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Sul f am dot hi enopyri m di nes The invention relates to conpounds of the
formul a Iwo02/0R848- CH2 HN R2 ~ ~N 10 N X i n which R an@8CREPar/EHe2ach,

i ndependent|y of one another, H OA, OQOA", OH 15 or Hal, where R and Rz
together are alternatively aI kyl ene haV| ng 3-5 carbon atoms -0- CHz- CHz-,
-CHz-O CHz-, -0-CHz-0- or -OCHz-CHz-0-, X is -CH2SOzNR3R4, 20 R3 and R4,
independently of one another, are H, a het er oar omat i ¢ radi cal

I or
al kenyl having 1-10 carbon at unsubst i tut’ﬂﬂymmum m‘mﬂ
termnally substituted by - N W@ﬁ%m&hgs. n whi ch on ’ u, " ,
groups nmay be 25 repl aced by - CH:CH- groups, -O, -NH or -NA -, wiAeee* R3
and R4 toget{igs .rwe@m%htrérdﬂéé to/ bivip6Y_dSat i foethuyic! oal kyl ene having 3-7
carbon atons, each of which is unsubstltut ed or nonosubstituted or
pol ysugstltuted by Hal, -NHz) -NHA, -NA Az - NHCOA™,  NHCOOA', - COOH,
-CODA' 7 -CONHz, 30 CO\IHA or -CO\IA'AZ Tt Wmch one or tvvo - CHzgr oups
may be’ r epl aced by -0, -NH- -NA'cH or -NCOOA'", A" and Az are
each, independently of one arpmkfer al k al kenyl 35 havi ng from1l to 10
carbon atonms, each ¢ be substitiuted by from1l to 5 F and/or C
atons, where A and are altermgtively cycl oalkyl or
051848 -2 PCT/ EPOL/ 14102 3-7 carbon atons, m

epla dby -0-, -NH, -NA -, -NCOA - or
-Ncoo10) and 5 Hal N

Pyrim di me derivati vie: ere kn(ﬁm f>6r eig(rjrplsgl tfsrgznggr 133558%]””"%"”%9’%

8 or WO 93|@ghR#H. The invention had the object of finding novel sgerpounds

i ng val uabl e properties, in particular those which can be used for the
preparation of 15 rredl caments. |t has been found that the conpoynds of the
formila | an® sadtR’ thaweeaacmam@epmd,enwmme@rmﬁmrnﬁb@/bg. Apr@Perti es

and ar ﬁéwe" tol eratedg, L) Wérbcﬂ"éﬁd R?l}f%tﬁ‘é%r@éne?ﬁ&?\}é‘l y GlikyTeHeli tion of

c@W phasphodi est erase 20 (PDE V). a e nds fromthe
prior art, the corrpounB@V'%&JM?F@oﬂ BtQ"Fﬁa n&%ﬁ&"c’m ﬂ%ﬂéﬁe f avour abl e

physi cal /chem cal propapigiesQ-baug)}CHh®H @ve better solubility and are,
for exanple, 25 absorbed better on oral admnistration.

X is -CH,SO,NR°R",
20

R®and R*, independently of one another, are H, a heteroaromatic
radical, alkyl or alkenyl having 1-10 carbon atoms, each of
which is unsubstituted or terminally substituted by —NH,,
NHA' or -NA'A? and in which one or two CH, groups may be

® 05 replaced by -CH=CH- groups, -O-, -NH- or -NA'-, where R®

and R* together are alternatively cycloalkyl or cycloalkylene
having 3-7 carbon atoms, each of which 1s unsubstituted or
monosubstituted or polysubstituted by Hal, -NH,, -NHA,
-NA'A?, -NHCOA', NHCOOA', -COOH, -COOA', -CONH,,

30 -CONHA', or —=CONA'A? and in which one or two —CH,-
groups may be replaced by —O-, -NH-, -NA'-, -NCOA'- or
—NCOOA',

A'and A*  are each, independently of one another, alkyl or alkenyl
35 having from 1 to 10 carbon atoms, each of which may be
substituted by from 1 to 5 F and/or Cl atoms, where A' and A?
together are alternatively cycloalky! or cycloalkylene having



30 Qui nazolines having a cGW phosphodi esterase-inhibiting activity are
descri bed, for exanple, mJ. Md. Chem 36, 3765 (1993) and ibid 37, 2106 (
1994). Theoekmgs cal activity of the conpounds of the fomrooleroi/iaan be
determ ned by nethods as described, for ,exanple, m WO 93106104 The affinity
of the compounds according to the invention for cGW and cAMP

phosphodi esterase is determ ned by neasuring their |1Cso val ues 35
(concentration of the inhibitor needed to achi eve 50% i nhi bition of the

enzyme activity). -3 T t ) |OoNS can

be carried out usi ng%%é%gaﬁiég?ﬁ%@%@%%g]\j?noéﬁééh%%m%gobg@F%og WJ.

Thonpson et al., Bi ochkeynr-Ort9:NH- tNA 3tNCOA Tiee —dHOAeNnt s can be carri ed

out using a gﬁ&lifi ed batch method of WJ. 5 Thonpson and MM Appl eman

(Bi ochem 1979, 18, 5228). The conpounds are therefore suitable for the

treat ngnt of di seases of the cardiovascular system in particular cardiac

i nsuf f Pci encpyg) and foristhectt Bgakment and/ or therapy of potency disorders

(erectile dysfunction) 10 The use of substituted pyrazol opyri m di nones for

the treatnment of inpotence is described, for exanple, in WO 94128902. 15

The use of oshdrsaRPEnd/arrdoivatestteresf descri bed, for exanple, in WO 94128902

The conpounds are effective as inhibitors of phenyl ephrine-induced

contractions _in corpus cavernosum preparations of rabbits This biol ogical

action can bBydevidnedesivatives afe knawmifer exgmpliee figm R&d1 23hed by F.

Hol myuilSt et @l o188 PVID 93/86904 1310- 1315 (1993). 20 The inhibition of

the contraction denonstrates the effectiveness of the conpounds according

tg the invention for the therapy and/or treatnment of potency disorders.
rmaceut i cahefigventiont hadh thecolnecisafifirglind novdlesonmimardsdhvarsy ealagseley 25 (pDE

V) inhibitor 0 ' . ' [ ' i bed in WO
001 15639. Qt ﬁaﬁﬁﬁ%ﬁh&%@ﬂ@ﬁ@%%@i&éﬁﬁenur%[ﬂe@bﬁi%a%%ﬁ%ﬁ@éteuti cal

f or mul at i ons masheArgemtsg of ot her phosphodi esterase V 30 (PDE V) inhibitors

togethdP with a prostagl andin or prostaglandin deriva tive are described in
WO 001 15639 and WD 00l 15228. The use of (other) phosphodi esterase IV or V

i nhi bi tors mitd@sdvent fasdthahthg eanereundsefdhe fermyad andgialisdharertr i vati ve

for the | ocahaléga Liablle rﬁfa%@tddi@lgyép‘aem%im arg Wisibléraest i n WO
991 21558. WO 02/ 051848 PCT/EPOL/ 1=t102 -4 R T. Schernmuly et al. in the

American Journal of Respiratory and Critical Care Medicine, 160, 1500-6
(1999), descin partichtart theyapdubit speontiemhiatioofof pGiR ahbaplibdiedtRrésaszl2) in
aer osol0f or m(pr )syst em c PDE inhibitors, preferably dual -sel ective PDE
11111V inhibirtors,”in | ow doses for acute and 5 chronic pul nonary
hypertensi on. |In Pneunol ogie (54, Suppl. 1, S42, 2000), R Schermuly et al.

descri be t he gomiparedsattPheREdmpouriy febrnitRe pridr BFHO Hieasardpbindsiduced

vasorel axati %gcggd?ﬁ(gp teor t'h%‘?ﬂ%é‘étiﬁ”n”%g\?e”%% ?X\Po%rréglgl pahysicallchemlca|
properties. Thus, they have better solubility and are, for example,

. 25 absorbed better on oral administration.

Quinazolines having a cGMP phosphodiesterase-inhibiting activity are
described, for example, in J. Med. Chem 36, 3765 (1993) and ibid 37,

2106 (1994).
30
The biological activity of the compounds of the formula | can be deter-
mined by methods as described, for example, in WO 93/06104
The affinity of the compounds according to the invention for cGMP and
35 cAMP phosphodiesterase is determined by measuring their ICs values

(concentration of the inhibitor needed to achieve 50% inhibition of the
enzyme activity).



10 Pharnmaceutical fornulations consisting of other phosphodi esterase V (PDE
V) inhibitors together with cal ci um antagoni sts {= cal ci um channel

bl ocker s)ware/desagri bed i n WO 00l 15639. 15 Conbi nati ons ofPCRDEPOVI410DI bitors
with endot hel mreceptor antagonists areqdescribed, for exanple, in WO

991 64004. Pharnmaceutical fornul ations consisting of ot her phosphodi est er ase
V (PDE V) inhibitors together with a nitrate are described in WO 00l 15228.
20 The known contrai ndication of adm nistration of nitrates at the sane

time as taki ﬁ*ﬂgk@%y GRS blicaried BEt L4} g@'zy%sqéolsfe%%kﬁowsfunct' on

is described wever, it is
di scl osed t hEethpds ﬁ@'é@ﬁfﬁﬁ'eb\é/ HdHhamRsXt @HalasB'Qﬁlﬂ‘?fan@?Ehl_Qag%Ht) sTB% t hough

phosphodi est ggg&fmnisiddrbhé @éﬁlé@f@tuﬁéﬁﬁb atmadiifed dakcH methddPsf W gat ment  of
25 erectile g sfunction 'EM eC| figcation fﬂé@mﬁ ?ESCI‘I bes

phar ma§eut| c aNOPPSHA 2 @H‘a@b ela Ul Ble and a

phosphddi esterase inhibitor for use in the therapy of erectile dysfunction
and/ or inth r I C s the
presence of th‘&% pe(p[ |svaqe'g(§ﬁ%%\rf&%n%! caé%h?q %eﬁth& (ﬁ%%‘séaécﬁp ing to
t he i nventi opagdievassuiaiaystane isuartieuiar wldlaqmsuff@mnﬂynan@forathg|trﬁat- h| gh
bl ood pressu Y ilure, cardiac
, : Eﬁné %ﬁbfﬂ?ﬂﬁéﬂé@ FIHERS) &Qord@?@%@é&dl grgggyfeﬁl?fﬁé&gﬁ?

i nfarction, c obstructive pul'monary 3 cor pul nonal e,
dextroqﬁrdiac i nsufficiency, atherosclerosis, conditions of reduced patency

of thle egrt Thesse @f,sumnmé@bbwazr?ldﬁfy@rﬂ&lﬁdhésIB#&eHEB’th%@thbf IMga-02 HS_

vascul ar di seases., stro e bronc ast hma, chronic asthmg,

&erglc r hi qqqels S&UE%@JOFP%‘?”"PL%|'@VB§V%‘?5§?¢@one, tumours, renal
ufficiency, liver cirrhosis, for the treatnent of female sexual

di sorders, i "ﬁrmleelj’gef@tdtﬁér PBEt\?‘?rﬁ’r%ﬁér'sﬁs fe%ﬁ@ﬁé Bf Bxdrfpiet fj§ treatment of

mal i gn hypertom a aeochr omacyt ona cate gl'am ne- produci ng tunmour of

the adrenal ¥¥6t 21 peripheral vascular (occlusion) diseases, vascular
di seasé t hr orrbocyt openl a, ulcus pepticum (benl gn | nt estl nal ul cer)
perlstaltlc tlon di sorders rcut aneoys tr ronary

angi opl asty, grqp[m%o% %f&%@veﬁéé%ﬁﬁ%? lrke '(B‘FUPﬁQ CeBF onary

bypass) prerrtmctnmsylnl@orpasra:avejnrd)shenp@papatummm'abmsr‘ﬁhlabn@logﬂae i nvention

Lhus rel ates oo BeneaTaRaa ALyl BF B E\Awm@wﬂeﬁqﬁef gl gy, and
¢d

sol vates thereo hysi 0 acceéptab andl or
sol vat es thelFebemQUFEhét abm)éthﬁj dﬁgtﬁa r3|‘lﬁ>l (A9P3kan be enpl oyed as

redi carht eaﬁ?‘eﬁﬁ“'bw”e‘g'“at?@f?”‘”aﬁﬂ&???g?m?%ﬁeﬂhbﬁé&é'?Eﬁ??ngﬁ‘PefTﬂretyhgra”
ot eamat A eomPBiNAY BEaP B IS ABUSRC 1 et Ser2DK BRI EaRteeRt O RD. | R,

R4, A, A2, Yowntyldisoreleps defined in the formulae I, Il and IIl, unless
expressly stated otherwise R and R2 are preferably, independently of one
another, H QA" or Hal, in 25 particul ar al koxy having from1 to 9 carbon

ioms @t%g BrPharmracmh@aitﬂommlam@Js conmigtinglehethgr phosprwdiesterase, Vpr ef er abl y
i oh is 30 (o0m @P@Wﬁ qeffieraui s SHEpBa R e g BeRae O s

as defined aBb¥¥O (8} @%C-frmr e) R3 and R4 together are prefer ably

al ternati vel Dtagctoabingtions acy elgeidded iany0egi18g28- 7 carbon atoms, each of
whi ch is unsubstituted or nonosubstituted or polysubstituted by -NH2, - NHA,
-NA" A2, -NHCQA', NHCOOA', -COOH, -CODA', -CONH2, -CONHA' , or 35 -CONA' A2
and m whi ch &harmacewiical Gypaulglienspeonsisting:of etpeapbdspiyodiesteradaty, - NA' -

- 300r :
arNgOg alkyl tho ngﬂnmti?t%rré 'téij@tlgér’wﬁa@@sﬁ@awﬁ%ﬁﬁpﬁgé%d@g fig, anot er,
PCT/ EPQ / 1416e age depgiibrd INVERB1303%aNbWONIPI5238CH3 or - N( CH3)2 or

one of the follow ng groups'

The use of (other) phosphodiesterase IV or V inhibitors in combination
with a prostaglandin or prostaglandin derivative for the local treatment of

35 erectile dysfunction is described in WO 99/21558.



oC2H5 5 (CH2)n N~ --~~ O OH -(CH2)~ N O, 10 -(CHz)~ N*NH -(CHZ)~ N O --~
or y 15 (CHZ)~ ~/ Nin whichnis 0, 1, 2, 3, 4, 5, 6, 7, 8 9 or 10,
pref er abl woQ2@618ds | n the fornul ae above or bel ow, al kyl irgTHPOi/RN8D] Y
unbranched and has 1, 20 2, 3, 4, 5, 6, ,/ or 8 carbon atoms and is
particularly preferably methyl. ethyl or propyl, furthernore isopropyl,
butyl, isobutyl, sec-butyl or tertbutyl, but also n-pentyl, neopentyl,

i sopentyl or hexyl A and AZ are each, independently of one anot her,

Pogetnor ar oRaT SR L&éﬁéa'iﬁ{%am&mﬂé?fh%?f%%pgé@&%nﬁ}%ﬁ@%f. " whi ch

one C|—|2I gr oupanaWdnicine pl 6, eldb0oy6 { 1999): dlb’sqnba\tNeutheFaﬂ(eoub-pomennau@(fx)él . In
or

o e AL O ettt PO BB,

i denti cal or feipblycdughse Varpé)%ﬂlé/f\éirﬁbb'iprﬁ'a ilewxdosgsdfonageisei andbn of t he

phenyl o ng. cARMC ggpnorfeg:? hgpafehsioneach, independently of one another, H,
H, Calkyl, F, CI, Br or or together are 35 al kyl ene, such as, for

exanpl e, propylene butyl ene or pentylene, furthernore ethyl eneoxy,
met hyl enedi okyPneumqugle(@dlSlmplThew&rZ{)(m )i Br Bahéemally et alNde32/iDE 118218

PO EPO11 141081 sohee B PSP LKISTAG oA L0k kcy G ORASed L BLORIBIRER i ™™t 0%y,

et hoxy or propoxy. ?) er nor e eroaronma radi cal "
| s preferabl yqurnmamal pmearVWypertﬁhWaS zolyl, oxazolyl, isoxazolyl,
thlazoIQI triazolyl, quinolinyl, |squ|noI|nyI acndinyl pyri dazyl ,

pyrimdyl, razi nyl, phenazinyl, 9H inyl, pte articular 2,3
}SB?FFP@‘&Q@MC@“ B%fm%‘dﬂﬂs cqxw%me/ﬂ OthB&PH%ﬂRﬂd'%ﬁ%ﬁP 8s@iVazol yl 10

4- pyndyl
3 oughout t (RDENVERhIbKArs Bldettigrdivientalciih ahtagonilts (Bicaldilachanael my be
i dentical or |ff t of one anot her Accordingly,

t he |nvent|oR F§§)easré qeﬁcﬁgﬁlf%wg%ﬁ e use of the conpounds of the

formula | in which at | east one of the said radicals has one of the

pref er 1éd n’e@rynﬂgﬁa 6}% sepp \?quorﬁw g?éﬁ?\@t\leﬁﬁ ?&gdg&r érﬁ’t‘ggﬁﬁ{@&g@ds of

the formula | aret e conpound 11 SAN
O S~O NH 25 HKegcriedgdor emPIEPLU\ GAr 0 02! 0S 1848

Pharmaceutical formulations consisting of other phosphodiesterase V
(PDE V) inhibitors together with a nitrate are described in WO 00/15228.
The known contraindication of administration of nitrates at the same time
as taking of PDE V inhibitors in the indication of erectile dysfunction is
described, for example, in WO 00/10542 At the same time, however, it is
disclosed that nitrates can be administered as antianginal agents although
. phosphodiesterase V inhibitors are used at the same time for treatment of
25 erectile dysfunction
This specification furthermore describes pharmaceutical preparations
which comprise both a nitrate and a phosphodiesterase inhibitor for use in
the therapy of erectile dysfunction and/or in the therapy of cardiovascular
diseases at the same time as the presence of the respective other indica-
tion

20

30

The compounds according to the invention are furthermore suitable for the
treatment of angina, high blood pressure, pulmonary hypertension, con-
gestive heart failure, cardiac infarction, chronic obstructive pulmonary
disease (COPD), cor puimonale, dextrocardiac insufficiency, athero-
sclerosis, conditions of reduced patency of the heart vessels, peripheral

35



g_ ClLHN12 ~NON1'SSONOO10 15 f3 20 ¢ci HNI ,No | ~/ g N25 O-S 0
I~ NNH30 35 NHOO WO U2/051848 g _cl HN ~N o 15 S~N~ O=s t~o NH 10
IN ~ HN ~wo @losisadN / o/ 16 15 s~N~ O=s t o NH HzN 20 HN ~peTfilpoy1dod o/ 17
S~N~ O-S 25 t~0 N 0 30 PCT/EPO /14102 35 = MO 02/051848 -10

vascular diseases, strokes, bronchitis, allergic asthma, chronic asthma,
allergic rhinitis, glaucoma, irntable bowel syndrome, tumours, renal insuffi-
ciency, liver cirrhosis, for the treatment of female sexual disorders, inflam-
mation, osteoporosis, furthermore for the treatment of malign hypertonia,
phaeochromacytoma (catecholamine-producing tumour of the adrenal
cortex), in peripheral vascular (occlusion) diseases, vascular diseases,
thrombocytopenia, ulcus pepticum (benign intestinal ulcer), peristaltic
motion disorders, percutaneous transluminal coronary angioplasty, carotid
angloplasty, postoperative stenosis of the coronary bypass, premonitory
10 pains and benign prostate hyperplasia.

. The invention thus relates to the compounds of the formula | and thereof
salts and solvates thereof, in particular physiologicaly acceptable salts
and/or solvates thereof

15
The compounds of the formula | can be employed as medicament active
Ingredients in human and veterinary medicine. They can furthermore be
employed as intermediates for the preparation of further medicament
active ingredients

20
Above and below, the radicals R' R?, R?, R* A’, A> X and L are as
defined in the formulae |, il and lll, unless expressly stated otherwise

' R' and R? are preferably, independently of one another, H, OA' or Hal, in
25 particular alkoxy having from 1 to 9 carbon atoms, Cl, Bror F

R®and R* are, independently of one another, preferably H, a hetero-
aromatic radical or alkyl having from 1 to 10 carbon atoms which is
terminally substituted by ~NH,, -NHA' or -NA'A?, in which A’ is as defined
above. Furthermore, R® and R* together are preferably alternatively
cycloalkyl or cycloalkylene having 3-7 carbon atoms, each of which 1s
unsubstituted or monosubstituted or polysubstituted by -NH,, -NHA,
-NA'A? -NHCOA', NHCOOA', -COOH, -COQA’, -CONH,, -CONHA', or
—CONA'A? and in which one or two —CH,- groups may be replaced by —O-,
-NH-, -NA'-, -NCOA'- or -NCOOA' In particular, R® and R*, independently
of one another, are H, alkyl having from 1 to 8 carbon atoms which is

30

35



HN ~~Cl N~o 18 5 s~N~0 ~so NH~N 10 ~J HN~No 19 15 s~\N~ 0 s ~~0 NH
N / PCT/ EPQOL/ 14102 20 and salts and sol vates thereof. The et hanol anmoni um
salt of owopewsndsdl3 |s particularly preferred. The conpouRd$/Epdl/14e2 f or nul a
|.and also the starting materials for tge preparation thereof are, in

addi tion, prepared by nmethods known per "se, 25 as described in the
literature (for exanple in the standard works, such as Houben- Wyl ,

Met hoden der organi schen Chem e [ Met hods of Organic Chemi stry],

Geor g- Thi ene , LNHLO i e } id 1 ons
whi ch are knfc?\}/\/ﬁmaaﬁ:lg Sgﬁ%pg{tyﬁb&ormﬁzheﬁggq c?ecr;rleggtcl}ig%é&bé@ég%%;qogg%ed made
here of vari@®Upswhi ch are known per se, but are not nen30 tinned here in
greater detail. In the conpounds of the fornulae Il and Ill, R, RZ and X
have the neani ngs indicatedggipp particular the preferred neanings

i ndi cated. 35_d._§)l___tils a\regctive esterified OH group, this is preferably

al kyl sdl f onyl S)xy’- "haw ng/1- 6i.carbon atons (preferably nethyl sul fonyl oxy) or
aryl sul f onyl oxy W O 02/ 059848 ,-11 PCT/ EPO1/ 14102  havi ng 6-10 carbon
atons (preferably ph - oPHp-tol yl sul fonyl oxy, furthernore al so

2- napht hal enegtH.fj-efiyl ox he conpounds of the fornmula | can preferably be
obt ai ned by a proces in i ch conmpounds of the formula Il L NI | 10 S N
Xin which Xis as defined above, 15 and L is C, Br, OH SCH3 or a

reactivy ester}$|_i| ﬁd_’\‘sﬂ%_g\lﬁ_pp. are reacted with conpounds of the forrmula |11
20 , cH3U~ - 1520 \BIZ_/ which 25 R and R2 are as defined above, or 30 a
conpound of the formula IV 35
® {CH)—N  ©

S

or

inwhichnis0,1,2, 3,4, 5, 6,7, 8 9or 10, preferably O or 2.

In the formulae above or below, alkyl I1s preferably unbranched and has 1,
2,3, 4,5, 6,7 or 8 carbon atoms and 1s particularly preferably methy!.
ethy! or propyl, furthermore isopropyl, butyl, isobutyl, sec-butyl or tert-
butyl, but also n-pentyl, neopentyl, isopentyl or hexyl

20

A' and A? are each, independently of one another, preferably alkyl having

’ o5 from 1 to 7 carbon atoms, where A' and A? together are alternatively
cycloalkylene having 3-7 carbon atoms, in which one CH, group may be
replaced by —O-, -NH-, -NA'- -NCOA'- or -NCOOA'-. In particular, A’ and
A? are methyl or ethyl.

30 Hal is preferably F, Cl or Br, but also |, but in particular Cl.

The radicals R' and R* may be identical or different and are preferably in
the 3- and 4-position of the phenyl ring. They are, for example, each,
Independently of one another, H, OH, Oalkyl, F, Cl, Br or | or together are
alkylene, such as, for example, propylene, butylene or pentylene, further-
more ethyleneoxy, methylenedioxy or ethylenedioxy They are alternatively

35



WO 02/ 051848 PCT/ EPQOL/1:1102 -12 5 in which 10 Qand R~ ~ CH2 HN R2 ~ ~N N
Yis -CH2SzQ, is Cl, Br, OHor a reactive estenfied OH group, R and Rz
are as defipng@sisas Jaim 1, is reacted with a conpound of tle/dror/miba V 15
in which 20 25 30 35 HNR3R4 V R3 and R4-are as defined in Claiml1, or IV
and/or in that a conpound of the for rrul'g'l is converted into one of its
salts. If desired, the starting materials can also be fornmed in situ by not
isolating themfromthe reaction m xture) but instead inmediately

converting them further, ipto the c f I ot her
hand, it is B@gqeﬁlyﬁ@ E&OW’ %L{fth 5%38’?%’?1%?5'&}@%%& rsggl'%eorsqqgfj H&ﬁg
conpounds of furtineriorerbydroxyl.and 111 are generally known. |f they are not
known, they can be prepared by nethods known per se Compounds of the
fornmula I'l can be obtained, for ex_anﬁl e, fromthe correspondi ng

hydr OX)épyri i B¢t “Rgietaaramatis adicalips prefaiably sphderyaepvhtiMidd and

CN- subSt i t ut gglyRldkukEIPR GeRRUI  thilyll tHakeNs lind1, MeshuiGdietyl, 23, 453
(Loo8)) by EIYR LG FRBUHL BI20I), BRECHE dUMUIY VSquItHRTy

W, t OC13 e hydr ox ri mdines ar repare by the
Cycl i $ation BFINMmRYTHREHHRLTEYE BYRAIYT BhERatnYe SRR PREHRG
al dehydes or particuidres3 whidepyridyl, pywitafl, @ydisudy | RSTazRP@lL /piddfityl-al usual for
t he preparat incﬁaa?cgl pyri m dne derivatives (for exanple Houben Wyl E9b12) In
detail, the reac P¥h of the conpounds of the formula Il with the conpounds
of the formula Ill is carried out in the presence or absence of an inert

sol venflOat t epRRIM 8% PREWRSA APRitical2 WrittlodhUhorkoPenRiekanapby bet ween
20 and 100. The addition of an aci.d-bindj n?é)?gent, for exanple an al kali or

kal i ne 10 M'ﬁah@t@ﬁem’r'&i%@,m@%ﬁ Pe @@ ¥onat e or anot her salt
a weak achdc@idiridlg, thekavention relldtab) ing;aeacmlbr,rmtﬂaé sise fof eeetamly of
potass! um SBELHAR 8f tie¥orntiT 1 RwAilf offsdet bR ot el 8ifs REEBReSUCh 28
of the preferred meanings indicated above.

Particular preferred compounds of the formula | are the compounds 11 to

19:
ol
e
20 T SN o 1
/)\
s N
Oxg
e
NH
®
NH,
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di et hyl am ne, pyridine or quinoline or of an excess of the am ne
conponent, may be favourable. 15 Exanples of suitabl gdmantisdtvents are
hydr ocar bons, such as hexane, petrol eum ether, benzene, toluene or xylene;
chl ori nat ed_hydrocarbons, such as tfichloroethylene, 1,2-dichloroethane,

t et r WOPBIBHEL hane, chl orof orm or chl or onet hane; alcohols, such as

nmet hanol , et hanol, isopropan 20 Ol, n-propanol, n-butanol or tert-butanol;
ethers, such as diethyl ether, di isopropyl ether, tetrahydrofuran (THF) or
di oxane; glycol ethers, such as ethylene glycol nononethyl or nonoet hyl
ether or ethylene glycol dinethyl ether (diglyne); ketones, such as acetone
or but anone; anidesHN-n.- asyvacet am de, di net hyl acet am de,

N- et hyl pyrrolidone or di y/J | f ormam de 25 (I@MF); nitrites, such as
acetonitrile; des, chdas di nmet hyl sul foxide (DVSO, nitro
conpounds, i trjonet hane or nitrobenzene; esters, such as ethyl
acetate, or . he said solvents It is furthernore possible to
con%Frt a radical® &R in a conpound of 30 the formula I into another
raditcal R or R2, for exanWgpbe by hydrol ysing an ester to give an CH group.
Ester groups can be saponiN<ied, for exanple, using NaCH or KOH in water,
wat er | THF or wat er/di oxafie at tenperatures between 0 and 100 Ethers can be
obtai ned by al kylation o e resultant hydroxyl groups 35 under standard
condi tions. WO 02/0S1848 PCT/EPA /1.4102 -14 An acid of the formula | can
be converted into the assqgetabed acid-addition salt using a base, for
exanpl e by reaction of ejELvalent anmounts of the acid and the base in an

i nert ol vent, such as ethanol, followed by evaporation. Suitable bases for
this reaction are, in particular, those which give physiologically
cceptable salts. Thus, the agjd of the formula I can be converted into the
‘ﬁorresponding metal sgd bty particular alkali netal or alkaline earth
‘metal salt, or into the d espondi ng amoni um ¢&lt using a base (for
exanpl e sodiu <I"the, pot assi um hydroxi de, sodi um carbonate or
potassu$n1car .EiiﬁN so suitable for this reaction are, in
particlfar) orgé ﬁs whi ch give physiologically acceptable salts, such
as, for exanple, ethano aﬁume On the other hand, a base of the formul a |
can be converted into theNagsoci ated acid-addition salt using an acid, for
exanple by reaction of 1 ui val ent amounts of the base and the acid in an
i nert solvent, such as ethanol, followed by evaporation Suitable acids for
this reaction are, in par&' ar, those which give physiologically
accept abl e aci ds Thus, FOi s possi ble to use inorganic acids, for exanple
sul furi€Pacid, nitric aC|d, hydroh@hic aci ds, such as hydrochloric acid or
hydrobrom ¢ acid, phos 2Q,phe @aci ds, such as orthophosphoric acid, or
sul fam ¢ aci d, furthernDr- org a94ds in parti€ul ar aliphatic,
alicyclic, aralln- owrat i Ohet erocycl i c monobasic or pol ybasic
carboxylic, sulf lsul furic aC|ds for exanple formc acid, acetic
acid, propionicia 5P V@ |c aci d, dlethylacetlc acid, malonic acid,
suggi ni c_aci d, plnellc aci o~&ynar|c acid, malefic 25 aC|d |l actic aC|d
t aric2acid, malic acid, cityi® acid, gluconlc aci d, ascor bi ¢ aci d,
ni cotinic acid, isonicotinlciii , met hane- or et hanesul f oni c aci d,

et hanedi sul foni ¢ aci d, 2-hydrioxyet hanesul foni c aci d, benzenesulfonic aci d,
p-t ol uenesul foni ¢ acid, napht hrahénenono- and -di sul fonic acids, or

| auryl sul furic acid. Salts w thPphysiol ogi cal |y unacceptabl e aC|ds for 30
exanpl e picrates, can be used for the isolation andlor purlflcatlon of the
conpounds _of the fornmula | The invention furthernore relates to
pharnaceu@pcal preparations conpnsng at | east one conpound of the formula I
andl or one of its physiologically 35 acceptable salts andl or sol vates for
the treatnment of angina, high blood pressure, pul nonary hypertension,
congestive heart failure, atherosclero WO 02/ 051848 PCT/ EPQOL/ 14102 - 15
sis, conditions of reduced patency of heart vessels, peripheral vascul ar

di seases, strokes, bronchitis, allergic asthma, chronic asthma, allergic
rhinitis, glaucoma, irritable bowel syndrone, tunours, renal insufficiency,
liver cirrldsis and for the treatnent of female inpotence. 5



These preparations can be used as nedi canents in human or veterinary
medi ci ne. Suitabl e excipients are organic or inorganic substances which are
sui t abl e Wworo2esisagal (for exanple oral), parenteral or topCTaP01/14102

adm nistration and do no react with thegiovel conpounds) for exanple water,
vege 10 table oils, benzyl alcohols, alKylene glycols, polyethylene
glycols, glycerol triacetate, gel atine, carbohydrates, such as |actose or
starch, magnesium stearates, talc or vaseline Suitable for ora

adm nistration are, in partlcu lar, tablets, pills, coated tablets,

capsul es, powders, grany|-es ; S, juices or drops, suitable for recta
adm ni stration are supposito , suitl5 able for parenteral adm nistration
are solutions, £ N asggl-or aqueous s@ utions, furthernore
suspensi ons, r pnplants and suitable for topical application

are oi ntnents, ers. The novel conpounds may al so be
| yophi Fi sed and the resulken | yophi | i sates used, for exanple, for the
preparation of injection prébagations The prepa 20 rations indicated may be
sterilised andl or conprise asisi stants, such as |ubricants, preservatives,
stabilisers andlor wetting({agents, enulsifiers, salts for nodifying the
osnotic pressure, buffer substances, colorants and flavours andlor a
plurality of further actige ingredients, for exanple one or 25 nore
V|tan1n§ The conpounds o the formula I and physi ol ogically acceptabl e
salts tiRereof can be enpfoyed in the treatnent and prophyl axis of di seases
whi ch are caused by an excessively | ow cGW (cycl oguanosi ne nonophosphat e)
level and/or can be influe ’ @n increase in the 30 cGW | evel. The
‘:r eased cGW |evel cdtl bition or prevention of inflammtion and
causes rel axat i e _of t i cular, the conpounds according to the
i nvention can e n the tT eat nent of an&fna, hi gh bl ood pressure,
pulnonary hype a{f,elhgbe/stlve heart failure, atherosclerosis,
condi ti'8ns of reduced p ncy of the heart 35 vessels, peripheral vascul ar
di seases, strokes, broncmtTE? al l ergic asthma, chroni ¢ asthma, allergic
rhinitis, glaucona, irritabl gnbowel syndr one, WO 02/ 051848 PCT/ EP01114102
-16 tunmours, renal insuffiagiency, liver cirrhosis and for the treatnent of
femal e i npotence. The inveption relates to the use of the compounds of the
formula | and 5 physiolegi‘cal |y acceptable salts andl or sol vates thereof
for the preparation of a nmedicanent for the treatnent and prophyl axis of
pot enc¥Odi sorders, such as, for exanpl e, erectile dysfunction, for the
treat ment and prophyl axig , high bl ood pressure, pul nonary
hypertensi on, congestive| hea ilure, cardiac infarction, chronic
obstructive pufmfon : dITI», cor pul pponal e, dextrocardi ac
|nsuff|C|ency,l=’ﬂ- Ie;osis, conditions of reduced patency of the heart
vessel s, peri pheral ary di seases, strokes, bronchitis, allergic

t hma, chronic asthma, ald€rgic rhinitis, glaucoma, irritable bowel

dro@®, tunours, renal insufdiciency, liver cirrhosis, for the treatment

of female sexual 15 disorder®¥) inflanmmation) osteoporosis, for the
treatnment of malign hypert ni;) phaeochr omacyt oma, peri pheral vascul ar
(occl usion) diseases, vasc di seases, thronbocytopenia, ulcus pepticum
peristaltic notion disorders, percutaneous translum nal coronary
angi opl asty, carotid angioplasty, postoperative stenosis of the coronary
bypass, prenonitory 20 pains and benign prostate hyperplasia. In general,
t he suB@tances are preferably adm nistered in doses of between about 1 and
500 ng, in particular between 5 and 100 ng per dosage unit The daily dose
is preferably between about 0 02 and 25 10 ng/ kg of body wei ght. However,
the specific dose for each patient depends on a wide variety of factors,
for exanple on the efficacy of the specific conpound enpl oyed, on the age,
body wei ght, general state of health, sex, on the diet, on the tinme and
met hod of admi nistration, on the excretion rate, nedi canent conbi nation and
severi 8% of the particular 30 disease to which the therapy applies. Oal
adm nistration is preferred The invention furthernore relates to
medi canents conprising at | east one conpound of the formula | and/or its
physi ol ogically tolerated salts and sol vates, and at |east one further
medi cament active ingredient 35 The invention also relates to a set (kit)
consi sting of separate packs of WO 021 051848 PCT/ EPO1/ 14102 -17 (a) an
effective anount of a conpound of the fornmula | and/or its physiologically
tolerated salts and solvates, and 5 (b) an effective anount of a further
medi canment active ingredient.




The set conprises suitable containers, such as boxes, individual bottles,
cartons, bags or anpoul es The set nmay conprise, for exanple, separate
anpoul es waabosss ai ni ng an ef fective anount of a conpoun#@#CoEPIHEHODr NUl a |
andlor its physiologically tolerated say§s and solvates, 10 and an
effective anount of a further nedi canent active ingredient in dissolved or
| yophilised form The invention furthernore relates to the use of conpounds
of the formula |I andl or physiologically tolerated salts and sol vents
thereof for the 15 preparation of a medi canment for the treatnent of

di seases of the cardioyg 2 Stem for the treatnent and prophyl axis of
exanpl e, erectile dysfunction, for the
treatment and p jNga” hi gh bl ood gy essure, pul nonary

hypert ensi on, /Qﬁgrt failure, cardiac infarction, chronic

obstructive pu Nay” 2Q“hsease (COPD), cor pul nonal e, dextrocardiac
i nsuf fPci ency, atherosclepQgis, conditions of reduced patency of the heart
vessel s, peripheral vasculaﬁq@ seases, strokes, bronchitis, allergic
ast hma, chronic asthma, all g¥gic rhlnltis, gl aucoma, irritable bowel
syndronme, tunours, renal ifisufficiency, liver cirrhosis, for the treatnent
of femal e sexual 25 disorders, inflammation, osteoporosis, furthernore for
the treatnment of mal i gn Nypertonia, phaeochronacytoma
(cat echgl am ne- produ aggjtunnur of the pituitary cortex), in peripheral
vascul&B (occl usi on) dr<seases, vascul ar di seases, thronbocytopenia, ulcus
pepticum (benign intestinal ulcer), peristaltic notion disorders,

rcut aneous transl um nal_~eor ry! 30 angi opl asty, carotid angi opl asty,

toperative stenosis 'Of t ronary bypass, prenonitory pains and benign
prost ate hyper pla NGO gr with at | eagt one further nmedi canent
active ingredi ﬁ?b

i nvention can 3
for exdfple, with vaso dilatlors, a-adrenergic inhibitors, such as, for
exanpl e, phentol am n, V\8 51848 PCT/ EPO1/14102 -18 prazocin or
yohi nbm m xed a, (3-i nhi bi t oy, such as, for exanple) carvedilol,

prostagl andin EI and pg@f:ycl in, ACE (angi otensin converting enzyne)
I

ounds of the formula according to the
%fl@q‘et her with other active ingredients, such as,

i nhibitors, NEP (neutr epdopepti dase) inhibitors, centrally acting

dopami nergic active in Ients, such as, for exanple, aponor 5 phine,
vasoactive intestinal peptides, calcium channel bl ockers and conmpounds such
as thi 29i desamdsalta@eatsobvatendheseef.d hesetheaslanynenuameaibat cempogiad Ml at i ons
conpri si ng a,PpAscagr@Hieferfia, Prost agl andin derivative and at |east one
conmpound of 10 the fofrmula | Preference is given to prostaglandins or
prostagl andin derivatives selected fromthe group consisting of PGEo, PGA, ,
PGB, , PGF, a, TR&ADMPEEBRs dfIhg foroyta PGAd, aldd® tHey stading lﬁﬁ%naliﬁarhyldr oxy- PGA2,

19- hydr oxy- P d
&Tgpr ost One%&gﬁﬁfgﬁgﬁ%ﬁ gﬁ@'ﬁbﬁbg ep%?%gg(én é{hBSQ? Ra%’n(dlan sbd ium,

pr @St , i Pesilesstibed i ﬁ’t%'ﬁﬁtﬁéwe forsexanoRledn the §tﬁﬂc@§<ﬂ wesks, SHCH &S ost
L orethar nclbBARRY: INHEEEH et aEiaga . donvaz0
tives sel ect SeMmighyk 55@0688-\{)!)9@631;&9 "gb i Be Paefipe Hp%e_r;r%a,c '8 nopr ost
(PCCEFZ?T) di nopongitione wHRsB=Z)e kmm)enatsemtablesfodrchmsél%élactlmsasjwm in
sodi u gene prost o
carbopy ost 1 ARGHET e e aryarabE WREB e koA 5o s 2t PRERERSpr st 2
and ti &prost 1|oﬁ>adhecellragrqat@fcmterhce is given to PGE, or prostacyclin,
especial |y preferably prostacyclin The invention preferably relates to
phar maceut i caI formul ati ons conposi ng 30 a cal ci um ant agonl st and at | east
one conpound Ibtha ermpewnds af the fprraplaedhardilly R RerandXhaveitien ant agoni st s

sel ect ed fromddings PidicatedSihPariiculaf thegdrefdrre® mdadingyindrlagsd.i ve cal cium
ant agoni sts. Preference is given to selective cal ci um antagoni sts sel ected
fromthe 35 group consisting of dihydropyridine derivatives,

phenyl| &5ky| affilnis a r&@tWéEM@BOPCQVOEB(]Hialslﬁ@femblydelkylsatfbmﬁsxy

benzot hi azepyagidef s\alhys atdHe (FehsapRaheHyisifroRdlox '8} arylsulfonyloxy



antagoni sts. Di hydropyridine derivatives are preferably selected fromthe
group consi sting of am odi pi ne, fel odipne, isradipine, nicardipne,

ni f edi pi ngo odksmas pi ne, ni sol di pi ne, nitrendipine, |acidi pCcmEPIHidioadi pi ne)
nani di pi ne, barni di pi ne and | ercani di piyye_ The phenyl al kyl amme derivatives
are preferably selected fromthe group 10 consisting of verapam | and

gal l opam | . The benzot hi azepi ne derivatives are preferably diltiazem The

ot her sel ective cal cium antagonists are preferably m befradil. 15 The

non-sel ectiv, I LSt bl Y S group
Consi st ng cfeVoag 17EBBEABNE Préferall Prhalct SRV ER R R LTty

i nventi on fumohealser2-nephtiaéenassifpnglomaeut i cal formul ati ons 20 conpri sing
an antithronmbotic and at | east one conpound of the formula |I. The term

antithronbotics also includes,so-called anti cgagul ants gnd bl ood pl at el et
aggr eggti on §R&ICEMPASHE ?Pz&hﬁl{% 2 E%Pééﬁfeﬁg%g? t%‘f’?arbé/)a. p[ﬂ(‘@ﬁgr r ed
ant i t hronbot inoghigh&ompaimds of th@faegunadit s, heparin conpounds, thronbocyte

aggregation inhibitors, enzynmes, factor Xa inhibitors, factor 25 Vila
i nhibitors and other antithronboti,c agents Preferred vitam n K antagoni sts

are selected fromthe grotupnconsisting of dicoumarol, phenindione, warfann,
phenpr ocounon, acenoco eth

bi scounmacet ate, clorindi one,

di phenadi one and ti ocl o /~30-Pr ef\erred heparln conpounds are sel ected
fromthe group consisting—of heuarigﬂesntithronﬂ n 11, dalteparin,
enoxap&pin, nadr opari n, par napa , i parin, danaparoid, tinzaparin and
sul odexi de. 35 preferred thronbocﬂﬂe agﬁregation inhibitors are sel ected
fromthe groprﬁﬁﬂsisting of ditazole, cloricronen, picotam de,
‘ibpidogrel, ticlopidne, WO 02/ 051848 PCT/ EPOL/ 14102 -20 acetylsalicylic
acid, dipyndanole, calcium carbassal ate, epoprostenol, indobufen, il oprost,
abci xi mab, t Krigfdshfsfinedadsoiiepnn and intrifiban. Preferred enzynes are
selected fromthe group consisting of 5 streptokinase, alteplase,
ani strépl ase, urokinase, fibrinolysin, bnnase, reteplase and sarupl ase
Pref erred anandhr oisbOl BesO&r, € CHy drhe reamtivetdsterfiexb@Hograiuel et gl ycoprot ein
receptor (Ilblllla) antagonists which inhibit blood platelet aggregation.
10 preferred conpounds are described, for exanple, in EP 0 623 615 Bl on
page 2 or i nagpreacted withzompoursigeofine ferrula Illt o page 4, Ime 56 Preferred
factor Xa and VI1a inhibitors are, for exanple, the conpounds of the
formula | described in WD 9916751, 0 9931092, WO 9957096, WO 15 p012479,
WD D028816, WO 0040583 and WD 0057989, X%Cther preferred factor Xa inhibitors
are, for exanple, the conpa cﬁfcryaed in the fghlomﬁng docunents: a) in
WO 971 30971, page 4, IL@N , to page¥3, line 19, b) in EP 0 921 116 A1,
page 2) line 1, to line"51, c) in ERLO 540 051 Bl, page 2, |line 41, to page
3, line 14; d) in EP 0 798 295 A1, ﬁﬁge 69, Ine 10, to page 71, page 53;
O her pref er iredhippnpounds are sel ected fromthe group consisting of 25

fibrotide, desirudin and |l epirudin. The invention also relates to
iihrnaééutical formul ati ons conposi ng an endot helin receptor antagoni st and
at | east oneR@mdddhareoss taknédahaves | 30 preferred endothelin receptor
ant agoni sts are bosentan, tezosentan and sitaxentan (TBC- 11251;
J.Nbd.Chen1,O?0, No. 11, 1690-97, 1997)

30 a compound of the formula 1V

35



Preferred endothelin receptor antagonists are thus furthernore a)
BMS- 193884 (EP 558258}, b) BMs-207940 (Pharmaprojects (13. 06. 97)), 35 c¢)
BQ 123 ( Bxp oopsms4s | nvest. Drugs, 1997, 6, No. 5, 475-487) pCHEPBB14200670
(Exp Opin. Invest. Drugs, 1997, 6, No._ 5, _ 475-487), WO 02/ 051848
PCT/ EPOI / 14102 -21 5 10 15 20 25 30 35 ‘e) SB-217242 (Exp. Opin. Invest.
Drugs) 1997, 6, No. 5, 475-487}, f) SB-209598 (Trends in Pharmacol Sci ,
17, 177-81, 1996), g) TAK-044 (Exp. Opin Invest. Drugs, 1997, 6, No. 5,
475-487), h) Bosentan (Trends in Pharmacol. Sci 3, R108- 12, 1997), i)
61
\\ gh o

PD- 156707 (J. Med Chem, 40, No. 7, 1063-74, 199 ) L-749329 (Bioorg.
Med. Chem Lett., 7, No. 3, 275-280, 19,97)C x)
Drugs, 1997, 6, No. 5, 475-48
3217-27,1997), m) A 127772

,‘ 42 (Exp. Opin. Invest.
, . Wil Chem, 40, No 20,
- , 39, No.g5, 1039- 1048 1996), n}
A- 2063 7 (213t" American Che ) K Nati onaﬁ Meeting, San F\(anm sco,
California, USA, 13 - 17 Ap sfier, MEDI 193), o) A-182086 (J.
Med. Chem, 40, No. 20, 3217-27, } EMD- 93246 (211t" American
Chem cal SOCI ety Nati onal I\/betlng, Ne\MOrIe\éns USA, 1996, Poster, MEDI
143), q) EMD- 12 %ﬁl (Bioorg. Med. Chem Lett , 8, No 1, 17-22, 1998), r)
zD-1611 (Trelld¢"“R Pharmacol . Sci., 18, 408-12, 1997), s) AC 610612 (R&D
Focus Drug News (18 05. 98)) t) T-0201 (70t" Annual Meeting of the Japanese
Pharmagol ogi gal Soci gty @ Japan, 22-15 I\/arch 1997, Lecture, 0-133),
u) J-1 4132 gR&D Focus Dru ws (15.12 97%) COOH N MO0 N Ow ~)
~~, WO |051848lSF@TBEP@i|/qr4qo‘~zﬁQt'2§ est O‘IefisOH group,
. and

1

R' and R? are as defined in Claim 1,
1s reacted with a compound of the formula V

15
HNR®R* \Y;
In which

R® and R* are as defined in Claim 1,

20
or

and/or in that a compound of the formula | 1s converted into one of Its salts.

' 25 If desired, the starting materials can also be formed in situ by not isolating
them from the reaction mixture, but instead immediately converting them
further into the compounds of the formula |.

On the other hand, it is possible to carry out the reaction stepwise

30 The starting compounds of the formula il and Ill are generally known. If
they are not known, they can be prepared by methods known per se
Compounds of the formula 1l can be obtained, for example, from the
corresponding hydroxypyrimidines, which are butilt up from thiophene
derivatives and CN-substituted alkylenecarboxylic acid esters (Eur J

35 Med. Chem. 23, 453 (1988)), by reaction with POCls.

The hydroxypyrimidines are prepare by the cyclisation of 2-aminothio-
phene-3-carboxylic acid derivatives using aldehydes or nitriles which is



20 25 30 CH3 / COOH N M OO NCHs w) ~~, CH3/ COOH N HsC 0 N CHs x) ~
~, S MO\ Ovy) MO CH3 OHN- ONCH3 Particularly preferred endothelin
receptor wotiagsnusts are , for exanple, the conpounds of trle/dror/miba |
described in EP 0733626, EP 0733626, EP 3755934, EP 0757039, EP 0796250, WO
9719077, WD 9730982, WD 9730996, DE 196b 597, DE 19612101, WD 9827091, WD
9827077, WD 9841515, WD 9841521, WD 9842702, WD 9842709 or WD 9905132 The
invention furthernore relates to pharmaceutical fornulations conposing a

{he.for mul s’ 1508307 Hg o BhaB BT etyBlol s 388 4B Rl BRBREA™ " ©
preferably réep &O2d) phar maceuti cal fornul ati ons conprising at | east one

compound of the fornmula I and a vasodilator, such as, for exanple, (a) an
organic nitrate, for exangle nltrogl cerin,, isaosor b|d npnoni trate,
12:C0

i sosorg i de dii @¢tailethegeaeten ¢f fia 9m ‘P‘ért‘qisaof therfprmulg il withthe cgm-5
HDnonltraie p@ﬂ@d?b?/ﬂhﬁrrotma{aeuhbrcehuéu bmanrethermrésmmbl  abgemeaidfein vl
exanitrate ito anitr nitr Q y i ne ethy
corer) (by - ainedt yhfen A BRApEALfs Dulaeh) drdth o phueeki v L,
thionitrite, ably)betwebn@ amch1@0°.(e) an S-nitrosothiol, such as, for
exanple, S-nitroso-N-acetyl-D, L-penicillamne, (f) nitrosoprotei ns, (9)

substituted furoxanes, such as, for exanple, 10 1,2, 5-oxadi azol e 2-oxi des
or fur Ehane The,adgition ¢fgn §glss¢|ndtmeag%*ydf@6ﬁwﬁmﬁé%anﬁ|@ail esalkalgie exanpl e,

gg!:i ?e Imraoﬁé}’]cﬁl t%é’cr ‘éﬂﬁ@dro&ldle EQfBUn%;(% 82 PE@ﬁW&n&@@%Gﬁﬁroﬁﬂﬁgsﬁgaﬁgi 0

rbgen ox BENE ekl ke et 1aetgiee PesteapY SEBARRIAT SORRT i ¢ es
8 ected froor taleiugn comhecusiitiin oigarbrgzeric aas%téuchtad trmrhylamandlrl , d: - and
mononi trate, : - cero
trinitrate PQW%ﬁg[aﬁb'ﬂg’r@Bﬁﬁ%tgéﬁpg‘o&h %ic&{f% ‘%Cgéggi{@é? edgf %lom t he
group consi st@mppongnibimgiehe favourablet yl tetranitrate, isosorbide

nononi flPat e, isosorbide dinitrate, glycerol tnnitrate, very particularly

preferably pentaeryt hri t{ﬁh tetranitrate The invention furtherrmre rel ates
to the use oFX@MpiRS I merbsplyentharathydreerRpns. SUsh ashe@ns: one

cormounfl of bbﬂ'ofe@mir%rlb@mbn%t tdlgené oﬁ?ﬂeﬁ@t crﬁlbnﬁaf@@lthyara‘:@érbbhtg

reparatl on nen [.ea Wl nonar ertensi on,
Pongost i ve naur P Siotipmateypse, LRribnBRIERbe derBEN RGP ShioES e .
(COPD), cor m:mmmdjlcblcmnmmhar@emﬂcamdﬁ diugh asmaathaiiot;ietinanol, Bopeoh-ener gi ¢
o1 B8 | Bflblope YABARARPLE oF B! ErscBidh 5 cRFIRUT S noe POE
nuscl es, pot &APYORY| s¥ereieiratyideeitran (Uykr andioxang, aueo!mtbers; sueyasl so be
treated usi n@trmr@rié@ry@ut r'n@ﬁbmfeﬂWﬂé'rﬁﬁdriUﬁh)ﬂ@méﬂ & étﬁyl%he'gﬁzédl drhetie

compound of tther (8|glymg) ke?ones such %gtacgpone orabtﬂtgﬂgrrw Iaml es, ts)bér%)gs
. 05 acetamide, dimethylacetamide, N-methylpyrrolidone or dimethylformamide

(DMF); nitriles, such as acetonitrile; sulfoxides, such as dimethyl sulfoxide
(DMSO), nitro compounds, such as nitromethane or nitrobenzene; esters,
such as ethyl acetate, or mixtures of the said solvents

It is furthermore possible to convert a radical R' or R? in a compound of

30 the formula | into another radical R' or R, for example by hydrolysing an
ester to give an OH group.
Ester groups can be saponified, for example, using NaOH or KOH in
water, water/THF or water/dioxane at temperatures between 0 and 100°
- Ethers can be obtained by alkylation of the resultant hydroxyl groups

under standard conditions.
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The invention furthermore relates to pharmaceutical preparations compris-
Ing at least one compound of the formula | and/or one of its physioclogically
acceptable salts and/or solvates for the treatment of angina, high blood
pressure, pulmonary hypertension, congestive heart failure, atherosclero-
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triacetate, gelatlne carbohydrates, such as lactose or starch, magnesium

. stearates, talc or vaseline Suitable for oral administration are, in particu-

lar, tablets, pills, coated tablets, capsules, powders, granules, syrups,

juices or drops, suitable for rectal administration are suppositories, suit-

able for parenteral administration are solutions, preferably oil-based or

aqueous solutions, furthermore suspensions, emulsions or implants, and

suitable for topical application are ointments, creams or powders. The

novel compounds may also be lyophilised and the resultant lyophilisates

used, for example, for the preparation of injection preparations The prepa-

rations indicated may be sterilised and/or comprise assistants, such as

lubricants, preservatives, stabilisers and/or wetting agents, emulsifiers,

salts for modifying the osmotic pressure, buffer substances, colorants and

flavours and/or a plurality of further active ingredients, for example one or

more vitamins.
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20

The compounds of the formula | and physiologically acceptable salts
thereof can be employed in the treatment and prophylaxis of diseases
which are caused by an excessively low cGMP (cycloguanosine
monophosphate) level and/or can be influenced by an increase In the
cGMP level. The increased cGMP level causes inhibition or prevention of
inflammation and causes relaxation of muscles. In particular, the
compounds according to the invention can be employed in the treatment of
angina, high blood pressure, pulmonary hypertension, congestive heart
failure, atherosclerosis, conditions of reduced patency of the heart
vessels, peripheral vascular diseases, strokes, bronchitis, allergic asthma,
chronic asthma, allergic rhinitis, glaucoma, irritable bowel syndrome,

30

35
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had been added and the mi xture had been stirred for 30 m nutes, all the
vol atile constituents 30 were renoved, and the residue in 30 m

of
di chl or omet hahe eentiondeletas épinesese el hensompernds ofthe fegnulad@ny of
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anal ogousl y sacmgs foe exampéss mradilaglysfuerctionofos the trégirentoskB48 - 29
PCT/ EPOL/ 14108, SXAIBd 68 akgin8lhigh blood pressure, pulmonary hypertension,
congestive heart failure, cardiac infarction, chronic obstructive pulmonary
disease (COPD), cor pulmonale, dextrocardiac insufficiency,
atherosclerosis, conditions of reduced patency of the heart vessels,
‘ peripheral vascular diseases, strokes, bronchitis, allergic asthma, chronic
asthma, allergic rhinitis, glaucoma, irritable bowel syndrome, tumours,
renal insufficiency, liver cirrhosis, for the treatment of female sexual

10

15 disorders, inflammation, osteoporosis, for the treatment of malign
hypertonia, phaeochromacytoma, peripheral vascular (occlusion)
diseases, vascular diseases, thrombocytopenia, ulcus pepticum, peristaltic
motion disorders, percutaneous transluminal coronary angioplasty, carotid

20 angioplasty, postoperative stenosis of the coronary bypass, premonitory

pains and benign prostate hyperplasia.

In general, the substances are preferably administered in doses of be-
tween about 1 and 500 mg, in particular between 5 and 100 mg per
. dosage unit The daily dose is preferably between about 0 02 and

25 10 mg/kg of body weight. However, the specific dose for each patient
depends on a wide variety of factors, for example on the efficacy of the
specific compound employed, on the age, body weight, general state of
health, sex, on the diet, on the time and method of administration, on the
excretion rate, medicament combination and severity of the particular

30 disease to which the therapy applies. Oral administration is preferred
The invention furthermore relates to medicaments comprising at least one
compound of the formula | and/or its physiologically tolerated saits and

- solvates, and at least one further medicament active ingredient

The invention also relates to a set (kit) consisting of separate packs of
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02/ 051848  cartons, bags or ampoules The set may comprise, for example, separate
ampoules each containing an effective amount of a compound of the
formula | and/or its physiologically tolerated salts and solvates,

and an effective amount of a further medicament active ingredient in
dissolved or lyophilised form.

10

The invention furthermore relates to the use of compounds of the formula |
and/or physiologically tolerated salts and solvents thereof for the
preparation of a medicament for the treatment of diseases of the
cardiovascular system, for the treatment and prophylaxis of potency
disorders, such as, for example, erectile dysfunction, for the treatment and
prophylaxis of angina, high blood pressure, pulmonary hypertension,
congestive heart failure, cardiac infarction, chronic obstructive pulmonary
disease (COPD), cor pulmonale, dextrocardiac insufficiency,
atherosclerosis, conditions of reduced patency of the heart vessels,
peripheral vascular diseases, strokes, bronchitis, allergic asthma, chronic
asthma, allergic rhinitis, glaucoma, irritable bowel syndrome, tumours,

. 05 renal insufficiency, liver cirrhosis, for the treatment of female sexual
disorders, inflammation, osteoporosis, furthermore for the treatment of
malign hypertonia, phaeochromacytoma (catecholamine-producing tumour
of the pituitary cortex), in peripheral vascular (occlusion) diseases,
vascular diseases, thrombocytopenia, ulcus pepticum (benign intestinal
ulcer), peristaltic motion disorders, percutaneous transluminal coronary

15

20

30 angioplasty, carotid angioplasty, postoperative stenosis of the coronary
bypass, premonitory pains and benign prostate hyperplasia, in
combination with at least one further medicament active ingredient.

3 The compounds of the formula | according to the invention can be used

together with other active ingredients, such as, for example, with vaso-
dilators, a-adrenergic inhibitors, such as, for example, phentolamin,
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acting dopaminergic active ingredients, such as, for example, apomor-

phine, vasoactive intestinal peptides, calcium channel blockers and com-

pounds such as thiazides

5

The invention therefore relates to pharmaceutical formulations comprising
a prostaglandin or prostaglandin derivative and at least one compound of
the formula |

Preference is given to prostaglandins or prostaglandin derivatives selected
. from the group consisting of PGE, PGA,, PGB,, PGF,,, PGA;, PGB,, 19-
hydroxy-PGA;, 19-hydroxy-PGB;, 19-hydroxy-PGA;, 19-hydroxy-PGB,,
PGE;, PGF3,, alprostadil (PGE,), dinoprost (PGF,), dinoprostone (PGE.,),
epoprostenol sodium (PGl,; prostacyclin sodium), gemeprost, iloprost,
latanoprost, misoprostol, sulprostone, carboprost thromethamin, dinoprost
thromethamin, lipoprost, metenoprost and tiaprost.

10

15

Particular preference is given to prostaglandins or prostaglandin deriva-
tives selected from the group consisting of alprostadil (PGE;), dinoprost
(PGF,), dinoprostone (PGE.), epoprostenol sodium (PGl,; prostacyclin
sodium), gemeprost, iloprost, latanoprost, misoprostol, sulprostone,
carboprost thromethamin, dinoprost thromethamin, ipoprost, metenoprost

and tiaprost.
® =

Particular preference is given to PGE;, or prostacyclin, especially
preferably prostacyclin

20

The invention preferably relates to pharmaceutical formulations comprising

30 a calcium antagonist and at least one compound of the formula .
Preference is given to calcium antagonists selected from the group con-
sisting of selective and non-selective calcium antagonists.

- Preference is given to selective calcium antagonists selected from the

group consisting of dihydropyridine derivatives, phenylalkylamine
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Dihydropyridine derivatives are preferably selected from the group con-
sisting of amlodipine, felodipine, isradipine, nicardipine, nifedipine,
nimodipine, nisoldipine, nitrendipine, lacidipine, nilvadipine, manidipine,
barnidipine and lercanidipine

The phenylalkylamine derivatives are preferably selected from the group
10 consisting of verapamil and gallopamil.

‘ The benzothiazepine derivatives are preferably diltiazem

15 The other selective calcium antagonists are preferably mibefradil.
The non-selective calcium antagonists are preferably selected from the
group consisting of fendiline, bepridil, doflazine and perhexiline.

The invention furthermore relates to pharmaceutical formulations
comprising an antithrombotic and at least one compound of the formula |.
The term antithrombotics also includes so-called anticoagulants and blood
platelet aggregation inhibitors (thrombocyte aggregation inhibitors).
Preferred antithrombotics are vitamin K antagonists, heparin compounds,

. - thrombocyte aggregation inhibitors, enzymes, factor Xa inhibitors, factor
Vlla inhibitors and other antithrombotic agents

20

Preferred vitamin K antagonists are selected from the group consisting of
dicoumarol, phenindione, warfarin, phenprocoumon, acenocoumarol, ethyl
biscoumacetate, clorindione, diphenadione and tioclomarol.

30
Preferred heparin compounds are selected from the group consisting of
heparin, antithrombin lll, dalteparin, enoxaparin, nadroparin, parnaparin,
reviparin, danaparoid, tinzaparin and sulodexide.

35

Preferred thrombocyte aggregation inhibitors are selected from the group
consisting of ditazole, cloricromen, picotamide, clopidogrel, ticlopidine,
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Preferred antithrombotics are furthermore the blood platelet glycoprotein
receptor (lIb/llia) antagonists which inhibit blood platelet aggregation.
10

Preferred compounds are described, for example, in EP 0623 615 B1 on
page 2 or in EP 0 741 133 A2, page 2, line 2, to page 4, line 56

Preferred factor Xa and Vlla inhibitors are, for example, the compounds of
the formula | described in WO 9916751, WO 9931092, WO 9957096, WO
1S 0012479, WO 0020416, WO 0040583 and WO 0051989.
Other preferred factor Xa inhibitors are, for example, the compounds
described in the following documents:
a) in WO 97/30971, page 4, line 5, to page 13, line 19,
b) inEP 0921116 A1, page 2, line 1, to line 51,
c) 1nEP 0540 051 B1, page 2, line 41, to page 3, line 14;
d) InEPO0 798295 A1, page 69, line 10, to page 71, page 53;

20

. Other preferred compounds are selected from the group consisting of
25 Jefibrotide, desirudin and lepirudin.

The invention also relates to pharmaceutical formulations comprising an
endothelin receptor antagonist and at least one compound of the formula |
30 Preferred endothelin receptor antagonists are bosentan, tezosentan and
sitaxentan (TBC-11251; J.Med.Chem., 40, No.11, 1690-97, 1997)
Preferred endothelin receptor antagonists are thus furthermore
a) BMS-193884 (EP 558258),
b) BMS-207940 (Pharmaprojects (13. 06. 97)),
c) BQ-123 (Exp Opin. Invest. Drugs, 1997, 6, No. 5, 475-487),
d) SB-209670 (Exp Opin. Invest. Drugs, 1997, 6, No. 5, 475-487),

35
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- - ~~ - - O 132§)0CHSBr#I5MHTrepge iNPBarnacd) SacHy , di7G-81H(1886), N NH

EZC(T /1%3}010/0'1?0%9%5&%0443(E%p?iﬁéiﬁ%r@@k@@mbs; 70" ININE, 475-487), WO 02/ 051848
B n) Bosentan (Trends in Pharmacol. Sci, 18, 408-12, 1997),
5

1)  PD-156707 (J. Med Chem., 40, No. 7, 1063-74, 1997),

i)  L-749329 (Bioorg. Med. Chem. Lett., 7, No. 3, 275-280, 1997),

k) L-754142 (Exp. Opin. Invest. Drugs, 1997, 6, No. 5, 475-487),

l)  ABT-627 (J. Med. Chem , 40, No 20, 3217-27,1997),

m) A-127772 (J. Med Chem., 39, No. 5, 1039-1048, 1996),

n) A-206377 (213" American Chemical Society National Meeting, San
Francisco, California, USA, 13 - 17 April 1997, Poster, MED! 193),

. o) A-182086 (J. Med. Chem., 40, No. 20, 3217-27, 1997),

p) EMD-93246 (211" American Chemical Society National Meeting,
New Orleans, USA, 1996, Poster, MEDI 143),

10

5 q) EMD-122801 (Bioorg. Med. Chem. Lett . 8, No 1, 17-22, 1998),
ry  ZD-1611 (Trends in Pharmacol. Sci., 18, 408-12, 1997),
s) AC-610612 (R&D Focus Drug News (18 05.98)),
t)  T-0201 (70" Annual Meeting of the Japanese Pharmacological
Society, Chiba, Japan, 22-15 March 1997, Lecture, 0O-133),
20 4)  J-104132 (R&D Focus Drug News (15.12 97)),
OMe
COOH
N
® =
V) ,
30

35



(136) OCH3Cl oczHS- NH( CH2) 3 NO( 137) OCH3Cl Ove- NH( CH2) 3 N\

- ~~---50(138) OCH3Cl OH NH(CH2) 3 N O(139) OCH3Cl _NH(CH ) N NH 2 310 (140)
OCH3 Cl _ Wy oSlisrshk O ( 2) 3(141° ) OCH3CIN-NH CH (~2)3 PCT/EP01/14102

/ 15( 142) OCH3Cl - NHCH3( 143) OCH3Cl - NHC2H5(,J.44) OCH3Cl - N( CH3) z- ( 145) OCH3Cl - N( CzH
S) z( 146) OCH3CIl - NHCH2 CH2 CH2NHz - 20( 147) Tl - NHCHZCH2CH2N( CH3) z- ( 148) OCH3CI -
NHCHz CH2 CH2N( C2Hs) z- ( 149) OCH3Cl - NHCHZCH2 CHZNHCZHS-  { 150) OCH3

Cl OVe- NH(CH2) 2 N~ - J>---25 (151 ) OCzHs Cl- O OCzHS-NH(CH2)2 N~ - ~--0O
(152) OCzHS Cl OH NH(CHZ).2 N~ ~~-- {153) OCzH5 Cl~-- O N-NH(CH )

1H( 154) OC2H5Cl O- NH( C 2z35(155)0CZH5CI " NNH CH (W0 02/ 051848 -38
PCT/ EPO1/ 14102

Me

5 N CH,
w) )

10
X)

15

20

®

Particularly preferred endothelin receptor antagonists are , for example,
the compounds of the formula | described in EP 0733626, EP 0733626,
EP 0755934, EP 0757039, EP 0796250, WO 9719077, WO 9730982, WO
9730996, DE 19609597, DE 19612101, WO 9827091, WO 9827077, WO

30

9841515, WO 9841521, WO 9842702, WO 9842709 or WO 9905132

The invention furthermore relates to pharmaceutical formulations com-
prising a vasodilator, such as, for example, a nitrate, and at least one

compound of the formula 1.
35



(156) OC2H5 CI oC2H5 -NH(CH2) 3 N~~--~~-- O (157) OC2Hs CI Owve - NH(CH2) 3
N~ -~~ 50 (158) OC2Hs C off -NH(CH2)3 N O (159) OC2H5 CI -NH(CH ) N NH
23 10 _ (Wo2/083365 Cl -NH CH N O ( 2)3 (161 ) OC2H5 C - MeT@#oy /M2 2) 3 15
20 The exanpl es below relate to pharmacgati cal preparations' Exanple A
Injection vials A solution of 100 g of an active ingredient of the fornula
| and 5 g of disodium hydrogenphosphate m3 | of bidistilled water is
adjusted to pH 6.5 using 2N hydrochl oric acid, sterile fi I tered,

seal ed" under ToeanYRMED R RREbRRiated R Bhak A SRE or g 5 Ganigpgne and
active ingr edt ast ofie aopipeuBd dbdipg faimuda il asd/A vasadilatorpsuctoag, fof an acti ve
i ngr edi ent Ofexérlﬂglez QL Y4t 6rgtarhé n!fﬁdté%r%éﬁ]p@a&%!ﬂeﬁh ?s%‘é%rﬂlﬁg' thin and

1400 g of cocoa ter, s an to coo
supposi_tory mmaitmezﬁomrbdﬁe diitrate, pagiasavtenty! tsteamlre. @i~ tHornt i on 35 A

SolsgtlénflsNa a’(ch;ig?rt%iefp 1yl91|tﬁéteaﬂoaﬁ'tﬂaV@ gi&i]@?ﬂdmggbnﬁftoltﬁai(aﬁﬂfaw| al,

o ~ a

02/ 051848 PCHASHEHNRNY F%afesspﬂ?eﬂ'?%%ﬁga FiTrvstfeibl Ressir 6D &l gi st 1 e
water. The pbrganiadijtrte, éor exantplé, |scmrdyltm’eltec(k:maltblmnltste’;ﬁd)satu'plonmraleI and
sterilised b Thi I n i eye
drops. 5 ExaKp)Iérq %CH @)&@HIOI glé%bég icl %)? %Ctslbﬁ%r’&ﬁ%g e% eﬂlée?”for mul a
| are nixed w@minedf) rtrgseproteiss) Ggméubamutech&@mar@s@énm B oles eX@@PE«arrpl e E

Tabl et gOA i ntsts%x%.alzggzg{ngé‘st d)ﬁ’f@lréz'wfeeﬂlcﬁmeff(g}n é\@osttmaals@/fdh%gnlégl of.
earate is W\g’§§ewcﬁha% ebﬁ%&%’ﬁpl%mﬂﬁgﬁm@ Of 5‘9699@“{ éécé’?@?’h such a way
bIt teSC%EI‘Snttﬁiﬂyebomrpaumsmuhﬁla@f@femmleelrommtmbyenbmpﬁmwI Fﬁgﬁrf Coat ed

bont et 20 i n oRR S AERELARE 2P A Rlnedeh AT WHEf S RS TT: LY

starch, talc, tragacanth and dye Exanple G Capsules 25 2 kg of active
i ngr editént Oiﬁréﬂé?refdedE‘é'dﬁa orﬁ"aﬁ‘e hﬁrte&é’ﬂgél%@té é’mCtHQ‘d?&EbBBﬁéus(fﬁéz‘gF into

hard gel atine capsul es m suc at eac capsule contal ns ng of the
acti ve i ngr e@eBierythrityl tetra-, tri-, di- and mononitrate, |sosorb|de mononitrate,

isosorbide dinitrate and glycerol trinitrate

Particular preference is given to nitrates selected from the group consist-
ing of pentaerythrityl tetranitrate, isosorbide mononitrate, isosorbide
dinitrate, glycerol trinitrate, very particularly preferably pentaerythrity!
tetranitrate

20

The invention furthermore relates to the use of a pharmaceutical

. 25 formulation comprising at least one compound of the formula | and at least
one antithrombotic for the preparation of a medicament for the treatment of
pulmonary hypertension, congestive heart failure (CHF), chronic obstruc-
tive pulmonary disease (COPD), cor pulmonale and/or dextrocardiac insuf-

ficiency.
30
a-adrenergic inhibitors inhibit the vasoconstriction in the corpus caverno-
sum. Since PDE V inhibitors increase vasodilation of the same tissue of
the smooth muscles, potency disorders (erectile dysfunction) can prefer-
3 ably also be treated using pharmaceutical formulations comprising at least

one compound of the formula | and at least one a-adrenergic inhibitor,



Exampl e H: Anpoul es 30 A solution of 1 kg of active ingredient of the

formula | in

60 | of bidistilled water is sterile filtered, transfer

i nt o anpowloer/osise®phi | i sed under sterile conditions and seataPounde?

sterile cond

itions. Each anpoul e contaifg_10 ng of active ingredient

red

35 w

O 021051848 -40 Exanple |: Inhalation spray PCI/EP01/14102 14 g of active

I ngredient o

f the formula | are dissolved in 10 I of isotonic NaCl

solution, and the solution is transferred mto comercially available 5

spray cont ai
nmout h or nos

3004, g8 o epHERIT R AT of Rrakt R By Kbt B SRRy o

to the
about

0.14 ny 10 1Bctiy depamirgsgic agiveangsasrs, such aRdoeaxanplg, spomorgiAgounds of
| 5R-~CH2 HNR2 ~ ~N 10 N X i n whi ch PCT/ EP01/14102 R and RZ

the fornul a
are each, in
R and_R2 to

dependent |y of one_anot her,

dBerRyentios therefPrfurtinersiord r%?#@ﬁoé% ha%ﬁﬁéj%g\alséwaf?@gﬁug%hs,

wher e

-0 cH28aHe- forfidfatiorCttinprisiRy Gtlfedat ople cdmdimdbizhe formllax dril atTegSi02NR3R4,

R3 and R4; i
al kyl or alk

SR  TaoBlG B0 ot YiBubdie iR et

i cal,
tuted

or term nall gr atilesisti one edntraliR Bcting-dopaiiergic adilxe Adgredentnswdhi ah fone or

two CH2 grou
R3 and R4 to

XoEle, SPOERbAFES ranine pEtARLEh B Bpeaamentiing Yo,

ge Ively cycloal Kyl or "cyclo

wher e
ing 3-7

car bon at ons Mesw @h petengyidiserdersunsubsti t ut ed or nonosubstituted or 30
pol ysuB8tituted by -Hal, -NH2, -NHA, -NA' A2, -NHCOA', NHCOOA' , - COOH,

-COOA' ) -CON
y be repla

carbon atons
atons, where

15

20

® -
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CH2

oups

TBa inyemiion furRermora eiates TR&UES of 3 kel 15T Bia Ao or o
h, i ndepetiderbmprizingakleasbdme compblipt ob thexfdremya | bad iangaléiuom 1 to 10

BN o eSS BBNaR TPk sht o ek 3 and

pulmonary hypertension, congestive heart failure (CHF), chronic
obstructive pulmonary disease (COPD), cor pulmonale and/or
dextrocardiac insufficiency.

The invention furthermore relates to the use of a pharmaceutical formula-
tion comprising at least one compound of the formula | and at least one
nitrate for the preparation of a medicament for the treatment of pulmonary
hypertension, congestive heart failure (CHF), chronic obstructive
pulmonary disease (COPD), cor pulmonale and/or dextrocardiac insuffi-
ciency

The invention furthermore relates to the use of a pharmaceutical formula-
tion comprising at least one compound of the formula | and at least one
endothelin receptor antagonist for the preparation of a medicament for the
treatment of pulmonary hypertension, congestive heart failure (CHF),
chronic obstructive pulmonary disease (COPD), cor pulmonale and/or
dextrocardiac insufficiency.

The invention furthermore relates to the use of a pharmaceutical formula-
tion comprising at least one compound of the formula | and at least one
prostaglandin or a prostaglandin derivative for the preparation of a medi-
cament for the treatment of pulmonary hypertension, congestive heart

or C



WO 021051848 PCT/ EPO1/ 14102 - 42 A and AZ together are alternatively

cycl oal kyl or cycl oal kyl ene having 3-7 carbon atons, in which one CH2 group
may be repioaeadissy -O, -NH, -NA -, -NCOA - or -NCOOA -, PETEHPIVHAP2 | s F,
Cl, Br or I, 10 and salts and/ or soI vates_t hereof 2. Oorrpounds of the
formula | according to Claim1l, characterised ~n that R and R2,

I ndependently of one another, are H OA or C, Br or F 15 3. Corrpounds of
the formula I according to Gaim1l or 2, characterised in that R3 and R4,

d d I b
uni ch 1S Ler ALy F’?ﬁgﬁﬁeﬁ'&t°b§%%ﬁ9%f&ﬂ%ﬁé%ﬁ BT or one of the

fol | owi ng gr BuipeNale apdmnsiextrora) CN“‘SU-H'C@@M (CHz)~ N~ 025 "' -(CH2)n
N~NH - (CHZ)~N~or 30 -(CHZ) ~ ~ Nin which n has the value 0, 1, 2, 3, 4,

/
daim é " B8 dé'@l&%%ﬁ’ﬁ?%% Hiaon baTifa PR tRbeiles g [ %
NH 10 NHZ 15c2feants ddnpiisindl at |éast Snb/ comsound ofathl fAmulad 26/ Qots35 NHO
physiologically acceptable salts and solvates and at least one further
medicament active ingredient selected from the following group a) to k).
a) prostaglandin or prostaglandin derivative,
) calcium antagonist,
)  antithrombotic,
) endothelin receptor antagonist,
) nitrate,

(=)

10

o O

oD

f) o-adrenergic inhibitor,

g) centrally acting dopaminergic active ingredient,
15 h) ACE inhibitor,

) NEP inhibitor,

) mixed o, 3-inhibitor,

k)  vasoactive intestinal peptide
20

Above and below, all temperatures are given in °C In the following
examples, “conventional work-up” means that water is added If necessary,
the pH is adjusted, if necessary, to between 2 and 10, depending on the
constitution of the end product, the mixture is extracted with ethyl acetate
or dichloromethane, the phases are separated, the organic phase is dried

‘ 25 over sodium sulfate and evaporated, and the product is purified by
chromatography on silica gel and/or by crystallisation.

Mass spectrometry (MS) El (electron impact ionisation) M
FAB (fast atom bombardment) (M+H)"

30
The invention relates, in particular, to the compounds of the formula |
given in the following examples and physiologically acceptable salts
and/or solvates thereof and to the use thereof for the preparation of a
35 medicament for the treatment of angina, high blood pressure, pulmonary

hypertension, congestive heart failure, atherosclerosis, conditions of
reduced patency of the heart vessels, peripheral vascular diseases,



ecVEp~Wal 02 ~ p 021051948 44 14 CI HN ~O- sNsf "N Og~0 1 NN 15 cl HN 10
~~0~ ~NS ~-NOGS\O1IHN15 /N~ 16 cl wHN~O-~ NSf NO.; g O
NH 25 HZNwWOM2@3188N ~O~ ~N 30 s' ,N ~"S~0 N O 35 WD 0210%C34301/2802
PCT/EPOL/ 1: 4102 HN ~ Cl IS ~N ~/ O 5.8 0~s~0 NH ~N

strokes, bronchitis, allergic asthma, chronic asthma, allergic rhinitis,
glaucoma, irntable bowel syndrome, tumours, renal insufficiency, liver
cirrhosis and for the treatment of female impotence

Example 1
Step A:

0 J

O
N O
/“\/ i SB S
10 + /\O //O
® 1 2 3 4

99 0 g of sulfur were introduced with stirring into a mixture of 300 mi of 2,

19 290 ml of cyclohexanone and 670 mi of ethanol 275 ml of diethylamine
were subsequently added dropwise at from about 50°C to 65°C, and the
resultant precipitate was filtered off and recrystallised from ethanol, giving
4

20
Step B:

—0

4

In
I

About 500 g of HCI were passed into a solution of 350,0 g of 4 and 132 ml
30 of chloroacetonitrile in 2 | of dioxane over the course of 3 hours with
stirring, during which the temperature is held at 45°C. After the solvent had
been removed, and the mixture had been rendered alkaline with
bicarbonate solution and filtered, 6 was obtained in crystalline form.

35



10 ~J cl 19 HN/ / ~N O 15 s~N~ 0 ~so NH N/ 20 and salts and sol vates
thereof. 5 Process for the preparation of conpounds of the fornmula I

accor di ngwoo2mams4®r nore of Clains 1 to 4, and salts and PanEressivher eof
25 characterised in that a) a conpound &4 _.the formula Il L 30\ ~/ NS NX

in which 35 x is -CH2S02NR3R4, and 021 051848 -46 PCT/EP01114102 L is
Cl, Br, OH SCH3 or a reactive esterified OH group, is reacted with a
conmpound of the formula Il 5 R~ CH2 ~ ~ 11l HZN~ R2 in which 10 R and Rz

are as defingg9 gr 15 b~ a conpound of the formula IVR- ~ CH2 HN 20 / / Rz
IVIN\N~Y|rPV\,hich 25 is -CHZSOzQ Qis C, Br, OHor g reactive

esterified OH group, and and Rz are as defined in Caimil, 30 is reacted
with a conpound of the forjpula V HNR3R4 V in whi

R4 are as

defined in d NH N
5
S N S N
ci Cl
6 7
10

400.0 g of 6 were introduced at 25-30°C into a mixture of 1 00 | of thionyl
chloride with 123 116 mil of N,N-dimethylformamide The mixture was sub-

. sequently stirred overnight at RT and subjected to conventional work-up,
giving 7 In crystalline form.

15
Step D
cl
f@ /
cl o
_ —
20 S N/% o N\ />/\CI
cl | N
s
7 8 9

384 0 g of 7 were introduced into 4 | of THF, and 514 88 g of 8, dissolved

. 25 in 1 | of THF, were rapidly added dropwise at 20°C with gentle ice-water
cooling The mixture was stirred overnight and subjected to conventional
work-up, giving 9 in the form of crystals (m.p. 120 - 121°C)

30

35



W O 02/051848 - 47 or PCT/EPOL/ 14102 and/or in that a conpound of the
formula | is converted into one of its salts andlor solvates 5 6. Conpounds
of the fowoukmsisis L 10 ~ ~ ~ ~i 1 s~ N X in which 15 X i s PCCHPSOHWRBR4, and
Lis C, Br, OH SCH3 or a reactive estgfified OH group. 7 Conmpounds of the
formula IV20 ~CH2 HNR2 IV ~ ~N 25 S~ N~Y in which Y is -CHZS02Q 30 Qis
Cl, Br, OHor areactive esterified OH group, and R and RZ are as defined
in Caim1l. 8. Process for the preparation of pharmaceutical preparations,
charac35 ter ln that at | east one conpound of the formula | according
to one or Claims 1 to 4 and/or one of its physiaologically accept

WO 02/051848 PCT/EP01/14li? - 48 able salts and sol vaties pifought into a
suitabl e dosage formtegather with at |east one solid,
sem -1iquid excipie ssistant 5 9 Phar ng préparsa i o,
characterised by a/conte £ of at | easd, one ca , ,
accordPng to one B\ nmore of Claims T to 4 and/or ofe oN it3 physiologically
acceptabl e salts and=—so| vates. 10. Conpounds of the forﬁ&ta according to
one or nore Q s %ffg\@o 4 andl or physiologically ééceﬁﬁpble salts and
sol vates the Ne treat nent and prophyl axis of diseases of the

car di ovascul ar~8y3tsem and pot ency di sorders 11. Conpounds of the fornula |
according to one or noge of Clains 1 to 15 4 andl or pﬁm§|olog|cally

accept% |l e salts and s®l vates thereof as phosphodi esterase V inhibitors 12.
Use of '€onpounds of the forrmula | according to one or nore of Clains 1 to 4

andl or physi ebgghcsd &: tagqqsﬁgamtr%n%ﬁléoa.&ﬁ@uﬁ@é v@mw%ﬁe@wﬁ toB$

osphodi esterase V._i aration o anent for the
8o orSBPBBﬂyﬂfégrQOS 710 E0Lmb Ol PR G GG e gNLA S CRRT vl y | ow
cGW | evel andharwskrupgav@fibuenced by an increase in the cGW |evel 25 13.
Use of conpounds of the fornula | according to one or nore of Clains 1 to 4
and/ or ghym ol ogically acceptable salts and sol vates thereof for the

prepar dPi on StemFrnedi canent .
Cl
H N+
HN \/N\@O/
/\@[ | |
Crﬁ D UL
O§ Q \S\EO
20 o> N, © o
(\:} cl”
L)
10 11

0.4 ml of water was added with stirring to a mixture of 1.140 g of 10 in
7.50 ml of phosphoryl chloride, and the mixture was stirred at 60°C for
15 minutes After 6 80 g of phosphorus pentachloride had been added and
the mixture had been stirred for 30 minutes, all the volatile constituents

30 were removed, and the residue in 30 ml of dichloromethane was added
dropwise at a maximum of 10°C to 4 00 g of N-(2-aminoethyl)morpholine in
30 ml of dichloromethane. After 3 hours, the mixture was washed by
shaking with 1N HCI, and the deposited crystals of compound 11 were
filtered off

35
The following compounds were obtained analogously using the corre-
sponding precursors:



14. Use of conpounds according to one or nore of Clains 1 to 4 andlor 30
physi ol ogi cally acceptable salts and sol vates thereof for the prepara tion
of a nediwemepsishior the treatnment and prophyl axis of poteRCY/EPTOHORS S,
angi na, high bl ood pressure, pulnonary_gypertension, congestive heart
failure, cardiac infarction, chronic obstructive pul nonary di sease (COPD),
cor pul nonal e, dextrocardiac insuffi 35 ciency, atherosclerosis, conditions
of reduced patency of the heart vessels, peripheral vascul ar diseases,
strokes, bronchitis, allergic WO 02/ 051848 PCT/ EP01/ 14102 - 49 asthnm,
chronic asthma, allergic rhinitis, glaucoma, irritable bowel syndrone,
tumours, renbkamplag2i@iency, |iver cirrhosis, for the treatnent of female
sexual disorders, inflanmmtion, oRorosi s, for the treatnment of nmalign
hypertoni a, phaeochrom‘:lcytoq?l,1 , B vascul ar (occl usion) di seases,
vascul ar di seases, oben , cus pepticum peristaltic notion
di sord&rs, per [ ransl um nal— 6or onary angi opl asty, carotid
i e stenosis of g'he coronary bypass, prenonitory
at’e yperplasia. 10 15. Medi canent conpri sing at
LinHU|a | according to one or nore of Clains 1 to
4 and/or its physi g-oQ g@ éptable salts and sol vates and at | east one
further nedi cament acti i ngPedfent. 15 16. Medi canent conprising at | east
one conpound of the fornmula | according to one or nore of Clains 1 to 4
and/ or 'Fts physiologically acceptable salts and sol vates and at | east one
further nmedi canent acR20 a) b) &f d e) 25 f) g h) i) J) 30 k) tive
iggredi ent sgbect fromth | I owi ng a) to k)' prostaglandin or
‘)st agl andin q ger fé\jat ive, Q’?(f(;:ﬁum ant ag@ﬁ?}sﬂ) antithronbotic, endothelin
receptor ant dgoni ¢, nltraté) Hs adr enerd f@thhlbltor centrall'y acting

dopam nergic aytlwg i ngr edi ep¢H; ACE |nth3 NEP |nhibitor, m xed

a, ~3- |nh|b|tor Ioactlve kgéﬁstlnal 17. Set (kit) consisting of
separaté pac%é ofq? an ef Pve anDu Za conpound of the fornula |
accordi ng to (6phe ol rmre of GCHEns 1 teNHC&ubd]l—QCHzt\ﬁ-izphym ol ogically
accept 35 abl aIt and sol s and EPC&/14102 -50 (b)
an effectlveq of a qu?%@? nedlcanent (ﬁ?%§$§%§g édlent 18. Use of

conpounds of (Bhe anlr mul a | 4&ebsdi ng t oNb§dEHKbt8l(6tHM-ai ns 1 to 4 andl or

physi ol ogi cal(g aqgeptable weHs and SQNFﬁgHyEFEC#EﬁﬁR%I H.Lor the preparation

of a nedlcaneq t he tre%ﬁgﬁnt and prophyl axi @g@ses of the

car di o®fscul dr %y lem for t Breat menf g?g pr

di sorders, angina, high blood pressure, p ﬁén

heart failure, cardiac infarction, chronic obstructive

(COPD), cor 1@1pul@ional e, d&x€Hecardi ac i nsuffi

condi tions of reduced patency of the heMH{CHxESS { pheral vascul ar

di seases, strokes bronchitis, allergic asthm, oni cOCasthma, allergic

ﬂ/m tis, a(qg?nec irritabl powel syndrone, tu s, ©Hnal insufficiency,
er Qﬁrrh05|s for the trearnént of f-eA@tie) sexual ydigorders, nflamma 15

tion, osteoporosis, for the treatnent of nallgn rt oRi

phaeochronacytona peri pheral vascul ar (occl usio di seases, vascul ar

di seases, thr@@bocSk openi a, @Ftas peptlﬁHp} Ferﬁstahhlc noti on di sorders,

percutaneous translum nal coronary angi oplasty, \carotid angioplasty,

post operative stenosis of the coronary bypass, pr ni 20 tory pains and

beni gn prost at'4) h%@brpla5|a(3CHaconb|nahLﬁg ﬁnth at Yeast one further

medi ca®@nt active ingredient H

(15) Cl OCHs —
NHCH)—\ N
(16) Cl OCH; \/:>_<002H5
-NH(CH,);—N
35 S

ensi on, congestive
Elnnnary di sease
roscler05|s
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109638 () - f 10968 () A ~dBr,S4 1 OC_H,
REDS (1230/&' ()(ﬁ%ﬁ%@g&md 3 & ()-° ‘_ﬂﬂf@%');(—)rq% (§-" 109668 ()-9gt |
A=rS4 11 x% 109 ()-M ! %

109& ()-M  109%Gc& ()-!X 109 ()-0 109G& () - 10%H& ()g \= 1 1S10%% ()- @
10938 () - ! cL' (1B0YECHs 10G Cl

-NH(CH,);—N
5 o
(138) OCHs Cl /\:>__<OH
-NH(CH,);—N
(@]
(139) OCH, cl _WCH2)3__N/—\NH
10 —
(140) OCHs, Cl / 1\
-NH(CHz)s.—'N 0]
® —
(141) OCH, cl =
NHCH ) N
15 (142) ocH, cl _NHCH;
(143) OCH;, cl “NHC,Hs
(144) OCH, cl -N(CHa)s-
(145) OCHs, cl N(C:Hs),
(146) OCH, Cl “NHCH,CH,CH;NH,-
20 (147) OCH, Cl “NHCH,CH,CH,N(CHs)-
(148) OCH; cl “NHCH,CH,CHoN(CHs),-
(149) OCHs, cl “NHCH,CH,CH,NHC,Hs-
(150)

OCH; o C>_<OMG
-NH(CH,);—N
(@]
®
(151) OC,Hs Cl D_<002H5
-NH(CH,);—N
O
(152) OC.Hs Cl /\:>_<°H
-NH(CH,);—N
(@]
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(153) OC,Hs Cl /N
-NH(CH,)>—N  NH

_/

(154) OC;Hs Cl /N
-NH(CH),—N 0

_/

35 (155) OC,Hs Cl —

<

NHCH)—\ N



10G 10G% 10%6G& ()-M 4% 10% { & ()-Ma@\= 1 ! |f10%& ()-S !f10%& ()-S
y0109%38' ()-f) 109%C& ()-S' 10%G& ()-f1093& ()-{Y:{\= 1 10f10%g& ()-S !f 109K
K & ()-S wollmegisg) - S ' | sf 109& ()-S 0f 10%G?& ()-S ! >f 10% PET(EPOB1416pWXO{ \ =
1 13f 10968 () -+ 10%G8 ()-! 10%GEBEE ()-44 . 10%3G8 ()-!ff109%& ()-S

1 4f 109%4{ & ()-S ?e{Y7 1 11 -&10%@E& ()- |- &LO%@AL () -
11100 ()-1T 1 109% ()- 10G 10G 10Gy7 10%& ()- zh}[9{Y7 1

111 (, &10% (& ()-![ f1110965& ()-!df!110%3G& ()-10%3& ()- SyM 10%3& ()-110- &1
0%008, () - @5 a1 ! 10@s 10Ge OCH;

10Ge" yS52" 10023«9 9?\fy55z T0%p& () - 2 HOR@EL,Y)-N | Ly MHo&@Ge () -! " (, &10% - & (
) - PWX9PE: 1 0

(157) OCoHs Cl \/_——>_<0Me
-NH(CH,);—N
5 o
OH
(158) OC;Hs Cl _NH(CHQ)a_NO_<
@]

(159) OCzHs Cl _NH(CH2)3__N/ \NH
10 _
(160) OC.Hs Cl /N
-NH(CH,);—N o)
® —
(161) OC,Hs Ci —
-NHCH);— N
15
The examples below relate to pharmaceutical preparations:
Example A: Injection vials
20

A solution of 100 g of an active ingredient of the formula | and 5 g of

disodium hydrogenphosphate in 3 | of bidistilled water I1s adjusted to

pH 6.5 using 2N hydrochloric acid, sterile filtered, transferred into injection

vials, lyophilised under sterile conditions and sealed under sterile cond-
. 25 tions Each injection vial contains 5 mg of active ingredient.

Example B: Suppositories

A mixture of 20 g of an active ingredient of the formula | is melted with

30 100 g of soya lecithin and 1400 g of cocoa butter, poured into moulds and
allowed to cool Each suppository contains 20 mg of active ingredient
Example C: Solution

35

A solution is prepared from 1 g of an active ingredient of the formula |,
9.38 g of NaH,PO, - 2 H,0, 28.48 g of Na,HPO, 12 H,0 and 0.1 g of



1110968 () - S"10%5

& ()-1""S"109%& ()-! Q5" 109338 ()-! L1109 5"5& ()-! TL! 109%& () - 2c7WWMPE: 1 !

0@ %40% &wMo 020518 %A 0% 7& ()-![ ff "109%& ()-!Vff PCT/EP01/14102

"109& ()-10%0% E & ()-!9%A0%0E0& ()-Vggl}~ {Y: 1!

10%4| & () -! &&! 0%@@() 1h&&! 10% | & () -7 10G 10G

1OGf3| 109638 ()--I F31109& ()-- _yX6{Y: 1! lyy 109%|4|& ()- " &L0%P& ()-
C&10%ANRUE ()- ) ~ &10%& ()- G &I0%& ()- !'H&I0% | & ()- FgRyWs{Y: 1 !

| VyS2! 109 L0004l & () -1 Oy LOWWNE' () -
;//yloo & ( (})gny{lkér%@ﬂléﬁ@p@égébg ﬁd@%ﬁsﬁﬂe d wirhé& g is SjudBdE ()

Y 100/@& () - | 88, Eowithe)solkigm |§(m@qi@up)to 11land gteritised by irradiation. Th|s

1071 yS21 108614 Fr100| & ()-1°
Y 10% | & ()_!g%/% o B! fno%‘e\;dﬁ% Y@&' §é15 R % 1'0%|(2&' ()-WU3N: 1

5 Example D: Ointment

500 mg of an active ingredient of the formula | are mixed with 99 5 g of
Vaseline under aseptic conditions.

10 Example E: Tablets
. A mixture of 1 kg of active ingredient of the formula |, 4 kg of lactose,
1.2 kg of potato starch, 0.2 kg of talc and 0 1 kg of magnesium stearate is
pressed in a conventional manner to give tablets in such a way that each
15 tablet contains 10 mg of active ingredient.
Example F: Coated tablets
Tablets are pressed analogously to Example E and subsequently coated
20

in a conventional manner with a coating of sucrose, potato starch, talc,
tragacanth and dye

Example G: Capsules
. 25 2 kg of active ingredient of the formula | are introduced in a conventional
manner into hard gelatine capsules in such a way that each capsule
contains 20 mg of the active ingredient

Example H: Ampoules

30
A solution of 1 kg of active ingredient of the formula | in 60 | of bidistilled
water is sterile filtered, transferred into ampoules, lyophilised under sterile
conditions and sealed under sterile conditions. Each ampoule contains

a5 10 mg of active ingredient



1>$10%.| L| & ()-F! " $10%00& ()-F!i9' 10%4& ()--1qf 98 10%1& ()-! 9%
1094 4] & ()-!~ f98 109 ()-}PSTUVC}rg\= 1 1910%| & ()- 104| 104| 104|fl7
109 & () WaloZosisu894 | & ()-![f/"10% 4| & ()-S, 10%| & () - cj yPermpot/1d102
|1~ SUd0%& ()-9!"SYa0%& ()-9! SYA0% & (Y9 SYAO%R ()-9
" 810%| & ()-1 @O%I| & ()-xVAg\ = 1 11[Y(I9R0% |& ()--1<
0S%4.0%DpD&’ () - 9! SUA0% | & ()-9! sSU0% | & ()-9
SUL0YBS& ()-9)! SUA0% | & () -9~ @1 !![Y@LO0%| & ()- 10%| & ()- 104| 104
0 ! _f" R _ |7 0 o) ! - - . ~ 111 0,
2 (-1 rea bl P imtaifignishray U G rhie &) () T Y@L RO
&LOYRE ()--"910%| & ()-r=HXW~ @1 !!!&10%H& ()- -
81096 () - -) HELPYGIVG ingheeh 8RSt the forria 1% Gisblvert in #L0isotonic

NaCl solution, and the solution is transferred into commercially available

5 spray containers with pump mechanism. The solution can be sprayed into
the mouth or nose One spray shot (about 0.1 ml) corresponds to a dose of
about 0.14 mg

10

15

20
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& ()--QwWiB~_ @1 ! &10%14& ()--!f

h&10%J&' ()--! NF&LOYEE&' ()--!0&10%& ()--!'g &L0%WT& ()--!x&10% | & ()--6FGH w
i[M21 ! wd02#81820| | 10| | 10|]|!Ly7g PCT/EP01/14102

109 | & ()-& " &10% | (| & ()--!0&10%b| $| & 49--'&10% $ & ()--1V[jy_=M@1
PPIxL110% [ [& ()-.!nL!10%& ()-. L!'109%& ()-. "910% h& ()--10% h& ()-L10%
h& ()-|zXeM@ 1 !!$L! 10%CDC&' ()-.!j LI 10% (& ()-.! OL!10%a@& ()-.

TLI10%%& ()-.!'0L'10% ;& ()-. L1098 & ()-. Gouwl3Ma 1

IL! 10%148& () -.! 30L! 10%BhShé& () -.! . iplgtd QfNMmls) - - ! - OL! 10%\>N>& () -. ! LI 109&
()-.TLM109& () -.uvwxx”"? 1

I'M 109%| & ()-10M 10%4| & () - 1F'L10%| & () - @l0%}] & ()-910%1| & ()- 1044 1044
1044y_E+?M 19%| BofpobiMia fdheidnnuld 10%| & ()-1)2i $

KIM 10%}| & ()-19M 10%| & ()-1M 10%4| & () -1hl/?M 10%}| & ()-1M 10%} & ()-1!'M
10%| &.()-1M 10%| & ()-1)?i$ KIM10%| & ()-1M 10%4| & ()-1j @ ?M 10%t| ) ?i $
KI'M 10%| & ()-1M 10%| & () - 1$M 10%| & ( d| & ()-1M 10%} & () - 1xNd?M 1

0% & ()-1)2i $ CH
K 1M 109%4| & () - 11M 10%}| & () +i\r10%t & 1094 & () - 1M 10%}| & () - LhN ?M
109%4] & () - 1M 10%}| & 2 $

?\1%” & ()- RA 10%| & () - 1~¢J0?M 10%4| & () - 1M

KI'M 1001/5| & ()-1M 10%i] 3 | & ()-1}cDO?M 10%}| & M 10%1| & () - 1M 10%j|
"O-1)'5i 3

& ()
KIM 10%| & ()-1M 10%| & () - 1M '\10%1| % ()-1"#3$9%&' ~dJO?M 10%4| & () - 1M 10%4| & (
= 1M 10%4| & () - 1)riPwhich

10%4| & ()-1M 10%4| & ()-1M 10%4| & ()-1' (456789hNA?M 10%4| & () - 1M 10%4| &
()-1M 10%4| & ()-1M 10%4| & ()-1)?i$ KIM 10%}| & () - 1M 10%4| & /2\1- 19;
<?@BC 06?M 10%4 Rsang REM 1em?@n,)mt1wqrmml&'qunfmrm%q,&l,(é- 1M 10%4| & () -1
%(f:\/l$10(ﬂ’@| & () - 1CDEKNST~ E5’(>)I\C/%01%1(” N Dhadiler () - 1m 109 & 109%1| & ()-1M 1
O%H & ()-1M 10%4| & ()-1) ?i yhere I4(4 angiol{ﬂthget(t?e_r are aﬂer a%vg?y_ajlk@lene 1&()-
Kl TUVV\XYocf nC0?M 10°o/éll & I()- miihg%4b &athorl MohR& DECH,-OY- L a0Y-Q-CHA M 10%4| &

) PG4 an o

()-1M 10%] & ()-1)?i $ K f ghhi kil Ml 2b%cH, cH,-0-,

20 X 1s -CH.SO.NR’R*,

R®and R®, independently of one another, are H, a heteroaromatic
radical, alkyl or alkenyl having 1-10 carbon atoms, each
of which is unsubstituted or terminally substituted by

o o5 —~NH,, NHA" or —=NA'A? and in which one or two CH,
groups may be replaced by -CH=CH- groups, -O-, -NH-
or —=NA'-, where R® and R* together are alternatively
cycloalkyl or cycloalkylene having 3-7 carbon atoms,
each of which is unsubstituted or monosubstituted or

30 polysubstituted by —Hal, -NH,, -NHA, -NA'A? -NHCOA",
NHCOOA', -COOH, -COOA', -CONH,, -CONHA', or
—CONA'A? and in which one or two -CH,- groups may
be replaced by —O-, -NH-, -NA'-, -NCOA'- or -NCOOA",

35 A' and A>  are each, independently of one another, alkyl or alkeny!
having from 1 to 10 carbon atoms, each of which may
be substituted by from 1 to 5 F and/or Cl atoms, where



KI'M 10%] & ()-1M 10%| & ()- 1M 10%4| & () - 1M 10%}| & ()- 1M 10%| & ()-1)?2i $

Kimsv{i ?*)?i$ K )?i $
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671?2*)2$ KI)?2i $
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Kl M 10%1| & () - 1vendsaite and/angoivaigs dhereoiM 10%4| & () - 1M 10%4| & () -1sT5) ?M 1
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b 10%61 & () OO 10K ()M ASHE Al QRS (bl 028l O -1 10%

&
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00/@4| & ()-1M 10% & ()-1)?i $

_@)M 10M 10%]| & ()- 1M 10%}| & () - 1M 10%}| & () - 1M 10%}| & () - 1M 10%4| & () -

)’7| $

KarS0) PLOYAE (ool I8 & th 18R loBolcing I8 &R Fiok br AMrbMdHsBa() - 1M1 10
Kl ~ EO0) M 10%| M ibtaat &’ (3nchii. 1ndependentlyaf consangthsr, age thalinghayingm 1004 &
(O)-1)?$ K from 1 to 8 carbon atoms which is terminally substituted by —NH,

10 M 10018 0~ AL LR 3PS St e Al 1M 1001 0 - 10

KI """ *01~ E0) M 10%}| M 10%}| & ()- 1M 10%}| & () - 1M 10%4| & () - 1M 10%| & () - 1M 10
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K JKPSYZ[\ nD* M 10%)] & () -
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Kl %M 109] & () - 1M 10%| & (3-1M_19%1| & ()- 1hNAM M 10%| & ()- 1M 10%] & () - 1M
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ACH)—N  ©

30
eni— )

in which n has the value 0, 1,2,3,4,5,6,7,8 9or10.

or

35 4  Compounds of the formula |1 to |19 according to Claim 1



KIM 109% & ()-1M 109% & ()-1}\: M @0%& ()- 910%& ()- 104| 104|
104 M 10%4| & ()-1)?i $ K M 10%| & ()-1cC\; M

L! 1099& (WokklodR39& () - 1L! 1090& () - 1L! 1099& ()- 1L! 1098& ( PCI/EP01/14102

" 8109848 ()-fF}\ ;M 43

L1 10980 ()- 1L 1099& () - 1L! 1098& ()- 1L T0%& ()- 1L 109%& () - 1) 2C KI ~bB}\ : M

L! 10984& ()- 1L! 1098& ()- 1L! 1098& ()- 1L! 1099& ()- 1L! 1098& ()-1)?C K Z>}\; M

L1 10984& () - 1) 2C

KI LI 1098& () - 1L! 10%@ ()- 1L! 1099 () - 1L! 109%@& ()-1)*, - bF*jy! 109%8& ()- 1L! 10%%
& ()-1)2C

K Ll 109%@ ()- 11! 10904 () - 1L! 10%@& ()
o0& ()-1L! 1098& ()- 1) 2C K L! 10984 () - HBJ098&A ot ! 10084& () - 18;

ABCDEy] A*L! 10984& (L! 1099& () & () 1() 2C

K L! 1098@ () - 1L! 1098& () - 1L1'SQ98 ké@dvzps*u 10984 (L! 10994 ()- 1) ?C
KI LI 10994 ()- 1L! 10004& ()- 1L! 1000& () - 1LbL 0/8/&'() 1[ cij kI Y=*L! 10984.! 1098& (
)-1()?C

KI LI 1008@& ()- 11! 1090 ()- 1L 1099& () - 1L! 10%& ()- 1/ mo} ~bF* LI 1008@& ()- 1! L1 1
0%& ()-1)?C

K 'L 10984& () - 1L! 1098@ () - 1L! 1098& () - 1LU1099@& ()- 1bF*L! 1098& ()- 1! L! 1008&
()-1L! 109%& ()- 1) 2C

Ki L1 1098&' () - 1L! 1098& () - 1L! 1090& () - 1f1L! 1098& ()- 1! L! 1000& () - 1L! 10084 (
)-1L! 108& ()- 1) 2C

I LI 10984 () - 1L! 1094 () - 16C-L! 10984 () LI 1098 () -1L! 1094 () - 1L1 1090 ()- 1
| 1098& ()- 1L! 1098& () - 1(L! 1098& () - st ) L! 1008 97) - 1L! 1098& () - 1L
bow& ()-1L! 1098& ()-1L! 1098& ()- 1)

K'zZ: LI 104! 1098 () - 1L1 10984

L! 1|0/0/a&' ()- 1-./1238~bB*L! 10%9&' (L! 10%

Kl zZ:*L! 10%.! 1098& () - 1L! 100 R R' () 1L! 1098&' () 1L! 1090& () 1) 2C
Kl zZ: Bl 10%.! 1098& () - 1L! 1098&' () g &' ()-1L! 1098& ()-1L! 1098&' ()-1)?C
KU1 &) :zZ:*LI 10%.! 1099& () - 1L! 10%4& () - 1LI‘1§3@@/&' ()-1L! 10984&' ()-1L! 1098&' ()-1
)?C K!:
<AFI AzZ: *L! 109! 1090& () - 1L! 1098@& () - 1L! oo/a/ ()-1L! 10984 () - 1L! 1098&' ()-1)
?2C
KIA “ejnmez: *L! 10%.! 10984& () - 1L! 1098&' () - 1LT0%8& ()- 1L! 1098&' ()-1L! 10984&' ()
-1)2C
K z2Z: * 201094 1090&' () - 1L! 1099& ()- 1L! 1098& () 1L! 1098& () - 1L! 1098& ()- 1) 2C
Kl zZ: *L! 109! 10994& () - 1L! 10904 ()- 1L! 10906 ()-1L! 10994& () - 1L! 10984& ()-1) ?C
KIfF*L! 109! 1098&' ()-1L! 10984&' ()- 1L! 10984&' ()-1L! 10984& ()- 1L! 1098& ()-1) ?C
Kl ~bB*L! 10%.! 1098&' ()-1L! 1098& ()-1L! 1098& () 1L1 1098& () 1JL! 10%& ()-1)2C
Kl Z>*L! 10%.! 1098&' ()- 1) ?C HN
KIL! 1098 ()-1L! 1098@& ()-1L!1098& ()} ILN1098@& () - LbF*L! 10984& () - 1L! 10984& ()
‘;c KIL! 1098&' ()-1L! 1098&' J s 10984& ()-1

* L B90& (L! 1098& () - 1L! 1994
KIL! 1099& ()-1L! 1098& () - 1L! 10 )~ be
" uY=*L! 10994.! 10984&' ()-1L! 1098& () 1) 7C$%
KIL! 1098&' ()-1L! 10984&' ()- 1L! 1098&' () - 182347 B*L! 10984.! 109%84&’' ()-1) ?C
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KIL! 1098& ()-1L! 1098& () - 1L! 1098& ()- 1L! 1098& () - 149>A§Rg\6;*|_l 10984.! 10904 (
)-1()?C

KI LI 1098& ()-1L! 1099& ()-1L! 1098& ()- 1L! 1099& () - 1DEFGVV\ZbF*L| 10904 L! 1090&
"()-1)?C

KI 1L 1099& ()-1L! 1098&' () - 1L! 109%8&' ()- 1L! 1098& ()-1Z_dgij kU9*L! 109%.! 1098& (

<184S
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& ()-1L'10%& ()-1)?C HN
KIL! 10989&' ()-1L!1098&' ()-1L! 1098 ( —*d_"./loo/%! 1099& ()-1L!10%& ()-1)?C
KIL! 1098& ()-1L! 1099& () .:. )-1h>*L! 109849 ?C
KIL! 10989&' ()- 1L! 1098& -1L11099& () - 1L! 1098&' () - 1d: *L! 109 ?C
KIL1098&' () - 1L! 1098& YR () \1L! 10989&' ()-1L! 1098& () - 1pF*L! 1098& ()
-1)?C O=g.
KIL! 1098&' ()-1L!1099& ()-1L! 1098& () - ;‘LQ 10989& ()-1L!10%& ()-1bG L! 109409%.!
1080& ()-1)?C
KILI1098&' ()-1L!1098& ()-1L!1098& () 1L! 09%& ()-1gG.!10%40% ! 1099& ()-1"!1
0%?/& ()-1 3"910%& ()- , @0%& () -
LlO%/e& ()-10%40%uY=G.! 10‘%1 1109%8& ()-1° ' 1098/&' () D?2ING( 1109%8& ()-1"!10%&
"()-1110%& ()-1)*+, ~bFGL! 1094 ! "1 10989& ()- & ! 10989& ()-1)?2UMN " 1109%9& ()-1
11098 ()-1'109& ()-1,1278;

=gGGL! 1094 ! ! 1098& ()-1" ! 1098& ()= ! TOB®) () -4 ! 1098& ()-1" ! 1098& ()-1( !
1098@% () - 1=ABCDEF} aEGL! 1094 ! 1098& () - 1" JA09®& ()-1" ! 1098& ()-1 ! 1098& () -
1) 2UNT (* 1 1098& () - LFRSUVWK} &k Q74 " N10%&' ()-1'" 1 109%&' ()-1"! 109%8&' ()-1"!
1008& ()-1)2U! (© 1 10084 () {yY9eL! 109% 1 1008& ()-1° ! 109%& ()-1 ! 10%&
'()-17 T 1098& () - 1) 2UN (! 10983 T VKL mho~f J* 1 10984& ()-1" ! 10984& ()-1""!10
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30 Q is Cl, Br, OH or a reactive esterified OH group,

and
R' and R? are as defined in Claim 1.

8.  Process for the preparation of pharmaceutical preparations, charac-
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11.

12.

13.

14.

(Ib{ | & wind %@9@%%#@%@%@6%@@ %I)le %_more of Claims 1 to

@M@”@W&@{ow@ @;&@/ @potabte $HBGEADSBKates-theradr forlihe
Vr%atlrr(?e/%@ér&} prophylax(l)s/%f/g‘ségses c%?"the car/g%vggcular sy Jfgrﬁa/ & ()-f

and potency disorders

Compounds of the formula | according to one or more of Claims 1 to
4 and/or physiologically acceptable salts and solvates thereof as
phosphodiesterase V inhibitors

Use of compounds of the formula | according to one or more of
Claims 1 to 4 and/or physiologically acceptable salts and solvates
thereof as phosphodiesterase V inhibitors for the preparation of a
medicament for the treatment or prophylaxis of diseases which are
caused by an excessively low cGMP level and/or can be influenced
by an increase in the cGMP level

Use of compounds of the formula | according to one or more of
Claims 1 to 4 and/or physiologically acceptable salts and solvates
thereof for the preparation of a medicament.

Use of compounds according to one or more of Claims 1 to 4 and/or
physiologically acceptable salts and solvates thereof for the prepara-
tion of a medicament for the treatment and prophylaxis of potency
disorders, angina, high blood pressure, pulmonary hypertension,
congestive heart fallure, cardiac infarction, chronic obstructive
pulmonary disease (COPD), cor pulmonale, dextrocardiac insuffi-
ciency, atherosclerosis, conditions of reduced patency of the heart
vessels, peripheral vascular diseases, strokes, bronchitis, allergic
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according to one or more of Claims 1 to 4 and/or its physiologically
acceptable salts and solvates and at least one further medicament
active ingredient.

15
16. Medicament comprising at least one compound of the formula |
according to one or more of Claims 1 to 4 and/or its physiologically
acceptable salts and solvates and at least one further medicament
active ingredient selected from the following group a) to k)-
20 a) prostaglandin or prostaglandin derivative,
b) calcium antagonist,
c) antithrombotic,
d) endothelin receptor antagonist,
’ 05 e) nitrate,
f)  a-adrenergic inhibitor,
g) centrally acting dopaminergic active ingredient,
h)  ACE inhibitor,
i} NEP inhibitor,
1) mixed o, p-inhibitor,
30 k)  vasoactive intestinal peptide.
17. Set (kit) consisting of separate packs of
(a) an effective amount of a compound of the formula | according to
3 one or more of Claims 1 to 4 and/or its physiologically accept-

able salts and solvates
and
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18.

(b) an effective amount of a further medicament active ingredient.

Use of compounds of the formula | according to one or more of
Claims 1 to 4 and/or physiologically acceptable salts and solvates
thereof for the preparation of a medicament for the treatment and
prophylaxis of diseases of the cardiovascular system, for the treat-
ment and prophylaxis of potency disorders, angina, high blood
pressure, pulmonary hypertension, congestive heart failure, cardiac
infarction, chronic obstructive pulmonary disease (COPD), cor
pulmonale, dextrocardiac insufficiency, atherosclerosis, conditions of
reduced patency of the heart vessels, peripheral vascular diseases,
strokes, bronchitis, allergic asthma, chronic asthma, allergic rhinitis,
glaucoma, irritable bowel syndrome, tumours, renal insufficiency,
liver cirrhosis, for the treatment of female sexual disorders, inflamma-
tion, osteoporosis, for the treatment of malign hypertonia, phaeo-
chromacytoma, peripheral vascular (occlusion) diseases, vascular
diseases, thrombocytopenia, uicus pepticum, peristaltic motion dis-
orders, percutaneous transluminal coronary angioplasty, carotid
angioplasty, postoperative stenosis of the coronary bypass, premoni-
tory pains and benign prostate hyperplasia,

in combination with at least one further medicament active ingredient



