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1. 3. 4- TRI AZA- PHENALENE AND 1, 3, 4, 6- TETRAAZAPHENAL ENE
WOBRIMATISVES The present invention relates to ROYAP2004/050608
1,3,4-triaza-phenal ene and 1, 3,4, 6- tetraazaphenal ene
derivatives that inhibit epidermal growth factor
receptor ("EGFR') tyrosine kinase. These conpounds
and their pharnaceutically acceptable salts and esters
have antiproliferative activity and are useful, inter
alia, in the treatnent or control of 5 cancer, in
particular solid tunors. This invention also relates
to pharmaceutical conpositions containing such
conpounds and to nethods of treating or controlling
cancer, nost particularly the treatnment or control of
breast, lung, colon and prostate tunors. Finally,
this invention is also directed to novel internediate

conpounds useful in the. preparation
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25 For reviews of compounds inhibiting EGFR and their therapeutic use see Laird and
Cherrington, supra; Adjcy, supra; Drugs of the Future 2002, 27(4):339-345; M. R. Myers
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1. Med, Chem., 1996, 39:267-276; G. W. Rewcastle et al,, J. Med. Chem. 1995, 38:3482-
3487.
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WORRNAA5311055 PCT/ EP2004/ 050608 2 The pr eseRrCT/EP2004/050608
invention relates to novel 1, 3,4-triaza-phenal ene and
1, 3,4,6- tetraazaphenal ene derivatives of the fornula
R& RER3 ZRO ~I1I ~N R25wherein Zis Cor N
R and R2 are independently selected fromH, |ower
al kyl, lower al kyl substituted with OR6, NR6R7,
heterocycl e, and heteroaryl; t0O R3 and R4 are each
i ndependently selected fromH, F, O, and Br; R5 is
selected fromH, OH SH oxo, thione, and C1 - C3
al kyl; and R6 and R7 are each independently sel ected
fromH and | ower alkyl or, alternately NR6R7 together
can form a FieREeFHAVHY r?%‘t"‘ftﬁn"fdé’?%ﬁ’é”"?gﬁb&e Pt ppgo
opt i onal Itejraarapleraiser dargyaciis oS eRtee addi ti onal
het er oat ons and being optionally 15 substituted by
one or nore |ower alkyl; or the pharmaceutically
acceptable salts or esters thereof* The dotted |ines
in the above fornula signify tHat oybl e bond exists
either between Z and the carbon | Fo which RS is
attached or between the carb ; and W Use of
dotted lines to deplct t/a> forms is well known
in the art.

C ii

wherein
Z isCorN;

R' and R? arc independently sclected from H, lower alkyl, lower alkyl substituted with
OR®, NR°R’, heterocycle, and heleroaryl;

10 R®and R*arc cach independently selected [rom H, F, Cl, and Br;
R is selected from H, OH, SH, oxo, thione, and C; - Csalkyl; and
R® and R arc cach independently selected from H, and lower alkyl or,

alternately NRR together can form a ring having 3 to 7 atoms, said ring
optionally including up to three additional heteroatoms and being optionally
15 substituted by one or more lower alkyl;

or the pharmaceutically acceptable salts or esters thereof.

The dotled lines in the above formula signify that a double bond exists either
between Z and the carbon atom to which R’ is attached or between the carbon atom and
R®. Use of dotted lines to depict tautomeric forms is well known in the arl.

20 These compounds inhibit cpidermal growth factor receptor (“EGFR”) tyrosine
kinasc. These compounds and their pharmaccutically acceptable salts and csters have



20 These conpounds inhibit epidermal growth factor
receptor ("EGFR') tyrosine Kkinase. These conpounds
wano4iheiss phar maceutically acceptabl e salts aRdTEPR@®AS50608
have WO 2004/ 111055 PCT/ EP2004/ 050608 3
antiproliferative activity and are useful, inter alia,
in the treatnent or control of cancer, in particular
solid tunors. The present invention also relates to
phar maceuti cal conpositions conprising one or nore
conpounds of the invention, or a pharmaceutically
acceptable salt or ester 5 thereof, and a
pharmaceutically acceptable carrier or excipient. The
present invention further relates to a nethod for
treating or controlling cancer, nore Partlcularl the
t r eat menentigielifes ?ﬂﬁaftt‘ﬂty aej]fgdrealseglb i erdzlut, i Iths F‘Cd mreHB grtc,ontro f carfcer,
par ti cul artioplatsgdidfupers: t r eat ment or control of breast,
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terms sha C cagcfccuv!: rrlm(l)nrt]ofa comg [

al one or "M ESRT ORE mmaya

al kyl - Heﬁ%?ﬂ%@%F@mmﬂgﬁﬁ?é§%%@?flOﬁﬁmuwm%t chain or
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12, pr ef l:eg 13/11 ():J'a co%x[Q)ur;ld )tforghﬂﬁf bon atons. Preferred
al kyl ups arc ower al kyl" groups having | to 6,

prefer abI Y lAs$is01 ndrein, @i FolkQuim g &EnQ BBI havEyH Fol@ing Heowignns. al Kyl
groups include nethyl, ethyl, propyl, isopropyl,
butyl, t-but“ky” aRoelgtip WJU“CB@Ml‘y4l’°1h%@Wng dirichee@ciy depqes 2
As Used hvedigbi-ghain Chra@Bd sphukepf! aliphycdyrisocappn BiviRg/l to Brrsifdly 1
havi ng 1 i 1, @b@awibo Arcltd ! @0 att Apwe dy3ropehadng 1 iod
conj unct ipeRravly t h4.amot hers. Tekapveedimisrogps do wethyb piby) propyl,
nmonocycl ii@promdk bulyi, e8r61, 2-tatyl, adn oMLyl 20 d Delikd deysallhiren, Cr-Cs alkyl
hydr ocar b it gadp hapi €fog katioh yona. 6- 10 nenber ed
aromatic aromatic ring system Preferred aryl groups
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of the subject being treated.
"Effective amount” means an amount that is effective to prevent, alleviate or

25 amecliorate symptoms of discase or prolong the survival of the subject being treated.

“Halogen” means fluorine, chlorine, bromine or iodine, preferably fluorine,

chlorine or brominc.
“Hetero atom”™ means an atom sclected from N, O and S,

"Heteroaryl” mecans an aromatic heterocyclic ring system containing up to two
30 rings. Preferred heteroaryl groups include, but are not limited to, thienyl, furyl, indolyl,



"Hal ogen" neans fluorine, chlorine, brom ne or iodine,
preferably fluorine, <chlorine or bromne. "Hetcro
watkoed1imsans an atom sel ected from N, 0 and S. PCT/EP2004/050608
"Heteroaryl" neans an aromatic heterocyclic ring
systemcontaining up to two 30 rings. Prclbrrcd
hctcroaryl groups include, but are not limted to,
thicnyl, furyl, indoly], WO 2004/111055
PCT/ EP2004/ 050608 4 pyrrolyl, pyridinyl, pyridine,
pyrazi nyl, oxazolyl, thiaxolyl, quinolinyl,
pyrimdinyl, imdazole and tetrazolyl. "Heterocycle"
or "heterocyclyl" nmeans a saturated or partially
unsaturated, non- aromatic cyclic radical of 3 to 8
ring atoms in which fromone to 4 ring atons are
hetero ?W&W6W§m§%P%%T%@“FW%ﬁ?ﬁVﬁPﬁﬁﬂﬁmmﬁwy@%Wﬁmﬂ
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a carboxyl gpQUR...WMy ch esters retain the biol ogical
15 effectiveness and properties of the conmpounds of
formul a | anthaaf@uedigawgtbledr\rifarQo {cbiventida@ly es@rifparvmgahd
to the coffiespondhdgaa6d bi\eurtdkyCehiplwhitrest@asdaondtidogical
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i nvention cmgf c[lctiv?%to the corresponding acid

25 Examples of lower alkyl esters are the acetyl, propionyl esters, and the like.
Examplcs of lower alkyl esters substituied with NRYR* arc the diethylaminoacetyl, 2-(4-
morpholinylacetyl, 2-(4-methylpiperazin - 1-yl)acetyl esters, and the like. Examples of
carbonate csters arc acctoxy-methoxy-formyl and 2-(dimethylamino)acetoxy-methoxy-

{ormyl csters.

30 Further information concerning cxamples of and the use of esters for the delivery
of pharmaceutical compounds is available in Design of Prodrugs. Bundgaard H ed.
(Elsevier, 1985). See also, H. Ansel et. al., Pharmaceutical Dosage Forms and Drug
Delivery Systems (6th Ed. 1995) at pp. 108-109; Krogsgaard-Larsen, ct. al,, Textbook of



shown in its carboxylic acid form (after being

adm nistered to a patient as an ester and being
wolemviathsso t he correspondi ng aci d). 25 Exanpl eeTaP2004/050608

| ower al kyl esters are the acetyl, propionyl esters,

and the |ike. Exanples of |awer alkyl esters

substituted with NR4ALR42 are the diethylam noacetyl,

2- (4- norpholinyl)acetyl,

2-(4-nmet hyl pi perarin-1-yl)acetyl esters, and the I|ike.

Exanpl es of carbonate esters are

acet oxy- net hoxy-fornyl and

2- (di net hyl am no) acet oxy- net hoxy- fornyl esters. 30

Further information concerni ng exanpl es of and t he use

of esters for the deliver phar maceuti c
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base- addizatid. oxcindcatid, girit dyidtmaficutid fapiic el urpprieyicidgiddhelike. Sample
ef f ect i veonesditiamd!s prigipiprse fleawd ifm qrimenign.canpounndsn of
formul a lquaddryan@onfuapieaidésr sodrrssay g, etrapgivlan oxien
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aci d, sulf g nésaasd-ds;. phosphoric acid and nitric acid,
and those derived from organic acids such as
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modi fication_of a pharmaceutical conpound Q lﬁg)
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In one embodiment, the present invention relates to compounds of formula




at pp. 196 and 1456-1457. "Pharnmaceutically
acceptabl e,” such as pharnaceutically acceptable
woani4#1e10s5s exci pi ent, etc., neans pharmacol ogi eair/Ep2004/050608
accept abl e and substantially non-toxic to the 20
subj ect to which the particul@r conpound is
adm ni stered. "Substituted,” as in al kyl substituted
with, means that the substitution can occur at one or
nore positions and, unless otherw se indicated, that
the substituents at each substitution site are
i ndependently selected fromthe specified options.
"Therapeutically effective amount™ means an anount of
at | east one conmpound of 25 Formula I, or a
pharnaceutically acceptable salt or ester thereof,
that significantly inhibits p Fer ati on and/ or
prevents differentiation of a er cel
i ncluding human tunmor cell |j Chi one" srgnrfres
a =S at a non-terminal carbof I n one enbodi nent,
the present invention re}* : pnpounds of formula
WO 2004/ 111055 PCT/ EP2004/ G 6 R4 RSR3 N\ RL
O N R2 or the pharnmace T W?ccept abl e salts or
esters thereof, wherein and R to R5 are as defined
above. 5 1n a preferred effbodi nent of the conpounds of
formula I, Zis N 1In another Ipreferred enbodi nrent, Z
is C In another preferred enbodi nent of the conpounds
of f or mul @tk phaithecatiadly $&ptabicaalts dr rrche prered @telny akdower
al kyl , preferfablsysmetdoyl . 1n a nost preferred
enbodi ment, both RI and R are nethyl.

5 In a preferred embodiment of the compounds of formula I, Z is N. In another

preferred embodiment, Z is C.

In another preferred embodiment of the compounds of formula I, R!and R*arc
independently lower alkyl, preferably methyl. In a most preferred embodiment, both R!
and R® arc methyl.

10 In another preferred embodiment of the compounds of formula I, R¥and R*are
indcpendently selected from H, Br, Cl, and F, most preferably H. In a most preferred
embodiment, R® and R* are both H.

In another preferred ecmbodiment of the compounds of formula T, R%is scleeted
from =0, =S, H and lower alkyl, most preflerably H and lower alkyt.

15 The following compounds are preferred embodiments according to the inslant

invention:
8,9-Dimethoxy-3-phenyl-1H,3H-1,34,6-tetraaza-phenalen-2-one (Example 1D);
8,9-Dimethoxy-3-phenyl-1H 3H-1,3,4,6-tetraaza-phenalene-2-thione (Example 2);
8,9-Dimethoxy-3-phenyl-3H-1,3,4,6- tetraaza-phenalene (Example 3);

20  8,9-Dimethoxy-2-methyl-3-phenyl-3H-1,3,4,6-tctraaza-phenalenc (Example 4);
2-Ethyl-8,9-dimcthoxy-3-phenyl-3H-1,3 4,6- tetraaza-phenalenc (Example 5);



10 I'n another preferred enbodi nent of the conpounds of
formula I, R3 and R4 are independently selected from
wol208r1,11085, and F, nost preferably H | n a nosPCI/EP2004/050608
preferred enbodinment, R3 and R4 are both H In
anot her preferred enbodi nent ,of the conpounds of
formula |, R5 is selected from=0, =S, H and | ower
al kyl, nost preferably H and | ower al kyl. 15 The
foll owi ng conpounds are preferred enbodi nents
according to the instant invention:
8, 9- D net hoxy- 3- phenyl -1 H, 341, 3, 4, 6-tetraaza- phenal en
-2-one (Exanmple 1D); 8,9- Dimeth oxy- 3-phen yl- |
H 3H 1,3,4,6 - tetraaza- ph enal ene-2-thione (Exanple
2);
8, 9- Di net3ﬁ%§r9m‘39}ﬁ9¥§ﬁ*?’ldim3tllﬁ"ét3%1’%4’66‘3t‘ia‘§‘i'5’}‘é‘é‘i‘??f-(%‘ﬁ%ﬂlf’éf3)énc
(8E)§§aglp|n:t %2 Brom pﬁpé/{)hyldmﬁthoxthSq134'§|_t?_1az§a%e lex%ze({nrgaaza oh
enal ene %ﬁ%‘ﬁ% e 4);

2- Ethyl - 8, (QBQMTBHWW aReR R bn B s 43 #raBa bileRaZa- phe
nal enc (Exampl& 5); WO 2004/ 111055 PCT/ EP2004/ 050608
e

3-(3-Br 0rEQS-Bxlaﬁdﬂydel)y})Sﬁgmﬂtﬁlﬁﬁ—tmmm;ﬁhbtﬂqzzgplﬁqaﬁml-ﬁﬁ)ﬁcaaZ a-p

henal ene &&xawpl e 6C); 3-(3-Brono-phenyl)-8, 9-

di met hoxy-1 H, 3H 1, 3, 4, 6-t et raaza- phenal en- 2- one

( Exan‘pl e 3]}-;3r0m0-phenyl)-2-cthyl-8,9-dimcthoxy—3H-1,3,4,6—tetraaza—phcnalenc

3- ( 3- Br oreapirainy | ) - 8, 9- di net hoxy-2-nmet hyl -3H1, 3, 4, 6-t

et raaza- phenal ene ;

3 ( 3- BPorg2pHe g}cyyl@ 9@‘1“81‘1%11’53?(2134fr—‘|f“§1’—’ﬁ"11h,°‘§l,°‘2ﬁ'%]-°t etraaz
a- phenal éfalt Hlone (Exanpl e 9);

3-(3-Bro Ja-ohenalen

“3M 1, 3, }D%e{‘] ¥h‘%1yz>% 53 eérﬁ(é gr“?éthyq%ﬁmo‘%%‘iﬁlﬁe‘m X

3-(3- Chl d‘?"é%“n &hyl ) - 8, Do di met hoxy- 1H, 3H 1, 3, 4, 6-t et r aa

Za- phenali&%ﬁ'tl%m@@l%n 1)(85&]@1@1))@ 3[1—196 tetraaza-phenalene (Example 13C);

3-(3-Chl oro- phenyy) 8, 9- di et hoxy-2-m

et hyl - 3H-314-8}1ép-Brety@tsRalrR Ao PG BRI BIG etra{ziEN@uTh-2 thDBRY ;

3- (4- Chl aramphienyl ) - 8, 9- di met hoxy-3H-1, 3, 4, 6-tetraaza-

phenal ene (Exanple 13C); 15

3- (4- Chl drgdlﬂpﬁ@mﬂ eigh-dphetirgt Adxipa i dpe Eearialslt et r aa

za- phenal 4-(4- C]%mo phenyrBeZ 8-dimethoxy-5-methyl-4H-1,3,4-triaza-phenalene

(Example 16G);

20  4-(3-Bromo-phenyl)-7,8-dimethoxy-5-methyl-4H-1,3,4-triaza-phenalene
(Example 17G);

4-(3-Bromo-phenyl)-7,8-dimethoxy-5-methyl-4H-1,3,4-triaza-phenalenc
(Example 18G);

4-(4-Bromo-2-fluoro-phenyl)-7,8-dimethoxy-5-methyl-4H-1,3,4-triaza-phenalenc
25 (Examplc 19G);

7,8-Dimethoxy-4-phenyl-4H-1,3,4-1riaza-phenalenc (Example 20B);

4-(4-Chloro-phenyl)-7,8-dimcthoxy-4H- 1,3 4-triaza-phenalene (Example 21B); and



(Exanpl e 14);
7, 8- D met hoxy- 5- net hyl - 4- phenyl -4H- 1, 3, 4-tri aza- phena
wenev4(1Exsspl e 150G ; PCT/EP2004/050608
4- (4- Chl or o- phenyl ) -7, 8-di net hoxy-5-nethyl -4H1, 3, 4-tr
i aza- phenal ene (Exanple 16Gg4 20
4- ( 3- Brono- phenyl ) -7, 8-di met hoxy-5-nethyl -4H 1, 3, 4-tri
aza- phenal ene (Exanple 17G; 4- (3-Brono-phenyl)-7, 8-
di nct ho xy-5-nmethyl -4H 1, 3, 4-tri aza- phen al one
(Exampl e 18G; 4-(4-Brono-2-flu
or o- phenyl ) -7, 8-di met hoxy-5-nethyl -4H 1, 3, 4-tri aza- phc
nal cnc 25 (Exanple 19G);
7, 8- D net hoxy- 4- phenyl -4H- 1, 3, 4-tri aza- phcnal cnc
(Exanpl e 20B); ' )
4- ( 4- Chl ot G-Htrertm-78; dgnedr R ok A mberalose Bxapply 25)3 phen
glc:9r/r] EP,(Z CE)E()Z /0 & g%l%oBu)ug di?‘c[c])ged }Yélr:ginzar(l) cé]'v/er:elz'éb]y 9)15n§ulal above may exhibit
4- (3- Br onB- PRERVY {2 85 hst ﬁ“i(“te- FEf g impetop 'azd-pheha
| %%@%M FEaRSH Py

| ene ( Exafpisisoupe OISk I BORYS et
and cover %18 SE)%} 111:F18 lﬁﬂqyanellauggls & SWES?I ags?ﬁfursfotm depicted in the
t aut orrer i SM"BA$t ructural i somerism It is intended

that the in Y’ﬁmg Eoimogllm(?sgﬁl%%gsaé?t%?ﬁtioﬁ QX]&J% %Hgd%gls%gl ico%vegtllron al

SF ructur arln a s.sﬁlt' c Irgccsses for synthesizl ggcssce compou d9 gé’] ptrovf cdqg the
mXxtures 9 s, General rcrrr% ound a’ ormulla cag G pILC I'c!(pacccg 1 tlc?onag}YG
: D PR AT T L R P PP F S AR d ey BE e d i n

one taut oferi ¢ of
t he fd?nWPgdﬁﬁg &MERE S npounds of the present

i nvention can be prepared by any conventional neans.
Sui t abl e processes for synthesizing these conmpounds
are provided in the exanples. Generally, conmpounds of
formula | can be prepared according to one of the 10
bel ow described synthetic routes. Schene 1 15 O '.0
~ ~\ O dhigkIN Ar ~ SOC12, heat O N, A HN Ar

Ox O Oy, O Ar _Ar
S SNTHN
1. SOCI,, heat !
R/O H 2 R’O = R’o N
J 2. ArNH,, heat o /) Zn, NH,CI N/)
! ! {
]
HN/LN/A '
1,1-carbonyldiimidazole " N
A
&
Scheme 2
s
e, H “N/U\'/Ar

= 1,1'-thiocarbonyldiimidazole R i

20



RI )HANH1 heat R15J Zn, NWHMC1 R~1 R R R N '

O HN A 1,1 -carbonyldiimdazole J R Schene 2 HN'
wonroo4NitzosEINAr RIO | 1, 1' -t hi ocar bonyl di i m dazolPeTRPY04/050608

20 R R WD 2004/111055 PCT/ EP2004/ 050608 9 Schene 3

,Ar N-,,N_Ar F H HN RA HOQH,

N R 5 Schene 4 R® nai HNAr Nr o Rp (R'CO 20,
Heat R, ~, J I N
Scheme 3
N b N U
Pe) 2 R’O ~
R ) HGOOH, Heat ] Nj
I b
5
Scheme 4
N, i NJ\N/N
a° N (RGO)O, Heat e N\/)N

1-0

Scheme 5

Heat R~-DN 4/ J 1D

-0



R R Schene 5 10 WD 2004/ 111055 PCT/ EP2004/ 050608 10
/[fir A, OO0 1. SOCCl 21 heat O HN NHUOH HO HN ~o | J"
wa.200yi3s heat J CHOHJ YO/ N R R R HNPAI/ER0AS0608
CH2=CHCH2Br i ~0 Sol vent HO Base, Heat = J Heat R R
HNi Ar Ni Ar - RX, Base R1J RIOy 12 Heat ql/ J - gl/ NJ
R R &JA Base 10 Heat RR Schene 6 H 'j 0 ~Ar
CHSOOd A HN~~1.032ROI \\ 2. (CHB)2S R
(CH3CH2)BNRHO I \ j R

o e
1. SOCI,, heat NHOH 4o L
ﬁ’ ' 2 ANH,, heat YD ) oHOH )
o] N
&
™ | N
CH,=CHGH,Br o Solvent HO.
Base, Heat aYs m Heat \/)
¢ q Y
R R
| 1
HN,Ar N,Ar
RX, Base 0 ' a° N
Heat R J L B
e # ——————i N
? g
R R
7 Ar
Base o
Heat i )
z §
R
Scheme 6
H

[ e 1.0, ¥ CH,S0,C T A
R S 2.(CHp),S ® S (CH CH,) N R \)N
Y J -

0 9 ?
i 18 R
5 R
Separating a mixture of stereoisomers into the optically pure stereoisomers (when
compound of formula I is chiral).
10 The optional separation of isomeric structures of formula I can be carried out

according to known methods such as for example resolution or chiral high-pressurc

liquid chromatography (also known as chiral HPLC). Resolution methods are well

known, and are summarized in “Enantiomers, Racemates, and Resolutions” (Jacques, J.

ct al. John Wiley and Sons, NY, 1981). Mcthods for chiral HPLC arc also well known,
15 and arc summarized in “Separation of Enantiomers by Liquid Chromatographic



R R 5 Separating a m xture of stereoisoners into the
optically pure stereoisoners (when conpound of

woaoomlizoss is chiral). 10 The optional separat POWE®RR004/050608
isomeric structures of formula | can be carried out
accordi ng to known nethods sugh as for exanple

resolution or chiral high-pressure |iquid
chr omat ogr aphy (al so known as chiral HPLC). Resol ution
nmet hods are well known, and are sunmarized in

"Enantioners, Racemates, and Resol utions" (Jacques, J.
ct al. John Wley and Sons, NY, 1981). Methods for
chiral HPLC arc also well known, 15 and arc summari zed
in "Separation of Enantiontrs by Liquid

Chr omat ogr aphi ¢ WO 2004/ 111055 PCT/ EP2004/ 050608 11
Met hods” E“fﬂr"[i% (Paskde, Y H-pd Fppd P Rmety Syqthis® Xyt £ P
Synt hesi s®. AW@PthﬁhWbW¥P?dﬁ87}M)D Ed., Academic

Press, Inc. o'r}%rt 19d8<,§ 0 rﬁ o) for ula:ll'l%h )bear Cd%am m{ro 9[0 a
conpoungd@ IF’F at bear s asi c ﬁ?ﬁrog en into
a phar %ﬂ?*%% vaﬁ? &ptat °n aC|d addition salt. 5
The o pt 3 onal THE Qnyn% &Jv&)srﬁm gif a c@np@ﬁmﬁga I%t bﬁa@sr dm&c Qltr&:cn
that bearg, @pﬂm&ﬁmﬁt L08R i ahmpsa@cam@ﬁe@f&c& HhiefiRhd Y

acce pt abl geaﬁcbogex é 99p0§n% (,«In bgt@ﬂed%h n]i)%&tlceagd JB% as for

conventiong ch dro?hlonc amdqudroemomlc c1(P $u rllz:] acid, qmpaculil QOSP%QI dcki)(P
an | i d stich. as Tar. &l €

!
treated Wt H achd slc
or.wil an a pl pl 1?] 1 am a01 SLlCh as acelic a8d Cl 11C ?C la1 taric ac1

hydrochlorlc uric acid,
nitric acmea aneﬁ) (81106?_] ¥-1o uenesu?f(ancdcuﬁor Lhehlfeh an appr oprl at e

org ani c aci dCoﬁ%ﬁlhg a@&nﬁ%tof lﬁm@ﬁ tldu be&l chEd)onh@&id ?noup into a

tartaric @&&gemgﬁbﬁ@& @Qgﬁggggglc acid, p-toluene
sul foni c acid, the like. Converting a conpound of

formula | thet oﬂﬂaalrc&wasuﬁafdbm@yﬁnu 6f f@@ 10l tHPIbRINA cdridkyOc adid
phar mac e ugrdug akolayhaakctug Blcgraad alcatl nictan®@icalbe G@ell by cdiv@tional
optional KQNVEBFRIBNR, 1RTontho GO IR Ak Gih & GbrEaHc: Basd sudh Bdithium
bears a Cc@tbeatybdue §&bxtle, pQisQitihydréXla0 candakar maceutical |y
acceptabl e al kali netal salt can be effected by

convent i onal Con ]eﬁm cag&lmdlz%l m@@éﬁmeﬁ 3 antalla)%o] quqplﬁmgamg an

be treat egou inle. a phar acc llcal ac tab]ccqsle such I um
hydr oxi de®*"88di"d rﬁ dr'o 8@ po aSS|un1hydrOX|de or

the |ike. Cbnvertln a_conp ound of formula | that
bear s é?] al C'H'ﬁ 8;11101161rconécx %oarobaéwrntng ol éoe:lin 1&211 thal bears an alcohol or a

carboxylic acid group into a pharmaceitically acceptable ester can be effected by

conventional means. The conditions for the formation of the cster will depend on the
stability of the other functional groups in the molecule to the reaction conditions. If the
other moieties in the molecule are stable Lo acidic conditions, the esler may be

25 conveniently prepared by heating in a solution of a mineral acid (c.g., sulfuric acid) in an
alcohol. Alternatively, the cster may be prepared by the condensation of an alcohol with
an acid anhydride or an acid halide under conditions known in the arl. Other methods of
preparing the ester, which may be convenient if the molecule is not stable to acidic
conditions include treating the compound with an alcohol and acid in the presence of a

30 coupling agent and in the optional presence of additional agents that may accelerale the
reaction, Many such coupling agents are known to one skilled in the art of organic
chemistry. Two examples are dicyclohexylearbodiimide and triphenylphosphine /dicthyl
azodicarboxylate. In the case where dicyclohexyl-carbodiimide is used as the coupling



group into a pharmaceutically acceptable ester. 20 The

opti onal conversion or a conpound of formula | that
woeansgi1ianssal cohol or a carboxylic acid group POT@EP2004/050608

phar maceutically acceptable ester can be effected by

conventional means. The condijions for the formation

of the ester will depend on the stability of the

ot her functional groups in the nolecule to the

reaction conditions. If the other noieties in the

nol ecul e are stable to acidic conditions, the ester

may be 25 conveniently prepared by heating in a

solution of a mneral acid (e.g., sulfuric acid) in an

al cohol . Alternatively, the ester may be prepared by

t he condensation of an alcohol with an acid anhydride

or an aci®& AT PR i FrIEPenBHATEH R ON R DR AVAR hlengl ¢

Q her metdrsisocipbodipidpig ngplitHarEyt gﬁcafdm%wnh@v)%%

conveni erdf VVfdinefidantipppxsidiog i arf inerl gRhent &b helogeppted pidiggagbon

condi t i orfsg.ididgdramttaneyapegnipprefure brevees grepi@dsstts Wil tbhut zpam

al cohols amderawr.drefembly shadoyproens eneeatugf In the @Y wearupl | ng

agent andrighmybthehiaqtidheinabicaprekien eed e @ebtingageaid reaction is

agent s t hatvenitaly cie @l ruatieg thehed with @@ déohdd mriphdviarhyspigigad

coupl i ng @gRbEGcatblatk hQWWAcrt stived3@h Sl diHedElg. itdtatyhr@ura br anf

organi ¢ demihstdkybon RO 1E€Fcr@ir@between about 0 degrees and

di cycl ehexyil 6ar BRdiaiuri eexand tbiioplgeny! phosphi nc

/di ethyl arodicarboxylate. In the case where

di cycl ohexylI» galtdyade trivpdiecni, $e psatinagiot ihudes orppphapepiggel WO

2004/ 111 05bbposTy MRS 185 0608npoudb2 ofdgevit ], or & frermaedictly on

i S convenk@fibk Yt gand: iheebf @u i phidyhadonigdy ccaygpdbl epi@cindowi t h

t he al cohatier. di cycl ohexyl carbodiim de, and the

optional presence of a catalytic anount (0-10 nol eo/g3

of N, N- dii et HEptsamivpespyiral cainpeations on by prnjinipsied orgly|iay eprprlcdiieh

as a hal ogerbttéd. chred roeadrisesh hard @ sof gelatintirsHés srleRB e R}

at a tenpergtuyire. Hetwebnbeadronite @ regdly foeeapirdn Bibfomof r oom

5 t enper atwprtgricpor efr@rcaly fr catnpla ygistorm oldmectioe Frppdmat ur e.

In the case where triphenyl phosphi ne/di et hyl

azo d I C b oxy’{'he p 8.1 lTl;lCCul.lC&?C% S/ogﬁ'ong J? ﬁ]e ]gg&llpl \lelgl n &gﬁ Qﬁlg co&ﬁ)@nds

r e agt I OP I Fhmu% an d%h hf Srd11 S 0 ester qgereof 96 md u ture([ m a mdnl[;] th trlel
aC I W t]kﬂ()\vrl 11’1 tlc dI't 258 y ﬁ.’ledns () (« 11 Vi nth d mlxlﬂ ’ Cn(/d Slﬁ tlné ‘glss()l\’lné y
azodi car boX an FEg t her

é 1 {ra n T ee m kYn 0 ) 0 Hclln IOCCSSGS Tﬁese
(e.g., tegﬁn‘ﬁ%i Sméﬁ') '%S’gadlr?g af oat 1 ]hﬁg? Fbon
(e.g., be%?@ﬁ@lfmlaffepﬁ‘mf"éﬁ’ﬁger arul %d “6%{1‘%"&%‘“ b ﬁtmot'?‘mm o
degr ee® af@f GrEHHEP BT SHFEFEE Hred WS Erar B iy
about 0 degrEesrigrPraPreroAg Ve TERE AR BN CpREes
present i HleBRtTioN ol AEtRHEP AT R EEHYS gpares and fus _
conmposi t i Repegdieeonihe pasirafiheetive gt orarie bYRFNGilY regfired in the

fornul a Jcasc gi[soltaclaplh epiesc @u:tblceeaqicfsgpx the manufaciure of solutions and syrups
30  are waler, polyols, saccharose, invert sugar and glucose. Suitable carriers for injection are

water, alcohols, polyols, glycerine, vegetable oils, phospholipids and surfactants. Suitable
carricrs for suppositorics arc natural or hardened oils, waxes, fats and scmi-liquid

polyols.

The pharmaceutical preparations can also coniain preserving agents, solubilizing
35 agents, stabilizing agents, wetting agents, emulsifying agents, sweetening agents, coloring



acceptable salt or ester thereof and a

phar maceutical |l y acceptabl e excipient and/or carrier.
wo200dhesss phar maceut i cal conpositions can he  PCT/EP2004/050608

adm nistered orally, for exanple in the form of

tablets, coated tablets, dragges, hard or soft gelatin

capsul es, solutions, enulsions or suspensions. They

can al so be adnministered rectally, for exanple, in the

formof suppositories, or parenterally, for exanple,

in the formof injection solutions. 20 The

phar maceuti cal conpositions of the present invention

conpri sing conmpounds of forrmula I, an d/or the salts

or esters thereof, maybe manufactured in a manner that

Is known in the art e.g. by nmeans of conventi onal

m xi ng, eﬁﬁ@aﬁ%‘mﬁgﬁ&eﬁgSdltsd‘ifg%wgvlF PGt PGEAR R Fopige aeents or

emul si f y| qq@omd@ﬁ;t ’Fha)ppm aﬁ@conteﬁt (ﬁ]@a@té@rqﬁﬁlkqa galuag? substances, including

| yophi | i zid¢igpop peednsrsdisgts ottt thandhosegfarmuiak eut i cal

preparations can be fornul at eghpist h therapeutically

inert, inorganic or 25 organic carriers. Lactose, corn

starch or debimgaired Bgvettif&eTnds of thy PécsenEs“EVé“r“Pft:mé‘tfl}n&thbr

its sal t soeands Prpdddreasiubip e orapniolpispl PRABRIEE s,

coat ed t adibBes inclfing ghenapreggniédn Plagner Goimpprvantienipdsliedss,

Sui t abl e ighdliting &p gvefopmensdintasigedueat by Fither dlodkink bsinifiatied nepthgenic

veget abl ecvai dr &y blopldnedis prapiasioh afpg: maligDepeli thatrkgye diqady 4niered an

nat ur e wfindine iridlib wend whsd aneeMPRAdGad bingkPnsgFngining said

gener al | yeotupfitis fre@rticilrl Ji@ul inCla 8@tneit oS o] of@kidadnkofs, such as,

capsul es. foSkinpa blcgt, @Bf, hehSprbsat nimhe Mmanuf act ure of

sol utions and syrups 30 are water, polyols,

sacchar ose, 4 hy@paticallysiative amvent ofle enrpeed in Sirdagds igh this

carri er s ifnortio mjaset inpmnt afcenpoyyd thetris clicgtpve 'o hiotes,, 2llepigt yol s,

gl ycer imnegmeloggetrambeo! dischssor plndis otivelpl ttksutdert deing treated.

sur f act anbemiStintoédrhepeud@iyrifegivempor is githpposiltiighdags ar e

natural or hardened oi s, waxes, fats and sem' -I i qui d

pol yol's. Th L b ‘?a elg NsS,,& . SO s

cont ai n plgvcnet’ilfF; ﬁ)e maﬂ%im fectvea ]QQIQ %eol!aco p0L§1 acco %9011 S

Z‘é:g{ lsl ()ZI arthéxga%ﬁea%: WIllg(\)AﬁeJll‘ll led lOthmlgmdua 16qu1 1 C 1 géa%

PCT/ Epzodd?“tﬂ%%?)%e%ﬁi‘gm%? ‘é“r‘f bs?‘“g Z’FT“%;\} P r°%%e é?ﬁjf“g“s“aél&] g

for varyi RYPREEEGHED Facht BeRipEenaliY §° il et oral

agent s or° PEFHTGLMBgRECg o aﬁ*ﬁé‘ﬁ?‘na&hﬁlg‘&‘lgs“ﬂi" BHALRIONE PR r

t her apeut fowg°f fouy RmgasPes QUNTERITERS) Fomapp it go 2bout 1,000

addi t i ghathe gewld bpepriopicationdh the urser st mpyregiccppiyden iggfcaicd.

formul a | The Rdsdrgpecsan bsadmgisiped e § eleddscabip digded g or for

conpoundspagfiterpl dmipraige i may  gentscoinuoyséliendi ng t he

c dctc1 mm m .1 dnnc ()Wn 1ﬂ the

Combinations

30 The compounds of this invention may be used in combination (administered in
combination or sequentialty) with known anti-cancer treatments such as radiation
therapy or with cytostatic or cytotoxic agents, such as for example, but not limited to,
DNA interactive agents, such as cisplatin or doxorubicin; topoisomerase II inhibitors
such as etoposide: topoisomerase I inhibitors such as CPT-11 or topotecan; tubulin

35 intcracting agents, such as paclitaxel, docetaxcl or cpothilones; hormonal agents such as



conmpounds of fornula |, are useful in the treatnent or
control of cell proliferative disorders, including
wohemmpissent i on of cancer. Chenopreventi on i sPdeffPamd/050608
as inhibiting the devel opment of invasive cancer by
either blocking the initiating nutagenic event or by
bl ocki ng the progression of pre-malignant cells that
have already suffered an 10 insult or inhibiting
tunor rel apse. These conpounds and fornul ati ons
contai ning said conpounds are particularly useful in
the treatnment or control of solid tunors, such as,
for exanple, breast, colon, lung and prostate tunors.
A therapeutically effective amount of a conpound in
accordance with this invention neans an anmount of
conmpound ‘ERien;ymidpacgpthpsyshipigrs, s parporovslh aad ng mstalfites) 5
amel i or at BhSSPAPPERES 6PmIaTIeASE S E My be gl inremdngiag vt
of the subjdgelers BeiPgsient-ed. Detern1nat|on of a

t herapeutic ective n the skil

n o art . i Ef i BRRET Bl S
dosage bf "HCORBHESUAE “g%?eoarwa?lw “(°8get’ Reedesr PR TR T OHe Cdn
vary wt hli’hr‘fm\?ﬁeﬂ‘%“ﬂﬂ PG 8t B AR Y e A tost ARSHae frpegunds
manner  knW® A mefEe bogpitieied seauply riagyE aunrer $viotoxic
adj ust ed B stVARE O EPET T MBI HRPUT PBIRPHT S Mappropehhis
parti cul aipvertiasianat keiledig fragauersee! gipéngsirdtipne compmprd ofddpy) I may
bei ng adnicndrgtiteredeither piipe torafitr edmifistraidngt i kb yranficansst of he
condi ti oncylberigrgent r eat ed, as well as the patient being
treated. In general, in the case of oral or

par ent er al adn1n|strat|on t gnt@deslates humans melghlng
ggg Ltox I]_gag 8| cr }c<r930d1fncnt %10 Pxxscntt mvcntwg gso r&{atca bfoj)vgl 1ntc mctrlTEcs
about 13 09" 25" °?ﬁj" ag‘wah?fap% T 1"t ‘5’” ‘t‘q% %Céﬁdeﬁe
upper Iln??OWﬁV%ﬁm@%@éeded when |nd|cated The daily
dosage can figs ARMLMELALSH. A5 ofke Ll EaflfSs, OF 1N

di vi ded doses, or for parentera adn1n|strat|on it
may be g|yemmaﬁﬂm@mmumﬂpuﬁwmm&Mﬁw@mmaCnmhuma&m&ms 30
The compogndse of); t hi s i nventi on maybe used in

conmbi nation (adm nistered in conbination or

sequent al-pliyh4-(gcttidno-ferroiamin@titricth gaderlit- ¢ & gt @)such

as radiation therapy or with c%tostatlc or cytotoxic
agents, sUch &g leEiP""é%&Wﬁ‘l“e DEH @Ry ¥R &2l 165 DNA

interacti A’& c@&%'ﬂﬁcﬁyn Bcu%% EdiR oL Min@heo- HP?%HHQI cin;
t opoi sonefa T hifitors  such as etopos

phénaléne xampe

t opoi sor nerase I'nhi tors such as CPT-1 | or

t opot ecans. Altylwtlgl—lbﬂolﬂo-a'énylaﬁlﬁl@ﬁa&thb)@@u ERNE-S1(ExSAEN7RS
paclitaxel, docetaxel or cpothilones; hornonal agents

such ass V®ARD0ZAihdiRBEinRAT/4BER20Qdi0BEOHD@nine (Example 17E);

4-(3-Bromo-phenyl)-5-iodomethyl-7,8-dimethoxy-5,6-dihydro-4H- 1,3, 4-triaza-
phenalenc (Example 17F);

5-Allyl-4-(3-chloro-4-fluoro-phenylamino)-7-methoxy-quinazolin-6-ol (Example 18D);



14 tanoxifen; thymdilate synthase inhibitors, such as
5-fluorouracil; and anti-netabolites such as
worbthatiteszat e. Conpounds of formula | may al SOPO®/EP2004/050608

useful in conbination with nodul ators of p53
transactivation. |If fornmulatgg as a fixed dose, the
above-descri bed conbi nati on products include 5 the
compounds of this invention within the dosage range
descri bed above and the other pharmaceutically active
agent or treatnent within its approved dose range.
Conpounds of fornmula | may al so be adm ni stered
sequentially with known anticancer or cytotoxic
agents when concomtant adm nistration or a
conbination is inappropriate. This inventjon is not
limted i@Abhe-SBY Bl fP S ATy B ¢dihounds
of for wl(ﬁxamplﬁ’é@ i0 be adm nistered either prior to or
after ad tlon of th
cyt ot OXi er(g EP{P ﬂ]lOﬁ(% %IFH Féwg mcth)c/I\Q,? dlme Oxflﬁg lhylegﬁC]il ent .
t he preseﬁiza?hﬁ‘{?]é??ta?"&‘ﬂ”é ‘0 rel ates to novel
inter ITEQI Ll?lsll 4- gr%mé’@ ﬁjo}tu phénﬁanlun)?7 ggtﬁ)?%uﬁgzb]ﬂrh(ﬁ)&mmple 19D);
compounds of fornula I. "These novel 1nternediates
i ncl ude @&hey- 6,’0hlln€lﬂhlxﬂgmﬁ'zﬁlﬂpr@umﬁdlﬁomo 2-fluoro-phenyl)-amine (Example
(5- Al l yl -®p7- di nct hoxy- qui nazol i n-4-yl) - phenyl - anmi ne
(Exanmpl e 15E); 5-1odonethyl -7, 8-di m ct hoxy- 4-phenyl -
5, 6- di hy d+@-Bdkio-2- i@ rdphtny)-givdanchit @ f-dalcibereS.o- (iEdari 184
15F) 20 triaza-phenalene (Example 19F);
5-Al lyl-4-(4-chl oro- phendyl am noz 7- met hoxy %%II nazol i n-
6- ol (Eka},lgplpl@clllm phenyl-5,6-dithydro-4H-1,3,4-triaza-phenalen-5-ol (Example 20A);
y|5) Alalmylne'/ﬁg %{anm)q( 1 ;t]l né% cpc@ZI-P ééptnaaa thgalcr( g"ol%&!ﬁn%(cglﬁghen
4- (4- Chl oro phenyl ) - 5-i odontt hyl -7, 8-di ntt hoxy-5, 6-di h
ydro-4H-1; 831314101‘(&} AZar omQB@MISQQﬁyd(oE?Fﬁlmllﬁazﬂ-ﬁ&)ﬂbn-S-oI

5-Allyl - 4(-E)(a§,P]b£2Q - phenyl anmui 0) - 7- met hoxy- qui nazol i n-6
-oI (Exanple 17D); 25
(5- Allyfl 6, 7-di m:thoxy qui naonam{g 4-yl)-(3-brono- pheny
[)-am ne (

4- ( 3- Br ono- (1W ﬂg gﬁ-l p’lc usLrg tcl,ﬁncfcrrc?l métho s for s nI%hcsmng %sm t
dro-4H 1, tigrn u%dlgxl 01mulz:§ti?{wolrl]t 1@ nt ht%‘)nd;‘tl\ c]x_ dgﬁrcprgmn
5L A 1yl - s g B PR 6 RS AR B g
i nazol i*h- BY 8T MCERAMIEYS s ) Ve FEO A 1Py invention iad

PCT/ EPZOO%M@)@ gcums appended hetcto.

Abbreviations Used in the Examplcs:

DMF N,N-dimcthylformamide
25 TLC thin layer chromatography

DBU 1,8-diazabicyclo| 5.4.0]undec-7-ene

Example 1
8,9-Dimethoxy-3-phenyl-1H,3H-1,3,4,6-1ctraaza-phenalen-2-onc



15 (5-Allyl -6, 7-di net hoxy- qui nazolin
-4-yl)-(3-chloro-4-fluoro-phenyl)-amne (Exanple
wWOaEk)4/111055 PCT/EP2004/050608
4- (3- Chl oro-4-fl uor o- phenyl)-5-i odonet hyl - 7, 8- di net hox
y-5, 6-di hydro-4H-1, 3, 4- triazg-phenal ene (Exanple
18F); 5
5-Al |yl -4-(4-brono-2-fl uoro-phenyl am no) - 7- met hoxy- qui
nazol i n-6-ol (Exanple 19D);
(5-Allyl-6, 7-di met hoxy- qui nazol i n-4-yl)-(4-brono-2-flu
or o- phenyl )-am ne (Exanple 19E);
4- (4- Brono- 2-fl uor o- phenyl ) - 5-i odon®et hyl - 7, 8- di ntt hoxy
-5,6-di hydro-4H 1, 3, 4- triaza-phenal ene (Exanple 19F);
10
7, 8- D ntt hoxy- 4- phenyl -5, 6- di hi«@m_l- 1,3,4-triaza-phc
nal en-5-ol (Exanpl e 20A);
7, 8- Di ntt hoxy- 4- phenyl -5, 6 0-4H 1, 3, 4-tri aza- phc
nal en-5-ol (Exanple 21A); /,)8- Dmeth
oXy- 4- ( 3- brono- phenyl ) -5, 6-di hydro-4H-1, 3, 4-tri ar a- phe
n al en-5-ol (Exanple 22A). 15 Exanples The foll ow ng
exanpl es illustrate pref errg&&“@%@ﬁods for synthesi zi ng
and using the conpounds and formnul ati ons of the
pr esents iSeyarft7ionethofiade;3Haxembt-¢ésicand prepar ati ons
are illustrative and are not intended to be limting.
It should be understood that there 20 may be ot her
embodi ments that fall within fHegspirit and scope of
the invention as defined b)fo tai ns appended
heret o. Abbreviations Used i ” Exanpl es:  DWF
N, N-di nct hyl formami dc 25 TLC thin | ayer chromat ography
DBU 1, 8- di azabi cycl ol 5. 4. 0| u & -ene Exanple |
8, 9- D| nct hoxy- 3- phen yl - ﬁ 251 03 4, 6-1etraara-phen
al en- 240one WD 2004/ 111055 PCT/ EP2004/ 050608
6,7-Dimethoxy-5-nitro-3H-quinazolin-4-one was prepared as a pale yellow solid
according to the procedure of Chao, Qi; Deng, Lynn; Shih, Hsiencheng; Leoni, Lorenzo
M.; Genini, Davide; Carson, Dennis A.; Cottam, Howard B.; J Med. Chem, 1999, 42,
3860-3873.

15 Step B: (6,7-Dimethoxy-5-nitro-quinazolin-4-yl)-phenyl-amine

Oy OHN’©

A~ e

T A

CigH14N404
MW 326.31

20 To a solution of 6,7-dimethoxy-5-nitro-3H-quinazolin-4-one (1.0 g, 3.98 mmol)
(from Example 1, Step A, supra) in SOCL, (20 mL) (Aldrich) were added a few drops of
DMF. The reaction mixlure was then heated with stirring at 90 °C lor 3 hours, The
solvents were evaporated and the residue was dried in vacuo. The residue was dissolved
in 2-propanol (30 mL), then aniline (0.36 mL, 3.98 mmol) (Aldrich) was added. The

25 reaction mixture was heated at 110 °C for 3 hours. The reaction mixlure was
concentrated under reduced pressure and the residue was purified by chromatography



16/ HN}ION\N / N CnH 14NA03 MN322.33 5 Step
A- 6,7- D nmethox)-5-nitro-3H quinazolin -4- one o_ N A
wO20044ANMH55C, OH 19N305 MW 251.20 10 PCT/EP2004/050608
6, 7- D net hoxy- 5-ni tr o- 3H qui nazol i n- 4-one was prepared
as a pale yellow solid accorging to the procedure of
Chao, Q; Deng, Lynn; Shih, Hsiencheng; Lconi, Lorenzo
M; Ccnini, Davide; Carson, Dennis A ; Cottarn, Howard
B.; J. Med. Chem 1999, .42, 3860-3873. 15 Step B
(6, 7- D net hoxy-5-ni tro-qui nazol i n-4-yl ) -phenyl -am ne
/1 O-N..OHN\ /Ol \ ~ C 16H 14N404 MN 326.31 20 To
a sol ution of
6, 7- di met hoxy-5-ni tro- 3H qui nazolin-4-one (1.0 g, 3.98

mmol) (from ExanEIe 1, Steg A sup‘ra%flin SOC12 (20
mL) (Al dr FERFORG FECh 4¥ad PP EIFeY 55 Rsesfe -dimetgn->-
reacti on MY izeingad rerddmirest@gY it K0P erfg at 90 C
for 3 hours. The solvents were evaporated and the

resi due wae Cov7adethomy-Nrarderg-quiTiading-4gsdisghize was di ssol ved
in 2-propanol (30 nL), then aniline (0.36 nL, 3.98
mol ) (Al drich) was added. The 25 reaction m xture was
heated at 110 C for 3 hours. The acti on m xture was
concentrated under reduced pré%8uré and the residue
was purified by chronatograﬁﬁ%jfj

[e)

CisH16N4O2
MW 296.33

10 To a solution of (6,7-dimethoxy-5-nitro-quinazolin-4-yl)-phenyl-amine (1.0 g,
3.14 mmol) (from Example 1, Step B, supra), NH4CI (1.7 g, 31.4 mmol) in MeOH, H20
and CHCl3 (40 mlL, 2:1:1) was added Zn powder (2.0 g, 31.4 mmol) (Aldrich). The
reaction mixture was stirred at room temperature for 1 hour. The mixturc was then
filiered, the filtrate was concentrated and then extracted with chloroform (100 mL). The

15 organic layer was separated, dried over Na>SOj4, and concentrated. The residue was
purified by chromatography using EtOAc / CHxCl, (1:1) as cluent to give the desired 6,7-
dimcthoxy-N4-phenyl-quinazolinc-4,5-diaminc as a yellow gum. (Yicld 0.5 g, 54%).

Step D: 8,9-Dimethoxy-3-phenyl-1H,3H-1,3 4,6-tetraaza-phenalen-2-one

CH14N4O3
MW 322.33

To a solution of 6,7-dimcthoxy-N4-phenyl-quinazoline-4,5-diamine (0.2 g, 0.68

25 mmol) (from Example 1, Step C, supra) in 1,2-dichloroethane (50 mL) was added 1,1-
carbonyldiimidazole (0.55 g, 3.4 mmol) (Aldrich). The reaction mixturc was heated with
stirring at 90 °C for 4 hours. The solvent was evaporated and the residuc was purificd by
chromatography using E{OAc/ CHxCl, / E13N (1:1:0.04) as eluent Lo give the desired 8,9-



WD 2004/ 111055 PCT/ EP2004/ 050608 17 using Et QAc /

CH2C12 / NEt3 (1:1:0.05) as eluent to give the desired
wO0@pdioset hoxy-5- nitro-qui nazol i n-4-yl) - phenpCTamrRova/050608

as a yellow solid. (Yield 0.9 g, 70%9. Step C

6, 7- Di met hoxy- N4- phenyl - qui nagol i ne-4, 5-diamne 5

HHN ONC 16H 16N402 MN 296.33 10 To a sol ution of

(6, 7-di met hoxy-5-nitro -qui nazolin-4-yl)-phenyl- am ne

(1.0 g, 3.14 mol) (from Exanple 1, Step B, supra),

NH4Cl (1.7 g, 31.4 mmol) in MeOH, H2O and CHCI 3 (40

m, 2:1:1) was added Zn powder (2.0 g, 31.4 mmol)

(Aldrich). The reaction mxture was stirred at room

tenperature for 1 hour. The m xture was then

filtered, the filtrate was concentrated and the

ext r act ed SRR TREBEFRE Aff- Lot phyalenpigac 2 Seligy g%\‘h j(eld

| ayer was®Bépi¥at ed, dried over Na2S04, and

concentrated. The resi due was purified by

chromat ogr aphy using Et OAc / EQe2€22 (1:1) as clucnt to

gi ve t he dess g BidhetBoxy3-phenyl-1H,3H-1,3,4,6-tetraaza-phenalene-2-thione

di met hoxy- N4- phcnyl - qui nazol i nc- 4, 5- di arri nc as a

yellow gum (Yield 0.5 g, 54%

8, 9- Di net hoxy- 3- phenyl - 1H, 3H ;INJI%, tet raaza- phenal en

-2-one HN / QO I \ 20 C17H®E MN 322. 33 To a

sol ution of >

6, 7- di met hoxy- N4- phenyl - qui Aazol i nc- 4, 5-diamne (0.2

g, 0.68 25 mmol) (from Exanpl e], Step C, supra) in

1, 2-di chl oroet hane (50 nl) V\@éﬂm efed 1,1 -

carbonyl di i m dazol e (0.55 g, M§’ S 3fmol ) (Aldrich). The

reacti qg' m X’F drstﬁutl\é%6h%g£tﬁ)Qy-W I}h 1 q§1¥147<§h¥14 épgdm@&ne %ngo £7Ol'
4 hours. Qﬁ) 9 }yxg ptlc 1, &Yp%s) or()@tﬂ rgL) w?s%l_tig%el
was pur i f ll 1d11m1 az. c P I‘P] u?(%) 'glc Cfac ion m])élul%wz@hcat(%
Et 3N ( L 1w1§1 stirri ataS% Cefmé?ouls he boq'en was evapomtez? and thelesldué was
purified by chromatography using EtOAc/ CH,Cl> / Et3N (1:1:0.04) as cluent to give the
15 desired 8,9-dimethoxy-3-phenyl-1H,3H-1,3,4,6-1ctraaza-phenalenc-2-thione as a gray
solid. (Yield 50 mg (55%).

Example 3
8.9-Dimethoxy-3-phenyl-3H-1,3,4,6-tetraaza-phenalene

20

CiH1aN4O2
MW 306.32

A solution of 6,7-dimethoxy-N4-phenyl-quinazoline-4,5-diamine (80 mg, 0.27
25  mmol) (from Example 1, Step C, supra) in formic acid (5 m1) was heated at 110°C for 2
hours. Aqucous NaOH solution was then added to the reaction mixture to a pH 10 - 12,

The solution was diluted with chloroform (50 mL). The organic layer was separated,



WD 2004/ 111055 PCT/ EP2004/ 050608 18

di net hoxy- 3- phenyl - 1H, 3H 1, 3, 4, 6-t et raaza- phenal en- 2-0
woeoagiiesyel | ow solid. (Yield 0.13 g, 59% . Erammre0o2/050608

5

8, 9- D met hoxy- 3- phenyl - 1H, 3H,3, 3, 4, 6-t et raaza- phenal cn

e-2-thionc i I--1 HJO'N I I / NC17H 14NdX2S MN

338.39 10 To a solution of

6, 7- di met hoxy- Nd- phenyl - qui nazol i ne- 4, 5-di am ne (80

ng, 0.27 mol) (from Exanple 1, Step, C supra) in

1, 2-di chl oroct hane (30 nlL) was added 1, 1'-

t hi ocar bonyl di i m dazole (0.58 g, 3.24 muol) (Fl uka).

The reaction m xture was heated wth stirring at 80 C

for 4 hours. The solvent was evaporated and the

resi due WHEd ORI iPQej aadrorsen tratpsy Hhsaisﬁwaiyﬁssﬂeﬂmﬁ@mrsﬁea&& /

CH2C12 |/ BingRPfcy BN G0-62)s clacst tegivg Ehp fesife 8. ipthoptigphag-3H-

desired 1.3.4.6-tetraaza-phenalene as a while solid. (Yield 45 mg, 54%).

8, 9- di net hoxy- 3- phenyl - 1H, SHE,Jamgleﬁl, 6-tetraaza- phenal en

Exgrri)lhl one 8a%9 %‘m%o%’ 2- mah I g ;giényl(3xl 1% 4(3 te%ga/a%englgé%

et hoxy- 3- phenyl 3H 1, 3,4,6-tetraa phen al ene NON 1

20 CL7H14NAO2 MW 306. 32 A sol dt

6, 7- di met hoxy- N4- phenyl - qui pa {ol)i ne- 4 5-di am ne (80

ng, 0.27 25 mmol) (from Exan‘b@:uj], Step C, supra) in

thrmic acid (5 nL) was heat éd at” 110 C for 2 hours.

Agqueous NaOH sol ution was then added to the reaction

m xture to a pH 10 - 12. CsH N0,
MW 320.35
10 A solution of 6,7-dimcthoxy-N4-phenyl-quinazoline-4,5-diamine (60 mg, 0.20

mmol) (from Example 1, Step C, supra) in acetic anhydride (2 mL) was heated at 150°C
for 2 hours. Aqueous NaOH solution was then added to the reaction mixture to a pH 10
- 12. The solution was diluted with chloroform (50 mL). The organic layer was separated,
dricd over NaxSOy4, and concentrated. The residuc was purificd by chromatography using
15 EtOAc/ EisN (1:0.04) as eluent Lo give the desired 8,9—dimeth0xy—2—melhy]—3-pheny1-
3H-1,3,4,6-tctraaza-phenalenc as a yellow solid. (Yicld 20 mg, 62%).

Example 5
2-Ethyl-8,9-dimcthoxy-3-phenyl-3H-1,3,4,6-tetraaza-phenalene

L0
pee

C1oH18N4O;
MW 334.38

20

A solution of 6,7-dimethoxy-N4-phenyl-quinazoline-4,5-diamine (130 mg, 0.44

25 mmol) (from Example 1, Step C, supra) in propionic anhydride (3 mL) (Aldrich) was
healed at 170 °C for 2 hours. Agucous NaOH solution was added 1o the reaction mixture

to apH 10 - 12, The solution was diluted with chloroform (50 mL). The organic layer



The solution was diluted with chloroform (50 nL). The

organi c | ayer was separated, WO 2004/111055
wWOCHI4aRRABO4/ 050608 19 dried over Na2SO4, and PCT/EP2004/050608

concentrated. This residue was purified by

chromat ography using Et QAc /,gEt 3N (1:0.04) as el uent

to give the desired 8, 9-di nct hoxy- 3- phenyl -

1,3,4,6-tetraa72-phenal ene as a white solid. (Yield 45

ng, 54% . Exanple 4 5

8, 9- Di et hoxy- 2- net hyl - 3- phenyl -3H 1, 3, 4, 6-tetraaza- ph

enal ene N C 18H u>NdQ2 MW 320.35 10 A sol ution of

6, 7- di nct hoxy- Nd- phenyl - qui nazol i nc- 4, 5-di am ne (60

ng, 0.20 mol) (from Exanple 1, Step C, supra) in

acetic anhydride (2 nL) was heat ed at 150C for

hours. AqUeBRIEeNATH st eP) B REraeh S reidered rudied lP(e

reacti on froRtipF@LtugnediQRr Bty (1:0.05) poeluent jpgivatp doriddrethikdd-

di | ut ed wdimdthoptimhenof b i O S ragipenaleppys anpraggersilié: (YddPémewas

separ at edi4%).dri ed over Na2SO4, and concentrated. The

residues;was purified by chromatography using 15 Et OAc

/ Et3N (1:0.04) as eluent toEginvesthe desired

8, 9- di met hoxy/sZrBliyy)-s3-dRREBY3H-13 4,6-tetraaza-phenalene

3H1, 3, 4, 6-tetraaza- phenal ene as a yell ow solid.

(Yield 20 ny, 62% . Exanple 5

2- Et hyl - 8, 9-di ntt hoxy- 3- phenyL»@)@,ﬂr& 4, 6-tetraaza- phe
nalene "4 //0" \ . 20 C N402 MN 334.38 A

sol ution of A

6, 7- di met hoxy- N4- phenyl - qufhazo i ne-4,5-di am ne (130
ng, 0.44 25 mmol) (from Exanple 1, Step C, supra) in
propi oni ¢ anhydride (3 nl) (CM@BrNQh) was heated at

170 C f'r 2 hours. Aqueous I\%‘t‘&q ¥l ut| on vvas added to

the r eact xt u (1)50 sol ution
was di utE'a_V\SI ¢ ﬁlfeg)é?o Bt %‘ilnﬁm GAN ¢ | ayer

f)fi/
o N

Ci6H 13BrN4O4
15 MW 405.22

To a solution of 6,7-dimethoxy-5-nitro-3H-quinazolin-4-one (1.0 g, 3.98 mmol)

(from Example 1, Step A, supra) in SOCL (20 mL) (Aldrich) was added a few drops of
DMF (0.05 mL). The reaction mixture was then heated with stirring at 90 °C for 3 hours.

20 The solvents were evaporaled and the residue was dried in vacuo. The residue was
dissolved in 2-propanol (30 mL), then 3-bromoaniline (0.69 g, 3.98 mmol) (Aldrich) was
added. The reaction mixture was heated at 110 °C for 3 hours. The solvents were
removed and the residue was purified by chromatography using E1OAc / CH2Cl2 / NE1;
(1:1:0.05) as eluent to give the desired (3-bromo-phenyl)-(6,7-dimethoxy-5-nitro-

25 quinazolin-4-yl)-aminc as a yellow solid. (Yicld 1.2 g, 74%).



WO 2004/ 111055 PCT/ EP2004/ 050608 20 was separ at ed,

dri ed over Na2SO»4, and concentrated. This residue was
wouoi4fiiedsby chromat ography usi ng Et OAc / Et 3RCT/EP2004/050608
(1:0.05) as eluent to give the desired 2-ethyl-8,9-

di met hoxy- 3-phenyl -3H1, 3, 4,,6-tetraaza-phenal ene as
an orange solid. (Yield 21 ng, 14%. 5 Exanple 6

3- (3- Brono- phenyl ) - 8, 9-di net hoxy-3H1, 3, 4, 6-tetraaza-p
hen alene NONr C 17H 13BrN402 10 MW 385.23 Step A
(3- Brono- phenyl ) - (6, 7-di met hoxy-5-ni tro-qui nazolin-4-y
[y-amine /I O ,H\ ~~NI N C1(,H 13BrNMO> 15 MWV
405.22 To a solution of 6,7-dineth oxy-5-nitro-
3H-quin azolin -4-one (1.0 g, 3.98 mnol) (from
Exanple 1, Step A, supra) in SOCI2 (20 nL) (Al drich)
was added st BrEYR-Brppprienyh-67- BB MOIEEDHe > NI r eact i on

m xture was then heated with sti ng at 90 C for 3
hours. 20 The sol vents were eydporafed and the residue
was dried in vacuo. The re€i “was dissolved in

2-propanol (30 nL), then 3-grénvaniline (0.69 g, 3.98

nmmol ) (Al drich) was added. The reaction m xture was

heated at 110 C for 3 hourscdheysol vents were

renoved and the residue was guwnrfed by chromat ography

using BEQAc / CH2CI2 / NEt3 (1:1:0.05) as eluent to

gi ve t he desToragdhtion of (3-bromo-phenyl)-(6,7-dimethoxy-5-nitro-quinazolin-4-yl)-

( 3- br ono- plremya 2)04¢ Bmaly [@omBxirudeySieh Anvipta) @d RBCI (0.26 g, 4.94

qui nazol i Aimdyiyi fixEEdVROBI@anY € ¢1.0%0 n8.04: 1 1flwas {344 &h phwller 2

g, 74% . {0.64 g, 9.87 mmol). The reaction mixturc was stirred at room temperature for 3 hours.

10 The mixturc was then filtered, the filirate was concentrated and then extracted with

chloroform (100 mL). The organic layer was separated, dried over NaaSOy4, and
concentrated. This residue was purificd by chromatography using EtOAc / CH2Cl / NEt3
(1:1:0.05) as eluent 1o give the desired N4-(3-bromo-phenyl)-6,7-dimethoxy-
quinazoline-4,5-diamine as a yellow gum. (Yield 0.1 g, 54%).

15
Step C: 3-(3-Bromo-phenyl)-8,9-dimethoxy-3H-1,3,4,6-1etraaza-phenalene

C17H 13BrN4O»
MW 385.23
20

A solution of N4-(3-bromo-phenyl)-6,7-dimethoxy-quinazoline-4,5-diamine (100
mg, 0.27 mmol) (from Example 6, Sicp B supra) in formic acid (5 mL) was hcated at 110
°C for 2 hours. Aqueous NaOH solution was added to the reaction mixture to a pH 10 -
12. The solution was diluted with chloroform (100 mL). The organic layer was scparated,
25  dried over NapSOy, and concentrated. This residuc was purilied by chromatography
using ELOAc / B3N (1:0.04) as eluent to give the desired 3-(3-bromo-phenyl)-8,9-
dimcthoxy-3H-1,3,4,6-tctraaza-phenalenc as a brown solid. (Yield 86 mg, 83%).



WO 2004/ 111055 PCT/ EP2004/ 050608 21 Step B:
N4- ( 3- Brono- phenyl ) - 6, 7- di met hoxy- qui nazol i ne-4, 5-di am
woneo4/1110s52 Br O X NI N~ C 16H 15Br NA02 MW 3PETZPR2009/050608
To a solution of
(3- brono- phenyl ) - (6, 7-di met hgxy-5-ni tro-qui nazolin-4-y
[)- amne (0.2 g, 0.49 mol) (from Exanple 6, Step A,
supra) and NH4C1(0.26 g, 4.94 mol) in a m xture of
MeOH, H20 and CHC13 (30 nml, 6:1:1) was added Zn powder
(0.64 g, 9.87 mml ). The reaction mxture was stirred
at roomtenperature for 3 hours. 10 The m xture was
then filtered, the filtrate was concentrated and then
extracted wwth chloroform (100 nlL). The organic |ayer
was separated, dried over NaaSO4, and concentr at ed.
This residue was purified byZeERSfat ography using
Et OAc / CH2GLZ-BlomNEkedyn)-80Limbinbhy-0m3 -85, ObHENphel2Qn-Bbné €
the desired N4-(3-brono-phenyl)-6, 7-di met hoxy-
qui nazol i ne-4,5-di am ne as a [ IOy gum (Yield 0.1 g,
54% . 15 Step C Hg'/&fg ( °
3- ( 3- Brono- phenyl ) - 8, 9- di mSH 1,3,4,6-tetraaza-p
henalene /1 NON\ r /O 13Br Nd02 MW 385. 23
20 A solution !
of Nd- ( 3- br ono- phenyl ) - 6, 7- di_ net 1 - qui nazol i nc- 4, 5-di
ami ne (100 Cﬁ%ﬁ?

To a solution of N4-(3-bromo-phenyl)-6,7-dimethoxy-quinazoline-4,5-diamine
{0.15 g, 0.40 mmol) (from Example 6, Step B, supra) in 1,2-dichlorocthane (50 mL) was
added 1,1-carbonyldiimidazole (0.65 g, 4.0 mmol) (Aldrich). The reaclion mixture was
10 heated with stirring at 90 °C for 4 hours. The solvents were evaporated and the residue
was purified by chromatography using EtOAc / CH;Clz 7 EtaN (1:1:0.05) as eluent to give
the desired 3-(3-bromo-phenyl)-8,9-dimcthoxy-1H,3H-1,3,4,6-tctraaza-phenalen-2-onc
as a brown solid. (Yield 0.12 g, 75%).

Example 8

15 3-(3-Bromo-phenyl)-8,9-dimethoxy-2-methyl-3H-1,3.4,6-letraaza-phenalene

C 1 3H 1 5B1’N402
MW 399.26

20 A solution of N4-(3-bromo-phenyl)-6,7-dimethoxy-quinazoline-4,5-diamine (120
mg, 0.32 mmol) (from Example 6, Step B, supra) in acctic anhydride (3 mL) was heated
ai 150 °C for 2 hours. Aqueous NaOH solulion was added to the reaction mixturc 1o a
pH 10 - 12, The solution was extracted with chloroform (50 mL). The organic layer was
separated, dried over NapS0Oy, and concentrated. This residue was purified by

25 chromatography using ELOAc / Et3N (1:0.05) as cluent to give the desired 3-(3-bromo-
phenyl)-8,9-dimethoxy-2-methyl-3H-1,3,4,6-letraaza-phenalene as a brown solid. (Yield
60 mg, 47%).



rng, 0.27 mmol) (from Exanple 6, Step B supra) in

formc acid (5 nL) was heated at 110 C for 2 hours.
wéqoenussBlaOH sol uti on was added to the reacti BAT/EP2004/050608

m xture to a pH 10 - 12. The solution was diluted with

chlorof orm (100 nL). The orgayic |ayer was separated,

25 dried over Na2SO4, and concentrated. This residue

was purified by chromatography using EtQAc / Et3N

(1:0.04) as eluent to give the desired

3- (3- brono- phenyl ) -8, 9-

di net hoxy-3H 1, 3, 4, 6-t etraaza- phenal ene as a brown

solid. (Yield 86 ng, 83%. WD 2004/111055

PCT/ EP2004/ 050608 22 Exanple 7

3- (3- Brono- phenyl ) - 8, 9-di net hoxy-1H, 341, 3,4, 6-tetraaz

a- phenalen-2-on e HN'NIT r "N o~ C 17H 13BrNdG3 5

MN 401. 23 To a sol ution Timol9

of N4- ( 3- br oneEHvenyhehy)B9-Aingihpre{ Mok Y3 Afcrrtnaz- ol epaive 2-thjoke di

amne (0.15 g, 0.40 mmol) (fron1§ianple 6, Step B

supra) in 1,2-dichlorocthane (HO ) was added
1,1 -carbonyl diimdazol c (0, 6, 4*0 mol ) (Al drich).
The reaction mxture was 10 } :Q}d with stirring at 90
C for 4 hours. The sol vent sfWer¥ evaporated and the
residue was purified by chromatography using Et QAc /
CH2A 2 | Et3N (1:1:0.05) ascghand,sto give the
desired MW 417.29

3- (3- brono- phenyl ) -8, 9-di net hoxy-1H, 341, 3,4, 6-tetraaz
a- phcnal en- Zlogpdutionp NVaGfyrogpmbenyd16i7 dime(hdyiy-glighzolineqi3-dgmine
75% . Exa@phe0.Bmhy) (from Example 6, Step B, supra) in 1,2-dichloroethane (50 mL) was

3- ( 3- Brionadep hEnideirbo8yl@midizere® Bioxdyi3s Rmphedraka). T8 teadtivo Bmidtpi§ - t
et raa7. a- phienal ven @irringd 9B E fol HEBrMATGR0IMNS DD yvaRGaidd BndAbe

sol uti on residue was purified by chromatography using EtOAc / CHa2Cla /Et3N (1:2:0.05) as eluent
of N4- ( 3- bib giancpiieda -k 3) brdno-phdlinet b GUENAZ Ok 6-Rend, 5- di a
m ne ( 120phedaBne 20nichasamaMw)solicf (viamoExap). e 6, Step B
supra)lgn acetic anhydride (3 nL) was heated at 150 C
for 2 hours. Aqueous NaOH solyhiiop was added to the

reaction mxture to a
3-(3-Bromo-phenyl)-2-cthyl-8,9-dimethoxy-3H-1,3,4,6-tetraaza-phenalene

/O N
P

o)
[

C1oHBrN4O2
20 MW 413.28

A solution of N4-(3-bromo-phenyl)-6,7-dimethoxy-quinazoline-4,5-diamine (120
mg, 0.32 mmol) (from Example 6, Step B, supra) in propionic anhydride (3 mL)
(Aldrich) was heated at 170 °C lor 2 hours Aqucous NaOH solution was added o the
25 reaction mixlure to a pH 10- 12. The solution was extracted with chloroform (50 mL).
The organic layer was separated, dried over NazaSOy, and concentrated. Thisresidue was
purificd by chromatography using ELOAc / EtsN (1:0.05) as clucnt to give the desired 3-



pH 10 - 12. The solution was extracted wi th chl orof orm

(50 nm.). The organic |ayer was separated, dried over
wolag@8@i10sand concentrated. This residue was puPCTiEe200BYS0608

25 chromat ography using EtOAc / EI 3N (1:0.05) as

el uent to give the desired 3-f3-brono-

phenyl) - 8, 9- di met hoxy-2-net hyl -3H1, 3, 4, 6-t etraaza- phe

nal ene as a brown solid. (Yield 60 ng, 47%. WO

2004/ 111055 PCT/ EP2004/ 050608 23 Exanple 9

3- (3- Brono- phenyl ) -8, 9-di net hoxy-1H, 341, 3,4, 6-tetraaz

a-phen alen-2-thione i HN', N\ r 5 C 17H13Br \dQ2S

MN 417.29 To a solution of

N4- ( 3- br ono- phenyl ) - 6, 7- di net hoxy- qui nazol i ne- 4, 5- di am

ine (80 , 0.21mmol) éfron1Exan?Ie 6, SteP B, supra)

in 1, 2- di @RrBr-Bethaney ¢80may-Has>4o1igrageipfistylone as a brown

1, 1' -t hi oeldrEenspindi ¥%i- dazol e (0.38 g, 2.13 mmol)

(Fluka). The reaction m xture was heated with stirring

at 90 C for 4 hours. The sol Exemfisliwer e evaporated and

the residu rified.by ¢ raphy. u

erone 1° Ged S b aRprRg gt AP Rt
desired

3- (3- brono- phenyl ) - 8, 9-di net he
a- phenal ene-2-thi one as a. g
91 %9 . 15 Exanple 10 ‘D
3-(3-Bron0-pheny|)-2-ethy|-%,g-dinethoxy-3kk1,3,4,6-te
traaza-phen alene \d r A\ ~No~~J C 19H 17Br N402

20 MW 413.28 A sol ution %%x%%%?B

of N4- ( 3- br ono- phenyl ) - 6, 7- di met hoxy- qui nazol i ne-4, 5-d
am ne (101 2€kp A: (3-Chloro-phenyl)-(6,7-dimethoxy-5-nitro-quinazolin-4-yh)-amine

@ 3H 1, 3,4, 6-tctraaz
aw solid. (Yield 80 ny,

Oy LPuy a
/O =N

=

T N

C16H 13CIN4O4
MW 360.76

15 A solution of 6,7-dimethoxy-5-nitro-3H-quinazolin-4-one (0.5 g, 1.99mmol)
(from Example 1, Step A, supra) in SOCl, (20 mL) (Aldrich) and a few drops of DMF
0.05 mL) was hcated with stirring at 90 °C for 3 hours. The solvents were then
evaporated and the residue was dried in vacuo. The residue was dissolved in 2-propanol
(30 mL), then 3-chloroaniline (0.25 g, 1.99 mmol) (Aldrich) was added. The reaction

20  mixture was healed at 110 °C lor 3 hours. The solvents were removed and the residuc
was purilied by chromatography using ELOAc / CH2Clz / NEl3 (1:2:0.05) as eluent to give
the desired (3-chloro-phenyl)-(6,7-dimethoxy-5-nitro-quinazolin-4-yl)-aminc as a
ycllow solid. (Yield 0.4 g, 56%).



ng, 0.32 nmmol) (from Exanple 6, Step B, supra) in

propi oni ¢ anhydride (3 nL) (Al drich) was heated at
wo2W431i036 2 hours Aqueous NaCH sol uti on was asdeaPm4/050608

the 25 reaction mxture to a pH 10 - 12. The solution

was extracted with chloroforms(50 nL). The organic

| ayer was separated, dried over Na2SO4, and

concentrated. This residue was purified by

chromat ogr aphy using EtOAc / Et3N (1:0.05) as cluent

to give the desired 3 WD 2004/ 111055 PCT/ EP2004/ 050608

24 (3-brono-phenyl) -2- ethyl- 8,9- dinethoxy- 3H

1,3,4,6-tetraaza- phen alene as a brown solid. (Yield

50 ny, 38% . Exanple 11 5

3- (3-Chl oro-phenyl )-8, 9-di net hoxy-1H, 3H 1, 3,4, 6-tetraa

za- phenal %%4-5:2\546?’1%‘110"‘@“‘}4)\5’7“P’mé’tth‘?"y'g"ﬁaz"tf—eﬁﬁ'f{l“m‘@l 7H

13C1N403 MNV 356.77 i0 Step A

(3- Chl oro-phenyl ) - (6, 7-di net h -5-Hi tro-qui nazol i n-4-

yl)-anine i a~ ANN\ | a”tg% N 1/ N Cl6H

13CINdO4 MW 360.76 15 A s on of

6, 7- di met hoxy-5-ni tro- 3H qui nazol i n-4-one(0.5 g,

1.99mol ) (from Exanple 1, ShgfnGd, sSupra) in SOC12

(20 m.) (Aldrich) and a few "wopssof DMF (0.05 nlL)

was heated with stirring at 90 C for 3 hours. The

sol vent s wer® abdipgimn of @vidporiatydds. adidetokye - niteSihidaedin Wl

dried in aae@d.e (FhemsasindEenpieas Sel 45 sohneNH.@ (024 g, 443

2- pr opanohmolyid3mifrtry of MeOI® MBan ¢ O O (e -1 12)ewaf Lded Bn igyder

1. 99 mol .74 A1 hivio s Fihe @sn actdecas sdheat Foed @hpedire for 3 hours.

10 The mixturc was then filtcred. The filtratc was concentirated and then exiracted with
chloroform (100 mL). The organic layer was separated, dried over Na2SOy4, and
concentrated. The residuc was purified by chromatography using BtOAc / CH,Cla/ NEt;
(1:1:0.05) as cluent to give the desired N4-(3-chloro-phenyl)-6,7-dimethoxy-
quinazoline-4,5-diamine as an orange gum. (Yield 0.1 g, 55%).

Step C: 3-(3-Chloro-phenyl)-8,9-dimethoxy-1H,3H-1,3,4,6- tetraaza-phenalen-2-one

S

2 ™y

0 A

C17H 13CIN4O;
MW 356.77
20

To a solution of N4-(3-chloro-phenyl)-6,7-dimethoxy-quinazoline-4,5-diamine
(80 mg, 0.24 mmol) (from Example 11, Step B, supra) in 1,2-dichlorocthanc (30 mL) was
added 1,1'-carbonyldiimidazole (0.2 g, 1.21 mmol) (Aldrich). The reaclion mixture was
heated with stirring at 90 °C for 4 hours. The solvents were evaporaled and the residue
25 was purified by chromatography using EtOAc / CH,Cla/ EtaN (1:1:0.05) as clucnt to give
the desired 3-(3-chloro-phenyl)-8,9-dimethoxy-1H,3H-1,3,4,6-(ctraaza-phenalen-2-onc
as a brown solid. (Yield 50 mg, 58%).



20 m xture was heated at 110 C for 3 hours. The
sol vents were renoved and the residue was purified by
woho@maisgr aphy using Et OAc / CH2CA 2 / NEt 3 ( 1r2T@PO®N/050608
as eluent to give the desired
(3-chl oro-phenyl) - (6, 7-di met Bgxy- 5-ni tro- qui nazol i n- 4-
yl)-amne as a yellowsolid. (Yield 0.4 g, 56%. WO
2004/ 111055 PCT/ EP2004/ 050608 25 Step
N4- ( 3- Chl or o- phenyl ) - 6, 7- di met hoxy- qui nazol i ne-4, 5-di a
mne ~I zt, HHa/-a\ N N CL6H15C1N402 MW
330.78 5 To a solution of
(3-chl oro- phenyl ) - (6, 7-di net hoxy-5-nitro-
qui nazolin-4-yl)- amne (0.2 g, 0.55 nmmol) (from
Exanple 11, Step A, supra) and NH4C1(0.24 g, 4.43
mol) in a mxture of MOH H2O gnd CHC13 (50 ni,
2:1:12), was added Zn pomder_J%%ng g, 11 mmol). The
reacti on m xt@iCelowagndisiordingitloxat-methyh fi-i.&hperaad-plregalehor 3
hours. 10 The m xture was then filtered. The filtrate
was concentrated and then extr cg;nVWth chl or of orm
(100 m.). The organic | ayer WAS|sépdrated, dried over
Na2SO4, and concentratedﬂ”1ﬂ§‘i*sidue was purified by
chromat ogr aphy using Et OAc ¥ CRZC12/ NEt3 (1:1:0.05)
as eluent to give the desired
N4- ( 3- chl or o- phenyl ) - 6, 7- di gphkoxy;
qui nazol i ne- 4, 5-di am ne as amwagsignge gum (Yield 0.1
g, 55% . 15 Step C
3- (3- Chl oro- @‘h@w |01)M4—8?;—@k)@'rm@ylh@7xcquthoxy—quinazoline-4,5-diaminc 0.2
H, 3H ], 3, #9@®mnet (reraBrammiri b Aied Bempr@ ingpelic anlgydijde GINL) Wwaphegied gt
C 17H 18 OCBEMNAUSG 2 hdwvid/ BbGusNAOH solution was added to the reaction mixture to a pH
10 - 12. The solution was extracted with chloroform (50 mL). The organic layer was
separated, dried over Na»SO4, and concentrated. The residuc was purificd by
chromaltography using BtOAc / CHxCly/ Et3N (1:1:0.05) as eluent to give the desired 3-
(3-chloro-phenyl)-8,9-dimethoxy-2-methyl-3H-1,3,4,6-tetraaza-phenalenc as a yellow
15 solid. (Yicld 90 mg, 42%).

Example 13
3-(4-Chloro-phenyl)-8,9-dimethoxy-3H-1,3,4,6- tetraaza-phenalenc

20 C7H5CIN4O,
MW 340.77

Step A: (4-Chloro-phenyl)-(6,7-dimethoxy-5-nitro-quinazolin-4-yl)-amine

a
0y, O /©/
SNTHN

o A

=
N

o
I



20 To a sol ution

of Nd- ( 3-chl or o- phenyl ) -6, 7- di net hoxy- qui nar _ol i ne-4, 5-
wdadizenmerss (80 ng, 0.24 nmol) (from Exanpl e 11, p8rAaR24/050608

supra) in 1,2-dichloroethanc (30 nL) was added

1,1" -carbonyl diimdazole (0.2,9, 1.21 mmol) (Al drich).

The reaction m xture was heated with stirring at 90 C

for 4 hours. The solvents were evaporated and the

residue 25 was purified by chromatography using Et OAc

/| CH2Cl2 / Et3N (1:1:0.05) as eluent to give the

desired

3- (3-chl or o- phenyl )-8, 9-di met hoxy-1H,3H 1, 3, 4, 6-1 etraa

za- phenal en-2-one as a brown solid. (Yield 50 ny,

589% . WD 2004/ 111055 PCT/ EP2004/ 050608 26 Exanple 12

3- CieH 133%101\1:,1(6)4
(3- Chl or o- phenyl ) - 8, 9- dlnethoxy 2-methyl-3H1, 3,4,6-te

traaza- phen ’ﬁ)la%on OTJS 7- Mmélho@ 5-ditfQ-3e qum;ﬁohg:-:h-%h_é (6-5%%1)
MW 354. 8054, 8QLME 1 81 A0 in soc12 (20 mL) (Aldrich) was added a few drops
N4- ( 3-chl ]91\;119(0%']& yllh«), r01§ Z ES%%XCM&WI‘EH%B :!t Q(%Célor%hogljs
m ne ( 0. 2The glveng wele evaporat d a tﬁezl? JEELd in 1«"!71}? b. 1 Sgdugwa

supr a) |nma?

Vﬁit%u £ %1 opa%oy 6 Qhe

AL e
T .1111 ne .2 mmo 1101 \tv.ls

150 Cfo adde crc,tcuonm urc waq I} T\Qca%olivcmtg were
t he reactlo
ext r actbd Y FA IS BRI ﬁﬁﬁ]’n{ e A W b

was  sepaftat- & Py e 8y S NG TYn P hei b e dé‘ﬁe@é’ﬁts "Hed.
The resi df@ - Hurrera 8mﬂﬁmddﬁﬁ6ﬂﬁ¥@é}aphy usi ng

Et OAc / CH2Cl12/ Et3N (1:1:0.05) as eluent to give the
desi red 3sicp B: N4-(4-Chloro- -phenyl)-6,7-dimcthoxy-quinazolinc-4,5-diaminc

(3-chl oro- phenyl ) - 8, 9-di nmet hoxy- thyl -3H 1, 3,4,6-te
traaza- phenal ene as a yell ow .\ lid. (Yield 90 ng,
42% . Exanple 13 3- A
(4- Chl or o- phenyl ) - 8, 9- di net
en along /OT

3%#1 3, 4, 6-tetraaza- ph

C16H)5CIN4O2
MW 330.78

To a solution of (4-chloro-phenyl)-(6,7-dimethoxy-5-nitro-quinazolin-4-yl)-

20 amine (0.2 g, 0.55 mmol) (from Example 13, Stcp A, supra) and NH4Cl (0.24 g, 443
mmol) in a mixturc of MeOH, H,O and CHCl3 (50 mL, 2:1:12) was added Zn powder
(0,72 g, 11 mmol). The reaction mixture was stirred at room temperature [or 3 hours.
The mixture was then filtered, the filtrate was concentrated and then cxtracted with
chloroform (100 mL). The organic laycr was scparated, dried over NaxSOg, and

25 concentrated. The residue was purified by chromatography using EtOAc/ CHxCly/ NEt3
(1:1:0.05) as eluent to give the desired N4-(4-chloro-phenyl)-6,7-dimethoxy-
quinazolinc-4,5-diaminc as a pale ycllow gum. (Yield 0.16 g, 88%).

Step C: 3-(4-Chloro-phenyl)-8,9-dimethoxy-3H-1,3,4,6- tetraaza-phenalene



20 C 17H 13C1N402 MW 340.77 Step A

(4- Chl or o- phenyl ) - (6, 7-di met hoxy-5-nitro

woquarski n-4-yl)-amine Of. DHN /O ~N 0 11P@DEP2004/050608
2004/ 111055 PCT/ EP2004/ 050608 27 Cl6H 13CL1N404 MW

360. 76 To a solution of 6,7- dimethoxy- 5- nitro-

3H quin azolin -4-one (0.5 g, 1.99 mmol) 5 (from
Exanple 1, Step A, supra) in SOCl12 (20 nL) (Aldrich)

was added a few drops of DM (0.05 nL). The reaction

m xture was then heated with stirring at 90 C for 3
hours. The solvents were evaporated and the residue

was dried in vacuo. This residue was dissolved in
2-propanol (30 nmL), then 4-chloroaniline (0.25 g, 1.99
mol ) (Al drich) was added. The reaction m xture was
heated at 110 C for 3 hours. The ‘vents were 10
renoved and the residue was pym d by chronat ography
using EtOCAc / CH2Cl12/ NEtaxtﬁg;%mo 05) as eluent to
gi ve the desired 7

(4-chl oro-phenyl)-(6, 7- dlne&hoxy 5-nitro-

qui nazolin-4-yl)-anm ne as acyeIIOM/solld (Yield 0.5
g, 70% . Step B: 17”

N4- (4- Chl or o- phenyl ) -6, 7- dlnethoxy qui nazol i ne-4, 5-di a
mne | s P NHy soldlion 17[5‘]4—@1—011@}?’ plél@;-M&gcthOWuﬁ%gmg BS &E&hlr@(ld)
sol ution IQ;E 04(8411%9 kﬁ%‘ﬂxaﬂl;l@ﬁ)/dt B, sz(u@z) if Torlgé AR nﬁ) was heated al
OXYy- 5-ni tfl@ CqH'I,’Zﬂou?sZ/Q éo&Naé’Hyou)lon d(@(ﬁb BEre 90’[1%11Xg11‘6t crp
ol ) (f r %rnl %QRL(% %Hutc%‘;vﬁ}pchﬁ'ofoﬁl?‘bﬁ q’pc%rgm% (vg 24

g, 4. 43:0 12”%!186 d11ed ov I{gf% and concentrate 651?5?%6 wagﬁgﬁe 13 ( 50

m., 2: )
omatogra 1 yusm (,/ égg %E) e uent to vcg[he ebncdm hioro-
]:rgre geﬁgt gnyl) Eﬁ; dlmctﬁoxy %1 3 4 6- tCtI'ddZd cnalcnc as an (f)’% WhltCnH% 8;10&! 568

mg, 59%}).
Example 14
15 3-(4-Chloro-pheny})-8,9-dimcthoxy-1H,3H-1,3,4,6-tetraaza-phenalen-2-thione

CrHi3CIN4O2S
20 MW 372.84

To a solution of N4-(4-chloro-phenyl)-6,7-dimethoxy-quinazoline-4,5-diamine
(120 mg, 0.36 mmol) (from Example 13, Step B, supra) in 1,2-dichlorocthane (30 mL)
was added 1,1°-thiocarbonyldiimidazole {0.65 g, 3.63 mmol) (Aldrich). The reaction
25  mixture was heated with stirring at 90 °C for 4 hours. The solvents were evaporated and
the residue was purified by chromatography using EtOAc / CH>Cla/ EtsN (1:3:0.05) as



The m xture was then filtered, the filtrate was
concentrated and then extracted with chloroform (100
wobyo4/1Tissor gani ¢ | ayer was separated, dried OPET/EP2004/050608
Na2SO4, and 25 concentrated. The residue was purified
by chromat ography using Et OAgg/ CH2CI 2/ NEt 3
(1:1:0.05) as eluent to give the desired
N4- (4- chl or o- phenyl ) -6, 7- di met hoxy-
qui nazol i ne-4,5-diam ne as a pale yellow gum (Yield
0.16 g, 88%. Step C
3-(4-Chl or o- phenyl ) -8, 9-di net hoxy-3H 1, 3, 4, 6-tetraaza-
phcnal enc WO 2004/ 111055 PCT/ EP2004/ 050608 28 1-0 a
C1l7H13C1N402 MW 340.77 5 A solution
oth-(4-chIoroTphenyg2-6,7-dincthoxy-quinazoline-4,5-d
i am ne (190" e therlesrg! Srifrehiojo eyl PR EikehepT BAH 3 3 451EH=B,
supra) i neherslerpiZahicpedsdyelloy spfl) Vg §0ResR%®d at 110 C for
2 hours. Aqueous NaOH sol ution was added to the
reaction mxture to a pH 10Bamd@l5 The sol uti on was
di | ut eds w t hy,chiharef ohdny(dDehymea)1,3.4 Hhe-de@ari ¢ | ayer
was separated, dried over Na2SO4, and concentr at ed.
This residue was purified by 10 c mat ogr aphy usi ng

Et OAc / Et3N (1:0.05) as elue ive the desired
3-(4-chl oro- Ao S
phenyl ) -8, 9-di net hoxy- 3H 1, ~t et raaza- phenal ene as

an off white solid. (Yield 96 ng, 59% . Exanple 14 15
3- (4- Chl or o- phenyl )-8, 9-di met hoxy-1
H,3H—1,3,4,6-tetraaza-phenal@@% 32hione / a
C17H13CLN402S 20 MW 372.84 To a sol ution

of N4- ( 4e chinay BAphemynlehoxd 4 Thediamt-ldneyotigui nazol i ne- 4, 5-d
iamne (120 ng, 0.36 nmol) (from@Exanple 13, Step B
supra) in 1,2-dichloroethane (30w was added

1, 1" -thi ocarbonyl di i m dazohg® g, 3.63 mmol)
(Aldrich). The reaction 25 2 was heated with
stirring at 90 C for 4 hours. The solvents were

evapor ated and
C7H15sN30;3

MW 309.33

15 6- Acetoxy-7-methoxy-quinazolin-4-one was synthesized according to the literature
procedure ol Gibson, K. H. et al. Bioorganic & Medicinal Chemistry Letters, 1997, 7(21),
2723 - 2728, To a solution of 6-acetoxy-7-methoxy-quinazolin-4-onc (1.2 g, 5.13 mmol)
in SOCI; (30 mL) (Aldrich) was added a fcw drops of DMF (0.1 mL). The rcaction
mixlure was then heated with stirring at 100 °C for 3 hours. The solvents were

20 evaporated and the residue was dried in vacuo. The residuc was dissolved in 2-propanol
(30 mL), then aniline (0.47 mL, 5.13 mmol) (Aldrich) was added. The reaction mixturc
was heated at 110 °C for 3 hours, then cooled to room temperature and filtered. The
precipitate was collected and dried in vacuo to give 6-acetoxy-7-methoxy-4-
phenylamino-quinazoline as a white solid. (Yicld 1.0 g, 63%).



the residue was purified by chromat ography using Et CAc

/ CH2C12 / Et3N (1:3:0.05) as WO 2004/ 111055
wWOCHI4aRRABO4/ 050608 29 eluent to give the desi PEWEP2004/050608

3- (4-chl or o- phenyl )-8, 9-di met hoxy-1H,3H 1, 3,4, 6-tetraa

za- phenal enc-2-thione as a ygllow solid. (Yield 110

ng, 82% . Exanple 15 5

7, 8- Di met hoxy- 5- net hyl - 4- phenyl -4H 1, 3, 4-tri aza- phenal

ene C 19H 17N302 MWV 319.37 10 Step A

6- Acet oxy- 7- net hoxy- 4- phenyl am no- qui nazoline /1 HNO

YO & ,- N O CL7H15N303 MW 309. 33 15

6- Acet oxy- 7- net hoxy- qui nazol i n-4-one was synt hesi zed

according to the literature procedure of G bson, K

H et al. Bioorganic & Medicinal Chemstry Letters,

1997, 7(BPE 7-"?3'2>3-4:Ph@2y7328‘.°"1‘1*6m&“'é'all ution of

6- acct oxy- 7- net hoxy- qui nazol i n- 4 e (1.2 g, 5.13

mml) in SOC12 (30 nL) (A drict) was added a few

drops of DMF (0.1 nL). The'r t\ﬁon m xture was then

heated with stirring at 1007 of 3 hours. The

sol vents were 20 evaporated and the residue was dried

in vacuo. The residue was diggphygd in 2-propanol (30

m.), then aniline (0.47 nL, &wbk&2mol) (Al drich) was

added. SThe reaction m xture was heated at 110 C for 3

hour s, then Tveeled of Gacriapirmtierperiatyanigo-gindzofine 10y, &4,

The pr echpbi(@adtreExwas 1€ 8ol Aeotre@ dh Mot (WmiLieeks ddfed wequoss t O

gi ve 6- acohdX y-NRORCIO XYe, 24 rplaB it @ition GHxgick waa#iell itivem as

a white s@hodre (oYis@buth, thd BenGeatcd 3%0°C MID.520.04 ke il:@owvas then

PCT/ EP200444 m&gﬁcmpaaur&ne Pltcred. The precipilate was collected and dricd in

7- Met hoxywédos E‘ﬁ%ﬁﬁé ls@ien mﬂetwyﬂﬁlél@lai.nﬂo-@ﬁn@iolin—6-01 as a white sofid.

(Yicld 0.6 g, 69%).

Slep C: (6-Allyloxy-7-methoxy-quinazolin-4-yl)-phenyl-amine

O
peee

Ci1sH17N303
MW 307.36

To a solution of 7-mcthoxy-4-phenylamino-quinazolin-6-o0l (0.56 g, 2.1 mmol)
20 ([rom Examplec 15, Step B, supra) in acctone (50 mL) was added KoCO3 (145 g, 10
mmol), and allyl bromide (0.2 mL, 2.3 mmol) (Aldrich), The reaction mixture was
heated with stirring at 90 °C for 4 hours. The mixture was cooled to room temperature,
filtered and the filtrate was concentrated. The residuc was purificd by chromatography
using EtOAc/ CH,Cl, / B3N (1:4:0.04) as eluent to give the desired (6-allyloxy-7-
25 methoxy-quinazolin-4-yl)-phenyl-amine as a yellow solid. (Yield 0.6 g, 93%).



~  1-1 HNHO :1( N O N C15H13N302 MWN267.29 5 To a
sol ution of
wWo6-2emieti sy - 7- met hoxy- 4- phenyl am no- qui nazol i nerP{1/EP1008/050608
3.27 mmol) (from Exanple 15, Step A, supra) in MeCH
(30 nm.) was added an aqueous gysol ution of NHAOH (29%
2.0 g, 31.4 mmol). The reaction m xture was stirred at
room tenperature for 18 hours, and then heated at 100
Cfor 1.5 hours. The m xture was then 10 cooled to
roomtenperature and filtered. The precipitate was
collected and dried in vacuo to give the desired
7- met hoxy- 4- phenyl am no- qui nazolin-6-o0l as a white
solid. (Yield 0.6 g, 69%9. Step C
(6- Al Iyl oxy-7- nmet hoxy- qui nazol i n-4-yl ) - phenyl - am ne
HN \  o~~J3Pm-igierNg g2 fiRinse7 4% 46" a sol ution of
7- met hoxy- 4- phenyl am no- qui ngzol ilw36-0l (0.56 g, 2.1
mol ) 20 (from Exanpl e 15, 7 supra) in acetone
(50 m.) was added K2C03 (1.% ~10 mol), and allyl
bromde (0.2 nL, 2.3 mmol) § ﬂch). The reaction
m xture was heated with stirring at 90 C for 4 hours.
The m xture was cooled to roomtenperature, filtered
and the filtrate was concentpgareer? The residue was
purified by chromatography using EtQAc / CH2Cl12 /
E13N (1:4:0. Dd) s @8 @LYBRY-rdeRobdrolByd8Si8e 030 ¢ 0.98
(6-allyl 031(1;{51)7(& stEégﬁchg §t¥p-é]. })r %cgJyl!m@ (-Sﬁ fny)l v)as_hpaltlg M%o'f’@m ne
as a yell }%\lll\ll’S.SAQTh(l) cnd of hlslpcemogj, an abgié incgc%tQ almosi complele consumption of
the starling material and the formation of the desired product as the major spot. The
10  solvent was cvaporated and the residue was purified by chromatography using EtOAc/
B3N (1:0.04) as cluent 1o give the desired 5-allyl-7-methoxy-4-phenylamino-quinazolin-
6-0l as an off white solid. (Yield 0.26 g, 87%).

Step E: (5-Allyl-6,7-dimcthoxy-quinazolin-4-yl)-phenyl-amine

15

CioH 1gN30,
MW 321.38

To a solution of 5-allyl-7-methoxy-4-phenylamino-quinazolin-6-01 (0.16 g, 0.524
20 mmol) (from Example 15, Step D, supra) in acctone (30 mL) was added KoCO3 (0.36 g,
2.62 mmol) and methyl iodide (0.15 g, 1.05 mmol) (Aldrich). Thereaction mixture was
heated with stirring at 90 °C for 4 hours. The mixture was cooled to room temperalure,
filtered and the filtrate was concentrated. The residuc was purified by chromatography
using FLOAc / CHCl, / Et3N (1:5:0.05) as cluent Lo give the desired (5-allyl-6,7-
25  dimethoxy-quinazolin-4-yl)-phenyl-amine as a pale yellow solid. (Yield 0.13 g, 77%).

Step F: 5-Iodomethyl-7,8-dimethoxy-4-phenyl-5,6-dihydro-4H-1,3,4-triaza-phenalene



WO 2004/ 111055 PCT/ EP2004/ 050608 31 Step
D: 5- Al yl - 7- net hoxy- 4- phenyl am no- qui nazoli n-6-o0l HN
woiR0d4di105© CL8H17N302 MAN 307.36 5 A sol uti onPafi/EP2004/050608
(6-al Iyl oxy-7- net hoxy- qui nazol i n-4-yl)-phenyl - am ne
(0.30 g, 0.98 mmol) (from Exanple 15, Step C, supra)
in o-xylene (50 nL) was heated at 150 C for 7 hours.
At the end of this period, TLC analysis indicated
al nost conpl ete consunption of the starting materia
and the formation of the desired product as the nmgjor
spot. The 10 solvent was evaporated and the residue
was purified by chromatography using EtOAc / Et 3N
(1:0.04) as cluent to give the desired
5-al l yl - 7- met hoxy- 4- phenyl am no- qui narol i n- 6-ol as an
off white solid. (Yield 0.26 g, . Step E:
(5-Allyl -6, 7-di met hoxy- qui nazet -yl ) - phenyl - am ne
I HN/ \ 15 C19H1I9N302 M#A 8 To a solution of
5-al l yl - 7- met hoxy- 4- phenyl as ui nazol i n-6-ol (0.16
g, 0.524 20 mmol) (from Exanple 15, Step D, supra) in
acetone (30 nlL) was added KzZC03 (0.36 g, 2.62 nmol)
and methyl iodide (0.15 g, £fgngiol) (Al drich). The
reaction mixture was heated with stirring at 90 C for
4 hour s, Ther, Blokkidalof s WEiSs 7GRS M- ohi iR QM -SreyPax ot £,
fil t ered @E‘H{m&hﬁorﬁ EerLﬁcﬁ&@th%pn@)%l%&l@ﬁdﬁqm m-ih\eds added I
resi due V@% H% 1lnrt1(lJl)eQ'llcbéécliQMig%LQgﬂé&h%om l%cﬁgrclf:etr %Gre/

(CIS_I_Zgll |2y|/ 1% iluulg %ds ?liugd 91?)0111@'&0]‘9) I( M@Qb, akpwame&/\ﬁthg g@raggs ired

10 concentrated. The residue was purified by chromatography using BtOAc / CHCla / EtsN
(1:2:0.05) as eluent 1o give the desired 5-iodomethyl-7,8-dimethoxy-4-phenyl-5,6-
dihydro-4H-1,3 4-triaza-phenalene as a pale yellow solid. (Yield 0.11 g, 66%).

_aqdeous NaS0; solution. The organic layer was separated, dried over Na SOy, and

Siep G: 7,8-Dimethoxy-5-methyl-4-phenyl-4H-1,3,4-triaza-phenalene

15

CioH17N302
MW 319.37

To a solution 5-iodomcthyl-7,8-dimcthoxy-4-phenyl-5,6-dihydro-4H-1,3 4-triaza-
20 phenalene (0.1 g, 0.22 mmol) (from Example 15, Step F, supra) in toluene (20 mL) was
added DBU (73 pL, 049 mmol) (Fluka). The reaction mixture was heated at 120 °C for 1
hour. The mixturc was then diluted with chloroform (100 mL), and washced with H>O.
The organic layer was separated, dried over NazSOy, and concentrated. The residue was
purified by chromatography using EtOAc / CHyCla/ BtsN (1:1:0.05) aseluent to give the
25 desired 7,8-dimethoxy-5-methyl-4-phenyl-4H-1,3 4-triaza-phenalenc as a pale yellow
solid. (Yield 50 mg, 71%).



25 di net hoxy- qui nazolin -4-yl)-phenyl-amne as a pale
yellow solid. (Yield 0.13 g, 77%. Step F
wo-20@domss hyl - 7, 8- di met hoxy- 4- phenyl - 5, 6- di hy drPoTAlPRA#/850608
,4-triaza- phenal ene WD 2004/ 111055 PCT/ EP2004/ 050608
32 ~I 1-0/ NJ C 19H 1s1N302; MWV 447.27 5 To a
sol ution of
(5-allyl -6, 7-di met hoxy- qui nazol i n-4-yl)-phenyl - am ne
(0.12 g, 0.37 mmol) (from Exanple 15, Step E, supra)
i n dichloronethane (20 nL) was added 12 (0.24 g, 1.87
mol ). The reaction m xture was stirred at room
tenperature for 3 hours. The mxture was diluted with
chlorof orm (100 nmL), and washed with a saturated
aqueous Na2SQC3 sol ution. The organic | ayer was
separated, dried over Na2SO4Es 610 concentrated. The
resi due was 4péHChifrp-eignyy.3cimcdemat-oghdffhy3.teimghcEec@AC /
CH2C12 / Et3N (1:2:0.05) as eluent to give the
desired 5-iodonet hyl -7, 8-di met hoy@y4- phenyl -5, 6-
di hydro-4H1, 3, 4-tri aza- phena as a pale yell ow
solid. (Yield 0.11 g, 66%<° G
7, 8- Di net hoxy-5-ntthyl -4-p 7AH 1, 3, 4-tri aza- phena
ene 15 C 19H 17N302° MW 319.37 To a sol ution
5-i1 odonet hyl -7, 8-di ntt hoxy- 4- phenyl -5, 6-di hydro-4H 1, 3
, 4-triaza- 20 phenal ene (O.fﬁ %2@122 nmol ) (from
Exanpl e 15, Step F, supra) in toluene (20 nL) was
added DBUpAI-4otioxy-t (44Blorprmishjaminpt Trkhioxy-dieclingact i on
m xture was heated at 120 C for 1 hour. The m xture
was then diluted with chloroformgfhik) mL), and washed
with H2O. The organic | ayer wa par at ed, dried over
Na2SO4, and concentrated. “Jfi i due was purified by
chr omat ogr aphy usi ng Et OAc® 12 / Et3N (1:1:0.05)
as eluent to give the 25 degired
7, 8-di ntt hoxy- 5- net hyl - 4- phenyl - 1,3,4-triaza- phena
ene as 'a pale yellow solid?ﬂ%ﬁﬁggg 50 ngy, 71%).

To a solution of 6-acetoxy-7-methoxy-quinazolin-4-one (1.0 g, 4.26 mmol) (from

Example 15, Step A, supra) in SOCL; (12.5 mL) (Aldrich) was added a few drops of DMF

15 (0.1 mL). The reaction mixlure was then heated with stirring at 100 °C [or 3 hours. The
solvents were evaporated and the residue was dried in vacuo. The residue was dissolved
in 2-propanol (20 mL), then 4-chloroaniline (0.6 g, 4.69 mmol) (Fluka) was added. The
reaction mixture was healed at 110°C for 3 hours. The reaction mixturce was cooled Lo
room temperature and filtered. The precipitate was collected and dried in vacuo to give 6-

20  acetoxy-4-(4-chloro-phenylamino)-7-methoxy-quinazoline as a gray solid. (Yicld 1.45 g,
99%).

Step B: 4-(4-Chloro-phenylamino)-7-methoxy-quinazolin-6-ol

a
HN

Ho N

P



WD 2004/ 111055 PCT/ EP2004/ 050608 33 Exanple 16
4- (4- Chl or o- phenyl ) -7, 8-di net hoxy-5-net hyl -4H 1, 3, 4-tr
woag@/piseal ene 1-0 o ~J C 19H 16CIN302 5 PEHAP3003050608
Step A
6- Acct oxy- 4- (4-chl oro- phenyl gpi no) - 7- met hoxy- qui nazol i
nc ~a H~1 10 C 17H 14CIN303 MW 343.76 To a
sol uti on of 6-acetoxy-7-nmethoxy-quinazolin-4-one (1.0
g, 4.26 mol) (from Exanple 15, Step A, supra) in
SOC12 (12.5 nlL) (Aldrich) was added a few drops of DW
15 (0.1 nmL). The reaction m xture was then heated with
stirring at 100 C for 3 hours. The solvents were
evaporated and the residue was dried in vacuo. The
resi due was dissolved in 2-propanol (20 nL), then
4-chl oroaniline (0.6 g 4 6% g’ (FI uka) vvas added
The reactiqn m xture 4@ at é) h q urs-
The reacti on  APREUPE" *Vi%@‘y 001 SFP Y P8 é’i‘f‘pqémw?me
and fil teﬁ"é‘dmm*flh(&"‘??"é‘li?l HIoLSR & "REE™ MET SR g=aNE ri ed
in vacuo aﬂlﬁ:o i;o{y%on %OH (29%, 0.82 mL, 12.2 mmol). The reaction mixturc was
acet oxy- 451“(%*“(&%]“(‘5’1*“@3‘%%%%‘3}? brisritsy beredre O & L eriiaZel i ne
as a gr ayrmgt@'p wa@then(cogleé}odoom t%er@ure anggl%ed Tg{pgp\plBte was collected
4- (4- Chl ondighietsyb weivatey)destedret- trlsseyph ettty GPpthexBaugpzoling
HN | HO gi-dldag@5iWOYRO0H/PIW055 PCT/ EP2004/ 050608

10
Step C: (6-Allyloxy-7-methoxy-quinazolin-4-yl)-(4-chloro-phenyl)-amine

o
P
lm

Ci1sH16CIN3O2
MW 341.79
15

To a solution of 4-(4-chloro-phenylamino)-7-methoxy-quinazolin-6-01 (0.61 g,

2.02 mmol) (from Example 16, Step B, supra) in acetone (50 mL) was added KoCO3 (0.84
g, 6.06 mmol), and allyl bromide (0.52 mL, 6.06 mmol) (Aldrich). The reaction mixture
was heated with stirring at 90°C for 4 hours. The mixiure was cooled to room

20 temperature, fillered and the filtrate was concentiraled. The residue was purified by
chromatography using EtOAc/ CHxCl, / EtaN (1:1:0.01) as eluent to give the desired (6-
allyloxy-7-methoxy-quinazolin-4-yl)- (4-chloro-phenyl)-amine as a white solid. (Yicld
0.5 g, 72%).

25  Step D: 5-Allyl-4- (4—cllloro-phcnylarrimo)-7-mcth0xy—quinazoljn -6-0l

a
| ’:
HN

Ho s

P

o

Ci5H16CIN3O2
MW 341.79



34 C15H 12CI N302 MAN 301.73 To a solution of
6- acet oxy- 4- (4-chl or o- phenyl am no) - 7- net hoxy- qui nazol i
woeoq4hidssg, 4.07 mml) (from Exanpl e 16, StepP&I/EP2004/050608
supra) in MeOH (35 nlL) was added an 5 aqueous sol ution
of NHAOH (29% 0.82 nl, 12.2.gmol). The reaction
m xture was stirred at roomtenperature for 18 hours,
then heated at 100 C for 1.5 hours. The m xture was
then cooled to roomtenperature and filtered. The
precipitate was collected and dried in vacu.o to give
the desired
4- (4- chl or o- phcnyl am no) - 7- met hoxy- qui nazol i n- 6-o0l as
a gray solid. (Yield 0.67 g, 55%. 10 Step C
(6- Al |yl oxy-7-nmet hoxy-qui nazol i n-4-yl )&4- chl or o- pheny
|)-ami ne G Alutin pfidf-eyloy-Remetrors (Mg NBEE MoryRP S 4 2y
15 To a s®fdstli4emmeff (from Example 16, Step C, supra) in o-xylenc (50 mL) was heated at
4- (4- chl OB Cih @ repisadtihn ey ofhiprstidd Ik angfiris indicetst iipesigorpfiete
(0.61 g, coRuryPonrpithé sjartiff maann! Exdalmfieatidn®f deSednodBt as SigpHa)
I N acet oneot.(BOsokdn) waywss orgelidetih OB 3vaypBrifBdpy clgoma@gr @By using
mol ), armoml EyN (1:beprtige i He B2desikd 5-Byl-@6-araip)enylamino)-7-
(Al dri ch)membly@uin@aie blorsn [ xitit sod. (Wa.4gsek)ed wi t h
stirring at 90 C for 4 hours. The m xture was cool ed
to room ZSQe Egm@[@]tdﬂ{eﬁmxyfqhihe&(ﬁﬁ—@—gl)-@rlgox's-pl@nyﬁ)ial‘[&lg ate was
concentjated. The residue was purified b
chromat ography using EtOAc / CH2Cl2 / Et3N (1:1:0.01)
as eluent to give the desiregl (6
al | yl oxy- 7- met hoxy- qui nazol i n} 4Yyl") - (4- chl or o- phenyl ) -
amne as a white solid. (Yi’oe P.5 09, 729%9. 25 Step
D:
5-Al l yl -4-(4-chl oro- phcnyl am no) - 7- met hoxy- qui nazol i n-

6-01 HN HO C1oH15CINO2
MW 355.82
15 To a solution of 5-allyl-4-(4-chloro-phenylamino)-7-methoxy-quinazolin -6-ol

(0.45 g, 1.32 mmol) (Irom Example 16, Step D, supra) in acetone (30 mL) was added
K2CO5 (036 g, 2.6 mmol) and mcthyl iodide (0.75 g, 5.3 mmol) (Aldrich). The rcaction
mixlure was heated with stirring at 90 °C for 4 hours. The mixiure was cooled 1o room
temperalure, (iltered and the filtrate was concentrated. The residue was purified by

20 chromatography using BtOAc/ CHxCly / EtsN (1:2:0.01) as cluent to give the desired (5-
allyl-6,7-dimethoxy-quinazolin -4-yl)-(4-chloro-phenyl)-amine as a white solid. (Yicld
0.3 g, 84%).

Step F: 4-(4-Chloro-phenyl)-5-iodomethyl-7,8-dimethoxy-5,6-dihydro-4H-1,3,4- triaza-

o

phenalene

A oY
P
” i
CHClIN;0;

MW 481.71



a~~ J C 1 sH 16C1IN302 MW 341.79 WD 2004/ 111055
PCT/ EP2004/ 050608 35 A sol ution of

wO@e@lliylsexy- 7- met hoxy- qui nazol i n-4-yl ) - (4- chl eCoARPL®AYS0608
[)-amine (0.50 g, 1.46 mmol) (from Exanple 16, Step
C, supra) in o-xylenc (50 mLhswas heated at 150 C for
7 hours. At the end of this period, TLC anal ysis
i ndi cated al nost conplete consunption of the starting
material and the formation of desired product as the
maj or 5 spot. The sol vent was evaporated and the
resi due was purified by chromat ography using EtQAc /
Et 3N (1:0.04) as eluent to give the desired
5-al Iyl - 4-(4-chl or o- phenyl ani no) - 7-

met hoxy- qui nazolin-6-o0l as an off white solid. (Yield
To @ solutionpof (5-allyl-6,7-dimethoxy-quinazolin -4-yl)-(4-chloro- phenyl) -amine
0.4 g, 8 (@/% SoiHonp!

(5-Al'l yl -@& 7 %ﬁ“lﬁé)t) HerPrgar Haye Pivmrar gejomutenPhrd ¥hen
yl)-amn eaddeq fy(0f53 g\R tpmol)f Fhepeayion mixpure1) KirpAIEpIIRGDRErapyARfor 3
355. 82 15wiy The mighrevas Glytedfith chloroform (100 mL), and washed with a saturated
5- al | yls dafedus &b sobrignh Ervptemfrilapro Yo Eraweed WosdyveolieSRazd! i n-
6- ol  (0.cdfpengpied] TR Zesitngws pur{ifdrbpein dEeasmphe:sif 08T SihCIE BN
supra) i n2:ac®eleeen(idde mitJesiweisd-githakeghen yK3COBne(1-736 g,

2.6 mol )diddiixyrsestahydro-4FOTH el @uzd BenAlbnegs a white3oli (maa() 15 g, 37%).

( Aldric m%%"——g“o“ I‘&Eaf%‘t kIwOIB 7, 8rcrl]1met‘i1o m"‘@? }??QE {Tiaza- V\qcnd enc] ed

stirring hour's ure wa
to room tenperature, flltered he flltrate was

concentrated. The residue was ui ed by 20
ﬁ"iv 2 / Et3N (1:2:0.01)
as cluent to give the desire

@
al Iyl - 6 7- di met hoxy- qui nazdl i n- /fyl ) - (4-chl or o- phenyl)
-amine’as a white solid. (Yield 0.3 g, 84%. Step F:
4- (4- Chl or o- phenyl ) - 5- i odonmetaydm:6, 8- di met hoxy-5, 6-di h
ydro-4H 1, 3, 4-tri aza- phen gU&Rs3s!

chr omat ogr aphy usi ng Et OAc

To a solution of 4-(4-chloro-phenyl)-5-iodomethyl-7,8-dimethoxy-5,6-dihydro-
15 4H-1,34-triaza-phenalene (0.15 g, 0.31 mmol) (from Example 16, Step F, supra) in
toluenc (50 mL) was added DBU (0.46 mL, 3.1 mmol) (Fluka). Thc reaction mixturc
was heated at 120°C for 1 hour. The mixture was then diluted with chloroform (100
mL), and washed with H>O. The organic layer was separated, dried over Na;SOa, and
concentrated. The residue was purified by chromatography using EtOAc / CHzCla / EtsN
20 (1:1:0.05) as eluent to give the desired 4-(4-chloro-phenyl)-7,8-dimethoxy-5-methyl-4H-
1,3,4-triaza-phenalene as a pale yellow solid. (Yield 0.1 g, 91%).

Example 17
4-(3-Bromo-phenyl)-7,8-dimethoxy-5-methyl-4H-1,3,4- triaza-phenalene

AL,

A >

=
Q

C|9H16B1'N302



\ ~N 25 C19H17CUN302 MW 481.71 WD 2004/111055
PCT/ EP2004/ 050608 36 To a sol ution of

wORe@lliylss 6, 7- di net hoxy- qui nazol i n- 4-yl) - ( 4- chpOT/EPPIVEN50608
yl)-amine (0.3 g, 0.85 mml) (from Exanple 16, Step
E, supra) in dichloronethanegt50 nL) was added |2
(0.53 g, 4.2 mol). The reaction m xture was stirred
at roomtenperature for 3 hours. The m xture was
diluted with chloroform (100 niL), and washed with a
saturated 5 aqueous Na2SO3 sol ution. The organic |ayer
was separated, dried over Na2SO4, and concentr at ed.
The residue was purified by chromatography using El OAc
/| CH2Cl2 / Et3N (2:1:0.01) as eluent to give the
desi red 4-(4-chl oro-phenyl)-5-iodonet hyl -7, 8-
dinethoxy-5,6-dihydro-4FL1,§¥%§%F?aza-phenalene as a
whi te SO|$@A 6(A¥Jt<ﬁl1-ﬂ(3ﬁ)rogn5-p@nyla&%%’l-met}stﬁpinazoline
G 4- (4- Chl or o- phenyl ) -7, 8-di met hoxy- 5- net hyl -4H 1, 3, 4-
triaza-phenalenc a aim 10 C 19H 16CIN302 MW 353. 81

To a solution
of 4- (4- chl or o- phenyl ) - 5-i odonet J;]%;8-dinethoxy-5,6-d
i hydro- 15 4H 1,3,4-tria2ggﬁgigﬁlene (0.15 g, 0.31
mol ) (from Exanpl e 16, Ste wZsupra) in toluene
(50 nm)s was added DBU (0.46 nL, 3.1 mmol) (Fluka). The
reaction mxture was heate? ﬁtmﬁgo C for 1 hour. The
mxture was then diluted wi Gwalber of orm (100 nl),
and washed with H2O The organic | ayer was separat ed,
dri ed over Na2%Won 08d1@etoxg DRGRAY- quabAa -4-chYe.0 £, @S ndies (RAAS
purifi ed Rympehs, Q5B Qe RO, USI g (A NGas hdd R CEBpshor EFES N
20 ( 1.1 O(O.DQI),). ﬂ‘r%re%i&benn)ttur; s tgei,n\ﬁ@le& hi@\ sl@ﬂlfgiatr]@ﬁc for 3 hours. The
4- ( 4-chl %1&%@%?&%&&% w&'tlg LGBk QQX}:YGH PovitRk ﬂ%lre'si_éUELwas dissolved
1,3,4-tri iRL am@@%ﬁﬂﬁn @-ﬁrolﬁoa%c @)8}9[@,;! J6@Wm§lp(IAidgch) \(dXJd&hd
0.1 g, 9 l‘l’ho aclio%%mpel wis h%a?ed al 110 °C for 3 hours. Thereaction mixture was cooled
15 toroom temperature and filtered. The precipitate was collected and dried in vacuo to
give 6-acctoxy-4-(3-bromo-phenylamino)-7-methoxy-quinazoline as a gray solid. (Yield
1.65 g, 100%).

Step B: 4-(3-Bromo-phenylamino)-7-methoxy-quinazolin-6-ol

HN/©\5r

f

20

Cy5H pBrN3O,
MW 346.18

25 To a solution of 6-aceloxy-4-(3-bromo-phenylamino)-7-methoxy-quinazoline
(1.59 g, 4.11 mmol) (from Example 17, Step A, supra) in McOH (30 mL) was added an
aqueous solution of NH4OH (29%, 0.83 mL, 12.3 mmol). The rcaction mixture was
stirred at room lemperature for 18 hours, then heated at 100 °C for 1.5 hours. The
mixture was then cooled to room temperature and filtered. The precipitate was collected



4- (3- Brom o- phenyl ) -7, 8-di net hoxy- 5- net hyl
-4H 1, 3,4-triaza-phenalene O 25 C 19H 16Br N3C&2 WO
waQo/111s855 PCT/ EP2004/ 050608 37 MW 398. 25 BCEEP2004/050608
6- Acet oxy- 4- ( 3- br onp- pheny] am no) - 7- met hoxy- qui nazol i n
e Hr J 5 C 17H 14BrN303 MW 388.22 To a sol ution of
6- acet oxy- 7- met hoxy- qui nazolin-4-one (1.0 g, 4.26
nmmol) (from 10 Exanple 15, Step A, supra) in SOC12
(12.5 nmL) (Al drich) was added a few drops of DV (0.1
m.). The reaction m xture was then heated with
stirring at 100 C for 3 hours. The solvents were
evaporated and the residue was dried in vacuo. The
resi due was dissolved in 2 propanol (20 ni), then
3-bromoaniline (0.806 g, 4.69 mmol (Aldrlch
added. Wéirl?deramwteﬁveme%iWé(%@Ow aYEr ot me %Y‘Bmf‘zﬁli“ 3
hours. THhe!seavytiidfYidd P et&was cool ed 15 to room
tenperature and filtered. The precipitate was

col | ect ec&tc 8((16 g{yfm@q n{c{ﬂox\f Mﬂ)hrt le) (Iﬁjbl\éﬁo phcnyl) amine

6- acet oxy- br 6no- phcnyl am no) - 7- met hoxy- qui nazol i n
casagay SO|Id (Yield 1.65 g,100%. Step
4-( 3- Brom) phenyl am no) - 7- met ho inazolin-6-ol 20
HN\ r 'j( ~N C 15H 1&\) 346. 18
CygH16BrN:0O2
MW 386.24
10 To a solution of 4-(3-bromo-phenylamino)-7-methoxy-quinazolin-6-o0l (1.24 g,

3.58 mmol) (from Example 17, Step B, supra) in acctone (250 mL) was added KoCOs
(0.99 g, 7.16 mmol), and allyl bromide (1.55 mL, 17.9 mmol) (Aldrich). The reaction
mixture was heated with stirring at 90 °C for 4 hours. The mixture was cooled to room
temperature, filtered and the filtratc was concentrated. The residuc was purified by

15 chromatography using EIOAc/ CHxCl,/ B3N (2:3:0.02) as cluent to give the desired (6~
allyloxy-7-methoxy-quinazolin-4-yl)-(3-bromo-phenyl)-amine as a yellow oil. (Yield
0.55 g, 40%).

Step D: 5- Allyl-4-(3-bromo-phenylamino)-7-methoxy-quinazolin-6-ol

rel
HN r

=N

P

N

20

HO
o)
[

CisH16BrN3O2
MW 388.24

25 A solution of (6-allyloxy-7-methoxy-quinazolin-4-yl)-(3-bromo-phenyl)-aminc
(0.54 g, 1.39 mmol) (from Example 17, Step C, supra) in o-xylene (75 mL) was healed at
150 °C for 4.5 hours, during which time TLC analysis indicated almost complete
consumption of the starting material and the formation of desired product as the major
spol. The solution was concentrated and fillercd. The solid was collecied and dricd in



25 To a solution of

6- acet oxy- 4- ( 3- br ono- pheny] am no) - 7- met hoxy- qui nazol i n
W 20415859, 4.11 mmol) (from Exanpl e 17, St epP&I/EP2004/050608

.supra) in McOH (30 nL) was added an aqueous sol ution

of NHAOH (29% 0.83 nl, 12.3g59mol). The reaction

m xture was stirred at roomtenperature for 18 hours,

then heated at 100 C for 1.5 hours. The m xture was

then cooled to roomtenperature and filtered. The

preci pitate was coll ected WO 2004/ 111055

PCT/ EP2004/ 050608 38 and dried in vacuo to give the

desi red 4-(3-brono-phenyl am no) - 7- net hoxy- qui nazol i n-

6-ol as a gray solid. (Yield 1.25 g, 88%. Step C

(6-Al'lyl oxy-7- met hox nazolln 4-yl)-(3-brono-phen

) -am ne VBHopqgivethe flesite %@f g %ﬂ?ﬁ%@y?ﬂwT %%ya

SO| ut | on d@)"fl off white solid. (Yield()?)?) g, 61%

4- ( 3- br ono- phenyl am no) - 7- net hoxy- qui nazol i n-6-0
(1.24 g, &Q%SQ Argm almétmxpc{nngmmgb% bwno-pﬁsn@pan&c supr a)
in aceton .99 g, 7.16
nol ), and al |l yl bron1de (1 55 7 9 nnDI)
(Al drich). The reaction n1xtuF heated w th
stirring at 90 C for 4 hout 3 y) n1xture was cool ed
to room tenperature, filtgre and the filtrate was
concentrated. The residue was purified by 15
chromat ography using Et CAc ¢ g6H3GH2 / Et3N (2:3:0.02)
as cluent to give the desiredw@®-27
al I 'yl oxy-7- met hoxy- qui nazol i n-4-yl ) - (3- bronp- phenyl ) - a
m ne as a ydbhonioiofs-allNGetrgno-phenHBnitp)-7-4Q0gry-quiGe4eky -0
5- Al | ylo- 404730 morwd ¢l Emypblalti Sve P-sifrdrintdvoney30 ol mieg®t | n- 6
-0l 20 HMACO; (048 g, 3.5 fri@ll N mé@y] iodide (4E) 28 HmIIB@ILitiqys O Re readiigyf
388. 24 mixturc was healed with stirring at 90 °C for 4 hours. The mixiurc was cooled to room
temperature, filtered, and the fltrate was concentraied. The residue was purified by
chromatography using EtOAc / CHxCl, / EtsN (1:3:0.01) as cluent to give the desired (5-
15 allyl-6,7-dimethoxy-quinazolin-4-yl)-(3-bromo-phenyl)-amine as a yellow solid. (Yield
0.14 g, 50%).

Step F: 4-(3-Bromo-phenyl)-5-iodomethyl-7,8-dimethoxy-5,6-dihydro-4H- 1,3 4-triaza-

‘ phenalene

20

C1oH7BrIN;02
MW 526.17

To a solution of (5-allyl-6,7-dimethoxy-quinazolin-4-yl)-(3-bromo-phenyl)-amine
25 (0.14 g, 0.35 mmol) (from Example 17, Step E, supra) in dichloromethane (20 mL) was
added I (0.23 g, 1.75 mmol). The rcaction mixturc was stirred at room temperature for
3 hours. The mixture was diluled with chlorolorm (100 mL) and washed with a
saturated aqueous NaSOj solution. The organic layer was separated, dried over NazSOx,



25 A solution of

(6-allyl oxy-7-nmet hoxy-qui nazolin-4-yl)-(3-brono-phenyl
wd-200merss(0.54 g, 1.39 mol) (from Exanpl e 17pCHERPIODO50608

supra) in o-xylene (75 nL) was heated at 150 C for

4.5 hours, during which tine,fLC anal ysis indicated

al nost conplete consunption of the starting materi al

and the formati on of desired product as the mmjor

spot. The solution was concentrated and filtered. The

solid was collected and dried in WD 2004/ 111055

PCT/ EP2004/ 050608 39 vacuo to give the desired

5-al |yl -4-(3-brono- phenyl am no) - 7- net hoxy- qui nazol i n- 6

-oI as an off white solid. (Yield 0.33 g, 61%. Step

(5 Al |yl -1 cpaceritragh Abedegitrmardiel v WfO&laVFﬁphx‘glnﬁ%%C’gﬁlany
1) - am ne E=NKE200p agglupat fo gjve theslesjred - {Hippraoga i fypdompmt 360, 27
To a sol utimedpxygfo-dihydro-4H-1,34-triaza- phenalene as a pale yellow foam. (Yield 0.12 g,
5-al | yl - #5%8- br ono- phenyl ami no) - 7- net hoxy- qui nazol i n- 6
-0l 10, (9,37 @aoflo- ghemls)dmfeﬁqw% 1Rk 4 didn prtaRR D,
supra) |n ¥ acet one (30 ‘'m.) was adde K2C03 8 48 g,
3.5 nmmol ) and nethyl iodide (0,4 2.8 mml)
(Aldrich). The reaction m xt _heated with
stirring at 90 C for 4 hours. . The m xture was cool ed
to room tenperature, fllter nd the filtrate was
concentrated. The residue was purified by

chr omat ogr aphy using Et OAc / CH2Cl12 / Et3N (1:3:0.01)
as cluent to give the desir @dHEN:0H

al 1yl -6, 7- di met hoxy- qU| nar ol MW%%?I) (3 br ono- phenyl)
amne as a yellow s

4- ( 3- Bromo- PR8I “"54 3&&8&8%5 1°f‘°‘é° d‘ %%1“?‘1““ gsé%ydg" hy
dro- 4H- 1,8 BApe 1218““"* A& ETamD (g Bsmple ?oifp 78 R302

MV 526. 17tolucnc (20 mL) was dddcd DBU (0.075 mL, 0.5 mmol) (Fluka). The reaction mixturce
was heated at 120 °C for 1 hour. The mixture was then diluted with chloroform (100
mL), and washed with HxO. The organic layer was separated, dried over Na;SOs, and

15 concentrated. The residue was purified by chromatography using EtOAc/ CHxCla / EtaN
 (1:2:0.05) as clueni 1o give the desired 4-(3-bromo-phenyl)-7,8-dimethoxy-5-methyl-4H-
1,3,4-1riaza-phenalene as a pale yellow solid. (Yield 0.09 g, 100%).

Example 18
20 4-(3-Chloro-4-fluoro-phenyl)-7,8-dimethoxy-5-methyl-4H- 1,3 4-triaza-phenalene

C9H 5CIFN30;
MW 371.80

25 Step A: 6-Acetoxy-4-(3-chloro-4-fluoro-phenylamino)-7-methoxy-quinazoline



To a solution of (5-allyl-6,7-dim

et hoxy- qui nazol i n-4-yl)-(3-brono-phenyl)-amne 25
wOQodh1gnss0. 35 mmol ) (from Exanpl e 17, Step E, peufPa)o4/050608

i n dichloronethane (20 nL.) was added 12 (0.23 g, 1.75

mmol ). The reaction mxture was stirred at room

tenperature for 3 hours. The m xture was diluted with

chl orof orm (100 nL) and washed with a saturated

aqueous Na2SC3 sol ution. The organic | ayer was

separated, dried over Na2S04, WD 2004/ 111055

PCT/ EP2004/ 050608 40 and concentrated. The residue

was purified by chromatography using Et OAc / CH2C12/

Et 3N (1:2:0.01) as eluent to give the desired

4- ( 3- br ono- phenyl ) - 5-i odonet hyl - 7, 8-

di net hoxy-5, 6-di hydro-4H 1, 3, 4-t rfd % phenal ene as a

pal e yell ow foam (Yield 0.12 gy 5 Step G
4-(3-Bron0-pheny|)-7,8-dinﬁggzxéES nethyl-4kk1,3,4-tri
aza- phenalene 1-0 0 C19H 1 2 MN398.25 10 To a
sol ution

014- ( 3- br ono- phenyl ) - 5-i odo -7, 8-di net hoxy- 5, 6-di
hydr o- 4%L1,3,4-triaza-phen§§%% .12 g, 0.23 mmol)
(from Exanple 17, Step F, supra) |n tol uene (20 niL)
was added DBYa(Riddébs- d&&oxy Qm&hm@inﬁoﬁnmddk@b g, 43 ¥@nol) (from
reacti on mimpleds, Sep ANBS) EREEA2 BhL) LaBrCuddlideda BWHdps or DRIE
m xture V@§m]§) h’ﬁl@ regzll(ln %@lge \WL ttitlﬂ h&!@& VQ{thfr@{g [Ml&ol@ B3 ]{'SL{)S 'The
and vasheg, & H&thd T8 Q%612 Bs Grich VS, YRR &L RALALIRE,
dried ov eE 2 Igr}gb\geé bﬁ@ﬂ%f?&% rclﬁ(gl gg ﬂuoxmﬁmg @%2% lti@9
was pur I 1 mo ( cl(a?lf'hg {1819111’17%9 dyli!ltg&qt 1% 3 140111%(9 agt“A]

Et 3N (1 iXOTe was 0)1 ()%rng icmEu cargi ﬁ}{ cd TCC %Jtcr V\gdco]lcctcd and

;]_— (334btr ?Irgg‘l%dam va ylo c6 acctoxy ch 01 Xﬂuom cn f¥nmoi aclhO(qy

0.09 g, 1‘%6}8 geﬁ%"?fﬁﬁhg( g
4- (3-Chl oro-4-fl uoro-phenyl) dlnethoxy-5 met hyl -
-1, 3, 4% rfesaR4-bHdnst-Bne- H‘i“’%‘r’a"" -fethoxy-quinazofin-6-ol

HN F

CsH1 1 CIEN30;
MW 319,72
20

To a solution of 6-acetoxy-4-(3-chloro-4-ftuoro-phenylamino)-7-methoxy-
quinazoline (1.54 g, 4.26 mmol) (from Example 18, Siep A, supra) in MeOH (30 mL) was
added an aqueous solution of NH4OH (29%, 0.86 mL, 12.7 mmol). The reaction
mixture was stirred at room temperature for 18 hours, then heated at 100 °C for 1.5

25 hours. The mixiure was then cooled lo room temperature and filiered. The precipilate
was collected and dricd in vacuo to give the desired 4-(3-chloro-4-fluoro-phenylamino)-
7-methoxy-quinazolin-6-ol as a gray solid. (Yicld 1.21 g, 89%).

Step C: (6-Allyloxy-7-methoxy-quinazolin-4-yl)-(3-chloro-4-fluoro-phenyl)-amine



I  C 19H 15C1FN302 MW 371.80 25 Step A
6- Acet oxy- 4- (3-chl oro- 4-f | uor o- phenyl am no) - 7- net hoxy-
wquonaaalss ne WO 2004/ 111055 PCT/ EP2004/ 050608 prd1/ER2004/050608

a 001 i 1 C1l7H13CG N3C3 MN361.76 5 To a solution

of 6-acctoxy-7-nmet hoxy-qui nazglin-4-one (1.0 g, 4.26

mol ) (from Exanple 15, Step A, supra) in SOCI2 (12.5

m.) (Al drich) were added a few drops of DM (0.1 nlL).

The reaction mxture was then heated with stirring at

100 C for 3 hours. The solvents were evaporated and

the residue was dried in vacuo. The residue was

di ssolved in 2-propanol (20 nL), foll owed by addition

of 4-chloro-3-fluoroaniline (0.682 g, 4.69 10 mmol)

(Aldrich). The reaction m xture was heated at 110 C

for 3 hours. The reaction nixtugg;@?s cooled to room

tenperature and filtered. The p#

collected and dried in v

6- acct oxy-4-(3-chloro-4-flu

gui nazoline as a gray solid. (Yield 1.54 g, 100%. 15

Step B:

4-(4-Ch|oro-4-f|uoro-phenyl%ﬁ%ﬁ 7?7-nethoxy-quinazolin

-6-0l clci HNFHO O1 i J C15H11CI N3C2 MWN 319.72

20 5 To a solution of 4-(3-chloro-4-fluoro-phenylamino)-7-methoxy-quinazolin-6-ol
(0.70 g, 2.18 mmol) (from Example 18, Step B, supra) in acetone (140 mL) was added
K,CO3(0.61 g, 10.9 mmol) and allyl bromide (0.94 mL, 10.9 mmol) (Aldrich). The
reaction mixture was heated with stirring at 90 °C for 4 hours. The mixturc was cooled

1o room iemperature, fillered, and the filirate was concentrated. The residuc was

10 purified by chromatography using ELOAc / CHxClz/ El3N (1:1:0.02) as eluent to give the
desired (6-allyloxy-7-methoxy-quinazolin-4-yl)-(3-chloro-4-fluoro-phenyl)-amine as an
olf white solid. (Yicld 0.64 g, 82%).

Step D; 5-Allyl-4-(3-chloro-4-fluoro-phenylamino)-7-methoxy-quinazolin-6-ol

a
L 20
HN

Ho 5

0 A

C5H)sCIFN;0,
MW 359.78

15

20 Assolution of (6-allyloxy-7-methoxy-quinazolin-4-yl)-(3-chloro-4-fluoro-phenyl)-
amine (0.92 g, 2.55 mmol) (from Example 18, Step C, supra) in o-xylenc (150 mL) was
heated at 150 °C for 7 hours. Al the end ol this period, TLC analysis indicated almost
complete consumption of the starting material and the formation of desired product as
the major spot. The solution was concentrated and filtered. The solid was collected and

25 dried in vacuo 1o give the desired 5-allyl-4-(3-chloro-4-fluoro-phenylamino)-7-methoxy-
quinazolin-6-ol as an off white solid. (Yield 0.65 g, 71%).



To a solution of
6- acct oxy-4- (3-chl oro-4-fl uor o- pheny] am no) - 7- net hoxy-
wquonadolssne (1.54 g, 4.26 mol) (from Exanpl erd8/EPSi08050608
A, supra) in MeOH (30 nL) was added an aqueous
solution of NHAOH (29% O0.86441, 12.7 mmol). The
reaction mxture was stirred at roomtenperature for
18 hours, then heated at 100 C for 1.5 25 hours. The
m xture was then cooled to roomtenperature and
filtered. The precipitate was collected and dried in
vacuo to give the desired
4- (3-chl oro-4-fl uoro- phenyl am no) -
7- met hoxy- quinazolin 6-ol as a gray solid. (Yield 1.21
g, 89%. Step C
(6- Al |yl SieyE ?5 MR ePar RSO THE 1§ Ty 4- f |
uor o-plienyl)-am ne WO 2004/ 111055 PCT/ EP2004/ 050608
42 1 n HN\.l C a 1 C 18H1SCI N3Q2, MW 359.78 5 To a
sol ution of I
4-(3-chl oro-4-fl uoro- pheny/o HL) 7- met hoxy- qui nhazolin
-6-0l (0.70 g, 2.18 mmuol) o) Exanpl e 18, Step B,
supra) in acetone (140 nL) fwas 'added K2C03 (0.61 g,
10.9 mol ) and allyl bromde (0.94 niL, 10.9 mol)
(Aldrich). The reaction minleenyas heated with
stirrimg at 90 C for 4 hour sMWFBeél m xture was cool ed
to roomtenperature, filtered, and the filtrate was
concent r at ecko a HhGonfoesingues-as-41100r @ pichyfainB 6)- 70yethoxy-
chr omat ogapsiy-cLsh.5:, Feb @AY drodilakple s /siefd, 3ufid dedon(1B2)
as el ue ntmL§ Qas gid&ﬁ(zdd] .68 Q $§li rrrn%d and methyl iodide (2.32 g, 16.4 mmol)
( 6-al | Y)l QX]MIICK) ﬁ‘ﬁ%ﬁ@%&’m&h&b w@mtd Wikt é‘:n“r)fll;, )t'9(6 316 ,hlll()QIre omé-flu
oro-p hen X]ln )Lur%s B8ledSr oﬁplem&taful thﬂél Jd%n (ﬁﬁél fi llgle wa(s &‘n@lx the@ T@A’
9, 82% é!:d &vas purified by chromato dphy using EtOAc/ CHzClzl Et3N (1:3:0.01) as eluent

D 5-All ylt() vc(h% d(gln:llgr é" &19)& uipnﬁigyl—g%@ Jﬂf&% 4?111&"?511'&9%3/'
ite solt 1c]d 8

qui nazol

ammc as an off w:li 73

15 Step F: 4-(3-Chloro-4-fluoro-phenyl)-5-iodomethyl-7,8-dimethoxy-5,6-dihydro-4H-

1,3,4-triaza-phenalene

CiyH\sCIFIN 304
20 MW 499.70

To a solution of (5-allyl-6,7-dimethoxy-quinazolin -4-y)-(3-chloro-4-fluoro-
phenyl)-amine (0.102 g, 0.27 mmol) (from Example 18, Step E, supra) in
dichloromethane (20 mL) was added L (0.69 g, 2.7 mmol). The reaction mixture was

25  stirred at room temperature for 2 hours. The mixturc was diluted with chloroform (100
mL) and washed with a saturated aquecous NaxSOs solution. The organic layer was
separaled, dried over Na;SOs, and concentrated Lo give the desired 4-(3-chloro-4-{luoro-



MN 359. 78 20 A sol ution of

(6-allyloxy-7-methoxy-quinazolin-4-yl)-(3-chloro-4-flu
wonephensyl ) - amine (0.92 g, 2.55 mmol) (from BXaMPL®@4/050608

18, Step C, supra) in o-xylcnc (150 nL) was heated at

150 C for 7 hours. At the eng,of this period, TLC

anal ysis indicated al nost conplete consunption of the

starting material and the formation of desired product

as the major spot. The solution was concentrated and

filtered. The solid was collected and 25 dried in

vanio to give the desired

5-al Iyl -4-(3-chl oro-4-fl uoro-phenyl anm no) - 7- met hoxy-

qui nazolin-6-o0l as an off white solid. (Yield 0.65 g,

71% . WO 2004/ 111055 PCT/ EP2004/ 050608 43 Step E

(5- Al | y| -peny)-Hiodpmethb ki digeth v Otiire-4H P-4 ripzgpheplepi g ygloy |

uor o- pherfga) Mg Bée 9¢IHN \ C19H17CI FN302 5 MW 373. 81

To a sol Lgic. 8. (Qﬁromo-phcnyl)-l& dimethoxy-5-methyl-4H-1,3,4-triaza-phenalene

5-a|Iyl-47%§-chloro-4-fluoro-phenylanino)-?-nethoxy-

gui nazolin-6-0l (0.59 g, 1.63

Step D, supra) in acetone (17

(0.68 g, 4.91 mmol) and ne odide (2.32 g, 16.4

mmol) 10 (Al drich). The rea ) m xture was heat ed

wth stirring at 90 C for 3 hours. The mixture was

cooled to roomtenperature, filtered and the Filtrate

was concentrated. The resideasCE®:purified by

chr omat ogr aphy using Et OAc /MEF#IE 2 / Et 3N (1:3:0.01)

as eluent to give the desired

(5-al |yl - 6, 7rodiohrenteérk (B=cjerp-frégoet pherylS-ipdonelfyBT.E Bimeth sy 4o f |

uor o- phendtlyjre-47a 3. feiazaghegatenad. 125 s 2tnanog Gloindixamplyjseted FO. 29

g, 48%u sife) Btr@pne (25 mL) was added DBU (0.37 mL, 2.5 mmol) (Fluka). The reaction

4- ( 3- Chl ofi@urdwd hoararaorRp By hgurs5Fhc adtorebshtiyl diiicBwiid chinedidne X

y-5, 6- di hy@mby Advasiikg Sihdb0. rThaZ@riiyeramns sqhrad, diedover §30H

16CLF1IN30:24d @8eMMéd 9.rokduc Tas pariBtly UirbndiRer@hy using BtOAc / CHClo/

(5-al |yl -3 chiosms et YoeRtthduazalal(Rchbroyd-thorg-Biemyinl7@r 0- 4- f |

UOr O- |5 dimethoxy-5-methyl-4H-1,34-triaza-phenalene as a while solid. (Yield 0.093 g, 100%).

a(from Exanpl e 18,
was added K2C03

Example 19
4-(4-Bromo-2-fluoro-phenyl)-7,8-dimethoxy-5-methyl-4H-1,3 ,4-triaza-phenalene

o]
|

20 C1oH;5BrFN30,
MW 416.24

Step A: 6-Acetoxy- 4-(4-bromo-2-fluoro-phenylamino)-7-methoxy-quinazoline



phenyl)-am ne (0.102 g, 0.27 mol) (from Exanpl e 18,
Step E, supra) in dichloronethane (20 nL) was added
w020(4016B859g, 2.7 mmol ). The reaction m xt ure WRETZP2004/050608
stirred at roomtenperature for 2 hours. The m xture
was diluted with chloroform (44(X) nL) and washed wth
a saturated aqueous Na2SC3 sol ution. The organic |ayer
was separated, dried over Na2SO4, and concentrated to
give the desired 4-(3-chloro-4-fluoro WO 2004/ 111055
PCT/ EP2004/ 050608 44
phenyl ) - 5-i odonet hyl - 7, 8- di net hoxy- 5, 6-di hydro-4H- 1, 3,
4-triaza-phenal ene as a yellow foam (Yield 0.134 g,
99% . Step G
4- ( 3- Brono- phenyl ) -7, 8-di met hoxy-5-nethyl -4H1, 3, 4-tri
aza- phenalene a \lI \ ~-N5 C 19:@5%1%!302 MWV 371. 79
To a solution of
4- (3-chl oro-4-fl uoro- phenmmdonet hyl - 7, 8- di nmet hox
y-5,6- dihydro-4H1, 3, 4-t ri°q enal ene (0.125 g,
0.25 mmol) (from Exanple 18, Step F, i0 supra) in
toluene (25 nL) was added 7 nm, 2.5 mol)
(Fluka). The reaction mxtt)ghhk%g;b heated at 120 C for
| hours. The m xture was then diluted with chloroform
(100 nly androwasinechs sMckibky-H2BmhoxFfiehaDigBdiE 0.0k aYEREmol@Em
separ at edgxarkhlel 18 Gie;ON &pra)NBOBO 2.5 mB (ki 6H) &ALl Abvedops JiDSIF
resi due WgsmpUiichd@eh Yotk QOBLRUNBRMYNUSILITG S NG, The
CH2C12/ s@t&%&lwéra:\ a:laorgedq{i_\i) thc@éld&zl wekGRdg id viud 'I‘lycecslthn %dqusgﬂvcﬁ ed
4- (3 chl ol(l@pl%pﬁf‘l(ht’t@ﬁ‘l% tﬂ:h@'ﬂ%ln%?.ﬁuoﬁ)anllﬁe 0.891 g, 4.69 mmol) (Aldrich)
di met hQxy2:HRt e J#rn;lmﬁevémﬁeztédqizl% °B ﬁmhl«@%@d&m@mlm
\LI]\.hl( Zer’gl \!VdgC()()I dY& I%Lngtc j‘l afﬁ’ﬁlt prcclp olﬁct d dried m
1 4 tri gcuo to ﬁlyftéiq(?%zé)p %(?l—;‘g%m 2%11010 p?.éngq?%xbs)é%&grfg% n'a_%r\}:xé1 Sa
iel 2%)

gray soh
15 Step B: 4-(4-Bromo-2-fluoro-phenylamino)-7-methoxy-quinazolin-6-ol
bes
HN

SN

P

HO.

Ci5sH11BrEN3O;
MW 364.17

To a solution of 6-accloxy-4-(4-bromo-2-[luoro-phenylamino)-7-methoxy-
quinazoline (1.36 g, 3.34 mmol) (from Example 19, Step A, supra) in MeOH (30 mL) was
added an aqueous solution of NH4OH (29%, 0.68 mL, 10 mmol). The reaction mixture
was stirred at room temperature for 18 hours, then heated at 100 °C for 1.5 hours. The

25  mixture was then cooled to room temperature and [iltered. The precipilate was collected
and dried in vacuo to give the desired 4-(4-bromo-2-fluoro-phenylamino)-7-methoxy-
quinazolin-6-ol as a gray solid. (Yicld 0.93 g, 77%).



MV 416. 24 Step A 6- Acet oxy-

4- (4- brono- 2- 11| uor o- phenyl am no) - 7- net hoxy- qui nazol i ne
wa20043126884/ 111055 PCT/ EP2004/ 050608 45 F r  PNT/EP20044850608

17H13C1FN303 MW 361.76 5 To a solution of

6- acet oxy- 7- met hoxy- qui nazol isg-4-one (1.0 g, 4.26

mol ) (from Exanple 15, Step A, supra) in SOC12 (12.5

m.) (Al drich) were added a few drops of DM (0.1 nL.

The reaction mxture was then heated with stirring at

100 C for 3 hours. The solvents were evaporated and

the residue was dried in, vacu.o. The residue was

di ssolved in 2-propanol (20 nmi, then

4- brono- 2-1 1 uoroaniline (0.891 g, 4.69 nnDI) (Al drich)

10 was added. The reaction mxture was heated at 110 C

for 3 houseeC Al oRETa Rt owH RS s Rome 2 p st B P 8™Poom

tenperature and filtered. The precipitate was

collected and dried in vacico to give
6-acetoxy-4-(4-bronD-2-1Iuoro-phé{iﬁ%nino)-7-nethoxy-q
ui nazoline as a gray solilgb (Ymeé 1.42 g, 82% . 15
Step ‘j
4- (4- Brono- 2- (| uor o- phenyl a ) 7- met hoxy- qui nazol i n-
6-ol F~r HN HO N ol~ C 15H 11BrFN302 MWV 364.17 20
To a sol ution of
6- acet oxy- 4- ( 4- br ono- 2-IIuo?§ﬁshﬁ@ylan1no) 7-r net hoxy-
qui nazoline (1.36 g, 3.34 muvol) (from Exanple 19, Step
A, supr a) i nTol\{Bcﬂﬁbr(dBG(4Fﬁm)no-\aﬂ®ro—phcnylarnino)-7—mcthoxy—quinazolin-6-01
(0.50 g, 1.37 mmol) (from Example 19, Step B, supra) in acetone (100 mL) was added
K2CO3 (0.38 g, 2.74 mmol), and allyl bromide (0.59 mL, 6.86 mmol) (Aldrich). The
10 reaction mixturc was heated with stirring at 90 °C for 2 hours. The mixture was cooled
to room temperature, filtered, and the filirate was concentrated. The residue was
purified by chromatography using EtOAc / CHxCla/ Et3N (1:1:0.02) as eluent to give the
desired (6-allyloxy-7-methoxy-quinazolin-4-yl- (4-bromo-2-fluoro-phenyl)-aminc as a
pale ycllow solid. (Yield 0.52 g, 95%).

15 Step D: 5-Allyl-4-(4-bromo-2-fluoro-phenylamino)-7-methoxy-quinazolin-6-ol

F. r
e
HN
HO ™y

A
(T N

C 13H15B1‘FN302
MW 404.23
20

A solution of (6-allyloxy-7-methoxy-quinazolin-4-yl)- (4-bromo-2-fluoro-phenyl)-
amine (0.46 g, 1.13 mmol) (from Example 19, Step C, supra) in o-xylene (75 mlL) was
heated at 150 °C for 4 hours. Al the end of this period, TLC analysis indicated almost
complete consumption of the starting material and the formation of desired product as

25 the major spot. The solution was concentrated to a small volume and filtered. The solid
was collecled and dried in vacuo to give the desired 5-allyl-4-(4-bromo-2-fluoro-
phenylamino)-7-methoxy-quinazolin-6-ol as an off white solid. (Yield 0.35 g, 76%).



added an aqueous solution of NH4OH (29% 0.68 niL, 10

mmol ). The reaction m xture was stirred at room
woeopeanaissre for 18 hours, then heated at 100 €ctmPr20b4/650608

hours. The 25 m xture was then cooled to room

tenperature and filtered. Thg;precipitate was

collected and dried in vacuo to give the desired

4- (4- brono- 2-f | uor o- phenyl am no) - 7- met hoxy-

qui nazolin-6-ol as a gay solid. (Yield 0.93 g, 77%.

WO 2004/ 111055 PCT/ EP2004/ 050608 46 Step C

(6- Al |yl oxy-7-nmet hoxy-qui nazolin-4-yl)-(4-brono-2-fluo

ro-phenyl)-amne Fr ,p HNv \ LN C 81-1151317W802 5

MV 404. 23 To a solution of

4-(4-bronD 2-f 1 uor o- phenyl am no) - 7- ntt hoxy- qui nazol i n-

6- ol |
supr a) i n—ﬁc g% one 637(diu 0 °’?¥1E)”‘(a‘°5“ E“éﬁﬁé %gg %ﬁ%g h%l? %ﬂ =
2.74 mol ), and allyl brom de (O 59 nL, 6.86 nnDI)
(Al drich). The 10 reaction nj Was heated with
stirring at 90 C for 2 hoursy #1e~m xture was cool ed
to roomtenperature, filtereg d the filtrate was
concentrated. The residue wa rified by
chromat ogr aphy using Et OAc / CH2C12/ Et 3N (1:1:0.02)
as eluent to give the desi
(6-a|Ijﬁoxy-?-nnthoxy-quina@‘Y?ﬁ%g yl - (4- brono- 2-f | uor
o- phenyl)-amne as a pale yellow solid. (Yield 0.52
g, 9 50/() . 15 ﬁbmu& of 5-allyl-4-(4-bromo-2-fluoro-phenylamino)-7-methoxy-
5- Al 1yl - 4o 4o R I3 25, 644 BROO PR BRI SROD, uipraf TR hBEN Yio® U
nazol i Ry 6a9lvashadta ko, kMNs Y 2 Kol T methyt lodife (N9 ¢, 8.41 mmo))
C18H15Br F(Mél%) TMMA&Q&" migtg‘rc W?g Qcatcd with stirring at 90 °C for 4.5 hours. The
mixture was cooled to room lemperature, filicred, and the filtrate was concenirated. The
residue was purified by chromatography using EIOAc / CHzClz / EtsN (1:4:0.01) as eluent
to give the desired (5-allyl-6,7-dimethoxy-quinazolin-4-yl)-(4-bromo-2-fluoro-phenyl)-
15 amine as a yellow solid. (Yicld 0.33 g, 94%).

Step F: 4-(4-Bromo-2-{luoro-phenyl)-5-iodomethyl-7,8-dimethoxy-5,6-dihydro-4H-
1,3,4-triaza-phenalene

! Fjg/ar
A ~
e

N
I

20 C19H16BrFIN302
MW 544.16

To a solution of (5-allyl-6,7-dimethoxy-quinazolin -4-yl)-(4-bromo-2- fluoro-
phenyl)-amine (0.236 g, 0.564 mmol) (from Example 19, Step E, supra) in
25 dichloromethanc (30 mL) was added L (1.43 g, 5.64 mmol). Thercaction mixturc was
stirred at room temperaturc {or 4 hours. The mixture was diluted with chloroform (100
mL), and washed with a saturated agueous Na,SO3 solution. The organic layer was
separated, dricd over NazSOy, and concentrated to give the desired 4-(4-bromo-2-fluoro-



A sol ution of

(6-allyloxy-7-nmethoxy-qui nazolin-4-yl)-(4-brono-2-fluo
woae@hemss) - anmine (0.46 g, 1.13 mmol) (from EramEreoo4/050608

19, Step C, supra) in o-xylene (75 nL) was heated at

150 C for 4 hours. At the endgof this period, TLC

anal ysis indicated al nost conplete consunption of the

starting material and the formation of desired product

as 25 the major spot. The solution was concentrated to

a small volunme and filtered. The solid was coll ected

and dried in vacuo to give the desired

5-al Iyl -4-(4-brono-2-fl uoro-

phenyl am no) - 7- met hoxy- qui nazol i n-6-ol as an off white

solid. (Yield 0.35 g, 7699 . WD 2004/111055

PCT/ EP2 0@&711@}5@86@&]13_7’8'@@ xé,6-d1hydro-4H—1,3,4-tr1aza—phenalene as an off

(5- Al |yl -GitepildiYife P81 %ui nazol i n-4-yl ) - (4-bromo-2-flu

oro- phenyl)-amne Fr | FIN\ /-O\ \ 5 C 19H

17Br FN30Zc, M 4 38mé 8 bR - fRen§it $:dib @dxyB metnyl-45-1,3 4-triaza-

5-a|IyI§4;iTaQronD-2-fluoro-phenylanino)-?-nethoxy-

qui narolin-6-ol (0.34 g, 0.84 mml) (from Exanple 19,

Step D, supra) in acetone (100" ) was added K2C03

(0.35 g, 2.52 mmol) and net hyg de (1.19 g, 8.41

mmol ) (Al drich). The react4® ture was heated wth

stirring at 90 Cfor 4.5 h ~“The i xture was

cooled to roon1tenperatureJ filtered, and the filtrate

was concentrated. The resi? e was purified by

chronat ogr aphy using Et CAc 7y #Hged2 / Et 3N (1:4:0.01)

as eluent to give the desired

(5-ally -6, 7d Ldﬁiﬁ&nh)@lxM-‘bﬂ)h{b—mﬂJ-ﬂhﬂrylﬂyi]a)mn(ctﬂyl—b,ls-ﬂmh(ay-5,&- uo

ro-p he nyl d)h'ydrél-@{—Qﬂi—ﬂ@na—@&na@ne}(@lldgm@6 1§1Q(I)lj (d@m éx}ﬁ’n@é 1d, SQp 1"?’3 g,

94% .St estr in toluene (7 mL) was added DBU (0.09 mL, 0.6 mmol) (Fluka). The reaction

4- ( 4- _Br OMBxeere Msl RLQr apﬁﬁx@f(lrl ﬁoﬁr’. ITQLde:&Eé \tlay llhénZlﬂlgc'ddzltl{@ltanl)ﬁy -

5, 6- di hy d(ﬁ(%’mﬂﬁénd ;lx/ashc:é wﬂh’ I—‘izé.l e Q"a[?iblay%ﬂwa?sl:p@rgtcoe, drlcd Ev[:r NaJS(Q, I

\ AN Ol.‘:/ a'l}ld %gclfntlg%cg L_Il!le esi@t[eEvle})@r by chromatography using ELOAc / CH,Cla/

F3N (1:1:0.05) as eluent to give the desired 4-(4-bromo-2-fluoro-phenyl)-7,8-
dimethoxy-5-methyl-4H-1,3,4-triaza-phenalenc as a while solid. (Yield 0.027 g, 100%).

Examplc 20
20 7,8-Dimethoxy-4-phenyl-4H-1,3,4-triaza-phenalene

C1sH15N302
MW 305.33



MN 544.16 To a solution of
(5-allyl-6,7-di net hoxy-qui nazolin-4-yl)-(4-brono-2-flu
wonres4/1piseyl ) - am ne (0.236 g, 0.564 mol ) (fr oRCEERRHO50608
19, Step E, supra) in 25 dichloromethane (30 nL) was
added 12 (1.43 g, 5.64 mol) ,4The reaction m xture was
stirred at roomtenperature for 4 hours. The m xture
was diluted with chloroform (100 rL), and washed with
a saturated aqueous Na2SC3 sol ution. The organic |ayer
was separated, dried over Na2SO4, and concentrated to
give the desired 4-(4-bronp-2-fluoro WO 2004/ 111055
PCT/ EP2004/ 050608 48
phenyl ) - 5-i odonet hyl - 7, 8- di net hoxy- 5, 6-di hydro-4H 1, 3,
4-triaza-phenal ene as an off white oil. (Yield 0.034
g, 119%. i ,8@imethoxy—4-phenyl—5,6—dlhydro-4H-1,3,4~tr1aza—phenalen-5-ol
4-(4-Bronn-2-f|uoro-phenyl) 7, 8- dinethoxy-S-nethyI-
1,3,4-triaza- 5 phenal ene F~r Jﬁ:@ i C 19H
15Br FN302 MN 416.24 10 To a S n of
4- (4- brono- 2-fl uor o- phcnyl ).» onet hyl - 7, 8- di net hoxy
-5, 6- dihydro-4FL1,3,4-tria§ ghnal ene (33 ngy, 0.06
rnnol ) (from Exanple 19, Step F, supra) in toluene (7
m.) was added DBU (0.09 m, 0.6 nrnol) (Fluka). The
reaction mxture was heat edCetr™NR0 C for 1 hour. The
m xt ur e’ was then dil uted wi t SR 0r of or m (100 nm.),

and washed w th FQ nic | d,
dri ed Ove{og §z{_¥: 1onEo ]h‘?6 ”chuge oxy muz?éi% 5 er(lf %g,gel 033%2
\/E\tﬁ:S)’ Np l('I g_l g_(li cgntlgb S sgcglmmﬁ% unti tlil(t c()loji)tt 1c sol t}on 8§ lue. ﬁhc rcazgf)[

4 (4- bribrPR PR BIBH R B “éfﬁ%@i P s,
et hyl - 4 The regtiop mixyq s g AR QP EhEmagats el g B

( Yield 0. Blgyluﬁon WEEK nt1 dth% TCéNaszlGed Fyacuo to give the desired 7,8

7, 8- Di et HESPRAL TR b 4 55 A Pl Splat gt g sofd
(Yield 0.17 g, 48%).

15



N\ NJ C18H 15N302 MV 305.33 WO 2004/ 111055
PCT/ EP2004/ 050608 49 Step A

W@ 2804010085 hoxy- 4- phenyl - 5, 6- di hydr o-4H- 1, 3, 4- t PCRER2AB50608
nalen-5-ol " ~I N\ 0 GgHL7N303 5 MW 323.35 To a
solution of (5-allyl-6,7-di mg,
et hoxy- qui nazol i n-4-yl)-phenyl-amne (0.35 g, 1.09
nmmol ) (from Exanple 15, Step E ,supra) in nethanol (50
m) at -78 C was passed a continuous stream of 03
until the color of the solution becane blue. The
reaction 10 solution was then purged with argon, and
nmet hyl sulfide (5 nL) (Al drich) was added. The
reamionniﬂuremasslmMy warmed to room tenperature
and stirred overnig he sol uti on was concentrated,
t he reS|d%@ﬁmégmﬂWP@ﬁHWWﬂégéﬁé“F@PBW@@cthe desi red
7, 8-
di met hoxy- 4- phenyl -5, 6-di hydro-4H._, 3, 4-tri aza- phenal e

n-5-ol as a crude yellow solid, eld 0.17 g, 48%.
15 WD 2004/ 111055 PCT/ EP2004/ 1608 50 Step B:
7, 8- Di met hoxy- 4- phenyl - 4H 1, Lrlaza phenalene 1 o

| ~ C18H I5N302 5 MW 305.33 T0 a sol ution of
7, 8- di met hoxy- 4- phenyl -5, 6-di hydro-4H 1, 3, 4-tri aza- phc
nal en- 5- Ci1sHisN30,

5 MW 30533

To a solution of 7,8-dimethoxy-4-phenyl-5,6-dihydro-4H-1,3,4-triaza-phenalen-5-
ol (91 mg, 0.28 mmol) (from Example 20, Step A, supra) and tricthylaminc (0.23 mL,
1.69 mmol) in dichloromethane (50 mL) at 0 °C was added methanesulfonyl chloride
10 (0.087 mL, 1.12 mmol) (Aldrich). The reaction solution was the stirred at room
temperature for 2 hours. The solution was then concentrated, the residuc was purilied by
chromatography using BtOAc/ CHxCl, / NEL3 (1:4:0.05) as eluent to give the desired 7,8-
dimethoxy-4-phenyl-4H-1,3 4-triaza-phenalene as a white solid. (Yield 47 mg, 55%).

15 Example 21
4-(4-Chloro-phenyl)-7,8-dimethoxy-4H-1,3,4-triaza-phenalene

C1sH14CIN;O;
20 MW 339.78

Step A: 7,8-Dimcthoxy-4-phenyl-5,6-dihydro-4H-1,3,4-triaza-phenalen-5-ol



ol (91 ng, 0.28 nmmol) (from Exanple 20, Step A, supra)

and triethylamnc (0.23 nL, 1.69 nmmol) in
wdizedd101036et hane (50 nL) at 0 C was added PCT/EP2004/050608

met hanesul fonyl chloride 10 (0.087 ni, 1.12 mol)

(Aldrich). The reaction solutgion was the stirred at

room tenperature for 2 hours. The solution was then

concentrated, the residue was purified by

chromat ography using EtOAc / CH2A 2 / NEt3 (1:4:0.05)

as eluent to give the desired 7, 8-

di net hoxy- 4- phenyl -4H 1, 3, 4-tri aza phenal ene as a

white solid. (Yield 47 ng, 55% . 15 Exanple 21

4- (4- Chl or o- phenyl ) -7, 8-di net hoxy-4H 1, 3, 4-tri aza- phen

alene a a C 1sH 14CLN302 20 NM/%SQ 78 Step A

7 8 D m 18 16
et hoxy- 4- phe m h&pal SRS
;L ng 1';(;11 ngg‘gf Ex 6%2%? %Egé? meﬂgdgﬁgbgg a:gqu was

(5-ally @S%f* 2 HEE RS SFWS%F% "ﬁ"fif“”&‘)“" *FREGr 6S phen
yI ) am n greac 063(1%1 wae)th?ggulﬁﬁc}mugvatgerf imgmel el(%mlj)_é(xldugt) ?5
E, " supr a) i THerHEHSIrees oy vaped lopgompienpgranre mdginel o g
contlnuou@m§@Fé@ﬁWBWmMEUHHPWWdﬂﬁ@“@ﬁWﬁF”%ﬂ“ﬁW%?@W“w

sol uti on dsEedhedibitive4 Frdore gt -1-ofihvde*dt P oiisnainnen!
pur ged 8 $herede opdiew solgndieldei4ey10%ul fi de (5 nl) (Al drich)
was added. The reaction mxture was slowy warnmed to

roomt enp§g y&l%h]@r@ he§)t1)l %Srd%lhOXQMﬁﬁ EU, QQA pheTzn:ﬁe sol ution
was concentr at ed e residue was dried in vacuo to

gi ve the desi r ed 7,8 dimeth o (4-chl oro- phen
yl) -5,6-dihydro-4H 1,3,4-tri zgiﬂﬁ;nalen-S-ol 10 as
a crude yellow solid. (Yiel 149, 100% . Step B: 4-
(4- Chloro-phen yl)-7,8- dir hJo xy-4H 1,3,4- tri
aza- ph en alene "la I

C1sH14CIN3O,
15 MW 339.78

To a solution of 7,8-dimethoxy-4-(4-chloro-phenyl)-5,6-dihydro-4H-1,3 4-triaza-
phenalen-5-ot (140 mg, 0.39 mmol) (from Example 21, Step A, supra) and triethylamine
(0.32 mL, 2.33 mmol) in dichloromethane (50 mL) at 0 °C was added methanesulfonyl

20 chloride (0.12 mL, 1.55 mmol) (Aldrich). The rcaction solution was the stirred at room
temperature for 2 hours. The solution was then concentrated, the residue was purified by
chromatography using EtOAc / CHxCl2/ NEt3 (1:1:0.01) as eluent to give the desired 4-
(4-chloro-phenyl)-7,8-dimethoxy-4H-1,3,4-triaza-phenalene as a yellow solid. (Yield 47
mg, 55%).

Example 22
4-(3-Bromo-phenyl)-7,8-dimethoxy-4H-1,3,4-triaza-phenalene



o~~ C181-114C1N302 15 MW 339.78 To a solution of

7, 8- di met hoxy- 4- (4chl or o- phenyl ) -5, 6-di hydro-4H 1, 3, 4-
wonri@zaiosphenal en-5-ol (140 ng, 0.39 nmol) (fr @OU/EP2004/050608

Exanple 21, Step A, supra) and triethylamne (0.32

m., 2.33 mmol) in dichloronetpane (50 nL) at 0 C was

added net hanesul fonyl 20 chloride (0.12 nL, 1.55 mmol)

(Aldrich). The reaction solution was the stirred at

room tenperature for 2 hours. The solution was then

concentrated, the residue was purified by

chromat ography using EtOAc / CH2ClI 2/ NEt3 (1:1:0.01)

as eluent to give the desired 4-

(4-chl oro- phenyl ) -7, 8-di net hoxy-4H 1, 3, 4tri aza- phenal e

ne as a yellow solid. (Yield 47 ng, 55%. 25 Exanple

22 4-(3-Brom

o- phenyl ) -7, 8-di net hoxy- 4H 1, Z4-tr1saza- phenal en e WO

2004/ 111055 PCT/EP2004/OSOJGHD 2 CL8H | 4Br N302 MWV

384.23 Step A #

7,8-D nethoxy-4-(3-bronn-pthyI) 5, 6-di hydro-4H1, 3, 4-

triaza-phenalen-5-0f 5 H~I_. DC 8H 16Br N303 MW

402.24 10 To a sol ution of i

(5-al | yl - §eplc TH-BRERY S Gidhn B3R 1518-ddhydyd-er- B Op e rainy

|)-amne (0.17 g, 0.42 rnnmol) (from Exanple 17, Step

E, suprd) in methanol (50 ml) at -78 C was passed a

conti nuous stream of 03 until { ol or of the

sol ution becane blue. The h)gejajion Sol ution was then

purged with argon, and net y_}auflde (5 nmL) (Al drich)

was added. The reaction m%tur& was slowy warnmed to

roomtenperature and stirred

C1sH 16BrN3O3
MW 402.24

10 To a solution of (5-allyl-6,7-dimethoxy-quinazolin -4-yl)-(3-bromo-phenyl)-aminc
(0.17 g, 0.42 mmol) (from Example 17, Step E, supra) in mcthanol (50 mL) at -78 °C was
passed a continuous stream of O3 until the color of the solution became blue. The
recaction solution was then purged with argon, and methyl sulfide (5 mL) (Aldrich) was
added. The reacition mixture was slowly warmed to room temperature and stirred

15 overnighl. The solution was concenirated, the residue was dried in vacuo 1o give the
desired 7,8-dimethoxy-4-(3-bromo-phenyl)-5,6-dihydro-4H-1,3,4-triaza-phenalen-5-0l
as a crudc brown oil. (Yield 0.16g, 100%).

Siep B: 4-(3-Bromo-phenyl)-7,8-dimethoxy-4H-1,3,4-iriaza-phenalene

AL,

A~ X

=
o

20 !

C 13H 14B1'N302
MW 384.23



15 overnight. The solution was concentrated, the
residue was dried in vacuo to give the desired
W@ ,2804dki1n0s5 hoxy- 4- ( 3- br ono- phenyl ) - 5, 6- di hydr o- 2EH/EP3004/050608
triaza- phenal en-5-0l as a crude brown oil. (Yield
0.16g, 100% . Step
4- ( 3- Brono- phenyl ) -7, 8- di methoxy 4H 1, 3, 4-tri aza- phena
lene r A ol 20 C 18H 14BrN302 MWV 384.23 WO
2004/ 111055 PCT/ EP2004/ 050608 53 To a sol ution of
7,8- dimethoxy-4- (3-brono-phen
yl)-5, 6-di hydro-4H 1, 3, 4-tri aza- phenal en-5-0l (0.17
g, 0.42 mmol) (from Exanple 22, Step A supra) and
triethylamne (0.35 nL, 2.53 mmwol) in dichl oronethane
(30 mL) at 0 _C was added net hanesul fonyl chloride
(0.13 niL, 1.B85HeIy " §W8?°ryc‘ﬁw()3'bf°?ﬁ &hePYQa?étdrhzﬁiﬁ’ Cobiftiaen
was stir r@’d“a’éi‘t‘f’ PLELAE 84t EFRIRAME L PPl Hit g rietirpgine
sol uti on W™t hEmmeDACEHT s EE (30 pRat ¢ Egpsaifed eggnesullonyl
purified #ipride¢hip hd CerANYichisThegpacenGalesiof wagHZ@Rprogn
NEt 3 (13 1te@reBipie fonghogis fapiolutop withgacotdawraigh ¢ resalge wis purified by
( 3- br ono- piverydrdphysi@-EATECHAG N WEY H-1D.03 asdludnr ip gizghe pdiehal e
ne as an Gfvfomphiictyd-7Solincioxy-¢Ail.af-diaB-bhangppe SOUY whitd kv,
phar macol ogidéahe, orepperti es of the conmpounds of this
i nvention maybe 10 confirned by a nunber of
phar macol ogi TaPr 2@ gl propyiiss o hesppiPupdsaighis invention may be
phar madbl Yefirau by a nygeeasf phetaologies] dspnsThowenrifiad mhivaetolopiet!
wi t h t he swnfrollvdsviaetiorodi wiltht @mpdyeds poepydmstd i vahg and
t heir salthgisdExanpl e 23: Kinase Inhibition Assay 15 To
determne the ability of test conpounds according to
the invention to inhibi t EG-R act I Vi ty, ki nase assays
wer e conducted usi ng afoHF Horbyaned
Resol ved Fl up)rdagfmmmm@&&ayompmhssacca§§gymglﬁve,qﬁ@mnlnhed
in A J. MQU\Q& km@J assays Mclégldlgc§&g¥§1rI-M‘RF Mg@moul’ggg
3( 7) Y Slgégb'lvcd Fluorescence) assay. This assay is described in A. J. Kolb ct. al., Drug Discovery
Today, 1998, 3(7), p 333.

20 Kinase aclivily assays were performed in 96-well polypropylene plates (Falcon)
with a total volume of 90 L in each well. Each well contained 1 pM EGFR substrate
(Biotin-EEEEYFELY), 1.5 nM EGFR, and a test compound with onc of 8 assay
concentrations ranging from 100 UM to 128 pM (1:5 serial dilution). The kinase activity
assay was done in the presence of 100 mM HEPES, pH 7.4, 1 mM DTT, 5 mM MgCl,, 2

25 mM MnCl, 1% DMSO, 0.5 pM ATP (K, for EGFR), 0.1 mM Na,VOs, and 0.02% BSA.
The reaction was incubated at 37 °C for 30 minules. To stop the EGFR reaction, 72 pL
of reaction mixture was transferred into a STOP plate containing 18 uL of revelation
buffer (20 mM EDTA, 50 mM HEPES, pH 7.4, 0.02% BSA, 10 nM Eu-labelled anti-pY
antibody (final conc. 2 nM), and 100 nM streptavidin (final conc. 20 nM)). After

30 mixing, 35 pL of solution was transferred into duplicate wells ol a 384-well black plate
(Costar), and read at 615/665 nm on a Wallac Victor 5 reader.

Test compound ICsp values were determined from duplicate sets of data, and
calculated by using Excel and fitting data to cquation Y=[(a-b)/{1+(X/ c)d]+b, where a
35 and b arc enzyme activity in the presence ol no test compound and an infinite amount of



20 Kinase activity assays were perfornmed in 96-wel |
pol ypropyl ene plates (Falcon) wth a total vol une of
woeQop@liiocsseach wel | . Each well contained | tM BGFRP2004/050608
substrate (Biotin-EEEEYFELV), 1.5 nM EGFR, and a test
compound with one of 8 assay sg£oncentrations ranging
from100 Mto 128 pM (1:5 serial dilution). The ki nase
activity assay was done in the presence of 100 mM
HEPES, pH 7.4, 1 nM DTT, 5 mM MyC1l2, 2 25 nM WMnhCl2, 1%
DMSO, 0.5 M ATP (Kmfor EGFR), 0.1 nM Na2VGa, and
0.02% BSA. The reaction was incubated at 37 C for 30
m nutes. To stop the EGFR reaction, 72 L of reaction
m xture was transferred into a STOP pl ate cont ai ni ng
18 ItL of revel a% on L){ fg nmM EDTA, 50 nM HEPES,
pH 7.4, 0F é‘%"%@ TeSPRY M‘SEIEI‘ES%%B g B Tgprstpat g e coggendy o dy
(final coffE™S TN ® AlHiEhIERIORTICE fo8 SR Gt rofpess P the
cone. 20 ﬁWr)eac“)ﬂ\‘fyt“élF”‘@G?S‘ﬁ‘i“%lqﬂbdew%d L of solution was
transferred into duplicate wells of a 384-well bl ack
pl at e ¢ Cost &reyompaund of teeigiendién hedlIE 56 o¥ s um 1aMNAI | ac
Victor 5 neadedin ikeshe ERIBOMROTHERDYiads UE S WREL
det er m negskiQm thaploh &a%ie sets of data, and
cal cul ated by using Excel and fitting data to equation
Y=[ (a-b)/ (1+(X/c)']+b, where a 35 and b are enzyne
activity in the presence of no test conpound and an
infinite anount of WO 20044k1d£%RiB&dkLEP2004/ 050608
54 test conpound, respectively, c1s the IC50 and d is
the hil® conBtapndl of the conpowws response. The | Cso
value is the concentration of test conpound that
reduces by 589MYe enzyne act(¥?Py under the test
condi tions dgse I[I bed. 5 The c d’wgnds of the invention
had 1'C50 val ues of | ess than 1 when tested in the
above- describeghi@ssay. These coapeunds thus exhi bited
EGFR I dnase i nhibition activity. EGFRI1C 50 (mcro
nolar) 10 Bramiie 1 0.04788 ®&x&@nple 2 0. 06069
Exanple 4 0.04006 Exanple 9 O 00468 Exanpl e 10
0. 00994 Example 11 C

Example 19 G 0.02600




15 Exanple 11 C 0.00268 Exanple 19 G 0.02600 WD

2004/ 111055 PCT/ EP2004/ 050608 55 Clainms 1. Aconpound
wohodsherdsernula RA R5 ZN Rs R1IO O ~ ~ \ NJ 1rPCHERZ00K/050608

wherein Zis Cor NN R and R2 are independently

selected fromH, |ower alkyl g5l ower al kyl substituted

with 10 OR6, NR6R7, heterocycle, andhetcroaryl; R3

and R4 are each independently selected fromH, F, C

and Br; RSis selected fromH OH SH, oxo, thionc,

and C1 - C3 alkyl; and R6 and R7 are each

i ndependently selected fromH, and | ower al kyl or,

alternately NR6R7 together can forma ring having 3

to 7 atons, said ring optionally including up 15 to

t hree additi onal heteroatons and being optionally

substituted by one or nore |8%B¢ alkyl; or the

pharmaceutically acceptable salts or esters thereof.

2. The conpound ehpogidgitmidmyherein Z is C. 20 3. The

conpound of claim1l wherein Zis N 4. The conpound of

formula 1, claiml1l, wherein R and R2 are

i ndependently selected from | ower mil kyl .

RS
: Rs
7N
0
R S t}
s,
? N
5 Re

wherein
Z isCorN;

R' and R? arc independently selected from H, lower alkyl, Jower alkyl substituted with
10 ORG, NR6R7, heterocycle, and heteroaryl;

R? and R* are cach independently selected from H, F, Cl, and Br;
R’ is selected from H, OH, SH, oxo, thione, and C, - C3 alkyl; and

R%and R’ are each independently selected from H, and lower alkyl or, aliernately N RR’
together can form aring having 3 to 7 atoms, said ring optionally including up
15 10 three additional heteroatoms and being optionally substituted by one or more
lower alkyl;

or the pharmaccutically acceptable salts or csters thercof.
2. Thecompound of claim 1 wherein Z is C.
20 3. Thecompound of claim 1 wherein Z is N.

4. The compound of formula I, claim 1, wherein R1 and R2 are

independently sclected from lower alkyl.

25 5. The compound of claim 4 wherein either R1 or R2is methyl.



25 5. The conpound of claim4 wherein either Rl or R2
is methyl. WO 2004/ 111055 PCT/ EP2004/ 050608 56 6. The
woaopaumdsof claim4 wherein both R and R2 ar ecmErook/050608
7. The conpound of forrmula I, claim1, wherein R3 and
R4 are 5 independently selectggd fromH Br, d and F
8. The conpound of claim7 wherein either R3 or R4 is
H. 9. The conpound of claim7 wherein R3 and R4 arc
both H 10 10. The conpound of formula I, claim1,
wherein R5 is selected from =0, =S, H and | ower
al kyl. 11. The conpound of claim 10 wherein R5 is
selected fromH and | ower 15 alkyl. 12. The conpound
of formula 1, claiml1l, wherein Zis N, R and R2 are
methyl, and R3 and R4 are H 20 13. The conpound of

formula I, clainj, wherein Zis N, R and R2 are
met hyl , one ®©f TRScompndRbclfing4 phegiy oty RenbRemethy d  or
Br. 14. The conpound of fornmula |, claiml, wherein Z

is C R and RIharErovped Kyl Lope LohorisRiamdma is H and
t he ot herindegendepilygpectgiiom Jepr.(Band he compound of fornul a
1, claim1l1, wherein Zjis C R and R are nethyl, one
of R3 and RA™i sMEORRYMNE B WerErtPEe& adP By 160 A
conpound sel ected fro he group..30
8, 9- Di qgthoxg-égﬁﬁgﬁvg%%affgﬁngg?ﬁ?gi?%??géza-phen
gl gnbiz- OP% 10. 3The (ﬁ)mpouild olfﬁ)l_i'méllal_l_l,:cl:-lai%l lﬁvvheéreh% RStis selected ﬁ'omh |

, 9- Di met hoxy:3-phenyl - | H, , 3,4, 6-tetraaza- phenal en
e-2-thionéf"¥§fﬁﬁfwﬁ%ﬁh
OoXy- 3.' phenyl r13Hmdeompdindir ih (ARG S @h&%cl@“x%ﬂ@andlower
8, 9-Di q;tﬁp%y-z-netﬁyl-3-pheny|-3%#1,3,4,6-tetraaza-ph
enal ene’ and 35
2- Et hyl - 8, 9- gi nBt hR¥sacdt BREAY ki Mhherds Ais QlRELE @A a- phen
al ene. methyl, and R®and R*are H.

20 13.  The compound of formula I, claim 1, wherein Z is N, R! and R*are
methyl, one of R* and R*is H and the other is Cl or Br.

14.  The compound of formulal, claim 1, wherein Zis C, R'and R* are
methyl, one of R? and R*is H and the other is Cl or Br.

25
15.  The compound of formula I, claim 1, wherein Z is C, R' and R arc
methyl, one of R* and R*is F and the other is Cl or Br.
16. A compound selected from the group
30

8,9-Dimethoxy-3-phenyl-1H,3H-1,3,4,6- tetraaza-phenalen-2-one;

8,9-Dimethoxy-3-phenyl-1H,3H-1,3,4,6-tetraaza-phenalene-2-thionc;

8,9-Dimethoxy-3-phenyl-3H-1,3,4,6-lelraaza-phenalene;

8,9-Dimethoxy-2-methyl-3-phenyl-3H-1,3 4,6-tetraaza-phenalene; and
35  2-Bthyl-8,9-dimethoxy-3-phenyl-3H-1,3,4,6-tetraaza-phenalene.

17. A compound sclected from the group



17. A conmpound sel ected fromthe group WO 2004/ 111055
PCT/ EP2004/ 050608 57

wG820@8ABr3s0- phenyl ) - 8, 9- di met hoxy- 3H 1, 3, 4, 6- t BCTARZ@®4/050608
henal ene; 3-(3-Brono-phenyl )-8, 9-di met hoxy-1
H 3H 1, 3, 4, 6-tetraaza- phenal ep- 2- one;
3-(3-Brono- phenyl) -8, 9-di net hoxy- 2-net hyl -3H 1, 3, 4, 6-t
et raaza- phenal ene; 3-(3-Brono-phen
yl )-8, 9-di met hoxy-1 H, 3H1; 3, 4, 6-t et raaza- phen
al en-2-thionc; 5
3-(3-Brono- phenyl ) -2-et hyl -8, 9-di met hoxy-3H1, 3,4, 6-te
traaza- phenal ene; and
3- (3- Chl or o- phenyl )-8, 9-di met hoxy-1H,3H 1, 3, 4, 6-tetraa
za- phenal cn-2-one. 18. A conpound sel ected fromthe
group 3-( 33(_3%—,{)]&93@%,9— dimethoxy-3H-1,3,4,6-tetraaza-phenalene;

enyl )-8, 95 iRl BRKN - REDYh ndth da fue B3l 804 3348 Phena
3- (4- Chl 01 @-ERBEPYeh =68, dnethbFRIR@N Y3 Bh d ieBraA-pRadeR I 2QZA-
phenal ene; 3-(4-Chl or o- phenyl) -8, 9-di net hoxy- 1H, 3H

, 3, 4, 6- t et-Baapa-ripheraldewpth@xytl HBGMB4,6-tetraaza-phenalen-2-thiong;

7, 8- Di ntt hoxy- 5- net hyl - 4- phenyl -4H- 1, 3, 4-tri aza- phena
ene: 5 3-(3-Bromo-phenyl)-2-cthyl-8,9-dimethoxy-3H-1,3,4,6-lctraaza-phenalene; and

f‘;gg: gﬂleg%@—_e(ﬁgr%g (’!n}l):8,79’-d§rr_wg1io>g§£I,Iglg—)f,x,z‘r,ét_ctggzgi-glyclna_lcﬂ'-lzl_orgé.’ 3, 4-tr
4- (3- Br omp- phenyl ) - 7, 8- di met hoxy- 5- met hyl - 4H- 1, 3, 4-t ri
aza- phenal en]é.’ cic?apoirsi selected from the group

4- (3- Brono- phenyl) -7, 8-di met hoxy-5-net hyl -4H-1, 3, 4-tri
aza- phenat-@rieloro-rhagyD-8R-dipshgdrthdai dé -t Rediradhe group
4-(4- Bromp-2-f| uoro-phenyl ).-7,.8-dimeth.

oxy- 5- ribt R aer SRR Rttty

8- Di net hO%Mi‘%l’oﬁ%%?ﬂ&‘f‘ﬂ'ﬁhc&p%«1}4,‘3H—t] ,@,h,@ét@aﬁ%ﬁ%—@%w;zo

4- (4- Chl or o- phenyl ) -7, 8-di met hoxy-4H 1, 3, 4-tri aza- phen
al ene; a n”dS—Diﬂaelhc(x33§-B¢ﬂO'I¥BPhphE4H— 1,3,4-triaza-phenalenc;
yl)-7,8-di met hoxy-4H-1, 3, 4-tri aza- phenal ene. 20. A
conpound ¢t @EPH TSR HEYGrRstiy-+D8.34-triaza-phonalenc;

(5-Alyl-6,.7-di net = gui na7. ol i,n-4-yl)-phenyl -anm ne;
W 2004/ TREGEE. B oGl bl o RAER o

5- | odonet Ml srofuo SndinmBldr@¥¥cyd-nR@aNh 3 hubndhdyay 0- 4H 1, 3
, 4-triaza- phenal ene;

5-Al |yl -4-(4-chl oro- phenyl anm no) - 7- met hoxy- qui nazol i n

-6-01;  (5- APl yhosropaddilsiet WaN3F2GtR p azolin -4-yl)-

( 4-chl or o&—a!ble'o%b)ﬂ{lg(m)hgneyb—l&dimethoxy—S-methy]-4H—1,3,4~tria7,a—phena]ene;
7,8-Dimethoxy-4-phenyl-4H-1,3,4-triaza-phcnalenc;
20 4-(4-Chloro-phenyl)-7,8-dimethoxy-4H-1,3,4-triaza-phenalene; and

4-(3-Bromo-phenyl)-7,8-dimethoxy-4H-1,3,4-triaza-phenalene.

20. A compound sclected [rom the group

25 (5-Allyl-6,7-dimethoxy-quinazolin-4-yl)-phenyl-amine;



4- (4- Chloro-ph enyl)-5- iod onmethyl-7,8- dimeth
oxy- 5,6- dihydro-4H 1,3,4-triaza- 5 phenal ene;
wo-2004/1yi054- ( 3- br om o- phenyl am no) - 7- met hoxy- quPORE®R10A/050608
-6-0l;
(5-Allyl-6,7-di met hoxy-qui nazgl i n-4-yl)-(3-brono-pheny
| )-am ne; and
4- ( 3- Brono- phenyl ) - 5-i odonet hyl - 7, 8- di met hoxy- 5, 6-di hy
dro-4H 1, 3, 4-tri aza- phenal ene. 10 21. A conpound
selected fromthe group 5-Allyl-4- (3-ch]joro-4-flu
oro-phen ylamin o0)-7-metho xy- quip azolin -6- ol;
(5-Al'lyl-6,7-dimethoxy-quin ar_olin
-4-yl)-(3-chloro-4- |l uoro-phenyl)-am ne;

4-(3-Chl oro-4-11uoro- g e -5-1 odonet h - di net hox

nyl )
y- 5, 6- di h?,&)fkﬁneggﬂjidlgiet OXy- ghefy}?%%}adrﬁﬁ%ﬁaggﬁzé phenalene
5- AIIyI ) uar he m o) 7-neth
oyt nag ST Pl RO 2
ct hoxy quisnag @l idhendty- yulbazoﬁAbﬁ)QM1o% ﬂhlanyﬁlﬁnqnephenyl ) -
am ne; 4- (4-Br onp-2-flu oro-phenyl) -5-iodonethyl -
8- di met hoxy-GlorophailRydéopelbi.& diBolibxy- 16 diladt@diphdhakene,;
20 5 phenalene

7, 8- Di nct hoxy- 4- phenyl -5, 6-di hydro-4H-1, 3, 4-tri aza- phe
na| en- 5- OF’ -Ally 4 (3-bromo- pheny]ammo) 7-methoxy- quma/o]m-6 01

Za|88r[1)| I'STCtO o&ﬁé 64'd gox}//ﬁma)o§ Pyl)l'&/ 1omo p cny a1§1hc4an%rl aza- phe

ct hoxy 4- ﬁ &'ﬂ?([n%@cnﬂhﬁﬁ%mmyﬁ? Qﬁdlmcthoxy—S 6-dihydro-4H-1,3,4-triaza-
di hydr o- 45k ied, 4-tri aza-phen alcn-5- ol . 22. A

phar maceut i cal COI’TpOSI tion COITprI Si ng as an act ive

i ngredi'tnt an e fecti fount of a conpound
accor di ng toﬂan§ongm‘¥gmﬁgémﬂefmf 21 and a

pharnaceuﬁﬁb&?ﬁymmaééépﬂaww@m@aFmﬁénym@wek@i%ient. WO

2004/ 111055 PCT/ EP2004/ 050608 59
phar maceut’ i’ &4 8PS S -0 - ar Orﬁ rﬁ‘?“’ \R}?ﬁ"@ﬁ‘mi‘“g

sui tabl e 5%&mR%U@ﬂ&9&@h@5@%&&ﬂu@%%§kb&@56%ﬁmuﬁﬂpﬂﬂwnds

accordhpgu&?pﬁgxgye of "clal ns as nedi canent .
5 25. a conpound accordlng to anyone of clains
1 to 23 feoamnthe-vRmepPatad pheilamino)-7-methoxy- quinazolin-6-ol;

5-Allyl-6,7-dimcthoxy-quinazolin -4-yl)-(4-bromo-2-fluoro-phenyl)-amine,

4-(4-Bromo-2-fluoro-phenyl)- 5-iodomethyl-7,8-dimethoxy-5,6-dihydro-4H-1,3 4-
triaza-phenalene;

20  7,8-Dimcthoxy-4-phenyl-5,6-dihydro-4H-1,3,4-1riaza-phenalen-5-ol;
7,8-Dimecthoxy-4-phenyl-5,6-dihydro-4H-1,3,4-triaza-phenalen-5-ol; and
7,8-Dimcthoxy-4-(3-bromo-phenyl)-5,6-dihydro-4H- 1,3,4-triaza-phenalen-5-ol.

22.  Apharmaceutical composition comprising as an active ingredient an effective

25 amount of a compound according to anyonc of claims 1 to 21 and a pharmaccutically
acceplable carrier or excipient.



of a nedicament for the treatnent of a solid tunor 26.

Use according to claim25 wherein the solid tunor is a
wonengtijossol on, prostate 10 or |ung tunor. 27PCTHE®2004/050608

i nvention as descri bed above.

59

23.  The pharmaceutical composition of claim 22 which is suitable for parenteral
administration.

24. Compounds according to anyone of claims 1 to 23 as medicament.

25.  Usc of a compound according to anyone of claims 1 to 23 for the preparation
ol a medicament for the treatment of a solid tumor

26.  Usc accordingto claim 25 wherein the solid tumor is a breast, colon, prostaic
10 orlung tumor.

27. Theinvention as described above.



