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1 Method for the production of am no crotonyl

conpounds The invention relates to an inproved process

for preparing am nocrotonyl 5 conpounds such as for

exanpl e

4-[(3-chl oro-4-fluorophenyl)am no]-6-{[4-(N, Ndi-

nmet hy[ am no) - 1- oxo- 2- but en- 1- )‘/I]am no}-7-((S)-tetrahyd

r of uran- 3-yl oxy) - qui nazoline "and the physiologically

acceptable salts thereof, particularly 4-[(3-chloro-4-

f I uor ophenyl ) am no] - 6-{[4- (N,

N- di et hyl am no) - 1- oxo- 2- buten-1-yl]Jam no}-7-((S) -

t et r ahyMetifod &rrt&eyd)mtu)ctﬂih BRaAAlINE R rotd IV ipodhds

well as 4-[(3-chloro-4 10

fl uor ophenyl ) am no] - 6- {[ 4- (N, N-di net hyl am no) - 1- oxo- 2-
T o B T irsbid process for preraring ALPERia e
conupeudsesunhl ad for epaapde 4HEE-chiors-Aeffieirbphényi)amino]-6-{[4-(N,N-di-

mefj}yré(ogmg :18#1)%) -g-huiteny] o‘ﬂﬁ@ﬂ??} g«f({%l]ejrghyfl@f?qqn 3-yloxy)-quinazoline
and\théi preisibid Héal[voécc%ﬁ?é‘tﬂe%‘aﬁiﬁttﬁél’eéf 3Ha]rt' SLﬁéﬂ 4-4(3-chloro-4-

amno-?- tetra dr of ur an- 3- yl'ox
ﬂuwmhefrml)lamm Sk (6 ucﬂlmethylammom NXO+Z\IDILItIen\-1-\yI]arrm\o}~N((S)-

 tetrgSugrah SRy e AR BB WA AP B2

— ﬁuopd:’;ﬂmet)ah‘om]G@J{Hp(MNai|tnetﬁ¥lam’tﬁ‘d)uﬂbﬁﬁ-2 Butl%f-’!Jyﬂﬁhﬁo}a}ﬂ((S)~

transducti on nedi ate

ting effect on sj
tetr %{}13\‘459 Wan !&Qé@-‘iﬂﬁaaw{'ﬂw\'m&%ﬁﬁr@fth@wedhesecg‘rfar prepaﬂng

pham3Bagidi ic8 iodked by the Epidermal Growth Factor
receptor F @g&%ipﬂ%herefore, conmpounds of this type

are sw tabl e for the treatnent of di seases,

BRI boh oy ik 2B T} bR JSe58en 11

, am|do}‘>6!6($9ﬁte<hfahybﬁ)fgl%?t‘s-@ldﬁy%hidﬁbhﬁé aak tREbIRMiRg %%Eture

and gal | bl adder

F

NH
q o
YTy
i _ 0 CH,

© ()

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 respirafory tract and

diseases of the gastrointestinal tract and bile duct and gall bladder.
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WD 02/ 50043 di scl oses a nethod of preparation wherein
am nocrotonyl conpounds (IV) such as for exanple

4-[ (3-chl oro-4-fluorophenyl)am no]-6-{[4-(N, N

di met hyl am no) - 1- oxo- 2- buten- 1-yl Jam no}-7-((S)-tetrah
ydr of ur an- 3-yl oxy) - qui nazoline are prepared in a
one-pot reaction fromthe cor&gsponding aniline 5
conmponent (I11), bronmocrotonic “acid (I11), oxalyl
chloride and a secondary anine (see Di agram 1).

W@W@%@BR%S aNNE\thqA\I gz @{epaiqjlopl \%?b re[q"aRla i ggélgglp:y gempounds

(I sechiias! fdr R&mple weﬂ-cﬁer%»ﬂlﬁr@&% |)%ﬂm§];58fg Q@N on

eneraIIy carried out by colu chro

d"‘?ﬁ’i‘ﬁf ne)- 1t ¢xo-Adriert 1oflapnisphv H{63)-wtfahgdrofuran-3- yloxy)—

quﬁﬂgﬂﬁﬁe é f% gm e o?tliair?%i(éﬁg]p@? E}?t*&[‘ﬁﬁ(’%’ﬁ 8})rresa%ndmg aniline

co(r@@hehb(lt)ahucninﬁﬁmt@ie Ackl (Y bxAlVi ctadadé @ﬁd%&ﬁfdary amine (see
swtaét;| e on an industrial scale. Furthernore, the

D'?ﬂ! fAbd-had the di sadvant age that bronocrotonic acid is
not conmercially available in |arge anbunts and al so

D t he %orrespondl ng nethyl bronocrotonate is only
eAM'able in a purity of approx. 80 % These
circunstances also-mlitate against the suitability
of thiRs process for the industrial production of 4-[(3

*SNH
N~ 2 Br X
k‘ . Y\/\ Rb R
N _

i L (1)

(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-fluorophenyl)amino}-6-{{4-(N, N-dimethylamino)-1-oxo-2-buten-1-ylJamino}-7-
((S)-tetrahydrofuran-3-yloxy)- qumazolme was not suitable on an industrial scale.
Furthermore, the method had the dlsadvantage that bromocrotonic acid is not
commercially available in farge amounts and also the corresponding methyl
bromocrotonate is only available in a purity of a.ppr.ox. 80 %. These circumstances
also militate against the suitability of this process for the industrial production of 4-[(3-
chloro-4-fluorophenylyamino]-6-{[4-(N,N-d imethylamino)-1-oxo-2-buten-1 ~yi]amino}—7-
((S)—tetrahydrofuran-3~y|oxy)-quinazoline.
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chl or o- 4-fl uor ophenyl ) am no] - 6- {[ 4- (N, N- di et hyl am no)
-1- ox0-2-buten-1-ylJam no}-7- ((S)-tetrah yd
rofuran-3-yloxy)-q u inazoline. 3 In the light of the
above di sadvant ages of the known nethod of production,
the aimof the present invention is to provide a
process which allows the produ@ti on of

am nocrotonyl aryl am des, particularly

e 6 a0t 2608 abeh ST ke enethon cpracsiaian the aim of
thelp@isentim@niibAy o Srotide R pRidRs I'I‘?éf'l Q@o@% gﬂ% érogfygﬁon of

starting materials which are readily aval

- afinegetonyiarylanaides trastielilady 4d(@pehldra-drftuordphsnylamino]-6-{[4-(N,N-

[ ; | d ther e al.so i taple for
RO FRERSE St R PR SiehaR G olon 3y
quinamsling, alsivg hightepirerstartifgi aiialy @h@ﬁ@r@\fsaldiﬁz\/a ah% le and
W%oc ss according to the jnvention for preparing 4- P
witgout any great technical expenditure. This new process should therefore also be

sfﬁgh!l‘.gé)é( 20!35@&!;1@;%9 %hﬁ?ﬁg%ﬁﬁg?%ca@e Bhi et B5hdaa Qgglication.
((S)-tetrahydrofuran-3-yl oxy)-qui nazol i ne and ot her

' | ds. | di ti to bel
T AR A s PR SR ess.PrarTiingiHoghe imentig Taeereparing 4-(3-
i ! - ! - _
clitbreyHuwespiseny@aeding] 6;%[4Eﬂuétr\lnbc?a &NﬁﬁHiﬁgﬁb§§§@@h%yI}ammo}-?—

vant ages_of very good ] purit
((gg-éeﬁﬂﬂdéﬁﬁﬂ@*ﬂ-?ﬂé@év tenaapline Andidhet amimmerptonybssmpounds. In

a5 8 BB BRI RSB TP ot

compoun
actiordioy. tg-thé liplentipheshbao dreadvarisdsh oPY&Y Yol shehithl purities
di et h\xlléghos- phopoaceti c aci d, in suitablé sol vents,
ang gdew ol FRulshal kgs Hoan 9ddhon, preferably with
1, 1-carbonyl dii m dazole, 1,1-carbonylditriazole or
propanephosphoni ¢ anhydride, 20 particularly
inﬁh@mé@@%%/awqr #ing, to tea iryentibul thecoaespandinag anfitb gl ¢smpound vV}

A WSSO BE h nEBR i tion

ny-possi bl e nmethod of ami de |inking, i.¢€.
1_: iﬁ;\ﬁ@@wlw@ . dat-sampnyiditinaele sireropanephosphonic anhydride,
pahiclulﬁlﬁfl 9&%}'&5’6!\% Wilgzﬂbﬁ é@%i%‘zole, according to Diagram 2. The

~ dicycl ohexyl car bodi |
sofvent usedenay barfonexaraplel tptrbhedosiraar(wew) | dirdethylformamide (DM F)

or ethyl acetate.

pletropicetic eicat, ¢n sditebl@ebiveatd, AReMBYrESh GiRfifg %gt(i)\?dﬁoggﬁreferabiy with

The activation may be 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 (N'-(dimethylaminopropyl)-N-ethylcarbodiimide),
TBTU (O-(benzotriazol-1 -yh-N,N,N'.N'-tetramethyturonium tetrafluoroborate),
thiazolidine-2-thione or by conversion into the corresponding acid chloride, possibly

using thionyl chloride. 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 . ethyl acetate, toluene,

chlorinated hydrocarbons or mixtures thereof.
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TBTU
(O-(benzotriazol-1-yl)-N,N,N , N -tetranet hyl uroni um
tetrafl uoroborate), thiazolidine-2-thione or by
conversion into the corresponding acid chloride,
possi bly using thionyl chloride. If desired the
activation may be carried out using organic 30 bases
such as triethylam ne or pyri&ine, whi | e DVAP

(di met hyl am nopyridine) may additionally be added.

' spl s include DMF, THF, ethyl acetate,
In?ﬁ@zﬁ{é&ae@m\{g&{oﬁ"at ed hydrocarbons or m xtures
X dévestesta. méthyhe dgrbep bPhMHré§erd Hadmf ol I ow X denotes a
roup or a nitrogen atom' R denotes a benzyl,

th .
Ragf%ﬁ’ neﬁ AgYL drotenyletioy! or 8-chlanr-églenyphagryd yroungnd R
1 i - i hed Cl14- al kyl .
R GRteSa Suraldtc Al SRR B S Sremounds ahor oi

X denotes a nitrogen atom R denotes a

Th3-chl or O- 4-f%uorophenil group and Rl denotes an ethyl
§R0REESSS RRlegabimused for qomppuRisuMhereiORL X, ,,, \ NH2
X dono¥es adréden afih ON OO0 00 0 N> NO 15 a)

di - (Cl. 4- al'’kyl ) - pnosphonoacetic acid, activating agent
Ra denotes a 3-ch oro-4-fluorophenyi group and

.R' denotes an ethyl group.
10

Diagram 2:

R,
~ R
NH , i a\NH OR1
s T2 a i
OO 2 b
= ] 1]
N -0 ' I\N/ O

N
Q Q

Vi)

(V)

a} di—(C;4—alkyl)—phosphonoacetic acid, activating agent

The arylamide (Vi) 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). Thié 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 ,9-diazabicyclof4.3.0]non-5-ene), sodium hydroxide and potassidm 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 situ).
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The arylam de (VI) thus obtained in a high yield and
high purity is reacted with the corresponding
2- am noacet al dehyde usi ng suitable organic or
i norgani c bases in the sense of a
W ttig-Horner-Emmons reaction (Diagram 3). This
reaction may be carried 20 out dlrectly or after
i sol ation of the conpound (VI) for exanple by
precipitation by the addition of tert-butyl nethyl
et her, for exanple. Suitable bases include for exanple
DBU (1, 5-di azabi cycl o[ 4. 3. 0] non-5-ene), sodi um
hydroxide and potassi um hydroxi de, of which sodi um
drOX|de and potassi um hydroxide are preferred and
D stum hydroxide is particularly preferred.
Instead of the al dehyde a correspondi ng 25 equi val ent,
e.g. a hydrate or acetal, may be used, fromwhich the
Realdehyde |s rel eased (beforehand or in situ). 5
R. ORS Ra X' \ \ )reg=p ORS b) NH CN O
;3 BhOORa o0 5 Cwl\H b) al dehyde,

t & e acéfals used may b eyanpl e R3
the fol I-ow-ng—general typeX ﬁgﬂ/m\,r

10 OR4 Wherel n R2to R5 in each caselr ntGa .
straig ain or branched G -C4-al kyl Ngroup0 while R
thev?ro ® may be identical or different. O

(Vi) O

- b) aldehyde, base, THF /water

T_he acetals used may be for example compounds of the following gen'erél type:

RS
\O R3
R? /J\/]
0 N

s 7 . |
wherein R*to R%in each case represent a straight-chain or branched C1-Csalkyl
group, while the groups may be ldentical 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 (V) thus obtained, for example 4-[(3-chloro-
4—ﬂuomphenyl)amino]—G-{[4-(N,N—diméthy!amino)ﬂ—oxo-2-buten-1—yl]amino}-?—((S)—
tetrahydrofuran-3-yloxy)-quinazoline of formula (1), may then be converted into the
salts thereof, particularly the physiologically acceptable salts thereof, by methods
known per se. Preferably they are converted into fumarates, tartrates or maleates.
The dimaleate of 4-[(3—ch!oro—4—fluorophenyl)amino]~6—{[4-(N,N—dimethyiamino)-1—
oxo-2—buten—1—yl]amino}«?—((S)-tetrahydrofuran~3-yloxy)—quinazoiine of structural
formula (la) and the conversion of 4-[(3—.chIoro—4-ﬂuorobhenyl)ami_n0]—_6-{[4-(N,N—
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Preferably 15 R3 and R4 in each case represent a

met hyl group and R2 and R5 in each case represent an
et hyl group. The am nocrotonyl aryl am de of formula
(VIl) thus obtained, for exanple 4-[(3-chloro-
4-f|uoropheny|)an1no] 6-{[4- (N, N-di net hyl am no)
1-oxo0-2-buten-1-yl]Jam no}-7-((S)- 20 tetrahyd rofu ran
-3-yloxy)-quin azoline of forn@la (1), may then be
converted into the salts thereof, particularly the

| || t abl | ts thereof, by method
R mE8) Jepxb2disbylamip) o (Shietaipeatran & yiow)-

qufri_#[i(ﬁl“ﬁ% ﬁﬁgr‘{gﬁ%’%}% g%[] ewlf ﬂf}ﬁ?ﬂ%m f ?E'F' {Jr%ltﬁf}l{grmrﬁggrred To do

- thiadheropmpound (1) is dissolved in a suitable solvent, such as for ex?mf

but en- 1- yl S) - t et r ahydr of 3
meiEn G, Bbprohanale Bkl of sitians!: aptimally ik thareeician of water,
préfémtﬂy atAan6lf and combln eny rscrx]staﬂﬁne é“ﬂeif’ f(",‘\'ld g maleic acid

(3-chloro-4-fluoro

So'éﬁ'ﬁ@:t Wifh setiog - Whenosthabat isrusbdydg {ﬂﬂwﬁlft}th%' Wdrlﬁ)ls E)ﬂiféﬁﬁb!y done at
ine into its dinmaleate as
= RIS o U o AU Lia 41 Siiabous e Rshgolution. The

readtion ddmd:tmlmarrﬂe(drébly%e‘l&cﬁéa 's\'SQHaI tﬂe%e%%ﬁ%@ltec%?ta!hses out as

such_as far exanple nethanol, 1sopropa

'qmﬁ%&ﬁs&@&@p Brofarhly agpqug R quivaleots efmaleddacid are abed. After

cry‘gﬁlfgagoﬁl rgﬁeseég{:@fﬂléé’ g@r}ttg %oﬂgﬁq 10 @ﬁ%éqrgqeg@eﬁtp% stirred and the

crygialhcomsistimg of Wapoendmax)lare Sepaprfdedsffsol vent the work
~is preferably done at a tenperature of between 60 and

75 C using an ethanolic maleic acid solution. The
Diageawit4.0n conditions are preferably selected so that
" the desired salt crystallises out as quickly as

. possible. Preferably approx. 2 equivalents of maleic

F.aci.d are used. After 10 crystallisation has set in the
is cooled to anbient tenperature, sti rred and '
crt e Gy st al s consi sting of conpound are COOH
ar n (\COOH

sep ed of Di_agr am 4: )F Cl" NH ¢oo
NC) %0 NCH  © ;
&N'/ O.O , I \n/\/\
‘ k/lj::[

(la) Q

J

¢) maleic acid, ethanol

U

The starting compound of formuta (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-6-nitrophenol (XIV) by alkylation, exchanging
the fiuorine 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 (XVIl) is then converted into the compound (XVIII) as
described in Diagram 6 for the quinazoline analogue



N NOONNN'N/ Ol O (lI) o115 (la) ~~/ ©¢)

mal ei ¢ acid, ethanol The starting conpound of fornula

(V) may for exanple be prepared as follows in

accordance wi th nethods known fromthe literature. 20

The qui noline conmponents of fornmula (V), wherein X =

CH, may be obtained starting fromcommercially

obt ai nabl e 3-fl uoro-6-nitrophehol (XIV) by alkyl ation,

exchanging the fluorine atomfor an amino group and

reacting with ethoxyacrylic acid esters,

Diagragyyaet hyl ene- cyanoacetic acid esters or

et hoxymet hyl ene-nal onic acid esters 25 (Di agram 5a).

The conpound thus obtained (XVI1) is then converted

~|QMthe§o und (XVII1I) as, dgscribed in D agram 6
r t he ql]lmazol i ne anal ogue¥" Diagram5a: 0; +.0 0:0

QH 0 F F NH2 (X () (XvI) OHo R a~
NH O

— D

LX) Xv) (Xv1)

. (XVIHI) d

5 To prepare the. compound \2 where:n X = N the foliowing procedure Is used:
. -Startmg from. commercially obtainable 4-chloro-anthranilic acnd (VHll; X = CI) the
~-quinazolinone (IX) is obtained by reaction with formamidine-acetate, and is then
nitrogenated using sulphuric acid and coneentrated nitric acid (Diagram 5b).
- Alternatively, 4-ﬂuqro-anthranilic acid may also be used as the starting material..

10
' Diagram 5b:
_ OH OH OH |
L OO O
| +
"H,N X kN/' X’ k.N/ X kN/ X
. NO
(Vi) (1X) - 09 o)
a. X =Cl
b: X' =F

d) formamidine-acetate
15 e) HzSO4, HNO:} conc.



No\ \ N1, _.o N/ p N/ O(XVIl) Q(XVIIl) O 5 To
prepare the. conpound (V) wherein X = N the followi ng
procedure is used: Starting fromcomrercially
obt ai nabl e 4-chloro-anthranilic acid (VMIII; X =04)
the quinazolinone (1X) is obtained by reaction with
formam di ne-acetate, and is then nitrogenated using
sul phuric acid and concentrat8d nitric acid (Di agram
5b). Alternatively, 4-fluoro-anthranilic acid nay
al so be. used as the starting material.. 10 D agram
5b: HOR2C OH ~0c:02 OH H X. d) Il / e) +" N X' NXR
The(dd
e oo B, o faS Tt asdhsfion,fegugts fhus gbtafpd is then
chlqglggtqc& @nddbe ehimnreatiopfrodict () @i ma@mtgfmm{ §¥/CSifesponding

btained is then chlorinated, and
am"t‘%ﬁﬁ\ﬁ?’ﬁ%m n product (XlI) is react ed in S|tu with the
5  corresponding amine (D agram6). 5 Di agram 6:

Diagram 6:

a\NH u .
-—-g)—-* NJUNOZ
l .
o | LA
o - BR'0) Xy

: f) 'fS'.OClzi acetonitrile

10 g)R.NH,

The compound of formula (XII) thus obtamed is reacted with- (S) (+) 3~
hydroxytetrahydrofuran to form compound (Xll!) Hydrogenation of compound (X!il)

| or compound (XVIII) from D!agram 5a then yields the starting compound (V) (diagram
15 7).

Diagram 7:

o R,
R o S B \NH | Ra\NH
w0 M XX NO, ) | NH
NO 4 o — ¥ i
: @
(XI: X=N,X'=ClI, F
(Xun: X=N )
(XVHI): X = CH

20 h) (S){+)-3-hydroxy-tetrahydrofuran
' i) H
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Ra N\ NCz fl -\ /\~Np g) NHNp N X, NA/~X""

H >C<:I (X) (XI) (X11) SOC12, acetonitrile 10 g) RaNHz
The conpound of forrmula (Xll) thus obtained is reacted
with (S)-(+)-3- hydroxytetrahydrofuran to form
compound (XI'I1). Hydrogenation of conpound (XII1) or
conpound (XVII1) from D agram 5a then yields the
starting conpound (V) (diagrém 15 7). Di agram?
Ra\NH RaNH NHZ Ra,, NH h), ao NCz X \ ao X\ NCz
"NCNNX O (XIl): X=N X=d, FO (XIII):X:N M
(XVII1): X = CH 20 h)

The(i®edtibh- és@Y&%foﬁoth@a@ﬂgfo% Wugpophe)nyr%mmo]-&f[ét -(N,N-

i nvention also re

- dimethylesrion)- dfmcmzmm-dgtﬂanmhb}m(oﬂ-te@ah&drdft}tdﬂ‘ 3~ylox” h

e Hirfeiaa. 5 3ai péﬂééﬂnaﬁg Suitabledat plamacsuizatuse as i

- existsSinRgy bl lcRystaine inh Sk Eatt I Hig @‘gsrélc%:v%?lagﬁ %éptd very

5 exists in only one cryst
stabley npreover anhydrous and very

For pharmaceutical use an active substance not only has to exhibit the desired
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 r__lature of the active substance.

: ,Wthout being restnctive examples of these parameters are the ‘stability of effect of f

the starting material under various environmental 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 envifonmental conditions. This is absolutely essential

- {o 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 i in pharmaceutlcal 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

: durmg storage, e.g. by the addition of swtabte drying agents or by stormg the _
s medlcament in a damp-proof environment. In addition, the uptake of moisture can

redtice 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 modification of an active substance is important to the reproducible

active substance content of a preparation, there is a-need fo clarify as far as possible
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stabl e. For pharmaceutical use an active substance not
only has to exhibit the desired activity, but nust

al so conformto additional requirenents in order to be
all onwed to be 10 used as a pharnmaceuti cal .
conposition. These paraneters are to a | arge extent
connected with the physicochem cal nature of the
active substance. Wthout beifng restrictive, exanples

of these parameters are the stability of effect of
ous envi ronmnent al

any AR5 PohehoreFRiiol B AHve b Slengp duseentn coYstaiibe form. I ther
are gifferert pabirhomhid ﬁfd@lﬁo%‘tlbﬁg o@ﬁﬁ a%‘t:@@ 's'ubts ‘%‘3 a tkgf%le taken to

anment conposi tlons. har maceu C

. ensgg&bgﬁﬁ@@&m@@ﬂlmdmﬁf ieption n@tmbq&tmmaot:mange in the

pha R RRSFIRH K RIS g 2 Lo ve

- harreinl effectraminel repoodliditle poterddy of the dHIgOlAgaMsf tRis Hackh@und,

vent the use of pharnmaceutical "comnpositi.ons
ac“‘(ﬁﬁ"@ﬁ Ay Haractarigad by iy siohtpolauordvsmiara préefeered.

substance, breakdown products thereof, for exanple. In
such cases the content of active substance in

Anothes eritecientwhigh may helofiexoeptiarial nnpma.hm and&esertdiat
f d h |
. circuR8EheGeoeind BNB etk or By eiof s i sboicasfananuracturing
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Phar maceuti cal conmposi tions-

. ter
. SO'"‘&H?O?TG RrePatad € -gdee "'thS@BS)p'i ist essendiat ti‘mfrmbmptwajsmbstgnce

 shokd S5 <o 1 A A Sl S s v
. :mpceia\vli farrdrags which adz:liot betakenhsraliptiaitehe biclid §h§ét§n6§%hould be

: o content of pharmaceutically active -
_suff&&gt!&fg%iggiedu” ng manufacture if ‘the -30 nedicanent is

exposed to the environnent w thout being protected
. _fromdanp in any way. Preferably:a pharmaceutically
The probigm of ﬂb%péﬁﬁ@@t mﬁuqnum:r plfomde a@harmabeutidallmdoﬁde
e [ )di ficatiogn of

active substance i’s

safisfies thecalsaitestrentioned Iphyﬁkoefﬁemuo@! %tﬂr @zﬁé’fﬂs ésh‘%F 8s 'p%séibie. |

need to clarify as far as possi bl e

_Thls problem is solved by 4-[(3- chIoro—4-ﬂuorophenyl)ammo]~6 {[4 ~(N,N- dlmethyi-

amino)-1-oxo-2-buten-1-yflaminc}-7- ((S) tetrahydrofuran 3-yloxy) -quinazoline

dimaleate.

-[(3-chIoro-4-ﬂuorophenyi)amtno]~6—{[4 ~-(N, N-dlmethylammo) 1-oxo—2 buten-1- -yi}-

lammo} ~7-({S)-~ tetrahydrofuran—3-yloxy) -quinazoline dimaleate has a meltmg pomt of |

178°C (cf the thermoanalysis shown in Figure 2). The crystalline 4- -{(3-chloro-4-

| fluorophenyl)amino}-6-{[4-(N, N~d|methylammo) 1-ox0-2- buten-1-ylJamino}-7-((S)-
tetrahydrofuran-3-yloxy)-quinazoline dimaleate was mvestlgated further by X—ray

powder diffraction. The diagram obtained is shown in F igure 1.

The following Table fists the data obtained in this analysis:




any exi sting pol ynorphi smof an active substance
present in crystalline form |f there are different
pol ynor phi ¢ nodi fications of an active substance care
nmust be taken to ensure that the crystall.ine
nodi fi.cati on of the substance does not change in the
phar maceutical preparation |later produced fromit.
Ot herwi se, this could have a® harnful effect on the
reproduci bl e potency of the drug. Against this

T g round actlve subst ances characterised by only

e, esHRs angrigtensitias. (staadartised} of tiee i4of{3-chioro-4-
whi ch gﬁl "M amiaddi-{[d+(h, Nidipethydamino)ridexo-2dsiten1 -yllamino}-
ci r cukdi Shtateahydpefutting-yloxy)uircaraiine dirhafeaterul at i on
or the choice of manufacturing 10 process is the .
SOl ‘ubi _|..|+y_9.f_t__h_e_ar\f ve suhst ance Lf for exampl e

~ pharnfceutic2® sol utfons aealweepar e (e.igterdity

. infusfons) it is essefti al tP the aftive substance
shoul §i be suflf} ci ent | sol ub¥8l in phygi ol odilc Bl y
acceprapte—s ents—tt &-S5o—v-ef-y—-pertant . f.or
drugsiwhi ch g% to be taken 1cﬁjglly t hpt the 4étive
subst fince sHﬁ)aEd be pufficitsgly soluble. "Ig3The

pr.obl pm-of ptesenj—iAventlonts to provide a - |
. pharnpceut | caFTy actiye sub@t%nce V\,h] ch not2énly is|
. charagterisegl1®y. hi gh pharrrmcgog 0gi cal| potencyybut—atgo

hen ca

L~ satief
' ' hi-s proBdemis

-requi | enment

20 T

.- ~solvefd by 1169 7.66 :
4- [ 3lchloro.4- henyl Yam no] - 6-i{ [ 4- (N, K di met hyl
ER 1291 _ ‘6.85 . T 20
."arri nop - I- 0Xq3Zgbut en- 1=y [ agzx] ;-: '((S)-_t et ri,’“,hydr efyr
an- 3_‘ /] ny\/\ -mll nazol iine dj: m:ﬂ eate. |’ ' o
4-[ (3 chi or 3346¢ | uoroipheny@rﬂfho] 6-{J[4-(N, 2

N- di tnyl agyBq) - - oxXo=2=buteegfr =y 125
-am noj-7-((S) -t et r ahyidr of ur an-3- yl oxy) - qui natbl i ne
di ralfat e hA&5&mel ti g poi n6.a 178¢ (cf. tfe

t her npanaty shownrfrn—Fgitr-e—2 ) FHe—c+ ystalline
- 4-[(3chl e 515 R ‘
. fluor ophenyﬂ?&h no] G- {[ 4- (Mg di met ryl ant Nok- 1- OX0- -
i -‘l‘;but enf )= ,-\(u, :
tet ra*,vdr of urgﬁ 3-yldxy)-qui r?gzol i ne |di mal eat® was
invedti gat eth.durt her by X-raye powder diffraggiom The
o di agr am uu at-ped— ghowni-n Ei gure. 1 30 The .

7' “foll dwi ng :I'%%f% I|st< t he dﬁt2§ obt ai hed in tHs
- -anal ysis: . 2133 ‘ 4.16 51
S 21.58_ | 412 12

2225 T 3.992 15
22.94 3.873 I 32
2367 "3.756 '
24.82 : 3.584
25.56 ' 3.482 | 37
26.71 3335 g
27 .46 3.245 4
28.37 3.143 8
30.71 2.909 3
29.31 3.045 4




11 Table: X-ray powder reflections and |ntenS|t|es
(standardi sed) of the 4-[(3-chloro-4
quorophenyI)an1no] 6- ([ 4- (N, N—dlnethylan1no) 1- oxo- 2-
but en- 1-yl ] am no) -

7-((S)-tetrahydrofuran-3-yl oxy)-qui nazol i ne di mal eat e
2-0 d-value intensity [] [Al lilo[9% 4.91 18.0 47
6.42 13.8 33 7.47 11:8 27 d9213. 10.9 30 10.37 8.53
30 11.69 7:56 2 12.91 6.85 20 13.46 6.58 3 13.66
6.48 2—14.94 5.03 1116 583 5 34 12 17.19 5. 15 36

17.874. 96 29590 43 4|57 383.009. 91 4.}i6 100 4£0.84
4,26 I3 2T RS 16 21 21 G212 —22R5-3;00215
22.9413.873 37
32.31 2.769 4
33.10 ] 2.705 5
33.90 2.643 1
34.84 2573 - 2
35.71 2.512 1
36.38 T 2467 1
3696 T 2430 1
3799 2367 2
o394 2255 5

_ ln the preeedmg Table the value ‘2070 ]" denotes the angle of dlffractlon ln degrees
R _'and the value "dhk{ [A]" denotes the specn‘" ed dlstances in A between the latttce
‘planes. .

" The x-ray powder diagrams were recorded, within the scope of the present invention, -
usmg a Bruker D8 Advanced diffractometer fi tted with a PSD detector and a Cu

".'a-;-_:.;:anode as the x—ray source (CuKaI radiation, A = 1, 5418A 40 kV, 40 mA)

The following Examples are intended to illustrate the invention:
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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 12 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 2.512 1 36.38 2.467 1 36.96. 2.430 1 37:99
2.367 2 39.94 2.255 5 In the preceding Table the
Value ."2 Oj]" denotes the angle of diffraction in
degrees and the value "dhk, [A]" denotes the
ified distances in A between the lattice planes.
= 3589% "x-ray powder diagrams were recorded, wthi nt-he
scope of the present invention, using a Bruker D8
Advanced diffractonmeter fitted with a PSD detector and
'Exaamg!m anode as the x-ray source (CuKal radiation, X =

Dleghy? ﬁll 3’5¢hloro-§\ﬁuoro~pliI|A21ylammo)J—((S)-tetrahydrofuran-3—yioxy)-

- -quinazolin-6-ylcarbamoyl}-methyll-phosphonate

N NH, . -
L : e Y\ﬁ—oa

| Q. |
o(>“‘°

| 3 58 kg of 1,1- carbonyldumtdazoie (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 d:sso!ved ing.5 Ittres of tetrahydrofuran. The mixture is

- sttrr_ed for 30 mmutes at40 °C. The res_u!_tlng soiution is referred fo as soiutlon A

15

.20

6. 39 kg (17 05 mof) of N4~(3 chloro~4 ﬂuoro ~phenyl)- 7- (tetrahydrofuran 3-
y!oxy)qumazoilne-4 6-diamine are placed in 26.5 litres of tetrahydrofuran and at 40°C
combmed with soiutlon A and stirred for 2 hours at 30°C. 64 litres of tert.~
butylmethylether are added to the suspensnon and after cooling to 20 °C the
precipitate is.removed by centnfugmg It is washed with a mixture of 16 litres of

) ‘tetrahydrofuran and 16 litres of. tert -buty!methyfether and then with 32 litres of water |
and dried at 50°C. ' :

Yield: 6.58 kg (69.8%) of white crystals, content: HPLC 99.1 Fi%




10 The fol I ow'ng Exanples-are intended to illustrate
the invention: 13 Exanples: Exanple 1 Diethyl
{[4-(3-chl oro-4-fluoro-phenyl an no)-7-((S)-tetrahydrof
uran- 3-yloxy)- 5
gui nazol i n- 6- vl car banovi | - met hyl ) - phosahonate F f Cl
\ FNH '"N'"" NHz CIl NHHOEt = LNOOO 0 158 kg of
1, 1- car bonyl di i m dazol e(22. 14 nol) are placed in 12.8
litres of 10 tetrahydrofuran and at 40 C conbi ned
E i @4. 52 kg (22.16 nol) of diethyl phosphonoacetic
XaMPle % ssolved in 6.5 litres of tetrahydrof uran. The

- ©FLa R ladingbll 2 SholBoiids T PGS LhudiB gk binino) 7465)-
- tetratyydrofuram-3ayloXy)eduinazolin-6yll-amide

- N4- (3-chl oro-4-fluoro-phenyl)-7-(tetrahydrofuran-3-1.5
yl oxy) qui nazol i ne-4, 6-di anmne are placed in 26.5

F | AL es of tetrahydrofuran and at 40C conbined with
|onAand stirred for 2 hours at 30C. 64 litres
cl” 0 Nf—l butyl met hyl et her are added he suspension -
_cdpling FFL20 C the pre% I's renoved
' mxt gyt

B o) FtOEs washed with of 6.
tQathrofuran-.and.i.ﬁlltresN N S~y
- tert. butyl ethylether and then with 32 |lits 0 ]
S wat er 20 - dried at -50C. Yield: 6.58 kiN(69. 8% ~of
white crystal g, cont ent: HPLC 99.1 FI % 14 G
5. ' ' 0

5 6 irtres of 30 % hydrochlorlc acrd (53 17 mol) are added to 4.4 litres of water. Then ‘
4 28 kg of 95 % (drmethylamano)-acetaIdehydedlethyiacetal (26.59 mol) are added |
dropwrse within 20 minutes at 30°C. The reaction solution is strrred for 8 hours at
o 35°C stlrred cooled to 5 °C and stored under argon. This solutron is referred fo as
10 solutlonB ' | '

4. 55 kg (68 06 mol) of potassrum hydroaade are dissotved i in 23. 5 htres of water and o
“cooled to ~5°C This solutton is referred to as solution C. ' s

15 5 88 kg (10 63 mo!) of dlethyl {(4-(3-chloro-4- ﬂuoro-phenylammo)-? (tetrahydrofuran— , ‘-
~ 3-yloxy)- qumazolrne 6-ylcarbamoyl)-methyi) -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 stlmng fora further hour at -5 °C the reaction mixture is heated

20 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: 5.21 kg of crude
product, 100 %, water content: 6.7 %

The crystallisation of the crude product is carried out with butyl acetate /
25 methylcyclohexane

Yield: 78 % purity HPLC 99.4 F1%, water content 5.4 %
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Exanpl e 2 (E)-4-dinethyl am no-but-2-enoic
aci d-[ 4-(3-chl oro-4-fluoro-phenyl am no)-7-((S)-

. tetrahydrofuran-3-vl oxy)-quinazolin-6yil-amde F F. \
F/ G NHHOE \' I N\ \ NPOCEt CIl NHHNOO p NN\
Ni Nof .-/ 0 CO 5.6 litres of 30 % hydrochloric
acid (53.17 nol) are added t(‘i 4.4 litres of water.
Then 4.28. kg of 95,0/0 :

(di met hyl am no) - acet al dehyde- di et hyl acetal (26.59 nol)

Exa?@?lg ded dropwise within 20 mnutes at 30C. The

on solution is stirred for 8 hours at 35C

(E)-sidrmeﬂtjdarﬁm@l-lﬁﬁ— —@nérc%ﬁ&ﬁiﬁ(ggfrﬁ{?ruﬁ‘gﬁ&gﬁﬁé’ﬁggg}{}j.g).ﬁ((s).tetra_
h

solutron is referred to as
drofigrag ' 5 Dmmiﬂeohhma@hieare di ssol ved in

to -5C. Thi Iutlon
T R M e R T
pheayladiieg) S -tetrah drofuran-3-yi -6-vh)- i
ég & h’f:l(( ) drofur Coheg ley)~qlr.]u(i)'Iazolm Ge){l)r gmccfje are Placed in 84
litres of ethano and heated to 70°C and comb!ne Wrth a solution of 2. 94 kg (25.31

molﬁoﬁ/thPéYc) a&H'rﬁ‘%@qrt e%e%fﬁatﬁéﬁ&r ?or | éJgE #@éagéln)%af nosh tn irst the

'i'thium ch
mlxtprfau@e@qled rz:sze °c| andbstinéd fart2 hoyey trfarrm mreemoeﬂt: The

| uti,on i s added within
Pr_e"rlﬁ'ﬁ’g? &SUC?W@?#@&?&%%@ Wgh ackiresef eﬂ?enowrtdwdﬁed in vacuo at
40°¢rour After strrrrng for a further hour-at -5 C the
action mxture is heated 20 to 20C and conbined with

aAd): '.'\'.

-‘Y'e"1§31”tk96(89105%)/ater After cooling to 3C the suspension

'Melt\ill@[p‘?m g%n,drltered the precipitate i s washed with

dried. Yield:. 5.21'kg.of crude product, 100

o 1H-NMRV(EI[QOII)oﬁt=eEI47 £202P4m+m, 2H), 2. 96 (s, 6H), 4.03 (m, 2H), 4.07 + 3.92

15

. (m+m, 2H), 4.18 +'4.03 (m+m, 2H), 6.32 (m, 1H), 6.26 (s, 4H), 6.80 (m, 1H), 6.99 (m,
1H), 7.27(s, 1H), 730(t 1H) 7.66 (m 1H), 7.96 (dd, 1H), 8.62 (s, 1H), 9.07 (5, 1H)
ppm




The crystallisation of the crude product is carried
out with butyl acetate / 25 nethyl cycl ohexane Yield:
78 % purity HPLC 99.4 Fl % water content 5.4 % 15
Exanpl e 3 (E)-4-dinet hyl am no-but - 2-enoi c
aci d- (4-(3-chl oro-4-fluoro-phényl am no)-7-((S)-tetra-
hydr of ur an- 3- vl oxy) - gui nazol i n- 6yl ) -am de di nal eate
6.0 kg (12.35 nol) of (E)-4-dinethylam no-but-2-enoic
Patest €laims( 3- chl oro-4-fl uoro 5
phenyl am no) - 7- ((S) -t et r ahydr of ur an- 3- yl oxy) - qui nazol i
n-6-yi)-amde are placed in 84 |litres of ethanol and
1. hpas@ssstior {[4-
(e o BiERaRng (FETAMERALMLE B AL L MoRoprierifiphtholo-{14
Af t(NrN'@W@tfb{lam@Qﬁﬂde’raé)Lﬁm 1ivilaniine s 7-(t Setetrahydwferan-3-
C.and.stirre hen for 3
o8 Elomis, e ising M uoRindsdihesis dlerr ca
washed with 19 litres of ethanol and dried in vacuo at
_ 10 40C . Yield: 8.11 kg ( 91.5% WMelting point: 178 C
" HaNKfRRQtioBgD ey mpguad of generad famuladV 2H), 2. 96 (s, |
6H), 4.03 (m 2H), 4.07 + 3.92 (mm 2H), 4.18 +4.03
(mm 2H),.5.32 (m 1H), 6.26 (s, 4H), 6.80 (m 1H),
6.99 (m 15 1 H, 72715, 1 H, 7.30 (t, 1 H, 7.66
(m 1 H, 7.96 (dd, 1 H), BH62 (s, 1 H), 9.07 (s, 1 H)
ppm 16 Patent Cains 1 Préacess fmom preparing the
di mal eate of 4-[(3-chl or(ﬁ4 ropﬁwenyl)am’ noj - 6-{[ 4-
(N,
N- di et hyl am no) - 1- oxo- 2- bﬁten 1- ?'I]am no}-7-((S)-tetr
‘ahyd rofuran-3 5 yl oxy) - qui nazol conprising the
foll ow ng synthesis steps: a) @I ng a conpound of
general formula (V) Ra~NH W) O

wherein X denotes a methyne group or a nitrogen atom and
Ra denotes a benzyl, 1-phenylethyl or 3-chloro-4-fluorophenyl group,

in suitable solvents after corresponding activation with di-(C+.4-alkyl)-

phosphonoacetic acid;

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

C)R1

H __,OR1
@il 1

(V1)

wherein X denotes a methyne group or a nitrogen atom,
Ra denotes a benzyl, 1-phenylethyl or 3-chloro-4-fluorophenyl group and
R' denotes a straight-chain or branched C+.4~alkyl group,
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15

20

- 25

30

X\ NH2 Il \ 00 (V) 10 wherein X denotes a nethyne
group or a nitrogen atom and Ra denotes a benzyl,

1- phenyl et hyl or 3-chl oro-4-fluorophenyl group, in
sui tabl e solvents after corresponding activation with
di - (G _4-al kyl)- phosphonoacletic acid; 15 b) reacting
the resulting conmpound of general formula (VI) Ra,
NHHIXITI \' \ ~PRt OR7 "N/ 0 O (VlI) wherein X
devith the aldebydg eéfyrmaldd or a nitrogen atom 20 Ra
denotes a benzyl, 1-phenylethyl or

3-chl oro-4-fl uorophenyl group and Rl denotes a

strai ght-chain or branched Clgé-al kyl group, 17 wth
the al dehyde of fornula NR4 5 wherein R3 and R4
i'n each case represent a straNggt-chain or branched
Cl-C4 al kyl group, while t grogps may be identica
or different, or a correspondi ng atdehyde equi val ent,
-using suitable organic or inorganic bases; and

wherein R* and R* in each case represent a straight-chain or branched C4-Cs-

alkyl group, while the groups may be identical or different,

or a corresponding aldehyde equivalent, using suitable organic or inorganic bases;"
and
c) converting the resulting 4-[(3-chloro-4-fluorophenyl)amino]-6-{{4-(N,N-
dimethylamino)-‘l ~0x0-2-buten-1-yllamino}-7-((S)-tetrahydrofuran-3-yloxy)-
quinazoline into the dimaleate by reacting with maleic acid in a suitable

solvent, with heating.

_2. Process according to claim 1, wherein ethanol or isopropanol is used as solvent,
- optionally with the addition of water.

3. Process according to claim 1 or 2, wherein at least 2 equivalents of maleic acid are
used.

4. 4-[(3-Chloro-4-fluorophenyl)amino]-6-{[4-(N,N-dimethylamino)-1-oxo-2-buten-1-yl}-

~amino}-7-((S)-tetrahydrofuran-3-yloxy)-quinazoline dimaleate.

5. A pharmaceutical composition containing 4-[(3-chioro-4-fluorophenyl)amino]-6-{[4-
(N.N-dimethylamino)-1-oxo-2-buten-1-yllamino}-7-(( S)-tetrahydrofuran-3-yloxy)-
quinazoline dimaleate optionally together with one or more inert carriers and/or
diluents.

6. Use of 4-[(3-chloro-4-fluorophenyl)amino]-6-{[4-(N,N-dimethylamino }-1-oxo-2-

b_uten-1 -yllamino}-7-(( S)-tetrahydrofuran-3-yloxy)-quinazoline dimaleate for preparing




10 c) converting the resulting

4-[ (3-chl oro-4-fl uorophenyl)am no]-6-{[4-(N, N

di met hyl am no) - 1- oxo- 2- buten- 1-ylJam no}-7-((S)-tetrah

ydr of ur an- 3-yl oxy) - qui nazoline into the dinal eate by

reacting with maleic acid imM& suitable solvent, with

heating. 15 2. Process according to claiml1, wherein

et hanol or isopropanol is used as solvent, optionally
a phaimacediisahdampositionfwhich & suitabl®facthesreatimentofigerion or

mherehn at e%ﬁl 2 equivalents of maleic

malidpifts Tngtfs, Jar Pre6H

I .
ng and trealing diseases ofetﬂe respiratory tract and

lungéak WelIGH ﬁerréhtﬁbltﬁééﬁﬁé%rM't%é@a%ﬂ‘biiﬁe{siiﬂaﬂ%ct and the bile duct

N- di net hyl am no) -'1- oxo- 2- but en- 1-yl
and gal Blgdder.( (S) -t et r ahydr of ur an- 3- yl oxy) - qui nazol i ne
di mal eate.- 5. A pharmaceutical conposition containing
~4-[(3-chl oro-4-fl uorophenyl )am no]-6-{[4- 25
(N, N-di met hyl ami no) - 1- oxo- 2- but en- 1-yl J ami no}-7-((S) -t
et rahydr of ur an- 3-yl oxy) - qui nazol i ne di nmal eat e
~optionally together with one or nore inert carriers.
and/or diluents. 6. Use of
4-[(3-chl oro-4-fluorophenyl)am no]-6-{[4-(N, N-di net hyl
am no) - 1- oxo-2 30 S N '
buten- 1-yl ] am no}-7-((S)-tetrahydrofuran-3-yl oxy)-.qu
nazoline dinaleate for preparing 18 a pharmaceutica
conposition which is suitable for the treatnent of
beni gn or malignant tunours, for preventing and
treating diseases of the respiratory tract and |ungs
as well as for treating diseases of the -
gastro-intestinal tract and the bile duct . and gal
bl adder. 5 ' :



