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Conpounds of formula (1) in which Rlerr] Rerr], Rerr] n{H‘"PQ[bP‘?a] have
the nmeanings given in the specifcation, ate receptor tyrosine kinase
inhibitors useful in the treatnment of proliferative disorders, such as
cancer. 26 June 2006 WO 03/057690 5 PCTI US02/ 41252 | NDOLI NE DERI VATI VES
USEFUL AS RR¥3ERLNd<I NASE | NHI BI TORS Field of the Inventiqiiserrass

INDOLINE DERIVATIVES USEFUL AS PROTEIN KINASE INHIBITORS

Field of the Invention

10 The present invention relates to novel indolinone derivatives useful as
pharmaceuticals, to processes for preparing the compounds, to intermediates useful in the
- preparation of the compounds, to pharmaceutical compositions comprising the:

compounds, and to the use of the compounds as pharmaceuticals.

15 ) Background of the Invention
WO 96/40116 disclose that certain pyrrole substituted 2-indolinone derivatives are

receptor tyrosine kinase inhibitors useful in the treatment of conditions responsive to
receptor tyrosine kinase inhibitors, for example proliferative disorders such as cancer. A
preferred compound, disclosed on page 17, is 3-(2,3-dimethylpyrrol-5-yl)methylene]-2-

20 . indolinone, also known as SUS416. Unfortunately, this compound has been found to
exhibit poor solubility in water and low bioavailability upon oral and intravenous
administration. '

WO 99/61422 discloses further pyrrole substituted 2-indolinone derivatives as
receptor tyrosine kinase inhibitors. A preferred compound, disclosed as compound 5 on
25 page2l4,is 3-[24-dimethyl-5-(2-0x0-1,2-dihydroindol-3-ylidenemethyl)-1H-pyrrol-3-
yllpropionic acid, also known as SU6668. This compound has been found to possess
- superior oral activity to SU5416, but has been reported to lack the ability of that
compound to inhibit the receptor tyrosine kinase Flt-3 (Abstract 497, Anne-Marie
O’Farrell et al., America Soclety of Hematology Meeting, Orlando, Florida, USA,

30 = December 7-11, 2001). Flt-3 is an important target for a tyrosine kinase inhibitor,
especially for the treatment of Acute Myeloid Leukemla (AML), because about 30% of
AML patients have been found to possess mutant forms of Flt-3 wh:ch lead to consumtlve

 tyrosine phosphorylatlon of Flt-3 (Levis et al., Blood, 1 August, 2001, Vol. 98. No.3,pp
885-887).




10 The present invention relates to novel indolinone deriyatives useful as
phar maceuticals, to processes for preparing the conpourukf6 q?%éﬁpérnediates
useful in the preparation of the conpounds, to pharmaceutical conpositions
conprising the; conpounds, and to the use of the conpounds as
pharmaceutical s. 15 - Background of the Invention WO 96/ 40116 di scl ose t hat
certain pyrrof®%8%&% i t ut ed 2-indolinone derivatives are PCRES®M#B?2 tyrosi ne
ki nase inhibitors useful in the treatnent of conditions responsive to

receptor tyrosine wbo#ees14 aRtiids Biifole SuBEtit@SRIR BN bdrivaiat basfingli sor ders
such as cancer. A preferred compound, disclosed on g&ge 17, is.

3- (2, 3- di met AR amito shsiiiee diescilepftached to the PRERIE TRFATESTRIPLFORRRSS s -
SU5416. Unf orgaeieadre! Y, this conpound has been found to exhibit poor
solubility in water _and. |ow bioavailability upaon oral and intrgvenous
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2-i ndol i nohe gigitior ¥hick thildSproteia kaRkdhodulatiag Abiltyki nase i nhibitors. A
preferred conpoun I ed as_conpound 5 o 25. page 214, is
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yl ] propi oni.c awstiutedd-mdoliopay@ons cokbhABlinkED kagetbarthoughdhd Bigositier on éohind t 0
possess superior .oral actiyity to SU5416 ut ha een reported.to | ack
the ability o‘?mf){?a'i’?’ on ?ﬁ%"éﬁh‘ﬁ‘% %ro?lﬁﬁfao"?i”'# afé%%%?r yer]%lgalg?l‘éﬁ%té%se Flt-3
(Abstract 497, Anhendthelése in Gewaf the kdverity ofibonditidnerespoasivéde reetpjordfroditemat ol ogy

Meet i ng, | ando, . Elorid SA, 30 enber,. 7-11.2001) ... El -3 |

or t ot 14 s e bAins 151 o U peood BRI e Anapt pieibd o 3 o8
‘theat ment of ekistsfer dewabmptor tyssine kinase#iiliijors voidodivese padperties. 30% of  AML
‘patients have been found to possess nmutant forns of Flt-3 which lead to
constitutive tyrosine phosphorylation of FIt-3 (Levis et al., Blood, I

August, 2001, Vol. 98. No. 3, pp SohmRG7f thelln@fitidnine 2006 WO 03/ 057690
PCTI US02/ 41252 WO h S ' t?ﬁ!: ligegli none
derivatives bearin lg%g’%ugt?tga%?r#dg?)&}ﬁ ér%x{aﬁtcgﬁéagﬂg%&gg y éﬂfu%lacﬁ%id to the
pyrrol e rihg gsupsevtbpd positiopiop gjmade kiva agwe bednforingithap arg inhiMoB 2f BEEN 7.
di scloses in i d ’s”{% i 0k 4 Substituents at the 4 5
position whi gﬁlogxgggi&t proéagéé#ag?naseﬂﬁg%‘%rg ing ability.

' . Accordingly, the present invention provides a Qompound- of formula (I):

CONR'R*

20 in which:
o R represents a hydrogen atom or a (1-4C)alkyl group; and RZrepresents a
group of formula -A'-NR®R® in which each of R® and RS independently represents a
hydrogen atom or a (1-4C)alkyl group and A! represents (CHz)m, (CHz)o-A%-(CHa), or
(CH;CH;0)(CH,CH; in which  is an integer of from 2 to 10, each of n and pisan
25 .integer of from 1 to 6, A? is CH=CH, phenylene, biphenylene, cyclohexylene or
piperazinylene and g is 1,201' 3; ' '




WD 01/ 42243 di scl oses that certain conmpounds containi ng ;&9 %e pyrrol e
substituted 2-indolinone groups covalently |inked togeth { 6%@ the 3
position on each pyrrole by one or nore linker groups are al so useful as
receptor tyrosine kinase inhibitors. Nonetheless, in view of the severity
of conditions responsive to receptor tyrosine 10 kinase inhibitors and of
the recent i Wasiob16etati on of specific kinase inhibitor tacgaiseyss:need
exists for new receptor tyrosine kinase inhibitors with diverse properties.

Summary of the In i 0 Ie substi§ 42-1 lino vatives

bearing certain céﬁ%iﬂﬁﬁ% r?%ntgéoﬂg % ﬁ‘gg 8@& gl%rh‘l‘on pyrrol e

have now beeﬁnéemmahﬂthimw(cmhbb(a}ngfb)‘sCHmmwluchtt)sranmtegerdffmases with

part|cularly ir.a 4t es, d|n | nvention

provi des a c&ﬂﬂgtﬁfﬁ?’o?fe %F@S{ AeRrryn % OrL Elgﬁeg?&ﬁp Rl represents

a hydrogen at om o(m}a ﬁﬂttliabgeyﬂergnbﬂnpmuammmeﬂn@sémma&acwcbup of
formula - NRSR6 i n.whi.ch each of RH sents a

~ hydr ogen ? rﬁpé?se'ga@ipcﬂau lgk-oup vétru%h ; %gn%ﬁg@e%%ggm&%%ﬁgomﬁﬁ _

~ (CH2) n- A2- (mjn‘m@eqﬂsﬂmﬁm@ rsents/fhi4Challplang anh R mpresgats of from 2 to
10, each of n. aﬁw&#s an 25 integer of froml to 6, A2 is CH=CH, -

phenyl ene, blﬁﬁg cycl ohexyl ene or piperazinylene and q is 1‘ 2 or 3;
2 26 June 2006 V\mﬂskb@aaémogmﬂr/vumnmma(omtpwﬁch&:ﬂmu@@gét her

(&) or éi@%%’*?&ﬂ@w;’&% e By bopog: noePEnCent Ly represent s
1, 2 or :10 and R7R} e R sashtindepentigntly ogpeesenis ohmdmgeraatqmrad@;cmsmgtpmgqr oup; (iii)
R end 2 LOSPRe Rl bl s PRAOhERO Rt AR oAl B GRG oot 5
of formula sWBtiReddy onher teo plbstltu@némcleﬁpd i eN!Y fraspa b@éﬁ?ﬂﬁt%MC) al kyl ene
Pt ogen at orere Bl nd fdchliordlpiy, ok %“m‘ Ry e
pi peri di nyl ffomulpﬁom(ﬁo)sé‘abupm@ffmmw é é?lﬂ’éztt |y
represents aghygRONED)ah Wch Bac 3k RYRM, KUY RE mdependcntly represents a
‘ (1-4C)alkyl group or a phenyl group which is unsubstituted or substituted by one or two
substituents selected independently from a halogen atom, a (1-4C)alkyl group and a
" (1-4C)alkoxy group, and each of R'°, R'2, R* and R'® independently represeats a
hydrogen atom or a (1-4C)alkyl group; |
20 . or a pharmacentically-acceptable salt thereof,
Compounds of formula (f) have been fourd to be potent and selective inhibitors of
one or more of the receptor tyrosine kinases PDGFR (platelet-derived growth factor),

¢-Kit, VEGFR (vascular endothelial growth factor) and Flt-3 in whole cell assays.

In one embodiment, there is provided compounds of formula (Ia):

0
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NH

(Ia)
wherein R is hydrogen, methyl, or ethyl;




(1-4C)al kyl group, a (1-4C)al koxy group, a phenyl group

unsubstituted or substituted by one or two substituents%g%ﬁﬁegégp

i ndependently froma hal ogen atom a (1-4C) alkyl group and a (1-4C) al koxy
group, a group of fornmula RIS(O 2NR10-, a group of fornula
R1IIN(R12) S(O) 2-, a group of fornmula RL13C(O N(R14)- or a group of formula 15
RI5N(R16) C(O - in which each of RO, R', R13 and R 5 independently
represents a (1-4C) al kyl group or a phenyl group which is unsubstituted or
substituted by one or two substituents sel ected i ndependently froma

hal ogen at om a Y Rprhamacapisallyresgprablnepltsherqof- 4C) al koxy group, and each of
R10, R 2, R14 a SRETR

(1-40 al kyI gr oﬂfh e%‘%n%draq)a hggﬂn%%égﬁfo?@gﬁégﬁg%oggjé? g%lﬁﬁoggﬁ%t %mr eof
Conpounds ofPqVE ¥ ﬁlfh&"%‘ﬂ!)se%ave been found to be potent and selective

i nhi bi tors @freadinea @mpomd ef famuka i - r ecept or tyr 05| ne ki nases PDGFR
(platelet-derived growmth factor), o-Kit, VEGF cular endot hel i al
grow h factor) and FIt-3 in whole ceN n one enbodi ment, there is
provi ded conpounds of formula (la): Sl n R i s hydrogen, mnet hyI or

ethyl; 26 June 2006 or a pharmaceuticg acceptabl e salt ther eof. The
invention provides a process for the prg i
above which conprises: (a) reacting a cdnpound of formula (11) COOH or a
reactive derivative thereof, with yfpound of fornmula (111) HNRIR2 (111)
or a salt thereof, in which R and R4 are as defined in Claim1, or
(b) for a conpound of foRR 4 NiWhi ch RS or R7 represents a hydrogen
atom deprotecting a conpound formula (1V) CONR aR28 in which Rya and
Rea are as defined in daimJ/for R and R2, except in that RS or R7 is
replaced with a group Rya Rr R70 respecti veI y, in which Rya and R7a each
represents an am ne protecting group,,and R3 and R4 are* as defined above;
foll owed, if a pharnaceutically- accep@ﬁble salt is required, by formng a

pharmaceutical | y-acceptabl e salt.
or a reaclive derivative thereof, with a compound of formula (1)

HNR'R?
()

or a salt thereof, in which R, R2, R% and R* are as defined in Claim 1, or
(b) for a compound of formuta (I) in which RS or R7 represents a hydrogen atom, deprotecting a compound of
formula (1V)

CONRR®

/[ \

N
| H
O

[

NH

B
R
(Iv)
in which R12 and R22 are as defined in Claim 1 for R1 and R2, except in that RS pr R is replaced with a group
R5a or R72 respectively, in which R52 and R72 each represents an amine protecting group, and R® and R* are

as defined above,

folloWed, if a pharmaceutically-acceptable salt is required, by forming a pharmaceutically-acceptable salt.
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26 June 2006 The invention also provides pharmaceuti cal ?%rq)osi bh@ns

conprising a conpound of the invention or a pharnaceuti &g pt abl e

salt thereof and a pharnaceutically- acceptable carrier. Disclosed herein

is a nethod of treating a condition responsive to a tyrosine kinase

i nhibitor, the nmethod conprising admnistering to a patient in need of

treatnent an effective anmount of a conpound of the invention. Further, the

i nvention provides a conmpound of the invention as described herein for wuse

in medi cal therapy,; . : ] - i tion in

the manufactur ep%%l?%ﬁ?égfa#uofgﬁ% gIlrlllﬁl(réreé1 Faégcr’fﬁeﬁt% ?I%?: %E%él{g?%hggu%?sease or

condi tion r ®§Psinyention of pphyrmageuieqliyeciepiabls salf thérpdfiandy phamescetitadls- Descri pti on

- The present sbu@Rt tRRerPr OVi des novel pyrrol e substituted 2-indoline

derivatives ich are substituted at the 4 position of the pyrrole ring

wi th car boxani doBEHgsed hasipiswimethed pEreaiiag 3 eoditiprieaopsivetta tyrasingkinageky|  and

al kyl ene r efigibifoR ti nRAIROCHBTHRE adABERALNB Y patthnOH Reed IPWENEI o e nanes of

specific groyps, such as ethyl, ethylene, propyl, propylene, butyl or

but yl ene, sieggﬁ“f’?a’:ﬂﬂ?ﬂ?%ﬁc,cﬂ‘@??“@‘? bRt di cal s, unl ess i ndi cat ed

ot he,r_}/vi se, 5”5“ ?amelptélengnnlwh proﬁxasmpiloﬁupo@]? oﬂilhEM-leelﬂibﬁ)kmﬁsoﬁbajﬁgﬁﬁd’lﬁé}h Iet hyl ,

propyl, prop-2- . utyl . a s of a ene groups are nethyl ene,

et hyl ene, pr[a ep‘??“gﬁlﬁﬁré}ﬁ&pﬁﬁ%/ W’%‘?fgf}(e JFE%&“@PW?‘W&I" 6‘8?1“’3’?‘8%‘“&@ udes fl uori ne,

- chl ori ne anchaimfanarsef a fhiveldtien on médidamen i udeatinglaldiseat breohdived responsiie’ refers
to an anoun ficient.to. effect treatnment when adm nistered to a patient

hi need of tttorazt qu’rlé“rg]{qgals%én%?’g?rm "treatnment"” as used herein refers to the

treatment of a disease or nedical condition in a patient, such as a mamal

(particularly a human), and inclydes; peds gﬁoplreventi ng the di sease or

medi cal condition fromoccurring, t.€e., prophylactic treatment of a

patient; (b) anel Therraesem venvien giokidesevel pymeel substitutedshiileling derivatives |

el i m nating Vhich S8t GOES 5ol thhéﬁg%oﬁexﬁgﬁﬁﬁ c%oﬁ&ﬂio&ﬂ%h condition in a

patient; (c) suppressing the disease or 'nedical condition, 1.e., slowng or
arresting t h&s¥8¥s opnent of the disease or medical condition in a

patient; or (d) ahbgBértildhd Biens AN BfkyRc bR AILRRARE oPInbABieE 2!
condi tion in gra()ug. %olw%{fgr, tlA{ea names of specific groups, such as ethyl, ethylene, propyl, propylene,
~ butyl or butylene, signify unbranched groups or radicals, unless indicated otherwise, such
as prop-2-yl. Examples of alkyl groups are methyl, ethyl, propyl, prop-2-yl, and butyl.
Examples of alkylene groups are methylene, ethylene, propylene and butylene.
The term halogen atom includes fluorine, chlorine and bromine. The term
"therapeutically effective amount’ refers to an amount sufficient to effect treatment when
administered to a patient hi need of treatment
The term "treatment” as used herein refers to the treatment of a disease or
medical_condition in a patient, such aé a mammal (particularly a human), and includes:
(a)  preventing the discase or medical condition from occurring, i.e.,
prophylactic treatment of a patient;
(b)  ameliorating the disease or medical condition, i.e., eliminating or causing
regression of the disease or medical condition in a patient;
(c)  suppressing the disease or medical condition, i.e., slowing or arresting the
development of the disease or medical condition in a patient; or
(@)  alleviating the symptoms of the disease or medical_condition in a patient
4a




26 June 2006 WO 03/057690 PCTI US02/ 41252 The term

"pharmaceutical |l y-acceptable salt” refers to a salt prepa?rﬁe‘ﬁmf?rzgﬂﬁiabase or
acid which is acceptable for adm nistration to a patient, such as a mammal .
Such salts can be derived from pharnmaceutical |l y-acceptabl e i norganic or
organic acids. Salts derived from pharnaceutically-acceptable acids include
‘acetic, 5 bgregresgsl fonic, benzoic, canphosul fonic, ci tf'éﬁus ?[glg%nesul fonic,
fumaric, gluconic, glutamc, hydrobromc, hydrochl oric actr ¢, mal ei c,
mal i ¢, mandelic, methanesulfonic, nucic, nitric, pantothenic, phosphoric,
succinic, sul furTe teﬁretrphamh@pﬁqauymcaﬁaiﬂsmff Frcto asali wetfagsiddrom a base |
(1-hydr oxy- 6 PRPO0N B8 R Bl bferoh s pala b ATlafoclf SHEELAY 27 salts
derived fromTunari Byt o ArocHi oI, acet , uric,
phosphori c, ca:ﬂaerrbnwdrf@smhfamp@mczplymtqpehlestwrgamnpcorgmqr@?ider c, tartaric,
citric, malic, | preferred

sub- group of co@bﬁﬁ sv%#&%igmrﬁﬁawq?%}lyg&%%}&m%m demﬁc(:r) Rl represents a
hydr ogen 5at denzercsulfopic, W@y, kynphgsaiopic, cinie, eRpneselfanies Bymagic.glucgiipup of fornul a
- A -NRSR6 i it gmy(?%,aga yarcRiBc, MRié, RARRE RIGD iadde iE RicARR A Forfe, 15
hydr.ogen at Gm or roup and Al re resents (CH2)m

( CH2) n- A2- ( @meicpnitsie, qa@rqﬂ:erurzcr;% cripicyiifeis, wrtads, zplveremleRic.of from 2 to

10 each of iRt hybcSrnaphHoRAEH) 8 th109) dacki@lily phiferied G, _pheny! ene,
bi phenyl ene, cycl ohéxyl'ene or piperazinylene and q is 2 or 3; (i1) R

and R2 t ogetdprived fremfamasis hydrabrogrig. hxdeochloficyeetids S"é@ﬁﬁ PB?SPB@Cand A4 20 -
‘i ndependgnt 'ﬁetﬂaﬁaﬁi?oﬁfdﬁ Solhdabitifoni®)xirafdil? aiad, Sifptd2ehi, infleibhduedinit, 208 an

-integer of from to6 sis 1, 2 or 3, and R7 represents a hydrogen atom
or a (1- 4C)&PW¥°3@%up, or (iii) R and R2 together with the nitrogen atom

to which they ar@n@ﬁr&ﬁﬁ&ﬁdb—gfcﬂpbﬁ&ﬂiﬁouﬁs Bi foRfil£kTy1y thaQh &ih: Whi ch
pi peridinyl grou

ears a suybstituent o at the 4 position,
i N which A5 reprg)sgnfe@mfe’l‘m&@yg‘ro%ﬂ %0%4%L€P‘é‘é8?ﬂ§§%esﬁ?[ﬁgrr di n- 4-yl .
Oogpgunds b%;ﬁ@l@ﬁg;ﬁ?ﬁlﬁ-}lm%m/ﬁhlﬁi?ﬁ:@bﬂlﬁdﬂﬁﬂbiﬂ@d‘p@@ nihyerepredeasia f ound to
exhi bit good solubility i and gqod absorpti o
i ni stiat ek iee Adc R Eap e oS s e B ey o
" represents qcmmpﬁzaﬂgmvﬂﬁchm(shnm@dfﬂon@wu@ea@:rtdnl%ﬁdpmnesents a 30

group of for, rrclélée?of ﬁo‘om ll\llt?Sﬁz 'bﬂf"‘&ﬁ hgn%'ﬁmc %1ph5 ?1639 gyc%%ekﬁ&%%?ndent ly

represents &%

piperazinylene and gis 1, 2 or 3
(i) R! and R? together represent -A°-NR'-A" in which each of A® and A*
20  independently represents (CHy), oxr (CHoCH;0);CH,CH; in which r is an integer of from
210 6, sis 1, 2 or 3, and R’ represents a hydrogen atom or a (1-4C)alkyl group; or
(iti) R' and R® together with the nitrogen atom to which they are attached
represent a piperidinyl group, which piperidinyl group bears a substituent of formula
-A%-R® at the 4 position, in which A’ represents (1-4C)alkylene and R® represents
25  piperidin-4-yl.
Compounds belonging to the above preferred sub-group have been found to
exhibit good solubility in water and good absorption on oral administration.
In this sub-group of compounds, preferably
(i) R' represents a hydrogen atom or a {1-4C)alkyl group; and R%represents a
| 30 group of formula -A-NR’R® m which each of R® and R® independently represents a
hydrogen atom or a (1-4C)alkyl group and A’ represents (CHy)m, (CHz)n-Az-(CHz)p or
(CH,CH,0),CH,CH; in Which  is an integer of from 2 to 10, each of 2 and p is an
integer of from 1 to 6, A? is CH=CH, phenyl-1,3-ene, phenyl-1,4-ene, biphenyl-2,2’-ene,
cyclohex-1,3-ylene or piperazin-l,_tt-ylene andqis 1,2 or3; '
5




hydrogen atomor a (14C)al kyl group and A" represents (CH(%9

(CH2) n- A2-(CH2) p or (CH2CHZO qCH2CH2 in which mis an i nd ﬁ-&e?@pﬁfromz to
10, each of it and pis an integer of from1l to 6, A2 is CH=CH,
phenyl - 1, 3-ene, phenyl -1, 4-one, biphenyl-2,2'-ere, cyclohex-I,3-ylene or

pi perazin-1,4-ylene and g is 1, 2 or 3; 5 26 June 2006 WO 03/ 057690

PCTI US02/ 4 R and R2 toget her represent. I n_which each
- of A3 and Aj‘ﬁé%m%(fe&pendently represents (CH2)r or (CHZCM?% #42 in which

r is an integer of from 2 to 6, sis 1, 2 or 3, and R7 represents a
hydrogen at om Or(n)aR(&dél@)t@ge&y&regé@upgf'm?wi in)whith eachtbf R aibg®t her with the

Whi chpi por PO GHBHEBE L B e SR HRD ORGP RGP e
posi tion, ipd)iBh, Abr3,ept RSepesnt hifd)gh kiheore (Md)a@lgre@'esent S
PPN 4y HEnTR! Hendie b SRS 3 A Wl et 2 72

hydr ogens at epieseRfa gippidagbanbep, swhivh pipydidigd gropp beats aééubstmnwémla( CH2) m

10, “bach_of RBhe PR YIS E Sledls MO TSR BLERR, O 10T % 0

bi phenyl - 2pigéridaneyl. cycl ohex 1,3-ylene or piperazin-1,4-ylene and qis 1, 2
or 3; (i) R ari,?el ioget her - represent -A3-NR7-A4- in which each of A3 and
A4 15 independen yor presents (CH2), or, (CH2CH20), CH2CH2 in which r is an
i nt eger of from(x)zltr@prﬁgntsamsthyl gMUP2and£n¢PF@eW@l§mf ermyladdNBIRN at om or
a (140 aghky | atomto
whi ch tﬁgy ie{lr%{l%t 9&86&%%dr§cn%ﬁt,ﬁ2:%e“ [ nyﬂ%jmﬁlﬁﬁglﬁ%erl di nyl
group bear s(@ﬁumﬂfﬁeﬁﬂﬂzhfor (AT Hﬂgizmwalchméammﬁé@ucﬁ from 29 n which A5

represents g Ol e 5P r onE REClSIZR R AaK hin d e EIPT of 1 20y

(i) Rl represents % represents a group of fornula
-Al-NR5R6  R&' emmﬁom— Wmm&%nﬂmlwéﬁdaﬁdﬁore% represents a nethyl

group and A re ﬁegl{d%zztéééhl%mpmgeﬂtWﬁ(ﬂiﬂsyﬁaheaehdkﬁandﬁ* 7, 8, 9 or
10; (CH2)c A2- In which n and are_ 25 ea(r:Ygu%rrand i s, CH=CH

- phenyl - 133- éﬁ‘@eﬂ%’ﬁ V’Plf’ie“@ (eHe): ord(H CHL,GH, 1 i%3RdpigerE /L from
2106, sis 1 or 2, and R’ represents a hydrogen atom or a (1-4C)alkyl group; or
(i) R! and R? together with the nitrogen atom to which they are attached
represent a piperidinyl group, which piperidinyl group bears a substituent of formula
-A’-R® at the 4 position, in which A represents propylene and R® reprcsents
20  piperidin-4-yl.
More preferably,
() R'represents a methyl group; and R?represents a group of formula -A'NRRS
- in which R? represents a hydrogen atom, RS represents a methyl group and Al represents
(CHy)w, in which m is 2, 3,4, 5, 6, 7, 8, 9 or 10; (CHa)n-A(CHy), in which n and p are
25  each 1 and A? is CH=CH, phenyl-1,3-ene, phenyl-1,4-ene, biphenyl-2,2’-ene or cyclohex-
1,3-ylene; (CHy)u-A%-(CHy), in which n and p are each 2 and A? is piperazin-1,4-ylene; or
(CH2CH,0)(CH2CH; in which g is 2 or 3;
(ii) R! and R* together represent -(CHy);-NH-(CHa)z-, -(CHz2)2-N(CH3)-(CHz),-,
«(CH,),-N(CH2CHz)-(CHy)z-, ~(CHz)2-NH-(CHp)s-, or
30 -{CH,CH:0),CH,CH;-NH-(CH>CH20)CH2CH,-; or
(iii) R and R together with the nitrogen atom to which they are attached represent
a piperidiny] group, which piperidinyl group bears a substituent of formula -A>-R® at the 4
position, in which A® represents propylene and R® represents piperidin-4-yl.




~1,3-ylene; (CH2)n-A2-(CH2)p in which n and p are each 2 %’é i

pi perazin-1,4-ylene; or (CH2CH20) qCH2CH2 in which g is cfr“”%,zoéﬁ i) RL and
R2 together represent -(CH2)2-NH (CH2)r, -(CH2)2-N(CH3)-(CH2)r,

-(CH2) 2- N(CH2CH3) - (CH2) 2, -(CH2)-2-NH- (CH2) 3-, or 30

- (CH2CH20) 2CH2CH2- NH ( CH2CH20) CH2CH27; or (iii) R and R2 together with the
nitrogen at ich they are attached r epr esent | group,
whi ch - pi perv?(gli’ﬁndér&group bears a substituent of formnul aﬂ‘_cﬁ@fsh%gﬁﬁ%( the 4
position, in which A5 represents propylene and R38 represents

pi peridin-4-yl. Mﬁﬁnmtvéyﬁﬁ%rcmwﬁbﬂﬁi@@ﬂp@@ﬂ%UMhMZl mpwaant&acul arly

G oup and PR fe R ARRMS i ot RRby WA R bR ESERE", o pr econt s
a . hydr ogehydaigmtoﬂﬁRﬁrremB@mr@ﬂHlm@ﬂ%ﬂﬂﬁgmcwm m A epr esents (CH2) m or

CH2- CH=CH GERg &lof Bbmf@8) 2 to 6. 5 Conpounds
bel onging to ?hl S sugﬁgroup aveh[gfélgg foounltitrll to exhibit gartl cularly good

pot ency &s i nhi Kiommosndsbelormngie thipwb-gguptpee hploand te gaipbibparicfeBE i ne

ki nases. I 2),,, or
CH2- CH=CH-. C&i%l d'ﬁao{eﬂé am?h{s?)g 956 d}gﬁ) fé)érsltgf%llgzI a‘f‘\s/g}éer C&Eﬁ g?ﬁ%ta Iim£s'g_|r epresents

(CH2) 2, (CH2) 3 orW{QHB@-E@IEK@P@mfﬂE@YESW&S%W epéhdd=tECHadbounds in
whi ch A regmgﬁg,qgggqgaﬁ Anot her preferred sub-group of conpounds is
that in which R) and gther represent -A3-NR7-Ad4- |n which each of A3
and A4 mdepend\éw?lr’sﬁqu%\f‘gs’@me@(l Bk S OB ErSH B2 in which r is an

i nteger ;9f fromgg %reféﬁ%@m%cbﬁp&und@m%hmﬁA'&éﬂ?esEﬁs(Cﬁ@EesentS a hydrogen
atomor a (1-4Calkyl "grou npounds_ bel ongl ng to this sub-group have

al so been found 4 ﬂl?kﬁ'ie S“B&T‘?WP@&F‘H?R"S‘;‘“C&%@% tency. In this sub-group,
preferably BhicRRaddR10geheR rcE&DIAéSNiﬂtA‘L {u@iaaleeaeﬂﬂme@hmﬂ or -(CH

Fvdr ogen, ” mEHFRd e%e?f?}reienaﬁ or GBI S ohattrits & aBas fn
whi ch R7 repkegand sishyzlocg e mW:epre&mteanydrbgen piogi 2 e (BAC)alkiRefk@pr i ng to R3 and
R4, ex an'gl €s of 8631:1rlgc)lugdl.]slbg{onval t%%s sub-group have also been found to exhibit
particularly good potency.
In this sub-group, preferably R! and R? together represent ~(CH2)a NR'-(CH;);- or
' (CHs) NR'<(CH)s-, especially -(CHz)z-NR'<(CH)z-.
Examples of particular values for R’ are hydrogen, methyl, ethyl, propyl, prop-2-yl
20  and butyl, _ '
Compounds in which R’ represents hydrogen are especially preferred.

Refemring to R®and R%, examples of particular values are:
hydrogen,
for a halogen atom: fluorine, chlorine or bromine, especially bromine;
25 for a (1-4C)alkyl group: methyl,
for a (1-4C)alkoxy group: methoxy;
for an unsubstituted or substituted phenyl group: phenyl;
for R®, R'%, R'? and R™: methyl or phenyl;
for R®, RH. R" and R': hydrogen; and
30 for a group of formuta R™C(O)NR')- CH;C(O)NH- and CeHsC(O)NH-,
Preferably R? and R® each independently represents a hydrogen atom, a bromine
atom, CH;C(O)NH-, or CéHsC(O)NH-. More preferably R and R* each independently
répresents a hydrogen atom. |
Another preferred group of compounds of formula (I} are compounds in which:
‘ 7




hydrogen; for a hal ogen atom fluorine, chlorine or bromne, esgeci ally
bromine: 25 for a (1-4C) al kyl group: methyl: for a (1-4EPalReR00%r oup:

met hoxy; for an unsubstituted or substituted phenyl group: phenyl; for Rs,
R10, R12 and R14: nethyl or phenyl; for R9, R 1, R13 and R15: hydrogen; and
30 for a group of formula R2C(ON(R 3)-: CH3C(O NH and C6H5C( O NH-. i
Preferably RYOMME5STR each i ndependently represents a hydPsgasozausm a

brom ne atom CH3C(O NH, or C6HSC(O NH-. l\/bre preferably R3 and R4 each

ommbondeof 't or ol B airf S B B RO R B RN 01010 o
03/ 057690 PCIA Eﬁémﬁct(Mmﬁl‘esenmmﬁﬂﬁar@izC&{q@icﬂw CHrphepylensdCHR0M epr esent s

a group of f ch pﬁﬁﬁ CH2) m CH2CH=CHCHZ,
CH2- phenyl en%ﬁomxﬁé%yggﬁc‘{v %exg/ﬁ ene- g Q\?\%§Oﬁ mis an integer of
from2 to 8; or (@)R'EdE @g@h@og:eqsﬁér-(@fézmﬁﬁém{z)a- (CHY- DR E)p,

and o and R BN TSI  Homounds of he above

sub- group have beRhend mea@lm&emcnsfpnﬂmﬂxogcml arly good potency as

i nhi bitors:of O”ECBE geﬂﬁg}t chlaﬁ @ya such
conpounds have dem) fgﬁcd%%é%—?%gﬁ# I nhibition ¢ the

tyrosine ki na@eﬂwfasmbitelsgfommpwgmepwrmmme pattigplagogich FLI PR or

| mmunopr eci p%ﬁ%&uﬁ HAvedin Jd'IéS@aluQseﬂo%bfﬁoHBfﬁe mﬁﬁrtﬁs&wﬂ&khs@épr of
conpounds w e a ove sub-group are conpounds in which: (i)

representl alesethiyl prio the iutregellar Cod FERRersmmugensenipitafionfassaprdesarited - Al NHCHS
in which A f’é resents (CH2) m CH2CH=CHCH2, or CH2- (1, 4-phenyl ene) -

i nwhi chni s20P%Y%®r (ii) RL and R2 together represent -(CH2)2- NH-(CH2}2-

- ((CH* N( CH3) - ( CH2h& more preferred sub-group of compounds within the above sub-group are

compounds in which:
() R represents a methyl group and R? represents a group of formula
15 -A-NHCHj in which A’ represents (CH)m, CH,CH=CHCH;, or CHy~(1,4-phenylene}-
CH; in which m is 2 or 3; or
@G R and R® together represent —(CHz)z-NH-(CHz)z «(CHy)-N(CH;)-(CHz)-
- (CHz)-N(CHaCH3)<(CHp)- of «CHa)y-NH-(CHa)s-
Compounds belonging to this more preferred sub-group of compounds have
20 demonstrated ICsp values for inhibition of both the VEGFR and PDGFR tyrosine kinases
* of less than 1 M in the intracellular Ca®" FLIPR or immunoprecipitation assay described
below.
A particularly preferred sub-group of compounds of formula (I) are compounds of
formula (Ja):

| (12)
wherein R is hydrogen, methyl, or ethyl, and pharmaceutically-acceptable salts thereof.

8




- (CH2) 2- N(CH2CH3) - (CH2h- or-(CH2) 2-NH (CH2) 3-. Conpounds_ bel on%i ng to this
nore preferred sub-group of conpounds have 20 denonst r at &8 4888004 ues f or
i nhibition of both the VEG-R and PDGFR tyrosi ne kinases of |ess than 1 pM
in the intracellular Ca' FLIPR or inmunoprecipitatlon assay descri bed

bel ow. A particularly preferred sub-group of conpounds of fornmula (1) are
conpounds of WP@##H#9 (la): (la) wherein R is hydrogen, rethsouizer ethyl,
and pharmaceutical |l y-acceptable salts thereof, 8 26 June 2006 WD 03/ 057690

PCTI USQ2/ 41252 . Coprpounds f or mul fa) that may be.gi ven special nention

are. 3-[3,5-di n.&%ﬁ:}ppgqg_s e@{o&g@g & tﬁatg:uay given specng mcnm% are: P

pi perazi n- 1- yl pr gy )5)dithéthiid-(30xo - pipeiminilienpih)-1H Pyroli hyldethilestdll 32- one and

3-[3, 5-di met hyl - 4-[ 3- 0xo0- 3- (4- et hyl ) pi perazi n-1-yl pnpyl ] - 1H pyrrol -2- 5

yl met hyl ene] € Y@"&‘i"i‘%ﬁ’ﬁ?mfol -2-one. Especially preferred is the conpound

3-[ 3, 5-di net hyl - 4-[8 3-diethid-4pf3pexbBz(4nttyDpiperazin-1-ylpropyl}-1H-pyrrol-2-

yl propyl )zl H,pyrrol - 2-yl t.h ne] - 1, 3- di hydr oi ndol - 2-one, and

phar maceut i c .nﬁéyle%?é-ﬁgé%n{o&ﬁfogl.t hereof. This conpound has been found to

be a hi ghly pot eBspeaiatly preired isi thieeconmpburdi3t[8,5-dhetBDARR oxo-iiperaziiHGFR and P10.

1t has al so heen nd t ave .10.hi Lubd ] ' A t o possess

-excel | ent ab@%‘?ﬁd‘@%‘pm%"gﬂﬁﬁgﬁegﬁ]'gP%@‘Y?jfr%éqld%i'{)%ey?dg&g ) %‘l(;)utuﬁdgl? conpound of

L_or n}[JIhal ( I4) (%cbqtabimylrt{sbhcrg@fv&'hissgapduaﬁ hasrbmifamditeb&@ishlfp;,:entaud i |13
i met hyl -4- ( 3; 0x0-~ 3~ vA| 3@6 r - - 2- ene] -1, 3-

di hydr oi ndol *‘z’%‘ﬁé’i‘”?ﬂ%%ﬁf’e‘p@%%p%%ﬁ S g%ﬁﬁgﬁr%l %tlﬂ_f{)%%l%gnugﬁﬁﬁﬁas receptor

t yrosi nelki rsiglesolubllitpintveate afidbto posdes ekcellent asniptiod whenoidifingstered arallytp sor der s,

such as for of cancer which include, but are not limted to acute

nyel oid | euk a, small cell lung cancer, prostate cancer, gastrointestinal
cancer, breast camother angotndaif forgwhadh that maytbegiven spegiabinedtion it 3-13&- di sor der s,

R gl LA L i ek 1 SR
i nventi on prdhyddesiok2pnecess for the
15 The compounds of formula (I) are useful as rccept'or tyrosine kinase inhibitors for
 the treatment of proliferative disorders, such as forms of cancer which include, but are not
limited to acute myeloid lewkemia, small cell lung cancer, prostate cancer, gastrointestinal
cancer, breast cancer and brain cancer, and other proliferative disorders, such as
restenosis. The compounds may also be useful in restricting the growth of solid tamors.
20 According to another aspect, the present invention provides a process for the
preparation of a compound of formula (I), which comprises '

(a) reacting a compound of formula (If)
COOH

25  orareactive derivative thereof, with a compound of formula (I}
HNR'R?
(D

9




preparation of a .conpound of formula (1), which conprises reacting a
conpound of fornmula (11) COCH (Il) 25 or a reactive deri \?&HL‘V@ 208%r eof ,

with a conpound of formula (I111) HNR R2 (~) 9 26 June 2006 V\003/057690
PCTIt 7S0241252 or a salt thereof, in which Rl, R2, R3 and RR are as defined
her ei nabove, or (b) for a compound of formula (i) in which RS or R7
represents awgudnsmgen atom deprotecting a conpound of feammsbaiish V)

CONRl aR2a ,4 5 (1V) in which R" and Rea are as defined hereinabove for Rl

and R2, except in that RS or placed with a group R5a or R7a
respect i vel y or# seliparess; léwaﬁéﬂiﬂ% Ba@HRr apras defiped hegginabgyh B prot ect i ng

group, and R3 andpR4odd @npsuddet fiaba (5 iBinaPR @ R fpldsaitachydiogertatom,
phar maceutical | y-acceptable salt is required, by formng a 10

phar maceut i c4earitecting aspmpruad efformuly @V 'ocess’ (a), the reaction of a
conpound of formula (11) with a conpound of fqﬁﬁﬁq§n Bd ) may conveniently
be performed using a conventional am [ od. For exanple, an
acid of forrmula (I1) nay be treated w 2 coupllng agent such as
benzotriazol -I'-yl -oxy-trispyrrolidi ngghospphoni um hexaf | uor ophosphat e
(PyBOP) or o 15 (7-azabenzotriazol -4 N, N N -t etranet hyl uroni um

hexaf | uor ophosphate (HATU), in thf preHence of abase, such as

"N, N-di i sopropyl et hyl am ne, and 1- ty- 7- azabenzotriazole (HOAt),

foll owed by addi-tion of the cpnpg 6f forrmula (I11). Convenient solvents
i ncl ude pol ar aprotic or | £ ve , such as dinethylformam de: The
tenperature i s convenie annge of fromO to 50C. Alternatively,
the 20 conpound of formula (I hay be converted into an acid halide, such
as the ch%oride, and thengfeacted mﬁtQ“hhe conmpound of forrmula (I111).

in which R' and R? are as defined hereinabove for R! and R?, except in that R®or R is
replaced with a group R> or R respectively, in which R* and R™ each represents an
amine protecting group, and R® and R* are as defined hereinabove;

followed, if a pharmaceutically-acceptable salt is required, by forming a

10  pharmaceutically-acceptable salt.

In process (a), the reaction of a compound of formula (I} with a compound of
formula (1) may conveniently be performed using 2 conventional amide coupling
method. For'examplc, an acid of formula (I) may be treated with a coupling agent, such
as benzotriazol-1-yi-oxy-trispyrrolidinophosphonium hexaftuorophosphate (PyBOP} or 0-

15  (7-azabenzotriazol-1-y1)-N,N,N'N’-tetramethyluronium hexafluorophosphate (HATU), in
the presence of a base, such as N,N-diisopropylethylamine, and 1-hydroxy-7-
azabenzotriazole (HOAL), followed by addition of the compound of formula (TID).
Convenicnt solvents include polar aprotic organic solvents, such as dimethylformamide.

" The temperature is conveniently in the range of from 0 to 50°C. Alternatively, the

20 compound of formula (II) may be converted into an acid halide, such as the chloride, and

then reacted with the compound of formula (0. |

" Inprocess (b), the amine protecting group represented by R™ or R™ may be a
conventional amine protecting group. Examples of amine protecting groups are described
in Greene and Wuts, Pratectir_tg Grroups in Organic Synthesis, 2nd Edition, John Wiley &

25 Sons, NY, 1991 and McOmie, Profecting Groups in Organic Chemistry, Plenum Press,
NY, 1973. Examples of amine protecting groups include acyl groups, for example
(1-6C)alkanoyl groups, such as acetyl; (1-6C)alkoxycarbonyl groups, such as

10




In process (b), the am ne protecting group represented by R5a or 0 may be a
conventional am ne protecting group. Exanples of am ne pr%?t‘{é’(@?izﬁefsgroups
are described in Geene and Wits, Protecting Goups in Organic Synthesis,
2nd Edition, John Wley & 25 Sons, NY, 1991 and McOm e, Protecting G oups
in Oganic Chem stry, Plenum Press, NY, 1973. Exanples of am ne protecting
groups i ncl u@ B8@¥1esyr oups, for exanple (1-6C)al kanoyl @oe®mse/M4iszch as
acetyl; (1-6C)al koxycarbonyl groups, such as 10 26 June 2006 WD 03/ 057690
PCr/ US0214125 - but.oxycar.bonyl : and aryhnet hoxycarb | grou Such as
benzyl oxycar tf'g’t‘lﬁﬂxycaa‘r%}i’a&fiﬁyﬂé?thw ogal’,%?upgggﬁyagﬁcvgﬁﬁgw&%ﬁ%%w am ne .
prot ecti ng gradyipetil\eraps) vachiag bédzyl. be renoved by treatnment with an acid,
such as trifluorogceti.c acid, Conpounds_of . f I .Or epar ed
by reacting a con%&&%a‘gpe%ort‘??g?%m"% 59 R %ma%%%%&egﬁ¥ or rr?ﬁ?gm?v)

HNR ' R2&  ( V)aniatidydobicss tifheraneticR2id. ar e as defi ned herei nabove, fol | owi ng

t he net hod. of procgss ste a 0 nmpound gﬁ}h e known,
for exanpl®e from W&%ﬁﬁ%@mﬁﬁéﬁpﬁﬁkﬁ@%% yd%fefg%ﬁ%g a
conpound of f(d)y with en 4uvthg of G@BlagVD)h a conpound of forrmula (VI1) 15 ("'in
The reaction is conveniently perforne 'anuhe presence of a base, such as

pi peridine, in an organic solvent, such aS ethanol, and under refl ux.
Conpounds of fornmula (VI1) are known, f@&H) exanple from WD 99/61422. 20

Conpounds of .f b h&aﬁyf{)‘aﬁeaxd%ﬁh&@%%@?fﬂ%ﬁ%%ﬁ&h@%éﬁwg?p 5 formul a

(MM (VIWin ich e represents a car %,g xanmpl e a
(1- 6C) al kil gr oupCempdunds of formula (IT) are known, for example from WO 99/61422, They

may also be prepared by reacting a compound of formula (Vi)

COOH
A
N
O H
| (VD)
with a compound of formula (VII)
3
R P '
R N N o
i5 H
| (VI

The reaction is conveniently performed in the presence of a base, such as
piperidine, in an organic solvent, such as ethahol. and wnder reflux.
' Compounds of formuls (VIT) are known, for example from WO 99/61422.
20 Compounds of formula (V) may be prepared by reacting a compound of formula

(VIID :
COOR*®

s
N A
H .
in which R® represents a carboxyl protecting group, for example a (1-6C)alkyl group such
25  as methyl, with phosphorus oxychloride and dimethylformamide, followed by removal of

the protecting group R®, for example by alkali hydrolysis. -
11




25 as nethyl, w th phosphorus oxychloride and di nethyl f ormam de, foll owed
by removal of the protecting group R8a, for exanple by &ZPKHNe Q%rol ysi s.
11 26 June 2006 WD 03/057690 PCT/ US02/ 41252 Conpounds of forrmula (VII1) may
be prepared via the corresponding carboxylic acid (Rs' is hydrogen)

foll ow ng nethods as described in the acconpanyi ng exanples. Certain of the
i nt er medi at g (9@s6dsi bed herein are believed to be novel ,.fp&,gx8ml e the
conpounds of forrrul a (IV). Al such novel internediates are provided as

further 5 aspects of the invention. Pharmaceutical Conpositions Wen used
as phar maceut i caCepponis of fompata (AEL) ofay bhprepanedeni the eorsionding caabdxylibe

adm ni stere s onprise a
compound LB HOEHER bR o REP TRk n MG AR Bl B O 1,3
phar maceuti cal | yC@rmmsqﬁﬂ&bmtmn&dﬂatﬁedﬁscwddnerpmlaeﬂrbehqqq'ét@@mtﬁa Toi ¥Aplrmy be

for mul at ed_{ico@eab O finflfa AATAH S Al QfterrRio 3 bt fofirO7 2

rectal, trans Yl ous, Intravenous, I ntramuscular

i ntranasdl aanwtnpfsther:awn@nn The conpositions may be formnul ated- |n any
conventional form for exanple, as tablets, capsules, solutions,

- suspensi ons, dlsper5|ons syrups, sprays, gels, 15 suppositories, patches
and enul si okbarnmhepntios} bomPGsionh of a suitabl e pharnmaceutical conposition for

a parti cul ar_modggf use@%h&im%éua&dw&elc%mwnhsamﬁélh%na&ﬁvmmw ot those
skilled in the pharnaceutical arts. di tional I%/onsthe i ng redl ents for such

- conposi ti on§d@m@wﬁ9mpqula¥qewcak@mpaﬁv@ Thespmppy é%PFﬁFém‘@?‘b‘ (St.

Loui's, Mg . oBheWo¥ntith aiﬂaé LAHQE inlpleliidnt foﬁam&mlmqq;ﬂmwuamb abeep@abb at i on 20
t echni gues are descrjibed in Rem ngton. The Scjence and Practice of

Phar macy, 2@#lpent prgatriep nlhe Cpmpasiiont E‘Pawq fpymplateddoi gy Foute g afminGiaton. B (2000) ;
and H C  Apgebudifodral, rectl adnbieaal suaaimaaﬁﬁg@avﬁmmmchs&ugr Del i very
Systens, 7th Edition, Lippincott W]Ii arrsl??\@,‘. "‘b % Bal ti nor.e aIgVD (1999).
Accor di ng td“%@@‘"?é@l%%éﬂ The RmpaspioRHR2Y b6 Femtaty by Aopiatiopial form,

phar maceut i Gad exadfle, 29 BPRS] dap.@llbs S‘Ohltl@llib aepaEibse disRrsidag rsqpy) spraa] gejs; ef f ect i ve
anount I a conpound of fornu ) or a pharmaceutical ly-acceptable salt

"t her eof , 1% o GWRReSHOris: PRChes B i cal | y-acceptable diluent or carrier. In
a pref erred enbotﬂhdmé‘;ta;aubﬂn&arshﬁmﬂlﬂﬂmundc@aical@onmiﬁonif@ms:amibulmdenﬁent ion
are

administration is well within the scope of those skilled in the pharmaceutical arts.

Additionally, the ingredients for such compositions are commercially available from, for

example, Sigma (St. Louis, MO). By way of further illustration, conventional formulation
20  techniques are described in Remington: The Science and Practice of Pharmacy, 20%

' Rdition, Lippincott Williams & White, Baltimore, MD (2000); and H. C. Ansel et al,,
Pharmaceutical Dosage Forms and Drug Delivery Systems, 7™ Bdition, Lippincott
Williams & White, Baltimore, MD (1999).

According to another aspect, the present invention provides a pharmaceutical
25  composition, which comprises a therapeutically-effective amount of a compound of
formula (T) or a pharmaceutically-acceptable salt thereof, together with a
pharmaceutically-acceptable diluent or carsler.
“In a preferred embodiment, the pharmaceutical compositions of the invention are
suitable for oral administration. Suitable pharmaceutical compositions fororal
30  administration may be in the form of capsules, tablet, pills, lozenges, cachets, dragees,
powders, granules, or as a solution or suspension in a liquid, and the like; each containing
a predetermined amount of a compound of the present invention as an active ingredient.
A composiﬁon in the form of a tablet can be prepared using any suitable phannhceutical
' carrier(s) routinely used for preparing solid compositions. Examples of such carriers
12




suitable for.oral adm nistration. Suitable pharnaceuti cal ngg |t|ons for
oral 30 adm nistration may be in the form of capsul es, té@k%m §

-l ozenges, cachets, .dragees, powders, granules, or as a sol uti on or
suspension in a liquid, and the |ike; each containing a predeterm ned
anount of a conpound of the present invention as an active ingredient. A
conp03|t|onmo&mkhgofornlof a tabl et can be prepared usnﬁg“gmyuﬁgltable

- phar naceuti cal carrier(s) routinely used for preparing solid conpositions.
Exanpl es of such carriers 12 26 June 2006 WD 03/ 057690 PCTI US02141252

i ncl ude magmelsflamemesitm sieasate stagehe lctoseawictose miaeridime celfulgseatdyst al | i ne

cel lul ose aﬁﬁdéﬁd?g 1e1§c9§vuﬁ?fﬁ}ﬁlah&n9%émxﬂaﬂ BYLERL colBpRad kA taddi tion, the

active compound can ormil'ated in a controlled rel ease dosage formas a

- tabl et conpfarsilngd i anpardish Feleaee dnsegerigraras pirblst eompreing 2 EoplSposi tion i n
the form of h)?d: aﬁyhgmgan be prepared using routine encapsulation

procedures, Tor exanple, Dby incorporation of active. co ound and

exci pi enfs i nt o Acompogitignindbs fore ghatapEile an P PrRRAFIARSIE TOUNE o i S0l i d matri x

of active E&Bﬁéﬁl&ﬁ&ﬁr@&dﬁbﬂh’ox%ﬁmﬂ%ﬁmc&@b@ﬂﬁnd@a&meb&m;b@ﬁ@azgl ycol can be.
prepared and filled into a hard gelatin ftclaps ?Bc[tétlon of active

conpound i neENsaisiRp adAY g@qa%gqpsg? ltepptiy %ﬁéﬁgﬁ'sé’]r’l&) oil, can be
prepared ando;ﬁ;soluh@;dmlhnghqnaeoam we@adpatybunylewﬁbmnbd pte[mmlalne ﬁllq:drlmber red
enbodi nent, the corrpou of the, |n ention i EHY{? glsfogdrfor i nj ection,
for exanpl e?f&f eslpHncansrs o2 01 "\QEP H"""?\“’P?‘ﬂﬂ%‘b?o%c GSEYTOR % or
~intravengus sdnsﬂérﬁi‘éh mwﬁb&i&paépa&dsﬁdﬂuehmw saifiggelatin agpsdlaus sol uti on

cont ai ni ng, for tive.co und an xtr odi um chl ori de,
or a nmixture of IH@‘?& fe&’ﬁge'fé odinet ccompfiunl Fe. e&v erone%ﬁpl es of suitable
exci pi ents Emhuﬁefdragéoﬁb@,doﬂxmﬂb f® intiamgnecs injection) Acmactaécbnmos:ger fos pl us

dextrose injection M.an rose |s . ated Ri nger’

i nj ection, aNd'EA ‘é“?le'f{@nc%sfm Haer P{}glso RS 28 vses(rgl)!u%l? ex% ¥+

pol yet hyI enex@ﬁpya;@dtm aomﬂmh@tnd@x%emtsp@mrchbnéﬂrpﬁ Eeleé-trhyﬂ d@mmﬁ ne
tetraac I C ocﬁl onde Eﬁ%{éﬁﬁﬂgg&gu %t;le c){c en& k Bictafbd pdextrin; and an

anti - oxi exa I Su |te may be |ncluded I n
the for rml atchmon mmddhnggr 5 pluaﬁmuh@rmja@m@iormga@bl\@aémoseh AeEHtE: on

provides a GAThoHA sméc%arggh@m(ah&e (RnhA FRGRL] fe,aaaxmccept abl e salt
t hereof for Use |n a{ e co n s of forrrula Qe are useful as-
receptor tymgbrpthﬁcqqghagiea phﬂﬁugg ggj:pg or example, ethylenediamine tetraacetic acid; a

stabilizing agent, for example, a cyclodextrin; and an anti-oxidant, for example, sodinm

i - 20  metabisulphite, may be included in the formulation.
According to another aspect, the present invention provides a compound of
formula (I) or a pharmaceutically-acceptable salt thereof for use in therapy.
The compounds of formula (I} are useful as receptor tyrosine kinase inhibitors.
According to another aspect, therefore, the present invention provides the use of a
25 compound of formula (I} ora phannaceutica]iy~acceptabie salt thereof, for the
manufacture of a medicament for the treatment of a condition responsive to a tyrosine
kinase inhibitor.
According to yet another aspect, the present invention provides a pharmaceutical
composition for use in the treatment of a condition responsive to a tyrosine kinase
30  inhibitor, which comprises a compound of formula (f) or a pharmac%utically-acceptable
salt thereof. ,
The present invention also provides a mefhod of treating a condition responsive to

a tyrosine kinase inhibitor, which comprises administering to a patient in need of
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‘According to anot her aspect, therefore, the present invention provides the
use of a 25 conpound of fornula (1) or a pharnaceuticall yz-ea{i’ééﬁpgfﬁ)l e salt
t hereof, for the manufacture of a nmedicanment for the treatnent of a
condition responsive to a tyrosine kinase inhibitor. According to yet

anot her aspect, the present invention provides a pharnmaceuti cal

conpositio inthe treatnent of a condition re ive to a
tyrosine ki%nggiéos t?i nhi bi tor, which conprises a conpoursllgﬂ@%b%&sﬁul a (1) or
a pharmaceutical |l y-acceptable salt thereof. The present invention al so
provi des a tmetnizathneifettiveatnomg ofia compelidd of formelsfh nsi pletigeutallyy r osi ne ki nase
i nhi bitor, Wni%g C rises admnistering to a patient in need of 13 26 June
2006 WO 03/H5P BSQ@F‘T@SZMMSZ treatnment an effective anount of a
conpound of f or ¢ patigdf)mayrbe afopérampleceminnoa] fugh assoomptmds animsad/and isher eof . The
pati ent may, npl e, a mammal, such as a conpanion animal, and is
preferably %Bﬁf&bl (r%&lurgﬁ?‘he dose (or effective anount) of the conpound

admi ni st®red t o The gt (@rffective pmouhBé e comppeundraduyinisigred &y spatitii@illidi ng t he
particul ar Hgng or | t dition being
treat ed, th%%g]g%g f tt%%’ng%@ nt;g t elar\/\/el ?Pﬁd; e‘?&\hg_ngg%cicdggt . and the
route of adwrenitsefithe dopdition beingtrraied, the speairs 9the paticn theayeipdt offthaRaleRt 0. 01 to
100 p. MK o0 QoMY Yoot BEeARLHaMoRlif I Yaned O cAP0.0PLd 90N Rfke
non-limting exanples ITTustrate representative pharnmaceutica

conposi t i onsf bodyvieipht wilMeridindtisterésbr nul at i on Exanple A 15 Hard gel atin

capsul es.for oral admnistration are prepared as follows: Ingredients
Anmount npound of the invention 250 ng Lactose (spray-dried) 200 ng 20
Magnesi um st ear &hefollowing nRepimitterckatplesdllBrge eguesatatiVhpharmagewidilent s ar e

thoroughly bl endfchs 3Pfe tdbetion.

Formulation Example A

15 Hard gelatin capsules for oral administration are prepared as follows:
Ingredients Amount
Compound of the invention 250 mg
Lactose (spray-dried) 200 mg

20 Magnesinm stearate ' 10 mg

Representative Procedure: The ingredients are thoroughly biended and then

loaded into a hard gelatine capsule (460 mg of composition per capsule)

25
Formulation Example B
Hard gelatin capsules for oral administration are prepared as follows:
Ingredients Amount
30 Compound of the invention 20 mg
Starch 89 mg
Microcrystalline cellulose 89 mg
Magnesium stearate 10 mg
35

Representative Procedure: The ingredients are thoroughly blended and then
passed through a No. 45 mesh U.S. sieve and loaded into a hard gelatine capsule

. (200 mg of composition per capsule)
' ' 14




| oaded into a hard gel ati ne capsule (460 ng of conpositiq er sul e)
Forrmul ati on Exanple B Hard gel atin capsul es for oral adm4yi gﬁsgn are
prepared as follows: Ingredients Amount 30 Conpound of the invention 20 ng
- Starch 89 ng Mcrocrystalline cellulose 89 ng Mgnesium stearate 10 ng 35
Representative Procedure: The ingredients are thoroughly blended and then
passed t hr oupidnszedo. 45 mesh U. S. sieve and | oaded i nt ecpufdidsgel ati ne
capsule (200 nmg of conposition per capsule) 14 26 June 2006 WO 03/ 057690 5
10 Formul ati on Exanple C Capsules for oral admi nistration are prepared as
follows: Ingredients Anount Conpound of the invention 100 ng

Pol yoxyet hyl ene sor bi tan nonool R EfBinpiobar ch powder 250 ng

PCT/ US02/ 41252 Representative Iﬁ‘ggﬁdure IT%gbl ngredi ents are thoroughly

bl ended and t hefRapsilonideoral adminigiration afc pepastd asé&oliofFsul e (300 ngy of

conposi tion per_capsul e) Formulation Exanple D 15 Tablets for oral

adm ni strati on Begedisptepared as fol | ows: é‘l“@(‘:l}“ents Amount Conpound of the

i nventi én 250 HE———M—GF—QGJ—Y-S-FQJ—LH—HH@H—&FGS-Q—%—WQ_ 20 Silicon dioxide
funmed 10 ng St ampwnaeffaesww 100 mg

Polyoxyethylene sorbitan monooleate 50 mg
Starch powder 250 mg

10 - :
Representative Procedure: The ingredients are thoroughly blended and then
loaded into a hard gelatine capsule (300 mg of composition per capsule)

Formulation Example D
15 Tablets for oral administration are prepared as follows:

Ingredients Amount

Compound of the invention 250 mg
Microcrystalline cellulose 400 mg
20 Silicon dioxide fumed 10 mg
Stearic acid 5mg

Representative Procedore: The ingredients are thoroughly blended and then
25 loaded into a hard gelatine capsule (460 mg of composition per capsule)

Formulation Example B
An injectable formulation is prepared as follows:

Ingredients ; Amount
30

Compound of the invention 02g
Sodium acetate buffer solution (0.4 M) 400 mg
HCI (0.5 N) or NaOH (0.5 N) q.s. topH4
Water (distilled, sterile) g.s. to 20 mL

35

Representative Procedure: The above ingredients are blended and the pH is
“adjusted to 4 £ 0.5 using 0.5 NHClor 0.5 N NaOH.

15




Representative Procedure: The ingredients are thoroughly %ﬁﬁ’d%@ gnd t hen
25 |l oaded into a hard gel ati ne capsule (460 ng of conposi erap capsul e)
Formul ati on Exanple E An injectable fornulation is prepared as follows: 30
35 I ngredients Anmount Conpound of the invention 0.2 g Sodium acetate
buffer solution (0.4 M 400 ng HClI (0.5 N) or NaOH (0.5 N g.s. to pH 4

Water (di stgdbhefdrvopterile) g.s. to 20 nmL Representative, e: The
above ingreddl)ent 7s’ware bl ended and the pHis adjusted ?g‘?@@&%ﬂéEusi ng 0.5 N

HO or 0.5 N NaOH. 15 26 June 2006 WD 03/ 057690 PCT/ US02/ 41252 Synthetic
Exanpl es TBentlietik Egmhples synt hetic exanples are offered to illustrate the

I nvention, and e..not to be constr | bt A { he scope of
t he inventi on. %@nggﬁsﬁé}%gﬁ%&ﬁ%ﬁgﬁ& %%%usﬁ}ég{%z%‘}ggﬁggé@géii ved from
commer ci al neipped copstened il 2y way ot Iraiting e sqene eighe inydntipreact i ons were carried
out at roomtenperature and without rigorous exclusion of anbient

at nosphere unl ess otherwi se noted. |on-spray nmass spectra (I S-M5) were
obt ai ned5 usGagra PE Sci ex APl 150EX nass spectroneter. Nucl ear magnetic 10

- resonance (NVR) gpaghla Wilefis rvﬁgaq{sgﬁg r%givép@omm&lﬂﬁﬁﬁgﬁ&s shiedst s (S) are

reported in parts per mllion dowfie of tetranethylsilane. Analytical
r ever sed- phethawisPhated. REL repipiony Wera Sarpiesd Fupstiedn IMpEAGERd VEbPU RE¥P%nent usi ng

a 2.1 mmXx 20050 ofganﬁ)iénk-gﬂné)@gﬁm_ugﬁ&bﬁi&rﬁk%tﬁo R4SspRR nsy spédira ABQISY he

-anal yti cal separations, .5 mnute isocratic period was f.ollowed by a
4.5 ninute weragblained ewingy. PRSciax ARLINEamAY Seeclonddrra NBEEH TPRIEe 15 (ACN) in

0. 1% er f@f@.}ﬁ [ AhAMES: ChémRALRE BFarRRpbitidGa Was
perfor\rggé ufselggr?g Fri agf%g%:g’%ﬁegccg%d%&(TFA) buffered A te_gr gradi ents on

a Varian PpafSparmiblimmidovniisd offetRunpthylsilant QAwiitizal Poeyerses-phgs inin
Dynamax: col ﬂgﬂé) v?faré%crformed on an HP1100 instrument using a 2.1 mm x 50 mm, 35um Cyg
Zothax Plns Bonus-RP column. For the analytical separations, a 0.5 minute isocratic
period was followed by a 4.5 minute gradient of 0.1% trifluoroacetic acid/acetonitrile
15 (ACN)in 0.1% water at a flow rate of 0.5 mL/minute. Preparative RP-HFLC was
performed using trifluorcacetic acid (TFA) buffered ACN/water gradients on a Varian
ProStar system using 2.5- or 10 cm x 25 cm, 8 pm Cyg Rainin Dynamax columns and

fiow rates of 10- or 50 ml/minute, respectively.

20 Preparation of Intermediates

Intermediate 1 o
2-Carboxyethyl-3,5-dimethyl-1H-pyrrole-4-carboxylic acid

3,5-Dimethyl-2,4-pyrrole dicarboxylic acid, diethyl ester (200 g, 836 mmol) was
placed in a 1 L beaker and treated with 400 mL concentrated sulfuric acid (H2S04). The
95  mixture was stirred, heated to 45 C with the aid of a heat gun and then maintained at 36-
42 C for 25 minutes. The re#ction mixture was poured into 3 L crushed ice and stirred for
30 minutes. The yellow solid was recovered by filtration and washed with 200 mlL water.
The solid was transferred to a 4 L Efdenmeyer flask and treated with 2 L 1 N sodium
: hydroxide solution (NaOH) followed by 100 mL 10 N NaOH. The basic mixture was
30  filtered and the yellow solid residue was discarded. The filtrate was acidified with
H3S80,. Tﬁe resulting solid was recovered by suction filtration and washed with 2 x 500
ml water. Afier suction drying, the material was transferred to a 6 L Erlenmeyer flask
' and digested briefly in 4 L acetone. After standing overnight at room temperature (RT),
the solid was collected by filtration and dried in a vacuum dessicator to afford 139 g, 659
‘ 16




flowrates of 10- or 50 ni/m nute, respectively. 20 Prep atlon of
Internmedi ates Internediate 1 6 June 2006
2- Car boxyet hyl - 3, 5-dnet hyl - 1H pyrrol e- 4- car boxylic acid
3,5-Dinethyl-2,4-pyrrole dicarboxylic acid, diethyl ester (200 g, 836 mmnol)
was placed in a |l L beaker and treated with 400 nL concentrated sulfuric

aci d (H2SOAye o3ldGeo 25 M xture was stirred, heated to 4§'C1C;/‘U Wabss he aid of a
heat gun and then maintained at 36 42 C for 25 m nutes he reactl on

m xture was poured into 3 L crushed ice and stirred for 30 m nutes. The
yel | ow sol i mmoia39% ettby tidecbripyurfdi ['H NMR IMMSDds\iebI(d, 2t 14A0GHL. water. The

solid was t 4 L Erlenneyer flask and treated with 2 L 1 N
"sodi um hyo#@@dagﬁslgf]ﬁ'%ﬁ (NaOH) followed by 100 niL 10 N NaOH. The basic
mxture was 30 filtered and the yellow solid residue was discarded. The

f||trate aC| |ed W|th HZSO4 The resulting solid was recovered by

sucti on ertﬁfﬂg% th 2.Xx 500 nL water. After suction drying,
the mate & y{ £ Br}_ Erl enmeyer flask and digested
~briefly |n 4 L elntabxadmteIAlﬁ@,Gﬂlmmd)wgsmwdmagﬁwnﬁEde@mnm@ﬁbem@ture (RT),

ai ford 130 Grchbh SGafuil oo T frrgsila, 0 A pRs IS G 1 o Tose of

~ the title cmmgmuc mm@mad@)on@w approgigpately BOymingtesqaf which tigef) | 2. 38

3 IT1IT]
(ZSCar E%xyet%azf’g@m?%é}aesf%ﬂwé rroI e ?r?t%arsrl%e ?daf?rego tg;tes more t]'\615{:50 mol ) was
pl aced i apcﬁlﬁ’.(d mzﬁnmmwahe¢wmzo@wwp¢®a@éwﬁnp@w waiigpaiddieone (80 g,
1.3 mol). grmdﬁ’rﬂb%ﬂ‘?ﬁy Eﬁ%zdﬁ@ﬁf%fem&@u%m&r&wﬁﬁ%ﬂaﬁ@ﬂﬁam|e

produci ng a Brown solution over approximately 30 mnutes, at which t| me

gas evol ut i Bitrakeaws dewlynesled oRTrad Sea to PRE. ﬂ@afﬁsvlavs GustelyTeess eleqtssh 3
“monutes norg, o bReFiddioR M &l kY ﬁc&m&-désﬁ@atdﬁ@& &lord ﬁ'@g, assigacRreduct WaS

coll ected by suction fi Itratl on and the digested in 700 nL 95% et hanol

(Et OH) . Thethpiisie eomepovps Hl%ﬂéMSWﬂﬁlﬁﬂé% IEM} 17 i 25,2 1B (0P8 4dd sl owl y

cool ed tl? dl%@ 0 -20 C. The resulting crystals were collected by
suction'filttattTon and’dried in a vacuum dessicator to afford 75.6 g, 453
mmol, 70%of the title conpound. 'H NVR (DMSO-d6) 85.72 (s, 1H), 4.17 (q, .

211), 2.18 {Semithate? 13

2-Carboxyethyl-3,5-dunethyl-1H«pyrrole-4-carboxaldehyde
Intermediate 2 (75.6 g, 453 mmol) was placed in a diy 1L, 3-necked round- 7

20  bottom flask. The solid was treated with anhydrous N,N-dimethylformamide (DMF, 43.8

ml., 566 mmol). The flask was shaken to distribute the DMF throughout the solid. The

flask was cooled in an ice bath and to the mixture was added phosphorous oxychloride

(POCls, 52.7 niL, 566 mmol) over 30 minutes via an addition funnel. The flask was

shaken to evenly distribute the reé_gents. The flask was then immersed in a 100 C oil bath
25  and heated with magnetic stirring for 6 hours. The resulting deep red mixture was cooled

in an ice water bath and treated with 200 mL ice water, resulting in a vigorous,

. exothermic reaction. After addition of 200 mL additional ice water, the mixture was
adjusted to pH 5 with a saturated solution of sodium acetate (NaOAc). The crude product
was isolated by suction filtration and recrystallized from 700 mL hot 1:1 EtOH:water to

30 - afford 65.8 g, 337 mmol, 74% of the title compound as dark needles. 'H NMR (DMSO-

de) & 9.88 (s, 1HD, 4.23 (q, 2H), 2.46 (s, 3H), 243 (s, 3H), 1.28 (t, 3H).
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15 (s, 311), 1.25 (t, 311). Internediate 3

2- Car boxyet hyl - 3, 5. di met hyl - 1H pyrr ol e- 4- car boxal dehyde 26 Pe2808 e 2
(75.6 g, 453 mol) was placed in a dry 1 L, 3-necked round 20 bottom fl ask.
The solid was treated with anhydrous NN-di net hyl formam de (DMF;, 43.8 ni,
566 mmol ). The flask was shaken to distribute the DVF throughout the solid.
The flask was cooled in an ice bath and to the m xture was added

phosphor ousV8/&Ht8ri de (POCI 3, 52.7 nl, 566 mol) oveiCTHI¥EHAt es via an
addition funnel. The flask was shaken to evenly distribute the reagents.
The flask wantdhefade@rersed in a 100 C oil bath 25 and heated with magnetic

stirring f0r3@(‘fﬁiﬂ&:@eth?h@ﬂdﬁﬁéth}lll'mpﬁﬂﬁ@ -Jipilogtn¥ic ki@ Was cooled in an ice
wat er bath and treated with wat er, resul ti n% in_a vigorous,

exot herni ¢ react FIWe‘KFtFér(ﬁaQﬁiﬁ?? ’GWOBP““ZB@O‘HEE‘%‘H@PP%% | MIPLWEB er . t he
m Xt ure was coﬂﬁln@@fn%ﬂt]@aﬂp IHnGekd fobindPboktah Wasd, Behtéa0kit 350 al bsshACIEIR, acet at e

(NaQAc) The S at ed ion filtration and
recrystald i fé‘ g“’hﬁf’rﬁq\g‘%’“ QEM%@"#’{% O%W?Scﬁd%dég iige o 337
mrol , 74% of(34. bmu; B‘ISl 1Bmel) ajichdixase earrkfiizeettr esadditdndSRotENGRrencl6) 5 9. 88 -
(5o 30b teastsnbbitiebetbab bt rlasebinedin oot A 300 37 26
une

3-(5-Car boxy:qﬂjnylner&a@utthtmthwa,Hnmwﬁﬂlowsd;olc)aplrtoae‘nmmrpaeolc&vbaaterned| ate 3

(55 20 122 b AR BBt 03,5 B e BT 120

and brought NaDH with mﬁg)rr'hsecsum:rgﬂlmﬁjwa?ﬁltérheaﬂdahmmmrdaaﬁheMtth| on was
e o Mgt uf Ty HPnR 0 e THE e Bt SR e

" addi ti onal ours et
resi due was mfﬂa&t, stdrednand]adcﬁﬁedrmch apprdxiMatelyy/@muc 6 MOHTL 'Iﬁneredumﬂg('ﬂn):k, war nmed,

and t hen aII % 0 @% ‘l_x{ l‘#ﬁ‘ %gn{y suction
filtration, tra as?evrvgrise ucE tPJn, g 9@@&?&% Sﬁ% 2 N 10 NaCH
With stirri @Eordﬁheuttee@tdpbmdg BN&&R@MBVSE(CEGIHB&GBM&H};GIZE@ 2Hr e washed
wth m?%o(]& #) S he resi due was di scarded. The red
fi Itrate%{lva L%’S’ ﬂ@n" C@Qgéﬁ stirred and acidified with
approximately 70 m, 6 M HCL_ The resulting thick, white paste was
col l'ected b*n%!mteélggsfl ltration, washed with water, and dried in air to
3.{2-Carboxyethyl-24-dimethyl-1H-pyrrol-3-yI)propionic acid
Intermediate 4 was dissolved in 220 mL 2 N NaOH and combined with 3.5 g 10%
20  palladium on activated carbon. The mixture was hydrogenated at 50 psi for 28 hours,
then suction filtered over Celite. The Celite was washed with SO mL water, An aliquot of
the filtrate was evaporated to dryness and complete reduction to the title compound was

confirmed by "H NMR (D:0) & 4.07 (q, 2H), 2.46 (t, 2H), 2.06 (s, 3H), 2.05 (t, 2H), 2.00
(s, 3H), 1.13 (t, 3H). The remaining filirate was carried forward to the next step without
25 further manipulation.

Intermediate 6 :
3-(2,4-Dimethyl-1H-pyrrol-3-yD)propionic acid

The filtrate from the previous step containing Intermediate 6 was treated with 30
30 mL 10 N NaOH and heated at reflux for 20 hours. An aliquot of the reaction mixture was -
acidified and evaporated to dryness. Completc hydrolysis/decarboxylation to the title
compound was confirmed by "H NMR (DMSO-dg) 59.86 (s, 1H), 6.18 (2, 2H), 2.42 (m,
2H), 2.03 (s, 3H), 1.93 (m, 2H), 1.87 (s, 3H). The reaction mixture was carried forward to
the next step without further manipulation. |
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afford the title conpound. 'H NVR (DVSO d6) 87.52 (d, 1H) , 1H),
4.22 (q, 2H), 15 2.35 (s, 3H), 2.31 (s, 3H), 1.28 (t, %GJUPﬁFQE(’%dl ate 5
- 3-(2-Carboxyet hyl -2, 4-di met hyl - 1H- pyrrol -3-yl ) propionic acid Internediate 4
was dissolved in 220 nL 2 N NaCH and conbined with 3.5 g 10% 20 pall adi um
on activated carbon. The m xture was hydrogenated at 50 psi for 28 hours,

t hen suctio‘g foglltered over Celite. The Celite was washed with 50 ml, water.
An aliquot BP®PHE iltrate was evaporated to dryness A E8HPrRt e
reduction to the title conpound was confirnmed by 'H NVR (D20) 8 4.07 (q,
211), 2.46 (t, 2H), 2.06 (s, 3H), 2.05 (t, 2H), 2.00 (s, 3H), 1.13 (t,
3H). The remai ni ng f||trate was carried forward to the next step w thout
25 further Wtpsmediate? on. | nternediate 6

3-(2, 4- Di meMy 1@ Adipehul A pyrselchTINPRIoBAe § The filtrate fromthe
previous step CordeabRiiaofifttficdReicaHdn Be pRFiokY s@pwaslcoticérrad@at 8@ L. 10 N

NaOH and _heated at reflux for 20 hour ot of reaction m xture
was aci di f PBRET ErEred PRirgrede ERP"?’%“‘%PFWI%@@@ ‘@Bai%fheafléce Hatd: Bin b
hydr ol ysi s/ d@&ae@ @ Alsic@AphioxitaRly S0thIS0%ISPQUIE revaking ailtire wed by 1H NMVR

(m 211), 1 gt pseiie Tet Bupibins prietisd Snas MU o e o' che

next step V\Ii(Etl;@}Hndfhdrréshﬁé whBdRiptbawitoRhx 10BmP G,0u The @BEEnedE@d0R¢ds7690
PCTI US02141252 ] nt er rre | AL

3- (2, 4-di nePWCEsﬂﬁgepW %'9377 ;@F@pwgtﬁﬁf%ﬂs“lﬂﬁ%d o2 fe Plenosye fate e di at e 6
from t haopr wﬁm&imﬁ:g\wmﬁsomaﬂanamadalabluMMa&mnmc Afgg stireing pr essur e

t o approxi ngbe I!%,gtﬁ?ﬁfo(gl ed j.n anaslﬁﬁgncirﬁ%;vﬁfhtg?a%fapac@&?am@(ﬁd}m |eq to pH 2

. usi ng appro ng mxture was” filtered
t hrough a grlhs&aétronmuxtiﬁiamaﬁe:tttactacﬁerltmas?@&mmwm&dwuchuszwumoo mL di et hyl

ether (Et2 nd. t The
.conbined re car%onate @eaﬂbgsjr ac Sa.n%ﬁ&‘c; @B%%w%hmgée N%Qﬂ) mtde
transferred cv@wte@ h afEd %&yﬁemvdelmml hircvas Quiifedl tadb-ia-buih @%ﬁﬂﬁﬁmng wi th

680 L gfs an, id &%%Izﬂﬁll-?dlr\%gurgtoa‘iifo FRANR ounﬁ‘f(isedfg%llfn!f:do[‘%%?’o m nut es

at RT, excess di azonet uenc e wth glacial acetic acid (HOAC).
overall from Intermediate 3). lHM(DMSO-dﬁ) §9.92 (s, 1H), 6.22 (s, 1), 3.54 (s,

3H), 2.52 (t, 2H), 2.32 (t, 3H), 2.02 (s, 3H), 1.87 (5, 3H).

Intermediate 8
20  3-(5-Formyl-2,4-dimethyl-1H-pyrrol-3-yl)propionic acid

To a dry 250 mL 3-necked, round-boitom flask was added anhydrous DMF (13.8 g
mL, 189 mmol). This was cooled in an ice water bath and treated with POCl, (15.0 mL,
160 mmol) dropwise over 10 minutes. The mixture was diluted with 120 mL anhydrous
1,2-dichloroethane (DCE) and warmed to RT, producing a pale orange solution. The
25  mixture was cooled to —10 C in an ice brine bath, at which point a precipitate formed.
Intermediate 7 (14.5 g, 80.0 mmol} dissolved in 30 mL DCB was added dropwise over 10
mjnutc.s‘.‘ The reaction mixture was removed from the cooling bath, stirred at RT for 10
minutes and then evaporated under reduced pressure at 30 C. The residue was fransferred
 to a2 L beaker using approximately 100 mL methanol (MeOH), treated with 300 mL 2N
30  NaOH, heated to 90 C and then allowed to cool to RT. The orange solution was exiracted
with 2 x 200 mL Bt,0, heated to 50 C, treated with activated charcoal, cooled to RT, and
filtered through a pad of Celite. The filtrate was cooled in an ice water bath and acidified
to pH 3 using approximately 120 mL 6 N HCL. The resulting solid was collected by
suction filtration, washed with 3 x 40 mL water, and dried in air to afford 11.2 g, 7.0
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The reaction mxture was extracted with 2 x 200 nL satur ted agueous sodi um
bi carbonate (NaHCO3), dried over anhydrous nagnesi um sul %)3@04

filtered, and evaporated to afford 52.6 g of crude red 0|I ThIS was

purifed by bulb-to-bulb distillation 15 at 145 C and 0.2 nmHg pressure to

afford the title conmpound (38.4 g, 211 mmol, 63% overall fromlInternedi ate
'HNI\/R‘g/DIVISOd6 59.92 (s, 111), 6.22 (s, 111), 3.54 (s, 3H), 2.52 (t,
2.32 (YOO¥®T9%0 > 02 (s, 3H), 1.87 (s, 311). |nter mMsdyEENs220

3 (5 Fornyl - 2, 4-di net hyl - 1H pyrrol - 3- yI)propi onic acid To a dry 250 niL

3-necked, roun | ask wa d [ O EJM ' 189
nmol ) . Th| s’r{%’g 72%’61% g’& nEl %fﬁpoug(zasv&rg‘gm oﬁ’q%rngﬁ reapéa%é%?m'%f)ﬁsgﬁ%% (15.0
m., 160 rrmm),zﬁnqpﬂm)smwsezﬂ)1@.1msnm)eg.14tdaeﬂm xture was diluted with 120
mL anhydrous 1, 2-dichl oroethane (DCE) and warned to RT, producing a pale
orange solution. The 25 m xture was cooled to -10 Cin an ice brine bath,
at whi ch poimkermedipite®i pitate forned. Internediate 7 (14.5 g, 80.0 nmol)
di ssol ved i B-{33-Ditucth{lES-@acxoalizidihydrobplsl-3¢lidenemeth@l)-1Hipyured§: The reaction
m Xt ur e was ylpropioait atidom t he cooling bath, stirred at RT for 10 minutes

and then evapor ajad, yndes 15 ,gﬂ,oﬁgmaﬁdslemg%vgm&gferee&m@ms

transferred to usi Ng “appr oxi nat e nmet hanol (MeOH),
treated wit IiO(BﬁDerboN@ﬂammdﬁémhﬁoﬁm@eéWﬁhPWW%ﬂ(Igé\}ﬁd 80 cool to

BT The or ag® Lo NERuS L A ho Ml it 98 it digad od to 50

C, treated W ar coa to RT, and fllteredthrougha
~pad of Qi mmﬁnm:(114ﬂmlaﬂﬁ)mgl)mme@bmqﬂmreﬂ%cmﬂdés%aﬂﬁl%é aci di fi ed

to pH 3 using. aapl. %éﬁd%seéoﬁe&e%% rgi:cti@n Hltllé'@n, ngd %%Mdﬂﬂﬁotam id was

col | ected by su0|on tratlo W th 40 water, and dried in

'al r to aff oﬂﬂJ&clEtQHQfOH%VPd@'ﬂ@O @GhQQEF@}@M@HV@DGHF‘Dmy PEYMPEDD/ 41252

6o, 40 (s, S sel Flifie) BRSO Gl CTIILTS o).

| nt er nedi at 48y, 75)7(t, 1H), 6.95 (t, 1H), 6.96 (d, 1H), 2.63 (¢, 2H), 2.33 (t, 2H), 2.28 (5, 3H), 2.25

3-[2, 4- qd,‘wet hékl?S (2-o0xo0- 1, 2-di hydroi ndol - 3-yl i denenet hyl ) - 1H pyrrol - 3-
yl ] propi é d Internedlate 8 (11 g, 57 mml) and oxindole (7.6 g, 57
nmol ) were conbined in a 200 nL round-bottomflask, slurried in 150 niL

Et OH treat gg Wi tdlaRhperidine (8.5 nL, 86
4-{3-[2,4-Dimethy}-5-(2-0x0-1,2-dihydroindol-3-ylidenemethyl)- -1H-pyrrol-3-yli-
propionyl}-piperazine-1-carboxylic acid tert-butyl ester

20 Intermediate 9 (6.2 g, 20 mmol), mono-Boc piperazine (4.1 g, 22 mmol), and 1-
hydroxy-7-azabenzotriazole (HOAT, 3.0 g, 22 mmol) were dissolved in 50 mL anhydrous
DMF and treated with N,N-diisopropylethylamine (DIEA, 3.5 mL, 20 mmol) followed by
benzotriazol-1-yl-oxy-trispyrrolidino-phosphonium hexafluorophosphate (PyBOP, 1 l4g,
22 mmol). The resulting mixture was stirred overnight at RT, depositing a yellow solid.
25  The solid was collected by suction filtration, washed with DMF and ACN and dried to
afford 1.3 g of Intermediate 10. The filtrate was evaporated and fractionated by
chromatography on 700 cc of silica gel using 5% MeOH in dichloromethane (DOCM)
eluent. Product-containing fractions were combined and evaporated, then digested in 100
~ mL ACN. After cooling to RT, the fine yellow solid was collected by suction filiration,
30 washed with 2 x 20 mL. ACN, and dried to afford an additional 5.7 g of the title
| compound, In all, 7.0 g, 15 mmol, 75% of product was obtained. 'H NMR (DMSO-dg)
$10.7 (s, 1H), 7.70 (&, 1H), 7.55 (s, 1H), 7.07 (¢, 1H), 6.95 (1, 1H), 6.84 (d, 1H), 3.41-3.19
(m, 8F), 2.62 (t, 2H), 2.43 (1, 2H), 2.28 (s, 3H), 2.24 (5, 3H), 1.35 (s, 9H). IS-MS, caled.
 mfz for CoHsNsO4 [M]': 478; obsd. 478.2. '
' 20




mmol ), and heated to reflux for 4 hours. The reaction m xture was cooled to
RT, treated 10 with HOAc (14.4 ni, 250 nmol), returned bré®&fyng 086 ef | ux,
.cool ed again and filtered. The orange solid was collected by suction .
filtratioon, washed with 100 nL hot 1:1 HOAc: EtOH foll owed by 100 nmi hot
EtOH, ‘and dried in air to afford 15 g, 50 mol, 87%of the title conpound.
1H NWR ( DIVISOd[) 610.8 (s, 111), 7.71 (d, 111), 7.55 (s, 111), 7.07 (t,
111), 6.95 "PBAST®Y 6.96 (d, 111), 2.63 (t, 211), 2.33PEHUSOPHIE 2. 28 (s
3H), 2.25 15 (s 311). I nternedi ate 10

4-13-[2, 4- Di I-5(2 0xo0- 1, 2- di hydr oi ndol - 3y|idenerrethy|) 1H pyrrol -3-y
|']1- proplon ik g %n fefb1-1

i nt er medi at)‘/3 %ﬁ'ﬁ Y.on qfﬁﬁ;f‘ é}%}{lﬁgﬁc@y i pe %rg?lr?eﬁ 481%8 ! ? nmol ), and
| - hydroxy-7- za(benzotrlazo , 22 mol) were d| ssol ved in 50

nl, anhydrous WWQ%%{7§6,WQW)W%%W%WGM%MW@ | EA, 3.5
m., 20 nmepl Xocfn?%h?&@cgre%thm%ﬂﬁﬁ&'Bﬂ%ﬁMtﬁsQﬁé’rﬁcﬁbﬁMﬂr@h{wi no- phosphoni um

hexaf | uor ophospha The result ng m xture was

stirred overeiipgredsp Wd“‘éfélﬁ’%?ﬁ“ﬁ»a”@ n dissplyed 19058} FlloroBEM s ol | d was

col I ected b%vzﬁié&%dd% fitnbd "E kR Rue %’i’@-ﬂﬁsdl\#eﬁlih i@l\ﬁLamdmﬁﬁﬁi andgidelr i ed to
afford 1.3 g of Internedjiate 10. The filtr

orate
fracti onat e&rwsem@r%%?aﬁwemde“%@ W§§‘F°I s“‘ﬁféf’f‘%ﬂmg% MeCOH i n

di chl or onet %ﬂf‘ed(wEEMxZO%IUEBO anﬁrdﬁéhl@'faff&ﬂmséy gnmgndumommere conbi ned
and evapor at ed, ther ested in 100 nL ter. cool | n(%]%)éi the fine
yel l.ow sHl i ¢ompang.olH N M30-d 80D *mﬁ?‘h@F&ﬁm%ﬂv@s@ ®h 2 x 20

ACN, and d f d. |
AT 510 o A Rl iadds n) ﬁﬁ?"f%.ﬁ?mﬁ““"ﬂ;;@ B 810. 7
(s, 113), 7 wf(cdmﬂizﬁ)(s 3@95%((531!111)3-1\43 catpd. /2 fo1 €2 sNg OB 111) 6. 84

(d, 111), #h?bbl@?: ¢hn, 8H, 2.62 (t, 211), 2.43 (t, 211), 2.28 (s, 311),
2.24 (s, 311),7 1. —(l 911). IS-M5, calcd. -mz for C27TH3ANAOA [M +. 478;
obsd. 478.2. 35 26 June 2006 WD 03/ 057690 PCT/ US02/ 41252 Exarrpl el

3- [ 3, 5- digretishipfe oA RXSmAvdprparaded)- 1- Yl - propyl) - 1H-pyrrol - 2-yl met hyl enel -
1, 3- di hydra. %Qim@th?ﬂf- 3.540-3-p @fmqeﬂ@tr@yi)ntmwﬁdl-mrm&&m@m g, 10.0
mrol ) was sldmfdrggd‘;m 8, tHf amd treated at

Intermediate 9 (0.31 g, 1.0 mmol) was dissolved in 3 mL anhydrous DMF and
treated with HOAT (0.14 g, 1.0 mmol) followed by O-(7-azabenzotriazol-1-yl)-

20 N,N,N'N’-tetramethyluronium hexafluorophosphate (HATU, 0.38 g, 1.0 mmol). After
stirring 10 minutes at RT, the reaction mixture was added to a solution of piperazine {0.17
g, 2.0 mmol) and stirred for two days. The reaction mixture was then fractionated by
preparative reversed-phase HPLC. The appropriate fractions were combined and
lyophilized to afford 0.16 g, 0.34 mmol, 34% of the title compound.
25 :

Example 2
32, 4-dimethyl-5-(2-0x0-1,2-dihydro-indol-3-ylidenemethyl)-1H-pyrrol-3-yl]-N-
methyl-N-(2-methylamincethyl)-propionamide, trifluoroacetate

Intermediate 10 (0.062 g, 0.20 mmol) was dissolved in 0.67 L anhydrous DMF
30  and treated with HOAT (0.030 g, 0.22 mmol) and HATU (0.084 g, 0.22 mmol). After
stirring at RT for 15 minutes, the activated acid was added to a vial containing a solution
of N,N'-dimethylethylenediamine (0.043 mL, 0.40 mmol) in 0.50 mL. anhydrous DME.
The reactibn mixture was agitated overnight on an orbiting shaker, then diluted with 0.50
mL of 30% aqueous TFA, filtered, and fractionated by preparative reversed-phase HPLC.
35 The appropriate fractions were combined and Iyophilized to afford 0.005 g, 0.010 mmol,

21




5 roomtenperature with 20 nL TFA. After 30 minutes the rgg ‘?n%_) m xture
was evaporated under reduced pressure, then dissol ved i / ®hl or of or m
and re- evaporated two tines. The residue was re-dissolved in 20 nL

chl orof orm and added dropwi se to 200 niL Et20 The resulting yellow solid
‘was collected by suction filtration, washed with 3 x 20 nL Et20, and dried
to afford 4.8 g, 9.7 mol, 97%of the title 10 conpound. 111 NVR ( DMSO- d6)
510.8 (s, IWPgOSFRO(pbr s, 2H), 7.71 (d, 111), 7.56 (s, PCEMUSP41F207 (t,
111), 6.96 (t, IH), 6.85 (d, 111), 3.62 (br s, 411), 3.02 (br s, 411), 2.62

robate Sl o ondndl il b ity S asal oo, Ik o

pr epar ati on)38l.0.

3-[3, 5-di net hyl - 4- (3- oxo- 3- pi perazi n-1-yl -propyl )-1H pyrrol - 2-yl net hyl ene] -
1, 3- di hydroi ndol -2-one, trifluoroacetate Internediate 9 (0.31 g, 1.0 mmol)
was di ssol V&Xammle83rﬁ¢_2‘hnhydrous DVF and treated with HOAT (0.14 g, 1.0
mmol ) fold owed by, QninfieAdaie bRl tbRARd id Exdnlp 1«2&and2 coupling of

N,N,N,N -tet rarret hyl ur oni um hexaf | uor ophosphat e %2 , 1.0 nmmol).
After  stirfitprgredptentOnitithoshenpmipes affprded the geppayRdsR Eﬂ“ 48 24dded to a

solution of piperazine (0.17 g, 2.0 mvol) and stirred for two days. The -
reaction mxture was then fractionated by preparatlve rever sed- phase HPLC.

The appr opr i¥gaBpladct i ons wer e _conbi ned and ed ord 0.16 g,
0,34 hhol - Blcimeliut- SR o LoARM RIS Mo A5 ok S5 TN, g

3-[ 2, 4- dlvetmephyld (ﬂzms%lwpmmywwmﬂe’@ ?"&%‘i‘?&%t hyl ) -1 H pyrr01-3-yl]
-N- et hyl - Nsves, setd y/amst caiNyd,) (MMt apnicdsl. 393.6.f | uor oacet at e
Internmediate 10 (0.062 g, 0.20 mml) was dissolved in 0.67 nL anhydrous DWW
30 and treated with HOAT (0.030 g, 0.22 mmol) and HATU (0.084 g, 0.22

nmol ) .. AfterExaaipleul ng at RT for 15 mnutes, the activated acid was added
to a vial coERA-dinRthyhSEDobxd-1, Dliliydio-ide¥3-ylidenerhethy)l- B iprrmobi-alithe (0.043 i,
0. 40 moiy |:ﬁetﬁyl&@-(ttrtneﬂiylnyidmﬂmm)l;ihﬁpmnﬁhmle,rtaaubmacetaw xture was agitated

overni ght o t ighd's e dMabdln 0. 50 nlL of 30% aqueous
TFA, fl|tel’2[ ﬁ%&aﬁﬁk&éo%@ﬂ%lpapgtlv% rever sed- phase HPLC. 35 The

appropriate fractl ons were conbi ned and | yophilized to afford 0.005 g,

0.010 mm 1, Bdangi@e June 2006 WO 03/ 057690.
3-[2,4-dimethyl-5-(2-0x0-1,2-dihydro-indol- 3-yhdenemethyl)-1H-pyrrol-3-yl]-N-
20  ethyl-N-(5-methylaminopentyl)-propionamide, trifluoroacetate

IS-MS, calcd, m/z for CasHsaN4O, [MHH'T": 423.3; obsd. 423.2.

Example 6
: 3.[2,4-dimethyl-5-(2-0x0-1,2-dihydro-indol-3-ylidenemethyl)-TH-pyrrol-3-yl}-N-
25  methyl-N-(6-methylaminohexyl)-propionamide, trifluoroacetate

IS-MS, caled. m/z for CagHseN4iO [M+H'T": 437.3; obsd. 437.2.

Example 7
C 324 dunethyI-S-(2-oxo-1,2-dlhydro-mdol-3-yhdenemethyl)-lH—pyrrol—B-yl}-N-.
30 methyl-N-(7-methylaminoheptyl)-propionamide, trifluoroacetate

IS-MS, caled, m/z for CorHagN4O; [MHH'T: 451.3; obsd. 451.2,

Example 8
3.[2,4-dimethyl-5- (2-0x0-1,Z-dxhydro-mdol-S-ylldenemethyl)-1H—pyrrol-3-yl]-N -
35 methyl-N-(S-methylannnooctyl)-proplonamlde, trifluoroacetate

.IS-MS, caled. m/z for CasHaoN4O2 M+H'T": 465.3; obsd, 465.2.
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PCT/ US02141252 5% of the title conpound. | S M, cal cd mz for C22H2sSNAQ2
[ MrH+] +: 381.2: obsd. 381.0. Exanples 3 to 24 5 In a mafReneR2i ar to
that described in Exanple la and 2, coupling of Internediate 10 with ot her
am nes afforded the conpounds of Exarrpl es 3 to 24. Exanple 3
3-[2, 4-di nmet hyl - 5- (2- oxo0-1, 2-di hydr 0-4-i ndol - 3-yl i denenet hyl ) - 1H-pyrrol - 3-y
]-N 10 net hyl - N- (3- et hyl am nopropyl ) - propi onam de, trifluoroacetate
S- MBS, cal cMO0H43ke9¢ or C23H3O0NAO2 [ MrH+] +: 395. 2; obsd. PEIBIS@41Bxanpl e 4
[ 2, 4-di net hyI 5-(2-oxo-1, 2-di hydro-indol - 3-yl i denenet hyl ) - 1H pyrrol - 3-yl ]
N 15 net hylF - (8- rret hyl am nobut yl ) - propi onam de, trifluoroacetate |S-N5,
a

| cd. ml(erTs NG 3%\;& 493--11‘3 Bﬁ’lg-l% ﬁ]&&] e
N[ §O4m§t hylw%fy(l' '&%M ° m o%g?ﬁl e, trifl u:?oace%te l1§-y|]

|
|
3-
c
3-
cal cd. nz/ z I5-H5S, CHSHBANATD HANIP2] 3 Gb‘@d479423 2. Exanple 6
B
c
3-
c

2, 4- disnet hyl - 5- (2- oxo-1, 2-di hydro |ndoI 3-ylidenenethyl)-1H pyrrol - 3-yl]
N 25 nethyl - N- (6- et hyl am nohexyl ) - prop| onam de, trifl uoroacet at e |S-M5
al cd. mz farmpRdPE6N4A02 [ MkH+ 437.3; obsd. 437.2. Exanp

[ 2, 4- di meBHH-d tbylosc@qxo%d nﬂ?iédﬁl'dgﬂ eﬂﬂBﬂéirEYlﬁylr%-ﬂm pyrrol - 3-yl ]
N 30 net hymathyl-N-(8meshviaminedecpb-pronionagide HriffHomacetpte) f | yor oacetate |1 S- M5,
al

| cd. i nk fomn Akl ANAORCLINRED, TM45T: 303.Qlbd, 499%1. 2. Exanpl e 8
3-[2, 4-dj met hyl - 5- (2- oxo-1, 2-di hydro-i ndol - 3-yl i denemet hyl ) - 1H-pyrrol - 3-yl ]

-N 35 ma‘tohyl N- ( 8- net hyl am nooctyl)-propionam de, trifluoroacetate |S-M5,

calcd. Mz fEYampRAMAONAC2 [ MEH+] +: 465. 3; obsd. 465.2. 22 26 June 2006 WO

03/ 057690  3.[2,4-dimethyl-5-(2-0x0-1,2-dihydro-indol-3-ylidenemethyl)-1H-pyrrol-3-yi]-N-
methyl-N-(12-methylaminododecyl)-propionamide, trifluoroacetate

IS-MS, caled. m/z for CaoHusN4O2 [M+H'T" 521.4; obsd. 520.8.
15

Example 12 _
3-[2,4-dimethyl-5-(2~oxo-1,2-dihydro-indol-3-ylidencmethyl)-1H-pyrrol-3-yi]-N-
methyl-N-({d-methylaminobut-2-enyl)-propionamide, trifluoroacetate

IS-MS, caled. mvz for CoqFiagNsO5 [ME'T™: 407.2; obsd. 407.0.
20 :
Example 13

3-(2,4-dimethyl-5-(2-0x0-1,2-dihydro-indol-3-ylidenemethyl)- 1H-pyrrol-3-yl]-N—
methyl-N-(8-methylamino-3,6-dioxaoctyl)-propionamide, trifluoroacetate

IS-MS, caled. m/z for CogHasN4O4 [M4+H']": 469.3; obsd. 469.0.
R
Example 14

3-[2 4-dunethyl-S-(Z-oxo-l,Z-dxhydro-mdol-S-yhdenemethyl)-1H-pyrrol-3-yl]-N-
methyl-N-(11-methylamino-3,6,9-trioxaundecyl)propionamide, trifluoroacetate

IS-MS, caled. m/z for CogHgoN4Os [M+H']": 513.3; obsd. 512.8.
30
Example 15

_ 3-12,4-dimethyl-5-(2-0x0-1,2-dihydro-indol-3-ylidenemethyl)-1H-pyrrol-3-ylj-N-
methyl-N-(3-inethylaminomethylphenyl-methyDpropionamide, trifluoroacetate

1S-MS, caled. m/z for CosHaaN4Oo [M+H'T™: 457.3; obsd. 457.0.
35

Example 16
3-[2,4-dimethyl-5-(2-0x0-1,2-dihydro-indol-3-ylidenemethyl)- -1H-pyrrol-3-yl}-N-
methyl-N-(4-methylammomethylphenyl—methyl)propmnal_mde, trifluoroacetate

1S-MS, caled. mi/z for CpsHaNO2 [MH'T": 457.3; obsd. 457.2.

40
23




PCTI US02/ 41252 Exanple 9

3-[ 2, 4- di met hyl - 5- ( 2- oxo- 1, 2- di hydr o-i ndol - 3-yl i denemet hyA9)Ju&2808 1 o] - 3-y1 ]

-N- et hyl - N- (9- net hyl ami nononyl ) - propi onam de, trifluoroacetate IS M5,

caled. mz for C2O9H42NAQ2 [M+H ] . 479.3; obsd. 479.2. 5 Exanple 10

3-[2, 4-di net hyl -5-(2-0x0-1, 2-di hydro-indol -3-ylidenenethyl)-1H pyrrol -3-yl]

-N- et hyl - N- (10- net hyl am nodecyl ) - propi onam de,. trifluoroacetate | S M5,

cal cd. nz WOPOEsMMUuaNA2 [MrH | 493.4; obsd. 492.8. PEHUSSHMste 11

3-[2,4-di met hyl - 5- (2- oxo- 1, 2-di hydro-i ndol - 3-yl i denemet hyl ) - 1Hpyrrol - 3-yl ]

-N- net hyl - %t hyl am nododecyl ) - propi onam de, trifluoroacetate |S- M5
1-N-

cal cd. m z %S@jkﬁmé 2—&?& -mcﬁg-gfyﬁder@ﬁ%ﬁliyl)ﬁiﬂpﬁ‘roljﬁyﬁaWp| e 12

~3-[2,4-dine dRlthylIpropitEnaaE thtthoroddetaRy r r ol - 3-yI ]
-N- net hyl - msthy anrlno ut- - gl|yq+4,bpr0pl onarmi de, trlfluoroacetate
| S- VB, cal c Wﬁ 340bpdA038hsd.  407.0. 20 Exanple 13
3-[2, 4-diknet hyl - 5- (2 oxo 1 2- d| hydro |ndoI 3-ylidenenet hyl)-1H pyrrol -3-yl]
-N- et hyl - N- (8- met hyl am no- 3, 6 di oxaoctyl ) - pr opi onam de, trifluoroacetate
| S- VB, cal cHxampls 18 o C26H36 69 3 ks q 25 Exanpl e 14
3-[2, 4-di rref’ ﬂdﬁ" EYIOS‘(@ °I‘° ‘éaﬁ’ '?f'ﬁ%} tglyrrol -3-yl]
-N- et hyl - kN rwy'fha’rﬁ%m%e WP}%P ofcetate
trifl uoroacﬂ%eaﬂdd%r@ﬂmozmm&rsmb%ﬂm [ MtHEf : 513. 3; obsd.
512.8. 3Q Exanple 15
3- [2,4drrethyl 5-(2-o0xo0-1, 2-di hydro-i ndol - 3-yl i denenet hyl ) - 1H—pyrro| 3-yl]
-N- Example 19

3-12,4-dimethyl-5-(2-0x0-1,2-dihydro-indol-3-ylidenemethyl)-1H-pyrrol-3-y1]-N-
methyl-N-(3-[4-(3-methylaminopropyl)-piperazin-1-yl]propyl)propionamide,
trifluoroacetate

15 IS-MS, calcd. m/z for CapHuNgO,; [M+H'T": 521.4; obsd. 521.2.

. Example 20
3.13,5-dimethyl-4-(3-oxo-3-piperidin-1-ylpropyl)-1H-pyrrol-2-ylmethylene}-1,3-
dihydroindol-2-one, trifluoroacetate

20 IS-MS, caled, mi/z for CasHpN302 [M+H'T": 378.2; obsd. 378.0.

Example 21
3-[3, 5-dunethyl—4-[3-oxo-3-(p[pendm-d-ylpmpyl)plpendm-l-ylpropyl} -1H-pyrrol-2-
ylmethylene]-1,3-dihydroindol-2-one, trifluoroacetate

25 IS-MS, caled. m/z for CaHasNO; [M+H'T": 503.3; obsd. 503.2.

Example 22
343, S-dlmethyl-4-[3-oxo-3-(4-ethyl)plperamn-l-ylpropyl]-1H-pyrrol-2-yhnethylene]-
1,3-dihydroindol-2-one, trifluoroacetate

30 IS-MS, calcd, m/z for Cz4HaoN4O, [MHH'T™: 407.2_; obsd. 407.0.

Example 23
-[3,5-dzmethyl-4-(3-oxo-3-homoplperazm-l-ylpropyl)~1H-pyrrol-2-ylmethylene]—
1,3.dihydroindol-2-one, trifluoroacetate

35  IS-MS, caled, m/z for CosHagNyO2 [M+H'T": 393.2; obsd. 393.0.

Example 24
3-[3,5-dimethyl-4-[3-0x0-3-(1,4,10-trioxa-7 |13-diazacyclopentadecan-1-yl)-1H-
py_rrol-z-ylmethylene}-_1,3-d1hydromdol-2-one, trifluoroacetate

40  IS-MS, caled. m/z for CogHasNsOs [M+H'T" 511.3; obsd. 511.0.
| 2%




met hyl - N—(3 met hyl am nonet hyl phenyl - net hyl ) pr opi onam de, _tri fI uor oacet at e
IS-MB, calcd. mz for C2sH32NAQCR [ MrH¥] +: 457.3; obsd. 499 Jgne 80y anpl e 16
3-[2, 4-di net hyl - 5- (2- oxo- 1, 2- di hydr o-i ndol - 3-yl i denenet hyl ) - 1H pyrrol - 3-yl ]
-N- et hyl - N- (4- met hyl ami nonet hyl phenyl - met hyl ) pr opi onami de,
trifluoroacetate |1S-M5 <calcd. mz for C28H32NAO2 [ MkH*] +: 457. 3; obsd
457.2. 40 23 26 June 2006 WD 03/057690 PCTI US02/41252 Exanple 17

- 3-[2, 4- di neWy#B0F6302- 0x0- 1, 2- di hydr o-i ndol - 3-yl i denenet hgEgsI¥H232yr r ol - 3-yl ]
-N- et hyl - N- (3- et hyl ami nonet hyl cycl ohexyl - et hyl ) pr opi onam de,
trifluoroacetate |1S-MS, calcd. mz for C28H38NAC2 [ MtH | +: 463. 3; obsd.
463. 0. Exanple 18

3-[2, 4-di net hyI Follgwing thelmeZhots iitkamplenticind 3; the follewingethyduldsbi-abepr r ol - 3-yl |
-N- net hyl - l[ezmdmt hyl am nomet hyl bi phen- 2-yl net hyl ] pr opi onam de,
trifluoroacefs | S-MS, calcd. mz for C341136NAQ2 [ MkH+] +: 533. 3; obsd.
533.2. 10 Exarrpl 6-BOmo-3-[3,5-dimethyl-4-{3-0x0-3-(4-prop-2-yl)piperazin-1-ylpropyl]-1H-

3124 A gRt Bl 35k it 3y B 662 G dhimdorédok R ARAT=t hy! ) - 1H- pyrrol -3-yl ]

met hyl - N- ( 3- [ 4- ( 3-prembyH3Frdingshdidy(BoxpBdiepwpiZadibopphiparesyy |-yipropgi-bfan de,
trifluoroace 5] : iz far, . 2 [ MtH+] +: 521. 4; obsd.
L Exaon’%Jm; 8%&@%@] 1,8 A5 8ointbiZ2 - erifiR bk ARG

3-[3, 5-di net hyl - 4- (3-o0xo0-3-pi peridin-I-ylpropyl)-1H pyrrol -2-yl methyl ene]-1
, 3- di hydroi g cgnggi " trifI uoroacetate 20 I S-Ms5, calcd. nilz for
-C23H27N32 [ .2; obsd. 378.0. Exanple 21

3-[ 3, 5- dilfet hyl - AIhp3%%1@5{c;smwewdénonnlublwmpéﬂsqume&ewe@|15rdﬂmo§snmpy|] 1H p
“yrrol-2- vyl rrg;tgyfogmg;ssgysdl hydr oi ndol - 2-one, trifluoroacetate

Abbreviations
HEPES 4-(2-hydroxyethyl)-1-piperazincethanesulfonic acid
EDTA Ethylenediaminetetraacetic acid
15 PDGF Platelet Derived Growth Factor
PDGFR Platelet Derived Growth Factor Receptor
VEGF VYascular Endothelial Growth Factor

VEGER Vascular Endothelia] Growth Factor Receptor
HEK cells  Human Embryonic Kidney cells

20 Fit-3 fms-related tyrosine kinase 3
BSA Bovine Serum Albumin
AML Acute Myeloid Leukemia
ITD Internal Tandem Duplication
MIT 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide.
25 HUVEC Human umbilical vein epithelial cells ,
Ca™ Release Assay (FLIPR Assay)

The binding of growth factors to their respective receptors leads to the

autophosphorylation of the receptor, This is the first step in a signaling cascade that
30  results in the release of Ca2* from internal stores and influx of extracellutar Ca2*.

The rise in intracelluar Ca2+ is quantitated by loading cells with a fluorescent dye
prior to stimulation with the growth factor and by sﬁbsequently assessing the fluorescent
signal in a Fluorometric Image Plate Reader (FLIPR). A kinase inhibitor that can
penetrate the cell membrane inhibits receptor autophosphorylation, hence, the Ca2t

35  release is reduced or ablated. |
| Tn order to determine the ICs of test compounds against the VEGFR in the FLIPR -
assay, HUVECs (Walkersville, MD) were used. For the determination of ICses against the
PDGFR, aHEK cell line wére used that expresses the human PDGFR. 40-50000 cells per

well were plated in a 96 well plate. The cells were incubated for 3-4 hours to adhere tothe
25




25 1 S-M5, calcd. ink for C31H42NAO2 [ M+Ht: 503.3; obsd. 503, 2. Exgrrpl e 22
3-[ 3, 5-di net hyl - 4- [ 3- oxo- 3- (4- et hyl ) pi per azi n-1 -yl propyl ]2-6144"5@9 | - 2-yl met
hyl ene] - 1, 3-di hydroi ndol -2-one, trifluoroacetate 30 I1S-MS, calcd. ink for
C24H30NAQ2 [ M+rH+] +: 407.2; obsd. 407.0. Exanple 23

3-[3, 5-di net hyl - 4- (3- oxo- 3- honopi perazi n-| -yl propyl )-1H pyrrol - 2-yl net hyl en

e]- 1, 3-di hydroi ndol -2-one, trifluoroacetate 35 1S-Ms, calcd. ink for
C23H28N4A 2 ‘{W‘j@ﬂ. 393.2; obsd. 393.0. Exanple 24 PCT/US02/41252

3-[3, 5-di met hyl - 4-[ 3- oxo-3-(], 4, 10-tri oxa-7, 13-di azacycl opent adecan-1-yl)-1
H pyrrol -2 ] - M | %1913‘@ ' Iiﬂﬁg agRidl@® 40 1 S- Vs
calcd. nfz P%&e%?@%&éfﬁﬁ% +: géf?g%lﬂ% S .blgﬁieﬂl . 252 26 June 2006 WO
03/ 057690 POILMIMZFES] pH2.4 LT mbiWmigentdid Ottt BB Afer thecmoquiderash 30 1dnef 2, t he
foll ow ng conp ds are, al red: .

5B ono- 3- [ SeRT ey O Ok B S N P g e o B LR oy 1 1 - 11 5
pyrrol -2-yl gat aLeRShe i n%ﬂ Ry QURID] eads QO Afbl IbdidsUORAEIALR R

5- brono- 3-[ 3, S%i-ﬁeﬁhﬁll ?121- § ol%’)- 3- 4-3& op- 2-yl ] honopi perazi n-1-yl propyl )-1
H pyr r ol $2- yHereliswire wedhed (vBeechint e tasi evatglouRis o, addadiid Ul arcect slwion

. Biological Assays 10 The ability of test conpounds. to inhibit_receptor
‘tyrosine Ki Mé@gﬂv&owﬁwﬁ‘ﬁ- Tl?ﬁrf’eﬁ%%'e‘f"b‘} Wﬁgﬁ’ﬁ‘hé]?sca?g‘.’“nﬂ@ﬁg@i ations

HEPES 4- ( 2- Ryl sk @iy VEGR-( RADBZisSRtRanesstlohaof thd VEGFR GPPHGE

Et hyl enedi am netetraacetic acid 15 PDGE_ Pl atel et Derived G owth Factor

PDGFR Pl at el@}nefsal-iBjeipuese Sifemationl} for theEDESRYas addeddbe/slage iy Endot hel i al
Growt h Fact @orydetioR infafyiva méanded i QlFhdrordt @ hlagdiast REadBEFEIHRYT

10 (Molecular Devices).

Proliferation and Viability Assay (MTT)
The inhibition of mutant Flt-3 ITD is expected to affect the proliferation and
viability of AML cells with this mutation. In order to assess the activity of test compounds
~ 15  an MTT proliferation and viability assay (Roche Molecular Biochemicals, Indianapolis,
IN) was performed with an AML cell line called MV4-11. MV4-11 cells express Fit-3
ITD. 50,000 cells per well in 100 L of media were plated in a 96 well plate and were
| incubated with increasing concentrations of compound for 48 hours. After this incubation
period, 10 pL of the MTT labeling reaction was added for 4 hours. The MTT labeling
20 reagent was metabolized by viable cells to formazan, an insoluble blue sait. To solubilize
the formazan salt, 100 pL. of solubilization solution was added. The plate was incubated
- at 37 degrees Celsius for 24 hours and, then, the optical density of the wells was
determined spectrophotometrically at 550 nm. The optical density of the solutions in the
wells reflects the effect the compound has on the viability of the cells.

25
 Immunoprecipitation/ Western (IP/Westérn)

The binding of growth factors to receptor tyrosine kinases like Flt-3 or PDGFR
leads to the autophosphorylation of the receptors. The inhibition of autophosphorylation is
the objective pursued with kinase inhibitors. By performing an IP/Western experiment the

30  level of receptor autophosphorylatioﬁ can be assessed directly.
| 5%10° cells (HEK PDGER cell line for PDGFR, HEK ¢-Kit for c-Kit, and THP-1,
HL-60 or MV4-11 for Flt-3) were incubated for 30 minutes in 2.5 mL of culture media

with a defined concentration of test compound. In order to stimulate receptor
26




HEK cells Human Enbryonic Kidney cells 20 FIt-3 fns-rel at % ¥ 8@4 ne k| nase
3 BSA Bovine Serum Al bumn AM. Acute Myel oid Leukem a Y R nal
Tandem Dupl ication MIT 3-(4, 5-di net hyl t hi azol -2-yl) -2, 5-di phenyl
tetrazoliumbrom de. 25 HUVEC Hurman unbilical vein epithelial cells Ca2+
Rel ease Assay (FLIPR Assay) The binding of growth factors to their
respective receptors |eads to the autophosphorylation of the receptor.

This is theWPi%8¥%tep in a signaling cascade that 30 PEURH42%2n t he

rel ease of Ca2+ frominternal stores and influx of extracellular Ca2+. The

rise in intrag@plodshoryGaids, gr@wﬁw@f&mmp@c?yorlmgaﬁi ©§lebifvell S0 hefnL,

fl uorescent q% 'érp%‘ﬂor t rrul tion with t rowthfactor and by
subsequent | y HEEYE F?&‘al“ g Cdvas @d%@F5P%““éesﬁlﬁ(9ﬁll§rfﬁqﬂ?‘ih@ | mage
Pl at e Reader chfbitupi)and fyskd ﬁ%@@@%&@h&&h&:ﬁ@%ﬁ&ﬁﬂ?@%% 5ol tya cel |

“menbrane inhibits receptor autophosphoryl ation, hence, the Ca2+ 35 rel ease
i s reduced oMNagbllandEDTA, IGFMMY%)dEIeé}rSMIB@enthﬂlgd:ma 10 fiLtoéartibedynpounds

29011001 EGRE RO B0 o SR A g e oo
used that expntesés'etdctﬂ% ahdi arirFIPDEAR), Sd:ﬁaeﬂ@mﬁbmhdl@yphé) Thel | were plated
25 26 June. 2005REBAREs SBs MR e BPy3itay Get & LR, MhHOPRERS coil o
wer e wgs hed b pesformed-iAl Wedtdyn Biog wag doxeBSg @mm&a&iﬂgmnsﬂmmﬂhbﬁ?ﬁﬁe pH7. 4, 2.5
M P +

dye FLUG 3 ( EEIRsHO R Doy idhoshiiy; £68 BGHAND) 2 el o 5 ol el ve
t he remuil@i néyredne Slzuﬂfcemsvm@mdh vmus drumtmeﬁmtdam pmgxdb:htewwbld&eﬂrme one
hour, 5 the ggli M&M@éﬁ@%ﬁﬂé ‘tﬁu&&lﬁa&t%gﬁ ﬁ%\%gﬁ%ﬁ‘ds were added in 50

L as a 2X solutl The cells were
i ncubated with thbgemmwmdswmmﬁmﬁwmgb@enéwwwh(m@n@ m.,

~ BioSource Int feFﬂHnQB o f I REeY¥ (40 ng/ ., Bi oSource
| nt er nati onal f or hg‘h\%’bu(égowasmaggﬁg%&%'ﬁg change in fluorescence
intensity was measured in a Fluoronetric I mage Pl ate Reader (FLIPR)
15 Pharmacokinetfics

To evaluate pharmacokinetics, male Sprague Dawley rats (CD strain, Charles
River Laboratories, Wilmington, MA) were dosed with test compounds via intravenous
(IV) administration, at 1 mg/kg concentration, and oral (PO) administration, at 10 mg/kg
conceniration. Blood samples were collected from animals pre-dose, and at 2, 5, 15, and
20 30 minutes, and at 1, 2, 4, 6, 8, and 24 hours post-dose. Plasma concentrations were
determined by liquid chromatography-mass spectrometry (LC-MS) (MDS SCIEX API
4000, Applied Biosystems, Foster City, CA). Standard pharmacokinetic parameters were
assessed by non-compartmental methods using the WinNonlin Version 3.2 sofiware
package (Pharsight, Mountain View, CA). Oral bioavailability was determined as the
25  ratio of the area under the curve (AUC) in the graph of plasma concentration versus time
| for PO administration to the corresponding quantity for IV administration. The oral
bioavailability in rats, for example, of 3-[3,5-dimethyl-4-(3-0x0-3-piperazin-1-yipropyl)-
1H-pyrrol-2-ylmethylene]-1,3-dihydroindol-2-one, determined by this method, was
50.6 %.
30
_ Comparatlve Assay Results
Table 1 lists assay resuits for two compounds of the invention, the compound of
Example 1, 3-[3,5-dimethyl-4-(3-ox0-3-piperazin-1-yl-propyl)-1H-pyrrol-2-ylmethylene]-
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10 (Mol ecul ar Devices). Proliferation and Viability Assay ( T% EQ
inhibition of mutant FIt-3 ITD is expected to affect the NeEEP%t i on and
viability of AML cells with this nmutation. In order to assess the activity
of test conmpounds 15 an MIT proliferation and viability assay (Roche

Mol ecul ar Bi ochemicals, Indianapolis, IN was perforned with an AML cel |
line called W4-11. M/4 11 cells express FIt-3 | TD. 50,000 cells per well
in 100 L of WAEHIS#*here plated in a 96 wel |l plate and weN&UPHEBated Wit h
i ncreasing concentrations of conmpound for 48 hours. After this incubation

period, 10 Lj okinb@Gimhib- J:zébtﬁ‘lb&gacreﬁ@%ﬁ% c\ﬁﬁﬁo@ﬁgﬁﬁxaﬁﬂ}ﬁeﬁ fipgy.s. The MIT

Iabellng 20 reagént was netabol i zed vi ab cells t0 formazan, an

i nsol ubl e bl diBetdgt4-[3-opg- %qusnyi)plpzrezmtlﬂ@rm}]#ﬁlzaﬁog%me%@eelﬂ ol
sol ubi I'i zat I@gy@dﬁd& mﬂe m&&é&&e Fo? SorRpaiibc, Tt 1 ﬂma@ﬁyr@&m% degr ees

Cel sius for hours and hen, the optical den5|t of th

det er ni ned sWé‘d’FP’b%TﬁS’FE’HE‘%dﬁ %@b“l“%‘mﬁtfl}'lé%@‘q’fﬁ’il Wd%‘iq"&é‘lyh‘éfé%?ﬂﬁ@‘ of t he

sol uti onssi niH-B@rol88MIpf toafclaemlaeﬂu!ﬁsd@fmmmﬁammé -50n the
viability of tEe cgﬁjg g g eC| tlon/ Wéstern ;F\g?v\éstern The

bi ndi ng of gYRHlerelt- B‘fi%h‘l"Be sm%PrRﬁwgég b f?émﬁlpf“’%mor PDGFR
|l eads to theco@iﬂwbﬂﬂh@&éé&ﬁﬂeﬁh@dvh@:ﬂm&fm&dﬂﬁzg eﬂﬁﬂ&t@f&m Eﬂmwaaiprebaréd&n of

per form no. airFBPOBStBetad il e (e VoSt Reyld e ftebBRtn, e bl -

o ?ut Opposphorc)flt@td;dﬁrpoﬁﬁmt@mhmszmeﬁlt-slmgﬁrhdtystedﬁxﬂtﬁ@y@akicﬁyﬁsw PDfGFR cFI | )'
- line for HEK t.for c-Kit,.and THP-1 . Hl - W4-11 for FIt-3
‘were i nc&@ﬁﬁb’lﬂf}? 05‘8 ﬁ:‘i%{{&dflﬂé@?“ﬁ“ Bﬁqﬁﬁ%tlﬁpjglqi?e FLEIER B Phe5Ref i ned
concent rat i oi igficateds tAs Slsatielvak thé Congpooiels of Praiplesland 22 sheweubr 26 26 June
2006 WO 03/057690. PCTI US02/ 4 ation, growh factor (PDG-.

SCF, or Flt- wicrmolar 3oV B ?%3@%%@%*@?&0ume | nt er nati onal ,

Camarill-o, CA) was added for 5 m nut e’EablcThe cells were then centri fuged

and |ySEd | p—5686 |JL Ir'y:)l s—bufif-er IE%IIVI T o4 —F %% D-CFR 50 MM Nad ,
L nM EDTA, [I mM Na3V04). The flyzalt-ls cp nt g"%{g}g arld L PLIRT anti body 5
agai nst the ,i,ﬂs_“ecti -e—-eceptior—v Fe—supgrratant—tant] - PDGFR
(P20), ant -@ﬁvten?@ 19), and anti-Flt-B (S18), Santla Cruz Bi ot echnol ogy,
Inc.). The E:tmﬁp[bolcorrpl exes were 024l atefl wit b.oProteiln G wadtls (§ gna,  St.
1 hnd DA
Louis, MO ppd BOFH 022 0.03 0.09
' Comparison Compounds
SU6668 No activity No activity No activity © |
.| 8US5416 ~1-10 0.05 0.06

Highest concentration tested 10 pm

15 nghe.st concentration tested 1 pm
Immunoprempﬂatmn/W estern (IP) assay

20
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was perforned. A Western Bl ot was done using an anti body agai nst
phospho-tyrosi ne residues (4GL0O, Upstate Bi ot echnol ogy, 4@ﬂH§eﬁpg%id, NY) .
The intensity of the phospho 10 tyrosine signal corresponding to various
drug concentrations provides a way to determine the |C50 of the test
conmpound f ¢ i,hhi bi ti on of autophosphorylation. In al ., the
conpounds 3&%%% " ed herein have been found to exhibitggﬂ%%%gﬁszof | ess
than 10 pMin one or nore of the above assays. 15 Pharnacokinetics To

eval uat e phativesiski netics, nal e Sprague Daw ey rats (CD strain, Charles
River Laboratories, WImngton, MA) were dosed with test conpounds via
intravenous (I1V) admnistration, at 1 ng/kg concentration, and oral (PO
adm ni stration, &t 10Acehpognd obfiooasds@ati on. Bl ood sanpl es were col |l ected
fromaninals pre-dose, and at 2, 5, 15, and 20 30 minytes, and at 1, 2, 4,
6, 8, and 24 hours post-dose. Plasma concentxati G8NRde deterni ned by

| i quid chromat ography-nass spectronetr (MDS SCI EX APl 4000,
Applied Biosystens, Foster City, CA). d pharmacoki netic paraneters
were assessed by non-conpart nment al
software package (Pbarsight, Munt
determ ned as the 25 ratio of the a
of plasnma concentration versus tine

7 angar

et Rods™~si ng the WnNonlin Version 3.2

ﬂLn Vipw, CA). Oal bioavailability was

a uder the curve (AUC) in the graph

gt ~PO admi nistration to the

i stiration. The oral bioavailability in

Nk ( 3- oxo- 3- pi per azi n- 1-yl propyl ) -
bydr oi ndol - 2- one, determ ned by this nethod,

was 50.6% 30 Conparative Asfay Results Table 1 lists assay results for

‘two conpdunds of the inventidon, the coound of Exanple 1,

3-[ 3, 5- di nethlesd- ( 3- 0xo- 3- pi perazi n-1-yl -propyl) -1 H pyrrol -2-yl met hyl ene]

27 26 June 2006 WO 031057690 PCTI US02141252 1, 3-di hydroi,ndol - 2- one,

trifluoroacet at ) Bneepresetsadmgeoasnptem o drhalky group: and Rirepresents a

di met hyl - 4- [Zsu@%Pfodmtid - LLRREIRCRA REICR édch vARY4nR RO Batebenbibitiyépr@bntga Y| Met hyl ene]

-1, 3- di hydroindol -2-one, trifluoroacefate. For nm sQnR, ble 1 also
[ 5ts assay WURERESH Gia (AR BBRD S A SBSOHA (a (CHr A(CEiDy of

3-[2, 4- dioTe(OMLCIB0) L HREH; T which M YnQhta@pbf fiony D tiEg) eRRbhy had Fis an

é_Hi Fszgf 8: hg%eggﬁﬁ 5“5)?6, glistHL(?ﬁ,%)gg c%g, b?pilensylﬂgn%? (gr’cloggxc}lene or

rats, for exanple, of 3-[95
1H pyrrol -2-yl met hyl ene] - 1, 3-

piperazinylene and g is 1,2 or 3;
A (i) R' and R? together represent -A>NR’-A*- in which each of A® and A*
- independently represents (CHy), or (CH2CH;0),CH,CHj in which r is an integer of from
. 15 2to6,5is1,2 or3, and R represents a hydrogen atom or a (1-4C)alkyl group;
| (iti) R and R? together with the nitrogen atom to which they are attached
represent a piperidiny] group, which piperidinyl group bears a substitoent of formula
-AS-R® at the 4 position, in which A’ represents (1-4C)alkyleno and R® represents
pipetidin4-yl; or .
20 (V) Rl and R2 together with the nitrogen atom to which they are attached
represent a pyrrolidinyl, piperidiny! or morpholino group; and
R® and R* each independently represents a hydrogen atom, a halogen atom, a
(1-4C)alkyl group, a (1-4C)alkoxy group, a pheny group which is unsubstituted or
substituted by one or two substituents selected independently from a halogen atom, a
25  (1-4C)alkyl group and a (1-4C)alkoxy group, a group of formula R®S(0),NR’-, a group of
* formula R™N(R')S(0),-, a group of formula RC(O)N(R")- or a group of formula
RYNR)C(0)- in which each of R, R™, R"? and R™ independently represents 2
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yl ) met hyl ene] - 2-i ndol i none, identified as SU5416. The pr g%%a at i an of the

former prior art conpound is described above as interne AHRe 006 | atter
conmpound was prepared as described in Sun et al., J. Med Chem 1998, Vol.
41, No. 14, pp 2588-2603. The ability of test conmpounds to inhibit nutant
FIt-3 ITD was tested in the cytotoxicity assay. 10 Inhibition of the VEGFR
and PDGFR ki n¥¥b®/05#80 t ested in the Ca2+ FLIPR assay, excePfU/OH¥4R§di cat ed.
As shown bel ow t he conpounds of Exanples 1 and 22 showed sub- m cronol ar

activity in th AR b ubsrif:d HPGFR ECso
(M C50° (1 C50 ?’rﬁ%ﬁkﬁl n‘t":Ii 5%"&%@5‘?@%@@8‘?&0{% éisé’mﬁﬂ e 2%05.%550. 30. 09
Conpari son ConpahstitientSibeBe Mulepeodenily tfipron edagen atosaN( 146D a1kl ggpup and a
SU5416-1-100.0 @ﬁﬂ %:g d g8t {on, 4 Asted 10. B ts a INdERESt
concentration t%fe)'g-te % m&f}% rriga*rgﬁgggqéci th ation/ V‘éIs)_egﬂem ?Feg}ég%s%?d% 28 26
June 2006 WO 03foooraedd-4CRikyl g:eupi1. A conpound of formula (1) PCT/US02/ 41252
CONRLR wherein: (1§ Bhafm@RLRRARM RcdtdbhdaR@RRoAt OM or a (1-4C)al kyl group;
and R2 represents argar%oup of forrmleg9 -Al~-NR5R6 in which each of RS and e

i ndependently represents a hydrogen atomor a (1-4C)al kyl group and A
represents (CH2)m (CH2)n-A2-(CH2)p or

2. A compound as claimed in Claim 1, in which

() R! represents a methyl group; and R? represents a group of formula -A"NR'R®
in which R represents a hydrogen atom, R® represents a methyl group and A’ represents
(CHa), in whichmis 2, 3,4, 5, 6,7, 8, 9 or 10; (CHz).-A>(CHy), in which 7 and p are
each 1 and A? is CH=CH, phenyl-1,3-ene, phenyl-1,4-¢ne, biphenyl-2,2"-ene or cyclohex-
1,3-ylene; (CHz).,-Az-(CHz)p in which n and p are each 2 and Alis piperazin-1,4-ylene; or
(CHCH,0),CH,CH; in which ¢ is 2 or 3; '

(ii) R and R? together represent -(CHo)o-NH-(CH,)-, -(CHz)o-N(CHs)-(CHa)-,
~(CHz)>-N(CH;CHs)~(CHo)z-, -(CHz):-NH-A(CHz)s-, '
~(CH,CH,0),CH,;CH;-NH-(CH;CH;0)CH,CHy-; or

(iif) R! and R? together with the nifrogen atom to which they are attached
fepresent a piperidinyl group, which piperidiny] group bears a substituent of formula

30




10 (CH2CH20) qCH2CH2 in which mis an integer of from2 tq 1P, ﬁ@& of it
and p is an integer of froml to 6, A2 is CH=CH, phenyl erfd uma% yl ene,
cycl ohexyl ene or piperazinylene and qis 1, 2 or 3; (ii) R and R2

toget her represent -A3-NR7-A4- in which each of A3 and A4 independently
represents (CH2), or (CH2CH20) sCH2CH2 'in which r is an integer of from 15
2 to 6, s is WOMME03 and R7 represents a hydrogen at omBSEMUEIY41254C) al kyl
group; (iii) R and e together with the nitrogen atomto which they are
attached repregent ' e [P AN R [ X i Lper k(s . rs a
substituent of ?ogﬁ?z&%{ﬂﬁggﬁcﬁg ﬁgg%%#é#%ﬁ%i%%&fg&?}e%?@g&ts
(1-40 al kyl ene¥hnd Rs represents piperidin-4-yl; or 20 (iv) R and R2
together with the nitrogen atomto which they are attached represent a
pyrrolidinyl, piperidinyl or norpholino group; and R3 and R each

i ndependently represents a hydrogen atom a hal ogen atom a (1-4C)all 7l
group, a (1-4C)al koxy group, a phenyl group which is unsubstituted or
substituted by one or two substituents sel ected i ndependently froma

hal ogen atom a 25 (1-4C)al kyl group and a (1-4C)al koxy group, a group of
formula RBS(O 2NR9 , a group of formula RION(R11)S(O) 2-, a group of
formula RI2ZC(O N(R13)- or a group of formula RL4AN(R15)C(O- in which each
of Rs, Rle, Rte and R14 independently represents a 29 26 June 2006 WO

03/ 057690 PCT/i1S02/ 41252 (1-4C)al kyl group or a phenyl group which is
unsubstituted or substituted by one or two substituents sel ected

i ndependently froma hal ogen atom a (1-4C)al kyl group and a (1-4C)alkoxy
group, and each of -R9, Rl11l, R13 and R15 independently represents a hydrogen
atomor a (1-4C) al kyl group; or a pharnaceutically-acceptable salt thereof.
2. A conpound as claimed in daim1l1, in which (i) RL represents a nethyl
group; and R2 represents a group of forrmula -Al -NRSR6 i-n which RS
represents a hydrogen atom R6 represents a nethyl group and Al represents
(CH2)m in which mis 2, 3, 4, 5, 6, 7, 8 9 or 10; (CH2)o-Az-(CH2)p in
which n and p are each 1 and A2 is CH=CH, phenyl-1, 3-ene, phenyl-1, 4-ene,
bi phenyl -2, 2' -ene or cycl ohex- 1,3-ylene; (CH2), Az-(CH2)p in which n and p
are each 2 and Az is piperazin-1,4-ylene; or (CH2CH20O 9CH2CH2 in which q
is 2 or 3;

3. A compound as claimed in any one of Claim 1 or 2, in which R'andR*
each independently represents a hydrogen atom, a bromine atom, CH;C(O)NH, or
CsHsC{O)NH. '

"4, A compound as claimed in Claim 1 in which

@ R_' tepresents a methyl group and R” represent a group of formula —A'-NHCH;
in which A’ represents (CHz)m, CH,CH=CHCH,, CH,-phenylene-CHj, or
CHj-cyclohexylene~-CHg, in which m is an integer of from 2 to 8; or '
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(i1i1) Rt and R2 together represent -(CH2)2-NH (CH2)r, )JZ
N(CH3) - (CH2) z-, - (CH2) r N( CH2CH3) - (CH2) 2-, -(CH - NH-(CH% une 2006
- (CH2CH20) 2CH2CHr NH{ CHzCHz O) CH2CHr; or (iii) R and R2 together with the
nitrogen atomto which they are attached represent a piperidinyl group,
whi ch pi peridi nyl group bears a substituent of formula 30 26 June 2006 WO
03/ 057690 PCWOSHI7€8252 - AS-Rs at the 4 position, in whi EFVES2M4E8? esent s
-propylene and Rs represents piperidin- 4- yl 3. A corrpound as clainmed in

any one of Caiml @j R;andR?WRdusd S dcR,) H d){eppHpsent s a
hydrogen atom a brom ne ato ®) NH or O)NH 4 A compound as
ciained in O ailFHDHCHRR( ‘Ei*a) thyI group and R2

represent a group qi3d‘naww3@a(mmasbgd&lﬂ)ﬂh9 nch A3 represents (CH2) m
CH2CH=CHCH2, CH2-phenyl ene-CH2, or CH2-cycl ohexylene-CH2, in which mis an

i nteger of from2 to 8; or 31 26 June 2006 WO 03/057690 PCT/ US02/ 41252 (i)
R and R2 together _’f.epre!sempom(cﬁslzmﬁnd&hhcmﬂa)lmwhicl( CH2) 2- N( CH3) - (CH2) 2-,
-(CH2) r- N(CH2CH3) - r or-(CH H- 3- R4 a e
ependont |y hyr SO rousSeS E Bl APE Ry pirsdhe s fot 8 s chECES (i)
R represent s i wiagthy| reg:resvnﬁ (GHE) o, RH,CHR CHSER] or CHIH D dHphaiylehOFCBY, in vitieNHCH3
in which A %re% {r)grs (CH26 CH2CH=CHCH2, or CH2-(1, 4-phenylene)-CH2, in
which mis 2 ii) R and R2 together represent -(CH2)2-NH (CH2) 2-,
- (CH2) 2- N( CH3) - ( CHajiy R and KHBetheNeigdaHQ)CHL BB -BCH Dy, ~(CHR) H(CHH)-(CTH3)-3- . 6.

313,51 met nylCHOPBUGHRR B s GBI T oy o -

2=yl met hyl ene] - 1, 3- di hydr oi ndol - 2- one;
3[3, 5-di et hyl - 4- [63- 0X g gsnlghusef B ¥ladoRIaREERTH 1, Wiiiof! iPERRMl ol Py T Ol - 2-
‘ 3-[3,5-dimethyl-4-(3-0x0-3-piperazin-1-ylpropyl)}-1H-pyrrol-2-ylmethylene]-1,3-
dihydroindol-2-one; A
3-[3,5-dimethyl-4-[3-0x0-3-{(4-ethyl)piperazin-1-ylpropyl]-1H-pyrrol-2-
yimethylene]-1,3-dihydroindol-2-one; |
3-[3,5-dimethyl-4-(3-0x0-3-homopiperazin-1-ylpropyl)- 1H-pyrrol-2-ylmethylene]-
1,3-dihydroindol-2-one;
and pharmacentically-acceptable salts thereof,

7. _A compound as claimed in claim 1, which is a compound of formula (Ia):r

wherein R is hydrogen, methyl, or ethyl;
or a pharmaceutically-acceptable salt thereof.




yl met hyl ene] - 1, 3- di hydr oi ndol - 2- one;

3-[ 3, 5- di met hyl - 4- ( 3- oxo- 3- honopi per azi n- 1- yl propyl ) - 1H Ari8F 299 net hyl en
e]- 1, 3-di hydroi ndol 2-one; and pharnaceutical |l y-acceptabl e salts thereof.
7. A conpound as clainmed in claiml, which is a conpound of forrmula (la):
wherein R is hydrogen, nmethyl, or ethyl; or -a pharmaceutically-acceptable
sal t thereo?v.o'%’ﬂs June 2006 WO 03/ 057690 PCT/ US024125% msﬂzﬂi‘ﬁ%pound as
claimed in daim7, which is selected from 3-[3,5-dinethyl-4-(3-0x0-3

pi perazi n-1-yl propyl)-1H'pyrrol - 2-yl met hyl ene] - 1, 3- di hydr oi ndol - 2- one;
3-[3, 5-di net hyl -4-[3-o0xo0-3-(4-ethyl)piperazin-|-ylpro -1H pyrrol - 2-

yl met hyl ene] - 1, 3- & hydfsPreRypd ?%%E‘?‘E%ﬂa‘&?aﬁvﬁ’ﬁﬁéﬁ?w&y# Xacceptabl e salts
t hereof. 9. A conpfiifidinashyt-HaBwre-3ipipdaizn- FylPropyih il Hipyirdl-2-ylmethylene]-1,3-
3-[ 3, 5-di net hyl -4 (.3- OX0- 3-

pi perazin-| @#’B’F%%n&%'ﬁf’% pyrrol - 2-yl net hyl ene] - 1, 3- di hydr oi ndol - 2-one, or a
phar maceut i cal | 'y- €3 & dinsltilyb443oko-BH@retglpipdirin-AylprapgR d H-fymol-B-he pr eparati on
of a conpoun i o] ,of -Clainms 1 to 9 whichconprises: (a)
reacting a c%ﬁé%hﬁ%g%ﬁ%&&nﬁ%%](%%’(l ) or a reactive derivative thereof,
with a conpound o#ndfphrmmabeutitdllytdeceptabMREBALGEIZ. or a salt thereof, in which
Rl, R2, R3 and R4 are as defined in Claiml, or (b) for a conpound of '

formula (1) in which RS or R7 represents a hydrogen atom deprotecting a
conpound of formubPa (I ¥)co@BoudE adelmercd QOGlav(E, 0dicD 3 BBE-REFhGSEL ek 252

piperazin-1-ylpropyl)-1H-pyrrol-2-ylmethylene]-1,3-dihydroindol-2-one, or a
pharmmaceutically-acceptable salt thereof.

10. A process for the preparation of a compound as claimed in any one of
Claims 1 to 9 which.comprises:

()  reacting a compound of formula (II)

. or a reactive derivative thereof, with a compound of formnla (II)
HNR'R?
(m
or a salt thereof, in which R?, R?, R® and R* are as defined in Claim 1, or
(b)  foracompound of formula (I) in which R or RY represents ﬁ hydrogen
atom, deprotecting a compound of formula (IV)




in which Rla and Rea areas defined.in Claiml1 for Rl and e t in that
RS or e is replaced with a group R5a or R7a respectiyel ﬁz4uﬁeéﬁ$§h Rs' and
R7' each represents an amne protecting group, and R3 and R4 are as
defined daim1l; followed, if a pharnaceutically-acceptable salt is
~required, by formng a pharmaceutically-acceptable salt. 11. A

phar maceut i cHIO%B¥8si ti on, which conprises a therapeuti REWES/eRzect i ve
amount of a compound as clainmed in any one of Clains 1-9, together with a
phar maceuti cal | y-acceptabl e diluent or carrier. 1%@A genhpound as cl ai ned
in any one of Clains 1 to 9, for use in\{her . INBseRof a conpound as
clainmed in any one of Clains 1 to0.9, for manuf acture of a nedi canent
for the treatnment of a condition respon /ve 0 a tyrosine Kkinase

i nhi bitor. 34 “ N

aw) ,
i which R™ and R are as defined in Claim 1 for R? and R, except in that R® or R is
replaced with a group R* or R7 respectively, in which R and R each represents an
amine protecting group, and R® and R* are as defined Claim 1;
followed, if a pharmaceutically-acceptable sait is required, by forming a
pharmaceuntically-acceptable sait. '

11. A pharmaceutical composition, which comprises a therapeutically-
effective amount of a compound as claimed in any one of Claims 1-9, together with a

- phammaceutically-acceptable diluent or carrier.

12. A compound as claimed in any one of Claims 1 to 9, for use in therapy.

13. Use of a compound as claimed in any one of Claims 1 to 9, for the
manufacture of a medicament for the treatment of a condition yesponsive to a tyrosine
kinase inhibitor. '






