WO 01/ 77099 *159159* PCT/ EP01/02672 - 1 Process for the preparation of
benzoifused heterocycles The mv‘Mﬂnﬂlummm‘ 'mes to a process for the
preparation of benzo-fused heter eneral formulal: 5 RBRlL E1
~ R2 XNH in which Xis S 0 or NHxsQ»R1 is CN, NO2, Ac, CQAr, COQAr,
COOH, CODA oVOCONRARS?® R2 and R3 independent|y of one PEAGERSA/AR678ach H,
A, NO2, CN, OH OA or Ac, R4 and R5 i-ndependently of one another are each

H A A 4. and_R5 to et her - 2) - (CH2) n- (CH2
A S aiRgberlt for End e Bt 08N br hen2niunghheteratutaben (o
‘unsubsti tuted phenyl or phenyl substituted by A, N, CN, OH or OA, and 20

nis 2, 3 or n @ ydr ob S eroc cl es of forrrula
Il: R3 R | Eh?E?MVESQIQ\l%& Qezlg‘tt" \t\l?n % s;_lé(gel;g %"6 of ‘i\H’]y CRATFRLQ
NOR, Ac, coXf leewye- fomed, hempwcwmQSgenemlaﬁdrﬂslandependent ly of

one anotlger are each H, A

R3 -
| |
= X~ TNH,
in which

X is S, O or NH,
10 R' is CN, NO;, Ac, COAr, COOAr, COOH, COOA or CONR‘R®,
R? and R? independently of one another are each H, A,
NO,, CN, OH, OA or Ac,
R? and R® independently of one another are each H, A, Ar
or Ac, or
15 R? and R’ together are also - (CH,)- (CHy),- (CHy) -,
A is alkyl having 1-6 C atoms,
Ac 1is acyl having 1-6 C atoms,
Ar is unsubstituted phenyl or phenyl substituted by A,
NO,, CN, OH or 0A, and
20 n is 2, 3 or 4,
by reacting tetrahydrobenzo-fused heterocycles of

formula II:

R3 =

=5 X~ “NHAc

25 T

tn LT

X 1s S, O or NH,
*G00002*



NO2, CN, OH, OA or Ac, R4 and R5 independently of one another are each H,
A Art 57r Atc, or R4 and R5 together are also - (CH2) - (CH2) n- (CH2) - ,
A is alkyl having 1-6 C atons, Ac is acyl having 1-6 C atons, Ar is
unsubstituted phenyl or phenyl substituted by A, 10 NO2, CN, OH or QA, and

nis 2, 3 or 4, with a catalytic amunt 2of a noble netal catalyst in “the

presence of a hydrogen acceptor and then dea](c:yl a'éi Rg t he aclyl at e? ?m noI
roup by the_ additi 15 an _anine. Benzo-fused heterocycles of fornula

? arg i?/rport%nt S n r(r)PL%Fi'atAé:s icﬁ’pirnd&o(qpiral GPani CYY eI Re: g. in

the manuf actRf eand R? néndeerndahns1ydyest ahés a&ﬁdh}érﬁrﬁrQOeEEﬁt ep,tup? ;
agents. They ar | SQad tant __internediates in the manufacture o rugs.
Bgnzo-fusedy etﬁ\]ecilzégggi’gg%f e?brof P‘é:’l in which x is S are particularly

i mport ant i iRt e drdhufiadependentPDEOf dnshidsidtdres; ante cdrar e kniowaf r om WO
99/ 55708sand WO 5 QO/ 73767. I n particular, ethyl 2-am nobenzo[b] -

t hi ophene- 3-carboxyl.ate is an intermediate in the synthesis of

4-[ 4- (3- chl of o GrEt h6RFBEREY| aRPna)EenzdCHz) - (CHz) n- (CHy) -, -

[ 4, 5]t hi eno[&, 3-iH pyIrkyfI diaq;iarg/lj](wqio(g@g@gl,ecar boxylic acid, which is
known from 99/ 55708, .or 4-[4- 3

chl or o- 4- hy:?%)%xﬁew%arﬂ%vd)%ﬁfo{)& 5%MW%no[ 2, 3-d] - pyrim di n-2-yl] .

cycl ohexaneckr baey lurcs e t, twed hoheny knownpheagl WOuB@LE8 06 e Agcqrding to
the claggi cal sypf hegys, Oheggfam&dr gbenzo- 35 fused conpounds are aronatized
by reaction with “él eméntal “sul'fur "at hi gh tenperatures (literature:
Gewal d et al?, @ferd: Beror #968, 101, 1933). The disadvantages of this

process are ¢den haghANanaY €C08hSunt of a noble metal catalyst in
the presence of a hydrogen acceptor and then
deacylating the acylated amino group by the addition of

15 an amine.

Benzo-fused heterocycles of formula I are important
intermediates in industrial organic synthesis, e.g. 1in
the manufacture of fine chemicals, dyestuffs and plant

20 protection agents. They are also important
intermediates in the manufacture of drugs. Benzo-fused
heterocycles of formula I in which X is S are
particularly important in the manufacture of PDE-V
inhibitors, which are known from WO 99/55708 and WO

25 00/78767. In particular, ethyl 2-aminobenzo[b] -
thiophene-3-carboxylate is an intermediate in the
synthesis of 4-[4-(3-chloro-4-methoxybenzylamino)benzo-
[4,5]thieno([2,3-d]lpyrimidin-2-yl]cyclohexanecarboxylic
acid, which is known from WO 99/55708, or 4-[4-(3-

30 chloro-4-hydroxybenzylamino)benzo[4,5]thieno[2, 3-4]-
pyrimidin-2-yl]cyclohexanecarboxylic acid, which 1is
known from WO 00/78767.

According to the classical synthesis, tetrahydrobenzo-
35 fused compounds are aromatized by reaction with
elemental sulfur at high temperatures (literature:
Gewald et al., Chem. Ber. 1968, 101, 1933). The

disadvantages of this process are the high energy costs



- 3 due to high reaction tenperatures, the release of hydrogen sulfide,

whi ch'i s fan odour nui sance, and the problens which arise in the . .

purification, because elenental sulfur dissolves only in CS2, which is

very 5 highly flammable. One particul ar exanple fromthe state of the art

is the reaction of the conmpound 2-acetyl ami no- 3- net hoxy- car bonyl - 4,

5-tetranet hyl enet hi ophene with 2 equival ents Sf suICf ur ang. di rr}[et hg ol |
ht hal ate at ,tenperatures of 10 between 200 and 220C according to as

Agt al ., Dyedsu%rgtrﬁ f@’ﬁ“ FLAPPPRD 37 SRRV & not3e netdbsgse  of

car bonyl benZofdjedemphehéiids, i S\ﬂijalﬂ'EdiﬂRdnt hetpur Nnaisageend a&giepch%

deacet yl at ed, nal react Lgn w.t queQus. ot assi um r oxi de

sol ut i )(;n. 1 %Adrh)ﬁrggra ck)‘?ll%%hpoggh%gli y f(grh%ar St zlicr?gtlaon’ ecause

t et r ahydr obenRngnsel svhpoundiissalyaseaenlyt iw t¢San wegeh nakarvarpunt  of

a hydr ogegnati t@l Mehabi@e particular exanple, namely the
dehydr ogenat ilg]hlg? 20 rrea% hyl 2-ac.etyl am not etrahydr obenzot hi ophene- 3-

car boxyl at e % PH-HPpI i FeRBEP Y2 efiPRoLRe afBGAt 06 thealradiismtdre car bon
(10% Pd/ C) ireasddiosrof oo asthé&ol V(Qfﬂipojhl&dqe&rfdcl&qula{}li%di%ﬂtngt@xy_t ﬁ\r ch.
Ph 1984, 317. 675-680. 25 Far ecol qgi cal reasons, reactions Wi

oner r%oriyl_é'si%ptrea%ﬁr%%%?%l%he'ﬁﬁ]eo? RRRtYLER ScaB iVt aHeé second

el enent al suq ur-Care .
vari ant, thefansudtfugf aydr atjiemathydn pmmataaleysﬁtugteéjn;sé@f J&@%@ﬁ i@ﬁpt asI
smal | agppossidhls,f 0bppe hGoéLa ~qAl so, t -fuse erocycl es
formed in t%%eh dr oggn;atq%?age@ogggﬁrgﬁf@ stpoar(lgﬁglt?{/‘%‘zl uBFe_aﬁn 't he
sol vents usé¥eind Feci b7 at e3but 2hAeA3 7t he 2hécartagemsows 3-aetihioory i Xt ur e
cool s. Thi s g@iRMylbenzo[b]lthiophene is isolated and then, in a

second step, deacetylated in ethanol by reaction with

agueous potassium hydroxide solution.

15
Another known possibility for aromatizing a
tetrahydrobenzo-fused compound is to react it with an
equimolar amount of a hydrogenation catalyst. One
particular example, namely the dehydrogenation of

20 methyl 2-acetylaminotetrahydrobenzothiophene-3-
carboxylate with an approximately equimolar amount of
palladium on carbon (10% Pd4d/C) in chloroform as
solvent, is described in Eiden et al., Arch. Pharm.
1984, 317, 675-680.

25

For ecological reasons, reactions with elemental sulfur

are impracticable on the industrial scale.

In the second variant, the amount of hydrogenation
30 catalyst used should be kept as small as possible for
economic reasons. Also, the benzo-fused heterocycles
formed in the dehydrogenation are often only sparingly
soluble in the solvents used and precipitate out when
the heterogeneous 1reaction mixture cools. This makes
35 separation of the noble metal catalyst more difficult
and considerable amounts of solvent are required to

extract the product from the noble metal catalyst.



35 separation of the noble netal catalyst nore difficult and considerable
amounts df solvent are required to extract the product fromthe noble
nmetal catalyst. - 4 The object of the invention was therefore to develop a
process for the preparation of benzo-fused heterocycles of forrmula I which
has advant ages over the known processe¢ of the state of the art. 5
“Surprisingly, it was found that tetrahydrobenzo-fused conpounds of formula

Il can be argmatized with a. catal ytic anount of a_hydrogenati on catal yst
inthe prese eceo%?eﬁtw r 686 HoEEHm Thell 8t 8 L0EGcPatdHF P of the
am no group protdss 2fposthieoprebatrhe ibeat @rfo@exize:—ﬂi;sé&len@whg@lﬂﬂéﬁ I agl

am ne provi t R?]Pi;o- u . sconpounds. of fornula | as readi sol ubl e
products, %bl% t he nfobl e rr%lfal Tat a&f%lvs%n%%g%se s‘je\f)%lf at'gef of]?r}/o"ﬂ'il si npl e
filtration. e 9IRe st adeorsiage tof t Hee 1&rt nvention is a one-pot process,

i.e. thesaromatization and deacylation -Cake place in succession w thout
isolation of _the internediate, which in this case is the benzo-fused

het er ocycl e SHERFITEER no 1§r oS depnst eihabo tRfe ahudnohpnzt-falded he

radi cal s whicdmmeeids sever dordi S, IE. Ghar Be AGrdfs i judepepdent pf one
another. The radical Ais %I k§l and h?% 1to 6, preferablé 1, 2, 25 3 or 4
and parti cul 13 Pref eI BF 2 chBydhngenaiiay reteh¥ssr ot ddifecially

e.g. nethyl pdsenet hyf,a hygropgh, ai:septopylh, lIlli;mbiﬂli)altf Sﬁad%ﬁéaydldﬂ
t2er2t ;j;)lrjrgylhgllopfgt}?% Sﬁﬂgﬁ\%%%?%pﬁlztﬂgiglgpg‘%titxﬁnmo% 1t51re1 %ﬁtﬁfr?ﬁyﬁ&repent yl,
1,1.-, 1,2-)pw, Eﬁ? 23itipg- ofr B 3amghaettided | the drerzcetfiudddut yl
1-ethy|‘|‘fﬁﬂdﬁﬁounds of formula I as readily soluble products,
enabling the noble metal catalyst to be separated off
by simple filtration. The process according to the
15 invention is a one-pot process, i.e. the aromatization
and deacylation {ake place 1in succession without
isolation of the intermediate, which in this case is
the benzo-fused heterocycle with its amino group
acylated.
20
The meanings of all the radicals which occur several

times, e.g. A or Ac, are independent of one another.

The radical A is alkyl and has 1 to 6, preferably 1, 2,

25 3 or 4 and particularly preferably 1 or 2 C atoms.
Alkyl is therefore especially e.g. methyl, also ethyl,
n-propyl, isopropyl, n-butyl, sec-butyl or tert-butyl,
or also pentyl, 1-, 2- or 3-methylbutyl, 1,1-, 1,2- or
2,2-dimethylpropyl, 1l-ethylpropyl, hexyl, 1-, 2-, 3- or

30  4-methylpentyl, 1,1-, 1,2-, 1,3-, 2,2-, 2,3- or 3,3-
dimethylbutyl, 1- or 2-ethylbutyl, 1-ethyl-l-methyl-
propyl, l-ethyl-2-methylpropyl or 1,1,2- or 1,2,2-
trimethylpropyl. A 1s particularly preferably methyl
or ethyl.

35
Ac is acyl and preferably has 1-6 C atoms. Ac is e.g.
formyl, acetyl, vropionyl, butyryl, pentanoyl or

hexanoyl, or also trifluoroacetyl. Ac is particularly



propyl, 1-ethyl-2-nethylpropyl or 1,1,2- or 1,2,2- trimethylpropyl. Ais
particul aly preferably nmethyl or ethyl. 35 Ac is acyl and preferably has
1-6 C atons. Ac is e.g. fornyl, acetyl, :'2ropionyl, butyryl, pentanoyl or
hexanoyl, or also t:rifluoroacetyl. Ac is particularly 5 - preferably
acetyl. Ar is unsubstituted phenyl or -pRenyl substituted by A, NO2, CN, OH
or CA. 5 Ar is therefore preferably phenyl, ol-, m or p- nethyl phenyl, o-,
m  or et hyl n r p- propyl phenyl, o-, m or

p- |sopPopyI ) €%§ Q{a%ly E?ﬁe%Yf - tert-butyl phenyl, o-, m or

p- hydr oxyphenyl, o-, m or 10 p-net hoxyphenyl, g m or p-et ho?yphfny:
o-, m or itro : p-cyano n particularly
pr ef er abl ypunélu%ét??g'p%%thu%eli p@ﬁ&ry i sojfarah Byi gﬁgﬁﬁét}g ge% Yndtt above.
COAr is 15 Mt iCQUI & prpOdf.erably benzoyl. COOAr is aryl oxycarbonyl, Ar
bei ng assdefined above. COOAr is particularly preferably phenoxycarbonyl.
20 Xis S, 0 or NH, S being particul arlX preferred. RL is CN, N2, Ac,

C OAr, COOART COOH, EReye sy ©ONRERESTab YAcpéﬁEYAr bérng s defr nad- above
and R4 and Ree e} Nish s, 1 debi-nedmbelgw. h?pgg%gcul@_rl ymRrefgeraply CN or
COOA 25 and ver}y artlcul arIy prefera I and i ndependent |y of
one anot her & e]avg'h N, POMS EﬁOBYlREenﬂlane AcMpeioFg Pas

defi ned abchEert-Rmtagrﬂ(bIR&er,e oartmeuloaf | gy- }W@f@f}@b{é{qﬁpi 3% R4m3n%ng _
i ndepenggnt | er are gch H , Ar an C being
98 A l'%pgﬁégﬂ&g & , £aC0r b- ethoxypgenAE O-, M- Or p

as defined
nitrophenyl or o-, m- or p-cyanophenyl. Ar is

particularly preferably unsubstituted phenyl.

COAr 1is aroyl, Ar being as defined above. COAr 1is

15 particularly preferably benzoyl.

COOAr is aryloxycarbonyl, Ar being as defined above.

COOAr is particularly preferably phenoxycarbonyl.
20 X is S, O or NH, S being particularly preferred.

R' is CN, NO;, Ac, COAr, COOAr, COOH, COOA or CONR‘R®, A,

Ac and Ar being as defined above and R? and R° being as

defined below. R! is particularly preferably CN or COOA
25 and very particularly preferably COOA.

R? and R’ independently of one another are each H, A,
NO,, CN, OH, OA or Ac, A and Ac being as defined above.
R? and R? are particularly preferably H.

30
R* and R® independently of one another are each H, A, Ar
or Ac, A, Ar and Ac being as defined above. R* and R®
are particularly preferably H.
R? and R’ together are also -(CH;)-(CH;),-(CHz)-, it
35 Dbeing possible for n to be 2, 3 or 4. R* and R°

together are particularly preferably - (CH;)-(CH;)2- (CH;) -
or -(CHz)-(CHz)3-(CH;)- and very particularly preferably
- (CHz) - (CHy) 3- (CH3) -.



are particularly preferably HH R4 and RS together are also - (CHz) - (CHz)
n- (CHz) ¢- , ¥ t 35 being possible for nto be 2, 3 or 4. R4 and RS
together are particularly preferably - (CH2) - (CH2) 2- (CHz) - or - (CH2)
- (CH2) 3- (CH,) - and very particularly preferably - (CH2) - (CH2) 3-
(CH2) - . t 1 - 6 The hydrogenation cattalysts (or, synonynously, noble
netal catal ysts) used can be suitably supported noble netals such as

| I adi u i num.or_rhadium suitable upports being carbon, activated
Egr bgnl, ;nl uﬁ#}% u%ygg rooﬂedlea?tlboaﬁi Gﬁ\%é‘élyﬁ’c‘}r?at Z,Ogbar PYMPRYMPAE LY/ catbpin

tar bonat e ormstabnthumlyatsonatssd Thenpreposti 'O?lbDir lsl&@%b&tléat a415051%t 280/
nobl e net al st.. i t n_%. .and %. _prefera bet ween. n ()
and parti culﬁ%%yp%%?grggl égg&/?éwﬁpapﬁ%éil&%moﬁra& C@i‘tuérb csaur]bltcﬁio?lecar bon,
al um ni um oX§WRPOT bRy | e Bar bearben, barctivetkebat eardainci um loanihonat e or

stronti um cas:banat e, bg&aunnun&gpﬁb&qg{:g‘at e%aﬁgp@n, sugggpgp Orcaailcyir{jn?! um
oxi de, or rhodium on carbon or alum nium oxide, can be used in particul ar

for the 15 prUEEEHRcOFdi PF V1R CRFORNERe - |t The parepentaphy of

preferred t malske pakkadi un Oﬂh@CHo\ba}eedm@@éDﬁEaﬁ:é%%/E@) -isdABetél;}_@%nsilt U by
ossibility js.t se_nobhl e ta alts iC n be reduced i

Iroeduci ng aéeérﬁd a%%gbrgﬁﬁ?:grﬁg‘fi/n ??‘f”l?eél :‘,%]n%rll‘?; ﬁS%i ged patad Ry

speci es. Bmﬁﬂeersaldfy siktabl e noble netal salts are palladium acetate,

pal | adi utn breom e Qi R | 20L 198 04 OLLABANT L eKAIPI 85 ,,0% (SUlt aplie, 1 educi ng

|
agents are hydrogen, ydrazi ne, sodium brSﬁ;l; ri'de ( The
i nvention fdATHEM rerEP@Ra e, atprovassuldatehe caplepan athohonhtbenzo- f used

het er ocycl estforgangs alcarbonate, platinum on activated carbon,
carbon or aluminium oxide, or rhodium on carbon or

aluminium oxide, ¢an be used in particular for the

15 process according to the invention. It is particularly

preferred to use palladium on activated carbon (5% Pd) .

Another possibility is to use noble metal salts which
can be reduced in situ by a reducing agent and produce

20 in situ a finely divided palladium(0) species.
Examples of suitable noble metal salts are palladium
acetate, palladium bromide or palladium chloride and
examples of suitable reducing agents are hydrogen,
hydrazine, sodium borohydride or formates.

25
The invention further relates to a process for the
preparation of benzo-fused heterocycles of general
formula I according to Claim 1 or 2, characterized in
that a noble metal catalyst, selected from the group

30 comprising palladium on activated carbon, carbon,
aluminium oxide, barium carbonate, barium sulfate,
calcium carbonate or strontium carbonate, platinum on
activated carbon, carbon or aluminium oxide, and
rhodium on carbon or aluminium oxide, is used.

35
Inexpensive organic hydrogen acceptors, such as the
ones known to those skilled in the art, are

particularly suitable for the process according to the



formula | according to Caim1l or 2, characterized in that a noble netal
cat al yst ¢ sel ected fromthe group 30 conprising palladiumon activated
carbon, carbon, alum nium oxi de, barium carbonate, barium sulfate,
cal cium carbonate or strontium carbonate, platinumon activated carbon,
carbon or al um ni um oxi de, and rhodi um’orr carbon o:. al um nium oxide, is
used. 35 I nexpensive organi c hydrogen acceptors, such as the ones known to
those skilled in the art, are partjcul arlg sujtable for the process
accordi ng t 0" THeR 70T hv eWETBRL @B x bl e5 2 oF PRRXPRNsPVEAB anitrdrydrmgen
accept ors bertgestyrenebeanpet hytmbyl@ene,a—sﬁédr?ﬂr&%rércd,ansst;plma@) c acid
esters or c ene,. |t 1.8 ficularly preferr to use .
a- met hyl st y)r/tgér)lgm%i hgl?%dffr ogg%gac%e% lf)%s CSui Cf%%?%h?}é?n? he prbcess _
accordi ng tRATRECRhaehY i oredes redy gedh @lseox(ygeemlgsabstnj'mnl;g es, @aser bei ng
under st ogd AESHE i Nobbes 9 C i o] argon
or xenonfg Tﬁfzy pr.o or??iaglﬁre%%%%%x%%n inf? hg%giy%%%/ g)gg%%ggt u%é;&?%%brngeen 1
and 10 99% 't eFer abPYeBEL GBef “20 OFHESBORFamYSiY/i9as arixtusef egabl y 15
to 25% The Wnllmrrﬁ;jﬁddﬂ eaif; m@%ﬁiﬁgyhﬁ{ﬂﬂbg&gf @?abﬁgbgér:ggg%hor ganic
hydr ogen accept,or _may ynder go pol yneri zation reactions during the
a?loma'?i zati osrfEChI'h%s %gﬁ&éf{‘l'gﬁ‘%?nt h%§é°ﬁy-°ﬁr JHRRS, i T8 JHISRRSTSOan be
reduced by adldi ngytbe hydr bhen cagyeept/gra s rmisxrﬁlﬂ:e aﬁomwe%m_crgesﬁd/el %/
sem copyi NuS| in [ geaction, . The invention
1£urther @Pel ates %%m%rfp?rr%%g s P%?%tg\ég d%(?eg%réat .38ﬁ ot PedF- I RER T LY
het er ocycl esPxfejeeral 15 ortraul 3% accorBieng axtyasTe/ avs nowisctofrel aists 1 to

3, particularly preferably air.
The organic hydrogen acceptor may undergo
15 polymerization reactions during the aromatization. The

formation of these by-products, i.e. polymers, can be
reduced by adding the hydrogen acceptor in small
amounts, successively (semicontinuously) or
continuously, during the reaction.
20
The invention further relates to a process for the
preparation of benzo-fused heterocycles of general
formula I according to one or more of Claims 1 to 3,
characterized in that a hydrogen acceptor selected from
25 the group comprising styrene, o-methylstyrene,
stilbene, tolans, cinnamic acid esters, for example
methyl or ethyl <cinnamate, cyclohexene, oxygen and

oxygen/gas mixtures is used.

30 The dehydrogenation - and hence aromatization - using a
catalytic amount of a hydrogenation catalyst should
advantageously be carried out under an inert gas
atmosphere in order to avoid explosions, which is why
it is advantageous to use organic hydrogen acceptors

35 selected from the group comprising styrene, o-
methylstyrene, stilbene, tolans, cinnamic acid esters

and cyclohexene.



characterized in that a hydrogen acceptor selected from 25 the group

oonpri sing styrene, a-nethylstyrene, stilbene, tolans, cinnamc acid
esters, for exanple nethyl or ethyl cinnamate, cycl ohexene, oxygen and
oxygen/gas mxtures is used. 30 The dehydrogenation - and hence

aromati zation - using a catalytic anou® -of a hydrogenation catal yst

shoul d advantageously be carried out under an igert gas atnosphere in
order to avq whi ch jt is advantageous to use organic
hydr ogen acdg tg? E g@lé@@é@q%%ﬁﬁ?qm9@+%%p968HﬁrPérﬁf%ﬂ%@@@@ﬁnéﬁ

et hyl st yr enef stgelri:mmi t dbams.l aCi n]namf Carﬁiil dogstetge arg%&y&lgﬁleé(fne. I 8
To deacyl ate roup of the conpounds of. general formula
Il and )(;f theItl enzo- qused iR er?re ]‘p A1 A omat T zatR o eE pri%ary or
secondary anf®RPIRARTY ngaminget heeﬂulﬁc ard 20@Cweerpr & @r adnrhcy atob®t ween 50
and 190Ce | sppdlecaioy The peanbian o Xhune dgocis partiler Ly gff er r ed
to use pyrrolidine, pipe:r-idine, piperazine, i ne or i o¢tYI ani ne
and very par??%ﬁﬁ%ﬁmymh¥EFé?red]ﬁb3U%epa§9¥¢@l@n1ﬂepr§®efhedlmmennﬂnn
relates to apyrOSES®ims, de§@pbbgalaaove1M§Q@gggﬁ@r|zggrbﬂoggag ayimry
or secondary anln boilin t weenn 0_an I's selected for the
deacyl ati on. tﬁﬁ%e AN ratd ht VST YanB2gEAEPLatiyn preferaedy takaiss ace in
an inert hi@Wﬂxnlldmpsolvent preferred inert high- boiling solvents being
benzenej gt ol uene, xylene, nesitylene, diphenyl ether or sulfolane. Xylene

is 20 preferably used as an isonmeric m xture. The isoners
The "invention relates to a process as described above,

characterized in that a primary or secondary amine

boiling at between 50 and 200°C is selected for the

deacylation.
15
The aromatization and deacylation preferably take place
in an inert high-boiling solvent, preferred inert high-
boiling solvents being Dbenzene, toluene, xylene,
mesitylene, diphenyl ether or sulfolane. Xylene 1is
20 preferably used as an isomeric mixture. The isomers
O0-, m- or p-xylene are also suitable. It is

particularly preferred to use xylene.

The invention relates to the process described above,
25 characterized in that the reactions are carried out in

an inert high-boiling solvent.

The dehydrogenation and deacylation preferably take

place at temperatures of between 50° and 250°C, the
30 temperature range for the dehydrogenation being

preferably between 100° and 250°C and particularly

preferably between 140 and 200°C, and the temperature

range for the deacylation being preferably between 50°

and 200°C and particularly preferably between 80° and
35 150°C.

The invention relates to the process described above,

characterized in that the reactions are carried out at



0o-, m or p-xyl-2ne are also suitable. It is particularly preferred to use
%yl ene. The invention relates to the process described above, 25
characterized in that the reactions are carried out in an inert

hi gh-boi Il i ng sol vent. The dehydrogenati on and deacyl ati on preferably take
‘place at tenperatures of between 50 and9250C, the 30 tenperature range for
t he dehydrogenati on being preferably between 100 and 250C and particularly

preferably between 140 and 200C, and_the temperature range for the
deacyl ati on BERNY Prefet abf %te‘t’%\%%nis%oan%ngg@é‘oc and particularly

preferably between 80 and 35 150C. The invention relates to the process

descri bed a e c rized in.that t reactions are carrie ut at f
t 9 - tenpe%%/utr:gg %?ro%%:s%eegnc%%r%ln%g Z%BCE%en PRESDT b8 s FAECOH A to the
i nvention, tdfe Heerdsfusedbdreteramead dwet ef odpeies aof I f areulraodmadrle,

. : - i . Th
normal | ys 5 hatnesn 652 a08 &0 iﬁ@iaglﬂd;ggc%%e&ff%iﬂwﬁ Stgp. The

process according to the invention, ove, 1s particularly
suitable for the preparation of nmethyl or ethyl _

2- an nobenzmﬂmtbkapagge-&@@g@%l abe. tHO AckndiiRg t0at h%éé&‘iﬁfﬂéhdom this

i s done by reacting. nethyl ot ethyl 2-acetylamn notetrahydrobenzothi ophene-
3- car boxyl atag)%’et'h o ch"éhFPi‘iﬁﬁrﬁuﬁﬁll&I&béenofbﬁé HRe apTeRararyse iof the
presence of maetydr ocg:eneahgzemzeranaml@bemmbd&@q%&ayﬂe@te-@g_da&%oa@tqtﬁweat efl t
am no greup Ry S5.addition of an amine.. The invention further relates
to the %ge 0 Créellt?ﬁﬁgloFg & Wl Y Em ﬁ%BEnz%g’[llﬂthf’oglﬁélr‘?e-%chﬁﬁﬁfﬂ'% e,
prepared by'a™ lpr e esetliek c Ri-beg taewe noas taw hiydtrebeedioahe dphe2@-t he
synthesi s of3 4-drbdd 1GHONPr da NEL BAXKRERZIV AN of a noble metal

catalyst in the presence of a hydrogen acceptor and

then deacetylating the acetylated amino group by the

15 addition of an amine.

The invention further relates to the use of methyl or
ethyl 2-aminobenzo[b]thiophene-3-carboxylate, prepared
by the process described above, as an intermediate in
20 the synthesis of 4-[4-(3-chloro-4-methoxybenzylamino)-
benzo([4,5]thieno[2,3-d]lpyrimidin-2-yl]cyclohexane-
carboxylic acid, which is known from WO 99/55708.
Other intermediates in the synthesis of 4-[4-(3-chloro-

4-methoxybenzylamino)benzo[4,5]thieno[2,3-d]pyrimidin-

25 2-yl]cyclohexanecarboxylic acid, starting from the
corresponding methyl 2-aminobenzo[b]thiophene-3-
carboxylate, are methyl 4-(4-

hydroxybenzo[4,5]thieno[2,3-d]lpyrimidin-2-yl)cyclo-
hexanecarboxylate, methyl 4-(4-chlorobenzo([4,5]thieno-
30 (2,3-d]lpyrimidin-2-yl)cyclohexanecarboxylate and methyl
4-[4-(3-chloro-4-methoxybenzylamino)benzo[4,5]thieno-
[2,3-d]lpyrimidin-2-yl]cyclohexanecarboxylate.

The process known from WO 99/55708 for the preparation

35 of 4-[4-(3-chloro-4-methoxybenzylamino)benzo[4,5]-
thieno[2,3-d]pyrimidin-2-yl]cyclohexanecarboxylic acid
comprises the following steps:

Step a) methyl 2-aminotetrahydrobenzothiophene-3-



benzo[ 4, 5] t hi eno[ 2, 3-d] pyri mi di n-2-yl ] cycl ohexane- carboxylic acid, which
s _known *f rom WO 99/55708. Qther internmediates in the synthesis of

4-[ 4- (3-chl oro- 4-nmet hoxybenzyl am no) benzo[ 4, 5]t hi eno[ 2, 3-d] pyrim din 25
2-yl ] cycl ohexanecar boxylic acid, starting fromthe correspondi ng nethyl
2- am nobenzo[ b] t hi ophene- 3- carboxyla.te1 are nethyl 4-(4-

hydr oxybenzo[ 4, 5] t hi eno[ 2, 3- d]pyrlnldln 2-yl)cycl o hexanecar boxyl at e,

met hyl 4-(4-chl or ben 4, 5]t hi eno- ] pyri m di n-
2- yI)cycIohexanecafﬁ%& kﬁiel (fiﬁﬁ FyL%lzeg with methyl 4-cyano-

4-14-(3- chIoroC4Cdemhawm@@mrwqmmhaikbenzo[4,5]th|eno-

2,3-d 2¢yl o] The roces knawn fron1MD
3705708 orChE P LEAE] 0 EPOEAAbaNh L of5nd 620 02

4-[ 4- ( 3- chl or oi2LRErIRGpsen AR TIAtho) Defebydrspenated w1th sulfur to

t hi eno[ 253- d] pyfik (aiHe 2- ¥bhsychahexanregcar baxyld 6, L he
fol |l ow ng step?l St ep % netﬁﬁl 2- anlnotg?rahydrobéﬁgg I op ene 10
I~

carboxylate is PFFQP [y ﬁﬂ@HrWWFﬁlﬁE@hyﬁ &Y@}ﬁﬁﬁxaﬁﬁﬂaﬂh@%aﬁ@¢&¥bo xyl at e;

Step b) the Sﬁpramymﬂw@@phg@au@mﬂs Oéhwﬁma@é@r E%d'xaéaf‘cél%{fed i's
dehydr ogenat ed t he conpound met

4- (4- hydroxyben25%4 5fh§ﬁFéﬁ8F2n§ EPE?FlnPﬁFﬁef ALY v 6F%ﬁexanecarboxylate
Step c) the Sty oxgl gtbep csmpblhadi natee:chyby r4e—a(C4t—IcQﬂor\MHelthb [@hlsgrd nat i ng

, f e 3n_gt i 0 4- chlorobenzo[4 5] -
igePﬁueﬁgfzega rxyﬁgﬁ?dBng ngq% o gh%xnﬁgg a% F& Fc)is

reacted with 3 éﬁFbrétQPnE@hoxyS b@m@@ﬂ%ﬁnrwadh)gﬁﬂﬂhhdnaﬁﬁﬁmathmanhyl

4-[ 4- (3- chl or obefzgrbhoxkbeRz Y and no)bepzekd. ﬁllatthwn%[ 2[43 @chioro- .
pyri m din-2- yI)Céggﬁhex necarbox | ate; 15 Step e) the ester fromstep d) is

saponi fi ed;: and oKy FﬁéY#?@énSépﬁnF§ éoﬁ&éhﬂ@&oﬂé a-di-

pyrimidin-2-yl]cyclohexanecarboxylate;
15 Step e) the ester from step d) is saponified; and
Step f) the tree acid is converted to a

pharmacologically acceptable salt.

For ecological reasons, however, reaction with
20 elemental sulfur is impracticable on the industrial

scale.

The invention thersfore relates to a process for the
preparation of 4-[4-(3-chloro-4-methoxybenzylamino) -
25 benzo([4,5]thieno(2,3-d]lpyrimidin-2-yl]cyclohexane-
carboxylic acid or ©one of the pharmaceutically
acceptable salts, characterized in that it comprises
the following steps:
Step a) alkyl 2-acetylaminotetrahydrobenzothiophene-3-
30 carboxylate is reacted according to one or more of
Claims 1 to 7 with a catalytic amount of a noble
metal catalyst in the presence of a hydrogen
acceptor, and the acetylated amino group is then
deacetylated by the addition of an amine to give the
35 compound alkyl 2-aminobenzo [b] thiophene-3-
carboxylate;
Step b) alkyl 2-aminobenzo{b]thiophene-3-carboxylate is
cyclized by reaction with alkyl 4-



phar macol ogi cal | y acceptabl e salt. For ecological reasons, however,
reactionewitit 20 elemental sulfur is inpracticable on the industrial
scale. The invention therefore relates to a process for the preparation of
i 4-[ 4- (3-chl or o- 4- net hoxybenzyl am no) - 25 _ _
benzo[ 4, 5] t hi eno[ 2, 3-d] pyri mi di n- 2-ylq cyel ohexane carboxylic acid or one of
the pharnaceutically acceptable salts, characterized in that it conprises
the follow ng steps. Step a)_alk _ _
2-ac: etyl ani noF¥?58ﬁ¥8ﬁ8§3ﬁ?8Fhf% R&EN&25S/30 carboxyl ate is reacted
according tSta®e or nheehgfiro@ydi mrchit w7 whé hcamﬁahﬂliytall&y@;”mﬂl(ff—m;] a
noble netal c ' 8 f .a hydrogen. acceptor, and the
ALALYsLELA L9 B1ERTAAS O 13oNHdLoRehs Lageeh

acetylated ami no group 1s then eacetyl at ( on qf an amne to
gi ve the 35 cofi6 ﬁaeﬁﬁ@?FaZbQWﬂ\@b@nzﬁf@Ttmtqmebe-&scwiﬂmmmt@d_ Step b)
al kyl 2-am . noheprokbthhibephenengd- agehexyl ate is cyclized by reaction with
al kyl 4 - 1# - _cyanocycl ohexanecar boxyl ate; ~ Step c) the hydroxyl group of
t he compoun %ﬂFkyf% 4519 RYEPeRYBen2by4, St Hi-ehdoz oheaizeyid, fildiiedop! ) -

cycl ohexanecar bpxgtat pyfm(ﬁjrdﬁil’nﬁpl—bi)chQEh@kbEéEﬁngﬁg]w?tﬁg a chl[f%rohpatl ng
agent; Step d)_th ound _al k -;ly-c robenzo i eno- [2, _

39d] pyri mi di n-§é?§l jggglgﬁoﬁs%ﬁééa%éi Paf 9‘PF8ﬁ14‘§‘F§5‘°€‘Ybie§1zb’é§6tl@G Wit h
3-chl or 0- 4- et hoxybevie y| @ nees ttexr giadéytlhe 4eqier(3akkibro-4-methoxy-

4-14- (31¢hl or = : _ midin-?— _

beLzyI a%ngno) bgrr)é%gg%ﬁ%?i%%ga)é?d? bSLRRALA: 3-9IPYTiDiibnagandiar boxyl at e;
Step e) the est¥flpherpaeeprbyp<ysataponified; and Step f) the free acid is
converted t@t&p e) the ester from step d) is saponified; and

Step f) the free acid is converted to a

pharmacologically acceptable salt.

15
The alkyl ester is for example the methyl, ethyl,
propyl or butyl ester. It is preferred to use methyl
or ethyl 2-acetylaminotetrahydrobenzothiophene-3-
carboxylate as the alkyl 2-acetylaminotetrahydrobenzo-
20 thiophenecarboxylate and all the subsequent

intermediates based on this ester unit. It 1is
preferred to use methyl trans-4-cyanocyclohexane-
carboxylate as the alkyl 4-cyanocyclohexanecarboxylate
and all the subsequent intermediates based on this

25 ester unit.

The reaction conditions of the cyclization b) in the
preparation according to the invention of 4-[4-(3-
chloro-4-methoxybenzylamino)benzo[4,5]thieno[2,3-d] -

30 pyrimidin-2-yl]lcyclohexanecarboxylic acid are known
from Eur. J. Med. Chem. 1988, 23, 453.

Examples of suitable chlorinating agents are POC1,,
S0Cl; or cyanuric chloride. Chlorination with POCl; or
35 S0Cl; takes place under reaction conditions known to
those skilled in ithe art. The reaction preferably
takes place in an inert solvent, for example in

toluene, methylene chloride or dimethylformamide.



phar macol ogi cal |y acceptable salt. 15 The al kyl ester is for exanple the
met hyl , ethyl®t propyl or butyl ester. It is preferred to use nethyl or
et hyl 2-a(cetyl am not etrahydrobenzot hi ophene- 3- carboxyl ate as the al kyl
2-acetyl am not et rahydr obenzo 20 t hi ophenecarboxyl ate and all the subsequent
internmedi ates based on this ester unit.13t-is preferred to use nethyl
trans-4-cyanocycl ohexane- carboxyl ate as the al kyl . .
4- cyanocycl ohexanecarboxyl ate and all the subsequent intermediates based
on this 25 ester unit. The reaction conditions of the cyclization b) in
the prepardfhen meooribmg tef t meetinxlentd-ont -afhYoddbdrdzo[4, 5] thieno-
chl or o- 4- met hoxyb ] ber 4, ienol[ 2, 3-d 0 .
pyri m di n- 2- ]%y%@%%@%o%%giﬁ?%égéﬁe %?%C Iﬁ%ﬂ#’i—?‘};%m Elr . S5eR%kd.
Chem 1988, @3,aud3e) ERAnphespobceaist abkerdihgr itwattihey iagesnttsi car efd&ock 13,
SOC12 or scyamuyic df18: 0Pl Qi natg gy '3t-*2:rﬁ%kgcf—4°-r t%?o)ﬁz%%]r?a 2Kes
pl ace under react i%kr?%([)ndi toi ons known '?[O }t,Ylhose_ skill ed in the ar 3} The
reaction preferHbIRPIiAkes® biaten? i ehr dHerrinbivent;vibeyvekanpl e in
t ol uene, netﬂwa&r&a:ﬂm&plﬂi 04 diretBY ldyame. abode, dHE Leagtigns of
met hyl 4-(4-chl ofobenzq[ 4,5 i -
[2,3-d] pyri m'di nll-;lﬁ‘?‘?”i}l %[5)?8‘1 ngﬁgé?ﬂ%%xypéﬁ@pilﬁ step8P- df land- epmst the
process accdxdmugle &t he ilention for 5 the preparation of
4-[ 4- (31ghl or o- 4- met hoxybenzyl - _ _
am no) benzo[ 4, 5] thi . eno[ 2, 3-d] pyrim di n-2-yl]cycl o- hexanecarboxylic acid,
as descri bedl’l'bﬁ:)o%ﬂé‘,’elaﬁtlo%téprﬂ:)‘lerar@]{ﬁfcﬂm te otrhWD W88 557 0BetExanplre 1, pp.
11-12, and &tAP! @ -ZmiRobkhzoli® 1 Hif doheRii0n S IAaNa ! alge ke e use
of nmethyl or , , . _
by the process described above, as an intermediate in
the synthesis of 4-[4-(3-chloro-4-hydroxybenzylamino)-
15 benzo[4,5]thieno[2,3-d]pyrimidin-2-yl]cyclohexane-
carboxylic acid, which 1is known from WO 00/78767.
Other intermediates: in the synthesis of 4-[4-(3-chloro-

4-hydroxybenzylamino)benzo[4,5]thieno (2, 3-d]pyrimidin-

2-yllcyclohexanecarboxylic acid, starting from the
20 corresponding methyl 2-aminobenzo[b] thiophene-3-
carboxylate, are methyl 4-(4-

hydroxybenzo([4,5]thieno([2,3~-dlpyrimidin-2-y1)-
cyclohexanecarboxylate, methyl 4-(4-chlorobenzo[4,5]-
thieno[2,3-dlpyrimidin-2-yl)cyclohexanecarboxylate and
25 methyl 4-[4-(3-chloro-4-hydroxybenzylamino)benzo[4,5] -
thieno[2,3-d]lpyrimidin-2-yl]cyclohexanecarboxylate.

In the process known from WO 00/78767 for the
preparation of 4-[4-(3-chloro-4-hydroxybenzylamino) -

30 benzo[4,5]thieno[2,3-d]pyrimidin-2-yl]cyclohexane-
carboxylic acid, methyl 4-(4-chlorobenzothieno[2,3-d]-
pyrimidin-2-yl)cyclohexanecarboxylate is reacted with
3-chloro-4-hydroxybenzylamine, the methyl 4-(4-chloro-
benzothieno([2,3-d]pyrimidin-2-yl)cyclohexanecarboxylate
35 being prepared, as also described in WO 99/55708, by
~ the cyclization of methyl 2-amino-5,6,7,8-tetrahydro-
benzothiophene-3-carboxylate with methyl 3-cyano-

cyclohexanecarboxylate, dehydrogenation with sulfur and



et hyl 2-am nobenzo[ b] t hi ophene- 3-carboxyl ate, prepared by the process
descri bed .above, as an internediate in the synthesis of

4-[ 4- (3-chl or o- 4- hydr oxybenzyl am no) - 15

benzo[ 4, 5]t hi eno[ 2, 3-d] pyri m di n-2-yl] C{d ohexane carboxylic acid, which is
known from WD 00/ 78767. COther internedtate;; in the synthesis of
4-[4-(3-chloro- 4-hydroxybenzyl am no)benzo[ 4, 5] t hi eno[ 2, 3-d] pyri m di n-
2-yl]cycl ohe ecar boxyl i.c.acid, startin from t he 20 correspondl ng met hyl
2- am nobenzo{%’?%%prhtene }glo?arr‘%%&?ﬁ at'& PRATYS (Lxychloride/

hydr oxybenzoln&ihhiawoje, 3-d] pyri mi di n- 2- yI ) - cycl ohexanecar boxyl at e,

nmet hyl 4-(4-chl orobenzol[ 4, 5] -

t hi eno[ 2, 3-d] pyri m di n-2-yl ) cycl ohexanecar boxyl ate and 25 net hyl

4-[ 4- (3-chl otY- 4- IBRR yl argarenzo[lkveiver, reaction  with

t hi eno[ 253- A pmdr i n szﬂyﬁ&zcyqlsoh%ﬁ?ﬁ%@&ta%xleat §n  {flet NG RIASESS known
from WO 00/ 78767 for the preparation of

4-[ 4- ( 3- chl otF“£ hydr oxybenzyl am no) 30

benzo[ 4, 5]t hi eno[ 2, 3- d] pyri m di n-2-yl ] cycl ohexane- carboxylic acid, nethyl
4- (4-chl or ohenzot hi en rimdi | ) cycl ohexanecar boxyl ate is
reacted wi tﬁﬁl ﬁVSPg e&%ﬁ ﬁf"ﬁ@g tr% fetAcess afenl e
benzot hi eno[@@at]q@arqrm dlorf- 2- yal-)[dydBehﬁMm@c—anr b@a@ﬂoadye;e’iﬁytl@nﬁgmgr_epar ed,
as al soqges 708,

2- am nolg Ggérr%tj[edt :5 a\rﬁé;?l rgeg{os[gze%go(%] 0F rande gzgo%?ma%éeﬁrﬁ net hyl

3- cyano- cy&ﬁi‘}}r'&?%é(,car bagyFat eordew}lﬁ ogeiﬁatltdmevm o asuriafogu tameh 11 y1 3

subsequent  cliceigtzalliconsuh £ s, p@@@ﬁ&éyér%a&hlﬂlgﬁét dwetc%%ﬁ‘s%% For
ecol ogi cal tzla %ncﬁr}@hov\ever reactl on with 5 el enental ur 'i's

i npracticabl WAL S5 scale. The invention therefore relates to
a process f@terhea) prepariat Qea:@fcy4a[r\4nb3.e¢:Eb@&@r@b@)ﬁ@b@ﬁ@%ﬂéﬁlea'31—n0) -
15 carboxylate is reacted according to one or more of

Claims 1 to 7 with a catalytic amount of a noble
metal catalyst in the ©presence of a hydrogen
acceptor, and the acetylated amino group is then
deacetylated by the addition of an amine to give the

20 compound alkyl 2-aminobenzo [b] thiophene-3-
carboxylate;

Step b) alkyl 2-aminobenzo[b]thiophene-3-carboxylate is
cyclized by reaction with alkyl 4-
cyanocyclohexanecarboxylate;

25 Step c) the hydroxyl group of the compound alkyl 4-(4-
hydroxybenzo(4,5]thieno(2,3-d]pyrimidin-2-y1)-
cyclohexanecarboxylate from step b) is chlorinated
with a chlorinating agent;

Step d) the compound alkyl 4-(4-chlorobenzo[4,5]thieno-

30 [2,3-d]lpyrimidin--2-yl)cyclohexanecarboxylate from
step c¢) is reacted with 3-chloro-4-hydroxybenzylamine
to give the ester alkyl 4-[4-(3-chloro-4-hydroxy-
benzylamino)benzc[4,5]thieno[2, 3-d]lpyrimidin-2-y1]-
cyclohexanecarbosxylate;

35 Step e) the ester from step d) is saponified; and

Step f) the free acid is converted to a

pharmacologically acceptable salt.



10 benzo[ 4, 5]thieno[ 2, 3-d] pyrimdin-2-yl]cycl ohexane carboxylic acid or one
of the pharneceutically acceptable salts, characterized in that it
conprises the follow ng steps.: Step a) al kyl _

2- acetyl am not et r ahydr obenzot hi ophene-3- 15 carboxylate is reacted
according to one or nore of Cainms "tk 7 with a catalytic amount of a
noble netal catalyst in the presence of a hydrogen acceptor, and the
acetyl at ed ino group.is then _deacetylated by the addition of an am ne to
gi ve the 20%%0‘8%131%?%“%- aftf noggﬁzofﬁﬂr‘hi (%I]?é(ﬁe- &5k bAGH at'él® Step b)
al kyl 2- am noderzoj] t hicopltene-adrscar boxy| at ehies cyetlzedtbynr eacdidn with
al kyl 4- cngﬁg J%ggﬁﬂpec byod 466 £° the hydroxyl. group of the
conmpound al ky %ﬁ% - ydTo§§benz5?ﬁ$§¥fh?%%%?Z%éfdpgyaynggin-%é%ﬂ)i)_

cycl ohexanedes Beephancy kamne dpemyo [ 4, Thtlorémaf 2d3 - &l pyr fmtdior i nati ng
agent; Step ), 1 he,commoh @ i¥dx s {4- chlogobenzal4, égg'ige”.% 3Qpe .
[2,3-d]pyr|n13; -.2-yl)cycl ohexanecar boxylate from st ) is reacted with
3- chl or o- 4- IFRATIRSYMENzY | afiTlé ~ (o Giles aife hegirexviigaay lamino) benzo-
4'[4'(3'Ch|Cﬂ4k3Fﬂ?&Hﬁb%%¥3—d]%¥€§deinj2j%ﬁ]cycl?hexanecarboxylic
benzyl am no) benzci 5] t hi eno - ri.mdin-2- -

cycl ohexanecaaci'lb%Xyl é?lgl A %ﬁefo%lﬁgtégflér i o%f’é?%p ) § S4pd&fiFi ed:
and Step f) Kriwevrf r BeomcW@ 199 /MOt eEkdrap bes phammec dl 0gasal Fyoacoept abl e
salt. t14 100/5%769“3ékgﬂﬂﬂééqunﬁi 4he termal kyl ester and the reaction

conditions of ‘the cyclization an chlorination, as described above for
4-[4-(3-chl oro-4- nethoxybenzyl am no) benzo[ 4, 5]t hi eno[ 2, 3-d] pyrimdin
In the following examples and also in the above

explanations, the temperatures are given in °C. In the
examples, “conventional work-up” has the following
15 meaning: water is added if necessary, the pH is

adjusted to between 2 and 10 if necessary, depending on
the constitution of the end product, extraction is
carried out with ethyl acetate or dichloromethane and
the organic phase is separated off, dried over sodium
20 sulfate, evaporated and purified by chromatography on

silica gel and/or by crystallizationmn.

Example 1:
A suspension of 22.9 g of palladium on activated carbon
25 (5% Pd/C) (Degussa-Hils; E 101 Rw 5%, 53.9% moisture
content) in 260 m) of xylene is refluxed in a water
separator wuntil no more water separates off. a
solution of 49.7 g of N-acetylthiophenenitrile in
210 ml of xylene is added to this reaction mixture at
30 room temperature and the reaction mixture is heated to
143°C. 48 g of o-methylstyrene are added after 2 h and
a further 25 g of o-methylstyrene are added after 96 h.
Deacylation 1is started by the addition of 47 g of
pyrrolidine after a reaction time of 127 h, the
35 temperature being kept at 137°C. After a reaction time
of 48 h, the mixture is filtered hot and the residue is
rinsed with 100 ml of ethyl acetate and 200 ml of 10%

HC1l solution. The organic phase 1s washed with



5 2-yl]cycl ohexanecarboxylic acid, also apply to the conpound
4-[4=(3-ch|oro-4-hydroxybenzy|anino)benzo-

[4,5]thieno[2,3-d] pyrimdin-2-yl]cycl ohexanecarboxylic acid. The reaction
conditions of steps d) to f) are known from WD 99/55708, Exanples 1 and 2,
and from WD 10 00/ 78767, Exanples 1 and*.-In the fol l owi ng exanpl es and
also in the above explanatlons t he tenperatures are given in C In the

exanpl es, venti o wor k- up " has the f 15 nmeanin water is
added i f necCgls%talrnJyl ‘fﬁéatp%ru%n Hhj I?P%‘FelaHtB gﬁeéfﬁshéngﬁdlfo if Fessary,
dependi ng omrdaeiconsiventi as afistthd lend qnff)duct giext raciniedbbehzLcarri ed
out with eth - I i { d c phase is

separ at ed of%]%?l%eg}/egr dé uc%{q{)@ls ?a 2‘%@ vapora{ g%{%hd purified by

chromat ography on silica gel and/or by crystallization. Exanple 1. A
suspensi gn Gfx24,1% @ of pal l adium on activated carbon 25 (5% Pd/ C)
(Degussa- Hi 757 E 101 Rw 5% 53.9% noisture content) in 260 nj. of xylene
is refluxed in a water separator until no nore water separates off. A

sol ution of 49.4 gf INaBL@&i/urhhl@@bﬁﬂﬁﬂtt“ b¢ i1 Ba/e10 mhpebxxyl eng is
added to this rgtdlctlon m xture {[n enperature agd the reaction
mxture i s MEAEH D c‘iﬁ%@tﬂSD‘ég‘d?S% Ier’é Byl &t vi%ndhr et hdgea afcef 2 h and

a further 23 aofsalutnetmydst Yo egeodr ethgded -akieef 13aikhot eBeatyldabi-on is

started,hy t td.9n.of .4 f yrrol ine after_a reaction tinme of
127 h, lﬁ :})% z%qgﬂld:ftune ‘-’1erl%n(§g%q{<iept’téaatl 13 (g i\the% LTEAIBH (PRE of 48
h, the nixthe |f31>f»¢llﬂt%re§ heatadd thel 7@%5iwuder snitirnged.wi th §00fnl of

ethyl acet atg1and 200 diaf allcg%mér@ré@lwgveﬂgs fa&gaaha gte%%ha washed

with 15 distilled water until_ the pH of the washings is 4
1s continued for 21 h. The temperature is then lowered

to 100° and 10 ml of pyrrolidine are added. The

15 reaction mixture is stirred for 25 h under nitrogen.
The catalyst is then filtered off and rinsed with 60 g
of ethanol. The sclutions are combined and the solvent
is distilled off. The residue is taken up in ethyl
acetate and washed twice with 1 N HCl and once with

20 water. After distillation ©of the solvent and
subsequent crystallization from 2-propanol ethyl 2-
aminobenzo[b]thiophene-3-carboxylate is obtained with a
vield of 64%.

25 Example 3:

1) 14.4 g of hydrogenation catalyst (Degussa-Hiils; E
101 R/W 5%) are added to a solution of 36 g of ethyl 2-
acetylaminotetrahydrobenzothiophene-3-carboxylate in
30 250 ml of xylene (isomeric mixture) and the mixture is
heated to a constant temperature of 139°C to 1l1l41°C.
47 g of a-methylstyrene are metered in over a period of
5 h. The mixture is then refluxed for a further 36 h.
It is cooled to 102°C, 32 g of pyrrolidine are added and
35 the mixture is brought back to the reflux point (127°C);
it is stirred for 20 h at this temperature. After
cooling to 20°C, the Pd/carbon is filtered off, the

filtrate is concentrated to a residue, and the residue



organic solvent is distilled off to give 2-am nobenzo-

[b] t hi opkene-*3-carrbonitrile in a yield of 81% 5 Exanple 2: 2 g of

pal | adi um cat al yst (5% Pd/ C, approx. 50% npisture content; |)egussa-Hils;
E 101 RW5% are added to a solution of 10 g of ethyl

2-acetyl am not et rahydro 10 benzot hi ophekfecarboxylate in 80 m of mesitylene
and the mxture is heated to 170 under nitrogen. 2 g of ethyl cinnamate
are netered jisn over 30 _m.n sai rrfi % i_.s continued for 21. h. The
tenperat ure 1% THERT| BRerdd /1 o™to06 a0 AT LS r RBAI HasEesr eviddded. The
15 reacti on thoearteimss si2 rmedofol 025hipdupdai oriitr @gerd. THe Gafaaliwst iS
then filter i d w.th f ethanaol. The sol ut.i ons e
conbi ned angﬂ%ﬁé s%%]\%%%ﬂéclgsw |’§t it;éllqé% 051E)fn.11 T‘Fé YaEPHUEAFE {-4l&n al‘?g{i n
ethyl acet dteTarPVRIHaR ted ceo wkt HesifupiCl Thd sonce rwidry <23 Matzerd  Af t er
distillasioremtbe sl vert and uent tallizatjon - pr opanol
et hyl 2- am nobenzo[ b]t h,iggphene-%-car%%xgpat%ﬁiy%_ gl%t 5@5%&%’921 %yi el d of
64% 25 ExarffieoPenpothi ophens - Incarhenaiatoh cdtml ydihe Dedgsen- Hdifs; E
101 R'W5% srigtadded d1d dwistl Wit Ofs 367 @. of etdnd) 2-

acet yl am not et r ahyd: r obenzot hi ophene- 3-carboxylate in 30 250 m of xyl ene
(-J.sonmeric mxture) and the mxture is heated to a constant tenperature
of 139C to DHEC otHgr gsphthengthydtstps edmee akfownt éreth i muoVer . ameer.i od of
5 h. Thegm i e ef e a 36.h. . lt.is _cooled to
102" C, g% g)%#gngyrlfgoq[éﬂdirbnie' a%%%a%ldég‘&%n%ggég?ﬁé’ mg}f?ﬂpéei &' bPBught back to
the ref | ux ipoi fnq Bxpaple i2, s stdrred for 20 h at this tenperature.
After cooling to 20C, the Pd/carbon is filtered off, the filtrate is
concentrated to a residue, and the residue 16



is taken up in 75 m of ethyl acetate and washed with three tines 12 nml of
20% hydrochl oric acid. The organic phase is washed with twice 5 m of

wat er each tine and then concentrated to a residue. This is recrystallized
5 from50 m_of |sog)ro anol to give 21 g of ethyl 2-

ami nobenzot hi"8pHéné- @9§ar boxylate in the formof sligRCTyBpoIll/ORicsR
crystals (70.5%yield). The other synthetic steps are known from Eur. J.
Med. 10 Chem 1988, 23, 45 and V\09é£5708 Example 1, pp. 11- 12, and
Exanple 2, p. 14. WD 01/77099 PCT/ EPO17®28%2 - 17 daims 1. Process for
t he preparat| on of benzo- fused het erocycl es of general formula l: 5 R3 RL

R2 I X NH2 i whi H 10 CQAr C%)Ar,
COOH, COO0A or C&Eﬁé@gé szand |nd86§ﬁ’85ﬁlttl)9hof Bhe gh%?ﬁ%rf‘ﬁ% each H,
A, N2, CN, OH, dmebermycmsaﬂﬂ @enendépéndeniayIof one another are each
H 15 As Ar or Ac, or R4 and R5 together are also - (CH2) - (CH2) n- (CH2)
-, Ais alkyl havi ng 1-6 C atons, Ac is acyl having 1-6 C atons, Ar is

unsubst.ituted phefR3 or phenyl substj ﬂted 20 by A, NO2, CN, OH or OA
and nis 2, 3 or 4, b ting tetr hé robenzo-fused heterocycl es of

formula I1: ]
R X~ "NH,
in which
X is S, O or NH,
10 R' is CN, NO,, Ac, COAr, COOAr, COOH, COOA or
CONR®R?,

;UN

and R3independently of one another are each H,
A, NO;, CN, OH, OA or Ac,

R’ and R® independently of one another are each H,
15 A, Ar or Ac, or

R? and R® together are also - (CHj)-(CHy),- (CHy) -,

A is alkyl having 1-6 C atoms,

Ac 1is acyl having 1-6 C atoms,

Ar is unsubstituted phenyl or phenyl substituted
20 by A, NO,, CN, OH or 0OA, and

n is 2, 3 or 4,

by reacting tetrahydrobenzo-fused heterocycles of

formula II:

R -
I

R? “X” TNHAc

25

in which



RBR Il R2 XNHAc 25 in which - 18 - Xis S, 0 or NH Rl is CN, NO, Ac,
COAr,- COQAr, ‘COOH, COOA or CONRARS5 , R2 and R3 independently of one
another are each H 5 A, NO2, CN, OH, QA or Ac, R4 and R5 independently of
one another are each H A Ar or P.c, or R4 and RS together are also -
(CH) - (CH2) n- (CH2) - , Ais alkyt h@ving 1-6 C atons, 10 Ac is acyl
having 1-6 C atons, Ar is unsubst:ituted phenyl or phenyl substituted by
A, N2, CN, OH or_QOA, . and n |s 2, 3 or 4 with a catalytic amunt of a

nobl e nmetal cat al§st 19554 P I‘E‘J‘?esence of a hydrogen acceptor and then
deacyl ati ng the aryl ated cani nmog}r owg ,bycbhe, atiohA+ on ceforanN afbRe. oL2.
Process accordi ng to %ﬂsl for the preparation 20 of nmet hyl or ethyl

2- am nobenzo[ b] t hi ophene carboxylate. 3. Process according to aim1l or
2, characterized Ri mndak’ dndsdendeettdly caf abyst asekbeted e aadthe, 25

group comprising pal |adiggm ogpaciypvalgd Gar, l%on car bon, al um ni um oxi de,
bari um carbonate, pari'um, sulfate, 'cal cium cdrbonate or strontium

carbonate, platiRufh Rctinigrendenbbn, ofapbenaspthkanierieumadxie, and
rhodi um on carbon or )l ym HumoOxigle, 30 is used.

R* and R® together are also - (CH,)-(CH,),- (CH,) -

A is alkyl having 1-6 C atoms,
10 Ac 1is acyl having 1-6 C atoms,

Ar is unsubstituted phenyl or phenyl substituted

by A, NO;, CN, OH or 0A, and

n is 2, 3 or 4,

with a catalytic amount of a noble metal catalyst
15 in the presence of a hydrogen acceptor and then

deacylating the acylated amino group by the

addition of ar amine.

2. Process according to Claim 1 for the preparation

20 of methyl oxr ethyl 2-aminobenzo([b]thiophene-3-
carboxylate.

3. Process according to Claim 1 or 2, characterized

in that a noble metal catalyst selected from the
25 group comprising palladium on activated carbon,
carbon, aluminium oxide, barium carbonate, barium
sulfate, calcium carbonate or strontium carbonate,
platinum on activated carbon, carbon or aluminium
oxide, and rhodium on carbon or aluminium oxide,

30 is used.

4. Process according to one or more of Claims 1 to 3,

characterized in that a hydrogen acceptor selected

from the group comprising styrene, o-
35 methylstyrene, stilbene, tolans, cinnamic acid
esters, cyclohexene, oxygen and oxygen/gas

mixtures is us=ad.



4. Process according to one or nore of Clains 1 to 3, characterized in
that -a hydrogen acceptor selected fromthe group conprising styrene, a 35
nmet hyl styrene, stilbene, tolans, cinnam c acid esters, cyclohexene, oxygen
and oxygen/gas mxtures is used. 19 5. Process according to one or nore
of lains 1 to 4, characterized in that®a primary or secondary ami ne
boiling at between 50 and 200C is selected for the deacylation. 5 6.
Process acco5rdi ng.to one or nor to 5, _characterized in that

e of Cainms 1
the reactions are 5T B U HY t EApRREt BF eBO5Ff Bt et ™0 larf® Z00C. 10
7. Process accordieyada-aneet imwrehat & pirimatyt ©r6,seceiai=ast emized in

that the reactions, .afr. i i i gh-doi.l i ng.sol vent. 8. Use of
nmet hyl or et hyl -al%l%loggglgzolf%]v{%%p d;n%—lcg-%%anlrsbos%yﬁeactteed;sﬁoraﬁhe
internedi ate in tREBRtHaS s of

4-[ 4- (3-ghl or o- 4- net hoxybenzyl am no) benzo[ 4, 5] -

t hi eno[ 2, 3-d] pyri m di n-2-yl ] cyc|l ohexanecarboxylic acid. 20 9. Process for
t he preparat.On(ﬁrng3§(qgQQHQﬁqg4;o one or more of Claims 1 to 5,

net hoxybenzyl ?]m l’tﬂjl)aﬁeih tﬂiﬂﬁzﬁﬂ%hiiﬁrpiﬁag_' g:]h'e reacti]gnsh areh carrietd_ T

- pyrimdin-2-yl]cyclohexanecar boxylic i.d or one o e armaceutically
accept abl e sal ts,OUtcl‘?gTa TETAT LT t%tbe?'iwec%’rrp?q saé’éétwpol | owi ng 25

steps: Step a) al kyl 2-acetyl am not et rahydrobenzo- thi ophene-3-carboxyl ate
is reaci{gd cordy one of. ore of O al 1 to.7.with a.catalytic
anount %? aafiobl ?f%téaﬁ% cata}oésltr[qan@? h‘gen%r%;sgiﬁgﬁe38foFW31W§d}ogé)n 6a\ccept or,
and the acetyl at édragi@dterized in that the reactions are carried

out in a high-boiling solvent.

8. Use of methyl or ethyl 2-aminobenzo[b]thiophene-3-
15 carboxylate as an intermediate in the synthesis of
4-[4-(3-chloro-4-methoxybenzylamino)benzo[4,5]-
thieno[2,3-d]pyrimidin-2-yl]cyclohexanecarboxylic
acid.

20 9. Process for the preparation of 4-[4-(3-chloro-4-
methoxybenzylamino)benzo[4,5]thieno[2,3-d]-
pyrimidin-2-yl]cyclohexanecarboxylic acid or one
of the pharmaceutically acceptable salts,
characterized in that it comprises the following

25 steps:

Step a) alkyl 2-acetylaminotetrahydrobenzo-
thiophene-3--carboxylate is reacted according to
one or more of Claims 1 to 7 with a catalytic
amount of a noble metal catalyst in the presence

30 of a hydrogen acceptor, and the acetylated amino

group is then deacetylated by the addition of an
amine to give the compound alkyl 2-aminobenzo-
[b]thiophene-3-carboxylate;

Step b) alkyl 2-aminobenzo[b] thiophene-3-

35 carboxylate is cyclized by reaction with alkyl

4-cyanocyclohexanecarboxylate;

Step c¢) the hydroxyl group of the compound alkyl
4- (4-hydroxybenzo[4,5]thieno[2, 3-dlpyrimidin-2-



group is then deacetylated by the addition of an amne to give the
¢onmpound- al kyl 2-am nobenzo- [b]thi ophenEe-3-carboxylate; Step b) alkyl

2- am nobenzo[ b] t hi ophene-3- 35 carboxylate is cyclized by reaction with

al kyl  4-cyanocycl c, hexanecar boxyl ate; Step c) the hydroxyl group of the
conpound al kyl ~ 4- (4- hydr oxybenzol[ 4, S]QH?eno[Z 3-d]pyrimdin-2 20 - _

yl ) cycl ohexi anecar boxyl at e fron1step b) i's chlorlnated with a chlorinating

agent; Step d) the ¢ ound. al k Iorobe Z0 _
t hi eno[ 2, 3- (I]pyr|nygyﬁy599p?§9ﬁﬁ8ﬁ€ Sﬁg a5Ccar bbR Iat t?Ponﬂ%&epiﬁ5 i's
reacted with 3 chl orbldrmeathdxybehzyl ahilbeihatghgeagkatester al kyl

4-[4-(3-chloro- 4i?§%§ b I
[4,5]thieno[ 2,3 rlnyd?%é¥- Iﬂga(?hexaﬁe- ca#b&%%orObeQﬁﬁ étéd e) the
ester fromstep d) Félgaﬁéapﬁréﬁpyammld$neé 1) thelbhegaaerd is converted

to a pharmacol ogi cahlion QQQEabfﬁorﬁaléteﬂ-oc)UsgsOfré@éIt"éQi Qfi & h}él
2-an1nobenzo[b]th|o€gene - 15 carboxylate as an internediate in

synthesis of 4-[4- €3:8RPofol8LROBYBRYBEAZPLARI NBY bedir't] 4, Bl eSter

t hi eno[ 2, 3-d] pyri mi diRy2- ylljayqhokesarecarbexybxgbeachd amd @ ol benBPbacess for
t he preparation of

hydr oxybenzyl a) . n|nﬁfbghggfﬁn%j%h?eﬂé??rémﬂfln 2-yl]cyclohexane-

pyrim din-2-yl]cycl oaekaretatboxylic acid or one of the pharmaceutically

acceptabpe salts, ) AGLET | t nprlses the followng 25
st eps: gdt)ep a) alslgy geragtgt%;/le?as%%r#o&é{c}qghsytc? obenzs: TG elne(i’ ac?’raffboxyl ate

is reacted accor @it® t of) the free acid 1is converted to a
pharmacologically acceptable salt.

10. Use of methyl or ethyl 2-aminobenzo[b]thiophene-3-
15 carboxylate as an intermediate in the synthesis of
4-[4-(3-chloro-4-hydroxybenzylamino)benzo[4,5]-
thieno[2,3-d]pyrimidin-2-yl]cyclohexanecarboxylic

acid.

20 11. Process for the preparation of 4-[4-(3-chloro-4-
hydroxybenzylamino)benzo([4,5]thieno[2,3-d]-
pyrimidin-2-yljcyclohexanecarboxylic acid or one
of the pharmaceutically acceptable salts,
characterized in that it comprises the following

25 steps:

Step a) alkyl 2-acetylaminotetrahydrobenzo-
thiophene-3-carboxylate is reacted according to
one or more of Claims 1 to 7 with a catalytic
amount of a noble metal catalyst in the presence

30 of a hydrogen acceptor, and the acetylated amino

group is then deacetylated by the addition of an
amine to give the compound alkyl 2-aminobenzo-
[blthiophene-3-carboxylate;

Step b) alkyl 2-aminobenzo[b] thiophene-3-

35 carboxylate is cyclized by reaction with alkyl

4-cyanocyclohexanecarboxylate;

Step c¢) the hyvdroxyl group of the compound alkyl
4-(4-hydroxybenzo[4,5]thieno[2,3-d]pyrimidin-2-



one or nore of Clains 1 to 7 with a catalytic anount of a noble netal

cat alyst *in tthe presence 30 of a hydrogen acceptor, and the acetyl ated
amno group is then deacetylated by the addition of an anmne to give the
conpound al kyl 2-am nobenzo- [b] thiophene-3-carboxylate; Step b) al kyl

2- ani nobenzol[ b] t hi ophene-3- 35 carboxyldte is cyclized by reaction with

al kyl  4-cyanocycl ohexanecar boxyl ate; Step c) the hydroxyl group of the
conmpound al kyl  4-(4- Fédr9x¥benzo 4, S}Jt hieno[ 2, 3-d] pyrimdin-2 21 -

yl) cycl ohexanecar bo¥y! 5¥ E1PPGAFREERTBP=YLatenl of FA&t ed>¥W#® h &®)chl 6+ nat i ng
agent; Step d) the cbhpoindtabkyltid- &4cahbetabenrns] Agtht ;

t hi eno[ 2, 3-dd] pyrdJa.di n; 2-yl) cycl ohexane-. 5_carbgxylate fromstep c) is
reacted with 3 ckﬁgoE o-g)- h%‘?oxcy A@ﬁfchgn?%]éy%oidﬁ\%éc STESEE?C éll'%)l'

4-[ 4-(3-chl or 0- 4- hyghogypbénzytdhbro}bédzn-2-yl) cyclohexane-

[4, STthi gnol 2, 3- d] pysiBbdyDagey! dyk! Qaane, casboxylatey i Sten.e) the
ester fromstep d) is_saponified, and Step f) the free acid’is converted
to a pharmacol ogi cBr9ractebydppryigneylamine to give the ester

alkyl 4-[4-(3-chloro-4-hydroxybenzylamino)benzo-
(4,5]thieno(2,3-d]lpyrimidin-2-yl]cyclohexane-

carboxylate;
10 Step e) the ester from step d) is saponified; and
Step f) the free acid is converted to a

pharmacologically acceptable salt.



