z 0opo oa* PD-6388 Process for the sinple preparation of (3-chloro-4-
f'l uor ophenyl ) -[ 7-(3- norpholin-4-yl- propoxy)-6-nitroqui nazolin-4yl]-am ne

"or (3-chloro-4 w | )-[7-(3-norpholin-4-yl-propoxy) - 6-
am noqui nazol | | mmm“m In the case of
(3-chl oro- 4- f1 uorophenyl)-[7-(3-nmorpholin-4-yl propoxy) - 6-

ni troqui nazol i n-4- y -amne (I) 1 itlis a question of a key conpound for

t he preparatlo (3-chl oro- 4-
fl uor ophenyl) - M{D “M“ | m“(4 mor phol i nyl ) - propoxy] - qui nazol i nyl ] - propenam d
e dihydrochlori g a representative of a new class of hppldags

effective irreversible tyrosme ki nase inhibitors of the EGFR (ep| der mal
grow h factor receptor) which is to be used for the treatnent of various
tumours, which is described, for exanple, in WO 97/38983. In the case of
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morpholin-4-yl-propoxy)-6-nitroquinazolin-4yl]-amine or (3-chloro-4-
fluorophenyl)-[7-(3-morpholin-4-yl-propoxy)-6-aminoquinazolin-4-yl]-amine

In the case of (3-chloro-4-fluorophenyl)-[7-(3-morpholin-4-ylpropoxy)-6-
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it is a question of a key compound for the preparation of N-{4-[(3-chloro-4-
fluorophenyl)-amino]-7-[3-(4-morpholinyl)-propoxy]-quinazolinyl]}-propenamide

dihydrochloride (11)
\Q(O H\N Cl
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I's a question of substituted 4-anilinoquinazoline derivatives which
bitherto could, in part, only be prepared in an up to 12 stage synthesis.
"The original synthesis steps are described in J. Med. Chem 1996, 39,
918-928 and WD 97/38983. Starting material for the previous synthesis was
1sonerically pure 7-fluoro-6- nitroquinazolin-4(3H) -one (I11) Il which
was reacted without solvent with a 55 n8lar excess of thienyl chloride with
the addition of catalytic anounts of DVMF to give

4-chl oro-7-fluoro-6-nitroquinazoline (V) A IV After distilling off of the
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an aqueous working up there wa tal ne

fluoroanilino)-7-fluoro-6- nitroquinazoline (V) V in about 90%yield as
crude product.

In the case of the above-mentioned irreversible tyrosine kinase inhibitors of EGFR, it
is a question of substituted 4-anilinoquinazoline derivatives which hitherto could, in
part, only be prepared in an up to 12 stage synthesis. The original synthesis steps
are described in J. Med. Chem. 1996, 39, 918-928 and WO 97/38983.

Starting material for the previous synthesis was isomerically pure 7-fluoro-6-
nitroquinazolin-4(3H)-one (Ill)
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which was reacted without solvent with a 55 molar excess of thienyl chloride with the
addition of catalytic amounts of DMF to give 4-chloro-7-fluoro-6-nitroquinazoline (IV)
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After distilling off of the thienyl chloride, the 4-chloro-7-fluoro-6-nitroquinazoline
obtained as crude product was reacted portionwise with a solution of 1 equivalent of
3-chloro-4-fluoroaniline and 2 equivalents of the highly toxic N,N-dimethylaniline in 2-



To a suspension of 1 equivalent of 4-(3-chloro-4-fluoroanilino)-7-fluoro-6-

ni t roqui nazoline (V) and 1.5 equival ents of 3-(4-norpholino)-propan-1-ol

“(Vl) 0/"- \N~ Ofi VI in dinmethyl sul phoxide (DVBO was added dropw se a

solution of 3 equivalents potassiumtrinethyl silanoate in DMSO and the

reaction mxture stirred for about 6 hours. After an aqueous worKking up,

(3-chloro-4-fl uoro-phenyl)-[7-(3-norphdtin-4-yl- propoxy)-6-

ni t roqui nazolin-4yl]-amne (1) was obtained in about 89%yield. This

synthesis step proved to be especially problematical since, in the case of
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part, also clearl smal | er yields than described. J 5 Reactions of

4- ( 3- chl ebtained 4+(étqmm'r5~ﬂu@r)oawlmpwerﬁ-nitroquimzme M) (V) and 3-(4-

nmor phol i no) - propan-1-ol (VI) and solid sodium hydride in THE anal ogously

to the process described in WO 97/38983 al so Ieag to only unsatisfactory

results. The (3-chl oro-4-

fIuorophenyl)-[7-(3-nDrphoIin-4-y|-prﬁgfxy‘ troqui nazolin-4-yl]- am ne
N

(I') obtained was subsequently hydroge g ~gji @ over Raney nickel in
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in about 90% yield as crude product.

To a suspension of 1 equivalent of 4-(3-chloro-4-fluoroanilino)-7-fluoro-6-
nitroquinazoline (V) and 1.5 equivalents of 3-(4-morpholino)-propan-1-ol (V1)
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in dimethy! sulphoxide (DMS0) was added dropwise a solution of 3 equivalents
potassium trimethyl silanoate in DMSO and the reaction mixture stirred for about 6
hours. After an aqueous working up, (3-chloro-4-fluoro-phenyl)-[7-(3-morpholin-4-yl-
propoxy)-6-nitroquinazolin-4yf}-amine (l) was obtained in about 89% yield.

This synthesis step proved to be especially problematical since, in the case of batch
enlargement, there were obtained only very variable yields and, in part, also clearly
smaller yields than described.



THE as solvent td give

(3- chl or o- 4- quorophenyI) [7 (3-nmor phol i n-4-yl - propoxy) - 6-

“am .noqui nazolin-4-yl]-amne (VIlI) VII and then further reacted to give (I1)
or its dihydrochloride trihydrate. Therefore, it was the task of the
invention to devel op an econonic and technically practicable process for
the preparation of the above-mentioned fey conpounds (1) or (VII). Hereby
should: 1.) the amount of the thionyl chloride used be reduced, 2.) the use
of the highly toxic N, N-dinethylaniline be avoided, 3.) DVSO replaced by a

cheaper Rebwdsrts off4- X3—I@ﬂto@6$1l-ﬂui6rbéhiﬁﬁb)ﬂ#ﬁ:bt@&%tr@q@hai@lﬁ*l&? 34a- be
repl aced, .).the yields of the reaction of F\(, e constantly

good 6. moamaphnqt Pé@k@ﬂ'éa@éw)eﬁ\"q %Qilda?qwmdﬂﬁ@ in &R poaiaoesrte thls (1V),
(V) and Eﬂﬁz@% Idés n%cf iﬁﬁg?g&%ﬁdalsg’l EnsétﬁaétUR) ffsltef the

I nventio he conbi na reac steps to give a
one-pot reaction. Surprisingly, it was found that the chlorination reaction
of (I1l') with thionyl chloride to

The (3-chloro-4-fluorophenyl)-{7-(3-morpholin-4-yl-propoxy)-6-nitroquinazolin-4-yl}-
amine (I) obtained was subsequently hydrogenated inter alia over Raney nickel in
THF as solvent to give (3-chloro-4-fluorophenyl)-[7-(3-morpholin-4-yl-propoxy}-6-
aminoquinazolin-4-yl]-amine (VII)
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and then further reacted to give (ll) or its dihydrochloride trihydrate.

Therefore, it was the task of the invention to develop an economic and technically
practicable process for the preparation of the above-mentioned key compounds (1) or
(VII). Hereby should:

1.) the amount of the thionyl chloride used be reduced,

2.) the use of the highly toxic N,N-dimethylaniline be avoided,

3.) DMSO replaced by a cheaper solvent,

4.) potassium trimethylsilanoate or sodium hydride be replaced,

5.) the yields of the reaction of (I) and (VI) be constantly good,

6.) and, in each case, an isolation of the individual compounds (IV), (V) and possibly
of (1) be omitted.



glve (I'V), the reaction of the chloride (1V) formed with

3—ch| or o-

4-fluoroaniline to give (V) and the subsequent reaction of (V)

wi t.h 3-'morpholin-4-yl -propan-1-ol (VI) to the key conmpound (I) in
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S to a one-pot reaction with 3 reaction steps, as illustrated in

tion scheme (Fig. 1). Furtherno6e, it was, surprisingly, found that
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m xture obtained in the case of the above- nentioned one-pot
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added to the reaction m xture catal yses the

intermediate compounds to a one-pot reaction with 3 reaction steps, as illustrated in
the reaction scheme (Fig. 1).

Furthermore, it was, surprisingly, found that it is also not necessary to isolate the
compound (l) but rather that the reaction mixture obtained in the case of the above-
mentioned one-pot reaction can be used directly for the hydrogenation to give (VII),
i.e. to a one-pot reaction with 4 reaction steps.

Furthermore, in the case of the chlorination reaction, the 55 molar excess of thionyl
chloride can be reduced to an 11.5 molar excess. After distilling off of the thiony!
chloride, residual thionyl chloride is distilled off azeotropically several times with
toluene. In the case of the last toluene distillation, the toluene must only be distilled
off to the extent that a still readily stirrable coarsely crystalline residue remains
behind. The so-formed chloride (IV) is very pure and is mixed directly with a
tetrahydrofuran/tert.-butanol mixture (7:3). For the further course of the reaction, the
use of this tetrahydrofuran/tert.-butanol mixture is of great importance. Surprisingly, it
was found that the tert.-butyl alcohol added to the reaction mixture catalyses the
desired substitution reaction.

In the following reaction of the chloride (1V) with 3-chloro-4-fluoroaniline, the highly
toxic N,N-dimethyl-aniline initially used as acid acceptor could be replaced by the
amine necessary in the 3rd reaction step, 3-morpholin~4-yl-propan-1-ol (V1). After



desired substitution reaction. In the follow ng reaction of the chloride
(TV) with 3-chloro-4-fluoroaniline, the highly toxic N Ndinethyl-aniline
“iniitially used as acid acceptor could be replaced by the am ne necessary
in the 3rd reaction step, 3-norpholin-4-yl-propan-1-ol (VI). After 17 about
24 hours stirring at roomtenperature, gzhe chloride (IV) was conpletely
reacted to give the aniline derivative?(V). Surprisingly, in the case of
this reaction, the alcohol group of the added base does not react. The
hereby resulting yellow to orange col oured suspension was m xed directly

wi t h a pabauk24houes stirribgiay ream tarpecatung, it chlofide (1IV) was completely reacted
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with the aniline derivative (VI) al read% present in the reaction mxture
to give £ABURDYIRENSION was Mmixeddirectlywih@&petgssium tertmbutylate/THF solution.
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propan- 1apbady/pbrestint th thdreketich HiixtRSto give the desired (1) which, after quenching

with an ice/ethanol/hydrochloric acid mixture, was obtained in a surprisingly good

total yield of about 95% with an also surprisingly good purity of about > 98%.

This very good course of the reaction was the more surprising since the tert.-buty!
alcohol present in the reaction mixture and also newly forming does not react in
analogous manner as 3-morpholin-4-yl-propan-1-ol (VI) with (V) to give the
corresponding tert.-butyl ether.

Furthermore, it was surprising that the NaH used for such substitgtion reactions (WO
97/38983; J. Med. Chem. 35, 14, 1992, 2617-2626; J. Am. Chem. Soc. 76, 1954,
3032, Heterocycles 22, 1, 1984, 73-78), sodium amide (J. Org. Chem. 59, 21, 1994,
6194-6199) or potassium trimethylsilonate could be replaced by the non-
problematically handlable potassium tert.-butylate.

Surprisingly, the product (1) obtained in the reaction mixture was of such a high purity
that the reaction solution could be used directly for the subsequent hydrogenation
without isolation of (I).



corresponding tert.-butyl ether. Furthernore, it was surprising that the
NaH used for such substitution reactions (WO 97/38983; J. Med. Chem 35,
“14,. 1992, 2617-2626; J. Am Chem Soc. 76, 1954, 3032; Heterocycles 22, 1,
1984, 73-78), sodiumanmde (J. Og. Chem 59, 21, 1994, 6194-6199) or
potassiumtrinethylsilonate could be replaced by the non- problenatically
handl abl e potassiumtert.-butyl ate. Sur%risingly, the product (1) obtained
in the reaction m xture was of such a high purity that the reaction
solution could be used directly for the subsequent hydrogenation w thout

i sol ati oExamplé 1: 8 Exanple 1: One-pot reaction for the preparation of
(3-chl oro-4-fl uorophenyl)-[7-(3-norpholin-4-yl- propoxy)-6-

ni troqui nazolin-4-yl]-amne (I). 150 g 7-fluoro-6-nitroquinazolin-

4(3H) - one (III) are suspended in 600 M thionyl chloride and, after
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vacuum ppc Lhitrbdingoalirsaly-amifd @).! i ne suspension is nixed wth about
600 ni tol‘?ﬁ)r?g’is Aboﬂt 800 ni %’gre dis j|IIed off in a vacuum This

distillation was further repeated 3

150 g 7-fluoro-6-nitroquinazolin-4(3H)-one (ll) are suspended in 600 ml thionyl
chloride and, after addition of 6 ml DMF, boiled under reflux for 24 hrs. A clear
solution hereby results. About 350 ml thionyl chloride are distilled off in a vacuum.
The resulting coarsely crystalline suspension is mixed with about 600 ml toluene.
About 800 ml are distilled off in a vacuum. This distillation was further repeated 3
times with, in each cape, 600 ml fresh toluene. In the case of the last distillation, the
toluene is distilled off as far as possible. There results a coarsely crystalline
suspension which, at all times, remains well stirrable.

The almost dry residue is mixed with 1.2 | of a tetrahydrofuran/tert.-butanol mixture
(7:3). The resulting suspension is cooled to about 10°C. With good stirring and
cooling, a solution of 114 g 3-chloro-4-fluoroaniline and 258 g 3-morpholin-4-yl-
propan-1-ol (V1) in 300 ml THF tert.-butanol (7:3) is so added dropwise over the
course of about 20 min. that the temperature in the reactor remains between 10°C
and 15°C. The initially yellowish suspension becomes thinner and colours orange in

the course of the dropping in.

One allows the reaction mixture slowly to come to room temperature and
subsequently stirs at room temperature for at least 24 hrs.

To the yellow-orange suspension is so added dropwise, with good stirring and gentle
cooling during the course of about 20 min., a solution of 324 g potassium tert.-
butylate in 1.86 | tetrahydrofuran that the temperature in the reactor remains between



times with, in each cape, 600 ml fresh toluene. In the case of the |ast
dlstlllatlon the toluene is distilled off as far as possible.. There
"results a coarsely crystalline suspension which, at all tines, renains
well stirrable. The alnost dry residue is mxed with 1.2 | of a
tetrahydrofuran/tert.-butanol m xture 7:3). The resulting suspension is
cooled to about 10C. Wth good stirring?and cooling, a solution of 114 g
3-chl oro-4-fluoroaniline and 258 g 3-norpholin-4-yl- propan-1-ol (VI) in
300 M THF/tert.-butanol (7:3) is so added dropw se over the course of

about 20160 .and20°C. idter axditiontofraboub 113ef thegutassiurarteitpbutykiteaF 10C  and
15C. The initially yellow sh suspensi on becones thinner and col ours orange

in the &luion he wheledpagtinmuixture kegoraes dark redcal@yedi on i xture sl owly
to come to roomtenperature and subsequently stirs at roomtenperature for
at least 24 hrs. To the yell ow orange suspension is so added dropwi se, with
good stirring and gentle <cooling during the course of about 20 mn., a
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the tenperature in the reactor remains between 9 15C and 20C

addi t i onob.4kpiee, 6/Ql ethanakanthi SJhvahechieric acidu(pli ofitbe Balutionabout 8), t he
whol e 1 eqfLt ORe oY S GrelGiS T 2180 &rah§d sBRIIBH" After brief stirring, a yellow

product crystallises out. The resulting suspension is after-stirred for about 5 hrs at
about 0°C and subsequently filtered off with suction. The filter cake is after-washed
twice with, in each case, 500 ml ice-cold ethanol.

The product is pre-dried in a circulating air cabinet first at 40°C and subsequently at
60°C to constant weight (yield: 316.5 g = 95.5%; HPLC purity: 98.48 rel. %; H20
(K.F.) 3.69% m.p. 257°C.

Example 2:

One-pot reaction for the preparation of (3-ch|oro-4-ﬂuorophenyl)-[7-(3-morpholin-4-yl-
propoxy)-6-aminoquinazolin-4-yl]-amine (VII).

20 g 7-fluoro-6-nitroquinazolin-4-(3H)-one (ll1) are suspended in 80 ml thionyl
chloride and, after addition of 20 drops of DMF, boiled under reflux for 24 hrs. A clear
solution hereby results. About 60 ml thionyl chloride are distilled off in a vacuum. The
resulting coarsely crystalline suspension is mixed with about 60 mi toluene. About 60
ml are distilled off in a vacuum. This distillation is repeated 3 times with, in each
case, 60 ml fresh toluene. In the last distillation, the toluene is distilled off as far as
possible. There results a coarsely crystalline suspension which at all times remains
well stirrable.



After about 30 mnutes after-stirring, the mxture is imrediately stirred
into a mxture of 5.4 kg ice, 6.0 1 ethanol and 1.8 | hydrochloric acid
(pH of the solution about 8). There hereby first results a yellow orange
solution. After brief stirring, a yellow product crystallises out. The
resulting suspension is after-stirred for about 5 hrs at about 0OC and
subsequently filtered off with suction. '8The filter cake is after-washed
twice with, in each case, 500 ml ice-cold ethanol. The product is pre-dried
in a circulating air cabinet first at 40C and subsequently at 60C to
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(KF.) 3.69% myp. 257C, Exanple 2: One-p reaction for the preparation of
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One allows the reaction mixture to come slowly to room temperature and
subsequently stirs for at least 24 hrs. at room temperature.

To the yellow-orange suspension is so added dropwise, with good stirring and gentle
cooling over the course of about 20 min., a solution of 43.2 g potassium tert.-butylate
in 250 ml tetrahydrofuran that the temperature in the reactor remains between 15°C
and 20°C. After addition of about 1/3 of the potassium tert.-butylate/THF solution, the
whole reaction mixture becomes dark red coloured.

After about 30 minutes after-stirring, the reaction mixture is mixed at 0°C - 5°C with a
mixture of 20 ml hydrochloric acid and 30 ml water and diluted with a further 200 mi
THF. After 20 minutes stirring in an ice bath, the reaction mixture is filtered clear over
50 g Celite. The filter cake is washed out with 100 ml THF. The filtrate is mixed with
31 g Raney nickel and hydrogenated at room temperature for 3 hrs. at 3.5 bar with
hydrogen. After filtering off the catalyst with suction, the filtrate is evaporated to
dryness and the residue stirred with 80 ml ethanol at about 2°C. The precipitated
product is filtered off with suction and washed with a little cold ethanol. After drying in
a circulating air drying cabinet at 60°C, there are obtained 32.1 g (77.7%) of product.



p055|ble There results a coarsely crystalline suspension which at al

times remains well stirrable. I O The alnpst dry residue is nmixed with 160
"m .of a tetrahydrofuran/tert.-butanol nixture. The resulting suspension is
cooled to about 10C. Wth good stirring and cooling, a solution of 15.2 g
‘3-chloro-4-fluoroaniline and 34.4 g 3-norpholin-4-yl- propan-1-ol (V) in
40 M THF/tert.-butanol (7:3) is so adddd dropwi se over the course of
about 20 min. that the tenperature in the reactor renmains between 10C and
15C. The initially yell ow suspension becones thinner in the case of the
dropping in and col ours towards orange. One_all ows the reaction mxture to
come slowly to roomtenperature and subsequently stirg for jat |east 24
hrs. at roomtenperature. To 4 he yel | ow or ange suspen5|on i sf so added
dropwi se, with good stirring § ntle coollMg cqurse of about
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tetrahydrofuran that thg at ur e e re 4 s |bet ween 15C
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solution, the whole reaqﬁlon nlxture beco dar kv red col red.
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After about 30 minutes after-stirring, the reaction mxture is mxed at 0C
- 5Cwith a mxture of 20 ml hydrochloric acid and 30 ml water and dil uted
“with a‘further 200 M THF. After 20 m nutes stirring in an ice bath, the
reaction mxture is filtered clear over 50 g Celite. The filter cake is
‘washed out with 100 Ml THF. The filtrate is mxed with 31 g Raney ni ckel
and hydrogenated at room tenperature f3 hrs. at 3.5 bar with hydr ogen.
After filtering off the catalyst with suction, the filtrate is evaporated
to dryness and the residue stirred with 80 m ethanol at about 2C The
precipitated product is filteredateht@laimsucti on and washed with a little
cold ethanol. After drying in a circulating air drying cabinet at 60C,
there are obtained 32.1 g (77.7% of product. 1'! 11l CBHAFN303 MW 209. 15
SCCl2 THF/ tert. Butanol V \-/

1. Process for the preparation of (3-chloro-4-fluorophenyl)-[7-(3-morpholin-4-yl-
propoxy)-6-nitroquinazolin-4-yl]-amine (1)
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or of (3-chloro-4-fluorophenyl)-[7-(3-morpholin-4-yl-propoxy)-6-
aminoquinazolin-4-yl]-amine (VII)
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characterised in that, in a one-pot reaction, in 3 or 4 reaction steps, one first
reacts 7-fluoro-6-nitroquinazolin-4(3H)-one (Il
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(3-chl oro-4-fluorophenyl)-[7-(3-norpholin-4-yl-
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(3-chl or o- 4- f | uor ophenyl ) - [ 7- ( 3- nor phol 1%- 4-y | - pr opoxy) - 6-

o,N A

with thionyl chloride to give 4-chloro-7-fluoro-6-nitroquinazoline (IV)

o]
ON N
2
F N)
\Y

reacts this with 3-chloro-4-fluoroaniline to give 4-(3-chloro-4-fluoroanilino)-7-

F

fluoro-6-nitroquinazoline (V)

N
O,N \j'
~
F N

and subsequently with 3-morpholin-4-yl-propan-1-ol (VI)



am noqui nazolin-4-yl]-amne (VIl) VII characterised in that, in a one-pot
reaction, in 3 or 4 reaction steps, one first reacts

"~ 7-f.l uor'o- 6-ni troqui nazolin-4(3H) -one (111) 13 111 wth thionyl chloride
to give 4-chloro-7-fluoro-6-nitroquinazoline (1V) O 1V reacts this with
"3-chloro-4-fluoroaniline to give 4-(3-chloro-4-fluoroanilino)-7-
fluoro-6-nitroqui nazoline (V) V and subsgquently wth

3-nor phol i n-4-yl -propan-1-ol (VI) 14, VI to give (lI) and possibly
hydrogenates (lI) directly in the reaction solution to give (IlI1).

\/

\

to give (1) and possibly hydrogenates (1) directly in the reaction solution to give

().



