelyl.

"Hetercoyelyithio” refers to the group -S-heterocyeyl. In other ernbodiments, soifur

may be oxidized 1o -850 or -50- moletigs. The sulfonide may exist as one or more

Sterenisomears,

o “hydroxyl” refers to the group —-OH.

(

31557 “Hydroxyamino” refers to the group ~NHOH.

82
)
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01561 “"MNiwo" refers 10 —-NGs.

D157]  "Miroso” refers to the group --NO.

{01581 The terms "optional” or "optionally” as used throughout the specification means that
the subsequently described event or clrcumstance may but need not occur, and that the
description includes instances where the event or circumstance occurs and instances in which
it does not. For example, "heterceyelo group optionally mono- or di- substituted with an
allkyl group means that the alkyl may but need not be present, and the description includes
sitnations where the heterocyclo group is mono- or disubstituted with an alkyl group and

siuations where the heterocyclo group 18 not substituted with the atkyl group.

(1591 "Optionally substituted " means a ring which is optionaily substiituted independently

with substituents, A site of a group that is unsubstituted may be substituted with hydrogen.
103601 “Oxo” vefers to the divalent group =0,

01611 "Sulfanyl” refers to the group -SR where R' is as defined herein.

(01621 "Sulfinyl” refers to the group —S(=0}-R" where " is as defined herein,

181637 "Sulfonic acid” refers to the group —5{0)-0OH.

01641 "Sulfonyl” refers to the group -S(0),-R” where R is as defined herein.
1651 "Sulfonylamino” refers io ~NR"S(=0),-R" where R" 18 selected from the group

consisting of hydeogen, atkyl, alkenyl, alliynyl, aryl, cycloalkyl, eveloalkenyl, heteroaryl and

heterocyclyl and R is as defined herein.

(03567 "Sulfonyloxy” refers (o the group ~-GB0-R",
D167 Cornpounds that have the same molecular formula but differ in the nature or
sequence of bonding of their atoms o the arrangement of their atoms in space are termed

“isorners”. Isomers that differ in the arrangement of thelr atoms n space are termed
“sterecisomers”. "Sterecisomer” and "stersoisomers” refer to compounds that existin
different sterenisomeric forms if they possess one or more asymmetric ceniers or a double
bond with asyrmetric substitation and, therefore, can be produced as individual
sterenisomers or as mixtures. Stereoisomers include enantiomers and diastereomers.
Sterecisomers that are not mirror images of one ancther are termed “diastereomers” and those

that are non-superimposable mirror images of each other are termed “enantiomers”. When a

28
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compourid has an asymmeiric center, for example, it is bonded to four different groups, a pair
of enantiomers is possible. An enantiomer can be characterized by the absolute configuration
of its asymmetric center and is described by the R- and S-sequencing rules of Cahn and
Prelog, or by the manner in which the molecule rotates the plane of polarized light and
designated as dextrorotatory or levorotatory (Le., a5 (4} or (-)-isomers respectively). A chiral
compound can 2xist as either individual enantiomer or as a mixture thereol. A mixture
containing equal proporiions of the enantiomers is called a “racemic mixture”. Unless
otherwise indicated, the description is Intended o include individual stereoisomers as well as
mixiures, The methods for the determination of sterecchemistry and the separafion of
stereoisomers ars well-kaown in the art {see discussion in Chapter 4 of ADVANCED URGANIC
CHEMISTRY, 4ih edition §. March, John Wiley and Sons, New York, 1992} differ in the

chirality of one or more stereoceniers.

A

. v ' o N A e
8] "Thioacyl” refers to the groups RWC(S

"y
fesd

35

I
(01

fa)

&1 "Thiol" refers to the group 3.

&

761 "Tautomer” refers to aliemate forms of a molecule that differ 1n the position of a
proton, such as encl-kefo and imaine-enamine tautomers, or the tautomeric forms of heteroaryl
groups containing a -M=C{H)-NH- ring atom arrangement, such as pyrazoles, imidazoles,
benzimidazoles, triazeles, and tetrazoles. A person of ordinary skill in the art would
recogmize that other tautomeric ring atom arrangemenis are possible.

4k -

7L Iis understood thai i all substituted groups defined above, polymers arrived at by
defining substituents with further substituents to themselves (e.g., substituted aryl having a
substituted aryl group as a substitusnt which is itself substituted with a substituted aryl group,
which is further substitnied by a substituted aryl group, ete.) are not itended for inclusion
herein. in such cases, the maximum nurmber of such substitutions 1s three. For exampis, serial
substitutions of substituted aryl groups ars limited to -substituted aryl-(substituted aryl)-

substituted aryl

01721 “Protecting group” refers 1o a group of atoms that, when attached (0 a reactive

[
functional group in a moleculs, mask, reduce or prevent the reactivity of the functional group.
ypically, a protecting group may be selectively removed as desived durtng the conrse of a

synthesis. Bxamples of protecting groups can be found i Greene and Wuts, Protective

[ ]

rid ﬁ

Ty,

Groups in Organic Chemistry, 3' 150G, John Wile Sons, MY and Harmison et al
P g ‘? y ] 3

Compendivm of Synthetic Organic Methods, Yols, 1-8, 1971-1596, John Wiley & Sons, NY.
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Representative amino proteciing groups include, but are not limited to, formyl, acatyl,
f?;ﬂumoacety benzyl, benzyloxycarbonyl {IBZM, tert-butoxyearbonyl ("Boc™),
trimethylsiiyl ("TMS"), Z-trimethyistyl-ethanesulfonyl ("TES"), trityl and substituted trityl
groups, allyloxyearbonyi, 9-flucrenytmethyioxyearbonyl ("FMOC"), nitro-
veralryloxyearbonyl ("NVOC") and the like. Representative hydroxy protecting groups
include, but are not Himited to, those where the hydroxy group is either acyiated or alkylated
such as benzyl and irityl ethers, as well as aikyl ethers, ietrahydropyranyl ethers, malkyisilyl

sthers {e.q. TMS or TIPPS arouns) and allvl erhers
‘\ R forl

731 The term "pharmaceutically acceptable salis” is meant to include salts of the active
componnds which are prepared with relatively nontoxic acids or bases, depending on the
particuiar substituents found on the compounds described herein. When compounds of the
present invention contain relatvely acidic funciionatities, base addition salts can be obtained
by contacting the neutral form of such compounds with a sufficient amount of the desired

base, either neat or in a suitable inert solvent. Examples of salts derived from

pharmaceutically-acceptable inorganic bases include aluminurm, ammonium, calcium, copper,
ferric, ferrous, lithivm, magnesiuim, Manganic, Manganous, potassium, sodinm, zinc and the
fike. Salis derived from pharmaceutically-accepiable organic bases include salts of primary,
secondary and terliary armanes, inciuding substituted arnines, cyelic amines, naturaliy-
ccewrting amines and the like, such as arginine, betaine, caffeins, choline, NN
dibenzyiethylenediaming, diethylamine, 2-diethylaminoethanol, 2-dimethylaminosthanol,
ethanclamine, ethylenediamine, M-ethylmorpholine, M-ethylpiperidine, glucamine,
glucosarnine, histiding, hydrabamine, isopropylamine, tysing, methylglucamine, morpholing,
piperazine, piperidine, polyamine resins, procaine, purines, theobromine, triecthylamine,
rimethyiamine, tripropylamine, romethamine and the Hike, When compounds of the present
mvention coniain relatively basic functionalities, acid addition salis can be oblained by
contacting the neutral form of such compounds with a sutficient amount of the desired acid,
either neat or in a suitable inert solvent. Examples of pharmaceutically acceptable acid
addition salts include those dertved from inorganic acids hike hydrochioric, hydrobromic,
nitric, carbonic, monohydrogencarbonic, phosphoric, monohydrogenphosphoric,
dibiydrogenphosphoric, sulfuric, monohydrogensuliuric, hydriodic, or phosphorous acids and
the like, as well as the salts derived from relatively nontoxic organic acids like acetic,
propionic, isobutyvric, malonic, benzoic, succinic, suberic, fumaric, mandelic, phthalic,

benzenesutionic, p-tolylsulionic, citric, fartaric, methanesulfordc, and the like. Also included

A1
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are salts of amine acids such as arginate and the like, and salts of organéz; acids iike
glucuronic or galactunoeric acids and the bike (see, 6.g., Berge, 3. M. et al,, “Pharmaceutical
Salts,” Jouwrnal of Pharmaceutical Science, 66:1-19, 1977}, Certain specific compounds of
the present invention contaw both basic and acidic functionalities that allow the compounds

to be converted inio either base or acid addition salts.

L0174 The peatral forms of the compounds may be regenerated by contacting the sall with
a base or acid and 1solating the parent compound in the conventional manner. The parent

form of the compound differs from the various salt forms 1o certain physical properties, such
as soiubility in polar solvents, but otherwise the salis are cquivalent to the parent form of the

compound for the purposes of the present invention,

FVTEY In zddition to sali forms, the present invention provides compounds which are in a
prodrug ester form, "Prodrug’s of the compounds described herein are those compounds that
readily undergo chemical changes under physiclogical conditions w provide the compounds
of the present invention. Additionally, prodrugs can be converted to the compounds of the
present nvention by chemical or biochemical methads in an gx vive environinent. Dor
exarnple, prodrugs can be slowly converted (o the compounds of the present invention when
placed in a ransdermal patch reservolr with a suitable enzyme or chemical reagent. Prodrugs
arg frequently, bl not necessarily, ph flzfmace.‘i@gi Hy inactive unti converted into the active
drug. Prodrugs are typically obiained by masking a functional group in the drug believed to
be iy part required for activity with a progroup (delined below) to form a promoiety which
undergoes a ransformation, such as cleavage, under the specified conditions of use to release
the functional group, and hence the active ding. The cleavage of the promoiety may proceed
spontaneously, such as by way of a hydrolysis reaction, or it may be catalyzed or induced by
anotiner agent, such as by an enzyme, by Hght, by acid or base, or by a change of or exposure
to a physical oy environmenial parareter, such as a change of temperaiure. The agent may be
endogenous 1o the conditions of use, such as an envwyme present in the cells (o which the
prodiug 1s adminisiered or the acidic conditions of the siomach, or it may be supplied

EXOEEn0USLY.

01787 "Progroup” refers to a type of protecting group that, when used 1o mask a functional
group within an active drug o form a promoiety, converts the drug into a prodrug. Progroups
are typically attached to the fuactional group of the drag via bonds that are cleavable under

specified conditions of use, Thus, a progroup is that portion of a promeiety that cleaves 10
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release the functional group under the specified conditions of use. As a specific example, an

arnide promoiety of the formula -NH-C{OYCH,y comprises the progroup -C(O)CH;

(01771 A wide variety of progroups, as well as the resultant promoteties, suitable for
masking functional groups in the active syk selective inhibitory compounds to yield prodrugs
are well-known in the art. For example, a hydroxyl functional group may be masked as a
sulfonate, ester (such as acetate or maleate) or carbonale promoiety, which may be
hydrolvzed in vivo o provide the hydroxyl group. An amino functional group may be
masked as an amide, carbamate, irmine, urea, phosphenyl, phosphoryl or sulfenyl promoiety,
which may be hydrolyzed in vive to provide the amino group. A carboxyl group may b

wasked as an ester {including methyl, ethyl, pivaloyloxymethyl, silyi e and thioesters),
amide or bydrazide promotety, which may be hydrolyzed in vivo to provide the carboxyl
group. The ipvention includes those esters and acyl grouns known in the art for modifying the
solubility or hydrolysis characteristics for use as sustained-release or prodrug formulations.
Ciher specific examples of suitable progroups and their respective promoieties will b

apparent to those of skill 1n the art.

4

(78] Certain componnds of the present nvention can exist in unsoivated forms as well a
solvated forms, including hydrated forms. "Solvate” refers (o a compiex formed by
cormbination of solvent molecules with molecules or jons of the solute. The solvent can be an
organic compound, an inorganic compound, or a mixture of both. Some examples of selvents
include, but are not limiled to, methanol, N N-dirsethyiformarmide, retrahydrofuran,
dimethylsulfoxide, and water. In general, the solvated forms are equivalent to unsolvaied
forms and are intended to be encompassed within the scope of the present invention. {ertain
compounds of the present mveniion may exist in mudtiple crysiallive or amorphous forms. In

sl forms are equivalent for the uses contemplated by the present invention

.f"\

gengral, ali phys:

and are intended o be within the scope of the present inveniion.

c 4

1791 Certaln compounds of the present Inveniion possess asymmetric carbon atorms

'\:

{opticd centers) or double bonds; the racemates, diastereomers, gedmelric some
egioisomers and individoal isomers (e.g., separate enantiomers) are all intended (o be
~ormpassed within the scope of the present tnvention. These isomers can be resolved or

asymimeirically synthesized using conventional methods to render the isomers "optically

pure”, Le., substantially free of its other isomers. If, for instance, a particular enantiomer of a

compound of the present invention is destred, it may be prepared by asymmetric synihesis, or
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by derivation with a chrial auxilliary, where the resulting diastereomeric mixture 15 separated
and the auxilliary group cleaved o provide the pure desired enantiomers. Alternatively,
where the molecule contains a basic functional group, such a3 amino, or an acidic functional

oup, such as carbonyi, diastersoreric salts are formed with an appropriate optically-active
acidh or base, followed by resolution of the diasteromers thus formed by fractional

crystatlization or chromatagraphic means well known in the art, and subsequent recovery of

the pure enantiomers.

i,
i

BIBL) The compounds of the present invention may also contain unnatural proportions of
atomic isptopes at one or more of the atoms that constituie such compounds. For example,
the compounds may be radiolabeled with radicactive isotopes, such as for example (ritium
{?’H 3, iodine-125 (%78 or carbon-14 (MC}. All isotopic variations of the compounds of the
present inveation, whether radioactive or aof, are intended 1o be encompassed within the

o~

scope of the present invention,

IDi81}]  Theterm "administening” refers (o oral adminmstration, admuinisiration as a
suppository, topical contact, intravenous, infrapentoneal, intrarnuscular, iniralesional,
infranasal or subcutaneous administration, or the implantation of a slow-release device e g, a
mini-psmetic pump, 1o a subjecl. Adminsitration is by any route, including parenteral and
transmucosal (e g., buccal, sublingual, palatal, gingival, nasal, vaginal, rectal, or

trapsdermal). Parenteral adminisiration includes, ez

[

ntravenous, iniromuscular, intra-

arteriole, intradermal, subcuianecus, é.mr'apf;z'ié;ommi infraveniricular, and mtracraraal, Other
modes of delivery include, but are not Himited to, the use of liposomal formulations,

intravenous infusion, ransdermal patches, efe.

(1827 An “agonist” or "activator” refers (0 an agent or molecule that binds to a receptor of

the invention, stimulates, increases, opens, activales, factlitates, enhances activation or

enzymatic activity, sensitizes or up regulates the activity of a receptor of the invention.

b

S
o

5

231 An “antagonist” or "inhibitor” refors 10 an agent or molecule that inhibits or binds

L

I8
to, partially or totally blocks stimulation or activity, decreases, closes, prevents, delays

activaiion or enzymalic activity, inactivates, desensitizes, or down regulaies the activity of a

receptor of the invention, As used herein, "antagonist” also includes a reverse or mverse

agonist.

I01847  As used herein, the term "condition or disorder responsive to modulation of syk "

and related termns and phrases refer to a condition or disorder associated with inappropriate,

34
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g., less than or greater than normal, activity of syk and at least partially responsive to or
affected by modulation of syk (e.g., syk antagonist or agonist results in some improvement in
patient well-being tn at least some patients). Inappropriate functional activity of syk might
arise as the result of expression of syk in cells which normally do not express the receptor,

greater than normal production of syk, or slower than normal metabolic inactivation or

slimination of syk or is active metabolites, increased expression of syk or degree of

mtraceilular activation {leading to, e.g., inflammatory and immune-related disorders and
conditions) or decreased expression of syk . A condilion or disorder associated with syk may

include 2 " syk -mediated condition or disorder”

(01851 As used herein, the phrases "a condition or disorder mediated at least in part by svk
kinase activity”, and related phrases and terms refer 1o a condition or disorder characterized
by mappropriate, .g., greater than normal, syk activity. Inaporopriate syk functional activity
might arise as the result of syk expression in cells which aormally do not express svk or
increased syk expression or degree of intracellular activation (leading to, e.g., inflammatory
and immune-related disorders and conditions). A condition or disorder mediated at least in
part by syk kinase activity may ve completely or partially mediated by inappropriate syk
functional activity. However, a condition or disorder mediated at least in part by syk kinase
activity is one in which modwlation of syk results in some effect on the underlying coudition
or disorder (e.g., an syk antagonist results in some improvement in patient well-being in at

least some patients).

{01851  The term "inflammation” as used herein refers to infiltration of white blood cells

{e.g., leukocytes, monocyies, ¢fc.) into the area being ireated Tor restenosis

(81877  The term "mntervention” refers to an action that produces an effect or that is intended

1 alier the course 0f 2 diseass DIOCOss, For Qz(dﬁ“i],;i%; "vascular interveniion” refers to the use

of an infravascular procedure such as angloplasty or a sient to open an obstructed blood
vessel

[E88]  The term "intravascolar device” refers o a device useful for a vascular
recanalivation procedure (o restore blood flow through an obsiructed blood vessel. Examples
of intravascnlar devices include, without limitation, stents, balloon catheters, avtologous
vepous/arterial grafts, prosthetic venous/arterial graits, vascular catheters, and vascuolar

shunts.

La
LA
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(81891 Asused herein, the term "JAR” refers to a Janus kinase (RefSeq Accession Mo,
43408) or a variant thereof that is capable of mediating gene expression in vitre O 1 vivo,
JAK vanants include profeins substantially homologous to native JAK, L.e, proteins having

one or more naturally or non-naturally occurring amino acid deletions, insertions or

5 substitutions (e.g., JAK derivatives, homoelogs and fragments). The amino acid sequence of
IAK variant preferably is at least about 86% identical to a native JAK, more preferably at
ieast aboui 90% identical, and most preferably at least about 95% dentical.
{3907 The term "leokooyie” refers (o any of the various bloced cells that have a nucleus and
cytoplasi, separale o a thin white layer when whole blood is centrifuged, and help protect
1 the body from infection and disease. Examples of leukocyies include, without Bmitation,

peuirophils, costnophils, basophils, lvmphocytes, and monocyies.
D3] The term “mammal” mcludes, withowt hmitation, humans, domestic animals (e.9.,
. . N gy

dogs or cats), farm animals (cows, horses, or pigs), monkeys, rabbits, mice, and laboratory

antmals.

LA

5 [6a92)  The terms "modulate”, "modulation” and the bike refer 1o the ability of a compound
to increase or decrease the function and/or expression of syk , where such function may

inclode transeription regulatory activity and/or protein-binding. Modulation may cccur in

g e

it

vitro or in vive. Modulation, as described herein, includes the inhibition, antagomism, partial
antagonism, activaiion, agonisim or partial agonism of a function oy characteristic associated

20 with syl , etther directly or indirectly, andfor the upreguiation or downreguiation of the

expression of syk |, either dirgetly or indirectly. In a preferred embodiment, the modulation is
direct. Inhibitors or aniagonists are compounds that, e.g., bind 1o, partially or totally block

stirnutation, decrease, prevent, inhibit, delay activation, inactivate, desensitize, or

downregnlate signal ransduction, Activators or agonists are compounds ihat, e.g., bind to,
[l far) el

25 stirnuiate, increase, open, activate, facilitate, enbance activation, activate, sensilize or

s

upregiiate signal fransduction, The ability of a compound o inhibit the function of syk can

be demonstrated in a blochemical assay, 2.g., binding assay, or a cell-based assay, 2.3

g. 8- 4

transient transfection assay.

101931 "Moedulators” of activity are used to refer to “ligands”, "antagonists” and “agonisis”

Lt
oo

identified using in vitro and in vivo assays for activity and their homologs and mirsetics.
viodulators include naturally cocurcing and synthetic ligands, antagonists, agonists,

molecules and the ke, Assays to identify antagonises and agonists include, e.g., applving
el ol ¥ k]
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putative modulator compounds to cells, in the presence or absence of a receptor of the
invention and then determining the fonctional effects on a receptor of the invention activity.
Samples or assays comprising a receptor of the invention that are treated with a potential
activator, inhibiior, or modulator are compared to control samples without the inhibitor,
activator, or modulator to examine the extent of effect. Control samples (unireated with

modulators) are assigned a relative activity value of 100%. Inhibition is achieved when the

“activity value of a receptor of the invention relative o the control is about 80%, optionaily

3% or 25-19. Activation is achieved when the activity value of a receptor of the invention
refative to the control s 110%, opticnally 150%, optionally 200-500%, or 1000-3000%

higher.

194]  "Patdent” refors to human and non-human animals, especiaily mammals. Bxamples

of patients inclnde, bul are not himited to, humans, cows, dogs, cals, goats, sheep, pigs and

rabbiis.
(G195 Turning next to the compositions of the invention, the term "pharmaceuntically

3] ad

acceptable carrier or excipient” means a carrier of excipient that is useful in preparing a

pharmaceutical composition that is generally safe, non-toxic and neither biclogically nor

otherwise undesirabie, and includes a carrier or excipient that 15 acceptable for velerinary use

as well as human pharmaceutical use. A "pharmaceutically accepiabie carrier of excipient”
as used in the specification and claims includes both one and more than one such carnier or

groipient.

01961 The terms "pharmaceutically effective amount”, "therapeutically effective amount”
or "therapeutically effective dose" refers to the amount of the subject compound that will
glicit the biological or medical response of a tissue, system, animal or human that is being
sought by the researcher, veterinarian, medical doctor or other chinician, The term
“therapeutically effective amount” includes that amount of a compound that, when
administerad, is sufficient to prevent devejopment of, or alleviate (o some exlent, one or more
of the symptorns of the condition or disorder being treated. The therapeutically effective
amount witl vary depending on the compound, the disorder or condition and #s severity and

the age, weight, ete., of the mammal to be treated.

(03971 The term "platelei” refers to a minute, nonnucizated, disklike cell found in the biood

plasma of marpmals that functions to promote blood clotting,

Lad
i
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1G1%8]  The terms "provent”, "preventing”, "prevention” and gramimatical vartations thereof
as used herein, refers to a method of partially or completely delaying or preciuding the onset
or recurrence of a disorder or condition and/or one or more of 1ts attendant sympioms or
barring a subject from acquiring or reacquiring a disorder or condition or reducing a subject’s
risk of acquiving or reaguiring a disorder or condition or one or more of its atiendant

symptoms.,

01991 The term "recanalization” refers to the process of restoring flow to or reuniting an

interrunted channiel of the body, such as a blood vessel.

02881 The term "

" refers 0 a re-narrowing or blockage of an artery at the same

> where treatinent, such as an angiopiasty or a stent proceduire, has been performad.

(0201

2011 The phrase “selectively” or "specifically” when referring o binding to a recepior,

refers to a binding reaction that is determinative of the presence of the receptor, often ina

liuuuz LALOUS pOPU

ation of receptors and other biologics. Thus, under designated

conditions, the compounds bind (0 a particular receptor at least two times the background and
more typically more than 10 to 100 times background. Specific binding of a compound under
such conditions reguires a compound that s selected for its specificity for a particular
recaptor. For example, small organic molecules can be screened 1o obtaln only those
corppounds that specifically or selectively bind 1o a selected receptor and not with other
receptors or proteins. A variety of assay formats may be used to select compounds ihat are
selective for a particukar receptor, For example, High-throughput screening assays are

routinely used 1o select compounds that are selective for a particular a receplor.

o

024072)  As used herain, the term "Sickle cell anemia™ refers to an inherited disor

1

¢ cells i which both hemoglobin alleles encode the sickle hemoglobin (8) protein,

Le., the 5/8 genotype. The presence of ¢

5 e sbnormal hernoglobin results in the production of

time in the blood circulation.

wally shaped cells, which do pot survive the usual length o

Thus, anemiz resnlts. "Anemia” refers (o a decrease in the number of rad blood cells and/or

hernoglobin inn the bicod.

_‘J

-

g i

which one hemogiobin allele encodes the sickie hemoglobin (8) protein, and the other allele

29310 The term "Sickle cell disease” refers 1o an inherited disorder of the ved blood cells in

i
&

encodes another unusual hemoglobin protein, such as hemoglobin (3), (C), (1), (E), and

(BThal). Examples of sickle cell disease genotypes include, without imitation, the 5/5, 5/C,

-t

~

S/, 8/, and S/8Thal genotypes. The rmost cornmon types of sickle cell disease include

b

ey
=

[
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sickle cell anemia, sickle-hemoglobin C disease, sickle beta-plus thalassemia, and sickle beta-

zero thalassemina.

{02047 The "subject” is defined herein to include animals such as mammals, including, but
aot linuted to, primates (e.g., humans), cows, sheep, goats, horses, dogs, cats, rabbits, rats,

mice and the like. In preferred embodiments, the subj@ct is a human.

02051 Asused herein, the term "syk” refers to a spleen tyrosine kinase (RefSeq Accession
No. P-0434035) or 2 variant thereof that is capable of mediating a celluiar response to T-cell
receplors in vitro of in vivo, syk variants include proteins substantially homologous (o native
sy, Le., proteins having one or more naturally or son-naturally oconrring amino acid
deletions, nsertions or substitutions {e.g., syk derivatives, homelogs and fragments). The
amino acld sequence of syk variant pre:%"eai'ab}y 15 at least about 80% identical 10 a native syk,

3

eterably at least about 90% identical, and most preferably at least about 95%

(02063 The term "syk inhibitor” refers to any agent that inhibits the catalvtic activity of

spleen tyrosine kinase.

10207 The term "thrombosis” refers to the blockage or clotting of a blood vessel caused by
a clumping of cells, resulting in the obstruction of blood flow. The term "thrombosis” refers

to the clot that is formed within the blood vessel,

08T The terms "treat”, "treating”, "treaiment” and grammatical variations thereof as used

alleviating

o1 LRl

herein, includes partially or completely delaying mitigating or reducing the
iiensily of one or more attendant symptoms of a disorder or condition and/or alleviating,
mitigatng or impeding one or more causes of a disorder or condition. Treatments according

to the inveniion may be apphed preventively, prophyiactically, pallatively or remediall
ol 4 4 .n

FRZBDT The term "vessel” refers to any channel for carrying a fluid, such as an artery or
vein, For exampie, a "blood vessel” reters to any of the vessels throngh which blood
circulates in the body. The lumen of a bicod vesse! refers to the inner open space or cavity of

the blood vessel.

2. Embodiments of the Invention

a. Compounds

39



WO 2000/1 369495 POYNTEZ005/0G2401

s.m‘

{0218} The present invention provides in one group of embodiments, a compound having

formmusla ()

5 oratautomer thereof or a pharmaceutically acceptable salt thereof,

wherein:

i
Y is selected from the group consisting off

:;;',i‘ac
LR
{'{ py
{X £ By ST
R2 EUT” ...... 3
HoNT !
and ¢ '
LisOor s
\ -1 -
10 I is selected Trom the group consising ofr

(a) pheny! substituted with a group, R®, wherein the pheny is further
optionally substituted with from 1 (0 2 substiluenis, R ind ependently selected from the
group consisting of Cy gaikyl, Cyaatkony, halo, Cygalkylsuifonyl and heterocycelyl,

R is selected from the group consisting of:

i5 {i) heteroaryl;
(i1} heterocyelyl;
{11y O galkyiheterocyclyl;
(iv) phenylenshateroaryl
(v} phenyiencheterooyciyl
20 {(vi} ~L-phenvl;
{vil} ~L-heterocyclyl; and
{viii) acyloxy;
L is selected from the group consisting of —CO-, -O-, -504-, -CONH- and —

A}
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each R’ is optionally further substituted with from 1 to 2 substitnents
independently selected from the group consisiing of C.galkyl, hydroxyCgalkyl-,
aminolygalkyl, Cyyalkylamino, Csalkvicarbonyl, aminocarbonyl, cyano, hydroxy, oro,
halo, haloCgalkyl, aminosuifonyl, Cageycloalkyl and aryl;

{b) naphinyl substituted a substituent , R

selected from the group consisting
of halogen, €y galkvicarbonyl, Cpaaltkyisulfonyl, aminosulfonyl, heterocyclyicarbonyl and
aminocarbonyl

() Chgeveloalkyl, optionally substituted with from | to 2 substifuents, &'
mdependently selected from the group consisting of ) galkyl, O galkoxy, halo,
Cgalkyisuifonyl and heterocyoivl

{d} heteroaryl; optionally substifuted with from | to 2 substituents, B "
mdependently selected from the group consisting of Ty g alkyl, amino, hydroxyl, oxo, halo,
Chgalkoxy, hydroxyCysalioyl-, aminoC gatkyl, Tigalkyicarbonyl, halo( galicyi,
T goyeloalkyl, Cygaminocyeloalioyl, aminoCy galkyienecarbonyl, aminccarbonyl,
CygalkvieneaminoC) galicvlenecarbonyi, Uy galkoxyCy galkylenecarbonyi,
hye:‘im:iy(f)1,;;e.aikylcnea:;:izibony}, hydroxy galkoxyearbonyl, Ci g alkoxyearbonylamino, aryl,
arylC g alkoxvearbonylanuno, Cygatkylsulfonyl, aminoC salkyienesulfonyl, aminosulfonyi,
' galkvieneaminoeCy galkylenesulfonyl, O yalkoxy T galkylenesulfonyl,
hydroxyUgatkylenesulfonyl, hydroxyC galkoxysulfonyi, aminosulionyl, and
Cigalkylheterocyelyl; and

{2} heterocyelyl; with from 1 o 2 substituents, Re independently selected
{from the gmup consitating of Oy gatkyl, O galkoxy, halo, O satkylsuifonyl and heterocyelyl;

cach Bl is independentiy selected from the group consisting of Crgalkyl, Cogalkenyl,

Cogalkynyl, T galkoxy, € galkylthio, aminccarbonyl, Oy galkoxyearbonyil galkyiene,
y gatkonyearbonylC 5T galkoxy, Chgatkoxyearbonylamine, oxo, halo, eyano, haloC, galkyl,
halol galkoxy, aminosutfonyl, heteroarylsulfinyl, amino, hydroxyl, U garylaticyiens, phenyl,
aminol | galkyl, aminoCsgeycloayl, beterseyelyl, hetercaryl and heterocyelyvlCygalkylene;

5o i o ib
pach B R

and R'® is independently selectad from the gronp consisting oft H,

Oy galkoyl, hydroxyC) galicyl, O ghaloalkyl, amino, Cgalkylamino, U
alkoxyearbonylaminoC g alkylene, Cygeycloalkyl, heteroaryl, €5 alkyiCageycioatiyl,
CygalkylthioC) galkyl, T galkyisulfonylC g alkylene, aminocarbonyl, Oy galkoxy(Cy salkyl,
haloC gaikyl, aryl and heterocyelyl; wherein the aryl 1s optionally substituted by hydroxyl,
Crgalkoxy, halo or haloCy galkyl; or taken together with R? and the atoms to which they are
attached to form a O g oycloalkyl or hetercycloalkyl ring;
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-7 . . - - . — .
R* 15 selected from the group consisting of H, amino, Cygalkylamino,
hydroxycarbonylamino O galkoxyearbonylamino arylC galkoxyearbonyviarnino and
hydroxyl;

R” is seiected from the group consisting of H, O galkyl, Cisalkylamine, amino

armunoCygalkyt, carboxy, CgatiovlaminoC) galkyl, Cysalkox y(Cyealkyl, hydroxyCigalkyl;

carboxyCygallcyl, Ty geycloalioyiCy gallovl, arvioxyC galkyl, aryiC) gaikyi,

heteroarytC qalkyl, and hydroxyCgalkoxy and hydrox vyl galkoxy; or may be combined

T - 10 4 T o - . N 2 Cr v e ” o H
with B or B and the atoms to which they are attached (o form 2 Ty goyclealkyl or

neterocyelyl ring;

o

&% is H or alkyl or may be combined with B and the atoms fo which fhey ars attached

io form a Uy g cycloaltkyt or heterocyelvl ring;

the subseripin is 0, 1, 2, 3 or 4; and

o

the subscript mis annteger of 1, 2 or 3; and the wavy line indicates the point of attachment

o the rest of the molacule.
2117 Tn one group of embodiments, Y is:
2 RiC
SN
3.':'\;2
I2127 Inone group of ﬁi'i'iba){ii;"nariiis,”{i is:

3

(213] In one gro :

ot

v

mbodiments, 7 is O. In another group of embodiments, 2 s

o g T b e
(0214] In one group of embodiments, D s pheayl,

(02157 In one group of embodiments, B is heteroaryl. In another group of embodiments, R

is heterocyelyl, In another group of embodiments, 17 is T gatkylheterocyelyl In another

group of embodimenis, K7 is phenylensheteroaryl. in another group of embodiments, R 15

phenylensheterocyelyl. I another group of embodiments, R i —f- phenyl. In ancther group

of embodiments, R” is —L-heterocyclyl. In another group of embodiments R s acyloxy.

(32161 In another group of embodiments, D' is naphthyl.
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(3217 The present mvention provides in another embodiment, a compound wherein 37~ 15

selected from the aroup consisting oft
fe) %‘ b

\

O
o o
NN \W>/ Ny
\ N

N |
i:"t __/ :\\mm ........ N <\ _____ m</'> _____ 5 o= j?} T
Nl N () — e\ ~<_\/
- E and

@] —
TN
OEE— —
N N (/ Y 8
= @ [ 4
5 e ; wherein X is halogen.

(02381 The present invention provides in another embodiment, a comnpound wherein D - 15

selecied from the group consisiing of:

" S
}.T / ....... ,\\‘T
of )
i P M e - %

- N - T . L . - ) PR X 1. . - N 3c . 1
10 Inanotber group of embodiments, I 35 Cageveloalkyll In another group of embodimenss, D

is heteroaryl. o another group of embodimeats, D' is heterocyelyl.

{8219) The present invention provides in another embodiment, a compound having formula

or a pharmaceutically acceptable salt thersot

.
et
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wherein:

b - ..
Y is selected from the group consisting of:

e
RER
LA
\f? $ /R a }’2“3
¢ A
Fyh T m
aril ;
o' is selected from the group consisiing of!
5 (a) phenyl substituted with 2 heteroary! group R, wherein the phenyl is forther

optionatiy subsittuted with from 1 to 2 substituents, R . independently selected from the
oroup consisting of Oy galkyl, O galkoxy, hato, Ty galkyisulfonyl and heterocyclyl and the
heteroaryi is optionally further substituted with from 1 to 7 subsiituents independently
selected from the proup consisting of Oy galkyl, hydroxyC galkvi-, amino(; galkyl,

10 O galkylearbonyl, amincearbonyl, hydroxy, oxo, halo, naloC) galkyl, aminosuifonyl and

Cygeyeioalioyl;
7o

ks

selectec

() naphthyl substituted a subsiituent , 17, ¢ from the group consisting
of Cgalkyisuifonyl, aminosulionvi, Em&:emcy ciylearbonyl and aminocarbonyl,

- I
() Cygeycloatkyl, optionally substituted with from 1 to 2 substituents, R ¢

1 from the group consisting ol T galkyl, € galkoxy, halg,

15 independently seled

Crgalkylsulionyl and heterooyelyl

(¢} bicychc heteroaryl; optionally subsiltuted with from 1 to 2 substituents,
r™ indepeadently selecied from the group consisting ofr g alkyl, € palkylcarbonyl,
aminoy galkylenecarbonyl, aminocarbonyl, Oy galicvleneaminoC gatkylenecarbonyl,

20 CalkoxyCgalkylenecarbonyl, hydroxyCgalkylenecarbonyl, hydroxy () galkoxyearbonyl,
aminocarbonyi, amino, Oz alkoxy vl Cy g atkoxyearbonyiamino, hydroxyi
amninoearbonyl, amino, O alkoxyearbonviamino, a; g alkoxyearbonyiamino, hydroxvi,
Cygalkoxy, Oy galkylsulfonyl, aminoC) galkylenesutfonyl, aminosulfonyl,

CigalkyleneaminoC gatkylenesulfonyl, T galkoxyCaalkyvlenesalfonyl,

tydronyCgaliovienssuifonyl, hydroxyC, galkoxysuifonyi, aminosalionyl, oxo, halo, phenyl

3
L

heterocyelyl and £ galkylhetercoyelyl; and
(o) heteroeyclyl; with from 1 to 2 substituents, R7®, independently setected
from the group consisting of Ty gallevl, O galkoxy, hato, C; galkylsulfonyl and beterceyclyl;
each B' is indenendently selected from the group consisiing of Cygalkyl, Caogalkenyl,
Ty galkynyl, Cpalkoxy, O galtkyithio, aminccarbonyl, O salkoxycarbonyill galkylene,

30 Crgalkoxyearbonyi( 50 gatkoxy, Cgalkoxyearbonylamino, oxo, halo, cyano, haloC galkyl,
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hiatoC) galtkoxy, aminosulfonyl, heteroarylsulfinyl; amino, hydroxyl, T garylatkyiene, phenyi,
aminoC galkyl, Bﬂ.‘iiﬂO(.::;_gCyCiOE\E.Ek._‘}’L heterocyclyl, heteraryl and heterocyclyiC) galkylene;

each R'™ R and R is independently selected from the group consisting oft H,
Chgaliyl, hydroxyCigalkyl, amino, Cgalkylamino, O g alkoxycarbonylaminoCy g alkylene,
Ca.geycloalkyl, heteroaryl, Ty g alkyiCs geycioalkyl, T galkylthioC 5 alkyl,
CgalkylsullonylCy g alkylene, aminocarbonyl, aryl, and heterocyelyl; wherein the aryl is
optionally substituted by hvdroxyl, Cigatkoxy, halo or haloC, galkyl; or taken together with
2% and the atoms to which they are attached to form a Cageycloalloyl or hetercyceloalkyl ring;

R 15 selecied from the sroup consisting of H, amino, aryiCgatkoxycarbonylamino
and hydroxyi,

R is selected from the group consisting of H, Cyaalkyl, O salkylaming, amino
CpalkylaminoC galkyl, T galkoxyCgatiovlene, hydroxyC gatkyl and hydroxyl) qalkoxy;
or miay be combined with R or 2% and the atoms to which they are attached to form a Uiy

H

cycloatkyl or hetercoyelyl rin

7

b \ . . 3 . .
] 1s H or allkyl or may be combined with R and the atoms to which they are atfached

to form a O oveloalky! or heterocyelyl ring
J

231

4

the subseriptnis 0, 1,2, 3 or 4; and

the subscript m is an integer of 1, 2 or 3; and the wavy line indicates the point

£

of attachment o the rest of the molecule,

B228]1 The present invention provides in another embodiment, a2 compound wherein D
Cy.aeyeloalkyl,

oy ot o , . L . . i
T02233 The present invention provides i another ernbodiment, a compound wherein D' s
selected from the group consisting of cyclopropyl, eyelobutyl, cyclopentyl and r“ydﬂhnx]..
[222] The present invention provides i another embodiment, a compound wherein 5}

Vo o e e ¥

neterncychyi.

102231 The present invention provides i another group of embodiments, a compound

wherein any of the heterocyelyl groups of formula [ is selected from the group consisting of:

\/ aa— — .
[0 /™ e S < e A e N Ny
N SN O R G T e ¥ %

Mo 5 N N NN N NS g O

(02247 The present invention provides in another embodiment, a compound wherein the
2 » P

heterocyelyl is selected from the group consisiing oft

43



g
|

e

WD 205/ 36005 POTIURZGOS/002401

-

{ % ( I B ( I T 2 Y Y s ol s O o N A
! .

i . G A o i X
- \} , N)

f f Q i
"""""" "/ ¥ \—“/ ] 1 \““““""/ giii ('-) \’77/
(2257 The present invention provides in another group of embodiments, a compound
wherein a heteroaryl group of the compound of formula 1is selected from the group

consisting of,

each of which is optionally substituted with from 110 2 substituents independently selected
from the gronp consisting oft O 3 alleyl, amino, hydroxyl, oxo, hale, g alkoxy,
hydeooyC gatkyl-, aminoUy gaikyl, O palkyicarbonyl, haloC) galkyl, Ui geveloalioyl,
Crgaminocycloalkyl, aminoU salkylenecarbonyl, aminoccarbonyl,

CgalkyleneamineC galkylenecarbonyl, Oy galkonvl salliylenscarbonyl,
hydrozyC galkylenecarhonyl, hydroxyCy galkoxyearbonyl, O g alkoxycarbonylamino, arvl,
aryit)) g atkox yearbonylamino, C galkyisulfonyi, aminoCy galkylenesulfonyl, aminosulfonyl,
CisalkylencaminoC, galkylenesulfonyl, O galkox vl galicylenesulfonyl,

hydroxyCy galkyienesulfonyt, hydroxyC salkoxysulionyl, aminosaifonyl, and

{92267 The present invention provides in another group of embodiments, a compound
wherein a heteroaryl group of the compound of formula §is a polyeyeiic heteroaryl group

S A g oy d S R . A
selectad from the group consisting off

Y y B O
(\’i ''''' w2 {;,xt\;w\“ih \)\ b ok h/ ) 3,2
S/ SN A NIV G /\)
w":/ \“::;:j 5 "':"'T) , \L’w"_.’ ,
g N N
P W . o N \
A e e D e,
Nl S8 % 0 el 05 N\
e M:‘:"/ \“‘"m" ) Nz
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optionally substituied with from 1103 R?d substituents independently selected from the group
consisting of: Cygalkyl, Cygalkylearbonyl, T gaminoeycloalkyl, aminoC, galkylenecarbonyl,
aminocarbonyl, CygaikylensamineCy gaikylenecarbonyl, C) galkoxyCy galkylenecarbonyl,
hydroxyCrgatkylenecarbonyl, hydroxyCy galkoxyearbonyl, aminocarbonyl, amino, )4

abkox yearbonylamino, aryl, aryiCy g alkoxyearbonylamino, hydroxyl, ;g alkoxy,
Crealkylsutfonyl, aminoC) gaikylenesulfonyl, aminosulfonyi,

Cigaikyleneaminolly galkyienssulfonyl, O salkoxyC galkyienesulfonyl,

hydroxyCy galkylenesulfonyl, hydroxy( galkoxysulfonyl, aminosulionyl, oxo, halo, phenyi
and Cygalkyibeterocyelyl; and the wavy Hne indicates the point of attachment to the rest of

the molecule.

(07271 The present invention provides in another embodiment, a compound wherein: D i

bicyciic hetercaryl.

(02281 The present Invention provides in ancther embodiment, a compound wherein o

selected from the group consisting of:

e At T
D = D
Hne—d >

{(LL 3 """‘“"\ \\‘\ llllll / (m" (3\\ ) ‘?? ( lllllll M 2 \ - C)B'___\\ L?-!, (O N '—,12
2 \
5N SO o S
T e i N i P and _— .

optionally substituted with from § to 3 R™ substituents independently selected from the group
consisting of: Tygatkyl, Cgalkyicarbonyi, aminoC galkylenecarbonyi, arinocarbonyl,

Uy galkyleneaminoCgalkylenecarbonyl, C) galkoxy(C galkyienscarbonyl,
avdroxyCygalioylenecarbonyl, hydroxyCgalkoxycarbonyl, aminocarbonyl, amino, Ty
atkoxycarbonylamino, arylCy g alkox yearbonylamino, hydroxyl, €5 atkoxy,

ygalkyisulfony!, aminoCgalkylenssulfonyt, aminosulfonyl,

47
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Cygalkyleneaminol, gallvlenesulfonyl, CgalkoxyCygalkylenesulfonyl,
nydroxyCy galkylenesulfonyl, hydroxy(C) galkoxysulfonyi, aminosulfonyi, oxo, halo, phenyl
and O galkylhetercoyelyl; and the wavy line indicates the point of attachment to the rest of

the molecule.

{32291 The present invention provides in ancther embodiment, a compound wherein | g

selected from the group consisiing off

NN
_ w/ - \
N Y/ L i\é’ _______ .\H{ \)
f\li'“< N N~ § /4 >w<‘;‘ ------- .
i : e e = Sosiovmd : J“"J\J
NN H \«;”\ \¢2N Vs A LN r/N\
Y C . >m G N
Nm.,éf > i < \>m§ /4 \> N_::< NS N-w// N\ i G- 7 \_§
N , e , \\:::- (Koo \';‘.“:: ) Fo— ,

K

IV (y _____
oo <§ ey S (e

and T NFT 0 cand the wavy line indicates ihe point of attachment to the rest of the
moiecule.
[¢230]  The present invention provides in another embodiment, a compound wherein D s

selected from the group consisting of:

48
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Hf\i\ / ‘‘‘‘‘ HN - % W\ 5 ji@ { '''''' \> SRR >__

S - e
0 0 20 €00 §00,C 0

and the wavy line indicates the point of attachment to the rest of the molecule.

062317 The present invention provides in another embodiment, a compound wherein D' is
5 selected {rom the group consisting of
(L’-'::\ M
0y e Ay
Mot N/ M/
- M
N /X SN
e f 1 R /
»;\‘j “"< \ {\\E o —_(% ‘II/} ) T ,g\} ‘““—< \ ....... &
HaC e N e z/» \> ,N“‘( >—-§ HaCo N U 4 %
" HyC — HaC o ) M HRC e
/_:'4 - .’_7.‘_.“:\ __\ T,
) O =
3 O R O
! VALY, == ANNVAR BRIV QS
HaC
- -~ HalCm o) =
0 f : 3 N (
el N O== 0= - —
ol N 4 \ 7
f/_ MHal b HaG = Ml i
ey (T::.": (:l."::,. (“ \
O = ; o=
¢ ) /2 N N2 N W
AN M N N
N : =, Hao = = HyC
15 PG — B B i

HSC
Q . e Ui -0
ey P f"J:\/ e (_}E..) L\M_m ( A ( N
o e —_— A i \
IR “< > H “< \> \N “’?J N N /N P _< >
=l Hal ::‘\ %‘1'3{3} = H.C NEEL Had 5
o ) HPJ? L ~5oand o s and

the wavy line indicates the point of attachment to the rest of the molecule.
(VEZZ] The present invention provides in another embodiment, a compound wherein s

selected from the group consisting of

49
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A 5 \,
o~ N M O"a;«; 1 < N
S M H o e NH v”’% N7 i\ﬁ , , O ,
-0
- - . — N
OO (N\,' {?ﬂm {_ﬂ__ e (N\; 5\““ g % B
i N TR ; } . W N g —
i J 5 Y i s O’J Nz N\\’ \—-m/
( S, - (,-;;:::\\A*ﬁ:‘ <ww?\> kkkkk .
—( /? "’\im-“</ 5 n-d S
m N b /
el ==/ and e

cach of which 13 opticnally substituted with from | io 2 substituents
independentdy selected rom the group consisting of O _salkyl, hydroxyCygalkyi-,
arninoiC galkyl, O gabicvicarbonyl, arminocarbonyl, hvdroxy, oxe, halo, haloC) galkyl,

aminosulforyl and Ty geveloalioyl,

{2337 The present invention provides in another embodiment, 2 compound wherein R is
selectad from the group consisting of
</N § A N (
P,r“."-mz /-‘-::\ l
& E HIY ]/ . ™ NS N /J
~M. = \,‘\ i- b
N "y N " e H ’ 2 E !
§
. ‘ fud -
e g, e M, N R AETR S3
Ny < T\j O oN T W E Mo N af
SRR VS R N N ;N
O‘;\ 3, B M Y 5 M S g e (SR .
‘ ‘ 4 & L <
4 N ,’i M, < oS oS L} < I{ A <\ J/ S J”
NTNLONTS ONT 8T 07y N CONTTSONT NN

] G ~ A T "y 2 3
7 // B 7 ,5 N i . g i 3
N < /}k (\ El N \ hY / Yo <H S !\5/ Yo Q’ B

N nesd o N - 2/ N A - P A N
‘\‘;:::::/ . ) \::tt:u'> . ”} \x::.-;.::.) \Ngzs:/ . !\I \\1:-:.::w) Efi'}‘id M ‘\*:_;f/ ) oA %} Qi‘

which is optioaally substituted with from 1 {0 2 substituents mdependently selected from the

T

group consisting of Oy salkyl, hydroxyCisalkyl-, aminoC galiovl, O salkyicarbonyl,
aminocarbonyl, hydroxy, oxo, halo, haloT galkyl, aminosulfonyl and Cygeycloatioyl.
(2341 The present invention provides m ancther embodiment, a compound wherein R s
selected from the group consisting of

532
ht)
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(2351 The present invention provides in another embodiment, a componnd wherein each b 2
10 isindependently selected from the group consisting of € galkyl, hetercaryl, heterocyclyi,
halo, O 8ha§oamyi Cgatkoxy, O gacyl, aminoC galkvl, amincsuifonyl, Cgalkyisulfonyi

and acylamino.

[0236] The present invention provides in another embodiment, a compound wherein each E

15 mdependently selected {rom the group consisting of

o
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FB238] The present invention provides in another embodiment, a compound wherein 718

10 amino.

H32391 The present invention provides in another embodiment, a compound wherein the

moiety:

93 F{‘l o

H’fi\l_/ )}f\
2

x,fx"\\
I,
ig M, .
L5 wherein X and Y is each independently selected from the group consisting oft

CEHy, NH, NCOCH, and 5.
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82401 The present invention provides in another embodiment, a compound wherein the
N b

moiety:
!:ﬂc
ROy
af /L
RULAL
;
RZ
15 selected from the group consisting ol
nfa g b nBa
o k S8 ga ; » o o
R AR E~<q«3\{/L\rF¥-b Hgm\r,i\ EC /-KKR °
E /g\ s
N N g o s .
R¥ YT HoNT Ty roe J\,f” By i/ b
NH, R R MH,
5 ; or :

wherein cach R™ and R™ is independently H, hydroxyl, halo or if on adjacent carbon
atoms, may be combined with the atoms 0 which they are attached o form a fused benzene

ring; and

9: % .. ot e » o
cach R™ and R™ is independently H, hydroxyl, halo or, if on adjacent carbon
10 aioms, may be combined with the atorns to which they are attached to form a fused benzene

ring; and the wavy line indicates the point of attachment to the rest of the moiecu

{0241 ] The present invention provides in another embodiment, a compound wherein the

molety:
. R'EC
[k RA l\
4 \‘%/ 5_555_\
R?
15 is
n&?i

bt 8 b "
wherein each R™ and R™ is independently H or may be combined with the atoms to
irde Fhens qpe s o B T me e : 1 9b 3 .
which they are atiached (o form a fused benzene ring; and each R™ and R™ is independently
H or may be combined with the atoms to which they are attached 10 form a fused benzene

20 ring; and the wavy line indicates the point of attachmeni 1o the rest of the molecule.

tn
Ga
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{0242 The present invention provides in another embodiment, a compound wherein: the

oty
nic
APt
;:{4\1!/’}5‘\\
RZ%
s
i RO
L pgee [
{ A
S N
E E\ . i P
e e i
T NHp
e
5 o ;

85 .
wherein each B® and R® is independently H or may be combined with the

atoms to which they are attached to form a fused benzene ring; and the wavy line indicates

LR

the point of attachment 1o the rest of the molecule.
[0243] The present invention provides in another group of embodiments, a compound

16 wherein the moiety:

i
R =\
oyl 5
()
pred 4
N

(02441 The present invention provides in another group of emboediments, a compound

wherein the moiety:

mie
R37 ‘ .
R"‘i;}ﬁ/i;d .
{ ) ;
< o
o

HQ
is

15 {02453 The present invention provides in another group of embodiments, a compound
wherein B is selecied from the group consisting of: Cygalkyl, hydroxyC, g alkyl,
Crgalloxyll galkyl and haloC, galloyl

=l e 4 ’ o . cvr i - .
R7is selected from the group consisting of H, amino and Czalkylamino;
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7% s selected from the sroup consisting of H, Cgaltkyl, O galkylaming,
arminoC galkyl, carboxy, aminoC galkylaminoC, galloyl, CgalkoxyC, galkyl,
nydroxyC) salkyl, carbox vyl gatkyl, CagoycloalkylCy galiyl, aryioxyC: galkyl, aryiC) galkyl,
heteroarylCy.galkyl, and hydroxyC,galkoxy; or may be combined with R or R and the
aterns o which they are attached to form a U geycloalky! or heterocyelyl ring;

rYisHor alkyt or may be combined with &7 and the atoms to which they are attached

to form a Cyg oycivalky! or heterocyelyl ring.

e

t

the formula;

461 The present invention provides in another group of embodiments, a compound having

(EN

!

pl

M {?
/\‘(\ e R
P H’““E;r’ MH,
i

[‘\\ g NS )

wherein each X and Y is mdependently selected from the group counsisting oft

Oy, NH, NOOCH; and 5.

[0247] The present invention provides in another group of embodiments, a compound having

the formula;

(",
Y
MH O
, i
olen
v ““"i\%’ﬁl\m”)

(02481 The present invention provides in another group of embodiments, a compound having

the formula;
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wherein each X a

Uiy, MEH, NMCOCH, and 5.

nd Y

i

(249] The pr

5 the formulda;

RS
N j
RN
=T UNEO
L /j\ .»JJ\.‘;
! i {1 i
NN
\\;& s z\i/ \N/
MNH,
o sent invention provides in another group of ¢
a formula selected from the group consisting of:
i 2
E.?.‘::} o~
" \_f/ ﬂ »/A\"x
R //i‘\,‘ » . [L\ ﬂ\
U =TUNHG
Pl /ii\\\ /'!rj"\ N s . ,“\
L S G T & K gl
L A /’” L \l A \Er
M TN
i H
ML
, g il
i [B283] The present invention provides 1o another group o

the formula;

mdependently s

elec

nf invention provides in another group of

i embodim

e
ST

»

ed {rorn the group ¢onsIstin

1ENES,

POT/USIONN 2407

ro of:

hodimenis, a compound having

H,
mbodiments, a cormpound having
S B
'v/“@gj}--{ 0
i
e s .
Y z\f ST T NH,
! o
- P Ao
“\\{J a»é\;/ “rg”
L H
NEWQ

a compound kaving
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(02527 The present invention provides in another group of embodiments, a compound having
the formula

[

2531 The present invention provides in another group of erabodiments, a compound havin
ka £z fied

the forrmuia:

wherein each X and 15 independently selected from the group consisting off

g, M, NCOCUH; and 5.
[0 [9254] The present iavention provides in another embodiment, a compound selected {from the

group consisting of:
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[8255] The present inveniion provides in another embodiment, a compound s¢

group consisting of
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F2561 The present nvention provides in another embodiment, a compound, having the

fomula:
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{02577 The present invention provides in ancther embodiment, a compound, having the

fomula;
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5 {92381 The present invention provides in another embodiment, a compound, having the
: I P i 4
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[{2597 The present invention provides in another embodiment, a compound selected from the
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H2667 The prasent invention provides in another embodiment, a compound wherein the

moiety:
7 Ria R'ib
LA
Hol 1
i3

and the wavy line indicates the point of attachmnent 1o the rest of the molecule

(02611 The present invention provides in another group of embodiments, a compound having

the formula:

=
(EDn
5
ol
NH O
| {
Lo
-t - P
R rgs/ [T hir
. ] i
(oo A
\E‘/ ST N
Mi’i:}

(26721 The present invention provides in another group of embodiments, 2 compound having

the formula;

s

[he prasent invention provides in another group of embodiments, a compound having

a formula selected from the group consisting of:
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02641 The precent invention provides in another group of embodiments, a compound having

the formula;

FiH,
5 [0265) The present invention provides in another gioup of embodiments, a compound having
the formula
RY
k’\]
N

AR ] T . . : ; \ N 9z , . = . s omia:
[(266] The present invention provides in another embodiment, a corpound wherein R is
selected from the group consisiing of O galkyl, hvdroxylC galikyl, Cogeyeloalkyl, aryl,

i

1 heteroaryi and heterocyelyl

{32677 The present invention provides in another embodiment, a compound wherein rRs
selected from the groun consisting of O gaikyl, Cygeveloalkyl, aryl, hetercaryl and
: g 8 » L35CY b

heterocyelyl

10268} The present invention provides in another group of embodiments, a compound

15 whersein the motety:
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91 The present invention provides in another embodiment, a compound having the

structure selected from the group consisting of formula Ha-c
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or a pharmaceuiically accentable salt thereof, wherein:

E is selected from the group consisting of C.galkoxy,
CrgalkylCygeycloaliylearbonylamino, O galkoxy(C) salkylenecarbonylamine-,
Cigatkoxyecarbonylamino and C)gatkyicarbonylamino,

7% is selected from the group consisting of H, halo, Cgalkyl and C) galkoxy;
and

rRY s selected from the grovup consisting of H, C) gatleyl and € galkoxy

e | ‘g_gﬂikyiﬁflﬁ.

92781 The present invention provides in another embodiment, a compound having formula

(LY

o
it
P
NSy g

H 3{30/\(/\” N A NF)

o a pharmaceutcally acceptable salt thereof,

I S ~ .
wherain |7 15 H or Oy _gatlyl

{B2771} The present invention provides in another embodiment, a compound having formula:
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(Tie)
wherein: I s a bicyelic aryl group.

{02721 The vresent Invention provides in another embodiment, a compound whersin: 13715
naphthyl, optionally substiivied with from 1 to Z substituents, 5% independently selected

from the group consisting of balo, U, saltkoxy and O galkylaminocarbonyl.

{02747 The present inventicn provides in another embodiment, a compound whereis Dl is

o
g

R —— . . c e . n . R
(62751 The present invention provides in another embodiment, a compound wherein D7 i3

[0276] The present invention provides in another embodiment, a compound wherein D7 is

selected from the group consisting of:

Qrys s =y =

..... s f

7 Ng HgCN, - N
4 ny oo
e/ j Chg and N\

and the wavy line indicates the point of attachment to the rest of the molecuie.

(90771 The present invention provides in ancther embodiment, a compound, having the

formuia

T
7
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[ORT7R] The present invention provides in another embodiment, a compound having the
struciure found in the Examples
(2791 The present inveniion provides in another embodiment, a compound having the

5 structure found in the fables.

HEE0] s understood that in another group of embodiments, any of the above

embodimenis mav alsc be combined with other embodiments listed herein, o form other
o

embodiments of the invention.

5. ilethods of Synthesis

10

gy

02811 The compounds of the present invention may be prepared by known organic

{ piep ¥
synthesis technigues, including the methoeds described in more detall in the Examples. In
general, the compounds of structure (1) above may be made by the lollowing Figure 3,

whersin all substitnents are as defined above unless indicaled otherwise.

102821 Compounds having formula T may be prepared according to Figure 3. Carboxylic
15 acid 1 is converted to acid chloride 1.2 via a one-step procedure by treatment with a
chlorination agent, such as thionyl chloride, and estertfication with an alcohol, such as
ethanol, to form compound 1.3 using conditions similar to that described below. fster 1.3 15
dichlorinated with a chlorinating agent, such as phosphorous oxychlorde. Selective
dispiacement of the 4-chloro group of the 2,4-dichloropyrimidine by an appropriate amine,

i - . . . P .
20 suchas ELD-NH, (available commercially or synthesized using methods known to those

skitled in the art}, under basic conditions, such as with dlisopropyiamine (DIA), provides
compounds of formula 1.5, Subsequent hydrolysis of the ester, displacernent of the second

chloro group with BDC and treatment with ammonia gives compound 1.7, Benzotriazolyl
ether compound 1.7 may also be prepared through a linear route. Displacement of the

25 benzotriazoly! ether group with an appropriale amine, such as YN, (available
comrercially or synihesizmﬁi using methods known to those skifled in the art), gives the

desired product 1, wherein B'-D' and ¥ are as previously defined.
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(02831 One skilled in the art will recognirze that in certain embodimenis of structure (D)
]} . . . - 1 . . .

when B -D' or ¥ comprises a terminal heteroatom, it may be advaniageous o use a

protecting group strategy. The protecting eroup can be removed using methods known (o

those skalled in the art to vield compounds of structure (1),

{92841 The compounds of the present invention may gencrally be utilized as the free base.
Alternatively, the compounds of this invention may be used in the form of acid addition salts

as described below,

The activity of a specified compound as an inhibitor of a syk kinase may be
ssessed in vitro or in vive. In some embodiments, the activity of a specified compound can
be tested in a cellular assay. Selectivity could aiso be ascertained In biochernical assays with

isolated kinass

Simuiar types of assays can be used {0 assess JAK kinase inhibitory activity and to
determine the degree of selectivity of the particular compound as compared (o syk kinase
{ne mes assaying o1 Fubiti letentt fthe effect of the compounds of th
One mauans of assaying for such inhibition is detection of the effect of the compounds of the
present invention on the upregulation of downsiream gene products. In the Ramos/IL4 assay,
B-cells are stimulated with the cytokine Interleukin-4 (11-4) leading to the activation of the
JAR/Sart pathway through phosphorylation of the JAK famaly Kinases, JAK L and JAKS,

i

which in turn phosphorylate and activate the transeription factor Stat-6. One of the genes

upregulated by activaied Stat-0 is the low affinity Igh receptor, CD23. To study the effect of

-

inhibtiors (e.g., the 2,4-substituted pyrimindmediamine compounds described herein) on the

JAKE and JAIKS kinases, human Ramos B-cells are stimulated with human -4, 10 post-

stimulation, cells are subjected o intracetluiar Dow cyiometry to measure the extent of

STAT-6 phosphorylation, 20 to 24 houvrs post-stimudation, cells are stained for upregulation

of CINS and analyzed using fow cytometry. A reduction of the amount of phospohorylated
-

STAT-6 and/or cell surface CI¥Z3 present compared {0 control conditions indicates that the

test componnd actively inhibits the JAK kinase pathhway.

W2EY] Addinopally, IL-6 stimulation of Ramos B-cells induces JAKs 1, 2, and Tyk?Z,
leading o Stal-3 and Erk phosphorylation. 107 post-stimulation, cells are subjected to

intracelivlar How cytometry to measure the ability of compound to inhibit these

68
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phosphorylation evenis. To specifically measure the activity of JAKZ, the CeliSensor irfi-bia
HEL cell line expressing the beta-lactamase reporter gene controlled by Statd will be used
{Invifrogen, Carlsbad, TA). These cells express a constituitively active JAKZ mutant
(JAK2YE1UTE), found naturally in myeloproliferative neoplasms (Constantinescu, S., et.al,
Trends Riochem. Sci., 2008; 33:122-31). A reduction in the amount of beta-lactamase

reporier gene expression is used a measure of the JAKZ inhibitory activity of compounds.

(52881 The acti*v‘.i[y of the compounds of the vention may additionally be characterized by

assaying the effect of the compounds of the present invention described hersin on AS549 lung
epithelial cells and U937 cells, AS49 tung epithelial cells and US37 cells up-regulate ICAM-]

(C154) surlace expression in response o a variety of different stimull, Therslore, using
ICAM-1 expression as readoyt, test cormpound effects on different signaling pathways can be
assessed in the same cell type. Stimulation with TL-18 through the 11-1 B receptor activates
the TRAFG/MNFxD pathway reselting in up-regulation of ICAM-1. IFM . gamuma. induces
HCAM-1 up-rezulation through activauion of the JARKI/JAK? pathway. The up-regulation of
HZAM-T can be quantified by How cytometry across a compound dose curve and ECs values

are caloulalad,

TE28%97  The activity of the compounds of the invention may additionally be characterized by
assaying the effect of the compounds of the present invention described herein on AS45 lung
epithelial cells and U937 cells. AS49 lung epithelial cells and U937 cells up-regulate ICAM-1
({C1354) sarface expression in response 10 a variety of different stimuii. Therefore, using
fCAN-1 expression as readout, test compound effects on different signaling pathways can be
assessed in the same cell type. Stimulaton with IL- 10 through the IL-1 [ receptor activates
the THAPS/MEKE pathway resulting 1n up-regulation of ICAM-1. TFMN. gamma. induces
FCAM-1 up-regulation through activation of the JAX/IAKT pathway. The up-regulation of
ICAM-1 can be guantified by flow cylorgatry across a compound dose curve and Hlsg values

are calculated, Exemplary assays of this type are described in gresier detail in the Bxamples.

POZRGT  Active compounds as described herein generaily inhibii the JAK kinase pathway
with an sg in the range of about T mM or less, as measured m the assays described herein.
Of course, skilled artisans will appreciate that compounds which exhibit lower 1Cs08, (on the
order, for example, of 100 ud, 75 uM, 50 uM, 40 pdd, 30 uM, 20 aM, 15 M, 10 pML 5
ub, T uM, 560 nM, 100 0k, 10 nd, 1 abd, or even lower) can be particularly usetul in

therapeutic applications. In instances where activity specific to a particular cell type is

sy

69
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desired, the compound can be assayed for activity with the desired cell type and counter-
screened for a lack of activity against other cell types. The desired degree of "inactivity” in
such counter screens, or the desired ratio of activity vs. inactivity, may vary for different

situations and can be selected by the user.

L

13291]  The active compounds also typically inhibit 1L-4 s lated expression of CD23 in
B-cells with an s in the range of about 20 ub or less, typically in the range of about 10
i, 1M, 500 o, 160 nd, 10 nd, | oM, or even lower, A suitable assay that can be used
is the assay described in the Hxamples, "Assay for Ramos B-cell Line Stimulated with 1L-4."
iIn certain embodiments, the active compounds of the present invention have an s of less

areater than 20 ub, or greater

LIS

10 than or equal 1o 5 b, greater than 5 pubd but less than 206 uM

than 20 pM bot less than 50 ub in the assay described in the Examples,

H292]  The active compounds also typically inhibit expression of ICAMI (CD54) induced
by IEN. gamma. exposure in U937 or AS49 cells with an ICsg 1n the range of about 20 ub or
less, typically in the range of about 10 b, 1 uM, 5300 nd, 100 oM, 10 aM, 1 oM, or even

oy

lower, The 1T against expression of ICAM {CD54) in IFM . gamma. stimulated cells can be

[

defermined i a functional cellular assay with an 1solated AS459 or U937 cell ine. Suitable

assays that can be used are the assays described in the Examples, "AS4% Epithelial Line

Stiroulated with TENY" and "U937 [FM. gamma. ICAM 1 FACS Assay,” respectively. in

certain embodiments, the active cornpounds of the present invention have an ICs of less than
20 orequal to 20 uM, greater than 20 ub, or greater than 20uM but less than 50 M in the

assays deseribed in the Dxamples.

. Compositions and Methods of Administration

15293 The present inverdion further provides composiions comprising one or more

.I

25 compounds of formuia (1) or 2 pharmaceutically acceptable salt, ester or prodrug thereof, and
a pharmaceutically acceptable carrier or diluent. It will be appreciated that the compounds of
formula (T)) in this invention may be derivatized ai functional groups 1o provide prodrug
derivatives which are capable of conversion back to the parent compounds in vive, Hxamples
of such prodiugs include the physiologically acceptable and metabolically labile ester

derivatives, such as methoxymethyl esters, methylthiomethyl esters, or pivaloyloxymethyl

[
<

esters derived from a nydrozyl group of the compound or a carbamoyl moiety derived from

70
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an armnoe group of the compound. Additionally, any physiclogically acceptable eqguivalents
of the compounds of formula (d), similar to metaboelbeally Iabile esters or carbamaies, which
are capable of producing the parent compounds of formula (1) in vive, are within the scope of

this invention.

(62941 As used herein, the term "pharmaceutically acceptable salis” refers (o any acid or
base addition salt whose counter-10n8 are non-toxic o the patient in pharmaceufical doses of
the salts. A host of pharmacautically acceptable salts are well known in the pharmaceutical
iteld. If pharmacentically acceptable salis of the compounds of this nveniion are villized in
these compositions, those salts are preferably denived from inorganic or organic acids and

ses. Included among such acid saits are the following: acetate, adipate, alginate, aspartate,
benzoate, benzene sulfonate, bisulfaie, butyrate, ciirate, camphorate, camphor sulionate,
cyclopentanepropionate, digiuconate, dedecylsulfate, ethanesulfonate, fumaraie,
luccheptanoate, glycerophosphate, hemisulfate, heptanoate, hexanoate, hydrochioride,
hydrobromide, hydroiodide, 2-hydroxyethanesuifonate, lactate, maleate, methanesulfonate, 2-
naphthalenesulfonate, nicotinate, oxalate, pamoate, pectinate, persulfate, 3-phenyi-
propionate, picrate, pivalate, propionate, succinate, tartrate, thiocyanate, tosylate,
nndecanocate, hydrohalides {e.g., hydrochlondes and hydrobromides), sulphates, phosphates,
nitrates, sulphamates, malogates, salicylates, methylene-bis-b-hydroxynaphihoates,
gentisates, 1sethionates, di-p-roluoyliartrates, ethanesulphonates, cyvelohexylsulphamates,
guinates, and the like. Pharmaceuntically accepiable base addition salts include, without
limnitation, those derived from alkali or alkaline earth metal bases or conventional organic
bases, such as triethylarnine, pycidine, piperidine, morpholine, N-methylmormpholine,
armmonium salts, alkali metal salts, such as sodium apd potassiom salis, alkaline earth metal
salts, such as calcium and magnesium salts, salis with organic bases, such as

Iy

dicyclobexylamine salts, N-methyl-D-glucamine, ard salts with amino acids such as arginine,

lysine, and so forth.

2951 Fuarthermore, the basic nitrogen-containing groups may be auaternized with agents
like fower alky! halides, such as methyl, ethyl, propyt and butyl chlorides, bromides and
iodides; dialkyl sulfates, such as dimethyl, diethyl, dibutyl and diamyl sulfates, long chain
halides, such as decyl, lauryl, myristyl and stearyl chlorides, bromides and todides; aralky!
halides, such as benzyl and phenethyl bromides and others. Water or oil-soluble or

dispersible products are thereby obtained.
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02561 The compounds utilized in the compositions and methods of this invention may also
be modified by appending approprisie functionalities to enhance selective biological
properties. Such modifications are known in the art and include those which increase
biotogical penetration into a given biological system (e.g., blood, lymphatic system, central
nervous systern, efc.), increase oral availability, increase solubility 1o allow administration by

injection, alter metabolism and alter rate of excretion.

{2971 The pharmaceutical compositions of the invention can be manufactured by methods
well known in the art such as conventional granulating, mixing, dissolving, encapsulating,
Iyophilizing, or emulsifying processes, among others. Compositions may be produced in

various forms, wclhuding granules, precipitates, or particnfates, powders, including freeze

i
driad, rotary dried or spray dried powders, amorphous powders, tablets, capsules, syrup,
suppositeries, injeciions, smulsions, elixivs, suspensions or solutions. Formulations may
optionally contain stabilizers, pH modifiers, surfactants, bioavailability modifiers and

combinaiions of these,

2987 The term "unit dosage form” refers to physically discrete units suitable as unitary
dosages for human subjects and other mammals, each unit coniaining a predetermined
guantity of drug calculated to produce the desired onset, rolerability, and/or therapeutic
etfects, in association with a sultable pharmaceutical exciplent {e.g., an ampoule). In
addition, more concenirated compositions may be prepared, from which the more dilute anit
dosage compositions may then be produced. The more concentrated compositions thus will
contain substantially more than, e.g, atleast 1,2, 3,4, 5,6, 7, 8, 2, 18, or more times the

amount of one or more syk inhibitors.

for example, REMINGTON'S PHARMACEUTICAL SCIENCES, 18TH ED., Mack Publishing Co.,
Haston, PA (1900)). In addition, pharmaceueally acceptable salts of the syk inhibitors of the
present invention (e.g., acid addition salts) may be prepared and included in the compositions
using standard procedurss known 1o those skilled in the art of synthetic organic chemistry and
) )

descrived, e.g., by i. March, Advanced Crganic Chemistry: Reactions, Mechanisms and

Structure, 4" Bd, (New York: Wiley-Interscience, 1992)

03007 The compositions typically include a conventional vharmaceutical carrier or
; f I
excipient and may additionally include other medicinal agents, carriers, adjuvants, diluents,

tissue permeation enhancers, solubilizers, and the like. Preferably, the composition will

7
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contain about 0.01% to about 90%, preferably about 0.1% to about 75%, more preferably
aboui 0.1% o 50%, still more preferably about 0.1% 1o 10% by weight of one or more syk
inhibitors, with the remainder consisting of suitable pharmaceutical carrier and/or excipients.
Appropriate excipients can be tatjored o the particular composition and route of

administration by methods well known in the art, e.g., REMINGTON'S PHARMACEUTICAL

Ty

SCIENCES, supr.

[0303]  Pharmaceutically acceptable carriers that may be used in these compasitions include
ion exchangers, alwming, alwoinum stearaie, lecithin, serum proteing, such as human serum
atbumin, buffer substances, such as phosphates, glycine, sorbic acid, potassium sorbate,
partial glycende mixtures of saturated vegetable fatty acids, water, salis or slectrolytes, such
as protamine sulfate, disodivm hydrogen phosphate, potassivm hydrogen phosphate, sodium
chloride, zinc salts, cotlowdal silica, magnesium irisilicate, polyvinyl pyrrolidone, cellulose-
pased substances, polyethylene glycol, sodium carboxymethyicellulose, polyacrylates, waxes,

polyethylene-polyoxypropylene-block polymers, nolyethylene glveol and wool fat

MB362]  Examples of suitable excipients include, but are not limited to, lactose, dextiose,

sucrose, sorbitol, mannitol, starches, gum acacia, caleiom phosphate, alginates, tragacanin,
gelatin, catcium siticate, microcrystaliine celiulose, polyvinyipyirolidone, cellulose, water,

saline, syrup, methylcellulose, ethyleetivlose, 1’1ydroxypropy,imfzi%éyicci}mlf;}f;‘@, and polyacrylic

acids such as Carbopols. The compositions can additionally include fubricating agents such
as tale, magnesium stearaie, and mineral oil; wetling agents, emulsilying agents; suspending

agenis; preserving agents such as methyl-, ethyi-, and propyl-hydroxy-benzoates; pH
adiusting agents such as inorganic and organic acids and bases; sweetening agents; anc

flavoring agents.

[03031  Administration of a composition comprising one or more syk inhibitors with one or
more suitabie pharmaceniical exciplents as advaniageous can be camed out via any of the
accepted modes of administration. Thus, administration can be, for example, oral, topical,
ntravenous, subcataneous, ranscutanecus, transdermal, intramuoscular, i*ﬁtrajmim, pa.mmf:z'a},
intra-arteriole, intradermal, intraventricular, Intracranial, intraperitoneal, intralesional,
mtranasal, rectal, vaginal, by inhalation or via an implanted reservoir. The term "parenteral”
ag nsad herein includes subcutanecus, intravenous, Intramuscular, infra-articular, intra-
synovial, intrasternal, intrathecal, intrahepatic, intralesional and intracranial injection or

infusion techniques. Preferably, the compositions are administered orally or intravenously.
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The formulations of the invention may be designed as short-acting, fast-releasing, or long-
acting. 5till further, compounds can be administered in a focal rather than sysiemic means,
such as administration (e.g., injection) as a sustained release formulation. According to a
represeniative emmbodiment, the compositions of this inventicn are formulated for

pharmaceutical administration to a mammal, preferably a human being.

183041 The compositions of the present invention coniaining one or more syk inhibiiors can
be administered repeatedly, e, atleast 2, 3,4, 5, 6,7, 8, or more times, or the composition
may be administered by continuouws infusion. Suiiable sites of adrunistration include, but are

-

not fimited to, skin, bronchial, gastrointesiinal, anal, vaginal, eye, and ear. The formuoiations
may take the form of solid, semi-solid, Iyophilized powder, or liquid dosage forms, such as,
for example, tablets, pills, capsules, powders, solutions, suspensions, emulsions,

supposilories, retention enemas, creams, ointrents, lotons, gels, asrosols, or the like,

preferably in unit dosage Torms suitable for simple adrainisiraiion of precise dosages.

(33051 The pharmaceutical compositions of this invention may be in any orally acceptable
dosage form, including tablets, capsules, cachets, emulsions, suspensions, solulions, syrups,
elixirs, sprays, boluses, lozenges, powders, granules, and sustained-release formulations.
suitable excipients for oral administration include pharmaceutical grades of mannifol,
iactose, starch, magnesiam stearate, sodium saccharine, talcum, cellulose, glucose, gelatin,
sucrose, magnesium carbonaie, and the like, In the case of tableis for oral use, carriers that
are commonly used include Iaciose and corn starch. Lubricaling agenis, such as magnesinm
stearate, are also typically added. For a capsule form, useful diluents include {actose and
dried comnsiarch., When agueous suspensions are required for oral use, the aclive ingredient is
combined with emulsifying and suspending agents. I desired, certain swasiening, Havoring

of coloring agents may also be added,

in some embodiments, the compositions take the form of a pill, tablet, or capsule,

, the composition can contain, along with one or more syk inhibitors, a diluent such
as lactose, sucrose, dicalcium phosphate, and tae like; a disintegrant such as starch or
derivatives thereof; a lubricant such as magnesium stearate and the hike; and/or a binder such
a stavch, gum acacia, polyvinyipyrrohidone, gelatin, celitdose and derivatives therecf. A
tablet can be made by any compression or molding process known o those of skill in the art.
Compressed {ablets may be prepared by compressing in a suitable machine the syk inhibitors

in a free-flowing form, e.g., & powder or granules, opiionally mixed with accessory
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ingredients, e.g., binders, lubricanis, diluents, disintegrants, or dispersing agents. Molded
taplets can be made by molding in a suitable machine a mixture of the powdered syk

inhibitors with any suitable carrier.

{03671 Aliernatively, the pharmaceutical compositions of this invention may be in the form
of suppositories for rectal administration. These may be prepared by mixing the agent with a
suilable non-irritating excipient which is solid at room temperature but liguid at rectal
temperature and therefore will meit in the rectum to release the drug. Such materials include
cocoa butter, beeswax, polyethylene glycol (PEG), hard fat, and/or hydrogenated
cocogliyceride. Compositions suiiable for recial administiation may also comprise a rectal
enema unit containing one or more syk inhibitors and pharmaceutically-acceptable vehicles
(e.g., 50% agueous ethanol or an agueous sall solution) that are physiologically compatible
with the recturn and/or colon. The rectul enerna unit contains an applicator tip protected by
an inert cover, preferably comprised of polyethylene, lubricared with a lubricant such as
white petrolatum, and preferably protected by a one-way valve to prevent back-flow of the
dispensed formula. The rectal enema unit s also of sutficient length, preferably two inches,

to be inserted into the colon via the anas.

19308} Ligud compositions can be prepared by dissolving or dispersing one or more syk
inhibitors and optionally one o more pharmaceuntically acceptable adjuvants in a carrier suc
as, for example, aguecus saline, aqueous dextrose, glycerol, ethanol, and the like, to form a
sotution or suspension, e.g., for oral, topical, or intravenous administration. Pharmaceutical
formulations may be pmpared as figuid suspensions or solutions using a sterile hgind, such as
oil, water, alcohol, and combinations thereot, Pharmaceutically suttable surfactants,
suspending agents or emulsifying agents, may be added for oral or parerieral administration.
Suspensions may include oils, such as peanut oil, sesame oil, cottonseed oil, corn oif and
otive oil. bBuspession preparation may also contain esters of faity acids, such as ethyl oleate,
isopropyt myristate, Tatty acid glycerides and acetylated fatty acid glycerides, Suspension
formulations may include alcobols, such as ethanol, isopropyl aleohol, hexadecyl alcohol,
glycerol and propyiene glycol. Bihers, such as poly(ethyleneglycol), petroleum
hydrocarbons, such as mineral oil and petrolatum, and water may also be used in suspension

formulations.

{030%]  The pharmacentical composttions of this tnvention may also be in a topical form,

especially when the target of treatment inchades areas or organs readily accessible by topical

1
[
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application, including diseases of the eye, the skin, or the iower intestinal tract. Suitable
topical formulations are readily prepared for each of these areas or organs. For topical
adiministracion, the composiion conlaining one or more syk inhibitors can be in the form of
emuisions, iotions, gels, foams, creams, jellies, solutions, suspensions, ointments, and

LI

transdermat patches.

[H340]  Topical application for the lower intestinal tract may be effected in a recial
supnository formulation (see above) or in a suitable enema formulation. Topically-
transcdermal patches may also be used, For topical applications, the pharmaceutical
compositions may be formulated in a suitable ointment containing the active componeni
suspended or dissoived in one or more carriers. Carners {or topical acdministraiion of the
compounds of this invention include, but are not hmited to, mineral o1, liguid petrolainm,
white pefrolatum, propylene glveol, polyoxyethylene, polyoxypropylene compound,
ernuisiiying wax and water. Alternatively, the pharmaceutical compositions may be
formulated in a suitable lofion or cream containing the active components sospended or
dissolved i one or more pharmaceutically acceptable carriers. Suitable carriers include
mmineral oi, sorbitan monostearate, polysorbate 60, cetyl esters, wax, cety! alechol, 2-

octyldodecanct, benzyl alcohol and wats

3

The pharmaceutical compositions of this invention may also be administered by

nasal aerosol or inhalation. For delivery by inhalation, the compositions can be delivered as a
dr’y powder or i liquid form via a nebulizer, Such compositions are prepared according 1o
iechniques known in the art of pharmacentical formulation and may be prepared as solulions
in saline, employing benzyl alcohol or other suttable preservatives, absorption promoters (o

enhance bioavailability, fluorocarbons and/or other conventional solubilizing or dispersing

3127 Forophthalmic use, the pharmaceutical compositons may be formulated a5
raicronized suspensions in isotonic, pH adjusted sterife saline, or, preferably, as solutions in
isotonic, pH adjusied sterile saline, either with owr without a preservative, such as
benzylaikonium chloride. Alternatively, for ophibalmic uses, the pharmaceutical

compositions may be formulated in an olntment, such a rolatum,

1‘

3131 For parenteral administration, the compositions can be in the form of sterile

,‘ oy
E..»Q

(0
injectable solutions and sterile packaged powders. Preferably, injectable solutions are

formulated at a pH of about 4.5 to about 7.5.
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{33141  sierile injectable forms of the compositions of this invention may be agueous or
oleaginous suspension. These suspensions may be formufated according to technigues
known in the art using suitable dispersing or wetting agents and suspending agents, The
sterile injectable preparation may also be a sterile injectable solution or suspension in 2 non-
toxic parenterally acceptable dilnent or solvent, for exarnple as a solution in 1,3-butanediol.
Among the acceptable vehicles and solvents that may be emploved are water, Ringer's
solution and iscionic sodinm chioride solution. In addition, sterile, fixed oils are
conventionally employed as a selvent or suspending medium. For this purpose, any bland
fixed oill may be employed including synthetic mono- or di-glyeerides. Fauly acids, such as
oleic acid and 1ts glyceride derivatives are usefnl in the preparation of injectables, as are
natural pharmaceuticaliy-acceptable cils, such as olive oil or castor oil, espectally in their
polyoxyethylated versions., These il solutions or suspensions may also contain a long-chain
alconol divent or dispersant, such as carboxymethyl cellulose or similar dispersing agents

which are commonly used in the formulation of pharmaceutically acceptable dosage forms

imcluding ernulsions and suspensions. Other commonty used surfaciants, such as Tweens,
spans and other emulsifying agents or bioavailability enhancers which are commonly used in
the manufacture of pharmaceutically acceptable solid, Liguid, or other dosage forms may aiso
be used for the purposes of formulation. Compounds may be formulated for parenteral
administration by injection such as by bolus injection or continuous infusion. A unit dosage

form for injection may be in ampoules or in multi- dose containers.

315]  The compositions of the present invention can aiso be provided in a lyophilizec
form. Such compositions may include a buffer, e g, bicarbonate, for reconstitution prior (o
administration, or the buffer may be included in the lvophilized composition for
reconstitution with, e.g., water. The lyophilized composition may further comprise a suitable
vasoconsirictor, e.g., epinephrine. The lyophilized composition can be provided in a syringe,

optionally packaged in combination with the buffer for reconstitution, such that the

reconstituied composition can be immediately administered to a patient.

3361 Any of the above dosage forms containing effective amounts are within the bounds
of routing experimeniation and within the scope of the invention. A therapsutically effective
dose may vary depending vpon the route of administration and dosage form. The
representative compound o compounds of the invention is a formuiation that exhibits a high
therapeutic index. The therapeutic index is the dose ratio between toxic and therapeutic

effects which can be expressed as the ratio between LDsp and EDsg. The Lidsg is the dose

77
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iethal to 50% of the population and the EDsp is the dose therapeutically effective in 50% of
the population. The LDy, and BEDsy are determined by standard pharmaceutical proceduares in

animal cell cultures or experimental animals.

(33171 Besides those representative dosage forms described above, pharmacenticaily
accepiable excipients and carriers and dosage forms are generally known to those sialled
the art and are included in the invention. It should be understood that a specific dosage and
treatment regimen for any particular patient will depend upon a vagety of faciors, including
the activiiy of the specific compound emploved, the age, body weight, general health, sex and
diet of the patient, and the timse of administration, rafe of excretion, drug combination,
judgment of the treating physician and severity of the particular disease being treaied. The
amount of active ingredient(s) will also depend upon the particular compound and other

therapeutic agent, if present, in the composition.

e, Methods of Use

(G318 The invention provides methods of inhibiting or decreasing syk activity as well as

Lr&:aiing or arngliorating a syk associated state, symplorn, condition, disorder or disease in a

ent in need thereof (2.g., human or non-human). in one embodiment, the syk associated
state, symptom, condition, disorder or disease 1s mediated, at least in part by syk Kinase
aetivity, Inmore specific embodiments, the present invention provides a method for treating
a condition or disorder mediaied at least in part by syk kinase activity 1s cardiovascular

disease, inflammatory disease or auicimmune gisease

{03191 In one embodiment, the invention provides methods for preventing or treating a
condition in a2 mammal charactenized by undesired thrombosis comprising the step of
administering to the maramal a therapeutically effective amount of a compound of the present
invention. Such conditions include, bul are not {imited, (0 resienosis, acute COTonAry
syndrome, myocardial infarction, unstable anging, refractory angina, occlusive coronary
thrombosis occurning post-thrombolytic therapy or post-coranary angioplasty, a
thrombotically mediated cergbrovasenlar syndrome, embolic siroke, thrombotic siroke,
transient ischemic attacks, venous thrombosts, deep venous thrombosis, pulmonary
ezmbohism, coagulopathy, disserninated miravascular coagulation, thrombotic

thrombocytopenic purpura, thromboangiitis obliterans, thrombotic disease associated with

78
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heparin-induced thrombocytopenia, thrombotic complications associaied with extracorporeal
circulation, thrombotic complications associated with instrumentation such as cardiac or
other intravascular catheterization, mntra-aortic balloon purnp, coronary stent or cardiac valve,

conditions requiring the fitting of prosthetic devices, and the hike.

(03281 In a further embodiment, the present invention provides a method for treating
thrombosis, immune thrombooytic purura, heparin induced thrombocyiopenia, dilated
cardiomypathy, sickie cell disease, atherosclerosis, myocardial infarction, vacular

infia ai’}ﬂ}ziuuﬁ unstable ﬂUJH:’i o1 acute coronary Sy‘ﬂﬁ FOInes.,

103231 In another embodiment, the present invention alsc provides a method {or treating

aliergy, asthma, theumatoid arthritis, B Cell mediated disease such as Mon-Hodglkin's
Lymphomia, 2ati phospholipids syndrome, lupus, psortasis, multiple sclerosis, end stage renal
disease or chronic lvmphoceytic lenkemia.

{ %y R Y
i

B322] I another embodiment, the present invention provides a method for treating

herolytic anemia or imimune thrombocytopenic purpura.

(3231 The compounds described herein are also potent and/or selective inhibitors of JAK
kinases. As a conseguence of this activity, the c;sn‘.:‘poz;sf:;ds can be used 1n a variety of in vitro,
I vivo, aid ex vivo contexis to regula inhibit JAK kinase activity, signaling cascades in

which JAK kinases play a role, and the biological responses effected by such signaling
cascades, For example, in one embodimment, the compounds can be used o mnhibit JAK

kinase, either in vitro or in vivo, in virtually any cell type expressing the JAK kinase, such as
in hematopoietic cells in which, for example, JAKS is predominantly expressed. They may
also be used to regulate sipnal fransduction cascades in which JAK Kinases, particularly
IAKS, play a role. Such JAK dependent signal transduction cascades include, but are not
limnited to, the signaling cascades of cytokine receptors that involve the common gamma
chain, such as, for exampie, the 1L-4, TL-7, 1L-5, IL-9, 1L-15 and 1L-21, or 1L-2, 1L-4, IL-7,
IL-9, TL-15, and 1L-21 receptor signaling cascades. The compounds may also be used in viteo
or in vive to regulate, and in paricolar to inhibit, celivlar or biological responses affected by
such JAK-dependent signal transduction cascades. Such celiular or biological responses
include, but are not Himited to, 1-4/ramos CD23 upregulation and 1L-2 medialed T-cell
proliferation, Importantly, the compounds can be used o inhibit JAK Kinases in vivo as a
therapeutic approach towards the treatment or prevention of diseases mediated, either wholly

or in part, by a JAK Kinase activity (referred to herein as "JAK kinase mediated diseases™).
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Maor-limiting examples of JAK kinase mediated diseases that can be treated or prevented with
ihe compounds include, but are not limited to, the following: allergies; asthing; aytoimmune
diseases such as ransplant rejection (e.g., kidney, heart, lung, biver, pancreas, skin, small
intestine, large intestine, host versus gralt reaction (HYGR), and graft versus host reaction
(GYHR)), rheumatoid arthritis, and amnyotrophic lateral sclerosis; T-cell mediated
avtoirnmune diseases such as muliiple sclerosis, psoraiasis, and Siogren's syndrome; Type X
inflammatory diseases such as vascular inflammation (Inchading vasculitis, arteritis,

11,

athierosclerosis, and coronary anery disea diseases of the central pervous systera such as

ses such as bronehitis obliteraus and

nulmenary dis DEIGATY pu‘immmry

Exarnples of diseases that are mediated, af least in part, by JAK kinases tha

treatad or provented according chude, but are not limited 0, aliergies

asthina, puictnmune diseases such as ansplant rejection (e g, kidney, heart, lung, Uver

pancreas, skin, host versus graft reaction (HYGR), ete)), rheumatord arthritis, and

amyotrophic fateral sclerosis, muitiple sclerosis, psoraiasis and Sjogren's syndiome, Type T
nflammatory disease such as vascular inflammation (ncluding vasculiils, atertis,
atherosclerosis and coronary artery disease) or other inflamm diseases such as
ostecarthritis, inf tory bowel disease, ulcorative colitis, Croho's disease, idiopathic

i

inflammatory bowel disease, rvitable bowel syndrome, spasiic

&

colon, fow

(e.g., scleroderma, ncreased fibrosis, kelolds, post-surs scars, pubmonary Uhrosis,
vascular spasms, migraine, reperfusion injury and post myocardial infarction), and sicea
complex or syndrome, diseases of the central nervous systemn such as stroke, pulimonary

a5 pronchilis oblilerous and primary and primary polimopary hyperiensiosn,

sH-median

= 1Y hrypersensitivity and solid and hematclogic malignancies

In ancther embodiment, this iny

ntion provides a method

f
o
iy
foie
o
s
e
el

-
ot

an activily O

a JAK kinese, compr

sing contacting the JAK kinase with an amount of 2 compound effective
i indibit an activity of the JAK kinase, wherein the compound is selecied from the
compounds of this invention. in certain embodiments of the methods described herein, the

method s carvied out in vivo.
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0326} In another embodiment, this invention provides a method of inhibiting an activity of
a JAK kinase, comprising contacting 1n vitro a JAK3S kinase with an amount of a2 compound
eifective to inhibit an activity of the JAK kinase, wherein the compound is selected from the

compounds of this invention.

03271 In a specific embodiment, the compounds can be used (o treat and/or prevent
rejection in organ and/or tissue transplant recipients (ie., treat and/or prevent allorgraft

rejection). Allografts can be rejected through either a cell-mediated or humoral immune

reaction of (he recipient against transplant (istocompability) antigens present on the
membranes of the donor's cells. The strongest antigens are governed by a complex of genetic

loct termed haman leukocyte group A (HILA) antigens. Together with the ABO blood groups
antigens, they are the chief fransplantation antigens detectable in humans.

[0328]  Rejection following transplantation can generally be hroken into three categories:

fyperacute, cocurring hours to days following transplantation; acute, occurring days (o
moaths following transplantation; and chronie, occurting months to years following

ransplantation.

Hyperacute rejection is caused mainly by the production of host antibodies that
attack the graft tissue. In a hyperacuie rejection reaction, antibodies are chserved in the
transplant vascular very soon after transplantation. Shortly thereafter, vascular clotring
cocurs, leading (0 ischemia, eventual necrosis and death. The graft infarction is vnresponsive
te known immunosuppressive therapies. Because HLA antigens can be identified in vitro,
re-transplant screening is used to significantly reduce hiyperacute rejection. As a

consequence of this screening, hyperacute rejection is relatively uncommon today.

183301 Acute s‘a;‘@ction is thought to be mediated by the accumulation of antigen specific

ceils in the graft tissue. The T-celi-mediated Irmnune reaction against these antigens (e,
HYGE or GV is the principle mechanism of acute vejection. Accumulation of these cells

oy 1

Jeads to damage of the grafl tissue. [t is believed that both CD4+ helper T-cells and CD&+
cytotoxic T-cells are mvolved in the process and that the antigen is presented by donor and
host dendritic cells. The CD4+ helper T-cells help recruit other effecior cells, such as
macrophapges and eosinophils, 10 the graft. Accessing T-cell activation signal transduction

3

cascades (for example, CD28, CD40L, and T2 cascades) are also involved.

(03311 The cell-mediated acute reiection can be reversed in many cases by intensifying
. o o

snmunotherapy. After successful reversal, severely damaged elements of the graft heal by
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fibrosis and the remainder of the gralt appears normal. Alter resolution of acute relection,

dosages of immunosuppressive drugs can be reduced to very low fevels,

10332)  Chronic rejection, which is a particular problem in renal transplants, often
progresses insidionsly despite increased immunosappressive therapy. 1t is thought to be due,
in Jarge part, to cell-mediated Type IV hypersensitivity. The pathologic profile differs from
that of acute rejection. The arterial endothelivm is primarily involved with extensive
proliferation that may gradually occhade the vessel lumen, leading to ischemia, fibrosis, a

thickened ntima, and atherosclerstic changes. Chronic rejection is mainly due to a

srpressive obliteration of graft vasculature and resembles a slow, vasculilic process.
5 g Do

03331 In ’I,‘ypéa LV hypersensitivity, CD8 cyiotoxic T-cells and CD4 helper T cells

copni her intracellutar or extracellular synthesized antigen when it is complexed,
espectively, with either Class [ or Clags 11 MHC molecules. Macrophages function as

antigen-presenting cells and release IL- 1, which promotes proliferation of helper T-cells.
Helper T-cells release interferon gamra and 1L-2, which together regulate delayed
hyperactivity reactions mediated by macrophage activation and immunity mediated by T

cells. in the case of organ transplani, the L‘:}ftemxéc T-cells desiroy the grafl cells on coniact.

since JAK kinases play a critical role in the activation of T-cells, the compounds
described herein can be used 10 treat and/or prevent many aspecis of transplant rejection, and
are particularly useful in the treatment andfor prevention of rejection reactions that are
mediated, at I2ast in pait, by T-cells, such as HVGR or GYVHR. The compounds can also be
used to treat and/or prevent ciironic rejection in ransplant recipients and, in particular, in
renal transplant recipients. The compound can also be administered to a tissue or an organ

prior 1o ransplanting the tssue or organ n the transplant recipient.

3357 In another embodirpent, this invention provides a imethod of treating a T-cell

e

nediated avioimmans disease, comprising adrainistering to a patient suffering from such an

agtoimenune disease an amount of a compound effective o treal the avioimmune discase
wheretn the compound 15 selected from the compounds of the invention. In ceriain
cmbodiments of the methods the astoimmune disease is muliiple sclerosis (MS), psoraisis, or
sjogran's syndrome. Such antotmmune disease include, but are not limited to, those
autolmmune diseases that are frequently designated as single organ or single cell-type
autoimmune disorders and those autolimmune disease that are frequently designated as

involving systemic antoimmune disorder, Non-limiting examples of diseases frequently

P
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designated as single organ or single cell-type antoimmune disorders include: Hashimoto's
thyroiditis, antoimmune hemolytic anemia, autoimmune atrophic gasiritis of pernicious
anemia, autolmmune encephalomyelitis, autoimmune orchitis, Goodpasture's disease,
autoimmune thrombocytopenia, sympathetic ophthalmia, myasthenia gravis, Graves’ disease,
primary biliary cirrhosis, chronic aggressive hepatitis, ulcerative colitis and membranous
glomerulopathy. Non-limiting examples of diseases often designated as involving systemic
autoimmune disorder include: systemic lupus erythematosis, rheumatoid arthritis, Sjogren's
syndrome, Reter's syndrome, polymyositis-dermatomyositis, systemic sclerosis, polvarteritis
nodosa, multiple sclerosis and bullous pemphigoid. Additional autoimmune diseases, which
can be beta.-cell (humoral) based or T-cell based, include Cogan's syndrome, ankylosing
spondyinis, Wegener's granulomatosis, antoimmune alopecia, Type T or juvenile onset

diabetes, and thyroiditis.

[0336]  The types of antoimmune discases that may be ireated or prevented with such
prodrugs generally include those disorders involving tissue injury that occurs as a result of a

=)

humoral and/or cell-mediated response Lo imrmunogens or antigens of endogenous and/or
exogenous origin. duch diseases are frequently referred to as diseases involving the

nonanaphnylactic (te., Type H, Type [l and/or Type IV) hypersensitivity reactions.

HEZZTT Type Dhypersensitivity reactions generally resnit from the release of
pharmacologicaily active substances, such as histamine, from mast and/or basophil cells
following contact with a specific exogenous antigen. As mentioned above, such Type |

reactions play a role in numerous diseases, including aliergic asthina, allergic rhinitis, etc

[

(63381 Type I hypersensitivity reactions {also referred to as cyiotoric, cytolytic
complement-dependent or cell-stimulating hypersensitivity reactions) resuit when
immunoglobuling react with antigenic components of cells or tissue, or with an antigen or
napien that has becorne intimately coupled 1o cells or tissue. Diseases that are commonly
associated with Type 11 hypersensitivity reactions include, but are not limited, 1o antoimmune

hemolytic anemia, ervihroblastosis fetalis and Goodpasture's disease.
‘ !

338 Type Ui hypersensitivity reactions, (aiso referred 10 as toxic complex, soluble
complex, or immune fompim hypersensitivity reactions) result from the deposition of soluble
circulating antigen-immunoglobulin complexes in vessels or in tissues, with accompanying
acute inflammatory reactions at the site of immune complex deposition. Mon-limiting

exaraples of prototypical Type 1 reaction diseases include the Arthus reaction, rheumatoid
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arthritis, serum sickness, systemnic lupus erythematosis, certain types of glomemilonephritis,

multipie sclerosis and bullous pemphingoid.

{3491 Type IV hypersensitivity reactions (frequently called cellular, celi-mediated,
delaved, or tuberculin-type hypersensitivity reactions) are caused by sensitized T-
by 4 }‘ J y
lymphocyies which result from contact with a specific antigen. Non-limiting examples of
Ey b2 ] b

diseases cited as involving Type IV reactions are contact dermaltitis and allografl rejection.

.

3341]  Autoimrmune diseases associeied with any of the above nonanaphylactic

o

hypersensitivity reactions may be treated or prevented with the prodrugs according o
struciural formulae (T) and (Ia). In particular, the methods may be used (o treat or prevent
those auvtoimmune diseases frequently characierized as single organ or single cell-type
aptormmune disorders inciuding, but not lmited to: Hashimoto's thyroiditis, avioimmune
hemolytic avemia, antolmmune atrophic gastritis of pernicious anemia, antoimmine
encephalomyelitis, autoimmane orchitis, Goodpasture's disease, sutchnimune
thrombocytopenia, sympathetic ophthalmia, myasthenia gravis, Graves' disease, primary
biliary cirrhosis, chronic aggressive hepatits, ulcerative colitis and membranous
glomerulopathy, as well as these autolmmune diseases frequently characterized as involving
systemic autoimmune disorder, which include but are not Hmited to: systernic lupus
polymyositis-dermatomyositis, systemic sclerosis, polyarteritis nodosa, multiple sclerosis and

bullous pemphigoid.

(33421 1wl be appreciated by skilled artisans that soany of the above-listed agtolmirune
disgases are associated with severs symptoms, the amelioration of which provides significant
therapentic benefit even in instances where the underlving autolmmune disease may not be

o Pl

ameliorated.

33437 Therapy using the compounds described herein can be applied alone, or it can be
apphied in combination with or adjunctive to other common immunosuporessive therapies,
such as, for exaraple, the following: mercaptopurine; corticosteroids such as prednisone;
methylprednisolone and prednisolone; alkylating agents such as cyclophosphamide;
caleineurin inhibitors such as cyclosporine, sivolimus, and tacrolimus, inhibitors of inosing
monophosphate dehydrogenase (IMPDH) such as mycophenclate, mycophenolate mofetil,
and azathiopring; and agents designed to suppress cellular immunity while leaving the

recipient’s humoral immunologic response intact, including vanious antibodies (for example

1
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antilympbocyte globulin (ALG), antithymocyte globulin {ATG), monoclonal anti-T-cell
antibodies (OKT3)) and irradiation. These various agents can be used in accordance with
their standard or common dosages, as specified in the prescribing information accompanying
cormmercially available forms of the drugs (ses also: the prescribing mformation in the 2006
cdition of The Physician's Desk Reference), the disclosures of which are incorporated herein
by reference. Azathicprine is currently available from Salix Pharmaceuticals, Inc., under the
brand name AZASAN; mercaptopurine i currently available from Gate Pharmacsuticals,
inc., under the brand name PURINETHOL,; prednisone and prednisclone are curreatly
available from Foxane Laboratories, inc.; Methyi prednisolone is currently available from
Pfizer; sirolimus {rapamycin) is currently available from Wyeth-Averst under the brand name
RAPAMUDNE; tacrolimus is currently available from Fuiisawa under the brand name
PROURAF, cyclosporing is current available from Movartis under the brand dame
SAMNDIMMURNE and from Abboit under the brand name GEMNGRAF, IMPDH inhibitors
such as mycophenolate mofetil and mycovhenotic acid are currently available from Roche
under the brand name CELLCEPT and from Movartis under the brand name MYPFORTIC,
azathioprine is currently available from Glaxo Smith Kline under the brand name IMURAN,

1

il

and antibodies fe from Ortho Biotech under the brand name

» currently aval

ORTHOCLOME, from Novartis under the brand name SIMULECT (bastliximab), and from
Roche under the brand name ZEMNAFA X (daclizumalb),

(93441 In another embodiment, the compounds could be administered either in combination
or adjunctively with an inhibitor of a syk kinase. syk kinase is a tyrosine kinase known to
play a enitical role In Foy receptor sig;;d}mg, as well 15 in other signaling cascades, such as
those involving B-cell receptor signaling (Tureer et al,, (2000), Iimmunology Today 21148~
154) and integring beta{1}, beta (2), and beta (3) in neutrophils (Mocsat et al., (2002),
baraunity 10:547-558), For example, syk Knase plays a pivotal role in high affinity 1gE
ceceptor signaling in mast celis that leads (o activation and subsequent release of multinte
chemical mediators that trigger allergic attacks. However, undike the JAK kinases, which help
reguiate the pathways involved in delayed or cell-mediated Type IV hypersensitivity
reactions, svk kinase helps regulate the pathways involved in iramediate IgB-mediated, Type
{ i'zypersensi%ivity reactions. Certain r‘{)mpounds that affect the syk pathway may or may not

o aftect the JAIK pathways.

{02451 Soitable syk inhibitory compounds are described, for example, in Ser. No.

10/355,543 filed Jan. 31, 2003 (publication no. 2004/0029902); WG 03/063794,, Ser. Mo
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LO/631,029 filed Jul. 29, 2003, WO 2004/014382; Ser. MNo. 10/903,263 filed Tul. 30, 2004,
PCT/US2004/24716 filed Jul, 306, 2004 (WO00S/015893); Ser. Mo, 10/903,870 filed Jul. 3G,
004, POTAIR2004/240720 filed Jul, 30, 2004 Ser, Mo, 60/630,808 filed Mov. 24, 2004, Ser.
Mo, 50/645 424 Hied Jan. 19, 2003 and Ber. Mo, 60/654,620, filed Feb. 18, 2005, the
disciosures of which are incorporaied herein by reference. The described herein and syk

inhibitory compounds could be used alone or in combination with ong or more conveniional

transplant rejeciion treatments, as described above.
(0348]  Inoa specific embodiment, the compounds can be used to treat of provent these

diseases in patiznis that are ether initially non-responsive (resistant) o or that become non-

of the other current reatments

responsive t© reatment with a syk inhibiiory compound or O

for the particular disease, The compounds could also be used in combination with :squ

130Ty cormpounds in patients that are syl-compound resistant or non-responsive. Suitshis

2y immmq compounds with which fhe compounds can be adiminisiered are provided infra,

oo

HI3aT) In ancther embodiment, this invention provides a method of ireating 2 T-cell

5

ing from such an

o

madisted anicimmune disease, comprising administering to a patient sufi

autoipmane disease an amount of a COTDOUn d effective Lo treat the awioiromune i

¥ N (

whersin the o OINDOIE 15 selex from the COMpon nds of the invents :00, as described her JU’I

ministerad w oombi

and the compound 18 tion with or adjunctvely to a compound that

inhibits syk kinase with an iUsq in the range of at least 10wl

In another smbodiment, this inveation providss a method of tealing or preveniing

aliograft ransplant rejection in a transplant recipiont, comprising adminisiering (o the

transplant recipient an amount of a compound gffective 10 treat or prevent the rejection

3

wherein the compound i5 sefected from the compeunds of the in

In a further embodiment, the compound 15 administered to a tissue o au organ prior to

i - Ci A Oy im the tranenlan reciniend
fran: ap,"m ;-\ e Ligsue OF OF AT AT NE ANSDIAn recisient

In another embodiment, this invention provides a methed of treating or preventing

allograft transplant re] lpient, in which the rejection 1s acute

o0 1 a ranspiant oo

comprising adminstering to the transplant recipient an armount of a compound effective 1o

treat or prevent the rejection, wherein the compound is selected from the cormponnds of the

inveniion,

his invention provides a meinod of reating or preventing

raty

ion i 4 transplant recipient, in which the rejection is chronic

36
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rejection, comprising administering to the transplant recipient an amouni of a compound
effective wo treat or prevent the rejection, wherein the compound is selected from the

compounds of the invention.

[0351]  In another embodiment, this invention provides a method of treating or preventing
aliograft transplant rejection in a fransplant recipient, in which the rejection is mediated by
HVGR or GVHR, comprising administering to the transplant recipient an amount of a
compound effective to treat or prevent the rejection, wherein the cormpound is selected from

the compounds of this invention, as described herein.

03521 In another embodiment, this tnvention provides a method of treating or preveniing
allograft transplant rejection in a transplant recipient, 1n which the allograft t;fansg_}%az‘zt is
selected from a kadney, a heart, a liver, and a lung, comprising administenng to the ransplant

recipient an amount of a compound effective to (reat or prevent the rejection, wherein the

compound 1s selected from the compounds of this invention, as described herein,

[03531  In another embodiment, this invention provides a method of treating or preventing

allografl transplant rejection in a transplant recipient, in which the allograft transplant is
selected from a kidney, a heart, a lver, and a lung, comprsing administering 1o the rransplant
recipient an amount of & compound effective 1o freat or prevent the rejection wherein the
compound 18 selected from the compounds of the invention, as described herem, in which the
compound 15 admunisiered 10 combination with or adjuncitvely 1o another
Immunosuppressant.

183541 In another embodiment, this invention provides a method of treating or preventing

atfografl transplant rejection in a transplant recipient, In which the allograft transplant 1s
selected from a kidney, a heart, a liver, and a lung, comprising administering to the transplant
reciplent an amount of 2 compound effective [o treal or prevent the rejection, wherein the
compound is selecied from the compounds of the invention, as described hercin, in which the
comrpound is administered in combination with or adjunciively to another
fmmunostppressant, in which the immunosuppressant 1s selected from cyclosporing,
tacrolimas, sirolimus, an inhibitor of APDH, mycophenolate, mycophanolate mofeti, an

anti-"T-Cell antibody, and OKT3.

103551 The compounds described herein are cytokine moderators of 1L-4 signaling. As a
consequence, the compounds could slow the response of Type T hypersensifivity reactions.

Thus, in a specific embodiment, the compounds could be used to treat such reactions and,

&7
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i

therefore, the diseases associated with, mediated by, or caused by such hypersensitivity
reactions {for example, allergies), prophylactically. For example, an allergy sufterer could
take one or more of the JAK selective compounds described herein prior (o expected
exposure o allergens to delay the onset or progress of, or eliminate altogether, an allergic

FESPNSLE,

I When used o treat or prevent such dissases, the compounds can be administer

singly, as mutiares of ong or more compounds, or in mixture or combination with ather

~

agents useful for treating such diseases and/or the sympioms associated with such ¢

aheh.

The compounds may also be administered in mixiure or in combination with agenis useful fo

treat other disorders or maladies, such ay steroids, membrane stabilizers, 5-ling

510} mhibitors, leukotriens synthesis and receptor inhibitors, inbibitors of Igfisotype

switching or 1gE synthesis, (g isotype swilching or ig( synthesis, bela~agonists, irypiase

o

T

inhibitors, aspirin, cyclooxygenase {COX) inhibitors, methotrexate, anti

rja

0 antibody, P4 inhibitors, p38 inhibitors, P1 inhibitors, and antihistamines, o nare

sy

g fow, Th npounds can be admimstered per se in the form of predrugs or as
few compounds can be administerad

pharrmaceutical compositions, comprising an active compound or prodrug.

in another embodiment, this invention provides a method of treating or proveniing a

YT SEnSilivid oy X’E:ﬁﬂﬁ@ih oD i1 ig administora oSl b’ﬁ“w. an amount of a

sprevent the hiypersensitivity reaction, wherein the compound i3

ympounds of this invention, as described hersin.

Inn another embodiment, this invention provides a method of treating or preventing a
Type IV hypersensitivity resction, which is practical prophylactically, comprising

)

ninistering to a subject an amnount of a compound effectuve o treal or prevent the

hypersensitivity reaction, wherein the compound is selected from the compounds of this

VWeniion, as o aird 15 administered prior o exposure (o an alle:

{n another embodiment, this invention orovides a method of inhibiting 2 signal

transduction cascade in winch JAKDS Kinase plays a roie, comprising contacting a cell

expressing a receptor involved in such a signaling cascade with a compound wherein the

: 1 R I o I

compound 15 selected from the compounds of this invention, as described herein

[83667  In another embodiment, this invention vrovides a method of e

of preventing a

IAK Kinase-mediated disease, comprising administering o a subject an amount of compound

&
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effective to treat or prevent the JAK kinase-mediated disease, wherein the compound is

setected from the compounds of this lnvention, as described herein.

#3617 I[n another embodiment, this invention provides a method of treating or preveating a
IAK kKinase-mediaied disease, in which the JARK-mediated disease 13 HYGR or GYVHE,
comprising administering to a subject an amount of compound effective to treat or prevent
ne JAK kinase-mediated disease, wherein the compound 18 selected from the compounds of

the invention, as described herein.

3521 In another embodiment, this invention provides a method of treating or preventing a
JAK kinase-mediated disease, in which the JAK-mediated disease 18 acute allograft reiection,
comprising administering o a subject an amount of compound effective o freat or prevent
ihe JAK kinase-mediated disease, wherein the compound is selected from the compounds of

the inveniion, as described herein,

3631 In another embodiment, this invention provides a method of treating or preventing a
syk kinase-mediated disease, in which the JAK-mediated disease is chronic allograft
sjection, comprising adminisiering o a subject an amount of compound effective to treat or

prevent the JAK Kinase-mediate herein the compound is selected from the

compounds of the invention, as described herein.

[0364}  Active compounds of the invention typically inhibit the syk pathway. The activity of

a specified compound a5 an 1nhibitor of a syk kinase can be assessed i vitro or 1 vivo. In

some embodirnents, the activity of a specified compound can be tested In a celiuiar assay,

{93e5]  "Cell proliferative disorder” refers to a disorder characterized by abnormal
proliferation of cells. A proliferative disorder does not imply any hmitation with respect 1o
the rate of cell growth, but merely indicates loss of normal controls that affect growth and
cell division. Thus, in some embodiments, cells of a pz‘@iif@mii‘-xe disorder can have (he same
cell division rates as normal cells but do not respond 1o signals that Hmit such growth, Within
the ambit of "cell proiiferative disorder” is neoplasm or tumor, which is an abnormal growth
of tissue. Cancer refers to any of various malignant neoplasms characterized by the
profiferation of cells that have the capability 10 invade surrounding tissue and/or rnetasiasize

o new colonization sites.

g

33661 Generally, cell profiferative disorders treatabie with the compounds disclosed herein

relate to any disorder characlerized by aberrant cell proliferation. These include various

g9
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turmors and cancers, benign or malignant, metastatic or non-metastatic. Specific properiies of
cancers, such as tissue invasiveness or metastasis, can be targeted using the methods
described herein. Celi proliferative disordess include a variety of cancers, including, among
athers, ovarian cancer, renal cancer, gastroiniestinal cancer, kidney cancer, bladder cancer,

pancreatic cancer, fung squamous carcinoma, and adenocarcinoma.

3671 In some embodiments, the cell proliferative disorder treated 15 a hematopoietic
neoplasm, which is aberrant growth of cells of the hematepoietic system. Hematopoietic
malignancies can have its origing in pluripoient stem cells, multipoient progenitor cells,
oligopoient committed progenitor cells, precursor cells, and terminally differeniiated cells
involved in hematopoiesis. Some hematological malignancies are believed to arise from
hematopolatic stem cells, which have the ability for self renewal. For instance, cells capable

of developing specific subtypes of acute myeloid leukemia (AML) (Cynthia k. Fahn

¥

N

Kenneth M. Ross, Rose M. Kakogza, Steven Kars, Jinyan Du, Shao-E Ong, Todd B, Golub,
Kimberly Stegmaier, Syk is a new target for AML differentiation, Blood, 20047, 110, Abstract
2093 vpon transplantation dispiay the cell surface markers of hematopaietic stem cells,
implicating hematopoietic stem cells as the source of leukemic cells. Blast cells that do not
have a ceil marker characteristic of hematopotetic stem cells appear 1o be incapable of
establishing tumors upon transplantation (Blaire et al,, 1997, Blood 89:3 i{}éi—igél 12y, The stam
cell origin of certain hematological malignancies also finds support in the cbservation that
specific chromosomal abnormalities associated with particniar types of leukemia can be
found in normal cells of hematopoietic lineage as well as leukernic blast cells, For instance,
the reciprocal ranstocation t{9q34;22¢q1 1) associated with ppmmma&dy G5% of chronic
myelogenous lenkemia appears (o be present in cells of the myeloid, erythroid, emd yinphold
lineage, suggesting that the chromosomal aberration originates in hematopoistic st@m celis. A
.

subgroup of cells in certain types of CML displays the ceil marker phenotype of

hemnatopoletie siem cells,

[ON6RT  Although hemaiopcietic neoplasms often originate from siem cells, committed
progenitor cells or more terminally differentiated cells of a developrnental lineage can also be
the source of some leukemias. For exampie, forced expression of the fusion protein Bor/Abl
(associated with chronic myelogenous leukemia) in common myeloid progenitor or
granulocyte/macrophage progenitor cells produces a leukemic-like condition. Moreover,
some chromosomal aberrations associated with subtypes of levkemia are not found in the cell

population with a marker phenotype of hematopoietic stem cells, but are found in a cell

G0
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population displaying markers of a more differentiated state of the hematopoiatic pathway
(Yurhan et al., 1995, Biood 85:21534-2161). Thus, while committed progenitor ceils and other
differentiated cells may have only a limited potential for cell division, leukemic cells may
have acquired the ability ¢ w anregulated, in some instances mimicking the self-renewal
nave acquired the ability to grow usnregulated, in some instances mimicking the self-renewa
characteristics of hematopoietic ster cells (Passegue et al,, Proc. Natl. Acad. Sci. USA, 2003,

100:11842-9).

(03691 In some embodiments, the hematopoletic neoplasm treated is a lyimphoid neoplasm,
where the abnormal cells are derived from and/or display the characteristic phenotype of celis
of the lymphoid lineage. Lymphoid neoplasms can be subdivided into B-cell neoplasms, T
and ME-cell neoplasms, and Hodgkin's tymphoma. B-cell neoplasms can be further
subdivided into precursor B-cell neoplasm and manire/veripheral B-cell neoplasm.
Exemplary B-cell neoplasms are precursor B-lyrophoblastic lenkemia/lymyphoma {precursor
B-cell acute iyraphoblastic leukemin) while exeroplary mature/peripheral B-cell neoplasms
ars B-cell chronie lymphocyue leukermnia/small lyimphocytic tymphoma, B-cell
profyrnphocytic leukemia, lvmphoplasmacytic ymphorma, splenic mmmnaa zone B-cejl
lvmphoma, hairy cell lenkemia, plasma cel myeloma/plasmacytoma, extranodal marginal
zone B-cell lymphoma of MALT type, nodal marginal zone B-cell lvmphoma, {ollicuiar
lymphoma, mantie-call lvmphoma, diffuse large B-cell lymphoma, mediastinal large B-cell
lymphoma, primary effusion lyvmphoma, and Burkitt's iymphwmafﬁurkiﬂ cell leukermia. T-

o
i-

cell and MNk-cell neoplasms are Hurther subdivided into precursor T-cell neoplasm and manure
{peripheral) T-cell neoplasms. Exemplary precursor T-cell neoplasm is precursor T-
fymphoblastic iymphoma/leukemia (precursor T-eell acute lymphoblastic leukeria) while
exemplary mature {(peripheral) T-cell necplasms are T-cell prolymphocytic leukemia T-cell
granular lymphocytic leukemia, aggressive NE-cell leukemia, adolt T-cell

e

lymphoma/ieukemia (HTLV-1), extranodal N/ T-cell lymphoma, nasal type, enteropathy-
type T-cell Iymphoma, hepatosplenic garnma-delta T-cell lymphorma, suboutaneous

pannicuiitis-fike T-cell lvruphoma, Mycosis fungoides/Sezary syndrome, Anaplastic large-

n

i tymphoma, T/l cell, primary cutaneous type, ,“'*ﬂphc’rdi T-cell lymphoma, not

otherwise charactenized, Angloimmunoblastic T-cell lymphoma, Anaplastic large-cell
lymphoma, T/null cell, primnary systemic type. The third merber of Tymphoid neoplasims is
Hodglan's fymphoma, also referred to as Hodgkin's disease. Exemplary diagnosis of this class
that can be treated wilh the compounds include, among others, nodular lymphocyte-

predominant Hodgkin's lymphoma, and various classical forms of Hodglin's disease,
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exemplary meimbers of which are Nodular sclerosis Hodgkin's lvmphoma {grades 1 and 2),
Lymphocyte-rich classical Hodgkin's lymphoma, Mixed cellularity Hodgkin's tymphoma,
and Lymphocyie depletion Hodgkin's fymphoma, In various embodiments, any of the
tymiphoid neoplasms that are associated with aberrant JAK activity can be treated with the

MY

syk ininbitory compounds.

LA

Y81 Insome embodiments, the hematopoictic neoplasm treated is a myeloid neoplasm.
This group comprises a targe class of cell proliferative disorders mvolving or displaying
characteristic phenotype of the cells of the myeloid lneage. Myelold peoplasms can be

into mysloprofiferative diseases, myelodysplastic/myeloproliferative dize

o &

10 myelodysplastic syndromes, and acute myeloid lenkemias. Hxemplary myeloproliferative
diseases are clyonic myelogenous levkemia {e.g., Philadelphia chromosome positive

(t(%, 243 aal3d;q1 1)), chromie neutrophilic leukernia, chivonic eosinophilic

levkernia/hypereosinephilic syndyome, chronic §

& idiopathic myelofibrosis, polycythemia vera

i

and egsential thrombocythernia, Bxemplary myelodysplastic/myzloproliferative diseases are

{5 chronic myelomoaccytic leukemia, atypical chronie myelogenous leukemis, and jovenile
myetomonocyiic leukemia. Exemplary myelodysplastic syndromes are refractory anemua,
with ringed sidercblasts and without ringed sideroblasts, refractory cytonenia

{myelodysplasy syr:drom'zfa} with multilineage dyvsplasia, refractory anernia (myslodysplastic
syndrome) with exesss

2 e

Se-syndrome, and myelodysplastic syndrome. In various

dinents, any of the f’l’ay@}oiJ neoplasms that are associated with aberant syl activity can

be treated with the syk inhibltory compounds,

in some embodiments, the componnds can be used o tread Acute myslold leukemias

FALAT N btk " - PN TS B OVUC S
{ABAE ), Wt T ge class of myeloid neoplas IS oW BUDGIVISIOnN O

disorders. These su

ns ncluae, AIMCNE others, AMLE with ecurrent LYo RS

25 muliilineage dysplasia, and other AML not otherwise calegorized
ransiocations include, amone others, A
[ET0, Acute promyelocytic levkemia (A with
1-12) and variants, PML/R A -alpha), AML with abnormal bone marmrow
5G5S "Jy%iim Gav{lop 1 3e22) or ({16103 (p 13l ), CBF/MYEHTIX, and AML with 11923
30 {MLL} abnormalities, Exemplary AML with multilineage dysplasia are those that are

ssocialed with or without prior myslodysplast z:syna&mne. Other acute myeloid leukemias
not classified within any definable group nciude, AML minimally differentiated, AML

withoui maturation, AWML with maturation, Acute myelomonocytic leukemia, Acuie
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monoccyic leukemia, Acute erythroid leukemia, Acute megakaryocyiic leukemia, Acute
basophilic Jeukemia, and Acute panmyelosis with myelofibrosis.
[03721  "Treating” within the context of the invention means an alleviation of symptoms

associated with a disorder or disease, or halt of further progression or worsening of those

symptoms, or prevention or prophyiaxis of the disease or disorder,

[373]  The term “mammal” includes organisis which express syk. Examples of mammals
include mice, rats, cows, sheep, pigs, goats, horses, bears, monkeys, dogs, cats and,

preferably, humans, Transgenic organisms which exoress syk are also included in this

definifion.

{03741 The inventive methods comprise administering an effective amonnt of a compound
or comaposition described herein to a mammal or non-human animal. As used herein,
“effective amount” of a compound or composition of the invention includes those amounts
that anfagonize or inhibit syk. An amount which antagopizes or inhibils syk s detectable, for
example, by any assay capable of determining syk activity, including the one described below
as an iusirative testing methed. Bffsciive amounts may also include those amounts which

atleviate symptoms of a syk associated disorder treatable by inhibiting svk. Accordingly

o

FIR)

“antagonisis of syk” include compounds which interact with the syk, and modulate, e g,
inhibit or decrease, the ability of a second compound, e g., another syk ligand, to interact with

[

the syk. The syk binding compounds are preferably antagonisis of syk, The language "svk
binding compound” (e.g., exhibiis binding affinity io the receptor) includes those compounds
which interact with syk resulling in modulation of the activity of svk. SykK binding
compounds may be identified using an in vitre {e.2., cell and non-cell based) or in vive
methad. A descripion of i vifro methods are provided below.

Fie

10375 The amount of compound present in the methods and compositions described herein
should be sufficient 0 cause a detectable decrease in the severity of the disorder, as measured
by any of the assays described in the exampies. The amount of syk modulator needed will
depend on the effectivensss of the modulator for the given cell type and the length of time
required to treat the dismc:ifzr'. In certain embodiments, the compositions of this invention
may further comprise another therapentic agent. When a second agent is used, the second
agent may be administered either as a separate dosage form or as part of a single dosage form
with the compounds or compositions of this invention. While one or more of the inveniive

compounds can be used in an application of monotherapy to treat a disorder, diseass or

93
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sympiom, they also may be used in combination therapy, in which the use of an inventive
compound or composition (therapeutic agent) s combined with the use of one or more other
therapeutic agents {or treating the same and/or other types of disorders, symptoms and
diseases. Combination therapy includes administration of the two or more therapeutic agents
concurrently or sequentially. The agents may be administered in any order. Alternatively,
the multiple therapeutic agents can be combined into a single composition that can be
adminisisred to the patiept. For instance, a single pharmaceutical composition could
comprise the compoundd or pharmaceutically acceptable salt, ester or prodrug thersof
according o the formula b, another therapeutic agent (e.g., methotrexate) or a tantomer
thereof or a pharmacentically acceptable salt, ester or prodrug thereof, and a pharmacentically

aceeptable excipient or carrier,

(5376

637el T

The invention comprises a compound having the formula 1, a method for making an

@'\

inventive compound, a method for making a pharreaceutical composition from at least one
nventive compound and al Jeast one pharmaceutically acceptable carrier or excipient, and a
method of gsing one or more inventive compounds o reat a variety of disorders, symptorns
and diseases {e.g., inflammalory, avtolmmune, neuroiogical, newredegenerative, oncology

T

and cardiovascular), such as RA, osteoarthritig, i

ahie bowel diszase TR, asthma, chronic

obstructive pulmonary disease COPD and MBE. The inventive compounds and their
pharmaceutically acceptable salts and/or neutral compositions may be formulated together
with a pharmaceuiically acceptable excipient or carier and the resulting composition may be

administered in vivo o mammals, such as men, women and animals, to treaf a variety of
disorders, symptoms and diseases. Furthermore, the inventive compounds can be used 1o

prepare 2 medicament that is usefol for treating a variety of disorders, symptoms and

OF77E Al of the compounds of the present invention are either potent inhibiors of syk
kinases, exhibiting g5 in the respective assay in the range of less than 5 ub, with most
being in the nanomolar, and several in the sub-nanomolar, range. In sume embodiments, the
compounds of the present invention may be "dual” sylk/JAK inhibitors in that they inhibit
both syk and JAK Kinase to some degree. In other embodiments, the compounds of the
oresent invention may selectively inhibit syk kinase, but not appreciably inhibit one or more
FAK kanases. In other embodiments, the compounds of the present inveniion may selectively

inhibit JAK kinase, but not appreciably inhibit one or more syk kinases.

04
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£ Kits

(93781 Sull another aspect of this invention is to provide a kit cornprising separate
containers in a single package, wherein the inventive pharmaceutical compounds,
compositions and/or salts thereof are used in combination with pharmaceutically acceptable

carriers (o lreat states, disorders, symptoms and diseases where syk plays a role.

pimsd

HHAMPLES

{3379 The following examples are offered to Hlustrate, but not to limit, the claimed

mnvention,

[038¢]  The starting materials and reagents used in preparing these compounds generally are
either available from commercial supoliers, such as Aldrich Chemical Co., or are prepared by
meihods known to those skilled in the art following procedures set forth in references such ag
Fieser and Fieser's Reagents for Organic Synthesis; Wiley & Sons: New York, 1967-2004,
(o] ! §> y + 1
Yolumes 1-22; Rodd’s Chemistry of Carbon Compounds, Blsevier Science Publishers, 1989,
¥
Volumes 1-5 and Supplementals; and Organic Reactions, Wiley & Sons: Mew York, 2005,

Yolumes (-05.

10381]  The starting materials and the intermediates of the synthetic reaction schemes can
be isotated and puritied if desired using conventional techniques, including but not limited to,
filtration, distillation, crystallization, chromatography, and the like. Such materials can be

&

characterized using conventional means, including physical constants and spectrat data.

l

103841 Unless specified to the contrary, the reactions described herein preferably are
conducted vader an inert atmosphere at atmospheric pressure al a reaction (emperalure range
from about -78 °C to about 150 °C, more preferably from about 0 °C 1o about 125 °C) and

rost preferably and conveniently al about room (or ambient) temperature, e.g., about 20 °C

to about 75 °C.

{0383] Referring o the examples that follow, compounds of the present invention were
synthesized using the methods described herein, or other methods, which are well known in

the art.
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93841 The compounds and/or intermediates may be characterized by high performance
liquid chromatography (HPLC) using a Waters Alliance chromaiography sysiem with a 2695
Separation Module (Milford, Mass.). The apalytical columns may be C-18 SpeadRCD RP-
18E Columns from Merck KGad (Darmstadt, Germany). Alternately, characterization may

5 beperformed using a Waters Unity (UPLC) system with Waters Acquity UPLC BEH C-18
2.1 mm x 15 mun columns, A gradient eintion may be used, typically starting with 5 %

14

acetonitrile/95 % water and progressing to 85 % aceionitnile over a period of S minvies for

the Alliance systerm and | minute for the Acguity systemn. Al solvents may contain 0.1 %
trifluoroacetic acid {TFA). Compounds may be detected by ultravioiet light (UV) sbsorption
10 ateither 220 or 254 nim. HPLC solvenis may be from EMID Chermicals, Ino. (Gibbsiown,
NI, In some instances, pority may be assessed by thin layer chromatography (TLO) using
stass backed silica gel plates, such as, for example, EMD Silica Gel 60 2.5 cra x 7.5 cm
plates. TLO resulis may be readily detected visually under uliraviolet Hight, or by empioying

well known wdine vapor and other various staining technigues.

L4

TO3BST  Mass spectrometric analysis may be performed on one of two Agilent 1100 series
LOME mstraments and the Acguity systemn with acetonitrile / water as the mobile phase. One

stern may use TEA as the modifier and measure iy positive 1o mode {reported as M+

Ty

i

(M+1) or OV+HD)+T and the other may use either formic acid or armonium acetate and
measure in both positive {reported as M, (M+1) or (M4+HY'] and negative [reporied as M-,

20 (M- or (M- on modes.

#3861 Nuclear magnetic resopance (NBR) analysis may be performed on some of the
compounds with a Varian 400 MHz NMR (Palo Alto, Calif.). The speciral reference may be

either TME or the known chemucal shift of the solveni.

(0387 The purity of some of the invention compounds may be assessed by clemontal

25 analysis (Robertson Microlit, Madison NJ).
MAEEY  Melting points may be determined on a Laboratory Devices Mel-Temp apparatus
(Holliston, Mass.),
[3389] Preparative separations may be carried out as needed, using either an 5q16x or an
Sg100c chromatography systerm and prepackaged sifica gel columns all purchased from

30 Teledyne isco, (Lincoln, ME). Alternately, compounds and intermediztes may be puniied by

flash column chromatography using silica gel (230-400 mesh) packing matenial, or by HPLO

using a C-18 reversed phase column. Typical solvents emploved for the Isco systems and

96
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flash column chromatography may be dichioromethane, methanol, ethyl acerate, hexane,
acetone, aqueous hydroxyamine and triethyl amine. Typical solvents employed for the
reverse phase HPLC may be varying concentrations of acetonitrile and water with 0.1%

rifluoroscetic acid,

General methods

(03907 The following synthetic reaction schemes are merely Hlustrative of some methods
by which the compounds of the present invention can be synthesized, and various
modifications to these synthetic reaction schemes can be made and will be suggested to one

skifled in the art having referred (o the disclosure contained in this application.

Frample 1. 4-{4-{d-acetyipiperazin--yhphenylaming)-2-{(1R,25)-2-

arnnocyclohexylamino)pyrimidine-S-carboxamide

i 0
FRTT T HCT N
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= U i
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e i,
25 727 99

{03911 Srep 10 To astivring solation of carboxylic acid V2.1 (85g, 540 ramol) m thionyl

chloride (425 mL)y was added pyridine (8.5 mL, 0.11 mmol), slowly. The reaction was stirred
t75%0 pvernight at which time it was concentrated and dried pnder vacuum to a Yight yellow
Py

powiler. This yvellow solid was slowly diluted with 750 mL of eihanol and refluxed overaight.

The next day the reaction was deterrmined o be complete by HPLC and then cooled in an ice

bath and the solid filkered and washed with diethy! ether affording ethyl ester 72.2an off-
white powder (91 g, 87% for two steps). MS found for CHMN,Oy as (M-+F 7 185.0

(3921 Step 20 Ester 72.2 (22 g, 120 mmol) was dissoived in phosphorous oxychloride (60
i, 600 mmol) and the mitture reated with W N-diethvlaniline (27 mi., 167 mmol) and the

1,

mixture heated to 105°C until the reaction was determined to be compleie by HPLC. It was
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then eocled to KT and slowly added o 1 L of crushed ice resulting in the formmation of a beige

precipitate which was collected by filtration and dried under vacuum afferding dichloride

Fd.3a light vellow powder (22.5 5%). H NMR (DMSO-dg, 460 MHz): §9.13 (5, 11D,
4.37 {q, 3H), 1.32 (1, 3H)

103931 Step 30 Dichlorepyrimidine 72,3 (500 mg, 2.3 mmol) was dissolved tn NMP (10

mb) and stirved in ice bath. To it was added a solustion of aniline 74.4 (540 g, 7.5 manol}

and fii‘.hyidé,%sopmpyiamina (IEA, 0.82 mL, 4.6 mmol) in 10 mL NMFP dropwise using an

additional funnel. The mixture was stirred for 1 hour, diluted with ethyl acetate, washed with
Ty ines i eyt 5{1 . i \j-:, E g. Ba o \E” ", [ i a ey S | f\fﬁ [ I i i
pring, concentrated and g 191 cted to flash column (o solats compound 745 a winle sohid

(305 mg, 7%). M5 found for ol TINCy as (M+H)Y 404,

i

iy

RECL 4: Bihylester V2.5 {5 mg, 2.2 minol) was dissolved in 100 mL THE To
were added libiom hydroxide hydrate (190 mg, 4.4 mmol) and 10 mi, water. The mixiure
was stirred for 1 hour and to it was carefully added 1N HUI solution till pH reaching 3. The

wuxturs was concentrated in vacuo o remove THE, White sobd crashed out and was isolated

using a Blichner funnel. It was washed with water and dried in vacunm oven 1o give

]

compound 74.6 (900 mg, 99%) as a whiie solid. M5 found for CyH2ClN Oy as (MDY
376.1.

03957 Step 5 Carboxylic acid T2.6 (500 mg, 2.2 mmol) was dissolved in 30 mil, NMP. To
it were added BEDC hydrochloride (690 mg, 3.6 mmo!) and HOB hydrate (490 myg, 3.0
mmoly The mixtore was stirred at RT for 90 minuies. To 1t was then added ammonia

k]

{commercial 050 solution in dioxane, 24 mL., 17 mmol). The mixture was stiired for

overnight. I was then conce edd in vacuo and taken into water and chloroform. The

.

chloroform phase was separated and washed with brine four times. The chloroform phase was
then drisd over M gq(}; and conceniyated in vacuo to afford compound 72,7 as a light yellow

solid (720 mg, 63%). PAS found for CanHpMeOy as (M4 H)T 4742,

Ba] Step 6 Beazotriazolyl ether 727 (100 meg, 0.21 mamoly was dissolved tn 3 mi.

S0, To it was added cis-1,2-diaminccyelobexane (124 pl., 105 mmol}. The mixivre was

stirved for 1 hour at 126°C bath 1n a sealed fask. This mixture was then subjeciad to

f‘* IS

preparative HPLC o isolate the racemic title compound 72, MS found for CoklnNgGy as

(M 4532, UV A4=240, 297 nm.

{ 1,1-

Bxample 2. 2-((1R28%Z-aminocyclohexviamino}4-(4-(
n

i

gioxojthiomompholinophenylamino)pyrimidine-S-carboxar

Rt
G
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3977 The above racemic compoond was prepared using the same synthelic scheme

demonstrated i Example 1 with 4-(1,1-dioxo)thiomorpholinoaniline 1o replace aniline 72,4,

MS found for Ty Hooly0s B as (M HDT460.2. UV A=236, -

Drample 3. 4-{4-{iH-pyrazol-l-yhphenviamino)-2-((I1R, 2532~

arranocyeicherylamino)pyrimidine-S-carboxamide

5981 Stwep b Dichlovopyrimidine 72.3 (1,12 g, 5.05 mmol) was dissolved in 60 mL DME

InJE e

and stirred at BT To it were added 4-(1H-pyrazol-1-yDaniline 74.1 (0.96 g, 6.1 mmol} in one

poriion ang o1l

spropylamine (1] L, 2 mmod) diopwise using a syninge.

The mixture was stirred for 1 hour at BT To i was then addad sodinm thiomethxoide {885

myz, 12.6 mmol). The mixture was stirred at T for overnight, diluted with ethyl acetate,

washed with brine three times, dried over Mgh Oy, concentrated in vacuo and subjected o
flash column to afford compound 58,2 was 2 white solid, MS found for T 9Ns005 as

(MH) 3561,

[39%]  Step Z: Bthyl ester 742 from Step 1 was dissoived in 200 mL THE. To it were

B

DY and 20 ml, water, The mixture was

S Akl s00 el

added Hihium hydrozide hydraie (424 mg, 10.1 mm

59
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stirred for 2 days at RT. 1t was concentrated in vacuo to remove THE and camfu%rf treaied
with TN HCH il oH reaching 3. A white solid crashed out from the soivtion. 1t was (solated
using a Bichner funnel, washed with cold water, dried in vacuam oven to give compound

T4.3 (1,12 g, 68% for 2 step?). MS found for CistsMNsG.3 as (M+ Yy 3281,

[4440]  Step 3 Ca;’boxyiic acid 74.3 (1,172 g, 3.4 mmol) was dissolved in 60 mi DME, To it

wers added BEDC hydrochloride (9.98 g, 5.1 nunot) and HOB hydrae (0.65 g, 5.1 mmol).

£

The muxiare was stirred at 7 for 2 hours. To i was then added ammonia (commercial 058

solution in dioxane, 34 mi, 17 mmol). The mixture was stivred Tor 2 hours. It was then
soncenirated in vacuo (o remove diogane. T

sodid crashed oot 1o was isolated using 2 Biichner funnel, washed with cold waler, daed in

vaounm oven o give componnd 74.4 (117 g, 99%). MS found for O sH 1, NeU8 as (M)

M4 (50 mg, 0.15 mmol) was dissolved in 4 ml MMP. To it was

added MICPBA (65% pure, 45 mg, .17 mamol), It was stirred at RT for 30 minutes. To it then
e i 1.

were added cis-1,2-diaminocyclobexane (83 ui, 045 mmaol) and DIEA (78 pL, 845 mumol).

The mixtore was stirred for 50 minutes at 90°C bath. This mixture was then subjected 1o

ative HPLO to isolate the racemic title compound 74, MS found for €y

FiA
vy
*Jiri

13932, UV A=239, 104 . NME (CD0D): § 241 (s, 15, B2 (m, 15), 7.70 (4,

=84 Hiy, 9H), 7.63 {d, §=7.2 Ha, 28), 7

3

H) ppim,

]

PHY, 360 (m, 1HD, 1834145 (m, §

A-(4-(1,2,3-thiadiazol-d-yhphenyiamino - 2-(( 1R, 25)-2-

arrinceyclohexylamine jpyrimidine-5-carboxamids

21 The above ra

(o siic compound was prepared vsing the same syntheric schems
demonstrated in Exaraple 3 with 4-(1,2,3 ihiadizszol«ﬁ-‘,-wy%)amﬁm 1o replace aniing 74,1, ME
found for CgHynMNgO8 as (MAHY 4112, UV A=231, 311 nm. NMR (CD0D): 6 9.24 (s,

LED), 8.56 (s, TRD), 815 (d, J=5.6 He, 21D, 7.84 (m, 281}, 4.

A% (m, VD), 376 (m, {H), 1.91-

£.60 {m, 3H) ppm.

100
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Example 5. 2-((1R,25)-2-aminocyciohex ylamine)-4-(4-(pyridin-4-

yiphenylamino)pyrimidine-5-carboxamide

C L <
o9 @N E“E’l k/ BOH), \i
p 7 Fa - 7 3 MH O
ﬁ\*\;}kg} 771 G R a— A
o NS NS0 A
2.3 s o
7L N
772 -

R g 3‘) Y S gy 0 iqé/\‘“f“ G
g Ni J/ Ut_g TR ,«.;‘E"&!/" " MH, T |/\ ;\!" S }'LNH?
g J g N/) ™, ‘~’”‘"N’}"‘N¢j
ne, 1
TNB T7.6 T

34037 Step 10 Dichloropyrimidine 72,3 (3.07 g, 13.6 mmol} was dissolved in 100 mL
DMFE and stirred 2t RT. To it were added 4-iodoaniline 77.% (3.59 g, 16.3 mmol) in one
portion and ethyidiisopropylamine (DIEA, 4.25 mL, 24.4 mmol) dropwise using a syringe.
The mixtore was stirred for 2.5 hours at R'T. To it was then added sodium thiomethxoide
(2.38 g, 34 mmol). The mixture was stirred at RT for 1.5 he, dituted with ethyl acetate,
washed with brine three times, dried over MgSQy, treated with activated carbon, concentrated

in vacuo (o afford erude compound 77.2 was a light brown solid (4.50 g, 79%). M tound for

Craf N2 05 as (MDY 4161

(34047 Step 20 lodobenzene T7.2 {620 rag, 1.5 mmol) was dissolved in 20 ml dioxane and
10 mbL water. To it were added boronie acid 77.3 (406 mg, 3.3 mrol), NapCO; (480 mg, 4.5
mmol) and PAPPhClh (211 me, §.3 mmol). The mixiure was degassed using argon siream
for 3 munutes and stirred in 85°C bath under argon for 1 hour. The mixture was concenirated
and dilutad with chioroform. It was washed with bring, dried over MpSGy, concentrated and

subjected to flash column o isolate compound 77.4 (300 mg, 55%). MS found for

CioH M08 as (M+H)" 3671

(34051 Step 30 Ethyl ester 77.4 (300 mg, 0.87 mynol) was dissolved in 30 mL THE. To it
were added lithium hydroxide hydrata (104 mg, 2.46 mmel) and 10 mL water. The mixture
was stirred for 2 hours at RT. It was concentrated in vacuo to remove THFE and carefully

treated with 1N HCHall pH reaching 3. A light yellow solid crashed out from the solotion. It

B
NS
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was isolated using a Bichner funnel, washed with cold water, dried in vacuum oven (o give

compound 77.5 (250 mg, 90%). MS found for CipH M08 as (M+H)"339.1.

164861 Step 4: Carboxylic acid 77.5 (250 mg, 0.74 mmmol) was dissolved in 10 mi DME.

To it were added EDC hydrochloride (213 mg, 1.1 mmol) and HOBt hydrate (150 mg, 1.1

LA

mmol). The mixtore was stitred at BT for 90 minutes. To it was then added ammonia
{compmercial 0.5 solution in dioxane, 7.4 mb, 3.7 mmol). The mixture was stirred for
avernight. 1t was then concentrated in vacuo to remove dioxane. To it was added water 100
mi.. A light vellow solid crashed cut. It was isolated using a Biichner funnel, washed with
cold water, dried in vacuum oven to give compound 776 (230 mg, 82%). M5 found for

1 CFLsh08 as (MaH) 338.1,

by

(4071 Step 3 Compound 77.6 (25 mg, 0.074 mmol) was dissolved in 3 ml NMP. To it
was added MCPBA (65% pure, 22 mg, 0.081 mmol). Tt was stirred at RT for 30 minutes. To

it was then added cis-1,2-diaminocyciohexane (70 ul, 0.60 mmol). The mixivre was stirred

for 30 minutes at S0°C bath. This mixtare was then subjected o preparative HPLL o isolate

wh

the racemic #itle compound 77, MS found for CopHasMNL0 as (M- FEDT404.2. UV A=238, 337

I

Faarmnple 6. 2-((1R,28)-Z-aminocyelohex ylamino)-4-(4-(pyridin-3-

yliphenyiaminoipyrimidine-5-carboxamide

‘“i\r;s

Ly

/\ e //E
i

N
NH,

IS:Z?

20

The above raceric compound was prepared using the same synthetic scheme
demonstrated in Example 5 with pyridine-3-boronic acid to replace pyridine-4-boronic acid

T7.3. MS found for CypFiph,0 as (M+H 4042, UV 2=23%, 311 nm.

Example 7. 2-((1R,Z8)-2-aminccyclohexylamino}-4-(4-(pyridin-2-

yDphenylaminoipyrimidine-5-carboxamide



o
-
<
e
3
=
e
sy
e
223
=,
N
v
e
it

PUEASEN09/002408

I'he above racemic CO{'{}DOUHE{ WRh pr-ﬁapar-@u ?n)abrﬂé‘f the sams S:‘/fi‘ih(:lﬁﬁ scherme

demonstrated in BExample 1 with 4-{pyridin-2-yDaniline to replace aniline 72.4. M5 found for

PO as (MAAHD T 4042, 1V =241, 330 nm.

5 Bxample 8. 2-((IR28)Z-aminocyciohexylaming)-4-{4-{pyrimidin-5-

yhphenylaminojpyrimidine-5-carboxamide

O
oA
N

The above racemic compound was prepared using the same synihetic scheme

3t

demonsirated in Hxample 5 with pynmidine-5-boronic acid to teplace pyridine-4-boronic

o
vl
>
[

T13ME Tound for Oy HauMeO as (M7 405.2. UV A=243, 308 nm. NMRE (CD0D):
VA3 (s, THD, D08 (5, 2H), 8.55 (s, TH), 7.82 (m, 44, 4 .44 (m, THY, 374 {m, 1H), 1.94-1.60

(ro, 813} ppm.

£

Exrample 9. 2-({11,25)-Z-aminocyeiohexylamino)-4-{4-(ihiazol-4-

vhphenylamino)pyrimidine-S-carboxamide

o
qor N
N,

21

L

103



)
g
et

kol

W ZR0B/E36005 POTIRIO09/602

ek

St

4331 Step I Compound 811 was prepared using the same synthetic scheme

g g

demonstrated 1in BExample 5 for 77.3 with 4-(thiazoi-4-yDaniline 1o replace aniling 77.1. M5

found for OsH3Ns08, as (M+H) 3441

104127 Step 20 Compound 811 (100 my

g

0.29 mmoly was dissolved in 4 mi NMP. To it

was added MUPBA (65% pure, 973 mg, 0.35 mmol), It was stisred at BT for 45 minutes. To it

o then added a solution of ert-butyl (15,2R)-Z-amincoyeiohexylcarbamate 842 (0.3 M, 2

mi, 0.60 mmoly and DIEA (156 pL, 0.90 mmol}. The mixture was stirred for 1 howr at 90°C
oath. This mixture was Gihated with ethyl acetaie, washed with saturated NaHT 05 agqueous

solution twice and water. The organic phase was dried over MghOy and concentraied in

vacuo (o atford crude compound 1.3, ME found for CasHa M08 as (M) 51072,
Step 3 Compound 1.3 was stivred in a 11 muxtore of THEA and dichloromethane at

BT for 10 manstes, Towas concenirated in vacuo and sublected 10 reverse phase preparative

£ (

HPLL toisolate the title compound. MS found for CugHaMy058 as (MaEHY 4102, UV

5, 313 . MM (CO00Y 6 2.07 (d, 1=2.0 He, 1THD, 8.53 (s, 1H), 8.01 i=8.8 Hez,

i), 7.91 (s, 1HD), .71 (4, J=7.2 Hz, 2D, 4.40 Gn, TH), 3.74 (m, 1H), 1.94-1.59 (m, 85
[S131500

Example 10, 4-(4-(1,2,3-thiad

rob-d-ylphenyiamine)-2-((1 R

vy

arnocyelonexylaminopyrimidine-S-carboz amide

Fhe title com Dou N was )mudluk ;H’?““ th

ane svnthelic scheme demonsiratad i
o

":}j{\ 4110 UG

200 784 i, 2HD, 443 fong 13, 376 (my 1D

1R, 25 Z-aminocyciohexylamino}-4-(4-(nyridin-3-

yihphenylamino)pyrimidine-S-carboxarmide

14
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The utle compound was prepared using the same synthetic scheme demonstraled in

Example 5 with pyridine-3-boronic acid 1o replace }_’)'_‘/fi(iii"lfi---fl5~"-7{?f3i'0ﬂ_ic acid 77.3. M5 found

for CopHaslds 0 as (M SV 4042, UV h=2 310D 6 9.05 (4, =20 Hz,

Example 12, 2-((1R,25)-Z-aminocyclohexylamino)-4-G-{pyrimidin-5-

NE

SRTR— <

Step 1 Compound 831 was prepared using the same synthetic scheme

demonstrated in Bxampie | for 72,7 with 3-(pyrimidin-S-yhandine (o replace aniline V2.4,

Hyslol as (M) 4261,

J’r %

mpound 85,3 (1530 mg, .35 mmoly was dissolved i 5 mL MNWMP. To it

were added a selotion of ert-butyl (15,25 )-2-aminocyeiohenyicarbamate 81

L3 M, 2D

¥

\

i, 070 mmol) and DLHEA (185 ul, 106 mmel), The mixtore was stirred for 40 minutes at

/A

St

SO7C bath, This mixiure was diloed with ethyl acetate, washed with brine three times. The

o ‘r‘.

s ophase was dried over Mgt

3y and concentrated in vacuo o alford cruade compound

. MS fonnd for CogllynNs0y as M+ 505.2,

81 Step 3 Compound B3.2 was stirred in s L1 mixture of TFA and dichloromethane at

W1 for 15 minutes, It was concentraied in vaouo and subjectad (o reverse phase preparative

LSy &

PLC 10 molate the title compound, MB found for Gy Hahlg

)

i
)

<

as (M+FDT 405.2. UV A=245
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. NMR (CD,0DY: 89,17 (s, TH), 9.10 (s, ZH), 8.55 (s, TH), .11 (m, 151, 7.70 (m, 1H),
7.58 (m, 2H), 4.37 (m, 1H), 3.61 (m, 1H), 1.91-1.50 {m, 8H) ppm.

Bxampie 13, 2-((1R 25)-2-aminccyciohex ylamino)-4-{3-{pyridin-4-

vhphenylaminoipyrinudine-5-carboxamide

L h'a

H Nio

(%)

#4191 The title compound was prepared using the same synthetic scheme demonsirated in
X fan)
Example 5 and Example 8 with pyridine-3-boroaic acid to replace pyridine-4-boronic acid

T3 MS found for ContlasMNoO as (MAHY 404.2. UV A=240, 312 am.

Example 14, 2-((1R,28)-2-aminocyclohex ylamino}-4-(d-(thiazol-5-

10 yhphenviaminojpyrimidine-5-carboxamide

£ 7S W3
- N ,,,
B eeBnfiug O N
i \{;4 N NeF L ;\ L\ jh\
PN §5.1 =N O SUNH 0
R T R S
N N o s{g ,? jl‘ S O
M e M
N B N 87N
i
72 85.2 85.3
.t"‘» L{
! st
a Lk N .
i‘J\::;%i ...... T HYE TNHp \:*'/K':f’"h‘i 7 N
i Nk L N .
. ’,jw. N O:: ST ] NH O
RN %5} ) . | (LL
ey 7 i L N N
?‘% r NH‘J /‘ «52 2 l "j\! i 'ﬁ . 2
. :,.«lx "\iﬁ e H?‘Nﬁ‘g Tap T PO
’ Os N "
B5.4 D~ 85.5 B

{4201 Step 1 lodobenzene 77.2 (400 mg, 0.96 mmol) was dissolved in 10 mL toluene. To

iy

i were added S-tributyistannylth le (430 mg, 1.15 mmol) and PA(PPhs)s (115 mg, 0.1

ramol). The mixture wag degassed using argon stream for 3 minutes and refluxed under an

.
L5

argon atmosphere for | hour. It was concentrated in vacuo and subjected to silica fiash

106
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column to isolate compound 85.2 {160 mg, 45%}. MS found for Oy HigMN055, a8 (M+H)Y
3731,

(9421 Step 20 Bthyl ester 55.2 (160 mg, 0.43 mmo!l) was dissolved tn 36 mL THE To 1t
were added Hithium hydroxide hydrate (55 mg, 1.3 mmol} and 5 mL water. The mixiure was
stirred for 2 hours at R'T. It was concentrated in vacuo to remove THF and carefully treated
with 1™ HCH gl pH reaching 3. A light yellow solid crashed out from the solution. 1t was
isolated using a Biichner funnel, washed with cold water, dried in vacuum oven {o give

compound 35.3 (120 mg, 819%). M5 found for C5H12Na0,5, as (M- +HY 3451,

(04221 Step 3: Carboxylic goid 85.3 (100 mg, 0.29 mmol} was dissolved in 10 ml, DME
To it were added BDC hydrochloride (86 mg, 0.45 mmol} and HOBL hydrate (61 mg, 0.45
mmol). The mixtare was stigred at RT for 1 hour, To it was then added ammonia (commercial
05N sotution in dioxane, 3 mL, 1.5 mmol). The mixtare was stirred for overnight. It was then
concenirated in vacuo to remove dioxane. To it was added water 100 ml.. A light yellow

olid crashed out, It was 1solated using a Blichner funnel, washed with cold water, dried in
vacuum oven [0 give compound 85.4 (75 mg, 76%). MS found for CsH 4 NsUS; as (MHY

3441

{4231 Si’f:*.p 4: Compound 85,4 (75 mg, 0.22 mmol) was dissolved in 5 mL NMP. To it was
sdded MUPBA (65% pure, 64 mg, 0.24 romol). It was stirred at RT for 30 minutes. To it
were then added a solution of tert-butyl (18,2R)-2-aminocyclohexyicarbamate 81,2 (0.3 M,
1.5 mi., 0.45 mmol) and DIEA {115 uL, 0.656 mmeol). The mizture was stirred for 50 rinuies
at B0°C bath. This mixture was diluted with ethyl acetate, washed with saturated NaHCG;
aquecns solution twice and water. The organic phase was dried over MgsQCy and concentrated

in vacuo to afford crude compound 85.5. WS found for Costiy 1Ny O45 as (M 5102,

(84241 Step 5 Compound B5.5 was stivred in a 1] mixture of THA and dichloromethane at
BT for 30 minuies, It was concentrated in vacuo and subjected 16 teverse phase preparalive
HPLC to isolate the title cornpound. ME found for CopHanMN505 as (M- Y 4102, UV

A=240 318 nm.

Example 15, 2-((1R,25)-2-aminocyclohexylarming -4-(4-(thiazol-2-

-

yhphenylamino)pyricnidine-5-carboxamide
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(9

,‘M‘.

The utle compound was prepared using the same synthetic scheme demonstrated in

Brarmple 14 with 2-tribatyistannylthiazole 1o veplace S-tribulyistannyihiazole 85,3 MBE
found for CogHnMNA08 as (MY 4102, UV A=243, 332 n

5 1H), 800 (d, J=8.0 Hz, 2H), 7.86 {d, J=3.2 Hz, 1H)

=
~J]
=3

—
-

iz, 1HG, 442 (my, 15D, 374 (my, THD, 1.92-1.50 (my, 3H) pom.
Bxample 16, 4-(d-{1H-pyrazol-1-yliphenyiamino)-2-((1R8,253-2-
arninocyciohexylamino)pyrimiding-5-carboxamide

0 [0426) Thetitec ound was prepared using the same syntheiic scheme demionsirated in

ST 3932, UY A=240, 302 am.

MMR (CD50D): 8841 (s, L), 8.12 (o, 1HD, 7.70 (4, 1=8.4 Hy, 250, 7.63 (4, I=7.7 Hy, 28,

.62 (s, TH), 640 (dd, =24, 2.0 Hz, TH), 427 {(m, 1H), 2.60 {m, TH), 1.83-1.45 (m, 8H)

£

Lo EBExample V7. 2-((1R 25 2-aminocyclohexylaming)-4-(3-(pyridin-3-

3

yhpnenylamino)pyriraidine-S-carboxarmnide

~HH,

18
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(04271 The title compound was prepared vsing the same syathetic scheme demonstrated in
Exarmpie | and Example 9 with 3-(pyridin-3-yDaniline to replace aniline 74.3. M5 found for
Conklashy O as (M+H)™ 404.2. UV A=248 nm. MR ({CD,0DY. 6 9.05 (s, [H), 8.73 (m, 1H),
8.59 (m, 1H), 8.54 (s, 1H), 8.00 (broad s, 1H), 7.92 (rma, 1), 7.80 (m, 1H), 7.63-7.61 (m, ZH),
433 {my, 1H), 3.02 (m, 1HD, 1.91-1.47 {(m, 8H) ppm.

ES

~

Example 18, 2-{{1R,28)-Z-aminocyciohex viamino)-4-{4

morpholinophenylaminoipyrimidine-3-carboxamide

The title compound was preparsed using the same synthetic scheme demonsirated o

Example 5 and Dxample 9 with d-morpholinoaniline (o replace antline 74,1, M5 found for
CoFloygly Oy a5 (M) 432.2. UY A=243, 294 nm. NMR (TD,0D): 8§ 8.45 (s, 1H), 7.49 (d,

. _—

TEY T3 2 17 LS o PETY RS feny ALY 373 TV % 10 feny
2H), 7.04 (d, 1=9.2 Hz, 2H), 4.30 (m, 1H), 3.85 {m, 4H), 3.71 (m, 1HD, 3.19 (i,

4

4%1), 1.88-1.56 (m, 84) por.

Erample 19, 2-((1R,25)-2-aminocyclohexylamino)-4-(4-(pyruridin-5-

yhphenyiaminoipyrimidine-S-carboxamide

i\\! ...... /n.w”.....\ (M )
N
¢ \w{ N i,
I\q ol mand ; :/ V_..w:.(
N
— =N
PRIl
Q\M.
ir‘ ?ﬂi"ég

The titie compount was prepared using the same synthenic scheme demonstrated in

Ei;iars'ap!ﬁ 5 and HExample 2 with pyrimidine-5-boronic acid to replace pyridine-4-borenic acid
7.3, MS found for Oy HapMNeO as (M+H) 4052, UV A=247, 307 nm. NME (CD-0D): §
913 (s, TH), 9.08 (s, 2H), 8.55 (s, 1H), 7.82 (i, 45}, 4.44 {m, [FD, 3.74 {m, 1H), 1.95-1.58

*

oy LY
{mm, 8H) pom,

9
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Example 200 2-((1RZ5 ) Z-aminocyclohex ylamino)-4-{4-

{morpholinomethyphenylamino)pyrimidine-S-carboxamide

/< NP i
N e

Py

: title compound was prepared

i using the same synthe

EN

tound for Uyl Myl asg {\VT (f) A76.53. Y A=24

W Z-aminooyelobex viamino p-4-

iine-S-carboxamide

ample 8 with 4-(rorpholinemethyDaniling o rey

scheme demons

POT/OS2009/6024

o il MEA T AW
& anthne F4.1. S

Fxample 24, 2418

L 28 -2-aminoeyelohexylamin

nidine S-carhoy ice

The title compound was prepared using the same syath

s 14 owith 2-tributylstannyloyrazine to replace S-tributyl
- = Y

k.

o

sheme

femonstraied in

demonsirated in

nnylthiazole 854, M5

o
31
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found for Ty HagMeQ as (M+HY 4053, UV A=235, 319 nm. NMR (CDOD): 5 911 (s, 1H),
8.66 (broad s, 1H), 8.556 (s, 1H), 8.51 (broad s, 1), 8.14 {m, 2H), 7.85 (m, 2H}, 4.44 {m,
{H), 3.77 (m, TH), 1.92-1.58 (m, 8H) ppm

Example 23, 2-{(1R,25)-2-aminocyclonex ylamino)-4-{4-(pyridin-4-

yhphenviarminoipyrimidine-3-carboxamide

[wf i
N,
34331 The title componnd was prepared using the same synthetic scheme demonstrated in

Example 5 and Hxample 9. ME found {or ZHastN0 as (MAEYT 4042, UV A=238, 334 nm.

FIMR (CD00): 6 8.76 (d, J=6.8 Hz, 21D, 8.60 (s, 111}, 8.29 {4, I=6.4 tz, 2H), 8.05-7.96 (m,
4y, 4,49 (ma, 1H), 3.76 {m, tH), 1.93-1.60 (m, 8H) ppm.

Examplie 24, 4-(4-(1H-1,2, 3-triazol-1-yhpheoaviamino - 2-((1R,25)-2

\

aminocyclohexylaminojpyrimiding-5-carboxamide

Mg
H o N /.\ M .
ci:\ jti L\}\W Nﬂ'\{/ﬁfk By F \i\! 3 f; l
= e - MHa g Ny ,!\ N S
T}{' \;I 1? 251 , = MH O e . e i%i l{i
o //\N-f o ]\!/;\ - L._Q N \J/ N N“I Nt i NHZ
Ao . )\ il
7 o TN
95.2 853 = 9:; 4
5
H” ik, e =
O N N
k Ty \J\ |
o 1\/{1& ' E‘H 2 = o
7 , N A H
Bi.2 ] ? T i oy o N - Py e r/‘ T M T Ty
TN TS LAy AL [ P
L L\H ,,j P : H\‘Z{‘\/ N N H\ﬁ/’ i‘rN ]
v M.NIJ N Osy i i N, T
O T - o
O~ 255 ™

104341 Step 1 Compound 72.3 (118 g, 5.3 mmol) was dissolved in 40 mL NMP and

~

stirred at RT, To it were added 4-azidoaniline hydrochloride 8.1 (1.00 g, 5.9 mmo!) and then

DIEA (2.21 mbL, 12,7 mmol) dropwise using syringe. The mixture was stirred for 1 hour and
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diluted with ethyl acetate. It was washed with brine fowr times, dried and concentrated in

vacuo © afford compound 95.2 (1.59 5, 94%). M3 found for CiFl GO, as (M HY 3192

{04357 Step 2: Ethyl ester 85,2 (1.59 g, 5.0 mmol) was dissolved in 50 mL THE To it were
added lithium hydroxide hydrate (420 mg, 19 mmol) and 5 mL water. The mixture was

1

133

,.m

siirred for 4 hours and to 1t was carefully added 3N HCI soiution till o H aching 3.7
mixture was concenirated in vacuo to remove THF, The residue was taken into ethyl acetate

and washed with brine twice. It was dried and concentrated in vacuo (o give compeund 35.3

2

v 5 oy [ Te/ T R - A, S A t 5 e ey
{15% a2, 91}*‘?}0) a5 a sohid, M found for Oy H TN D, as f‘i }.-‘"1) AR

Step 3: Carboxvylic acid 953 (158 g, 5.0 Toit
were added HDC hydrochlonide (144 g, 7.5 mmol) and H o)

The mixture was sfirred at 27 for 50 minates. To 1 was then added arunonia {(comrmercial

050 selution i dinxans, 30 mi, 25 mmol). The muxiore was stirred for 7 hours, [ was then

concentrated n vacuo and a sobid crashed out. It was coliscted, washed and dred in vacoum

aven to afford compound 954 (130 g, 67%). MS found for CaHaM 0y as (MaHY F3E9.3.

200 mg, 077 mmol) was dissolved in 20 mi MAMP. To it

29

st 2T 0 VT A4 S
amate 312 {63 M, 5.1

Tl omnr a
-aminceyclohexvies

s (400wl 2.3 mmol). The mixture was stirrsd for 90 minoies at

9070 bath. This mixture was diluted with ethyl acelate, washed with brine three times. The

organic phase was dried over MeSQ,, concentrated in vacun and subjected to flash column o

afford compound 95.5 (420 mg, 90%). MS found for CotaeMeOq as (M+H) 467.3,

-

S {420 mg, 8.70 mmol) was stirred in 10 ml methanol. To it

Step 5 Compound

HAGD mg, 2.1 mmol) and DRU

The muxture was stirred at R for 4 hours, It was diluted with ethyl
anetate, Wi faromonium chilcride aquecus soluton and brine fwice

was dried, Dltered and concenivaied in vaono 0 alford crude compound

arpganic oh
organic oh

WS found for Ty Mo as (MY 404 4,

A e o TS G5 L vune ofirr oo 1 EERETT Sppey: FOII A oA
Step 6: Crude La;ihp‘a,}i.md 956 was stirved 1o o 11 mixture of TEA and

dichloromethane At R for 90 minuies. I was concentraied in vacuo and subjected (o reverse

phase preparative HPLC © isolaie the title compound. M3 found for CrotysMe0 as (WA+HY

3044, Y A=247 300 nm.
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Example 25, 2-((1R,25)-Z-aminocyclobex vlamino)-4-(4-(1-methyt-1H-imidazol-2-

yhphenylamino)pyrimidine-5-carboxamide

B

; ~
[\ {?} NH ‘?‘w\m?
N e }—4

=4 N
{_ m;}ws;zfxsﬂ
M N,

I'he title compound was prepared using the same synthetic scheme demonstrated in

L

Example 14 with | ‘-m{i{ﬁf/i--:};-l_ﬁblf&tyii%mm"l vismidazole to repiace S-friputyistannyithiazole
B5.1. MS found for Cy HaeMaO as (M+R) 407 4. UV A=241, 200 am. MME (CD0DY &
B.97 (s, 1H), .59 (s, 1H), 7.90 (m, 2H), 7.64 (m, 3H), 4.46 (m, 1H), 3.91 (s, 38), 3.73 (m,
1R, 1.92-1.5% (m, 8H) ppin
Example 26, 2-((1R,25)-2-aminocyclohex ylamingj-4-(4-{Z2-oxopyridin- 1 (2H)-
10 yhphenylamino)pyrimidine-S-carboxamide
OH s 0 Pt
x 7 -
N S N S M
P, o ( i i
E ﬂ e t\ = R TS ‘:“"'f\;‘\ir_; O
M, e TR Eﬁj‘,.{ s {; !:h :
; ST L N N — e M
WS ! “ N \l/ O N,
NTTERYTTO ! A
. §§ B i ", f-’;f o ‘\! . \S,a) M?\F/
772 9. 973
04411 Siep 11 lodobenzene T2 (440 mg, 1.06 mmol) was dissolved in 10 mi DMSO. 1
it were added Z-hydroxypvadine 970 (207 me, 2172 mmoly, 8000, (297 me, 2,17 munoh),
i o
Cul (61

mg, 0.52 mmol) and 8-hydroxyguinoline (46 mg, 0.32 mmol). The mixture was
stivred in 120°C bath for 5

houes. To the mixture were added lithium hydroxide hydrate (126

—
(%)
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mg, 3 mmol) and 10 ml water. The mixture was stisred for overnight. To it was carefully
added I N HCH 6!l pH reaching 3. The mizture was filiered through celite and subjecied 1o
reverse phase prep HPLC to isolate compound 97.2 (75 mg, 20%). M5 found for

CyrH aMa058 as (M+H)  354.3.

3

5 {8442} Step 2: Carboxylic acid 27.2 (75 mg, 0.2} mmol) was dissolved in 10 mL DME To
it were added EDC hydrochlonide (61 mg, 0.32 mmol) and HORBt hydrate (44 mg, 0.32
mrnot). The mixture was siicred at R for 90 minutes. To it was then added ammonia
{commercial 0.5M solation in dioxane, 2 mb, 1 mmol). The mixture was stirred for 2 hours. It
was then concenirated in vacuo and subiected to reverse phase preparative HPLC o solate

0 compound 97.3 (40 mg, 53%). ME found for CH ) sN0,5 as (M- Y3553

(34431 Step 3: Compound 97.3 (40 mg, .11 mmol} was dissolved in 5 ml NMP. To it was
added MCPBA (65% pure, 37 mg, 0.14 munol). It was stirred at RT for 1 hour. To it were

&1

then added a solution of tert-butyl (18,2R)-Z-aminocyclohexylearbamate 1.2 (0.3 M, 873

mib, 0.22 mmol) and DIEA (115 i, 0.66 mmol). The mixture was stirred for 1 hour at 90°C
15 hath. This mixture was diluted with ethyl acetate, washed with saturated NaHCOs agueous
solution twice and water. The organic phase was dried over Mg50, and concentrated in
vacuo to afford crude compound 97.3. MS found for CpyHaMaOy as (MWH)Y 5204
(444 Siep 4 Compound 97.4 was stirred in a 401 mixture of THA and dichloromethane at
50° for | hour. It was concentrated in vacuo and subjected to reverse phase prepacative HPLC
20 toisolate the tile compound. MS found for Uy lHasNy G, as (M HHEYT 4204, UV A=241, 296
nm,
(344571 Example 27. 4-(4-{1H-imidazol-1-yDphenyiamine}- Z-((18,25)-2-
aminocyciohexyiamino)pyrimidine-5-carboxamide
o, 7R G,
T ~a”f xm-m:hi ~NHj
iy ‘\::Mzrj AT
s
K| 2
s \..,,“\j
< /a\“\ﬂNH
M M
25 {0448] The title compound was prepared using the same synthetic scheme demonstratea in
Fxample 3 and Bxample 9 with 4-(1H-imidazol-1-yhaniline to replace amline 74.1. M5

found for CyHaeMNgD as (M+H)"393.4. UV A=246, 292 nm. NME (CIH0D) 6 9.41 (5, 1H),



-
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B.59 (s, 1H), 8.05-7.95 (m, 3H), 7.79-7.76 (m, 38), 446 {m, 1H), 3.71 (m, 1), 1.93-1.59 {m,
aH) ppm.

Drample 28, 2-{{1R,25)-2-aminocycichexylamino)-4-{4-{piperdin-1-

yhiphenylaminoypyrimidine-S-carboxamide

AT

S
N "‘%
N
f}aﬂ*‘f\éi«
H” \‘Hp
(64471 The title compound was prepared using the same synthetic scheme demonstrated m
Example | and Example & with 4-(piveridin-1-yhaniline to replace aniiine 72.4. MS found

for ConHa M0 as (M) 4104, UV A=246, 287 nm. NMR (CD,0D): 8 8.55 (5, 1H), 7.81
(rn, 2HD), 7.59 {m, 2H), 4.41 (o, UH), 371 {m, 1HD, 3.58 {m, 45D, 2.02 (m, 41, 1.50-1.30 {m,
8y, 1.60 (m, 28) ppm.

Hxample 29, 211 28)-2-aminocyelohexylaminej-4-(3-fluoro-4-

morpholinophenylamino)pyrimidine-S-carhoxamide

éf
= =
5 N ‘> MH SN,
v e j—

5
hS

Y

7

=N

—

iy,

Vi
H Mt
{34481  The title compound was prepared using the same synthetic scheme demonsirated n

Example 1 and Example 1 with 3-flucro-4-morpholinoaniiing (o replace aniline 72.4. ME

found for CoyHaeFM 0y as (WERFDY 4304, 1TV A=239, 309 nm. PNMR (CD00D): § 8.49 (s,
Py, TA3 (m, 1HD), 722 (my, 1THDY, 7.08 (dd, J=9.6, 8.8 He, 1HD, 4.34 (m, 1113, 3.85 (i, 4H)

376 (m, 1H), 3.08 {m, 4 ¥}, 1.92-1.58 {m, &H) ppm.

Example 30, 2-{{1 R, 25)-Z-aminocyclohexylamino -4 -{4-G-(urifleoromethyl)- HiH-pyrazol-1-

yhphenylamino)pyrisidine-5-carboxamide

o
941
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pxrample 32, 2-((1

yihohenyvlaminoypyrimidine-5

™,

w‘;i.'-::\ B o
G Yo NH SNy

The title compaund was prepared using the same synthetic sche

i 4

pie & and Oxample © with 4-(3-(triffucromethyD)-1 Hpyrazol-1-v1)

uind for Oy Ha PO as (M) 4614, UV A=241,

1y, 785780 (m, 4H), 6.84

oyrazol--yhpheavlamino)-2-({1 8,252~

wnoypyrimidine-S-carboramide

The title cornpound was prepaced using

e synthetic

(MU as (M-HY 393 4 UV A=247 nm.

R, 28 2-aminocyelohexyiaminoy-4-(3-fluorp-4- 1}

3

carboRamide

118
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& 3 and Bxample S with 3-(1 H-pyrazol-1-yianilice to replace am

1t
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04531 A mixture of 3 4-diflucronitrobenzene (1.00 mL, 9.03 mmol), pyrazole (0615 g,
9.04 mmol) and K2C03 (2.50 g, 18,1 mmoi) in DMEF (1) miy was stirred at room

temperature overnight, Water (30 mb) was added to induce precipitation. The precipitate was
cotlecied, dried on vacuum to givel-(Z-tluoro-4-nitrophenyl}-1H-pyrazoie as a solid (180 g).

MS 208.3 (M)

1045721 Asuspension of -(2-Booro-4-nitrophenyly-1H-pyrazole {1.80 g, 8.70 mmol) and
C(10%, 0.200 g) in MeOH (20 mL} (containing 10 drops of 6M HCL) was hydrogenated
under balloon M2 overnight. The mixture was fltered throngh celite. The filtrate was
concentrated in vacuo. The residue was dried on vacuum to give 3-fluoro-4-(1H-pyrazol-1-
yhbenzenamine as a solid (1.55 g). MS 1783 (M4H)
10453 Toasolution of ethyl 2 A-dichloropyrimidine-5-carboxylate (280 mg, 1.27 mmol)
and 3-fluoro-d4-(1H-pyrazol-1-yhbenzenamine (230 mg, 1.30 mmo!) in CHLUN (8 ml) at
room temperaiure, DIEA (0442 ml, 2.54 mrool) was added. The mixrure was stirred at room
teperaturs for 48 h. Water (15 mi) was added to induce precipitation. The orecipitate was
collected, dried on vacuur to give ethyl 2-chloro-4-(3-fluoro-4-(3 Hepyrazol-1-
yiiphenvlaminopyrimidine-5-carborylate as a solid (275 mg). MS 362.3 and 364.3 (M+H,

1 pattern)

117
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10454)  To asolution of ethyl Z-¢chioro-4-(3-fiuoro-4- (1 H-pyrazol-1-
yhphenylamino)pyrimidine-5-carboxyviate (275 mg, 0.761 mmol) in THF (4 mL), ag. 1N
LiOH (125 mi., 1.25 mmol) was added. The mixture was stirred at room temperature
overnight, Upon acidification of the mixture with [N HC, white solids precipitated out,
which were collected, and diied on vacuum to give 2-chioro-4-(3-fluoro-4-(1 H-pyrazol-1-
yvhphenyiaminoipyrimidine-S-carhoxvlic acid (230 mg). M5 334.3 and 336.3 (M+H, Cl

patterny

(06551 To asolution of 2-chloro-d-( Z%—:fiuc}a‘ﬁ&%»(]_E-}pyfazei-1~~yi}pheﬂ;yi:;ar;:d_;‘xo}pyriz‘m{iin&

s-carboxylic acid (230 mg, 0.690 mumol) and HOBL (158 myp, 1.03 mamol) in DMF (4 mL),

1

B (200 me, .04 mmol) was added. The mixture was stirred at room temperature for 1.5 h.

N,

Armmonia (0.5 M in dicxane, 5.00 mL, 3.00 mmaol) was added. It was stirred af room

temperature f}\f@i“z’iight. Water and Et0Ac were added. The organic phase was separated,
washed with T N HOL then with 5% MaHCOs, dried over Na,50y, concentiated in vacuo 1o

give Z-{ 1 H-benzo[d][ 1,2,3 Jrriazol- T-ylox yi-4-G-fluoro-d4-{ 1 H-pyrazol-|

yhphenylamine)pyrimidine-S-carboxamide (184 mg). b5 432.4 (M+-H)
(04561 A solution of weri-butyl (15,28)-Z-aminceyelohexylearbamate (0.30 M in NMP,

2.00 mi, G.600 mmol) in NMP (2 mi) was added o0 2-(1H-benzoldi] 1,2, 3razol- 1-yloxy)-

----- A-(3-Huoro-4-(1H-pyrazol-1- Ji}pi'if:nyi;as‘ni:ﬂ@)pyfimidéne-.’i-cz‘;‘z,rboxzn'mda (184 mg, 0.427

muneh). DHEA (0,150 mL, 08563 mmol) was also added. The mixture was stivred at 90 C

overnight, After being cooled 1o room temupetature, water was added 1o induce pracipitaiion.

The precipitate was collected, then dissolved in CHCL (8 mb) and THA (4 ml). The

solution was stirred at room temperature for 30 min. It was concentrated in vacuo, The
FE

residue was purified by HPLC 1o give the Gtled compound (103 mg). M5 4115 {(M+H), UY

A=238.8, 304.8 am.

Hxample 33, 2{(1R,25)-2-aminocyelohex viamino)}4-(3-thiore-4-{thiazol-4-

yviphenvlamino)pyrimidine-5-carboxamide
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A mixiure of 2, 5-duodollaorobenzene (1.36 g, 3.90 mmol), ert-butylcarbamate

-

1.88 mmot), xaniphos (3.233 g, 040 mmol) and CeC0y (dry powder, 2,48 g, 7.61

in THE (12 mL) was degassed with Ar before being charged with Pd(dba)3 (0.071 g,

500 0.078 mumol). Tt was stirred at 75 C overnight. After being cooled fo room temperature, waier
and BUOAC were added. The organic phase was s d, 4,

vacu, The residue was loaded (o a flash column, eluted with 0-10% EtOAC i hexane (o give

teri-butyl 3-fluoro-d-iodopnenylcarbamaie {716 mg).

A solution of tert-butyl 3-fluoro-4-todophenyicarbamate (300 me, 148 mmol) and

{0 A-{tribuiylstennyithlazole (.578 ml, 1.830 mmol) in dioxane {6 mL) was degassed with Ar
before being charged with Pd(Ph34 (170 mg, 0.147 mmol). It was stirred at 100 C for 34 h,
then concenirated in vacuo, The residue was loaded to a fash column, eluted with 0-25%
StOAC I hezane o give tert-butyl 3-flaoro-4-(thiazol-4-yDphenylcarbamate (270 mg). MS
2955 (MM
15 A solution of rert-butyl 3-fluore-4-(thiazol-4-yyphenylcarbamate {270 mg, 097
sty (2 mby and TFA {4 mL) was stirred al room emperature for 60 min. It was
then concenirated 1 vacuo. The residue was dissolved in CHLTh (20 mL), which was washed
with 5% NaHC O, dried over Ma 80, concentrated in vacuo o give 3-flaorg-4-{thiazol-4-
ylibenzenamine (145 mg) as iree base, M5 1952 (M4H)
26 To a solution of ethyl 2 4-dichloropyrimidine-S-carboxylate (165 mg, 0.746 minol)

1

and 3-fluoro-4-(thiazol-4-yDbenzenamine (145 myg, 0.747 mmol) in CHRCN (5 ml) at room
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temperature, DIBA {0.260 mi, 149 mmol) was added. The mixture was stirred at room
temperaiure overnight, during which time sohids precipitated out. The precipitate was
collected, dried on vacuum o give ethyl Z-chiore-4-(3-fluoro-4-(thiazol-4-

yl)ph@:uyia.miﬂo}pyrémédinen-&cz‘af’ﬁoxyi;-‘stc as a solid (186 mgy. M5 3793 and 381.3 (Ml

J

fpallern)

To asuspension of ethyl Z-chiore-4-(3-tlucro-4-(thiazol-4-

yhphenylaminopyrineidine-S-carboxyiate (186 mg, 0.4%91 mynol) in THF {4 mi), aq. 1N

.

LAOH (.00 mi, 1.00 mmol} was added. The suspension became clear with stirring. The

mixtere was then stired at room temperatre overnight. Upon acidification of the mixiure

with Lh I, white solids ipitated out, which were collected, and doed on vacuum to

give Z-chloro-4-{3-Nuoro-4-{thiazol-4-yDphenylamino)pyrimidine-3-

rhoxyiic acid (158

and 353.3 (WisH, Ol pattern)

T a solution of 2-chloro-4-(3-Tuoro-4-{thiazol-4-vhphenylaminopynmidise-

carboxyvlic acid (158 me, 0.450 mrol} and HOBL (103 mg, 0.673 mmol) in ME (4 ml),

o 1

0.678 mmol) was added. The mixiure was stirred at room temuperature for T h
Aammonia (0.5 M in dioxane, 4 50 mi, 2.25 mmaol) was added. 1t was stirred at room

Y A o~ e o A3
A WEre anced.

i

temperaiure overnight. Water and B The organic phas

was separaied,

shed wi

1 59 MakCO,, drisd over MayS0,, concantrated in vacao. The residiue was

%

¥

o0 and CHaON (500505, The insotuble was collectsd and dried on vacuum o

dissolved in

oive 2-{1H-benzold]l,2, 3 razol- T-yloxyi-4-(3-noro-4-{iiazol-4-

Ny

yhohenviamino)pyrimidine-3-carboxamide as a solid (36 mg). M5 449 .4 (M+H)

A solution of tert-butyl (18,28)-2-aminocyclohexylearbamate (0.30 M in NMP,

P00 ml, Q300 mmoel) s

Y

{huoro-4-(thiszol-4-yhphenyvlamino)y

syrimpiding-S-carboxamide

TEA (G050 mL, 029 mmob) was also added. The mixture was stirred ot 90 O for Th, Afler
N ¥

being cooled to room temperature, THA (1 mi) was added. The solution was stirred at voom
P i P e G AT R e titled comm { {
ature for 60 min. Th (ure was punified by HPLC o give the titled compound
gy ME A28 4 (Wi, UV A=229.8, 3138 nm
Gxample 34, 2-((11R,28)-Z-aminccyelohexylamino j-4-(3-fluoro-4-( L H-imidazol-1-

yhphenyiamino)pyrimidine-S-carboxamide

.
B
o]
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A mixiure of 3 4-diflucronitrebenzene (100 mi, 9.03 mmob), imndazole (0.615

G.04 mrmob) and K203 (2.50 g, 181 ramol) i DVE (10 mL) was stirred at voom

wure overnight., Water (20 ml) was added 0 mduce precipitation. The precipitaie was
collected, dried on vacuum to give 1-(Z-fluoro-d-nitrophenyty-1 H-imidazele as a solid (1.8]

s EEnIEY ER e Ty
gy, M 208,72 (VR

[

510 A mixture of 1-(2-fluoro-4-nitrophenyly- il imidazole (1.31 g, 8.74 mmol} and Pd-

C(10%, 0.200 g) in MeOH (20 ml) (contaming 10 drops of 6N HCY was hydrogenated

under balioon M2 overn CThe filtrate was

concentrated in vacuo. The residee was dned on vacuum 1o give J-fluoro-4-(TH-imidazcl-1-
yihybenzenamine as a sohd (V37 gy ME 178.3 (W+H)

1o asclution of ethyl 2 4-dichioropyrimidine-S-carbozviaie (280 mg, 1.27 mmol)

J Sar
and 3-Thucro-4-{1 H-imidazob-T-yDbenzenamine (230 mg, 1.30 mmol) in CHROMN (8 mi) at
room temperaiure, DIEA (0442 mb, 2.54 mmol) was added, The mixiure was stirred at room

temperaiure overnight. Water and BtQOAc were added. The organic phase was separated, dried
over MNayhid, concentrated 1n vacuo to give ethyl 2-chioro-4-{3-Muoro-4-(1 H-immdazol-1-
yhphenylamino)pynmidine-S-carboxyiate as a solid (383 mg). MS 2624 and 3643 (MH,

{1 patiern)

P
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To nosolotion of ethyl Z-chloro-4-(3-fluoro-4-( 1 H-imudazol-1-

AN

nylamino)pyrimidine-5-carboxylate (383 mg, 1.06 mioly in THF (3 mb), ag. 1IN

LaOH (200 mL, 2.00 mmol) was added, The mixture was stirred at room femperaiure

e

overnight. THF was removed in vacuo. Upon acidification with N HCE the mitiure was
purified by HPLC o give Z-chloro-4-(3-fluoro-4-(15i-iridazol-1-
yhpheaylamino)pyrimidine-S-carboxylic acid (68 mg). ME 334,71 and 3361 (M+H, Tl

patlern)

To oz sotution of Z2-chloro-4-(3-Tluore-4-(LH-imidazol- 1-

3 ¥

nol) and 08

vhphenyviaminopyrimidine-S-carbonylic acid (868 myg, 0.20

mmol) in DME (2 mL), ELC (60 mg, .31 mmol) was added, The mixiore was st

roorm emperature for 15 b Ammonia (0.5 Mo dicxane, 0.800 mi, 0.40 n

Fowas stivred at room fermperature overnigt

(300 mg, 0.52 mmot)

R

was stirred for another 24 h. Water and Hi(be were added. The organic phase was separated,

washed with 5% B SOy, dyied over Mas50,y, concentrated in vacuo io give 2-( -
senzoldif 1,2, 35 riazol- -yl y-4-3-Thworo-4-( {Hamidazol- 1 -yDphenylaminoypyrimidine-5-

carboxarmde (57 mg). M 4322 (M)

A solution of tert-butyl (15 2R 2-aminceyvelohexyicarbamate (0.30 M in NMP,

T 1

£.00 L, 0300 mumoly in WP {1 L) was added to 2-{TH-benzo{d]] 12,3 irtazol- T-yvloxy)-

4-(3-Iuoro-4-( HH-imidazoi- 1-ylpheayiamino)pyrimidine-S-carbozamide (57 mg, .13

mmel). DIEA (0,100 mi

minod) was also added, The

After being cooled 1o room tomperature, water and BiQ e

The orpanic phase

was separated, washed with 5% Mall{0s, dried over NaghOy, concentrated in vacuo, Th

ae was disselved m CHOl (1wl and TEA

temperature for 50 min. It was conceatrated o vacuo.

tided compound (Z3 mg). WIE L1133 (MH) UY A=247.3, 2998 nrm..

s

-1 Vf'!;fﬁi i

exyiaminoj-4-{3-Tho
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The titled compound was prepared analogously acco{d.ing to the procedure described in

5

Example 34, ME 4253 (M+H). UY A=247.8, 31 1.8 nm.

Exarmnple 36, 2-((1R,25)-Z-aminocyciohex ylamine -4-(2-fluoro-4-(1 H-pyrazol-1 -

yhphenviamino)pyrimidine-5-carboxamide
4"::: o
N ‘

oA,

L 3o A A

T AT v et el DTEF Y curnn o tbonoier st mo freemerobrotart e arer o e TP TE iy e T
10476] Compound 31071 was synihesized as demonstrated in xampie [ for 72.7 using Z2-

o

Huore-4-(1 L%’*Ls:;'y.u zob-1-yDaniline to replace 724

i 't-w'bt:zty} (15,2R)-2-
mi., 018 mmol) and DIEA (33 uL, 0.18 mumol).
After stirred for 2 b at 65°C bath, the mbxture was dilnfed with water, the resulting

precipitates weare collected by fitration to give 1877, To a mixtire of 107.2 in DOM (0.5

L) was added THA (0.5 mL), afier surred at room temperanure for 10 min, the solution was

7.

concenirated and the residue was purified by preparative HPLC o give title compound 1
I W s ] ks

MS found for CoppflyFNeO as (M+HD 4111, UV A= 201.8, 2404, 289.0.

P5y-Z-armnocyciohex ylaming)-4-(3-(thiazot-4-
. J J \

v?}plu nylaminoyoyrimidine-S-carboxamide

,_J
.

!
Lo
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{47 er P Toa muoxoure of lodobenzens TH8.3 (200 myg, 5,46 mupol) in toluene (2 mi)

Ja (53 mg, 0.048
rmol). The mixture was degassed using argon stream for 3 minutes and reffuxed under an

argon atmosphere for 2 hour. It was concentrared in vacuo and subjected to silica flash

[

column woisolate compound 1

{84 mg, .22 mmol) in THF (0.8 ml.) was

0.35 mmol) in water (0.5 mL). Alter

I, it was concentrated in vacuo (o remove THE and carefully treated

-

H with 1IN HCHOH pHoreaching 3. The resnlting precipitates were collected by filtration to give

compound 1084 (74 mg)

acid 10684 3 wers add

Siep 3 To 2 mis {74 mg) in DME {3 mi

{~ hydrochlonde hydrate (48 mg). The guxiure was stirred 3
hour. To it was then added ammonia (commercial G.5M solution in dioxane, t mi). The

15 minture was stireed for | hoat room femperature, Howas then concentrated tn vacuo 1o remove

dioxane. To it was added water, the precipiiates were collected by filiration to give compound

[0474] Step4: Compound 108.5 (55 mg, 0.16 mmol) was dissolved in 0.3 mi NMP. To it

was added MOUPBA (65% pure, 47 mg, 0.18 mmol). It was stirred at RT for 30 minutes, To it
20 were then added a seiution of tert-butyl (15 2R-Z-aminocyclohexylearbamate 57.2 (0.3 M,

jon—
3
™
w
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0.8 mi, 0.24 mmol) and DIEA (37 ul, 0.32 mmol). The mixiure was strred for 60 minutes
at 80°C bath. This mixture was diluted with water, the resulting precipitates was collected by
Fltration to five 18,6, which was stirred in a 1.1 mixture of TFA and dichloromethane at BT
for 30 minutes. It was concentraied in vacuo and subjected 1o reverse phase preparative
HPLC to isolate the ttle compound. MS found for CoHaaMLOS as (M+HY 4102, UVih=
202.8,2452

LA

“xamiple 38, 2-((1R,23)-Z-aminocyclohex ylamino)-4-(Z-flucro-4-(thinzol-4-

yhphenylamino)pyrimidine-5-carboxarnide

/=N
NI .

TURH O

s ’ L l’
O™
D
N TN

8K
M

16 [Dd75]  The title cornpound was synthesized as demonsirated in Example 4, M5 found for

CogHmFN,0S as (M+H) 4728.5. UV: & = 240.4, 212.8

Example 39, 2-((1R,28)-2-aminocyclohexylamino y-4-(3-(thiazol-2-

yhphenylamino)pyrimidine-S-carboxamide

[\

-~

Ny 5

.
T TH Q
- w s\f‘ﬁ/i \ NH,

1 i
\\Yf,_,xxx 3\} /\ //’
Ly

i

NH,

{D476]  The ttle compound was synthesized as demonstraied in bxample 37 using 2-

irthutylstannyithiazole to replace S-tributylstannylthiazole 1024 ME found for Cyoldpi,08

as (M+HY 4102 UV 4= 2063, 242.8, 291 4

Example 40, 2-((1R,25)-2-aminocyclohex ylamino)-4-(3-{thiazol-3-

yvhphenylamino)pyrimidine-5-carboxamide



—,

]
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a7 Thendtle compound 111 was synthesized as demonstrated in Erample 37 vsing

tributyistannylthiazole to replace S-tributylstanayithiazole |

as (MECEDTAI0S UYL L= 2016, 244.0,277.1

Example 41, 2-((1R 28} Z-aminocyclohexylaming 3-4-3-{pyndin-2-

yhphenviamino)pyrimidine-5-carboxa

The title compound was synthesized as demonsirated in Example 37 using 2-

trib zjiyiaéz&zz'ﬁ_ny.fpyz'i(.imf: 0 1"&:;3123{: e S-tributylstannyithiazole

as (W+HY 4042, UV 2.8,292.0

2. 2-((ER,25)-2-aminocvelohex ylaming -4+ (3-(pyras

:
2V, usii}.i

yhphenylamino)pyrimidine-5-carboxami

126
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1047%9]  The ttle compound was synthesized as demonstrated in Exarnple 37 using 2-
tribusyistannylpyrazine to replace S-tributylstannyithiazole 108.2. MS found for Cy HasNgO

as (M+H) 4053 UV: b= 244.0,289.0

Example 43. 2 2-((1R ?S')Q»am:&.m{}cyc.‘iohexylamino}-ﬁf»—@-(pyridazia-4~

LA

viyphenylamino)pyrimidine-5-carboxamide
[ ) !\i

TRHO

|
/\ N ‘j “NH,
L
\,«'/L%N/A\f\i/

(84807 The title compound was synthesized as demonstrated in Bxample 37 using 4-

o+

s

tributyistannylpyridazine to replace S-tributylstannylthiazole 168.2. ME found for Co b N O

ag (M+H)Y 4052 UV k= 246.3

10 Example 44 2-{(1R 25 2-aminooyalohex viaming)-4-(3-{ L-methyi- 1 H-imadazol-2-
! ¥ y ‘ Y

ylphenylamino)pyrinudine-5-carbozamide

){“"""ﬁ“\
Ny Mg,

[G483]  The title compound was syathesized as demonstrated in Bxample 37 1.13&51;;; =
methyl-2-tribueylstannyl-1H-imidazole © replace S-tributylstannyithiazole 208.2. M8 found

for O HagldsO as (M+HY 407.2, UV: k= 2428

p——
L.

Fxample 45, 2-((11R,25)-2-aminceyclohex yiaming-4-3-(6-methox ypyridin-3-
& N N .

viiphenylaminopyrimidine-5-carboxamide
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ed S-methoxypridin-3-yiboronic acid 130.1 (121 mg, 0.80 mmol) and i

~

MagilOs (21, mi) followed by PACI2Z(PPha), (U mg, 0.07 mmol), The mixture was

ey &

S using argon sireamn for 3 minutes and heated at 85 °C under an argon atmosphere for 2 howr.
1t was dilted with DUM, the organic fayer was washed with Sat. MaHCOy, brine, dried and
» #, 3y

concentrated to give crude residue, which was purified by column chromaiography (o give

Step 20 To a miztues of Bthyl ester 116.2 {160 mg) in THE (L.

10 solution of Hthivm hydroxide hydrate (20 mg) in water (1 ml). After stivred for 24

R, it was con ad in vacuo 1o remove THEF and ¢

reaching 3. The resulting precipitates were collected by filiration to give compound 31163,

ve added BDO

41 Step 3 To a mizture of carboxyhic acid 1182 n DME (1.8 nd) w

hydrochloride (193 mg) and HOBt hydrate (153 mg). The mixtare was stivred at 127 for 10

15 yoin. To it was then added ammonia (commercial 0.5 solution in diorane, 2 mi). The
mixtore was stirred for ! h at room emperature. It was then concenirated i vacuo (o remove
dioxane. To it was added water, the precipitaies were collecied by filtration Lo give compouikl

i16.4.
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{04851 Btep 4 Compound 116.4 (80 mg, 0.22 mmol) was dissolved 11 0.5 mbL NMP. To it

£

was added MOPBA (65% pure, 64 mg

£

0.24 pmol). I was stirred at RT for 30 mimmes, Te it
were then added a solution of tert-buty! (15,2R-2-aminocyclohexylearbamate 81.2 (0.3 M,
1.2 mi, (0.3 mmol) and DIEA (78 wL, .44 mmol). The mixivre was stirred for 60 minutes at
359 bath, This mixture was dijuted with water, the resuiting precipifates was collected by
filtration to give 116.5, which was stirred In a ' mixture of TEA and dichloromethane at KT

for 30 mimutes. It was concentiated in vacuo and subjscied o reverse phase preparative

HPLC 1o isolate the sitle corpound. MS found for CullyMNyOy as (MAH) 4343 UV b =

2475

Example 46, 2-((1R,252-aminocyeichex viamino)-4-(4-(6-methox ypyridin-3-

yhpheaviaminoypyrimidine-S-carboxamide

Matd, M.

|
l\\/h“;\m o
/\l N'/§(LE\MHR
R N
by

{dBn]  Phe dide compound was synthesized as dermonstrated in Example 45 using ethyl-4-

T

(4-iodophenylamino)-2-(methyithio)pyrimidine-S-carboxylate to replace 108.1. MS found for

4343

Fe
kme

Vb= 2404, 2068

~

Buxample 47, 2-((IR, 25 Z-aminocyeicheg ylamino}-4-(3-methyl-4-
: Wi ‘ % J

morpholinophenylammo)pyriridine-5-carboramide

The title corspound was prepared using the same syathetic scheme dernonstiated in
Brarople 1 and Example & with 3-methyl-4-morpholinoanitine 1o replace aniling 72.4. M5

found for Coplly M0, as (M+H) 426,30 UV L= 2404, 2561

bl
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Frample 48 2-({1R,25)-2-aminocycichex ylamino)-4-(4-(2-aminopyridin-4-
ylyphenviamino)pyrimidine-5-carboxamide

?FBGLP
cloo
Bocghi. N BOCQN\(,N I Jil N
% 7 N } N oR
i . o 3} s g
; [ oW s S /EL
o Stept N Step?. A el TRTNE O
RV L ) Step 3 N
OCo . T pC N \\E/. OFt
. "
i - o
MO, My Cl/L W
1145, 1182 115.4
MBoC, ié\il‘?«:ﬁ: o ?}iinc 5
| PN i 4\1} { \i Z J
\:\//ﬂ\lf///\\l [I‘b‘\\‘/”! N\r;\il \/ T~ /\?L
} Tr;r)g‘ .
s T N RN
S g 0 - ST O e S W
o o s \
‘\J/J\::T/ 1y ?‘f:,i\\é /{;i \J( NH, [/\} N j/ NH,
TR N ML Az g
o ( NNy [ ‘*ﬁ. M
s B
119.6 T10.8 ey
N,
NJ\
L
Stap 7 = \T'/ ;
--------------- . . !
i
!
[/\! !\ll/\“\‘r “NH,
\é/"‘“v l;\i} A ;xs/)
M, .

11 A mixture of 4-Nitro-phenyi-Boronie acid (1

59 mgs, 0.95 mm

oby, M-

5 Big(rerr-butylonyvesrbonyDamino-d-lodo pyridine (US6831175) (200 mes, 0.47 mmoi),
potassium carbonate (329 mgps, 2.38 mmeol), Teirakds{iriphenyiphosphine)-pall
migs, 019 mmol), DME (5 mil), water (0.6 mb) was heated i microwave (B
Cotiraizen) at 120°C for 15 min. The reaction was repeated four more tmes. The cormbined
reactions were poured info ethyi acefate and washed with water (Zx), brine {1z} and

{0 concentrated. The concentrate was then puritied by flash column chromatography on silica
gel (37 BEthyl acetale/Hexanes) to provide N N-Bis(rer-butyloxycarbonyDamino-(4-

itrophenyDpyridine 1193, MS fonnd for O HasPhOg as (M+ED 416.0.

(04897 Step 20 Compound 1198 (855 mgs, 2.3 mmol) was dissclvad in ethanol (40 mL)
with few drops of acetic acid and hydrogenated at | atmosphere of hydrogen in the presence

130
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of 10% Pd/C (wet) for 5h. The reaction was filtered, concentrated to give 1122 (782 mgs,

88%) as dark brown solid. M5 found for CoHor N3Oy as (M+H)" 386.0.

90]  Step 30 To asolution of Dichloropyrimidine 139.3 (l?@ ings, 0.816 mmol) in
acetonirile (3 mL) was added a suspension of 1392 (314 mgs, 0.816 mmol),
diisopropylamine (0.16 mL, 0.807 mmol) in acetonitrile (8 mi) at 0 °C. Reaction mixture

#"

was then slowly warmed Lo ot and stirred overnight. The reaction mixture was then diloied
with water and extracted with ethyiacetate {Zx). The combined ethyl acetate layers were
washed with brine, dried (MgS80,), filtered and concentrated under reduced prassure 10 vield

1484, MS found for CogHlan TN Og as (MY 5700
BEARD 8}

=

fany ] Eféi:@p 4: Crude ethy! ester £19.4 (460 mes, 0.81 mmol) was diluted with 1 4-dioxans
(& wby followed by aqueous Hiihium hydroxide (1O, 0.8 mL, 0.8 mmol) and stirred at 5t
until all starting material had been converied to the carboxylic acid. The reaction was then
{ilated with water (30 ml) and acidified with {N HC (L0 mL). The resulting suspension
was then filtered, washed with water and dried giving 385 mgs of the carboxyiic acid 119,53

(8%, ME found for CogHaaCINsOs as (Ma-H) 542.0.

LT ST

carboxylic acid 119,58 (383 mzs, 071 mumol), BDC (204 4
/ L

mel), HOB: (163 mes, 1.06 mmol) in N M-dimethylformamide (3.6 mb) was added
ammonia (0.5 Mn d-dioxane, 3.6 ml, 1.2 mmol) and stirred overnight. The reaction
. y g / 5

o~

mixrure was then diluted with water and the precipitate collected by filtration affording the

19,6 (394 mgs, 87%). M5 found for TaHaMNe(y as (M+H-Boc V5400,

Sren & and Step 70 A mixture of Benzotriazoly! ether 119.6 (90 mags, 0,140 munol),
reri-batyl {1528 2-aminocyelobex viearbamate (536 mgs, 0,470 mmol), DIFEA (0.07 mi,

0420 mraot) i iso-i

ypanol (2 mL) was heated in microwave (Emry’s Optimizer) at 130°C
for 20 min, The reaction mixture was concentrated and then was teated with 400 HC in
diozane (6.0 mL) After Lhoat o, concentrate the reaction mixtee and diluted with waler and
acetonirile and directly purified by preparative HPLO affording the desired product 119

oI AT M| i b - T AR o 1 ¥ - PR LR
(43,6 mgs, 75%) as tan solid, after lvophilization. MBS found for CythekuMeO as (WAHH)

T
i

Frample 49 2-({1R,28)-Z-amincoyclohexylamino -4-(4-(d-(aminomethyl)piperidin- 1-

yhiphenylaminojpyrimidine-S-carboxamide

Lo}
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i

bove compound was prepared using ters-butyl (1-(d-aminophenylpiperidin-4-

yhymethylcarbamate (prepared from 4-Flooronitrobenzens) using a procedure sirmilar o that

described in Example 48. M5 found for CuallyyNO as (M+F)" 439.6.

5 Dxample 50, 4-(4-(1H-1 2 d-triazod-1-yDphenviamine)-2-((1 R, 25 2-aminocyciohexyl-

amino)pyrimiding-S-carboxanud
NEN ,x':} Ny N <
. e N N . MH O
? ?{ f\»NN N Ny '~:-N’\’ N ?ﬁ icl} ag. LiGH N iy
N'-‘“‘Bf O : ne \B/ TOEL e e i f\ On
o DIEA, CHL N, 1t oy THE N
4 121.1 5212

'\_j =N N e \
) '::N B -\\\\—> MH O .\1\1 B~ ”‘\\ / ""V}" C)
ELC/ HOBL , N” E}/ NHZ MH,
nf o7 “'N (/ W \s
..... . B
{\> NHQ
h 104 1 121

Dthyl 4-{4-(1F-1,2, 4-trazol- L-yliphenylaming)-Z-chloropyrimidine-5-carbox viate 121.1:
B4957  Toasoltion of ethyl 2, 4-dichtoropyrimidine-S-carboxylate (1.4) (600 myg, 2.714

v

W mmol), in CELCN (12 mly, was added DIEA (0,730 mi, 4.313 mmoi, 1.582 equivy, followed

by 4-(1H-1, 2, 4-triazol-t-yDaniline (465 mg, 2.902 mmol, 1.57 equiv). The muxture was

£y

stirred ai room emostators Tor 20 b, theo diloted with water (6 1) to precipitate 1. The solid
product was collected by filtration, rinsed with water (100 ml), and air dried; YVieid, 850 mg

(01 %),

1

5 4-(4-(1H-1,2 4-triazol- i-yDiphenvlamino)-2-chloropyrimidine-S-carbox yiic acid 121.2:

REH o a solution of Ethyl 4-(4-(1H-1,2 4-triazol- 1-yhphenylaming)-2-

chloropyrimidine-S-carboxylate (11} (870 mg, 2.523 romol), in THE (12 mL), was added M
L0 (3.30 ml, 3.30 munol, 1.30 equiv), and the mixture was stirred at room iemperatuse for

3 Then THE was rotavopped off, and the aguecus mixtore was aciditied with 2N HC o pH
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e
o
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2. The precipitated solid product was collected by filtration, rinsed with water, and air dried;

vield 712 mg (89 %).

4,3

A-(1H-1,2 A-riazol- I-yDphenyiamino}-2-( LH-benzao| dli 1,2, 3 jtriazol- 1 -yloxy) pyrimidine-

S-carboxamide 1213

(34971 Toasolution of 4-(4-(1H-1,2 4-triazol- 1 -yhphenylamino)-2-chioropyrimidine-5
carboxylic acid (i1t) (730 mg, 2.305 mmol) in DME (15 ml), at room temperature, was added
HOBL 70 mg, 3478 mmol, 1.508 equiv), and EDCHCHGE50 mg, 3.599 mmol, 1.561
equivy, and the migiure was stireed for 45 mioutes. Then cooled it 10 0 °C, and treated with
0.5 M MWH3 in diorane (14.0 ml, 7.0 mrol, 3.0 sguiv), and stirred the mixiure af room
ternperature for 18 h. Then diluted 0 with water {7 1) to precipitate iv. Collected it by
filtration, rinsed with water, and air dried; vieid 841 mg (88 %) MS: 4151 (M5, and 4371

3 1IN
(MM,

A-(4-(TH-1,2 d-triazob-1-yDphenyiamino)-2-(( I R 28)-2-aminocyelohex ylamino)- pyrimidine-

carboxamide $214:

(04581 To asolution of cis-cyclohexane- 1, 2-diamine (100 mg, 3.8756 mmol, 6.08 equiv), in

CHLCW (1. 50 mL), was added 4-(4-(1H-1,2 4-triazol-t-yhphenylamino)-2-( 11

benzoldl[ 1,2, 3 riazol- -yvioxypyrimidine-S-carboxamide {iv) (60 mg, 0. 144 mmol), and the
miiture was stirred fov 19h Then 1t was diluted with water (8 1), and the solid product was
coliected by filtration, rinsed with water, and air dried. It was purified by BP HPLC to alford

it ag ats TFA salt; vield 59 mg (81 %), M5: 3941 (M+-H), and 416.1 (M+DMa).

Exampie 51 2-((1R 25 -2-aminccyclohex ylamino-4-(4-(isoxazol-5-

yiyphenylamino)pyrimidine-S-carboxamide:

133
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N i N
N‘O/ {; / f‘;iH {5:; [ E N“(}}‘m A Mt O
r\f"" T, T NH-Boc (‘\\ N/"”j NH,
ot A i . g\. =
NIt NME, 50 °C TS

2/\%\ MR, 50 °C g N M
C \ MNH-Bog

122.3 122.2

P0a981 2-(iH-benzoldi[1,2, 3lriavol- 1 -yloxy)-4-(4-(isoxazol-5-yDphenyviamino jpyrimidiae-
S-carboxamide 122.17 This compound was prepared using the procedure deasribed for the

synthesis of 123.3 starting from ethyi 2, 4-dichloropyrimidine-5-carboxyiate {1.4) and 4-

{isoxazol-5-vhaniline.

tert-butyt (15 2K)-2-(5-carbamoyl-4-(4-(isoxazol-5-yDphenyvliaminopyrimidia-2-

o

vlaminojcyclohexyicarbamate §22.2:

gy
i

e compound 2101 (100 mg, 0.241 mmol), in MNomethy! pyrrolidinone (MMP) was
mixed with tert-butyl (15, 2R)-2-aminocyciohexylcarbamate (0.3 mmol, 1.744 equiv), and
DIEA (0,120 ml, 0.6%0 mmeol, 2.83 equiv), and heated 0 30 °C for 4 h. Then it was
partitioned between HHOAC and water. The combined FiOAc exiract was dried over
anhiydrons MNa;50y and concentrated to yield 210.2, which was used as such for the next

reaction,

2-({ 1R, 25 2-aminocyeiohexylamino)-4-(4-(sonazol-3-yDiphenyiaminopyrimidine-5-

The crude 1222 was dilated with CHCh (5 ml) and anilsole (0.700 mi, excess)
was added, followed by CH,CO0H (5 mL). The mixture was stirred at room temperatore for
5, and then concentrated to dryness. It was purified by RP-HPLC to yield pure 210 as

colorless puffs, 101 mg (83 %). MS: 394.3 (M + H).

~

Example 52, 4-(4-{ 1 H-tetrazol-b-yDphenyiaming)-2-({ 1R, 28)-2-

aminocyelohexylamino)pyrimidine-S-carboxamide:

134
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[0502]  This compound was synthesised using the synthetic scheme described for the
synthesis of compound 122, and using 4-(1H-tetrazol-1-yDaniline in step 1, ME: 39528 (M +

H).

Example 53. 2-({1E. 25 -2-aminocyclohexylaming)-4-{4-(oxazol-5-yphenylaming)

pyrirmidine-2-carboxamide:

o NS
s NETYT RN
o &
“"w L3 N P N -

f503] This compound was synthesised using the synthetic scheme described for the

synthesis of compound 122, and using 4-(oxazol-5-yhaniline in step 1.

Prample 24, 2-((1 R, Z8y-Z-aminocyclohexvlaming)-4-{3-{oxazol-4-ylphenylaming)

pyrimidine-3-carboxamide:

1051

fomry

4% This compound was synthesised using the syathetic scheme described for the

synthesis of compound 1272, and using 3-(oxazol-4-yDaniline in step 1. MS: 394.28 (M + H).

N

Bxample 55, 4-(3-(1H-1,2 4-triazoi-1-yDphenyviamino)-2-((1 R, 25 2-aminocyciohexylaming)

pyrimidine 3-carboxamide:

i35
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f'n H
NH,
[O8058]  This compound was syathesised using the synihetic scheme described for the

synthesis of compound 122, and using 3-{1H-12 4-triazot-1-ylianiiine in step 1.M

(bl 4 H).

Example 56, 2-((1R,258)-2-aminocyclohexylamino)-4-{3-(

yiiphenyiamino)pyrimidine-S-carboxarnide:

(65067 Ti

synthesis of compound 122,

MSE 40228 (M + H.

Example 57, 2-((1R,28)-2

aad using 3-(S-methyl-1,2,4-oxadinzol-3-ylaniline in

~aiinocyclohexyiamino)-4-(3-(Z-mathylthiazol-4-yiiphen

pyrimidine-S-carboxamide:

M5G7]  This compount was synthesised using the synthetic scheme described fo

syatnesis of compound 122, and using 3-(2-methylihiazol-4-yhaniline in step 1. |

(M + H).

13

£, Ty 3
53047

methyi-1,2 4-oxadiazol-3-

Phis compound was syn’shesised using the synthetic scheme desoribed for the

‘)L‘u(} I.

yiamino)

r the

MS: 424.37
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fHrample 58, 2-((1R,28)-2-aminocyclohexylamino)-4-(4-(5-methyl-1,2 4-oxadiazol -3~

yhphenyiamino) pyrimidine-S-carboxamide:

This compound was synthesised using the synthetic scheme described for the synthesis of

L

compound 127, and using 4-{5-me hyi—‘},2,4-»{}%3&5a.z.olw}yl}aniiine i step LMS 4055 (M +

H).

et

o

cxample 549, 4-(3-(1H-pyrazol-5-yDphenylamine)-2-((1R,25)-2-aminocyelohexyl amino)

pyrimidine-S-carboxamide:

10 [BEDBY  This compound was synthesised using the synthetic scheme described for the
synthesis of compound 122, and vsing 3-({H-pyrazol-5-ylanitine in step 1. MS: 363.0 (M +

).

Example 60, 2-((1 R, 25y Z-aminocyclohex ylaming)-4-(4-{thiophen-2-yDphenyiamine)

nynimiding-5-carboxamide:
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050891 This compound was synthesised using the synthetic scheme described for the

synthesis of compound 122, and using 4-{thiophen-2-yDaniline in step 1. MS: 410.0 (M4 B).

Example 61. 2-((1K,28)-2-aminocyelohex ylamino)-4-(3-methox y-4-(oxazol-5-

yiphensylamine) pyrimidine-3-carboxaride;

05161 This cempmand was synihesised using the synthetic scheme described for the

£l

5ynthesis of compound

22, and using 3-methoxy-4-(oxazol-5-yDaniline in step 1. MS: 424.5
(W 1),

Example 62, 2-((1R 28)-Z-aminocyclohexylaminoy-4-(4-CG-methyl- 1 H-pyrazol-1-

10 yhohenylamimo) pydmidine-5-carboxamide:

A
/“\::5{
R
M \r;:i';\»'
i
:
i“‘-l"\ j:J\
e,

[6511]  This compound was synthesised using the synithetic scheme described for the

synthesis of compound 127, and using 4-(3-methyi-1H-pyrazol- l-yDanilioe in step 1. MS:
4407.5 (M + B

s Example 63, 2-((1R235)-Z-aminccyclohexylamino)-4-3-(Z-oxopyrrolidin- 1-vhiphenylaming)

pyrimidine-5-carboxamide:

[—
()
]
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10512]  This compound was synthesised using the synthetic :
synthesis of compound 122, and using 1-(3

410.5 (M -+ H).

Example 64, 2-((1R,25)-Z-aminocycichexyiar
yhphenyiaminolpyrimidine-5-carboxamide:

A -~

T
NNl
ﬁj ‘\(’}”\!
L
NI

,m_w\ N ’;“fi’ “NH,
ﬂ\. Sy A }

& H

a\!i

(US13Y This compound was synthesised using the
synthesis of compennd 122, and vsing 4-(3,5

PSS 421.5 (M -+ H).

Example 65, 2-((1R,25)-2-aminocyeiohex

yvhphenylamino)pyritmidine-3-carboxamide:

el T g ?

139

1n0)-4-(4-(3,5-dimethyi-

~dimethyl-1H-pyrazol-1

PUTAIS2G00/02401

cheme described for the

-arninophenyipyrrolidin-Z2-one in step 1. MS:

P -pyrazol-1-

e synthetic scheme described for the

L-yhanilie n step 1.

ylamino-4-3-methoxy-5-(1 H-etrazol-1-
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10514]  This compound was synthesised using the synthetic scheme described for the
synthesis of compound 122, and using 3-methory-5-(1 H-tetrazol-1-yhaniline in step 1. MS:

475.4 (M + H).

Example 66, 4-(3-(1H-tetrazol- i-yDphenylamino)-2-({ 1R 25)-Z-aminocycichen yi

amino)pyrimidine-5-carboxamide:

B g
£ 4
Nl
T
;’/"g\;.
{ i
k:'u\.,_ -‘5';‘\
- }\aH 0
M
\ ) N *’“‘V’ "M
\Jria
F05157  This compound was synthesised using the synthetic scheme described for the
synthesis of compound 122, and using 3-(IH-tetrazel- L-yDaniline in step 1 MS: 3955 (M +
),

7

Srample 07, 2-((11,28)-2-aminoe yelohexylamingy-4-(3-(5-methyl- 1 H-tetrazol-1 -

viphenylamino) pyrimidine-S-carboxamide:

N=-n
i

' | :
L
BTN
b ¥l
Ng'”'i«tj
This compound was svnihesised using the synthetic scheme described for the

synthesis of compound 122, and vsing 3-(S-methyl-1H-tetrazol- L-ylaniling in step L M5

Hrample 68. 2-(( 1R, 28)Z-aminocyciohexylamino)-4-(3-(-methyi- L H-tetrazol-5-y1)

shenylamino) pynmidine-S-carboxamide:



[

10

W ROR/1 36595

{05177 This compound was synthesised using the synthetic scheme deseribed for the

synthesis of compound 122, and using 3 tH~tetrazol-5-yHaniline in siep 1. ME:

409.5 (M + H).

-{(I-methyi-i

Example 69. 2-((1R,28)-2-aminocyclohex ylamino 4-(4-{5-methyl-1,2,4-oxadiazol-3-

vhphenylamino) pyrnimidine-5-carboxamide:

{;:3% !
\ i
/ \\\[.—/‘/ ‘w
= / "‘NH Q

/,\-

/‘““ N / 'NH;:
¢ 7 :

(05181 This compound was synthesised using the synthetic scheme described for the

synthesis of compound 122, and using 4-(5-methyl-1,2 4-oxadiazob-3-yDaniline in step 1.

WS 4095 (M + H).

Exampie 70, 4-(3-(1H-pyrrol-1-yDphenylamino)-2-((1 R, 25)-2-aminocyelohexylaming
| LirE-DY l-yhpheny! 3
pyrimidine-5-carboxamide:

POTAISZ009/00G 2401
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(D515 This compound was synthesised using the syathetic scheme described for the
synthesis of compound 122, and using 3-(IH-pyrrol-1-yianiline in step 1. MS: 392.5 (M +

H).

Exarple 71, 4-(4-(1H-pyreol-1-yDphenylamino)-2-{({ 1 R, 28)-2-aminccyciohex viamino)

[ 1

pyrimidine-S-carboxamide:

{7
NNl
LN
1
T

(0524 This compound was synthesised using the synthetic scheme described for the
synthesis of compound 122, and using 4-(1H-pyrrol-1-yDaniline in step 1. ME: 392.4 (M +

S )

-

10 Example 72, 2-((1R,28)-Z-aminocyclohexylamino -4-{3-{5-methyifuran-2-vhphenyiamino
P ¥ =y Yi) ‘

pyrimiding-3-carboxamide:

(5201 This compound was synthesised using the synihetic scheme described for the

5 4 HY

Drample 73, 2-({1R,25)-2-aminocyciohexviaming)-4-C-{oyrrolidin- LyDohenyiamino
; ¥ { ; .

pyrimidine-S-carboxamide:

142
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M

./L\m

9

T,

T NNH o
TN,

{0522} This compound was synthesised using the synthetic scheme described for the
%

synthesis of compound $22, and using 3-(pyrolidin-1-yDaniline in step 1. MS5: 396.6 (M +

H.
5 Example 74, 2-((18,25}-Z-aminocyclohexylamino-4-(3-morpholinophenyiamino)

7

pyrimidine-5-carboxamide:

This compound was syanthesised using the synthetic scheme described for the synthesis of
compound 124, and using 3-morpholinoaniline in step 1. MS: 412.5 (M + H).

I

18 Erxample 75, 4-44-(1,3,4-oxadiazol-Z-yDphenylaming)-2-((1R,25)-2-aminocyclohex vi

arminojpynmidine-S-carboxamide:

N

&y

R

o j,}o“xl..t
L 4
N O
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(5231 This compound was synthesised using the synthetic scheme described for the
synthesis of compound 122, and using 4-(1,3 4-oxadiazol-Z-yDaniline in step 1. MS; 395.3

(M o+ 1),

Hxample 76, 4-(3-(2H-tetrazol-5-yDphenylamino)-2-({ 1R, 28)-2-aminocyelohexy! amino)

5  pyrimidine-5-carboxamide:

o N
OGN ! i
§ N ey
i IS 2
* N 1 P
h\p}‘ Joooer L T T~ NH
Y NH, A COOE A COOH
| ﬂx”\\.‘?\é - N j/ M %§
e DIEA, ACN s Ny
1.4 ] u‘%h N G
1473 §47
E;JN
i o
] Ny i
2 " i i
0 5 T /l\. bt 3¢
EDC, HOBY PR e Ty kO
» SETHH O 2 ~ N ,j\w_ N "
0.5 M M/ Dioxane, Nﬂ}\ /}‘g«w N, CHLCN, 1t [ b i;ﬁ\ ,ij =
DIMF, ot e NN
oY N,
P45 i47.4
HM~- g
; { 3]
i \t\{, N
Z!'!EPQ ;..
J— PP T, l _‘
FoO-1-PrH, SN o
110 °C o~ S
o NT 'E'g" Wi
L s
OUNT M
ni, H
147
[R5} Compound 147.4: 2-((1R,25)-2-aminocycloher ylamino)-4-{3-cyvanophenylaming)

pyrimidine-5S-carboxamide was synthesized using the procedure described for the synthesis of

Example 77. MS: 352.2 (M + H),

o

L

{05457 Compound 147 4-(3-(ZH-terazol-5-yljphenyiamino}-2-((1R,28)-2-
aminocycichexylaminojpynmidine-5-carboxamide was synthesized by reacting compound
147.4 (75 mg, 0.213 munel}, sodivm azide (90 mg, 1.284 mmaol, 6.5 equiv), and zinc bromide
(53 mg, 0.235 mmol) in isopropanci/water (1:1) (4 mL) heated to reflux for 14 hrs, when an
HPLC analysis showed a complete reaction. Then cooled the reaction mixture to 0 °C, and
£5 acidified with 3N HCL 1o pH 1, fdtered through celite, concentrated the fitrate to dryness o

vield the title compound, 179, purified it by RP-HPLC, ME: 3951 (M + H), 417.2 (M + Na).

idd
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[0526]  EBxample 78, 4-(4-(2H-tetrazel-5-vinhenvlamine)-2-{((1R,25)-2-aminocyciohex y!

amino)pyrimidine-5-carboxamide:

LB527] This compound was synthesised using the synthetic scheme described for the

5 synthesis of Example 5, and using 4-cyancanihine in step 1. ME: 395 1 (M + H), 417.2 (M +

FOBZEY Exammpie 79, 2-((1R28)-2-aminocyclohexylamino)-4-(3-fluoro-4-{3-

{rriffuoromethyD}- P H-pyrazol- L-yDphenylamino)pyrimidine-5-carboxamide

/E j= /“\>~~~NE4 }—f\w

I —= S
e b
- BT
(i
H \NHE
R /"“w = ’<'1:';:-\ g
TN P Fal ! Falm M .a"}
o F-‘~~~~<} NNy N'N“(/‘\r N e “‘i
P07 N N/ ? S I NN
=" NG, NHy
148 ) 1493 149.4

(65291 The mixtwre of trifluoromethylpyrazole 149 1 (1,80 g, 7.35 mmeal), 3,4-difleoro-1-
pitrobenzens 3492 (0.68 mL, 6.13 mmol) and cesium carbonate (3.00 g, 9.2 mmol) in 20
mb dry DME was stirred in 50°C bath for 4 hours. It was diluted with 300 ml ethy! acetate
and washed with water 4 times. The organic phase was dried over Mg50; and filtered to

15 yield a solution of crude product 1493, To this solution was added catalytic amnount of 10%
Pd/C. To this stirred suspention was amounied a hydrogen ballcon for overnight. The mixiure
was filtered and concentrated in vacuo to afford crude arsline 1484, MS found for CpHqFD

as (MAH) 2463, It was purified using flash column.

85361 The title compound was prepared using the same synthelic scheme demonstrated in

20 Example I with aniline 149.4 1o replace aniline 74,1, MS found for Ty HapFulz0 as (Mt

ey
L
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47930 UV A=243, 302 nm. NMR (CD0DY: 8 847 (s, THD, 8.07 (broad s, 1H), 7.84 {m,
TR 772 {en, VHY, 7.39 (o, THD, 074 (d, J=2.0 Hz, 1H, 4.33 {m, TH), 3.66 (m, 1M, 1.83-

£.49 (m, 3H) pom.

Example 80, 2-({1R,25)-2-aminocyclohex vlaming)-4-(3,4-bis(3-{irifiuoromethyl)-1 H-

pyrazol-1-yhphenylamino)pyrimidine-5-carboxamide
- F
LF
\\ ’
-
N > """" Q
[ >-»NH S,
.L\//'\‘ ¥ T e
gy ) A\
o ™

[ 73 f:Fq
i it
_ N . ™~
N =m N e
P . N
N .. ~ N ., ey
nf T T MUY R N
e, Lo .Ji‘ [‘Q';\ /""m -
TETUNG, T TN M,
1532 ) 1584
> mixbie of triflucromethylpyrazole 150.3 (2.00 g, 147 mmol), 3 4-diftuorc-1-

rrohenrenes |

DMEF was strred in 50°C bath for overnight. It was diluted with 300 mi. ethyl acetate and

washed with water four times. The organic phase was dred over Me80, and filtered to vield

asolution of crude product 150,35, To this solution was added catalyiic arousat of 10% Pd/C.

To this stirred suspention was amountad a hydrogen balloon for overnight, The mixiure was

£ e

fltered and conzentrated in vacuo o afford crude anilineg 150

(M 3627, 1 was purified nsing flash column,

e

(8532]

¥

3 with aniline 156.4 to replace aniling7s

; - j— p o

Example 4.4, MS found for CosThaFslol as (Wi+HD

5953, UV A=246, 301 nm. MNMR (CD:0D0) 6 8.61 {5, 1H), 8.43 (broad s, 1H), 7.78.7.65

(m, 4¥), 6.75 (d, J=2.0 Hz, 1H), 6.72 (d, 1=2.4 Hz, 15, 441 (m, 1), 3.59 (m, 1H), 1.86-

FA8 (m, 85} ppm.

found for O HoFsP s as

e (117 g, 7.3 mmoll) and cesiuia carbonate (5.5 g, 17 mmol) in 30 i dry

1 title compound was prepared using the same synthetic seherme demonstrated in

4
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{5331 Drarpple 81 2-{1R25)-2-aminccyclohex ylamino)-4-(3-morpholino-4-( 11

pyrazol--yhphenylamino)pyrimidine-3-carboxamide
GW
N
/’7\ ) O
"o Nenp Sy
‘ MY
/‘ """ ~ H }5‘:?‘%
\ / e i
H N,
™) C
. . - . A
ezl §“>w (}; ] < N i\FJ ) {;}
= o e N L e
fearty \;/J\NO) ‘\\/J\NG T “_i?
1511 1512 1513 151.4 150
(05341 The mixture of pyrazole 1511 (0.50 g, 7.4 mmol), 3.4-diflaoro-1-nitrobenzene

151.2 (0.68 ml, 6.1 mmol.) and cesium carbonate (3.0 g, 9.2 mmel) in 15 mb dey NMP was
stirred it a sealed e m B0°C bath for 3 hours o give compound 151.3. To the reaction
sealed tube was then added morpholine (1.6 ml, 18.4 mmol). The mixiure was stirred in
120°C baih for over 24 hours. It was diluted with 300 mL ethyl acetaie and washed with
waler four Umes, The organic phase was dried over MgbUy and filtered to yield a solution of

crade product 3514, To this solution was added catalytic amount of 10% Pd/C. To this

3

stired suspention was amounted a hydrogen balloon for overnight. The mixiure was filtered
and concentraied in vacuo to afford crude aniline 1515, MS found for C3H M0 as (M)

245.2. 1t was puritisd vsing flash column.

105331 The ttde compound was prepared using the same synthetic scheme demonsirated in
(] I 5 tyl # R ¥ (R sy 3 k k2 Lyt
Example 1 with amling 351510 rf;p.iace aniline 74.1. M5 found for CaaHay NeD, as (M--H)

478.3. UV A=247 nm.

[G536]  Example 82, 4-(3-(1t-imidazol-1-yhphenylamino)-2-{(1R,25)-2-

aminocyelohexyviaminoypyrimidine-S-carboxamide

147



W 2000/136995 POTATSZO88/06240

N,
«‘ 2
SN
- 0
4 ‘\>vNH N
Srom— /.‘..._
Y
=
oo N
\__ _/
w0
H e,
N
£y
N
e \ E
N a 7
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1521 15,2 152.4

The mixture of imidazole 3521 (0.64 g, 9.4 mmol}, 3-fluore-1-nitrobenzene 152.2

0.50 mb., 477 mmol.) and cesium carbonaie (3.1 g, 9.4 mmol) i 15 mll dry MNMP was stirred

G

in a sealed tbe in 120°0 bath for 3 hours. It was dituted with 300 mL ethyl acetate and
washed with water four times. The organic phase was dried over Mg&0, and filtered to yield
a solution of crude product $52.3. To this solution was added catalytic amount of 10% PA/C.
To this stirred suspention was amouvated a hydrogen balloon for overnighi. The mixiure was
filtered and concentrated 1o vacuo to aftord crude anthine 152.4. MS found for oM, as

[0 (M 1601

(05387 The title compound was prepared using the same synibetic scheme demonsteated in
Example 3 with aniline 152.4 1o replace aniline 7d.3. M8 found for Tyl NoCy as (M)

47830 UV A=241 nm.

(05391 Dixample 83. 2-((1R,25)-2-anminocyelohex yiamino}-4-(4-(5-methyl-1,3,4-thiadiazol-

Ay

15 ZeyDphenyiamino)pyrimidine-S-carboxamide
o)
i \> ------- —NH Ny

Haol ® = 2
N )
H >‘“~N

<"\N;\ﬂ

H MH,
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[0549]  Step 1; Iodobenzene 77.2 (500 mg, 1.2 mmol) was dissolved in 12 mlL dioxane in a
sealed tabe. To it were added bromothiadiazole 153.1 (240 mg, 1.3 mmol), hexamethyiditin
(0.25 ml, 1.2 mmol) and Pd(FPhsy (280 mg, 0.24 mumoi). The mixture was degassed using
argoen siream for 3 minutes and stirred in 110°C bath for 90 min. It was concentrated in vacuo
and subiected to sifica flash column to isolate compound 153.2 (130 mg, 28%). MS found for

(05411 Step 2: Bthyl ester 183,2 (130 myg, 0.34 mmol) was dissolved in 20 mL THE. To i

fiwk]
were added hithium hydroxide hydrate (42 mg, 1.0 mmol) and 3 mL water. The miztire was
stirred for 2 hours at R'T. It was concentrated in vacuo to remove THE and carefully treated
with IN B 6l pH reaching 3. A vellow solid crashed out from the solution. 1t was isolated

using a Bichner funnel, washed with cold water, dried in vacoum oven 1o give compound

1533, WS found for O st Ne(18, as (M+H) 360.1.

Step 30 Carboxylic acid 1553 {0.34 mmoly was dissolved 1 10 ml BME. To it
were added EDC hydrochloride (100 mg, 0.51 mmoi) and HOBE hydrate (70 mg, 0.51 mmol).

H LA

The mixture was stirved at BT for 1 hour. To it was then sdded ammonia (commercial 05N
solution in dioxane, 3.4 i, 1.7 munol), The mixiure was stirred for overnight. It was then
concentrated in vacuo o remove diozane, The mixture was then subjected to reverse phase
preparative HPLC (o isolate cormpound 153.4 (22 mg, 18% for 2 steps). MS found lor

CisH M08, as (M+H)T 3591
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(35437 Step 4 Compound 1534 (22 mg, 0.06 mmol) was dissolved in 5 mb NMP. To it
was added MOCPBA (65% pure, 21 mg, 0.072 mmol). & was stirred at BT for 2 howrs. To It
were then added a solution of rert-butyl (15,2R)-2-aminocyclobexylearbamate 81.2 (0.3 M,
0.4 mi, 0.12 mmol) and DIEA (31 ul, 0.18 mumol). The mixture was stirred for 80 minuies
at 90°C bath. This mixture was diluted with ethy! acetate, washed with saturated NayCO-
agueous solution twice and water. The organic phase was dned over MgS0, and concentraied

in vacuo to afford crude compound 153.5. MS found for CosHapMaUsS as (M) 5253

-

(05441 Step S Compound 153.5 was stirred n a 11 mixtore of TFA and dichloromethane
for | hour. {t was conceniraied in vacuo and subjected (o reverse phase oreparative
HMPLC o isolate the title compound. M3 found for CogHuNgO8 as (MHH) 4255 UV

he=741 210 nm.

(05457 Example 34, 2-((18,25)-2-aminocyclchexviamino 4-(4-(Z-methyl- 1 H-imidazol-|

yviphenyiamino)pyrimidine-S-carboxarnide

7
CHa nNoooN
S H I
< i
el
N,
/ N
BN Y R o
i\ NH Q,»— 1\3,,\ J/ \/ P :
Sl ittt . §
\“ NG, =N,
1544 154.2 1842 1544
054567 The mixtre of 2-methyvlimidazole 154,31 {1.52 o, 18.6 mmaol), 4-tinoro-1-
S i o)
sitrobenzene 1542 (1.0 mi, 9.4 ol and potassium carbonate (1.20 g, 9.4 wmol) ia 20

ATALE AN |r

k. dry DWIE was stived 1o 100°C bath for overnight, It was diluted with 300 mi. ethyl
acetate and washed with water 4 times. The organic phase was dried over MgbO, and filtered
to vield a solution of crude product 154.3. To this sohution was added catalytic amount of
10% PA/C. To this stirred suspention was amounted a hydrogen balloon for overnight. The
Ex

mixiure was filiered and concentrated in vacuo 1o afford crade antline 54,4, M3 found for

CioH e as (MaHY 174,71, Tt was purified using flash column.

(65471 The title compound was prepared using the same synthetic scheme demonstrated in

Example 3 with aniline 154.4 to replace aniline 74.1. M5 found for T, HyeMyO as (V4D

150
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4073, UY A=0246, 293 nm. NMR (CD:OD): § 8.60 (s, 1H), 7.96 (m, 2H), 7.70 (d, I1=8.4 Hz,
2H), 7.66-7.61 (m, 45, 4.47 (m, 1HD, 3.73 (m, 1H), 2.60 (s, 3H), §.92-1.59 (in, ) ppm.

[0548] Example 25. 2-{(IR, /g}—ﬁwammocyciOhexyiam.ﬁno)--é’;w{}n(2~n’1em3ﬁiu.iﬁ—imidzfazei—i-

yvhphenylaminoipyrimidine-5-carboxamide

5
5 HONH,
M- =
l A R
fgr“ig f"".-\ F‘@g() i;d!"’ 5"%3{) ”;\f
N ey P s
Lo 1 { >-Mf::>;_,_ S o r i e f \iL
“““““ TN, = N,
1582 i85 1554

The mixture of Z-methylimidazole 155.1 (0.77 g, 9.4 mmol), 3-fuoro-1-

pitrobenzene 1552 (0.50 mi, 4.7 mrool) and cesium carbonate (3.07 g, 9.4 mimol} in 15wl
dry MMP was stirred in 120°%C hath for 6 honrs, [t was diluted with 300 ml ethyl acetate and
10 washed with water 4 times. The organic phase was dried over MgS0, and Gliered 1o yield a
solution of crude product 15853, To this solution was added catalytic amonnt of 10% Pd/C.
To this stirred suspention was amounted a iydrogen balioon for overnight. The mixture was
.

fiitered and concenirated in vacuo to afford crude aniline 1554, M8 found for CipH M5 as

(?«’H-Hf 1741 T was porihied using flash column.

3 [0558]  The title compound was prepared using the same synthetic scheme demonsirated in
Fxample 3 with aniline 1554 to replace aniline 74,1, M5 found for O FoeMNe0 as (Mﬁi)*
A07.50 UV A=243, 285 nm. NMR (CD00): 0 8.58 (s, 1H), 8.06 (m, 1H), 7.83 (m, i

1 (e, 2HD, 764 (my, R, 744 (my TED, 4,41 (my, THD, 3066 (my, TH), 2.67 (8, 3H),
1.89-1.55 (m, 8H) ppm.

200 185511 Example 80, 4-(3-(1H-1,2 3-triazol- L-ylpbenylamino)-2-((1R,28)-2-

arninocyclohexyiamino)pyrimidine-3-carboxamide
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1565 1588

LT

nil, 94 mmel), 3-Huore-1-

The mixtore of TH-1,2, 3 1min

56,2 (050 mb, 4.7 ramoll) and cestum carbonate (3.07 g, 9.4 mmol) in 15 ml
dry MM was stirred in 120°C bath LT hours, Towas diluted with 300 mb ethyl acetate and

wazhed with waier 4 times. The organic phase was dried over MgiGy and filtered o vield a

"

anel ol

solution of crade produocts 3

4 in nearly 101 rano. To this solniion was ade
catalyiic amount of 10% Pd/C. To this stirred suzspention was amounted a hydrogen balloon

for overnignt. The mixture was filiered and concentraied in vacuo to afford crude anilines

s !9"(’1

&, AS found for CeflgM, as (MaHY 1811 The two anibines were purifted

and |

using thash eobumn,

The title compound wag prepared using the same syathetle scheme demonstraied in

Example 3 with aniline 156.5 to replace andling

39430 UY A

S Tound for £ 9“7?,[‘39*'} a5 {1’;}%‘,}

44 am. NMRE (CD,0D) & 3.50

.95, k=12 z, 1H), 7.62-7.58 (m, 2H), 7.4

W

Hxample 87, 4-(3-(1H-1,2,3-tinzel-2-yhphe

ey

aminocyclohexylaminopyrimidine-5-carboxamide
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iﬂ%’ 531 The title compound was prepared using the same synthetic scheme demonstrated in
Example 3 with aniline 156.6 (shown in Example 1) to replace aniline 74.1. MS found for
CronlNoG as (M+H) 3943, UV A=250 nm. NMR (CD;0D): § 8.77 (s, 1H), 8.46 (s, 1H),
7.88 (s, 2HD), 7.83 (d, J=7.6 Hz, {I1), 7.45 (dd, J=8.4, 8.0 Hz, 1H), 7.23 (d, 8.0 Hz, 1),

5 452 (m, 1H), 3.58 {m, tH}, 1.82-1.43 {m, 8H) ppm.

85561 Example 88, 2-((1R,28)-Z-aminocyciohexviaming)-4-(4-(4-(hydroxymethyl)- 1 M-

i,2,3-triazol-1-yDphenylaminojpyrimidine-5-carboxamide

(35571 The ritle compound was prepared using the same synthetic scheme dermonsirated in

16 the scheme {Example 45) with propargyl alcohol to replace trimethyisiiylaceiyviene, M3
found for CyHasMNoCg as (M+H)Y 424.3. UY A=242, 300 nm.
5581 Example 89 2-((1E25)-2-aminocyelohexylarmino}-4-(4-(d-(aminomethyl)-1H
£,2,3-tiazol-1-yDphenylaminojpynimidine-5-carboxamide
O
S
=
\.
N

[
1

[DEES] The title compound was prepared using the same synthetic scheme demonstrated in

the Scheme (Example 45) with propargylamine (o replace tnimethyisitylacetylene. M5 found

for CoptlagN 0 as (M+H" 423.3. UV =242, 301 nm.

[0S} Exaraple 90. 2-((1R28)-Z-aminccyciohexylamino}-4-(4-(4-carbamoyl- 1 H-1,2,3-

triazol-I-yhphenylamino)pyrimidine-S-carboxamide

[
L
L)
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185611 The uile compound was prepared using the same synthetic scheme dernonstrated in
the scheme (Bxample 45) with propynoeic acid amide to replace trimethylisilviaceiylene. M3

found for CooHlaaM 00y a5 (M4H) 4373, UV A=242, 300 nm.

05671 Example 91, 2-((1R, 25 2-aminocyclohexylaming )-4-(4-(methylsulfon yi)-3-

morpholinophenylamino)pyrimidine-3-carboxarmide

g O
.
E MY
Ay wm\ O ™ \/ O i\
el Nnoy AN Ty -~ 0
\::,:f 2 - j\-\\ _‘/_,E,j\ - = L;\.\ ,”\ T i‘:?\ ,.«' \.
NO, oA =T NH;
1511 812 613 161.4

[B583]  The mixture of sodium thiomethoxide (2,85 g, 40.6 mmol) and 3 4-difluoro-1-

w—rw I

nitrobeszens 1641 (3.0 mL, 27.1 mmol.} in 20 mL dry NMP was stirved at &7 Tor 3 hours. |

e

was difuted with 300 mL ethyl acetate and washed with water four times. The organic phase
was dried over MgSOy, concentrated in vacuo and dissolved in 270 mb DOM, To it was
added MOUPBA (65%, 14.3 g, 54 mmol) in small portions. The mixture was stirred for 2 hours

at BT, diloted with more DOM, washed with 0.1 N NaOH thres times and brine. This

iy

solution was dried over MgSO. and concentrated in vacuo (o give crude 1512,

{564]  Crode 1612 (490 rag, 2.2 mmol) was dissolved in 10 mL dry NMP, To it was added

morpheline (1.2 ml, 6.6 mmol). The mixture was stivred at 60°C bath for 1 hour. It was

diluted by ethyl acetate 300 mi, washed with brine three times, dred over Mzh0, and

filiered to yield a solution of crude product 161.3. To this solution was added catalyiic

_m
LA
S
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amount of 10% PA/C. To this stirred suspention was arnounted a hydrogen balloon for

overnight. The mixiure was filtered and concentrated in vacuo to afford crude aniline 361.4.

ME found for Oy HigMNOs

S as (M+I)T 257

[6565]  The title compound was prepared using the same synthetic scheme demonstrated in
5 Example 3 with aniline 161.4 1o replace aniline 74.1. M3 found for CyppHy N7OLS as (M+H)T
4903, UV A=249, 301 nm.
Example 92, 2-({1K,28)-Z-aminocyelohex ylamino-4-{d-Tluoro-3-{2H-1,2 3-friazol-2-
vhphenylamino)pyrimidine-5-carboxamide
N
M~
",
..‘w.\ O\
«{” >~-~NH $—NH,
N }}Fhﬁ
™ R
™ e g
...... _\:h. pay]
{ JaNH
\M{
HNH,
Y L
. KoPO, (Zeq), Cul 0.5eq). 51 i N
i {('L*N DMEDA (0.6eg), divaane e "__\
- ‘>- Nt Fnj/ }-—NH Fed s
Ly A 1207C, sealed tube N <_ ’
fed. deg 1.5:1
2431 243.2
vl j\»-—ofw g\\l‘i
- ~hl
] 243.3 N}’ 5 i w LIOH (5eq) e o,
zr"\ }'::N (lfq) NNN o FH'EF, waier F“'\\Mj}“g\f? r/ ~O
JN R -5 'an rrnie o 7
'l \? i Fm@/ S Seg L SvemiEh MY
T e == -~ oy =
" PHEA (Zeq), 80°C, WY clean e
3MF, Shr, clean }zr,v\; .
2434 -5 1434 2435
1) MCPBA (1.2eq), NMP, 30m, RT i
o ) ) PN 23 BOU-NH-cHexNH, (81.2, 1.5en), {\;\N
D EDC {L3eq), HOBI{ Seg),  Mp HEA {3eq), 907, 2,50 N
DME, 1hr } A 0, 3y BlOA¢ added; NagCOy/brine/water wash s //__ MH fa
2) NH, (5eq), 2.50r *““\:) “;‘“ Ny TRA, DOM, the = \(
NS - '
N < }«NH
i H\‘?"?w?
15 243.0 243
{0566] Stepl: The mixture of 3-bromo-4-fhiorocaniiine (860 mg, 4.53 mmel), 1,2,3-tnazole

(105 mL, 18.1 mmol), KaP0, (1.92 ¢,

dimeth

034

stirred in a sealed twbe at 12074

1. It was purified using flash columa.

for 5 days. A mixture of 243.1 and 243.2

155

9.06 mmol), Cal (430 me, 2.27 mmol), NN~

{in ]

ylethylenediamine (0.2%9 mi, 2.72 mmol} in 10 mL dicxane and Sml DMEO was

.1 ratio)
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along with leflover starting materials were obtained. To the mixture was poured EtOAc 250
mL. It was vigoriously stirred, washed with water and brine, dried over MgSQ,, filtered,
concentrated in vacuo and subjected to flash column. Compound 243.1 left the column at
T0% HiAc in hexane and compound 243,2 at S0%EtOA in hexane.

Step Z: To the mixture of aniline 243.3 (255 mg, 1.44 mmol) and ethyl 4-chioro-2-

methylthio-5-py f‘§Fi@‘ﬂBbaZi30K3}l& e (2433, CAS 5909-24-0, 336 me

e

Fad mmol)in 15 mL
OME was added DIEA (0.5 mL, 2.88 mmol). The mixture was stirred at 85 °C for 5 hours. To
it was added 250 ml Et0Ac, washed with brine 23, dried, filiered and concentrated in vacuo
to afford compound 243.4 i quantatititive yield, MS found for CigHsFMNe005 as (MAHDT

3751

[B567]  Step 3: The above prepapred compound {1.44 mmoi) was dissolved in 80 ml THF
and 10 mL water. To it was added 1LIOH hydrate (302 mg, 7.2 memol). The mixture was
stirred for overnight. It was concentrated in vacuo to remove THFE. To the residue was added
[N HC) il pH reaching 2. The solid product was isolated by filtration, It was washed
thoroughty with cold water and dried in vacuum oven 10 give compound 243.5 n quantatitive

vield as a tan solid. MS found for CH ) FINgO,5 as (M+H)T 3471,

{056E]  Step 4: The above prepared compound 243.5 (468 mg, 1.35 mmol) was stirred in 25

mb DME. To it were added EDC HCH (390 mg, 2.03 mmol) and HOBt hydrae (311 mg, 2.03

o2

mmot). The mixture was stirred for | hr and HPLC indicated that all the startng 243.5 had

been consumed. To this mixture was then added ammmonium (0.5N solution in dixoane, 8.1
mb., 405 mmol), The mixbure was stirred for 3 hrs and concentiated in vacuo to remove
dioxane. Waler was added 1o the residue and solid crashed our, This solid was isolated by
filtration, washed with cold watar thoroughly and dried in vacuum oven (o give compound

243.5 as a tan solid. M8 found for €M, 5 s (MA+H)" 346.1.

{05651 Siep 5 The above prepared compound 243.6 (100 mg, 0.29 mmo!) was dissoived in
5 mb NMEP. To it was added MCPBA (65% pure, 92 mg, 0.35 mmol). It was stirred at BT for
30 minutes to afford a mixture of the corresponding sulfoxide and sulfone. To it then were
added DIEA (160 gL, 0.90 mmol) and then tert-busyl (18,2R)-2-armnocyclohexylearbamaie
(812, 94 myg, 0.45 mimol}. The mixtore was stirred for 3 hrs at 90°C bath, It was then diluted
with 150 mi BEtOAc, washed with sat Nay(U0; and brine 32, dried over MgS0y, filtered, and
concentrated in vacuo. The residue was then exposed to 111 mixture of TFA and DUM for 1

br. It was concentrated and subjected to reverse phase HPLC to isolate the title compound
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243 M5 found for CrelnFNoO as (M+H)" 412.3. UV A=247 am. MNMR (CIH0D): § 8.58
(m, 1H), 8.55 (s, 1H), B.05 (5, 2H), 7.45-7.43 (m, 2H), 4.53 (m, 1H), 2.64 (m, 1), 1.86-1.54
{m, 85) ppm

Example 93, 2-((1R,25)-2-aminocyclohexylamino)-4-{4-cyano-3-(2H-1,2,3-triazol-2-

5 yhphenviaminoipyrimidine-3-carboxamide

A
o
/o
A
N
N,
Scheme:
isolated by fla. col.
1.2, 3-nazole (1.05e0) 10% Pu/C i (\V
" o005 (1.200) Hy (43psi), E1OAC BTN
e NMpAR, RT, 20h Parl,ovamwht
NC‘"\// _\; N, AR e B — N
I
230.3
1y 7550, 24h Sy
2) MaSMe (Zeq), T0°C, N\N'
a \/C’f“ilgl’i
NC > NH OH
oy Li{3H (1Deg) N }
Gl O THE water (151)
28 } N
N LRSS
7N
U 2304 230.5
{08701 Step 1 2-fluoro-4-nitrobenzonitrile (2,98 g, 18 mmol) was dissolved in 40 mL
10 MMP. To it were added 1,2 3-tnazele (1.1 mi, 18.8 mmol) and ¥,C04 (298 g, 21.6 mmoel).
i“j

The mixture was stirred at R for 20 h o give compound 230.1 and 230.2 (fess po‘[ar) in
1.3:1 ratio. The mixture was taken into ethyl acetate, washed with water and brine x3. % was
dried, concentrated and subjected 10 silica flash columa o isolate desired compound 230.2
using 20% ethyl acetate in hexane.

15 9871 Step 2: Compound 230.2 from Step | was dissolvad in 300 mL ethyl acetate. To it

was added 500 mg 10% PJ/C. The mixiure was placed on Pair shaker under 45 psi hydrogen

pressure for overnight. The mixiure was filiered through celite, which was thoroughly washed
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using methanol. The filtrate was concentrated and subjected to silica ftash column to isolate

amiling 230.3 (059 g, 18% for 2 steps).

{0572 Step 3: Compound 230.4 (0.66 g, 5.0 mmol) was dissoived in 20 mL NMP. To it
were added compoued 2303 (0.55 g, 3.0 mmol) and then DIEA (0778 ml, 4.5 mmol). The
mixture was siirred at 75°C for 24 b, To it was then sdded Na3Me (0.42 g, 6.0 mmol). The

1

mixiure was stirre J0MC for overnight. The mixtore was diluted with ethyl acetate, washed

with brine 5 4, doed, concentraied In vavo. The residue was then dissolved in 50 mL

o it were added |

2, 30 mmoly and 50 mi water. The mixture was stirred for

G0 min at BT I was acidified E%’i}? & M HCHGH pH reaching 2. The solid precipitate was

collected by filiration. It was washed with water and dried in vacue oven. It was crude

compound Z30.5.

{85731 The title compound was made using the similar chemistry schems shown for

A T3 1

Example 93 using compound 230

oy

15, WS found for CapHald 00 as (M) 4104, UV A=7259

314 nm.

Example 94, 2-((1R,25)-2-aminocyclohexylaming)-4-(3-cyano-5-(0H- 1,2 3-triazol-2-

.

i s I el
Yim f:tiu‘yl 417 ul;O srimicine-S-carboramids

\ / a it
i,
NF,

5741 The title compound was made using the similar chemistry scheme shown for

- ~

rample 92, ME found for CpoHab O as (M+F 4193 1V X CRME (OO0

903 (s, 1H), 8.80 (s, [H), 816 {m, 1¥D), 8B.02 (s, 28, 7.9
1HD), 1.94-1.58(m, 8H) ppm.

652 (i, 1HY, 3.6% (m,

Erample 95, 2-((1R,28)-2-aminocyeiohex yiamino -4-(3-¢ 5-01H-1,2,3-trazol-1-

yhphenylammoipyrimidine-3-carboxamide

158
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[0575]  "The atle compound was made using the similar chemistry scheme shown for

Fample 93, MS found for Tyl as (MAH) 4194, UV A=244, 288 nm. NMR

{00 8015 (s, 1H), 871 (s, 1H), 8.63 (s, 1H), 7.99-7.97 {m, 34, 4.67 (m, 1H), 3.72
(m, 1HD), 1.90-1.58(m, 8H) ppm.

Hxa;np e 98 2 ({IR 25} ?nam:iﬂocyciaﬁ'm;ﬂyiam‘ 0)-4-(2-(6-methoxypyridin-2-

/
- o
7N ~hH,
pess }- .
/C Ay
S
N
< i
Nt
B
Ny
Scheme:
Hops. L {
N S S P4
/Gw v {/ j\ ~~~~~ M, "
N L e N Yo / '"—'—\
Br e
2331 2332 2333
[6576]  Corunercially available compound 233.1 (2.3 g, 12.2 rumol) and boronic acid 233.2

(1.68 g, 12.2 mmol) were placed in 40 ml dicxane and 20 mi. water. To it were added
o004 (5.05 g, 36,6 mmol) and PdiPh;PRCL (G.86 g, 1.22 mmol). The mixture was bubbled
with argon stream for 3 min and sent to 85 bath under argon. The mixture was stirred for
90 min, It was concentrated in vacuo to rereove dioxane, The mixture then was extracted with
chioroform x4, The organic extract was dried and concentrated in vauc to afford crude aniling

233.3.
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(G877 The title compound was then prepared using the similar chemistey scheme shown

i
for Example 86 using aniline 233.3. M5 found for CoalHorN70, as (WM H) " 434 4. UV A=245,
286 nm

Bxrample 97. Z-((1R,25)-Z-aminccyclohexylaming)-4-(3-(d-methoxypyrimidin-2-

5 yhphenviamino)pyrimidine-5-carboxamide

I‘..".:IT"J.':\
0-{ N
/ 5\‘;.““./<
L )
)
~NE R
"':l:J/ -/ mﬁﬁ&‘
Ny
e ¢
et
( \NNP
"N,

105781 The titde compeound was prepared using the sbrdlar chemistry scheme shown for
Example 96, MS found for CoHoeleOn as (M) 4354, UV =250 nm. NMR (CDR0DY 8
8,53 (s, 1H), 842 (s, 1H), 7.92(m, 1H), 7.77 (sn, 1H), 7.54-7.50 {m, 351, 6.79 {d, J=8.0 Ha,

0 TH), 430 (m, 1FD, 481 (s, 3H), 3.64 (m, 119, 1.85-1.36 (m, 8H) ppm.

Example 98, 2-((1R,25)-2-aminocyclohex viamino)-4-(3-(5-Auorcpyrimidin-2-

vi)phenylamino)pyrimidine-5-carboxamide

< §-~W~NH S,
";'"...../ :)___...
N/ 3
s N
NHy
(05797 The title compound was prepared using the similar chemistry scheme shown for

5 Example 96, MS found for £ 53PN O as (M+HY 423 3. UV A=249 nm.

Example 99 U-((1R28)-2-aminocycichexviamino)-4-(3-(4-methyl- 1H-1,2 3-riazoi-1-

yhphenviaminoipynnudine-S-carboxamide

160
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(05807 The utle compound was prepared using the same synthetic scheme demonstrated in

FExample 86, MS found for CopHysbe( as (M) 408.4, UV A=245 nm.

Hrample 100, 2-{((IR.25)-Z-aminocycichexylamino)-4-(3-(4-methyi-21-1,2,3-triazol-2-

yhphenviamino)pyrimidine-S-carboxamide

- A
6N

i

N1

N
165831 The dile compound was prepared using the same synthetic scheme demonstrated in

Example 87. M5 found for CopHasNoO as (M+H) 408.4. UV A=251 nm.

Bxample 101a. 4-(3-(2H-tetrazol-2-vDphenviaming - 2-{(1 R,25)-2-
aminocyclohexylaminolpyrimiding-S-carboxamide
N

N
M~

‘\____ N
0
A\ .
(/ \\,w N NH,
\1,‘;".‘.:7/

seheme:
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2381 2382

(D382} The mixtare of 3-lodoaniline (0.5 mL, 4.2 mmol), tetrazole (0.88 g, 12.6 mmaol),
KPP Oy (2.67 g, 12.6 mamol), Cul (400 mg, 2.1 mmob), DMEDA (0.27 mi., 2.5 mmol) in 6 mL

droxane and & mL DME0 was stirred at 105°C in a sealed flask for 3 days to cleanly give a

LA

muxture of antline 238.1 (less polar} and 238.2 in ratto of 17:1 (determined by HPLC). It was
diluted with ethyl acetate, washed with water and brine 2. @t was dried, concentrated and

subjected to silica flash columu to isolate aniline 238.7 using 40% ethyl acetaie in hexane.

(35831 The title compound was prepared using the same synthetic scheme demonstrated in
Example 86. MS found for CigHpnM a0 as (M+H) 3954, UV A=250 nm. NME (CDON): §

10 9.02 (s, 1H), 8.87 (s, 130), 7.98 ¢d, J=8.08z, 1F), 7.67-7.53 (mn, 3H), 4.83 (m, 1H), 3.67 (m,
L), 1.8-1.4 (m, 8H) opm,

Example 101b. 2-((1R 25)-Z-aminccyciohexylamino)}-4-(3-methyl-5-(2H-tetrazol-2-

yi)phenviaminopyrimidine-3-carboxamnide

ww_u.\ O
} ~NH gwm%
“ N

/ VA
. \ -

SN

\ / A
NH,

15 Hgherne:
B N
SN ﬁ N
- N“N i,

Br, : N
O Sy e Y, é}*“‘*?

2391 2392

{65841 The mixture of 3-bromo-S-methylanidine HCL (0.94 g, 4.2 mmol), tetrazole (0.88 g,

12.6 mmol), ¥5P0, (4.45 g, 21 mmol), Cul (400 mg, 2.1 mmol), DMEDA (0.27 mi, 2.5

N
B
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rmamiol} in & mb dioxane and & mbL DMSO was stirred at 105°C in a sealed flask for 3 days to
cleanly give exclusively aniling 239.1. Aniline 239.7 was not found by HPLC/LCMSE, It was
dibuted with ethyl acefate, washed with water and brine xZ. It was dried, concentrated and

subjected to silica flash columm to isolate aniline 239.1 using 40% ethyl acetate in hexane.

{65851  The title compound was prepared nsing the same synthetic scheme demonstrated in

Example 86, MS found for CigllaaMN o0 as (M-‘{-E‘Ef A00. 4. UV 22250 nm. NMRE (UDCNY 8

8.35 (s, 1H), 8.80 (s, 1), 8.38 (s, 1H), 7.83 (s, L), 4.83 (m, 111), 3.68 (m, 15, 2.50 (s, 350,

LE-1.4 (m, 8H) pom.

Bxample 102, 2-({1R,25-2-aminocyciobexyiaminoy-4-(4-(4-methyl-4H- 1,2 4-triazol-3-

yhphenylaminojypyrimidine-S-carboxamide

N O
] A -
t \>,..._,,‘ / - A H %““NHQ
; 7
e =i
< >*“‘ MH
T,

10 The title compound was prepared using the same synthetic scieme demonsirated in

Example 80 with the corresponding aniline. ME found for CoptlasNeD as (M- SRy 4084, UY

A=246, 304 nm.

Exrample 183, 4-(3-(18-benzoldimidazel-1-yhiphenylamuno}-2-((1R,25)-2

ami i'v:‘;c:yc'i(.) hexylamino)pyrimidine-5-carboxamide

?
e 0
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A
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The muxture of 3iodoanil

POy (267 g, 12.6 mmol), Cul {40

ol

S mmol

2 was stirred ina sealed flask ar 120°C for 2 days o cleanly
afford aniline 241 % e mixivre was diluied with 200 mb ethyd aceiate, washed with water

3

d, concentrated, subjected o sifica 41

heolomn with 709% pthyl

acetale 1n hexane [o isolate antline 2411 (730 mg, 83%) as whiie solid.

The iitle compound w

prepared us tic scheme de

e synth

IS

i By " e aom - . AN 4 A [, ey
Fxample 89 with the aniline. MS found for CagHa MO as (WieH 443 4, UV A=248 nm

8.259 (s, LE), 7.87(m, 15y, 7.74 (m, 35D, 7.5¢

xample 104, &.(3-(3H-indazol-T-yhphenylan
aminocysiohex ylaminoipyrimidine-5-
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(05821 The mixture of 3-icdoaniline (0.5 mlL, 4.2 mmol), indazole (1.5 g, 12.6 mmol},

FaP Oy (2.67 g, 12.6 mmol), Cal (400 mg, 2.1 mmol), DMEDA (0.27 mi, 2.5 mmol) in 6 mL
dioxane and 6 ypL DMSO was stirred in a sealed flask at 120°C for 17 h to cleanty afford
antfine 242.1 {less polar) and aniline 242.2 in ratio of 6.9:1 {determined by HPLO), The
MINIUTe was di_iutad with 300 mL ethyl acetate, washed with water and brine, dried, filtered,

conceniraled, subjected to silica flash column to isolate the two anilines.

[G59091  The two title compounds were prepared using the same synthetic scheme
demonstrated in Example 86 with the corresponding anilines. With aniline 24721, compound
242.A was prepared: MS found for CulaeMNeO as (M+F) " 442 4. UV A=247, 301 nm. With
aniline 242.2, compound 242.8 was prepared: M3 found for CoullaeNgD as (M+H) 443 4.
UY A=240, 295 nm, Compound 104A: NMR (CH01): 8 £.57 (m, 1H), 8.56 (s, 1H), 8.31 (s,
18y, 7.8, LED, 7.83 (m, 3H), 7.59 (m, 2H), 751 (m, THD), 733 (m, TH), 7.28 (m, 18), 434
{m, 1H), 3.60 (m, } 1.80-1.22 (m, 8H) ppm. Compound T04R: NMR (CD,0D): § 8.84 (s,
VE), 878 (m, THD, 8.55 (5, 1H), 7.78-7.76 (m, 2H}, 7.08 (d, I=9.2 Hz, 1H), 7.57 (m, 1H),
742724 (rn, 28), 7,13 (m, TH), 4,40 (m, 1H}, 3.63 (m, H1H), 1.835-1.19 (m, 8H) ppm.

Buarmple 105, 4-(3-(1H-benzal[d1 1.2 2liriazol- [-yDphenylaming-2-((1 8 28)-2-
aminocyclohexylamino)pyrimidine-5-carboxamide (243.4) and 4-(3-(2H-
benzofdiil,2,3jmiazol-2- /)g;hrrzyirjffzea1o) -((1R,25)-Z-aminocyclohexylaminoypyrimidine-

S-carboxarnide (243, 8)

e

N “\j\\
AN LN

LN N

,,,,,, I G
8/ N } NH, //tj\/wmzﬁ{ SH,
AN = )
AAAAA e = F
N \\> N \?
//_ _— AL e \ }:_ N
{ > NH ( ~eINH
e S
My and W

Scheme:
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2431 243.2

{05931 The mixture of 3-iodoaniling (0.5 mi., 4.2 mmol), indazole (1.5 g, 12.6 mmol),
3P0 (2.67 g, 12,6 mmoly, Col (400 mg, 2.1 mmol), DMEDA (0.27 mi, 2.5 mmol} in 6 ml
dioxane and 6 kb DMSO was stirred in a sealed fask at 120°C for 17 h o cleanly afford
5 aniline 2431 and amtbine 243.2 (less polar) in ratio of 7.5:1 {determined by HPLO). The
. ¥

mixture was diluted with 200 mi ethyl acetate, washed with water and brine, dried, fillered

?

concentrated, subjected to silica flash colurn to isolate the two anilines.

195921 The two title compounds were prepared using fhe sarne synthetic scheme
dernonstrated in Example 86 with the corresponding anilines, With aniline 2431, compound
10 2432.A was prepared: MS found for CpalosMNgO as (M) 444 .4, UV A=246, 291 nm. With

aniline 2432, compound 243.8 was prepared: M3 found for CnHysNoO as (M+H)Y 444 4

VA Lo IO
N O

UY Am? s 1J 303 o L./Cllk‘iJ\;Ll‘U [O5A MM

P

I AU g b v
(m, 1H3, 556 (s, 1F;, 8.1

(d, I=8.4 Hz, 1K), 7.95 (d, J=8.4 He, 1HY, 7.68 (o, 35, 7.54 {m, HD, 7.47 {m, 1H), 4.57 (m,
. J b

18}, 3.68 (m, 1H), 1.96-1.44 (m, 8H) ppm. Compound 1058 NMR (CD,00): 6 9.07 (s,
15 AH), BSS (s, 1), 836 (d, J=7.6 He, TH), 7.92 (m, 2H), 7.59 (m, 18, 7.49 (m, 21, 7.42 (m,

) 8
PED, 461 (m, 1H, 3.67 (m, TH), 1.93-1.59 (m, 8H} ppm

Example 106, 2-((1R,28)-Z2-aminocyelobexylamino-4-(3-(imidazol 1, Z-ajpyridin-2-

yiiphenyiaminoipyrimidine-S-carboxamide
o xr a

=
T
L"'\\,‘ ?1 .,
L
BN

7N

B NH B BH,
o \>’.‘__.\
rd B\



A

15

20

WO 2009136995 POT/USZO08/002408

(0593} The title compound was prepared using the same synthetic scheme demonsirated in
Example 86 with the biary] aniline {commmercially available}. MS found for UuablsNgO as

(M+H)T 4434, UV A=240, 292 nm.

Example 187, 4-(3-(ZH-benzo[b}] | 4joxazin-4(3H)-ylphenylamino}-2-({(1 R,28)-2-

aminocyclohexylamino)pyrimidine-5-carboxamide

e
/“MNH
Ny
Scheme
> RN
o i /
e O T NV &, SR S/, S
Y ()N / N e, 4 >n~NHp
e S < Nz ‘
2451 2452 2453 2454
FO5941  The mixture of commercially available compound 2451 (600 mg, 4.44 mmol), 3-
1o0do-t-nitrobenzens (245.2, 1.11 g, 4.44 mmol), Pd(dba), (128 mg, 0.22 mmol),
PhsHeP(tBu), (G113 mg, 0.44 mmol) and MNaltBu (640 mg, .66 mrnol) in & mi. oluene was

stirred at 50°C nader argon Tor overnight (21 1), Compound 245.2 was {ormed cleaniy. The
mixture was dilvted with 300 mi ethyl acetate, washed with brine x3, dried, filtered through
a thin sifica piug. The filivate was subjected 1o treatment of 200 mg 10% PA/C at 50 psi Hy
Parr shaker for overnight, The mixture was filiered through celite, and the celite was
thoroughly washed with methanol, The filtrate was concentrated in vacuo 1o afford crude

aniline 245.4 (870 mg, 87% for 7 steps).

G-

105%5]  The tile compound was prepared osing the same synthetic scheme demonstrated 3
Example 12 with the aniline prepared above. M8 found for CosHaghly Gy as (M) 4604, UV

A=243, 250 nm.

Example 108, 2-((1 R,25)-2-aminocyciohexylamino}-4-(3-(4-phenylpiperazin-1-

yhphenylamino)pyrimidine-5-carboxamide

167
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Scheme:

N ;
N S [

fhe mixture of 3-flucro-i-nitrobenzene (1.0 mi, 94 mmol), N-phenyipiperazine {287 mi,
18.8 ramol) and cesiuwm carbonate (6,13 g, 18.8 mmol) in NMP was stirred at 128°C for three
nights. It was dilufed with ethyi acetate, washed with brine x2, deied, concentrated and
purified using silica flash column to afford compound 2451 (1.19 g, 45%). Il was dissolved
i 200 mL ethyl acetaie and treated with 200 mg 10% Pd/C under 50 pst hydrogen pressure
on Parr shaker for overnight. The mixwre was filtered through celite, and the celite was
washed thoroughly with methanol. The {iltrate was concentrated in vacuo to afford aniline

245.2.

{95961 The title componnd was prepared using the same syothetic scheme demonstrated in

Example 12 with the aniline prepared above. MS found for CyyHagMNgO as (MH) 487510V

Hrample 165, 2-((IR25-2Z-aminocyeiohes viamine -4-(3-(quinolin-6-

yhphenylamino)pyrimidine-S-carboxamide
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B5F7T The mixture of 6-bromoguinohine (870 mg, 4.2 mmol}, boronic acid (380 mg, 4.2

mmol), PA(PhaP)Cl (590 mpe, .84 mmol}, K,CO0, (174 g, 12,6 mmoel} in 20 ml dioxane

g any

wnd 10l water was degassed using argon stream for 3 min and stirred at 85°C under argon

4
§

diied,

N

for 90 min. The mixture was diluted wi with

concentrated, subjected to silica fash column with 60% ethyl acetate n hexane o 1solate the

feamrad aniline,

18598]  The ttle compound was prepared vsing the same synthetic scheme demonstrated in
Example 86 with the aniline prepared above. MS found for CpeHyy N, O as (M+H)" 4544, UV

A=263 nm.

-

Example 116 2-{(1 K, 25 -2-aminocyclohexylamimo)-4-{3-{guinolin-3-

yhohenylamino)pyrimidine-S-carboxamide

.:;.::\L‘ N

Dminna

i
N
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(05951 The title compound was prepared using the same synibetic scheme demonstrated i

Fxrample 109, M5 found for CogHy N0 as M+ 454.4, UV A=249 am.

[B6008]  Example 112, 2-((1R,28)-2-aminocyclohexviamino}-4-(4-(L-methyl- [ H-pyrazol-3-

yviphenylaminojpyrimidine-5-carboxamide

5
The title compound was prepared using the same synihetic scheme demonstrated i
Fuxampie 83 with J-odo-anethyipyrazole to replace 2-bromo-5-methyl-1,3 4-thiadiazole
3.4 MS found for Ty HagMp G as (Mo D473 UV A=240, 311 nm.
Exampie 113, 2-((1R,25)-2-aminocveloheryiamino)-4-{4-{ 1 -methyl- 1 H-pyrazol-4-
10 yhphenvlamino)pyrimidine-5-carbozamide
e i
= VRN et
}\.‘j' Y/ \\}ﬁ.n KoLt
PR
-
3,
\\:\
S
PN
(06031 The title compound was prepared using the same syathetic scheme demonsirated in
Example 83 with 4-iodo-T-methylpyrazole to replace Z-bromo-S-methyl-1,3 4-thiadiazole
1533 MS found for Gy Hap N as (WMD" 407.3. UV =239, 314 nun.
15 0e04] - Example 114, 4-(4-(25-1,2,3-mriazot-2-yDphenylamino)-2-(( 1R, 25)-2-

aminocyclohexylamino)pyrimidine-S-carboxamide

g«;ﬁ“{\jw_f;?w‘\ N R - NHp
SN e/ I;:“" "“"'\r f"
— N\WN?
< }«*ﬁ Njﬁ
H L"%T\;HQ

16051 The title compound was prepared using the same synihetic scheme demonsirated in

Example 87 with 4-{luoro-1-nitrobenzene (o replace 3-flucro-1-pirobenzens. MS found for

170
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CrobinMNe0 as (M+H)"394.3. UV A=239, 310 nm. NMRE (CD;0D) § 8.54 (s, 1H), 8.12 (m

s

M), 7.93 (s, 2H), 7.81 (m, 2H), 4.40 (m, 1H), 3.73 (m, 1H), 1.94-1.58(m, 8H) ppm.

Example 115, 2-{(1R,28)-Z-aminccyciohexylamno-4-(3-floore-5-{2H-1,2,3-trazol-2-

yiphenylamino)pyrimidine-5-carboxamide

10606]  The ahove compound was prepared vsing 3-fluoro-5-1odoaniline using a procedure
same a5 that described in Example 92, MS found for Ot FMNsO as (M) 412.3. UV

A2 50 nm.

Exarnple 116, 2-{(1R 28)-Z-aminceyelohexylamine)-4-(4-methox y-3-(2H-1,2,3-triazol-

G yhphenyianuno)pynmidine-5-carboxamide

-w

The above compound was prepared using 3-10do-4-methoxyantiine using a
procedure same as that deseribed in Example 92, 3-fodo-4-methoxvaniline was prepared

T SR R B S Y g e o SO e
from comrnercial 3-iodo-4-methoxy-L-nitrobenzene by hydrogenaiion with 5% sulfided Pt on

15 arbon in B1OAc. MS found for CagHasMNo(y as (M+H) 4243 UV A=244 295 nm,

-y

Erample N7, 2-((1IR28)-2-aminocyclohexnylamino)-4-(3-methoxy-5-(25-1,2,3-tnazol-2-

yhphenyiamino)pyrimidine-5-carboxamide
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58] The above compound was prepared nsing 3-bromo-3-methoxyaniline using a
seedure same as that described in Example 92, 3-Bromo-5-methox yaniline was prepared
from commercial 3-bromo-5-methoxy-1-nitrobenzene by hydrogenation with 5% sulfided Pt

on carbon in BtOAc, M3 found for CopHasMeUh as (W-H) 424 3. UV A=249 nm.

’

Example 118, 2-((1R,25)-2-aminceyclohex yliamine)-4-(4-methyl-3-(2H- 1,2, 3-triazol-2-

yhohenviaminoipyrimidine-5-carboxamide

Rra)

B804 The above compound was prepared using 4-methyl-3-(2H-1,2 3-triazol-2-yianiline
using a procedure same as that described 1n Example 87, 4-Methyl-3-028-1,2,3-nazol-2-
vllaniline was prepared from commercial 3-flowro-d-pethyi-1-nitrobenzese and 1,2,3-
triazole followed by hydrogenation with 10% Pd on carbon in BtQAc, as shown i Example
G6. ME found for CoptlsMNglD as (:"/HH\”L%{% 30UY A=743, 281 nm. & 1.5-1.9 (m, 8H), 2.36
3, BHD, 3.80-3.70 (my, THD, 4.40-4 50 (my, 1H), 7.35-7.43 (m, 2H), 8.00 (s, 2H), 8.28-8.33 (1o,
1My, 8.53 (s, 1H)

Example 1149, 2-((1R,28-2-aminocyciohexylamino)-4-{3-methyl-5-(21H-1,2 3-triavol-2-

yhphenylamino)pyrimidine-S-carboxarmide
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10014]  The above compound was prepared using commercial 3-bromo-5-mathylaniline
using a procedure same as that described in Example 972, MS found for CapHosNoO as
(M+HY 4083, UV A=248 nm. & 1.5-1.9 (m, 8H), 2.45 (5, 3H), 3.65-3.75 (m, 1H), 4.6-4.7 (s,
PED, 7027008 Oy 1ED, 7.72 (s, 1H), 7.98 {s, ZH), 8.56 (s, 1F]), 8.72-8.78 (m, 1H)

Example 120, 2-((1R,28)-2-aminocyelohexylaminoe)-4-3-(pyrimidin-2-

yhphenylamino)pyrimidine-S-carboxamide

e H )N
<\w>“1ﬂ NH
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Y MCPBA (1.2eq), NMP, 30m, RT

?) BOC-NH-cHexMH, (812, 1.5eq), Nt

DIEA (Jegh, 80°C, 2.5hr &/m\\ o
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Step 1 The mixiure of 3-(4,4,5 S-etramethyl- 1,3, 2-dioxaborolan-2-yhaniline (670
mg, 5.06 minol), 2-bromopyrimidine (486 mg, 3.06 mmol), PA{PFPhs),Cl (430 mg, 0.61

mnol), Bol04 (1.27 2, 918 mmol) in 20 mb dixoane and 16 mL water was degassed using

oy

& o

Ar stream for 5 minntes and stirred at 85°C under Ar for 2 hrs, It was diduted with 300 mL
Ei(iAc and washed with water and brine x2. The orgenic phase was then dried, concentrated
it vacto and subjected to flash column {o give compound 2491 {white solid, 440 mg, 4%

vield, out of column with 60% EtOAc in hexane). M found for CiplolMy as (MHY 1721,

VL

Be12] Step 20 To the mixture of antline 2493 (440 myg, 2.57 mraol) and ethyl 4-chloro-2-

i
methylthio-S-pyrimidinecarboxylate (4733, CAS 3909-24-0, 600 mg, 2.57 mmol} in 20 mL
DIVIEF was added DIEA {050 ml, 5.14 mmol). The mixture was stirred at 80 °C for 10 howrs.
Fo it was added 350 mb BtOAc, washed with brine 172, dried, filtered and concentrated in

vacuo 1o afford compound 249.2 1o quantatititive yield. MS found for CighlpNgDy5 as

(Ivi+ )" 368,

6331  Step 3: The above prepapred compound (2.57 mmol) was dissolved in 50 mL THE
and 5 ml water. To it was added LIOH hydrate (540 mg, 12.9 mmol). The mixture was

stivred for overnight. It was concentrated in vacuo to remove THE. To the residue was added

174
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IN HCH until pH reaching 2. The solid product was isolated by filtration. It was washed
& ey b
thoroughly with cold water and dried in vacuum oven to give compound 2493 in quantatitive

vield as a tan solid. M8 found for Tt N005 as (M HY 34

fald]  Siep 4 The above prepared compound 2493 (2.57 mmol) was stirred in 20 ml

A
=

DMEF. To it were added BDC HCT (740 myg, 3.86 mmoi) and HOB hydrate (550 mg, 386

3 had

mimel). The mixiure was sticred for | br and HPLC indicated that all the starting 24

baen consumed. To this mixture was then added ammonium (058 solution in dixoans, 15

P

s stirred for 7 hrs and concentraied in vaocuo 1o ramove

dloxane. Water was added o the residue and solid crashed oot This solid was isolated by

<

iion, washed with cold water thorcughly and dried 1o vacuum oven to give compound

3390

b

F48.4 as a tan solic, MS found for C o H M OS5 as (M-H,

step 51 'the above prepared compound 2494 (150 mg, 0.44 mmol) was dissolved in

To it was added MCPBA (65% pure, 140 mg, U.53 mmol). It was stirred at 87T
for 45 munutes to alfford a mixtore of the corresponding sulfoxide snd sulfone. To U then were

1

15 added TIEA (236 ul, 1.32 mmol) and then tert-butyl (15, 2R)-2-aminocyelohexylearbamate

142 mg, 0.60 mmol). The mixtuce was stirred for 2 hrs at B0°C bath, It was then diluted

150 mi BeOAc, washed with sat MaC0y and brine 12, dred over MeS0,, Bliered, and

concentraied in vacuo. The residue was then exposed to 111 mixtore of THA and DOM for |
hr. It was concentraied and subjected 1o reverse phase 1solate the title cornpound

2 248, ME found for £ HyMaO as (M+HY 40583, UV A=249 nm. NMR (CD;0D: 8 8.63 (s,
VR, B39 (s, 1H), B.37 (s, 1ED, 8.24 (s, 1), B.01 {m, 1HD), 7.27 {m, 2FD), 717 (dd, J=4.8, 4.8
He, 1H), 4.24 (m, 1H), 3.37 (o, 134, 1.64-1.21 (m, BH) opm

Vixample 1721, TR 25 aaminooyeiohexviarminoy-d-{4-(oyrimidin-Z~
3 e J

I D S T 3 BT s I
‘f}}p}atﬁ;y ‘”?mwi‘s fi*.ii}, dine-S-carboxs

o+

(0616]  The above compound was prepared using commercial 4-(4.4.5 S-tetramethyl-1,3,2-
cioxaborolan-Z-ylanline using a procedure same as that deseribed in Example 1200 M5

found for Ty FagMNeO as (M1 4053, UV 2=031, 314 nm. MME (CD.0D): § 3.83 (4,
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FOGA71  Example 122 2-((18,25)-2-aminocyclohexyiamino)-4-{3-( L -methvi- 1 F-nyrazol-3-
i i X b i

yiphenviammoipyrimidine-3-carboxamide

Txample 120, ME found for O HyaMMeO as

using a procedure sa

(WM AD7.3, UV 32249 am.

Exampie 123, 2-{(1R,25)-Z-aminocyeiohex viamino)-4-3-( -methyl- THwpyrazol-4-

ae-S-carboxamids

yhphenylaminoipyrimidi

I i

The above compound was prepared using commercial 4-iodo- L-methyipyrazole

120, M3 found for Oy HaeMelD as

Example 124, 2-((1R,25)aminocyeiohexviamino -4-G-(imidazof 1,2-alpyridin-6-
vhphenylaminopyrimidine-5-carboxamide

,_..
]
I
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06201 The

above compound was prepared using commercizl &-bromoimidazof1,2-
alpyridine using a procedore same as that descrnibed m Exarnple 1200 MS foound for

CoatlzeMNeDy as (MH+H) 44733, UV 2247 nm. NMR (CD0DY 6 9.17 (s, LFD, 8.57 (s, 1H),

,  Ha, THD, 8,30 (d, J=1.6 Mz, 1H), 8.09 (d, J=2.4 He, 150, 8.00 (4, =92
He, 1H), 7.95 (broad s, TH), 7.87 (s, 1H), 7.63 (broad s, 28, 4.35 {(m, 18}, 3.66 (m, 11D,

Example 125, 2-({1K,25)-Z2-aminocyelchexylamino-4-(4-(imidazol 1, 2-a]pyridin-6-

yhphenyiamino)pyrimidine-3-carboxamid

O
SR SN
H Y
=
N
e “\.\i‘i FEN
s BT
\— <*2 fH
F M"?o

e above compound was prepared using commercial 6-bromoimidazol 1,2+

a}‘pyﬁciine and 4-(4,4,5 5-tetramethyi-1.3 2-dioxaborolan-Z-yDaniline using a procedure same

as that described in Example 120, MS found for CostloglNgl as (M HY 4433, UV A=245

Example (26 4-(1 H-ndazol-6-viamino)-2-{( 11, 25)-2-aminceyclopex viamino ypyrimiding-5-
) i Jt

carboxamide

177
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36241 Step 1 Toastirring sofution of Ldz‘bm(y ic acid 2021 (85 g, 540 mmol) in

thionyl chloride (425 ml) was added pyridine (8.5 ml, .11 mmol), slowly. The reaction
was stirred at 75°C overaight at which time 1 was concentrated and dried voder vacuum (o 2
light yellow powder. This yeliow solid was siowly diluted with 756 wi of ethano! and

refhued overnight. The next day the reaction was determined to be complete by HPLC and

then cooled 1y an ice bath and the solid {iltered and washad with diethyl ether affording ethyl
aster 282.2 as an off-white powder (81 &, 87% for two sieps). M5B found for ThHghL0, as
(B+HYT 1850

[0623)  Step 2 Pster 202.2 (22 g, V20 mimol) was dissolved in phosphorous
oxyohiotide (60 L, 600 mmol) and the mixture treated with M MN-diethylaniline (27 mL, 167

mimol) and the mixtore heated to 105°C until the reaction was detenmined 1o be complete by

5

HPLLC It was then cooled to BT and slowly added to 1 L of crushed ice resulting in the

formation of a b&:’atge precipiaie which was collected by Gltration and dried under vacuum

affording dichloride 282.3 as a light yellow powder (22.5 g, 85%). ‘MR (DME0-dg, 400
MHz) 89103 (s, TH), 4.37 (y, 2H), 1.32 (1, 3H).
[0624] Swep 3 roropyrimidineg 202.3 (104 g, 4.7 inmol) was dissolved in NMP

(30 mL) and stirred 1nice bath, To i were added G-aminoindazole 202.4 (690 mg, 5.2 mmol)

and then dropwise ethyldiisopropylamine (DIEA, 164 mi, 9.4 mmol). The mixture was
stirred for 40 minutes, and to it was added sodium thiomethoxide (660 mg, 9.4 mmol). The

rirlure was stirred for overnight, diluted with ethyl acetate, washed with brine three times,
and concentrated in vacuo o give crude compound Z02.5 as a light brown solid in

quantitative vield. MS found for CiHsMsO, S5 as (Mo }A30.3
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06251 Swep 4 Hihyl ester 202.5 (4.7 mumol) was digselved in 60 mL THEF. To it were
added fithium hydroxide hydrate (236 mg, 5.6 mmol} and 20 mi. water. The mixture was
stirred for overnight and to 1t was carefully added 1IN HCI sofution till pH reaching 2. The
mixture was concentrated in vacuo to remove THE. White solid crashed out and was isolated
using a Blichner funnel. It was washed with water and dried in vacuum oven 1o give

compound 202.6 (1.14 g, 81%) as a white seolid. M8 found for C3H; (M58 as (M+H)"

(96261 Step 5: Carboxylic acid Z02.6 (1.14 ¢, 3.8 mmol) was dissolved in 30 mb DMFE. To

SC nydrochloride {1.09 2, 5.7 mmol) and HOBt hydrate (770 mg, 5.7 mmoi).

e
H
L}

it were added Eib
The maxture was stiyred ar RT for 1 bour. To it was then added ammonia (commercial £.5M
sofution in dioxane, 22 mi., 11.4 mrmob). The mixture was stirred Tor 2 hours. It was then
concentrated in vacuo and taken into water and ethyl acetate. The organic phase was
separated and washed with brine four times. The organic phase was then dried over MgiO,
and concentrated in vacuo to afford compound 202.7 as a light vellow solid (820 mg, 72%).

ME found for CpsHMNOS as (M+HY 3011

10627 Step & Compound 2027 (36 meg, .12 mmel) was dissolved 1 3 mb NMP. To
was added MUOPBEA (65% pure, 48 mg, 0.18 mmol}. It was stirred at RT for 30 minutes. To it
then was added cis-1,2-diaminceyeiohexane (71 1l 9.560 mmol). The mixture was stirred for
B minutes at 90°C bath. This mixture was then subjected to pmpamiive HPLC o isolate the
racemic title compound 202, MS found for TN 0 as (VI 3672, UY A=245, 300

.

Example 127, 2-((1R,25)-2-ammocycichexylamino)-4-(benzoldithiazol-6-

yiaminopyrimidine-5-carboxamide

1

(067281  The above racemic compound was prepared using the same synthetic scheme
demonstrated in Example 126 with 6-aminchenzothiazole o replace 6-amincindazole 20%.4.

MS found for CigHy N7OS as (M+H)Y 3842, UV A=241, 288 nm,

179
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Example 128, 4-(1H-benzo[d}[ 1.2,3]triazol-0-ylamino)-2 (1R, 25)-2-

ey

aminocyetohexylaminojpyrimidine-5-carboxamide 3

H
N"N
\ \ Q
Newff ~NH P NH,
R Swvio > """"
AN
M
N
< /\w NH
NH,
gi’“ 81 The above racemic COmy SOUnd was mu);ait(i m,r];j Lhe sarne ‘«/mneL C 2ine

5 demonstrated in Exarople 126 with 5/6-aminohenzotriazols to replace b-aminoindazole

8. ME found for Cpity NoO as (MF)Y 368.2, UV h=246, 295 am.
Pxample 129, 2-((1R 25y 2-aminocyelohex yiamino)-4-(2-meth vibenzoldithiazol-3

viamino pyrimidine-3-carboxamide

HaC

10 10838)  The above racemdc compound was prepared using the same synthetic scheme

\

Y

demonstrated 1o Example 126 with S-amino-2-methylbenzothiazole o replace 6-

-

inoindazole 202.4. ME found for Cip

Example 120, 4-(IH-indol-6-ylamine-2-((1R 25)-

vy g3y oy ,i—,a\f
CArnNDEAoITGe O

£50

.......
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{00331 The above racemic compound was prepared using the same synthelic scheme
demonstrated in Bxample 126 with S-amincindole to replace G-aminocindazole 262.4. MS

found for Tl N70 as (MaH) ' 366.2. UV 2=239, 309 nm.

bxample 131, 4-{iH-indazol-5-ylamino}-2-({1R,25)-2-aminocyclohex vlamino)pyrimidine-5-
5 arboxamnide
PR
D =
Lod
LN“~< ) ----- NH 2\\5;4
N)/ Ny
....... \,l'.",l‘.”.’
SN /TN
()i
oy
MM,
186321 The above racemic compound was prepared using the same syathetic scheme

demnoastrated in ,_xzarﬂp,ia 126 with S-amincindazole 1o replace S-aminoindazoie 202.4. M

founret For OO as (MaH) 367.2. UV A=045, 294 nm.

10 Example 132, 2-((1R,25)-2-uminocyclohex ylaming J-4-(quinolin-6-ylamino)pyrimiding-5-

carbhoxamide

-~ -~ “\\.\ :‘\Q\
iE// Sy N % . ‘g
R i A [ .
o - /]'\_ N\(// \‘\l - /ll
. R E L.
fwf { % J { o R
: ~ T - ML Oy
LM e N, ToNH O T
NN 15N S SR NN .
i ) N e s}; T OH
1 S ,
g T B
TR N y J ] e
CimoNT 7 AT
WE2
IS ﬂ/ h\}
! j\“ 'ﬁffj\\\!
L]
o “ -
=~ :;}ré O
I
. L
I -
e oy T
TR OTN
R §d
fHo
{0633]  Bep It Pichloropyrimidine 282.3 (300 mg, 2.3 munol) was dissolvad in MMP

(20 mi) and stirred 1o ice bath. To it were added S-aminogquinclive 268,31 (390 mg, 2.7 mmol)
[5  and then dropwise ethyldiisopropylamine (DIEA, 0.72 mi, 4.1 momol). The mixture was

stirred for 2 hoors, dilufed with ethyl acetate, washed with brine three times, and concenirated

Weid
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in vacuo o give crude compound 288.7 28 a light brown solid in guantitative yield. M8 found

for C et 2 OO, as {f\/ﬁ”}é{’fv 3251

(06341 Step 2 pthyl ester Z208.2 (2.3 mmol) was dissolved in 20 mi. THE To it weare

added lithivm hydrozide hydrate (192 mg, 4.6 mmol) and 6 mbL water. The mixiure was

3L

stirred for 7 hours and ro it was carefully added 1M HCH solution tll pH reaching 5. The

y,.v

sure was concentrated in vacuo 1o remove THE and was extracted with othyl acetate 5

times. The organic phases scrnbined, dried and concentrated in vacuo to give enide acid

found for TR TCINGD, as (Mo FD" 3011,

(OE35T Sep 3 *Lf,‘asz}xy}i-c acid Z08.3 (220 mp, 6.73 mmol} was dissclved in 18 mi

To it were added EDC bydrochloride (210 mg, 1.1 mmol) and HOBE hydrate (156 mg, 1.1
peeg

rrmel). The mixture was stirred at BT for 1 hour, To it was then added ammonia (commercial

-

050 solution in dioxane, 7.3 mi, 3.65 mmob). The mixiwre was siivred for 2.5 hours. It was

then concentrated 1 vs

ue and taken into water and ethyl ace The organic phase was

ed with brine thres times. The organic phase was then dried over MgSOy

cmypound Z08.4 ag a solid (180 myp, 62%). ME found

MR To it

Step & Compound 2084 (77 myg, .18 mmol) was dissolved in 3 mil

was added cis-1,2-diaminocyelohexanes (100 ul, 0.90 mmol). The mixture was stiveed Tor 80

s muxiore was then subjected (o preparative HPLC (o solate the

vacemic title compound 288, ME found for CipHanhyO as (WD 3782, UV A=241, 283 am.

oy

tixamnple 133, 4-(1H-benzofdhmidazol-6-yiamino)-Z2-{(1R,25)-2-

aminocycloherylaminopyrimidine-S-carboxamide

ising the same synithetic scheme

3

demonstrated in Bxample 132 with tert-butyl S-armino- ! H-benro{diimidazole-1-carbox ylae

fore]
oy
&



W0 2009/436895

i replace S-aminoquinching 208,13

294 nm.

S found for CigHooMNe( ag (MoH)

Bxample 134, 2-((IR,25)-Z-aminocyclohexylaming }-4-(benzoldithiazol-

viamino)pyrimidine-5-carboxamide

&

PRIE The above racemic compo

o
3
i

vy 1T
VD

demonsirated

amnple 126 with

85 Tound for Citn M08 as (Mad

Pxrample 1352

i

s-carboxamide

yiamino)pyrirmidine

The above ra

ST COTIN0

demonstrated In Example 126 with

arninoindazoke F07

Bxample 134, 2({1K, 25 anunocyelohexryvlamino)-4-(7, 2 -dihy

4. S found for

und was prepared gsing the same sy

TTIURZA09/862401

ES

367.2. UV h=243,

’)u

nthelic scheme

S-amincbenzothiazole to replace G-aminoindazole 2624,

Y AR42, UV 246, 297 1

und was prepared using the same svi
imidazol L 2-ajpyridin-f-amine to e

C bl as (MHNT 3672, UV 3

viaminojpyrimidine-5S-carboxamide

(HR25)-2-aminoeyelichexyiammod-4-Gmidazol 1, 2-a pyridin-6-

nthetic scheme

place -




[

i

POTURRAGSG 2407

£
A5

The sbove racemic compound was prepared using the same synthetic scheme
demonsirated in Example 132 with 2,3-dihydrobenzolbi{ 1, 4]dionin-6-amine to replace &-
aminoguinoline 2081, MS found for CogHpaMNoO as (MM 385.2. UV A=240, 294 nm.
NMR (CD00D) 6 845 (5, 1H), 731 (d, I=2.4Hz, [H), 691 {dd, 1=8.4, 2.0 Hy, 1H), 6.85{d,

33,8 Hz, TH), 4.27 (m, 5HY, 3.79 (e, 18, 1.94-1.58 (m, 8H) ppm.

rrample 127, 2-((1R 25 Z-aminocyciohex yvlareino)-4-{auinoxalin-6-ylaminopyrimidine-3-

carboxamide

1

e above racem wind was prepared using the same synibetic scheme

in Brampie 126 wih S-aininoguinoxaline o replace G-aminoindazole 2024,

073792, UV A=247 nm. NMR (CDRODY 8 8.87 (5, 18

[H), 2.61 (s, 1H), B.10{d, 5=8.8 Hz, 1H), 7.87 (d, I=8.4 Hy, 141), 4.54

(ro, 14y, 199167 (m, 8H) pom

:

pramnple 138, 2-((1R28)-Z-aminocyelohexyvlamino)-4-Chenzolcl] 1,2,5 ithiadiazol-5-

H

ylaminojpyrimidine-5-carboxamide

sund was prepared nsing the same synthetic scheme

1, 3-benvothiadiazole-5-arme 1o repiace H-

S found for Oy HyNO8 as (M+H)Y 3852 UY A=243 am. NMR

\

798 (wy, 1HD, 7.63 (dd, 1=8.6, 2.0 Mz, 13D, 4.48 (m,
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Example 139, 2-((1R,28)-Z-aminocyclchexylamino)-4-(2-methylquinelin-6-

ylaminojpyrimidine-3-carboxamide

i
S Q \ P \lNH S NH O
N/K

A M Ll
R e ~ . ToRG
?‘f;\ ) OEL Slep it g Stepz j\{:ﬁ/\o:—% Steps |
N P
Ci M I/\N CtOTN
2151 218, 2153
\\T//' M NN N N
L C T
o fH C' Sy o
Napg Step 4 . L)
/ \\f _______________ e i/ ’\‘\.I ri\i/ j/ N}'ig
/7 b\\/i\! / - k N‘?yEw/&-_J\Jf;
\:.‘:'-/ E :r{
N,
154 218
6431 Step 1t To a solution of Dichloropyrimidine 2153 (700 mgs, 3.16 mmel) in

cetoniirile {8 mbL) was added a suspension of 6-amino-2-methylguinobine {560 mgs, 3.16
mmol), diisopropylamine (0.61 mi, 3.5 mmol) in acetonitrile (10 mL) at 0 °C. Reaction
mixiure was then slowly warmed 1o i and stirred overnight. The reaction mixture was then
diluted with water and the precipitaie collected by filtration affording the desired product

215.7 (964 mgs, 89%). MS found for C7H sCINGD, as (M) 3431

Meddl  Swep 2: Erhyt ester 2152 (960 mas, 2.81 mimol) was dilured with 1,4-dioxane
(7.5 miy and ethanol (2 mL), followed by aguecus Lithium hydroxide (1O M, 2.8 ml, 2.8
mmol) and stirred at 1t unti all starting reaterial had been converted to the carboxylic acid.
The reaction was then diluted with and acidified with 1N HCH{3.0 ml). The resulting
suspension was then filiered, washed with water and dried giving 870 mgs of the carboxylic

acid 215,73 (98%). MS found for CysH ) CINAO, as (M+3D' 316.1

{6545

et
o

fy
s

To carboxylic acid 215,73 (870 mgs, 2.76 mmol), BEOC (797 mgs, 4.14
minol), HOBL (560 mgs, 4.14 mmol) in N,N-dimethylformamide (14 ml) was added
arnmonia (0.5 M in L d-dioxane, 14 mbL, 6.9 mmol) and stirred ovemight. The reaction
mdxture was then diluied with water (100 ml.) and the precipitate collected by filtration
affording the desired product 215.4 (110 g, 97%). M5 found for Ty H NGy as (MH)”

4131,

tgw

185
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{06461 Siep 4: A mixture of Benzotriazoly! ether 215.4 (75 mgs, 0.182 mmol), cis-
I, 2-diaminocyclohexane (25 mgs, 6.218 mmol), DIPEA (0.1 mL, 0.546 mmol} in iso-

propanol (3 ml)y was heated in mucrowave (FEmry’s Optimizer) at 130°C for 20 min

{06471  The reaction mixiure was then diluted with water and acstonitrile and directly

purified by preparative HPLC affording the desired product, 215, after lyophilization. MS

found for Oy Has MO 2s {‘z‘\/?’.»—iif 3972.2.

H

2-{{ 1R, 25 - 2-aminocyciohexylaming)-d-{quinolin-5-ylamino)pyrimidine-3-

carpoxamide

[6as] Aminoquinoline using a procedurs

The above compound was prepared using 5-

tound for CoptlyNa U as (M+H) 378,53,

similar to that descobed in Example 129, M5

LO2-(CR 25 Z-aminocyclohenyiaming -4-{Z2-methylguinolin-§-

Example 14

arninodoyrimidine-S-carbozamide
Iy

Y
[
PP I e
ST NT Y
MH f‘:}
[ i
-~ X H

¥
)

{36497 The above compound was prepared using 8-Amino-2- met%zyi(.;zzinolim: using a

HY

..w

procedire similar 1o that described in Bxample 140, MS und for CpyHosMNy0 as (W

3923,

Brample 142, 2-((15,2R)-2-aminocyciohexylamine)-4-(quinolin-8-ylamino)pyrimidine-5-

carboxamide

186
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10650]  The above compound was prepared using 8-Aminoquinoline vsing a procedure

sivnilar to that described in Example 139, MS found for CagHanPM,C as (M+H)T 3783
.

Brample 143, 2-((1R28)-2-aminocyclohexylamipo)-4-(2-(morpholinomethyhquinolin-6-

ylamine)pyrimidine-5-carboxamide

The above compound was prepared using 2-{morpholinomethyhiguinolin-G-amine (/.

-

Med Chem 2806, 49, TO95) using a procedure sirnilar to that described n Example 139, M8

found for CosHanMe Oy as (WMaH)Y 477 .4,

e TN

Fxrample 144, 2-((1R,25)-2-aminocyclohexylamino)-4-(2, 2-diftuorobenzoldif 1 31dioxcl-5-

viaminolpyrimidine-S-carboxamide

il N oH T T
e T e it
N H
N ,}\ <
orT TN

07y o i M

D T Seed N/Lg\ I\NHQ e /\ S LNH2
(’ §jz N P l\! i I

B
i (s
NHBo Nz

o

S v NN

2204 G5 QR
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(08517 Step Lt To a solution of Dichloropyrimudine 220.1 (700 mgs, 3.16 mmol) in
acetonitrile (10 mL) was added a suspension of 2,2-difluoreo-3-amincbenzodioxole (545 mgs,
3.16 mmol), dissopropylamine {0.61 md., 3.5 mmol) in acetonitrile (5 mL) ar 0 °C. Reaction
mixiure was then siowly warmed to rt and stirred overnight. The reaction mixiure was th
dituted with water (50 mL) and the precipitate collected by filiration affording the destred

product 22802 {1.03 g, 91%). MS found for CugCl FaMaOy, as (MAFD" 358

Step 2 Ethyl ester 226.2 (1.03 g, 2.9 mmol) was diluted with 1,4-dioxane (7.5
ml) followed by aqueous Hthinm hydroxide (1.0 M, 2.9 mi., 2.9 mmol) and stirred at vt until

i

all starting material had been converted to the carboxylic acid. The reaction was then diluted
with water (20 mL) and acidified with iN HCH (3.6 mL). The resulting suspension was then
filtered, washed with water and dried giving 950 mgs of the carboxviic acid 228.3 (99%).

ME found for C)pFHe() FaN3 Gy as (MAEDT 330.0.

96531 Swep 3 ‘To carboxylic acid 220.3 (950 mags, 2.8% mmol), EDC (8278 mgs, 4.33
munoly, HOBL (663 mgs, 4.33 ramol) in N N-dimethyiformamide (14 mL) was added
ammonia (0.5 & in L4-dioxane, 14 ml, 6.9 mmol) and stirred overnight, The reaction

mixture was then dijpted with water (60 ml) and the precipitare collected by filiration

affording the desired product 220.4 (1.26 g, 99%). MS foond for gl FaM Oy as (MFD)”

3776 miol),

feri-butyt {15,28)-2-aminocyclohexylcarbamate (45 mgs, 0.211 mmol), DIPEA (0.1 mi.,
0.530 mumol) in so-propanol (3 mi) was heated i microwave (Emry’s Optimizer) at 130°C
for 20 min. The reaction mixture was concentrated and then was treated with 4.0M HCH in
dioxane (5.0 ml). After th al rf, concentraie the reaction mixtore and diduted with water and
acetonitrile and directly purified by preparative HPLC affording the desired product 220,

after lyophilization. MS found for CigtagFaMsUn as (M+FD 740728,

Fxarnple 145 The following compounds were prepared using a procedure stmilar to that

described in Exarnple 143,

Sruciure MW MS Mame

(J')




WD 2009/1 36905

PLTIUBZ000/8024061

¢ NT N
MH,

146 q 381.44 | 382.35 | 2{(1R.25)-2-
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164 o N’”‘\i? oA 13027 1 2(1R)28)-2-
Fal
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7/4 e aminocyclohexyia
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ottt gl vir ;| : Al
o~ WA - meth .j'l“’}l’}'m.im./%
i )\ | 2 yiamino)pyrimidin
R NE e-S-carboxamide
f. H
N
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P NPl
E/\“a N {T NH, yquinolin-6-
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\4/1“*’;\;/%\3“' y 5<mmm}; yrimicin
[, P
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186 /“j“'r”’“"w ATA7T 14122 | 24(1R.28) 2
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07N 0 mino)-4-(4-
"Ly b - -
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e B Y N
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\\1//‘ N bepzoibill 4ioxazi
i 5.1 .
N, 70
yiz '*"sine\pyrimi{f?v
; L N e-S-carboxanide
Exarople 167, 2-((1R,Z5-2-aminccyclchexyiamino}-4-(4'-(L-oxopyridin-1{2H)-yDbiphenyi-

3-vlamino)pyrimidine-S-carboxamide

@]
A )
=NE PN
fEa \ﬁ.‘.._w d

NH,
(08551 The title compound was prepared using the same synthetic scheme demonstrated in
Example 120. M5 found for Coablaohh Oy as (M+H)"496.5. UV A=245 nm. NME (CD;0D):

.51 (s, 1H), 8.12 (s, 11D, 7.79 (d, J=8.8 Hz, 2H), 7.63 (m, 2H), 7.55-7.49 (m, 5H), 6.65 {m,
1HG, 6.50 (m, FHDY, .25 (m, 1H), 3.58 {m, 1H), 2.54 (1, 2H), 1.84-1.40 {m, 8H) ppm.

162
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Hrample 168, 2-((1R,28)-2-aminocyclohex ylamino)-4-(4'-(Z-oxopiperidin- 1 -yHbiphenyl-3-

yiamino)pynmidine-5-carboxamide
)
8] \)5_1\)
\_/
— 0
( _>\——NH

)
Y pit

S
bt )___
.

=N

</ ﬂ”\!H

NH;

(6561 The title compound was prepared using the same synthetic scheme demonsirated in

L

Fxarple 120. 1S found for CagisaNoOy as (M+H)T 500.5. UV =249 nm. NMR (CD;0D):
5 8.50 (s, 1H), B.00 (s, 1H), 7.68 (d, J=8.8 He, 25D), 7.48-7.43 (m, 3H), 7.36 (d, J=8.4 Iz,
THY, 421 (m, 1H), 371 (4 28D, 3.57 (i, 1ED), 2.54 (¢, 281, 1.98 (m, 450, 1.83-1.36 (m, 3H)

oprn.

[ U JE S S I R SRS gy g b P 0 F PRI I o 1 A N L ¥ SR SR
Eogarnpie (0¥, S{{IR, L0 AT AOC YCIOHER VIR0 J=5-{ 3 - 2-0OXOpyIdin- (a0-yoophenyl-

10 J-viaminojpyrimidine-S-carboxamide

= same synthetic scheme demonsirated in

Exaraple 1200 M3 found for Cugblopely Oy as (M 456.5, UV A=l44 nm.

Example 170 2. 2-((1R,28)-2-aminocyclohex ylamino)-4-(3'-(2-oxopiperidin- 1-yhbiphenyl-3-

15 yiamino)pyrimidine-5-carboxamide

-~
N
Lad
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(00581 Toe title compound was prepared using the same synthetic scheme demonstrated in

Hramsple 120, M8 found for Cogtisg Ny as (M+H) 500.5, UV A=246 nm.

Example 171, 2-{(1R 25y 2-aminocycichexylaming)-4-(4'-morpholinobiphenyl-3-

[

yiaminojpyrimidine-5-carboxamide

-

8]
f/ \ STV ST
N— 7
>/ )y
f\‘l\ )
..... \ /'.T:.".:N
(=i
N
N
Nt

(06591 The title compound was prepared using the same synthetic scheme demonsirated in

Fxample 1200 WS found for CppHaMN0, as (M+H)T488.4, UV A=247 nm.

oyt

2-({18, 25 2-aminoeyelobexylamino)-4-(3

*\f

Hxamnle 172, -merpholinobinhenyl-3-
Dle

10 yiamino)pyrimidine-5-carbogamide

SN / T-m\
o N )
3\ 4
N
i

NHQ
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(06601 The ttle compound was prepared using the same synthetic scheme demonsirated in

Example 120. MS found for CyyHsalNy0; as (M+HY 488.4. UV A=246 nm.

Example 173, 2-((11,28)-Z-aminocyciohexylamino)-4-(3'-morpholinobiphenyi-4

ylaminopyrimidine-5-carboxamide

~~~~~ M
5 0
% \\ﬁ(\ >"f\§H - N
et \“'“'—.
o
oL
it o] b
e
Nty

{06611 "The title compound was prepared using the same synihetic scheme demonstrated in
Example 120, M5 found for CyyHalNOy as (M+H)™488.4, UV =238, 309 nm.

Example 174, 2-((1K,28)-2-aminocyelohex ylamino)-4-(4 - morpholinobiphenyl-4-

yiamino)pyrimidine-3-carboxamide

A g
N/ 3

i

R

%

NH,

P06521  The title compound was prepared using the same synthetic scheme demonstrated in

Example 120. MS found for CyHuN,0y as (M+H) 4884, UV A=241, 314 nm,

Hrample 175, 2-((1R,25)-2-aminocyclohexyiamine)-4-(3-(3,6-dihydro-21H-pyran-4-

yhphenylamino)pyrimidine-5-carboxamide

-
\.n...-m/
i G
(}"NH S N,
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S
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i -4
( eniv
%
N ]
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Scheme:

[ o N (Hfj‘p

qu ““““““““““ {\—w/\/ ( \>-—-p Hy

0 oLt

2571 2572 2513

Diisopropylamine (1.63 ?'Eﬂ‘!;,, 11.68 mmol) was dissolved in 10 mlL 1fV THE ang
5 i /
T

siirred inice bath. To it was added a-buthy! lithivm (2.5 M in hezane, 4.07 ml, 11.68 mrool)

dropwise. The mixture was stivred for 20 min, and sent to -78°C bath, To [t was added the

IR

one 2571 (097 mi., 10 mmot) in 10 mL THF dropwise. The mixtare was

af
o

sobuiion
stirped for 20 min. To it was added the solution of N-phenyibis(trifluoromethanesulionimide)
(PhNTH, 4.17 g, 11.68 mmol) in 10 ml THFE. The mixbre was moved 10 ice bath and stirred
for overnight. It was concentrated in vacuo and subjected to silica flash column to isolate

compound 257.2 using 20% sthyl geetate in hexane.
i g ;

iy gy

B6641  Compound 257.2 (920 mg, 4.0 mmol) was mixed with boronic acid 257.3 (550 mg,

i - Tr 0T Ey s . M g o "y A e i - L vy % i PN
4.0 mmoly, PAPhPCL (562 me, 4.8 mmoe), K00, (1.8 ¢, 80 mmoh in 20 i dioxans

and 15 mi water. The mixture was degassed using argon stream for 3 min and stirred under
o Ty LY

argon at 837 for 3.5 h. The mixtore was diluted with eibyl acetate, washed wilh brine x4,

dried, concentrated and subjected 1o flash coluion to isolate aniline 257.4 (300 mg) as white

sohid,

(06651 The iitle compound was prepared with amline 257.4 using the same synthelic
scheme demonstrated in Bxample 120, M35 found for ThpiagMNgUn as (M+HE Y ADG.4, Uy
A=Z45 nm.

Hxample 176, 2-((1R,25)-2-aminncyelohexyiamino)-4-3-(tetrahydro-2H-pyran-4-

yvhphenylamino)oyrimidine-5-carboxamide

UW\
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/ p \\w\u—
V- e B
\
{ }wmsa

P ;2

O
R



W RHO5/13659958 POT/UESZ00%/002401

w

(86651 The title compound was prepared from Example 175 using standard catalysis
hydrogenation by treating the solution of Example 175 in methano! with 10% Pd/C under H,

halioon for overnight. MS found for CopHagNgD, as (M+H) 4114, UV A=241, 290 nm.

Example 177, 2-((1R,258)-2-aminocyclohex ylamino)-4-(4-(3,6-dihydro-2H-pyran-4-
¥ ¥ I

yvhpnenylamino)pyrimdine-5-carboxamide

sl 1o
\ ‘‘‘‘‘ I “:,.:::/ Fgﬁ\/
N \>
e =i
L s NH
__-_- ke
Ny
Bos7] The tide compound was made using the similar chemistry shown for Fxample 175.

WS Found for CoptlgMeCh as (M) 409.4. UV A=239, 309 nm. NMR (CD50D): § 2.51 (s,
V), 7.60 (4, =72 Hy, 209, 7.50 (d, 1=8.0 Hz, 2H), 6.23 (s, 1E), 4.36-4.30 (m, 31, 3.94 (1,
TH), 372 (m, L), 2.53 (m, 2D, 1.90-1.58 £, 81 pom.

S—

[

b

[

3

Example 178 2-({1R,28)-Z-aminocyeichexylamino)-4-(d-{tetrabydro-Z2H-pyran-4-

yhphenylamino)pyrimidine-5-carboxamide

‘a 5 O
Q \M< .. {}‘“"NH;
=i EnEen }___
3

)
N =N
& JraNH
-

NH,

[9668]  The titie compound was prepared from Exaraple 175 using standard catalysis
hydrogenation by treating the solution of Example [75 in methanol with 10% Pd/C under Hs

balloon for overnight. M5 found for CpnBaleGs as (Mo HY 4114 UV A=243, 296 nm.

PFrammle 179, 2-(0R,25)-2-aminocvelchexviaming 44~
X S J S

(phenylsulfonylphenylamino)pyrimidine-5-carboxamide

H
o
2
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N )
O?_S—{F >~---NH St

The title compound was prepared using the same synthetic scheme demonstraied in
Hxample 120 with the corresponding aniline which was commercially available. WS found

for ConFlgMelh8 as (MaHY 4673 UV A=232, 306 nm.

i

Erampie 1800 2-((1R25)

-2-arninoeyclohexyiamino)-4-{4-phenoxyphenylaminopyrimidine-
S-carboxramide

9
\{

— >:::: B ‘I
{ \} NH

h—

MHs

The title compound was prepared using the same synthetic scheme demonstrated in

for \:',33 H

)

26Ps0 as (A 4193, UV A=238, 290 nm.

Example 181a, 2-{1H

Ak, T

S)-Z-aminocyelohexylamino)-4-(4-{tetrahydro-2H-pyran-4-
vioxyiphenylaminojpyrimidine-S-carboxamide

<' hY
e

3
S—NH P iiH,

{06711 The ntle compound was prepared using the same synihetic scheme demonstrated n
Hrample 120 with the corresponding antline which was commercially available. M5 found

for CoyHagNeOs as (MaH) 4273, UV h=241, 291 am.
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Exarmple 181b. 2-((1R,28)-Z-aminocyclobexylamino)-4-(4-(tetrabhydro-2H-pyran-4-

ylsulfonylphenylaminoipyrimidine-5-carboxamide

a
I
< ..... _,,_\ >“;§\!‘
SN
...... /
Y
RH,
Soheme:
o o o
o = < ) <
S N W, Jr— o -
Q“‘P s W> N7 s - ‘o= Mo, T inﬁ“{ } o TS "(> M
Or v _— s
A 2661 26672 2663

721 4~Nitmthif}pi’;ana] ( 400 mg, 2.55 mmol) was dissolved in 10 mL DMFE. To 1t were
added cesium carbonate {1.67 g, 5.1 mmol) and 4-bromotetrahvdropyran {(0.84 g, 5.1 mmol).
The mixture was stirred at 50°C for 90 min. It was diluted in ethyl acetate and washed with
brine x3. The organic phase was dried, concentrated in vacuo to afford crude compound

10 2601 Itwas dissolved in 100 mi DCM. To it was adde MOPBA (1.98 g, 7.5 mmol} in small
portions. The mixiure was stirred for 30 min, diluted with ethyl acetate, washed with sat
sodivre carbonate solution and brine. The organic phase was dried, concentrated and

subjected to silica flagh column to isolate compound 266.2 (320 myg, 47% for 2 steps) usiog

b1 ethyl acetate and hexane,

ﬂ’;!f?}}

L

Compound 266.2 (320 mg, 118 mmol) was dissolved in 150 mL ethyi acetate. To i
was added 200 myg 10% PA/C. The mixture was stirred under H, balloon for overnight. T
mixture was filtered through celite. The celite was thoroughly washed. The fltrate was

concentrated in vacuo to afford antline 266.3 (260 mg, 91%) as white solid.

{06741 'The title compound was prepared using the same syntheiic scheme demonstrated i
20 Example 120 with aniline 266.3. M3 found for CopllaoMNe045 as (MAEDT 4753, 1Y A=250,
301 nm,

Example 182, 2-((1R,25)-Z2-aminccyclohexylamino)-4-(4-

(morpholinosultonylphenylamino)pyrinidine-5-carboxamide

159
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51 The title compound was prepared using the same synthetic scheme demonstyated in

th the

Example 120 wit

corresponding aniline which was commercially available. ME found

4754 UV h=2

for 2 Hag MG LS as (MAHY 245 300 nm.

r
i
"

(&

kN

L2 )-d-armnoeyciohe:

ylamino)-4-(4-{morpholine-4-

—NH,

{6767 The title compound was prepared vsing the same synthetic scheme demonstrated in
Example 120 with the corresponding aniling which was commercially available. M35 fonnd
10 for CplhMyGy as (MHY 40004, UY A=244, 257 am.

ricarnple 184, 2-({1

N :
2% i

1R, 28Y-2-aminocyelohexylamino)-4-3-(tetrabydro-2H-pyran-4-

viowyyohenylamino)pyrimidines-S-carboxamide
SN
0 /\ -0
e P 3\ 0
//
1y
"
b
Scheme:
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269.1 269.2

(96771 3-Mitropheno! (500 mg, 3.6 mmol) was dissolved in 15 ml DME. To it were added
cestupn carbonate (2.33 g, 7.2 miol) and then 4-bromoteirahydropyran (2.4 g, 14.4 mmol).
The mixture was stirred at 70°C for overnight., The reaction was only 30% completion. It was

dilated with ethyl acetaie, washed with water, sat sodium carbonate and brine, dried over
BgS Oy, Hltored. To the filtrate containing crude compound 2691 was added 10% PdiC 1.0 2
The mixture was stirved under Hy balloon for overnight. The mixiure was filtered,
copcentrated and purified asing silica Hash coluwnn o afford aniline 269.2 (102 mg, 15%
overall vieldy as solid,

1

(05787 The dtle compound was preparad using the same synthetic scheme demonsirated in

Frample 120 with aniline 269.2. MS found for CpHagPeQs as (M+H) 4274, UV A=244, 287

nr.
xample 185 tert-butyl 2-(4-(2-({1R,28)-Z-aminccyciohexviamino -5 -carbamoylpyrimidin-

4-ylaming)phenoxylaceiate (racemate)

Qo
A i
i e N

K203 OMF
I'oasolution of demirophenct (3.00 g, 21.6 mmol) and K004 (6.00 g, 43.4 mmol}

in DMF (50 ml)y, tbuty! brompoeacetaie (290 mi, 19.0 mmol) was added. The mixiore was
stirred at room temperature for 3 b Water and EtOAc were added. The organic phase was
O

separated, washed with water, then with ag. 1N NaO and brine. 1t was dried over Nas50,

concentraied in vacus 1o grve tert-butyl 2-{4-nilrophenoxy)aceiate 55 a solid.

e
[
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[0680]  To the solution of the solid in MeOH (40 ml), Pd-C (10%, 410 mg) was added. The
maxture was hydrogenaied under balloon hydrogen for 20 h. It was then filiered through

~ g

celite. The filtrate was concentrated in vacuo to give tert-butyl 2-(4-aminophenoxyjacetaie.

{06311 The tiiled compound was synthesized analogously by using tert-buty! 2-(4-

3 aminophenoxylaceiate and cis-1,2-diaminocyclohexane. MS 4572 (M), UV 243.8, 200.0

"""" drample 186 2-(4-(2-((1 B, 25)-Z-aminccyclohex ylamino)-3-carbamoylpyrimidin-4-

laminoiphenozylacetic acid {racemate)

et

I {D8BZY A solution of tert-butyl Z-(4-(2-{(1R,28)-Z-aminccyclohex yiamino )-5-
carbamoylpyrimidio-4-ylanunojphenoxviacetate racomate {180 mg, 0.395 mmol) in TTFA (4

mly was stirved at room temperature for 2 o It was then concentrated in vacuo. The residue

was purilicd by HPLO to give the titled compound (60 myg). #MS 401.2 (M+H).
Erample 187 tere-butyl 2-(3-(2-((1R,25)-2-aminocyclobex ylamino)-S-carbamoylpyrimidin-4-

15 viamanoiphenoxylacstaie (racernate)

Iy
-
‘:\«w%fi’;\»\f . ,.{,’:3.\ o
"NM‘\P 'mr}.k L I;i ‘?\
A CONH, O
/ R
<&,m_ / iﬁi
I B P N
5“"*;2 g i &
H

{6ES] The ritled compound was synihesized analogously as compound tert-butyl 2-(4-(2-

(TR 28 -2 -aminocvelohexviamino)-S-carbamoyvloyrirmidin-d-ylaminonhenog viacetate
5 J J ok . i J

sy
A s
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(racemate), by using 3-nitropbenol in
290.0.

Example 188 2-(3-(2-((1R,25)-2-

yiamino)phenox yacetic acid (racemate)

=
Y :
HN’*‘ Sy O
...... .
;
1: )y \! COMH, O
A%
Fd N }\

[66847  The titled compound was synthe

FUBTBON G401

place of 4-nitrophenol. ME 4572 (MaH);, UY 242.6,

aminocyclohexylamino)-S-carbamoylpyrimidin-4-

ed analogously as compound 2-(4-(2-((1R,25)-2-

aminocyclohexylamino)-5-carbamoylpyrimidin-d-ylamino)phenoxy)acetic acid {racemate).

WS 40172 (M UV 242.6, 250 nbd.

Example 180 72

yiamino)pyrimidine-3-carboxamide

i“%g{:_
ML
!l i
e\\\:”i}_\
NH O
B Rt
g \F N N,
oo
N PP e
TN
fit Ll
iHs o

amine. M5 3514 (W), UV 241.2, 292 1 nm

Bxample 190 2-((1R, 25 2-aminocyclohesyiamine)-4-{ 1-methyl- 1 H-pyrrol-3-

viamuno)pyranidine-5S-carboxamide

3t
N y
£
UMM O
- P
E’ ™ ! j’” “plH,
NN
NH,
O M . Hol
2 ,\{___ \/______‘ “.2 \
I A
M Mat i? [Eh e N
E | H

(1R 25y Z-aminocyelohexyviaming)-4-{ 1 -methyl- 1 Flpyrazol-4-

ted compound was synthesized analogously by using 1-methyl-

[ H-pyrazoi-4-
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[06867  To sodium hydride (300 myg, 60% in mineral o1}, 7.50 mmol) in a flask, which was
washed with hexane twice, a solution of 3-nitropyrrole (500 mg, 4.46 mmol) and
iodomethane (0.560 mL, 8.97 mmol) in DMFEF (4 mL) was added. Hydrogen pas evolved. The
mixture was then stirred at oo (emperature for 20 h. Water and EtOAc were added.
Urganic phase was separated, washed with water, dried over Na, 50y, concentrated in vacuo

to give l-methyl-3-nitro-1H-pyrrote (484 mg).

(&7 A minture of T-methyl-3-nitro- 1 Hopyrrole (488 mg, 3.87 mmol} and P3-C (10%,
110 mg) in JE {15 mL) {containing 8 drops Of 6N HCL was hydrogenated under ballon
hydrogen for 20 b, The puxiose was Glered through celite. To the filtrate, 4N HC in dioxane

{2 1ol was added. The solution was conceniraied in vacuo to give L-methyl-1H-pyrol-3-

amine hydrochloride as a solid (514 mg).
The ntled compound was then synthesized analogousty by using L-methyi-1H-

pyrrol-3-amine hydrochioride. ME 3303 (MH), UV 237.6, 3131 nm.

Erarmple 191 2-({1R,28)-2-arminocyclohex ylamino)-4-( {-phenyl-1H-pyrazol-4-
! Y Ky J F ¥

;

viaminopynmidine-S-carboxamide

Ph
B
N
RN E
; ;
e .- A /ii\ .
e »\% r;g /\L.j#‘ !‘\\fi E?
3 Lo -
\_\f\:/f‘ ,5%_\%5.-‘ \\.‘i
N%’“gg
[P . - {_};3 N N rip i .~
S i i}}\ P o ,) g! 2
g /AR Hadl RN
Yy E ii'N - “ E N
i, ’ e . 5 ™ :\
ié Cul, 8-HO-guinoline o FiQAc, 80 C i
K203, 0 1‘1/ S0, 1300

Acmixtare of d-pitropyrazole (270 mg, .38 mmol), iodobenzene (485 myg, 2.38

,..,.

2
mmol), &-hydroxyquinoline (66 myg, 041 mmol) and K2C03 (600 mg, 4.34 mmol) in DMEO

i g
(3 i) was degassed with argon before being charged with Cul (45 mg, 0.23 mmob. The
mixiure in a sealed mube was heated ai 138O for 20 h. Waier was added to indoce

alis

precipitation. The precipitate was collected to give 4-nitro-1-phenyi- Hi-pyrazole (454 mg).

A mixture of 4-nitro- L-phenyl- 1 Hepyrazole (440 myg, 2.32 mmol) and SnCi2

ate (2.18 g, 9.66 mmol) in FtOAc (15 ml) was stirred at 80 € for 3 h. Agueous 1M



1

5

0

5

fs
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NaQH was added to bring pH o 12

B2

. The mixture was filiered through

POTIUB2GG9/002403

elite, The organic

phase was separated, dried over Ma,50,, concentrated in vacuo. The residue was puriiied by

HPLC 1o give I-phenyi-1H-pyrazol-4-amine as a solid (173 mg).

(06917

pyrazol-4-amine. M5 3934 (M+H}; UV 240.0, 303.2.

The titled compound was then synthesized analogously by using I-

phenyl-1H-

i

Example 192 2-{{(1 8,25)-2-aminocyelohexviarnino-4-{4-methylithiophen-2-

ylaminojpyrmidine-S-carboxamide

NN
Ny
— DPPA o ‘i\ .
Y- C0, e Ol

0921 A solution of d-meth
triethylamine (1.50 ml, 10.8 mmol) and diphenyl phospory
tEeOH (20 mL) was stirred at reflux for £ b tBuDH was ¢
were added

concentrated m vacno. The residue was purified by a silica
with G-10% ExOAC in hexane to give ert-buiyl

(0.880 g).

%—n'}"ff;d}% % g

AFRE S

A schution of tert-buivl 4-methylil nopﬂm

CH>Ch {8 mb} and TEA {6 mL) wad stirred al room temperature for 3 by
refpoved in vacuo 1o give d-moethylibiophen-2-amine as triflooroacesic acid sale (O
106841 The tded compound was then synthesized analogously by us

Z-amine, WS 3473 (M+FD); UV 2449, 326.1 nin.

byl thiophene-2-carboxylic acid {1.42 g,

emoved in v

1. The organic phase was washed with 5% MNaHCO

d-methyithiophen-2-ylcarbamate

1.0 mmol),

azide (2,15 mib, 1000 mmol) in
acuo. B20 and waier
3, dried over Ma,&50,,

gei columan, which was eluted

as a sohid

-yicarbamate {(0.680 g, 4,13 mmol) in

Soivenis was

920 g).

sing 4-methylthiophen-

Example 193 2-((1R,28)-2-aminccyclohaxyiaminoj-4-{ 5-methylthiophen-2-

yiamino)pyrimidine-3-carboxamide

205

»
5.
&
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N DPPA .
T S—ooH S,
T LRl S N 4 5 g
. TEA tBaH I'FA
iC? iL /\
H6D5] A solution of S-methyl thiophene-Z-carboxyiic {(1.42 o, 104 mmoi),

triethylamine (1.50 @i, 0.8 mmol) and dipheny! phosporyl azide (2.15 wi, 10.0 mmol) in

PR T i T
Lty

120wl was stioved af reflox for 5 h. (Bl

Howas removed in vacuo. 2O and water
were added. The organic phase was washed with 5% NabBCO;, then with 1N MaOH, and

Gitered. The filrale was dried over Na50y, concentrated {n vacuo to give tert-butyl 5-

methyithiophen-2-ylcarbamate as a solid (0.8725 ¢

N

inophen-2-ylearbamate (0825 g, 3.87 mmol) in

o YL ] .
R s T B T
volor LU Sulvents s

¢ [
G DO LE

rernoved in vacuo 1o give S-methylthiophen-2-amine as trifinoroacetic acid salt (0.870 #).

F36S7Y  The titled compound was then synthesized analogously by ssing S-methvithiophen-
i i T ¥ f] ey

Z-aune, ME 3475 (MHY, UY 2473, 5325.6 nm.

Exampie 194 2-((1R,25)-2-aminocyciohexylamino)-4-(1-phenyi- 1 H-pyrrob-3-

yviamino)pyrimidine-5-carboxamide

2 b Phi
A
A
;‘}} Cul, 8-H O m’ﬂmime N Bi0Ac, B
K2C03, DMSO, 130 C o
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0698] A mixture of 3-nitropyrrole (270 mg, %

POTIRZO0MBG2461

241 mmol), iodobenzene (0,267 mL, 2.39

mmol), 8-hydroxyguinoline (60 g, 0.41 mmol) and K2C03 (600 mg, 4.34 mmol) in DME0

(3 mL) was degassed with argon before being charged with Cul (45 mg,

mixiure m a sealed tobe was heated at 130 C

X £

organic phase was separated, washed with 1N HCJ, then with 5

MNax504, concentrated in vacuo o give 3-mitro-1-phe

(559

for 20 . Water and F1OAC were added.
1% MaHiC Oy, dried over

enyl-1H-pyrole (410

0.23 mmol). The

The

).

Anixture of 3-nitro-1-phenyl-1 Hepyrrole (410 mg, 2,18 mmol) and SnCI2

dihydrate (2.00 g, 8.86 pymol) in FiOAc (15 mL) was stirred at 80 C for 3 h, Aqueous N

!

bring pH to 12, The

fac)

WaliH was added o
phase was
amine as a selid

give 1-pheayl-1H-pyrrol-5-f (323 mg).

{0700

pyrrol-3-amine, M5 3924 (M), UV 240.0, 314.3 npi.

: mixture was filiered through celite, The organic

separated, washed with 5% MNaHCO,, dried over MNap50,, concentrated in vacuo o

The titled compound was then synthesized analogously by using §-phenyl-1H

fxampie 195 2-({1R,28)-Z-ammnocyciohexyiamino)-4-{d-(6-(dimethylamino pyridine-3-

yhphenylamino)pyrimidine-5-carboxamide

A1

107011 The title componnd was
1D repiacs

LV A=244.0, 3164

H

Example 45 with 6—{&%3711{3'&.%1)’1amino}pyzédiﬂu ~yiboronic acid

-

V15 found fon

e

HagNeO as (M) 447 3,

A
i

Erxample 196 2-((1E,25)-Z-aminocyciohex viamino)-4-(3,5-diffuore-4-

morpholinophenylaminoipyrimidine-5-carboxamide

207

prepared using the same sypthetic scheme demonstrated in

Boronic amid 1167,
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(702] The title compound was prepared using the same synthetic scheme demonstrated in
Example | with 3,5-difluoro-4-morpholinoaniline (o replace aniline 72.4. M3 found for

CoyHoghy My Qp as (M) 4481 1Y A= 2404, 304.5,

3 Hxample 187 Z-((1R,25)-Z-aminocyclohex vlamino)-4-(biphenyl-4d-yiaminoypyrimidine - 5-

carboxamide

Q““ NH O

H
:s?
197031 The utle compound was prepared using the same syathetic scheme demonstrated in

Drample 1 with biphenyl-4-amine to replace aniling 72.4. MS found for CptgMNeO as

10 M+ 4034 UV A= 2393, 308.7.

Bxample 198 2-((1R,28-2-anunocyclohexylamino -4 -(3-(isoxazol-

yiphenviamino nyrimidine- S-carboxamide
I I



L
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167041 The title compound was prepared using the same synthetic scheme demonstrated in

Example | with 3-(isoxazol-3-yhaniline 10 replace aniline 72.4. M5 found for CpeHnMN70s as

(MAHY 3944, UV % = 243.6, 286.5.

Pxampie 199 4-(4-(45-1 2, 4-1nazol-4-yiphenviamino)-2-(({R,25)-2-

aminocyciohex ylamino)pyrimidine-3-carboxamide

‘ i'N:::\
' R N \.\/’:\ﬁ
l\f’ TR O

[785)  The ttle compound was prepared using the same synihetic scheme demonstrated in

Example 1 with 4-(4H-1,2 4-triazol-4-yDaniline to replace aniling 74,1, ME found for

CroHonMNeO as (MHHD 3044, UV: L= 245.2, 203 4.

aminocyciohex ylaminoypyrimidine-3-carboxarmide

NN

¢

[0786]  The title compound was prepared wsing the same synthetic scheme demonstrated in

¥

Exampie 3 with 3-(4//-1,2 d-triazol-4-vhaniline (o replace aniline 74.3. M5 found for

CioitosMNe0 as (MTDT 304 4, UV A = 2390,

Example 201 2-((1R,28)-Z-aminocyclonexylamino)-4-{4-(isoxazol-3-

yhphenylarino)pyoimidine-d-carboxamide

209
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s
.
A
MNH,

07877 The title componnd was orepared using the same synthetic scheme demonsirated in
Hrample T with 4-{isorazol-3-vlaniline to replace aniline 74,1, ME found for CopHaslNy0; as

(DT 354 4 TV L = 2440, 3033

5 Example 202 2-({ LR 25)-Z-aminocyclohexylamino)-4-(3-(5-methylisoxazol-3-

yhphenylaminoipyrimidine-3-carboxamide

The tile compound was prepared using the same synthetic scheme demonstrated in
¢ 1 with 3-(S-methylisorazol-3-yhaniline to replace aniline 74.1. MS found for

0, as M+ 408.4, UV & = 243.6, 287 1.

Example 203, Methyl 2-((15, 2R)-2-(5-carbamoyl-4-Gm-tolylamino pyrimidin-2-

vianunoloveiohezyviamino)aceiats
vy

T

T
O

{7091 M3 found for CaprHaglaOs as (M+HY 4130, UV = 2414, 288.8.

.y
-



WO 25097136995
Oxample 204. 2-((18, 2R)-2-(5-carbamoyl-4-(m-tolylarnino)pyrimidin-2-

ylaminoeyclohexylaminojacetic acid

|

¢

STNH 0
LM

ronon
It Iy 3
ey MNH
7R S found for CogHlashlsQs as (MATDT 3992, UV: A = 240.5, 287
Example 205 2-((15, 2¥)-2-aminocyelohexvlamino)-4-(4-methogy-3-
IS w

racthyiphenylampinoypyrimidin-5S-carbogamide

| I
N -
R N . \j/
e 2

Example 1 with 4-methoxy-3-methylaniline to replace andline 72,4, M5 found foy
Crotaghs Dy as (M 371.2. UV b= 2381, 2976,
fxample 206 2-((15, ZR}-Z-aminocyclohexviamino}-4-{3,4-
dimerthogyphenylamino)pyrindin-s-carboxamide
i
Ty
. /"J\.y!./;:f .,
L
e ‘é\!H ”}
( ’ 1 rf /’ M,
e /,
\f/ i -
ioooH
M?"Eg

Example | with 3 4-dimethoxyaniline to replace aniline 72.4. M8 found for

(V)T 3871 UV A = 236.9, 286.6.

[
i
[
o

8.

POTAISZH00/ 002441

The titie compound was prepared using the same synthetic scheme demonsirated in

(e18

The title compound was prepared using the same synthetic scheme demoasicated in

BT CYIRELE AT
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i\_}

:
Fixa e

07 2-((18, 2R)-Z2-aminocyclohexylamino}-4-(3-phenox yphenylaminopyrimidin-5-

carboxamide

Ihe title compound was prepared using the same syonthetic scheme demonsirated in

L

nhmnxywwiim to replace aniline 72.4. MS found for TyalayelN0; as

3. UV k= 240.4, 292

L,
P

‘
[

Erample 208, Z2-((1R,25)-2-aminccyciohexylamine)-4-(hiphenyl-3-viamino)pyrimidine-5-

carboxamide

P

The itie compound was preparad using the same synthetic scheme demonstrated in

Exampie | with hiphenvi-3-amine o replace aniling 72,4, M5 Tfound for o0 as

Erxample 200 2-((11,28)-Z-aminocyclohexylamine)-4-{naphthalen- 1 -vlamino)pyrimiding-5-

carboxamide
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[
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\._/

/“\
\J/\ W
]\N%-
f\,,
NHQ

7131 The title compound was prepared using the same synthetic scheme demonsirated in
Example 152 with naphthalen-1-amine to replace aniline Z08.3. M5 found for €y FosNgO as

(fv;i+H>*‘ 377.1.

Bxampte 210, 2-((1R,28)-Z-aminccyclohexylamino -4 -(G-methoz ynaphthalen-2-

yiaminojpyrimidine-5-carboxamide

P v \T/ﬂ\

|
;:“:-L-/ :‘\\\u/!{\ M

i i’ﬁ?
i/ \‘“{ !\!i \T\NH
i
- T
SrTTNTTN
Ny

18716]  The title compound was prepared using the same synthetic scheme dernonstrated in
Hraraple 152 with S-methogynaphthalen-Z-amine 1o replace aniline 28810, M8 found for

ContlogllgOn as (M) 407.2. UV: L= 2275, 319.5.

Example 211a. 2-{(1R.25)-2-aminocyclohen yiamino-4-{&-{lucronaphthalen-2-

yiaminopyrimidine-S-carboxamide

\ E///\\ }j/"\l

““\/ﬁ:\ /\

P ﬂ}
/“\__‘ N //E\Q&T/‘.\ N ?"‘3.3
| ;
P -
:{/ K %»:é; - E\‘j t
Nirdy

The title compound was prepared using the same syniheiic schems demonstrated in
e

Exarnple 152 with 8-fluoronaphihalen-2-amine (o teplace aniline 208.1. M3 found for

CoyHoa PO as (M+HY 3951 UV L= 212.2, 244.0, 306,

:
i

—
.
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Exampie 211 2-({1R,28)-2-aminocyclohex ylamine)-4-(6-carbamoylinaphthalen-2-

i amim)pyrimidim—;—S—caﬂmx&midc

[O718]  The title compound was prepared using the same synthetic scheme demonstrated in
Example 152 with 6—carbamoylnz{:.pi*;tha_ée.nm?;wa.mfém: (o replace anitline 2081 MS found for

Coypbloshly Oy as (MH) 4202, UV L= 223.9, 3188

Sxample 212, 2-({1 K25 2-aminocyciohexylaming)-4-(6-(methylcarbamoyhinaphthalen-2-

yiaminojpyrimidine-3-carboxamide

S ?
. IW/ -
L L Ji p

é

A,

073

81 The title compound was prepared using the same synthetic scheme demonstrated in

§

£

Hrample 152 with é-(methyicarbamoyDnaphthalen-2-amine to replace aniline 208,71, MS

found for CoalayNeOs as (M FH) 4343, 17V L = 219.2, 235.7, 318.8.

Example 213, 2-{{1R 25)-2-aminocyclohexylamino)-4-(&-(dimethylearbamoynaphthalen-2

yiaminoipyrimidine-S-carooxamide

/\\.\ !\;L} \]Y/ NH?
i - .
\Y/ 5 N)\N

Ao

i ]HQ
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7201 The title compound was prepared using the same synthetic schere demonstrated in
Example 152 with §-{dimethylcarbamoylnaphthalen-2-amine to replace apiline 208.1,

found for CouHyeMN7C0 ag (M+H) 448.2, UV: A = 218.0, 314.0,

Example 214, 2-((1R,28)-Z-aminocyclohexylamine)-4-(d-chioronaphthalen-1-

yiaminojpyrimidine-5- xmbemmﬁé“

AT
t
- /"1\‘\ ,J L--.
f IR e i
y ?
t”,/ Py ],13 .«J\ N'//i
L

721} The titde compound was orepared using the same synthetic scheme demonstrated in
iﬁ;\;dmpi 1527 with 4-chioronaphthalenyl- i -amune 1o replace aniline 2883, #MS found for

CoHnCINGG as (M0 411.2,413.1 (Cl paitern). UV h = 2239, 293.8.

Example 215, 2-({1R,25)-2-aminccyclohexylamino)-4-(6-bromonaphthalen-2-

yiamino)pyrimidine-3-carboxamide

I~ T //4}\\;]
i
S T

\5/ «12\2 N'
Iy H
MM

7227 The e aDmyOUnd was prepared using the same synthetic scheme demonstrated in
avhibalenyl-Z-amine 1o replace aniline 208.1, MS found for

AL 4571 (B patiern).

ol

Example 217, 2-({1K,25)2-aminocyclohexviamino)-4-(6-(morpholine-4-

o)
g
o
o
o
:
=
=
R
s
oo
e
or
[
&
h
wd
b
N
. <:

-visminojpyritnidine-5-carboxamide

]
.
N
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NHOO
”\[ rﬁ A N,
” N g i
NHy

107231 The ttle compound was prepared using the same synthetic scheme demonsirated in
10

r"'_';hoiimai’k--r.:a.z‘bmn;Ji)'n;:zphtha?enyi——Z—z&.mine 1o replace aniline 208,13,

as (WVI+F 4004, UV L= 2204, 3152

Exarnple 157

MS found for O

5 EBrample 218, 2-((IR28)-Z-aminccyclohexylamino)-4-(L-methyl- 1 H-indol-4-

viaminoypyrimidine-S-carhoxamide

¢ o ; Lon ( i
- LOH iy
N NeE L R g e \/L‘i\{lH o
| .
al J\/ N g;\;/\j) O
o G177 N
N .
N N
b \\ A /\>
e o
EDOHOB ! T B— H
M-/ Dicxane N T Lk . SO
T )' i ' Y Thb, 2 TEA - 1o
M NHBoo YN TNk,
| S
Y NN

-

(7241 Swep 1 'To a solation of ethyl 2, 4-dichioropyrimidine-S-carboxviate (328 myg, 1,48
10 mmel) and b-methyl-1-ndel-d-amine (260 mg, 178 mmol) in CHLCH (6 ml) at room
temperature, DIEA (0.4 ml, 2.22 mmol) was added. The mixiure was stirred al room

temperatare Tor 24 h. Water (15 mL} was added to induce precipifation. The precipitaie was

i
feraed
i
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cotiected, dried on vacumm to give ethyl 2-chioro-4-(1-methyl- 1 Hndol-d-yiamino)

pyrimidine-5-carboxylate as a solid.

ey

§7251  Btep 2: To a solution of ethyl 2-chloro-4-(1-methyl-1 H-indol-4-ylamino)
pyrimidine-S-carboxylate {crude from step 1) in THE (4 b)), ag, 1IN 1LAOH (2.25 mi., 2.25
mmol) was added. The mixture was stirred at room temperature overnight. Upon acidification
of the mixtare with 1M HCL white solids precipitated out, which were collected, and dried on
vacuum (o give 2-chiorc-4-{i-methyl-tH-indol-4-viamino) pyrimidine- S-carboxvylic acid

(325 mg). MS 303.3, 305.3 (M+H, Cl pattern)

[

07261 Step 30 To asolution of Z-chloro-4-(f-methyl-1 H-indol-d-yviaminopyrimidine - 5-
oxyhc acid (325 myg, 1O mmol) and HOBL {198 mg, 1.29 mmeol) in DMF 4 mL), EDC

k)

(248 g, 1.29 mmol) was added. The mixture was stirred at room temperature for 1.5 h,

Ammonma (0.5 ¢ in dioxane, 8.00 mL, and 400 mmol) was added. Ttowas stirred at room
temperature overnight. Water and HiOAc were added. The organic phase was separated,

¥

sped with B N HOL then with 5% NallOOs, dried over Na250,, concentrated in vacuo o
give 2-(1H-benzofd 1,2 3triazol--yloxy)-4-(1-methyi- L H-indol-4-viamino)pyrimidine-5-

carboxamide (378 med, ME 407 4 (M)

W27 Siep 4 To asclid of 2-(3H -benzo[d}{1,2,3 triazol-L-yloxv)-d-{ I -methyl- 1 H-indol-

¥y

4 ylamim}pyrimi Line-5-carboxamide (100 mg, 0.25 mmol) in vial was added err butyi (15,

Z2R)-Z-aminocyclohexyicarbamate (0.3 M solution in WP, 1.25 mi., 0.375 mumol) and
DIPEA (0.4 09 ml, 0.5 munol). it was heated at 80 °C for 2 h, cooled and purified by

preparative HPLU to give 2-((1R,25)-2-aminocyeloher ylamine)-4-{ L -methyl- 1 H-indol-4-
viaminopyrimidine-S-carboxamide (21 me) MS found for CypllaslNO as (W+H) 3804, UV

A=219.2,241.6,336.7.

Frample 219, 4-(1 F-ndold-ylaminoy»2- (18,252

LA

;'H} ’"J‘j/HﬂL ne

[§4

carboxamide

( N EQ > P,
g o
\\\\ )\N‘/ \::\j/
gl [
NHp
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EYT281  The title componnd was prepared using the same synthetic scheme demonstrated in
Example 218 with 1f-ndel-4-ylamine to replace E--mezhyhif"t?--indoi-f?wyiamin& MT found

for CioHaMNOas (MAHY 366.3. UV b = 216.7, 239.9, 330.3.

Example 2196 4-(1A-indazol-4-ylamino)-2-((1 R, 25-Z-aminocyclohex yiaraino) pyrimidine-

S-carhoxamide

=TOUHNH D
Lo
PP R e
|“ R U 2™
A
g \! i
I i
o i
;\E;"ip

(07287 The title compound was prepared using the same synibetic scherae demonstrated 1

Example 218 with 1/-indazol-4-ylamiaz to replace ethyl- 1 H-indol-d-viamine. M5 found

for CgHpMeGas (M) 367.4. UV b = 2058, 240.5, 3143

Example 219¢. 2-((14,25)-2-aminocyciohexylamino)-4-(-methyi- L -indazol-4-

yiaminoypyrimidine-S-carboxarmde

™ NEO
11
//\ T R P 1
M

(73047 The dtle compound was prepared using the same syothetic scheme demonsirated in
: i B % g

npie 218 with T-methyl-1H-indazol-4-yvlammioe © replace [-methyl-1A-mdol-d-viamine,

£ el H

WAL SRR v - F T
B found for Uiy MO as (MeHY 3814 UV =

\
L
2]

Example 220, 2-({18,25)-2-amincoyclohexylamino)-4-(Z-methyi-2H-indazol-4-

viaminojpyrimidine-5-carboxamice

213
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The titde compound was prepared using the same synthetic scheme demonsirated in
Example 218 with Z-methyi-2H-indazoi-4-vlamine to replace l-methyl-1#-indol-4-ylamine.

85 found for CrollygMNaOas (M+H) 3815, UV L= 210.6, 243.0, 3291,

ample 221, 2-((1R%,25)-Z-aminocyclohexviaminoy-4-(2-methyibenzo{djoxarol-7-

viarpinojpyrimidine-S-carboxamide

107321 The ttle compound was prepared using the same synthetic scheme demonstrated in
Prample 218 with Z-meihylbenroldlovazol-7-viamine (o renlace | -methyl- 1 Mindol-4-
3 7 IS

viamine. MS found for CotN0p as (M) 3824, UV, b= 2381

Example 222, 2-((1R,25)-Z-aminocyelohexvlaminoy-4-(benzoici{ 1.7, 5thiadiarol-4-

ylaminoypyrimidine-5S-carnoxamide

M-8
Y

,-/j\‘\f‘{/li

(L

i i
- AN
f/ \3 ;«S - \l.r NHQ
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{07331 The vile compound was prepared using the same syathetic scheme demonstated in
Fxample 218 with benzofcl 1,2, 51thiadiazoi-4-ylamine o replace 1-methyi-1H-indol-4-

ylamine. M9 found for TN 0S as (MA+H)T 385.3. UV A =234.5, 29%.5, 315.2

Example 223, 2-((1R,25)-2-aminccyclohexylamino)-4-(guinoxakin-5-ylamino)pyrimidine-5-

carboxamide

NE
1
o N
b l\
T N i‘ii
LY
i
.\{/%,N, \N'ﬁz‘
i L
NE,

{7341 The utle compound was prepared using the same synihetic scheme demonsivated in
Example 218 with guinoxalinyl-3-arune to replace Tmethyl-1-ipdol-4-viamine. ME found

for Tl MyOE as (M+H) TETOS UV A =203 4, 245 4

Example 224, 2-((1,25)-2-aminccyclobexylamino}-4-{benzoidithinzol-7-

yviamino)pyrimidine-5-carboxamide

1

{37357 The dtle compound was prepared using the same synthetic scheme demonsirated in
Hxample 218 with benzo{djihiazol-7-ylamineg (o replace D-methyi-1f-indoi-4-yiamine. ME

found for CighyN,08 as (M-+H) 384.3. UV: L= 205.1, 242.8, 290.2

Example 225, 2-((1R.25-2-aminccyclonexylamino}-4-(1-methyl- 1 H-benzoldiimidazol-4-

.

viaminoipyrimidine-S-carboxamide

226
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i0736]  The title compound was prepared using the same synthetic scheme demonstrated in
o .

Exarmple 218 with I-methyl-1H-benzoldimidazol-4-yiamine to replace 1-methyi-1H-indol-

d-ylarine, MS found for CpllyNeOas (MAH) 3814, UV: A =202.8, 239.3.

Bxampie 226, 2-{(1R,25)-2-aminocyclohex ylaming)-4-(2-methyl- [ H-indol-4-

yviamine)pyrimidine-5-carboxamide

L9737 The tide compound was prepared using the same synthetic scheme demonsirated in
HExample 218 with 2-methyl-1H-ndol-4-yiamine 10 repiace Lmethyl-1A-indol-4-vlamine.

MG found for CoptlastyCas (MEH) 380.4, UV b= 220.4, 239.3, 336.7

sxample 227 1-((1R,285)-2-aminocyclohexviamino)-4-(2-phenyi-|

yiaminopyrimidine-5-carboxanide

[N
/’\i
oo
e N O
\. ?j \ )J\ n TE L
( } L E\i ﬂg
R
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HYT38] The title compound was prepared using the same synthetic scheme demonstrated in

o2

Example 218 with 2-phenyl-1H-indol-4-ylamine {0 replace 1-methyi-1 H-indol-4-ylamine.

MS found for CosHay N, as (MAH) 4425 UV A =241.6, 293.8,

Example 228. 2-({1R8,25)-2-aminocyclohexylamino}-4-(1 2-dimethyl-1 H-indoi-4-

ylamino)pyrimidine-S-carboxamide

I
s
Sy
NN
B }_[
NH,
{7391 The tirde compound was prepared using the same synthetic scheme demonstraied in

Example 218 with 1.2-dimethyi-1H-indol-4-viamine 1o replace L-methyl-1H-indoi-4-

‘Jiuf‘ﬂhi& ME found for ok 77 ) as {V} i'\’ 3044 UV = ’2’)?83 2478,

ST AN P
AURAN LTI et

o

I0740]

s title compound was prepared using the same synthetic scheme deronstrated in
Example 120 with 2, 3-dibvdro- 1 H-pyrrolel 1 2-alindel-8-amine 1o replace -methyl-15-
! Lh2-a] 2!

indol-4-viamine. M5 found for CopllyMyGas (M+H) 406.5. UV A= 2228, 741.6,

Example 230, {18,25-2-amunocyclohexyiamino-4-{benzo-ldlisoxazrol-5-
T { ¥ L i

yiamninoipyrimidine-3-carboxamide

o)
3
F
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> titie compound was prepared using the same synthetic scheme demonsirated in
Exarple 218 with benzo-{dlisoxrazol-5-ylamine to replace -methyl-1H-indol-4-ylamine. M5

found for CgHy NyChas (W+H) 3684 UV A= 203.8, 2369, 204.5.

S Erxample 231, Z2-({1RZ5)-2-amunocyclohexyiamino)-4-(1 -sthyi-1 H-indo!-4-

viarinoipyrimidine-S-carboxamide

W742]  The utle C:Gmp{mmi was prepared using the same synthetic scheme demonsirated in

Exampie 218 with -ethyl-1H-indol-4-ylamine 1o replace T-methyl-1H-indol-4-ylamine. M5

10 found for O HoMeOas (WHH) 3544 1V L= 2202, 242.6.

Example 232, J-((1K, 25 Z-aminocyolohexviamino)-4-(3-(3,4-

dimethoxyphenyhphenylaminojpyrimidine-5-carboxamide

el Ohfte

7 N i,

Scheme:



1)

o

»O

WYL 2009/136995 POTAUSZH00/0072408

Ole
ol
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{j% e ;\r KaliOy, PP FhyaCls i N N\. ?1’0 4
L ! E‘*\ _ omaneft,O (21 4 BN
b J’LNH? BE°C, 9 2 DIEA (243, BO°C,
&8 OF : . | DRAF L ad), 3h
BiFy
g 3002 3003
Ofier 1) rmCPEA {1.229),
i onde NP DA M), T
( i 2} DIEA (3eg), 80°C, TH15en
b Ahto ovaright T N,

RS intety

33 TRAGHLCY, 111

F0

o

i3] Potassium carbonate (181 g, 131 mmol) was dissclved in

2:% mixinre of

f,\.:

dioxana/waler (45 ml). This solution was added to 3 4-dimethoxyphenyiboronic acid (3

199 rag, 435 mmoly [CAS 122775-35-31 and 3-bromoaniline (380.2; 756 mg, 4.39 mumnol)

AL 521-19-5]. The resulting solution was degassed with argon for 5 minutes.

¥

Ris(iriphenyiphosphine) palladiom(Il} dickloride (598 mg, 0.85 mmol) [CAS 13965-03-2]

P

iy b \ et s el Fm e TR e Q@O L g
ALY reaciion was stirred Tor 5 b oal a0l i 8 s i

cooled and diloted with BtOAc (300 mL), washed with brine (31100 mL), dried over MgS0,,

filtered, and concentraied, The resulting residue was subjected to flash chromatography

(pradient of 20% 1o 70% EtOAc 1 hexanesy which resulted in 360 mg of 300.3 (36%).
)

P ';

To 3603 360 me, 157 mumol) in DME (15 mL) was added 4-chloro-2-

{methylthio}FS-pyrimidinecarboxviic acid ethyl ester (365 myg, 1.57 mmeol) [CAS 5900-24-0]

and DIEA (562 wl, 314 mmol). The reaction mixiure was stirred for 3 h at 80°C in a sealed

e formed. The precipitaie

Ny A

vashed with cold water, and dried 1o give 3604 in quantitative yield,

,.‘,.
ot
iy
s
I
J‘
f
o

ing solid (657 myg, 1.57 mumol) was dissolved in THE Tothis

was added L1OH (188 mg, 7.85 mmol) in HO (5 mL). The reaction was stirred for 30 min

] A

ified to pH~3 with T M HCL The THF

was removed in vacuo and ice-cold
water was added to the reaction mixoues, The resulting solid was fillered, washed with warer,

Zn

and dried (o give 497 myg (B8%) of 300.5.

7461 Carboxylic acid 30465 (480 myg, 1.15 mmol) was dissolved in 10 ml DMF. To it

were added TDC hydrochloride (328 me, 1.72 mmol) and HOBt hydraie (232 mg, 1.72

i~
o
I
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rmpnol). The mixture was stirred af BT for 2 b, Ammonia (commercial .5 sclntion in
dioxans, ¥ mL, 3.5 mmol) was added and the mixiure and was stitred for I h. The dioxane

was rernoved by in vacuo and ice-cold water was added (o the reaction mixiure. The

resulting solid was filiered, washed with water, and dried 1o give 445 mg (97%) of 30{0.6.

(0747} Compound 300.6 (70 mg, 0.18 mmol) was dissolved in 4 mL NMP. To it was added

miZPBA (70% minimum purity, 50 mg, .21 mmol) which was stirred at RT for 30 minutes.

P07481 To it were then added a solution of tert-busyl (15,2R»2-aminccyclohexylearbamate

1

(G.3 M, 0.9 ml, 0.27 mmoly and DIEA {94 ul, 0.54 mmeoel). The mixture was stirred for 3 h
ab 9071 in a sealed fube, The mixiure was cooled, diluted with B1OAc, washed with a
saturated May O, agueous solution, waier, and brine, The organic phase was dried ove
ighQu and concenirated afford a crude intermediaie which was stirred in a 1:7 mixtore of
TEA and DUM at BT {or 30 min. The reaction mixture was concentrated in vacuo and
subjected to reverse phase preparative HFLC to 1solate title compound. MS found for
CosHagMgln as (M+H)T 463,32, UV A=210, 243 nm. 8 1.40-1.83 (m, 8H), 3.60-3.68 (m, 1H),
388 (5, 3FD, 392 (5, 3H), 443451 {m, 1H), 7.60-7.66 {m, 1H), 7.90 (d, 1H), 8.04 (s, 7H),

852-2.58 (m, 1HY, B.62 {5, TH).

Example 233 2-((1R,25)-Z2-aminocyclohexyiaming y-4-(3-(d-

methoxyphenyliphenylaminoipyrimidine-5-carboxaride

e
\‘:::'M
N
9
< >N§i 2 -t
MY
=N
< )'M'NH
H N,

e

Wr4As1 This compound was prepared utilizing the same chemisity as showa for example
237, However, 4methexyphenyiboronic acid [TAS 3720-07-07 was used instead of 3,4
disnethox yphenyiboronic acid {CAS 122775-35-31 MS found for CusugMeUs as (M+HY
1334, UV A=248 nm. § 1.25-1.80 (m, 8H), 3.58-3.64 (m, 1), 3.83 (s, 3H), 4.20-4.28 (m,

1), 7.07 (d, 2H), 7.36-7.48 (m, 3H), 7.59 (d, 2H), .03 (brs, 1H), 8.35 (s, 16)

Example 234 2-((1RZ5)-2-aminocyclohexylamino)-4-(3-(2,3,4-

timethoxyphenyDphenylamino)pyrimidine-5-carbox amide
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This cﬂ:::f};t‘;g:c;,t,u'sd was prepared utilizing the same chemistry as example 232,

163-96-8] was used insic

15 found for CogllanMely as (-

{1R 25 2ammnocyelohe yiamino ) -4- (3 (-

snyDrhenylarino)pyrimidine-S-carbozamide

ey

Uhis cornpound was prepared vl

zing the same chemusiyy as example 23

emethosoyphenylboronic acid TCAS 10363-98-71 was used instead of 3,4-

71 r

75 C):J'“.i} M3 found for C 24X jgg?"\lg{..'m 2 a3 UV{T H }

4373 3 UV A=241 nm

bxampie 2300 2-{(1E 258} -amunocycioneny siuran-5-

15 yhphenylaminolpyrimidine S-carboxamide

[
i
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7521 This compound was prepared utilizing the same chemistry as example 2372,
However, {2,3-dihydrobenzolb Huran-5-viiboronic acid [CAS 227305-69-31 was used instead

of 3 4-dimethoxyphenylborosic acid [CAS 122775353 ME found for CustlagiNe0n as

oy

Bxample 237: 2-{(1R,28)-Z-aminocyclohexylamine)-4-(3-(2-

methoxyphenylphenylaminojpyrimidine-S-carboxamide
g\?._m‘/
el
% > —NH >~ NH,,
\,,,

T
g
107531 This cotapound was prepared utilizing the same chemisiry as example 2372
1o However, 2-me b(myynea/} onic acid [CAS 5720-06-9] was used instead of 3,4-

dimethoxyphenylboronic acid [CAS 1227753531, MS found for CoadelNe(s as (M+H)"

4333, UV A=244, 288 nim,

Drample 238 2-({1R,25)-Z-aminocyclohex viaminoy-4-(3-(4-

fluorophenylyphenyiamine)pyrimidine-5-carboxamids

(5 B,

227
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{7547 This compound was prepared utilizing the sarne chemistry as Example 232,
However, 4-fluotophenylboronic acid [CAS 1765-93-17 was used instead of 3.4
dimethoxyphenylboronic acid [CAS 122775-35-3]. MS found for CuthsFNgG as (MA+-H
421.3. UV A=245 nm. & 1.35-1.85 (m, 8H), 3.58-3.65 (m, 1), 4.25-4.31 (m, 1H), 7.09-7.18

(ra, LHD, 7.40-7.54 {m, 6H), 8.11 {brs, 1H), 8.53 {5, IH

Ezample 239 2-((1R.25 ﬂfzwf::‘d"fﬁl‘ﬁx’.i}{,‘j/'().%{}hf‘:}{yiaﬁ‘{}iﬂﬂ)ﬁ@—( 33
thnorophenyiphenylaminopyrimidine-S-carboxamide
1’.:
9
N,
b 0
< P }— H
- ";.m,\‘
N N
e
Q}w-«m‘i-;
R TR
[57551  This compound was prepared utilizing the same chemistry as Example 2372,
However, 3-Tlucrophenviboronic acid {CAD 768-35-4] was used instead of 3,4-

dimethoxypheaylboronic acid [CAS 122775-35-31 MS found for CoallysPMNsD as (M+HD)"

4213, UV A=247 nm.

Hxample 2400 2-{(1R 28 Z-aminocyclohex viaming)-4-(3-{2,5-

2

dimethoxyphenyliphenyiaminoipyrimidine-5-carboramide

i a‘i;

/
/‘\\/ \/\

N
It Y
§ ["“‘Ni
p—
MOk,
IB756F  This compound was prepared uitlizing the same chemisiry as Example 2372,

\

However, 2. 5-dimethoxyphenyiboronic acid [CAS 107099-99-01 was used instead of 3,4~

dimethoxyohenyiboronic acid [CAS 122775-35-31 ME found for CystaghNg0Gy as a’M%«H)’E'

46735, 1V A=248 nm.
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Example 241 2-((1RZ8)-2-aminocyelohexylamino)-4-(3-(2,4-

dimethoxyphenyhphenylaminoipyrimidine-5-carboxamide

(Y7577 This compound was prepared utilizing the same chemistry as Example 232,

5 However, 2. 4-dimethozyphenyiboronic acid [CAS 133730-34-41 was used instead of 3,4~
dimethoxyphenyiboronic acid [{CAS 122775-35-3]. MS fonnd for CysHlyglleCs as (M+H)'
4633, UY A=245, 288 nm.

Dxample 24720 1 2-((1R,25)-2-aminocyeiohexyiamino}-4-(3-(3,
diffucrophenyl)pheayiamino)pyrimidine-3-carboxamide
FOF
\\¥”7>
0
% >——N€E -—tH,
Sl /,_AL
o
SN N
{ Yt P H]
Li{

i H Ml
(07587 This compound was prepared utilizing the same chemisivy as Cxmnple 232
However, 3. 4-diflucrophenyiboronic acid [CAS 168267-41-27 was used instead of 3,4~

dimethoxyohenylboronic acid [CAS 122775-33-31 ME found for CuyHlaa N0 as (W H)
4395 UV A=245 nim.
15 Hxample 243: 2-((1R25)-Z-aminocyclohexylamino-4-{3-(2,3-

dimethoxyphenyDohenyiaminopyrimidine-S-carboxamide

229

PO

JRRDGHIGGL401
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7581 This componnd was prepared utilizing the same chemisiry as Bxample 232,
However, 2 3-dimethoxyphenyiboronic acid [CAS 40972-86-01 was used instead of 2,4~
dimethoxyphenyiboronic acid [CAS 1227753531 M5 found for CosHapMgls as (MHH)

4533, UV A=244, 288 nm.

Example 244 2-{(1R ) 25)-Z-amnocyelchex ylaming)-4-(G{benzold 11 31dioxei-4-

Aphenylaminoipyriraidive-S-carboxamide

et

,,,,,,, g
WY
,‘.,L\ L,i >T:I\J
AN

#7607 This compound was prepared utilizing the same chemistry as Exaraple 2372,
However, 3-14.4,5 5-tetramethyl-1,3,2-dioxaborclan-2-yDaniline [CAS 210907-84-91 and 4-
brome-1 3-benzodiczole {TAS 6608-13-1] were used as coupling pariners. MS found for

a5 (VDT 447 4, UV =242 am.

i:q 4 ﬁ%;l“‘“!ﬁ(),
, ;
i

maampie 2450 D-{(IR,25)-2-aminocyelohexviamino}-4-(3-(2, 3-dihydrobenzol b1 1 4ldicxin-

E-yhphenviamino)pyrimidine-S-carboxamide

ST N
{ )@,»,;\ﬂ..
MY
N}“sz



A

10

o
o

Pt
oo

W 2009/ 136955 POTIUSZO09/0072481

(07617 This compound was prepared vlilizing the same chemistry as Example 232.

However, 3-(4.4,5 S-tetramethyi-1,3,2-dioxaborolan-2-yhDaniline [CAS 210907-84-51 and 6-

iodobenzodioxane [CAS 57744-67-91 were used as coupling partners. M5 found for

CosHaaNegOy as (M+HD) 461.4. UV A=211, 243 nea, § 1.35-1.85 {m, 8H), 3.58-

365 (my, 1HD,

4.30-4.38 (m, 55, 6.95 (4, 13D, 7.10-7.18 (m, 2), 7.30-7.36 {m, 1H), 7.38-7.45 (m, 2H),

8.14 (brs, 1H), 8.50 (s, 1H)
Bxample 246: 2-({1R 28)-2-aminccyclohexyiamino)-4-(4-(2,3-dihydrobenzo
yhphenylamino}pyrimidine-5-carboxamide

.

uuuuu G
<;8 \\w/ \\ SN Peebi,

07627  This compound was preparcd viilizing the same chemistry as Example 232,

L 4ldioxin-6-

f"\

However, 4-(4,4,5 S-tetramethyl-1,3.2-dioxaborolan-2-vDaniline TCAS 214360-73-371 and 6-
4 H . 3 ¥

e AL
nariners, ME T

DORTITT AL A

A7 .07

N
et T
i 1008

CosHiagNe0s a8 (M+HY 4614, UV A=247, 316 am. 8 1.50-1.95 (m, 85, 3.70-3.78 (m, 1H),

4.25 (5, 4H), 4.34-4 41 {m, 159, 6.90 (d, 1H), 708715 {m, 2H), 7.58-7.68 (m, 4H), 8.50 (s,

1H).
Example 247: 2-((1R,23)-Z-aminocyclohexylaming-4-G-{4-methyl-3 4-dihydro-2H-

benzo[bi L dloxazin-7T-yhphenylamino)pyrimidine-S-carboxamide

(07631 This compound was prepared vtilizing the same chemisiry as Exam

ple 232,

However, 3-(4,4,5 5-tetramethyi-1,3,2-dioxaborolan-2-ylantiine JCAS 210607-84-31 and 7-

bromo-d-methyi-3,4-hydro-2 H-benzo[ 1 Aloxanne [TAS 154764-95-6] wer
J i i

e used as

coupling partners. BB fonnd for CagHa N0 as (VH)YT 474.4, UV =216, 238, 303 nm.
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Hxample 248 2-({1R,25)-2-aminccycliohexyiamino)-4-(3-{4-

piperidinylphenylyshenylamino)jpyrimidine-5-carboxamide.

G
f‘!\‘h P,
g
R
!
( xw'i\s

{07647 The initial biarylaniline was prepared utilizing the same chemisiry as Exarple 237
using 3-{4,4,5,5-tetramethyi-1,2,2-dioxaborolan-2-yhaniline [CAS 210007-84-9  and b
hromophenylpiperidine [CAS 22148-20-51 as coupling partners, The resulting aniling was
reacted with 72.3 and subjected to the subseguent chemistry shown in example 13 (o yield the

title compound. MS found for CugHlash,0 as (M+H)T 486.5. UV =232 am.

Sxampie 249 2-((1 R ,25)-2-aminccyciohexvlamine)-4-{3-(3-

prperidinylohenyyphenylaminojpyrimidine-3-carboxamide

-
0
4 \-ﬂ\iﬁ M
L 2
~%

The mitial bierylaniline was prepared uiliizing the same chemusiry as
£ .

53

using 3-(4,4.5 S-tetramethyl- 1.3 2-dioxaborolan-2-yDantling [CAS 210907-24-9] and M-(3-

bromopnenylipiperidine [TAS 84564-74-9]

as coupling pariners. The resulting anilins was
rescted with 72,3 and subjected (o the subsequent chomistyy shown in example 13 o vield the

title compound. MS found for CagHasMyO as (M+H)T 486.5, UV =247 nm,

Example 250: 2-((1R,25)-2-aminccyclohex viamino}-4-(3-(4-

ovrrolidinylphenyDphenylamino)pyrimidine-5-carboxamide

232
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{0766]  The initial biarylaniline was prepared utilizing the same chemistry as Example 232

using 3-(4,4.5 5-terrarnethyi-1,3,2-dickaborolan-2-yhaniline [CAS 210907-84-9] and MN-(4-

bromophenyipyrrolidine [CAS 22090-26-2] as conpling partners, The resulting aniline was
reacted with 72.3 and subjected o the subsequent chemistry shown in example 13 to yield the

iitle compound, M5 found for Cpylia MO as (M+HY 472.5. UV A=246 nm.

Frample 251 2-((FR 28y Z2-aminceycichegylamino}-4-3-(4-pyrrolidin-Z-cxo-

vishenylphenylaminoipyrimidine-5-carboxamide

TN
) N

—/ \
o
S
e H N
SN

H e,
07671 This example was a byproduct in the formation of example 256, MS found for
Conkls Ny 05 as (MY 486.5. UV A=248, 282 nim.
Example 252 2-((1R,25)-Z-aminocycichexyiamino)-4-{3-3-pymrolidin-Z-oxs

yiphenyhiphenyiaminopyomiding-S-carboxamide

9

> 5

-, E,E }::N
< zmri

H N,
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{6768]  The initial biarylaniline was prepared utilizing the same chemistry as Example 232
using 3-(4,4,5 S-tetramethyi-1,3,2-dioxaborolan-2-yDaniline [CAS 210907-84-91 and N-(3-

tw

bromophenyhpyrolidine [CAS 219928-13-9] as coupling partners. The resulting aniline wa

reacted with 72.3 and subjected 1o the subsequent chemistry shown in example 13 to vield the

.

5 titie compound. MS found for Cyrtds N0s as (W+HY 436.5. UV A=245 nm.

Erample 253 2-((1R,28)-2-aminocyelohexylamino)-4-(3 -(benzold}[ 1, 3}dioxol-5-

yhphenylamino)pyrimidine-5-carboxamide

o

This compound was prepared utilizing the same chemistry as Example 232
However, 1 3-benzodionole-5-boromic acid [CAS 94839-07-37 was used instead of 3,4-
dimethoxyohenyviboronic acid JTCAS 122775-35-31 M5 found for CogddaghlsOn as (M+H)"
AT 30UV A= 239, 274, 296 nm. 8 1.35-1.85 (im, 8H), 3.58-3.65 (m, 11D, 4.25-4 31 (m, 1),
.00 (s, 2HY 693 (d, 1H), 7.10-7.18 (m, 28), 7.37-7.50 {m, 3H), 8.0% (brs, 1H), 8.53 (5, 1D

£4

Example 2540 2-{(1R,25)-Z-arminocyciohexyiamino)-4-{3-(2-

15 methylsulfonyiphenylphenylamino)pyrimidine-5-carboxamide.

{07761 This compound was prepared wtilizing the same chemistry as Example 232,

i
However, Z-methyisuilonyiphenylboronic acid [TAS 330804-03-07 was used instead of 3,4~
dimethoxyphenylboronic acid [CAS 122775-35-2]. MS found for CaatloeMs(3:8 as (MY

20 4814, UV A= 7240, 285 nm.
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Example 2551 2-((1R,28)-Z-anunocyclohexylaming)-4-(3-

methylsulfonylphenyliphenylamino)pyrimidine-S-carboxamide

S0hda

NHE

(07731 This compound was prepared uiilizing the same chemistry as Example 2372

However, 3-methylsulfonyiphenyiboronic acid [373384-18-01 was used instead of 3,4~

dimethoxyphenylboronic acid [CAS 122775.35-3], MS found for U HpeMNe0nS as (Wit

4814, UV d= 246 nm.
Hxample 256: 2-{1R,28)-2-aminceyclohexylaming)-4-( 3-(4-
methylsulfonyiphenylphenyiaming)pyrimidine-5-carboxamide
M5
/1::-:-;
N/
- G
/ \>\J>H_ PN,

s

< ..... H >:N
H e,
(47721 This compound was prepared utilizing the same chemistry as Example 232,

However, 4-methylsulfonyiphenylboronie acid [149104-88-11 was used instead of

34
dimethoxyphenylberonic acid [CAS 122775-35-3). MS found for CoalhgMeChab as (M-

AGLA UV A= 250 nrn. & V25-1.85 (mm, 88, 318 {5, 28D, 3.58-3.65 (m, 1H), 4.21-4.28

1H0), 7.52-7.62 {m, 3H) 7.93 (d, 280, 8.07 (4, 2011), 8.17 (hr s, 1ED), 8.57 (s, 15D

Sxampie 257 2-((1R 25 2-aminocyclohexylaming)-4-(4-(3-

methylsullonylphenylphenylamino)pyrimidine-5-carhoxamide

2]
£y

'

.

{rm,
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i7F3] This compound was prepared vtilizing the same chemisiry as Example 2372

However, 3-methylsutfonyiphenyiboronic acid [373384-18-0] and 4-todoaniline [CAS 540-
PR . . . B A Coninn ] Ll T N (A EINTY AT v .
37-47 were vsed as coupling parmers, MS fournd for CogllglNeDs% as (MH)Y 4814 UV A=

235, 308 nm.

Fxample 259 2-((1R,28)-2-aminocyciohex ylamine)-4-(4-{4-

methyisutfonylphenyUphenviaminoipyrimidine-5-carboxamide

w<g<>§@w

r\Erl?

{07741 This compound was prepared utitizing the same chemistry as Example 232,
8 t g
However, 4-methvisntfonylphenviboronie acid [149104-88- 1] and 4-icdoaniline AL 540-

37-41 were used as coupling partners. M5 found for CogHagNe0aS as (M+HY 481.3. UV A=

,« o

Drample 2600 2-((IR 25 2-aminocyelochexylamino)-4-(3-{quinolin-4-

viyphenviammnoinyrimidine-S-carhoxamide
,j [

.......... > 4
MY
peree = E\:i ’:IN
< >"‘“""£\5H
HON,
The nitial biarylaniline was prepared utilizing the sarse chemistry as Ex ;mpie 237 using 3-
(4,45 5-tetramethyl- 1,3, 2-dioxaborolan-2-yhaniline [{TAS 210207 jand 4-

bromoeguinoline FOAS 3964-04-31 25 coupling partners. The msmitmg aniline was reacied
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with 72.3 and subjected to the subsequent chemistry shown in example 13 to yield the title
compound. MS found for CugHyy N0 as (M4 454 4. UV A=239, 3072 nm.

EBrxample 261 2-{{1R,25)-2-aminocyclohex ylaminoj-4-3-(quinolin-8-

yhphenylamunojpyrinmidine-S-carbozamide

< \:7{//
/
z \§’MH S hiHy

)
N
BN

< /_,\;H

5 HN,

(07751 The initial biarylaniline was prepared utilizing the same Qh{zm_‘ésiry as Dxample 232

J!".':Z’

using 3-(4,4,5 S-tetramethyl-1,3 2-dioraborolan-2-yhaniline [CAS 210907 -84-9] and 8-
bromogquinoiine {CAS 16567-18-3] as coupling partners. The resuliing andhine was reacied
with 72.3 and sublected to the subsequent chemisiry shown in example 13 o vield the titie

10 compound. MS found for CogllyMNyO as (MDY 4544 UV A=240, 301 nm.

bxample 202 2-((1EES)-2-aminocyclohex yiamune)-4-(3-{guinolin-5-

yhohenylaminopyrimidine-5-carboxanude
{“__-f }

X/ﬁ> N M
= // 2

s N
\_-(‘ A

H g,

07767 This componnd was prepared atilizing the same chemistry as Example 232,

15 However, S-qunolinylboronic acid [CAS 355386-94-6} was used tnstead of 3.4-
dimethoxyphenylboronic acid [UAS 122775-35-3]. The resulting aniline was reacted with
72.3 and subiected 10 the subsequent chemisiry shown n example 13 o yield the title

compound. M5 found for Cuglyi;Oas (M+H) 454.5. UV A=241, 302 nm.

Example 2641 2-((1R,25)-2-aminocyelohexylamino-4-3-dibenrofuranaminojoyrimidine-5-

20 carboxamides
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777 This compound was prepared reacting commercially available 3-aminodibenzofuran

[CAL 4106-65-5] with

3.4 and DIEA. Subsequent reactions ntilizing chemistry shown in

Hrample 232 provided the ttle compound. PAS found for CuFlhaMgDy as (WATDY 417.4. UV

Example 265

carboxamide

10 0773 2-Bromodibenzofuran (3311, 942 mg, 3.81 munol) [CAS §6-76-G1, rer-l

carbamate (670 myg, 272 mmol) [CAS 4248-19-5], and Cs,CO5 were added o

dioxane. Xantphos (330 mg, 0.51 mmoly [CAS 161265-03-8] and Pdy(dbal; {175 mg, 0.19
mmoly [TAS 51364-51-31 were subsequentiy added. The reaciion was heated under argon at

SR AT oy 1 ]
857 for 18 k. The reaction was cooled and subjecied o flash chromatography to give C

pant
[ ]

which was dissolved in 4 N HCl/dioxane, Reaction stirred for 12 h and then was
concentrated o vacuo to yvield 331.3 (200 mg). This aniline was reacted with 72.3 and
subjected (o the subsequent chernisiry shown in example 120 to vield the ttle compound 10
vield the title compound. M5 found for CosHulNeOras (MDY 4174 UV A=210, 244, 285

HI3E N

238
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Crample 2600 Z2-((1R,25)-2-aminocyeiohexylamino -4 -(9-methyi-9H carbazol-3-

yiaminojpyrimidine-5-carboxamide

SO0

p

i d

‘\\;—::k 13 NaH, J\ﬁ F \Y/K— axampla 331
’fi N ‘‘‘‘‘ </ A\>_m_ ﬁ r ?) C 5 3§ - ‘\‘\I \</ \> ‘“'BF )

Famt 3382 B33

7791 To 3-bromocarbazole (332.1) (530 myg, 2.15 mmol) [CAS 1592-95-6] in DMF (~20

mly at 0°C was added Mak in DMEF(~3 miL). The reaciion was warmed to BT and then
heated at 60°C for | h. The solution was allowed 1o cool to BT and iodomethane was added

dropwise. The reaction was heated at 12 h 60°C in 2 sealed tube. The reaction mixture was
cooled diluted with 21O A and washed with water (4 times), brine, dried over MeS04 and

r"/‘]’

concenirated o yield 332.2 (550 mg).

7a01  intermediate 3322 was smbjec:iﬁd to chemistry seen in example 265 1o yield 332.3
This aniline was reacted with 72,3 and subjected 1o the subsequent chermistry shown in
exarnple 13 1o vield the title compound to vield the title compound. MS found for

ozt as (M i) A30.4 1Y A=238, 256 nm.

¥ = -

-1,2 3-triazol-2-vhphenyiamino)-2-({1R2R)-2-

Example 267, 4-(3-(2F3
aminceycichexyiamine)pyrimidine-5-carboxamide

P
Y
(AN

-\ o
/ j— S,

A

N
/ \>-m [

Mt
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17811 The tide compound was prepared using the same chemistry shown for Example 87
with commercially available (1R,2R)-cvclohexane-1,2-diamine and DIEA . MS found for

CroHnlNog0 as (M+H) 3944, UV A=250 nm.

Erample 268, 4-{3-(2H-1,2,3 Z-yhphenylamino)-2-({15,25)-2-

aminocyciobexylamino)pyrimidine-S-carboxamide

I782]  The ritle compound was prepared nsing the same chemistry shown for Hxample 87
with commerciaily avatlable {15,25)-cvelohexane-1,2-diamine and DIEA, MS found for

o MoO as (MAH) 3944, UV =250 nm

2 3-trinzel-2-vNphenviaming)-2-(( 1R,

arminocyclohexyviamino)pyrimidine-5-carboxamide (racemic)

o
N“‘f"kﬁ\
WA.W”\\ {’)
4 _>WNH S niH,
N
y;
i p

07837 The utle racemic compound was pre g the samme chemistry shown for

Example 87 with comumercially available cis-cyciohexane-1 3-diamine and I

for CialipMe0 as (M- 394.4. UV A=252 nm.

Example 270. 4-(3-(2H-1,2 3-triazol-Z-yyphenyiamino}-2-((1R,3R)-3-

amminocyelohexyiamino)pyrimidine-S-carboxamide {racemic)

2443
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<N

N
N~N

_>—N :i \
'\

(i

HoN

[F784]  The ttle racemic compound was prepared using the same chemistry showa for
Example 87 with commercially available trans-cyclobexane-1,3-diamine and DMEA. MS

found for CisHinMeD as (M+H) 384 4, UV A=252 nm.

3 Bxample 2710 4-(3-(2H-1,2.3-riazol-2-vpbenvlamine - 2-((15,48)-4-

aminocyclohex ylamino)pyrimidine-3-carboxamide

N

R \i

O o

H7851  The ride compound was prepared using the same chenustry shown for Example 87

with comunercially available cis-cyclohexane-1,4-diamine and DIEA. M5 found for
10 CHnMNO as (MaH) 3944, UV A=252 nm.
Example 272, 4-(3-(2H-1,2.3-tnazol-2-yhphenylamino)-2-(( 1R 4R )-4-
arinocycichex viaminolpyrimidine-3-carboxamide
N
i
MR
\\__u._. I
J.‘
</ K>~~ NH S pib,
am }}*H 4
N
J}...'.‘.::{\}
HoMto{ oo
N4
7561 The ttle compound was prepared using the same chemistry shown for Example 417
15 with commercially available trans-cyclohexane- 1, 4-diamine and DIEA. MS found for

CioHaaNgD as (M+H)Y 304 4. 1V A=252 nm.
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Example 273, 4-{3-(2H-1,2 3-tnazol-2-yDphenvlamino »-2-({1 5,25)-2-

aminocyclopentylamino)pyrimidine-5-carboxarnide (racemic)

N
N~
) O
{/ LSV SV
N >__
a
Mo
e >‘:—'§’\‘!
i ? NH
PiH,

[G787] The title racemic compound was prepared using the same chemistry shown {or

5 Hrample 417 with comunerciaily available trans-cyclopentane-1,2-diamine and DIEAL MS

found for C1gHa Ne as (MY 3804, UV A=251 nm.
Crample 274: 2-((1R 28)-2-aminocyclohexylaminoy-4-(3-(ZH- 1,2, 31riazol-2-yi}-5-

{influoromethivhiphenylaminoipyiirmidine-S-carboxramide

O NH,
. H KPP0, 2 ), Cul (0.5 &), b N O
B, : 4 4 ! Nempd h
S N TRAT A (0.6 ra), v
= . + ri; } -::::\ R \:::
(\/‘\ 7 g B Diveare/DRSC (401, 0.3 M), \\__j —HH, N )*NHZ
Fals 120°C, 5 days v o
3 .0 £,
1{} J3H0 3352 3EE.3 3354

-bromoe-S-{tativoromethyljaniline 3350 (108 g

A 50 oy HUAS

»
b
i,

(1.04 mi, 18.0 mmoh), X370y (1.91 g, 9.00 mmol), Cul

lenechamine (029 mi., 2.70 mmol) in 12 mL

dioxane and 3wl DS was stirred in a sealed tube at 1207 for 3 days, A mixture of 33

VAT oratio) was obtained. The mixture was diluted with BErOAC (250 mL)

washed with water, brine, dried over MahQ,, Gliered, and was concentraied in vacuo., The

i ()

crude mixture was subjected 10 flash column clvomatography to isolate 3353,

242
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[789]  Aniline 338.3 was reacied with 308.4 according to reaction conditions outlined in

-Hxample 232, The chemistry of the scheme was completed (o vield the title compound. MS

found for Tyl FaMNe0 as (M+HY 4623, UV A=259 nm. & 1.50-2.00 {m, 81, 3.61-3.568 (m,

iH), 4.80-4.88 (1o, 1H}, 7.80 (s, 15), 8.05 (s, 2H), 8.15 (s, 1), 8.60 (s, 1H), 9.05 (s, 1T

pxample 275 2-{(1R 28)-Z-aminocyclochex viamino4-3-methyl-4-{231-1,2,3-triazol-2-

yhphenylaminopyrimidine-S-carboranude

) @~

H NH,

- -} iy}
R e i &

N o W W W .

7 » . o . N P

F- _a Kl N\/) dealed b, ["l\\/ I - n/‘\“ T‘L‘B/
120°, 24 h i\\//,,] li f P 6l
ax7A 333 I

nurn MO, 337.3 MO2 3374 MH aay5 M
TeGT A mixiure -fluoro-3-mmeihyinitrobenzene 3371 (819 mg, 5.28 mimol)) [CAS

- P P Ty s S (S T A O B T Al U X v X S S S SN S S
i-inarcie (hzaa ml 211 mmol) [UAS 288-26-81, and cesium

1

carbonate (3.44 g, 10.6 mmol) in 25 ml dry NMP was stirred in a sealed tube ar 12070 for 24
ho it was cooled, diluted with 400 mi, ethyl acetate and washed with water. The aguecus
phase was further extracted with BEtOAc (2x200 mb). The combined organic phase was
washied with water and brine, dried over MgSO, and filtered to yvield a sohation of cmade
products 337.2 and 2373 10 ~ 101 ratio. This solution was concentraiad to 100 ml and a

‘‘‘‘‘ atalytic amount of (0% Pd/C was added. To this suspension was mounted a hydrogen

3

balloon for overnight stitring, The mixtore was filiered through celite and concenirated in
Eh &

vacuo 10 altord crade anidines © WS found for ot oMy as (M+H)Y 1751, The

two anilines were purified vsine flash columa,
B

Anthine 3537.4 was reacted with 300.4 and was subjected 1o the chemistry shown in

C"]
S
I

unple 237 to vield the title compound. WIS found for Cygllashi O as (M+HY 408.4. UV
A=239, 296 nm. & 1.5-2.0 (m, 8H), 2.38 (s, 3H), 3.65-3.75 (m, 11, 4.35-4.45 (m, 1H), 7.52-
7.62 {m, 1H), 7.65-7.75 {m, 2F), 7.95 {5, 2H), 8.55 (s, 1 H).

Pxample 2761 2-({1R,25)-Z-aminocyclohex ylamino)-4-(S-methyl-4-( 1 H-pyrazol-1-

yhphenylamino)pyrimidine-S-carboxamide
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-\ H RN
/w\lH

H I\H,,

(7927 This compound was prepared utilizing the chemistry in example 275, Specifically,
pyrazole [CAS 288-13-1 ] and 337.1 were raacied to form 3-methyl-4-{1H-pyrazol-1

yithenzenamine. This anlline was then reacted with 30004 according (o conditions outlined in

FExarmpie 232,

r
3 H

The chemistry of the scheme was completed 1o vield the title compoond, 45

found for CoHaellg O as (MATD 4075 UV A=238, 206 nm. & 1.5-2.0 (m, 880, 2.25 (s, 3H),
3.60-3.70 (m, TH), 4.35-4.45 (m, 1ED, 6.35 (s, 1H), 740 {d 11D, 7.60-7.68 (m, 2, 7.75 {br

s, 1HY, 7.82 {brs, 15D, 8.55 (s, 1H).

E

BExample 277 2-{{1R,25)-2-aminocyelchex viamino)-4-(3-(2H-1,2, 3-triazol-2-yi)-4-

(influoromethyliphenylamino)pyrimidine-S-carboxamide

[

{TS3] This compound was prepared utilizing a modified procedure from the chemisiry in

example 275 Notably, 2-Fluoro-d-nitro- L-trifhuoromethyibenzene [CAS 89411-67-27 was

h

ased instead of 2-Fluoro- f-methyl-d-nitrobenzene [CAS 1427-07-2], aad the misial

g%
displacement reaction was stirred at 45°C for 3 b After hydrogenation, the resulting aniline
was reacted with 2004 aceording to conditions cutlined in Example 222, The chemisty of

the scheme was completed o vield the titde compound. M3 found for Oyt MNelas

(WMD" 4623 UV A= 245, 205 am. § 1.50-1.95 (m, 8H), 3.58-2.64 {1a, 1H), 4.43-4.5

st
).—.H

PHD), 7.60-7.66 (m, 1H), 7.90 (d, 1), 8.04 (s, 25D, 8.52-8.58 {m, 1), 8.67 €5, L)

Example 278 2-((1 R, 28y-2-aranocyciohexyiamino)-4-{3-(1H-1,2 3-triazol- 1 -yi}-4

{trifluoromethyljphenylamino)pynmidine-3-carboxamide
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N
o s
-
N
\
)\ Q
Fo— \>~—N§£ —NH,
=/
NN
ooy
i

MM
[0794]  The -substitvted triazole precursor of the ttle compound was formed n the
tion described in example 277, Alier hydrogenation, the resuliing aniline was reacied

with 308.4 according to conditions outlined in Example 232, The chemisiry of the scheme

was complefed o vield the title cormpound. MS found for O 5H 5Pl 0 as (MaT 15 4523,

UW A= 245, 295 nm. & 145185 {m, 8H), 3.58-3.64 (m, 1H), 4.38-4.46 (m, 18), 7.63-7.71

35 RN
(m, 1H), 7.89-7.97 (m, 2HD), .34 {hr s, 15, 8.49-8.56 {m, 1H), 8.67 {s, 1H),
Example 279 2-((1R,25y-Z-amincoyciohexyiaminok-4-(3

-vinyiphenylamino)pyrmidine-5-
carboxamide

A o
/N MM

FNH

{07951 Commerically available 3-vipylaniline was reacted with 72.3 and subjected to the

%ubseq vent chemisiry shown in example 87 to yield the title compound. M5 found

o HuNeO as (M+H)Y LY A= 244 nm.

for

Fxample 280 2-(cis-Z-aminocyelchexviamino-4-{(4-vinylphenylamino pyrimidine-5-
J J g J P

carboxamide

SN,
\_2 pk

M,

The tiile compound was synthesized uiilizing the chernisiry in Example 11

it

However,

instead of aniline 2.4, d-vinvianiline [CAS

AL 1520-21-41 was urilized. MS found for

CroFagMeOas (MHH)Y 3534, UV A= 236, 310 min.

245
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Exampie 281:

methylphenylaming)pyrimidineg-5

3AS tound for CigHbeNeD as (M+H

(m, THD, 2.40 (s, 3HD, 3.18 (5, 3

i, -
7.25-7.35 (m, 24, 7.41-7.48 (m, |

Dxample 282: 2-(cis-

[0796)
303.

1.95 (m, TH), 2.38

MS found for

{s, 58}, 3.70

Hrample 283 2-(cis-2

2-(cis-Z-amino-cis-F-methylcyclohexylamino -4-(3-

3§Y, 3.72-3.80 (m,

2-Arnineo-cis-3

-arpine-cis-3-methvicyeichexviaming)-4-{

-

~carboxamude

VI355.4, UV A=242, 285 nm.

LED, 8.54 (s, 1

>¢m
[
v

%"“' Al “l?

This cornpound was synthesized viilizing the same chemisiry shown i
CooHoghlsO as (MY 3694, UY A=240, 290 nm. § 1.00 (d,
=378 {m,

phenviaminooyrimidine-5-carboxamide
I ¥ [

245

e e OH

L "
[ ﬂ U N—— r\ | i
: O

This compound was synthesized wtilizing the same chernisiry shown i

8 1.00 {d, 31,
PH), 4.02-4.10 (m, 15D, 7.07-7

-methyicyciohexviamino-4-(3,5-

PCTAISIO0/002401

1 BExarnple 302,

1.20-1.95
14 {m, 1FD)

n BExample

3M, 1.20-

TH), 4.04-4,12 (m, 13D, 6.95 (s, 1D, 7.19-7.25 (m

S

{3-{251-1.,2 Z-riazol-Z-yI)
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Pl
% B N,
= e
M \S
F >::E\E
i H

4 LS

£ M,
W71 This compound was synthesized utilizing the same chemisiry showo in Brample
298

WIS found for ChotinsMNaO as {M--{:H}* 408.4. UV h=250 nm. § 0.75-0.85 (1n, 3HD, L20-

L26 (n, 1D, 73827472 (m, L), 7.55 (4 13, 7.89-

1H), 8.66-8.70 (m, 1H).

Bxample 284: Z-{cis-H-amincoyciohex-3-enviamino)-4-(3-(2H-1,2 3 -iriazol-2-
yihwphenyiamincipyrimidine-3-carboxamide

U'his compound was synthesized ntilizing the same chemisiry shown in Example 298

10 [O79R] MS found for Cyoldy N as (MED" 392.3. UV A=250 nm.

Example 2857 2-((1 iii,fzS}v'Z—a&.u;im)é:ﬁ)icio wrxylaminoy-4-(G-fluoro-4-(2H- 1,2 S-trinzol-2-
yhphenviaminolpyrimidine-S-carboxamide

A NH,
} ) {

)
=

The 3-fluoro-4-(2H-1,2 3-riazole) aniline intermediate was prepared by reacting
15 TH-1,2,3-trazole and 4-brome-3-fluorcaniline [CAS 656-65-57 according o example 92,

This imermediate was then reacted with 3006.4

ceording 1o the reaction conditions outlined in
Exarnpie 232, The chemusiry of the scheme was compieied © yield the Gile

g compound, WL

)m{

Pk
L
]
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P |

found for CreHpnF MO as (M+H)Y 4124, UV A=2472, 305 nm. § 1.5-2.0 (i, 3H), 3.75-3.85
{mn, TH), 4.40-4 530 {m, 1H), 745 (d, 1H), 7.75-7.85 (mn, 1H), 7.65-8.1 (m, 3D, 8.60 (s, 1H).

Example 286: 2-{{15K, 25 2-aminocycichex ylamino)-4-{phenethylamino)pyrimidine-5-

7k

carboxamide

ind was propared using the same synthetic scheme demonstrated in

Cioblagletl as {f‘v’f ?éﬂr 3554 UV A =23272.

Example 287 2-{{15,2K)--aminc-1,2,3 4-tetrabydronaphthalen-2-vlaming)-4-

1

{cyciopropylarninolpyrimidine-S-carboxamide

L5
T
MH ﬁ)
e N N e,
i o T N “;J;/ NH,
! I ! )
S — Ty /k\ =
A
NH,
The above compound was prepared using stmudar procedure as described. ME found
for a0 as (MaHYy T339.2.
Examnle 2-{{1R28)-2-amino-1,2,3 4-tetrahydronaphthalen- I -viamino)-4 -
{cyelopropyiaminojpyrimidine-S-carboxanude
e
AN
(/ \“ NHOO
P L
- i‘;% - | N,
4
L\ // e \5//\‘2:.;\3/
’1 i N
Ni“i? !
(68021 The above componnd was prepared using simnilar procedure as described. M3 found

for CrgHaMe( as (M+H)Y 3392,

248
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EBxample 289, 2-({1RZ5}-Z-aminocyclohexylamino)-4-{naphthalen-2-ylamino)jpyrimidine-5-

carboxarnide

- /i\ - i ‘ i j{
NTTRTOTOED Step A A - e OtEn 3
/Jl\ i o N R ey Slep 2 hijl w7 on REREL
o N i A
’ ‘ o N o N
ERT 2E2 215.3

I To a solution of Dichloropynimiding 21

5.4 (P00 mes, 3,16 mmoel) in

acetoniirie (8 mlb) was added § -armino-naphihylene (3,16 mmol),

1~

- i O : R ~
duisooropviamne (861 mil, 3.5 mmol) in acetowirile (10 mi) at 0 °C Resction mixiure was
then stowly warmed (o i and etirred overnight The reaction mixtire was then diloted with
water and the precipiiate collected by lliration affording the desired produoct 2152,

LY

ey Z35.2 (960 mgs, 2.81 munol) was diluted with [ d-dioxane

Hihvl¢
{7.5 i) and ethanol {2 mi), followed by agueous hithium hydroxide (1.0, 2.8 mL, 2.8

mnol) and stirred at 5t untid all stading material had been converted 1o the carboxyviic acid.

o reaciion was then diluted with and acidifl

ol with TN HOL (3.0 ml). The resulung

:».;u.sgi;fﬁ:nsio's:] was then fiitered, washed with water and dried giving 870 mgs of the carboxyli

3
H

acid

-1

{ 1 Bep 3

BALET0 wops, 2. ] 6 mmot},

[

{797 mes, 414

mnoly, HOBL (560 mes, 4.1 yiformamide {14 miy was added

AITOnN }5 Vi

ik, 6.9 mmaol) andd stirred overnight.,. The reaction

ot

mixture was then diluted with water (100 mL) and the precipitie collected by filiration

A mxture of Benzotriazolyl ether 218.4 (75 mgs, 0182 mmol), cis-
ob), DIPEA (0.1 mi, 0348 rynch) in 1so-

propanol (3 mL) was heated in microwave (Bmry’s Optimizer) at 130°C for 20 min

749
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071 The reaction mixture was then diluted with water and acetoniirile and directly

Hi
purified by preparative HPLC affording the desived product, 213, after tyophilization. MS

found for Cg]%‘gzjﬁﬁé‘o as G\/I"F?g)q 277

s

wrample 290 2-((152R)-1-amino-1,2,3 4-etrahydronaphthalen-Z-ylamino)-4-

(cyclopropyiaminojpyrimidine-S-carboxamide

M O
i
PN AN
1 ? *»i i [ Ml
g \,/L‘\/“m‘" S Ty
% k‘% i‘z
g H
B

31 The above compound was prepared using a similar procedure as described berein,

S found for €

Coaranle 291 2-((IR 25)-2-amino-1.7 3 d-etrahvdronaphthalen--viaming -4-
I /l e o

(cyclopropylamino)pyr arboxamds

o

The above compound was prepared using simnilar procedures as described. M3 found

for 0N U ag (MH)T

unle

oyrimicin-Z-

viaminoloyelonexylaminojacetic acid

s prepared using g similar procedurs as desoribed herein.

ME found for CoghheNeOs as (M }':' 092 Y A= 2405, 2122 287 8
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Example 294: 2-(cis-d-aminocyclohexylamine)-4-( 1 -methyl- 1 H-indol-4-ylamino)pyrimidine-

S-carboxamide

[811] Therle a:(,z}_‘:uj;mua:;d was prepared using the same synthetic scheme demonsirated in

wh

Example 271 MS found for CapHasMNy0 as (WH) 3804, UV L = 245 4.

]

[

Example 295, 2-(cis-Z-aminocyclopentyiaming)-4-(3-(2H-1,2 3-triazol-2-

yhphenylaminoipyrimidine-S-carboxamide

s N
N
\
— G
4 \/'*NH MH,
="
- )..::p\J/
[ >.M\;;%
I
N

This compound was synthesized utilizing the same chermustry shown in Example 87.

1o [08121 MS found for Ciely MNoU as (MH)7 3804, UV A=249 nm.

Exrample 296: 2-(cis-Z-aminocyclopentylamino)-4-(G-methylphenviaminoipyrimidine- 5-
carboxamide

o
Y
ot
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% N -NH >\—r\ Hp e
s }/ﬁﬁﬁ
i \> N\, >" M
Vil f \/mNH
BIo
N,
344. 444
nistry as that found o example

4o give

o

8131 Compound 344 was synthesized nilizing similar che
containing precursor 344.1 was reacted with cis-diamine 345
T4 OV A=240, 28T nm
irndine-5S-

The beprotrizole

found for CpHnND as (M+HY" 32

the title compound. M
inocyclopentylamine}-4-(3,5-dimethyipbenylamino)pyr

Example 297 2-(cis-2

5
carboxarmmde
- o
/ _\>—-N\H B
il /s—u«i
Mo
- =3
: >w§\u-f
i
M,
b
o)
7N e N
) see example 1 ) >’_“ Mooy
7?\‘}}_{ \7 N ki e e e ,__,,__“__,_\‘m_ bl >‘.>&_;.
/ ’ T
b / \ /\ >,:::N
r o o
- 2 -
R

istry as that found in

{41 Compound
[he benzotrizole containing precursor 345.% was reacted with cis-diamine 343.4
7

Clompound 345 was synthesized utilizing similar chem
ek lalNe 0 as (MEHY 3414 UV A=217, 2

frendn
oirany

10
the title compound. MS fonnd for ©
frample 298, 4-(3-(0H-1,2 3~tnazol-Z-vhphenviamino - 2-{(3R, 483 -aminot
pyran-4-yisminoypyrimidine-S-carboxamide
R
Y
M-N
\Mk_\ 0
<}—NH ~NH;
7
i \
e
0\ ez DI
"4’}
HONH,

0w
b

erample

M
i

K™

290 nm.

L

yiro-2 -
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Seheme:
; T,
- Hy (b)), Pd/C — MNaGhe (deq) pyridine
q >-'OAC MeOR o >-fC?Ac: MeOH g > wop_ BEM .. G pror
Vb.f\c overnight Tae ovemight o
179.1 179.2 179.3
N e N
M~ M- Nw‘-’-\;\
on ", o
Mait, Hs () — (> N < NH S NH <‘>*~$\H S,
i ¢ g 7 IHa 2 - ¥ 2
_E‘_\"'ri{i_‘k G‘i}""Ng 1095 Pl ) O\ ? Ve { e /> ‘_...g oz M}/_\
7‘2\1. - Mty ‘—"\: N > N o_\n P!
2 5 s) <3 < st
_ s 179 e 179.7
{704 1705 17596 Hopb, o H ik,

G815 Step 1 3,4-Di-Cracetyl-D-arabinal [CAS 3945-17-31 (179.1) was made by standard

iterature method or bought as commercially available chemical reagent. 1 (5.0 ¢, 25 mmol)

was dissolved in 100 mL methanol. To it was added 1.0 gram of 10% P&/C and the mixiure

2

hydro

filtered o remove Pd/CC. The filtrate was treated with sodium methoxide (5.4 g, 100 mmol) at

6N FCHEG md) in ice bath.

was stirred under a gen balloon for overnight to give compound 1792, The mixtare was

AT for overnight. it was quenched with he mixinre was

concentrated 1n vacno o dryness. The residue was treated with 500 mU ethyi acetate and

vigorously stirred at 45°C for 30 min. The slurry was filtrered using a fine-grade Buchner
funnel. The filirate was conceniraied in vacuo and pumped overnight to afford diol 179.3

(2.82 g, 95%).

Step 20 Diol 1793 (205 me, 1.74 mmol) was dissolved in 10 mL dry DOM. To it
were added pynidine ({}435 ik, 4.34 mmol} and i the ice bath THO (0.63 ml., 3.74 munol).

tain: amimonivm molybdate (12.5 &), Ce(IV) sulfare (5

23, 10% 54, 500 mi; heated

reaction was over in 15

sodinm azide {2.28 »,

min. o the mixiure

35 mmol) was

mm,ﬂ strong he

accled.

were adde

The 3’1}2}’

al from a bot heat gun after dipping). The

ire was then s

d 24 ml DME and 3 ml HMPA

edat S0°C for 3 h

i

(reaction was complete in 1.5 h by TLL). The mixture was diluted with ethyl acetate, filtered,

washed with brine. The organic phase was dried, concentrated and subjected to silic flash

colurnn 10 solate diazide 1794 (020 mg, 75%).

8171 Step 3 Diazide 1794 (220 mg, 1.3 m.mol) was disselved in 40 mi, ethyl acetate, It

was treated with 10% Pa/C under Hy balloon for overnight. The mixture was filiered through

celite and concentrated in vacuo o offer crude diamine 1795
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(0818}  Step 4: Intermediate £79.6 was made using aniline 156.6 (Example 80) using the

same chemisiry shown in Example 1. MS found for CraHaMN,08 as (M7 328.2

(O819]  Step 5 Methyithio pyrimidine 179.6 (105 myg, 0.32 mmol) was di ad in 2 mb
MNP and treated with MCPBA (102 mg, 0.38 munol) at BT for 45 min. To it were added
DIEA (226 ui, 1.3 mmob) and diamine 179.5 made in Step 3, The mixture was stirred 2 h ag

90°C for Zh. Two major products found were 179 and 1797 at 1.58 min and 1.55 min by

reverse phase analyiical HPLC (5 min run) in ratio of 1.7:1 ia favor of 179, Compound 179
was 1soiaed from the mixiure using reverse phase prep HPLO. MS found for Ol e, as

(WMDY 3963, UV A=249 non, NMR (CD5000): 5 R.66 (s, 1H

PED), 400 {m, THG, 3.78 (m,

1), 3.55 (m, 1HD), 3.42 (m, 1H), 2.00 (m, 1H), 1.86 (m, 1H) opm.

‘‘‘‘‘ v

cxampie 299, 4-G-(2H- 1,2 3-triazol-2-viiphenylaming)-2-((35,45)-d-aminoieirahydre-2H-

pyran-3-ylaminoypyrimidine-5-carbozamide

A

B0 This compound was preparced using the same chemistry shown for Example 298
, A PR & J b

using 3,4-Di-O-acetyl-L-arabinal [CAY 3945-18-4, commercially available, to replace 3.4~
Di-Gacetyl-D-arabinal [CAL 3945-17-31 The title compound was the minor product isolated

g £y

from the resciion mudure o the fnal step. M5 found for Cgl MNeOy as IHHDT 3963, UV

5 TED, BS8 (s, 1HD, B.00 (s, 2HD.L 7.90 (m, 1),

et

7.ad {m,

G, YD, 3.83 (m, 1ED), 3.76 (m, 1D, 3.67

VR, 19 (my, 1H) pom.

Exarmple 300, 4-O-(1H-pyrazoi-1-yhphenviamino)-2-((3R,AR)-3-aminotetrahydro-2H-pyran-

o

4-ylaminoipyrimidine-S-carboxamide

3
1%
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[543
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WO 2009 136095

e
A4St

-G-anminotetrahydro-2H-pyran~d-yiamino)-4-(G5-

iredine-S-carboxamide

WS found for CoplinMNelds as {E‘»fjlb}?{)‘*'-fé(‘s?.@. W Ae=249 nm.

b E}

Example 302, 2-((3148)-3-aminoietrabyvdro-Z H-pyran-4-viamino j-4-(m-

iolylarmino)pyrimidine-J-carboxamide

sund was prepared 1

o3 RS T
Eruﬂg} [£5547

Mol oas ('\‘ﬂ-’rf%\‘ 3433 Y A=240 L 288 nm.

Example 303, 2-{(3R,4E)-3

dimeinviphenylamino}pynmidine-5S-carboxamide

P
LA

LA

S VUK

{pyrimidgin-.

-arminotetrahydro-2H-pyran-4-ylaminoy-4-(3,5-

SZH0BNG2407

same chemistry shown [or Example 298,

same chemisiry shown for Hxample 298,
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Ul

R E
¢ \)—-N_H S—NH,

““f NHQ

[B824]1  This componnd was prepared using the same chemistey shown for Exampie 298,

.

MS found for Cighha N0y as (MSIDH

35740V A=240, 290 .

Example 304, 2-((3R 4R »3-aminotetrahvdro-2 H-pyran-4-yizaminoy-4-3-

5 methoxyphenyiamimopyrimidine-3-carboxamide

4
N
} / “‘\‘\H ;,‘;;N
G e
\74-{%;

‘o

MS found for C7H

.i.'}"?".lf,i:}j A% {;V{uf Jr

Y7 3594 UV A=240, 283 nm. MME (C1R00): 8 8.46 (s,
PR, 7.25 (m, VED, 726 {my, THD, 6.99 (my, 1THD, 6.74 Gmy, LHD, 425 (my, 1HD, 4.03 (o, THD,

10 3.89 {m, 1HD), 3.79 (m, 1H), 3.77

P

5, 38, 3.62 (m, THY, 3.55 (my, 1H), 2.07 (m, 15D, 1.82 (m,

)

Brample 305 2-({35,45)-4-aminotetrabydro-2H-pyran-3-ylamino )-4-(m-

wiylamino)pyrimidine-S-carboxamide

N,

(/ m;\ H ?}——NHQ

15 [88261  This compound was preparad using the same chemistry shown for Example 299

MS found for Ol as (MAH)T343.3. UV A=241, 287 nm. NMR (CD01): 8 8.53 (s,

\ 3
VED, AT (m, UHD V37 (o TED, 7.280m, THD, 702 Gm, TH), 4,50 {m, 1THD, 4.05 (m, 1HD, 4.01

(m, 1H), 3.73-3.68 (n, 2H), 3.57 {m, 1H), 2.38 (s, 3H), 2.05 {m, 1H), 1.87 (m, 1H) pprm.

H
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Example 306. 2-((1R,2R})-2-amino-3,3-difluorocyclohexylamino)-4-{m-

tolylaminojpyrimidine-S-carboxamide (racemic)

/;:\>*i\§{+ i\ M,

2
M
(‘“\ =N
AY
i P
NS
Ft
FONH
Scheme
s o NG ey o MsCl (2.4eq) o p e NaMy {10eg) .
FACEMIIC ,,E ?5“{ [ {1-7(“{;) raceimuc (}.;{:)3 {O 113{‘0) FACENNG pyr {%LL;) LA aaiin DZ\'{“ HMPA racennud
g} 3 < By MeChllwater < Y ol IXOM, ice bauh ‘ﬁ/\)-‘ﬂme -, overnight <‘w il
) — avernighi ot , 4 o soal A )
HO Qvungg’g T overnight 4 s FO0 myg scale T
- i— e 37
/S/I\\ /S}\__ ”S}R_ s \ —
187.4 187.2 187.3 187.4
BOCO (3ea) raceiic racennc
e 10% T Q ProN-Rol, (TPAPY (O Teg) o]
rAtermie T — g \'rf—l u )’;“";L”_{E 4 Ve %0 ELNLSE. (lea)
e b, 260 ( \AMNH A MMO (150, 1403, M S SLMN-5 (Leg),
BAF (3eq) “} y, 20ms vl AN DM, e AT DOM, over
—————— Ny & " S
- WO HH —— e AN
THIE o " - p -
THE, Ghr HO O TN, o O’L\ P
[87.5 1876 877

Tacginie

rRUenic TAcermic

> a Ari)B:
B i A INAAL
4 }_,NH 2“,_%2 DIEA, MM

S e
" ) “ _ TFA. 'ht \AU G0"C, Inr
Ak )\‘ AL < e e - _
EE F r‘ WY T
= [ e
o JTFA L ATO
187.5 1879 Q‘-\; TH7.10 187
E271 Swen 1 2-Cyclohexen-1-ob (5.0 ol 50 rmraoly was dissolved in 100 bl DOM. To it
were added pyndine {12.2 mi., 150 mmol} and TEBDMSCI (12,1 g, 86 mumol). The mixture

1

was stirred at BT for overnight. The mixture was concentrated in vacuo to remove pyridine.
The residue was taken into 300 mi ethyl acetate and 200 mL warer. The organic phase was

separaied, washed with brine, dried, concenirated and purified using silica flash column using

15% ethyl acetate in hexane. {Iamp{}und 187.1 was thus got as ol (10,1 g, 949%).

Y

HOBZET  Siep 20 Compound 187.1 {10.1 g, 47.7 mmoi) was dissolved in 70 mL. acetonitrile.
To it was added NMOG (30% water solution, 22.5 mi., 95.4 mmol) and Os0y (4% water

solution, 9.1 mi., 1.43 mmol). The mixture was stirred overnight at RT. It was dilured with

600 ml ethyl acetate, washed with brine, sat sodivm bicarbonate, dried, concentratad and

257
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purified by silica flash columun using 60% ethyl acetate in hexane to give compound 187.2

{10.8 g, 92%) as oil.

o7

E2Y% p b Diol 1872 (10.3 g, 43.9 mmol) was dissoived in 200 mi. DML o ica bat
o it were added pynidine (17.7 mi, 219 o) and dropwise MsCE{E.2 mb, 105 mmol). The

max e was stitred for overnaght at BT, It was dilute with 500 mL DOUM, washed with brine

using silica flash colummn with 45% sthyl acetate in hexane {0

x3, dried, concentrated, purif g 5

1ed
give compound 187.2 (16.8 g, Y53%) as oil.

830 Siiﬂ‘p 4 Compound 187.3 (157 g, 39 mmol} was dissolved in 80 mi, DM and 20

fat2)

PAaLTo it was added sodiom azide (16 5 ¢

]

T'he mixtore was stiured at

255 mmol).

we was diluted with 800 mi

TO0°0 for ovarnight {24 b)Y, The mb

;w

water and brine x2, dric centrated and purifled by silica Hash column using 10% ethy!

3 ot

cefate in hexane to isolate diazide 1874 (3,16 g, 27%) as oil.

1y

Step 5 Compound 187.4 (121 g, 4.1 mmol) was dissolved in 60 ml dr
i [

Moo

-

22 mi, 8.2 mumel). The mixture was stirced for 25, Tt was

WAL ac

TBAF(1OMIn T

quenched with methanol, concentraied in vacuo and subjected to silica Hash column using

o
&

Step O Compound 187.5 (450 mg, 2.5 mmol) was d

acetate, 10% B/C {500 mg) was added, The mbdure was stirred nader | loon for

Y Y I o bl
overmight (20 k). T w celite.

The celite was washed thoroughly using ethyl

acetate. The {ilirate was concentrated and subjected 1o silica flash column o isolate
compeund 1876 {6530 me, 79%) as solid. M3 found for Tyl 235 &5 3.
Step 7 Compound 187.6 (72 mg, 5.22 mmol) was dissolved m 10 ml dry DCM. To

added 4A molecular steve (activaied) (100 mg), NMO (soiid, 39 mg, 0.37 mmol) and

e A T 1 ‘ - SN L T FEVE L n e e ur P TR Sy pener o S e o FIpr L AL o T G e e o fe gy
atiast TEAP (B mg, 00472 mmol). The mixiore was stirred at B for 2 h. it was concentm

e UV SO P TP o T S A ey FRTRer e
ectly loaded on sillca fash col o 1sodate © 877 (77 mog, 1009} as

#AS Tonnd for sty

Step B Ketone 18777 {134 mg, G471 wunol) was dissolvad in 10 sl DOM. To it was

£

added DAST (110w, 0.8% mrol). The mixture was stired for overnight at BT, It was

directly loaded onto silica Hash column (o sotate compound 1878 (M3 found o

T - -~y

CroiagbablaiDy as (M HY 351.2) using 20% ethyiaceraie in b ne, 1 owas then treated with
% {

3
)
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peat THA at RT for 1 h and concentrated to dryness to afford compound 187.9. MS found for

Cebl 21Ny as (M+FT 151

Step 9 Compound 18710 (72 mg, 0.2 mimol) was dissolved in 3 mi. NMP. To it

was added DIEA (350 ul., 2 mmol) and all the crade compound 187.9 made in Siep 8. The
5 mixtore was stivred at 90°C for 2 h and subjectad 10 reverse phase prep HPLC 0 1solate the

title compound 187 {racemic). MS found for CgHn N0 as (WMHY 377.2. UV A=239, 202
PME CER005: 8 8.51 {5, 1M, 745 (o, VR, 7.34 (o, LHD, 7.25 (), VHD, 7.07 {m, THD,

461 (m, 1D, 410 {m, 1H), 236 (s, 3H), 1.8-2.1 {m, 6H) ¢

¢ U7, 4(3-(2F

s

-iriazol-Z-yhphenylar

02~ 1R, 2E -2 -aming-3,3-
diftucrocyeiohexylamingjpynimidine-5S-carboxamide (ra

THE)

et
£ n
R

\7'%\
</ St . N
nd

The title compound was prepared using the same chendstyy shown for BExamnple 206

3 SN 3 -+ ¥
8IS found for Oy Pl as (MED 4304, UV A=

£y ,

250 nm.

Frample 308, Z-{(1 2R, 3R - 2-amino-3-Hluorocyclohexylamino -

)_...
L

wivlaminopynmidine-5S-carboxamide (racenic)

Scheme,

259
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o Ct’ﬂ“iif racemic racemic

- o e O

('M‘\ ”'“O Li%‘*‘\}\jj (ZL(}}, /---m\) \‘"'”'{}\ . 30 o '\ >‘““\\ - )“iwi?
i i /\ BCM, 45 m < i e A, 20U M ( -t ity N 4

Mo7

U P '\ N, S,
4 A
HQ *\“ FOnE FOH, ARV
oo o ITEA L ON-C

{876 1861 1892
racemic

chmart o
BV Sten bt

ound 187.6 (described in ! ;1&1’39?- 306) (350 mz, 1. 06 munol) was

dissolved i 20 mb DNOML A 7R o it was added a s

o]

O ol DOM dropwise. The mixiure was siured in the cold bath for 45 mi

thyl acetate, washed with brine, concentrated and subiected by flash coluran (o isclate

eomponnd 1

3

S found for Ot N0y as (W-HY 3332, Tt was treaisd

W 3 myinre was congenir

compound 1892, ME found for CgH 3PNy as (M+HY 133.1.

Compound 18710 (308 mg, 0.3 mmol} was dgissolved in 3 mi M

7

(260wl 1.5 mmol) and all the erude con

ound 1892 made in Step 1T

mixture was atirred at 90°C for 2 b and subjectad o reverse phase prep HPLO 10 150

title compound 189 {racemic). MS § D 350.2. UY A=041, 29"

am. BMIVIR (005000 6 8.51 (s, 18D, 7.45 {m, 1F), 738 (m, 1H), 7.24 (m, TH), 5.97 (m, 1H)

A.83-4.78 Om, 2H), 3.65 (m, 1)

L2 0-trarnl -2y phenvianuno - 2- ({1 R

no)pycmidine-3-carbe
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%
§ N
M
- o
% N >—NHE
o N}.._m\
— =N
F o NH,

+3

08351 The title compound was prepared using the same cherisiry shown for Example 308,

4 Tound for CoHaFie0 as (M+H) 4124 UV A=251 nm.

Hxample 310, 2-((FR, 2R, 35y-2-amino-3-bydrox veyelohex yiaminoy-4-(m-

tolyiamingypyrimidine-5-carboxamide (racemic, 191A)Y and 2-((15,25 68)-2-amino-0-

hydroxyeyclohex viamino-4-(m-tolylamino)pyrimidine-S-carboxamide {racemic, 1918)

N
D
< | SSTH R SNTEN A= 8\—!\@,

and
Schame,

FaceInic racemie racemic TECEIIC

. \>-~ o] PYRIEA MMP ™ O
-, TN e L2 EALT 7Y ' ot e
2% H, ( e \:> ”;‘ N 90"C, 15 h S “‘;\? M ( ‘”K Hrta
)

d(ﬂp Sy N/- 3 4 TEA N/ OH M

T

MO, R,

187.4 1911 19L.A 1918

s Compound 187.4 (desenibed 1o BExample 368) (180 mg, 0.60 mmol} was

1 the mixinre was

dissolved in 50 mi ethyl acetate. To it was added 10% PA/C (100 mg) and
stirred for overnight under a hydrogen baklloon. The mixtire was hiltersd through celite,
which was then thoroughly washed with methanol. The filirate was concentrated in vacuo o
afford compound 191.1 in quantitative vield as oil. MS found for CHygM,O8i1 as (M)

245.3.

108417 Step 2: Compound 1911 from Step | was dissolved in 5 mbl NMP. To & were
added DIEA (313 ui, 1.8 mmol) and compound 187.10 (108 mg, 0.3 mmol). The mixture

%

was stirred at 20°C for 90 mun. To 1t were then added 10 ml methanol, 10 mL TFA and 3 mL
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water, The mixiure was stirred at 80°C for 2 h. It was concenirated in vacuo and subjected 1o
reverse prep HPLC to isolate racemic title compounds 191.A and 191.38. Ratio of 191 A (less
polary and 1918 was 7:1 by analytical HPLC. Compound 191.A: MS found for CygHauMNeOy
as (IWIHH)" 3573, 1Y A=243, 254 nm. Compound 191.8: MS found for CaHuaMe Oy a5

(M+HY 3573 UY =243, 290 nm.

,

Hxampie 311, 4-(3-(2H-1.2 3-tyiazol-Z -yl phenyiamino2-((1R 28R, 38)-2-amino-3-
aydroxycyciohex vlamino)pyrimidine-5-carboramide {racemic, 152.A) and 4-(3-(ZH-1 23
triazol-Z2-yDphenyiamino3-2-{(15,25 68)-2-amino-6-hyvdroxyoyeichexylaminoipyrimiding-5-

carboxamide (racemic, 192.13)

Y i
Py -,

e 0 |
( } NH PR, < ‘_/\___‘_NH
— |

i
]\
e "j
/N Y
o > < /"‘ B 52
or Y
u
— }'::fN - >. 5\
( >-¥ BH ( >.: Y
S -4,
HO N and MH,

[UB4Z]  The two title racemic compounds were prepared using the same chemisiry shown
for Example 3100 Katio of 192.A (less polar) and 192.8 was 1.6:1 by analyiical HPLO

Compound 192.A: MS found for CyoHxMeOn as (M) 41041V A=250 nm. Compounc

192.8: MS found for Tyl MUy as (M+H) 4104, UV A=249 nr.
Example 312 2-({1 1K, 2R, 35)-2-amino-3-methoxycyclohex ylamino)-4-(m-

toiytamino)pyrimidine-5S-carboxamide {racemic, 153 .A) and 2-({15,25,6R)-2-amino-6-

H

methorveyelohexyviamino -4-(r-telyiaminoypyrimidine-S-carboramide (rucermic, 193 B)

\
2 _—
4 AT \_ 7 Py i
'\:::.::r_;/ i J'ii . / \}Hq {y/ ‘\\\r e P }\ ....... i H?

7 7 e —
N\ \> iy %\}f %
o= = ¥
/ \ s JI i} If ..... ot ot i‘\j
\\ i ¢ \;‘m SN
& ha
4 H 2 bk
N\ and Nt

|5}
Ty
L

WIS,
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racemic racemic rACEINIC racemic

o
. N G TETTI WY
. s ) gita ! H ( MHp l} E
o&;%: Csar <} " Q 3 i Hﬂ Nf{
3

' MNaH, Mel Y P/ r
Laoa ‘......._.._..__’._._‘\.. 1 { ————r— l"'i
s B - O M O M MRV
A N-C -
A
Py (\-«
. 187.19
187.4 1931 193.2 1933
TACEITHE racemic
/).m‘w‘::‘ (:2 \
DIGA, NMP ¢ )-«NH Yo A, O NH $ hiH
G T h = - ,}f(
et N “o WY
~.._\ };%N’ ..... >‘*"\‘|
i < >u:uu
7
— {3 M, NH,
1934 19318

[0843]  Step I: Compound 187.4 (described in Example 306) (1.21 g, 4.1 mmol) was
dissolved in 00 mL dry THE. To it was added TRAF (1.0 M in THE, 82 mi, 8.2 mmol). The
mixture was stiyred at KT for 2 h. It was concenirated and loaded onto silica flash column to

isolate compound 193,71 (854 mg, 99%) as solid.

{maal  Step 2 Clompound 1931 (124 me 0,68 mmol) was dissolved in 10 mL dry THF To

it were added NaH (60 wi% in mineral o1l, 35 mg, 1.36 munol} and 5 min later iodomethane
(0.42 mi., 0.8 mmol), The mixiure was stirred for | h. It was concentrated in vacuo and

oaded onto silica flash columa to 1solate compound 193.2 (115 me, 85%) as oil.

{0845]  Siep 3: Compound 1932 (115 mg, 0.58 mmol) made in Step 2 was dissolved in 80
i, ethyl acetate. To i was added 100 mg 10% Pd/C and the mixture was stirred under Hy

baltoon for overnight, It was filtered through celite, and the celite was thoroughly washed

”

with methanol. The filtrate was concentrated in vauo (o give compound 193.3,

108461 Step 4 Allthe componnd 1933 made in Step 3 was dissolved in 3 mL NMP. To it
were added compound 18710 (180 mg, 0.5 munol) and DIEA (0.26 mi, 1.5 mmol). T

mixiure was stirred at 90°C for 1 h to give a mixture of 193 A (less polar) and 1938 in ratio
of 6:1. The two racemie title compounds were isolated using reverse phase prep HPLL

ompound 1934 MS found for CoMHasMNg0s as (M+H) 371.3. UV =247, 795 nm.

Compound 193 8B: MS found for CioHaslNs0y as (M+HN 3713, UV A=247. 285 nm.

Hrample 313, 2-({Is4s)-4-aminocyclohex ylamino)-4-{m-tolylaminoypyrimidine-5-

carboxamide
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M- I
j Mapis 1 DMF
A FRI L
N Al !
=M, /”\ = i
P NN N
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foPly, o M - - H2 o
Fetlac, llf}/J: TN, H;gN'i'-“< :\)‘ﬁ&'i\zlip_ - - o ,3%{,/\’“\"‘
Sy TEHA $6-C, ag. HC!

1l
il

o a mixiore of rans-4-aminocyclohexanct (2.07 g, 13.6 mumol) and NatlCO, (350 g, 417

manol) in HxO (20 mil) at roorm temperature, a solution of beaxy] chicroformate (1.92 ml,
P
F1oar

13.6 mmol) i dioxane {15 mL) was added. The mixmre was stizred at roont temperaiure for

20 b The white precipitate was collected as benzyl (1R 4R -4 -bydroxyeyclohexvicarbama

(B47]  To asuspension of benzyl (IR 4R)-4-hvdroxyeyclohexyicarbamate (1,14 g, 4.58
rmonol) and triethylamine (1.30 mL, 9.34 mnol) in CHLChy (15 mi) at room temperature,
methanesulfonyl chloride (04725 mi., 549 ramol) was added. The mixture was siltred at
room temperature for 20 b More methanesulfonyl chloride (G425 mL, 549 mmol) and
griethylamine (100 mL) were added. Stirring was continued for 48 h. The reaction solution
was washed with 5% NaHT G, then with 1 N HCL The organic phase was separated, dried
over Mapsy, concentrated in vacuo o give (1R AR)4-(benzyloxyearbonyljcyciohexy]

ragthanesulfonate as a solid (1,13 )

A mixture of (LRAR R -(henzyioxycarbonyhioye méwx;j methanesulfonate (113 g,

3.46 momol) and MaMN3 (0674 2, 104 mmoely in D 10 md) was stizred at 100 Cior 20 0
5 I ; }
Water and EtQAc were added. The organic phase was separaied, washed with water, doied

over Wa50,, concentrated in vacuo 1o give benzyl { s ds)-4-azidocyciohexylearbamate

(0.815 g).

168497 A mixture of benzyl {1s,48)-4-azidocyelohexylcarbarmate (400 myg, 1.46 mmol) and

PA-C (10%, 70 mg) in MeOH (20 mbL) {contaiming 5 drops of 6N HOI was hydrogenatad
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under balloon hydrogen for 20 b. It was {dtered through celite. The filtrate was concentrated

in vacuo 1o give (1sds)-cyclohexane-1,4-diamine (223 mg).

{08501 To a solution of {134s)-cyciohexane-1,4-dizmine (60 mg, 0.40 mmol) and TEA
(0.208 mL, 1.530 mmolyin DMF (2 mL) and MeOH (1 mb}, compound 2-(1H-
benzold]{1,2,3kriazol- T-yloxyr-4-{m-tolylaminopyrivndine-5-carboxamide (65 mg, 0.18
mmol) was added. The mixuire was stirred at room temperature for 20 he It was concentrated
1 vacuo. The residus was purified by HPLC 1o give the titled compound (30 mg). M5 3412

(WMD) UV 2478, 208 8.

Brample 314, 2-((4-amnotetranydro-2H-pyran-4-yhmethviamino)-4-(m-

wolylaminoipyrimidine-S-carboxamide

SV
\w :, / ?
“ %
N
"—'»:"{\s

{085 Componnd 18716 {as shown o Example 300} (70 me, 0.19 mmol) was dissolved in
3wl NMP. To it were added comunercially available 4-{aminometbylitetrahvdro-2H-pyran-
degrine {78 me, 0.38 mumol) and DIEA (G.20 mL, 1.14 mmol). The mixtere was stirred at
90°C for 2 h. From this mixiure the tiile compound was solatsd using reverss phase prep

HELC MS found for T1gHha N0y a5 (M+H)T 3573, UV A=240 nin.

(8621 Dxample 315, (Ry4-(1H-indazol-6-ylaminn - 2-( L-amino-4-methyi- { -oxopentan-2-

yiaminoypyrimidine-S-carboxamide

Ty N T N,
O x'%‘ /EE e
HTOUNTUN

R,
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. i
b LA S 165.4 i
Y oM . N O s M o M : NENPEN
L A AL } D )
MO o NE o N ’}'i";\”i P
5 i
1651 1652 653 1655
MNH {!“N\iH (i;?«NH
¢ A by
o N T v \.!
i I { | {L i
TR g s? ““»/J\a«.n»t (.]) i S g ;xi
P py v i, i L b
M O N} -\lpf l\!}a? o \\;; X \\jf NH;
g g UQ{.ANAN
i, F
165.6 165.7 163

PDEE3L Step I Toastirming solution of carboxylic acid 165,3(85 g, 540 mmol) in thionyt

i ¥ & J

chioride (425 ml) was added pyridine {85 mL, 0.11 mmoly, gimnﬁ}y, The reaction was stirred
£ 75°C overnight at which time it was concenirated and dried under vacuum to a Hghi vellow

powder. This yellow solid was stowly diluted with 750 mL of ethanol and refluxed overmight.

The next day the reaction was determined 1o be complete by HPLC and then cooled in an e

hath and the solid Gltered and washed wath diethy! ether affordin
Wi

white powder (91 g, 87% for two stens). MS found for O MOy as (M+HY 185.0.

632 (27 g, 120 mmot) was dissolved in phosphorous oxvehioride
(60 mL, 600 mmol) and the mixture teated with W M-diethvlaniline (27 mL, 167 mmol) and

the mixture heated to 105°C nntil the reaction was determined io be complete by HPLC. Tt
was then cocled to BT and slowly added to 1 L of crushed ice resuiting in the formation of a
beige precipitate which was collected by Dltration and dried vnder vacvum affording

(DS O-dg, 400 MHzZ):

dichloride 1653 as a Hght yvellow nowder (22.5 g, 85%). "H NM

3 (s, 1H), 4.37 (g, 25D, 1.32 (1, 3H).
|

Sten 30 Dichloropyrimidine 1653 (1.04 g, 4.7 mmol) was dissoived in NMP (30

ved inice bath, To i were added S-amincindarzoie |

i) and s 54 {890 me, 5.7 mmol and
then dropwise ethyldusopropylamine {(DIEA, 164 mi, .4 mmol). The mixture wag stirred
for 40 mipnies, and w i was added sodivm thiomethoxide (660 mg, 9.4 mmol). The mizture
was stired for overnight, dailuted with ethyl acetate, washed with brige thres times, and
concentrated in vacuo (o give crude compound 1635 as a light brown solid in guantitaive
vieid, M3 found for CpsHsPis0hS as (M+H) 3301

[08561  Swep 4 Sihyl ester 1655 (4.7 mumol) was dissolved mn 60 mL THE To it we

)

added iithinm hydroxide hydrate (236 mg, 5.6 mumol) and 20 mL water. The mixture was

266
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sitrred for overnight and 1o it was carefully added 1N HCI solation 0l] pH reaching 2. The
mixture was concentrated in vacuo to remove THEF, White solid crashed out and was isolated
using a Blichner funnel. It was washed with water and dried in vacuum oven (o give

compound 165.4 (1,14 o, 81%) g5 a white solid. MS found for ClNs0,5 as (MY

30210

-

[OB571 Step 5 Carboxylc acid 165.6 (1,14 g, 3.8 ol was dissolved in 30 m

LioBAE To

it were added BDC hvdrochloride 11.09 g, 5.7 mmel) and FHOB: hydrate (770 myg, 5.7 mmol)

RN

F for T hour, To iwas then added ammonia (commercial 5.7

oy
i

he mixture was stirred ¢ 31

soluniion in dioxane, 272 mi., 114 mynol). The maxiere was stirred for 2 hours, [t was {

concenivaied in vacuo and aken into water and athyl acetate. The org A56 Was

separated and washed with brine four iimes. The organic phase was then dried over M

e

lin vacuo to afford compound 16
¥

L NeOS as (M) 301

e

Mow solid (820 mg, 72%).

i conceniraied ye

M5 found {

T

{40 mp, 0013 mmot) was digsolved in 3 ol MMP. To it

30 was stirreq af |

The mixture was stirred for 90 minutes 2t 120°0 bath. This mixture was then subjecied 10

s the title compound 7 a8 (WD

A-( T H-adazol-&-viamino}-2-(l~-amino- I -oxopropan-2-

yiarmano pyritnidine-5S-carboxamide

The e compound was prepared using the same sy;wiaﬁ{i

in Example 315 with H-D-Ala-NH, HCHio rep ~i-Len-MH,

o~
{

ta
)w—f
ke
T

MO as (MDY 3412, UV A=243, 302 nm.

g:\s,\, ¢ N

BEAET  Example 317 (Ry4-(1H-indazol-0-viamine)-2-(2-amino-2-0x0- | -

shenylethylaminn

vrimidine-S-carbozamide
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stirred for 2 hours, dilisted with ethy! acetate, washed with brine three times, and concentratad

In vacuo to give orude compound 16%.3 as a lip

for CrgH 3TN0y as (M+H)" 329.1.

i brown solid in guantitative yield, MS found

Mo i owere

(88651  Step 20 Ethyl ester 3693 (2.3 mmol) was dissolved in 30 mL TH
5 added lithivm hydroxide hydrate {193 mg, 4.5 mmob) and & mL water. The mixiure was
stirred for 7 howrs and to 1t was carefully added 1N HCT solwtion tll pH reaching 5. The

mixture was concenirated in vacuo 1o remove THF and was exiracted with ethvl acetate 5

times. The organic phases were combined, dried and concentrated in vacuo o give crude acid

4. W5 found for CbeCINGG, as (M) 30101

10 {08661 Btep 3 Carboxvlic in 18 miL WP

sl 2694 (220 g, 073 mmol) was dissolved

To it were added OO h‘yd1“G<;i*}f¥.0‘féde (210 mg, 1.1 omoly and HOBYE hydrate (150 myg, 1.1

mmol} The smixtare was stireed af BT for 1 hour. To it was then added ammonia {commercial

05N solution in dicgane, 7.3 mi, 2.65 moe!). The mizture was stirved for 2.5 hours, It was

then concenirated in vacne and taken into water and ethyl acetate, The organic phase was

A

15 separated and washed with brine three Umes. The organic phase was then dned over MgS0.

and concentrated in vacuo to aflord comnound asolid (1RO me. 6790, ME found for

Coptiial30g as (Wi+H) 3961,

Step & Compound 1695 (71 mg, 0,12 ool was dissoived in 3 mL NMP. To it

l\*{

were added H-D-Len-MNiy HO56 mye, 0.90 ramol) and 31 i, 18 mimol). The

200 mixtore was stireed for 56 minutes at 12070 bath. This mixture was then sublecied i
preparative SPLL w solate the racemic ixle compound 169, MBS found Yor Tyt MN,Cy as
(MAFL 3942 10% A=241, 283 am.

Example 314, (R)»-2-{{-amipo-4-methyi- [-oxopentan-2-ylaming)-4-
{benzoldihiszol-G-yvlaminainyrmidine-S-carboxamide
Z5

2H0
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[386%9]  The above compound was prepared using the same synthetic scheme demonsiraied

in Examnple 315 with 6-aminobenzothiophene (o replace 6-amincindazole 16584, M5 {found

r CygHa M90S as (M+H)T 400.2, UY A=243, 303 nm.

{88701 Erample 320, (R)-4-(1 H-indol-5-ylamino

ylamino)pyrimidine-5-carboxamide

[B%71] The

=
T e s
HN -/ \\‘"NH S NH
i - 2
\\’":‘:' . /
f;’ >
\ ) %
T
ahove compound was prepared using the sarse synthetic scheme

in Exarmpie 315 with 6-aminoindole o replace G-aminoindazole 165.4. MS

mﬂggi 17{:'}

e

as (M+HY" 382.2. UV A=245 am.

viamino)pvrimnidine-5-carboxamide

The

in Example 31

NN
e N g N NH,

S @

18

5 with S-amincindazole to replace S-aminoindazois 165.4. MBS

974l B

{methyisuifo

F+HYT 3832, UY A=247, 301 nm

wnple 322, (R)-2-(1-amino-4-methyl-1-oxopentan-2-yiamino)-4

nyijphenylaminoypyrimidine-5-carboxamide

<
Ha0=5mC

ai

o

> above compound was prepared psing the same synthetic scheme

-3

\

-2-{1-amino-4-methyl-1-oxopentan-2

nonstrated

T
101 FOT

2721 Example 321 (Ry-4-(1H-andazol-5-ylamino»2Z-(-amino-4-methyl-1-ozopentan-2-

demonsiraied

found for
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{68751 The above compound was prepared using the same synthetic scheme in Example
315 with 3-{methylzsulfonyDaniline 1o replace 6-aminoguincline 16%.2, MS found for

CigHoaNg0s 53 as (M+H)Y 421.2. UV ?V“”Mi@, P25 nm.

875 Example 323, 00)-2-(1-amino-4-methyl- l-oxopentan-2-ylamino y-4-(d4-

Ln

{methyisulfonylphenyiamino)pyrimidine-5-carboxamide

O

WE77] The above compound was prepared using the same synthetic scheme demonstrated
in Bxample 315 with 4-(methylsulfonyhaniline to replace S-aminoquinoline 1692, MS found

for C)ataalVe0s ag (M 4212 UV A=250, 300 am.

o H0ETVE]  Example 324, (R)-4-(4-(d-acetyipiperazin- I-y]phenylamino»2-( L-amino-4-methyi-
4 ‘ pipe FiA ¥ 3

I-oxopentan-Z-yiamincipyrimidine-S-carboxamide

7y o i o
7N IR\
Bl N S Deenig
/ S o —
A
\ MOy
) YR
4 N H
0222:1
M,
TG The above commound was nrens { s g th syt sohe i sirated
VG Ine apove \,{Jﬂl}aﬁ}uﬂﬂ b R prepared ds 1{1 th 2 5ame : : JOtie [1(4 SC mie gemonsirale

in Example 315 with I-{4-{4-aminophenyvipiparazin- I -ylhethanons (o replace 6-

; aminoguinoline 168.2. MS found for Tty as (M+H) 4653, UV A=243, D

WIEAL]  Example 325 (B)-4-{1 H-benzo[dlimdazol-6-yiamino}-2-(L-amino-d-methyl- |-

& e

tan-Z-vigmino ypynmdine-b-carboxarnide

H
Nn
'ﬁ PR O
Nt/ Ny Shitg
\\.:':.:':/ p—- )
NAR
5 N\
f*“‘h}g SN
/ /'-'-\fH
Oy
B,



[BE81Y The above compound was prepared using the same synthetic schems demonsirated

in Bxample 315 with 1H-benzo{dlimidazol-6-amine 1o replace 6

inoguinoline 1694, ME

found for CigllnMNaCn as (MAFDT 383,72, UV A=244, 257 nm

oy

Example 327, {(R)-4-{1 H-indazol-5-ylamino}-2-(1-amino-1-oxopropan-2-

yiamino pyrivaiding-5-carboxamide

iy
S
The above cormpound was prepared using the sam

-

Ao replace H-D-Len-

e 315 with H-D-Ala-NTH-

Cyatgle0s as (MEFT 34

, 289 .

Z-{i-amino-d-methyl- -

oxopentac-2-viamino-4- (4P

methylacetamidojphenylaminoipyrimidine-5-carbox amide

e N

ADOYE COMpOUNG Wag pre ame synthelic scheme demonsiraied

SN B B B AR N
ropie 315 wain M-

anopnenyl inonuinoline

WA ~ LA
AL found for

%f}«,f)mn;ﬂaf

Scarbons

melhylaceiam

2772
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IB8BE7]  The above compound was prepared using the same %ymhmiu scheme demonstrated
in Example 315 with H-D-Ala-MNHE; HCI to replace H-D-Leu-NH, BCL M5 found for
) ]f%’)]““}?@} as (M- LH) 372.2. UV A== 2244, 295 nm.

[0888]  Example 330, (R)-2-(1-amino- l-oxopropan-2-viamino)-4-{benzofdthiazol-6-
ylaminojpyrimidine-S-carboxamide
MS

i
NI,

(088%] The above compound was preparad using the same synthetic scheme damonstrated
in Example 315 with H-D-Ala-INHy HCH o replace H-D-Len-MNH, HCL MS found for

Cy5H M08 as (MHH)T 3581, UV A=244, 303 nm. NMR (CD.0D): 8 9.22 (5, 1), 8.51
(rn, 2H), 8.0

~d

(d, J=8.8 Hz, 1H), 7.71 (d, I=8.8 Hz, 1H), 4.44 (m, 1H), 1.55 {d, I=6.8 Hz, 3H)

opm.
;

Hrample 331, (E3-2-(1-amino-1-oxopropan-2-vlamino)-4-(benzoldithrazol-5-

viamino)pyrimading--carboramide

IR
N\
@ FEN
—~MH
Qe
N

The above componnd was prepared using the same synthetic schems demonsirated
in BExample 315 with S-aminobenzothiopbene 10 replace S-aminobenzol .m{;i,fnem, % found
for CysiHysMeOnS as MDY 3581, UV A=249, 292 nm. NMRE (CD30D): § 9.34 (s, 1H), 8.67

(s, LH), €

(/v

51 (s, TH), 810 {d, J=8.8 Mz, 1H), 7.59 (d, J=8.8 Hz, 13D, 4.64 (m, 151}, 1.55 (d,

I=72 Hz, 3H) pom.

[0891]  Example 332 (R¥-Z2-(l-amino-4-methyl-i-oxopenian-2-ylaming)-4-

(henzof{dithiazel-3-ylamino)pyrimidine-5-carbox amide
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PER2] The above compound was prepared using the same synthetic scheme demonstrated
wn Example 315 with S-aminobenzothiophens to replace S-aminobenzothiophene. ME found

for gt My DLS as (WY 400.2. UV A=247, 295 nm.

L

3O(R»R2-(L-amino- l-oxopropan-2-vlamino-4-(irmidazol 1, 2-alpyridin-6-

viaminoipyrimidine-S-carboxamide

ke above (_’:{j}_i';';}-;.f_ﬁ_m.:j WES D et o R ETURR 1o schemes demonsiraied
in Example 315 with inidaze] 1 2-alpyridin-O-amine o replace Geaminobenzothiophene, M3

16 found for UsHigMgDs as (M- 1.2, U A=250 am.

Example 334 (R)-2-(G-amino-4-methyl-T-oxopentan-2-viamino - 4-(midazol 1 2-a]ovridin-6-

ylamino)pyrimidine-S-carboxamide

P b

The avove compound was prepared using the same syathetic scheme demonstraied in

,,_.‘
W

Frample 315 with unidezo{ 1, 2-ajpyridin-6-amine to replace S-aminoindazole 1654, MS

found for ngHggNgQQ as (N@."‘%‘i{i A 57 T

J

Example 335, (Rp4-(1 H-indol-5-ylamino}-2- {1 -amino- 1 -oxopropan-2-ylamino)pyrimidine-

Swcarboxamide

274
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MH,
0894} The above compound was prepared using the same synthetic scheme demonstrated
in Example 315 with #1-D-Ala-NH, HCE to replace H-D-Len-NH, HCL MS found for
B4 (p, 15D,

CyoHN7 Oz as (MATDT 3402, UV A=224 am. NMR (CD,0D): 6 838 (s, 1H), 7
5740 (m, 1H), 7.26 (m, 2H), 6.51 (s, 1), 4.4 (m, JH), 1.50 (3, J=7.6 Hz, 3H) opm. 8.82 (s,

1D, 874 {m, TH), 8.61 {8, 1H), 8.1G (4, I=8.8 Hz, 1H}, 7.87 (4, 4 Fz, 1ED, 4.54 (m, 1H),
82 (m, 1H), 1 1.62 {m, 8H) ppm.

Exampie 336, (Ry»-2-(1-amino-d-methyl- 1-oxopentan-2-ylamino)-4-(2 3-

dihydrobenzofbl{ 1 4]dioxin-6-vlaminoipyrimidine-5-carboxamide

‘\i Ffz

;m.
<>

8551 The above compound was prepared using the same synthetic scheme demonstrated
4

i Bxample 315 with 2,3-dihydrobenzolblf 1,4 jdioxin-6-amine 1o replace d-aoninoguinoline

169.2. MS found for UlatiaaMeOgas (MEHNT401.2. UV A=243, 310 nm.

At

337, (R3-2-{]-amino--oxopropan-2-ylamino)-4-(2 3-dihydrobenzol bl | 41diodin-6-

3
15 yiamino)pyrimidine-5S-carboxamide

Tt ®)

N

7 2
Oyl el YN

The above cormpound was prepared using the same synthetic scheme demonstrated in
Sxample 315 with H-D-Ala-NH, HCL to replace H-DB-Leu-NH, HCL MS found for

CiaHeMeOy as (MDY 3502, UV A=243, 312 nm.
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Example 338, (R)-2-(I-amino-4-methyl-1-oxopentan-2-yiamino)-4-(guinoxalin-6-

viamino)pyrimidine-S-carboxamide

( 2 “\ —NH
_<

Wiy

'”@
=
O

Mg

The above compound was prepared e same synthetic scheme demonstrated

£

5 in Example 315 with quinoxalin-S-amine to replace S-amincindazote 165.4. ME found for

CygbingNgy as (MY 3952, UY A=243 nm.

3

H

Sxarnple 339, (R)-2-(1-amino- L-oxopropan-2-vlamino)-4-{guinos O-ylamino)pyrimidine-

S-carboxamide

comed I
S
N
. i,
. faet al
s} :‘J\
SIER

10 IB8971  The above compound was prepared using the same synthetic scheme demonsiraied

in Bxarnple 315 with H-D-Ada-NH, HO o replace H-D i e

Fo HCE WS found for

CretlieNgOs as (M4 FDT 353.2. UV =242 nm,

g

Frarpie 340, (Ry-4-{d-(1 H-pyrazol-1-ylohenyvlamino)-2-{ L -amino-4-methyi-1-oxopsntan-2-

yviaminojoyrimidine-5-carboxamide

the above compound was prepared using the same synthefic scheme demonsiyated
in BExample 315 with 4-({H-pyrazol-1-vhaniline to replace S-amincindazole 1854, MS found

for CopHauNgOs as (M) 4002, 1V A=241, 308 nm.

276
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Example 341, (R)y-2-(1-aminc-4d-methyi-1-oropentan-2-ylamino)-4-{4-(thiazol-4-

yhphenylamino)pyrimidine-3-carboxamide

B }
Y ! 7
Y =N
L
P
{yumy
NHQ
(8991 The above compound was prepared using the same synthetic scheme demonstrated

3 in Fxample 315 with 4-(thiazol-4-yDaniline to replace 6-aminoindazole 165.4, MS found for
¥ij

CopHosh; (068 as (M+H)T 426,72, UV A=240, 314 nm.

Fxample 3472, (R)-4-{4-(1,2 3-thiadiazoi-4-ylphenylarmino)-2-(1 -amino-4-methyl-1-

oxopenian-2-ylamino)pyrimidine-5-carboxamide

N,

10 900]  The above compound was prepared using the same synthetic scheme demonstrated
in Example 315 with 4-(1,2,3-thiadiazol-4-yDaniline to replace 6-aminoindazole 1654 M5

found for CoflnNeDeS as (MY 427 2. UY A=233 311 nm.

2

1

Pxample 343, (R)-2-(1-amino-d-metnyl- L-oxopentan-2-ylamine)-4-

(benzolcl 12 5kthiadiaral-3-yiamino)pyrimidine-S-carboxamuids

Y
~ “s———\ o
N 1(/ bt =N B piH
Fd
A

HU51Y The above compound was prepared using the same synihelic scheme demonsirated
in Example 315 with beozolel 1,2,5)thiadiazol-S-amine to replace 6-aminoguinoline 169.2.

Ji S found for 7 MO8 as (M+HY 400.2. UV A=240 nm.
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mxample 344, (R)-2-(1-amino-d-methyl-1-oxopentan-2-ylamino»-4-(4-(pyridin-2-

yhphenyiamingpyrimidine-S-carboramide

ove compound was preparad

5 A {pyridin-2-v! -aminoaoinoline 1692, ME found
420,72, UV hes24s
nino-4-methyl- T-oxopentan-2-viaming -4 -(4-
morpholinophenyiamino)pyrimidine- soxamide
Sy i \,J
SRR TS 4/’ \,,,\“4 N

\wmj

> same synihatic scheme demonstrated

2R found for

ample 346, (H)-2-(1-a

~oropentan-2-yiamino)-4-(3-fuoro-4-

morphiolinophenyliaminoinyriy whoramde

']

i using the same synthetlc scherne demonsirated

The above compound was prepa

aple 315 with 3-tluoro

t-morpholinoaniline w replace S-aminoquinoline 1892, ME

— T e v e b G m o TT - 1
found for Ty HoePP00 as (MDY 446,72, UY =240, 310 nm.

ji}

21
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pxample 347 (R)-2-(T-armino-4-methyl-1-oxopenian-2-ylaming -4 (3-

f

norpholinophenyiaminoypyrinidine-S-carboxamide

The above compound was prepared using the same synthetic scheme demon:

i LEN

-

i Faample 315 with 3-morpholicoaniline to replace S-aminoguinochine 31652, M5 found fo
o FHaaMa{s as { P f} 4782 UV 2=3248 s
tiarnpls 348a, (R-2-(-amino-d-methyl-l-oxopenian-2-yiaminoe)-4-(4-{pipendin- |-

N

yiphenylaminoipyrimidine-S-carboxamide

The sbove compound was prepared using the same synthetic schame demonstrated

Leample 215 with 4»{pipc:ﬁ.{'it:i.i'f::»E«yl}aniiim 10 replace G-aminoguinoiine 16%.2, ME found

AtE

o~y

Seylaminoi-4-(E-(oyreolidin-1-

5,

yhpheayviaminoypyrimidine-5S-carboxamide

ihe above compound was prepared using the same syntheiic scheme demonstrated

in BExample 315 with 4-{pyrrolidin- L-yDaniline to replace G-aminoguinoime 141

4122 UV A=24T 2970 aim,

2
e
e
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Hxample 3492 (K)-4-(4- (1 H-imidazol-1-yDohenyiamino)-2-(L-amino-4-methyl- 1 -oxopentan-

Z-yiamino)pyrimidine-3-carboxanide

The above compound using the same

5 i Example 315 with 4-(3 H-troidazol-1-yDaniline to replace G-aminoguinoline 16%.2. MS

found for CoupllasMgOs as (M+H) 408 2. UV A=247, 267 nim.
wamiple 3490, (R)-2-{ T-amino-4-methyl- -oxopentan-2-ylamino)-4-(3-(pyrimidin-5-

yvihphenyvlammao)pynmdine-S-carboxamide

10 The above compound was i using the same synthetic scheme demonstrated

imidin-O-yhaniline to replace G-aminogunoline §

For Uz HaaMNgs as (M5

i5
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[MB910]  The above compound was prepared using the same synthetic scheme demonsirated
i kg & )
mn Example 315 with 3-{pynidin-4-vhaniline 1o replace 6-aminoindazole 165.4. M3 found for

Tt 0y as (MAH)T420.2. UV A=241, 314 nm.

0911]  Example 351, (Ry-2-(1-amino-4-methyl-1-oxopentan-2-ylamino)-4-(3-(pyridin-3-

yhiphenviamino)pyrimidine-S-carboxamide

\1‘}‘"” I\ H")

109121 The above compound was prepared using the same synthetic scheme demonstrated

in BExample 315 with 3-(pyndin-3-yhaniiing to replace &-aminoindazole 1465.4. M5 found for

2Hps B0 as (M EY 4202, UV A=250 nm.

Exarapie 302, (R}-2-{T-ammo-4-methyl-1-nxopentan-2-viamino)-4-3-(pyridia-3-

yhpkenylammoe)pyrimidine-5-carboxamide

.

(02137 The above compound was prepared using the same synthetic scheme demonstrated

i Hxampie 315 with 3-{(1H-imidazol- {-yDaniline to replace S-aminoindazole 16

Hoallg O as (WD 4092, UV A=243, 284 nm.

Example 353, (83-4-(3-(1 H-pyrazol-L-yDphenylamine)-2-{{-amino-4-methyl- 1 -oxopentan-2-

ylaminoyoyrimidine-S-carboxamide



L
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The sbove compound was prepared using the same synthetic scheme demonstrated
5 with 3-(il-pyrazol-1-yDanitine to replace O-aminoindazole 1624, MS found

Osas (MAHY 4082, UV A=

P50 nm.

rample 354 {R)-2-(1-amino-1-oxopropan-2-vlaminoy-4-{(4-{oxazol-5-

yhphenylamincipyrimidine-S-carboxamide

(09151 The above compound was prepared using the same syntheiic scheme demonsirated
in Example 315 with 4-(oxazol-S-ylaniline to replace G-amincbenzothiophene. MBS found for

o ETNE Lo
o H NGy as (MY 3682,

o

Bxample 355, O-4-(4-(111-1,2 4-tnazol-1-yhphenytamino)-2-{1-amine-1-oxopropan-2-

yiamnopyrimidine-5-carboxamide

O

B
i,
L’L}
N

'

The above compound was prepared using the same synihetic schere dermonsivaied

hos 30
ip BExample 315 with 4-(1H-1 2 4-triazol- 1-yhaniline (€ replace S-aminobenzothiophens. M5

found for TgH y1NeOy as (WHH) 36872,

Erample 356, (B3-2-(1-amino-l-oxopropan-2-viamino)-4-(2-morpholinomethyguinolin-6-

257
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- NH
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NH,

(62171 The above compound was prepared using the same synthetic scheme demonstraied

in Example 315 with 2-{morpholinomethyguinolin-G-amine 10 replace 6-

-~

aminobenzothiophene. WS found for CpHasbls Oy as (M+H)YT 451 2.

Example 357, (8)-4-3-(2H-1,2.3-riazel-2-yhphenyiamino - 2-( L-amino-d-methyl-1-

pentan-2-ylamino)pynmidine-5-carboxam

N
RN

Y

 —

o
/\( _\--~~~NH —NHy

\ x
> =N
>~\ NH
scheme:
’\\ e
Y ﬁ ”\a\s
M /ﬂ
Py 0 w*i\
< ri /WNHQ Dn— <}\H >\FP Ha
U MOPRA N 7
VAR BA .
o NV RT 1200 F"N
g / 2 NH
179.6 ity

69181 Compound 179.6 (100 myg

¥

{131 mmol) was dissolved in 5 mL MMP. To i was

added MUPBA (97 mg, 0.37 mmol) and the sixture was stirred for 30 min. To it was added
DIEA (032 mis, 1.86 mmel) and then commercially available H-D-Leu-MH, HUT 155 mg,
0.93 mmol). The mixiure was stirred at 120°C for 3 he From this mixiure the title compound

was isolied using reverse phase prep HPLC. MS found for CoHnMe0s as (M+HY 410.3.

UY A=251 nm.
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Example 358, (R)-4-(3-(2H- 1,7 3-trrazol-Z-vhiphenyvlamino}-2-(1 -amino- [-oxobutan-2-

yviammo)pyrimidine-5-carboxamide

9121 The ttle compound was made vsing the similar chemistry scheme shown for

357, MS found for CH 60y as (MAIDT 2823, UV A=250 nm.

[

Hxarnpie

Bxample 359 (R)-4-(3-(2H-1,2 3-tripzol-2-yhphenylamino}-2-0 | -amine- L-oxopropan-2-

yiarnino jpyrimidine-5-carboxamide

SotH NH,

TN
o 1] -}
AH,
802067 The ttle compound was made using the similar chemistey schems shown for

10 Example 357. M3 found for CigHyNoOs as (M+HY 3683, UV A=251 nm.

Example 360 4-(3-{ZH-1,2 J-trazoi-2-yDphenylamino - 2-(Z-amino-2-

L

oxosthylaminojpyrimidine-S-carboxamide

ol

fhe title compound was made using the similar chemusiry scherne shown for Example 357,

15 MS found for OsHsNeD; as (MEHY 3543, UV A=250 nm.
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Exrampie 361, {R)-2-{1-amino-4-methyl-}

PYran-4-

0921}

o

5 MBS found for CoHpMNgOs as (M) 425 4. UV A=240, 313

Bxample

d-ylphenyviamino)pyrimidine-5-ca

10 hydrogenation by treaiting ¢

batloon f
Bxampie

A-ylory

ey
(0923

LA

Exarnple 315 with the correspond

The title compound was made using the similar chernistry shown for Bxampl

3572,

The title cempound was prepared from Example 361 using standard cat

woovernight.

The title compound was prepz

BHR/OG2AGT

-oxopentan-2-ylaming-4-(4-(3,6-dihydro-2H-

viphenylaminojpyrimidine-3-carboxamide

> "

e 357

i

(L0 N

(B)-2-(1-amino-4-methyl-1-oxopenian-2-viamino)-4-(4-(letrahydro-2H-pyran-

Doxanude

- \:}
\ f N MECS

rrrrr 4N S—NH,
mmmmmmm f . f,/’ 2
P

talvsis

solution of Example 201 in moethanoel with 10% PA/C ander Ho

.

MS found for CoHagMeDy as (3D 427 4, UV A=244, 208 nm.

(

363, (R)-2-(L-amino-4-methyl-1-oxopentan-2-yiamino )-4-(4-(tetrahydro-2 H-pyran-

Jphenyiamino)pyrimidine-S-carboramide

g

]
Doty

(\ _\>— MH
WIS ’E_‘ ;\‘
5 i b
\ ’ — f\i
o "
N

ared using the same synthetic schome demonstrated in

g anikine which was commercially available. M8 found

for o0y as (M+H)Y 443.4. UV A=244, 295 nm.
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Example 364, (R)-2-(T-amino-4-methyi-1-oxopenian-2-ylamino-4-(4-(tetrahydre-2H-pyran-

vayisulfﬁnyi}phaﬂyiamin()}ipyrimidina-fﬁ—carboxamide

N
QE\SW( p— >~—NH2
Svolie? >___

P =Y
N
MH,

169241 Thetitle c.:@n‘zpe:mmi was prepared using the same synthetic scheme demonstrated in

A

Hrample 315 with the corresponding aniline (synthesis shown in for compound 268} M5

found for Ty HyeMNg0sS as (M+HDT491 4. UV A=251, 302 nm.

..J
N

Lxample 365, (R»-2-(1- nothyl-1-oxopentan-Z-viamino)-4-(4-

(morpholinosulfonyl)phenviamino)pyrimidine-S-carboxamide

Brample 366 (R)-2-{1-amino-3-methyi-1-oxobutan-2-viamino)-4-

(cyeiohbutylaminoipyrimidine-S-carboxamide

P

BUZEY Benzowiazolyl ether 1.7 (509 myg, 8.17 mmol), (I-valine hydrochleride (30 mg,
(.26 mumol), dusopropylethyiamine (89 ul., 0.51 mmoel) and 5 mi of L d-dioxane were
combined and heated to 120°0 overnight. The reaction raixiure was then cooled, diluted with
water and purified by preparative HPLU (o give the desired compound. ME found for

meﬁz‘n x,@) a5 {%ﬁr } 373,

1‘\
oo
Joa



WO 2005136995 PUTAISZHO0024010

Hrample 367, (R)-2-(1-amino-4-methyl-1-oxopentan-2-viamino)-4-(4-methylthiophen-2-

ylamino)pyrimidine-5-carboxamide

9261 The titled coropound was then synthesized analogously by using 4-methyhhiophen-

5 Zeamine, MBS 36373 (MaH) UY 201.6, 2443, 326.1 nm.

Example 308, (R}-2-(1-amino-3-methyl-1-oxobutlan-2-viamino b-4-(4-methylthiophen-2-

ylamunopyrimidine-S-carboxamide

{0827} The niled compound was then synthesized analogously by using 4-methylthiophen-

W0 Zeamine. ME 3483 (M), UV 2009, 251.0, 324.8 nm.

Example 369, (&)-2-(I-amino-4-methyl-1-oxopentan-2-yiamino)-4-{ i -methyl- 1 H-indol-4-

ylarino)pyrimidine-S-carboramide

| N
Ny X "KI\J/JL‘ NI
O.\\\‘//j\\ N '/,\;\:}\j .

[B92Z8Y  The title compound was prepared using the same synthetic scheme demousiraiad in

i5 Fxarmple 318, MS found for Oty as MAFT 3963, UV L = 216.9, 244 .0,

Example 370, (#)-2-(1-amino-4-methyl-1-cxopentan-2- ylamino)-4-(2-methyl-2 fH-indazol-4-

ylamino)pynmidime-3-carboxamide

287



S 20097136995 PUE/RIGO9/BG 2401

FTUNR O

i j\
"K N ‘”l\ig/J “NH,

Lo s
{1\/ N "‘&N/’

{9251 The ttle compound was prepared using the same synthetic scheme demonstrated in

i :mlpi 318, pAR found for {.‘_.:19;{';{24?‘“13@;1 ah (fﬂr?i)‘ 3574 UV A= 213, 3, )(5«4@, 33301

Hxample 371, (A)-2-{T-amino-4-methyi-1-oxopentan-2-ylamino)}-4-{1 H-indazol-4-

ylaminojpyrmiding-3-carbozamide

]

958 “the title compound was prepared using the same synthetic scheroe demonsirated in

Example 318, ME found for CighintyOyas (M+H 3834, UV L =241.6, 3188

¥

Example 372,

P

Hy-2-(1-amino-4-methyi-T-oxopentan-2-viaminoy-4-(1-methyl- L -ndazel-4-

viaminojpyrunidine-S-carboxamide

\\
pi I
f \
s
(I
| T \E‘?‘M 0
I
A . —.
Ty ;‘E, g !T N
{ i pE
Py
L.
MH,

i1 The utle compound was prepared using the sams Fynﬂ giic scheme demonsirated in

Example 318, MS found for CollaabaUn as (M+H)Y 3974, 1V L= 207.5, 244.0, 325.9.

7l
T
e
]
=
=
=
et

nple 373, (Rp2-(-amino-3-meihyl-loxobutan-2-ylamino 3-4-(3.5-

dimeihylphenyiaminolpyrinding-S-carboxamide
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Step 1 & 2 are same as described for Example 100.

e

9331 Step 30 Dichloropyrimidine 1653 (5.09 g, 22.6 mumol) was dissolved in acetonitrile
{50 mi) and stirred 1n 1ce bath. To it were added 3,5-dumpethylaniiine (2.19g, 18.2 mmol} and

en dropwise ethyldiisopropyiamine (DIEA, 5.74 mi., 33.9 mumol). The mixture was stirred
at room temperature overregnd, diluted with ethyl acetate, washed with brine thyee times, and

concentrated in vacuo to give erude compound 4 as a light brown solid 2.4zm (88% vield).

M5 found for s HigCIN3 O, as (W) 3066.09.

§9341  Srep 4 Erhyl ester 4 (9.8 mmol} was dissolved in 26 mL THF, To # were added

lithinm hydroxide hydrate (530 mg, 10.2 mmol) and 15 mi, water. The mixture was stirred
for overnighi and 1o 1 was carefully added 1IN HCT solution till pH reaching 2. The mixivre
was conceniraied o vacuo o remove THE. White scolid crashed out and was isolated using a

Biichner funpel. It was wazshed with water and dred in vacvum oven to give compound 5

(214 g, 81%) as a white solid. MS found for O 3HpCING G, as (MH)Y 2781,

9351 Step 5 Carboxylic acid 5 {1.09 2, 3.6 mmol) was dissolved in 30 miL DMF. To it
were added BEDC hydrochionde (1,24 g, 6.4 mmol) and HOBt hydrate (870 mg, 6.4 mmol).
The mixtuce was stirred at RT for | howr. The reaction maxivre was cooled to 07 10 it was
then added amrmonia {commercial G.4M solution in dioxane, 16 mi, 8.3 mmol). The mixiore

was stirred for 2 hours, It was then concentrated in vacuo and faken into water and ethyl

w~J
o
V)
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S

acetate. The organic phase was separaied and washed with brige four tunes. The organic
phase was then dried over MgS0, and concentrated in vacuo 1o aflord compound 6 as a solid

(150 mg, 55%). M8 found for CiollyMN5Ch as (M+H)" 376.1.

(09361 Step 6 Compound & (188 rag, 0.5 munel) was dissolved in 3 mL MMP. To it were
added H-D-Val-NH, HCL (174 mg, 1.5 mmol) and DIEA (0.200 mL, 1 Ommel). The mixture
was stirred for 90 minutes at 120°0 bath. This mixture was then subjected to preparative

HPLC 10 isolaie the title compound 7. MS found for CpHaMe0s as (MH) 357 20,

ampie 374, {(R)-Z-(-amino-3-methyl- loxobutan-2-viamine)-4-(3,5-

direthoxyphenylamine)pyrimici rhogamide

e i CONH,
0

£ ;
)’sEJ\E\E_i/\N/ N
o i

The above compound was prepared using the same synthenc scheme demonstrated

i Fxample 372 with 3 5

LAS Frhomd for

1

[y bove cotmpound was pre

3 Thesa red using the same synthetic scheme demonsirate

i B

ample 373 wiih 2-bromoaniline to replace 3,5-dimethylaniline. MS found for

C16H1sBrN60; a5 (M+H) 407,

Bxample 376, (#)-2-{-amino-3-methyl- Loxobutan-2-ylamino-4-(3-

ethoxyphenyiaminojpyoimidine-5-carboramide
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O

ey
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{D03%)  The above compound was prepsred using the same synthetic scheme demonstrated

e

in Example 373 with J-ethoxyaniline to replace 3 5-dimethylaniline. M5 found for

C 1o 0n as (M) 373

A

5 Example 377 {F)-2-(-amino-3-methyl-Toxobutan-2-yvlamino)-4-(3-
ethylphenviaminojpyrimidine-3-carboxamide
ey
L
N
~ o ﬁ,(‘owz
1 £ l B
5‘12%\{, ¥‘\1/J\N/
o A
0
mrample 378, (R)-2-(-amino-3-methvi-1oxobutan-2-viamino)-4-(3-
{irifiooromethyhphenyviamino)pyrimidine-5-carboxamide
i\ |\
=N
\\(/ VRN COMNH.,
oo
df ~ “n I
i
[B940%  The above compound was prepared using the same synthetic scheme demonstrated
15 i Example 373 with 3-wrifluoromethylaniline to replace 3, 5-dimethylaniline. M5 found for
Tyt ies N Os as (T‘JE%E‘I}L 396.3

Examole 379, (R)-Z2-(~amino-3-methyl-loxobutan-2-ylamino)-4-(3-

cyanophenylamine)pyrimidine-5-carboxamide

251
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[0941] The above compound was prepared using the same synthetic scheme demonstrated

in Zxarmple 373 with 3-aminobenzonitrile to replace 3 5-dimerbylaniline. M8 found for

oyl oMa 0 as

Exaraple 2800 (R)-2-C-amino-3-methyvi-toxobutan-2-viamino-4-(3-

methoxyphenylamino)pyrimidine-5-carboxamide

The above compound was prepared using the same synthetic scheme demonstrated
iy Example 373 with 3-methoxyaniline to roplace 3,5-dimethylaniline. MS found for
3 Fia N0y as (Wi 3584

frample 381 (R)}-2-(amine-3-methyl-loxobutan-2-ylamino)-4-(3-{m-

tolvlaminopyrimidine-S-carboxamide

N
Dl TS
H
o >0
. i\?/\\i CUMHy
e }/{‘M’ N
oo

{0%d31 The above compound was prepared using the same synthetic scheme demonsirated

i

in Example 373 with m-toluidine {0 replace 3,5-dimethyl

as {Mee)’ 343

ine. wiS found for ‘::}Qiymé@')

BExample 382, {’R}-Jiw(.‘L~m"mno- l-oxopropan-2-yiamino-4-(3,5-

£

dimethyi ) neny AITHO0) Pl rirpddine-5-carboxarmide
Jt
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I
e

g CONH,
N

£y

HalN-. J\
e

{09441  The shove sompoumi was prepared using the same synihefic scheme demonstrated

P

in Brarnple 373 with H-D-Ala-NH,; HCOD to replace H-D-Val-NH, HCL MS found for

C;@Hﬂol%@l as {?ﬁ-?v}“i}* 328D,

Frample 383, (R)-2-{L-amino- L -oxopropan-2-viaming)-4-{3 5-

dimethoxyphenylamno)pyrimidine-5-carboxamide

Civa

LSO,

e

{09451 The above compound vwas prepared using the same synthetic scheme demonsirated

i Example 382 with 3, 5-dimethoxyanline 1o replace 3 5-dimethylaniline. MS found for

re S S S
LIRSS S FANE R I

Frample 384, (R)-2-(1-amino-1-oxopropan-2-yiamino)-4-(3-bromophenylamino jpyrnmiding -

S-parboxamide

A CONH,
'
B N~

MOON
H

repared using the same synthetic scheme demonsirated

camiple 382 with 3-bromoantime o replace 3,5-dimethylamline. ME found for

i+

ity sBriNgOy as (M+HD 3603,

Exwample 385, (R)-2-(F-amino- L -oxopropan-Z-yiaminoj-4-{3-ethylphenyviaminopyrimidine-

H-carboxamde

293
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1 H

-

{V?

S NH

J\J,L,ONH?
YR n/\\é} M

{0947]  The above compound was prepared using the same synihelic scheme demonstrated

in Exarmple 382 with 3-ethylaniline 1o replace 3, 5-dimethylanilin

as (ME+H }*3233.

FAE found for CghlaalNegig

{7

Example 386, (R)-2-{1-amino- L-oxopropan-2-ylaminoj-4-(m-tolylaminopyrividing-5-

carboxamide

OhH,

The above compound was prepared using the same synthetic scheme demonstrated

ey

OIS SGe WL T

[P SOV UUE DU S-S S SV SUNPS S R S S PR
Gl 1O repiass o, -l yian Vil rouna

s
i1

ke

(M1 314,34,

Bxample 387, (R)-2-(1-amino- L-oxopropan-2-yviamino)-4-(3-

methoxyphenylammno)pyrimidine-S-carboxamide

CONH

in Bxample 387 with 3-methoxyanline 1o replace 3,5-dimethylaniline. M8 foend for

Sxample 388, (R)-2-{2-amino-2-oxo-1-phenylethyiamino)-4-(3 .5+

dirpethyiphenyiamino)pyrimidine-5-carboxamide

294
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[0986]  The above coraponnd was prepared using the same synihetic scheme demonsirated

in FExample 373 with H-1>-Phe-NH, HCI o replace H-D-Val-WH, HCL MS found for

vt amo -
CopHoa MO as (MEHY 32872,

Example 389, (R)-2-(Z-amino-2-oxo- 1 -phenyiethylamino)-4-(3,5-

dirnethylphenylaming pyrimidine-S-carboxamide

12 i

Lo

\

MeO” T TN

S CONH,

i
A

;L'N A
N

e “11 e
L. o

The above compound was prepared using the same synthetic scheme demonstrated

in Hxample 373 with H-D-Phe-NH, HC to replace H-D-Val-NH,

9 HL and 3,5-

W dunethoxyaniline to replace 3,5-dimethylaniline. M5 found for Cyy

P2l as (MH) 423,

Example 390. (R)-2-(2-amino-2-oxo-1-phenviethylamino)-4-(3-

v

methoxyphenyiamingipyrimidine-5-carboxamide

Mee” 7 AH

[B9541  The above compound was prepared vsing the same synthetic scheme demonsiraied

f—
L

w Bxample 373 with H-D-Phe-MH, HOL o replace H-D-Val-NH, HOL and 3-methoxvyaniline

to replace 3,5-dimethylaniline. MS found for CugHagMNgOaas (M) 392 4.

Example 291, (RY-Z2-(Z-amino-Z-oxo- -phenviethyiamino}-4-(3-

iriflucromethyiphenylamino)pyrimidine-5-carboxamide

]
o
L
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FiC )
. )\TCUE\EHQ
N
HNT N
.y ﬁl\{i\idg
N
o

23

(08531 The above compound was prepared using the same synthetic scheme demon

s 3

i Example 373 with H-D-Phe-NH, HCY to replace H-D-Yal-PH, HCT and 3-

strafed

tiffuoromethylanitine to replace 3.5-dimethylanilipe. MS found for CapgH 75N 0s as (M HDT

5 430.39.

Hxample 392, (R)-2-(Z-amino-2-oxo- L-phenylethylamino -4-(3-

bromophenylaninepyrimidine-S-carboxamide

9541 The above compound was prepared using the same synthetic scheme demonstrated

R4 in Bxarople 373 with F-D-Phe-MH,; HCHo e

replace 3,5-dimethyianilin

A5 Tound for O By as (WL 3"%1} 441,29,

Pxrample 393 (R)-2-(1-amino-3-hydroxy-1-oxo-2-ylaming)-4-(3,5-

dirpethylphenylaminopyrimidine-S-carboxamide

A CONH,

15 {09557  The above compound was propared
i , !

in BExample 373 with H-D-Ber-NEH, HOT to replace H-D-Val-NH, HCL M3 found for

CeHagNe s as (M-H) 3d4.37,

296

Y Rl-NH, HO and 3-bromoeaniline o

using the same synthetic scheme dermonsicated
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Example 394, (R)-2-(1-amino-3-hydroxy-1-0x0-2-ylamino-4-(3-

ethylphenylamino)pyrimidine-5-carboxarmide

9l
i

,L\ CONS
i

h
HN/\N
At
+ O

Ot

""vf

=¥ a]

(0958]  The above compound was prepared using the same synihetic scheme demonsirated

0 Bxample 373 with H-D-Ser-IMi, HCU to replace H-D-Vai-NiH, HOT and S-ethylaniine o

7.

-

replace 3, 5-dimethylaniling. M8 found for CgHoMNeOg as W+H) " 344.7

st

Erample 396. (R)-2-(1-amine-3-hydroxy-1-oxo-2-ylamino)-4-3-m-tolylamino)pyrimiding-§-

carpoxamide

(99571 The above compound was prepared using the same synthetic scheme demonstrated

-

in Bxample 373 with H-D-See-INH, HCU o replace H-D-Val-NH; 2] and m-toluidine (o

replace 3 S-gimethvianiline. MY found for O sH N0y as (MHH) 330,34,

Hxample 397, (K)-2-(1-amino-3-hydroxy- 1-0x0-2-ylaming -4-{3-

bromophenyiaminoipyrimidine-S-carboxamide

ﬁ\g
S “NH
AN

'8
MM N')

m‘J‘\u/ e 2
i i

oH O

By

(09581 The above componnd was prepared using the sarme syanthetic scheme demonsirated
in Example 373 with H-D-Ber-NH, FIOCT 1o replace PL-D-Val-WNil, HOY aond 3-bromoambine o

replace 3,5-dimethylaniline. MS found for CuHsBrNsOs as (M+H)Y 385.22.
; 3 S

.
P
O
i
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Example 308 (R)-Z2-(F-amuino-3-hydroxy-1-oxo-2-ylamino-4-(3-

thoxyphenylaminopyrimidine-5-carboxamide

\’lij\:\EH

A GONH,

[095%]  The above compound was pmpm‘@«cfi using the same syniheiic scheme demonstrated

3 in Example 373 with H-D-ber-Nt

- Val-NE, HCEand 3-methoxyanime

o replace 3, 5-dirnethylaniline. MS found for O

et

HygN O 28 (MH) 346,34,

Example 399, (R)-2-(Z-amino-Z-oxo- I-m-toiviethylamino)-4-(3 5-

dimethyiphenviamino)pyrimidine-5-carboxamide

16 The above compound was prepared using the same synthefic scheme demonstrated
in Example 373 with (8)-Z-amioo-2-m-iolylaceiamide 1o replace H-D-Val-MiH, HCL MS
found for Caogllae0y as (M+H) 404,47,

Example 400, (B)-2-CZ-amimo-i-(3-chloropnenyi)-2Z-oxoethylaminoi-4-(3.5
dimethyiphenylaminopyrimidine-S-carboxamide
|
T
g
AT
i COMM,
N
o
!'ii‘é/“\i\f
e MM
I ¥
R
15
290
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{0861] The above compound was prepared using the same synthetic scheme demonstrated
in BExample 373 with (8)-2-amino-2-(3-chlorophenylacetamide to replace H-D-Val-NH,
HCEL MS found for CpHy CiNG D, as (M+H)Y 424 8¢

o

Example 401, (R)-2-(2-amino- 1-G-fluorophenyD)-2-oxoethylaming }-4-(3,5-

dimetnylphenviaminojpyrnimidine-S-carbozamide

g
- “‘</‘\w
S SOMHy

N

XA

TN,
e
- ,/\Q:;\}”m-/") \T}/ Hifig

12 o

.

(B96ZT The above compound was prepared using the sarne synthetic scheme demonstrated
in fxample 373 with (8)-2-amine-2-(3-flucrophenyDacetamide 1o replace H-D-Val-NH,

HCHL MS found for Oy oy FNGC as (M+H) 408.43.

Examnple 402, (R)-2-{Z-amino-2-oxo-1-p-tolylethylamine)-4-(35-

| i
R
A COMH,
N j/ -
4
HMTN
/\W,J\ NHS
L/
HGa3Y  The sbove 1 was nrepared - wathetic sob sirated
JOER3Y e above compound was prepared using the same syathetic scheme dermonsirated
in 1€ixar~1p 373 with (5)-2-amino-p-iolylacetamide (o replace H-D-Val-M, HOL MS found
for CopHagNgDy as (WY 404 .47
Prample 403 (R-2-(Z-amino-2-0% triflacromethyiphenyhethylamine)-4-(3 5-
r 13

dimethyiohenviaminoynvrirmidine-S-carhoxamide
yipheny )

799
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e

{69641 The above compound was prepared using the same synthetic scheme demonstrated

g

tn Example 373 with (8)-Z-amino-2-3-Tuoromethylphenylacetamide to replace 1-D-Val-

MNEH, HOL MSE found for Ty FalMg0r as (M+H) 404 47

5 bxample 404, (I0)-2-(2-aminc-2-ox0-1H{owridine-3-yDethyvlaming)-4-(3,5-
.1“.,“‘}] Fvherouiosm s 3 - ‘,1’ e P 3 o e?\
dimethylphenyiamino)pyrimidine-S-carbonamide

N
I
T

COMNH,

10965]  The above compound was prepared using the same synthetic scheme demonsirated

in Example 373 with (5)-2-amino-2-(pyridine-3-yi)acetamide o replace H-D-Val-NH, HCI

0 M found for Coalin, NGy as (MAHD 301 .43,

Example 405, (R)-2-(Z-amino-1{4-methoxyphenyl)-2-oxocthylamino)-4-(3,5-

dimethylphenylaminoipyrimidine-5-carboxamide

TR g
Lo GO
N/-_;\j((, SR

1 -

s TN

(69661 The above compound was prepared using the same synthetic scheme demonsirated

15 in Example 373 with (5)-Z-amino-2-(4-methoxyphenylacetamide to replace H-ID-Val-MNil,
22 4TN {}3 as {Nﬁ r%%} 420.47,

—

O ME found for
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Exaraple 406, (R)-2-(2-amino- 1(3-hydrc

dimethylphenylamino)pyrimidine-5

W ‘C oo
oot Ei

nke 373 with {5)

HICL MBS found for O

Example 407, {(R)-2-(2-

\

dimethyiphenylaminopyrimidin

{39641 The above compound was prepared using the same

in Example 373 with (5)-2

HOL ME found for Oy M

Example 408 (R)-2-(1-amno-3-methyl- 1 -oxobutan-2-y

yiaminoypyrimidine-5-carbo

71 The above compound was prepared using |

’)?i““h{\’"} as ( Wik 3

aming-1{34-hydroxyphenyi}-Z-0xoe

e-S-carboxamide

~Arng-2

NOs as (M+HD)' 406.44.

amide

POTAIBEO09/0072404

xyphenyl)-Z-oxoethylamino)-4-(3,5-

-carboxamide

MH

thetic scheme demonstrated

he same ‘\‘J\f

S2-armino-2-(3-hydroxyphenylacetamide o replace H-D-Val-IMH,

* 406 44,

thylaminoy-4-(3.5-

3

synthetic schems d@;’moma'ﬁ;mi;ﬁd

mino-d-fhenzoldithiazol-5-

M,
7 N
“’@ 3 *a\z;m N TE
N
_______ / i >rN

)
o
toes
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5 0 o o)
Ea-\(/L}-@\;H ?\MNHZ 13 CEBA, NP, 30 min s/ \>~NH i

M _*NJ> 2) DIEA, o 2}\, e 4 §W!N>'::,:N
. 200 AR e R
o 120°C, 3 h}-g?;\r NHp HOL } M
2 o2t ,
38,1 368.2 NHa g
B969]  To a stirring solution of 388.1 (110, mg, 0.347 mmol) was added mCPRBA (65%,

130 myg, 0.49 mmol). The reaction was stirred for 30 min at RT upon which time LIEA

mi) and commaercially avaslable 3682 (180 myg, 118 mmol) were added. The reaction was

5 heated for 3 hoat 120°C in a sealed tube. The reaction was cooled, turned slightly acidic with

FEA In water, and subjectad to reverse phase preparative HPLC to yvield the title compound

{28 W‘sg) RS forvind for Coblieh (05 as (A PH) 86,3, UW ;”\,”'Z/{r?, 284 am

Hxample 409 (K)-2-(1-aminc--oxobutan-2-viamino-4-(quinolin-6-yiaminopyrimidine-5-

oy ey G et
CATDOX TGS

Dy

10 A

<\/:j ~
A\ >—ﬁ\ 9]
N\/ \—N@ — it
NN
— H
Rl
o=
M,
ARG, 3G

(89701 Intermediate 3690 was reacted with 344,31 according to Example 408, Reverse
i }

phase preparative HPLO afforded the tite compound. ME found for gt 05 as (M H

3662, UV A=240, 283 nen. & LIS (G 3HD), L.O0-2.10 (m, 28D, 3.40-2.358 {m, 28D, 4.32-4.40

H-.‘.
i
T
et
o
st

V), 7.80-7.90 (m, 1H), 8.07-8.18 {m, 2H), 8.59 (5, 14, B.70-8.75 (m, 1H), 8.95-9.05

- -amdno-J-mnethyl-L-osobutan-2-ylaminoy-4-{oenzold lthiazol-6-

ylaminopyrimidine-S-carboxamide

202
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T 9 |
M/ \> SHOD i
N .
N/f A\ sae examplae 363
\.2.' .
J I8
]
AT

W71 Interwediaie 3711 was reacted with 3868.2 according to the chemisiry described in

Example 408. Reverse phase preparative HPL afforded the title compound. MS found for

5 Cyliely008 as (MH)T 386.4. UV h=243, 302 nim.

Hxample 411 (B»2-(L-amino- -oxobutan-Z-ylamino)-4-{(benzoldlthiazol-5-

ylamino)pynimidine-5-carboxamide

B ”77 } NW--§M\EH

N—-ny
Y=
Cnik

A%
M,

(09727 Interrpediate 368.1 was reacted with 346.1 according (o the chemisiry described in

10 Example 408. Reverse phase preparative HPLO affe

srdded the title compound. M5 found for
Ciat7 M08 as (M0 3723, UV A=246, 293 am

Example 412, (7-2-(1-amino-4-methyl- L-oxopentan-2-ylamino)-4-{1 -methyl- 1 H-indol-4-

yiaminoypyrimidme-S-carboxamide

303
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{09737 The title compound was prepared using the same synthetic scheme demonstiaied in
Example 417. M3 found for CogHas 05 as (M) 3963, UV: & = 216.9, 244.0.

Bxample 413, (R)-2-(1-amino-4-meihyl- L-oxopentan-2-ylamine)-4-(2-methyl-2H-1ndazol-4-

ylamino)pyrimidine-3-carboxamide

{}‘Q\\{/’ \N/ \?‘4
i H
5 !\““?2
The title compound was prepared using the same synthetic schermne demonsiraied in Dxample
315 MS found for U)eHaNa0s as (MY 3974, UV: A = 2133, 244.0, 333.1.
pxampie 414, (R)-2-(1-amino-4-methyi-1-oxopentan-2-ylamino)-4-{1 H-indazol-4-
yiamnoypyrimidine-5-carboxamide
HIN-I
\
e
| o WO
o L .m!“\
N /EL/ N
L T N S
Yo
10 N,
{09741 The title compound was prepared using the same synthetic scheme demonstrated in
Fxample 315, M5 found for CigllnaNeOn as (MAH) 3834, UV: L= 241.6, 318.8,
prample 4150 (8)-2-(1-amino-4-methyl-1-oxopentan-2-ylamino -4 L-methyl- 1 H-indazol-4-
yiaminojpyrimidineg-S-carboramide
AN
ol
P
]
[ ST
T R G N
oA J ] ﬁ
TN
F. H
15 hit,

304
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109751 The title compound was prepared using the same synthetic scheme demonstrated in

Example 315. MS found for C,oHuNgOaas (M+H) 397.4. UV: X = 207.5, 244.0, 325.9.

Hxample 416, 2-(2-amincethylamino)-4-(3,5-dimethylphenylamine)pyrimidine-5-

carboxamide

<y
s

e

IR

\\ 5,

// ”\ Q @]
("—/\_ N\‘T{ }.m MHp  RpAD W },. N
) ) fw\\\) 50 C _

P N

N 7N paaly

e (—ffNH
o
()

WETEY Compound 1951 (84 mg, 0.17 mmol) was dissolved in 3 mb MMP. To it was added
commercially available ethylenediamine (41 mg, 0.68 munol). The mixiure was stirred at
QO°C for 2 b From this nuxture the tle compound was isolated using reverse phase prop

FPLC, MS found for CisliagMeD as (M) 3012, UV A=240, 292 nm.

o

bxample 417, 4-(3-(2H-1,2 3-triazol-2-yhphenylamino)-2-(Z-amincethylaminc)pyrimidine-

S-carboxamide

I -
80
‘\[ -~ M

— o

P
< j\}vw{-s ?—NHQ

1
N \)
Scheme:

205
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% N & = 0

{ —NH M, MNP 2 NH O DN,

\.._.. - ‘;l f \\ [
- }_m_\( .

I {) i1 {, }-w- \

N ; S, Y
A ==
-3 -NH
179.6 P
W77y Compound 1796 (50 myg, 0.15 mmot) was dissolved in 3 MIMP. To it was added
MCPRA (49 myg, .18 mmol) and the mixture was stirred for 30 min. To it was added
ethylenediamine {36 mg, 0.60 mmol), The mixture was silrred at 90°C for 2 h. From this

5 muxiuee the ttle compound was isolated nsing reverse phas

> prep HPLC. M5 found for

CosH N as (WD 3403, 1V A=249 nm.
shiy g

ple 418, 4-(3-(2H-1,2,3-tnazob-2-vhphenylamino)-2-(3-aminopropylaming)pyrimidine-
5 AN t

S-carboxarmide

LKA

UU78] The tide compound was prepared using the same chenusiry shown for Example 417.

S found for )

i qu\rgﬂ as i e

V3544 UV A=251

i}

Exarnple 419, 4-3-(2H-12 S-taazol-2-vhphenvlamino)-2-(4-aminobutylamino)pyrimidine-

NE wmb(,u BITHI ia

Ny
M
HES
- >
\/ >---—NH S,
Nz L
RN
Ny
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IGU79] The title compound was prepared using the sarne chemistry shown for Example 417,
rAS found for {78y Neld as {l\fa } EI} 634, UY A=2572 nm.

Example 420, 4-(3-{H-1,2 3~triszol-2-yvDphenviamino - 2-(Z-amino-2-

nethyloropylaminepyrimidine-S-carboxaride

The title compound was prepared using the same chemistry shown for Example 417

bR found for Oyl Mol as (M 884 UY A=249 nm.

Hrample 421, 4-(C

11,2, 3-tnazol-Z-vhphenylamino)-Z-((4-aminotetrahydro-ZH-oyran-4-

s

yiymethylamino pyrimidine-S-carboxamide

0
A ‘
< \, NH i,

L was prepared using the same chemistry shown for

8AS found for as (MY 4104 LY A=24% nm.

,

RS PSS *u)p% enylamin-2-(

wilaminolethviaminoipyrimudine-5-carboxamide
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(09821 The utle compound was prepared using the same chemistry shown for Example 417
with commerciaily available tert-butyl Z-aminoethyl{methylcarbamate, fotlowed by TFA

treatment 10 cleave the BOC group. MS found for CigH oMo as (M 3544, UV 3=750

nm.
5  Example 437 F IEF: shenyviaming)-2-({ 1 25)-2-
5 bExample 4723 4-(3-(ZH 3-triazol-Z-yvDphenylamino)-2-((11,25)-2
hydroxycycloh ww,ﬂmo}r}y iridine-S-carboxamide {racemic)
=
Y
i\g“"%‘j
(69831 The title racemic compound was prepared using the same chemistry shown for

5 - ~

cxample 417 with commercially available cis-Zeamino--cyciohexanol and DIEA. ME found

fanas
)
e

for Collnblails as (Maid) " 3954 UV A=254 nm.

Exarople 424, (R)-4-(3-(2H-1,2, 3-irtazol-2-yhpheaylamino)-Z2-(T-aminopropan-2-

viaminoypyrimidine-S-carboxamide

Seheme:
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CozCl (1 2eq) E%OCQG {Zeq)
A NaoCO4 (3ea) \_H \)m BH,Me,S (2.5¢0) jﬁ} KoC04 (2eg)
» M, diox, waler O Nk ﬁ<j> Iig Cfix al <\W> —“u’\_i:i"iil“ -
@) M TTTT——— NHQ ''''''''' m M,
210} 210.2
w S
N~p M-n

O
T VR £ (), 10 PaiC - o : o
‘\‘Ln i \m—<\:- } n i() \ i {\iH? / }. N § Mbt, {/i_jm\/—‘ NH y— MHa

0 T —— e o] — - R l{'\;..._,
H— Hi- a WY
o o4 -
MeS =t NH
210.3 2104 179.6 NI 210
by

[G984]  Siep 1 Commercially avallable F-D-Ala-NE FICHZ2.0 2, 16 mmol) was dissolved
L i kS ] E

in 60 mL water and 20 il dioxane. To it were added BzC1 (2.7 mi, 193 mmol) and sodium

ia

carbonate (5.1 g, 48 mmol). The mixture was stirred for ovemight at R

e LI was diluied with
ethyl acetate, washed with brine x3, dried, concenirated. The residue was then taken into 450

mi hexane and 30 mL DUM, stirred vigovousiy at 30°C for 38 min, filtered. Compound

-

101 (>090% yield) stayed in the solid phase, and most impurities and by-products were in

the filirate.

. aa)

step 20 Compound 21001 (16 mrool) from Step 1 was disselved in 100ml THF. To

iowas added BH Mepb (3.8 mL, 40 mmol) at BT, The mixture was heated to 857 and gently

refiuxed for 5 I Tt was cooled 1o BT, To it was added 100 mi. water. The mixiure was siizred

for §onat KT Then KptZOs (6,62 2, 48 mmol) and BOCO (7.00 g, 37 mmob) were added,

[k

The mixwre was stitred at RT for 1 b it was diloted with ethyl acetate, washed with brige 23,

Tie 1o

dried, concentrated, subjectad 1o silica Hash column with 35% ethyl acelate in hexs

sotate cornpound 21003 (1L.22 g, 25% for 3 steps overall) as white solid.

[0936]  Step 3 Compound 210.3 (3.96 mmol) from Step 2 was dissolved in 200 mL sthyl
acetate. To i was added 500 mg 10% Pd/AC and the mixiure was stireed under T, balloon
overnight. it was filiered through celite, and the celite was thoroughly rinsad with methanol.
The fitrate was concentraied in vacuo to afford compound 210.4 as thick oil. It was dissolved

i NMF (0 make a 0.20M stecking solution.

0987)  Step 4 Compound 179.6 (100 mg, 8.30 mmol) was dissolved in 6 mL NMP. To it
was added MIUPB A (96 mg, (.36 munol). The mixiure was stirred for 40 min ar BT, TO
were added BIEA {021 mL., 1.2 mumol) and compound 210.4 (0.20 8, 3 ml, 0.60 nunol).

e

The mixre was stirred at 90°C for 2 k. It was cooled 1o RT, diluied with ethyl acetate
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washed with sat. Wa,COs %7 and brine, dried, concentrated in vacuo. The residue was treated
with neat THA at RT for | h and then concentrated. The residue was then subjected o reverse
phase prep BPLC to isolate the title compound. MS found for CigHieMNeO as (M) 354

U A=250 nm.

5 Exampile 425, (R)-2-(I-aminopropan-Z-viamino}-4-(3-{pyrimidin-2-

yhphenyiaminoipyrnimidie-5-carboxamide

VAR “
ci/ )\» \tré SN,

S

5 ,}”—’:i\
<1 hH
N,
[oous] e tifle compound was made using the same cheruisiry scheme shown for Exarple

424 with compound 249.4 (given in BExample 172). M5 found for CigHaeMgO as (M+H)"

10 3653, UV A=247 nm.

Frample 426, (R)-2-(1-aminopropan-2-ylamino }-4-(rm-totylamino)pynimidine-S-carboramide

— b,
S N (/
A
A /)
=N
A
MH,
{09891 The title compound was made using the same chemstry scheme shown for Exampie

424 with cormnpound 187,10 (given in Fxample 187). M3 found for C15H20M60 as (VI+H)T

i5 0 30130V A=243, 289 nm.

Example 427, (R»-2-(L-aminopropan-2-yvlamino )-4-03, 5-dimethylphenylamino)pyrimidine-5-
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M
=N

i NH

My
(695907 The title compound was made using the same chemisiry scheme shown for Example
424 with compound 1851 (ziven in Bxample 195). M3 found for CgHMNs0 as (M+HDYT
3153, UY A=0243, 289 nm.

5 Example 428, (5)-4-(3-(ZH-1,2,3-triazol-2-yphenylamino)-2-{2-
¥

aminepropy a.itx:;.iz';o)p yrimidine-S-carboxamide

N
§
N~ ’\;

</ \—NH S pH,

e ttle compound was made using the similar chemistry scherme shown for Example 424

MS found for CoH oMo as (MAH) 354.3. UV A=250 nm.

10 169811 Example 215 (8)-2-(Z-aminopropylamino}-4-(3-(pyrimidin-2-

yhphenylaminoypyrimiding-S-carboxamide

/’::.':J..\
6 M
i’\‘g P
B Q
4 >~”;§i P
S 2._.
M \\:}
=p
e

The title compound was made using the similar chemisiry scheme shown for Example 424,

MS found for CialgMNeD as (MH)T 365.3. UV A=247 nm.

15 Example 216, (R)-4-(3-(2H-1,2 3-triazol-2-yDphenylamino}-2-(1-amino-3-methylbutan-2-

yiamino)pyrimidine-S-carboxamide
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N

P~

% Yo NH }mi\ii—‘o
a b

__w( N

Trample 424, MS found for CiaianbsC as (MED 382 .4, UV A=251 am.

fix_ampi@ 2T {PL)“EA(1!."3.571"%%ElO*.’f”.E"i'iﬁth}-'n'ji?j?_ “2-vlamino)-4-3-(pyrimidin-2-

&

#31 The title compound was made using the similar chemistry scherne shown for

Fxample 424, ME found for CppHaaMa as (M+H) 3934, UV A=240 nm.
Cxampie 218, (53y4-(3-(21-1,2 3-inazol-2-yUphenylanmino)-2-{ -amine-3-hydrox yoropan-2-
10 ylaminoipyrimidine-5-carboxamide
=y
§ N
N-p
}/_\ o
f\ i }\ SN
Y
I} {:} j— \ >"':u E\j
( MH
169941 The title compound was made using the similar chemisiry scheme shown for
Frample 424, MS found for TiglioleUy as (M7 370.3. UV A=248 am.
Example 219, (5)-4-(3-(¥H-1,2,3-tnazol-2-yhphenyiamino)-2-(1-aminc-3-methex ypropan-2-
15 ylamino)pyrisndine-5-carboxamice

tad
e
S
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N-N
Y
= 0
/ }* NH = PNHs
&‘::“' / ,\
N\ p
O~ J=N
/ ? NH
N%“!Q
Scheme
(_\> 9
HO— H 2=0 = G H =0 e
P 77 Ve >
M-, e N /
O—4— Ot
\ \
21800 2192
10995] Con‘zpmmd 219.1 was prepared using the same chenustry for f"om,x*mzsi 2103
5 shownin Example 414 Compound 219.1 (2.0 ¢, 6 mmol) was dissolved in 100 ml DOM, To

it were added proton sponge (3.2 g, 15 mmol) at RT. Three min later, MesO'BE (2.2 &, 15
- s b} 2

\

unoly was added, The mixiure was stirred at RT for 3 days. It was diluted with 300 mL ethyl

2

acetate, washed with brine x2, dried, concentrated, subjected 1o silica flash column (40%

ethyi acetate in hexane) 1o give compound 2192 {177 g, 87%) as white solid.

(0 1B8RET The title compound was completed using the similar chemistry scheme shown for
Example 424 with compound 218.2, M8 found for C7Hz NoO, as (M+HY 3843, UV A=040
1

bxample 220 (8)-2-(1-amino-3-methoxypropan-2-ylamino)-4-(m-tolylamine)pyrimidine-5-
"\ } o

carboxamde

e 0
(N :
G = IR
\sime/ ;}....__\
Mo
SR
£ ailH
15 NHQ

9271 The title compound was made using the similar chemisiry scheme shown for

Example 219, MBS found for CgHaNgTh as (MY 3313, UV A=240, 289 nm.
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Example 221

171 (R)-4-(3-(2H-1.2

L2, 3-riazel-2-yhphenylamino)-2-(1-amino-4-roethylpentan-2-
ylarninojpyrimidine-5-carboxamide

M

ile coz‘ﬂ'pm,zmi was made using the similar chemistry sche
HaosMgO as (M+H) 3064, UV A=250 nm.

L4

e shown for
Example 428, (R3-4-3-(1 H-pyrazol-1-vhphenylamine - 2-(1amino4-met

hvlpenian-2-
ylamino)pyrimidine-5-carboxartde

N,

(09997 The compound was made using the similar chemistry scheme shown for
Bxample 424, MS found For TapHagMaO as (M4 395 4 U A=2s

47 nm.
Example 425, (B)-2-(1-amino-4-methyipentan-2-ylaminoe)-4
yiyphenviam nn}wyrmﬁd ne-5-carboxarnide

{3-{pynmidin-2-

¥
i
pU
\‘\ _>7N'ﬁ‘ - by
vt \.w
£
N M %
)""‘ ;‘:—*N
? BIH
ME";-{‘_;

(0887 The tde compound was made using the similar chemistry scheme shown for

Example 424, MS fonnd for Oy HoaMNe (O as (MHHY 4054, 1V A=247 am
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Erample 431, (R)-2-(1-amino-4-methyipentan-Z-ylaminoj-4-(m-iol ylaminojpyrimidine-5-

carboxamide

-NH,

1] The pile compound was made using the sirniiar chenusicy scheme shown for

5 Example 424, M5 found for OgHeMe0 as (MHH) 3424 UV A=244, 288 nm.

Example 432 (R)-2-(1-amino-4-methylpentan-2-yiamino}-4-(3,5-

dimethylphenylaminepyrimidine-S-carboxamide

— =i
/ \x il -\!f-'

K

N,

The title compound was made using the similar chamistry scheme shown for

10 Example 424, M5 found for T oHagNeO as (M+H)' 357.4. UV A=241, 290 nm.

Dxample 433 2-{d-aminobutyiarmino)-4-{m-toiyvlaminoypyrimidine-5-carboxaride

{;’\ﬂ

.»’Lﬁ"'\ Jig\\

Uy T B
/g-.\ g

I
B

RS A
H
e
s &
S e . L b
i 1 Mol AR
w.é’“%.m NI ’ Nidp i )[i
i = 15
o i f ? NS N,
N7 N o -
3 - : H i} . e
/;u_”_ i 2 i §\§ N
2 i
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(10831 To asolution of 1,4-diaminchutane {048 g, 5.5 mmol) in DMF (5 mL), a solution
of compound 2-{ ‘LH—%szo{ii}{i,Eﬁ}t}:iamL3_vyloxy)--@{m-&olyiamino)pyri:n‘lidiﬂe—&
carboxamide (0.53 g, 1.47 mmol) in DMFE (5 mL) was added dropwise. [t was then stirred at
reom temperature for 20 h. It was concentrated in vacuo. The residue was purified by HPLC

5 to give the titded compound as trifluoreacetic acid salt (0.55 g). MS 315.2 (M+H); UV 2497,

Example 434, (5)-2-2-amino-3-cyvclopropylpropylamino)-4-( L-methyl- 1 -indol-4-

yiaminojpyrimidine-S-carboxamide

\/\( H

M,

[A004]  The ttle compound was prepared using the same synthetic scheme demonsirated in

10 Exampile 218. ME found for CagHpsNyO as (M+F) 3804, UV: L= 2198, 2411, 330.3.

Example 435, (5)-2-(Z-ziinobutylaminoy-4-(1-ethyl-1 A-indol-4-yiamino)pyrimidine-5-

carboxamide

.
T NH O
M’f"\é M,

{10051 The utle compound was prepared using the same synthetic scheme demonairated in

15 Fxample 218, MS found for CllysNyC as (MY 368.4. UV A = 2192, 2404, 331.9.

Example 436, (5)-2-(Z-amino-Z-cyclopronviethyviarmno-4-( L -methyl- 1 H-indol-4-
) hY o

yviamino)pyrimidine-S-carboxamide

Lid
oot
s
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P1006]  The tde compound was prepared using the same synthetic scheme demonsirated ip
Prample 218, MS found for CroflnMNyCas (MAHY 3664, UV = 220.2, 241 .4, 330.6.
MME (L1000 6 8.27 (s, tH), 8.08 (s, 1H), 7.85 (d, J=2.4 Hz, 1H), 7.34 (s, 1H}, 7.06-7.00
JE (1Y, 267 {my 2HG, 119 (my, 3ED, 097 (my, THD,

,..bv

(e, 3FD), 6.80 (m, 1H), 6.12 (m, 1H), 4

{x
42-0.31 {m, 65D pom,

&

Ixample 437, (5-2-(Z-aminobuiylamino)-4-(1-methyl-1 H-indol-4-ylamino)pyrimidine-5-

carboxarmide

\? .
P
L

Hrample 218, MS found for CigHpM7O as (MAHIDT354.4 UV L = 2192, 2404, 3331

TAGH7] The title compound was prepared using the same synihetic scheme demonsiraied in

Erample 438, (K)-2-(Z-arino-3-cthoxypropyiamino)-d-( L-ethyl-1H-1ndol-4-

L .

yviaraino pyrindine-5-carboxamide

™. 1
jn‘x'
N \]/l N,
!
S ~\ /
N
Pid

1 -Eﬁz



W 00U/ 136005 POT/US200%/3G7457

L1088 The atle compound was prepared using the same synihetic scheme demonstrated in

Example 218, MS found for CopHyyNoC as (MH) 3984, 1V ) = 219.3, 235.4, 326.7.

Example 439, (K)-2-(2-amino-3-methoxypropylamine)-4-(1 H-indol-4-ylaminojpyrimidine-

S-carboxamide

TN O

3 L
A
N \j/ "NH,
i )
\(;j’,f .\\‘5‘/"\‘ i\}/‘ \:\;
;ﬂ‘ ;,7

]

L1085 The title compound was prepared using the same synthetic scheme demonstrated in

Example 218, MS found for bl MyOy as M+ 3564, UV b= 2167, 208.7, 327.2

Example 440, (X)-2-(Z-amino-3-methoxyoropylaming-4-{ 1 -methyl-1 H-indol-4-

viaminopyrimidine-5-carboxamide

\.

M

p A
i
o,
=ONE O

LABIDY The tite compound was prepared vsing the same synthenc scheme demonsirated in

i Lﬂ
Example 218, MS found for CogHogN7Os as (MAAH) 37004, UV A= 2192, 239.3, 3315
Exampie 441 (AO-2-(C-amino-3-methyibutylamino)-4-(l-methyl- 1 Handol-4-

ylaminoypyrimidine-S-carboxamide

-
i
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FI3317]  The title compound was prepared using the same synihetic scheme dernonstrated in
FExample 218, M3 found for CioflMN,O as (MHE)T368.4, UV b = 2204, 325.5.

Brample 442, 2-{(2R, 3R)-Z--amino-3-methoxyibuiylaminoy-4-{ -ethyl- 1 H-indol-4-

viamino)pyrimidine-5-carboxamide

doH
& | \it" 2
% >
[i012] 'The dtle compound was prepared using the same Symhaﬁc scheme demonsiraied i
Bzample 218. MS found for CopHlpy Ny Oq as (MH) 3984 UY: A= 2204, 2399, 331 6.
Bxample 443, (R)-2-(Z-amino-3-ethoxypropylamino}-4-(L-methyl- LA~ indol-4-
viaminoypyrimidine-S-carboxamide
AN :
B e
()
i
-~ o~
P
T is%-% ?
N “F/ “NH,
“
P N Ny
O S N M
Bo.oH
10 N,
H0L3)  The ddde compound was prepared using the same synthetic scheme demonstrated in
Bxample 596, MS found for OoHastdy 0y as (MH) 23R4 UV A= 2102, 239.3, 3319
srampie 444, (2)-2-(Z-amino-3-ethorypropylamino -4 H-indol-4-vlamino)pyrimidine-5-
carboxamics
C
\g’éH‘g
15
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[1034]  The dile compound was prepared using the same synthetic scheme demonstrated in

Example 596, M3 found for CraHpnM0y as (M 3703 UV A= 2157, 238.1, 327.1.

Example 445, (K)-2-(2-amino-3-methoxypropylaming)-4-(Z-methyi-2H-indol-4-

ylamino)pyrimidine-5-carboxamide

N \T ThMHy
i -
T - N
or oy \E IN
4:4‘ i3
i\pr
LAGLST The atle compound was prepared using the same synihelic scheme demonstrated in

;{Iv’i-:'-i"i.}'ki??i.} UV h=2140 2417, 324

Bxample 446, (7)-2-(2-amino-4-methox ypropylamino)-4-( L-methyl-1 H-indol-4-
3 AS 1_

viaminojpyrimidine-S-carboxamide

oy

compound was prepared using the same syathetic schemes demonstrated in

P T PO T oy ey o~ ;
as (W ED 3R4A5 UV L= 2192, 2404 331 8,

Mo, WES Found for O ok

ino 42, 3-dihydro-TH-pyrrofol 12~

~Z-{Z-amino-3-methoxyorpyls

Ypyranidine-S-carboxamide

b

ajindol-B-yiaming

[}

3
oy
e
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{18173 The title compound was prepared using the same syniheiic scheime demonsiraied in

ample 596, MS found for Cagfloshy Oy as (M 396.4. 11V, L = 703.9, 244.0, 303.3.

Example 448, (R)-2-(Z-amino-3-ethoxypropylamino)-4-(2-methyl-2H-indol-4-

yiaminopyrimidine-5-carboxamide

i8] The title compound was prepared using the same syathetic scheme demonsivaied in

iad

(14
Frample 396, MBS found for CygddeaMNeOr as (MAEDT 3854, UV A = 208.6, 2404, 2

3247,

Hrample 449, (8)-2-(Z-amino-3-ethoxypropylamino)-4-{2,3-dihydro-1H-pyrrolo] 1,2

aindoi-8-ylamino)pyrimidine-S-carboxamide

8
(//&:\\_,/
N
Ui, R
TN a{s
, |
i‘\i//j\‘,” NN
o
P R
07NN
i i
hH,

116191 The title compound was prepared using the same synthetic scheme demonstrated in

Frample 596. ME found for CyiHayMOras (M+HY 4104, UV L= 2216, 336.7.

1y
romt
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Example 450, (5)-2-(2-amino-4-methoxypropylamino)-4-(2,3-dihydro- 1 H-pyrrolo( 1,2-

alindol-8-ylamino)pyrimidine-5-carboxamide

?l»j\’/ N
)_/Q\.\/\\ e T
NH,

o orie

(19201 The title compound was prepared using the same synthetic scheme demonstrated In

5 Exampie 596 MS found for Oy HpMyOg as (MH)Y 4104 UV 0= 22208, 336.7.
Bxampie 451, 2-((2R, 38)-2-amino-3-methozylbutylamino)-4-{2,3-dihydro- LH-pyr

gtindol-B-ylaminopyrimuding-S-carboxamide

{1021] The title compound was prepared using the same synthetic scheme deme
10 Example 596, M5 found for CyHyy N0 as (M4HEY 4104, UV A= 7221.6, 335.5.
Example 452, (5-2-(2-amine-3,3-dimethyibutylamine}-4-(1 -raethyl-1 H-1ndol-4-

viaminoipyrunidine-S-carboxamide

e
iy
l/j/ \:%j
S \;\‘m o
|
| E\a/“‘f:]/ QTR
e, )\! -
/‘T’/\'N’ N
!
3\55"‘;2

rolef 1,2

wstvated in
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1i022]  The title compound was prepared using the same synthetic scheme demonstrated in
Fxample 218. MS found for CopgHyNCas (MM 3824 UV: A= 2192, 239.3, 327 1.

mxample 453 (8 )-2-{Z-aminopropylamine)-4-(3-(3-

finorophenylcarbamoyphenylamino)pyrinmidine-5-carboxamide (41)

el R .
N 7,
4 s d
P i = <‘\>'—"N o
=3, - oo, el
B
cl ._) 0 J-\

N A B0 Hohl 9.3 = \/IL.

! g N N
o e Sy 1 e GOy
R L N e O S

411 o2} o (W/J\Nf;’

—"4]}:5 -
414
YN 7R 4 B
T G }‘N“'fé ° AN
NHBEoe ! b0
e S 7
e o e,
S S O
e RN
N ] o ACONH,
MU s, I f
o ‘ {Z”“p{l"j\l\i
OFNL e a1 1y ¥
A -

Stepl: Dechloropynimidine ester 41,1 344, 155 mmol) was dissolved in

acetonlirile (20 mb) and stirred mn ice bath. To it was added a solution of antline 41,2 { 3.0g,

T O I [T SRR S & ool S SIS WU S = NS S SR S
pAPLLTENEION ) ATG FRSODIORYIGMINe (LA, 00050 ML, 50,3 iMinot) i U ol acelominue

ki
P

1

gropwise using an additicnal funpel. The mixtore was sticred for | hour, selvent evaporated

-

followed by dilution with water (0 precipitate compound 41,3 as a yellow solid (4.2g, 75%).

(38247 Step 2 Ethylester 41,3 (2 g, 5 mmol) was dissolved in 10 mi THE. To it were
added bthaum hydroxide hydrate {275 mg, 0.5 mmol) and 10 mb water, The mixnure was
stirred for 1 bour and to it was carefully added 1M HCL solunion tll oH reaching 3. The

mixinre was concenirated in vacuo o remove THE White solid crashed out and was wsolared

using a Blichner fuanel. It was washed with water and doed in vacoum oven o give

compound 41.4 (1.65g, 89%) as a white solid. MS: (M+H)' 388.06

|
E: &7

(18251 Step 3 Carboxylic acid 45,4 (1 g, 2.7 mmol) was dissolved in 15 ml DMF. To i

o
were added BI0C hydrochloride (934 mg, 4.86 mmol) and HOB: hydrate (860mg, 4.806

mmel) The mixture was stirred at BT for 90 munutes. To i1 was then added amunonia

“C . The mixture was stirred

{commercial 0.5 solution in dioxane, 14 mi., 6,75 mmal) a1 {
for overnight al room temperature. To the reaction mixture added water 1o afford compound

41.5 as a white solid (1.26 g, R6%). M5 (M) 485,14,
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(1028]  Step 4 Benzowriazolyl ether 41.5 (500 mg, | mnol) was dissolved in 15 ml ACM.
To it was added (8)-tert-butyl-1-aminopropane-2-yl-carbamate (373 meg, 2.1 mmol). The
mixture was stiired for overnight at 50°C. After cooling added water and stirred for 1 hr to
afford compound 41.6 as a white solid (0,541 g, 92%) . M3 found for UogHaob 04 as
(M+HY 52424,

LA

119271 Step 5 Compound 4156 (100 mg, 0.2 mmol) was strred in a 1:1 (5 mL) mixture of
TFA and dichloromethane at R'T for 15 minntes. It was concentrated in vacuo followed by
addition of dilsopropy! sther to afford compound Ma. 41 as a white solid (50 mg, 55%). MS

found for CyyHop PNy as (M) 42419

10 bBrample 454 (5 )32-Q-aminopropylamino)-4-(3-(4-

chlorophenvicarbamoylphenylamino)pyrimidine-5-carboxamide (57)

e

)
S

<5,

{35--—</ \—fxf B

CONH,

[1028]  The title compound was prepared using the same synthetic scheme demonstrated in
Example 453 with 3-amino-N-(4-chiorophenylibenzamide o replace 1o 3-amino-MN-(3-

15 fluorophenyDbenzamide. MS found for O HpCING O, as (M) 440
Example 455, (5 32-(2-aminopropylamine)-4-3-(isoxazol-3-ylearbamoyl)

-

phenylankno)pyrimidine-3-carboxamide
—{} 3
\/, s“f
M. 7 G

#
\;
Q
‘.
':}
&'..'
b ol
Fond
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{19297  The title compound was prepared using the same synthetic scheme demonstrated in
Hzample 453 with 3-amino-M-(isoxazol-3-yhbenzamide to replace o0 3-amino-N-(3-

fluorephenyhbenzamide. MS found for CgH oMy as (M+HY 396

Bxample 456, (5 )-2-(Z-aminopropylamine)-4-(3-(phenylearbamoyl)

phenyiamino)pyrimidine-5-carboxamide

I o
Pami et
N T
!

L

= TH

- :YCOW s

4'\, — JI g

NN
Fobt M

(103481 The tile compound was prepared using the same synthetic scheme demonstraied in
“xample 453 with 3-amino-N-phenylbenzamide (o replace to 3-arnino-M-{3-

fluorophenyitbenzamide. M5 found for Ty

53N Oy as (M+H) 406

rample 457 (5 )-2-(Z-aminopropviaming)-4-(d-carbamov]-3-
I3 " X 3 v kS S

R, OCH,

B
T

ST b
e OO

Y
o, 3,//\ /*E\ =

T

[1033]  The tide compound was prepared using the same synthetic scheme demonsirated in

Example 453 with 4-amino-d-methoxybenzamide 1o replace to B-amino-MN-(3-

Hnorophenyhbenzamide. M3 found for CHa M08 as (MHH)Y 360

Bxample 458, (8 )-2-(Z-aminopropylaming}-4-(3-{3-methylthiazol-2-

vicarbamoyphenylaminopyrimidine-5-carboxamide (123}

—N
P et
-.S i
= i
3
TR
s ACONH,
R
UNTN
Hao H

L2
2
E
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110341 The title corapound was prepared using the same synthetic scheme demonsivated in
Example 453 with 3-amino-N-{3-methyithiszol-Z-ylibenzamide to replace 0 J-amino-N-(3-

fluorophenylbenzamide. M3 found for CreHnNgO05 as (M4 427

fxampie 459, (8 )-2-{Z-ammncpropylanino}-4-(3-({5-chlorothiazol-2-

nt

5 ylmethylearbamoyphenylamino)oyrimidine-S-carboxamide (125)

A

e /‘\\/N‘*,//C}

A CONH,

Fhe title compound was prepared using the same synihenc scheme demonsirated in

3 with J-amino

{{5-chlorothiaze yvimethyDbenzamide o raplace to 5

arnino-MN-(G-fluorophenyDbenzamide. M8 found for Ciotly CING0LS as (M 447

10 Exarmple 480, (8 3-2-(Z-aminopropylamino)-4-(3-

The titde compound was prepared u:fs.in;;; e same synthetic schemse demonstraied in

Erample 453 with 3-amuino-MN-{d-methoxyphenyibenzamide 1o replace 10 3-amino-M-(2

WS fonnd for Ol

Example 461, (5 »2-(2-aminopropylaminge)-4-(3-(3-

chlorophenyicarbamoylphesylam w)pyrm@id mne-5-carboxamide

326
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(10351 'the gile compound was prepared using the same synthetic scheme demonstrated in
Fxample 453 with 3-amino-M-(J-chlorophenylbenzamide to replace to B-amino-N-(3-

fluorophenylibenzamide. MS found for O FnCINGG, as (M+H) 440

Fxample 462, 5 y-2-{Z-amincpropylamine)-4-(3-(4-

flrorophenylearbamoyDphenylamino)pyrimidine-S-carboxamide
B

F—“_{_>wfji~ﬁl

The title compound was prepared using the same synthetic scheme demonsirated in

Hxample 453 with 3-amino-MN r~(4~f’f.f%amx:oo;;hmyi}bﬁnmmide to replace to J-amino-N-(3-

fluorophenylibenzamide. MS found for Cy HaaFN; O, as (MaH) 424
fxample 463, 5 )-2-{Z-aminopropylamino}-4-(3-(benzofdthiazol-2-
vicarbamoviiphenviaminojpyrimidine-5-carboxamide

// \i\;j

g

Nl 1

(b
N/L\/u&\& {2
.
B g

TR037]  The title compound was prepared using the same synthelic scheme demonsirated in

Example 453 with 3-anuno-MN-(benzoldiithiazol-2-yYbenzamide 1o replace 10 3-amino-N-(3-
fiucrophenylibenzamide. MS found for CHpMNg(h8 as (M+H)Y 483

327
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[1038]  The compounds No. 140, 141, 144, 156, 163, 164, 166, 172, 173, 176, 177, 150,
191 194, 200, 201, 213, 215, 218, 2214, 222, 228, 233, 237, 238, and 239 were prepared using

the same synthetic scheme demonstrated in Example 453,

Example 464: (8}-2-(2-aminopropylamino)-4-(4-methyl-3-(2H-1,2 3-triazol-2-

5 yhphenylamino)pyrimidine-5-carborarmide

1) MCPBA ( e,
MMP {01 M), T 0

AR\ ) DIEA (Sey), B0°C, EES R f\ﬁ \\i“
N_‘E\if%\-j 3 hic overnighi H“\ﬁg'/\ [0 P E\i‘i
i\ f ’":ﬁoo e
- 3) TEAICH,C, S
S S g
TN O AL
AN e
G *ﬂ M, e
oL TN
o //\\'g“\i'/ HYY Q“f
HHE '
233 -

compound was made in ag analogous fashion to 81 in Example 87, Howsver

-(ihiazol-4-vh) denvative 31,1, the 4-methyi-3-(2H-1,2 3-triazol-2-vi)

10 denvative was unthized. Also, mstead of tert-butyl (15, 2R)-Z-aminccyclohens

£nen Y

812, N-{(5)-7-amino- 1-methylethyDearbamic acid tert-butyl ester 33

2ICAS 146552

ued

was ueed, M found for O3 Mo as (M+HD) 3684, UV A= 242 nim

FExample 405 {5)-2-(Z-aminopropylamine }-4-(5-methy{-3-(21-1,2 3-iriazol-2-

vijphenylaminolpyrimidine-5-carboxamide

[}
)
GO
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334

[i048] This compound was made in an analogous fashion 1o 333 in example 464,

However, instead of the 4-methyl-5-(2H-1,2,3-tnazol-2-y1) denvan. S-metiyl-3-
50 (2F1,23-marol-2-v1) devivative 334,10 wag utilized, M5 found for O8N0 as (M+H)
3683 UV h= 246 nm

Hrample 466 (8)-2-(Z-aminopropylarainoy-4-{3-{2H-1,2 3-triazol-2-vI)-5-
(riffuoramethyDphenviaming)pynimidine-S-carboxamide

S

N \,’

i > NH ——wr,
g—L\
i
AR TR
10 11824%]  The file compound was prepared according the scheme 464 using 335.3 as the

starting aniline. M3 found for O7H e RaMNeO as (M+H)" 422.3. UV A= 260 nm

Example 467 (R)-2-(1-aminobutan-2-ylamino)-4-(O-methyiphenyDpyrimidine-5-

carboramide
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- 0
/ >WNH ~NHy
- }__

N
b=
ot 1
¢
o) ‘r.iaOf‘D]oxane [ ? By M5 PO, G0, {3 eq) s P b PN
A N, ——- e e - g s T e L PHCH B
. Mas0, (3 an), T Tk FHF, 85 °C,  Bocd, i o S EtDAC £
M o Gusd, 8, 96 h BHChz oin MHObz "
3461 a45.2 $46.3 SA8 4
‘ Commercially available (R)-(-)-2-butanamide bydrochloride (346.3; 241 ¢, 174

mmot) [CAR 103765-03-3] was dissolved in water/dioxane (60 mi/20 ml) containing
ManCOy (553 g, 52.2 mmol). To this stirring solution was added benzy! chloroformate (2.81

mi, 209 mmol) [OAS 5017

LA

Z-13. The reaction was stirred for 96 hat RT. The reaction
maxinre was dilnted with TrOAc (400 ml) and water (100 mb). The layers were separated
and the organics were further washed with water (22150 mL) and bripe (2x150 mL}. The

TEiOAC layer was dried {Mg ub@ ) and concentrated. The resulting white solid was triturated

10 with 360 mi. hexanes/50 mi. CHLUL for T h, The solid was filtered, washed with hexanes,

and dried to give 346,72 (3456 ).

P

16431 To a stirring solution of 3462 (346 g, 14.7 mmol) in anhydrous THEF (100 mi) was
added BHyMe,5 (3,45 mi., 36.6 mmol) dropwise. The resulting solution was heated under
an argon atmosphere at 85°C for 18 b The reaction mixwire was cooled and ice-cold water
15 was slowly added (100 mi). 7 esulting solution was stirred for T h, Mexy, KO0, was
added (6.08 g, 44,1 munoly followed by Boc anhydride (6.40 g, 29.4 mmol). The reaction
was stirred for 18 hand then diluted with EtOAc. The organic laver was washed with 5%

KoCOy, 5% MabTO,, water, and brine. it was then doed over MeSOy and concentrated to
3 ER) ¥ &

v catalyiic amount of 169% Pd/C
was added. To this suspension was amounted a hydrogen balloon for overnight stirning, The

mixture was filtered through celite and concentrated in vacuo to afford 346.4

A

(13457 Intermediate 346.4 was reacied with 344.1 according o the chemislyy described in

example 13, After Boo-denroleciion, reverss phase pr
E x

£

eparative HPLC alforded the ttle

3
1

compound. M8 found for £gHn N0 as (M+HDT 3154, UV A=238, 284 nm.
{ £E {

™
Lad
<o
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Example 468: (R)-2-(T-aminobutan-2-ylamino)-4-(3,5-dimethylphenypyrimidine-5-

carboxanude

}A}NHM \i—wm

ke

J— r‘} >k,\\j

i
NH,
intermediate 346.4 was reacted with 345,17 according to the chemistry described in

5 example 130 After Boc-deprotection, reverse phase preparative HPLC afforded the title
compound, M found for €9 M0 as (M+E)Y 3205 UV 22240, 290 nm. 3 1.0%5 (1, 3H),
P7G-1.80 (en, 28, 238 (5, 6143, 3.15-3.35 (m, 2H), 4.16-4.23 (m, 1H), 5.50 (s, 1H), 7.18-

) {5, LF)

5

LA

(¢

7.7 Y}, 8.5

™2
[

<o

S{m, 2k

Example 469 (O-2-(T-aminobutan-2-viamino)-4-(3-{ 21,2 3-wriazol-2-v1)

0 phenviaminoepyrimidine-5-carboxamide

FI4PT Intermediate 346.4 was reacted with 343.5 according to the chemistry described in

Example 424, After Boo-deprotection, reverse phase preparative HPLL afforded the title

compeund. ME found for O 78 NeD as (IMHFD T 368.4. UV 2=248 nm. § 1.05 (1, 3H), 1.70-

P80 (rn, 2HD, 3010-3.05 (oo, 2H), 455461 (m, 1R, 735 {d, THD, 7.55 {4, 18D, 7.92 (d, 1H),

7

et
LA

2.0 (s, 2

Example 470 (R)-2-(F-amincbutan-Z-ylamino)-4-3-{pynimidin-2-

yhphenylamino)pyrnimidine-S-carboxamide

Lid
L=
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s 4 axhd

Wi Intermediate 348.4 was reacted with 348

Ad

er Boc-deprotection, reverse phase p

¥

T ey b
DLRATIE

5 compound. WS found for Cretla:Ma0 as (M+HY" 37 6105 (1 3, L0

VARG G, 28D, 3000-235 (o, 20D 4484 S5 (o) THDY, 740 G0 1HD, 755760 (m 28, .25+

+

8.35 (m, 1), 8.55 (5, B.80 (g, 28D, .00 (5, 1H)
Example 471 2-((B)-i-aminobutsn-Z-yvlaming)-4-3-( 1 H-pyrazol-1-
yhoheoyiaminoipysimidine-5-carboxamide

H - -;\z
}'"’!‘JH
s
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(19491 Intermediate 346.4 was reacted with 350.1 according to the chemisiry described in

-

Exarnple 424, After Boc-deprotection, reverse phase preparative HPLC afforded the title
compound. MS found for CgHpMNyO as (M+H)Y 3674, UV A=246 nm. § 1.05 (1, 38H), 1.70-
180 (o, 2H), 3.10-3.35 (i, 2H), 4.48-4.55 {m, 1E), 6.58 (brs, 11D, 7.30 (d, 1H), 7.50-7.62

(my, 25D, 7.80 (brs, 1H), 832 (brs, 1H), 8.55 (5, 111}, 8.68 {bor s, 1H

Hxample 472: (Ry-2-(1-amino-3-cyclopropylpropan-2-yiamine)-4-(3-(2H- 1,2, 3-riazol-2-
vylpheaylamino)pyrimidine-3-carboxamide
N
S
N~y
— O
2 b - aNIEA
— /._.
i
. S
!"/\>__ 8 >::-;::N
e
M,
- - —
o \j/ borane / Chz \(
g .reduction protection .
Hah H/ b TN T G \/
NHBor HE hriBoc

Boc-danyoiaeion

ChzhNT Y

Intermediate 354.5 was reacted with -

3.5 according to the chemistry described in

Example 424, After Chz-deprotection, reverse phase preparative HPLC afforded the tile
BAD T : SIS NNy \ F
compound. MS found for CaHynNaO as (M+H) 3 CUY A=250 o

Exarnple 473 (B)-2-(L-amino-3-cyciopropylethylamino)-4-(3-(2H- 1,2, 3-razol-2-

vhphenylaminoipyrimidine-S-carboxamide

Lt
(a2t
[
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110817 The title compound was made in an analogous fashion 1o Hxample 424, MS found
for CigHyNoO as (M) 3804, UV A=250 nm. 6 0.50-0.85 (m, 4H), 1.15-1.25 {m, 1H),
3A0-335 (m, 2H}, 3.504.00 (m, LHD), 7.30-7.36 (m, 1H), 7.60 (¢, 1H), 7.93-8.00 (m, 1H},
8.05 (s, 2H), 8.36 (5, 1), 8.90 (br s, 1H),

5 EHxample 474 2-({i-aminocyciopropylmethvilamino)-4-{3-(21-1,2, 3-triazol-12-

yviphenylamino)pyrimidine-S-carboxamide

f\fi"fg
N,

(RBERT The ditle compound was made (o an analogous ashion o Dxample 424, M5 found

for CryFleMNo0 as (M) 366.4. UV A=248 nm.

16 Hxample 475 2-((T-aminocyciopropylmethyDaming)-4-( L -methyl- L Hindol-4-

<

- N/\?

</ \> H \,,,\”,

m\’ R
SN
-
>
NN

The title compound was made in an analogons fashion to Example 424, M5 found

I

for Oy MNyG as (MHY 3524 UV A=217, 239, 331 am.

,W
{954

Hrample 476 2-({l-amdnocyclopropyimethylamino}-4-(3 5-

4 2

dunethylphenviaminojpyrimidine-5-carboxamide

334
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[1654] The title compound was made in an analogous fashion to Hzample 424, MS found

for CipHyMNO as (M+H)' 327 4. UY A=241, 290 nm.

sxample 4780 2-(1-amino-4,4 4-triflucrobuian-2-ylamino-4-(3-(2H-1,2,3-triazol-2-

yhphenylamino)pyrimidine-5-carboxamide

N
s\!\ >
Fa JEN
>ﬂ~NH
N
VH’)
) ] O CF @ O Ty
g.) 65‘3 109 ° ] porane i
o i\( S Tidato HpT Ty fRduelon Ly TN
, ; [ ; oy
NEN ik WHT 2 NHCDz
BT 3H0.02 60, 3B0.4
Chz ?{:3 CFy
yrotection - Chz-deprotection =,
IO et ey wheten o BooHN™ YT
i T E r
NHChz W,
3505 3605

(10551 Intermediate 360.6 was reacted with 343.5 according 1o the chemustry described in

Prample 424, Aler RBoc-deprotection, reverse phase preparative HPLO afforded the title

compound. MS found for i NG as (M HY 4224 UV A=245 nm. 2.70-2.80 (m, 7H),
A4.25-4 35 {m, HH}, 7.35-7.410 (o, 1H), 7.49-7.35 (m, 1H), 7T.88-7.84 {m, {1 H), 7.98 (s, 2FD,
8.59 {5, 11, 8.86 {brs, 110

A

Exampjr, §79 2-({-methylaminocyclopropyimethyDamino -4-(3,5-

methylphenviaminopyomidine-5-carboxamide
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(10561  Intermediate 345.1 was reacted with I-(aminomethyl)-IN-methyicyclopropanamine
according to Example 408, Feverse phase preparative HPLC afforded the title compound.

ME found for CieHuMNgO as (M+H) 34 1.5, UV =240 nm.

bxample 480, (5)-2-(2-amino-3-cyclopropyipropylamino)-4-( L-methyl- 1 H-indol-4-

viamino)pyrimidine-5-carbogamide

18571 Tae titde compound was preparad using the same syatheiic scheme demonstrated in

Bxample 218, ME found for OaptasMyO as (W %’%}*38()‘.4. UV A = 2108, 241 1, 5303,
Example 481, (5)-2-(Z-aminobutvlaming)-4-(l-ethyl-1 Hindol-4-ylamino)pyrimidine-5-

rarhnys

i E\E "

LI

N,
F1058]  The title compound was prepared using the same synthetic scheme demonsirated in
Example 218. ME found for CoFashhO as (MY 3684 UV L = 2192, 2404, 3315

Framole 482, (§)-2-(Z-amino-Z-cyelopropylethylamingi-d-{ Lomethyl- L indol-4-

L, -

Harnino)pyrimdine S-carbox amide
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TUNT TN
N ;—;
M,
TE0581  'The ditle compoond was prepared using the same synthetie scherne demonsiraie

Hrample 218, MS found for CgHpsl0as (M) 366.4. UV L= 2202, 241 4, 330.6.

din

Example 483, (5)-2-(Z-aminobutylamino)-4-(1-methyl-1 H-indel-4-ylamino )pyrimidine-5-

) carboxamide

‘v
Ry
/_/"‘\\_/ i /\\\E‘\s/

Pt

et
g
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veand
1
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.
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e
i
[
[
[
jour}
ja
f

mpound was prepared using the same synthetic scheme dermonsirate

Example 218, MS found for CigHpnMNyOas (M+HD 3544, UV L= 2192, 240.4, 3331,

w

Example 484, (R)-2-(2-amino-3-ethoxypropylamine)-4-(L-ethyi-1 H-indol-4-

et

G ylaminopyrimidine-5-carboxamide

sl
o
&
[y
.H,,

Example 596, MS found for CyppHlay N0 as (MAHY 3084, UV: L= 219.3, 2394, 3267,

1

(i

ttle compound was preparsd using the same synthetic scheme demonsiraled in

Example 435, (R)-2-(2-amino-3-methoxypropylaminoi-4-( 1 H-indol-4-ylamino)pyrimidine-

S-carboxamide

LA

337
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i scheme demonstiraied in

= 2167, 2387, 327.2.

(1662} The tde compound was prepe

i

f“\

Hrample 596, ME found for Oy Hy My

amino-3-methoxvpropylamine »4-(-methyi-1 H-indol-4-

o

Brample 596, MBS found for a._',m}_? N«,‘ 15 (M4-H

Example 487, (R)2-(Z-amino-3-methyiboiviamine)-4-( Lmethyi- 1 H-indol-4-

ylaminopyrimiding-5-carboxamide

\55
At i
;N
e
|
. H
.
TUNH O
[
s f!\_
L hRET Ty
o
S i V
B i-—f
N?”'Eg !

{164} The title compound was prepared using the same synibetic scheme demonstrated in

NGO a5 (MAH)Y 368.4. UV: b = 220.4, 325.9

vy
3

Example 218, M5 found for Ot

Example 488, Z-{(2R, 3R)-2--amino-3-methoxyibutylamino)-4-(1-cthyi-1 H-indol-4-

ylamino)pyrimidine-5-carboxamide
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i e demonstrated in

Sene

hetic

iitle compound was prepared using the same synl
UV A=2204,23593

MH) 3984

| The ntle ¢ I
bxample 296, M5 found for CopliaglNaOsg as (
-4 Lemnethyl- 1 -indol-4-

S2-{Z-amino-3-ethoxypropylaming)-4-

Bxample 489, (1)
yiamipo)pyrimidine-S-carboxaride
“
A
1 \
AN
L
N O
o
Mo
ey T
N & i
?“jg’"ig
e scheme demonsirated in
[\

repared using the same synthet
Y 3843 UY: A =21

FH)' 3

The iitle compound was 1
und for O H?_’,N;{\m &5 if\/i‘i i

Example 596, MS {o
tarnino)-4-(1 H-indoi-4

{364
-viaminoipynimidine-5-

fxample 490, (R3-2-(Z-amino-3-cthoxypio

carboxamide
4 i\i—-—>
OB \

.
16

vy

e tide compound was prepared using the same synthetic schems demonsirated in
215.7,238.4,327.1.

\

11667] i)
nd for Okl 0, as (v H‘U I3 UV A =

594, M5 fou
Z-mathyl-dH-indol-4-

Bramples
muino-3-methox yoropylamino)-4-(2

Example 491, (8)-2-{2-amuir
yviamunojpyrimidine-S-carbogamide
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[1068)  The ttle compound was prepared using the same synthetic scheme demonsirated in
Fxampie 596. MS found for Ok as (MHE) 3713, UV A =214.9, 241.7, 324.1.
Fxamole 492, (-2-Z-amine-d-methoxvoropylaming)-4-f emethyi-1 H-indol-4-

i J . J¥ R J N

5 viammo)pynomdine-S-carboxamide

3

B691  the dde compound was prepared using the same synthetic scheme dermonstrated in
Exarple 596, M3 found for CioHosMNyOs as (MAH) 3843, UV 4= 2162, 2404, 331.9.
Erample 493, (JU-2-{Z-amino-3-methox ypropylamino3-4-(2,3-divdro- L H-pyrrolof 1,2+

10 ahndol-E-yiaminoypyrimidine-3-carboxamide

; i
;Ts- \H/ M

I

S o e Sy /3

(10791 The tile compound was prepared using the same synthetic scharme demonsirated in

o 3 ey - S I g e 1Ty o T - Tt I
Bxarple 396, MS found for CopbloshaGp s (M+HY 306 4. UY: L = 203.9, 2420, 3033,

340
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Example 494, (R)-2-(J-amino-3-cthoxypropylamino)}-4-(2-methyl-2H-indol-4-

ylaminojpyrimidine-5-carboxamide

(16711 The tde compound was prepared using the same synthetic scheme demonstrated in
Example 596. WS found for CiaHaaMNeOq as (MAHY 3854, UV 4 = 208.6, 240.4, 28531,

3247,

Hxample 495, (R)-2-(2-amino-3-ethoxypropylamine)-4-(2,3-dihydro-1H-pyrrolo[ 1,2~

ajindol-8-ylamino)pyrimidine-5-carboxarmide
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[19721  The nile compound was prepared using the same synthetic scheme demonstrated in

Pramole 596, MS found for CpHyMR0y as (M) 4104, UV A =1221.6, 336.7.

Example 486, (5)-2-(2-amino-4-methoxypropylamino}-4-(2, 3-dihydeo- 1 H-pyrrolof 1,2~

alindol-8-ylamino)pyrimidine-5-carboxamide

E‘"-j"“\
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~ NH O
N7 N,
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{16731 The title compound was prepared using the same synthetic schems demonstrated in

Example 596, MS found for CoyHoyyN70z as (MY 4104, UV: L =222.8, 336.7.

Example 497 2-({2R, 3R}-2-amino-3-methoxylbutyiamino}-4-(2,3-dihydro- 1 H-pyrrelo[ 1,2-

alindol-8-yiaminoypyrimiding-S-carboxamide

F13747  "The dtle compound was prepared using the sarpe synthetic scherme demonsirated in

Sxample 596, 08 found for Oy HorMgOq as (MaH) 4104, UV L =221.6, 3355

Frample 498, (8)-2-(Z-amnino-3,3-dimethylbutylamino}-4-(L-ruethy!l- LA -indol-4-

ylaminopyrimidine-S-carboxamide

.
1\.& Sy N,
™ i . i /
- j/\ g\j/ N
i“

75D The title compound was prepared using the same synthetic scheme demonstraied in

Example 218, ME found for Tty MNaOas (M1 382.4. UV 0 = 2192, 230.3,327.1

Example 495, (R)-2-(Z-aramo-3-methoxypropylamino}-4-{&-carbomoyinaphihalen-2-

viamino)pynmidine-S-carboxammde

347
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{1576} The title compound was prepared using the same synthetic scheme demonstrated in
Example 506, MS found for CopllysMN05 as (M+H) 4102, UYV: A =224.9, 316.2.

Example 500, (R)-2-(Z-amino-3-methoxypropylamino}-4-(1,2-dimethyl-1/-indoi-4-

ylarinolpyrimidine-5-carboxamide

> jﬁ?i t’ﬁ‘s
., /“‘!\\
jx\ “T’ Pits
i -
S =
o7 YT N N
NI
5 l\i'{p

FAD77T The titde compound was prepared using the same synthetic scheme demonstrated in

Example 596, MS found for CiotlsNoOy as (M+H)"384.4. UV: A = 223.2.

=%

e
L

Example 501, 2-((28, 38)-2-amino-3-methox vbutylaming)-4-(2-methvi-2 H-indazol-4-

yvlarnojpyrimidine-S-carboxamide

- r;; T
SOTYYTNTN
a0, H
}'8 i‘ui";;g

FI978] The utle compoursd was prepared using the same synthetic scheine demonsirated in

Example 596, MS found for CgilhaNeOy as (MAHY 3853, UV A =203.9, 241.6

Iample - {R)-2-(Z-amino-3-methoypropyianino -4-(Z2-methyl- 1 A-indol4-

laminojpyrimudine-S-carboxamide

343
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10
iy
l/ i
E}‘:’/ l f\li‘”‘ig
e o e
S S
TP
Biitln
The tiile compound was prepared using the sarpe synthetic scheme demonstrated in

Hxample 396, MS found for CigHpNyOyas (M 3704, UV A = 2204, 3331,
2

txainple 503, (§)3-2-(2-amino-4-methoxvbutylaming)-4-(Z-merthyl- 2 H-indazol-4-

LA

viaminopyrimidine-S-carboxamide

NH,

T1080T  The tile compound was prepared using the same synthetic scheme demonsirated in
Erample 596, M5 found for CataMNOy as (MAH)T 3854, UV A = 209.8, 240.4, 2831,
3 {

ey Ry
LD

10 Bxample 504, (5)-2-(2-amino-3-cyclopropylpropylamino-4-(m-rolylaminopyrimidine-5-

carnonamide

SN o
I
P ~ L
\\~/ ST UNT TN
NHE,

18837 The ntie compound was grepared usine the same synthetic scheme demonsiraied n
i 3k & i g o

Example 218, M5 {found for OO as (M 3414, UV: L =241.7, 2859,

344



LA

WO 2009/136905 POT/ISZ009/802401

Example 505, 2-{(2K,3R)-2-amino-3-methoxvybutylamino)-4-(1 MH-indol-4-
i youiy

ylamanoipyrimidine-5-carboxamide

P

NH ?

- N LNHQ
NN

S o

H

The title compound was prepared using the same synthetic schemes demonstrated in
I ol

3

A

Example 596, ME found for CigHpn MGy as (M-H)" 3704, UV: W = 2187, 2381, 324 .8,

Example 506, (R)-2-Z-amino-3-methoxyoropylaminoe)-4-(naphthalen-2-

vlaminojpyrimidine-S-carboxaride

w1

. R

Q‘/\é/\i;g X
N

(831 The dgle compound was prepared using the same synthefic scheme demonstrated in

iAo

Frample 596. MS found for CiolinMsOr as (M+HY 387.2. UV L= 213.3, 239.3, 305.4.
Lrample 307, (7-2-(Z-amino-J-ethoxypropylamino}-4-{Z-methyl- 1 H-indol-4-

ylaminoipyrimidine-3-carboxamide

//"i.‘;\\ e
L
o fiss—rz z%:[;
i Z '\‘ﬁ/’\‘ ME,
.
ST TN
= 1

(30841 The ttle compound was prepared using the same synthetic scheme demonsirated in

Examule 396, M3 found for CefsM0ras (M) 3844, UV: A = 2204, 240.4.

)

Lt
‘

g

A
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yiamingpyrimidine-5-carboxamide

10

15

Framuple 596, MES found fo

Exampie 509, (§)-2-{Z-amino-4-methylpen

vla

[10546] cund was prepared using the same

Example 5399, M3 found for CpolHasP0G as (ME

ki
i

ixample 51

,\,

C Cos sy Oy as (MHHD 4324, UV,

£,

mino)pyrirmdine-S-carboxamide

g
N”"\I;/ M,
T ‘-\(,//“\ i/{“\: !/J
| ?@HE a

510, (R-2-(Framuno-S-methornypropylaming-4-(3 5-

thylphenylaminopyrimidine-5-carboxamide

(10871

Example 596, MS found for CyHaNg O, as (M

=2

+HY 3454 1V L

POCT/US2009/002401

18.6

Bxample 508, (#)-2-(Z-amino-3-phencaypropyiammnoy-4-{ L-methyl-14-indol-4-

The title compound was ;ﬁ}.rf;:pa_rsd using the same syntliehe scheme demonsiraied in

24323,

tvlamino}-4-{ l-methyi- 1 H-indol-4-

VIE82.4. UV A =2198, 241.7.

The ritle compound was prepared using the same syniheiic scheme demonsirated

= 2403, 290.0.

?

synithetic scheme demonsirated in

n
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Example 511, 2428, 3R)-2-amino-3-methoxybuiyiamnino)-4-(1-methyl- 1 H-indol-4-

lamino pyrimidine-S-carboxamide
¥ !

His-

P

e

!

a
>__‘_,_

MH O

NS N,

: J
e N . ,/-’
O TN T

2 i
M,

The title compound was prepared using ihe same synibetic schere demonsirated

LA

5 Example 556. M8 found for CyoHasMNyOy as (MAH)Y 3844, UV A =218.0

Fxample 512, (R)-2-(Z-ameno-3-phenoxyprooyiamino-4-2-methyl-2H-1indazol-4-

ylaminolpyrimidine-5-carboxamide

{14891 The title compound was prepared using the same synthetic scheme demonstraied in

10 Brample 506, MS found for CpyHasNgOy as (M) 4334, UV A =1211.3,242.3, 330.9.

Eaxample 513, (3-2-(Z-amino-3-methoxypropylaminc)-4-(biphenyl-3-viaminojpyrumidine-5-

carbozamide

o
»
[)\f
= ’L‘ N s:({
N \j/\ N

Lad
=
-
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{10901 The title compound was prepared using the same synthetic scheme demonsirated in

Example 596, MS found for Oy FaalNsOh as (M) 3934, UV: b = 202.8, 2453

Ixample 514, (B)-2-(2-amino-3-methoxypropylamino)-4-(6-methox ynapnthalen-7Z-

ylamino)pyrimidine-5S-carboxamids

]
i
O

j\jﬂ (L
i\?f' e
A
o7 YT UNT N
M,
[(18%11  'The title C‘(“Jih})()i]ﬁf’i was prepared using the same synthetic scheme demonsirated in
Example 596. MS found for CogtlaMeOs as (M+H) 397.0. UV: A= 221.6, 315.2.

Bxample 515, (R)-2-(Z-amino-3-phenoxypropylamino)-4-(bivhenyl-3-vlammolpyrinudine-5-

carboxamide

i
- I
SN e
N v 2
R o Sl N
G H
RiH,
(10921 The tide compound was prepared using the same synthatic scherme demonstrated i
m - P - T Ty Wy WALV A . P . -
Example 596, WIS found for CaeblgNegGras (WMo HY 4554, UV L = 203 .4, 246.6.

Frample 516, (R)-2-{2-aminc-3-

ylamiino)pyrimidine-S-carboxamide
i )
l__gN’ S \{‘/ ;
| |
SN S N
TN O
P

343
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[18431  The title compound was prepared using the same synthetic scheme demonsiraied in

Fxample 556, M5 found for Oy HosMNyDqas (M+H) 4244, UV L= 222.8, 316.4.

Brample 517, (B)-2-(2-amino-3-methoxypropylamino)-4-(L-meithyl- 1 H-indazol-4-

yiaminoypyrimidine-S-carboxamide

NN
j o
r/'?‘\.
i
|
SN
TUNH O
LM
il
/ . ""\ ]
aﬁ ST A,
. S
I o i i
& L
5 N,
[40%4]  The utle compound was prepared using the same synthetic scheme demonstrated in
Example 596, MS found for CirtinMNeOyas (MAH) 3715 UV 4= 2088, 241.7, 3167,
Dxample 518, (8)-2-(Z-amincbutvlamino)-4-3, 5-dimethyiphenylaminoipyrimidine-5-
carboxamide
/}i‘:;‘\
I
- ;;5: L;E
, i
o o
NN,
o
v ';Q.Q' -
el Y
A . i
10 2
55T The title compound was prepared using the same synthetic scheme demonstrated in
xagnple 218 MS found for CHaaMNeO as (M 320 5 UV L = 240.5, 2884,
Example 519, (§2-(2-amincbutylamino)-4-(m-tolylamine)pyrimidine-S-carboxamide
/JQL.
T
I
P
TN 0
¢ 4
A M
rjz\ ~ U My
N o~ A
TN N
N,
15 {38961 The utle compound was prepared using the same synthetic scheme demonsirated in

Exampie 218, MS found for CallnMNeOas (M+H) 3154, UV A = 2411, 286.5.

344
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EBxample 520. (X)-2-(Z-amino-3-methoxypropylamino)-4-( 1 H-indazol-4-

yviamino)pyrimidine-5-carboxarmide

NH O
Lo
NS N,
fl
RPN S
O YT T N

FRG97] The title compound was prepared ¢

Example 596, MS found for CialhelNgDy as (WD 357 3. UV L= 2063, 2404, 311.6.

[y

Example 521 (B}-2-(Z-amino-3-methox ypropylamino y-4-(3,5-

dimethoxyphenylamino)pyrimidine-S-carboxamide

(10981 The titde compound was prepared using the same synthetic scheme demonstrated in

i) Example 596, MS found for Oy HaaNgOg as (M) 3773 UV A = 203.8, 235.5, 290.0.

>

Hxample 522, (K)-2-{2-2

L

wnino-3-methox ypropylamino)-4-{6-{morpholine-4-

:-\

carbonylnaphihalen-2-ylamino)pyrimudine-S-carboxamide

0
i
[ /--\.\_ ;‘i - -\.\_’7 - ;/’\‘\1/ »’//\‘j
i L !
Our R TS
H I
! /,il\
3 T F i
& B,
e L
07 YT TNT T
§H
M,

(10997 The title compound was prepared using ithe same synthetic scheme demonstrated in

15 Example 596. MS found for CuaHeNyOg as (M+H) 4804, UV A = 218.0, 31 1.6.

[
L
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Example 523, Z-amino-3-(5-carbamoy!)}-4-(m-tolylaminoypyrimidin-Z-ylamino)propanoic

acid

(11601 The title compound was prepared using the same synthetic scheme demonsirated in
DA

Example 218, MS found for C,sH gMNgOs as (M+D 3301 UV: A = 2393, 285.0.
!

Example 524, (5)-2-(2-amino-3-cyclopropvipropyviaming)-4-(3,5-

dimethyiphenyiamino)pyrimidine-5-carhoxamide

[130%]  The nile compound was prepared using the same synthetic scheme demonsicated in

Exaraple 218, MS found for CioHaeMNeO as (M+HY 3555 UV A = 241.1, 2877,

Example 525, (5)-2-(Z-amino-3-methylbutylamine)-4-{m-1olylamino)pyrimidine-5-

carboxamide

"\\{f ‘g - :‘\i -
3 i

/,L P N /L::\ i
P 2

(11027 The uide compound was prepared using the same synthetic scheme demonstrated in

Example 218 MS found for CpyHaaMNeD as (MAEN 3204 UV = 2417, 2859,
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Example 526, (R)-2-(Z2-amino-3-methoxypropyiamino)-4-{naphihalen-1-

yiamino)pyrirmdine-5-carboxamide

nop
SO
&
N 4
TIR631 The ate compound was prepared using the same synibetic scheme demonsirated in
5 Example 556. WS found for CioHyplNgly as (M+H) 3674, UV A =219.2, 282.8,
Example 527, (5}-2-(2-amino-Z-cyclopropylethylamino}-4-(rm-tol ylarmino)pyrimidine-5-
carboxamide
5
D
e
e N (;}
A NF \I ENiER
""" *\‘{/\ /“b“ /[
ki H
Nl
11384]  The title compound was orepared using the same synthetic scheme demonstraied in
(0 Bxample 218 MS found for CpHpMNOas (MAHY 3274, UV L= 2417, 2865

srample 528, (])-2-(Z-amino-3-methoxyoropylaming y-4-(6-{dimeth fcarbamoylnaphthalen-
Lo ¥

Z-ylarminoypyrinndine-S-carboxarmide

1
1€
. JL
I
Ry -
Nh L{FI
3
N J/ "Ny
I
- y o
e i Vet
£ I3
N,
118571 The wtile compournd was prepared using the same synthetic scheme demonstrated in

15 Example 218, M5 found for CpHyNy Gy as (Mo ié‘%j Z2.UVA=216.9, 3092
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Example 529, 2-((2R, 38)-2-amino-3-methox ybutylamine)-4-(m-tol viamine Yo yrirmiding-5-

carboxamide

7 %}
. N *‘\w]/ TUNH,
S - ~ T /'J\i-\. \,’//’
9] ( I i
Ny T

181867 The tile cornpound was prepared using the same synthetic scheme demonsiraied in

5 Example 596, MS found for C;7HaMNeOp as (MY 3454, UV A = 2404, 7842,

Example 330, {8)-2-(Z-amino-2-cyclopropylethylamino)-4-(3 5-

dimethylphenylamino)pyrimidine-5S-carboxamide

[3407)  The title compound was prepared using the same synthetic scheme demonstraied in

10 Example 218. M8 found for CgthaNsOas (M+H)Y 3414, UV L =241.4, 287.7.

Exarple 531, (R}-2-(Z-amino-3-methoxyprooylamino)}-4-3-(pyridine-3-

yhphenylamino)pyrirmding-5-carboxamide

~ . . .
O/ \}L/* E\!/{\M
E;"““EE 3

(11087 The title compound was prepared using the same synthetic scheme demonstrated in

15 Example 596. MS found for CoatlnlN70, as (M) 394.4, UV: A= 242 8
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Example 332, {(R)-2-(Z-amino-3-methox ypropylamino -4-(3-(thiazol-2-

vhphenyiamino)pyrimidine~-5-carboxamide

{13097 The tide compound was prepared using the same synthetic scheme demonstrated in

5 Example 550, MS found for CigHy MNO008 as (M+F)400.2. UV &= 2404, 290.2.

Example 533 (5)-2-(2-arnino-3-cyclopropyipropylaminoy-4-(3-{2H-1,2 3-triazol-2-

yhohenviaminoypyrinadine-S-carboxamide

1 +

The title compound was preparved using the same synthetic scheme demonsirated in Bxample

W 218, MBS found for CioHpMNoC as (M) 3944, 1V: L = 204.6, 2515,

bxample 5334, (8)-2-(Z-amino-3-methoxypropylamino)-4-(3,4-

b

dimethylphenylamino)pyrimidine-5-carboxamide

\\\\,f /\NH {:}
I
N7 ] T NH,
JEEN
oYy TN TN
i
f‘*liﬁgg



oy
jroae

e

5

o}

L

WD ZO09/136005 PCTIBZ009/002401

[1138] The titde compound was prepared using the same synihetic scheme demonstrated in

Example 596. MS found for CiyHaNe(Os as (MAH) 3455, UV: L =239.3, 261 4.

o

Example 535, (8)-2-(2-amino-3-methox ypropylamingy-4-(3-(isoxazol-3-

yhphenylamino)pyrimidine-S-carboxamide

The ttle compound was prepared using the same synthetic scheme demonstrated in Example

596, MS found for CialaMyGsas (M+H)T384.3. UV A= 242.3, 2854

Exarnple 536, (&)-3-amino-4-{3-carbamoyl-4-Gr-tolylamino)pyrimidin-2-ylaminobutancic

acid

The title compound was preparsd using the same synthetic scheme demonstrated in

Example 218 MS found for CghhelNe0s as {M-Hﬁif 3451 UV A= 2393, 2854

Sxample 537, (R)-2-(2-amino-3-ethoxypropylamino)-4- L H-indazoi-4-vlaminoiuyrimidine-

S-carbozamide

= ‘f}fH {i,[)
A
M /‘? NH,
Al
MNH,
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(R1i2}  The title compound was pm;}are{j using the same synthetic scheme demonstrated in

Example 596. MS found for U HppMNeOy as (M+HDT 3713 UV A= 202.8, 238.1, 308.0.
gample 538, (B)3-2-(2-amino-3-cthoxypropylamino)-4-(1-methyl- 1 f-indazol-4-

yiamino)pyrimidine-S-carboxamide

R
e
[
N j:f
N T R,

e ‘Jj
boH
ra ™ !"{Q
PI3E31 The titde componnd was prepared using the same synthetic scheme demonsirated in
Example 596. M3 found for CHaaMeOy as (M+H) 3853 10V b = 208.6, 2404, 3199
Example 539, ()-2-(Z-aminobutylamino-4-(3-(2H-1,2 3 -trigzol-2-
yvhohenylamino)pyrimidine-S-carboxamide
180

141 The title compound was prepared using the same synthetic scheme demonsirated in

Example 218, ME {ound for Oy NeO as (MHD 368.4. UV &= 203.9, 2499,

sthox ybuiylamino)-4-(biphenyi-2-ylamino)pyrimidine-5-

Drample 540, {5)-2{2-amino-d-

L

LA
e}



WY 2009/136595 POTIOSZOS/D0E401

[1ids

[——

The title compound was prepared using the same synihetic scheme demonstrated in

Fixample 596, MS found for CopHaeMeUy as (MHINY 4074, UV A = 202.1, 246.0.

pxample 541, (8)-2-(Z-amine-3, 3-dimethylbutviamino - 4-Gr-tolviaming)pyrimidine-5-

3 carboxamide

{11361 The utle compound was prepared using the same synthetic scheme demonsirated in

Example 218, M5 found for CatoeMelas (M) 3434, UV A = 2405,

¥ >

Bxample 542 (Ry-2-(2-amino-3-methoxyoropylamine -4-(benzoidjthiazol-o-

18 ylaminoypyrimidine-5-carbozamide

(W41

N~
oy I B
LoH

N,

13117} The tidle compound was prepared using the same synthetic scheme demonsirated in
-t

Example 596. MS found for Oy Hu N0 S as (M+H)Y 3744 UV, L = 2387, 295.1.

Exampls 543, (£)-2-(Z-amino-3-methoxypropylamino}-4-(d-chioro-3-

methylphenylamino)pyrmidine-S-carboxamide

[
LA
~%
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Ol A,

b
t\/\“w% a,

“\ﬁwsq

The title coz'npmmd was prepared u:‘siﬁg the same syntheue scheme demonstrated i
Fxample 596. ME found for Ty MOy as (MH)365.2, 367.1 (Tl patiern). UV: L=

15.7,7240.4,289.0

5 Example 344, (0»2-(Z-aminc-3-ethoxypropylamimo}-4-(m-tolylamino)pyrimidine-5-

carboxamicde

3

The atle compound was prepared using the same synthetic scheme demonsirated in

Example 596. MS found for CikagMNeln as (Ma-H)Y 2456, UV A= 2381, 2842

10 Example 345, (8)-2-(Z-amino-3-isopropoxypropylamino}-4-(m-iolylamino)pyrimidine-S-

carboxamide

7y
!

{13207 The title compound was prepared using the same synthetic scheme demonstrated in

Example 596, 845 found for CialleMeUn as (M+HDT359.8. UV L = 241.6, 286.6.

Js

15 Example 546, (8%-2-(Z-aminc-3-methyibutyiamine}-4-(3,5-dimethyiphenylaminoypyrimidine-

S-carboxamide

358
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(2217 The title compound was prepared using the same synthetic scheme demonstrated in

Example 218 MS found for CpllddsO as (M+HY 343,35, UV A= 2799, 2847,

Zxample 547, 2-{{2R,3R)-Z-amino-3-methoxybatylamino)-4-(1 H-indazol-4-

yiaminojpyrimidine-5-carboxaride

- Ny N
NS
R PNy RS /}
o7 YT NT N
ki
M,
131221 Theuile compound was prepared using the same synth heme demonstrated in

Exampie 590, ME found for T N0, as (W FH) 3714, UV L= 2381, 299.7.

Frample 348, (0-2-(Z-amano-J-methoxypropyviaming -4-3-methoxyobenyhoyrmridine-5-
: I 7 Jiit

carboxamide

\O» '\%’/_ g\‘% l\é
N%"%fli )
{11237 The ndde compound was prepared using the same synthetic scheme demonsirated in

Example 596. MS found for O gHyp NGy as (M+H) 3472, UV L = 2397,

Example 549, (F-2-(2-amino-3-methoxyoropviamino)}-4-G-ethyinhenvDovrimidine-5-
f { ypropy ) ik YDy

carboxamide
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S
L
MO
NF /l kN .
NN
%f:—-;:;

111241 The title compound was prepared using the same synthetic scheme demonsirated m

Hxample 596. MS found for CHouMNg0, as (WM+FDT 3452, UV L= 2393, 286.6.

Brample 550, (§)-2-(Z-amino-4-{Tleorophenyhpropylamino)-4-(1-methyl- Uf-indel-4-

5 ylamino)pyrimidine-S-carboxamide

The title cotpound was prepared using the sarpe synthetic scheme demonstraied
. " -+ - = ~ .y
Exampie 218, M5 Tound for CogHpa M0 as (W HY 4345, UV L= 2155, 2417, 3308,

Example 551, (R)-2-(Z-amino-3-methoxypropylamino)-4-(3-(2H- 1,2 3-triazol-2-

D yDphenviammopyamidine-3-carbozamide

7N
NN

,q«
[,
s
by

A

S

The title compound was prepared using the same synthetic scheme demonstrated in

rr
B
iy
bt
!
ot

ple 506. MS found for CyHy NeOs as (M7 3843, UV L = 2499
{ 17 9 \ ;
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Example 5352, (B)-2-(2-amino-3-methoxypropylamino)}-4-(3-(1 H-pyrazol-1-

vhphenylaminolpynmiding-S-carboxamide

- - A
\O/"\\%/ " iL\g N
N &
S,

1+

{33271 The title compound was prepared using the same Synshem scheme demonstrated in

5 Example 596, MS found for CeHpMNeOy as (WM H) 3833, UV A= 24772
HExampie 553, (B)-2-(Z-amino-3-methoxypropylamino y-4-{3-(pyrimidin-5-
viphenylaminojpyrimidine-5-carboxariide

N

N7

]

\[‘7,
‘

P
z/ -
FNH O

s
COTTYTNT
H
MH,
{11287 The dtle compound was prepared using the same syathetic scheme demonstrated in
10 Brample 596, M5 found for CeHpnNgGy as (MeH)Y 3953 }‘v’ = 243,60,

Example 554, (RAy-2-{2-amino-3-hydroxypropylaminey-4-{m-tolylipyrimaidine-S-carboxamide

A

Li\::ﬁl\.

o

M :
.

o
ﬁQ/\Y/\N Y
Mn?”

’S

!

e dermnonsirated i

\rn

(11291

The title compound was prepared using the same synthelic sch
Exarnple 396, ME found for CsHapMNs O as (M- ) 317.2. UV L= 23801, 286.6.

Lal
oh
ol
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Example 555, (4)- 4-(1-methyl- 1 H-indol-d-viamino)-2-(piperidin-3-ylaminopyrimidine-5-

carboramides

¢ title compo

1

5 Hwample 2

18, Wb found for C

3-hydroxy-3-methyibutylamino)-4-(m-tolylarmnoypyrimidine-

ed using the same synthenc schems demoy

(Vi) 3452 UV L= 2393

10 Bxample 596, ME found for O 7HuMs0y a

Crampie 557,

~.methor vhatylammo-4-fr-wobylaminooyrimidine-5-

carpoxaraids

cmpound was prepared asing the same synthetic scheme demonstraied in

A+ 3454, UV ko= 240.5, 2865,
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Example 558, 4-(1-methyl-1H-indol-4-ylamino)-2-{2-(methyiamino)ethylamino)pyrimidine-

S-carboxamide

SF UM o
/? /“‘-\
g N N,
3 | ‘
”/“\"/\’N" \rN/
[

{13 Yhe title compound was prepared using the same synthetic scheme demonsirated in
5 Example 218 MS found for CppHy NoO as (MY 3404, UV: 3= 2204, 2393

Example 559, 2-((2R,35)-2-amino-3-methoxybutylamino)-4-(m-tolyDpyrimidine-5-

carboxamide

[E3341  The vitde compound was prepared using the same synthetic scheme demonsirated in

o,
i,

Bxample 596. MS found for C7MHoNsOh as (M+H) 3452, UV: A= 2393, 2854,

Example 560. 2-((28,35)-2-amino-3-methox ybutylamino)-4-(3-methox yphenyloyrimidine-
7 J i VAN

S-carboxamide

g
i,
(“\%
s
o1
FUNH O
N7 []/ ¥
P NP N
o ““g” NTOOH
M
The tte compound was prepared using the same synthetic scheme demonstrated in

15 Example 566, MS found for C5HMa0n as (M i}* 3612 UV = 2393,
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Exampie 561, (R)-2-(Z-amino-3-methoxypropylamino}-4-(3-({ H-imidazoi-1-

yhphenvlaminojpyrimidine-5-carboxamide

111351

Fxample 5396, ME found for O gHapnMNgOy as (M S 3835 UV A= 2381, 2815,

:i‘

s title compound was prepared vsing the same synthetic scheme demonstrated in

L

Hxample 567, (Rv-2-(1-amino-4d-methyi-1-thoxopenian-2-viamino}-4-{ Lmethyl- 1 1-indol-4

viamino)pyriradine-S-carboxaride

4

{13371  The gile componnd was prepared vsing the same synthetic schame demonstrated in

) Example 318, MS found for CopHasMNy05 as (M FY 4124, UV k= 2503

5

v

Exzample 563, 2-{(2XK, 38&)-2-amino-J-methoxybutylamino-4-( L -methyi- 1 -indazol-4-

yviamino)pyrimidine-S-carbox amide

(,}H H I8 i
!
dH,

L
N
i
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{33387 The title compound was prepared using the same synthetic scheme demonstrated in

Example 596. MS found for CgHauNgOaas (M+HY 3853, UV: A = 208.6, 2404, 311.6.

fxample 564. (R)-2-(2-amino-3-methox ypropylaminoy-4-{4-methoxy-3-

methylphenylamino)pyrimidine-5-carboxamide

<
P332 The title compound was prepared using ihe same synthetic scheme demonsirated in
Example 396, M5 Tound for Ci7HauMgOs as (M+H)T361.2. UV: b= 2381, 292.6.
Exampled65. (R)-2-(Z2-amino-3-methoxypropylamino)-4-(benzoldithiazol-7-
vlamine)pyrimidine-3-carboxarnide
N=
S
i I
b
o
N W/ RN
N NG
S B
i H
16 MiH,
[1140)  The title compound was prepared using the same synihetic scheme demonstrated in
Example 596, M8 found for CiglHoN7005 as (M+H) 374.3. UV: k= 232.6, 287 5.
Cxample 596, 85 found for Tyl oN70,5 as {Mi+H
Example 560, (8)-2-(2-amino-4-methylpeatylamino}-4-(3,5-
E pie 566, (8)-2-(2 4 hylpentyl 4-{3.5
dimethylphenviammo)pyrimidine-3-carboxamide
g
|
P T f; #rf
i
r\;’ ‘\j/ Tk
. . P
15 NH,

L
s
L
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(1141}  The title compound was prepared using the same sypthatic &
Example 218. MS found for Ciek

scheme demonstraied o
LgMNeO as (M+H) 3574, UV: A = 239.3, 2687 8.
mxample 587, (8)-Z-(Z-amino-Z-cyclopropylethylaming)-4-(3-(2H- 1,2, 3-triazol-2-
ylphenylamincipyrnimidine-5-carboxamide

(/“"\\~

NL N

S "\\ﬂﬁ gi}
1]
I\ NS N,
- i
P f‘{ SV
3 NH,
(13421

Ihe utle compound was prepated using the same ?jmf;hctic scherne demonsirated in
Example 218. MS found for Ot MO as (M+H)" 3804, UV A = 204.6, 250.9.
Lxample 508, (Ry-2

o
e

-(Z-amino-3-methoxypropylamine)-4-(4-fluoro-3-
thyiphenyiamino)pyrimidine-5-carbozamide

SFNH o
N}, \H) LNH )
e T ™ Ry
1

{11431 The tit

itle compound was prepared using the sarme synthetic scheme den
Example 596,

wnsivated in

MS found for Cgha FrsOhr as (MaH) 3490, UV 3 = 211.0, 239
Frample 569

(K)-2-(Z-amino-3-methoxypropylamingy-4-(3-
trifluoromethyiphenyiaminolpynmidine-3-carboxamide

o
S e
15

: N/ N

[
o
f
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11144} The tiile compound was prepared using the same synthetic scheme demonstrated in

Example 596. M5 found for CigHoFNgOras (MeH)Y 3852, UV A = 242 8.

Bxample 570, Methyl 2-amino-3-(S-carbamoy!y-4-(m-tolviaminopyrimidin-2-

ylaminoypropanoate

£ N ” o

A 2

11345} The ude compound was prepared using the same synthetic scheme demonstrated in

o~

Example 218, MS found for CigHogMgOq as (M+H) 3451, UV A= 2381, 2502,

Hxample 580, (K}-2-(Z-amino-3-phenoxvpropylamino}-4-{m-tolylaminopyrimidine-5-

carbpxamide

P
N O
L’\ﬂ\ b \,}/ N,
i !
T S X,
S R R

| {} I HQ

13481 The ftle compound was vreparad using the same synthetic scheme demonsirated in

Erample 596. MS found for Tyl MeOy as (WMD" UV o= 213.3, 239.3.

Bxample 581, (R)-2-{Z-amino-3-methoxypropylaminey-4-(benzofdihianci-5-

yiaminoypynmidine-5-carboxamide

w
LA
T
=
n

367
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14 he title compound was prepared using the same syathetic scheme demonsiratad i
1147 The ti P i T gt thei ] 1 trated in

Fxample 596, ME found for CeHieMNy 0,5 as (M+H) 374,32, UV A= 243 6, 2921

Example 582, (§»2-(Z-amino-d-methylpentviamino}-4-(m-tol ylamino)pyrimidine-5-

carboxamide

N
|
\T/ \/\ M /J\ i\[‘/
. Mty

> tile compound was prepared using the same synthetic scheme demonstrated in

3. WS found for CigHaeMsOas (M H) 343 4. UV: L = 2393, 2854,

Example 583, {A32-(Z-amino-3-methoxypropylaming)-4-(3,4-

dirnethox yphenviamine)pyrmidine-3-carboramide

o g &
Poon
NH,

,ﬂ.
A

497 The title compound was prepared using the same syntheitic scheme demonstrated in

-

. . N w v o i y 4y T 7 o PR
Exarnpie 596, ME found for Uy Ha NGy as (MaHD) 3770, UV A = 2357, 285 4.

Dxampis 584, (5)-2-(Z-amino-3-{thiazol-4-ylpropylamino 4 -Gm-tolylamino)pyrimidine- 5-

@
Ma
- MHO
! I
A i
N
F
- - . o
. e r/\% g M i\i/
3 & =
=N R,

__
[

{ad
N
v
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T

The title compovnd was prepared using the same synthetic scheme demonstrated in

[E1807
Fxample 218, MS found for CisHy M08 as (M+H)' 3841, UV: b= 240.4, 287 8.

Example 585, {Ry-2-(Z-amino-3-methoxypropylamino)-4-(benzolcl{ 1,2, 5thiadiarol-4-

yiaminoipyrimidine-5-carboxamide

112511 "The utle compound was prepared using the same synthetic scheme demonsirated i

Example 596, M5 found for CysHigMe 05 as (M+HD 3752, UV A= 2357, 3157,

o Y

Hxample 580, (£3-2-(Z-amino-3-methoxypropylamino-4-(4-(pyrimidin-2-

viyphenylamino)pyrimidine-5-carboxamide

P S -

ETUNH O

PR

T/‘] MH,
S g o, NN /"j'
o7 YT TNT N
L, H
! G N ;“;2
{18527  'The tide compound was prepared using the same synthetic scheme demonstrated in

Frample 598, M5 found for CoHpMeDs as (M) 395.4. UV: A = 230.1, 311.2.

Erample 587, (I)-2-{Z-amino-3-methoxypropyvlamino)-4-{auincxalin-5S-yiamino)pyrirmiding-

S-carboxamides

SN o
i !
NP N N,
Ny o /L\C /!)
o N N
Ty
. NH,

Lad
[4538
w0
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[1153] The utle compound was prepared asing the same synthetic scheme demonsirated in

atad

Examiple 596. M8 found for Ci7HaoMeOy as (M+HY 3602 UV A= 2454,

Example 588, ()-2-{Z-amino-3-methoxypropylamino}-4-(4-(dimethylamine}-3-

methyiphenylyiamineipyrimiding-S-carboxamide

a?s/ ] N,
e S
o7 YT TN TN
5 H
< M,
(11547 The title compound was prepared using the same synthetic scheme demonsirated in
Hrample 596, M5 found for CigHs 00 as ( BAREDY 3743,
Examople 589, (2% 2-(Z-amno-3-methoxypropylaming-4-{4-(2-
methoxvethoxy)phenylaminoypynmidine-5-carboxamide
ey \“\/D\v,/’:'::\_
!
e ~~
T NH c{)
g S
N - \' l?")
P
SOTTYTTN T
L
10 i
[135857  The title componnd was prepared using the same synthefic schemes demonsirated in
Exaraple 596, MS found for OeblsNeCy as (MaH)Y 3914, UV L= 202.8, 232.9, 2827
Examole 590, (K)-2-(Z-amino-3-mmethox vorcpylamino)-4-(3-methyl-4-
orpholinoshenyiviaminopyrimidine-3-carboxamide
e
&
M \}/ﬂ\‘;\
P
e
Sl !
A M
' . .
NZ \( NH.
e :{’A“g " N’J
L
5 N P
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11356] The utle compound was prepared using the same synthetic scheme demonsirated in

Example 596, MS found for CopHaoM705 as (M+IH) " 416.2. UV: L= 238.1, 293.8.

Example 591. (R)-2- (2 amino-3-methozypropylaming)-4-(2,3-dihydrobenzofbi[ 1 41dioxin-

&-ylapuno)pyrimidine-S-carhoxamide

/‘\
\\/\ r\i
i‘i” H
[1157] The title compound was prepared using the same synthetic scheme demonstrated in
6O as (MaH) 3753, UV h = 239.3, 202.7.

Dxample 596, MS found for U HRN

-

Hxam 92, (8)-2-(Z-amine-3, 3 dimethylbuiyvlaming)-4-(3,5-
ple {

dimethylphenylamino)pyrimidine-5-carboxamide

/\ /\.

\1““5 H

(311581 The vtle compound was prepared using the same syathetic scheme demonstrated in

Example 218 M5 found for CiofasMaDas (MAH) 3574, UV A= 2404,

EBxample 593, (5)-2-(Z-amino-4-(fivorophenylpropylaming)-4-(3,

dimethylphenylaminojpyrimidine-S-carboramide

Lt
o
ot
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(11891 The atle compound was prepared using the same syntheric scheme demonstrated in

Example 218. MS found for ColHasFNsO as (MH) 4004, UV A = 2417, 288.4.

Example 594, (R)-2-(2-amino-3-methoxypropylamino)-4-(benzofdlisoxazol-5-

ylamino)pyrimidine-S-carboxamide

M=y
4 y
{:’)\\ ./'\”.:-\~
[
M
T UNH ?:
P e
N T
A J
=
o7 \]/ ‘\/ N
*2
PIT60]  The ttle componnd was prepared nsing the same synthetic scheme demonstraied in

s < ; + o - -
Erample 590, MS found for T oMN70q as (MY 3583 U1V L= 203.9, 235.7, 292.6.

Bxample 595, (R)-2-(Z-amino-3-hydroxy-3-methylbutyiamine)-4-(3,5-

dimethylphenylammo)pyrimidine-5-carboxamide

|
e TR
HO™ YT OTNT TN
NIET
(13631 The tide compound was prepared using the same synthetic scheme demonstrated in

FExample 5946, MS found for 7 H24MNs0a as (M+H)Y 359.2. UV A= 2303,

Bxarmnple 596

)
~.J
o
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HaO0.
HO 3 -

i NaOGHs, Mel } 0 1, MM, isobulyl Chioroformate /G}

L ) = , MMM, sobul i renate !
‘ )\ OH T BocHn - : - — CH
BocHN ™ Y \ﬁ/ aocHN)\“’

G 2. MaRH4
243.1 TR ) 2433

. Mstl FiaN
T - O
. MNal3, TBA ]
7. Mal3, TRAI /i\vNHg
3 PG, H BOCHN

24384

kN i . .
Sy 7 ~O 1)DIPEA, ACCH NH i
{ i + . e e L.
A - S
R BocHN T R NTTET T,
g[\é > A, DocHM 2y TFA J[ /) d
'/L\ P “-.U, o, N/ ‘\,\3'/
Bo” TN oy
M-,
243.5 243.4 243

) -

(1162]  Synthesis of 243.2: To asuspension of MalH (Bg, 0.25 mol) in THF (220 mly at §

for 1 5, and the resulting solation was used next.

11E631  To asolution of N-Boo Losenae 24310 (6 g, 0.029 moly in THE {300 mL) was addad
120 mL, of above solution and Mel (3 ml). After stirring at amblent temperature for 1 by, the
remaining above solution was added, followed by more Mel (6 mL), and the mixiure was
stirred for additional 18 h. The mixiure was then concentrated under vacuum o remove THE,
the residue was dissolved in water; the agueous solution was washed with ether, and acidified
with citric acid io pH 2. The acidilied agueous solution was extracted with EtOAc (3X),

EiOAc layer was combined, washed with diluted Na-5,0,, brine, dried and concentrated (o

.

give a mixture of 243,72 and recoverad 2431, The residue was taken up in H,0 (100 mL), and

was extracted with DUM (3X), DOM tayer was combined, washed with brine, dried over

MNas50,, and was concentrated in vacuo (o give 243.2 a3 pale vellow oil (3.2 g).

(11641 Swynthesis of 243,03 To a solution of 243.2 (3.2 g, 14.60 munol) in THF (20 mi) at -
15 °C was added M-methyl Morpholine (1.60 mi., 14.60 mmol} and isobutyl chloroformate
{1.9% mi, 14.60 mmol). After stirring for 5 min at -15 °0, the mixsure was added a solution
of Sodiamn Borohvdride (1.66 g, 43.8 mmol} in water {7 mb) slowly {gas evolution). The

mixture was kept stirring at -15 °C for 10 min, and was diluted with BiCAc, the organics

o
d
[
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G 70 was added Tricthylamine (2,15 ml, 15.3

i i if‘(:

TEA (2 m]

ardd th
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ashed with water, Bat

51 Bynthests of 243.4:

5.36 mmol). After stir

v washed with water, Sat

was filtered off) and the !

anston of th

e residue was puriiied ©

MatiiZn, brine,

Toasolution of 2433 (2.1 g, 10

ng at 1 °C for 36 min, it wags diluied

Malic

Hlirate was concentraied to give

= above couph

Y preparai

dried andd concan
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ed (o

%
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give crude residos,

(1.1 g, T0%).

o) m DM (306 mi) at

with 1

g, dried and concentrated (o g

g product (3,87

ed and

AT (R 5 miy £

oy

LW

2434 (1.5 ).

& mmoly and Methanesulfonyl Chioride (1.19

DI R

ive crude mesylate,

".f’ oy

I ™y
(.

{6 il was added

e was concenirated
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HAG O
HO ~
™y NaQGHs, Mel i o e
. S j o te 1, NMiM, isobuiyt Chioreformale
‘ OH BocHN ™ Y OH
BocHMN ] BooHM ™ 7
o o 2. MaBH«
24351 AL BATG
1. MsCI, £18N
S —— PN
2. Nai3, TBAI g
3. Pojs, M2 BooN
243.4
| !
e
N Y
| | “\/”
““\‘-‘c/l\NH - /D\F 1)DIPEA, AcCN ' ‘F\lih‘ o
/i JL * _— /i\d AN - N T ~ B
;\IJH \j B Bockh 3 TFA i iz
doo N N =
ate” N SR A
Mg
2435 24704 DA

o

, 025 mol) in THFE (220 mbl) at &

i)

[R178G]  Byothesis of 243.2: To a suspension of NaH (6

£

for 1 h, and ihe resulting solution was used next

(1371 Toasolution of M-Boc L-serine 243.1 (6 g, 0.029 mob) in THF {300 ml) was added
120 mbL of above solution and Mel (3 mL). Afler stirring at ambient termperatore for 1 h, the
remaining above solution was added, followed by more Mel (6 ml), and the mixture was
stirred for additional 18 h. The yaxgiure was then concentrated under vacunm o remove THE,
the residue was dissolved in water; the agueous solunion was washed with ether, and acidified
with citric acid o pH 2. The acidifisd agueous solusfion was extracted with BtOAc (3X),

A

HIOAC layer was combined, washad with diluted NapS,0s, brine, dried and concenirated o

give a mixture of 2432 and recovered 243,70, The residue was taken up in HyO (100 ml), and

fl

was extracted with DUM (3. DCM laver was combined, washed with brine, dried over

Na,50y, and was concentrated in vaowo 1o give 24372 as pale vellow ol (3.2 g).

{11721 Synthesis of 243.3: To asolution of 2432 (3.2 g, 14.60 mmol) in THF (20 mi) at -
15 °C was added N-methyl Morpholine (1.60 mi, 14.60 mmol) and isobuiyl chioroformate
(181 mi, 14.60 mmol). After stirving for 5 min at <15 °C, the mixtore was added a solution
of Sodium Borchydnide (1.66 g, 43.8 mmol) in water {7 mbL.) slowly {gas evolution). The

miikture was kept stirring at 15 "C {or 10 min, and was diluted with BtOAc, the organics

375
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were washed with water, Sat. NaHCOs, brine, dried and concenirated to give crude residue,

which was purified by column (Hex/EtOAc =211 to 2:3) to give 243.3 (2.1 g, 70%).

&:”
(11731 Synihesis of 243.4: To a solution of 243.3 (2.1 g, 10.24 mumot) in DUM (30 mL) at
0 °C was added Triethylamine (2.15 mi., 15.36 mmol) and Metharesulfonyl Chloride (1.19
mb, 15.36 mmol). After stirring at 0 °C for 30 min, 1t was diluted with UM, the organics

were washed with water, Sat. NallUOs, brine, dnicd and concenirated to give crude mesyiaie.

{1174]  To aschution of the above crude mesylate in DME 20 mL) was added Mah; (195
g, 3072 rorooly and TBAT (37 mg, 0,124 mmol). Alter hesting at 75 °C for 2 b, it was dihuied

I3

with BtOAc, the organics were washed with water,

crude azide (1.7 g).

wrine, dried and conceniraled [0 give

13751 To asolution of the above crude azide (1.7 ¢) in BiOAc (16 ml) was added Pd/C

(400 mgy, and was cnarged with ¥, (1 atrn). Alter stirring st ambient tempersture for 15 b,
Pd/C was filtered off, and the Altrate was concenirated to give 2434 (1.5 g5

173 &

¥ 243 To asolid sample of 243.5 (0.76 o, 2.1 munol) in sealed tube was

Soa, 368 mmol) in Ac

DRSS mL) After heanine at 43 °C for 5

)

h, the mixture was cooled and added water (40 ml). The precipitates were coliected by

filtraticn to give coupling product (0.65 g}

i

(11771 Toasuspension of the above coupling product {0.85 ¢) in DUM (6 mL) was added

TEA (2 mbl). After stirring at ambilent temperature for 15 imin, the mixture was concentrated,

and the residne was puritied by preparative HPLC to give ¥ (0.99 g) as TFEA salt.

[}
Z>~:
ot
oo
:?‘
W
.AD
s

Sy-2-Ul-amino-2-cyclopropyiethylamino-4-{2-aming-3,3
1

ﬁimaahv}.m‘ziyimi wpyrimidine-5-carboramide

376
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[1178] The title compound was prepared using the same synthetic scheme demonstrated in

Example 218. MS found for CioHasMNeD as M+ 306,44, UV: b = 248.7.

Example 599, 2-(1-acetylpiperidin-d-ylamino)-4-{cyclopropylamino)pyrimidine-5-

carboxamide

PL7%97 The atle compound was prepared using the same synthetic scheme demonstrated in

Pxample 218, M3 found for CsHanNgCr as (M) 3194, UV: L= 23

fxampie 600, (8)-2-(Z-aminopropylamino)-4-{cyclobitylamino)pyrimidine-5-carboxaride

o ' i f 'y P
i i3 «;ﬁc.s..,?f”"‘ O34 > %\f WH’)
by S
B T a

NHBoc NHiBos

- 3.2 2.3 3.4
{11861 Step I To a stirring solution of alechol 3.1 (4.16g, 24 mmol) in
dichloromethane (38 ml) was added dusopropylethylamine (5.8 mlL, 33 mmol} foliowed by

methanssulfonyl chiovide (2.23 ml., 29 mmol) which was added dropwise. After 30 min the
reacthion was difuted with 1 M HCI and the two phases separated. The organic layer was then
washed with sodium carbonate (saturated, ag) and dried over magnesivim sulfate.
Concentration afforded the desired product 3.2 as a light brown solid {5.07g, 83%). Y RIMIR
(DMEG-dg, 400 MHz) 8693 (4, 1H), 4.03 (¢, 2H), 3.72 {m, 1H), 3.15 (s, 3H), 1.37 (5, 98
106 {d, 3.

5

(HIBI] Step Mesylate 3.2 (2.0g, 7.9 mmol) was dissolved in 20 mL of DMFE,
treated with sodium azide (2.6g, 39.3 mmol) and heated to 80°C overnight. The foliowing
day the reaction was cooled 10 1i, partitionad with water and ethyl acetate and the two layers

separated. The aqg phase was exiracted with ethyl acetate and the combined organic phase
i I jy

377
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dried over magnesiur sulfate. Concentration afforded the desired azide 3.3 which was
imma::giié{étiy used for the next step. ' H NMR (DMSO-ds, 400 MHz): §6.91 (d, H—E), 3.62
{m, 1H}, 3.20(d, 2H), 1.38 (s, 9H), 1.01 (4, 3H).

P1322}  Step X The crude azide from the previous step 3.3 was diluted with methanol
5 (20 ml), treated with ca. 200 mg of Pd/C (10% by weight, wet) and placed under an
atmosphere of hydrogen. After three hours the mixture was {ilicred through celite and
concentrated atfording a guantitative amount of the desired arpine which crystallized upon
standing to a white waxy solid. "H NMR (DMSO-dg, 400 MHz): §6.52 (d, 1H), 3.38 (im,

THY, 242 (m, 280, 1.36 (5, OH), 0.96 (4, 3H),

G {1383]  Step Benzotriazolyt ether 1.7, intermediate 3.4, ditsopropylethylaming, and
5 mb of 1,4-dioxane were combined and heated to 120°C overnight. The reaction mixture
was then cooled, diluted with waier and punified by preparative HPLC to give the desired
compound. MS found Tor CpaHygNO ag (M) 2652
Example 001 2-{({1R, 25 2-aminceyelohexylamino-4-(4-bromo-3-(21-1,2 3-triazol-2-

15 yhphenyiamino)pyrinudine-5-carboxarnide

N
N~N
Scheme
kY w
P ;}"m l\gs“g:_:!
S
)
i o
‘rTLZIE’\i
— ";
Hii-1
20 Compound 601-1 {130 mg, 0.46 mme!) was dissolved in 15 mi DMF. To it was

added MN-bromosuccinimide (NBS, 127 mg, 0.6% mmol). The mixture was stisred at BT for 12

378
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min. All compound 601-1 had thus been converted (o the corresponding sulfoxide. To it was
: ggain added N-bromosuccinimide (122 me, .69 mmol). The mixiure was stirred at RT for 1
- To 1t were added DIEA (0.4 mL, 2.3 momol) and compound 601-2 {(200mg, 0.92 mmol).
The mixture was stirred at 90°C for 3 h to give prodocts 601-3 and 6014 in ratio of 4:1. The
5 ﬁiixﬂlff: was diluted with ethyl acetate, washed with brine %3, dried, concentrated and

subjected fo flash column to isolate compound 5013 and compound 601-4.

(1IE8]  Compound 601-3 was teated with 111 TFA and DOM at BT, The mixture was
stirred for overnight at BT 1t was concentrated and subjected to reverse phase ¥PLC 1o
isolate the title compound. WS found for ColanBrNeG as (MY 472.3, 474 .3, A=246, 264

H

15 B

Toample 602 Z-((1K,25)-2-aminocyciohexviamingi-4-G-bromo-5-(2FH-1,2 3-triazol-2-

yhphenylamino)pyrimidine-3-carboxanude

)

o Nk
15 Compound 602-1 (as prepared in Brample 601) was treated with 11 UTFA and DOM

at BT, The mixture was stirred for overnight at BT, It was concentrated and subiected to
reverse phase HPLC 1o isolate the title compound. ME found for CioHn RO as (M-+-H)"

472.3, 4743, A=253, 272 nm.

e

Example 6030 2-({1R,25)-Z-aminocyclchexyliamino)-4-{4-chloro-3-2H-1,2,3

x.}

s

20 yhpbenylaminoipyrimidine-S-carboxamide

o
LN
P
\‘ =
/J:""“"\ »
= i \x At
i id y-hitHg
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Scheme:

f"r“{‘
W

RS M

"\:'\w %"—-a\

Compound 6031 (150 mg, 0.46 munol) was dissolved in 15 i, DM, To it was

added M-chlorosnceinimide (NCS, 300 mg, 2.2 mmol). The mixture was stivred ar BT for 80

rain. To i wers added DISA (0.4 mb, 2.3 romol) and compound 603-2 (Z00mg, 0597 mmnol),
The mixture was stirred at D0°C for 2 b to give products 603-5 and 603-6 in ratio of 2.6: 1

The mixture was diluied with ethyi acetate, washed with brine x3, dried, concenirated and

subjected o flash colurnn (o isolate compound 603-5 and compound 603-6.

RT .0 was concentrated and sublected to reverse phase HPLL 1o 1selate the ditle compound,
WIS found for el CINeO as (M+H) 428.3, A=246, 291 am,

Example 604: 2-((1R.28)-2-aminocyciohex ylummo)-4-(3-chloro-5-(2H-1,2.3

( h

yhphenylamino)pyrimidine-S-carboxarmide

Compound 604-6 {ns prepared in Example 603) was treated with TEA at R, The

LS S L)

rrisrure was stivred for 30 m ar RT. It was concentrated and subjected to raverse phase HPLO

to isolate the title compound. ME found for CpHn ik as (M SEN 4283, A=252 o

L
TG
o)
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Fxample 605 (8)-4-(4-(1,2,3-thiadiazol-4-yDphenylamino)-2-(2-

aminopropylamino)pyrimidine-S-carboxamide

. Y @]
‘?’W} NH N,
Mo N/

7N
N
==
/“‘NH

PHABG] The title compound was prepared using the same chemistry shown for Example 424,
5 UV A=230, 306 nm. MS found for T8 as (MA-H)T 3713, NMR (CD30D): 8 9.23 (s,
THD, B854 (s, 1H), 8.15 0, 781 (m, 2H), 3.70 (my, 25D, 3.46 (m, 1H), 1.32 (d, I=6.8 Hz,

3¢ ppm.

Example 606 (8)-2-(2-aminopropylamino-4-{4-{thiazol-4-vDnhenylaminopyrimidine-5-
i | I Ry

carbogamide

< > f\H ‘\—\w i
“I‘*l

/:N
/“?\EH
10 it ‘\iH?
P11937  The title compound was prepared using the same chemistry shown for Example 424,
UV A=238, 311 . MS found for iy eM08 as (M+H)Y 3703, MMR (CDL0D): § 9.05 (¢,
J=2.0 He, 1Hy, 8510 (s, 1ED, 800 (4, J=8.0 Hz, 2H), 7.89 {s, 15, 270 (4, 1=7.2 Hz, 230, 370
{m, 2H), 3.47 (mm, 1H)Y, 1.30 (4, J=6.0 Hz, 35) ppm.
15 Example 607 (5)-2-(Z-aminopropylamino)-4-(quinoxalin-6-viamino)pyrimidine-5-

carboxamids

Y=
~NH
i
H NH,
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F1192]  The title compound was prepared using the same chemisiry shown for Example 474,
UV =242, 273 nm. M5 found for CisH N0 as (M+H) 339.3. NME (CD0D): & 8.85 (5,
TH), 8.82 (s, TH}, 8.26 (5, 1H), 8.59 (s, 1H), 8.10 (d, §=8.8 Hz, 1H), 7.84 (d, J=-8.4 Hz, 1H),
3775 {m, 2H), 3.62 (m, 1H), 1.38 {d, J=6.0 Hz, 3H) ppo.

Example 608 (5)-2-(Z-aminopropylaminoj-4-{benzo[dithiazol-3-ylamino)pyrimidine-5-

carboxamide

\ -
p!

—H

Y
H ONH,
F1953%  The title compound was prepared using the same chemistry shown for Example 424,
UV A=246, 291 nm. MS found for CisH o108 as (M+H) 344 .3, NMR (CD40D0): 8 9.34 (s,

1D, B.772 (s, 1H), 8.56 (s, 1H), 8.11 (d, J=8.8 Hz, 11}, 7.52(d
3D, 1.29 (d, J=6.4 Hz, 35) ppm.

,1=8.8 Hz, 1H), 3.78-3.54 (m,

Brarmple 609 (5)-2-{Z-aminopropylamino)-4-(benzofdithiazol-6-ylamino)pyrimidine-5-

carboxamide

{u\;’—_ &
Al -
H‘w\/ Nonp S NH,
AN
- 7
N
‘/\.;:.T:::;"\j
/i
M oONH
The title compound was prepared using the same chemistry shown for Example 424,

DT vy R Ly - To MY e £ TN Y T AT P - r
, 29T nme M found for OO0 as (IMHY 3443 VIR (05000 8924 (5

3

iH), B.56 (s, TH), 8.41 (s, 1H), 8.10 (d, J=8.8 Hz, 1H), 7.72(d, J=8.8 Hz, 1H), 3.71-3.44 (m,
S, 1.23 (4, J=6.4 Hz, 3H) ppm.

Example 610

(1395} This example ilustrates methods {or evaluating the compounds of the invention,
along with resuits obtained for such assays. The in vitre and in vivo buman syk activities of

the inventive compounds can be determined by various procedures known in the art, such as a
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test for thelr ability to inhibit the activity of hurnan plasma syk. The potent affinities for
human syk inhibition exhibited by the inventive compounds can be measired by an ICs,
value (in nd). The Kl value is the concentration (in nM) of the compound reguired to
provide 50% inhibition of human syk proteolytic activity. The smaller the 1Tsp value, the

more active {potent) is a compound for inhibiting syk activity.

(11941 An in virro assay for detecting and measuring inhibition activity against syk is as

follows:

Inhibition of svk tyrosine shesphorvlation actvity

111971 Potency of candidate molecules for inhibiting syk tyrosine phosphorylation activity
is assessed by measuring the ability of a test compound to inhibit syk-mediated tyrosine

ohosphoryiation of a syk-specific substrais,

(11981  SYX tyrosine phosphorylation activity is meassured using the LANCE™
Technology developed by Perkin Elmer Life and Analyiical Sciences (Boston, MA).
LAPCE™ refers to homogeneous time resolved fluorometry applications using technigues
such as time-resolved fuorescence resonance energy transfer assay (TR-FRET) (see
generally for procedures in Perkin Elmer Application Note- How to Optinnize a Tyrosine
Kinase Assay Using Time Resolved Fluorescence-Based LAMNCE Detection,

-

wwww perkinelmer.com/lifesciences). The assay principle involves defection of a
phosphorylated subsirate using energy transfer from a phosphospecific europivm-labeled

antibody to streptavidin-atlophycocyanin as an acceptor.

(319971 Totest the ability of candidate molecules 1o 1nkibit 5YE tyrosine phosphorylation
activity, molecules are reconstituied in 30 % DME0 and serially diluted 1.3 with the final
difution containing DMB0 in the absence of the candidate molecule. The final DMESO
concentration in the assay is 3%. Kinase assays are perlormed as a two part reaction. The
first reaction is a kinase reaction and which comprises of a candidate molecuie, full length
active recombinant 5% ¥ enzyme (Millipore, TA) and biotin-labeled 5Y K-specific subsirate
biotin-DEEDYEEP-OH, The second reaction involves termination of the kinase reaction and
the simultanecus addition of the detection reagents- curoptum-iabeled anti-phosphotyrosine
reagent (Eu-Wi024-PY 100, Perkin Blmer, Boston, MA) and Sueptavidin-Allophycocyamn
fetection reagent (SA-APC, Prozyme, CA). The Kinase reaction is performed in a black U-

botrom 96-well microtiire plate. The final reaction velurne 1s 50 Ul and contains a final
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concentration of 1 aM active SYIC enzyme, 550 nM SY K-substrate, and 100 pvi ATP diluted
in a buifer coniaining 50 mdd Tris pH 7.5, 5 mM MgCl, and 1mM DTT. The reaction is
atlowed to proceed for | howr at room temperature. The quench buffer contains 100 mM Tris
pH 7.5, 300 mM NaCly, 20 mM EDTA, 0.02% Brij35, and 0.5% BSA. The deiection
gents are added o rthe reaction mixiure at the following dilutions- 1:500 for En-W1i024-

PY G0 and 1250 for SA-APC. The kinase reaction is terminated by the addition of 50 ul.

guench buffer containing the detection reagents. The detection is allowed to procesd for T hr
at room ternperature, Detection of the phosphoriated substrate in the absence and presence of

v

inhibitors is measured in the TR-FRET instrument, Analyst T (Molecular Probes,

P

Sunnyvale, CA} and the condiilon for measurements are set up using CriterionHost Release
2.4 {Molecular Probes, SBunnyvale, CA). The settings used are a follows: excitation 360 nm,
gmission 665 - 7.9 nm, beam splitter 350 mun 50/50, flash 100 pulses, delay 60 us, intsgration

400 us, z-height 2 mm. Inhibition of SY K -tyrosine kinase activity is calculated as the
A response observed in the presence of inhibitor, compared to that in the absence of

inhibitor. Moss were derived by non-linear regression analysis.

1

1266]  Intracellular phosoho-flow cylometry was used o test compound inhibition of Svk
activity in intact ron-Hodgkin’s lymphoma cell lines Ramos and SUDHL-6. 10x10° cells in
log phase growth were aligoted; Svk kinase is activated by incubating cells for 10 minutes
with 3ig/ml antibody specific o the B cell receptor. Directly following, cells are fixed in 1%

i <(“

aformaldehyde for 5 minuies at room temperaturs, washed i sphate buffered saline,

=

and then permeablized by incubation for 2 hours in ice cold methanol. Cells are again
washed i phosphate buffered saline, then incubated for 30 minntes with antibody specific for
phosphoryiated Eele (Y204) apd BLNK (Y84), which are indicators of Svk kinase activity,

and phosphorylaied Byk (Y352), 2 measure of Sre family Kinase activity. All antibodies used
are purchased from BD Pharmingen (San Jose, CA). After incubation with antibodies, cells

are again washed and subjected 1o flow cytometry. Reprasentative data detailing inhibition of

B cell receptor singaling by compounds are shown in Table 1 as [Csp ranges.
[120%)  The anti-proliferative effects of compounds on non-Hodgkin’s lymphoma B cell

fines SUDHL-4, SUDHL-6, and Toledo was also assessed. SUDHLA4 and SUDHL-6 require
B cell recepior signabing for growth and survival, while the Toledo celi fine (serving here as a
negative control} does not. Cells were aliquoied into each well of a 96-well plate and

incubated with increasing concentrations of compound for 72 hours, after wﬁich cell survival

and proliferation was determined using the MTT assay {Chemicon Iniemational, Inc.,

384
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Temecula, CA) following protocols supplied by the manufacturer. Data are detatled in the
Tables and Figures herein as {Cqp values plus or minus standard deviations from 5 or &

independent experiments.

{1202]  induction of apoptosis in nos-Hodgkin’s lymphoma B cell bnes SUDHIL-4,
SUDHL-0, and Toledo was assessed by measuring the apoptotis marker Caspase 3. Cells
were incubated with 1, 3, or 10uM compound for 24, 48, and 72 hours. At the conclusion of
sach time point, cells were processed for flow cytomatry analysis using the Monoclonal

Rabbit Anti-Active Caspase-3 Antibody Kit and related protocols (BD Pharmingen). Data

from two independent experimenis are presented in Tables 74 and 78, representing the
nercent of total cells undergoing apoptosis following incubation with compounds under the
indicated conditions.

PR4831 Syk activity 1s not only required for B cetl signaling, proliferation, and survival, a8
shown, bt ig also eritical for cellular activation upon cross-linking of the B cell receptor. B
el activation feads to increased cell surface expression of several proteins involved in cell
signaling, antigen preseniation, and adhesion. Among these, CDRO, CDES, and TDoY are

Bl ae

isolated from spleen were aliquoted and incubated with increasing concenirations of
compound (0.05 to 2uM) in the presence of goat anti-mouse igh (eBiosciences, inc., San
Diego, TA) for 20 hours 1o cross-link the B celi receptor. Following, cells were washed and
enbated for 30 manutes on ice with antibodies specific for the UDE0, CDRG, and CDHES B
cell activation markers. B cells wers identified from the pooled population by stalning with

the B call marker CD45RO. ALl antibodies were purchased from B Pharmingen., Table B

Ay
£

lepicts the I range 1 which these compounds inbibited I cell recepior induced activation

of mouse primary B cells
(32841 In the table below, activity in the Syk and/or Jak assays is gﬁ}mvidf:d as follows:
bt = 50 < GUO0TG g it = (L0010 oM < JU5p < G010 ¢ b= 0010 pM < 1Cs

<00 oM, 4+ = 00 o < T < L ubd, + = 1g > 1 phd.

3

Table 6a:
Example Wy BV i oS Syl 1050
I 240, 257 4528 453.2 o
2 235, 312 459.6 4501 e
3 239, 304 592 5 363.; Tt
4 231, 311 410.5 4112 At
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Examnie

A

B

Syk 1050

i,

5 938, 337 403.5 404.2 .
g 239, 211 403.5 404.2 ik
7 241, 320 4035 404.2 it
a 243, 308 4045 405.2 Fofd

&]

4102
410.4

2914

14 233, 308 410.5 411.2 +4
1 240, 3t 4033 5 A4 foogent-
""" 405

o 4 4045 toto

P 45 145 4AD5.5 et

13 DAL, 3R 4035 4042 SN

14 240, 318 4085 A10.2 e

5 243, 332 408.5 410,22 forbe -

8 240, 302 ag2.5 393.3 b
34834

17 248 4035 404 2 e

: e 4122

] 243, 294 4115 B EI
412.3

P9 247, 367 405,13 e

20 244, 243 4285 .

21 238, 127 bgte

22 235, 319 e

Py frre R bt

nd 242, 300 e

2E 241, 300 g

28 241, 2985 sun4d e

o o i L 3e32

27 246, 282 392.5 v et
i e B

s4a, 287 a09.h 4105 At

28 235, 308 429.5 430 .4 SR

30 241, 288 4605 461 .4 -

31 247 382.5 2884 forpo ot

“““““““““““ 4113

e wn e : A

3 410.5 . b
A 'E "é i 5)

a3 427 .5 428.4 e

24 4105 4113 bt

55 43405 4285 3 ++

e 2018, 2404 . .

a6 ot § : 4105 411.09 +

37 2088, 2457 408.5 410,02, 411.2 RRERE:

a8 2404, 3128 427 5 428 5 425 4 feeope

LYY,
35 208.3, 242.8, 40055 410.2, 4 ERT

2018, 2440,
277

4G5

[

4105, 4416

b

2428, 2825

4035

404.2, 405.3

244.0,288.0

404.5

bt

248.3

404.5

405,

bl

4053, 406,
2

bt

385
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Exarapie w MW M Syl 0HG

44 242.8 406.5 407.2,408.2 b

45 247 5 4335 434.3, 435.3 bk

46 240.4, 306.8 4335 434.3, 4353 it

47 240.4, 2861 4255 426.3,427.3 e

48 4185 419.5 (M=1) -

44 438.5 439.8 (M+1) S

WiS: 3942 (M + s
H) i

M5 3043 (M + e
H) ’

WIS 30528 (M
+ H}

MS 38428 (M
+ )

M 40828 {M
4 )

I WIS 42437 (M o
§ + H) o

MG 40992 (M

58 A08.5 H)

59 290 5 MS: 393.0

o MeH) bt

£0 408.5 ME: 410 (M + -
S )

ME 424 B (M +

RS A07.5 (M o
R

Mo 410.5 (M +

G4 420.5

NS 425 4 (M +
85 4245 . }j} HM bt
- TS 965 5 (A e
865 94,4 M 3“3;}“ (M S B
MG ADDE (B -
67 ADB 5 S «!-’D'j)b {8+ e
R - T MS: 408.5
& 8,5 \
55 N 4{ "1 > {?J’E%H) o

MES 4085

3t 408, o
69 8.5 (MeH)

MBS 3925 (M +

70 BG15 bk
N
i = ME: B82.4 (M +
71 Gizh ] g:‘} o R
T N ME: 4675 (M +
7 408.5 { o+

H)

MS: 296.5 (M + ,
) F

M5 2125
(W3

S 3853 (M +
e 964 4 M5 ?ﬁ%’% {M et

MS 3852 (M +
0 S

A,
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Example

Uy

MW

MH+

Syl 15D

78

a24.4

M5 3052 (i
H)

i

it

79

243, 302

478.5

479.4

a0

2486, 301

584.5

585 4

81

247

4778

478 .4

&2

241

392.5

383.4

83

241, 318

424.5

425.3

a4

246, 203

406.5

407.3

85

243, 285

A406.5

407.3

826

Da4

3535

394.3

250

304
394 (M+H)
594.3

294.8 (M +H) S
£S04 MS
ES(+) MS
(Wi 1]=304
85 242, 300 4235 424.3 b
89 242, 501 | 4225 4233
a0 242, 200 436.5 4373 .
o1 043, 301 489.5 490,23 +
G2 247 411.4 412.3 bt
o3 259 418.5 419.4 + o
05D A48.5 415 4 ot
95 244, 288 | 4185 4194 P )
56 245, 296 & 1344 it
o8 249 | 493 4 bt
1014 250 3953 bt
101b 250 409.3 P
102 248, 304 4n8.2 .
103 249 443.3 e
1045 240, 205 443 .4
TS 047, 255 443 4 .
1058 234, 303 4444 .
1050 234, 303 4444 it )
108 240, 297 143.3 et T
107 460.73 et O
108 455.6 487 .5 o

et

A5E.5

A543

10

249

4535

111

240 511

406.5

407 .3

113

239, 314

406.5

407,73

e

239, 310

e
15 K

394.:

116

250

4114

3

1168

244 295

117 249 4235 42 -
118 D43, 28 4075 408.3 bt

382
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Example D, AV B+ Syk 1050
119 248 407.5 Mnaar s
120 249 404.5 ;jgg:i -
121 231, 314 404 5 405.3 -
107 249 408.5 407.3 bt
123 247 406.5 407.3 st
124 247 442 5 A43.3 o
195 245, 303 4425 4433 L

“ A841
127 241, 288 3835 ag4 o ERC
28 048, 295 367.4 368.1 o
120 2486, 295 a97.5 208,
130 239, 309 365.4 1862 it
132 241, 28 9775 %7151;?5\;” . .
123 243, 294 366.4 3672 A
134 246, 292 283.5 3840 bt
135 250 38¢ 3871 o
136 D40, 284 385.1 .
137 2dp 379.2 .
138 243 285, 1 4
138 3. 3902 (Mf&‘l} Fofeet
142 377.5 378.34 (Ms1) e
143 4768 477.40 ( 1) i
144 406 A 407,28 (M) .
146 381.4 382.35 (M+1) +-++
147 420.5 440,38 (M+1) i
148 h 297 .4 368.31 (M) oo
149 400.5 410,36 (M+1) ot
150 402.5 403,22 (M+1) e
151 3955 396,35 (M41) -
152 3905 29414 (M+1) N
‘‘‘‘‘‘‘ 153 4115 A12.5 (e 1) ped
154 3674 A08.5 (M+1) —
T A07.5 AGD.5 (M+1) bt
156 iggs 4594 L
378.2 (M+1) o
157 3775 378.5 (M+1) _—
378.6 (M)
158 3R0.5 38117 (M)
152 380.5 38117 (M 1) R
160 3805 | 38117 (W1 .
BRETTY 462.6 48332 {M+1) .
182 3075 398.2 (M+1) s ;
163 3755 360.4 (M1 i i
165 ) 4525 4332 (M 1) i
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Exampte v ik B Syl HIED
168 4115 4122 (M+1) e
167 245 495.8 496.3 ot
168 243 480.6 500.3 St

496

495.3

170 e 490.5 500.3 .

171 047 4876 42%“ .

172 045 487.6 48873 ot

173 938, 300 @76 |- 488.3 .

174 241,314 | 457.6 430.3 i

e

175 248 4085 e

178 241, 200 410.5 411.4 .

177 539, 300 408.5 fég: e

178 243, 206 410.5 4114 I

16y 244 485.8 4+

174 232, 306 466.5 467.3 ot
180 238, 290 418.5 | 419.3 it
181 241, 291 426.5 4273 bt
183 244, 297 439.5 440.3 ot
i85 | 243.8, 260.0 456.5 4572 -
” 4012

sy

mcematﬁ_
168 042 8, 7300 4004 mﬂcszh;{m s
189 2412, 292.1 330.4 331 .4 i

190 237.6, 313.1 529.4 330.3 s

197 240.0, 303.2 392.5 383.4 .
192 544.9, 3257 346.5 347.3 BN
103 247.3, 3956 4465
194 | 2400, 314.3 391,

185 2440, 3164 A46.
1he 2404, 3045 447,

242 8, 280.0 456.5

&
~
R

!
w0
EiE
<
’
'\.,-J
.
:
N
é‘

3924 s
447 3 4434 e
A48, 4482 b

|Gl

? a7 (553 3, 30%57 "-H}Q 5 forderd

98 | D435, 2865 593.5 o :
EEE 353.5 4944, 355.4 Tt

200 383.5 394.5 e

; 3

200 2438, 287.1 4075 ; 4064 s
203 24l 4, 2088 412.5 4131, 4142
204 240.5, 287.9 298.5 399.2, 400.2 .
205 2381, 2926 370.5 3712, 3723 P
506 235.5, 298.6 386.5 387.1, 368.2 et
207 2404, 2526 4185 4103, 420.3 o
209 A76.5 377.1, 378.5 b
210 7.5, 319.9 4G6.5 407.2, 408.5 bt

3
i
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211a

212.2, 244.0,
3068

3851, 356.3

oot

2110

223.9, 318.8

420.2, 421.4

212

218.2, 2357,
318.8

434.3, 4353

213

218.0, 314.0

448.2, 449.4

bt

214

223.8, 283.8

411.2, 413.1

215

455,41, 457 1

R

216

bt

217

2204, 3152

4904, 491 .4

TR

218

218.2, 241.8,
336.7

380.4

i

219 395.5 596.3 S
- 2167 2399, o T
218 A90 3 3685.4 386.3, 3574 S
210.5, 243.0 P o =
2210 ’ ! 380.5 381.5 SR REREN

3291
221 276 1 3614 362.4 r

H BB, 384.5 385.3 b
223 2034, 2454 378.4 3793 i
5051, 2458,

383.5 354.3 et

'''' 2802
PO5 202,58, 236.3 380.5 3814 b
PON 4 FA0 A . o

St

227 2416, 283.8 441.5 4425 -t

228 222.8, 242.8 293.5 3944 f.
229 202 8, 2418 405.5 A06.5 I
, 203.9, 236.9 B
e 8D, OF, L0 ey e g et
230 2040 367.4 2684 -t

231 5202, 240 6 3035 5944 P
232 210, 243 482.6 hivy=462.5,
' MW =432 5,
Ni1=433 4
NG5 B,

233 247 432,

i

234 245 482.8

MW =432.5,
1=433.3 R
M+1=432.3

235 2479 4325

2038 PAR BTH 4445 bW mddd 5 oo
fyt-d45.3
o MW =432.5
ot el A5 5 R
I 4,4“(, Z88 1525 ) ++
- . . AV =420, 5,
238 245 4205 ! ST A

Mal= 4213
MW =420.5;
g i=401 3
MW =402 .5,
M4 1=483.3
EA =438.5;
1 Me1=459.3
243 244, 283 462.5 4633 .

242 245 4385

381
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Enample iy AW B Syl (050

. MW =460 5
a5 D4 Dar AG0L5 " R
245 211, 243 4605 M+1=461.2 -

MW =460 .5,

AL - B 30 5 b
246 242, 318 460.5 Mil=4561 2 e

MW =473.5,

247 | 216, 238,303 473.6 A, et

248 252 485.6 s .

240 047 485.6 g’j:f fi%ii % it

250 248 4718 pmaro b

251 248, 282 4856 p=aee s o

252 245 485.6 AR - |
253 235, 274, 286 4455 =446, 5: bbbt

M 1=447 3

, W = :
254 240, 285 480.6 yano s,
W el = 3

MW =480.8;
Mart=d8t 4

- . : VI VT
r ~ e s | [
258 250 AB0.8 A

257 235, 308 480.85 487 .4 bt

258 ‘ A8 4 i oo
260 E AR4 4 i e m“mm(
2651 240, 361 asda | T
252 241, 502 453.5 4544 ot
264 212, 236, 322 416.5 417.4 it
265 210, 244, 289 416.5 417.5 ot

3
266 208, 256 42485 | 430.3 et

267 250 38935 394.3 -

268 250 3935 354.3 At
269 252 393.5 384.3 e
7 5 394.3 r

.
273 251 378.4 38003 +

MW =481 .4,

W sy e
Mtz 482 2
275 230, 2og 407 .5 ek

MW= 406.48,
Mt 4075 '

MW =481 4,
Mal=dbP 4

RW=ABY 4
ot
Mi=db2 .4 o

275 044 | 3504 353.2 it
250 236,310 | 352.4 2532 - )
o8 042, 289 354.5 355.3 et
282 247, 290 368.5 369.3 B
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Exampis LY Y M+ Byl {050
2583 250 407.5 438.4 At
284 391.4 382.4 et

[P Pt 4
285 242, 505 4114 MW=d11.44,

Mi1=412.2 o
377
sgp — 3771 (M) s

377.3 (M+1)
5771, 378.2
294 2454 370.5 380.4 .
295 245 9794 380.4 -
296 240, 287 326.4 327 4 ot
257 217, 239, 290 340.4 3414 e
298 249 395.4 396.3 b
209 osp 395 4 396.3 .
360 245 3944 395.3 it
301 540 406.5 407.3 .
a0z 040, 288 542 4 3433 et
203 240, 250 356.4 as57.3 P
304 240, 283 258.4 356.3 e
305 04+, 287 5424 3433 it
206 030, 202 376.4 a77.3 r
308 240, 252 353.4 4592 I
3102 247, 254 357.3 .
D49 400.5 410.3 bt
D47, PO5 370.5 R71.3 e
042, 289 370.5 371.2 ot
240 356.4 257.3 i
248, 303 2824 283.1 Gt
245, 302 540.3 R ot
049, 208 4624 4031 i

5547
11,283 393.5 ‘ ;
241, 28 383.5 4542 (Nir1)

Ga3s: 243, 303 Aa8g.h 2891 b
320 245 2814 3821 RIS

321 247, 307 382.4 EIC R At

322 w4, 285 4265 421, +
323 250, 360 420.5 421,

1
1
a2 243, 2896 438.3 485.2 ++
225 2o, 287 N 383.2
327 245, 289 3203 3412 ot

328 245, 296 4135 4142 o
430 D44, 303 357.4 458.2 4

331 249, 287 a57.4 3682 b
X 247, 285 3895 400.2 S
a5E 250 340.3 3411 4+
334 Z252 3824 3831 ++t
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Exampls 114 e MH+ Syl 1050

335 224 338.4 340.1 +4
338 243, 310 400.4 4071 ++
7

243, 312 358.4 359.1 ++
3328 243 384.4 395.2 At
338 242 252.4 353.2 et
340 241, 308 408.5 409.2 ++
344 240, 314 4255 428.2 At
342 253, 311 4765 AZ7.2 ot

240 400.5 406.1 Al
244,314 418.5 4202 ++

345 244, 284 4275 4283 e
H48 240, 310 4455 446.3 ot

347 245 4275 4283 .
19 24T, 202 411.5 412.3 ++
250 241, 314 4185 420.3 s
451 250 419.5 420.3 b

) T MS: 396.4 (M +

H)

353 250 4085 409.3 i
MS: 388,17 (M

352 243, 284 3865

354 367.4 t4
- i MG 3688,2
365 357.4 4
T i : g Y cin nn N : MA”: B
355 ; 4500 51,35 (M) b

357 251 408.5 410.3 N
358 250 381.4 2823 i
259 251 367 .4 458.3 o
360 247 353.3 3543 +

367 40, 313 4245 425.3 s
262 044, 298 476.5 4273 .
364 51, 302 490.6 491.3 r
5075, 2440,

9259

386.5 387 .4 s

Turbo Spray
374 3884 Mass Spec NS
M+11=388
Turbo Spray

475 ? 407 2 oy
9 7S WIS (M1 §=407 i

R e S Turbo Sovay

EyEs Er A i { N

378 472 MS (M 11375 '
Turto Spray

- 200 deud

78 A S M 112397 ””

Tusho Spray
MS (Me1]=354 o
Turbo Spray
MS [M=1]=359
. Turbo Spray
81 342.4 MS [41]=343 | ++

383 360.4

Turbo Spray ]
i+ 112:361 e
385 328.4 Turbo Spray s
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Example Ly _ A RibE Syl 1050
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g - L [ +H]'““ A
3BE 314.3 Turbo Cz;)!‘ay it
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. [+ 1]=423
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1 3D M -
AAAAA a0 vz MS [M+1]=303 o
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ey A - "
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oo . ) Turbo Spray
. oy i3 ) " et
593 444 MS [V 112345 |
: \ Turbo Spray
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S ' WS [M+11=345 T
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3986 | 330.3 MS [M+ 11331 B r+
o e - T ur‘w Spray
397 385.2 MS [MI=305 ++
,. PP ! urbo Spray
g 145 7 .
398 483 WS [Vt 1]=347 "H
eTsTe R , ADA R | Tuo Cpmv -----
o ; T fv_. ‘;v’:— z| 1
mrbo Emr?av
100 D40 -
+00 424.9 WS (M 1]=405 *
. Tu.be Spray
) P! A s
A o8 MS (M 1]=409 "
N i Tubo LHpray
n Al & i + et
o2 104.5 MS M+ 1]=405 v
v g Turbo Spray
3 04 4
Ao - Ho1 4 MS [M+ 132302 H
- Turho Spray
4 : 4
405 20.5 MS M+ 1421 ‘
40 Ty Turbo bpray L
06 4064 WS (M 11407 bt
Turbo Spray
A0 -
o7 oe.4 MS [ =407 o
408 248, 294 3855 3884 +
400 240, 283 3654 3662 oot
410 243, 302 a85.5 Je6.4 ++
411 246, 283 371.4 aF72 4 -t
412 216.9, 244.0 3855 3983 e
213.3, 2448 e o
atg | 7195240, 396.5 397.4 .
414 241.8,318.8 382.4 3834, 3843 ++
416 240, 262 30604 301.3 bt
417 249 a39.4 340.3 T
418 251 353.4 354.3 ey
415 252 I67.4 368.3 ++
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Exaimpde iy MW it g Sy HOEG
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571 218 ] 2835 384 4 .
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513 2028, 2463 2925 3034 .
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530 241 4 2877 3404 2414 ek
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Examnle iy fiwy iAH Syl HIH0
2028
BO5 239.3 358.4 a50.2, 3604 b
598 2487 3985 3064 ++

inhibition of GPVI-Mediated Platelet Function In Viiro

[12081  The ability for candidate molecules 1o inhibit syk-mediated platelet functions are
tested by measuring the inbibition the GPVI-specific agonist Convulxin-indoced buman
platelet calcium-mobilization or aggregation. Calcium-mobilization is assessed in human
washed platelets in a 50-well microtiter formal. Aggregation is assessed in a 96-well
microliter assay {see generally the procedures in Janizen, H. M. er al. (1599) Thromb.
Hemost. 81:111-117) or standard cuvetie light transmittance aggregomeiry using hurnan

platelet-rich plasma (PRP).

fnhibition of Copvulidn-Mediated Plateiet Caloium-Mobilization In Vitro

inhibition of Convulxin-induced calcium-mobilization was determined in hurman
washed platelets using the FLIRP Calcinm 3 Assay Kit (Molecular Devices, Sunnyvale, CA).
For preparation of washed platelets, human venous blood is coliected from healthy, drug-free
volunieers intec AUD (85 mM sodium citrate, 111 mM glucose, 71.4 mb citric acid)
containing POL (1.25 mi ACD containing 0.2 uM PGl final; PG was from Sigma, St.
Louis, MO). Platelet-rich plasma (PRP) is prepared by centrlfugation ar 160 X g for 20
wHnates ai room emperature, Washed platelets are prepzimd by centrifuging PEP for 10
minutes at 730 g and resuspending the platelet peller in CGS (13 mM sodium citraie, 30 mM
clucose, 120 mM NaCh; 2 ml COS/10 mi o gﬁa‘mi blood volume). After incubation at 37 °C
for 15 minntes, the plaielets are collected by centrifugation ai 730 g for 10 minuies and
resuspended at a concentration of 3 3 10° platelets/mi in Hepes-Tyrode's buffer (10 miM
Hepes, 138 mdA NaCl, 5.5 mM ghiucose, 2.9 mbd KCE 12 mM MaiCO4, pH 7.4}, This
platelet suspension is kept >45 minuies at room temperature before use in calcium

mopilization assays.

12071 For 96-well plate Calcium-mobilization experiments, equal volumes of 3 ¥ 10°
washed platelets/md were incobated with equal volumes of Calcium-3 Assay Reagent A
resuspended in 1 X Hank’s Balanced Salt Solution, pH 7.4, 20 mM Hepes buffer. The total
reaction volume of 0.2 ml/well includes 1.5 x 10%m} washed platelet/Calcium-3 Assay

reagent A mix, 10 pM Eptifibatide (Millennium Pharmaceuticals Inc, Cambridge, MA), serial
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difutions (1:3) of test compounds in 0.75% DMSO. DMSO alone is added to | well of each 8
set to allow for a maxumal calcium-mobilization reading. After 20 minutes preincubation af
room temperature the 96-well microplate reader is loaded into the FlexStation (Molecular
Devices, Sunnyvale, Calif). The FlexStation experimental conditions for measuring Calcium
mobilization are set up using SOFTMax Pro. The seitings used are detailed below.
Fluorescence parameters-assay mode: flex, excitation 485 nlM, 525 nM with a cut-off of 515
nbi; Parameters- PMT sensitivity- 6, pipeite height 230 1, read time 2 minutes and 40
seconds, read iniervals 2 seconds, temperature-23-25°C. After 18 seconds of baseline
reading, calcinm-mobilization is initiated by the addition of Convulzin to a finat
coneeniration of 125 ng/mil. Inhibition of calciurm-mobilization was caleulated as the
maximum response cbserved in the presence of inhibitor, compared to that in the absence of

inhibitor. ICss were dertved by non-linear regression analysis.

Inhibition of Convulxin-Mediated platelet Ageregation In Viio

{1208]  TFor preparation of human platelet-rich plasma for sggregation assays, human
venous blood was collected from healthy, drig-free volunteers into 5.38 % sodium citrate

D013 M, oH 70 fnal). Platelet-rich plasma (PRPY is prepared by centrifugation of whole

biooed at 160 x g for 20 minutes at room temperature. The PRP layer 1s removed, transferred

to a new fube, and the platelet count is adjusted, if advantageons, 1o achieve a platelet
concentration of ~3 x 10° plaielets/mi using olatelet-poor plasma (PPP), PPP is prepared by

ceatnfugation of the remalning dblood sample (after removal of PRP) for 20 minutes al 800 x

g. This preparation of PRF can subsequently be used for aggregation assays in either a 96-

well plate or standard cuvette aggregometry.

{22891 Inhibition of Convulxin-induced agpregation is determined in 96-well fiat-bottom
roierotiter plates using a maicrotiter plate shaker and plate reader similar to the procedure
described by Frantantoni ef al, Am. J. Clin. Parhol. 94, 613 (1990). Al steps ave performed

7

al room teraperature. For 96-well plate aggregation using plaiclet-rich plasma (PRP), the

e

total

(‘J

reaction volume of 0.2 ml/well includes 190 gl of PRP (-3 x 10

{ plateleis/ml, see above), and
5 i of either serial dilution of test compounds in 30% DMSO or buffer (for control wells).
i

After 20 minutes preincubation at room temperature 5 pl of 320 ng/m! Convulxin agonist
solution 15 added to each well 1o give a final concentration of 8 ng/mi Convulxin. The plaies
are ihen agitaied for 3 min on a microtiter plate shaker and the 5 minute reading is obiained in

the microtitre plate reader (Sofimax, Molecular Devices, Menlo Park, Calif)). Aggregation is
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calculated from the decrease of OD at 650 nm at t=5 minues. ICsps were derived by non-

lingar regression analysis.

{12197  Inhibition of Convulxin-induced aggregation was also determined for cuvette light
transmittance aggregation assays, serial dilutiops (1:2) of test compounds were prepared in
30% DMSEO in a 98 well V-bottom plate (final DMSO concentration in the cuvetle was
(.39%). The test compound {5 1! of serial dilutions in DMS0) was preincubated with PRP for
20 minutes prior (o initiation of aggregation reactions, which is performed in a Ch?(m@i@g
aggregometer by addition of agonist (125-250 ng/ml Convulxin) to 495 ulL of PRP at 37°C.
The aggregation reaction is recorded for 4 min, and magimum extent of aggregation is
deterrained by the difference in extent of aggregation at baseline, compared 1o the maximum
aggregation that ocours dunng the 4 minute period of the assay. Inhibition of aggregation was
calculated as the maximum aggregation observed in the presence of inhibitor, compared (o
that in the absence of inhibitor. 1ses were derived by non-linear regression analysis.
Hramples of compounds and their syk and PRP 1Csp values are given in tables Z-5.

- E

—

cium Thax assay in Ramos cells indoced by BCE cross-hinking
; Vs (20 ACTD ; TN e
3 \, FudoRrhL LN, EER ..j Lﬂ

sub-cultured at § x10° cells/m] in fresh medium 3 or 4 days shead of expeniments. Cells are
harvest and re-suspend 1n fresh mediam at 8 x 10° cetls/ml before dye-loading. An equal
volume of Calcium 3 loading dye (Molecular Device} is added and mixed into cell
suspensicn. Loading cells are dispensed in a 90 well plate and incubated 30 min.
Compounds are then added i the éfﬁ}f@ -foaded cells and wcubated for another 30 min. Spin
cell down at 1000 rpm for 3 min e fhuorescence measurement in FlexStation. BCR

stimulation is carriad by the addition of 3 pg/mi antibody (ATGaiPure F(ab’ ), fragment

Donkey anti-human 1gh, Jackson ImmunoResearch Laboraotries).

assayv in u:rkai cells induced E‘:;v ?{ 2 cross-linking
i calel

amn flux as described in the previous

section. The only differences are that T cells {clone BES6-1, Acuie T gell Levkemua, ATCC
e Mumber: Tib-1532) and anti-homan CD3 (Fonctional Grade Purified angi-human €03,

clone OKT3, eBioscience, Mo, 16-0037) replaced B cells and anti-human Igh, Cell density

15 kepl the same but antibody 18 used at a concentraiion of 100 ng/iml.

iL.-2 secretion in Jurkat cells induced by TCR cross-linking
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{12131 Jurkat cell propagation and compound incubation procedures are the same ag
described in Jurkat caicium flux assay in the previous section. Antibody (anti CD3, OKT3) is
coated onto a fresh plate (without cellsy at 100 ng/well. Cells are suspended at 8 x 16°
cells/mi and incubated with compounds for 30 min in a separate plate. At the end of
incubation, cells are transferred to the anitbody-coated plate and incubated for 16 hours.
100wl of cell medium after incubation is used for T-7 measurernent after tncubation. 1L-2

fevel is determined using an IL-2 ELISA kot (Huoman 1022 ELISA kit 1, BD Bioscience, No.

B P C Y. . e "{‘?\,{{ e e .
Example 611 Millipore Upstate KinaseProfiler ™ screening

{12147  This assay is a direct measurement of the effect of compound on the catalytic
activity of JAX3. Purified human JAK3 (GenBank AF5138060) sequence (residue 781 - C
terminus) was obtained from insect cells. The catalytic hy{ia'{‘;ivsiﬁ of ATP is measured using

a radiometric filter binding method. Incubation of kinase with HPJATP and substrate leads o

£

ncorporation of "’5{}?; o the subsirate which can then be separated from the other reaction

components by filtration. Assays were performed using 10 uM ATP and in the zbsence or

controd.

Hrample 612 Ambit Kinomebcean screening

peen

This assay 15 an ATP-site dependent competition hinding assay in which human

oy

kinases of interest are fused to a proprietary tag (77 bacteriophage). The amount of Kinase
bound to an immobilized, active-site directed Hgand 1s measured in the presence and absence
of the test corapound. Ambit’s JAK assays use kinase domains and not full-length proteias.
The domain used for JAK binding is the pseudo kinase domain while that for JAX3S binding
15 the catalyte domain (Mazen W Karaman, Sanna Heregard, Daniel K Treiber, ef. al. A
Cmantitative anaiysis of kinase wnhibicir selecuvity, Nature Biotechnology, 2608, Volun

26, Mo. 1, Page 127-132).
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Table 6b Potency and Specificity of Kinase Inhibtion (IC50 in niM)

PUTIOSG/002401

Compound Syk Jak 1 Jalc 2 fak 3
P142-76 4 Mo Mo Mo
CHa inhibition | inhibition | inhibiion
’\\ at 500nM | at 500nM 1 at 5000
l //’ o
MR O
o /"K jj\
( j N \r NH,
. K Sy %’,//
R
RiH,
Example 87 ) T No No Mo
inhibition inhibition | inhibition
\/\\‘ . a1 3000t af 300nh at Z00n
N
3 O
AT
= P
Moo
N
— =R
{Nerily |
“L,,,éb i
NH,
Example 590 43 MNo No Mo
inhibition mbhibition | inhibifion
T al 300nM at 300nt | at 300nM
g
Hyeo 7 TNH O
M T g
H';,C'\ P T E“‘-\ -
T §\1 N
{

Pxarnple 605 JAKZ/ETATE cetlular agsay

[1216]

Stirmuiation of Ramoes B cells by interleskin 4 (114} leads o signaling through

IAKI/IAKE resulting in phosphorylation of STATO (signal transducers and activaiors of

transeription). The effect of compounds on inhibition of JAKS and/or JAXK! can be assessed

by measuring the amount of phosphorylated STATO. This is performed by Western blolting

"

wsing a speciiic phospho-STATS antibody.
B 4 5) L L

[1217]

Ramos B cells were suspended in 10 ral Hepes-butfered RPMT media (2 10’

cells/ml). Cells (50 ul) were incubated with 10 pl 3.3 ug/mi interlevkin 4 (R & D Systems
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Inc, cat # 204-11; final concentration: .33 pg/mi). Incubations were for 10 min at 37° L
the absence or presence of Z ul compound diluted in 30 % DMSO0. Reactions were terminated
by the addition of an equal volame of 2% Iysis buffer (100 mM TRIS-HC pH 8.0, 2 % Triton-
X-100, 5 mwL EDTA, 250 mb Nall, 20 % glycerol, 1.25 mM PMSFE, 5 i sodium

orthovandate, 5 mM B-glycerophosphate, mini complets EDTA protease inhibitor cockiail

{(Sigrna)).

12181 Samuples ware incubated with [ pl of the nuclease, benzonase (Movagen, cat #

{ :
71205-3) for 1 hour, room temperature and then 50 ul 5x loading buffer (330 wmdvl TRIS pH
65.8,9.5 % 505, 34 % glycerol, 5.01 % bromopheno! biue, 10 % beta-mercantoethanol) was

added.

F12191  Cell lysates (15 pl) were subjected to SDE-PAGE (Movex 4-17 % TRIS-glycine
geds, Invitrogeny under reducing conditions, followed by electroblot-transter onto
pitfrocellulose membranes. Membranes were then incubated in Zyroed blocking buffer
(Invitrogen) for 1 br at room emperature (RT) then overnight at 4° O with 1500 antd

o

phosphotyrosine- STATE (Cell !

Signaling Technology, cat # 9364) primary antibody in

403 {TBEN), blots were mneubated {or  hr at room temperature in the presence of 110,000
HidP-conjugated donkey anti-rabbit secondary antibody (Amersham Blosciences, cat
MAS34V)Y 1n Zymed blocking buller. After 4 x 10 min THSN washes, blots were visualized
by BHCL (Pierce Western Lightening, Perkin Elmer cat # NELI01). by order o determine foial
83 content, blots were sripped, washed 4 x with TRSMN, and re-probed with 1:2000 C3A

antibody in block buffer ovemight at 4° €. Alter 4 x 10 min TBEN washes, blots wore

]

incubated with 110,000 goat anti-mouse secondary antibody in blocking buffer, washed 4

more times with TBSM and exposed to Western Lightening reagent, Levels of stiroulation
3 & E)

&

”

over background and the exient of mhivition of compound were wey

mined by

densiiomelry.

Srample 606 Inhibition of JAK kinase activity assay for Ramos B-cell Line Samulated with
E-4

[1278] ‘These examples lastrate methods for evaluating the in vitro and in vive human
JAK kipase activities of the inventive compounds can be determined by varions nrocedures
kaown in the art, such as a fest for their ability 1o i0hibit the activity of human plasma JAR

kinase. The potent affinities for human JAK kinase inhibition exhibiied hy ihe inventive
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compounds can be measured by an ICs, value (in aM). The ICs, value is the concentration
{in nM) of the compound required to provide 50% inibition of human JAK Kinase activity.
The smailer the 1Csp value, the more active (potent) is a cornpound for inhibiting JAK kinase

activity.

{12221  The activity of the compounds for JAK kinases is confirmed in cellular assays
designed 1o test for JAK inhibiion. Brefly, FAK inhibition is test=d in human Ramos B-cells
activated with cytokine Interleukin-4 {IL-4). Twenty to 24 howss post stimulation, the cells
are stained for npregulation of CD723 and analyzed by FACS. Stimulation of the B-cells with

"H—)'\

1L-4 Jeads to the activaiion of the JARK/STAT pathway through phosphorylation of the JAK

L

kinase JAK T and JAKS, which in turn phosphorylate and activate transcription factors STAT-
Y

5and STAT-6, The low-affinity [gE receptor (CH23) is upregulated by activated 8TAT-5.

(12231 Forthe assay, human Ramos B-celis (ATCC, Catalog No. CRIL-1596) are cultured

in RPMI 1640 medium (Celigro, Catalog No. 18-040-CM) containing 10% fetal bovine
serum {JKH, Catalog No. 12106-3000) according to the propagation protocol supnlhied with

the cells, and maintained at a density of approximately 3.5 ¥ 107 cells/ml. The day before the
assay, the cells are diluted 1o 3.5 X 10° cells/ml to Insure the 2y are in the E(J;Domhnuf‘ growth
phase. The cells are spun down, and suspended in RPMI 1640 medium (Celigro, MediaTech,
inc., Herndon, Va., Cat Mo, 10-040-CM) containing 5-10% fetal bovine senum {FRE), heat
inactivated (JEH Blosciences, Inc, Lenexa, Kans., Cat Mo, 12106-500M) according to ATCC
propagalion protocol. Cells are mainizined at a density of 3.5 X 10" T cellsiml. The day
before the experiment, Ramos B-cells are diluted 10 3.5 X 107 cells/mL to ensure that they are
in & loganthmic growth phase and aliquots dispensed into a 96-well tissue culture plate. Cells
are incubated with test compound (dé&@{}ived in DMSO) or DMSO {conirol) for § hrat 37° .
and then stimulated with IL-4 (Pepotech, Catalog Mo, 200-045 {or 20-24 hours (final

concentration 15 50 Units/mb,

12241 Cells are spun down and suspended in RPMI with 5% serum. 5% 10" celis are used
per point in a 96-well tssue culture piate. Cells are pre-incubaied with compound or DMEBG
(Sigma-Aldrich, St. Louis, Mo., Car Mo, D2650) vehicie contrel for 1 hour ina 37°C
mcubator. Cells are then siimulated with -4 (Peprotech Inc., Rocky Hill, N1, Car No. 200-

G4) for a final concentration of 30 units/mi. for 20-24 hours. Cells are then spun down and
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stained with anti-CD23-PE(BD Pharmingen, San Diego, Calif, Cat No. 355711) and
anaiyz&d by FACS. Detection is performed using a BD LER 1 System Flow Cytometer,

purcnased from Becton Dickinson Biosciences of San Jose, Calif.

[1223}  Proliferation is measured using Cell Titer-Glo. RTM. Luminescent Cell Viability
Assay (Promega), which determines the number of viable celis in culture based on
quantitation of the ATF present, as an indicator of mma’z}oiiﬁaﬂy active celis. The substrate 18
thawed and allowed to come o room temperature. Atter mixing the Cell Titer-Glo reagent
and diluent together, 100 pl is added to each well. The plates are mixed on an orbital shaker
for two minutes o induce tysis and incubated at room temperature {or an additional ten
minutes 1o aliow the signal to equilibrate. Detection is performed using a Wailac Victor?

1420 multilabel counter purchased from Perkin Blmer, Shelion, Conn.

(12261 Onday two, AS549 cells are pre-incubated with a 2,4-pynmidinediamine lest
compound or DMSC (control) (Sigmea-Aldrich, 5t Louis, Mo, Catalog Mo, IX26350) for |
hour. The cells are then stimulated with IENy (75 ng/mL} (Peprotech Inc., Rocky Hill, NI,

Cat. Mo, 300-02) and allowed to incubsie for 24 hours. The final test compound dose range is

1]

(12271 Onday three, the cell media is removed and the cells are washed with 200 pl. PBS

{chosphate bulfered saline). Each well s trypsinized to dissoctate the cells, then neutralized
by addition of 200 ul complete F12K media. Cells are pelieted and stalned with an APC
conjugated mouse anti-human 1CANM-1 (CD54) (BD Pharmingen, San Diego, Calif, Catlog
#55977 1) antibody for 20 minuies at 4° C. Cells are washed with ice cold FACSE buffer

by

(PB&E+2% 785 and surface HCAM-1 expression is analyzed by flow cviomeiry. Detection is

performed using a BD LSR 1 System Flow Uytometer, purchased from BD Biosciences of

o

San lose, Calil. BEvents are gated for live scatter and the geomeltric mean 13 calculated
(Becion-Dickinson Cell(uest software version 3.3, Frankiin Lakes, M1, Geometric means

are plotied against the compound concentralion (0 generate 2 OSE FESPONSE Curve.
Example 607 Inhibition of Syk-mediated signal transduction through the B cell receptor in
non-Hodgkin's tymphoma cell lines

(12287 Cells were pre-treated for 1 hour without or with compound (0.02 to 2u) prior 1o

stimudation of B cell receptor singling by incubation of cells with 3ug/ml anti-mu antibody

~ 24
r 10 minutes at 3790, Ca™ fiux was measured using the Calcium 3 loading dye anc
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FlexStation (Molecuiar Device). B cell recepior signaling was assayed by intraceilular
phospho-Flow Cytometry, following protocols suppiied by B Pharmingen (San Jose, CA).
Syk activation was measured by induction of BLNK tyrosine phosphorylation at amino acid
position 84 (pBLMNEK Y84) and induction of ERK /2 tyrosine phosphorylation at amino acid
position 204 (pERK ¥Y204). Activaiion of the Src family member Lyn was measured by
induction of Syk tyrosine phosphorylation at aming acid position 352 (pSyk ¥Y352). Data are
presented as p Csps. Bach compound effectively inhibited B cell receptor-induced Ca’”

fluxing and activation of Syk, but not the Sre family member Lyn.,

Table 7TA:

L Ramos
Exampla 87
P
Y
M~N
= o
A\
/ >—NH -~NHy
g
2
<_ >=«wNH
DBLANK Y34 O.S--G._?ﬁ
oERK Y204 0.02-0.125
phyk Yih2 0.75-2
Table 78
SUDHL-G
Cxample B7
N
PN
NN
%— - Ni; } P
N
- *N
< >1NH
ﬁwf
N?"L)

Ca”' 0,111 B
pELMK VB4 0.1-0.3 -
pERK Y204 0.1
phvk Y352 2

Tabie 7
Famos ]
Example 586 j
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N »U\.
HaC NH O
|
N TN,
Hal o i - <
ToTYTNT N
H
] MH,

Ca™ 0.12¢
pELMNK Y4 0.5-0.75
DEFIK vzoz; 0.02-0.125
nSyk Y52 =2 )

Table 7D ..
SUDHL-8 -
Fyample 586
=
S
HCT NHOO
??}; T N,
N ORI N
3 7 T
N, ’

Ca 0.057
pBLNK Y84 $.1-0.3

| pSyk Y352 g >2

LA

FExample 608: Sk inlibition exeris
: J

cell Iines
¥l

an anti-proliferative effect on non-Hodgkin’s lymphoma

§ -

Cells were incubated with increasing concentrations of each compound, then

Ty

evaluated as 72 hours for extent of proliferation using the MTT assay (company, city, siaie)
{ollowing the manufacturer supplied protocel. Data are presented as ubvt [C50 valaes,
representing the mean plusfminus standard deviation from 5 or § independent experiments,
Fach compound inhibited proliferation of SUDHL-4 and -6 cell lines, which rely on Byk for
survival and growth signals, in the low uM range. Toledo cells which do not require Syk,

was noticeably less sensitive 1o the anti-profiferative effects of Syl inhibition.

Tabie 8

SUDHL-4 LDHL-8 Tolado

Example 87

1.840.7 (5) 1.140.4 {5) 9.34.0 (5)

4498
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Y
N

ho— @)
¢ }-NH YNy
"\':.'T,'." }}_— B
N
@
N

e N
wafjH
i,

fxample 586
/5'//;\\

o
Fig /LVL NH

N T NH,
ol oS o o
T NTON
al

NH, 5.4+1.8 (5) 7.621.4 (5) 3819 (5)

Example 609 Syk intubition induces apoptosis in non-Hodgkin’s lymphoma cell lines

(12307 Data represent two independent experiments {o evaluate the effect of Syk and

i

Syk/IAK inhibition on survival of diffuse large non-Hodgkin's lymphoma B cell lines.

SUDHL-4 and SUDHIL-6 cells lines vely on Syk-mediaied B cell receptor signaling for
survival, while Toledo cells do not. Cells were incubated with compounds at the indicated
concentrations and tmes; induciion of apoptosis was measuged by flow cylometry using the
Caspase 3 Detection Kit (S1gma-Aldrich, Saint Luis, MO}, Data are presented as the percent
of total cells positive for the apoptosis marker, caspase 3. As expected, Svk inhibition

Ty

resuited in the induction of apoptosis in SUDHL-4 and -6 cell lines, but not the Toledo cell

tine,

Table FA:

SUDHIL-4

Example 87

24h 48h 72h

1ui 8.7 0.7 5.9
uhd 18.5 323 d2.8

1M 34.5 504 75.3
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Example 87

B,
240 4ah 72h

Tt 11 P02 20.4

SuM 225 545 71

i

Toutd

273

Toiada

Example 87

245 48h 7ah
11 0.5 (.3 7.2
Jud 0.8 B 1.8
10U 1 B 3.3 43
Tapleos
] suDML-4 ]
Example BY
§ N
M~y
N\ O
< NH P —NH,
— >;__.\
ha
Mo
. =N
o N
i \L—'—G\
i k]
| NHy
2y 45h 72h
] Ui 8.6 7.2 7.5
B 3.5 15.7 3.4
FOubA 20,4 43,5 57.4
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SHDH

Lo

Example 87

N

N~

- _
Dy
=
N

o

—,

O

Ho S NH,

Y=

st

K
N
24k A8h 72h
1 ubk | 128 21.9 15
Jubd | 16.9 39.5 34.6
19.9

SouM 195

=z

S
< me I8

NH,

==h
H

24N

48h

72h

1ubd

<

0.2

8.5

Juid

0.1

0.2

0 ;
§ UM 0 1 0.9 2.5
Table 9C:
EXANPLE 506
E{?'ﬁ‘\
,/«:\,\_
HaGT T

N,

N
N, B
245 48h 72h
1uM 1.1 0.9 5.8
JuM 4.9 3.5 5.2
10uM 12.4 16.7 15.5
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SUDHL-S

Exampie 585

24h

vl
=

Tuid

8.3

3]

1
Gl 15.1 287 17.8
10uM 17.8 37.3 ) s24
Toledo
Exampie h9%6
//;ﬁ\.
L
HaCT YT TN CJJ
hzl%"j) i,
- it
B TV
] NH, )
24h 48n _7%h
UM 0 , 0.1 .o
3uii ' 0 g 0.1
Ay 0 - 0.2 0.7

Example 610: Inhibifion of mouse primary B cell activation by by inhibiors
112311 Mouse primary splenccytes were pre-ireated for § houy with increasing
concentrations of each compound (0.05-2M) prior to addition of conirol or goat anii-mouse
felD serum. Anti-IgD indoced B cell activation was measured 16 hours later by flow
cytornelry, staining for the activation markers CO80/86 and TD6Y. Data represent {Csg
ranges for the inhibition of B cell activation.

Table 1O

LU68 CoBl/Aae

<0.05

| 0.050.125
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Example 598

g

H4C Bk g‘:{)
L
?ﬁ Sy NH,
HaC o .~
TN N
NH, <0.05 0.185-0.25
Table 11:
<Des CDBo/Es
Example 87
{/\N
M~
...... O
% >—~ MH BN
N }m_
N 3
— =N
< }m«NH
..“_...{ak
MHg ' <(.05 0.125-0.25

Exampls 586

DA

L

}
MH,

0.125-0.25 0.125-0.25

Example 611 Mouse model of immune-mediated thrombocytopenia

Fi232]  Immune-mediated thrombocytopenia is cansed by antibodies directed against
platelet surface glycoproteins, antibodies against drug-containing complexes on the platelet
surface, or by antibody-coated cells or iminune complexes that interact with the platelet
surface. Select compounds were evaluated for their ability to inhibit platelet clearance in a
mouse model of antibody-mediated thrombocytopenia. In this model, a rapid clearance of
circulating piateleis {(approximaisiy 50%) resulis from the intravenous administration of a rat
anti-mouse P (clone MWReg30) antibody (8D Riosciences, Phanmingen). To evaluate
capacity for inhibition of platelet clearance, compounds were suspended into 0.5%
methycellulose in water and administered via oral gavage (100 ui/mouse) at a time prior o
antibody injection when the compound would achieve maximum plasma conceniration

{typically 1 - 2 hours based ¢n separate pharmacokinetic experiments for individual



i

P

L

W 200D/136995 POTAURZG05/002401

compounds), At4 and 8 hours after injection of antibody, terminal blood samples were
obtained from groups of vehicle and test article treated mice (n=5 -10 mice/group) via cardiac
puncture. Blood was anticoagulated using trisodium cifrate or EDTA. Whole blood samples
were measured for platelet counts on a hematology analyzer (Hemavet, Drew Scientific).
Remaining blood was processed for plasma and compound concentrations measured by mass

spectromerry.

(1233} Platelet clearance was defermined by measuring the difference in platelet number

between the average non-antibody treatment group and asimals administered the rat anti-
|BESA!

mouse GPID antibody. Inlubition of platelet clearance was determined by comparing the

differcnce between platelet clearance of vehicle and compound treated animals,

COMPOUND DOSE AVERAGE AVERAGE AVERAGE
PEAX PLASMA PHIBITION ¢ INHIBITION é
CONCENTREATION OF (T OF
{1 PLATELET PLATELET
W CLEARANCE V CLEARANCE
(4 HEE (8 HES)
Example a7 PTG, 1797,
N
N~
h—

NH,
30 MO/RGIDAY
Example 87 7% 3%
N
Y N
M-
Y O
¢ >-—Nl—i —NH,
- ¥
N
. .}:—:::\i
<“>sz3 -
“NH,

O MOIRGIDAY

COMPARED TO VEHICLE CONTROL BY 2-TAILED, UNPAIRED, STUDENTS T-TEST

ey
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Compound dose Average Peak Plasma  Average Inhibition (%) of
Concentration (M) inflammation score
Example 596 102 uM BRp *
[I//A‘\
P /’Lk
Haoo 7 NH O
A

100 mglicg/day

EXAMPLE 588 4.4 M 2% ¥
&
E‘\ / .

g(/ fuf O

30 mglkg/day

* denotes statistically significant mduchsm in clinteal inflaramation score compared 1o
vehicle control by Z-tailed, unpaired, Siudents - Test

Lxampls 612: Mouse model of collagen antibody induced arthritis

1 The inhibitory activity of select compounds was investigated in a mouse model of
collagen antibody induced arthritis (CALA)Y. Collagen induced arthritis is mediated by
antoantibodies to type 1 collagen and coraplement, thus arthritis can be induced by
adminisiration of pni yelonal antibodies or a mixiue of monoclonal antibodies 1o type U
collagen. The CTAIA model {Chondrex, Inc., Redmond, WA) uses a mixture of 4 clones
which recognize individual epitopes clustered within an 83 amino acid peptide fragment of
type I collagen. These epitopes share common amino acid sequences with rany different
species of type 1 collagen including chicken, mouse, rat, bovine, porcine, monkey and
fiuman. The model utilizes a monocional antibody cockiail foliowed by bacterial
lipopolysaccharide (LP5) 10 induce a severe and consistent arthritis in mice within 7 days.

This model was developed based on the hypothesis that bacierial toxins absorbed throu gh the

415
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gasirointestinal ract play a synergistic and pathologic role with avtoantibodies to type 11

coliagen in triggenng arthritis in patienis with Eheomatoid Arthrius.

{12351  For these experiments, the monocltonal antibedy cockiail (Lot # OC-708) was

injzeted ntravenously via tail vein at a dose of 4 mg/mouse (40 mg/ml) on day 0 followed by

5 intraperitoneal injection of LPS diluted into normal saline at a dose of 23 ug/mouse in 8 week
old, female Balb/C mice (Charles River, Inc). Dosing of test articles was started just before
or afier the 1V injection of antibody cockiail. Compounds were suspended into 0.5%
methyiceliulose in water and administered via oral gavage (100 al/mouse) daily for the
duration of the 7 — 10 day stady. Clinical inflarnmation scores were obtained daily.
10 lahibiton of clintcal inflammation scores was determined based on the difference between
shicle and test article treated mice at the end of the experiment. Plasma concentrations
resent pealk concentration at | hour post last dose on the day of study termination.
Table 13,
}j i S R s s g e -
i COMPOUNE DOSE AVERAGE PEAK ANERAGE
i P ,fmmn THEIBITION (%) OF
f COMCEMNTEATION INF LA MIMATION
(piivi) Ok
Example 87 7.8
P
LM
RSN
= 0
4 X-\-_«-H > NH,
pe— p—
Y
< / -
%
NH,
mglke/day
* denotes statistically signilicant reduction in chinical inflammation score compared to
.

20

vehicle controd by 2-tailed, unpaired, Students - Test

Example 613 Inhibition of 14 induced JAK /D 1o Stat-0 phosphorylation in Ramos B cells

(12361 Ramos B cells were pre-treated for 1 hour with increasing concentrations of

compoind, as mdicated prior o addition of TL-4. Cells were incubated with 1L-4 for 10
minutes, and then subjected 1o intracellizlar How cytometry to measuie the peveent inhibition

of IL-4 induced Siat-6.

¥

Example 614: Inhibition of -4 induced JAK /3 to Stat-5 phosphorylation in Ramos B cells
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112377 Ramos B cells were pre-treated for 1 hour with increasing concentrations of
compound, as indicated prior to addition of IL-4. Cells were incubated with iL-4 for 16
minutes, and then subjected to wntracellular flow cytomelry to measure the percent inhibition

of -4 induced Stai-6.

xample 615 Primary Huoman T-cell Prokiferation Assay Stimnulated with [1-2

12381  Prmary human T-cells derived from peripheral blood and pre-activated through
stimulation of the T-cell receptor and CD28 proliferate in vitro in response to the cytokine

mterlenkin-2 (GL-2). This proliferative response 18 dependent on the activation of JAK-1 and

IAK-3 tyrosine kinuases, which shosphorylate and activate the transcription factor Stat-5.

(123591 Human primaery T cells are prepared as follows, Whole blood is obtained from a

healthy volunteer, mixed 11 with PEE, layered on 1o Ficoll Hypague (Amersham Pharmacia
Biotech, Piscataway, M., Catalog #17-1440-03) in 201 blood/PES ficoll ratic and

centrifuged for 30 min at 4° C. at 1750 rpm. The lymphocytes at the serum: ficoll interface

are recovered and washed twice with 5 volumes of PES. The cells ars resuspended in Vssel's

medium (Gemini Bio-products, Woodland, Califl, Catalog #400-103) containing 40 U/mb

recorminant 1L (8 and 12 Systemns, Minnsapois, Munn., Caalog #202-10 (20 ug))y and

seeded into a fask pre-coated with § ug/mL anti-CO3 (BD Pharmingen, San Diego, Calif|

i

d

Catalog #555336) and 5 pg/mb anti-CD28 (Immunotech, Beckman Coulter of Brea Calif |
Catalog #IM1376). The primary T-cells are stimulated for 3 1o 4 days, then mansferred 10 a

fresh flask and maintained in XPMI with 0% FBS and 40 U/mL 1L-2.

11240} Primary T-cells are washed twice with PBS to rerove the TL-2 and resuspended in
ssel's medinm ar 230 10° cells/ml. 50 gL of cell s suspension containing 80 W/mb 11-2 15
added to each well of a flat bottom 26 well black plate. For the unstimulated control, 1.2 is
omitted from the last column on the plate. Cormpounds are seriatly diluted in dimerhyl
sulforide (DMSO, 959.7% pure, cell culiure tested, Sigma-Aldrich, 5. Louis, Mo, Cazlog
No. D2650) from 5 mM in 3-fold dilutions and then diluted 1:250 in Yssel's medinm. 50 uL
of 2X compound is added per well in duplicate and the cells are allowed 1o proliferate for 72

hours at 377 C.

e

11241]  Proliferation is measured using CeliTiter-Glo. RTM. Luminescent Cell Viability
Assay (Promega), which deigrmines the number of viable cells in culture based on

vantitaticn of the ATPE present, as an indicator of metabolically active celis. The subsirate is
g i 1y

T
[,

M
e
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thawed and allowed to come to room temperature. After mixing the Cell Titer-Glo reagent
and diluent together, 100 pL is added to each well. The plates are mixed on an orbital shake
for two minuies to induce 1ysis and incubated at room temperature for an addittonal ten
minuies to allow the signal to equilibrate. Detection is performed using a Wallac Victor2

1420 mujiilabel counter purchased from Perkio Elmer, Shelton, Conn.
Example 616 A549 Epithelial Line Stimulated with 1Ny

12427 AS4% lung epithelial cells up-regulate FUAM-1 (TD54) surface expression in
response o a variety of different stimuli. Therefore, nsing ICAM-1 expression asg readout,
compound effects on different signaling pathways can be assessed in the same cell type. IFhy
ap-regulates ICANM-1 through activation of the JAX/Siat pathway. In this example, the up-

regulation of HCAM-T by IFNy is assessed.

112437 The A549 lung epithelial carcinoma cell line originated from the American Type
Culture Collection. Routne coliuring 1 with F12K media (Mediatech Ine., Lenexa, Kang.,
Cat, No, 16-025-CV) with 10% fetal bovine serum, 100 LU pentciilin and 100 ng/ml,
srepromycin (complete F12k media). Cells are incubated 1n a bumidified atmosphere of 5%

(3 at 37° O Prior to use in the assay, AS49 cells are washed with PRS and trypsinized

{Mediatech inc., Cai No. 25-052-C1) to Lift the cells. The trypsin cell suspension is

neuiralized with complete F12E media and centiifuged o pellet the celis. The cell peliet is
resuspended i complete P12 media al a concentration of 2.6 10 fmL. Cells are seeded at

20,000 per well, 100 pl total volume, in a flat bottom tissue culiure plate and allowed to

adhere overnight.

112447 On day two, AS49 cells are pre-incubated with 2 2 4-pyrimidinediamine fost

compound or DMSO (conirol) (Sigma-Aldrich, St Louis, Mo, Catalog No. 52650} for 1

g

hour. The cells are then stirnulated with IENy (75 ng/mi) (Peprotech Inc., Bocky Fil, N
Cat. Mo, 300-02) and allowed to meubate for 24 hours, The final test compound dose range is

30 ub 1o 14 oM in 200 pL F12K media containing 5% IFBS, 0.0% DMEO.

{3245]  On day three, the cell media is removed and ihe cells are washed with 200 L PBS
{phosphate bullered saline). Each well is trypsinized to dissociate the cells, then neutralized
oy addition of 200 pl complete F12K redia. Cells are pelleted and stained with an APC
conjugated mouse anti-human ICAM-1 (CD54) (BD Pharmingen, San Diego, Calif,, Catalog

#559771) antibody for 20 mimses at 4° C. Cells are washed with ice cold FACS buffer
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(PBS+2% FBS) and surface ICAM-1 expression is analyzed by flow cytometry, Detection is
performed using a B L8R 1 System Flow Cytometer, purchased from BD Biosciences of
San Jose, Calif. Events are gated for live scatter and the geomeiric mean is calculated
(Becton-Dickinson CellQuest software version 3.3, Franklin Lakes, N.1.), Geomelric means

are plotted against the compound conceniration 1o generate a dose 1espONse curve.
Example 617 U937 IFMNVICAME FALS Assay

{1246] U937 human monocyiic cells up-regulate ICAM- 1 (CI354) surface exprassion in
response to g variety of different stimuli, Therefore, using ICAM-1 expression as readout,
compound eficets on different signaling pathways can be assessed in the same cell type. IFINY
up-regulates JCAM-1 through activation of the JAK/Stat pathway, In this example, the up-

reguiation of ICAM-1 by IFMy is assessed.

{32471 The U957 human monocyiic cell line is oblained from ATCC of Rockville, Wid.,
catalog number CRIL-1593.2, and cultured in RPMI-1640 medium containing 10% (v/v) FCS
U937 cells are grown in 10% RPMI The cells are then plated at a concentration of 100,000
celis per 160 1l in 96 well flat bottom plates. The test enmpounds are then diluted asg
follows: 10 mM test compound is diluted 1:5 in DMESO (3 pbl 10 mM test compound in 12

wh, DME0), followed by a 1:3 serial difution of test compound in DMSO {6 ul test

compound seriaily diluted into 12 pL DMSO to give 3-fold dilutions). Then 4 gl of te
compound 1s fransferred to 76 1L of 10% RPMI resulting in a 10X solution (100 ub/ test

compound, 5% DMS0). For control wells, 4 pL of DMEBO0 is diluted into 76 ul 10% RPMIL

[1248]  The assay is performed in duplicate with 8 points (8 3-fold dilution concenirations
from 10 pl) and with 4 wells of DMSG oniy {control wells) under stimulated conditions and

4 wells of DMSO only under unstimulated conditions.

(12491 The diluied compound plate is mixed ZX using a muliimek (Beckman Coulier of
Brea, Calify apd then 20 pl of the diluted compounds is transferred (o the 96 well plate
containing 160 (L of celis, which are then mixed again twice at low speeds. The cells and

compounds are then pre-incubated for 30 minutes at 37° C with 3% CO-.

{12501 The 10X sumulanon mix is made by preparing a 100 ng/ml solution of human
IFNyn 10% BPMI The cells and compound are then stimulaied with 20 ub of TFNy

strulation sux (o give a final concentration of 10 ng/mL IFNy, 10 uM test compound, and

419
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0.5% DMEQ. The cells are kept under conditions for stimulation for 18-24 hours at 37°C

with 5% COs.

[12511  The cells are transferred to a 96 well round bottom plate for staining and then Kept
on ice for the duration of the staining procedure. Cells are spun down at 1000 rpm for 5
minutes at 4° €, following which the supernatant is removed. Foliowing removal of the
supernatant, 1 pl APC conjugated mouse anti-human ICAM-1 antibody is added per 100 ul.
FACS buffer. The cells are then incubated on ice in the dark for 30 minutes. Following
incubation, 1530 ub of FACS butier 1s added and the cells are centrifuged at 1000 rpm for 5
minutes at 4° ., following which the supernatant is removed. After removal of the
supernatant, 200 ul of FACS bulfer is added and the cells are resuspended. After suspension,
the cells are centrifuged at 1000 rpm for 5 min at 4° C. Supernatani is then removed prior 1o

resuspension of the cells in 150 gl FACS buffer.

{12521 Detection is performed using 2 BD L3R I System Flow Cytometer, purchased from
B Bioscicnees of San Jose, Calif. The live cells are gated for live scatier and the geometric

mean of CAM-APC is measured (Becton-{Hckinson CellQuest software version 3.3,

B T SR & SR
JLIL /e phval UGLEHD ¢

d 0

Frankiin Lakes, | & HRREYS FOF

the test compounds is carried out in parallel with a control compound of known activity. The

EUsp for the control compound is typically 46-100 nM.
Bxample 618 Analysis of B cell signaling:

112531 The human non-Hodgkin's lymphoma £ cell lines SUDHL-4 (#ALTC 485),
SUDHL-6 (#ALCCST2), and Karpas-422 (#ACC3Z) were obtained from DSMYZ

o

{(Braunschweig, Germanyy, Toledo (BURL-2631) and Ramos (#URL-1596) were obtained
irom the Amerncan Type Calture Collection {ATCC; Manassas, VA). All ceils were
maintained in RPMI media (Invitrogen, Carlsbad, CA) supplemented with 10% fetal calf
serum (ATCC)Y and penicillin/streptomyein (Invitrogen), and maintained in a 37°C homidified
fssue culture incubator. Antibodies used 1n these studies include polyclonal goat Faby'2
anti-human 1gG (H4-L) and anti-human Ighf (BioSource, Camarillo, CA); rabbit anfi-human
Sylk, rabbit anti-human phospho-Syk (Y 525/526), rabbit anti-human phospho- Syk {Y3572),
anti-human BLMIK, anti-human phospho-BLNK {Y84) were obtained from Cell Signaiing
Technologies, Inc. (Danvers, MA). The following antibodies were obtained from Becton
Dickenson (San Jose, CA) for phaspho-flow cytometry: Alexa fluor 488-conjugated mouse

anti-human phospho-5TATS (Y641), Phycoerythrin (PE)}-conjugated mouse anti-human
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phospho-ZapT0 (Y319Y/8yk(Y352), and Fluorescein isothiocyanate (FITC)-conjugated
mouse anfi-human phospho-ERK /2 (T202/Y204).

12541  Phospho-flow cytometry was performed essentially as described elsewhere (Irish,
Crerwinski et al. Blood 108(9): 3135-42 (2006). 0.5x106 celis in growth media were
stimulated with Tug/ml anti-it or anti-y antibody for 10 minutes. Induced signaling was
terminated iinmediately following the indicated time by the addition of paraformaldehyde
{(Electron Microscopy Sciences, Hatfield, PA}Y to a final concentration of 1%. Cells were
incubated with paraformaldehyde for 5 minutes at room temperature, washed once with
phosphate buffered saline (PHG5), then resuspended and incubated overnight ar 4°C in pre-
chilled methanol (-80°C) (company, address). Fixed and permeablized cells were
subsequently washed once in PBS, a second tirne in PBS containing 1% bovine serum
albumin (BEA) (Bigma-Aldrich, St Louts, MO}, and then stained with the indicated
antibodies dilited 120 in PBE + 19 BSA. Alter 30 minuies, cells were washed onee in PBS
and subjecied to How cytometry using the FACS Calibur (Becion Dickenson). For Western
blot analyses, 106 cells were stimntlated for 36 minutes with 2pg/mi of the indicated BCR-
specific antibodies, Signaling was terminated hy resuspending the calls in lvsis huffer and
incubated on ice for 1 hour. Cell debris were removed by centrifugation, and the cleared
protein lysates were vesolved by 10% SD5-PAGE and probed with the indicated antibodies
following recommendations made by the manufacturers. Where indicated, cells were pre-
treated for 1 hour at 37°C with Syk inhibitors or vehicle control (0.5% DMSO) at several

concentrations poor o stimulation with anti-BUR antibody.

Example 619 Selective inhibition of Syk activity.

(12557 Compounds were tested for their ability 1o inhibit purified Svk. example 596 and
example 87 (two compounds from a Syk-specific series as shown in Table 1h) and P420-89
{from a series with doal Byk and JAK inhibitory activities) were found 1 suppress Syk Kinase
activity with [T50s of 430, onbi, and Z1nb, respecitvely. The selectivity of these
compounds for Syk was detenmined by screening sach against a panel of 270 independent
purified kinases at 300nM (Millipore). The percent intibition relative to vehicle control was
calculated, and the numbers were converted into a heat-map; no inhibition is represented as
green, increasing blending with red indicates increasing percent inhibition with yellow
representing 50% inhibition and red representing 100% inhibition (Figure %), As depicted in

Figure 34, example 596 and example 87 were highly Syk specific {first and second rows,

Ei=R
e
S
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raspeciively) whereas PA20-89 inhibited multiple kinases (third row)., The subset of kinases

that were inhibited by 280% by noy of the three compounds are shown in Figure 9B,

example 596 inhibited Syk and MLEK-1 (first row). At 200nM example 87 inhibited 10

different kinases (second row). When re-tested at 50nM (approximately 10x above its Svk
H®

MOS0 value of 6nM), however, Svk was the only kinase that remained inhibited (third row).

PA70-89 inhibited Svk, JAKY and JAKD, along with several other kinases (fourth row).

PE256] Droploying the Milipore panel of purified kinases EXAMPLE 87 (15 = 1)

inhibited Y8% of puniied Syk kinase activity ai 50nd. TC5G values were determined for

those kinases that were inhibited by >80% at 300nM in the Millipore kinase panel.

Hinass HOED (n[/i}

Syk(i 1

BATLEY &0

Far(h} 81

Yesih) 123

Ficihy b 139

PAKS 166

Lyn(h) ' 199

| CSRO() 244

Lek(h)y : Kt
{12571 By contrast, multi-kinase inhibitor P420-89 is more akin to Rigel's R788. At
300nM, PAZ0-89 inhibited Byk by 88%, along with >80% inhibition of 32 additional kKinases.

-

Arnong these were JAK 2 and 3 (92% and 85% nbibited, respectively), Fi-3 (83-92%
inhibited), and cEit (95-97% 1nhibited), all targets for therapeniic manipwiation of

Wymphocyie funcnon.

Fxarnole 620 Caletum oy assay and Selective inhibiion of Svk in non-Hodekin's
I ¥ 4

tymphoma B eell lines,

{12581 Ramos cells were cultured (mainiaining approximately 0.5 x 106 cells/ml) in growth
medivm 3 to 4 days ahead of experiments. Cells were harvested and re-suspended in fresh
medium at 8x106 cells/inl before dye-loading. An equal volume of Calcium 3 foading dye
{Molecular Device, Sunneyvale, CA} was added to the cell suspensions, Loaded cells were

3

dispensed in a 96 well plate and incubated for 20 minuies. Svyk inhibitors were then added to

422
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the loaded cells and incubated for another 30 minutes. B cells were stimulated with Spg/inl
anti-)t antibody. Changes in infraceliular Ca2" concentration was measured using the

FlexSTATion (Molecular Deavices, Sunnyvale, CA).

[125%9]  The selectivity and potency of Syk inhibition in B cells was initially interrogated by
Western blot, measuring BCH-mediated induction of pSyk Y525/526 and pBLNK Y34, both
measures of Syk kinase aciivity, and the induction of pSyk Y352, a measure of Sre kinase
activity, SUDHL-6 B cells were stimulated with anti-BCR specific antibody for 30 minutes
in the presence or absence of each Svk inhibitor or vehicle control. Treatment with 0,16 or
1l of each compound reduced BCR-induced Syk autophorphoryiation (Y525/520) by
roughly 40% and 60%, respectively, as estimated by densitometry (data not shown). An
expanded range of concenirations was used to further evaluate the effect of these compounds
on BUR induced Svk and Src kinase activity. As shown in Figure 18, A-C, each compound

inhibited Syk activity (pBLNK Y84) with IC50 values ranging from 0.16 to 1uM, while no

effect on Sre activity (pSyk Y352) was observed as high as 2.5uM.

(1268]  The ability of each compound to suppress signaling evenis more distal to the BCR

was also measured. Cells were again stimulated by anti-BOUR antibody 1a the presence or
absence of varicus concenirations of each Syk inhibitor. The induction of pivk Y352 was
more distal Syk:—dependuu signabing (Jiang, Craxton et al. ¥ Exp Med 188(7): 1297-3G6
{1598). Fignre 130 shows representative FACUS plots depicting the effect of the most
specific and potent Syk inbibitor of the three, example 87, on BCR signaling. At 125aM,
HERKI activation was completely suppressed, whereas the stimulated cells sull stained
nositive for Syk Y332, This experiment was repeated, in which the effect of ail thiee
compounds on 5t¢ and Syl activity were determined (Figure 114). Concentrations of less
than 1250 were sufficient to suppress BOUR induced Svk signaling o ERK1/Z. By confrast,
much highe weniraiions were required (o cause a modest suppression of Src activity) an
effect on Sre that was oot observed by Western blot (Figure 19, A-C). None of these Syk
mhibitors suppressed PMA-induced ERK /2 tyrosing phosphorylation, demonstrating these

compounds do not inhibit signaling events down-siream of PRC.

{12631 Whereas example 596 and example 87 specifically inhibited Syk in purified and

cellular assays, PA20-8Y additionally demonstraied activity against purified JAK kinases.

423
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cells, a signaling pathway that does not require Syk. The Syk specific compounds did not
suppress IL4 signaling at concentrations as high as 2uM. Conversely, P420-8% did suppress

4 signaling, with an IC50 around 125aM (Figere 118

[1262]  This shows that selective inhibition of Syk suppressed BCR-induced CaZ+ flux in B
cells with {C30 values around 100nM. This suggests that by inhibiting Syk, these compounds

oress the signaling pathway, blocking the cellular response

(12631 Selective inhibition of Syk is sufficient to suppress BUR signaling without affecting

Gro (Flgures 10, 11 and 13) or JAK (Fipure 118 example 87, suppressed proliferation of

MHL eell lines with equal potency o the multi-kinase inhibitor, P420-85 (Table, Figure
180 Additionally, example 87 and P420-89 equally induced apoptosis in these celis

(Wignre 1212), This data demonsirates the role of Syk signabing in the survival of NHL cell

tines, and demonstrates that inhibition of kinases other than Syk s not required (o achisve

ihis effect.

Bxample 621 Caspase 3 and proliferation assays: Syk Inhibitdon Disrupts Proliferation and

Survival of non-Hodgikin's Lymphoma B Cell Lines.

{1264}  Induction of apoptosis was measured vsing the PE-conjugated monoclonal active
aspase-2 antipody apoptosis kit {Becton Dickenson) following the supplied protocol. Cells
were suspended in growth media (0.52106 cells/mi) and treated with the indicated
concentrations of sach Syk inhibitor or vehicle control for 24, 48, or 772 hours prior to FALS
analysis. The MTT (3-(4,5-Dimethylthiazol-2-y13-2 5-diphenvlieirazolium bromide, a
teirazole) assay (company name) was used as a measure of cell viability and growth,
foliowing protocels supplied by the manufacturer. Cells were treated with the indicated

concentrations of each Syk inhibitor or vehicle control for 72 hours.

SUDRL- apd SUDHE-S cells were previously classified as “BCR-type” (Mont,
wvage et al. Blood 105(5) 1851-61 (2003); Polo, Joszezynsk ot al. Proc Matl Acad S5ci1 U S
A T0A4(Y): 3207-12 (2007} and sensitive to Syk inhibition by R406 (Chen, Monti et al. 2008).
The Toledo and Karpas-422 cell lines that lack BOUR and BLNK expres , respectively
{Gabay, Ben-Bassat et al. Bur J Hasmatol 63(3): 180-91 (1999}, Sprangers, Feldhahn et al.
Onecogene 25{36): 5056-62 (2006}, having therefore adapted to survive independent of BCR
signals, were insensitive to R406 {Chen, Monti et al. 2008). The pi‘olifﬁyg}.téan of these cell
hnes when culiured in the presence or absence of various concentrations of each Syk inhibitor

for 72 hours was wsied.  As presenied in the Table in Figare 180, each compound
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suppressed proliferation of the Syk-dependent SUIZHL cell lines with 1IC50 values in the low
uM range. Toledo cells required much higher concentrations to affect proliferation. Dual
suppression of Syk and JAK kinases by P420-89 did not appear to have a greater anti-

proliferative effect relative to Syk inhibition alone.

[1266] Selective inhibition of Syk was sufficient 1o induce apoptosis in “BCR-type” NHL
cell lines. Cells were incubated with 1 or 3ub of the Svk specific ichibitor example 87 for
7Zh. As demonstraied in Figare 12A, SUDHL-4 and -6 celis each nnderwent apoptosi
whereas the Toledo and Karpas-422 cells did not (¥igure 124). Io rephcate experiments, the
specific inhibition of Syk by exampie 596 and exarople 87 induced apoptosis only in the
SUDHL and Kamos cell lines. By comparison, PA20-89, which potently inhibits Syk and
JAK kinases, induced apoptosis in all the "BCR-type™ cell lines, as well as in Karpas-422 and
JAN-3, o multiple myeloma cell line that facks BCR, and BLNK expression (Sprangers,

Feldhahn et al. Oncogene 25(36): 3056-62 (2008). The Toledo cells remained insensitive (o
all three compounds (Fignre 128}, In a separate experiment, the SUDHL-6 and Toledo cells
were found 1o be equally sensitive to induction of apoptosis by 72h treatment with 1M

PMA. These

s demonstrate the specific renuirement of *uﬂ{ in the survival of certaia NEL

cell lines,
Hxample 622 Xenograft studies and Tumor and plasma concentration analysis.

112677 Syk Inhibition Protects Azaipst Tumor Formation in a Xenograft Mouse Model.
Mice were received {company) and acclimated in-house af least three days prior {o use.
Ramos cells (3x106) were injected subcumaneously into the hind flank area of conscious mice
using 2 27 gange needle in an injection vohime of less than 0.5ml. Following injeciion, mice
were randorized info ireatment groups (n = 15) and dosed twice daily by oval gavage with
vehicle or 10, 15, or 20mg/ig of the Syk inhibitor example 87, Body weighis were obtained
at least once per week and caliper measurements of tumors were determined twice per week
begioning when palpable fumores were formed uniil the end of the study. Tumor volume was

assessed by caliper measurement using a formula fmaximum fength x width x height x 2/6].

i)

3

Twice dady dosing of vehicle or example 87 continued uniil the vehicle or any treatment
group exhibited tumors that exceeded 1.5 grams in sive. At the rime of termination (5 weeks
post Hamos mnoculation) the mice were anesthetized with a ketaming cockiail, A blood
sample was obtained for CBC and plasma concentration determination via cardiac puncture

and the mice were euthanized via cervical disiocation. Tumors were then be excised and
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weighed. One half of the tumor was snap frozen in liguid nitvogen for determination of
concentration of exampie 87 in the tumor tissue and the other half was placed in 10%

buffered formalin for histological investigation.

[12681 The effect of Syk inhibition on Ramos tumor formation in a xenograft mouse model
was assessed, Mice were dosed twice daily with 10, 15, or 20myg/kg example 87 or vehicle
conirol beginning the day of tumor cell inoculaiion, Caliper measurements were initiated
when tumors began o form, approximately thee weeks post-turnor inoculation, and repeated
every third day uninil termination of the study. The study was terminated when turnor weighis

began reaching approximaiely 1.9mg, at which time tumors were excised and weighed.

¥

Tumor and plasma samples were subjected 10 pharmacokinetic analysis.

{12681 Each tumor sample was homogenized in 3 mi of saline per gram of tumor using the
Kones® Microtube Pellet Pestle® Rods and Motor (Kimble Chase, Vineland, NI, Plasma
and tmor samples were analyzed for example 87 concentration using a liguid
chromategraphy tandem mass spectrorneter (LO/MS/MSE), In brict, plasma and tumor

e

samnples were processed in a 96-well Captiva™ filter plate (0.2 wm, Varian, Inc., Palo Alto,

I

containing 200 ng/mi. of:

M
|

I j ‘MHE
o5 J\\ ,

l

Na in

Compound A,

(el

the mmternal standard. The mixiore was vortexed and refrigerated at 4°C for 30 minutes to
allow complete protemn precipiiation. The mixtore was filiered into a 96-well collection plate.
The fltrate was injecied onto a Bciex APIB000 LO/ME/MS equipped with a turbo-ion spray
souree. example 87 and Compound A were separated on a Phenomenex Luna Sy HILIC

column (4.6 x 100 mm, Smum; Phenomenex, Torrance, CA). A mobile phase gradient

fwle
mixture of [0% mobile phase A (0.1% fonmic acid in water) and 90% mobile phase B (0.1%
formic acid in 90% aceiomirile, 10% water) to 65% mobile phase B was programmed Gver

1.1 minutes followed by a gradient of mobile ghase B from 65% 1o 90% over 0.01 minutes.

4726
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the m/z 3577295 product ion of Compound A {(intemal standard} in

analytical range was

12761

mg/kg dose groups.

2 to 5000 ng/ml.

CTIUSZE0S/002407

positive ion mode. The

Pharmacokinetic analysis revealed that af steady-state, tumor concentrations of
example 87 {ollowed the concentration-time profiles seen with plasma in the 10, 15, and 20

Monlinear increases in Cmax, AUC {0-8), and wmor Comin wers

observed as the dose was Increased, but a dose-proportional increase in plasma Cmin was

fh

noted. |
for all doses examuned;
than in plasma (T
compartment.

Table 144

Determined fromp

able 14A), indicating accy

wnttlation of e

viean Cmax and AUC (0-8) in plasma was at least 2-fold greater than that in amor
however, mean nadir concentrations (Crnin) were higher in tumor

xample 87 1o the wmor

The peak areas of the m/fz 394/360 prodact 1on of exarnple 87 were measured against those of

Dosing regiment Tmax {mnin CUmax AUC0-8)
{hr) {ng/mi.) (ng/mi) {ngThr/ml.)
10 o/lig B I 1.50 17.6 179 738
5 rag/ks B o 4.00 305 3101
Determined Grom lamor
Drosing regiment Trriax Crmin Cinax AL (-8
{hr} (ngiml.) {ng/mL) {(ng*hr/ml)
10 mgflcg B 3.00 245 552 353 B
13 mgls BID* 4.00 67.8 163 A7E
me/kg BiD 4.00 125 252 1453

%(mit if‘

tumor/plasma ratio

Dosing regimen

AL based

 Crmax based

Cmin based

10 n})f}(ry ‘}AV"” 478 008 135
15 1ﬁ‘jﬁ{5’ B 43 ?fm- u /i?J 2.55
20 mgike B3 D455 0,447 315

Mote: Madir (iJ}
dosa, T m-‘ 5
pharmacokis

*{Onby ong
(mmem

tumor sample was availsble for the Bh

ned after a single AM dos

group may be unde

5, 4, and 85 samples were taken op the da of harvest following the AM
ond dose was not adminisiered on the day of harvest, nmﬁore
wetic valpes above were determi at sieady-siate
time-point and may have been an outhie
nirations at 8h - 608ng/mi), therefore, pharmacokinetic parameters were
determine i between O to 4h for the 15mg/kg BID EXAMPLE 87 dose group.
AUC{0-8) and AUC based tumor/plamsa ration for this dose

As aresult,

cslimated,
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The difference between plasma and tumor Ty, became more prominent as the dose was
increased, as indicated by the increase in tumor/plasma ratios determined from Co, (Table
14B). Tumor/plasma ratios deternnined from O, and AUC (0-8) were similar across the

various dose grouns, Twnor concentrations were sustained above 66, 170, and 640nM over

the entire dosing interval at sieady-state for example 87 at 10, 15, and 20 mg/kyg, respectively.

[y

(12731 Mice dosed with all three concentrations of exarple 87 were protected from Ramos

tenor growth in vivo, This was first evident from caliper measurements (data not shown),

Pl

which revealed a rediuced rate of tomor growih in the presence of the Syk inhibitor. Upen

o

study completion, mice were cuthanized and tumors excised and weighed, data presented in

Consistent with caliper measurements, a statistically significant reduction in
average mmor weight was achisved in aill dosing groups, relaiive to vehicle control. These

data reveal that sub-micromolar concentrations of exampie 87 can prevent fiunor formation

by an aggressive MNHL cell line in mice.

pMice dosed with the Syk inhibitor did not present with reduced numbers in any

subset of white bloed celis. In fact, the only effect observed was an increase i the number of

dosed with 10 or 20mg/ikg (3

ure 188). The relative percent of each cedl subtype analyzed

was also unaffectad by the Syk inhibitor (data not shown). On average, mice freated with
vehicle control had a 9.45% nerease in body weighi. Mice treated with 10, 135, and 20mg/kg

example 87, on the other hand, had on average 0.27% increase, 1.67% decyease, and 2.27%

Iy

decrease in body weight, respectively, over the course of the study. There was no

1

retanionship, however, between % change in body weight and timor growth (R2 = 0.27).

Thess data suggest that the inhibition of tumor growth was indeed mediated by supprossion

of Syk activity.

The Sylk-specilic innibitor example 87 was also tesied for activiry in a Ramos turmor

zenogralt model. At all the concentrations iested, siatist

s in

s{i}y signiiicant o

tmor growth werd of

srved mommes dosed B0 with example 87, The lowest concentration
tesied was H0mg/kg, achieving tumor concentrations ranging from 64 to 140nd over the

course of the day. Suppression of tumor growth ai these concentrations in vive is consistent

with concentrations of <1Z5nM found 1o suppress BUH-mnduced Cal+ flux and distal BCR

signaling 1o phERIK Y204 (K es 11 and 13y, The selective pharmaccological inhibition of
Svk results in effects on the proliterations and survival of ML cell Hines. These data
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suggest that the selective targeting of 5yk may similarly have clinical benefit in a variety of

B-ceil proliferative disorders.

[1274]  As detailed herein, Syk has been implicated experimentally in B cell development,
proliferation, and survival. Moreover, Syk is implicated as an oncogene. Expression of
constitutively active Svk in adoptively transierred bone marrow celis induces levkemia in
mice, and over-activity of Syk is associated with a variety of lymphoras in humans Given
the role of Syl in 8 cell biology, Us selective inhibition may be sufficient o provide clinical
benelit in B cell proliferative disorders, while reducing toxicities that may arise due (o

suppression of other off-target Kinases.

o

{1275} 'The present invention provides a number of embodiments. It is apparent that the
examples may be altered to provide other embodiments of this invention. Therefore, it will
te appreciated that the scope of this invention is to be defined by the appended claims rather

than by the specific embodiments, which have been represented by way of example
% ! .

Z16] Al of the above U.S, patents, U5, patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and non-patent publications referred
o i this speciiicaiion and/or listed In the Appilcation Data Sheet, are incorporaied herein by
reference, in their entirety. From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of dlustration, varions
modifications may be made without deviating from the spirit and scope of the invention.

Accordingly, the invention is not limited except as by the appended claims.



CLAIMS

1. A compound having formula (I):

(En
D!

(D

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

D' is phenyl substituted with heteroaryl;

each E' is independently selected from the group consisting of C.g alkyl, Ca.¢ alkenyl,
Cagallkynvl, Cysalkoxy, Cygalkylthio, aminocarbonyl, C, salkoxycarbonylC, galkylene,
CisalkoxycarbonylC,.5Cy salkoxy, Cigalkoxycarbonylamino, oxo, halo, cyano, haloC, salkyl,
haloC, galkoxy, aminosulfonyl, heteroarylsulfinyl; amino, hydroxyl, C,sarylalkylene, phenyl,
aminoCygalkyl, aminoCs scycloalkyl, heterocyelyl, heteroaryl, Cygacyl, Cgalkylsulfonyl,
acylamino and heterocyelylC) galkylene;

the subscriptn is 0, 1, 2, 3 or 4; the moiety:

430



R1C
RY R

Ny

z . .
R 15 either:

ot

i
NHz  and

(a)

wherein X and Y is each independently selected from the group consisting of:
CHy, NH, NCOCH; and S;
(b) selected from the group consisting of:

RAa Roa REa Rbe
RE_A R ges R®  HoN Reb Re Reb
RQaJ\E/Lr‘f Hﬂﬁﬁﬁ RQI:[N \gf
e . o , i and e ;and

wherein each R* and R*®is independently H, hydroxyl, halo or if on adjacent
carbon atoms, may be combined with the atoms to which they are attached to form a
fused benzene ring; and

each R* and R is independently H, hydroxyl, halo or, if on adjacent carbon
atomns, may be combined with the atoms to which they are attached to form a fused
benzene ring; and the wavy line indicates the point of attachment to the rest of the

molecule; or
{c)

Rsa Rsa 0
Rsb I f
5;' NHz
NH2
or

wherein each R* and R™ s independently H or may be combined with the atoms to

b

which they are attached to form a fused benzene ring; and the wavy line indicates the point of
attachment to the rest of the molecule; and “cycloalkyl” refers to a mono- or polycyclic aliphatic
hydrocarbon group, which may form a bridged ring or a spiro ring, and which may have one or

more double or triple bond(s).
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2. The compound according to claim 1 having the formula:

RS
=“NH 0

N l NH2
)\\

N N

H

NH»

wherein R” is selected from the group consisting of:

(a)
o A == =N "N TN U
N T I\E/%t— N N, == N, —- <\ ,T <\ ;;— N, e
N“NH NN H , NTNHORNH N NT
- N~ o _
SBT3 Ca s 5 3 (2 o O
i 1 i N
S O N N b O * H ¥ S/J g 0) 3 = b4 MI\‘J\B L—/\

each of which is optionally substituted with from 1 to 2 substituents independently selected from

the group consisting of:
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Cj.g alkyl, amino, hydroxyl, oxo, halo, C,g alkoxy, hydroxyC;.salkyl-,
aminoC galtkyl, C, salkylcarbonyl, haloC, salkyl, C;scycloalkyl, C;.gaminocycloalkyl,
aminoC . zalkylenecarbonyl, aminocarbonyl, C;_salkyleneaminoC;.galkylenecarbonyl,
CysalkoxyCi salkylenecarbonyl, hydroxyC salkylenecarbonyl, hydroxyC).salkoxyearbonyl, Cig
alkoxycarbonylamino, aryl, arylC; g alkoxycarbonylamino, Cygalkylsulfonyl,
aminoC .salkylenesulfonyl, aminosulfonyl, C;_galkyleneaminoC;.galkylenesulfonyl,
CigalkoxyC galkylenesulfonyl, hydroxyCi_galkylenesulfonyl, hydroxyC salkoxysulfonyl,

aminosulfonyl, and C, galkylheterocyelyl; or

(b)
N//\/LLLL = =
O/XE%EC/C HN /‘%th\ril:Z/}&
//z (\Nﬂ‘a @ //‘a g@iﬁ@% V//“%

r//ws ““LN\ EQ} %a N%"%

5
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and
optionally substituted with from 1 to 3 R™ substituents independently selected from the group
consisting of:

Cig alkyl, C;salkylcarbonyl, C;gaminocycloalkyl, aminoCygalkylenecarbonyl,
aminocarbonyl, Cj.galkyleneaminoCisalkylenecarbonyl, C.salkoxyC; galkylenecarbonyl,
hydroxyC,.salkylenecarbonyl, hydroxyC, galkoxycarbonyl, aminocarbonyl, amino, Ci.g
alkoxycarbonylamino, aryl, arylC, 5 alkoxycarbonylamino, hydroxyl, C| 5 alkoxy,
Cisalkylsulfonyl, aminoC, salkylenesulfonyl, aminosulfonyl,

CisalkyleneaminoC, galkylenesulfonyl, C; salkoxyC, galkylenesulfonyl,
hydroxyC,_salkylenesulfonyl, hydroxyCi galkoxysulfonyl, aminosulfonyl, oxo, halo, phenyl and
Cysalkylheterocyelyl; and the wavy line indicates the point of attachiment to the rest of the

molecule.
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3. The compound according to claim 1 selected from the group consisting of

4-(4-(1H-pyrazol-1-yl)phenylamino)-2-((1R,2S)-2-aminocyclohexylamino)pyrimidine-5-
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carboxamide; 4-(4-(1,2,3-thiadiazol-4-yl)phenylamino)-2-((1R,28)-2-
aminocyclohexylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(4-
(pyridin-4-yl)phenylamino)pyrimidine-5-carboxamide 2-((1R,28)-2-aminocyclohexylamino)-4-
{4-(pyridin-3-yhphenylamino)pyrimidine-35-carboxamide; 2-((1R,25)-2-aminocyclohexylamino)-
4-(4-(pyridin-2-yl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-
aminocyclohexylamino)-4-(4-(pyrimidin-5-yl)phenylamino)pyrimidine-5-carboxamide; 2-
{((1R,28)-2-aminocyclohexylamino)-4-(4-(thiazol-4-yl)phenylamino)pyrimidine-5-carboxamide;
4-(4-(1,2,3-thtadiazol-4-yl)phenylamino)-2-((1R,2S)-2-aminocyclohex ylamino)pyrimidine-5-
carboxamide; 2-((1R,28)-2-aminocyclohexylamino}-4-(4-(pyridin-3-yl)phenylamino)pyrimidine-
S-carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(3-(pyrimidin-5-
ylphenylamino)pyrimidine-5-carboxamide; 2-((1R,2S)-2-aminocyclohexylamino)-4-(3-(pyridin-
4-ylyphenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-aminocyclohexylamino }-4-(4-
(thiazol-5-yl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,2S)-2-aminocyclohexylamino)-4-
(4-(thiazol-2-yl)phenylamino)pyrimidine-5-carboxamide; 4-(4-(1H-pyrazol-1-yDphenylamino)-
2-{(1R,2S)-2-aminocyclohexylaminopyrimidine-5-carboxamide; 2-((1R,2S)-2-
aminocyclohexylamino)-4-(3-(pyridin-3-yl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,25)-
2-aminocyclohexylamino)-4-(4-(pyrimidin-5-yl)phenylamino)pyrimidine-3-carboxamide; 2-
((1R,2S)-2-aminocyclohexylamino)-4-(4-(pyridazin-4-yl)phenylamino)pyrimidine-5-
carboxamide; 2-({1R,25)-2-aminocyclohexylamino)-4-(4-(pyrazin-2-
yhphenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(4-(pyridin-
4-ylyphenylamino)pyrimidine-5-carboxamide; 4-(4-(11H-1,2,3-triazol-1-yl)phenylamino)-2-
((1R.2S)-2-aminocyclohexylamino)pyrimidine-5-carboxamide; 2-((1R,25)-2-
aminocyclohexylamino )-4-(4-(1-methyl-1 H-imidazol-2~-ylyphenylamino))pyrimidine-5-
carboxamide, 2-((1R,28)-2-aminocyclohexylamino)-4-(4-(2-oxopyridin-1(2H)-
yhphenylamino)pyrimidine-5-carboxamide; 4-(4-(1H-imidazol-1-yl)phenylamino)}-2-((1R,28)-2-
aminocyclohexylamino)pyrimidine-5-carboxamide; 2-{{ 1R,28)-2-aminocyclohexylamino)-4-(4-
(3-(oifluoromethyl)-1H-pyrazol-1-ylphenylamino)pyrimidine-5-carboxamide; 4-(3-(1H-
pyrazol-1-yl)phenylamino)-2-((1R,28)-2-aminocyclohexylamino)pyrimidine-5-carboxamide; 2-
((1R,25)-2-aminocyciohexylamino)-4-(3-fluoro-4-(1 H-pyrazol-1-ylphenylamino)pyrimidine-5-
carboxamide; 2-((1R,25)-2-aminocyclohexylamino)-4-(3-fluoro-4-(thiazol-4-
yl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(3-fluoro-
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4-(1H-imidazol-1-yl)phenylamino)pyrimidine-5-carboxamide; 2-({1R,28)-2-
aminocyclohexylamino}-4-(3-fluoro-4-(4-methyl- 1H-pyrazol-1-yl)phenylamino)pyrimidine-5-
carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(2-fluoro-4-(1H-pyrazol-1-
yhphenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(3-(thiazol-
4-yl)phenylamino)pyrimidine-5-carboxamide; 2-({1R,28)-2-aminocyclohex ylamino)-4-(2-
fluoro-4-(thiazol-4-yhphenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-
aminocyclohexylamino)-4-(3-(thiazol-2-yl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-
2-ammocyclohexylamine)-4-(3-(thiazol-5-ylphenylamino)pyrimidine-5-carboxamide; 2-
{(1R,28)-2-aminocyclohexylamine}-4-(3-(pyridin-2-yl)phenylamino)pyrimidine-5-carboxamide;
2~((1R,28)-2-aminocyclohexylamino)-4-(3-(pyrazin-2-yl)phenylamino)pyrimidine-3-
carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(3-(pyridazin-4-
yhphenylamino)pyrimidine-5-carboxamide; 2-({1R,2S)-2-aminocyclohexylamino)-4-(3-(1-
methyl-1H-imidazol-2-yl)phenylamino)pyrimidine-5-carboxamide; 2-({1R,28)-2-
aminocyclohexylamino}-4-(3-(6-methoxypyridin-3-yl)phenylamine))pyrimidine-5-carboxamide;
2-((1R,28)-2-aminocyclohexylamino)-4-(4-(6-methoxypyridin-3-yl)phenylamino )pyrimidine-5-
carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(4-(2-aminopyridin-4-
yljphenylamino)pyrimidine-5-carboxamide; 4-(4-(1H-1,2, 4-triazol-1-yl)phenylamino)-2-
((IR,28)-2-aminocyclohexyl-amino)pyrimidine-5-carboxamide; 2-((1R,28)-2-
aminocyclohexylamino)-4-(4-(isoxazol-5-yl)phenylamino)pyrimidine-5-carboxamide; 4-(4-(1H-
tetrazol-1-yl)phenylamino)-2-((1R,28}-2-aminocyclohexylamino)pyrimidine-5-carboxamide; 2-
((1R,25)-2-aminocyclohexylamino)-4-(4-{oxazol-5-yl)phenylamino) pyrimidine-5-carboxamide;
2-((1R,28)-2-aminocyclohexylamino)-4-(3-(oxazol-4-yl)phenylamino) pyrimidine-5-
carboxamide; 4-(3-(1H-1,2 4-triazol-1-yl)phenylamino)-2-((1R,25)-2-aminocyclohexylamino)
pyrimidine 5-carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(3-(5-methyl-1,2 4-
oxadiazol-3-yl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-
4-(3-(2-methylthiazol-4-yl)phenylamino) pyrimidine-5-carboxamide; 2-((1R,28)-2-
aminocyclohexylamino)-4-(4-(5-methyl- 1,2 4-oxadiazol-3-yl)phenylamine) pyrimidine-5-
carboxamide; 4-(3-(1H-pyrazol-5-yl)phenylamino}-2-((1R,28)-2-aminocyclohexyl amino)
pyrimidine-5-carboxamide; 2-((1R,25)-2-aminocyclohexylamino)-4-(4-(thiophen-2-
yhphenylamino) pyrimidine-5-carboxamide; 2-{(1R,2S)-2-aminocyclohexytamino)-4-(3-
methoxy-4-(oxazol-5-ylphenylamino) pyrimidine-5-carboxamide; 2-({1R,28)-2-
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aminocyclohexylamino)-4-(4-(3-methyl-1H-pyrazol-1-yl)phenylamino) pyrimidine-5-
carboxamide; 2-((1R,2S)-2-aminocyclohexylamino)-4-(4-(3,5-dimethyl-1 H-pyrazol-1-
yDphenylammo pyrimidine- 5-carboxamide; 2-((1R,2S)-2-aminocyclohexylamino)-4-(3-
methoxy-5-(1H-tetrazol-1-yl)phenylamino)pyrimidine-5-carboxamide; 4-(3-(1H-tetrazol-1-
yDphenylamino)-2-((1R,28}-2-aminocyclohexyl amino)pyrimidine-5-carboxamide; 2-((1R,28)-
2-aminocyclohexylamino)-4-(3-(5-methyl-1H-tetrazol-1-yl)phenylamino) pyrimidine-3-
carboxamide; 2-((1R,28)-2-aminocyclohexylamino)}-4-(3-(1-methyl-1H-tetrazol-5-yl)
phenylamino) pyrimidine-5-carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(4-(5-methyl-
1,2,4-0xadiazol-3-yl)phenylamino) pyrimidine-5-carboxamide; 4-(3-(1 H-pyrrol-1-
yhphenylamino)-2-((1R,2S)-2-aminocyclohexylamino) pyrimidine-5-carboxamide; 4-(4-(1H-
pyrroi-1-ylphenylamino)-2-((1R,28)-2-aminocyclohexylamino) pyrimidine-5-carboxamide; 2~
({1R,28)-2-aminocyclohexylamino)-4-(3-(5-methylfuran-2-yl)phenylamino) pyrimidine-5-
carboxamide; 4-(4-(1,3,4-oxadiazol-2-yl)phenylamino)-2-((1R,2S)-2-aminocyclohexyl
amino)pyrimidine-5-carboxamide; 4-(3-(2H-tetrazol-5-yl)phenylamino)-2-((1R,28)-2-
aminocyclohexyl amino) pyrimidine-5-carboxamide; 4-(4-(2H-tetrazol-5-yl)phenylamino)-2-
({1R,28)-2-aminocyclohexyl amino)pyrimidine-3-carboxamide; 2-((IR,28)-2-
aminocyciohexylamino)-4-(3-fluoro-4-(3-(trifluoromethyl)-1 H-pyrazol-1-

yDphenylamino )pyrimidine-5-carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(3,4-bis(3-
(trifluoromethyl)-1H-pyrazol-1-yl)phenylamino)pyrimidine- 5-carboxamide; 2-((1R,28)-2-
aminocyclohexylamino)-4-(3-morpholino-4-(1H-pyrazol-1-yl)phenylamino )pyrimidine-5-
carboxamide; 4-(3-(1H-imidazol-1-yl)phenyiamino)-2-((1R,25)-2-
aminocyclohexylamino)pyrimidine-3-carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(4-
(5-methyl-1,3,4-thiadiazol-2-yl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-
aminocyclohexylamino)-4-(4-(2-methyl-1H-imidazol- 1 -yl)phenylamino)pyrimidine-5-
carboxamide; 2-((1R,2S)-2-aminocyclohexylamino)-4-(3-(2-methyl-1H-imidazol-1-
ylphenylamino)pyrimidine-5-carboxamide; 4-(3-(1H-1,2,3-triazol-1-yl)phenylamino)-2-
((1R,2S})-2-aminocyclohexylamino jpyrimidine-5-carboxamide; 4-(3-(2H-1.2,3-triazol-2-
yljphenylamino)-2-({(1R,2S)-2-aminocyclohexylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-
aminocyclohexylamino)-4-(4-(4-(hydroxymethyl)-1H-1,2,3-triazol-1-
ybphenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(4-(4-
(aminomethyl)-1H-1,2,3-triazol-1-yl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-
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aminocyclohexylamino)-4-(4-(4-carbamoyl-1H-1,2 3-triazol-1-yhphenylamino)pyrimidine-5-
carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(4-fluoro-3-(2H-1,2,3-triazol-2-
yhphenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(4-cyano-3-
(2H-1,2,3-triazol-2-yl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-
aminocyclohexylamino}-4-(3-cyano-5-(2H-1,2,3-triazol-2-yl)phenylamino)pyrimidine-5-
carboxamide; 2-((1R.2S)-2-aminocyclohexylamino)-4-(3-cyano-5-(1H-1,2,3-triazol-1 -
yl)phenylamino)pyrimidine-5-carboxamide; 2-({(1R,28)-2-aminocyclohexylamino)-4-(3-(6-
methoxypyridin-2-yl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,2S)-2-
aminocyclohexylamino)-4-(3-(4-methoxypyrimidin-2-yl)phenylamino)pyrimidine-5-
carboxamide; 2-((1R,2S)-2-aminocyclohex ylamino)-4-(3-(5-fluoropyrimidin-2-
yl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(3-(4-
methyl-1H-1,2 3-triazol-1-yl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-
aminocyclohexylamino)-4-(3-(4~methyl-2H-1,2,3-triazol-2-yl)phenylamino )pyrimidine- 5-
carboxamide; 4-(3-(2H-tetrazol-2-yl)phenylamino)-2-((1R,2S)-2-
aminocyclohexylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(3-
methyl-5-(2H-tetrazol-2-yl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,2S)-2-
aminocyclohexylamino)-4-(4-(4-methyl-4H-1,2 4-triazol-3-yDphenylamino)pyrimidine-5-
carboxamide; 4-(3-(1H-benzo[d]imidazol-1-yl)phenylamino)-2-((1R,28)-2-
aminocyclohexylamino)pyrimidine-5-carboxamide; 4-(3-(1H-indazol-1-yl)phenylamino}-2-
((1R,28)}-2-aminocyclohexylamino)pyrimidine-5-carboxamide (242.A) and 4-(3-(2H-indazol-2-
yDphenylamino)-2-((1R,28)-2-aminocyclohexylamino)pyrimidine-5-carboxamide (242.B); 4-(3-
(1H-benzold]{1,2,3triazol-1-yl)phenylamino)-2-((1R,25)-2-aminocyclohex ylamino)pyrimidine-
5-carboxamide (243.A) and 4-(3-(2H-benzo[d][1,2,3]triazol-2-yl)phenylamino)-2-((1R,28)-2-
aminocyclohexylamino)pyrimidine-5-carboxamide (243.B); 2-((1R,28)-2-
aminocyclohexylamino)-4-(3-(imidazof1,2-alpyridin-2-yl)phenylamino)pyrimidine-5-
carboxamide; 4-(3-(2H-benzo[b][1,4]oxazin-4(3H)-yl)phenylamino)-2-((1R,28)-2-
aminocyclohexylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(3-
{quinolin-6-yl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-
4-(3-(quinolin-3-y)phenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-
aminocyclohexylamino)-4-(4-(1-methyl-1 H-pyrazol-3-yliphenylamino)pyrimidine-5-
carboxamide; 2-((1R,25)-2-aminocyclohexylamino)-4-(4-(1 -methyl-1H-pyrazol-4-
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yhphenylaminoypyrimidine-5-carboxamide; 4-(4-(2H-1,2,3-triazol-2-yvl)phenylamino)-2-
((1R,28)-2-aminocyclohexylamino }pyrimidine-5-carboxamide; 2-({1R,28)-2-
aminocyclohexylamino)-4-(3-fluoro-5-(2H-1,2, 3-triazol-2-yl)phenylamino ypyrimidine-5-
carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(4-methoxy-3-(2H-1,2,3-triazol-2-
yhphenylamino)pyrimidine-5-carboxamide; 2-((1R,25)-2-aminocyclohexylamino)-4-(3-
methoxy-5-(2H-1,2,3-triazol-2-yl)phenylamino)pyrimidine-5-carboxamide; 2-({(1R,25)-2-
aminocyclohexylamine)-4-(4-methyl-3-(2H-1,2,3-triazol-2-y)phenylamino pyrimidine-5-
carboxamide; 2-((1R,2S5)-2-aminocyclohexylamino}-4-(3-methyl-5-(2H-1,2 3-triazol-2-
vhphenylamino)pyrimidine-3-carboxamide; 2-((1R,28)-2-aminocyclohex ylamino)-4-(3-
(pyrimidin-2-yl)phenylamino)pyrimidine-5-carboxamide; 2-({(1R,28)-2-aminocyclohexylamino)-
4-(4-(pyrimidin-2-ylphenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-
annnocyclohexylamino)-4-(3-(1-methyl-1H-pyrazol-3-ylphenylamino ypyrimidine- 5-
carboxamide; 2-((1R,25)-2-aminocyclohexylamino)-4-(3-(L-methyl-1 H-pyrazol-4-
vl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,2S)-2-aminocyclohexylamine)-4-(3-
(imidazo{1,2-aJpyridin-6-yl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-
aminocyclohexylamino)-4-(4-(imidazo[1,2-a]pyridin-6-yl)phenylamino)pyrimidine-5-
carboxamide; 2-((1R,2S5)-2-aminocyclohexylamino)-4-(4-(6-(dimethylamino)pyridine-3-
yl)phenylamino)pyrimidine-3-carboxamide; 2-({1R,2S)-2-aminocyclohexylamino)-4-(3-
(isoxazol-3-yl)phenylamino)pyrimidine-5-carboxamide; 4-(4-(4H-1,2,4-triazol-4-
ylphenylamino)-2-((1R,25)-2-aminocyclohexylamino)pyrimidine-5-carboxamide; 4-(3-(4H-
1,2,4-triazol-4-ylphenylamino)}-2-((1R,2S}-2-aminocyclohex ylamino)pyrimidine-5-carboxamide;
2-((1R,28)-2-aminocyclohexylamino)-4-(4-(isoxazol-3-ylphenylamino)pyrimidine-5-
carboxamide; 2-((1R,25)-2-aminocyclohexylamino }-4-(3-(5-methylisoxazol-3-
yhphenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(3-(2,3-
dihydrobenzofuran-5-yl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-
aminocyclohexylamino)-4-(3-(benzo[d][ 1,3]dioxol-4-yl)phenylamino)pyrimidine-5-
carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(3-(2,3-dihydrobenzo[b][1,4]dioxin-6-
yl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,2S)-2-aminocyclohexylamino)-4-(4-(2,3-
dihydrobenzo[b][1,4]dioxin-6-yl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-
aminocyclohexylamino)-4-(3-(4-methyl-3,4-dihydro-2H-benzofb][ 1 ,4Joxazin-7-
yl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,2S)-2-aminocyclohexylamine)-4-(3-
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(benzo[d][1,3]dioxol-3-yl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-
aminocyclohexylamino)-4-(3-(quinolin-4-yl)phenylamino)pyrimidine-5-carboxamide; 2-
((1R,28)-2-aminocyclohexylamino}-4-(3-(quinolin-8-yl)phenylamino)pyrimidine-5-
carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(3-(quinolin-5-
yDphenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(3-(2H-
1,2,3riazol-2-yl)-5-(trifluoromethyl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-
aminocyclohexylamino)-4-(3-methyl-4-(2H-1,2,3-triazol-2-yhphenylamino )pyrimidine-5-
carboxamide; 2-((1R,25)-2-aminocyclohexylamino)-4-(3-methyl-4-(1H-pyrazol-1-
yDphenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-4-(3-(2H-
1,2,3-tmazol-2-yl)-4-(rifluoromethyl)phenylamino)pyrimidine-5-carboxamide; 2-((1R,2S)-2-
aminocyclohexylamino)-4-(3-(1H-1,2,3-triazol- 1 -yl)-4-trifluoromethylyphenylamino))pyrimidine-
S-carboxamide; 2-((1R,2S)-2-aminocyclohexylamino)-4-(3-fluoro-4-(2H-1,2,3-triazol-2-
yl)phenylamino)pyrimidine-5-carboxamide; 4-(3-(2H-1,2,3-triazol-2-yl)phenylamino)-2-
((3R,4R)-3-aminotetrahydro-2H-pyran-4-ylamino)pyrimidine-5-carboxamide; 4-(3-(2H-1,2,3-
triazol-2-yl)phenylamino)-2-((38,4S)-4-aminotetrahydro-2H-pyran-3-ylamino)pyrimidine-5-
carboxamide; 4-(3-(1H-pyrazol-1-yl)phenylamino)}-2-((3R,4R)-3-aminotetrahydro-2H-pyran-4-
ylamino)pyrimidine-5-carboxamide; 2-((3R,4R)-3-aminotetrahydro-2H-pyran-4-ylamino)-4-(3-
(pyrimidin-2-yljphenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-aminocyclohexylamino)-
4-(4-bromo-3-(ZH-1,2,3-triazol-2-yhphenylamino)pyrimidine-5-carboxamide; 2-((1R,28)-2-
aminocyclohexylamino)-4-(3-brome-5-(2H-1,2,3-triazol-2-yl)phenylamino)pyrimidine-5-
carboxamide; 2-((1R,28)-2-aminocyclohexylamine)-4-(4-chloro-3-(2H-1,2,3-triazol-2-
ylphenylamino)pyrimidine-5-carboxamide and 2-((1R.2S)-2-aminocyclohexylamino)-4-(3-
chloro-5-(2H-1,2,3-triazol-2-yphenylamino))pyrimidine-5-carboxamide.
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4. A compound according to claim 1 having the formula:

2-((1R, 28)-2-aminocyclohexylamino)}-4-(3-(pyrimidin-2-yl)phenylamino )pyrimidine-5-
carboxamide;
or a pharmaceutically acceptable salt thereof.

5. A compound according to claim 1 having the formula:

N

N-N

4-(3-(2H-1,2,3-triazol-2-yDphenylammo-2-((1R,28)-2-
amimocyclohexylamino)pyrimidine-5-carboxamide;
or a pharmaceutically acceptable salt thereof.

6. A composition comprising a compound of any one of claims 1 to 5 in

combination with a pharmaceutically acceptable carrier or diluent.

7. A compound according to any one of claims 1 to 5 or a composition
according to claim 6 for use in a method for inhibiting syk or JAK kinase or a signal transduction
pathway mediated at least in part by syk kinase activity.

8. A compound according to any one of claims | to 5 or a composition
according to claim 6 for use in a method for treating a condition or disorder mediated at least in

part by syk kinase activity i a subject.
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9. A compound or a composition for use according to claim 8, wherein the
condition or disorder is selected from the group consisting of cardiovascular disease,
inflammatory disease and autoimmune disease and cell proliferative disorder.

10. A compound or a composition for use according to claim 9, wherein said
cardiovascular disease is selected from the group consisting of restenosis, thrombosis,
immune thrombocytopenic purpura, heparin induced thrombocytopenia, dilated
cardiomyopathy, sickle cell disease, atherosclerosis, myocardial infarction, vascular
inflammation, unstable angina and acute coronary syndromes; said inflammatory disease
is selected from the group consisting of allergy, asthma, rheumatoid arthritis, B Cell
mediated diseases such as Non Hodgkin’s Lymphoma, anti phospholipid syndrome,
lupus, psoriasis, multiple sclerosis and end stage renal disease; said cardiovascular
disease is selected from the group consisting of thrombosis, immune thrombocytopenic
purpura, and heparin induced thrombocytopenia; said inflammatory disease is rheumatoid
arthritis or Non Hodgkin’s Lymphoma; said sickle cell disease is selected from the group
consisting of sickle cell anemia, sickle-hemoglobin C disease, sickle beta-plus
thalassemia, and sickle beta-zero thalassemia; said immune-related disease is selected
from the group consisting of a T-cell mediated discase, an auioimmune disease, host
versus graft rejection, graft versus host rejection, a Type IV hypersensitivity reaction and
allograft rejection; said autoimmune discase is selected from the group consisting of
hemolytic anemia, immune thrombocytopenic purpura, multiple sclerosis, Sjogren’s
syndrome, diabetes, rheumatoid arthritis, lupus and psoriasis; said wherein said cell
proliferative disorder is leukemia, a lymphoma, myeloproliferative disorders,
hematological malignancies, and chronic idiopathic myelofibrosis; and said disorder is

acute myeloid leukemia, chronic lymphocytic leukemia, or non-Hodgkin’s lymphoma.
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1. A compound or a composition for use according to claim 10, wherein said
condition or disorder is asthma.

12. A compound or a composition for use according to claim 10, wherein said
condition or disorder is non-Hodgkin’s Lymphoma.

13. A compound or 2 composition for use according to claim 10, wherein said

condition or disorder is rheumatoid arthritis.
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14. A compound or a composition for use according to claim 10 for use in
combination with another agent useful for treating said condition or disorder.

15. A kit comprising a composition of ¢claim 6 for use in a method for
inhibiting syk or JAK kinase or a signal transduction pathway mediated at least in part by syk

kinase activity, packaging and instructions for use.
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