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PYRIMIDINE FGFR4 INHIBITORS 

BACKGROUND 
Fibroblast growth factors (FGF) are a family of more than 20 structurally related proteins 

with a variety of biological activities. Their main receptors, the fibroblast growth factor receptors 
(FGFR1, FGFR2, FGFR3 and FGFR4), are a family of receptor tyrosine kinases that bind FGF 
and are involved in processes of cell proliferation and differentiation. Deregulation of FGFR 
signaling networks is implicated in a number of pathophysiological conditions, including many 
types of human cancers. 

"Fibroblast Growth Factor Receptor 4" or "FGFR4" is known to regulate proliferation 
and antiapoptosis and is expressed or highly expressed in many cancers. See, e.g., Dieci et al. 
2013, Cancer Discovery, 0F1-0F16, Studies have shown that expression of FGFR4 is predictive 
of a more aggressive phenotype of the cancer, and knockdown or reduction of FGFR4 expression 
serves to reduce proliferation and promote apoptosis. See, e.g., Wesche et al. 2011, Biochem J 
437:199-213. 

For example, FGFR4 expression or overexpression is associated with cancer 
aggressiveness in gastric cancer (Ye et al. 2011, Cancer, 5304-5313), prostate cancer (Xu et al. 
2011, BMC Cancer, 11 ;84), sarcoma such as rhabdomyosarcoma (Taylor VI et al. 2009, J Clin 
Invest, 119(11):3395-3407), skin cancer such as melanoma (Streit et al. 2006, British J Cancer, 
94:1879-1886), liver cancer such as cholangiocarcinoma (Sia et al. 2013, Gastroenterology 
144:829-840) and hepatocellular carcinoma (French et al, 2012, PLoS ONE 7(5): e367313; 
Miura et al. 2012, BMC Cancer 12:56; Chiang et al. 2008, Cancer Res 68(16):6779-6788; Sawey 
et al. 2011, Cancer Cell 19:347-358), pancreatic cancer such as pancreatic intraepithelial 
neoplasia and pancreatic ductal adenocarcinoma (Motoda et al. 2011, Int'l J Oncol 38:133-143), 
lung cancer such as non-small-cell lung cancer (Fawdar et al. 2013, PNAS 110(30): 12426-
12431), colorectal cancer (Pelaez-Garcia et al. 2013, PLoS ONE 8(5): e63695; Barderas et al. 
2012, J Proteomics 75:4647-4655), and ovarian cancer (Zaid et al. 2013, Clin Cancer Res 
19:809-820). 

Clinical development of several FGFR inhibitors have confirmed their utility as 
antitumor agents, Dieci et al. 2013, Cancer Discovery, OF 1-OF 16. However, new agents are 
needed that are useful to target FGFR, and FGFR4, in particular. 
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A purpose of the present invention is to provide a compound of Formula I; 

i M t W 

VYVY% 
R'2 

^ N^N O 

I 
wherein: 

R3 is selected from the group consisting of: Ci^alkyl, Cj-galkoxyCi-fiaikyl, NR10RnCi. 

ealkyl, R10h.eterocycly!C ̂ alky], R10arylC[.6alkyl3 andR10heteroarylCi.6alkyl, wherein R10 and 

R11 are each independently selected from the group consisting of: hydrogen and Ci-6alkyl; 

E is selected from the group consisting of: 

R15 are each independently selected from the group consisting of; hydrogen, methyl, fluoro and 

chloro; 

R12 is selected from the group consisting of: hydrogen, halo, Ci^alkyl, Ci^alkoxy, 

hydroxyCi-6alkyl, hydroxyCi_6aIkoxy,Ci-6alkoxyCi^alkoxy, Cj^alkoxyCi-ealkyl, 

R5R6heterocyclyl, -C(0)heterocyclylR5R6, R5R6heterocyclylCi^alkyl, NR5R6, NR5R6Ci.<jalkyI, 

-C(0)NRsR6, and NR5R6Ci-Galkyoxy, wherein R5 and R6 are each independently selected from 

the group consisting of hydrogen, Chalky!, hydroxyCi^alkyl, ammoCi-6alkyl, 

-C(0)Ci.6alkyl and Cj^alkylsulfonyl; and 

R1 is phenyl, wherein said phenyl is substituted 2, 3, or 4 times with independently 

selected halo or Ci-galkoxy, 

or a pharmaceutical^ acceptable salt thereof. 

In some embodiments, R is Ci^alkyl. 

In some embodiments, R3 is selected from the group consisting of: methyl, methoxyethyi, 

4-pyridylmethyI, 3-pyridylmethyl, 2-pyridylmethyl, benzyl, N,N-dimethylaminopropyl, 3-

methylisoxazol-5-yl-methyl, and 4-methylpiperazin-l-yl-propyl. 

In some embodiments, E is --NR13C(0)CH~CHR'5 or -NR13C(0)CF-CH2, wherein R13 

and R15 are as defined above. In some embodiments, E is -NHCCOjCH^CHj. 

-NRI3C(0)CRI4CHR15, and 

~~NR13C(0)C=CR14, 

wherein R13 is selected from the group consisting of: hydrogen and methyl, and R14 and 
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In some embodiments, R12 is selected from the group consisting of: hydrogen, fluoro, 

chloro. methyl, methoxy, N,N-dimethylaminoethyl, piperazin-1-yl, 4-ethylpiperazin-l-yl, 4-

ethylpiperazin-l-yl-methyl, l-methylpiperidine-4-yl, l-ethylpiperidine-4-yl, N,N-

dimethylaminomethyl, N,N-dimethylaminopropyl, piperidine-4-yl, morpholino, 3,5-

dimethylpiperazin-1-yl, 4-(methylsulfonyl)piperazin-l-yl, N,N-dimethylaminoethoxy, 4-(2-

hydroxyethyl)piperazin-l-yl, hydroxyethoxy, methoxyethoxy, hydroxymethyl, methoxymethyl, 

2-methoxypropyl, 2-hydroxypropyl, 2-aminopropyl,4-methylpipefazin-l-yl-carbonyl, 4-

ethylpiperazin-1 -yl-carbonyl, 4-[2-propyl]piperazin-1 -yl. 4-acetylpiperazin-1 -yl, N-methyl-N-

hydroxyethyl-amino, N,N-dimethylamido, and 4-(2-aminoethyl)piperazin-l-yl. 
17 In some embodiments, R is selected from the group consisting of: hydrogen, Ci_6alkyls 

hydroxyCi-galkyl, R5R6heterocyclyl, R5R6heterocyclylCi.6alkyI, -C(0)NRsR6, NR5R6Ci-6alkyl, 

NR5R6Ci.6alkyoxy, Ci-galkoxy, and Ci^alkoxyCi-galkyl, whererin R5 and R6 are each 

independently selected from the group consisting of: hydrogen, C i.fialkyl, hydroxyCj-galkyl, 

-C(0)Ci-(-,alky] and Ci^alkylsulfonyl. 

In some embodiments, R12 is R5R6heterocyclyl, wherein R5 and R6 are as defined above. 

In some embodiments, R5R6heterocyclyl is R5R6piperazinyl5 wherein R5 and R6 are as 

defined above, 
1 9 In some embodiments, R is 4-ethylpiperazin-l-yl. 

In some embodiments, R12 is not hydrogen. 

In some embodiments, R1 is 2,6-dichloro-3,5-dimethoxyphenyl. 

In some embodiments, the compound is a compound of Formula 1(a): 

or a pharmaceutical^ acceptable salt thereof. 

A further purpose is a pharmaceutical composition comprising a compound or salt as 

described herein and a pharmaceutically acceptable carrier. In some embodiments, the 

composition is formulated for oral or parenteral administration. 

Also described herein is a method of treating hepatocellular carcinoma in a subject in 

need thereof comprising administering to said subject a treatment effective amount of a 

compound or 

,3 

1(a) 

wherein R3, E, R12 and R1 are as defined above, 
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salt or composition as described herein. In some examples, hepatocellular carcinoma has altered 

FGFR4 and/or FGF19 status {e.g., increased expression of FGFR4 and/or FGF19). 

Also described herein is a method of treating hepatocellular carcinoma in a subject in need 

thereof, comprising: detecting an altered FGFR4 and/or FGF19 status (e.g., increased expression 

of FGFR4 and/or FGFI9) in a biological sample containing cells of said hepatocellular 

carcinoma, and if said hepatocellular carcinoma has said altered FGFR4 and/or FGF19 status, 

administering a compound or composition described herein to said subject in a treatment-

effective amount. 

Another aspect of the present invention is the use of a compound or salt or a composition as 

described herein in the manufacture of a medicament for treating hepatocellular carcinoma. 

Another aspect of the present invention refers to the compound or salt described herein for use as 

a medicament. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 presents the results of in vivo efficacy testing in hepatocellular carcinoma model 

using HUH7 cells. Compound 108 (25 mg/kg or 37.5 mg/kg) or Vehicle control was 

administered via intraperitoneal injection, and tumor volume was measured twice weekly over 

the course of 15 days. 

FIG. 2 presents the results of in vivo efficacy testing in hepatocellular carcinoma model 

using HEP3B cells. Compound 108 (12.5 mg/kg, 25 mg/kg or 37.5 mg/kg) or Vehicle control 

was administered via intraperitoneal injection, and tumor volume was measured twice weekly 

over the course of 15 days. 

FIG. 3 presents the results of in vivo efficacy testing in hepatocellular carcinoma model 

using JHH7 cells. Compound 108 (12.5 mg/kg, 25 mg/kg or 37.5 mg/kg) or Vehicle control was 

administered via intraperitoneal injection, and tumor volume was measured twice weekly over 

the course of 15 days. 

FIG. 4 presents the results of comparative in vivo efficacy testing in hepatocellular 

carcinoma model using HEP3B cells. Compound 108 (25 mg/kg, 37.5 mg/kg or 50 mg/kg) was 

administered twice daily via intraperitoneal injection, or BGJ398 (30 mg/kg or 60 mg/kg) was 

administered orally twice daily. 

DETAILED DESCRIPTION OF EMBODIMENTS 

Provided herein are compounds useful as FGFR4 inhibitors. In some embodiments, the 

compounds are selective FGFR4 inhibitors in that they have a greater binding affinity and/or 
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inhibitory effect of FGFR4 as compared to that of FGFR1 and/or FGFR2 and/or FGFR3 (e.g., by 

10-fold, 100-fold, or 1000-fold greater or more). 

A. Definitions 

Compounds useful as active agents in accordance with the present disclosure include 

those described generally above and below, and are further illustrated by the embodiments, sub-

embodiments, and species disclosed herein. As used herein, the following definitions shall apply 

unless otherwise indicated. 

As described herein, compounds of the invention may optionally be substituted with one 

or more substituents, such as those illustrated generally herein, or as exemplified by particular 

classes, subclasses, and species of the invention. In general, the term "substituted" refers to the 

replacement of hydrogen in a given structure with a specified substituenl Unless otherwise 

indicated, a substituted group may have a substituent at each substitutable position of the group, 

and when more than one position in any given structure may be substituted with more than one 

substituent selected from a specified group, the substituent may be either the same or different at 

every position. Combinations of substituents envisioned by this invention are preferably those 

that result in the formation of stable compounds. "Stable" as used herein refers to chemically 

feasible compound is one that is not substantially altered when kept at a temperature of 40 °C or 

less, in the absence of moisture or other chemically reactive conditions, for at least a week. 

As would be understood by those of skill in the art, as used herein "H" is hydrogen, "C" 

is carbon, "N" is nitrogen, "S" is sulfur, and "O" is oxygen. 

"Alkyl" or "alkyl group," as used herein, means a straight-chain (i.e., unbranched), or 

branched hydrocarbon chain that is completely saturated. In some embodiments, the alkyl has 1, 

2, 3,4, 5 or 6 carbon atoms. In certain embodiments, alkyl groups contain 1-6 carbon atoms (Ci. 

ealkyl). In certain embodiments, alkyl groups contain 1-4 carbon atoms (CMalkyl). In certain 

embodiments, alkyl groups contain 1-3 carbon atoms (Chalky!). In still other embodiments, 

alkyl groups contain 2-3 carbon atoms (C2-3alkyl), and in yet other embodiments alkyl groups 

contain 1-2 carbon atoms (C1-2alkyl). 

"Alkenyl" or "alkenyl group," as used herein, refers to a straight-chain (i.e., unbranched), 

or branched hydrocarbon chain that has one or more double bonds. In some embodiments, the 

alkenyl has 2,3,4, 5 or 6 carbon atoms. In certain embodiments, alkenyl groups contain 2-8 

carbon atoms (Ci^alkyl). In certain embodiments, alkenyl groups contain 2-6 carbon atoms (C2-

ealkyl). in still other embodiments, alkenyl groups contain 3-4 carbon atoms (Cs^alkyl), and in 

yet other embodiments alkenyl groups contain 2-3 carbon atoms (C2-3alkyl). According to 

5 



WO 2015/057938 PCT/US2014/060857 

another aspect, the term alkenyl refers to a straight chain hydrocarbon having two double bonds, 

also referred to as "diene." Non-limiting examples of exemplary alkenyl groups include 

-CH=CH2, - CH2CH-CH2, CHCHCII3, -CH2CH2CH=CH2, 

-CH2CH=CHCH3s -CH-CHCH2CH3} and -CH=CHCH=CH2. 

"Alkynyl" or "alkynyl group" as used herein refers to a straight-chain (z'.e., unbranched), 

or branched hydrocarbon chain that has one or more triple bonds. In some embodiments, the 

alkynyl has 2, 3,4, 5 or 6 carbon atoms. In certain embodiments, alkynyl groups contain 2-8 

carbon atoms (C2_galkynyl). In certain embodiments, alkynyl groups contain 2-6 carbon atoms 

(C2_6alkynyl). In still other embodiments, alkynyl groups contain 3-4 carbon atoms (C3-4alkynyl), 

and in yet other embodiments alkynyl groups contain 2-3 carbon atoms (C2-3alkynyl). 

"Ar" or "aryl" refer to an aromatic carbocyclic moiety having one or more closed rings. 

Examples include, without limitation, phenyl, naphthyl, anthracenyl, phenantbracenyl, biphenyl, 

and pyrenyl. 

"Halo" refers to chloro (CI), fluoro (F), bromo (Br) or iodo (I). 

"Haloalkyl" refers to one or more halo groups appended to the parent molecular moiety 

through an alkyl group. Examples include, but are not limited to, chloromethyl, fluoromethyl, 

trifluoromethyl, etc. 

"Hcteroaryl" refers to a cyclic moiety having one or more closed rings, with one or more 

heteroatoms (oxygen, nitrogen or sulfur) in at least one of the rings, wherein at least one of the 

rings is aromatic, and wherein the ring or rings may independently be fused, and/or bridged. 

Examples include, without limitation, quinolinyl, isoquinolinyl, indolyl, furyl, thienyl, pyrazolyl, 

quinoxalinyl, pyrrolyl, indazolyl, thieno [2,3-c] pyrazolyl, benzofuryl, pyrazolo[l,5-a]pyridyl, 

thiophenylpyrazolyl, benzothienyl, benzothiazolyl, thiazolyl, 2-phenylthiazolyl, and isoxazolyl. 

"-OR" or "oxy" refers to an R group appended to the parent molecular moiety through an 

oxygen atom, wherein R is H, alkyl, alkenyl, alkynyl, and the like. 

"Alkoxy" refers to an alkyl group, as herein defined, attached to the principal carbon 

chain through an oxygen ("alkoxy") atom. Representative examples of "alkoxy" include, but are 

not limited to, methoxy, ethoxy, propoxy, phenoxy, 2-propoxy, butoxy, tert-butoxy, pentyloxy, 

hexyloxy and the like. 

"Hydroxy" refers to an -OH group. 

"Carbonyl" is a group having a carbon atom double-bonded to an oxygen atom (C=0), 

often depicted in chemical formulae as C(Q). 

An "acetyl" is a group -C(0)CH3. 

An "amine" or "amino" refers to a group -NH2, wherein none, one or two of the 
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hydrogens may replaced by a suitable substituent as described herein, such as alkyl, alkenyl, 
alkynyl, and the like. 

An "amide" or "amido" refers to a group having a carbonyl bonded to a nitrogen atom, 

such as -C(0)NH7, wherein none, one or two of the hydrogens may replaced by a suitable 

substituent as described herein, such as alkyl, alkenyl, alkynyl, and the like. 

"-SR" refers to an R group appended to the parent molecular moiety through a sulfur 

atom, wherein R is alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclo, or heteroaryl. 

Representative examples of "-SR" include, but are not limited to, ethanethiol, 3-methyl-l-

butanethiol, phenylthiol and the like. 

"Cycloalkyl" as used herein, refers to a saturated cyclic hydrocarbon group containing 

from 3 to 8 carbons or more. Representative examples of cycloalkyl include, but are not limited 

to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl. 

"Cycloalkenyl" as used herein, refers to an unsaturated cyclic hydrocarbon group 

containing from 3 to 8 carbons or more and having one or more double bonds. 

"Cycloalkynyl" as used herein, refers to an unsaturated cyclic hydrocarbon group 

containing from 3 to 8 carbons or more and having one or more triple bonds. 

"Electrophile" as used herein refers to a group having reduced electron density, typically 

comprising a carbon atom that is directly bonded to a more electronegative atom, such as an 

oxygen, nitrogen or halo. Exemplary electrophiles include, but are not limited to, diazomethane, 

trimethylsilyldiazomethane, alkyl halides, such as for example methyl iodide, benzyl bromide 

and the like, alkyl triflates, such as for example methyl triflate and the like, alkyl sulfonates, such 

as for example ethyl toluenesulfonate, butyl methanesulfonate and the like, acyl halides, such as 

for example acetyl chloride, benzoyl bromide and the like, acid anhydrides, such as for example 

acetic anhydride, succinic anhydride, maleic anhydride and the like, isocyanates, such as for 

example methyl isocyanate, phenyl isocyanate and the like, isothiocyanates, such as for example 

methyl isothiocyanate, phenyl isothiocyanate and the like, chloroformates, such as for example 

methyl chloroformate, ethyl chloroformate, benzyl chloroformate and the like, sulfonyl halides, 

such as for example methanesulfonyl chloride, methanesulfonyl fluoride, p-toluene sulfonyl 

chloride and the like, silyl halides, such as for example trimethylsilyl chloride, tert-

butyldimethylsilyl chloride and the like, phosphoryl halides such as for example dimethyl 

chlorophosphate and the like, epoxides such as for example 2-methyloxirane, aziridines such as 

for example 2-methylaziridine, alpha-haloketone such as for example l-chloro-2-propanone, 

alpha-beta-unsaturated carbonyl compounds such as for example acrolein, methyl vinyl ketone, 

cinnamaldehyde, N,N-dimethylacrylamide and the like, and gamma-halo-alpha-beta-unsaturated 
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carbonyl compounds such as for example (E)-6-chlorohex-4-en-3-one, In some embodiments, 

electrophiles are alpha-halokctones, isothiocyanates, epoxides, aziridines, sulfonyl halides, or 

alpha-beta-unsaturated carbonyls. 

In some embodiments, the electrophile is a Michael acceptor. As known in the art, a 

"Michael acceptor" is an alkene or alkyne of the form 2; wherein Z comprises an electron 

withdrawing group, including, but not limited to, CHO, COR, COOR, CONRR', CONROR', CN, 

NO2, SOR, SO2R. R may be H, alkyl, or aryl wherein R is alkyl, alkenyl, alkoxy or aryl. In 

another embodiment, azodicarboxamides and qui nones are Michael acceptors. See, Santos, 

M.M.M. and Moreira, R., Mini-Reviews in Medicinal Chemistry, 7:1040-1050,2007. 

An example of the Michael Reaction is depicted in the scheme below: 

Z-CH2-Z' + _base^ ^£L£2_£2_Z„ 
7< 

Michael donor Michael acceptor 

wherein electron withdrawing groups Z, Z' and Z" are as described above. In some embodiments, 

the Michael acceptors are alpha-beta-unsaturated carbonyl compounds including, but not limited 

to, alpha-beta-unstaturated amides, alpha-beta-unstaturated ketones, alpha-beta-unstaturated 

esters, conjugated alkynyl carbonyls and alpha-beta-unsaturated nitrites. 

"Alpha-beta-unsaturated amide" or "unsaturated amide" as used herein refers to an amide 

comprising an alkene or alkyne bonded directly to the amide carbonyl group and is represented 
O 

by the structure ""V wherein R is hydrogen or alkyl. 

"Heteroatom" refers to O, S or N. 

"Heterocycle" or "heterocyciyl" as used herein, means a monocyclic heterocycle, a 

bicyclic heterocycle, or a tricyclic heterocycle containing at least one heteroatom in the ring. 

The monocyclic heterocycle is a 3-, 4-, 5-, 6-, 7, or 8-membered ring containing at least 

one heteroatom independently selected from the group consisting of O, N, and S. In some 

embodiments, the heterocycle is a 3- or 4-membered ring containing one heteroatom selected 

from the group consisting of O, N and S. In some embodiments, the heterocycle is a 5-membered 

ring containing zero or one double bond and one, two or three heteroatoms selected from the 

group consisting of O, N and S. In some embodiments, the heterocycle is a 6-, 7-, or 8-membered 

ring containing zero, one or two double bonds and one, two or three heteroatoms selected from 

the group consisting of O, N and S. Representative examples of monocyclic heterocycle include, 
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but are not limited to, azetidinyl, azepanyl, aziridinyl, diazepanyl, 1,3-dioxanyl, 1,3-dioxolauyl, 

dihydropyranyl (including 3,4-dihydro-2H-pyran-6-yl), 1,3-dithiolanyl, 1,3-dithianyl, 

imidazolinyl, imidazolidinyl, isothiazolinyl, isothiazolidinyl, isoxazolinyl, isoxazolidinyl, 

morpholinyl, oxadiazolinyl, oxadiazolidinyl, oxazolinyl, oxazolidinyi, piperazinyl, piperidinyl, 

pyranyl, pyrazolinyl, pyrazolidinyl, pyrrol inyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydropyranyl 

(including tetrahydro-2H-pyran-4-yl), tetrahydrothienyl, thiadiazolinyl, thiadiazolidinvL 

thiazolinyl, thiazolidinyl, thiomorpholinyl, 1,1-dioxidothiomorpholinyl (thiomorpholine sulfone), 

thiopyranyl, and trithianyl. 

The bicyclic heterocycles of the present invention may be exemplified by a monocyclic 

heterocycle fused to an aryl group, or a monocyclic heterocycle fused to a monocyclic 

cycloalkyl, or a monocyclic heterocycle fused to a monocyclic cycloalkenyl, or a monocyclic 

heterocycle fused to a monocyclic heterocycle. Representative examples of bicyclic heterocycles 

include, but are not limited to, 3,4-dihydro-2H-pyranyl, 1,3-benzodioxolyI, 1,3-benzodithiolyl, 

2,3-dihydro-l,4-benzodioxinyl, 2,3-dihydro-l-benzofuranyl, 2,3-dihydro-l-benzothienyl, 2,3-

dihydro-lH-indolyl, 3,4-dihydroquinoIin-2(lH)-one and 1,2,3,4-tetrahydroquinolinyl. 

The tricyclic heterocycle is a bicyclic heterocycle fused to an aryl group, or a bicyclic 

heterocycle fused to a monocyclic cycloalkyl, or a bicyclic heterocycle fused to a monocyclic 

cycloalkenyl, or a bicyclic heterocycle fused to a monocyclic heterocycle. Representative 

examples of tricyclic heterocycles include, but are not limited to, 2,3,4,4a,9,9a-hexahydro-l H-

carbazolyl, 5a;6,7,8,9,9a-hexahydrodibenzo[b,d]furanyl, and 5a,6,7,8,9,9a-hexahydrodibenzo[b, 

d]thienyl. 

In the above heteroaryl and heterocycles the nitrogen or sulfur atoms can be optionally 

oxidized to various oxidation states. In a specific example, the group S(0)o-2 refers to -S-

(sulfide), —S(O)— (sulfoxide), and -S02- (sulfone) respectively. For convenience, nitrogens, 

particularly but not exclusively, those defined as annular aromatic nitrogens, are meant to 

include those corresponding N-oxide forms. 

"Pharmaceutically acceptable salt" as used herein refer to acid addition salts or base 

addition salts of the compounds in the present disclosure. A pharmaceutically acceptable salt is 

any salt which retains the activity of the parent compound and does not impart any unduly 

deleterious or undesirable effect on a subject to whom it is administered and in the context in 

which it is administered. Pharmaceutically acceptable salts include, but are not limited to, metal 

complexes and salts of both inorganic and carboxylic acids. Pharmaceutically acceptable salts 

also include metal salts such as aluminum, calcium, iron, magnesium, manganese and complex 

salts. In addition, pharmaceutically acceptable salts include, but are not limited to, acid salts such 
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as acetic, aspartic, alkylsulfonic, arylsulfonic, axetil, benzenesulfonic, benzoic, bicarbonic, 

bisulfuric, bitartaric, butyric, calcium edetate, camsylic, carbonic, chiorobenzoic, citric, edetic, 

edisylic, estolic, esyl, esylic, formic, fumaric, gluceptic, gluconic, glutamic, glycolic, 

glycolylarsanilic, hexamic, hexylresorcinoic, hydrabamic, hydrobromic, hydrochloric, 

hydroiodic, hydroxynaphthoic, isethionic, lactic, lactobionic, maleic, malic, malonic, mandelic, 

methanesulfonic, methylnitric, methyl sulfuric, mucic, muconic, napsylic, nitric, oxalic, 

p-nitromethanesulfonic, pamoic, pantothenic, phosphoric, monohydrogen phosphoric, 

dihydrogen phosphoric, phthalic, polygalactouronic, propionic, salicylic, stearic, succinic, 

sulfamic, sulfanlic, sulfonic, sulfuric, tannic, tartaric, teoclic, toluenesuifonic, and the like. 

Pharmaceutically acceptable salts may be derived from amino acids including, but not limited to, 

cysteine. Methods for producing compounds as salts are known to those of skill in the art (see, 

e.g., Stahl et al., Handbook of Pharmaceutical Salts: Properties, Selection, and Use, Wiley-VCH; 

Verlag Helvetica Chimica Acta, Zurich, 2002; Berge et al., J. Pharm. Sci. 66: 1, 1977). 

Unless indicated otherwise, nomenclature used to describe chemical groups or moieties 

as used herein follow the convention where, reading the name from left to right, the point of 

attachment to the rest of the molecule is at the right-hand side of the name. For example, the 

group "arylCj-galkyl" is attached to the rest of the molecule at the alkyl end. 

Unless indicated otherwise, where a chemical group is described by its chemical formula, 

including a terminal bond moiety indicated by it will be understood that the attachment is 

read from left to right. For example, -C(0)Ci-6alkyl is attached to the rest of the molecule at the 

carbonyl end. 

Unless otherwise stated, structures depicted herein are also meant to include all 

enantiomeric, diastereomeric, and geometric (or conformational) forms of the structure; for 

example, the R and S configurations for each asymmetric center, (Z) and (E) double bond 

isomers, and (Z) and (E) conformational isomers. Therefore, single stereochemical isomers as 

well as enantiomeric, diastereomeric, and geometric (or conformational) mixtures of the present 

compounds are within the scope of the invention. Unless otherwise stated, all tautomeric forms 

of the compounds of the invention are within the scope of the invention. In addition, unless 

otherwise stated, all rotamer forms of the compounds of the invention are within the scope of the 

invention. Unless otherwise stated, structures depicted herein are also meant to include 

compounds that differ only in the presence of one or more isotopically enriched atoms. For 

example, compounds having the present structures except for the replacement of hydrogen by 

deuterium or tritium, or the replacement of a carbon by a 13 C- or 14C-enriched carbon are within 

the scope of this invention. Such compounds are useful, for example, as analytical tools or 
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probes in biological assays. 

"Isomers" refer to compounds having the same number and kind of atoms and hence the 

same molecular weight, but differing with respect to the arrangement or configuration of the 

atoms. It will be understood, however, that some isomers or racemates or others mixtures of 

isomers may exhibit more activity than others. "Stereoisomers" refer to isomers that differ only 

in the arrangement of the atoms in space. "Diastereoisomers" refer to stereoisomers that are not 

mirror images of each other. "Enantiomers" refers to stereoisomers that are non-superimposable 

mirror images of one another. 

In some embodiments, enantiomeric compounds taught herein may be "enantiomerically 

pure" isomers that comprise substantially a single enantiomer, for example, greater than or equal 

to 90%, 92%, 95%, 98%, or 99%, or equal to 100% of a single enantiomer. 

In some embodiments, enantiomeric compounds taught herein may be stereomerically 

pure. "Stereomerically pure" as used herein means a compound or composition thereof that 

comprises one stereoisomer of a compound and is substantially free of other stereoisomers of 

that compound. For example, a stereomerically pure composition of a compound having one 

chiral center will be substantially free of the opposite enantiomer of the compound. A 

stereomerically pure composition of a compound having two chiral centers will be substantially 

free of diastereomers, and substantially free of the opposite enantiomer, of the compound. A 

typical stereomerically pure compound comprises greater than about 80% by weight of one 

stereoisomer of the compound and less than about 20% by weight of the other stereoisomers of 

the compound, more preferably greater than about 90% by weight of one stereoisomer of the 

compound and less than about 10% by weight of the other stereoisomers of the compound, even 

more preferably greater than about 95% by weight of one stereoisomer of the compound and less 

than about 5% by weight of the other stereoisomers of the compound, and most preferably 

greater than about 97% by weight of one stereoisomer of the compound and less than about 3% 

by weight of the other stereoisomers of the compound. See, e.g., US Patent No. 7,189,715. 

"R" and "S" as terms describing isomers are descriptors of the stereochemical 

configuration at an asymmetrically substituted carbon atom. The designation of an 

asymmetrically substituted carbon atom as "R" or "S" is done by application of the Cahn-Ingold-

Prelog priority rules, as are well known to those skilled in the art, and described in the 

International Union of Pure and Applied Chemistry (IUP AC) Rules for the Nomenclature of 

Organic Chemistry. Section E, Stereochemistry. 

"Enantiomeric excess" (ee) of an enantiomer is [(the mole fraction of the major 

enantiomer) minus (the mole fraction of the minor enantiomer)] x 100. 
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B. Compounds 
Provided herein as active agents according to some embodiments is a compound of 

Formula I: 

R3 is selected from the group consisting of: Chalky!, Cj„6alkoxyCi-6alky!, NR10RnCi. 
ealkyi, R^heterocyclylCj-galkyl, RI0arylCi_6alkyl, and R10heteroary!Ci„6alkyl, wherein R10 and 
Rn are each independently selected from the group consisting of: hydrogen and Chalky!; 

E is selected from the group consisting of: 

wherein R13 is selected from the group consisting of: hydrogen and methyl, and R14 and 
R15 are each independently selected from the group consisting of: hydrogen, methyl, fluoro and 
chloro; 

1 -j R is selected from the group consisting of: hydrogen, halo, Ci-galkyl, Q^alkoxy, 
hydroxyCf-galkyl, hydroxyCi.6alkoxy.Ci-6alkoxyCi_0alkoxy, Ci-salkoxyC^alkyl, 
R5R6heterocyclyL -C(0)heterocyclylR5R6, RsR6het.erocyclylCj.6alkyL NR5R6, NR5R6Ci.6alkyl, 
-C(0)NRsR6, and NR5RfiC i ̂ alkyoxy, wherein R5 and R6 are each independently selected from 
the group consisting of hydrogen, Ci^alkyl, hydroxyC stalkyL aminoCi-galkyl, 
-C(0)C].6alkyl and Chalky!sulfonyl; and 

R1 is phenyl, wherein said phenyl is substituted 2,3, or 4 times with independently 
selected halo or Ci-galkoxy, 

or a pharmaceutically acceptable salt thereof. 

In some embodiments, R3 is Chalky]. 
In some embodiments, R3 is selected from the group consisting of: methyl, methoxyethyl, 

4-pyridylmethyl, 3-pyridylmethyl, 2-pyridylmethyl, benzyl, N,N-dimethylaminopropyl, 3-
methylisoxazol-5-yl-methyl, and 4-methylpiperazin-l-yl-propyl. 

In some embodiments, E is -NR13C(0)CH=CHRB or -NRi3C(0)CF=CH2, wherein R13 

,3 

I 
wherein: 

-NR13C(0)CR14=CHR15, and 
-NRI3C(0)C-CR14, 
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and R15 are as defined above. In some embodiments, E is -NHC(O)CHNCH2. 

In some embodiments, R12 is selected from the group consisting of: hydrogen, fluoro, 

chloro, methyl, methoxy, N,N-dimethylaminoethyl, piperazin-l-yl, 4-ethylpiperazin-l-yl, 4-

ethylpiperazin-l-yl-methyl, l-methylpiperidine-4-yI, 1 -ethy lpipcridine-4-yl, N,N-

dimethylaminomethyl, N.N-dimethylaminopropyl, piperidine-4-yl, morpholino, 3,5-

dimethylpiperazin-l-yl, 4-(methylsulfonyl)piperazin-l-yl, N,N-dimethylaminoethoxy, 4-(2-

hydroxyethyl)piperazin-l-yl, hydroxyethoxy, methoxyethoxy, hydroxymethyl, methoxymethyl, 

2-methoxypropyl, 2-hydroxypropyl, 2-aminopropyl,4-methylpiperazin-1 -yl-carbonyl, 4-

ethylpiperazin-l-yl-carbonyl, 4-[2-propyl]piperazin-1 -yl, 4-acetylpiperazin-l-yl, N-methyl-N-

hydroxyethyl-amino, N,N-dimethylamido, and 4-(2-aminoethyl)piperazin-l-yl. 

In some embodiments, R12 is selected from the group consisting of: hydrogen, C^alkyl, 

hydroxyCi-galkyl, R5R6heterocyclyl, R5R6heterocyclylC1^alkyl, -C(0)NR5R6, NR5R6Cu6alkyl, 

NR5R6Ci _6alkyoxy, Ci^alkoxy, and C1 „6alkoxy C1.6 alkyl, whererin R5 and R6 are each 

independently selected from the group consisting of: hydrogen, Ci-galkyl, hydroxyCj-galkyl, 

-C(0)C].(5aJkyl and C^alkylsulfonyl, 

In some embodiments, R12 is R5R6heterocyclyl, wherein R5 and R6 are as defined above. 

In some embodiments, R5R6heterocycIyI is R5R6piperazinyl, wherein R5 and R6 are as 

defined above. 

In some embodiments, Rn is 4-ethylpiperazin-l-yl. 

In some embodiments, R12 is not hydrogen. 

In some embodiments, R1 is 2,6-dichIoro-3,5-dimethoxyphenyl. 

In some embodiments, the compound is a compound of Formula 1(a): 

wherein R3, E, R!2 and R1 are as defined above, 

or a pharmaceutically acceptable salt thereof. 

C. Pharmaceutical formulations 
Active agents of the present invention can be combined with a pharmaceutically 

acceptable carrier to provide pharmaceutical formulations thereof. The particular choice of 

carrier and formulation will depend upon the particular route of administration for which the 

.3 

1(a) 
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composition is intended. 

"Pharmaceutically acceptable carrier" as used herein refers to a nontoxic carrier, 

adjuvant, or vehicle that does not destroy the pharmacological activity of the compound with 

which it is formulated. Pharmaceutically acceptable carriers, adjuvants or vehicles that may be 

used in the compositions of this invention include, but are not limited to, sorbic acid, potassium 

sorbate, partial glyceride mixtures of saturated vegetable fatty acids, water, salts or electrolytes, 

disodium hydrogen phosphate, potassium hydrogen phosphate, sodium chloride, zinc salts, 

colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone, cellulose-based substances, 

polyethylene glycol, sodium carboxymethylcellulose, polyacrylates, waxes, polyethylene glycol 

and wool fat. 

The compositions of the present invention may be suitable for parenteral, oral, inhalation 

spray, topical, rectal, nasal, buccal, vaginal or implanted reservoir administration, etc. In some 

embodiments, the formulation comprise ingredients that are from natural or non-natural sources. 

In some embodiments, the formulation or carrier may be provided in a sterile form. Non-limiting 

examples of a sterile carrier include endotoxin-free water or pyrogen-free water. 

The term "parenteral" as used herein includes subcutaneous, intravenous, intramuscular, 

intra-articular, intra-synovial, intrastemal, intrathecal, intrahepatic, intralesional and intracranial 

injection or infusion techniques. In particular embodiments, the compounds are administered 

intravenously, orally, subcutaneously, or via intramuscular administration. Sterile injectable 

forms of the compositions of this invention may be aqueous or oleaginous suspension. These 

suspensions may be formulated according to techniques 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 a nontoxic parenterally acceptable diluent or 

solvent. Among the acceptable vehicles and solvents that may be employed are water, Ringer's 

solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionally 

employed as a solvent or suspending medium. 

For this purpose, any bland fixed oil may be employed including synthetic mono- or di-

glycerides. Fatty acids and their glyceride derivatives are useful in the preparation of injectables, 

as are natural pharmaceutically acceptable oils, such as olive oil or castor oil, especially in their 

polyoxyethylated versions. These oil solutions or suspensions may also contain a long-chain 

alcohol diluent or dispersant, such as carboxymethyl cellulose or similar dispersing agents that 

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

emulsions and suspensions. Other commonly used surfactants, such as Tweens, Spans and other 

emulsifying agents that are commonly used in the manufacture of pharmaceutically acceptable 
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solid, liquid, or other dosage forms may also be used for the purposes of formulation. 

For oral administration, a compound or salt may be provided in an acceptable oral dosage 

form, including, but not limited to, capsules, tablets, aqueous suspensions or solutions. In the 

case of tablets for oral use, carriers commonly used include lactose and corn starch. Lubricating 

agents, such as magnesium stearate, may also be added. For oral administration in a capsule 

form, useful diluents include lactose and dried cornstarch. When aqueous suspensions are 

required for oral use, the active ingredient may be combined with emulsifying and suspending 

agents. If desired, certain sweetening, flavoring or coloring agents may also be added. In addition 

preservatives may also be added. Suitable examples of pharmaceutically acceptable preservatives 

include, but are not limited to, various antibacterial and antifungal agents such as solvents, for 

example ethanol, propylene glycol, benzyl alcohol, chlorobutanol, quaternary ammonium salts, 

and parabens (such as methyl paraben, ethyl paraben, propyl paraben, etc.). 

D. Subjects and methods of use 

Active agents of the present invention may be used to treat hepatocellular carcinoma. 

"Treatment," "treat," and "treating" refer to reversing, alleviating, delaying the onset of, 

inhibiting the progress of, or otherwise ameliorating a disease or disorder as described herein. In 

some embodiments, treatment may be administered after one or more symptoms have developed, 

In other embodiments, treatment may be administered in the absence of symptoms. For example, 

treatment may be administered to a susceptible individual prior to the onset of symptoms (e.g., in 

light of a history of symptoms and/or in light of genetic or other susceptibility factors). 

Treatment may also be continued after symptoms have resolved, for example to prevent or delay 

their recurrence, 

"Patient" or "subject", as used herein, means an animal subject, preferably a mammalian 

subject, and particularly human subjects (including both male and female subjects, and including 

neonatal, infant, juvenile, adolescent, adult and geriatric subjects). Subjects may also include 

other mammalian subjects (e.g., dog, cat, horse, cow, sheep, goat, monkey, bird, etc.), for 

laboratory or veterinary purposes. 

In some embodiments, treatment is provided to a subject having hepatocellular carcinoma 

with altered FGFR4 and /or FGF19 (fibroblast growth factor 19) status. 

In some embodiments, treatment may include or be performed in conjunction with 

analyzing FGFR4 and/or FGF 19 status in a biological sample containing cells of said 

hepatocellular carcinoma, and if said hepatocellular carcinoma exhibits an FGFR4 and/or FGF 19 

alteration, treating a subject with a treatment effective amount of an active agent as described 

15 



WO 2015/057938 PCT/US2014/060857 

herein. 

"Altered status" as used herein with reference to FGFR4 and/or FGF19 includes an 

increased expression thereof (e.g., increased levels of the mRNA or increased levels of the 

protein), increased copy number in the genome, and/or increased activity of the encoded protein 

as a result of mutation, etc., as compared to a corresponding non-cancerous tissue. In some 

embodiments, altered status of FGFR4 and/or FGF 19 includes gene and/or encoded protein 

mutations that result in an increase in activity or are otherwise associated with a more aggressive 

form of hepatocellular carcinoma. 

"Expression" of FGFR4 and/or FGF19 means that a gene encoding the same is 

transcribed, and preferably, translated. Typically, expression of a coding region will result in 

production of the encoded polypeptide. 

The FGFR4 and FGF 19 proteins are known, and their altered status and/or expression 

may be measured using techniques standard in the art, e.g., genomic analysis of mutations or 

copy number aberrations such as by nucleic acid amplification, sequencing analysis, and/or 

hybridization-based techniques, RNA expression analysis such as northern blot or qRT-PCR, 

western blot or other immunoblot or immunoassay, fluorescent activated cell sorting (FACS), 

etc. 

In order that the invention described herein may be more fully understood, the following 

examples are set forth. It should be understood that these examples are for illustrative purposes 

only and are not to be construed as limiting, 

EXAMPLES 

General: 
Microwave heating was done using a Biotage Emrys Liberator or Initiator microwave. 

Column chromatography was carried out using an Isco Rf200d. Solvent removal was carried out 

using either a Btichi rotary evaporator or a Genevac centrifugal evaporator. Preparative LC/MS 

was conducted using a Waters autopurifier and 19 x 100mm XTerra 5 micron MS CI8 column 

under acidic mobile phase conditions. NMR spectra were recorded using a Varian 400MHz 

spectrometer. 

When the term "inerted" is used to describe a reactor (e.g., a reaction vessel, flask, glass 

reactor, and the like) it is meant that the air in the reactor has been replaced with an essentially 

moisture-free or dry, inert gas (such as nitrogen, argon, and the like), 
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General methods and experimental for preparing compounds of the present invention are 

set forth below. In certain cases, a particular compound is described by way of example. 

However, it will be appreciated that in each case a series of compounds of the present invention 

were prepared in accordance with the schemes and experimentals described below. 

Preparative HPLC Conditions for the Purification of Target Compounds 

Chromatography Conditions: 
Instrument: Waters 2767-SQD Mass trigger Prep System 
Column : Waters Xbridge C18 150mm* 19mm* 5 j^m 

Detector: VWD SQD 
Flow Rate : 15 mL/min 
Gradient Time: 

Time(min) B% 
0 5 

7.5 70 
8 95 
11 95 

Representative Mobile Phase: 
1) 
Mobile Phase: A: 0.1%TFA in water 
Mobile Phase: B: ACN 
2) 
Mobile Phase: A: 0.1%NH4HC03 in water 
Mobile Phase: B: ACN 
3) 
Mobile Phase: A: 0.1 %NH40Ac in water 
Mobile Phase: B: ACN 
4) 
Mobile Phase: A: 0.1%NH40H in water 
Mobile Phase: B: ACN 

Definitions: The following abbreviations have the indicated meanings: 

ACN: Acetonitrile 

B0C2O: Di-tert-butyl dicarbonate 

Brettphos: 2-(Dicyclohexyiphosphino)-3,6-dimethoxy-2'f4',6'-triisopropyM,r-biphenyl 

tBuONa: Sodium tert-butoxide 

CH3I: Iodomethane 

CS2CO3: Cesium carbonate 

D CC: N,N' -dicy clohexy lcarbodiimide 

DCM: Dichloromethane 
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DIBA; N,N-diisopropylethylamine 

DIPEA: N.N-diisopropylethylamine 

DMAP: 4-(Dimethylamino)pyridine 

DME: Dimethyl ether 

DMF: Dimethylformamide 

DMSO: Dimethyl sulfoxide 

EGTA: Ethylene glycol tetraacetic acid 

ESI-MS: Electrospray ionization - mass spectrometry 

EtOH: Ethanol 

HATU: l-[Bis(dimethyiamino)methylene]-lH-l,2,3-trizoIo[4,5-b]pyridinium. 3-oxid 

hexafluorophosphate 

H2SO4: Sulfuric acid 

iPrOH: Isopropanol 

K2CO3: Potassium carbonate 

KHMDS: Potassium bis(trimethylsilyl)amide 

KOH: Potassium hydroxide 

LCMS: Liquid chromatography - mass spectrometry 

MeOH: Methanol 

MsCI: Methansulfonyl chloride 

NaBHsCN: Sodium cyanoborohydride 

NaBH(OAc)3: Sodium triacetoxyborohydride 

NH4CI: Ammonium chloride 

NH4HCO3: Ammonium bicarbonate 

Nal: Sodium iodide 

NaNCb: Sodium nitrate 

NaOAc: Sodium acetate 

nBuOH: n-Butanol 
prep-HPLC: Preparative high-performance liquid chromatography 

prep-TLC: Preparative thin layer chromatography 

TBAF: Tetrabutylammonium fluoride 

TBDMS-CL: tert-Butyldimethylsilyl chloride 

TBSC1: tert-Butyldimethylsilyl chloride 

TBSOTf: tert-Butyldimethylsilyl trifluoromethanesulfonate 

TEA: Triethylamine 
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TESC1: Chiorotriethyisilane 

TFA: Trifluoroacetic acid 

THF: Tetrahydrofuran 

Ti(0'Pr)4: Titanium, isopropoxide 

TLC: Thin-layer chromatography 

PPTS: Pyridinium p-toluenesulfonate 

PE: Petroleum ether 

PEG: Poiy(ethylene glycol) 

Pt(>2: platinum dioxide 

EtOAc: Ethyl acetate 

Pd/C: Palladium (0) on carbon 

Pd2(dba)3.- Tris(dibenzylideneacetone) dipalladium(O) 

Pd(dppf)2Cl2: [ 1,1 '-B is(diphenylphosphino)ferrocene] dichloropalladium(II) 

Ruphos: 2-Dicyclohexylphosphino~2'J6'-diisopropoxybiphenyl 

Xantphos: 4,5-Bis(diphenylphosphino)-9)9-dimethylxanthene 

Materials: The following compounds are commercially available and/or can be prepared 

in a number of ways well known to one skilled in the art of organic synthesis. More specifically, 

disclosed compounds can be prepared using the reactions and techniques described herein. In the 

description of the synthetic methods described below, it is to be understood that all proposed 

reaction conditions, including choice of solvent, reaction atmosphere, reaction temperature, 

duration of the experiment, and workup procedures, can be chosen to be the conditions standard 

for that reaction, unless otherwise indicated. It is understood by one skilled in the art of organic 

synthesis that the functionality present on various portions of the molecule should be compatible 

with the reagents and reactions proposed. Substituents not compatible with the reaction 

conditions will be apparent to one skilled in the art, and alternate methods are therefore 

indicated. The starting materials for the examples are either commercially available or are readily 

prepared by standard methods from known materials. 
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SYNTHESIS AND TESTING OF EXAMPLE COMPOUNDS 

Compounds of Table 1 were prepared by the Procedures of 2 A - 2L. 

TABLE 1 

Structure Compound 
# 

FGFR4 
ICso (pM) 

FGFR1 
ICS0 (jiM) 

H IN?' 
(VY^TYYV^ OC|AJ 

100 <0.001 >10.0 

1 
0 NH H ! H fVrvYry^ 102 0.853 >10.0 

1 ° f H 1 H f 103 0.673 >10.0 

1 °^fH H I H ?f 

rVNVYNYNYV°" 
N^N 0 

0^ 

105 0.201 >10.0 
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1 CL 0 VH H H ?' 
Ks3 N^N OciAJ 

107 <0.001 0.720 

1 
O^NH I H 01 

IV^VYV" ocl>y 108 <0.001 0.173 

Y 0 f H ! H ?" 
|^VYYVT" kJ N^,N oCjA^ 

110 0.027 >50.0 

1 ° r H i H ? 
^NryVNA0^ 

N^N 0C|AJ 
111 <0.001 1.280 

1 ° r« i H f 
r^VYYtV" N^N 0 aJy^ 

112 <0.001 2.600 

1 O^NH H | H CI 

i f^YrYiV-°C\^f 
113 <0.001 0.621 
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1! 
° r H i H ? 
iVrvVYY^ N^N oci^iy 

114 <0.001 0.042 

O 

fl ^ H (Yr^ 
U VH P , /w 1 J 

116 
0.004 >20.0 

0 

xftfy 
•TFA ^ 

120 <0.001 1.190 

0 

&X\ = 
"OJW 

121 <0.001 1.020 

0 

*^NH H 

rVYi 
rj^ TNH f t 

H->0 N^A^O 
'TFA Y TY °C,^Y ^° 

122 <0,001 0.324 
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0 

ifV H M Jk N N 

= , 
/NT^° 

123 <0.001 3.890 

0 

ifV H 
jfVYll 

Vy^ VH f i 124 <0.001 0.164 

0 

ifV H 
JTTYT r»xj yH _ 

•V^ -YYV 1 o JL ̂  CI^Y 
/O 

125 <0.001 2.860 

^NH H 

-N Y0 Cl 
HN^L/O^ 

oV 
0^ 

126 <0.001 0.601 
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0 

/NY° CI 127 <0.001 3.200 

0 

H 

uX1 = T H CI , 

°CI-V 
128 0.033 1.680 

o 
(1 NH H 

J 

129 0.063 >10.0 

o 
^NH H 

6"0 a 
A °oi^y 

130 0.002 >10.0 
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0 

^NH 

131 <0.001 1.170 

0 

H 

6r^i . 
XW" 

N 

132 < 0.001 0.495 

0 

^NH H 

0 x&° 
/J "TFA 0^ 

133 0.004 >10.0 

O 

'%s^NH H 

fYrN^ 
VH f , 'T^ 

ON. 

135 < 0.001 2.027 
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H 

xoy 
)=H Ox 

136 <0.001 0.112 

0 

'^NH 

fVvNi 
J ' H i 1 

-YiV .N™ oclA^ 
«s 

137 < 0.001 >10.0 

0 

H 

/VNTNH 
r^ YH 
N^J ^NyN^^OWte 

f 0 ILJ 
OMe 

139 0.006 >20.0 

0 

^"^NH H 

rVYi 
rr^ TNH ?' r° -Xb 

140 < 0.001 >20.0 
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0 

H 

/Wi 
C| 

^NyN^^,OMe 

OMe 

141 0.002 >20.0 

O 

^NH 

jfVVT, 
yN H ci 

OMe °C,AJ 
OMe 

142 < 0.001 >10.0 

0 

^NH H 

jfVNY% 
r XJ iyH P 

H3PO4 /N^N^^OMe 

' 0 FJy 
OMe 

143 0.010 0.155 

0 

^NH H fays 
rr^ TNH 1 

^yNyLoMe 
' H3PO4 OCIAJ 

OWIe 

144 < 0.001 0.105 

0 
**=^NH H 

fVNrNi 
rNH CI 

%-V 
OMe 

145 < 0.001 2.190 
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0 

<fcrV 
OMe 

147 < 0.001 5.940 

0 

H 

jrVNT^ 

N °C\^Y 
S OMe 

148 <0.001 6.440 

O 

^NH H 

rVvs O^XJ C| 
,NV ^N^N^X^OMe 

OMe 

149 < 0.001 7,700 

^NH H 

rVNTNi 
N^JyjMs 

N °C|-V 
k. OMe 

150 < 0.001 2.290 

^NH „ 

fy r XJ IYNH 

1 °CI-V 
0^ 

151 < 0.001 0.197 
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0 

H 

jrVNrNi I^N CJ 

1 °CI^V 
OMe 

152 0.014 0.297 

0 

^NH H 

fVNYN*i 
ry^ Y„ ? 

vN~^ '"YVV^ 0 °oi^V 
Ov 

154 < 0.001 0.777 

0 

H 

|VY^ 
'"W" °s 

155 < 0.001 8.030 

0 

"O^xix T^N 1 °N 

°N 

156 < 0.001 1.950 

0 

"5::5::^N H H 

IYYS ̂
 CI 

"a-V 
ON 

157 < 0.001 0.131 
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0 

^NH H 

Ox 

158 < 0.001 2.152 

0 

H 

XTY*1 
rHXJ kfNH 

/NYNVV°N °<Af 
0^ 

159 < 0.001 0.115 

0 

^NH H 

°x 

160 < 0.001 0.660 

0 

17 rr^ TNH y 
H2N-^X^NX^ 

Ox 

161 < 0.001 2.694 

0 

^NH „ 

6„ 
o^ 

162 <0.001 >10.0 
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1 0 

k^N ^ C) 

'Xxr 
163 < 0.001 0.519 

H 

HO_^QA^ y N H C| 

•NYNYV°^ 
°Ci-V 

0^ 

164 < 0.001 3.510 

0 

&"X> . 
'"0^" 

165 < 0.001 7.370 

o 
^NH H 

/N YNYS^0VVV 
°CI-V 

°x 

166 < 0.001 4.920 

0 

*^NH 

fVYS 
^»TH f '/NYNYV0N 

°c,-V 
°v. 

167 < 0.001 >10.0 
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0 
VXy, H 

rVVS 
r»XJ yH C, 

^vY" 
"a-V 

OMe 

168 < 0.001 1.030 

0 

CI-^V^NH U 

. 

0CI-V 
Ck 

170 0.008 >10.0 

CI 0 

H 

U VH <? 
°C1-V 

Ox 

171 0.003 3.920 

1 ° 
^SH H 
uXi 0 

°N 

172 0.011 7.370 
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0 

W H 

'W* 
Ox 

175 0.015 >10.0 

Ct O 

H 

fy I"*1 
r»xj LTNH 

°cV 
OMe 

181 < 0.001 0.224 

0 

1 H 

CXa « 
rNTMYV0Me 

HN °C\-^f 
/k. 0Me 

183 0.180 6.210 

0 

H 

U"Ci „ 

Ox 

184 0.089 6.475 
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1 o NH H 

.. 

°a^f 
°x 

185 0.013 >10,0 

1 
0 f H 

'. j "VVy ^ 
Ox 

186 0.345 >10.0 

Procedure 2A: Example - 100 

NH2 cin Pf HN^ 2MKOHp. l^pi triphosgene N''C 

X (AC)2O_ H7 S°2C[2 „ HT mu- clvVcl TEA CKA^Cl 
jQi toluene ifS ~J^r CVV S 

^O ^'O yteid: 95% yielcJ: 34% yield: 76% 0 0 

„,0 
N02 N-.C 

rVH2 CI^A^CI (I J NO2H T 
iPfOH ^ , A.N N 

ci-^k^ci methyiamlne in THF cK^^N"' Brettphos 1. N NaH, THF 
rt, overnight H tBuONa, DME T o°C~rt 
yield". 62% 90°C,2h HN~- 2h 

yield: 35% yield: 18% 

NOzfVS N ^¥"H. 
VH ct Ranay-Nl'H? (Y TJi Cl 
^NVNYC_0^ THF, MeOH N N A O ^ T H ?' 

X T J rt, 6h ^ T YT N THp. -20°C .NVN^O, 
UCl-^f yield: 62% °ZY^f yle!d: 43% Oc|„ 

N-(2-{6-[3-(2,6-dich]oro-3,5-dimcthoxy-phenyl)-l-nietliyJ-ureido]-pyrimidiii-4-ylamino}-

ptaenyl)-acry lamid e 
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NH2 (AC)20 
0 

toluene 

a, N-(3,5-Dimethoxy-phenyl)-ace1amide 

To a solution of 3,5-dimethoxy-phenylamine (20 g, 0.131 mol) in toluene (110 mL) was added 

acetic anhydride (14 g, 0.137 mrnol) at room temperature. The resulting mixture was stirred for 

18 hours at room temperature. PE (55 mL) was added, the precipitate was filtered and washed 

with PE (100 mL) to obtain the title compound (24.2 g, yield: 95%). JH-NMR (400 MHz, 

6. N-(2,6-Dichloro-3,5-dimethoxy-phenyl)-acetamide 
To a solution of N-(3,5-dimethoxy-phenyl)-acetamide (5 g, 25.6 mmol) in ACN (75 mL) was 

added suifuryl chloride (6.9 g, 51.2 mmol) at 0 °C under nitrogen atmosphere. The resulting 

mixture was stirred for 30 minutes at this temperature and quenched with saturated aqueous 

NaHC03 (40 mL). The precipitate was filtered, washed with water and dried to obtain the title 

compound (2.3 g, yield: 34%). ^-NMR (400 MHz, CDC13) 5 2.25 (s, 3H), 3.86 (s, 6H)5 6.54 (s, 

1H), 6.90 (s, 1H). 

c. 2,6-Dichloro-3,5-dimethoxy-phenylamine 

A solution of N-(2,6-dichloro-3:5-dimethoxy-phenyl)-acetamide (3.6 g, 13.7 mmol) inEtOH 

(130 mL) and KOH (2M, 75 mL) was heated to reflux for 24 hours. The reaction was cooled to 0 

°C and stirred for 1 hour at this temperature. The precipitate was filtered and dried to obtain the 

title compound (2.3 g, yield: 76%). *H-NMR (400 MHz, CDC13) 8 3.90 (s, 6H), 4.57 (bs, 2H), 

6.05 (s} 1H). 

CDC13) 5 2.16 (s, 3H), 3.77 (s, 6H), 6.23 (s, 1H), 6.75 (s, 2H), 7.20 (s, 1H). 

O O 

O 
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.C' .0 
NH2 triphosgene 

TEA 
N 

Dioxane 

d. 2,4-Dichloro-3-isocyanato-l, 5-dimeth oxy-bettzene 

A mixture of 2,6-dichioro- 3,5-dimethoxy-phenylamine (500 mg, 2.25 mmol), triphosgene (335 

mg, 1.12 mmol) and TEA (342 mg, 3.38 mmol) in dioxane (15 mL) was heated to 130 °C for 2 

hours under microwave. The reaction was concentrated and the residue was purified by flash 

chromatography on silica eluting with DCM to obtain the title compound (450 mg, yield: 80%). 
!H-NMR (400 MHz, CDC13) 5 3.92 (s, 6H), 6.42 (s, 1H). 

e. (6-Ch loro-pyrimidin~4-yl) -methyl-amine 

To a solution of 4,6-dichloro-pyrimidine (7.45 g, 50 mmol) in iPrOH (50 mL) was added a 

solution of methyl amine in THF (2M, 30 mL, 60 mmol) at room temperature. The resulting 

mixture was stirred for 18 hours. The mixture was concentrated and the residue was purified by 

flash chromatography on silica eluting with DCM:EtOAc = 6:1—1:1 to obtain the title compound 

(4.4 g, yield: 62%) as a white solid. JH NMR (400 MHz, CDCI3) 5 2.96 (d, 3H), 5.22-5.36 (bs, 

1H), 6.35 (s, 1H), 8.35 (s, 1H); MS (ESI): 144 [M+H]+. 

f. N-Methyl-N'-(2-nitro-phenyl)-pyrimidine-4,6-diamine 
A mixture of (6-chloro-pyrimidin-4~yI)-methy3~amine (1 g, 7 mmol), 2-nitro-phenylamine (965 

mg, 7 mmol), Brettphos (279 mg, 0.35 mmol) and tBuONa (2 g, 21 mmol) in DME (50 mL) was 

heated to 90 °C for 1 hour under nitrogen atmosphere. The reaction was concentrated, and the 

residue was purified by flash chromatography on silica eluting with DCM:EtOAc = 10:1—1:1 to 

obtain the title compound (600 mg, yield: 35%) as a yellow solid. NMR (400 MHz, CDCI3) 5 

2.94 (d, 3H), 4.99 (bs, 1H), 5.82 (s, 1H), 7.04 (t, 1H), 7.60 (t, 1H), 8.21 (d, 1H), 8.33 (s, 1H), 

8.75 (d, 1H), 9.91 (s, 1H); MS (ESI): 246 [M+Hf. 

N02 

tBuONa, DME HN^ 
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,C 
.Q 

N 

NaH, THF 
0 °C ~ rt 

CI 

g. 3-(2,6-Dichloro-3,5-difnethoxy-phenyl)-l-methyI~J-[6-(2-nitro-phenylamino)-pyrimidin~ 4-yl]~ 

urea 
To a solution of N-methyl-N'-^-nitro-pheny^-pyrimidine^^-diamine (150 mg, 0.61 mmol) in 

THF (15 mL) was added NaH (60%, 60 mg, 1.5 mmol) at 0 °C, and the mixture was stirred for 30 

minutes at room temperature. A solution of 2,4-dichloro-3~isocyanato~l,5-dimethoxy- benzene 

(180 mg, 0.73 mmol) was added dropwise at room temperature. The resulting mixture was stirred 

for 2 hours. Water (2 mL) was added to quench the reaction. The mixture was concentrated, and 

the residue was purified by flash chromatography on silica eluting with DCM:EtOAc = 6:1-1:1 to 

obtain the title compound (54 mg, yield: 18%) as a yellow solid. *H NMR (400 MHz, DMSO-d6) 

5 3.38 (s, 3H), 3.93 (s, 6H), 6.75 (s, IH), 6.91 (s, IH), 7.34 (t, IH), 7.72 (t, IH), 7.79 (d, IH), 8.01 

(d, IH), 8.38 (s, IH), 9.99 (s, IH), 11.78 (s, IH); MS (ESI): 493 [M+H]+. 

h. l-{6-(2-Amino-phenylamino)-pyrimidin~4~yl]-3-(2,6-dichloro-3,5-dimethoxy-phenyl)-l-

methyl-urea 
To a solution of 3-(2,6-dichioro-3,5-dimethoxy-phenyl)-l-methyl-l-[6-(2-nitro-phenylamino)-

pyrimidin-4-ylJ-urea (50 mg, 0.1 mmol) in THF (10 mL) and MeOH (10 mL) was added Raney-

Ni (suspension in water) at room temperature, the resulting mixture was stirred for 2 hours under 

hydrogen atmosphere. The reaction was filtered and concentrated to obtain the title compound 

(38 mg, yield: 82%), which was used directly in the next step. *H NMR (400 MHz, CDCL) 5 

3.28 (s, 3H), 3.85 (s, 2H), 3.94 (s, 6H), 5,86 (s, IH), 6.52 (s, IH), 6.78-6.87 (m, 3H), 7.16-7.20 

(m, 2H), 8.39 (s, IH), 12.62 (s, IH); MS (ESI): 463 [M+Hf, 
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O 
NH2 H 

^0, 
THF 

O 

L N-(2~{6-[3-(2,6~Dichloro-3,5-dimethoxy-phenyl)-l-methyl-ureido]-pyrimidM-4-ylamino}-
phenyl)-acrylamide 
To a solution of l-[6-(2-amino~phenylammo)-pyrimidin-4-yl]-3-(2,6-dichloro-3,5-dimethoxy-
phenyl)-] -methyl-urea (25 mg, 0.05 mmol) in THF (10 mL) was added a solution of acryloyl 
chloride in THF (20 mg/mL, 0.5 mL, 0.1 mmol) at -10 °C, and the resulting mixture was stirred 
for 1 hour at this temperature. MeOH (1 mL) was added to quench the reaction. The mixture was 
concentrated and the residue was purified by prep-TLC to obtain the title compound (12 mg, 
yield: 43%). JH NMR (400 MHz, DMSO-d6) 8 3.26 (s, 3H), 3.94 (s, 6H), 5.74 (d, IH), 6.24 (d, 
IH), 6.37 (s, IH), 6.47-6.54 (m, IH), 6.90 (s, 2H), 7.20 (d, 2H), 7.56-7.58 (m, IH), 7.66-7.68 (m, 
IH), 8.38 (s, IH), 9.99 (s, IH), 9.70 (s, IH), 11.99 (s, IH); MS (ESI): 517 [M+H]+. 

Compounds 102,103 and 105 were synthesized in a similar manner as compound 100. 
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Procedure 2B: Example -107 
NO2 

[p^NH2 XNH2 

N^N ^ N^N 
Ql tPr2NEt, dioxane ci-^^NH Xantphos 

rt, overnight I Cs2C03, toluene 
yield: 46% N'1Q0 oC[ 4h 

yield: 34% 

C'° 
N'" N02H 

Cl^LsCi N 

NOSH OCC- Of u ci 
N N O O H 9 Fe, AcOH T 1 —r • ^ NaH, THF f Y YT 50°C,2h 

HN 0 °C ~ rt fAj, °ciyield: 66% 
2h O 

yieid: 32% 

O 
^H2H ^-^NH H 

.. rt fj T ^ H Ct ^Ci , ^ C| 

r^vNvJ=V0^ THF, -20 °C J Q 

*-*'« I X T * 
O o, Nrj °ci 

N"(2-{6-[3-(2,6-diehloro-3,5-dimethoxy-phenyl)-l-pyridin-3-ylmethyl-ureido]-pyrimidin-4-

ylatnino}-phenyl)-acrylamide 

NH2 

CI ^ XI *• cr N 
DIPEA, dioxane H 

rt, overnight 
a. (6-Chloro-pyrimidin-4-yl)-pyridin-3-y[methyl-amine 

To a solution of 4,6-dichloro-pyrimidine (1 g, 6.71 mmol) in dioxane (20 mL) was added a 

solution of pyridin-3-yl-methylamine (745 mg, 6.9 mmol) at room temperature. The resulting 

mixture was stirred at room temperature overnight. The mixture was concentrated and the 

residue was purified by flash chromatography on silica to obtain the title compound (680 mg, 

yield: 46%). MS (ESI): 221 [M+H]+. 
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NG2 

NH2 

Ci 
Pd2(dba)3, xantphos 

Cs2C03, toluene 
100°C, 4h 

b. N-(2-Nitro-phenyl)-N'~pyridin-3-ylmethyl-pyrimidine-4,6-diamine 
A degassed mixture of (6-cliloro-pyrjir)idin-4-yl)-pyridin-3-ylmethy!-amine (300 mg, 1,36 
mmol), 2-nitro-phenylamine (188 mg, 1.36 mmol), Pd2(dba)3 (128 mg, 0.14 mmol), Xantphos 
(161 mg, 0.28 mmol) and CS2CO3 (913 rag, 2,8 mmol) in toluene (10 mL) was heated at 100 °C 
for 4 hours. The reaction was concentrated, and the residue was purified by flash 
chromatography on silica to obtain the title compound (150 mg, yield: 34%). MS (ESI): 323 
[M+Hf. 

c. 3~(2,6-Dichloro-3,5-dimethoxy~phenyl)-l-[6-(2-nitro-phenylamino)-pyrimidin-4-ylf-l~ 
pyridin-3-ylmethyt-urea 
To a solution of N-(2-nitro-phenyl)-N'-pyridin-3-ylmethyl-pyrimidine-4,6-diamine (150 mg, 
0.467 mmol) in THF (15 mL) was added NaH (60%, 48 mg, 1.2 mmol) at 0 °C, and the mixture 
was stirred for 30 minutes at room temperature. A solution of 2,4-dichloro-3-isocyanato-l,5-
dimethoxy-benzene (procedure 2A, steps a-d; 180 mg, 0.73 mmol) was added dropwise at room 
temperature. The resulting mixture was stirred for 2 hours. Water (2 mL) was added to quench 
the reaction. The mixture was concentrated, and the residue was purified by flash 
chromatography on silica to obtain the title compound (85 mg, yield: 32%). MS (ESI): 570 
[M+Hf. 

Ci 

c 

NO2H 

NaH, THF 
0 °C~rt 

2h 
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d. l-[6-(2-Amino-phenylamino)-pyrimidin-4-yl]-3-(2t6~dichloro~3}5-dimethoxy-phenyl)-l-

pyridin-3-ylmethyl'Urea 

A mixture of 3-(2,6-dichloro-3,5-dimethoxy-phenyi)-l-[6-(2-nitro-phenyIamino)- pyrimidin-4-

yl3-l-pyridin-3-ylmethyl-uxea (85 mg, 0.149 mmol) and Fe (84 mg, 1.5 mmol) in AcOH (5 mL) 

was heated at 50°C for 2 hours. The reaction mixture was filtered and the filtrate was 

concentrated in vacuo to give crude product, which was purified by silica gel column 

chromatography to afford the title compound (53 mg, yield: 66%). MS (ESI): 540 [M+H]+. 

o 

e. N-(2-{6-[3-(2,6-Dichloro-3,5-dimethoxy-phenyl)~l-pyridin~3-ylmethyl-ureidoJ-pyrimidin-4~ 

ylamin of-ph enyl)-acrylamide 

To a solution of l-[6-(2-amino-phenylamino)-pyrimidin-4-yl]-3-(256-dichloro-3J5~dimethoxy-

phenyl)-1 -pyridin-3-yimcthyl-urca (53 mg, 0.1 mmol) in THF (10 mL) was added a solution of 

acryloyl chloride in THF (20 mg/mL, 0.5 mL, 0.1 mmol) at -10 °C, and the mixture was stirred 

for 1 hour at this temperature. MeOH (1 mL) was added to quench the reaction. The mixture was 

concentrated and the residue was purified by prep-TLC to obtain the title compound (9 mg, 

yield: 15%). *HNMR (400 MHz, CDC13) 5 3.B4 (s, 6H), 5.01 (s, 2H), 5.69 (d, IH), 5.75 (s} \U\ 

6.10 (dd, IH), 6.34 (d, IH), 6.47 (s, IH), 7.00 (d, IH), 7.09-7.24 (m, 2H), 7.28 (t, IH), 7.32 (s, 

IH), 7.47 (d, IH), 7.69-7.71 (m, 2H), 8.31-8.34 (m, 2H), 8.40-8.42 (m, IH), 12,60 (s, IH); MS 

(ESI): 594 [M+H]+. 
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Procedure 2C: Example -108 

N02 wa . ,CT ^°2 

Br 

2 iiA J | ^^2 

A.NH2 (Boc)aOt A'NHBOC ^ ̂  , X.NHBOC 
Ti^F 1 J Pd2(dba)3l xantphos ^ 

reflux Br^^ Cs2C03, toluene ju J 
cvermght 

N^'N 

NO2 NO2H 

TFA rVNH2 *" [fS"N'Y,SH new—" Pd2(dba)3, xantphos J! J |! ^ 
O CS2C03, toluene "f 

100 0C, 1 h HN^ 
yield: 29% 

C"° 
N 

CI^Xxi NO2H 

II r-VVS 0"^V ^ Aj Raney-Ni, H2 

THF, MeOH r^N-^ Y H C! J, I J, L! ! I fir, Me 
NaH, THF ^ Y s rt 6h 
n Of ~ rt y ' 0 °G ~ rt 

2h 
yield: 21% 

2h °cr yield: 62% 

O 
NHa!i ^^N:H H 

r^V%a U y- o 
-N^J ,NYNYV>, THF,-20»C ^ Jj ' 

X || | yield: 7% Y °ci -^r °cl 

N-[2-{6-[3-(2,6-dichloro-3,5-dimethoxy-phenyl)-l"methyi-ureido]-pyrimidin-4-ylamino}-5-
(4-ethyI-piperazin-l-yl)-phenyl]-acryiamidemethane 

NO2 NO2 

NH2 (BOC)20 ^/tv^NHBoc 

THF | j 
reflux Br ^ 

overnight 

a. tert-Butyl 4-bromo-2-nitrophenylcarbamate 
A mixture of 4-bromo-2-mtroaniline (4 g, 18.4 mmol), (Boc^O (4.4 g, 20.24 mmol) in THF (50 
mL) was heated under reflux overnight, The mixture was concentrated and the residue was 
purified by flash chromatography on silica eluting with PE:EtOAc - 20:1 to obtain the title 
compound (5.4 g, yield: 93%). MS (ESI): 317,319 [M+H]\ 
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"NH 
^°2 \ NHBoc 

J^-NHBoc 

Pd2(ctba)3, xantphos 
CS2CO3, toluene 

100°C, 4h 

b. tert-Butyl 4-(4-ethylpiperazin-l-yl)-2-nitrophenylcarbamate 

A degassed mixture of tert-butyl 4-bromo-2-nitrophenylcarbaraate (5.4 g, 17 mmol), 1-

ethylpiperazine (2.91 g, 25.5 mmol), Pd2(dba)3 (2.1 g, 3.4 mmol), xantphos (3.92 g, 6.8 mmol) 

and CS2CO3 (11.1 g, 34 mmol) in toluene (85 mL) was heated at 100 °C for 4 hours. The reaction 

was concentrated, and the residue was purified by flash chromatography on silica eluting with 

MeOH: DCM = 1:50~1:20 to obtain the title compound (3.3 g, yield: 55%). MS (ESI): 351 

[M+Hf. 

HO2 NO2 
NHBoc ^\--NH2 

TFA ^ 
N" DCM 

rt, 3h 

c. 4-(4-Ethylpiperazin-l-yl)-2-nitroanttine 
To a solution of tert-butyl 4-(4-ethylpiperazin-1 -yl)-2-nitrophenylcarbamate (3.3 g, 9.43 mmol) 

in DCM (50 mL) was added TFA (20 mL) at 0 °C, the resulting mixture was stirred for 3 hours 

at rt. After removal of all volatiles in vacuo, the residue was re-dissolved in DCM, neutralized 

with saturated aqueous K2CO3 and extracted with DCM. The combined extracts were 

concentrated to obtain the title compound (2.1 g, yield: 90%), which was used directly in the 

next step. !H NMR (400 MHz, DMSO-d6) 8 1.02 (t, 3H), 2.36 (q, 2H), 2.47-2.49 (m, 4H) 2.97-

3.00 (m, 4H), 6.97 (d, IH), 7.20 (s, 2H), 7.25 (s, IH), 7.34 (dd, IH); MS (ESI): 251 [M+H]+. 

Pd2(dba)3, xantphos 
Cs2C03, toluene 

d. N4-(4-(4-ethylpiperazin-l-yl)-2~nitroph enyl)-l^-methylpyrimidine-4,6-diamine 

A degassed mixture of 4-(4-ethylpiperazin-l-yl)-2-mtroaniline (2.1 g, 8,4 mmol), 6-chloro-iV-

methylpyrimidin-4-amine (Procedure 2A, step e; 1.2 g, 8.4 mmol), Pd2(dba)3 (1.54 g, 1,68 

mmol), xantphos (1.94 g, 3.36 mmol) and CS2CO3 (5.48 g, 16.8 mmol) in toluene (45 mL) was 
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heated at 100 °C for 1 hour. The reaction was concentrated, and the residue was purified by flash 

chromatography on silica eluting with MeOH: DCM = 1:40~1:2G to obtain the title compound 

(870 mg, yield: 29%). MS (ESI): 358 [M+H]+. 

e. 3-(2,6-Dichloro~3,5-dimethoxyphenyl)-l-(6-(4-(4-ethylpiperazin-l~yl)-2-

n itroph enylamino)pyrimidin-4-yl)~l-methyturea 
To a solution of N4-(4-(4-ethylpiperazin-l-yl)-2~nitrophenyl)-N6-methylpyrirnidine-4,6-

diamine (870 mg, 2.44 mmol) in THF (15 mL) was added NaH (60%, 200 mg, 5 mmol) at 0 °C, 

and the mixture was stirred for 30 minutes at room temperature. A solution of 2,4-dichloro-3-

isocyanato- 1,5-dimethoxy-benzene (Procedure 2A, steps a-d; 908 mg, 3.66 mmol) in THF was 

added dropwise at 0 °C. The resulting mixture was stirred at room temperature for 2 hours. 

Saturated aqueous NH4CI solution (2 mL) was added to quench the reaction. The mixture was 

concentrated and extracted with DCM. The combined extracts were washed with brine, dried 

over anhydrous Na2S04, and concentrated to give the crude product, which was purified by flash 

chromatography on silica to obtain the title compound (330 mg, yield: 21%) as a red oil. 'il 

NMR (400 MHz, CDCI3) 8 1.44 (t, 3H), 3.01 (t, 2H), 3.21 (q} 2H), 3.41-3.49 (m, 5H), 3.73-3.80 

(m, 4H), 3.92 (s, 6H), 6.27 (s, IH), 6.55 (s, IH), 7.25 (d, IH), 7.69 (s, IH), 8.32 (d, IH), 8.52 (s, 

IH), 10.28 (br s, IH), 12.05 (br s, IH); MS (ESI): 605 [M+H]+. 

f. l-(6-(2-A mino-4-(4-ethylpiperazin-l -yl)phenylamino)pyrimidin-4~yl)-3-(2,6-dichloro-3,5-

dimeth oxyphenyl)-!-methyturea 
To a solution of 3-(2,6-dichloro-3,5-dimethoxyphenyl)-1 -(6-(4-(4-ethylpiperazin-1 -yi)-2-
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nitrophenylamino)pyrimidin-4-yl)4-methylurea (330 mg, 0.546 mmol) in THF (20 mL) and 

MeOH (20 mL) was added Raney-Ni (suspension in water) at room temperature, the resulting 

mixture was stirred for 3 hours under hydrogen atmosphere (1 atm). The reaction was filtered 

and concentrated. The residue was washed twice with MeOH to obtain the title compound (280 

mg, purity: 90%), which was used directly in the next step. MS (ESI): 575 [M+Hf. 

g, N~(2~(6~(3~(2,6-Dichloro-3,5-dirnethoxyphenyl)~l~methylureido)pyrimidin-4-ylamino)~5~(4~ 

ethylpiperazin-l-yl)phenyl)acrylamide 

To a solution of l-(6-(2-amino-4-(4-ethylpiperazin-l-yl)phenylamino)pyrimidin-4-yl)-3-(2,6-

dichloro-3,5-dimethoxyphenyl)-l-methyIurea (280 mg, purity: 90%, 0.44 mmol) in THF (30 mL) 

was added a solution of acryloyl chloride in THF (20 mg/mL, 2 mL, 0.44 mmol) at -10 °C, and 

the resulting mixture was stirred for I hour at this temperature, MeOH (1 mL) was added to 

quench the reaction. The mixture was concentrated and the residue was purified by prep-HPLC 

and prep-TLC to obtain the title compound (20 mg, yield: 7%). 1H NMR (400 MHz, CDCI3) S 

1.31 (t, 3H), 2.65 (q, 2H), 2.62-2.68 (m, 4H), 3.27 (s, 3H), 3.36-3.38 (m, 4H), 3.91 (s, 6H), 5.76 

(d, IH), 5.90 (s, IH), 6.24 (dd, IH), 6.41 (d, IH), 6.52 (s, IH), 6.74 (dd, IH), 7.07 (br s, IH), 

7.23 (d, IH), 7.72 (br s, IH), 7.98 (br s, IH), 8.37 (s, IH), 12.52 (s, IH); MS (ESI): 629 [M+Hf. 

o 
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Example -110 

O 

N-(2-(6-(3~(296"dichIoro-3,5-dimethoxyphenyl)~l~methylureido)pyrimidm~4-ylamiiio)-

phenyi)-2-fluoroacryiamide 

The compound was synthesized following the approach outlined in Procedure 2A (Example 

100), modifying step (i) to the following procedure: To a solution of l-[6-(2-amino-

phenylamino)-pyrimidin- 4-yl]-3-(2,6-dichioro-3,5-dimethoxy-phenyl)-l-methyl-iirea (130 mg, 

mixed with tetrachloro aniline) and DCC (118 mg, 0.56 mmol) in chloroform (100 mL) was 

added a solution of 2-fluoroacrylic acid (50 mg, 0.56 mmol) in chloroform (50 mL) at 0 °C, and 

the resulting mixture was stirred at room temperature overnight. Water (1 mL) was added to 

quench the reaction. The mixture was concentrated and the residue was purified by reverse phase 

column and prep-TLC to obtain the title compound (4 mg, yield: 5%). ]H NMR (400 MHz, 

CDCI3) 6 12.17 (s, IH), 8.45 (s, IH), 8.35 (s, IH), 7.84 (d, IH), 7.37 (d, IH), 7.29 (t, IH), 7.26 

(t, IH), 6.47 (s, IH), 5.94 (s, IH), 5.78 (dd, IH), 5,21 (dd, IH), 3.85 (s, 6H), 3.25 (s, 3H); MS 

(ESI): 535 [M+H]+. 
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Procedure 2E: Example - 111 

NO, 

Br 

NHZ BocN 

0-T~ 

Pd(dppf)2CI2l K3P04 

dioxane/H20, reflux, 3h 

HN. 
NaH, THF 
0 °C ~ rt 
then SEMCI 
yield: 28% 

Boc' 

Pd2dba3 (10%), 
xantphos (20%) 
Cs2C03 (2 eqv.), 

toluene, 100 °C, 5h 
yield: 57% 

Boc 

THF, -20 °C 
ii. TFA 
fit. CH3CHO, NaOAc, 
NaBH3CN, EtOH 

yield: 10% 

NH2H 

!N SEMCI 

N-(2-(6-(3-(2,6-dichIoro-3,5-diraethoxyphenyl)-l-methylureido)pyrimidin-4-ylamiuo)-5-(l-

ethyip ip eridin-4-y i)ph enyl)acry lamide 
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NO2 a o 
NO2 

NH2 

Br 

NH2 BocN 

Pd(dppf)2CI2, K3PO4 
dsoxane/H20, reflux, 3h 

BocN 

a. tert-butyl 4~(4-amino-3-nitrophenyl)-5,6-dihydropyridine-l (2H)~carboxylate 
To a degassed mixture of 4-bromo-2-nitroaniline (1 g, 4.6 mmol), tert-butyl 4-(4,4,5,5-

tetramethyl-1,3-2-dioxaborolan-2-yl)-5,6-dihydropyridine-l (2H)-carboxylate (1.42 g, 4.6 mmol), 

tripotassium phosphate trihydrate (3.9 g, 14.64 mmol) in dioxane and water (30 mL, 8:1) was 

added Pdfdppf^CJj. (337 mg, 0.46 mmol). The mixture was refluxed at 110 °C for 3 hours. 

Filtration and concentration gave crude product, which was purified by silica gel column 

chromatography to afford the title compound (1,1 g, yield: 75%). MS (ESI): 320 [M+H]+. 

b. l-(6-chloropyrimidin-4-yl)-3-{2,6-dichloro-3,5-dimethoxyphenyl)-l-methyl~3-((2-

(trimethylsilyl) ethoxy) methyl) urea 

To a solution of 6-chloro-N~methylpyrimidin-4-amine (Procedure 2A, step e; 460 mg, 3,21 

mmol) in DMF (15 mL) was added NaH (60%, 193 mg, 4.81 mmol) at 0 °C, and the mixture was 

stirred for 30 minutes at room temperature. A solution of 2,4-dichloro-3-isocyanato-1,5-

dimethoxy-benzene (Procedure H, steps a-d; 1.03 g, 4.17 mmol) in DMF (5 mL) was added 

dropwise at room temperature. The resulting mixture was stirred for 0.5 hour. SEMC1 (804 mg, 

4.81 mmol) in DMF (2 mL) was added. The reaction mixture was stirred at room temperature for 

1 hour. Saturated aqueous NH4CI was added to quench the reaction. The mixture was diluted 

with water and extracted with EtOAc. The combined extracts were washed with water and brine, 

dried over anhydrous Na2SC>4 and filtered. The filtrate was evaporated under vacuum to give 

crude product, which was purified by flash chromatography on silica to obtain the title 

compound (470 mg, yield: 28%). MS (ESI): 521 [M+H]+. 

ci 
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CY% 
YNSEMCI I Boc-^ n ̂  VN?EM(?' 

Pd2dba3 (10%), xantphos (20%) 
CS2CO3 (2 eqv.), 

^0 toluene, 100 °C,5h 

c. tert-butyf-(4~(6-(3~(2,6-dichloro-3,5-dimethoxyphenyl)-l-methyl-3-((2-

(trimethylsilyl)ethoxy)methyl)ureido)pyrimidin-4-ylamino)-3~nitrophenyl)~5,6-

dihydropyridine-l(2H)~carboxylate 

A degassed mixture of l-(6~chloropyrimidin-4-yl)-3-(2,6-dichloro-3,5-dimethoxyphenyl)-l-

methyl-3-((2-(trimethylsilyl)ethoxy)methyl)urea (470 mg, 0.9 mmol), tert-butyl 4-(4-amino-3-

nitrophenyl)-5,6-dibydropyridmc-1 (2H)-carboxylate (320 mg, 1 mmol), Pd2(dba)3 (92 mg, 0.1 

mmol), xantphos (115 mg, 0.2 mmol) and CS2CO3 (652 mg, 2 mmol) in toluene (10 mL) was 

heated at 100 °C for 5 hours. The reaction was concentrated, and the residue was purified by 

flash chromatography on silica to obtain the title compound (400 mg, yield: 57%). MS (ESI): 

804 [M+H]+. 

Pt02, H2 

^ MeOH B0° 

d. 1ert-butyl-4-(3-amino-4-(6-(3~(2,6-dichloro-3,5-dimethoxyphenyl)-l-methyl-3 ~((2~ 

(trimethylsilyl) eth oxy) methyl) ureido)pyrimidin -4-yfamin o)ph enyl)piperidin e-1 -carboxy late 

To a solution of tert-butyl-4-(4-(6-(3-(2,6-dichloro-3,5-dimethoxyphenyl)-l-methyl-3-((2-

(trimethyl si!yl)ethoxy)methyl)ureido)pyrimidm-4-ylamino)-3 -nitrophenyl) -5,6-dihy dropyridine-

1 (2H)-carboxylate (380 mg, 0.473 mmol) in MeOH (10 mL) was added Pt02 (38 mg, 10% wt) 

and one drop of chlorobenzene at room temperature, the resulting mixture was stirred under 

hydrogen atmosphere (1 atm) overnight. The reaction was filtered and concentrated. The residue 

was purified by flash chromatography on silica to obtain the title compound (130 mg, yield: 

37%). MS (ESI): 776 [M+Hf, 
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l^w M H 
fT T11 ^Ci rvVS 

y'^ SEMC1 , if^o \H 

BOC'N "NTNYS"° 2) TFA, DCM, H NT>^ -NY °Ci-V rt'3h 4 

e. N-(2-(6-(3-(2,6-dichloro-3, 5-dimeth oxyphenyl)-!~methylureido)pyrimidin-4-ylamin o)-5-
(piperidin-4-yl)phenyl)acrylamide TFA salt 

To a solution of tert-butyl-4-(3-amino-4-(6-(3-(2,6-dichloro-3,5-dimethoxyphenyl)-l-methyl~3-

((2- (trimethylsilyl)ethoxy)methyl)ureido)pyrimidin-4-ylamino)phenyl)piperidine-1 -carboxylate 

(130 mg, 0.168 mmol) in THF (15 mL) was added a solution of acryloyl chloride (10 mg/mL, 

1.7 mL, 0.19 mmol) dropwise at -10 °C, and the resulting mixture was stirred at 0 °C for 1 hour. 

LC-MS showed that the reaction was complete. MeOH (5 mL) was added to quench the reaction, 

and the reaction was concentrated. The residue in DCM (2 mL) was added dropwise to a mixture 

of DCM/TFA (2/1, v/v. 3 mL). The mixture was stirred at room temperature for 1 hour and then 

concentrated under vacuum. The residue (50 mg, quant.) was used directly for the next step 

without further purification. MS (ESI): 600 [M+Hj+. 

NaBH3CN, NaOAc 
EtOH, rt 

/. N-(2-(6-(3-(2,6-dichloro~3,5~dimethoxyphenyl)-l-methylureido)pyrimidin~4-ylamino)~5- (1-

ethylpiperidin~4~yl)phenyl)acrylamide 
To a solution of N-(2-(6-(3-(2,6-dichIoro-3,5-dimethoxyphenyl)-l-methylureido)pyrimidin-4-

ylamino)- 5-(piperidin-4-yI)phenyl)acry lamide TFA salt (35 mg, 0.049 mmol) in EtOH (1 mL), 

was added NaOAc (4 mg, 0.05 mmol) and aqueous acetaldehyde (1 mL, 0.9 mmol, 40%). After 

the mixture was stirred at room temperature for I hour, NaBHjCN (12 mg, 0.18 mmol) was 

added, and the solution was stirred at room temperature for another 3 hours. After removal of all 

volatiles in vacuo, the residue was partitioned between DCM and water. The aqueous layer was 

extracted with chloroform twice. The combined extracts were washed with brine, dried over 

anhydrous NaaSO^ and filtered. The filtrate was evaporated under vacuum to give crude product, 
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which was purified by prep-HPLC to afford the title compound (3 mg, yield-. 10%). JH NMR 

(400 MHz, MeOH-d4) 5 8.38 (s, IH), 7.68 (s, IH), 7.54 (d, IH), 7.24 (dd, IH), 6.83 (s, IH), 

6,46-6.35 (m, 3H), 5.81 (d, IH), 3.97 (s, 6H), 3.74-3.70 (m, 2H), 3.37 (s, 3H), 3.26 (q, 2H), 3.17-

3.11 (m, 2H), 2.99-2.96 (m, IH), 2.26-2.22 (m, 2H), 2.06-1.99 (m, 2H), 1.43 (t, 3H); MS (ESI): 

628 [M+H]+, 

N-(2-(6-(3-(2,6-dichIoro-3,5-dimethoxyphenyl)-l-methyiureido)pyrimidin-4-ylamino)-5-(l-

ra ethy lpip eridin-4-y l)phenyl)acry lamid e 
The compound was synthesized following the approach outlined in Procedure 2E (Example 111), 

substituting formaldehyde in step (f) to afford the title compound (1.5 mg, yield: 11.6%). lH 

NMR (400 MHz, MeOH-d4) 8 8,26 (s, IH), 7.55 (s, IH), 7.41 (d, IH), 7.11 (d, IH), 6.71 (s, IH), 

6.34-6.22 (m, 3H), 5.68 (d, IH), 3.84 (s, 6H), 3.55-3.52 (m, 2H), 3.25 (s, 3H), 3.21-3.08 (m, 2H), 

2.90-2.83 (m, 4H), 2.11-2.08 (m, 2H), 1.89-1.85 (m, 2H); MS (ESI): 614 [M+H]+. 

Example -112 
O 
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HO 

Procedure 2F*. Example -113 
NO, Dess-Martin 

DCM, 0 °C - rt 

yield: 75% 
0. 

NO2 .ILJ NQ2 P NH4OH r^NH2NHMe2, Ti(OiPr)^ 

THF, rt MeOH, NaSH^ 
yield: 53% yield: 53% 

NO, 
NH, 

Pd2dba3 (10%), 
xantphos (20%) 
Cs2C03 (2 eqv.), 

toluene, 100 °C, 5h 

yield: 30% 

P<02. H2 

MeOH 

NH2H 
i. TFA, DCM 

O 
»• ^ci 

THF, -20 °C 

yield: 15% 

N»(2- {6- [3- (2,6-dichlor o-3,5-dimeth oxy-ph eny l)-l -m ethy 1-ureido] -py rimidin-4-y lamino} -5-

d imethyl amin om ethyl-ph enyl)-acry lamide 

Dess martin 

DCM, 0°C-r.t. 1h 

OH O 

a. 4-Fluoro-3-nUro-benzaldehyde 
To a stirred solution of (4-fluoro-3-nitro-phenyl)-methanol (750 mg, 4.4 mmol) in DCM (40 mL) 

at 0 °C was added Dess-Martin Reagent (3.0 g, 7 mmol). The solution was stirred at room 

temperature for 4 hours. TLC showed disappearance of starting material. The reaction was 

quenched with 10% NaHCC>3 and 10% Na2S2C>3 aqueous solution and DCM layer separated and 

washed with water (100 mL) and brine (50 mL). The reaction was concentrated, and the residue 

was purified by flash chromatography on silica to obtain the title compound (570 mg, yield: 

75%). 'H-NMR (400 MHz, DMSO-d6) 5 10.09 (d, IH), 8.36 (t, IH), 8.06 (dd, IH), 7.97 (m, 

IH). 
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NO2 NO, 

O 

F 

THF, rt, 1h 
NH4OH 

NH2 

o 
b. 4-Amino~3-nitrobenzaldehyde 

To a solution of 4-fluoro-3-nitro-benzaldehyde (570 mg, 3.3 mmol) in THF (20 mL) was added 

NH4OH (5 mL). The reaction mixture was stirred at room temperature for 1 hour. The resulting 

yellow solid was collected and washed with water, dried under vacuum to give the title 

compound (300 mg, yield: 53%). 'H-NMR (300 MHz, DMSO-d6) 6 9.76 (s, IH), 8.57 (d, IH), 
8,18 (br s, 2H), 7.80 (dd, IH), 7.10 (d, IH), 

c. 4-Dimethylaminomethyl-2-nitro-phenyl(imine 

To a stirred solution of dimethylamine (4.0 mL, 2 M, 8.0 mmol) in MeOH (4 mL) was added 

Ti(0'Pr)4 (1.15 g, 4 mmol) and the solution was stirred at room temperature for 15 minutes Then 

4-amino-3-nitro-benzaldehyde (160 mg, 1.0 mmol) in MeOH (2 mL) was added and the solution 

was stirred at room temperature overnight. Then NaBH4 (78 mg, 2 mmol) was added and the 

solution was stirred at room temperature for 1 hour. LCMS showed major product peak. The 

solution was diluted with EtOAc (60 mL) and washed with water (2 xlOO mL) and brine (50 

mL), dried over anhydrous Na2S04, The solution was evaporated to dryness and 130 mg of crude 

product was collected, which was used for the next step without further purification, lII NMR 

(400 MHz, DMSO-d6) 8 7.82 (s, IH), 7.35 (br s, 2H), 7.31 (dd, IH), 6.97 (d, IH), 3.26 (s, 2H), 

2.12 (s, 6H). 

c 

NO2 
NH2 NO? M 

Pd2dba3 (10%), 
xantphos (20%) 
CS2CO3 (2 
toluene, 100 °C 

O 
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& l-(2,6-Dichloro-3,5-dimethoxy-phenyl)-3-[6-(4-dimethylaminomethyl-2-nitro- phenylamino>)~ 

pyrimidin-4-yl]-3-methyl-l-(2-trimethylsilanyl-ethoxymethyl)-urea 
To a stirred solution of l-(6-cliloro-pyrimidin-4-yl)-3-(2,6-dichioro-3.5-dimethoxy- phenyl)-!-

methyl-3- (2-trimethylsiianyl-ethoxymethyl)-urea (procedure L, step b; 260 mg, 0.5 mmol) in 

toluene (5 mL) was added 4-dimethylaminomethyI-2-nitro-phenylamine (100 mg, 0.5 mmol), 

CS2CO3 (400 mg, 1.25 mmol), Pd2(dba)3 (46 mg, 0.05 mmol), xantphos (90 mg, 0.15 mmol). The 

solution was stirred at 100 °C overnight. LCMS showed major product peak. The solution was 

evaporated with silica gel and purified by flash chromatography on silica eluting with EtOAc (w(/ 

0.5% TEA):MeOH (w/0.5% TEA) = 10-10:0.5 to afford the desired product (100 mg, yield: 30%). 

MS (ESI): 680 [M+Hf. 

e. [6-(2~Amino~4~dimethylaminomethyl-phenylamino)-pyrimidin-4-yl]~3~(2,6-dichloro-3,5-

dimethoxy-phenyl)~l~methyl-3-(2-trimethylsilanyl~ethoxymethyl)-urea 
To a stirred solution of l-(2,6~dichloro-3,5-dimethoxy-phenyl)-3-[6-(4-dimethyIaminomethyl-2-

nitro- phenylamino)-pyrimidin-4-yl]-3-methyl-l-(2-trimethylsilanyl-ethoxymethyl)-urea (100 mg, 

0.15 mmol) in MeOH (10 mL) was added 4 drops of chlorobenzene and then Pt02 (30 mg, 30% 

wt). The solution was stirred under hydrogen atmosphere at room temperature overnight. The 

reaction was filtered and concentrated, The residue was taken to the next step without further 

purification. MS (ESI): 650 [M+H]+. 

f l-[6-(2~Amino-4-dimethylaminomethyl-phenylamino)-pyrimidin~4~yl]-3-(2,6- dichloro-3,5-

dimethoxy-phenyl)-l-methyl-urea 
To a stirred solution of l-[6-(2-amino-4-dimethylaminomethyl-phenylamino)-pyrimidin~4-yl]-3-
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(2,6-dichlor o-3,5 -dimethoxy-phenyl)-1 -methyl-3 -(2-trimethy Isiiany 1-ethoxymethy l)-urea in 
anhydrous DCM (10 mL) was added TFA (10 mL) at room temperature, The solution was stirred 
at room temperature for 3 hours. LCMS showed major product peak. The solution was evaporated 
to dryness, diluted with DCM (40 mL) and washed with 10% saturated NajCCb (10 mL). The 
DCM layer was dried over anhydrous Na2SC>4. Concentration under vacuum gave crude product, 
which was purified by silica gel column chromatography (10% MeOH/DCM with 0.5% Et3N) to 
afford the title compound (45 mg, yield: 58% in two steps). MS (ESI): 520 [M+Hf. 

O 

g. N-(2-{6~[3-(2,6-Dichloro-3,5~dimethoxy-phenyl)-]~methyl-ureido]-pyrimidin-4 -ylaminoj-S-
dimethylaminomethyl~phenyl)~acrylamide 
To a stirred solution of l-[6-(2-amino-4-dimethylaminomethyl-phenylamino)-pyrimidin-4-yl]-3-
(2,6-dichloro-3,5-dimethoxy-phenyl)-l -methyl-urea (45 mg, 0.11 mmol) in THF (40 mL) at -10 °C 
was added acryloyl chloride (30 mg, 0.33 mmol) in THF (3 mL). The solution was stirred at -10 °C 
for 5 hours. LCMS showed major product peak. The reaction was quenched with MeOH (3 mL) 
and evaporated. The residue was purified by prep-HPLC (water/ACN in NH4HCO3 condition) to 
afford the title compound (6 mg, yield: 15%), 'H-NMR (400 MHz, MeOH-d4) 8 8.25 (s, IH), 7.47 
(d, IH), 7.44 (s, IH), 7.16 (dd, IH), 6.70 (s, IH), 6.33-6.20 (m, 3H), 5.67 (dd, IH), 3.84 (s, 6H)S 

3.43 (s, 2H) 3.22 (s, 3H); 2.20 (s, 6H); MS (ESI): 574 [M+Hf. 

Example - 114 
O 

N-(2-(6-(3-(2,6-dichIoro-3,5-dimethoxyphenyl)-l-methyIureido)pyrimidin-4-
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ylamino)phenyl)propiolamide 

The compound was synthesized following the approach outlined in Procedure 2C (Example 108) 

modifying step (g) to the following procedure: To a solution of l-[6-(2-amino-phenylamino)-

pyrimidin- 4-yI]-3-(2,6-dichloro-3,5-dimethoxy-phenyl)-1-methyl-urea (50 mg, 0.108 mmol) 

and DCC (46 mg, 0.22 mmol) in chloroform (50 mL) was added a solution of propiolic acid (16 

mg, 0.22 mmol) in chloroform (50 mL) at 0 °C, and the resulting mixture was stirred at room 

temperature overnight. Water (1 mL) was added to quench the reaction, The mixture was 

concentrated and the residue was purified by reverse phase column and prep-TLC to obtain the 

title compound (5 mg, yield: 9.1%), *HNMR (400 MHz, DMSO-d6) 8 12.04 (s, IH), 10.36 (s, 

IH), 9.03 (s, IH), 8.45 (s, IH), 7.67 (d, IH), 7.59 (d, IH), 7.30-7.25 (m, 2H), 6.96 (s, IH), 6.50 

(s, IH), 4.42 (s, IH), 4.00 (s, 6H), 3,35 (s, 3H); MS (ESI): 515 [M+H]+ 

N-(2-{6-[3-(2f6-Dichloro-3,5~dimethoxy-phenyl)-l-(2-methoxy-ethyl)-ureido]-pyrimidin~4-

ylamino}-ph enyl)-acrylamide 
The compound was synthesized following the approach outlined in Procedure 2G (Example 

123), substituting 1 -(6-chloro-pyrimidin~4-yl)-3-(2,6-dichloro-3,5-dimethoxy-phenyl)-1 -(2-

methoxy-ethyl)-3-(2-trimethylsilanyl-ethoxymethyl)-urea (preparation shown below) in step (d) 

to afford the title compound (40 mg, yield: 16% over five steps). LH NMR (400 MHz, DMSO-

d6) 8 11.28 (s, IH), 9.71 (s, IH), 8.85 (s, IH), 8.38 (s, IH), 7.70-7.68 (m, IH), 7.55-7.53 (m, 

IH), 7.20-7.18 (m, 2H), 6.89 (s, IH), 6.69 (s, IH), 6.50 (dd, IH), 6.26 (d, IH), 5.75 (d, IH), 4.03 

(t, 2H), 3.94 (s, 6H), 3.56 (t, 2H), 3.24 (s, 3H); MS (ESI): 437 [M+H]+. 

Preparation of l-(6-Chloro-pyrin»din-4-yi)-3-(2,6-dichloro-3,5-dimethoxy~pbenyl)-l-(2-

methoxy-ethyl)-3-(2-trimethylsilanyI-ethoxymethyl)-urea: 

Example-116 
o 
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Ql A^A-Cj DIFEA, i-PrOH cs 

RT, 1h 

N^N 
IS } 

H 

a. (6-Chloro-pyrimidin-4-yl)~(2~methoxy-ethyl)~amine 

To a solution of 4,6-dichloro-pyrimidine (2 g, 14 mmol) in iPrOH (70 mL) and DIPEA (1.94 g, 

15 mmol) was added a solution of 2-methoxy-ethylamme (1.13 g, 15 mmol) at room 

temperature. The resulting mixture was stirred at room temperature for 1 hour. Water was added 

and the mixture was extracted with DCM. The combined extracts were washed with brine, dried 

over anhydrous NazSOii, and concentrated to give the crude product, which was purified by flash 

chromatography on silica to obtain the title compound (1.95 g, yield: 82%). MS (ESI): 188 
[M+H]+. 

b. l-(6-Chloro-pyrimidin-4-yl)~3-(2,6-dichloro-3,5-dimethoxy~phenyl)-1~(2~methoxy-ethyl)-3-

(2-trimethylsilanyl-ethoxymethyl)-urea 
To a solution of (6-chloro-pyrimidin~4-yl)-(2-methoxy-ethyl)-amine (300 mg, 1.6 mmol) in 

DMF (10 mL) was added NaH (60%, 96 mg, 2,4 mmol) at 0 °C, and the mixture was stirred for 

10 minutes at room temperature. A solution of l-isocyanato-3,5-dimethoxy~benzene (590 mg, 

2.4 mmol) in DMF (5 mL) was added dropwise at 0 °C. The resulting mixture was stirred for 30 

minutes. SEMC1 (400 mg, 2.4 mmol) in DMF (2 mL) was added and the reaction mixture was 

stirred at room temperature for 1 hour. Saturated aqueous NH4CI was added to quench the 

reaction. The mixture was diluted with water and extracted with EtOAc. The combined extracts 

were washed with water and brine, dried over anhydrous Na2S04, and concentrated to afford the 

crude product, which was purified by flash chromatography on silica to obtain the title 

compound (720 mg, yield: 78%). MS (ESI): 565 [M+Hf. 

.c" ;0 
N 
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Example -120 

O 

.o 

N-(2-{6-[3-(2,6-Dichloro-3,5-dimeihoxy-phenyl)-l-(3-dimethylamino~propyl)-ureido]-

pyrim id in-4-yIattiino}~phenyl)-acry lamide trifluoroacetic acid 

The compound was synthesized following the approach outlined in Procedure 21 (Example 142), 

substituting 2-nitroaniline and N-(3-Dimethylamino~propyl)-N'-(2-nitro-phenyl)-pyrimidine~4!6-

diamine (prepared by the method outlined below) in step (c) to afford the title compound (11 mg, 

yield: 7.5% over six steps). *H NMR (300 MHz, DMSO-d6) 5 11.30 (s, IH), 9.80 (s, IH), 9.28 

(m, IH), 8.92 (s, IH), 8.42 (s, IH), 7.64 (d, IH), 7.55 (d, IH), 7.24-7.16 (m, 2H), 6.90 (s, IH), 

6.53 (s, IH), 6.49 (dd, IH), 6.25 (d, IH), 5.76 (d, IH), 3.95 (s, 6H), 3.91-3.88 (m, 2H), 3.11-3.05 

(m, 2H), 2.74 (d, 6H), 1.97-1.92 (m, 2H); MS (ESI): 588 [M+H]+. 

Preparation of N-P-Dimethylamino-propylO-N'-^-nitro-pheny^-pyrimidine^^-diainine 

a. N'-(6-Chloro-pyrimidin-4~yl)-N,N-dimethyl-propane-l,3-(iiamme 

To a solution of 4,6-dichloro-pyrimidine (1 g, 6.7 mmol) and DIPEA (1.03 g, 8 mmol) in iPrOH 

(20 mL) was added N,N-dimethyl-propane-1,3-diamine (714 mg, 7 mmol) at room temperature. 

The resulting mixture was stirred for 2 hours. Water was added and the mixture was extracted 

with DCM. The combined extracts were washed with brine, dried over anhydrous NajSO^ and 

concentrated to give the crude product, which was purified by flash chromatography on silica to 

obtain the title compound (1.15 g, yield: 80%). MS (ESI): 215 [M+H]+. 
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w 
Ci " 

NH 

N02 

NH2 

NH 
Pd2dba3, xantphos, Cs2C03 

toluene, 100°C, 4h 

b. N-(3-Dimethylamitio~propyl)-N'-(2-nitro-phenyI)-pyrimidi/ie-4,6-diainine 

A degassed mixture of N'-(6-chloro-pyrimidin-4-yl)-N.N-dimethy]-propane-l,3-diamine (800 

mg, 3.74 mmol), nitro aniline (525 mg, 3.8 mmol), Pdj(dba)3 (348 mg, 0.38 mmol), Xantphos 

(438 mg, 0.76 mmol) and CS2CO3 (3.05 g, 9.35 mmol) in toluene (15 mL) was heated at 100 °C 

for 4 hours. The reaction was concentrated, and the residue was purified by reverse phase 

chromatography to obtain the title compound (530 mg, yield: 45%). MS (ESI): 317 [M+H]'. 

N-p-(6-{3-(2,6~Dichloro-3,5-dimethoxy-phenyl)-l-[3-(4-methyI-piperaziii-l-yI)-propyl]-

ureido}-pyrimidin-4~ylamino)-phenyI]~acryIamide 
The compound was synthesized following the approach outlined in Procedure 21 (Example 142), 

substituting 2-nitroaniline and N-[3-(4-Methyl-piperazin-l-yl)-propyl]-N'-(2-nitro~phenyl)-

pyrimidine-4,6-diamine (preparation shown below) in step (e) to afford the title compound (8 

mg, yield: 1.2% over six steps). *H NMR (300 MHz, Methanol-d4) 8 8.17 (s, IH), 7.46 (d, HI), 

7.32 (d, IH), 7.12-7.08 (m, 2H), 6.62 (s, IH), 6.29-6.14 (m, 3H), 5.58 (d, IH), 3.82 (t, 2H), 3.75 

(s, 6H), 2.27-2.19 (m, 8H), 2.06 (s, 3H), 1.67 (t, 2H); MS (ESI): 643 [M+H]+. 

Example -121 

O 
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Preparation of N-[3-(4-Methyl~piperazin-l -yl)-propyl|-N' -(2-mtro-phenyI)-pyrimidine-4,6-

diamine 

a. (6-Chloro-pyrimidin-4-yl)-[3~(4-methyl-piperazin-l-yl)-propyl]-amine 

To a solution of 4,6-dichloro- pyrimidine (1.5 g, 10 mmol) and DIPEA (1.55 g, 12 mmol) in 

iPrOH (50 mL) was added a solution of 3-(4-methyl-piperazin-1 -yl)-propylamin.e (1.73 g, 11 

mmol) at room temperature. The resulting mixture was stirred at room temperature for 2 hours. 

Water was added and the mixture was extracted with DCM. The combined extracts were washed 

with brine, dried over anhydrous Na2SC>4, and concentrated to afford the title compound (1.4 g, 

51%), which was used directly in the next step without further purification. MS (ESI): 270 

[M+Hf. 

b. N-[3-(4-Methyl-piperazin-l-yl)-propyl]-N'-(2-nitro-phenyl)-pyrimidine-4,6-diamine 
A degassed mixture of (6-chloro-pyrimidin-4-yl)-[3-(4-methyl-piperazin-l-yl)-propyl]-aminc 

(600 mg, 2.22 mmol), nitroanline (317 mg, 2.3 mmol), Pd2(dba)3 (210 mg, 0.23 mmol), 

Xantphos (265 mg, 0.46 mmol) and CS2CO3 (1.81 g, 5.55 mmol) in toluene (15 mL) was heated 

at 100 °C for 4 hours. The reaction was concentrated, and the residue was purified by reverse 

phase chromatography to obtain the title compound (400 mg, yield: 48%). MS (ESI): 372 

[M+Hf. 
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Example -122 
O 

H 
O 

N-(2~{6-[3-(2,C>-DickIoro-3,5-dimethoxy-phenyl)-l-methyl-ureido]-pyrimidm-4-ylamino}-5-

piperidm-4-yl-phcnyl)-ficryIamide irifluoroacetic acid 

The compound was synthesized foliowing the approach outlined in Procedure 2E (Example 111), 

replacing steps (e) and (f) with the following procedure: To a solution of tert-butyl 4-(3-amino-4-

(6-(3 - (2,6-dichloro-3,5 -dimethoxyphenyl)-1 -methyl-3 -((2-(trimethylsi lyl)ethoxy) 

methyl)ureido)pyrimidin-4-ylamino)phenyl)piperidine-l-carboxylate (Procedure 2E, Example 

111, 65 mg, 0.084 mmol) in THF (15 mL) was added a solution of acryloyl chloride (10 mg/mL, 

0.9 mL, 0.1 mmol) dropwise at -10 °C, and the resulting mixture was stirred at 0 °C for 1 hour. 

MeOH (5 mL) was added to quench the reaction, and the reaction was concentrated. The residue 

was dissolved in DCM (2 mL) and added dropwise to a mixture of DCM/TFA (2:1, 3 mL). The 

mixture was stirred at room temperature for 1 hour and then concentrated. The residue was 

purified by prep-HPLC to afford the title compound (23 mg, yield: 47%). *H NMR (300 MHz, 

DMSO-d6) 6 11.92 (s, IH), 9.64 (s, IH), 8.98 (s, IH), 8.60 (m, IH), 8.36 (s, IH), 8.25 (m, IH), 

7.66 (s, IH), 7.51 (d, IH), 7.05 (d, 1H), 6.90 (s, IH), 6.52 (dd, IH), 6.41 (s, IH), 6.24 (d, IH), 

5.74 (d, IH), 3.96 (s, 6H), 3.49 (d, 2H), 3.28 (s, 3H), 3.02 (q, 2H), 2.85 (t, IH), 1.96 (d, 2H), 

1.78 (q, 2H)• MS (ESI): 600 [M+H]+. 
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Procedure 2G: Example -123 

N02 N02BOC 
AJNH2 (Boc)gO, DMAP 

JTJ THF 
reflux overnight Br 

1. TFA, DCM 

2. aq. NaHC03* 

^^VN'BOC 

C°) 
N 
H 

N02 BOC 
' N. 

ays 

Pd2dba3 (10%) 
Xantphos (20%) 
Cs2C03 (2 eqv,,) 
toluene, 100°C, 1 h 

Boc 

N N Y 
SEW?1 

0^ 

Q Ci 
O. 

NO2 
A^NH2 fj 

I j Pd2dba3 (10%), 
Xantphos (20%) 
Cs2C03 (2 eqv.), 

toluene, 100 °C, 2,5 h 

n 
NO. 2 H 

V) 
YNSEMC! 
^N^N^A. o 

0, CI 
o. 

N02 Boc 

irvys 
B0C2O, DMAP SEMCI | Raney Ni, H? 

YV° MeOH, 2 h THF, reflux 

o 
<=!;:^CI 

TEA, THF 
0°C 

0, C! 

r* 
0^ 

.0 

NH Boc 
N_N 

r* O^J 

NH28oc 

N SEMCI 

Q 'CI 

O 
.0 

'V 
SEMCI j 

.0 

0, ci 

SNH H 
"J. 

TFA, DCM L-yN r? 
^NyN^ 

.NYN 

°CI 

H 91 I 
0 

,0 .0 

N~(2-{6-[3-(2,6-Dichloro-3,5-dimetlioxy-pIienyl)-l-methyl-ureido]-pyrimidin-4-yIamino}-5-

morphoIin-4-yl-pbenyl)-acryIainide 

(BOC)20, DMAP N^BOC 

THF 
reflux 

overnight 

a. di-tert-Butyl 4-bromo-2-nitrophenylcarbamate 

A mixture of 4-bromo-2~nitroaniline (10 g, 46 mmol), (Boc^O (20.7 g, 95 mmol) in THF (250 

mL) was heated under reflux overnight. The mixture was concentrated to afford the title 
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compound (19.2 g. yield: quant.) which was used directly in next step without further 
purification. 

Boc 

N02 BOC 
J A J 

N 
H 

Pd2dba3, xantphos, Cs2C03 

toluene, 100°C, 1h 

Boc 

b. (4-Morpholin-4-yl-2-nitro-phenyl)-carbamic acid di-tert-butyl ester 

A degassed mixture of tert-butyl 4-bromo-2-nitrophenyIcarbamate (1 g, 2.4 mmol), morpholine 

(314 mg, 3.6 mmol), Pd2(dba)3 (220 mg, 0.24 mmol), Xantphos (278 mg, 0.48 mmol) and 

CS2CO3 (1.56 g, 4.8 mmol) in toluene (30 mL) was heated at 100°C for 1 hour. The reaction was 

concentrated, and the residue was purified by flash chromatography on silica to obtain a crude 

mixture of the title compound and mono-Boc product (744 mg). The mixture was used directly in 

the next step without further purification. MS (ESI): 324 [M-Boc+H]+. 

Boc TFA, DCM 

rt, 3h 

c. 4-Morpholin~4~yl-2-nitro-ph enylamine 

To a solution of (4-morpholin-4-yl-2-nitro-phenyl)-carbamic acid di-tert-butyl ester and mono-

Boc product (744 mg) in DCM (20 mL) was added TFA (10 mL) at 0 °C, the resulting mixture 

was stirred for 3 hours at room temperature. After removal of all volatiles in vacuo, the residue 

was re-dissolved in DCM, neutralized by saturated aqueous NaHCOj, and extracted with DCM. 

The combined extracts were concentrated and the residue was purified by flash chromatography 

on silica to obtain the title compound (290 mg, yield: 54% over two steps), MS (ESI): 251 

[M+H]+. 
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Pd2dba3 (10%), Xantphos (20%) 
Cs2C03 (2 eqv.), toluene, 100°C; 2.5 h 

d. l-(2,6-Dichloro»3,5-dimethoxy-phenyl)-3~methyl~3-[6-(4-morpholin-4-yl~2-nitro-

phenylamino)~pyrimidin-4~yl]-l-(2-trimethylsilanyl-ethoxymethyl)-urea 

A degassed mixture of 4-morpholin-4-yl-2-nitro-phenylamine (290 mg, 1.3 mmol), l-(6-chloro-

pyrimidin-4-yl)-3 -(2,6-dichloro-3,5~dimethoxy-phenyl)~1 -methyl-3 -(2-trimethylsilanyl-

ethoxymethyl)-urea (Procedure 2E , step b; 624 mg, 1.2 mmol), Pd2(dba)j (110 mg, 0.12 mmol), 

Xantphos (139 mg, 0.24 mmol) and CS2CO3 (782 mg, 2,4 mmol) in toluene (15 mL) was heated 

at 100°C for 2.5 hours. The reaction was concentrated, and the residue was purified by 

chromatography flash on silica to obtain the title compound (440 mg, yield; 49%) as a red solid. 

MS (ESI): 708 [M+Hf. 

wn. NO, Boc 

jfVvNii 
^ yNSEMCi | Boc20 (1.2 eqv), cat. DMAP I ?EM I 

T I T THF, reflux Jl I I °ci^V 0I^V 
o.„ „o 

e. {6-[3-(2,6-Dichloro~3,5-dimethoxy-phenyl)-l-methyl-3-(2-trimethylsilanyl-ethoxymethyl)-

ureido]-pyrimidin-4-yl}-(4~morpholin-4-yl~2~nitro-phenyl)-carbamic acid tert-butyl ester 

A mixture of l-(2,6-dichloro-3J5-dimethoxy-phenyl)-3-methyl-3-[6-(4-morpholin-4-yl-2-nitro-

phenylammo)~pyrimidin-4-yl]-l~(2-trimethylsilanyl-ethoxymethyl)-urea (200 mg, 0.28 mmol), 

(Boc)20 (93 mg, 0.42 mmol) and catalytic amount of DMAP in THF (10 mL) was heated under 

reflux for 1 hour. The mixture was concentrated and the residue was used for the next step 

without further purification. MS (ESI); 808 [M+Hf. 
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NO, BOC 
l i 

NH, Boc 
l ' 

.0 

f (2-Amino-4-morpholin-4-yl-phenyl)-{6-[3-(2,6-dichloro-3,5-dimethoxy-phenyl)-l-methyl-3-

(2-trimethylsilanyl-ethoxymethyl)-ureido]-pyrimidin-4-yl}-carbamic acid tert-butyl ester 

To a solution of {6-[3-(2,6-dichloro-3,5-dimethoxy-phenyI)-l-methyl-3-(2-trimethylsilanyl-

ethoxymethyl)-ureido]-pyrimidin-4-yl}-(4-morpholin-4-yl-2-nitro-phenyl)-carbamic acid tert-

butyl ester (crude, prepared above) in MeOH (20 mL) was added Raney-Ni (suspension in water) 

at room temperature, the resulting mixture was stirred for 2 hours under hydrogen atmosphere (1 

atm). The reaction was filtered and concentrated. The residue was washed twice with MeOH to 

obtain title product (160 mg, yield: 70%). MS (ESI):778 [M+Hf, 

g. (2-Acryloylamino-4-morphoUn-4-yi-phenyl)-{6-[3~(2,6-dichloro-3,5-dimethoxy-phenyl)-I-

methyl-3-(2-trimethylsilanyl-ethoxymethyl)-ureido]-pyrimidin-4~yl}-carbamic acid tert-b utyl 

ester 
To a solution of (2-amino-4-morpholin-4-yl-phenyl)-{6-[3-(2,6-dichloro-3,5-dimethoxy-phenyl)-

l-methyl-3-(2-trimethyisilanyl-ethoxymethyl)-ureido]~pyrimidin-4-yl}-carbamic acid tert-butyl 

ester (80 mg, 0.103 mmol) in DCM (5 mL) was added a solution of TEA (10 mg/mL, 1.2 mL, 

0.12 mmol) and a solution of acryloyl chloride (10 mg/mL, 1 mL, 0.11 mmol) dropwise at 0 °C, 

and the resulting mixture was stirred at room temperature for 1 hour. LC-MS showed that the 

reaction was complete. Water (5 mL) was added to quench the reaction, and the reaction mixture 

was extracted with DCM. The combined extracts were washed with brine, dried over anhydrous 

sodium sulfate and filtered. The filtrate was evaporated under vacuum to give crude product, 

which was used for the next step without further purification. 

O 

65 



WO 2015/057938 PCT/US2014/060857 

O o 

.0 

h. N-(2-{6-[3-(2,6-Dichloro-3,S-dimethoxy-phenyl)-l-methyl~ureidoJ-pyrimidin-4-ylamino}~5-

morpholin~4-yl-phenyl)-acrylamide 
To a solution of (2-acryloylamino-4-morpholin-4~yl-phenyl)-{6-[3-(2,6-dichloro-3,5-dimethoxy-

phenyl)-l-methyi-3-(24rimethylsilanyl~ethoxymethyl)-ureido]-pyrimidin-4-yl}-carbamic acid 

tert-butyl ester (crude, prepared above) in CH2CI2 (10 mL) was added TFA (3 mL) at 0 °C, the 

resulting mixture was stirred for 1 hour at room temperature. The reaction mixture was 

concentrated and neutralized with NH3.H2O to give the crude compound, which was purified by 

Prep-HPLC to obtain title compound (10 mg, yield: 16% in two steps), lH NMR (300 MHz, 

DMSO-d6) 5 12.05 (s, IH), 9.60 (s, IH), 8.74 (s, IH), 8.32 (s, IH), 7.33-7.30 (ms 2H), 6.89 (s, 

IH), 6.83 (d, IH), 6.48 (dd, IH), 6.25-6.21 (m, 2H), 5.72 (d, IH), 3.96 (s, 6H), 3.73 (br, 4H), 

3.44 (s, 3H), 3.10 (br, 4H); MS (ESI): 602 [M+H]+ 

N-l2-{6-[3-(2,6-Dichloro-3,5-dimcthoxy-phenyI)-l-methyI-ureido]-pyrimidin-4-yIamino}-5 

(3,5-dim ethyl-piperaziii-1 -y l)-p henyl] -acrylamide 
The compound was synthesized following the approach outlined in Procedure 2G (Example 

123), substituting 4~(3,5-dimethyl-piperazin-l-yl)-2-nitro-phenylamine (preparation shown 

below) in step (d) to afford the title compound (26 mg, yield: 30% over three steps). *H NMR 

(300 MHz, Methanol ~d4) 5 8.32 (s, IH), 7.36-7.33 (m, 2H), 6.95 (d, 1H), 6.80 (s, IH), 6.43-6.37 

(m, 2H), 6.15 (s, IH), 5.77 (d, IH), 3.95 (s, 6H), 3.70 (d, 2H), 3.29 (s, 3H), 3.18-3.13 (m, 2H), 

Example -124 
O 
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2.45 (t, 2H), 1.24 (d, 6H); MS (ESI): 629 [M+H]+. 
PCT/US2014/060857 

Preparation of 4-(3,5-Dimcthyl-piperazin-l-yI)-2-nitro-phenyIamine 
NOo RAP 

NO2 1 *oc 

(BOC)2Q, DMAP ^ rpY Boc 
THF 
reflux Dr 

overnight 

a. di-tert-Butyl 4-bromo-2-nitrophenylcarbamate 

A mixture of 4~bromo-2~nitroaniline (10 g, 46 mmol), (Boc^O (20.7 g, 95 mmol) in THF (250 

mL) was heated under reflux overnight. The mixture was concentrated to afford the title 

compound (19.2 g, quant) which was used for the next step without further purification. 

{J N02 BOC 

NOa BOO !fTN'Boc 

N-BOC H • 
Pd2dba3, xantphos, Cs2C03 

tolune, 1QG°C, 1h I 

b. [4-(3,5-Dimetkyl-piperazin-l-yl)~2-nitro-phenyl]-carbamic acid di-tert-butyl ester 

A degassed mixture of di-tert-Butyi 4-bromo-2-nitrophenylcarbamate (1 g, 2.4 mmol), 2.6-

dimethyl-piperazine (410 mg, 3.6 mmol), Pd2(dba)3 (220 mg, 0.24 mmol), Xantphos (278 mg, 

0.48 mmol) and CS2CO3 (1.56 g, 4.8 mmol) in toluene (30 mL) was heated at 100 °C for 1 hour. 

The reaction was concentrated, and the residue was purified by flash chromatography on silica to 

obtain a mixture of the title compound and mono-Boc product (600 mg). The mixture was used 

directly in the next step without further purification. MS (ESI): 350 [M-Boc+H]*. 

c. 4-(3,5-Dimethyl-piperazin-l-yl)~2-nitro-phenylamine 
To a solution of [4-(3,5-dimethyl-piperazin-l-yI)-2-nitro-phenyl]-carbamic acid di-tert-butyl 

ester and mono-Boc product (600 mg) in DCM (20 mL) was added TFA (10 mL) at 0 °C, the 

resulting mixture was stirred for 3 hours at room temperature. After removal of all volatiles in 

vacuo, the residue was re-dissolved in DCM, neutralized by saturated aqueous NaHCOa, and 

67 



WO 2015/057938 PCT/US2014/060857 

extracted with DCM. The combined extracts were concentrated and the residue was purified by 

flash chromatography on silica to obtain the title compound (233 mg, yield: 39% over two steps). 

N-[2-{6-(3-(2,6-Dichloro-3,5-dimetboxy-phenyl)-l-methyl-ureidoJ-pyrimidin-4-ylamino}-5~ 

(4-methanesulfonyI-piperazm-l-yI)-phenyI]-acrylamide 

The compound was synthesized following the approach outlined in Procedure 2G (Example 

123), substituting 4-(4-methanesulfonyl~piperazin-l-yl)-2-nitro-phenylamine (preparatin shown 

below) in step (d) to afford the title compound (15 mg, yield; 9.6% in five steps). !II NMR (300 

MHz, DMSO-d6) 8 12.03 (s, IH), 9.62 (s, IH), 8.76 (s, IH), 8.33 (s, IH), 7.37-7.32 (m, 2H), 

6.89-6.83 (m, 2H), 6.46 (dd, IH), 6.26-6.21 (m, 2H), 5.72 (d, IH), 3.93 (s, 6H), 3.34-3.16 (m, 

11H), 2.93 (s, 3H); MS (ESI): 679 [M+Hf. 

Preparation of 4-(4-Methanesulfonyl-piperazra-l-yl)-2-nitro-phenylamine 

a, di-tert~Butyl 4-bromo-2-nitrophenylcarbamate 

A mixture of 4-bromo-2-nitroaniline (10 g, 46 mmol), (Boc^O (20.7 g, 95 mmol) in THF (250 

mL) was heated under reflux overnight. The mixture was concentrated to afford the title 

compound (19.2 g, quant) which was used directly in next step without further purification. 

MS (ESI): 251 [M+Hf. 

Example -125 
O 

overnight 
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NO2 Boc 
Boc H 

' N02 BOC o 
Pd2dbas, xantphos, Cs2C03 

toluene, 100°C, 1h 

Boc 

b. [4-(4-Methanesulfonyl-piperazin-1 -yl)-2-nifro-phenyl]-carbamic acid di-tert-butyl ester 

A degassed mixture of di-tert-butyl 4-bromo-2-nitrophenylcarbamate (1 g, 2.4 mmol), 1-

methanesulfonyl-piperazine (590 mg, 3.6 mmol), Pd2(dba)3 (220 mg, 0.24 mmol), Xantphos (278 

mg, 0.48 mmol) and CS2CO3 (1.56 g, 4.8 mmol) in toluene (30 mL) was heated at 100 °C for 1 

hour. The reaction was concentrated, and the residue was purified by flash chromatography on 

silica to obtain a mixture of the title compound and mono-Boc product (755 mg). The mixture 

was used directly in next step without further purification. MS (ESI): 400 [M-Boc+H]+. 

c. 4-(4-Methanesulfonyl~piperazin-l-yl)-2-nitro~phenylamine 

To a solution of [4-(4-methanesulfonyl-piperazin-l-yl)-2-nitro-phenyl]-carbamic acid di-tert-

butyl ester and mono-Boc product (755 mg) in DCM (20 mL) was added TFA (10 mL) at 0 °C, 

the resulting mixture was stirred for 3 hours at RT, After removal of all volatiles in vacuo, the 

residue was re-dissolved in DCM, neutralized by saturated aqueous NallCC^ and extracted with 

DCM. The combined extracts were concentrated and the residue was purified by flash 

chromatography on silica to obtain the title compound (290 mg, yield: 40% in two steps). MS 

(ESI): 301 [M+Hf. 
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Example — 126 
o 

N~[2-{6-[3-(2,6-DICHLORO-3,5-DIMETHOXY-PHENYL)-l-METHYL-UREIDO]-

PYRIMIDIN-4-YLAMINO}-5-(3-DIMETHYLAMINO-PROPYL)-PHENYL]-
ACRYLAMIDE 

The compound was synthesized following the approach outlined in Procedure 2G (Example 

123), substituting 4-(3-Dimethylamino-prop-l-ynyl)-2-nitro-phenylamine (preparatin shown 

below) in step (d) and platinum oxide in step (f) to afford the title compound (4 mg, yield: 1.4% 

in five steps). !H-NMR (300 MHz, DMSO-d6) 5 11.98 (s, IH), 9.66 (d, IH), 8.88 (s, IH), 8.36 

(s, IH), 7.52 (d, IH), 7.44 (d, IH), 7.04 (dd, IH), 6.90 (s, IH), 6.48 (dd, IH), 6.34 (s, IH), 6.24 

(dd, IH), 5.72 (dd, IH), 3.94 (s, 6H), 3.25 (s, 3H), 2.59 (t, 2H), 2.24 (t, 2H), 2.11 (s. 6H), 1.71 

(m, 2H); MS (ESI) 602 [M+H]+. 

Preparation of 4-(3-Dimethylamino-prop-l-ynyl)-2-nitro-phenylamine 

a. 4-(3-Dimethylamino-prop-l-ynyl)-2-nitro-phenylamme 
To a stirred solution of 4-bromo-2-nitro-phenyIamine (1.08 g, 5 mmol) and dimethyl-prop-2-

ynyl-amine (1.0 g, 12 mmol) in TEA (20 mL) was added Pd(PPh3)2Cl2 (0.7 g, 1 mmol) and Cul 

(360 mg, 2 mmol). The solution was stirred at 60 °C under nitrogen for 3 hours. The solution was 

evaporated with silica gel and purified by flash chromatography on silica to give the title 

compound (1.1 g, 70% purity). The title compound was taken directly to the next step without 

further purification. MS (ESI) 221 [M+H]+. 
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Example -127 

N- [2- {6-[3-(2,6-Dicli loro-3,5-dimethoxy-p heny I)-1 -raethy 1-u r eidoj -pyrimid in-4-y lamin o}-5-

(2-dimethyIamino-ethoxy)-phenyl]~acrylamide 
The compound was synthesized following the approach outlined in Procedure 2G for compound 

123, substituting 4-(2-Dimethylamino-ethoxy)-2-nitro-phenylamine (preparatin shown below) in 

step (d) and platinum oxide in step (f) to afford the title compound (4.3 mg, yield: 8% over five 

steps). *H-NMR (300 MHz, DMSO-d6) 5 12.04 (s, IH), 9.58 (s, IH), 8.81 (s, IH), 8.33 (s, IH), 

7.43 (d, IH), 7.33( d, IH), 6.89 (s, IH), 6.79 (dd, IH), 6.51 (dd, IH), 6.26-6.20 (m, 2H), 5.73 (dd, 

IH), 4.04 (t, 2H), 3.96 (s, 6H), 3.27 (s, 3H), 2.67 (t, 2H), 2.24 (s, 6H); MS (ESI) 604 [M+H]+. 

Preparation of 4-(2-Dimethylamino-ethoxy)-2-nitro-phenylamine 

I -HCi 

Nal, Cs2C03l butanone 
80°C, 2h 

O 

a. 4-(2-Dimethylamino-eth oxy)-2-n itro-phenylamine 

To a stirred solution of 4-amino-3-nitro-phenol (1.54 g, 10 mmol) and (2-chloro-ethyl)-dimethyl-

amine hydrogen chloride (1.43 g, 10 mmol) in butanone (40 mL) was added CS2CO3 (10 g, 30 

mmol) and Nal (150 mg, 1 mmol). The solution was slowly heated to 80 °C over one hour. Then 

the solution was stirred at 80 °C for 2 hours. The solution was filtered through Celite® and washed 

with acetone. The solution was evaporated with silica gel and purified by flash chromatography on 

silica to afford the title compound (1.0 g, yield: 45%) as a brown solid. 'H-NMR (300 MHz, 

DMSO~d6) 5 7.38 (d, IH), 7.24 (s, 2H), 7.16 (dd, 2H), 6.99 (d, IH), 3.98 (t, 2H), 2.58 (t, 2H), 2.20 

(s, 6H); MS (ESI) 226 [M+H]+. 
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Example-128 
O 

/O 

But-2-ynoic acid (2-{6-[3~(2,6-dichloro-3,5-dimethoxy-phcnyl)-l-methyI-ureido]-pyrimidin-

4-ylamino} -phenyl)- amide 

The compound was synthesized following the approach outlined in Procedure 2G (Example 

123), substituting 2-nitro-phenylamine in step (d), omitting step (e), and replacing step (g) with 

the following procedure below to afford the title compound (7 mg, yield: 4.8% over five steps). 

NMR (300 MHz, DMSO-d6) 6 11.97 (s, IH), 10.07 (s, IH), 8.89 (s, IH), 8.39 (s, IH), 7.60 

(d, IH), 7.53 (d, IH), 7.24-7.15 (m, 2H), 6.90 (s, IH), 6.44 (s, IH), 3.93 (s, 6H), 3.29 (s, 3H), 

2.22 (s, 3H); MS (ESI): 529 [M+Hf. 

To a solution of (2-amino-phenyl)-{6-[3-(2,6-dichloro-3;5-dimethoxy-phenyl)-l-methyl-3-(2-

trimethylsilanyl-ethoxymethyl)~ureido]-pyrimidin-4-yl}-carbamic acid tert-butyl ester (50 mg, 

0.075 mmol) and DCC (42 mg, 0.2 mmol) in DCM (50 mL) was added a solution of but-2-ynoic 

acid (13 mg, 0.15 mmol) in DCM (10 mL) at 0 °C, and the resulting mixture was stirred at room 

temperature overnight. Water (1 mL) was added to quench the reaction. The mixture was 

concentrated and the residue was purified by reverse phase chromatography to obtain the title 

compound (20 mg, yield: 34%). MS (ESI): 659 [M+Hf. 

Compound 129 was synthesized in a similar manner as compound 100. 
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Example -130 
o 

N-(2-{6-[l-Bcnzyl-3-(2,6-dichloro~3,5-dimethoxy-phenyl)-ureido]-pynmidm-4-ylammo}-

phenyl)-acrylamide 
The compound was synthesized following the approach outlined in Procedure 2G (Example 

123), substituting 2-nitro-phenylamine and 1-benzyl-l-(6-chloro-pyrimidin-4~yl)-3-(2,6-

dichloro-3 }5-dimethoxy-phenyl)-3-(2-trimethylsilanyl-ethoxymethyl)-urea (preparation shown 

below) in step (d) to afford the title compound (26 mg, yield: 20% over five steps). *H NMR (300 

MHz, DMSO-d6) 8 12.27 (s, 1H), 9.68 (s, IH), 8.90 (s, IH), 8.39 (s, IH), 7.69 (d, IH), 7.33-7.19 

(m, 6H), 6.92 (s, IH), 6.45 (dd, IH), 6.24 (d, IH), 6.18 (s, IH), 5.74 (d, IH), 5.07 (s, 2H), 3.95 

(s, 6H); MS (ESI): 593 [M+H]+. 

Prep aration of 1 -B enzyl-1 -(6-ch loro-py rimidin-4-y l)-3-(2,6-d ieh Ioro-3,5-dimethoxy-

phenyl)-3-(2-trimethylsilanyl-ethoxymetliyl)-urea 

a. Benzyl-(6-chloro-pyrimidin~4-yl)-amine 
To a solution of 4.6-dichloro-pyrimidine (1.5 g, 10 mmol) in iPrOH (40 mL) and DIPEA (1.55 g, 

12 mmol) was added a solution of benzylamine (1.28 g, 12 mmol) at room temperature. The 

resulting mixture was stirred at room temperature for 2.5 hours. Water was added and the 

mixture was extracted with DCM, The combined extracts were washed with brine, dried over 

anhydrous NaiSO^ and concentrated to give the crude product, which was purified by flash 

chromatography on silica to obtain the title compound (1.5 g, yield: 68%) as a white solid. 'H 

NMR (300 MHz, CDC13) 5 8.35 (br s, IH), 7.20-7.38 (m, 5 H), 6.35 (s, IH), 4.52 (s, 2H); MS 

(ESI): 220 [M+H]+. 
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.C 
.0 

N' 

C1 w 

CI 
i) NaH, DMF 
0 ~ rt, 10 min 

ii) SEMCI, DMF 
0 - rt, 2 h 

b. J-Benzyl-l-(6-chloro-pyrimidin-4-yl)-3-(2,6-dichlorO'3,5~dimethoxy-phenyI)-3~(2~ 

trimethylsilanyl~ethoxymethyl)~urea 
To a solution of benzyl~(6-chloro-pyrimidin~4-yl)-amine (800 mg, 3,64 mmol) in DMF (15 mL) 

was added NaH (60%, 218 mg, 5.45 mmol) at 0 °C, and the mixture was stirred for 10 minutes at 

room temperature. A solution of 1 -isocyanato-3,5-dimethoxy-benzene (Procedure 2A, steps a-d; 

1.35 g, 5,45 mmol) in DMF (2 mL) was added dropwise at 0 °C. The resulting mixture was 

stirred at room temperature for 2 hours. Saturated aqueous NH4CI (2 mL) was added to quench 

the reaction. The mixture was concentrated and extracted with DCM. The combined extracts 

were washed with brine, dried over anhydrous Na2S04, and concentrated to give the crude 

product, which was purified by flash chromatography on silica to obtain the title compound (1.7 

g, yield: 77%). MS (ESI): 599 [M+H]+. 

N-(2-{6-[3~(2,6-DicMoro-3,5-dimethoxy-phenyl)-l-pyridin-2-ylmethyl-ureido]-pyriinidiii-4-

ylamino}-phenyi)~acryIamide 
The compound was synthesized following the approach outlined in Procedure 2G (Example 

123), substituting 2-nitro-phenylamine and l-(6-chloro-pyrimidin-4-yl)-3-(2,6-dichloro~3,5-

dimethoxy-phenyl)-l-pyridin-2-ylmethyl-3-(2-trimethylsilanyl-ethoxymethyl)-urea (preparation 

shown below) in step (d) to afford the title compound (35 mg, yield: 13% over five steps). ]H 

Example -131 
0 
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NMR (300 MHz, DMSO-d6) 6 12,15 (s, IH), 9.65 (s, IH), 8.83 (s, IH), 8.50 (s, IH), 8.39 (s, 

IH), 7.80 (t, IH), 7.66 (d, IH), 7.31-7.25 (m, 3H), 7.17 (t, IH), 7.09 (t, IH), 6.91 (s, IH), 6,45 

(dd, IH), 6.39 (s, IH), 6.23 (d, IH), 5.74 (d, IH), 5.17 (s, 2H), 3.94 (s, 6H); MS (ESI): 594 

[M+H]+. 

Preparation of l-(6-Chloro-pyrirnidin-4-yl)-3-(2,6-dichloro-3,5-dimethoxy-phenyl)-l-

pyridin-2-ylmethyl-3-(2-trimethylsilanyl-ethoxyraethyI)-urea 

(Xm n 
Cr ^ "CI DiFEA, i-PrOH Cl H 

rt, 2,5 h N 

a, (6-Ch loro-pyrimidin~4~yl)-pyridin-2-ylmethyl-amine 

To a solution of 4,6-dichloro-pyrimidine (1 g, 7 mmol) in iPrOH (40 mL) and DIPEA (1.16 g, 9 

mmol) was added a solution of 2-pyridinylmethanamine (970 mg, 9 mmol) at room temperature. 

The resulting mixture was stirred at room temperature for 2.5 hours. Water was added and the 

mixture was extracted with DCM. The combined extracts were washed with brine, dried over 

anhydrous sodium sulfate and concentrated to give a crude product, which was purified by flash 

chromatography on silica to obtain the title compound (1.2 g, yield: 78%). MS (ESI): 221 

[M+H]+. 

N 
ci ci 

o 
j) NgHi DMF Q°C' 30 min-

H ii) SEMCI, DMF 
0~rt, ih 

Ov 

b. l-(6-Ch]oro-pyrimidin-4-yl)-3-(2,6-dichloro-3,5-dimethoxy-phenyl)-l-pyridin~2-ylmethyl-3-

(2-trimethyl$ilanyl~ethoxymethyl)~urea 
To a solution of (6-chloro-pyrimidin-4-yl)-pyridin-2-ylmethyl-amine (200 mg, 0.91 mmol) in 

DMF (5 mL) was added NaH (60%, 55 mg, 1.37 mmol) at 0 °C, and the mixture was stirred for 

10 minutes at room temperature. A solution of l-isocyanato-3,5-dimethoxy-benzene (Procedure 

2A, a-d; 337 mg, L37 mmol) in DMF (2 mL) was added dropwise at 0 °C. The resulting mixture 

was stirred for 30 minutes. SEMCI (230 mg, 1.37 mmol) in DMF (2 mL) was added and the 

reaction mixture was stirred at room temperature for 1 hour. Saturated aqueous NH4CI was 
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added to quench the reaction. The mixture was diluted with water and extracted with EtOAc, The 

combined extracts were washed with water and brine, dried over anhydrous Na2S04 and filtered. 

The filtrate was concentrated to give a crude product, which was purified by flash 

chromatography on silica to obtain the title product (420 mg, yield: 78%). MS (ESI): 598 

N-(2-{6-[3-(2,6-DICHLORO-3,5-DIMETHOXY-PHENYL)-l-PYRIDIN-4-YLMETHYL-

UREIDO] -P YRIMIDIN-4-YL AMIN 0}-PHENYL)-ACRYL AMIDE 
The compound was synthesized following the approach outlined in Procedure 2G (Example 

123), substituting 3-(2,6-Dichloro-3,5-dimethoxy-phenyl)-l-[6-(2-nitro-phenylamino)-

pyrimidin-4-yl]-l-pyridin-4-ylmethyl-urea in step (e) to afford the title compound (14 mg, yield: 

8.1%). ^NMR (300 MHz, DMSO-d6) 5 12.03 (s, IH), 9.68 (s, IH), 8.92 (s, IH), 8.49 (d, 2H), 

8.39 (s, IH), 7.67 (d, IH), 7.27-7.17 (m, 4H), 7.10 (t, IH), 6.92 (s, IH), 6.48 (dd, IH), 6.24 (d, 

IH), 6.15 (s, IH), 5.74 (d, IH), 5.09 (s, 2H), 3.94 (s, 6H); MS (ESI): 594 [M+Hf. 

Preparation of 3-(2,6-Dichloro-3,5-dimethoxy-pbcnyl)-l-[6-(2-nitro-phenylamino)-

pyrimidiu-4-yI]-l-pyridin-4-yImethyl-urea 

a, (6-Chloro-pyrimidin-4-yl)-pyridin~4-ylmethyl-amine 
To a solution of 4,6-dichloro-pyrimidine (1,5 g, 10.5 mmol) and DIPEA (1.62 g, 12.6 mmol) in 

iPrOH (40 mL) was added 4-pyridinylmethanamine (1.2 g, 11 mmol) at room temperature. The 

resulting mixture was stirred at room temperature for 2 hours. Water was added and the mixture 

was extracted with DCM. The combined extracts were washed with brine, dried over anhydrous 

[M+Hf. 

Example -132 
o 
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Na2SC>4, and concentrated to give the crude product, which was purified by flash 

chromatography on silica to obtain the title compound (1.8 g, yield: 80%). MS (ESI): 221 

[M+Hf. 

b.N-(2-Nitro-phenyl)-N'~pyridin-4-ylmethyl-pyrimidine-4,6-diamine 
A degassed mixture of (6-chIoro-pyrimidin-4-yl)-pyridin-4-ylmethyl-amine (500 mg, 2.27 

mmol), 2-nitroaniline (317mg, 2.3 mmol), Pdi(dba)3 (200 mg, 0.22 mmol), Xantphos (253 mg, 

0.44 mmol) and CS2CO3 (1.48 g, 9.35 mmol) in toluene (10 mL) was heated at 100 °C for 3 

hours. The reaction was concentrated, and the residue was purified by reverse phase 

chromatography followed by flash chromatography on silica to obtain the title compound (330 

mg, yield: 45%). MS (ESI): 323 [M+H]+. 

c. 3-(2,6~Bichloro-3,5~dimethoxy-phenyl)-l-[6-(2-nitro-phenylamino)~pyrimidin-4-yl]-l-

pyridin-4-ylmethyl-urea 
To a solution ofN-(2-mtro-phenyl)-N'-pyridin-4-ylmethyl-pyrimidine-4,6-diamine (330 mg, 

1.02 mmol) in DMF (10 mL) was added NaH (60%, 56 mg, 1.4 mmol) at 0 °C5 and the mixture 

was stirred for 30 minutes at room temperature. A solution of l-isocyanato-3,5-dimethoxy-

benzene (Procedure 2A , steps a-d: 345 mg, 1.4 mmol) in DMF (2 mL) was added dropwise at 0 

°C. The resulting mixture was stirred at room temperature for 2 hours. Saturated aqueous NH4CI 

(2 mL) was added to quench the reaction. The mixture was concentrated and extracted with 

DCM. The combined extracts were washed with brine, dried over anhydrous NaiSdj, and 

concentrated to give the crude product, which was purified by prep-TLC to obtain the title 

compound (190 mg, yield: 33%). MS (ESI): 570 [M+Hf. 

N 
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Example -133 

NH H 

VNii 
f TH ?' . N N. X O 

V °cr 
'TFA 

Preparation of 5-(4-ethyl-piperazin-l-yl)-2-nitro-phenylamine 
NO, r 

0 *w 
H 

DIPEA, DMF 
80°C, overnight 

1. S- (4-Ethyl-piperazin-l-yl)-2-nitro~phenylamine 

A mixture of 1-ethyl-piperazine (1.2 mL, 9.6 mmol), 5-fluoro-2-nitro-phenylamine (1 g, 6.4 

mmol), DIPEA (1.24 g. 9.6 mmol) in DMF (15 mL) was heated at 80 °C overnight. The reaction 

mixture was poured into ice water and extracted with EtOAc. The combined extract was washed 

with brine, dried over anhydrous Na2S04, and concentrated to obtain a crude product, which was 

purified by flash chromatography on silica to afford the title compound (1 g, yield: 63%). ESI-

MS: 251 [M+Hf. 

N-[2-{6-[3-(2,6-DichIoro-3,5-dimethoxy-phenyl)-l-methyl-ureido]-pyrimitHn~4-ylammo}-4-

(4-ethyl-piperazin~l~yl)~phenyl]-acrylaimde trifluoroacetic acid salt 

The compound was synthesized following the approach outlined in Procedure 2G (Example 

123), substituting 5-(4-ethyI-piperazin-l-yl)-2-nitro-phenylamine in step (a) to afford the title 

compound (20 mg, yield: 39%). 'H NMR (300 MHz, Methanol-d4) 5 8.37 (s, IH), 7.49 (d, III), 

7.25 (s, IH), 6.98 (d, IH), 6.82 (s, IH), 6.43-6.38 (m, 3H), 5.78 (d, IH), 3.96-3.88 (m, 8H), 3.68-

3.64 (m, 2H), 3.37 (s, 3H), 3.33-3.08 (m, 6H), 1.40 (t, 3H); MS (ESI): 629 [M+Hf. 

78 



WO 2015/057938 PCT/US2014/060857 

Example -135 
O 

.0 

N-[2-{6-[3-(2,6-Dichloro-3,5-din)ethoxy-phenyl)-l-methyl-ureido]-pyrimidin-4-ylammo}-5-

(4-ethyl-piperaziu~l-ylmethyl)-phenyl]-acrylamide 
The compound was synthesized following the approach outlined in Procedure 20 (Example 

123), substituting 4-(4~Ethyl-piperazin-l-ylmethyl)-2-nitro-phenylamine (preparation shown 

below) in step (d) to afford the title compound (30 mg, yield: 31% over five steps). *H NMR 

(300 MHz, DMSO-d6) 6 11.97 (s, IH), 9.71 (s, IH), 8.95 (s, IH), 8.37 (s, IH), 7.60 (s, IH), 7.50 

(d, IH), 7.12 (d, IH), 6.90 (s, IH), 6.50 (dd, IH), 6.39 (s, IH), 6.25 (d, IH), 5.73 (d, IH), 3.93 (s, 

6H), 3.48 (s, 2H), 3.32 (s, 3H), 2.50-2.25 (m, 10H), 0.98 (t, 3H); MS (ESI): 643 [M+Hf. 

Preparation of 4-{4-Ethyl-piperazin~l-yImethyl)-2-nitro-phenylamme 

a. 4-(4-Ethyl-piperazin-l-ylmethyl)-2-nitro-phenylamine. 
To a stirred solution of 1-ethyl-piperazine (1.37 g, 12 mmol) in MeOH (30 mL) was added 

Ti(0'Pr)4 (1.73 g, 6 mmol). Then the solution was stirred at room temperature for 15 min. Then 

4-amino-3-nitro-benzaldehyde (Procedure 2F, steps a-b, 1.5 g, 9 mmol) in MeOH (10 mL) was 

added and the solution was stirred at room temperature overnight, ThenNaBH4 (380 mg, 10 

mmol) was added and the solution was stirred at room temperature for 1 hour. The solution was 

diluted with EtOAc and filtered. The filtrate was washed with water and brine, dried over 

anhydrous Na2S04. Concentration gave product, which was purified by flash chromatography on 

silica to obtain the title compound (800 mg, yield: 34%). MS (ESI); 265 [M+H]+ 

Ii(OiPr}4, NaBH4 

MeOH, rt 
overnight 

O 
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Example -136 
o 

NH u 

V=N O. 

N-(2-{6-[3-(2,6-Dichloro-3,5-dimethoxy-phenyl)-3-(3-methyl-isoxazoI-5-ylmethyI)-ureido]-
pyrimidin-4-ylamino}-phenyl)~acryIamide 

The compound was synthesized following the approach outlined in Procedure 2G (Example 

123), substituting l-(6-Chloro-pyrimidin-4-yI)-3-(2,6-dichloro-3,5-dimethoxy-phenyl)-l"(3-

methyHsoxazol-5-ylmethyl)-3-(2-trimethylsilanyl-ethoxymethyl)-urea (preparation shown 

below) in step (d) and iron/acetic acid at 60 °C in step (f) to afford the title compound (26 mg, 

yield: 12% in five steps).NMR (300 MHz, DMSO-d6) 5 11.78 (s, IH), 9.72 (s, IH), 8.97 (s, 

IH), 8.40 (s, IH), 7.66 (d, IH), 7.45 (d, IH), 7.21-7.15 (m, 2H)S 6.90 (s, IH), 6.52-6.43 (m, 2H), 

6.26 (d, IH), 6.09 (s, IH), 5.74 (d, IH), 5.16 (s, 2H), 3.93 (s, 6H), 2.18 (s, 3H); MS (ESI): 598 

[M+Hf 

Prep aration of 1 -(6-Chlor o-py r imidin-4~yl)-3-(2,6-dich Ioro-3,5-dimeth oxy-ph enyl)-l-(3-

methyI-isoxazol-5-ylmethyI)-3~(2-trimethylsiIanyI-ethoxymethyl)-urea 

11, 4. no 

a. (6-Chtoro-pyrimidin-4-yl)~(3-methyl-isoxazol-5-ylmethyl)-amine. 

To a solution of 4,6-dichloro-pyrimidine (660 mg, 4.46 mmol) in iPrOH (40 mL) and DIEA (690 

mg, 5.35 mmol) was added a solution of C-pyridin-2-yl-methyIamine (560 mg, 5 mmol) at room 

temperature. The resulting mixture was stirred at room temperature for 2 hours. Water was added 

and the mixture was extracted with DCM. The combined extracts were washed with brine, dried 

over anhydrous sodium sulfate, and concentration under vacuum to give the crude product. The 

crude product was purified by flash chromatography on silica to obtain the title compound (650 

mg, yield: 65%). MS (ESI): 225 [M+Hf. 
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.c ,0 
N 

y SEM CI 

\—N 

CI 
1) NaH, DMF 
0°C to rt, 

2) SEMCI, DMF 
0°C to rt, V=N O. 

ft. l-(6-Chloro~pyrimi(iin-4-yI)-3-(2,6-dichloro-3,5-(iimethoxy~phenyl)-l-(3-methyl-isoxazol-5-

ylmethyl)-3-(2-trimethylsUanyl-ethoxymethyl)~urea. 
To a solution of (6-chloro-pyrimidin-4-yl)-(3-methyl-isoxazol-5-ylmethyl)-amme (300 mg, 1.34 

mmol) in DMF (5 mL) was added Natl (60%, 80 mg, 2 mmol) at 0 °C, and the mixture was 

stirred for 10 minutes at room temperature. A solution of l-isocyanato-3,5-dimethoxy-benzene 

(Procedure 2A, steps a-d, 337 mg, 1.37 mmol) in DMF (2 mL) was added dropwise at 0 °C. The 

resulting mixture was stirred for 0.5 hour. SEMCI (230 mg, 1.37 mmol) in DMF (2 mL) was 

added. The reaction mixture was stirred at room temperature for 1 hour. Sat. aqueous NH4CI was 

added to quench the reaction. The mixture was diluted with water and extracted with EtOAc. The 

combined extracts were washed with water and brine, dried over anhydrous sodium sulfate and 

filtered. The filtrate was evaporated under vacuum to give the crude product, which was purified 

by flash chromatography on silica to obtain the title product (440 mg, yield: 55%). MS (ESI): 

604 [M+Hf 

N-f2-{6-[3-(2,6-DichJoro-3,5-dimethoxy-phenyl)-1-methyJ-ureido]-pyrimidin-4-yIamino}-4-

(2-dimethyIammo-ethyI)-phenyI]-acrylamide TFA salt 
The compound was synthesized following the approach outlined in Procedure 2G substituting 5-

(2-dimethylamino-ethyl)-2~nitro-phenylamine (prepared by the method outlined below) in step 

(d) to afford the title compound (39 mg, yield: 29%) as a TFA salt. !H NMR (300 MHz, DMSO-

Example -137 

O 
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d6) 5 11.86 (s, IH), 9.76-9.70 (m, 2H), 9.02 (s, IH), 8.40 (s, IH), 7.86 (d, IH), 7.51 (s, IH), 7.12 

(d, IH), 6.90 (s, IH), 6.57-6.48 (m, 2H), 6.24 (d, IH), 5.74 (d, IH), 3.94 (s, 6H), 3.35-3.28 (m, 

5H), 2.98-2.92 (m, 2H), 2.79 (s, 6H); MS (ESI): 588 [M+Hf . 

Preparation of 5-(2-DimethyIammo-etbyi)-2-nitro-phenyIamine 

a. 12-(3-Fluoro-4-nitro-phenyl)-vinyl]~dimethyl-amine. 

A mixture of 2-fluoro-4-methyl-l-nitro-benzene (3 gf 19.3 mmol), N,N-dimethylformamide 

dimethylacetal (10 mL) and 3 mL of DMF (30 mL) was heated at 125°C for 1 hour. The mixture 

was cooled and concentrated under reduced pressure to give a purple solid. Trituration with 

hexanes gave the pure title product (2.5 g, yield: 63%). MS (ESI): 211 [M+Hf, 

b. [2-(3-Fluoro-4-nitro-phenyl)-ethyl]~dimethyl-amine. 

To a solution of [2-(3-fhioro~4-nitro-phenyl)-vinyl]-dimethyi-amine (1.7 g, 8 mmol) in MeOH, 

was added NaBHjCN (770 mg, 12 mmol) and one drop of AcOH. The reaction mixture was 

stirred at room temperature for 2 hours and quenched with water. After removal of all volatiles in 

vacuo, the residue was extracted with 10% methanol in DCM twice. The combined extracts were 

washed with brine, dried over anhydrous sodium sulfate. Concentration under vacuum gave a 

crude product, which was purified by reverse phase column to afford the title compound (1.08 g, 

yield: 63%). MS (ESI): 213 [M+Hf 

c. 5-(2-Dimethylamino-ethyl)-2-nitro~phenylamine 

To a solution of [2-(3-fTuoro-4-nitro-phenyl)-ethyl]-dimethyi-amine (800 mg, 3.76 mmol) in 
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MeOH (20 mL) was added ammonia hydroxide (5 mL). The reaction mixture was heated at 
100°C under microwave heating for 1.5 hours. The resulting yellow solid was collected and 
washed with water, dried under vacuum and combined with a previous batch to give the pure 
title compound (560 mg, yield: 55%). MS (ESI): 210 [M+H]+. 

MeO 

.NH 

r 
r? 

.OMe 

NH2 

Triphosgene 
DIPEA 
1,4-dioxane 
yield: 50% 

Procedure 2H: Example -139 

°Y% 

T o 

% 
^"N Boc 

VW 
OMe 

.OMe 
NaH, (BOC)20 

THF, 0 °C-i1 
16h 

OMe 

C'Y^ 
T ^ 

O 

OMe 

•OMe 
NaH, (Boc^O 

THF, 0 cC-rt 
18h r 

XXNH2 

Pdadbaa (10%) 
Xantphos (20%) 
CS2CO3 (2 eqv.) 
Toluene, 100 °C 
overnight 

Raney Ni H2 

MeOH-THF 
36h 

OMe 

HH2 BOC O 

(TVVN^ \ A Boc 
Vv — r¥r% 
/N NwOMe TEA, DCM /v f Y J 

I o OMe 

OMe 
O 

^NH H H 
>30eq. TFA, DCM -N--

„ , T 0 
0 °C-rt, 24h 

f T « O 

OMe 

N-(2-((6-(3-(3,5-dimethoxyphenyl)-.l-methylureido)pyrimidin-4-yl)amino)-5-(4-ethylpiperazin-
1 -yl)phenyl) aerylamide 
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MeO .OMe 
CI 

CI 
NH2 

.OMe 
Triphosgene, DiPEA 

1,4-dioxane 
OMe 

a. l-(6-chloropyrimidw-4-yl)-3-(3,5-dimethoxyphenyl)-l-methylurea 
To a stirred solution of 6-chioro-N-methylpyrimidin-4-amine (lg, 6.965 mmol) in dioxane (10 
raL) was added DIPEA (3.6 mL, 20.895 mmol) and triphosgene (0.8Ig, 2.786 mmol) under 
argon atmosphere at 0 °C. The resulting mixture was stirred for lh at 70 °C, and then allowed to 
cool to room temperature. The resulting mixture was added via cannula to a solution of 3,5-
dimethoxyaruline (1.2g, 8.358 mmol) and DIPEA (1.2 mL, 6.965 mmol) in dioxane (4mL) under 
argon atmosphere at 0 °C. The reaction mixture was allowed to warm to room temperature and 
stirred for 12h. After completion of the reaction by TLC (Hexanes:EtOAc, 7:3), reaction mixture 
was diluted with ethyl acetate and a saturated aqueous solution of NaHCC>3. The aqueous layer 
was separated and extracted with ethyl acetate (2x50mL). The combined organic phase washed 
with brine, dried onNa2S04, filtered and concentrated under vacuum. The residue was purified 
by silica gel column chromatography (Hexanes:EtOAc, 70:30) to afford l-(6-chloropyrimidin-4-
yl)-3-(3,5-dimethoxyphenyl)-l-methylurea (1.1 g, yield: 50%) as a white solid. !HNMR (CDCI3. 
300MHz): 8 12.38 (s, IH), 8.71 (s, IH), 6.99 (s, IH), 6.79 (d, 2H), 6.26 (t, IH), 3.81 (s, 6H), 
3.45 (s, 3H); MS (ESI): 323.10 [M+Hf. 

b. l-(6-chloropyrimidin-4-yl)-3-(3,5-dimethoxyphenyl)-l-methyl-3-tert-butyl carbonate urea 
NaH (0.124g, 3.098 mmol) was added to a stirred solution of l-(6-chloropyrimidin-4-yl)-3-(3,5-
dimethoxyphenyl)-l-methylurea (0,5g, 1.549 mmol) in anhydrous DMF (4mL) under an argon 
atmosphere at 0 °C, The resulting mixture was stirred for 15 min. and added the DWer?-butyl 
dicarbonate (0.50 mL, 2.323 mmol) at 0 °C. The resulting reaction mixture was allowed to warm 
to room temperature and stirred for 16h. The reaction mixture was diluted with ethyl acetate and 
an excess of cold water. The aqueous layer was separated and extracted with ethyl acetate 
(3x25mL). The combined organic phase was washed with brine, dried over Na2S04, filtered, and 
concentrated under vacuum. The residue was purified by silica gel column chromatography 

OMe 
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(Hcxanes:EtOAc, 80:20) to afford the title compound (0.45g, 69% of yield) as a white solid. 

'HNMR (CDC13J 300MHz): 6 8.72 (d, IH), 8.78 (d, IH), 6.43-6.37 (m, 311), 3.77 (s, 6H), 3.49 (s, 

3H), 1.40 (s, 9H): MS (ESI): 424.10 [M+2]\ 

Ck I | 2 H 
f^N'^^N02 !rVNYN^l 

Boc \ M 1 " 1 f -
NSv^_,OMe I T ?oc 

Y ^11 Pd,dba, (10%) ^N^X J Pd2dba3{10%) ^Tn'" 
r XantDhos (20%) I n ! Xantphos (20%) I O 
OMe Cs2C03 (2 eqv.) 

Toluene, 100 °C 0Me 

overnight 
c. l-(3,5-dimethoxyphenyl)-3-(6-((4-(4-ethylpiperazin-l-yl)-2-nitrophenyl)amino)pyrimidin-4-

yl)-3~methyl~l-tert-butyl carbonate urea 

Pd2(dba)3 (0.095g, 0.104 mmol) and Xantphos (0.1202 g, 0.208 mmol) was taken in 10mL of dry 

toluene in a seal tube under Argon atmosphere at room temperature. The Argon gas purging was 

continued for additional 5-10 min. Then l-(6-chloropyrimidin-4-yl)-3-(3,5-dimethoxyphenyl)-l-

dimethyl~3-tert-butyl carbonate urea (0.43g, 1.042 mmol) and 4-(4-ethyIpiperazin-l-yl)-2-

nitroaniline (Procedure 2C, Steps a- c; 0.317g, 1.25 mmol) was added and the resulting reaction 

mixture was purged with argon gas for 5 min., and then CS2CO3 (0.676g, 2.08 mmol) was added. 

The argon gas purging was continued for additional 5 min. before sealing the reaction vial Then 

the reaction mixture was heated at 100 °C for 12h. After completion of the reaction by TLC 

(DCM:MeOH, 98:2), reaction mass was partitioned between EtOAc and water. The aqueous 

layer was extracted with EtOAc (2x2 5mL) and the combined organic layer was washed with 

water, brine, dried over Na2S04 and evaporated under vacuum. The crude residue was purified 

by column chromatography on silica gel (DCM:Me0H/97:3) to afford the title compound 

(0.250g, 37% of yield). 1HNMR (CDC13, 300MHz): 8 9.30 (s, IH), 8.58 (s, IH), 8.17 (d, IH), 

7.59 (d, IH), 7.14 (s, IH), 7.08 (dd, IH), 6.42 (d, 2H), 6.36 (t, IH), 3.75 (s, 6H), 3.49 (s, 3H), 

3.23 (t, 4H), 2.62 (t, 4H), 2,49 (q, 2H), 1.39 (s, 9H), 1.14 (t, 3H); MS (ESI): 637.4 [M+H]+. 

NOz Boc 

T l . f J X 1 
BQC NaH, (Boc)20 I ^ 

^ THF, 0 "C-rt* rN^ "V 
I O I J 18h 1 O 

Boc 
N. .N. /-v ,OMe 

O 18h 

OMe 0Me 

d. tert-butyl (6-(3-(3,5-dimethoxyphenyl)-l-methyl~3-tert-butyl carbonate ureido)pyrimidin-4-
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yl)(4-(4-ethylpiperazin-l-yl)-2-nitropkenyl)carbamate 
NaH (0.0314g} 0.786 mmol) was added to a stirred solution of 1 -(3,5-dimethoxyphenyl)-3-(6-
((4-(4-ethylpiperazin-1 -yl)-2-nitrophenyl)amino)pyrimidin-4-yl)-3-methyl-1 -tert-butyl carbonate 
urea (0.25g, 0.393 mmol) in anhydrous DMF (4mL) under an argon atmosphere at 0 °C. The 
resulting mixture was stirred for 15 min. Then Di-tert-butyl dicarbonate (0.12 mL, 0.589 mmol) 
was added at 0 °C. The resulting reaction mixture was allowed to warm to room temperature and 
stirred for 18h. The reaction mixture was diluted with ethyl acetate and cold water. The aqueous 
layer was separated and extracted with ethyl acetate (3x20mL). The combined organic phase was 
washed with brine, dried over NaaSCX?, filtered and concentrated under vacuum. The residue was 
purified by silica gel column chromatography (DCM:MeOH, 97:3) to afford the title compound 
(0.280g, 96% of yield) as a brown solid. IHNMR (CDC13, 300MHz): 8 8.44 (s, IH), 8.30 (s, IH), 
7.60 (d, lH)f 7.14-7.03 (m, 2H), 6.48 (d, IH), 6.44-6.21 (m, 2H), 3.75 (s, 6H), 3.49 (s, 3H), 3.49 
(t, 4H), 2.62 (t, 4H), 2.49 (q, 2H), 1,38 (d, 18H), 1.14 (t, 3H); MS (ESI);737.5 [M+Hf. 

NOz BOC NH2 BOC 

t l\T Boc Raney Ni Hg goc 

/NyNYV°Me MeOH-THF ^N^ 
I A I J 36h f » O Uyfi) I O 

OMe OMe 
e. tert-butyl (2-amino-4-(4~ethylpiperazin-l-yl)phenyl)(6~(3-(3,5-dimethoxyphenyl)-l-methyl-3-
tert-butyl carbonate ureido)pyrimidin-4~yl) carbamate 
A mixture of tert-butyl (6-(3-(3,5-dimethoxyphcnyl)-1 -methyl-3-tert-butyl carbonate 
ureido)pyrimidin-4-yl)(4-(4-ethylpiperazin-l-yl)-2-nitrophenyl)carbamate (0.280g, 0.380 mmol) 
and Raney nickel (0.05g) in mixture of MeOH and THF (1:1) (lOmL) was stirred for 36h at 
room temperature under a hydrogen atmosphere (balloon). The reaction mixture was filtered 
through Celite pad. The filtrate was concentrated to afford the title compound (0.14g, 52% of 
yield). MS (ESI): 707.7 [M+Hf. 

NH2 BOC O 

N-yN"i] . 1 BOC 

, T ̂  YV —— xVY], .N.J ,N. ^N.^.OMe TEA, DCM r 111 X O ^ ^^OMe 

OMe ' 

OMe 

f tert-butyl (2-acrylamido-4-(4-ethylpiperazin~l-yl)phenyl)(6-(3-(3t5-dimethoxyphenyl)-l-
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methyl-3-tert-butyl carbonate ureido)pyrimidin-4-yl)carbamate 

To a stirred solution of tert-butyl (2-amino-4-(4-ethylpiperazin-l-yl)phenyl)(6-(3-(3,5-

dimethoxyphenyl)-l-methyl-3-/er/-butyl carbonate ureido)pyrimidin-4-yl)carbamate (0.14g, 

0.183 mmol) in anhydrous DCM (5 mL) was added TEA (0,08mL, 0.594 mmol) under argon 

atmosphere at 0 °C. The resulting mixture was stirred for 15 min. and slowly added the acryloyl 

chloride (0.03 mL, 0.396 mmol) at 0 °C. The resulting reaction mixture was allowed to warm to 

room temperature stirred for 3h. The reaction mixture was diluted with DCM and water. The 

aqueous layer was separated and extracted with DCM (3x20mL). The organic phase was washed 

with brine, dried over Na2S04, filtered, and concentrated. The residue was purified by silica gel 

column chromatography (DCM;MeOH, 97:3) to afford the title compound (0.070g, 46% of 

yield) as a brown solid. MS (ESI): 761.4 [M+Hf. 

o 
H 

O 

NH Boc JL jyj M 

TN ?oc 0Crt'24h N U^^oMe 
^ ^vNyvOMe I X 

1 o 
OMs 

OMe 

g N-(2-((6~(3-(3,5-dimethoxyphenyl)-l-methylureido)pyrimidin-4-yl)amino)-5-(4-
ethylpiperazin-l-yl)phenyl)acrylamide 

TFA (0.35 mL, 5 vol) was slowly added to a stirred solution of tert-butyl (2-acrylamido-4-(4~ 

ethylpiper azin-1 -yl)phenyl)(6-(3 -(3,5 -dimethoxypheny 1)-1 -methvl-3-/er/-butyl carbonate 

ureido)pyrimidin-4-yl)carbamate (0.070g, 0.124 mmol) in dry DCM (2 mL) under argon 

atmosphere at 0 °C. The resulting reaction mixture was allowed to warm to room temperature 

and stirred for 24h. Reaction progress was monitored by LCMS, after completion of the reaction, 

excess solvents were removed under reduced pressure. The resulting residue was diluted with 

DCM and a saturated aqueous solution of NaHCC>3. The aqueous layer was separated and 

extracted with DCM (3x1 OmL). The organic phase was washed with brine, dried on NaaSO^ 

filtered and concentrated under vacuum. The residue was purified by silica gel column 

chromatography (DCM/MeOH, 97:3) to afford 45mg of desired product with HPLC purity 80%, 

which was purified by preparative HPLC (Conditions: Column: XBRIDGE-C18 (19.0x150mm, 

Smicron); (Mobile Phase: A; 0.1% TFA in Water, B; ACN) to afford the title compound (19 mg, 

37% of yield) as a off-white solid. JHNMR (CDC13, 300MHz): S 12.85 (s, IH), 8.39 (s, IH), 7.72 

(s, IH), 7.55 (s, IH), 7.19 (d, IH), 6.79 (s, 2H), 6.75 (d, IH), 6.64 (s, IH), 6.39 (d, IH), 6.22-

6.13 (m, 2H), 5.80-5.73 (m, 2H), 3.78 (s, 6H), 3.28 (t, 4H), 3.21 (s, 3H), 2.60 (t, 4H), 2.47 (q, 
87 



WO 2015/057938 PCT/US2014/060857 

2H). 1.12 (t, 3H); MS (ESI): 561.60 [M+H]+; HPLC: 96.04%, rt: 6.40 min. 

Example —140 
0 

r 
N-(2-((6-(3-(2,6-dichlorophenyl)-l-mcthylureido)pyrimidm-4-yl)amino)-5-(4-
ethylpiperazin-l-yl)phenyl)acrylamide 

The compound was synthesized following the approach outlined in Procedure 2H (Example 

139), substituting 2,6-dichloroaniline in step (a) and (2-(chloromethoxy)ethyl)trimethylsilane in 

step (b) to afford the title compound (18 mg, 3.2% of yield) as a off-white solid. !HNMR 

(CDC13, 300MHz): 5 12.58 (s, IH), 8.39 (s, IH), 7.75 (s, IH), 7.61 (s, IH), 7.37 (d, 2H), 7.22 (d, 

IH), 7.14 (t, IH), 6.77 (dd, IH), 6.67 (s, IH), 6.42 (d, IH), 6.25-6.16 (m, IH), 5.85 (s, IH), 5.78 

(d, IH), 3.35-3.24 (m, 7H), 2.62 ft, 4H), 2.49 (q, 2H), 1.14 (t, 3H); MS (ESI): 569.10 [M]+; 

HPLC: 96.98%, rt: 3.49 min. 

N-(2-((6-(3-(2-chloro-3,5-dimethoxyphenyl)-I-methylureido)pyrimidin-4-yl)amino)-5-(4~ 

ethylpiperazin~l~yl)phenyl)acrylamide 

The compound was synthesized following the approach outlined in Procedure 2H (Example 

139), substituting 2-chloro-3,5-dimethoxyaniline (procedure shown below) in step (a) to afford 

the title compound (20 mg, 6.8 % of yield) as a off-white solid. 1H-NMR (CDCI3,400MHz): 8 

13.46 (s, IH), 8.43 (s, IH), 7.79-7.71 (m, 2H), 7.56 (s, IH), 7.18 (d, IH), 6.74 (dd, IH), 6.61 (s, 

IH), 6.38 (d, IH), 6.26 (ds IH), 6.21-6.15 (m, IH), 5.79-5.74 (m, 2H), 3.86 (s, 3H), 3.81 (s, 3H), 

Example -141 
o 
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3.28 (t, 4H), 3.23 (s, 3H), 2.59 (t, 4H), 2.47 (q, 2H), 1.12 (t, 3H); MS (ESI): 595.15 [M]+; 

HPLC: 98.14%, rt: 3.49 min. 

Preparation of 2-chloro-3,5-dimethoxyaniline 

a. N-(3,5-dimethoxyphenyl)acetamide 
Acetic anhydride (6.5 mL)was added slowly to a stirred solution of 3,5-dimethoxy aniline (lOg, 

65.359 mmol) in toluene (50 mL) under argon atmosphere at room temperature and resulting 

reaction mixture was stirred for 15h. After completion of the reaction, reaction was diluted with 

Hexane and resulted precipitate was collected by filtration and dried under vacuum to afford the 

title compound (12.5g, 98% of yield) as a off-white solid. !HNMR (CDCI3, 300MHz): 6 7.38 (s, 

IH), 6.75 (d, 2H), 6.23 (s, IH), 3.76 (s, 6H)} 2.15 (s, 3H); MS (ESI):196.1 [M+Hf. 

b. N-(2~chloro~3,S-dimethoxyphenyl)acetamide 
To a stirred solution of N-(3,5-dimethoxy-phenyl)-acetamide (5g, 25.64 mmol) in acetic acid (17 

mL) was added 32% aqueous hydrochloric acid solution (14 mL), followed by a solution of 

sodium chlorate (1.16g, 11 mmol) in water (1.5 mL) at 0 °C. The resulting reaction mixture was 

stirred for 30 min. at 0 °C. Thereafter reaction mixture was poured into ice water and made it 

basic with K2CO3 powder. The precipitate was filtered off and washed with water. The residue 

was purified by silica gel column chromatography (Hexane/EtOAc, 88:12) to afford the title 

compound (1.8g, 31% of yield) as a white solid. ]HNMR (DMSO-Jg, 300MHz): 8 9.36 (s, IH), 

7,03 (d, IH), 6.53 (d, IH), 3.84 (s, 3H), 3.74 (s, 3H), 2.08 (s, 3H); MS (ESI): 230.2 [M+Hf. 

o 

15h 

O 

12 h 
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c. 2-chloro~3,5-dimethoxy aniline 
Potassium hydroxide (2.19g, 39.18 mmol) was added to a solution of N-(2-chloro-3,5-

dimethoxyphenyl)acetamide (1.8g, 7.837 mmol) in EtOH (lOOmL) and water (lOmL) and the 

reaction mixture heated to reflux for 12h. Excess EtOH was removed under reduced pressure to 

obtain a residue. The residue was then partitioned between water and diethyl ether. The organic 

layer was separated, dried over sodium sulfate, filtered and concentrated under vacuum to afford 

the title compound (1.2g, 82% of yield) as a white solid. 1HNMR (CDCb, 300MHz): 5 5.97 (s, 

2H), 4.08 (brs, 2H), 3,84 (s, 3H), 3.75 (s, 3H); MS (ESI): 188.1 [M+Hf. 

Procedure 21: Example - 142 

MeO'^s-'Br 

XT H0^^KH02 K2C03I DMF 
50°C, 6h 

u 

OMe 

NO, H NY% 
VN 
.NH 

NH2 

CVI 
,NH 

NO2 Pd2dba3 (10%), Xantphos (20%) 
Cs2CQ3 (2.5 eqv.), Toluene 

100°C 
yield: 70% 

NH2 CWCI 
MeO'^^s"OMe 
i) Phosgene, toluene 

refiux, 6h 

ii)To[uene, reflux, 6h OMe 
yield: 32% 

OMe 

OMe 

DMAP, (BOC)20 

THF, refiux, 3h 

O Raney-Ni, H2 

NO, Boc 4 A \ 
N N 

^ BOC ci _____ . 
/NY^YV°M8 MeOH, THF yN Boc CI 

yield: 88% ^Me yield: 77% ^ /N Y'NS 

OMe 0Me °cr 

NH? Boc 

^ Y ^ 
.OMe 

O 

CI 

TEA, DCM 0 

0 °C-r.t., 2 h 
yieid: 72% 

OMe 

OMe 

.OMe yieid: 58% Q 

3N-(2-((6-(3-(2,6-dichloro-3,5-dimethoxyphenyI)~l~inethylureido)pyrinudin~4-yl)aramo)-5-
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(2-methoxyetkoxy)pheuyl)acrylamide 
PCT/US2014/060857 

NH2 

HO' N02 

a. 4-(2-meth oxyeth oxy)~2-nitroaniline 

Powdered and dried Potassium carbonate (3.58g, 0.025mol) was added to a solution of 4-amino-

3-nitrophenoi (2g, 0.012mol) in DMF (20mL) at 0°C under nitrogen atmosphere. To this, 1-

bromo-2-methoxyethane (1.34mL, 0.0 Mmol) was added dropwise and the resultant reaction 

mixture was refluxed for overnight. Then, the reaction mixture was filtered through celite. The 

filterate was concentrated and diluted with ethyl acetate and water. The aqueous layer was 

separated and extracted with ethyl acetate (3x30mL). The organic phase was washed with brine, 

dried on Na2S04, filtered and concentrated under vacuum. The residue was purified by silica gel 

column chromatography to obtain the title compound (0.6g, yield; 24%) as a solid. MS (ESI): 

b. N4-(4-(2-methoxyethoxy)-2~nitrophenyl)-N6-methylpyrimidine-4,6-diamine 

4-(2-methoxyethoxy)-2-nitroanili.ne (0.6g, 2.830mmol) and 6-chloro-N-methylpyrimidin-4-

amine (0.404 g, 2.830 mmol) were taken in lOmL of dry toluene in a seal tube under Argon 

atmosphere at room temperature. The Argon gas purging was continued for additional 5-10 min. 

Then CS2CO3 (2.3 g, 7.075 mmol, 2.5eq) and Xantphos (0.490g, 0.849 mmol) were added and 

the resulting reaction mixture was purged with argon gas for 5 min, followed by Pd2(dba)3 (0.518 

g, 0.566 mmol) was added. The argon gas purging was continued for additional 5 min before 

sealing the reaction vial. Then the reaction mixture was heated at 100 °C for 7h. After 

completion of the reaction by TLC (DCM:MeOH, 98:2), reaction mass was filtered through 

celite and the filtrate was evaporated under vacuum to get a crude residue. The crude residue was 

purified by column chromatography on silica gel to afford the title compound (0.93g, yield: 

70%); MS (ESI): 320.3 [M+Hf. 

213.15 [M+Hf. 
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NH2 
CK M 

HO2 
^ ^ OMe xic1 

L N i) Phosgene, toluene 
j' reflux, 6h J 

J _^NH (j)Toluene, reflux, 6h QMe 
OMe 

OMe 
c. 3-(2,6-dichloro~3,5-dimethoxyphenyl)-l~(6-((4-(2-methoxyethoxy)-2-nitrophenyl)amino) 
pyrimidin-4-yl)-l -methyturea 

To a stirred solution of 2,6-dichloro-3,5-dimethoxyaniline (500mg, 2.252 mmol) in dioxane (10 

mL) was added 20% phosgene in toluene (4.4mL, 9.0mmol) under argon atmosphere at 0 °C. 

The resulting mixture was stirred for 6h at 90 °C, and then allowed to cool to room temperature, 

The solvents were removed and the residue was dissolved in toluene (lOmL). To this, was added 

N4-(4-(2-methoxyethoxy)-2-nitrophenyl)-N6-methylpyrimidine-4,6-diamine (0,718g, 8.358 

mmol, l.Oeq). The resultant reaction mixture was then refluxed for 6h. After completion of the 

reaction by TLC (Hexanes:EtOAc, 7:3), reaction mixture was cooled to room temperature, 

concentrated under vacuum to obtain a crude reaction mixture. The solid precipitated on addition 

of ethyl acetate to the crude reaction mixture was filtered, washed with ether and pentane to 

afford the title compound (0.285, yield: 32%) as a white solid. MS (ESI): 567.0 [M+H]+. 

N02H N02 BOC 

-N^ iVr^ Ci DMAP, (BOC)2Q Q-KJ? BOC CI 
.OMe THF, reflux, 3h ^N^C^OMe 

OMe °C!-^T 
0Me OMe 

d. tert-butyl (6-(3-(2,6-dichloro-3,5-dimethoxyphenyl)-l-methyl-3-tert-butyl carbonate 

ureido)pyrimidin-4-yl)(4-(2-methaxyethoxy)-2-nitrophenyl)carbamate 

DMAP(0.025g, 0.2 mmol), and Di-tert-butyl dicarbonate (0.438g, 2.009 mmol) was added to a 

stirred solution of 3-(2,6-dichloro-3}5-dimethoxyphenyl)-1 -(6-((4-(2-methoxyethoxy)-2-

nitrophenyl)amino) pyrimidin-4-yl)-l-methylurea (0.285g, 0.502 mmol) in anhydrous THF 

(lOmL) under an argon atmosphere at 0 °C. The resulting mixture was refluxed for 3-4h. After 

completion of the reaction by TLC (Hexanes:EtOAc, 1:1), reaction mixture was cooled to room 

temperature, concentrated under vacuum to obtain a crude residue. The residue was purified by 

silica gel column chromatography to afford the title compound (0.35g, yield: 88%) as an off-

white solid. MS (ESI): 767.1 [M+Hf. 
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e. tert-butyl (2-amino-4-(2-methoxyethoxy)phenyl)(6-(3~(2,6-dichloro-3,5-dimethoxyphenyl)~l~ 
methyl'3-tert-butyl carbonate ureido)pyrimidin-4-yl)carbamate 

Raney nickel (0.05g) was added to a solution of tert-butyl (6-(3-(2;6-dichloro~3,5-

dimethoxyphenyl)-l -methyl-3-tert-butyl carbonate ureido)pyrimidin-4-yl)(4-(2-methoxyethoxy)-

2-nitrophenyl)earbamate (0.350g, 0.456mmol) in mixture of THF and MeOH (lOmL) and the 

resultant reaction mixture was stirred for 14h at room temperature under a hydrogen atmosphere 

(balloon). The reaction mixture was filtered through Celite pad. The filtrate was concentrated to 

afford a crude residue. The residue was purified by silica gel column chromatography 

(MeOH:DCM, 5:95) to afford the title eomopund (0.26g, yield: 77%) as solid. MS (ESI): 737.2 

[M+Hf. 
O 

OMe 
f tert-butyl (2-acrylamido-4~(2-methoxyethoxy)phenyl)(6-(3-(2,6-dichloro~3,5-

dimethoxyphenyl)-l-methyl-3-tert-butyl carbonate ureido)pyrimidin-4-yl)carbamate 

To a stirred solution of tert-butyl (2-ammo-4-(2-methoxyethoxy)phenyl)(6-(3-(2.6-dichIoro-3,5-

dimethoxyphenyl)-l-methyl-3-tert-butyl carbonate ureido)pyrimidin~4-yl)carbamate (0.26g, 

0.352 mmol) in anhydrous DCM (6 mL) was added TEA (0.09mL, 0.704 mmol) under argon 

atmosphere at 0 °C. The resulting mixture was stirred for 15 min. and slowly added the acryloyl 

chloride (0.04 mL, 0.528 mmol) at 0 °C. The resulting reaction mixture was allowed to warm to 

room temperature and stirred for 2h. The reaction mixture was diluted with DCM and water. The 

aqueous layer was separated and extracted with DCM (3x30mL). The organic phase was washed 

with brine, dried over Na2SO<t, filtered, and concentrated. The residue was purified by silica gel 

column chromatography to afford the title compound (0.200g, yield: 72%) as a solid. MS (ESI): 

791.2 [M+Hf. 
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OMe 

.OMe 

OMe 
g. N-(2-((6-(3-(2,6'dichloro-3,5-dimethoxyphenyl)-l-methylureido)pyrimidin-4-yl)amino)~5~(2-

meihoxyethoxy)phenyl)acrylamide 

TFA (0.38 mL, 5.05mmol) was slowly added to a stirred solution of tert-butyl (2-acrylamido-4-

(2~methoxyethoxy)phenyl)(6-(3-(2.6~dichloro-3,5-dimethoxyphenyl)-l-methyl-3-terf-butyl 

carbonate ureido)pyrimiclin-4-yl)carbaraate (0.2g, 0.252 mmol) in dry DCM (2 mL) under argon 

atmosphere at 0 °C. The resulting reaction mixture was allowed to warm to room temperature 

and stirred for 12h. Reaction progress was monitored by LCMS. After completion of the 

reaction, excess solvents were removed under reduced pressure. The crude solid was washed 

with ether to afford the title compound (86 mg, yield: 58%) as a white solid. lHNMR (DMSO-

d6,400MHz): 812.01 (s, IH), 9.60 (s, IH), 8.85 (s, IH), 8.33 (s, IH); 7.42 (s, IH), 7.34 (d, IH), 

6.89 (s,lH), 6.79 (d, IH), 6.51 (dd, IH), 6.23 (d, 2H), 5.72(d, IH), 4.08 (m,2H), 3.93 (s, 6H), 

3.66 (m, 2H), 3.31(s,3H), 3.23(s,3H). MS (ESI): 591.3 [M+Hf; HPLC: 96.04%, rt: 3.72 min. 

N-(2-((6-(3-(2-ohloro-6-fluoro-3,5-<J imethoxy ph eny 1)-1 -m ethy lureid o) py rimidin-4-

yl)amiao)-5-(4-ethylpiperazin-l-yl)phenyl)acrylamide 
The title compound was synthesized following the approach outlined in Procedure 21 (Example 

142), substituting N4-(4-(4-ethylpiperazin-1 -yl)-2-nitrophenyl)-N6-methylpyrimidine-4,6-

diamine (Procedure 2C, Example 108, Steps a - d) and 2-chloro-6-fluoro-3,5-dimethoxyaniline 

(Procedure shown below) in step (c) to afford the pen-ultimate title compound (0.46 mg, yield: 

2.6 % over five steps) as an off-white solid. MS (ESI): 813.1 [M+Hf. The free amine (46rng, 

0.075mmol) was dissolved in ethyl acetate: DCM: MeOH mixture and treated with phosphoric 

acid (7mg, 0.075mmol). After stirring for lh, the solid precipitated was filtered and washed with 

Example: 144 
o 

OMe 
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ether and pentane to afford the title compound (34.7 mg, yield: 65%) as an off-white solid. 

'HNMR (DMSO-d6,300MHz): 8 12.15 (s, IH), 9.60 (s, IH), 8.76 (ss IH), 8.32 (s, IH), 7.29 (d, 

2H), 6.9 (d, 2H), 6.81 (dd, IH), 6.51-6.45 (m, IH), 6.25-6.20 (m, 2H), 5.72 (d, IH), 3.91 (s, 3H), 

3.89 (s, 3H), 3.23 (t, 4H), 3.14 (t, 4H), 2.54-2.50 (m, 5H), 1.05 (t, 3H); MS (ESI): 613.2 (M-

HjPO,*]*; HPLC: 98.6%, rt: 6.13 min. 

Preparation of 2-chloro-6~fluoro-3>5-dimethoxyaniline 

a. methyl 2-fIuoro-3,5~dimethoxybenzoate 

A suspension of Selectfluor (48.9g, 0.15mol) in acetonitrile (1.1 L) was added to a solution of 

methyl-3,5-dimethoxy benzoate (20g, O.lOmol) in acetonitrile at 0°C under nitrogen atmosphere. 

The resulting reaction mixture was warmed to room temperature and stirred overnight. The 

reaction mixture was concentrated under vaccum, diluted with saturated sodium carbonate 

solution and ethyl acetate. The aqueous layer was separated and extracted with ethyl acetate 

(3x200mL). The organic phase was washed with brine, dried over NaiSC^, filtered, and 

concentrated. The residue was purified by silica gel column chromatography (gradient 

hexane/ether 30:1 to 4:1) to afford the title compound (4g, yield: 16.9%). 

b. methyl 2-chloro-6-fluoro-3,5-dimethoxybenzoate 

SO2CI2 (2,20g, 0.016mol) was added dropwise to a solution of methyI-2-fluoro-3,5-dimethoxy 

benzoate (3.5g, 0.016 mol) in acetonitrile (40mL) at 0°C under nitrogen atmosphere. The 

resulting reaction mixture was warmed to room temperature slowly and stirred for lh. The 

reaction mixture was quenched with saturated sodium bicarbonate solution, and extracted with 

ethyl acetate (3x30mL). The organic phase was washed with brine, dried over NaaSO^t, filtered, 

and concentrated. The residue was purified by silica gel column chromatography using eluent 

(gradient hexane/ether (20:1) to hexane/ether (5:1) to afford the title compound (2.7g, yield: 

67%) as a solid. 
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CO,Me 
F NaOH, EtOH 

COzH 
CI CI 

MeO refiux, 24h MeO' 'OMe 

c. 2-chloro-6-fluoro-3,5-dimethoxybenzoic acid 

A suspension of methyl 2-chloro-6-fluoro-3,5-dimethoxybenzoate (2.7 g, O.OlOmol) and sodium 

hydroxide (1.088g, 0.0272) in anhydrous ethanol (30mL) was refluxed for 24h. The resulting 

reaction mixture was cooled to room temperature and concentrated under vacuum to get a crude 

residue. The crude residue was dissolved in water and extracted with ether (3X3 OmL). The 

aqueous layer was acidified with conc.HCl and the precipitated solid was filtered, washed with 

cold water and dried in vacuo to afford the title compound (1.8g, yield: 71%) as a solid. 

d. 2-chloro-6-fluoro-3,5-dimethoxyaniline 

A suspension oi'2-chloro-6-fluoro-3,5-dimethoxybenzoic acid (1.8g, 0.0077 mol) andtriethyl 

amine (0.934g, 0.0092mol) in tert-BuOH(50mL) was stirred for 5 min, To the resulting reaction 

mixture, Diphenyl phosphoryl azide (2.53g, 0.0092mol) was added and heated up to 82 °C and 

kept at this temperature for overnight. The reaction mixture was then concentrated in vacuo to 

obtain a crude residue. The crude residue was dissolved in dichloromethane (20mL) and cooled 

to 0°C. TFA (4mL) was added to the reaction mixture and the resultant reaction mixture was then 

stirred at room temperature for 2h, The solvents were removed under vac cum and the crude 

residue was diluted with ethyl acetate and saturated sodium carbonate solution. The aqueous 

layer was separated and extracted with ethyl acetate (3x3OmL). The organic phase was washed 

with brine, dried over Na^SO^ filtered, and concentrated. The residue was purified by silica gel 

column chromatography using the eluent (gradient hexane to hexane-ether (65:35)) to afford the 

title compound (0.95g, yield: 60%) as solid. MS (ESI): 205,7 [M+H]+. 
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c'y\ 
Procedure 2J - Example 145 

O 2 ̂  0 0 2 Ms 

VH ?I 
V| 

, BOC20, DMAP T SocCI 
OMe - -N^N-X^OMe T THF, Reffux 

12h O, CI 
OMe -V 

OMe 

H,NX7 
Pd2dba3 (10%) MeOzC 
Xantphos {20%) 
Cs2CO:! (2 ecjv.) 
Toluene, 100 °C 

Boc CI 
NY^V^Y01^6 

CI <V 
OMe 

BoCaO, DMAP Me02C' 

THF, Refulx, 3h 

BOG CI LiBH4{1eqv) 
OUe THFrrt^r 

OMe 

OMe 

Imidazole, TBDMSCI 

NO? Boc 
' N^.N 

DCM, 4h 
Boc CI Raney-Ni, H2 

OMe 

NH2 BOC 
Ny% 

yH Boc CI 
OTBDMS Y^OMe MeOH, 16h OTBDMS ^N^N^^J^OMe w 

OMe 

Y 
\\ c^ 

OMe 

O 
CI 

TEA, DCM 
0 °C-r.t. OTBDMS 

Boc CI 
OMe 

i H 9' 
-N^N.X.OMe 

OMe 
N-(2-((6-(3-(2}6-dichloro-3,5-dimethoxyphenyl)-l-methylureido) pyrimidin-4-yl)amino)S~ 
(hydroxymethyl)phenyl)acrylamide 

CIs^N. 
Y li 

CI^,N 

T N H 91 Boc20, DMAP 
^^YNYv0Me 

1l 
N Boc CI 

OMe T „ |i I THF, Reflux, 12h ~ 
ci-^f cr 

OMe OMe 

a. l-(6-chloropyrimidin-4-yl)-3-(2>6-dichlow-3,5~dimethoxyphenyl)-l-methyi-3-tert-butyl 
car on ate urea 
DMAP (O.OSOg, 0.655 mmol) and Di-ten"-butyl dicarbonate (2.9mL, 12.6 mmol) was added to a 
stirred solution of l-(6-chloropyrimidm-4-yl)-3-(2,6-dichloro-3,5-dimethoxyphenyl)-l-
m ethyl urea (Procedure 2E, step b; 2.6g; 6.632mmol) in anhydrous THF (20mL) under an argon 
atmosphere at 0 °C. The resulting mixture was then refluxed for 2h. After completion of the 
reaction by TLC (EtOAc:Hexane 3:7), reaction mixture was cooled to room temperature, 
concentrated under vacuum to obtain a crude residue. The residue was purified by silica gel 
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column chromatography to afford the title compound (2.5g. yield: 69.4%) as a solid. 'H-NMR 
(CDCI3J 300MHz): 8 8.73 (d, IH), 7.95 (d, IH), 6.61 (s, IH), 3.95 (s, 6H), 3.63 (s, 3H), 1.35 (s, 
9H). 

T D, IT N°2H 
V Boc CI H2N^ 

-YW* Pd2dba3(10%) Me02C ^ Boc C! 
Xantphos (20%) 

OMe Cs2C03 (2 eqv.) 0C]AJ 
Toluene, 100 °C OMe 

b. methyl 4-((6-(3-(2,6-dichloro-3,5-dimethoxyphenyl)-l-methyl-3-tert-butyl carbonate 
ureido)pyrimidin-4~yl)amino)-3-nitrobenzoate 
Methyl 4-amino-3-nitrobenzoate (0,956g, 0.004mol) and l-(6-chloropyrimidin-4-yl)-3-(2,6-
dichloro-3,5-dimethoxyphenyl)-l-methyl-3-/ert-butyl caronate urea (2g, 0.004mol) were taken in 
lOmL of dry toluene in a seal tube at room temperature and Argon gas was purged for 5-10 min. 
Then CS2CO3 (3.25g, O.Olmol) and Xantphos (0.46g, 0,0008 mol) were added and the resulting 
reaction mixture was purged with argon gas for 5 min, followed by Pd?.(dba)3 (0.36g, 0,0004mol) 
was added. The argon gas purging was continued for additional 5 min before sealing the reaction 
vial. Then the reaction mixture was heated at 100 °C for 12h. After completion of the reaction by 
TLC, reaction mass was filtered through celite and the filterate was evaporated under vacuum to 
get a crude residue. The crude residue was purified by column chromatography on silica gel to 
afford the title compound (2.10g, yield: 79%); JH-NMR (CDC13,300MHz): 8 10.3 (s, IH), 9.00-
8.95 (m, 2H), 8.75 (s, IH), 8.22 (dd, IH), 7.63 (s, IH), 6.61 (s, IH), 3.95 (s, 6H), 3.94 (s, 3H), 
3.67 (s, 3H), 1.39 (s, 9H). 

N02H NO2B0C 

' Vn irVrNi 
Me02C"^ VNBOCC! BOC2Q, DMAP Me0„cA^ ^fNBocCI 

THF, Reflux, 3h NyV0fc w w 
OMe OMe 

c. methyl 4~((tert-butoxycarbonyl)(6-(3-(2,6-dichloro-3,5-dimethoxyphenyl)-l-methyl-3-tert-
butyl ureido)pyrimidin-4-yl)amino)~3~nitrobenzoate 
DMAP (0.039g, 0.322 mmol) and Di-tert-butyl dicarbonate (1.48mL, 6.45mmol) was added to a 
stirred solution of methyl 4~((6-(3-(2,6-dichloro-3,5 -dimethoxyphenyl)-1 -methyl -3 -tert-butyl 
carbonate ureido)pyrimidin-4-yl)amino)-3-nitrobenzoate (2.1 g, 3.22 mmol) in anhydrous THF 
(5mL) under an argon atmosphere at 0 °C. The resulting mixture was refluxed for 12h. After 
completion of the reaction by TLC (EtOAc:Hexane 40:60), reaction mixture was cooled to room 
temperature, concentrated under vacuum to obtain a crude residue. The residue was purified by 
silica gel column chromatography to afford the title compound (2.1g, yield: 87%) as a solid. MS 
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(ESI): 751.0 [Mf. 
NO? Boc 

Me02C f Boc CI LiBH„ (1eqv) HO^A^1 I Ooc Ot 
0Me THF, rt, 2.5h 

" r^f 
OMe OMe 

d. tert-butyl (6-(3-(2,6-dichloro-3,5-dimethoxyphenyl)~l-methyl-3-tert-butyl carbonate 

ureido)pyrimidin-4-yl)(4-(hydroxymethyl)-2~nitrophenyl)carbamate 

Lithium borohydride (0.049g, 2.26mmol) was added to a solution of methyl 4-{{tert-

butoxycarbonyl)(6-(3 -(2,6-dichloro-3,5 -dimethoxyphenyl)-1 -methyl-3 -/ert-b*utyl 

ureido)pyrimidin-4-yl)amino)-3-nitrobenzoate (1.7g, 2.26 mmol) in anhydrous THF (18mL) 

under argon atmosphere at 0 °C, The resulting reaction mixture was then allowed to warm to 

room temperature by 2.5h. The reaction mixture was then quenched with ice-water and diluted 

with ethylacetate. The aqueous layer was separated and extracted with ethyl acetate (3x20mL). 

The organic phase was washed with brine, dried over NaiSO^ filtered and concentrated under 

vacuum. The residue was purified by silica gel column chromatography to afford the title 

compound (0.480g, yield: 29%) as a solid. MS (ESI): 723.2 [M]+. 
N02 BOC N02 BOC 

HO "y. ?oc C| Imidazole, TBDM5CI ^ ̂  ̂ c| 

DCM'4h OTBDMS ^N^N-l^OMe 

°CI' Y 
OMe OMe 

e. tert-butyl (4-(((tert-butyldimethylsilyl)oxy)methyl)-2-nitrophenyl) (6-(3-(2,6-dichloro-3,5-

dimethoxyphenyl)-l-methyl-3~tert~butyl carbonate ureido)pyrimidin-4-yl)carbamate 

Imidazole (0.071 g, 1.051mmol) andTBDMS-Cl (0.118g, 0.787 mmol) were added to a stirred 

solution of tert-butyl (6-(3-(2,6-dichloro-3,5-dimethoxyphenyl)-l-methyI-3-/e7^-butyl carbonate 

ureido)pyrimidin-4~yl)(4-(hydroxymethyl)-2-nitrophenyl)carbamate (0.380g, 0.525 mmol) in 

anhydrous dichloromethane (5mL) under an argon atmosphere at 0 °C. The resultant reaction 

mixture was stirred for 4h at room temperature. The reaction mixture was then diluted with DCM 

and water. The aqueous layer was separated and extracted with DCM (3x1 OmL). The organic 

phase was washed with brine, dried over Na2SC>4, filtered and concentrated under vacuum. The 

residue was purified by silica gel column chromatography to afford the title compound (0,330g, 

yield: 75%) as a solid. MS (ESI): 837.4 [M]+. 
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N02BOC NH2 BOC 

YI „ .... fVr^ 
^ YVci Raney-Ni.H^ V^BCCC! 

OTBDMS MeOH, 16h OTBDMS -N. ,N_A_OMe 

OMe OMe 
f tert-butyl (2~amino-4-(((tert-butyldimethylsilyl)oxy)methyl)phenyl)(6-(3-(2,6-dichloro-3,5-
dimethoxyphenyl)-l~methyl-3-tert-butyl carbonate ureido)pyrimidin-4~yl)carbamate 
Raney nickel (0.06g) was added to a solution of tert-butyl (4~(((ter/~butyldimethylsilyl) 
oxy)methyI)-2-nitrophenyl)(6-(3-(2,6-dichloro-3;5-dimethoxyphenyl)-l-methyl-3-terr-butyl 
carbonate ureido)pyrimidin-4-yl)carbaraate (0.3g, 0.358 mmol) in MeOH (5mL) and the 
resultant reaction mixture was stirred for 12h at room temperature under a hydrogen atmosphere 
(balloon). The reaction mixture was filtered through Celite pad. The filtrate was concentrated to 
afford a crude residue which was then purified by column chromatography to afford the title 
compound (0.180g, yield: 64%) as a solid. MS (ESI): 807.2 [M]+. 

W50 ^NH Boc 
-N-J^ 9 JL Z u 

N ^ci irVV% , Boc CI XJ I^N 
OTBDMS ^YYV" TEA, DCM £BDM8 J vV 

OMe Cl X, OMe 

g. tert-butyl (2-acrylamido-4-(((tert-butyldimethyhilyl)oxy)methyl)phenyl)(6-(3-(2,6-dichloro-
3,5-dimethoxyphenyl)-l-methyl-3-tert-butyl carbonate ureido)pyrimidin-4-yl)carbamate 
To a stirred solution of tert-butyl (2-amino-4-(((tert-butyldimethylsilyl)oxy)methyl)phenyl)(6-(3-
(2,6-dichloro-3,5-dimethoxyphenyl)-l-mcthy1-3-/ert-butyl carbonate ureido)pyrimidin-4-
yl)carbamate (0.180g, 0.223 mmol) in anhydrous DCM (5 mL) was added TEA (0.08mL, 0.557 
mmol) under argon atmosphere at 0 °C. The resulting mixture was stirred for 15 min. and slowly 
added the acryloyl chloride (0.03 mL, 0.334 mmol) at 0 °C. The resulting reaction mixture was 
allowed to warm to room temperature and stirred for 4h. The reaction mixture was then 
concentrated and the residue was purified by silica gel column chromatography to afford desired 
the title compound (0.130g, yield: 68%) as a solid. MS (ESI): 861.3 [M]+. 
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O 
BOC 

BocCI TFA 
OTBDMS ^ .OMe 

DCM, 13h 

OMe 

.OMe 

h. N-(2-((6-(3-(2,6-dichloro-3,5-dimethoxyphenyl)-l-methylureido)pyrimidin-4-yl)amino)S-

(hydroxymethyl)ph eny I) aery lamide 

TFA (1.0 mL) was slowly added to a stirred solution of tert-butyl (2-acrylarnido-4-(((tert-

butyldimethylsilyl)oxy)methyl)phenyl)(6-(3 -(2,6-dichlor o-3,5-dimethoxypheny 1) -1 -methyl-3 -

tert-butyl carbonate ureido)pyrimidin~4-yl)carbamate (0.130g, 0.150mmol) in dry DCM (3 mL) 

under argon atmosphere at 0 °C. The resulting reaction mixture was allowed to warm to room 

temperature and stirred for 13h. Reaction progress was monitored by LCMS, after completion of 

the reaction, excess solvents were removed under reduced pressure. The resulting residue was 

diluted with DCM and a saturated aqueous solution ofNaHC03. The aqueous layer was 

separated and extracted with DCM (3x1 OmL). The organic phase was washed with brine, dried 

over Na2S04, filtered and concentrated under vacuum. The residue was purified by silica gel 

column chromatography to afford 95mg of desired product with HPLC purity 84%, which was 

then purified by preparative HPLC (Conditions: Column: X bridge C18 (19mm x 150mm, 

5urn); (Mobile Phase: A; 0.01% TFA in Water, B; ACN) to afford the title compound (16mg, 

yield: 16%) as a white solid. *H-NMR (DMSO-d6,400MHz): 6 12.08 (s, IH), 9.70 (s, IH), 8.95 

(s, IH), 8.37 (s, IH), 7.64 (s, IH), 7.49 (d, IH), 7.15 (s, IH), 6.90 (s, IH), 6.53-7.46 (q, IH), 6.32 

(s, IH), 6.25 (d, IH), 5.74 (d, IH), 5.42 (s, IH), 5.35 (s, IH), 4.49 (s, 2H)> 3.94 (s, 6H), 3.25 (s, 

3H); MS (ESI): 547.0 [M+H]+; HPLC: 97.4%, rt: 3.83 min. 

N-(2~((6-(3-(2,6-dichloro-3,5-dimethoxyphenyl)-l~methylureido) pyrimidin-4-yl)amino)-5-

(methoxymethyl)phenyl)acrylamide 

The title compound was synthesized following the approach outlined in Procedure 21 (Example 

142), substituting N4-(4-(methoxymethyl)-2-nitrophenyl)-N6-methylpyrimidine-4,6-diamine 

Example 147 
O 

OMe 

101 



WO 2015/057938 PCT/US2014/060857 

(procedure shown below) in step (c) to afford the title compound (S.O mg, yield: 1.8%) as an off-

white solid. IH-NMR (CDC13,400MHz): 8 12.30 (s, IH), 8.41 (s, IH), 7.86 (s, IH), 7.81 (s, IH), 

7.52 (d, IH), 7.49 (s, IH), 7.30 (d, IH), 6.54 (s, IH), 6.46 (d, IH), 6.26 (dd, IH), 6.07 (s, IH), 

5.83 (d, IH), 5.18 (s, 2H), 3.93 (s3 6H), 3.82 (s, 3H), 3.34 (s, 3H); MS (ESI): 561.1 [M+Hf; 

HPLC: 95.76%, rt: 4.36 min. 

Preparaton ofN4 -(4-(methoxymethyl)-2-nitrophenyl)~N6~methylpyrimidine-4,6-diamine 

a, methyl 4-amino-3-nitrobenzoate 
Thionyl chloride (19.4g, 164.85 mmol) was added to a solution of 4-amino-3-nitrobenzoic acid 

(20g, 109.89 mmol) in methanol (200mL) at 0 °C. The resulting mixture was then refluxed for 

12h. The reaction mixture was allowed to cool to room temperature. The yellow solid 

precipitated was filtered and dried to afford the title compound (22g, yield: 100%) as a solid. IH-

NMR (CDCI3, 300MHz): 8 8.85 (d, IH), 7.99 (dd, IH), 6.83 (d, IH), 6.40 (s, 2H), 3.90 (s, 3H). 

b. methyl 4-((6-(methylamino)pyrimidin-4-yl)amino)-3-nitrobenzoate 
6-chloro-N-methylpyrimidin-4-amine, 3 (3g, 20.97mmol) and methyl 4-amino-3-nitrobenzoate 

(3.9g, 20.97mmol) were taken in toluene (5mL) in a seal tube under Argon atmosphere at room 

temperature. The Argon gas was purged for 5-10 min. Then CS2CO3 (17.0g, 52.4mmol) and 

Xantphos (3.6g, 6.29mmol) were added and the resulting reaction mixture was purged with 

argon gas for 5 min, followed by Pd2(dba)3 (3.8g, 4.19mmoI) was added. The argon gas purging 

was continued for additional 5 min before sealing the reaction vial. Then the reaction mixture 

was heated at 110 °C for 16h. After completion of the reaction by TLC, the reaction mixture was 

cooled to rt, filtered through celite bed and the filtrate was evaporated under vacuum to get a 

crude residue. The crude residue was purified by column chromatography on silica gel to afford 

the title compound (3.2g, yieid: 51%) as a solid; MS (ESI): 304.2 [M+H]+. 

12h 

XantPbos, toluene 
110°C, 16h 
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N02H 

Me02C 
«i BOC20, DMAP N i , 

THF, Reflux, 3h Me°2C 
^NH /NBoc 

c. methyl 4-((tert-butoxycarbonyl)(6-((tert-butoxycarbonyl)(methyl)amino)pyrimidin-4-
yl) amin o)-3-nitrobenzoate 

DMAP (0.497 g, 4.078 mmol) and Di-tert-butyl dicarbonate (8.89g, 40.78 mmol) were added to 

a stirred solution of intermediate-4 (3.1 g, 10.197mmol) in anhydrous THF (35mL) under an 

argon atmosphere at room temperature. The resulting mixture was refluxed for 2-3h. After 

completion of the reaction by TLC, reaction mixture was cooled to room temperature, 

concentrated under vacuum to obtain a crude residue. The residue was purified by silica gel 

column chromatography to afford the title compound (1.9g, yield: 37%) as a solid. MS (ESI): 

504.0 [M+Hf. 

d. tert-butyl (6~((tert-butoxycarbonyl)(4~(hydroxymethyl)-2-nitrophenyl)amino)pyrimidin~4-
yl) (methyl) carbamate 

Lithium borohydride (0.157g, 7.14 mmol) was added to a solution of methyl A-({tert-

butoxycarbonyl)(6-((tert-butoxycarbonyI)(methyl)amino)pyrimidin-4-yl)amino)-3-nitrobenzoate 

(1,8g, 3.57 mmol) in THF (20mL) under an argon atmosphere at 0 °C. The resulting mixture was 

then allowed to warm to rt and stirred for 12h. The reaction mixture was then quenched with ice-

water and diluted with ethyl acetate. The aqueous layer was separated and extracted with ethyl 

acetate (3x40mL). The organic phase was washed with brine, dried over Na2S04, filtered, and 

concentrated to get a crude residue. The residue was purified by silica gel column 

chromatography to afford desired intermediate-6 (1.2g, 75%) as a solid. MS (ESI): 476.1 

e. tert-butyl (6-((tert-butoxycarbonyl)(4-(methoxymethyl)-2-nitrophenyl)amino)pyrimidin-4-

[M+Hf. 
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yl) (methyl)carbamate 

To a solution of tert-butyl (6-((ter/-butoxycarbonyl)(4-(hydroxymethyl)-2-nitrophenyl)amino) 

pyrimidin-4-yl)(methyl)carbamate (1.5g, 3,488mmol) in acetone (20mL) under an argon 

atmosphere at 0 °C, was added potassium carbonate (0.48g, 6.97mmol) followed by dimethyl 

sulfate (0.87g, 6.97mmol). The resulting reaction mixture was then refluxed for 24h and then 

allowed to cool to rt. The reaction mixture was concentrated under vacuum to obtain a crude 

residue. The residue was purified by silica gel column chromatography to afford the title 

compound (0.3gf yield: 19%) as a solid. MS (ESI): 490.55 [M+H]\ 

f. ]sfJ-(4-(metfioxymethyl)-2-nitrophenyl)-N6-methylpyrimidine-4,6-diamine 

TFA (5mL) was slowly added to a stirred solution of tert-butyl (6-((tert-butoxycarbonyl)(4-

(methoxymethyl)-2-nitrophenyl)amino)pyrimidin-4-yl)(methyl)carbamate (0.85g) in dry DCM 

(10 mL) under argon atmosphere at 0 °C. The resulting reaction mixture was allowed to warm to 

room temperature and stirred for lh. After completion of the reaction, excess solvents were 

removed under reduced pressure and washed with ether to afford the title compound (0.7g crude) 

as a solid. MS (ESI): 290.2 [M+H]+. 
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Procedure 2K - Example 148 
OaNN^%v,C02Me N02H 
IT rrVVN-

^ oJU C 1 D„„ DMAP, BOC20 .OMe 

OMe no°C,16h 

Pd2(dba)3, xantphos ,NyN ,/,YOMe THF| reflux, 3h 
Cs2C03, toluene, dioxane 

OMe 

N02 BOC 

HATU, DIPEA, DMF vs 
Boc C! Li0H,THF-H20°YA^ Boc CI 0oC,rti 18h 

OMe—I " OH ^-N^N^L^OMe 
0cC-rt, 5h " T T T HN^ 

OMe OMe 

NOz Boc NH2 BOC 

ffi NY% r^T^TN1i ° 
goc Q| Raney Ni, Hz N goc Cj pj 

fN"1 YS^°M0 MeOH/THF, 20h ^X,OMe T£A( DCM 

M 0„AJ 0°C-ri, 2h 
OMe 

N cry N Qi 

o 
^NH „ 

fVNYN'B 
TFA, DCM OyV yN H CI 

OMe o°C-rt, 18h ^N^Ny-I^OMe 

f N °Cl^f^ 
OMe ' OMe 

N-(2-((6-(3-(2,6-dichloro-3,5-dimethoxyphenyl)-l-methyhireido)pyrirnidin-4-yl)ammo)-5-

(4-methy]pipcrazine-l-carbonyl)phenyl)acryIamide 
N02BOC N02 BOC 

^Vs . rrVi. 
S"N Boc CI LiOH, THF-H20 °Y VN Boc CI 

°. .NYN I OMe 0Oc.rt5h ' OH .NYN^OMe 

OMe 

a. 4-((tert-butoxycarbonyl)(6-(3-(lert-butoxycarbonyi)-3-(2,6-dichloro-3,5-dime1hax}phenyl)-

l-methylureido)pyrimidin-4-yl)amino) -3-n itrobenzoic acid 

Lithium hydroxide (0.08g, 2.99mmol) was added to a solution of methyl 4-((tert-

butoxycarbonyl)(6-(3 -(ferf-butoxycarbonyl)-3 -(2,6-dichloro-3,5 -dimethoxyphenyl) -1 -

methyIureido)pyrimidin-4-yl)amino)-3-nitrobenzoate (1.5g, 1.997mmol) (Procedure 2J, Step c) 

in a mixture of THF (1 OmL) and water (2mL) at 0°C. The resulting reaction mixture was allowed 

to warm to room temperature and stirred for 5h. After completion of the reaction by TLC 

(EtOAc;Hexane 3:7), the reaction mixture was concentrated under vacuum to get a crude 
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residue. The crude residue was dissolved in water and extracted with ether (3X30mL). The 

aqueous layer was acidified with 10% citric acid solution and the precipitated solid was filtered, 

washed with cold water and dried in vacuo to afford the title compound (1,3g. yield: 93%) as a 

light brown solid. MS (ESI): 737.2 [M+Hf. 
N02 BOC wn R 

HATU, DIPEA, DMF Y2EM 

^Xl 0°C-rt, 18h jrVV% 
T BocCI — ^ OyV VNBOCCI OH HN^ T T ?ocC' 

rN> ^ Y Yl' V °CI-V 
1 OMe 

b. tert-butyl (2-nitro~4~(4-methylpiperazine-l-carbonyl)phenyl)(6-(3-(2,6-dichloro-3,5-
dimethoxyphenyl)-3-tert-butoxycarbony!~l~methylureido)pyrimidin-4-yl)carbamate 

DIPEA (0.3mL, 1.62mmol), HATU (0.515g, 1.355mmol) and N-methyl piperazine, 6 (0,09mL, 

0.813mmol) were added to a solution of 4-((tert-butoxycarbonyl)(6-(3-(tert-butoxycarbonyl)-3-

(2,6-dichloro-3,5-dimethoxyphenyl)-1 -methyl ureido)pyrimidin-4-yl)amino)-3 -nitrobeiizoic acid 

(0.4g, 0.542mmol) in DMF (5mL) at 0°C under argon atmosphere. The resulting reaction 

mixture was then allowed to warm to rt and stirred for 18h. After completion of the reaction by 

TLC (MeOH:DCM 1:19), water was added to the reaction mixture. The precipitated crude solid 

was filtered, dried and purified by silica gel column chromatography to obtain the title 

compound (0.27g, yield: 61%) as a solid. MS (ESI): 819.1 [M+Hf. 
N02BOC NH2 BOC 

VS rWs 
yN Boc C! Raney Ni, H2 L^N BQC CI 

f'S ^NYNYi 0IV1e Me0Hn"HF-20h f'S ^NY^y^V0Me 
V °CI^V N °C|-V 

1 OMe I OMe 

c. tert-butyl (2-amino-4-(4-methylpiperazine-l-carbonyl)phenyl)(6-(3-(2,6-dichloro-3,5-

dimethoxyphenyl)~3~tert-butoxycarbonyl-l-methylureido)pyrimidin-4-yl)carbamate 

Raney nickel (0.06g) was added to a solution of tert-butyl (2-nitro~4-(4-methylpiperazine-l-

carbonyl)phenyl)(6-(3-(2,6-dichloro-355-dimethoxyphenyl)-3-fer/-butoxycarbonyl-1-

methylureido)pyrimidin-4-yl)carbamate (0.27g, 0.329mmol) in a mixture of MeOH (4mL) and 

THF (4mL) and the resultant reaction mixture was stirred for 20h at room temperature under a 

hydrogen atmosphere. The reaction mixture was filtered through Celite bed. The filtrate was 

concentrated, to afford crude title compound (0.22g, yield: 84%) as a solid. MS (ESI): 789.4 

[M+Hf. 
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NH2 BOC 

YS o 
Boc CI Cl'^v^ 

,NL .f\L ,OMe 
f "] TEA, DCM 

N °cK Y 0°C-rt, 2h 
1 OMe 

OMe 

OMe 

d. tert-butyl (2-acrylamido-4-(4-methylpiperazine-l-carbonyl)phenyl)(6-(3-(2,6-dichloro-3,5-

dimethoxyphenyl)-3-tert~butoxycarbonyl-l-methylureido)pyrimidin~4-yl)carbamate 

To a stirred solution of tert-butyl (2-amino-4-(4-methylpiperazine-l-carbonyl)phenyI)(6-(3-(2,6-

dichloro-3,5-dimetboxypheny!)-3-tert-butoxycarbonyl-I-methylureido)pyrimidin-4-yl)carbamate 

(0,22g, 0.278mmol) in anhydrous DCM (5 mL) was added TEA (0.08mL, 0.557 mmol) under 

argon atmosphere at 0 °C. The resulting mixture was stirred for 15 min. and slowly added the 

acryloyl chloride (0.037g, 0.417 mmol) at 0 °C. The resulting reaction mixture was allowed to 

warm to room temperature and stirred for 2h. The reaction mixture was quenched with a 

saturated sodium bicarbonate solution and diluted with DCM. The aqueous layer was separated 

and extracted with DCM (3x20mL). The organic phase was washed with brine, dried over 

NaiS04, filtered, and concentrated to get a crude residue. The residue was purified by silica gel 

column chromatography to afford the title compound (0.060g, yield: 25%) as a solid. MS (ESI): 

843.3 [M+HJ+, 
O o 

NH Boc ^ A 
' H 

Boc Ci TFA, DCM 
N InMe '"J* V °c,Ar y 4 

1 OMe 01 
1 OMe 

e. N-(2-((6-(3~(2,6-dichloro~3,5-dimethoxyphenyl)-l-methylureido)pyrimidin-4-yl)amino)-5-(4-

methylpiperazine-l-carbonyl)ph enyl) aery lamide 
TFA (0.2mL) was slowly added to a stirred solution of rert-butyl (2-acrylamido-4-(4-

methylpiperazine-l-carbonyl)phenyl)(6-(3-(2,6-dichloro-3,5-dimethoxyphenyl)-3-fert-

butylcarbonyl-l-methyl\ireido)pyximidin-4-yi)carbamate (0.060g, 0.071 lmmol) in dry DCM (2 

mL) under argon atmosphere at 0 °C, The resulting reaction mixture was allowed to warm to 

room temperature and stirred for 18h. Reaction progress was monitored by LCMS, after 

completion of the reaction, excess solvents were removed under reduced pressure. The resulting 

residue was diluted with DCM and quenched with a saturated aqueous solution of NaHCOj. The 

aqueous layer was separated and extracted with DCM (3x1 OmL). The organic phase was washed 
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with brine, dried over Na2SC>4, filtered and concentrated under vacuum to get a crude residue. 

The residue was purified by silica gel column chromatography to afford 70mg of desired product 

with HPLC purity 35% which was then purified by preparative HPLC (Conditions: Column: 

Gemini NX CI 8 (21,2mm x 150mm particle size 5fim); (Mobile Phase: A; 0 J % Ammonium 

bicarbonate in Water, B; ACN) to afford the desired compound. The compound was then diluted 

with dichlororaethane and water. The aqueous layer was separated and extracted with DCM 

(3x1 OmL). The organic phase was washed with brine, dried over Na2SC>4, filtered and 

concentrated under vacuum to afford the title compound (0.005g, yield; 11%) as a white solid. 

IH-NMR (CD3OD, 400MHz): 8 8.41 (s, IH), 7.79-7.76 (m, 2H), 7.36 (dd, IH), 6.82 (s, IH), 

6.47-6.42 (m, 3H), 5.82 (d, IH), 3.96 (s, 6H), 3.81-3.55 (m, 8H), 2.54 (s, 3H), 2.37 (s, 3H),; MS 

(ESI): 643.1 [M+Hf; HPLC: 97.26%, rt: 6.19 min. 

OMe 

3-acrylamido-4-((6-(3-(2,6-dichloro-3,5-dimethoxypheiiyl)-l-methyIureido)pyrimidin-4-

yl)ammo)~N,N~dimethyIbenzamide 
The title compound was synthesized following the approach outlined in Procedure 2K (Example 

148), substituting dimethylamine in step (b) to afford the title compound (12.0 mg, yield: 6.1%) 

as an off-white solid. IH-NMR (CD3OD, 400MHz): 8 8.38 (s, IH), 7.78- 7.72 (m, 2H), 7.34 (dd, 

IH), 6.80 (s, IH), 6.46-6.38 (m, 3H), 5.80 (dd, IH), 3.94 (s, 6H), 3.36 (s, 3H), 3.10 (s, 6H); MS 

(ESI): 587.9 [M+Hf; HPLC: 99.04%, rt: 3.98 min. 

Example 149 
O 

Example 150 
O 
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N-(2-((6-(3-(2,6-dichioro~3,5-dimethoxyphenyI)-l-methylureido)pyrimidin-4-yl)ammo)-5-
(4-ethylpiperazme~l-carbonyI)pheiiyI)acrylamide 

The title compound was synthesized following the approach outlined in Procedure 2K (Example 

148), substituting 1-ethylpiperazine in step (b) to afford the title compound (10.0 mg, yield: 

9.7%) as an off-white solid. IH-NMR (CDjOD, 400MHz): 6 8.41 (s, IH), 7.76-7.79 (m, 211), 

7.36 (d, IH), 6.82 (s, IH), 6.38-6.47 (m, 3H), 5.82 (d, IH), 3.96 (s, 6H), 3.72-3.82 (m, 2H), 3.53-

3.65 (m, 3H), 3.39 (s, 4H), 2.49-2.54 (m, 6H), 1.15 (t, 3H) ; MS (ESI): 657.0 [M+H]+; HPLC: 

95.98%, rt: 6.25 min. 

OMe 

N-(2-((6-(3-(2,6-dichloro-3,5-dimcthoxyphenyI)-l-methylureido)pyrimidin-4-yl)amino)-5-

(4-isopropylpiperazm-l-yl)phenyl)acrylamide phosphoric acid 

The title compound was synthesized following the approach outlined in Procedure 2J (Example 

145), substituting 4-(4-isopropylpiperazin-l-yl)-2-nitroaniline (procedure shown below) in step 

(b) and omitting steps (d) and (e) to afford the free base of the title compound (0.1 g, overall 

yield: 9.7%) as an off-white solid. MS (ESI): 643.1 [M+H]+. 85% H3PO4 was slowly added to a 

solution of N-(2-((6-(3-(2,6-dichloro-3,5-dimethoxyphenyl)-1 -methylureido)pyrimidin-4-

yl)amino)-5~(4-isopropyIpiperazin-l-yl)phenyl)acrylamide (O.lg) in 95% THF-MeOH (5mL), 

The resulting reaction mixture was then allowed to stir at room temperature for 30min,, 

evaporated the solvent and triturated with diethyl ether, dried under vacuum to afford the title 

compound (0.16g) as a off white solid.1 HNMR(DMSO-<4, 400MHz): S 12.08 (s, IH), 9.62 (s, 

IH), 8.76 (s, IH), 8.32 (s, IH), 7.30 (d, 2H), 6.89 (d, IH), 6.81 (d, IH), 6.46-6.49 (m, IH), 6.21-

6.25 (m, 2H), 5.72 (d, IH), 3.93 (s, 6H), 3.35-3.41 (m, IH), 3.23 (s, 3H), 3.12-3.17 (m, 4H), 

2.67-2.70 (m, 4H), 1.05-1.11 (m, 6H); MS (ESI): 643.3 (M +1); HPLC: 95.41%, rt: 6.48min. 

Example 151 
O 

Preparation of 4-(4-isopropylpiperazin-l-yl)-2-nitroaniline 
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^NH ACeiQn^ 
NaBH(OAc)3 

J1 DCM I 

Acetone Jk 

a. tert-butyl 4-isopropylpiperazine-l-carboxylate 

Boc piperizine, 1 (10g, 53.76ramol) and acetone (4mL) was taken in a mixture of dry DCM 

(lOOmL) and acetic acid (3.2mL). Stirred at room temperature for 20 min. Added Na(OAc)3BH 

(17g, 80.2mmol) and stirring continued at room temperature for 12hr. The reaction mixture was 

diluted with water, extracted with ethyl acetate (3x25mL). The organic layer was washed with 

brine, dried over Na2SC>4, filtered and concentrated under vacuum to get crude title compound 

(13g, crude). MS (ESI): 229.2 [M+H]+. 

b. 1-isopropylpiperazine 

TFA (I5mL) was slowly added to a stirred solution of tert-butyl 4-isopropylpiperazine-l-

carboxylate (13g crude) in dry DCM (20mL) under argon atmosphere at 0 °C. The resulting 

reaction mixture was allowed to warm to room temperature and stirred for 18hr. The reaction 

mass was concentrated under vacuum and triturated the residue with rc-hexane and diethyl ether. 

Dried under vacuum to afford the title compound (7g, yield: 97%). MS (ESI): 129.1 [M+H]+. 

^•=2^3. .uiww 

Dioxane, 100 °C 

c. tert-butyl (4-(4-isopropylpiperazin-l-yl)-2-nitrophenyl)carbamate 

1 -isopropylpiperazine (1.29g, 5.66mmol) and tert-butyl (4-bromo-2-nitrophenyl)carbamate 

(1.5g, 4.71 mmol) were taken in a mixture of dry toluene (15mL) and dioxane (2mL) in a seal 

tube under argon atmosphere at room temperature. The Argon gas was purged for 5-10min. Then 

CS2CO3 (3.06g, 9.43mmol) and Xantphos (0,54g, 0.94mmol) were added and the resulting 

reaction mixture was purged with argon gas for 5min., followed by Pd2(dba)3 (0.43g, 0.47mmol). 

The argon gas purging was continued for additional 5min. before sealing the reaction vial. Then 

the reaction mixture was heated at 100 °C for 12hr. After completion of the reaction by TLC, the 

O 
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reaction mixture was cooled to room temperature, filtered through celite bed and concentrated. 

The residue was purified by silica gel column chromatography (DCM:MeOH/97:3) to afford the 

title compound (1.2g, yield: 70.5%). MS (ESI): 365.5 [M+Hf. 

NO, N02 

NHBoc TFA |pTNH2 

I 7 DCM J, j 

d. 4-(4-isopropylpiperazin-l-yl)-2-nitroaniline 

TFA (3mL) was slowly added to a stirred solution of tert-butyl (4-(4-isopropylpiperazin-1 -yl)-2-

nitrophenyl)carbamate (1.2g, 3.29mmol) in dry DCM (5mL) under argon atmosphere at 0 °C. 

The resulting reaction mixture was allowed to warm to room temperature and stirred for 12hr. 

Reaction progress was monitored by LCMS, after completion of the reaction, excess solvents 

were removed under reduced pressure to afford a crude residue. The crude residue was 

repeatedly washed with ether to get the title compound (lg, yield: 80.6%) as a red solid. MS 

(ESI): 265.1 [M+Hf. 

Example -154 

o 
A, —- m 

DIEA, DCM, 0°C, 2h 
Yeiid: 15% Q 

ur 
Ov. 

Preparation of N-(5-(4-acetylpiperazin-l-yl)-2-((6-(3-(2,6-dichloro-3,5-dimethoxyphenyl)-l-

methyIureido)pyrimidin-4-yI)amino)phenyl)acrylamide 
N-(2-((6-(3-(2?6-dichloro-3,5-dimethoxyphenyl)-l-methylureido)pyrimidin-4-yl)amino)-5-

(piperazin-l-yl)phenyl)acrylamide (Procedure 2L, Example 157) (8.6 mg, 0.014 mmol) and 

DIEA (7,5 JJ.1, 0.043 mmol) were stirred in DCM (1.0 ml) at room temperature under nitrogen 

atmosphere. A solution of acetyl chloride (1.0 |*1, 0.016 mmol) in DCM (1 lul) was added and 

the reaction mixture was stirred at room temperature for 2 hours. The solvent was evaporated and 

the resulting material was dissolved in 400ul of DMSO. The DMSO solution was diluted with 

1.0 ml of MeOH and purified by prep-HPLC (water/ACN in formic acid condition) to afford the 

title compound (1.4 mg, yield: 15%). *H-NMR (400 MHz, MeOH-d,) 8 2.16 (s, 3 H) 3.65 - 3.80 
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(m, 4 H) 3.94 (s, 6 H) 5.76 (dd,1 H) 6.15 (s, 1 H) 6.28 - 6.49 (m, 2 H) 6.78 - 6.82 (m, 1 H) 6.95 

(dd, 2.89 Hz, 1 H) 7.28 - 7.38 (m, 2 H) 8.31 (d, 1 H) 8.58 (br. s., 1 H); ESI-MS: 643 [M+H]+. 

Example ~ 155 and 156 
o 

CI HC 

/NyNY^Y°^ 
V T J 

Preparation of N-(2-((6~(3-(2,6-dichloro-3,5-dimethoxyphenyI)-l-methylureido)pyrimidin-

4-yl)amino)-5-(l-methoxyethyl)phenyl)acrylamide and N-(2-((6-(3~(2,6-dichloro-3,5-

dimethoxyphenyl)-l~methylureido)pyrimidin-4~yl)amino)-5-(l-hydroxyethyl)phenyl) 

The compound was synthesized following the approach outlined in Procedure 2G (Example 

123), substituting 4-(l~methoxyethyI)-2-nitroaniline (procedure shown below) in step (d) to 

afford the title compounds after purification using flash chromatography on silica eluting with 

90% to 100% EtOAc/Hexane. Non-polar fraction was N-(2-((6-(3-(2,6-dichloro-3,5-

dimethoxyphenyl)-1 -methylureido)pyrimidin-4-yI)amino)-5-( 1 -methoxyethyl)phenyl)acrylamide 

(16 mg, yield: 6% in five steps) !H-NMR (400 MHz, MeOH-d4) 8 1.46 (d, 3 H) 3.29 (s, 3 H) 

3.96 (s, 6 H) 4.12 (d, 1 H) 4.40 (q, 1 H) 5.78 - 5.82 (m, 1 H) 6.33 - 6.50 (m, 3 H) 6.82 (s, 1 H) 

7.27 (dd, 1 H) 7.55 - 7.64 (m, 2 H) 8.37 (d, 1 H); ESI-MS: 575 [M+H]+. Polar fraction was N-(2~ 

((6-(3-(2)6-dichloro-3,5-dimethoxypbenyl)-l-methylureido)pyrimidin-4-yl)amino)-5-(l-

hydroxyethyl)phenyl) acrylamide (22 mg, yield: 8% in five steps). 'iI-NMR (400 MHz, MeOH-

d4) 5 1.53 (d, 3 H) 4.00 (s, 6 H) 5.83 (dd, 1 H) 6.29 - 6.56 (m, 3 H) 6.86 (s, 1 H) 7.38 (dd, 1 H) 

7.57 (d, 1 H) 7.69 (s, 1 H) 8.40 (d, 1 H); ESI-MS; 661 [M+H]+. 

Preparatin of 4-(l-methoxyethyl)-2-nitroaniline 

a. l~(4-fluoro-3-n itroph enyljeth an ol 

l-(4-fluoro-3-nitrophenyl)ethanone (1.0 g, 5.46 mmol) was dissolved in MeOH (15.0 ml) and 

stirred over ice bath. NaBH4 (0.62 g, 16.0 mmol) was added portionwise. Upon completion of 

NaBH4 
MeOH, rt, 10min 

yield: 87% 
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the addition, the reaction mixture was stirred at rt for 10 minutes. The reaction mixture was 

poured into EtOAc and brine. The organic layer was separated, dried over MgS04 and 

evaporated. The resulting material was purified by flash chromatography on silica eluting with 

20% to 70% EtOAc/Hexane to afford the title compound (881 mg, yield: 87%). %). 'H-NMR 

(400 MHz, CDClj) 5 1.53 (d,4 H) 4.99 (dd, 1 H) 7.22 - 7.33 (m, 1 H) 7.66 (ddd, 1 H) 8.09 (dd, 1 

H) 

b. l-fluoro-4-(l-methoxyethyl)-2-nitrobenzene 

l-(4-fluoro-3-nitrophenyl)ethano3 (870 mg, 4.7 mmol) was dissolved in MeOH (10 ml) and 

concentrated sulfuric acid (2.5 ml, 47 mmol) was added carefully. The reaction mixture was 

heated at 150 °C using microwave (Biotage Initiator) for 5 minutes. After cooling to room 

temperature, the reation mixture was poured into EtOAc/water. The organic layer was washed 

with brine, dried over MgS04 and evaporated. The resulting material was purified by flash 

chromatography on silica eluting with 0% to 50% EtOAc/Hexane to afford the title compound 

(664 mg, yield: 71%). 'H-NMR (400 MHz, CDC13) 8 1.45 (d, 3 H) 3.27 (s, 3 H) 4.36 (q, 1 H) 

7.28 - 7.32 (m, 1 H) 7.56 - 7.63 (m, 1 H) 7.98 - 8.04 (m, 1 H) 

c. 4-(l-methoxyethyl)-2~nitroaniline 

l-fluoro-4-(l-methoxyethyl)-2-nitrobenzene (664 mg, 3.33 mmol) was stirred in THF (10 ml). 

NH4OH (0.39 ml, 10.0 mmol) was added and the reaction mixture was stirred at room 

temperature for 2 hours. Further 780ul of NH4OH was added and the reaction mixture was 

heated at 120 °C for 10 minutes using microwave (Biotage Initiator) and then at 140 °C for 50 

minutes. After cooling to room temperature, the reation mixture was poured into EtO Ac/water. 

The organic layer was washed with brine, dried over MgS04 and evaporated. The resulting 

material was purified by flash chromatography on silica eluting with 0% to 50% EtOAc/Hexane 

to afford the title compound (290 mg, yield: 44%). 'H-NMR (400 MHz, CDCI3) S 1.42 (d, 3 H) 

conc. H2S04, MeOH 
microwave, 150°C, 5min 

yield: 71% 

NO. NO. 

NH4OH, MeOH 
microwave, 140°C 50mirt 

yield: 44% 
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3.22 (S, 3 H) 4.24 (q, 1 H) 6.05 (br. s., 2 H) 6.83 (d, 1 H) 7.38 (dd, 2.01 Hz, 1 H) 8.04 (d, 1 H) 

Procedure 2L: Example -157 

NO2 

Br 

O 

K-N 

d 
NO, 

DMF Br 
V o 

% Boc* 
r"f NOa 

Microwave 200°C, 1min 
yield: 92% 

NO, 

1M Hyrazine in THF 
THF, rt, 5h Rrir-N^' 
yield: 93% 

xir 
"T"l 

' SEM CI 

°CI 

O. 

Pdjdbaj, Xantphos, 
CS2CO3, 

Toluene, 100°C, 5h Boc' 
yield: 30% 

a 

NO2 

Pd2dba3, Xantphos, 
C$2 CO3 , 

Toluene, 100 °C, 5h 
yieid: 30% 

BOCN^ 

SEM CI 

(Boc)20, DMAP 
THF, rt, 1h 
yieid: 82% 

N02 BOC 

Boc' 
°C1 

Raney NI, H2 gas, 

l"""= BOC" 
SEM Ci THF/MeOH, rt, 12h 
'• s - crude 

o 
CI 

TEA, THF, 0°C, 1h 
Yeild: 42% 

Boc' 

1 O^NH Boc _ 
-N^N. 

ff ^ i. TFA, DCM 
LL II. NH4OH, DCM 

SEM CI yield: 90% JL j 

°C, 
O, 

T 
°CI' 

O. 

NH2 BOC 

SEM CI 
N <X. T °cr 

o. 
o 

^N« H 
N % 

H CI 
,N ^ .0. 

V 
<X 

Preparation of N-(2-((6-(3-(2,6-dichloro-3,5-dimethoxyplienyl)-l-methy!ureido)pyrimidm-

4-yI)amino)-5-(piperazra-l»yl)pheny])acrylamide 
o 

Microwave, 200 °C, 1m in 
yield: 92% 

a, 2~(4~bromo-2-nitrophenyl)isoindoline-l,3-dione 
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4-bromo-l-fluoro-2-nitrobenzene (2.0 g, 9.1 mmol) and potassium l,3-dioxoisoindolin-2-ide (2.0 

g, 10,9 mmol) were placed in microwave vial (0.5-2ml) and NMP (12.0 ml) was added. The 

reaction mixture was heated at 200 °C using microvave (Biotage, Initiator) for lmin. After 

cooling to rt, the reaction mixture was added dropwise to stirring water which resulted in 

formation of precipitate. The solid was collected, washed with water and dried under stream of 

nitrogen to afford the title compound (2.89 g, yield: 92%). 'H-NMR (400 MHz, CDC13) 8 7.26 

(s, 2 H) 7.43 (d, 2H) 7.81 - 7.87 (m, 3H) 7.91 (dd, ,2H) 7.95 - 8.05 (m, 3H) 8.33 (d, IH) 

O Pd2dba3, Xantphos, O 
Cs2C03, ^ ! 
Toluene, 100°C. 5h Boc'' ^ 
yield: 30% 

b. tert-butyl 4-(4-(l,3-dioxoisoindolin~2-yl)-3-nitrophenyl)piperazine-l-carboxylate 

2-(4-bromo-2-nitrophenyl)isoindoline-l,3-dione (500 mg, 1.4 mmol), tert-butyl piperazine-1-

carboxylate (402 mg, 2.2 mmol), Pd2(dba)3 (66.0 mg, .07 mmol), Xantphos (83 mg, .144 mmol) 

and CS2CO3 (939 mg, 2.9 mmol) were placed in reaction vial (microwave reaction vial 10-20ml) 

and purged with nitrogen. Toluene (5.0 ml) was added and nitrogen was bubbled for lOmin. The 

reaction mixture was heated at 100 °€ for 5 hours. Heating was stopped and cooled to rt. The 

reaction mixture was filtered through a pad of celite and filtrate was evaporated. The remaining 

material was purified by flash chromatography on silica eluting with 20% to 70% EtOAc/Hexane 

to afford the title compound (275 mg, yield: 42%).1 H-NMR (400 MHz, CDCI3) 5 1.51 (s, 6H) 

3.28 - 3.39 (m, 2H) 3.57 ~ 3.70 (m, 2H) 7.20 - 7.24 (m, IH) 7.35 (d, IH) 7.66 (d, IH) 7.75 - 7.87 

(m, IH) 7.96 (dd, IH) 

NO2 
^NH2 

1M Hyrazine in THF I 'J' 
THF, rt, 5b 
yield: 93% 

c. tert-butyl 4-(4-amino-3-nitrophenyl)piperazine-l-carboxylate 
To a suspension of tert-butyl 4-(4-(l,3-dioxoisoindolin-2-yl)-3-nitrophenyl)piperazine-l-

carboxylate (275.4 mg, 0.6 mmol) in THF (5,0 ml) was added 1.0M Hydrazine in THF (1.8 ml, 

1.8 mmol) at room temperature. The reaction mixture was stirred at room temperature for 2 

hours. The reaction mixture was poured into EtO Ac/water and organic layer was washed with 
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brine, dried over MgSC>4 and evaporated. The resulting oil was purified by flash chromatography 

on silica eluting with 20% to 70% EtOAc/Hexane to afford the title compound (182 mg, 93 % 

yield). 'H-NMR (400 MHz, DMSO-d5) 8 1.42 (s, 9 H) 2.89 - 2.99 (m, 4 H) 3.44 (d, 4 H) 6.98 (d, 

1 H) 7.22 (s, 2H) 7.26 - 7.38 (m, 2 H) 

d. tert-butyl 4-(4-((6-(3-(2,6-dichloro-3,5-dimethoxyphenyl)-l-methyl-3-((2-

(trimethylsilyl)ethoxy)methyl)ureido)pyrimidin~4~yl)amino)~3-nitrophenyl)piperazine-l-

carboxylate 
l-(6-chloropyrimidin-4-yl)-3-(2,6-dichloro~3,5-dimethoxyphenyl)-l-methyl-3-((2-

(trimethylsilyl)ethoxy)methyl)urea (175 mg, 0.34 mmol), tert-butyl 4-(4-amino-3-

nitrophenyl)piperazine-l-carboxylate (90 mg, 0.28 mmol), Pd2(dba)3 (13 mg, 0.014 mmol), 

Brettphos (13 mg, 0.028 mmol) and sodium tert-butoxide (54 mg, 0.56 mmol) were placed in a 

reaction vial (2 to 5ml) and purged with nitrogen. Toluene (1.0 ml) was added and nitrogen was 

bubbled for 5min then the reaction mixture was heated at 100 °C overnight. Heating was stopped 

and cooled to room temperature. The reaction mixture was filtered through pad of Celite®. The 

filtrate was evaporated and resulting material was purified by flash chromatography on silica 

eluting with 20% to 70% EtOAc/Hexane to afford the title compound (102.4 mg, yield: 45%). 

^-NMR (400 MHz, CDC13) 5 0.01 (s, 9 H) 0.85 - 0.98 (m, 2 H) 1.50 (s, 9 H) 3.03 (s, 3 H) 3.17 

(br. s, 4 H) 3.56- 3.66 (m, 4 H) 3.75 - 3.97 (m, 8 H) 5.22 (s, 2 H) 6.50 (s, 1 H) 6.95 (s, 1 H) 7.65 

(s, 1 H) 8.46 (s, 1 H) 
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e. tert-butyl 4-(4-((tert-butoxycarbonyl)(6-(3-(2,6-dichloro-3,5-dimethoxyphenyl)-l-methyl-3-((2-

(trimethyl$ilyl)ethoxy) methyl) ureido)pyrimidin-4-yl)amino)-3-nitrophenyl)piperazine-l-
carboxylate 
tert-butyl 4-(4-((6-(3 -(2,6-dichloro-3,5-dimethoxyphenyl)-1 -methyl-3 -((2-

(trimethylsilyl)ethoxy)methyl)ureido)pyrimidin-4-yl)amino)-3 -nitrophenyljpipeiazine-1 -

carboxylate (162 mg,0 0.2 mmol), di-tert-butyl dicarbonate (53 mg, 0.24 mmol) and DMAP (4.9 

mg, 0.04 mmol) were stirred in THF (2.0 ml) at room temperature under nitrogen atmosphere for 

1 hour. The reaction mixture was poured into EtOAc and water. The organic layer was washed 

with brine, dried over MgS04 and evaporated. The resulting maerial was purified by flash 

chromatography on silica eluting with 10% to 70% EtOAc/Hexane to afford the title compound 

(148 mg, yield: 82%). !H-NMR (400 MHz, CDC13) 8 0.01 (s, 9 H) 0.80 - 1.04 (m, 2 H) 1.4 (s, 9 

H) 1.49 (s, 9 H) 3.12 (s, 3 H) 3.19 - 3.36 (m, 4 H) 3.50 - 3.70 (m, 4 H) 3.83 - 3.92 (m, 9 H) 3.96 

(d, IH) 5.14 (d, 1 H) 5.42 (d, 1 H) 6.46 (s, 1 H) 7.05 - 7.19 (m, 2 H) 7.58 (d, 1 H) 8.03 (s, 1 H) 

f tert-butyl 4-(3-amino-4-((tert~butoxycarbonyl)(6-(3-(2,6-dichloro-3,5-dimethoxyphenyl)-I-

methyl-3-((2-(trimethylsilyl)ethoxy)methyl)ureido)pyrimidin~4-yl)amino)phenyl)piperazine-l-

caroxylate 
tert-butyl 4 -(4~((tert-butoxycarbonyl)(6-(3 -(2,6-dichloro-3,5 -dimethoxyphenyl)-1 -methyl-3 - ((2-

(trimethylsilyl)ethoxy)methyl)ureido)pyrimidin-4-yl)amino)-3-nitrophenyl)piperazine-l-

carboxylate (149 mg, 0.164 mmol) was stirred in THF (1.5 ml) and MeOH (1.5 ml). Five drops 

of Raney Nickel suspension in water was added. The solution was stirred under hydrogen 

atmosphere at room temperature overnight. The reaction was filtered through a pad of Celite®. 

and filtrate was concentrated to give crude title compound which was taken to the next step 

without further purification. ESI-MS: 877 [M+H]+. 

8.29 (s,l H) 

NH2 BOC 
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NH, Boc 
1 ' NH Boc 

o 
r, Boc 

g. tert-butyl 4-(3-acrylamido-4-((tert-butoxycarbonyl)(6-(3~(2,6-dichloro-3,5-dimethoxyphenyl)-

l-methyl-3-((2-(trimethylsilyl)ethoxy)methyl)ureido)pyrimidin-4-yl)amino)phenyl)piperazine-l-

carboxylate 

Crude tert-butyl 4-(3-amino-4-((te.rt-butoxycarbonyl)(6-(3-(2,6-dichloro-355-dimethoxyphenyl)-

1 -methyl-3 -((2-(trimethyl silyl)ethoxy)methyl)ureido)pyrimidin-4-yl)amino)phenyl)piperazine-1 -

carboxylate (95 mg, 0.11 mmol) was dissolved in THF (1.5 ml) and stirred over ice bath under 

nitrogen atmosphere. DIEA (57 pi, 0.30 mmol) followed by acryloyl chloride (13 ul, 0.16 mmol) 

were added and the reaction mixture was stirred at room temperature for 1 hour. The reaction 

mixture was poured into EtOAc and brine. The organic, layer was separated, dried over MgS04 

and evaporated. The resulting maerial was purified by flash chromatography on silica eluting 

with 30% to 100% EtOAc/Hexane to afford the title compound (47 mg, yield: 47%). ^I-NMR 

(400 MHz, CDC13) 5 0.02 (s, 9 H) 0.79 - 1.04 (m, 2 H) 1.36 (s,9 H) 1.49 (s, 9 H) 3.08 (s, 4 H) 

3.05 (s, 3 H) 3.25 (br. s., 4 H) 3.64 (br. s., 4 H) 3.86 (s5 6 H) 5.27 (s, 1 H) 5.67 - 5,79 (m, 1 H) 

6,15 - 6.56 (m, 2 H) 6.48 (s, 1 H) 7.03 - 7.14 (m, 1 H) 7.87 - 8.09 (m, 2 H) 8.19 - 8.29 (br. s., 1 

H) 8.44 (s, 1 H). 

h. N-(2-((6-(3-(2,6~dichloro~3,5-dimethoxyphenyl)-l-methylureido)pyrimidin-4-yl)amino)-5-

(piperazin-l-yl)phenyi}acrylamide 

tert- butyl 4-(3-acrylamido-4-((tert-butoxycarbonyl)(6-(3-(2,6-dichloro-3,5-dimethoxyphenyl)-l-

methyl-3-((2-(trimethylsilyl)ethoxy)methyl)ureido)pyrimidin-4~yl)amino)phenyI)piperazine-l-

carboxylate (59 mg, 0.06 mmol) was stirred in DCM (2.0 ml). TFA (97 fil, 1,3 mmol) was added 

and the mixture was stirred at room temperature for 6 hours. The reaction mixture was 

o 
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evaporated. The remaining residue was dissolved in DCM and washed with saturated NaHCC>3, 
dried over MgS04 and evaporated. The resulting material was dissolved in THF (2.0 ml) and 
NH4OH (74 (j.1,1.9 mmol) was added. The reaction mixture was stirred at room temperature for 
5 minutes. The reaction mixture was evaporated to obtain the title compound (34 mg, yield: 
90%) which was taken to the next step without further purification.!H-NMR (400 MHz, DMSO-
d6) 8 2.62 (br. s., 4 H) 3.08 - 3.27 (m, 7 H) 3.77 - 4.03 (m, 6 H) 5.72 (d, 1 H) 6.11 - 6.34 (m, 2 H) 
6.40 - 6.62 (m, 1 H) 6.70 - 6.98 (m} 2 H) 7.22 - 7.37 (m, 2 H) 8.32 (s, 1 H) 8.70 (s, 1 H) 9.58 (br. 
s, 1 H) 12.06 (s, 1 H); ESI-MS: 601 [M+Hf. 

Example -158 
0 

N-(2-((6-(3-(2,6-dichloro-3,5-dimethoxyphenyl)-l-methyiareido)pyrimidin-4-yl)amiao)-5-((2-
hydroxyethyl)(methyl)ammo)phenyl)aerylamide 
The compound was synthesized following the approach outlined in Procedure 2L (Example 157), 
substituting 2-((tert-butyldimethylsilyl)oxy)-N-methylethanamine, Pd(dba)2 and Ruphos in step 
(b), and Pd(dba)2, Brettphos and sodium tert-butoxide in step (d) to afford the title compound (64 
mg, yield: 16% in seven steps) !H-NMR (400 MHz, MeOH-d4) 5 3.04 (s, 3 H) 3,26 (s, 3 H) 
3.51 (s, 2 H) 3.69 - 3.81 (m, 2 H) 3.94 (s, 6 H) 5.71 - 5.78 (m, 1 H) 6.03 - 6.10 (m, 1 H) 6.26 -
6.45 (m, 2 H) 6.72 (d, 1 H) 6.79 (s, 1 H) 7.04 - 7.10 (m, 1 H) 7.23 (d, 1 H) 8.28 (d, 1 H); ESI-
MS: 590 [M+H], 

Preparation of 2-((tert-butyIdimethylsilyl)oxy)-N-methyIethanamine 

H 
~ W . H 
^ ^ TBDMS^ 

DiEA, ° 
DCM, rt, overnight 

yield: 56% 

a. 2-(ftert-butyldimethylsilyl)oxy)~N~methylethanamine 
2-(methylamino)ethanol (1.0 g, 13.3 mmol) was stirred in DCM (25,0 ml) under atmosphere of 
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nitrogen. DIEA (3.23 ml, 18.6 mmol) followed by tert-butylchlorodimethylsilane (2.0 g, 13.3 

mmol) was added and the reaction mixture was stirred at room temperature over night. The 

reaction mixture was poured into ether/water. The aqueous layer was extracted with ether three 

times. The combined organic layer was dried over MgS(>4 and evaporated and remaining 

material was dried under high vacuum to afford title compound (1.4 g, yield: 56%).1 H-NMR 

(400 MHz, CDCla) 8 0.08 (s, 6 H) 0.91 (s, 9 H) 1.93 (br. s., 1 H) 2.48 (s, 3 H) 2.71 (t, 2 H) 3.75 

N-(5-(l-aminoethyl)-2-((6-(3-(2,6-dichloro-3,5-dimethoxyphenyl)-l-methylureido)pyrimidin-

4-yl)amino)phenyI)acrylamide TFA salt 

The compound was synthesized following the approach outlined in Procedure 2G (Example 123) 

substituting terf-butyl (l-(4-amino-3-nitrophenyl)ethyl)carbamate, Pd(dba)2, Brettphos and 

sodium tert-butoxide in step (d) to afford the free base which was converted to TFA salt. The 

free base was dissolved in DCM and 1 equivalent of TFA was added. The mixture was 

evaporated and trituration with ether afforded the title compound (65 mg, yieid: 23% in five 

steps).1 H-NMR (400 MHz, MeOH-d4) 8 1.67 (d, 3 H) 3.33 - 3.37 (s, 3 H) 3.92 - 3.97 (s, 6 H) 

4.49 (m, 1 H) 5.75 - 5.83 (m, 1 H) 6.30 - 6.50 (m, 3 H) 6.81 (s, 1 H) 7.36 (dd„ 1 H) 7.69 (d, 1 H) 

7.82 (d, 1 H) 8.36 - 8.43 (m, 1 H); ESI-MS: 560 [M+H]. 

Preparation of tert-butyl (l-(4-amino-3-nitrophenyl)ethyl)carbamate 

a. l-(4-fluoro-3-nitrophenyl)ethanamine 
Fuming HNO3 (0.48 ml, 10.8 mmol) was added carefully to ice bath cooled concentrated H2SO4 

(t, 2 H). 

Example -160 
0 

fuming HN03, conc. H2S04 ^2^ 
0°C, 45m in 
yield: 96% 
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(3.6 ml, 68.2 mmol). To the mixture was added l-(4-fluorophenyl)ethanamine (1.0 g, 7.2 mmol) 

dropwise. The reaction mxiture was stirred with cooling for 50 minutes. The reaction mixture 

was poured into ice and basified with 3M NaOH solution (24 ml, 72.00 mmol) to about pH8.0. 

The alkaline solution was extracted with DCM tiwce. The combined organic layer was dried 

over Na2S04 and evaporated to afford title compound (1.3 g, yield: 96%). 'H-NMR (400 MHz, 

CDC13) 8 1.41 (d, 6 H) 4.25 (q, 1 H) 7.21 - 7.26 (m, 1 H) 7.67 (ddd, 1 H) 8.10 (dd, 1 H) 

b. tert-butyl (l-(4-Jluoro~3~nitrophenyl)ethyl)carbamate 

To the suspension of I-(4-fluoro-3-nitrophenyl)ethanamine (1.3 g, 6.9 mmol) in THF (10.0 ml) 

was added DIEA (2.4 ml, 13.8 mmol) followed by di-tert-butyl dicarbonate (1.9 ml, 8.3 mmol). 

The reaction mixture was stirred at room temperature under nitrogen atmosphere for 2 hours. 

The reaction mixture was poured into EtO Ac/water and organic layer was washed with brine, 

dried over MgS04 and evaporated. The resulting maerial was purified by flash chromatography 

on silica eluting with 10% to 70% EtOAc/Hexane to afford the title compound (1.5 g, yield: 

75%). *H~NMR (400 MHz, CDCI3) 8 1.37 - 1.50 (m, 12 H) 4.81 (br. s., 2H) 7,23 - 7.26 (m, 1 H) 

7.59 (ddd, 1 H) 8.01 (dd, 1 H). 

c. tert-butyl (l-(4-amino-3-nitrophenyl)ethyl)carbamate 
Tert-butyl (l-(4-tluoro-3-nitrophenyl)ethyl)carbamate (500 mg, 1.75 mmol) was stirred in THF 

(2 ml). NH4OH (0.978 ml, 7.0 mmol) was added and the reaction mixture was heated at 150 °C 

for 30 minutes using microwave (Biotage Initiator). NH4OH (0,6 00 ml) was added and then 

heated at 180 °C. After cooling to room temperature, the reation mixture was poured into 

EtO Ac/water. The organic layer was washed with brine, dried over MgS04 and evaporated. The 

resulting material was purified by flash chromatography on silica eluting with 0% to 50% 

EtOAc/Hexane to afford the title compound (376 mg, yield: 76%) lH-NMR (400 MHz, CDCI3) 5 

1.43 - 1.48 (m, 12 H) 4.71 (br. s., 2 H) 6.79 (d, 1 H) 7.34 (dd, 1 H) 8.05 (d, 1 H). 

(8OC)20, DIEA, £ 
THF, rt, 2h 
yield: 75% 

microwave, 150°C 1br ®oc 

yield: 76% 
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Example —161 

Preparation of N-(5-(4-(2-aminoethyl)piperazin-l-yl)-2-((6-(3-(2,6-dichloro-3,5-

dimethoxyphenyl)-l-methylureido)pyrimidin-4-yI)amino)phenyl)acryIamide 2 TFA salt 

1 
H 

NaBH3(CN), Boc.M 
THF, MeOH, rt, 12h N 

Yeiid: 54% n 

a. tert-butyl (2-(4-(3-acrylamido-4-((6-(3-(2,6-dichloro-3, S~dimethoxyphenyl)~l~ 

methylureido)pyrimidin-4-yl)amino)phenyl)piperazin-l-yl)ethyl)carbamate 
To the solution of N-(2-((6-(3-(2;6-dichloro-3,5-dimethoxyphenyl)-l-methylureido)pyrimidin-4-

yl)amino)-5-(piperazin-l-yl)phenyl)acrylamide 2,2,2-trifluoroacetate (Procedure 2L, Example • 

157) (30 mg, 0.042 mmol) in THF (1.0 ml) and MeOH (1.0 ml) was added tert-butyl (2-

oxoethyl)carbamate (13 mg, 0.08 mmol). The reaction mixture was stirred at room temperature 

for 10 minutes. Sodium cyanoborohydride (7.0 mg, 0.12 mmol) was added and the reaction 

mixture was stirred at room temperture over night. Solvent was evaporated and saturated 

NaHC03 solution was added. The mixture was extracted three times with DCM. Combined 

organic layer was dried over Na2S04 and evaporated. The remaining material was purified by 

flash chromatography on silica eluting with 0% to 15% MeOH in DCM to afford the title 

compound (17 mg, yield: 54%) ESI-MS: 744 [M+H]+. 
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Boc TFA, DCM 
yieid; 96% ^ 

N-(5-(4-(2-aminoethyI)piperazin-!-yl)-2-((6-(3-(2,6-dichloro-3,5-dimethoxypheiiyI)-l-

methylureido)pyrimidin-4-yl)amino)pbenyl)acrylamide 2 TFA salt 

ferf-butyl (2-acryIamido-4-(4-(2-((tert-butoxycarbonyl)amino)ethyI)piperazin-1 -yl)phenyl)(6-(3-

(2.6-dichloro-3,5 -dimethoxyphenyl)-1 -methyl-3 -((2-(trimethylsily l)ethoxy)methy l)ureido) 

pyrimidin-4-yl)carbamate (17 mg, 0.017 mmol) was stirred in DCM (1.0 ml). TFA (200 |xt? 2.6 

mmol) was added and the mixture was stirred at room temperature for 2 hours. Solvent was 

evaporated and remaining material was triturated with ether. The resulting solid was collected 

washed with ether and dried under stream of nitrogen to afford the title compound (15 mg, yield: 

96%). !H-NMR (400 MHz, MeOH-d4) 5 2.90 (br. s„ 6 H) 3.15 - 3.22 (m, 2 H) 3.33 - 3.41 (m, 4 

H) 3.94 (s, 6 H) 5.74 - 5.79 (m, 1 H) 6.17 (s, 1 H) 6.32 - 6.44 (m, 2 H) 6.81 (s, 1 H) 6.92 - 6.98 

(m, 1 H) 7.35 (d, 2 H) 8,32 (d, 1 H); ESI-MS: 644 [M+Hf. 

N-(2-((6-(3-(2,6-dichioro-3,5-dimethoxyphcnyI)-l-methylureido)pyrimidin-4-yl)amino)-3-

fluoFopheny])acrylamide 2,2,2-trifluoroacetate 

The compound was synthesized following the approach outlined in Procedure 2G (Example 

123), substituting 2-fluoro-6-nitroaniline, Pd(dba)2, Brettphos and sodium tert-butoxide in step 

(d) to afford the free base, which was converted to TFA salt. The free base was dissolved in 

DCM and 1 equivalent of TFA was added. The mixture was evaporated and trituration with ether 

afforded the title compound (47 mg, yield: 22% in four steps).1 H-NMR (400 MHz, MeOH-d4) 5 

3.30 (s, 3 H) 3.93 (s, 6 H) 5.72 - 5,78 (m, 2 H) 6.21 - 6.29 (m, 1 H) 6.23 (d, 1 H) 6.27 (d, 1 H) 

6.32 - 6.40 (m, 1 H) 6.56 (dd, 1 H) 6.90 (s, 1 H) 7.10 (t, 1 H) 7.25 - 7.37 (m, 1 H) 7.76 (d, 1 H) 

Example -162 
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8.32 (s, 1 H) 8.89 (s, 1 H) 9.66 (s, 1 H) 11.96 (s,lH); ESI-MS: 535 [M+H] + 

Example -163 

N-(2-((6-(3-(2,6-dich[oro-3,5-ilimethoxyphenyl)-l-methylureido)pyrimidin-4-yl)amino)-5-

(2-(dimethylamino)ethyl)phenyl)acrylamide 2,2,2-trifluoroacetate 

The compound was synthesized following the approach outlined in Procedure 2G (Example 

123), substituting tert-butyl 4-amino-3-rdtrophenethylcarbamate (procedure shown below), 

Pd(dba)2 and Brettphos in step (d) to afford crude TFA salt of the free terminal amine, which 

was used as-is in the following additional step: To the solution of N-(5-(2~aminoethyl)-2-((6-(3-

(2,6-dichloro-3,5-dimethoxyphenyl)-3 -(hydroxymethyl)-1 -methyhireido)pyrimidin-4-

yl)amino)phenyl)acrylamide 2,2,2-trifluoroacetate (9.2 mg, 0.014 mmol) in THF (1.0 ml) and 

MeOH (1.0 ml) was added formaldehyde (5.1 fxl, 0.068 mmol). The reaction mixture was stirred 

at room temperature for 10 minutes. Sodium cyanoborohydride (3.4 mg, 0.055 mmol) was added 

and the reaction mixture was stirred at room temperture over night. Solvent was evaporated and 

saturated NaHC03 solution was added. The mixture was extracted three times with DCM. 

Combined organic layer was dried over Na2SO^ and evaporated. The remaining material was 

purified by flash chromatography on silica eluting with 10% to 70% MeOH in DCM to afford 

free base. To a solution of free base in DCM, TFA(11 fxl, 0.014 mmol) was added. The solvent 

was evaporated and dried under high vacuum to afford the title compound (6.3 mg, yield: 66%). 
!H-NMR (400 MHz, MeOH-dt) 8 2.97 (s, 6 H) 3.10 (dd, 2 H) 3.34 (s, 3 H) 3.45 (dd, 2 H) 3.94 

(s, 6 H) 4.63 - 4.63 (m, 1 H) 5.76 - 5.81 (m, 1 H) 6.31 - 6.48 (m, 3 H) 6.81 (s, 1 H) 7.25 (dd, 1 H) 

7.55 (d, I H) 7.62 - 7.72 (m, 1 H) 8.35 (s, 1 H) ; ESI-MS: 588 [M+H]. 

Preparation of tert-butyl 4-amino-3-nitrophenethylcarbamate 
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H2N 

F 

i. fuming HN03, conc. H2S04 Boc 
0°C, 45min yield: 96% 

ii. (BOC)20, DIEA, THF, o/n 
yiefd: 28% two steps 

F 

a, tert-butyl 4-fluoro-3-nitrophenethylcarbamate 

2-(4-fiuorophenyl)ethanamine (1.0 g, 7.2 mmol) was dissolved in concentrated H2SO4 (4.0 ml, 

75 mmol) and cooled over ice bath. Fuming HNO3 (0.48 ml, 10.8 mmol) was added carefully 

dropwise to the mixture. The reaction mxiture was stirred with cooling for 45 minutes and 

poured into ice. The mixture was basifled with 3M NaOH solution (60 ml, 180 mmol) and the 

alkaline solution was extracted with DCM three times. The combined organic layer was dried 

over Na2S04 and evaporated to afford crude amine. The crude material was dissolved in THF 

(15.0ml). Di-tert-butyl dicarbonate (1.7g, 7,9mmol) and DIEA (2,5ml, 14.4mmol) were added 

and the reaction mixture was stirred at room temperature for 12 hours. The reaction mixture was 

poured into water and extracted with EtOAc. The organic layer was washed with brine, dried 

over MgS04 and evaporated. The resulting material was purified by flash chromatography on 

silica eluting with 0% to 20% EtOAc/Hexane to afford title compound (569 mg, yield: 28%). 'H-

NMR (400 MHz, CDCI3) 8 1.44 (s, 9 H) 2.88 (t, 2 H) 3.40 (d, 2 H) 7.24 (t, 1 H) 7.42 - 7.54 

(m, 1 H) 7.89 (dd, 1 H) 

b. tert-butyl 4-amino-3-nitrophenethylcarbamate 

Tert-butyl 4-fluoro-3-nitrophenethylcarbamate (569 mg, 2.00 mmol) was stirred in THF (2.64 

ml). NH4OH (2.50 ml, 17.97 mmol) was added and the reaction mixture was heated at 150 °C for 

30 minutes using microwave (Biotage Initiator). NH40H (0.600 ml) was added and then heated 

at 180 °C. After cooling to room temperature, the reation mixture was poured into EtOAc/water. 

The organic layer was washed with brine, dried over MgS04 and evaporated. The resulting 

material was purified by flash chromatography on silica eluting with 0% to 30% EtOAc/Hexane 

to afford the title compound (257 mg, yield: 46%) 'H-NMR (400 MHz, CDCI3) 5 1.44 (s, 9 H) 

2.73 (t, 7=7.03 Hz, 2 H) 3.34 (m, 2 H) 4.46 - 4.62 (m, 1 H) 6.78 (d, J=8.53 

H H microwave, 150°C 1 hr 
yield: 46% 
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Hz, 1 H) 7.24 (dd, 7=8.53,1.76 Hz, 1 H) 7.94 (d, J-1.76 Hz, 1 H). 

Example -164 
O 

N-(2-((6-(3~(2,6-dichloro-3,S-dimethoxyphenyl)~l-methyIureido)pyrimidin-4-yI)amino)-5-

(2-(dimethylamino)ethyl)phenyI)acrylamide 2,2,2-trifluoroacetate 
The compound was synthesized following the approach outlined in Procedure 2L (Example 157), 

substituting 2-nitro-4-(2-((tetrahydro-2H-pyran-2-yl)oxy)ethoxy)aniline (preparation shown 

below) and sodium rer/-butoxide in step (d) to afford the title compound (7mg, yield: 2.7% over 

four steps). !H-NMR (400 MHz, MeOH-d*) 5 3.28 (s, 3 H) 3.88 - 3.97 (m, 8 H) 4.06 - 4.14 (m, 2 

H) 5.76 (dd, 1 H) 6.12 (s, 1 H) 6.32 - 6.46 (m, 2 H) 6.79 (s, 1 H) 6.91 (dd, 1 H) 7.34 - 7.41 (m, 2 

H) 8.31 (d, 1 H); ESI-MS: 577 [M+H]+. 

Preparation of 2-nitro-4-(2-((tetrahydro-2H-pyran-2-yl)oxy)ethoxy)aniline 

yield: 38% 

a. 2-nitro-4-(2-((tetrahydro-2H-pyran-2-yl)oxy)ethoxy)aniline 

4-amino-3-nitrophenol (2.0 g, 12,977 mmol) was dissolved in DMF (20 ml) and Potassium 

carbonate (3,59 g, 25.953 mmol) was added. To the mixture was added 2-(2-

bromoethoxy)tetrahydro-2H~pyran (2.55 ml, 16.87 mmol) and the reaction mixture was stirred at 

50 °C for 6 hours and then for 3 days at room temperature. The reation mixture was poured into 

EtOAc/brine. The aqueous layer was extracted twice with EtOAc. The combined organic layer 

was washed with brine three times, dried over MgS04 and evaporated. The resulting material 

was purified by flash chromatography on silica eluting with 5% to 40% EtOAc/Hexane to afford 

title compound (1.4 g, yield: 38%).!H-NMR (400 MHz, CDC13) 5 1.51 -1.68 (m, 4 H) 1.71 -

1.89 (m, 2 H) 3.46 - 3.61 (m, 1 H) 3.72 - 3.99 (m, 2 H) 4.03 - 4.24 (m, 3 H) 4.64 - 4.79 (m51 H) 

126 



WO 2015/057938 

6.78 (d, 1 H) 7.09 - 7.17 (m, 1 H) 7.60 (d, 1 H). 
PCT/US2014/060857 

Example -165 

N-(2-((6-(3-(2,6-dichloro-3,5-dimethoxypheiiyl)-l-methylureido)pyrimidm-4-yl)amino)~3-
methyiphenyl)acrylamide 

The compound was synthesized following the approach outlined in Procedure 2G (Example 

123), substituting 2-methyl-6-nitroaniIineJ Pd(dba)2, Brettphos and sodium tert-butoxide in step 

(d) to afford the title compound (3.0 mg, yield: 6% in five steps). 'H-NMR (400 MHz, MeOH-

d4) 5 3.52 (m, 3 H) 3.95 (m, 6 H) 5.69 (dd, 1 H) 6.21 (dd, 1 H) 6.46 (dd, 1 H) 6.64 (d, 1 H) 6.73 

(d, 1 H) 6.82 (s, 1 H) 7.11 (t, 1 H) 8.06 (d, 1 H) 8.55 (d, 1 H); ESI-MS: 531 [M+H]+ 

N-(2-((6-(3-(2,6-dichloro-3,5~dimethoxyphenyl)-l-methylureido)pyrimidm-4-yl)amino)-3-
meth oxyphenyl)aciylamid e 

The compound was synthesized following the approach outlined in Procedure 2G (Example 

123), substituting 2-methoxy-6-nitroaniline, Pd(dba)2, Brettphos and sodium tert-butoxide in step 

(d) to afford the title compound (33.0 mg, yield: 6.1% in five steps). !H-NMR (400 MHz, 

MeOH-d4) 5 3.76 (s, 3 H) 3.93 (s, 6 H) 5.70 (dd, 1 H) 6.23 (d, 1 H) 6.52 (d, 1 H) 6.88 - 6.95 (m, 

2 H) 7.27 (t, 1 H) 7.44 - 7.56 (m, 1 H) 8.28 (s, 1 H) 8.57 (br. s., 1 H) 9.40 - 9.57 (m, 1 H) 12.15 

(s, 1 H); ESI-MS: 547 [M+H] + 

Example -166 
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Example -167 

N-(3-chloro~2-((6-(3-(2,6-dichIoro-3,5-dimethoxyphenyI)-l-methylureido)pyrimidin-4» 
yl)amino)phenyI)aerylaiiiide 

The compound was synthesized following the approach outlined in Procedure 2G (Example 

123), substituting 2-chloro-6-nitroaniline? Pd(dba)2; Brettphos and sodium tert-butoxide in step 

(d) to afford the title compound (11.0 mg, yield: 5% in five steps). '.H-NMR (400 MHz, MeOH-

<k) 8 3.29 (s, 3 H) 3.94 (s, 6 H) 5.71 - 5.75 (m, 1 H) 6.23 (dd, 1 H) 6.56 (dd, 1 H) 6.90 (s, 1 H) 

7.31 - 7.39 (m, 2 H) 7.94 (d, 1 H) 8.30 (s, 1 H) 9.01 (s, 1 H) 9.51 - 9.70 (m, 1 H) 12.04 (s,lH); 

ESI-MS: 551 [M+Hf. 
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Example -168 

PCT/US2014/060857 

Preparation of N-(2-((6-(3-(2,6-dichIoro-3,5-dimethoxyphenyl)-l-methylureido)pyrimidin-

4-yi)amino)-5«(4-(2-liydroxyethyl)piperazin-l-yl)phenyl)aerylamide TFA salt 

The compound was synthesized following the approach outlined in Example 161, substituting 2-

((tert-butyldimethylsilyl)oxy)acetaldehyde in step (a) to afford the title compound (13 mg, yield: 

42% two steps) !H-NMR (400 MHz, MeOH-d4) 5 3.14 - 3.20 (m 2 H) 3.35 - 3.37 (m, 2H) 3.73 

- 3.76 (m, 2 H) 3.84 - 3.96 (m, 10 H) 5.75 - 5.79 (m, 1 H) 6.24 (s, 1 H) 6.37 - 6.47 (m, 2 H) 6.81 

(s, 1 H) 6.99 (dd, 1 H) 7.37 - 7.46 (m, 2 H) 8.34 - 8.36 (m, 1 H); ESI-MS: 645 [M+H]+. 

Example -170 

OMe 

(£)-3-ch loro-N-(2-((6-(3-(2,6-d ichIoro-3,5-dimeth oxyphenyl)-! -metkylureid o)py rimidin-4-

yI)amino)phenyI)acryiamide 
The title compound was synthesized following the approach outlined in Procedure 2A (Example 

100), modifying step (i) to the following procedure: To a solution of l-(6-((2-

aminophenyl)amino) pyrimidin-4-yl)-3 ~(2,6-dichloro-3,5 -dimethoxyphenyl)-1 -methylurea (10 
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mg, 0.022 mmol), triethylamine (10.9 mg, 0.11 mmol), and (£)-3-chloroacrylic acid (2.76 mg, 

0.026 mmol) in DCM (0.4 ml, 6.22 mmol), cooled to 0 °C, was added 2,4,6-tripropyl-l,3,5,2,4,6-

trioxatriphosphinane 2,4,6-trioxide (0.023 ml, 0.039 mmol, 50% solution in EtOAc). The 

resulting mixture was stirred at room temperature for 4h and concentrated. The remaining 

residue was purified by silica gel flash chromatography to obtain the title compound (7.2 mg, 

yield: 61%). lHNMR (400 MHz, CDC13) 5 3.30 (s, 3 H) 3.90 (s, 6 H) 6.02 (s, 1 H) 6.36 (d, 

J—12.92 Hz, 1 H) 6.49 (s, 1 H) 7.21 - 7.33 (m, 2 H) 7.36 - 7.50 (m, 2 H) 7.75 (d, J=6.53 Hz, 1 H) 

7.93 (br. s., 1 H) 8.41 (s, 1 H) 12.50 (s, 1 H); MS (ESI): 551.0 [M+Hf 

(Z)-3-cb!oro-N-(2-((6-(3-(2,6-dichIoro-3,5-dimethoxyphenyl)-l-nietliyhireido)pyrimidm-4-

yl)amino)phenyl)acrylamide 
The title compound was synthesized following the approach outlined in Procedure 2A (Example 

100), modifying step (i) to the following procedure: To a solution of l-(6-((2-

aminophenyl) amino) pyrimidin-4-yl)-3-(2,6-dichloro-3,5-dimethoxyphenyl)-l-raethylurea(20 

mg, 0.043 mmol), triethylamine (21.8 mg, 0.22 mmol), and (Z)-3-chloroacrylic acid (5,5 mg, 

0.052 mmol) in DCM (0.86 ml, 13.3 mmol), cooled to 0 °C was added 2,4,6-tripropyl-

1.3,5,2,4,6-trioxatriphosphinane 2,4,6-trioxide (49 mg, 0.78 mmmol, 50% solution of EtOAc). 

The resulting mixture was stirred at room temperature for 2 h and concentrated. The residue was 

purified by silica gel column chromatography to obtain the title compound (15 mg, yield: 63%). 
!H NMR (400 MHz, CDC13) 5 X; MS (ESI): 551.0 [M+Hf. 

Example -171 
Ci o 

OMe 
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Example -172 
l O 

•OMe 

OMe 

(Z)-N-(2-((6-(3-(2,6-dich loro-3,5-d imeth oxyphenyl)- 1-m ethylu reido)py rimidin-4-

y I)amino)ph enyl)b ut-2- enamid e 

The title compound was synthesized following the approach outlined in Procedure 2A (Example 

100), modifying step (i) to the following procedure: To a solution of l-(6-((2-

aminophenyl)amino) pyrimidin-4-yl)-3 - (2,6-dichloro-3,5 -dimethoxyphenyl)-1 -methylurea (2 0 

mg, 0.043 mmol), triethylamine (21.8 mg, 0.22 mmol), and (Z)-but-2-enoic acid (4.5 mg, 0.052 

mmol) in DCM (0.86 ml, 13.3 mmol) was added a solution of 2,4,6-tripropyl-l,3,5,2,4,6-

trioxatriphosphinane 2,4,6-trioxide (49.4 mg, 0.78 mmol, 50% solution EtOAc) at 0 °C, and the 

resulting mixture was stirred at room temperature for 2h. The mixture was concentrated and the 

residue was purified by silica gel column to obtain the title compound (8.5 mg, yield: 37%). IH 

NMR (400 MHz, CDC13) 5 2.20 (dd, 7=7.28, 1.76 Hz, 3 H) 3.30 (s, 3 H) 3.92 (s, 6 H) 5.85 (dd, 

7=11.42,1.76 Hz, 1 H) 5.99 (s, 1 H) 6.29 (dd, 7=11.36,7.34 Hz, 1 H) 6.52 (s, 1 H) 7.23 - 7,34 

(ms 2 H) 7.46 (d, 7=7.40 Hz, 1 H) 7.55 (br. s., 1 H) 7.78 (d, 7=7.53 Hz, 1 H) 8.40 (d, 7=0.88 Hz, 

1 H) 12.50 (s, 1 H); MS (ESI): 531.3 [M+H]+. 

(S,Z)-N-(2-((6-(3-(2,6-dichloro-3,5-dimethoxyphenyl)-l-methylureido)pyrimidin-4~ 

yl)amino)phenyl)-4-hydroxypent-2-cn amide 

The compound was synthesized following the approach outlined in Procedure 2G (Example 

123), substituting 2-nitroaniline in step (d) and methacryloyl chloride in step (g) to afford the 

Example-175 
O 

OMe 
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title compound (13 mg, yield: 72%). IH NMR (400 MHz, CDC13) 2.03 (br. s., 3 H) 3.31 (s, 3 H) 

3.92 (s, 6 H) 5.49 (s51 H) 5.81 (s, 1 H) 6.00 (s, 1 H) 6.53 (s, 1 H) 7.29 (m, 3 H) 7.44 (d5 J-7.91 

Hz, 1 H) 7.83 (d, 7.53 Hz, 1 H) 7.92 (s, 1 H) 8.41 (s, 1 H) 12.34 (s} 1 H). MS (ESI): 531.1 

[M+Hf. 

(Z)-3-chloro-N-(2-((6~(3-(2,6-dichIoro-3,5-dimethoxyphenyl)-l-methyIureido)pyrimidiii-4-

yl)ammo)-5-(4-ethylpiperazin-l-yl)phenyl)acrylamide 

The title compound was synthesized following the approach outlined in Procedure 2C (Example 

108), modifying step (g) to the following procedure: To a solution of l-(6-((2-amino-4-(4-

ethyipipcrazin-l-yl)phenyl)amino)pyrimidiii-4-yl)~3-(2,6-dichloro-3,5-dimethoxyphenyl)-l-

methylurea (11 mg, 0.019 mmol), triethylamine (9.67 mg, 0.096 mmol), and (Z)-3-chloroacrylic 

acid (2.43 mg, 0.023 mmol) in DCM (0.4 ml, 6.21 mmol) was added a solution of 2,4,6-

tripropyl-l?3,5,2,4,6-trioxatriphosphinane 2,4,6-trioxide (21.9 mg, 0.034 mmol) at 0 °C, and the 

resulting mixture was stirred at room temperature for 30 min. The mixture was concentrated and 

the residue was purified by silica gel column to obtain the title compound (7.5 mg, yield: 59%). 
!H NMR (400 MHz, CDC13) 5 1.29 (t, J=8.G Hz, 3 H) 2.90 (br. s., 4 H) 3.27 (s, 3 H) 3.45 (t, 

J=4.64 Hz, 4 H) 3.91 (s, 6 H) 5.90 (s, 1 H) 6.32 (d, >8.41 Hz, 1 H) 6.52 (s, 1 H) 6.59 (d, J=8.41 

Hz, 1 H) 6.73 (dd, J=8.78, 2.76 Hz, 1 H) 7.09 (br. s., IH) 7.24 (s, 2 H) 7.83 (br. s„ 1 H) 8.36 (s, 

1 H) 8.69 (br. s., 1 H) 12.52 (s, 1 H); MS (ESI): 663.1 [M+Hf. 

Example -181 
CI o 

OMe 
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Example -185 

N-(2-((6-(3-(2,6-dichIoro-3,5-dimethoxyphenyI)-l-methyIureido)pyrimidin-4-yl)amino)-6-
fluorophenyl)acry!amide 

The compound was synthesized following the approach outlined in Procedure 2G (Example 

123), substituting 3-fluoro-2-nitroaniline in step (d), omitting step (e), and modifying step (g) to 

the following procedure: To a solution of l-(6-((2-amino-3-methylphenyl)amino)pyrimidin-4-

yl)-3-(2,6-dichloro-3,5-dimethoxyphenyl)-l-methyl-3-((2-(trimethyIsilyl)ethoxy)methyl)urea (31 

mg, 0.051 mmol), diisopropyl ethylamine (13.1 mg, 0.103 mmol), and acrylic acid (39.9 mg, 

0.055 mmol) in DCM (1 ml, 15,54 mmol) was added a solution of 2,4,6-tripropyl-l,3,5,2,4,6-

trioxatriphosphinane 2,4,6-trioxide (48.1 mg, 0.076 mmol, 50% solution EtOAc) at 0 °C, and the 

resulting mixture was stirred at room temperature for 2h. The mixture was concentrated and the 

residue was purified by silica gel column to obtain the SEM protected title compound (24 mg, 

yield: 71% in three steps). Following the final step (g), the title compound was isolated (12 mg, 

yield: 62%).1 H-NMR (400 MHz, CDCl3) 5 3.40 (s, 3 H) 3.93 (m, 6 H) 5.91 (d, 1 H) 6.20 (s, 1 

H) 6.30 - 6.45 (m, 1 H) 6.50 - 6.58 (m, 2 H) 7.01 (t, 1 H) 7.28 - 7.35 (m51 H) 7.42 - 7.63 (m, 2 

H) 8.41 (s, 1 H) 12.43 (br. s„ 1 H); ESI-MS: 535 [M+Hf. 
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Assays of Biological Activity 

Assay of Binding to FGFR4. Purified, recombinant FGFR4 was pre-incubated with 10 uM 

compound overnight at 4 °C5 or for 1 hour at room temperature. Following pre-incubation, 

protein samples were separated using SDS-PAGE and gels were stained with SimplyBlue™ 

SafeStain (Life Technologies, Grand Island, New York). FGFR bands were cut out and digested 

using an In-Gel Tryptic Digestion Kit (Thermo Scientific, Waltham, Massachusetts). Digested 

samples were run on a Thermo Scientific Q Exactive™ LCMS using reverse phase separation 

and tandem mass spectrometry to identify modified peptides. 

Alternatively, following pre-incubation FGFR4 was concentrated and buffer exchanged 

on an OPTI-TRAP protein concentrating and desalting C4 column (Optimize Technologies). 

Protein was eluted in acetonitrile containing 0.1% formic acid and run by direct injection on a 

Thermo Scientific Q Exactive™ LCMS to identify modified, intact FGFR4. 

Results provided below in Table 2 confirm covalent adduct formation of the tested 

compounds with the peptides by correspondence of the expected mass of the peptide-ligand 

adduct with the mass observed. 

TABLE 2 

Compound # 
Expected mass 

[Da] 
Observed mass 

EDa] 
100 3133.50 3134.48 

Compound # Expected mass 
[Da] 

Observed mass 
[Da] 

100 35835.9 35836.1 

108 35948.0 35948.1 

ICso Profiling of Kinase Activity Inhibition. Compounds were profiled for FGFR inhibition 

activity at Reaction Biology Corporation (Malvern, Pennsylvania) with their Kinase HotSpotSM 

assay. See, Anastassiadis et al, 2011, Comprehensive assay of kinase catalytic activity reveals 

features of kinase inhibitor selectivity. Nat Biotechnol 29,1039-1045. 

Recombinant FGFR1 (2.5 nM), FGFR2 (1 nM), FGFR3 (5 nM), or FGFR4 (12 nM) 

(Invitrogen™) was prepared as a mixture with substrate KKKSPGEYVNIEFG (SEQ ID NO:l) 

(20 fiM, FGFR1 substrate); and Poly [E,Y] 4:1 (0.2 mg/ml, FGFR2,3,4 substrate)] in kinase 

reaction buffer (20 mM HEPES-HC1, pH 7.5,10 mM MgCl2, 2 mM MnCl2, 1 mM EGTA, 

0.02% Brij35, 0.1 mM Na3V04, 0.02 mg/ml BSA, 2 mM DTT, and 1% DMSO). Compound was 
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added to the enzyme/substrate mixture using acoustic technology (Labcytc® Echo 550, 

Sunnyvale, California) (see, Olechno et al, 2006, Improving IC50 results with acoustic droplet 

ejection. JALA 11,240-246) and pre-incubated for 0,15, or 60 minutes at room temperature. 

After compound pre-incubation, a mixture of ATP (Sigma-Aldrich®) and 33P-Y-ATP 

(PerkinElmer) was added to a final concentration of 10 (uM to initiate kinase reactions. Reactions 

were incubated for 120 minutes at room temperature and then spotted onto Whatman™ P81 ion 

exchange filter paper. Unbound phosphate was removed by extensively washing filters in 0.75% 

phosphoric acid. See, Anastassiadis et al, 2011, Comprehensive assay of kinase catalytic activity 

reveals features of kinase inhibitor selectivity. Nat Biotechnol 29,1039-1045. 

Results for FGFR4 and FGFR1 are shown next to individual compounds listed in Table 1 

above. The compounds showed selective inhibition of FGFR4, with a higher IC50 for FGFR1. 

Without wishing to be bound by theory, the IC50 activity with respect to FGFR1 is 

generally representative of the activity with respect to FGFR1, FGFR2, and FGFR3. See also, 

Dieci et al.? 2013, Fibroblast Growth Factor Receptor Inhibitors as a Cancer Treatment: From a 

Biologic Rationale to Medical Perspectives, Cancer Discovery, F1-F16. 

To confirm, some of the compounds were also tested for FGFR2 and FGFR3 inhibition. 

These results shown below in Table 3 are consistent with the IC50 activity of FGFR1 being 

generally representative of the activity of FGFR1, FGFR2, and FGFR3, and further demonstrates 

the selectivity of these FGFR4 inhibitors. 

TABLE 3 

I Compound # FGFR2 IC50 (fxM) FGFR3 ICso (pM) I FGFR1 ICso (HM) FGFR4 ICso (HM) 
100 4,18 1.98 >10.1 <0.001 

| 108 1.98 2.00 | 0.173 <0.001 

In vivo efficacy in tumor models. Compound 108 was evaluated for its ability to inhibit tumor 

growth in nude mice bearing tumor xenografts from three different human hepatocellular 

carcinoma tumor ceil lines. These cell lines are representative of cancers having an altered 

FGFR4 and/or FGF 19 status. See Sawey et al., Cancer Cell 19(3): 347-358 (2011). 

Animals: Nude mice, ages 6-8 weeks, and weighing approximately 19-25 g, were purchased 

from Taconic (Taconic, Hudson, New York). All animal experiments were done in accordance 

with protocols approved by the Institutional Animal Care and Use Committee. 

Tumor xenografts and treatment: 7.5 x 106 HUH7 cells (HSRRB cat. no, JCRB0403), 5 x 106 
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Hep3B (ATCC cat. no. HB8064), or 2.5 x 106 JHH7 cells (HSRRB cat. no. JCRB1031), each in 

a total volume of 100 jal, 1:1 Matrigel (Corning Inc, Corning, NY), were injected subcutanously 

(s.c.) into the right lateral flank. When tumors reached 150-200 mm3, the mice were randomized 

into treatment groups of 5-10 animals. Dosing was peformed twice daily by 

intraperitoneal injection at the indicated dosages for 15 days using Compound 108, formulated 

in a vehicle of 5% DMSO (Alfa Aesar, Ward Hill, MA), 10% PEG300 (Sigma, St. Louis, MO), 

8% TWEEN® 80 (Sigma, St. Louis, MO), 77% USP Saline at the desired concentration. Tumor 

volumes were collected twice weekly using the formula Volume = (length* width2)/2. Body 

weights were collected twice weekly, as well. All animals were observed and cared for in 

accordance with The Guide for Care and Use of Laboratory Animals, 8th edition (National 

Academies Press, Washington D.C.). 

Statistical methods: Statistical comparisons were made at the end of the experiment using 

Repeated Measures Anova with Bonferroni post-test for comparisons of treatment groups, using 

GraphPad Prism 5. The following criteria were used to determine Progressive Disease, Stable 

Disease, Partial Regression, and Complete Regression. Progressive Disease is defined as three 

consecutive measurements increasing from best response or >120% initial tumor volume. Stable 

Disease is three consecutive measurements <120% and >50% of initial tumor volume, whereas 

three consecutive measurements <50% initial tumor volume qualifies as a Partial Regression. A 

Complete Regression is three consecutive measurements <30 mm3. Chi-squared test was used to 

compare responses between treatment groups (Microsoft Excel). 

Results from animals bearing tumors from HUH7, HEP3B, and JHH7 cancer cells are 

shown in FIGS. 1-3, respectively, and are also reflected in Table 4, 

TABLE 4 - Inhibition of Tumor Growth in FGF19 amplified HCC xenografts 

HUH7 (n=10 per group) 

Dose 
(mg/kg) 

Complete Regression Partial Regression Stable Disease Progressive Disease 

25 1 4 3 2 

37.5 2 5 3 0 

HEP3B (n=5 per group) 

Dose 
(mg/kg) 

Complete Regression Partial Regression Stable Disease 1 Progressive Disease 

12,5 0 0 0 5 
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25 | 0 1 4 0 

37.5 5 0 0 0 

JHH7 (n=10 per group) 

Dose 
(mg/kg) 

Complete Regression Partial Regression Stable Disease Progressive Disease 

12.5 0 0 0 10 

25 0 0 0 10 

37.5 0 0 0 10 

These data demonstrate that compound 108 is efficacious in all models. Among the three 

models, HEP3B is the most sensitive, JHH7 the least sensitive and HUH7 showing intermediate 

sensitivity to compound 108. Although a dose response can be seen in FIG. 3 for JHH7, there 

was Progressive Disease in all dose levels tested. 

Comparative studies of Compound 108 with BGJ398. Comparative studies were done with 

Compound 108 and the known FGFR inhibitor BJG398. 

Biochemical Kinase assay protocol to obtain lC5o: Recombinant FGFR1 (2.5 nM), or FGFR4 

(12 nM) was prepared as a mixture with substrate KKKSPGEYVNIEFG (SEQ ID NO:l) (20 

[JM, FGFR1 substrate); Poly [E,Y] 4:1 (0.2 mg/ml, FGFR2,3,4 substrate)] in kinase reaction 

buffer (20 mM HEPES-HC1, pH 7.5,10 mM MgCl2, 2 mM MnCl2, 1 mM EGTA, 0.02% Brij35, 

0.1 mM Na3V04, 0.02 mg/ml BSA, 2 mM DTT, and 1% DMSO). Compound was added to the 

enzyme/substrate mixture using acoustic technology and pre-incubated for 0, 15, or 60 minutes 

at room temperature. After compound pre-incubation, 33P-y-ATP was added at a final 

concentration of 10 jiM to initiate kinase reactions. Reactions were incubated for 120 minutes at 

room temperature. Substrate phosphorylation was monitored by filter assay, as above. Results 

are shown in Table 5. The results reported show that compound 108 is a more potent FGFR4 

inhibitor, whereas BGJ398 is a more potent FGFR1 inhibitor. 

TABLE 5 - Comparative Testing of Compound 108 and BGJ398 with Biochemical Kinase assay 

Kinase 
Compound 108 
iC50 (nM) 

BGJ39S 
ICso (nM) 

FGFR4 <0.2 13 
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FGFR1 513 1.0 

Cellular Viability assay protocol to obtain GI50: Ceils lines were cultured at 37°C, 5% C02 

and 95% humidity. Culture media were purchased from GIBCO®, USA. For viability assay, 

2000 cells/well were seeded in 96 well plates, incubated for 24h before compound treatment. 

Following compound addition, plates were incubate for 72h at 37°C with 5% CO2, and then 

measured by means of CTG assay (CellTiter-Glo® Luminescent Cell Viability Assay, Cat. No.: 

G7572, Promega). Results are shown in Table 6. The table shows compound 108 is more potent 

than BGJ398 in Hep3B cells, an FGF19 amplified line. The potency in HUH7 and JHH7, the 

other two FGF19 amplified lines, are comparable between compound 108 and BGJ398. HepG2 

(ATCC cat. no. HB-8065), SNU398 (ATCC cat. no. CRL-2233) and SNU449 (ATCC cat. no. 

CRL-2234) are FGF 19 non-amplified cell lines that were used as controls, 

GI50 is the concentration of test drug where 100 x (T - T0)/(C - TO) = 50, See, e.g., 

Monks et al., Feasibility of a High-Flux Anticancer Drug Screen Using a Diverse Panel of 

Cultured Human Tumor Cell Lines, J Natl Cancer Inst (1991) 83(11):757-766; Boyd et al., Data 

Display and Analysis Strategies for the NCI Disease-oriented In Vitro Antitumor Drug Screen, in 

CYTOTOXIC ANTICANCER DRUGS: MODELS AND CONCEPTS FOR DRUG DISCOVERY AND 

DEVELOPMENT, Valeriote et al,, eds. (1990), pp. 11-34. The luminescence of the test well after a 

72h period of exposure to test drag is T, the luminescence at time zero is TO, and the control 

luminescence is C. The GI50 measures the growth inhibitory power of the test agent. 

TABLE 6 - Comparative Testing of Compound 108 and BGJ398 in Cellular Viability assays 

Compound 108 BGJ398 
Cell Line Gfjo (nM) Gf50 (nM) 

HEP3B 18 ± 6 nM (n=27) 74 ± 23 nM (n=6) 

JHH7 216 ± 70 nM (n=4) 178 ± 30 nM (n=2) 

HUH7 408 ± 128 nM (n=4) 231 ± 100 nM (n=2) 

HEPG2 6506±1424nM (n=27) 2260±1182 nM (n=6) 

SNU398 > 10,000 (n=2) not measured 

SNU449 > 10,000 (n=2) not measured 

In vivo efficacy comparison: Nude mice were used for these experiments as above. 5.0 x 106 

Hep3B cells in a total volume of 100 fxl, 1:1 Matrigel (Corning Inc, Coming, New York), were 
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injected s.c, into the right lateral flank, When tumors reached 150-200 mm3 the mice were 

randomized into treatment groups of 5-10 animals. Treatment was then started using Compound 

108, formulated in a vehicle of 5% DMSO (Alfa Aesar, Ward Hill, MA), 10% PEG300 (Sigma, 

St. Louis, MO), 8% TWEEN® 80 (Sigma, St. Louis, MO), 77% USP Saline at the desired 

concentration, BGJ398, formulated as a suspension in 0.5% Methylcellulose (Sigma)/0.2% 

TWEEN® 80, was suspended at the desired concentration. Both drugs were dosed for 18 dyas, 

except for one treatment group (see below). Tumor volumes were collected twice weekly using 

the formula Volume = (length* widtlr)/2- Body weights were collected twice weekly as well. All 

animals were observed and cared for in accordance with The Guide for Care and Use of 

Laboratory Animals, 8th edition (National Academies Press, Washington D.C.). The results of 

this comparative in vivo study are shown in FIG. 4. 

The data show that compound 108 is more efficacious than BGJ398 at tolerable dosage 

levels. Although BGJ398 at 60mg/kg showed efficacy comparable to compound 108, the dosing 

of this BGJ398 60mg/kg group had to be terminated on Day 11 due to poor health of animals. 

This difference in toxicity is not due to routes of administration because the group of animals 

dosed orally with BGJ398 at 30mg/kg did not exhibit poor health. 

The foregoing is illustrative of the present invention, and is not to be construed as 

limiting thereof. The invention is defined by the following claims, with equivalents of the claims 

to be included therein. 

139 



WO 2015/057938 

We claim: 
PCT/US2014/060857 

1. A compound of Formula I: 

R12 

I 
wherein: 

R3 is selected from the group consisting of: Chalky!, Ci^alkoxyCj.ealkyl, NR1DRnC]. 

galkyl, R 10heterocycl.y3Cj_6aJkyl, R10arylCi-6alkyl5 and R10heteroarylCi-galkyl, wherein R10 and 

R11 are each independently selected from the group consisting of; hydrogen and Chalky!; 

E is selected from the group consisting of: 

-NR13C(0)CR14=CHR1S, and 

-NR13C(0)OCR14, 

wherein R13 is selected from the group consisting of: hydrogen and methyl, and R14 and 

R15 are each independently selected from the group consisting of: hydrogen, methyl, fluoro and 

chloro; 

R12 is selected from the group consisting of: hydrogen, halo, Ci^alkyl, Ci_6alkoxy. 

hydroxyC i^alkyl, hydroxyC i ̂ alkoxy,C i _f,alkoxyC i .^alkoxy. Ci.^alkoxyCi .Galky 1, 

R5R6heterocyclyl, C(C))heterocyclylR5R6, R5R6heterocyclylCj_6alkyl, NR5R6, NR5R6Q.fialkyl, 

-C(0)NRsR6, and NR5R6C i .galkyoxy, wherein R5 and R6 are each independently selected from 

the group consisting of hydrogen, Chalky)., hydroxyCi„6alkyl, aminoCi^alkyl, 

-C(0)C]-6alkyl and Cj^alkylsulfonyl; and 

R1 is phenyl, wherein said phenyl is substituted 2, 3, or 4 times with independently 

selected halo or Cj^alkoxy, 

or a pharmaceutically acceptable salt thereof, 

2. The compound of claim 1, wherein R3 is Chalky!, or a pharmaceutically acceptable salt 

thereof. 

3. The compound of claim 1, wherein R3 is selected from the group consisting of: methyl, 

methoxyethyl, 4-pyridylmethyl, 3-pyridylmethyl, 2-pyridylmethyl, benzyl, N,N-

dimethylaminopropyl, 3-methyUsoxazol-5-yl-methyl, and 4-methylpiperazin-l-yl-propyl, or a 
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pharmaceutically acceptable salt thereof. 
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4. The compound of any one of claims 1-3, wherein E is -NR13C(0)CH=CHR15 or 

-NRBC(0)CF=CH2, wherein R13 and R15 are as defined above, or a pharmaceutically acceptable 
salt thereof, 

5. The compound of any one of claims 1 -3, wherein E is -NHC(0)CH=CH2, or a 

pharmaceutically acceptable salt thereof. 

6. The compound of any one of claims 1-5, wherein R12 is selected from the group 

consisting of: hydrogen, fluoro, chloro, methyl, methoxy, N,N-dimethylaminoethyl, piperazin-1-

yl, 4-ethylpiperazin-l-yl, 4-ethylpiperazin-l-yI-methyl, l-methylpiperidine-4-yl, 1-

ethylpiperidine-4-yI, N,N-dimethylaminomethyi, N,N-dimethyIaminopropyl, piperidine-4-yl. 

morpholino, 3,5-dimethylpiperazin-l-yl, 4-(methylsulfonyl)piperazin-l-yI, N,N-

dimethylaminoethoxy, 4~(2-hydroxyethyl)piperazin-l-yI, hydroxyethoxy, methoxyethoxy, 

hydroxymethyi, methoxymethyl, 2-methoxypropyl, 2-hydroxypropyl, 2-aminopropyI,4-

methylpiperazin-1 -yl-carbonyl, 4-ethylpiperazin-l-yl-carbonyl, 4-[2-propyl]piperazin-1 -yl. 4-

acetylpiperazin-I-yl, N-methyl-N-hydroxyethyl-amino, N,N-dimethylamido, and 4-(2-

aminoethyI)piperazin-l-yl, or a pharmaceutically acceptable salt thereof, 

7. The compound of any one of claims 1-5, wherein R12 is selected from the group 

consisting of: hydrogen, Chalky!, hydroxyCi^alkyl, R5R6heterocyclyl, RsR6heterocyclylCi. 

6alkyl, -C(0)NR5R6, NR5R6Ct.6aIkyl, NR5R6Ci.6alkyoxy, C^alkoxy, and C^alkoxyCi^alkyl, 

whererin R5 and R6 are each independently selected from the group consisting of: hydrogen, Q. 

6alkyl, hydroxyCi-ealkyl, -C(0)Cfialkyl and Ci^alkylsulfonyl, or a pharmaceutically acceptable 

salt thereof. 

8. The compound of any one of claims 1 -5, wherein R12 is R5R6heterocyclyl, wherein R5 

and R6 are as defined above, or a pharmaceutically acceptable salt thereof, 

9. The compound of any one of claims 1-8, wherein R5R6heterocyclyl is R5R6piperazinyl, 

wherein Rs and R5 are as defined above, or a pharmaceutically acceptable salt thereof. 

10. The compound of any one of claims 1-5, wherein R12 is 4-ethylpiperazin-l-yl, or a 
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pharmaceutically acceptable salt thereof. 
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11. The compound of any one of claims 1-7, wherein R12 is not hydrogen, or a 
pharmaceutically acceptable salt thereof. 

12. The compound of any one of claims 1-11, wherein R1 is 2,6-dichloro-3,5-
dimethoxyphenyl, or a pharmaceutically acceptable salt thereof. 

13. The compound of any one of claims 1-12, wherein said compound is a compound of 
Formula 1(a): 

1(a) 

wherein R:\ E, Ri2 and R1 are as defined above, 
or a pharmaceutically acceptable salt thereof. 
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or a pharmaceuticaliy acceptable salt thereof. 
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15. The compound of claim 1, wherein said compound is selected from the group consisting 
of: 

1 CT^NH , CI 

•"YYV'Y^0"' 
0 "H H I H f 

Yi T NN^N °c 
,N 

1 °^NH H 1 H <?' 

r T T N^N °ci 
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N N^_ ^ ^ ^CX 

i T 
N CI 6N° 
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or a pharmaceuticaliy acceptable salt thereof. 

16. The compound of claim 1, wherein said compound is selected from the group consisting 
of: 

1 CT"NH 
,N 

O^NH H ( H Ct 

if r T Y „ , N^N Oc|^^ 

O 

H 

N 

, T% ? 
O H2N^N^J 

°cr 
, and 

OWle 

or a pharmaceuticaliy acceptable salt thereof. 

17. The compound of claim 1 which is: 
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or a phartnaceutically acceptable salt thereof. 

18, A pharmaceutical composition comprising a compound or salt of any one of claims 1-17 

and a pharmaceutically acceptable carrier. 

19. The pharmaceutical composition of claim 18, wherein said composition is formulated for 

oral, intravenous or subcutaneous administration. 

20. Use of a compound or salt of any one of claims 1 -17 or the pharmaceutical composition 
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of any one of claims 18 or 19 in the manufacture of a medicament for treating hepatocellular 

carcinoma. 

21. The use of claim 20, wherein said hepatocellular carcinoma has altered FGFR4 and/or 

FGF19 status. 

22. The use of claim 21, wherein said altered FGFR4 and/or FGF19 status comprises 

increased expression of FGFR4 and/or FGF19. 

23. A compound or salt of any one of claims 1-17 for use as a medicament. 
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