WO 2004/111055 PCT/EP2004/050608 1.3.4-TRIAZA-PHENALENE
AND 1,3,4,6-TETRAAZAPHENALENE DERIVATIVES The present

wanveptionselates to novel 1.3,4-triaza-phenalenc and 1,3,4,6pCT/EP2004/030608
tetraa7aphenaleue derivatives that inhibit epidermal growth factor receptor
("EGFR") tyrosine ldnase. These compounds and their pharmaceutically
acceptable salts and esters have antiproliferative activity and are useful,
inxeralia, in the treatment or control of 5 cancer, in particular solid tumors.
This invention also relates to pharmaceutical compositions containing
such compounds and to methods of treating or controlling cancer, most
particularly the treatment or control of breast, lung, colon and prostate
tumors. Finally, this invention is also directed to novel intermediate
compounds useful in the preparation of the novel phenalene derivatives
herein disclosed. 10 Receptor tyresinc kinases are transmcmbranc
proteins that participate in cell signal transduction. Specifically, they
wansmitgrowth faciar signals.from the cell suyiacs. o, eerain atrasslilas
processesItha}t\ control critical function Such as growth, “differentiation and
angiogenesis. A. A. Adjei, Drugs of the Future 2001, 26(11):107- 1092. 15
Many cancers are-associated with aberraht signatingednaparticelar,
deregulated-sighalifer viavyirosineildin usésplaysiaikey rotecin &l@rjrowth
and spreadofcaneers: oA -Dvduairdamd Jhivk:Eherfington) ExXpert ©pm.
Invetig. Drixgs#2008c: 1P 1)i51 84 sOndufamiljic ofreceptortyroging Kinases
is the epidenvalgroiwtty fattdrreedptdr (EGERY droSine idrase. These
receptors REVEBEBHIBURETS BETIEr EXpTESER G e fitithber b Epithelial
20 cancersafft AV rRET RTiftaif Hh I ahotessRemesE Tiie role
of receptor {fEsiE KiHASES (R TKS), ArtH PAHCUTArFOIE SRR T thg
growth and" S B CaieerE I Wele SEABshed "SE& Paud and
Cherrington, nigta, Angh-AdieYe-skRrasJhera s thusexiensive research to
develop smallimelecyladnhibitars.afREKs candin.pastician of EGFR. 25
For reviews.ef:compeungisiaiibiting EGHR: andithas thetapeutic use se
Laird and Gheringtomn.supsa:Adicy, supna:sugsralthed’tuture 2002,
27(4):339-3#5, M. R. Myers

15 Many cancers are associated with aberrant signaling. In particular, deregulated
signaling via tyrosine kinases plays a key role in the growth and spread of cancers. AL D.
Laird and I M. Cherrington, Expert Opin. Invetig. Drogs, 2003,.12(1):51-64, Onc family
of receptor Lyrosine kinases ts the epidermal growth faclor receptor (BGER) tyrosine
kinage. These recaptors have been found fo be over expressed 1n 2 number of epithelial

20 cancers and have been implcated in tumor aggressiveness.

The role of receptor tyrosine kinases (RTKs), and in pardeular of BGER, in the
growth and spread of cancers is well established.  See, Laird and Chemringlon, supra, and
Adiey, supra. There is thus exiensive research 1o develop small molecule inhibitors of
RTKs, and in particular of EGFR.

25 For veviews of compounds inhibiting BGFR and their therapentic use see Laird and
Cherrington, supra; Adjey, supra; Drugs of the Fature 2002, 27(4):339-345; M. & Mycrs
ct al, Bicorganic & Medicinal Chemistry Letters, 1997, 7(4: 421-424; AL T, Bridges et al,,
1. Med. Chem., 1996, 39:267-276; G. W. Rewcastle e al,, I. Med. Chem. 1995, 383482~
3487,

FS8/23.03.2004



of al., Bioorgvanie & Medicine] Chemistry Letters, 1997,7(4): 421-424; A.
J. Bridges at at., J. Med. Chem., 1996.39:267-276; G. W. Reweastle et
al,, J. Med. Chem. 1995, 383482- 3487. P5/23.03.2004 2 The disclosure
relates to novel 13. 4-triaza-phenalene and 13, 4,6- tetraazaphenalene
derivatives; In a first aspect. there is provided a compound of the formula
R4 RsZ)R3 N\OINN" RZ5 wherein ZisCorN; R' and Rz are
independently selected from H, lower alkyl, lower alkyl substituted with
ORG6, NR6R7, heterocycle, andheteroaryl; to R3 and R4 are each
independently selected from H, F, Cl, and Br; R5 is selected from H, OH,
SH, oxo, thione, and C; - C3 alkyl; and Re and R7 are each
independently selected from H, and lower alkyl or, alternately NR6R7
together can formaring-having 3 {04 aioms..said.ring.Qptionally including
up to thre&agditiopalcleterdetoms and being optionally 15 substituted by

one or more lowgr, alkyl: or the pharmaceutically acceptable salts or esters
staspelt, there 15 provided & Comif ol e T
thereof. The dotted lines in the above formu gluglg(im _tﬁ%ltaa double bond

- exists either
R4
RE
A LI
27N
O S

-~ N

whereln
Z s Cor N;

R and R? are independently sciected from H, lower atkyl, lower allcyl substituted with
ORS, NR°R’, heleroeyele, and heteroaryl;

10 R and B arc cach indopendently sclected from H, F, CI, and Br;
R ie selected from H, OH, 8H, oxo, thione, and Ci - Caatkyl and
®%and B are cach independently selected from H, and lower alkyl or,

allernately NE'R? together can form ating having 3 to 7 atoms, said ring
optionally including up to three addirional heteroatoms und being optionally
15 substituled by one or more lower alkyl;

or the pharmaccutically acceptable salts or esters thereof.

The dolied lines in the ebove formula signify that a double bond exisis either
between Z and the carbon atom o which R i3 atiached o7 between the carbon atom and
E®. Use of dotied lines to depict taatomeric Torms is well knowa in the art.

20 These compounds inhibit cpidermal growth factor receptor (“BGFR") tyrosine
kinase. These compounds and their pharmacculically acceptable salls and estors have



between Z and the carbon atom to which R5 is attached or between the
carbon atom and R5. Use of dotted lints to depict tautnmeric forms is well
known in the art. 20 These compounds inhibit epidermal lIxowth factor
receptor ("EGFR") tyrosine kinase. These compounds and their
pharmaceutically acceptable salts and esters have 3 an tiproliferative
activity and are useful, inter alia, in_the treatment or control of cancer, in
particular solid tumors. In a second3aspect, there is provided a compound
selected from the group consisting of
(5-Allyl-6,7-dimethoxy-quinazolin-4-yl)-phenyl-amine;,
5-lodomethyl-7,8-dimethoxy-4-phen yl- 5;
6-dihydro-4H-.1,3,4-triazv-phenaiene; 5-Aryl-4-(4-chloro-phen ylamin
0)-7-m eth o xy-quin awli'n -6.01;

(5-Allyl-6, Zeclimitvoxysg dinawdinudi)-(deckitordophcens) cappig of cancer. in
4(4-chlorosphienyB-iedemethyl-7,8-dim ehtho
xy-5,6-dihydro-4H-1,3,4-triaza phenalene; 5-Aliyl-4-(3-bromo-pben
ylamino)-7-math pxyecpuinapadinted-8 piovided & compound selected from the group consisting
(5-Ally1-6, érgimethoxymeuinagoindnyh(3rbromephenyl)-amine; and
4-(&-8omo-gheny)Siodometnytt - dimelhoxien, G dlydip-gH1 3 4-Iriaz
a- phenalene. Th athir aspect, there 15 provided a compound selected
from the groupL-eqnaiskingh@flaminc)-7-methoxy-guinazolin-6-ol;
5-AUyI-4-(3-chloro-4-Uuoro-phenylamino)-7-m ethoxy-quin azolin-6-04
(5-Allyl-6, 7SR TR BIA A S PRISFE 2 IE8PS-phenyl)amine;
4-(3-C  44-Chioro-phenyl)-5-iodomethyl-7,8-dimncthoxy-5,6-dih ydro-4H-1,3 4-trisza-
hloro-4-flugresphgnyl)-5-iodomethyl-7,8-dimethox)5,6-dihydro-4H-1,3,4
triaza-phenalene; 5-Allyi4 _ o

(4-bromo- 2Ry ATHFO R st SR A TR S S h-6-ol;
5-Aliyl-6,7-Aimethoxy-aiinazalinmdayb-(4-Lsama2sHuate:Rhenyl)-amine;
4-(4-&omo-2-fluoro-phenyl)-5-iodomcthyl-7,8-d :

methoxy-5 B-fraperohebid: T dprpb i fiersareps - diydro-4H-1.3,4-triaza-
7,8-Dmmetigidea-phenyl-5;6-dihydro-4H-1,3,4-Iraza-phonalcn-5-ol;

In a third aspect, there is provided a compound selected from the group consisting of
5-Allyl-4-(3-chloro-4-Auore-phenylamine)-7-methoxy-quinazolin-6-ol,
(5-Allyl-6,7-dirnethoxy-quinazalin —4—-yl)—(3—chloro—4—ﬂuoro—phets yh-amine;

4—-(‘3-Chlorq~4~—illuom-phmy1)—5~iodomc.!hyi—?*,&dimelhbxyf,ﬁ-ciihydm—4H—1,3 &
triaza-phenalene; :

S—AflﬁA—-(d—‘brom g-2-fluoro-phenylamine)-7-methoxy-guinazolin-6t-al;
5-Allyl-6,7-dimethoxy-guinaxwolin -4-ylj-(4-bromo- 2- fluorc-phen yl)-aming;

4-({4-Bromo-2-fuoro-phenyl)-S-iodomethyl-7,8-dimethoxy-5,6~dihydro-4H-1,5.4
{riaza-phenalene;

' ‘7.8-Dimc,f.hnxy—éaphmyi-S;ﬁ-dihydro—4H~1 »3,4-triaza-phonslen-5-olf
7,8-Dimethoxy-4-phenyl-5,6-dibydro-4E-1,3 4-\riaza-phepalen-5-ok; end
7,8-Dim ethoxy-4-(3-bromo-phenyl)-5,6-dihydro-4H-1,3 4-triaza-phenaton-5-ol.
In a fourth aspect, there is provided a pharmaceutical composition comprising as an

active ingredient an effective amount of a compound as defined above and a pharmaceuticalty

acceptable carrier or excipient.



7,8-Dimethoxy-4-phenyl-5,6-d~hydro-4H-13,4-triaza-phenalcn-5-ol;and
7,8-Dimcthoxy-4(3-bromo-phenyl)-5,6-dihydro-4H-1,3,4
triaza-phcnalcn-5-oL In a fourth aspect, there is provided a
pharmaceutical composition comprising as an active ingredient an
effective amount of a compound as defined above and a pharmaceutically
acceptable carrier or excipient. 3a in a fifth aspect, there is provided
compounds as defined above as medicament. In a sixth aspect, there is
provided the use of a compound as defined above for the preparation of a
medicament for the treatment of a solid tumor Disclosed herein are
pharmaceutical compositions comprising one or more compounds
disclosed herein, or a p harmaceutlcallg acceptable salt or ester thereof.
and a pﬁlé?ﬁ%(f‘éﬁf ATy SRSt B R R B LS B AT e osed herein
is a. metpod f%r treatlnge or CQQqullnsg ancer, more Fg |cu%arly the
treatment F CoRtOr oF 4. <olid fumor. most. Oun HicUTarTy 18 fhe treatment or

contP&P?S‘I“B?@%T‘Gd’I‘ﬁﬁﬁ“éQﬁEi“"é“c’%‘ﬁ“té’ﬁ%‘*f)‘f’w%fte tumors by administering to
a patientyin a@?ﬂr@fm §r¥%ﬁmﬂ‘§&ﬁ‘@( ArfGraReIcRIlY Sft o Ctiye amount of a

comp ound fformula 1, or a armac utlcall a cepta es§lt aqr ester
Or a pharmaccuticaily acce le salt ter there 11e

cm Idzsc% sed heret il
thereo |na , Isclosure also relates O nove |n ermedia

comB%Wf’ﬂ‘é"l‘.%@fﬁﬂcfﬁ“t‘?‘}é“b’r‘éBé?&ﬁ‘éﬁ of a compound of formula I. As used
herein, the follwing f€ rmﬁxo%%urﬂﬁa Qﬁri&?{LQWAP&Q}?JJWQQH%ﬂ Alley?”

alone or in conLunct on VXI'[ another terr‘q eDY he eroqygLe denotes
trum uﬁ qr cantro! of a soh hum dr mast Fartzc “Oh ¢ freal dmr cont
a straight-chain or branc saturated aliphatic rocarbon havmg 1to

12, preteramy o8 I B 8‘?8?%%3“15%“%??8%" kyfﬁdifoh“ﬁéh%’(?@ Yower

al kyl‘“ﬁf‘ﬁt‘}b% hatirg e 6! cprererani ] e datbo amimsypical lower
alkylx¢potaps sticiuder trvestityl, ethyl, propyl, isopropyl, butyl, r-butyl, 2-butyl,
pentyl, hexyl and the like. As used herein, Cr-C3 all-yl means an alkyl
group havﬂ‘i&"iﬂ’fbéé"&é‘frﬁélﬁ“é‘“‘ﬂ%?n%’ “‘I&M%%ﬁ%“‘éF‘iﬁ"&&?ﬁ}ﬁﬁ‘éfi‘ dhtith
anotAErEHh MieaHs a%ionBValent, rnonocycfic or bicyclic, aromatic
carbocyclic hydrocarbon radical, preferably a 6-10 membered

Asused hergin, the following terms shall have the following definitions,

“Alkyl” alone-or in conjunction with another term, e.g. alleyl-heterocycle, denoles
straight-chain or branched sarerated aliphatic hydrocarbon having 1 te 12, preferably 1
10 10, carbon atoms. Prelerred alkyl groups are “lower alkyl” groups having 1o 6,
preferably 1 1o 4, carbon atoms. Typical lower a%kyl groups include methyl, ethyt, propyl,
isopropyl, buiyl, :-butyi, 2-butyl, pentyl, hexyl and the ke, As used herein, C-Cs alkyl
means an allyl group having 1 to 3 carbon atoms. .

“Aryl” slone or in conjunction with another term meens & monovalent, monocyelic
ar bicyclic, aromalic carbooyelic hydrocarbon radical, preferably a 6-10 membered
aromatic aromatic ring system. Preferred ary} groups include, but are not miled (o,
phenyl, naphthyl, rolyl and xyiyl

"Hffective armount” means an amount that is effective to prevent, alieviate or

ameliorate symptoms of discase or prolong the survival of the subject being treated.

“Halogen” means fuorine, chloring, bromine or iodine, preforably fluorine,

cirloring or broming.
“Heterp atom” means an atom sclecied from N, O and §,

"Hetoroaryl” means an aromatic heterocyelic ring system conbaining up to two
rings. Preferred heieroaryl groups include, but are nol limited to, thicnyl, furyl, indolyl,



aromatic aromatic ring system. Preferred aryl groups include, but are not
limited to, phenyl, naphthyl, tolyl and xyiyl. "Effective amount" means an
woRImaunt teat is effective to prevent, alleviate or ameliorate synpiems@hsosos
disease or prolong the survival of the subject being treated, "Halogen"
means fluorine, chlorine, bromine or iadine, preferably fluorine, chlorine
or bromine. "Hetero atom" means an atom selected from N, 0 and S.
"Heteroa yI" means an aromatic heterocyclic ring system containing up to
two rings. Preferred hcicroaryl groups include, but are not limited to,
thicnyt, furyl, indolyl, WO 2004/111055 PCT/EP2004/050608 4 pyrrolyl,
pyridinyl, pyridine, pyrazinyl, oxazolyl, thiaxolyl, quinolinyl, pyrimidinyl,
imidazole and totrazolyl. "Heterocycle" or "hcterocyclyl" means a saturated
or partially unsaturated, non- aromatic cyclic radical of 3 to B ring atoms in
which fromeeneitordiririg aitmsyartheterd. Sratorh siselected frowm!.
nitrogen, oxyiépery; dlftrzabf-a combination thereof, the remaining ring

atoms being C..Examples of, preferred neterocycles are plogriding.
P peraz Ine ’m‘ﬁ%gcc%}!c ilcr}'gdicrarll Qir ? 09 r'ﬂg? m&ﬂg 91' %?ch'i?&&% ¢¥éj£ 919;/ a@ﬁﬂuo hetero
thiomorpholing, penfamethylens. sultide, and pentamethviens stlfone.
"IC50" refers to,the gorcentiation.of aparticilar. coppound.accarding to
the to invention equired to. nfibit 20%.ata-sReqific measured Actvity
IC50can bg, measyred.intesallot,as is described in Example 23, infra.
"Ox0" means =0. "Pharmaceutically acceptable ester"refers to a
conventionally @sterificdecormipetridorot formela Fivaving arrdteshtdt or a
carboxyl grovpionttictrésterdrétain thesHiotsgiea 15 effdeniere ssard
properties #fthHécoRipoinds Brisintla’Fand are cleaved in vivo (in the
organism) to the, correspgnding active alcohol or carboxylic acid.
Examples of ester groups which are cleaved (in this case hydrolyzed) in
Vivo to the corr&spongingily acceptable ester” refers te a conventionally esterified compound

of formala I having an alcohel or & carboxyl group, which esters retain the blological

15 cffeclivencss and proportics of the compounds of formula I and are cleaved in vive (in the
organism} to the corresponding aclive alcohol or carboxylic acid. Examples of ester
groups which are cleaved (in this case hydrolyzed) in vive to the corresponding
. carboxylic agids (R¥C(=0)0H) arc lower alkyl csters which may be substituted with
NRARY where B and R® are lower alkyl, or where NR*'R*® taken together form a
26 monocycic akphatic hetorocyele, such as pyrrolidine, piperidine, morpholine, N-

methylpiperazne, cic.; and carhonaie esters of the lormula ROC(=0Y0CHRBOC(=0),

where R ishvérogen or methyl. R¥is a compound according o the invention. i s

shown in its carboxylic acid form {after being administered to a patient as an ester and

being cleaved to the corresponding acid).

25 Bxamples of lower alkyl esters arc the acetyl, propionyl esters, and the like.
Examples of lower alkyl esters substitnted with NEHYE* arc the dieth vlaminoacetyl, 2-(4-
morpholinyDaceiyl, 2-(4-methylpiperazin- 1-ylyacetyl esters, and the like. Examples of
carbonate csters are acctoxy-methoxy-formyt and 2- (dimethylamino)acctoxy-methoxy-

formyl cstors.

30 Further informatien 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 afso, H. Ansel et. al,, Pharmacentical Dosage Formsand Drug
Dcl&ﬁcry Systems (6th Bd. 1995} at pp. 108-109; Krogsgaard-Larsen, ot. al,, Textbook of



carboxylic acids (R'0C(=0O)OH) arc lower alkyl esters which may be
substituted with NR41R4 where R41 and R42 are lower alkyl, or where
wd\ndERM2staken together form a 20 monocyclic aliphatic hetgregyelanshshhos
as pyrroldine,piperidine,morpholinc,N- methylpiperazine, etc.; and
carbonate esters of the formula RAOG(=0)OCHR4'OC(=0), where e
ishydrogen or methyl. R40is a compound according to the invention. It is
shown in its carboxylic acid form (after being administered to a patient as
an ester and being cleaved to the corresponding acid). 25 Examples of
lower alkyl esters are the acetyl, propionyl esters, and the like. Examples
of lower alkyl esters substituted with NR41R2 arc the diethylaminoacetyl,
2-(4- mospholinyl)acetyl, 2.(4-methylpiperazin-I-yl)acetyl esters, and the
like. Examples of carbonate esters are acotoxy-methoxy-formyl and
2-(dimethytamima}acet Dxyspaeth Ox ¥4 fopylresters: 30 uethie finfeimation
concerningr@ramples.aieandthelusd-oftaster$ior the #elivery of
pharmaceutical compounds is avall bIe in Desi n of Pi odru

I 'ﬁw}l acee efers tg convintional acid-a dm%r Salts or
Eﬁndgaard %1 ! a:ontg‘fﬁ it ﬁctmﬁ)'? g}l écai Lf (iuv :’zess an'& iruis o?{.&
armaceu |ca A wamc

1995) at pp }Bé §<9| ula and a;efa ed Hgn sum Ien %{;010"111]0

Die Jm% aa@tdon sinecmas 9103(: dorived

01' 5{1 458,
2004/111055 B Sl fi %9%90%ﬁélgmql)@f%§ggmag@m@dgment (2d
Fd. 1996) %tﬁpmzs&@miﬁ Ga0.ghal Synthesis; 2000,.329:3515..
Alexander g1al,..JMedl Ghein, 1988.31,318;322. “Pharmaceitically.
acceptaple,salf;.refers.to.conventional acid:additien salts.or-hasesaddition
salts that retainthe hilogical effectivensss-and:propeties ofithe.s
compounds.gf.farmula.)and atedformed from. suitable aon-texis.organic or
inorganic agidsiQr Srganic.Orinarganic hases.Sampleacid-addition salts
include those:detived.franminargania acids suchas hydrachlerigragid,
hydrobremigssasis;-hydrnigdig-acidcsatfutic.acitosulfamicnaeiajs. Se eg.
phosphorica acid and, ritric:aeicy) andtfosederivedcfrontyorganictacids
such as p-tohienessuifornicacid, salicylic acid, methanesulfonic acid, oxalic

to acid, succinic gmd CI;[I‘I% aC|d{ gpallciacmg} IactlcL aagld fl{gglaglc armd and
nas armaceiliic ECCC C CUTTEC]
the I|ke Samplg armaceniiea yacccn able,” S p y []

excipient, elc., means pharmacologically acceptable and subslauua}}y non-toxic to the

20 subject to whick the particular compoeunnd is administered. .

“Substitnied,” as in alky] substituted with, means thet the substilution can occur at
one or more positions and, unless otherwise indicated, that the substiteents at cach
substiintion sitc are independently selccted from the specificd options.

“Therapentically effoctive amount” means an amount of at least onc compound of
25 Formula I, or a pharmaceutically acceptable sall or ester thereof, that significanlly
inhibits proliferation and/or prevents differentiation of 4 human tumor cell, including

human umor el lines,
“Thione” significs & =S at & non-terminal carbon atom.

In one embodiment, the present invention relates to compounds of formula



base-addition salts include those derived from ammonium, potassium,
sodium and, quaternary ammonium hydroxides, such as for example,

wdet@ameatiglam monism hydroxide. The chemical modificatiop®fgpzoo4/650608
pharmaceutical compound (i.c. drug) into a salt is a technique well known
to pharmaceutical chemists to obtain ignproved physical 15 and chemical
stability, hygroscopicity, flowability and solubility of compounds. See e.g.,
H. An sal of at., Pharmaceutical Dosage Forms and Drug Delivery
Systems (6th Ed. 1995) at pp. 196 and 1456-1457. "Pharmaceutically
acceptable,” such as pharmaceutically acceptable carrier, excipient, etc.,
means pharmacologically acceptable and substantially non-toxic to the 20
subject to which the particular compound is administered. "Substituted,"as
in alkyl substituted with, means that the substitution can occur at one or
more positions and, unless otherwise indicatéd, that the substituents at
each substitution site are independer;&%el fr&m the specified
options. "Therapeutically effective amount" an amount of at least
one compound of 25 Formula 1, or a bhaHnaceuticalIy acceptable salt or
ester thereof, that significantl% imthibitsrofiferation and/or prevents
differentiation of a human tumor ce Iudyg human tumor call lines.
"Thione" signifies a =5 at a non-férminal cérbon atom. In one embodiment,
the present invention relates to cgmpounds of formula WO 2004f Il 05 5
PCT/EP2004/050608 6 R4 R'R3 Rizo N N) R2 or the pharmaceutically
acceptable salts or esters thcreol wherei Z and

or the pharmacouiically acceptable salts or esters thereof, wherein Z and

R to R are as defined above,

5 In a preforred embodiment of the compounds of formula £, 7 18 N, In another
preferred embodiment, Zis C.

In another preferred smbodiment of the componnds of rmula L R and R arc
independenily lower alkyl, preferably methyl, In a most preferred embodiment, both R
and R* are methyl

10 In another preferred embodiment of the compounds of formula I, R and R are
independently selected from H, Br, CL and B, most preforably H. In a most preferred
crmbodiment, rR® and R*are both H.

I another preforred embodiment of the compounds of rmula 1, R’is selected
from =0, =8 H and lower alkyl, most preferably H and lower alicyl.

15 The following compounds are preferred embodiments according Lo the instant

invention:

8,9-Dimelhoxy-3-phenyl- 17 34-1,3.4,6-tetraaza-phenalen-2-one (Example 1D},

8,8-Dimethoxy-3-phenyl- 15 3H-1.3,4,6-letraava-phenalene-2-thione {Example 2);
8,9-Dimethoxy-3-phenyl-3H-1,3,4,6-tetraaza-phenalene (Example 3),
20 §,9-Dimethoxy-2-methyl-3-phenyd-3H-1,3,4,6-tetrasza-phenalenc (Bxample 4);

2-Ethyl-8,9-dimethoxy3-phenyl-3H-1,3,4,6-tetraaza-phenalene (Example 5);



R'to RS are as defined above. 5 In a preferred embodiment of the

compounds of formula I, Z isN. In another preferred embodiment, Z is C.
wnranathespreferred embodiment of the compounds offrrmulgleYesdo.4/0s0608

Rtare independently lower alkyl, preferably methyl. In a most preferred

embodiment, both R" and R2 are methyl. 10 In another preferred

-embodiment of the compounds of formula |, Rs and RR are

independently selected from H, Br, Cl, and F, most preferably H. In a most

preferred embodiment, Rs and R4 are both H. In another preferred

embodiment of the compounds offermula I, R5 is selected from =0, =3, H

and lower alkyl, most preferably H and lower alkyl. 15 The following

compounds are preferred embodiments according to the instant

invention:

8,9-Dhnetheyt3=phenyl: Bt 8kl 8, 4L6-tdtraazanhenalefix2 0k éC):;

(Example ID); B8,9-D}i]metr}3_ exy-sl-ghepl)glﬁ_l 246t don?

H311-1,3,iéx;iegrlﬁo"?a‘?bvﬁéﬁédtgﬁlé-?—“t]h one (EXSmplerayrensome

8,9-DimethoXy-3-phenyl-3H-1,3,4,6-tetraaza-phcnalene (Example 3); 20
8,9-Dimethoxyr2rngthys3:phenyil-3H-l.3y4:B-1etraazaphanalenc(Example
4); 2-Ethyls8Qrdimethoxy-3-phenyl-3H- |,3,4,6-tetraaza-phenalcne
(Example 5); WO 2004/111055 PCT/EP2004/050608 7 _
3-(3-Brom&sﬁh%ﬁ%?é’?@‘ﬂaﬁ%’&‘fﬁ%’%&ﬁ?ﬁLﬁé?f;%ffgffﬁé%ﬁl%ﬂ@ﬁ%ﬁe
(Example6@ jermpie 9
3-(3-Broma:-phenyl):8.9ndimethoxy-lk 3k i3.40:t8lkaaza-phenalen-2-on
€ (Examplﬁﬁbﬁp]e 10);
3-(3-Bromo-phenyl)-8,9-dimethoxy-2-methyl-3H-1,3,4,6-tetraaza-phenalon
e 5 (Exam%)[é—{g)l’mo-phmyl)~8,9~dimc1.h0xy~]H,3H~1,3,4,6ALeiraam»phcna!cn—?—onc
3-(3-BromadEpti@ii)es, 9-dimethoxy-1H,3H-1,3,4,6-tetraaza-phenalen-2-t

hione (Ex%w&lg))-tphenﬂ -8,9-dimethoxy-2-methyl-3/7-1,3.4,6- letraaza-phenalene
3-(3-Bromqzplrenwhs2-et yI-8,9-d|methoxix3H-1,3,4,6-temraaza—phenalen
e

3-{4-Chioro-pheny))-8,9-dimethoxy-3H-1,3 4,6-1elraaza-phenalene (Example 13C);

15 3-{4-Chloro-pheny!)-8.9-dimethoxy-1H,3H-1,3 4 &-1tetraaza-phenalen-2-thione
(Example 14);

7.8-Dimethoxy-S-methyl-d-phenyl-4H-1,3 4-trinza-phenalene (Example 150);

4-{4-Chlore-phenyD-7,8-dimethoxy-5-methyl-47-1,3,4- triaza-phenalene
(Example 16G);

2% 4-(3-Bromo-phenyl)-7,8-dimethoxy-5-methyl-45-1,3 4-triaza-phenalene
(Example 17G);

4-(3-Bromo-phenyl)-7.8-dimethoxy- S-methyl-45-1,3,4-triaza-phenalenc
(Examplc 18G);

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

7,8-Dimcthoxy-4-phenyl-4H-1,3,4-{riaza-phenalenc (Bxample 208);

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



(Example 10); 10 3-(3-Chloro-phcnyl)-8,9-dimethoxy-I
.H,3H-1,3,4,6-tetraaza-phenalen-2-one (Example 1IC);
wonbdaiahlesg-phenyl)-8,9-dimethoxy-2-methyl-3H-1,3,4,6-tetragzg-ppanaieisos
e (Example 12);
3-(4-Chloro-phenyl)-8,9-dimethoxy-3H+l,3,4,6-tetraaza-phenalene
(Example 13C); 15
3-(4-Chloro-phenyl)-8,9-dimethoxy-1H,3H-1,3,4,6-tetraaza-phenalen-2-thi
one (Example 14);
7,8-Dimethoxy-5-methyl-4-phenyl-4H-1,3,4-triaza-phenalene (Example
15G); 4-(4-Chloro-phenyl)-7,8-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-phenalone
(Example 17.G)p4(3Branic-phenoy)47, B dimetiyhenaiene (Example 228).
oxy-5-methyl-4H-1,3,4- trlaza Phen alenc (Example 18G); 4-
(4 Bromo-2-tlu 81;8(:6-?.}) osed herein and covered by formula  above may exhibit
o d'methoxf‘%i@?;ﬁ?!&‘}%;ﬁ%?ﬁi AR S5 e Ty
7.8 Dlmethox%: Oﬁ) / Atria alen g %E‘

rnaza en

Q
IS not 1 e LANEOTETie z%meln & 1some$czc(n'm dE 1ecte n§1
4-(4- Chldro ap “dime 1hoxyr2ﬁ—3| 1,3 4triaza phenale xample
21B); and 020 ﬁ]c.111055 PCT/EP20041050608 8

4-(3-Bromo-phemybmf; Srdisneth oxend 3, 4-triazarphenalene axample
22B). The compeunds:disclosedrhereinand-covered-by formnulad above
may exhibitctautenterisny. ofrsivucturalrisocrenismictig intenideddhat the
inventioncencompassasyainsic tautomeric or structural isomeric form of
these compounds, or mixtures of such forms, 5 an d is not limited to any
one tau tomeric or structural isomeric form depicted in the formula above.
The compounds of the present invention can be prepared by any
conventional

Scheme ]
15
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s
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means. Suitable processes for synthesizing these compounds are

provided in the examples. Generally, compounds of formula | can be
wdPteRagraccording to one of the to below-described synthefigfautas.1 /030608

Scheme 1 iso~.t. Aro\,-0 1 SOOIz, heat P " FIN NH, "N 2. ArNH2,

heat a Zn, NHyCI O ll~r HNXN 1,1'-carbonyldiimidazole ac ‘N e

Scheme 2 s HW FIr HN~-r H'O 1,1'-thiocarbonyldiirridazole " ™ ~ ~. WO

2004/111055 PCT/FP2004/050608 9 Scheme 3 nri~ Ar HCOOH, Heat 5

Scheme 4 Kq HN~Hr N or R~ (\ (RC0O)20, Heat NCO N R Ni Scheme 5

Schemé 3
ety b e
O,
A & HCOOH, Heat RO
AL e
R "
5
Scheme 4
.
hH, e NJ\‘/M
. o
n” W (R'CO)0, Heat & m
J A

g !

Scheme 5



70 WO 20041111055 PCT/EP2004/050608 10 a A 0o c 1. SOCI21 heat
HN NH40OH HO HI j JH 2. ArNH2, heat CH OH n 3 a CH -CHCH Br nN~n.

wdNoy@are@ Solvent He Base, Heat Heatq1J g el H AN R¥¢BaseoNsosos
R-N HeatR1J 2Base ,0 Heat RR' Scheme 6 HHN™ 1 O N’

CH3S02CI R'O 2. (CH3)3S N (CH3CHgz)3N Rio O qqN R'R,

I 1.80Cl, heat NH O
ﬁ’ 2 AN, heat Ymk _OHOH

CH=CHOH,Br \ Solvent
Base, Heat Heat
RX, Base
Heat L
o ey
Base ) L
Heat P
——— o
8
Scheme §
L 1.0, * CHS0,0! 7 A
- W 2.(CHY,S 7 v (CHCHN K Sy
D OO Rt J J
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Separating a mixture of sterecisomers into the optically pure sterevisomers (when
compound of formula T is chiral). '

10 The optional separation of isomeric structures of formuial can be varried out
according to known methods sach as for example resolution or chiral high-pressure
hquid chromatography (also known as chiral HPLC), Resolution methods are weli
known, and are summarized in “Enanliomers, Racemates, and Resolutions” (Jacques, L.
ct al John Wiley and Song, NY, 19813 Mcethods for chiral HPLC are also well known,

15 and arc summarived in “Separation of Erantiomers by Liquid Chromatographic



Separating a mixture of stereoisomers into the optically pure
stereoisomers (when compound of formula | is chiral). to The optional
weepavationsof isomeric structures of formula | can he au-Henwut /gp2004/650608
according to known methods such as for example resolution or chiral
high-pressure liquid chromatography {also known as chiral HPLC).
Resolution methods are well known, and are summarized in
"Eoantiorners, Racemates, and Resolutions” (Jacques, S. at al. John
Wiley and Sous, NY, 1981). Methods for chiral HPLC are also well known,
15 and arc summmnarized in "Separation of Pnantiomcrs by Liquid
Chromatographic WO 2004/111055 PCT/EP2004/050608 11 Methods"
(Pinkie, W. H. and Finn, J. in "Asymmetric S ntnesis", Vol. 1, Morrison, 1.
D., Ed., Academic Press, Inc., NY 1983, pp. 87-124). Converting a
compound 8ffsen ik tWal Hekls "a sty ity & Hetd - cphirrscetdically
acceptable HeitFaeitfors<att 5XFHe shtiohal: conversion of a compound of
formulal that bears &:Rasic.pilreden.inte f.pharmageutically acceptable

acid additiop), salf. cappe.efested: buconyentional means, For example,
the compound can be treated with an inorganic acid such as for example

hydrochleric aciés hydrabromicadideseifutic! foidianitidacidhphdsprroric
acid, or with'arregpropiidiecmganiciacdisuett asactic’ deid; eitresacid,
tartaric acid"@ rifetharesiifermecacidr petornesalfonie e, e thétlike.
Converting FEBPOeHE SR foriitRareiatibears e arbinglicrbert grotp
into a_pharfhatetieeiyse captatie ik fristal Safe “Theoptisital
conversidn BFEESHIPO T P FErRTtIA'T At beds-a carboxylic acid group
into a pharmaceyfically.aceaniable.alkalimetal.salk.can he effeated by

conventiongl 1o means. Lok example; the compound can be treated with

an inorganic base such as lithium hydroxide, sodium hydroxide,

potassium hydr&xieltiowt thiectike cGonmertihef Grookd fountk offormiuleid that

bears an al&6PoPOE A EaERATR Seit-§rbtpTHto A Phariaeeu titat o

acceptaﬁle rég%térlfm' cxample, the compound can be trealed with an inorganic base such as lithinm
hydroxide, sodium hydroxide, potassium hydroxide, or the like.

Converting a compound of formula 1 that bears an alcohol or 2 carboxylic acid

greup into a pharmaccutically acceptable ester:

20 The-opitonal conversion of 2 compound of formuia I that bears an aleohol or a
carboxylic acid group inlo a pharmaceutically acceptable ester can be effected by
conventional means. The conditions for the formation of the cster wiﬂ depend on the
stability of the oiher functional groups in the molccule to the reaction conditions. Ilthe
olher moielies in the molecule are stable to acidic conditions, the ester may be

25 conveniently prepared by heating in a solution of 2 mineral acid (e.g., sulforic acid) n an
aleohol. Allernatively, the esier may be prepared by the condensation of an alcohol with
an acid anhydride or an acid halide onder conditions known in the art. Other methods of
preparing the ester, whick may be convenient if the molecule is not stable to acidic
conditions include treating the compound with an aleshol 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 couphing agents are known to one skilled in the art of organic
chemistry. Two examples ave dicyclohexyicarbodiimide and triphenylphosphine /dicthyl
azodicarboxylate, In the case where dicycichexyl-carbodiimide is used as the coupling



20 The optional conversion of a compound offormula | that bears an
alcohol or a carboxylic acid group into a pharmaceutically acceptable
woesiaricarsbe effected by conventional means. The conditionsdpfiih8o4 /050608
formation of the ester 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 to acidic conditions, the ester maybe 25
conveniently prepared by heatingin a solution of a mineral acid (c.g.,
sulfuric acid) in an alcohol. Alternatively, the ester may he prepared by
the condensation of an alcohol with an acid anhydride or an acid halide
under conditions known in the art. Other methods of preparing the ester,
which maybe 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 coupliyiatrerednd iorthedpioiarpraderies bfaddificoralagents that
may accelératebhéafedetioh By SueR edtphirg aberracare ko 1o
one skilled’ i &G BRBrGEiS ERR TSI TG exapngtes-gpgocrbon
dicyclohexyigfBgatATIe Ahtr PR HEIRAPHGS THh & iy pbout room
arodica'boXyita T e CASEMHETE diEyEshed edibtdiimide is used as
the coupIrﬁﬁ%@p%ﬂﬁﬁﬁ%@)ﬁ@?‘?ﬁﬁ?@ﬁﬁ%@%ﬁ@@?é@bﬁf R I8
reaction |s‘"'8]6“ﬁ TR QA ??é‘ﬁam’mﬁj {Fe4tif thi" Yo BRI BT ¥ hol,
dreyclohex feér?%o‘i “Ibo‘éi"emé%“ {he Bptiona résehﬁréegofCtlm Ltréﬁ” t‘*@ Srifount

] La On Cﬂl.ene ﬁtc I ture betweerr ahout and
(0-10 mole E SN (fﬁgz[mt In an inert solvent such as a
re, prefera

halogenate F’E)t?%‘ %m (jg cﬁoro %hane) at a temperature
between aboutz&xdﬁgﬁeemeoaaeutme@m@ lemperaiure pprefesably at
about room-temperatieisin thescaseswhereotrphenytp hesphincidigthyl
azodiearbexylate: istused: asrthfergeupling agentythereaciicm isd/or
convenientlyrearried out by treating the acid with the alcohol,

triphen Iphosphrne and dieth I azodicarboxy Iate |n an inert solvent such
tzcal 0'11 OSt{*On‘; can be adm%us

as an e ﬁ 9’

ihblct s, co

er e?g n ar%n é d)tal%fa(bt,xam'gvlc§1 the
ees, 1§ fatin capsules, s Lion SIDE}S
benzene) att a ure d toAbout reom
t:mx Cy Cin '10 b zamtstcrc 1cet t‘)l‘ fxamﬁ c 5 the oar%
temperature rp e er at about degre In ternatiye embodiment,
S, OI' renicrally OI' CX m the lorm OJ.].!] CClOn 90
the present |nvent|on includes’ pharmaceutlcal composmons comprrsrng at

least one compound of formula I, or a pharmaceutically
26 The pharmaceutical compositions of the present invention comprising compounds

of formula I, and/or the salts or esters thereof, may be manufactured in a manper that is
known in the art, eg by means of conventional mixing, cncapstzlatin g, dissolving,
granulating, emulsifying, entrapping, dragee-making, or lvophilizing processes. These
pharmaceutical preparations can be formulated with therapentically inert, inorganic or

25 organic carriers. Lactose, corn starch or derivatives thercof, tale, steric acid or its salts can
be used assuch carriers for tablets, coaled tablets, dragees and hard gclatin capsules.
Suitable carriers for soft gelatin capsules include vegelable oils, waxes and [als,
Depending on the nature of the active substance, no carricrs ave generally required in the
casc ol solt gelalin capsules. Suitable carriers for the manufaeture of solutions and syrups

30 are waler, polyols, saccharose, invert sugar and glucese. Suilable carriers for injection are
water, alcohols, polyols, glveerine, vegetable oils, phospholipids and surfactants, Suitable
carzicrs for suppositories are natural or hardened oils, waxes, fats and scmi-liguid
polyols,

The pharmaceutical preparalions can also conlain preserving agents, solubifizing
35 agents, stabilizing agents, wetting agents, emulsifying agents, sweetening agents, coloving



acceptable salt or ester thereof and a pharmaceutically acceptable
excipient and/or carrier. 15 These pharmaceutical compositions can he
w@dministesed orally, for example in the Rem of table's, coategtpletse/aso60s
dragees, hard or soft gelatin capsules, solutions, emulsions or
suspensions. They can also be adminigtered rectally, for example, in the
form of suppositories, or parcnterally, for example, in the form of injection
solutions. 20 The pharmaceutical compositions of the present invention
comprising compounds of formula |, and/or the salts or esters thereof,
maybe manufactured in a manner that is Imown in the art, e.g. by means
of conventional mixing, encapsulating, dissolving, granMating,
emulsifying, en trapping, dragee-making, or lyophilizing processes. These
pharmaceutical preparations can be formulated with therapeutically incat,
inorganic orePBsGrganiceeitriersvLvaiosk: ccorr starch bifderivativests or
thereof, taléstatie adiorissanscair beasddhssadh-carniers:foring
tablets, codféti tabiets “trefifec s snti*h &re: gdtativieéapsules. Suitable
carriers for soft gelatin capsules include:uegetable oils, waxes and fats.
Depending on the nft-lturgagf th[ﬁ active gsue?gl%ance no carriers are generally

- . $ Tenfione ve, e COmpotn PIosent invention, inchiding th
required in fhe case-pf,S9ft gelatin capsules, Suitable Carriers fof the

manufacture.afsoltions, and syrlis, 30.are water, polyols, saccharose,
Invert su g %ﬂﬂgnglk&%é%p@dl é@%&%@'g!}%ﬁ%;glgﬂ@ﬁ&% Q_ﬂ%rzgiti}a%?' g %rdtagenic
alcohols, palyels.glveering yaasiahle,oils,phasphalipids and, syriactants.
Suitable, camiers#essrnposiiares ake natakon hardened gils.waxes.
fats and semiigrid:polyals:the pharmaseutical preparations.can also
contain preseningagentsisaluhilizing..3%.agents, stabilizing agents,
wetting agents, emulsifying agents, sweetening agents, coloring WO
2004/111.055 PETEPZ 05060 § * T aygentsfavoring dgents, salts
for varying tH&'58mMBtit-pregst re Batrat I b atifig dyents o dmtivxidants.
They cah alS6"E8RMATR Gt e SFstitieaIRf Al abhs shrrstanteeicluding
additional ACtRAHGPEHTSITTE BHHEP tHEH tHERE SHER I Dosdtes

The Lherapeutically effective amount or dosage of & compound according Lo this

inveniion can vary within wide limits and may be determined in a manner known in the

2 arl. Such dosige will be adjusted o the individual requirements in cach particular case
including the specific compound(s} being administered, Lhe route of adminisiration, the
condition being treated, as well as the patient being troatod. In generdl, in the case of oral
or parcnteral administration to adull humans weighing approximatsly 70 Kg, a daily
dosage of about 10 mg o about 10,000 mg, preferably Fom aboul 200 mg to about 1,000

25 mig, should be appropriate, althongh the upper mit may he exceeded when indicated.
The daily dosage can be administered as a single dose or in divided doses, or for
purenteral administration, it may be given as conlinuous infusion.

Combinaiions

3t The compounds of this invention may be used in combination (adminisiered 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 lmited to,
DNA interactive agents, such as cisplatin or doxorubicin; (opoisomerase IT inhibitors
such as etoposide: topoisomerase I inhibitors such as CPT-11 or topotecan; tubulia

35 intcracting agents, such as paclitaxel, doceraxcl or cpothilones; hormonal agonts such as



5 As mentioned above, the compounds of the present invention, including
the compounds of formula I, are useful in the treatment or control of cell
wopRmliferatkge disorders, includingchemoprevention of cancerpcT/Ep2004/0350608
Chemoprevention is defined as inhibiting the development of invasive
cancer by either blocking the initiating; mutagenic event or by blocking the
progression of pre-malignant cells that have already suffered an 10 insult
or inhibiting tumor relapse. Thesecornpounds and formulations containing
said compounds are particularly useful in the treatment or control of solid
tumors, such as, for example, breast, colon, lung and prostate tumors. A
therapeutically effective amount of a compound in accordance with this
invention means an amount of compound that is effective to prevent,
alleviate or 15 ameliorate symptoms of disease or prolong the survival of
the subjectidveitiep tieatéiti-Deternintitionoh e fherapetitiodl pefectives
amount is withiniegkilkirr thesds o Reotfdrapretiticaliyefeenveiadmsiint co
dosage of asmpotind ety to this invention can vary within wide
limits and mayl?ﬁmdm ms a%_x clrf} Q?: le ﬁnv% g@%w(p C(!Qbma%on p]%mfcﬂ? ll‘!%bdc
dosage will be adiuisted to the Indidual sequirements, in £ach parigular
case including, the specific compaund(z).heing administered, the,route of
administratip,they conaition being:ireateda as:well as fhe-patient heing
treated. In generah, &&é@%@%@&&@{@én or-prentcral administeation to adult
humans weighing:appPraximatel.4d.kd: Adaily. dosage.of about.1Q mg to
about 1Q,000.mgiprefarabhofrom abauti200:mota.-abaut4:000:20 mg,
should be apprapsiate, although the upper limit maybe exceeded when
indicated. The daily dosage can be administered as a single dose or in
divided doses, or for parenteral admigistration, it may be given as
continuous |nfu,S|on Co Jnatl ns 30 The CO”]B;c‘ﬂm s of this invention

G ¢ DOAIMEN Q ;’CbCﬂt mveption $OVE TINC

maybe L,ISSG &n 1 m(?hcprcgs?l‘g btasst comp un 0(%911191& ?%QE@VH%C%C? %g%l‘fi%ﬂy?”y)
with knownq nt-cancer reatments such as radiation therapy or with

cytostatic or cytotoxm agents such as for example, but not limited to,
DNA interactivelageis suchagtisplatinot aoxotubidini s #opoisomerasc

inhibitors such as etogo&de t0£0|som rase | |gh|b|tors such as CPT-I | or
omgihyl-7.8-dimethoxy-4pheny-5,6-dihydro-4H- 1,3 d-Iriaze- phcnalenc
topotecan; {BUTA

{Exampie 155);
20 5-Allyl-4-{4-chloro-phenylamino}-7-mothoxy-quinazotn~6-ol {(Example 16D},
{5- Allyl-6, 7-dimethoxy-quinazolin -4- yl)-{(4-chloro-phenylj-amise {Example 16E);

4-(4-Chloro-phenyl)-5-icdomethyi-7,8-dimethoxy- 5.6-dihydro-4H-1,3.4-triaza-

phenalene (Example 16F);
5-Allyl-4-(3-bromo-phenylaming)-7-methoxy-quinazolin-6-of (Brample 17D);
25 {5-Allyl-6,7-dimethoxy-guinazolin-4-y1)-(3-bromo-phenyli-amine (Example 17E)

4-(3-Bromo-phenyl-3-iodomethyl-7,8- dinmethoxy-5,6-dihydre-4H-1,3,4-triaza-
phenalene {(Bxample 17F);

5- Allyl-4-(3-chioro-4-Buoro-phenytamine )-7-methoxy-quinazokin -6- o] (Example 1808,



35 interacting agents, such as paclitaxel, docetaxel or epothiloncs;

hormonal agents such as WO 2004/111055 PCT/EP2004/050608 14
wdamaxifesssthymidilate synthase inhibitors, such as 5-fluorouraeif;@ngis/oso608

anti-metabolites such as methotrexate. Compounds of formula | may also

be useful in combination with modulatgrs of p53 transaotivation. If

formulated as a fixed dose, the above-described combination products

include 5 the compounds of this invention within the dosage range

described above and the other pharmaceutically active agent or treatment

within its approved dose range. Compounds of formula | may also be

administered sequentially with known anticancer or cytotoxic agents

when concomitant administration or a combination is inappropriate. This

invention is not limited in the sequence of administration: compounds of

for mule | maytteshetiadiinistered-etthief prior-tolloratier@ddministration of

the known &htigan'Ger or cytotoxic agent Intermediates In another

embodiment theo J—%—Sﬁ%ggln"i\ég"qU Qd@ cglyle)§‘t(ﬁr%(’tiﬁ ﬁ ln er dj%tes 15

useful in thei) oun s of formula I Those novel
intermediatés |ﬁ)cfu%§’Jl g%e giﬁowmg compounds:
(5-Allyl-6; 7-dimethoxyrgLinazolin4yhpheryhamine(Example. A5 ERD):
5-lodomethyl-7.8- dlmethoxy -4-phe 4yl -5,6-dihydro-4H-1,3,4-triaza-phcn
alone (Exa g 6_[%?;15\1 G quinazolin -4-yi)- e bromo—7 fluoro- phenyl) amine (Example

5-Allyl-4-(4- *éHforo- -phenylamino)-7-mothoxy-quinazolin-6-ol (Example
16D); (5-Allyl.fsdimethoxsysauinazelind-ylrdnclilpra-ghenyh-amine
(Example 11@.@3-;])}16?1316118 (Example 1959;
4-(4-Cliloia-phenyl)-5-iodomethyl-7,8-dimethoxy-5,6-dhrydro-4H-1,3,4-triar

.a- pheﬁméﬁ@'(%mﬁi@q@lﬂ)é—dihydm-4H—] S 4-riaza-phenalen-5-0! (Example 204);
S-Ally1-4-(3;broma-phenylamme):f-mathoxy:guunazeiv-6-el.(Fxample
17D); 25 (5; 1ﬁbe,llyl -6 7yd|methoxy -quinazolin-4-yl)-(3-bromo-phenyl)-amine
(Example 17E);

4-(3-Bromo*phhenyiy-sicdomotnid=7) &@m@m&ﬁy%@dmydmmﬂ@l 3,4-tria
Za- {Examnple 22A),

Examples
The following cxamplies lustrate preferred methods for synthesizing and using the
compounds and formulations of the present invention. These exarmples and preparations
are iflustrative and are nol intended o be imiting. It should be undersicod that there
20 may be other embodiments that fall within ihe spirit and scope of the invention as

defined by the claims appended hercto.

Abbreviations Used in the Examples:

DMF N, N-dimethylformamide
25 TLC thin layer chromatography

DBU 1,8-diazabicyclol 5.4.0lundec-T-ene

Example 1
8,9-Dimethoxy-3-phenyl-1H 3H-1,34,6-tclraaza-phenalen-2-one



phcnalenc (Example 17F);
5-Allyl-4-(3-chloro-4-fluoro-pheuyltuninn)-7-mothoxy-quinazolin-6-el
wdB¥amplgs38D); WO 2004/111055 PCT/EP2004/050608 15 go-Albyk&sddbeos
methoxy-quinazolin -4-yl)- (3-chloro-4-fluoro-phenyl)-amin e (Example
18ED; 4-(3-Chloro-4-fluoro-phen yl)-5sjod omethyl-7,
8-dimethoxy-5,6-dihydro-4H-1,3,4- triaza-phenalene (Example 18F); 5
5-Allyl-4-(4-bromo-2-fluoro-phenylamino)-7-methoxy-quinazohn-6-ol
(Example 19D); (5-Allyl-6,7-dimetho xy-quinazolin-4-yl)-(4-bromo- 2-flu
oro-phenyl)-amine (Example 19E); 4-(4-Bro mo-2-flu oro-phenyl)-5-io do
methyl-7, 8-dimetho xy-5,6-dihydro-4H-1,3,4- triaza-phenalene (Example
19F); to 7,8-Dimcthoxy-4-phenyl-5,6-dihydro-4H-I,3,4-triaza-phenalen-5-ol
(Example 20A);
7,8-Dimethoxy-4-phenyl-5,6-dihydro-4H-1,3,4<triaza-phcnalen-5-ol
(Example 21A); and 7, 8-Dim eth o xyﬁﬂ%@m o-ph en
yl)-5,6-dihydro-4H-1, 3,4-tri azst-phﬂm-ol (Example 22A). 15
Examples The following examples ili d preferred methods for
synthesizing and using the compounds and formulations of the present
invention. These examples and prep%rqg igns, are illustrative and are not
intended to be limiting. It should be untlersteod that there 20 may be other
embodiments t atf I |th| the |r|t an ope of the invention as
defined by%ﬁﬁ—glalrﬁgngﬁtbé%aea ereto. %bqgrépwatlons Used in the
Examples: DMF N,N-dimcthylformamide 25 TLC thin layer

chromatography Cay
/Q hH
. -
Ciotl N30
MW 251.20
10

6,7-Dimethoxy-5-pitro- 3H-quinarolin-4-one was prepared as 2 pale yellow solic,
according to the procedure of Chao, Qi; Deng, Lynn; Shik, Hsiencheng, Leoni, Lorenzo
M.; Geninl, Davide; Carson, Dennis A, Cotiam, Howard B, [ Mead, Chem, 1999, 42,
3860-3873.

5 Step B (6,7-Dimethoxy-5-nitro-quinazolin-4-yh-phenyk-amine

O\OO
S HN

A
i/./)

i

CrafTaNaOy
MW 32631

20 To asolution of 6,7-dimethoxy-S-nire-3H-quinazolin-4-one (1.0 g 3.98 mmod
(From Fxample 1, Step A, supra) in SOCk (20 mi) (Aldrch) were added a few drops of
DMF. Thereaction mixture was then heated with stirring at 80 °C {or 3 hours, The
solvents were evaporated and the residue was dried / vaco. Theresidue was dissolved
in 2-propanod (30 mL), then aniline (0.36 ml, 3.98 mmol) (Aldrich) was added. The

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



DBU 1,8-diaznbicyclo~5.4.0Jundec-7-ene Example |
8,9-Dimethoxy-3-phen yI- | FT,3F7-1,3,4,6-tehaaza-phcn alen-2-one WO
wEMH43055 PCT/EP20041050608 16 HNc C q"J C j7H |4NA93: oMM /650608
322.33 5 _eRA 6,7-Dimethoxy-5-nitro-311-quinazolin-4-one o, g N o
CrnH19NaO5 MW 251.20 10 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, Hsienchene; Leoni, Lorenzo M.; Genini, Davide;
Carson, Dennis A.; Cottam, Howard B.; J. med. Chem, 1999, 42,
3860-3873. 15 StejB:(6,7-Dimethoxy-5-nitro-quinazolin-4-yl)-phenyl-amine
0l.0 N HN C15HioN40Os MW 326.31 20 To a solution of
6,7-dmethoxy-5-nihv-3H-quinazolin-4-one (1.0 g, 3.98 mmol) (from
Example 1, Step A, supra) in SOCK (20 mL) (Aldrich) were added a few
drops of DNz Tecrédietiotivhnistudeswaduthendhettdehwitis. Stirritg a0 C
for 3 hours. Thassgiferisiwereevaparatedrand theltesidifEwas dried uz

vacua. The residue was dissolved
Step C: 6,7-Dimethoxy-N4-phenyl-guinazoline-4,5-diamine

r\’:H,HN/@
AN R
. L

Cagtl16N404
MW 286,33

10 To a solution of {6,7-dimcthoxy-5-nitré-quinazolin-4-y1-phenyl-amine (1.0 g,
3,14 mmol) (from Example 1, Step B, supra), NHaCi (1.7 g, 31.4 mmol) in MeOH, H,O
and CHCl (40 mi., 2:1:1) was added Zn powder (2.0 g, 31.4 mmol) (Aldrich). The
reaction mixtere was stivred at room temperature for 1 hour, The mixtore was then
Gliered, the filirate was concentrated and then exiracted with chloraform (100 mi). The

15 organic layer was separated, dried over NaaxSQ4, and voncentrated. The residue was
purificd by chromatography using EtOAc / CHxCl (1:1) as cluent to give the desired 6,7-
dimcthoxy-N4-phenyl-quinazoline-4,5-diamine 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

CrH N0
MW 322,33

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

25 mmol) (from Example 1, Step C, swpra) in 1,2-dichloroethane {30 ml) was added 1,1°-
carbonyldiimidazole (.55 g, 3.4 mmol) (Aldrich). The reaction mixtarce was heated with
stirring at 90 °C for 4 hours. The solvent was evaporaled and the residuc was purified by
chromatography using BlOAc/ CHeCl / BisN (1:1:0.04) as eluent Lo give the desired 8,9-



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

wo eartigRggixture was concentrated under reduced pressure pag#p8oo1/050608
residue was purified by chromatography WO 20041111055
PCT/EP2004/050608 17 using EtOAg4 CH2CI2 / NEt3 (1:1:0.05) as
eluent to give the desired (6,7-dimet'hoxy-5-
nitro-quinazolin-4.y1)-phenyl-amine as a yellow solid. (Yield 0.9, , 70%).
Step C: 6,7-Dimethoxy-N4-phenyl-quinazoline-4,5-diamine 5 H, HN N
C161 -116N402 MW 296.33 to To a solution of
(6,7-dmethoxy-5-nitro-quinazolin-4-yl)-phenyl-amine (1.0 iv 3.14 mmol)
(from Example 1, Step B,.svp-a), NH4C1 (1.7 g, 31.4 mmol) in McOH,
H20O and CHCI3 (40 rid-, 2:1:1) was added Zn powder (2.0 g, 31.4 mmol)
(Aldrich). The-reactiomayixtire1Ras stimediat focomdtemperatune. forkl
hour. The nixtur@%vas then filtered, the filtrate was concentrated and then
extracted with chloroform (100 MI). The 15 organic layer was separated,
dried over Na2S04, and concentrated:¥n& fesidue was purified by
chromatoegraphy.usinghefOAeEH2E 1244 1d)-a8 eluant togive the desired
6,7- dimcthoxy-N4-phenyl-quinazoline-4,5-diamine as a yellow gum. (Yield
0.5 g, 54%). Step D:8,9-Dimethoxy-3-phenyf-EH,3H-1.3,4,6-tetraaza
phenalen-2-one ~ ~ Hui"\e N 20 9017‘- IN403 MW 322.33

CryH1aN0,.8
MW 338.39

18 To a selution of 6,7-dimethoxy-N4-phenyl-quinazoline-4,5-diamine (80 mg, 0.27
rmamol} (from Example 1, Step. Cswpra) in 1,2-dichlorocthane (30 mL) was added 1,1
thiccarbonyldiimidazole (0.58 g, 3.24 mmol) (Fluka). The reaction mixture was heated
with stirring at 80°C for 4 hours. The solvent was evaporated and the residue was
purified by chromatography using BrOAc/ CHCly / BN (1:1:0.04) as cluent to give the

15 desired 8,9-dimethoxy-3-phonyl-15,3H-1,3,4 6-lelraaze-phenaicne-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

CiF1aN4O2
MW 306.32

A solation of 6,7-dimethoxy- N4-phenyl-quinazoline-4,5-diamine (80 mg, 0.27
25 mmol) {(from Example 1, Step C, supray in formic acid {5 mL) was heated at 110°Cfor 2
hours, Aqueous NaOH solution was then added 1o the reaclion mixturcto a pH 10 - 12,

The solulion was diluled with chloroform (50 mL). The organic loyer was separated,



To a solution of 6,7-dmethoxy-N4-phenyl-quinazoline-4,5-diamine (0.2 g,
0.68 25 mmol) (from Example 1, Step C, n4pzt) in |,2diehlorroethane (50
wdnkdaMasgpagded 1,1'- carbonyldiimidazolo (055 g, 3.4 mmol) @daghholhcnsos
reaction mixture was heated with stirring at 90 C for 4 hours. The solvent

was evaporated and the residue was pyrified by chromatography using
EtOAc / CH2CI2 / Et3N (1:1:0.04) as eluent to give the desired 8,9 WO
2004/111055 PCT/EP2004/050608 18
dimethoxy-3-phenyl-1H,3H-1,3,4,6-tehraaza-phenalen-2-oneas a yellow
solid. (Yield 0.13 g, 59%). Example 2 5
8,9-Dimethoxy-3-phenyl-1H,3H-1,3,4,6-tetraaza-phenalene-2-thionc i
HNIN I p ~N C1H14N402S MW 338.39 10 To a solution of
6,7-dimethoxy-N4-phenyl-quinazoline-4,5-diamine (80 mg, 0.27 mmol)
(from Example Iy-Stefm.Gosupta)-ind Didichiorecthaie (80:midowas added
1,1'- thiocarbonidimitdizole{0: 88g 124 tharket)d(FlukedhFhesteatitn
mixture was-héated=yithrstiringat-8GCioidh éums sFhesolvent
wasevaporated and theresidue was piifigd:by chromatography using
EtOAC / CH2C12 /1%, 3N (1:1:0:04)-as:elnenk o give. the 43,
desired8,9-dimethoxy-3-phenyl-1H,3H-1,3,4,6-tetraaza-phenaicno-2-thion
e asag-ay solid. (Yield 50 mg (55%) _ m 3 8,9-Dim eth

oxy-3-phenyl-3H-1,3,4,6-tetreazx-phen "N "a
-2 =
e
Cit1sNOn
MW 320.35
] Asolotion of 6,7-dimcthoxy Nd-phenyl-gquinazolne-4,5-diamine (60 mg, 0.20

mmol) {rom Example 1, Siep C, supra) In acetic anhydride (2 mly was heated a1 150°C
for 2 hours. Agueous NaOH solution wis then added o the réaction mixture to a pH 10
- 12, The solution was dituted with chloroform (50 mLy. The organic layer was separated,
dried aver Naz80,, and concentrated. The residue was purificd by chromatography using
15 BLOAc/ BN (1.0.04) as eluent Lo give the desired §,9-dimethoxy-2-methyl-3-phenyi-
3H-1,3.4,6-wotranze-phenalene as & yellow solid. (Yicld 20 mg, 629%).

2-Bthyl-§,9-dimethoxy-3-phenyl-3H- 1,3 ,4,6-tetraaza- phenalenc

L3

NN
?_J

CroHsNaOn
MW 334.38

A solulion of §,7-dimethoxy-M4-phenyl-quinazoline-4,5-diamine {130 mg, 0.44

25 mmol) (from Bxample 1, Step C, supra) in propionic anhydride (3 mL) (Aldrich) was
heated at 170 °C {or 2 hours. Agueous Na(OH solution was added o the reaction mixlure

1o apH 10 - 12. The solution was diluted with chloroform {50 mL). The organic layer



20 Ct2H14N402 MW 306.32 A solution of
6,7-dimethoxy-N4-phenyl-quinuzoline-4,5-diamine (80 mg, 0.27 25 mmol)
wd e Exaple 1, Step C, supra) in formic acid (5 mL) was heateg@ddesosos
C for 2 hours, Aqueous NaOH solution was then added to the reaction
mixture to a pH 10 - 12. The solution yas diluted with chloroform (50 mL).
The organic layer was separated, WO 20041111055 PCT/EP2004/050608
19 dried over Na2S04, and concentrated. This residue was purified by
chromatography using EtOAc / Et3N (1:0.04) as eluent to give the desired
8,9-dimethoxy-3-phenyl-3H- 1,3,4,6-LelLraaza-phenalene as a white solid.
(Yield 45 mg, 54%n). Example 4 5
8,9-Dimethoxy-2-methyl-3-phenyl-3H-1,3,4,6-tetraaza-phenalene |iN% N
C C19H1 N402 MW 320.35 10 A solution
0f6, 7-dimethoxyNédphehylequifazohnecd Bididmmne {60vmy6:20 mmol)
(from Exampler}StepyCisdpdy iFdtéte anydride2imigiwas-heated at
150 C for Zihehrs- Aduedtis NAOH sototiawras thenpsddedidithes
reaction mixtfite to apH 10 - 12. The solution was diluted with chloroform
(50 mL). sThe organic layer was separated, dried over Na2S0O4, and
concentrated. The residue was purifieg@peRromatography using 15
ELOAC / EI3N (2{6-Bayas eldett togive-thel désiret - phenalene
8,9-dimethoxy-2-methyl-3-phenyl- 3H-1,3,4,6-tctraaza-phenalene as a
yellow solid. (Yield 20 mg, 62%). Example § )
2-Ethyl-8,9-dimethoxy-3-pheny|-3H/—£;L i

faza-phen alenc 201

CrtiBeNaOs
10 MW 38523

Step A (3-Bromeo-phenyl)-(6,7-dimethoxy- 5-nitro-quinazolin-&4-yl}-amine

Cigtl i3BeNJOy
15 MW 40522

To a solution of 6, 7-dimethoxy-5-nitro-34-gquinazolin-4-one (1.0 g, 3.98 mmol)

(from Example 1, Step A, supra) in SOCI; (20 mI) {Aldrich) was added a few drops of
DMF (0.05 mi). The reaction mixture was thes heated with stirring at 90 °C for 3 hours.

20 The scivents were evaporaled and the residue was dried in vacuo. The residue was
dissoived in 2-propanel (30 miy, then 3-hromoaniline (.65 g, 3.98 mmol} (Aldrich) was
added. The reaction mixture was heated at 110 °C for 3 houwrs. The solvents were
removed and the residue was purified by chromatography using BIOAe / CH:Clz / NEL;
(1:1:0.05) as sluent to give the desired (3-bromo-phenyl}-(6,7-dimethoxy-5-nitro-

25 quinazolin-4-yh-amine as 2 yellow solid. (Yicld 1.2 g, 74%).



C tgH tsN402 MW 334.38 A solution of
6,7-dimethoxy-N4-phenyl-quinazoline-4,5-diamine (130 mg, 0.44 25

wanRl {irggr Example 1, Step C, supra) in p-opionic anhydridg{(a#phdo4/050608
(Aldrich) was heated at 170 C for 2 hours. Aqueous NaOH solution was
added to the reaction mixture to a pH,L0 - 12. The solution was diluted
with chloroform (50 mL). The organic layer WO 2004/111055
PCT/EP2004/050608 20 was separated, dried over Na2S0O4, and
concentrated. This residue was purified by chromatography using EtOAc /
Et3N (1:0.05) aseluent to give the desired 2-ethyl-8,9-
dimeCnoxy-3-phenyl-3H- 1,3,4,6tetraaza-phenalene as an orange solid.
(Yield 21 mg, 14%). 5 Example 6
3-(3-Bromo-phenyl)-89-dimethoxy-3H-1,3,4,6-tetraan-phenalene NON \r
( Y~~d Cr7igi3BrN4@2nd hdNWe385:2 B StetnAoline-4,5-diamine
(3-Bromo-phenyl)-(6,7-dimethoxy-5-nitro-duifiazolin-4-y1)-amine C -OH NJ
CUG6H 13BrN40O4 15 MW 405.22 To ays n=of
6,7-dimethoxy-5-nitro-3H-quinazolin-4o e:(l.o g, 3.98 mmol) (from
Example 1, Step A supra) in SOC127(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 salwamisavere evaporated and the
residue was dried in vacuo. The residii& Was’

To a solution of (3-bromo-phenyl-(6,7- dimethoxy-5-nitro-quinazoln-4-yl)-

amine (0.2 g, 0.49 mmol) (from Example 6, Step A, suprg) and NH4CE(0.26 g, 4.94
mmol) in 4 mixture of MeOH, Hz0 and CHCl; (30 mlL, 6:1:1) was added Zn powder
{0.64 g, 9.87 mmoel). The reaction mixture was stitred at room temperature for 3 hours,

10 The mixture was then Blered, the filiraic was concentrated and then extracted with
chioreform (300 mL}. The organic layer was separated, dried over Nao30u, and
concentrated. This residue was purified by chromatography using BtOAc / CHxCly / NEt
{1:1:0.05) as cluenl to give the desired N4-(3-bromo-phenyl)-6,7-dimethoxy-
guinazoline-4,5-diarnine as a yellow gum. {Yield 0.1 g, 54%).

Step C: 3-(3-Bromo-phenyD-8,9-dimethoxy-34-1,3,4,6-lelraaza-phenalene

C 1‘_;H ;3BI'N 402
MW 385.23
2

A solntion of N4-(3-bromo-phenyl)-6,7-dimethoxy-quinazoline-4,5-diamine {100
mg, 0.27 mmol) {rom Example 6, Step B sypra) in formic acid (3 mL) was heated at 110
°C for 2 hours. Aqueous NaOH solution was added {0 the reaction mixture o a pH 10 -
12. The solution was diluted with chloroform (100 mL). The organic layer was scparated,
75 dried over NaxS04, and concentrated. This residuc was purilied by chromatography
using BEtOAc/ BN (1:0.04) as eluent Lo give the desired 3-(3-brom o-phenyl)-8,0-
dimethoxy3H-1,3.4,6-tetraaza-phenalene a5 a brown solid. (Vicld 86 mg, 83%).



dissolved in 2-propanol (30 mL), then 3-bromoaniline (0.69 g, 3.95 mmol)
(Aldrich) was added. The reaction mixture was heated at 110 C for 3

whalis 1 1he solvents were removed and the residue waspuri,@ed dy:004/0s0608

chromatography using EtOAc / CH202 / NEt3 (1:1:0.05) as eluent to give
the desired (3bromo-phenyl)-(6,7-dimgthoxy-5-nitro 25
quinazolin-4-yl)-amine as a yellow solid. (Yield 1.2 g, 74%). WO
2004/111055 PCT/EP2004/050608 21 Step :
N4-(3-Bromo-phenyl)-6,7-dimethoxy-quinazoline-4,5-diamine | ,H\r O ~
N C16i315BrN402 DdW 375.23 5 To a solution of (3-bromo-phenyl)
1,6,7-dimethoxy-5-nitro-quinazohn-4yl)- amine (0.2 g, 0.49 mmol) (from
Example 6, Step A, supra) and NH4CI (0.26 g,4.94 mmol) in a mixture of
McOH, 1i20 and CHC13 (30 mL, 6:1:1) was added Zn powder (0.64 g,
9.87 morel). The reaction mixture wa&stigied at room temperature for 3
hours. 10 The mixtyre was,thes. filtered. thefiltiate was. concentrated and
then extracted with chloroform (100 mL). The organic layer was
separated, dried over Na2S0O4, and cof cted. This residue was
purified by chromatography using Et@ >C12 / NEt3 (1:1:0.05) as
eluent to give the desired N4-(3-br6C> pljjényl)-G,?-dimethoxy-
quinazoline-4,5-diamine as a yellowf gum(Yield 0.1 g, 5470). 15 Step C:
3-(3-Bromo-phenyl)-8,9-dimethoxy-3H-1,3,4,6-tetraazz-phenalene NR v,

Ct:;,H1sB1IN402 MW 385.23 Cigll 3B NaO3
5 MW 401.23

To a solution of N4-(3-bromo-phenyl)-6,7-dimethoxy-quinazoline-4,5-diamine
(0.15 g, 0.40 mmol} (from Frample 6, Step B, supra) in 1,2+dichlorocthane (50 ml) was
added 1, U-carbonyidiimidavolc {0.635 g, 4.0 mmel) (Aldrich). The reaction mixiure was
10 heated with stivring at 90 °C for 4 hours. The solvents were evaporaled and the residue
was purified by chromatography using BtOAc £ CHoCly 7 BtalN (1:1:0.05) as eluent to give
the desired 3-(3-bromo-phenyD-8,9-dimethoxy-14,35-1,3 4,6-tctraazs- phenalen-2-one
as 4 brown solid. (Yield 0.12 g, 75%).

Example 8

i5 3-(3-Bromo-phenyl)-8.9-dimethoxy-2-methyl-37-1,3,4,0-leiraaza-phenalene

PSS

Ny N
o

P

e
!
i

CigHsBrN4O2
MW 309,26

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 hoated
al 150 °C for 2 hours. Aqueous NeOH selution was added to the reaction mixiurcioa
pH 10 - 12. The solution was extracted with chloroform (50 mL). The organic Jayer was
separated, driett over NegS0s, and concentrated. This residec was purified by

25  chromatography using BtOAc / BlaN (1:0.05) as chueent {o give the desired 3-(3-bromo-
phenyl}-8,9-dimethoxy-2-methyl-34-1,3,4,6-lelraaza-phenalene as a brown solid, {(Yield
60 mg, 47%).

i,



20 A solution

~ 0fN4-(3-bromo-phenyl)-6,7-dimethoxy-quinazoline-4,5-diamine (100 mg,

wd2Rd4Nah (from Example 6, Stop B supra) in formic acid (5 paty)wpas 1/650608

heatedall] 0 C for 2 hours. Aqueous NaOH solution was added to the
reaction mixture to a pH 10 - 12. The sglution was diluted with chloroform
(100 mL). The organic layer was separated, 25 dried over Na2S04, and
concentrated. This residue was purified by chromatography using EtOAc |
Et3N (1:0.04) as eluent to give the desired 3-(3-bromo-phenyl)-8,9-
dimcthoxy-3H-1,3,4,6-tetraaza-phenalene as a brown solid. (Yield 86 mg,
83%). WO 2004/111055 PCT/EP2004/050608 22 Example 7
3-(3-Bromo-phenyl)-8,9-dimethoxy-IH,3H- 1,3;4,6-tetraaza-phe.n
alen-2-on e. NN~N ~ ~/Cj1H,313rN803 5 MW 401.23 To a solution
ofN4-(3-bromo-phenyl)-6,7- dlmethoxy uinazoline-4,5-diamine (0.15 g,
0.40 mmol) (from Example 6, Step B, su%?ﬁjgln 1,2-dichloroothane (50 mL)
was added 1,13carzonyldinmidazoleNBy68.8i- 436 mmob-ghtdroR) ithe
reaction mixture was to heated with stirring at 90C for 4hours. The

solvents were evaporated and the re&diq purified by
chromatography usingetOAc / CH2 h 3N (1:1:0.05) as eluent to give
the desired #

3-(3-bromo-phenyl)-8,9-dinmthoxy- f73 3H-1,3,4,6-tctraaz.-phcnaten-2-on
e as a brown solid. (Yield 0.12 g, 75%). Example 815
3-(3-Bromo-phenyl)-8,9-dimethoxy- 2 ﬁ'}\yi,%?ﬁzl 1,3,4,6-tetraaza-phenale
ne JIB/NT\'r C19H15BrN40O2 .
To & solution of N4-{3-bromo-phenyl)-6,7-dimethoxy-quinazoline-4,5-diamine
{80 mg, 0.21mmol) (from Example &, Step B, supret) in 1,2-dichloroethane (50 mL) was
16 added 1,1°-thiccarbonylditmidazole (638 g, 2.13 mmol) (Fluka). The rcaction mixture

was heated wilh stirring at 90°C for 4 hours, The solvents were evaporaied and the

residue was purified by chromatography using BtOAc / CHoCly /BN (1:2:0.05) as eluent

to give the desired 3-(3-bromo-phenyl)-8.9-dimethoxy- 1TH,3H-1,3,4,6-tctraaza-

phenalene-2-thione as a yellow solid. (Yield 80 mg, $1%).

Example 10

3-(3-Bromo-phenyl-2-cthyl-8,9-dimethoxy-34-1,.3 4.6 telraara-phenalene

Cy_.;i‘} 17Bl'N.10;1
20 MW 41328

A solution of N4-(3-bromo-phenyl)-6,7-dimethoxy-guinazoline-4,5-diamine {120
mg, 0.32 mmol) {from Bxample 6, Step B, suprg) in propionic anhydride (3 mLy
{Aldrich) was heated a1 170 °C for 2 honrs Agueous NaOH solulion was added Lo the
reaction mixinre to a pH 10 - 12, The solution was extracted with chloroform (30 ml).

¥4

The organic layer was separated, dried over NaaSQy, and concentrated. This residuc was
purificd by chromatography using BtOAc / BN (1:0.05) as cluent to give the desired 3-



MW 399.26 20 Asolution of
N4-(3-hromo-phenyl)-6,7-dimethoxy-quinazoline-4,5-diamine (120 mg,
wohdmmaey (from Example 6, Step B, supra) in acetic anhydmge £35p0byos0608

was heated at 150 C for 2 hours. Aqueous NaOH 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
Na2S0a, and concentrated. This residue was purified by 25
chromatography using EtOAc/ Et3N(1:0-05) as eluent to give the desired
3-(3-bromo- phenyl)-8,9-dim
ethoxy-2-methyl-3H-1,3,4,6-tetraaza-phenalene as a brown solid. (yield
00 mg, 47%). WO 2004/111055 PCT/FP2004/050608 23 Example 9
3-(3-Bromo-phenyl)-8,9-dimethoxy-IH,3H-1,3,4,6-tetraaza-phen
alen-2-thiones kN B:@r7Hb3BENGORSy NIWE4 D 7:28-T-chargolutioprown
ofN4-(3-bronio{hemh857-dimethoxy-quinaxoline-4,5-diamine (80 mg,
0.21mmol) (from Example 6, Step B, supra) in 1,2-dichloroethane (50 mL)
was to added 1,1'-thiocarbonyldiimidazei-{0.38 g, 2.13 mmol) (Fiala.).
The reaction mixturewas heated:with.stinring af 00.&.ford.haursthe
solvents were evaporated and the residue was purified by
chromatography using EtOAc / CH202 ﬁE}i 1:2:0.05) as eluen t to give
the desired 3-(3-bromo-phenyl)-89-dirfietfioxy-1H,3H-1,3,4,6-tctraaza-
phenalene-2-thione as a yellow soﬁﬁj%%(eijﬂ 80 mg, 91%). 15 Example 10
3-(3-Brom o-phenyl)-2-ethyl- 8,9-dirficth oxy-3H-1,3,4,6 tetraaxa-phen aie
ne N4r ~N

CrCINLO4

MW 356.77

10 Step A (3-Chloro-phenyly-(6,7-dimethoxy-5-nitro-quinazolin-4-yh- amine

e Q
o om
SN HI\II =g

/}E\, =y

i

CisH13CINGOy
MW 360.76

i
2 o
# 1)

15 A solution of 6,7-dimethoxy-5-niiro-3H-guinazolin-4-one (0.5 g, 1.9%mmo}
ffrom Brample 1, Step A, supre) in SOCEL (20 ml) (Aldrich) and a fow drops of DMF
£0.05 mL) was hcated with stirring at 30°C for 3 hours. The solvents were then
evaporated and the residue was dried i vacie. The residue was dissolved in Z-propancl
(30 mL), then 3-chloroaniline {0.25 g, 1.99 mmol) (Aldrich) was added. The reaction

20 mixture washeaied &l 110 °C Jor 3 hours. The solvents were removed and the residue
was purified by chromatography using BtOAz / CHyClz / NEi3 (1:2:0.05) as eluent 10 give
the desired (3-chioro-phenyl}-{6,7-dimethoxy-5-nitro-quinazolin-4-yl-aminc as a
yellow solid. (Yicld 0.4 g, 56%).



O ~,1 Ci5H uBrN.,02 20 MW 413.28 A solution
ofN4-(3-bromo-phenyl)-6,7-dimethoxy-quinazoline-4,5-diamine (120 mg,

wP:2320ed3 (from Example 6, Step B, supra) in propionic anhygkige{&mkdcos
(Aldrich) was heated at 170 C for 2 hours Aqueous NaOH solution was
added to the 25 reaction mixture to a pkl 10-12. The solution was
extracted with chloroform (50 mL). The organic layer was separated,
dried over Na2S04, and concentrated. This residue was purified by
chromatography using EIOAc / Et3N (1:0.05) as clucmt to give the desired
3 WO 2004/111055 PCT/EP2004/050608 24
(3-bromo-phenyl)-2-ethyl-8,9-dimethoxy-311-1,3,4,6-tetraaza-phenalene
as abrown solid. (Yield 50 in,, 38%). Exam ale 11 5
3-(3-Chloro-phenyl)-8,9-dimethoxy-1H,3H-1,3,4,6-tetranza-phenalen-2-on
e i HNIN @Y HIZCINAOI)-MWBES F 7o StepA-diamine
(3-Chloro-phenyl)-(6,7-dimethoxy-5-nitro- qlﬁT’?ﬂtzoIm 4-yl)-amine N"-OHN \
aT .N~ C16H 13CIN4O4 MW 360.76 ‘t5'& Solittion of
6,7-d|methoxy-5-n|tro-3H-qumazoI|’r'10- e//’(O.S g, 1.99mmoi) (from
Example 1, Step A, supa) in SOCIz {20 mt) (Aldrich) and a few drops of
DMF (0.05 mL) was heated with stirring at 90C for 3 hours. The solvents
were then evaporated and there&dd&WMted in vaeuo. The residue
was dissolved in 2-propanol MW

To a solution of (3-chloro-phenyl)-(6,7-dimethoxy-5-niire-quinazolin-4-yh-
amine (0.2 g, 0.55 mmol) {{rom Example 11, Step A, supra) and NHACH(0.24 g, 443
mmol) in a mixture of MeOH, HaO and CHClL (50 mi, 2:1:12), was added Zn powder
(072 ¢, 11 mmob). Thereaction mixture was stirred at room temperature for 3 hours.

1 The mixture was then fltered. The filtrate was congenirated and then exiracted wilh
dhloroform (100 mL). The organic layer was separated, dried over NapS0y4, and
concentrated. Theresidue was purified by chromatography using BtOAc f CHaCla/ NEts
{1:3:0.05) as cluent to gve the desired N4-(3-chloro-phenyl)-6,7-dimcthoxy-
quinazolne-4,5-dlamine as an orange gum. (Yield .1 g 35%).

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

HNj\N Sy
/O "'\\N

0 A

CyH CINLOs
MW 35077

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 12-dichlorocthane (30 mL) was
added 1,1-carbonvidimidazole {0.2 g, 1.21 mmoly (Aldrich}. The reaction mixiure was
heated with stirring al $50°C for 4 hours. The solvenis were evaporated and the restdue
25 was puritied by chromatography using BlOAc / CHLCla / BtaN (3:1:0.03) as chuent to give
the desired 3-(3-chloro-phenyl)-8,9-dimecihoxy-1H,35-1,3 4,6-tctraaza-phenalen-2-one
as a brown solid. (Yield 50 mg, 58%).



(30 mL, than 3-chloroaniline (0.25 g, 1.99 mmol) (Aldrich) was added. The
reaction 20 mixture was heated at 110 C for 3 hours. The solvents were
woramgemadsand the residue was purified by chromatography usingeet@AG@ 0608
CH2CI2 / NEt3 (1:2:0.05) as eluent to give the desired
(3-chloro-phenyl)-(6,7-dimethoxy-5-niig0-quinazolin-4-yl)-amine as a
yellow solid. (Yield 0.4g, 56%). WO 2004/111055 PCT/EP2004/050608
25 Stop B: N4-(3-Chloro-phenyl)-6,7-dimethoxy-quinazoline-4,5-diamine
-nil HG / N C16HI5SC1N402 MW 330.78 5 To a solution of
(3-Chloro-phenyl)-(6,7-dimethoxy-5-nitro-quinazolin-4-yl)- amine (0.2 g,
0.55 mmol) (from Example 11, Step A, supra) and NH4C7 (0.24 g, A.43
mmol) in a mixture of MeOH, H20 and CHCi3 (50 mL, 2:1:12), was added
Zn powder (0.72 g, 11. mmoi). The reaction mixture was stirred at room
temperature for 3 hours. to The mixt%re ca%then filtered. The filtrate was
concentrated and then extracted wittt chtoroform (100 mL). The organic
layer was separéistiiodrigch Ovieh MNa2S0% mahd-3dorcenttaredr Theresiduc
was purified by chromatography using Et:OAc | CH2C12/ NEt3 (1:1:0-05)
as eluent to,6vcthe desired N4-(3-chlora: 1)-6,7-dimel.hoxy-
guinazoline-4,5-diamine as an ora . (Yield 0.1 g,55%). 15 Step C:
3-(3-Ch|oro-phenyl)-8,9-dimethox;;ﬁi§
H,3H-1,3,4,6-tetraaza-phenalen-2-one x4 /HN'N\e Ctil-113C1N4(]3

5 CigH sCINGD2
MW 354,80

A solution of N4-(3-chloro-phenyl)-6,7- dimethoxy-quinazoline-4,5-diamine (0.2

g, 0.60mmol} (from Example 11, Step B supra) in acelic anhydride (3 mL) wag heaied al
10 150 °C for 2 hours. Agueous NaOH solutidn was added to the reaction mixture to & pH

10-12. The solution was extracted with chloroform (50 m1). The organic layer was

separaled, dried over NaxS04, and cancentraled. Therestdue was purified by

chromatography using BtOAc / CHaCla/ BisN (1:1:0.05) as eluesl o give-the desired 3

{3-chioro-phenyl)-8,9-dimethoxy-2-methyl-3H-1,3.4,6-tetraaza-phenalenc as a yellow
15 sold. (Yicld 90 mg, 42%).

Example 13
3-(4-Chloro-phenyD-8,9-dimethoxy-3H-1,3.4,6- tetraaza-phenalene

20 CH ;3CHNLO,
MW 340,77

Step A (4-Chloro-phenyl)-(6,F-dimelhoxy-5-nitro-quinazolin -4-yl)-amine

Jop
D“\'N"OH o

/0 =

2
N

o
f



MW 356.77 20 To a solution
0IN4-(3-chloro-phenyl)-6,7-dimethoxy-quinazoline-4,5-diamine (80 mg,
wedsmmed (from Example 11, Step B, stipaz) in |,2-dichtorogitrame 180050608
mL) was added 1,F-carhonyldumidazole (0.2 g, 1.21 mmo1l (Aldrich).
The reaction mixture was heated withygtirring at 90C for 4 hours. The
solvents were evaporated and the residue 25 was purified by
chromatography usingeEtOAc/CH2C12/EtN(1:1:0.05) asclucnt to ve the
desired
3-(3-chloro-phenyl)-8,9-dimethoxy-1H,3H-1,3,4,6-tctraaza-phenalen-2-ouc
as a brown solid. (Yedd 50 mg, 55%,). WO 2004/111055
PCT/EP2004/050608 26 Example 12
3-(3-Chloro-phenyl)-8,9-dimethoxy-2-methyl-3H-1,3,4,6-tetraaza-phenalen
e N\a ClsH15C]N402 MW 354.80¢ 1; n
ofN4-(3chioro-phenyl)-6,7-dimethoxy-quinazoline-4,5-diamine (0.2 g,
0.60mmol) (from, Exampler 4 sStep.Bssupra). inacatic anhye ides (3mQ
wash.eated af-ipL2Q Cdar 2howrs sAquendsNa@k) selutionwas-adeed to
the reactionomixtiee.to. apH:40wl2vdhemakitionwas-extraetethnithburs.
chloroform (a0ssls)s vEhe-erganic.layetwas.separated;, duiedover:s
Na2S04, andssencentraied: Theresiduenwas puified:mypochramstogiaphy
using EtOAGuLHRCA2HEE3MN (1l H0.05) &% eldeatiogite the-desired 3-
(3-chlorosphenyty-80+dsethoxy-25methyk8kbd 3G tétfaar BEghciidione
as a yellow (15089 lick!{¥ieddi @C:ndgyrA 204) o Eecarmytes. 1 Jimethoxy-5-nitro-
3-(4-Chinrogpheniphi-8)Qdirmethoiy-3-113'406-tefaaza-phenaleac 20 C
17H 13C]N402 MW 340.77
Step B N4-(4-Chloro-phenyl)-6,7-dimethoxy-quinazoline-4,5-diamine

jos
N, HY

A \)
7o

Cigl 15CINGO,
MW 330,78

15

To a solution of (4-chloro-phenyD-(6,7-dimethexy-5-nitro-quinazoiin4-yl}-

20 amine (0.2 g 0.55 mmol) {from Example 13, Step A, supra) and NHCL (024 g, 443
mmol) in & mixture of MeOH, Hz0 and CHCl3 (50 mL, 2:1:12) was added Zn powder
(0,72 g, 11 mmol). Thereaction mixlure was stirved al room temperature {or 3 hours.
The mixture was then filtered, the filtrate was concentrated and then extracted with
chioroform (100 mL}, The organic layer was separated, dried over NaaSO., and

25 concenirmed. Therestdue was purified by chromatography using ELOAc / CHCl/ NEt;
{1:1:0.05) as eluent to give the desired N4-(4-chloro-phenyl)-6,7-dimethoxy-
quinazoline-4,5-diaminc as a pale yellow gant. (Yield 0.16 g, 88%:).

Step C: 3-(4-Chloro-phenyly-8.9-dimethoxy-3H-1,34,6-tctraaza-phen siene



Step A (4-Chloro-phenyl)-(6,7-.dimclhoxy-5-nitro-quinazolin-4-yl)-amino
a*N AHN\) C ~ N~ WO 2004/111055 PCT/P2004/050608 27
wCEgkuGI104 MW 360.76 To a solution of PCT/EP2004/050608

6,7-dimethoxy-5-nitro-311-quinazolin-4-one (0.5 g, 1.99 mmol) 5 (from
Example 1, Step A, supra) in SOC12 £0 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. The solvents were evaporated and the
residue was dried in vacuo. This residue was dissolved in 2-propanol (30
ml), then 4-chloroaniline (0.25 g, 1.99 mmol) (Aldrich) was added. The
reaction mixture was heated at 110 C for 3 hours. The solvents were to
removed and the residue was purified by chromatography using ELOAe /
CH2C121 NEt3 (1:2:0.05) as eluent to give the desired
(4chloro-phenyl)-(6,7-dimethoxy-5-nitro- qﬁz@lin#yl)-amine as a
yellow solid. (Yeld 0.5 g,70%). Step =™
N4-(4-Cliloro-phenyl)-6,7-dimcthoNy-gtifiazobtic-4,5-diamilic NH.IHN \' G
N 15 C15H15CIN4O2 MW 330.78 7 ution of
(4-chloro-phenyl)-(6,7-dimethoxy-5-nitro-quinazolin-4yl)- 20 amine (0.2 g,
0-55 mmol) (from Facample 13, Stop-A; supka) and NH4CI (0.24 g, 4.43
mmol) in a mixture ofMoOH, H20 and€kc€I13 (50 mL, 2:1:12) was added
Zn powder (0.72 g, 11 mmol). Thereaction mixture was stirred at room
temperature for*3° Rt ¥t He Tisalire st tHeR Titeray e i atd ag
concentradt SHEFHEN LS aEtad BT (00 L) T e
Iayer was S%ﬁalig%?gsbgi!}ggid?dflél&ﬁ%ﬁ%%ﬁé&ﬁ%%éﬂ()0 ml). The organic layer was

separated, dried over NaxSO4, and concentraled. Thisresidue was purified by

10 chromatography using BtOAc / EtaN (1:0.05) as cluent to give the desired 3-(4-chloro-
phen yl)~8,9~djmcsth0xy—3H—},3,4-,6-tetraaza@hcnak:nc ay an off white solid. (Weld 96
mg, 39%).

Example 14
15 3-(4-Chloro-phenyl)-§,9-dimethoxy-15,3H-1,3,4,6- letraaza-phenalen- 2-Lhionc

CHCINGOLS
20 MW 372.84

To a solation of N4-{4-chloro-phenyly-6,7-dimethoxy-quinazoline-4,5-diamine
{120 mg, .36 mmol) {from Hxample 13, Step B, supra) n 1,2-dichkrocthape (30 ml)
was added 1,1°-thiccarbonyldiimidazole (0.65 g, 3.63 mumol) (Aldrich). The reaction
mixture was heated with stirring at $0°C for 4 hours. The solvents weve evaporaied and
the residuc was purified by chromatography using BiOAc / CHCly/ BN (1:3:0.03) as

57



25 concentrated. The residue was purified by chromatography using
ELOAc / CH2C12/ NEt3 (1:1:0.05) as eluent to give the desired
wd\wd-chlgp-phenyl)-6,7-dimethoxy- quinaaoline-4,5-cliamingagamalR ososos
yellow gum. (Yield 0.16 g, 88%). Sinn C:
3-(4Chloro-phenyl)-8,9-dimethoxy-3H-1,3,4,6-tctraaza-phenalene WO
2004/111055 PCT/EP2004/050608 28 %la e J i CIH13CIN4O2 MW
340.77 5 A solution
ofN4-(4-chloro-phenyl)-6,7-dimethoxy-quinazofine-4,5-diaruine (160 mg,
0.48 mmol) (from Example 13, Step B, supra) in Formic acid (2 mL) was
heated 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 separated, dried over Na2S0O4, and
concentratethef higiresidueinas-plrifisdnby SP0 ohromeatb g aghy-usimg:
EtOAC / Et3N:A1:0:05)as elught toigivesthedesiéd. 3-(4-chloro-
phenyl)-8,9-dimethoxy-311-1,3,4,6-tetraaza-phenalene as an off white
solid. (Yacld 96 mg, 59%). Example ®4otf: 15
3-(4-Chloro-pheriyty89:dimnotheddy131:311 K 34:6rtetraaza-phenalcn-2-thi
onc o0 FuN\CoH13CIN4O2S 20 MW 372.84 To a solution
ofN4-(4-ahIoro-phenyl)-6,7-dimethoxy-qu'ng@ine-4,5-diamine (120 mg,
0.36 mmol) (from Example 13, Step B, ra)in 1,2-diehlorocthane (30
M-L) was added 1,1 '-thiocarbonyldflD zdle (0.65 a, 3.63 mmol)
(Aldrich). The reaction 7

CioH N300
MW 31937

10 Step A 6-Aceloxy-7-methoxy-4-phenylaminc-quinazoline

o

T

zr;m

N

C7H sNa0;
MW 309.33

18 &-Acetoxy-T-methoxy-quinazolin-4-onc was synthesized according Lo the literature
procedure of Gibson, K. H., er al. Bicorganic & Medicinal Chemistry Lerters, 1997, 7(21),
2723 - 2728. To asolution of f-acctoxy-7-methoxy-quinazelin-4-one (1.2 g, 5.13 mmoD
in SOCK, (30 ml) {Aldrich) was added a fow drops of DMF (0.1 mL). The reaction
mixture was then heated with stirving at 100°C for 3 hours. The solvents were

26 evaporated and the residue was dried in vacde. The residuc was dissolved in 2-propunol
{30 1), hen aniline {0.47 ml, 5.13 mmol} (Aldrich) was added. The reaction mixturc
was heated at 110°C for 3 hours, then cooled (o room lemperature and fltered. The
precipitate was collected and dried in vacuo to give H-acetoxy-7-methoxy-4-
phenylamino-guinazoline as a white solid. (Yield 1.0 g, 63%).



25 mixture was heated with stirring at 90C for 4hours. The solvents
wereevaporated and the residue was purified by chromatography using
wEgaACi155H2C12 / Et3N (1:3:0.05) as WO 2004/111055 PCT/EP2004/050608
PCT/EP2004/050608 29 eluent to give the desired
3-(4chloro-phenyl)-8,9-dimethoxy-1H,g11-1,3,4,6-tetraam-
phenalene-2-thione as a yellow solid. (Yield 110 mg, 82%). Example 155
7,8-Dimcthoxy-5-methyl-4-phenyl-4H-1,3,4-triaza-phenalene
Cr9Ht7N302 MW 31937 10 Step A.
6-Acetoxy-7-methoxy-$phenydamino-quinazoline HN lyo egl~H~
Cr7H15N303 MW 309.33 15 6-Acetoxy-7-methoxy-quinazoln-4-one was
synthesized according to the literature procedure of Gibson, K. H. at a!.
Bioorgmuc & Medicinal Chene uy Letters, 1997,7(21), 2723 - 2728. To a
solution of BeaBetdiy<Fyrhethoxypsiriezditi4lone (1.2 g, 5.13 turnoff in
SOCI2 (30 ml) (Aldrich) was added a few dfops of DMF (0.1 mL). The
reaction mixture was then heated with sti{ring at 100 C for 3 hours. The
solvents were 20 evaporated and theylg/ e was dried in vacuo. The
residue was dissolved in 2-propanofk” (30 ML), then aniline (0.47 ml_5.13
mmol) (Aldrich) was added. The reaction mixture was heated at 110 C for
3 horns, then cooled to room tempera&tsiieNaird filtered. The precipitate
was collected and dried in vacuo to gl?% Qézﬁ%etoxy-7-methoxy-4

phenylamino-aginazalingas.a.white solid, (rield. 018,630 W 27
200411llQ%oﬁ&'I@%gg%%ggp@pJ%% MeOH (30 mL) was added an aqueous

solution of NH4OH {29%, 2.0 g, 31.4 mmol). The reaciion mixture was stirred ot room
temperature for 18 hours, and then heated at 100°C for 1.5 hours, The mixtorc was then

10 cooled to room temperatore and Bllered, The precipitate was collected and dried in
vacuo to give the desired T-methoxy-4-phenylamino-guinazolin-6-ol as & white sofid.
(Yicld 0.6 g, 69%.

Step C: (6-Allyloxy-7-methoxy-quinazolin-4-yl)-phenyi-amine

I ™
)

o
i

CrlhNz0z
MW 307.36

To a selution of 7-methoxy-4-phenylamino-quinazolin-6-ol (056 g 2.1 mmol)

20 ([rom Bxample 15, Sicp B, supra) in acctone (50 mL) was added KoCOz (145 g, 10
mmol), and allyl bromide (0.2 mL, 2.3 mmol) (Aldrich). The reaction mixlure was
heated with stirring at 90°C for 4 hours. The mixture was cocled to room femperature,
Elicred and the flirate was concentraied. The residuc was purificd by chromatography
using BLOAc/ CHClo / BigN (1:4:0.04) as eluent to give the desived {6-allyloxy-7-

25 methoxy-quinazolin-4-vl}-phenyi-amine as a yellow solid. (Yield 0.6 g, 93%).



Stec B: 7-Methoxy-4-phenylamino-quinazolin-6-01 HN ON | ~ NJ
CiSHr3N302 MW 26729 5 To a solution
wPi0s26¢193y-7-methoxy-4-phenylamino-quinazoline (1.01 g, 3¢ Pmelhsesos
(from Example 15, Step A, supra) in McOH (30 mL) was added an
aqueous solution of NH4OH (29%, 2.9, g, 31.4 mmol). The reaction
mixture was stirred at room temperature for 18 hours, and than heated at
100 C for 1.5 hours. The mixture was then 10 cooled to room temperature
and filtered. The precipitate was collected and dried in vacizo to o ve the
desired 7-methox),4-phenylamino-quinazolin-6-ol as a white solid. (Yield
0.6 " 69%). Steu C: (6-Allyloxy-7-methoxy-quinazolin-4-)I)-phenyl-amine
HNI 1S ' CIBH 17N302 MW 307.36 To a solution of
7-methoxy-4-phenylamino-quinazolin-6-ol (0.56 g, 2.1 mmol) 20 (from
Example 15:5tep Byisepia)iacetene (c@mbivas added KZCO03 (1.45 g,
10 mmol), and allyl bromide (0.2 mL, FB mg#e|) (Aldrich). The reaction
mixture was heated with stirring at 90~C f; ours. The mixture was
cooled to room temperature, filterett filtrate was concentrated.
The residue was purified by chroma Hy using EtOAc / CH2CI2 /
5t3N (1:4:0.04) as eluent to b ve the' desired (6-allyloxy-7 25
methoxy-quinazolin-4-yl)-phenyl-ar*nine; yellow solid. (Yield 0.6 g,
93%). WO 2004/111055 PCT/EP-ZOQA{;%%%%B 31
3

A selution of (6-allyloxy-T-methoxy-quinazolin-4-yli-phenyl-amine (0.30 g, 0.98
mmol) {(frem Example 15, Step C, supra) in o-xylene (30 1) was heated at 150°C for 7
hours. At the end of this period, TLC analysis indicaled almost compleie consumption of
lhe starling material and the formation of the desired product as the major spol. The
16 solvent was evaporated and the residuc was purified by chromatography using EtOAc/
B3N (1:0.04) a5 cluent o give the desired S-allyl-7-methoxy-4-phenylaming-quinazolin-
6-01 as an off while solid. (Yield 026 g, 87%).

Step B (5-All-6,7-dimcthoxy-quinazobn -4-yl}-phenvi-amine

| @

- &S

P

? M

CigH 1gN1O
MW 321.38

15

To a solution of 5-allyl-7-methoxy-4-phenylamino-quinazoiin-6-ot (0.16 g, 0.524
20 mmol} (fom Example 15, Step D, supra) in acetone (30 mL) was added KoCO5 {0036 ¢,
2.62 mmaol) and methyljodide {0.15 g, 1.05 mumol) (Aldrich). Thereaction mixture was
heated with slivring al 90 °C for 4 hours. The mixture was cocled Lo room lemperature,
filtered and the filtrate was concentrated. The residue was purified by chromatography
using BiCAe / CHaChy / BN (1:5:0.05) as cluent Lo give the desived (5-aliyl-6,7-
25 dimethoxy-quinazolin -4-yl}-phenyl-amine as o paje yellow sofid. (Yield 0.13 g, 77%).

Siep F: 5-Todomelhyl-7.8-dimethoxy-4-phenyl-5,6-dihydro-4H-1.3,4-triaza-phenalene



Step D:5-Allyl-7-methoxy-4-phenylamino-quinazolin-6-ol I~ HN ~ HO Ct5H
17N302 MW 307.36 5 A solution of
wilGpallylaxys7-methoxy-quinazolin-4yl)-phenyl-amine (0.30 g, @ OB rmmaso60s
(from Example 15, Step C, seeps) in o-xylene (50 mL) was heated at 150
C for 7 hours. At the end of this periogh, TLC analysis indicated almost
complete consumption of the starting material and the formation of the
desired product as the major spot. The 10 solvent was evaporated and the
residue was purified by chromatography usingetOAc / Et3N (1.:0.04) as
cluent to give the desired5-allyt-7-methoxy-4phenylamnino-quinazolin-
6-ot as an off white solid. (Yield 026 g. 87%). Step E.
(5-Allyl-6,7-dim.ethoxy-quutazohn-4-yl)-phenyl-amine / NJ 15 C i9H
19N302 MW 321.38 To a solution of
5-allyl-7-methoxy-4-phenylamino-quinaz
(from Example 15, Step D, supra) in ac
(0.36 g, 2.62 mmol) and methyl iodk g, 1.05 mmot) (Aldrich). The
reaction mixture was heated with sti 90 C for 4 hours. The mixture
was cooled to room temperature, filtered and the filtrate was
concentrated. The residue was purifi@glgmzromatography usingEtOAC!
CH2CI2 /Et1N (1:5:0.05) as chicut torgivesthe desired (5-all y1-6,7 25
dimethoxy-quinazolin-4-yl)-phenyl-amine as apale yellow solid. (Yield 0.13
g, 77%).5 Step B Bolsesi et 7 slaihetheZatpheniyls 6 gty drotaFJ-|
3,4-triazaphBri 2t W ooo 4/ PSS PE TS SHIIOE0608 55 % &

(0,24 g, 1.87 mmol). The reaction mixture was stirred al room CMPETalure for 3 hours.

ol (0.16 g, 0.524 20 nmtol)
0 mL) was added K2CO,

The mixlure was difuted with chloroform {100 mL), and washed with a saturated
aqueons NaS0; solution. The organic layer was separated, dried over NandDs, and

10 concentrated. The residue was purified by chromatography using FOAc / CHxXCla / EisN
(1:2:0.05) as eluent Lo give the desired 5-jodomethyl-7,8-dimethoxy-4-phen ¥i-5,6-
dihydro-4H-1,3 4-triaze-phenalene asa pale yellow solid. (Yield 0.11 g, 66%).

Step G: 7.8-Dimethoxy-5-methyl-4-phon yi-4H-1,3 4-1riaza-phenaicne

15

CigH7N30;
MW 31937

Ta & solution S-iodomethyl-7,8-dimethoxy-4-phonyl-5,6-dihydro-4H- 1,3 4-iriaza-
2¢  phenalene (0.1 g 0.22 mmol} (from Example 15, Step F, suprad in toluene (20 mL) was
_added DB {73 L, 0.49 mmol) (Fluka). The reaction mixture was heated at 120 *Clor 1
hour. The rﬁixmrc was then diluted with chloroform (100 ml), and washed with HC.
The organic layer was separated, dried over NapSOy, and conceniraied. The residue was
purified by chromatography using BtOAc / CHaCly / Blaht {1:1:0.05) aseluent to give the
25 desired 7,8-dimethoxy-3-methyl-4-phenyi-4£-1,3,4-risza-phenalonc as 2 pale yellow
solid. (Yield 50 mg, T1%).



Q R~"JCIi9H i5IN302 . MW 447.27 5 To a solution of
(5-aliyl-6,7-dimethoxy-quinazolin-4-yl)-phenyl-amine (0.12 g. 0.37 mmol)
whom, Fpramaple 15, Stop E, supra) in dichloromothanc (20 mLy wgs @d6leskosos
a (0.24 g, L87 mmol). The reaction mixture was stirred at room
temperature for 3 hours. The mixture yas diluted with chloroform (100
mL), and washed with a saturated aqueous Na2SO2 solution. The
organic layer was separated, dried over Naa904, and 10 concentrated.
The residue was purified by chromatography using EtOAc / CH2Ci2l EL3N
(1:2:0-05) as eluent to give the desired
5-iodomethyl-7,S-dimethoxy-4-phenyl-5,6-
dihydro-4H-1,3,4-triaza-phenalene as a pale yellow solid. (Yield 0.11 g,
66%). Step G:
7,8-Dimethoxy-5-methyl-4-phenyl-4H#&;3#4-triaza-phenalcue i N R W~
15 C19HNN 3024~Mng?g-gh%lz'iﬂ-@@iﬁgmsaﬁmeih yl-4F-1,3,4- triaza-phenalene
5-iodomethyl-7,8-dimethoxy-4-phenyl-5,6-dihydro-4H-1,3,4-ir-iaza- 20
phenalene (0.1 g, 0.22 mmol) (from Examp , Step F, supra) in toluene
(20 mL) was added DBU (73 9L, 0.49 mr Fiuka). The reaction
mixture was heated at 120 C for 1 -Hoy e mixture was then diluted
with chloroform (100 mL, and washed With"H20- The organic laver was
separated, dried over Na2S0O4, and concentrated. The residue was
purified by chromatography using EtQA€.£&H2C121 Et3N as eluent to
give the 25 desired MW 353.8]
7,8-rl-imethgxy-S;methyl-4phenylkdl:l.3 4-triazazphenalcac as a pale
yellow solid. (Yield 50 rag, 71%). WO 20041111055 PCT/EP2004/050608

sy

10 CiCING O
MW 343,76

To a soletion 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 & few drops of DMF

15 (0.1 ml). The reaclion mixiure was then heated with stirring at 100 °C for 3 hours. The
solvents were evaporated and the residue was dried in vacue. Theresidue was dissolved
in 2-propano}l (20 mL), then 4-chloroaniling (0.6 g, 4.69 mmol) (Fiuka) was added. The
reaction mixture was heated at 110 °C for 3 hours. The reaction mixture was cooled 10
room temperature and filtered. The precipitate was collected and dried in vacao to give 6-

20 acetoxy-4-(4-chloro-phenylamino)-7-methoxy-quinazoline as a gray solid. (Vicld 145 g,
00%).

Sten B 4-(4-Chloro-phenylamino)-7-methoxy-quinazolin-6-0l

I
HN

J
(i) N

HO



33 Example 1.6 4
(4-Clrloro-phenyl)-7,8-dimcthoxy-5methyl-4H-1,3,4-tria7a-phenalene J
w2l iefeEN30r 5 MW 353.81 Step A PCT/EP2004/030608
6-Aeetoxy-4(4-chloro-pheny]amino)-7-methoxy-quinazolinc H\ I nc bpl~,
10 Crrb114CLN303 MW 343.76 To agsolution of
6-acetoxy-7-methoxy-quinazolin-4one (1.0 e, 4.26 mmol) (from Example
15, Step A, supra) in SOC13 (12.5 ml-) (Aldrich) was added a few drops of
DMF 15 (0.1 mQ. Thereaction mixture was then heated with stirring at
100 C for 3 hours- The solvents were evaporated and the residue was
dried in vacua. The residue was dissolved in 2-propanol (20 mL), then
4-chloroaniline (0.6 g, 4.69 mrnol) (Fruka) was added. The reaction
mixture was heated at 110 C For 3 hours. The reaction mixture was
cooled to room temperature and filt€rédCT™e: precipitate was collected
and dried in vacua to give 6 20 MW 30173 _ o
acctoxy-4-(4-cHIorSPHeR! ‘éFﬁﬁ’ﬁS”fi?‘iﬂﬁ%}fﬁ%f@y-@ﬁﬁ?ﬂﬂﬁ}’éx&%“gaéoé‘ff/ ‘$Blid.
(Yield 1.45%%’05-9@/89:{% am?]e 16, Step A, supra) @ Me(OH (35 mL) Yvas ad.clied on
-4-(4-CliforG BREAYIARIN O 2 hethox ?—ﬁhilnzgznérﬁ(ﬁn-‘ 5 r?ﬁiif‘\fﬁ%“% “WO
2004/111085 BETEFIE6ARE0608° 94 C15E jl%iif?\? g 1o hosrs. The

mixture was then cooled to room temperature and fiffered, %‘tc precipitate was collected
and dried i vacuo to give the desired 4-(4-chloro-phenylamino)-7-methoxy-quinazolin-
-0l as a gray solid. (Yield .67 g, 55%).

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

CisH 16CINaO2
MW 341,79

To a soletion of 4-(4-chloro-phenviamino)-7-methoxy-quinazolin-6-01 {0.61 g,
2.02 mmob (from Example 16, Step B, swpra) in acetone (50 mLj was added KoCO3(0.84
g, 6.06 mmot), and allyl bromide (0.52 mL, 6.06 mmol) (Aldrich). The reaction mixiure
was heated wilh stirring at 83 °C for 4 hours. The mixiure was cooled W room

2 temperature, fllered and the filirate was concenirated. The residue was purified by

chremaiography using BtOAc / CHCl / Bt (1:1:0.01) as elvent fo give the desired (6~
aliyloxy-7-methoxy-quinazolin-4-yi) - (4-chloro-phenylj-amine a5 a white sotid. (Yicld
0.5 g, 72%:).

25 Step D 5~Allyl—4—(4rch‘;or0~phcny}aniiuo)—7-mctlmxy—nptinamﬁ.n~6—01

C1gH14CIN3O2
MW 341,79



MW 301.73 To a solution of
6-aeetoxy-4-(4-chloro-phenylamino)-7-methoxy-quinazoline (1.4 g, 4.07
W Cg%g&?n {from Example 16, Step AB sup_ra) in MeOH (35 mL) wasagshag:aRosos

queous solution ofNH40H (29%, 0-82 ml, 12.2 mmol). The reaction
mixture was stirred at room temperat re for 1.8 hours, then heated at 100
C for 1.5 hours. The mixture was then cooled to room temperature and
filtered. The precipitate was collected and dried in vacioc to give the
desired 4-(4-chloro-phony]amino)-7-methoxy-quinazolin- 6-ol as a gray
solid. (Yield 0.67 g, 55%). 10 Stec
(6-Allyloxy-7-methoxy-quinazofin-4-yl)-(4-chloro-phenyl)-amine a HN \ N
CisHisCINaOz MW 341.79 15 To a solution
of4-(4-oliloro-phenylamino)-7-methoxy-quinazolin-6-ol (0.61 g, 2.02
mine]) (from Example, 1649160 ,B.supka) it acetone (5hmihwas.added
K2CO3 (0.84<3, D8 mmeh. ahaeallylhramigde) (052 mat, 6 06 mmel)d o
(Aldrich). The feactionMixtuse washieated witkstiring at:Q0:Codanst
hours. The mixtwenwascoolad-te-raem R0demperaire; filtered @ndithe
filtrate was gengentiaied. Hhpresiduewaspurifiedibichromedegraphy
using EtOAE¢ /G A XC12.dEt3NA( 11 3100 10dd-as! Eluent tocgjive e deisived (6-
allyloxy-7-methoxyiguinazofinad«f)t-chlorocphenybZamine as a white
solid. (Yield 0.5 g 72%). ¢ 25 Stcp
D:5-Allyl-4-&-ch'eraxphenylamula)dhethdoxy-guinazolinéot AN \' HO \
a~~J 1w

CigH1sCIN:O2
MW 355.82

15 To & solulion of $-alyl-4-(4-chioro-phenylamine)-7-methoxy-guinazolin-6-ol
(0.45 g, 1.32 mmol} (from Example 16, Step D, supra) in acelone (30 mL} was added
K005 (036 g, 2.6 mmoi) and methyl iodide (075 8,53 mmol) {Aldrich). The reaction
inixiare was heated with stirring 2L 90 °C for 4 hours. The mixture was cooled o room
lempereture, filiered and the ftrate was concentrated. The residue was purified by

o chromatography using BtOAc/ CHCla / BN (1:2:0.01) as cluent to give the desired {5-
allyl-6,7-dimethoxy-quinazelin -4-yl3-(4-chloro-phen yii-amine as a white solid. (Yicld
0.3 g, 34%).

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

5o

=
f

phenalene

A

1

CiaH 1 CIN0:
MW 481.71



CisH 16CIN302 MW 341.79 WO 2004/111055 PCT/EP2004/050608 35
A solution of

wdGnliylayys 7-methoxy-quina7olin-4y1)-(4-chloro-phenyl)-amipe {{B28:3050608
1.46 mmol) (from Example 16, Step C, supra) in o-xylehc (50 mL) was
heated at 150 C for 7 hours. At the eggl of this period, TLC analysis
indicated almost complete consumption of the starting material and the
formation of desired product as the major 5 spot. The solvent was
evaporated and die residue was purified by chromatography using EtOAc
/ E13N (1:0.04) as etuent to give the desired
5-allyl-4-(4-chloro-phcnylamino)-7- methoxy-quinazolin-6-ol as an off white
solid. (Yield 0.4g, 80%). Stec E:
(5-Allyl-6,7-d4nlethoxy,quina?,oflii-4-yl)-(4-chloro-pheiiyl)-ami3le 10 g~~J
GWHISC1N30Z oML 5! 82: 55T gimcsotutionfin -4-y1)- (4-chloro-phenyl)-amiine
5-allyl-4-(4+<ehiot 6> phehyiaming)r B-ih 8thBxyrquindizotin=6iel- (9.45 1:32
nimob (fromiEkafiple 167StepB seigra)iracetshed 30 mliyweadiaddéd
K2CO3 (0.36, Dormimolydiidemdtityigeivé (0 75 ¢ 58 r) sgadeeich).
The reaéticarerrpiieareirds He Bted Vit St 4t 9D C o4 Rtrs. 2The
mixture wa¥CeBIE ta ot t@?ﬁﬁé?éﬂﬁfél TtEHE arene PRt StaSvag:N
concentrat&tf PheYESRI VS ﬁ‘ﬁ%& DOPEHPOMASEFA usin
EtOAc / CHZCZY E13N(149:6: *ﬁ%?éfa&ﬁffédgﬁ%tﬁgé g ¢57 7
allyl-6,7-dimetkoxy-quinazoethir-dsykjtd-chioresphenylramine-as-e white
solid. (Yield 0.3-184%a). Step
F:4-(4-Cliloro-phenyl)-5-iodomcthyl-7,8-

|u"6' hoxy5,6-tiihydro-4H-1,3,4-tria
za- phenalene A XS @

14

CroH1CIN;O2
MW 353.81

To a solution of 4-(4-chioro-phenyl)-5-iodomethyl-7,8-dimethoxy-5,6-dibydro-
15 AH-1,34-iriaza-phenalene (0.15 g 031 mmol) (from Example 16, Step F, supra) in
toluenc (50 mi) was added DBU (G.46 mL, 3.1 mmol) (Fluka). The reaction mixture
was heated at 120 °C [or 1 hour. The mixiure was then diluted with chloroform (100
mly, sod washed with Ha0. The organic layer was separated, dried over NazSOy, and
concentrated. Theresidue was purified by chromatography using BtOAc / CHCL 1 BisN
20 {1:1:0.05) as eluent o give the destred 4-(4-chloro-phenyh)-7.8-dimethoxy 5-methyl-45-
1.3 4-triaza-phenalene as a pale yellow solid, (Yieid 0.1 g, 91%).

Example 17
4-(3-Bromo-phenyl)-7.8-dimethoxy-5-methyi-4/-1,3 4-iriaza-phenalene

A S

e
el

C;gH ;(;Bz'NgOg



25 C19Hr1CILN"302 MW 481.71 WO 2004/111055 PCT/EP2004/050608
36 To a solution of
(E)%é%l}/]l]?()? dimethoxy-quinazolin-4-yl)-(4-chloro-phenyl)-aming-(Q+3, g4 050608
mmol) (from Example 1.6, Step H, supra) in dichloromethane (50 mL)
was added 12(0.533,4.2 mmol). The g;actlon mixture was stirred at room
temperature for 3 hours, The mixture was diluted with chloroform (100
mL), and washed with a saturated 5 aqueous Na2SO3 solution. The
organic layer was separated, dried over Na2S04, and concentrated. The
residue was purified by chromatography using EtOAc 1 CH2CI2 / Et3N
(2:1:0.01) as eluen t to give the desired
4-(4-chloro-phenyl)-5-iodomethyl-7,8-
dimethoxy-5,6-dihydro-4H-1,3,4-triaza-phonalcne as a white solid. (Yceld
0.15 g, 37%). Lle MW 398.25
G:4-(4-Chlg r% -7,8 OLM methoxy-5-meth aza-pheaalenc
A el 10 OFo é]%g SRR %e;a'%g%? éﬁ%?&hm
4-(4-chIoro-phenyl)-5-|odomethyl-7,8-d|methoxy-5,6-d|hydro- 15
411-1,3,4-triaza-phenalene (0.15 g, 0.31 m ) (from Example 16, Step
F, sepia) in wiucne (50 mL) was added %6 mL, 3.1 mmol) (Finds).
The reaction mixture was heated a1 r 1 hour. The mixture was
then diluted with chloroform (100 mlsy, &nd washed with H20. The organic
layer was separated, dried over Na2S0O4, and concentrated. Thcresidue
was purified by chromatography using-f#Acd:CH2CI2/ Et3N 20 (1:1:0.05)
as eluent to give the desired MW 385.22

4-(4-chloro- phen(yl) Y 8- dlr?ethtg)g( m%h I-4H- 1, m#rda;@-(pal}%r} @J(%p e
as a pale y%gg%lés | ko supaa(ﬁ &z/g))nl é&mm} \Qa;]nddcd a fow drops ol DMF

(0.1 mL). The reaction mixinre was (hen heated with stirring al 100°C for 3 hours. The
solvents were evaporated and the residue was dried in vacus, The residue was dissolved
in 2-propanol (20 mL), then 3-bromoaniline {0.806 g, 4.69 mmol) {Aldrich) was added.
The reaction mixiure was heated at 110 °C Jor 3 hours. Thereaction mixiure was cooled

15 W rc.om temperature and filtered. The precipitate was collected and dried in vacio to
gve 6-acctoxy-4-{3-bromo-phenylamine)-7-methoxy-guinazoline as a gray solid. {Yicid
155 g, 100%), '

Sien B 4-(3- Bromo-phenylaming)-7-methoxy-quinazolin-6-ol

HY : Br
¢

J
? N

C15H mBI'N 302
MW 346.18

20

HO

2 To a solution of 6-aceloxy-4-{3-bromo-phenylaming)-7-methoxy-guinazoline
(1.59 g, 411 mmol) (fom Example 17, Step A, supra) in McOH (30 ml) was added an
aqueous solution of NHAOH (29%, 0.33 mL, 12.3 mmol). The reaction mixture was
stirred at room temperature for 18 hours, then heated ot 106G °C for 1.5 hours, The
mixture was then cooled 1o room temperature and fltered. The precipitate was colieoted



4-(3-Brom o-phenyl)-7,8-dimethoxy-5-methyl-4H-1,3,4-triaza-phenalene 0
| 25 CaH i6BrN30a WO 200411.11055 PCT/EP2004/050608 37 MW
WP RN A: 6-Aeetoxy . PCT/EP2004/050608
4(3-bromo-phenylamino)-7-methoxy-quinazobne a NJ5
C17H14BrN303 MW 388.22 To a solytion of
6-acctoxy-7-metimxy-quinazolin-4-one (1.0 g, 4.26 mmol) (from to
Example 15, Step A, supra) in SOC12 (12.5 mL) (Aldrich) was added a
few drops of DMF (0.1 mL). The reaction mixture was then heated with
stirring at 100 C for 3 hours. The solvents were evaporated and the
residue was dried in. vacua. The residue was dissolved in 2-propanol (20
mL), then 3-bromoaniline (0.806 g, 4.69 mmol) (Aldrich) was added. The
reaction mixture was heated at 110 C for 3 hours. The reaction mixture
was coolednl5-10 room tempetature and-filiergch vkhe precipitateswasin-
collected afd driedyvinivacea tes pves:).
6-acctoxy-4(3-promo-phenylamino)-7-methoxy-quinazohne as a may

solid. (Yielgtgr;l-_ﬁfrsé-g{iygow—/ﬂ)cugtggumazo}inw&y{)w(3-bromovphenyl)-amine
4-(3-Bromo-phenylamino)-7-methoxy-quinazolin-6-ol 20nNr He*~N C

15H 12BrN302
} HN/@Br
o
| N/J

{

Cigt1BrN:02
MW 386.24

10 To a solution of 4-(3-bromo-phenylaminoe)-7-methoxy-quinazolin-6-0l {1.24 g,
3.58 mmol) (from Exampie 17, Step B, supra) in acctone (250 ml) was added KxCO,
(0.99 g, 7.16 mmoD, and allyl bromide (1.55 mL, 17.9 mmol) (Aldrich). The reaction
myixture was heated with strring at 80 °C for 4 hours. The mixture was cooled to room
temperature, filtered and the fltrate was concenirated. The residue was purified by

15 chromatography using BLOAc / CHRCl / BN {2:3:0.02) as cluent to give the destred (6~
allyloxy-7-methoxy-quinazolin-4-yl}- (3-bromo-phenyl)-amine as :iycllow oil. (Yield
0.55 g, 40%).

Step D: 5- Allyl-4-(3-bromo-phenylamine)-7-methoxy-quinazelin-6-ol

it}
= ]
| g
BN
HO ] e !\
N
i
CgH 1BriNsOs
MW 38824
25 Asolution of (6-allyloxy-7-methoxy-quinazokn-4- yI)- (3-bromo-phenyl)-amine

(0.54 g 13% mmol) {Gom BExample 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 desived product as the major
spol., The solation was concentrated and Dliered. The solid was collected and dricd in



MW 346.18 25 To a solution of
~ 6-acctoxy-4-(3-bromo-phenylamino)-7-methoxy-quinazoline (1.59 g, 4.11
qulj)lﬂgggl Example 17, Stop A, supra) in McOH (30 mL) W@éﬁggﬁg%%ﬂg
agueous solution of NH40OH (29%, 0.83 mL, 12.3 mmol). The reaction
mixture was .stirred at room temperafyre 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 WO 2004/111055
PCT/EP2004/050608 38 and dried in vacate to give the desired
4-(3-bromo-phenylamino)-7-methoxy-quinazolin- 6-el as a gray solid.
(Yield 1.25 g, 88%). Step C:
(6-Allyloxy-7-mcthoxy-quinazolin-4-yi)-(3-bromo-phenyl)-amine 5" ~ HN \
v\ N J C15H15BrNs02 MW 386.24 10 To a solution
of4-(3-bromeg:phepylaminge)-LmethoxyrauinazalinBrel {24 ¢=-3:58 o
mmol) (fror: Exampledd, StomBgsupra) in acetone (250 mL) was added
K2CO3 (,0.99 g, 7.16 mmol), and allyl bromide (1.55 ml, 17.9 mmol)
(Aldrich). The teaction ;mixture was, heatedwith stirring at,29.C for 4
hours. The Mixture was cooled to room tem erature, -Filtered and the
filtrate was concentrated. The residud was pujified by 15 chromatography
using EtOAc | CH2CI21 E13N (2:3:Q.0 HN§ cluent to give the desired (6-
aIIonxy-7-methoxy-quinazolin-4-y|)-§ o-phenyl)-amine as a yellow
oil, (Yield 0.55 g,40%). Step D:5-Allyl

4-(3-bromo-phenylamino)-7-methoxyquinazoln-6-ol 20 i
CroH1aBriNaD;
MW 400.27

To a solution of 5-allyl-4-(3-bromo-phenylamino)-7-methoxy-gquinazolin-6-0)

0 (0.27 g, 0.7 mmel) (from Example 17, Step D, supra) in acetone {30 mL}) was added
KoCO3 (048 g, 3.5 mmol) and mothyl jodide (0.4 g, 2.8 mmeoly {Aldrich). The reaction
mixiure was heated with stirring at 90°C for 4 hours. The mixiure was cooled Lo room
temperature, filtered, and the Flraie was congenlrated. The residue was purified by
chromatography nsing BrOAc / CHaCly / BN (1:3:001) as chzont to give the desired (3-

15 aliyl6,7-dimethoxy-quinazolin-4-y)-(3-bromo-phenyl)-amine as a yellow solid. {Yield
0.14 g, 50%).

Step I 4-(3- Bromo-pl?.cn yl)fS—i()domcthyi-’Y,S—dimci‘htaﬁy—ﬁ,é—dihydromf\iH -1,34-triaza-

‘ phenalene

20

CoHBrINLO,
MW 526,17

To & solntion of {5-alyl-67-dimethoxy-quinazoiin -4-yli-(3-bromo-phenyl-amine
25 (014 g 0.35 mmol) (from Example 17, Step B, aipra) in dichloromethane (20 i) was
added T (0.23 g, 175 mmol). The reaction mixtuse was stirred at room temporaturc for
3 hours. The mixture was diloted with chloroform (100 mL) and washed with a
salurated aqueous NasSOs solution. The organic layer was separaled, dried over NazSOs,



N v HO CIAH 15BrN302 MW 388.24 25 A solution of
(6-allyloxy-7-mcthoxy-quinazolin-4- yl)-(3-bromo-phcnyl)-amino (0.54 g,
wol2a8 &) (Gom Example 17, Step C, supra) in o-xylene (75 Waoso608
heated at 150 C for 4.5 hours, during which time TLC analysis indicated
almost complete consumption of the stgrting material and the formation of
desired product as the major = spot. The solution was concentrated and
filtered, The solid was collected and dried in WO 20047111055
PCT/EP2004/050608 39 canto to give the desired
5-allyl-4-(3-bromo-phenylamino)-7-methoxy-quinazolin-6-ol as an off
white solid. (Yield 0.33 g, 61 %). Step E:
(5-Allyl-6,7-dimotboxy-quin,%7olin-4-yl)-(3-bromo-pheiiyl)-ainiiis | s CjyH
15BrN302 MW 400.27 To a solution of
5-allyl-4-(3-bremerphenyiamino) «fsmethoxyaguinazolin6:0F:tec(C27y, 0.7
mmol) (from:Example:ddcStepDhsupra)ii-aoetorie{80-mywals’ ddded
K2CO3 (0.48:gh3y5 minslpard piathyl iodide: (04 .y218 immolyi{Afdfich).
The reactiof#%mnixture was heated with stirring at 90'C For 4 hours. The
mixture wag,coeled. 0.5Qom. ieMperatuse s Filteregd; and the filtrate was
concentrated. The residue was purified by chromatography using EtOAc/
CH2C1z / Et3N (1:3:0.01) as eleent to give desired (5 15
allyl-6,7-dimethozy-quinazolin-4-yl)-(3-bfafis<phenyl)-amincas a yellow
solid. (Yield 0.14 g, 50%). Step F:-*°
4-(3-Bromo-phenyl)-5-iodomethyl-78
a- phenalene

thozy5,6-dihydro-4H-1,3,4-triaz

CmeBfNaOz
MW 398.25.

] To a solution of 4-(3-bromo-phenyi)-3-iodomethyl-7,8-dimethoxy5,6-dihydro-
4H-1,3 A-lriaza-phenalene (012 g 0.23 mmol} (rom Example 17, Step F, supra) in
tolnene (20 mL) was added DEBU (0.075 mL, 0.5 mmod} {Flukaj. The reaction mixiure
was beated at 120°C for 1 hous. The mixture was then diluted with chloroform {100
mL), and washed with HxO. The organic layer was separated, dried over NapSOy, and

5 concentrated. The residue was purified by chromatographyusing EtOAc/ CHaClz / BtgN

 (1:2:0.05) as cluent to gve the desired 4-(3-bromo-phen yl-7,8-dimethoxy-5-methyl- 45 -

j—

1,3 4-1riaza-phenalene as a pale yellow solid. (Yield 0.09 g, 100%).

Example 18
0 4-(3-Chloro-4-lluoro-phen yl)-7,8-dimethoxy-5-methyi-4- 1,3 4-triaze-phenalene

ot 15CIENS O,
MW 37180

I3

Step A: 6-Acetoxy-4-(3-chloro-4-flucro-phenylaming)-7-methoxy-quinazoline



A'ld 20 C19H17BrIN302 MW 526.17 To a solution of
(5-allyl-6,7-dimethozy-quinazolin-4-yl)-(3-bromo-phenyl)-amine 25 (0.14
Wf@2%§/§1%§%0|) (from Example 17, Step E, supra) in.dichI9rorr1l§~(t/lqz;!‘g§i;=2(.(&9050608
mL) was added I2 (0.23 g, 1.75 mm.ol). The reaction mixture was stirred
at room temperature for 3 hours. The 4q1ixture was diluted with chloroform
(100 mL) and washed with a saturated aqueous Na2S03 solution. The
organic layer was separated, dried over Na2S04, WO 2004/111055
PCT/EP2004/050608 40 and content; ated. The residue was purified by
chromatography using EtOAe / C112C12/ Et3N (1:2:0.01) as eluent to
give the desired 4-(3-bromo-phenyl) .5-iodomethyl-7,8-
dimethoxy-5,6-dihydro-4H-1,3,4-triaa-phenalene as a pale yellow foam.
(Veld 0.12 g, 66%). 5 to
G:4-(3-Bromo-phenyl)-7,8-dimethoxy-5-met
C19H16BrN302 MW 398.25 10 To a solyjj _
of4-(3-bromo-phenyl)-5-iodomethyl-#,8-djmethoxy-5,6-dihydro-
4H-1,3,4-triaza-phenalene (0.12 g, . wol) (from Example 17, Step F,
supra) in toluene (20 mL) was added DBU (0.075 ml:, 0.5 mmol) (Flulea).
The reaction mixture was heated até%%&&g&l hour. The mixture was
then diluted with chloroform (100 mLjs®npg washed with H20. The
organic layer was separated, dried over Na2S04, and 15 concentrated.
The residue waSeperifietob§ chrotiatotraphyusing EfORe HERZETSm
Et3N (1:2:5:85)as Slueht g thé! desird dUS3- 1sioiel piedrors of DME
yl)-7,8-dim. Ethaky-Baifeting i 3ty plenaiens 45 apaieyelibw
solid. (YI eld*6'ey Cﬁ]m%?g%%@édticgws dricd in vacwo. The residue was dissolved

in 2-propanol (20 mL), followed by addition of 4-chloro-Fluorcaniline (0.682 g, 4.69
10 mmob) (Aldrich). The reaction mixture was heated at 110 °C for 3 hours. The reaction
mixtare was cooled to room temperature and filiered. The precipitate was coliceted and

-1,3,4Lriaza-phenalene

dricd i vawmo to give 6-aceloxy-4-(3-chloro-4-fluoro-phenylamine)-7-methoxy-

quinazeline as o gray solid. (Yield 1.54 g 100%).

15 Sep B: 4-(4-Chloro-4-fluoro-phenylamino)-7-methexy-quinazolin -6-ol

HJ\El =
HO Sy

=
AL

J

C st CIEN:0;
MW 31972

20
To a solztion of 6-acetoxy-4-(3-chioto-4-Itucro-phenylamino)-7-methoxy
quinazoline (1.54 g, 4.26 mmel) (from Example 18, Step A, supray in MeOH (30 mL) was
added an aqueous solution of NFLLOH (29%, 0.86 mL, 12.7 mmol). The reaction
mixture was stivred al room temperature for 18 hours, then heated al 100 °C for 1.5
25 hours. The mixtute was then cooled Lo vonm temperature and fltered, The precipilale
was coliccied and dried in vacue to give the desired 4-{3-cliloro-4-flaoro-phenylaming)-

7-methoxy-quinazolin-6-ol as a gray solid. (VYield 1.21 g, 89%).

Step O (& Allyloxy-7-methoxy-guinazokin-4-yi3-(3-chloro-4-fluoro-phen yli- amine



20

4-(3-Chloro-4-fluoro-phenyl)-7,8-dimethoxy-5-methyl-4H-1,3,4-triaza-phen
wodgnaimge J | CLOH 15CIFN302 MW 371.80 25 Step  pCT/EP2004/050608

A:6-Acetoxy-4-(3-chloro-4-fluoro-phenylamino)-7-inethoxy-quinazoline

WO 2004/111055 PCT/)+P2004/0506@8 41 G elj| Ct7Ht3CIFN303

.MW 361-76 5 To a solution of 6-acctoxy-7-methoxy-quinazolin-4-one (1.0

g, 4.26 mmol) (from Example 15, Step A, supra) in SOCK (12.5 mL)

(Aldrich) were added a few drops of DMF (0.1 mL). The reaction mixture

was then heated with stirring at 100 C for 3 hours. The solvents were

evaporated and the residue was dried invacuo. The residue was dissolved

in 2-propauol (20 mL), followed by addition o[4-ehloro-3--fluoroaniline

(0.682 8, 4.69 to mmol) (Aldrich). Thereaction mixture was heated at 110C

for 3 hours. The reaction mixture was cool croom temperature and

filtered. The precipitate was collegted andk in vtttuo to give

6-aeetoxy-4-(3-ehloro-4-fluoro-p irfe)-7-methoxy- quinazoline as a

may solid. (Yield 1.54 g.-100%). 15

B:4-(4-Chloro-4-fluoro-phenylarnino)-7- methoxy quinazolin-6-04 no HO\|

CI5HrtC1FN302 MW 319.72 € 4H s CIEN-O

MW 359.78

5 To a sohution of 4-{3-chloro-4-fluoro-phenylaming)-7-methoxy-quinazolin-6-0l
(0770 g 218 mmol) (rom Brample 18, Step B, supra) in acctone (140 mL) was added
KaCO; (0.67 g, 10.9 mumol) and ally! bromide (0.94 ml, 10.9 mmol) (Aldrich). The
reaction mixfure was heeted with stirring &t 90 °C for 4 hours. The mixture was cooled
10 room lemperature, fliered, and the flirate was concentrated, The residuc was

10 purified by chromatography using BLOAC / CHClp/ BN (1:1:0.02) as gluent (o give the
desired (6-allyfoxy-7- methoxy-quinazotin-4-yD-( 3chlore-4-fuoro-phenyl)-amine as an
off while solid. {Yicld 0.64 g, 52%).

Step D: 5- Allyk-4-(3-chloro-d-fluoro-phenylamino)-7-methoxy-guinazolin-6-ol
15

CsH 15sCIFN30,
MW 35878

20 A solution of (6-aliyloxy-7-methoxy quinazolin-4-yiy-(3-chloro-4-fisoro-phenyl)-
amine {0.92 g, 2.55 mmol) {from Hxample 18, Sep C, supra} in o-xylene (150 mi) was
heated at 150 °C for 7 hours. Al the end of ihis period, TLC analysis indicated almost
complete consumption of the starting material and the formation of desived product as
the major spot. The solution was concentrated and Altered. The solid was collected and

25 dried in vaguo to give the desived 5-allyl-4-(3-chloro-4-fluoro-phenylaming)-7-methoxy:
quinazofin-6-0l as an off white solid. (Yield 0.65 g, 719).



20 To a solution of 6-acetoxy-4-(3-ch rare-4-flu ore-phenylamin 0)-7-meth

oxy- quinazoline (1.54 g, 426 initial) (from Example 18, Step A, supa) in
wdVieH@9smL) was added an aqueous solution of NH4AOH (3Q% 58864050668

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 mixture was then

cooled to room temperature and filtered. The precipitate was collected

and dried in vacua to give the desired 4-(3-cltloro-4-fluoro-phenylamino)-

7-methoxy-quinazolin-6-ol as a gray solid. (Yield 1.21 g, 89%) Step C:

(6-Allyoxy-7-methoxy-quinazolin-4-yl)-(3-ch1loro-4-fluoro-phenyl)-amine

WO 2004/111055 PCT/EP2004/050608 42 e ~J C18H15C1EN302 MW

359.78 5 To a solution of

4-(3-chloro-4-fluoro-phenylamino)-7-mcthoxy-quinazOlin-6-ol (0.70 g,

2.18 mmol kérans-Exanipie.d8yStep B suprdrivadcetoneftdd-mioy was

added | rCO3 (0.6] g, 10.9 mmol) and ally] bromide (0.94 mL, 10.9 mmol)

(Aldrich). The reaction mixture was heated with, stirring at 90 C for 4

hours. The mixture was cooled to roam tejﬁﬁ&;ature, filtered, and the

filtrate was concentrated. The residye 35 10 purified by chromatography

using EtOAc / CA2CI2 / Et3N (1:1:0. sleluent to give the desired

(6-allyloxy=7-methoxy-quinazolin 4-@/1)-(3-chIoro-4f|uoro-phenyl)-amine as

an off white solid. (Yield 064 g, 82%). Ste

D:5-A1y|5-4-(3-chIoro-4-f|uoro-pheny%ﬁ@fﬁ%’f—methoxy-quinazolin-6-o| 15

HN He q~~ J C16AL5C]FN302

To 2 solution of 3-allyl-4-{3-chloro-4-{lnoro-phenylamine)-7-methoxy-
guinazolin-6-0l (0.59 g, 1.63 mmol) (from Exampie 18, Step D, wpra) in acelone (175
ml) was added K005 (068 g 491 mmol) and methyl iodide {232 ¢, 16.4 mmol)

16 (Aldrich). The reaction mixture was haated with stirring at 90°C for 3 hours. The
mixture was cooled to room lemperature, fltered and the fltrale was concen trated. The
residue was purified by chromatography using BtOAc / CHaClz / BiaN (1:3:0.01) as eluent
1o give the desired {5-uliyl-6,7-dimethoxy-quinazolin-4-y1}-(3-chioro-4-flnoro-phenyl)-
amine as an off white solid. (Yicld 029 g, 48%).

15 Step I* 4-{3-Chloro-4-fluoro-phenyl)-3-iodormethyl-7,8-dimethoxy-5,6-dihydro-44 -

1,3 4-iriaza-phenalene

CoH 1 CIFAN 02
20 MW 49970

To a solution of (5-allyl-6,7-dimethoxy-quinazolis -4-yl-(3-chloro-4-flucro-
phenyh-amine (£.102 g, 0.27 mmel) (from Example 18, Siep B, supra) i
dichloromethane (20 mLy was added L {0.69 g, 2.7 mmol}y. The reaction mixture was

% stirved at Toom tamperatare for 2 hours. The mixtore was diluted with chioroform {100
i) and washed with a saturated agneous NaxSO3 solution. The organic layer was
separaled, dried over NaaS0y, and concenlrated Lo give the desired 4-(3-chloro-4-lluoro-



MW 359.78 20 Asolution of
(6-allyloxy-7-methoxy-quinazolin-4-yl)-(3-clil(>ro-4-fluoro-phenyl)- amine
wo(®92:@1@&55 mmol) (from Example 1S, Step C, supra) in o-xyleng3&Rososos
mL) was heated at 150C for 7 hours. At the end of this period, TLC
analysisindicated almost complete copsumption 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 vamo to
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%). WO
2004/111055 PCT/EP2004/050608 43 Step E:
(5-Allyl-6,7-dimethoxy-quinazolin-4-yl)-(3-chloro-4-fluoro-phenyl)-amine
NN [111'J C19HI?C 302 5 MW 373.81 To a solution
of5..allyl-4(@<ohlorekiflyiorod phinyamine)=<F4me thHoxy:-gquinarolinyBiol
(0.59 g, 1.63mmmat)(fromrBExample 18, Step D, supra) in acetone (175
nnL) was agded &26:03 (0.88,& 4 Q.umupohandimeihykiodide.(2.320,
16.4 mmol) to (Aldrich). Thereaction mixture was heated with stirring at
90C for 3 hours. The mixture was cooled t m temperature, filtered
and the filtrate was concentrated. The as purified
bychromatography using EtOAc / 4 Et3N (1:3:0.01) as elueot to
give the desired e
(5-allyl-6,7-dimethoxy-quinazolin- 4y|) (3-cliloro-4-flu(5ro-phenyl)-
aminoasanoffwhitesolid. (Yield 029¢,48%),15, Step F.
4-(3-Chloro-4-fluoro-phenyl)-5-iodomethyti788-dimethoxy-5,6-dihydro-4H-
1, 3,4-triarea-phenaleneO I, d
To a solution of 4-(3-chloro-4-fluore-phenyl)-5-iedomethyl-7,8-dimethoxy-5,6-
dinydro-45-1,3 4-triaza-phenalene (3,125 g, 0.25 mmol) (from Example 18, Step F,
W supra) in wleene (25 ml) was added DBU (037 m1, 2.5 mmol} (Fluka), The reaction
mixiure was heated at 120 °C for 1 hours. The mixture was then diluted with chiloreform

(100 mLy and washed with 0. The organic layer was separated, dried over NagSQ0y,
and concentrated. The rosiduc was purified by chrom atography using BtOAce / CHxCly/
BN (3:1:0.03) as cluent Lo give the desired 4-(3-chlore-4-fluoro-phenyl}-7,8-

15 dimethory-5-methyl-4H-1,3 4-triaza-phenalene as a while solid. (ield 0.093 g, 100%).

Eramplc 19
4-(4-Bromo-2-fuoro-phenyl)-7,8-dimethoxy- 5-methyl-4H-1,3 A-iriaza-phenaicne

! CioH 5sBrENZO>
MW 416.24

Step A: 6-Acetoxy- 4-(4-bromo-2-fluoro-phenyiamine)-T-methoxy-quinazoline



Ci9H16CIF1IN302 20 MW 499.70 To a solution of

(Sallyl-6,7-dimethoxy-quinazolin-4-yl)-(3-chloro-4-fluoro- phenyl)-amino

w402 9327 mmol) (from Example 18, Step E, suprn) in

PCT/EP2004/050608

dichloromethane (20 rnL) was added 12 (0.69 g, 2.7 mniol). The reaction
mixture was 25 stirred atroom temperafgre for 2 hours. The mixture was

diluted with chloroform (100 mL) and washed with a saturate

d aqueous

Na2S0a3 solution. The organic layer was separated, dried over Na2S0O4,

and concentrated to give the desired 4-(3-chloro-4-fluoro WO
2004/111055 PCT/EP2004/050608 44
phenyl)-5-iodomethyl-7,8-dimethoxy-5,6-dihydro-4H-1,3,4-tra
e as ayellow foam. (Yield 0.134 g, 99%) Step

za-phenalen

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

/a'N 5 C19H15C1FN302 MW 371.79 To ion of
4-(3-chloro-4-fluoro-phenyl)-5-iodomethyl-£;8<dimethoxy-5,6-

dihydro-4H-1,3,4-iriaza-phenalene~g® .25 rental) (from Example
18, Step F, in supra) in toluene (25 mk added DBU (037 m L, 2.5

mmol) (Fluka). The reaction mixture was healed at 120 C for
mixture was then diluted with chlorofgrm {309 mL) and wash

1 hours. The
ed with AzO.

The organic layer was separated, driedgverla2SOa, and concentrated.
The residue was purified by chromatography using EtOAc / CH2C12/
EL3AT (3:1:0.05) A% EHie it g the qesipggeoin-+-one (10 g 4.26 mmol) (from
4- (3 -chloro- &xzﬂ bS gﬁ%ﬁ W)rﬁ,} 81 i%(,‘lg (12.5 mL} (Aldrich} were added a few drops of DMF
dimethoxy-5°mBt ?’&ﬁ?’tfﬁ?ﬁ‘ti?%%”ﬁﬁgﬁ‘ﬁé'ﬁt@ HLU hile <6 ?&‘O(VIeW

0.093 g, 100@?/3[16@&10 c\aﬁi)mt:e[ﬁa%i i&rcgﬂlc Was dnﬁ zfﬂﬁ AICLO, Thcr_rlcsi

2 fing, (O 91 RS
8- dlmethoxy- - _ 2|- ”,Iamo uomajume( fi m

wis ddde hexed&tlen hiXEOre was h@&te(?dt % 81"01 3 hours. Ther

,s? dissolved
D (Aldrich)
eaction iﬂll‘(‘im [+

was cooled 1o room temperature and filtered. The precipitate was coliccled and dried in

vacuo 1o give 6-aceloxy-4-(4-bromo-2-Huoro-phenylamino)-7-methoxy-quinazolinc as a

gray solid. (Yield 142 g,-82%).
15 Step B 4-{4-Bromo-2-fluoro-phenylaming)- 7-methoxy-quinazolin-6-ol
Ft : Br
HN

=N

P

CQHUBI‘FNsO;;
MW 364.17

Te & solulion of 6-acetoxy-4-{4-bromo-2-fAeore-phenylamino}-7-methoxy-
quinazoling (1.36 g 3.34 minol) (from Example 19, Step A, supra) in MeOH (30 mD) was
zdded an aqueous solution of NH4OH (29%, 0.68 mL, 10 mmol). The reaction mixture
was stirred af room lemperature for 18 hours, then healed at 100 °C for 1.5 hours. The

25 mixture was then cooled to room temperature and filleved. The precipitate was collected
and dried in vacue to give the desired 4-{(4-bromo-2-flaoro-phenylamino)-7-methoxy-
quingzolin-6-ol as a gray sold. (Yield 0.93 g, 77%).



0 J 20 C19Hi5BrFN302 MW 416.24 St~A 6-Acetoxy-

4-(4-bromo-2-fluoro-phenylamino)-7-methoxy-quinazoline 25 WO
w2f404/114455 PCT/EP2004/050608 45 ~~{qgpq HN it 0 O ' pCT/EP2004/050608

C171-1L3C11 N303 MW 361.76 5 To a solution of

6-aeetoxy-7-methoxy-quin azolin-4-ong (1.0 g, 426 mmol) (from Example

15, Step A, supra) in SOCI2 (125 mL) (Aldrich) were added a few drops of

DMF (0.1 mL). The reaction mixture 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 dissolved in 2-propanol (20 mL), then

4-bromo-2-lluoroaniline (0.891. g, 4.69 mmol) (Aldrich) to was added. The

reaction mixture was heated at 110 C for 3 hours. The reaction mixture

was cooled to room temperature and filtered. The precipitate was

collected aﬁ@g@ﬂ@dﬁmovﬁ@g@l’g@y@%mﬁnw4-y1)n{4»bromo-Z-ﬁuoro-phenyl)mamine

6-aeetoxy-4-(4-bromo-2-fuoro-phenylamino)-7-methexy-quinaaoline as a

gray solid. (Yield 1.429,82%). 15 Step | ,

B:4-(4-Bromo-2-|uoro-phenylamino)-7-metk@ﬂquinazolin-6-o| F/N\

HON e~/ J C~aHt1BrFN30~_ | , ”‘”LN

)
? N

C mH 15BI PN3O:
MW 404,23

o

To & solution of 4-(4-bromo-2-fluoro-phen ylamino)-7-mothoxy-quinazolin-6-ol

(0.50 g, 1.37 mmeo!) (from Example 19, Step B, supra) in acelone (100 ml) was added
KoCOs (0.38 g, 2.74 mmol), and allyl bromide {0.59 mL, 0.86 mmol} {Aldrich). The

10 reaction mixture was heated with stirring at 90°C for 2 hours, The mixture was cooled
to room temperature, ltered, and the fltrate was concentrated. The residue was
purified by chromatography using EtOAc / CHaClp / EtaN (1:1:0,02) as eluent to give the
desived (6-allyloxy-7-methoxy-auinazodin-4-yl- (4-bromo-2-flooro-phenyl)-amine as &
pale yellow sohid. ¢Yield 0.52 g, 95%).

15 Step D: 5-Alyl-4-{4-bromo-2-fluoro-phenylamine)-7- methoxy-guinazolin-6-ol

CaH1sBrEN:02
MW 4(4.23

A solution of (6-all¥loxy-7-methoxywquinazolin-4-y1)- (4-bromo-2-fluore-phenyl)-
amine (046 g, 1.13 mmeoD (from Example 19, Step C, supra) in ¢-xylene (75 mL) was
heated al 150 °C for 4 hours. Al the end of this perjod, TLC analysis indicaled almost
complete co nsumptién 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 collected and dried in vaoo Lo give the desired S-aliyl-4-(4-bromo-2-flwore-
phenylaming)-7-methoxy-guinazolin-6-ol as an ofl white solid. (Yield 0.35 g, 76%).



MW 364.17 20 To a solution of
6-acetoxy-4-(4-bromo-2-fluoro-phenylamino)-7-mcthoxy- quinazoline (1.36
w4 1vaol) (from Example 19, Step A, supra) in McOH (3@ o3 wvas /050608

added an aqueous solution of NH40OH (29%,0.68 mL, 10 mmol). The
reaction mixture was stirred at room temperature for 18 homy, then
healed at 1.00 C for 1.5 hours. The 25 mixture was then cooled to room
temperature and filtered. The precipitate was collected and dried in vacuo
to give the desired 4-(4-promo-2-fluero-phenylamino)-7-meihoxy-
quinazolin-6-ol as a Amy solid. (Yield 0.93 g, 77%). WO 2004/111055
PCT/EP2004/050608 46 Step C:
(6-AUyloxy-7-methoxy-quinazohn-4-yl)-(4-bromo-2-fluoro-phenyl)-amine
HN C isHtsBrFN30a 5 MW 404.23 To a solution of
4-(4-bromo-2-f|uoro-phenylamino)_—7;mothoxx-t9uinazzglin-6-oi_ (0.50 -,,1.37
mmol) (fromfERdmBIE T &1aB B LB R i acatone (10U ML) Was
added K2CO3 (0.38 g, 2.74 mmol), and allyl bromide (0.59 mL, 6.86
mmol) (Aldrich). The in reaction mixtyre was fféated with stirring at 90 C
for 2 hours. The mixture was cooled o rejor temperature, filtered, and
the filtrate was concentrated. The fé3 e Was purified by
chromatography using EtOAc / CRZCI2/'Et3N (1:1:0.02) as eluent to give
the desired _
(6-allyloxy-7-methoxy-quinazolin-4-y-(-brssho-2-fluoro-phenyl)-amine as
a pale yellow solid. (Yield 0.52g, 9500‘7i*§‘§tep D;

5-Allyl-4-(4bromg-2-fluoro-phenylaming)-4-methoxy:-guinakiiin:g-o1 HN ~

HO Clsl 11%@{5&@9% (MW h 4]1,2@) (from Example 19, Step D, supra) in acctone (100
16 mi) was added KoCO3 (0.35 g, 2.52 mmol) and methyl iodide (1,19 g, 841 mmol)

{Aldrich). The reaction mixture was heated with stirring at 90°C for 4.5 hours. The

mixture was codled to room temperature, {tered, and the Altrate was concenlrated. The

residue was purified by chromalography using BlOAc{ CHxCly / BN (1:4:0.01) as eluent

to give tho desired (5-allyl-6,7-dimethoxy-quinazolin-4-y-(4-bromo-2-fluore-phenyl)-
15 amine 28 a yellow solid: (Yield 0.33 g, 94%).

Siep F 4-(4-Bromo-2-fluoro-phenyi)-3-icdometh yi-7,8-dimethoxy-5,6-dihydro-4H-

1,3,4-triaza-phenalene

20 CroH1sBtFIN;O2
MW 544,16

To a solution of (5-aliyl-6,7-dimethoxy-quinazolin -4-yli-{4-bromao-2- fuoro-
phenyl)-amine {0.236 g, 0.564 mmol) (from Brxample 19, Step E, supra) in
25 dichloromethane (30 mL) was added L (143 g, 5.64 umol}. Thercaction mixture was
stirred al room temperature for 4 hours. The mixture was diluicd with chloroform {100,
mL). and washed with a saturated aqueous NapSQOs sobution. The ovganic layer wus
separated, dried over NS0, and concentrated to give the desired 4-{4-bromo-2-flucro-



20 A solution of (6-allyloxy-7-methox;
.quinazolin-4-yl)-(4-bromo-2-fluoro-phenyl)- amine (0.46 g, 1.13 mmol)
wfromyExexmple 19, Step C, supra) in o-xylene (75 mL) was heatedratikhBosos

C for 4 hours. At the end ofthis period, TLC analysis indicated almost
complete consumption of the starting gaaterial and the formation of desired
product as 25 the major spot. The solution was concentrated to a small
volume and filtered. The solid was collected and dried in vocuo to give
the desired 5-allyl-4-(4-bromo-2-fuoro-
phenylamino)-7-methoxy-quinazolin-6-el as an off white solid. (Yield 0.35
g, 76%). WO 2004/111055 PCT/EP2004/050608 47 Step E:
(5-AUyl-6,7-dimethoxy-quinazolin-4-yl)-(4-bromo-2-fluoro-phenyl)-ami-o
HN\'5 C15H1,BrFN302 MW 418-26 To a solution
of5-allyl-4-fibtomofinbré-Pheyiamitiol P-tethb gl dre Hire ol
(0.34 g. 0.8# a0l il G *EXafple 19, Step D, .napm) in acetone (100 tO
mL) was added K2CO3 (0.35 g, 2.52 mmol) and methyl iodide (1.19 g.
8.41 mmol)sAtelsichychhe-reactinnympsture-wvas heatediwvithatitkng at 90
C for 4.5shquesaiehhe mixture was cooled to room temperature, filtered,
and the filtrate was concentrated. The residye was purified by
chromatography using EtOAc / CHZCIZ E (14:0.01) as eluent to give
the desired (5
ally1-6,7-dimethoxy-quinazolin- 4y1) - omo-Z-quoro-phenyI)- 15 amine
as a yellow solid. (Yield 0.33 g, 94%) Step
F:4-(4-Bromo-2-fluoro-phenyl)-5-iodometh
yi-7,8-dimethoxy-5,6-dihydro-4H- 1,844 a4 Bhenalene A\N 20
C19PilcBrFIN30Oz MW 544.16 To a solution of
(5-allyl-647-dimethoxysguinazalisnd )64 - N e :2riuor07, 8- dimethoxy-5,6-

dihydro-4H-1,3,4-triaza-phenalene (33 mg, G.06 mmol} (from Example 19, Step F,

spray in toluene (7 mL) was added DBU {0.09 mi, 0.6 mmol) (Fuka}, The reaction

mixtore was heated at 120 °Cfor | hour. The mixtare was then diluted with chloroform

{100 mL), and washed with HO. The organic layer was separated, dried over NapSOu,

15 and concenirated, The residue was purilied by chromatography using BLOAc / CHCla/
BN (1:1:0.05) as eluent to gve the desired 4-(4-bromo-2-fluore-phenyl}-7.8-
dimethoxy-5- methy] -4H-1,3 4-triaza-phenalene as a white solid. (Yield 0.027 g, 1009).

Exarnple 20
20 7.8-Dimethoxy-4-phenyl-44-1,3,4-triaza-phenalene

CigHisNaOo
MW 30533



phenyl)-amine (0.236 g, 0,564 mmol) (from Example 19, Step E, supra) in
25 dichloromethane (30 mL) was added 12 (1.43 g, 5.64 mmol). The
wheREHeN Mmixture was stirred at room temperature for 4 h ou $cihep2604/050608
mixture was diluted with chloroform (I00 mL), and washed with a
saturated aqueous Na2SO3 solution. The organic. layer was separated,
dried over Na2S04, and concentrated to give the deshed
4-(4-hromo-2-fiuuro WO 2004/111055 PCT/EP2004/050608 48
phenyl)-5-iodomethyl-7,8-dimethoxy-5,6-dihydro-4H-1,3,4-triaza-phenalen
e as an off white oil. (Yield 0.034 g, 11%). Step G:
4-(4-Bromo-2-ltuoro-phenyl)-7,8-dimethoxy-5-methyl-4H-1,3,4-tiiaza- 5
phenalene a~/ J Ci9H{5BrFN302 M,W 416.24 It) To a solution
of4-(4-bromo-2-lluoro-phenyl)-5-iodomethyl-7,8-dimethoxy-5,6-
dihydro-4H-4:3:4~triazaphenalene:.{38ymgs 0 06Hmmol)(frem-Example 19,
Step F, supra) in toluene (7 mL) was added DBU (0.09 mL, 0.6 mmnol)
(Fluka). The reaction mixture was heated,at %20 C for 1 hour. The
mixture was then diluted with chlorofor mL), and washed with
H20. The organic layer was separate ted over Na2S04, 15 and
concentrated. The residue was purifi @i‘]romatography using EtOAc/
CH2Ch/ Et3N (1:1:0.05) as eiuent to' give the desired
4-(4-ammo-2-fluoro-phenyl)-7,8- o H o0
dimethoxy-5-methyl-4H-1,3,4-triaza-phenakoae as a white solid. (Yield
0.027 g, 100%). Example 20 20
7,8-Dimethoxy-49ptienyl 4H: 1S Alttaghophsiatdne [ ergoiepine 035 &
Ct5H15N 30289Mwl3@31_131"3(amp}e 15, Step E supra) in methanol (530 mby at -78 °C was passed

a continuous stream of Og until the color of the solation became blue. The reaction

10 solulion was then purged with argon, and methyl sulfide (5 mL) (Aldrich} was added.
The reaction mixsure was slowly warmed to room temperature and stivred evernight.
The s.o lution was concentrated, the residue was dried in vacuo to give the desived 7,8
dimethoxy-4-phenyl-5,6-dikydro-4H- 1,3 4-lriaza-phenaien-5-al as a crude yellow solid.
{Yield 0.17 g, 48%).



WO 2004/111055 PCT/EP2004/050608 49 Step A:
7,8-Dimethoxy-4-phenyl-5,6-dihydro-4H-1,3,4-triaza-phenalen-5-ol h
wodoohd @eHr7N303 5 MW 323.35 To a solution of PCY/EP2064/050608

(5-all),-6,7-dimethoxy-quinaaolin-4-yl)-phenyl-amine (0.35 g, 1.09 mmol)
(from Example 15, Step E,sup)a) in mgthanol (50 mL) at -78 C was
passed a continuous stream of O3 until the color of the solution became
blue, The reaction to solution was then purged with argon, and methyl
sulfide (5 mL) (Aldrich) was added. The reaction mixture was slowly
warmed to room temperature and stirred overnight. The solution was
concentrated, the residue was dried in vacuo to give the desired 7,8-
dimethoxy-4-ph onyl-5,6-dihydro-4H-1,3,4-triaza-phenalen-5-ol as a ~0
ude yellow solid. (Yield 0.17 g, 48%). i5 W(c) 2004/111055
PCT/E pzom@@ggneg@xsf@beﬁ;}ﬂi 1,3 4-triaza-phenalenc
7,8-Dimethoxy-4-phenyl-4H-1,3,4-triaza-phenalene CISH15N302 5 MW
30533 To a solution _
of7,8-dimethoxy-4-phenyl-5,6-dihydro-4} -]z,@-triaza-phenalen-S- ol (91
mg, 0.28 mmol) Qiom Example 20,%upr) and tricthylamine (0.23
ml, 1.69 mmol) in dichloromethane at 0 C was added
methanesulfonyl chloride 10 (0.087 mL, 1.12 mmol) (Aldrich). The reaction
solution was the stirred at room tem%%at,_grg for 2 hours. The solution
was then, concentrated, the residue was fefified by chromatography
using EtOAc / CH2CI2 / NEt3 (1:4:0.05) as eluent to a ve the desired 7,8-
dimethoxy-4-pHemnybidialo3 Bergrayprendé deibsa- Whit sohd i 47
mg, 55%)_ ol (91 me, 0.28 mmol) (from Example 20, Slep A, supra) and iricthylaming {0.23 mL,

1.69 mmol) in dichloromethane (30 mL) at 0 °C was added methanesulfonyl chioride

0 (0.087 mL, 1.12 mmel) { Aldrich). Therchction solotion was the stirred at room

temperature for 2 hours. The solution was then cencentrated, the residuc was purified by

chromatography using BUOAc/ CHaCly / WNFIz (1:4:0.05) as eluent lo give the desired 7.8~

dimethoxy-4-phenyl-4H-1,3 4-triaze-phenalene as a white solid. (Yield 47 mg, 55%).

15 Example 21
4-{4-Chloro-phenyl)-7.8-dimethoxy-4H-1,34-triaza-phenalene

CgF 14CINEO,
20 MW 338.78

Step A: 7.8-Dimcthoxy-4-phenyi-5,6-dihydro-4H-1,3 4 triaza-phenalen-5-ol

HO“



15 Example 21 4-(4-Chloro-phen

yl)-7,8-dimethoxy-4H-1,3,4-triaza-phenalene e ~ J C18H14CINr302 20
wdM8PR0&8 Steo A: PCT/EP2004/050608

7,8-Dimethoxy-4-phenyl-5,6-dihydro-4H-1,3,4-triaza-phenalen -5-0i WO

2004/111055 PCT/'EP2004/050608 51, CIAH16CIN303 MW 360 To a

solution of (5-allyl-6,7-dimethoxy-quinzolin-4-yl)-(4chloro-phenyl)-amine

(0.14 g, 0.39 mmol) (from Example 16, Step E, supra) in methanol (50

mL) at -78 C was 5 passed a continuous stream of 03 until the color of

the solution became blue. The reaction solution was then purged with

argon, and methyl sulfide (5 mL) (Aldrich) was added. The reaction

mixture was slowly warmed to room temperature and stirred overnight.

The solution was concentrated, the residue was dried in vacao to give the

desired CrgilyaCIN2O;5

7,8-dimethoxy-4-(4-chloro- phenyléS ,6 M‘H tfro-4H- 1,3,4-trie5'a-phenalen-5

-0l to as a crude°yensu sofe" 18“6”%2? O Bigighioro-pheny))-amine

4-(4-Chloro{pienyt 39?‘*%091%’&% ko6 YR A AL R BRERA 24 P alg"

CllHuCﬁ\I%ﬁedf%WOﬁ?f@%“f 3untzlti %0101’ of fhe soltion hccamcbiuc The

7.8- dlmetho’fyﬁ’(‘ﬂ%ﬁi?)” gaﬁ)‘%enﬁuize%v%mcf; rrcn and Hjl_ihf 1led I(J mL&(Alduc 1) was

phenalen-5 Kb %gradgugﬁbxtu glmﬁj to roo il ’E e1 tme duci stirred

WaS CONCEnITate Ermldup “"[‘E%ndd ) vagm td .mlfflz ra) and

triethylaming {0732 m[ hw ém -ppenys lorgmethane [ r%’ﬁ'“ AL0G

was added meﬁw neﬁom0 Q.ch 2L, 1.55m (Aldrich).
The reaction $olution was the stlrre(f at room

Step B 4-{4-Chioro-phenyl)-7.8-dimethoxy-44-1,3 4-triaza-phenalene

—

CgH 14CINSO2
15 MW 339.78

To 2 solution of 7.8-dimethoxy-4-{4-chloro-phenyl}-5,6-dihydro-4H-1,3 4-trisza-
phenalen-5-ol (]40. mg, 1.3% mmol) {rom Bxample 21, Step A, supra) and iriethylamine
(0,32 mL, 2.33 mmol) in dichloromethane (50 ml) ar 0 °C was added meth.anesulfon vl

a0 chloride (0.12 ml, 1.33 mmol) (Aldrich). The reacﬁon solation was the stirred at room
temperature for 2 hours. The selution was then concentraled, the restdue was purified by
chromatography using EtOAc / CHaClz / NEt; (1:1:0.01) as eluent to give the desired 4-
{4-chloro-pheayl)-7.8-dimethoxy-4H-1,3 4-triaza-phenalene as & yollow solid. (Yicld 47
mg, 55%:).

Erample 22
4-(3-Bromo-phenyl)-7.3-dimethoxy-44-1,3 4-triaza-phenalene



temperature for 2 hours. The solution was then concentrated, the residue
was purified by chromatography using EtOAc / CH2C12/ NEt3 (1:1:0.01)

woaseuenisto give the desired 4- (4-chloro-phenyl)-7,8-dimethexs4bhdn 3hokos
iaza-phenalene as a yellow solid. (Yield 47 mg, 55k,). 25 Example 22
4-(3-Brom o-phenyl)-7,8-dimethoxy-4k:1,3,4-tri aza-phenalene WO
2004/111055 PCT/EP2004/050608 52 Ic'/ J C15H 14BrN302 MW
384.23 SLOT) k
7,8-Dimethoxy-4-(3-bromo-phenyl)-5,6-dihydro-4H-1,3,4-triam-phenalen-5
-01 5 CSaH16BrN303 MW 40224 10 To a solution of
(5-allyl-6,7-dimethoxy-quinazolin-4-yl,)-(3-bromo-phenyl)-amine (0.17 g,
0-42 mmoi) (from Example 17, Step E, supra) in methanol (50 mL) at-78 C
was passed a continuous stream of 03 until the color of the solution
became blue. The reaction solution was thpurged with argon, and
methyl sulfide (5 mL) (Aldrich) was adge¢ Fhesreaction mixture was
slowly warmed to room temperature rred 15 overnight. The solution
was concentrated, the residue was gmethiri vncuc to give the desired
7,8-dimethoxy-4-(3-bromo-phenyl)-5,6-dihydro-4H-1,3,4-triaza-phenalen-5
-ol as a crude brown oil. (Yield 0.16g,,10Q%)., Sion B:

4-(3-Bromo-phenyl)-7,8-dimethoxy-4 el Batdriaza-phenalene 20
C18H14 &NS@%#‘. 7 ,8-Dimethoxy-4-(3bromo-phenyh- 5,.6-dihydro-4H-1.3 4iriaza-phenalen-5-ol

LA,
pee

CuiH 1gBriNa0O5
MW 402.24

2

10 To a solution of (3-allyl-6,7-dimethoxy-quinazolin -4-yhi-{ 3-bromo-phenyl}-aminge
{0.17 g, 0.42 mmol) (from Example 17, Step B, supra) in methanol (30 ml) at -78 °Cwas
passed a continuous sirears of Oz unil the color of the solution became blue. The
reaction sohation was then purged with argon, and methyl sulfide (5 mL) (Aldrich) was
added. The reaciion mixture was stowly warmed 1o room temperature and stirred

15 overnight. The soluticn was concentrated, the residue was dried in vacuo Lo give the
desired 7,8-dimeth {)xy—é-(&bromo—phcn ¥i)-3,6-dihydro-4H- 1,3 4-triaza-phenalen-5-ol
as a crude brown oil. (Vicld (.16g, 100%).

Step B 4-(3-Brome-phenyl)-7,8-dimethoxy-4H- 1,3 4-iriaza-phenalene

20

CigB 14BrNaO4
MW 384.23



NIW 384.23 WO 2004/111055 PCT/EP2004/050608 53 To a solution
of7,8-dimethoxy-4-(3-bromo-phenyl)-5,6-dihydro-417-1,3,4triaza-
wdbshaen=z-ol (0.17g, 0.42 mmol) (from Example 22, Step A, sppkahaihsosos
triethylamine (0.35 rut, 2.53 mmol) in dichloromethane (30 mL) at 0 C
was added methanesulfonyl chloride (9,13 mL, 1.68 mmol) (Aldrich). The
reaction solution was stared at room 5 temperature for 2 hours. The
solution was then concentrated, the residue was purified by
chromatography using EtOAc 1 CH2C12 / NEt3 (1:1:0.01) as aluent to n
ve the desired 4-
(3-bromo-phenyl)-7,8-dimethoxy-4H-1,3,4-traza-phenalene as an off white
solid. (Yield 81 mg, 50%). The pharmacological properties of the
compounds of this invention may be la confirmed by a number of
pharmacologicalassays: i he éxemplified-pharwagpiogitatoagsay that-
follows was warried-out.With theconipoundsraceotding ot el invention and
their salts. E&&mple28inageintibitonAssay 1 5°-TFe détermimesthie
ability of testsompgbiands! ateorditifte the inceroritoinkibitcEGRR
activity, l[dnageragsays were cordudtetrisingran TR B(HDmogeneslsy
Time ResoRfEwEHHe eneE) 4 sa5:CRhEa Sy is Wesetib e e &53d Kolb
et. al., Drug DisEvER T ot&Y 19987 37 5B 3B IO 1A e At o
assays weré pertoftnetin 96- well polypropylene plates (Falcon) with a
total volume of 99, tLin.each.well. Eactywell contained:| tIMEGER.
substrate, (Bigtin:PEEEYEEL Y-k oM EGER:and.atestcompound with
one of 8 assay, sereeRiAtoNSANING fraM LR M 19,128 M, (1 serial

dilution). Thgkinase activity assay was done in the presence of 100 mM

HEPES, pH 7.4, 1 mM DTT, 5 mM MgCI2, 2 25 mM MaCl2 1% DMSO,

0.5 kM ATP (K,,,for EGFR), 0.1 mM Na3VO4 and 0.02% BSA. The

reaction was incubated at 37 ‘&xfecd ghitny 418) the EGFR

reaction, 2 41lr.fteastion.mixtie Wﬁﬁotﬂ@@ﬁi@[ﬁ%dtﬂ;ﬂﬁ@u&e&tgpumlate

contalnlng I8 Leofsevelatian were conducted uging an HTRF {Homogencous Time
Resolved Fluorescence} assay, This assay is deseribed in A. J. Kolb et. al,, Drog Discovery
Today, 1998, 3(7}, p 333.

20 Kinase activity assays were performed in 96 well palypropylene pintes (Falcon)
with a total volome of 80 1L in each well. Each well contained I UM EGFR subsirate
{Biotin-EEEEYFELY), 1.5 oM EGER, and a test compound with once of B assay
concenlrationsranging frorm 100 pM o 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 MnCh, 1% DMSO0, 0.5 uM ATP (K, for EGFR), 0.1 mM NazVO,, and 0.029% BSA
The reaction was incubated at 37 °C for 30 minuics. To stop the BGER rcaction, 72 (L.
of reaction mixture was transferred into a STOP plate containing 18 pL of revelation
buffer (20 mM EDTA, 50 mM HEPES, pH 7.4, 0.02% BSA, 10 oM BEo-labelied anti-pY
antibody (fnal conc. 2 nM), and 100 nM streplavidin (fnal conc, 20 nM)). After

30 mixing, 35 pl of solution was transerred into duplicate wells of a 384~ well black plale
{Costar}, and read at 615/665 pm on 4 Wallac Victor 5 reader.

Test compound ICs values were determined from dupleate sets of data, and
calcnlated by using Bxcel and fitting data to equation Ya=[{a-b)/ {14+(30c+b, where a

35 and b arc cnzyme activity In the presence of no tlest compound and an infinite amount of



buffer (20 mM EDTA, 50 mM HEPES, pH 7.4, 0.02% BSA, 1.0 nM
Eu-labelled anti-pY antibody (final cone. 2aM), and 100nM streptavidin
wolfinalcanes 20nM)). After 30 mixing 35 fLof solution was trangtefrephitdisocos
duplicate wells of a 384-well black plate (Costar), and read at 615/665 am
on a W allac Victor 5 reader. Test compound ICs(, values were
determined from duplicate sets of data, and calculated by usingExcol and
fitting data to equation Y=[(a-b)/{1+(X/c)a]+b, where a 35 and b arc
enzyme activity in the presence ofno test compound and an infinite
amount of WO 2004/111055 PCT/EP2 0 04 /050 608 54 test compound,
respectively, c is the IC50 and d is the hill constant of the compound
response. The ICm value is the concentration of test compound that
reduces by 50%othe enzyme activity under the test conditions described.
5 The compBuffag BfthesmekitidriPh i 1ICB0s Vil ki s ofete sEvameb vl when
tested in thé“FBBve desertisd Be¥as: THeSE ‘et pourtktmisexhibited
EGFR IdnaS&mhititigndettats REErR ESt{micro molar) 10 Exampled
0.04788 Example 2 0.06069 Example 4 0.04006 Example 9 0.00468
Example®10 0.069942 1S Exammplentr BOT0268s Exarfmplerdd G 0.02600

WO 2004/1$1055PETEPROD4/DE0608TES cElaimss Luseompound of the
formula R4 FGFR kindse inhibition activity.

EGFER IC 50 {micro molar)

10 Examplel 0.04788
Example 2 0.06069
Fxample 4 0.04006
Example % © 000468
Brample 10 000954
15 Example 11 C 0.00268

Example 19G 0.02600



Re Ra "j,"'~)-'0N/JI ON'Rz 51 wherein Z isCorN; R' and R3 ae
independently selected from H, lower alkyl, lowa alkyl substituted- with io
w&RoNRREs heterocycle, and hoteroaryl; R3 and R are each ipgdepandeiibicos
selected from H, F, Cl, and Br; R5 is selected from H. OH, SH, oxo,
throne, and Cy - C3 alkyl; and R and Rzare each independently selected
from H, and lower all or, alternately NRRT toa ther can form a ring having
3 to 7 atoms, said ring optionally including up 15 to three additional
heteroatoms and being optionally substituted by one or more lower alkyl;
or the pharmaceutically acceptable salts or esters thereof 2. The
compound of claim 1 wherein Z is C. 20 3. The compound of claim |
wherein Z is N. 4. The compound of formula I, claim ;, wherein Rl and R2
are independently selected from lower alkyl. 25 5. The compound of claim
4 wherein either Rl or R2is methyl. 56 @uilhe compound of claim 4
wherein both R1 and R2 are methyL 7. The compound of formula I, claim
1, wherein R3 and R4.are-bdatiependently selected from H, Br, Cl and F.

F)ld-
RS
S
7N
G N

wherein
Z wCor N;

R and R arc independently sclected from H, lower alloyl, lower alleyl substitated- with
10 ORG, NRR, hoterocycle, and hoteroaryl;

R and R* are each independently selected from H, F, C}, and Bry
R is sciected from H, OH, SH, oxe, thione, and Ty - C3 alioyl; and

RS and R’ are cach independently selected from H, and lower aliyl oz, alternately NRR?
together can form a ring having 3 to 7 atoms, said ring optionally including up
15 1o three additional heteroztoms and being optionally substituted by one or more
lower allovl;

or the pharmaccutically accoptable salts or csters thereofl
2. The compound of claim 1 wherein Zis C.
2 3. Thecompound of cheim 1 wherein ZisN.

4, The compound of formula 1, claim 3, wherein Rl and R2 are

independently sclectod Fom lower alkyl.

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



8. The compound of claim 7 wherein either R3 or R4 is H. 9. The
compound of claim 7 wherein R3;and R4 are both H. 10 10. The
compound of formula 1, claim 1, wherein RS is selected from =0, =S, H
and lower alkyL 11. The compound of claim 10 wherein R5 is selected
from H and lower 15 alkyl. 12. The compound of formula I, claim 1,
wherein Z is N, R' and R2 arc methyl, and R3and R4are H. 20 13. The
compound of formula I, claim 1, wherein Z is N, R" and Rz are methyl,

one of R3and R4 is H and the other is Cl or Br. 14. The compound of
formula I, claim 1, W#%r‘)eﬁlﬁdf |§1%,n%'“éiﬁrtf\7\;§’rt§ BHVFSHEHRE and R
is H and The otﬁl%r is Cl or Br..25 15.. The.compound of formula I, claim I,
wherein Zis.C, R’ and RS %?éfognmét . %ar%%‘f SAERAISE HAd the
other'iS Gl o Br &ﬁqg%rﬁpgﬁﬁa “é’(‘}c%rding to claim | selected from the

group con§istinglgf r3{10 8,9-D_igethox -3-phenyl-1H,3H-1,3
4,6-tctraazé-phenaﬁ%ni-’§"-18?18,{ aimn 7 wherein f:ither F3orR4is H.
S,9-Dimet#}oxyi%-cphenyl-lH,3H:1,3,4 6-tetraaza-phen alone-2-throne;
8,9- Dimethoxy-3-pHBRVIZSIS F3m B raeraa R s R4gerkoth 1.

S’,@-Dime xy,i%-meth I-3-phenyl-3H-1,3,4,6-tetraaza-phenalene; and 35
2-Ethy-8 O Aim TP B e 140 bW L RAEE RO The
comp“o?rﬁifé?:&&?dﬂﬁﬁftéﬂﬂlaim | selected from the group consisting of 57
3- (3-Bro mo-phenyl)-8,9- di meth o xy- 3 H-1,3,4,6-tetraaza-p h en ale n
e 11. " The compound of claim 10 wherein R® is selected from H and lower
31$3-Blkyo-phenyl)-8,9-dimcthoxy-1H,3H-1,3,4,6-tetraaza-phenalen-2-on
-e; 3-(3-Bromo-phenyl)-8,9-dimcthoxy-2-methyl-3 H-1,3,4,6-tetraaza-phen
alese; 12 Thecompound of formula L, claim 1, wherein Z is N, R' and R® are

methyl, and R and R are H.,

20 13. The compound of formuld 1, claim 1, wherein Z is N, R' and R2are
methyl, one of R® and R*is H and the otheris Clor Br.

14, Thecompound of formula X, claim 1, whercin Zis C, R and R® are
methyl, one of R? and R is H and the other is Cl or Br, o

25 .
15.  Thecompound of formula ¥, claim 1, wherein Zis C, R and R%arc
methyl, one of R and Ris Fand the 6ther is Clor Br.
16.  The compound according to claim 1 selected from the group consisting of
30

8,9-Dimcthoxy-3-phenyk-LH 3H-1,34,6-totraaza-phenalen-2-onc;
8,9-Dimothoxy-3-phenyl-1H 3H-1,34,6-tetraaza-phenalone-2-thionc;
8,9- Dimelhoxy?:«phén yI-3H-1,3,4,6-lelraaza-phienalene; '
8,9-Dimethoxy-2-methyk-3-phenyl-3H-1 ,3,4,6—Letram— phenzlene; and

35 2-Blhyl-8.9-dimethoxy-3-phenyl-3H-1,3,4,6-tetraaza-phenalenc.

17. The compound according to claim 1 selected from the group consisting of



3-(3-Bromo-phenyl)-8,9-dimcthoxy-1H,3H-1;
3,4,6-tetraa7a-phenalen-2-thiong;p
3-(3-Bromo-phenyl)-2-ethyl-8,9-dimcthoxy-3H-1,3,4,6-leiraaza-phenalene;
and 3-(3-Chloro-ph enyl)-8,9-dimcthoxy-1H,3H-1,3,4,6-tetraaza-phen
alca-2-one. 18. The compound according to claim 1 selected from the
group consisting of

3-(3- sRReRY: limet] -2-methyl-3H-1,3,4,6-tetraaza-phenalen
e; 1C?g-h(lféﬁ%rg!-%%]&%%{@g%(%%gégé:ﬁgﬁjﬁ%ﬁéﬁﬁ-phenalene;
3-(4-GHipmoRI B, 8ol mAIYy- 1t,3H-1,3,4,6-tetrasza-phenalen-2-one;
IH,3H-1,3,4,6-tctraa7a-phenalen-2-thionc; 7,8-Dimethoxy-5-methyl
4-pheh(3-Bidelodengl) 20 PROBRIRGC2-methyl- 3H-1,3,4,6-tetraaza- phenalene;
4(4-Chloro-phenyl)-7,8-dimcthoxy-5-methyl-4H-1,3,4-triam-phen glen e;
4-(3-Brrfaeplecriyi)yh, 8 Hitiattiony- BHABPL4H A d- iinz adplenalenc
and 15 ,

4-E3-Brohise praim P 8-ehrctifosip st ATA-1 B4l 3t ttiaztqphienalexe.
19. The_campound according to claim 1 selected from the group
Cons%ﬁ%@ﬂfﬁmphmﬂ)-ﬂ.9—d1mcthoxy—1H,3H—1,3,4,6-tctramﬁphcnalcn-?.—on&
4-(4-Broma-2-lluoro-phenyl)-7,8-dimcthoxy-5-methyl-4H-1,3,4triaza-phen
alene; 7,82 DimheXyRauphasrprdipE 193 1ain b 2elaotvd iaieribe @Qup consisting of
4-(4-Chloro-phenyl)-7,8-dimcthoxy-4H-1,3,4-triaza-phenalene; and

(3 Bramestoamilyl S lmehry-Atlch 3 dripZ A PRED BISRe: A9/
compound selected from the group consisting of 25

(30AIBHB Thidimptieny)-gainadadibxtal)-DheaMEAIINS:, 88 icne;
5-lodomethyl-7,8-dimethoxy-4-phenyl-5;6-dihydro-4H-.1,3,4-triaza-phen
ales &;(BCAlyb-4l{d iR fodphahyiaTinsD-73pshaxaUiRanrE-0 hionc;
(5-Ally1-6,7-dimethoxy-quip. amlin-4yl)-(4-chloro-phenyl)-amine;

4- (40 e pheny 5-Bobd-drmbtmy Ui, 83 rieth phenalone;
oxy-5,6-dihydro-4H-1,3,4-triaza- 5 phenalene;
5-_A||ﬁ%@ymﬁ&%&a§r@mymm%m&y@m@mmm
(5-A]1-)4-6,7-dimethox¥-qu_inazohn-4-yl)-(3-bromo-phenyI)-amine; and

4-(3-BigHOBREHSH S Sctimehw 7 seitretHoks e eipitrolns-a18, 4-u-ia

za- lene. .
8 pﬁ?ﬁﬁmmo-«phenyl)—'?,s-dunet}mxy-S—methyl-ltH—1,3,4~t1*i&7£—phenalcnc.

19. "The compound according to claim 1 selected from the group consisting of
4-(4-Bromo- 2-{luoro-phen yl}~7,8—dimeLhox}5‘me_1hy1~4H~1 3 ,4~'tri§za~phen alene;
7,8~Dimclhoxy—4—phcnyl—4H-1,3,4—u'iazamphcnalcnc; h

X 4—(4—Ch10r0~phcnyl)-7,8~tiimcthoxy~4H~1,3,4—t1'imnphcnalcnc; and

4-(3-Broro-phenyl)-7,8-dimethoxy-4H-1,3 4-triaza-phenaloac.

20. A compound sclected from the group consisting of

25 (5~Aliy3~6,7—dimelh0xy~quinamlin—4—y¥)ﬁphehy!'—aminc;



10 21. A compound selected from the group consisting of
5-Allyl-4-(3-chloro-4-ftuoro-phenglamin 0)-7-methoxy-quinazolin-6-ol;
(5-Allyl-6,7-di methoxy-quipa7olin-4yi)-(3-chloro-4-lluoro-phenyl)-amine; 4
(3-Chioro-4-ftuoro-phenyl)-5-iod omcthyl-7,8-d
imethoxy-5,6-dihydro-4H-1,3,4- 15 triaza-phenalene; 5 -Al lyl-4- (4brom
0-2- f t u oro-ph en ylam i n 0)-7-m elh o xy-q ui n azol i n -6- 01;
5> al 9By thosaUBAZ I S RyBm R TR BRIV mine:
omo-2-flu
oro-phéhgi-BicdorngtulyRBSmbeHaxyxs riByd 0s4H-1,3,4
triaza-phenalene; 20
7,8- DA dhéx dimpienyldbiadifydrgdid-hBrd-fiazayphcpalen-5-01;
7,8-Dime boxy-4-phenyl-5,6-dihydro-4H-1,3,4-triaza-phenalcn-5-ol; and
7.8-Ditflethlsxg-ehembroindoptstnd .85 dueiilhydos SHilyd:d4riarapheaalen-5
-6L Premiprarmaceutical composition comprising as an active ingredient
an effective s amount of a compound according to anyone of claims Ito
19 and*Wphatrsssunbenyabceftatsié oardenontxdgpient. 59 23. The
' pharﬁgzi?eutlcal .composition of claim 22 which is suitable for parenteral
admiRiStdts A SRRy ETA T At B i aRyond-ehblgims to 19 as
medhc nt. 5 25 05J§e %f acom ound accordlng to anyone of claims Ito
19 fo rep%ralff n o B RENE %@ﬁicféf’ﬂfé fraikeriferttiflel dokaamor
26- B58 a Cordingto claim 25 wherein the solid tumor is abreast, colon,
peostate to or lung tumor. 27. The compound according to claim 1,

wherein fHe lowemahul digiediéa Bosarhogalpmmsuligrgin the heterocycle
Isa 5 %Hﬁ%a 811&" riad%:%vgﬁégyrﬁe:g o)n'(?)rr]ne?{g:rc?—%ﬂ?nazolmmﬁ-ol

{ S—AHyI-G,’?—dimeihoxy—quinazo‘?'m -4-y)-(3-chloro-4-fluoro-phenyl)-amine;

4—(3—Chlorq—4~ﬂuoro—phcmyl_)-S-iodomclhyl—'f,S-dixn&lh(’)xy—ﬁ,fi—dihydm—tiH—1,3,4-
15 triaza-phenalene;

5-Allyl-4-(4-bromo-2-flucro-phen ylamino}-7-methoxy-quinazolin -6-ol;
5~Ai1_y]—6,7~dim clhoxy-quinaxzolin -4~yi)-(4~bromo—2~ﬂuoro—phcnyl)—aminc;

4-(4-Bromo-2-fn oro~phcnyl)—S*iodomcthyl—’l,g-dimethoxy—ﬁ ,6-dihydro-4H-1,3.4-
{riaza-phenalene;

2 7,8-Dimethoxy-4-phen y1-5,6-dihydro-4H-1,3 4-lriaza-phenalen-5-ol;
7 8—Dxmcdmxy~4~phcn y}-5,6- dzhydro-4H 13 4—Maza*phcnalcn~5—ol and
7,8-Dimcthoxy-4-(3- bromo»phcnyl) 5,6~ (hhydro 4H-1,3 4—tnaza-phcnalcn—5~01.
22.  Apharmacentical composition comprising as an active ingredient an effective

2 amount of a compound according to anyonc of claims 1 to.19-and a pharmaccutically
acceplable carrier or excipient. '



cyclic radical of 3 to 8 ring atoms in which from one to 4 ring atgir::ti?)rne
hetero atoms selected from nitr@@n,. oxygen, sulfur, orha cgrr][he
thereof, the remaining ring atoms b_emg carbon, and w .e.relnu ot
heteroaryl is an aromatic heterocyclic ring system containing up

rings.
23.  The pharmaceutical composition of claim 22 which is snitable for parenteral
adminjstration.

24, Compounds accordin glo anyone of claims 1 10 19 as medicament.

25.  Uscofl a compound according to anyone of claims 1 10 19 for the preparation
of a medicament for the treatment ofa solid tumor

26.  Use accordinglo claim 25 wherein the solid tumor is a breast, colon, prostatc
10 orlung tumor. o o

27.  The compound according to claim 1,
wherein the lower alkyl has I to 6 carbon atoms,
wherein the heterocycle is a saturated or partially unsaturated, non- aromatic

cyclic radical of 3 10 § ring atoms in which from one to 4 ring atoms are hetero

atoms selected from nitrogen, OXygen, sulfur, or a combination thereof, the
remaining ring atoms being carbon, and

wherein the heteroaryl is an aromatic heterocyclic ring system containing up
to two rings,



