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WO 2005/037824 PCT/EP2004/011378 1 85286pct Method for the
WOoroduction of amino crotonyl compounds The invention relates to an
u%??r%%?o%’jfocess for preparing aminocrotonyl 5 compounds sucH&3/fdt2004/011378
example 4-[(3-chloro-4-fluorophenyl)amino]-6-{[4-(N,N-di-
methylamino)-1-oxo-2-buten-1-ylJamino}-7-((S)-tetrahydrofuran-3-yloxy)-q
uinazoline and the physiologically acceptable salts thereof, particularly
4-[(3-chloro-4-
854Bkwephenyl)amino]-6-{[4-(N,N-dimethylamino)-1-oxo-2-buten-1-ylJamino}-
Z;Eg}(;;ﬁ) RSO B HEN S P MR &3 T6hy 1 Compounds
fluorophenyl)amino]-6-{[4-(N,N-dimethylamino)-1-oxo-2-buten-1-ylJamino}-
The RS / -3~ -auinazoline dimaleate and the use thereof
o e RS o PRI HrmiRocsiony!
CO@WQ%WMOMF{@W[QFMN%rophenyl)amin0]~6—{[4—(N,N~di~
metMAEMIABIIN s X! "f-- - 3 -aui i
mno -7%(8)-tetrahyl§tﬁ;a#1tfagwq]§,%ﬂigx )?qﬁ%)atz%tlriﬁgyﬁégffﬁrg?oﬁ&mﬁé) quinazoline
andsthepinsiplpgicainecoe plavio9aitsl tharesf3 Barkiod i ig e Ry dtiomwnd-
fludFoEmIMG) dRARAR (W higNAS RAE npounds with valuaple 20
pﬁg&ma%())logiﬁ(%a prérggﬁés, ?@%ﬁﬁgﬁ%@?ﬁcﬁé{f %%Hﬁ%}ti 5 IL%I&O(%? ((S)-

tetrafyriioheasddationyhadinase byergiosaietrasesweritandrthitoiyrefiect
; . . odormal
flucPBoHERR) 4FA %@W(Wﬁ@'&ﬁ%@%t ,ﬁggﬁ_rg}%_ggg Fgérﬂﬁ(f@:?ﬁnpfr{l(S)

1y e
(EGE-R). Therefore,” compounds of this type are suita &'for th
tetrapyriafivas-garreinbaAyinaasinerdinalaateranthtvel wisdhsesofiise pseparing

phaqhﬁég@gﬁc%mggﬁgm@ﬁ%r,ystract and 25 diseases of the gastrointestinal tract
and bile duct and gall bladder. WO 2005/037824 PCT/EP2004/011378

4-[(3-chloro-4-flucrophenyl)amino]-6-{[4-(N, N-dimethylamino)-1-oxo-2-buten-1-ylJ-
amino}—?«((8)~tetrahydrofuran—S_-yloxy)-quinazoline has the following structure;

F

; : “NH y
N = CH
NT = NTT®
L Y
P 0 CH,
N Q

© (1)

Cl

and is already known from WO 02/50043, which describes compounds with valuable
pharmacological properties, including in particular an inhibiting effect on signal
transduction mediated by tyrosinekinases and an inhibitory effect on signal
transduction mediated by the Epidermal Growth Factor receptor (EGF-R). Therefore,
compounds of this type are suitable for the treatment of diseases, particularly for the
treatment of tumoral diseases, diseases of the lungs and respiratory tract and

diseases of the gastrointestinal tract and bile duct and gall bladder.



2 WO 02/50043 discloses a method of preparation wherein aminocrotonyl
.. compounds (IV) such as for example
WO 283184+ 4-fluorophenyl)amino]-6-{[4-(N,N- PCT/EP2004/011378
dimethylamino)-1-oxo-2-buten-1-ylJamino}-7- ((S)-tetrahydrofuran-3-_y|o‘xy)-
quinazoline are prepared in a one-pot reaction from the corre_spondlng
aniline 5 component (Il), bromocrotonic*acid (I11), oxalyl chloride and a
secondary amine (see Diagram 1). Diagram 1: RaNH N I NH2 Br + Rb
W@OZM@R@C(&):(H&)&Q@\NE&%G\ &%r@ﬁéﬁiﬁbn'\%b@ rllqﬁnm&:\%tjcghrs%ra [npounds

e yield was at most 50 %. In addition, purification was ge

(VSRS 5 FROITIRIE Ariaronlag AhlioT ARSI DA RICEA- G N-
dlnmép&amgwé)[(ﬁ@kb@@ét@ﬂﬂ%@%hmg@)‘ﬁré%aﬂ\y‘d%ﬂlran -3-yloxy)-

methylamino)-1 oxogz-buten 1-yllamino

(L raﬁ{,% ferare Wo%'(y?fb%%tz RArAB Simasespandingsnitine
5 comspaleenfyihenmmorssidtemetund hag BiageasvRiaes PR NARASIIARfhe (see

|s;not commercially available in large amounts and also the
orresp)ondlng methyl bromocrotonate is only avallab!e ina purl_ty o_f_
approx. 80 %. These circumstances also militate against the suitability of

Diaftigpiocess for the industrial production of 4-[(3

SNH
> NH, Bro
k\ . \H/\/\ Rb .
= o
(1) o
Ra
NH

10 (V)

In this process the yield was at most 50 %. In addition, purification was generally
carried out by column chromatography. Therefore, the method of preparing 4-[(3-
chioro~4-ﬂuorophenyI)amino]—B—{[4-(N,N—dimethylamino)—1—0x0~2-buten~1-yl]amino}-?-

15 ({(S)-tetrahydrofuran-3-yloxy)-quinazoline was not suitable on an industrial scale.
Furthermore, the method had the disadvantage that bromocrotonic acid is not
commercially available in large amounts and also the corresponding methyl
bromocrotonate is only available in a purity of approx. 80 %. These circumstances
also militate against the suitability of this process for the industrial production of 4-[(3-

20 chloro—4—ﬂuorophenyi)amino]~6~{[4-(N,N~dimethylamino)~1-oxo~2-buten-’t-yf]amino}~7—
((S)-tetrahydrofuran-3-yloxy)-quinazoline.
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chloro-4-fluorophenyl)amino]-6-{[4-(N,N-dimethylamino)-1-oxo-2-buten-1-y
[lamino}-7- ((S)-tetrahydrofuran-3-yloxy)-qu inazoline. 3 In the light of the
above disadvantages of the known method of production, the aim of the

embodiments disclosed herein is to $rovide a process which allows the
production of aminocrotonylarylamides, particularly

4-[(3-chloro-4-fluorophenyl)a- ming]-6-{[4-(N, . ;
i the ekt amHE SaRS A AER SRR e R S ERchEigR e aim f
the erdliROn-aHIRazClinR disine: Sigivto wio siestiag rostasalehichichiaws thadily
available and without anP/ great techmca{ e{a@)g% t~urel' Ih-'i—ﬂﬁl\c')vr éﬁ%?‘@a'
produgiiwurl aaisrseRsyasyRNIdeR RALGHIREYS Aol e RS L
mino}-ge{fﬁ—e(I(f?NQ&%%%WM@%LZBﬂﬁe@km-yﬂ]aczhimp@bﬂh@mabty@lsgfu ran-3-

isclosed herein for preparing 4-[(3-chloro-4 10 . . -
yloxy GRS AR EO PR SRR RIS HRISh 4 dep pavaiaple
and wﬁf@ﬁ)'a‘i%é@l%’&r %gfﬁfﬂ&ﬂé%}%)ﬁ&ig@.d imne apd/ qthereas shouttdhgrefore also

compounds. In addition to being industria racticaple with high. vi T
be SURB BB e IAELRTCRUISHLR HER L) S R ST AR g

of very good chemical purities and a low cis content of less than 0.1 %.

15 In a first aspect, there is proyjded a process for prepari GO 14,
This abPuR J6HARAREON) R LRFFRE (RSN DR M MR e 4
fiuorogﬁeﬁ%ﬂ%ﬁl{%}h@@%mmmﬁtﬂwameﬁdjuomm@qyumodbﬁmﬂaﬁd((sy

4 in"each case represent a meth Ig_rr\oup, compri m@ﬁt&%rp% V\{j‘rag In addition

tetfah&%ﬁﬂfééﬁ@ﬁéﬁ@*ﬁb‘%‘éﬁﬁ@“&%ﬂgg o SISl formuta ?léa
to being industrially practicable with high yields the method of synthesis disclosed
herein may also have the advantages of very good chemical purities and a low cis

content of less than 0.1%.

In a first aspect, there is provided a process for preparing a compound of the formuta (Vi)

Ra\

NH H -
OO
kN/ 0° R4

@

(V1)

wherein X denotes a nifrogen atom,
R, denotes a 3-chloro-4-fluorophenyl group and R® and R* in each case represent a
methyi group,

comprising the following synthesis steps:

a) reacting a compound of general formula (V)



Ra~NH X NH2 LN /O 00 (V) wherein X denotes a nitrogen atom and R.
denotes a 3-chloro-4-fluorophenyl group, in suitable solvents after
corresponding activation with di-(C,_4-alkyl)-phosphonoacetic acid and b)
reacting the resulting compound of general formula (VI) Ra ~NH HH OR!
IXINIp,OR1N/O O 0 (VI) whereingX denotes a nitrogen atom, R.
denotes 3-chloro-4-fluorophenyl group and R' denotes a straight-chain or
branched Cr-4 -alkyl group, with the aldehyde of formula 0 R3 i HNI-IR4
wherein R3 and R4 in each &agg represent a methyl group , or a
corresponding aldehyde equivialent, usigg suitable organic or inorganic
bases. 3b In a second asp t, there 1§ pro"ilided a process for preparing
4-[(3-chloro-4- fluorophenyl)amfio}<6=
imethyl-amino)-1-oxo-2-buten-1-yllJaming}-7-((S)-

&

o

tetrahydrofuran-3-yloxy)-quinazoline, ising the following synthesis
steps:
(V)

wherein X denotes a nifrogen atom and R. denotes g 3-chioro-4-flucrophenyi group, in
suitable solvents after corresponding activation with di-(C..c~alkyl)-phosphonoacstic acid
and

b) reacting the resulting compound of general formula (V1)

RE\‘N

H ORrR

PORS
U

-

v

wherein X denotes a nitrogen atom,

R. denotes 3-chioro-4-fluorophenyi group and R' denotes a straight-chain or branched
Ci-4 -aky! group,

with the aldehyde of formula

wherein R® and R* in each case represent a methyl group , or a corresponding aidehyde
equivalent, using suitable organic or inorganic bases,
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5 a) reacting
N4-(3-chloro-4-fluoro-phenyl)-7-(tetrahydrofuran-3-yloxy)-quinazoline-
4,6-diamine in suitable solvents after corresponding activation with
di-(Ci_4- alkyl)-phosphonoacetic acid and b) reacting the resulting
dialkylester {[4-(3-chloro-4-fluoro-phegylamino)-7-((S)- 10
tetrahydrofuran-3-yloxy)-quinazolin-6-ylcarbamoyl]-methyl}-phosphonate
with the aldehyde prepared in situ from the correspondin

Ina %&ﬁﬁ@ﬂwmﬁ%m&éﬁla@]\g}dsﬂj@Rgﬂﬁ@@ﬁafwsmgpﬁﬁm%ﬂ?gahlersr*
ﬂuorHﬁ?{Sﬁ'm%Hﬁﬁ@?—dﬁ’[&h?\\lf;&ﬂeﬁ%ﬂi?PW@Q@IE%%WE%WWo}—?«((S)-

aminoaryl comjpound V) is 15 reacted with a , _
tetraygeofuianidry pRysERERZEIRR S6iMRsieing 4bR RAPWIRdIRIpHRs!S steps:

phonoacetic acid, in suitable solvents, after corresponding activation,

Sreferaply with 1, 1 -carbonyldiimidazole, 1,1-carbonylditriazole or

aprépRetEhDSHiRopARHdNAER- BRI f Iy BHEABYABRIWRRA-3-YIoXy)-quinazoline-

1, - eeihanndimidaiaite RetREAIR0RP RITRIhEndNYy SEIRMOMSRAIMEY(C /-
be for example tetrahydrofuran (THF), dimethylformamide (DMF) 20 or

et HEPRASPPRBREREGATHEPBe carried out by any possible method of
amide linking, i.e. for example with 1,1-carbonyldiimidazole,

1,1-carbonylditriazole, DCC (N,N- dicyclohexylcarbodiimide), EDC
o) rRRRHRI RSB SR eS R BokeiRIp AT eTgphenylamino)-7-((S)-
(Orthanzatidazainl 3 dinNgitbZstraBgiBxBERy]-fekalpEBhate with

thiazolidine-2-thione or by conversion into the corresponding acid chloride,

pofeNAeRYs PisRrefiba frorsigicPEeRRRARRS s aminrsut
USHIGRIFRRIEI BRRERK Plach @S G4/ APl BEiNS: bR ARses.

(dimethylaminopyridine) may additionally be added. Suitable solvents
include DMF, THF, ethyl acetate, toluene, 30 chlorinated hydrocarbons or
In thenproeesgitisclfs et D@D/ 03T 824r PR oMb 1B yBcampahnd (V) is

e,that felloy %@ Emé’{ rQup 3
reac e R TRk S RS oo
phonoacstic acid, in suitable solvents, after corresponding activation, preferably with
1,1-carbonyldiimidazole, 1,1-carbonylditriazole or propanephosphonic anhydride,
particularly preferably with 1,1-carbonyldiimidazole, according to Diagram 2. The

solvent used may be for example tetrahydrofuran (THF), dimethylformamide (DMF)

or ethyl acetate.

The activation may be carried out by any possible method of amide linking, i.e. for
example with 1,1-carbonyldiimidazole, 1,1-carbonyiditriazole, DCC (N,N-
dicyclohexyicarbodiimide), EDC (N’-(dimethylaminopropyl)-N-ethylcarbodiimide),
TBTU (O-(benzctriazol-1-yl)-N,N,N',N'-tetramethyluronium tetrafluoroborate),
thiazolidine-2-thione or by conversion into the corresponding acid chioride, possibly
using thionyi chioride. If desired the activation may be carried out using organic
bases such as triethylamine or pyridine, while DMAP (dimethylaminopyridine) may
additionally be added. Suitable solvents include DMF, THF, ethy! acetate, toluene,

chlorinated hydrocarbons or mixtures thereof.
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R1 denotes a straight-chain or branched C1_4-alkyl group. 5 The process
IS E%:-t}‘erably used for compounds wherein X denotes a nitrogen atom, Ra
Qe

Qé@%‘-chIoro-4-fluorophenyl group and R1 denotes an ethyPGIaEp2004/011378

10 Diagram 2: RaR a NHI. NH HH ORU NH2 a) XN~~,0ORR /Q N/O
0000 (V) (VD) 15a) di-(Ci-4-aIkyI)-phglsphonoac_etlc acid, activating
agent The arylamide (VI) thus obtained in a high yield and hlgh_punty.ls
reacted with the corresponding 2-aminoacetaldehyde using suitable

In brgydmicnakdadrgaiidibases in the sense of a Wittig-Horner-Emmons

ion (Diagram 3). This reaction may be carried 20 out directly or after
X 4§§1I§1§|é33ér11&(o ??é“ OrpoUiRChA) MEPER RNy precipitation by the
Ra sleuititers of tenbatyltylrpbtingiethet dios exasipla-Ruiiapediaserdis)uie for

1 qrg@[ DBU.(1.5-diazabicyclo[4.3.0]non-5-ene), sodium hydroxide and
R g%"tassﬁr% %%f’%h%ce,a'o M 5ﬁr§%ﬁﬂor#1 h?@ﬁ&fc@ %WBI potassium
hydroxide are preferred and potassium hydroxide is particularly preferred.
f: e a corresponding 25 equivalent, e.g. a hydrate or
Th%?i?aq‘,gsr%fy E(r%%lh%?ea ,&rgﬁ?wﬁ%h %Bpﬁélgﬁﬁdg?@r‘?&eased (beforehand or
X dargiter a nitrogen atom,
Ra denotes a 3-chloro-4-fluorophenyl group and
R" denotes an ethyl group.

Diagram 2;
Ra\ Ra
NH ~NH q OR!
NH
x 2 a) _ORt
£ PORY
N 0 N 0
3 ®
v
V) o)

a) di-(C1-4-alkyl)-phosphonoacetic acid, activating agent

The arylamide (V1) thus obtained in a high yield and high purity is reacted with the
corresponding 2-aminoacetaldehyde using suitable organic or inorganic bases in the
sense of a Wittig-Horner-Emmons reaction (Diagram 3). This reaction may be carried
out directly or after isolation of the compound (VI), for example by precipitation by the
addition of tert-butylmethy! ether, for example. Suitable bases include for example
DBU (1,5-diazabicyclo[4.3.0]non-5-ene), sodium hydroxide and potassium hydroxide,
of which sodium hydroxide and potassium hydroxide are preferred and potassium

hydroxide is particularly preferred. Instead of the aldehyde a corresponding
equivalent, e.g. a hydrate or acetal, may be used, from which the aldehyde is
released (beforehand or in sity).
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WO 2005/037824 PCT/EP2004/011378 5 Diagram 3: Ra 1~ NH OR1
WORaXY~ goRI P)NHOR3 NOO-X\\N NOOR45 (VI (VIl) O b)
a?c?gﬁﬂp&g? fhse, THE/water The acetals used may be for examplePCT/EP2004/011378
compounds of the following general type: R5R3 R2~1 10 O N'~IR4
wherein R2 to R5 in each case represent a straight-chain or branched
Ci-C4-alkyl group, while the groups may be identical or different.
Preferably 15 R3 and R4 in each case represent a methyl group and R2
and R5 in each case represent an ethyl group. The
aminocrotonylarylamide of formula (VII) thus obtained, for example
_4-[(3-chloro-
Diagfarordphenyl)amino]-6-{[4-(N,N-dimethylamino)-1-oxo-2-buten-1-ylJamin
0}-7-((S)- 20 tetrahydrofuran-3-yloxy)-quinazoline of formula (1), may then
. be converted into the salts thereof, particularly the physiologically
2 acceptable salts thereof, by methods known per se. Preferably they are

verted;into fumagates, tartrates or maleatew, The dimaleate of
X Wg@henyl)am)ino]-&{M-(N,N-diméﬂwlamino)-l-
U . o 4 N R?
N o)

@ | >

(viy -0

(Vi)

b) aldehyde, base, THF/water
The acetals used may be for example compounds of the following general type:

RS
\O R3
e 1|
- N
O ™SR4

wherein R? to R® in each case represent a straight-chain or branched C;-C-alkyl
group, while the groups may be identical or different.

Preferably

R® and R in each case represent a methyl group and

R? and R® in each case represent an ethyl group.

The aminocrotonylarylamide of formula (V1) thus obtained, for example 4-[(3-chloro-
4—f|uorophenyi)amino]MS-{[tl-(N,N-dimethylamino)-1-oxo~2-buten—1-yI]amino}-?»((S)-
tetrahydrofuran-3-yloxy)-quinazoline of formula (1), may then be converted into the
salts thereof, particularly the physiologicaily acceptable salts thereof, by methods
known per se. Preferably they are converted into fumarates, tartrates or maleates.
The dimaleate of 4—[(3-chIoro~4-fluoropheny!)amino]-G~{[4—(N,N~dimethy!amino)~1-
oxo-2-buten-1 ~yI]amino}—?-((S)»tatrahydrofuran%—yloxy)—quinazo[ine of structural
formula (la) and the conversion of 4—[(3~chloro~4—ﬂuoropheny!)amino]~6-{[4—(N,N—
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0Xx0-2-buten-1-yllamino}-7-((S)-tetrahydrofuran-3-yloxy)-quinazoline of

structural 25 formula (la) and the conversion of
WO42F&5 ORI8rS-4- -fluorophenyl)amino]-6-{[4-(N,N WO 2005/037824 PCT/EP2004/011378

PCT/EP2004/011378 6
dimethylamino)-l-oxo-2-buten-l-yl]ami%o}-7-((8)-tetref1hyd_rofu
ran-3-yloxy)- quinazoline into its dimaleate as shown in Diagram 4 are
particularly preferred. To do this the compound (I) is dissolved in a

dmwﬂwtﬂewsmvehbm}dqta&ém‘Byﬁmﬁiﬁo}ﬂﬁlﬂ@}‘ibtw&%m@nEBt}H | or
tionall h the addition of water, 5 preferably ethanol, an
qunﬂ n[ﬂ gﬁ ’

iné W|tf1t AR RIS OXRS B PiaRARIARTE Ralieariireferred. To do
th:m@mmgnmmmqmmdkssmed assolvesbitheonasktissaaieraiphr deample

0and 75C n ethanolic maleic acid
meiﬁ%ﬁ&ﬁ %ner reachc?r? Q:Lgnd%? s eglpc?us g’éﬁﬁ% Stithyths arditipn of water,
prefryeibid eamwam@smm gitbkdyyasairssivlaldieeleiabl AR-RY: Acid
soiﬁ%ﬁv%ﬂﬂtﬁ trﬂ ed After 10 ch/stalll ation has set in the

mixtUre is coole to am Sien emp‘grgﬁﬁg Ay IRV dEaRryeterably done at
a f%ﬁﬁ@?ﬂthg’:@fd@ﬁﬂpean(ﬁUa@rmté’&éﬁalmag off. éagiam fiakeldild sbfution. The

OON~NOO (
mﬁagi\ta9 %E%n%ﬁ%% acufg)r HLanc()Bﬁ%le Starting %ﬁ%\lﬁn‘&%"ﬁ%ﬁﬁ%cwﬁ‘fﬁ%es out as
quz%}y@@mﬁgsb@p%‘p&masefpﬂm hegooaiimseivitaiethodsdaaysad, After

crydtamsHIR HIRLUWE: R%he mixture is cooled to ambient temperature, stirred and the

crystals consisting of compound (la) are separated off.

Diagram 4:

F @ ~coon 7 coon

NH '
H COOH
RS Eﬁ Y

Q
() © @) Q

¢) maleic acid, ethanol

The starting compound of formula (V) may for example be prepared as follows in

accordance with methods known from the literature.

The quinoline components of formula (V), wherein X = CH, may be obtained starting
from commercially obtainable 3-fluoro-G-nitrophenol (XIV) by alkylation, exchanging
the fluorine atom for an amino group and reacting with ethoxyacrylic acid esters,
ethoxymethylene-cyanoacetic acid esters or ethoxymethylene-malonic acid esters
(Diagram 5a).

The compound thus obtained (XVII) is then converted into the compound (XVIII) as

described in Diagram 6 for the quinazoline analogue



The quinoline components of formula (V), wherein X = CH, may be

obtained starting from commercially obtainable 3-fluoro-6-nitrophenol
W%W&}?&%Iaﬁon, exchanging the fluorine atom for an amino grauprane004/011378

reacting with ethoxyacrylic acid esters, ethoxymethylene-cyanoacetic acid

esters or ethoxymethylene-ma lonic acid7esters 25 (Diagram 5a). The

compound thus obtained (XVII) is then converted into the compound

(XVIII) as described in Diagram 6 for the quinazoline analogue WO
Diagantn34824 PCT/EP2004/011378 7 Diagram 5a: 0.~.00,..00..0 NN

N OHOOc- COFFNH2 (XIV) (XV) (XV]) OHORa+NHO N, 11, O

N O ON (XVIl) 0 (XVII) O 5 To prepare the compound (V) wherein X =N
o thedollowing progedure is used: Stagting frem commercially obtainable
Alchloro-anthranilic acid (VIII; X = Cl) the quinazolinone (IX) is obtained
@tion with formamidine-acetate, dnd isghen _nitrogenated using
d congén ated nitrig '
C aci also be'y

oro-ant [ Ao
F F NH,
(XIV) (XV) (XV1)
R
OH 94 & “NH 0
N B +
\ ~
| — [
_ |
N o) =

(XVI) O O
XVIII
4 o) J

5  To prepare the compound (V) wherein X = N the following procedure is used:
Starting from commercially obtainable 4-chloro-anthranilic acid (VHl: X = Cl) the
quinazolinone (IX) is obtained by reaction with formamidine-acetate, and is then
nitrogenated using sulphuric acid and concentrated nitric acid (Diagram 5b).

Alternatively, 4-fluoro-anthranilic acid may also be used as the starting material.
10 |

Diagram 5b:
OH OH oH
HOZC]@\ d) Ni\t@\ e) N)nNoz Nf =
e l B e | +
HA x, kN/ « kN/ X kN’ X
NO
(Vi (1X) (X) (X 2
a: X" =Cl
b: X' =F

d) formamidine-acetate
15 e) HzS04, HNO; conc.
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10 Diagram 5b: OH OH OH H02C d) N % €) N NOs + N HZN X" N N X" N

' (X) (X) NO2 a: X" =Cl b:X'=F d) formamidine-acetate 15 e)
W% th & 03 conc. WO 2005/037824 PCT/EP2004/011378 8 TH&F/EP2004/011378

desired regioisomer (X) of the nitrogenation products thus obtained is then
chlorinated, and the chlorination producg(XI) is reacted in situ with the
corresponding amine (Diagram 6). 5 Diagram 6: OH Cl Ra N OH \ NO2
NH 1fINNOzg) NO ~N/X-~N"\\z N-_X"LNN~ X (X) (XI) (XI1) f)
SOC12, acetonitrile

The desired regioisomer (X) of the nitrogenation products thus obtained is then
chlorinated, and the chiorination product (X1) is reacted in situ with the corresponding
amine (Diagram 6).

Diagram 6:
OH “ cl Ras
(O L PO O
N X
) (X1) Xt
f) SOCl,, acetonitrile
g) RaNH;

The compound of formula (X!1) thus obtained is reacted with (S)-(+)-3-
hydroxytetrahydrofuran to form compound (XIlf). Hydrogenation of compound (XIH)

or compound (XVIIT) from Diagram 5a then yields the starting compound (V) (diagram
7).

Diagram 7:

RQ\NH RE‘\NH
OIS
o s e

o a4
O o
(XI): X=N,X'=Cl F XIID: X = N V)

(XVI): X=CH
h) (S)-(+)-3-hydroxy-tetrahydrofuran
i) Ha
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10 g) R3NH2 The compound of formula (XII) thus obtained is reacted with

S)-(+)-3- hydroxytetrahydrofuran to form compound (XIII). Hydrqgenation
Wé)?)%é#?ﬂ ?ﬁ%/d (X)) or compound (XVIII) from Diagram 5a then yi¢ld3/8r2004/011378

starting compound (V) (diagram 15 7). Diagram 7: Ra\NH Ra,, NH
Ra~,N?—I h) i?\ NOz 1) X'\NHZ \NO2 N O 1-NONX"0~ (XII): X =N,
X'= Cl, F (X111): X = N (V) (XVII): X =TH 20 h)
(S)-(+)-3-hydroxy-tetrahydrofuran i) H2 WO 2005/037824
PCT/EP2004/011378 9 The invention also relates to

-I(3- -4-fluorophenylamino]-6-{[4-(N,N- )
T ete SR A £ ot seasetinokss-(14-(VN-
dimathglaos)- trirazdiin &QMawhmiﬁm%j&&ﬁ#W%fgﬁég&}%m_

i gacelti . ists in only one crystalline 1, .
i R
exigtiveanipstanceystalbng iaslicanbibivihrHesiFRer AN RBHS AT Very

tappform to additional requirements in order to be allowed to bé 10 used
> aas a pharmaceutical composition. These parameters are to a large extent
connected with the physicochemical nature of the active substance.

: i icti ters are the stability of
Forvkéfﬁgﬁg:w?t&%kﬁ%é?%@%\f?a%%n 8&%%84&98 Sn%P gz[f!l)m?as to exhibit the de)éired
effect o
activity, but must also conform to additional requirements in order to be allowed to be
used as a pharmaceutical composition. These parameters are to a large extent

connected with the physicochemical nature of the active substance.

Without being restrictive, examples of these parameters are the stability of effect of
the starting material under various environmentai conditions, stability during
production of the pharmaceutical formulation and stability in the final medicament
compositions. The pharmaceutically active substance used for preparing the
pharmaceutical compositions should therefore have a high stability which must be
guaranteed even under various environmental conditions. This is absolutely essential
to prevent the use of pharmaceutical compositions which contain, in addition to the
actual active substance, breakdown products thereof, for example. In such cases the
content of active substance in pharmaceutical formulations might be less than that
specified.

The absorption of moisture reduces the content of pharmaceutically active substance
on account of the weight gain caused by the uptake of water. Pharmaceutical
compositions with a tendency to absorb moisture have to be protected from damp
during storage, e.g. by the addition of suitable drying agents or by storing the
medicament in a damp-proof environment. In addition, the uptake of moisture can
reduce the content of pharmaceutically active substance during manufacture if the
medicament is exposed to the environment without being protected from damp in any
way. Preferably a pharmaceutically active substance should therefore have only
limited hygroscopicity.

As the crystal madification of an active substance is important to the reproducible

active substance content of a preparation, there is a need to clarify as far as possible
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ﬂ[oduction of the pharmaceutical formulation and stability in the
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used for preparing the pharmaceutical compositions should therefore

have a high stability which must be guapanteed even under various

environmental conditions. This is absolutely essential to prevent the use

of pharmaceutical compositions which contain, in addition to the 20 actual
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moisture can reduce the content of pharmaceutically active substance
during manufacture if the 30 medicament is exposed to the environment

Anotitsoutitesiog w&ﬁgﬂai@@aw@éﬁtmx\ﬁ‘ﬂ%oﬁﬁﬁéﬂ%% certain
._pharmaceutically active substance should therefore have only €flml{ed
C”"ﬁ%?ggs’&%%ﬁcﬁ%%%‘?@ aYdhg phinr el derandatianios thebshaius i manufacturing

protepeitatid G INehiRR of ueibie fr-asti ta f :
<ol Lﬁre aration, ther%?s a need to clarif;!/y gats§ ?ag)ré ésnggg%%ﬁ%g %SW%N

ETEBSAUERAES /S dofahBIskig) JdR prsiphlightorbiheantve substance
shosibsianctfipfestnbislays il B 5B glEMG s casp EifiRr e BRI, é@so very

m difﬁatio s of agiﬁctive substance care must be taken to ensure t

MR SR FBaIREAH BhRdakrs eirly s ecksnsehstarce should be
suffshanthaselutidal preparation later produced from it. Otherwise, this could

have a 5 harmful effect on the reproducible potency of the drug. Against

this background, active substances characterised by only slight

Thepoighlemphuittheaeawefeiragntion is to provide a pharmaceutically active
substance which not only is characterised by high pharmacological potency but also

satisfies the above-mentioned physicochemical requirements as far as possible.

This problem is solved by 4—[(3—chloro~4~fluorophenyi)amino]—6—{[4-(N,Nwdimethyln
amino)-1-oxo-2-buten-1 ~yI]amino}~7~((8)-tetrahydrofuran—s-yioxy)-q uinazoline
dimaleate.

4-[(3nchloro~4~fluoropheny!)amino]—6—{[4~(N,N—dimethylamino)—1~oxo—2-buten—?—yl]-
amino}—?~((8)—tetrahydrofuran«3—yloxy)~quinazoline dimaleate has a melting point of
178°C (cf. the thermoanalysis shown in Figure 2). The crystalline 4-[(3-chloro-4-
ﬂuoropheny!)amino]—ﬁ-{[4-(N,N-dimethytamino)—1-oxo-2—buten-1-yi]amino}—7~((8)—
tetrahydrofuran-3-yloxy)-quinazoline dimaleate was investigated further by X-ray
powder diffraction. The diagram obtained is shown in Figure 1.

The following Table lists the data obtained in this analysis:



Another criterion which may be of exceptional importance under certain
W circumstances depending on the choice of formulation or the choice of
%gﬂﬂfggﬁ?ﬁng 10 process is the solubility of the active substanceP#i&iP2004/011378

example pharmaceutical solutions are prepared (e.g. for infusions) it is

essential that the active substance sh

ld be sufficiently soluble in

physiologically acceptable solvents. It is also very important for drugs
which are to be taken orally that the active substance should be
Tablefficferay mohudde. reftiens chlemrmb et Je RilTeREeR tRECYI& & hioro-4-
pharmaltecriqigrytiarmina S inc Whighneth paly iSO bAGEESSR AN
pharmatd(&yitalrpbieinofuban-dlsdosplisfiesdbeiabayengientioned
physicochemical requirements as far as possible. 20 This problem is

mino}-

solved lpy-4-tH3-chioro—4-fuerepheryaminel-6-{[4-(N.N-dimethyl-
amino)-1-oxo-2-t%3@n-1-y|]arnino}-7ﬂ(§91tétrahydr pfuraniBiginsityquinazol
ine dinaleate. 44¢g-ch Ioro-ll-fluoropqu(]yl)amino] 6-{[4-( Hnethyls
mino)-1-0x0-2-bu e?}l-l-yl]- 2% %"%1“
amino}{7-((S)-ter&tydrofuran-3-yloxy)gginazolinel dimaleatg ias a
melting{pointof- £ Z8€-(cfthe-thermoanalysis-shewnin-Figure 2). The |
: i:d 33

crystalline 4-[(3-chloro-4- flugargphenyl)amino]-6-{[4-(N, N-d
imethylamino)-170%6-2-buter}-1-ylJamihB7-((S)- 27
tetrahy@irofuran-g-yoXxy)-quinfazoline gijigieate wa illvu:tingy
X-ray Wd%diﬁ,g%we diagram obtained is|shown in Figure 1. 39
The following T Bidlists the [data obtairiet! in this analysis: W9
2005/087824 PCT#EP2004/011378 1A 5kable: X-ray powder geflections
and intgmsities-(siggydardiseq)of the-4z{g3-ehlero-4
fluorop INQ]-6-{[4-(N|, 695 20
N-dimejthylaminb3-48oxo-2-bliten-1-yIfafafino}- 3
7-((S)-tetrahydrojusgn-3-yIoXy)-quinazolige dimateate 2-0-d=vatue-tntengity
[1 [A] Ine-{9%}

14.94 593 11

16.58 5.34 12

17.19 515 35

17.87 498 5

19.43 4.57 38

16.91 4.46 100

20.84 4.26 13

21.33 4.16 21

21.58 4.12 12

22.25 3.992 16

22.94 3.873 32

23.67 3.756 9

24.82 3.584 7

25.56 3.482 37

26.71 3.335 9

27.46 3.245 4

28.37 3.143 8

30.71 2.909 3

29.31 3.045 4




047 6.4213.833 7.4711.827 8.1310.9 30 10.37 8.53 30
ii?églg.géz 12.91 6.85 20 13.46 6.58 3 13.66 6.48 2 14.94 5.93 11
WQeW/833820> 17.195.1536 17.87 4.96 5 19.43 4.57 38 19.91 $#&HE8004/011378
20.84 4.26 13 21.33 4.16 21 21.58 4.12 12 22.253.992 15 22.94 3.873
32 23.67 3.756 9 24.82 3.584 7 25.56,3.482 37 26.713.3359 27.46
3.245 4 28.37 3. 443 8 30.712.009 3 20.31 3.045 4

29.57 3.019 4
31.32 2.854 10
32.31 2.769 4
33.10 2.705 5
33.90 2.643 1
34.84 2.573 2
35.71 - 2.612 1
36.38 2.467 1
36.96 2.430 1
37.99 2.367 p
39.94 2.255 5

In the preceding Table the value "2 ® [°]" denotes the angle of diffraction in degrees
and the value "dng [A]" denotes the specified distances in A between the lattice

planes.
5
The x-ray powder diagrams were recorded, within the scope of the present invention,
using a Bruker D8 Advanced diffractometer fitted with a PSD detector and a Cu
anode as the x-ray source (CuKy, radiation, & = 1.5418 A, 40 kV, 40 mA).
10

The following Examples are intended to illustrate the invention:



WO 2005/037824 PCT/EP2004/011378 12 29.57 3.019 4 31.32 2.854 10
32,312.7694 33.102.7055 33.902.6431 34.842.5732 35.7125121
WOBBRBHA 1 36.96 2.430 1 37.99 2.367 2 39.94 2.255 5 In thePCT/EP2004/011378
preceding Table the value "2 O []" denotes the angle of d_iffraction_in
degrees and the value "dhkl [A]" denotgs the specified distances in A
between the lattice planes. 5 The x-ray powder diagrams were recorded,
within the scope of the present invention, using a Bruker D8 Advanced
Exdifidetometer fitted with a PSD detector and a Cu anode as the x-ray
source (CuK.1 radiation, X = 1.5418 A, 40 kV, 40 mA). 10 The following
Examples are intended to illustrate the invention: WO 2005/037824
Exp@PpIEFA2004/011378 13 Examples: Example 1 Diethyl

T T RS

guinazolin-§-ylcarbamoyl]-methyl}-phosphonate

3.58 kg of 1,1-carbonyldiimidazole (22.16 mol) are placed in 12.8 litres of
tetrahydrofuran and at 40 °C combined with 4.52 kg (22.16 mol) of
diethylphosphonoacetic acid dissolved in 6.5 litres of tetrahydrofuran. The mixture is
stirred for 30 minutes at 40 °C. The resulting solution is referred to as solution A.

6.39 kg (17.05 mol) of N4—(3—chIoro-4—f|uoro—phenyI)—?-(tetrahydrofuran~3—
yloxy)quinazoline-4,6-diamine are placed in 26.5 litres of tetrahydrofuran and at 40°C
combined with solution A and stirred for 2 hours at 30°C. 84 litres of tert -
butylmethylether are added to the suspension and after cooling fo 20 °C the
precipitate is removed by centrifuging. It is washed with a mixture of 16 litres of
tetrahydrofuran and 16 litres of tert.-butylmethylether and then with 32 litres of water
and dried at 50°C.

Yield: 8.58 kg (69.8%) of white crystals, content: HPLC 99.1 Fi%
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3,08 kg of 1,1-carbonyldiimidazole (22.16 mol) are placed in 12.8 litres of
Wqéopéfpgﬁ%ofuran and at 40 C combined with 4.52 kg (22.16 mo©f/EP2004/011378

diethylphosphonoacetic acid dissolved in 6.5 litres o_f tetrahy_drofuran. The

mixture is stirred for 30 minutes at 40 A The resulting solution is referred

to as solution A. 6.39 kg (17.05 mol) o

N4-(3-chloro-4-fluoro-phenyl)-7-(tetrahydrofuran-3 15

Exgmmpiyglinazoline-4,6-diamine are placed in 26.5 litres of tetrahydrofuran
tirred for 2 hours at 30C. 64

bin ith solution. A an (
e At < L B ekt ea e 7-(S -
tetradehighitiaro Eyoey pradmizdtnisaramatbby centrifuging. It is washed
with a mixture of 16 litres of tetrahydrofuran and 16 litres of .
tert.-butylmethylether and then with 32 litres of water 20 and dried at 50C.

F.58 kg (69.8%) of white crystals, content: HPLC 99.1 FI% WO

Q054037824 PCT/EP2004/011378 14 Example
CI”(E)-a-difRethylarpino-but-2.anoic
rarvd Toif

acid-jg« o= ny_Iamino)-?-((S)- H
ran-SHon iga@olirﬁayil-amlde F/F CINHH OEtN X NWN/

P
O g
O

0.6 litres of 30 % hydrochloric acid (53.17 mol) are added to 4.4 litres of water. Then
4.28 kgof 95 % (dimethylamino)-acetaldehyde-diethylacetal (26.59 mol) are added

dropwise within 20 minutes at 30°C. The reaction solution is stirred for 8 hours at

CQ..

35°C stirred, cooled to 5 °C and stored under argon. This solution is referred to as
solution B.

4.55 kg (68.06 mol) of potassium hydroxide are dissolved in 23.5 litres of water and
cooled to —5°C. This solution is referred to as solution C.

5.88 kg (10.63 mol) of diethyl ((4-(3-chIoro~4—fluoro-phenylamino)~7—(tetrahydrofuran~
3-yfoxy)~quinazofine—(i-yicarbamoyi)-methyl)«phosphonate and 0.45 kg of lithium
chloride (10.63 mol) are placed in 23.5 litres of tetrahydrofuran and cooled to ~7 °C.
The cold solution C is added within 10 minutes. Then solution B is added at -7°C
within 1 hour. After stirring for a further hour at -5 °C the reaction mixture is heated
to 20°C and combined with 15 litres of water. After cooling to 3°C the suspension is
suction filtered, the precipitate is washed with water and dried. Yield: 2.21 kg of crude
product, 100 %, water content: 6.7 %

The crystallisation of the crude product is carried out with butyl acetate /
methylcyclohexane '
Yield: 78 % purity HPLC 99.4 FI%, water content 5.4 %
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Wory%ﬁ@ggnc acid (53.17 mol) are added to 4.4 litres of water. Then 4.28
4%(dimethylamino)-acetaldehyde-diethylacetal (26.59 m&§ HRP2004/011378

added dropwise within 20 minutes at 30C. The reaction solution is stirred

for 8 hours at 35C stirred, cooled to 5 {and stored under argon. This

solution is referred to as 10 solution B. 4.55 kg (68.06 mol) of potassium

hydroxide are dissolved in 23.5 litres of water and cooled to -5C. This
Exagiptog is referred to as solution C. 15 5.88 kg (10 63 mol) of diethyl

Aflar I n h ran-
“146 ﬁ\&mc?(é’m rﬂ%‘%lﬂ Bh @rané 00%) F:‘Tsu i{)' QIR a5 -tetra-

-y loxy)-quinazo ine- 6 y car amoy
¢ A &mmmidmﬁﬂet'atmres of tetrahydrofuran

6. 0%.?@%@&8@%@@%@%‘?@%‘%@??&% BT sl apro-
phenyamie ordctidn-taikainedofigared- Zﬂ)vq)zqmmzbhnrﬁb'yrh)edmmb dbdipeged in 84
iltre%féﬂ’%tﬁarﬁﬁ%{n‘ﬁpﬂggﬂe@ 3788 S %nsg"gﬁg!c? by (?Vg’t.'z%l”{g eied: tc? 94 kg (25.31

recipitate is washed Wlt water a
mogr‘efdn@ﬂeme% iwaklitestehetbanoh %bmmmbaa@nmhme swtigte first the

mixRIRAKCES R HED OUiMh DUV RPRIALE ﬁoaf’@ﬂﬁ%Yfgb éo §§§g§§t\ﬂe’@ e

% purity HPLC 99.4 FI%, water content 5.4
pregipitiepesuslinn Bterer; visgingwith( #$ diaimefrsibaninbamat-@rieddic vacuo at
40° @Cld (4-(3-chloro-4-fluoro-phenylamino)-7-((S)-tetra-
drofuran 3-yloxy)-quinazolin-6yg-amide dimaleate 6.0 kg (12.35 mol) of
YielgE 841 difesbd >I(ﬁﬁvo but-2-enoic acid -(4-(3-chloro-4-fluoro

Melting point: 178 °C

"H-NMR (CD30D): & = 2.47 + 2.27 (m+m, 2H), 2.96 (s, 6H), 4.03 (m, 2H), 4.07 + 3.92
(m+m, 2H), 4.18 + 4.03 (m+m, 2H), 5.32 (m, 1H), 6.26 (s, 4H), 6.80 (m, 1H), 6.99 (m,
1H), 7.27(s, 1H), 7.30 (t, 1H), 7.66 (m, 1H), 7.96 (dd, 1H), 8.62 (s, 1H), 9.07 (s, 1H)
ppm




5 phenylamino)-7-((S)-tetrahydrofuran-3-yloxy)-quinazolin-6-yl)-amide are
placed in 84 litres of ethanol and heated to 70C and combined with a
solution of 2.94 kg (25.31 mol) of maleic acid in 36 litres of ethanol. After
crystallisation has set in, first the mixture is cooled to 20 C and stirred for
2 hours, then for 3 hours at 0 C. Thegorecipitate is suction filtered,
washed with 19 litres of ethanol and dried in vacuo at 10 40C . Yield: 8.11
kg (91.5%) Melting point: 178 C 'H-NMR (CD30D): b = 2.47 + 2.27

Whehis HaBief 596 (s, 6H), 4.03 (m, 2H), 4.07 + 3.92 (m+m, 2H), 4.18 +
4.03 (m+m, 2H), 5.32 (m, 1 H), 6.26 (s, 4H), 6.80 (m, 1 H), 6.99 (m, 151

1. BS2(5 b A brblind S ol 8 (90, 1 H), 8.62 (5, 1H)
9.07 (s, 1 H) ppm 16 What is claimed is: 1. Process for preparing a
compound of the formRLQ(VII) Ra~NH NVNIRLN/OOR4 (VII)O
wherein X denotes a nitroljgn atom, R. denotes a 3-chloro-4-fluorophenyl
group and R3 and R4 ir}< S _SE nithyl group, comprising
the following synthesis step eacling a compound of general formula
(V) Ra~NH X NHZ N O 80 o R#

@

(ViN)

wherein X denotes a nitrogen atom,

R. denotes a 3-chloro-4-fluorophenyl group and R*® and R* in each case represent a
methyl group,

comprising the following synthesis steps:

a) reacting a compound of general formuia (V)

wherein X denotes a nitrogen atom and R, denotes a 3-chloro-4-fluorophenyl group, in
suitable solvents after corresponding activation with di-(C..~alkyl}-phosphonoacetic acid
and

b) reacting the resulting compound of general formula (V1)



(V) wherein X denotes a nitrogen atom and Ra denotes a
3-chloro-4-fluorophenyl group, in suitable solvents after corresponding
activation with di-(C1.4-alkyl)-phosphonoacetic acid and b) reacting the
resulting compound of general formula (VI) 17 Ra NH H OR1 \ N~pOR

N /00 v (Vl) wherein X denotes a progen atom, Ra denotes
3-chloro-4-fluorophenyl group and R' denotes a straight-chain or branched
C1_, -alkyl group, with the aldehyde of formula O R3 / H" v N~R4
wherein R3and R in egehﬁase represent q)gyethyl group , or a
corresponding aldehyde e uivalent,ﬁlsing siuit%bgla? organic or inorganic
bases. 2. Process for pre P
4-[(3-chloro-4-fluorophenﬁ.) - [&(N,&I-dimethyl-amino)-
1-oxo-2-buten-1-yllJamino}-7-((S)-tetrahydrofuran-3-yloxy)-quinazoline,
comprising the following synthesisﬁgs: a) reacting
N4-(3-chloro-4-fluoro-phenyl)-7-(tet drofuran-3-yloxy)-quinazoline-
4,6-diamine in suitable solvents after corresponding activation with
di-(C1.4-alkyl)- phosphonoacetié\ééid and b) reacting the resulting
dialkylester {[4-(3-chloro-4-fluoro-phenylamino)-7-((S)-

wh eg%liﬁ@é%r@g%rsag-r%f%lg%(ly)é%%j]nazolin-6-yicarbamoyl]-methyl}-phosphonate

wit '
Ra denotes 3-chloro-4-fluorophenyl group and R' denotes a straight-chain or branched
Ci4 -alkyl group,

with the aldehyde of formula

wherein R® and R* in each case represent a methyl group , or a corresponding aldehyde
equivalent, using suitable organic or inorganic bases.

2. Process for preparing 4-[(3-chioro-4-fluorophenyl)amino}-6-{[4-(N,N-dimethyl-amino)-
1-ox0-2-buten-1-ylJamino}-7-((S)-tetrahydrofuran-3-yloxy)-quinazoline, comprising the
following synthesis steps:

a) reacting N“-(B-ohloro—4-fluoronphenyE)-?—(tetrahydrofuran—3-yloxy)-quinazoline—
. 4.6-diamine in suitable solvents after corresponding activation with di-(C1.4-alkyl)-
phosphonoacetic acid and |

b) reacting the resulting dialkylester {[4~(3-chloro-4-fluoro-phenylamino)-7-((S)-
tetrahydrofuran-3-yloxy)-quinazolin-6-yicarbamoyl}-methyl}-phosphonate with



18 the aldehyde prepared in situ from the corresponding (dimethylamino)-
acetaldehyde-dialkylacetal using suitable organic or inorganic bases. 3.
Process according to claim 2, wherein as in step a)
diethylphosphonoacetic acid is used as reagent. 4. Process according to
claim 1 or 2, characterized in that ingfep b) DBU (1,5-diaza-
bicyclo[4.3.0]non-5-ene), sodium hydroxide or potassium hydroxide is
used as base. 5. The process according to claim 4, wherein in step b)
potassium tﬁy&l@g@@w&%i@@éﬁmm the corresponding {dimethylamino)-

acetaldehyde-dialkylacetal using suitable organic or inorganic bases.
3. Process according to claim 2, wherein as in step a) diethylphosphoneacetic acid is
used as reagent.

4. Process according fo claim 1 or 2, characterized in that in step b) DBU (1,5-diaza-
bicyclo[4.3.0]non-5-ene), sodium hydroxide or potassium hydroxide is used as base.

5. The process according to claim 4, wherein in step b) potassium hydroxide is used as
base.



