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such as @hg@asfﬁ@é{g/@w&alﬁggmw}gy ing§ been shown to play important roles in cell proliferation

and the prevention of apoptosis. Aberrant activation of this pathway is commonly observed
in malignantly transformed cells. Amplification of ras proto-oncogenes and activating
mutations that lead to the expression of constitutively active Ras proteins are observed in

25  approximately 30% of all human cancers (Stirewalt et al., Blood 2001, 97, 3589-95).
Mutated, oncogenic forms of Ras are found in 50% of colon and >90% pancreatic cancers
as well as many other types of cancers (Kohl et al., Science 1993, 260, 1834-1837). The
effects of Ras on proliferation and tumorigenesis have been documented in immortal cell
lines (McCubrey et al., Int J Oncol 1995, 7, 295310). bRaf mutations have been identified in

30  more than 60% of malignant melanoma (Davies, H et al., Nature 2002, 417, 949-954).
Given the high level of mutations that have been detected in Ras, this pathway has always
been considered a key target for therapeutic intervention (Chang et al., Leukemia 2003,
17,1263-93).
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(extracellular signal-regulated kinase) or MAPK (mitogen activated protein kinase) family of

whi ch
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30 proteins. Aberrant expression of MEK1 has been detected in many different types of
cancer, and mutated forms of MEK1 will transform fibroblast, hematopoietic and other cell

types.

Constitutive activation of MEK1 results in cellular transformation. MEK1 therefore
35  represents a likely target for pharmacological intervention in proliferative and inflammatory
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et al, Mol ecular Cancer Therapeutics 2007, 6, 3468S-3469S Part 2; LoRusso,
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sol vdtes Part 2y; BBri8g852 (Waledtous&ahals Erageedings of the American Society for Clinical
Oncology 2003, 22, Abs 816), XL-518 (Johnston, S. , Molecular Cancer Therapeutics
2007, 6, 3595S-35958S Part 2), RDEA-119 (2007 press release), and RDEA-436 (2008
press release).
Compounds suitable as MEK inhibitors are also disclosed in US 5,525,625; WO 98/43960;
20 WO 99/01421; WO 99/01426; WO 00/41505; WO 00/42002; WO 00/42003; WO 00/41994;
WO 00/42022; WO 00/42029; WO 00/68201; WO 01/68619; WO 02/06213; WO 03/077855;
WO03/077914; WO2004/005284; W0O2004/056789, W0O2006/045514, WO2008/076415,
WQ02007/121269, and WO2007/121481.

25  Description of the invention

It is the object of the present invention to provide novel MEK inhibitors useful in the
treatment of hyperproliferative diseases related to the hyperactivity of MEK as well as
diseases modulated by the MEK cascade, such as cancer and inflammation in mammals

30  with superior pharmacological properties both with respect to their activities as well as their
solubility, metabolic clearance and bioavailability characteristics.

As a result, this invention provides novel, substitued phenylamino isonicotinamide
compounds and pharmaceutically acceptable salts, solvates or prodrugs thereof, that are
35 MEK inhibitors and useful in the treatment of the above mentioned diseases.



Xis NHor 0, RL is hydrogen, nethyl, ethyl, n-propyl, i-propyl, SH or Hal,
R2 i s hydrogen, nethoxy, ethoxy, acetylene, cyano, SH or Hal, R3 R4 are
i ndependewol2zgimabieset ed from hydrogen, SH or Hal, 10R5, RETArseomnsspendent|y
selected fromOH, SH or NH2 and HaI is F, Cd, Br or I. Preferred are
conmpounds of Subformnulae IA |[B, ID, 1E, IF, IGand IH of Formula (1),
and phar Fmg%gﬁbg@dsbr@ggf%gwl%wﬁ@gg% sol vates or prodrugs thereof,
wherein 15in Subformula A X'is NH, RL is Hal, nmethyl or ethyl, R2 is

hydr ogen, rret hoxy or Racet wf ene, R3 is hydrogen or Hal, 20R4 is

hydr ogen or H Hal is F, A, Br or 1, in Subfornula IB 25X

is NH Rl is Hél s h gen or Hal, R3 is hydrogen or Hal, R4 is
hydr ogen or >
[ :I R

Formula (1)

and pharmaceutically acceptable salts, solvates or prodrugs thereof,
5  wherein:
Xis NH or O,
R' is hydrogen, methyl, ethyl, n-propyl, i-propyl, SH or Hal,
R? is hydrogen, methoxy, ethoxy, acetylene, cyano, SH or Hal,
R® R* are independently selected from hydrogen, SH or Hal,
10  R® R®are independently selected from OH, SH or NH; and
Halis F, Cl, Br or I.

Preferred are compounds of Subformulae IA, IB, IC, ID, IE, IF, IG and IH of Formula (), and
pharmaceutically acceptable salts, solvates or prodrugs thereof, wherein
15  in Subformula IA
Xis NH,
R' is Hal, methyl or ethyl,
R? is hydrogen, Hal, methoxy or acetylene,
R® is hydrogen or Hal,
20 R®is hydrogen or Hal,
R°, R® are OH,
Halis F, Cl, Br or |,

in Subformula 1B
25  Xis NH,
R'is Hal,
R? is hydrogen or Hal,
R® is hydrogen or Hal,
R* is hydrogen or Hal,
30 R° R°are OH,
Halis F, Cl, Br or |,



30R5, R6 are OH, Hal is F, d, Br or 1, in Subformula IC Xis NH Rl is F,

C, nmethyl or ethyl, 5R2 is hydrogen, |, Br, nethoxy or acetylene, R3 is
hydr ogen wo 2bil017(’&4 i s hydrogen or Hal, R5, R6 are OH, [Falr/tissood/0s@h7 Br or
I, 10 in Subfornmula ID Xis NHL  RLis F, O, nethyl or ethyl, R2 is
hydrogen, |, Br, methoxy or acetylene, 15R3 is hydrogen or F, R4 is

hydrogen or C, R5, R6 are OH, in Subforrmula IE 20 X i s NH,

in Subformula IC
Xis NH,
R'is F, Cl, methyl or ethyl,
5  R?is hydrogen, |, Br, methoxy or acetylene,
R’ is hydrogen or Hal,
R* is hydrogen or Hal,
R°, R® are OH,
Halis F, Cl, Br or |,
10
in Subformula 1D
Xis NH,
R'is F, Cl, methyl or ethyl,
R? is hydrogen, |, Br, methoxy or acetylene,
15 R%is hydrogen or F,
R* is hydrogen or Cl,
R°, R® are OH,

in Subformula IE
20  Xis NH,
R'is F or Cl,
R?is | or Br,
R®is hydrogen or F,
R* is hydrogen or Cl,
25 R® R°are OH,

in Subformula IF
Xis NH,
R'is F or Cl,

30 R?islorBr,
R® is hydrogen or F,
R* is hydrogen or Cl,
R°, R® are OH,

35



R1L is F or
25R5, R6 are OH,
R3 i swbydroageosior

G!
Br,

is 1 or

Br,

d, R is |

Subf or mulaslidtormula 1G

10

15

20

25

30

Xis NH,

R'is F or Cl,
R?is | or Br,

R® is hydrogen,
R* is hydrogen,
R°, R® are OH,

and in Subformula IH
Xis NH,

R'isF,

R?is |,

R®is hydrogen or F,
R* is hydrogen or Cl,
R®, R® are OH.

or

Br,

R3 is hydrogen or F,
in Subformula IF Xis NH Rl is F or
F, R4 is hydrogen or O,
2010/ 017051PCT/ US2009/ 051817 in Subformula I1G X is NH, 1:11 is F or
5R3 is hydrogen,

R4 is hydrogen,

R5, R6 are OH,

R4 is hydrogen or
G )
R5, R6 areTmMs200985181M0

30R2 is | or

ad, rR
and in

A more preferred group of compounds of Formula (I) and its Subformulae IA, IB, IC, ID, IE,

IF, IG and IH corresponds to Formula (11):

in which R", R% R®, and R* have the meaning indicated for Formula (1) or its preferred
Subformulae IA, 1B, IC, ID, IE, IF, IG or IH.

Especially preferred compounds according to Formula (I) and/or Formula (lI) include those

of the group consisting of



10X is NH, 1:11 is F, RR is 1, R3 is hydrogen or
15R5, R6 are OH A nore preferred group of conpounds of Formula (1) and

F,
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indicated for Fornmula (1) or its preferred Subfornulae IA 1B,
IF, 1Gor IH Especially preferred conpounds according to Formula (1)
and/or Formula (11) include those of the group consisting of 25
their pharnmaceutijcally acceptable salts, solvates or prodrugs.
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prepared from pharnmaceutically acceptabl e non-toxic bases or acids,

i ncl udi ng i norgani c bases or acids and organi c bases or acids. |In cases
wher e t hewoanpauniks of the present invention contain onecoruscamwesesei di c or
basi c groups, the invention also conprises their corresponding
pharmaceutically or toxicologically acceptable salts, in particular their
Sphar Mac qyidre 8hd Yiritlire 25 RARIR a ThUgn it BENRRRPLURGScRinid MuRE 5 Rt

i nvention which contain acidic groups can be present in salt form and can
be used A¥eenaliiagetsdsindicaiadvention, for exanple, as alkali netal salts,

al kaline earth netal salts or as annDniun1saIts More preci se exanpl es of
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whi chpcath/Bpighsed, for exanple, as internediates for chem cal reactions or
for the preparation of pharmaceutically acceptable salts. 30Furthernore,
the present invention relates to pharnmaceutical conpositions conprising a

conpound vieré RRtIHERATE.d. IRERNEASD BautdMherm? bPECHISb LIRS BOMB GrdsBRT iRRIntio® br &
phar maceutical |y accep table salt or solvate thereof as an active |né;)red| ent

L oget hor MgnoslghaAkReali e NAYHUALOERS £ e APio Q8 the gl form, are claime
2010/ 017Q83ETElIRAAOR R B8 il ERPRiND] I SHRIBIALS iop Blorammatfvergeey.or mor e

actlvg in redi ents, and.one or re 1nert kgredl ents that make up t he
carri2ar, CHIMRAIES, SISMANS ISAMRR CONRAN 'R apgérm Y€ directly or indirectly, from

conbi gat ||fcuesurezpra@hmtarouse Sepafded Bgmtatmas okl amwﬁ MWah®#rt rmg eyaiuitihe
i ngredie ne or

d ti di
1 o ot nePRIAReEersE! Eic S0F prdesfor e dRier e St Hndal Haicahihaes-
I ngr edi eddsitiofuigosreintigrhgrs nidyebepibalatze by ebnwealingcihamdisto diastessearers Hee. pr esent
e PR TS A SATRARLL Rl e lSedbf RO v e
phar Bac e wtsutinh dastgresners and oleavdye qf teesandliaryresidue. critermeayivelyl diny ieoartidmper
conpri se

oPQ%or%ound of the present invention may be obtained from stereoselective synthesis
using optically pure starting materials

The compounds of the present invention can be in the form of a pharmaceutically
35 acceptable salt or a solvate. The term "pharmaceutically acceptable salts" refers to salts



10nore ot her conpounds as active ingredients, such as one or nore

addi tional conpounds of the present invention, or a prodrug conpound or

ot her MEKvOnhioiirasns. The pharmaceuti cal conpositions i RCT$00O8B30BI ti ons
suitable for oral, rectal, topical, parenteral (including subcutaneous,

i ntranuscul ar, and intravenous), ocular (ophthal mc), pulnonary (nasal or

buccal i '&F‘@Ha?éd It phé’rha@@tﬁﬁbll%ﬁt‘aﬁl@r@hlt% bﬂe‘é%?ﬁ&ﬁstﬁlﬁudﬂbslhmﬁﬁhﬁ:abl e

15route in any given case w || depend on the nature and severity of
condi ti Oﬁgswr@@'dﬁra@ﬁpwn@rmsgﬁo'f Wﬂ%!ﬂ &Ases WherteHBe aempwdﬁﬁbt*‘@cnf%%ﬁm They

may be C@R¥éRiYreidhtan @rﬁé?&&ﬁé@%cldﬂz di%a‘suc@ﬂﬁ:%@ethfaq}{v@hﬁdwalw rads peirany of
the nmethods wel |l -known in the art of pharnmacy. |In one enbodi nent, said

conpound§CEERPOPHAY Hﬁ@&?@?'&%@”k?ﬁfﬁ’ﬁ%‘?'?@%‘y&F%epf‘%ﬂle sis, PmagCHighiNes0of cancer

such 3s l@h@*rrfacebwwy umﬂame@ms TRld, thddatistRhds 8RRé bictenadtie@ivhieh breast,
head, neck, renal, %31 ovari an, %ﬁr OStatﬁ@ col ore t al oeso}]?hageal
testicul SP”taB;ﬂ‘?@&o%ﬂ% nbet%?%\ta* Aegp an F‘%H%Hae IRCRIINg 84

mal i gnangivesticiy e eﬁérnpl@%ﬁall@ﬁh@tgmasalkﬁhgeﬁﬂtlﬁmefﬂubiltsﬂir%sfa}*iﬁlhdiﬂ]:‘m chronic

el ogneo el oi eukeni a, ..or an er t olid or
o O Sl MO R R gt St hisats NSRS salK pbleaShmistlS cBbuft on 1o
for the Ealmhmnésumﬁ saltm@ruaammn amsndmigp@rpgaic drainas sveh ab, &ﬁredempleuch as

b f th ' I
veond) DSBS bk MBS B e kD ASRRh B s ) anc
al so f or inveetidnmeldtmeortaiobne nf inarentsdsi grogpsdi.a graupsutich cindegsetonatedcans

rheurmt O'bg ?é’steF{ hts'al? forr%:r Qrpdqca[% t%' l? St oraﬁétwﬁ‘fe |We?1ﬁ5r?tn't¥(%fo?r%l He?r

irritabl e syndronmne € sc ero | 'upus er enatosus 30and
ot hers. laddlammsériterwndammgamemt QrgaEe dcigd drxasnpiastaf eatabteoaqlxtssna:ludmhydsog‘eor t he

L et onty BRadRIGELC AR FAISENRLA L ERLACXHPLAA AL Rl IS,

MVEK/ ERK 0 s’y
car dilof a@rtoldam%&ué@m@agqrfmpbﬂﬂeleaﬁdisldtoh@raslds oxalic Tgid, aqetl@ﬁclﬁ,dﬁrwlosémld el ates

to the U‘Fa%tu@E Or tﬁéﬁ@%ud%&%ﬂ'a@@ L‘Pch*h%ud P%ﬁ%\c%d BI aﬁé‘&‘cu@%ﬁéﬁ@ﬁ’@c’eﬂ&' on of

a medi canent t'reat nent yper pr erative diseasés related to
t he hypegidt ngionig agid, AEKiNigsacig IPimelis wldsgmls} agdldmialgicearihynalin@ciVEK cascade

in mslrTTT‘51|s§Ia‘an‘HF1lc‘étlc%,l_g ﬁ)rdﬁ?éﬂ iCA&d g}ﬂ)éo%@%fdagécopdl@éélé %&H’idoﬂﬁlc a%fdcatrﬁs cancer

and i nflammati on vention al'so relates to a conpound
phar mce@?'ﬁc%'p'@@ﬁ'ﬁo@qth geists knpwn {q WEPRESeN skidegin tb%ﬁ@r'éﬁ‘ﬁlcpﬁ@owdsmfdney

di seage (Hd\sbscH: MR dithBikbySy &@ﬂﬁ%@lb@%@%kl&b%@@% hebgéate, iduced
renal disease) or pain in a manmmal which conprises a therapeutically

ef f ect i vEVERAINRISOINCIHdRSD HRAMIPNAP ”terf@"é?fé‘sséﬂ‘?mioﬂ%r'ﬂﬂ%ﬁa“%r bgtaines
phar macegivifiglony). 366 Paoadihve safd &an Y @@lalusd BY cliéHhar endiheisamfich &8%ndwn

pharmaceutically acceptable carrier. 10The 1nvention also relates to a

conpound ‘&R psrﬁa? ﬁ‘ﬁﬁ"éUf‘ iR dpeEPle RFoNEICiGEep? B AR PERNGO" BBy t e

i npl ant attignr bas@nravwmht hdisgerPNRE b Qﬁloﬁl ekélﬁhg@eu&ati@alewhae@é QGthiower anount
of a orrpoung resent i nantl In | ahﬁ;; ar mac(%u / ﬁal IEe)é accept abl e
sal t 2 pr 68 h%Preﬁrﬁﬂ“ fehtiomalsa sicludgs gll ally CARVEST Py RGP abl e

carri er. inlestidnnMeEH, ioingatb S pleysidiafical Oorﬁpamﬂmamhdwlr@h@rsﬂmltdroﬁé in
conposit Ipﬁanrn}ca%reuﬁc%?s%ult \Q/ﬂicﬁ1 can be used, for example, as intermediates for chemical

reactions or for the preparation of pharmaceutically acceptable salts.

30  Furthermore, the present invention relates to pharmaceutical compositions comprising a
compound of the present invention, or a prodrug compound thereof, or a pharmaceutically
acceptable salt or solvate thereof as an active ingredient together with a pharmaceutically
acceptable carrier.
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15di sease rel ated to vascul ogenesi s or angi ogenesis in a manmal which
conprises a therapeutically effective anount of a conpound of the present
i nvent i orwoanicipisar naceuti cal ly acceptabl e salt, prodregTars200asesie

t hereof, and a pharnaceutically acceptable carrier. 20l n one enbodi nent,
sai d conmpound or pharnmaceutical conposition is for treating a disease

sel ected- ﬁﬁé?ﬁﬁ‘a&élﬁuc@lrc%\ﬁbo‘s‘uﬂm'nﬁédn@%n@forHé?@éctﬁ@%g?&ﬁé}ﬁ@a%d oRBoP fofe inert
i nfl ammat ory di sease such as rheumatoid arthritis nfl ammat ory bowel

di sease, NAINYSEREMALE 4P thaGaried; aseualleas aydHod st }Sé'ﬁ? F%i% d'réétb’é?’fa and

scler Ode'Tﬁhreéﬂyaﬁ@rh%mbﬁiaﬁ&?hbﬁpfe%ﬁdh%?%bbbégaf&iéf%?%@&r @Breﬂff‘?r@t urity,
age-rel at ed macul ar degeneration, hemangl ona, oma, nelanoma, Kaposi's

25sar comi'IEFHEBY & 18 digsoeiaien ofjqrg gy ”}Pé‘?lefr@ﬁﬂrlgéed'%ﬁ%sof bpw, Ot%ltﬁ?ﬁsé’ﬁd

epi des mlréhcﬂmrmtefﬁhﬁodsrbt@ﬁé oPord @rQhé mbﬁéfd%ﬁtst Qc@or@uﬁ@lyﬁﬁé hareRickiitap
hyperproliferative disorder in a nanmal rlses nlsterlngto
sai d mamfTBMPSSYNECh BIs R Pea Wﬂ@iﬂﬂ@@fﬁ?mea%;mﬁpm S'%%’Bﬁ%‘%)g]md%'?“”ﬂﬁe pr esent

i nvent i ogompourdl difiey pracentinveniidryarricceirabtsutisalytaccgsiasle egrier. 30hydr at e
thereof. In one enbodi nent, said use relates to the treatnment of cancer

such as brain, lung, squanous cell, bladder, gastric, pancreatic, breast,
head, nemlqoharmmﬁuncdi icdmwsutmmnheap‘r,es@ﬂmamm maphdditthi comasephageal |
testggular E neco enbodi nent ai d

: h
use 8] atske BYRERANGRRGE he At b SENE AR s sLE oh DBl iU PR s
di sor der mspretermmvbetmngnr dperyg casipaund ot dteerdMEN ir(hibitgrs, psori asi s)

35restenqﬁg har%ac?ﬁtf &}ngoo(sﬁloﬂs lnf:@rgy%:%mx%@%% u%lb?g?)?'P%’i_/rgégloggfcg?wl?. The

i nvention alfso re a use per pr erative
di sor der panrenaeraiumiadmg Isabcutanepus sesanadeulai, she irtagenauss a)culan@phlhalnac)

therape“@hﬁﬁn% (ﬁ&éa% blY afifiheiatic olnfforﬂa§ EB&Hw’E‘i’rag{;] 0l 3ﬁﬁ?@h‘%ﬁ§%sﬁh‘ﬁ§&%' on, or

a pharnmacCeu y accep pro ereo
conbilfat irane i arly givenaase willdependge ke mre@nédevmwftth@cm@ps beingi sti ng of

oL T BMaBeh g0 A R RO i e AR L el et G R Rl

anti biotics, grow ctor n | tors, anti geni ¢ agents, cycle
i nhi bi t onsif d@smyri@rm and pepayed ,by B0y of the msathose Weﬂiﬂﬁnbwn arbe apichbbyimesy-
response nodifiers, antihornones, angiogenesis inhibitors, and

anti-androgens, or inmune nodul ators. 10 The invention also relates to a
use for ﬂﬁ@@?ﬁ@oqﬂﬁﬁ'&tr 8¢ FOMBOWS jaN@l RBY MHACS i ECAMPISHIOR arafonthedrpaiment hat

conpnhseg; HEeNdRheks 'Uf'é]n“@ngf%h&’arﬁ&fé‘@ll @a&&é@rgaal%ﬁi'ét p&RldaYic, GJrQ@s@tHe\éﬁ anount
of a conpound of the present iInvention, or a pharmaceutically acceptable

salt, pr B8%H e Kiddngy &Vér'@mﬁ%te cpisesial earopReal. destipdpmowecolgisabise f or

pr event [ Fﬂﬁ/r&b B8ARE Yh&@ahdiivd, fh@hﬁidl&j‘b mallg¥5ﬁc@§lm| astdbate rﬁ?é’[@dén%%
adm ni sterl ng to said mammal a thergé)eutlcal :% effective amount of a

conmpound 'WeNife PRI AYEIONFe $O1AE MKFloIeRHE ek BIGE MyelPidyrel leukpmidnPe@Wal t |
prodrug ethehype at Solidhe1i§@Ad tumors. In another embodiment, said pharmaceutical

25 composition is for the treatment of a noncancerous hyperproliferative disorder such as
benign hyperplasia of the skin (e.g., psoriasis), restenosis, polycystic kidney disease, or
prostate (e.g., benign prostatic hypertrophy (BPH)) and also for the treatment of
inflammatory and autoimmune diseases such as rheumatoid arthritis, Crohn’s disease,
asthma, ulcerative colitis, irritable bowel syndrome, multiple sclerosis, lupus erythematosus

30 and others. In another embodiment, said pharmaceutical composition is for the treatment of
genetic conditions characterized by upregulation of the MEK/ERK pathway such as the
Costello syndrome, Noonan syndrome, cardiofaciocutaneous syndrome and others.

The invention also relates to the use of compounds according to the invention for the
35  preparation of a medicament for the treatment of hyperproliferative diseases related to the

11



The invention also relates to a use for treating diseases related to
vascul ogenesi s or 20angi ogenesis in a mammal that conprises adm nistering
to sai d meoraio/a7dsmer apeutically effective anount of a eocmmuseewd/0sefsit he
present invention, or a pharmaceutically acceptable salt, prodrug or
hydrate thereof. In one enbodinent, said nethod is for treating a di sease

sel ect ed thé?Q&thﬁ;eoﬂ\r/lEHFésQ\%ﬂ%‘s%ﬁéeQQes%oéd!ﬂ% bﬁﬂ@ NMER RESda8le it MEMM s, or
inflammatory di sease such as rheumatoid arthritis, atherosclerosis,

i nfl amm9§PSﬂeb'>bmé1j'a@pﬁﬁé”a@@m'f%ﬁ%§%‘ FFATEH Y HEHMAGNs, eczemn, and
scl eroderma, diabetes, diabetic retinopathy, retl nopat hy of prematuri ty
age-rel ated macul ar de ener ati on, hemangi ong, oma, nelanoma, Kaposi's

sar coma dA8 NYGRIQNASO Isfalessle a qqmgun%ah@"raé@ﬁwﬂlcwempaﬁ@on @&r@ﬁregﬁaent

epi desNDioHpgrtPaitis oﬁ@@he@@ié‘ea&@@hclﬁcﬁ:ﬁ? b liferiad @@m&'rﬁlbhé‘phﬂﬁ@MW&a@teé he
present invention, Ehar maceut i cal accept abl e

hydr at es MHCEL{FALFRISEL R ETHEAGPANG YacH Fi et gaerspeuBRRl fReins | on

i ncl ude, afrUnEdf AN oUREDI BB bResthidhvantyE dp @ghath AR adsepidw s,
SIS ather scl.erosi s bone cancer,

psori asis, rest PH | cancer,

chronic IrWﬁH@W? theregfiangiaRharpagRiy %aiyiaececpi%g%pamgrkl n cancer, cancer of
t he head and neck, cutaneous or intraocul ar nel anoma, uterine cancer,

col orl0can e epidEag EHEap & SoaBr oGP LR e B RE bR ST EoF CHbleL TR grentan -
35ut er i nef slastooyta snpladatcdnnio aanahmbhehi¢latdnowisas atthdyessuticallyaffective andounhe
endomet r i / 0 j f

carci momd! §POY R e 4 BrateboiRoR 28 Bafk Rt SR,
cancer ohydat teer@phagdla pheamepenticafly ad¢veptavid dariignt est i ne, cancer of the
enoct | NN YR S e ARy lo S WM Qe REPRBYIAN o fladienl
peni 45 pdissas relatechioamscuidgenasie ooéngamgﬂnQSIB #uk evaimamal wlqhd:bﬁuouﬁ@r@ of

o AnO0 herdadIROAG KL G UIRIAGS, cof GRA ofhe R AN, ganioer of the

ki dney or ureter (e.g., renal ce arcinoma, carcinonma of the renal

pel vi s), pbarmasewicalinacaeptablecsali cprodialy onBydratesherpet and @ ehgrmacpwtioally y ONS

| ynphoma o sidbd c4hféS tunors, brain stemgliomas or pituitary adenonas).
10Thi s invention also relates to a conpound or pharmaceutical conposition
for inhibiting abnormal cell growth in a manmal which conprises an anount

of a QQOWPWerﬁf)o&nIﬂ@ntpéﬁé @&hﬁédﬁﬂ%rph%ac@ﬂtléél &ﬂﬁﬁd%ﬁ%ﬁll’st ﬂoPﬁéétMgaaQﬁ%Tsébl e
salt or solvate or prodru ereof, in conbination with an amount of

anot her éﬂ@?tﬁggﬁﬁ‘éheﬂf%lpéﬁﬁﬂﬁtir@ of iffRRrangiogpRESiTTBRIRNS inflamnpriony siRsasRd, sal t,

sol vat e, sgéh & m@DMgtowﬁé}ﬂwrmé |ﬁf|’a¢nrﬁ£téﬂ?‘150%wi9@débl §théﬁo§clét@gi§t§@{ disédsestive in
15i nhi biting abnormal cell growth anti - cancer herapeutl CS are

present | FUKhB WS IASIE: r?é?Z%mﬁ aﬂdﬁc&ﬁ@%élﬂ”’#ﬁ@ﬁtd'a‘?%‘@ refinopatikreorai¥Cipeut i ¢
!Shf’vl CPeﬁﬁgrﬁh&?rﬁktp%'élrélafe@'rﬁﬁézm d%gfﬁéréﬂb;h ﬂérﬁaﬂtigl&ﬁlélsgllt&maﬂﬂe@?orﬁht@qo@g t

i nhihi_tors en anti-netabolites, intercalatjng antibiotics,
or oweh ¢ SEaR AR i BESEL Mo AT By oA AR OB B e ase

i nhi bitors, blologlcal response nodifiers, anti-hornones, anglogenesis
inhibito and. a | n.another enpodi ment the anti-cancer

t her apeuttrﬁg " §”‘é°rﬁ‘ aA?& rel}g%%/%éeﬁséé?r taeaﬁ'P%ﬁ]Wﬂ%rp@“@@ﬂwegﬁgr%ffmagm&rﬂma

bevaci zum?orﬁﬂ@swmlétemgﬁmtsamdammal & iheNpelfidly dﬁemlselambunmiraol i rrugab

I GFlR—speC| L C Lt rituxinm

ot msamPog i e e iy B RSl R b s P HR el at s 1o
a met3hod hidratel thenebi tln orga ebioariiment, sad Lisegretamteditoitime Bieateenedf cancdriseeit as\g a
nyper pr Obidi Ry Y AR AR ARt RORPId-AE Rl B st rREL ek Qe Rl an
anount of a’co und Sén ention jarnece

accept abloearisal prostates obloeactal cnesmha@eallgtetshmﬂ@ogynecwiog:Mr tretaideanget. tn

radi ation,bier 4o M@r‘ﬁr?a{cﬁ‘uéé‘u%haﬁ’{%‘d%étré’itp%ﬂ?oft%hor{gﬁgééggeroéé"t’ sol vate, or

s
<

prodrug, 1S In corgm nat
hyperproliferative disorders such as benign hyperplasia of the skin (e.g., psoriasis),

35 restenosis, or prostate (e.g., BPH).
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30effective in inhibiting abnormal cell growth or treating the
hyperproliferative disorder in the mammal. Techni ques for adm ni stering
radi at i orwohercapyosare known in the art, and these technipquas2aansise7 used in
t he conbi nation therapy descri bed herein. The adm nistration of a conpound
of the invention in this conbination therapy can be determ ned as descri bed
herein. It is believed that the conpounds of the present invention can
render abnormal cells WD 2010/ 017051PCT/ US2009/ 051817 nore sensitive to

t r eat ment'NQIVENYRAISR elHes 1912 ygrpiose eamagt ol 3 hpernaifatliymdipyreniRg t he

growt h OfmzphtRa tﬁaalcbﬁlpnéé*soaandm@@hug totdanosmhmwﬁma&maaelahééﬂ@reffé&lvataﬁﬁ)uhpofa

met hod for sensitizing abnormal cells in a Spammal to treatment with

radi at i oR SRAPEHNEBHP? P@é@”%‘fﬁ”ﬂ%@é am@rr@%eyvf@"ha%%alabgerﬁaan%ﬁwg&rr a
conpognd h%ra@lﬁe@bﬁﬁ%ﬁmblﬁaﬂeﬁt\mm RAn@intiAiAsMEReALdIsoid YorAtkegrbabbensislihg or

solvate o rodrug. ther i ch anmoun s effective | sensiti

Sbnor nal ObapE iherS AkRTho AeTie mbals THe Ehm e BIo e ey,
salt, or wﬁﬁﬂutmt antiamgtobemc agémgd:enamé)mhmmr@nzymé |ﬂﬂl@|€lfr$1ltd$m>|sto®netr£@ neans
for ascertaini ng % ftlve amount s of such 10co oun s .descri beg her ei n.
The i nveTR"SaPOLIE] 'GERASE &N I‘?é%ﬁBEW@P”?SnﬁP GPITNeS S AR M gr owt h
in a namaiadirogbm ociomuiiesrasdwatodnount of a conpound of the present

i nveahi on, or a pharmaceutically acceptable salt or solvate thereof, a
prodrug thereof, or an isotopically-I|abeled derivative thereof, and an
anount ofThe meMOnMQremnésstbms‘orstedaang pandreatitic ankidneyndjsexgemepain irmgent s,

i gnal ¢ rAEH T Beps U RS A ARLRRGA £ HRidetReAgRRb e B or
practical "Use, oun present 1 hvention’c € ¢conpl ne

the acti \ae:ompgumﬂofdhe plasemtnm\:ermmre oadnvhartrmaoeumaﬂly]a@cepta@fermﬁemodwlorcar ri er
accordin ical I i e
carri er i ASRgeEr ThalRb RS RS R IR A b BEEEN, Hinp Il

pr epdfat |adnardr@gi thaiccofmprisegiadministariag tasaid magmal aribgrapgutipallyeaificetivel amount

20(i nclu i i quJla, a | 1 sage
form an?‘: %g o@ﬁ%&@sﬁé Esaerdrtr&ggﬁtﬁ% égﬂé‘ﬁeﬁﬁgcﬁggﬁ@?@h@?%gﬁﬁ @%@rh ag for
exanpl e, hy@raterthergplycol s, oils, alcohols, flavoring agents, preservatives,
coloring agents and the like. In the case of oral liquid preparations any
of the usual pharmaceutical nedia may be enployed, such as, for exanple,
suspensi A8 NveNtion 3o relessilausedeisieabing gigeasesrglaledde vasculoganesied, sugars,

25m 6 0ChLY§ibGedsREn 6 fhdrtthQSRat c@ln'pH?éE a%lmlﬁlél%ﬂhk% ﬁiéaﬂﬂm@&ﬁﬂ{l 8 théré%dn&&'ﬁ?t S,
bi nders, disintegrating agents and n the case of oral solid

pr epar at EHPEIVE REOYBHY G<GoMPsHNGralthe Q@GFHPY?@“@@J(% agharmageuticanpreeriahitnder s,

hard and s&l@%ocﬁ@gﬁ&ﬁ%@%t@'ﬂfbré@hh%éerﬁMoEilrmetnh%a@Qhétﬁod)fs%r t%a@ﬁ@é@is‘e@é@ bei ng
preferred over the i reparations. 30Because of their ease of

adni ni st SEEFIEA TOMABE 8t p&ﬁaS'%te?@s%F%orra@gPe%%ﬁs PW@”'%?”W%W%@%%S oral
dos?ge wau?r} éééﬂh@hﬂnatéﬁm%rﬂﬁllw?ﬁlﬁer&ﬁlérds@hﬁ[aﬁgﬁﬁdltylbt@a)eh &i8¢dsk es6n AisGasebvi ously
enp esire abl ets e Y, andar ueou

oha gt o0 S AR SS ec Sa A R o et HIEDE S GROTe PR BER ai n at
| east O. brwtam;n,tag@frelatddl macmmm@geﬁuﬂanoﬁhﬁerpaﬁgwm aggemaimalahoma Kampucsund in
t hese co ositi gurse, he vari ed tly be

bet ween & r&ar[nazana &v%r b'EeSS’aE‘SQt Pas5reglc, CpégﬁtatSf c anraﬂé/plgermmd Cancer.
2010/ 017 PafiéiiT (HaS240I9¢ P&li&d With compounds of the present invention, or pharmaceutically

acceptable salts, prodrugs and hydrates of said compounds, according to the methods of
30 this invention include, for example, patients that have been diagnosed as having psoriasis,

restenosis, atherosclerosis, BPH, lung cancer, bone cancer, chronic myelomonocytic

leukemias, pancreatic cancer, skin cancer, cancer of the head and neck, cutaneous or

intraocular melanoma, uterine cancer, ovarian cancer, rectal cancer, cancer of the anal

region, stomach cancer, colon cancer, breast cancer, testicular, gynecologic tumors (e.g.,
35  uterine sarcomas, carcinoma of the fallopian tubes, carcinoma of the endometrium,
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the weight of the unit. The anobunt of active conpound in such
therapeutically useful conpositions is such that an effective dosage w ||
be obt ai /wd.20a7@&et i ve conmpounds can al so be admi ni st epet/tiseamasmssal | y as,
for exanple, liquid drops or spray. 5The tablets, pills, capsules, and the
| i ke may al so contain a binder such as gumtragacanth, acacia, corn starch
or gel at ielcir@itfl dtiRichyis BRiRkEnSbiaRé Gdi HasiahLor fle dliSAIHBAYA L NI _agent
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treating a hyperproliferative disorder that comprises administering to the mammal an
amount of a compound of the present invention, or a pharmaceutically acceptable salt or
solvate or prodrug thereof, in combination with radiation therapy, wherein the amounts of
the compound, salt, solvate, or prodrug, is in combination with the radiation therapy

30 effective in inhibiting abnormal cell growth or treating the hyperproliferative disorder in the
mammal. Techniques for administering radiation therapy are known in the art, and these
techniques can be used in the combination therapy described herein. The administration of
a compound of the invention in this combination therapy can be determined as described

herein. It is believed that the compounds of the present invention can render abnormal cells
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di seases for which conpounds of the present invention are indicated,
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Acet yl cetoni
isotopically-labeled derivative thereof, and an amount of one or more substances selected

from anti-angiogenesis agents, signal transduction inhibitors, and antiproliferative agents.

15
In practical use, the compounds of the present invention can be combined as the active
ingredient in intimate admixture with a pharmaceutical carrier according to conventional
pharmaceutical compounding techniques. The carrier may take a wide variety of forms
depending on the form of preparation desired for administration, e.g., oral or parenteral

20  (including intravenous). In preparing the compositions for oral dosage form, any of the usual
pharmaceutical media may be employed, such as, for example, water, glycols, oils,
alcohols, flavoring agents, preservatives, coloring agents and the like. In the case of oral
liquid preparations, any of the usual pharmaceutical media may be employed, such as, for
example, suspensions, elixirs and solutions; or carriers such as starches, sugars,

25  microcrystalline cellulose, diluents, granulating agents, lubricants, binders, disintegrating
agents and the like. In the case of oral solid preparations the composition may take forms
such as, for example, powders, hard and soft capsules and tablets, with the solid oral
preparations being preferred over the liquid preparations.

30  Because of their ease of administration, tablets and capsules represent the most
advantageous oral dosage unit form in which case solid pharmaceutical carriers are
obviously employed. If desired, tablets may be coated by standard aqueous or nonaqueous
techniques. Such compositions and preparations should contain at least 0.1 percent of
active compound. The percentage of active compound in these compositions may, of

35  course, be varied and may conveniently be between about 2 percent to about 60 percent of

15
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the weight of the unit. The amount of active compound in such therapeutically useful
compositions is such that an effective dosage will be obtained. The active compounds can
also be administered intranasally as, for example, liquid drops or spray.

The tablets, pills, capsules, and the like may also contain a binder such as gum tragacanth,
acacia, corn starch or gelatin; excipients such as dicalcium phosphate; a disintegrating
agent such as corn starch, potato starch, alginic acid; a lubricant such as magnesium
stearate; and a sweetening agent such as sucrose, lactose or saccharin. When a dosage
unit form is a capsule, it may contain, in addition to materials of the above type, a liquid
carrier such as a fatty oil.

Various other materials may be present as coatings or to modify the physical form of the
dosage unit. For instance, tablets may be coated with shellac, sugar or both. A syrup or
elixir may contain, in addition to the active ingredient, sucrose as a sweetening agent,
methyl and propylparabens as preservatives, a dye and a flavoring such as cherry or
orange flavor.

Compounds of the present invention may also be administered parenterally. Solutions or
suspensions of these active compounds can be prepared in water suitably mixed with a
surfactant such as hydroxy-propylcellulose. Dispersions can also be prepared in glycerol,
liquid polyethylene glycols and mixtures thereof in oils. Under ordinary conditions of storage
and use, these preparations contain a preservative to prevent the growth of
microorganisms.

The pharmaceutical forms suitable for injectable use include sterile aqueous solutions or
dispersions and sterile powders for the extemporaneous preparation of sterile injectable
solutions or dispersions. In all cases, the form must be sterile and must be fluid to the
extent that easy syringability exists. It must be stable under the conditions of manufacture
and storage and must be preserved against the contaminating action of microorganisms
such as bacteria and fungi. The carrier can be a solvent or dispersion medium containing,
for example, water, ethanol, polyol (e.g., glycerol, propylene glycol and liquid polyethylene
glycol), suitable mixtures thereof, and vegetable oils.

Any suitable route of administration may be employed for providing a mammal, especially a
human, with an effective dose of a compound of the present invention. For example, oral,

16



di met hyl sul f oxi de DTT dithiothreitol EDO

1- (3- Di net hyl am nopropyl) - 3-et hyl carbodi i m de hydrochl ori de EDTA

Et hyl enedwarmmatiedsnaaceti ¢ acid Et ethyl h hour HOBt 1- irgaruszem@smotri azol e
HPLC Hi gh pressure liquid chromatography |IPA |sopropyl alcohol LG M Liquid
chr omat ogr aphy coupl ed to mass spectronetry Li HVDS Lithium

hexanet hydqiisiobidgl B&enteral, ocular, pulmonary, nasal, and the like may be employed. Dosage
forms include tablets, troches, dispersions, suspensions, solutions, capsules, creams,
ointments, aerosols, and the like. Preferably compounds of the present invention are
administered orally.

5
The effective dosage of active ingredient employed may vary depending on the particular
compound employed, the mode of administration, the condition being treated and the
severity of the condition being treated. Such dosage may be ascertained readily by a
person skilled in the art.
10

When treating or preventing cancer, inflammation or other proliferative diseases for which
compounds of the present invention are indicated, generally satisfactory results are
obtained when the compounds of the present invention are administered at a daily dosage
of from about 0.01 milligram to about 100 milligram per kilogram of animal body weight,

15  preferably given as a single daily dose. For most large mammals, the total daily dosage is
from about 0.1 milligrams to about 1000 milligrams, preferably from about 0.2 milligram to
about 50 milligrams. In the case of a 70 kg adult human, the total daily dose will generally
be from about 0.2 milligrams to about 200 milligrams. This dosage regimen may be
adjusted to provide the optimal therapeutic response.

20
The invention also relates to a set (kit) consisting of separate packs of
a) an effective amount of a compound according to the invention or a physiologically
acceptable salt, solvate or prodrug thereof, and
b) an effective amount of a further medicament active ingredient.

25  The set comprises suitable containers, such as boxes, individual bottles, bags or ampoules.
The set may, for example, comprise separate ampoules, each containing an effective
amount of a compound according to the invention and/or pharmaceutically usable
derivatives, solvates and stereoisomers thereof, including mixtures thereof in all ratios, and
an effective amount of a further medicament active ingredient in dissolved or lyophilised

30  form.

Some abbreviations that may appear in this application are as follows:
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mmul tiplet M Ml ecular

m nute M5 Mass spectronetry mz Mass-to-charge ratio WO
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Abbreviations

Designation

Ac Acetyl

ACN acetonitrile

b Broad peak

BSA Bovine serum albumin

CDI N,N-Carbonyldiimidazole

d Doublet

DBU 1,8-diazabicyclo[5.4.0]undec-7-ene
DCM Dichloromethane

ad Doublet of doublets

DIPEA N-Ethyldiisopropylamine

DMEM Dulbecco's Modified Eagle's Medium
DMF N, N-Dimethylformamide

DMSO dimethylsulfoxide

DTT dithiothreitol

EDCI 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
EDTA Ethylenediaminetetraacetic acid

Et ethyl

h hour

HOBt 1-hydroxybenzotriazole

HPLC High pressure liquid chromatography
IPA Isopropyl alcohol

LC/MS Liquid chromatography coupled t0 mass spectrometry
LIHMDS Lithium hexamethyldisilazide

m multiplet

M Molecular ion

mCPBA 3-Chloroperoxybenzoic acid

Me methyl

min minute

MS Mass spectrometry

m/z Mass-to-charge ratio

18

m n



Nucl ear Magnetic Resonance PG Protecting group PyBOP

Benzotriazol e-1-yl -oxy-trispyrrolidi nophosphoni um hexaf | uor ophosphat e RPM
Roswel | PRaokoMamoosial | nstitute series of nedia a Quart ecrasg@w/ossart et) Rf
Retention factor Rt Retention tinme s Singlet Tert Tertiary TFA
Trifluoroacetic acid THAB Tet r ahexyl anmoni um brom de

N Normal (unit of concentration)

NMO 4-methylmorpholine N-oxide

NMR Nuclear Magnetic Resonance

PG Protecting group

PyBOP Benzotriazole-1-yl-oxy-trispyrrolidinophosphonium hexafluorophosphate
RPMI Roswell Park Memorial Institute series of media
q Quartette (or quartet)

Rf Retention factor

Rt Retention time

s Singlet

Tert Tertiary

TFA Trifluoroacetic acid

THAB Tetrahexylammonium bromide

THF Tetrahydrofuran

TLC Thin Layer Chromatography

TRIS tris(hydroxymethyl)aminomethane

TsOH p-toluenesulfonic acid

uv ultraviolet

Vis visible

The compounds of the present invention can be prepared according to the procedures of
the following Schemes and Examples, using appropriate materials and are further
5  exemplified by the following specific examples.

Moreover, by utilizing the procedures described herein, in conjunction with ordinary skills in
the art, additional compounds of the present invention claimed herein can be readily
prepared. The compounds illustrated in the examples are not, however, to be construed as
forming the only genus that is considered as the invention. The examples further illustrate

10 details for the preparation of the compounds of the present invention. Those skilled in the
art will readily understand that known variations of the conditions and processes of the
following preparative procedures can be used to prepare these compounds.

The instant compounds are generally isolated in the form of their pharmaceutically
15  acceptable salts, such as those described above. The amine-free bases corresponding to
the isolated salts can be generated by neutralization with a suitable base, such as aqueous

19



THF Tet rahydrof uran TLC Thi n Layer Chromat ography TR S

tri s(hydroxynet hyl)am nonmet hane TsOH p-tol uenesul fonic acid UV ultraviol et
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procedures can be used to prepare these conpounds. The instant conpounds
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such as aqmememning as described above.

10
The present invention also relates to processes for manufacturing the compounds of
Formulae (1), (I1), Subformula IA — IH as well as those disclosed in Table 1, according to the
hereinafter described schemes and working examples.

15 Scheme 1

Scheme 1 illustrates the general synthesis route used for the synthesis of all Examples 2.1 -
2.20 according to the Formula (I). The first step is a condensation reaction between a
substituted aniline (11) and 3-fluoro-isonicotinic acid, or derivative thereof (12), to afford the

20  respective acid intermediates (13). The acid intermediates were in turn reacted with suitable
amines or alcohols to afford amides or esters (14) respectively. In cases when a protecting
group, (e.g. an acetonide group, or other) was present, a suitable de-protection step was
included at the end to yield compounds (15).

25
R' Oy~ " ] ~ Oy OH R—X
/©/NH2 F I\ r® LHMDS, THF H\&Rs EDCI, HOBT, DMSO
- |
R® + NR RZD N“SR!  X=0,o0rNH
11 12 13
deprotection
30 5 (when necessary)
R R®
R = o SR
R' H 3
i N |\ R
2 PNt
R N R
35
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NH2NH2 2120 30 35 WO 2010/ 017051PCT/ US2009/ 051817 Schene 3 In Schenme 3
the synthesis of racemc amnodiols is illustrated. As described in (1)

Ni shi kawawoNpioAg2051 M Chyabu, N, |Isobe, M J. Og. ChemrCTAS3@9/01387 192.
and (2) 5Donohoe, J. T.; Blades, K; More, P. R; Waring, M J.; Wnter, J.
J. G; Helliwell, M; Newconbe, N J.; Stenp, G J. Og. Chem 2002,

7946- 795@onbie synt hesis starts with the Overman rearrangenent of racemc
cycl ohex-2-enol (16) (via a trichloracetimdate internediate) to afford
trichol oracetam de (22) which is then syn-di hydroxyl ated by treatnent with

osm um t @ sendnetes i QhM@suQ'o@*a%er%%‘a%@inoJ&@ i ifiSstatddN PsHeasitRugP\ri ¢ m xture
10of four am nodjols %@ is se arabl e by achiral chromatography into

two racenfigikauay y; /(\%93’/'\4@ uplsyIselye, Muwi ©r9- {GheR- 2988 nESd8sr 8% ed to the
cor r espomdhbigbd; 3CEMBRASLTIKI Mbiord, P. (qz,mar&gam J2Nim@), J. J. G.1E8HRwelR@NHcoca3

NHcocas Ngv_\lllccgr#be, N. J.; Stemp, G. J. Org. Chem. 2002, 7946-7956, the synthesis starts with the
Overman rearrangement of racemic cyclohex-2-enol (16) (via a trichloracetimidate
intermediate) to afford tricholoracetamide (22) which is then syn-dihydroxylated by
treatment with osmium tetroxide to give diols 23-26. The resulting diastereomeric mixture

10 of four aminodiols (23-26) is separable by achiral chromatography into two racemic pairs
(23/24 and 25/26), which then can be deprotected to the corresponding racemic aminodiols

(27/28 and 29/30).
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2010/ 017051PCT/ US2009/ 051817 Exanpl es The exanpl es presented bel ow are

i nt ended wo 20idiugdsnat e particul ar enbodi nents of the i npemttiseony/oarsd? are not
intended to limt the scope of the specification or the clainms in any 5
way. 1 Analytics Analytical LC/ M5 was perfornmed using the follow ng two

met hods: g4 d1od A: A Discovery 018, 5 pm 3 x 30 mm colum was used at a
flowrate of 400 plimn, sanple |loop 5 pL, nobile phase: (A water with
0.1%formc acid, nobile phase, (B) nethanol with 0.1%formc acid;

retenti ofhkicRBAplas greﬁét\ﬂ@&' bblBwHr& hhtté?'ﬁied N@ﬂlbﬁ&t@ﬁérﬁédl&r entBodinhH$ oRe @
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WV- desectiagn at 254 and 280 nmwith a gradient of 15-95% (B) in a 3.2 mn
linear gradient (Il1) hold for 1.4 mn at 95% (B) (Ill) decrease from 95-15%
(B) ina0.1mnlinear gradient (IV) hold for 2.3 mn at 15% (B). 20

Met hod B Ahditicers Symmetry 018, 3.5 pm 4.6 x 75 nmcolum at a flow rate
of 1 mL /mn, sanple |loop 10 pL, nobile phase (A is water with 0.05% TFA,
nobi |l e phase (B) is ACNwith 0.05% TFA; retention tinmes are given in

m nut es. AMelytexdSCM4S aiab perférimedruging tsfolowing two methods:

10

Method A: A Discovery C'®, 5 um, 3 x 30 mm column was used at a flow rate of 400 pL/min,
sample loop 5 pL, mobile phase: (A) water with 0.1% formic acid, mobile phase, (B)
methanol with 0.1% formic acid; retention times are given in minutes. Method details: (1)
runs on a Quaternary Pump G1311A (Agilent) with UV/Vis diode array detector G1315B

15  (Agilent) and Finnigan LCQ Duo MS detector in ESI + modus with UV-detection at 254 and
280 nm with a gradient of 15-95% (B) in a 3.2 min linear gradient (I1) hold for 1.4 min at
95% (B) (lll) decrease from 95-15% (B) in a 0.1 min linear gradient (IV) hold for 2.3 min at
15% (B).

20  Method B: A Waters Symmetry C'®, 3.5 um, 4.6 x 75 mm column at a flow rate of 1 mL
/min, sample loop 10 uL, mobile phase (A) is water with 0.05% TFA, mobile phase (B) is
ACN with 0.05% TFA; retention times are given in minutes. Methods details: (I) runs on a
Binary Pump G1312A (Agilent) with UV/Vis diode array detector G1315B (Agilent) and
Agilent G1956B (SL) MS detector in ESI + mode with UV-detection at 254 and 280 nm with

25 agradient of 20-85% (B) in a 10 min linear gradient (ll) hold for 1 min at 85% (B) (llI)
decrease from 20-85% (B) in a 0.2 min linear gradient (1V) hold for 3.8 min at 20% (B).

Analytical Chiral HPLC
Analytical chiral HPLC was performed using a ChiralPak AD-H column (250 X 4.6 mm) from

30 Daicel Chemical Industries, Ltd. on an Agilent 1100 Series system. The method used a 5.0
ML injection volume, with a flow rate of 1 mL/min of 100% methanol for 15 min at 25 °C, and
UV-detection at 254 and 280 nm.
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Bi nary Punp G1312A (Agilent) with UV/Vis diode array detector GL315B
(Agilent) and Agilent G1956B (SL) Ms detector in ESI + node with

UV- det ectworosi012B4 and 280 nmwi th 25a gradi ent of 20- @6%USB)oviomisa7 10 mi n
linear gradient (Il) hold for 1 min at 85% (B) (Il1l) decrease from 20-85%
(B) ina 0.2 mnlinear gradient (IV) hold for 3.8 mn at 20% (B).

Anal yti c@hedaiithalHAddlC  Anal yt| cal chiral HPLC was performed using a
Chiral Pak AD-H colum (250 X 4.6 mm) from 30 Dai cel Chem cal |ndustries,

Ltd. on &FeRsgtiventPLE1ves pssfqragd ¥5i89 gitRer prdalges Nisatis ded BB ™ 1B LM BPect i on
vol une, whd hnd doludvh 6r34Wa€éfrs éuﬁfhé'mréb of O"éﬁ’%gﬁl b@ﬂ@isofr% dGumhntRé 25 QC
and UV-detection at 254 and WO 2010/ 017051PCT/ US 009/ 051817
Pr epar at icglgm,qpp_/\@re Fﬁe@[?é@dPWéte@@@%@'”p‘éH ¥ratera Pren He 469Q Rstes vat er s
Atl ansi s egip thTMséra @%c(o?(@o}maﬂdaﬁ)sa;olum wvv.ad%b@fsrhsw%unée Prep 018
OBD 10 NL 30 X gn The col umms weébg a‘ﬁ%é te of 60
m/ m n oR"&ANEFSE @Wlfb @ tweS@ BB "SIV IR BRI "W%rﬁ” (BH p (10 niL)
and an | 9€&lohitid AUypivalprételraive oiin usdiiea Ml iadipRB@ey. VB60 of sovent Bavet 69
sol vent reservoirs containing (A water and (B) HPLC-grade acetonitrile. A
typi cal H}@parati ve run used a linear gradient (e.g., 0-60 % solvent B over
60 m n) 10 2 Chem cal Synthesis 2. 1Cycl ohex-2-enyl acetate (17) OQAc a To a
soI ut h hexen 1-ol (16) (45.5 mmol, 5.02 nL) in pyridine (0.27
ﬁ% "&1 $Retic anhydri de was added dropwi se and the reaction
m'xture was stlrred at 0 Cfor 1/2 h. The ice bath was renoved, and the
m xture s stirred m rature overnight. The m xture was dil uted
with Et 0%, V\gﬁlgge’@\?ﬁﬁ'yﬁﬁe RE saturated NaHCOB, brine, and concentrat ed
in vacuo to give 6 g (94% of t he crudeaproduct 17 which was used in the
next step without further purificati oTLC with 20% Et 0Ac/ Hexane, stai ned

wth 5% 20H2SO4/ Et OH, Rf for (16) : O Rf for (17): O.8.
2.22-[(1R) - cycl ohex- 2-en-1-yl1]-1H i soMeol e- 1, 3( 2H) - di one (18)
To a solution of 2-cyclohexen-1-ol (16) (45.5 mmol, 5.02 mL) in pyridine (0.27 mol, 22 mL)
15 at0 °C, acetic anhydride was added dropwise and the reaction mixture was stirred at 0 °C
for 2 h. The ice bath was removed, and the mixture was stirred at room temperature
overnight. The mixture was diluted with EtOAc, washed with HCI (1N), saturated NaHCOs3,
brine, and concentrated in vacuo to give 6 g (94%) of the crude product 17 which was used
in the next step without further purification. TLC with 20% EtOAc/Hexane, stained with 5%
20 H.SO4EtOH, Rffor (16):0.4, Rffor (17): 0.8.

2.2  2-[(1R)-cyclohex-2-en-1-yl]-1H-isoindole-1,3(2H)-dione (18)

H.

N

O

To a mixture of potassium phthalimide (160 mmol, 29.6 g), N,N-(1S5,25)-cyclohexane-1,2-

25
diylbis[2-(diphenylphosphino)benzamide] (Trost ligand) (6 mmol, 4.14 g), [Pd(p-allyl)Cl], (2

mmol, 0.73 g) and tetrahexylammonium bromide (216 mmol, 94 g) in anhydrous DCM (40
mL) under N, 2-cyclohexen-1-yl acetate (17) (13 g crude) in 40 mL of anhydrous DCM was

24



25 To a m xture of potassium phthalimde (160 nmmol, 29.6 Qg),

N, N- (1S, 2S) - cycl ohexane- 1, 2- diyl bi s[ 2- (di phenyl phosphi no) benzam de] (Trost
| i gand) (Wormmloi17e5114 g), [Pd(p-allyl)Cl]2 (2 nmol, 0. 72CE)usand/051817

t et r ahexyl amoni um brom de (216 nmmol, 94 g) in anhydrous DCM (40 nlL) under

N2, 2-cyclohexen-1-yl acetate (17) (13 g crude) in 40 nL of anhydrous DCM

was WO Z%Qé&ﬁ%&ﬂ&?&vbé%?&%é%%%nﬁé geratﬁb%v&hkghul‘rﬁe\{*@a%néﬁ iwh$ Bfgnat

anbi ent tenperature overnight. The reaction was uenched wth water
(250 nm) agerehed ivita waday (Fe@ mLpendl @graggtegg@th,ﬁ_CjM 3’?18581”61?)11-”@50@%?'@ W¥&'fbi ned
and washegmwinkd ahd waéfhe(d“\ﬂfh kb’ﬂﬂ)e 4@U in@fj dﬂé@bvé\ﬂ?a?!% éﬁ@c&%@ﬁ#&ié(ﬂ &i@@b fne give

the crude product as yellog Recrystallization fro ave 024 ¢
of pr odu&tudgpredueyas M'ew%'bﬁieqrn@'wa@e'/éwmé%% IRKR HB‘& Hé’F qudélgdPWv%cs
puri f sed 1by%fdyash G Boanpélap r'ﬂi@ﬁﬁotﬁéﬂﬁﬁu&@d&bdﬂﬁé@b?ﬂ&sﬁéhrélmw@g& By oro9f 18

(2 SRS (HEUNS Sl  PCE TA) Wik St

2.32-[ (1malsh @B)usr%oaoa@ehwtmwwpmhemyd:]d Wrh.iGHeim dot.e1994 3{dBe)40d0one (19)
10 To a suspension of

2-[ (1R)-cycl ohex-2-en-1-yl]-1Hi soi ndol e-1, 3(2H) -di one (18) (19.9 mmol,
4.53 g) ad 424@ER(RS,3R)-7BaihytreoyelohexyipdHrivvindole-10)3(2¢)-dionexd8)Y one/ wat er
(4: 1,1 62.5 nL), 150smumtetroxide (0.2 mml, 50 ng) was added. The
reaction was stirred for 4 h. The m xture was concentrated and saturat ed
sodiumsulfite (40 nm.) was added. It then pronptly extracted with EtOAc
three tines. The conbi ned organic |ay were washed with water and bri ne,
dried over My504 and concentrated tQ=gi the crude product as a white
solid (4.94 g, 95%yvyield). Chiral HPLCN[8. 53 mn]. Analytical data natched
publ i shed data 20(Donohoe, J. T.;et a@o Og. Chem, 2002, 67,

7946- 7956)

2.42-[ (3aS, 4R, 7aR) - 2, 2- di net hyl hexahydr o- 1 3- benzodi oxol-4-yl1]-1Hi soi ndol e
- 1,3(2H)-dione (20) 25 To a solution of

2-[ (1R 25ro?a|%)u38er?s1cﬁi) d?ﬁqtmgww@h&@%ﬁhlyﬂlfﬁ ool @(2F|+ éi(a'n’wﬂﬁ e i)

(50.0 g, 191.4 2-met h oxggropane 500 ') in acetone
(500 ni) 4.53 g) and 4- -méthylmorpholine-N-oxide

mmol, 7.01 g) in acetone/water (4 1,62.5 mL),

15 osmium tetroxide (0.2 mmol, 50 mg) was added. The reaction was stirred for 4 h. The
mixture was concentrated and saturated sodium sulfite (40 mL) was added. It was then
promptly extracted with EtOAc three times. The combined organic layers were washed with
water and brine, dried over MgSO, and concentrated to give the crude product as a white
solid (4.94 g, 95% yield). Chiral HPLC [8.53 min]. Analytical data matched published data

20  (Donohoe, J. T.;et al., J. Org. Chem., 2002, 67, 7946-7956)

24  2-[(3aS,4R,7aR)-2,2-dimethylhexahydro-1,3-benzodioxol-4-yl]-1H-isoindole-

1,3(2H)-dione (20)
OiNiO
(I
25 "o

To a solution of 2-[(1R,2S,3R)-2,3-dihydroxycyclohexyl]-1H-isoindole-1,3(2H)-dione_(19)
(50.0 g, 191.4 mmol) and 2, 2-methoxypropane (500 mL, 4.07 mol) in acetone (500 mL), a

25



WO 2010/ 017051PCT/ US2009/ 051817 catal yti c anount of p-tol uenesul fonic acid
was added and the resulting reaction m xture was stirred at room

t enper at we 20mvo12sm. The reacti on was quenched w th sat ecatusdoobaz303
solution to adjust the pHto 10 and the solvent was renoved. Water (750 ni)
was added to the residue and extracted with ethyl acetate (2x750, 500 ni).

The or 9a@aﬁgtlc\!‘@ﬁt%uﬁ%ltdlﬁgaesﬁ%dl@gcld’\ﬂﬁé aB@@oS% tﬁ@%é&ﬁl’ﬂ@ ‘?é‘atctléﬁ ﬁﬂ(ttﬁr% v@sVe the

desired product as a white soli1d_(55 ield hod B:
rt: 6.16SHired atypom teypperaiyre iy 3 hpTag @étgtlonzmas quenc ed W|th saturated NaQCOS

Zaﬁ 2, ZSQIUt’@hBﬂdR%Kﬁtl@)ﬁFlﬂ@ 1D, a0 RN E6NER WAL rén QVBINRate? 1)50LAL) wdd Eid@ts ur e of

ZaR) 5216 e G ERGRAFAREOHNI byl GRelais (BXE0. 30 ML, THeCUIaniEs! W'e COPBIFddi one
(20) 619dnéd BV INa, S8, % &)ncetlﬁtya?iéd%'d\f‘e th8 @8sitbdBrBduct a§anh'TE£oltd‘g_|§t8?”0| (500

m.) was refluxed faor he reactlon was nonitored
15anal ysi%8-8&hyldy LQ%SM&@PQ &n k- dG H‘t'ﬂ Y& 3% Mot eti on (86% conversi on).

Addi tional 3 nmiL of hydrazi ne was added to the reaction mxture and refl uxed
for 2 h. The reaction was cool ed iltered. Thefllter cake was

washed wi2th | 38Safd, (AR)we?- PB"%IPY'BP@*M’@dé’sP‘t’Ea’dtﬂ’@&dtﬁm'Eﬁé%) 52 g, 21%

yield, purity in weight: 84% based on NVR). The filtrate was concentrated
and the residue was taken up in I PA (about 200 nmiL). The 20 by- product
crystallized and was filtered out, a @ the filtrate was stri pped of

vol atiles and dried to afford a se @}% of the desired product 21(28.46
g, 64%yield). TLC (80% MeOH Et OAc h rop of acetic acid, stained by
ni nhydrin dip). 2.63-[(2-fluoro-4-iodop enypam nolisonicotinic acid 25 A
m xture of 2-fluoro-4-iodo-phenylamne (20.0 g, 84.38 mmol) in anhydrous
tetrahydrofuran (80 nm.) was cooled to - 65 C under an inert atnosphere,

prior to TSEoxBoxaR-1(Bar 4t RR)-A2-dineihylrexahydea- 1 gdremygpdipxgidrdhi ide (255 ni,
255 mmol )s iqofe-§ Bkt dIBhe (20) (191.4 mmol, 50.00 g ), hydrazine (308.4 mmol, 15.0 mL)

in ethanol (500 mL) was refluxed for 4 h. The reaction was monitored by HPLC. HPLC

15 analysis showed the reaction did not go to completion (86% conversion). Additional 3
mL of hydrazine was added to the reaction mixture and refluxed for 2 h. The reaction
was cooled to 0 ° C and filtered. The filter cake was washed with IPA and dried to
afford the desired product 21 (9.52 g, 21% yield, purity in weight: 84% based on NMR).
The filtrate was concentrated and the residue was taken up in IPA (about 200 mL). The

20 by-product crystallized and was filtered out, and the filirate was stripped of volatiles and
dried to afford a second crop of the desired product 21(28.46 g, 64% yield). TLC (80%
MeOH/EtOAc with 1 drop of acetic acid, stained by ninhydrin dip).

2.6  3-[(2-fluoro-4-iodophenyl)aminolisonicotinic acid

OH
- o)
H
ijN ;
P
| N

A mixture of 2-fluoro-4-iodo-phenylamine (20.0 g, 84.38 mmol) in anhydrous

25

tetrahydrofuran (80 mL) was cooled to — 65 °C under an inert atmosphere, prior to slow
30  addition of 1.0 M lithium bis(trimethylsilyl)amide (255 mL, 255 mmol) at a rate that

26



WO 2010/ 017051PCT/ US2009/ 051817 nuai ntai ned the internal tenperature bel ow -

55 C. After final addition, the thick slurry was stirred for 30 m nutes and

t hen treavedowitims3-fl uoro-isonicotinic acid (8.0 g, 56P6%/usewbps1sThe

m xture was stirred at roomtenperature for 4 days and then poured into

aqueous 2.0 N sodi um hydroxide (1000 ni) and ethyl acetate (250 nL). The

|l ayers wey i i I gueous
éllﬁgéeiﬂ“% ﬁ@m%f‘%g@rer{ Gre %P §5 oA ifer AR& aBduﬁ IRETHRY o Yan:vaa"'é

sodi um hy ﬁH of the conbi ned 'aqueous actions
was adj ustieed 1063Q miiuies @r&ib@mtre%t@@wﬂ ypdlugoniseri¢adinigccitl (8vihg,&8-69fm@eb ed

preci pi t gk ol v@aéﬂlrﬂeﬁ at rofh l@%?@rdtl?rla chi@tsdafyh |ahﬁ‘ir?éﬁ poﬁ?&hﬁl@ Woubbuveh gf (300

m.) and dried under vacuum e pr oduct
( 19. 05 gsogigmiydiexige (1 @L)e@daet@épp@ﬁjeggw anl)- 1tne layers were separated and

- IN- B (3@ &ﬁar?@s“i)ver% afafh SRR WK%HM@HJ% s%d%nh%?&ﬂi )29(1T060¥ﬁl|] Inéph-fluoro

-4 odophen am no] I'soi coti nam de A ‘suspensi on of
3-[(2-fl GBV“S C@mbMG&HB?RHS)”a&H‘?%’PS %ddHﬁt%‘P@n\W'H“ eRecantyaied yslrechlosig agidamp ) |

(3aS, 4R, (mRh-eficéed preighuliditarahasilg ornk rﬁateﬁélmélfmé@a \ﬁas'HéUr\}ﬁth(v?alér (350 00 g,
29.2 mmol ), 1- hydroxybenzotri azol er(é4 41 and EDO'

)
29. 2 mmoinL) |aﬁd9|wﬂm®0h|9b)vaﬁw 3t 4G Hetor 48 hq@éﬁ?fﬁé%@fﬂﬁ@@]r@‘»’&é@r AP ﬂt The
reacti onyag, suereegeivividiigat er (150 mi) 20and extracted with ethyl
acetate (150 nL). Enmulsion was forned and col lected, filtered and the
filtrldte was combined to the organic |ayer. The organic |layer was washed

wi th sat arat eN- gﬁaﬁ@ﬁsnmlmwﬂﬁethi«ﬁ@xawdramb -Bah Ay didof-4 SQLm,ﬂwrbme and

dried over M and caoncentrated to give brown foam e crude was
purified by c?‘}l‘%ﬂhﬁnm AMiNQsqiceRande (:%ﬁe mot her |iquor was concentrated
and purified by flash chromatography to afford the desired 25product (12g.
80%yield). LM [Method A: rt:7.35 n, mz: 512 (Mf1)]. 30 WO

2010/ 017051PCT/ US2009/ 051817 ><

2.8(N-[(1R 2S, 3R) -2, 3-di hydroxycyclo xyl]-3-[(2-fluoro-4-

i odophenyl ) am no] i soni coti nam de) (8) NOEI 517.62 nL of 2 MHC in

di ethyl ether was added to a brown so of N-[(3aR 4S, 7aS)-2, 2-

di met hyl hexahydr o- 1, 3- benzodi oxol- 4-y @2-“ uor o- 4-i odophenyl ) am no] i so
ni COtll nam de (31) (6.65 mmol, 3.15 g) in MeOH (64 nL) and the resulting
reactlson m xture was stirred at roomtenperature for 5 h. The reaction

m Xt ur e \esusparstenndf 3t 2l dro-4atdnphedd) arhinalrisbrdcotinic acid (10.46 g, 29.2 mmol),

(3aS,4R,7aR)-2,2-dimethylhexahydro-1,3-benzodioxol-4-amine (21) (5.00 g, 29.2 mmol), 1-
hydroxybenzotriazole (4.41 g, 29.2 mmol) and EDCI (5.6 g, 29.2 mmol) in DMF (100 mL)
was stirred at room temperature overnight. The reaction was quenched with water (150 mL)
20  and extracted with ethyl acetate (150 mL). Emulsion was formed and collected, filtered and
the filtrate was combined to the organic layer. The organic layer was washed with saturated
NaHCO; solution (150 mL) and water (2x150 mL), brine and dried over Na,SO, and
concentrated to give brown foam. The crude was purified by crystallization from IPA. The
mother liquor was concentrated and purified by flash chromatography to afford the desired
25  product (12 g. 80% yield). LC/MS [Method A: rt:7.35 min; m/z: 512 (M+1)].

30
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10yellow solid was forned, filtered to give the product as hydrochl oride
salt. 10 nL of MeOH was added to the salt and anmoni um hydr oxi de was added
until pHwWO.200i1res1solid was formed and solid (1.83 g, P8¥Us2@bayi1snas
collected by filtration and washed with water. The filtrate was
concentrated and second crop was obtained as white solid (0.56 g, 18%

yield). by Nﬁﬂ%h?@%pﬁzsam rcﬁ?yc%IBhe?IF3 [éYfR;o(thl)] Chiral HPLC [7.06

mn]. 15 2.92 richl oro- c ¢l ohex en-1-yl acetam de (22) 20To a
sol uti on of 2'-0@9%?1'66!)9!71"101'1?"("1‘5)"3(‘1@9)9(8)0 183 mol) in dry dichl or onet hane
(275 m) DBU (41.88 g, 0.275 nol) was added and the m xture was cooled to
-20 C. To this solution, trichl oroacetonitricl)e (47.66 g, 0.330 nol) was
added dropwi se. The reaction was sti rredHFo 3 h at -20 C and guenched with
aqueous ammoni um chl ori de sol ution.. Th i c phase was separated and
dried over potassium carbonate. Th @nt was 25renoved under vacuumto
yield the internedi ate cycl ohex- 2-lgn- 2,2,2- trichloroethani m doate.
This was dissolved in tol uene (100 m) and treated with potassium carbonate
(30 gp. The m xture was ref luxed for 12 h. After cooling the m xture was

0 of (237 5 MIBAH 1% R Iarotes R | RBWRRTI) 3 el At eSie 2 (2
0. 1%—10(30H;m@hylhﬂ§hﬁcﬁ6%3 bﬁimWoxﬁ@Ole:Bng(QmorogbIodomhen@Ed‘dESb]jioﬁﬂ:Btlrﬁbri(de EI\S/ITzn) 3;1
B ) oA Al S AR oL PO HORIE RSO3 LG g8
5.97-5. 6r@ﬂn (ebperatyre f6r HB. THeHeadd®N. mixture Rasl@ncentrated to about 30 mL and a

20 25 ot VeRbDLta Nk 1R R A e BHaME RYEIEhRAGE ¥hl A6 FAG ST 2cem ¢

5m xture
2, 2, 2- t r wehladded 14-1bg salbarkarameniuh-lydexisteavasorsided 2htil (i B). §yhie.solid@asol ) and

10 N- et 0
added”iaif‘%tne?%éﬁ@ I (35 S8y fifedacdlpsPa By Rudfon adfWalel AR gl TR, 157
g, soli d)hltrawasmemtmiedram sﬁcend\a@psftasmbmin@tasn@lmmso@drﬁb%gu‘r%/o field).14 h
and que”%baﬁﬂ!/létho&@t f@é@%rf%ék“d@rewﬁﬁ )1 S0l BpRel . b{s?m 20 m). The mxture

was stirre an ad Itron then the 'so t was renoved under
vacudm and the residue was purified by chromat ography usi ng petrol eum

15ether ! gig| » 308t AitoloH by cheRl2eH.yidtehiigb sl 3 9 (60 % of the racenic

diol as a

O

Cl
HN

20  To a solution of 2-cylohexen-1-ol (16) (18 g, 0.183 mol) in dry dichloromethane (275 ml)
DBU (41.88 g, 0.275 mol) was added and the mixture was cooled to —20 °C. To this
solution, trichloroacetonitrile (47.66 g, 0.330 mol) was added dropwise. The reaction was
stirred for 3 h at —20 °C and quenched with aqueous ammonium chloride solution. The
organic phase was separated and dried over potassium carbonate. The solvent was

25  removed under vacuum to yield the intermediate cyclohex-2-en-1-yl 2,2,2-
trichloroethanimidoate. This was dissolved in toluene (100 ml) and treated with potassium
carbonate (30 g). The mixture was refluxed for 12 h. After cooling the mixture was filtered
through Celite and the filtrate was evaporated to afford 9 g (20 %) of (22) as a solid.
LC/MS: Mass found (m/z, MS, 242.9) Method: A- 0.1%HCOOH, B- ACN (70%), Flow-

30  0.8ml/min Column: GENESIS C18 50X4.6mm 3U, Rt (min): 1.645: "H NMR (CDCls,

28



LC Ms: Mass found (mz, -MsS, 275.8), Method: A- 0.1 % HCOOH, B- ACN (70 %,
Flow0.8 m/mn; Columm: GENESIS C18 50X4.6mm 3U; Rt (min): 0.695:1H NWR
(CDCI 3, 490 2M7176311. 31-1.70 (6H, m, 3.87-3.92 (2H, m pca/Be0d/0iB1{1H, n),
7.68 (1H, bs). 20 2.11 (1RS, 2SR 3RS) - 3- am nocycl ohexane- 1, 2- di ol . HCI
(racemc m xture of 27 & 28) NI-12N 2 " OH + ' OH "OHOH 25A m xture of

2,2, 2- ”'46%5!4/@%)38 ﬁg_l}\g/lhﬁlﬁ%sﬁsq'ﬁh '@232%@@@%@&’{?’@ Hﬁx%l h an(ﬂ? (23 &

24) (2.3 g ueous was ref eévapor at ed
under re&§HIRI6 Bt €BIuUR 6t5@(3a*ﬁm§=‘r)d 1.2 g (86 % of the title conpound as

Vi scous quuid M5: Mass (mz, M5, 131.9), HPLC > 98 % Met hod: A-Water, B-
ACN. Flow - 0.8 m/mn.Colum: C18 XDB, 250X4.6mm SC 276. Rt (mn

2. 715: 1H2NOR 2:&33tiphlene- Noid RS2 SE,3IRH) L, M'h(véwxv%ﬁlphewlbse@ﬂuﬂei@FPmrﬁ
3.31-3. 42 (1Hnihire o+ B% 04 M. WO 2010/ 017051PCT/ US2009/ 051817 2. 12
NelSR, 2RS, 3SR) - 2, 3- di hydr oxycycl ohexyl ] - 3-fl uoro-5-[ (2-fl uoro-4-iodophenyl)
i sonicotinamde (2) 5

3- Fl uor o- 5- (2-fl uor o- 4-i odo- phenyhastdo) -\&@dccotinic acid (119 ng, 0.32
mol ) and 1, 1- carbonyl bi s(1Hi m?da PI e) 167 3, 0.41 nmol) were suspended
in DVBO (2 n1) The 10m xture stlr overnight (12 hr) at room
t enperature. 3-am nocycl ohexane- emc 27/28) (40 ng, 0.31

mol ,) and triethylamne (0.07 m, 0.49 nmol) were then added. The m xture
was stirred for another 6 h at roomtenperature. Upon conpletion of the

1 o e RouBRR p k- hO R Fel e FEE T b SRR R R ok O
W th 10on<N-mblﬁM mdiipboliiermNoxides (Mg, a.0EmMDIp treacamed 10@m) evaswdedrwater(ﬁs t he

‘S’fgchtT?@ Fofﬁi@d’\;g%[gﬁﬂ%gt : ArifoU 31 bphi Q@ tS’t?'oQ?c}’e re&%&@i(mel@?&%ntrﬂlx%g ord the

NelSR, 2R%a8 SRyedat3odin hgmpemyaoeytor d)hé)@]lh]quenc{r(elwnhwahmatad saldiqrhefrepgiami no]
20i soni C%Iififéa(% ﬂﬁ). ﬁ'ﬁé mixture was stirred for an additional 20 min and then the solvent was
removed under vacuum and the residue was purified by chromatography using petroleum
15  ether/ethyl acetate (3/7) as eluent to afford 3.3 g (60 %) of the racemic diol as a solid.
LC/MS: Mass found (m/z, -MS, 275.8), Method: A- 0.1 % HCOOH, B- ACN (70 %), Flow-0.8
ml/min; Column: GENESIS C18 50X4.6mm 3U; Rt (min): 0.695: '"H NMR (CDCls, 400 MHz)
1.31-1.70 (6H, m), 3.87-3.92 (2H, m), 4.00-4.10 (1H, m), 7.68 (1H, bs).

20 211 (1RS,2SR,3RS)-3-aminocyclohexane-1,2-diol.HCI
(racemic mixture of 27 & 28)

.OH OH
(5‘ * (X
“OH OH

25 A mixture of 2,2,2-trichloro-N-[(1RS,25R,3RS)-2,3-dihydroxycyclohexyllacetamide (23 &
24) (2.3 g) and 5M aqueous HCI (30 ml) was refluxed for 10 h and evaporated under
reduced pressure to afford 1.2 g (86 %) of the title compound as viscous liquid. MS: Mass
(m/z, MS, 131.9), HPLC > 98 % Method: A-Water, B- ACN: Flow — 0.8 ml/min.Column: C18
XDB, 250X4.6mm, SC\276. Rt (min), 2.715: '"H NMR (CD;OD 400 MHz) § 1.43-1.91 (6H,

30 m), 2.98-3.02 (1H, m), 3.31-3.42 (1H, m), 3.84 (1H, m).
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3- (2- Fl uor o- 4-i odo- phenyl am no) -i sonicotinic acid (300 ng, 0.84 muol.) and
1,1- 25 carbonyl bis(1Him dazole) (177 ng, 1.1 mvol) were suspended i n DVSO
(4 mM). TWe wimtiwse was al l owed to stir overni ght (12 hPLTAS200008817

t enperature. 3-am nocycl ohexanel, 2-diol (racemc 27/28) (110 ng, O0.84

mml ,) was then added. The m xture was stirred for another 12 h at room
tenperature. The m xture was separated by preparative HPLC to WO

2010/ 017051PCT/ US2009/ 051817 afford two products, racem c am de (3) and
racemc esters (4). LG M5 [Method A: rt: 6.01 min; mlz: 472 (Mtl)]. Chiral
HPLC [ 7. G 2mi n~[111;$; IS, 85R)-2,34iRfdroxycyclohexyl]-3-fluoro-5-[(2-fluoro- 4-|odophenyg

3-Fl uoro-5-(2-fl uoro- 4- i odo- phenyl am no) -i soni cotinic acid (1RS 2SR, 3RS) - 3-
ami no- 2- hydroﬁ?"@?@ﬂ@ﬁéﬁ%ﬁ ester (4) Pl ease see Exanple 2.13. LC MS
[Methgd A rt: 4.53min; mz: 472 (Mrl)]. 2.15

2-Chl oro-N-((1RS, 2SR, 3RS) 2, 3-dih¥dro§y cycloheﬁgl) 5- (2-fl uoro-4-iodopheny
| am no) - soni coti nam de (1)

2 Chloro 5-(2-fluoro-4-iodo- phqp '£:>no)-|sonb Kiélc acid (75 ng, 0.19

.) and 1, 1- carbonylbls 1He Qazohe) ( 0.25 mml ) were suspended
in DIVBO(2.5 m). The mxt Ilowe t\lr over night (12 h) at room
tenperature. 3-am nocycl olféxane- N 01, 2- (r&cemc 27/28) (32 ng, 0.19

mmol ,) and triethylam ne (0.05 nm, 0.38 rrm)l) were then added. The m xture
was stirred overnight at roomterrperature. The m xture was purified by
pr epar at i3ﬂud1‘5’45qztfmoaai4 cwd phbeylanindisbnitdiinddadidviEti Bagh, B:32rmol add9,1mi n;, m z:

- (a- Br okBLI VPR FLHRERG Goh Moy AL T ERY S8R bhefe SR VBRI el ohexyp-
soni dot i maxtuckevgsgllowed to stir overnight (12 hr) at room temperature. 3-aminocyclohexane-

1,2-diol (racemic 27/28) (40 mg, 0.31 mmol,) and triethylamine (0.07 ml, 0.49 mmol) were

then added. The mixture was stirred for another 6 h at room temperature. Upon completion

of the reaction, the reaction mixture was treated with aqueous sodium hydroxide (1 mL, 1.0

M) and stirred at rt for 4 h. The solution was neutralized to pH 7 with conc. HCI. The

15 mixture was then rotavapped to removed most of the water. The resulting mixture was
purified by preparative HPLC to afford the product (2). LC/MS [Method A: rt: 4.89 min; m/z:
490 (M+1)].

2.13 N-[(1SR,2RS,3SR)-2,3-dihydroxycyclohexyl]-3-[(2-fluoro-4-iodophenyl)amino]
20 isonicotinamide (3)

3-(2-Fluoro-4-iodo-phenylamino)-isonicotinic acid (300 mg, 0.84 mmol.) and 1,1'-
25  carbonylbis(1H-imidazole) (177 mg, 1.1 mmol) were suspended in DMSO (4 ml). The
mixture was allowed to stir overnight (12 hr) at room temperature. 3-aminocyclohexane-
1,2-diol (racemic 27/28) (110 mg, 0.84 mmol,) was then added. The mixture was stirred for
another 12 h at room temperature. The mixture was separated by preparative HPLC to

30



5 Prepared by the general procedure for (1), LCM [Method B: rt: 5.602
mn; mz: 425 (M+l)]. 2. 17

3- (4- Bromwo2eohiiorse- phenyl am no) - N- (( 1RS, 2SR, 3RS) - 2, 3- diphyarsecop8syT| ohexyp
-isoni coti nam de (6) HQOHH'" NOCI CHH N+N Prepared by the
general procedure for (1), LCMS [Method B: rt: 6.163 mn; mz: 441

15(Mr1) ] aff@rdjiﬁlo products racemlc amide 3 and racemlc esters (4). LC/MS [Method A: rt: 6.01
N ((1R 2S, 3R roxy-cycl o 2- 11 uor o- phenyl am no) -

i soni cot ,r‘rﬁ@rﬁ]/aeh(leH%/] Chlral HPLC [7 10 m|n 13 12 m in].

2.14 3-Fluoro-5-(2-fluoro-4-iodo-phenylamino)-isonicotinic acid (1RS,2SR,3RS)-3-
amino-2-hydroxy-cyclohexyl ester (4)

HO,  NH, HO,  NH
0
o oD
F F
H + H
/©/N A F /©/N ~ F
| N | Nig

Please see Example 2.13. LC/MS [Method A: rt: 4.53min; m/z: 472 (M+1)].

10

2.15 2-Chloro-N-((1RS,2SR,3RS)-2,3-dihydroxy-cyclohexyl)-5-(2-fluoro-4-iodo-
phenylamino)-sonicotinamide (1)

OH OH
H 1 H
o) A wOH E O, N, OH
F H N\O H
/C(N ® + ®
=
| N > a | N~ ol

2-Chloro-5-(2-fluoro-4-iodo-phenylamino)-isonicotinic acid (75 mg, 0.19 mmol.) and 1,1'-

15

carbonylbis(1H-imidazole) (40 mg, 0.25 mmol) were suspended in DMSO (2.5 ml). The
mixture was allowed to stir over night (12 h) at room temperature. 3-aminocyclohexane-

20 1,2-diol (racemic 27/28) (32 mg, 0.19 mmol,) and triethylamine (0.05 ml, 0.38 mmol) were
then added. The mixture was stirred overnight at room temperature. The mixture was
purified by preparative HPLC to afford the product LC/MS [Method B: rt: 5.359 min; m/z:
506 (M+1)].

25
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20 A seal ed tube was charged with

(N[ (1R, 2S, 3R) - 2, 3-di hydr oxycycl ohexyl ]-3-[(2-fl uoro- 4-

i odophenyWwbaniomajissoni coti nam de) (8) (42 ng, 0.09 nmol PCTESAVGNB1817

bor ohydride (34 ng, 0.89 mmol), palladiumdichloride (7.9 ng, 0.04 mmol),
sodi um hydroxide (17.8 ng, 0.45 nmol ), THF-Water (1:1, 3 m). The m xture
was stirpe@ ag-(4- B%B-Qﬂmﬁfralﬁﬁeﬁ faffing)- l‘i@%ﬂﬁs 28I 3RSD Zéldi'ﬁﬁirw filtered and
the filtrate was concentrate ¥e resulting résidue was subjected to
flash chr orrat@@i‘%ﬂi‘g)’”t'@'?iﬁ?té"arm'@ﬁé5)pr oduct. LG/ MBS [Method A rt: 0.43 nin;

mz: 346 (M+1)]. 2.19

3-(4-brono-2-fl uorophenyl am no) - N- 1R 28 3R) -2, 3-

5di hydr oxycycl ohexyl )i soni cot i na Pre by the general
procedure for (1) except, |nst a racem C rﬁp%gze of diols, 10chirally
pure 3-am nocycl ohexane- 1 I (27) was [ Method B: rt: 5.19
mn; mz: 426.1 (Mtl)]. 2.

N-((lS 2R, 39) -2, 3-di hydr(B cI exyl) - % 0- 4-

i odophenyl am no)| soni cotinam de (7) 15 Pr epar ed by the general procedure
for (i) except instead of a racemc mxture of diols, chirally pure

3- am nocygdhax @{m %eﬁerﬁl Stocd iR oV, UEAAS [M%B@B[M@Eé@dmﬁ mid:428- 54 mn;
mz:. 472. 1 . Biological Activity 3.1MEK-1 enzyne assay

( LANCE- HMF§]25The activity of the conpounds of the present invention may
be determ ned by the follow ng procedure: Inhibition of human MEK1 ki nase
activity was nonitored wt enous, fluorescence based assay. The

assay us@d’t i srét-BEABPveRh! ?W%U?"éyg%@@) Nk 1228 3@t$é‘|2é’§7d'f‘b’%rr?§ﬂm to probe

for pbosphor yéadémwexynfisdiildtikamibelg) The assay is carried out in |ow volune
96 well mcrotiterplates. In a total vol une of 15 pl, conpounds are

i ncubated with 30 100nM MEK1, 15 pM ATP, 300nM ERK2 enpl oyi ng a buffer
contai ni ng 20mM TRI S/ HCI HQ OH HQ  OH

ZT

Prepared by the general procedure for (1), LC/MS [Method B: rt: 6.163 min; m/z: 441
15 (M+1)].

2.18 N-((1R,2S,3R)-2,3-Dihydroxy-cyclohexyl)-3-(2-fluoro-phenylamino)-
isonicotinamide (10)
HO OH

@%

A sealed tube was charged with (N-[(1R,2S5,3R)-2,3-dihydroxycyclohexyl]-3-[(2-fluoro-4-
iodophenyl)aminolisonicotinamide) (8) (42 mg, 0.09 mmol), Sodium borohydride (34 mg,

20

0.89 mmol), palladium dichloride (7.9 mg, 0.04 mmol), sodium hydroxide (17.8 mg, 0.45
mmol), THF-Water (1:1, 3 ml). The mixture was stirred at room temperature for 2 days. The
25  mixture was filtered and the filtrate was concentrated. The resulting residue was subjected
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WD 2010/ 017051PCT/ US2009/ 051817 10 mM MgCl12, 100 ii M Nav®»4, 1 nM DIT, and
0. 005% Tween 20 (pH 7.4). After two hours, 5 nM Europiumanti-PY20 (Perkin
El mer) amsto20moiZsti - GST- Al | ophycocyanin (Ci sBi o) i n bufrCeruseemataisni ng 50nv
EDTA and 0, 05% BSA are added and the reaction incubated for one hour in the
dark. Tinme-resolved fluorescence is neasured using a LJL-Analyst 5

(WO ecul g i mehesiaiofiablly BRORAFINCThIR: WRNRS ABHBA &f 153 B, A9k 348 e ssi on
wavel engt h of 665 nm THe final concentration of DMSOIis 2 % To assess the
i nhi bi t of+pPdt ential of the conpounds, 1050-val ues were deternined, as
shown in Table 1. 3.2Tunor cell proliferation assays (ATP Lite) 10 Mirine
col on C26,1ghu PG Ror yidHin eseRpatslc M aPaCa-2 cells were
plated in 96 gm%fllbr%ho?m Ir?b &V\ﬁﬁ}le_pl _a?’elge( 150%@0& Félwel | for C26, and 2000
cel | sPwel | f offihpdrexycyglahqryhisanicotinagide Q)i t ured overnight at 37C in 5%
CX2. Inhibitors were serially diluted in 100 % DMSO and subsequently added
to cells to reach a final concentration of 0.25% DVSO. The 15cells were

i ncubated for 4 days in the presence of fe Stonpounds in cell growth nedia
(DMEM with 10% fetal bovine serum 2mvpgh ine for C26, and M aPaCa- 2,
and RPM with 10% fetal bovine ser uFmHZ gl utam ne for A375). Cell
proliferation was quantitated usip‘h TP lite cell proliferation kit
(Packard). Inhibition of cell prafirferanion is shown in Table 1. Col unms
2-5 show the concentration of conpounds required to i nduce 50% cell death
(10 in 1,LM of human 20endonetriotic cells. Table 1 Conmpound MEK1 (1 C50,

uM C26 Fregmded myWhe A& a( draSiuraitdy (VieAEHRTCANSte4LHON, a agmicihixtube ¢f34ds,0. 002
10  chirally pure 3-aminocyclohexane-1,2-diol (27) was used. LC/MS [Method B: rt: 5.19 min;
m/z: 426.1 (M+1)].

2.20 N-((1S,2R,3S)-2,3-dihydroxycyclohexyl)-3-(2-fluoro-4-
iodophenylamino)isonicotinamide (7)

HQ  OH
e
T H
N =
L.
[ N

15
Prepared by the general procedure for (1) except, instead of a racemic mixture of diols,
chirally pure 3-aminocyclohexane-1,2-diol (28) was used. LC/MS [Method A: rt: 4.54 min;
m/z: 472.3 (M+1)].

20

3. Biological Activity

3.1 MEK-1 enzyme assay (LANCE-HTRF)

25  The activity of the compounds of the present invention may be determined by the following
procedure: Inhibition of human MEK1 kinase activity was monitored with a homogenous,
fluorescence based assay. The assay uses time resolved fluorescence resonance energy
transfer to probe for phosphorylation of ERK1 by MEK1. The assay is carried out in low
volume 96 well microtiterplates. In a total volume of 15 pl, compounds are incubated with

30  100nM MEK1, 15 uM ATP, 300nM ERK2 employing a buffer containing 20mM TRIS/HCI,
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0.002 0.002 (2)
0.16 0.02 0.0855 0.049 (5)

(4)

10

15

20

0.074 0.005 0.001 0.0045 (3) 0.0948 0.016 0.0014 0.0073
0. 098 0.073 0.0075

WO 2010/017051 PCT/US2009/051817

10 mM MgCl,, 100 uM NaVQ,, 1 mM DTT, and 0.005% Tween 20 (pH 7.4). After two hours,
5 nM Europium-anti-PY20 (Perkin EImer) and 50nM Anti-GST-Allophycocyanin (CisBio) in
buffer containing 50mM EDTA and 0,05% BSA are added and the reaction incubated for
one hour in the dark. Time-resolved fluorescence is measured using a LJL-Analyst
(Molecular Devices) with an excitation wavelength of 340 nm and an emission wavelength
of 665 nm. The final concentration of DMSO is 2 %. To assess the inhibitory potential of the
compounds, IC50-values were determined, as shown in Table 1.

3.2  Tumor cell proliferation assays (ATP Lite)

Murine colon C26, human melanoma A375 and human pancreatic MiaPaCa-2 cells were plated
in 96 well Corning white plates (1500 cells/well for C26, and 2000 cells/well for A375, and
MiaPaCa-2) and cultured overnight at 37°C in 5% CO.. Inhibitors were serially diluted in 100 %
DMSO and subsequently added to cells to reach a final concentration of 0.25% DMSQ. The
cells were incubated for 4 days in the presence of test compounds in cell growth media (DMEM
with 10% fetal bovine serum, 2mM glutamine for C26, and MiaPaCa-2, and RPMI with 10% fetal
bovine serum, 2mM glutamine for A375). Cell proliferation was quantitated using the ATP lite
cell proliferation kit (Packard). Inhibition of cell proliferation is shown in Table 1. Columns 2-5
show the concentration of compounds required to induce 50% cell death (IC50 in uM) of human

endometriotic cells.

Table 1

Compound MEK1 (IC50, pM) [ C26 (IC50, uM) [ A375 MIAPACA
(1C50, pM) | (1C50, pM)

4)) 0.0345 0.002 0.002 0.002

(2) 0.074 0.005 0.001 0.0045

(3) 0.0948 0.016 0.0014 0.0073

(4 0.16 0.02 0.0855 0.049

(5) 0.098 0.073 0.0075 0.0425

(6) 0.038 0.113 0.0168 0.0753

(7 2.67 54 0.274 212

(8) 0.133 0.0047 0.0016 0.0027
9) not tested not tested not tested | not tested

(10) 0.189 0.15 0.0215 0.074
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0.0425 (6) 0.038 0.113 0.0168 0.0753 (7) 2.67 5.4 0.274 2.12 (8) 0.133
0.0047 0.0016 0.0027 (9) not tested not tested not tested not tested
WO 2010/017051 PCT/US2009/051817

3.3 In vivo efficacy studies (mouse xenograft models)

5 Male nude (nu/nu) mice were injected subcutaneously above the right foreleg with certain
number of cells of human tumor cell lines such as Colo-205, A375 or MiaPaCa2. Tumors were
measured with calipers one week after cells were implanted. Tumor length (/) and width (w)
were measured and tumor volume was calculated with the equation /*w?/2. Animals were sorted
into groups so that each group had a mean tumor volume of 150-200 mm?® and treatments with

10 compounds were started (designated as Day 0). Tumor volume and body weight were
measured for each animal on Days 0, 4, 6, 8, 10, 12 and 14. Tumor volume and percent body
weight were analyzed via Two-Way Repeated Measures Analysis of Variance (RM-ANOVA)
followed by Fisher’'s post-hoc multiple pair-wise comparisons of treatment group means.
Compounds in this embodiment were efficacious in these tumor models and resulted in dose-

15  dependent tumor growth inhibition, including tumor regression or tumor. For example compound
(9) produced 98.5 % tumor growth inhibition in the Colo-205 xenograft model when
administered daily at dose 1.5 mg/kg by the oral route. Compound (8), in the same model,
produced 100.69 % tumor growth inhibition (TGl) when given at 50 pg / kg * day by the oral
route, and 115.33 % tumor growth inhibition when given at 150 pg / kg / day. In the MiaPaCa2

20  model, compound (8) gave 100.97 % TGl at 33 ug / kg / day, and 110.74 % TGl at 50 ug / kg /
day.
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(10) 0.189 0.15 0.0215 0.074 WD 2010/017051PCT/ US2009/ 051817 3.3In vivo
ef ficacy studies (nouse xenog raft nodels) 5Mal e nude (nu/nu) mce were

i nj ect ed wokowwansousl y above the right foreleg with certcaius2vgnbmsi7 of
cells of human tunor cell lines such as Col 0-205, A375 or M aPaCa2. Tunors
were neasured with calipers one week after cells were inplanted. Tunor

l ength (IQlajed Wi dth (vv) were neasured and tunor vol une was cal cul ated
with the equation /*W2. Aninals were sorted into groups so that each group
had a mean tunor volunme of 150-200 mmB and treatnents with 10 conpounds
wer e staﬁtg@o&gg@kgﬁa%@qma§|Day 0). Tunor volunme and body wei ght were
measured for each animal op Days 0, 4, 6, 8, 10, 12 and 14. Tunor vol une
and percent body wei ght WER e apal yzed via Two-\Way Repeated Measures

Anal ysi s of Varlancg (PMANOMA) foll owed by Fisher's post-hoc nmultiple
pair-w se co Bar i sonsY of ment group neans. Conpounds in this

enbodi nent wene e fIC:CIOU n these tunor nodels and resulted in dose-

15dependent 5T gfowt T RAi bi tion, including tunor regression or tunor.
For exanpl.e oun \_produced 98.5 % tunor growth inhibition in the
Col 0- 205 F5<enogr aft el Wien adm nistered daily at dose 1.5 ng/kg by the

oral route. Conpound ﬁ 8), in the sane nodel, produced 100.69 % tunor growth
i nhi bPt i @Ad plr@Maceiisallyaceentable salis.jsolyalesiog pragiaygsiiijeredfe oral route, and

115. 33 % fdpgy- growt h inhi bition when given at 150 jig / kg / day. In the
M aPaCa2 20nodel, conpound (8) gave 100.97 /0 TA at 33 jig / kg / day, and
110. 74 /¥ i§8H @tO50 jig / kg / day. WO 2010/ 017051PCT/ US2009/ 051817 O ai ns

1. A conpoklordgeRometyR efhy), n-propyl, i-propyl, SH or Hal,
R? is hydrogen, methoxy, ethoxy, acetylene, cyano, SH or Hal,
10  R® R*are independently selected from hydrogen, SH or Hal,
R®, R® are independently selected from OH, SH or NH, and
Halis F, Cl, Br or I.

2. The compound according to Claim 1, in which the radicals not designated in greater
15  detail have the meaning indicated for the Formula () according to Claim 1, but in which

in Subformula 1A
Xis NH,
R' is Hal, methyl or ethyl,
20  R®is hydrogen, Hal, methoxy or acetylene,
R® is hydrogen or Hal,
R* is hydrogen or Hal,
R°, R® are OH,
Halis F, Cl, Br or |,
25
in Subformula 1B
Xis NH,
R' is Hal,
R? is hydrogen or Hal,
30 R%is hydrogen or Hal,
R* is hydrogen or Hal,
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5and pharmaceutically acceptable salts, solvates or prodrugs thereof,
wherein: Xis NHor O, RL is hydrogen, nethyl, ethyl, n-propyl, i-propyl,
SH or HalwoORB10/E7(3¢dr ogen, net hoxy, ethoxy, acetyl ene, egarus008le5m17 Hal ,
10 R3 R4 are independently selected fromhydrogen, SH or Hal, R5, R6 are

i ndependently selected fromOH, SH or NH2 and Hal is F, C, Br or I.

2. The cepguid gagcording to Claim1, in which the radicals not designated
in greater 15detail have the neani ng indicated for the Fornula (I)

accor di nga § FeCAiBhOL!: but in which in Subfornula IA Xis NH, RL is Hal,
met hyl or et hyI 20R2 i s hydrogen, Hal, nethoxy or acetylene, R3 is

hydr ogen  or R4 is hydrogen or Hal, R5, R6 are OH, Hal is F, O, Br or
|, 25 |n'r8§lbt?%rmﬁﬁ53lB Xis NH Rl is Hal, R2 is hydrogen or Hal, 30R3

is hydrogagner, Hal,
R'is F, Cl, methyl or ethyl,
R? is hydrogen, |, Br, methoxy or acetylene,
R® is hydrogen or Hal,
R* is hydrogen or Hal,
10 R° R°are OH,
Halis F, Cl, Br or |,

in Subformula 1D
Xis NH,
15 R'isF, Cl, methyl or ethyl,
R? is hydrogen, |, Br, methoxy or acetylene,
R®is hydrogen or F,
R* is hydrogen or Cl
R°, R® are OH,
20
in Subformula IE
Xis NH,
R'is F or Cl,
R?is | or Br,
25  R%is hydrogen or F,
R* is hydrogen or Cl
R°, R® are OH,

in Subformula IF
30 Xis NH,
R'is F or Cl,
R?is | or Br,
R®is hydrogen or F,
R* is hydrogen or Cl,
35 R° R°are OH,
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R4 is hydrogen or Hal, R5, R6 are OH, Hal is F, d, Br or I, in Subformla
IC5Xis NH RLis F, d, nmethyl or ethyl, R2 is hydrogen, |, Br, nethoxy
or acetylwoepioRd76s3 hydrogen or Hal, R4 i s hydr ogercoruskiam/osBIRS, R6
are OH, Hal is F, d, Br or I, in Subformula ID Xis NH, 15R1 is F, d,

met hyl or ethyl, R2 is hydrogen, |, Br, nethoxy or acetylene, R3 is
hydrogen or F, R4 is hydrogen or C R5, R6 are OH, 20 in Subformula IE X is

NH,
in Subformula IG

Xis NH,
R'is F or Cl,

5 R®islorBr,
R® is hydrogen,
R* is hydrogen,
R°, R® are OH,

10 and in Subformula IH
Xis NH,
R'isF,
Ris |,
R®is hydrogen or F,
15 R*is hydrogen or Cl,
R®, R® are OH.

and pharmaceutically acceptable salts, solvates or prodrugs thereof.

20 3. The compound according to Claim 1 or 2 which conforms to Formula (I1)

HQ
H 5 <OH
R’ ©
N
D
5 2
R N R

and pharmaceutically acceptable salts, solvates or prodrugs thereof,
wherein R', R?, R®, and R* have the meaning indicated for Formula (1) or its Subformulae
IA, IB, IC, ID, IE, IF, I1G or IH.

25
4. The compound according to Claim 1, wherein the compound is selected from the group
consisting of:
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RlLis For d, R is |
R5, R6 are OH,
i s hydr ogwo 2010/(H7051

in Subformula IF 30X is NH,

or Br, 25R3 is hydroge
R1

R4 is hydrogen or O,

Subformula IG X is NH, 1:11 is For d, 5R2 i

nor F, R4 is hydrogen or C
is For d, Ris | or Br, R3
35R5, R6 aPeTmMd2009i061817

s | or Br, R3is hydrogen, R4

I's hydrogen, R5, R6 are OH, 10and in Subforrmula IH Xis NH 1:11 is F, R2
is 1,
OH OH
H B H
o) A . OH Os N, OH
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R3 is hydrogen or F, 15R4 is hydrogen or C, R5, R6 are OH and

phar maceutical ly acceptable salts, solvates or prodrugs thereof. and

phar macewocaldop7@ecept abl e salts, sol vates or prodrugsPCharse@d/o518her ei n
1: 11, R2, R3, and R4 have the neaning indicated for Fornula (1) or its
Subformulae IA IB, IC 1D 1E, IF, 1Gor IH 25 4. The conpound accordi ng
to daimI, wheregin the conpound IS sefected fromthe group consi sting of:

Lo L OH
6 g o) A OH g OxN... OH
© L0 :
B + S
| s | s
Br N Br N
OH
H
. o) N%[i:],OH
H
7
! Q%
s
| N
OH
H o f
. o) A OH
N
(8) | A
s
| N

OH
o No A .oH
N A
|/
Br N
H
o) N OH
@N b
|/
N

and pharmaceutically acceptable salts, solvates or prodrugs thereof.

nQ
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and pharmaceutically acceptable salts, solvates or prodrugs thereof. WO
2010/ 017051PCT/ US2009/ 051817 5. A pharmaceutical conposition conprising a
conpound wocorudiimgit o any of clainms 1 to 4, or a phar naeemtuse@bdloyis17
acceptabl e salt, solvate or prodrug thereof, as active ingredient, together
wi th a pharmaceutically acceptable carrier. 56. A conpound of any of clains

1to 4, @rA%h&#ﬂﬁéc@ﬁ&%%drﬁ@ds‘it%n%F’?ﬁﬁélﬁ@h%oﬁﬁb&nd &‘ébﬁdﬂ{geto%y Bf <9§'iFn‘é91 tbmereof

for use as a nedi canent onpound 0 cl ai ns o 4, a
phar mace@f # PARIMACG Ay %&ﬂeét@ﬁl 9@” %%‘{%Weoreﬁ’ruﬁr”éﬁﬂ?ﬂga% %ly@mgreqaqﬂt t r eat i ng

hyper pr okdde@ierivith @ pﬁbﬁﬁ&%ﬁﬁce{llﬁéé‘ée%@hd@cérh@r hyperactivity of MEK 10 as wel |
as di seases nodul ated by the K cascade in manmals. 8. The conpound of

claim7, or a pharmaceutically acceptable salt, solvate or prodrug thereof,

wher ekn sha c8inpe@seofiany etigiiseriof4, @ﬂhbh@rwwc@mmanpmgiablé@aﬂfsdwf@@r,
I nfl ammati on, ﬁancrzat Itis or kidney disease, pain eni gn hyperpl asi a of
t he ski nProdsls BRIESS. Lor Usp @S dpes c 'seases related to vascul ogenesis or
angi ogenesi s, tunor angi ogene5| s, skin diseases sel ected from psori asi S,
eczemn, and scler abetes, diabetic reti at h th
cozer, o0 GLERNSIEy FLEDR g SRELLC LSl NobaL e ol Rty o
and Kapogrddsugstaecofidor treating hyperproliferative diseases related to the hyperactivity of MEK

10 as well as diseases modulated by the MEK cascade in mammals.

8. The compound of claim 7, or a pharmaceutically acceptable salt, solvate or prodrug
thereof, wherein the disease is selected from the group consisting of cancer, inflammation,
pancreatitis or kidney disease, pain, benign hyperplasia of the skin, restenosis, prostate,

15  diseases related to vasculogenesis or angiogenesis, tumor angiogenesis, skin diseases
selected from psoriasis, eczema, and sclerodema, diabetes, diabetic retinopathy,
retinopathy of prematurity, age-related macular degeneration, hemangioma, glioma,
melanoma and Kaposi’'s sarcoma.

20 9. Use of a compound of any of claims 1 10 4, or a pharmaceutically acceptable salt, solvate
or prodrug thereof, for the preparation of a medicament for the treatment of
hyperproliferative diseases related to the hyperactivity of MEK as well as diseases
modulated by the MEK cascade in mammals.

25 10. Use according to claim 9 wherein the disease is selected from the group consisting of
cancer, inflammation, pancreatitis or kidney disease, pain, benign hyperplasia of the skin,
restenosis, prostate, diseases related to vasculogenesis or angiogenesis, tumor
angiogenesis, skin diseases selected from psoriasis, eczema, and sclerodema, diabetes,
diabetic retinopathy, retinopathy of prematurity, age-related macular degeneration,

30 hemangioma, glioma, melanoma and Kaposi’'s sarcoma.

11. A method for treating hyperproliferative diseases related to the hyperactivity of MEK as

well as diseases modulated by the MEK cascade in mammals, comprising administering to

a subject a compound of any of claims 1 to 4, or a pharmaceutically acceptable salt, solvate
35  or prodrug thereof.
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209. Use of a conpound of any of clains 1 to 4, or a pharmaceutically
acceptabl e salt, solvate or prodrug thereof, for the preparation of a

medi camerwof2oro/tihesit r eat nent of hyperproliferative di seasedSe@vassd’to the
hyperactivity of MEK as well as di seases nodul ated by the MEK cascade in
manmal s. 2510. Use according to claim9 wherein the disease is selected
fromthe group consisting of cancer, inflammation, pancreatitis or kidney
di sease, pain, benign hyperpla5|a of the skin, restenosis, prostate,

di seases ! EeT@c Bathed Of/%{%'ﬂh bybgeadn @eé’t*seéﬁﬁlsoﬁ@‘i@glféom E*"ﬁr%‘?Upa‘??@ﬁﬁﬂf%@‘y S,

skin di seas®s, isRIee4IRMA, Mrﬂ%ﬂéa@iﬁ@bﬂ Pﬂ@rﬂe”‘y digasE Bain, Béﬂgﬁﬁyﬁrﬂﬁﬁﬂéf thdisRipet es,
di abetic retlno ath#fnretlno pathy of prematurity, age-rel ated macul ar

degener af $¥FNOSEOPIRERI §iS6A%ES r@'laleéﬁﬁvawl%%% %rrﬂi‘gl(’@EB%ﬁ's 4UN8Yr coma. 11. A

met hod f an |b@@%@lsn§klr|w|§@é§éfs@bleﬁl@ﬂ%W&o@lhﬁ@&ﬁ:@&néQir@ts‘éﬁzrddénidwlabetes
| Seases MEK cascade in

hyper actl Y nodul a e

! S, @bﬁ%}regﬂwtfydfﬁtlﬁpmwPfrpgematuatysasaﬁ R S M AR TRy of ol i s
1 to 4, eemangib@a/Fioris merinbmaameeRbadliseashia. sol vate 35or prodrug
thereof. 12. The nmethod of claim 11, wherein the disease is selected from
the group consisting of cancer, inflammtion, pancreatitis or kidney

di sease, 1pasat, klbenhgﬂlnbmeegﬂraeipaclm‘oft he skin, restenosis, prostate,

di segses rel ated . to.vascu S _or, an nesi s 5an eneS|s

ki n 10t s@hees TebRrERTls I EThRuRY RATBRATE S & nbiél SRR T GAERE: ec.

di abet i ¢ phaimacepiiialy acaeptablecyadt $opavd oumredmgtthrereqf arage rel ated macul ar
degener at i on, he (o) I sarcoma. 13. Set
(kit) corr? i sti &g&%?ﬁ}see%ug?éf %{a@ %&Q%H%e{%%e{/fef |a'\%tsam)unt of a conpound
according to one or nore of Clains 1 to 4 or a pharnmaceutically acceptable
salt, solvate or prodrug thereof, and b)an effective anount of a further
medi canent active ingredient.
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