WD 2008/ 036277PCT/ US2007/ 020231 PYRAZOLQ( 1, 5- A) (1, 3, 5) TRI AZI NE AND
PYRAZOL(Q( 1, 5- A) PYRI M DI NE DERI VATI VES USEFUL AS PROTEI N KI NASE

| NHI Bl TORSWRR@RBEBHL7KI NASE | NHI Bl TORS CROSS- REFERENCE  TQrGRFER20(IMRIR0231
APPLI CATI ONS [ 0001] This application clains benefit under 35
U S.C 119(e) of provisional U S patent application No. 60/845, 314
filed Septenber 18, 2006 and U.S. patent application No. 11/856, 476,

filed Septenber 17, 2007. [ 0002] The Contents of the
above-referenced patent applications is herein incorporated by
reference in its entirety. FIELD OF THE | NVENTI ON [ 0003] The

present invention relates to chem cal conpounds that are useful, for
exanpl e, as protein kinase inhibitors for treating cancer

neur ol ogi cal di sorders, autoi mmune di sorders, and other diseases, and
met hods of using such conpounds. BACKGROUND OF THE | NVENTI ON

[ 0004] Honeostasis requires signaling between cells to coordinate
acti vi t iPFERAZOLR L+ §sPIcat 35 ?aﬁl’*g% PN PXRAZINO Snd R FREPRMT QETIRTIVES

| nappr o Fate®3 PFGRE T G NEsh * &%} exacerbate i mune system

pat hol ogi es, such as allergies, autoinunune di seases, and

i nfl anmation, as well as neurol ogical and cardi ovascul ar nmal adies. In
particul ar, cancer, the uncontrolled proliferation of cells, is
strongly associated with breakdown in normal cellular signaling.
Signaling often involves catal yzed transfer of phosphoryl groups to
and from serine, threonine, PROTEIN KEVASE INHIBUPGRSN proteins as part
of signal transduction, a step catal yzed by enzynes called protein

ki nases. For this reason, efforts to treat cancer and ot her diseases
have directed attention to inhibition of protein kinases. WO

2008/ 036 ROPE-REIPRENCINTORFELATED APBOBIATI@NS an essenti al
serine/threony p I Ny: K- ; i td t been.

consi dered aib‘gﬁbo;@ %sﬁa‘pﬁh%%?éé]?@shﬂ%%%@?grc e%t(g 3? }31%@, Ot%ﬁ?w%o%l yes'
vari ety pafencapplieaton@ihicnisHs 8l 4fikt Sdptember 13, DI06EKR UhS. tpiateht 3pptibaion No.
correlate wth_ the ressi yeness of tunmor growt h. Furthernore,
decreasﬂﬁﬁﬁ%ﬁg6d@?¢gﬁﬁ??b?ﬂ¥6£§§'usg of small nolecul es, dom nant
negative over[mm]q eghk onkhtsof iRABSV RRALNKE] ﬁa&r@a{aﬁica@&{slis- R&88 ncorporated
met hods, or smal| interfering RNAs, decreases cellular proliferation,
i ncr eas @y refgenpeingts estirefipopt osi s in cancer cells, and eradicates the
PC3.h””%ﬁEﬂhﬂ§ﬁ%ﬁ%Eiﬁ .rﬂﬁﬁls fromtunor-bearing mce. Existing 62
i nhi bi tors such ‘as enodi n,” courmarins, TBB (triazole), quinazolines,
DRB and quer ¢@003], Thepmsar invehtidnerelates taithefni¢al tabmyuatothyt s8¢ ugiiesfor | ack
the qualities of a clinically useful .chenotherapeutic.agent.

[ 0006 AXHEES: FergrALRh BRNBIOT Pt CHETAHCe DT GIHeDh puteigmune
acti vit isbRfers, ﬁlﬁﬁéth&%i&_@&é@%%%d@%ﬁ%&ﬂ c¥hbdungflosphor yl ati on
catal yzed by thi's protein |cinase. SU Y OF E | NVENTI ON

[ 0007] One aspect of the present invention provides a new class of

pr ot ei n gi oY oY macr ocyclic

pyr azol %@@zﬁqﬁw ﬁ}%ggﬁgﬁgﬁﬁﬁgyr azol o[ 1, 5-a] pyri m di ne

conpounds, m§ididHs Hofnensasigretiesssignhlatertroeathiceldd tb yoadinaptaativides such as
prodrugs,gﬂhar eutigﬁié¥ actiyve tabolites, .and pharnmaceutical ]y
accept aSPHArelderajion ayk ditferentiatiog loappieRriate Signpling can Gause(s SKageghate immune

pol ynor giisem ﬁﬂﬁol@ﬁﬁ&@ﬁélﬁéétéllﬁl%liésy%@&ﬁ@%@msgas?@é%% irﬁl_?_]%hﬁ%n,% Sell as

collectively referred to as "agents. ] g he invention also
r el at es NEWo B@ﬁhﬂé@é@_tﬁlwﬁw@mygﬁiﬂqm Brpgrticglep roesienghennceittdlsd ipvdiferatiomef

of an a f s W . i I able carrigrs.
C0000) - S i 4sbit Boteeclifh RORGEDE HIGLHH B HERIRY sTafiihf bBAE
cont ai nimglssicitalggmintasiar of ploefhokyligroups eednidrigppny serine  thredhine,ané $yrosine
includiqgk@pt not Linitg% %o Hgﬁge associated wt uncontrolhe or .
un- want SEEEY PLPIQICUSAS PR oF 38ha) franyduefionsa step eatplyzed Py snavsseadrbIgisly |
kinases. For this reason, efforts to treat cancer and other diseases have directed attention to

inhibition of protein kinases.
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WD 2008/ 036277PCT/ US2007/ 020231 (1) wherein R is al kyl, alkenyl,

al kynyl, aryl, or heteroaryl. R2 is hydrogen, alkyl, alkenyl,

al kynyl , aW2008413637@t er oaryl ; R3 groups are i ndependentRGI/UB2eN7HYEA]
optionally substituted al kyl, al kenyl, alkyrtyl,aryl, heteroaryl, or
hal o: (C) i s [8008)0ulK2 ahesdeatial kertreytbhpbninaplotein Binis] writil fezentBl Hay hot been
al kenyl and. .al kynyl ren= 2-6 is CHor N | .[0012] The_ . .
nvent 1 GPPEEsY FEk RESOTE Gresimsarer IR BB lehi T e ok
such as QenERreveh ST IBURRY Hiab 8ARETe with FRl agBleSORRESE of FuAti Rkowth.

di seases, neur ode(ggner ative disorders .and cardi ovascul ar di seases,

conpr i siFigthgamerai deereasing hkafacigvityethrough vapefsmall reflecatesdparinans hegative

i nventio L BGL LE : : , e

i nvent i.o%egegpfeﬁsgw!r)@ﬁg%%gj a?@@e%@%rg%‘sﬁ% gi’ggﬂr{rslg)%ﬁﬁgotﬁ%’nogr Slgﬁ%}néérr%i%rﬁgw‘{l rng

t he pr odeetensekicelhdar paclifieratiby, indreaSi2hbleveldifapopsdsty inRgncar cdlsmd Rehdivhites the
or a pharmaceutically acceptable s maceutical ly

F | t lt, ph
agf:gﬁt Zb‘f@ DRI RIGStats cansrgells emtfl@ar-\v%ﬂaa BUCH ﬁ&s@n%p%%a phgntors sugh as
conmpoundpiditTRb@RAkst €BB f(ﬁ»fa@a]g), qiEdihELDRBIRRIGRIE LN, f5weeE wWHNYEDH B

10014] Unl ess otherw se specified, technical terns here take their
usual ndabrraigry, studiese lack thelquglition of @ clipentlyfusefdl] ¢hemptheraptiGicager | |

Dictionary of rentd | fi i.cal Termns, 6t dition. . . .
[0015] " A ky|[”‘§fﬁlf ﬁééetd%e@%’?%}‘gﬁi{l‘gf&% POITRGuLS &%@‘g%%"‘%‘&f fog treating
cont ai nipatholagisnatsceiated veid plosplaiyitton cstalyized bpthksydrent 'kisaael "al kynyl "

refer to the corresponding chains containing a double- or triple
bond, respectively. Al kyl, alkylene, and al kynyl groups may be

opt i onaldyvisbeY dFtede YWVRNGISNOr - nore substituents sel ected from
the group consisting of nercapto, nitro, cyano, azido and hal o.

[0016] " Het ed@¥¥7}| 'Oneappactofithe preseahventivn poavided agewrebass of protepckibasei ng

one or -0 ' i L)
20081 030B TS P BhOTBaBLERL BraldiREACT uterld-3Mh Rurautod i
t he i nventipomdsRhethedsasfiusing pliead, phahlayewsioiibt dctepitabde Iab&ﬂugs,liliﬁﬁrﬁlageutically

referably substituted phenyl. It has been found at conpounds |n
Py o RECTe RIS BTty P pabis Sk Dot S copEb s, prodrus,
N- et hy Imdat{olitddBid} 1§, bebrmYdelt hRcGRIPRIAEE
11g) or mI\I— al k;c/dlg‘-afsl\l-%i#?(rsl ar?i ngal ky@%i@é@?&ﬁ%ﬂ&ﬂﬁgﬂﬁﬁeg{ﬁifg%noet hyl , d
as in coposeNs15) are particularly useful. In certain preferred

conpounds, eﬁfd?)s T8E : ' né{ ‘%f ' ﬁf = 4
and/or Xis N FZ . @é‘?{@y%&d%&ém -ZB?%&:IU Z%rﬁn%) TP F%J:qur{;{eh_swgs 8q (X
= N) conrffectnesmehintaiamagent (With e er mesf phlarmdcenticali g agreptablt oarriers.
i nfl uencing &@ ctd Vi .of proteipn |cipases. .Myre particularly, the
conpounds ar i 2 Ef h-hu%iﬁledﬁ'ffin-lﬁ? 6&@%@@??@%‘3&%5@ ?ﬁhtéonﬁ FWF‘B?&%@“J‘]’
t r eat mengent§ &€ uSERICA tre@lingdiahiSlis AbRORATRIUATSNG ndl Bt tbMdREhdsbdiaed with
proliferation nediated by protein icinases. )
uncontrolled or un-wanted cellular proliferation such as cancer, autoimmune diseases, viral
diseases, fungal diseases, neurodegenerative disorders and cardiovascular diseases.
- {0010] Preferred agents modulate and/or inhibit the activity of CK2 protein kinase.
Thus, the pharmaceutical compositions containing such agents are useful in treating diseases
mediated by kinase activity, such as cancer.
[0011] The invention relates generally to compounds of Formula (I), as well as
prodrugs, pharmaceutically active metabolites, polymorphs, and pharmaceutically acceptable

salts thereof:



[ 0019] The inventive agents may be prepared by synthetic schenes

descri bed bel ow. Triazi ne-based conpounds of Fornula (1), for

exanpl e, cW® 8e8/036Bpared according to Schene 1: 0 ( AYYS2007026381 1

HNIT NAA (1,9 .[0020] Synthesis of such conpounds started

from di cyano conpounds (1). Treatnment with H fol |l owed by

ethyl fonnate gave internediate 2- forqy%igm #{(rile derivatives, which

on treatnent with hydrazine cyclized Lo rovi 4-substituted am no
e jth

pyrazol es (2). Conpounds (2) were th
et hoxycar bonyl i sot hi ocyanate to fommﬂsg re rmedi at es t hat
spont aneously cy-clize under basic cfindi*ti ghs ¥0 provi de conpounds
(3). [ 0021] Benzyl ation followed by chlorination of conpounds
(3) gives correspondi ng conmpounds (4) @nd (5). The chloro group of
conmpounds (5) was then replaced by a primary am ne under mld
condition to wremsinde (6). Treatnent of conpounds (6) with nCPBA

oxi di zed t he Jhenzyl sul.fanyl.. arou t he correspondi ng
benzyl sul f on 13ﬁ@ﬁﬁ%epﬁﬂ5%&a?®a?@#%@yI sul fonyl group of
com pounds ( B2 wagdiobéd) alkiyk plkesytallbyhyRReydr heiefdaines to form

compounds (8).. WD 2008/.036277PCT/ USZOO?/ 020231

Tr eat ment of Pc%%fﬁ%ﬁfr?é%m@BBenﬂF"ttW W@Tg&aé’mlﬁ’mﬂﬁt&%ﬁﬁﬁtf’%}é %@@ﬁbamyl aryl,
(9), which upp. J}%z §:s in basic conditions afforded conpounds
(10). Treatnent o corrpounds (10) with cou-pling reagents afforded

the desired r&}isacgreln slectdpmunogiondlly substituted alk@ 2t&nyil andialkjmyil wWaere n =
manner, yrl? i ne-based (X = CH) conpounds of Fornula (1) were
prepared ac-cording to Schenme 2: Schenme 2 (Chonem( CH2) nCN( CH2) nCN

(CH2PCN ' XisCHorN.

[0012] The invention also relates to methods of treating proliferative diseases such as
cancer, auto immune diseases, viral diseases, fungal diseases, neurodegenerative disorders and
cardiovascular diseases, comprising administration of effective amounts of an agent of the
invention to a subject in need of such treatment.

[0013j The invention further relates to methods of modulating and/or inhibiting the °
protein kinase activity of CK2 by administering a compound of Formula (I) or a
pharmaceutically acceptable salt, pharmaceutically acceptable prodrug, or pharmaceutically

acceptable salt of such compound or metabolite thereof.

DETAILED DESCRIPTION OF THE INVENTION

[0014] Unless otherwise specified, technical terms here take their usual meanings;
specifically those specified in the McGraw-Hill Dictionary of Scientific and Technical Terms,
6th edition, |

[0015] "Alkyl" refers to straight or branched hydrocarbon chains containing from 1 to 8
carbon atoms, while "alkylene" and "alkynyl" refer to the corresponding chains containing a
double- or triple bond, respectively. Alkyl, alkylene, and alkynyl groups may be optionaily
substituted with one or more substituents' selected from the group consisting of mercapto, nitro,
cyano, azido and halo.

[0016] "Heteroaryl" refers to 5- and 6-membered aromatic rings having one or more

heteroatoms selected independently from N, O, and S.
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ins,el, NNN-=--i- NI 41 N-1.-.14 N -N NH2III NOCH HO**.-.,-~l11
Cs-,c...CIHN-.)-..2...A,C HR (2) (12)(13)(14) [ 0024]
4- Subst i t UVORUEEH3ART7 pyrazol e (2) was first treated w t hPCT/US2007/020231
chl orocarbonyl -acetic acid ethyl ester to give the diacyl ated

i nt er medi at e 001H}i dhpvﬁemeddndmdimmtd ofebk iinmarmba, R)r B&E}I’I,Qﬁeibfabbembstitﬁled

d ich .

i me_di €3 BEBHER LRy Srruai SBra ﬁags;’t?e?gﬂ K riagiaty Wé'm;élbﬁi isN-
10cék$b 1 ] ;

3232%2?;‘3%%‘3’%‘ o PRI 3P aﬁlé’ﬁcof%%ﬁﬂ” PSR GirbonyD

Toer ocy CIeRs b BrsoRPPEiIE) o1 Nl Rotkempeaiyl (.2 N mpmmzy}ethylmmnoethyl

Ph d I ol e

or osont it SapbnB IO ER SRRt Sotl s e IR IR Pl B R MR R B

from fagrogxamyieged)ydy satdyhmi-<4, ahgl/drﬁbsbrm c, sulfuric, phosphoric,

nitric, fumari acetic,. pr succ gl colic, l.ei c,
tartaric, ci t[bﬁ?] ?PQ’F‘ T,IIBE @ﬁd&rﬁ‘ﬂﬁ‘ﬁ@gﬁ FEHE= |°8§‘p°“ndn%f %?’@@li%@ are
Cer t ai N \GOMRIMEImPRY fdr hetuddan et ialy Frtah hﬂa&svmb%aﬁ?e%%r@aﬁg
enantionmer as well as the corresponding racemate is enconpasséd i n

t he pres@mponpisars usghl as antl—propfmzmp agends, s peavidingireatmerss fogicanser er other
directe C t Lude e inventive
conpoungjl%egsregggs%g? {e\egts& l{hrcaeklﬂla% ljgp ?%5 g%neg ge%o pQ((g}FnHlﬁ? sa%‘%at i on.

[0028] Ther afjedtd] c The singatveddgents Mz e geepafed bh eymligrattienics destiibanseloan

be eadl'f‘r}/azgl% %ge c%?n%ouden?%gggu a mlflor e%cgr% e, (I:arlll l')terll)?ep%{ed accorgmg Exéb\l}flpme 1:

Scheme 1 {CHZInCN . CHanCN {CHInGM
fr .' g .
o Y g My
H HOJQNASH qu‘N“s’\@
m (2 6] 12
CH AN
(CHyaCN (CHZJnCH ,'—f\ e
I‘j.v r—g N
N'NII N N‘ru N — by -
NEN X Hy ‘MJ‘
oSy s’\© N s’\o A O
s ) 0!
ennen ,’_f\c“ﬂ“‘:ﬁg‘;‘; :cu;incocm‘ l (cHan,
NR
B B — T O - N i X
i IR i
T Y RN Hn’l\u"‘ HNJ\NJ\.H N2
R, #; R Ra R fy R, Ry

(8} . 9 {10) {11}

' [0020] -Synthesis of such compounds started from dicyano compounds (1). Treatment
with NaH followed by ethylformate gave intermediate 2-formyl-dinitrile derivatives, which on
treatment with hydrazine cyclized to provide 4-substituted amino pyrazoles (2). Compounds (2)

~ were then treated with ethoxycarbonylisothiocyanate -to form thiourea intermediates that
spontaneously cy-clize under basic conditions to provide compounds (3).

[6021] Benzylation followed by chlorination of compounds (3) gives corresponding
compounds (4) and (5). The chloro group of compounds (5) was then replaced by a primary
amine under mild condition to provide (6). Treatment of compounds (6) with mCPBA oxidized
the benzylsulfanyl groups to the corresponding benzylsulfonyl ones (7). The activated
benzylsulfonyl group of com-pounds (7) was then displaced by pheny!l diamines to form

compounds (8).



WD 2008/ 036277PCT/ US2007/ 020231 [0029] In the exanples

descri bed bel ow, unless otherw se indicated, all parts and

per cent ageWO088/1327ei ght . Reagent s were purchased fr onRCusR7dRens1
suppliers such as Al drich Chem cal Conpany or Lancaster Synthesis,
and wer e used0022]hdLreatfnent dfeompourids (&awithdACLgaks ésmethtuied gawes@mpounds (9),

i ndi cat ed 030] .The reactio t fort wer e done
gener al | highesn bychlaii e cS8ons S5k crmguido Ok rraarygoremieds
at anbi efb) WRNB&I- aﬁﬁgx%a%ebifs'a@ﬁ?deﬁttﬁbedéﬂr&ﬁn%@éy%ﬂ& conhpbuAdd @iy, ous
solvents, and the re-action flasks were fitted vvlth rubber” septa for

the introduction of substrates and reagents via sfringe. The

| dged by ¢ nd0Ete IkES e bpbe Firtniah etk o0 B BT AR AR D

(@), MEOHI4R pipaidd abiordiny t'Sch@as 2:EXAVPLE 1

5- (5- AM NO- 111- PYRAZOL- 4- YL) - PENTANENI TRI LE ( 2) [0031] To a

sol ution of 158®@ftyanopentane (1) (6.5 nL, 50 nmmol) and et hyl

formate . (20 mig truhoI Frindr y di et hydanen her (200°HES sodl).l.q‘F“ﬂ“c“NHz
hydri de (60%:13 100 s added. W&hk re-actiom i xture,wad., X y
refl uxed for “fvgtum, h cooled Lo room tenpgr tureflltg{\gjd and rlne W FF

with ether and dried. To #9567 U on of “4bBVe obt ai Ad wh'te sol"ffd T n}
80% et hanol / wat®r was added d‘lzydra2| ne hydsmpchl oride (929 g. 61 a8
mol ). The reaction m xture was adjusted to pH 3 with concentrated
HC1 and then refluxed g@rco@wh, cool ed t@uhhe®mn tenperature angue-<

neutralized with Na t‘vent was ,ff ved*”under reduced# ﬁss
and the residue was r| é? Thel rme Was Tsuspenge ké
ethanol and filtered ™ frate V\IBMN Pated, dissal 5%

MeOH CH2C12, filteré&d thfough a shor thsi | fra gel col um, rénsed:with
5% MeOH/ CI—|2C12 and condhtrated to.gi ve 5005-am no-1 (18)

H pyrazol - @ entanenitrile 2 as a oil. LCMS(API-ES) mlz: 164. 2,
165. 1 [M+H+] [0 #-Jubstifiied amigo mowgled3braTitsTerFd 20 i ocehongkageric E

e PR %&‘?‘EQ%PH%E e ich i BoREl O ER P prpsencgof

14 mmol asatoEbDADuOEO(18). Dickdarimtide davetcoopyarals Y1) ydficr shichiaadyedigils&cements

The r endtodfetonpabaS (R aitl i, Metiestotsompoutia 3 BiGiciear Bmahnol and
t enper atrefifing iAMRsthdAB1 Lavd compimds LF). rmkamyaﬂ:%;eti- galdcdrioun@aqly) 81

m xture stirred at rqomtenperature for he Teaction mxture
was ext mastasyclisaition afforded fingl nadigt E%Y% t he aqueous extractions were
conbi ned, aci egn it ] '

Et OAc: The cor[rgj !adggrgaﬁ?ug]gg aﬂ;tcé sbq‘\:/vere 8%‘3’% ﬁ?%oﬁ%yo&ﬁ%ﬁcjogﬂﬁa t
and concdmentiart mdy dlso be URdSSI(CA-shiyaindH@e Rese formcd from, for example, hydrochlonc

mer capt Q- azal o 5-a][1,3,.5]triazin-8-yl)-pentanenitril

T © aPL B REbRsRe s Ghosoh SR bl Hiaftic pddt RSN RO S edib; dhal; maRic
247. 9 [ Mrttk, ciledAMBlokic3ark- hethdebid i0a e ANYL - 4- HYDROXY- PYRAZOL( 1, 5- Al
[1,3,5] TR AZ| N- 8- YL) -. PENTANENI TRI LE (4) [0033] A solution of
conpound (3) [A36R Gertain compepydy may lrnlwetawtur@wmm invhish ease gachgnpntjgpaer
degasse 1 mmol)
and Dl E%ts W@ll‘é?ﬁfé%%&%ﬁm‘ﬁp@a&gp?@ﬁhdﬁ gnd t (ta}(erzpeg%?%en#??(t ure was
stirred at r B3l effbeplasamt aventibaralspds daentdddo pBﬂmmemncaEde)Hthonmﬂmt

renoved. u d edu essur e a res u w th
s Ome B nd FOSREE BhSRRHE FeBiled 35 oleiRe eSS o pitifiatint
bri ne. Or gan[anzeyt rraatapems ddcragesobfcmpoanbysﬂme WEes®iR Znveltons ichih b&Feabliy
and concentrated The residue was triturated in a m xture sol vent of

hexane, et@ﬁeﬂedahsdmethe%we%ﬂow Mt &8 to give

5- (2-benzyl sul fanyl- 4- hydroxypyrazol o[ 1, 5-a][1, 3,5]triazin-8-yl)-pent

anenitrile (4) as a solid (6.0 g. 93%. LCMS(API -ES) ink: 339.4,
EXAMPLES



5- ( 2- BENZYLSULFANYL- 4- CHLORO- PYRAZOLOL [1,5-A][1, 3, 5] TRI AZI N- 8- YL) -
PENTANENI TRI LE (5) [0034] A solution of conpound (4) (6.0 g,

17. 7 mrol ) WaRA3IRTAI met hyl aniline (2.24 nL, 17.7 mmol )PGTAUEhTRI?AT uS
oxychloride (20 nL) was heated to reflux in a sealed tube for 1 h.

Sol vent was r[ﬁﬂiﬂ]edn&hmbxhimplesdeﬁcdbmihm aiinBs0dtharelise indit A0AC al| P& ait)

and V\ashed t h sat urat s NaH ilute HC1, followed b )
br i e, GRTSHIAg0ATS BH AR OGS sh PUced BB OSBRI B IS0 BDbBgeh
filteredcpndcq @bﬁ%ﬁf@i%c&@cr@yﬂﬁesm and were used without further punﬁcatlon unless
5-(2- benzgl sul fanyl-4-chl oro-pyrazolo[1,5-a][1,3,5]triazin-8-yl)-

pent anerfithervise ifdigatedahi ch was used directly for the next step.

LSRR T 19 B R R e s s

[1, 3, 5] '(Ij'rﬁlrdg_éhl‘dr &tﬂ%ﬂﬁWNﬂ'ﬂiﬁhLﬁnﬁ&ﬂﬁm (unless kRQREE sﬁtﬁ@hﬂ%ﬁl@ﬁr@fa
conpoun ClO | am ne I n an r ous

ot hanol S@fﬁﬁh %\R&%resﬂfc i Wrerf‘cﬁf&%lwﬁkmabpaﬁm oy é%ﬁ@tr%ﬁuaw ofystrates
m Xt ure aase B@@vﬁls ﬁgéime tactidn Aerd 20 edby TLWARPEM, ME/AS SatviRaL R

aqueous NaH and brine and dried over "anhydrous Na2 SO4. Renoval of
t he sol Vtgmnm@j@dﬁ,q juéged by the consumption of starting material.

5-(2-benzyl sul fanyl-4-cycl opropyl am nopyrazolo[1,5-a][1,3,5]triazin-8
-y1) - pent aneni t r“ﬁ %/P) (4.3 g. 65%i n tvvo steps) LCIVB( API - ES) i ngﬂ

378: 379 [ MkH+] LE 6 .
5- (4- CYCLOPROPYLAM/NG- 2 SUL CSPY o o) gk, 5 -n

[1, 3, 5] TR AZI N- 8- YL) - PEmml e7A) , 61 Fo.vee sAf Ut i on
of conpound (6a) $]3 78 g, 10 nmol) "in CI—I22NCH:1°H2 was dﬂdé”d O@A
(5.5 g, 22 mol, 77%. The reacti of®m xture was sth,rred for 2 HYand

brine and dried over anhydfous Na2 : of .iahe | vent

provi ded 5-(4-cycliagLsy Hatrino- 2- I anesuH-cmy pgyripzol o= =
[1,5-all 1,3,5]triazin-&-hs afni :g s a shﬁ'ﬁé‘\ -g,mu
85% . LCVMB(API-ES) rn/z: 410.15#411.0 H+] 409. 0 [/ HH] . MPLE
7 542-( 3- AM NO- PHENYLAM Nb 4- CYCLODRODYLM/I NO- PYRAZOL( 18-

Al[1, 3,5 TRI AZI N- 8- YLI - ANENI TRI LE (8A) 100371 A m xture of

conpound (7a) (0.4 ”‘%I“‘“‘ e 1 H?JLF Clinir= N (2 16 Q‘WH

mmol) in 50 L of A@

t hen concentrat ed,u&néy resi du,g\,Ja,g'u,g i zed M@LM@:@ V\%'L Q
extracted with EtOAc. The acetate )sol ution was then frashed by tric
acid (10%, followedaday brine, dried®ver: -Na2 SO4 & concentrat ed" o
gi ve 345‘;}%@?]‘2? phenyl am no) - 8- (4- cyano-butyl ) - pyrazol o[ 1, 5- a]

[1, 3, 5] yl am nok ben20| c acid ethyl es-ter (8) as a thick

o | (0. 32suMIRUR 111 XNBA DI 9L )PENT ARENITRIBE () [ MHHY) | 361.0

[ M H+] . 2008/ 036277PCT/ USZO 7/ 020231 EXAMPL

542- ( 3- AM NOIB3ENYTamsnigiomoyEdopropwian (WXFHmiz§) amb)5nd ethyl formate

A1 3, %iOTﬁh%MoﬁkgEWéme% 80‘8 nll\ﬁ-,ns_JJYdLunllzlgTd%ﬁe((gﬂ%)), 4 g. 100 mmol) was

added. The re-action mixture was reﬂuxed for four h, cooled to room temperature filtered and

filtered. The filtrate was W id with Ls%tﬁgy‘af%d NaHCOB f.Qo v\@g "
) val

rinsed with ether and dried. To a solution of above obtained white solid in 80% ethanol/water
was added hydrazine hydrochloride (6.29 g. 61 mmol). The reaction mixture was adjusted to pH
3 with concentrated HCI and then refluxed for 2 h, cooled to room temperature and neutralized
with NaHCO3. Solvent was removed under reduced pressure and the residue was dried iﬁ
vacuum. The residue was suspended in ethanpl and filtered. The filtrate was concentrated,
dissolved in 5% MeOH/CH2C12, filtered through a short silica gel column, rinsed with 5%
"MeQH/CH2C12 and _cOncentrated to give 5-(5-amino-1 H-pyrazol-4-yl)-pentanenitrile 2 as a oil.

LCMS(API-ES) m/z: 164.2, 165.1 [M+H+]; 163.1 [M-H-+].
-6-



[0038] To a solution of conpound (8a) (0.18 g. 0.5 mml) in 30 nL of
MeOH was bubbl ed through HC1L gas at 0 C for 5 nm The reaction

m xt ure WaWOBHVBER7And stirred at roomtenperature for FPXI/§E2005/020231

m xture of ester and im ne was obtained, which when brought to refl ux
for 2 h to give the nethyl ester exclusively. The m xture was then
concent rw t he residue was dissolved in EtOAc, washed with
NaHCO3 f By brine. The organic extract was dried, concentrated

and puris. (ﬁnmomshm@mwmémﬁqm ﬁtﬁs‘}TRaAilNISOYE{ ovi de

542- (3-am no n m no) - 4- cycl opr opyl am no- pyrazol o[ 1 [1, 3, 5]
triazin-BE T&B’%«H ﬁﬂl@@bl d methyl ester 9a (0.13 g, 65%

LoEln =2, O ARSI T P O P

Al [ 1, 3, =iARlyfetboty8-svtHiodyEMIANEAIG BAISDnhid) Ayop wise with OBia} aflamlzient

o Lo eEPaRat Thé et idr i yer i Hiied kot 2 by il detied A pobprasatere. ©

reflux eMﬁl’bnﬂanhhyd@&ﬁ&@@Ur %e:ehsta@ddd%me&eé\dﬁ%lmlitb& SHRBE hi r@&nﬁ&ﬁﬁ&ét@ﬁ
was adjusted to pH 4 with HCL and the solid was collected

by
filtratifon20 hvaidgaepclipr mixthtearas eximstedrivecg with LNl eudihe paedus extrgictiens

R i e e S R T S P R R

381. 2, 3fganik ¢xidatts jvers3@dGvifivinhiydrousENASRI4Eand @oncentrated to give 5-(4-hydroxy-2-

(34 30 e ST T fbaehbi LI Myt

sol uti ommsggﬂnm%)\lraﬂz(mz 249)o iMeB+0-242.91p9RH}).and HATU (0.12 g. 0.3

mmol ) in 5% m.) was stirred at room tenperature for 30
mn. (11.14)3,5
N-{cycl ?‘XW razolo[1,5-a][1,3,5]triazin-4-yl-am no)- (2N, 4N)-phen
yl-1,5-di aza CL;IEE{:)?,ot etradeca- 8-one (1lla) was obtained by preparative
RP-1 - TLG- (@EBEEZQ{LSEHPEAMM-HHDIESXYPHYRAMOLI 33811 ,6,5 TREAZIN-864..)9
[ M H1-] 00 In a manner simlar to that recited in
Exanpl es?FFI_‘L‘bNE!:\an uun(f%) havi ng the followi ng fornulas were
synt hesi zed mmumommnofmq?&a&/(g?&a 75’@ hdhal ﬁmﬁ&?jmohdmone go
p| rr "NHrer4NH HNL? N N ' N N 111r EXAMPLE 11

{ [ { N DEDrXas wisiedvewmunpwaan ﬁwﬂ-@mtde@%bn%ﬁ ﬂmqogmpmm

O—q 1, 5; nﬁL [2% n%?gliéj)g}d%ld% éhd%ke éM:thlg(t?d}L %QD stglléﬁ%moor]n t@mPér%?é &ﬁg‘OTE

TRADECA- 8-"ONE
vacuum for 30 min. Sol-vent was removed under reduced pressure and the residue was diluted

with EtOAc. The acetate solution was washed with 1 M HCI followed by brine. Organic extract
was dried over anhydrous Na2 SO4, filtered, and concentrated. The residue was triturated in a
mixture solvent of hexane, ether and EtOAc, and filtered to give 5-(2-benzylsulfanyl-4-hydroxy-
pyrazolo[1,5-a][1,3,5]triazin-8-yl)-pentanenitrile (4) as a solid (6.0 g. 93%).

LCMS(API-ES) m/z: 339.4, 340.0 [M+H+]; 338.0 [M-H+].

EXAMPLE 4
5-(2-BENZYLSULFANYL-4-CHLORO-PYRAZOLOL [1,5-A][1,3,5]TRIAZIN-8-YL)-
PENTANENITRILE (5)

[0034] A solution of compound (4) (6.0 g, 17.7 mmol) and N,N-dimethylaniline (2.24
mL, 17.7 mmol) in phosphorus oxychloride (20 mL) was heated to reflux in a sealed tube for 1 h.
Solvent was removed and the residue was dissolved in EtOAc (200 mL) and washed with

saturated aqueous NaHCO3, dilute HCI, followed by brine, dried over anhydrous Na2 SO4,
-7-



Scheme 4 \ NaCH. 111111. HATU. DIEA. NW .. h." ILHHN N N2. lc..

\ . HATU NWP H.... L14 OH

1, 312- ( 3- AWiOGV8413637y1 am no) - 8- (4- net hoxycar bonyl - but y| )RGRUEREGI02¢23]1 5-

al[1,3,5]triazin-4-ylam nokbenzoic acid nethyl ester (9b) was

obt ai nedfiiteredhargi sontantrated ne give 642 bladylsufanyl-dethloro-pyraastof 165-81,3 5]tr1azm- -yl)-
12

LCMS( API - 89. 5, 490. 488.0 [M HF EXAMPLE

3424% . rﬂ%%ae Hﬁmﬁzjmﬂﬂbﬂ%us‘%@[ﬂ@& OUJ%W@EB?*P[E) PYRLZO_ 0 [1,5- A
[1,3,5] TECAR( A A 363, BEREOL. D110 B) [0042] To a

sol ution of compound (9 .06 =nop in 50 nL of MeOH and 5

m. of H20 was added NaCH (400 rrg 10 mol ). The reaction m xture was
refl uxe%m%*ﬁ,s and concentrated. Concentrated HCl was added to
acidify ation. The solid was collected - 10 - WO

2008/ 03622 (*BENIAYI2N/EARY2 34- ~CYCLOPROPYLAMINO-PYRAZOLO-1,5-

A][1,3,5] TRIAZIN-8-YL)-PENTANENITRILE (6A) |
[0035] A solution of compound (5) and cyclopropylamine (1.2 g. 17.7 mmol) in

anhydrous ethanol (10 mL) was stirred for 0.5 h at ambient temperature. The mixture was then
diluted with EtOAc (200 mL), washed with saturated aqueous NaHCO3 and brine and dried over
anhydrous Na2 SO4. Removal of the solvent provided 5-(2-benzylsuifanyl-4-cyclopropylamino-
pyrazolo[1,5-a][1,3,5]tnazin-8-yl)-pentanenitrile (6) (4.3 g. 65% in two steps). |
LCMS(API-ES) m/z: 378: 379 [M+H+].

EXAMPLE 6
5-(4-CYCLOPROPYLAMINO-2-PHENYLMETHANESULFONYL-PYRAZOLO[1,5-
A][1,3,5]TRIAZIN-8-YL)-PENTANENITRILE (74)

[0036] To a solution of compound (6a) (3.78 g, 10 mmol) in CH2CI2 (200 mL) was
added mCPBA (5.5 g, 22 mmol, 77%). The reaction mixture was stirred for 2 h and filtered. The
filtrate was washed with saturated NaHCO3 followed by brine and dried over anhydrous
Na2S04. Removal of the solvent provided 5-(4-cyclopropylamino-2-phenylmethanesulfonyl-
pyrazolo [1,5-all 1,3,5]triazin-8-yl)-pentanenitrile 7a as a solid (3.5 g, 85%).

LCMS(API-ES) m/z: 410.15. 411.0 [M+H+]; 409.0 [M-H+].

EXAMPLE 7 .
5-[2-(3-AMINO-PHENYLAMINO)-4-CYCLOPROPYLAMINO-PYRAZOLO[1,5-
A][1,3,5]TRIAZIN-8-YLI-PENTANENITRILE (8A)

[0037] A mixture of compound (7a) (0.41 g. 1 mmol), and benzene-1,3-diamine (2.16
g. 20 mmol) in 50 mL of AcOH was heated at 70°C f(;tr 2 h, The mixture was then concentrated,
and the residue neutralized with NaHCO3 and extracted with EtOAc. The acetate solution was
then washed by citric acid (10%), followed by brine, dried over Na2 SO4 and concentrated to
give 3-[2-(3-amino-phenylamino)-8-(4-cyano-butyl)-pyrazolo{ 1,5-a][ 1,3,5]triazin-4-ylamino]-
benzoic acid ethyl es-ter (8) as a thick oil (0.22 g, 60%).

LCMS(API-ES) m/z: 362.2. 363.0 [M+H+]; 361.0 [M-H+].
-8-



by filtration, washed with water, and dried in vacuum over P205 to
ive

g, 3-[ 2- ( 3- R 20813637y | ami no) - 8- (4- met hoxycar bonyl - but y1)RPGiyuagiioaf231 5-

al[1,3,5]triazin-4-ylam nokbenzoic acid nmethyl ester (13a) (1.3 g.

93% . LOMBAMPLES) niz: 461.4. 462.0 [ MtH+]; 460.1 [ M H+]. EXAMPLE 13
11, 14

N LR VTR AN QR HT Y A M- YL RORMEAM ISR AZOL b frazcL

a1, 5-A AOQII Q,STTEB&MJSE%L]FPEIQMAMM KﬁlﬂMEfH@WESiER (@J\ﬁZA- CYCLOTETR

ADECA- 8 0043] To a m xture conpound (q‘ﬁ?ﬁ) &090
ng, 0.6 mol )IOOﬂIEAFq@sodugwﬁLof cvmpfemd&&a)é@lw Woéhaéa 0]

L. 08 MO boiel oL APGE] O A XEWESS MRS TRORLGR SRl wik Maida oA GirRL LW

to st oom t enp
Met hy! - (tempetiuyd fop e hok mdxtmre&aﬁeﬂi):r amlnmm w3 .obtihert] whioh %hanobyhtwaseflux

added, followed. by addjt.i onal 8 . 0.6 _mol The, reacti on
o o e RIS By R the S sSR pxslsibest EhCmine s ton capsnsterhnd ho trgiepe
was pur ivaselissbived i@, ivdehe RRHRNIAEIE®3 BiI6WEd by brine. The organic extract was
(11, 14) 3, 5N-{[ { N- et _hyl -N— 1- net h%/p yrrolidi nﬁgﬁgﬁigl car bon

phen- 3- yiriegyqoasentgjed and apnifieddysfiash carpmatography ErAL Ry pmrnylrie 3,(8-

550 6 qongheRAYRaad e Qifoordbnihcthkaltlory STl s SRR A PR R acia
to that maebyltesr 9a(0t Iez, 66%2gbCNIF(ARRES) ref; 3250H306.0dBI-HEEAT] 39@.(1[IM?H+].

followi ng fornmul as were synthesized and purified. O O Nrc7N)kNH .14
ANl INH Nffr)kNH "N N'NN?L k 4 J.L. HN....NHN9 G HN NN HN

N HN .. "EXAMPLE®N, . .N..-0 0
5-[2—(3-AMINO-PHENYLAMINO)-4—CYCLOPROPYLAMINO-PYRAZOLO [1,5-
A][1,3,5]TRIAZIN-8-YI}-PENTANOIC ACID (10A)

[0039] To a solution compound (9a) (0.12 g, 0.3 mmol) in 10 mL of MeOH and 0.5 mL
of H20 was added NaOH (40 mg, 1 mmof). The reaction mixture was refluxed for 1 h,

concentrated to re-move MeOH. The reaction solution was adjusted to pH 4 with HCI and the

solid was coilected by filtration, washed with water, and dried in vacuum over P20S5 to give 5-
[2-(3-amino-phenylamino)-4-cyclopropylamino-pyrazolo[1,5-a][1,3,5] triazin-8-yl]-pentanoic

acid (10a) (0.1 g, 90%).

LCMS(API-ES) m/z: 381.2, 382.0 [M+H+]; 380.0 [M-H+].

EXAMPLE 10
(1-1,14)3,S-N-{CYCLOPROPYL-PYRAZOLO{I,S—A][1,3,5]TRIAZIN-4-YL-AMINO}-
(2N,4N)-PHENYL-1,5-DIAZA-CYCLOTETRADECA-8-ONE (11A)

[0040] A solution of compound (10a) (0.1 g, 0.25 mmol) and HATU (0.12 g, 0.3 mmol)
in 5% DIEA/NMP (1 mL) was stirred at room temperature for 30 min. (11.14)3,5 N-
{cyclopropyl-pyrazolo[1,5-aj{1,3,5]triazin-4-yl-amino}-(2N,4N)-phenyl-1,5-diaza-
cyclotetradeca-8-one (11a) was obtained by preparative RP-HPLC (0.05 g, 55%)
LCMS(API-ES) m/z: 363.1, 364.0 [M+H+]; 362.0 [M-H+]. |

[0041] TIn a manner similar to that recited in Examples 1-10, compounds having the

following formulas were synthesized and purified.

-9.



ON 1Y OH (11k)(111) No r.r.:". ic rc4ANHHi '"ZzNNHrrA N 1INl - N
NNl i AA.14N N.t.N A J. k. HN N HN RNANA NN WO

2008/ 0362 7WPGWIISEN71020231 EXAMPLE 14 (11, 14)3,5 PCT/US2007/020231
N- { [ ( 3- DI METHYLAM NO- PYRROLI DI NE- 1- CARBONYL) - PHEN- 3- YLI - PYRAZOLO11, 5-
ALPYRI M DI N- 2. 4- YL- DI AM NO) - ( 2N, 4N) - PHENYL-.1, 5- DI AZA- CYCLOTETRADECAN-
6- ONE ( 18A) o T,

EXAMPLE 11
(11,14)3,5 N-'{[{N-METHYL-N-(I-METHYL—PYRROLIDIN-3-YL)-CARBON‘:{L}-PHEN-
3-¥L]-PYRAZOLO[1,5-A][1,3,5]TRIAZIN-4-YL—AMINO}-(2N,4N)-PHENYL—1,5—DIAZA—
CYCLOTETRADECA—'S-ONE (11Gj

Scheme 4

)
CO,CHy : COH
' NG |
] \ NHZ N, 'I‘ NHZ ‘N N
N, NaOH N, ’© 1. HATU, DIEA, NMP NI

T
KN N

H
2. N . HATU, NMP H
B A . Q @\f
CH

o

/N

3 N
(3b) T (10b) - ' (11g)

1 ,3-[2-(3-Amino-phenylamino)-8—(4-methéxycarbonyl-butyl)—pyrazo]o[ 1,5-

a][1,3,5]triazin-4-ylamino]-benzoic _a;:it_:l methyl ester (9b) was obtained in a similar manner to

that recited in Ex-ample 8. .

LCMS(API-ES) m/z: 489.5. 490.1 [M-+H+]; 488.0 [M-H-+].

EXAMPLE 12 .
3-[2-(3-AMINO-PHENYLAMINO)-8-(4-CARBOXY-BUTYL)-PYRAZOLO([1,5-
A][1,3,5]TRIAZIN-4-YLAMINO]-BENZOIC ACID (10 B)

[0042] To a solution of compound (9 b) (1.5 g, 3.06 mmol) in 50 mL of MeOH and 5
mL of H20 was added NaOH (400 mg. 10 mmol). The reaction mixture was refluxed for 1 h,

and concentrated. Concentrated HC] was added to.acidify the solution. The solid was collected

-10 -



EXAMPLE 15

5- (5, 7- DI HYDROXY- PYRAZOL( 1, 5- MPYRI M DI N- 3- YL) - PENTANENI TRI LE (12 A)
100451 To WOL8MB362GH of 5-(5-am no-1 H pyrazol - 4-y1) - peiTAVREAI 702286
(2a) (1 g, 6.09 nmol) in 20 nL of EtO0Ac was added et hyl

3- chl or dey3filtrrtig, wpsledarith waek 4nd dried it 8a@Bmmvet B2Qf ogiwesk3+i2-{hamino-
stirring,.n.a icewater. bath. fqllowed by T ni,. 30..45. 1) ..
The rea qeg%la%%??_gf "U%Em‘é’?%w&f %Peé\'%éﬂyf%ogfﬁ?'gﬁhgt%élﬁﬁgph R ngger%mr‘f.
The reacdcimetﬂyp@st&mmg_}j%lggvgd w th Et0Ac, washed by 10% aqueous
HCl, saturated NaHCO3 and brine, dried over_anhydrous Na2 SO4 and
concent rid¢ME(APLES) mizpftigd. 462.8 EMH 3681 (M5B 1 esi due in MeOH (10
m.) and TEA (2 nlL)-was refluxed for 2 h, concentrated and dried in
vacuumto give 5-(5,7-di hydroxy-pyrazol o[ 1, 5-a] pyri m di n- 3-

y1) - pentBXAMRBEE 12 (15), which was used withbut further purification

231, 0 [ MR e Srat B AR p KB bl Gy ol L emm

5- (5, 7- B-CHi-ORR L2GAOPL SR t, MBI ANNM-39 YA MIRIOY] TPHERYIL85)DIAZA-
[0047] A.m xture of corrpou]?d (12a) (1.56g. 6.74 m(%DNF‘)N)and AZA

N, N- di met RGEQTRTRADESEYSONE (BL @24 nmol ) i n phosphorus oxychl ori de

25 mL) was. d L I r .
Concent ot od. DL o HEHIrLEE llnBuf P HOBF(S0Y B 8t 186, ©UShL in 40
wi t h satrok ef B¥FagaNaldGDBEA TIDEAL 6iGte, 1 88 durbol). (The asadtialr migureo wes sanidayadrfous

Na2 SO4. R | t | t i ded -

o (57 AT B aronsd 16 it €S Riag PR felpfranrs, Metydo(l-metivipyolidind:30)
(1. 24 g,anfif40. 117 GME(0PntoB) w4l added? Elodued 36 Additiond7 HATU (#28 ti 0.6 L¥he
17 345- CHLORO- 3- (4- CYANO- BUTYL) - PYRAZOLOP, 5- Al PYRIM DI N- 7- YLAM 1-
BENZOI CFRefien mitivie veas piireeq atspgm temperaturedorAby h-fihegrudsipmadustwaspurified by

conpoun éﬂ]"% 26 Ny oy gl 5206 -
et hyl S?Jé 'no%gg;olgﬁégz%ézﬁ%%b%g m&%ﬁlﬁghr gltggl?llbg/hoﬁl@@t u 2%\153%“1}
heat ed @hend-y{j-fioazob[h,5edd . Hetezvebllkeanino} (RN@#N)phempd f-dinga-cyStitatead bca-8-

was rempved a he resid Lssolv ] 0 washed
with sat’lif gltlgg&éé %ﬂ% E@H&?E&%ﬁgﬂ/& g??ﬁ}lghgﬁ%r}f*' gds W’gﬂﬂydr ous
Na2 SO4. Renmpya] ofin 4 hanse simeli tdhanesled idihe @sieghin &aalplevasonipduhds Rding
by flash colum wi th use of EtOAc/ hexan,e.825%to 5099 to yield

345- chl éb%ﬁoggwwgggw%mr? g_ynthesmed and purified.

pyrazol o[ 1, 5-a] pyri m di n-7-yl am nokbenzoi ¢ acid ethyl ester (1l4a)
(1.0 g. 50% . LCVS(API-ES) mz: 397.8. 398.0. 400.0 [MHI1+]; 395.09.
398.0 [ M H+]. EXAMPLE 18

3- (5- (3- AM NO- PHENYLAM NO) - 3- ( 4- CYANO- BUTYL) - PYRAZOL( 1, 5-

MPYRI M DI N- 7- YLAM NOFBENZOI C ACI D ETHYL ESTER ( 15A) 10049] A

m xture of conpound (14a) (0.63 g 1 6 mml) and benzene-1, 3-di am ne
(69 nmg, 0.636 mmol) in 2 xnL of NMP was heated at 160C overni ght. The
reaction m xture was diluted wth Et0OAc (50 nL) and washed wth
saturated ag NaHCO3 and brine and dried over anhydrous Na2 504. HPLC
purification provided

3-[5-(3-am no- phenyl am no) - 3- (4- cyanobutyl) - pyrazol o[ 1, 5- a]

pyri m di n-7-yl am nokbenzoic acid ethyl ester (15a) (0.37 g. 50%.
LCVMS(API-ES) mlz: 469.5, 470.1 [ MtH+]; 468.0 [MH+]. WO

2008/ 036277PCT/ US2007/ 020231 EXAMPLE 19

345- (3- AM NO- PHENYLAM NO) - 3- ( 47METHOXYCARBONYL- BUTYL) -

PYRAZOL( 1, 5- A] PYRI M DI N- 7- YLAM NO - BENZO C ACI D METHYL ESTER ( 16A)

[ 0050] Through a solution of conpound (15a) (0.24 g. 0.5 nmmol) in 5
m. of MeOH was bubbl ed HC1 gas at OC for 5 min. The reaction m xture
was sealed and stirred at roomtenperature for 1 h, concentrated, and
t he residue dissolved in Et0OAc, washed with NaHCO3, brine and water.
Organic extract was dried, concentrated to provide

-11 -



[ 0051] To a solution of conmpound (16a) (102.1 ng, 0.203 mml) in 5 nL
of MeOH was added 1 M NaCH (0.41 nL, 0.407 mmol ). The reaction
m xture waWor2ged/03e3d for 1 h, and concentrated. ! TLC pWBGHU87102¢231
gave 34543-ani no- phenyl am no) - 3- (4- car boxy-buty1) -
pyrazol o[ 1, 5-a] pyrim gin-7-yl am onbenzm c acid (17a) (50 rrg)

MPLE

LCVS( API - ES) m z: 5 461 H+] B[ M HH] .

(1144) 3, 5N—{[(3N E- 1-IGARB

PYRAZOL( 1, 5- MR, 2,.4%, -- 2

TETRADECAN- 6- ['@)0 2] ure' G '

(35 g, 0.075 c) DI EALBQogl) in of N@Q\A@s adde ATU (50
ng, 0.12 nunol). e reacti m xture s soni c for ih, and

allowed to stand r 0.5 h roomtenperature Af?ef‘NWhlch (ﬁ
di met hyl - pyrrolldl n-3-yl -am né (15 pi mﬂg 1 mmol) N added ol{pwed

by additional HATUh{5 ng. Qi4p mml) e reactio Xgure was o
0l 5 ratlweQ'@\’LlaLC’ _

stirred at roomtenperfature faor 1
purification pro; 11, 1483, 5 "fm N oAy "'”

N { [ ( 3- di net hyl and o;@rrol j'er;N@pcar Q\oﬂy phe @J-‘yr.,azkgq‘.\p.@&a
] pyri m din2,-4- ywti o} - (ON; <di -cycl ot adécan- 6-
one (18a) (15 %LCMS( APCIES) M z: @@06 539. H+]'

[MH+]. WD 200 6277PCT/'U2007/ 02023% Ln a si manner/ the

fol | owi ng conpoun®x, was synfhésf zed and r| fied. MPLE 27 Cl(2
PROTEI N KI NASE | |m I"TI ON ASGAY: ({ 053] cnczﬂpr ot ei N~kinase
activity was nea d ot hr OW of a ctrophéttphet ri c PKARDH
coupl ed assay to ur noyrer . FuII Length Hi s-tagged Hunman
CK2 was cl oned, e rg@ed an ified froman E. coli- expression
system The- pepﬁm}d St r: CK2 phosphoryl ati on was RRRDDDSDDD
(Genscri pt Cor ati‘on, Pilg away NJ, USA). A typical C1(2

enzymati c assays t ai ned - 200 I Mhuman CK2, 1001.1 M peptide

substrate, 50 tn NzrlsHO pH 8. 0,,1 100 mM NaCl, 10 mM MgCl2, 200 ktl WV
EDTA, 5 rnM 2- nergaptt8t hanol¢s{ rnM phoi phoenol pyruvate, 150 1. 1M
NADH, 0.5% PK/LDH M x (Sigma #P-0294), 2.5% DVSO and 50 p. M ATP.

I nhi bi tor compounds were suspended in 100% DVSO and added to achi eve
vari ous concentrations at a constant DMSO proportion of 2.5% by
volune. Prior to-the addition of ATP to initiate the phosphorylation
reaction, CK2 enzynme was pre-incubated with inhibitors and ot her
assay conponents for 5 mn. Progress of the reaction was continuously
noni tored by the change in UYN s absorbance at 340 nm Reaction rates
were plotted versus inhibitor concentration and Ki values were fitted
with the assunption of conpetitive inhibition and use of a Kin val ue
of 10 p.M In the case of very potent binding, tight-binding nethods
were enployed to determne 1C . The results are recorded in Tables r
and 2. EXAMPLE 23 I NHI BI TION OF CELL GROANMH [ 0054] HCT-116 and
PC-3 cells were cultured at 37C with 5% CO2 and in 10% fetal bovine
serumw th McCoy's 5A nodified nmediumand F-12 K medi um respectively.
Cells were plated on 96 well plates at a density of 2,000-4, 000/ wel |
in the volume of 100 M. medi um After overnight incubation, 50 pi
nore medi um cont ai ni ng various anmount of CK2 inhibitors were added
into each.-well to give final inhibitor concentrations ranging from
0.01 to 20 MM in 1% di met hyl sul f oxi de. The control wells contained 1%
di met hyl sul foxide only in their medium - 16 - WO

2008/ 036277PCT/ US2007/ 020231 After further incubation of three to
five days to allow cells grow before the control cells reach
confluence, 15 gL/well MIT reagent (5 ng/nlL) were added and i ncubated
for 4 h. After the incubation, the nediumwas renoved and the newy
generated formazan sol ubilized w th dinethylsul foxide (100 isL/well)
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Conpound Nane Ki (p.M 1C50 HCT 116 cells (uM 1C50 PC -3 (p-M 11 a
(11, 14) 3, 5N\-

{cycl opr opWO-980625F o[ 1, 5-a] [ 1, 3, 5] tri azi n- 4-yl - ani nol -RCAW2M70pM8hy 1
-1, 5-di azacycl otetradeca-8-one <0.1 <1 <I 1 Ib (11, 14)3,5N

{i so-proEXl«H\pELEzldl o[1,5- a][1,3.5]triazin-4-yl-am no}- (2N, 4N) -

phenyl- T, P 94R {T(‘Scﬁﬁ\aﬁrrh%zsﬁlﬁo-ﬁ?moﬂlmﬁn 1-CARBONYL)-PHEN-3-YL]-

PYRAZOLO[1,S-A]PYRIMIDIN-2.4-YL-DIAMINO} (2N,4N)-PHENYL-1,5-DIAZA-
CYCLOTETRADECAN-6-ONE (18A)

CN

CN . -eN !
N o : ‘ /‘(\/\J . NHyp -
a 1. _CIMO/\ 7 pociMas o § QBOE‘
. . e~ ‘NN T
N” “NH; 2 TEA u /L\\/'[\ . E10H, 50°C
(2a) . HO” "o c ¢
{12a) (13a)
N - O
. 1.HCI (), MeOH' ~ NH;
rf/\/ H’N r\ﬁf NHs ki N’f—‘i\/# §
N Twesoe My N ‘ 2 HCL Mot rein b'd\ VINI
L0 HN N :
@( @\( - oue
. \_OEL
) . o
©  (5a) (16a)
(142) cosf o i
Nrfr/ : /—i\/\)k
N2OH NN
. 2 J\/Ik © 1. gmu DIEANMP ,Ivl\
MeQH, reflux 2. : HATU, NMP .
| (2 (1aa)
(17a)
EXAMPLE 15

- 5-(5, 7-DIHYDROXY-PYRAZOLO[1,5- A]PYRIMIDIN -3-YL)-PENTANENITRILE (12 A) -
[0045] To a solution of 5-(5-amino-1 H-pyrazol-4-y1)—pentanemtnle (2a)(1 g, 6.09
mmol) in 20'mL of EtOAc was added ethyl 3-chloro-3-oxopropionate (2.34 rﬁL, 18.27 mmol)
dropwise with stirring in a ice-water bath, followed by TEA (3.08 mL, 30.45 fnr'nol). The
reaction mixture was aIlowed to stir at rooﬁ temperature for 2 h. The reaction mixture was
diluted with EtOAc washed by 10% aqueous HCI, saturated NaHCO3 and brine, dried over
anhydrous Na2 SO4 and concentrated. o
[0046] A solution of above residue in MeOH (10 mL) and TEA (2 mL)-was refluxed
for 2 h, concentrated and dried in vacuum to give 5-(5,7-dihydroxy—pyrazolo'[f,S-a]pyrimidin—3-
' yD)-pentanenitrile (15), which was used without further purification in the next step (1.56 g).
LCMS(API-ES) m/z: 232.2. 233.0 [M+H+]; 231.0 [M-H+]. '
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(11, 14)3,5N- {n-propyl -pyrazolo[1.5- a][1,3,5]triazin-4-yl-am no}

- (2N, 4N) - phenyl-1, 5-di aza-cycl otetradeca-8-one . 11d (11, 14)3, 5N
{pyri d- 3- yWONPEB6ATH[ 1, 5- a] [ 1, 3, 5]triazi n-4-yl -am no) -KCNSENY7/020231
phenyl - 1, 5-di aza-cycl ot etradeca-8-one <0.1 <1 lie (11,14)3,5N
{(3- et hokXpMEPREN6 pyrazol o[ 1,5-a][1, 3,5]triazin-4-yl am no}

(N B RO BT RR N G A RIS Sy et AR M rRILE (134)
a] [ 1, 3, 5] t ri go04m4-A it kofBdundd 2a) (1.56 g. 6.74 mmol) and N,N-dimethylaniline

phenyl - 1, 5-di aza- cyc| ot et radeca- 8- one )
(854 ul, 6.74 mmol) in phosphorus oxychloride (25 mL) was heated to reflux in a sealed tube for

4 h and then concentrated. The residue was dissolved in EtOAc (50 mL) and washed with
saturated aq NaHCO3, 10% HCI, and brine and dried over anhydrous Na2 SO4. Removal of the
solvent provided 5-(5,7-dichloro-pyrazolo[1,5-a]pyrimidin-3-yl)-pentanenitrile (13a). (1.24 g,
69%). LCMS(API-ES) m/z: 269.1, 269.0. 271.0 [M+H+].

EXAMPLE 17
3-[5-CHLORO-3-(4-CYANO-BUTYL)-PYRAZOLO[1,5-A] PYRIMIDIN-7-YLAMINO]-
BENZOIC ACID ETHYL ESTER (14A)

[0048] To a solution of ¢compound (13a) (1.24 g, 4.62 mmol) in 10 mL of ethanol was
added ethyl 3-aminobenzoate (764 mg. 4.62 mmol). The reaction mixture was heated at 50 °C
for 2 h and then cooled to room temperature. Solvent was removed and the residue was dissolved
in EtOAc (50 mL) and washed with saturated aq NaHCQO3, 10% HCI, and brine and dried over
anhydrous Na2 SO4. Removal of the solvent provided a residue that was purified by flash
column with use of EtOAc/hexane (25% to 50%) to yield 3-[5-chloro-3-(4-cyano-butyl)-
pyrazolo[1,5-a]pyrimidin-7-ylamino]-benzoic acid ethyl ester (14a) (1.0 g. 50%).
LCMS(API-ES) m/z: 397.8. 398.0. 400.0 [M+H+]; 395.9. 398.0 [M-H+].

EXAMPLE 18
3—[5—(3—AMINO—PHENYLAMINO)—3-(4-CYANO:BUTYL)—PYRAZOLO[1,5-
A]PYRIMIDIN-7-YLAMINO]-BENZOIC ACID ETHYL ESTER (15A)

[0049] A mixture of compound (14a) (0.63 g. 1.6 mmol) and benzene-1,3-diamine (69
mg, 0.636 mmol) in 2 mL of NMP was heated at 160°C overnight. The reaction mixture was
diluted with EtOAc (50 mL) and washed with saturated aq NaHCO3 and brine and dried over
anhydrous Na2 SO4. HPLC purification provided 3-[5-(3-amino-phenylamino)-3-(4-cyano-
butyl)-pyrazovlo[l,S-a] pyrimidin-7-ylamino]-benzoic acid ethyl ester (15a) (0.37 g. 50%).
LCMS(API-ES) m/z: 469.5, 470.1 [M+H+]; 468.0 [M-H-].
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11g (11, 14)3,5N {3-(3-{[nethyl (1- nethyl pyrrolidin-3-

yHam no] car bonyl } phenyl) - pyrazolo[1,5-a][1,3,5]triazin-4-yl- <0.1 C
<l WD 2009/00B&BFFCT/ US2007/ 020231 Conpound Narme K. 1 (RCTAS2@BROZICT
116 cells (gM 1Cso PC-3 02M amno. } " _

- (2N, 4N) ERAMPLEN95- di azacycl ot et r adeca- 8-one .

3-[5-(3-AMINO-PHENYLAMINO)-3-(4-METHOXY CARBONYL—BUTYL}
PYRAZOLO[1,5-A]PYRIMIDIN-7-YLAMINO]-BENZOIC ACID METHYL ESTER
(16A)

[0050] Through a solution of compound (15a) (0.24 g. 0.5 mmol) in 5 mL of MeOH
was bubbled HCI gas at 0°C for 5 min. The reaction mixture was sealed and stirred at room
temperature for 1 h, concentrated, and the residue dissolved in EtOAc, washed with NaHCO3,
brine and water. Organic extract was dried, concentrated to provide 3-[5-(3-amino-
phenylamino)-3-(4-methoxycarbonyl-butyl)-pyrazolo[ 1,5-a]pyrimidin-7-ylamino]-benzoic acid
methyl ester (16a) (102.1 mg).

LCMS(API-ES) m/z: 488.5, 489.1 [M+H+]; 487.0 [M-H+].

EXAMPLE 20 )
3-[5-(3-AMINO-PHENYLAMINO)-3-(4-CARBOXY-BUTYL)-PYRAZOLO|1,5-
AJPYRIMIDIN-7-YLAMINO]-BENZOIC ACID (17A)

[0051] To a solution of compound (16a) (102.1 mg, 0.203 mmol) in 5 mL of MeOH
was added 1 M NaOH (0.41 mL, 0.407 mmol). The reaction mixture was refluxed for 1 h, and
concentrated. HPLC purification gave 3-[5-.(3-amino-phenylamino)—3-(4-carboxy—butyl)—
pyrazelo[1,5-a]pyrimidin-7-ylamine]-benzoic acid (17a} ‘(50 mg).

LCMS(API-ES) m/z: 460.5. 461.1. [M+H+]; 459.0 [M-H+].

EXAMPLE 21 .
(11,14)3,5N—{[(3-DIMETHYLAMINO-PYRROLIDINE-l-CARBONYL)-PHEN—3-YL]-
PYRAZOLO[1,5-A]PYRIMIDIN-2,4-YL-DIAMINQ}-(2N,4N)-PHENYL-1,5-DIAZ A~
CYCLOTETRADECAN-6-ONE (184)

[0052] To a mixture of compound (17 a) (35 mg, 0.075 mmol), DIEA (50 pL) in 1 mL
of NMP was added HATU (50 mg, 0.12 mmol). The reaction mixture was sonicated for 2 min,
and allowed to stand for 0.5 h at room temperature After which, dimethyl-pyrrolidin-3-yl-amine
(15 pL. 0.1 mmol) was added, followed by additional HATU (5 mg. 0.12 mmol). The reaction
mixture was stirred at room temperature for 0.5 h. Preparative RP-HPLC purification provided
(11,14)3,5 N-{[(3-dimethylamino-pyrrolidine-1-carbonyl)-phen-3-yl]pyrazolo[ 1,5-a]pyrimidin-
2,4-yl-diamino}-(2N,4N)-phenyl-1,5-diaza-cyclotetradecan-6-one (18a) (15 mg).
LCMS(API-ES) m/z: 538.6, 539.2 [M+H+]; 537.0 [M-H+].
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11h (11, 14) 3, 5N

(3-(4-net hyl pi perazi n-1yl carbonyl ) phenyl - pyrazol o[ 1, 5- a]

[ 1, 3, 5] tri WoiAe803¢277 am no} - (2N, 4N) - PCT/US2007/020231
phenyl-1, 5-di aza-cycl ot etradeca-8-one <0.1 <l <1 111 (11, 14) 3, 5N
{[3- (di met hylharsimitrpydnher, thaifoHdkwiny tdggupeny! } phenyl - pyrazol o[ 1, 5- a]
[1,3,5]triazin-4-yl-amno} - (2N, 4N)-

phenyl-1, 5-di aza-cycl opetradeca-8-one <0.1 <1 <1 11j . (11,14)3,5N
{4-[(3- {3- (dieth no) car bonyl } phenyl ) am nok

pyrazol o[ 1, 5- alffd, 3, 5] pri azi n-4-yl - am no}

- (2N, 4N) - phenyl'sTin5- g=aza- . cycl ot etradeca-8-one <0.1 <1 <1 ilk
(11, 14) 3, 5N ,{NZJJ*\\,%L{ 2- (di methyl am no)ethyl]-

A (18b';|

~was synthesized and purified.

EXAMPLE 22
CK2 PROTEIN KINASE INHIBITION ASSAY:

' [0053) CK2 protein kinase activity was measured through use of a spectrophotometric
PK/LDH coupled assay to detect ATP turnover. Full Length His-tagged Human CK2 was
cloned, expressed, and purified from an E. coli expression system. The peptide substrate for CK2
phosphorylation was RRRDDDSDDD (Genscript Corporation, Piscataway, NJ, USA). A typical
CK2 enzymatic assay contained ~20 nM human CK2, 100 uM peptide substrate, 50 mM Tris-
HCi pH 8.0, .100 mM NaCl, 10 mM MgCl2, 200 uM EDTA, 5 mM 2-mercaptoethanol, 1 mM
phosphoenol pyruvate, 150 pM NADH, 0.5% PK/LDH Mix (Sigma #P-0294), 2.5% DMSO and
50 pM ATP. Inhibitor compounds were suspended in 100% DMSO and added to achieve various
concentrations at a constant DMSO proportion of 2.5% by volume. Prior to the addition of ATP
to initiate the phosphorylation reaction, CK2 enzyme was pre-incubated with inhibitors and other
assay components for 5 min. Progress of the reaction was continuously monitored by the change
in UV/Vis absorbance at 340 nm. Reaction rates were pldtted versus inhibitor concentration and
Ki values were fitted with the assumption of competitive inhibition and use of a Km value of 10
uM. In the case of very potent binding, tight-binding methods were employed to determine Ki.

The resulis are recorded in Tables 1" and 2.

EXAMPLE 23
INHIBITION OF CELL GROWTH

[0054] HCT-116 and PC-3 cells were cultured at 37°C with 5% CO2 and in 10% fetal
bovine serum with McCoy’s 5A modified medium and F-12 K medium respectively. Cells were
plated on 96 well plates at a density of 2,000-4,000/well in the volume of 100 pL medium. After
overnight incubation, 50 pL more medium containing various amount of CK2 inhibitors were
added into each well to give final inhibitor concentrations ranging from 0.01 to 20 pM in 1%
dimethylsulfoxide. The control wells contained 1% dimethylsulfoxide only in their medium.
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am no} carbonyl) phenyl ] am no} _
pyrazol o[ 1,5-a][1,3,5]triazin-4-yl-am no)- (2N, 4N)-phenyl-1, 5-di aza-cy
cl ot et r adeW®-280841362720. 1 <1 <1 111 (11, 14)3,5N {44 ( 3- [R@A-US2007/020231
hydr oxyazeti din-1- yl)carbonyl]phenyl} am no)-
pyr azol ohferFurhdr inchibatidm dfalreitodfivel dans oalow cells grow before the control cells reach
- (2N, 4N) 1-1, | cl otetradeca-8-one <0.1 <| <1
(11,14) F ﬂp %ﬁ(lmfé ﬂﬁ@%@?&% ) ﬁmemdégﬁ Htsiﬁw}bsﬁéﬁqréém&?f the
pyrazol QBéubﬁné‘ﬂ [tﬂe 1%6(5]11&1%@%&&0%&&&1& th’érﬂeﬂ/ generated formazan solublhzed with
- (2N, 4N) di azacycl ot et radeca- 8-one <0.1 <1 <1 I

(11, 14) ﬁlmﬁthyt;uf(fgxldq (IPQ #L(wﬁll}@mhmemadca) 640uy] Theetbhgrbtion data were ﬁt into

am no] car.bhaon e ) zol
(1, 5-a] ‘Fef9§ t%n] a{nﬁ 55{%% ated fa ‘}IIBXS t%r gﬁ) use of the program KaleidaGraph (Synergy
- (2N, 4|\|)SquamolTﬂe ﬁ»tﬁdg a@mys@ fatles0 Rde€ca+&/(Qhe/1C50));kx §thebmpound
: concentra_t}on, a is the background absorption at 540 nM, and b is the absorption at zero
compound concentration. The results are recorded in Tables 1 and 2.

Table 1. Triazine-based compounds.

o}
(CHﬂn’(.
Y NH
N-
" |N - Ry
Hr'q’,*‘N J\I:‘ S
Ry Ra
{11)
ICsp ' 1Cs,
' 5
Compound Name K; (uM) HCT 116 PC-3 (uM)
: cells (uM)
(11,14)3,5N-{cyclopropyl-
11a pyrazolo[1,5-a}[1,3,5]triazin-4-yl- <0.1 <1 <1

amino}-(2N,4N)-phenyl-1,5-diaza-
_cyclotetradeca-8-one

(11,14)3,5N-{iso-propyl-pyrazolof1,5-
11b aJf1,3.5]triazin-4-yl-amino} -(2N,4N)-
phenyl-1,5-diaza-cyclotetradeca-8-one

(11,14)3,5N-{n-propyl-pyrazolo[1.5-
l1c a][1,3,5]triazin-4-yl-amino}-(2N,4N)-
phenyl-1,5-diaza-cyclotetradeca-8-one

(11,14)3,5N- {pyrid-3-yl-pyrazolo[1,5- _
11d a][1,3,5]triazin-4-yl-amino} -(2N,4N)- <0.1 <1 <1
phenyl-1,5-diaza-cyclotetradeca-8-one

(11,14)3,5N-{(3-ethoxyphenyl)- _
pyrazolo[1,5-a][1,3,5]triazin-4-yl- <0.1
amino}-(2N,4N)-phenyl-1,5- dlaza- '
cyclotetradeca-8-one

111e <1 <1

(11,14)3,5N-{(3-
ethoxycarbonylphenyl)-pyrazolo[1,5-
a][1,3,5]triazin-4-yl-amino}-(2N,4N)-
phenyl-1,5-diaza-cyclotetradeca-8-one

11f

(11,14)3,5N-{3-(3- {[methyl(1-

- methylpyrrolidin-3-
yl)amino]carbonyl} phenyl)-
pyrazolo[1,5-a][1,3,5]triazin-4-yl-

l1g <0.1 <1 <1
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110 (11,14)3,5N (4-[(3- {[rmethyl (1-
met hyl pi peri di n- 4- yDam no] car bonyl ) - phenyl)am nol - pyrazol o[ 1, 5- a]
[ 1, 3, 5] t ri WEI2808403¢377 ami no} - (2N, 4N) -
phenyl-1, 5-di aza-cycl otetradeca-8-one <0.1 <1 11p (11, 14)3,5N {[(3-

{[3- (d
<1 WO
116 cel

PCT/US2007/020231

et hyl am

I's (gM |

no) pyrrolidin-1- yl]carbony

@Qﬁf,&fn@ﬂ?PCT/ US200AiarH231 Conpoun
Cso

| e gRviKL

)phenyl)dam npg; <0. 1 <1

(@T | 59 HelCso

cells (UM)

PC-3 (uM)

amino }-(2N,4N)-phenyl-1,5-diaza-
cyclotetradeca-8-one

1th

(11,14)3,5N-{3-(4-methylpiperazin-1-
ylcarbonyl)phenyl-pyrazolo[1,5-

a][1,3,5]triazin-4-yl-amino} -(2N,4N)-
phenyl-1,5-diaza-cyclotetradeca-8-one

<0.1

<l

<1

11i

(11,14)3,5N-{[3-
(dimethylamino)pyrrolidin-1-
yl]carbonyl}phenyl-pyrazolo[1,5-
aj[1,3,5]triazin-4-yl-amino}-(2N,4N)-
phenyl-1,5-diaza-cyclotetradeca-8-one

<0.1

<1

<1

11

' (11,14)3,5N-{4-[(3-{3~

(diethylamine)carbonyl} phenyl)amino]-
pyrazolo[1,5-a][1,3,5]trtazin-4-yl-
amino}-(2N,4N)-phenyi-1,5-diaza-
cyclotetradeca-8-one

<0.1

<i

<i

11k

(11,14)3,5N-{4-{{3-({[2-
(dimethylamino)ethyl]-
amino }carbonyl)phenyl]amino}-

pyrazolo[1,5-a][1,3,5}triazin-4-yl-

amino}-(2N,4N)-phenyl-1,5-diaza-
cyclotetradeca-8-one

<0.1

<]

<1

11l

(11,14)3,5N-{4-({3-[(3-
hydroxyazetidin-1-
yl)carbonyl]phenyl} amino)-

pyrazolo[1,5-a]{1,3,5]triazin-4-yl-

amino }-(2N,4N)-phenyl-1,5-diaza-

cyclotetradeca-8-one

<0.1

<1

<1

1lm

(11,14)3,5N-{[(1-methylazetidin-3
yl)amino]carbonyl} phenyl)amino]-

- pyrazolof1,5-a][1,3,5}triazin-4-yl-

amino}-(2N,4N)-phenyl-1,5-diaza-
cyclotetradeca-8-one

<0.1

<1

<1

Iin

(11,14)3,5N-{4-[(3-{[[2-
(dimethylamino)ethyl](methyl)-
amino]carbonyl} phenyl)amino]-

pyrazolo[1,5-a][1,3,5]triazin-4-yl-

amino }-(2N,4N)-phenyl-1,5-diaza-
cyclotetradeca-8-one -

<0.1

<1

<1

110

(11,14)3,5N-{4-[(3-{[methyl(1-
methylpiperidin-4-yl)amino]carbonyl} -
phenyl)amino]-pyrazolo[1,5-
a][1,3,5]triazin-4-yl-amino}-~(2N,4N)-
phenyl-1,5-diaza-cyclotetradeca-8-one

<0.1

<1

11p

(11,14)3,5N-{[(3-{[3-
(diethylamino)pyrrolidin-1-
ylJcarbonyl} phenyl)amino]-

<0.1

<1

<1
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PC-3 (1.

1M

- (2N, 4N) - phenyl -

(11, 14) 3, SWO{I[UQ@WW?;-
pyrazolo[1l,5- a][1,3,5]triazin-4-yl-

phenyl )

am no] -

pyrazol o[ 1,5-a][1,3,5]triazin-4-yl am no}

1, 5-di azacycl ot et r adeca- 8- one .

(di et hyl am no) azetidin-1-yl]
am nol -

11q

C armwsz}mmzozsl
(2N, 4N) -

phenyl-

{[3-(pi
pyrazol

1, 5-di aza

PEHRB Il
o[ 1, 5-a] [

-cycl ot etradeca-8-one <0.1

yl car bonyl ) pRgay! ] am no} -
1,3, 5]tr|a2|n 4-yl -

k1 <1 1ir
Ki (uM)

(11134) 3,

HCT 116

cells (uM) |
<UL

5N-
Iéso
PC-3 (uM)

am no)

-(2ZN2AN—=

TERbIot 1, 31 %Zﬁfr%&nh% prTadE
amino }-(2N,4N)-phenyl-1,5-diaza-
cyclotetradeca-8-one

Ca- o= OTTE.

LS

1lq-

(11,14)3,5N-{[(3-{[3-

"| (diethylamino)azetidin-1-yl]carbonyl} -

-phenyl)amino]-pyrazolo[1,5-
a][1,3,5]trtazin-4-yl-amino}-(2N,4N)-
phenyl-1,5-diaza-cyciotetradeca-8-one

<0.1

<1

<1

1ir

(11,14)3,5N- {{[3-(piperazin-1-
ylcarbonyl)phenyl]amino}-
pyrazolo[1,5-a][1,3,5]triazin-4-y]-
amino}-(2N,4N)-phenyl-1,5- dlaza-
cyclotetradeca-8-one '

<0.1

.<1

11s

(11,14)3,5N- {4-[(3-{[2-
(diethylamino)ethyl](methyl)amino]-
carbonyl}phenyl)amino]-pyrazolo[1,5-
aj{1,3,5]tnazin-4-yl-amino}-(2N,4N)-

- phenyl-1,5-diaza-cyclotetradeca-8-one

<0.1

<1

Table 2. Pyrimidine-based compounds

Compound

Name

Ki (pM)

HCT 116

ICs

PC-3 (UM)

ICs

18a

1 (11,14)3,5N-{[(3-Dimethylamino-
pyrrolidine-1-carbonyl)-phen-3-yl]-
pyrazolo[1,5-a]pyrimidin-2,4-yl-
diamino}-(2N,4N)-phenyl-1,5-
diaza-cyclotetradecan-6-one

<0.1

cells (LM)

<3

<3

18b

(11,14)3,5N- {[(3-cyclopropyl]-pyr-
azolo[1,5-a]pyrimidin-2,4-yl-
diamino}-(2N,4N)-phenyl-1,5-
diaza-cyciotetradecan-6-one

<0.1

<3

<3

[0055]

The examples above exemphfy compounds of Formula (I) and assays that may

readily be per-formed to determine their activity levels against CK2 protein kinase. It will be
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(11, 14) 3,5N {44(3- {[2- (diethylam no)ethyl](methyeam nok.

car bonyl } phenyl ) am nol - pyrazor o[ 1, 5-

a] [ 1, 3, 5] t WORHPEH03427| - ani no) - ( 2N, 4N) - PCT/US2007/020231
phenyl- 1, 5-di aza-cycl ot etradeca-8-one . <0.1 Tabl e 2.

Pyri m di appateatthdt smopssaysds oenpotabld addapeknosth if ¢hdart risobeHEEd folselecedn S
(g-M ICsa.,. ., YU 3 1 18a. .

(11, 14) 3" g %fﬁsﬁ% ﬂfﬁmﬁéﬁwﬁwﬁa PePs @ selsctediapgshy | ) - phen- 3-yi |

pyrazol o[ 1, 5-[@b54]r i Whilé fire 2avinidir hadibadH iNQdtratedMyAblerdpbeRYshecdtfi®and preferred
cliaza-cycl ot et radecan- 6- one _ ) o ) .
émbodiments, those skilled in the art will recognize that variations and modifications may be

made through routine experimentation and practice of the inventions.
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<0.1 <3 <3 - 18b (11, 14) 3, 5N\

{[(3-4cl opropyl]-pyrazol o[ 1, 5-a] pyrimdin-2;4-yl-

di am no) - (2N, 4N) - phenyl - 1; 5- di aza-cycl ot etradecan-6-one <0.1 <3 <3
[ 0055] The exanpl es above exenplify conmpounds of Formula (1) and
assays that May readily be per-forned to determne their activity

| evel s agoitist CK2 protein kihase. It will be -19- WO

2008/ 036277PCT/ US2007/ 020231 apparent that such assays to other

sui tabl e assays known in the art may be used to select an inhibitor
havi ng WhdeRicla@ifled:evel of activity against a selected target.

[0056] Wil e the inyent has been illustrated by reference to
specifik a d\w&’?‘i/ r@r’rﬁ‘bﬁf”ﬁ%‘?’ﬁs those skilled in the art will
recogni ze that variations and nodi ficati gns nmay be made through
routi ne experinentation and pr actl ce 81‘_<he inventions. \ \Wat is

U\Mj

R1 is optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or heteroaryl,

wherein

R2 is hydrogen, alkyl, alkenyl, alkynyl, aryl, or heteroary_-[,
each R3 is, independently, hydrogen, optionally substitufted alkyl, alkenyl, alkynyl, aryl,
heteroaryl, or halo,
(C) is substituted alkyl, alkenyl, or aryl,
n=2-6; and
Xis CHorN.
2. The compound of claim 1, wherein X is nitrogen.

3. The compound of claim 2, wherein R1 is C1-6 alkyl, C3-6 cycloalkyl, aryl, or heteroary}

groups.
4. The compound of claim 3, wherein R1 is optionally substituted cyclopropyl, i-Pr, or n-Pr.
5. The compound of claim 3, wherein R1 is phenyl.

6. The compound of claim 5, wherein the pheny! group has at least one substituent that is

alkoxy, alkoxycarbonyl, or aminocarbonyl.

7. The compound of claim 6, wherein the alkoxy group is ethoxy.
8. The compound of claim 6, wherein the alkoxycarbonyl group is ethoxycarbonyl.
9. The compound of claim 3, wherein the heteroaryl group is pyridine.

10.  The compound of claim 2, wherein the compound is selected from the group consisting

of
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1. A compound having the structure wherein Rl is optionally
substituted al kyl, al kenyl, al kynyl, cycloal kyl, aryl, or heteroaryl,
R2 is hydrogen, alkyl, alkenyl, alkynyl, aryl, or heteroaryl, each R3
i's, independently, hydrogen, optionally substituted al kyl, al kenyl,
al kynyl, aryl, heteroaryl, or halo, (C is substituted al kyl,

al kenyl, or aryl, n = 2-6; and Xis CH or N. 2. The conmpound of claim
|, wherein X is nitrogen. 3. The conpound of claim?2, wherein Rl is
Cl-6 alkyl, C3-6 cycloal kyl, aryl, or heteroaryl groups. 4. The
conmpound of clain13, wherei n Rl is optiompal | y substid uted

cycl opropyl, i-Pr, orﬁgiRpswﬁ. gjgbﬁbﬂﬁn gfi?karﬁLB wherein Rl is
phenyl. 6. The conpouH of aim ‘gt5|n the# yl group has at

| east one substltmenMw#héb<:§ al ke ymh oxy aWB :
anlnocargbﬂgr/\?4 The\ conpound of Sel al m 6, reln the roup
is ethoxys™g conpolitd of clalm®, wher e+l tive alkoﬁw

group |$wém bony#jag/\jﬁe conpound ofe claim 3, wharern

heteroam&l gﬂbup is py#iidi ne. mlO. Tﬂéﬁﬁﬁﬁﬁgund of cl ai Whereln

t he conpound s selecteﬁ_i the gr u,.ngS|sting of he
conpound of claim1, Whetein{he cd oY Ui s selected fro e group
consisting of (1 1 13 5N { cycopyl yrazo 10[1 ,5-5{5
1,3,5]triazin-4-yl- amlrﬁTj (2N, 4N) I“1 1,5-d (11g)

| azacycl ot et r adeca- 8- one;

( N
11m (), 110
Hm) 2 (1) (11p) (t1a)
a

N/I_(\/\)\NH N‘N\ IN NH

I ﬁ_(:> HN SN NJC5
HNT TN z H
0 CV
/N\/jf\
E j (11r)
(11s)
11. The compound of claim 1, wherein the compound is selected from the group consisting

of

(11,14)3,5N-{cyclopropyl-pyrazolo{1,5-a][1,3,5]triazin-4-yl-amino }-(2N,4N)-phenyl-1,5-diaza-

cyclotetradeca-8-one;
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(11, 14)3,5N-{ isopropyl-pyrazolo[1,5-a][1l,3.51triazin-4-yl-amno

1- (2N, 4N) - phenyl- 1, 5-d | azacycl ot et r adeca- 8- one;

(11, 14) 3, 5N-{n-propyl -pyrazolo[1.5-a][1, 3,5]triazin-4-yl-am no}-(2N, 4

N) - pheny1- 1, 5-di azacycl ot et radeca- 8- one;

(11, 14)3,5N-{pyrid-3-yl-pyrazolo[1,5-a][1,3,5]triazin-4-yl-amno

1- (2N, 4N) - pheny1- 1, 5- di azacycl ot et r adeca- 8-one; (11, 14) 3, 5N

{(3-ethoxyphenyl)-pyrazolo[1,5-a][1,3,5]triazin-4-yl-amino

1- (2N, 4N) - phenyl-1,5- d iaza-cycl otetradeca- 8-one;

(11, 14) 8115003, 18- Boiropyl qaraainl| palpind A rigain- Aglednaihd} (2N 4N)-phenyl-1,5-diaza-
,5-a][1 dl%lttaﬁ' azj n-4-yl-amino)- (2N, 4N) - phenyl -1, 5-d

|aza cyc¥ ot etr 53ec%n68 one;

(11, 14) 8, 151M93[,m:5n-bfdw~mhz(oﬂo{ nealy B pitrisgh-4 0il-amdroy DRI RRpERE PO sMidpheny

1) - pyrazo
al[1, 3, B9 cﬁétﬁ’??‘% 31008k ami nol - (2N, 4N) - phenyl - 1, 5- di aza- cycl ot et r adeca- 8

-one;  (11,14)3,5N-{pyrid-3-yl-pyrazolo[1,5-a][1,3,5}triazin-4-yl-amino }-(2N,4N)-phenyl- 1 S-dlaza
(11,14)3, 5N—{ (pi perazin-I-ylcar bonyl)pher){yl pyiézo O%?I. y

ri azin- %“}He‘é"ﬁ?%og}‘me(ZN 4N) - pheny1- 1, 5- di aza- cycl ot etradeca 8 one
(11, 14) %ﬂﬁi@@(éﬁﬂd@bmylﬁﬂ%ﬂaﬂglm rSraqﬂI'BdS]erzmjﬁf yl-amino}-(2N,4N)-phenyl-1,5-

yI]car on hen pyrazol o
al[1, 3, Ef)fjﬂ%ﬁ'qya fetradecgi8=aapi nol - ( 2N, 4N) - phenyl - 1, 5- di aza- cycl ot et r adeca-
8- one;

(11, 14) 3 SR P cerbamyiphensD pyrazalofl 32l 3 ltciazin-dyl-aming b GNANK v
) ami nol leybk@ﬂ@g&qﬂotetradeca -8-one;
a] [ 1 3 é]ltlﬁ 3a5%\'l . €3 Ymeﬁln](r]-' ett‘ygpyh%l\‘gm% Efﬂxx-nnojjdasbony Ehaéng %lyl("?dtzo {laneca

(11 14) B[ 5N Krdbd[n24- i dn2ing B (2NN yphanylrig)-éataydvE premddcadrdaeny| ) phenyl ] am

| - I s . .. .
oy 1 15, BT TP P pingrarinet wispeopmxbpinay -prarioll -4l dh Slyarioyfey B Padeca-
8- one; (NIANYhEnyBN5-didzaldycBeefradechgdnexyazeti d in-1-yl)carbonyl | phenyl
:;n al 232: éﬁ%&lg{é @lrgﬁéylg'm%o)%g};rglltdlu? yl]gag'bNonyll\}l)phglgl p%%zolo[] 5(~j
(11, 14)aa[153\5ﬁ14az{n(43yl{in6.aopwmy&wﬁ;lqwa.ﬁa)@wwk&eé BoRy! | phenyl ) ani no

k
al [ylae,o@]l P (IO e o ppolsfiehyembenlishonlepbcbrrrdesda. 8

- one; (J]ﬂ-] 3;]-51]} ZRM- él‘]zﬂ‘f( ?Ioli ((ZN AN)-phenyl-1,5-diaza- cyclo}etra eca-8-one;

[[2- (di met Ryl am no) et h met hypam nol car bonyl) p enyI ) ami nol pyr azol of
1, 5- a] [ @1 34B1N-{ B ri{ 2-(fImetrilavone)ethy]amino jshrbonyipherey! dinimwd-pysaedloll ét r ad

eca- 8- oney i A
(11, 12 SR lripzinrAsylraminel- (AN AN)-phenyl | S-diaza-eyclotetradegageonen o1y en
yDami no(jl-l 14)3,5N- {4 (£3- [(3 hydroxyazetidin-1-yl)carbonyl]phenyl}amino)- pyrazolo[] 5-

| 1 1, 5- di aza-
Y or o s Rtk O R A b Rt R R S o) by ror
i n- I) - %/!Zf]minbcﬂw{éi 8 (L ﬁymmxmblﬂhwlaem?hﬂbaﬂéﬁwl}@léén&t)am&bl Iijfaﬂ;{é ,4?'(}! -am
1 NO) - radeca , ,
[(3- { %@I H %i‘r%‘m?}ng}g@f‘ﬁ’éﬂxl 518 5'%*‘["38'?}?8 a'? °BRenyl ) am

i no] pyr@z94y3,50-{4-f3-{[[2- (drmethy[ammo)ethyl](methyl)amtno]carbonyl}pheny[)ammo]

g] E)ﬁe QS F?rok)il)zé- gN},{SHt( ipz3n- 3 Qa b@p}g}?ﬁ% 41‘8) l'?e)rllyl- [15 %mza cyc?otet a(c::llecg.tSe ;[nll’eadeca

-yl Car b@m)ﬂl% W[(.’B-@[ﬂ]&ﬁ’)l(‘l%étﬁ 91 @r[ldm-4 yl)ammo]carbonyl}phenyl)ammo]
1, 5- triazin- | am no N; ?/

5 di az%yr@zykg bi-all}h aégeazng%y,lr@nmg N4N phenyl 5- dlaza cyclotetradeca-8-one;
()1”1) 14) 1%&3{5‘% FeR 1kl ERmy BRI ARH RN AT oh{ I TRERMRATE Gy eB6RAM%. I phe
pyr azol zd[ll.?; Hrakindd- B )it li-@N,4N)4phyghyld h-diada-oy2lsieddMecpBeny;l- 1, 5- di aza- cy
cl otetradeca-8-one. 12. (The conpound of claim1l, wherein X is CH

3, 5] t
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(11,14)3,5N-{[(3-{[3-(diethylamino)azetidin-1-yl]carbony!} phenyl)amino]-pyrazolo[,5-
a][1,3,5]triazin-4-yl-amino }-(2N,4N)-phenyl-1,5-diaza-cyclotetradeca-8-one;
(11,14)3,5N-{{[3-(piperazin-|-ylcarbonyl)phenyl]amino}-pyrazolo[1,5-a}[ | ,3,5 triazin-4-yl-
amino}-(2N,4N)-pheny!-1,5-diaza-cyclotetradeca-8-one; and
(11,14)3,5N-{4-[(3-{[[2-(diethylamino)ethyl](methyl)amino]carbony!} phenyl)amino]-
pyrazolo[1,5-a][1,3,5]triazin-4-yl-amino}-(2N,4N)-phenyl-1,5-diaza-cyclotetradeca-8-one.

12.  (The compound of claim 1, wherein X is CH.
13.  The compound of claim 14, wherein the compound is selected from the group consisting

of
Q

NH

14. A pharmaceutical composition comprising at least one compound of claim | and one or

more pharmaceutically acceptable carrier.
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