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inflammatory diseases. There is also a need for such compounds that have a synergistic

affect when combined with TNFq 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
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20 or a pharmaceutically acceptable salt thereof .

formula:

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.



The present invention also provides a nmethod of treating inflamuatory
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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



5i ngr edi ent . Compounds and salts of the present invention are
prepar ed WOSBHYI34140y as illustrated in both the schenes PAAECNME/072225
exanpl es. Further, all conpounds and saiis of the present invention
exi st as diastereoners or enantionmers due to cyclopentyl ring
substitutions. Thus, optical purity is introduced by using specific
di astereoners as 10 reactants. QOticaI purity can al so be introduced

by using %MOQH@RWQW%@ reSdi | i ﬁr@bﬁﬂe?ﬁ' M Hélﬁﬁap{omspos%nonﬁor
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acid (TFA) or ptoluenesul fonic acid (T50H) in nethanol or ethanol.
Schened | | i@pedti¢ndsi s of Precursors (A) V\D

2011/ 134140PCT/-CN201 Oazlﬁ aI? ﬁ ; Tsorgr Sl eon%aﬁ a I n two
ways il lustrat&d &S R B%B‘éeﬁe‘} T o are pycpared CsSctbialiy as

itlustrated 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 diastereomers or racemates corresponding to compounds

or salts of the present invention.

Scheme 1
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 HC, trifluoroacetic acid (TFA) or p-
toluenesulfonic acid (TsOH) in methanol or ethanol.
20
Scheme 1T
Synthesis of Precursors (A)



i ndol e-4-carboxylic acid (B) is coupled with cycl opropylamne in the
presence WP 281148M#8r at i ng agent, such as, PCT/CN2010/072225
benzotri azol - 1-yl oxytri s(di net hyl am no)l4.phosphoni um

5hexaf | uor ophosphat e (BOP) or dicycl ohexyl carbodiimde. One skilled
in the art of organic synthesis will recognize that these am de
coupling reactions may al so take place at any convenient point in the
synt hetic sequences | eadi ng to conpeunds of Formula (1I). In the
| ower reaction, Iigam @Iocycl opent anol di spl aces the chloro

group in the chI oropy&#m di ne inte e (© in the presence of a
base, such as, sodium hydr| dg; 10 g I soprlopyfet hyl _am ng (DI PEA) or

pot assi um car bonate & e at eg eratures 0- 130 C in

sol vents, such as, {\f oxiNde (+DI\/BO) r di net hyf or mam de

( DIVF) . One skilled I\ N grgani c sy esis wll recognize
that these chloro displ acelre reactions may al so take place at any
conveni ent point in the sypﬁ?thetl c sequences | eading to conpounds of
the present inventipn. 15 Schene |1l Synthesis of carboxylic acid (B)
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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 (J).
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 111
Synthesis of carboxylic acid (B)
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Indole-4-carboxylic acids (B) are prepared by displacement of the chloro group in
pyrimidinyl ester (E) with a 2-aminocyclopentanol (D) similar to the lower reaction of

Scheme 1I followed by saponification of the intermediate carboxylic acid ester group.

Scheme IV
Synthesis of pyrimidinyl chlorides (C) and (E)

Prot cl
F G.
X O
protection
\ H B
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,-C; alkyl boronic esters) and
the commercially available trichloropyrimidines (G). The catalyst is either Pd(OAc),,
Pd(PPhs)4, or PACly(dppf), and the coupling reactions occur at elevated temperature (50 —
110 °C) in polar aprotic solvent, e.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 chioromethyl ethyl
ether, Ci-C; trialkylsilyl chlorides, or di-zert-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).



10coupling reactions of indol e-2-boronic acids (F or their Cl1-C3

al kyl bor¥WRi281183¢4Ps) and the commercially available ~ PCT/CN2016/072225
trichloropyrimdines (G. The catal yst g5 either Pd(QOAc)2, Pd(PPh3)4,
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N- Cycl opropyl -2- (2, 5-di chl oropyri m di n-4-yl)-1- (et hoxynet hyl)-1H i ndo
| e-4- carboxanmi de 20 (A) Preparation of nethyl

1- (et hoxynet hyl ) - 1H-i ndol e- 4- car boxBreparation 1 Under nitrogen, to a

(700 ) 15 Ak potaldr Gt AeRERuRRIt drsty i v i RugE v
0.55 nol) in drops at 0 C. The m Xt gHrBodagigd i rred at 0 C for 30

m nutes (mn) and _chloronethyl ethyl ether q551 m., 0.55 nol) is then
added2tit GABPreparafioreet methyhhtktherometipd)- 1 Handdedeqaghoxiviate.ure i s

stirred at anbj {. r at f r u

carefully with *water and extracted with ethyl a te :
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sodiumchloride (2 x 400 nl), thep dried over Na2SO4, filtered and
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to give t ffofohtdifyl COIRRMRAIEAL .59 molfis tYR B Fdt0-238. WHEFIKE 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,SO,, 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.



30 (B) Preparation of 1-(ethoxymethyl)-1H i ndol e-4-carboxylic acid.
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1- (et hoxynet hyl ) - 1H i ndol e- 4- car boxyl atg (135 g, 0.58 nol) in

nmet hanol (2 L) is added aqueous sodi um hydroxide (68 g, 1.74 nol in

340 nmL of H20). The reaction mxture is stirred at 50 C for 3 h. The
volatiles are renoved in vacuo. The residue is acidified with HCL (2

M until pH = 3p4 sohitieR o?ﬁe’ﬂﬁﬂ hok §iReda ) (127- Edélezﬂgaﬂ%iylaty@% g,0.58

tlﬁ(ﬁt
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Prepar at i
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sol ution of 1-(ethoxymethyl)-1Hindol e-4-carboxylic acid (123 g, 0.56

mol ) ih THﬁO(JIle [Thejcembiied ¢xbB9dts aisrgshehmith equees saturatedsedivg §hlemde (2

triethylap |
0-(7-az ab enz o r | élz o?d} @‘Z?;; %ﬂj}}cﬂ'ﬁl']\s],%\ll\iggbz;,ta&d%ghe eﬁ)fo Xleld the title compound

hexaf | uor ok3qs PE&6e MSA0/2y,220 (B2 HDL) at 0 C. The reaction mxture is
stirred at anbient tenperature overnight. The volatiles are renoved
I n vacuo. The 15residue is stirred in EA (1.5 L) and HO (0.5% 1 L)

for 10 m 3 ' | ¥ ueous
sat ur at ed S T S o B R e B A D s
filtet®d and c6n@$nhnianed l-(Wnexymﬁhyll)dH—imdpLuﬂ—f:arbobqb;c acht (BB gpQ 56 pivy)

?nMHS_iI) |+I Cag?ﬁ;lF ﬁ? éﬁﬁﬂ%ﬁé%ﬁ c%ﬁial%{)l%pgl%gp r?eu(%(g ngf,' 1(9849 fno?)7a tr1etl\1/§a1gnngez()I'E 259
N-cycl opr ogyAd21(2, r§ol§i'%H&@é@lﬂyam&hﬁbﬂoﬁfﬂa&oﬂr&ﬂlﬁhw net hyl) - 1H

i ndol e- 4- car boxam de. To a solution of diisopr dgl am ne (Dl PA, 147
m., 1.04 tetiamethylurpmydr exeflmmipplii@obate(340 & Oa&cm at BOCi The réction mixture

nevere: 430 s stad P bhg it il PRI G el e
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;SO,, 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)-15-

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)- 1 H-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 (PdCly(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



25sol ution of N-cycl opropyl-1-(ethoxynethyl)-1H i ndol e-4-carboxam de
(60 g, 0.WO2HBVIP4HAd tri (i sopropyl) borate (56.4 ni, 0. PETHE2P10/G72225
anhydrous THF (300 nlL) is added. The regction mxture is stirred at
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m.), dried over anhydrous Na2SO4, filtered and concentrated. The
residue is purified by chromatography on silica gel to give the title
conpound (30 g, 32 % I\/S (rrlz) A05Einipr1) +, "C, 3501] 407
[(MH1)+, "C, [ (ML) +, 37C1, 37C1 Exanpl e
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10 A m xture of
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A mixture of N-cyclopropyl-2-(2,5-dichloropyrimidin-4-yl)-1-(ethoxymethy!)-1H-
indole-4-carboxamide (10 g, 25 mmol), (15,2R)-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 (*’Cl) (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



residue is purified by chromatography on silica gel to give 2-

{5-chl or ¥O2P11IBE) - 2. hydr oxycycl opent yl ami no]j PCT/CN2010/072225
pyrim din-4-yll-Ncycl opropyl-1- (et hoxygret hyl ) - 1Hi ndol e4- car boxam de
(7 g, 60.3 %9. Ms (mz): 470 (35Cl) and 472 (370) (M:H)+ The above
product (7 g, 14.9 mmvol) is stirred with hydrogen chloride (6 Min
20met hanol, 210 nL, 1.26 nol) at 45 C for 12 h. The precipitate is
collected by filtration, wa w th nmethanol and dried in vacuo to
give the title conpound (4.7, 70 %9. M5 (rﬂzHQ 412 (35Cl1l) and 414

(37Cl) (M+H)+. 25Exanmple 2 2-
sy#? opent yl ani
H-| ndol e 4- i de hydrochl oride
( mx ure of

(5-Chloro-2-[ (1R, 2R) - 2- hydra
pyrimdin-4-yl)-Ncycl opropyl-

-y Nl (et hoxynet hyl ) - 1H ndol
- am nocycl opent anol

WO 2011/ 134140PCT/ CN2010/ 0722,
N-cycl opropyl-2-(2,5-dichloro A
e-4-carboxam de (30 g, 75 mmo IR 2R)
hydrochl oride (12.3 g, 90 mmol) andlDI BEA (37.5Hd, 225 mmol) in DMSO
(150 nL) is stlrred at 8050for 1gh t hen poured into water (1 L),

Atn aquoous. saripereqt Bkl ﬂ??ﬁf@%@#ﬂ?ﬂdlﬁ LGB
and 'CF pcemﬁomdbdarbaxarmdel(ﬁo g 1vé mmel)dUR,2-Pamiroceclofntaiot hydrbciderdgeny
on silica

08 ohi or S0 ¢9R Brp D anA PIPEAG S BbetaSy maD B PMSO (150 mL) s stirred at 80

o d
%5 y ri g‘fﬂ '92 (g;) df-]lll\s/sﬂ\"ﬁiéﬁ ;’gﬁf@%& faatéﬁg Q?Xﬁgﬂsgklze{?c)zed%h E%ﬁ%ﬁ( beCIﬂLP OTI?J“ e

above pr o@ttmlnmécB@ctgictsme waslieyl w@ @[uneomsetdﬁwttedth SMdmo@;hmdcrﬂﬁﬁﬁ ndlg, ctlﬁdM
t hanol 6 yot). at .45 C f 6 h.. .Th ecipitate |

col et 0wy N For ad Girbedizeiitin a e, Toamarn St HeaBy Ricfulderontyi g

in vacuo §lﬁceggél% %ﬁ@ 2t Mb]ﬁoﬁoﬂ[{QRfﬂ)(Zzﬁycﬁoﬂrcy%pgﬁtylaﬁﬁld]rﬂyﬁ)mdﬁ—'lélzyl}-N-

(35C1) and 414 Intra-articular adm ni stration

of a dom mmmﬂmgdrzeﬁ@xvm@l)slIéﬂmdqle:éwarbpxa@ui@c(éagt Weg MEr(yz): 470

t he agj uv s inrats (Talc PP et al, Arthritis
Rheume (2@5@? 5ﬁ£%€8®k%® RCP knockout cells have dramatic
defects in expTkssbovg pfoduat (Bdlg;ed nwélt)li@j Sﬁ@ﬁ:dvﬁﬂﬂmkd)gmschl@fde@dm{fﬁi on
nmol ecul es. Through conditional or tissue- peci fic knockout

| KK13, t hingthepeladd. ﬁgnqlb%rrf’é ofopdo6 he(ﬂw PE‘(SF@@FG @&PU?%# saﬁkaratlon Qlashed

edi at o0 By T S0 P St 8 e R Qhulnd BB pXs%0.
"IKK. 13 | WS @ue): #éd (FOD apd il o (REBI(MBEDE | survival and proliferation”

The J 5 | munol ., (2003), 170:4630-4637; Maeda S, Chang L, et all
"l KKfi is required for prevention of apoptosis nediated by cell-bound

but not by Intra-articular administration of a dominant-negative IKKp significantly reduced

the severity of the adjuvant-induced arthritis in rats (Tak PP et al, Arthritis Rheum. (2001)
44(8)1897-1907). IKKf 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, “IKK 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 IKKf 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 IKK@ kinase



25 circulating TNFa" Inmmunity, (2003), 19:725-737). Moreover,

del eti on WO 2PRKBH4P 0 nyel oid cells al so reduced the gr oREW/CAR010/072225
colitis-associated cancer (Geten FR etfjgal, Cell, (2004),

118: 285-296,). Furthernore, several groups have denonst rat ed t hat

| KKE3 ki nase WD 2011/134140PCT/ CN2010/ 072225 -10- inhibitors can
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of licBcc substrate by the respective kinases, and by a cellular
viability assay that neasures the ability of t he conpounds to inhibit
cell growth in a variety dissessmsntsodithe Biojpgical REQPGHI%Q BxPC- 3 and

Skov3-1 uc. The E%WE

invention are fe’frogn p@’%ﬁfé ﬁf%m?l (1 n%‘ég&{tar getl |§d§q{)é| tion)
ug7 WMd&éter&ﬂﬁﬁéd H?ﬂﬁ:&blﬂﬁvih@&sﬁfyi elthibiory Haiviig HPDKIKG by dogpound of the
i nhi bition of TNFa gene expression in US87M) Xenograft, and several
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vincristi agaythat M@B)urés"th@b’cﬂﬁﬁr &Nﬁé bcﬁﬁpcﬁﬁﬁ@ﬁfmﬁlﬁ%ﬁ)grd:vﬁh' iH@variety of
Xenograft or” CPT-11 in Human Cancer HT-29 Xenograft.
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i nhibit t tlrmmﬁnioasmﬁadn@ls@%mm@ffe@kmﬁe @dsrﬁﬁblﬁﬁl dAthé hiBHSEof TNFq gene
25Ant i - i nf | ammat or {Mctl vity of a conpound of the present invention

i s i nvest expaessipniin MGMDgI@ﬁnand seyerabX gragrath pifishes mnglelamludehel n

vivo effi c@ de S Q accharl de (LPS n

mouse. andoe o5 8 Gkt GRS BRRRIBULTAR byl PRV B g it Bn
i nhibit tHhenldeemicedue ek dbhﬂﬂhﬁlidn%ﬂlcﬁ)és df't@sﬁﬁgltlfeydo@{iidﬂﬁd wial dita@erincristine
I nduced Arthritis (CI A) nodels in nouse and rat are used to eval uate

the atfti-(\gER) ﬁlfh@mmvaﬂgm aamelaﬂtip\’c%ﬁﬁrln@ Xempgraficor (Rl bipdiaman
(OVA) -i “dpgﬁ,glhe e 1’”2)9 O)géht AT ﬁtP&f@HﬂﬁAtér}Ja!EnUfB}‘éFa Al ok used

to eval ua npoun
present mvennon is determined by a Lipopolysaccharide (LPS) IVTI (in vivo target

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



WO 2011/ 134140PCT/ CN2010/ 072225 -11- OVA-induced airway inflamati on.
Exper i meW@R0HIH#hmune encephal onyel itis (EAE) nodel i RCHENSR10/05%225
ani mal nodel for nultiple sclerosis, and-Dinitrobenzene Sul phonic
Acid (DNBS)-induced Colitis nodel inrat are also used for the
assessnment of the anti-inflammatory and anti-cytokine effects. 5These
assays denonstrate that Exanple 1 and 2 are potent inhibitors of

| KKI'3 andogta-fRmedd ﬁﬂﬁayoﬁlﬂhﬁﬁla%ﬁpgﬂﬂé}ﬁnélﬁﬁ aﬁf&mﬂuﬂé bﬁéE%ﬂ&l%ﬁyeHﬁs (EAE)
anti-cancer activity. | G nase Assay The I nasé assay

is used tm0dslsegg)ut8¢\@n@nﬁ@aimﬂel forowride ﬁ@lemmsxm lbmasémzem Sulphonic

i nvention nat.i C o | K The | K e
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(Cal bi ochﬁlmhmn% ahl@an fhe.cffdkds. reactions (50 12L) are started by
addi ng 10 gL of k| nase buffer (kit component, No. JA9130), 10 gL of

GST-1 KBa substrate (I KKb substrate, kit conponent, No. JA9127), 10 gL
of IKK 3 (2.5 higsaabdays dq:mommhetrﬁxanmelngm)potm indtibigrfrs phEKK B and

o o At POR RS G B ARl Kb irB o or S et BEHAE re

contents of the wells are then discarded. Each well is washed 3 tines
with 200 gL | x wash buffer (kit conponent, NO JA1617, 1:20
dilution). 100 jiL of anti-phospHKKpKBasqAsag2/ Ser36) anti body

conjugate (kit e

i ncubat ed at rgg@ﬁ?@ﬁ%@%% %Argaéy %@r%&%@asgéﬁg%%?%&% we(iﬁliho\gﬁgro gﬁ{\%&rﬁseﬁt
timesioM t imvbatiohesihthb tickalct kinaddO ThEAKEB kindse 20saiib Périfse
200 nL/ wel IV ahd 100 gMyEIEﬁI'IiQaP-corﬂqugi;;?gq]’mﬁ(|ltnacorrpong?ﬁ3 III&lo J?A é4g

added to @atto weing anddKBriobibitor Scraening Kit (Celhpechamu it fido. QBAOMDheAll

component fHENS Dol Bl ire SIS AN Eref BB BT SoBBE SN
con] ugal g i) GOTROBPOLT. N HABRBIKKS AHIAH: Lot &AGknYR o ﬁm%gg 10

pI ate is 1ncub roomtenperature unti anges

M. of ELI SR oSIKKA$D.E uighvedl, kiticompongn at431404), JALE P hd tssttcbﬁipoa@tﬁed
to each well. The data is collected at 450 nmwith a reference

vavel Engt PMEOsspiutiony pyHyI andddasl offAdPAdeClabgyearepanent, Not J86Md0 andi

IR s LN B o

I
Exanpl o 1 oL Ll (Y SRR el PRI R Soagemn o, BRI 620,

is a pot edilutidfKf1B0iuihefintigphospho 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/weli and 100 pL. 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 pL 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 pL 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 § concentrations (10 uM to 0.003 pM) using a 1:3 serial dilution

scheme. All exemplified compounds in the invention show an 1Csy < 0.1 uM. For



Alternately, the | KKP kinase assay is performed in vitro using a

Z - LYTETn‘IVéslghW:’KI“P- Ser/ Thr 5 Peptide (Invitrogen, Cat. NST’(‘FW\%{W??ZS
Al'l reactions (20 gL) are 5 started by-tadding 0.8 gL of the test
conmpound in a DMSO solution, 10 gL of Kinase / Peptide M xture or
Phospho- Pepti de solution (Invitrogen, Cat.No. PV3219, diluted with

1. 33x Kinase Buffer), 5 gL of 1.33 x Kinase Buffer (Ilnvitrogen,
Cat.No. P ' ' h B4 ) 1 H; (D
gy | and 3 5ap D YhRPICRo00 014 LG Sl Riikas 0 e rigbLATis
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(Invitrogen, CAMCRBClpAOEESP kingss asapitdktioniss @rvife Hng Adgdnt

Cat.No. P AT ' tﬂﬁ'ﬂ' ed, .t ?ﬂpﬁ I '
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t hen s§ oppetediy adtHhg0.810. gtthetest SRR iife VSO solufivh,! TIOGE Bf Kizke NO.
PV3094), and the plate is read with a Wallac 1420 VI CTOR3 Mul ti |l abel

Count er 1BegtrieRdixprEnBRIIPho Reptidssolticardmgzogenn ot NorBBéRd Acdilutgthwith

concent  at PORTHES ByHeT0S et hF RierRGugeRt Bartn, RN Lp oD, 5+
schene. Examgl %t daﬁﬁleamakg‘fgrgfrp%o, Bnq¥un; 'hﬁﬁl &9@#‘ f,cfiﬁﬁl@ﬁ W@ The
Exanple 2 is also a potent 1 KKP inhibitor. 20Cell Viability Test
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after treaddedrit eadhthell, Kiix@bamhinbuliabedsat room temr@:cYoc eddther (IAT Clhe kinase
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Skov3-1 uc uman ovarian carci nonma ce I ne) are grown
in McCoy' PERKREELMERD) e mm 266 60) neufiuirestentee ATheiassay 109 PBESR of

(G bco#10Q99- 141). For conpqund testing, BxPc:3 d Skoy3-luc cells
are seeded 14t ]Tiﬂeeemawal@e@aﬂg@f festedat ?I]C?I@gb%tqn\s ZI]Q/MM\IQ}‘%O% HSD) using &
2011/ 13414QPCT /. - i f rhes i I
speci f i oo Tl DbioR sOHeie? exatible b las G o 045308 %&h%%gﬁ 5% s
t r eat ment Ex&aples istBotarppadne (KMB tikhibitdrest conmpound at ei ght di fferent
concentrations in the presence of 0.5 % DVSO for 72 h. Cell death in
each well is determned by the addition of 20 pi of the One Sol ution
Reagent (CELLTI TER 968 AQueous One 5Sol ution Cell Proliferation
Assay20 Pronega #G3580). After 2-4Cplldfiabihyukssti on at 37 C, opti cal

densities at 4 n re. r M 1crapl ate kb DL tion
of "ol 1 v abi | 105 ML HidRARH ALY 4% BuldiR®y 915, BRAGH Viaph ket b
treated i applid, mbeldols,gKEB @edprsipleyarapdipdrtantabletii €clt Qirbivabdndgitolbfetiivn.
of the conpound with other antitupnor agents, BxPc-3 and .
nce the IKK pathway is blocked by mhibitors, a cell can go through apoptosis or death.
The celi viability test provides information on cell survival after treatment with IKK
25  inhibitors.

BxPC-3 cells (ATCC #CRIL-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



10 Skov3-Luc cells are seeded at 2000 and 5000 cells/well

respect i VEPVOTIA34HB M. correspondi ng nedi a specified ab&¢d/GNBP1044ERS
cell line in 96-well plates 20 h prior-180 the treatnent. The cells
are treated with the test conpound at a nunber of concentrations for
30 mnutes and then exposed to 5 ng/nL TNFa or 0.15 - 0.6 uM of VCR
(vincristi ne sulfate) for an additional 72 hours. Cell death in each

Il is dgf
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Assay, Prpriega theResi) Cclld are ltreated vhithof testrooutpatindat eaghtﬁ?i&rempionoaitrations
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105 5" uny S or 8 et mAromEr U A Bl Tey s DA tian FOR
i nh. ;. TNFiaboitn g/ d&e)rmfne@@rﬂékgyaﬁﬁc?n ) tﬁ%%onti%f cdiR%edaflal 19 ikd RerleDP altéht

BxpcSceII line, Exanple’l alone, 11.5%inh.; Vincristine
(0.15 M\/pcmhmlexd573%|nhh|b|t|on \/ncrlstlne(o 15 gM + Exanple 1

(25 gM, 25 80.25% I bi ei t her TNF

(0o o bi PP aapBinglioh Sl SfetAmBpSRLRI Gttt €fty HiPe3and
derongd r abRsvINE: SdIRLAPRUNLEatWObb bhy 5600 EXBRRIIGedpetilveEPTI GBALE ON Wi th
TNFa or VCR in the treatnent of ovarian cancer or pancreatic cancer.
30Tabl e Zcor&spmmag mdlauspwﬁéd sboamforeeath vell hnoinH¥-wekh plates?Ody pragdotle
Cell line

5011/ 1541 HERETMEADES b5l bab Betted ith Bieest corPind st a pyvhey of congsptrations for

30 minutes and then exposed to 5 ng/mL TNFaq 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 pL 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  inTable 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 pM), 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 pM) + 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




Exanpl e 1‘&2.5 M -16.48% TNFa (5 ng/nL) + Exanple 1(2.5 87.75%
Bxpc- 3 Vi 9r29%1?1i3ﬁ’é‘0(0. 15 MM) 9.48% Exanple 1 (25 gV 1FCEEP2010/072225
Vincristine (0.15 MM + Exanple 1 (25 Q4) 80.25% Skov3-1uc
Vincristine (0.25 gM 24.96%

TNFo (5 ng/mL) 5.73%
Bxpe-3 | Example 1 (2.5 uM) -16.48%

TNFo. (5 ng/mL) + Example 1 (2.5 uM) 87.75%

Vincristine (0.15 uM) 9.48%
Bxpc-3 | Example 1 (25 uM) 11.53%

Vincristine (0.15 uM) + Example 1 (25

uM) 80.25%

Vincristine (0.25 uM) 24.96%

Skov3-luc | Example 1 (12.5 pM) 21.76%
Vincristine (0.25 uM) + Example 1 (12.5
uM) 82.29%

Inhibition of TNFo. Gene Expression in U87MG Xenograft
TNFa stimulates IKK[3 signaling and triggers TNFa gene expression. In order to
confirm that a compound is targeting IKKp in vivo, the compound is screened for its
5  ability to inhibit TNFa induced TNF¢, gene expression in a U87MG (human glioblastoma
cell line) xenograft. 3x10° US7MG tumor cells are implanted subcutaneously 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 TNFo. 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/kg.
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 a2 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 ml) and ABgene
Absolute QPCR ROX 2X master mix(AB-1139/B).



Example 1(12.5 21.76% Vincristine (0.25 gM + Exanple 1(12.5 MV
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stinul ates | KKO signaling and triggers-15§NFa gene expression. |In order
to confirmthat a conpound is targeting KK 13 in vivo, the conpound
is screened for its 5 ability to inhibit TNFa i nduced TNFa gene
expression in a US7Ms (human gliobl astoma cell |ine) xenograft.
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odel | (TGP ISRt RHBBPE L0 G0 Tomels Rl rafedly Brket

10, 30, 6@ampd. EXmPR Kdose\epéndENTR inhitifh@TNER)indNed ¥ NFoCRnd Efpression
orally adm nistered with the test conpound at 2 h prior to tunor

har vest i nth USTH& Xemre@aftiCat : 210-TA) is intravenously injected at 1 h
before tunor harvesting at 8 jig/kg. Total RNA is extracted using the
RNEASY(r) mni Kit (QAGEN(r), Cat: 74126). 15 cDNA is synthesized

usi ng the HiDibl&amEREc yf BERplE @\RIrBeFd fndldssd TINF& @8nddxiprdséiBh in C8YMG
4368813). Quantitative real-tinme PCRis carried out in a 7500
real -time PCR system (Applied Bi os’%f’@%ﬁt)mw ng the correspondi ng

pri nmers/ probes for hpmam GAPDH gene(ABHs99999 35 human TNFa
gene( ABI Hs00174128_pi ) and ABgeRss Absol ute mast er
m x(AB-1139/B). WO pP011/134140PCT1CN20101072225 (%5~
Control (without TNF) -
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
Exampie 1-100 mg/kg-2h 94.9
10 Example 2 is specifically detailed in Table 4, Example 2 dose-dependently

inhibits the TNFe induced TNFo 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




TNFa gene_expression is normalized to ft-actin gene expression, The
gene count 9 2AHE3HIAG from PCR machine. Inhibition (% =PCESA#PWEGR225
Model -Counts of Treatnent)/ (Counts ofiéMdel - Counts of Control) X
100 % Exanple 1 is specifically detailed in Table 3. Exanple 1
dose-dependently inhibits the TNFa i nduced TNFa gene expression 5 in
UB7MG xenograft. Table 3. Effect of Exanple 1 on TNFa induced ' TNFa
gene expression in US7NG E@@?I@Iw@%ﬂ Grloups I nhgdoyti on Ratje (%)
Control (without INFa) |- Model (with nga) Exanpl e 1-10 ng/ kg -2h
49.1 Exanple 1-30 ng/ kdg-2 X -90 ny/ Kg- 86. 2 Exanpl e
1-100 my/ kg- 2h 94.9 Exdfipe 260 Highke- 878

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 animalis 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 76.31%  0.0001




10Exanple_2 is specifically detailed in Table 4, Exanple 2

dose- depeX@eMYP*4hhi bi ts the TNFa induced TNFa gene explCadY2gHq75225
USB7MG xenograft. Table 4. Effect of Exdnmple 2 in TNFa i nduced TNFa
gene expression in UB7MG Xenograft Meodel. G oups Inhibition Rate (%
Control - Model - Exanple 2 - 3 ng/kg 10.7 Exanple 2 - 10 ng/kg 25.3
WD 20111134140PCT/ CN2010/ 072225 -16- Exanple 2 - 30 ng/kg

Alternately, the test compound is evaluated for its anti-tumor effects on tumor growth of
human ovarian cancer SKOV-3x-FF-luci in nude mice. SKOV-3x-FF-luci cell line
(ATCC) is cultured in McCoy's 5a medium containing 10 % fetal calf serum. Female
Balb/c nu/nu mice (6 -7 weeks old) are injected peritoneally with 0.2 mL of cell
S suspension containing 2%105 cells. Mice are randomized and divided into four groups six

days after cell implantation. The test compound at doses of 30 and 100 mg/kg is orally
administered to animals twice a day for 23 consecutive days. Mice in the control group
are administered the vehicle (10 % Acacia), twice a day. Mice in the positive control
group are injected with Cisplatin (4 mg/kg) via the tail vein once a week. At the end of

10 the treatment, all mice are euthanized with CO; and tumor nodules in the peritoneal
cavity, diaphragmatic muscle, mesenterium, liver, spleen, and ovaries are dissected,
harvested, and combined for the measurement of weight. Inhibition rate: IR % = (tumor
weight in control — tumor weight in drug treated)/tumor weight in control x100 %).
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 IKK@ 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° celis. Mice are divided into six groups, seven days

after cell implantation. The test compound is oraily administered twice a day at 60 and
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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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the test conpound is evaluated for its anti-tunmor effects on tunor
growt h of human ovari an cancer SKOV-3x-FF-luci in nude mce.
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HT-29 Xenograft 2011 CIClI 3 inhibitor has been reported to repress the
HT-29 tunor growth when in conbination with CPT-11 (Lagadec P,
Giessinger E, Nawot MP, et al. Br. J. Cancer

Lipopolysaccharide (LPS)-induced Plasma Mouse Cytokine Production Model
15 To evaluate the compound’s inhibitory effect on inflammation in vivo, the
compound is screened for its ability to inhibit LPS-induced plasma cytokine production.
Balb/c mice (female, body weight from 18 to 20 g) are used in these experiments,
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 (.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). TNFq
25  levels are measured using ELISA kit (R&D, Cat.No. MTA00) 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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effect of Exanple 1 and VCR, the conpound is tested for its i
ant i - t unokLafg esed dor sackspropsumement. [Foe theyrasnsyicarentsioh TNF&, the plasma sample is

T
RD5Z); for the measurements of IL-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-1B. The plate is read on a
SPECTRMAX® M?2e Plus Plate Reader and the dafa is analyzed using a standard curve.
Example 2 dose dependently inhibits TNFo and IL-6 production in plasma with an EDsg
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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inflammation.

25

Protocol of Collagen Induced Arthritis (CIA) Model in Mice
Previous studies have shown that small molecular inhibitors of IKK 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 1kBa
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



30Altern I he conpound is screened for its ability to inhibit _
t he LPS- ia‘r;{&%gé&éﬁpoki ne production in rat plasnma accor &Cﬁ‘é&@@lﬂ?@éﬂa
met hod reported in the literature (Zi eg@bauer K, Gantner F, Lukacs
NW et al. Br J. Pharmacol. 2005, 145(2):178-92). WO

2011/ 134140PCT/ CN2010/ 072225 -20- Briefly, Lewis rats (nale, body

wei ght 140 g-180 g) are used in the experinents. Animals (8/group)
are gi ventréating rhodmagidegthoftist Tacrecfst brgmpompiafitte presap enehtion isnesd&t 90
sol utol & _60 % PEG4Q0 5%.PG) _or. vehicle by oral gavage.at .1 h prior
to intrap8i® ﬂ%‘@imgwﬁﬁrf P%@%% %ﬁlwsnvﬁﬁswgylﬂaf.a cefpd i A grediiod

af ter therépehe&tﬁﬁﬂhleqfl%emge @gﬁhf&%ﬂ ehiRG M Khia, PIRRD K Schmpddiect ed

i n heparin anti coagul ate es to neasure TNFa uSirng R&D System
ELI SA Ki t Plrdseeds iodmpnemofrmyed 96, Kb15. 1ot b63dbl s. The plasma sanple is

U e ) e e TS
Pl us Plal goRRaReycRldnthac! Yeles adifpiBRabyk et 0FCd e 'Y Al apdand

curve. The drug levels in plasm are neasur e
Exanpl e 2dajo2ketoddperaibntis.y The bévieritysofirrthsitm isTaNbessqt wsihgrd visnal\wbodngasystem,

EDso val ue of. 19.810. 9. ng/ nd . an o value of 4.042 . 1. .

ALt er nat ek gsdbmsp i B8 QR0 GO TEs T Soer e BRI e
LPS-i nd_UCﬁglw}; YERKIAE jot QR RALSOEY drd mFRHSE] MR WRicrdBatdY Thet&Eing L6MBdthd
body weight 18 -20 g) are 15used in the experinments. Mce (8/group)

are ablhi nisswaliy edministaved for sitheproagifastiofor thezapentic pwpagssulat the prophylactic

(suspensign.in,. 10%. acaci a r. vehicle.by oral.gav at . 1 .h pri 0
otroperi fasde RRARE A hnfis S0 Safinilef Bvicd WAPERRLG RoBhy IR Fo:
m nut es afifeaherbffatiadnidy sikdald @fhtmbhtd9staited SRdrtRe et f drihriig Pt
anticoagul ated tubes to neasure TNFa |levels (R&D, Cat.No. MIA00),

| L- 6 ( R&Dusuahy ofghrs pihoome werk afi2nd irgmupigptioncaMicgare iroatpd patbhe dras deor
on the geggag}; kit protocols. Diluted or undiluted plasm sanples of
50 al are uSed for each measurement. For the neasurements of TNFa,

t he plasma sanhkfinomidt (LEFhnInfnolrdswppréssive agetit] iy tus@hatdOfhgke AR&Bhce-
Cat . No. Par.b’ 9&206, Cal i br at 0]:1 Di | uent, Z); faor. the neasurenents
of IL-6, £# @t L35ep RosHpiesopgo iy anigagsy Rof TREQIHNE RBY HEHTENbATe used

buf fer ( Rmegglﬁ% ShtroTaf e Blafe or |aidHl{iI%Et91reth !’;Pﬁﬂ%n@%@g{l@é@id for 4I'2he

undi l uted 25 asma sanpl e |s.use_da_1 or the neasurenent o L= 113.
pl ate is demd StatisticlyEigrivexOitRlEtith afjoRitawelliRgade reduation bfarthaitia scares

anal yzed usi ng a standard, curye. . l.e 2 ) epdent.| y i.nhi bits
TNFa and P BoRvebat o 1 BkEbihr SRR Beaibataimhig Leyth ks
in they 248P4R@hdrke r ange) and 15.1 ng/ kg, respectively, but no effect
was observed on IL-1f3 production even at the dose of 100 ng/kg.

This data demonstrates the therapeutic utility of Example 2 in the treatment of

rheumatoid arthritis.

Rat Collagen Il 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 mefhod 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 Il emulsified in Freund’s incomplete adjuvant (IFA, Sigma, US) on day 0 and
30 with 100 pg collagen IT emulsified in IFA (incomplete Freund’s adjuvant) on day 7. The

hind paw volume is measured before and after the immunization. The disease
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be effi Cagrilc%uesactil Ey acrosolizing 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
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emul sified in I FA (inconmplete Freund' s adjuvant) on day 7. The hind

paw vol une i s me8¥urewlupedt Brlmoany laflammatipe in Biawi-Mexway(BN)Hatyi sease

WO 2011/ 134140]12%4&'1}%9 Jf[g)e/ Sttt IKKp inhibitors on antigen-driven airway inflammation

20  invivo, 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 of 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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30 rapidly elevated and reached a maximal level on day 15. A decrease of EAE scores
occurs at approximately day 20. Then spontaneous relapse occurs thereafter (model

group). In the drug groups with Example 2, the elevated EAE-associated clinical score
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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.,
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EAE clinical score, with an ED50 of 3.7 ng/kg. This stud
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expr essi oadministaed,dhis age; ocighnfand mmbmsrewfph@hdmn@aﬂ: patiencahd tle stehenty of
pat hogenesi s qf |nfla1natory bowel diseases (IBD). Therefore Rug

ki nase reﬁWé? HERES SYMBIRS sing target for the devel opnent of novel
agents 10to treat |BD. A conpound is tested in DNBS-induced
colitis nodel in rat essentially as described in a nethod reported in
the literature (Gut. 2002; 50(3):440-1). Briefly, Wstar rats are
used in the experinments. Follow ng the induction of distal colitis by
intra-colonic instillation of DNBS, the test conpound at doses of 3,
10, 30, 60 ng/kg (bid) is 1l5admnistered to rats orally for six days.
The negative control group is treated with the vehicle al one w thout
DNBS instillation. The vehicle-control group rats are DNBSi nduced and
treated with vehicle. In the positive control group, sulfasalazine is
orally adm nistered to the rats at 300 ng/ kg daily for six
consecutive days. Aninmals are euthanized 24 h after the fina
treatnent. Col on-to-body weight ratio and col oni c damage 20scores are
cal culated for each animal. Vehicle treatnent of rats results in a
progressive worseni ng of clinical synptons, achieving a maxi num

col oni ¢ danmage score of 6.1 0.6 and col on-to-body wei ght ratio-col on
| ength of 0.96 0.10 on day 7 after instillation. In this DNBS-induced
i nfl ammat ory bowel disease nodel, rats treated with Exanple 2 at




doses of , and 60 ng/ kg show a marked reductiony| i
damage sc%?éé?mfg%gl on-to-body weight-to-colon Iength rgtcit}/o&%b%hw-’%zoz?e

than 30 % reduction. The effects of Exa@%ple 2 at 3 to 60 ny/ kg/ day
are simlar with that of sulfasal azine at 300 ng/ kg/ day. Thi s
study denonstrates the therapeutic utility of Exanple 2 in the
treatment of inflammuatory bowel disease. The conpounds of the present
invention are preferably fornul ated as 30 pharnaceuti cal conpositions
adm nistered by a variety of routes. Mst preferably, such
conposi ti Wsclame for oral or intravenous adm nistration. Such
pharmaceutical conpositions and processes for preparing sane are well
known in the art. See, e.g., WD 2011/134140PCT/ CN2010/072225 -27-
REM NGTON: THE1SCl ENempanmisrRAGTiooEulaF PHARMACY (D. Troy, et at,
eds., 21st ed., Lippincott WlLianms & WIkins, 2005). The conpounds
of the present invention are‘étnerally effecg%ye over a w de dosage
range. For exanpl e, dosages ENr day normally | wthin the range of
about 0.05 5 to about 500 ngFRg. P body wei ght. sone i nstances
dosage |l evels below the lower liimt of the 0 id range nmay be
nore than adequate, while in e asesNst{ || [7arger doses may be
enpl oyed wi t hout causing any h 'a( efect, and therefore the
above dosage range i s not intenget i MtY the scope of the
inventjon in any way. It will be undergtood that the anount of the
conmpound actually adm nistered will be determ ned by 10a physi ci an,
inthe light of the relevant circunstances, including the condition
to be treated, the chosen route of admnistration, the actual
conpound or coﬁb%BWﬂEm%ﬂﬁ¥"%?%?%@Pbﬁﬂ%ggﬁﬁf~meight, and response of
the individual patient, and the severity of the patient's synptons
WO 2011/ 134140PCT/ CN2010/ 072225 -28- W claim

2. A compound or salt of Claim 1 which 1s 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
is TNFa.
25 7. The pharmaceutical composition of Claim 5 wherein the therapeutic agent

18 vincristine.



1. Conpounds of the fornmula: 5C or a pharnmaceutically acceptable

salt thereof. 2. A conpound or salt of daiml which is
2-{5-Chloro-2-[ (1R 2R)-2- 10 hydroxycycl opentyl am no]

pyrim di n-4-y1)-N-cycl opropyl-1Hi ndogg- 4- car boxam de. 3. A
conmpound or salt of daim1l1 which is Z-{5-Chloro-2-[(1R, 25)-2-

hydr oxycycl opent yl am no]

pyri m di n-4-y3g) - N- qy! cTRIc@Ompbuddiol §80Is8n 4nFéf CR¥AN 883 inl@d rhinufacture of
phar maceutical conposition conprising a conpound or salt as in any of
Cl ai ns 1 ageedicamant Egse imthiet@ywi t h one or nore pharmaceutical ly
acceptabl e carriers, diluents or excipients. 5. The

phar maceuti cal conposition of Caim4 further conprising one or 20
nmore ot her therapetise®fa@dfipdund or salt of-as TehyUTATIBRGELULY TR the manufacture
conpositign of Caimb5 wherein the therapeutic agent is TNFa. 29

8. Ust oPfamedinamentifostheasegetn the treptment ofinflamynateryidisesss. i n t he

manuf acture of a medi canent for use in therapy. 9. Use of a
conmpound or salt of as in any of Clainms Ito 3 in the manufacture 5 of
a medi canent flor t ifseuseordingttd €laireRiviverein BE inMidnaswBL diasé isshaghfioid
10. Use according to Caim9 wherein the inflamuatory di sease is

r heurrat oPdM&HS hritis. 1011. Use according to Caim9 wherein the

i nfl ammat ory di sease is chronic obstructive pul nonary di sease. 12. Use
according to Caim9 wherein the inflamuatory di sease is asthma.
15131W0se accoitli ngUse aGtaxdimgo Whemed whedein the idfrwamitoryydistase asshrorsc

mul tiple . )
P obstructive pulmonary disease.

12.  Use according to Claim 9 wherein the inflammatory disease is asthma.

15 13. Use according to Claim 9 wherein the inflammatory disease is multiple

sclerosis.

14.  Use according to Claim 9 wherein the inflammatory disease is

inflammatory bowel disease.

20
15. Use of a compound or salt as in any of Claims 1 to 3 in the manufacture of
a medicament for the treatment of cancer.
16.  Use according to Claim 15 wherein the cancer is multiple myeloma.
25

17.  Use according to Claim 15 wherein the cancer is colon cancer.

18.  Use according to Claim 15 wherein the cancer is large cell lung cancer.

30 19.  Use according to Claim 15 wherein the cancer is glioblastoma.



sclerosis. 14.Use according to Claim9 wherein the inflanmmtory

di sease is inflammtory bowel disease. 20 15. Use of a conpound
or salt as in any of Clains 1 to 3 in the manufacture of a nedi canent
for the treatnment of cancer. 3016. Use according to Caim 15
wherein the cancer is nmultiple nyeloma. 25 17. Use according to
Claim 15 wherein the cancer is col on cancer. 18. Use accordi ng
to Caimi15 rei I I :

accordi ng tov%gal mmls%% & re E‘Bt agmclg]\ggt?r&iﬂsth%%ﬂx@gﬁ19?,[@!13%%at1c3%%9e£0 Use
according to Caim1l5 wher ein the cancer is pancreatic cancer.

Use accordi ng Eo Clljau m 15 V\/ner in the canc%r1 IS ovarian cancer.
se according to Claim 15 wherein the cancer is ovarian cancer.



