WD 2009/ 090661PCT/ | N2008/ 000036 6, 7- DI ALKOXY QU NAZCLI NE DERI VATI VES USEFUL
FOR TREATMENT OF CANCER RELATED DI SORDERS The invention relates to

6, 7- di al kweyoeuinezol i ne derivatives, or pharnaceuti cal iPgTANZOS/e@OED| €
salts thereof, which possess anti-cancer activity and hence useful in

met hods of tr eagHeRial ROXNOEINAZOINEDRIY RS BISHAS, FOR ocesses f or

t he manuf act ur e—of—tie sar d_qul nazot 1 e oert vati ves, and phar maceut i cal

conposi tions cont ai TREATMENT OB CANCERRELAIED:-BISORDERS of the past for

cell proliferation diseases such as psoriasis 10 and cancer utilize
conpounds whi ch inhibit DNA synthesis. Such conpounds are toxic to cells
and t hei rrRengfdnGba refltdse € 6, Tamibsyd quintaslinenBariviieBs,t BE YphaRanieaatABt i vity
to rapidly dividing tunmour cells. In recent years it has been discovered
that & cedckentalyle iselsoercebridiielbpessess ariti-eaneeroictivite and hepemugedilinmmethodst a

portion of..jt ' a ' ' [ hn,
oads o s Py bt ThERARREAFals0 e B FFQS Y Tofhe BMAFRABE RN
1986, 1: Qi quisstinaterdratioge aad pharandenticyl @sipweitivns assaimipytives. and t hat
certain gromh factor receptors are also tyrosi ne ki nase enzynes (Larsen et

al ., Alm Reports in Med. Chem 1989, Chapt.13). 20 Receptor tyrosine
ki nases i I t LSS i 16 oS Ay
R L b S o e ke T A

f or grlowt dndfcanternsilizeicoimpmingds wiyphdiehibit DNAcwhthesiacthuwh cangoamds ane tagetd ul ar
portion which functions.as, a.kinase to.phosphgrylate tyrqsine amno acids
in prot ei %4 #%d ‘i?}@ﬁc]?fn?%m%ﬁfﬁcéﬁ&én &1 @gﬁ@ap@i‘?’@‘af}}e nSHoP S?lg‘%’il@og nown
that suchg, jdwgﬁi%ﬁn{@@gagﬂﬂy present in common human cancers such as
breast cancer” (Sainbury et al., Brit, J. Cancer, 1988, 58: 458), gastro

i ntestinal cancers such colon, rectal and stomach cancers (Bolen et al.,

Oncogene Res., . 1987.1: 149)...1t |s.discqver th 0S| j : tivity
(T ot 1 vincggent 32355 icios bt sty Pl P BEY peihe SRR BT LRER 31 R,

nor meds Cefdrsfdriidiib®rof £8)ortionl DB7its DINA G2 3h. onddene, ic., a gene which, on

2009/ 090661PCT/ | N2008/ 000036 Myre recently, it has_been shown that

Epi der mal activalinms leadst for thraloupatinn pEamtignaii umoys sslls {Bradshass Mytgangsiss over
expressed,d i : I dder,
gast 1 o, I8, TEO%, SR RENRAES oRide Aol eidiase UPAnTH 4RI PR CEN ot

GQul l'i ck, fBeiot redsptdrs Reldlso G/8&ine KifiaseBhzymeh €L drpindetr atal AGnoReporksaimt Med.
Receptor 5 (EC;ER?}, a gber of Receptor Tyrosine Kinase (RTK) famly

conpri sesCgms 19§ ,%qu‘é brs Erbl/HERL, Erb/HER2, Erb/HER3 and Erba-i1ER4. An
i mporgant strategy to inhibit EGFR-TK activity has been exploiting small
synthetic nol ecules (Arteaga CL, Exp. Cell Res., 2003, 284: 122-130).

Certai n gResepoltymsind Rindsssiavaimpartant irkise grehsmissioh of biashemict! sigpals wdich

Zeneca); etlotinib (OGSl -774, TarcevaTl PD: 183805 ~ , -

PD- 1683931,’“1%%396@]'9@%]%%899 R RPSFEAY &0 S’Iéj%%ceé@aéﬁlélflglé‘ﬁydgﬁna\‘/%g‘?i r‘g‘@ ?‘oFS
possi bl e $uckadsBNEpiB&tiaP RFowaIr fa3RY &mdl anf DitraelflarCportion wiBels dlugaioas asla |
Oncol ogy 2002, 63: 6-16, Cohen RB., din. Colorectal Cancer,,6 2003, 2:

246- 251) . kiese BUPksysRkaTyjsta Bresing Bienridhdn mapieing qod henssAosinflpsrssooeds 1 A1,
EP 25  proliferation. It is also known that such kinases are frequently present in common human
cancers such as breast cancer (Saimbury et al., Brit, J. Cancer, 1988, 58: 458), gast;o
intestinal cancers such colon, rectal and stomach cancers (Bolen et al., Oncogene Res.,
1987,1: 149). It is discovered that Tyrosine Kinase activity (TK activity) is mdre
frequently detectable in malignant cells than in normal cells (Hunter, Cell, 1987, 50:

30 823).



150635507 Al, EP 0635498 A], EO 0520722 Al disclosed certain quinazoline
derivatives possessing anti-cancer properties as a result of their TK

i nhi bi t orywopo@pwodey. US patents US 5475001, US 5457105, pUBISHi&b@E36 US
5770599, US 5747498, US 6900221 etc. deal wth quinazoline derivatives with

structur %o;eelggé{ﬁﬁﬁ iﬁféﬁ’;@e%ifslfbv?rpﬁlh‘tg%%i}léﬁﬁa‘?@}r ﬁf’&@or@ée@ tor i(E‘GFﬁ?whicél _

4-position and a variet unct I zed a groups Tn the 6 an -
posi t i onspaafestdseTHuactvityl isneverusipeassed Bpewingi lnehdny ci®efsd 50t @S, brais, 616582

deal with N43-Chl -4-f 1 uorophen - 7- . .

ot hoxy - GESRAU A AR 1SN SRV Bea e hesl sesamhanesl Euroid wdupe e s
5747498 angWficRIBae vdaaBulM 1991, 47: 87). The Epidermal Growth Factor Receptor

N- ( 3- Et hyl nyl pheny1l) -6, 7- bi s(2- met hoxyet'hoxy) -4- qui nazol i nam ne

(Er 1 otS ni BGERY 2008867 @9 Recepior ZD0vyins degaseAX Db /conwaisss §64Putni t h

variations in synt | r LREG A OF ese two popul ar
anti - cancrgf’ep&rﬁégbﬂ%ﬁh%{/]?/gl\jﬁvRéanftﬁgbgﬁeaglfl%%@En %']al t he sai d qui nazoline

cl ass of compounds offer, we started the synthesis and screening of a |large
nunber of new chemical entitjies with novel  structural_ feature

. L1 es | .11 has
been sur pAndmpgttgnt Sategh de paidibd dGERdin activityt haghesa £8PioHEg ﬁa%lf ﬁ@tgeta hynyl
ani l i no pogL i S | fheal . St
groups i ﬁrrn? #gulg a(%‘gt% ?é%)(t)tslf’t iﬁgéfs,@a}lan%gsr"t Eﬁgjéh%e:ﬁhg%cg%ﬁérgﬁs%ggﬁug‘iﬁme
anti - [ ol ddrpaiidsVigkepgeiiib i(BesswienAaanpernced), teflothibefOJiFr M, Tardevart)yiidds of
t he qui nazoline class o singl%éthe conmpounds of this

I

f 5d . Al so, [
i nvent i on13§t8@5,rﬁ16h16@s%KBO§ér9g%§nb68t3§gs ggﬁ% ;{)9{3I6Brb@f’? en} BavebesBoixisiyely
benef i ci : : , < ' ol ik
dosri beaiiipbd SO PEUINE (AR BpliBhS for TFaAPKTs OB (RRUEL T ) and
have not Osedogy2002e63 zedl6,caolendB.nor i nvesti gat@uh. Cotorediadi Canchie 28QH2t i c

benefits Snd, S8 2hY Bl Sieah® pateat Goplications namdy B 0556534, B¥b602851A,, EP
15 0635507 A;, EP 0635498 A, EO 0520722 A, disclosed certain quinazoline derivatives

possessing anti-cancer properties as a result of their TK inhibitory property.

US patents US 5475001, US 5457105, US 5616582, US 5770599, US 5747498, US
6900221 etc. deal ‘with quinazoline derivatives with structural features such as a
20 substituted anilino moiety in the 4-position and a variety of functionalized alkyl groups in

the 6- and 7- positions of the quinazoline nucleus.

Specifically US 5457105, US 5616582 deal with N-((3-Chloro-4-ﬂuoropheny1)-7-,
methoxy-6-[3-(4-morpholinyl)propoxy]-4-quinazolinamine (Gefitinib) and US 5747498
25  and US 690221 deal with N-(3-Ethylnylphenyl)-6,7-bis(2-methoxyethoxy)-4-
quinazolinamine (Erlotinib). WO 20005/070909, WO 2007/060691 A, and
WO 06/090413 deal with variations in synthesis or polymorphic forms of these two

popular anti-cancer drugs.

30 In view of the great potential the said quinazoline class of compounds offer, we started

the synthesis and screening of a large number of new chemical entities with novel



n- 0- CH2-CH2-CH2-N \ 20 /\ -0-CH2-CH2-CH2-N\/NH and R2= OCH3, 0C2H5
Compound (I) is NRC 2694, when Rl = -0-CH2-CH2-CH2- N\ and R2 = 0OCH3 25
Mono HCLl WOI20099000dRC- 2694 i s NRC-2694 A. DiHC | salt of PRRINZ®940003 NRC-
2694 B. The novel conpounds of this invention especially NRC 2694 have
unexpected superior anti-cancer/anti-proliferative properties and offer
addi tional therapeutic benefits in conparison to prom nent drugs of this
cl ass as sdettaral Gdtdred. dhvhashecREGPrFINED MidEREx{dtddly ®hhd IHatGERazARes

2009/ 090661PCT/ 1 N2008/ Q00036 1 ower inhibitory, concentration: The
i nhi bi t oM¢ViRgHcEYRE AP WO(&T@%%‘ t#"n% sigeBap @?eétf%@ﬂﬁ WT—F@QH%W ndi cat ed

a value i A SCEREH, éa}g}g- RO ERY JWe)RT¥ Al -1Cl1 has a
val ue of %%%g?ﬁ%%ﬁgpnm S’rltﬁn sarr%c has beeﬁ“@gﬁﬁérﬁg pgélﬁ%}ea?tvérn bl ot
anal ysi s paoprildstwhegeloniparedstp othea psayinert @dmi@anpf the guinarclineradags @§si on:

Conpl ete tunor re%res.si 0 ) observe&i hy. oral adm ni ?ﬁrati qn of the
Compotind<Ir¥- i SHPESERHIE SoBROWRSIST A3 SV RRHAINAF S PSSR 5 at

10my/ Kg qRsS&ifet) Brd 1€ i eBatiRgl) BenetctHl Yor tRMEFevit apPREBIOKY BRSSovep! | Ot i ni b

HCL coul d not fnduce conplete tunor regression. Visual exam nation of |ung
ti ssue ofchemizahéntitics dedceihed th thistinvensios agndesignaiefl by dbeganeml evwitare

10experinents.confirmed the sa bservatians. .ug effectiveness:

ual at | O R MEYY et gL YR oGP G VR fEthab fhefpedi g, K for a
typi cal eRpBMYRLY Mfetyprsilenvention viz., NRC 2694 whereas the val ue
obtained with erlotinib HClL was 22ng/ Kg. A curative effect of
100%dhas been observed with NRC 2694 as nst 50-60% 15 only in the case
of erlotinib HCL. HN %
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Compound (1) is NRC-2694, when R! = -O-CH,-CHy-CH,- N 0 and R2= OCHj,

C

25  Mono HCIl salt of NRC-2694 is NRC-2694 A. DiHC1 salt of NRC-2694 is NRC-
2694 B. The novel compounds of this invention especially NRC-2694 have
unexpected superior anti-cancer/anti-proliferative properties and offer additional

therapeutic benefits in comparison to prominent drugs of this class as detailed below:

RECTIFIED SHEET (RULE 91) ISA/EP



4) Additional unique indications: Conpounds of this invention typically
NRC2694, exhi bited additional indications |ike down regul ati ng expression
| evel s ofwarb®vodén bB3, Er bB4 and VEGFR receptors. Thi sPSpas2mB/pooesy y
prom nent and surprising result is totally unexpected and was not seen at

all with erl of ipiwerHuhibitdlySdonteashdlonr Dhd ithibildte coat&ittiph (ICHEi®MTT
conpounds of this invention; typically NRC2694 is quite pronising an

d
unexpect edl y wipsiferation xaspanensihest indicatedar. vatnasn HRaapgn 4080nemmk €00
VaXi Tol : ' ) tinib
i e o de- oo Sfplell oo I £3a88 ARl GoR Bl e bon e, | 1

its LDO val ue YsemwéoniiiiediyyKgestesn dlpahiedysiSfdnglattipel mvadon adsayi b HC . The

LDso val ue coul d not be pinpointed for - 2694, whereas a val ue, of
805ny/ %g MSS)d ‘EPH'i"FFeH"gﬁ‘F B%%‘]"%?t“?‘ﬁicgol’l’-lg?t.e tumor Tqgfessiqm WBWH%S%%P% are

given for the PURRASERA df theSbhbidad it REdPRACERDHISRE] FRh RO lung

conpounds of the present i.nvention and their superior biological efficCacy
and t her ef or e tehoutallsravtl Ohg/IKg desed &r g qomparative stusly, svampas 100mpKg idoseaf t he

i nvention. (Sch -, mol.e Fl ClL.2 nol es NCI NRC- 2694 -.2694.B | Mono
ydrochbr | de- | STORIPYL SPRGa0h s bRl mReERegar Lo reninaet of

2009/ 09066 1PCT/i 2 GASud QS0 e ExmrpPlsplhnttd ep@thatdsan @hd luciferase expression

N- ( 3- et hyl nyl pheny1l) - 7- net hoxy- 643- (‘4- nor phol i nyl ) pr opoxy] - 4-

qui naZ8l i nami nexpérimegecgoncdshe samembsgrp@nson” of

4- Chl or 0- 6435 450101 M\ r@;;%g - 4- Ui -0) i (1. a ghean and
dried 5-Lit r:g ?lggﬁr)g %ggk%@ﬁf%sgnd ")g%(lf)%r?egéfﬁ%égi dggeuiglé)dﬁéé dV\}ﬂt a‘i’t(;ie ﬂ%ﬂgﬁz&fcal
stirrer, refl uwelngdgnten, typicalssatigbuad wilthiz im@nddalivid, ONRC-2698! wheredh the

t her nonet er socket were charged.chl orof orm (3000 m ), dinmethyl formam de

(30 m) fol | ows@lusypbiaingsh wish lgtinis Hidmps srmeote. | |
propoxy) - 3, 4- d'&Xﬂﬁﬂvﬂ%%@ﬁ?@gfﬁ%ﬁ%ﬁ BBdertePREh NIOBLBbNGE o ﬁé%fs@'-cftif%t 0

the process given In I nternational applicatTon published
as W.12005/ 07090bAh. thxak pif edbtimbiH{d. (120 g) was slowy added and the

reaction masz?) %(fdiggr%legnitq%e ri%ﬁ%c%%‘ioﬁs? ”&?rﬁ;%u%rd? oafnt?lisrrﬁnivgltlt?c;nn?y%ic%]yrﬁﬁldilx
2694, exhibited additional indications like down regulating expression levels of
ErbB2, ErbB3, ErbB4 and VEGFR receptors. This special, very prominent and
surprising result is totally unexpected and was not seen at all with erlotinib HCI.
20 5) Safety profile: The safety profile of compounds of this invention, typically NRC-
| 2694 is quite promising and unexpectedly wide and extremely beneficial. Thus,
NRC-2694 exhibited a Maximum Tolerated Dose (MTD) of SOOIﬁg/Kg as against
2000mg/Kg for erlotinib HCI.
The wide therapeutic window offered by NRC-2694 was demonstrated by its LDy value
25  of 2000mg/Kg as against 500mg/Kg for erlotinib HCl. The LDsy value could not be
pinpointed for NRC-2694, whereas a value of 805.mg/Kg was determined for erlotinib
HClL. '

The following examples are given for the purpose of illustrating the process for

30  preparing compounds of the present invention and their superior biological efficacy and



15 tenperature for about 5 hours. Reaction was found to be conpl eted by
HPLC test. The sol vent chl orof orm and excess oxalyl chloride were distilled
of f by apiD@PeYPIold vacuum The reacti on nmass was cool EGTAN2MBWO340C and
added chl oroform (300 m) and again distilled out the solvent by applying
ml|ld vacuum . The reaction m xture was cooled to roomtenperature and
acetonitrile (3000 M) was added and stirred for 10-15 20 m nutes and kept
under ni tth@gfee sHouBRR®eRohQdaE®EaHIt i 0d8e BEpiriSdfaRe invehtjonPr epar ati on of
N- ( 3- et hyl nyl pheny1l) - 7- net hoxy- 6- [ 3- (4- nor phol i nyl ) pr opoxy] - 4-

qui nazol i(Seamrel)X 1, NRC-2694) 25 Into a 5-Litre four necked round bottoned
flask equi pped with a nmechanical stirrer, reflux-condenser and thernoneter
socket containing the chloro conpound in acetonitrile fromth ove
step-(i); 3-ethynyl aniline (69 g) Vlas added slowly in abput [10-15 mi nutes
and the r@8agi BSS, Rat ee : intai ned at
reflux tenpd rer;ﬁr rabQUt e SEEatrinon @ 3}5]:0 the conpl et ed
by HPLC 30.tBst Il b6, r eae omress was cool ed-tQ 25« arfiltered
washed the cake with acetonftrile (800 m) and dfied the take. WO

2009/ 090661PCT/|| N2008/ 000036 The ,above dried crude conpound was taken into
a another 5 litre round b oned flask and c]arged wat er (2500 ml) and

slowy raised the tenper +acnff8-85C_and Mas adj usted the pH of the
reaction mass to 10-12 w ilute soo flydr ¢%i de sol ution. The 5 solid
product separated was filtered and waskhed M th/water and dried at 70-75C to
get 173.0 g of N-(3-ethynyl phenyl) ¢ (3-norphi|ine

pr opoxy) - 7- met hoxy- 4- qui nazol am ne a%®a of f-white solid. i)

Recrystal lisation of Preparation of B E&ChYI| nyl phenyl) - 7- net hoxy- 643- (4-
10 nor phol i nyl ) propoxy] - 4-qui nazol i nam ne fr@m Tol uene, Into a 5-Litre four
necked round bottoned flask ®qui pped with a rechanical stirrer,

ref | ux- condenser and t hehmongt er“SockeAn arged toluene (3750 m),
foll owed by N-(3-ethynyl phenyl)- 6-(3-
pr opoxy) - 7- met hoxy- 4- qui nazol i nam obt ai ned by the process
described in the above given exanpl egl). The reaction m xture was heated
to 90-95C, so that the solid conplethymgg§§plved. Then carbon treat nent

was given and filtered. The filtrate was coolyed-f025-35C, naintai ned for
about 1 hour and filteregpgﬁﬁwggggd_ghe mat erli al get 40.15 g of

N- ( 3- et hyl nyl pheny1) - 7- me{_hoxy- 6-

[ 3- (4- nor phol i nyl ) propoxy] - 4- qui nazol
20 np: 185-187C Purity: 99. 72% ( HPLCphaR (¥

1620. 1, 1604.2, 1572.1, 1527.7, 1505.2, 1484, 1430.5, 1388.2, 1247.5,
1211.2, 1140.3, 1110.4, 1010.3, 953.4,n&@5846, 784.2Cm' ' HNMR 25(300MHz;
DVSO-d6) : 9.57 (s, 1H); 8.48 (s, 1H)y 7.99 (s, 1H); 7.86 to 7.92 (d, 2H

7.34 1 mole HCI 2 moles HCI
NRC-2694 A NRC-2694 B
[Mono Hydrochloride  [Dihydrochloride
of NRC-2694) of NRC-2694]
Scheme-1
5

RECTIFIED SHEET (RULE 91) ISA/EP



to 7.44 (t, 1H) 7.18 to 7.21 (s, 211); 4.15 to 4.21 (t, 41);3.92 (s, 31-1)
3.5t0 3.6 (t, 4H; 2.4 to 2.52 (m 5H); 1.95to 2.01 (m 2H). Mass:419.4
(M+ 1) 390 2v0/2049/ 090661PCT/ | N2008/ 000036 Exanpl e-2 5pReaNymws/addoicsat i on
of N-(3-ethyl nyl phenyl)-7-nmet hoxy-613-(4-norpholinyl)propoxy] -

4- qui nazol inam ne from acetonitrile ExdfppR-fWo litre three necked round
bottoned fl ask equi pped with a nechanical stirrer, 10 refl ux-condenser and
t her nonet er socket were charged acetonitrile (1000 m), followed by

N- ( 3- et hyl 1) ¢ - - (A--Dt Li
" qut nascr e AR o KUY ey BB S P B IRRH b p e ib0ve
gi ven Exanpimzplihamiies(ly NRE-2604)nass was slowy heated to 65-70C, so that

the solid naterial conpletely dissolved and carbon treatnent was gi ven and
filteréd the reaction mass. The filtrate was transferred 15 into anot her

round- botf Pygpariticisés Aukhiso #(@ﬂﬁlrﬁﬂoﬁlfylﬁ%ﬁ’gd‘@gﬁ%ﬁﬁonh@U\?\g‘ghf oo th

m nutes at that tenperature. The nass was f1lt ter I ng the
cake with chilled acetonitrile dried to get 20.50 g of

N-(3-eth I 1) -+7- h - 643- (4- . .

r ng)r pﬁol Y?\@%)%:&gé%xé?d l??igél %gtaq ﬁ"%lggp%cé(egSrogn%olttgn)gpyg@sgl PRYiRped,ith a

np: 186- 18 AecRehidAr istiyrer,9 Gef8%coidRhsdr, ExRERUe- 3qualizingResddv§d! hingal | @Adof
N- ( 3- et hyl nyl phenyl) - 7- met hoxy- 6- 3-{4- nmor phol i nyl )e‘giropoxyl'254-_ ui nazol i nam
ne frafh Ethmomsist speket ware chaygrd chlarefors BAPQ mlhedirsthyl cfmmanmgc t(3%renal) f | ask

g L T e T L
by N- ( 3- et i)40gY;| plteinygd )acZerdizich ax yheb fibcbsh- pivenHal ExanapledpeX PICT international
application published as W0O.2005/070909A,. Oxalyl Chloride (120 g) was slowly added
and the reaction mass was heated to reflux temperature and maintained at reflux
15 temperature for about 5 hours. Reaction was found to be completed by HPLC test. The
solvent chloroform and excess oxalyl chloride were distilled off by applying mild
vacuum. The reaction mass was cooled to about 40°C and added chloroform (300 ml)
and again distilled out the solvent by applying mild vacuum . The reaction mixture was
cooled to room temperature and acetonitrile (3000 ml) was added and stirred for 10-15

20  minutes and kept under nitrogen atmosphere to proceed to the next step.

ii) Preparation of N-(3-ethylnylphenyl)-7-methoxy-6-[3-(4-morpholinyl)propoxy]-4-
quinazolinamine (I, NRC-2694)

25 Into a 5-Lifre four necked round bottomed flask equipped with a mechanical stirrer,
reflux-condenser and thermometer socket containing the chloro compound in
acetoﬁitrile from the above step-(i); 3-ethynyl aniline (69 g) was added slowly in about
10-15 minutes and the reaction mass was heated to reflux temperature and maintained
at reflux temperature for about 4 hrs. The reaction was found to be completed by HPLC

30 test. Then the reaction mass was cooled to 25-35°C and filtered, washed the cake with
acetonitrile (500 ml) and dried the cake.



30 4-qui nawl i nam ne(25g) obtained fromthe process described in the above
gi ven Exanple-(1). The reaction mass was slowy heated to 65-70C, so that
t he sol i dwoeb@vdsade1 WO 2009/ 090661PCT/ | N2008/ 000036 conpletistops/deossol ved
and carbon treatnent was given and filtered the reaction nmass. The filtrate
was transferred into another round- bottonmed flask and slowy cooled to 10-
15C and maintained for 30 mnutes at that tenperature. The crystalline nass

was filt eFllakove chtedm@mqmp@ndnéas(:tak@ inta B ashther &dites: topnd hewemed flask ed to
t 20.95 3- h (3: | t.h
O qui nast Rawpet vater (2xgly B AR ety ST e iR BEORT PSR oo 706

(HPLC) 10&anad &e%féﬁtﬁ@"réﬂch@ﬂ n&fss to 10 12 with dilute sodium hydroxide solution. The

N- (13- et hyl nyl phenyl) - 7- met hox% 613- (4- nor phol i nyl ) pr opoxy] - 4-

qui nazol i sedidi predunt sepanateld okl Blterde anfé NRcheRlcg\wats andidyied #J0-79°Ctihget
necked r o bot ask, e a _nechanical

et ux- contendnpt NrseisRabniiehER Ematbiing i Gas T Bem Sy ErRlamireso
n ), follgweskf-white solid.

byN- (3- et hyl nyl pheny1) - 7- met hoxy- 643- (4-nor phol i nyl ) propoxy] - 4-

quinazol i nam ne (5g), obtained fromthe process given in Exanple-1. The

t enper at ug tign i

sol i d maté | a%'aus.@(l) a\?/iggl é)(rgdP %ﬁﬁ (%f?epg *‘Sf“\}f’égﬁgﬁ}iz nté%g&ffkt red The
filtrate mspmniye)qbrbpo:@t}aumlﬁﬁzdlmaﬁﬁﬁemtTnltnénes one nol e equi val ent of
HCl - gas di ssol ved in isopropyl alcohol solution was added when the nono
hydrochl ori de salt separated out. The reaction nmass was nai ntai ned at
reflux tepperna ARREA réudd BoRdiHed 'Pl%k ¢ Rt QQMRAnaHeSr @httire and
filtered and d%?%‘ge Ifgdrge . r 1 g. o? N—‘3 3-et yﬁﬁkﬁg% ? 6- ( 3- ITDI‘phO|rI no
pr opoxy) - fbﬂuzlionmmlxmmqnmraztat borked weremhaogeldytdhmh I(b?ﬁOdml)aﬁollao\mm e

talli bst 80/0 HPLC C1 t ent. . .
(chem cal )@ 87 HREOIAPr o2 pUO LS - PoPERYy RO R anynFelpapiano 150 38bs,
3259.55 29Gincd GlS%the pfbessddesd Bl 18 the 80%e BivehSXAmple-801 The reaction mixture

was heated to 90-95°C, so that the solid completely dissolved. Then carbon treatment

was given and filtered. The filtrate was cooled t025-35°C, maintained for about'1 hour
and filtered and dried the material to get 40.15 g of N-(3-ethylnylphenyl)-7-methoxy-6-

[3-(4-morpholinyl)propoxy]-4-quinazolinamine as a white crystalline solid.

20 mp: 185-187°C
Purity: 99.72% (HPLC)
IR (KBr) (cm™): 3280.9, 2954.6, 2810.3, 1620.1, 1604.2, 1572.1, 1527.7, 1505.2,
1484, 1430.5, 1388.2, 1247.5,1211.2, 1140.3, 1110.4, 1010.3, 953.4, 859.6, 784.2Cm’"
'HNMR

25 (300MH,; DMSO-dg) : 9.57 (s, 1H); 8.48 (s, 1H); 7.99 (s, 1H); 7.86 to 7.92 (d, 2H); 7.34
to

7.44 (t, 1H) 7.18 to 7.21 (s, 2H); 4.15 to 4.21 (t, 4H);3.92 (s, 3H) 3.5
to 3.6 (t, 4H); 2.4 tb 2.52 (m, 5H); 1.95 to 2.01 (m, 2H).
Mass : 4194 M+ 1)

30



1476.9, 1392.2, 1356.8, 1282.1, 1242.1, 1207.9, 1141.3, 1100.8, 1076.1,
1042. 1, 1026.5, 1011.5, 957.7, 941.5, 922.1, 857.3, 852, 838.1, 796, 782.4,
WO 20091080@6@RAGT¢61N2008/ 000036 Exanpl e-5 Preparati on ofPCT/IN2008/000036

N- ( 3- et hyl nyl pheny1l) - 7- net hoxy- 6- [ 3- (4- nor phol i nyl ) pr opoxy] - 4-

qui nazol i nam ne di hydrochl oride (NRC-2694B) 5 Into a 500 ml three necked
round bottomed flask equi pped with a nechanical stirrer, refl ux-condenser
and t hernoneter socket were charged |sopropyl alcohol (250 m), followed
byN- ( 3- et hyl nyl pheny1l) - 7- net hoxy- 6- [ 3- (4- nor phol i nyl ) pr opoxy] - 4-

qui nazol i nam ne (5g), obtained fromthe process given in Exanple-1. The
tenperature 10of the reaction mass VEﬁmﬁgje$d to 65-70C so that all the
solid paterial dissolves. Carbon treatnment was given and filtered. The
filtrate was cool ed to about 55 to 60C and to this two nol es equi val ent of
HCl1- gas di {61 If 5 hON RS 4E _

di hydr och:l%'réﬁcf\éﬁgg t'Eb ﬂsi%gr(g%ﬂcy l@l’}? le%h%j?{éggl? ?%g"[gn;(g ?ﬂgﬁgw‘fn@?gpg&ﬁ)ga] at
refl ux tedpprinszolimainine fitvatactohitsiland t hen cool ed to room tenperature and
filtered and 15dried to get 5.5 g. of

N- ( 3-et hyl nyl pheny1) - 7- met hoxy- 613- ( 4- nor phol i nyppr opoxy] - 4-

qui nazol i nagiaevdliitrd Yistee ChRAREd BSurdSh oMt sk reﬁﬁ%?édl WA £ YRSAhAIGE stirrer,
Purity99.78% (HPLC) HC1 content 20(chemi cal):14. 9% Theoretical val ue :

14. 834 | refluxmpondenser and Swopometes sonket werzoharged apetenitdle PENQ rgl), fodlawed,

1566. 2, 1%; 8. (‘N-(31-§fh§'ln§lpl‘ﬂeﬁ§§-'7§meﬂi§§}9-6§[3-(thrgt%]bl?foliril‘y%):llj§0p3dxyjl-gt-5q7lliril'a’zo 11%'a?fr%'ng !

1105. 9,

(25 g) obtained from the process described in the above given Example-(1). The reaction
mass was slowly heated to 65-70°C, so that the solid material completely dissolved and
carbon treatment was given and filtered the reaction mass. The filtrate was transferred
15  into another round- bottomed flask and slowly cooled to 10-15°C and maintained for 30
minutes at that temperature. The mass was filtered and after washing the cake with
chilled acetonitrile dried to get 20.50 g of N-(3-ethylnylphenyl)-7-methoxy-6-[3-(4-
morpholinyl)propoxy]-4-quinazolinamine as a white crystalline solid.
mp 186-187°C
20 Purity : 99.68% (HPLC)

Example-3 -

Recrystallisation of N-(3-ethylnylphenyl)-7-methoxy-6-[3-(4-morpholinyl)propoxy]-

25 ' ’ 4-quinazolinamine from FEthyl acetate.

Into a three litre three necked round bottomed flask equipped with a mechanical stirrer,
reflux-condenser and thermometer socket were charged ethyl acetate (2000 ml),
followed by ' N-(3-ethylnylphenyl)-7-methoxy-6-[3-(4-morpholinyl)propoxy]-
30  4-quinazolinamine(25g) obtained from the process described in the above given

Example-(1). The reaction mass was slowly heated to 65-70°C, so that the solid material



1075.6, 1001.9, 942.1, 875.3, 816.1, 787.2 Exanple-6 25 Maxi mum Tol er at ed
Dose (MID) and acute toxicity evaluation (Tables 1 &): The MID Early

ci tati on wourdg/oses1done in nale and fenal e Swi ss Al bi noPRITAN2008/000036

(wei ghi ng20-25gm) . The study was done as per OECD guidelines rule 420, the

study was csﬁxpwtkﬂy QliksbRWeRl c3tboh arbainfen? PAY loBveRVAHAOfiRreE AR AACENS hfdss.t he
conpounds Erlotinib and NRC- 2694 were suspended with 2% gium acaci a, the
S

conpounds Thedirata wasiteansiergd iipfo qpeiher wung: batymezofiask\wmd slowly cooled to 10-

20091090661F N2008/.00Q0 "and. 2000 0) orally. i nt ernedi ate
doses werg%agrrén_ﬁi égaéig{ egep ‘hélar{gm&}%&?t%&@f“&’g@f%@%rﬁﬁﬁqﬁnwaés er ved
for gross fisehsaMingrafier #ASHIBE theatakRWAEY CHIDAH ethiyd dcBtafd driddd et 20.08 5 ot NG~

adm ni stration. The animals further observed up to 72 hours for nortality

i f any? TEEwalRhenylrG-@rinpapheling rropetydysineidioxnr—hgsiaprqlingming agbgombiteon of

SCorrpound‘Cbma ; o‘i*i'di .t.. Acute toxicity of Erlotinib and NRC- 2694 was
I'n el e and female mce. The doses 500, 750, 1000 and 2000ny/ Kg

carried ou
were adm migt ered or g83-y87°€ach group consists of 5 mce. The aninals were
observed for, nortality for 14 days after conpound 10adm nistration. The
survi ved amriREl s werP8 3at@Hdi@d for asserting the absorption of conmpound
through g.i.t. The LD50 was determ ned using Litchfield and WI coxon (J.
Phar macol . Exp. Ther. 1949, 96:99-113). The results of the toxicity studies
are tabul ated in Tables - 1&2. The NExampledlol erated 15 Dose (MID) of
erlotinib HC was found to be 500ng/ Kg (po) whereas for NRC-2694, it is
2000ng/ Kg (po). Simlarly, LDO was found to be 500ng/Kg (po) for erlotinib

ow towi cirtyPaon, Pl N N i b et oRy G PR PO AR BB 1O Y

est abl i shegiing20liaivhinelmono hydrochloride. (NRC-2694A)

15  Into a 500 ml three necked round bottomed flask equipped with a mechanical stirrer,
reflux-condenser, thermometer socket etc. charged Isopropyl alcohol (250 ml), followed
by N-(3-ethylnylphenyl)-7-methoxy-6-[3-(4-morpholinyl)propoxy]-4-
quinazolinamine (5g), obtained from the process given in Exémple-l. The temperature
of the reaction mass was raised to 65-70°C so that all the solid material dissolves and

20  carbon treatment was given and filtered. The filtrate was cooled to about 55 to 60°C and
to this one mole equivalent of HCl-gas dissolved in isopropyl alcohol solution was
added when the mono hydrochloride salt separated out. The reaction mass was
maintained at reflux temperature for about 2 hrs and then cooled to room temperature
and filtered and dried to get 5.1 g. of N-(3-ethynyl phenyl)-6-(3-morpholino propoxy)-7-

25 methoxy-4-quinazolinamine mono hydrochloride as a white crystalline substance.

Purity: . 99.8% (HPLC)

HCi content

(chemical): 8.19%(Theoretical value : 8.01%)

IR (KBr) (cm™) 3407, 3305, 3259.5, 2934, 2619, 1625.9, 1593.8, 1579.9, 1530.8,
30 1512, '

1476.9, 1392.2, 1356.8, 1282.1, 1242.1, 1207.9, 1141.3, 1100.8,



Conparative (nmd) of erlotinib. HClL and NRC-2694 (mce) early citation
study Conpound MID ng/Kg (po) Erlotinib HCL 500 NRC2694 2000 Table-2 25
" Acut e LDBSO 28¢vdess (singl e dose 7 days observation) i npgiras200sn@osnd LDO
ng/ Kg (po)* LD50 ng/Kg (po) Erlotinib MZ 500 805 NRC2694 2000

1076.1, 1042.1, 1026.5, 1011.5, 957.7, 941.5, 922.1, 857.3, 852, 838.1,
796, 782.4,

10



WO 20091090661PCT/ 1N2008/ 000036 *LDO : No nortality was observed at end of
7 days. Exanple-7 In vitro and in vivo eval uation studi es and eval uati on of
t her apeutwo 2ed%dse@ay 5 Sanples: Erlotinib was used as aPcOnNzoob/oseler ence
drug, biological activity of new conpounds of this invention were tested in
conparison wth this drug as positi v]gz}?qgﬁg_rsol . 1) MIT proliferation assay:
10 MIT [3-(4,5-dinethylthiazol-2-y1)-2,5-di phenyltetrazolium brom de]

assay, first described by Mosmann in 1983, is based on the ability of

m t ochondti al dehydr Qg e z fr vigble cells to cleaye the
tetrazol i E’H‘Fﬂqrﬁﬁg\{of‘ﬁt ﬁ@ig%ﬂtﬁyq?émw TR x?’“&r‘ﬁ‘u‘ SRR QMY B ARCX i 4-
crystal s aifa@blindiR" akscHigride(NRCEIguBYes, thus resulting in its
accurrul ation within healtfhy cells. Solubilization of the cells by the
additi®dn of a 15 detergent results in the liberation of the crystals, which

the T over i 43R0 i dFsR SR BinE ol ik Soigboed B el BB ebuant 1 11 el

using a sk¢fixecondénel ARl theEn@asaY sockét werd Sha¥e MRS pRPHEAlBSHOI R I hHO0Ng/ L
concentrations of Erlotinib and the test conpounds in A549 and H1299 cells.

The pr ot 0&Blowgddyhas e dNAA-ctindeyinhenyhs7-pethaxyriut -moahodiny rroperetlidons 20

(Cat al og Nq.... - 0 E h i f ] 1y, b rm ned
that the romesT b, chBfd Bolihe Bl A AARATIEY: The MBRRALE g
from 4@- 90f thg/redctiod B2 QA Misedhey 6RB0°CRd that Al the Byl pattrial didwlvagsed as a
positive control has a value as high as 836ng/nl 25(1945nm). Thus it is

derived t katbontiezaimesné wag giipsowand diligredt Hihs filingte was saolgd éo ahhout 854w 6QT anidres
nore potent .than erd otinih, hydr, | oride.. i) .Wester.n. blo al ysi s:

(Rt our ot 98 g B oF01eS ol P BTl ey i SSb BV RSl oS or at i on
assay wer gddedeshdn@hé @gtirdchdoid6 sdil depAtht@ oASTR @ettidh mhaksaRRr @Rnkahi& #edi a
for 72 hr followi ng which cell lysates 30 were extracted and _fractionated

on a 10% SBlyxperpergire fpsdhout & drcandghenereled tengomterapesause wed dltpredenéd ont o
treat gd nylomnHRIBIsAN G N-B-Ah e 1B THARRRES S (1 or By propox FaL  AKT.

quinazolinamine di hydrochloride as a white crystalline substance.

Purity : 99.78% (HPLC)
HCI content
20  (chemical) . : 14.9%(Theoretical value : 14.83%)

IR (KBr) (cm™): 3406.8,3194.1,2942.7, 2681.9, 2623.6, 1633.7, 1566.2, 1528.6,
1512.5, 1438.6, 1359.6, 1282.3, 1218.3, 1157.1, 1132.7, 1105.9,
1075.6, 1001.9, 942.1, 875.3, 816.1, 787.2
“ Example-6
25 Maximum Tolerated Dose (MTD) and acute toxicity evaluation (Tables 1 &2):
The MTD Early citation study was done in male and female Swiss Albino mice

(weighing 20-25gm).
The study was done as per OECD guidelines rule 420, the study was conducted between

30 9 am to 5 pm to avoid circadian cycle, the compounds Erlotinib and NRC-2694 were

suspended with 2% gum acacia, the compounds were administered in doses of 5, 50, 300

11



WO 20091090661PCT/ 1N2008/ 000036 Si gni fi cant change in EGFR expression are
observed in a dose dependent manner. NRC- 2694at &Ong (190nm

concent r avoan®/maassed conparabl e i nhibition of EGFR expPeITaNnzios/ ks
erlotinib HC1 at 800ng (1860nm concentrations. The ten fold level of 5
ef ficacy ahd DB 2pei Gd) homligyi Tenintermediate ddsed Waier ddisihistidBSicpBndpsay:
(Figure-2) The in_ vitro invasiveness of H1299 and A549 cells in the
presence Bponyorigliy. dbscainslat VersobservaiEorcespysobahasioral shaeges afienay hoyr MrT

assay) wa : |.N jfd 0 @%@mﬁﬁf .

treated vxllﬁ]tgﬁét§l ﬁgg)gpsc%i?réﬁogw sg%glrnfléi%ﬁ? E) )irgg%g ce hiegﬁﬁe%\rﬁéeds s%?n%\%gﬁls p
600ul of Semordlityd anydiThe sseyipédkadntdvere bhtoPsi2dd@SAsatidg Heaabeskption bhe
upper fongart% of %he transwel | chanbers (Com ng Costar Fisher

Sci entd f i EOTPRRUIAIHIONER 2448 i ttsburgh PA) coated with matrigel (O.7mg/ ).
The | ower conpartnent of the chanber was filled with 200fil of serum medi um

and the cells were allowed to migrate for 24h. after incubation, the cells
wer e fi xedcatgdtosiciiyrmddErlatinkd arsl NEfa2@04amas wuriest outiie thadsapt fewiatamiop. The

descri bed (b e . . Jhe mgrated cell [ uantified

er cent 1 AoRera 1oph Lo s ephigdl Sickh AR e pisly i Bl onsitol

i nvasi on hficed ThseamiaRBNGeHt BBEIGSd for morthMy Ier Vi4vadasY ahfét icempdind
subcut aneous, lung tunpurs in nude mce (Figure-3): 20 Nude mce were

i npl ah edadipingstzalions The syrdued gnimpls werg jagtopsingd far |asesting abk absgspiton RE
observanc t (>2mMm, mce were given oral or ip treatnents of the
t est corrpg?}ﬁ %@dﬁ%g%iﬁgﬁ'erl otinib HCl used as positive control. A dose of
100ng/ Kg ®he &5 wiasidbtettiibedasingddtuhiitidehdaWiltdreonb@dsBhdrimaeoldixgpe Thes] JAGrour

Si zes vverg rreaﬁulr%% and conpl ete regression of tunours were observed in the
mce treat®d wriH NRC- 2694 at 10ng/ Kg dose. However tunours were still

present i fh REUEOHH the boxaéigHRudieS AL esbuBitEr Il dbYes f&@z.efﬂ%%ﬁm'r'%leﬁéef@d‘ at

100nmg/ Kg dose level. Thus,” a ten fold superiority in efficacy of t

conpolind Bpse GMED) nf erlotinih HRRG2%914d tdbes S YhegiKedpabvheleasifor NRC-2594, it
Eval uati on | u i ss¢e harvest ed f.rom nud 1 ce after. treat ;

(Fi gur e- 4% %ﬁ%@éo@gﬂ%i @ﬁ%‘@éf%’@dﬁg’e%oﬁ]‘ﬂ?ﬁg‘& #&S&%rs?g’ginf%m Avlie
nmice inpl @@Umigmi?t(bo)bﬁﬁmfk@rmwm, eeNiRESdchd 4Rl duspridi@al eshy Wh:tibity aid ous
concentrations of erlotinib NCI' and NRC-2694 by oral/ip routes were

exam ned $afety peefilg @ANRGrp avercalapinibtClhag beesestablished: unour s was obser ved
in the treatnment group with NRC 2694,

20 . Table-1

Comparative (mtd) of eﬂotinib. HCI and NRC-2694

(mice) early citation study

Compound MTD mg/Kg (po)
Erlotinib HCI 500
NRC2694 2000
Table-2
25 - Acute LDs studies (single dose 7 days observation) in mice
Compound LDy mg/Kg (po)* LDsy mg/Kg (po)
Erlotinib HCI 500 805
NRC26%4 2000 -

12



5 whereas tunours were still present in the group treated with erlotinib
HC1, thus establishing the unexpected surprisingly superior efficacy of the
conpoundswofoedivsseil nvent i on.  vi) Exam nation by vi sual ipzatinzos/edooscunors in
| ung tissue: (Figure-5) Nude mce were inplanted by intrapul nonary
injections of A549 cells. The mce were 10 treated with oral/ip routes by
erlotinib HC1 and NRC 2694 at 2.5 and 20ng/ Kg doses. Thirty days after

dai |y drudLboedloreertality yasebsrrved %te@‘@dloﬁciéﬁs and l'ungs harvested. The |ung
tissues were fixed in 10% buffered fBr yde paraffin enbedded and

Vi sualize solfdVEf i f'fa%evaﬁ\%&“@ew%}vgﬁﬁ@?@ hFahePhe KR mB04 1 o o

much better than those treated with erlotinib HC1 at all dose | evels thus
est abl i shi ng the superjor efficacy of NRC 2694. vii) Nude m ce inplanted
with A549 Spinpilese, Beletinibyas disedy ag @) ¢aniro] pefgipnes; dgrgg biolpeigal eativityi efphewnt ed

with A549

Concent r afy Aok T RS HRCAR) R b Vil IR 5P senvd o
observed for tunmors and the pictorial observations are given as Figure-6
and Fi gur h{'ﬁ}T s..pobserved that the group treated with NRC 2694 fared
much bettédr t tmgllg’mﬂ?)“f'?s@é{t ed with erlotinib HCl. No tunors were
obserygd agTth 36‘(&% Qi 18259]-21y8RS BRIASheWy Ré%ﬁlwt 698, Whgs)e °a si gl

tunors were sti present” in the group treate erlotinib 1bth by
250r al andedcpbed h}’ ddosmand IZOI%BOBG%M HHeNZOIg/ ctf()ﬁ@@ﬁlondmal)deﬁ)admgenaee

ffect f d d Th t
Fatio of UGS MoR wRbHr R e nd et gt ol hianle o 8T nd
study is fabulaketuafimprasentan lhgelaliRrmbeablatd @13neRbfaatd, \fﬁlselfe&ﬁﬁﬁ of

NRC- 2694 and erlotinib HCL on |ung cancer _ Drugs Concent rat i on My/ Kg re
rati o Erl &t ithipecunmlation within healthy cells. Solubilization of the cells by the addition of a

15  detergent results in the liberation of the crystals, which are solubilized. The number of
surviving cells is directly proportional to the level of the formazan product created. The
color can then be quantified using a simple colorimetric assay. This assay was done
using 0-1000ng/ml concentrations of Erlotinib and the test compounds in A549 and
H1299 cells. The protocol was based on ATCC and as per manufacturer’s instructions

20  (Catalog No.: 30-1010K)

From the MTT proliferation assay, it was determined that the inhibiting concentration

(ICsp) of compounds of invention varied from 40-90 ng/ml (100-200nm) whereas

‘Erlotinib hydrochloride’ wused as a positive control has a value as high as 836ng/ml
25  (1945nm). Thus it is derived that the novel compounds of this invention are at least 10

times more potent than erlotinib hydrochloride.

ii)  Western blot analysis: (Figure-1)

Ideal drug concentrations determined from the MTT proliferation assay were used to treat

1x10° H1299 or A549 cells in appropriate media for 72 hr following which cell lysates
30  were extracted and fractionated on a 10% SDS PAGE gel under reducing conditions.

The gels were blotted onto treated nylon membranes (Biorad) and immunoprobed for

EGFR, PI3K and AKT.

13
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Significant change in EGFR expression are observed in a dose dependent manner. NRC-
2694 at 80ng (190nm) concentrations caused comparable inhibition of EGFR
expression with erlotinib HCI at 800ng (1860nm) concentrations. The ten fold level of
efficacy of NRC-2694 is thus evident.

iii) Matrigel invasion assay: (Figure-2)

The in vitro invasiveness of H1299 and AS549 cells in the presence of various
concentrations of NRC compounds (as determined by MTT assay) was assessed using a
modified Boyden chamber assay. Cells were treated with these compounds for 48hr.
1x10° cells were suspended in 600pl of serum-free medium supplemented with 0.2%
BSA and placed in the upper compartment of the transwell chambers (Corning Costar
Fisher Scientific cat #07-200-158, Pittsburgh PA) coated with matrigel (0.7mg/ml). The
lower compartment of the chamber was filled with 200ul of serum medium and the cells
were allowed to migrate for 24h. after incub‘étion, the cells were fixed and stained with
Hema-3 and quantified as previously described (Mohanam et al. 1993). The migrated
cells were quantified as percent invasion. The compound NRC-2694 showed significant

decrease in invasion in a dose dependent manner.
iv)  Invivo evaluation on subcutaneous lung tumours in nude mice (Figure-3):

Nude mi.ce were implanted with 2x10° A549 cells in the right hind limb flank. Upon the
observance of a tumour (>2mm), mice wére given. oral or ip treatments of the test
compounds including erlotinib HCI used as positive control. A dose of 100mg/Kg of
erlotinib HCI was identified as the base line dose. ’
Tumour sizes were measured and complete regression of tumours were observed in the
mice treated with NRC-2694 at 10mg/Kg dose. However tumours were still present in the

control group treated similarly with erlotinib HC1 even at 100mg/Kg dose level. Thus, a

~ ten fold superiority in efficacy of the compound of this invention (NRC-2694) has been

established..

v) Evaluation of lung tissue harvested from nude mice after treatment: (Figure-4)

14
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"Lungs harvested from nude mice implanted with A549 luciferase expressing cells treated

with various concentrations of erlotinib HCl and NRC-2694 by oral/ip routes were
examined for residual tumours.

Complete regression of tumours was observed in the treatment group with NRC-2694,
whereas tumours were still present in the group treated with erlotinib HCI, thus
establishing the unexpected surprisingly superior efficacy of the compounds of this
invention. '

vi) Examination by visualization of tumors in lung tissue: (Figure-5)

Nude mice were implanted by intrapulmonary injections of A549 cells. The mice were
treated with oral/ip routes by erlotinib HCI and NRC 2694 at 2.5 and 20mg/Kg doses.
Thirty days after daily drug treatments, mice were sacrificed and lungs harvested. The
lung tissues were fixed in 10% buffered formaldehyde, paraffin embedded and sectioned.
The sections were H&E stained as per statutory protocols to visualize solid or diffuse

tumors.

The group treated with NRC 2694 fared much better than those treated with erlotinib
HCl at all dose levels thus establishing the superior efficacy of NRC 2694.

vii) Nude mice implanted with A549 luciferase expressing cells: (Figures 6 &7)
Nude mice implanted with A549 luciferase expressing cells treated with various

concentrations of erlotinib HC] and NRC 2694 by oral and ip routes were observed for

tumors and the pictorial observations are given as Figure-6 and Figure-7. It was observed

that the group treated with NRC 2694 fared much better than the group treated with
erlotinib HC1. No tumors were observed at the end of 42 days treatment with NRC 2694
whereas residual tumors were still present in the group treated with erlotinib HCI both by

oral and ip routes.

15
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2/5 10 3/5 20 3/5 It can be seen that the ratio is close to 100%in the
case of NRC 2694 whereas the ratio is between 40 -60% in the case of study
i Xx) Eval uation of Ens& The EDPOTN®W0&80008F €

group w twoeptamesitb HCL.

eval uated based on the lung section and tunor regression studies.
NRC 2694 whereas the val ue obtained for

of 6.3ng/ Kg was cal cul at ed
erlotinib HC1 was 22ny/ Kg

AG10 wpr ol RapBAER

erl otihi bt
Er b-4 and VEGFR
that NRC 2694 d&%

for

by oral route.

%5 ArafrFoRubAR: of ah
nl_t‘%ﬁaqlgqg 1sv¥|a ateag

i ﬁzg:b?son

A val ue

Thus the superior efficacy of the
conpound @fi) t heupstpeadttect oanin wiRo ktadastinbuide Akide: 20 x) Study with ot her

receptors such as HER-1, HER-2, HER-3, HER-4 and VEGFR in vitro (Figure-8):
WO 2009/ 090661PCT/ 1N2008/ 000036 To deternine the effect of NRC 2694 on the

Fﬁons ?’t&w

Level s of Erb 1, Erb-2, Erb-3,
5It was observed

a?xﬁﬂ&l% Gell's

ngvmt

| evel s effectively vvhereas no such i ndl catl on was seen with erI otinib HCL.

The additional inhibitory

indication in

he expressi

n_levels of

mentioned receptors is cle
surprising property of the

arly Bewgsnstrat

i @encehtrativm |

ne&peowntad

2694. 10xi) Concl usion: Th
properties and additi onal
present invention is thus
conparison to erlotinib HQ

representative pharmaceuti
formul a NRC-2694 or a phar
t herapeutic of prophylacti

princi pal nol ecul MgKgt hi § i nventi on
EEMstpEEt ed, Bospri sing arjd/superi or
t her apeutic potential of thesgonpound
est abl i shed in|{fe above expgsinments i
1. 15Exarrp| e 8 Ige fol | ow Ng/5s an il
Ot Ulll. d.l III I I. COTTpour
%%“bﬁ%‘%ﬁy at %épt abl e sal g/ her egf
C use in humans 510 1/5
20 2/5
NRC 2694 1P 2.5 1/5
s /5
10 3/5
20 5/5 (100%)
NRC 2694 oral 2.5 1/5
5 2/5
10 3/5
20 3/5

t he above
nd
viz., NRC
anti-tunor
of the
n
ustrative
d of
f or

It can be seen that the ratio is close to 100% in the case of NRC 2694 whereas the ratio is-

between 40 —60% in the case of study group with erlotinib HCL

0-

The EDs, values were evaluated based on the lung section and tumor regression studies.

A value of 6.3mg/Kg was calculated for NRC 2694 whereas the value obtained for

erlotinib HC1 was 22mg/Kg by oral route. Thus the superior efficacy of the compound of

10

ix) Evaluation of EDs
15

the present invention is e
20

stablished.

x) Study with other receptors such as HER-1, HER-2, HER-3, HER-4 and VEGFR

in vitro (Figure-8):

16



Tabl et ng/tabl et Conpound NRC-2694 50 Lactose anhydrous (USP) 156

M crocrystalline cellulose (Avicel pH102) 15 Sodium |l auryl sulfate 5 Sodi um
starch glwyoabivmods® Povi done K-30 3 Hydroxy propyl cell ecoas200&/bbodds) 10
Magnesi um st ear ate 20

"To determine the effect of NRC 2694 on the various other receptors of EGFR family -
(Erb/HER), human lung cancer cells A549 were treated with various concentrations of
NRC 2694 along with erlotinib HCI for a side-by-side comparison. Levels of Erb-1, Erb-
2, Erb-3, Erb-4 and VEGFR were determined by western blot analysis.

5 It was observed that NRC 2694 down regulated levels of Erb B2, Erb B3, Erb B4 and
VEGFR levels effectively whereas no such indication was seen with erlotinib HCI. The
additional inhibitory indication in the expression levels of the above mentioned receptors
is clearly demonstrative of the unexpected and surprising property of the principal
molecule of this invention viz., NRC 2694,

10 xi) Conclusion:
The unexpected, surprising and superior anti-tumor properties and additional therapeutic
potential of the compound of the present invention is thus established in the above

experiments in comparison to erlotinib HCI.

15 Example-8
The following is an illustrative representative pharmaceutical dosage form containing the
compound of formula NRC-2694 or a pharmaceutically acceptable salt thereof, for

therapeutic of prophylactic use in humans.:

Tablet mg/tablet
Compound NRC-2694 50
Lactose anhydrous (USP) 156
Microcrystalline cellulose (Avicel pH102) | 15
Sodium lauryl sulfate o 5

Sodium starch glycolite ' 10
Povidone K-30 3
Hydroxy propyl cellulose (LH-11) 10
Magnesium stearate 1

20

17



We claim 1)A quinazoline derivative of fornula (1) wherein I\
-0-CH2-CH2-CH2-NNH \ and R2 = OCH3, 0C2H5 or a pharmaceutically acceptable
sal t therwof200909066i nazol i ne derivative of forrmula (1) a®CEix2oosd00ss cl ai m 1
wherein \ Rl =-0-Cl1-12-CHTCHT 11\/0 and R2= OCH3 (NRC-2694) or a
pharmaceutically acceptable salt thereof. A quinazoline derivative of
formula (1) as clainmed in claim2 wherein the pharnaceutically acceptable
salt is tWedainohydrochl oride (NRC-2694A). A quinazoline derivative of
formula (]) as clained in claim2 wherein the pharnmaceutically acceptable
salt is the difymseeling degivatyget oyous) D) Westibhod for producing in a
war m bl ooded ani mal an inhibitory effect against EG--type receptor tyrosine
ki nase enzynes conpri sing adm # ation to the said aninmal an effective
amount of qunazoline derivati ve the formula (1) or a pharmaceutically
acceptabl e salt thereof as xClains 1-4. A method for producing in
a warm bl ooded ani gal inhi bitory effect against Erb group receptors |ike

Erb-2, Erb-3, Erb-4 “Ae Ni nase sensitive cancers c i sing
adm ni stration to thg .anmel an effective amount A%Egg{nazol ine 18
RECTI FI ED SHEET ( ReLE 9 Al EP R'=-0-CHy-CHyCHy-N - 0

0]

-O-CHp-CHyp-CHp-N
10

XK

-O-CHy-CHy-CHa~N NH

./

and R? = OCH,, OC,H5

or a pharmaceutically acceptable salt thereof.

15 2) A quinazoline derivative of formula (I) as claimed in claim 1 wherein

R'=-0-CHyCH7CHz N O and R%= OCH,

(NRC-2694) or a pharmaceutically acceptable salt thereof.
20 3) A quinazoline derivative of formula (I) as claimed in claim 2 wherein the
pharmaceutically acceptable salt is the monohydrochloride (NRC-2694A).
4) A quinazoline derivative of formula () as claimed in claim 2 wherein the
pharmaceutically acceptable salt is the dihydrochloride (NRC-2694B).
5) A method for producing in a warm-blooded animal an inhibitory effect
25 against EGF-type receptor tyrosine kinase enzymes comprising administration
to the said animal an effective amount of qunazoline derivative of the formula
(D) or a pharmaceutically acceptable salt thereof as claimed in claims 1-4.
6) A method for producing in a warm-blooded animal an inhibitory effect
against Erb group receptors like Erb-2, Erb-3, Erb-4 tyrosine kinase sensitive
30 cancers comprising administration to the said animal an effective amount of

quinazoline

18
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WO 2009/ 090661PCT/ | N2008/ 000036 derivatives of the fornula (1) or a

phar maceutically acceptable salt thereof as clainmed in clains 1-4. 7) A
met hod f owopp@deedsmg i n a war m bl ooded ani mal an i nhi bi PoTYNZM8/e@Y3@gal NSt
EGF type receptor tyrosine kinase enzynmes conprising admnistration to the

sai d Sani mal aaerﬁfa_ti%st b e 'Rl Al Sk PAGRhAREHEHE abtsle NRE(RGEF & the

formula (1) as clainmed in claim2 or a pharnmaceutically acceptable salt
t hereof. 8) A deimsdinfcéaimgrletuci ng in a war m bl ooded ani mal an inhibitory

ef fect against Erb gr [ tor.s |jike Erh-2. FEr . Erb- S| i nase
sensitive ¢ ceEsmégwgﬁu&é Pﬁoé%‘gl&gilﬁ ias‘??rgi'lglgﬁd?doaﬁlﬁ%l %f@lgﬁoﬁ%rég[néggﬁsecti ve
anount of qui NBGE! typerectProt Grbiind kinasdNRSy 69 dorapriing Btininisttationso teadaied i n
claim2 or a pharnaceutjcally acceptable salt thereof 9 t hodq for
produc? ng i n a2WEanABe NXF ARPYHA IO AHITAPHIST 4SBT - Phdie % ype

5 RABRUSHON Ao IoL SeA T e B I6HhPPSbe e
receptor | dnase seaindd R HARLES HRERGLHOALAMLRLGE A iffkdro the said

ani mal an effecCtrve anount qui nazol 'ne deriva NRC- 2694 of fornul a
15(1) as cl &)med metleddafonRoducirg phawannrododed| dnymalcare pihihtoey skt dagamstof .

10) A nethod far, producing in.a r |.ood ni mal an i nhi bit.ory effect
aghi st EGE ¢ y B> BEREp eI B B e Efleh CuRIne ppe g Ve aficer
adm ni strati Onc&ﬁ%lgﬁﬁ%\ﬁ@mﬁaiﬁfﬂti%ﬁ'to e &fid et anaTRYAVe Sholit dTagRhdz0R

ZOEne
derivatives NRC 2 and NRC2694 B as clained in clainms 3 and 4. 2011) A
met hotl0 f or pr odertvatiyei n a war m bNES#3604anf nfermala (Thid eleinagdyineflpise £ ergai nst

Erb group receptors' |ike Erb- Erh-3 b-4 tyrosine kihase sensitive
cancers conpri B‘E‘éﬁﬁla %Cﬁﬁ%f‘?cg{"%gwsﬁgﬂﬁﬁ%oiai d ani mal an effective anount of
qui nazol i ne gjerA vadthte for IRed R infa aREmNRSoRa HhiBaltgn thabitoey effocicdgainys 3

and 4. 2512) A nethod for "producing in,a warm bl ooded animal ~an inhibjtory
ef fect agai nst VEGE-tpgpiecerior fingse RENFHENE cARAers (qopprisiigcedminisyation 40 fhe

adm ni stration_t. i Ge.anj f i ] i i
deri vati ves NRESabRARE e BuadR T RELANE BRURL SRRy,
20091090661 PCT(1} b2 OIaBnéin036 1 3)ahAn Rravaqharthaveutidadlypicepaatdd sabthafeofi
qui nazoline derivative of formulg (1), o aﬁ%rar,rra euticall cept abl e
salt ther eof10s A methagdior Rroduging, 12 WWH{’PS e a’é)“ihﬁlg‘t‘}%z?@g? Wt t he
qui nazol i ne of p{gr §Hk fedohtor kinase sensitive cancers comprising administration to the said
animal an effective amount of quinazoline derivatives NRC-2694 A and NRC-
2694 B as claimed in claims 3 and 4.
20 11) A method for producing in a warm-blooded animal an inhibitory effect against
Erb group receptors like Erb-2, Erb-3, Erb-4 tyrosine kinase sensitive cancers

comprising administration to the said animal an effective amount of quinazoline

derivatives NRC-2694 A and NRC-2694 B as claimed in claims 3
and 4.
25 12) A method for producing in a warm-blooded animal an inhibitory effect against

VEGF type receptor kinase sensitive cancers comprising administration to the
said animal an effective amount of quinazoline derivatives NRC-2694 A and

NRC-2694 B as claimed in claims 3 and 4.
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5 10w t h phosphoryl chloride or oxalyl chloride to get the 4-chloro

qui nazoline of formula (111) 11 b)condensation reaction of the
4- chl or oowonamalones1of fornmula |11 above with 3- ethyl nylpcanibdosyeochss get t he
qui nazoline derivative of fornmula (1) 20 25 R = -0-CH2-CH CH2-1\/0

- 0- CH2- CH2- CH2- N
13) A process for the preparation of a quinazoline derivative of formula (I), or a

pharmaceutically acceptable salt thereof as claimed in claim 1 which
comprises:

a) thereaction of the quinazoline of formula I

5
R‘I
NH
P
R? N
I
10 with phosphoryl chloride or oxalyl chloride to get the 4-chloro
quinazoline of formula (III)
1
R1 Ny
15 R? N)
m
b) condensation reaction of the 4-chloroquinazolne of formula III above with 3-
ethylnyl aniline to get the quinazoline derivative of formula (I)
20
NH
Rt
XN -
R? N)
]
25 RY = -0-CHy-CHp-CHy N o]
-O—CHz-CHz-CHZ-O
/T \
-O-CH,-CH,-CHy- N NH
30 and R? = OCHj;, OC,Hj,

14) A process for the preparation of a quinazoline derivative of formula (I) or a
pharmaceutically acceptable salt thereof as claimed in ¢laim 2 which

comprises:

20
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30 /- /NH -0-CH2-CH3-C H2- and R2 = OCH3, 0C2113 14)A process for the
preparation of a quinazoline derivative of fornmula (I) or a

phar macewoDcatdopo@ecept abl e salt thereof as clainmed i n ECAITN2@SOF00EN
conprises: 20 RECTI FI ED SHEET (RULE 91) ISAEP WO

2009/ 090661PCT/ | I@O%&Q&Qﬁﬁ)ﬁ}w &ﬁﬁaioﬁﬁgbfgj}mgia (tm‘ﬁ qui nazol i ne of fornula
(Ha) /' \ O\N - (CH2)3 CH30 11(a) w th phosphoryl Iorlde or oxalyl
chloride to get the correspond|/n,g_\4 chl oro qui nazol [

QO N (CHp)y—

He of forrmula (I11a)

CH,0 N
) II (a)
with phosphoryl chloride or oxalyl chloride to get the corresponding 4-

chloro quinazoline of formula (Illa)

0] N—(CH,),

[]

CH;O

111 (a)

b) condensation reaction of the 4-chloroquinazolne of formula III(a) above

with 3-ethylnyl aniline to get the quinazoline derivative NRC-2694.

NH
/N
O\ /N T (CHy);—O N

CH,0 N

10 ' ' NRC-2694
15) A process for the preparation of the quinazoline derivative NRC-2694 essentially
as described in the examples 1-3 cited above.
16) A process for the preparation of the monohydrochloride salt NRC-2694 A
essentially as described in the example-4 cited above.
15 17) A process for the preparation of the dihydrochloride salt NRC-2694 B essentially
as described in the example-5 cited above.
18) A method of evaluating the Maximum Tolerated Dose (MTD) and acute toxicity
of the quinazoline derivatives of formula (I) as claimed in claim land essentially

as described in the example-6 cited above.
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b) condensation reaction of the 4-chloroquinazolne of forrmula Il11(a) above
with3-ethylnyl aniline to get the quinazoline derivative NRC 2694. /\
(ONCH2) 3 WO 20M300661 10N RC- 2694 15) A process for the prepanxaenioods t he

gui nazoline derivative NRC- 2694 essentially as described in the exanpl es
1-3 cited ahoyg. mbhlodAoPlRERGENE Gh Uit®, PheRAoARh® NthefapbliR RPMABY dsoed or i de
salt NRC 2694 A essentially as described in the exarrpF_e-4 ci ted above.

1517) A pr ocesguinagolingderprasiyes of thedomtula Ko ag iclejed sheleim dend ghsenimly 2694 B
essentially as,d [ ' h -5 cited above. 18) A nethod of

eval uati ng thedef/g@lge nSn o#}{épgntleg’é% &'{S@O(QIEIITD) and acute toxicity of the

qui nazol i ne2dpAiphathaeaticdll doarposition (WhickSosipaikéres quinagdlienddrbatdvessend i al |y
as described in the exanple-6 cited above. WO 2009/ 090661PCT/ 1 N2008/ Q00036
19) Admet hod oforayly Gator fgPhasmpequtisally geceptableasplt thigesokpasuelpianed: iy ayc9f of

t he qui nazoli derivat i the formula (1) as clainmed in claim1l and
essentially aga%ilglgscri begw?rslabftaﬁ% exanple 7 cited above. 20) A
pharmaceuti cal conposition which conprises a quinazoline derivative of the
5forrmula (1), or a pharnaceutically acceptable salt thereof, as clained in
any of clainsl-19 above. 10 15 20 25 30

10

15

20

25

30
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