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mammal s, especially humans, and to 10 phﬂfnaceutical conposi tions
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treat ment of nor ma t7 cu
receptor (EGFR), which possesses tyrosine klnase activity, is mutated and/or overexpressed in

many human cancers such as brain, lung, squamous cell, bladder, gastric, breast, head and
30 neck, oesophageal, gynecological and thyroid tumors.
Accordingly, it has been recognized that inhibitors of receptor tyrosine kinases are useful
as selective inhibitors of the growth of mammalian cancer cells. For example, erbstatin, a
tyrosine kinase inhibitor, selectively attenuates the growth in athymic nude mice of a transplanted
human mammary carcinoma, which expresses epidermal growth factor receptor tyrosine kinase
35 (EGFR) but is without effect on the growth of another carcinoma, which does not express the
EGF receptor. Thus, the compounds of the present invention, which are selective inhibitors of
certain receptor tyrosine kinases, are useful in the treatment of abnormal cell growth, in particular
cancer, in mammals.
European patent publications, namely EP 0 566 226 A1 (published October 20, 1993),
40 EP 0602 851 A1 (published June 22, 1994), EP 0 635 507 A1 (published January 25, 1995), EP
0 635 498 A1 (published January 25, 1995), and EP 0 520 722 A1 (published December 30,

1992), refer to certain bicyclic derivatives, in particular quinazoline derivatives, as possessing
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1995), and EP 0 520 722 Al (published Decenber 30, 1992), refer to certain
bicyclic derivatives, in particular quingzoline derivatives, as possessing
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following literature references are incorporated in their entirety by reference into the present
application: (i) S. Scholl, et al., Targeting HER2 in other tumor types, Annals of Oncology, 12
30 Suppl. 1, S81:587, 2001; (ii) Koeppen HK, et al., Overexpression of HER2/neu in solid
tumours: an immunohistochemical survey. Histopathology, 2001, Feb; 38(2): 96-104; and (iii)
Osman |, et al., Clinical Cancer Research, 2001, Sep; 7(9):2643-7.
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Breast 20-30% Ovary 18-43% Non small cell lung 13-55% (NSCL) Col orectal
(CRC) 33-85% Prostate 5-46% WO 03/ 049740 PCT/|1B02/ 04636 -3 Bl adder 27-63%
Renal 22-w0%s/o0@aseric 21-64% Endonetrial 10-52% Head andP@aBoyd4édd) 16- 50%
Esophageal 10-26% 5 One of the chall enges encountered in the devel opnment

of a small nolecule selective erbB2 inhibitor is that the erbB2 receptor
and its famly nenber, the EGFR are hi gh'?'y honol ogous. Lack of specificity
of inhibitors for the specific targeted fam |y nenber has been found to

| ead to adverse events in clinical trials. In particular, in clinical

trials conducted with 10 conpounds which are pan erhB i nhi bitors, i.e.,
conpounds that inhibit alll mentf9€eof thd EGFRZ/Pa%i | y. For exanple, in
clinical trials with pan|erbB ramaptor I nhi bi talzsse'(/oCI -1033 and EKB-569)
dermal toxicity in the formof—a z&ra.. oeatf-S—i 3T bet+e¢ved that the rash
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been supported by the facg tHédaagndN@@;(ﬂgm? type Qsegrmat goxicity was 15
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observed in clinical triasfor conpound which are selé¢ctive erbBl
receptor inhibitors. For exaﬁf)‘?p@age@hl s ddversd®@8%nt wa$ observed during
clinical studies with the both Pfizer's small nolecule erbBl (EGFR)

i nhi bitor CP-358, 4 [ I .
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dermal toxi Gvént. @rﬂenhéory s bBbrd Bipbbrica by tREGSIRd AEEsaAle thRtErRREMAP MxRityhRdsNd
these ag1esn t Soblseprved in ccharI ‘nafs fcl)rnco(r:n%ganrdg's\;[vhlchl Qre Cslelec ;vg elrbBt1 rlecelptor inhibitors. For
example, this adverse event was observed during clinical studies with the both Pfizer's small
molecule erbB1 (EGFR) inhibitor CP-358,774 (now referred to as OSI-774 or Tarceva'™) and
AstraZeneca’s small molecule EGFR inhibitor ZD1839 (IrressaTM). Other compounds such as
PKI-166, an erbB1 inhibitor from Novartis, has also been reported to produce a similar dermal
20 toxicity in its Phase 1 clinical trial (2nd international anti-cancer Drug Discovery & Development
summit: 2001, Princeton NJ). Furthermore in studies with Imclone’s tailor-made anti-erbB1
monoclonal antibody C-225 a similar rash was reported (2nd international anti-cancer Drug
Discovery & Development summit: 2001, Princeton NJ). Given the structural distinction
between Tarceva, Iressa, PKI-166, and the monoclonal antibody it is now believed in the art that
25 inhibitors of the erbB1 receptor tyrosine kinase may be the cause of the dermal toxicity seen in a
significant percentage of the patients using these agents in the clinic. In contrast, in clinical trials
of Genentech’s (South San Francisco, CA) tailor-made monoclonal antibody HERCEPTIN™ for
the erbB2 receptor tyrosine kinase no rash was observed. Accordingly, the ability of a small
molecule to discriminate between the erbB2 and erbB1 receptor may minimize or eliminate the
30 occurrence of adverse events observed in clinical trials. This would provide a dramatic
improvement in the art. The disfiguring nature of the rash may lead to poor compliance in
chemotherapy treatment.
While Herceptin provided a means of treating patients in need of erbB2-related
therapies with an agent that avoids this erbB1-related dermal toxicity, there are significant
35 drawbacks to this agent that limit its utility and general applicability. Herceptin carries a “Black



of Genentech's (South San Francisco, CA) tail or-nmade nonocl onal anti body
HERCEPTI NTM for the erbB2 receptor tyrosine kinase no rash was observed.
Accor di ngwe,o3l4@bi ity of a small nol ecul e to di scrim ratraBisésen t he
erbB2 and erbBl receptor nmay mnimze or elimnate the 30 occurrence of
adverse events observed in clinical trials. This would provide a dranmatic
i nprovenent in the art. The disfiguring ﬁature of the rash may lead to poor
conpliance in chenotherapy treatnment. Wile Herceptin provided a neans of
treating patients in need of erbB2-related therapies with an agent that
avoids this rpBI-reI ted der t oxi Ci e are significant

G abackes £ oS P NET g CHRRD S ATy PoRY ant, HIAETSEgH e GRREE BPUBDRTERS: ¢y,
Her cepti n caTheselsteaeveds arckelsh@ @348 heOHEPESHtin BORAMBEB6 -4 5 Box" war ni ng
relating to cardiQmuopglya eéhqpem@ﬁge%?&%hértngé&ycarﬁ@@\;énpgb%n %t g@'b@%

anaphyl axis. These |ater events are rel at rceptinis
an ant i body. PHERE eerpBselated s disordessthpt) Ay H@e&rqBéfe"E}ﬁ‘érq?HB%uP?"%{I ERA 18 evant
agents that lopersdeitig eehctidne sterewith resrioBaEnal eltiaddxet siic!s as Herceptihh Eurtraviairel 4 he
erbBl -relat e, i tiv (o] W th
nonocl on a%tle?@%?ée%t glﬁc Jsgfu ?(t:%ht?eatmg ?ﬁ%?%rso,rnewﬁéﬁ {fgae ezer(l‘ti'l eP\gog%;r bB2
will be usef%ref‘%?ss?q’té“‘thraéé?f%rfﬁfcwpmﬁﬁ%Q%@”ch%l ch the erbB2 receptor is

over expressed, Sucdxitasal.ph msuburﬁ@bﬁmmscmﬁhw\nam as., ea,rpa@ers 18687doy, refer al .

in the Jour qgl ng\é?gt Wrﬁ%%ltlngﬁvevm St r fothn% o’ dnscﬁmlnéta?btetwegl She er%gg 6%ce8tggt ween

refer to a nu er o oSt 1 ns crrmna
the erbBl r yegiekinagey anss prpB2 KesRRiE tgmeekmz r Heweyeorthe weagisinajeritk joh diee.

However, 1% heco%@Sﬁndﬁ%f&fddttM .@t;at.het A 5w EBIedtingl Sor 1ief %Bedectegtoﬂ &/eﬁﬂ%l drot  al .
were sel ecti e [orFltntrt] receLF]t or

t
Fur t her nor e, “tHhe comp Srmr?aes |ecf8WP P d?ager%e({%\( L%Z't \V\Vﬁrleé’oh%ﬁmcﬁlﬁﬁyt ROISH 9 F1Mehot ent
for either thaebdBt UEIbB?rfe@p@BZMweC%ntbrwolﬂ@ﬂﬂ%dm@iﬁﬂey Augist B @peR) ZRBWO
(published Augyssr @ublg%o(bct@dw 15@00@)1@797@@?0 é&ﬁﬂbhh&hﬁﬂtc@Fé)%fm 38 groai01)

referred to npoun are us tor receptor t rosme
e O P ot B2 5ol s b Ty s R e o sl S
20 nol ec?0 e reeléBR erti?iiiittitons swhishidre hbla fosseletiively inbibis elbBZ byev dieyothentmeinbers eff bB2

over the ot hgg oMBIRRISaRf in phfiBuis kil afﬂellMﬁent@ﬂgQ)f 'tH% ﬁ?@{ew ﬁwn%n %\Apﬁgwd The
i nventors of the present. invention now | ecul es, |ch are

bot h pot ent B/ MRIeGHPSy WEEh B BPYEOIRIAG LY 2 §e'ts¥'veéP’B‘B‘2f5r°ée@B?6%°ett retife

ki nase over HKilese evebiBé ebBt eptmor tyrysir@ddnase. ki nase. WO 03/ 049740 PCT/ 1 BO2/ 04636
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over erbBl between 60-1200. In a nore preferred enbodi nent of the present
i nvention the 10 erbB2 inhibitor has a range of selectivities for erbB2
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methyl ester
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3-methoxy-pyrrolidine-1-carboxylic  acid  (1,1-dimethyl-3-{4-[3-methyl-4-(6-methyl-
25  pyridin-3-yloxy)-phenylamino}-quinazolin-6-yl}-prop-2-ynyl)-amide
3-methyl-isoxazole-5-carboxylic  acid  (3-{4-[3-methyl-4-(6-methyl-pyridin-3-yloxy)-
phenytamino]-quinazolin-6-yl}-prop-2-ynyl}-amide,
and the pharmaceutically acceptable salts, prodrugs and solvates of the foregoing
compounds.
30 In a most preferred embodiment of the present invention the erbB2 inhibitor is
selected from the group consisting of:
E-cyclopropanecarboxylic  acid  (3-{4-[3-methyl-4-(pyridin-3-yloxy)-phenylamino}-
quinazolin-6-yl}-allyl)-amide
E-(3-{4-[3-methyl-4-(pyridin-3-yloxy)-phenylamino}-quinazolin-6-yl}-allyl)-carbamic acid
35 methyl ester
and the pharmaceutically acceptable salts, prodrugs and solvates of the foregoing

compounds.
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receptor wo/opatiéent treated with a therapeutically effectrime/essunt of
said erbB2 inhibitor. In another enbodi nent of the present invention the
erbB2 inhibitor has a range of 10 selectivities for erbB2 over erbBl

bet ween 60-1200 and inhibits growth of tlnor cells which overexpress erbB2
receptor in a patient treated with a therapeutically effective anount of
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effective am nt of said erbB2 inhibitor. The present invention also

relates to a®Net AYY°6f treating abnormal cell growth in a 30 mammal
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to a nethod vs%lcht Bﬁ?gfpr% seas‘bg'rgéﬂéceptor in a patient treated with a therapeutically effective
amount of said erbB2 inhibitor.

The present invention also relates to a method of treating abnormal cell growth in a

30 mammal comprising administering to said mammal an amount of a small molecule erbB2
inhibitor that is effective in treating abnormal cell growth and said erbB2 inhibitor has a range
of selectivities for erbB2 over erbB1 between 50-1500.

In another embodiment the present invention relates to a rhethod of treating abnormal

cell growth in a mammal comprising administering to said mammal an amount of a small
35 molecule erbB2 inhibitor that is effective in treating abnormal cell growth and said erbB2
inhibitor has a range of selectivities for erbB2 over erbB1 between 60-1200.

In another embodiment the present invention relates to a method of treating abnormal
cell growth in a mammal comprising administering to said mammal an amount of a small
molecule erbB2 inhibitor that is effective in treating abnormal cell growth and said erbB2

40 inhibitor has a range of selectivities for erbB2 over erbB1 between 80-1000.

In another embodiment the present invention relates to a method of treating abnormal

cell growth.in a mammal comprising administering to said mammal an amount of a small



cell growth in a mammal conprising admnistering to said manmal an anount
of a small WD 03/049740 PCT/1B02/04636 -8 5 nolecule erbB2 inhibitor that
i s effectwoasiow7se eat i ng abnormal cell growth and said er PBI/IBIMiabdn t or has
a range of selectivities for erbB2 over erbBl between 90-500. In yet

anot her enbodi mrent the present invention relates to a nethod of treating
abnormal cell growth in a manmal conpri sPng administering to said manmal an
anount of a snmall nolecule erbB2 inhibitor that is effective in treating
abnormal cell growth and said erbB2 10 inhibitor has a range of
selectivities for erbB2 over erbBl between 100-300. In a nost preferred
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t he endocrine system cancer of the thyroid gland, cancer of the

par at hyroi d gl and" ®&mE¥ereds erplodimenty %fn‘é? p@ﬁsé’ﬁdnveg%ﬂ”ctﬁ?rébwmé‘oqep gy ife,
cancer o020t hancedr et hra, cancer of the penis, prostate cancer, chronic or

acute | eukem a, @(%PJ‘Qrﬁéf&dﬁn?en?S’f tﬂé’&?&-ﬂ{‘%ﬁé can%grqggélec(t)erd .£ E'é?ecfﬁd%ﬁ%%gn&aﬂ@&er of

t he ki dney or el vi s,
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of the parathyrmd gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the
urethra, cancer of the penis, prostate cancer, chronic or acute leukemia, lymphocytic
30 lymphomas, cancer of the bladder, cancer of the kidney or ureter, renal cell carcinoma,
carcinoma of the renal pelvis, neoplasms of the central nervous system (CNS), colorectal
cancer (CRC), primary CNS lymphoma, spinal axis tumors, brain stem glioma, pituitary
adenoma, or a combination of one or more of the foregoing cancers.
In a preferred embodiment of the present invention, cancer is selected from breast
35 cancer, colon cancer, ovarian cancer, non small cell lung (NSCL) cancer, colorectal cancer
(CRC), prostate cancer, bladder cancer, renal cancer, gastric cancer, endometrial cancer,
head and neck cancer, and esophagel cancer.
In a more preferred embodiment of the present invention, the cancer is selected from
renal cell carcinoma, gastric cancer, colon cancer, breast cancer, and ovarian cancer.
40 In a more preferred embodiment, the said cancer is selected from colon cancer, breast

cancer or ovarian cancer.



In a nore preferred enbodi nent of the present invention, the cancer is
selected from renal cell carcinoma, gastric cancer, colon cancer, breast
cancer, awo oewaa7s@n cancer. 40 In a nore preferred enbodi memIBOY(I636sai d
cancer is selected fromcol on cancer, breast cancer or ovarian cancer. WO
03/ 049740 PCT/|B02/ 04636 -9 5 Another embodiment of the present invention
relates to method for the treatment of “3bnormal cell gromh in a mammal
whi ch conprises adm nistering to said mammal an anmount of an erbB2
inhibitor, wherein said erbB2 inhibitor is selective for erbB2 over erbBl,
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conpound of sréle%m flont, hat ¢r§u fca%?st.ﬂ\gveofléyctobﬁ&bhmd@bwrumhraeﬁl hosarrfa%h In
conbination with a rthr)) el ected_ fromthe _group consisti ngﬁTarmm
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is selective for 2 over er ective I n treating abnor nal
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and docetaxel.
The invention further relates to a pharmaceutical composition for the treatment of
30 abnormal cell growth in a mammal comprising an amount of an erbB2 inhibitor, which is
selective for erbB2 over erbB1, that is effective in treating abnormal cell growth, and a
pharmaceutically acceptable carrier.
The present invention also relates to a method of treating abnormal cell growth in a
mammal comprising administering to said mammal a small molecule erbB2 inhibitor in an
35 amount that is effective in treating abnormal cell growth and said erbB2 inhibitor has a range
of selectivities for erbB2 over erbB1 between 50-1500 as measured by an in vitro cell assay.
The present invention also relates to a method of treating abnormal cell growth in a
mammal comprising administering to said mammal a small molecule erbB2 inhibitor in an
amount that is effective in treating abnormal cell growth and said erbB2 inhibitor has a range
40  of selectivities for erbB2 over erbB1 between 60-1200 as measured by an in vitro cell assay.
The present invention also relates to a method of treating abnormal cell growth in a
mammal comprising administering to said mammal a small molecule erbB2 inhibitor in an



35 anount that is effective in treating abnormal cell growth and said erbB2
i nhi bitor has a range of selectivities for erbB2 over erbBl between 50-1500
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measured by an in vitro cell assay The present invention also reI ates to
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penis, prostate cancer, chronic or acute leukemia, lymphocytic lymphomas, cancer of the
bladder, cancer of the kidney or ureter, renal cell carcinoma, carcinoma of the renal pelvis,
neoplasms of the central nervous system (CNS), primary CNS lymphoma, spinal axis tumors,
brain stem glioma, pituitary adenoma, or a combination of one or more of the foregoing cancers.
35 In another embodiment of said method, said abnormal cell growth is a benign proliferative
disease, including, but not limited to, psoriasis, benign prostatic hypertrophy or restinosis.

This invention also relates to a method for the treatment of abnormal cell growth in a
mammal which comprises administering to said mammal an amount of an erbB2 inhibitor, as
defined above, or a pharmaceutically acceptable salt, solvate or prodrug thereof, that is effective

40 in treating abnormal cell growth in combination with an anti-tumor agent selected from the group

consisting of mitotic inhibitors, alkylating agents, anti-metabolites, intercalating antibiotics, growth
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agents, antn metabolltes mtercalatlng antlblotlcs growth factor |nh|b|tors cell cycle inhibitors,

enzymes, topoisomerase inhibitors, biological response modifiers, anti-hormones, and anti-
androgens.
The invention also relates to a method for treating a mammal having cancer
35 characterized by an overexpression of erbB2, comprising administering to the mammal a small
molecule erbB2 inhibitor in an amount that is effective in treating said cancer characterized by
the overexpression of erbB2, and said erbB2 inhibitor is selective for erbB2 over erbB1 at any
of the ratios and with any of the ICs, identified herein.
The invention also relates to a method for treating a mammal having a disease
40 characterized by an overexpression of erbB2, comprising administering to the mammal a small
molecule erbB2 inhibitor in an amount that is effective in treating a disease characterized by
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affinity for th eer recept or daL@re erred enbodi nent of the

present invention hisH%"eEté’H@QP reltes,i9ra PREPLIOL pireRigeplyPf 2slisgirer stprdtekVilh of
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i nvention also rel ates reat ment (
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diabetic retinopathy; rheumatoid arthritis; bone loss disorders such as osteoporosis, Paget's
disease, humoral hypercalcemia of malignancy, hypercalcemia from tumors metastatic to bone,
30 and osteoporosis induced by glucocorticoid treatment; coronary restenosis; and certain microbial
infections including those associated with microbial pathogens selected from adenovirus,
hantaviruses, Borrelia burgdorferi, Yersinia spp., Bordetella pertussis, and group A
Streptococcus.
This invention also relates to a method of (and to a pharmaceutical composition for)
35 treating abnormal cell growth in a mammal which comprise an amount of an erbB2 inhibitor, as
defined above, or a pharmaceutically acceptable salt, solvate or prodrug thereof, and an
amount of one or more substances selected from anti-angiogenesis agents, signal
transduction inhibitors, and antiproliferative agents, which amounts are together effective in
treating said abnormal cell growth.
40 Anti-angiogenesis agents, such as MMP-2 (matrix-metalloprotienase 2) inhibitors,
MMP-9 (matrix-metalloprotienase 9) inhibitors, and COX-Il (cyclooxygenase Il) inhibitors, can
be used in conjunction with an amount of an erbB2 inhibitor, as defined above, in the methods
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780, 386 30 propionic acid;
3-exo-3-{4-(4-fluoro-phenoxy)-benzenesulfonylamino]-8-oxa-bicyclo[3.2.1]octane-3-
carboxylic acid hydroxyamide;
(2R, 3R) 1-[4-(2-chloro-4-fluoro-benzyloxy)-benzenesulfonyl]-3-hydroxy-3-methyl-
piperidine-2-carboxylic acid hydroxyamide;
35 4-[4-(4-fluoro-phenoxy)-benzenesulfonylamino}-tetrahydro-pyran-4-carboxylic acid
hydroxyamide;
3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1-hydroxycarbamoyl-cyclobutyl)-amino]-
propionic acid;
4-[4-(4-chloro-phenoxy)-benzenesulfonylamino]-tetrahydro-pyran-4-carboxylic acid
40  hydroxyamide;
3-[4-(4-chloro-phenoxy)-benzenesulfonylamino]-tetrahydro-pyran-3-carboxylic acid
hydroxyamide;



(published June 25, 1997), all of which are herein incorporated by
reference in their entirety. Preferred MWP-2 and MVW-9 inhibitors are

t hose t hawohawesMéttl e or no activity inhibiting MW-1. MpCa/npordsesqd ed, are
those that selectively inhibit MW-2 and/or MW-9 relative to the other
matri x-netal | oprotei nases (i.e. MW-1, -3, MWP-4, MWP-5, MWP-6, MWP-7,
MWP-8, 25 MWP-10, MWP-11, MWP-12, and MW-13). Sone specific exanpl es of
MVP i nhi bitors useful in conbination with the conpounds of the present

i nvention are AG 3340, RO 32-3555, RS 13-0830, and the conpounds recited

in the follow ng |ist:
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am no] - 30 ppipgidbai2ecacboxyils acid hydroxyamide;
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] oct ane- 3- car.box§F[?}:ﬁg@??ﬁ%@%?&%g%gﬁﬁgg}é%%ga&@rbgnﬁwmglh?l e%B

1- [ 4- ( 2- chl o?BINA-AFPARICESHenzy| oxy) - benzenesul f onyl | - 3- hydr oxy- 3- net hyl -

pi peri di ne- 2- car b®§34-luomaihendxytienxgr@siifdeyl)-(8bydroxycarbamoyl-tetrahydro-pyran-4-yl)-
4-[4-(4-1) uogrgihag@&(%%)a-cigenzenesuI f onyl am no] -t et rahydr o- pyr an- 4- car boxyl i c
acid hydroxyam de; ' _ .

3- [ [ 4- (4-f | uor o- phexokif (4 seiereeheraxyFenzanpsyfenvipninobf-pexabibeiail 2. 1lestenecbut y1 ) - a
M noj - propi exbdxylR@ickd hydroxyamide; _ _
L o OO PR R RER SR P4 B DR kbG5B 3 TickiRasPoxy ! 1 ©
3- [ 4- ( 4- chl orashq¥ricmed Pydroygapideiend| f onyl ami no] -t et r ahydr o- pyr an- 3- car boxyl i c
acid hygsoxyam d@[4-(%&%%7ﬁ@e%é§uMfa%ﬁt@trahy%-f&aﬁ-gBarbgﬁ)ic acid
1-[4-(4-fl uor gj 2- net hyl - benzyl oxy) - benzenesul f onyl ] - 3- hydr oxy-3- met hyl -

pi peri di ne- 2PCXFBEXGT i ¢ aci d” hydr oxyani de;

3-[ [ 4- (4- 1 uor o- pirarpdaryacddicatlp aensplable ngits] sofvates ydiprosrygseefisaidogihpaunds.

-nethyl -ethyl) - affidQbBPEdrPo s Gs Mefifkd above, and the pharmaceutically acceptable salts,
3-[[4-(4-fluoro:- phenox -bet zenesul fon%l ] -ggf-, thr oxycar btﬁmp | -tetrahydro-py
ran-4-yl )- sﬂya& 130 ]p_r L@ﬁi HEY. 53 al,so e used in Tombination with signal transduction

3- exo0- 3- pd- (idhibiterp sechpdseVEGEHy jvaseiiar enddhelidl @ropitta factog | inf8bitorsa atid enpBR odcBptar 1

] oct ane- 3- cahbRXy suéh %io%anﬁ{qﬁ&m H€antibodies that bind to_ the erbBZ receptor, for
3-endo- 3-[4-(4-1| uor o-é){ahen,gx ) - benzenesul f onyl am no] - 8- oxa- bi cyc 0[3. 2.1

] oct ane- 3- cHPEBRYMFRCELNY Hé%@%r‘ﬁ‘%%f;s%m apgrancisco, California, USA).

3-[4- (4-f1 uor o- phef®X ynhibhers,z fan esarhle rgid-s41i6 nand- $@b6a ySligen fing. aif-SHutbasdoxyl i ¢

acid hydr Oxliv’raﬁ‘éis‘é&? California, USA), can also be combined with a erbB2 compound as defined above.

25 VEGF inhibitors are described in, for example in WO 99/24440 (published May 20, 1999),

PCT International Application PCT/IB99/00797 (filed May 3, 1999), in WO 95/21613 (published

August 17, 1995), WO 99/61422 (published December 2, 1999), United States Patent 5,834,504

(issued November 10, 1998), WO 98/50356 (published November 12, 1998), United States

Patent 5,883,113 (issued March 16, 1999), United States Patent 5,886,020 (issued March 23,

30 1999), United States Patent 5,792,783 (issued August 11, 1998), WO 99/10349 (published

March 4, 1999), WO 97/32856 (published September 12, 1997), WO 97/22596 (published June

26, 1997), WO 98/54093 (published December 3, 1998), WO 98/02438 (published January 22,

1998), WO 99/16755 (published April 8, 1999), and WO 98/02437 (published January 22, 1998),

all of which are herein incorporated by reference in their entirety. Other examples of some

35 specific VEGF inhibitors are IM862 (Cytran Inc. of Kirkland, Washington, USA); anti-VEGF

monoclonal antibody of Genentech, Inc. of South San Francisco, California; and angiozyme, a
synthetic ribozyme from Ribozyme (Boulder, Colorado) ahd Chiron (Emeryville, California).

ErbB2 receptor inhibitors, such as GW-282974 (Glaxo Wellcome plc), and the

monoclonal antibodies AR-209 (Aronex Pharmaceuticals Inc. of The Woodlands, Texas, USA)

40 and 2B-1 (Chiron), may be administered in combination with a compound of formula 1. Such

erbB2 inhibitors include those described in WO 98/02434 (published January 22, 1998), WO

99/35146 (published July 15, 1999), WO 99/35132 (published July 15, 1999), WO 98/02437



and pharmaceutically acceptable salts, solvates and prodrugs of said
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accept ablwosalotwdo sol vates and prodrugs thereof, can al sechaBuse@dsd n

conbi nation wth signal transduction 20 inhibitors, such as VEGF (vascul ar
endothelial growmh factor) inhibitors; and erbB2 receptor inhibitors, such
as organic nol ecul es or anti bodies that-tnd to the erbB2 receptor, for
exanpl e, HERCEPTI NTM ( Genent ech, Inc. of South San Francisco, California,
USA). VEGF inhibitors, for exanple SU-5416 and SU- 6668 (Sugen Inc. of South
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“Abnormal cell growth”, as used herein, unless otherwise indicated, refers to cell growth
that is independent of normal regulatory mechanisms (e.g., loss of contact inhibition). This
includes the abnormal growth of: (1) tumor cells (tumors) that proliferate by expressing a

35 mutated tyrosine kinase or overexpression of a receptor tyrosine kinase; (2) benign and
malignant cells of other proliferative diseases in which aberrant tyrosine kinase activation occurs;
(4) any tumors that proliferate by receptor tyrosine kinases; (5) any tumors that proliferate by
aberrant serine/threonine kinase activation; and (6) benign and malignant cells of other
proliferative diseases in which aberrant serine/threonine kinase activation occurs..

40 A small molecule as used herein refers to non-DNA, non-RNA, non-polypeptide and
non-monoclonal antibody molecules with a molecular weight of under 1000 AMV. Preferred
small molecules are selective for erbB2 over erbB1 at a ratio of at least about 100:1.
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"treating” is
include the alkali metal or alkaline earth metal salts and, particularly, the calcium, magnesium,

sodium and potassium salts of the compounds of the present invention.
Certain functional groups contained within the compounds of the present invention can
be substituted for bioisosteric groups, that is, groups which have similar spatial or electronic
35 requirements to the parent group, but exhibit differing or improved physicochemical or other
properties. Suitable examples are well known to those of skill in the art, and include, but are not
limited to moieties described in Patini et al., Chem. Rev, 1996, 96, 3147-3176 and references
cited therein.
The compounds of the present invention have asymmetric centers and therefore exist in
40 different enantiomeric and diastereomeric forms. This invention relates to the use of all optical
isomers and stereoisomers of the compounds of the present invention, and mixtures thereof,
and to all pharmaceutical compositions and methods of treatment that may employ or contain
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conpositions and neth or aln
03/ 049740 PCf/teging/ @ateriag infectigns through administering prodrugs of compounds of the present

invention. Compounds of present invention may have free amino, amido, hydroxy or carboxylic
30 groups can be converted into prodrugs. Prodrugs include compounds wherein an amino acid
residue, or a polypeptide chain of two or more (e.g., two, three or four) amino acid residues is
covalently joined through an amide or ester bond to a free amino, hydroxy or carboxylic acid
group of compounds of the present invention. The amino acid residues include but are not
limited to the 20 naturally occurring amino acids commonly designated by three letter symbols
35 and also includes 4-hydroxyproline, hydroxylysine, demosine, isodemosine, 3-methylhistidine,
norvalin, beta-alanine, gamma-aminobutyric acid, citrulline homocysteine, homoserine, ornithine
and methionine sulfone. Additional types of prodrugs are also encompassed. For instance, free
carboxyl groups can be derivatized as amides or alkyl esters. Free hydroxy groups may be
derivatized using groups including but not limited to hemisuccinates, phosphate esters,
40 dimethylaminoacetates, and phosphoryloxymethyloxycarbonyls, as outlined in Advanced Drug
Delivery Reviews, 1996, 19, 115. Carbamate prodrugs of hydroxy and amino groups are also

included, as are carbonate prodrugs, sulfonate esters and sulfate esters of hydroxy groups.



5 them The conpounds of the present invention may al so exist as tautoners.
This invention relates to the use of all such tautoners and m xtures

t her eof . Woassuwisgect invention al so includes isotopically-PcauBol/edss
conpounds, and the pharmaceutically acceptable salts, solvates and
prodrugs thereof, which are identical to those recited above, but for the
fact that one or nore atons are replaceﬁgby an atom having an 10 atom c
mass or mass nunber different fromthe atom ¢ nass or mass nunber usually
found in nature. Exanples of isotopes that can be incorporated into
conmpounds_of _the invention include isotopes of hydrogen, carbon, nitrogen,
oxygen, phosRistseien of IYJEry groueses @MaYMABY! and (RafoxRetBf etherp wharep; thejagyl 15N,
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i nvention, p r.eQf. . [ p . sai d
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i sotopes are particularly preferred for their ease of preparation and 20
detectability. Further, substitution wth heavier isotopes such as
deuterium i.e., 2H, can afford certain therapeutic advantages resulting
fromgreater nmetabolic stability, for exanple increased in vivo half-life
or reduced dosage requirenents and, hence, nay be preferred in sone

ci rcunstances. |sotopically |abelled conmpounds of identified above and
prodrugs thereof can generally be prepared by carrying out the procedures
di sclosed in the Schenes 25 and/or in the Exanples and Preparations bel ow,
by substituting a readily available isotopically |abelled reagent for a
non-isotopically | abelled reagent. This invention al so enconpasses
pharmaceutical conpositions containing and nethods of treating bacterial

i nfections through adm ni stering prodrugs of conpounds of the present

i nvention. Conmpounds of present invention nay have free am no, am do,

hydr oxy or carboxylic 30 groups can be converted into prodrugs. Prodrugs

i ncl ude conpounds wherein an amino acid residue, or a polypeptide chain of
two or nore (e.g., two, three or four) amno acid residues is covalently
j oi ned through an am de or ester bond to a free am no, hydroxy or
carboxylic acid group of conpounds of the present invention. The am no
acid residues include but are not Ilimted to the 20 naturally occurring
am no acids commonly designated by three letter synbols 35 and al so

i ncl udes 4- hydroxyproline, hydroxylysine, denpsine, isodenosine,
3-net hyl hi stidine, norvalin, beta-alanine, ganma-am nobutyric acid,
citrulline honocysteine, honoserine, ornithine and nethionine sulfone.
Addi tional types of prodrugs are al so enconpassed. For instance, free
carboxyl groups can be derivatized as am des or al kyl esters. Free hydroxy
groups may be derivatized using groups including but not limted to

hem succi nates, phosphate esters, 40 di net hyl am noacet ates, and

phosphor yl oxynet hyl oxycar bonyl s, as outlined in Advanced Drug



Delivery Reviews, 1996, 19, 115. Carbamate prodrugs of hydroxy and am no
groups are also included, as are carbonate prodrugs, sulfonate esters and
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General synthetic nethods which may be referred to for preparing the
conpounds of the present invention are provided in United States patent
5,747, 498w0ismuEdo May 5, 1998), United States 'patent apmpciraBez/@nséeri al
nunber 08/ 953078 (filed Cctober 17, 1997), V\D 98/ 02434 (published January
22, 1998), WD 98/02438 (published Januazé) 1998), WD 10 96/40142

(publ i shed Decenber 19, 1996), WD 96/092%2 (publ i shed March 6, 1996), WO
97/ 03069 (published January 30, 1997), WO 95/19774 (published July 27,
1995) and WO 97/13771 (published April 17, 1997). Additional pr ocedur es
are referred to in United Stafes. 1]ollicfatlon nunbers 09/ 488, 350
(filed Jahuary 20, 2000) and g8k roary 20, 2000). The
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35 Starting materials, the synthesis of which is not specifically described above, are either

commercially available or can be prepared using methods well known to those of skill in the art.
In each of the reactions discussed or illustrated in the Schemes above, pressure is not

critical unless otherwise indicated. Pressures from about 0.5 atmospheres to about 5

atmospheres are generally acceptable, and ambient pressure, i.e., about 1 atmosphere, is

40  preferred as a matter of convenience.
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Any compound described above can be converted into another compound by standard
manipulations to the R* group. These methods are known to those skilled in the art and include

a) removal of a protecting group by methods outlined in T. W. Greene and P.G.M. Wuts,
“Protective Groups in Organic Synthesis”, Second Edition, John Wiley and Sons, New York,

35 1991; b) displacement of a leaving group (halide, mesylate, tosylate, etc) with a primary or
secondary amine, thiol or alcohol to form a secondary or tertiary amine, thioether or ether,
respectively; ¢) treatment of phenyl (or substituted phenyl) carbamates with primary of secondary
amines to form the corresponding ureas as in Thavonekham, B et. al. Synthesis (1997), 10,
p1189; d) reduction of propargyl or homopropargyl alcohols or N-BOC protected primary amines

40 to the corresponding E-allylic or E-homoallylic derivatives by treatment with sodium bis(2-
methoxyethoxy)aluminum hydride (Red-Al) as in Denmark, S. E.; Jones, T. K. J. Org. Chem.



40 to the corresponding E-allylic or E-honoallylic derivatives by treatnent
w th sodi um bi s(2- net hoxyet hoxy)al um num hydride (Red-Al) as in Denmark,

S. E; Jowex3nh74K. J. Og. Chem WO 03/049740 PCT/ | B02/ 04638B02/R83¢% (1982)
47, 4595-4597 or van Benthem R A T. M; Mchels, J. J.; Speckanmp, W N.
Synlett (1994), 368-370; e) reduction 82[& al kynes to the correspondi ng

Z- al kene derivatives by treatnment hydrddgen gas and a Pd catalyst as in
Tomassy, B. et. al. Synth. Commun. (1998), 28, pl201 f) treatnent of

pri mary and secondary anmnes with an isocyanate, acid chloride (or other
activated_ carbox acid derivativ yl chlor formate ar

sul fonyl ehl ?ngé¥ 158%?1 Ye&ap REMHYN: re!%)ﬁgs@ ﬁ’iﬁ%ﬁé Urle 2P e 'E‘aﬁ}ﬁ%te or
sul f onam de; (1894)r3884¢Q; |e§/edmm1afcalkynesdtb the cpréspending dralkesedwinatesbyarsatnenusi ng

R CHCO) | 2ol £2LRFRPatLiaphaohot ol B, A | SAEVGTHS, (Ao da bl ariyle

(or other act car al Ic acid derivative), alkyl/a ormat e
or sul fonyl ‘aaimant f@rmgy apd srepRAiaamiNes Hiith 88 jSeRYanaty aE'%F'Ei%{H’ﬁt(‘e °thé§?°é'\’ated
carbonat e or casiokyiio naok arem\dtwe;;t elkyl/arjih ehlorofopoads  edifoliyh echipriées at provideemid on

may have @Sy { h(ﬁn @543 %H’r Q%U ate1 J&f&%ﬂr%r O@Qééuﬁtn}p efﬂ r‘réﬁ.&? rf')fceflﬂ' npagy or

separated in P Rdivi ereoners
physi cal ¢ he??FMPW@F‘I“Pé’P'@% B&H(BY an%h)ﬁea@wemmmmto@ W'W@@%Wﬂ?éﬁ'dl QH'Ot'CF?e art,

for exanple, (obymercéw@w éwioﬁ%b)écﬂrdefr\l‘aﬁﬁ‘é)l &IKWérledhLb&If@rhbth@tsumyl dridadd tooner s

can be separate onvetrn oneri Lures into a
ethey t f car onate or srcj:lfonrc |5| esﬁl
di ast er eonr i TMoxt ucrocrere%’on ' &ac mae Y appr opri afe op i cal | y active

conpound (e. g. aTTGOFRbYFPPU”@eﬁaH‘&t Prngant rrye@tioasmer Gavee payMEIRTicC eathasr Blomg:

(e.g., hysir orb.xszéragéncmxt&rbecanméls\éparﬂaad .neltmt.@rvegmrasteregmaﬂgen @RIa8S BaRsk Ng
pure enant i soner s

udi n ter i.c mxtures and
pure enanti o%g il r}egrlciagﬁgerargle%gy géeﬁﬁg‘? Fméﬁ" tPﬂ'éPSF ﬁ@i t'f‘g rgrﬁ%r BRGNS of
present i nveshtdnmtegtaphit ordrastidnalsirgstallipatioat Enantiomers @apa@b@amedfmrqqnwgma theni de
vari ety of dirbhRfRiRd mb@ldsSinl 4 Bia¥BlebRtS mixRA g@maa.oanrlthosrgaﬂbr@naslogﬁm
Al t hough such salts g Errra eu |callry acc or admnrstratron
Lo ani i . A8 OMEOTE e dpB SR s CEPEEOTS 3B PRV Pg- NOSMRY ¢ he
corrpound2Q)f the ipdigdital diapfeperimennto fthreqorrédpendirgigoitel epantiometsu AR sEch isemers, including

phar maceut i caéskaleomaﬁ&ﬁa&maQh@pa@laﬁanmré e eonérd@?eb o mrﬁarernvm.en latter back
to the free base ound fyqir‘treat ment wmth an i ne reagent and

subsequent | y conv@retco RS, Pt REFsept iawgntion dhat prg bagic ﬁh’?ﬂ%ér@&@i’@ ¢ \Jormne ot abl e
aci d addi t i omdesadritty of IdifteremCsatls mfd\iahbusmosgmk:anmérgarrmdmas altrooghpspomststs makt t hi s

i nvention ank @gﬁﬁgcet)frcﬂ? Q%Btgge a&&rf@ﬂ' 109 td a.r'ﬁnz;?@‘?tqs Sff%HHQHHAHeYM chtr@e to

substantially ul val ent  anount e chosen mneral or organic acid in
an aqueo®d s'@l'ﬁ?én@ dieinfagrorng £f esephinventiop gBem cthe orapetion, h s a
nmet hanol or maheealtcalipoaccesns sdit Mdapr Sinplp Rorivert ttielated Ibaexio, the froe basesi 1 ed

solid salt icf%P-\rlpgl?nqlbWre ﬁ Wﬁ‘\g‘l ?IJ%]r?e rg%fe'n{ aeﬁg sfﬁ% &eﬁ@) cton\feﬂr?he%ﬂsepfr?eebase to

precipitate organi C so
addi ng to t HePhearageytieally aﬁ:eatsba? B Agsdtien salthd| ha?c'%?dd't'er oty Pfdhea@rsel CO’BPUWfose
conmpounds pr&seiBtinvemioR Niré Géadiynprep@EE bRGreating the) bB Ednfpodiice witRRadubstaially

];Eg;?plngs:;(g fas:‘ ur‘%e}entt gmk%ntt Qf tK? crﬁfggn mRQr%(or oFg%!ng% ,8 lar‘\l alnyaqg‘go%g 5I9‘et?1l me 6’}% Iop ﬂsa
surtable organic solvent, such as methanol or ethanol. Upon careful evaporation of the solvent,
the desired solid salt is readily obtained. The desired acid salt can also be precipitated from a
solution of the free base in an organic solvent by adding to the solution an appropriate mineral or
organic acid.

35 Those compounds present invention that are acidic in nature are capable of forming
base salts with various pharmacologically acceptable cations. Examples of such salts include
the alkali metal or alkaline-earth metal salts and particularly, the sodium and potassium salts.
These salts are all prepared by conventional techniques. The chemical bases which are used as
reagents to prepare the pharmaceutically acceptable base salts of this invention are those which

40 form non-toxic base salts with the acidic compounds of the present invention. Such non-toxic
base salts include those derived from such pharmacologically acceptable cations as sodium,

potassium calcium and magnesium, etc. These salts can easily be prepared by treating the
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The ability of small molecules, their pharmaceutically acceptable salts, prodrugs and

solvates to inhibit the erbB2 tyrosine kinase receptor and the erbB1 tyrosine kinase receptor, and
35 consequently, demonstrate their effectiveness for treating diseases characterized by erbB2 is
shown by the foliowing in vitro cell assay test.

The in vitro activity of small molecule compounds as erbB kinase inhibitors in intact cells
may be determined by the following procedure. Cells, for example 3T3 celis transfected with
human EGFR (Cohen et al. J. Virology 67:5303, 1993) or with chimeric EGFR/erbB2 kinase

40 (EGFR extracellular/erbB2 intracellular, Fazioli et al. Mol. Cell. Biol. 11: 2040, 1991) are plated
in 96-well plates at 12,000 cells per well in 100 yl medium (Dulbecco’s Minimum Essential
Medium (DMEM) with 5% fetal calf serum, 1% pen/streptomycin, 1% L-glutamine) and
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ki nase. 30 compound(s)’) can be effected by any method that enables delivery of the compounds to the site
of action. These methods include oral routes, intraduodenal routes, parenteral injection
(including intravenous, subcutaneous, intramuscular, intravascular or infusion), topical, and rectal
administration.
The amount of the active compound administered will be dependent on the subject
35 being treated, the severity of the disorder or condition, the rate of administration, the disposition
of the compound and the discretion of the prescribing physician. However, an effective dosage
is in the range of about 0.001 to about 100 mg per kg body weight per day, preferably about 1 to
about 35 mg/kg/day, in single or divided doses. For a 70 kg human, this would amount to about
0.05 to about 7 g/day, preferably about 0.2 to about 2.5 g/day. In some instances, dosage levels
40  below the lower limit of the aforesaid range may be more than adequate, while in other cases still
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phar maceut i caganggesitests. c dihei ghagnacadical veontpesitiams cmay, if desired, contain additional
ingredients such as flavorings, binders, excipients and the like. Thus for oral administration,
tablets containing various excipients, such as citric acid may be employed together with various
disintegrants such as starch, alginic acid and certain complex silicates and with binding agents
35 such as sucrose, gelatin and acacia. Additionally, lubricating agents such as magnesium
stearate, sodium lauryl sulfate and talc are often useful for tableting purposes. Solid
compositions of a similar type may also be employed in soft and hard filled gelatin capsules.
Preferred materials, therefor, include lactose or milk sugar and high molecular weight
polyethylene glycols. When aqueous suspensions or elixirs are desired for oral administration
40 the active compound therein may be combined with various sweetening or flavoring agents,



Exempl ary parenteral adm nistration fornms include solutions or suspensions
of active conpounds in sterile aqueous solutions, for exanple, aqueous
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t hen proc eed®ebmeansypeaitiyl, C@’W@"\M tBTOAC” means ethyl acetate, “THF” means tetrahydrofuran
and “Bu” means butyl.

30 Method A: Synthesis of [3-Methyl-4-(pyridin-3-yloxy)-phenyl]-(6-piperidin-4-

lethynyl-quinazolin-4-yl)-amine (1):

4-(4-Chloro-quinazolin-6-ylethynyl)-piperidine-1-carboxylic acid tert-butyl ester:

A mixture of 4-ethynyl-piperidine-1-carboxylic acid tert-butyl ester (1.12 g, 5.35 mmol), 4-
chloro-6-iodoquinazoline (1.35 g, 4.65 mmol), dichlorobis(triphenylphosphine) palladium(ll)

35 (0.16 g, 0.23 mmol), copper(l) iodide (0.044 g, 0.23 mmol), and diisopropylamine (0.47 g, 4.65
mmol) in anhydrous THF (20 mL) was stirred at room temperature under nitrogen for 2 hours.

After concentration, the residue was dissolved in CH,Cl, (100 mL), washed with aqueous
NH,CI and brine, dried over sodium sulfate, and concentrated to give the crude product as
brown oil. Purification by silica gel column using 20% EtOAc in hexane afforded 1.63 g (94%)

40  of the title compound as a sticky, yellow oil: '"H NMR (CDCIl3) 3 1.45 (s, 9H), 1.67 — 1.75 (m,



25 100 percent acetonitrile for 1.5 mnutes and then 100 percent buffer
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means acetyl, "M" neans nmethyl, "ETOAC' or "ETOAc" neans ethyl acetate,
"THF" neans tetrahydrofuran and " Bu" rreans butyl. 30 Method A: Synthesis
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and di i sopr apnaidghdhi g Wath 19- MekarbsiEtAAEEHAI AHekting FRiclidhs Svith X REE 8 25, 2-
Chloro-N-[3-(4-chloro-quinazolin-6-yl)-prop-2-ynyl]-acetamide was obtained as an off white
30 solid (454 mg; 53%). 'H NMR (400 MHz; CDCls) 8 4.12 (2H, s), 4.40 (2H, d, J = 5.2 Hz), 7.91-
7.93 (1H, dd, J = 2, 6.8 Hz), 8.00 (1H, d, J = 8.4 Hz), 8.34 (1H, d, J = 1.6 Hz), 9.03 (1H, s).
Irms (M+): 294.0, 296.0, 298.1.
2-Chloro-N-(3-{4-[3-methyl-4-(pyridin-3-yloxy)-phenylamino]-quinazolin-6-yl}-

prop-2-ynyl)-acetamide: A mixture of 2-Chloro-N-[3-(4-chloro-quinazolin-6-yl)-prop-2-ynyl]-
35 acetamide (0.90 g, 3.05 mmol) and 3-Methyl-4-(pyridin-3-yloxy)-phenylamine (0.61 g, 3.05
mmol) in 'BUOH/DCE (5.0 / 5.0 mL) was refluxed under nitrogen for 40 minutes and
concentrated. The residue was dissolved in MeOH (2.0 mL) and added to EtOAc with
vigorous stirring to precipitate the HCI salt product as tan solid which was collected by
vacuum-filtration, rinsed with EtOAc, and further dried to give 1.24 g (82%) of 2-Chloro-N-(3-
40  {4-[3-methyl-4-(pyridin-3-yloxy)-phenylamino]-quinazolin-6-yl}-prop-2-ynyl)-acetamide: 'H NMR
(CD30D) & 2.27 (s, 3H), 4.09 (s, 2H), 4.29 (s, 2H), 7.07 (d, 1H), 7.51 (m, 2H), 7.60 (d, 1H),



was added 0. 04 equival ents of copper iodide (22 ng) and Pd(PPh3)2Cl 2 (82
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added to Et gtjorous Stirring precipitate sal t product
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J=2Hz), 7.92 (1H, d, J=9Hz), 8.12 (2H, m, J=2Hz), 8.16 (1H, d, J=2.4Hz), 8.60 (1H, d,
J=3.2Hz), 8.74 (1H, d, J=1.2Hz), 8.87 (1H, s ). LRMS (M"): 473.0, 475.0, 476.0.
Method E: Synthesis of 3-{4-[3-Methyl-4-(pyridin-3-yloxy)-phenylamino]-

i nazol

uinazolin-6-

35 3-{4-[3-Methyl-4-(pyridin-3-yloxy)-phenylamino]-quinazolin-6-yl}-prop-2-en-1-0l. To a
solution of 0.56 g (1.47 mmol) of 3-{4-[3-methyl-4-(pyridin-3-yloxy)-phenylamino]-quinazolin-6-
yl}-prop-2-yn-1-ol (prepared by Method B) in 6 mL of dry tetrahydrofuran at 0 °C was added
0.73 mL of a 65% weight toluene solution of sodium bis(2-methoxyethoxy)aluminum hydride
(Red-Al, 2.35 mmol) in 1 mL of THF. The reaction was stirred at room temperature for 3

40  hours. Upon recooling to 0°C an additional 0.73 mL of the Red-Al solution in 1 mL of THF was
added. After stirring for 1 hour at room temperature, the mixture was quenched with the



20 Method D: Synthesis of 1-(3-{4-13-Chloro-4-(6-nethyl-pvridin-3-yloxy)-
phenyl am nol - qui nazol i n-6-yl }-prop-2-ynyl)-3-nethyl-urea (4):

1- ( 3- {4- [woWBlosa7ae 4- ( 6- met hyl - pyri di n- 3-yl oxy) - phenyl am n@crgBO2@Esd i n- 6- yl
} prop-2-ynyl)-3-nethyl-urea: A m xture of

(3-{4-[3-Chl oro-4-(6-nethyl -pyridin-3-yl oxy) -

phenyl am no] - qui nazol i n-6-yl } - prop-2-ynyf’)-carbamni c acid phenyl ester

(0.1g, 0.18 mml) 25 prepared by Method B, nethyl am ne (2. OM et hanol
solution, 1 n., 2 mmol) and DVSO (0.5 rrL) was stirred at 80C overnight. The
sol vents were renoved under vacuum HT- %23 and the h si%ue ﬁas

re- di ssol@eddrPW'?\?eaédl“?"‘WPr%)aq”‘?%F Pgf %s'%‘éa B6128Y Cxtigrs e Y ethe acelye {h%n and
Et OAc resul targanid éutrpcte(wem tidddi over cbdidrh esultkés ifitgdd pnd @varoratéth®e ¢givet 6% mgnpound
(80 nmg, 900 y t LAt

 0OME! oo g,rﬂ tg%r a)gsog sn%igg emmg(w.a d624o. a%m%ow%)n%waﬁa}cb&enn S
J=9Hz), 7. 84anmeniung hydnexiterafforded 2¢8 mg pf theytitie C9““2H£’f’ 3 (d AMSE): 818-85) |
8.12 (2H, mNeBHZa ,2)&3‘56(m( iﬁsod,mJﬂ27é¢1@a,3)8ﬁQm( A7 2d (m, H=BoR(dz) = 8&. 74 (1

et 2Ly bt SL T % DrgbrU s I3l 47200476, 8 5o &

gui nazol i n-6-vl }- Mﬁwwe@ﬂ-4-mvndln-3 -yloxy)-phenyl]-[6-(3-morpholin-4-
3-{4-[ 3- Met ; -

l-ol. To a ] %
3-{4-[3-net hyl - 4- (W?thWﬁPVB'Q'W )() @ﬁ@ﬂ;{@ WWBTOIIEI dvkerepgrybragnazolin-4-yill-

yl } - prop- 2- ydﬂmhe ol To preapgunsian b,y o5 he do. @1 himob ofL3-0f [3aemyl-edpyadiydiyokyr an at

0 C was

bi 52 et é}epﬁa"?' SpndioifeIpiiobitoLf GRE & Hethiend, lor@Phe P, of,
The reacti onetmé@e§ 'P'i‘@d”aétadﬁ hf"i—é’ﬁﬁ’.?é’f‘ﬂﬂl?ré’ef ahe @aﬂt@”N@ﬁﬂ‘Eate‘Iﬁdﬁo ‘Cdeool i ng
t gdog aRf addi hbwRAd the. s?@eﬁﬁ-w@rfa evirdtatito Aroviie | [64{3-ahlord-profenii)-qaifiazdiEt-yis-

adde ter3|rr|n or

guenched wi t A |4( Bgly(lﬁfbf%%ﬂ@%m%n}fg@oﬁm%Cvgs %.EJZ,ReH]S;%‘f ad%ﬁdw?%dn of
10% aqueous @@p@s@u tbmn@étr tsaetiane Emiheesalytian tob d6- (ﬁrqhwrfe@rﬁwy'érs@ﬂﬁcp@ -4-yhig-

or gan|6 goﬁeﬂt I @6t 4VWriG|nd!r-9Ic& -SHERYI]-HkH WD Sddkd at1e mf bfl r?&b!&ﬂnéif}ﬁi (Swnﬁ[ ated to
give nyg. S| el uting, w

chl or of or ml nfSf %‘P?'cgﬁc@ ‘E%W@%I% %47%“% %afﬁggér B &OAFT 51198 t%%er%reof t he
title conpouard. pattibridiiRetwgen DIB@Hueols Qotaglu-(rscarbom?te agd 5myi(aﬁ?tatz) Th@ag®ogsm 2)
8.01 (m 1), Iayer%s(fmhes)extra?:teﬂJWIWchﬂ-)acetgte 2Rd (tlﬁB combined- &aarﬁda we}e iy an]-o

(l)m g) 772( gBev‘gagoratgsi to y:%ﬁﬁ (g%? m%@rﬁﬁ ntgq érogl.fct was {)urif:eg on a sullca gel preg blate
f 3- Met hy s 4- €iptinginith @6:3:04I amo;o)‘erpuheﬂwarioudoﬁse(nsatamarphnohlurn-mdromde to afford 26 mg
yI-propenyI)

[ 3- Met hyl - fg';'/grtp' | n-g-unél t\{MFQ (5@71 (f 1)r$03r3p(rk?o 21-94-(?1) 780 ¥ 2)176-;9qui naz
ol i n- 4- yI] ﬁmﬂné 81m . 752% n1é| @fJ68£73'51d> ©Pdd1Y it )HZOF) A8Tm’ 1)
3-{4-[3- et hyke ¢, @wrzlsdm 2),2:681(0x¥)) 2.24.6, 3).
phenyl am no] - qui nﬁzlo ]

chl or!de and 1 m_ O

d,

E-(3-{4-[3-chIoro-4-(6-methyl-pyridin-3-y|oxy)-phenylamino]-quinazolin-s-yl}-
allyl)-carbamic acid tert-butyl ester: To a solution of 7.53 mL of a 65% weight toluene
solution of sodium bis(2-methoxyethoxy)aluminum hydride (Red-Al, 24.2 mmol) in 90 mL of
tetrahydrofuran at 0°C was added 5.0 g of (3-{4-[3-chloro-4-(6-methyl-pyridin-3-yloxy)-

35 phenylamino}-quinazolin-6-yl}-prop-2-ynyl)-carbamic acid tert-butyl ester as a solid. The
reaction was stirred at 0°C for 2 hours, quenched with 10% aqueous potassium carbonate and
extracted with ethyl acetate. The bombined organics were dried and evaporated. The crude
material was purified on 115 g of silica gel, eluting with 80% ethyl acetate/ hexanes to afford
442 g of E-(3-{4-[3-chloro-4-(6-methyl-pyridin-3-yloxy)-phenylamino]-quinazolin-6-yl}-allyl)-

40  carbamic acid tert-butyl ester. 'H NMR (CDCl;): 5 8.66 (s, 1), 8.24 (m, 1), 8.03 (m, 2), 7.77-



1 hour and the solvents were evaporated to provide

[ 6- (3-chl oro-propenyl)-qui nazolin-4-yl]-[3-

met hyl - 4-Wpysiodi7me 3- yl oxy) - phenyl ] -am ne [ M5: M 403. 1] whipch/msaeso4aiéssol ved
in THE and used directly in the next reaction. To the solution of

[ 6- (3-chl oro-propenyl )-quinazolin-4-yl]-[3 20

nmet hyl - 4- (pyri di n- 3-yl oxy) - phenyl ] - am n&“was added 0. 10 nL of norpholine
and 0.044 nlL of triethylam ne. The m xture was heated at 85 C for 16
hours, cooled to roomtenperature, and partitioned between 10% agueous

Ot ract o8 w19 B A7 TABCARP A 1 R eoeh Fad: Brpanirt 3 e B p bl

evapor at ed ta62(sed)M.45/(sa). of material. The product was purified on a silica

I | at t d
S o P A i M
8 8.71 (s, wheng]-aminem Te)a soution of $.4219 of £-@d4-{3hlopg-4-(6metyyl-pyrdin-3-yloxyy- 58
g m461% 7. 2Cbh(eﬁ9|arﬁ|n)oé -qGin&Ablir-6lyl)-diyFc&bdmittzcid tert-bulyl @Stef #,21dnE= o%tr&y&ﬁl\/fg{aﬁ) 4G

. m o (0}
Synt he5|1501 f aé"ﬁf’?ds ?}I‘L[%‘zcﬁl'%‘%gc ”féb'ﬂ-etﬁyl"(%\’f?u")c?sd‘eé‘eg géo fsfz” g hours,
phenyl anmi nolcogled trereoh item@rapirg aed thagified withetBhraqligoysmotassium carbonate Methylene
}E— g |3| { |4) [ gafégloﬂaégwgscé&em Mlaquus drhﬂur?_am_jr g%ka Pragpigked ﬂ\@]s‘oﬁHJWE@ﬁlfg]['édg 253/ !
her gt 1 of udHa &1 A 1o 208 S ohFNToTSroenBr bRy Bty ey e
(Red- A, 24. p&ndtmmJyDoxy)mh&QI]-mnmef H NEIRr (@hpuso: Lﬁr&az &, 10@B.58am, aoicBaZB n,)g of
(3-{4-[3 & Nl derit %Hﬁ%h&f' f/y(Fn' ?)'953’(&('3%3’ )344gn 2,247 (5.3

phenyl am no] qui nazol [ -carbamc

tert est er
as a solid. The FN43{4- b"rP'!A&'@ ﬁt"l'?t@d Pat'd'O@ ¥y)- Ehwmm]ql‘l@?éﬂébg ¥WHth 10%

aqueous pot 3a$|§l)-HE@t§|ﬂfd80 AigurdRe14. 43,Z£Lt q_%'fnﬁﬁ’ol)!bifb&nebae{ bnes b ©. 33Trhmo|«;@mbl ned
organi cs were evaporat e urified on 115

g of siica G OrSYGTPRITHE IR 2500, L TMIaRE SR04 REREL oo Ly =g 22 g
treated with 100.3 mg of E-[6-(3-amino-propenyl)-quinazolin-4-yl]-[3-chloro-4-(6-methyl-
E-(3 {4-403- %}h&?ﬁ 9 Bh ﬁQbﬁ‘nepyﬁ'hg'rQac%oerw%y%_llroWQ@QwsﬂmapQ])onql{br‘ﬂﬁgerUen %yl

}-allyl) 40 Carbamc acid tert-b ester VR ( CDC é
8. 24 (m 1) ovemnight. ( fhe 25“'“?3“7Wh%fﬂ@ﬁéd‘@?iﬁerﬁﬁm’ syPMeipersphed ap siicazggks (m
3), 7.13 (meldipg vsﬂih %7108 methamol/Bhlgrofidzy td pfforé.156 n{gdof the titld c@bpduny; ) 254 9 (m

1), 3.90 (m,s29s ( 6
£/t 6 (3- am 1505 g ST Qs ko se 03] 850 8 ). 848 br. 0 p70UM R FF (NG 5.y
oxy) - phenyl{m é)n‘?ﬁé(d JFOB éHsdl) Ut34dm. 8% 749 2 J§ 8of Hz, 1), 6.61 (d, J = 16.2 Hz, 1), 6.48
E- (3-{4-253- qh, @y@gé(r{,@)rret hyI pyri di n- 3-yl oxy)
phenyl am no] - qui nazol i n- 6- -al |yl ) .C
nmL of tetrahydrofttan Wers— atraetr
m xt ure was (bested-patidi yi-pienfy B pmide (s
basified with 10% aqueous pot assi um car bonat e. NEt hyI ene chl ori de was
added to the aquelusstities selvtionh@.1259d0BH Mmuraddf 5r6-8-amino-meeenybiapigaaptins4-
E |[ gez gd an?] [SifnbﬁhQI 4 rﬁ/étr%* erlam%%/lcﬁymhlenyl] amine (prepared according to method G) in 1

- m no Ul nagzol I n

yr| di n- y|r6‘x§§8§ﬁ°é%9%ti‘a Sr"ﬁt Wasl—f’% %’8 Ijﬁlg )mm%) % "g’ﬂ (ssbag(i ollowedzby

8. 26 ( mdr@wjse addition of a solution of 48.2 uL (0.34 mmol) of 4-chlorophenyl chloroformate in 1 mL
of dichloromethane. The reaction was stirred 30 minutes and evaporated under reduced

pressure. The residue was dissolved in 2 mL of dimethyl sulfoxide and 123 uL (0.94 mmol) of
(S)-(+)-2-(methoxymethyl)-pyrrolidine was added neat. The reaction was stirred for 3 hours at
35 room temperature. The reaction was quenched into 10% potassium carbonate and extracted
with ethyl acetate. The organic layer was washed several times with water and twice with
brine. The organic layer was dried over sodium sulfate and reduced to yield the crude
material. This material was purified over 90 g of silica gel using 96:4:0.1
chiloroform:methanol:ammonium hydroxide as eluent to yield 75 mg (0.14 mmol) of the title
40 compound. 'HNMR (ds DMSO): & 9.83 (s, 1), 8.56 (s, 2), 8.21 (d, 1), 7.95 (d, 1), 7.80 (d, 1),



15 7.99 (m 1), 7.89 (m 1), 7.77 (m 1), 7.30 (m 3), 6.67 (m 2), 3.44
(m 2), 2.47 (s, 3).

E- N- ( 3- { 4Wwp3I3@id7a@0 0- 4- ( 6- met hyl - pyri di n- 3- yl oxy) - phenyl ampPaa]iBepa46zzol i n- 6-
yl'}- allyl)-acetam de. A mxture of 14.4 pL (0.25 mmol) of acetic acid and
40.3 nmg (0.33 mmmol ) of dicycl ohexyl car bod| imde in 2 nL of nethyl ene
chloride were stirred for 10 nminutes and®'"treated with 100. 3 ng of

E- [ 6- (3- am no- propenyl ) - qui nazol i n-4-yl]-[3-chl oro-4-(6-nmethyl 20

pyri di n- 3-yl oxy)-phenyl] am ne. The reaction was aI I ovved to stir at room
tenperature _overni recipitate whic filtered and

chr bt ogf aphaRidon. 07t 2 el 6. b 663 iy W h 3. BOOREt et &R Sr bAterm o
afford 106 ny), ndo /3, 224t(lsea)c‘omx0umﬁ np 254- 256C,'H NVR (d6 DVBO): 6 9. 88
(s, 1), 8.58 (s, i $ . (
7.71(d, J= 8. 7
16. 2 Hz,

Eé - 28; hMs'lt ho%ym;t hvd 3 BUIGtFoﬂ'df@' m qlcoca@r,meﬂybﬂ s.[ea@,ltédn r(o?r&éﬁe% %&.Jﬁébmﬂa yIL3- s
gl'o gest ?/EIQ g)érwgta}l [A}i(g é%thélf;}%q géylo )%gtle A W,ﬂjg: é‘rgéﬁ?e accord¥1g to met%d )G)é}rgn 1 Ei. ):
E- [ 6- ( 3- am n&f-dichpeetane Gitl OP@ 2vaks | aiddd 65 uL (0.47 mmol) of triethylamine followed by a

I 3- et hyl \
2cbor ding. 1 WP Gt Rt Bk EURE ARG R RFREE e o 5
L (0.34 mmol feadsipn pamstiyed alfie dorfIodub wEE rjxturg e whenshedtwitt @ enapwise adddien at i on

gf ﬁ|8 2 uLt Elfb"/;gﬂotﬁggmhﬂcaﬂfonétecmh@"a@&ﬂﬁ@)derﬁﬁﬂs@'x@id@édmtrﬁdldaﬁbram&hane@ng the |

I C oro an e reac eva under
Ceucon oy cethied SPRREHEEP S ium ok SPedave sodit Su B st RRR R T e
and 123 L (Ocrgde materia) wad purifig) orf 90 g 2f gitmatdeostytive witly 195:4)9y1r ehisiréfelimemethanobdded
neati The reﬁ%brmn?] roxlde " k6 datfoRd ﬁaéb%l&ﬂ (844- @Emétﬁwm %Ewt@t.am @-ylo;_ﬁ-e
reacti on was uenc I Nt Q SI um car e a eXx act ed

et hyl acet at@%”ﬂ%” th'ﬁ?ﬁ%‘"%’é'f@'ﬁﬂ ”tWﬁ%"H@d g @ {] ?'h'”m?at"?é'r °'21nd
twice with ibetharel washeeated gaopwiselvati @rsolntien ddil et (6@@rrnrmjbbflmmassulnh adreorated

reduced 4@ y.r%lsdmi Bﬁw&wdﬁe gmﬁ.&{ Wi stnrr-gg'aﬁo%tt@rﬁt)&latu%r PHbU i1Rd rQ¥fdn 90 9
of silica gel using 1 hl or of or m et hanol : anmoni um hydrOX| de as

el uent to yi ‘%‘fsoe"?‘??r?@d Qr@ t'l%‘*ﬁ'ﬁ?ﬂ Yasgrartitiened PpiMeen Were RSB ™! IHRR/ASUEHS
DMSO) : 6 9. 83yef %as dxtractéd tuce(veth cRiprofdsm 2id (he corhbined/or@midsaverel washed 8ith Kride, 1)

\6/\06g3£ 349]7_40drP§-§{,¥LrB%(u gﬁ’gte eép%iég té 38”1?108 r%g?& tlgérgtéez omp%ugi (47%1) 49 (
3), 2.24 (s FWR(%@@S@ 5947)8(5 theuis) 1), 848(3 1), 815(d 1),7.95(m, 2), 7.6 (m 3),

E- 2- Hydr gxy- Nz((%réﬂs@é(dm; Bk (dt; ()63@(& hy l2-4pys, 3fli2n- 3- vl oxy) -
phenyl am nol - gui nazol i n-6-yi}-all'yl)-isobutyram de (9): To a solution of
0.170 g (0.42 nmol) of E-[6-(3-am no-propenyl)-quinazolin-4-yl]-[3- 10
met hyl - 4- ( 6- met hyTheggliowidd axagnpjdsoyeyd prppaser/usingdre methgdsdepriibediab¥e or di ng t o
method G in 1 nL of dichloronethane ggL@F was added 65 L (0.47 mmol ) of
triethylampe followed by a solution of _BbH plL (0. 45 mml) of
2- acet oxyi sp&EPR§1| chl oridein ¥e®e of dichl or gri¥RRANRM$d HPLC
No. RT

1 N-{3-[4-(5-Methyl-6-phenoxy-pyridin-3-
ylamino)-quinazolin-6-yl}-prop-2-ynyi}-2- B 452.2 7.10

oxo-propionamide

2 E-Cyclopropanecarboxylic acid (3-{4-[3-
methyl-4-(pyridin-3-yloxy)-  phenylamino]- G 452.2 5.48
quinazolin-6-yl}-allyl)-amide

3 2-Methoxy-N-(3-{4-[4-(3-methoxy-
phenoxy)-3-methyl-phenylamino]- B 483.2 6.72

quinazolin-6-yl}-prop-2-ynyl)-acetamide

4 E-Cyclopropanecarboxylic acid (3-{4-[3-
chloro-4-(6-methyl-pyridin-3-yloxy)- G 485.7 5.77




reaction was stirred at 0OC for
dropwi se addition of

with brine,

was purified on 90 g of silica gel

met hanol /

2-acet oxy-N-(3-{4-[ 3- et hyl
phenyl am no] - qui nazol i n-6-yl }-al lyl')-isobutyran de.

anmoni u

1 hour.
10% pot assi um car bonat e.

m hydroxi de to affort
- 4- (6- et hyl

The m xture was quenched with a

The aqueous | ayer was
ext ract edwaiosl4dischl or onet hane and the 15 conbi ned or gani @ETIBO24686s hed
dried over sodium sulfate and evaporated. The

-pyridin-3-yl oxy) -
A solution of this

crude

materi al i m__of net hanol was treated dr opwi solution of 41 g
(3.02 nmol )| 5xPR% dssi um car bor®@®€ 20 in 0.5 ni 'ng Wltléws THE S0l ut i on was
stirred at roomteqperature for 1 hour. The reaction| was e¢vaporated and
t he resi dug—was—part héh Ya:‘r‘ﬁr‘ib]d SR Rbith aRRd ¢htorofform—The—agtieous
| ayer was extracted o 'E ciﬁ or}é‘prﬂn and the combined|organiics were
washed with bri%e, E:INt(é&H [é\ﬁé’ioros‘b(ﬁ methduyiditE and evaporated to yield 100
ng of the tjitle CO”W%@ héﬁ’y?a%lno] &HHE@n(GC{ﬁ} B0 1 G5 9. 4.0, 5b), |8.50 (s,
1), 8.48 (g, 1), 8.1 tgjd . (m 2), 7.6% (m 3), 2% 7.21{(m 2),
6.96 (d, 1), 6.56 (cﬁ"e jde 3 92 (t 2), 2.46 (s, 3),[2.1. The fol/l owing
exanpl es ware [ epgreGMegiyFispxaioe-Jredrbogle gt (x-ibed above. |Table|l Exanple
Nare Nethod LRVS Hilgi-Nony @Tembubk-&dahd-/cRp Vet hyb: 61 paoxy sy i di n- 3
yl am no) - qui nazol i n- %/&J I op- P/Ag/ % 452.2 7.10 ox0-propiionam de 2
E- Cycl opr ofanecar b8Py ]8“"(§°{” YRAIYNRPIE) {4- (pydi di n- 3-yl oxy) -
phenyl am nqg] - @ 457.2(35448Mettjyarpidiniyidyy! } - aljl yl ) -am de 3
2- Met hoxy-N-(3-{4-[ h% it H:be_ 3- et hyh- phepylam ggh- |B 483. 2
6. 72 quingzolin- 6-31 %ﬂm J@Mazo Q%Wﬂm de 4 E-Cycl opropanecalboxylic
acid (3-{4-[3- chl or‘@fbﬂm(c@-c Wesﬁﬁhl di n-3-yl ¢xy)- G 485.7 5.77{WO
03/ 049740 HCITT 1gB02] Waﬁoxy-pgrzoha)(@ﬂq@h[@om Gethod LRVS HPLC No. |RT
phenyl am nq] - qui nazol ing 6N 3 78k X
E- N- ( 3- { 4- [|3- Chl or g- 51 erré’l%]{flja "¥e”}y' ?@-_%%ﬁox;) pheny! ani no] -
qui nazol i n-|6-yl } - al IF;YIK)"J 3190%9“@13/'9"10‘9]-(1%@6?"&1% de D 551.3 | 6.27
yl}-prop-2-ynyt)-amide
9 E-2-Methoxy-N-(3-{4-[3-methyl-4-(6-
methyl-pyridin-3-yloxy)- phenylamino]- G 4701 5.05
quinazolin-6-yl}-allyl)-acetamide
10 1-Ethyl-3-(3-{4-[3-methyl-4-(pyridin-3-
yloxy)-phenylamino]- quinazolin-6-yl}-prop- D 4531 5.16
2-ynyl)-urea
11 E-Cyclopropanecarboxylic acid (3-{4-[3-
methyl-4-(6-methyl-pyridin-3-yloxy)- G 466.1 5.41
phenylamino]-quinazolin-6-yl}-allyl)-amide
12 1-(3-{4-[3-Chloro-4-(pyridin-3-yloxy)-
phenylamino]-quinazolin-6-yl}-prop-2-ynyl)- D 473.2 5.45
3-ethyl-urea
13 2-Dimethylamino-N-(3-{4-[3-methyl-4-
(pyridin-3-yloxy)- phenylamino]-quinazolin- C 467.3 415
6-yl}-prop-2-ynyl)-acetamide
14 [3-Methyl-4-(pyridin-3-yloxy)-phenyl]-(6-
piperidin-4-ylethynyl-quinazolin-4-yl}-amine A 236.6 435
15 (3-{4-[3-Methyl-4-(pyridin-3-yloxy)-
phenylamino]-quinazolin-6-yl}-prop-2-ynyl)- B 440.3 5.61
carbamic acid methyl ester
16 3-Methyl-isoxazole-5-carboxylic acid (3-{4-

mat eri al

eluting with 96:4:0.1 chloroform/



6 E-5- Met hyl -i soxazol e-3-carboxylic acid (3-

{4-]3-nmet hyl -4-(6-net hyl -pyridin-3-yloxy)- G 507.2 6.04

phenyl aniwolo3gui7m@zol i n-6-yi}-allyl)-am de 7 PCT/IB02/04636

E- (3-{4-[3-Methyl -4-(pyridin-3-yl oxy) -

phenyl am no] - qui nazolin-6-yl}-allyl)- G 442.3 5.60 carbam c acid nethyl
ester 8 3-Met hoxy-pyrrolidine-1-car boxyl’%c acid

(1, 1-di et hyl - 3-{4-[ 3-met hyl - 4- (6- net hyl -

pyridi n-3-yl oxy) - phenyl ami no] qui nazolin-6- D 551.3 6.27

y|} pr op- 2- fhny\/ I\L{Q I/I r" m:fh\JI_A (6
met hyl - pyrid Eﬁv ig‘-"?/l oxy) - phenyl Qﬁ'i“ﬁo] G 470. 1 |2Mg9d”| LRMS 7} HPLC
gui nazol i n-6- yN$.- al |l yI ) - acet am i de 10 1 RT

-Ethyl-3-(3-{—4—-[—3—m§- et <D ) phrenytauacy

qui nazol i n-6-yl }-pr %B‘yﬁ%?%étgwfglm 7 k%’ - ur] eabll 054 | 605
E- Cycl opr opanecar boWPN&a”aE‘?]ﬂlU'(‘%ZO{"ZtG?"BPTOP % Y”Y')
met hyl - 4- (6 met hyl -|fideli n- 3-yl oxy) - G 466.1 5./41
phenyl am gc} geraze-H-r—6—y—atH)—am-de—32
1-(3-{4-[3-Chl oro-4-(pyridin-3-yl oxy)-
phenyl am no] - qui nazol i n-6-yl }-prop-2- yrBXAMPLUE ¥77/3. 2 5. 45 3-ethyl-urea 13
2-Di met hyl am no- N’h@el i‘)AVa[ug %gttmlnh‘gménow éra?1} re%eﬁ%roéﬁyaphoiph?rylatloen and erla}:‘se 14

phenyl am no - qui nazo in- pr.op- 2- yny

[ 3- Met hyl - r(aﬁﬁpltqr aptﬁp@pmrﬂm %Fﬁ’ﬂn n@g using the in vitro céll assays descrlbed above
pi peri di n- 4-JHecloloyingl tatslelisR@izs0bédlgttivity i theastalemdleclBB. for the 3bB21{rosine kinase

(3-{4- 316\/Etm4us %e(e[??éf Q%Qm%f)ﬁk%}{)nbe form PSa ralgo 2 48rb§2 grbgl selectlwby ratio. The

phenyl am no] gw nazo amc acid
met hyl est erIa GolBmN/EROM the Wﬁt@@%mﬁﬁwwqwa&mo&c?@ fonthe\erb83 resao s 0
PCT/ 1 BO2/ 046 the BBovirigkgyt e* NewenMybt osh hR\MmdHRE 61-108 nMRTThe small molecule

[3-methyl -4- cgo%pguer;[d Xc,lnmpry Bélgw r%re pgt!arﬂxa\ﬁzi hlg%ly s%?ectlve tht?tors for the erbB2 receptor

tyrosine kinase.

3

[

erbB2/
Method of { Example
Compound Name erbB1 Potency
prep #
ratio

N-{3-[4-(5-Methyl-6-phenoxy-pyridin-
3-ylamino)-quinazolin-6-yl]-prop-2- 101 el B 1
ynyl}-2-oxo-propionamide
E-Cyclopropanecarboxylic acid (3-{4-
3-methyl-4-(pyridin-3-yloxy)-
[ yl-4-(py yloxy) 658 " G 5
phenylamino]-quinazolin-6-yl}-allyl)-
amide
2-Methoxy-N-(3-{4-[4-(3-methoxy-
henoxy)-3-methyl-phenylamino]-
p y) yl-pheny ] 103 . B 3
quinazolin-6-yl}-prop-2-ynyl)-
acetamide
E-Cyclopropanecarboxylic acid (3-{4-
3-chloro-4-(6-methyl-pyridin-3-
[ ( id 142 ** G 4
yloxy)-phenylamino]-quinazolin-6-yl}-
allyl)-amide
E-N-(3-{4-[3-Chloro-4-(6-methyl-
pyridin-3-yloxy)-phenylamino]- 108 ** G 5
quinazolin-6-yl}-allyl)-acetamide
E-5-Methyl-isoxazole-3-carboxylic 437 o G 6




phenyl am no] - qui nazol i n-6-yl }-prop-2-ynyl) am de

5 EXAMPLE 17 The 1C50

val ues for the inhibition of erbBl receptor autophosphorylation and erbB2
recept or wotisphayphor yl ati on were determ ned using the i n PAIMBIn®@kss assays

descri bed above.

The follow ng table shows selectivity of the small

nol ecul es for the erbB2 tyrosine kinase 10 versus the erbBl tyrosi ne kinase
inthe formof a ratio of erbB2:erbBl sé‘T’Aéctivity rati o. The

shows the potency (I1C50) of the each of the snall
with the follow ng key:

recept or

* k% *

< 20 nM

| ast col

nM The smal | 1o compounds-shown bel ow are potent and highly
sel ective i nhi|BES S RPoHeth&@PeBY recept or  {yrosi ne| ki nase. | er bB2/
Conpound Nane |ewyiidBi3-Hokyrpoanylefainhpd of Exanple| ratio prep #
N-{3-[4-(5- Met =B DReNOX V- idin 3tylam ng)-quinazolin-6-yl]-prop;
101 *** B 1 y%nfg¥gggggwoag¥%lnam idel E-Cycl gpropanecarbaoxyllc aci
[ 3- met hyl - 4- ( Py Sd4ihMethyHadryfipingstxyy G 2
phenyl ani no] - qyheazaindlgéinazolr-ey)-ail))- am des3 21 Methoxyr N- (B- {4 [ 4-£3-m
et hoxy- phenox%)a- - net hyl - phenyl am no]| 103 **|B 3 qu| i nazol
in-6-yl}-prop- -QP%WC a)c']a)a(t%eé yg?ﬁt%e E- Cyicl opr opanecarboxylic acid (3-{4
[3-ch | o ro-4-XMethexyipyroligpe-l gaboyli@ 142 ** G| 4
L DA L G e B O Y )y - phelnyl i no} - 108 *
- -{4-] 3- oro-4-(6-m yl pyridi n-3-yl oxy) - phenyl am noj - j
qui nazol i n- 6- y?#"ﬁﬁ\y&ﬂy&g%éé@% de 3t B 8
phenylamino]-quinazolin-6-yl}-prop-2-
ynyl)-amide
E-2-Methoxy-N-(3-{4-[3-methyl-4-(6-
thyl-pyridin-3-yloxy)-
methyl-pyridin-3-yloxy) 116 " G 9
phenylamino]-quinazolin-6-yl}-aliyl)-
acetamide
1-Ethyl-3-(3-{4-[3-methyl-4-(pyridin-
3-yloxy)-phenylamino]- quinazolin-6- 112 > D 10
yl}-prop-2-ynyl)-urea
E-Cyclopropanecarboxylic acid (3-{4-
3-methyl-4-(6-methyl-pyridin-3-
[3-methyl-4-( m-e yl-pyridin 192 " G 1
yloxy)-phenylamino]-quinazolin-6-yi}-
allyl)-amide
1-(3-{4-[3-Chloro-4-(pyridin-3-yloxy)-
phenylamino]-quinazolin-6-yl}-prop-2- 121 hid D 12
ynyl)-3-ethyl-urea
2-Dimethylamino-N-(3-{4-[3-methyl-
4-(pyridin-3-yloxy)- phenylamino]-
(pyri |r.1 yloxy)- phenylamino] 182 e c 13
quinazolin-6-yl}-prop-2-ynyl)-
acetamide
[3-Methyl-4-(pyridin-3-yloxy)-phenyl]-
(6-piperidin-4-ylethynyl-quinazolin-4- 196 > A 14
yl)-amine
(3-{4-[3-Methyl-4-(pyridin-3-yloxy)-
phenylamino]-quinazolin-6-yl}-prop-2- 140 ¥ B 15
ynyl)-carbamic acid methyl ester
3-Methyl-isoxazole-5-carboxylic acid
216 > B 16
(3-{4-[3-methyl-4-(6-methyl-pyridin-3-

um

nol ecul es for the erbB2
** 21-50 nM and * is 51-100

2-
3-{ 4-

G5



E- 5- Met hyl -i soxazol e- 3-carboxylic 437 *** G 6 WD 03/049740 PCT/1B02/ 04636
-34- acid (3-{4-[3-nethyl-4-(6-nmethyl pyridin-3-yloxy)-phenyl am no] -

qui nazol iwo@sphgr4@l | yl ) - am de E- (3-{4-[3-Met hyl - 4-(pyri dPcmABe2I4636y)
phenyl am no] - qui nazol i n- 6-yl } allyl)- 1133 ** G 7 -carbam c acid nethyl
ester 3-Methoxy-pyrrolidine-1-carboxylic__acid

(1, 1-di net hyl - 3-{4-[ 3- net hyl - 4 (6-met hyl -Spyrldln 3-yloxy)- 308 * D8
phenyl am no] - qui nazol i n-6-yl }-prop-2 ynyl)-anm de

E- 2- Met hoxy- N- (3-{4-[3-met hyl - 4- (6- nethyl - pyrld in-3-yloxy) 116 ** G 9
phenyl am no] -
- Et hyl - 3- ( 3- { 4Y[P%)REEN F‘rﬁ"@‘ﬁWP'Hﬁ‘%V'}S vl oxy) - henyl ani no] - quj nazol i n| 6-
112 ** D 10 ylp}opg?rympl) Zbrryde yl)-urea E-|Cycl oprgpanecarboxylic lacid (3-{4-
[ 3- et hyl - 4- (6=mrethyt=pyridin=—3122—*—6 1%

yl oxy) - phenyl am no] - qui nazol in-6-yl} allyl)-am de
1-(3-{4-[3-Chl oro-4-(pyridin-3-yl oxy) -

phenyl am no] - qui nazol i n-6-yl }-prop-2- 121 ** D 12 ynyl)-3-ethyl-urea
2-Di net hyl am no- N-(3-{4-[3-nethyl - 4-(pyridin-3-yloxy)- phenylam no] 182
*** C 13 qu inazol in-6-yl}-prop-2-ynyl ) acetamde [3-Methyl-4-(pyrid
i n-3-yl oxy) - phenyl ]




(6-pi peridin-4-yl ethynyl - qui nazolin-4- 196 ** A 14 yl)-am ne
(3-{4-[3-Methyl -4-(pyrid in-3-yloxy) phenyl am no]-qui nazolin-6-yl}-prop-2-
140 * B WO ognyd7¥e car bam ¢ acid nmethyl ester PCT/IB02/04636

3- Met hyl -i soxazol e-5-carboxylic acid 216 ** B 16

(3-{4-[3-nethyl -4-(6-nethyl -pyridin-3 WO 03/ 049740 PCT/|B02/ 04636 - 35-

yl oxy) - phenyl ami no] - qui nazol i n-6-yl} pro#f2-ynyl)- anmi de WO 03/ 049740
PCT/ 1 B02/ 04636 -36 5 CLAIMS 1. A small nol ecul e erbB2 inhibitor, wherein
said erbB2 inhibitor has a range of selectivities for erbB2 over erbBl
bet ween 50-1500. 2. The small nol ecule erbB2 inhibitor of claim1, wherein
said erbB2 inhibitor has a range of sel €ltAlNSties for erbB2 over erbBl

bet ween 60-1200. 40 3. Al?n@n ﬁe@&he émé@m.b@oramﬁ@n EdEBBRS MhibAdr Hal irdRgé of
wherein said er hB2 inhib ﬁf selectivities for erbB2 over

er bBl bet weetf ec?ﬁ"'tfﬁofﬁr erasz "’I”ﬁéergﬁj:?th%{% dP% erbB2 i nhibitor of claim 3,
wherein said erbB2 inhiie $roull mbiesileaerbBdh @pbibitdr of elactl| widréie saifl @rbB2r ibiAtoover

erbBl bet weep, ?‘%ﬁ@% rf]s?%cnm& fmgz d;r,g,lé?wl @etﬁgeplggmmﬁl bitor of claim4,

wherein said e range selectivities for erbB2
over erbBd betweeh 100T’390€5“a”6m°"1fh‘@ %’Pr%q inhf é’éﬁ'la@‘ ér Wierein SAf 5118e PR | ai m
5, wherein sidsth rafdelR seléﬂmmbestf@rrerbamﬂeeermmlngae/v@ﬁ g8sabextivities for erbB2

guer erbBl betueen 1101&00namoiddift S8 InnERA-F Waftn 8T AFeih Wt kel nf@bior ! 21 M

6, wherein said er bBZ 7to ess an a out 5
8. A nethod o arpeagqf ﬁ@je%'b'lf‘l%?r RaeroB2PYer GPBIWPHWEN W-3P8nmal conpri si ng
admi ni stering to sai d TREHAI AlecurDBB2 Dhibioroflalm ADWELeh SaierelB2 ihtmbtiobi t or

that 18 551 SfliaEnad @ LEGRILR, ARBOLIPLIERLLNBLOHf0pNd sald e B2

inhibitor " hasa ra over erbBl between
50- 1500. 9. The n®@t hodeﬁﬁf smadlignetele iR Bhivites Hf ¢laisy BBREhareinispF teHB2; ighikier ect ed

fromthe 25h£ra%nﬁ>ge<‘& §§éc$|tnhékgfopérb82 over erbB1 between 110-200.

?_{23()&3_(5 Met hyl ph?h OXrXaler¥ Itlacu\e ergBéllnﬁllbltoroJr %L" av%f?elrtlam said rt]B2 nhﬂ?tor ynyl

has an ICs, of less than about 50 nM.

20 8. A method of treating abnormal cell growth in a mammal comprising
administering to said mammal an amount of a small molecule erbB2 inhibitor that is effective
in treating abnormal cell growth and said erbB2 inhibitor has a range of selectivities for erbB2
over erbB1 between 50-1500.

9. The method of claim 8, wherein said erbB2 inhibitor is selected from the

25  group consisting of:

N-{3-{4-(5-Methyl-6-phenoxy-pyridin-3-ylamino)-quinazolin-6-yl}-prop-2-ynyl}-2-oxo-
propionamide

E-cyclopropanecarboxylic  acid (3-{4-[3-methyl-4-(pyridin-3-yloxy)-phenylamino]-
quinazolin-6-yl}-allyl)-amide

30 2-methoxy-N-(3-{4-[4-(3-methoxy-phenoxy)-3-methyl-phenylamino]-quinazolin-6-yl}-
prop-2-ynyl)-acetamide

E-cyclopropanecarboxylic acid (3-{4-[3-chloro-4-(6-methyl-pyridin-3-yloxy)-
phenylamino]-quinazolin-6-yl}-allyl)-amide

E-N-(3-{4-[3-chloro-4-(6-methyl-pyridin-3-yloxy)-phenylamino]-quinazolin-6-yl}-allyl)-

35 acetamide

E-5-methyl-isoxazole-3-carboxylic acid (3-{4-[3-rﬁethyl-4-(6—methyl-pyridin-3-y|oxy)-
phenylamino]-quinazolin-6-yl}-allyl}-amide

E-3-{4-[3-methyl-4-(pyridin-3-yloxy)-phenylamino]-quinazolin-6-yl}-allyl)-carbamic acid
methyl ester

40 3-methoxy-pyrrolidine-1-carboxylic  acid  (1,1-dimethyl-3-{4-[3-methyl-4-(6-methyi-
pyridin-3-yloxy)-phenylamino]-quinazolin-6-yl}-prop-2-ynyl)-amide



pr opi onam de E-cycl opropanecar boxylic acid

(3-{4-[3-met hyl -4- (pyridin-3-yl oxy) - phenyl am no] -

gui nazol iwo®3pid74@l | yl ) - am de 30 PCT/IB02/04636

2- met hoxy- N- ( 3-{4-[ 4- (3- met hoxy- phenoxy) - 3- net hyl - phenyl am no] - qui nazol i n-6
-yl }- prop-2-ynyl)-aceta mide E-cycl opropanecarboxylic acid

(3-{4-[3-chl oro-4-(6-methyl -pyridin-3-yl-&ky) -

phenyl am no] - qui nazol in-6-yl }-allyl)-am de

E-N-(3-{4-[3-chl oro-4-(6-nethyl - pyri di n- 3-yl oxy) - phenyl am no] - qui nazol i n- 6-
yl}-allyl)- 35 acetam de E-5-nethyl-isoxazol e-3-carboxylic acid

(3-{4-[ 3- fet hyl - 4E@nateaxirNH3 43 dethy 3_((ym;hyl)p.yridin-3-yloxy)—phenylamino]-quinazolin-
Ehgn&a%m]?gm}au@%@éwﬁm@ yl'}-allyl)-anide allyl)-

- met hy nyl.am n nazo c
arbamic acid neth§ &a 24E%BM§W%§%%85§ 5%”F@an*%&ﬁfumﬁﬁhbg%gP%B'aC|dy

(1, 1- dlneththﬁﬂﬁﬂ [ 3- nethyl 4- (6- net hyl -

pyri di n-3-yl oxy) - phgfost @heﬂ:@]b £ nNazglign- 6- Bl 1PmeRy 28 meiny-SRkia -
03/ 049740 PCT/ | BOS/ bARSE PO (k-0 28 R SRS R -

E- 2- net hdfy- e(‘éa’{“flo][%'”ﬁﬁ'ﬁﬁiyj&‘”yd)ba"ﬁ‘ée[ hyl - pyri di n- 3-yl oxy) - phenyl ani no] - qui
nazol i n- 6-yl } - al 1yd-4-[acedra(dgidb-3fldxy}-phenylamino]-quinazolin-6-yl}-prop-2-ynyl)-3-ethyl-
-3-(3-{4-[3- aE thyl -4-(pyridin-3-yl oxy) - phenylanlno] qui nazol i n-6-yl }-prop-2
- ynyl)-urea E-cycl opro anecarbo lic i
(3-{4-[3-nethyl - 42~ (i@eﬁz\é{@ d%lﬁ\etgylyir(aywi)n 3-yexy)-phenylamino]-quinazolin-6-yl}-
phenylanlno]pmuanaﬂpkbﬂﬂﬁmyl} aIIyI) am de

\i/tré f){g [eghch' OLosﬂne(hW lo - 3%y P ehy RGP HARL R ki Al BRZRId- A1y Parkhé - PT op- 2-
2- di net hyl am no- NSH$3-methg-Anfpyrigipr3-vioxy bRhepdermnd-ayinazelin-Spwhrerepizafiviho] - qui nazol
in-6-yl}- preqbaniysdd hedgesiam de 15

3-met hyl - 4- (pyri dj -3 vl oxy)e phepylle (GaBi PEIh H-Redhd ELnraHinRgR! | n-4-

yl)-am ne
(3-{ 4- [ 3- met Pyenylamipplyquingratin-8-yiHeeory2rynghemige.am no] - qui nazol i n-6-yl } - prop-2-yn

yl)- carbgmc aci Qndmate hvbrReb Rkalyp a@aegtabnél saltd, PRoeR%R | #id SsoR e X We fofegdifd d
(3-{4-[3- neth | - 4- (6- et hyl - pyri di n- 3-yl oxy) -

phenyl am no] *GUi° H olin-6-yl}-prop-2-ynyl)-amde, 20 and the

phar maceuti cal | y #&tcephatsthed fualthedreameolidrf agserdmd meoimea temprisihg edneinisteingd®i ng

conpounds. 1Qyg rﬁamsmqmwt ot%n{pemtom% 1Qhat GRHAEQTe meamgemz&l cormr i sing
adm nistering to  said r%ln t I im 10awh%9rg)salcpcancer is sg}ected]Tro %F\ s
effective in treafing E%%@%WOda“” 916 cla 9
25  cancer, non small cell lung (NSCL), bone cancer, pancreatic cancer, skin cancer, cancer of the
head or neck, cutaneous or intraocular melanoma, uterine cancer, ovarian cancer, rectal cancer,
cancer of the anal region, stomach cancer, gastric cancer, colon cancer, breast cancer, uterine
cancer, carcinoma of the fallopian tubes, carcinoma of the endometrium, carcinoma of the
cervix, carcinoma of the vagina, carcinoma of the vulva, Hodgkin's Disease, cancer of the
30 esophagus, cancer of the small intestine, cancer of the endocrine system, cancer of the thyroid
gland, cancer of the parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue,
cancer of the urethra, cancer of the penis, prostate cancer, chronic or acute leukemia,
lymphocytic lymphomas, cancer of the bladder, cancer of the kidney or ureter, renal cell
carcinoma, carcinoma of the renal pelvis, neoplasms of the central nervous system (CNS),
35 colorectal cancer (CRC), primary CNS lymphoma, spinal axis tumors, brain stem glioma,
pituitary adenoma, or a combination of one or more of the foregoing cancers.

12. A method for the treatment of abnormal cell growth in a mammal which
comprises administering to said mammal an amount of a compound of claim 1 that is effective in
treating abnormal cell growth in combination with an anti-tumor agent selected from the group

40  consisting of mitotic inhibitors, alkylating agents, anti-metabolites, intercalating antibiotics, growth
factor inhibitors, radiation, cell cycle inhibitors, enzymes, topoisomerase inhibitors, biological

response modifiers, antibodies, cytotoxics, anti-hormones, and anti-androgens.



11. The met hod according to claim 10 wherein said cancer is selected from
lung 25 cancer, non small cell lung (NSCL), bone cancer, pancreatic
cancer, swon3oareer, cancer of the head or neck, cutaneo®sTaBoi/¥3E@0CUl ar
mel anoma, uterine cancer, ovarian cancer, rectal cancer, cancer of the
anal region, stomach cancer, gastric cancer, colon cancer, breast cancer,
uterine cancer, carcinoma of the fallopd&n tubes, carcinoma of the
endonetrium carcinoma of the cervix, carcinoma of the vagina, carcinona
of the vulva, Hodgkin's Disease, cancer of the 30 esophagus, cancer of the
smal |l intestine, cancer of the endocrine system cancer of the thyroid

gl and, cahcer of the péraehgt off dreglingh@bnamplc eell gfowtthdn admeamzmal g¢apdising

sarcoma of SQJrﬁlnIEt'eﬁrﬁ;l&S,saldWa@ﬁaﬂ melewr@éﬂasﬁtmmbwq@én %oﬁrh%ap@rélff&tlve
prostate canc chronic o

of the bl add@rreawr?éa?fmé'r Pl ad‘ﬂéf)'gﬁfb "B‘Ebétf’y%g‘g% |SF'¥q@él?sc”Ph%Pr§?ncer

car ci noma of oteherbBé hetivegredOri560 anmezduresiripy aofn ththas:ettesmaval nervous system

(CNS), 35 coloreghal cangghod foRGokatind & HRYMm&NRvhY @G@é&e SRiRRlizedXbyS an
tunors, brain stem gllorra pituitary adenoma, or a conbi nation of ‘one or

more of he PEFREGEHY bR §°m&rf'”9 ISR £ ey PR s HRINPOIBRUIHRES mal
cell growth inhibigor mamem| amdunC ithat cie ngsfecties inathaating Sé edisaage t ahasaiedzetahyrethe an
amount of a Goy g%ggorpgf &b éﬂdjsafdhe%az' iBnitiof RS 4 Ve é'af S%Jcﬁ\%é ’?Qr é@é‘?ﬁ

cell growth in c an anti-tunor age ecte romthe group
40 consi sti ngPBt b?f’{"??jﬁocﬁpﬁ)rhl b| tors, alkylating agents, anti-netabolites,
intercal ati ng antigbi ot Acsethgd aurt heatﬁgCat Oharhmdli bavingr Sancéra@harbdte@tzed gl bn cycl e
| nhi bi t org, Syt 8POLELEEARRG AL AL S0 vl LR RLmall FORMSER |

nodi fiers, antl i es, "OXI CS nes I - andr ogens

03/ 049740 POW'P'BIDZ'FO%C?G‘OUNSB‘BS is] ffeciverdn Hestingf said e@PFﬂﬁng&Eﬁ‘r‘éﬂ”ﬁ%’I by ehe
growth in a HRMBlesEOHTHIdriSEN4hd saRNGrB2SihIABiloN Bad # rahgé @f seRAliesdorsdTBdd over

nol ecul e erbBlz)Bl| gel bét 15|05| an amount that is effective in treating

abnor mal cel F°gr 8Wt'R°"and sai d erbB2 inhibitor has a range of selectivities
for erbB2 over erbBl between 50-1500 as neasured by an in vitro cell

assay. 14. A nethod for treating a mammal having a di sease characteri zed by
an 10 overexpression of erbB2, conprising adm nistering to the mammual a
smal | nolecule erbB2 inhibitor in an anount that is effective in treating
a di sease characterized by the overexpression of erbB2 and said erbB2

i nhibitor has a range of selectivities for erbB2 over erbBl between
50-1500. 15. A nethod for treating a mammal havi ng cancer characterized by
an 15 overexpression of erbB2, conprising adm nistering to the mamual a
smal | nolecule erbB2 inhibitor in an anount that is effective in treating
sai d cancer characterized by the overexpression of erbB2 and said erhbB2

i nhi bitor has a range of selectivities for erbB2 over erbBl between
50-1500.



