Het eroaryl - substituted am des conprising an unsaturated or cyclic |inker
group, and their use as pharnmaceuticals The present invention relates to
N al kyl amwvoeso7afoozsse fornmula |, in which A Het, X RI1, PRI/ERnaeBB7h@ve t he
meani ngs i ndi cated bel ow, which nodul ate the transcription of endotheli al
nitric oxide (NO synthase and are val uabl e pharnmacol ogically active
conpounds. Specifically, the conpounds of the fornmula | upregul ate the
expression of the enzyme endot helial NO synthase and can be applied in

conditions in which an increased expression of said enzyme or an increased
NO | evHetasoaryhsubstitntad amidesrcarhpesitie aneinsadunated eveyclicdinkes oraup, ande

I nventjon fur tes to processes for the preparation of conpounds of
the follI'e %Qﬁéa%ﬁ%%f@ggiﬁical conpositions conprising them and to the

use of conpounds of the fornula | for the manufacture of a nedi canent for
the stinmulation of the expression of endothelial NO synthase or for the

t r eat mERE Peesendinvantionireladesto Nrlkiamides af tedeEsEl@ lar di sorders such as

at hgeroscl erosi s, thronbosis, coronary artery di sease, hypertension and

cardi ac insufficiency, for exanple. Endothelial NO synthase (eNOS, NOS-111)
bel ongs to a group of thre® i soenzynmes which produce nitric oxide (nitrogen
nonoxi de, NO) oxi dati on|lof arginine. Endothelial” released NO is of
central inp i aw@ﬂgbﬁ§1of key  cardi ovascul ar mechanisns. It has a
vasodi | ating effée et and | hhibrts the éggregation of platelets, the adhesion
of | eukocytes to the end®t hel i um and t he proliferation of intiml snooth
nmuscl e cells. Endothelial NO synthase is subject to physiol ogical and

pat hophysi ol ogi cal regul ation both at the transcriptional and at the
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phos phgioduite e Bansestion 6f eltdifelds initfic okide MGPsyHthase and are valuable
10 pharmacologically active compounds. Specifically, the compounds of the formula |
upregulate the expression of the enzyme endothelial NO synthase and can be
applied in conditions in which an increased expression of said enzyme or an
increased NO level or the normalization of a decreased NO level is desired. The
invention further relates to processes for the preparation of compounds of the
15 formula |, to pharmaceutical compositions comprising them, and to the use of
compounds of the formula | for the manufacture of a medicament for the stimulation
of the expression of endothelial NO synthase or for the treatment of various diseases
including cardiovascular disorders such as atherosclerosis, thrombosis, coronary
artery disease, hypertension and cardiac insufficiency, for example.
20
Endothelial NO synthase (eNOS, NOS-IIl) belongs to a group of three isoenzymes
which produce nitric oxide (nitrogen monoxide, NO) by oxidation of arginine.
Endothelially released NO is of central importance in a number of key cardiovascular
mechanisms. It has a vasodilating effect and inhibits the aggregation of platelets, the
25 adhesion of leukocytes to the endothelium and the proliferation of intimal smooth
muscle cells.

Endothelial NO synthase is subject to physiological and pathophysiological regulation

both at the transcriptional and at the post-transcriptional level. Enzyme already



direct interactions with specific proteins. Stinulators of this, usually
transient, NO rel ease are extracellular arginine, 17b-estrogen and the
mechani cavo=007mob248 exerted on the | um nal surface of tReTEPd@sel7Iam by
the blood flow (shear stress). The latter additionally |leads to regulation
of eNCS at the transcriptional l|evel. _Thus, for exanple, Sessa et al.
(Crc. Research 74 (1994) 349) were al.?rl e to obtain a marked increase in
eNOS by neans of exercise training and the increase in shear stress

associ ated therewith. \Wiether regulation at the post-transcriptional |evel
i s rel present intheianslotheliinmmayb runmigmadepqm&nbaed cajgiu®; for exanpl e,
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cor onagivedtesteradtioneasith spdcifid pratbine! Shimitatotd6f thig isbiamatraasieht, NG
upregul ation of the eNOS protein_is scientifically accepted. Thus, there

are fi maﬁysamﬁraqerﬂulartar@nmehé 7ﬁreﬁt@genmqoﬂ@pee@he@celfsttrmlusme(terl

a1 e e Ref Sirtaid WERE Bridnfalliod By Ihe RIS oty HRIETRSD 1Bkl €5 o
al ., Pagditiohlfy leads 36l redreftatioSPeRBS éﬂ@r&)tr&f’s%ﬁbtrohél legela®Hus, fopal 'y known

that single point nutations in the 5' -flank mg regi on of the eNOS gene

(" eNOEYRORIE: Sespa ehall (Eire. R@ggerqho?ﬂ (1994 84Phwere pblaopkfaiiea markedr i pti on
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I ncrea rts coronary spas ion 99
(11999) agdifnfated Therequth ent assunpti on therefore Is that the transcriptiona
anqﬂﬁost-transcriptional mechani sms of eNOS regul ati on are seriously

di sturbed in a large nunber of disorders, especially in cardiovascul ar
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unambiguously proven. Thus for example administration of a high arginine dose is

followed by only a transient improvement in the endothelium-dependent
vasorelaxation in patients with coronary heart disease.
15
On the other hand, the significance of the upregulation of the eNOS protein is
scientifically accepted. Thus, there are findings which show that the protective
properties of the HMG-CoA reductase inhibitor simvastatin can be attributed, besides
to the lipid lowering, also in part to an increase in eNOS expression in vivo (Endres et
20 al., Proc. Natl. Acad. Sci. USA 95 (1998) 8880). It is additionally known that single
point mutations in the 5'-flanking region of the eNOS gene ("eNOS promoter"), and
the reduction in the rate of eNOS gene transcription associated therewith, in the
Japanese population is associated with an increase in the risk of coronary spasms
(Nakayama et al., Circulation 99 (1999) 2864).
25
The current assumption therefore is that the transcriptional and post-transcriptional
mechanisms of eNOS regulation are seriously disturbed in a large number of
disorders, especially in cardiovascular disorders. Even in very early stages of a wide
variety of cardiovascular disorders it is possible for a dysfunction of this type in the
30 endothelium lining the blood vessels to lead to a deficiency of bioactive NO, which is
manifested as the disorder progresses in the form of measurable pathophysiological

and morphological changes. Thus, critical steps in early atherogenesis are speeded



endotheliumlining the blood vessels to |lead to a deficiency of bioactive
NO, which is manifested as the disorder progresses in the form of

measur ablwopattmoptagsi ol ogi cal and nor phol ogi cal changesPCTHP2006®03716 cal
steps in early atherogenesis are speededup by a decrease in endothelial NO
rel ease, such as, for exanple, the oxi,dation of |ow density |ipoproteins,
the recruitnent and deposition of rmnécyt es in the intim of vessels, and
the proliferation of intimal cells. A consequence of atherogenesis is the
formati on of plaques on the inside of the blood vessels, which may in turn
| ead, umby@deqeasmmand@ihehal N@oelgase: such assfor esampleithaexidasioncfse i n
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further organ damage. The aim of a therapeutic approach to the treatnent of

these Wreeligeos Plﬁm{esaﬁbmedﬂﬁ@gpfgaetbdpq vasselstwhish Sanis Hmbea8yent s by
i nc f;e?ﬂ"féﬁgq'ﬁ gequ%ﬂﬂﬁton%'tﬁ‘é sh‘%?é‘t‘?é% Qr}upﬁgpﬁe&regg i Enﬁéﬁ‘iﬁ%ﬁéﬂﬁ@t s whi ch

| ea 0 overexpressron o seé 1 n previou anmaged

vessel geledse and faa‘utthebdietehorartmmhahacp‘ath&egwlesmce I&adottredxabbl@es aasmiaar e thus
evi dence of the correctness of this a%ﬁ)%);)l%ﬂgpév renne et al Hum Gene

Ther. Yasqdyletsy) a fgstgasednpeet Jipausntly YeErBRrARWRIF B1AY. 8% cel |
cul tur Eﬁ’lnd%nld%ﬁfi iL 10 a%t&l ggﬁge%@%t r88n a3 dg anscri ption and expression
are discl h or t

|te|’ature e statins, as has al ready been
mentioned, it has been possible to show such an increase in eNGS in vivo as

a sjde_effect. In view,of t ran eof de effecsof his cl ass of
subd a}l{ggg,lmmﬁ\ﬁet\?,\gfapql{tlc,%Oqgﬂ%qiﬁég} Qi hgse jpar ttcan be nade
in a tgxiggl sétlté mtéﬁeﬁpﬂhhsee%h(bf@%ﬁtsByﬁ«er@ésu@é thééﬁddfhér'al\ﬂbgg/ 47153
and WO 00/ 03746 the use of rhoGIPase inhibitors and agents which influence
the or gwrezarpnoﬁeme transfercexpermyemswmleln tead iorvitre ée oueiaxgresstm phNO

endot heI Itﬁlase in prevnously 8amaged vessels are in fact able to counteract the described
processes and are thus evidence of the correctness of this approach (Varenne et al.,

15 Hum. Gene Ther. 11 (2000) 1329).

Some low molecular weight compounds which, in cell cultures, may lead to a direct
effect on eNOS transcription and expression are disclosed in the literature. For the
statins, as has already been mentioned, it has been possible to show such an

20 increase in eNOS in vivo as a side effect. In view of the known range of side effects
of this class of substances, however, it is unclear how far use of this effect can be
made in a toxicologically unproblematic dose. Liao et al. claim in WO 99/47153 and
WO 00/03746 the use of rhoGTPase inhibitors and agents which influence the
organization of the actin cytoskeleton for increasing eNOS in endothelial cells and for

25 the therapy of various disorders such as, for example, strokes or pulmonary
hypertension without, however, indicating a specific way of achieving this. Certain
amide derivatives which upregulate the expression of endothelial NO synthase, in
particular N-cycloalkyl amides in which the cycloalkyl ring is fused to a benzene ring
or a heteroaromatic ring, have been described in WO 02/064146, WO 02/064545,

30 WO 02/064546, WO 02/064565, WO 2004/014369, WO 2004/014372 and WO
2004/014842. Certain triaza- and tetraaza-anthracenedione derivatives which

upregulate the expression of endothelial NO synthase have been described in WO



the therapy of various disorders such as, for exanple, strokes or pul nonary
hypertensi on wi thout, however, indicating a specific way of achieving this.
Certai n awDaeo7d®ni4gat i ves whi ch upregul ate the expressi eaTaP2@adod7nel i al NO
synt hase, in particular N-cycloal kyl am des in which the cycloalkyl ring is
fused to a benzene ring or a het eroar%nati c ring, have been described in WO
02/ 064146, WD 02/ 064545, WD 02/ 064546," WO 02/ 064565, WD 2004/ 014369, WO
2004/ 014372 and WD 2004/ 014842. Certain triaza- and

t etraaza- ant hracenedi one derivatives whi ch upregul ate the expressi on of
endot h2004(094¢2 5y Therasdilliexists Bawedifes furtherdcampaarisoahgbagregulatethe sti |l |

endot rERvARSRE SnekEIBLNGS RHBHASE A sryer £t Bbpfer BRFE 3O E
usef ul ygsfuphs pRBAREE RIRak foPthd breatrhent orMrodt digddsedssuthseases such as
at heroscl erosis, coronary artery di sease or cardiac insufficiency, for
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cardi ovascul ar di sorders. A S%Jtp) ect of thelg;fé esent. invention _is a conpound

of t heOF BPIRGUAtE, thej expipssipn AT ENQRANhate WrRfuldacdie Epatnent of dgdors 2.
whi ch giaupss §1&8’n EQ@@&H\%{‘%OBQ@ ﬂr@i@aﬁ@i@ﬁ’di@of&é‘?&t erm nal atom of the
r triple bond, t p of the

double 0o e grou ormula I'l, which is bonded to the
group Het via a ring atom and the group of the fornmula I1l, wherein in the
for

lae |l and.,lll the bonds vi.a which the oyps are connected to the
Lo T ersubiend 38 the presat frvegton S aranrond bR TS iada. £7no ot ons. and at
the group (CH2)r, and wherein all groups A can be substituted by one or
nore identical or different substituents R4;Het is a 5-nenbered or
6- menber ed, nonocyclic aroWatic group which contains one

Het R

|
R?

in which

15 A is chosen from -CH=CH-CH,-, -C=C-CH>-, which groups are bonded to the group
Het via the terminal atom of the double or triple bond, the group of the formuia |l,
which is bonded to the group Het via a ring atom, and the group of the formula IlI,

(CH,):

20
wherein in the formulae 1l and Ill the bonds via which the groups are connected to the
adjacent groups, are depicted by the lines starting at ring atoms and at the group
(CHy>):, and wherein all groups A can be substituted by one or more identical or
different substituents R*;

25



or two identical or different hetero ring nmenbers chosen fromN, NR13 , O
and S and which can be substituted by one or nore identical or different
subst i t uewDRAV0248i s chosen froma direct bond, CH2, Opamdprbbds/obriand R2
are independently of each other chosen from (G -C 6)-al kyl, (C3-C6)-

al kenyl, (C3-C6)-al kynyl, (C3-C7)-cycl.oal kyl -CnH2n- , phenyl -C nH2n- and
heteroaryl - CnH2n- , and R2 can in addition be hydr ogen, wherein the groups
(G-C6)-alkyl, (C3- C7)-cycloal kyl, (C3-Ce)-al kenyl and (C3-Ce)-al kynyl
can all be substituted by one or nore identical or different substituents
R6, andet isea jroembe@dHontdaemberedanenbryclic arematiy gooup whichoeentadémnecal or

di fferent subst.ituents chosen fromflueri | - - b kyl |1
Cheny! St IREREY G it BRP it iduhetiberd ndin ikt & KL iangiRand, .
subst i wHichctdyb® BEbStitutERN I8y bAG BF intere iQEntitial be diffdrestdiistitusig R°R7, or Rl
and R2, together with the N-CO group which carries them forma 4-nenbered

to 10- nenbered, nonocyclic or bicyclic, saturated or unsaturated ring

whi (Sh,xiiglc ggéﬁ h'gﬁ" %&ggpﬁ?éﬁ@gbﬂl té%ﬁmﬁt om bei ng part of the N CO group,

can contaln one ner h&tero ri ng nmenbers chosen fromN, NR12 , O
S, SO and SO2 which can be identical or different, with the proviso that
two ring nmenbers fromthe series O

. S, SO S b i

adj aceRt apAdy yednderprdentiyfgachqtber pm@sﬁﬂfﬁ’wﬁﬁé’ﬁﬁa‘?%md&é&éﬁﬁni he N-CO
o . ¢ ! | . ol
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ge} ;ar oﬁnblin—,wgidzﬁzcan imladdiienshebydrogendwhgrein ¢the groupse(Qe@g)talisy] (Cu-

i t i t f | L (C-C A -alky]l (C-C
PRk S 2 RBBAT el RS SRR ol PR PS8t 1t e
by onenfyre iRdrtichl bhodiﬁéférﬂtsﬁ]??titu(aﬁls ﬁs,%n@ih@ydo@pgg Ky, Bhh @l bean be
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substituted by one or nore uori ne atons, i)t't f{l)-rc']i kylfrrercf?ptp, NI—(|12,
stituents chosen from fluorine an

(G - C dybstituteday eng oumoreidentical or different su
(C1-C4)-alkyl, and all phenyl groups and heteroaryl groups can independently of each
other be substituted by one or more identical or different substituents R’,

15 or R' and R?, together with the N-CO group which carries them, form a 4-membered
to 10-membered, monocyclic or bicyclic, saturated or unsaturated ring which, in
addition to the ring nitrogen atom being part of the N-CO group, can contain one or
two further hetero ring members chosen from N, NR'?, O, S, SO and SO, which can
be identical or different, with the proviso that two ring members from the series O, S,

20 SO and SO, cannot be present in adjacent ring positions, wherein the ring formed by
R" and R? and the N-CO group which carries them can be substituted by one or more

identical or different substituents R®:

R3 is chosen from phenyl, naphthalenyl and heteroaryl which can all be substituted

25 by one or more identical or different substituents chosen from halogen, (C-C4)-alkyl,
(C4-Ca4)-alkyloxy-(C+-C;)-alkyl-, OH, (C4-C4)-alkyloxy which can be substituted by one
or more fluorine atoms, (C4-C;)-alkylenedioxy which can be substituted by one or
more fluorine atoms, (C1-C4)-alkylmercapto, NH,, (C1-C4)-alkylamino, di((C1-Ca)-
alkyl)amino, ((C1-Cs)-alkyl}-CONH-, di((C1-C4)-alkyl)aminocarbonyl-, ((C+-C4)-

30 alkyl)aminocarbonyl-, ((C1-C4)-alkyloxy)carbonyl-, COOH, CONH, CN, CF3, H2NSO»-
and (C4-Cy)-alkyl-SO,-;



al kylyam no, ((CrOO al kyl J-CONH, di ((C -C 4)-al kyl)am nocarbonyl -, ((G-C
4) - al kyl ) am nocar bonyl -, ((CrC 4)-al kyl oxy) carbonyl -, COOH, CONH2, CN,
CF3, H2NSER-20@md024€i - C 4) - al kyl - SO 2- ;R4 is chosen fromrCr@PDOSpPoFN&KYl and
fluorine; R5 is chosen from hal ogen, (d-C 4)-alkyl, (G -C 4)-al kyloxy-(G -C
2)-al kyl-, OH (Cl-C4)- al kyloxy which can be substituted by one or nore
fluorine atons, (Cl-C4)- al kylnmercapto, NH2, (G -C4)-alkylamno, di((G-C
4) aI kyI Jam no, ((Cr C4)-al kyI) CC]\IH- di ((G -C 4)-al kyl)am nocar bonyl -,
g) al kyl ) am nocar bon Cl- C4)- al kyl oxy) car bonyl -, COOH, CONH2,
CN, B" imahosen foan §kyd)- .and rnge; chosen from fluorine, OH oxo, (CrC
4) - al kyI oxy, (G -C 4)-alkylmercapto, di((C C4)-al kyl)am no, ((Cr
C4)-al kyl )-CONH, di ((C -C 4)-al kyl)am nocarbonyl -, ((Cl-C4)-

al kyl ORY )& ahdsatyfrom KEMEhen, QONH2,) énkyla(rﬁil CBSQIkWSxyE(C@w%IIkyﬂ-r QR h@;auen,
(G C4)-alkyl, (CrC 4)-al Kyl ox -(CrC 2)-al kyl -, OH (Cl-CA)- alkyl oxy whi ch
can bealikyload/iwhitl gapyPecHd FUtﬁﬁlbé/ qne,et mese Hueriae atams @1 4r kyl enedi oxy

al o nErReSBRE A (CF oo ting IS GEPRKIBRIRITCH BaRet0- o

j) a: ESZ'QNHC@«Q t()nb{a(l@ﬂ)a@n#@ea’obw} a(IQCndh)}ab@bthnoc(drbbnﬂ— ((%O(\I;I:)Z -~
a ocar bgn ,
CF3 HQ'@S&‘Y \8} @qpl-é%[\l% ge fkyl %%Z‘nal ogen, (CrC

4)-al kyl, (C3- C7) cycl oal kyl - O1H2n- , phenyl O1H2n- , heteroaryl - CnH2n-,
(G-CA4)- aI kyl oxy-(CrC 2)-al kyl -, OH, oxo, (CrC 4)-alkyloxy which can be
subst i Rﬁnsadhd:gemfnenrﬂuormee QH uxa, r661-ﬁ4¢-laﬂWIc()@ {C-2))-alkyimercaptaxdi((Ghi ch can

115%453 et JC ooy SR P, A G vt arabadialfh Toorge” ol ( (o

- b bonyl -, CrC
Bl e TR OO e B G hoRece. and (Or C 4)-al kyl - Sc2-

, Wherein all phenyl groups
R’ is chosen from halogen, (C1-Ca)-alkyl, (C1-C4)-alkyloxy-(C4-C»)-alkyl-, OH, (C4-Cy)-
alkyloxy which can be substituted by one or more fluorine atoms, (C+-C>)-

15 alkylenedioxy which can be substituted by one or more fluorine atoms, (C1-Ca4)-
alkylmercapto, NHa, (C1-C4)-alkylamino, di((C4-C4)-alkyl)amino, ((C1-C4)-alkyl)-
CONH-, di((C4-C4)-alkyl)aminocarbonyl-, ((C1-C4)-alkyl)aminocarbonyl-, ((C1-C4)-
alkyloxy)carbonyl-, COOH, CONH,, CN, CF3, H,NSO2- and (C4-Ca)-alkyl-SO»-;

20 R®is chosen from halogen, (C-C4)-alkyl, (C3-C7)-cycloalkyl-C,Ha,-, phenyl-CoHan-,
heteroaryl-C,H2n-, (C1-C4)-alkyloxy-(C4-C>)-alkyl-, OH, oxo, (C4-C4)-alkyloxy which
can be substituted by one or more fluorine atoms, (C1-C,)-alkylenedioxy which can
be substituted by one or more fluorine atoms, (C4-C4)-alkylmercapto, NH;, (C1-C4)-
alkylamino, di((C1-C4)-alkylyamino, ((C1-C4)-alkyl)-CONH-, di((C+-Ca4)-

25 alkyl)aminocarbonyl-, ((C1-C4)-alkyl)aminocarbonyl-, ((C1-C4)-alkyloxy)carbonyl-,
COOH, CONHp,, CN, CF3, HaNSO,- and (C1-C4)-alkyl-SO2-, wherein all phenyl groups
and heteroaryl groups can independently of each other be substituted by one or more
identical or different substituents chosen from halogen, (C4-C,4)-alkyl, CF3 and (C;-
C4)-alkyloxy;

30
R'2is chosen from hydrogen, (C1-Ca)-alkyl, (C3-C7)-cycloalkyl-CnHzq-, phenyl-CnHan-,
heteroaryl-CHz,-, ((C1-C4)-alkyl)-CO-, (C3-C7)-cycloalkyl-CH2,-CO-, phenyl-CnH2s-



and heteroaryl groups can independently of each other be substituted by one
or nore identical or different substituents chosen from hal ogen, (CC

4) - al kyl ,wWQR807200248C1- C4) - al kyl oxy; R12 is chosen fromPhydProgen957&Cr C

4) -al kyl, (C3-C7)-cycl oal kyl -CnH2n- , phenyl -CnH2n- , heteroaryl - CnH2n- ,
((CrC 4)-alkyl)-CO, (C3-C7)-cycloal k)}l - CnH2n- CO-, phenyl - CnH2n- CO-,

het eroaryl - ChHon-CO-, ((d-C 4)-al kyl )"0 CO and phenyl -CnH 2n- O CO-,
wherein all phenyl groups and heteroaryl groups can be substituted by one
or nore identical or different substituents chosen from hal O&jn, (G-C

4) - al kGO-, wetereanyl-Cars-G0-, €CkyGalkyR@COs apd@henyl-Cobleh PdeByewherein

(CVC O l, - H2n-, erein.th r .
subst i 20 PEEMHHEES B eterB Rl rodlir o) BeistPaPORY by SR8 B8 Bntsal, ¢ om
hal ogess differéntdlubstifights hcsernflom®alégen, (@404 Mkyl, @FgaaddCh-Qx-oups R13 are
i ndependent of each other and can be i1dentical or different; heteroaryl is
a 5- nefls¥loXy; or 6- nenbered, nonocyclic aromatic group which contains one,
t wo gor three identical or different hetero ring nenbers chosen fromN, NR13
, Oand S; nis 0, 1 or 2, where all nunbers n are independent of each
ot her Ritlisazhoska fiahe hydmageno(Caildj-allghand pheayliC,;, Bheréirthesphenyils 0 or
1, sis 1, 2, 3or 4. in any of its stereoqisoneric fqrns or a, m xture of
st er coBubiRGAnbe Shhstititecy ohedr anoridntisa) of Itsse aLFYRsUINENS ChBREN sal t
t her eofronRS) b 8 ikaf ressnh-di MHere St dBuds R1@G& conpound
of thefr?or ngélﬁ’a@é%mﬂ%lﬁﬂAcrg%gﬁéQn 41)ro - CF CH-rCH Zd? SJH- CXC- E:HZ- , Which
gr oupsindepehdenteaf eacht dtbegandiigan be identical or different;
10
heteroaryl is a 5-membered or 6-membered, monocyclic aromatic group which
contains one, two or three identical or different hetero ring members chosen from N,

NR' Oand S;

15 nis 0, 1 or 2, where all numbers n are independent of each other and can be

identical or different;

qis1,2,3,40r5;
20 risOorft,

sis1,2,3o0r4;

in any of its stereocisomeric forms or a mixture of stereoisomeric forms in any ratio, or

25 a physiologically acceptable salt thereof.
Another subject of the present invention is the use of a compound of the formula la

O

R3/X\ /A\ J‘k 1

Het ff R la
R2



Het via the term nal atom of the double or triple bond, the group of the
formula I'l, which is bonded to the group Het via a ring atom and the group
of the fowouber/dopd4s wherein in the formulae Il and 111 PRE/EPINIHTIIG whi ch
the groups are connected to the adjacent groups, are depicted by the lines
starting at ring atons and at the grogyp (CH2)r, and wherein all groups A
can be substituted by one or nore identical or different substituents R4,
Het is 5-nenbered to 10-nenbered, nonocyclic or bicyclic, aromatic group
whi ch contains one or nore identical or different hetero ring nenbers
chosen from N, NR13, O and S and which can be substituted by one or nore
identit;,f'%@,"%hl different substituents R5; X is chosen froma direct bond,

, d ., NH and N((C -C 4)-alkyl), or Xis absent and in this case the
phenyl A i9ehbsémfronyiCla£CHeCELQaCHC-GHupviiehigesess aregbdhded tothe dgtdups fused
to the grou R2 are independently of each other chos |n from

(Ci - diss ylgﬁp;ﬁér;r@igléggr@pf they geuble or trigde bong) the grpkp of the formula? ,

C3-C Qhigviel l¢= : & 5 l¢= - d
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(CVC-ioJd-alkyl, (C3-C O0)-cycloalkyl, (C3-C 0)-al kenyl and (C3-C

0)-al kynyl can all b bstituted by one or nore identical or different

substituents R6, an groups CnH2n cancal,j. be substituted by one or nore
identical or diffeg ubstituents choggn:ﬁﬁon1fluorine and (G -G O al kyl,
and all phenyl, aphthaldbngaﬁd het er oa groupscan i ndependently of each

ot her be substituted by one or nore identical or different substituents R7,
or Rl and R2, togethdl with the N-CO groubl which carries them forma
4-menbered to 10-nenbered, nonocyclic or bicyclic, saturated or unsaturated
ring which, in addition to the ring nitrogen atom being part of the N CO

gr oup, whakkif Mt forMaeh and 111 the bonds via which the groups are connected to the
10 adjacent groups, are depicted by the lines starting at ring atoms and at the group
(CH>);, and wherein all groups A can be substituted by one or more identical or
different substituents R*;

Het is 5-membered to 10-membered, monocyclic or bicyclic, aromatic group which
15 contains one or more identical or different hetero ring members chosen from N, NR'?,
O and S and which can be substituted by one or more identical or different

substituents R

X is chosen from a direct bond, CH,, O, S, NH and N((C+-Cy)-alkyl), or X is absent
20 and in this case the phenyl, naphthalenyl or heteroaryl group representing the group
R% is fused to the group Het;

R' and R? are independently of each other chosen from (C1-C1o)-alkyl, (C3-C10)-
alkenyl, (C3-C1g)-alkynyl, (C3-C1o)-cycloalkyl-CnH2q-, phenyl-CnH2n-, naphthalenyl-

25 CqHa- and heteroaryl-ChHaq-, and R? can in addition be hydrogen, wherein the
groups (C1-C1p)-alkyl, (C3-C1g)-cycloalkyl, (C3-C1o)-alkenyl and (Cs-C1o)-alkynyl can
all be substituted by one or more identical or different substituents R®, and the groups
CnH2n can all be substituted by one or more identical or different substituents chosen

from fluorine and (C+-C4)-alkyi, and all phenyl, naphthalenyl and heteroaryl groups



two further hetero ring nenbers chosen fromN, NR12 , O S, SO and SO2
whi ch can be identical or different, with the proviso that two ring nenbers
from t he Woeno&o@48S, SO and SO cannot be present in adPpPat@arRoNcioNIy16
positions, wherein the ring formed by R1 and R2 and the N CO group which
carries themcan be substituted by ong or nore identical or different
substituents R8; R3 is chosen from phé&ny napht hal enyl and het er oaryl
whi ch can all be substituted by one or nDre identical or different
substituents chosen from hal ogen, (G C 6)-alkyl, (G -C 6)-alkyloxy-(G-C
6) - al kgan jndependently cbpach Rifesbe sutistituted bynnesobore memlcayorocﬂié‘etﬁn nor e
fluori n@?)qttﬁ%ﬁ I%7() C 3)-al kyl enedi oxy which can be substituted by one or
more fPUBY 3t , (CrC J-alkylmercapto, NH, (C -C 6)-al kyl am no,
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CF3, mNsm R? atid @re N@@Oegrlojap)vNHStDcames thie(r( Chn Beajubstituied NEON@-orandre Ci - C
t he group can be substituted by one or nore
deﬂi i ﬂgnﬁg?l Q{H'?%"Pé‘ﬁ?“@%}ﬂg??@[}gnt s chosen from hal ogen, (G -C 4)-al kyl,
CF3 and (G -C 4)-al kyloxy;R6 is chosen fromfluorine, OH oxo, (CG-C

6) - al kyl oxy, (G -C 6)-al kylnmercapto, di((Cr 06? al kyl ) am no, g G-C
6) - al k\éf)s cmsen franghershmashithaenyasshhetergaryl whichi cap alj be substituted

al kyl Oéy%%%rot}?ﬂgre |deg9%_l| or%]%ht %ﬁﬁ&lergs:‘?bhosen from halogen, (C1-Cg)-alkyl,

(C4-Ce)-alkyloxy-(C4-Ce)-alkyl-, OH, (C4-Cg)-alkyloxy which can be substituted by one

15 or more fluorine atoms, (C4-C3)-alkylenedioxy which can be substituted by one or
more fluorine atoms, (C4-Cs)-alkylmercapto, NHz, (C1-Cs)-alkylamino, di((C1-Cs)-
alkyl)amino, ((C+-Ce)-alkyl)-CONH-, di((C1-Cs)-alkyl)aminocarbonyl-, ((C1-Ce)-
alkyl)aminocarbonyl-, ((C1-Cs)-alkyloxy)carbonyl-, COOH, CONHz, CN, CF3, ((C1-Ce)-
alkyl)NHSO,-, di((C+-Ceg)-alkyl)NSO,-, H;NSO,- and (C+-Ceg)-alkyl-SO»-;

20
R* is chosen from (C;-Cg)-alkyl, halogen and oxo;

R® is chosen from halogen, (C1-Ce)-alkyl, phenyl-C,Hzn-, (C1-Cg)-alkyloxy-(C4-Cs)-

alkyl-, OH, (C4-Cg)-alkyloxy which can be substituted by one or more fluorine atoms,
25 (C4-Cg)-alkylmercapto, NH,, (C1-Cs)-alkylamino, di((C+-Ce)-alkyl)amino, ((C1-Ce)-

alkyl)-CONH-, di((C4-Cs)-alkyl)aminocarbonyl-, ((C1-Cg)-alkyl)aminocarbonyl-, ((C1-

Ce)-alkyloxy)carbonyl-, COOH, CONH,, CN, CF3, H;NSO,-, ((C1-Cs)-alkyl)NHSO,-,

di((C1-Cs)-alkyl)NSO,- and (C-Cg)-alkyl-SO,-, wherein the phenyl group can be

substituted by one or more identical or different substituents chosen from halogen,
30 (C4-Cy)-alkyl, CF3 and (C4-Cs)-alkyloxy;



R7 is chosen from hal ogen, (d-C 6)-alkyl, (G -C 6)-al kyloxy-(GC -C
3)-alkyl-, OH (Cl-C6)- al kyloxy which can be substituted by one or nore

fl uori ne WO@AE7/000238- C 3) - al kyl enedi oxy whi ch can be sulBSTIEP29068H037Y¥6 one or
nore fluorine atons, (d-C 6)- al kylnercapto, NH2, (G -C 6)-al kyl am no,
di((G-C6)-alkyl)amno, ((G-C6)-alkyl)- CONH, di((G-C
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R® is chosen from halogen, (C1-Cg)-alkyl, (C3-C7)-cycloalkyl-CrHzq-, phenyl-CrHzq-,
heteroaryl-C,Hz,-, (C4-Cg)-alkyloxy-(C4-C3)-alkyl-, OH, oxo, (C1-Ce)-alkyloxy which

15 can be substituted by one or more fluorine atoms, (C1-Cz)-alkylenedioxy which can
be substituted by one or more fluorine atoms, (C4-Cg)-alkylmercapto, NHz, (C1-Ce)-
alkylamino, di((C4-Cg)-alkyl)amino, ((C+-Ce)-alkyl)-CONH-, di((C1-Cs)-
alkyl)aminocarbonyl-, ((C4-Cg)-alkyl)aminocarbonyl-, ((C1-Ce)-alkyloxy)carbonyl-,
COOH, CONH,, CN, CF3, SFs, HNSO»- and (C4-Cg)-alkyl-SO,-, wherein all phenyl

20 groups and heteroaryl groups can independently of each other be substituted by one
or more identical or different substituents chosen from halogen, (C1-C4)-alkyl, CF3

and (C4-C4)-alkyloxy;

R'2is chosen from hydrogen, (C1-Cs)-alkyl, (C3-C7)-cycloalkyl-CnHzn-, phenyl-CnHzn-,
25 heteroaryl-C,Hzn-, ((C1-Cs)-alkyl)-CO-, (C3-C7)-cycloalkyl-C,H2,-CO-, phenyl-CHzn-
CO-, heteroaryl-CH2,-CO-, ((C4-Cg)-alkyl)-O-CO- and phenyl-C,H2,-O-CO-, wherein
all pheny! groups and heteroaryl groups can be substituted by one or more identical
or different substituents chosen from halogen, (C4-C,)-alkyl, CF3 and (C1-Cs)-
alkyloxy;
30
R'3 is chosen from hydrogen, (C4-Ca)-alkyl and phenyl-C,H.,-, wherein the phenyl
group can be substituted by one or more identical or different substituents chosen



group can be substituted by one or nore identical or different substituents
chosenfrom hal ogen, (G -C 4)-alkyl, CF3 and (G -C 4)-al kyl oxy, where al
groups RMSOoa2n/iimI8pendent of each ot her and can be i deRCIrg®R006/00%7116 f er ent ;
heteroaryl is a 5-nenbered to 10-nenbered, nonocyclic or bicyclic aromatic
group which contains one or nore idenﬁic or different hetero ring nenbers
chosen fromN NR13, Oand S; nis 0, 1, 2 or 3, where all nunbers n are

i ndependent of each other and can be identical or different; gis 1, 2, 3
, 4 or 5; ris ; or 4 ; in any of its stere0|soner|c
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and for the treatnent of a disease in which such a stinulation, or an

increase in NO level, is desired, for exanple a card| ovascul ar di sorder
such aBeterorybis@ ampemberedhicoHinnenberad, mEnacyslic aF bicyelis aromatis groupi ency
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roups, uents ero ring nenoers,
nunberN NR‘?.)t(Demdfsatures such as, for exanple, R4, R5, R6, R7, R8, Rl12 ,
R13 , aIkyI groups, the nunber n, etc. can occur several tines, t hey can
all independently of one another have any of the indicated nmeani ngs and can

in each Hé?és? Per Bd\%bhézﬁil Pema@ré E%enﬁdéaﬁm&gef a8eh fbﬂﬁer dry éalba! ky!l ami no

group or exanpl e groups can entical or different. Al kyl,
al kenyideahdaladrldrﬁfgflengroups can be linear, i.e. straight-chain, or br anched.
Thi g, al so applies when they are part of ot her groups, for exanple al kyl oxy
gr o@ps (=al koxy groups, i.e. alkyl-O groups), alkyloxycarbonyl groups or

al kyl - gubsgtptaitedr 5;
risOor1;
15 sis 1,2, 3o0r4;

in any of its sterecisomeric forms or a mixture of sterecisomeric forms in any ratio, or
a physiologically acceptable salt thereof, for the manufacture of a medicament for the
stimulation of the expression of endothelial NO synthase and for the treatment of a
20 disease in which such a stimulation, or an increase in NO level, is desired, for
example a cardiovascular disorder such as atherosclerosis, coronary artery disease

or cardiac insufficiency or any other disease mentioned above or below herein.

If in the compounds of the formulae | and la any groups, substituents, hetero ring

25 members, numbers or other features such as, for example, R?, R®, R®, R, R®, R"?,
R'3, alkyl groups, the number n, etc. can occur several times, they can all
independently of one another have any of the indicated meanings and can in each
case be identical or different from one another. In a dialkylamino group, for example,
the alkyl groups can be identical or different.

30
Alkyl, alkenyl and alkynyl groups can be linear, i.e. straight-chain, or branched. This

also applies when they are part of other groups, for example alkyloxy groups (=



am no groups, or when they are substituted. Substituted al kyl, al kenyl and
al kynyl groups can be substituted by one or nore, for exanple one, two,

t hree, fOWO2007/000248, identical or different substituent $CREPeIHOFTIDE

| ocated in any desired positions. Exanples of al kyl groups are nethyl,
ethyl, propyl, butyl, pentyl, hexyl, ptyl, octyl, nonyl, decyl, the

n-i somers of these groups, isopropyl, Tsobutyl, isopentyl, sec-butyl,
tert-butyl, neopentyl or 3,3-dinmethylbutyl. Al kenyl groups and al kynyl
groups greferably contain one double bond or triple bond, respectively,
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As far as applicable, the preceding explanations regarding alkyl, alkenyl and alkynyl
15 groups apply correspondingly to divalent alkyl, alkenyl and alkynyl groups, i.e.
alkanediyl groups and alkylene groups, alkenediyl groups and alkenylene groups,
and alkynediyl groups and alkynylene groups, such as the methylene group -CH-
and the groups -CH,-CH;- and -CH»-CH;-CH,-, the propenylene group -CH=CH-CHa-
and the propynylene group -C=C-CH,- which can occur in the group A and in divalent
20 alkylenedioxy groups such as -O-CH;-O-, -O-CH,-CH>-O- or -O-CH2-CH2-CH3-O-,
and the groups ChHzn. As far as applicable, these groups can also be linear or
branched and/or can be substituted by one or more, for example one, two, three, four
or five, identical or different substituents which can be located in any desired
positions, including the carbon atoms which are part of a double or triple bond. Of
25 course, the number of substituents can in general not exceed the number of
hydrogen atoms in the unsubstituted parent system which can be replaced with a
substituent, and can, for example, be only one or two in the case of a CH; group.
Examples of the group C,Haz,, in which the number nis 1, 2, or 3, are -CH,-,
-CH,-CHa-, -CH>-CH2-CH3-, -CH(CHa3)-, -C(CHBa)2-, -CH(CH3)-CH>-, -CH>-CH(CHj3)-. If
30 the number n in the group C,Ha, or the number r in the group (CHy); is 0 (= zero), the
two groups which are attached to the group CnH2, or (CH>), are directly connected to



substituent, and can, for exanple, be only one or two in the case of a CH2
group. Exanples of the group CnH2n, in which the nunber nis 1, 2, or 3,
are - CH2-WQ 20@1@013B2- , - CH2- CH2- CH2- , -CH(CH3)-, - C(CHBYZP2(006/005716
-CH(CH3)-CH2- , -CH2-CH(CH3)-. If the nunber n in the group CnH2n or the
nunber r in the group (CH2)r is 0 (= 17.€ro), the two groups which are
attached to the group CnH2n or (CH2)r "are directly connected toone anot her
via a single bond. Simlarly, if the group X is a direct bond, the groups
R3 and Het are directly connected to one another via a single bond.

Exanpl ese ehothet visaa single bendsSkmilarly, i the ospyp X is pediceaibend, theegwpestR |
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course, the nunber of substituents can in general not excéeed the number of
hydr ogtent-butyleyciohexpeor h3dimethyleyiopentent system whi ch can be repl aced
with a substituent. Exanples of the divalent cyclic subgroup present in, or

The preceding explanations regarding cycloalkyl groups apply correspondingly to

15 divalent cycloalkyl groups, i.e. cycloalkanediyl groups and cycloalkylene groups, such
as the group of the formula Ill and the cyclic subgroup which is present in the group
of the formula Il or represents the group of the formula Il in case the number ris 0.
These groups can also be substituted by one or more, for example one, two, three,
four or five, identical or different substituents which can be located in any desired

20 positions. Of course, the number of substituents can in general not exceed the
number of hydrogen atoms in the unsubstituted parent system which can be replaced
with a substituent. Examples of the divalent cyclic subgroup present in, or
representing, the group of the formula II, which is bonded to the adjacent groups via
two ring atoms in positions 1 and 2, are cyclopropan-1,2-diyl, cyclobutan-1,2-diyl,

25 cyclopentan-1,2-diyl, cyclohexan-1,2-diyl, cycloheptan-1,2-diyl. Examples of the
divalent group of the formula 1ll, which is bonded to the adjacent groups via two ring
atoms in positions 1 and 3, are cyclobutan-1,3-diyl, cyclopentan-1,3-diyl, cyclohexan-
1,3-diyl, cycloheptan-1,3-diyl.

30 If a group like phenyl, naphthalenyl and heteroaryl, which can be unsubstituted or
substituted, is substituted by one or more substituents, in general it can carry one,
two, three, four or five identical or different substituents, for example. The



representing, the group of the fornmula Il, which is bonded to the adjacent
groups via two ring atons in positions 1 and 2, are cyclopropan-1 ,2-diyl,
cycl obut awmo2og720a481 , cycl opentan-1 , 2-diyl, cycl ohexanPCT/EP2@icyph3716

cycl oheptan-1 , 2-diyl. Exanples of the divalent group of the formula Il]
whi ch is bonded to the adjacent groupi via two ring atons in positions 1
and 3, are cyclobutan-1 ,3-diyl, cycl %entan-l , 3-diyl, cycl ohexan-
1,3-diyl, cycloheptan-1 ,3-diyl. If a group |ike phenyl, naphthal enyl and
heteroaryl whi ch can be unsubstituted or substituted, is substituted by
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(= naphthyl) can be naphthalen-1-yl or naphthalen-2-yl. In monosubstituted

15 naphthalen-1-yl groups the substituent can be located in the 2-, 3-, 4-, 5-, 6-, 7-, or 8-
position, in monosubstituted naphthalen-2-yl groups the substituent can be located in
the 1-, 3-, 4-, 5-, 6-, 7-, or 8-position. In disubstituted naphthalenyl groups the
substituents can likewise occur in any desired positions in the ring via which the
naphthalenyl group is bonded, and/or in the other ring.

20
Heteroaryl groups are preferably 5-membered or 6-membered monocyclic aromatic
heterocyclic groups or 9-membered or 10-membered bicyclic aromatic heterocyclic
groups, where the bicyclic groups contain a 6-membered ring fused to a 5-membered
or two fused 6-membered rings. In bicyclic heteroaryl groups one or both rings can

25 be aromatic and one or both rings can contain hetero ring members. Preferably
heteroaryl groups and other heterocyclic groups contain one, two or three, for
example one or two, identical or different ring hetero ring members. The hetero ring
members or ring heteroatoms in heteroaryl groups and other heterocyclic groups are
generally chosen from N, O and S wherein N includes ring nitrogen atoms which

30 carry a hydrogen atom or any substituent as is the case in 5-membered aromatic
heterocycles such as pyrrole, pyrazole or imidazole, for example. The hetero ring

members in heteroaryl groups and other heterocyclic groups can be located in any



the 1-, 3-, 4-, 5-, 6-, 7-, or 8-position. In disubstituted naphthal enyl
groups the substituents can |ikew se occur in any desired positions in the
ring vi a wbizedr/basnapht hal enyl group i s bonded, and/ or pcm/EPh@co03TR6 i Ng.
Het eroaryl groups are preferably 5-nenbered or 6-nmenbered nonocyclic
aromatic heterocyclic groups or 9- nen? red or 10-nenbered bicyclic aromatic
het erocycl i c groups, where the bicycli groups contain a 6-nenbered ring
fused to a 5-nenbered or two fused 6-nenbered rings. In bicyclic heteroaryl
groups one or both rings can be aromatic and one or both rings can contain
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bonded via any desired suitable ring carbon atom and, in the case of nitrogen

15 heterocycles, ring nitrogen atom. Preferably they are bonded via a ring carbon atom.
For example, thiophenyl (= thienyl) can be thiophen-2-yl or thiophen-3-yl, pyridinyl (=
pyridyl) can be pyridin-2-yl, pyridin-3-yl or pyridin-4-yl, imidazolyl can be, for example,
1H-imidazol-1-yl, 1H-imidazol-2-yl, 1H-imidazol-4-yi or 1H-imidazol-5-yl, quinolinyl (=
quinolyl) can be quinolin-2-yl, quinolin-3-yl, quinolin-4-yl, quinolin-5-yl, quinolin-6-yl,

20 quinolin-7-yl or quinolin-8-yl. In monosubstituted pyridin-2-yl the substituent can be
located in the 3-position, 4-position, 5-position or 6-position, in monosubstituted
pyridin-3-yl the substituent can be located in the 2-position, 4-position, 5-position or
6-position, in monosubstituted pyridin-4-yl the substituent can be located in the 2-
position or 3-position.

25
As far as applicable, the preceding explanations regarding heteroaryl groups apply
correspondingly to divalent heteroaryl groups, i.e. heteroarylene groups, such as the
group Het in formulae | and la. In general, a divalent heteroaryl group can be bonded
to the adjacent groups via any two desired suitable ring atoms including ring carbon

30 atoms and/or, in the case of nitrogen heterocycles, ring nitrogen atoms. Preferably
they are bonded via any two ring carbon atoms, in particular in the case of the group

Het. In the case of a divalent bicyclic heteroaryl group the positions via which it is



benzodi oxane (= 1, 2-et hyl enedi oxybenzene), quinoline, isoquinoline,

ci nnol i ne, quinazoline, quinoxaline, phthal azine, thienothiophenes,
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Het eroaryl and ot her heterocyclic groups can be bonded via any desired
suitable ring carbon atomand, in theﬂgase of nitrogen heterocycles, ring
nitrogen atom Preferably they are bofided via a ring carbon atom For
exanpl e, thiophenyl (= thienyl) can be thiophen-2-yl or thiophen-3- yI
pyridinyl (= pyridyl) can be pyridin-2-yl, pyridin-3-yl or pyridin-4 yI
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the numbers of the locations of the adjacent groups may differ from the indicated
15 ones and, for example, a pyridine-2,5-diyl group may be designated as a pyridine-

3,6-diyl group.

As far as applicable, the above explanations also apply correspondingly to the
aromatic heterocycle which is formed by fusion of the group R3 to the group Het in

20 case the group X is absent. In the respective compounds of the formula la the
resulting polycyclic heteroaromatic group, which represents the R3-X-Het- moiety in
formula la which may also be designated as R3-X'-Het- moiety to distinguish it from
the R3-X-Het- moiety in the compounds of the formula |, is a bicyclic or tricyclic or
tetracyclic ring system, preferably a bicyclic or tricyclic ring system, more preferably a

25 bicyclic ring system, and contains one or more, for example one, two, three or four,
identical or different hetero ring members chosen from N, NR'3, O and S. A phenyl or
naphthalenyl or heteroaryl group representing R® can be fused to, or condensed to,
the group Het via any suitable bond in R? and any suitable bond in the group Het,
provided that the resulting polycyclic heteroaromatic group is known in the art to be

30 stable and suitable as a subgroup in a drug substance and that in the resulting group
at least the ring bonded to the group A can be an aromatic ring, i.e. contain six

conjugated pi electrons in case of a 5-membered or 6-membered monocyclic ring.



t hi azol e-2,5-diyl or 1,3-thiazole-4,5-diyl. A divalent group derived from
pyridine can be pyridine-2,3-diyl, pyridine-2,4-diyl, pyridine-2,5-diyl,
pyri di ne-WOa0¢i09P248pyri di ne- 3, 4- diyl or pyridi ne-3, 5- dP¢II/EPRH6IREICcase of
an unsymmetrical divalent group the present invention includes al
positional isonmers, i.e., in the case.Pf a pyridine-2 ,5-d iyl group, for
exanple, it |ncludes the conmpound in bhlch t he one adjacent group is
present in the 2-position and the other adjacent group is present in the
5-position as well as the conpound in which the one adjacent grou
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group Het via any suitable bond in R3 and any suitable bond in the group

Het, provided that the resulting polycyclic heteroaromatic group is known
N therprtelQoRSclic ring which can be formed by R' and R? together with the N-CO

group depicted in formulae | and la which carries R' and R?, which ring is a lactam
15 ring, can be 4-membered, 5-membered, 6-membered, 7-membered, 8-membered, 9-
membered or 10-membered, and can be saturated, i.e. contain no double bond
within the ring, or unsaturated, including partially unsaturated and aromatic, in
particular partially unsaturated, and contain, for example, one, two, three or four
double bonds within the ring, provided the respective ring system is known in the art
20 to be stable and suitable as a subgroup in a drug substance. Examples of residues of
heterocyclic rings formed by R and R? together with the N-CO group, which residues
are bonded to the group A via the nitrogen atom in the said N-CO group depicted in
formulae | and la, are 2-oxo-azetidin-1-yl, 2-oxo-pyrrolidin-1-yl, 2-oxo-2,5-dihydro-1H-
pyrrol-1-yl, 2-oxo-piperidin-1-yl, 2-oxo-1,2,3,4-tetrahydropyridin-1-yl, 2-ox0-1,2,5,6-
25 tetrahydropyridin-1-yl, 2-oxo-1,2-dihydropyridin-1-yl, 2-oxo-azepan-1-yl, 2-oxo-
azocan-1-yl, 2-oxo-azecan-1-yl, 2-oxo-octahydrocyclopenta[b]pyrrol-1-yl, 2-ox0-2,3-
dihydro-1H-indol-1-yl, 2-oxo-octahydro-1H-indol-1-yl, 1-ox0-2,3-dihydro-1H-isoindol-
2-yl, 1-oxo-octahydro-1H-isoindol-2-yl, 2-oxo-1,2-dihydroquinolin-1-yl, 2-oxo-1,2,3,4-
tetrahydroquinolin-1-yl, 2-oxo-decahydroquinolin-1-yl, 1-oxo-1,2-dihydroisoquinolin-2-
30 yl, 3-ox0-1,2,3,4-tetrahydroisoquinolin-2-yl, 1-oxo-1,2,3 4-tetrahydroisoquinolin-2-yl,
1-oxo-decahydroisoquinolin-2-yl, 3-oxo-decahydroisoquinolin-2-yl, 4-0x0-4,5,6,7-
tetrahydrothieno[3,2-c]pyridin-5-yl, 6-ox0-4,5,6,7-tetrahydrothieno[3,2-c]pyridin-5-yl,



stable and suitable as a subgroup in a drug substance and that in the
resulting group at |least the ring bonded to the group A can be an aronmatic
ring, i.ewoeoimmd8si x conjugated pi electrons in case ®CTEP3006i903Te¢ ed or
6- menber ed nonocyclic ring. For exanple if the group Het in a conpound of
the fornmula la is a pyridine ring, Bg absent and R3 is phenyl, the latter
carbocyclic ring can be fused to the nd between positions 2 and 3 or the
bond between positions 3 and 4 in the pyridine ring, and the resulting

pol ycyclic heteroaromatic group representing the -X-Het- noiety is a
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group mentioned in the listed names, and/or by one or more, for example one, two,

15 three or four, preferably one or two, identical or different alkyl groups such as methyl
groups, and/or on one or more ring nitrogen atom by a (C-Cs)-alkyl group or a (C-
C,4)-alkyl-CO- group such as methyl or acetyl which group represents R'2. Examples
of groups listed above which are substituted by a further oxo group include 2,5-dioxo-
pyrrolidin-1-yl, 2,6-dioxo-piperidin-1-yl, 2,5-dioxo-imidazolidin-1-yl, 2,6-dioxo-

20 hexahydropyrimidin-1-yl, 1,3-dioxo-2,3-dihydro-1H-isoindol-2-yl (= 1,3-dioxo-isoindol-
2-yl) and 2,4-dioxo-thiazolidin-3-yl. Furthermore, as applies to the ring which can be
formed by R' and R? together with the N-CO group in general, ring sulfur atoms in
the listed heterocyclic groups can carry one or two oxo groups, i.e. doubly bonded
oxygen atoms, and thus become SO or SO; groups, i.e. sulfoxide or sulfone groups

25 or S-oxides or S,S-dioxides. For example, the sulfur atom in a 3-oxo-thiomorpholin-4-
yl group can carry one or two oxo groups, and besides the 3-oxo-thiomorpholin-4-yl
group also the groups 1,3-dioxo-thiomorpholin-4-yl and 1,1,3-trioxo-thiomorpholin-4-

yl can be present in a compound of the invention.

30 Halogen is fluorine, chlorine, bromine or iodine, preferably fluorine, chlorine or

bromine, more preferably fluorine or chlorine.



1-yl, 2-oxo-piperidin-1-yl, 2-oxo0-1 ,2,3,4-tetrahydropyridin-1-yl, 2-oxo-1
,2,5,6- tetrahydropyridin-1-yl, 2-oxo-1 ,2-dihydropyridin-21-yl,
2- 0X0- azepanre/oph2482- oxoazocan- 1-yl, 2-o0xo-azecan- 1l-yl PCT/EP2006/005716
2- 0x0- oct ahydr ocycl opent a[ b] pyrrol -1-yl, 2-oxo0-2,3- dihydro-1 Hindol -
-yl, 2-oxo-octahydro-1 Hindol-1 -yl % 0X0- 2, 3-di hydro-1 Hisoindol - 2-yl,
1- oxo- oct ahydro- 1Hi soi ndol - 2-yl o% 1 , 2-di hydroqui nolin-1-yl, 2-oxo-1
, 2,3,4- tetrahydroquinolin-1-yl, 2 oxo- decahydroqui nolin-1-yl, 1-oxo-1
, 2-di hydr oi soqui nolin-2- yl, 3- OXO 1,2 ,3, 4- tetrahydr0|squ|noI|n 2-yl,
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2- OXp- pi perazin-1-yl, 2-oxo-[1 ,3]diazepan-1-yl, 7-oxo-[1 , 3]di azepan- 1- yl,
2-oxo- [ 1, 4]d|azepan 1-yl, 7-oxo-[1 ,4]diazepan-1-y|,
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4] t hi az 2- 0X0- | azepan-3-yl, 3-oxo-[1 ,4]thiazepan-4-yl,
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for exphBoRihdikled SN peEaIbR! dharititfiers 2ihdfiasteRSdmery &84 RiIxOREs 6f twidbe, for
exanpl e one, two or three preferably one or two, nore preferably one, ring

car bonmr@mrsplspmeraeﬁor @xanml@apstures atienantiomers an%omlastyprerﬁanm i oned
") ARG Bp b e L BB e L0
met hyl egéﬁmmﬁersacaﬂ bé phesenien ehaﬁmsmencam/ purerfoganbeathaas lkeyorotatary @nd) - al kyl
o o1u os dex%rorotatory antipodes, and in the form of mixtures of the two enantiomers in all
ratios including racemates. In the case of a E/Z isomerism, or cis/trans isomerism, for
example on double bonds or rings, including the double bond in the group
-CH=CH-CH2- and the cycloalkane rings in the groups of the formulae Il and Il
representing the group A or present therein, the invention includes both the E form
20 and Z form, or the cis form and the trans form, as well as mixtures of these forms in
all ratios. In a preferred embodiment of the invention, a compound which can occur in
two or more stereoisomeric forms is a pure, or substantially pure, individual
sterecisomer. The preparation of individual stereoisomers can be carried out, for
example, by separation of a mixture of isomers by customary methods, for example
25 by chromatography or crystallization, by the use of stereochemically uniform starting
materials in the synthesis, or by stereoselective synthesis. Optionally a derivatization
can be carried out before a separation of stereoisomers. The separation of a mixture
of sterecisomers can be carried out at the stage of the compound of the formula | or
la or at the stage of a starting material or an intermediate during the synthesis. The
30 present invention also includes all tautomeric forms of the compounds of formulae |

and la and their salts.



C4) - al kyl -CO- group such as nethyl or acetyl which group represents R12 .
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stereol soneric he compounds of the fornulae’'| and l'a and their
sal t s. amvmdniumsssaitstsuch asatetraalkiylarnmonmitrersalts noeacid dddition sHitsawigh ot her

chi center, the conpounds of foynulae | a.can esent in S
con#qagﬁ?‘é?%ﬂo&or%%mg? PeS PUGh asy ﬁxsmpé‘?.%ﬁy'am'"?’ etﬁaegfq{n 'YGr ati on or
subst afdtRanolamirfesi AiHAAERS, CBMpatinds Bf MelfdtnRiiad Nand 14 SMEH camtdin §e R

I soner in any ratio. The invention includes all possible enantioners and

di ast ebasifr@reurrice. @i roupa¥hieh candeoprotraied carcee PERRETS ONf BIChIraHph e
m xtur §Rd % n%%%‘éea%@éosrd%@q/o%e %&%&%E?m&%mdlg, in the form of their addition

salts with inorganic or organic acids. Examples for suitable acids include hydrogen

15 chloride, hydrogen bromide, phosphoric acid, sulfuric acid, nitric acid,
methanesulfonic acid, p-toluenesulfonic acid, naphthalenedisulfonic acids, oxalic
acid, acetic acid, tartaric acid, lactic acid, salicylic acid, benzoic acid, formic acid,
propionic acid, pivalic acid, diethylacetic acid, malonic acid, succinic acid, pimelic
acid, fumaric acid, maleic acid, malic acid, sulfamic acid, phenylpropionic acid,

20 gluconic acid, ascorbic acid, nicotinic acid, isonicotinic acid, citric acid, adipic acid,
and other acids known to the person skilled in the art. If the compounds of the
formulae | and la simultaneously contain acidic and basic groups in the molecule, the
invention also includes, in addition to the salt forms mentioned, inner salts or
betaines or zwitterions. The salts of the compounds of the formulae | and la can be

25 obtained by customary methods which are known to the person skilled in the art like,
for example, by contacting the compound of the formula | or la with an organic or
inorganic acid or base in a solvent or diluent, or by anion exchange or cation
exchange from another salt. The present invention also includes all salts of the
compounds of the formula | which, owing to low physiological compatibility, are not

30 directly suitable for use in pharmaceuticals but which can be used, for example, as
intermediates for chemical reactions or for the preparation of physiologically

acceptable salts.



all ratios. Thus, conpounds according to the invention which can exist as
enantioners can be present in enantionerically pure form both as

| evor ot atwoyoemmorns dextrorotatory anti podes, and in thecrmpraosfosrist ur es
of the two enantionmers in all ratios including racemates. In the case of a
E/Z isonerism or cis/trans isonerisn% for exanple on doubl e bonds or

rings, including the double bond in t L group -CH=CH CH2- and the
cycl oal kane rings in the groups of the formulae Il and Il representing the
group A or present therein, the invention includes both the E formand Z
form or the cis formand the trans form as well as m xtures of these
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t he coRYORAENGS: FOREXAMPIR ESters af amides ofgarbexyliciadid 9FRURS.- st arti ng materi al
or an internediate during the synthesis. The present invention al so

i ncludes all tautoneric forns of the conmpounds of fornulae I and la and
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and |aqu@mtmmqgfpupdﬂeta@aaurmgatmp can be present on such groups, and can
be used according to the invention, for exanple, as alkali metal salts,

al kal i ne
CHZ)q
1l
(CH,)-
15

wherein in the formula Il the bonds via which the group is connected to the adjacent

groups, are depicted by the lines starting at a ring atom and at the group (CHy);, and
wherein all groups A can be substituted by one or more identical or different
substituents R®. More preferably the group A in the compounds of the formulae | and
20 lais chosen from -C=C-CH,-, which group is bonded to the group Het via the
terminal atom of the triple bond, and the group of the formula Il, which is bonded to
the group Het via a ring atom, wherein in the formula Il the bonds via which the group
is connected to the adjacent groups, are depicted by the lines starting at a ring atom
and at the group (CHy),, and wherein all groups A can be substituted by one or more
25 identical or different substituents R*. Particularly preferably the group A in the
compounds of the formulae | and la is the group of the formula Il, which is bonded to
the group Het via a ring atom, wherein in the formula Il the bonds via which the group
is connected to the adjacent groups, are depicted by the lines starting at a ring atom
and at the group (CHy),, and wherein the group of the formula Il can be substituted by
30 one or more identical or different substituents R*. In one embodiment of the invention



earth netal salts or as ammonium salts. Mre specific exanples of such
salts include sodiumsalts, potassiumsalts, calciumsalts, magnesi um

sal ts, guaiDepevany24anmoni um salts such as tetraal kyl anmoRCumpPs@ieonsy7i©r aci d
addition salts with ammonia or organi c am nes such as, for exanple,

et hyl am ne, ethanol am ne, triethanol aggne or am no aci ds. Conpounds of the
formulae | and la which contain a bas group, i.e. a group which can be
prot onat ed, can be present on such groups, and can be used according to the
i nvention, for exanple, in the formof their addition salts with inorganic

or or gthe groapiAlis clibsamfren -Coi=CGldiG bl andads T6-G izl whichhgipupgaie dondedde,
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aci d, febedinenlefdhe dnxantiendhagraup 4 isahosea diom the,geaupcofdbedormdladl.c aci d,
mal i g f an ' L QR ' ' | cor bi c
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formulae, I and la sinul taneousle& contain acidi ¢ and basi agrou S in the
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compou ormu l'a can obt al ne y customary” net hods

whi ch eraze kidenticat or differerdrssibstiients B4 in the art like, for exanple, by
contacting the conpound of the fornula | or la with an organic or inorganic
aci & or base in a solvent or diluent, or by anion exchange or cation

exchanggeffupBePin Pl dalp of EfRARESL NprefRYanYion, 2lev @, imsreysieferably sal t's
of the conpounds of the fornula | which, owng to | ow physiol ogi cal
conpat bb2l ingne ambodinent ¢fdbelipventionabeaunaperngis 1. phar gma@lmihebal s but
whi ch g?ln%o%?mgﬁtegfthfe?ﬁve%)i%mhg’nu?r?ber g is 1 and the resulting group of the formula

Il representing the group A in formulae | and la thus is a group of the formula lla

lIb llc

15 comprising a cyclopropane ring,

AW
lla

r

which is bonded to the group Het via a ring atom, and wherein the bonds via which
20 the group is connected to the adjacent groups, are depicted by the lines starting at a
ring atom and at the group (CHy);, and wherein the group of the formula Ila can be
substituted by one or more identical or different substituents R*. The number r
occurring in the formulae Il and lla preferably is zero, and the resulting groups of the
formulae |l or lla, i.e. the groups of the formulae {ib and lic which represent the group
25 A, are directly bonded to the group NR? via a single bond. In the formulae lib and lic
the bonds via which the groups are connected to the adjacent groups, are depicted
by the lines starting at ring atoms. The groups of the formulae IIb and llc can be
substituted by one or more identical or different substituents R*. In one embodiment

of the invention the group A in the compounds of the formulae | and la is the group



I nternmedi ates for chem cal reactions or for the preparation of
physi ol ogi cally acceptable salts. The present invention furthernore includes
al | sol vavezoofoocmapounds of the fornulae | and la, forpexarpios/ohyrds at es or
adducts with al cohols, active netabolites of the conpounds of the fornul ae
| and la, and al so prodrugs and deriv2%ives of the compounds of the
formulae | and la which in vitro may t necessarily exhibit

phar macol ogi cal activity but which in vivo are converted into
pharmacol ogi cal | y active conpounds, for exanple esters or am des of
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to the t ' e I Vi a
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l i nes s@ldFCHq@Hat represenfire the gnodpah atepregeatin E@dd)jtion (a#tdamﬁpoelrunn)al I

groyps A can subs ut ed by e or re id i ca fferent
Jutf S viloiieSeeet 1S saehictipain ¢ furBeLFanPg s & the i erfin the SE b unds of
the fORﬁl){ Pt arWCbILIQ-N(RzﬁCG) R Oé'rpth@fgrbbﬁs RrXHer- hhd - NfR’l)fCQ)ERbW@%é to
the group Het waanng atom wherein in the formul a the bonds via
whi ch theengmbepr Isszetonwbishearethonded tadhacynlpateneping iartbespups ofithey t he
lines ?or%u ae ﬂ ﬁé, I?b I|c r%p?ésentlng the group A, are present in E-position (= trans-
position) with respect to each other. In a further embodiment of the invention the
15 groups R3-X-Het- and -N(R?)-CO-R" bonded to the cycloalkane ring in the group of
the formula Il representing the group A are present in E-position (= trans-position)

with respect to each other.

In the compounds of the formula la the divalent group Het is preferably defined as in
20 compounds of the formula |. |.e., one embodiment of the present invention relates to
the use of a compound of the formula |, which is defined as indicated above, in any of
its stereocisomeric forms or a mixture of stereoisomeric forms in any ratio, or a
physiologically acceptable salt thereof, for the manufacture of a medicament for the
stimulation of the expression of endothelial NO synthase and for the treatment of a
25 disease in which such a stimulation, or an increase in NO level, is desired, for
example a cardiovascular disorder such as atherosclerosis, coronary artery disease

or cardiac insufficiency or any other diseases mentioned above or below herein.

More preferably, the divalent group Het in the compounds of the formulae | and la is

30 adivalent aromatic group of the formula IV



and at the group (CH2)r, and wherein the group of the fornula Il can be
substituted by one or nore identical or different substituents R4. In one
enbodi nenwoabotdoee4snvent i ont he group A i s chosen from - Ear@H24akkl02571@nd
-CEC-CH 2- , which groups are bonded to the group Het via the term nal atom
of the double or triple bond and whi %5 can be substituted by one or nore

I dentical or different substituents 4 I'n another enbodi nent of the

i nvention the group Ais chosen fromthe group of the fornmula Il, which is
bonded to the group Het via a ring atom and the group of the forrmula |11
wherein in the lae Il and I'll the bonds via which the groups are
connected to t :égfacent gpgups, are depicted by the lines starting at
ring atons and he group (CH2)r, and wherein the groups of the formnul ae
Il and 11l can be substituted by one or nore identical or different
substituents R4. The nunber q in the group of the fornmula Il preferably is

1, 2 or 3, nore preferably 1 enbodi nent_ of the inyvention the

nunber 'Qth!FhlG iz chpsen frthNaﬁﬂS’c ﬁb‘ré%dgphﬁﬁn oM ReC MRt $BTGHe nunber q
S 1 eI 8nbagLEL Bl WHRUP cah gga@s%pfag%y d SOMBRE Wdriidal SegifERHR A 11

formul ae’ | SIS a grou aMacorrprlsm
cycl®psapstitaenisrR’, i.shirNvhidh orte ohmiose luogdxubmmatdms gancaryet subsntaemtl ng

o) Ao B ot tBan S Tt BYArRRB ARy RIRE A6 RERSart A thR Fatbor SfaTis JBPISHR Y a
the grey LgQr@)orrwrﬁmawé;s&.fb& ﬁPtr%r&éfﬁutﬂfn éﬂﬁefq?b Ops & MRd talithghe

substltut by one or nore identical or differe substituents R4. The
nunber prowse thatitmeg ring sybteni depidted in formmith Nacpmefieesbt least oneheterarring he

o B SR O Sl bl 4 Bl GeBER BhelR ALY o
Vi@ $|h§€§y§té?ﬁ>%¢thé forfnifa \araIHefnddagiiliddtet RDREWIEh spedhicthet he groups
are Cogga%toiﬂdg%f trt]ee fo?mu?gee Intang rlg ulgartlcalr;ly%ergfle(;éﬁg the group Het in the
compounds of the formulae | and la and the group of the formula IV is chosen from
the heteroarylene groups pyridinediyl, thiazolediyl, oxazolediyl, imidazolediyl and
thiophenediyl, i.e. the divalent residues of pyridine, thiazole, oxazole, imidazole and
15 thiophene, which can all be substituted by one or more identical or different
substituents R® and wherein one of the ring nitrogen atoms of the imidazolediy!
group, which represents the nitrogen atom in the group NR'? in the definition of the
group L, carries a group chosen from hydrogen and (C4-C4)-alkyl. More particularly
preferably the group Het in the compounds of the formulae | and la and the group of
20 the formula IV is chosen from the heteroarylene groups pyridinediyl, thiazolediyl,
imidazolediyl and thiophenediyl, especially preferably from pyridinediyl and
thiazolediyl, which can all be substituted by one or more identical or different
substituents R® and wherein one of the ring nitrogen atoms of the imidazolediyl
group, which represents the nitrogen atom in the group NR'? in the definition of the
25 group L, carries a group chosen from hydrogen and (C4-C4)-alkyl. In one embodiment
of the invention the group Het in the compounds of the formulae | and la and the
group of the formula IV is a pyridinediyl group which can be substituted by one or
more identical or different substituents R°.



by the lines starting at ring atons. The groups of the fornulae Mo and M
can be substituted by one or nore identical or different substituents R4.

I n one ervodnemN9248f t he i nvention the group A in the cocparads/00i71¢ he
formulae | and la is the groupNc wherein the bonds via which the group is
connected to the adjacent groups are picted by the lines starting at ring
atons and which can be substituted b ne or nore identical or different
substituents R4. I n another enbodi nent of the invention the group Ais the
group of the fornmula Md. The nunmber s occurring in the formula |11
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15 Preferably a group of the formula IVa,

%,
5N, 2 IVa

which represents Het or the group of the formula IV and in which L is O, S or NR",
20 i.e. which is a oxazolediyl, thiazolediyl or imidazolediyl group, is bonded to the
adjacent groups via positions 2 and 5 or via positions 2 and 4, particularly preferably
via positions 2 and 4, where each of the groups R>-X and A can be present in each of
the positions and preferably the group R3-X is present in position 4 and the group A
in position 2.
25
Preferably a thiophenediyl group which represents Het or the group of the formula IV
is bonded to the adjacent groups via positions 2 and 5 or via positions 2 and 4, which
latter positions may also be numbered as positions 5 and 3, particularly preferably via
positions 2 and 4, where each of the groups R3-X and A can be present in each of



stinmulation of the expression of endothelial NO synthase and for the
treatnment of a disease in which such a stinulation, or an increase in NO

| evel , i swoesowmoz4sf or exanpl e a cardi ovascul ar di sor dePCIEPROEDH05716

at heroscl erosis, coronary artery di sease or cardiac insufficiency or any

ot her di seases nentioned above or beI$ herein. More preferably, the

di val ent group Het in the conpounds of“the fornulae | and la is a dival ent
aromatic group of the fornmula IVin which Gis chosen fromN and CH and L is
chosen fromsS, O NR13 , CH=CH, CH=N,and N=CH, and which can be substituted
by onethsrpesitiens aeshprefarably the graupeRi-Xsiapsesentdn posidn 4 aed thengigucA one or
nor e Kﬂ¥%§ﬁ8$an atons can carry a substituent R5 instead of the hydrogen
at ons ar € present on the carbon atons depicted in fornmula |V or which
are specified in the definition of the groups Gand L, with the proviso

that the ring system depicted in fornmula IV conprises at | east one hetero
ring nBrafefre .gr@up%F@teasmmsodheéﬁrwls I¥rthes dickde e dvaleny nenber. RS

and R1 d above
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di fferent substltuents R5 and mhereln one of the ring nitrogen atons of the
inidazolediyLegroup, whi ch represents the nitrogen atomin the group NR13
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Particularly preferred groups Het or groups of the formula IV include the divalent
heteroaromatic groups depicted in the formulae Vb, Ve and Vg, especially the group
depicted in formula Vb, which represent particularly and especially preferred

15 embodiments of the structural moiety R>-X-Het-A- in the compounds of the formulae |
and la.

In the compounds of the formula la the group X is preferably chosen from a direct

bond, CH2, O and NH, or X is absent and in this case the phenyl or heteroaryl group
20 representing the group R* is fused to the group Het. Particularly preferably the group

X in the compounds of the formulae | and/or la is chosen from a direct bond and O,

or in the compounds of the formula la the group X is absent, and more particularly



t hi azol ediyl, which can all be substituted by one or nore identical or
different substituents R5 and wherein one of the ring nitrogen atons of the
i m dazol estoyborgoosp, whi ch represents the nitrogen at ompca/EPh@emozTu@ NR13
in the definition of the group L, carries a group chosen from hydrogen and
(G-C4)-alkyl. In one enbodi nent of ége I nvention the group Het in the
conpounds of the fornulae | and la an@'the group of the fornula IVis a
pyri di nediyl group which can be substituted by one or nore identical or
different substituents R5.The preferred groups representing the group Het

i n t he PEefefalinthe gfoupnk in tereormapoundsaf the, formulaedi angd/enia igrahasen rqnnaa_
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atons. Preferably a Ryri di nediyl group representing Het or the group of the
f or mul ﬁ@&?ﬂtém{%%'&@d ¢ greyR Xdnjtae eamrpupdp of the fospalla {aissabset@nd iBf t he
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group fhd Qrd&@ﬁktirin fe SomPBuMEs bf fe foRut BUB dRdsén § BEIiRICEBBAN, CH,PESI tion
group he X

6 and the Ain position 3, and preferably t group R3-X 1s present

i n posi§, iNha6d AMEC1-Ba)-glkyl)plntail nagessintwhich X isRaksfent 4t phenyr naphibalenyt
[or B o) TS b v R IS BB e P,
i m dazglerdhy Hegic@ddin fofmbrRNYBEhicA ddnaiRd itfe §rupsr GWhd IVi 1A dMeeiX caAde? and 5
or via positions 2 and 4, particularly preferably via positions 2 and 4 ,
wher e @hgénipin apariguwanispriced emodimenbef heaerent invealion re structural
moiety R3-X-Het- in the compounds of the formulae | and la is a bicyclic heteroaryl
groups which comprises a monocyclic 5-membered or 6-membered heteroaromatic
15 ring which represents the group Het and to which the group A is bonded, and a
benzene ring which is fused to said heteroaromatic ring system and which represents
the group R3, where the heteroaromatic ring can be substituted by one or more
identical or different substituents R® and the benzene ring can be substituted as
indicated above with respect to R>. In case X is absent, the said structural moiety
20 R3*-X-Het- is more particularly preferably chosen from quinolinyl, isoquinolinyl,
benzoimidazolyl, benzothiazolyl and benzothienyl, especially preferably from
quinolinyl, benzoimidazolyl and benzothiazolyl, which are all bonded to the group A

via the heterocyclic ring and which can be substituted as indicated.

25 If the ring which can be formed by the groups R' and R? together with the N-CO
group which carries them is a monocyclic ring system, it is preferably saturated or
partially unsaturated, and more preferably it is saturated or contains one or two
double bonds within the ring, and particularly preferably it is saturated or contains
one double bond within the ring, and especially preferably it is saturated. If the said

30 ring is a bicyclic ring system, the specific ring of the ring system to which the group A
is bonded is preferably saturated or is partially unsaturated, and more preferably it

contains one or two double bonds within the ring one of which can be common to



the positions and preferably the group R3-X is present in position 4 and
the group Ain position 2. Preferably a thiophenediyl group which

repr esentwoHed7/0248he group of the forrmula 1V is bondedPCo/EPh@cmac§7a€ent
groups via positions 2 and 5 or via positions 2 and 4 , which latter
positions may al so be nunbered as pos'#éi ons 5 and 3, particularly
preferably via positions 2 and 4, whe each of the groups R3-X and A can
be present in each ofthe positions and preferably the group R3-X is present
in position 4 and the group Ain position 2. Preferred grou Het or groups
of t hebebringsa and thasecpnd ringeofithe rigig\systam nﬁ@feéabjmns)mlwagadm@@n depi ct ed

 ne'CepLEbRRLIAS, PEIEME A 8 a1S L o SRR SR beBES) LEAS PRTBAIITL! S ©
a a”d‘d”a’cw'mg fornteet sy s @ioRips (R ‘04 R2 ¢ogether with uhe N-CO a@ichr

substituted one or nore identical or different substituents R5. Va Vb Vc
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parti cwﬁthrthg NaGD gm@nsqiréggrabquemoe?cwmml gmyﬁter(;\oin addmsnrtucthemag rrgi et]}/
R3- X- Het - A- t e for e n a. conmpounds o
The 7 oiaoeniatom Reigs oag-of the NyCls Graith. Jhe ABaeries san e forast Bure. o, 0
and NHgrlpoR1 ﬁn&‘h&g% etABFwith thBIN.CLI ol RNRACEtie® tndiflcal Wr@ve]lrasrywp

repres ntlng t rou I's fused to group Het. Partic
pr ef er abhtairt bre @nthq: rvetenm rirkge meonipen hesa oihgthederfoaterml are Inetemziatom la is

ar op. S4B AT S AR e VR e @1 SO AR ey DB PG R BN ShPRE T e

conpoufigfm RR' s S@ra'ﬁ'd' SO, bndHoRY pﬂet’?eﬁa&lyqb%%eﬁ Fidh NR' and S. If the
heterocycle formed by R' and R? and the N-CO group which carries them is
substituted by one or more identical or different substituents R®, it preferably is
substituted by one, two, three, four or five, more preferably by one, two, three or four,

15 particularly preferably by one, two or three, more particularly preferably by one or two

identical or different substituents R on ring carbon atoms, in addition to the oxo
group depicted in formulae | and la and/or to oxo groups on ring sulfur atoms and/or

groups R'2 on ring nitrogen atoms which may be present.

20 If R" and R?, together with the N-CO group depicted in formulae | and la which
carries them, form a ring, they preferably form a saturated or unsaturated,
monocyclic 4-membered to 7-membered ring, for example a 5-membered or 6-
membered ring, which, in addition to the ring nitrogen atom being part of the N-CO
group, can contain one further hetero ring member group chosen from N, NR'2, O, S,

25 SO and SO,, wherein the ring formed by R' and R? and the N-CO group which
carries them can be substituted by one or more identical or different substituents R®.
Further hetero ring members which are present in a ring formed by R' and R?
together with the N-CO group which carries them are preferably chosen from NR'?, O
and S, more preferably from NR'? and S. Particularly preferably, a further hetero ring

30 member is the group NR'2. The group -N(R?-CO-R! in the formulae | and la which
results if R and R? together with the N-CO group which carries them form a ring, is

more preferably chosen from 2-oxo-azetidin-1-yl, 2-oxo-pyrrolidin-1-yl, 2-oxo-



direct bond and O In one enbodi nent of the present invention the group X
in the conmpounds of the formulae | and/or la is a direct bond. In another
enbodi merwoaboraee24pr esent i nvention the group X in the ®ORFEFINEHITN6t he
formula la is absent and in this enbodi ment the phenyl, naphthal enyl or

het eroaryl group representing the gro R3 is fused to the group Het. In a
further enbodi nent of the present in tion the group X in the conpounds of
the forrmula la cannot be absent, i.e. in this enbodinent the group X in the
conpounds of the formula la is chosen froma direct bond, CH2, O S, NH and
N( ( G - ppeyidig-kyll,)2-oxer 1a2-dihygseryridin-ikyl cA-oxorazepgae hy!, thexginaidazolidin-1-

ht hg| ] Al iyl : I\Shi th
o oup. e 0Bt BrFoA R ot QU oRBL 7 S R T 2o it S 11
gr oupsyiG2agxd-[1., 3ldimzepan- Xyl 2roxee| el kitardepani -§l, Taoxo-Ey4 plidzepanet-gt,i22d
enbodi nent of the present invention the structural noiet 53 X-Het- in the
conpouf¥e-oxazelicin3oylngioxe-Ii1. Ha¥azinan-3$-y. %1'Q¥§’c[l1i:i:]°ﬁ%%%’r3(5‘a¥9" HPERps whi ch
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th R3, . th ! ti i .b bstit d b

ror e 1 BRITEEN 47, & eral bl Baaen totnd O RS 1 A Hr Ao b ABY Brotcan  be.
subst i tﬂamaeé?ém!-ﬂfit.y&g%@?(% tgybdﬂk d&5ieratinthe Mllowifg fepfuldei s absent, the

said structural noi'e I's nore particularly preferably chosen
from quinolinyl, isoquinolinyl, benzoimdazolyl, benzothiazolyl and
benzot hi enyl, especially preferably from quinolinyl, bquoinidazolyl and
benzot hi azobyl, which dre all Q t he heterocyclic
ring and whijch can be jgubsti (nhg which can be
forned_QyNt gr oupN nd Nt oget her Nt h group which carries
themis a ocyclic\ri system if i &f bly saturated or
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15



partially unsaturated, and nore preferably it is saturated or contains one
or two double bonds within the ring, and particularly preferably it is
sat ur at edwonoewmbasns one double bond within the ring, aod/EPs@eoIE Y
preferably it is saturated. If the said ring is a bicyclic ring system the
specific ring of the ring systemto v%d')]ch the group Ais bonded is
preferably saturated or is partially saturated, and nore preferably it
contai ns one or two double bonds within the ring one of which can be conmon
toboth rings, and the second ring of the ring systempreferably is a

saturated op an aromat®c ri ng, noPe preferab an aromat &t ring such as a
benzene ring. Preferablly, nocyclic rl\ng rmed by theg[ groups Rl and R2
t oget her< t he N\, |ch CNTIi e themontains 4 N or 7 ring

menber s d a |bicyclyc rijng systemcontains 9 on 10 rlngrre ers. The ring
whi ch canye fr ned ‘b%}me gr oups and to her th tHe N-CO group is
preferably nmonocycli € ring sys | n addHi96n to theTT®g nitrogen atom

bei ng part of the N-CO group, the ring which can be forned by the groups Rl
and R2 together with the N-CO group which carries themcan preferably

cont al h @RRNiHE HBAE Vi8 Which frd GroMBITS 8bnnietBa 18 hé BEbUIPASL @BPRIBADY

het er oat om gr oup, I's chosen from and SQ2" and
prefer hme gtaring hba etmgfrntmgmamm Bart@@laalycprsfmaabydha@reu;p mdich easiutsiits

chosen_firom n f het er o and R2 and the N CO
ar ob. a0 RareceliEnitn e NGO AR MRS Saishs BEmhiore = Aa, ko

di ff er @Bk 3idxetadetigiH-3-yRR-okb- n@h@ilernablyv 2-Sxs-piperidinit ag, Dpvxene2- two, three,
four or five, nore preferably by one, two, three or four, particularly

p(rjef er difiygrapyrigine 1-W.@-ose-azepas: 1- Mbﬂeoaamdamlmw -yr 3fax0abl y by gge or two
the. ox B8R DiChURIRE M2 Rbbint IReShal iy 2RaP3PREIENSTYL S8 CT L0 O

sul f ur tHbeeep Ol |, B-0xtp3,4dhydro-2HAd 4]tﬁ|azxg€mylat enomhthelyroays be present.

If Rl and R2, together, with the N-CO group depicted in fornulae | and la
whi 1@, depicted in thé following formulae.

15

All the specified rings formed by R' and R? together with the N-CO group which
carries them can be substituted on carbon atoms by one or more identical or different
20 substituents R®, and/or can carry on a ring nitrogen atom which is not bonded to the



carries them forma ring, they preferably forma saturated or unsaturated,
nonocyclic 4-nmenbered to 7-nenbered ring, for exanple a 5-nenbered or 6-
menber ed WOr2gQ7/046h, in addition to the ring nitrogen RCHMPR@CMAGSTPart of
the N-CO group, can contain one further hetero ring nenber group chosen
fromN NR12 , O S, SO and SQ2, V\,he:f{)n the ring formed by Rl and R2 and
the N-CO group which carries themca e substituted by one or nore
identical or different substituents R38. Further hetero ring nenbers which
are present in a rlnlg formed by RL and R2 together with the N-CO group

whi ch graupiA e graumRir cand/er eamsarry eod SRgfsuiir alRI? oneridwe &0 greues, to

ronber e % SIS Sl o8 B ot AT BB of syl HISUBNO R g
whi ch élﬂﬁmltditédlb‘y dtlorddratib bAGEEATBON Wtdm drityy dhe oY M@upao\gimmiss omar ies them
forma ring, is nore referablg}@chosen from2-oxp-azetid

2- 0x0- slfur gters, and which pepresentibie gIPHP tN(RY)-GOdR oin ti‘ezfQEIT‘Hercﬂﬂﬂr lay

o s B AR R e gl e o e roup 1 aopited by

2 0XO0- @lhpelsaaztimg Bt ayring ﬂﬂrogen[alomsmb gmsemarz 5—oyd>xo Bymlmdlb 11-y| 2 6- dIOXO-
, 4] di azepa oxazol |

7- 0X0 a a
2- 0X0- P'Ee”g'ﬁo}(ﬂ|2n§‘t‘i“(§(°57{m'd§z‘gidﬁn SPOQ'QfgmaEV%OPVQ”BQ'B %0 in- 4-yl,
3- oxo e -Bdn 14_Ghi n-
3-yl, é@éggﬁ?ié@? Igg?dng@gq“fbrﬁafpgégﬁiaﬁ?omr})ﬁoylir}\o-)(%- 6ﬁ5h%¥iﬁ4 9I
3- oxo Bay-tl medtion@d-i.€. gtoypd ohiheAiolewingl forulaep-[1 , 3]t h| azepan 3-yl,
3-0%0-[1 ,4]thiazepan-4-yl and 5-oxo- [ 1 ,4]thi azepan-4-y| , 1.e. from the
gr s depicted in the follow ng formul aein which the bond via which the
group is connect@gd to the greyp A is depcted by a li@e starting at a ring
nitrogen atom PHrticularly preferably t/ﬁ\: group V\him/u\:esults if RL and R2
together with t N- CO gro ich carri t hem for g, is chosen from

2- 0x0- azet i di er yll, 2-ox i di n=N-yl NH- oxo FNperl in-1-yl, 2-oxo-1
, 2- di hydropyri - 1-yl, oxo-Aazepan- L, 2- oxo-J//Lu\d}zJol idin-i-yl,

2- oxohexahydr gpyri m di nO71-yM; 2-oxo-b , 3] di azeplin- Iyl ,

2- oxo-t hi azol Fdi n-3-yl, 3-oxot hi onor pRol i n-

15 which can all be substituted additionally on carbon atoms by one or more identical or
different substituents R® and/or can carry on a ring nitrogen atoms which is not
bonded to the group A a group R'%.

If R and R? do not form a ring together with the N-CO group which carries them, they
20 preferably are independently of each other chosen from (C4-C4)-alkyl, (C3-C7)-
cycloalkyl-C,H2n-, phenyl-C,H2,- and heteroaryl-C,H2,-, more preferably from (C4-Ca)-
alkyl, (C3-C)-cycloalkyl-, phenyl, phenyl-CH,-, heteroaryl and heteroaryl-CH,-,
particularly preferably from (C4-C4)-alkyl, (C3-C7)-cycloalkyl-, phenyl- and heteroaryl-,
and in each case R? can in addition be hydrogen, wherein the groups (C4-Ca)-alkyl
25 and (C3-C;)-cycloalkyl can both be substituted by one or more identical or different



4-yl, 3-o0x0-3,4-dihydro-2H[1 ,4]thiazin-4-yl, i.e. fromthe groups
depicted in the followng fornulae. All the specified rings fornmed by Rl
and R2 t oyetzbevoonzssh t he N-CO group which carries them eam/mreotsobstét ut ed
on carbon atons by one or nore identical or different substituents RS,
and/or can carry on a ring nitrogen a%zn1mhich I's not bonded to thegroup A
a group R12 , and/or can carry on a rFfg sulfur atom one or two oxo groups,
to give a substituted group as indicated above. As exanples of such groups
whi ch are substltyted by an oxo group on a carbon atom or by one or two oxo

gr oups substiuentstRir, anddhe gsedpswahenylanst keteraaryhearybettibe subrstituted-y anen t he

the or Bnpro@ierEar B alfRrghsBshiRaIOR', K AT shar R B ORI

gr oups wth&hdiNgoo QWUp)\lfvhdjhrbaTrndé théfn&rﬁbﬁé@ﬁib@dfmdmtrbf tﬂxe)dresent |nvent|on
2, 5-di 0%0-im dazol i di n; 1 di oxo- hexahydr opyri m di n-1-

4 oxo. R BRTOgeR. and R isy g%ﬁf!ﬁdﬁ%lﬂqw%ﬁﬁr lﬁﬁoms AnAlkeny group o & alkynyl
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or rmrbond@mttmmlg/l{t])ouﬁ defbeefeln;ablytt(;lllashltmgﬁntaioRBcaarmdhgleaanotdrregtlyop ari ng
nitrog s ich is not bonded to the A a If RL an
R0 dlo” RONORE Kava Py o0my 210t 5t AB KGN OTaHP RE SloyGH SRR Ishatt 883¢ hem 1 hey

pr ef eraghm q@dﬁ?,gpéqggmly of each other chosen from (G -C 4)-al kyl,
(C3-C7) - cyc C nH2n-, phenyl -C nH2n- and heteroaryl-C nH2n-, nore

preferably from(Cl C 4)- alkyl, (C3-C7)-cycloal kyl -, phenyl, phenyl CH 2-
and hete artl from(O’-C

2y ' ke corPBSuns B BRI Bim(Ta Bitne dPBUss B RBEAE BTRBERAE |\ "ouch case Ro
C20 o RMShUBp o B4 B0R.chr st [OECHBRYE (ECCFalios) oL a0
di f f er alysub$€i-Cakayelomkyl-Gnldant, W%{%@Hzprﬁ}@/het@mamdeﬂmr%d Balﬁ?abdﬂ h be
oL el Bfogen et Y s e ORISR ool R
alkenyl and (C3-Cg)-alkynyl can all be substituted by one or more identical or different
15 substituents R®, and the groups CnH2n can all be substituted by one or more identical
or different substituents chosen from fluorine and (C-C4)-alkyl, and all phenyl groups
and heteroaryl groups can be substituted by one or more identical or different
substituents R’,
orR'and Rz, together with the N-CO group which carries them, form a 4-membered
20 to 10-membered, monocyclic or bicyclic, saturated or unsaturated ring which, in
addition to the ring nitrogen atom being part of the N-CO group, can contain one or
two further hetero ring members or heteroatom groups chosen from N, NR'2, O, S,
SO and SO, which can be identical or different, with the proviso that two ring
members from the series O, S, SO and SO, cannot be present in adjacent ring
25 positions, wherein the ring formed by R' and R? and the N-CO group which carries

them can be substituted by one or more identical or different substituents R®.

Particularly preferably, in the compounds of the formulae | and la the groups R' and
R? are chosen from (C1-C4)-alkyl, (C3-C7)-cycloalkyl-CyHzq-, phenyl-CyHa,- and

30 heteroaryl-C,H2n-, and R? can in addition be hydrogen, wherein the groups (C1-Ca)-
alkyl and (C3-C7)-cycloalkyl can both be substituted by one or more identical or



with the N-CO group which carries them in one enbodi mrent of the present

I nvention R2 is hydrogen and Rl is defined as indicated. If R2 is an

al kenyl gwoupo7nooa8 al kynyl group, preferably the nitro@€m/ERR@HCHNE yi ng R2
is not in conjugation with a double bond or triple bond, i.e., preferably
the nitrogen atomcarrying R2 i s not érectly bonded to a carbon atomin an
al kenyl group or al kynyl group which ¥s part of a double bond or triple
bond. In the conmpounds of the fornmula la the groups RL and R2 preferably
are indePendentI of ea h ot her chosen from (G -C 6)-al kyl

( C3- coii grmtrwbs ? angd aumaenyl(gxgupﬁpnd t@r@lakxllgrwman be

phenyl dditi on be hydrogen,
wher ei R%Q&SP%SK?Q?@%%){%%PQ %t%@% ueln%yﬁ (Cs-C6)- al kenyl and
( C3- Copr R lanayR?, ¢cagethbt whi theliNCIO gictp Wiichroardes thene, fodand 4eaémbered
dlfferent substltuents R6, and the groups CnH2n can al | be substituted by

one or tntmeemberad, sapnasyclic.ratvrated 9&5@%@@&%9@@%@% inraditiontr thée and
a h%ﬁ.p cl‘.‘%@?@

gubsfl % %J%eno%g%o?é r e | é*etrrlllglr'ga oq?&%) &9? su%r% tuent lnc§]r R1

and mmangmt&msewftdmmmm CObg':* , @O andli $®% ,orinene@sthiehrimg fc{m‘remit Iat;éR- ramaber ed

to 10 er I.C u unsaturated rin

whi oh. RERNGIRP G0 Sk uhicPrRATHEY TosjBiraiish PURSURISHAM OB OF ISR 0O g oup,

can COIUe?ahEal%lﬁéreh‘f‘@uBéﬂthQﬁtrs petero ring nenbers or heteroatom groups
chosen fromN , O S, SO and S which can be identical or different,

with the provi so that two ring menbers fromthe series O S, SO and SO2
e, ol e B iRbe ! B RRILR) SRS M 4 R R ™, ©
nor e i ARH Eattied théhf formea-midhfddréd e 8-8mbBaéd, Irﬁu:h@éycﬁcwr(bﬁ@rcn@l y, in
t he conpounds of the fornulae | and la the ?roups nd
saturated or unsaturated ring which, in addition to the ring nltrogen atom being part of
the N-CO group, can contain one or two further hetero ring members chosen from N,
NR'?, 0, S, SO and SO, which can be identical or different, with the proviso that two

15 ring members from the series O, S, SO and SO; cannot be present in adjacent ring
positions, wherein the ring formed by R' and R? and the N-CO group which carries
them can be substituted by one or more identical or different substituents R®, and
wherein preferred features of this embodiment are those outlined above. For
example, in a preferred feature of this embodiment the ring formed by R' and R?

20 together with the N-CO group which carries them is a saturated or unsaturated,
monocyclic 4-membered to 7-membered ring, for example a 5-membered or 6-
membered ring, which, in addition to the ring nitrogen atom being part of the N-CO
group, can contain one further hetero ring member group which is preferably chosen
from NR'?, O and S, more preferably from NR'? and S, and particularly preferably is a

25 group NR'?, and which can be substituted by an oxo group on a carbon atom.

In the compounds of the formula la the group R is preferably chosen from phenyl,
naphthalenyl and heteroaryl which can all be substituted by one or more identical or
different substituents chosen from halogen, (C1-C4)-alkyl, (C4-C4)-alkyloxy-(C+-C2)-
30 alkyl-, OH, (C-C4)-alkyloxy which can be substituted by one or more fluorine atoms,
(C4-Cy)-alkylenedioxy which can be substituted by one or more fluorine atoms, (Cs-
Ca4)-alkylmercapto, NH3, (C4-C4)-alkylamino, di((C1-C4)-alkyl)amino, ((C1-C4)-alkyl)-



R2 are chosen from (G -C 4)-al kyl, (C3-C7)-cycloal kyl -C nH2n-, phenyl -C
nH2n- and heteroaryl -Cnhbn-, and R2 can in addition be hydrogen, wherein
t he group¥0Q2@7®oAM8 al kyl and (C3-C7)-cycl oal kyl can boPhTHER2¢)G68371¢ ut ed by
one or nore identical ordifferent substituents R6, and all phenyl groups
and heteroaryl groups can be substituted by one or nore identical or
different substituents R7, or Rl and , together with the N-CO group which
carries them forma 4-nenbered to 7-nmenbered, nonocyclic, saturated or
unsaturated ring which, in addition to_the rlng ni.trogen atom bei ng part of
f
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group which can be substituted by one or more identical or different substituents
which are chosen from halogen, (C1-C4)-alkyl and CF3. Especially preferably Riisa

15 phenyl group which is substituted by one or more identical or different substituents
chosen from halogen atoms and (C-C,)-alkyl groups, in particular from fluorine
atoms, chlorine atoms, methyl groups and ethyl groups. A phenyl group representing
R3 is preferably a substituted phenyl group. In a substituted group R® the number of
substituents preferably is one, two, three, four or five, more preferably one, two, three

20 or four, particularly preferably one, two or three, more particularly preferably one or
two. In one embodiment of the present invention the group R3 is a carbocyclic group,
i.e. a phenyl group or a naphthalenyl group, and in another embodiment of the
invention the group R3 is a monocyclic group, i.e. a phenyl group or a monocyclic
heteroaryl group, for example a thienyl group, and in another embodiment of the

25 invention R®is a phenyl group, a naphthalenyl group or a monocyclic heteroaryl
group, for example a thienyl group, where all these groups can be substituted as

indicated.

In the compounds of the formula la the group R* is preferably chosen from (C-Ca)-
30 alkyl, fluorine and oxo, more preferably from (C-Cg)-alkyl and fluorine. Halogen

atoms representing R* in the compounds of the formula la are preferably chosen

from fluorine and chlorine. When two halogen atoms representing R* are present in a



fromNR12 , Oand S, nore preferably fromNRL2 and S, and particularly
preferably is a group NR12 , and which can be substituted by an oxo group
on a car bwo 2047000248n t he conpounds of the fornula |a thecymre@eResTic
preferably chosen from phenyl, naphthal enyl and heteroaryl which can all be
substituted by one or nore identical di fferent substituents chosen from
hal ogen, (G i-C4)-alkyl, (G-C 4)-a|k§$oxy-(c 1-C2)- alky!-, OH, (G-C

4) - al kyl oxy whi ch can be substituted by one or nore fluorine atonms, (G -C
2) - al kyl enedi oxy whi ch can be substituted by one or nore fluorine atons,

(G - Ca9mabknd @étheafaramulania amang otheys éhewv%mba@re@a(ttmn @fur:sallqa@stmnno
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CF3, HidSePmukedl 4rd |aﬁé)ch@lsbmlfro$ﬁ>2nethyl°md flGoMires, Iand%sﬁeemlvl p/reférabgrmﬁp R3
i n the conpounds of the fornmulae | a is chosen from phen

napht higl fefinead herietad nerogr °f§HHSﬁﬂH8;‘]¥§r%ﬁ|nya ﬁﬁbﬁ'thﬁQﬂﬂOUQr'%Uﬁ%ﬁh qiﬂé‘tt@ oaryl
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substi oné or’' nore | ica eren
chosenrrfc‘rerpréfetatgyone(dﬁrtﬁoél) al kyl, (G -C 4)-al kyl oxy-(C 1-C2)-al kyl -

(G -C 4)-al kyl oxy which can be substituted by one or nore fluorine atoms,
(G-A)-al kyI mercapto, (C-C 4)-alkylamno, di ((C -C 4)-al kyl)am no, CONH2,

CN, CFg, I b ' ;

t he group R3 ar e&?c?}ﬁttﬁ%ffﬁ%lﬁé%ﬁ%??@n?%ﬁ_%s Egggﬁyﬂ ?ﬁ%c?rﬂégﬁgéléggﬁo’iyon

whi ch d%?Cb)?alkubﬁﬁrm)-aﬂ(yWydﬁb (Bci);fatbyle OHuEE4- 6?) alklytlmxy which Cag| belm)r eR3 .
refera r al ogen an - -a . rticu e is a

helf)) Seeietoine Bh mste Subine A, iy CnesBr e Peloa it SGPCEF Ui rrer ent

SUDS | L9 iYL ST ARARHING 6,0l IR dcch dealdgy! and CF3.

Especi a g pre erably gr oup I S substituted by one or
a

mor o1 s aNOGHbONYH, &G alkybaminasasbambs 611 C oralkuipugsatanyhe. and
(L CLIaH o 5, 3 oBAE b Sl Bl B e o o™
in the compounds of the formulae | and la is chosen from halogen, (C4-C4)-alkyl, (C+-

15 Cy)-alkyloxy-(C4-Cz)-alkyl-, OH, (C4-C4)-alkyloxy which can be substituted by one or
more fluorine atoms, (C4-C,4)-alkylmercapto, NH;, (C4-C4)-alkylamino, di((C1-C,)-
alkyl)amino, ((C4-C4)-alkyl)-CONH-, CONH,, CN, CF3 and (C4-C4)-alkyl-SO2-, more
particularly preferably from halogen, (C1-C4)-alkyl and CF3. Especially preferably the

group Het in the compounds of the formulae | and la is unsubstituted or substituted
20 by one or more identical or different substituents chosen from fluorine, chlorine,
methyl and CFj3, in particular fluorine, chlorine and methyl, for example fluorine
substituents, and more especially preferably the group Het is unsubstituted. The
number of substituents R®, which are present on a substituted group Het, preferably
is one, two, three or four, more preferably one, two or three, particularly preferably

25 one or two, more particularly preferably one.

In the compounds of the formula la the group R® is preferably chosen from fluorine,
OH, oxo, (C4-C4)-alkyloxy, (C1-C4)-alkylmercapto, di((C1-Cs)-alkyl)amino, ((C1-Cs)-
alkyl)-CONH-, di((C4-C4)-alkyl)aminocarbonyl-, ((C4-C4)-alkyloxy)carbonyl-, COOH,
30 CONH,, CN and CF;. Particularly preferably the group R°® in the compounds of the
formulae | and la is chosen from fluorine, (C1-Cy4)-alkyloxy, di((C4-C4)-alkyl)amino,
((C4-C4)-alkyl)-CONH-, di((C1-C4)-alkyl)aminocarbonyl-, ((C1-C4)-alkyloxy)carbonyl-,



R3 is preferably a substituted phenyl group. In a substituted group R3 the
nunber of substituents preferably is one, twd, three, four or five, nore

pr ef er ablwoaner/ooo248, three or four, particularly preferablrErerws/0037® or
three, nore particularly preferably one or two. In one enbodi nent of the
present invention the group R3 is a ﬁgﬁbocyclic group, i.e. a phenyl group
or a napht hal enyl group, and in anot enbodi nent of the invention the
group R3 is a nonocyclic group, i.e. a phenyl group or a nonocyclic

het eroaryl grou for exanple a thienyl group, and in another enbodi ment of

the | nGEIRH @ndreFs, snereppastioulady preferabiy fiom Aupwns: (Gr-6up or a monocycl ic

e supataleaerstin SR eft e EiaRi ot e (?EP#MFWC%%”@; oup

R4 is an@DOEH! Themsster sfaubsfuchfd R® préferably isione nwvcadrthesd, mom e
preferably from (G -C 4)-alkyl and fluorine. Hal ogen atoms representing R4

i Nt hePr@RGOHORE BF WhPaTHewarty Prefeeatly BRer er abl y chosen from fl uorine and

chI %l ne. Wen two hal ogen atons representing R4 are present in aconpound
e formula Ia, anong others they can be present in vicinal position

WI t h r estheddonpogrisofthe dormiarlaitioel bausdg/Rblsepmfa’ralbw d:Hmsayrfwm Hédogen,t he

d f th and fl d
copbct B TGAREYe ety RYIay Mg Dy o Qe Srikger whidisee PLent s Ra
in a Séﬁ?@%ﬂtﬁﬂéﬁ%&{ gP re‘ffﬂbﬁhe%%}ng 0€,)- élle?enéalbggwﬁlé’r%anfb'eve or six,

for exanple, 1Is pre erably one, ree or tour, referably one or
two. | subsmutedr’qmmmler pforeé fleofioe ratmasj € +Go-alkymereaptos N}b’rzefGrf -@h)-y chosen

2 0 oIS op SHC A sdiaseine: e AN A -G e at s, (G - C
jg :: %ilkyﬁéﬁ.ﬁmcférbmo(«%cg ﬂkY &a’v}hlﬁgﬁanmodgg#-b@km(@)%Wlo@&&um@m-no ((a-c

4) - al kGOQI 6oL AN CFs,(|'d:¢iS@zﬂ@”dﬁ(@yC@k?U(Mh$éon)Hamcmar'y preferably the
group R in the compounds of the formulae | and la is chosen from halogen, (C+-Ca)-
alkyl, (C4-C4)-alkyloxy-(C4-C2)-alkyl-, OH, (C1-C4)-alkyloxy which can be substituted

15 by one or more fluorine atoms, (C¢-Cy)-alkylenedioxy which can be substituted by
one or more fluorine atoms, NH,, (C4-C4)-alkylamino, di((C1-C4)-alkyl)amino, ((C1-C4)-
alkyl)-CONH-, CONH_, CN, CF3 and (C4-C,)-alkyl-SO--, more particularly preferably
from halogen, (C4-C,)-alkyl, NH,, (C4-C4)-alkylamino, di((C1-C4)-alkyl)amino, ((C4-C4)-
alkyl)-CONH- and CF3, especially preferably from fluorine, chlorine, methyl, NH; and

20 CF3. The number of substituents R’ preferably is one, two, three or four, more
preferably one, two or three, particularly preferably one or two, more particularly

preferably one.

In the compounds of the formula la the group R® is preferably chosen from halogen,

25 (C4-Cy)-alkyl, (C3-C7)-cycloalkyl-C,H2n-, phenyl-CnH2n-, heteroaryl-CnHzn-, (C1-C4)-
alkyloxy-(C4-C,)-alkyl-, OH, oxo, (C1-C4)-alkyloxy which can be substituted by one or
more fluorine atoms, (C4-C;)-alkylenedioxy which can be substituted by one or more
fluorine atoms, (C4-Cy)-alkylmercapto, NH,, (C1-C4)-alkylamino, di((C1-Cs)-
alkyl)amino, ((C1-C4)-alkyl)-CONH-, di((C4-C4)-alkyl)aminocarbonyl-, ((C1-Ca4)-

30 alkyl)aminocarbonyl-, ((C1-Cs)-alkyloxy)carbonyl-, COOH, CONH,, CN, CF3, HoNSO»-
and (C4-C4)-alkyl-SO;-, wherein all phenyl groups and heteroaryl groups can
independently of each other be substituted by one ore more identical or different



COOH, CONH2, CN, CF3 and (Cr C4)-al kyl-SO2- . Particularly preferably the
group R5 in the conpounds of the fornmulae | and la is chosen from hal ogen,
(Cr C 4) - avbyebo7/dook4s C4) - al kyl oxy-(Cr C 2) -al kyl -, OH, (G eCrAp2@iclyi7axy whi ch
can be substituted by one or nore fluorine atons, (C -C 4)-al kyl mer capt o,
NH2, (G -C 4)-alkylanmino, di((G-C 4);,alkyl)amno, ((C-C 4)-al kyl)-CONH,
CONH2, CN CF3 and (G -C 4)-al kyl - 802-3? nore particularly preferably from
hal ogen, (G -C 4)-alkyl and CF3. Especially preferably the group Het in the

conmpounds of the fornulae | and la is unsubstituted or substituted by one
or nor eubstiuentsohosen dion balngens (GsCi)-akkyt, CFarank(C+Caopalkylosyi ne, chl ori ne,
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substituted group Het, preferab hree or four, nore
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( (G - Cintlepahghthk g emrbothrplrb;emdtiuneld Wmnermeenpaar tdleotltalrdr;dltﬁerernér ably

frof ( pebselelyshespo kb Bl 10yl 15 nier Cor aBub: Mheb o E%""b' ’

prefer BEbeula'?lyOdféferhW tAe gtrbuﬁﬂe |ﬁ%@0@ Bﬁhé@b?th@‘ﬁ)rﬁ{uléé’@andl’fé Is' cularly
preferably oné. In thé coragun s of ornmula la the group

br ef er ahosencfiogehalogem (GatGgerkyl( G+ @Malkwbxyi(CnCa)-a(ky&) oaok@d\%y) (C
1-C@2)- glky%xy wrgﬁﬁ cggbecszlt}bs%ul%d%yyor\{g] oF mo?@ﬂugﬁne atoms, (C4-Cy)-
alkylenedioxy which can be substituted by one or more fluorine atoms, (C1-C,)-

16 alkylmercapto, ((C1-C4)-alkyl)-CONH-, di((C4-C4)-alkyl)aminocarbonyl- and CF3,
especially preferably from halogen, (C4-Cg)-alkyl, oxo, (C1-C4)-alkyloxy which can be
substituted by one or more fluorine atoms, and CF3, more especially preferably from
halogen, (C-C4)-alkyl, oxo and CFs. Substituents R® which are present in a non-
aromatic ring in the heterocycle formed by R' and R? together with the N-CO group

20 which carries them, in particular in the ring which contains the said N-CO group, for
example in a non-aromatic monocyclic heterocycle formed by R' and R? together
with the N-CO group, are preferably chosen from (C4-Cy)-alkyl, (Cs-C;)-cycloalkyl-
CnHan-, phenyl-CyHa,-, heteroaryl-C,Hazp-, (C1-Cy4)-alkyloxy-(C4-C;)-alkyl-, OH, oxo,
NHa, (C4-C4)-alkylamino, di((C1-C4)-alkyl)amino and ((C1-C4)-alkyl)-CONH-, more

25 preferably from (C1-Cy)-alkyl, (C3-C7)-cycloalkyl-C,Hzn-, phenyl-C,Hz,-, heteroaryl-
CnH2n- and oxo, particularly preferably from (C4-C4)-alkyl and oxo, wherein all phenyl
groups and heteroaryl groups can independently of each other be substituted by one
ore more identical or different substituents chosen from halogen, (C4-C,)-alkyl, CF;
and (C4-Cg)-alkyloxy. The number of substituents R® preferably is one, two, three,

30 four or five, more preferably one, two, three or four, particularly preferably one, two or

three, more particularly preferably one or two.



substituted by one or nore fluorine atons, (C -C 2)-al kyl enedi oxy whi ch can
be substituted by one or nore fluorine atons, (G -C4)-al kyl mercapto, NH ,
(C1l-4) - wblkeye7anon2as, di ((G -C 4)-al kyl)am no, ((G -C 4) rarkap)osCuiits

di ((d-C 4)- al kyl)am nocarbonyl -, ((Cl-C4)-al kyl)am nocarbonyl -,

((C1-A4)-al kyl oxy) car bonyl -, COOH, 2, CN, CF3, H2NS®2- and (G -C

4)-al kyl -S2- . Particularly preferab the group R7 in the conpounds of
the formulae | and la is chosen from hal ogen, (Cl-C4)- alkyl,

(Cl-A)-al kyl oxy-(C 1-C2) -al kyl -, OH, (C (4)-al kyl oxy which can be
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present invention the group R'? is hydrogen.

15
In the compounds of the formulae | and la the group R'? is preferably chosen from
hydrogen and (C+-C,)-alkyl and more preferably from hydrogen and methyl.
Particularly preferably R'® is hydrogen.

20 In the compounds of the formula la a heteroaryl group is preferably a 5-membered or
6-membered, monocyclic aromatic group which contains one, two or three identical
or different hetero ring members chosen from N, NR'3, O and S. Particularly
preferably a heteroaryl group in the compounds of the formulae | and la is a 5-
membered or 6-membered, monocyclic aromatic group which contains one or two

25 identical or different hetero ring members chosen from N, NR'®, O and S.

In the compounds of the formula la the number n is preferably 0, 1 or 2, wherein all

numbers n are independent of each other and can be identical or different.

Particularly preferably the number n in the compounds of the formulae | and la is 0 or
30 1, wherein all numbers n are independent of each other and can be identical or

different.



Particularly preferably the group R8 in the conpounds of the fornulae | and
la is chosen from hal ogen, (G -C 4)-al kyl, phenyl-C nH2n- , heteroaryl -
nH2n-, ( GvoGd)7ooed4kyl oxy- (Ci -C 2)-al kyl -, OH, oxo, (C - €cE)EradoeypbiTay whi ch
can be substituted by one or nore fluorine atons, (d-C 2)-al kyl enedi oxy

whi ch can be substituted by one or 55 fluorine atoms, (G -C

4)-al kyl mercapto, (G -C 4)-al kylam noy¥di ((G -C 4)-al kyl )am' no, ((G-C

4) - al kyI) CONH, di((C -C 4)-al kyl)am nocarbonyl -, ((G -

4) - al kyl oxy) car bonyl CONH 2, CN and CF3, wherein all phenyl groups and
het er oé‘r mefcymhgmha@mnen@ecpfdhamewntomvmm Qnener mese onlad of the gEPUPs one ore
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(G-C4)- aIk%I/I (G -C 4)-al kyl oxy-( %Zplsalkl- 0XQ, QFVC4-aIkonxy
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f ormed together wth t roup carries t

particphmlolngldalﬂpaccegtabm sdits; @stveelhas thesr mjtmmelnmrmsmp for exanple in a

non- romati ¢ nmonocyclic heterocycle formed by RL and R2 together with the
group, are preferably chosen from (G -C 4)-al kyl, (C3-C7)-cycloal kyl -

C“HZ” For Eﬁﬁ?ﬂe Gn@'s‘?]%h emBG&u?ﬁé?ﬂro‘f khépredent mve(‘mﬁbn ?elélesadd%rﬁﬁdw(d% of
C2)-alk 0XO0, -C 4)-al kyl am no, -C 4)-al kyl)am no and

((Ci - dhe)foamm!,ae)LMIamwblcbq@mft@mmgbyfrom(o c4) al kyl ,
(C3-C7)-cycl oal kyl -C nH2n- , phenyl -C nH2n- , heteroaryl -

A is chosen from -CH=CH-CH,-, -C=C-CHpa-, which groups are bonded to the group
15 Het via the terminal atom of the double or triple bond, and the group of the formula

Ila, which is bonded to the group Het via a ring atom,

/A\ lla
(CH,);

20 wherein in the formula lla the bonds via which the group is connected to the adjacent

groups, are depicted by the lines starting at a ring atom and at the group (CH>),, and
wherein all groups A can be substituted by one or more identical or different

substituents R*;

25 Hetis chosen from pyridinediyl, thiazolediyl, oxazolediyl, imidazolediyl and
thiophenediyl which can all be substituted by one or more identical or different
substituents R® and wherein one of the ring nitrogen atoms of the imidazolediyl group

carries a group chosen from hydrogen and (C4-Cs)-alkyl;

30 Xis chosen from a direct bond and O;



CnH2n- and oxo, particularly preferably from (G -C 4)-al kyl and oxo,
wherein all phenyl groups and heteroaryl groups can independently of each
ot her be WOR817a00248d by one ore nore identical or diffePemEPIWISIITMOENt S
chosen from hal ogen, (G -C 4)-alkyl, CF3 and (G -C 4)-al kyl oxy. The nunber
of substituents R8 preferably is one, ¢ , three, four or five, nore
preferably one, two, three or four, p%\ ticularly preferably one, two or
three, nore particularly preferably one or two.ln the compounds of the
formula la the group R12 is preferably chosen from hydrogen, (G -C

4) -al kyl, (C3-C7)-cycl oal kyl -CnH2n-, phenyl -C nH2n-, heteroaryl-C nH2n-

L e e

wher ei Gy@bélkﬂt@MJn ,WPBC@H% het¢hetryarypCRHRS, aad R3eamuihidditicrede by one
or nore identical or ferent substituents chosen from hal ogen, (G -C

4) - al khydroges, wWhareitthecgmups) (st eayalkyband Cut Gntgyclaaling capiBp bpth RE group R12
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nH2n-O-CO-, nore particularly preferably from hydrogen, (G -C 4)-al kyI ,
(C3- C7§UQ§IE‘FQI§F - C nk2n- , ((Cr ¢4)-alkyl)-CO, (C3-C7)-cycloal kyl -
nH2n- a ( - r it gen,
(C s aﬁk%ﬂda%??@ﬁée\?hﬁﬁ% oal k@?voga “5ﬁi%hEé,alrhr{r%érjtéheefe"gpfg!;:)'uh 5 ayrﬁg'?‘gfégéd;bl y
from h@?mgembare:d @nacydhic, aslatlynaied or unsaterdiediheterocyéle twhichyriosstdition

t h 2 hyd d ft I I d
|2 theteyheutadio88n Htamdreind parudan NoGk oy Sgbrrontn cRE el h) ko1 and
nor e phetfe%ﬁh ynérrn%r BM@é&gﬁanﬁNde?wls 8ey 4hd BB Meﬁélﬁftﬁé@hby R13 is
hydr ogen. 1In g%)ounds of the fornula la a heteroaréB grou

pref er fmmedabysRnend eand)theeNn@thpug whieh eairigs themr eambepsulst GM?Vch
cont ai o= A% orb e Kol BF §frer 5 ¥ lsttuents R®:

15 R®is phenyl which can be substituted by one or more identical or different
substituents which are chosen from halogen, (C4-C4)-alkyl, (C1-C4)-alkyloxy-(C4-C2)-
alkyl-, (C4-C4)-alkyloxy which can be substituted by one or more fluorine atoms, (C-
C4)-alkylmercapto, (C1-C4)-alkylamino, di((C4-C4)-alkyl)amino, CONH,, CN, CF3 and
(C1-Cy4)-alkyl-SO,-;

20

R* is chosen from methyl and fluorine;

R® is chosen from halogen, (C1-Cg4)-alkyl, (C1-C4)-alkyloxy-(C4-Cy)-alkyl-, OH, (C4-C4)-
alkyloxy which can be substituted by one or more fluorine atoms, (C1-Ca)-

25 alkylmercapto, NH,, (C4-C4)-alkylamino, di((C4-C4)-alkyl)amino, ((C4-Ca)-alkyl)-
CONH-, CONHg, CN, CF3 and (C4-C4)-alkyl-SO3-;

R® is chosen from fluorine, (C1-C4)-alkyloxy, di((C1-C4)-alkyl)amino, ((C1-C4)-alkyl)-
CONH-, di((C4-C4)-alkyl)aminocarbonyl-, ((C1-Cs)-alkyloxy)carbonyl-, COOH and
30 CFj;



or different hetero ring nenbers chosen fromN, NR13, Oand S. Particularly
preferably a heteroaryl group in the conpounds of the formulae | and la is
a 5- nenbEpedoonoBsnenber ed, nonocyclic aronmatic group ROTEP2@0M00FIIOS one
or two identical or different hetero ring nmenbers chosen fromN, NR13 , O
and S. In the conpounds of the fornulg la the nunber n is preferably 0, 1
or 2, wherein all nunbers n are indéﬁbndent of each other and can be
identical or different. Particularly preferably the nunber n in the
conpoungs of the formulae | and la is O or 1, wherein all nunbers n are

i Rgegeﬁd&w@hQﬁenefa@ﬁ halegen, dfa-Ganalkyd, (iQﬂeﬁl)iaibylole-(@iﬂblbrﬁﬁ?l-. Erh,dﬁef%x)r ed
cont ai fEAoR Anie En SR ReT BY i 8 ot A Ao S Gaen: Iy or e

ot her JRrykenadioxgwHitie can dlessutrtitited ibyi drieodsmote fiberige atgrs silHg, (G1e0,)above
or any one ar sone of the specific denotations which %e g{orc’rg:ri se gy t he
def i ni akyagiae, IHE fra@ieyamingpEn G a@llbEONH: ICOYRsi GA i(reans (Ci-
pref5er{_:e)gang|f_f§6i_ti ons and/or specific denotations being a subject of the
present i nvén Fén. Also with respect to all preferred enbodi nents the

i nvention includes the conpounds of the formulae | and la in all

e B R B Rl et S . SR BOrehefer g Bl i U5
forms. aggrogyxémézm%—? cﬁm,fékacﬁ gé?-gh?t%n%ﬁsﬁg WHRhRIZASSOsubstER B oh&bpt €s to

compoun t he I ae h simultaneously Ais chosen from
- CH=CHOIre fluorine GEDNEHLE1-C2)valkylngdioxy svhiche cain besdibstitutéd by romeporHmoreri a t he

terg nal atom of the uhle or trip nd,.,and th r f {he formula
v Ten oM Medrs A Tt i Sy BRinS, BE' Sebalivnainb e
for mul T ) ey PO NI, /i(0]-60)-BIkg ) EFrdearBoRfIn TEC-E4)-aRyldXg) caibemAnt
groups, are depicted by the lines starting at a ring atomand at the group
( CH2) r COiMid2, CN and CF3;, wherein all phenyl groups and heteroaryl groups can
independently of each other be substituted by one ore more identical or different
substituents chosen from halogen, (C1-Cy)-alkyl, CF3 and (C1-Cs)-alkyloxy;
15
R'2 is chosen from H, (C;-C4)-alkyl, (C3-C7)-cycloalkyl-CnHan-, ((C4-Ca)-alkyl)-CO-,
(C3-C7)-cycloalkyl-CH2,-CO- and ((C1-C4)-alkyl)-O-CO-;

R™ is chosen from hydrogen and (C-Cg)-alkyl;
20
heteroaryl is a 5-membered or 6-membered, monocyclic aromatic group containing

one or two identical or different hetero ring members chosen from N, NR'?, O and S;

nis 0 or 1, wherein all numbers n are independent of each other and can be identical
25 or different;

risOor1;

in any of its stereoisomeric forms or a mixture of stereoisomeric forms in any ratio, or

30 a physiologically acceptable salt thereof.



wherein all groups A can be substituted by one or nore identical or
different substituents R4; Het is chosen from pyridinediyl, thiazolediyl,
oxazol ediWyD,2007fiog48 0l edi yl and t hi ophenedi yl which can RCI/ER2006(0b%16 t ut ed
by one or nore identical or different substituents R5 and wherein one of
the ring nitrogen atons of the im'daz‘gi ediyl group carries a group chosen
fromhydrogen and (G -C 4)-alkyl; X i5 chosen froma direct bond and O Rl
and R2 are independently of each other chosen from (G -C 4)-al kyl, (C3-C7)-
cycl oal kyl -CnH2n- , phenyl - ChH2n-, and heteroaryl -CnH2n-, and R2 can in
addi t i dnotber Byeh @g&wdlmet@f thetm@sgatdnw\tm rekmy g cRyIpoAIRgS of the

(C3-C %{Fﬁ ituted by one or nore identical or

dlffer%ﬁrﬁngﬁbﬂwtaeﬁ?gmgg% @aﬁ | enyI groups and heteroaryl groups can
be substituted by one or rmre identical or different substituents R7, or Rl
and R2, together with th which carries them forma 4- member ed

o 7- nh i BREOURAIdEs IPTRIR I WHRTL(S BANGRASEL P o e REt Wi JOSRHT h, | r

add|5t| on to the ring nitrogen atom being part of the N CO group, can
contain one further hetero ring nenber chosen fromN, NR12, O S, SO and
SO2, wherein the ring forned by Rl and R2 and the N-CO group which carries
t hem can be subst)iw%&%by one or norgidentical or different substituents
R8; R3 is phenyl ich \Aﬁ;m e_substltut ed by one or nore identical or
di fferent substituents #i"are chosen from hal ogen, (G -C 4)-alkyl, (G-C
4) -al kyl oxy-(G -C 2)- alkyl-, (G-C)-alkyloxy which can be substituted by
one or nore fluorine atons, (Ci- C4)-al kylnmercapto, (d-C 4)-al kyl am no,
di (( Ciwherin &l the fpamulzolla G@\bBnd<Xa Viighdhe gfaip B49ormiecied ahe-adjacenti s
chosenglforu%rsr} gr%t gggl)ictae%%)f ghléqlrnle%eétarting at a ring atom and at the group (CH>),, and

10 wherein the group of the formula lla can be substituted by one or more identical or

different substituents R*:

Het is chosen from pyridinediyl, thiazolediyl, oxazolediyl, imidazolediyl and
thiophenediyl which can all be substituted by one or more identical or different
15 substituents R® and wherein one of the ring nitrogen atoms of the imidazolediyl group

carries a group chosen from hydrogen and (C1-C4)-alkyl,
X is chosen from a direct bond and O;

20 R'and R? together with the N-CO group which carries them, form a 4-membered to
7-membered ring, monocyclic, saturated or unsaturated heterocycle which, in
addition to the ring nitrogen atom being part of the N-CO group, can contain one
further hetero ring member chosen from NR', O and S, wherein the ring formed by
R' and R? and the N-CO group which carries them can be substituted by one or more

25 identical or different substituents R8;

R3 is phenyl which can be substituted by one or more identical or different
substituents which are chosen from halogen, (C1-C4)-alkyl, (C4-C4)-alkyloxy-(C1-C>)-
alkyl-, (C4-C4)-alkyloxy which can be substituted by one or more fluorine atoms, (C+-



R5 is chosen from hal ogen, (G -C 4)-alkyl, (G-C 4)-al kyloxy-(CC

2)-al kyl-, OH (CC 4)- al kyloxy which can be substituted by one or nore
fl uori ne woan®7/000238- C 4) - al kyl mercapto, NH2, (C -C 4) - aciorasncney7iei ( ( Cr
C4)-al kyl)am no, ((G-C 4)-alkyl)- CONH, CONH2, CN, CF3 and (Cr

C4)-al kyl-SO 2- ; R6 is chosen fromfl gorl ne, (G-C 4)-alkyloxy, di((G-C
4)-al kyl)yam no, ((CrC 4)-alkyl)- CO\IH— di ((Cr C4)-al kyl)am nocar bonyl -
((CrC 4)-al kyl oxy) car bonyl -, COOH and CF3 R7 is chosen from hal ogen, (CI C
4) - al kyl G -C 4)-alkyloxy-(G-C 2)-alkyl-, O4 (CC.4)- alk | oxy which
can be ColBUHImEcE@tay Corfe wikylemind, CiGFi-Ge)-alohemine L Neyblenaai oxy

whi ch x]én ? ﬁgﬁgbtuted by one or nore fluorine atons, NH2, (CrC 4)-
al kyl a 8 C4) al kyl') am no, ((CrC4)-aIkyI)-CC]\lH-, CONH2, CN CF3
and (Cl- C4) al kyl -S@2- ; R8 is chosen from hal ogen, (Cl-C4)-alkyl,

oY B ecApsan RPTERSIOBRN o caa-akVs (S Lot é{kwxu%r@@l%@—lnqno&nne

ato I e nor e

Pl o] AUl i G B S e B e T e e 8% 7 (O

?z Oal kwﬂ@yﬁnnuaptcé (N, ¢C4)G4a4aﬂwlamm\"d*((0dc(él glgﬁa\mn@,l k@i- I?lﬁafkgbar Ibonyl
erein a en roups

and hetcg%%a yér(b%ﬁ‘i E‘g"ny?'h%é%ﬁ klcl/\ls 2each ot her be subs!tol tu%/edgby gne

ore nore identical or different substituents chosen from hal ogen, (G -C

4) - al ky I CF3 and (G -C 4)-al kyloxy; R12 is chosen fromH (C C4)-al kyI

(C3- C?R ds}'@hoadilkifbﬂd%-gm)-alkyl(qrm ox#) - al kyl ) -CO-, (C3-C7)-cycl oal kyl -

nH2ns CO- and ((d-C 4)-alkyl)-OCO; R13 is chosen from hydr ogen and (O'-C
4)-al kyl; heteroaryl is a 5- menbered or 6- nmenber ed, monocyclic aromatic

group ¢IRiPEHIIRG febra |-Q)I’anEj§Q1lGiﬁl’d]ky}.a| or different hetero ring nenbers
chosen from N, NR13, O an

risOor1;

15 in any of its stereoisomeric forms or a mixture of stereoisomeric forms in any ratio, or

a physiologically acceptable salt thereof.

Another such embodiment of the present invention relates to compounds of the
formula la in which simultaneously
20

A is the group of the formula lla, which is bonded to the group Het via a ring atom,

A lla
(CH)—

25 wherein in the formula lla the bonds via which the group is connected to the adjacent
groups, are depicted by the lines starting at a ring atom and at the group (CH>),, and
wherein the group of the formula lla can be substituted by one or more identical or
different substituents R*;



nis O or 1, wherein all nunbers n are independent of each other and can be
i dentical or different; r is OCor 1; in any of its stereoisoneric forns or a
m xt ure OVOLDEYWHI48oneric fornms in any ratio, or a physiPOrdRReal0py16
acceptabl e salt thereof. Another such enbodi nent of the present invention
relates to conpounds of the fornul ae A and la in which sinultaneously Ais
the group of the fornmula Ma, which is %onded to the group Het via a ring
atom wherein in the formula Ma the bonds via which the group is connected
to the adjacent %roups, are depicted by the lines starting at a ring atom

and at Hehis ¢hiasep T(apdhe pyrdiaedivdtbiagoladiyl goxazelediyk waidegeleddand can be
substi gy . : e W Iy | ; SLi 4; Het is
chosen é@%@#ﬁ% ﬁ@iﬂ?%a ﬂt@?ﬁ%“z‘%ﬁ“@%% dg{xéaé'?li@g% iﬂ%mhﬁ%! ﬁﬁ{e% 'yl and

t hi opheutsstityéntatRcdnd-whesdih ohe cfiths ringLiitogdry atomas of thevintidazielediytgtoupr
different substituents R5 and wherein Z@e of lﬁfhe ring nitrogen atons of the
i ni daz@REgs\A IPUBLThasep fram hydggibara fssk4-aé¥: hydr ogen and (o C 4) - al kyl
X ig chosen froma direct bond and O Rl and R2, together with the N-CO
group which carries them forma 4-menbered to 7-nenbered ring, nonocyclic,
sat ur aXds absentard theaplsehyh greummspresentiig-the groupdRfl isifosed to theegnoupdet;
nitrogen atom being part of the N-CO group, can contain one further hetero
ring menber chosen fromNRL2 , Oand S, wherein the ring fornmed by Rl and

R2 andRt b d\RTR GEREPWIAItEE NLBT hRsup WRIBhGRIride tHdth Sforild 8dnémbensd &5 nor e
i dentical or different substituents R8; R3 is phenyl which can be

subst i 7Tumembleyed monecyelic cssatdeated onunsatugatetideterocyaieswhicheintaddifiorcte ar e
cho1sde ntHcer Hr% Rﬂrlo%%%nato&%é:né)p_a?% gfythe I\G—g& g@dpe}lcl%l coﬁéigw%ﬁe%her hetero

ring member chosen from NR'2, O and S, wherein the ring formed by R' and R? and

the N-CO group which carries them can be substituted by one or more identical or

different substituents R®:

15 R?3is phenyl which can be substituted by one or more identical or different
substituents which are chosen from halogen, (C4-C,)-alkyl, (C1-Cs)-alkyloxy-(C1-C2)-
alkyl-, (C4-C4)-alkyloxy which can be substituted by one or more fluorine atoms, (C;-
C4)-alkylmercapto, (C4-C4)-alkylamino, di((C1-C4)-alkyl)amino, CONH_, CN, CF; and
(C1-C4)-alkyl-SOo-,

20
R® is chosen from halogen, (C1-Ca)-alkyl, (C4-Cq)-alkyloxy-(C4-Cy)-alkyl-, OH, (C4-C4)-
alkyloxy which can be substituted by one or more fluorine atoms, (C1-Ca)-
alkylmercapto, NH,, (C4-Cy4)-alkylamino, di((C1-C4)-alkyl)amino, ((C4-Cs)-alkyl)-
CONH-, CONH_;, CN, CF3 and (C1-C4)-alkyl-SO,-;

25

R8 is chosen from (C1-C4)-alkyl and oxo;
R'2is chosen from H and (C4-Cg)-alkyl-;

30 risOor1;



al kyl-, (G -C 4)-al kyl oxy which can be substituted by one or nore fluorine
atons, (Cr4)-al kylnmercapto, (G -C 4)-alkylamno, di ((G-C 4)-al kyl)am no,
CONH2, CNyoChw/@amd8(CrC 4)-al kyl -SO 2- ; R5 is chosen fpomEradoomesvie (G -C
4)-al kyl, OH, (G -C 4)- alkyloxy which can be substituted by one or nore

fluorine atons, (CrC 4)- al kyl nmercapt NH2, (Ci-C4)-alkylamno, di((G-C

4)-al kyl)am no, ((G-C 4)-al kyl)- , CONH2, CN, CF3 and (d-C
4)-al kyl -SO 2- ; R8 is chosen from (Ci-C4)-alkyl and oxo; R12 is chosen
fromHand (G-C 4)-alkyl-; r is O or 1; in any of its stereoisoneric forns

or a min@ny ef itg Stﬁ%@'é@"@ﬂﬁé@fnﬁs poamixiuie Hh ptargoisomesic farmpay rOY GalieAT y
accept gﬂh&s r%céll‘égc%%}:tﬁ@%%ﬂ‘?ﬁeu%‘é?h enbodi nent of the present invention

rel at es ormul"a”la in which sinultaneously Ais the
group of the formula Ha, which is bonded to the group Het via a ring atom
wherein in the formyla Ma the bonds via which roup is connected to the

aﬂ j aceBesigesdpg usgaf the gpapeynds of te fqrmlia & Mn afgre ip whigh a@cgfpaad at
t m%
sugst [ 8‘1?e§§gﬁ9 (rf)%retﬂggn nmor ee{ldcq%tr??%c'gﬁa (g'rq'eﬂna%&@“jbgtt&?uent S R4;Het is

chosenef(pr@ssbheofmndiommlaﬂNp synthase tahelcfoyth,e toeatprod e af yaldxseane:imzwhledl yl and
thlophen ich can all be su ed e _or nore identical or

G T 7 or SHE @ TR SRNGIRRSRIBGD I haS HRSTRE. Tor RYBRING Bgen atoms of the
i m daz@éﬁﬁ%ﬁéscﬁfa‘?‘d&&ééfs‘ ﬁﬁ:haagéf?\‘é?owé’r%gl% ChRIRAN @H@%ﬁalséﬁge OFcafdiac

4)-al kyl; X 1s absent and the phenyl group representing the group R3 is
f used trtsufflmrgzy(nrpanﬁa@theRmseadeﬂmem@@edmovwqrtbetkm Htarm glsoubewhi ch

cortd obithed 8 Bl TR RCHEh A b T GRR e BOGB H6b dechit v = o

themselves, i.e. the novel compounds per se, are a subject of the present invention.

As in any embodiment of the invention, in the preceding embodiments which contain

exemplary definitions of compounds according to the invention, one or more or all of
15 the groups can have any of its preferred definitions specified above or any one or

some of the specific denotations which are comprised by its definitions and are

specified above.

A further embodiment of the present invention relates to any of the individual

20 compounds of the formulae | and la which are specifically disclosed herein, including
the compounds of all examples described below, in the form of the respective free
compound as well as in the form of a physiologically acceptable salts thereof in
general and, if a specific salt is disclosed, in the form of this specific salt, as well as
to all tautomeric forms of the free compounds and their salts if tautomeric forms exist.

25 l.e., this embodiment encompasses the physiologically acceptable salts in general of
any individual compound specifically disclosed herein, irrespective thereof whether
the compound is specifically disclosed as the free compound or as a specific salt. For
example, as regards the compound 1-(3-(4-(4-fluorophenyl)thiazol-2-
yl)allyl)pyrrolidine-2,5-dione which is specifically disclosed as the free compound,

30 subjects of the present invention are "1-(3-(4-(4-fluorophenyl)thiazol-2-
ylallyl)pyrrolidine-2,5-dione” and "1-(3-(4-(4-fluorophenyl)thiazol-2-yl)allyl)pyrrolidine-
2,5-dione or a physiologically acceptable salt thereof". As regards the compound



the ring nitrogen atom being part of the N-CO group, can contain one
further hetero ring nenber chosen fromNRL2 , Oand S, wherein the ring
fornmed bywBhoemwoRR and the N-CO group which carries thegTEeRodsm05716
substituted by one or nore identical or different substituents R3; R3 is
phenyl which can be substituted by onﬁ or nore identical or different
substituents which are chosen from ha ggen, (G-C4)-alkyl, (G-C

4) - al kyl oxy-(CrC 2)- al kyl -, (C—' C4) al kyl oxy whi ch can be substituted by
one or nore fluorine atoms, (Cr - al kyl mer capt o, C4 al kyl am no,

di ( (G 1e34P-@rfyarpaheny)pyodio-2; yl)@ﬂyl)mpsndwe 2,6rdiong lssg@ icallyrs i s

Sy < Capls B R R finubfoacetOacdy it e%%gt?em*é‘%‘ e%%s n?euﬁ?? A o T
4) - al MJfluercpmhvl)pwrdﬂn dﬂ)al@l)ﬁ)peiidmé-are dioned] (1((@ 4) - al kyl ) ami no

((Ci-Ca)-alk ép CONFZ CF3 and (G -C 4)-al kyl -SO 2- is
chosen lpemh@ey w)dlmw aluhalm@mqaz@ dongIsaph Y dRoigalin acceptable sai

(C i Herableid 1o EPudrobReAQip b by UGN BRERBIRLD 6. dBpgD or 2 m Xt ure

of s ere0|soner|c I'n a ogically acceptable salt
t her eotrifludesacktic ddied salf’e of t he conpounds of the for mula |la defined afore
in which the group X is absent, for the nmanufacture of a nedi canent for the
stinmulation of the expression of endothelial NO synthase and for the

treat mafurtRbr §ugjgéﬁ§§feye¥@hﬁhvém areS r'o'?ﬂé%@éé 8fpre ?Bréﬂbni &/ﬂgihethie” NO
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According to one of the processes, compounds of the formulae | and la in which the
group A is the group -CH=CH-CH,- or the group -C=C-CH>-, i.e. compounds of the
formulae Ib and Ic in which the groups Het, X, R!, R? and R® are defined as in the
compounds of the formulae 1 and la, are synthesized in a coupling reaction from

15 compounds of the formula VI and amides of the formula VII and VIII, respectively,
which comprise a terminal double bond or triple bond in the depicted substituent on

the nitrogen atom.

0] O
CH
CH, 3 X 2
X \rr)]\w R Het \ITIJ\R‘
VI R S
X L
37 ~
R \Het

VIl

20



t hensel ves, i.e. the novel conpounds per se, are a subject of the present
I nvention. As in any enbodi nent of the invention, in the preceding
enbodi menve 2brvmbe4gont ai n exenpl ary definitions of conpeumdP2@eoes7dé ng to
the invention, one or nore or all of the groups can have any of its
preferred definitions specified above.fr any one or sone of the specific
denot ati ons which are conprised by i t4" definitions and are speci fi ed above.
A further enbodi ment of the present invention relates to any of the
i ndi vi dual conpounds of the formulae I and la which are 3£ &%;ical

desc

di scl oketbernpmpaoundsrefitheifergnulae \doWH @nddéllidchegroups diesl %s amfﬂ)&iybel ow,
in the_fo f S L ve.f n L.t he rmof a
physi o?%g‘?%%%é%@ctbgt‘%@ﬁéé%}ﬂ%éﬁﬁﬁg&gﬁﬁg?ﬂ a&?n%%&dd’ﬁabaﬁt'?naaégeci fic salt
i s di sgineiétal groupseah demprebentinproreted fotnsad in, theJome lof Pﬁécdrgoﬁd;ﬂo_ups
tautonmeric forns of the free conpounds and their salts if tautoneric forns

exi st . which aretafes cenveidedrinie the deried geaunsh bikenihei PYRIAH the careRHNdS e
e f fTEAY X . 13 ! N har o n
Fr & A ETE e (Y, ML e ke Snd kTR SR e EanpRuAUS SEIREC LS e

f r¢(ae ?fmrrn(mua:ciﬁjvuranalrs]vm clsa)le?]ptidrtalllyaid SLlnbﬁbiltlftedmypmﬂtabtessmhsjhmeiﬁsim conpound
1-(3-(4-(4- or.ophen t hi_,azol - 2- i, yl)pyrralidine-2, 5-dione which is
speci f $Xa3Mple ‘%ij\é'cﬁu5’§8¥v!’e£'£$-t grose 'édg?ﬁaB%u HB?“pPQHBFéég dheformpda }/& &ant

I nvent jxQ0inal & arid WAk 4s & ds | i _ .

V)l I'§ O'S?rq?gfjﬁ diﬂ'ﬁcéﬁgs %@ojtié%‘t‘ébfég%ﬂﬁ alkdHeP8CAIkgne moiety, such as halogen,

" 1- ( 3- fot-ekdniple chimpinenbtonineardbdipey b)) alsuifonylgxy grauf, ier exarbplei one or a

C b tridorompthesSHToBh IR RS RPaha SRS P P SaPT YN Witk agi one
whi ch &SmpBERd bf & formils Vlistadl11ag chirfed linder4Re @@REHIoRs AF tie GRlILknow)j ect s
of the present invention are "1-(3-(6-
(4-f | udeckreastionBnd 8pnogashinearsactippi fespedively icfedeiMgiiere et al. (Angew( 4-
;ng;? §E§E¥ i%tf F%It ﬁg&ﬁgl’);%%}é)y @e?‘niepﬁw HE18a8u&% ¥ &é}'?orﬂ{eaainlqnﬁ)irgéé)r%ecal 'y
" 1- ( 3- 6fa trankitivarmetae oxtalyeyr subhnasiaalladiuw tatapst, for ekadiple galatium
15 acetate in the presence of a phosphane like triphenylphosphane or tri(ortho-
tolyl)phosphane or bis(triphenylphosphane)palladium chloride or tetrakis-
(triphenylphosphane)palladium and, in the case of the Sonogashira reaction, a
copper co-catalyst such as copper iodide, and a base, such as an amine, for
example a tertiary amine like triethylamine, in an inert solvent, such as a hydrocarbon
20 or chlorinated hydrocarbon, for example toluene, chlorobenzene, dichloromethane,
an ether, for example 1,2-dimethoxyethane (= DME), tetrahydrofuran (= THF),
dioxane, an amide, for example N,N-dimethylformamide (= DMF), N-methylpyrrolidin-
2-one (= NMP), a nitrile, for example acetonitrile, an amine, for example
triethylamine, or a mixture of two or more solvents, at temperatures from about 20 °C
25 to about 110 °C, preferably at about 40 °C to about 100 °C. As is usual, the detailed
conditions of a specific preparation, including the solvent, the base, the temperature,
the molar ratios and other parameters, are routinely chosen by the person skilled in
the art in view of the characteristics of the starting compounds and the target
compound.
30
Instead of introducing the group A into the compound of the formulae | and la by

means of the same building block which introduces the -N(R?%)-CO-R' moiety, the



trifluoroacetic acid salt". A further subject of the present invention are
processes of preparation by which the conpounds of the fornulae I and la or
sal t s t heweabo7amwa248bt ai nabl e. There are several ways of ppTapPastcngsTidie
conpounds by piecing suitable building blocks together. According to one of
t he processes, conpounds of the fornmulae | and la in which the group Ais
the group -CH=CH CH 2- or the group -CEC-CH2- , i.e. conmpounds of the
formulae Ib and Ic in which the groups Het, X, Rl, R2 and R3 are defined as
in the conpounds of the fornulae | and la, are synthesized in g coupling
reacti @Wupr/b@aoalﬁmbequduqeﬁdw thenbuilding blgsk vehithistrastucen dhe & ﬁsﬁHaet\/l | and

the aelPRtEd &L Bame MR OTHS oh s Y B 2 1Tt BRE W bbkBsEds of
t he fojman akylMtioMIreaétish o cdrmpogndsoftheebrmfiaBlX| drd Xwd réﬁ)eiljtueeIQEf i ned as
in the conpounds of the fornulae |I and la and, in addition, Iz/ﬁfunctl onal

gr oupsa%@lﬁomoﬁﬂ% shthe forpuia &8 kythessempeunds ehtderfarmulae X &HARDXVyr oups
hgopvented in the
corrpouﬁlr sg'J(())i3 b?#eequffﬂrulgeawﬁaé Pgdetqﬁe a gﬁéggﬁip%iﬂﬁe&?r@?e IS‘;Mﬁ‘?]l(g\tlh
conpouanis l@and hien dddition, my\mhcfamhl\gmwps:ean betpresertliny pb@testdmstbrmmred by
sui tabl e substltuents for eé_g e al kr% substiqu%fs The 8 cvp L1 in the
conpoutigsfoam afpEessRL g UPS C0rPUBY | hefspeurisef the formula Yhargol e by an
al keneygfiney gygﬁ?qgl ety, such as hal ogen, for exanple chlorine, bronmne or
i odi ne, or a sulfonyloxy group, for exanple trifluoronethanesul fonyl oxy.
The reaction of a conpound of the formula VI with a conpound of the fornula
VIl or VIII is carried under the conditions 81;the wel | - known Heck reaction

and Sonogashira reaction, respectively (cg3~ A)\agew.
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Chem Int. Ed. 33 (1994) 2379). Cenerally the reaction is perfornmed in the
presence of a transition netal catalyst, such as a palladiumcatalyst, for
exanpl e pabDl2a@ioom4acet ate in the presence of a phosphan@CITiEP006/005716

tri phenyl phosphane or tri(orthotolyl) phosphane or
bls(trlphenylphosphane)palIadlun1chl éde or tetrakis-

(triphenyl phosphane) pal | adi um and, in"the case of the Sonogashira reaction,
a copper co-catalyst such as copper iodide, and a base, such as an am ne,
for exanple a tertiary amne like triethylamne, in an inert solvent, such
as a hydrocarbon or chlorinated hydrocarbon, for exanple tol uene,

Chl of Ofﬁ@@gé\fpa !ﬁf l 0({02{17'&% kl‘?d}ﬁ%tﬁ@ Jgorﬁgl:a]\g )zlgénnagfggglaq?%w%gﬁagﬁé WhidFihane
N N-di ﬁ@éIB&bﬁlﬁcmub%tlfLﬁalﬂ%y thi-cerh polings sicthedomula- XJIIDEEKambIMQ)Qf a
nitrile, for exanple acetonitrile, an amne, for exanple triethylamne, or

a ni xt sWitable leamindgrawpsd’sasenaleaen. dp Pagipwarghiorine apd bramie. 298 cC t o

abo f I@Wﬁ?h‘fe al, the
det g I %%conHV@&gﬁ%@‘% ¥n&tal I'C g grrggl%lg%ﬁ ﬁ%%&gggneﬁgr@émm , the
base, tdhmrtemmp‘enwbuyemtrbbenzmi@ulfoaylom maﬂwamlsalfowiomymndrs are routinely
chosen W‘ t he son.skilled in the art in view of the characteristics of
the stH#HUPHRYN @‘ﬁﬁ@ﬁﬂ&“yéw the target conpound. |nstead of introducing the
group A nto t he conpound of the fornmulae I and la by neans of the sane

bui I di ng bl ock which introduces the -N(R2)-CO-R 1 noiety, thegroup A can

al so b&he commbundd diyhe farmudad Kil ngd@(\écan\blei pmp'arad fsdoca sontpound of the

R3- - Het noi E d I

o 0 i oy % SAREH Bin B FRRHRI B atiBia e Her ol edsRl) e
and XViwith @pP@esdtyiRited e&@@w&@mmﬂﬁamomﬁefdamma xuNd giveRhéhe conpounds of
the formulae XI, Xl and XV the groups Het, R1, and R3 are defined as

in t heintempsliates afthe FrrmiuaenX| & P(I‘é,rf@spactam( in tha\@mthe groupartyet Xnad onal
groupSean, ggfiﬁég 28 tﬂgcé%%ﬁﬁﬁg gf {h%ri'gn?lhldenl and la and, in addition, any

functional groups can be present in protected form or in the form of precursor groups.
15 The group R in the esters of the formulae IX, X, Xl and XIV can be an alkyl group
such as (C4-C,)-alkyl, for example. Like the group A in the compounds of the
formulae | and la, the alkene and alkyne moiety in the compounds of the formulae IX,
X, XI, XIlI, XIV and XV can optionally be substituted by suitable substituents, for
example alkyl substituents. The above explanations on the Heck reaction and
20 Sonogashira reaction apply correspondingly to preparation of the compounds of the
X and XIV. Subsequently the ester group in the intermediates of the formulae X and
XIV can be reduced under standard conditions to give the alcohols of the formulae
R3-X-Het-CH=CH-CH,-OH and R*-X-Het-C=C-CH,-OH, respectively, for example by
means of a complex borohydride or aluminum hydride such as lithium borohydride,
25 sodium borohydride or diisobutylaluminum hydride in a solvent such as an alcohol,
like methanol or ethanol, or an ether, like tetrahydrofuran or dioxane or 1,2-
dimethoxyethane, or a hydrocarbon or chlorinated hydrocarbon, like toluene, hexane
or dichloromethane, or a mixture of two or more solvents. The hydroxyl group in the
said alcohols can then be converted into the leaving group L?, for example a halogen
30 atom or a sulfonyloxy group by treatment with a suitable halogenating agent or
sulfonylating agent under standard conditions, to give the compounds of the formulae

Xl and XV, for example by treatment with phosphorus tribromide or by treatment with



the form of precursor groups. The groups in the conpounds of the formula W
are defined as above. XVThe group L2 in the conpounds of the fornulae Xl
and XV i swea20&a9dzag group which is nucl eophilically sub®Cirtare@sloas7iny t he
conpounds of the formula Xl 1. Exanples of suitable |eaving groups L2 are
hal ogen, in particular chlorine and bﬁ@ﬁine, and aryl sul fonyl oxy groups and
al kyl sul fonyl oxy groups such as benzenesul f onyl oxy, toluenesul fonyl oxy,

ni t robenzenesul f onyl oxy, methanesul f onyl oxy and
trifluoromet hanesul fonyl oxy. The conpounds of the fornmulae Xl and XV can be
pr epar Biethangguifooyhgfdande 8T thenrresenee ohavertiayy amirg suel asitrigthylamipedn
transitj | -catal yzed Heck coupling reaction with an unsaturated ester
of thegbg&%gﬁé&ﬁﬁﬁor the formula XI1l to give the internedi ates of the
formul ae X and XV, respectively, in which the groups Het, X and R3 are
defined as in the conpounds of the fornulae | and_la a i n addition, any

0,
funct i dhglalgratiprsreagtion of the sempounds ohthe-tasenuias andBW aRd ther m of
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reaction app correspondingly to prepdaration of' the conpounds of the X and
XlV. Sabsaginenfdrexample attertiagy aopne hike triethylaenine dethyldiisopropytaniioenul ae X

R R e A R R e
}‘ :3[ h?ﬁ% O@gﬁéy%gpi?a%gmﬁurﬂj,wﬂpmmbgynbﬁmm AInppeuHamikey dri de such as
n-butyllithium, an alkali metal or alkaline earth metal hydride, for example lithium
hydride, sodium hydride or calcium hydride, an alkali metal or alkaline earth metal

hydroxide or quaternary ammonium hydroxide, for example lithium hydroxide, sodium

15 hydroxide, potassium hydroxide, calcium hydroxide, benzyltrimethylammonium
hydroxide, an alkali metal or alkaline earth metal alkoxide, for example sodium
methoxide, sodium ethoxide, potassium methoxide, potassium ethoxide, potassium
tert-butoxide, or another basic alkaline metal or earth alkaline metal compound, for
example a carbonate like sodium carbonate, potassium carbonate, cesium

20 carbonate, a hydrogencarbonate like sodium hydrogencarbonate, potassium
hydrogencarbonate, or another basic salt, or a mixture of two or more bases. The
base can be employed before the actual alkylation reaction is performed in order to
convert the compound of the formula Xll into its corresponding salt. The reaction of
the compounds of the formulae XI and XV and the compound of the formula Xll is

25 usually carried out in an inert solvent, which can be protic or aprotic and aqueous or
non-aqueous, such as a hydrocarbon or chlorinated hydrocarbon, for example n-
heptane, toluene, xylene, chlorobenzene, dichloromethane, an ether, for example
diethyl ether, diisopropyl ether, 1,2-dimethoxyethane, tetrahydrofuran, dioxane, an
ester, for example ethyl acetate, butyl acetate, an amide, for example N,N-

30 dimethylformamide, N-methylpyrrolidin-2-one, a nitrile, for example acetonitrile, an
alcohol, for example methanol, ethanol, isopropanol, n-butanol, or another solvent,

for example water, pyridine, dimethyl sulfoxide (= DMSQ), or a mixture of two or



sodi um bor ohydri de or diisobutylal um num hydride in a solvent such as an

al cohol, 1ike nethanol or ethanol, or an ether, |ike tetrahydrofuran or
di oxane owolp@+oooi4set hoxyet hane, or a hydrocarbon or chlpariBEPat6®05716
hydr ocar bon, |ike toluene, hexane or dichloronethane, or a m xture of two

or nore solvents. The hydroxyl group H; t he sai d al cohols can then be
converted into the | eaving group L2, r exanple a hal ogen atomor a

sul f onyl oxy group by treatment with a suitabl e hal ogenating agent or

sul fonyl atin ent under standard conditions, to give the conpounds of the
f or nul BrSo @a clw@ng@mmiu@ @fywateesandan organic solweptwhich is miseible de or
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Like the group A in the compounds of the formulae | and la, the CHO moiety and the
CH: moiety in the compounds of the formulae XVI and XVII can optionally be
substituted by suitable substituents, for example alkyl substituents. In case the

20 carbon atom adjacent to the group Het in the target compound carries an alkyl
substituent, the starting compound of the formula XVI can thus also be a ketone
instead of an aldehyde. The group R in the compounds of the formula XVII can be an
alkyl group such as (C4-C4)-alkyl, for example. In case a Knoevenagel reaction is
performed, the compound of the formula XVII can be a malonic acid derivative and

25 the group U can be a carboxylic acid group COOH, for example. In such case the
group R can also be hydrogen and thus the compound of the formula XVII be



exanpl e a carbonate |ike sodi um carbonate, potassium carbonate, cesium
carbonate, a hydrogencarbonate |i ke sodi um hydrogencarbonate, potassium
hydr ogencaiokzoerzitoez48or anot her basic salt, or a m xture @CTIER0GHOOITDS €
bases. The base can be enpl oyed before the actual al kylation reaction is

performed in order to convert the co und of the formula XIl into its
corresponding salt. The reaction of t conpounds of the fornulae XI and XV
and the conpound of the fornmula XlII is usually carried out in an inert

sol vent, which can be protic or aprotic and aqueous or non-aqueous, such as
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in the form of pr écur sor roulg d conpounds of the formula XVII in a
Knoev ethggeactienwithdhe @dehygestafd @é@fmlﬂéﬁ(\ﬂr W ttig-Horner reaction

In a further strategy for synthesizing compounds of the formula Ib, intermediates of

15 the formula Xl can be prepared from compounds of the formula VI and allylic
compounds of the formula XVIIlI under the conditions of the Heck coupling reaction
via intermediates of the formula XIX.
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20 The groups Het, X and R® in the compounds of the formula XIX are defined as in the
compounds of the formulae | and la and, in addition, any functional groups can be
present in protected form or in the form of precursor groups. The groups in the
compounds of the formula VI are defined as above. The group V in the compounds of
the formulae XVII and XIX can be a hydroxyl group OH or a protected hydroxyl group

25 such as an esterified, an etherified or a silylated hydroxyl group, for example, and the
starting compounds of the formula XVIII can thus be allylic alcohols or protected



under standard conditions. XVII XVI Like the group A in the conpounds of
the formulae | and la, the CHO noiety and the CH2 noiety in the conpounds
of the fovoubeEHXMB and XVII can optionally be substituP€l/EPQ0SOII7a0| €
substituents, for exanple al kyl substituents. In case the carbon atom

adj acent to the group Het in the targ conpound carries an al kyl
substituent, the starting conpound of“the forrmula XVI can thus also be a
ket one instead of an al dehyde. The group R in the conpounds of the fornula

XVI'l can be an al kyl ?@oup such as (G -C 4)-alkyl, for exanple. In case a
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Further synthetic strategies for the preparation of compounds of the formulae | and la
include the assembly of the group Het in a ring-forming reaction from starting

15 compounds which can contain the groups R3-X- and -A-N(R?)-CO-R" or part of these
groups or protected forms or precursors thereof which are then modified in
subsequent reaction steps. For example, compounds of the formulae | and la in
which the group Het is a thiazole ring, the group X is a direct bond and the group A is
the group -CH=CH-CH,-, i.e. compounds of the formula Id in which the groups R, R?

20 and R® are defined as indicated above with respect to the compounds of the formulae
| and la, can be prepared by reacting a 2-bromo-1-R3-ethanone of the formula XX in
which the CH group can optionally be substituted by a suitable substituent, for
example an alkyl substituent, with a 2,2-di((C4-Cs)-alkyloxy)thioacetamide of the
formula XXI, for example 2,2-diethoxythioacetamide, to give a compound of the

25 formula XXII, i.e. an acetal of a thiazole-2-carbaldehyde. The reaction can be
performed by stirring the starting compounds in a solvent, for exampl.e an alcohol
such as methanol or ethanol, at temperatures from about 20 °C to about 60 °C, for
example at room temperature. The acetal of the formula XXII can then be converted
into an aldehyde of the formula XVla by treatment with a dilute acid, for example

30 hydrochloric acid.



In a further strategy for synthesizing conpounds of the fornula IDb,
internedi ates of the formula XI can be prepared from conpounds of the
formul a \Wozner/@bi4¢l i ¢ conpounds of the fornmula XVIII uRGEEPRINS/06TMEI t i ons
of the Heck coupling reaction via internmediates of the fornula XIX V XIX X
| XVII1l The groups Het, X and R3 in tgﬁuconpounds of the formula XI X are
defined as in the conpounds of the fo lae | and la and, in addition, any
functional groups can be present in protected formor in the form of
precursor groups. The groups in the conpounds of the fornmula VI are defined
as aboveR3The group V in the compounds of the fornulae XVIl and Xl X can be
a hydroxyl oupB€H or a protected hydroxyl group such as an esterified, an
etherified a silylated hydroxyl group, for exanple, and the starting

conmpounds of the fornula XVl thus be allylic al cohols or
prot ect edal | yii c al cohol s. @ﬁ\ roup Ain the conp & of the
ene

formulae | and la and the al ety the coni® of| the formula X,
t he al kene i eties imt¥re conpo UNds fWHUI ae XVINJ | X can
optionally be H€5t| tuted by suitabl e ubst| tuents, for exa al kyl
substituents. above expl anati ons &Rt he Heck reaction of conmpounds of
t he forhiNae and VIl apply corX¥Hpondingly to the rexggaon of the
conmpounds of theOFornulae VI and Xvil1. The conpounds of the formula XI X in
which the gr@up V is a hydroxyl group~an then be converted into conpounds
of the formula XlI, in which the group 2 is a leaving group as defined
above, undemtandard condi tions Ha\s Ia ned above. In case the group Vin
the conpounds of the fornmula XIXis aprB ected h xyl group,, first a
deprotection |s c €d out under standard c FurtherRsynt hetic
strateglesjorR WOL_CD.@DMCB nyLeIr\?ndla,

Xla Id

The group R? in the compounds of the formulae XX, XXII, XVla and Xla is defined as
in the compounds of the formulae | and la and, in addition, any functional groups can
5 be present in protected form or in the form of precursor groups. The group R in the

compounds of the formulae XXI and XXII can be a (C4-C4)-alkyl group, for example,
such as an ethyl group, as already indicated above. The aldehyde of the formula
XVla can be employed into a Knoevenagel reaction or a Wittig reaction or Wittig-
Horner reaction as outlined above with respect to the aldehydes of the formula XVI in

10 general to a give a compound of the formula X in which the group R3-X-Het- is a 4-
R3-substituted thiazol-2-yl group, in which latter compound the ester group COOR
can be reduced to an alcohol group CH>-OH and the said alcohol group can be
converted into the group CH.-L2 to give a compound of the formula Xla as outlined
above with respect to the compounds of the formula X in general. Finally, the

15 compound of the formula Xla, in which the leaving group L2 is defined as above in the
compounds of the formula XI, can be reacted in an alkylation reaction with a
compound of the formula XlI, which is defined as above, to give a compound of the
formula Id. The above explanations on the alkylation reaction of the compounds of
the formulae Xl| and Xll apply correspondingly to the reaction of the compounds of



I nclude the assenbly of the group Het in a ring-formng reaction from
starting conpounds which can contain the groups R3-X- and -A-N(R2)-CO-R 1
or part ovVOhea®0Boups or protected forns or precursor $PCTHPL@OHO0NWMG ch ar e
then nodified in subsequent reaction steps. For exanple, conpounds of the
formulae | and la in which the group t is athiazole ring, the group X is
a direct bond and the group Ais the oup -CH=CH-CH 2- , i.e. conpounds of
the formula Id in which the groups RL, R2 and R3 are defined as indicated
above with respect to theb&oggounds of the fornulae I and la, can bhe
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conmpound of the formula XXII, i cetal of a thjazql e-2-carbal dehyde.
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nper at ures roma out or exanple at room
terrperakyrajbsThferas.et al of the forrrul a XXI'l can then be converted into an
al dehyde of the fornmula XVla by treatnent with a dilute acid, for exanple
hydrochl oric acid.Xla Id The group R3 in the conpounds of the fornulae XX,

XK1, 3 dﬁﬂﬁ%ébﬁnfo%néefdf@ﬁéif&ﬁmlae inevigopmowadel okt ke/if Rumukem| Ixend | a
in a

and, functional groups can be present in protected form or
in theah@b@(lpas wedi(asreiber gtanhupgscompeugdstmtRelmepar@tloommmdgmfounﬁe
for can, be a
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XVI a cgbcdifingni! ey afalogbasi¢ t&n@,@b@aa&@ whighGire @esefibed W tHe deftart am or
Wttig- Horner reaction as outlined above with respect to the al dehydes of
t he foarafamiliantojthe person skilled in the art. Useful reaction types for the preparation of
starting materials include in particular transition metal-catalyzed coupling reactions
and catalyzed and uncatalyzed nucleophilic substitution reactions. Compounds of the
15 formulae VI and XVI, for example, in which the group X is O, S, NH or N((C1-Cy4)-
alkyl), can be obtained in a nucleophilic aromatic substitution reaction from a
respective compound of the formula R*-X-H and a suitable heteroaromatic compound
containing a leaving group such as a halogen atom. Compounds of the formulae VI
and XVI in which the group X is CH2 can be obtained by reaction of a metalated
20 heteroaromatic compound comprising the group Het and an alkylating agent which
introduces the R3-CH,- moiety, or by reduction of a compound which contains a
R3-CO-Het- or R3-CH(OH)-Het- moiety which can in turn be obtained by an acylation
reaction or by reaction of an aldehyde with a metalated heteroaromatic compound.
Compounds of the formula VI and XVI in which the group X is a direct bond, can be
25 obtained in a transition metal-catalyzed Suzuki coupling reaction, or Suzuki-Miyaura
coupling reaction, from a halogen-substituted heteroaromatic compound comprising
the group Het and a boronic acid derivative. Such coupling reactions are favorably
carried out in the presence of a palladium catalyst, for example palladium acetate or
tetrakis(triphenylphosphane)palladium, in an aqueous or non-aqueous solvent.
30 Details on such coupling reactions of boronic acid derivatives, which can
advantageously be used also in other processes for the preparation of the

compounds of the invention, and intermediates therefor are explained in Kotha et al.,



general to a give a conmpound of the forrmula X in which the group R3-X-Het-
is a 4- R3-substituted thiazol-2-yl group, in which |atter conpound the
est er growp 20000zan be reduced to an al cohol group CH2POHERR@6ONFT1GaI d

al cohol group can be converted into the group CH2-L2 to give a conpound of
the fornmula Xla as outlined above with,respect to the conpounds of the
formula X in general. Finally, the compound of the forrmula Xla, in which
the |l eaving group L2 is defined as above in the conpounds of the formula
X, can be reacted in an alkylation reaction with a conpound of the fornula

Xl 1, whettahedrondis (289259638 oMiyaura, Tepies in %ﬁp@hﬁ@emlswawﬁ%maﬂ,cpr The
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forwl%&a&gﬁ& %pgg’p%"@dwegéﬁg (?@? 9 10 t’(kﬁéer %%gwgllgon of the compounds
ofthe formulae Xla and XlI. Like the group A in the conpounds of the
fornulae | and la and the starting congounds and internedi ates nenti oned

A

above, Instradeigmployingstartingcernpodnds Al e fopnutae Vha@%évémmga@y t he
for gl f%%e afftid fdl%s&ﬁ%(%ﬂd Hé}earﬂtlﬁﬁg‘??m@e\’thb%f)a R nds pf the

fornula as we e conpounds o can optionally
be subwho@h&ﬂtﬂeytasgettmlnhmomdamstalmnpessﬂblertostatrtrbm alobynpcnmmuhk:hent S.

The startln conpounds of the fornul ae , VI VI, | X, X1, XV,
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reactions. Conpounds of the forrmulae VI and XVvl, for exanple, in which the

group bk the falowng\theoreaktipmiof @ cpmpeund,of thedarmula XXtkwile @ ¢ampound of
nucl eopll ol Gufl X Rthkers 483 &4rhgid, reaction from a
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respective conpound of the formula R3-X-H and a suitable heteroaromatic
conpound containing a | eaving group such as a hal ogen atom Conpounds of

t he for mweeodooezad XVI in which the group X is CH2 canPhe/Epbicaionzde by
reaction of a netal ated heteroaromati c conpound conprising the group Het
and an al kyl ati ng agent which introdgs the R3-CH2- noiety, or by
reduction of a conpound whi ch cont ai a R3-CO-Het- or R3-CH(OH)-Het -

noi ety which can in turn be obtained by an acylation reaction or by
reaction of an al dehyde with a netal ated heteroaronati c conpound. Conpounds

of theThegrumHet indhe compoundshofcthetfaemglaeupXid and XXV issdefingshas itte be

obt ai ned_.i t I 4 tal rca i uki i ti or
Suzuki W?gﬁﬁ%s éﬁ‘[ﬂ%é’hﬁnﬁa acqaridolcﬁ, érﬁ’dﬁ]%gdﬁéﬁoébx?gﬂ%@tn%?gfogg’%h%%c}g?%ar omatic
conpoup@seatiprprotetied Rsntopimthbdbr ol predirsongoupsi Thegrowes LvandRigh
coupling reactions are favorably carried oqut In the presence of_a palladium
cat al yibe, canppowndsnef thefatmulap ¥ Xc &Xall andXXIV are defined as above. The

t et rakj Ni3 ' i =
sol Vorg Sl AR SBHETRABIEHAR: ISR o RGBT Ravifdiiien o
whi ch eambadeplatagadtisthy droup RedX-alExamples ofisuitable desmdrg gfaups bare
preparation of the conpounds of the invention, apd internedi ates therefor
are exbalagaRdor xpapiecioringe, breging Qs de He’é%"‘% 4o V'@’%Sr;oqi?lsﬁ.\{?ﬁeﬁs Topi cs
in Cur ] g,fé;po ~ |G, .or diff&re I nd. Ed.
43 (20‘{5@95&"@?‘%5%‘?"% an)%ll2 Sﬂ%)l%rég] galt'd Cg)q%eér(rgeggﬁlgbs%rarltl ngt {:rgﬁrg%nds of

t he f ogmwipde iNithardmpdundiofthe &mudd yOdbninstead of beinga leavinggre8p, theand Het

t hus i ntsr od h - X-Het - as. a whole into the t t d,
"t %o "gioup 1 Fe bice BiceBretian ST YA AP O SRS UGS PRRVIRRC or oup
Het orgidup WhieH RS chiflerfstflinto afll@aviRy JiBSin 2RADEEUER IR FBr EREMPIOAP R3 or

the motety R3-X- at a later stage Tn the synthetic sequence. Thus, for
exanpl kydrakgrgrpupper a pptactesnysiiogyl group.ewhishrisilater eonvertes! into donpound of

the fo{rﬁﬁhgon%(é Ialneisﬂ'l?cgn(?/‘fflglxyolfea@in((‘fjongBBHrE)(Sj/ t?éatFn%%tWtrh%h@or\gm&ﬁgngguI%WI oyed

as sta
anhydride. If L' and L® in the compounds of the formula XXIII are both a leaving

15 group, the formation of the desired product can be achieved by employing suitable
reaction conditions, or by employing a compound of the formula XX!l which contains
two leaving groups L' and L3 of different reactivity, or by taking advantage of different
reactivities of leaving groups which are present in different positions of the group Het
in case L' and L? are identical. The latter situation applies to a compound such as

20 2,5-dibromopyridine, for example, in which the bromine atom in the 2-position is more
reactive than the bromine atom in the 5-position and will react first to give an
intermediate in which then the bromine atom in the 5-position can be reacted (cf.
Tilley et al., J. Org. Chem. 53 (1988) 386).

25 From a compound of the formula XXIIl and a compound of the formula IX a
compound of the formula XXIV can be obtained in a Heck reaction. The above
explanations on the Heck reaction of the compounds of the formulae VI and VIl apply
correspondingly to the reaction of the compounds of the formulae XXIll and IX. In a
subsequent step the group L in the compounds of the formula XXIV can then be

30 replaced with the group R3-X- to give a compound of the formula X. The above
explanations on the preparation of starting compounds comprising the moiety
R3-X-Het- apply correspondingly to this replacement. For example, if the group X is a



material into the reaction with a conpound of the fornulae VII, VIII, 1X
Xill or XVII'l. In the follow ng, the reaction of a conpound of the formula
XX wi twoaogionepaand of the fornmula | X is taken as an @KamPR@s/0bks6

XXI'l'l The group Het in the compounds of the fornmulae XXIIl and XXIV is
defined as in the conpounds of the fo er{)EguI ae | and la and, in addition, any
functional groups can be present in protected formor in the form of
precursor groups. The groups L1 and R in the conmpounds of the formulae IX
X, XXI'l'l and XXIV are defined as above. The group L3 in the conpounds of

t he fodinestdondxthe cemersign\efiascempernd n{;tr@ formuighXKHY inta soeompplad f wi t h

exarp) DeORB X caHihadtietod BUARShIER A RASH TR csiudn® et '
triflupsimd Seded thé entula R3-BICGH! ahprdiad Ras defined @stin ¢ compounds fof er ent
fromthe rouI% L1 in the conpound of the fornmula XXI1l. Instead of being a

| eavi nthefoanplae ndtaoais.in 3@QH'°&‘I, 38 fanGtionabgrupsEanpePEset ifavi ng gr oup
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in & stbsequent step or exa rou or a protected hydroxyl
group, cmhplwig neactuam e'rtheqmeeneeiof atpralladiun'n tbta@s@n‘ﬂh@aomobhd@ﬂlwy | eavi ng

group by tregt vmthtrlfluororrethanesulfo an and L3 i
The LoABMRI G 1R HesrRRHERSRG 3 SO of e 4ommatiothd teeEYeS ot on
of theg &ﬂgbh@&'. &%p&@ﬁ'd BPURERIURA IR BsTRAfR BBog!l L abl e react i on

condi tion npl oyi ng a conpound of the a XXI'l'l which contains
two | eavi ng groups L1 and L3 of different reactivity, or by t aki ng

G 11 CAmeuetls o5 a6 Bt R oh Y iasv e oy ESinR AR Ao eS brahs APRERE e

lat t er xxvt aiid b@ﬁhp@ﬂﬁbs %ﬁtﬁé?fo@rrﬁxmwrlﬁ FMAGeEnageP rél dlionnBy Witligne, for
exanpl e, in which the bromne atomin the 2-position is nore reactive than

the br tadctionar dMitigrHoneerTeastion aswoulinednbove. dhe: groups Het@ngi beindhe
compounds of the formula XXV are defined as in the compounds of the formula XXIll.

Like the group A in the compounds of the formulae | and la and the starting

15 compounds and intermediates mentioned above, the aldehyde moiety in the
compounds of the formula XXV, the CH,; moiety in the compounds of the formula
XVIH and the alkene moiety in the compounds of the formulae IX and XXIV, as well as
in the compounds of the formulae X and Xl, can optionally be substituted by suitable
substituents, for example alkyl substituents.

20
Besides at the stage of the compounds of the formula XXIV, the replacement of the
leaving group L3 with the group R3-X- by the above-mentioned processes can also
take place at another stage of the synthesis. For example, a compound of the
formula XXIV can be reduced to give an alcohol of the formula L*-Het-CH=CH-

25 CH,-OH as outlined above with respect to the compounds of the formula X, in which
alcohol the group L® can be replaced with the group R3-X-, or which can be converted
into a compound of the formula L3-Het-CH=CH-CH,-L? in which L? is a leaving group
as defined above. In the latter compound the group L* can be replaced with the group
R3-X- to give a compound of the formula X, or the latter compound can be reacted

30 with a compound of the formula XI! to give a compound of the formula L*-Het-
CH=CH-CH,-N(R?)-CO-R" in which the group L> can be replaced with the group

R3-X- in the final step of the synthesis of a compound of the formula Ib. This synthetic



internediate in which then the bromne atomin the 5-position can be
reacted (cf. Tilley et al., J. Og. Chem 53 (1988) 386). From a conpound
of the fowouber/oed4Bl and a conpound of the formula | X arPcompeanaaoiyiic t he
formula XXI'V can be obtained in a Heck reaction. The above expl anations on
t he Heck reaction of the conpounds of éhe formulae VI and VII apply
correspondingly to the reaction of th% conpounds of the fornulae XXIIl and
| X. In a subsequent step the group L3 in the conpounds of the fornula XXV
can then be replaced with the -X- to give a conpound of the fornula
X. Thevanahily éx fieaasadnably of the g@' F eQmpaunds applies eprresnpnsingly tmather

Sor exhBE o SpeERkEbY fﬂbé‘se'd%bﬂa@.%%fﬁ%ﬂ%’?%%oﬁgﬁwgﬁdﬁréﬁé% AL CE
of t hetHeogymtthatioettalegy for taegﬁap@nandanfatmnﬁmrﬁwt@thé patichiarsehiheved by
reaction W|th a boronic acid derivative, such as a boronic acid of the

f or mul SPeRiECAIH.2, wherein R3 is defined as in the compounds of the
forrpulae | and la and, in addition, any functional groups can be present in
protected formor in the form of precursor groups, under the conditions of
t he SuThéistarting chnm)auadstdfme formiutae WileVéhard &ll capbé lobtdined bytadylation The

For hul & afinesd oadoTaee HLHIbuT e M. Hinb A SR e a (b, as
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al dehyde mul a” XXV an corrpounsof the formula XVII 1n a
Knoev ethegedf, secit as acicochlaridiés or gnhydriddso where W the‘sg—&&mpmndsathetgroupas

| T d L3 f the formul
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the cogRetlitsioRAl Haapg%mﬂeasréseaﬂm pbr@téﬁ’@d tdien of ﬁfﬂwbﬁ%ﬁ‘lﬂ’@%&lﬂ%ﬁnd

i nt er medl ates nenti oned above, the al deyﬁde noi ety in the conpounds of the
f or mul groxry, Compaorgsmasitee jormulaa ¥lcanshyllhean afsqbfeobtwmﬁﬂ By alkylation of

compounds of the formula XII with an allyl halide or propargyl halide. In case R' and

R? together with the N-CO group which carries them form a ring, compounds of the
15 formulae VII, VIl and XII can also be obtained from suitable bifunctional starting

compounds such as from amino-substituted carboxylic acids by cyclization or from

dicarboxylic acids by conversion into the imides, for example.

Compounds of the formulae | and la in which the group A is a group of the formula
20 and the numbers q and r are 1, i.e. compounds of the formula le in which the groups

Het, X, R', R? and R® are defined as in the compounds of the formulae | and la, can

be prepared from compounds of the formula Ib by cyclopropanation of the double

bond with a cyclopropanation reagent.



XVIl and the al kene noiety in the conpounds of the fornulae I X and XXI'V, as
well as in the conpounds of the fornmulae X and XI, can optionally be

subst i t utwad 2by7/m®od48abl e substituents, for exanple al kyl PeulEPRIcs0EsTIS.

Besi des at the stage of the compounds of the fornmula XXIV, the replacenent
of the leaving group L3 with the gr ou(ﬁ R3-X- by the above-nentioned
processes can al so take place at anot %r stage of the synthesis. For

exanpl e, a conpound of the formula XXIV can be reduced to give an al cohol
of the fornmula L3-Het-CH=CHCH2- OH as outlined above with respect to the
conpounds of the formula X, i i ch &l cohol the group L3 can be repl aced
with the group g‘-:)l(\, o] i ’%r:“ bejlconverted into a conpound of the
formul a L3-Het - CH 2-L2 in i R''s a |l gaving group as defined
above. In the |atter conpound the %lirngup L3 can be replaced with the group
R3-X- to give a conpound of the fo la X, or the latter conmpound can be
reacted wth a conmpound of the formula XIl to give a conpound of the
formula L3-Het- CH=CH CH2-N(§2)-CO- Rl in which the group L3 can be repl aced
with the group R3-X- in the final sPep of the synthesis of a conmpound of
the formula Ib. This syntheticvariabili in the assenbly of the target
conpounds applies cors espondiqgly tNﬁ%er types of conpounds of the

i nvention, and al hwﬁs ‘tﬂe n illedqn thel@art to adapt the synthetic
strategy for the prepar ﬂon of a COITpOlB‘Id to the particulars of the
specific case. The starting conpounds of the fornmulae VII, VIIl and XIl can
be obtai ned by acyl ati ongof am neswf the fornmul ae H2C=CH CH2- NHR2,

HCEC- CH2- NHR2 and R2- NHZ, respectively, with carboxylic acids of the

formul a R1-COOH or reactive derivatives thereof,R8uch as acid chlorides or
anhydri des, where in these% conpounds the groups RlL and R2 are defined as in

t he corrpoun)gs of the fornkilae | andJa and, jn adfNHion, any functional
groups &an/ El-f)ertesgi in/protectls |r_lne{)r i\ the form of precursor
XXVII \ / XXVIII
OR
X
AN
R’ HetA—< XXVI

o]
1 OR
X /\/g X
R*” “Het O

Instead of employing compounds of the formula |b into the cyclopropanation reaction,
also intermediates occurring in the synthesis of the compounds of the formula Ib can
5 be employed, for example the compounds of the formula X which, upon

cyclopropanation of the double bond, yield compounds of the formula XXVI. The

compounds of the formula XXVI can be converted into compounds of the formula le

analogously as outlined above with respect to the conversion of compounds of the

formula X into compounds of the formula Ib. |.e., the ester group in the compounds of
10 the formula XXVI can be reduced to give alcohols containing the group CH,-OH



groups. Conpounds of the forrmulae VII and VIII can al so be obtained by

al kyl ati on of conpounds of the formula XII with an allyl halide or

pr opar gylwbabemd®o248n case RL and R2 together with the NPCDERR@dp0Mé ch
carries themforma ring, conpounds of the fornulae VII, VIII and XIl can

al so be obtained from suitable bifunc Lonal starting conpounds such as from
am no-substituted carboxylic acids bﬁ yclization or from dicarboxylic
acids by conversion into the imdes, for exanple. Conpounds of the fornmnul ae
| and la in which the group Ais a group of the formula Il and the nunbers

g and instead df the gsoup EORniswbichithe Hydrexy group ¢an biicenvertrd gtodhs Het, X,

be’ pr osaV0g FPBRLaRabae Bt badr e SRSk PR el 8857 (e
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whi upo ropanation o ond, 'y conmpounds of the
f or mul eonipdindsT bthedoraulade. o ahbihef synthietic Xiptoach) tee esteny of thedformuia
conpounds, of the forpula |e a_alqgously as outlined above mLtEhrespect to
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reduce I ve al’cohol's containing t group 2- OH nstea he group
COCR, obtaidedcinomitbe lestrexgr mpastipe denvativescthesafestichrasothercarbexylicragidyr oup L2
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the amides can then be reduced to the amines of the formula XXVIII, for example by
means of a complex borohydride or aluminum hydride, and the latter converted into
the compounds of the formula le under standard conditions as explained below in
15 more detail. The groups Het, X, R? and R® in the compounds of the formulae XXV,
XXVII and XXVIII are defined as in the compounds of the formulae | and la and, in
addition, any functional groups can be present in protected form or in the form of
precursor groups. |.e., the group R? in the compounds of the formula XXVIII can
among others be hydrogen. The group R, which can be an alkyl group such as (C;-
20 Cg)-alkyl, and the leaving group L? in the compounds of the formulae XXVI and XXVII
are defined as in the compounds of the formulae Xl and IX. Like the group A in the
compounds of the formulae | and la, the cyclopropane moiety and the CH, moiety in
the compounds of the formulae XXVI, XXVII and XXVIII, as well as in the compounds
of the formula le, can optionally be substituted by suitable substituents, for example

25 alkyl substituents.

The amines of the formula XXVIlI, in which the group R? can have the meanings
indicated above with respect to the compounds of the formulae | and la including
hydrogen, can be converted into compounds of the formula le according to standard
30 procedures for the preparation of amides and lactams. For example, for the
introduction of an acyl group of the formula R'-CO- the amine can be reacted with a

carboxylic acid chloride of the formula R'-CO-Cl or an anhydride of the formula



conmpounds of the fornula le. In another synthetic approach, the esters of
the formula XXVI or the respective carboxylic acids, i.e. the conpounds

whi ch corwei2nodoe248ar boxyl i ¢ aci d group COOH i nst ead of PChEPgE6OpS7GOOR and
whi ch can easily be obtained fromthe esters, or reactive derivatives

t hereof such as the carboxylic acid chlorides, are first converted under
standard conditions into am des which’contain the group CONHR2, or
specifically the group CONH2, instead of the group COOR The am des can
then be reduced to the amnes of the formula XXVIII, 6 for exanple by neans
of a cpCENBoeronifklei ersboxyligianid ofithenfpamutecR -41A0H, whese frethesenver t ed i nt o

bel ow [ANRBPACGE PurTR TN ResliBd 4L 3 BRI TR B ASEBIE"or (e
for nul aed Ye(\ddditiorYlahy dokctiondl brodpsecdtebe ?wlsafﬁ in prdtbeteddommwrds tied farhe
fornulae | and la and,_in addition any functional grQ%?s can be present I n
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procedures for the preparation of am des and 1actans. For exanple, for the

chloroformate or isobutyl chloroformate. The acylation is generally carried in a

solvent such as, for example, toluene, dichloromethane, THF, dioxane, DMF, NMP,

in the presence of a base such as, for example, triethylamine, ethyldiisopropylamine,

15 sodium carbonate, at a temperature from about 0 °C to about 80 °C, for example at
room temperature. In case the group R? is hydrogen, the NH, group in the
compounds of the formula XXVIII can also be incorporated into a ring, as can be
formed in the compounds of the formulae | and la by R and R? together with the
N-CO group which carries them, for example by reaction with an o-halogen-

20 substituted alkanecarboxylic acid derivative such as a 4-chlorobutyric acid derivative
to give a 2-oxopyrrolidin-1-yl ring system or a 5-chloropentanoic acid derivative to
give a 2-oxopiperidin-1-yl ring system, or an «,»-dicarboxylic acid derivative such as
succinic anhydride or phthalic anhydride to give a 2,5-dioxopyrrolidin-1-yl ring system
or a 1,3-dioxoisoindol-2-yl ring system, respectively. As another example, the

25 incorporation of the NH, group in a compound of the formula XXVllla, in which R? in
the formula XXVIIl is hydrogen, into an imidazolidinedione ring system may be
mentioned. For the preparation of respective imidazolidinedione derivatives, a
compound of the formula XXVIllla can be reacted with an isocyanatoalkanoic acid
alkyl ester, which can also be named as alkyloxycarbonylalkylisocyanate, such as an

30 isocyanatoacetic acid (C1-C4)-alkyl ester, i.e. a compound of the formula XXIX in
which the group R can be an alkyl group such as (C4-Cs)-alkyl, for example
isocyanatoacetic acid ethyl ester, in an inert solvent, for example an ether such as



i ntroduction of an acyl group of the fornula RL-CO the am ne can be
reacted with a carboxylic acid chloride of the formula RL-CO-Cl or an
anhydri devof20am®of48r nul a( R1- CO) 20, or with a carboxyl i c PETIER2@b/0037e6 f or mul a
R1- COOH, where in these conpounds the group Rl is defined as in the
conpounds of the fornmulae | and la ana3 in addition, any functional groups
can be present in protected formor the form of precursor groups. The
acylation with an acid of the formula R1-COOH is generally carried out by
means of a activating reagent or coupling reagent as are comonly used in

t he pr éplm gioxanesyr RiMEdersa hgdiacamren suehlorisatpamysiroeaibenetaaive @i i ni des
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(CD), and chloroformc acid al kyl esters such as ethyl chlorofqymate or

i sobutyl chl orof ornate. e acylation is generally carried th sol vent
such as, f)QI‘ exarrpte gll ene, dichloronethane, THF, Al oxa ‘%/F NWVP, in
the preg uch as. for exgnpRe, trHet ne, H

et hyl d| I sopropyl am ne, sodium carbonate, at a tenperature from 'Y)out 0 oC

t o about 80 0C, for exanple roomtenperature. In case the ghoup R2 is
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i ncor por at ed aring, as ca be forned in the conpounds of e Tornul ae
| and la by Rl and R2 together With t h@RN- CO group which cariR@s them for
exanpl e by reaction with an w halygengubstituted al kapecarboxylic acid
derivative such as a 4-chlorobutyric id derivative to give a
2-oxopyrrolidin-1-yl ring systemor a ® chloropentanofc acid |-qier| vative to

give a 2-oxopiperidin-1-yl ring system or an a,wdicarboxyl acid
derivative such as succinic anhyXXiXxde or phthalic anhydﬂlde{ lve a

2, 5-di oxopyrrolidin-1-yl ring system

X
Rs/ \H

The compound of the formula XXX can be cyclized by treatment with an acid or a
base, for with example hydrochloric acid in agueous solution, to give the
imidazolidinedione derivative of the formula If, in which the groups Het, X and R® are

10 defined as in the compounds of the formulae | and la. The groups Het, X and R3in
the compounds of the formulae XXVllla and XXX are defined as in the compounds of
the formulae | and la and, in addition, any functional groups can be present in
protected form or in the form of precursor groups. Like the group A in the compounds
of the formulae | and la, the cyclopropane moiety and the CH, moiety in the

15 compounds of the formulae XXVlila and XXX, as well as in the compounds of the
formula If, can optionally be substituted by suitable substituents, for example alkyl

substituents.

Cyclopropanation reagents, which can be used for converting the compounds of the

20 formulae Ib and X into the compounds of the formulae le and XXVI, respectively,



or a 1, 3-di oxoi soindol -2-yl ring system respectively. As another exanple,
the incorporation of the NH2 group in a conpound of the fornmula XXVIilla, in
whi ch R2 wo 206000238 ul a XXVI 11 is hydrogen, into an i m #exTdPReicoesfiione ring
system may be nentioned. For the preparation of respective

I m dazol i di nedi one derivatives, a coq? und of the fornmula XXVIIla can be
reacted with an |socyanatoalkan0|c ac al kyl ester, which can al so be
named as al kyl oxycarbonyl al kyl i socyanate, such as an isocyanatoacetic acid
(G -C4)-alkyl ester, i.e. a conpound of the formula XXI X in which the
group gerelAatena carbenegr cgbénpldst@ghad@s tethegiaybla bopd; Suéh rexgemse
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be an al kyl g'[ou such as éCr C4)-alkyl. XXVIlla If The co ound of the
forrrul@aﬂ)i‘)it ENREREiA hSW'PPES&ﬁMP"\AXVPthﬁ regardedrasnofiaxolvingra v t h

|
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one derivative of or mu groups Het, X
and R3ethiee, fdeéxamqileadlethyl elteerc onp@hiatmabéd htndarofcarbnn der éxamplel a. The groups

Het , R3 th d f the f | XXX defi ned
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precur sor groups ké the group A In the conpounds the fornulae I' and
| a, thendthe meapeptive triroethyisuifodonibm clHQnde; whighi upanhize atorgid withsa stronge
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subst i §¢@i0AS i.e. the sodium salt of dimethyl sulfoxide which can in turn be obtained from
dimethyl sulfoxide and sodium hydride, provides dimethylsulfoxonium methylide,
which can also be named as dimethyloxosulfonium methylide (cf. Corey et al., J. Am.
Chem Soc. 87 (1965) 1353). This sulfur ylide readily transfers a methylene group

15 CH; onto suitable double bonds to yield the respective cyclopropane derivatives. The

reaction can favorably be performed in an inert solvent, for example an ether such as
tetrahydrofuran or dioxane or in dimethyl sulfoxide, at temperatures from about 0 °C

to about 30 °C, for example at room temperature.

20 Compounds of the formulae | and la in which the group A is a group of the formula Il,
the number q is greater than 1 and the number ris 1, can be prepared analogously to
the above-described processes for the preparation of compounds of the formula Ib,
for example from compounds of the formulae VI and VII, or from compounds of the
formulae VI, IX and XII, or from compounds of the formulae XXIIl, IX and XII, by

25 employing cyclic analogs of the starting compounds of the formulae VIl and IX. As
pointed out above, the group A in the compounds of the formulae | and la can be
substituted by alkyl groups representing the group R* and, like the group A in the
compounds of the formulae | and la, the respective structural moieties in the starting
compounds for their synthesis and in the synthetic intermediates can be substituted

30 by alkyl substituents. If two such alkyl substituents, which are present in vicinal
positions of the double in the starting compounds or intermediates, are formally
linked together by a single bond and together thus represent a divalent alkanediyl or



Cycl opropanati on reagents, which can be used for converting the conpounds
of the formulae Ib and X into the conpounds of the fornmulae le and XXVI,
respect i WED20@&0e248t € a car bene or carbenoi d that adds POTiEHReOMdOME€ bond.
Such reagents include diazo conpounds and dii odonmethane CH212 in the
presence of a zinc-copper couple or q% I nc conmpound such as diethyl zinc,
I.e. the well know Sinmons-Smth reag The Si mmons-Smith

cycl opropanation, which is regarded as not i nvolving a free carbene but a
zinc carbenoid, can be perfornmed in an inert solvent such as an ether, for
exanp! alkylesetspbstituest, theresulting syelicempayais ats slering BPMBRHAES O

dichlo I8

trimet {ﬁ@%‘%@%‘%&@uﬁ% |§c}ﬁﬁ|§1§£? Eﬁ%“i@‘?'@%ﬁ%@a%w c%:f;tp]eé rmulge Ir?grqed as
trimnet ta(btnuq:sru{nﬂersu:xmoombaimdsamdtrtdmobesmuew:btedl atesvey s dditianal um
chloride, which upon treatnent with a stron for ebxarrple an al kal i ne
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deri va&yﬁ&ﬁésusﬂr%é gaftehWlatedncdrmpSindy of the fBrhiReMRihd 1A .arwn.elew isgp! vent,

for exanple an ether such as tetrahydrofuran or di oxane or in dinethyl
sul f oxgmmp eftthe domeulae Uk ean stastiremcaicompound ofibwforgaula¥] andrarcanalpge at
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ris 1boﬁ@i‘s HepNiteea3h BtaiRaluH#byn htorh it acdiealentlakahedigispiitessesnd or
the preparation of conpounds of the fornula_lb, for exanple from corrpounds

of t hetliusrthalidesbla bandiispart oba ayeloalkaneyiit dheranalags obeampeands of the and
X, OforHu?éq)? FIMARY @Qﬁth S|st @Fthfe%o’ﬁ'l’érﬁﬁla@ﬁ uamploﬁnag(?hag bre aycloalkene 1-

carboxylic acid esters such as cyclohexene-1-carboxylic esters, for example. In the
15 analogs of the compounds of the formulae X, the analogs of the respective
compounds containing a CH,OH groups instead of the COOR group, the analogs of
the compounds of the formula XI and the analogs of the compounds of the formula
Ib, which can be obtained as described above, likewise the double bond is part of a
cycloalkene ring which is formed by the said double bond and the divalent alkanediyl
20 substituent. At the stage of the analog of the compound of the formula X, or at the
stage of an analog of a later intermediate, or at the stage of the analog of the
compound of the formula Ib, a hydrogenation of the double bond can be performed

which provides the saturated cycloalkane ring present in the group of the formula Il.

25 The preparation of compounds of the formulae | and la in which the group A is a
group of the formula Il and the number r is 0, can start from suitable intermediates for
the preparation of compounds of the formulae | and la in which the group A is a
group of the formula Il and the number ris 1, which intermediates allow to split off the .
carbon atom which provides the moiety (CH,), in the latter compounds. Suitable such
30 intermediates are the compounds of the formulae XXVI and their ring homologs, i.e.
the afore-discussed analogs of compounds of the formula X in which the double is

part of a cycloalkene ring and in which the double bond has been converted into a



enpl oying cyclic anal ogs of the starting conpounds of the formulae VIl and
| X. As pointed out above, the group A in the conpounds of the fornul ae |
and | a cawmoheo7wbzBi t ut ed by al kyl groups representi ng trhe/EpeadpoR46 and,

i ke the group A in the conpounds of the fornmulae | and la, the respective
structural noieties in the starting E%gpounds for their synthesis and in
the synthetic internedi ates can be s tituted by al kyl substituents. If
two such al kyl substituents, which are present in vicinal positions of the
double in the starting conpounds or internediates, are formally |inked

t oget heinglgybendsby hydragenatiandT akige the prepaistior: pf e@r@npuadapf/mee%mwla@hedi yl

or al ky it e._resulti I r t i ng
compoutis A e avt A% araiddh Sne e dadf TR HUEB als A Compounds
of thenfi@berl ReO bsaimdexamplanie pesvipdenddiehthedannaurdg inwHite the grrpses
descri bed above, an additional hydrogenation step being needed for the
conversion of the double bond to a single bond, for exanple a catalytic
hydrogenation in the presence of palladiumcatalyst such asggal | adi um on
charcoal . Taking the above-descri bed synthQ§}§\pf co undy of the formula
| b from conpounds of the fornulae VI, | X &d X IH l e, the
synthesis of the contenpl ated conpounds of the fornulae | aggd la in which A
is a group of the formulae Il can start froma ound of the formula W
and an anal og of a conmpound of the forrmula I X in ich each of the two
carbon atons of the double bond is substituted by a tgrm nal carbon atom of
a dival ent al kanedi yl substjPuent and thus the doubl e bond is part of a

cycl oal kene ring. The analgﬁs of conpounds of khe formyl a | XOHor the
synt hesi s g}x%he cogisnpldled conpqunds_thgg/are C yﬂ;ken:-l- carboxylic
i , for e?énp

aci d esteRs sudhe exene- 1- car boxyl est ple. In the
anal ogs of the conpounds of the fornulae X, the anal ogs of t@e respective
conpounds containi Nng a CH20H groups instead of Kkxx COOR group, the anal ogs
of the compou of the fornmula XI and the anal ogs of fhe conpounds of the
formul a o i
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I b, which can be obtained as described above, |ikew se the double bond is
part of a cycl oal kene ring which is fornmed by the said double bond and the
di val ent wbkaoreddas substituent. At the stage of the anaiogpredosibiieonpound
of the fornmula X, or at the stage of an analog of a |later internediate, or
at the stage of the analog of the co und of the formula Ib, a

hydr ogenati on of the double bond can e perfornmed which provides the
saturated cycl oal kane ring present in the group of the fornula Il. The

preparation of conpoupds of the fornulae | and la in which the garjoup Ais a
group betohRT & AandRT eradefined aaimbie compgunds otthe formutaer kand Buithebl e

i nter ' f i . la in
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(CH2)r in the latter conmpounds. Suitable such interpediates are the
conpoquﬁJthVﬂﬁé('QQ) tengivesthexsarbaxylic: amds of th‘?gfoﬁﬁH’(ﬁ QS&(J which camgasily

af oree- di . t X ' doubl e
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conpou Ul YRixe qu, P%)g ~anRlL, R2
anchI]rp %ag?gakéﬂﬂgeéd&ggp %hn% ﬂoﬂrghc&onpougggrb%f%tﬁ,g@drw )géem an%/&‘i?'g\{er%ﬁﬁg esters
of t heintethaibcid Xidrideaneaced withoayreehia el giveshercdab oxaronei anditise |dttar

ex le in _an acjd or. a.solution n al kaline metal hydroxide such as
codLnbr el fEhar Pk R bERsRIEE of BB bRRTR 'RrtRnbR e or t ne
for nul gypebfbmifel tdigivanheamihg dithé FeRaflaXedVi The dditf cRiBHae affald el or nul a
XXXI'V contai ni ng one carbon atomfewer. Said transformation can be achi eved

under teastedwithtaroazidesuchaswsidiummzide eofrimethylsidrazidg tmeive theacice
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isocyanate of the formula XXXII or the carbamic acid ester of the formula XXXIII or

15 the amine of the formula XXXIV. The reaction of the acid of the formula XXXI with
hydrazoic acid under the conditions of the Schmidt reaction provides the amine of the
formula XXXIV. A favorable method for the transformation of the acid of the formula
XXXl into the amine of the formula XXXIV or the carbamic acid ester of the formula
XXXIIl comprises the reaction of the acid with diphenylphosphoryl azide

20 (phenyl-0),P(O)-N3, by heating the components, for example to about 80 °C, in an
alcohol, for example tert-butanol, in the presence of a tertiary amine such as
triethylamine. Treatment of the carbamic acid ester of the formula XXXIII, which is
obtained under such conditions, for example with hydrogen chloride or trifluoroacetic
acid in the case of the tert-butyl carbamate, then yields the amine of the formula

25 XXXIII. The groups Het, X and R® in the compounds of the formulae XXXI, XXXII,
XXX and XXXIV are defined as in the compounds of the formulae | and la and, in
addition, any functional groups can be present in protected form or in the form of
precursor groups. The group R in the compounds of the formula XXXIII can be an
alkyl group such as (C1-Cs)-alkyl. Like the group A in the compounds of the formulae

30 1and la, the cyclopropane moiety in the compounds of the formulae XXXI, XXXII,
XXXIIl and XXXIV, as well as in the compounds of the formula lg, can optionally be

substituted by suitable substituents, for example alkyl substituents.



into the acid chloride, reacted with ammonia to give the carboxam de, and
the latter be treated wth an alkali netal hypochlorite or hypobromte, for
exanpl e swOi200Wdae9P8bromite, to give the am ne of the foPGEIER2004)3716 The
acid chloride can also be reacted with an azide such as sodi um azi de or
trinmethylsilyl azide to give the acid,azi de which upon heating, depending
on the reaction conditions, provides ?ﬁe | socyanate of the fornula XXXII or
the carbam c acid ester of the fornmula XXXII1 or the ami ne of the fornula
XXXI'V. The reaction of the acid of the formula XXXI with hydrazoic acid
under the conditions of the Schm dt reaction provides the am ne of the
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and la I'n addition, any functional groups can be present in protected
f or m oabove-mantionechastivatirg teagants oo apsplinphreageots, wRere in theseonpounds  of
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I n the conpounds of the fornu g, can optionally be substituted bK{
sui t abPEpegyEIarigienps  Jush soctigriiHe 9sou/in thawompainsdssofthe faimuasOpkivt he

formul éaﬁ%élch&ﬁBrﬁgd %{Bvaerriﬁ&daé 849 b%qgnﬁé'@ﬂ?th%f c&rnﬁoﬂclr%w fhe'Brmulae |
and la by R' and R? together with the N-CO group which carries them, for example

15 by reaction with an w-halogen-substituted alkanecarboxylic acid derivative such as a
4-chlorobutyric acid derivative to give a 2-oxopyrrolidin-1-yl ring system or a 5-
chloropentanoic acid derivative to give a 2-oxopiperidin-1-yl ring system, or an a,®-
dicarboxylic acid derivative such as succinic anhydride or phthalic anhydride to give a
2,5-dioxopyrrolidin-1-yl ring system or a 1,3-dioxoisoindol-2-yl ring system,

20 respectively, or by reaction with an isocyanatoalkanoic acid alkyl ester, such as an
isocyanatoacetic acid (C1-C,4)-alkyl ester of the formula XXVIV, and subsequent
cyclization of the urea derivative of the formula XXXV, for example in the presence of
hydrochloric acid in an ailcohol such as ethanol, at a temperature of about 60 °C to
about 100 °C, for example at about 90 °C, to give an imidazolidinedione derivative of

25 the formula Ih in which Het, X and R® are defined as in the compounds of the
formulae | and la. The groups Het, X and R® in the compounds of the formulae XXXV
are defined as in the compounds of the formulae | and la and, in addition, any
functional groups can be present in protected form or in the form of precursor groups.
The group R in the compounds of the formula XXXV can be alkyl such as (C4-C4)-

30 alkyl. Like the group A in the compounds of the formulae | and la, the cyclopropane

moiety in the compounds of the formulae XXXV, as well as in the compounds of the



according to standard procedures for the preparation of am des and | actans
as outlined above with respect to the conversion of the conpounds of the
formul ae Wa&\2D07/@m#8SXXVI 1 a i nto the conpounds of the for ROT&P2006/0057d6 | f .
Thus for exanple, for the introduction of an acyl group of the formula
R1-CO the am ne can be reacted with ﬁ%carboxylic acid chloride of the
formula R1-CO-Cl or an anhydride of t formula (R1-CO 20, or with a
carboxylic acid of the formula RL-COOH in the presence of the
above-nentioned activati ng reagents or coupli reagents, where in these
conpoufeamuiath, gapgptirnally qaubﬁwt%@bvrwttal@le@n%pbms dor examplgralylae | and
la and %ﬁ l?g'qktlon any functional groups can be present in protected form
or in tH \‘tormof precursor groups. Just so, the Nhb group in the conpounds
of the forrmula XXXIV can be incorporated into a ring, as can be forrred in

t he conpounds of the fornulae | and |a bt¥1 Rl and R2 together v¥| ? N- CO
group Rrmpeundsaf ke forailae and,la ipwaigh thegeup shisya grPumof the brmula f
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derivative of the formula Ih in which are defined as in the

conpoudyyhesistang lﬂdhﬁﬁva@eltlcamrmgdlmﬁecglh ba@bﬁ@tuxeckbaradmlzsupﬁtltuﬁets
Conpounq\floguc}'n%‘kyjl %ﬁwitﬁgnWich are present in positions 1 and 3 with respect to

each other in the allyl moiety of the starting compounds or intermediates, are formally

15 linked together by a single bond and together thus represent a divalent alkanediyl or
alkylene substituent, the resulting cyclic compounds are starting compounds or
intermediates for the synthesis of the contemplated compounds of the formulae | and
la, and provide such compounds by the processes described above, an additional
hydrogenation step being needed for the conversion of the double bond to a single

20 bond, for example a catalytic hydrogenation in the presence of palladium catalyst
such as palladium on charcoal. Taking the above-described synthesis of compounds
of the formula Ib from compounds of the formulae VI, XVIIl and XII as an example,
the synthesis of the contemplated compounds of the formulae | and la in which A is a
group of the formulae Ill can start from a compound of the formula VI and an analog

25 of a compound of the formula XVIII in which the terminal carbon atom of the double
bond and the CH; group are substituted by a terminal carbon atom of a divalent
alkanediyl substituent and thus the double bond is part of a cycloalkene ring. The
analogs of compounds of the formula XVIII for the synthesis of the contemplated
compounds thus are cycloalk-2-en-1-ols or hydroxyl-protected derivatives thereof,

30 such as cyclohex-2-en-1-ol, for example. In the analogs of the compounds of the
formulae XIX, the analogs of the compounds of the formula Xl and the analogs of the
compounds of the formula Ib, which can be obtained as described above, likewise



are defined as in the conpounds of the formulae | and la and, in addition,
any functional groups can be present in protected formor in the form of

pr ecur sorwroewiwo24¥Fhe group R in the conpounds of the f®CKIPAKDI1€an be
al kyl such as (G -C 4)- alkyl. Like the group Ain the conpounds of the
formulae | and la, the cycl opropane %ety I n the conpounds of the fornul ae
XXXV, as well as in the conpounds of eformula I h, can optionally be
substituted by suitable substituents, for exanple al kyI substituents.
Conpounds of the formulae | and la in which the group Ais a group of the
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substituents. If two such al kyl substituents, which are present in
positions 1 and 3 with respect to each other in the allyl moiety of the

starti ﬂg Oe‘kgfg?ﬁ’éﬂ‘gﬁo% Wltﬂtrééﬁgé' 8RS sy ﬁﬂ"fésfsoéfrfﬁe 'cbdﬂdﬂffé@ deB@‘f&?rﬁulEé! a

single and toget her thus represent a dival ent al kanedi or al kyl ene
subst i thuamd Jc, tateo wéb uespedy tepd Iqtlmerccmrppwmiﬁ efrteesfoanulaagl oinelisding

t t f t t h t he
t orfiL e SoriRauRds St hURRUE. Ree Ak fbaris Bos bR O BRARL L Hattlfy b
above, cgmpadAd WHERhir83dy eemm&eeenarﬁegr&msr@ oeeﬁem&tcyndﬂnasqmwcseson of
the double bond, to a single bond, for exanple a catal ytic hydrogenatlon in
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and to introduce the group R® or the moiety R®-X- at a later stage in the synthetic

15 sequence. As another example of the synthetic variability in the assembly of the
target compounds in the following a procedure for the preparation of compounds of
the formulae Ig and Ih is outlined in which the group R® is introduced in the final step
of the synthesis. According to this procedure, to which all above explanations on the
respective reactions correspondingly apply, a compound of the formula XXV, in

20 which L?is a leaving group as defined above, for example halogen or a sulfonyloxy
group, can be subjected to a cyclopropanation, for example with trimethylsulfoxonium
iodide and sodium hydride as a base as outlined above, to give a compound of the
formula XXXVI which can be hydrolyzed to give a carboxylic acid of the formula
XXXVII. The acid can be transformed into the amine of the formula XXXIX via the

25 carbamic acid ester of the formula XXXVIII, for example by treatment with
diphenylphosphoryl azide in an alcohol such as tert-butanol as outlined above. The
amine can then be converted into the compounds of the formula XL in general, or
can specifically be converted with a compound of the formula XXIX, via the
compounds of the formula XLlI, into the compounds of the formula XLIl, as outlined

30 above with respect to the conversion of the compounds of the formula XXXIV into the
compounds of the formulae Ig and Ih. In the final step the group L3 in the compounds

of the formulae XL and XLII can then be replaced with the group R*-X- to give the



of the fornmula Ib from conpounds of the formulae VI, XVIIl and XI|I as an
exanpl e, the synthesis of the contenplated conpounds of the fornulae | and
la in whiwb2007@woa8group of the fornmulae 111 can start PCoMPaGOHMTouNd of
the formula VI and an anal og of a conpound of the formula XVIII in which
the term nal carbon atom of the doubln.x{= bond and the CH2 group are
substituted by a termnal carbon ato bf a dival ent al kanedi yl substituent
and thus the double bond is part of a cycl oal kene ring. The anal ogs of
conpounds of the formula XVIII for the synthesis of the contenpl ated
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10 The groups Het, R' and R? in the compounds of the formulae XXXVI, XXXVII,
XXXVII, XXXIX, XL, XLI and XLIl are defined as in the compounds of the formulae |



target conpounds in the follow ng a procedure for the preparation of
conpounds of the fornulae Ig and Ih is outlined in which the group R3 is

i nt r oducewloiznodoe24B8i nal step of the synthesis. Accordi ngcrEredicmosnocedur e,
to which all above explanations on the respective reactions correspondi ngly
apply, a compound of the fornmula XXV, %ﬁ which L3 is a | eaving group as
defi ned above, for exanpl e hal ogen or sul fonyl oxy group, can be subjected
to a cyclopropanation, for exanple with trinethylsulfoxoniumiodide and
sodi um hydride as a base as outlined above, to give a conpound of the
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substituents, for example alkyl substituents.

R2 in

15 The amide moiety -N(R?)-CO-R' in the compounds of the formulae | and la, including
the compounds of the formulae Ib, Ic, Id, le, If, Ig and Ih, and in synthetic precursors
thereof can be hydrolyzed under standard conditions to give an amino compound of
the formula XLIII or, depending on the meaning of the group R?, an amino compound

of the formula XLIV.
20
X A 2
3. PZat N X A R
R \Het NH2 R3/ \Het/ \H/
XL XLIV

In the compounds of the formulae XLII and XLIII the groups A, Het, X, R? and R® are
defined as in the compounds of the formulae | and la and, in addition, any functional

25 groups can be present in protected form or in the form of precursor groups. Such
hydrolysis can be carried by treating a compound of the formulae | or la, for example
a compound of the formulae | or la in which the group R is a methyl group and the
group R?is hydrogen, with a dilute acid, for example hydrochloric acid, or an alkali
metal hydroxide, for example a sodium hydroxide solution. In case R' and R?,



XXXV, XXXI X, XL, XLI and XLIl are defined as in the conpounds of the
formulae land Ia and, in addition, any functional groups can be present in
pr ot ect edwPapomdn248n t he form of precursor groups. The @GCHIP2008/0D3716 he
conpounds of the formulae XXXVI, XXXVII1, XXXVII1I, XXX X, XL, XLI and XLI
Is a | eaving group which can be replaﬁfd with the group R3-X-, such as

hal ogen, for exanple chlorine, bromne’ or iodine, or a sulfonyl oxy group,
for exanple trifluoronethanesul fonyl oxy. The group L3 can al so be a
protected formof a |eaving group or atgrecursor of a | eaving group which

i s contegethar with theaNtG@\aragp yrhictp caries thans éytheneorspennd phthecfoamplae b

o a0t oS SEe RatsBhiel drk YRS T RoeBino 8RR e s B BB T, o
conpouhéscothpdilred bptheLfoemflal Xchincdrecenmveriidntly ts pafosned bqsre(aﬁn@nﬂyntal kyl .
Li ke the group A in the conpounds of the formulae | _and I|a,

cycl opRyfaseentaraxampledma Sabvast $ves a@fethﬁeolfmwa@umﬁnamﬁlv to
| | I bl
Sunt | the gekowaanfid sgthetls of SAMBPAsWnel Aot rbabed el 1 22 &

1lin tb@npoup@&loﬁmedbrmhlaef)éxvul aad IX)@(N Iragememalltrthagnnmeompcrpnds]dé of the
formulae Jb, Jc,_ Id, | , lgand Ih, and in.s het| rec s t her eof
b beigytarbnaaosl hand XU, s eBRb Fonarted Bte T ot nd of
the fofd??‘h'u?ae?tér'\(# Ié)én %Q@ \Muﬁﬁletlhf’erﬁ%ﬁté%oﬁf ddh%ngﬁéléoR?fers?dh ani no

conmpound o0 orrru a XLI'V. XLITI XLI'V I'n the corrpounds of the fornmul ae
XLI | acan I&EIdarned]eugammdmg tolsdandatd pRocedureRIornthe preparativnaef amidele

ound of the fornmu and, in_a nctional groups

contth ot ittars e diieclhoer S G b BaRfioh Wil s AR Shioups. “Such
hydr 0' ¥Flofdé ¥ tiRefrdiula RALGY-GIrtadrinydride PO foithua (Rhed)0Mar dsthla or | a,
for exanple a compound of the formul'ae | or la in which the fqroup Rl is a
met hy| cgfibexplicaeidiahghe formula R'-COOH by means of a activating reagent or coupling

reagent as are commonly used in the preparation of amides. Likewise, the NH, group

in the compounds of the formula XLIII can also be incorporated into a ring, as can be

15 formed in the compounds of the formulae | and la by R' and R? together with the N-

CO group which carries them, by the procedures outlined above.

Further compounds of the formulae | and la can be obtained from suitable
compounds prepared according to the above-described processes by

20 functionalization or modification of contained functional groups according standard
procedures, for example by esterification, amidation, hydrolysis, etherification,
alkylation, acylation, sulfonylation, reduction, oxidation, conversion into salts, and

others.

25 All reactions used in the above-described syntheses of the compounds of the
formulae | and la are per se well-known to the skilled person and can be carried out
under standard conditions according to, or analogously to, procedures described in
the literature, for example in Houben-Weyl, Methoden der Organischen Chemie
(Methods of Organic Chemistry), Thieme-Verlag, Stuttgart, or Organic Reactions,

30 John Wiley & Sons, New York. As far as applicable, all starting compounds and
intermediates employed into the above-described syntheses can also be employed in
the form of salts, and all intermediates and final target compounds can also be



group R2 is hydrogen, with a dilute acid, for exanple hydrochloric acid, or
an al kali netal hydroxide, for exanple a sodi um hydroxi de solution. In case
Rl and Rayoagetdoezsswi t h t he N-CO group which carries thegi/EPRo0sles7eonpound
of the formulae | or la forma 1, 3-di oxoi soi ndol -1-yl group (= phthalimdo

group), the conversion into the conp #Ed of the fornmula XLIII can
conveniently be perfornmed by treatnment™wi th hydrazine, for exanple in a
sol vent such as ethanol under reflux, i.e. analogously to the well known

Gabr| el synthesis of amines. As outlined above with respect to the
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conversion into salts, and ot hers. reacti ons use in the
above- timeyedby trepimaptwith oipetrmwea;candopma%ct@g greups of carboxylic acid

groups which can be protected as ester groups, such as tert-butyl esters which can

be deprotected by treatment with trifluoroacetic acid, or benzyl esters which can be
15 deprotected by catalytic hydrogenation. As an example of a precursor group the nitro
group may be mentioned which can be converted into an amino group by reduction,
for example by catalytic hydrogenation. Such synthesis strategies, and protective
groups and precursor groups which are suitable in a specific case, are known to the
skilled person. If desired, the obtained compounds of formulae | and la, as well as
20 any intermediate compounds, can be purified by customary purification procedures,

for example by recrystallization or chromatography.

The compounds of the formulae | and la are useful pharmacologically active, or
pharmaceutically active, compounds which modulate the expression of endothelial

25 NO synthase, and more specifically upregulate, or stimulate, the expression, or
transcription, of endothelial NO synthase, and which can be employed as
pharmaceuticals, or active ingredients of medicaments, for the treatment of various
diseases. In the context of the present invention, treatment is understood as
comprising both therapy, including alleviation and cure, of diseases and disease

30 symptoms and prevention and prophylaxis of diseases and disease symptoms, such
as, for example, the prevention of the appearance of asthmatic disease symptoms or
the prevention of myocardial infarction or of myocardial reinfarction in affected



formulae | and la are per se well-known to the skilled person and can be
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prevention, of diabetes and diabetes complications such as nephropathy or
15 retinopathy, angiogenesis, asthma bronchiale, chronic renal failure, cirrhosis of the
liver, osteoporosis, restricted memory performance or a restricted ability to learn.
Preferred indications are stable angina pectoris, coronary heart disease,

hypertension, endothelial dysfunction, atherosclerosis and diabetes complications.

20 The compounds of the formulae | and la can be used in combination with other
pharmacologically active compounds or pharmaceuticals, preferably with compounds
which are able to enhance the effect of the compounds according to the formulae |
and la . Examples of such other compounds include statins; ACE inhibitors; AT1
antagonists; argininase inhibitors; PDE V inhibitors; calcium antagonists; alpha

25 blockers; beta blockers; metimazol and analogous compounds; arginine;
tetrahydrobiopterin; vitamins, in particular vitamin C and vitamin B6; niacine.

The compounds of the formulae | and la and their physiologically acceptable salts,

optionally in combination with other pharmacologically active compounds, can be
30 administered to animals, preferably to mammals, and in particular to humans, as

pharmaceuticals by themselves, in mixtures with one another, or in the form of

pharmaceutical compositions. Further subjects of the present invention therefore also



skilled person. If desired, the obtained conpounds of fornulae | and la, as
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15 The pharmaceuticals according to the invention can be administered orally, for
example in the form of pills, tablets, lacquered tablets, sugar-coated tablets,
granules, hard and soft gelatin capsules, aqueous, alcoholic or oily solutions, syrups,
emulsions or suspensions, or rectally, for example in the form of suppositories.
Administration can also be carried out parenterally, for example subcutaneously,

20 intramuscularly or intravenously, for example in the form of solutions for injection or
infusion. Other suitable administration forms are, for example, percutaneous or
topical administration, for example in the form of ointments, tinctures, sprays or
transdermal therapeutic systems, or the inhalative administration in the form of nasal
sprays or aerosol mixtures, or, for example, microcapsules, implants or rods. The

25 preferred administration form depends, among others, on the disease to be treated

and on its severity.

The amount of a compound of the formulae | or la and/or its physiologically
acceptable salts present in the pharmaceutical compositions normally ranges from

30 about 0.2 to about 800 mg, preferably from about 0.5 to about 500 mg, in particular
from about 1 to about 200 mg, per dose, but depending on the type of the

pharmaceutical composition it may also be higher. The pharmaceutical compositions



formulae | and la can additionally be used in the treatnent, including
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derivatives, talc, stearic acid or its salts, etc. Soft gelatin capsules and suppositories

15 can comprise, for example, fats, waxes, semisolid and liquid polyols, natural or
hardened oils, etc. Suitable carrier substances for the preparation of solutions, for
example of solutions for injection, or of emulsions or syrups are, for example, water,
physiologically sodium chloride solution, alcohols such as ethanol, glycerol, polyols,
sucrose, invert sugar, glucose, mannitol, vegetable oils, etc. It is also possible to

20 lyophilize the compounds of the formulae | and la and their physiologically
acceptable salts and to use the resulting lyophilisates, for example, for preparing
compositions for injection or infusion. Suitable carriers for microcapsules, implants or
rods are, for example, copolymers of glycolic acid and lactic acid. Besides the
compound or compounds according to the invention and carrier substances, the

25 pharmaceutical compositions can also contain additives such as, for example, fillers,
disintegrants, binders, lubricants, wetting agents, stabilizers, emulsifiers, dispersants,
preservatives, sweeteners, colorants, flavorings, aromatizers, thickeners, diluents,
buffer substances, solvents, solubilizers, agents for achieving a depot effect, salts for
altering the osmotic pressure, coating agents or antioxidants.

30
The dosage of the compound of the formulae | or |la to be administered and/or of a

physiologically acceptable salt thereof depends on the individual case and, as is



their use for the preparation or manufacture of nedi canents for these

pur poses. Furthernore, a subject of the present invention are

phar macewoDcad7/moa¥posi ti ons, or pharnmaceuti cal prepar at iPOCm&EP26UGI0CITIEONPTi Se
an effective dose of at |east one conpound of the fornmulae | or la and/or a
physi ol ogi cal | y acceptable salt thereg and a pharmaceutical ly acceptable
carrier, i.e. one or nore pharmaceutitCally acceptable carrier substances
and/or additives. The pharmaceuticals according to the invention can be
adm ni stered orally, for exanple in the formof pills, tablets, |acquered

t abl et gustgtrmv hasiodee adaptedso tge andividual ¢ieguinstadcesta aglieve an lemlﬂmes

el Foedh TS B8P3 eGSRl T HRERRG o7

be car éh@@l@@nﬂ@é@é&@g@ Wsightandindiddgal sedseHsiver@iss| of thé Aufraruscul arly or
I ntravenously, exanple in the formof solutions for injectjon or

i nf usi éﬂ'm@:tﬂ@ﬁ tg%ateawrétfmﬁfﬂﬁagy padidsisation akaction offthe compainds used,
per gt aﬁmh@ heQRe’ |§|foﬁﬁ1@tﬂb?§[{f6f é)gculre B'HBlo‘?s é%eté\";}) g m??a% ic, on

oi nthren II’lC ures, sprays or ransder na erae
i nhal abhwehether olhet aaﬁve)oompouhds =[s:) adnﬁnimes@dl wsaddxyenm cempasials of mexr es,

or, for exa m cr ocapsul es, nts or

adni ni Sy n%LOT & S@B%'pr?i\sa da%ﬁgg%?ﬁm §b°lbtrp 8%@@&9‘3&@3%’5@& my/kdt ed and
onits T, and/ or

Ts prpRRUb omSodTRN o/Rg 18 RIPRYRGRY. IRl e dndt .3
conposimg/kgto abouteh mg/kga(lgmchraaseabgmerdigmftb@daWelghtBBcappgopmteffer ably

f baut 0. 5 b i |ar f b bout . 200 ny,
per 0o 8aM R SRID e AEB NG AROCE  51n e BRI e destsRIREN S 1t

may al TAeRRIIY D88 can K adiniiSREEN I & 8IndlO HBSS of,| iApavBsLAA! WheRBYgERE from
about O. g t(ljvaboutoago pgrcer:t by wei gh tgqe(;f t he clorrpounds of t@forrml ae |

or |a anupts areeadministereas, stivided into several fior examipiestwaibres euieei on of
individual doses. In some cases, depending on the individual response, it may be

necessary to deviate upwards or downwards from the given daily dose.

15
The compounds of the formulae | and la can also be used for other purposes than
those indicated in the foregoing. Non-limiting examples include the use as
diagnostics, for example the use in methods for determining the activity of endothelial
NO synthase in biological samples, the use as biochemical tools and the use as

20 intermediates for the preparation of further compounds, for example further
pharmacologically active compounds.

Examples

25
Compounds containing a basic group which were purified by preparative HPLC using
an eluent which contained trifluoroacetic acid, were in part obtained in the form of
acid addition salts with trifluoroacetic acid (TFA) which is not depicted in the formulae
in the examples. The compounds were characterized by analytical high pressure

30 liquid chromatography (HPLC) and/or mass spectrometry (MS) and/or nuclear
magnetic resonance spectrometry (NMR). The MS data were obtained by electron

spray ionization (ESI). The HPLC conditions were as follows.



t he pharnmaceutical conpositions can be carried out in a manner known per
se. To this end, one or nore conpounds of the formulae |I or la and/or their
physi ol ogvoapeoe8ept abl e salts together with one or mBCEEPNG6HOTAG | i qui d
pharmaceutical carrier substances (or vehicles) and/or additives (or
auxiliary substances) and, if a conbipati on nedi canent is desired, other
phar macol ogi cal ly active conpounds haVing therapeutic or prophylactic
action are brought into a suitable adm nistration formor dosage form which
can then be used as a pharmaceutical in human or veterinary nedicine. For
the production of pills, tablets, sugar-coated tablets and hard gelatin

oy 2o et HPLECASEEpd atpal S8 4 398y e R EIFEAY BoprgmindTFe ©
Sof t g@ér&hinﬁhgr_ensw FEA2CdIupip drReihsibhe and owceit®r 256 x S0anneaaddle, fats,
waxes, sem solid and liquid polyols, natural or hardened oils, etc.

Sui t abMémiR for ReP3AlYesepasatians, 280 ¢ Sgarnand R Smigyndes ardlytiedlr exanpl e

of %O|alét1ﬁ%ﬁ] igﬁsio[fjr?l%msigﬁ.’tin% of erul sions or syrups are, for exanple,

wat er, ~ physi ol ogr cal iumchl oride solution, alcohols such as ethanol,
gl ycerol, polyols, sucrose, invert sugar, glucose, mannitol, vegetable

ils, etc. i I ible to | hili, th f the f I
o Fetod e B SRBRS bRl e 08 anpaf eBRHARINSH oL Tp, ot ae
resul t hé‘&ah)éﬂﬁ@ﬂpbhéﬂélﬁ%nof 1 Bfééﬁ@hﬁn%ng YPERER A TR difiEhsidis

injection or Infusion. Suitable carri m'crocapsul es, inplants or
rods aamq flowrratec 256l e 50 comcande0 snighingfloy pogparative depardtipnst2%0 1di.Gimmesi des

t he co nd,,or _gonpounds, accor di to.the i.nvention and carrier
subt aﬁiﬁ,ml"ﬁ'@ %M@ﬁl 5%@(’“3@3%8&% tr‘?é‘*@ﬁﬁmé?'so contai n additives such
as, for exanple, fillers, disintegrants, binders, lubricants, wetting

agents, stabilizers, emulsifiers, dispersants, preservatives, sweeteners,
col or alflethod HRALEY Chgoluran snateriak see thaeispreifie examples druent:

ethanol/methanol 1:1 containing 0.1 % diethylamine. Column dimensions and flow
rate: 250 x 50 mm and 50 ml/min for preparative separations, 250 x 4.6 mm and

15 1 ml/min for analytical determinations of retention time.

Method HPLC D: Column material: see the specific examples. Eluent:
heptane/isopropanol 4:1 containing 0.1 % diethylamine. Column dimensions and flow
rate: 250 x 50 mm and 50 ml/min for preparative separations, 250 x 4.6 mm and 1

20 ml/min for analytical determinations of retention time.

Method HPLC E: Column material: see the specific examples. Eluent:
heptane/methanol/isopropanol 5:1:1 containing 0.1 % diethylamine. Column
dimensions and flow rate: 250 x 50 mm and 50 ml/min for preparative separations,

25 250 x 4.6 mm and 1 ml/min for analytical determinations of retention time.

Example 1
1-(3-(6-(2-Fluorophenyl)pyridin-3-yl)prop-2-ynyl)piperidin-2-one trifluoroacetic acid
salt

30



buf fer substances, solvents, solubilizers, agents for achieving a depot
effect, salts for altering the osnotic pressure, coating agents or
ant i oxi damo=wo7five4dosage of the conpound of the fornul aeci/Ereookaoias be
adm ni stered and/or of a physiologically acceptable salt thereof depends on
t he individual case and, as iscustonq#y has to be adapted to the
i ndi vi dual circunstances to achieve opti mum effect. Thus, it depends on
the nature and the severity of the disorder to be treated, and also on the
sex, age, weight and individual responsiveness of the human or animal to be
treated, on the efficacy and dur&4pomaf action of the conpounds used, on
whet her the use is for the therapy jof alacute or chronic disease or
prophyl acti c 6 a‘g‘her ot her 2N e conmpounds are admi nistered in
f e—formilae | or la. In general, a daily dose
ﬂ_io about 100 ng/ kg, preferably from about 0.1 nmy/ kg
to about 10 ng/ , in particular fromabout 0.3 ng/kg to about 5 ng/kg (in
each case ng per kg of bodyweight) is appropriate for adm nistration to an
adult wei ghing about 75 kg in order to obtain the desired results. The
daily dose can be adm nistered in a single dose or, in particular when

Iarger5W(§9@hﬂnaqum®&@mdynﬂ)pvpémhmé@ BH0eng| 198)mn¢é<l 8pbe two,
three or four individual doses.” I'n sone cases, depending on the individual

r esponB®mMo-L- (ﬂafjuq;s@phemé)maldwq,@Sd@gucﬁmpgpmbmd@andd g®f bisom t he

Por Zor faneiRiEen R A ERRIADc Roule due 8 R eFed rE8S mh Br SRnbifin g™ L °CC
exanpl gad the hidard Was stifredsat G0 €s1t8 hsThé solvextwakaetfovedssy i n net hods for

determ ning the activity of endothelial NO synthase in_biological sanples,
the usevaRpBlioRaNd thel refisklesvan gurified By oreraraive Hilds ARBsTd.or ¢ he

DE e PoC AR ENEL DRI 1015, THAY, PRS2 gt her phar ol ol cally

active oun

MS: M+H" = 309.
10
Example 2
1-(3-(6-(2-Fluorophenyl)pyridin-3-yl)prop-2-ynyl)piperidine-2,6-dione trifluoroacetic
acid salt
O
I\ —
N= 0]
15 F
The compound was prepared analogously to example 1 from 599 mg (3.96 mmol) of
1-(prop-2-ynyl)piperidin-2,6-dione. Yield: 130 mg.
MS: M+H" = 323.
20
Example 3

1-(3-(4-(4-Fluorophenyl)thiazol-2-yl)allyl)-1H-pyridin-2-one



Conmpounds contai ning a basic group which were purified by preparative HPLC
using an el uent which contained trifluoroacetic acid, were in part obtained
in the fowozoedé7/meisd addition salts with trifluoroaceti cratirk2¢o&gy7ishi ch is
not depicted in the fornulae in the exanpl es. The conmpounds were
characterized by anal ytical high presiﬂre | i qui d chromat ography (HPLC)

and/ or mass spectronetry (MS) and/or cl ear magneti c resonance
spectronetry (NVR). The MS data were obtained by electron spray ionization
(ESI'). The HPLC conditions were as follows. Method HPLC A: Col umm materi al :

see the specifif exanplesg El uerd  _isQpropanol containing 0.1 % TFA. Col um
di nensi ons @ ale: 250 x 50{mm™and 50 m/mn for preparative
separations, 250=x/4.6 mﬁgw/@@n for anal ytical determ nations of
retention time. Method HPLC B: | u material : see the specific exanples.

El uent: heptane/ net hanol/ethanol 3:1 :1 containing 0.1 % di et hyl am ne.
Col um di nensions and flow rate: 250 x 50 mMmmand 50 ml/mn for preparative

separ ahj 418-FlESpheyifthPornd-chrbaldehipdé or anal ytical determ nations of
retention tine. Bbt hod HPLC C. Columm material: see the specific exanPI es.
o

El uent 5 923Hfommeh phAdIromot144iiuarenhenyd-ethapene tad|3af® 84234 mmol)
di j . . : . ] L. f '
sepd ateogietEutigitdaniie aRte funa B8P3 dhafib 8omRehtiaud for

r Iet ent 12¢nhAlfﬂerreo?bahtkaimg:imelcr&idl@mmemedEWitalethyslam:dtéhtel, ﬂmamisblwalaﬁ anpl es.
El uent: heptane/i sopropanol 4:1 containin .1 % diet m_ne.. Col um

di mensWEFRTilgrgdq \ﬁ"ﬂégé: '%E%IQ W%@V?Hﬁréfﬁi’ggg‘erﬁt?tqﬁi’\?df‘%%et%r@&agh‘{vﬁe

separ at ; n had ' L Ratd of

ot ot TRt BB B SoTBnEr o RUBrEEr oRY 1RPOYIN AU BR I e
El uent tenhpgrature/foed tha kwbposationagfdhe iImistute yielded At2d 0i(88) %). df the ditlet hyl am ne.

COI1Lf)rmcompound.
MS: M+H" = 207.2.

b) 3-(4-(4-Fluorophenyl)thiazol-2-yl])propenal

1 g (4.82 mmol) of 4-(4-fluorophenyl)thiazole-2-carbaldehyde und 1.76 g (5.79 mmol)
15 of 2-(triphenylphosphoranylidene)acetaldehyde were stirred in 40 ml of THF at room

temperature for 5 h. The mixture was evaporated, and the residue was purified by

preparative HPLC (RP18, acetonitrile/water containing 0.1 % TFA). Yield: 743 mg (66

%).

20 c) 3-(4-(4-Fluorophenyl)thiazol-2-yl)prop-2-en-1-ol
692 mg (2.97 mmol) of 3-(4-(4-fluorophenyl)thiazol-2-yl)propenal and 224.5 mg (5.93
mmol) of sodium borohydride were stirred in 50 mi of ethanol at room temperature for
3 h. Water was added, and the mixture was concentrated. The residue was taken up
with water and ethyl acetate. The organic phase was separated and evaporated. The
25 residue was purified by preparative HPLC (RP18, acetonitrile/water containing 0.1 %
TFA). Yield: 280 mg (40 %).

d) 2-(3-Chloropropenyl)-4-(4-fluorophenyl)thiazole
258 pl (3.3 mmol) of methanesulfonyl chloride were slowly added to 265 mg (1.12
30 mmol) of 3-(4-(4-fluorophenyl)thiazol-2-yl)prop-2-en-1-ol and 456 mg (4.5 mmol) of



di nrensions and flowrate: 250 x 50 mMm and 50 ml/mn for preparative
separations, 250 x 4.6 mmand 1 mM/mn for analytical determ nations of

ret ent i orwOiI20@/002danpl e 1 PCT/EP2006/005716
1- (3-(6-(2-Fl uorophenyl)pyridin-3-yl)prop-2-ynyl) pi peridi n-2- one
trifluoroacetic acid salt544 ng (3.96 ) of

1- (prop-2-ynyl) pi peridin-2-one, 500 (1.98 mmol ) of 5-

brono- 2- (2-fl uorophenyl ) pyri di ne, 38 ng of copper(l)iodide and 139 ny of

bi s- (triphenyl phosphane) pal | adi un(l1)chloride were dissolved in 20 nl of
tri et hiyiethlamingia thel of dichiaromethane at praterppedtufecandthe mpdéreswasent was

renoveg. radgl o ' ' ] r a3t LC
(e 16 R 3R A 8P Bl TR peGte B e Wepknd BBTIRAI i i
= 309. eftradted with a sodidnf hjdregenpadionary soldtion Evapuraiion whiHeobr@nicli ne”.
-dione trifluoroacetic acld salt The conpound was prepared anal ogously to
exanpl Bhasg yigldesodBGamg of the titlegiompeund. ( pr op- 2- ynyl ) pi peri di n- 2, 6- di one.
Yielgd: 130 ng. Ms: M+H+ = 323. Exanple 3
1- (3-(4- (4-Fl uorophenyl)thiazol-2-yl)allyl)-1 H pyhdin-2-onea)
4- ( 4- Fepoi(Byi4<€asAIndiophzolBthtazoh2bd)alighyidd-pyriding2dné4 mmol ) of
2-bronp-1-(4-fl uorophenyl) - et hanone 3.76 23. 04 I f
5 5. o1 23 aRgr P BdaOA RS diEndalrde, BB Yern Toodral ol Wers aukd S 6 dbimg
t enper g -oidiR12-6R8 HEBIHRSH IAF. THE rhikflire Wpad'Stfréieat Ribrti th ethyl
acet atgfyztiﬁééleﬂs?gﬂm)?@sd'mrg ?iﬁftgerecf [g'?f and t er firlt ratre wag%evaporat ed.
The obtemperdtuxedomi h( 92:mgXO.\BﬁsTle‘tdl)r<per}(&vthon5prop’en¢lD—4a@et one, 50 m of
vvat1ebr ﬁ‘ﬂlgro;lahgnyl%iazzlslleh\)(/glr’eoggcligé,' and* ﬁ\'edm%}turréov(s)/g]s stirred at room temperature
for another 4 h and subsequently at 50 °C for 2 h. After concentrating, water was
added and the product was extracted with ethyl acetate. The organic phases were
evaporated and the residue was purified by preparative HPLC (RP 18,
acetonitrile/water containing 0.1 % TFA). Yield: 26 mg (23 %).
15 MS: M+H" = 313.0. As a by-product, 8 mg of 2-(3-(4-(4-fluorophenyl)thiazol-2-
yhallyloxy)pyridine were obtained.

Example 4
3-(3-(4-(4-Fluorophenyl)thiazol-2-yl)allyl)imidazolidine-2,4-dione

O

20

The compound was prepared analogously to example 3e) from 92 mg (0.36 mmol) of
2-(3-chloropropenyl)-4-(4-fluorophenyl)thiazole and 54.4 mg (0.54 mmol) of

25 imidazolidine-2,4-dione. Yield: 31 mg (27 %).
MS: M+H" = 318.2.

Example 5
1-(3-(4-(4-Fluorophenyl)thiazol-2-yl)allyl)pyrrolidine-2,5-dione



tenperature for 4 h. Evaporation of the mxture yielded 4.22 g (88 % of
the title conmpound. Ms: MrH+ = 207.2. b)

3- (4- (4- Avoapopiveagl ) t hi azol -2-yl]) propenal 1 g (4.82 nrOIN)EPRG06/005716

4- (4-fl uorophenyl)thiazol e- 2-car bal dehyde und 1.76 g (5.79 nmmol) of

2- (triphenylphosphoranylidene)acetaldg yde were stirred in 40 m of THF at
roomtenperature for 5 h. The m xture s evaporated, and the residue was
purified by preparative HPLC (RP18, acetonitrile/water containing 0.1 %
TFA). Yield: 743 ng (66 c) 3-(4-(4-Fluorophenyl)thiazol-2-yl)prop-2-en-1-ol
692 ng (2.97 mmol) of 3-(4-(4-fluorophenyl)thiazol-2-yl)propenal and 224.5
myg (5.93 nmmol ) of sodi um bor ohydr{ de were stirred in 50 m of ethanol at
roon1tenpergtur A 3/h7Swat er ded, and the m xture was

concentrate eS|~ue—mas t aken up mnth wat er and ethyl acetate. The
or gani ¢ phase separMie Bporat ed. The residue was purified by
preparative HPLC (RP18, acetonitrilefwater containing 0.1 % TFA). Yield:
280 ng (40 %9 . d) 2-(3-ChloropropenylQ-4-(4-fluorophenyl)thiazole 258 n
(3.3 mmol ) of nethanesul fonyl chloride were slowy added to 265 ng ( 1.12
mmol ) of 3-(4-(4-fluorophenyl)thiazol-2-yl)prop-2-en-1-ol and 456 ng (4.5

I I d
the. i SPeRRpUrBWas pldhatld SnaRlagls Vo BHIRRS i 106G SORS AIE 27
t he WekMﬁwchldlepmthW)&‘r WatluerophenyBithiaddld aad $1608 ty (0/47 egeohafbonat e

sol ution vapqration of the organic phase yielded 280 ng of the title
corrpouHHm'@'”gZ(%d(o&e( Nlgldyét Uﬂﬁ&ﬂ/?/‘))t hi azol -2-yl)allyl)-1 Hpyridin-2-one
23.7 |9 g0f sodium hydride (55 %in mneral oil) were added to
60. 4 ”‘Még&n Iﬂ IrnfPﬂoof 1H pyridin-2-one in 8 n of DVMF. The m xture was
stirred at room

Example 6
10 1-(3-(6-(4-Fluorophenyl)pyridin-3-yl)allyl)piperidine-2,6-dione trifluoroacetic acid salt

a) 3-(6-(4-Fluorophenyl)pyridin-3-yl)acrylic acid methyl ester

15 A mixture of 2980 mg (12.31 mmol) of 3-(6-bromopyridin-3-yl)acrylic acid methyl
ester, 2067 mg (14.77 mmol) of 4-fluorophenylboronic acid, 138.2 mg (0.61 mmol) of
palladium(ll)acetate, 322.9 mg (1.23 mmol) of triphenylphosphane and 14.7 ml of a
1M sodium carbonate solution in 73 ml of toluene and 20 mi of ethanol was heated
under reflux for 1.5 h. After cooling, the mixture was poured onto water and extracted

20 with ethyl acetate. The organic phases were evaporated and residue purified by
chromatography (silica gel, n-heptane/ethyl acetate 5:1). Yield: 2.4 g (76 %).

b) 3-(6-(4-Fluorophenyl)pyridin-3-yl)prop-2-en-1-ol
520 mg (2 mmol) of 3-(6-(4-fluorophenyl)pyridin-3-yl)acrylic acid methyl ester were
25 dissolved in 40 mi of dichloromethane and cooled to -70 °C. Under argon, 4.65 ml of

a 1M solution of diisobutylaluminum hydride in hexane were slowly added. The



tenperature for 1 h, 92 ng (0.36 mml) of 2-(3-chl oropropenyl)-4-(4-

fl uorophenyl)thiazol e were added, and the m xture was stirred at room

t enper at We 2b@vooe2#8t her 4 h and subsequently at 50 0C f ®@CTEPRO06AIITeS
concentrating, water was added and the product was extracted with ethyl
acetate. The organi c phases were evap%at ed and the residue was purified by
preparative HPLC (RP18, acetonitrile/Water containing 0.1 % TFA). Yield: 26
ng (23 %. Ms: MrH+ = 313.0. As a by-product, 8 ng of
2-(3-(4-(4-fluorophenyl)thiazol -2- yl)allyloxy) pP/ri di ne were obtai ned.
Exanpl mixture was stirred at -70 °C for 3 h, quenched with a solution of sodium sulfate, and

compoultariizd egR ERbe ke e iatd er GELETHR oReBB ThaSOWR® ol o
2- (3- chéparapdacd vapdrated. fYigier apbeny (98 bhyazol e and 54.4 ng (0.54 nmmol) of
I m dazolidine-2 4-dione. Yield: 31 ng (27 %9. Ms: MtH+ = 318.2. Exanple 5

1- (3- (M MEGARbheny! ) t hi azol - 2-yl ) al Iyl ) pyrrol i di ne- 2, 5- di oneThe
con?und was prepared anal ogously to exanple 3e) from 100 ng (0.39 mmol) of
2- (3-chl or opropenyl ) -4-(4-fl uorophenyl )thiazole and 46.8 ng (0.47 mmol ) of

pyr r ol tyib4(8-Chidropiromeny)¥2- ¢4 dluc2dphanyl)pyridthe M5: MrH+ = 317.0. Exanple 6
tri 71 ubsb et § o & avethapeatiiany sbierb BRSO RLBOPT) acryl i ¢ aci d
3 (o, oiineniie S g AR Rt Mot PR g Svpmep ety o
4-f | uoobaik6Y9 Img (67 ¢ ramiot), of 1BSthylamainéOn @0 mhaf dickibromethane. The mixture
10 was stirred at room temperature for 6 h and extracted with a sodium
hydrogencarbonate solution. The organic phase was evaporated to yield 550 mg of

the title compound. MS: M+H" = 248.1.

d) 1-(3-(6-(4-Fluorophenyl)pyridin-3-yl)allyl)piperidine-2,6-dione trifluoroacetic acid
15 salt
20.9 mg (0.48 mmol) of sodium hydride (565 % suspension in mineral oil) were added
to 35 mg (0.31 mmol) of piperidine-2,6-dione in 5 ml of DMF, and the mixture was
stirred at room temperature for 1 h. 64 mg (0.25 mmol) of 5-(3-chloropropenyl)-2-(4-
fluorophenyl)pyridine were added, and the mixture was stirred for 1 h and allowed to
20 stand overnight. After concentrating, water was added and the product was extracted
with ethyl acetate. The organic phases were evaporated and the residue was purified
by preparative HPLC (RP18, acetonitrile/water containing 0.1 % TFA). Yield: 10 mg
(9 %).
MS: M+H" = 325.0.
25
Example 7
1-(3-(6-(4-Fluorophenyl)pyridin-3-yl)allyl)piperidin-2-one trifluoroacetic acid salt




pal I adi un(ll)acetate, 322.9 ng ( 1 .23 mml) of triphenyl phosphane and 14.7
m of a 1M sodi um carbonate solution in 73 m of toluene and 20 m of

et hanol wae 2b@awerisunder reflux for 1.5 h. After cool i n@CTIEPRONGIORI7UE € WaS
poured onto water and extracted with ethyl acetate. The organi c phases were
evaporated and residue purified by chéé)mat ography (silica gel,

n- hept ane/ et hyl acetate 5:1). Yield: 4 g (76 %9. b)

3- (6-(4-Fl uorophenyl ) pyridin-3-yl)prop-2-en-1 -ol 520 ng (2 mol ) of
3-(6-(4-fluorophenyl)pyridin-3-yl)acrylic acid nethyl ester were dissolved
in 40 m of dichloronethane and cooled to -70 C. Under argon, 4.65 m of a

IM solution of dijsobutyla 1 r|de| e | o .
Then 1 0 Gone DR Hehered FhaleBahiorelun B aan B 5 e 46 BRAGH
sodi umpspibeAdia-2-ane amirgmdw 4 P8l &MBe3atMbRPropémyl)-Didt rati on over
Celite, Nhe or gani ¢ _phase \A%tag) segargt ed and evgpgéa[ge)d Yield: 430 nmg (93
% MB: ﬂWIHHPheQﬂ@PYI'det)Y'%U(Q ragl(eohr openy! ) - 2- (4- f | uor ophenyl ) pyri di ne 436
| )+ of hanesul fonyl chloride were slowy added at room
eng'gr&éulri@ I%lo geérg (2.24 mol) of
3-(6-(4-fluorophenyl)pyridin-3-yl)prop-2-en-1- ol and 679 ng (6.71 nmmol) of
triethylamne in 20 m of dichloromethane. The m xture was stirred at room
t enper XamPlg8r 6 h and extracted with a sodi um hydr ogencar bonat e sol uti on.

The or ggg é@ (B%Q?rdﬁﬁ%n%ﬁﬂﬂlﬁt§§il)él@l)}fhﬂla§oﬁ’cﬁﬂe 04 Yiordd Giffubkddtetiemaynd. M.

1 (3 (6alt 4- Fl uor ophenyl ) pyridin-3-yl)allyl)piperidine-2, 6-di one
trifluoroacetic acid salt 20.9 ng (0.48 muol) of sodi um hydride (55 %
suspension in mneral oil) were added to 35 ng (0.31 nmol) of

pi peridine-2,6-dione in 5 mM of DMHand the m xture was stirred at room
tenperature for 1 h. 64 mg (O. %5 nid of 5-(3-chl oropropenyl)-2-(4-

O~

The compound was prepared analogously to example 6d) from 48 mg (0.48 mmol) of

imidazolidine-2,4-dione and 99 mg (0.4 mmol) of 5-(3-chloropropenyl)-2-(4-
15 fluorophenyl)pyridine. Yield: 24 mg (14 %).
MS: M+H" = 312.0.

Example 9
1-(3-(6-(4-Fluorophenyl)pyridin-3-yl)allyl)pyrrolidine-2,5-dione trifluoroacetic acid salt

20
AYe 'Oﬁ
M \NA/>_\\_/N o]

The compound was prepared analogously to example 6d) from 47.5 mg (0.48 mmol)

of pyrrolidine-2,5-dione and 99 mg (0.4 mmol) of 5-(3-chloropropenyl)-2-(4-
25 fluorophenyl)pyridine. Yield: 51 mg (30 %).
MS: M+H"* = 311.0.



fl uor ophenyl ) pyri di ne were added, and the m xture was stirred for 1 h and
all owed to stand overnight. After concentrating, water was added and the
product WO 2e6te0e¥Bed with ethyl acetate. The organi c pRETEP2006/085716
evaporated and the residue was purified by preparative HPLC (RP18,
acetonitrile/water containing 0.1 %Tg@). Yield: 10 ng (9 9. M5 MtH+ =
325.0. Exanple 7 1-(3-(6-(4-Fluorophenyl)pyridin-3-yl)allyl)piperidin-2-one
trifluoroacetic acid saltThe conpound was prepared anal ogously to exanpl e
6d) from47.5 ng (0.48 mml) of piperidin-2-one and 99 ng (0.4 mmol) of

5- ( 3- chkample d@enyl ) - 2- (4- fluorophenyl)pyridine. Yield: 8 mg (5 %. MG
> (5. (S eASHH IRy Fayidiazarialyhimidespidine 2. sions rlugropos i aeid
triflugapacetic acid salt The conpound was prepared anal ogously to exanpl e
6d) from48 ng (0.48 mml) of im dazolidine-2,4-dione and 99 ng (0.4 nmmol)
of 5-(3-chl oropropenyl)-2-(4- fluorophenyl)pyridine. Yield: 24 ng (14 9.
M5: MrH+ = 312. 0. Exanple 9

1- (3-(6-(4-Fluorophenyl)pyridin-3- i al lyl)pyrrolidine-2,5-di one
trifluoroacetic,acid sgkt.The oungl was prepared anal ogously to exanpl e
6d) from 47 O\ 48/ o of PYK i di ne-2,5-dione and 99 ng (0.4 nmol)

| ugrophenyl ) pyridine. Yield: 51 my (30 %.

400 mg (1.59 mmol) of 2-bromo-5-(4-fluorophenyl)pyridine, 335 mg (2.39 mmol) of 3-
allylimidazolidine-2,4-dione, 88 mg (0.39 mmol) of palladium(li)acetate and 119 mg
(0.39 mmol) of tri(ortho-tolyl)phosphane were dissolved in a mixture of 5 ml of

10 triethylamine, 10 ml of acetonitrile and 2 ml of DMF and heated at 90 °C for 6 h. The
solvent was evaporated, the residue taken up in water and extracted with ethyl
acetate. The organic phases were dried and evaporated, and the residue was
purified by preparative HPLC (RP18, acetonitrile/water containing 0.01 % TFA).
Yield: 23 mg.

15 MS: M+H" = 312

Example 11
3-(3-(6-(4-Fluorophenyl)pyridin-3-yl)allyl)-5,5-dimethylimidazolidine-2,4-dione
trifluoroacetic acid salt
20
H

500 mg (2.0 mmol) of 5-bromo-2-(4-fluorophenyl)pyridine, 588 mg (3.5 mmol) of 3-

allyl-5,5-dimethylimidazolidine-2,4-dione, 112 mg (0.5 mmol) of palladium(il)acetate
25 and 152 mg (0.5 mmol) of tri(ortho-tolyl)phosphane were dissolved in 5 ml of
triethylamine heated at 90 °C for 1 h. The solvent was evaporated, the residue taken



3-(3-(5-(4-Fl uorophenyl)pyridin-2-yl)allyl)imdazolidine-2,4-dione
trifluoroacetic acid salt 400 ng ( 1 .59 nmol) of

2- br ono- SWO2047090248phenyl ) pyri di ne, 335 ng (2.39 nmol ) ®CTEP2006/005716

allyli mdazolidine-2,4-dione, 88 ng (0.39 mmol) of palladiun(ll)acetate and
119 ng (0.39 mmol ) of tri(ortho-tolyl%fhosphane were dissolved in a mxture
of 5 mM of triethylamne, 10 mMl of acetonitrile and 2 mM of DM and heated
at 90 Cfor 6 h. The solvent was evaporated, the residue taken up in water
and extracted with ethyl acetate. The oa%Pnic phases were dried and

evapor up duwateranchextragied withetbybaeetates d heyorgasisathases wveipldriqdene,
gg;grg&%drﬁe‘@ta% QP &h0L Wap Mrie By Pepalafivepte (Rp1dS M = 312.

3- ( 3- (&céténittilsavateheontalrig 000 NYBTFA) aYiew: 759, mgdi et hyl i m dazol i di ne- 2, 4-d
ione trifluorpacetic acid salt 500 ng (2.0 mmol ) of

5- bronMszl\ﬂﬁHf Flﬁﬂf%phenyl )pyridine, 588 ng (3.5 mmol ) of 3-

al | )é -5, 5-di met hyl i m dazol i di ne-2, 4-di one, 112 ng (0.5 mmol) of

pal I'adi un(11)acetate and 152 ng (0.5 muol ) of tri(ortho-tolyl)phosphane
wer e dEgswipleed2in 5 ml of triethylanm ne heated at 90 OC for 1 h. The

sol ven S ated, the residue. takenyp.in water a xtracted with
oyl a8 Ui PphRnYapTaR IRy iy 2 B QR U SR dr BN ancl ¢ he

resi dugifif@fodtidticidcifisdy preparative HPLC (RP18, acetonitrile/water
containing 0.01 % TFA). Yield: 750 nmg. Ms: MtH+ = 340. Exanple 12
3-((E)-3-(6-(4-Fl uorophenyl am no) pyridin-3-yl)allyl)imdazolidine-2,4-di one
trifl uoroac%ti c acid salt

H
N

a) (5-Bromopyridin-2-yl)-(4-fluorophenyl)amine

10

5 g (21.1 mmol) of 2,5-dibromopyridine, 4.4 ml of 4-fluoroaniline, 4.10 g (42.3 mmol)
of sodium-tert-butanolate, 200 mg (0.8 mmol) of palladium(lt)acetate and 200 mg
15 (0.3 mmol) of R-(+)-BINAP were dissolved in 60 ml of dioxane and stirred at reflux
temperature for 1 h. The mixture was poured into ice-water and extracted with ethyl
acetate. The organic phases were dried and evaporated, and the residue was
purified by column chromatography (silica gel, n-heptane/ethyl acetate 5:2). Yield:
2104g.
20
b) 3-((E)-3-(6-(4-Fluorophenylamino)pyridin-3-yl)allyl)imidazolidine-2,4-dione
trifluoroacetic acid salt
The compound was prepared analogously to example 11 from 300 mg (1.12 mmoil)
of (5-bromopyridin-2-yl)-(4-fluorophenyl)amine, 276 mg (1.97 mmol) of 3-allyl-5,5-
25 dimethylimidazolidine-2,4-dione, 63 mg (0.28 mmol) of palladium(ll)acetate and 86
mg (0.28 mmol) of tri(ortho-tolyl)phosphane in 3.75 ml of triethylamine. Yield: 17 mg.
MS: M+H" = 327.



a) (5-Bromopyridin-2-yl)-(4-fluorophenyl)amne 5 g (21 .1 nmol) of

2,5-di bronmopyridine, 4.4 m of 4-fluoroaniline, 4.10 g (42.3 mol) of

sodi umt evO-2pev@mIBat e, 200 ng (0.8 nmol) of pall adi un( PCr&Peesoes’and 200
ng (0.3 mmol ) of R-(+)-BINAP were dissolved in 60 m of dioxane and stirred
at reflux tenperature for 1 h. The mxfure was poured into ice-water and
extracted with ethyl acetate. The or i ¢ phases were dried and evapor at ed,
and the residue was purified by columm chronmat ography (silica gel,

n- hept ane/ et h acetate 5:2). Yield: 2.104g. b)

3-((B) Ezample ;1/13 Fl uor ophenyl am no) pyri di n-3-yl)al lyl )i m dazol i di ne- 2, 4-di one

triflu i i T r r I exanpl e
11 f rO%(3—85—?%{1%%pﬂfégm@ﬁ}%}ﬂ%@ﬂ%%ﬁdﬂ-f%ﬂee(ﬂﬂﬁ&%aegf?&'§t:m {4t
(5-bromopyridin-2-yl)-(4-fluorophenyl)amne, 276 ng ( 1.97 mmol) of
3-allyl-5,5- dinethylimdazolidine-2,4-dione, 63 ng (0.28 nmol) of
pal I adi un(I | )acetate and 86 ng (0,28 ) of th(ortho-tolyl)phosphane in
= : . M5: MrH+ = 327. Exanpl e 13

I 1yl)-1 H pyridin-2-one

, ' was prepared anal ogously to exanpl e
11 from 323 ng (2.39 mml of 1 allyl-1 Hpyridin-2-one. Yield: 8 ng. M
MrHE = 307. Exanple 14
(E) 3- &2 (6-(2,4-Difluorophenyl)pyridin-3-yl)cycl opropyl)in dazolidine-2, 4-
di one &he @Emnpu@d vm@ntqgare@nana ushctoyiampleild fiemhsd3 egr@3%mmel) g

(27.12 Ig e ar bal dehyde were dissolved in 50 m of
THF. 90%" - 'P@i' lﬁélg ? ‘phenyl phosphor anyl i dene) acetic acid

met hyl N@WH = 307.

10 Example 14
(E)-3-(2-(6-(2,4-Difluorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione

O O
F = ANJ( F = NJ<
| NH | NH
\N O//\'\/ d \ O//\-\/
an

/

15 a) (E)-3-(6-Bromopyridin-3-yl)acrylic acid methyl ester
5.045 g (27.12 mmol) of 6-bromopyridine-3-carbaldehyde were dissolved in 50 ml of
THF. 9.068 g (27.12 mmol) of 2-(triphenylphosphoranylidene)acetic acid methyl ester
were added and the mixture was stirred at RT for 4 hours. After evaporation, the
residue stirred with methanol and the solid was filtered off. The filtrate was

20 evaporated and the residue was purified by chromatography (silica gel, ethyl
acetate/n-heptane 1:4). Yield: 5.01 g (76.3 %)
MS: M+H" = 242.02.

b) (E)-3-(6-(2,4-Difluorophenyl)pyridin-3-yl)acrylic acid methyl ester



were added and the m xture was stirred at RT for 4 hours. After
evaporation, the residue stirred with nethanol and the solid was filtered
of f. The WDI2007a108248a2s evapor at ed and the resi due was puPCTIEPAGP05716
chromat ography (silica gel, ethyl acetate/n-heptane 1:4). Yield: 5.01 g
(76.3 %9 NMs: MrH+ = 242.02. b)
(E)-3-(6-(2,4-Difluorophenyl) pyridi n-%gyl Jacrylic acid nethyl esterl.0 g
(4.13 mol) of (E)-3-(6-bronopyridin-3-yl)acrylic acid nmethyl ester, 782.8
(4.95 mmol ) of 2,4-difluorophenyl boronic acid, 108. 4£ (0.413 mml) of
eL

T, o) S Red BimmeD ofdEb8-(ubromnaoyrisn iyacndict adie amethy) eaget, Z62-Bm & 75 g

wator ChaemBpyh 2 ERrGRRbABHE 2 104 e (Gl efinedl 8 evapor aced
and t hﬁlp‘n@hyﬁm@sdhéﬁ@M@QB In;i%(@tzhﬁﬁfdl) ofhallatrmi(ipadetaie and hizdy (5.8 ori de

t he partlal g sa onlfled ester was re- esterlfled Af ter evaporation,
8

t he crm!'éobp %H”\Aﬁ%’ BU?ﬁef\fV@@ slirred vk @f sigxanerndg ﬁ@éﬁiﬁfﬂf‘ﬂ%/ wat er
t Y
(C(I;;] 5? ?Edz%z 4- E@Z%hhgﬁéﬁ? pyT I dvr%@?é?ﬁ r?igganeca%box%{ c acid

met hyl dssbhled4ﬂ&1eﬁhagol( BY tré%ﬂrrmmbknbthctmdnyl ohﬂbhdda $he banmﬂytslapondlede and

77. 24 é 77 mmol ) of sa\;:l dride &St??p%ln mneral oil) . we ({)wmxed
under Eﬂ?t Y Gsteravas ipretasifiegy A eé? anqrﬁgo rdG PIPEIEYARR Wiflg

added, gffin r | n. 406
o (1o AOGBY (RF B A it ali cotailing 0.0 ?Jﬁ%ﬁ%‘%““‘f%@?ﬁ. :
acid nehyl ester in 6 nl of dry DMSO were slow y added, and the m xture

t or After hydrolysis with ice water the nixture was
ext1r0; l"[;%ei\%'ff' eé%épgacet ate. The organic |ayer evaporated and residue
purified by chromatography (RP18, acetonitrile/water containing 0.1 % TFA).

Yield: 161
C) (E)-2n-?6-(2,4-Dif|uorophenyl)pyridin-3-yl)cyclopropanecarboxylic acid methyl ester

438.2 mg (1.99 mmol) of trimethylsulfoxonium iodide and 77.24 mg (1.77 mmol) of
sodium hydride (55 % in mineral oil) were mixed under an argon atmosphere. With
15 stirring 4 ml of dry DMSO were slowly added, and the mixture was stirred for 30 min
to give a clear solution. 406 mg (1.475 mmol) of (E)-3-(6-(2,4-difluorophenyl)pyridin-
3-yhacrylic acid methyl ester in 6 ml of dry DMSO were slowly added, and the
mixture was stirred for 1.5 h. After hydrolysis with ice water the mixture was extracted
with ethyl acetate. The organic layer evaporated and residue purified by
20 chromatography (RP18, acetonitrile/water containing 0.1 % TFA). Yield: 161 mg
(37.7 %).
MS: M+H* = 290.10.

d) (E)-2-(6-(2,4-Difluorophenyl)pyridin-3-yl)cyclopropanecarboxylic acid

25 161 mg (0.557 mmol) of (E)-2-(6-(2,4-difluorophenyl)pyridin-3-
yl)cyclopropanecarboxylic acid methyl ester were stirred with 26.66 mg (1.11 mmol)
of lithium hydroxide in 10 ml of THF and 2 ml of water at room temperature for 5 h.
After evaporation the mixture was acidified with hydrochloric acid and extracted with
ethyl acetate to yield 186 mg of the title compound (containing some salt).

30 MS: M+H" = 276.05.

e) (E)-2-(6-(2,4-Difluorophenyl)pyridin-3-yl)cyclopropylamine trifluoroacetic acid salt



(37.7 %9. Ms: MrH+ = 290.10. d)
(E)-2-(6-(2,4-Difluorophenyl)pyridin-3-yl)cycl opropanecarboxylic acid 161
ng (0. 55Worod7)000f48( E) - 2- (6- (2, 4-di f | uor ophenyl ) pyri di nPBI/EP2006/005716

yl ) cycl opropanecar boxylic acid nethyl ester were stirred with 26.66 ng ( 1
.1 1 nmmol) of lithium hydroxide in 10 (Sd of THF and 2 ml of water at room
terrperature for 5 h. After evaporatlo the m xture was acidified with
hydrochl ori ¢ acid and extracted W|th et hyI acetate to yield 186 ng of the
title conpound (containing sone salt). Ms: MrH+ = 276.05. e)

(E)-2-263 (g @ mm@r)@érﬁsh%(ﬁp@ﬁ dlfhtosoghgrw%va@no%yl)ayﬁlmronaner uor oacetic

acid s 0- f

(5) 2" FupSE B TRR SRR Bmol o hpsphespliond. aride g AR ¥ 382

764. 6 mindI of Bictmpamire wérepheawdnhmlmowterazutdﬁoaunhé%ﬂuk fér28 aaumml ) of
triethylam ne were heated in 20 of tert-butanol under reflux fo

hour s. Thaanixiuge was @W@%@@ﬁ@mm r&swwmgmnbwteéa@oewatqﬁew@r and
tr t félaaétﬁf dth
g)l;t é;?ﬁ%@%%é&gte(e 6°©%§ Caﬁ%sfel uor op% ﬂqq?pyrl | tnﬁ%&? cyc ({)Jgtre ;]car bgm' C
acid tﬁﬂ-dlﬂl.lqrbpleem&)pywdm 3{w)cyeldpmpylh)cérb1dmnfadﬂcﬂ)tér&-butyﬂ bstmrr@msestlmechci d at
t t f t h RP18,
oot orPiR B REeRPE SaheapRrells 454 BIGemISTIer Ut SBRERITRBi0) of the

t't'e (REQ le/wat t 0.1 % TFA
(5 ( (e STRELRH by Shuolftbormphy (RS, abetonitrlefivator containing 6.1, % TE et i ¢

acid eyibidedetZ&amgﬁl@m%1)g)f(tbeslﬂemm1lpowfd i socyanat oacetic acid ethyl ester

dd 123 ng (0.34 mmol ) of
(E)sz-w& '3 e%% g‘?ophenyl )pyridin-3-yl)cycl opropyl am ne trifluoroacetic
acid salt and 190 M ( 1.37 mml) of triethylamne in 5 mM THF at room

f) (3-((E)-2-(6-(2,4-Difluorophenyl)pyridin-3-yl)cyclopropyl)ureido)acetic acid ethyl
ester
44.08 mg (0.34 mmol) of isocyanatoacetic acid ethyl ester were slowly added to 123
15 mg (0.34 mmol) of (E)-2-(6-(2,4-difluorophenyl)pyridin-3-yl)cyclopropylamine
trifluoroacetic acid salt and 190 pl (1.37 mmol) of triethylamine in 5 ml THF at room
temperature. After 5 h the mixture was evaporated and the residue was taken up in
water and ethyl acetate. The organic layer was evaporated to yield 107 mg (83.5 %)
of the title compound.
20 MS: M+H* = 376.15.

g) 3-((E)-2-(6-(2,4-Difluorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione
107 mg (0.285 mmol) of (3-((E)-2-(6-(2,4-difluorophenyl)pyridin-3-yl)cyclopropyl)-
ureido)acetic acid ethyl ester were heated with 1 ml of ethanol and 5 mi of a 4N

25 hydrochloric acid at 90 °C for 5 h. The mixture was evaporated, and the residue was
purified by chromatography (RP18, acetonitrile/water containing 0.1 % TFA) to yield
a racemic mixture of the two enantiomers of the (E)-configured (= trans-configured)

title compound.

30 Separation of the racemic mixture of the enantiomers by HPLC on a chiral phase
(method HPLC A, column: Daicel Chiralpak AD/H) yielded 4 mg and 5 mg,
respectively, of the pure enantiomers one of which is 3-((1R,2S)-2-(6-(2,4-



tenperature. After 5 h the m xture was evaporated and the residue was taken
up in water and ethyl acetate. The organic | ayer was evaporated to yield
107 ng ( &80200%000f48t he titl e conpound. MS: MrH+ = 376. 1BCTEP2006/005716
3-((E)-2-(6-(2,4-Difluorophenyl)pyridin-3-yl)cycl opropyl)imdazol i di ne- 2, 4-
di one 107 ng (0.285 mmol ) of
(3-((E)-2-(6-(2,4-dif|uorophenyl)pyri%1n-3-y|)cyc|opropy|)- urei do) acetic
acid ethyl ester were heated with 1 nl of ethanol and 5 m of a 4N

hydrochl oric acid at 90 OC for 5 h. The m xture was evaporated, and the

r eS| dudifluaeophenydpwitlinys- xdmy@lmzrogympm}amnw -2 Acdippgiand the/atheeef Wbiﬁ?hai ni ng

(B - corrhIsef Z 6@ 4SRRI o fro e RIS 24 e

racem giofext ure of the enantioners by HPLC on a Chl raI phase (nethod HPLC

A, colum: Daicel Chiral Pak AD/H) yielded 4 rr7q r"\r}[; Iespectl vely, of
t he pukEBaRliRAEr diexaMBplee M)vﬁ%ﬁ‘f@ntlp@ ti;e F114.2 min. MS H™ = 330.11

R 29 - g Sﬁt;]c(rﬁe %gé{érﬂBf °Pﬁ25‘.)’éét%¥xhbﬁ't|ﬂ1e?‘-y1'6).§7yﬁ4ir?.%%91()l4)l-'im—-‘3'3%‘?11.d' ne-2,4-d
i oné ang LRer S PWwhi cA7i's

3-((1S,2R) -2-(6-(2, 4-di fl uorophenyl ) pyridin-3-yl)cycl opropyl )i m dazol i di ne-
2, 4- d| one. Enantioner 1 (exanple 14-1): Retention time = 14.27 mn. MS
I\/HrH+ —Example 15 Enantioner 2 (exanple 14-2): Retention time = 16.97 nin.

05 XA fi‘f@ I I I lidi 24d
3 ((E) 3‘3(!5(‘) 23?@(& o?'?(4 rorWe?R%/( ?’per&CVC%Dr°P3’ I;r/n(:I gf)?lopl)n yim azol i di ne
-2, 4-di one Anal ogously to exarrple 14, a racem c m xture of the two
enantioners of the (E)- configured (= trans-configured) title compound was

prepared. Separation of racgmc m xture of the enantyqmers HPLC on a
chiral phase (neth R > m: Dai cel xK LB ,3“ ded 4 ny
and 5 nyg, NH NH
& S AL P,
N o) o)
and
F F
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Analogously to example 14, a racemic mixture of the two enantiomers of the (E)-
configured (= trans-configured) title compound was prepared.

15 Separation of the racemic mixture of the enantiomers by HPLC on a chiral phase
(method HPLC A, column: Daicel Chiralpak AD/H) yielded 4 mg and 5 mg,
respectively, of the pure enantiomers one of which is 3-((1R,2S)-2-(6-(3-chloro-4-
fluorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione and the other of which is
3-((1S,2R)-2-(6-(3-chloro-4-fluorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-

20 dione.

Enantiomer 1 (example 15-1): Retention time = 16.49 min. MS: M+H" = 346.08.
Enantiomer 2 (example 15-2): Retention time = 18.97 min. MS: M+H" = 346.10.

Example 16
25 3-((E)-2-(6-(2,3-Difluorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione



respectively, of the pure enantioners one of which is 3-((1

R, 2S)-2-(6-(3-chl oro-4-

f | uor ophewgl2pepyaoddsn- 3-yl ) cycl opr opyl )i m dazol i di ne- 2, 4pdir@preooanos7idie ot her
of which is

3-((1S, 2R) - 2- (6- (3-chl oro-4-fl uoroph @/I )pyridin-3-yl)cycl opropyl)imdazoli
di ne-2, 4- dione. Enantioner 1 (exarrpl 15-1): Retention tinme = 16.49 mn.
M5: MrH+ = 346.08. Enantioner 2 (exanple 15-2): Retention time = 18.97 mn.
M5: MrH+ = 346. 10. Exanple 16

3-((E)-2- (6 (2, 3- Dfluorgﬁhenyl pyri di n- 3- yI)cycIopropyI i m dazel i di ne-2, 4-

di oneAnal ogousl y to-exa 14, a racem c m xture VYO e antioners of
the (E)- confi gurﬁ t ranshNconfjgur ed) tltﬁe C d was’ ed.
Separatipn ol _thegacemc m e of the _enaqtiongrsiby HPL n a chiral
phase (rret FHPLC M, col ugyn® Daicel Chir yieldgd 14 ng each of
the pure e oners one of which aBd3-((

R, 2S) - 2- (6- (27 3-di fl uor ophenyl ) pyri di n- 3-
yl)cycl opropyl )i m dazol i di ne-2, 4-di one and the other of which is
3-((1S,2R) -2-(6-(2, 3-

di fluo f I nant i omer
1 (exonpReBysyREeaibe 1 anacohR ity & Mg HoMomets O e B nant  omer
2 (exaoanhftgutéd:e#traﬁetmiflgured)mlrle con@pdursbwas prep@edMi-H+ = 330. 13. Exanpl e
17

3- ((‘:E) 2-(6-(2,3-Di chl orophenyl ) pyridi n-3-yl)cycl opropyl )i m dazol i di ne-2, 4-

di one é@gh%araﬂ%thé PacetARthtdré ofdhé %@ﬁhsm@wsywm ohhechivg phagat i oners
of the (E)- configured (= trans-configured) title conpound was prepared.

Separ afmethodfHPhE A,aandumno: Raicel Chiraicel Ru)/dhyistdeshit4 sxdeasiPoChenpurechi r al

e e PR A BB AT 4 TS Al PRbER S ] ™ o 0
R 28) Héyeidptop ﬁm&&mramﬁ:aw dieyiei ghidthé-othecyfolvhieha® BH((1 912y 62 Be- 2, 4-d

I
ione and the ot¥1er of
3- (10 sdifippropheny| )QY@'GTQ:WI)QM‘-‘JRM@RY‘I)'Fb?@l‘dldﬂﬂ%zﬂ diepel opr opyl )i mi dazol i di ne-
2,4- Enantiomer 1 (example 16-1): Retention time = 17.69 min. MS: M+H* = 330.14.

Enantiomer 2 (example 16-2): Retention time = 21.55 min. MS: M+H" = 330.13.

Example 17
15 3-((E)-2-(6-(2,3-Dichlorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione

A A z
cl A cl &~ "N
an

Analogously to example 14, a racemic mixture of the two enantiomers of the (E)-

20 configured (= trans-configured) title compound was prepared.

Separation of the racemic mixture of the enantiomers by HPLC on a chiral phase
(method HPLC A, column: Daicel Chiralcel OD/H) yielded 17 mg and 15 mg,
respectively, of the pure enantiomers one of which is 3-((1R,2S)-2-(6-(2,3-



di one. Enantioner 1 (exanple 17-1): Retention tinme = 16.28 mn. M5 MtH+ =
362. 10. Enantioner 2 (exanple 17-2): Retention tinme = 18.18 mn. M5 MtH+ =
362. 09. Bxarp7d00Bs PCT/EP2006/005716
3-((E)-2-(6-(4-Fl uoro- 3-net hyl phenyl ) pyridi n-3-yl)cycl opropyl )i m dazol i di ne
-2, 4-di one Anal ogously to exanple 14_9$ racemc m xture of the two

enantl oners of the (E)- configured ( rans-configured) title conpound was
prepared. Separation of the racemic m xture of the enantioners by HPLC on a
chiral phase (method HPLC A, columm: Daicel Chiral pak ADH) yielded 6 ng
each odlchl@éom@ryl)madtrr%ybﬂzcl@n@mi)mudazﬁhdIae 42.4-dione and the other of which
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di oneApal o ? y to exanple 14, a racem c mxture of the two enantioners of
t he (EyXa ured (= trans-configured) title conpound was prepared.
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Analogously to example 14, a racemic mixture of the two enantiomers of the (E)-
configured (= trans-configured) title compound was prepared.

15 Separation of the racemic mixture of the enantiomers by HPLC on a chiral phase
(method HPLC A, column: Daicel Chiralpak AD/H) yielded 6 mg each of the pure
enantiomers one of which is 3-((1R,2S)-2-(6-(4-fluoro-3-methylphenyl)pyridin-3-
yl)cyclopropyl)imidazolidine-2,4-dione and the other of which is 3-((1S,2R)-2-(6-(4-
fluoro-3-methylphenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione.

20 Enantiomer 1 (example 18-1): Retention time = 5.22 min. MS: M+H" = 326.23.
Enantiomer 2 (example 18-2): Retention time = 13.68 min. MS: M+H" = 326.24.

Example 19
3-((E)-2-(6-(3,4-Difluorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione
25



Enantioner 2 (exanple 19-2): Retention time = 17.63 mn. Ms: MrH+ = 330. 12.
Exanpl e 20
3- ((E) - 2-WO-20de~aeb248r ophenyl ) pyri di n- 3-yl ) cycl opr opyl ) i mpda@pRéodions1@, 4- di on
e Anal ogously to exanple 14, a racemc mxture of the two enantioners of
the (E)- configured (= trans-confi gur&g) title conpound was prepared, i.e.
a racemc mxture of 3-((1
R, 2S) - 2- (6- (4-fl uorophenyl ) pyridi n-3-yl)cycl opropyl )i m dazol i di ne-2, 4-di one
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stirred at -10 OC for 0.5 h. A solution of 50 g (21 1 mml) of 2,5-

di brormpyri dine in 200 mM of toluene and 200 M of THF was added dropw se
over ile i nt ai the te ture, of them tureblow 5 0C. The
resultf\‘ﬂa %8&6@&5 vﬂ%qgt Prr?‘éﬁ“g‘tpm' grepef g two engq 'Qﬁbefﬂ?gﬁh‘? (BRsferred
into aceRmiured (= %n@@orﬁ@hk&d)qme@orﬂpdurﬁj Wlas?fre@@d(ZM 3 mml) in 100 n
of toluene and 100 of "THF over 0.5 h. The m xture was left at -10 0OC to
-5 @C for 0.5 h and then quenched with 400 m of water. After stirring the
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10 is 3-((1S,2R)-2-(6-(3,4-difluorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-
dione.
Enantiomer 1 (example 19-1): Retention time = 15.54 min. MS: M+H" = 330.11.

Enantiomer 2 (example 19-2): Retention time = 17.63 min. MS: M+H" = 330.12.
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3-((E)-2-(6-(4-Fluorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione
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20 Analogously to example 14, a racemic mixture of the two enantiomers of the (E)-
configured (= trans-configured) title compound was prepared, i.e. a racemic mixture
of 3-((1R,2S)-2-(6-(4-fluorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione
and 3-((1S,2R)-2-(6-(4-fluorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione.



(d, 1H), 8.75 (s, 1H), 10 (s, 1H. b) 3-(6-Bronopyridin-3-yl)acrylic acid
nmet hyl ester20 g (59.8 mmol ) of 2-(triphenyl phosphoranyli dene)acetic acid
met hyl esworoswwe24ddded, by portion, to a solution of 1PCTEPQI6H786 nmol )
of 6-bronopyridi ne-3- carbal dehyde in anhydrous THF at 0 C. The m xture was
stirred at 0 OCto roomtenperature f 4 h. The solvent was renoved in
vacuo and the residue was purified b hr omat ogr aphy (silica gel,

cycl ohexane/ et hyl acetate 95:5) to give 13.1 g (90.4 %9 of the title
conmpound (trans/cis ratio 95:5) as a white solid. M.: 150 0C. 1H NWR (400
M—lz cbcl3) @ d (ppm =3.75 (s, 3H), 6.4 (d, 1H), 7.45 (d, 1H), 7.52 (d,

8.4 (s, 1H. c¢)
(E) 2- %éa’églﬁ%@n di n- 3-yl ) cycl opropanecar boxylic acid nmethyl ester 80 m
of anhg. L@@mmﬂo-whbm@m ediacBlocyiesropfl)imicazsiRline-2p4-dioneur e of
0.76 g i(KLEB o of sodium hydrly‘gpy(60 %in mneral oil) and 4. 9 g (38.34
nol ) of tri rret hyI sul foxoni um i odi de cooled in an ice bath. The cooling
bath was renoved, and the resulting sion was stirred for additional
30 min. Asolution of 4 g (16.5 mol ?%Lﬂ (6-bronmopyridin-3-yl)acrylic

acid nmethyl ester in 50 m of anhydrou et hyl sul f oxi de was added to the

m xture over 10 mn. The resulti nh j eous yellow solution was stirred

for 2 h at roomtenperature ] to 200 m of cold water. The

sol ution was extracted three tjimes with Q)O m each of ethyl acetate, and
;38 ygshed with 500 nml of brine. The organic |ayer

and concentrated in vacuo. The residue was

purified by chrorra oqr.aphy (silica gel, cyclohexane/ethyl acetate, 95:5) to

givs 2.9 g (68.8 /() o] the title conpound as a beige solid. 1H NVR (400

MHz, CDCI3) : d (ppm) =1.35(m 1H, 1.7 (m 1H), 1.95 (m 1H), 2.55 (m

1H), 3.8 (s, 3H), 7.25 (d, 1H), 7.45 (d, 1H), 8.25 (s, 1H).

a) 6-Bromopyridine-3-carbaldehyde

40.1 ml of a 2M solution of n-butylmagnesium chloride in THF (80.2 mmol) were
added to a solution 100.2 ml of a 1.6M solution of n-butyllithium in hexane (160.41

10 mmol) in 50 ml of toluene and 50 ml of THF at -10 °C to 0 °C over 0.5 h, and the
mixture was stirred at -10 °C for 0.5 h. A solution of 50 g (211 mmol) of 2,5-
dibromopyridine in 200 ml of toluene and 200 ml of THF was added dropwise over 1
h while maintaining the temperature of the mixture below -5 °C. The resulting
suspension was stirred at -10 °C for 2.5 h and then transferred into a cooled (-10 °C)

15 solution of 21.2 ml of DMF (274.3 mmol) in 100 ml of toluene and 100 ml of THF over
0.5 h. The mixture was left at -10 °C to -5 °C for 0.5 h and then quenched with 400 ml
of water. After stirring the mixture below 20 °C for 10 min, the organic layer was
separated and the aqueous layer was extracted three times with 400 ml each of ethyl
acetate. The combined extracts were dried over sodium sulfate and concentrated in

20 vacuo. The residue was purified by chromatography (silica gel, cyclohexane/ethyl
acetate 9:1) to give 23.9 g (60.8 %) of the title compound as a white solid.
Mp. (melting point): 106 °C. 'H-NMR (400 MHz, CDCl,): & (ppm) = 7.6 (d, 1H), 7.95
(d, 1H), 8.75 (s, 1H), 10 (s, 1H).

25 b) 3-(6-Bromopyridin-3-yl)acrylic acid methyl ester



d) (E)-2-(6-Bronmopyridin-3-yl)cycl opropanecarboxylic acid 1.04 g (24.9
nmmol ) of |ithium hydroxide were added to a stirred solution of 2.9 g ( 11.3
nmol ) of Wa)R2eere24Br omopyhdi n- 3-yl ) cycl opr opanecar boxyl iPCTaPR@oRI7hy| est er
in a mxture of 5m of THF, 5 M of water and 2.5 ml of ethanol. The

m xture was stirred at roomtenperat ugg for 18 h. The solvent was renoved

I n vacuo. The residue was dissolved in"3 m of water and the resulting
solution was neutralized by aqueous 1Nhydrochloric acid at 0 OC. The
precipitate was collected by filtration, washed with diethyl ether and

dri ed 30ar(59HbBIM) 0f 2(bihexytrhosphgranyliderne)gcetic apid methykestenwaiad as a
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sul f at ?B’Zr apggacm rpé@@l 119), 624 0 - 1H)he resi due was purified by

chroma ica gel, cyc ohexane/ethyl acetate 8:2) to give 10.5 g
(81 % of the title corrpound 1H NWVR (400 WMHz, CDCI3) : d (ppm = 1.25 (m
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4 1.9 mM of a 4N solution of hydrogen chloride in dioxane (167.6 nol) were
added to a solution of 10.5 (33.5 mml ) of
( (E) - 280 mnlnf@ndydrous (ﬂilTIFil?Y')S@V@K@sr\MW addadayerc!S minutes to a mixture of

0.76 g (19 mmol) of sodium hydride (60 % in mineral oil) and 4. 9 g (38.34 mmol) of
trimethylsulfoxonium iodide cooled in an ice bath. The cooling bath was removed,

15 and the resulting suspension was stirred for additional 30 min. A solution of 4 g (16.5
mmol) of 3-(6-bromopyridin-3-yl)acrylic acid methyl ester in 50 ml of anhydrous
dimethyl sulfoxide was added to the mixture over 10 min. The resulting
homogeneous yellow solution was stirred for 2 h at room temperature and poured
into 200 ml of cold water. The solution was extracted three times with 300 ml each of

20 ethyl acetate, and the combined extracts were washed with 500 ml of brine. The
organic layer was dried over sodium sulfate and concentrated in vacuo. The residue
was purified by chromatography (silica gel, cyclohexane/ethyl acetate, 95:5) to give
2.9 g (68.8 %) of the title compound as a beige solid.

"H-NMR (400 MHz, CDCls): 8 (ppm) = 1.35 (m, 1H), 1.7 (m, 1H), 1.95 (m, 1H), 2.55

25 (m, 1H), 3.8 (s, 3H), 7.25 (d, 1H), 7.45 (d, 1H), 8.25 (s, 1H).

d) (E)-2-(6-Bromopyridin-3-yl)cyclopropanecarboxylic acid
1.04 g (24.9 mmol) of lithium hydroxide were added to a stirred solution of 2.9 g (11.3
mmol) of (E)-2-(6-Bromopyridin-3-yl)cyclopropanecarboxylic acid methyl ester in a

30 mixture of 5 ml of THF, 5 ml of water and 2.5 ml of ethanol. The mixture was stirred
at room temperature for 18 h. The solvent was removed in vacuo. The residue was

dissolved in 3 ml of water and the resulting solution was neutralized by aqueous 1N



acid tert-butyl ester in 100 ml of dichloronethane at roomtenperature. The
m xture was stirred overnight at roomtenperature and the sol vent was
renoved iWORaEU99248he resi due was di ssolved in diethyl @CH&P2006/005716
precipitate was filtered, washed three tinmes with diethyl ether and dried
over phosphorus pentoxide to give 9.59.p (quantitative yield) of crude title
conpound. Mo.: 190 0C. g)
(3-((E)-2-(6-Bronopyridin-3-yl)cycl opropyl )urei do)acetic acid ethyl ester
To a sol ution of 9.5h8é33.5 mol ) of o _
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sol uti arsoiticHlof1 Mg (#1.3. ANBIPS (E3L2-(6-bromopyridin-3-yl)cyclopropanecarboxylic
(3-((E)-2-(6-bronopyridin-3-yl)cycl opropyl ?UI’EI.dO - "acetic acid ethyl ester
i n 63. acidiin d00aguefdas-tBitangldd 8chinr(@ €. Savimblpatidiphenylpbpsphoryhazide@ndneat ed

G <51 i) 7.2 gl S i EMint Blas FKE A 0, K BC THR ERRALYRETS o

r epeat ndVEER JddiRS andife Fesidlé Wis dibsdIPed M ethyhasetdie. StheoreultiPgos phor us
pent oxi de overnight to give 10.33 of the title conpound. Md.: 198 0C
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with brine. The organic layer was dried over sodium sulfate and concentrated in

vacuo. The residue was purified by chromatography (silica gel, cyclohexane/ethyl

15 acetate 8:2) to give 10.5 g (81 %) of the title compound.
'"H-NMR (400 MHz, CDCls): & (ppm) = 1.25 (m, 2H), 1.5 (s, 9H), 2.1 (m, 1H), 2.75 (m,
1H), 4.9 (m, 1H-NH), 7.45 (d, 2H), 8.3 (s, 1H).

f) (E)-2-(6-Bromopyridin-3-yl)cyclopropylamine dihydrochloride
20 41.9 ml of a 4N solution of hydrogen chloride in dioxane (167.6 mmol) were added to
a solution of 10.5 g (33.5 mmol) of ((E)-2-(6-bromopyridin-3-yl)cyclopropyl)carbamic
acid tert-butyl ester in 100 ml of dichloromethane at room temperature. The mixture
was stirred overnight at room temperature and the solvent was removed in vacuo.
The residue was dissolved in diethyl ether. The precipitate was filtered, washed three
25 times with diethyl ether and dried over phosphorus pentoxide to give 9.5 g
(quantitative yield) of crude title compound.
Mp.: 190 °C.

g) (3-((E)-2-(6-Bromopyridin-3-yl)cyclopropyl)ureido)acetic acid ethyl ester
30 To a solution of 9.5 g (33.5 mmol) of (E)-2-(6-bromopyridin-3-yl)cyclopropylamine
dihydrochloride in 100 ml of dry THF were added 15.4 ml (110.65 mmol) of

triethylamine, followed by 3.83 ml (33.5 mmol) of isocyanatoacetic acid ethyl ester.



(m 1H), 2.75 (m 1H), 3.9 (s, 2H), 7.6 (s, 2H), 8.35 (s, 1H, 10.4 (m 1H
NH) 1)

3- ((E) - 2-W6-20@~00h348r 0- 4- f | uor ophenyl ) pyri di n- 3-yl ) cycl opcompioemziacol i di ne
-2,4- dione Under an argon atnosphere, a solution of 0.13 g (0.39 mmol) of

3-((E)-2-(6- bronopyridin-3-yl)cycl optopyl )i m dazolidi ne-2,4-dione, 0.136 g
(0.78 mmol ) of 3- chl oro-4-fl uorophenytfboronic acid, 0.162 g ( 1 .17 muol)

of potassium carbonate and 9 ng (0.0078 mmol ) of

tetrakis(triphenyl phosphane)palladiumin 2 ml _of DVME and 1 ml of water was

heat edThe ngstuEWasrstared atroem tempenatiereder @ haddedsalventiwastemayed inThe
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to 5:5: give 0.082 (60 % of the (E)-configured (=
trans éﬂ)lgf gan@f@}w@wﬂl@ %fcﬁfﬂgﬁﬁlﬂe GomPowyd. 4 racenmic nmixture of 3-((1

?azo Prdihe- gmﬁdl on angﬁlg?,l('??&})%r(bﬂh?=3f_§15)(€’)3ﬂ)9ﬁ>_r30@{,lQH), 2.05 (m,

S 2R) 2H§ @.65(ohét)03.9-(l 2bl).ophér(al 2HY,r5.8i(m, 2H; NH), 7.3 (d, 1H), 7.35 (d, 1H),
yl)cycl %ro%lbzi m dazol i di ne-2, 4-di one, as a beige solid. Mp.: 172 0C. M5
M+ =8346, NVR (400 MHz, CDCI3) : d (ppm = 1.5 (m 1H), 1.7 (m 1H),
2.5 (m 1H), 2.7 (m 1H), 3.9 (s, 2H), 5.4 (s, 1H NH), 7.25 (m 1H), 7.6
(m 2H), 7.75 (m 1H), 7.95 (m 1H), 8.55 (s, 1H). According to the nethod
descri bpd-({f)- &)(&rajbmobynjd)w -3yl)cydppmpyhimidazoliingi24-diche
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50- pyraééﬁbécuulelw@sf&rnﬁmarrmcﬁl%gbbdswﬂydﬂrocldlbﬂa%.dnén@narml@ﬁ 22 to 40
were prepared, i. E-configured (= trans-configured con'q_ounds of the
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R T T -
3- (( 1Srefdated fHreR tinfegViHetieBuBing white solid was dried over phosphorus pentoxide
15 overnight to give 10.3 g of the title compound.
Mp.: 198 °C. "H-NMR (400 MHz, CDCls): & (ppm) = 1.55 (m, 1H), 1.65 (m, 1H), 2.35
(m, 1H), 2.75 (m, 1H), 3.9 (s, 2H), 7.6 (s, 2H), 8.35 (s, 1H), 10.4 (m, 1H; NH)

i) 3-((E)-2-(6-(3-Chloro-4-fluorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-
20 dione
Under an argon atmosphere, a solution of 0.13 g (0.39 mmol) of 3-((E)-2-(6-
bromopyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione, 0.136 g (0.78 mmol) of 3-
chloro-4-fluorophenylboronic acid, 0.162 g (1.17 mmol) of potassium carbonate and 9
mg (0.0078 mmol) of tetrakis(triphenylphosphane)palladium in 2 ml of DME and 1 mli
25 of water was heated at 85 °C for 5 h. 7 ml of brine were added to the mixture. The
resulting solution was loaded onto a ChemElut® column and extracted with
dichloromethane. The solvent was removed in vacuo. The residue was purified by
chromatography (silica gel, cyclohexane/ethyl acetate/ethanol 5:5:0.01 to 5:5:0.1) to
give 0.082 g (60 %) of the (E)-configured (= trans-configured) title compound, i.e. of a
30 racemic mixture of 3-((1R,2S)-2-(6-(3-chloro-4-fluorophenyl)pyridin-3-yl)cyclopropyl)-
imidazolidine-2,4-dione and 3-((1S,2R)-2-(6-(3-chloro-4-fluorophenyl)pyridin-3-

yl)cyclopropyl)imidazolidine-2,4-dione, as a beige solid.



yl)cycl opropyl )i m dazol i di ne-2, 4-dione of the formulae Imand In. ImlIn The
nanmes of the conpounds of exanples 22 to 40 are obtained by repl acing the
i.denti fi ewORB@/G0m4B8he general nanme 3-((E)-2-(6-R PCT/EP2006/005716

50- pyridi n-3-yl)cycl opropyl)- imdazolidine-2,4-dione of the conpounds of
formula Ik with the nmeaning of R50 giagin in table 1, optionally allow ng
for a nodification of the nanme accor g to the nonenclature rules. For
exanple, in the case of exanple 25, in which R50 is a quinolin-6-yl group,
t he prepared conﬁound of the fornula |k thus is

3- (( E) Mp- (B2 i M&: Mthd~ 51306y { IHANMR(400) Mtz 6 Gply P) (PRMIZ b1S @MntHR, 4- di one
and H"/@rﬁ‘ pareﬁ%c ”goungnf%)'ﬁé"@ )R89 (sS18; RbY 3% (1 H)‘”?%’he”y'

gr oup,

3-((E) (ma; 2\,\2](7375“@an4 T b8qrm N8| 550; nei)n- 3-yl ) cycl opropyl )i m dazol i di ne-
2, 4-di one ich can al so be nanmed as 5-(5-((E)-2-(2, 5-di oxoi m dazolidi n-1-
yOcycI opropyQpyri di n*-yl ~-fl uorobenzonitrile. Table 1. Exanpl e conpounds of

ot Pach ShA T EEe MeManeinnt i etsnibic 2R 6y orBU IOBINIGRER 021 ass

26 2, 3fll40mphéhwbom3hea§zlki eMployéd 3n éxaniple N wathothlecnegpediie B@onic acid of

g-ztzzyanch 4fofrrlnld a ﬁwﬁ%h)f’ﬁ? % (E’) lZ:’ (8 FSSBlp(g/rn%PnhSrp{)cyglg%rgp%l)?m%agb meyi Bhenyl
diones of examples 22 to 40 were prepared, i.e. the E-configured (= trans-configured
compounds of the formula |k wherein the aromatic or heteroaromatic group R* is as

10 specified in table 1, which are racemic mixtures of the 3-((1 R,2S)-2-(6-R*-pyridin-3-

yl)cyclopropyl)imidazolidine-2,4-dione and the 3-((1S,2R)—2-(6-R5°-pyridin-3-
yl)cyclopropyl)imidazolidine-2,4-dione of the formulae Im and In.

(@) H
'
Nf
& 5 Ik
R% \N

15

The names of the compounds of examples 22 to 40 are obtained by replacing the
identifier R® in the general name 3-((E)-2-(6-R>’-pyridin-3-yl)cyclopropyl)-

20 imidazolidine-2,4-dione of the compounds of formula Ik with the meaning of R* given
in table 1, optionally allowing for a modification of the name according to the
nomenclature rules. For example, in the case of example 25, in which R is a

quinolin-6-yl group, the prepared compound of the formula Ik thus is 3-((E)-2-(6-



3 1 2, 3-dinethyl phenyl 322 32 quinolin-5-yl 345 33 naphthal en-1-yl 344 34
napht hal en-2-yl 344 35 3, 4-di chl or ophenyl 362Exanple R50 M'S no. MtH + 36
4- chl or o-wOR2bINOPRenyl 346 37 3-fl uoro-4-net hyl phenyl BEG/ERS006/005716

4- cyano- 3-f |l uor ophenyl 337 39 4-trifluoronethyl phenyl 362 40

5- et hyl t hi ophen-2-yl 314 Exanple 4 %
3-((E)-2-(6-(4-FIuoro-2-nethy|phenyl)89ridin-3-y|)cyc|opropy|)inidazolidine
-2,4-dione Separation of the racem c mxture of the enantionmers of the
(E)-configured (= transconfigured) title conpound obtained in exanple 22 by

HPLC otauindlin-8-y1)ppridise3-yhexderropplligigazelisingnd;4-tisinee andin the ease ofy H)

L S BB SO KT S 08084 bR Pyofeb, he repared compound

)é| % <(3)1/gi,s(zir!}%(iagﬁﬂ(-%(i:gaz_dm-ildiume@;éhyl)'pqﬁdinaﬁid'l)t?@optd]'xy-l)imiﬂamblidjhe12$4-dione

o O GUILE BT R e 10,97 rnL V. it 355,
ggﬁ:%ﬁ%ﬁ"%"ﬁ’@'%@”ﬁwg?ﬂuﬁg‘%@ﬁ%@rﬁ%ﬁrre = 20.78 nmin. M5: MrH+ = 326.

& é&meéézé'eéeﬁi.f%@%w C RERATER S MUATS of T he enantoners of the o
Lgibcggiia%ﬁﬁe?al( :pth;gllgéconfi gured) title conmpound o%gi ned in exanple 24 by

no. M+H*
22 4-fluoro-2-methylphenyl 326
23 4-fluoronaphthalen-1-yl 362
24 3,5-difluorophenyl 330
25 quinolin-6-yl 345
26 2,3,4-trifluorophenyl 348
27 3,4,5-trifluorophenyl 348
28 3-cyano-4-fluorophenyl 337
29 3,5-dichlorophenyl 362
30 3,5-dimethylphenyl 322
31 2,3-dimethylphenyl 322
32 quinolin-5-yl 345
33 naphthalen-1-yl 344
34 naphthalen-2-yl 344

35 3,4-dichlorophenyl 362



(method HPLC B, columm: Daicel Chiralcel QJ/H) yielded the pure enantioners
one of which is 3-((1

R, 2S) - 2- (WO(28970034B| uor ophenyl ) pyri di n- 3-yl ) cycl opr opyl PCriE®a®oioDifiiee-
2,4-dione and the other of which is

3-((1S,2R) - 2-(6- (3, 5-di fluorophenyl ) gyri di n- 3-

yl )cycl opropyl )i m dazol i di ne-2,4-dio 1 Enanti omer 1 (exanple 42-1):
Retention tinme = 8.66 mn. Ms: MrH+ = 330. Enantionmer 2 (exanple 42-2):
Retention tinme = 10.76 mn. Ms: MtH+ = 330. Exanple 43

3-((B Egéﬁwﬁl‘e( Qui nol i k%-yl ) pyridin-3-yl)cycl opropyl \gi dazol i di ne- 2, 4-di one
Separation of the racemc m xture of the enantioners of the (E)-configured
(= transconfigured) title conpound obtained in exam®H25 by HPLC on a
chiral phase (nethod HPLC C, colum: Daicel Chiralcel QJ) yielded the pure

enant i rs one ' ' -

R, 2S) 381(36 (qui rﬁﬁ"‘rﬁ‘p%%gf‘@?ﬁ'?é{ﬁ\ﬁ 3-yl)cycl opropyl )i3n416dazol i di ne-2, 4-di one
and the other of which is 3-((1S, 2R)-2-(6-(quinolin-6-yl)pyridin-3-

yl) cyc8opr opyl ) i3ldemed-intethglpBedyldi one. Enanti oner B2@exanpl e 43-1):
Retention tine = 10.48 mn. Ms: MtH+ = 345. Enantioner 2 (exanple 43-2):

Retentjon tine = 14.51. g4 n. : H+ = 345. Exanpl e 3-((B)-2-(6-(2,3

4-Tri f#gor ophenyﬁ'f’b@ﬁcf'aliﬂ’r'- 9&%’1\&% opropyl )i m dazol i f}ne- 2, 4-di one

Separation of the racem c m xture of the enantiomers of the (E)-configured

(= traggconfi gursthfiuorérhetrsdphemyhd obt ai ned in exam@é2 26 by HPLC on a

chiral phase (nethod HPLC B, columm: Daicel Chiralcel QJ) yielded the pure

enant i rs one of ich is 3-((1

R, 2S) -8-(6-(2, 3, Uﬁ\%'ﬁl&%ﬁ’%‘?}hégﬁ{h )pyri di n-3-yl)cycl Ffopyl )i ni dazol i di ne-

2,4-dione and the other of which is 3-((1

S, 2R)-2-(6-(2, 3, 4-t hfl uorophenyl) pyri di n- 3-

yl)cyc i m dazol i di ne-2, 4-di one. Enantionmer 1 (exanple 44-1):

Retenthﬁﬁ‘P!yrr@: 9.34 min. M MH+ = 348.
3-((E)-2-(6-(4-Fluoro-2-methylphenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione

0o O
~ |\‘N&NJ(NH “ IIIIN/MNH
N )\/

N N
© and o

4

Separation of the racemic mixture of the enantiomers of the (E)-configured (= trans-
configured) title compound obtained in example 22 by HPLC on a chiral phase
(method HPLC D, column: Daicel Chiralcel OD/H) yielded the pure enantiomers one
10 of which is 3-((1R,2S)-2-(6-(4-fluoro-2-methylphenyl)pyridin-3-
yl)cyclopropyl)imidazolidine-2,4-dione and the other of which is 3-((1S,2R)-2-(6-(4-
fluoro-2-methylphenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione.
Enantiomer 1 (example 41-1): Retention time = 18.97 min. MS: M+H" = 326.
Enantiomer 2 (example 41-2): Retention time = 20.78 min. MS: M+H"* = 326.
15
Example 42
3-((E)-2-(6-(3,5-Difluorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione



Enantioner 2 (exanple 44-2): Retention tinme = 13.13 mn. MS: MrH+ = 348.
Exanpl e 45

3- ((E) - 2-wo6-20®/00B8 Thf | uor ophenyl ) pyri di n- 3-yl ) cycl opr opgirjirasodaaziié di ne- 2,
4-di one andSeparation of the racemic mxture of the enantioners of the
(E)-configured (= transconfigured) ti tohe conpound obtai ned in exanple 27 by
HPLC on a chiral phase (nethod HPLC colum: Daicel Chiralcel Q) vyielded
the pure enantionmers one of which is 3- ((1

R, 2S)-2-(6-(3,4,5-trifluorophenyl)pyridin-3-yl)cycl opr opyl )i m dazol i di ne-

2, 4-di one and the other of which is 3-((1S,2R)-2-(6-(3

>4 5-trifluorophenyl )pyr| di n- yl )cycl opropyl )i m dazol i d| ne 2, 4-di one.
Enantioner 1 (exanple ) : I;zientl on time 11.19 mn. Y = 348.
Enantioner 2 (exam : ention tine d = 348.

Exanpl e 46 NH NH

5-(5- ( () A 'oim'daz;A'IMinlyl) ' idin-Z)y-k)/-Z-fluorob

enzonitril{ uarat on of the racenlﬁ m xt u [ thé¥enanti édhers of the

(E)-configtireg (= transconfi gured) £ gle coRpoynd obtai ned in exanple 28 by

HPLC on a chilral phase (method HPLC C, colum] Daicel Chiralcel Q) yielded

the pure enaptionmers one of which is 5-(5-((1F

R, 2S) - 2- (2, 5- di oxoi mi dazol i di n-1-yl)cycl opropyl ) pyridi n-2-yl)-2-

fl uorobenzonitrile and the other of mhich IS

5-(5-((1S, 2R)-2-(2, 5- d|0x0|n1daz

yI )cyc 68?@&9P)%§}*ﬂ¢ RGEMICyMiKtureq Gh‘? SBéHE?mPfsr pf the (Edgonfightad € @Syl e

(exanpl e

IR apRe tatfpoudd offaifiedin fRamife B By FFLC BRATLhRhase

3 ((E) (rﬁe'(n@d(l-:{;PBCl residmhpBaiogl Cinralagil QJZ!—I)/yl)eld)edl tbprplpgle)\amtldm odene- 2, 4-

(B - conenda BRI T B gropherdniand e R R AERIre: 30 by
HPLC op 4adieRé 'ad tABastRer of which is 3-((1S,2R)-2-(6-(3,5-difluorophenyl)pyridin-3-
yl)cyclopropyl)imidazolidine-2,4-dione.
10 Enantiomer 1 (example 42-1): Retention time = 8.66 min. MS: M+H" = 330.
Enantiomer 2 (example 42-2): Retention time = 10.76 min. MS: M+H" = 330.

o
'—\
>
o

Example 43
3-((E)-2-(6-(Quinolin-6-yl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione
15

0
N/[(NH
o)\/

Separation of the racemic mixture of the enantiomers of the (E)-configured (= trans-
configured) title compound obtained in example 25 by HPLC on a chiral phase

20 (method HPLC C, column: Daicel Chiralcel OJ) yielded the pure enantiomers one of
which is 3-((1R,2S)-2-(6-(quinolin-6-yl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-



(method HPLC C, columm: Daicel Chiralcel QJ/H) yielded the pure enantioners
one of which is 3-((1

R, 29) - 2- (Wo(2807@00i4fet hyl phenyl ) pyri di n- 3-yl) cycl opr opyl PCHiERa@e6l0nIfiee-
2,4-dione and the other of which is

3-((1S,2R) - 2- (6- (3, 5-di met hyl phenyl ) r3i di n- 3-

yl )cycl opropyl )i m dazol i di ne- 2, 4-di one™ Enantioner 1 (exanple 47-1):
Retention time = 9.89 mn. Ms: MrH+ = 322. Enantionmer 2 (exanple 47-2):
Retention tinme = 14.77 mn. M I\/HrH+ 322. Exanpl e 48

3- (( E) dirnegndthe- @hﬁe@hwhpheﬁgsr(xb@rzmrzr(@(wIp@kytﬁoﬂ)pdplwryﬁm da2ol i di ne- 2, 4-

di one C xture of the enantioners of the

(E) - co}?ﬁ%"fﬁerés?‘l'ﬂ{"ﬁ'%@ on ? u§'8§1f title conpound obtained in exanple 3 1
by HPLEnQﬁﬂ@néhﬂr(ékamb@%-(wfﬂkél@dltlbﬂ?ltﬁ\&r xoo&s:rmn M@ OBHHCRIZ4E, cel O H)

yi el ded the pure enantioners one

R 2S) - Enagtigmen2examplg %@Mﬂwﬁlpa'tm% ;ﬂ|4)é1/mlapM§pM*;Hnr&42‘5@| i di ne-
2,4-gli one and the other of which is

3-((1S,2R) - 2- (6- (2, 3-di net hyl phenyl)pyrldl n- 3-

yl) cycEzampiey#4i m dazol i di ne- 2, 4-di one. Enantioner 1 (exanple 48-1):

Ret ent = 3 nant i exa 48- 2

ot ont BUEX -2 %i%lﬁumqphem)pxmw doicaamgEezoliine 24-ione =)
3-((E)-2-(6-(3,4-D chl orophenyl) pyridin-3-yl)cycl opropyl)im dazol i di ne- 2, 4-
di one Separation of the racem c m xture of the enantioners of the
(B)-configured (= transceofigur@d) title conpound obtaineghin ex@nple 35 by
HPLC on a chiral : od /JHPLC B, colum: Daicel Chj 4*.. cel//@) yi el ded

the pure enafti ongfs pPne of ICRH s 3-((1 F = “'N H
R, 2S) - 2-£6- (3 Dr ophen ridin-3-yl)cycl or\opJ )yim daM ne-
2,4-dione g e dther of ichis o N 0o

yl ) cycl opt opyt) i m dazol i di ne-2, 4-di one. KHma
Retention tinme = 16.06 mn. M5 MtH+ = 362.
10

omer 1 (exanple 49-1):

Separation of the racemic mixture of the enantiomers of the (E)-configured (= trans-
configured) title compound obtained in example 26 by HPLC on a chiral phase
(method HPLC B, column: Daicel Chiralcel OJ) yielded the pure enantiomers one of
which is 3-((1R,2S)-2-(6-(2,3,4-trifluorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-
15 2,4-dione and the other of which is 3-((1S,2R)-2-(6-(2,3,4-trifluorophenyl)pyridin-3-
yl)cyclopropyl)imidazolidine-2,4-dione.
Enantiomer 1 (example 44-1): Retention time = 9.34 min. MS: M+H" = 348,
Enantiomer 2 (example 44-2): Retention time = 13.13 min. MS: M+H" = 348.

20 Example 45
3-((E)-2-(6-(3,4,5-Trifluorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione

o 0
~ AN//(NH | "’IN//<NH
i N O)\/ and i N O)\/

N

4



Enantioner 2 (exanple 49-2): Retention tinme = 2 1.22 mn. Ms: MtH+ = 362.
Exanpl e 50

3-( ( E) - 2-WO-20er/0uhd48r o- 3-f | uor ophenyl ) pyri di n- 3-yl ) cycl oBCdpRsG6IEae ol i di ne
-2,4-dione Separation of the racemc m xture of the enantioners of the

(E) configured (= transconfigured) ti bl e conpound obtained in exanple 36 by
HPLC on a chiral phase (nethod HPLC é colum: Daicel Chiralcel Q) vyielded
the pure enantionmers one ofwhich is

3-((1R, 2S)-2-(6-(4-chl oro-3-fluorophenyl) pyri din-3-

yl)cycl opropyl )i m dazol i di ne-2, 4-di one and the other of which is

3-((1s ; ]

chi or oSEPPASR il jRssymicdTituce, a5 eBBPURTIS: of the G ropnfigwsed = rans

Enant i eomfiguted etitierpdrapblnd pbtdReéed ivt examplenz? byT—lFSQC inna cMral ﬂﬁd&e 346.

Enanti onmer 2 ISlexarrBoI e 50- 26 Retention time = 10.42 min. MS. MrH+ = 346.
Exarrpl gmethpd HPLC B, column: Daicel Chiralcel OJ) yielded the pure enantiomers one of

3L Rick R B TR0 46 B MRS DA 3 YR FUBL RN AR BligHAE ) ! ! ne

€ racemc mxtare o i‘'omers t he
(E) coﬁf4|-g|onecbr(d4hter(ﬁhe|cofrWh|ghnsﬂ)((1SJZR%) Z@vhdtriloedptrehyl)pysdiar® e 37 by
HPLC on a chiral E}@ |§5| od HPLC C, columm: Daicel Chiralcel QJ/H
yi el de¥)e¥ePRsaPY)i liging-¢.4A19Ngf which is 3-((1

R 2S) - Ehéﬁf&r%ef-h%@ké}nﬂté%h)/'ﬂ?@@ﬁvbhﬁwé dif¥- 9 min, MS: M+H* = 348.

yl ) cyclopropyl )i m dazolidi ne-2,4-di one and the ot her of whi ch is
3 ( ( 1LSERBRNtiaMEB2 ((8xample 45-2): Retention time = 14.84 min. MS: M+H" = 348.
fl Uﬂ{O 4- et hyl phenyl ) pyhdi n- 3-yl ) cycl opropyl )i m dazol i di ne- 2, 4-di one.
Enamtioner 1 (exanple 51-1): Retention tinme = 9.89 mn. Ms: MHH+ = 326.
Enant i pBmple 46xanpl e 51-2): Retention time = 14.77 mn. MS: MrH+ = 326.
Exanpl e 52
3- ((E) SA5¢(6E)-B-(Ridt Ripxoimisigrelidin- v expleripryRpyridin-Zeybgridipsehenaanitsis i di ne- 2
, 4-di one andSeparation of the racem c m xture of the enantioners of the
(E)-confi gured (= transconfigured) title conpound obtained in exanple 37 by

HPLC on a chiral phase f JZ) ch
~ I NH ~ ‘N

| NH
"
N o) N )
and

CN CN

15
Separation of the racemic mixture of the enantiomers of the (E)-configured (= trans-
configured) title compound obtained in example 28 by HPLC on a chiral phase
(method HPLC C, column: Daicel Chiralcel OJ) yielded the pure enantiomers one of
which is 5-(5-((1R,2S)-2-(2,5-dioxoimidazolidin-1-yl)cyclopropyl)pyridin-2-yl)-2-

20 fluorobenzonitrile and the other of which is 5-(5-((1S,2R)-2-(2,5-dioxoimidazolidin-1-
yl)cyclopropyl)pyridin-2-yl)-2-fluorobenzonitrile.
Enantiomer 1 (example 46-1): Retention time = 10.08 min. MS: M+H" = 337.
Enantiomer 2 (example 46-2): Retention time = 12.17 min. MS: M+H" = 337.

25 Example 47
3-((E)-2-(6-(3,5-Dimethylphenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione



(method HPLC C, columm: Daicel Chiralcel Q) yielded the pure enantioners
one of which is 3-((1 R 2S)-2-(6-(5-nethylthiophen-2-yl)pyridin-3-

yl ) cycl opvopge7yiopd4dazol i di ne- 2, 4-di one and t he ot her of PAIHIEPRONCHST16
3-((1S,2R) - 2- (6-(5-

met hyl t hi ophen-2-yl ) pyridin-3-yl)cycl ﬁgr opyl )i m dazol i di ne-2, 4-di one.
Enantionmer 1 (exanple 52-1): Retenti time = 12.82 mn. M5 MtH+ 314.
Enantioner 2 (exanple 52-2): Retention time = 18.72 mn. M5 MrH+ 314.
Determ nation of the biological activity A) Activation of eNOS
transcription Acti vat| on/of transcription was neasur@d as described in
detail by Li et al i of protein kinase C and/ epsi |l on

enhances transcri {l endot hel i al ni "Aynt

gene" bl . _Rhar pa . 630. Briefly. a 3 | ong nt 51of
the starti !@ gene was cl oseqLNenced ag” cl oned in
firefly lu ejase expression plasn@®d to my gr activation of the eNOS
promnot er by Yeéporter gene activity. A human eéwdothelial cell Iine stable

transfected and expressing this pronoter-repofter construct was used for
conpound testing. Cells were incubated for 18 h with the conpounds. All
conpounds were dissolved in sterile dinethyl sulfoxide (DIVISO) A final
concentration of 0.5 % DMSO in conpl ete uction of

| VSO medi um was al | O\Aﬁ éj
r epor t SEPgEHIENSfShe sasesnici Mixtye<y taeenaniig@ereatthed) gug@£ “hans$d
I f t
mnut aEoTapPaPIE YT EBLATORRTAgY i Bkamble SEby REECTR S 1fRalthdst® o v ¢
coniou (ristheelr PLCp acadmno Diaites € hinateed 0 HH) vieldedsthievipure exlamtiemerseneat i o of

both acti vi i t 0, ,TIR) was plott
Funct | SRBIchas BB ES chris AR SR i - ey aREe N ialBaidind: o
concenbralicpBarif thd dtAkk 6 \Qﬁlcﬂa s '35@18@'\‘)@(61?3 SRR SR Pyridangext ended
up to a maxi mum TI R value TIR(max) which indicates the |ncrease of the
yl)cyclopropyl)imidazolidine-2,4- dlone
Enantiomer 1 (example 47-1): Retention time = 9.89 min. MS: M+H" = 322,

10 Enantiomer 2 (example 47-2): Retention time = 14.77 min. MS: M+H" = 322.

Example 48
3-((E)-2-(6-(2,3-Dimethylphenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione

S G

Separation of the racemic mixture of the enantiomers of the (E)-configured (= trans-

15

configured) title compound obtained in example 31 by HPLC on a chiral phase

(method HPLC E, column: Daicel Chiralcel OD/H) yielded the pure enantiomers one
20 of which is 3-((1R,2S)-2-(6-(2,3-dimethylphenyl)pyridin-3-yl)cyclopropyl)imidazolidine-

2,4-dione and the other of which is 3-((1S,2R)-2-(6-(2,3-dimethylphenyl)pyridin-3-

yl)cyclopropyl)imidazolidine-2,4-dione.

Enantiomer 1 (example 48-1): Retention time = 9.55 min. MS: M+H" = 322,



eNCS transcription. EC50 values of transcription induction ratios as a
function of conpound concentration were determ ned graphically. Nunmerous
conmpoundswof20atmoi4ast ant i nventi on were tested by the alPov&EPd@snri/hed assay
and found to increase protein transcription. Generally, the tested
conpounds exhi bited EC50 val ues of Iqaé t han about 50 mM Preferred
conpounds, including the conpounds of Y&€xanples 2 , 3, 11, 32, 38, for
exanpl e, exhibited EC50 val ues of fromabout 5 nMto about 0.5 mM Mbore
preferred conpounds, including the conpounds of exanples 14-2, 15-1, 16-1
. 17- 2Enagtiamer 2 ¢example 48-2p Retestiosdimess,1 1@ min vt M+HXRi3BLt ed EC50

val ues of less than about 0.5 mM The effect of conpounds on
eNOS-transcription was confirnmed in a second assay based on eNCS protein
det ect EgampRy 4grary human unbilical vein cord endothelial cells (HUEC) were
i solated and cultivated according to standard procedures. Confluent cells
wer e | (-6t (@ Bichlnpptee PySEin:&-WhouplapraRy e KagsligRe Addione i n
exp%pssion determ ned by a quantitative Western blotting procedure. After
conmpound i ncubation, HUVEC were |lysed in ice-cold lysis buffer containing
10 MM TMs-HClI, pH 8.0, 1 §)SDS and protease inhibitors. Thg |ysat® was

subjected to a standard . turating polyacryl am de gel eqf rophpresis and
blotted to nitrocg Ose nennNfa ﬁEr Usi ng a speci f?’€ pri mary n ﬁ nal
antibod%m Tr ansdug Labor afiori/es, UK)(ﬁnd al kal i phosphat gse el led
secondary ayt MBedy acksonq“abs), a spectfhg” eNGS pntein b was
visual i zed g guantified based on aanbennfl' scence detectlon nethod.
The effgge 0 e conpounds of the formul g#d |a can al so be
investigated in the follow ng ani mal nodels (animal experinents are
performed in accordance with the German animal protection | aw and the

gui delines for the use of experinmental aninmals i
Separation of the racemic mixture of the enantiomers of the (E)-configured (= trans-

configured) title compound obtained in example 35 by HPLC on a chiral phase

10 (method HPLC B, column: Daicel Chiralcel OJ) yielded the pure enantiomers one of
which is 3-((1R,28)-2-(6-(3,4-dichlorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-
2,4-dione and the other of which is 3-((1S,2R)-2-(6-(3,4-dichlorophenyl)pyridin-3-
yl)cyclopropyl)imidazolidine-2,4-dione.
Enantiomer 1 (example 49-1): Retention time = 16.06 min. MS: M+H" = 362.

15 Enantiomer 2 (example 49-2): Retention time = 21.22 min. MS: M+H" = 362.

Example 50
3-((E)-2-(6-(4-Chloro-3-fluorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione

. 0 0
~ | /[(NH ~ ’I“NJ(NH
F X //\~\/ F

N N
© and O

Cl Cl

/

20

Separation of the racemic mixture of the enantiomers of the (E)-configured (= trans-
configured) title compound obtained in example 36 by HPLC on a chiral phase
(method HPLC C, column: Daicel Chiralcel OJ) yielded the pure enantiomers one of



as given by the Guide for the Care and Use of Laboratory Animals of the US
National Institutes of Health). Aninmals and treatnent (experinents B -

D) ApoE amstoebhig®oo=Bi ci ent m ce (C57BL/ 6J background, Jaeksmrisaloos7as ory,

Bar Harbor, Me) are used. All animals are 10 to 12 weeks of age and wei gh
22 to 28 g . Three days before surger % mce are divided into 4 groups (apoE
control, n 10 to 12; apoE with test Zorrpounds, n =10 to 12; eNOS
control, n 10 to 12; eNOS with test conpounds, n = 10 to 12) and receive
either a standard rodent chow (containing 4 % of fat and 0.001 % of

chol eswbichlis 3-{1RZS)Fo(6-ddichiprassflgorepbenylpyiidiadbo group) or a standard

é??ZQEv'?%%ié&aeb@iﬁnei%%ﬁ?‘am%ﬂ-%%é"eﬁé B er G uhichn s Cls 2RO R L o co
usi ng ahI@WBWrbﬁlﬁéhW)@yhdm%iyl)ayabpmp(NgSrﬁidbﬁcl“d|ﬁ%‘~§t$-l?ﬂ$oneAp6X Nc). After
treatment of ApoE deficient mce deficient mce, wth the test
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respective conpound (10 ng/kg/day pressed in chow) animals are

anest\f:\gtl zed vm th an intraperitoneal injection of pentobarbital (60 ng/kg)
fol | oned@®pPlemli nt ranuscul ar injection of xylazin (2 ng/kg) and a cuff is

pl aceds [

nvest SR 3T MG RE Mo REHY AT RYRSF R RaZarane 2 Gohe. |

nonoccl usi ve 2.0 mm pol yet hyl ene cuff made of PE 50 tubing (inner d| arreter

0.56 mm outer dianeter 0.965 Bect on Di cki nson, Muntain Vi e&_ is
he r| ght

din place with two 7-0 s ures
t he surrounding ti IS not
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and

Separation of the racemic mixture of the enantiomers of the (E)-configured (= trans-
configured) title compound obtained in example 37 by HPLC on a chiral phase
(method HPLC C, column: Daicel Chiralcel OJ/H) yielded the pure enantiomers one
15 of which is 3-((1R,2S)-2-(6-(3-fluoro-4-methylphenyl)pyridin-3-
yl)cyclopropyl)imidazolidine-2,4-dione and the other of which is 3-((1S,2R)-2-(6-(3-
fluoro-4-methylphenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione.
Enantiomer 1 (example 51-1): Retention time = 9.89 min. MS: M+H" = 326.
Enantiomer 2 (example 51-2): Retention time = 14.77 min. MS: M+H" = 326.
20
Example 52
3-((E)-2-(6-(5-Methylthiophen-2-yl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione
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conpound is continued for 14 days after surgery. Then the animals are
sacrificed. The aorta are taken for determ nation of vascul ar eNOS
expressi one 2by7/moat i t ati ve western bl otting. Both fenorall/EReaoeniise ar e
harvested, fixed in formalin and enbedded in paraffin. 20 cross sections
(10 M) are cut fromthe cuffed portiﬁg of the left fenoral artery and from
t he correspondi ng segnent of the rigﬂ artery. Sections aresubjected to
standard hemat oxylin and eosin staining. Mrphonetric anal yses are
performed using an inage anal ysis conputer program (LeicaQWN n, Leica

| magi ng Systens, Canbridge, GB). For each cross section the area of the

| unen, | Rt t | [ > ' , k: - )
neoi nt?%ﬁgriaggﬁeo? ﬁﬁ%%ﬁ? Hﬂ&gﬁgﬁ&%@gﬁﬁérﬁég ﬁﬁg'ﬁ (Eﬁ'(?%p FIQUII%% rlir}%rf?s el astic
| am nacenfiyurdd) titRdtEmpoutid bbtitedin éXemplees? be HRIED ohechirdighagle and t he
external elastic |amna. The ratio between the area of the neointina and
t he ar@RetbpdthiRlGqioliraneRpices Shiraleel Qs vildehtharauigeenantiomers ongnef
resit t.aian e\t hes col : ) KA, mared to those obtained in
the%pl \E{Ee dég’r‘@ﬁ%:z%)fg? g@ﬁ%ﬁgﬁlg?%ﬁ@@ﬁﬂﬁgt ic plaque formation in
chr oni g)dyckairopyliinvigedolidafe-2 edibneianel theotherof ehichas 31(613L289L-(6-(H+ t he
respective conpoun ressed ipn chow and final|y sacrificed. Aortas are
remve@eﬁhﬂﬁwcﬁ@?'gﬂﬁgwgmr@d CYGIORTOP 'I“i"ﬁaé‘?ﬂﬂj\{ré‘?r‘%éggm‘ﬁ- n paraffin. Plaque
f or mat ERGnficmBR k&GN B2-1)-MRétehfish BR%e L2088 hiR. 1R: MaHearsas (from
aorticEQ?E%&ngdi?apﬁﬁggn?z a?igkgg anal'yzed by ommreg’ O st ai ni ng. For
quant i Epantiprhae2 ééxaroplect2-2heReteatien timee=d@nfbmio. MS: Wdd uF B14e NOS
exp1ressi on the fenoral arteries are used in this experinent. The results
obt'@® ned in the conpound group are conpared to those obtained in the
pl acebo group. D) Inprovenent of coronary function in di seased ApoE
deficient mce Od Male wld-type C57BL/6J mice (Charles River Wga GrbH,
Sul zf ePetermamaticipofthedriolopisal agtiviy (C57BL/ 6J background, Jackson
Laboratory, Bar Harbor, M) of 6

A) Activation of eNOS transcription

15

Activation of eNOS transcription was measured as described in detail by Li et al.,

"Activation of protein kinase C alpha and/or epsilon enhances transcription of the

human endothelial nitric oxide synthase gene", Mol. Pharmacol. 53 (1998) 630.

Briefly, a 3.5 kB long fragment 5' of the starting codon of the eNOS gene was cloned,

20 sequenced and cloned in firefly luciferase expression plasmids to monitor activation
of the eNOS promoter by reporter gene activity. A human endothelial cell line stable
transfected and expressing this promoter-reporter construct was used for compound

testing. Cells were incubated for 18 h with the compounds.

25 All compounds were dissolved in sterile dimethyl sulfoxide (DMSO). A final
concentration of 0.5 % DMSO in complete medium was allowed. Induction of reporter
gene expression in these cells was measured using a standard luciferase assay
system (Promega, Cat. No. E150) according to the manufacturer's instructions.
Luciferase induction in cells incubated with compounds were compared to those

30 incubated with solvent alone. The ratio of both activities (transcription induction ratio,
TIR) was plotted as a function of compound concentration. Typically, TIR values

started at low concentrations at a ratio of 1, indicating no compound effect, and



nmonth of age and weighing 28 to 36 g are used in the experinments. Mce are
divided into 3 groups (C57BL/6J, n = 8; apoE control, n =8 ; apoE with
respecti weocomuomsd, n = 8) and receive for 8 weeks eit RET/ER2&06A0%Ta¢ d
rodent chow (containing 4 %of fat and 0.001 % of cholesterol) or a
standard rodent chow + respective cogﬁéund (30 ng/ kg/day p.o.). Mce are
anest hetized with sodi um pent obarbi t (100 ng/ kg i.p.), and the hearts
are rapidly excised and placed into ice-cold perfusion buffer. The aorta is
cannul ated and connected to_a perfusion apparatus (Hugo Sachs El ectronics,
Fr ei buextended mprip)a maxirnumsT IR value d IR(meY) whishyindicatescibednerease of the

W tn nBRERY AR B, Fesp Tatite STERIBEBIGH RRUCIS Patd A5 R TURAHE s on

Cx2 angorpblh@icopbermttatibh weRCdetdrininer] gcphigally. t ube (PE 50) is passed

t hrough a pul nonary vein into the left ventricle and pulled through the

ventricular wall, anchored in the apex by a fluted end, and connect ed to a
t | p 5m ﬁﬁﬂﬁeﬂgﬁbﬁfgoﬁ%glo"l“ihelln‘étfr{tqg\?%}hron-r\pgrreltégfefféy?]g%% 28%}% Fa mode

W| t h aassa;earamtomfdeﬂoqadrqaseqﬂutem trandéription-iGenedalty) thé tatéd)adnmmmslsre of

60 mMm . Aor and atri al fl ogw_are cqnti nuous d usin
ul t r asBHibited 59?’6{5@§ c\(lﬂl@ thap Akt é?) t BFRferrgd com af'{gf ? )
cal cul e [#

herr[)dy{;::(r)amg o@ﬁ%% nggéeﬁqg%?{llcfé tg?eggsg)trrrpe?éh IJF‘ %’Xé\%lo%oaggéd gHazltjgﬁ‘gf th:ﬂor ded

wi t h aaPeutus uptosieaitdl. SxMI Moret nwferred-lEMnnmndsolndyLdln@met compeunds ofved t o

stapbjlize for I 0. a ar e nea ured during
ot by c&mples B3 8t A5 ol e | Grla 197 ER0E" Pt vif BERYBR cul ar
fU”Ct'Q%lﬁﬂéd’ﬁﬁsﬁﬂlﬁhﬁ%@ﬂéwﬂ% oM.y pre-load pressure. For
acquisition of preload curves, afterload is set at 60 mmHg and preload is

adjusted in 5 nmHg steps over a range of 5 to 25 mmHg. Hearts are allowed
to st atfhle'e%%c%f compounds on eNOS-transcription was confirmed in a second assay

based on eNOS protein detection. Primary human umbilical vein cord endothelial

15 cells (HUVEC) were isolated and cultivated according to standard procedures.
Confluent cells were incubated with compounds for 18 h and the effect on eNOS
protein expression determined by a quantitative Western blotting procedure. After
compound incubation, HUVEC were lysed in ice-cold lysis buffer containing 10 mM
Tris-HCI, pH 8.0, 1 % SDS and protease inhibitors. The lysate was subjected to a

20 standard denaturating polyacrylamide gel electrophoresis and blotted to
nitrocellulose membranes. Using a specific primary monoclonal antibody
(Transduction Laboratories, UK) and alkaline phosphatase labelled secondary
antibody (Jackson Labs), a specific eNOS protein band was visualized and quantified
based on a chemofluorescence detection method.

25
The effect of the compounds of the formulae | and la can also be investigated in the
following animal models (animal experiments are performed in accordance with the
German animal protection law and the guidelines for the use of experimental animals
as given by the Guide for the Care and Use of Laboratory Animals of the US National

30 Institutes of Health).

Animals and treatment (experiments B - D)



basel i ne conditions between pressure and vol unme | oadi ng. Patent clains 1. A
conpound of the formula | in which Ais chosen from-CH=CH CH 2- , -CHC CH
2- , whi ohogoeaunes24ar e bonded to the group Het via the t@cwiERadloc@dMe of t he
doubl e or triple bond, the group of the fornmula Il, which is bonded to the
group Het via a ring atom and the gr.qup of the formula I1l, wherein in the
formulae Il and Il the bonds via V\/m the groups are connected to the

adj acent groups, are depicted by the lines starting at ring atons and at
the group (CH2)r, and wherein all groups A can be substituted by one or
nore identical or different substituents R4; Het is a 5-nenbered or
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chosen_from a direct bond, CH2, O and NH Rl and are i nde engil ntly of
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chosensiinagtd ot Eﬁo@”ﬂhésggmﬁﬁln@('m'or e ﬂld/d groups and

het eroaryl groups can in y of each ther e substltuted by one or
nDre |dent|cal or different substituents R7, or Rl and R2, together with

el )" AR Db AR SRL et A KRR RBL T o0 o, 0 membered:
t he ring nitrogen atom being part of the N-CO group, can contain one or
Blood-pressure is determined in conscious mice using a computerized tail-cuff
system (Visitech Systems, Apex, Nc). After treatment of ApoE deficient mice and
eNOS deficient mice with the test compounds the blood pressure is compared to the

15 results obtained with a placebo treatment.
C) Inhibition of neointima formation and atherogenesis (femoral artery cuff)

After 3 day treatment of ApoE deficient mice with the respective compound (10

20 mg/kg/day pressed in chow), animals are anesthetized with an intraperitoneal
injection of pentobarbital (60 mg/kg) followed by an intramuscular injection of xylazin
(2 mg/kg) and a cuff is placed around the femoral artery as described in Moroi et al.
(J Clin. Invest. 101 (1998) 1225). Briefly, the left femoral artery is dissected. A non-
occlusive 2.0 mm polyethylene cuff made of PE 50 tubing (inner diameter 0.56 mm,

25 outer diameter 0.965 mm, Becton Dickinson, Mountain View, Ca) is placed around
the artery and tied in place with two 7-0 sutures. The right femoral artery is isolated
from the surrounding tissues but a cuff is not placed. Treatment with the respective
compound is continued for 14 days after surgery. Then the animals are sacrificed.
The aorta are taken for determination of vascular eNOS expressions by quantitative

30 western blotting. Both femoral arteries are harvested, fixed in formalin and embedded
in paraffin. 20 cross sections (10 um) are cut from the cuffed portion of the left

femoral artery and from the corresponding segment of the right artery. Sections are



two further hetero ring nenbers chosen fromN, NR12 , O S, SO and SO2

whi ch can be identical or different, with the proviso that two ring nenbers
from t he wenn@no@48S, SO and SO2 cannot be present in adCaEPRE060IITY6
positions, wherein the ring formed by R1 and R2 and the N CO group which
carries themcan be substituted by Oﬁg or nore identical or different
substituents R8; R3 is chosen fromp ﬂ napht hal enyl and het er oaryl

whi ch can all be substituted by one or more identical or different
substituents chosen from hal ogen, (Ci-C Oalkyl, (Cl-C4)-alkyloxy-(G-C
2) - al ksubjecter to sandard hemaipkylinyand eosincdaining. Merohometee apglysas ase  nor e
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4) - al kl;HeqadacetQ@grdeﬁl) al kyl nercapto, di ((C - C4)-al kyl)am no, ((CrC
4) - g kyl )-CONH, di ((Cl-C4)-al kyl)am nocarbonyl-, ((C-C 4)-
al ky1 oxy) carbonyl -, COOH, CONH2, CN and CF3; R7 is chosen from hal ogen,
(G - Capyal kB‘nLeveh@on%fé}hébgmbﬁatwdléhu&fc?r}néidﬁ%'ohr&'ﬂ'c teatfefl - al kyl oxy

whi ch can be substituted by one or nore fluorine atons, (Cl-C2)-
al kyl enedi oxy which can be substituted by one or nore f1uorine at ons,

(Cl- C4)\boE deficient mice are treated for 16 weeks with the respective compound pressed

in chow and finally sacrificed. Aortas are removed from each mouse, fixed in formalin

15 and embedded in paraffin. Plaque formation is measured via lipid lesions formation in
the aortas (from aortic arch to diaphragm) and is analyzed by oil red O staining. For
quantifying the effect of the respective compound on vascular eNOS expression the
femoral arteries are used in this experiment. The results obtained in the compound
group are compared to those obtained in the placebo group.

20

D) Improvement of coronary function in diseased ApoE deficient mice

Old Male wild-type C57BL/6J mice (Charles River Wiga GmbH, Sulzfeld), and apoE
deficient mice (C57BL/6J background, Jackson Laboratory, Bar Harbor, Me) of 6

25 month of age and weighing 28 to 36 g are used in the experiments. Mice are divided
into 3 groups (C57BL/6J, n = 8; apoE control, n = 8; apoE with respective compound,
n = 8) and receive for 8 weeks either a standard rodent chow (containing 4 % of fat
and 0.001 % of cholesterol) or a standard rodent chow + respective compound (30
mg/kg/day p.o.). Mice are anesthetized with sodium pentobarbitone (100 mg/kg i.p.),

30 and the hearts are rapidly excised and placed into ice-cold perfusion buffer. The
aorta is cannulated and connected to a perfusion apparatus (Hugo Sachs

Electronics, Freiburg, Germany) which is started immediately at a constant perfusion



al kyl mercapto, NH2, (CrC 4)-alkylam no, di ((CrC 4)-alkyl)amno, ((G-C
4)-alkyl)- CONH, di((Cr 4)-al kyl)am nocar bonyl -,

((Cr G O avbyp@mmonsar bonyl -, ((Cl-C4)- al kyl oxy) car bonyPCT/EEQ06I00CENH2, CN,
CF3, H2NSQ2- and (Cr C4)-al kyl-SQ2- ; R8 is chosen from hal ogen, (CrC

4) -al kyl, (C3-C7)-cycl oal kyl - CnH2n- henyl - ChH2n- , heteroaryl - CnH2n- ,
(CrC 4)-al kyl oxy-(CrC 2)-al kyl -, OH 318 (Or C4)-al kyl oxy which can be
substituted by one or nore fluorine atons, (CrC 2)-al kyl enedi oxy which can
be substituted one or nore fluorine atoms, (CrC 4)-alkyl rrercapto NH2,
(C1- czxpresamq/@fa@g mon HY. (Hearts ane perfysecini aeetragrade faghien wyjth)modified
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group mhlch contains one, two or three identical or different hetero ring

menber Notdoosén from N,

Hearts are allowed to stabilize for 30 min. All functional hemodynamic data are

15 measured during steady state, and during volume and pressure loading. Left
ventricular function curves are constructed by varying pre-load pressure. For
acquisition of preload curves, afterload is set at 60 mm Hg and preload is adjusted in
5 mm Hg steps over a range of 5 to 25 mm Hg. Hearts are allowed to stabilize at
baseline conditions between pressure and volume loading.

20



NRL13 , Oand S; nis O, 1 or 2, where all nunbers n are independent of each
other and can be identical or different; qis 1, 2, 3, 4or 5, r is 0 or 1;
s is 1, 2WP28070000248; in any of its stereoi soneric fornsPOT/ER20066003MM€ Of
stereoi soneric forns in any ratio, or a physiologically acceptable salt
thereof. 2 . A conpound as cl ai ned iH laim 1, in which Ais chosen from
-CH=CHCH 2- , -CEG-CH2- , which gro ﬂ are bonded to the group Het via the
term nal atom of the double or triple bond, and the group of the formula
Ma, which is bonded to the group Het via a ring atom wherein in the

f or mrul Rat@nt claémBonds via which the group is connected to the adjacent
groups, are depicted by the lines starting at a ring atomand at the group
(CH2)r, and wherein all groups A can be substituted by one or nore

i dent i ¢ah cempbunidesfané fermghilt uents R4; or a physiol ogically acceptable salt
t hereof. 3. compound as claimed in any of clains 1 and 2 , in which Ais
chosen from-CH=CH CH 2- and - CEC-CH2- , which groups are bonded to the
group Het via the term naloatom of the double or triple bond, or a

physi ol ogi cal | y acceptabl efjsalt thereof. 4. A conpound as clainmed in any of
clainms 1 and,;2X_in which Ads, the group of the formula Mc, in which the
bonds via whi ch tHet gro i s Ronnected to the adjacent groups are depicted
by 'Itfge lines starting atRzri ng atons, or a physiologically acceptable salt

t hereof .

in which
A is chosen from -CH=CH-CH,-, -C=C-CHp>-, which groups are bonded to the group
Het via the terminal atom of the double or triple bond, the group of the formula I,

10 which is bonded to the group Het via a ring atom, and the group of the formula |ll,

(CH,)

r

wherein in the formulae [l and 11l the bonds via which the groups are connected to the

15 adjacent groups, are depicted by the lines starting at ring atoms and at the group
(CHz),, and wherein all groups A can be substituted by one or more identical or
different substituents R*;

Het is a 5-membered or 6-membered, monocyclic aromatic group which contains one
20 or two identical or different hetero ring members chosen from N, NR'3, O and S and
which can be substituted by one or more identical or different substituents R®;

X is chosen from a direct bond, CH,, O and NH;

25 R'and R? are independently of each other chosen from (C;-Ce)-alkyl, (C3-C¢)-
alkenyl, (C3-Cs)-alkynyl, (C3-C7)-cycloalkyl-C,Han-, phenyl-C,Hz,- and heteroaryl-



5. A compound as clained in any of clains 1 to 4, in which RL and R2,
together with the N-CO group which carries them forma 4-nenbered to

10- menmberwo,200m00024$cl i ¢ or bicyclic, saturated or unsat RCEEPAOOGIONEFIGNNI Ch,
in addition to the ring nitrogen atom being part of the N-CO group, can
contain one or two further hetero I’qu menbers chosen fromN, NR12, O S,
SO and SO2 whi ch can be identical or fferent, with the proviso that t wo
ring menbers fromthe series O S, SO and SQ2 cannot be present in adjacent
ring positions, \ﬁ\hereln the ring formed by Rl and R2 and the N CO group

whi ch €alzi-cand Résapan agditiondaa hydnogenbwhersin dhe geaups @ares)calkylofCai f f er ent
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i ng aPORY AHGY o togethes Wah as AT BEPURehBBIRad s e B8 HPoBered
connect4o e JhB@ret%ﬁJn?&%&c% gH S?yc ﬂﬁ@téd&duﬁ%twﬁedl 'nﬂgimﬁéﬁ“h' ng at a

ring atom an e group ( \/\herelnthe group the fornula Ma
can beadditienitd lttueadngyntmgematonnbelngcrmn ptthle NrCQigroup ccan eontain onenr s R4;

ancld A RS et g mempegk chgsea Bk RE e ) 8586 Brtaon PhiRrGartal o

differ S@tldentical or dlfferent, with the proviso that two ring members from the series O, S,

SO and SO, cannot be present in adjacent ring positions, wherein the ring formed by
R' and R? and the N-CO group which carries them can be substituted by one or more
identical or different substituents R®;

15
R3 is chosen from phenyl, naphthalenyl and heteroaryl which can all be substituted
by one or more identical or different substituents chosen from halogen, (C4-C4)-alkyl,
(C1-C4)-alkyloxy-(C4-Cz)-alkyl-, OH, (C4-C4)-alkyloxy which can be substituted by one
or more fluorine atoms, (C4-C,)-alkylenedioxy which can be substituted by one or

20 more fluorine atoms, (C1-C4)-alkylmercapto, NH,, (C1-Cs)-alkylamino, di((C1-Ca4)-
alkyl)amino, ((C1-C,4)-alkyl)-CONH-, di((C1-C4)-alkyl)aminocarbonyl-, ((C1-Ca4)-
alkyl)aminocarbonyl-, ((C1-C4)-alkyloxy)carbonyl-, COOH, CONHa, CN, CF3, HoNSO,-
and (C4-Cy4)-alkyl-SOg-;

25 R*is chosen from (C1-Cq)-alkyl and fluorine;

R® is chosen from halogen, (C1-Ca)-alkyl, (C1-C4)-alkyloxy-(C4-C5)-alkyl-, OH, (C1-C4)-
alkyloxy which can be substituted by one or more fluorine atoms, (C1-C4)-
alkylmercapto, NH,, (C4-Cy)-alkylamino, di((C+-Cs)-alkyl)amino, ((C1-Cs)-alkyl)-

30 CONH-, di((C1-Cs)-alkyl)aminocarbonyl-, ((C4-Cs)-alkyl)aminocarbonyl-, ((C1-Ca)-
alkyloxy)carbonyl-, COOH, CONHz, CN, CF3 and (C4-C4)-alkyl-SO5-,



substituents R5 and wherein one of the ring nitrogen atons of the

I m dazol ediyl group carries a group chosen from hydrogen and (CrC 4)-al kyl;
X is choswo 2b07maw0As8di rect bond and O Rl and R2, toget hecT@peévetobzzidN- CO
group which carries them forma 4-menbered to 7-menbered ring, nonocyclic,
saturated or unsaturated heterocycle gsi ch, in addition to the ring
nitrogen atom being part of the N-co! oup, can contain one further hetero
ring menber chosen fromNRL2 , Oand S, wherein the ring fornmed by Rl and
R2 and the N-CO group which carries them can be substituted one or nore
i dent i Rals ehosgintfremdivoriagb OH, taxen{C1-88)-alkgloxy, &heﬁy)-almnwcaa% ((C1-

substi t e r e LAl n ch are
choserchraRY IR ERE (P LR SR o MR BRESEhYE 4

(G - C dikyRkintatonyMichOosRIC DHs UONtand/CFd; by one or nore fluorine atoms,
(C1- A4)- aI yl mercapto, (G -C 4)-al kylam no, di((Cl-C4)-al kyl)am no, CONH2,
CN, CF3 and (G -C4)-alkyl-S2- ; R5 is chosen from hal ogen, (d C 4)-al kyl,

a
gubsstcl é) é"‘gﬁ#e on%'(q(c)ﬂralg% (?Pkd a'lk a’Cd(rr(g]) %@oﬁ@}’@i&lk}%r carj(ién C%Z-Z,
éﬁl Cciégikylogylvgmhgozn @el(sl(:ﬁktlfm&d blqurie) emmoﬁe fI(JQr@léJatb)nsa,l(Q{Jsz) CONH- d CONH2,

, a a i s chosen ro and oxo;

R12 | SAHBIEHGY SN AR e ESH g Y| Sne pr 0T MUPNG SIaMBets- o) 1 o

t - f t
o oy on RERSoBp{cd NI, 86 - EaTalkyltirfing; dRlCH COLARFAmnG 8@%@%‘%‘%&3 0 any
of cl aC@NH-, di((C1-Ca)- alIwI)aMmOCarboayldl((@cC.;)aabkgll,)amnncmqnhqrsylgI((Q:m -Ca)-| y

ACCPL AR R ot SOOH, CONH,, CN, CFs, HNSO,- and (C1-Ce)-alkyl-SOp-;

R8 is chosen from halogen, (C4-C4)-alkyl, (C3-C7)-cycloalkyl-CyHan-, phenyl-CoHzp-,
heteroaryl-C,Hzq-, (C1-C4)-alkyloxy-(C4-C5)-alkyl-, OH, oxo, (C1-C4)-alkyloxy which
can be substituted by one or more fluorine atoms, (C4-C2)-alkylenedioxy which can

15 be substituted by one or more fluorine atoms, (C1-C4)-alkylmercapto, NH,, (C4-Cy)-
alkylamino, di((C1-Cs)-alkyl)amino, ((C1-C4)-alkyl)-CONH-, di((C1-Ca)-
alkyl)aminocarbonyl-, ((C1-C4)-alkyl)aminocarbonyl-, ((C1-C4)-alkyloxy)carbonyl-,
COOH, CONHj,, CN, CF3, HoNSO;- and (C4-C4)-alkyl-SO»-, wherein all phenyl groups
and heteroaryl groups can independently of each other be substituted by one or more

20 identical or different substituents chosen from halogen, (C1-C4)-alkyl, CF3 and (C;-

C,)-alkyloxy;

R'2is chosen from hydrogen, (C1-Ca)-alkyl, (C3-C7)-cycloalkyl-CyHan-, phenyl-CqHan-,
heteroaryl-ChHan-, ((C1-C4)-alkyl)-CO-, (C3-C7)-cycloalkyl-C,H2,-CO-, phenyl-CHzn-

25 CO-, heteroaryl-C,H2,-CO-, ((C1-C,4)-alkyl)-O-CO- and phenyl-C,H2,-O-CO-, wherein
all phenyl groups and heteroaryl groups can be substituted by one or more identical
or different substituents chosen from halogen, (C1-Cy4)-alkyl, CF3 and (C4-Ca)-
alkyloxy;

30 R™is chosen from hydrogen, (C-C4)-alkyl and phenyl-C,H2,-, wherein the phenyl
group can be substituted by one or more identical or different substituents chosen



9. A conpound as clainmed in any of clains 1 to 8 , in which Het is a

pyridi nediyl group which can be substituted by one or nore identical or

di f f er entwouBgNG00248Nnt s RS, or a physi ol ogi cal | y accept aBC&/EPados/0037¢6 eof .

10. A process for the preparation of a conmpound as clained in any of clains
1to 9, or a physiologically acceptaqu salt thereof, in which Ais

-CH=CH CH2- (formula Ib), conprising reacting a conpound of the fornula W
and conpound of the fornula VII,VI Ib wherein Het, X, RlL, R2 and R3 are
defined as in claims 1 to 9 and, in addition, any functional ,groups can be

pr esenfromhalpgerdCadlC @l o€ Fi BNEHE 11Gamlkoxy, vdare &l ajpuppR ' arl L1 is a
nucl eo&?PE%ﬁgéﬁt fzt%?lt obgégﬁ‘lr‘]gé*‘§%V"8‘ggt'ﬁgéf'%%'ﬁe]’é tA conpound as clained in

any of rcalty accep fhbl e salt t hereof, for use
as a pharmaceutical. 12. A pharnaceutical conposition, conpr|3|ng an

effective dose of at |east one conmpound as clained in any ng‘ihms 1to9
and/ or heteppary| @I%@ﬂﬂ%ﬂnpﬁr%@é@t’ﬁ eErqd. iMmenRGYEHE ar%matl%gmw tically

RSPt BBNBINR. Hvo g nieb)BeHfELRY diEBPRERT AhgMEmbaF Lhded ol °h A

osentrome whi ch¥groups are bonded to the
group N®'*\@andt®; ternminal atom of the double or triple bond, the group of
the formula I, which is bonded to the group Het via a ring atom and the
group of the for mul a [11,1l1 wherein in the forrmulae Il and |11l the bonds

vi a Whi¢dot peyror Wh%?e an%uﬁ%u}@w@fé |F\8eb&‘?d&qlcﬁl%%h ARSURT cah Bedepi cted by

the lines starting at ring atons and at the group (CH2)r, and wherein all
gr oupsidéntieal dreilﬁellwtltut ed by one or nore identical or different
substituents R4; Het is 5-nmenbered to 10-nenbered, nonocyclic or bicyclic,
aromatic group which

qis1,2,3,40r5;
risOor1;
15 sis1,2,30r4;

in any of its stereocisomeric forms or a mixture of stereoisomeric forms in any ratio, or

a physiologically acceptable salt thereof.
20 2. A compound as claimed in claim 1, in which
A is chosen from -CH=CH-CH,-, -C=C-CHa-, which groups are bonded to the group

Het via the terminal atom of the double or triple bond, and the group of the formula

lla, which is bonded to the group Het via a ring atom,

/A\ lla
(CH,);

wherein in the formula lla the bonds via which the group is connected to the adjacent

25

groups, are depicted by the lines starting at a ring atom and at the group (CH),, and
wherein all groups A can be substituted by one or more identical or different
30 substituents R?;



contains one or nore identical or different hetero ring nmenbers chosen from
N, NR13, O and S and which can be substituted by one or nore identical or
di fferentwoub&n(00248nt s R5; X i s chosen froma direct boRGI/EERW6/0@G716, NH
and N((C-C 4)-alkyl), or Xis absent and in this case the phenyl,

napht hal enyl or heteroaryl group repr, §enti ng the group R3 is fused to the
group Het; Rl and R2 are independentl of each other chosen from (G -C
10)-al kyl, (C3-C 0)- alkenyl, (C3-C 0)-al kynyl,

(C3-Cio)- C}/‘C| oal kyl - CnH2n- , henyl -CnH2n- napht hal enyl - CnH2n- and

het er 0@ § P mﬂmcallarm:cmt%sahtwepfu on be hydrogen, wherein the groups
(G-G O-alkyl, (C3-C 0)-cycloalkyl, (C3-C 0)-alkenyl and (C3-G

0) - al kynyl can all be substituted by one or nore identical or different

SubSti3.UR@bmﬂ@Lndaemcltahﬂe@imaWoCOIHHﬁsdaamdaQJ inbehish Psisi ¢hdsed flgmone or nor e
i denti cal or di fferenq&I stl tuents chosen fromfluorine an &Ci -C

4) - al kytH=GhdCHet apthqiFC: h'aprwfﬂam smp%@ brRASIR e PeR btet vigthe

i nd t At cal or

e S s L A ARPERE PR roup. whi o
carri etheréafim form a 4-nmenbered to 10 rrenber ed, nonocyclic or bicyclic,
saturated or unsaturated ring which, in addition to the ring nitrogen atom
bei ng part of the N-CO group, can contain one or two further hetero ring

menberg Kkesfibundca8 HaiMbd % anPof Slaim® 128K §Q% WHICRA BB rbds ¥ tse!  or

different, with the proviso that two ring nmenbers fromthe series O S, SO
and SCroatmbe, ibeviticle thnbonds sidy wb@htthmgngum)cssmnrméed tonthecadjacenrt ring

forped by R1 an hcarriesthemcan be

sub1 i @ 3%?0%1?@8$b¥6&8?f18§c%r839 agpngl ?8Pent substituents R8; R3 is
chosen from phenyl, naphthal enyl and heteroaryl which can all be
substituted by one or nore identical or different substituents chosen from

hal ogen, (G -C 6)-/alﬁ,\ llc

or a physiologically acceptable salt thereof.

15
5. A compound as claimed in any of claims 1 to 4, in which
R' and R?, together with the N-CO group which carries them, form a 4-membered to
10-membered, monocyclic or bicyclic, saturated or unsaturated ring which, in addition
to the ring nitrogen atom being part of the N-CO group, can contain one or two

20 further hetero ring members chosen from N, NR'2, O, S, SO and SO, which can be
identical or different, with the proviso that two ring members from the series O, S, SO
and SO, cannot be present in adjacent ring positions, wherein the ring formed by R’
and R? and the N-CO group which carries them can be substituted by one or more
identical or different substituents R®;

25 or a physiologically acceptable salt thereof.

6. A compound as claimed in any of claims 1 to 5, in which

R? is phenyl which can be substituted by one or more identical or different

substituents which are chosen from halogen, (C1-C,)-alkyl, (C1-C4)-alkyloxy-(C+-C2)-
30 alkyl-, (C1-C4)-alkyloxy which can be substituted by one or more fluorine atoms, (C+-



(G-C6)-alkyloxy-(G-C6)-alkyl-, OH (CC J-al kyl oxy which can be
substituted by one or nore fluorine atons, (C -C 3)-al kyl enedi oxy whi ch can
be subst iWOt28e7/499248ne or nore fluorine atons, (CrC 6)-aPKyEPRIGCARTTAC NH2,
(G-C6)-alkylamno, di((CC 6)- alkyl)amno, ((C C6)-al kyl)-CONH-, di((C
1- C6) - al kyl ) am nocar bonyl -, ((C1-C6) gl kyI )am nocar bonyl -, ((d-C

6) - al kyl oxy) car bonyl -, COOH, CONH2, éN (G -C 6)- alkyl)NHSO2- |

di ((Cl-C6)-al kyl ) NSO 2- , H2NSO2- and (CI C 6) aI kyl-SO 2- ; R4 is chosen
from (CrC 6)-al kyl, hal ogen and oxo; R5 is chosen from hal o en@ﬁ(

6) - al k(}h) albhlawpam@rm) atkylamipp. di(iy+exyalkdaming, CQNKigi CN

6) - al k Oé¥ ¥|c§ocan be substituted by one or nore fluorine atons, (CI C
6) - al k capto, "R2, (Ci-C 6)-al kyl anino, di ((C-C 6)-a|ky|)am'no,
((C1-Gopa phh/kl}bldg@’wl-éccedte(t(léjsaKﬂtlﬁe)reaf.kyI ) am nocar bonyl -, ((C-C

6) - al kyl )am’ nocar bonyl -, ((d- C6)-al kyl oxy) carbonyl -, COOH, CONH2, CN, CF3,

H2NSOZ- , ((G-C6)-alkyl)NHSO 2- , di((CG-C 6)-alkyl)NSO 2- and (G -C
6) - dvgge u tuted by one or nore
i dentl cal N?pc?%n er e%lt%‘r@%%st I ﬁﬂgﬂ%{%“@ gsgnsﬁhﬁﬁgm%ﬁ (G - Cy4) al kyl ,

CF3 anA i$ Gie grotip-cfl thglformulaRta, ivehich skeondedita thelgroup diet®lig aging ato@,- C
6) - al kyl oxy, (G -C 6)-al kylmercapto, di ((G- C6)-alkyl)amno, ((CG-C
6) - al kyl ) - CONH-, di ((Ci -C 6)-al kyl )am nocarbonyl -, ((G -C 6)-
al kyl oxy) car bonyl - , CONH2, CN and CF3; R7 is chosen from hal ogen,
(G-C6)-alkyl, (G 6) - al kyl oxy- (ClI C 3)-alkyl-, OH (G -C 6)- alkyloxy
whi ch can be subs tute QM one or Il % fluorine atons, (G-C23)-
al kyl enedi oxy whi ch can ‘) S)Lrlbstltut ed by one or nore f1uorine atons, (G -C
6) - al kyl mercapto, NH2, (CrCr-al kylamno, di((G-C 6)-alkyl)amno, ((G-C
6)-al kyl)- CONH-, di ((Cr C6)-al kyl)am nocar bonyl -
(( QO C%e?é.ﬁym féﬁﬁ@'lé)nalﬂhe bohﬁﬂra%hrchathésdr@w)s:@émfwéd to fHeCh a6§N‘|2

CN, CF3, SF5, H2N , ((d-C 6)-al kyl ) NHSO 2- di UCr CeJ- alké - and
(G - C ghoupiskare d;—:p,fctgd by the Ilnes starting at a ring atom 'and at the group (CHy)r, and

wherein the group of the formula Ila can be substituted by one or more identical or

different substituents R*:

15 Het is chosen from pyridinediyl, thiazolediyl, oxazolediyl, imidazolediyl and
thiophenediyl which can all be substituted by one or more identical or different
substituents R® and wherein one of the ring nitrogen atoms of the imidazolediyl group
carries a group chosen from hydrogen and (C4-Cs)-alkyl;

20 X is chosen from a direct bond and O;

R' and R?, together with the N-CO group which carries them, form a 4-membered to
7-membered ring, monocyclic, saturated or unsaturated heterocycle which, in
addition to the ring nitrogen atom being part of the N-CO group, can contain one

25 further hetero ring member chosen from NR'?, O and S, wherein the ring formed by
R' and R? and the N-CO group which carries them can be substituted by one or more
identical or different substituents R®;

R3 is phenyl which can be substituted by one or more identical or different
30 substituents which are chosen from halogen, (C1-Cs)-alkyl, (C4-C4)-alkyloxy-(C1-Cy)-



R8 is chosen from hal ogen, (G -C 6)-al kyl, (C3-C7)-cycloal kyl -C nH2n-,
phenyl -C nH2n- , heteroaryl-C nH2n- , (G -C 6)-al kyl oxy-(CrC 3)-al kyl -, OH,
oxo, (CrOovoyeeldeyl48xy whi ch can be substituted by one oPCEIPOGIONNé Nne
atons, (CrC 3)-al kyl enedi oxy which can be substituted by one or nore
fluorine atons, (G -C 6)-al kyl mercapt 99 NH2, (G -C 6)- alkylamno, di((Cr
C6) -al kyl)am no, ((Cr C6)-al kyl) - CO\IIJI- di ((G-C 6)- al kyl)am nocar bonyl -
((C -C 6)-al kyl)am nocar bonyI ((G - c 6) - al kyl oxy) car bonyl -, COOH, CONHZ,
CN, CF3, SF5, H2NS™2- and (G C 6) -al kyl -SO 2- , wherein all phenyl groups
and hee@yba@rC@raimdgxrwhuthwq@rpbﬁ@éabﬁtl%t@ﬂ by £0e artmere weorma&m%t@d by one

L

(G i - C@r-elkakyl-$03-C7) - cycl oal kyl - C nH2n- , phenyl -C nH2n- , heteroaryl-C
nHn- , ((G-C 6)-alkyl)-CO, (C3-C7)-cycloal kyl -C nH2n-CO-, phenyl - C nH2n-
CO, heteroaryl-C nH2n-CO, ((C-C 6)-alkyl)-OCO and phenyl C nH2n- O CO-,

aere! ReR Endliaibn g A6 SR COL AN <30SR it e
j) a: Ealkylo@?&vrﬁddcemgeel_trﬁstltmeaﬂque onRi@reﬁuohmatomsc(@ﬁQgF ogen, (Cer ]
ohe-or Slkfaerchaie Na: (G oo D0s g e Bakrkun S (Y earaligen. (o - &
4) - al KEloNIGEET BRI, (EN @F@arﬁi{@’ )VaIkWZ‘S -al | groups R13 are independent

of each other and can’be i den or dif erent heteroaryl is a 5-nenbered
to 10- nenber ed, m)nocycl ic or bi cycl ic aromati c group which contains one or

gntical o etero ring nmenbers chosen fromN, NR13, O and
1eq QO S ghoseryfrom (féﬂh(ré‘s "é\ﬂ N P¥Ers n are i ndependent of each other and
can be identical or different;

R'? is chosen from H and (C4-C4)-alkyl-;

ris 0 or 1;
15
in any of its stereoisomeric forms or a mixture of stereocisomeric forms in any ratio, or

a physiologically acceptable salt thereof.

8. A compound as claimed in any of claims 1 to 7, in which X is a direct bond, or a

20 physiologically acceptable salt thereof.

9. A compound as claimed in any of claims 1 to 8, in which Het is a pyridinediyl group
which can be substituted by one or more identical or different substituents R>, or a
physiologically acceptable salt thereof.

25
10. A process for the preparation of a compound as claimed in any of claims 1to 9,
or a physiologically acceptable salt thereof, in which A is -CH=CH-CH>- (formula Ib),
comprising reacting a compound of the formula VI and compound of the formula VI,



gis1 2, 3, 4o0r 5 risOor 1, sis 1l 2, 3or 4; inany of its
stereoisoneric forns or a m xture of stereoisoneric fornms in any ratio, or
a physi olw@i2e@tdog24accept abl e salt thereof, for the manuPEEERE@6HHSTA6

medi canent for the stimnulation of the expression of endothelial NO

synt hase. 14. The use of a conpound 3 defined in claim13 or a
physi ol ogi cally acceptable salt ther , for the manufacture of a

medi canment for the treatnment of cardiovascul ar di seases, stable or unstable
angi na pectoris, coronary heart disease, coronary artery disease,

Prinznetal angina, acute coronarysyndrone, cardiac insufficiency, heart
failure, nyocardialQ%QL?Knﬂ;on,déL;oke, t hronbosi s, peripheral artery
occlusive disease, e hel TatNdystghction, atherosclerosis, regtenosis,
endot hel damage after PTCA, hypertension, essential hypeH ensiqp, pul nonary
hypertensi on, secpndary hypert&nsion, re §&u| ert n§i9ﬂ£\cpronic

gl oner 3gﬁﬁphrbr s, —erectite—dystumc®on,' vent Hetul ar arrhyt Bni a, Rdi abet es,
di abet confget cat i ons, negﬂropathy, reti nopat hy, angiogenes'| , ast hna
bronchi al e, chronic renal éilure, cirrhosis of the liver, osteoporosis,
restrictedyjenory perfornmance or a restricted abilityjgo learn, or for the
| oneri ng of cardiovascul ar risk of postnenopausal wonmen or after intake of
contraceptives. 15. The use as clainmed in any of clains 13 and 14, wherein

t he conmpound of the;foynulasa is_a conpound of the foroulag l. as defined in
any of WBRHREe, XoRb Ry aad FyAeesiedas i Siesn i Bardin adwitipAorty
functional groups can be present in protected form or in the form of precursor groups,

5 and L'is a nucleophilically substitutable leaving group.

11. A compound as claimed in any of claims 1 to 9, or a physiologically acceptable

salt thereof, for use as a pharmaceutical.

10 12. A pharmaceutical composition, comprising an effective dose of at least one
compound as claimed in any of claims 1 to 9 and/or a physiologically acceptable salt

thereof, and a pharmaceutically acceptable carrier.

13. The use of a compound of the formula la,
15
O

R3/X\ /A\ )J\ 1

Het N R la
I 2
R

in which

A is chosen from -CH=CH-CH,-, -C=C-CH.-, which groups are bonded to the group
20 Het via the terminal atom of the double or triple bond, the group of the formula I,

which is bonded to the group Het via a ring atom, and the group of the formula 1li,
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(CH,):

wherein in the formulae Il and Ill the bonds via which the groups are connected to the
adjacent groups, are depicted by the lines starting at ring atoms and at the group
(CHy),, and wherein all groups A can be substituted by one or more identical or

different substituents R*:

Het is 5-membered to 10-membered, monocyclic or bicyclic, aromatic group which
contains one or more identical or different hetero ring members chosen from N, NR'®,
O and S and which can be substituted by one or more identical or different

substituents R®;

X is chosen from a direct bond, CH,, O, S, NH and N((C1-C4)-alkyl), or X is absent
and in this case the phenyl, naphthalenyl or heteroaryl group representing the group
R3 is fused to the group Het;

R' and R? are independently of each other chosen from (C4-C1g)-alkyl, (C3-C10)-
alkenyl, (C3-C1p)-alkynyl, (C3-C10)-cycloalkyl-CnH2n-, phenyl-C,Ha2,-, naphthalenyl-
CnH2n- and heteroaryl-C,Hz,-, and R? can in addition be hydrogen, wherein the
groups (C4-C1g)-alkyl, (C3-C1o)-cycloalkyl, (C3-C1o)-alkenyl and (C3-C1o)-alkyny! can
all be substituted by one or more identical or different substituents R®, and the groups
CnH2n can all be substituted by one or more identical or different substituents chosen
from fluorine and (C4-C4)-alkyl, and all phenyl, naphthalenyl and heteroaryl groups
can independently of each other be substituted by one or more identical or different
substituents R’

or R' and R?, together with the N-CO group which carries them, form a 4-membered
to 10-membered, monocyclic or bicyclic, saturated or unsaturated ring which, in
addition to the ring nitrogen atom being part of the N-CO group, can contain one or
two further hetero ring members chosen from N, NR'?, O, S, SO and SO, which can
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be identical or different, with the proviso that two ring members from the series O, S,
SO and SO, cannot be present in adjacent ring positions, wherein the ring formed by
R' and R? and the N-CO group which carries them can be substituted by one or more

identical or different substituents Rs;

R3 is chosen from phenyl, naphthalenyl and heteroaryl which can all be substituted
by one or more identical or different substituents chosen from halogen, (C4-Cg)-alkyl,
(C4-Cs)-alkyloxy-(C1-Cs)-alkyl-, OH, (C4-Cg)-alkyloxy which can be substituted by one
or more fluorine atoms, (C4-C3)-alkylenedioxy which can be substituted by one or
more fluorine atoms, (C4-Cs)-alkylmercapto, NH,, (C1-Cs)-alkylamino, di((C1-Cs)-
alkyl)amino, ((C1-Ce)-alkyl)-CONH-, di((C+-Cs)-alkyl)aminocarbonyl-, ((C1-Ce)-
alkyl)aminocarbonyl-, ((C+-Cg)-alkyloxy)carbonyl-, COOH, CONH,, CN, CF3, ((C+-Ce)-
alkyl)NHSO,-, di((C4-Ce)-alkyl)NSO2-, Ho2NSO,- and (C1-Ceg)-alkyl-SO,-;

R* is chosen from (C4-Cg)-alkyl, halogen and oxo;

RS is chosen from halogen, (C1-Cs)-alkyl, phenyl-C,Han-, (C1-Ce)-alkyloxy-(C4-Cs)-
alkyl-, OH, (C4-Cg)-alkyloxy which can be substituted by one or more fluorine atoms,
(C4-Cs)-alkylmercapto, NH,, (C1-Cg)-alkylamino, di((C1-Cs)-alkyl)amino, ((C4-Ce)-
alkyl)-CONH-, di((C4-Cg)-alkyl)aminocarbonyl-, ((C1-Cs)-alkyl)aminocarbonyl-, ((C+-
Cs)-alkyloxy)carbonyl-, COOH, CONH,, CN, CF3, H:NSO--, ((C1-Cs)-alkyl)NHSOo-,
di((C4-Ce)-alkyl)NSO,- and (C4-Ce)-alkyl-SO,-, wherein the phenyl group can be
substituted by one or more identical or different substituents chosen from halogen,
(C4-Cy)-alkyl, CF3 and (C4-C4)-alkyloxy;

R® is chosen from fluorine, OH, oxo, (C1-Cs)-alkyloxy, (C1-Cg)-alkylmercapto, di((C1-
Ce)-alkyl)amino, ((C+-Cg)-alkyl)-CONH-, di((C1-Ce)-alkyl)aminocarbonyl-, ((C1-Ce)-
alkyloxy)carbonyl-, COOH, CONH_, CN and CFs3;

R’ is chosen from halogen, (C1-Cg)-alkyl, (C1-Ce)-alkyloxy-(C4-Cs)-alkyl-, OH, (C1-Ce)-
alkyloxy which can be substituted by one or more fluorine atoms, (C4-C3)-

alkylenedioxy which can be substituted by one or more fluorine atoms, (C1-Cg)-
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alkylmercapto, NH,, (C1-Cg)-alkylamino, di((C1-Cg)-alkyl)amino, ((C1-Cs)-alkyl)-
CONH-, di((C4-Cs)-alkyl)aminocarbonyl-, ((C1-Cg)-alkyl)aminocarbonyl-, ((C1-Ce)-
alkyloxy)carbonyl-, COOH, CONH,, CN, CF3, SF5, H;NSO,-, ((C1-Cs)-alky)NHSO2-,
di((C4-Cs)-alkyl)NSO2- and (C4-Cg)-alkyl-SO2-;

R® is chosen from halogen, (C1-Cg)-alkyl, (C3-C7)-cycloalkyl-C Hzq-, phenyl-CnHzn-,
heteroaryl-C,H2n-, (C1-Cg)-alkyloxy-(C1-Cs)-alkyl-, OH, oxo, (C-Cs)-alkyloxy which
can be substituted by one or more fluorine atoms, (C4-C3)-alkylenedioxy which can
be substituted by one or more fluorine atoms, (C1-Cg)-alkylmercapto, NHz, (C1-Ce)-
alkylamino, di((C+-Cs)-alkyl)amino, ((C1-Ceg)-alkyl)-CONH-, di((C1-Ce)-
alkyl)aminocarbonyl-, ((C4-Cg)-alkyl)aminocarbonyl-, ((C4-Cs)-alkyloxy)carbonyl-,
COOH, CONHg, CN, CF3, SFs, HoNSO,- and (C1-Cg)-alkyl-SO»-, wherein all phenyl
groups and heteroaryl groups can independently of each other be substituted by one
or more identical or different substituents chosen from halogen, (C-C;4)-alkyl, CF3
and (C4-C4)-alkyloxy;

R'2 is chosen from hydrogen, (C1-Cs)-alkyl, (C3-C7)-cycloalkyl-CnHzq-, phenyl-CoHzq-,
heteroaryl-C,Han-, ((C1-Cs)-alkyl)-CO-, (C3-C7)-cycloalkyl-C,H2,-CO-, phenyl-CqHzn-
CO-, heteroaryl-CH2,-CO-, ((C1-Cs)-alkyl)-O-CO- and phenyl-C,H2,-O-CO-, wherein
all phenyl groups and heteroaryl groups can be substituted by one or more identical
or different substituents chosen from halogen, (C1-Cy4)-alkyl, CF3 and (C4-Ca)-
alkyloxy;

R' is chosen from hydrogen, (C1-C4)-alkyl and phenyl-C,Ha,-, wherein the phenyl
group can be substituted by one or more identical or different substituents chosen
from halogen, (C1-C4)-alkyl, CF3 and (C4-C4)-alkyloxy, where all groups R are
independent of each other and can be identical or different;

heteroaryl is a 5-membered to 10-membered, monocyclic or bicyclic aromatic group
which contains one or more identical or different hetero ring members chosen from
N, NR™ O and S;
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nis 0, 1, 2 or 3, where all numbers n are independent of each other and can be
identical or different;

qis1,2,3,40r5;

risOor1;

sis1,2,3o0r4;

in any of its stereoisomeric forms or a mixture of stereoisomeric forms in any ratio, or
a physiologically acceptable salt thereof, for the manufacture of a medicament for the
stimulation of the expression of endothelial NO synthase.

14. The use of a compound as defined in claim 13 or a physiologically acceptable
salt thereof, for the manufacture of a medicament for the treatment of cardiovascular
diseases, stable or unstable angina pectoris, coronary heart disease, coronary artery
disease, Prinzmetal angina, acute coronary syndrome, cardiac insufficiency, heart
failure, myocardial infarction, stroke, thrombosis, peripheral artery occlusive disease,
endothelial dysfunction, atherosclerosis, restenosis, endothel damage after PTCA,
hypertension, essential hypertension, pulmonary hypertension, secondary
hypertension, renovascular hypertension, chronic glomerulonephritis, erectile
dysfunction, ventricular arrhythmia, diabetes, diabetes complications, nephropathy,
retinopathy, angiogenesis, asthma bronchiale, chronic renal failure, cirrhosis of the
liver, osteoporosis, restricted memory performance or a restricted ability to learn, or
for the lowering of cardiovascular risk of postmenopausal women or after intake of
contraceptives.

15. The use as claimed in any of claims 13 and 14, wherein the compound of the
formula la is a compound of the formula | as defined in any of claims 1 to 9 or a
physiologically acceptable salt thereof.



