WO 2011/ 134140PCT/ CN2010/ 072225 PYRI M DI NYL | NDOLE COVPOUNDS Thi s
invention is directed to pyrimdinyl indole conpounds, fornulations, and

t her apeutwo 20si¢g84t4her eof , particularly in the treatnent pofi/anm@a22ad
inflamatory diseases. 5 IKKI3 is a key, kinase regul ating inflammation and
stress rel ated pat hways and thus has been linked to the devel opnent of a
vari ety of human di seases ranging fromcancer to inflammatory di seases.
Pyrim di nyl indole conmpounds useful as kinase inhibitors are already known
in the art. See WO0408991 L hhibi 001, and W06075152.
10Addi ti onal Iy, pyri mi di n@?%@@@ﬁ%@é}@ @%}%‘% Usef ul as i nhi bitors
of IKKI3 are also known in the art. See W07092095. There is a need
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of such treatment an effective anmount of a conpound or salt of the present
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manmal conprising admnistering to a manmal in need of such treatnent an
ef f ect i velrdlgpupgtoryfdiggases. There is also a need for such compounds that have a synergistic

affect when combined with TNFaq or vincristine (VCR).
15 The present invention provides novel pyrimidinyl indole compounds with clinical
use for treatment of cancer and inflammatory diseases through inhibiting IKK. More

specifically, the present invention provides novel pyrimidinyl indole compounds of the

formula:
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20 or a pharmaceutically acceptable salt thereof .

The present invention also provides a method of treating cancer selected from the
group consisting of multiple myeloma, colon cancer, large cell lung cancer, glioblastoma,
pancreatic cancer, and ovarian cancer in a mammal comprising administering to a

25  mammal in need of such treatment an effective amount of a compound or salt of the

present invention.



5conpound or salt of the present invention. The present invention

al so provi des pharnmaceutical conpositions conprising a conpound or salt of
t he presewd 20nvismt4bon in conbi nation with one or nore plrarmaxewta7zas| y
acceptable carriers, diluents, or excipjents. In a particular embodi ment

t he conposition further conprises one or nore other therapeutic agents. In
a 10 further enbodi nent the other therapeutic agent is TNFa. In a further
enbodi ment the other therapeutic agent is vincristine. The present
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sclerosis, and inflamatory bowel disease conprising a conpound or salt of

t he presentlon ngrenat.i dnothsr ambageméentas Birgegrelldiemeancer. Another embodiment is

20  glioblastoma. Another embodiment is pancreatic cancer. Another embodiment is ovarian
cancer. The present invention also provides a compound or salt of the present invention
for use in the treatment of inflammatory diseases. Additionally, the present invention
provides use of a compound or salt of the present invention in the manufacture of a
medicament for treating inflammatory diseases. In particular the inflammatory disease is

25  selected from the group consisting of rheumatoid arthritis, chronic obstructive pulmonary
disease, asthma, multiple sclerosis, and inflammatory bowel disease. One embodiment is
rheumatoid arthritis. Another embodiment is chronic obstructive pulmonary disease.
Another embodiment is asthma. Another embodiment is multiple sclerosis. Another
embodiment is inflammatory bowel disease. Furthermore, the present invention provides

30  apharmaceutical composition for treating cancer selected from the group consisting of
multiple myeloma, colon cancer, large cell lung cancer, glioblastoma, pancreatic cancer,

and ovarian cancer comprising a compound or salt of the present invention as an active



Compounds and salts of the present invention are prepared essentially as
illustrated in both the schenes and the exanples. Further, all conpounds
and sal t swofotiB4pnesent invention exist as di aster eonePSTAN28IWNTLI2BNMET S
due to cyclopentyl ring substitutions. sthus, optical purity is introduced
by using specific diastereoners as 10 reactants. Optical purity can also be
i ntroduced by using chromat ography/chiral chronmatography on m xtures of

di astereoners or racenates corresponding to conpounds or salts of the
present inven n S¥ C@ e
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precursors (A) by treatnent mnth HC1, trifluoroacetic acid (TFA

pt ol uenes&llerB#"?lOck)Sté%‘itWe(P‘F@mqbaW serse-HaeIa. Brultale sgleyosis. pdpdamma thesi s of
Precur sor §o( Adiseask ¢ Aﬂgpnsanf @8&1'1&1?0%8 80Faﬂ{ %_tﬁé ﬁ% thﬁ?\i:eﬂg%ﬁ(\gs é{@/&wb' | ustrat ed

above. In the upper action nin i's coupl ed
with cyclﬁ@m@pyhanlne |n t he presence of a dehydrating agent, such as,

benzotriazol -1 on t dlnet Ianlno - phgsphoni um 5hexaf | orophosphate
(BOP) or dicyc H’@QW 66‘8%‘? ﬂ%r%@ﬁén@mup a8 S Reesantiatly as

illustrated in both the schemes and the examples. Further, all compounds and salts of the
present invention exist as diastereomers or enantiomers due to cyclopentyl ring
substitutions. Thus, optical purity is introduced by using specific diastereomers as

10 reactants. Optical purity can also be introduced by using chromatography/chiral
chromatography on mixtures of diastercomers or racemates corresponding to compounds

or salts of the present invention.

Scheme |

15 Synthesis of Compounds of the Present Invention
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Prot = ethoxymethyl or tert-butoxycarbonyl
Compounds of the present invention are prepared by deprotection of their

protected precursors (A) by treatment with HCI, trifluoroacetic acid (TFA) or p-

toluenesulfonic acid (TsOH) in methanol or ethanol.
20

Scheme 11
Synthesis of Precursors (A)



organic synthesis will recognize that these am de coupling reactions may

al so take place at any convenient point in the synthetic sequences | eading
to conmpouwioxoof13Fannul a (1). In the | ower reacti oRCTAN2010/072225

2-am nocycl opentanol (D), displaces the,chloro group in the
chloropyrimdine internediate (C) in the presence of a base, such as,

sodi um hydri de, 10 diisopropylethyl am ne (DI PEA) or potassium carbonate at
el evated tenperatures (70 - 130 C) in solvents, such as, dinmethyl sulfoxide
(DVMSO) or dinmet hyfornmam de (DVF). skilled in the art of organic
synthesis will recognize that these ch oro displacenent reactions may al so
take place at any @8rygRi ent point in synt hetic sequences leading to
conmpounds of the presént inventionN he 11 Synthesis of carboxylic

acid (B) -5- c agids (B) are prepared by
di spl acenent of the grolp Iy pyrd mdi ayl ester (E) with a
2- am nocycl opent anol ¥m o the lo reacti on of Schene ||

fol |l owed by saponification of he i nternedi ate carboxylic acid ester group.
Schene IV Synt hesi s of pyrHr@ﬁ%ﬁ nyl chlorides (C) and (E) F.G

A.

Precursors A are prepared in two ways illustrated above. In the upper reaction, an
indole-4-carboxylic acid (B) is coupled with cyclopropylamine in the presence of a
dehydrating agent, such as, benzotriazol-1-yloxytris(dimethylamino)-phosphonium

5 hexafluorophosphate (BOP) or dicyclohexyl carbodiimide. One skilled in the art of
organic synthesis will recognize that these amide coupling reactions may also take place
at any convenient point in the synthetic sequences leading to compounds of Formula (I).
In the lower reaction, a 2-aminocyclopentanol (D), displaces the chloro group in
the chloropyrimidine intermediate (C) in the presence of a base, such as, sodium hydride,
10 diisopropylethyl amine (DIPEA) or potassium carbonate at elevated temperatures (70 —
130 °C) in solvents, such as, dimethyl sulfoxide (DMSO) or dimethyformamide (DMF).
One skilled in the art of organic synthesis will recognize that these chloro displacement
reactions may also take place at any convenient point in the synthetic sequences leading
to compounds of the present invention.
15
Scheme I11
Synthesis of carboxylic acid (B)



H The pyrimdinyl chlorides (C) and (E) are prepared by pall adi um

catal yzed 10coupling reactions of indole-2-boronic acids (F or their Cl-C3
al kyl borwoi2e1ieistans) and the commercial ly avail abl e tripciicvoyr2225di nes
(©. The catalyst is either Pd(OAc)2, Pd(PPh3)4, or PdC12(dppf), and the
coupling reactions occur at elevated tenperature (50 - 110 C) in polar
aprotic solvent, e.g., tetrahydrofuran (THF). The indole precursors (H)
whi ch are either connercially avai l abl e or prepared by 15literature

met hods, are first N -protected in the presence of base wi th chl oronethyl
et hyl ether, Cl-C3 trlblk | silyl chlorides, or di-tert-butyl dicarbonate
followed by lithiation s he indolqnz-position and treatnment with C1-C3
trial kyl boronic esters to prbduce poroni c aci dstar boronates (F. WO
2011/ 134140PCT/ CN2010/ @73 F=\ ' 4TheDi nventiontnctudes various

st ereoi soners and m xt Rf .,/ St er eoi somEPRIfAP de enantioners and
di ast ereoners, and mi xtures \bf epanti oners or diastereoners. |ndividual
stereoi sonmers of conpounds dfottthe i nvention may be prepared synthetically
fron1connercia|k%*avallable starting materials which contain asynmetric or

chiral 5cent er §dete-hyathpaylar aeidsdB) efc nrapased by ﬁﬁ&l@eﬁr@@tpéme@mo Bipup in
| uti t.
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of diastereoners by recrystallization or chromatography and opti onal
liberation of the optically pure product fromthe auxiliary as described in
Furni ss, 10Hannaford, Smith, and Tag&?&h v Vogel 's Textbook of Practical
Organic Chem stry”, 5th edition (1989 Longnman Scientific & Technical,
Essex CM20 2JE, Engl and, SymthesR)of gyrimcdinglepboraies 60) afd (Ehe m xt ure of optlca
enantionmers on chiral, chromat ographic colums or (3) fractional
recrystallization “hods. 15ChenDraw U {ga 10.0 is used to nane the
fol |l owi ng conmpounds;

= Pd -
+ N C. X=0Me
BOH), = N BX=>\H
T
Prot c
F G.
X O
protection
\ H F.
N lithiation
\H then trialkylborate

H.
The pyrimidinyl chlorides (C) and (E) are prepared by palladium catalyzed
10 coupling reactions of indole-2-boronic acids (F or their C;-Cs alkyl boronic esters) and
the commercially available trichloropyrimidines (G). The catalyst is either Pd(OAc),,
Pd(PPhs)s, or PACly(dppf), and the coupling reactions occur at elevated temperature (50 —
110 °C) in polar aprotic solvent, ¢.g., tetrahydrofuran (THF).
The indole precursors (H), which are either commercially available or prepared by
15  literature methods, are first N1-protected in the presence of base with chloromethyl ethyl
ether, C;-C; trialkylsilyl chlorides, or di-fert-butyl dicarbonate followed by lithiation at
the indole 2-position and treatment with C,-C; trialkyl boronic esters to produce boronic

acids or boronates (F).



Preparation 1

N- Cycl opropyl-2-(2,5-dichloropyrimdin-4-yl)-1-(ethoxynethyl)-1Hi ndol e-4-
car boxamwe 280(1By14Pr epar at i on of et hyl PCT/CN2010/072225

1- (et hoxynet hyl ) - 1H-i ndol e- 4- car boxyl at Under nitrogen, to a
solution of nethyl 1H i ndole-4- carboxyl ate (80 g, 0.46 nol) in THF (700 ni)
i s added potassi um hexanet hyldisilazide (1 Min THF, 550 nL, 0.55 nol) in
drops at 0 C. The m'xture is stirred at 0 Cfor 30 mnutes (mn) and

chl oronet hyl e n,. 0. 55 s. t.hen. add
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with ethyl acetate (EA, 3 x 300 nL). The. conbined extracts are washed with
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filtered vk h
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2011/ 134140PCT/ CN2010 072225 t f t
1- (et hoxy kBOHy19 theyg g @}P@yzﬁkehtn%wateesm%g@ 03?%9 qufarq tyi‘eﬁetlﬁaﬁm (2
L) is addgd( B%%&Hﬁetﬁ%@h'rﬁ&tlﬂygé@ﬁ'agﬁotﬁ%tcga clgirazgtuﬁﬁhry' Sepaffiobr@fe H20) . The

reaction mxturels stirred at 50 C for 3 h. The volafiles are renoved in
vacuo. Thecsnkigg dmetur@ofétbaatlt:rbomdrS\hytrhcrymlh(zaldw orwhtqnhat@gﬂaplly%ndi, optibes
extracted. 'th E@té 1700 fé gre C nbl d ext({ s ar washed with
aqueous sHPUPEYE et éuf} )afyaotr c&40s awwmous

Na2 SOy amqnme Binfithl 8l mcneuetvloget@ T%ktbb@k @mm&waﬂotga%i’c Oher®i6tryd), 5tHVE
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L) is added cycl opropyl'am ne 167

m., 1.12 reattonaf khyewdtzabiyn ﬁre(hbdgtzabenzot ri azol -1-y1)-N, N, NR -
t et ramet hyl ur oni um hexaf | uor ophosphate (240 g, 0.62 nol) at 0 C. The

reaction mxture is stirred at anbient tenperature overnight. The volatiles
are rehoved i nChamDsaw Tha 10.0 is used to name the following compounds:

Preparation 1
N-Cyclopropyl-2-(2,5-dichloropyrimidin-4-yl)-1-(ethoxymethyl)- 1 H-indole-4-
carboxamide
20 (A) Preparation of methyl 1-(ethoxymethyl)-1H-indole-4-carboxylate.
Under nitrogen, to a solution of methyl 1H-indole-4-carboxylate (80 g, 0.46 mol)
in THF (700 mL) is added potassium hexamethyldisilazide (1 M in THF, 550 mL, 0.55
mol) in drops at 0 °C. The mixture is stirred at 0 °C for 30 minutes (min) and
chloromethyl ethyl ether (51 mL, 0.55 mol) is then added at 0-5 °C. After the addition,
25  the reaction mixture is stirred at ambient temperature for another 3 hours (h), quenched
carefully with 300 mL of water and extracted with ethyl acetate (EA, 3 x 300 mL). The
combined extracts are washed with aqueous saturated sodium chloride (2 x 400 mL), then
dried over Na,SQy, filtered and concentrated. The residue is purified by chromatography
on silica gel to give the title compound (80 g, 75 %). MS (m/z): 234 (M+H)".
30
(B) Preparation of 1-(ethoxymethyl)-1H-indole-4-carboxylic acid.



15residue is stirred in EA (1.5 L) and HC1 (0.5% 1 L) for 10 mnutes. The
organic | ayer is separated, washed wi th aqueous saturated sodi um chl oride
(3 x 100 wopepidsserd over anhydrous Na2504, filtered andPcommentovEerd. The
residue is purified by chronmatography O§%8I|Ica gel to give the title
conmpound (110 g, 77 %9. M5 (mz): 259 ( . 20(D) Preparation of

N-cycl opropyl-2-(2, 5-di chl oropyrim din-4- yl) 1- (et hoxynet hyl)-1H

i ndol e- 4- car boxam de. To a sol ution of diisopropylamne (D PA 147 nL, 1.04
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1.04 nol) at he m X -20 C
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N-cycl opro (et hoxynet hyl ) - 1Hi ndol e- 4- car boxami de (60 g, 0.23 nol) and
tri(isopr B‘gé )leea@t@n(rs@ﬂzre HLStiregd26 SGof for hh a?ﬁh%@léu@s Frelzﬂsmxi W) s
added. Th a o) r ion is
slowy Wargarlr{eg dht Q%Idz;ﬂr?ég H&&Heﬁ “ﬁm III&F@ ﬁt) g?tlzr red 3fjc;irtﬁ;%1 %?tﬂaaﬁtgagﬁglnﬁg enched
wi th afjlueeds0 IﬁﬂBOil" h3 cb’ﬂl(Bn(eﬂlQEtrg;ts ﬁeMsl‘n’ﬁi with aquddQs sdtuatedwati®m) chidiidé: @r ude
reaction egassed an ged with 30N2 for fhree tines.

2,4,5-tri Eﬂlsér“&;y Ah énlt@ioﬁq\"‘gg@r’ aRd (cpnceRifatsd it mmﬂn@? fitle compound
d|phenylpbgggbg@@ﬁpﬁﬂpﬁﬁ@?2@0?Qg@{rde (PdC12(dppf).CH2C12,19.2 g, 0.023
mol ) are added and stirred un nitrogen at refluxing tenperature for 1.5
h. The volatiles are WD 2011/134140PCT/ CN2010/ 072225 - 8- rennved i n vacuo.

combi ned. Kot bERt Rt rE R thbrtnrt RN R il St imidi by 1 de- (3 x
100 my, dri edT@\é@bl@@hMuqaﬁowéﬁﬁ) 1#H- inusre&ﬂcm&;ﬂ&ra@@r(tlmge@56}Haﬂf)
phy

residue is purified by chronatogra on silica gel gi ve the title

Sonpou nd {BBHE(1.32)99 addvs Cyﬂpmppykl%n%(ﬁ@ vRl1,)0.84 m@l) anémllylamam (TEMw1) ",
| ik 50 S s R bR Y A, T or oo
tetramethyluronium hexafluorophosphate (240 g, 0.62 mol) at 0 °C. The reaction mixture
is stirred at ambient temperature overnight. The volatiles are removed in vacuo. The
15  residue is stirred in EA (1.5 L) and HCI (0.5%, 1 L) for 10 minutes. The organic layer is
separated, washed with aqueous saturated sodium chloride (3 x 100 mL), dried over
anhydrous Na;SQy, filtered and concentrated. The residue is purified by chromatography
on silica gel to give the title compound (110 g, 77 %). MS (m/z): 259 (M+H)".

20 (D) Preparation of N-cyclopropyl-2-(2,5-dichloropyrimidin-4-yl)-1-(ethoxymethyl)-1H-

indole-4-carboxamide.
To a solution of diisopropylamine (DIPA, 147 mL, 1.04 mol) in anhydrous THF

(600 mL) is added #n-BuLi (2.5 M in hexane, 420 mL, 1.04 mol) at -50 'C. After the
addition, the mixture is stirred at -20 °C for 30 minutes and then cooled to -70 'C. A

25  solution of N-cyclopropyl-1-(ethoxymethyl)-1H-indole-4-carboxamide (60 g, 0.23 mol)
and tri(isopropyl) borate (56.4 mL, 0.25 mol) in anhydrous THF (300 mL) is added. The
reaction mixture is stirred at -70 °C for 30 min. The reaction is slowly warmed up to
ambient temperature, stirred for 1 h and then quenched with aqueous KsPO4-3 H,O (195 g,
0.74 mol, in 700 mL of water). The crude reaction mixture is degassed and purged with

30 N, for three times. 2,4,5-trichloropyrimidine (51 g, 0.27 mol) and palladium
diphenylphosphinoferrocene dichloride (PdCl,(dppf)-CH,Cl,,19.2 g, 0.023 mol) are

added and stirred under nitrogen at refluxing temperature for 1.5 h. The volatiles are



i ndol e- 4- car boxam de hydrochl ori de 10 A m xture of

N-cycl opropyl-2-(2,5-dichloropyrimdin-4-yl)-1-(ethoxynethyl)-1H ndol e-4-ca
rboxam dewQ2011g34@8 nmol ), (1S, 2R)-2-am nocycl opent anol Payamaetwogeizde (4.1
g, 30 mml) and DI PEA (5 nL, 30 nmol) iy DMSO (70 nml) is stirred at 100 C
for 3 h, then poured into water and extracted with EA. The conbi ned
extracts are washed wi th 15aqueous saturated sodiumchloride, dried over
Na2504 and concentrat ed in vacuo. The resi due is purifi ed by chromat ography
on S|I|ca el Qr 0-,2- 2 m noj
v af nehye TR b Bt B RS pror S ERAE SRS IR " o
60.3 % . Wk 6d$l’hzﬂled é}?tﬁacfs%gﬂvhslﬁﬂdmﬂ? de3ﬂ§§h)urﬁtw&kbdluﬁhﬁlcﬁﬁi@\(9 xpooakicy, (7 g,
14.9 rrm)l) is stirred with %{;drogen chloride (6 Min 20nethanol, 210 ni,

1.26 nol ) deed agraplydrays NaoSPaelilisret g qoap@tiaéedcdﬁheé@&@& ippurified bwt i on,

1oty e AR TR g (7 o

2-{5- Gl of@42P[,CIR, ZR)}; aem(mmyéiml ﬁﬁmm;umm[(m}l)* el 37c1]

pyrim di n-4-y1}-Ncycl opropyl - 1H i ndol e-4-carboxam de hydrochl oride WO
2011/ 134140PCT/ CN2010/ 072225 -9- A m xture of

N-cycl opropyl-2-(2,5-dichloropyrim Cﬁﬁh«fb-lé/il.) 1- (et hoxynet hyl ) - 1Hi ndol e- 4-ca
rboxam de (30 g, 75 nmol), (1R, 2R)-2-am nocycl opentanol hydrochl oride (12.3
g, 90 mmoRy{SabidorPEARZ)- HMQX}@Q@OMYDIMH@] PyvBoidinSoyliN-cydomppylr ¥d at 80
5 Cfor 16 h, then poured into wate 1. nd .extracted wwth EA (2 x 500
nmL). The conbined extracts %dgle% ﬂéﬁéwlb%h%%ﬂgg%éesaturat ed sodi um
chloride (500 nL), dried ov 2SO4 and concentrated in vacuo. The residue
is purified by chromat ographyon silica gel toH@ive 2-

{5-chl oro-2-[ (1R 2R)-2- hydr ox cyc(bopentyl am no]

pyrim din-4-yll-Ncycl opropyl- hoxymet hyIRI- dol e- 4- car boxam de (33
g, 93 %. M5 (mz): 470

10
A mixture of N-cyclopropyl-2-(2,5-dichloropyrimidin-4-yl)-1-(ethoxymethyl)-1H-
indole-4-carboxamide (10 g, 25 mmol), (18,2R)-2-aminocyclopentanol hydrochloride (4.1
g, 30 mmol) and DIPEA (5 mL, 30 mmol) in DMSO (70 mL) is stirred at 100 °C for 3 h,
then poured into water and extracted with EA. The combined extracts are washed with
15 aqueous saturated sodium chloride, dried over Na,SO4 and concentrated in vacuo. The
residue is purified by chromatography on silica gel to give 2-{5-chloro-2-[(1R,25)-2-
hydroxycyclopentylamino] pyrimidin-4-yl}-N-cyclopropyl-1-(ethoxymethyl)-1H-indole-
4-carboxamide (7 g, 60.3 %). MS (m/z): 470 (*°Cl) and 472 (*'CI) (M+H)"
The above product (7 g, 14.9 mmol) is stirred with hydrogen chloride (6 M in
20  methanol, 210 mL, 1.26 mol) at 45 °C for 12 h. The precipitate is collected by filtration,
washed with methanol and dried in vacuo to give the title compound (4.7 g, 70 %). MS
(m/z): 412 (°Cl) and 414 'Cl) (M+H)",

25 Example 2
2-{5-Chloro-2-[(1R,2R)-2-hydroxycyclopentylamino] pyrimidin-4-yl}-N-cyclopropyl-
1H-indole-4-carboxamide hydrochloride



10(35C1) and 472 (37Cl) (MtH)'. The above product (33 g, 70 nmol) is
stirred with hydrogen chloride (6 Min nethanol, 1 L, 6 nol) at 45 C for 16
h. The prwoipittdsroi s coll ected by filtration, washed wpCh/aebtvamzd2s(2 x
300 nL) and dried in vacuo to give the itle conpound (26.8 g, 85 %. M5
(mz): 412 (35C1) and 414 (37Cl) (MrH)'". 15 Intra-articul ar

adm ni stration of a dom nant-negative |KKI3 significantly reduced the
severity of the adjuvant-induced arthritis in rats (Tak PP et al, Arthritis
Rheum (2001) 44(8)1897-1907 | KKI 3 knockout cells have dramatic defects

i n expressing TNFai nduced cy%?ki nes, chenoki nesp or adhesi on nol ecul es.
Through conditional or tissuel 20specific knockéut of IKKI3, this kinase is

found to be required for surtiNygtOand prolifl%r@_ of peripheral B-cells
[
or

and for prevention of apoptosis|nediated by Z-W Omori AS, Labuda
T, Karin M Rickert RC, "IKKI LLINg:] peri pheral B cell survival
and proliferation" The J. | : , N.70:4630-4637; Maeda S, Chang
L, et al. "IKKfI is required R o/ of apoptosis nedi ated by
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i nvention are determ ned by bo (in vivo target inhibition) UB7MG
nmodel t hameteaglid ds 6tnhad) etf 456 €t foofl 6 hh@'he prgednitatt isgoti¢nted byhfilbiatipwrvashedr NFa

S NN T TR T e s
SKOV- 3x- Fvid @fiz): 4unprcgraawuh4 i(icnyserHy ce, and the conbi nation studies of
testi {19 t he conmpound with either vincristine
Intra-articular administration of a dominant-negative IKKJ significantly reduced
the severity of the adjuvant-induced arthritis in rats (Tak PP et al, Arthritis Rheum. (2001)
44(8)1897-1907). IKKp knockout cells have dramatic defects in expressing TNFa-
induced cytokines, chemokines, or adhesion molecules. Through conditional or tissue-
20  specific knockout of IKK, this kinase is found to be required for survival and
proliferation of peripheral B-cells and for prevention of apoptosis mediated by TNFa (Li
Z-W, Omori AS, Labuda T, Karin M, Rickert RC, “IKKf is required for peripheral B cell
survival and proliferation” The J. Immunol., (2003), 170:4630-4637; Maeda S, Chang L,
et al. “IKKP is required for prevention of apoptosis mediated by cell-bound but not by
25  circulating TNFa’ Immunity, (2003), 19:725-737). Moreover, deletion of IKK[ in
myeloid cells also reduced the growth of colitis-associated cancer (Greten FR et al, Cell,

(2004), 118:285-296,). Furthermore, several groups have demonstrated that IKKf kinase



20 (VCR) in human ovarian cancer SKOV-3x-FF-luci Xenograft or CPT-11 in
Human Col on Cancer HT-29 Xenograft. Anti-inflammatory activity of a
conpound Wb 2heéi3pr4esent invention is determned by a Li popaingsmackasi de
(LPS) IVTI (in vivo target inhibition) gpdel that assesses the ability of

t he conpound to inhibit the LPS-induced plasma cytokine production in
nouse. 25Anti-inflammatory activity of a conpound of the present invention
is investi gated in both IVTI (in vivo target inhibition) and I VEF (in vivo

efficacy) 0 sac ar use and
Fat are” ubBEPBE bR AR SEPh e ksl d P hARATE el
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| KKI 3 and at | east one of the compounds has anti-inflamuatory or
anti-cancer activity. |KKISsskssnasts mmﬁiOngécaﬂpr:ertidsnase assay is used to

th ff d of th t t
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t |
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481404), Dhesphorzfatiopef E@%@ Swrrﬁ@lhazdh%wmvg@kwsm ashlyy decligenviahility10 uL of
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m n. The contents o s are |scar ach well' 1S washed 3
times w t un2@Q@cli lhnbsxln‘vblalﬂhlgtﬂbfﬁ(e-fi afl Skoeb hpomaatntithiidor IAIBLFT a dordfbund
dilution). 100 uL of anti-phospho I KB%?(tSerSZI 5qer36) ant i bogy conj ugat e
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with 200 6ifeqtel fhgnmpgrr ?OP%PIE G BB R, CARES! SKANG B Flrlusptugior gtq ) and
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well . The 'at€ 1S inc roomte eratu unti e co
chang2®. (OORuIn qumaE)LdeAaISbmmesﬁKOM o FEWnti )éecmgmtﬁiem*tCPil\J(Dl mALGEB) is then

added to each |1 i.s col ted at 450. nmwith a reference

navel engt RO GseiHT oD MR (S B D REE) SHERE) R hfisund. ar e

tested at pRs&ANGRALSRLS RAImInkE BYM LiBofblP@3ciMic USPSANVarTkidinshatgdk di l ution
inhibition) model that assesses the ability of the compound to inhibit the LPS-induced

plasma cytokine production in mouse.

25 Anti-inflammatory activity of a compound of the present invention is investigated
in both IVTI (in vivo target inhibition) and IVEF (in vivo efficacy) models.
Lipopolysaccharide (LPS) IVTI models in both mouse and rat are used to assess the
ability of the compound to inhibit the LPS-induced production of plasma cytokine.
Collagen Induced Arthritis (CIA) models in mouse and rat are used to evaluate the anti-

30  inflammatory and anti-cytokine effects. Ovalbumin (OVA)-induced pulmonary

inflammation models in mouse and rat are used to evaluate the effect of the compound on



schenme. Al exenplified conpounds in the invention show an I1C50 < 0.1 uM
For WD 2011/ 134140PCT/ CN2010/ 072225 -12- exanple, Exanple 1 has an | C50 of
0. 015 uMweohwah3indi cates that the conpound is a potent PCKKIN20oiovilizA25t or .
Al'ternately, the IKKI3 kinase assay isperformed in vitro using a Z'-LYTETm
Assay Kit-Ser/ Thr 5 Peptide (lnvitrogen, Cat.No. PV3178). All reactions (20
uL) are 5 started by adding 0.8 L of the test conmpound in a DVSO sol ution,
10 uL of Kinase / Peptide M xture or Phospho-Peptide solution (lnvitrogen,
Cat.No. P 9. . diluted w-th 1.33x.Ki nase Buffer 5. ulL of 1. 33.x Kinase
ut ter (1 oty SRR Wby Fag iR bl hn® s oy e I5r S are
Sol uti on ffodeiNh.ma@ne, . aditidl wédetfandliligd swatosls, antBind8sbensdnk Sagsapicp! at e

(Corning, Cat.No. 3575) is mxed and incubated at roomtenperature 10 for 1
hour. 10 AcidDNB-ndyeaddpmtiistmagtsl it iabsic pevesbiomtin asresageriof thq anivi t r ogen,

Cat. No. P f I nvi t , Cat.No. PV3127) = 1:128
YRR bryRRHSL ARSI LR (Vi Lrogen ) )

is then a we m xed and i ncubated at room tenperature for
another 1 h. The kinase reaction is then stopped by adding 10 uL of the

St op Rpagent ( TAydetak Qe dembiadtrabiothatBR08A9 1 andd atdwot@lt adlebitsis bEHK Ppahd a
Wal l ac 1420 VICTOR3 Multil abel Counter 15 (PERKIN ELMERTM), at 445 nm and
520 nm f | aldeess eBpekthe Por@pewlshah ardi-Hilamomatery o7 anti-canges agthtyound i s
initially tested at 8 concentrations (10 umto 0.003 uM using a 1:3 serial
di lution schene. Exanple 2 has an I C50 of 0.058 uM This result shows that
Exanple 2 is also a potent [|KKI 3 IKKf Kinhear AssapCel | Viability Test To

eval uate biol ogjc tivity of a conmpound in_.vitro, the cell viability
test is appli egbe fﬁL-.KﬁﬁﬁI@ﬁe,a SRKISFSF @%@Ewﬂa%}&gt PRSIt thedreseph cel |
survi yal | fer.atd.on: | 5

i i or Ve RIEN] ERhrAltc SR DO, SRIRACA SR a8, Pormeg,
test provim@soiusingaMKKBAIndbioe Btresniny KiaiCaifibdent F@at NertBM044). | KK

25i nhibitors. BxPC-3 cells (ATCC #CRL-1687; human pancreatic cancer
cel | |i neycagiiensgp@wh) pie sRotodelyl adpmekd ONErok kindscibaster tkit eonrrPiat) Ne640 nedi a

$70000- 14130 0P HEBSTTRE: (vt Ak bty A SR B L T2 ) "ar e
grown in %KK)BQQ %&mkﬁQoﬁ@og&R#ﬁg.%hO@wﬁ’@g%g}?@ﬁeet‘ést"@o oty % FBS

S
(G bco#10099- 141 For” conmpound 't esti ng, BxPc-3 Skov3- Lu | s are
seedeth at (ROBO suatidn)OHe®) drsl/ MBLIL of ATPAIECH €kiy corifdnent, No. JA7914) and

201 1341?h%5gllzu%2{%1?g1§/3%7°2c2f20§36 :ansn-l The contents of the wells are then discarded. Each
well is washed 3 times with 200 uL 1x wash buffer (kit component, NO. JA1617, 1:20
dilution). 100 uL of anti-phospho IxBa. (Ser’*/Ser*®) antibody conjugate (kit component,
No. JA9126) is added to each well and incubated at room temperature for 1 h. Then the

20  wells are washed 3 times with 1x wash buffer (kit component, NO. JA1617, 1:20
dilution), 200 mL/well and 100 uL. HRP-conjugate (kit component, No. JA7643) is added
to each well and incubated at room temperature for 1 h. Then the wells are washed 3
times with 200 uL 1x wash buffer (kit component, NO. JA1617, 1:20 dilution) and 100
uL TMB substrate conjugate (kit component, No. JA1608) is added to each well. The

25  plate is incubated at room temperature until the color changes. 100 uL of ELISA Stop
solution (kit component, NO. JA1616) is then added to each well. The data is collected at
450 nm with a reference wavelength at 570 nm by MultiScan (Thermo Labsystems). All

compound are tested at 8 concentrations (10 uM to 0.003 uM) using a 1:3 serial dilution

scheme. All exemplified compounds in the invention show an ICsq < 0.1 uM. For



in 100 ilL of corresponding nedia specified above for each cell line in
96-wel |l plates 20 h prior to treatnent. Cells are treated with a test
conpound WO 2ei1gi3s14di f f erent concentrations in the presemce/@200/0522% DVSO
for 72 h. Cell death in each well is d_qg_erm’ ned by the addition of 20 ilL
of the One Solution Reagent (CELLTITER 96(r) AQueous One 5Sol ution Cell
Proliferation Assay, Pronega #G3580). After 2-4 h of incubation at 37 C
optical densities at 492 nmare neasured with a mcropl ate reader.

I nhi bi ti f | viability i ' .by. [ to th trol
call s tr oaratpf v EPbaniticor ofFDELM SiciniR RO RS bBrbiRLeRon ot uay
of the coppe i tRigpoher antitunor agents, BxPc-3 and 10Skov3-Luc cells

are seeded at 2000 and 5000 cells/well respectively in 100 ilL
correspondi ng dAdtdimatedypelod ISR kabsavessdyors pedomakllvitré neng m Z96-YAWBE™ pl at es 20

number of ASUHASHOFATTonBEHEE (951 FAER: o4 Nehd (AR cRpEREROTa B KGR ThEa f’?
0.15 -¢0. i R |ty . Ce
death | n Salthd Gy O o200 AL 1P Bl o PR gBh Ob Kire OOl e

Sol uti on ReggeMix{Ebl PhddpRo Peptide sddtauEnvdnezcbpCutNe.PVGA1D, Rtwtd Wwehat i on

Assay, Prorrega‘#CBSS‘]gge. After 2-4 h of incubation at 37 C ogtical
densi ti es1a8x KagasgRuice), ppdsefrletd nKinpse Buffer Gpyigeecn: £atdp. PYAH%PEi on of

the absentliby i T RIS I TESP Eoniarab T pE S v dRBi nat on
study wit BSE&@H@&@%’%Ieﬁé SARG! ehi Mo dBY8) s @ixéParl dind@ak = rodat &R Ratdres hows

synergy effects (the effects of Exanple 1 are enhanced or nagnified, see
t abl el®- i forBxipewr.31¢ gLlof ithenldevelxampit Sotutip@ [Beveldpnadnd Reagenl B. (k844rdgehi bi ti on;

TNFa (5 | .73%inh.; JNFa (5 ng/ + | 2.5 1M,

87. ?56(%) i ﬂﬂ{a{m’] RS 65%631@%'{}%9?“5% Kﬁl{v}(tﬁ?é?&g&ﬁ?ﬂ- B%?%S_ei ‘ﬁk/é] 1531??12/? 11. 5%
inh.; Vi ngddedttd BEch(Well MikbdMndBinOifitedat fSIA kdhtriitel BPanovhd?ard. Sthd@ndL- 15
ilM + Exanple 1 (25 I'M, 25 80.25%inhibition) when conbined with either

TNFa or VERciion istininbitepiped bBxgding 18nd. Skby Stoplhmecrg dlnvitgrgent Gat.Nchi s dat a

or VR | e e e e ART s et o Wt a2 Sk MRS R 50 Tl ¢ o
Conbi pat i pFERISEN Bf MBI a€445 Mntaid SDOBR AlbEANGETHRASHY HC8h MIR B Agent s

Ave. Inhibition rate
2.14. The compound is initially tested at 8 concentrations (10 uM to 0.003 uM) using a

1:3 serial dilution scheme. Example 2 has an IC50 of 0.058 uM. This result shows that
Example 2 is also a potent IKK inhibitor.

20 Cell Viability Test

To evaluate biological activity of a compound in vitro, the cell viability test is
applied, in which, IKKf receptor plays an important role in cell survival and proliferation.
Once the IKKf pathway is blocked by inhibitors, a cell can go through apoptosis or death.
The cell viability test provides information on cell survival after treatment with IKK

25  inhibitors.

BxPC-3 cells (ATCC #CRL-1687; human pancreatic cancer cell line) are grown
in Roswell Park Memorial Institute (RPMI) 1640 media (Gibco #A10491-01)
supplemented with 10 % fetal bovine serum (FBS) (Gibco #10099-141). Skov3-luc cells
(ATCC, human ovarian carcinoma cell line) are grown in McCoy's 5a medium

30  (Gibco#16600) supplemented with 10 % FBS (Gibco#10099-141). For compound
testing, BxPc-3 and Skov3-Luc cells are seeded at 2000 and 5000 cells/well respectively



WO 2011/ 134140PCT/ CN2010/ 072225 -14- Bxpc-3 TNFa (5 ng/nL) 5.73% Exanple 1
(2.5 uM -16.48% TNFa (5 ng/nL) + Exanple 1 (2.5 uM 87.75% Bxpc-3
Vincristiwe 200/18%5140M) 9. 48% Exanple 1 (25 uM 11.53% PCT/CN2010/072225

-13-

in 100 pL of corresponding media specified above for each cell line in 96-well plates 20 h
prior to treatment. Cells are treated with a test compound at eight different concentrations
in the presence of 0.5 % DMSO for 72 h. Cell death in each well is determined by the
addition of 20 uL of the One Solution Reagent (CELLTITER 96® AQueous One
5  Solution Cell Proliferation Assay, Promega #G3580). After 2-4 h of incubation at 37 °C,

optical densities at 492 nm are measured with a microplate reader. Inhibition of cell
viability is determined by comparison to the control cells treated in the absence of a test
compound.
For the combination study of the compound with other antitumor agents, BxPc-3 and

10 Skov3-Luc cells are seeded at 2000 and 5000 cells/well respectively in 100 uLL
corresponding media specified above for each cell line in 96-well plates 20 h prior to the
treatment. The cells are treated with the test compound at a number of concentrations for
30 minutes and then exposed to 5 ng/mL TNFa or 0.15 - 0.6 uM of VCR (vincristine
sulfate) for an additional 72 hours. Cell death in each well is determined by the addition

15 of 20 puL of the One Solution Reagent (CELLTITER 96® AQueous One Solution Cell
Proliferation Assay, Promega #G3580). After 2-4 h of incubation at 37 °C, optical
densities at 492 nm are measured with a microplate reader. Inhibition of cell viability is
determined by comparison to the control cells treated in the absence of a test compound.
For example, the results of the combination study with Example 1 are specially detailed

20  in Table 2. Example 1 shows synergy effects (the effects of Example 1 are enhanced or
magnified, see table 2-in Bxpc-3 cell line: Example 1 (2.5 uM) alone, -16.48% inhibition;
TNFa (5 ng/mL) alone, 5.73% inh.; TNFa (5 ng/mL) + Example 1 (2.5 uM), 87.75%
inhibition also in Bxpc-3 cell line, Example 1 (25 uM) alone, 11.5% inh.; Vincristine
(0.15 uM) alone, 5.73% inhhibition; Vincristine (0.15 uM) + Example 1 (25 uM),

25  80.25% inhibition) when combined with either TNFa or VCR in inhibiting Bxpc-3 and
Skov3 tumor cell growth. This data demonstrates the therapeutic utility of Example 1 in

combination with TNFa or VCR in the treatment of ovarian cancer or pancreatic cancer.

30 Table 2. Combination use of Example 1 with other anticancer agents

Cell line Agents Ave. Inhibition rate




Vincristine (0.15 uM + Exanple 1 (25 uM 80.25% Skov3-luc Vincristine
(0.25 uM 24.96% Exanple 1(12.5 uM 21.76% Vincristine (0.25 uM +
Exanpl e WORB11B3WND 82. 29% I nhibition of TNFa Gene ExpPeI&inamoion22287MG
Xenograft TNFa stinulates IKKI3 signalijpg and triggers TNFa gene
expression. In order to confirmthat a corrpound Is targeting IKKI3 in vivo,
the conmpound is screened for its 5 ability to inhibit TNFa i nduced TNFa
gene expression in a UB7M5 (human gliobl astoma cell |i ne) xenograft.

3x106UB7MG t ynor—cetts tptanted—subcutaneoustyntothe-rjght—tateral
flank of fengle Bal b/c m%nﬂﬂg’é mce (6-8 weeks ol d). ?gé\( 10-12 days,
when tunor vgl umxpegach Vs P —animal S are rjandom z oNt 0 t he

foll owi ng grdups: cont rq%a n %g@ti nmul ati on), nodel Nﬁg gs/'?l nmul atji on),
and the test |10 corrpoundrmp@eiﬁg/ngr)euE@mpw,l(Z@,m\@p and 10Qg7ng%g (with
TNFa stinulatfion) Nudeg mce are orally admnisteredwith the test conpound

at 2 h prior |to tum)r anelsstlnndo lTINM) (R&D, Cat: 210-TA) |%48%travenﬂusl y
i njected at 1 % tu..u. harvestHnrg—at—8—ugikg—etal—RNA+s—extract ed
ASYOPH n|

usi ng the RNE et AENSD Cat : 74126) . 11.53%
Vincristine (0.15 uM) + Example 1 (25

uM) 80.25%

Vincristine (0.25 uM) 24.96%

Skov3-luc | Example 1 (12.5 uM) 21.76%

Vincristine (0.25 uM) + Example 1 (12.5
uM) 82.29%

Inhibition of TNFa Gene Expression in US87MG Xenograft
TNFa stimulates IKKf3 signaling and triggers TNFo. gene expression. In order to
confirm that a compound is targeting IKKf} in vivo, the compound is screened for its
5  ability to inhibit TNFa induced TNFa gene expression in a US7MG (human glioblastoma
cell line) xenograft. 3x10° U§7MG tumor cells are implanted subcutancously into the
right lateral flank of female Balb/c athymic nude mice (6-8 weeks old). After 10-12 days,
when tumor volume reached 200-300 mm®, animals are randomized into the following
groups: control (non-TNFa stimulation), model (TNFa stimulation), and the test
10 compound treated groups: 10, 30, 60 and 100 mg/kg (with TNFa stimulation). Nude
mice are orally administered with the test compound at 2 h prior to tumor harvesting.
TNFa (R&D, Cat: 210-TA) is intravenously injected at 1 h before tumor harvesting at 8
ug/ke.
Total RNA is extracted using the RNEASY® mini Kit (QIAGEN®, Cat: 74126).
15  cDNA is synthesized using the High Capacity cDNA reverse transcription kit (ABI, Cat:
4368813). Quantitative real-time PCR is carried out in a 7500 real-time PCR system
(Applied Biosystems) using the corresponding primers/probes for human GAPDH
gene(ABI Hs99999905 m1) and human TNFa gene(ABI Hs00174128 m1) and ABgene
Absolute QPCR ROX 2X master mix(AB-1139/B).
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5 in U87MG xenograft.

Table 3. Effect of Example 1 on TNFa induced TNFa gene expression in US7MG

xenograft model

Inhibition Rate
Groups
(%)
Control (without TNFa.) -
Model (with TNFa) -
Example 1-10 mg/kg -2h 49.1
Example 1-30 mg/kg-2h 68.5
Example 1-60 mg/kg-2h 86.2
Example 1-100 mg/kg-2h 94.9
10 Example 2 is specifically detailed in Table 4, Example 2 dose-dependently

inhibits the TNFa induced TNFa gene expression in US7MG xenograft.

Table 4. Effect of Example 2 in TNFa induced TNFa gene expression in US7MG

Xenograft Meodel.
Groups Inhibition Rate (%)
Control -
Model -
Example 2 - 3 mg/kg 10.7
Example 2 - 10 mg/kg 253




Exanpl e 1-60 ng/ kg-2h 86.2 Exanple 1-100 ng/ kg-2h 94.9 10Exanple 2 is
specifically detailed in Table 4, Exanple 2 dose-dependently inhibits the
TNFa i nduweaoliNBal4gene expression in UB7MG xenograft. TabraNeo10E7iest of
Exanple 2 in TNFa i nduced TNFa gene enggssion in UB7MG Xenograft Meodel .
G oups Inhibition Rate (%9 Control - Mdel - Exanple 2 - 3 ng/kg 10.7
Exanple 2 - 10 ng/ kg 25.3

Example 2 - 30 mg/kg 69.7

Example 2 - 60 mg/kg 87.8

Examples 1 and 2 show that the inhibition of TNFa induced TNFa gene

expression in US7MG xenograft is in a dose-dependent manner.

Anti-tumor Effects in Human Ovarian Cancer SKOV-3x-FF-luci Xenograft
5  SKOV-3x-FF-luci human ovarian cancer line cell line (ATCC) is cultured in McCoy's 5a

medium containing 10 % fetal calf serum (FCS). Female Balb/c nu/nu mice (6-8 weeks
old) are peritoneally injected with 0.2 mL of cell suspension containing 2x10° cells. Mice
are divided into five groups six days after cell implantation. The test compound at doses
of 60, 90 and 150 mg/kg is orally administered to animals for a consecutive 21 days with

10 atwice a day (bid) or three times a day (tid) regimen. Mice in control groups are
administered the vehicle (10 % Acacia at pH 2.1, bid). At the end of the treatment, all
mice are euthanized with CO; and tumors in the peritoneal cavity, diaphragmatic muscle,
mesenterium, liver, spleen, and ovaries are dissected and harvested, and put together for
the measurement of their combined weight. Results of tumor weight and inhibition rate

15  (IR) are evaluated. The inhibition rate is calculated with the formula: IR % = (tumor
weight in control — tumor weight in drug treated)/tumor weight in control x100%. The
results for Example 1 are specially detailed in Table 5. Example 1 significantly inhibits
human ovarian tumor growth with an IR of 76.31 % at oral doses of 60 mg/kg (t.i.d.) in
nude mice (P<0.01, Student’s T test). This data demonstrates the therapeutic utility of

20  Example 1 in the treatment of ovarian cancer.

Table 5. Effects of Example 1 in SKOV-3x-FF-luci tumor growth in nude mice

Animal # Tumor Weight (g) P Value
Group IR
(start/end) (Mean£S.D.) vs control
Control (10 % Acacia pH2.1, bid, q8h) 8/8 2.148 £ 0.530 - -

Example 1 (60 mg/kg, tid, q6h) 8/8 0.509+0.193  7631%  0.0001
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harvested, and combined for the measurement of weight. Inhibition rate: IR % = (tumor
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Example 2 shows a tumor inhibition rate (IR) of 59.3 % and 93.9 % at doses of 30 and
15 100 mg/kg, respectively. By monotherapy, Example 2 also inhibits SKOV-3x-FF-luci
tumor growth. This data demonstrates the therapeutic utility of Example 2 in the

treatment of ovarian cancer.

Anti-tumor Effects in Human Colon Cancer HT-29 Xenograft
20 IKKf inhibitor has been reported to repress the HT-29 tumor growth when in
combination with CPT-11 (Lagadec P, Griessinger E, Nawrot MP, et al. Br. J. Cancer
(2008) 98, 335 — 344). The anti-tumor effect of the compound is then examined in a
human colon cancer HT-29 xenograft in combination with CPT-11. The compound is
tested for its anti-tumor effects in a human colon cancer HT-29 xenograft with/without
25  the co-administration of CPT-11 essentially as described in a method reported in the
literature (Lagadec P, Griessinger E, Nawrot MP, et al. Br. J. Cancer (2008) 98, 335 —
344).
The HT-29 human colorectal adenocarcinoma cell line is obtained from ATCC
and cultured in McCoy's 5a medium containing 10 % fetal calf serum. Male Balb/c nu/nu
30  mice (6-7 weeks old) are injected subcutaneously in the right lateral flank with 0.1 mL of
cell suspension containing 3.0x10° cells. Mice are divided into six groups, seven days

after cell implantation. The test compound is orally administered twice a day at 60 and
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study (Day 66); 2) Individual 77 > 4000 mm™; 3) Individual tumor ulcerated. Example 1

as a single agent does not inhibit HT-29 tumor growth at 60 or 20 mg/kg, p.o., but when

in combination with CPT-11 (20 mg/kg, i.p.), it enhances the anti-tumor effect of CPT-11

at these dosages (P<0.05, Student’s T test).

15 In combination with CPT-11, Example 1 shows anti-tumor effects in human colon
cancer HT-29 Xenograft model, indicating Example 1 plays a role in the tumor repression.

This data demonstrates the therapeutic utility of Example 1 in combination with CPT-11

in the treatment of colon cancer.

20
Antitumor Effect in SKOV-3x-FF-luci Xenograft with Vincristine (VCR)
In order to expand the anti-tumor spectrum, more combination testing is explored.
Based on in vitro synergistic effect of Example 1 and VCR, the compound is tested for its
anti-tumor effects in SKOV-3x-FF-luci xenograft in the presence/absence of VCR. The
25  SKOV-3x-FF-luci human ovarian cancer line (ATCC) is cultured in McCoy's 5a medium
containing 10 % FCS. Female Balb/c nu/nu mice (6-7 weeks old) are peritoneally
injected with 0.2 mL of cell suspension containing 2x10° cells. Mice are divided into
nine groups six days after cell implantation. The test compound is orally administered
twice a day at 60 mg/kg for 20 consecutive days or at 90 mg/kg with a 2 days on and 5
30  days off dosing schedule. VCR at 1 or 0.3 mg/kg is administered via tail vein injection,
once a week. In the combination group, VCR is given 1 h after the administration of the

test compound. Mice from the control group are administered with the oral vehicle (10 %
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wth CPT-11 in the treatnent of colon cancer. 20 )

The dose dependency, time course study and pharmacokinetic/pharmacodynamic
relationship of the test compound are conducted in mice treated with LPS (0.4 mg/kg).

20  Eight mice/group are administrated with 1 to 100 mg/kg of either the test compound
(suspension in 10 % acacia) or vehicle by oral gavage at 1 h prior to intraperitoneal
injection of 0.4 mg/kg LPS. Ninety minutes after LPS administration, blood samples are
collected in tubes containing heparin for anticoagulation. Plasma samples are diluted 3-
fold with dilution buffer (R&D, Cat.No. Part 895206, Calibrator Diluent RD5Z). TNFa

25  levels are measured using ELISA kit (R&D, Cat.No. MTAO00) based on manufacture’s
protocol. Data is acquired using a SPECTRAMAX® M2e¢ Plus Plate Reader and analyzed
by standard curve fitting. Example 1 at 10 mg/kg significantly suppresses the production
of TNFa down to 1474.9 pg/mL from a baseline of 2346.2 pg/mL (p<0.01), an inhibition
of 37.1 %.

30 Alternately, the compound is screened for its ability to inhibit the LPS-induced
cytokine production in rat plasma according to the method reported in the literature

(Ziegelbauer K, Gantner F, Lukacs NW, et al. Br J. Pharmacol. 2005,145(2):178-92).
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administration, blood is collected with heparin anticoagulated tubes to measure TNFa
levels (R&D, Cat.No. MTA00), IL-6 (R&D, Cat.No. M6000B) and IL-1B (R&D, Cat.No.

20 MLBO00B) based on the general kit protocols. Diluted or undiluted plasma samples of 50
uL are used for each measurement. For the measurements of TNFa, the plasma sample is
diluted 3-fold with the dilution buffer (R&D, Cat.No. Part 895206, Calibrator Diluent
RD5Z); for the measurements of 1L-6, the plasma sample is diluted 25 fold with the
dilution buffer (R&D, Cat.No. Part 895175, Calibrator Diluent RD5T) and undiluted

25  plasma sample is used for the measurement of IL-13. The plate is read on a
SPECTRMAX® M2¢ Plus Plate Reader and the data is analyzed using a standard curve.
Example 2 dose dependently inhibits TNFa and IL-6 production in plasma with an EDs
of 4.84 mg/kg (ECso in the 2420 ng/mL range) and 15.1 mg/kg, respectively, but no effect
was observed on IL-1p production even at the dose of 100 mg/kg.

30 Both Example 1 and 2 are confirmed to be potent IKKf inhibitors in vitro and

show significant activity in a mouse model of LPS-induced cytokine release in vivo.
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TNFa production correlates with drug plasma concentrations and joint concentration.
Collectively these data indicate that the compound of Example 2 inhibits joint
inflammation.

25

Protocol of Collagen Induced Arthritis (CIA) Model in Mice
Previous studies have shown that small molecular inhibitors of IKKf} are
efficacious in a mouse CIA model (Podolin, PL et al, J. Pharm. Exp. Ther., 2005, 312:
373-381). In addition, mice with T cells expressing a dominant—negative form of IkBa
30  are protected from developing CIA (Seetharaman R. et al. J. Immunol. 1999: 163, 1577—

1583). These observations suggest that IKK[ inhibitors are likely to be efficacious in
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curve. Exanple 2 dose dependently inhibits TNFa and |IL-6 production in
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This data demonstrates the therapeutic utility of Example 2 in the treatment of

rheumatoid arthritis.

Rat Collagen II Induced Arthritis (CIA) Model
25 To confirm the results obtained in mouse CIA model, the compound is also tested
in a CIA model in rat essentially as described in a method reported in the literature
(Rosloniec EF, Cremer M, Kang A, Myers LK. Current Protocols in Immunology. 1996,
15.5.1-15.5.24). Briefly, Wistar Rats are immunized intradermally with 200 ug bovine
collagen II emulsified in Freund’s incomplete adjuvant (IFA, Sigma, US) on day 0 and
30  with 100 pg collagen II emulsified in IFA (incomplete Freund’s adjuvant) on day 7. The

hind paw volume is measured before and after the immunization. The disease



1583). These observations suggest that IKKI3 inhibitors are likely to be
efficacious in WD 2011/ 134140PCT/ CN2010/ 072225 -22- treating rheumatoid
arthriti swothewysimne a conpound of the present inventi oRCIrELN2estE2R25N t he
col lagen induced arthritis (ClA) nodel 5hn mce essentially as described in
a nmethod reported in the literature (RoSloniec EF, Crener M Kang A, Mers
LK. Current Protocols in |Imunol ogy. 1996, 15.5.1-15.5.24). G5Briefly, DBA/1
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(q.d.) as a positive control. Nornmal aninmls, receiving any treatnent,
are used afrheegatoid/etioontrol. The drugs are orally administered at 3, 10,
and 30 ng/kg bid for 42 days. Statistically significant inhibition of joint
swelling and reduction of arthritis scores are observed at 10 and 30 ng/ kg

bid (29 and 60 ny/ kgéAsuminf(OV Axiatided Pimbidly RitldaRRAI#An Micd. 3 o/ kg.
This data denonstrates the therapeutic utility of Exanple 2 in the

treatnment of rRewmasefudicahehe stoveg. thiRemaliohdlagear 1nh1bltnt$u1féI§K§rCtahrsupprsss( Cl A
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Current Protocols in | munol ogy. 1996, 15.5.1-15.5.24) riefly, star

Rats are Ithmﬁfwtz@(ﬂ IKKf3rinlibrtom|onyanvii wivopoodal of batidenedroeh laagen iflanematic. f i ed
N S O L L (A SO ) 8. g 0 20, 1 100
glhgegls gd Hﬁ]%lnﬂﬁ’itié)ﬁ'@néc&l EaResnhgiyPieddnehaalih @mdiN& dcpoidH inakd BRratiBe
(Muriel Pichavant, Sho Goya, Eckard Hamelmann, Erwin W. Gelfand, and Dale T.
Umetsu. Animal Models of Airway Sensitization. Current Protocols in Immunology.
(1999) 15.18.1-15.18.13). Briefly, female Balb/c mice weighing from 18 to 20 g are
20  sensitized by introperitoneal injection of 100 pL of saline containing 20 pg of OVA and 2
mg of aluminum hydroxide on day 1 and 14. On days 28, 29 and 30, mice are challenged
once cach by aerosolizing 1 % ovalbumin (OVA) in phosphate buffered saline (PBS) for
20 minutes with Buxco Mass Dosing System. Dexamethasone at the dose of 1 mg/kg
(qd), serving as the positive control, and the test compound at doses of 1, 3, 10 and 30
25  mg/kg (qd) are orally administered to mice from day 1 to day 31. On day 32, animals
from each group are anesthetized with 1% of pentobarbital sodium. The thoracic and
abdominal cavities are opened and plasma is collected from centrifuged specimens. The
trachea is then dissected and transected. Through the insertion of an 18-gauge catheter
into the trachea, the lungs are lavaged with a total of 1.5 mL of sterile PBS and then
30  placed into a specimen container. Cell-free BAL supernatants are obtained by
centrifugation of BAL fluids. All serum and BAL supernatants are stored at -80 °C until

use. Differential cell counts are performed on cytospin preparations of BAL cells for cell



WO 2011/ 134140PCT/ CN2010/ 072225 -23- devel opnent of four paws is quantified
wth arthritis scores. Rats in normal and nodel groups are treated with
vehi cl e owOodnugi3ftaneat ed group). Rats in treated group &Ce/N2edolog2225

adm nistered with the testing conpound,at doses of 3, 10, 30 ng/kg (bid),
fromday 1 to day 21 after the first immnization. In the LEF group, as a
positive control, rats are orally 5adm nistered wth LEF at a dose of 10
ng/ kg, q.d. Exanple 2 at 30 ng/kg significantly attenuates coll agen induced
arthritis, as. sho by. decreased arjhritis scores hi nd paws.,vol une.
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PBS and t heatni36t @l aathexch. i nt o a speci nen container. Cell-free BAL
supernatants are obtained by centrifugation of BAL fluids. Al serum and

BAL supernatants are stored at -80 Cuntil use. Differential cell counts
are performed ono@y QrRLAY Mlﬁﬁﬁé@tlhﬂﬁﬁm‘&ﬁo@ﬁi—B&%M—ﬁoMy (BN)'Rats

To evaluate the effects of IKK[ inhibitors on antigen-driven airway inflammation

20  in vivo, the compound is also tested in OV A-induced pulmonary inflammation model in
rats essentially as described in a method reported in the literature (Yamamoto N,
Takeshita K, Shichijo M, Kokubo T, Sato M, Nakashima K, Ishimori M, Nagai H, Li YF,
Yura T, Bacon KB. J Pharm. Exp Ther. 2003; 306(3):1174-81). Briefly, male BN rats
weighing from 240 to 260 g are sensitized by intraperitoneal injection of 1 mL of saline

25  containing 1 mg of OVA and 13 mg of aluminum hydroxide on days 1, 2 and 3. Rats
serving as normal control received 1 mL of saline instead of OVA. The test compound at
doses 0of 0.3, 1, 3 and 30 mg/kg (bid) is orally administered to rats on day 20 and 21. On
day 21 rats are challenged with 1 % OVA for 15 minutes with Buxco Mass Dosing
System. On day 22, rats are anesthetized with 1% Pentobarbital Sodium. The thoracic

30  and abdominal cavities are opened. Plasma is collected from centrifuged specimens. The
trachea is dissected and transected. Through the insertion of an 18-gauge catheter into the

trachea, the lungs are lavaged with a total of 15 mL of sterile PBS, and then placed into a
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cyt oki ne determ nation. A significantly increases the total cell nunbers

and 520si fidpéntaetenumiebacilpsis beaiAn GHAI{ Gempletedaced'svhdjhvanth@0fwlg cont r ol
(p<0.01). H37Ra). The test compound at doses of 3, 10, 30 mg/kg or vehicle is administered orally
twice daily from day 1 after the immunization for the prophylactic study, or dosed from
the day of EAE relapse and continues throughout the disease for the therapeutic study.
Dexamethasone (1 mg/kg, p.o., q.d.) is used as the positive control. Body weight and
25  clinical assessments of EAE are performed daily. Disease scoring follows the criteria: 0,
no overt signs of disease; 1, limp tail or hind limb weakness but not both; 2, limp tail and
hind limb weakness; 3, partial hind limb paralysis; 4, complete hind limb paralysis; 5,
moribund state or death. Mice immunized with PLP 139-151 develop EAE-associated
clinical symptoms and a decreased in body weight starting from day 11. EAE scores are
30  rapidly elevated and reached a maximal level on day 15. A decrease of EAE scores

occurs at approximately day 20. Then spontancous relapse occurs thereafter (model

group). In the drug groups with Example 2, the elevated EAE-associated clinical score



Exanple 2 at 0.3 to 30 ng/ kg significantly inhibits the increase of total
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treatnment of multiple sclerosis. Di ni trobenzene Sul phonic Acid

( DNBS) - i nilgesd! g traafes wigh vedrcle ki t@@ Psitisecenirol arpypyvedfaprazineisoedi at i on of
e o 35Ok LU AL AR SV PO O R A %, e
r epr esent sutharpzaimi4sh afjertthe ﬁﬁztl tfe@fmetnlnecdb‘ﬁabmody Meighft ravaald cafpmit damage
20  scores are calculated for each animal. Vehicle treatment of rats results in a progressive
worsening of clinical symptoms, achieving a maximum colonic damage score of 6.1 £ 0.6
and colon-to-body weight ratio-colon length of 0.96+ 0.10 on day 7 after instillation. In
this DNBS-induced inflammatory bowel disease model, rats treated with Example 2 at
doses of 3, 10, 30 and 60 mg/kg show a marked reduction in colonic damage scores,
25  colon-to-body weight-to-colon length ratio with more than 30 % reduction. The effects of
Example 2 at 3 to 60 mg/kg/day are similar with that of sulfasalazine at 300 mg/kg/day.
This study demonstrates the therapeutic utility of Example 2 in the treatment of
inflammatory bowel disease.
The compounds of the present invention are preferably formulated as
30  pharmaceutical compositions administered by a variety of routes. Most preferably,

such compositions are for oral or intravenous administration. Such pharmaceutical

compositions and processes for preparing same are well known in the art. See, e.g.,



10to treat |BD. A conpound is tested in DNBS-induced colitis nodel in
rat essentially as described in a nethod reported in the literature (Qut.
2002; 50(8p:24t03d40 Briefly, Wstar rats are used in thecexpeniomsms.
Fol l ow ng the induction of distal coIL&Y§ by intra-colonic instillation of
DNBS, the test compound at doses of 3, 10, 30, 60 ng/kg (bid) is

15adm nistered to rats orally for six days. The negative control group is
treated with the vehicle alone without DNBS instillation. The

bosi tive ReM NG RORbRHE RGN R ERACTC P CHARRAR D 8t he rat's

300 ny/ kgedkaid1y ctQLippidcotONs Hemt RyWiltas2005ni mal s are eut hani zed 24 h after
the final treatnent. Col on-to-body weight ratio and col oni c damage 20scores
are cal cul at ed The porapriidaaf thepresyatinrension apngsrsilly sffeptiresovcea Wids in a

f oar eSSi . b o . o
Ganage sor ot fage, Pl Sanfll BoGRes Rk Rl ahma ARl BB N R AP 0 o
0. 96 05 10tooaboda§00/magfkigert bbds tviclghat incsomel instiuics dONBSidveBbetdv theflowenrat or y

bowel disease del, rats treated with Exanple 2 at. doses of 3, 10, 30 and
60 my/ kg ngﬁ%tjpr@éaﬁr%ﬁ%{%w mﬂrectgiﬂb cupfsnuile wdha sasos sEB 1At o- hody

wei ght - t 0360k Ay RGP0 ye@ithott LdhsiiBlagy hRARPAIX &I UG (R cfofOcabbReT S Of
Exanple 2 at 3 ?o 60 ny/ kg/ day are Simlar with that of sulfasal azi ne at
300 ng/ kglasge range is noFhitsndsduad yindethro seipeatf g inhentiohen apewty.cltowillibet y of
Example 2 i i nf | ammat,o

The b o5 HdOSHIRER: ARRup b tiPtrg e Y B S8 B Prdssoreapy -

conmposi t i @payAElan, Th Sl oPihe Rel¥dnt SiryurRtadcey tifdudiMp e dngfishabby. such
conpositions are for oral or intravenous adm nistration. Such

phar naceutreded, teoehpsen rqusmel adminipirgions heqctugh compgyad ongomperndar e wel | known
inth . - ; . SCILEN N | CE..OF
priarwecy (s @ aaq we iy IR QRS of W s R R S Y0 i s,

2005) . Theheqtipayngmpimd he present invention are generally effective over
a W de dosage range. For exanple, dosages per day normally fall within the
range of about 0.05 5 to about 500 ng/ kg of body weight. In sone instances
dosage levels belowthe lower Iimt of the aforesaid range may be nore than
adequate, while in other cases still larger doses may be enpl oyed w t hout
causing any harnful side effect, and therefore the above dosage range is
not intended to limt the scope of the invention in any way. It will be
understood that the amount of the conpound actually adm nistered will be
determ ned by 10a physician, in the light of the rel evant circunstances,
including the condition to be



treated, the chosen route of adm nistration, the actual conmpound or
conpounds adm ni stered, the age, weight, and response of the individual
pati ent, wodoties4sieverity of the patient's synptons. WeCEIG2010/022226pounds
of the fornula: Y 5C or a pharmaceutically acceptable salt thereof.

2. A conpound or salt of daiml which'is 2-{5-Chloro-2-[(1R 2R)-2- 10

hydr oxycycl opent yl am no]

pyrim di n-4-y1l-N-cycl opropyl-1Hi ndol e- 4- car boxani de. 3. A conpound
or salt of daim1 which is 2-{5-Chloro-2-[(1R, 25)-2-

hydr oxycycl opent yl am no]

pyri m di ng\ﬁ-%{lll -N-cycl opropyl-1Hi ndol e- 4- car boxam de. 154. A pharmaceuti cal
conposi ti off €¥fprising a conpound or salt as in any of Clainms 1 to 3, in
conbination with one or nore pharmaceutically acceptable carriers, diluents
or excipients. : e maceutical conposition of Claim4
further conpri %i ng grolglpglrmcgd)f-rl[;lgerfgplgﬁﬁér t herapeutic agents. 6. The
pharmaceutical composition o aim5 wherein the therapeutic agent is
TNFa. -29- 8. A nethodYof treating i nfH@mmatory di seases sel ected
fromthe group consisting of gyheugatoid arthri ti| chroni c obstructive

pul monary di sease, asthma, mnul ti¥pl e scl er osig @ i nfl ammat ory bowel

di sease, in a manmmal conprisingladm ni stgﬁ{ug te-a mamal in need of such
treatnment an effective anount , nd\5or salt as in any of Cainms 1
to 3. 9. The net hod of eimp the inflammtory di sease is
rheumatoid arthritis. 1010. The Claim 8 wherein the inflanmmtory
di seasg is chronic Cl

or a pharmaceutically acceptable salt thercof .

2. A compound or salt of Claim 1 which is 2-{5-Chloro-2-[(1R,2R)-2-
10 hydroxycyclopentylamino] pyrimidin-4-yl}-N-cyclopropyl-1H-indole-4-carboxamide.

3. A compound or salt of Claim 1 which is 2-{5-Chloro-2-[(1R,25)-2-
hydroxycyclopentylamino] pyrimidin-4-yl}-N-cyclopropyl-1H-indole-4-carboxamide.

15 4. A pharmaceutical composition comprising a compound or salt as in any of
Claims 1 to 3, in combination with one or more pharmaceutically acceptable carriers,

diluents or excipients.

5. The pharmaceutical composition of Claim 4 further comprising one or

20  more other therapeutic agents.

6. The pharmaceutical composition of Claim 5 wherein the therapeutic agent
1s TNFa.
25 7. The pharmaceutical composition of Claim 5 wherein the therapeutic agent

1s vincristine.



obstructive pul nonary di sease. 11. The nethod of Claim 8 wherein the
inflammatory di sease is asthnma. 1512. The nethod of Caim8 wherein the
i nfl ammatwoyodisease is nmultiple sclerosis. 13. The net hedTaN2T 072228
wherein the inflammatory disease is inhhammatory bowel disease. 20

14. A method of treating cancer selected fromthe group consisting of

mul tiple nyel oma, colon cancer, large cell lung cancer, glioblastons,
pancreatic cancer, and ovarian cancer, in a nanmal corrpri Si ng admi ni stering
to a mamal |n need of su reatmeat an ef fecti Ve, a conmpound or
salt as in any of Cﬁ al ?‘r@oi f%reagmgi% ammatorylglseafﬁs Seneecg%%n érgupm 14

wher ei n t bensGaiAg Of ricamatdid hithetisTViRoaiFBbstructive pillﬁnon-ﬁh}edlﬁﬁsbcuﬁtlﬂfa daim 14
wherein the cancer is colon cancer. 3017. The net hod of Cl aim 14 wherein the

cancer i sMudfRiesdeppis|apddniiunmatory haveatkiscars Homamnal spwPasingher ei n t he

cancer is %5% M\(ﬂ[ﬁ{e cancer
i's pancr ea(?[#c?%%ﬂ%[ qqﬂ%m%ﬁe njﬁgctl ﬂﬁ%ﬁh?}% g%%zﬂvﬁg?gﬁlﬁut cdzganto Hﬁd

ovari ah canedtras ib2dy éf Caimpourd3.or salt as in any of Clainms 1 to 3 for use
in therapy. 22. A compound or salt of as in any of Clains 1 to 3 for the use

in the
9. The method of Claim 8 wherein the inflammatory disease is rheumatoid

arthritis.

10 10. The method of Claim 8 wherein the inflammatory disease is chronic

obstructive pulmonary disease.

11. The method of Claim § wherein the inflammatory disease is asthma.
15 12. The method of Claim 8 wherein the inflammatory disease is multiple
sclerosis.
13. The method of Claim 8 wherein the inflammatory disease is inflammatory

bowel disease.

20
14. A method of treating cancer selected from the group consisting of multiple
myeloma, colon cancer, large cell lung cancer, glioblastoma, pancreatic cancer, and
ovarian cancer, in a mammal comprising administering to a mammal in need of such
treatment an effective amount of a compound or salt as in any of Claims 1 to 3.
25
15. The method of Claim 14 wherein the cancer is multiple myeloma.
16. The method of Claim 14 wherein the cancer is colon cancer.
30 17. The method of Claim 14 wherein the cancer is large cell lung cancer.

18. The method of Claim 14 wherein the cancer is glioblastoma.



treatnment of inflammuatory di seases. 1023. The conmpound or salt for use
according to Claim22 wherein the inflammtory di sease is rheumatoid
arthriti swo2dirftsei4doonpound or salt for use according toPCraNw@A7er ei n
the inflammatory disease is chronic obgbructlve pul nonary di sease. 15

25. The conpound or salt for use accor

ing to Caim22 wherein the

i nflammatory di sease i s asthna. 26. The conpound or salt for use
according to Claim22 wherein the 20inflammtory di sease is nmultiple

scl erosi s.

wherein the |n#?aﬁzapgriﬂHQSeasmnlBIWE?F“%%%F%#%F%géé%ng(%n§92CIain]22

ei1sin I'sea 2528. A

conpound or salt as in any of Clains 1 to 3 for the treatnent of cancer.
29. The conpound or salt for use according to Caim28 wherein the cancer

nul tipl e nyel oA®.

Thq method of Clgm lﬁwberéwﬁb%emebw oxaian §ahECyse accor di ng

to Caim28 wherein the cancer is large cell |lung cancer. 32. The
conpound or salt for use according to Caim 28 wherein the cancer is

A coddpouilther eabtmgzanagy of Clathg 1 3B farase acthoragyng to G ai m
28 wherein the cancer is pancreatic cancer.

5gl i obd ast ona. 21.

22.

A compound or salt of as in any of Claims 1 to 3 for the use in the

treatment of inflammatory diseases.

10 23.

The compound or salt for use according to Claim 22 wherein the

inflammatory disease is rheumatoid arthritis.

24.

The compound or salt for use according to Claim 22 wherein the

inflammatory disease is chronic obstructive pulmonary disease.

15

25.

The compound or salt for use according to Claim 22 wherein the

inflammatory discase is asthma.

26.

The compound or salt for use according to Claim 22 wherein the

20  inflammatory disease is multiple sclerosis.

27.

The compound or salt for use according to Claim 22 wherein the

inflammatory disease is inflammatory bowel disease.

25 28.

29.

A compound or salt as in any of Claims 1 to 3 for the treatment of cancer.

The compound or salt for use according to Claim 28 wherein the cancer is

multiple myeloma.

30 30.

colon cancer.

The compound or salt for use according to Claim 28 wherein the cancer is

is



1034. The conpound or salt for use according to C aim28 wherein the cancer
IS ovarian cancer.
WO 2011/134140 PCT/CN2010/072225
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31.  The compound or salt for use according to Claim 28 wherein the cancer is

large cell lung cancer.

32.  The compound or salt for use according to Claim 28 wherein the cancer is

5 glioblastoma.

33.  The compound or salt for use according to Claim 28 wherein the cancer is

pancreatic cancer.

10 34.  The compound or salt for use according to Claim 28 wherein the cancer is

ovarian cancer.



