WO 2007/000248 PCT/EP2006/005716 Heteroaryl-substituted amides comprising an unsaturated or
cyclic linker group, and their use as pharmaceuticals The present invention relates to N-alkylamides of
the formula’l, %"&"‘13%’:1%(\ He$iA,N)~R1 | RZ in which A, Het, X, R1, R2 aﬁﬁ%"ﬁ%ﬂféﬂﬂ%él%eanings
indicated below, which modulate the transcription of endothelial nitric oxide (NO) synthase 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
decreabdangaiylolisstifisiectaide nrvempoisiogtiadr uelsadsradeiosespelciinkes greparaiah of

compo : harmaceutical compositions comprising them, and to the use of
I e e T s

compo e manufacture of a medicament for the stimulation of the expression
of endothelial NO synthase or for the treatment of various diseases including cardiovascular disorders

for cxa e 20 R A e 2 ARG B TR ISMER Y Group of ireo isoensymee.

whibh produce nitric oxide (nitrogen monoxide, NO) by oxidation of arginine. Endothelially released
NO is of central importance in a nymber of key cardiovascular mechanisms. It has a vasodilating
effect and inhibits the aggregation pf platelets, the 25 adhesion of leukocytes to the endothelium and
the proliferatiqnaof{htimal sfeot sgle cells. Endothelial NO synthase is subject to physiological
and pathoph;gologicéi%gulatiq botR at the tran‘scriptional and at the post-transcriptional level.
Enzyme already WO 2007/0008#8 PCTLEP2006/005716

in which A, Het, X, R', R? and R® have the meanings indicated below, which
modulate the transcription of endothelial nitric oxide (NO) synthase and are valuable

10  phamacologically 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 o 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 2 medicament for the stimulation
of the expression of endothelial NO synthase or for the treatment of various diseases
inciuding 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 physiciogical and pathophysiological regulation
both at the transcriptional and at the post-transcriptional level. Enzyme already



2 present in the endothelium may undergo calcium-dependent and calcium- independent activation
through phosphorylation of specific amino acids, but also by direct interactions with specific proteins.
StimulatorsWgPtPE§7418824Ry transient, NO release are extracellular arginine, AZfZestoegesyand the
mechanical stimulus exerted 5 on the lumina) surface of the endothelium by the blood flow (shear
stress). The latter additionally leads to regulation ef eNOS at the transcriptional level. Thus, for
example, Sessa et at (Circ. Research 74 (1994) 349) were able to obtain a marked increase in eNOS
by means of exercise training and the increase in shear stress associated therewith. 19 Whether

regulatigreasiiapan AsHIARANEYShiviEriy RaldMYGe BRAASHPERA ddigiplouously proven.

Thus, for example, administration of a gah ardginine dose is followed by only a transient improvement

in the eliiRAENGRRYaGEVEEAR thisoEhR aeRhAERloNhRReUfsHanyNe Acidscbisbali® Op the other
hand, the-signifieaneadid DRI g?cﬁém@ NrIBIGIe RiShRCiRlER i arcemeqdhus, there

are findings which show that the protective properties of the HMG- CoA reductase inhibitor simvastatin

can be @iﬁﬁaﬁéa%@ﬁ(ﬂ@@eﬁ&ﬁeﬁﬁgmifmvéﬁﬁjeaf@gﬁfpaﬁddm nnepkasical sl Slexpressiah in vivo
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current assu ptlon therefore | at the transcription anscrlptlon mechanisms of eNOS
regulatimmmgﬁalbw roeans af axyer ﬁ&mﬁ@mﬁgﬂ&mﬂd@a increasally ishamdsivassular
dlsordeé§s§ ?%1 4B YELYRAHly stages of a wide variety of cardiovascular disorders it is possible for a
dysfunctlon of this type in the

Whether regulation at the posi-transcriptional level is relevant in vivo, has not been
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 eNCS protein is
scientifically accepted. Thus, there are findings which show that the protective
properties of the HMG-CoA reductase inhibitor simvastatin can be atiributed, besides
to the lipid lowering, also in pait to an increase in eNGS expression in vive (Endres et

20 al., Proc. Natl. Acad. Sci. USA 85 (1898) 8880). It is additionally known that single
peint 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 bicactive NO, which is
manifested as the disorder progresses in the form of measurabie pathophysiclogical

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



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, criticaV s/ ME4fly atherogenesis are speeded WO 2007/000248 PETTERP2088/003726 3 up
by a decrease in endothelial NO release, such as, for example, the oxidation of low density
lipoproteins, the recruitment and deposition of mongcytes in the intima of vessels, and the proliferation
of intimal cells. A consequence of atherogenesis is the formation of plaques on the inside of the blood
vessels, which may in turn lead, 5 through a diminution in the shear stress, to a further decrease in

endotheligily@ delaassaidahbsthanserrriqatiand) depadiaguxsinsrendohigtaiPds also a

vasodilator, a decrease thereof frequently also leads to hypertension which may, as an independent

risk factoM GRS ipRRTetgins dhipdgeruiment and dephsitispcfimappraies o the g et of

these diggsders BNSLRCERIHBERYOS & interanidhis ehadhabavenishyriagieasiuhtgerdatbelial NO
expression. Gene transfer experiments which lead in vitro to overexpression of NO synthase in

previoulyrasgtipiyehriaduer rdhe imgide el eRinredesneiacutish pydociEBsded#d are thus
evidgnogRfuliR SNPGRS & this SRBEIGRARNAG A r dE21dHB: fRenedbhesiailn{2000) 1329).

Some low molecular weight compaounds which, in cell cultures, may lead to a direct effect on eNOS

transcrifi6R SHha@¥x S Sriefiorrien in the palbelirey FeMAe endaielal NG rals® deen
mentior@ie.dﬁnaﬁﬁe@aé&éa@%wﬂ@aﬂf&wr@ﬁg {8 AMSAPRYINA AhRRIAeGTTaet In view
class o

of the known range of side effects of this substances, however, it is unclear how far use of
this effedf dAAaRENAaRErRKI Ao RSSO AISRRHEHRYE Liao et at. 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

sudiP as! #5r 2l phRetharareyr BERBASH hir HerbpRnh i dhessodisosiensdittthg a specific way
of achieyfeaisisg 940 iRmiflept BhivaEMamnieDa By i eip ippRs EpaakangeNelial NO
synthase, in | . . . .
expression. Gene transfer experiments which lead in vitro to overexpression of NO
synthase in previously damaged 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} 1328).

Some low molecular weight compounds which, in cell culiures, may lead o a direct
effect on eNOS transcription and expression are disclosed in the literature. For the
stating, 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 unciear how far use of this effect can be
made in a toxicologically unproblematic dose. Liac et al. claim in WO 89/47153 and
WO 00/037486 the use of rhoGTPase inhibitors and agents which influence the
organization of the actin cytoskeleton for increasing eNGS in endothelial celis 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 upreguiate the expression of endothelial NO synthase, in
particular N-cycloalkyl amides in which the cycloalkyl ring is fused to a benzene ring
or a hetercaromatic ring, have been described in WO 02/064148, WO 02/064545,

30 WO 02/064546, WO 02/064565, WO 2004/014388, WQ 2004/014372 and WO
2004/014842. Certain riaza- and tefraaza-anthracenedione derivatives which

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



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
02/064568" W?B%?Efﬁmscsg, WO 2004/014372 and WO 2004/014842. CSrEiPHIMo/aesTiy
tetraaza-anthracenedione derivatives which upregulate the expression of endothelial NO synthase
have been described in WO WO 2007/000248 PET/EP2006/005716 4 2004/D94425. There still exists
a.need for further compounds which upregulate the expression of endothelial NO synthase and have
a favorable property profile and are useful as pharmaceuticals for the treatment of, various diseases
such @&0847168st3E oFesrepstili asyistscayndisd doe furthedisonmpotficisnanicor upeegplateRr&urprisingly it

has naow been. foun ds of the farmula | age . m latars._of the transcripgion of
oot b e L B T e B R B O SRR e
usefuliisethiesis qritarem céviicaie Jod ittea feasnenbsitvenoestidisedsesdacksaslar disorders.
Summ 10 According to a fi ect, there is provided a compound of the formula I, O R3/~\
MR SRR e L e B S B B At 1o SR oups are bonded
to the §uwppisidglyibiths towbekatéonnd Shaitihebéeoonpopindsoofithedorougedf dne formula It, which
is bonded,to t [ via a ring. atem f formula lll, CH?2la CHZ | Il 20
e A B R A Ao B bR B R R e Bt i et By dldale |
groupsirarpregpiated thy: thepiieesistaningND8ngatoars arsd:Atl the §redreatment of various

diseases such as the mentioned cardiovascular disorders.

Summary
10 According to a first aspect, there is provided a compound of the formula I,

-0

RS/X'\ /A\ /U\ 4

Het '?5 R i
L2

in which

15  Als chosen from -CH=CH-CHg-, -C=C-CHz, which groups are bonded fo the group
Het via the terminal atom of the double or friple bond, the group of the formula i,
which is bonded to the group Het via a ring atom, and the group of the formuia il

Pi [
(CH, ) ~"

20
wherein in the formulae il and lll the bonds via which the groups are connected to the
adjacent groups, are depicied 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 subsfituents R*;

25



(CH2),, and wherein all groups A can be substituted by one or more identical or different substituents
R4; 25 WO 2007/000248 PCT/EP2006/005716 5 Het is a 5-membered or 6-membered, monocyclic
aromatic gréip 28ii8lBdRtains one or two identical or different hetero ring rembersscloesas from N,
NR13, 0 and S and which can be substituted by one or more identical or different substituents R5; 5
Xis chosen from a direct bond, CH2, 0 and NH; Rlsand R2 are independently of each other chosen
from (C1-C6)-alkyl, (C3-C6)- alkenyl, (C3-C6)-alkynyl, (C3-C7)-Cycloalkyl-CnH2n-, phenyl-CnH2n-
and neteroaryl- CnH2n-, and R2 can in addition be hydrogen, wherein the groups (C1-C6)-alkyl, (C3

10 C7)'H>é?'f?5‘ﬂ*ﬁ%?ﬁ§@é?§Wiﬁ@ﬁ\&@%@?ﬁﬂﬁ&@bﬁ%rﬁ?&ﬁﬁtﬁj %@g%%%%m&%édenma'

or different substituents R6, and the groups CnH2n can all be substitute Qne or more identical or

differer@stwatidrmMisaHaifaem Mesere ine memears akgsendramiNe R §idopenshd Batroary!
groups gaR-indeRendanth. ol fag byl HerabRSEHERELY BPaREBRrS iHRRiGRIRL different

substituents R7, 15 or R' and R2, 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 ripgnitregen 3iam Beinanashphther-COewacan contain one or two further hetero ring
members chosen from N, NR12, 0, S, SO and SO2 which can be identical or different, with the

proviso that two ring members from the series 0, S, 20 SO and SO2 cannot be present in adjacent ring

positons 4herRm 4he e JRRPERRY oRdN LA NHER oL iRl p3tiEs fhem can be

substituted by one or more identical or different substituents R6; R n from phenyl,

naphth@&@MnEhdtslodlivhiéh con)svsioalinstitardden2 DS o eno ARl BefREd @V Hifferent
substityenig Qf‘%?&f‘émt’ﬂ&a’i‘mtiéﬁ;lbgﬁgﬁu&@eﬁ%ﬁéﬂ'f%@@f‘c(&ﬁs’?@ﬁ@égai!@ﬁ{Cg- _
(C1-C2)-alkylenedioxy

(C1-C4)- Ikyﬂoxy which can be substituted 6‘:‘(wone or more fluoriné atoms,

whih cantsslasdtitide o ondlisnmardiliorte hidgyicaral bkyrRsithies Riqgne or
(CL-Cappy\Binmlidaifdiant substituents R®, and the groups CpHzpn can all be

substituted by one or more identical or different substituents chosen from fiuorine and
{C1-Cyj-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, monocyciic 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'?, 0, 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 50, 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®;

R® is chosen from phenyl, naphthalenyi and heteroaryl which can all be substituied

25 by one or more identical or different substituenis chosen from halogen, (C4-Cy)-alky,
(C4-Cy)-alkyloxy-(C1-Ca)-alkyi-, OH, (C+-Ca)-alkyloxy which can be substituted by one
or more fluorine atoms, {(C4-Cy)-alkylenedioxy which can be substifuted by one or
more fluorine atoms, (C4-Cyl-alkylmercapto, NH;, (C1-C4)-alkylamino, di{{C+-Cq)-
alkylyamino, ((C1-C4)-atkyl}-CONH-, di{{C+-Cs}-alkylyaminocarbonyl-, ((C1-Cg)-

30 alkylyaminocarbonyl-, {(C1-Cy)-alkyloxy)carbonyl-, COOH, CONH;, CN, CF3, HaNSO,-
and (C4-Cy)-alkyl-SO,-;



alkyl)amino, ((C1-C4)-alkyl)-CONH-, di((C1-C4)-alkyl)aminocarbonyl-, ((C1-C4) 30
alkyl)aminocarbonyl-, ((C1-C4)-alkyloxy)carbonyl-, COON, CONH2, CN, CF3, H2NSO2- and
(C1-C4)-alk¥ArSe92000¢¢5 2007/000248 PCT/EP2006/005716 6 R4 is choséit fr&ir¢es1e3436alkyl and
fluorine; R5 is chosen from halogen, (C1-C4)-alkyl, (C1-C4)-alkyloxy-(C1-C2)-alkyl-, OH, (C1-C4)-
alkyloxy which can be substituted by one or more guorine atoms, (C1-C4) 5 alkylmercapto, NH2,
(C1-C4)-alkylamino, di((C1-C4)-alkyl)amino, ((C1-C4)-alkyl)- CONH-, di((C1-C4)-alkyl)aminocarbonyl-,
((C1-C4)-alkyl)aminocarbonyl-, ((C1-C4)- alkyloxy)carbonyl-, COOH, CONH2, CN, CF3 and

(C1-Capalkydissasn fRens(chosgndiem dwerprakt, oxo, (C1-C4)-alkyloxy, (C'-C4)-alkylmercapto,
di((C1- 10 C4)-alkyl)amino, ((C1-C4)-alkyl)-CONH-, di((C1-C4)-alkyl)aminocarbonyl-, ((C1-C4)-
alkyloxy)carbonyl-, COOH, CONH2, CN and CF3; R7 is chosen from halogen, (C1-C4)-alkyl,

1£|C1 C%%tky&mgéf$r&?§%ﬁ@?@W(%Mkﬁ%ﬂ@g@&biﬁ?i@ﬁ%p@sggﬁmw b}ﬁgr(g;ponore
uorine ato a n hich can be substitute one e fluorine atoms,
(C1-C43KY {gﬁﬁw&’&'&%téaﬁﬁﬁ %&%}l a?ﬁ\ﬁéxd"(&'f% %%3" NRAZE o %&4 4)-alkyl)- CONH-,
CONHZ O WWL‘C@?I"%M?E&')@‘“‘“‘Q@*’s@*“@*}ﬁ@ﬂ‘ﬁ@e@a“”@?f“cyi') o,
a is.chosen from -alky
(C3- cﬁé}ﬁféal%ﬁ@h éﬂ’é‘/\ ¥1 ifé*aé?)cﬁm W&EC&%O&I@ &ﬁtg‘i@cz) -alkyl-,
OH, OXQIKﬁéx%a&l@ﬁgxy @@@H,@@Nﬁgucwtmeq Bydre cCmaikiuene, atoms,
(C1-C2)-alkylenedioxy which can be substituted by one or more fluorine atoms,
(C1-C4)-alkylmercapto, NH2, (C1-C4)- alkylamino, di((C1-C4)-alkyl)amino, ((C1-C4)-alkyl)-CONH-,
di((Cl Qﬁiéﬁrﬁi&ﬂbﬂm’ﬁﬁﬁawwl{DﬂCéxSQ%)JWL)pmiqﬂ@ﬁybmyl{;ﬁ@ﬂk@ﬂi@&gm@ymw@gnyl-,

he? CO§5M%§%ﬂ@Q; & 3 igf@aﬁigﬁ&@g %U% ﬁfﬁgé}eﬁigg]ﬁglbl% rﬁ%a?r(])crj different

substltmmﬁpm&@m,rtabm, (TINGH)-alkyhrgFSRyd (C1- C4)-alkyloxy;

R’ is chosen from halogen, (C1-Ca)-alkyl, (C1-Cy)-alkyloxy-(C-Cy)-alkyl-, OH, (C+-Cy)-
alkyloxy which can be substituted by one or more fluorine aioms, (C4-Ca)-

15 alkylenedioxy which can be substituted by one or more fluorine atoms, (C4-Cy)-
alkylmercapto, NH,, (C4-Cg)-alkylamino, di{(C+-Cy)-alkyiamino, {{C+-C,)-alkyl)-
CONH-, di({C+-Cy)-alkylyaminocarbonyl-, {{C-Cs)-altkylyaminocarbonyi-, ((C1-Ca)-
alkyloxycarbonyi-, COOH, CONHz, CN, CFj3, HoNSO»- and (C1-Ca)-alkyl-SO,-;

20 REis chosen from halogen, (Ci-Ca)-alkyl, (C3-Cr)-cycloalkyl-CoHan-, phenyl-CoHan-,
heteroaryl-CpHan-, (C1-Ca)-alkyloxy-(C4-Co)-alkyl-, OH, oxo, (C1-C4)-alkyloxy which
can be substituted by one or more fluorine atoms, (C+-C.}-alkylenedioxy which can
be substituted by one or more fluorine atoms, (C+-Cgj-alkyimercapto, NHz, (C1-Cy4)-
alkylamino, di({C4-Cs)-alkylamine, ((C1-Cs)-alkyl}-CONH-, di{{C4-Cg)-

25 alkyhyaminocarbonyvi-, ({C-Cy)-alkylaminocarbonyi-, {{C+-Cy)-alkyloxy)carbonyi-,
COOH, CONH,, CN, CFj, HaNSO2- and (C+-Cy)-alkyl-SO,-, wherein all phenyt 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, CF; and (Ci-
Ca)-alkyloxy;

30
R is chosen from hydrogen, (C1-Cs)-alkyl, (C3-Cr)-cycloaltkyl-CoHzq-, phenyl-CoHan-,
heteroaryl-CrHan-, ((C1-Cu)-alkyl}-CO-, (C3-Cr)-cycloalkyl-CHz-CO-, phenyl-ChHan-



30 R 12 is chosen from hydrogen, (C1-C4)-alkyl, (C3-C7)-cycloalkyl-CnH2n-, phenyl-CnH2n-,
heteroaryl-CnH2n-, ((C1-C4)-alkyl)-CO-, (C3-C7)-cycloalkyl-CnH2n CO-, phenyl-CnH2n WO
2007/0002480¢°1007E02006/005716 7 CO-, heteroaryl-CnH2n-CO-, ((C1-CAy<aiiwberédetitdsand
phenyl-C,,H2n-O-CO-, wherein all phenyl groups and heteroaryl groups can be substituted by one or
more identical or different substituents chosen fron}q halogen, (C1-C4)-alkyl, CF3 and (C1-C4)-
alkyloxy; 5 R93 is chosen from hydrogen, (C1-C4)-alkyl and phenyl-CnH2n-, wherein the phenyl
group can be substituted by one or more identical or different substituents chosen from halogen,

can be Hom R T el e A e e S e
group wiligthenylgitspsendbaiemany!igemtipal e e isul $iftdherr mg onensb erseh adentitaim N,

, X isQ. [ f h d b
dencar e et bl NG Bt R 1 P e S G oms o1

mixture @ikgtexgoisomeric forms in any ratio, or 25 a physiologically acceptable salt thereof. 7a
Accnr;)rding to a second aspect, there is provided a process for the preparation of a compound as
disclosed above, or a physiologically acceptable salt thered, in which A is -CH=CH-CHz- (formula Ib),

comprisi§ iinhaseorfpoulwarbgrnicithul)alind 2ot pbamyleCire.forwiaain tehaHahg
group can be substituted by one or more identical or different substituents chosan
from halogen, (C1-Cq)-alky!, CF; and (C1-Cq)-alkyloxy, where ali groups R* are
independent of each other and can be identical or different;

10

heteroaryi 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;

gis1,2,3,40r5;
20 risQort;
sis{,2, 30r4,;

in any of its sterecisomeric forms or a mixture of sterecisomeric forms in any ratio, or
25 a physiologically acceptabie salt thereof.



z CH R3/Het L9 R3/"\ Het \WKR VII 2 VI Ib wherein Het, X, Rt, R 2 and R3 are defined as in claims 1
to 9 and, in addition, any functional groups can be present in protected form or in the form of
precursor groups, and L1 is a nu phili lly substitutable leaving group. According to a third aspect, there
is provided a compound as disclosed above, or g ghysiologically acceptable salt thereof, for use as a
pharmaceutical. According to a fourth aspect, there is provided a pharmaceutical composition,
comprisiFRyERE Efteetived dermstoharlsast dhe epmpouric de displostsh abovenpadianadiysialagically

accep . 1.2 pbharmaceuticall ceptaple carrier. Accaording, to a fifth aspect, there is
provid?fj) %ﬁ%&%@%ﬁ %%ﬁnﬁ?&éﬁaﬁd Mﬁﬁﬁ%@ m (PrEsiie Bhhosen
from -CemprsDpi raadibg € Ramphiridgb s fereraodel nthesrpisumtebyivd R iRiTEe|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 lll, 7b Q CH)O(CHZ)r [ 111 wherein in the formulae 11 and Il the bonds
via which the groups are connegted to the fjadjacent groups, are depicted by the lines starting at ring

atoms and at the groupw, W in all groups A can be substituted by one or more identical

or different substituents R4; Het is 5-rﬁ§mber€d to 10-membered, monocyclic or bicyglic, aromatic

group which contains one or more idegtfcal or different hefgro rir}gzng%ppe@‘b@‘sen rom N, NR13
Hat

%
3/X\ /L < R N 1
R Meat |, R
Vi R

Vi b

wherein Het, X, R', R® and R® are defined as in claims 1 to & and, in addition, any
functional groups can be present in protected form or in the form of precursor groups,
and L' is a nucleophiiically substitutable isaving group.

According to a third aspect, there is provided a compound as disclosed above, or a physiologically
acceptable salt thereof, for use as a pharmaceutical.

According o a fourth aspect, there is provided a pharmaceutical composition, comprising an

effective dose of at least one compound as disclosed above and/or & physiologically acceptabie

sait thereof, and a pharmaceutically acceptabie carrier.

According to a fifth aspect, there is provided the use of a compound of the formula Ia,

e

szx\ A /U\

in which
A is chosen from -CH=CH-CH,-, -CZC-CHy-, which groups are bonded {o the group

Het via the terminal atom of the double or triple bond, the group of the formula I,
which is bonded o the group Het via a ring atom, and the group of the formuia 1,



10 0 and S and which can be substituted by one or more identical or different substituents R5; X is
chosen from a direct bond, CH2, 0, S, NH andN((C1-C4)-alkyl), or Xis absent and in this case the
phenyl, naphthalenyl or heteroaryl group representing the. group 15 R3 is fused to the group Het; R1
and R2 are independently of each other chosen fromi{C,-C10)-alkyl, (C3-C10)- alkenyl,
(C3-C,0)-alkynyl, (C3-C10)-cycloalkyl-CnH2n-, phenyl-C,,H2n-, naphthalenyl- CnH2n- and
heteroaryl-CH2n-, and R2 can in addition be hydrogen, wherein the 20 groups (C1-C10)-alkyl,
(C3-C1lo)-cycloalkyl, (C3-C10)-aikenyl and (C3-C10)-alkynyl can all be substituted by one or more
identical or different substituents R6, and the groups CnH2n can all be substituted by one or more

identical or different sub$#: ts chosen from fluorin d (C1-C4)-alkyl, and all phenyl, naphthalenyl
. 206 . . .
and heteroaryl groups dependently of each %er gg substituted by one or more identical or
different 25 substituénts R7, diHighdR2, together With'the N-CO group which carries them, form a

4-membered to 10-memhered, monocyclic or bicyclic {faturated or unsaturated ring which, in addition
to the ring nitrogen atom being part of the N-CO groud, can contain one or two further hetero ring

members chosen from N, NRt2, O, S, SO and SO2 which can 7c be identical or different, with the
proviso that two ring members from the series 0, S.. SO and SO2 cannot be Eiresent in adjacent ring

positiverginiethetormgiasiant,iHnehands ¥irg WE &6 §roURIAIE+eRTRESMSM B be
substi PERE deBRiieal oy SikenBt YiBALatTIRG didResd aadasemé grambenyl,

naghtha enyl and heteroaryl which can all be substituted by one or more identical or different
substitGts ansbuiesin @l SHeHPECA an hagHbabutes) BIORR R(EREB)GRRKCHR

(Cl-%@}l@ﬂpémmﬁ@@q substituted by one or more fluorine atoms, (C1-C3)-alkylenedioxy
which can be substituted by one or 10 more fluorine atoms, (C1-C6)-alkyimercapto, NH2,

(Ct-C5)-alkylamino, di((C1-Ce)- alkyl)amino, ((C,-C6)-alkyl)-CONH-, di((C,-C&)-alkyl)aminocarbonyl-,
((C1-Ggds is 5-membered to 10-membered, monocyciic or bicyclic, aromatic group which

contains one or more identical or different hetero ring members chosen from N, NR'™,
10 O and S and which can be substituted by one or more identical or different

substituents R®;

¥ is chosen from a direct bond, CHz, O, 8, NH and N{(C+-Cg)-alkyl), or X is absant
and in this case the phenyl, naphthalenyl or heteroaryl group represeniing the group

15 R is fused o the group Het;

R' and R? are independenily of each other chosen from (C1-Cqg)-alkyl, (C3-Cio)-
alkenyl, {C3-Co)-alkynyl, (Cs-Cio)-cycioalky-CrHan-, phenyl-CpHzg-, naphthalenyi-
CoHap- and heteroaryl-CoHan-, and R? can in addition be hydrogen, wherein the

20 groups (C:-Cyo)-alky!, (Ca-Cio)-cycioalkyl, (Ca-Cio)-atkeny! and {C3-Cio)-alkynyl can
all be substituted by one or more identical or different substifuents R® and the groups
CnHzr can all be substituted by one or more identical or different subsfituents chosen
from flucrine and (C+-Ca)-alkyl, and all phenyl, naphthalenyl and heteroaryl groups
can independently of each other be substituted by one or more identical or different

25 substituents R’,
or R! and R?, together with the N-CO group which carries them, form a 4-membered
to 10-membered, monocyclic or bicyciic, saturated or unsaturated ring which, in
addition 1o 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, 8, SO and SO, which can



alkyl)aminocarbonyl-, ((C1-C6)-alkyloxy)carbonyl-, COOH, CONH2, ON, CF3, ((C1-C6)-
alkyl)NHSO2-, di((C1-C6)-alkyl)NSO2-, H2NSO2- and (C,-C6)-alkyl-SO2-; 15 R4 is chosen from
(C,-C6)-alkyl, halogen and oxo; R5 is chosen from halogen, (C1-C6)-alkyl, phenyl-CnH2n-,
(C1-C6)-alkyloxy-(C1-C3)- alkyl-, OH, (Cl-CG)-aIkylaﬁy which can be substituted by one or more
fluorine atoms, (C1-C6)-alkylmercapto, NH2, (C1-C6)-alkylamino, di((C1-C6)-alkyl)amino, ((C1-C6) 20
alkyl)-CONH-, di((C1-C6)-alkyl)aminocarbonyl-, ((C,-Cs)-alkyl)aminocarbonyl-, ((C1-
C6)-alkyloxy)carbonyl-, COOH, CONH2, ON, CF3, H2NSO2-, ((C1-C6)-alkyl)lNHSO2-,

di((C,-C6)- aIkyI)NSOZ and (C1-C ﬁ}alkyl -S0O2-, wherein the phenyl group can be substltuted by one

or mdeé |m &ﬁmtSM| érﬁmmm memearipRitpe epiem(. S

(C1-Cdpalnd s, Fﬁé‘ﬂ?&@iﬁ?m Q%awﬁ% itfon& AvAbrdMMhe(B )ra&evlsg,ercapto,
di((C1- C6) aI I)amlno éCl C6)-alkyl)-CONH d|( 6 alkyl)amlnocarbony ((C1-Co)-

alkylcﬁy)éaﬁﬁn)ﬂn%@ -GO arPONDishcaries lem@?eﬁ%mlﬁ%@r\o?@f’t@?%yl
(C1-GRkmdladoxy é%@a-ﬁyﬁgﬂt%@@g&%) alkyloxy which can be substituted by one or more

fluorine atoms, (C1-C3)- alkylenedioxy which can be substituted by one or more fluorine atoms,
(G1-C6) 7d alkylmercapto, NH2 (C1-C6)-alkylamino, di((C1-C6)-alkyl)amino, ((C1-C5)-alkyl)- CONH-,

di((CIREQ)-odianinne ?h%@é Ké@@“ﬁé%@ﬁﬂ%hﬂ&b&% iy loxsaiiaanyl-, COOH,
C1l (C C6)-alkyl)NSO2- and

CONH2, ON, CF3, SF5, H2N % C6)-alky)NHSOr

(C1-d8)-angPsmens m@m@ﬁb%ﬁi ’Pia%@égﬂféﬁ teshangn fenlsalogrmedikyiCamaby,

phen A -, - W HoilsS oxy which
can b)(ebgur%-é%%}%(é)g@ t%?';g%e 3%0&%%99 gluﬁggtoﬁgs@C C3 alk;%ﬁﬁe%??é %h can ?éyihlitltuted by

one oPhiBRSI AR ERMESEE-cG) Ak NIRBR%ABI, WA gg 3y one of
HEC Ir{ofa-AlHAEHIBEC G0 glm/i%hlﬁ tQ'(@%zC(@»ga@éﬂ-)WEOB}ﬂtcrcs}

((C1-Co)- aIkyI)amlnocarbonyI- 1 CB)-alkyloxy carbon
alkylyamino, ({C1-Cg)-al kyl}-CONH- (C1- o -alky )ammocarbonyi-« ({C1-Cg)-
alkyhaminocarbonyl-, ((01-G5)-alkyioxy)carbony3 COOH, CONHg, CN, CF3, {{(C1-Ce)-

alkyDNHSO,-, di{{Cy-Cp)-alkyiNSOz-, HzNSO2- and (C-Cs}-alkyl-SOo-;
15 R*is chosen from (C+-Cg)-alkyl, halogen and oxo;

R® is chosen from halogen, (C1-Cg)-alkyl, phenyl-CyiHon-, (C1-Ce)-alkyloxy-{C1-Ca)-
aliyl-, OH, (C1-Cg)-alkyloxy which can be substituted by one of rore ﬂuariné atoms,
{C+-Cg)-alkyimercapto, NHa, (C+-Cs)-alkylamine, di({C-Ce)-alkyllamino, ({(C+-Ce)-
20  alkyh)-CONH-, di{{C+-Cs)-alkyl)aminocarbonyt-, ((C+-Ce)-alkyllaminocarbonyi-, {((Cs-
Ce)-atkyloxy)carbonyl-, COOH, CONH;, CN, CF3, HaNSO2-, ({C1-Ce}-alkyl)NHSO,-,
di((C1-Ce)-alkyINSOC.- and (C4-Ce}-alkyi-SO;-, wherein the phenyl group can be
substituted by one or more identical or different substfituents chosen from halogen,
{C+-Cy)-alkyl, CF3 and (C4-Cs)-alkyiony,
25
R® is chosen from fluorine, OH, oxo, (C1-Cs)-alkyloxy, (C1-Cs)-alkyimercapto, di({C1-
Ce)-alkyamino, ((C.-Cg)-alkyl}-CONH-, di((C+-Ce)-alkylyaminocarbonyl-, ({C+-Cs)-
alkyloxy)carbonyl-, COOH, CONHz, CN and CF;

30 R’ is chosen from halogen, (C+-Ce)-alkyl, {C1~Cg)-alkyloxy-(C1-Ca)-alkyl-, OH, (C1-Cg)-
alkyloxy which can be substituted by one or more fluorine atomns, (C+-Ca)-
alkylenedioxy which can be subsiituted by one or more fluorine atoms, (C+-Cg)-



COON, CONH2, ON, CF3, SF5, H2NSOr and (C1-C6)-alkyl-SOz-, 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, (C1-C4)-alkyl, CF3 15 and (C1-C4)-alkyloxy; RS2 is chosen from
hydrogen, (C1-C6)-alkyl, (C3-C7)-cycloalkyl-CnH2g-, phenyl-CnH2n-, heteroaryl-CnH2n-,
((C,-Cb)-alkyl)-CO (C3-C7)-Cycloalkyl-CnH2n-CO-, phenyl-CH2n- CO-, heteroaryl-CnH2n-CO-,
((C,-Cb)-alkyl)-O-CO- and phenyl-CnH2n-O-CO-, wherein 20 all phenyl groups and heteroaryl groups.
can be substituted by one or more identical or different substituents chosen from halogen,

(C1-C4)-alkyl, CF3 and (C1-C4)- alkyloxy; R 13 is chosen from hydrogen, (C1-C4)-alkyl and
phenyladiptimarcapios it d pnbeyaliginee S (e unsalndipminme S niost-aleyfical or different

substit ﬁ!—?—h%‘?&@:J@%—QW&#&%&%@‘SX{(@E@;ﬁgi@ﬁaﬁﬁhéé@f@éﬁywhﬁ@aﬁgroUIOS R13

are independent of each other and can be identical or different; heteroaryl is’a 5-membered to

10-me miisyieqy erieeyti P Bty Giebiidm AR ofdip Foswii alfs ofs)oringib deRical or
differe@ig@tﬂgéiWg_sm%gq_&g%l%;w, Oand S; 7e nis 0, 1, 2 or 3, where all numbers

n are independ nt of éach Gther and can be identical or di rent;gis 1,2,3,40r5; risOor1l; sisl,2,3
or & in any of its stereoisomeric forms or a mixture of sterecisomeric forms in any ratio, or a

physiolR8igaly s /5 SRl ROl 60y R FIATRSIS Bl M RACISAREN I Gfiyation of he

expression of endothelial NO Synthase. In one embodiment, there'is govided the use of a compound
1

of the foeieiraR-GRitet (GaRdzalityioxy-(C+-Cs)-alkyl-, OH, oxo, (C+-Cg)-alkyloxy which
can be substituted by one or more fluorine atoms, (C4-Ca)-alkylenedioxy which can
be substituted by one or more fluorine atoms, (C1-Cgl-alkyimercapto, NHa, (Ci-Cg)-

10 alkylamine, di{(C+-Cs)-alkyhaming, ((C+-Cg)-alkyl)-CONMH-, di({C+-Cs)-

alkylaminocarbonyl-, {(C+-Cg}-alkyljaminocarbonyl-, ((C+-Cg)-alkyloxy)carbonyi-,
COQOH, CONH;, CN, CF3, SFs, HoNSO»- and (C4-Cg)-alkyl-SO4-, wherein all phenyl
groups and heteroaryl groups can independently of each ofher be substituted by one
or more idenfical or different substituents chosen from halogen, (C+-Cs)-alkyl, CF;

15 and (01-04)-aikylc_xy:

R is chesen from hydrogen, (C1-Ce)-alkyl, {C3-Cr)-cycloalkyl-CHan-, phenyl-CoHae-,
hetercarvi-CpHan-, ((C1-Ca)-alkyl}-CO-, (Cs-Cr)-cycloakky-CiHan-CO-, phenyl-CoHap-
CO-, hetercaryi-CyHan-CO-, ({C1-Cs)-altkyl)}-O-CO- and phenyl-CiHz:-0-CO-, wherein

20 ali phenyl groups and heteroaryl groups.can be substituted by one or more identical
or different substituents chosen from haiogén, (C1-Co)-alikyl, CF3 and {C4-Cy)-

alkyloxy;

R* is chosen from hydrogen, (C1-Cq)-alkyl and phenyl-CqoHay-, wherein the phenyl

25 group can be substituted by one or more identical or different substituents chosen
from halogen, (C1-Ca)-alkyl, CF3 and (C:-Cy)-alkyloxy, where all groups R™ are
independent of each other and can be idenfical or different;

heteroary! is 2 5-membered fo 10-membered, monocyclic or bicyclic aromatic group
30 which contains one or more identical or different hetero ring members chosen from
N, NR™, O and §;



WO 2007/000248 PCT/EP2006/005716 8 in which A is chosen from -CH=CH-CH2-, -C=C-CH2-,
which groups are bonded to the group Het via the terminal atom of the double or triple bond, the
group of the formula It, 5 which is bonded to the group Het via a ring atom, and the group of the
formula lll, CHz}' CFi2)S Il Il wherein in the formul& Il and Ill 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
(CH2)r, and wherein all groups A can be substituted by one or more identical or different substituents
R4; Het is 5-membered to 10-membered, monocyclic or bicyclic, aromatic group which 15 contains
one or more identical or different hetero ring mempers chosen from N, NR13, Q and S and which can
be sfbtitlitddbPoreiisiiRl UmRErs P r‘é’ﬁ‘{e Eu“grﬂé%&% B TR direct bond,
CH2jdbrtichibpaiiiént-C4)-alkyl), or X is absent 20 and in this case the phenyl, naphthalenyl or
heteroaryi group representing the group R3 is fused to the group Het; R1 and R2 are independently of
each other chosen from (C1-C1lo)-alkyl, (C3-C10)- alkenyl, (C3-C1l0)-alkynyl,
(C3-§19)19mlggkﬂr@;m2n phenyl-CnH2,-, naphthalenyl- 25 CnH2n- and heteroaryl-CnH2n-, and R2
can in addition be hydrogen, wherein the groups (C1-Cl1o)-alkyl, (C3-Cl0)-cycloalkyl, (C3-C,0)-alkenyl
and (C3-Clo)-alkynyl can all be substituted by one or more identical or different substituents R6, and
the graglpsofcnH2n can all be substituted by one or more identical or different substituents chosen
from fluorine and (C1-C4)-alkyl, and all phenyl, naphthalenyl and heteroaryl groups WO 2007/000248
PCT/EP2006/005716 9 can independently of each other be substituted by one or more identical or

differgpy supsttaeats R7,

in any of its sterecisomeric forms of & mixture of steresisomeric forms in any ratio, or
a physiologically acceptable salt thereof, for the manufacture of a medicament for the
stimuiation of the expression of endothelial NO synthase.

In one embodiment, there is provided the use of a compound of the formula la



or R1 and R2, 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 5 addition to the ring
nitrogen atéW@RéNi@parsof the N-CO group, can contain one or two furthe Pligv@R2 G IREINbers
chosen from N, NR 12, 0, S, SO and SO2 which can be identical or different, with the proviso that two
ring members from the series 0, S, SO and SO2 gannot be present in adjacent ring positions, wherein
the ring formed by R1 and R2 and the N-CO group which carries them can be substituted by one or
more 10 identical or different substituents R8; R3 is chosen from phenyl, naphthalenyl and heteroaryl
which can all be substituted by one or more identical or different substituents chosen from halogen,
(C,-C6)-alkyl, (C1-C6)-alkyloxy-(C1-C5)-alkyl-, OH, (C,-C6)-alkyioxy which can be substituted by one
15 or mr¥higdrine atoms, (C1-C3)-alkylenedioxy which can be substituted by one or more fluorine

atoms, (CiL-Cim=alkWBRT Q@I&d\lﬁéﬂglééba&wt?—mmc%% 48l AYBN R the group
((C1-Co6)-alkyl)-CONH-, di (C1-C6)-alkyl)aminocar onyl-, ((C,-C6)- alkyl)aminocarbonyl-,
((C1-Ceyeimackip darponal st trsolaqbleoN tople pandoB)e arounpgoe formula i,
di«%*%r&%'%%\&%@é@ﬁ%h@&%uﬁﬁqém-a%}iﬁ&ﬂﬁ%%r@tﬁé@m O dR)-alkyl,
halogen and oxo; R5 is chosen from halogen, (C1ZC6)-alkyl, phenyl-CnH2n-,
(C9-C5)-alkyloxy-(C1-C3)- alkyl-, OH, (C1-C6)-alkyloxy which can be substituted by one or more

fluorine atoms, 25 (C,-C6)@jymercapto, NH2, (C1-C6)-alkylamino, di((C,-C6)-alkyl)amino, ((C1-C6)
alkyl)-CONH-, di((C1-C6)-alkyHdminocarbonyl-, ((C1-C&3tddkyl)aminocarbonyl-, ((C1-
C6)-alkyloxy)carbonyl- OH; @%HZ_._CN, CF3; SO2={C1-C6)-alky)NHSO2-,

di((C1-C6)-alkyl)NSO2- and (C1- ():ﬂkyl-SOZ-, wherein the phenyl group can be substituted by one
or more identical or differentisubstituents chosen from hilogen, 30 (C1-C4)-alkyl, CF3 and
(C1-C4)-alkyloxy; WO 2007/000248 PCT/EP2006/005716 10 R6 is chosen from fluorine, OH, oxo,
(C1-C6)-alkyloxy, (C1-C6)-alkylmercapto, di((C1- C6)-alkyl)amino, ((C1-C6)-alkyl)-CONH-,

di((C1-GR=pdi ) AaceaReRM 1 Gid HiGke bonds via which the groups are connecied to the

10 adjacent groups, are depicted by the lines starting at ring atoms and at the group
(CHs),, and wherein ali 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, CHy, O, S, NH and N{{C+-C4)-alkyl), or X is absent
20 and in this case the phenyi, naphthaienyl or heteroaryl group representing the group
R® is fused to the group Het;

R" and R? are independently of each other chosen from (C1-Cip)-alkyt, (Ca-Cro)-
alkenyl, (C3-Cyg)-alkynyl, (C3-Cio)-cycloalkyl-CpHan-, phenyl-ChHaq-, naphthalenyl-

25 CpHan- and heteroaryl-CoHza-, and R? can in addition be hydrogen, wherein the
groups (C1-Cip)-alkyl, (Cs-Cip)-cycloalkyt, (C3-Cio)-atkenyl and (C3-Cio)-alkyny! can
all be substituted by one or more identical or different substituents R®, and the groups
ChaH2n can all be substituted by one or more identical or different substituents chosen
from fluorine and (C4-Cas)-alkyl, and all phenyi, naphthalenyl and heteroaryi groups



alkyloxy)carbonyl-, COOH, CONH2, CN and CF3; 5 R7 is chosen from halogen, (C1-C5)-alkyl,
(C1-C5)-alkyloxy-(C1-C3)-alkyl-, OH, (C1-C6)- alkyloxy which can be substituted by one or more
fluorine atom@,2i87@8)z48lkylenedioxy which can be substituted by one or mpoxfliranzoesoms,
(C1-C6)- alkylmercapto, NH2, (C1-C6)-alkylamino, di((C1-C6)-alkyl)amino, ((C1-C6)-alkyl)- CONH-,
di((C1-C5)-alkyl)aminocarbonyl-, ((C1-C6)- alkyl)ar@mocarbonyk ((C1-C6) 10 alkyloxy)carbonyl-,
COOH, CONH2, CN, CF3, SF5, H2NSO2-, ((C1-C6)-alkyl)NHSO2-, di((C1-C6)-alkyl)NSO2- and
(C1-C5)-alkyl-S02-; R6 is chosen from halogen (C1-C6)-alkyl, (C3-C7)-cycloalkyl-CnH2n-,

phenyl %H‘l%ﬂe E%‘&éﬂﬁ%?é%f&ﬂct gﬂb%ﬁémmgé% Gak ?ﬁ%;@ﬂs A3 Gipteplingoxy which

15 can ubstituted by one or more fluorine atoms, (C1:C3)-a nedloxy which can be substituted
by one $trabidemis MG atoms, (C1-C6)-alkylmercapto, NH2, (C1-C6)- alkylamino,

di((C1- G@Ra'é)‘.%aﬁ“”&;dbé P%ﬁ'&ﬂ@r@@%’% &Jig%ﬁﬁ)cﬁpﬂé)oa{ﬂmﬂc%wglaé—membmed

((C1-Co)-alkyl)aminocarbonyl-, ((C1-C5)-alkyldxy)carbonyl-, COOH "CONH2, CN, CF3, SFb
H2NSde- ?éhm@lb@@%lﬁ‘mdlﬁ/ﬁémﬁﬁ%l@i}d@@érﬁup@%ﬁlﬁ@é@é}'mwms\@an

independently Of Laeh Giek; 9%&%9&%?%&5?‘%8&?5@% ‘?In roﬁe%@régr?%s%? chosen

from halogen, (C1-C4)-alky and (C1-C4)-alkyloxy; R 12 is en, (C1-C6)-alkyl,
(C3- cm@&wﬁwi@tm rmm@ﬁﬁmowﬁmrw&% -S((é@t@em@)v@@h can

(C3-C reyGiamidr GP iR Ot iR Bk Gr&lASe e ARISIAAMEAELR frlin %‘é]s&%flﬁy%o -CO-

and ph;\é/l -CnH2n-O-CO-, wheérein all henyl groups and heteroaryl groups can be substituted by
one or rar@eﬁ@mﬁ@wffbﬁeﬁfmmméﬁaém@r@ﬁsﬁm@ewrx@mﬂk)%mw craeddyC1-C4)-

akyloy B4 GHARRINLE RSO LA IO CoR SO LR YhELHD

q,(fg}gnyl
group can be substituted by one or more identical or different substituents chosen WO 2007/000248
pCfTERenticros differantrsrbatiiegals RE1-C4)-alkyl, CF3 and (C1-C4)-alkyloxy, where all groups
R13 are

R?® is chosen from pheny!, naphthalenyl and heteroaryl which can al be substituted
by one or more identical or different substifuents chosen from halogen, (C+-Cg)-alkyl,
(C1-Ce)-alkyloxy-{C4-Cg)-alkyl-, OH, (C+-Cg)-alkyioxy which can be substituted by one
15 or more fluorine atoms, (C¢-Cs)-alkylenedioxy which can be substituted by one or
rmore fluorine atomns, (C4-Cg)-alkyimercapto, NHs, (C1~Cel-alkylamino, dif{C-Cg)-
alkyhamino, ((C+-Cgj-alkyl)-CONH-, di{{C,-Cg)-alkyljaminocarbonyl-, ((C1-Cg)-
alkyhaminocarbonyl-, {({C4-Cg)-alkyloxy)carbonyl-, COOH, CONH,, CN, CF;, {((C4-Cs)-
alky)NHSO,-, dif{C1-Ce)-alkyINSOy-, HoNSO,- and (C1-Ce)-alkyl-SOy-: "
20
R* is chosen from (Cs-Ce)-alkyl, halogen and oxo:

R® is chosen from halogen, (C1-Ce)-alkyl, phenyl-CoHan-, (C1-Ce)-alkyloxy-(C1-Ca)-

alkyl-, OM, (C+-Cg)-alkyloxy which can be subsiituted by one or more fluorine atoms,
25 {(C+-Cg)-alkylmercapto, NHz, (C4-Cg)-alkylamine, di{{C1-Ce)-alkylamino, ({C+-Cs)-

alkyl}-CONH-, di({(C+-Cg)-alkyl)aminocarbonyl-, ((C+-Cg)-alkyliaminocarbonyl-, ({(Cq-

Ce)-alkyloxy)carbonyl-, COOH, CONH_, CN, CF3, HaNSO,-, ((C1-Ce)-alkyl)INHSO,-,

di{{(C+-Cs)-alkyl)NSG»- and (C+-Cg)-alkyl-SO,-, wherein the phenyl group can be

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



independent of each other and can be identical or different; heteroaryl is a 5-membered to
10-membered, monocyclic or bicyclic aromatic group 5 which contains one or more identical or
different hetsgraengesmmbers chosen from N, NR 13, 0 and 3; nis 0, 1, 2 8C3/EFher@@inambers n
are independent of each other and can be identical or different; 10 gis1,2,3,4o0r5; risOorl; 15
sis1,2,30r4; in any of its stereoisomeric forms or g gixture 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 20 disease in which such a

stimulagoen, anaRdRYEATAIDAIR IRYR; BkdeRECE JpaRyRRp IR, cepsianamridrsdinordareych as

atherosclerosis, coronary artery disease of cardiac insufficiency or any other disease mentioned

above Sebelbylaaring. i thecalighwriablbl-iidsrmoraifemiaagayiRemd:- substfuents, hetero
ring Zimgg}gﬁ&sdrgg 9%@(5{@%@%@{?@%}1&%#@{ example, R4 R5 R6, R7, R6, R 12, R13,
ups, the numb

alkyl gro r 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

2 ditaning e loh FEAGRRIR, (B2 BUARIALIS CoqDaRYRINERESICIIRIRDL 3014, dikenyl and

alkynyl groups can be linear, i'e. straight-Chain, or branched."ThiS also applieS when they are part of

other grbitiiexowbicinfiae Spaksiiegdr-aneonriefoMpeetnpr26e6fe9s716 12 alkoxy
9“’”psaiﬁiéﬂ%i@;g%ﬂ%%%ﬂ@%ﬁﬂﬂé&%?%%ﬁ%‘r‘é%ﬁk’@ﬁt@m@g@{@%' or when they

are substituted. Substituted alkyl, alkenyl and allg/_?eé groups can be substituted by one or more, for
it

exampRloh@eigeplandd o ukorfrealkylamino, -Ce)-alikylamino, {(C1-Ce}-alkyl)-
CONH-, di({C+-Ce}-alkylyaminocarbonyl-, {(C1-Ce}-alkyhaminocarbonyl-, {(C1-Ce)-
10 alkyloxy)carbonyl-, COOH, CONH;, CN, CF3, 8Fs5, HaNSO;-, ((C+-Ce)-alkyhiNHSO,-,
di({C+-Cg)-alky NSO~ and {C+-Cs)-alkyl-SOo-;

R® is chosen from halogen, (C+-Cs)-alkyl, {C3-C7)-cycloalkyl-CrHaq-, phenyl-CnHoq-,
heteroaryi-CoHon-, (C1-Ce)-alkyloxy-(C+-Cs)-alkyl-, OH, oxo, (C+-Cg)-alkyloxy which
15 can be substituted by one or more fluorine atoms, (C4-Csj-alkylenedioxy which can
be substituted by one or more fluorine-atoms, (C-Cgj-alkyimercapto, NH;, (C1-Ceg)-
alkylamino, di{{C+-Ce)-alkylyamino, ({(C+-Ces)-alkyi}-CONH-, di{{C1-Cg}-
alkylyaminocarbonyl-, {(C+-Ce)-alkyllaminocarbonyl-, ((C+-Cs)-alkyloxy)carbonyl-,
COOH, CONHy, CN, CF3, SF5, HNSO,- and (C4-Cg)-alkyl-SO,-, wherein all phenyl
20 groups and hetercaryl groups can independently of each other be substituted by one
or more identical or different substituents chosen from halogen, (C+-Cs)alkyl, CF3

and {C4-Cgy)-alkyloxy;

R'?is chosen from hydrogen, (C-Cg)-alkyl, (C3-Cr)-cycioalkyl-Cplan-, phenyl-CoHzn-,
25 heteroary-CpHan-, ((C1-Ce)-alkyl}-CO-, (C3-Cr)-cycloalkyl-CrH2q-CO-, phenyi-CyHap-
CO-, heteroaryl-CoHon-CO-, {(C4-Co)-alkyl)}-O-CO- and phenyl-CyHzn-0-CQO-, wherein
all phenyi groups and heteroaryl groups can be substituted by one or more identical
or different substitfuents chosen from halogen, (Ci-Cy)-alkyl, CF3 and (C4-C4)-
alkyloxy;
30
R'3 is chosen from hydrogen, (C1-Ca)-alky! and phenyl-C,Haz,-, wherein the phenyl

group can be substituted by one or more identical or different substituents chosen



identical or different substituents which can be located in any desired positions. 5 Examples of alkyl
groups are methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, the n-isomers of these
groups, isopvomgisetedy|, isopentyl, sec-butyl, tent-butyl, neopentyl or 3,3pdimethysarsigy vlkenyl
groups and alkynyl groups preferably contain one double bond or triple bond, respectively, which can
be present in any desired position of the group. Eﬁamples of alkenyl and alkynyl are prop-I-enyl, 10
prop-2-enyl (= ally[), but-2-enyl, 2-methylprop-2-enyl, 3-methylbut-2-enyl, hex-3-enyl, hex-4-enyl,
4-methylhex-4-enyl, dec-3-enyl, dec-9-enyl, prop-2-ynyl (= propargyl), but-2-ynyl, but-3-ynyl,

hex-4-ypyl or hex-5- # As {e ic%Q e-precedi {i rding alkyl, alkenyl and
alkynyl %@%ﬁ%ﬁ%éga% y%%%#%é%?r%z%%y o%g\%g%a%kﬁ%%ﬁ%%% %W%thya%sfoﬁ]ugs%%% alkenediyl
groups utd: pékyden: of caph, aikenadiyl cpo iyssidadtathboyldiffergotips, and alkynediyl groups and
alkynylene groups, such as the methylene group -CH2- and the groups -CH2-CH2- and
-CH2-CH2-CH2-, the propenylene group -CH=CH-CH2- and the propynylene group -CEC-CH2- which
can ocdueliertiaey i wpoAraathredivhiont 2onalinbenedioxpooayplics ocbiaycliz @rendtic-@raiig2-CHrO-
01 -0 CHIBIGHaGhIR-Osn 00 dh5: 01 ChHP NS a5 fe anpliable, ngse 0raubs.eap glso be linear
or branched and/or can be substituted by 6ne or more, for examplé& one, two, three, four or five,
identicaNoiNRifarénasdiStituents 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 8ith 4, SubsBtveherarmli crumizrexamsiendepmiigientod emahioither cast airal@H2 group.
Exampl%gég%;&rgﬁ 2n, in which the number nis 1, 2, or 3, are -CH2-, -CH2-CH2-,
-CH2-CH2- - - F -, -C(CH3)2-, -CH(CH3)-CH2-, -CH2-CH(CH3)-. If 30 the number n in the
grolip CnH2n or the number r in the group (CH2), is 0 (=zero), the two groups which are attached to
the gro%i_gpl—b?r}so&(&l-g), are directly connected to WO 2007/000248 PCT/EP2006/005716 13 one
anothervia a’sihgle bond. Similarly, if the group X is a direct bond, the groups 123

risCort;
15 sis 1,2, 3014,

in any of its stereoisomeric forms or a mixture of sterecisomeric forms in any ratic, or
a physiologically acceptable salt thereof, for the manufacture of a8 medicament for the
stimutation 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*2,
R™ 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 alkyny! groups can be linear, i.e. straight-chain, or branched. This
also applies when they are part of other groups, for example alkyloxy groups (=



and Het are directly connected to one another via a single bond. Examples of cycloalkyl groups are
cyclopropyl, cyciobutyl, cyclopentyl, cyclohexyl, 5 cycloheptyl, cyclooctyl, cyclononyl and cyclodecyl.
Substituted¥Q2MA81%foups can be substituted by one or more, for examPie &8P YHee, four or

five, identical or different substituents which can be located in any desired positions. In general,
besides any other specified substituents, all cyclogikyl groups can also carry one or more, for example
one, two, three, four or five, identical or different (Ci-C4)-alkyl 10 substituents, for example methyl
substituents, which can be located in any desired positions. Examples of alkyl-substituted cycloalkyl
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substltlhﬁxtsi, &y xammiehyThexX\WQ 200 D324 8yP GEE=B 2008/ 00518y (= propargyl),
but-2-ynyl, but-3-ynyl, hex-4-ynyl or hex-5-ynyi.

As far as applicable, the preceding expianations regarding alkyl, atkenyl and alkynyi
15 groups apply correspondingly to divalent atkyl, alkenyl and alkynyl groups, i.e.
alkanediyi groups and alkylene groups, alkenediyl groups and atkenylene groups,
and alkynediy! groups and alkynylene groups, such as the methylene group -CHo-
and the groups -CH2-CH,- and -CH>-CH»-CH;-, the propenyiene group -CH=CH-CH,-
and the propynylene group -C=C-CH»- which can occur in the group A and in divalent
20 alkylenedioxy groups such és -0-CHp-0-, -O-CHz-CH2-0- or -0-CHy-CHy-CH»-0-,
and the groups CyHa,. 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, inciuding the carbon atorms 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 CiHa,, in which the numbernis 1, 2, or 3, are -CHp-,
-CH2-CHy-, -CH2z-CHy-CHz-, -CH{CHa3)-, -C{CHa)z-, ~-CH(CH3)-CHy-, ~-CH-CH(CH3)-. If
30 the number n in the group ChH2, or the number r in the group (CH2); is 0 (= zero), the
two groups which are attached to the group CnhHz, or (CHy); are directly connected {o



substituents can be located in any desired positions. Substituted heteroaryl groups can be substituted
on ring carbon atoms and/or on suitable ring nitrogen atoms, i.e. ring nitrogen atoms which in the
parent ring Bx&tmeTeeseysa hydrogen atom, where preferred substituents oresichrzobstiteted ring
nitrogen atoms are alkyl groups, for 5 example (C1-C4)-alkyl groups, unless stated otherwise. Suitable
ring nitrogen atoms, such as the ring nitrogen atoyms in a pyridine ring or a quinoline ring, can also be
present as N-oxides or as quaternary salts, the latter preferably having a counter- anion which is
derived from a physiologically acceptable acid. In monosubstituted phenyl groups the substituent can

be located.i -pESItion; -NOSit] ition. | j [tuted phe sthe
substitu%ﬁ?s%(g&n e%ﬁ%ﬁ%%%é%ﬁ% p!?)sth(léo%q’% %ogt%gfﬁggégﬁﬁbﬁ%gy%%%ﬁn or
3,5-postith Hat aisudisaaite ¢pmeesieg dopsehargibsitviens siagisdiondted in 2,3,4-position, 2,3,5-
position, 2,3,6-position, 2,4,5-position, 2,4,6-position or 3,4,5-position. Naphthalenyl (= naphthyl) can
be naphthalen-1-yl or naphthalen-2-yi. In monosubstituted 15 naphthalen-1-yl groups the substituent
can be losameplas wkcycisalay groepsare cyciseshioy, pysiohotibsutier:nbphtyalehexyl,groups the
subgit I it = s pesition: [ ' yl
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0-membered bicyclic aromatic heterocyclic groups, whefe the bicyclic groups contain a'6-membered

ring fust@sigiessanieAibererPasiing fubsdisenisnsdreraipriitylrubitipsicastelaanagroups one or both
rings cqf g b8 ALMANGARH0RG O RALL RGS ERBFONTALLAELE r&rrﬁ?ﬁé}lﬁ‘\?

E@r_. Pr“%?ﬁgﬁbly
heteroaryl groups and other heterocyclic groups contain one, two or t ree, fo Exa4r)np e‘one or two,
ideHlicBWrdituants fpgaramplenatviibdstitanieelychgamomisstedringngtdasateths in

hetero S j r r egein N
includ:é%%%ggnl-i!terbgen a gmsevfk%gg %qﬁﬁigﬁﬁgggmﬁg %%%%gﬁ%ﬂ%@gg %%ﬁg?da%e in
5-memifeblytiraiehexyl or 2,3-dimethylcyclopentyl.

The preceding explanations regarding cycloalkyl groups apply correspondingly to

15 divalent cycloalky! groups, i.e. cycloalkanediyl groups and cycioalkylene groups, such
as the group of the fermuia {ll and the cyclic subgroup which is present in the group
of the formula li or represents the group of the formula Il in case the number ris 0.
These groups can also be substifuted by one or more, for example one, fwo, three,
four or five, identical or different substituents which can be located in any desired

20 positions. Of course, the number of subsiituents can in general not excead the
number of hydrogen atoms in the unsubstituted parent system which can be replaced
with a substituent. Exampies of the divalent cyclic subgroup present in, or
representing, the group of the formula I, 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, cycioheptan-1,2-diyl. Exampies of the
divaient group of the formula Hl, which is bonded to the adjacent groups via two ring
atoms in positions 1 and 3, are cyclobutan-1,3-diyl, cyciopentan-1,3-diyl, cyclohexan-
1,3-diyl, cycloheptan-1,3-diyl.

30 I 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



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 WO 2007/000248
PCTIEP200608H674602k86 desired positions provided that the resulting hetemcyaiezeystesris known in
the art and is stable and suitable as a subgroup in a drug substance. For example, in general two
atoms from the series 0 and S cannot be present if,adjacent ring positions. Examples of parent
heterocycles of heteroaryl groups and other 5 heterocyclic groups are pyrrole, furan, thiophene,
imidazole, pyrazole, 1,2,3-triazole, 1,2,4-triazole, oxazole (= 1,3-oxazole), isoxazole (= 1,2-oxazole),

thiazole, (z J:3-1hi isethi =1 2:thi | i idaz] imidine,
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trisubstituted pheny! groups the substituents can be located in 2,3,4-position, 2,3,5- '
position, 2,3,6-position, 2,4,5-position, 2,4,6-position or 3,4,5-position. Naphthalenyl
{= naphthyl} can be naphthalen-1-yl or naphthaien-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 bicyciic aromatic heterocyclic
groups, where the bicyclic groups contain a 6-membered ring fused to a 5-membered
or two fused 8-membered rings. In bicyclic heteroaryl groups one or both rings can
25 be aromatic and one or both rings can contain heterc 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 hetfero 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



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 desiredmuibabiesring atoms including ring carbon 30 atoms and/or, #ctheasembnisrogen
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 casriiff a divalent bicyclic heteroaryl group the positions
via which it is WO 2007/000248 PCT/EP2006/005716 16 bonded to the adjacent groups can be
located in the same ring or in different rings. In the case of a divalent group derived from furan or
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guinazoline, quinoxaline, phthalazine, thienothiophenes, 1,8-naphthyridine and other
naphthyridines, acridine or pteridine. Heterocaryl and other heterocyclic groups can be
bonded via any desired suitable ring carbon aform and, in the case of nitrogen

15 heterocycles, ring nitrogen atom. Preferably they are bonded via a ring carbon atom.
For example, thiopheny! (= thienyl) can be thicphen-2-yl or thiophen-3-yl, pyridinyl (=
pyridyl} can be pyridin-2-yi, pyridin-3-yl or pyridin-4-yi, imidazoly! can be, for exampie,
1H-imidazol-1-yl, 1H-imidazol-2-yl, 1H-imidazol-4-vi or 1H-imidazol-5-yl, guinolinyi (=
quinoiyl) can be quinolin-2-yi, quinaiin—3~y€, quinoiin-4-vl, Quinaiiwsmyi, guinolin-6-yl,

20 auinolin-7-yi or quinelin-8-yl. In monosubstituted pyridin-2-y! the subsfituent can be
located in the 3-position, 4-position, 5-position or 6-position, in monosubstituted
pyridin-3-y! the substifuent can be located in the 2-position, 4-position, 5-position or
B-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. heteroaryiene groups, such as the
group Het in formulae | and la. in general, 2 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 heteroary! group the positions via which it is



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 membavedoosaereitem N, NR 13, 0 and S. A phenyl or naphthalenyl orlatamsaoglgeoup
representing R3 can be fused to, or condensed to, the group Het via any suitable bond in R3 and any
suitable bond in the group Het, provided that the ﬁ%sulting 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
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of adjacent group is present in the 2-position. Depending on the ranking order of the

adjacent groups in the nomenclature of the compound, in the name of a compeound

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 3 pyridine-

3,6-diyi group.

As far as applicable, the above explanations also apply correspondingly to the
aromatic heterocycie which is formed by fusion of the group R® fo the group Het in

20 case the group X is absent. in the respective compounds of the formuia la the
resulting polycyclic heteroaromatic group, which represents the R*-X-Het- moiety in
formula la which may also be designated as R*-X'-Het- moiety to distinguish it from
the R>-X-Het- moiety in the compounds of the formula 1, is a bicyclic or tricyclic or
tetracyclic ring system, preferably a bicyclic or tricyciic 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*®, O and S. A phenyl or
naphthaleny! 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 fo 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 a2 5-membered or 8-membered monocyclic ring.



heterocyclic rings formed by R' and R2 together with the N-CO group, which residues are bonded to
the group i-d via the nitrogen atom in the said N-CO group depicted in formulae | and la, are
2-0x0-azetiovn hopt/@smas-pyrrolidin-l-yl, 2-oxo-2,5-dihydro-1H- pyrrol-1-yl, 2roxorpipetdizisy!,
2-0x0-1,2,3,4-tetrahydropyridin-1-yl, 2-ox0-1,2,5,6 25 tetrahydropyridin-1-yl,
2-0x0-1,2-dihydropyridin-1-yl, 2-oxo-azepan-1-yl, =pXO0- azocan-1-yl, 2-oxo-azecan-1-yl,
2-oxo-octahydrocyclopenta[b]pyrrol-1-yi, 2-oxo-2,3- dihydro-IH-indol-1-yl,
2-0xo-octahydro-IH-indol-1-yl, 1-ox0-2,3-dihydro-1H-isoindol- 2-yl, 1-oxo-octahydro-1H-isoindol-2-yl,
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1—oxo-1,é)- tetrahydroisoquinoli
1-ox0-1:)8ehtemahRdisisdannb theligitet cambameiydng saquive fns2glfo the bond between

3-oxo-decahydroisoquinolin-2-yl, 4-oxo-4.5,6,7- tetrahydrathi _clpyridin-5-vi
o R S ST e o
3-oxo-pmai!lmaybmbémmommmgr@pmdaaﬁmﬂb@ﬁs%kbthmawi@wrimidin-l-yl,
6-0x0-hexahyd imidin-1-yl, 2-0x0-1,2-dihyd imidin- 1-yl. 2-0x0-pi sl-
oot LRI oA gl SR L MR ol SRR o et an 1.
2-oxo-opgrdiitineBry e coeebiihBldeh dnamedyli@gopohft Biix axdprratpadingoanprpholin-4-yl,
3-0x0- [L,4 -4-yl. 5:0x0-[1.4 -4-y!, 2-ax0-thiazelidin:3-Yi,. 2- hiazjnan-3-yl,
B e iEh R e A s Tl e e e
3-oxo-[ T Akhpatepariic et Sroamiatithweliepos-prekeve inppies Yoishabssgivhioh barbbededhied by R1
d R2 th ith the N-CQ 10 | Il listed li b
i S R G R G T e e R
subituteds arigimatingniveen fireegmupléeh st can thecspstitetadipoaoistivenimere preferably
, b t ther. i it] h ioned in the listed
one r|n%{m§b?o(gaabgr@£,%¥ {Hé “?&lgg&g%%g%#é @fwéh(i%ﬁ%‘t_ e 0X0 group mentioned in the liste

names, y one ormore, 1or exam e, two, ree 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.-CA)glkyt oy cc%:ﬁc(%ﬁg 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 doubie 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 f{o 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-yi, 2-oxo-pyrrolidin-1-yi, 2-oxo-2,5-dihydro-1H-
pyrrol-1-yl, 2-oxo-piperidin-1-yl, 2-oxo-1,2,3 4-tetrahydropyridin-1-yi, 2-0x0-1,2,5,6-

25 tetrahydropyridin-i-yl, 2-oxo-1,2-dihydropyridin-1-yl, 2-oxc-azepan-1-y!, 2-oxo-
azocan-1-yl, 2-oxo-azecan-1-yl, 2-oxo-octahydrocyciopentalblpyrrol-1-vi, 2-oxo0-2,3~
dihydro-1H-indol-1-yi, 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-ox0-1,2,3 .4~
tetrahydroquinolin-1-yi, 2-oxo-decahydroguinciin-1-yl, 1-oxo-1,2-dihydroisoquinoiin-2-

30 vl 3-ox0-1,2,3,4-tetrahydroisoquinoclin-2-yl, 1-ox0-1,2,3 4-tetrahydroisoquinolin-2-yl,
1-oxo-decahydroisoquinofin-2-yl, 3-oxo-decahydroisoquinolin-2-yi, 4-0x0-4,5,6,7-
tetrahydrothieno[3,2-clpyridin-5-vi, 6-ox0-4,5,6,7-tetrahydrothienof3,2-cjpyridin-5-vl,



C4)-alkyl-CO- group such as methyl or acetyl which group represents RS2. Examples of groups listed
above which are substituted by a further oxo group include 2,5-dioxo- pyrrolidin-1-yl,
2,6-dioxo-pipermisrrbeyba®,5-dioxo-imidazolidin-1-yi, 2,6-dioxo 20 hexahydropgmyniisodegs716
1,3-dioxo-2,3-dihydro-IH-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 fggmed by R1 and R2 together with the td-CO group
in general, ring sulfur atoms in the listed heterocyclic groups can carry one or two 0xo groups, i.e.
doubly bonded oxygen atoms, and thus become SO or SO2 groups, i.e. sulfoxide or sulfone groups

25 or S PASeS LS SaiRadiS A AN, S 2GR B e lamarBngle: 4. vl group can

carry one or 0XO0 group -ox0-thiomorph group also the groups

1,3-diokeszbytmghoimidiyt byt &;m@hexahh@mvpﬁniﬁimi wicam-ﬁrés_éﬁmdr@mﬁﬁ@i@imrd of the
0 s e iy e G
bonded{to4idiadspaatdryl, rémtaces #dinyemajer HoRoBn-axsamisiraion, &-{F@parent system.
aroch, B L b e e e aromatc ing.
The pre[s‘;eéld_ﬁaeatian“iﬁejhdbsmé_‘t&kﬁwi&-fb&hs?dﬁmethiﬁﬂp@ﬁd&*ﬁ #eormulae | and la and
ot form B R B R B e R
configuiziiow 4 S]tsrmeaialy- R0 boxfigltatibrzeepsndit rosdthh Hilverrpamd-te ARsisomer in
any ratig, e, Iy B iy iile= ahspiis e agiamany aeT dsiete o R &/ M-8R A1 two or
, ple'mixtures of enantiomers and/or" diastereomers, in all fatios. Thus,

corfpoundeasratdaiblistedekmmplon oftictecanyslic gioupsaip br b silyied @it in
enantiomerically DHLG TR RO A Y YR by RE. For example, they can be

substifuted on one or more, for example one, two or three, preferably one or two,

more preferably one, ring carbon atoms by further oxo groups in addition to the oxo

group mentioned in the listed narnes, 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 of more ring nitrogen atom by a (C+-C4)-alkyl group or a (C+-
Cq)-alkyl-CO- group such as methyl or acetyl which group represents R'. 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-yi, 1,3-dioxo-2,3-dihydro-1H-isoindol-2-yt (= 1,3-dioxo-isoindol-
2-yi) 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 fwo 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-
yi group can carry one or two oxo groups, and besides the 3-oxo-thiomorpholin-4-yi
group also the groups 1,3-dioxo-thiomorpholin-4-yl and 1,1,3-trioxo-thiomorpholin-4-

yi can be present in a compound of the invention.

30 Halogen is fluorine, chiorine, bromine or iodine, preferabiy fluorine, chlorine or

bromine, more preferably fluorine or chilorine.



15 as dextrorotatory 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/traps isomerism, for example on double

bonds or riRgs, ip¢ieingsthe double bond in the group -CH=CH-CH2- and the gy sal@iaeigngs in the
groups of the formulae 1l and 11l 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 inventid , @ compound which can occur in two or more
stereoisomeric forms is a pure, or substantially pure, individual stereoisomer. The preparation of

individual sterecisomers, can be carried out, for e e rati fa m|xt re of i |somers by
custom ) FEERLPOP AR BREZS By BRSSP AT AU Pg TR B 5
stereoca@m@ﬁlbwmfcmmst@ﬁragt sitsialsThubpitpnGidsigraubis Setmtitetective syothiasisy
Optionally ﬂerlvatlzg ﬁgen can be arrle out before paratloq:of ter oisomers. The separation of

a mlxtur% Qr(?f?f% ?&‘%%ﬁ"b@ Bt (53 8U?§ﬁﬁ@ FH%Re "cg BthaE B8 BRHHa | or 1a or at

the stagez@haistatingad atebktitimnintermedidioratog th@ayathmeo present invention also
includes all tautomeric forms of the compounds of formulae | and la and their salts. WO 2007/000248
PCT/EP2006/005716 20 In case the compounds of the formulae | and la contain one or more acidic

and/or wsqmeansiris&mabhfmmgr@ma&er@eiimaatiorfm@ﬁmmisesm@imdeméspending
PharmatBeHiAR S AR S AR, UL SRRa 48 SPHIL S P AT 4R SIHER Bo8lain an
acidic gw&heMb&Wﬁan tuslzgnappsnda didambalasd dadderding be theetwmiitiod, for example,
as alkali metal salts, alkali %e ea tal s ts ?r ?s ammonium s Its. More s exan of_such
N8 N R S R G o
saltosugbrfyigiatiatkyanamanitintisaltsf M@tédmdémmﬁwﬂmmmmg mataygdhie amines
such as, for example, ettylaine, ethanolamine . {ehaRANInS 91,800 SR SRS o the
more sterecisomers, for example mixtures of enantiomers and/or diasiereomers, in
all ratios. Thus, compounds according to the invention which can exist as
enantiomars can be present in enantiomerically pure form, both as levorotatory and
15 as dextrorotatory 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 cisfirans isomerism, for
example on double bonds or rings, including the doubie bond in the group
-CH=CH-CH»- and the cycioalkane 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 frans form, as weli as mixtures of these forms in
all ratios. In a preferred embodiment of the invention, a compound which can occur in
two or more sterecisomeric forms is a pure, or substantially pure, individual
sterecisomer. The preparation of individual sterecisomers can be carried out, for
exampie, by separation of a mixture of isomers by customary methods, for exampie
25 by chromatography or crystaliization, by the use of stereochemically uniform starting
materials in the synthesis, or by stereoseiective 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 i or
fa or at the stage of a siarting material or an intermediate during the synthesis. The
30 present invention alsec inciudes all tautomeric forms of the compounds of formulae |

and ia and their salis.



basic group, i.e. a group which can be protonated, can be present on such groups, and can be used
according to the invention, for example, in the form of their addition salts with inorganic or organic

acids. Exampiesdonssitable acids include hydrogen 15 chloride, hydrogengyemidgsdirsphoric acid,
sulfuric acid, nitric acid, methanesulfonic acid, p-toluenesulfonic acid, naphthalenedisulfonic acids,

oxalic acid, acetic acid, tartaric acid, lactic acid, sggcylic 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,

compolR e HE FSTRTABRAAY e IR EP L CAM EROR o BARTE GBI molecule

the inV@QH@%@&ﬁEbEEQl@%&lﬂﬂcﬂﬁﬁﬁ@@E@dbg,i‘gh@ fevaatioantieoashrimmessaliselr betaines or
zwitterions. The salts of the. compounds of the formulae | and |a can be 25 obtained hy customary
oo NP BN TR IR SRR FAREP T B RTDIc: oy EO BN GFIe
COMPOyH G efiRgde tisiieaHa s tentvoanie ptznergalric Anigsotihasempaantient dngliluent, or by
anion exchange or cation exchange from angther salt. The present invention a!WSO includes aJl salts of
the TorfFBUIRE AR MRS AT BWAG G GIPHRy SRR AT SR SEb A HPERBEs6 dectly

suitable-fy bsaubBhaEoRERICalthBURwWhitia spfobesusegido e aRylienatalistats)ediatihssfor chemical

t for th tion of physiologicall table salts. WO 2007/000248 .
PCTIEPREITRS) B8 B 1o A AR NN AIOHE e I AT S Bl ated SPLBHANIBS of e

formulagodiané daitirotasylernydiaiessitiatidyats witaginstiors, ssityeouatabaites of the
compounds of the formulae | and la, and also prodrugs and derivatives af.the 5 compounds of the
formu G AR P L DB DS AIE e A SRS SR which in vivo
arej gonygitegrinl @ pbpsamseciagiced\sactives compruntsie{astaymiteeceitrsrotamices of carboxylic
Al 01O, it B B S R ced PR ARG T BRI LA N IR Y
basic group, i.e. a group which can be protonated, can be present on such groups,
and can be used according to the invention, for example, in the form of their addition
salts with inorganic or organic acids. Examples for suitable acids include hydrogen
15 chioride, hydrogen bromide, phosphoric acid, sulfuric acid, nitric acid,
methanesulfonic acid, p-toluenesulfonic acid, naphthaienedisulfonic acids, oxalic
acid, acetic acid, tartaric acid, iactic acid, salicylic acid, benzoic acid, formic acid,
propionic acid, pivalic acid, diethylacetic acid, malonic acid, succinic acid, pimelic
acid, fumaric acid, maleic acid, mailic acid, sulfamic acid, phenylpropicnic 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 simuitanecusly contain acidic and basic groups in the molecule, the
invention also includes, in addition o the salit forms mentioned, inner salts or
hetaines 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 sait. The present invention also includes ali saits of the
compounds of the formula | which, owing to low physiclogical compatibility, are not
30 directly suitabie for use in pharmaceuticals but which can be used, for example, as
intermediates for chemical reactions or for the preparation of physiologically

acceptable salts.



double or triple bond, and the group of the formula Il, which is bonded to the group Het via a ring
atom, CHZ}'@V!)'?,(‘&'/’J@Q 12 wherein in the formula Il the bonds via which the gm}@ con Hed to the
adjacent groups, are dzepicted by the lines starting at a ring atom and at the group ?CHZ c, and
wherein all groups A can be substituted by one or more identical or different substituents R4. More
preferably the group A in the compounds of the fodlulae | and 20 la is chosen from -C-C-CH2-, which
group is bonded to the group Het via the terminal atom of the triple bond, and the group of the formula
It, 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 (Gtié)praserwheretitioh KptRsNaanhaRIkSHILRVQN S dRSuRGd denHealehlifferent
substituents R4. Particularly preferably the group A in thiq%%r%[)ounds of the formulae | and la is the

group of PR RIRRSK WesHasPIRIRYgONEE SirFivenmaRarieh b ormula 11
the bondg¥pouirgh BiarEqdrmisisenneiad tadbeatsiasenri-om Badadesepictad dititae lines starting

at a ring atom and at the group (CH2)r, and wherein the group of the formula_ll can be substituted by

30 ofle SPMBRUTRMREANS BT SARstitAHRORAT WIERMEM I RRARSIAAY B¥RiRion WO
2007/009R4fiaed IR0 08y bo:t hiBR B Qi eie SopsemBamtés Prarriddbaesl iy atitdi2-,

which groups are bonded to the group Het via the terminal atom of the double or triple bond and
which c&FBEALSIHRESXRIBRIE SERETSTRUMITER & SREMEXVUGBSIRSIRYRE4. In another

embodiment of the invention the group A is chosen from the group of the formula 11, 5 which is
bonded tg the group Het via a ring atom, and the group of the formula lll, wherein in the formulae Il

and 11l tHEBSHAERS WhieR ARIEIBUPI AL B FRigtetR® tand ta is preferably chosen from
10 ~-CH=CH-CH,-, ~-CZC-CHo-, which groups are bonded fo the group Het via the

terminal atom of the double or triple bond, and the group of the formuia H, which is
bonded to the group Het via a ring atom,

iy
| (CH)—

wherein in the formula ! the bonds via which the group is connecled to the adjacent

15

groups, are depicted by the lines starting at a ring atom and at the group {(CHy),, and
wherein all groups A can be subsfifuted by one or more identical or different
substituents R*. More preferably the group A in the compounds of the formulae | and
20 la is chosen from -C=C-CHy-, which group is bonded {o the group Het via the
terminal atom of the triple bond, and the group of the formula 1l, which is bonded to
the group Het via a ring atom, wherein in the formula [f the bonds via which the group
is connected fo the adjacent groups, are depicted by the lines starting at a ring atom
and at the group (CHa);, 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 ll, which is bonded fo
the group Het via a ring atom, wherein in the formula I 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 1| can be substituted by
30 one or more identical or different substituents R*. In one embodiment of the invention




adjacent groups, are depicted by the lines starting at ring atoms and at the group (CH2)1, and
wherein the groups of the formulae 11 and Ill can be substituted by one or more identical or different

substituentsfheh9doligsgumber g in the group of the formula Il preferably i, & &p503s TR PPreferably
1 or 2. In one embodiment of the invention the number q is 1, 3 or 4. In another embodiment of the

invention the number q is 1 and the resulting grou%of the formula 11 representing the group A in
formulae | and is thus is a group of the formula lla 3 comprising a cyclopropane ring, CH2}q /~(CH2)f
lla lib llc 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 (éh@ﬁf%‘%vﬁe‘?%ﬁ?ﬁfkf&’g& ﬁ%‘fpﬂ%ﬁ()%ﬁaﬂ‘g 6&1‘&?’%&‘?{9@8 BYRiRe G enBreR&Shtical or
differentshetignemisHid Vi eneushazioseHT Gothe hedbiaplaeifit aon danmiarit\isveEo, and the
resulting groups of the formulae 11 or lla, i.e. tg:?’(?rou s of the formu!gag lIb and llc which represent

the groupPP5IRUES RifrEB% BIRGER aRCaI RIS IR ULSHRHAEHEBENR iRRORIFfRlIae lib and tic the

bonds vigwHgintbatarPuRsiate AbARBE Y ieUb A.ad/88eBLAHURS HReayfeRictethBYfdhe Lines starting at
ring atoms. The‘ﬁ,%ﬁ{zgs of the formula%llb and li¢c can be substituted by one or more identical or
i

differentéisst B9 thioR IR YR B RRFREhRIFHERERIP RS BB UHdS of the

formulaevhangitainstieigratinad/ @ 208 108R2B8 RIS VaRANCH/ OS5 G16u83 Heaipiedtibs Ronds via
which the 8rou is connected to the a gtcent roups are depicted b%%ge lines starting at ring atoms

and whi AHRAuALR SFRIHE DY IbR IRER R Merom AIMeR AL S RAS Aok Rher
embodineaLyf el inrrirtantibeypouge Afitideogroune i thafbimutalie Shadtlimbens eaaising in the
formula Ill 5£r ferably is élﬁr 2, mor%gr_eferabl}_(z;. In one embodiment of the invention the

more 1aentical or different sunstituents R™.

10

The number q in the group of the formula Il preferably is 1, 2 or 3, more preferably 1

or 2, In one embodiment of the invention the number g is 1, 3 or 4. In ancther

embodiment of the invention the number g is 1 and the resulting group of the formula

Il representing the group A in formulae | and ta thus is a group of the formula lla
15 comprising a cyclopropane ring,

/A\ )Ci{ig\q A
(CH,)

Ha fo lic

r

which is bonded to the group Hef via a ring atom, and wherein the bonds via which
20 the group is connected to the adiacent 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 fla preferably is zero, and the resulting groups of the
formulae Il or lig, i.e. the groups of the formulae 1ib and lic which represent the group
25 A, are directly bonded to the group NR? via a single bond. In the formulae b and llc
the bonds via which the groups are connected to the adjacent groups, are depicted
by the lines starfing at ring atoms. The groups of the formulae lIb and lic 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



numbers is 2 or 3. In one embodiment of the invention the group A is unsubstituted, i.e. is not
substituted by substituents R4. In another embodiment of the invention the groups R3-X-Het- and

-CHZ-N(R2ywaGQslr daangied to the -CH=CH- moiety in the group -CH=CH-GhiZ~fepsesesing the group
A are present in E-position (= trans-position) 10 with respect to each other. In a further embodiment of
the invention the groups R3-X-Het- and -CHZ-N(}E )-CO-R’, or the groups R3-X-Het- and
-N(R2)-CO-R' in case the number ris zero, which™&re bonded to the cycloalkane ring in the groups of
the formulae It, lla, Ilb, ilc representing the group A, are present in E-position (= trans- position) with

respect to each ather. In a further embodiment of the invention the 15 grqups R3-X-Het- and
N R B Vg R DT SH TR FOER SCHR ARe group A
are presiapicide pgsitienitedraizsipastionggratbrespadtwhizdchaiies. dodb#totediouods af the
formula la the. divalent group Het.is preferabl fined as jn 20 compounds of the formula 1. l.e., one
emboc TGN ST L AL AR SHERIHES e TGS ST B e Bfch i
defined fag igrhemtédiattos eyrinigny dhdtiostentaiBb mne fosmissorsacntdagirsteee dsomidiforms in
any ratig, or a physiologically acceptable salt thereof, for the manufacture of a medicament for the
IS A e e e S erh s R T
which sndmbstimidation 3oirannecesaisedimidot lof/ theisndesited theexampla &candidvsisioiat, disorder
such as. athergsclerosis, corpnary artery dise or_cardiac insufficiency or. any other diseases
mentiorl& h00b DB RAL U ERLAETTE S 2t} e AR P g M TR S SRR R of he
formulagroaps Bs{30et-caralet sy GOHR 'db tindl éartauth e VOHS QB0 TRO6BAB: the group
PCT/EP%%%%G_ r24 rlvsienn erlicg]jg i?_ocho enrfrorp Igl arthn%_[ a&sdstgbai'%ﬁ'hﬁ’s%nﬁom S, 2 NR'3,
CH=CH, ~"CH=N and N SEE St which R Do ‘SubStifu e by 'One Brmore idenfical BPaiHeRént 5
suldslituedits ieSpeet to ehithatherol e fantiey carbadsnents afdhe anneatubsheigndisinstead of the
hydrogqReBloms, G 18 PRRFESOB R S HRD ST RN and -N(R®)-CO-R' in case

the number r is zero, which are bonded to the cycioalkane ring in the groups of the

formulae U, lia, Hib, lic representing 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 R>-X-Het- and -N(R*)-CO-R" bonded to the cycloalkane ring in the group of
the formula ili representing the group A are present in E-position (= trans-position)

with respect {o each other.

tn the compounds of the formula la the divalent group Het is preferably defined as in
20 compounds of the formula . i.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 stereoisomeric forms or a mixture of stereocisomeric 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 L and la is
30 a divalent aromatic group of the formula IV



formula 1V or which are specified in the definition of the groups G and L, with the proviso that the ring
system depicted in formula IV comprises at least one hetero ring member, i.e. a group NR13 or an N,
S or 0 atonWaseTingpember. R5 and R13 in the 10 ring system of the forBCH&ERZ@OHEiAed as
indicated above with respect to the compounds of the formulae | and la. Particularly preferably the
group Het in the compounds of the formulae | angla 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 pore identical or different substituents R5 and wherein one of the ring nitrogen
atoms of the imi &gyl group, which represents the nitrogen atom in the group NR13 in the
definition of the g ﬁ',ﬂcarries a gtoup chosen from hydrogen and (C1-C4)-alkyl. More particularly
preferably the group Het in the compounds of the formulae | and la and the group of 20 the formula 1V
is chosen from the heteroarylene groups pyridinediyl, thiazolediyl, imidazolediyl and thiophenediyl,

especially preferably from pyridinedjyl and, thiazglediyl, which ¢an all be substituted by one or more
identical o BIRRENS £hB uéfr?g' A e?@f% @ﬁ%’%ﬁﬁ%rﬁﬁaﬁat%)g{%n% mseg_?‘ﬂ?rgi—?midazolediyl
group, \UiMeN epie sestHhandvagien atonbie SivgiaupdiRildne herdefidanotthe2ditsesmL,

' 1p choseg from hydry d (C1-C4)-alkyl. | bodiment of the, inventign th
arot AR B o NG TG 2 TAFR e AR TS PRI AP B cineciy

grour/) whtohgendestkshipshey: erers Witkhidesitabenditiettnt selsiiuenimRBeed in
2007/000248 PCT/EP2006/005716 The preferred groups representing the, group Het in the
compodRETERMY RS Wit 378 SPRE! W&dﬁﬁéﬁﬁ&@?&gﬁ’dﬁﬁéef%‘dﬁ@ A 'cm%gnds via
which itigogieaneetehiorihe syeradianentpraunsdmuland doangrepiestiiadinnthdiegs dinigrsecting
the ring sides, can be bonde the adja roups,R3-X and A via any, 5 twQsring cakkon atoms.
PreforabtF ROFRdRoATGHRD ropraBHiNg Pl of B8 T A df e TR R 1 LPEH et e
adipsenigaiRdaia SosiEdomAat\baitiefined as indicated above with respect to the

compounds of the formulae | and ia. Particularly preferably 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 imidazolediyl
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-Cy)-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 hetercarylene groups pyridinediyl, thiazolediyi,
imidazolediyl and thiophenediyl, especially preferably from pyridinediyl and
thiazolediyl, which can all be subsfituted 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
25 group L, carries a group chosen from hydrogen and {C4-Cg)-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>.



pyridine ring, which positions may also be numbered as positions 5 and 2, respectively, depending on
the ranking order of the groups bonded to the pyridine ring, where each of the groups R3-X and A can

be present w&g&&%ﬁl{g& positions. 10 l.e., in the said pyridinediyl group, W@%%’?@Q&g&g \[{ga positions

3 and 6, the group can be present in position 3 and the group A in pos as well as the
group R3-X can be present in position 6 and the group A in position 3, and preferably the group R3-X
is present in position 6 and the group A in positioré2. 15 Preferably a group of the formula IVa, 4 g \L/
2 IVa which represents Het or the group of the formula IV and in which L is O, S or NR 13, 20 i.e.
which is a oxazolediyl, thiazolediyl or imidazolediyl group, is bonded to the adjacent groups via
positionE2 igfereediarpubRiseRreseninoihe GiRHE Pritsribr compeymdnobtandon each of

the groups; R3-, ADAINCHE R AIBINHE RARRMS 1hsPesilienmasbrreiaraPlvie Graup R3-Xis
present in position 4 and thegroup A in position 2. 25 Preferably a thlophenedlgﬁgr_oup which

represerraneated tfethrolyradircaihamuns Bhémed foar mnReeriad yshaliigstions 2 and 5
or via pesitions ¢and & rfichidaties ResilionadRA S e U HBRER S ASRINOBAP AR mprticularly

preferably via positions 2 and 4, where each of the groups R3-X and A can be present in each of WO

2005 /00662488 CarPRaherossT 1eferatiyepp ifiRs At st Eayanaing FiRBoX B E8ERt in
position ¢ audihe,arowp A R RSHES RaAalsres: G el Bhenuns 9Lke pmiHa IV thus include

the divalent 5 heteroaromatic groups depicted in the following formulae Va to Vg which represent
preferr@yegipadinGridhisinosiioasmavnaiag e numbered aheAHBBUA®S 2he formulae | and

la, and ja Whichbe NelBrOMRRAIC SIOVRAGAPSHBS WITHII G- ahsERHIEAS BiOpFrRiimeore identical
or different substituents RS5. 5 " »
ring, where each of the groups R”-X and A can be present in each of the positions.
10 l.e., in the said pyridinediyl group, which is bonded via positions 3 and 6, the group
R3-X can be present in posifion 3 and the group A in position 6, as well as the group
R>-X can be present in position 6 and the group A in position 3, and preferably the

group R>-X is present in position 6 and the group A in position 3.

15 Preferably a group of the formula Va,

4
REH

\Y
5L2 WVa

which represents Het or the group of the formula IV and in which Lis 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 R3-X and A can be present in each of
the positions and preferably the group R*-X is present in position 4 and the group A
in position 2.
25
Preferably a thiophenediyi group which represenis Het or the group of the formula 1V
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 R*-X and A can be present in each of



K:3 R3/R3/X1R\X--\, -\~ ANAS VaVbVc A-R3X0O-X 3RaXiR XS A~Ai SAs 10Vd Ve Vf
Vg Patrticularly preferred groups Het or groups of the formula 1V include the divalent heteroaromatic
groups depigtsddpr i iarmulae Vb, Ve and Vg, especially the group depictggdinformulasye, which
represent particularly and especially preferred 15 embodiments of the structural moiety R3-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, 0 and NH, or X i€ bsent and in this case the phenyl or heteroaryl
group 20 representing the group R3 is fused to the group Het. Particularly preferably the group X in
the compounds, of the formulae | and/or la is ¢ n from a direct bond and 0, or in the compounds of
the form IR RETHIPBRARSPIEIRSEEIN, REFAR ok I BIRSRAS BUBIRIGRR S5PE 1E5BHB 057 16 27
preferalplygbeigopup. X in the compounds of the formulae | and/or la is chosen from a direct bond and
0. In one embodiment of the present invention the group X in the compounds of the formulae | and/or
la is a direct bond. In another embodiment of the present invention the group X in the compounds of

the fornpigfisriedbsenbanbincd grisupe bodiaesirtahe syl pritaRlenyl givhrisroaryl group
representing the group R3 is fused, to the group Het. In g further embodiment qf the present invention
the. 510 SRR GSAHER BRRIEeSl UL HEES LA Y8 1 Y8 L rBOGRERE The group X
in the competiadsephbirlforsnuadhtirecktosen: fedmaigiveRf Kok iGHanthe compounds of the
formulae | and Ia, and in which the heteroaromatic group can be unsubstituted or
substituted by one or more identical or different substituents R>.

X he _
R3/ \Q R3/ V N
| | R [ \

Va Vb Ve
A— REX RE—X
R,/ \ I\ /s e 7\
X" g g7 A s7 A
10 Vd Ve Vi Vg

Particularly preferred groups Het or groups of the formula IV include the divaient
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, CHz, O and NH, or X is absent and in this case the phenyi or heteroary! 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 C,

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



S, NH and N((C1-C4)-alkyl). In all cases in which X is absent the phenyl, naphthalenyl 10 or heteroaryl
group representing the group R3 is fused to the group Het or the ring system depicted in formula IV
which cont@iasdbmogeoeps G and L. In case X can be absent, in a particul @O Eefesesdanbodiment
of the present invention the structural moiety R3-X-Het- in the compounds of the formulae | and la is a
bicyclic heteroaryl groups which comprises a mogecyclic 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

heterogsamatie NG S AP RHHESTHLSSRIHIRES BIAIR: identingkor sifpsent subsilventasia gnd the

benzene ring can be substituted as indicated above with respect to R3. In case X is absent, the said

structuidiresdapd @RS R- Heong AHROFERRI SR SB[ dRvRRHORIMEN@TRBRA IsBWuinolinyl,
benzoiridazalylheszaibiasehiliard BRpzathienyh asRetiBln A ¢iELNIMEPSmBERHENS of the

benzoimidéEonI and benzothiazolyl, which are all bonded to the gro;%eA via the heterocyclic ring and

which digsRréibetfiied Wisigmatet e srmpRPRARRTHE ferfaractE iy s @¥iRh and R2
togeiheiWikiRe Mintelht HAUMERIENEHABHIBRN & ASISROMFIRSINY RERRrtipRIries AR,

saturated or partially unsaturated, and more préeferably it is saturated or contains one ortwo double

bonds Withsftsedte, thr@paitctrtiynpaderiny ambssimariod the MarsnbHyabiisr Hend within the

ring, a@&%%iﬂ'%@e{m&m@é SPIHEAS A i xS R0 0B e hicY diciHingis rigsB diRsespecific
ring of the ring system to which thegroup A is bonded is preferably saturated or is partially
t

unsatuffearaiel fmrdhacemnprurde fftihnsemauwadadusnsrepdr® Ridineat &g, SAdwflvhich can
be Comgmﬁoawwﬂé%@ﬁﬂ HF2000/ 9034160 28 iRotB4ingsiHaneHER s eRapAHaEAlhe ring

system preferably is a saturated or an aromatic rlnc%gmore preferably an aromatic ring such as a

befBener MfieIoRnd GFRHRIPREPRRTENG 1R PR dhyafesed ipshecspuntiabgether it the N-CO
which ¢asies: HERIERRRTS a0 O WhillI DRMRA BRNGB I/EiSFNY SHFARLHNIASE S or 10
ring members. The ring which can be formed by the groups R' and R2 together
absent, in a particularly preferred embodiment of the present invention the structural
moiety R>-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 fo said heteroaromatic ring system and which represenis
the group R®, 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 R*-X-Het- is more particularly preferably chosen from guinolinyl, isocquinofinyl,
benzoimidazolyl, benzothiazolyl and benzothienyl, especially preferably from
guinolinyl, 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



with the N-CO group is preferably a monocyclic ring system. In addition to the ring nitrogen atom
being part of the N-CO group, the ring which can be formed by the groups R' and R2 together with the

N-CO group‘\ggi%&%%g&them can preferably contain one further hetero rig%[ﬂ%g%% io?‘rg? ring
an a)an

heteroatom or a heteroatom 10 group, which is chosen from N, NR'2, O, S,

preferably is chosen from NR 12, S, SO and SO2 and more preferably is chosen from NR 12 and S. If
the heterocycle formed by R1 and R2 and the N-Céggroup which carries them is substituted by one
or more identical or different substituents R8, 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
particulaBPHidiBash IS H8SELanS finenetire riggs e psaiacablyHs asamgaigthen afoms, in

addition tgra AR P ASIBRFIFE LI EN R i R SIRNG OSSR RSLRTH FrE BB MS
and/or grorups Rteﬂoh@)rin nitr%%enrgkt)g?ms which may be present. 20 If R* and RZgj;| togetheaf w?th the

N-CO grotifRpistEriRgdanure PaHe §wERh Reaaissfhdrasbinr ¥R dhenby SR MRIBK form a
saturated gk HEas WA S IHARCCYSIE merREreSHBErS SRS ERYEIR 1 BoniapRigered or

6- membered ring, which, in addition to the ring nitrogen atom being part of hq N-CO group, can

contain ofE TOriie FaEBeTEg THeniber Wit ekofs frbRe VRheXsoupoB send i $0eethRErein
the ring fQymethBNRE @Ngt&ih 3P IR AIH0RIRONMDIGR: SAE et FRARAIRDEIIHETRY one or

more identical or different substituents R8. Further hetero ring members which are present in a ring

formed byiFogeD Riomy GeingrRathahih Rk RS g8l Rhibe EngadisBRapLpiaEmam htgn from

NR92 0 andiipeporamiaieraiiuiiamiti deatdtd Bastisualvpreipiabhhaiusticohateraing 30
member is the group NR'2. The group -N(R2)-CO-R" in the formulae | and la which results if R' and R2

together WRAMHE ROEBGRRINGIRER BG RISTRRRT b &g hrtatratoprste bR e from

Zjoxqw?i@ﬁp,lwh%ﬁ@zﬂ%@'tﬁ RoknYN ARG W) S08 0P 405 Ghb RSl e Lhodln
piperidin-1-yl, 2-ox9-1,2-dihydropyridin-1-yi, 2-oxo-azepan-1-yl, 2-oxo-imidazqlidi 'l'él’
2-oxo-hexXERdEpyrimidh 210 REeAID RFRIFSBIRIARNS Shossskiomdikyinand 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 {a and/or to oxo groups on ring sulfur atoms and/or

groups R 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 8-
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 0O, 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 substifuents 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'?, ©
and S, more preferably from NR'Z and S. Particularly preferably, a further hetero ring

30 member is the group NR'. The group -N(R?%)-CO-R' in the formulae | and la which
resulis 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-yi, 2-oxo-



yl, 2-oxo-[1,3]diazepan-1-yl, 2-oxo-[1,4]diazepan-1-yi, 7-oxo-[1,4]diazepan-1-yl, 2- oxo-oxazolidin-3-y!,
2-0x0-[1,3]oxaziran-3-yi, 2-0x0-[1,3]oxazepan-3-yl, 3-oxo 5 morpholin-4-yi, 3-oxo-[1,4]oxazepan-4-yl,
5-oxo-[l,4]3%828pEMaE4R, 2-oxo-thiazolidin- 3-yl, 2-oxo-[1,3]thiazinan-3-yi, PEXEMMHIBNAG6IIN-4-yI,
3-0x0-3,4-dihydro-2H- [1,4]thiazin-4-yl, 2-oxo-[1,3]thiazepan-3-yl, 3-oxo-[l,4]thiazepan-4-yl and 5-oxo-
[1,4]thiazepan-4-yl, i.e. from the groups depicted ssthe following formulae pOO0a -\ \NiN NNN
100 NNH “WIKNHNNHNN' ~j --I~-NH~/O0QOW\W~~\N~O NHNONO01500a0OO
N N -~NAS ~N~S WO 2007/000248 PCT/EP2006/005716 300 O O O O N~\N~\\N~S \~\N in which

the boraﬁp\éﬁduhﬂq?ry},hz-sww,@@myae@mﬁzmﬁbﬂﬁ[@%wﬁpﬁeﬂw A dineishabRaItia-ing
nitrogen atom. Particularly preferably the group which results it 5 R’ and R2 together with the N-CO
group WhiétP&arieX AT aBHTR iRy T ko s8Rt ot iy SEoRYERR AR Yb-8OXByRIBRIRR Ty
2'OXO'@»j%?%19%%13{5]8'{%&%‘!dwyg@&Kﬁ%}%ﬁ&'z@p%ﬂﬁ?ﬁpﬁ%ﬁow Zpna-apdazolidinl-yi, 2-oxo-
oxo-oxazolidin-3-yl, 2-oxo0-{1,3Joxazinan-3-yl, 2-oxo-{1,3Joxazepan-3-yl, 3-oxo-
5 morpholin-4-yl, 3-ox0-[1,4Joxazepan-4-yl, 5-oxo-{1,4loxazepan-4-yi, 2-oxo-thiazolidin-
3-yl, 2-ox0-[1,3}thiazinan-3-yl, 3-oxo-thiomorpholin-4-yl, 3-ox0-3,4-dihydro-2H-
[1,4]thiazin-4-yl, 2-oxo-{1,3]thiazepan-3-yi, 3-oxo-{1,41thiazepan-4-yl and 5-oxo-
[1,4}thiazepan-4-vyl, L.e. from the groups depicted in the foliowing formulae
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hexahydropyrimidin-1-yl, 2-oxo-[1,3]diazepan-1-yl, 2-oxo-thiazolidin-3-yl, 3-oxo- thiomorpholin-4-yl,
3-0x0-3,4-dihydro-2H-[1,4]thiazin-4-yi, i.e. from the groups 10 depicted in the following formulae. O O
OOO\ _IN~NN NNoO \X N~NH\W NH N NH 'NStl 150 \N L- S All the specified rings
formed by RWM?:E’?%‘Emer with the N-CO group which carries them can BS@HB%‘EE%’&E"&% carbon
atoms by one or more identical or different 20 substituents R8, and/or can carry on a ring nitrogen
atom which is not bonded to the WO 2007/0002483CT/EP2006/005716 31 group A a group Rt2,
and/or can carry on a ring sulfur atom one or two oxo groups, to give a substituted group as indicated
above. As examples of such groups which are substituted by an oxo group on a carbon atom or by
one or two oxogroups on a sgjfur atom, and@hich represengthe group -N(R)-CO-R1 in the formulae

I 'and la 5 and ifwhich the borg via which tgﬁl%roup is conne ted to the~grouglA is depicted by aline
starting af‘*a!(}i g nifrogen , group$2,5-didxo-pyrralidin-Inyl, 2,6-digko- piperidin-1-yl,
2,5-dioxo-imidazoli in-l—yI,IZ,G-di x0-hexahydrop rimidin[l-yl, 2,4; dioxo-thiazolidin-3-yl,

1,3-dioxo-thiixqgup'ﬁolin-4-y $1,3-trioxo-thi orpholihc4-yl niay be meqtiopgd, i.e. groups of the
following formulae, 10

in which the bond via which the group is connected fo the group A is depicted by a
line starting at a ring nitrogen atom. Particulatly preferably the group which resulis i

5 R'and R? together with the N-CO group which carries them form a ring, is chosen
from 2-oxo-azetidin-1-yl, 2-oxo-pyrrolidin-1-yl, 2-oxo-piperidin-1-vi, 2-oxo-1,2-
dihydropyridin-1-yl, 2-oxo-azepan-1-yl, 2-oxo-imidazohdin-1-yl, 2-oxo-
hexahydropyrimidin-1-yi, 2-oxo-{1,3]diazepan-1-yl, 2-oxo-thiazolidin-3-yl, 3-oxo-
thiomorpholin-4-yl, 3-ox0-3,4-dihydro-2H-{1,4lthiazin4-yl, i.e. from the groups

10 depicted in the foliowing formulae.

O O O O
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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 fo the



0000 N\-~-'NJ~NHNINH O~O'VOO OOO ~N~SNN 0pO 15 which can all be
substituted additionally on carbon atoms by one or more identical or different substituents R8 and/or

can carry op) a [i itrogen atoms which is not bonded to the group A a gr nd R2 do
not form a r%% é}éqe/%%g%vith the N-CO group which carries them, they 20 p?r’éu’%ra %Iéééf?egg 1

independently of each other chosen from (C1-C4)-alkyl, (C3-C7)- cycloalkyl-CnH2n-, phenyl-CnH2n-
and heteroaryl-CnH2n-, more preferably from (Cg334)- alkyl, (C3-C7)-cycloalkyl-, phenyl,
phenyl-CH2-, heteroaryl and heteroaryl-CH2-, particularly preferably from (Ci-C4)-alkyl,
(C3-C7)-cycloalkyl-, phenyl- and heteroaryl-, and in each case R2 can in addition be hydrogen,
whereirgtheR @ (E0Rakptias sao @BCO)- & tRaIkyifoamtssthanesbiwees® IgfaRsofanore

identical QL. di . / / ' ups
phenylaéin% %g%%ﬁ#ggg%%%ﬁ&@&%%ﬁﬁ g n'e%%%ﬁ%%ﬁ%ﬁ%ﬁ%p c?ﬁ%%ﬁ%é%@igegnts R7. If
R1 andsRRsidutetifosnan dug gigemen witathemMaDigrb by iR chyic b @PURAB @mbodiment of

the presgm | |0 I8: %ﬂ% ' fingghas migatef] ¢ u.j?n%'hi alkenyl group or an
alkynyl ug%ﬂ%%é%e?gégﬁtﬁéqr{l og%ﬁr%%(l)%nl %g?%%lng@ 2 qut in cor%uégfﬁon with a double bond or
triplé bard} irewhiciidisbhand vieedoatatbmaraupiin RENeard ik 19 Tonded & datdetes B¥om in an
alkenyl g, r ich f | o tripl 13 0 thec unds of
the forru oo g G ARIEDCR R, Ao RUBO2TS SOl RIS 1127080
piperidin-1-vt, 2,5-dioxo-imidazolidin-1-yl, 2,6-dioxo-hexahydropyrimidin-1-yl, 2,4-
dioxo-thiazolidin-3-yi, 1,3-dioxo-thiomorpholin4-yi and 1,1,3-trioxo-thiomorpholin-4-yi
may be mentioned, i.e. groups of the following formulae,

10

15 which can all be substituted additionally on carbon atoms by one or more identical or
different substituents R® and/or can carry onh a ring nitrogen atoms which is not

bonded to the group A a group R'2.

if R! and R? do not form a ring together with the N-CO group which carries them, they
20 preferably are independentiy of each other chosen from (C-Cs)-alkyl, (C3-Cy}-
cycloalkyl-C,Haqa-, phenyl-CoHan- and heteroaryl-CoHaq-, more preferably from (C4-Cy)-
alkyl, {C3-Co)-cycloalkyl-, phenyl, phenyl-CHz-, heteroaryl and heteroaryl-CHg-,
particularly preferably from (C-Ca)-alkyl, (C3-C7)-cycloalkyl-, phenyl- and heteroaryl-,
and in each case R? can in addition be hydrogen, wherein the groups (C4-Cs)-alkyl
25 and (C3-Cr)-cycioalkyl can both be substituted by one or more identical or different



independently of each other chosen from (C1-C6)-alkyl, (C3-C6)-alkenyl, (C3-C6)- alkynyl,
(C3-C7)-cycloalkyl-C,,H2n , phenyl-CnhnH2n and heteroaryl-CnH2n , and R2 can in addition be

hydrogen, whesiy Ag.g50ups (C,-C6)-alkyl, (C3-C7)-cycloalkyl, (C3-C6)- ajkepyangki§adr5s0)-alkynyl
can all be substituted by one or more identical or different 15 substituents R6, and the groups CnH2n
can all be substituted by one or more identical or different substituents chosen from fluorine and
(C1-C4)-alkyl, and all phenyl groups and heteroaryf-groups can be substituted by one or more
identical or different substituents R7, or R1 and R2, together with the N-CO group which carries them,

form a 4-membered to 10-membered, monocyclic or bicycljc, saturated or ynsatyrated ring which,
Y S e e v
hetero ringmeesideisieahetelitRiemnt wovpkebase RITdfRN INB R fo HotSOand Hitdtuduthesan be
identical Qr different, with the prqovjso that two ring. members from the series 0, S, SO.and SO2 cannot
be prosBANE NCEr B B BN CR G5BT e B, SBTRRATBG R L REARE R R BB group
which claaTi@shgim%l@areha wust'tm@wd a?w'ﬁaal;cmm. Hﬂﬁi@?nrﬁﬁmr‘gm&tﬁaﬂt&%yih
Particularly prefer in the compounds of the farm | and la the.groyps R' .and R2 are chosen
o CBSHEa R b e SRR Eia OB RIS o Ty o aa e S St R ea
in additiparedneisisaroheeintetagabipsHE hiGddenligtband46uirREve natikyireatipoth be
substituted ne or more identical or WO 2007/000248 PCT/EP2006/005716 33 different

bt EARGEE S AT ARG 5150 BCERAA 8 ASE VLI S INELBHBY BhE or more
identicafieuBifidrentissiosiieciesdR 7, or R1 and R2, together with the N-CO group which carries them,
form a 4-membered to 7-membered, monocyclic, saturated or unsaturated ring which, in addition to

the 5 ring nitrogen atom being part of the N-CO group, can contain one further hetero ring member
chagen me&&ﬁ&&amimgm&rmbémﬂ grefiadigdaR? and the N-CO group

R e e P Sl P Y BN (e IR i QB Sy Sk SHpRt oS R8.
alkynyl, (C3-Cy)-cycioalkyl-CoHzn-, phenyl-CiHan- and heteroaryl-C,Han-, and R? can in
addition be hydrogen, wherein the groups (C+1-Csj-aliyl, (C3-Cr}-cycloalkyl, (C3-Ce)-
alkenyl and (Cs-Cg)-alkynyi can all be substituted by one or more identical or different

15 substituents R®, and the groups C,Han can all be substituted by one or more identical
or different substituents chosen from fiuorine and (C4-Cy)-alkyl, and all phenyl groups
and heteroaryl groups can be substituted by one or more identical or different

“substituents R’,
or R' and Rz, together with the N-CO group which carmes 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 hetercatom groups chosen from N, NR", Q, S,
SC 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 (C3-Cy4)-alkyl, (Cs-Cr)-cycioalkyl-C,Han-, phenyh-CyHzq- and

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



10 In one embodiment of the present invention R1 and R2, 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 NCO grou Ccan contain one or two
further hete%ori‘?'ioawg%ﬁers chosen from N, NR12, 0, S, SO and SO2 whi CARTBE MR or
different, with the proviso that two 15 ring members from the series 0, S, SO and SO2 cannot be

present in adjacent ring positions, wherein the ring3ormed by R' and R2 and the N-CO group which
carries them can be substituted by one or more identical or different substituents R8, and wherein
preferred features of this embodiment are those outlined above. For example, in a preferred feature of

this embiifiresntatibstitgefiniRY aymaﬁmmgmmmhnmmgrgmmm carries them is
a Sat“raéﬁ%s?ftbéi%%aw %ﬁé’ ol 18 CY&QBE%%%'PBFFFS%P& ZUBS{HBSE?Q gng, for example a 5-membered

or 6- membered ring; which, in addition € ring nitrogen. atom being part of the N-CO group, can
contain onB fatiteRheegethng withtherrGdp grbish wehirbfesahigsctiesen fdromaNRragrdaretdS, more

f icular] [ 9 ' b
bt O] b S Hondht RE Sailagiel BIASInacT SHORCH I SHMBIERBR T
preférabipg imiisegeroatosh dejhg mephtidbe WLo0 grtamacpmtichaiaroak erthaystieis bigone or

0 alky ST O S S e g e R e =2
(C1-C2P§I@ﬂddh&iM@f@@hwaWb@hmMWmm@am@ﬂﬁt_m%ﬁ@mme,qonore
20071000 L LS HE L HEEN - i((C.Cayahyhamimocarbonyis
((C_:i-C4)-aIkyl)aminocarb_onyl-, ((Ci-C4)- alkyloxy)carbony_l-, COOH, CONHZ2, ON, CF3, H2NSO2- arjd
e e e R ey
group awthisiocapiesetadly, ifomprehyngrmberachich roupsbenedl beosabydlicted bicyelieor more
identical o, fiftereRt SURSHPERS WRFRAISCRYSRIMIRR to the ring nitrogen atom being part of
the N-CQO 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 8-
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 pheny!,
naphthalenyl and heteroaryl which can all be substituted by one or more identical or
different substituents chosen from halogen, (C1-C4)-alkyl, {(C1-C4)-alkyloxy-{C4-Cp)-
30 alkyl-, OH, (Cs-Cs)-alkyioxy which can be substituted by one or more fluorine atoms,
(C1-Co)-alkylenedioxy which can be substituted by one or more fluorine atoms, (Cy-
Cy)-alkyimercapto, NHy, (C1-Cs)-alkylamino, di{{C+-Cs)-alkylyamino, ((C4-Cs)-alkyl)-



halogen, (Ci-C4)-alkyl, (Ci-C4)-alkyloxy-(Ci-C2)-alkyl-, (Ci-C4)-alkyloxy which can be substituted by
one or more fluorine atoms, (Ci-C4)-alkylmercapto, (Ci-C4)-alkylamino, di((C1-C4)-alkyl)amino,

CONH2, CNy& b ol 4fzi-C4)-alkyl-SO2-. Preferably the 10 optional substitpieptssapstirf grup R3 are
chosen from halogen, (Ci-C4)-alkyl, (Ci- C4)-alkyloxy which can be substituted by one or more fluorine

atoms, and CF3, more preferably from halogen and (Ci-C4)-alkyl. Particularly preferably R3 is a

phenyl group which can be substituted by one or mibre identical or different substituents which are

chosen from halogen, (Ci-C4)-alkyl and CF3. Especially preferably R3 is a 15 phenyl group which is

substituted béone or more identical or different substituents_chosen from haloger{@;og%_and
o

(Ci-C4)- &g ro G ECmlparaliN L RIIRP AR RRY iathiins cpr kK ABHRO FRERANY ethyl

groups. @@w@wg&pmﬂnm@ﬂﬂg,m@w B suBstiluesPieN gralky-B@,substituted
group R3 the number of substituents preferably is one, two, tg:gf four or fiye, more %rgferably one,
r r

two, thré@Btruiady PTeRiRBMAYS FIRVRIY NGRS BIRRHES g‘ﬁiﬂf@ﬁl 5 bRYERID one or two.
In one expbedinepiobHeaArasashiRRIABHE BV IaAdPRIEYSHE/JE0E DheAyBRBapbgroup or

a na%hthalenyl group, and in another embodiment of the invention the grougﬁ‘RB is a monocyclic

groud, i ReleTa PERERRBP ANREH LG ERE S SIS AdPe érﬁﬁar%}b%?and in

another QipkagdifBaiwhiecthiayenientRalis adfersnosopatiaeaphbalen\de etpssafaanocyclic
heteroaryl group, for example a thienyl group, where all these groups.can be substituted as indicated.
ieReh shraivlencey

In the R8G0S o the PR prefe?ibil c BXEAISH SR8 PRuorine
and Oxos%wiﬁﬁﬁﬂ;%@@bi(éﬁ@m&ie@%&)@tﬁlﬂ wﬁwq@@?mma@%gmaﬁﬂtmgﬁm—;‘m?@,e
compounds of the formula la are preferably chosen arine and chlogine n fwo halogen
atoms résahmigitd)anaiprdeiiiia \‘/”t\lé %yﬁj&g@g #@ﬁg‘;&%@%ﬁ%mﬁ%é}ﬁpou nd of the
formgla fbtrmang st gL eandgRIesaRt Kryichsidositian haityeasEs-0 patkyOtier-

Particularly preferably the group R4 in the compounds of the formujae | and la is en from methyl
and fluoki ~gggyéo§gﬁégign%m%ﬂgﬁﬁuteg] gy one or more?‘[uorgne atoms, an§ %)?3 more y

preferably from halogen and (C+-C4)-alkyl. Particularly preferably R®is a phenyl
group which can be substituted by one or more identical or different substituents
which are chosen from halogen, (C1-C4)-alkyl and CF;. Especially preferably R is a

15 pheny! group which is subsfituted by one or more identical or different substifuents
chosen from halogen atoms and (C4-Cy)-alkyl groups, in particular from fluorine
atoms, chiorine atoms, methyl groups and ethyi groups. A phenyi group representing
R® is preferably a substituted pheny! 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 R® is a carbocyclic group,
i.e. a phenyl group or a naphthaleny! group, and in another embodiment of the
invention the group R’isa monocyclic group, i.e. a phenyl group or a monocyciic
heteroaryl group, for example a thieny! group, and in another embodiment of the

25 invention R? is a phenyl group, a naphthalienyl group or a monocyclic hetercaryl
group, for example a thieny! group, where all these groups can be substituted as
indicated.

in the compounds of the formula ia the group R* is preferably chosen from (C4-Ca)-
30 alkyl, fluorine and oxo, more preferably from (C-Cg4)-alky! and fluorine. Halogen
atoms representing R* in the compounds of the formula la are preferably chosen

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



is fluorine. The total number of substituents R4 in a substituted group A, which can be 5 one, two,
three, four, five or six, for example, is preferably one, two, three or four, more preferably one or two. In
the compounds of the formula la the group R5 is preferably chosen from halogen Cl-C47)-aIkyI,
(C9-C4)-al@B@Q@Q&ﬁalkw-, OH, (C,-C4)-alkyloxy which can be 10 subs%ﬁﬁ@d’é&?%%ﬁé df more
fluorine atoms, (C,-C4)-alkylmercapto, NH2, (CI-C4)- alkylamino, di((C,-C4)-alkyl)amino,
((C1-C4)-alkyl)-CONH-, di((C,-C4)- alkyl)aminoca®®nyl-, ((C,-C4)-alkyl)aminocarbonyl-,
((C,-C4)-alkyloxy)carbonyl-, COOH, CONH2, CN, CF3 and (C,-C4)-alkyl-SO2-. Particularly preferably
the group R5 in the compounds of the formulae | and la is chosen from halogen, (C,-C4)-alkyl, (C, 15

C4)-alkylomp(Ond 2F Higy forow (g ¢a.-ampatkpthersvthely cam e prissitotda Weioad poesitione fluorine

(L A AT R Ko R e R B Bompounds o o

halogertheCieGnilaliyl and iBAS chopesiftynpratifa ptieflgooine Handresreciaipauaizrabth&formulae

Land la. ” : ) o -
om0 s L B BB B e D o R e
subdiituengs, tewad tincge, dopectity preterdbhetarpie) psHueicmmiiyostiastbo, Theeawn baurof

SUbStit“EiE?e%?e%Pé%]\f&% gr@sﬁ%on a substituted group Het, preferably is one, two, three or four,
more preterably one, two or three, particularly preferably 25 one or two, more particularly preferably

one. In the compounds of the formula la th_e group R6 is preferably chosen from fluorine, OH, oxo,
. B e o P S0 SN LN SPERs
ParticuIﬁﬂvﬁﬁéﬁﬂ@ﬂl}(%@{bﬂﬁ%em—(ﬁaMﬁaﬂy&dmﬂﬁ@ﬁ&{h@_&s’iﬁwwéﬁ}i‘!m@ from fluorine,
R AR G RO SRS Gl campocatoni
particulaikyfaataabiitemrGualke) #airoai(C-Ca)-alky)-CONH-, di({(Cs-Ca)-
alkyl)aminocarbonyl-, ((C+-Cs)-alkyl)aminocarbonyi-, ((C+-Cy)-alkyloxy)carbonyl-,
COOH, CONH,, CN, CF; and (Cy-Cu)-alkyl-SO»-. Particularly preferably the group R®
in the compounds of the formulae | and Ia is chosen from halogen, (C+-C4)-alkyl, (Cy-
15  Cy)-alkyloxy-(C+-Cp)-alkyl-, OH, (C+-Cs)-alkyloxy which can be substituted by one or
more fluorine atoms, (C+-Cy)-alkyimercapto, NH;, (C1-Cy)-alkyiamino, di((C-Cy)-
alkyamino, ((C1-Ca4)-alkyl)-CONH-, CONH,, CN, CF3 and (C-C4}-alkyl-S0,-, more
particularly preferably from halogen, (C4-Cy)-alkyl and CFs. 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 fiuorine, chiorine,
‘methyl and CFs, 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, (C+1-Cs)-alkyloxy, (C+-Cy)-alkyimercapto, di({C+-Cs)-alkylyamino, ({C41-Cy)-
alkyl)-CONHR-, di{({C+-Cas)-alkylyaminocarbonyl-, ((C+-Caj-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, {C-Cy)-alkyloxy, di{{(C+-Cg4)-alkyhyamino,
((C1-Ca)-alky}-CONR-, di((C,-Cs)-alkyliaminocarbonyl-, ((C+-Ca)-alkyloxy)carbonyl-,



alkyloxy)carbonyl- and COON, especially preferably from ((C,-C4)-alkyloxy)carbonyl- and COON. The
number of substituents R6 preferably is one, two or three, more preferably one or two, particularly
preferably one. 5 In the compounds of the formula la the group R7 is preferably chosen from halogen,
(C,-C4)-a|kW?(@;QE%%ﬁﬁyloxy-(C,-C2)-a|ky|-, OH, (C,-C4)-alkyloxy which CEE%EPéﬁ%é‘{ﬂ%VHeﬁd by one or
more fluorine atoms, (C,-C2)-alkylenedioxy which can be substituted by one or more fluorine atoms,
(C,-C4)-alkylmercapto, NH2, (C,-C4) 10 alkylamiri# di((C,-C4)-alkyl)amino, ((C,-C4)-alkyl)-CONH-,
di((C,-C4)- alkyl)aminocarbonyl-, ((C1-C4)-alkyl)aminocarbonyl-, ((C,-C4)-alkyloxy)carbonyl-, COOH,
CONH2, CN, CF3, H2NSO2- and (C,-C4)-alkyl-SO2-. Particularly preferably the group R7 in the
compoli{aebfang fofmuraereaprrisiachoperferebin dogefiupane Catityh)-

(C,-C4)- HCE-C2 )¢ C,:CA)-al i b igﬁ%ﬁ@ nore
fluoringa %@%@%@a{%}%&;@gé 'ﬁ%ﬁ%@éﬁs%ﬁ? ﬁyq%eéé"} more uoX?%gﬁ gt%&mpqs, NH2,
o S s o
,-C4)- - = t ogen, (C,-C4)-alkyl, : (C, -alkylamino,
di((Cl-)ei%%% a?hﬁ(()a}[ %g@é%}%%%@g@&%%@% especially preferably from fluorine, chlorine,
methyl, NH2 and 20 CF3. The number of substituents R7 preferably is one, two, three or four, more

preferapiy e Ma-0IRLes: BRTHGHALIK RISISIAp N RO RO PERISLA ORI sigiahbyone. In the

compoun the formula la the group R8'is p bly chosen from’halogen, 25 (C,-C4)-alkyl,

(C3-C 7CayCloattig C (B2 6 ) ispiexg B 21 helsyba QG (0 26 s felkeipamdich can 2)-alkyl-, OH,

oxo, (C,:4)- j [ @ N | (Cs:CR)-alkylenedioxy
hich S e A e R T e

(C -CapalistitutenoDuigss- paney fHunting, slomeAfCirgh-ebimesir@o Al talkaminocarbonyl-
et e T A S AL ndependentl of cach
other balisyibaminegarpong-oléGndieliabntisnsranaeronyl-, ((C1-Cq)-alkyloxy)carbonyl-,
COOH, CONH;, CN, CF3, HoNSQO,- and (C4-Cy)-alkyl-SO»-. Particularly preferably the
group R’ in the compounds of the formulae | and la is chosen from halogen, (C1-Ca)-
alkyl, (C4-Cy)-alkyloxy-{C+-Ca)-alkyl-, OH, {C+-Cy)-alkyloxy which can be substifuted
15 by one or more fluorine atoms, (C+-Co)-alkylenedioxy which can be substituted by
one or more flucrine atoms, NH;, (C+-Cy)-alkylamino, di({C-Cas)-atkyhamino, ({(C4-Cas)-
alkyD-CONH-, CONH,, CN, CF3 and {C1-Cs)-alkyl-SO,-, more particularly preferably
from halogen, {C1-C4}-alkyl, NHz; (C1-Ca)-alkylamino, di({C+-Cs)-alkyhamino, ({C1-Ca)-
alkyl}-CONH- and CF;, especially preferably from fluorine, chierine, methyl, NHz and
20 CFi. The number of substituents R’ preferably is one, two, three or four, more
preferably one, two or three, pariicularly preferably one or fwe, more particularly

preferably one.

in the compounds of the formula la the group R® is preferably chosen from halogen,
25 (C4-Cy)-alkyl, (Cs-Cr)-cycloalkyl-CoHan-, phenyl-ChHan-, hetercary-CoHan-, (C4-Cg)-
alkyloxy-(C+-Cz)-alkyl-, OH, oxo, {C4-Ca)-alkyloxy which can be substituted by one or
more fluorine atoms, {C¢-Cz)-alkylenedioxy which can be substituted by one or more
fluorine atoms, (C4-Cg)-alkyimercapto, NHz, (C1-Cas)-alkylamino, di{{C+-Ca)-
- alkyamino, {{C4-Cy4)-alkyl}-CONH-, di({C+-Cy)-alkyljaminocarbonyl-, ((C1-Ca)-
30 alkylyaminocarbonyl-, ({C4-Cg}-alkyloxy)carbonyl-, COOH, CONHz, CN, CF3, HaNSOC,-
and (Cy-Cq4)-alkyl-SO,-, wherein all phenyl groups and heteroaryl groups can
independently of each other be substituted by one ore more identical or different



EENEGEARHOE

WO 2007/000248 PCTIEP2006/005716 37 substituents chosen from halogen, (C,-C4)-alkyl, CF3 and
(C,-C4)-alkyloxy. Particularly preferably the group R8 in the compounds of the formulae | and la is
chosen from halogen, (C,-C4)-alkyl, phenyl-CnH2n-, heteroaryl-CnH2n-, (G-C4)-
alkyloxy-(C, 82 réilkgPe28, oxo, (C,-C4)-alkyloxy which can be substituted By @06/ (¢ fluorine
atoms, (C,-C2)-alkylenedioxy which can be substituted by one or more fluorine atoms,
(C,-C4)-alkylmercapto, (C,-C4)-alkylamino, di((C,-G4)-alkyl)amino, ((C,-C4)-alkyl)-CONH-,
di((C,-C4)-alkyl)aminocarbonyl-, ((C1-C4)-alkyloxy)carbonyl-, CONH2, CN and CF3, wherein all
phenyl groups and heteroaryl groups can independently of each other be substituted by one ore more

idemma'élﬂiﬂﬁﬁf@ﬂis D sshs AN EaIGgSe NN Nateran O, Ar -atyE Sak@sk(C,-C4)-alkyloxy.
More particularly preferably the group R8 in the compounds of the formulae | and la is chosen from
halogen, e lieuRANprferably higyBoRyRE1-EiRisAmeREngs, L Ahedrymipah Rt A Be substituted
by one ofjRRknfiaRNgAsREs, (C,-C2)-MigyIenRsinryrnch rarhs-subeliMigd by ongjor more
fluorine atoms, (C1-C4) 1 alk',yfmterc?[;to, Cl-C4 -a||%%oNH-, di( (?%4%?:Jkt%am%ocarbonyl- and
RIKySWRIESACN Bae of

CF3, esplofiaryplerdrabRliotm HElogER; (e-Eal-alkylosxyviienean
substutasohy ADSrRIeReseEUPONTIIME/ I8RE SIS MikhasRebalbuBLRRR L IRchRI0gsR

(C,-C4)-alkyl, oxo and CF3. Substituents R8 which are present in a ngn- argmatic ring in the

heterocy BRI BEPBIERCariek ROMYGBRIEAMM (he & Y EPIBE FHI i@ R %articular in

the ring wrichesgniaias-theaid NG -COURIKE a AR 8 fy O[T CD)EIKPRNQKYSHSdiglerocycle
formed by R' and R2 together with the N-CO group, are preferably chosen from (C9-C4)-alkyl,

(C3-C7)-Bfiibhe/ AR CFandyRfie i pth Pt GARHRE Ah B TRAY I BKOIRS Y80 C2)-alkyl-, OH,
0x0, NHpdEprdiatkylshaingh dilterbd satiiamen & pahé(ereCAbriadisieAldr aieess preferably
from&C,-C4)-a‘lkyl, C3-C7)-cycloalkyl-CnH2n-, phenyl-CnH2n-, heteroaael- CnH2n- and oxo,

partitdlafsiid E/quﬁ@ﬂ)%mﬁﬁd(g@?ﬁ@%h G »RBAMA Cyrbup@ BiPRédiiR) I groups
can indepeirdendyippraritsiiemiegsubptirfed Mewianprnty ofdratioahniadieemi rkstituents

.chosen from halogen, (C,-C4)-alkyl, CF3
chosen ffom halogen, (C{—CQ—aikyl, {C4-Cy)-alkyioxy-(C1-Cp)-alkyl-, oxo, {C1-Cy)-
alkyloxy which can be substituted by one or more fluorine atoms, (C4-Cy)-
alkylenedioxy which can be substituted by one or more fluorine atoms, (C4-Cy)-

15 alkylmercapio, {{C+-Cy)-alkyl)-CONH-, di{{C+-C4)-alkyljaminocarbonyi- and CFs,
especially preferably from halogen, (C+-Ca)-alkyl, oxo, (C1-Cs)-alkyloxy which can be
substituted by one or more fiucrine atoms, and CF3;, more especially preferably from
halogen, (C+-Ca)-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 {C¢-Cg}-alkyl, (Cs-C7)-cycloalkyl-
CaHazn-, phenyl-CoHag-, heteroarnyl-CiHan-, (C+-Ca)-alkyloxy-(C4-Cp)-alkyl-, OH, oxo,
NH., (C1-Ca)-alkylamine, di({C+-Cs)-alkyllamino and ((C+-Cy4)-alkyl)-CONH-, more

25 preferably from (C4-Cy)-alkyl, (C3-Cy)-cycloalkyl-CrHan-, phenyl-ChHan-, heteroaryl-
CnHar- and oxo, particularly preferably from (C1-Cy4)-alkyl and oxo, wherein all phenyi
groups and hetercaryi groups can independently of each other be substituied by one
ore more identical or different substituents chosen from halogen, (C4-Cy4)-alkyl, CF3
and (C;-Cq)-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.



and (C,-C4)-alkyloxy. The number of substituents R8 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. WO 2007/000248 PCT/EP2006/005716 38 In the compounds of the formula la
the group RY2 MH7edersbly chosen from hydrogen, (C1-C4)-alkyl, (C3-C7)¥yEi6aiRI 9O n-,
phenyl-CnH2n, heteroaryl-CnH2n-, ((C1-C4)-alkyl)-CO-, (C3-C7)-cycloalkyl-CnH2n-CO-,
phenyl-CnH2n-CO-, heteroaryl- CnH2n-CO-, ((C143)-alkyl)-O-CO- and phenyl-CnH2n-O-CO-,
wherein all phenyl 5 groups and heteroaryl groups can be substituted by one or more identical or
different substituents chosen from halogen, (C1-C4)-alkyl, CF3 and (C1-C4)-alkyloxy. Particularly

?refera?lulikh‘@ ?Hﬁﬁ'ﬁbﬁf%?ﬂ?ﬁ@ﬁﬁﬁ@[ﬁtﬁét@m}&ﬁﬁfﬁ% |p&§€él%iﬂy()ﬁlﬁfﬁﬁhﬁ(ﬂi.ﬁlhydrogen,
C1-C4)-alkyl, (C3-C7)-cycloalkyl-CnH2n , ((C1-C4)-alkyl)-CO-, (C3:C7)-cycloalkyl-CnH2n CO-,
(C1-CA NI B B RU T S R o PR Bret SR AETH sdrogen,
(C1-C4)(gﬂsyk;Qp@n%ﬁ)@mpmti%b@oac@ac%ﬁa@m;@@en@@%;@oqaﬂietéwn-Co-
and((C1-C4)-alkyh)-O-CO-, especially preferably fro rog ngi 1-C4)-all%l ?% |
(03-07)%)62@ pdi@nzﬁ&hﬁﬁ%”érfﬁ@a@ﬁ%?@&gr ﬁﬁ'ﬁ{f e/ BREEIE BB 1n one
embdgldi oS8 HIRI BERSPHA Vgﬁ@ﬁﬁ@%@%&@@ﬁﬂgﬁémjwfgm &b mlsfemwgu@dsmfér?ﬁo&nulae
| and la the group R13 is preferably chosen from_hydrogen an -C4)- more preferably
from hy%ﬁ%%@ﬂ??”ﬁﬁfﬁg\ﬁmﬁﬁf@é@m{ | %Ed?@ﬁ]((éﬁé‘%%& ounds of the
formula kaaheliarmaprbaseaprstREcirRRYRE Diinee Berag aunGang e fotmmagdcystcigrgmatic group
which contains ane, two or three identical _or different hetero rin bers chgsen fro NR13,0
and S. PAIRERRPEIHALRARR: é‘%§r§ﬁ'5¥b m‘%ﬁk%ﬁiﬁ%ﬁa@ﬁ?ﬁe @m%ﬁ‘e‘%@ $a5-
membergg,or §-iripatedCenccliq areraaliagiopovibishaad iehiehohe (i iwo-2Bidentieal or
different hetero ring members chosen from N, IYES% 0 amg S dn gw corqgow(n?l%ohthe f(zgnula la the
nurier RASHGHIRABRPEETERY JropRdrediogen. (C1-Ca)-alkyl, (Ca-Cr)-cycioalkyl-Cakan-, ({Lr-

Ca)-alky)-CO-, (C3-Cy)-cycloalkyl-CoH2,-CO- and ((C+-Cy)-akkyi}-O-CO-, especially

preferably from hydrogen, (C4-Cy)-alkyt and (Cs-Cy)-cycloalkyl-CpHzn-, more

especially preferably from hydrogen and {C1-C4)-alkyl. In one embodiment of the

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+-Cy)-alkyl and more preferably from hydrogen and methy!.

Particularly preferably R'? is hydrogen.

20 In the compounds of the formula la a heteroaryl group is preferably a 5-membered or
6-memberad, 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 compeunds of the formulae | and {a 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

differant.



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. WO 2007/000248 PCT/EP2006/005716
39 In preferi&@ épipéeiiatents of the present invention one or more or all of tRCEBRII6EBRTEINed in the
compounds of formulae | and la can independently of each other have any of the preferred definitions
of the groups specified above or any one or some# the specific denotations which are comprised by
the definitions of the groups 5 and specified above, all combinations of preferred definitions and/or
specific denotations being a subject of the present invention. Also with respect to all preferred

embodinepietBadaventinminsdme vihrcaraaanpdsathivhiemauirad raddadn ot tisteresigameric

forms and mixtures of stereoisomeric forms in all ratios, and their physiolo%call accei%table salts, as

well as thentaitgshinibesnaredns: ekionpag et RaABJaReR GlaREYPE &R RIBRTion relates

to compeiaREsel BEiR BéRs eansLAHm MY &F S dianpeusheAfiehassitBnG BACBrCH2-,
-C=C-CH2-, which groups, are bonded to the group 15 Het via the terminal atom of the double or triple
bond, arkPiE §Fd0E SPRAGARNRIAILNRMENGR BEh GeMRTPRAPY IS RIEEUMUCAR PLIBMIIRLRTCH2)

20 whergindrs e fusmgisola the bendsvidisrict hemioul Brnnestedrie/tiepdiggent groups, are
depicted by the lines starting at a ring atom and at the group (CH2)r, and wherein all groups A can be

substitut€BNRIEsHaRS aeibieatdr dif RIRESHL TR AISS Witk esRes o hP RARiITRE iy,
thiazoledivhxaiadiinéminazaiod handet iophenedivLinhic boge e s stHute by ane or more
identical or different substituents R5 and wherein one of the, ring nitrogen atoms of the imidazolediyl
group Stereoisomeric forms and mixtures of sterecisomeric forms in all ratios, and their
physiologically acceptable salts, as well as their tautomeric forms.
10
For example, one such embodiment of the present invention relates to compounds of

the formulae [ and la in which simultaneously

A is chosen from -CH=CH-CH.-, -CZC-CH,-, which groups are bonded fo the group
15 Het via the terminal atom of the double or triple bond, and the group of the formula
lia, which is bonded o the group Het via a ring atom,

A la
(CH)—

20 wherein in the formula lia 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*:

25 Hetis chosen from pyridinediyl, thiazoledivl, oxazolediyi, 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 {C+-Cgs)-alky!;

30 X is chosen from a direct bond and O



carries a group chosen from hydrogen and (C1-C4)-alkyl; 30 X is chosen from a direct bond and 0;
WO 2007/000248 PCT/EP20061005716 40 R1 and R2 are independently of each other chosen from
(C,-C4)-alkyl, (C3-C7)- cycloalkyi-C" H2n-, phenyl-C,H2"-, and heteroaryl-C" H2, , and R2 can in
addition be%&%&’@?ﬂ’\ﬁ%erein the groups (C,-C4)-alkyl and (C3-C7)-cycloalffﬁ@gﬁoﬁ‘?fﬂqs&é%
substituted by one or more identical or different substituents R6, and all phenyl groups and heteroaryl
groups can be substituted by one or more identicad@r different substituents R7, or R1 and R2,
together with the N-CO group which carries them, form a 4-membered to 7-membered, monocyclic,
saturated or unsaturated heterocycle which, in addition 10 to the ring nitrogen atom being part of the
N-CO group, can contain one further hetero ring member chosen from N, NR92, O, S, SO and SO2,

whereinhe ring,formed by R’ and R2 and the N-CO.group which carxies the n ke substituted by
one or Ot%q%g%tigg? 6'?%%@%%&%&@8@8%&%%%@? ?5 gﬁ%ﬁ;%ﬁ%ﬁ' gﬁ@e@ﬁt@f uted by one or
more ideptioalioyidiffetent phargtlt@abis,wizint astatesghOdthatogbR?(CarCit) sdidition be
(C1-C4)-alkyloxy-(C -C2)- alkyl-, (Cs-C4)-alkyloxy which can he substityted by one.or,more fluorine
atoms, %@‘@éﬂ?}éﬂ ’é@f)gb%%Qéuﬁﬂ)@égé?%%’iﬁﬂa ﬁ%ﬁéakc {g{r)naiiﬁé%ﬂlﬁfgg , CF3 and
(C,-64)alkspkt Mt R0dRS isrehoseidisoticaiaihylifiekfit siibstiR@ it RSs andraihgrasoyén,
(C,-C4)-alkyl, (C1-C4)-alkyloxy-(C -C2)-alkyl-, OH, (€ -C4d)- alkyloxy which. can.be substituted by one
or moregﬁﬁéﬁﬁeagfgﬂéﬁe Eyiléy@@%ﬁké é%asp‘{g?@ﬁeﬁ)f’é,ﬁf)%}:@%ﬁihg(%n&f&gfgﬁ%@ﬁgmino,
((C,-C4rabethu&@NRL, CONH2, CN, CF3 and (C,-C4)-alkyl-SO2-; R6 is chosen from fluorine,
(C,-C4)-alkyjoxy,, di(C,-C4)-alkyl)amino, ((G1-C4)-alkyl)- CONH-, di -C4)-alkyl)aminocarbonyl-,
(C.-C 495%@;@)%3 r&gﬁﬁ%‘t’fﬁﬁﬁbﬁ dNé lg:go?up V%I‘?ICFI; carrsésdﬂﬁ(z{a%, %i)n‘? 5 Je %@Qi%ea}e%p

to 7-membered, monocyclic, saturated or unsaturated heterocycle which, in addition

10 1o the ring nitrogen atom being part of the N-CO group, can contain one further
hetero ring member chosen from N, NR', O, S, 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®;

15 R®is phenyl which can be substituted by one or more identical or different
substituents which are chosen from halogen, (C1-Cyg)-alkyl, (C1-Cy)-alkyloxy-{C+-C2)-
atkyl-, {(C+-Cs)-alkyloxy which can be substituted by one or more fluorine atoms, (C+-
Cq)-alkyimercapto, (C1-Cq)-alkylamino, di({(C1-Cy)-alkyllamino, CONH;, CN, Ck; and
(C1-Cy)-alkyl-SOo-;

20
R* is chosen from methyl and fiuorine;

R® is chosen from halogen, (C4-Ca)-alkyl, (C1-Cy4)-alkyloxy-{C1-Cy}-alkyl-, OH, (C1-Cy)-
alkyloxy which can be substituted by one or more fluorine atoms, (C¢-Cs)-

25 alkyimercapto, NH;, {C+-Cas)-alkylamine, di((C+-Caj-alkyl)amino, {({C1-Ca4)-alkyl)-
CONH-, CONHg, CN, CF3 and (C4-Cy)-alkyl-SO2-;

R® is chosen from fluorine, (C1-Ca)-alkyloxy, di({C+-Ca)-alkyhamino, ((C-Ca)-alkyl)-
CONH-, di{(C1-Ca4)-alkyi)aminocarbonyi-, {(C1-Cs)-alkyloxy)carbonyl-, COOH and
30 CFj;



WO 2007/000248 PCT/EP2006/005716 41 R7 is chosen from halogen, (C1-C4)-alkyl,
(C1-C4)-alkyloxy-(C1-C2)-alkyl-, OH, (C1-C4)- alkyloxy which can be substituted by one or more

fluorine atoms g(?%1-02 - alkylenedioxy which can be substituted by one or Eg&%ﬁgg&@gﬁ)&ns NH2,

(C1-(C4)- alkYIAMInG Cat(C1-C4)-allyl)amino, ((C1-C4)-alkyl)-CONH-, CON (C1-5
C4)-alkyl-SO2-; R8 is chosen from halogen, (C1C4)-alkyl, phenyl-CnH2n-, heteroaryl-CnH2n-,
(C1-C4)- alkyloxy-(C1-C2)-alkyl-, OH, oxo, (C1-C4lalkyloxy which can be substituted by one or more
fluorine atoms, (C1-C2)-alkylenedioxy which can be substituted by one or more 10 fluorine atoms,
(C1-C4)-alkylmercapto, (C1-C4)-alkylamino, di((C1-C4)-alkyl)amino, ((C1-C4)-alkyl)-CONH-,
di((C1-B4)immlytyeeni fsuarbalogen((T+62) alipvdxiSe o bajkyloNtie Conadnd-cPal (Reteriall
phenyl t g}@% P{gﬂg > bstituted by one ore more
identica% [SP}% gl etpé’?‘]l%: %Ebstitue%@%ﬁ%@gg r mﬁg%qg?ﬁéyﬁsﬁ)iﬁﬁﬁghd% 1-C4)-alkyloxy; 15
R12is mmmmwm‘@h-@an-aﬁwt@ﬁtaieﬁdsyﬂ@amiwgrﬂym@h@r&mywmcéi1-‘35’—
(C3-C7); %cmf |- NCOs; =1-Ca)-alleyl)- )~ is f r d
(Cl-C4%a?|§)lgy; | (%S h%{g?r%arlhti%) is ﬂ%@ég@o?é{me ggﬂ@%hdn%@%ﬁ%a%@ﬁgﬁi% %%ntaining
one5or Wu)-isiti€dPor, different hetero ring members chosen from N, NR13,0and S; nisOor 1,
wherein all numbers n are independent of each other and can be identical 25 or different; risOorl; in
any of its stereolsomeric forms or a mixture of stereoisomeric forms in any ratio, or 30 a

physiol&®fidalshases tabrehainanardeh-Wo-atih/ oberrs Pl HrdesreosizEsHae ARotiadsuch
embodigyent ol the BEESEI RV eRHOR LBIaleS 18 SUIRRAHWAIRSan be substituted by one or
more fluorine atoms, (C1-Cz)-alkylenedioxy which can be substituted by one or more
10 fluorine atoms, {C1-Cy)-alkkylmercapto, (C1-Cy)-atkkylamino, di({C+-Ca)-atkyhiamino,
{({C+-C4)-alkyl)-CONH-, di{(C1-Ca)-alkylyaminocarbonyl-, ((C4-Ca)-alkyloxy)carbonyi-,
CONH,, CN and CF», 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-C4)-alkyl, CF3 and {C4-Cs}-alkyloxy,;
15
R'2 is chosen from H, {C1-Cy)-alkyl, (C3-C7)-cycloalkyl-CoHan-, ((C1-Ca)-alkyl}-CO-,
(C3-Cy)-cycloalkyl-CpHan-CO- and ((C4-Cq)-alkyl)-0-CO-;

R"™ is chosen from hydrogen and (C1-C4)-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 O or 1, wherein all numbers n are independent of each other and can be identical
25 or different;

risQort;

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

30 a physiologically acceptable salt thereof.



formulae i and la in which simultaneously A is the group of the formula Ila, which is bonded to the
group Het via a ring atom, 5 lla ("%H2)r 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
(CH2)r, and b3 é%ﬂ the group of the formula Ila can be substituted by o %EW%%(}@%@ﬁfcal or
different substituents R4; Het is chosen from pyridinediyl, thiazolediyl, oxazolediyl, imidazolediyl and
thiophenediyl which can all be substituted by one d2more identical or different 15 substituents R5 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 0; 20 R1 and R2, together with the
N-CO granptindrcluchariebduime fidof thd-presdrdiedeaticmrehabesdd dcogpoondsyofitheaturated or
unsatur%ted h te Eo%ﬁé WhICh in addlg on ta.the ring nitrogen atom being part of the N-CO group, can

contain 618" fiffthe earénrf'ﬁlﬁlﬁ?e%l\%'él hGSeh

osen from NR92, 0 and S, wherein the ring formed by R1
and R2 and the N-CO group which carries them can be substituted by one or more 25 identical or

cubsiudr It R GRS i P I o S HA Y B S IR A T Al "

(C1-64)- alkyloxy which can be substituted by one or more fluorlne atoms, (Cl WO 2007/000248

PCT/EP2006/00571.6 43 C4)-alkylmercapto, (C1-C4)-alkylamino, di((Ci-C4)-alkyl)amino, CONH2,

ON, CF3 and (C1-C4)-alk 02 R5 is chosen from halogen, (C1-C4)-alkyl,

(C1-C4)-alkyloxy-(C1-C2y-alkyt; r‘éffé 57C1 C4)-5 a"ff/loxy which can be substituted by one or more
24

fluorine atoms, (C1-C4)- alkylme NH2, (C1-C4)-alkylamino, di((C1-C4)-alkyl)amino,
((C1-C4)-alkyl)-
wherein in the formula lla the bonds via which the group is connected {o the adjacent
groups, are depicted by the lines starting at a ring atom and at the group (CHy),, and
10  wherein the group of the formula lla can be substituted by one or more identical or

different substituents R*;

Het is chesen 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 imidazolediy! group
carries a group chosen from hydrogen and {C:-Cy)-alkyi;

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 R,

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



CONH-, CONH2, ON, CF3 and (C1-C4)-alkyl-SO2-; R8 is chosen from (Cr-C4)-alkyl and oxo; 10 R 12
is chosen from H and (C1-C4)-alkyl-; 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*dt #&7M¥2&ht invention relates to compounds of the formula |&HEERIIEHNIRaneously
20 A is the group of the formula lla, which is bonded to the group Het via a ring atom, lla (CHZ) 25
wherein in the formula Ila the bonds via which the gi®up is connected to the adjacent groups, are
depicted by the lines starting at a ring atom and at the group (CH2),, and wherein the group of the
formula Ila can be substituted by one or more identical or different substituents R4; WO 2007/000248

PCT/EP 2R 7iE6cad] € Us-Chpatityfaonintediy d Hixghplikiiiarnied|yl Oxizgl€hy| GMidarglediyl
and thio&éhg&?gig! WE§6Q3” all be substituted by one or more identical or different substituents R5
and wheréin ofie o'f)f & FiRg nitrogen atoms of the imidazolediyl group carries a group chosen from
hydrogen and (C1-C4)-alkyl; 5 X is absent and the phenyl group representing the group R3 is fused to

the group Het: \R1 and R2, together yith the N-CO, gropp,which carries them, form a.4- red to
7-memb§rei ,%‘8%8&%?&1 K g)r%?end ﬁ#é)ﬂ% q‘é %b*t ﬁb‘@?ﬁé‘{’ﬁﬁr&ﬁq&?égﬂ‘ﬁb&nt@%@r@%}#ﬁ%
hitroden aitorioleinbiparcaf the sixiigtedycaneontaiorerfiubritieatmtesp(Cipg frember chosen from
NR 12, 0. 00 e e 1R omaR R RAG . - SIG NaF 8 U LB gHTes them can

be substft y heor idenifica
CONH-, CONHg, CN, CF; and {C4-C4)-alkyl-SO,-;

R? is chosen from (C4-Ca)-alkyl and oxo;
10
R" is chosen from H and (C-Ca)-alkyl-;

risCort:

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

a physiologically acceptabie sait thereof.

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

20
A is the group of the formula Ha, which is bonded to the group Het via a ring atom,

A Ha
(CH)—

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



different substituents R8; 15 R3 is phenyl which can be substituted by one or more identical or
different substituents which are chosen from halogen, (C1-C4)-alkyl, (C1-C4)-alkyloxy-(C1-C2)- alkyl-,
(C1-C4)-alkyloxy which can be substituted by one or more fluorine atoms, (C1- C4)-alkylmercapto,
(Cl-C4)-aIkﬁm&%ﬁ%@lc@-alkyl)amino, CONH2, CN, CF3 and (C1-C4} ﬁ(ﬁgé%@y??%ﬁas is
chosen from halogen, (C1-C4)-alkyl, (C1-C4)-alkyloxy-(C1-C2)-alkyl-, OH, (C1-C4)- alkyloxy which can
be substituted by one or more fluorine atoms, (C1-44)- alkylmercapto, NH2, (C1-C4)-alkylamino,
di((C1-C4)-alkyl)amino, ((C1-C4)-alkyi)- CONH-, CONH2, CN, CF3 and (C1-C4)-alkyl-SO2-; 25 R8 is
chosen from (C1-C4)-alkyl and oxo; R 12 is chosen from H and (C1-C4)-alkyl-; 30 risOorl; WO
2007/00p24 & RESHRI006 6ob pltditeaianthalbtdetityk agardeadiidymsidazofeiyirercf
stereoisgmerijc forms . in any ratio, ar, a physialogically acceptable sali thereof. Besi he use of the
compou%ﬂgp %ﬁg?&h%%ﬁ %%'?iﬁgc? ?if%f“'g ?rg%vg%éw%t%ég S?chrbr%ogg iédtgtlr)‘s&g%t? ?cr)rdi egI %%é{nufacture of a
medicarsabbfitutressiR alatiovhef dire oexpré ssoring eriogestiatdibssyhthasmialet dedid gezument of
a disease in.which such z\ﬁg,timu#gtiorh %fanei?tcé%%sfdnﬂ?-la?léel‘ is desired, for example a
cardiova€ilsP A< aT AL StHe b3t rOSiS, coronany ar eyyf disease or cardiac insufficiency or
any @ther diseases mentioned above or below herein, also the 10 compounds of the formula la defined

e AR SR 1 AR B SR R A e e o
contain exemplary definitions of compounds according to the invention, one or more or all of 15 the
groups (ﬁn g‘r?cy ?%a,n ‘?’o&&tﬁe?r\fevg rrt%% (?\E%i%rﬂgﬁ? %ﬁ'{?&q @gﬁyees%@mf %% 4-membered to
- 7-membered, monocyclic, saturated or unsaturated heterocycle which, in addition to
10 the ring nitrogen atom being part of the N-CO group, can contain one further hetero
fing 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

15 R? is phenyl which can be substituted by one or more identical or different
substituents which are chasen from halogen, {C-Ca)-alkyl, (C+-Cg)-alkyloxy-(C-Co}-
alkyl-, (C1-Ca4)-alkyloxy which can be substifuted by one or more fluorine atoms, (C4-
Ca)-alkylmercapto, (C1-Cy)-alkylamino, di({C+-Csy-alkyl)amino, CONHz, CN, CF; and
(C1-Cs)-alkyl-SOy-;

20
RS is chosen from halogen, (C4-C4)-alkyl, (C1-Ca)-alkyloxy~{(C1-Co)-alkyl-, OH, (C4-C4}-
alkyloxy which ¢an be substituted by one or more fluorine atoms, (C1-Cs)-
atkyimercapto, NH;, {C1-Ca)-atkylamino, di({C-Cy)-alkylyamino, ((C1-Cy4)-alkyl)-
CONH-, CONH,, CN, CF3 and {C1-C4)-alkyi-SOs-;

25

R is chosen from {C1-Ca)-alkyl and oxo;
R'? is chosen from H and (C+-C4)-atkyl;

30 risOor1;



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 | gndl Js,whighygre specifically disclosed herein, including the compepdsqak allssxgmples

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 4% free compounds and their salts if tautomeric
forms exist. 25 l.e., this embodiment encompasses the physiologically acceptable salts in general of
any indjvidualsﬁcgo_mpound specifically disclosed herein, irrespectjve thereaf whether the compound is

I

specificIF W< dSHIEIHRPMRNESTBRAG BRX WL REFE ShISeReaIRmNS B3Ry AR 1
compounshldidithidafiyeromaayihsatothéryballyl)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-
yhallyl)pyrrolidine-2,5-dione" and "1-(3-(4-(4-fluorophenyl)thiazol-2-yl)allyl)pyrrolidine- 2,5-dione or a
physml%@ﬁﬂ?&&ﬁ@&@é@hﬁ %t?bﬁipﬁﬁn% Eﬁgﬁ?jﬂ)md rml Pﬂéﬂ@f%@%l@ﬁ%&e %l’cﬁp
PCT/ERP2006/005716 46 1-(3-(6-(4-fluorophen ridin-3- yhpiperidine-2,6-dione which is

peBiic 1 ANSRIRr DR LGB o 2 L AR It A TRLaOT o ARE are "1(5.(6-

]£|4'f|UOfﬁﬁb%ﬁé?@gﬁdﬂi@n?iﬁﬂ%ﬁ@ﬁﬂ?f@ﬁméﬁéﬂﬂﬁfla@ﬁ@ﬁﬂnesﬁt of adiseglse inl whiﬁh oo
uorophenyl)pyridin-3-yDaliyl)piperidine-2,6-digne or siqlogically acceptable salt 5 thereof" an
1oL S R Bby RO BONeh £ s RICRE et SFABPIR B sait A further
subjectefrtheveraasgat iiveniion arechregesirg eédieapargtionrbyarhishdng deosapeundsptitae formulae
| and la or sglts thereof are obtainable. There are sever%I 10 wgs of reparin%glﬁ?hompounds by

0

piecing'SaHHISIEBRM ARG IS tl ERASCH BRI BRRYE: HIPRIBNCSEE s of the

formpulagohassLieds sfftiah fhengrole definbe gionenirGiicHtieFroapieigrigerE-C-CH2-, i.e.

compounds of the formulae Ib and Ic in which the groups Het, X, R', R2 and R3 are defined as in the
P Lflgemsei\;res, ﬁe. tlﬁe novepcompounu?s per ge, are a sugjgec% of the presen{ ?nven?ion.

As in any embodiment of the invenﬁon, 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 denoctations which are comprised by its definitions and are

specified above.

A further embodiment of the present invention relates o 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 salis 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 taufomeric forms exist.

25 le., this embodiment encompasses the physiologically acceptable salis in generai of
any individual compound specifically disciosed herein, irrespective thereof whether
the compound is specifically disciosed as the free compound or as a specific salt. For
example, as regards the compound 1-(3-(4-(4-fluorophenyl)thiazol-2-
ylallyh)pyrrolidine-2,5-dione which is specifically disclosed as the free compound,

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



compounds of the formulae | and la, are synthesized in a coupling reaction from 15 compounds of the
formula VI and amides of the formula VII and Vill, respectively, which comprise a terminal double
bond or triple bond in the depicted substituent on the nitrogen atom. J~~Z A/CHz, N R' R3' X Het -
\HR' R2 RYQAM/082A8NHet VI O CH2 CH2\N)~ R R 3/X" N~R 1R2 Het BSEERRIS/95 M0
2007/000248 PCT/EP2006/005716 47 In the compounds of the formulae VI, VII and VIl the groups
Het, X, R', R2 and R3 are defined as in the compeighds of the formulae | and la and, in addition, any
functional groups can be present in protected form or in the form of precursor groups which are later
converted into the desired groups. Like the group A in the compounds 5 of the formulae | and la, the

alkene a@r{BalGyefnoreyhaniibmordeGrdiatiitipp&rdiatkae GHitmewhoznie m;'rméﬂqaiky substituted
by suitahje suosiiuerye il SOmRIE Ak weluepia TOARIMALLR IRRAAD

gkéO# gzg formula
Vlis a Ieavm group which'is su ene or alkyhe moiety, suc alog
examp|d&ﬂmmmwﬁpwwmawéadiylampﬁndme@@rdm%r'éx@f&aﬁﬂe{éo

trifluoro g NSRS R LR H P08 BMBAL LIS FAVRHRYIMID Soceptable sa!
5 thereof" and "1-(3-(6-(4-flucrophenyl)pyridin-3-ylallyl)piperidine-2,6-dione
trifluoroacetic acid salt”.

A further subject of the present invention are processes of preparation by which the
compounds of the formuiae | and la or salts thereof are obtainable. There are severai

10  ways of preparing the compounds by piecing suitable building blocks together.
According to one of the processes, compounds of the formulae | and ia in which the
group A is the group -CH=CH-CH,- or the group -C=C-CH,-, i.e. compounds of the
formulae 1b and Ic in which the groups Het, X, R", R? and R® are defined as in the
compounds of the formulae | and la, are synthesized in a coupling reaction from

15 compounds of the formula VI and amides of the formula V! and Vi, respectively,
which comprise a ferminal double bond or triple bond in the depicted substituent on
the nitrogen atom.

0 0
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20



compound of the formula VIl or VIl is carried under the conditions of the well-known Heck reaction
and Sonogashira reaction, respectively (cf. de Meijere et al., Angew. Chem. Int. Ed. 33 (1994) 2379).
Generally th@mactiomis performed in the presence of a transition metal catalysesachoasia palladium
catalyst, for example palladium 15 acetate in the presence of a phosphane like triphenyiphosphane or
tri(ortho- tolyl)phosphane or bis(triphenylphosphage)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,

) . I 0 . ’ ’
Chioro B e s owaEy
tetrahy@refdedined B m), thitsempaundsntddheofaraitgse R dnandy ko additin @DMF),
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compoipfasidag vk aadMiidoapsuienaly bsisaboitieadeingimbie Rihsitiqatédompound of the
formul Uding;hl ich i = -R1 moiety,
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the WO 20C 8 PCTIEP2006/( 16 48 group A also be introduced by the building block
which ileayingasatip RBishHRsUhsiBtiabl bxan Bkenmpoals e el furteas Balpesgan also be

Sy”the?&@kéfrﬁﬁba&ﬁiﬂﬂ%‘ %?H%W%&H@PBPQ%%&%%% Ix#eﬂf&éMpﬁESpeaive'y’ and

compounds of the formula XII.'In the compounds of the fo [and XV 5 the groups Het, X,
R'1R2 wiftrpaetienasdienidare ddsgeastisn e sompmed ahthmfanmula Addiithaany

functiongl,grauR GRHRE BIRRGANRSP RIS MY Rder the conditions of the well-known

Heck reaction and Sonogashira reaction, respectively (cf. de Meijere et al,, Angew.
Chem. int. Ed. 33 (1884) 2378). Generzlly the reaction is performed in the presence
of a transition metal caialyst, such as a palladium catalyst, for example palladium

15 acetate in the presence of a phosphane like triphenyiphosphane or tri{ortho-
tolyl)phosphane or bis(triphenylphosphane)palladium chioride 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 terfiary amine like triethylamine, in an inert solvent, such as a hydrocarbon

20 or chiorinated hydrocarbon, for example toluene, chiorobenzene, dichloromethane,
an ether, for example 1,2-dimethoxyethane (= DME), tetrahydrofuran (= THF),
diocxane, an amide, for example N,N-dimethylformamide (= DMF), N-methylpyrrolidin-
2-one (= NMP), a nitrile, for example acetonitrile, an amine, for exampie
triethylamine, or a mixture of two or more soivents, at temperatures from about 20 °C

25 to about 110 °C, preferably at about 40 °C {o about 160 °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 skilied 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 ia by
means of the same building biock which introduces the -N(R%)-CO-R' moiety, the



the form of precursor groups. The groups in the compounds of the formula VI are defined as above.
R3/XN 2 HetL XI ORR3/X~0O HetO XIIHENR X 12 OROCH2 R3/X\ ~'NRI1IXHetlb 12 R
3/X~ Hetf~ L VICH2 )0 11\ OR R3/X\Het ~ R"Ic Ra 0 XIll uO XIl HEN"KR OR R2 3/X R NHet X XIV
(r) R3~ HetW2 2007X00%48 2007/000248 PCT/EP2006/005716 PCT/EP2006/003716

48

aroup A can also be introduced by the building block which introduces the R*-X-Het-
moiety. For example, compounds of the formulae Ib and lc can also be synthesized
in an alkylation reaction from compounds of the formulae Xi and XV, respectively,
and compounds of the formula Xll. In the compounds of the formutae X, Xil and XV
5 the groups Het, X, R', R? and R® 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.
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49 The group L2 in the compounds of the formulae Xl and XV is a leaving group which is
nucleophilically substitutable by the compounds of the formula XII. Examples of suitable leaving
groups L2 are halogen, in particular chlorine and bromine, and 5 arylsulfonyloxy groups and
alkylsulfony%%ﬁ&%?ﬂ%‘%ch as benzenesulfonyloxy, toluenesulfonyloxy, nifob&ER2eMé¥5thyloxy,
methanesulfonyloxy and trifluoromethanesulfonyloxy. The compounds of the formulae Xi and XV can
be prepared from a compound of the 10 formula Migby first reacting it in a transition metal-catalyzed
Heck coupling reaction with an unsaturated ester of the formula IX or the formula XIlI to give the
intermediates of the formulae X and X1V, respectively, in which the groups Het, X and R3 are defined
as in the compounds of the formulae | and la and, in addition, any functional groups can be present in

protected form or| ihe rm of precu oups. 15 Th the,esters of the formulae 1X, X
B anc oo SR sl AR SR L e e TR PIRR A BRI MR Grekp KTEHh
compommmgihﬂldaﬁmammimaﬁm H;eth&(eommmadiwnémmmme(ﬂomxmpﬁiesoﬁhe formulae
IX, X, Xl XIE?% XJV_and XV cangt |ona(h]¥ be substltut%: bIe subsé;bents for_example alkyl

substltu%Hi%‘ QD@\%%QHP% s ﬁg% &k PeAths EBFSeoﬁB s’ﬁ’?&*?&a&“ apply

1ons

corréspeangisgiptyiprgpsnatipn mmaikpﬁsmmmdsw greuﬁsaﬂdc&lus Seoseqasntiicthdoaster group in
the mtegn]edlates fth Oform&?ﬁx and XI\. be reduqed un Enda rd conditions to give the
alcoholS BFHETomube RN efrgﬁn?ﬁif (8% ana -OH, respectively, for
exampléribyiormasthahasidfopldeborohydride or aluminum hydrlde 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
chlorinaide: ymrgpearhda dikbedivenelde X rand K ddorbenptiegaesd feomid weneb dnnd oitbee

soh{sntsf Theigy\g{% (}'%ﬂ up, cr%!the sald Icohoals can %a? he, con\téh ed into th Ieavm $roup L2, for

example &R alogen i)/ atom or agu fony o&ayngS}oa% featmanta 585.?%98 a%genat ng agent or

sulfonyletitihgaagens atwlatest arsdardt meliftony o Igﬁv:er tive dompdan¥ididbthevéothrulae

intermediates of the formulae X and X1V, respectively, in which the groups Het, X and
R® 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.

15 The group R in the esters of the formulae IX, X, Xiil and X1V can be an alkyl group
such as (C4-Cy)-alkyl, for example. Like the group A in the compounds of the
formulae | and ig, the alkene and alkyne moiety in the compounds of the formulae 1X,
X, XI, X, X1V 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 correspendingly to preparation of the compounds of the
X and XIV. Subseqguently 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 exampie by
means of a complex borohydride or aluminum hydride such as lithium borohydride,

25 sodium borohydride or diischutylaluminum hydride in a solvent such as an alcohol,
like methanot or ethanol, or an ether, like tetrahydrofuran or dioxane or 1,2-
dimethoxyethane, or a hydrocarbon or chlorinated hydrocarbon, like {oluene, hexane
or dichioromethane, 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



Xl and XV, for example by treatment with phosphorus tribromide or by treatment with WO
2007/000248 PCT/EP2006/005716 50 methanesulfonyl chloride in the presence of a tertiary amine
such as triethylamine in an inert solvent. The alkylation reaction of the compounds of the formulae Xi
and XV andXBe® e8dptfund of the formula XlI can likewise be performed uRgEESRMEEAI7doNditions
well known to the person skilled in the art. For binding the liberated acid of the formula L2-H and/or
enhancing the nucleophilicity of the compound of thg formula Xl in the alkylation reaction, it is often
advantageous to employ a suitable base such as an amine, for example a tertiary amine like
triethylamine, ethyidiisopropylamine, 10 pyridine, an amide salt, for example sodium amide or lithium

diisopropjdaiaisies @rbrafosemeialicrns miraiur b of exampieyanoreR s otise GetRpRIMh kA
n-butyllithium, an alkali metal or alkaline earth metal hydride, for example lithium hydride, sodium
hydride 3 &fEhFRMGBEde, 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

examplé BRI AIRMSAGECL Rithf SHBRAENPSAESsIarBiHER Y, HHAY FRSHEXide, potassium
tert-gutQedgQirmnethaeiaanakalinednaiRb iRaBS phednedrifidanapandsrdUoRIRIBILE a

carbonate like sodium carbonate, potassiu cesium 20 carbonate, a h encarbonate

like soditf! W@éﬁégﬁ%aﬁﬁg,np%ﬁy?ﬁdﬁ%aé%%%&ﬁﬁ%ﬁéﬁ@r IRSHetRER )ég% r a mixture of

two or nigreBRSESH BadRASsHtRmbe ¢ MRl esdmiamciieciaaloalingaliniirepgiivfosmpagolmed in
order to, convert the compound of the formula XII into its corresponding salt. The reaction of the
compouRd AHURSARISESPnd RPHRE AREIRISRIE CPRETRIRN S RIS BER SHFARed out in

an inert sQlxaiihavhieierampr: R tfianARIBlSikbafHERHSRINBOBAMIRIEYSr 6PomATMehydrocarbon
or chlorinated hydrocarbon, faor %%z_ample n- hep%ne, toluene, xylene, chlorobenz ﬁne, ichloromethane,
r @5&3&

an &thePYHFOE ARIBTURERA LR SIRDBIS RAGHTE 2T BIRi A YR AR PR uf4h, dioxane,

an organometallic compound, for example an organolithium compound like

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 arnmornium hydroxide, for example lithium hydroxide, sodium

15  hydroxide, petassium hydroxide, calcium hydroxide, benzylirimethylammonium
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 fike 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 Xli into ifs corresponding salt. The reaction of
the compounds of the formulae Xl and XV and the compound of the formula Xl is

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

30 dimethylformamide, N-methyipyrrolidin-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 (= BMSQ), or a mixture of two or



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 (= DNISO),
or a mixturé+sf afeyHp0as® 2007/000248 PCT/EP2006/005716 51 more solVEriTsErRoMdiFga mixture of
water and an organic solvent which is miscible or immiscible with water. The reaction of the
compounds of the formulae Xl and XV and the cogypound of the formula XII can be carried out In a
wide temperature range. Usually it is advantageous to perform the reaction at temperatures from
about -20 C 5 to about the boiling point of the solvent used, preferably at from about O C to about 100

C. The jpisenesiatesOiea inHg dankaae dpq/Berivinsd BRIBAISEHEAMAHRAldehILias Of the

formula XVI, in which the groups Het, X and R3 are defined as’in the 10 compounds of the formulae |

and la &idMigriRisHERyRIREdhG Gratiercah the srebruRdssetiedasmtlseif s ebi of

precursghgreiPsoAhERMRRUESRHIDR faimpulr B%’Hdﬁiéc!ﬁﬂﬂ?}é?Wﬁié@éﬁé%ﬁ’é’r&ftﬁé’\‘gﬂgé?ac“m
or Wlttl%;Horner reaction under standard conditions. OR O OR R3/X\Het CHO R3/X\Het O XVII 15
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I
substituents, for example alkyl substituents. In case the 20 carbon atom adjacent to the group Het in
the targ@@@ol@pound 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 gro_up such as (C1-C4)-alkyl, for example. In case a Knoevenagel reaction is
The intermediates of the formula X can also be obtained from hetercaromatic

aldehydes of the formula XVI, in which the groups Het, X and R® are defined as in the
10 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, and compounds of the

formuta XVl in a Knoevenagel reaction or a Wittig reaction or Wittig-Horner reaciion

under standard conditions.
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Like the group A in the compounds of the formulae | and Ia, the CHO moiety and the
CH; moiety in the compounds of the formulae XV and XVil 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
atkyl group such as (C4-Cg)-alkyl, for example. In case a Knoevenagel reaction is
performed, the compound of the formula XVIl can be a malonic acid derivative and

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



S ]

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 WO 2007/000248 PCT/EP2006/005716 52 malonic acid,
and the resultifg¥5MPBaRd of the formula X in which the group R is hydrogBR EER2886&88 fied to

give a compound of the formula X in which R is (C'- C4)-alkyl, if desired for the subsequent reaction. In
case a Wittig reaction or a Wittig- Horner reaction i§performed, the compound of the formula XVII can

be a 5 phosphonium salt, for example a ((C,-C4)-alkyloxy)carbonylmethyltriphenyl- phosphonium

halide, or a phosphonate, for example a di((C,-C4)-alkyl) ((C1-C4)-
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group having a halide anion as counterion or a di{{C+-Cy)-alkyl)phosphonyt group, for
example. instead of employing a ((C1-Cs)-alkyloxy)carbonylmethyltriphenyl-
phosphonium halide and deprotonating it, the stable phosphorus vlide, i.e. the {((Cs-
Cq)-alkyloxy)carbonylmethylenetriphenylphosphane, can directly be employed into
the reaction with the aldehydes of the formula XVI.

In a further strategy for synthesizing compounds of the formula b, intermediates of
the formula Xi can be prepared from compounds of the formula VI and allylic
compounds of the formula XVill under the conditions of the Heck coupling reaction
via intermediates of the formula XIEX.
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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 XVl and XIX can be a hydroxyt group OH or a protected hydroxyl group
such as an esterified, an etherified or a silylated hydroxy! group, for example, and the
starting compounds of the formula XVIli can thus be allylic alcohols or protected



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 ar a protected hydroxyl group 25 such as an esterified, an etherified or a silylated
hydroxyl grouB, 8 @Qg‘?ﬁsple, and the starting compounds of the formula x\ﬁﬂfgﬁ %Pl?%ogsenaﬁlylic
alcohols or protected WO 2007/000248 PCT/EP2006/005716 53 allylic alcohols. Like the group A in
the compounds of the formulae | and la and the afk&ne moiety in the compounds of the formula XI, the
alkene moieties in the compounds of the formulae XVIII and XIX can optionally be substituted by
suitable substituents, for example alkyl substituents. The above explanations on the Heck 5 reaction

of compalyitsai¢thekorhikiathe igando/A ipiite c@m@s@uﬂdaqgfﬂw feermelaetibars iﬁ_e%ldﬁb@unds of
the formuRen¥! A& P EABRMELIBALD efof R AR DIRD Aiadiigyn i hycroxyl
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give a compieghaubihder standard conditions.

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 R>-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 formuiae | 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-R*-ethanone of the formula XX in
which the CH2 group can optionally be substituted by a suitable substituent, for
example an alky! substituent, with a 2,2-di({C+-C4)-alkyloxy)thicacetamide of the
formuta XX1, for example 2,2-diethoxythioacetamide, to give a compound of the

25 formula XX, i.e. an acetal of a thiazole-2-carbaldehyde. The reaction can be
performed by sfirring the starting compounds in a solvent, for examp!:ea an aicohol
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 hydrochioric acid.



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 example 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 XX &AM BE converted into an aldehyde of the formula XVia by &AM R A dilute
acid, for example 30 hydrochloric acid. WO 2007/000248 PCT/EP2006/005716 54 R3 Br O XX R3S
R3S +'~OR CHO OOR OR H2N T OR XXII XVIgs4 S (O XXIA 3/SHRZRR33Rz R1L2Ni~N
Ri Xl ~'Y O Xla Id The group R3 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
XXl and XXII CaTbe ag¢C'-C4)-alkyl group, for example, such as an ethyl group, as already indicated
above. The aldghyde of the formula
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XXH
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The group R® in the compounds of the formulae XX, XXII, XVia and Xia is defined as
in the compounds of the formulae I and Ia 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 XX and XXHi 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 fo the aidehydes of the formula XViin

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 latier compound the ester group COOR
can be reduced to an alcohol group CH;-OH and the said aicohol group can be
converted into the group CH,-L? to give a compound of the formula Xla as outiined
above with respect to the compounds of the formula X in general. Finally, the

15 compound of the formuia Xla, in which the leaving group L2 is defined as above in the
compounds of the formula X!, can be reacted in an alkylation reaction with a
compound of the formula X, 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 formuiae X! and Xl apply correspondingly to the reaction of the compounds of



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 tH&e8tErgedtr COOR can be reduced to an alcohol group CH2FOHERI@MHBISAIE alcohol
group can be converted into the group CH2-L2 to give a compound of the formula Xla as outlined
above with respect to the compounds of the formukgX 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, tggiwsraGRBNQENEhaN e LIRENHE dWotpadhare Serisiiens snikeralivlatien mastgn of the

compounds of the formulae XI and Xl apply correspondingly. to the reaction of the compounds of WO

200710608k e etertipe co5pRLTdS 205 dSBRRLIAIEX BERHORE ARFWR: HIBAPRH tHE'EBmpounds
of the fopmylar | AREHFdaNHR:\BIRATHYSaIRAUNES sntdntsrmatiatoammoptipnethisboue athe acetal

moiety and the aldehyde moiety in the compounds of the formulae XXI, XXI] and XVla and the alkene

moiety if@@kenpBIRIEY JRNEEAMAIUNES & inaaEmiiRtBnaswRlas § the RFMRRURERan

optionallys hesSeatitidad y=stiabimanb BEuamsitatRx apBist Aty Subsifuents, iestating
compounds of the formulae VI, (/II, VI, X, X, X1, XVI, XVII, XVIII, XX and XXI, as well as other
starting ég?ﬁbﬁémqgmﬁe preparation of the compounds 10 of the invention discussed herein, are

commercially available or can be prepared according to, or analogously to, procedures which are
described in the literature and are familiar to the person skilled in the art ful reactjon types for the
preparatici NG RPMBRMIS ﬁ’fcth@&ﬁ%‘éﬁi%S(évrwén\éfi“EH%&E&-&IQI&%&%@I?rhga}é ons and
catalyzegdgnst N Ga ahstessnuelep ity beiiginhRaRiions Sremariias off the donfpbiwige VI and
XVI, for example, in which the groueg%xv is 0, S, NH or N((CrC4)- alkyl), can be %btained ina

nuckbpRiith&-BIMantQ BSRUBSRI IR AERCOTEIRELAY EYAIFRR POFPRLIGRIERAREX-H and a
suitable hetaramgmatis ermRYsiikly to, procedures which are described in the literature and

are familiar to the person skilled in the art. Useful reaction types for the preparation of
starling materials include in particular transition metal-catalyzed coupling reactions
and catalyzed and uncatalyzed nucleophiiic substitution reactions. Compounds of the

15 formulae V1 and XVI, for example, in which the group X is O, S, NH or N({C+-Cs)-
alkyl}, can be cbtained in a nucleophilic aromatic substitution reaction from a
respective compound of the formuia R3-X-H and a suitable hetercaromatic compound
containing a leaving group such as a halogen atom. Compounds of the formulae VI
and XVI in which the group X is CHz can be obtained by reaction of a metalated

20 hetercaromatic compound comprising the group Het and an alkylating agent which
introduces the R®-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 XV! 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)paliadium, in an agueous 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,,



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-CHZ- moiety, or by
reduction oFEPHETIWORAE which contains a R3-CO-Het- or R3-CH(OH)-Het PRBEERFORFHIEREAN 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 XV&g 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 Net and a
boronicasighAeHraN\SE BuHpsaalmaRaRiienNT apdeveabireprTingrmigiy heoNEsepre Df er
palladium catalyst, for example palladium acetate or. tetrakis(triphenylphosphane)palladium, in an
aqueou¥¥HiRiRhaliebASBIVEREHL 56:aRE oh sl uﬁiﬁé}r‘}éﬁcﬁ BEboronic 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 gJ., WO 2007/000248
P CT/EADBIRIBCS AIEP B DBLRBATE PREN RO S B  IQHIES o 20 Gl A ARRSY 216

(2002) Lhrosrdalien glouiiorY. X haaHataRd t434 29041488 thivgm@asrmicxUvieagsol employing
starting compqunds of the formulae \{I and_XVI| which a,égfad% 5 comprise all the groigl E& X and Het
and thuW RIS duIG: 1% BFaEH FMRAUBA. A58 ARRROFRPIRAIFIR 5B SRR SRR ble to

start froghR GRS WG RYHABPISE LS A48t HeldoX tHergsaupmplés aarttX ineoexample, and

to introduce the graup R3 or the moiety R3-X- at a later stage in the synthetic sequence. Thus, for
e B BT BN B por 2 19U B IS SYIPELR PERIRNSB (O HBIOI

instead gk AseIRPAHBH Btépa fRigalaov seBrEF THICYethak IR ENE:, Bajerpdiadtae fieaction with a
co%ound of the formulae V]I, VIII, IX, Xl o Xvuét%l{the fol\cl{?]vg}g the re ctiorgi of a olqjﬁound of the
forttlila MU RIRIE SIS R SRERPHITONE (arEHiR RipRTPioyed as startifig

material into the reaction with a compound of the formulae VI, VI, BX, Xl or XViiL
In the following, the reaction of a compound of the formuila XXIHl with a compound of

the formuia iX is taken as an exampie.
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\Het XXIlII OR IX OR OR X L~ R3/\Het O X Het O XXIV OR XVIIUv\O RHettL2 XI L3, ECHO
15 Het XXV Ib WO 2007/000248 PCT/EP2006/005716 57 The group Het in the compounds of the
formulae XXIII and XXIV is defined as in the compounds of the formulae | %E%)&ggo%yéﬁgddition, any

functional éyguf)ﬂsﬁ aNpE present in protected form or in the form of precursor groups ei(’groups L'

and R in the compounds of the formulae 1X, X, XXIIl and XXIV are defined as above. The 5 group L3
in the compounds of the formulae XXIIl and XXIV3g a leaving group which can be replaced with the
group R3-X-. Examples of suitable leaving groups L3 are halogen, for example chlorine, bromine or
iodine, and sulfonyloxy groups such as trifluoromethanesulfonyloxy. The group L3 can be identical to

or diffefdre gornpHdetin the compowdspefiing @tﬁmfgaﬁ%llkm. Xastdds deherf %ﬁlfé_meg group,
the 10 GiRdriham AR RS AALCLRY ol Dl 3RO U NARIBRUIPOAEE leaYiRg aroup
which is converted into a leaving group In a subsequent step, for example a “hydroxyl group, or a

protectptEspaidRyPEaFIS S faom ienndhesioraefi presur seif goromet TReaeps bxarshRrg group by
reatmepk WiKKREBeRNSHANEY 1RNRY SR Hiid 20618 WerrRRRuadB Rl tradormula XXl
a ng group, the

are bot eavl ormation of the desired product can be achieved by employing

suitabl@resictididheniBnecends efibie g s esnipeitinanst HhalioimalexWnovarurcshiains

can be replaced with the group R*-X-. Examples of suitable leaving groups L® are
halogen, for example chiorine, bromine or iodine, and sulfonyloxy groups such as
triflucromethanesulfonyloxy. The group 1.3 can be identical to or different from the
group L' in the compound of the formula XXl instead of béing a leaving group, the

10 group L* can also be a protected form of a iéaving group or a precursor of a leaving
group which is converted into a leaving group in a subseqguent step, for example a
hydroxyl group, or a protected hydroxyl group, which is later converted into a
trifiucromethanesulfonyloxy leaving group by treatment with trifluoromethanesulfonyl
anhydride. If L' and L? in the compounds of the formuta XXilf 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 XXIH which contains
two leaving groups L' and L® 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 wili 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 (1888) 386).

25 From a compound of the formula XXt and a compound of the formula (X 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
subsegquent step the group L.® in the compounds of the formula XXIV can then be

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



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 L3 are identical.
The latter situation applies to a compound such as 20 2,5-dibromopyridine, for example, in which the
bromine atofR%HE -b‘@sition is more reactive than the bromine atom in tﬁ’éjgfﬁ%%q BRI will react
first to give an intermediate in which then the bromine atom in the 5-position can be reacted (cf. Tilley
et at., J. Org. Chem. 53 (1988) 386). 25 From a cd&Bpound 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 reficticibohttheice npousdiool tha foomplaenddfl theddrninaa Xs(ibseduentstepohed)afup L3 in

the compounds of the formula XXIV can then be 30 replaced with the grou -X- lve_a.compound
of the :‘gﬁ%ﬁé 9%1%588?/%8 & Igﬂgf?o@% oh %’Br\ggtgr%t%%r% isc‘ie?r‘%i'r(?g %ﬁ’n%&eﬁdigé}r%r%ing the
moiety RFofideicidnyreoftespiadigh(@iHthiswbplmiarRtrs Sefirodiasle hehearmauids afWO
2007/000248 PCT/ER2006/0057,16 58, direct bond, the.conversion of a ¢ f.the formula XXIV
into a c%%%ﬁﬁﬁw{ﬁethé‘?g%lﬁﬁ '8aﬁdbgé{'gé}1ig{? J %r;/crtle%%%fo%r% SaC 8%%%%&0% réieikalt:/ative, such as
a bdromectettat fherfionminléhie 3aBiOb) RredarseingRGuipslafimdet dsarcurelifampafitis Guthkiformulae
| and la and, in addition, any,functional groyps ca e in,54prqt r.ip the form of
precurSSPapélL?gsr,eL?r?ggrntﬁ tc%n%ﬁﬁ%%‘s‘ 0 ngas%az%{&l‘?@éu%ﬁ%y%aﬁ(%ﬂ%%%%égg&%ﬁClﬂgg(;f a palladium
catalystfdrtveut® X paunithef the donvelzd ichn theorbpaony eftthki ivoracdeibosnd tifehatfermula X,
and the fatter _co ri)(%%nd into a comp above. 10 Compounds of the

f f b, '
formula SN CHN LS @ecgbr?g%adfr%ﬁna%c%@gjéé?qu]'%% olf@n%%ltl E?éind compounds of the formula

XVIlin a Knoevenagel reaction or a Wittig reaction or Wittig-Horr_ler react_ion as outlined above. The
oo R R AR Loy R SRR s e b e
XXV and compounds of the formula XVIl in a Knoevenagel reaction or a Witlig
reaction or Wittig-Horner reaction as outlined above. The groups Het and L3 in the
compounds of the formula XXV are defined as in the compounds of the formula XXl
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
XV 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 substifuents.

20
Besides at the stage of the compounds of the formula XXV, the replacement of the
leaving group L* with the group R*-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 io give an alcohol of the formuia L-Het-CH=CH-

25 CH,-CH as outlined above with respect to the compounds of the formula X, in which
aicohol the group L® can be replaced with the group R®-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 formuta 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
R*-X- in the final step of the synthesis of a compound of the formutla Ib. This synthetic



15 compounds and intermediates mentioned above, the aldehyde moiety in the compounds of the
formula XXV, the CH2 moiety in the compounds of the formula XVII and the alkene moiety in the
compounds of the formulae IX and XXIV, as well as in the compounds of the formulae X and XI, can
optionally b¥ Q8T d%y suitable substituents, for example alkyl substitdenEERILLRIES 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 alsé8take 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
L3-Het-CH=CH 25 CH2-OH as outlined above with respect to the compounds of the formula X, in
which atedhbiltyeigthemssaablpof dpatagstitotheaguods BepKesocortéspaadibglydnwétted into a

compoynd oft e formula -CH= C CH2-L WhIC L2 IS I i ove. In
the 1oV ESR L CrETRR o e i 2 e e PR R R B RER AT
formulatife eytithdtitaricaepofndieaniepasatitrd mmrmoumqmmummmmlafmao give a
compound of_the formula L3-Het- CH=CH-CH2-N(R2)-CO-R1 in which the group L3 can be replaced

with the 8 % R3%R: in the final step of the synthesis of a compound of the formula Ib. This synthetic
W052007/000248 PCP/EP2006/005716 59 variability in the assembly of the target compounds

applies ﬁ nding| togglfi’“! Fracﬁ %)s ]pf coqg)eo%p tgﬁd%ﬁ@é%nbg%%%ﬂﬂa }Ef éla?s%%%ikllled in

the art egy 7107 the preparation of a‘compound e pa
speuflCdfmn‘ieﬂm‘ me@mﬂ%u@é@bﬁhbﬁidﬂﬁﬁi&eﬁiﬂﬁﬂ#ﬂ)hﬁam RéaaraeRibidifed by acylation

A R e e R R i G e R TG THERTE
anhydrittessenfiesach ﬂf&aexdmhmlﬂéeosdhe@wpda@ RienadRhase definpdunds he guupsunds of
theT@rn&hlaaenldaFanl?eaggf orégdadsitfr? "he con‘ipounds of the formulas | and la and, in addition,
any functional groups can be present in protected form or in the form of precursor
groups. Compounds of the formulae VI and VIl can also be obtained by alkylation of
compounds of the formula XIl with an allyl halide or propargyt haiide. In case R' and
R? together with the N-CO group which carries them form a ring, compounds of the
15 formutae VI, Vil and Xii can also be obtained from suitable bifunctional starting
compounds such as from amino-substifuted carboxylic acids by cyclization or from

dicarboxylic acids by conversion into the imides, for example.

Compounds of the formulae | and fa in which the group A is a group of the formula li
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 cyciopropanation of the double

bond with a cyclopropanation reagent.



any functional groups can be present in protected form or in the form of precursor groups.
Compounds of the formulae VII and Vill can also be obtained by alkylation of compounds of the
formula Xl with an allyl halide or propargyl halide. In case R1 and R2 together with the N-CO group
which carrid63HEHY ?gﬁ/ﬁ% 3 ring, compounds of the 15 formulae VII, VIl and AP0 %5E S otained
from suitable bifunctional starting compounds such as from amino-substituted carboxylic acids by
cyclization or from dicarboxylic acids by conversi@@into the amides, for example. Compounds of the
formulae | and la in which the group A is a group of the formula Il 20 and the numbers q and r are 1,
i.e. compounds of the formula le in which the groups Het, X, R1, R2 and R3 are defined as in the
compounds of the formulae | and la, ca e prep&ted from compounds of the formula Ib by
cyclopropanation of tt_;, uble a\C)r%‘o ropanatlon reagent. WO 2007/000248
PCT/EP2006/005718 6 H R3|x\ He 2'R 2 R37pHet--L-- 1 le R R2 L2 X11\ NH
R3/X\Het~ R3/Het {/ A XXVII/ XXVIII X /~y R R3/\Het-~\ XXVI C
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instead of employing compounds of the formula Ib info the cyclopropanation reaction,
also intermediates occurring in the synthesis of the compounds of the formula Ib can
be employed, for example the compounds of the formuia X which, upon
cyclopropanation of the double bond, vield compeounds of the formula XXV!. 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. Le., the ester group in the compounds of

10 the formula XXVI can be reduced to give alcohols containing the group CH;-OH



OR 3. X\ X R Het Instead of employing compounds of the formula Ib into the cyciopropanation
reaction, also intermediates occurring in the synthesis of the compounds of the formula Ib can 5 be
employed, for exam le the compounds of the formula X which, upon cyclopropanation of the double
bond, y|eldv%8 Bt the formula XXVI. The compounds of the formulgggﬁﬂzggﬁ{ e nverted
into compounds of the formula le analogously as outlined above with respect to the conversion of
compounds of the formula X into compounds of & formula Ib. Le., the ester group in the compounds
of 10 the formula XXVI can be reduced to give alcohols containing the group CH2-OH WO
2007/000248 PCT/EP2006/005716 61 instead of the group COOR, in which the hydroxy group can be
convertedtésd didhégvb@gfflﬁ)@ikzim\ghiehhbe:bm]wmcwoﬁmeafnrhwtwi’(\)eﬁed/vinmtban then be

reacted in an alkylatiqr reactlon W|th co nd f 0 s, 0f the formula
le. The'BOVE gngaDh t|o SOt esé:%n (ﬁgﬁgsa%ﬁ %%ﬁ%%% |ngly¥ﬁch€£%%0r%%?‘sib8% of the
compotgsisted ihafoamymwv!reamzdmmﬁnnpmmsmmﬁ toenfolarield kiidotigéresynthetic approach,

h f th XVI h i h

the ca RGOSR DA COA I B oIS AE T R B DY e o

thedéstewr?%eadbﬁsdmlﬂa?mﬂmmoﬂ midhasmmptmmdsw&heldmmumdﬁm&’é Iai@ ilirst converted
nder standar into i rou

u LR R R Aot ool g AR CON R QL pet ey e arou

CONHEOm tea e grou he amide ere e amines of the formula
XXVII erﬁ;ﬂe@gpaﬁmaﬁrhmh@mdmrohym@emmmdarwhmdjrmﬂi‘aml tim@ latter converted

T e o e S PR R
asin thﬁ:d:aammbﬁmiﬁ tif&fmtermmmmwm&mw@nmﬁwmadhal@mmhamb@ present in
pr%ect Ha&?{d”és‘? ra;pet}gersfp verted under standard conditions into amides which contain the
group CONHR?, or specifically the group CONH;, instead of the group COOR. The
armides can then be reduced to the amines of the formula XXXV, for example by
means of a complex borohydride or aluminum hydride, and the |atter converied into
the compounds of the formula ie under standard conditions as explained below in
15 more detail. The groups Het, X, R? and R? in the compounds of the formulae XXVI,
XXV and XXV 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. L.e., the group RZ in the compounds of the formula XXVIII can
among others be hydrogen. The group R, which can be an alkyl group such as (Cs-
20 Cy)-alkyl, and the leaving group L? in the compounds of the formulae XXVI and XXVI
are defined as in the compounds of the formuiae Xi and IX. Like the group A in the
compounds of the formulae | and ia, the cyclopropane moiety and the CH; moiety in
the compounds of the formulae XXVI, XXVil and XXViIll, 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 XXVIIi, in which the group R? can have the meanings
indicated above with respect to the compounds of the formulae | and ia inciuding
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 acy! 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



precursor groups. l.e., the group R2 in the compounds of the formula XXVIII can among others be
hydrogen. The group R, which can be an alkyl group such as (01 20 C4)-alkyl, and the leaving group

L2 inthec e formulae XXVI and XXVIl are defined as in the e
gl EIQS_EEI%Q“ ‘?“E‘ﬂ”@@‘%ﬁ?

formulae XI an the group A in the compounds of the formulae | and Ia, the opane
moiety and the CH2 moiety in the compounds of the formulae XXVI, XXVII and XXVIII, as well as in
the compounds of the formula le, can optionally H&Zsubstituted by suitable substituents, for example
25 alkyl substituents. The amines of the formula XXVIII, in which the group R2 can have the meanings
indicated above with respect to the compounds of the formulae | and la including hydrogen, can be

convert€d k556 L LicIAcE SdbrisBiadn k@ Sl wbetRiiBIREsBe preparation of
amides QB eRARSIHECE X185 TAB i d HECHUFEO B thaB @S ot bR IGENUAR K CO- the

amine can be reacted with a_carboxylic acid chloride of the formula R1-CO-Cl or an anhydride of the
formula@® ipcargditRpaany Eaneiontl g ovrs 62p DeREssd i PintrdehiBBR A BciBRIRE formula
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and la and, in addition, any functional groups can be present in protected form or in the form of
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amides. Suitable such reagents include carbodiimides such as N,N'-dicyclohexylcarbodiimide (= DCC)
or diisoﬁ%ﬁfﬁ%%@?@hmgmmdumnde (= DCC) or diisopropylcarbodiimide (= DIC),
O‘((Cya@%ﬁéﬁé’ﬁ&‘@m&&ﬂ%‘w RSN brhina)I¢ ad ISR RRIMYIIRIA RProborate (= TOTU),
N,N,N',N'-tetrame hyI-O-(7-azabeﬁzotﬁ£ql-lﬁ)u§§ﬁum 10 hexafluorgrﬁ?hosphate (= HATU),
propanépBBuREROTRIR Ghiftiide MM N NetamhyldiritRzae eIy ari chidisfomi8acid alkyl
eSS OB SIEYhSEPPralo PMAPUShupAREIHeEMRIR 4518 asvrplaadspeneyallyparried in a

solvent such as, for examﬁle toluene, dichloromethane, THF, dioxane, DMF, NMP, " in the presence of

a base SAERCRYIdimisiaRgR(GridthyaamFRIoERTENSRFihplioiRgters such as ethyl

chioroformate or isobutyl chioroformate. The acylation is generally carried in a
solvent such as, for example, toluene, dichloromethane, THF, dioxane, DMF, NMP,
in the presence of 2 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 e-halogen-

20 substituted alkanecarboxylic acid derivative such as a 4-chiorobutyric acid derivative
to give a Z-oxopyrrolidin-1-yi ring system or a 5-chloropentanoic acid derivative to
give a 2-oxopiperidin-1-yl ring system, or an o, e-dicarboxylic acid derivative such as
succinic anhydride or phthalic anhydride to give a 2,5-dicxopyrrolidin-1-yi ring system
or a 1,3-dioxoiscindol-2-yi ring system, respectively. As another exampie, the

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

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



15 sodium carbonate, at a temperature from about 0 C to about 80 C, for example at room
temperature. In case the group R2 is hydrogen, the NH2 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 R1 and R3WGHIEF with the N-CO group which carries them, for exarRBEERPEHEIRTAOWith an
Ou-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-chlodpentanoic 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-yi ring system or a 1,3-dioxoisoindol-2-yl ring
system, TepetitveipeAs aiidEher exayrpte;atefonchipunated b theddrbgrdomineazcompound of the
formula XXVllla, in which R2 in ,th mula XXV is hydrogen, into an imidazolidinedigne ring system
may be Cr%rgr?t?gjnneadgﬁéﬁetfférg}%%ara |oﬁno¥%g)é§bt?vgn¢/ﬁc;%oci%ﬁrr}%%i%ﬁegg(gx%ﬁ\lf Ss’s%c gr?ﬁpound of
the form(@la-ZxMalleytan be reacted with an isocyanatoalkanoic acid alkyl ester, which can also be
named as alkyloxycarbonylalkylisocyanate, such as an 30 isocyanatoacetic acid (C,-C4)-alkyl ester,
i.e. a compound of the formula XXIX in which the group R can be an alkyl group such as
(Cs-C4)-alkyl, for example isocyanatoacetic acid ethyl ester, in an inert solvent, far exginple an ether
such as WO 2007/000248 PCT/ER;OOG/005726 63 THF, digxane or DME or a hﬁ:ﬂ{jrﬂbon or

chlorinateg,h%(ocarbo 0 givé a compound of the forgnﬂé’)&%%g w the group R can be an alkyl
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The csmpbund of the formula XXX can be cyclized by treatment with an acid or a
base, for with example hydrochioric acid in agueous solution, {o 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 R® in
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 substifuted 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,



N xXIx 0:zz( N R3~XNH et/ 05 If The compound of the formula XXX can be cyclized by treatment
with an acid or a base, for with example hydrochloric acid in aqueous- solution, to give the
imidazolidinedione derivative of the formula If, in which the groups Het, X and R3 are 10 defined as in

the compoﬁ%ﬁgqg?ﬁ?ng@rmulae | and la. The groups Het, X and R3 in the M&?&%@%ﬂﬁ% formulae

XXVllla and XXX are defined as in the compounds of the formulae i and is and, in addition, any
functional groups can be present in protected fori#tor in the form of precursor groups. Like the group
A in the compounds of the formulae | and la, the cyclopropane moiety and the CH2 moiety in the 15
compounds of the formulae XXVllla and XXX, as well as in the compounds of the formula If, can
optionaligrsrajebstitatbdriesy auiatie noidsthatatidsdpdRamplabitkposdb&itobmsa@mdspropanation
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and the respective trimethylsulfoxonium chioride, which upon treatment with a strong
10 base, for example an alkaline metal hydride such as sodium hydride or dimsyl
sodium, i.e. the sodium salt of dimethyi sulfoxide which can in turn be obtained from .
dimethyl sulfoxide and sedium hydride, provides dimethyisulfoxonium methylide,
which can also be named as dimethyloxosulfonium methylide (¢f. Corey et al,, J. Am.
Chem Soc. 87 {1965) 1353). This sulfur viide readily fransfers a methylene group
15 CH; onto suitable double bonds fo vield 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 dimethyi sulfoxide, at temperatures from about 0 °C

to about 30 °C, for exampie at room {emperature.

20 Compounds of the formulae | and la in which the group A is a group of the formula I,
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 lb,
for example from compounds of the formulae Vi and Vi, or from compounds of the
formulae VI, IX and Xii, or from compounds of the formulae XXX, X and Xii, by

25 employing cyclic analogs of the starting c.ompounds 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 alkanediy! or



sodium, 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

dimethylox%g%\}}é% thylide (cf. Corey et al., J. Am. Chem Soc. 87 (19Sl/?ésgfg%ﬁ§€§)sla'dgiﬁéulfur ylide

readily transfers a methylene group 15 CH2 onto suitable double bonds to e respective
cyclopropane derivatives. The reaction can favorably be performed in an inert solvent, for example an
ether such as tetrahydrofuran or dioxane or in dirﬁ%thyl sulfoxide, at temperatures from about O 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 11, the number q is greater than | and the number ris 1, can be
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formulae VI, IX and XIllI, or from compounds of the formulae XXIII, IX and XII, by 25 employing cyclic
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the compeageiibr Lemwamd Hedinaanbpetbalbias hyrtd gaums RpIgsiamiie group R4

and, like'the group A in the comPounds of the formulae | and la, the respective structural moieties in

the 3taftid cithgsarRias aataminadicagnation dnheiersssmeldaiiadium sataitdituted 30 by

alkyl sustiuRiSa IEIHAS Wi kvt SHD StiaR S hehiglh peedRiesahe NS ARRIs RAS iR b g glouble in
the startin% compounds or intermediates, are formally linked together by a single bond and together
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substitugiHESIS U ¢ 6H RIS SRIRRPEBAHAIMER BTG S F51AANEES andfemodpiasfos the synthesis
of the contemplated compounds of the formulae | and la, and provide such compounds by the
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catalyst such as palladium on charcoal. Taking the ab%/e-described synthesis of compounds of the
I

formulPBNLh SeRSERIRE Y AHE ORI SBROP L2l X PereRbRlraGH subsitiient and

thus the double bond is part of a cycioalkene ring. The analogs of compounds of the
formula [X for the synthesis of the contempiated compounds thus are cycloalkene-1-
carboxvlic acid esters such as cyclochexene-1{-carboxylic esters, for example. in the
15 anaiogs of the compounds of the formulae X, the analogs of the respective
compounds containing a CH2OH groups instead of the COOR group, the analogs of
the cbmpounds of the formula X! and the analogs of the compounds of the formula
ib, which can be cobtained as described above, lkkewise the double bond is part of a
cycioalkene ring which is formed by the said doubie bond and the divaient 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 {ater 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 L.

25 The preparation of compounds of the formuiae | and la in which the group Ais a
group of the formula il and the number ris 0, can start from suitable intermediates for
the preparation of compounds of the formulae | and la in which the group Ais a
group of the formula Il and the number ris 1, which intermediates aliow to spilit off the .
carbon atom which provides the moiety (CH3), 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



synthesis of the contemplated compounds of the formulae | and la in which A is a group of the
formulae 11 can start from a compound of the formula VI and an analog 10 of a compound of the
formula 1X in which each of the two carbon atoms of the double bond is substituted by a terminal
carbon atoft B4 AN alkanediyl substituent and thus the double bond ?ﬁggﬂ’%ﬂ” ’?:Wﬁsalkene
ring. The analogs of compounds of the formula IX for the synthesis of the contemplated compounds
thus are cycloalkene-1- carboxylic acid esters sudbBas 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 CH20H groups instead of the COOR group, the analogs of the compounds of the
formulasitigien & tinel &ydhygiscgfehatonm fakings thietpedparaiian of whithocandseofitefodragiaedcribed
above, likewise th le bond i it of V. I ri ich | ﬁ % h id double bond
and theaaﬁl\ge[n A gﬁﬁtﬁ?l?& ‘é%bﬁ%%%f‘%ﬁﬁﬁﬁ%@%‘?‘tﬁ% !\ja\:r?g%él% ﬁ%?c r%lp%dsﬁ?of the formula
X, or atrthmbstagesdd as anaagropéeldter rnerpmdiate ob it therstdgdpinthehacialtige grtigpEompound
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 11. 25 The preparation of compounds of the
formulae | and la in which the group A is a group of the formyda 11 and ke numfgt r is 0, can start
from suitable intermediates for the preparation of comp@}rﬁs b‘fl_tgéef and la in which the
group A is a group of the formula 1l and the number r is 1, which intermediates ‘&llow to split off the
carbon atom which provides the moiety (CH2)r in the latter co %ds. SuitableSuch 30
intermediates are the compounds of the formulae XXVI and thelrring hc(){\ologs, i.e. the

afore-discussed analogs of compounds of the formula X in which the dogble is part of a cycloalkene
ring and in which the double bond hgs been converted into a WO 2007/000248 PCT/EP2006/005716

66 single bond hy hydrogenation. gking the preparation of cognpounds oithe for@dlae | and la in
which the qra is a grg{géof thé& formula Il,xheanumbeﬁq(s 1\qqgt ig 0 as an example, i.e.
compounds’of the folhuTa Ig in which the groups X OR o
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R3VX\Hat A NNZOHO,7B$10052>48 WO 2007/000248 PCT/EP2006/005716 67 Het, X, Rm, R % and R3 are
defined as i tha ¢ mpounds of the formulae | and la, the esters of the fornﬁﬁg&%?? AR BE

hydrolyzed under standard conditions, for example in an acid or a solution of an alkaline metal
hydroxide such as sodium hydroxide or lithium hy@foxide, to give the carboxylic acids of the formula
XXXI which can easily 5 be transformed into the amines of the formula XXXIV containing one carbon

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

esters of the formula XXV! can be hydrolyzed under standard conditions, for example
in an acid or a solution of an alkzline metal hydroxide such as sodium hydroxide or
lithium hydroxide, o give the carboxylic acids of the formula X1 which can easily
5 be transformed into the amines of the formula XXXIV containing one carbon atom
fewer. Said transformation can be achieved under the conditions of the well known
Hofmann rearrangement, or the Curtius rearrangement, or the Schmidt reaction, for
example. The acid of the formula XXXI can be aclivated, for example by conversion
into the acid chloride, reacted with ammonia {o give the carboxamide, and the latter
10 be treated with an alkali metal hypochiorite or hypobromite, for example sodium
hypobromite, to give the amine of the formula XXXIV. The acid chloride can aiso be
reacted with an azide such as sodium azide or trimethyisilyl azide to give the acid
azide which upon heating, depending on the reaction conditions, provides the
isocyanate of the formuia XXXH or the carbamic acid ester of the formula XXXl or
15 the amine of the formula XXXIV. The reaction of the acid of the formula OO 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
XXX into the amine of the formula XXXIV or the carbamic acid ester of the formula
XOUXN comprises the reaction of the acid with diphenylphosphory! azide
20 {(phenyl-O)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 XOCKHE, which is
. obtained under such conditions, for example with hydrogen chioride or triflucroacetic
acid in the case of the tert-butyl carbamate, then yields the amine of the formula
25 XXXI. The groups Het, X and R® in the compounds of the formulae XXXI, XXX,
XXXi and XXXV are defined as in the compounds of the formulae | and 12 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 formuta XXXl can be an
alkyl group such as (Cy-Ca)-alkyl. Like the group A in the compounds of the formulae
3C 1and la, the cyclopropane moiety in the compounds of the formulae XXX, XXX,
OGO and XXXV, as well as in the compounds of the formula Ig, can optionally be
substituted by suitable substituents, for example alkyl substituents.



fewer. Said transformation can be achieved under the conditions of the well known Hofmann
rearrangement, or the Curtius rearrangement, or the Schmidt reaction, for example. The acid of the
formula XX&JOC r_E}&}gctévated, for example by conversion into the acid chlgride, reacted with

ammonia to give the CAt oxamide, and the latter 10 be treated with an alkaﬂ)ﬁ%%%%‘mﬂ&ite or

hypobromite, for example sodium hypobromite, to give the amine of the formula XXXIV. The acid
chloride can also be reacted with an azide such &@8sodium azide or trimethylsilyl azide to give the acid
azide which upon heating, depending on the reaction conditions, provides the 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

reactio &Wﬁﬁé&%ﬁmg‘%ﬂﬁhg mvac%ﬁévcme%a%@%mgéaﬁ&ecvm@mﬂﬁg%of the

acid of the formula XXXI into the amine of the formula XXXIV or the carbamic acid ester o formula
XXXIli cropiling inestendaon prasediiesion Hip meappradiph ofyaaiies 20 (hlastsie @9 (0)-N3, by
heating the: ts o, le.t ol I -butanol, in the
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substituents, for examp pstituents. WO 2007/000248 PCT/EP2006/005716 68 The amines of
the forn®ale, XX xAdisan enyovsiienh @ eepspean e srerefrinpsofigceted form or in the form

of precursor groups. Just so, the NH; group in the compounds of the formula XXXIV
can 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

15 by reaction with an e-halogen-substituted alkanecarboxylic acid derivative such as a
4-chiorobutyric acid derivative to give a 2-oxopyrroiidin-1-yi ring system or a 5-
chloropentanoic acid derivatiive to give a 2-oxopiperidin-1-yi ring system, or an o, ©-
dicarboxylic acid derivative such as succinic anhydride or phthalic anhydride 1o give a
2,5-dioxopyrrolidin-1-y! ring system or a 1,3-dioxoisocindol-2-y! ring system,

20 respectively, or by reaction with an isocyanatoalkanoic acid alkyl ester, such as an
isocyanatoacetic acid (C-C4)-alkyl ester of the formula XXVIV, and subseguent
cyclization of the urea derivative of the formula XXXV, for example in the presence of
hydrochloric acid in an alcohol such as ethanol, at a temperature of about 60 °C to
about 100 °C, for example at about 80 °C, 1o 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 protecied form or in the form of precursor groups.
The group R in the compounds of the formula XXXV can be alkyl such as (C1-Cs)-

30 alkyl. Like the group A in the compounds of the formulae | and Ia, 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 amides and lactams as outlined above with
respect to the conversion of the compounds of the formulae 5 XXVII and XXVlia into the compounds of
the formulae le and If. Thus. for example, for the introduction of an acyl group of the formula R'-CO-
the amine ¢4 PETEEREY with a carboxylic acid chloride of the formula R'-@gt@%?"éﬂ%ﬁ?ﬁi/dride of
the formula (R'-C0O)20, or with a carboxylic acid of the formula R1-COOH in the presence of the
above-mentioned activating reagents or coupling &agents, where in these 10 compounds the group
R1 is 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. Just so, the NH2 group in the
compotioasidé the amofixdedyvbeaubstintetbreseitaitle aubgtiaenty) ke tatamgindliies/compounds
of the forrBu{%Sel ﬁsnd la by R1 and R2 together with the N-CO group which carries them, for example
15 by rERCHON With an co-halogen-substituted alkanecarboxylic acid derivative such as a
4-chlorobutyric acid derivative to give a 2-oxopyrroiidin-1-yi ring system or a 5- chloropentanoic acid
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compoendsiaf the feapative atdiththernogiiipeoivatie staréityctmepaampsfodshefithe formulae
XXXV, gfn%%l!sﬁsaiﬂér}% o &%&ﬂ%ﬁg Hpeen\ﬁ\/e ig 90874:%05'10%835&:3%% 3%0836//3 5y %8bstituents.
If two such alkyl substituents, which 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 fogether by a single bond and together thus represent a divalent alkanediyi or
alkylene substituent, the resulting cyclic compounds are starting compounds or
infermediates for the synthesis of the contemplated compounds of the formuiae | 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 paliadium catalyst
such as palladium on charcoal. Taking the above-described synthesis of compounds
of the formula Ib from compounds of the formulae VI; XVl and Xii as an exampie,
the synthesis of the contempiated compounds of the formulae | and la in which A is a
group of the formulae it can start from a compound of the formula VI and an analog
25 of a compound of the formula XVIH in which the terminal carbon atom of the doubie
bond and the CHp 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 XV for the synthesis of the contemplated
compounds thus are cycloalk-2-en-1i-ols or hydroxyl-protecied derivatives thereof,
30 such as cyclohex-2-en-1-ol, for example. in the analogs of the compounds of the
formulae XX, the analogs of the compounds of the formula X! and the analogs of the
compounds of the formula Ib, which can be obfained as described above, likewise



69 formula lh, can optionally be substituted by suitable substituents, for example alkyl substituents.

Compounds of the formulae | and la in which the group A is a group of the formula Ill, 5 can be

prepared Q to the above-described processes for the preparatio ompounds of the
A DL Eompon

formula Ib, for éxam rom compounds of the formulae VI and VII or from compoundsegpt?}e formulae

VI and XVIII, by employing cyclic analogs of the starting compounds of the formulae VIl and XVIII. As
pointed out above, the group A in the compound€®f the formulae | and la can be substituted by alkyl

groups 10 representing the group R4 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

intermdtimticuéde bershissparteef bycxkpatierattisgivhictve Suenedidy shosriddeullBich are

\ one 1 . . | 2 o ot g
e B B B Y cvaient
alkane@iyalrg aik{irenecsubstine of, the fesaklag‘deirs @ riipo slrticaeé starmadoeaipdinies or

ntermaiaienaRine ovaiRs sAh e eBlB BrpERAAEB A INETdRRIZ18, & and provide

such compounds by the processés described above, an additional hydrogenation step being needed

for the bpaiegsioationsé teudmibsnbaohasindie 2enorachmaiampleddradiyacaidatgshation in the
prese”820‘?5§§&?2@4@%@@?@&%H%@%M@g%%ﬁ%ﬁo@: Taking the above-described synthesis
pounds of the formula Ib from ¢

of com mpounds of the formulae VI, XVIII and Xll as an example, the
synthesis of the contemplated compounds of the formulae | and la in which A is a group of the

f Orm“'ﬁ@ﬁ%i@%&é%ﬁ%ﬁ&%@%ﬂ@% AU BRI GRS the

formul bon atom ©of the double bond and the CH2 group are substituted

by a tefnirg darbdyoandin wreparidrall athgﬁmmmdmﬁt%mg%mfcﬂmbl_é,biaﬁwf&rmrt of a
ViipalinBd iAol WA TARAIP RN IPLIE 10 TILHILSIbIEBEBENERS 8ldhiting

contempla ompounds thus are cyclo en-l-ols or hy%roxyl-protecte derivatives thereof, 30

such as@ygoned vbich alraadyermnsisestad Himpgissthe ocbapdrekasidiius introduces

the group R>-X-Het- as a whole into the target compound, but o start from a
compound which only comprises the group Het or the groups Het and X, for example,
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 assembily 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, fo 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 exampie with trimethylsulfoxonium
iodide and sodium hydride as a base as outlined above, to give a compound of the
formula XXXV which can be hydrolyzed to give a carboxylic acid of the formula
KXXXVI. The acid can be transformed into the amine of the formula XXXIX via the

25 carbamic acid ester of the formula XXXV, for exampie by treatment with
diphenyiphosphoryl azide in an alcohol such as {ert-butano! as outlined above. The
amine can then be converted into the compounds of the formuia XL in general, or
can specifically be converted with a compound of the formula XXIX, via the
compounds of the formula XLI, into the compounds of the formula XLII, as outlined

30 above with respect to the conversion of the compounds of the formula XXXV into the
compounds of the formulae Ig and Ih. In the final step the group L? in the compounds
of the formulae XL and XLl can then be replaced with the group R*-X- to give the



formulae XIX, 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 WO 2007/000248
PCT/EP2006/005716 70 the double bond is part of a cycloalkene ring which is formed bg/ the said
double boﬁﬁ?tﬁ@%ﬁroup and the divalent alkanediyl substituent. At thePsqggép B g\hﬁalog of the
compound of the formula XIX, 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 5#{drogenation of the double bond can be performed
which provides the saturated cycloalkane ring present in the group of the formula lll. As explained
above with respect to the synthesis of the compounds of the formulae b and Ic, also with respect to
all othecoomppunddobditteddonuldadd and I exlodited @btyveovitpowsgeot thdifermulae le, If, Ig and
Ih, it is pQssible.not | artj ound whi Ir ri roups R3, X and
et and WoDUHR AR T S R e G e O A rom o
compostertingotoariy sodspisesetkarmpdepitbearineglosps dlecibid fdhesntrpdeiction 26

introduce the gr I iety. R3-X%- te inth i n nother
exampl BTG e S g o A ee g e RN e SE By
proéedneadtiothe/ithep ratoicatcdm the derof uladRoBGINR yraer Ithis cutiditidria oftiod the group
R3isin ed in final -Ofthe synthesis. | thi edure, to which all above
explana i%gﬁlgﬁér‘g ?Hgﬁr%spp%e%c ?\{/%Rr!e%:[:%%ﬁ?é%?ﬁ;%gpgﬁé%%%%@,%%%bund of the formula XXV, in
20 which L3 is a leaving group as defined above, for example halogen or a sulfonyioxy group, can be

subjected to a cyclopropanation, for example with trimethylsulfoxoniurg iodide and sodiu?@ydride as

a base as outlined above A8 give a compound of the form 8XXXV|LVVhiCh can pge\hydrglyzed to give
a carboxz&acid Qe formula—oexVIl. i transformed intbi@ieamine okthe formula
XXXIX via theygp carbamic agid ester of the formula XXXV, for example by treatment with
diphenylphosphoryl azide in an alcohol such as tert-butanol'as outlined abovex%ﬁmine can then be
converted into the¥fnpounds of the formula XL if'gengral, or
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10 The groups Het, R' and R? in the compounds of the formulae YOOXVI, XXXV,
OOV XOOKX, XL, XLi and XLII are defined as in the compounds of the formuiae |



can specifically be converted with a compound of the formula XXIX, via the compounds of the formula
XLI, into the compounds of the formula XLII, as outlined 30 above with respect to the conversion of
the compounds of the formula XXXIV into the compounds of the formulae ]g and. |h. In the final step
the group I%Qﬁ({%ﬂggzrﬁspounds of the formulae XL and XLII can then be relgfgé%%z%ll 0{{1517;3169r0up
R3-X- to give the WO 2007/000248 PCT/EP2006/005716 71 compounds of the formulae Ig and Ih as
outlined above with respect to the introduction offBe group R3-X- into the compounds of the formula
XXIV and into starting compounds. For example, if the group X is a direct bond, the introduction of
the group R3_X_into the compounds of the formulae XL and XLII can be achieved by 5 reaction with

a bororinchlfcedrinie fditier ReAR (ORYEanRlgrovPscifiten PERst suptiiessed fagveaktion in the
R AR B RAGRORRA O
\R2 REXE SOV, XX, XL, XLI and XLIH is a leaving group which can be replaced
with the group R®-X-, such as halogen, for example chiorine, bromine or iodine, or a
5 sulfonyloxy group, for example trifluoromethanesulfonyloxy. The group L? can also be
a protected form of a leaving group or a precursor of a leaving group which is
converted into a leaving group in a subsequent step, for example a hydroxyl group,
or a protected hydroxyl group, which is {ater converted into a trifluoromethane-
sulfonyloxy leaving group. The group R in the compounds of the formula XLI can be
10 an alkyl group such as (C4-Cs)-alkyl. Like the group A in the compounds of the
formulae | and Iz, the cyclopropane moiety in the com'pounds of the formulae YOV,
JOOVI, XXXV, YOXUKIEX, XL, XL and XLl can optionally be substituted by suitable

substituents, for example alkyl substituents.

15 The amide moiety -N(R%-CO-R" in the compounds of the formulae | and ta, including
the compounds of the formulae Ib, lc, 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 XLl or, depending on the meaning of the group R?, an amino compound

of the formula XLIV.
20
X A X A R’
3 ~
R het” NH, R “het” \ﬁ/
XLIH XL

in the cbmpounds of the formulae XLII and XLl 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 freating 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?,



LHetA N NH Ig -- Ih XLII 0 10 The groups Het, R' and R2 in the compounds of the formulae XXXVI,
XXXVII, Xﬁ%@‘fj@@%% XL, XLI and XLII are defined as in the compound% %the ‘1;8tr;muslaie | WO
2007/0002 I 6/005716 72 and la and, in addition, any functiona g%%s AR HE present in
protected form or in the form of precursor groups. The group L3 in the compounds of the formulae
XXXVI, XXXV, XXXVIHI, XXXIX, XL, XLI and XLi{$ a leaving group which can be replaced with the
group R3-X-, such as halogen, for example chlorine, bromine or iodine, or a 5 sulfonyloxy group, for
example trifluoromethanesulfonyloxy. The group L3 can also be a protected form of a leaving group or

a precuicgeibred m@viﬂgedrbﬁ@v@ﬁmyvf&m/@afé@mtb%meﬁm@mwa@b@bq fiermuiep, ifor
examplg g fydreyy! 9@%@5@%&%@3 %58%4 (gmHBi_iHﬁ'iHEJ"Cd?& !&@&gfﬁ%\%
ing group. The gr
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trifluoromethane- sulfonyloxy leav up R in the compounds of the formu% XLI can be

10 an aik¢l epsuprsEshaidhe foanuiaidh. ks nteogusipently e pefpotrddyitratioemuwdd | and ia,
th ey, Vil IX, XL, XLI
e Cyclopsapane MalelYJmie W@ng&?ﬁ QLHTFJQr%ﬂH%m%r r&thak Ieﬁéﬂj@!&d@ﬁ &

and XLII‘can optionally be substituted by suitable “substituents, for example a nts. 15 The

amifle HisayeiNgryrCGakrid ﬁwﬁ&ﬁﬁiﬁ)gﬁag’@faﬁe_/?@rm@aﬂdaaaqu@m@bdﬁ@omt@oﬁh@ounds of
the formailag driGs '8 1Re! Foldraisk! oang By HRsHS/ PIR GURETS) @ﬂ%%ﬂ%aﬁ%%%%%ﬁ%%ﬁf’ under

standard conditions to give an amino compound of the formula XLIII or, dependin meaning of
the grotierama ammblBaRgotihtY srthagaimbr sanventedRiBioXuHEsAPAHIPREIGAY PIA\N~R H

XL Xlsb¥mulae | and ta and thus are valuable intermediate compounds. The conversion

can be carried out according to standard procedures for the preparation of amides

10 and lactams mentioned above, for example by reaction with a carboxylic acid
chloride of the formula R*-CO-Cl or anhydride of the formula (R*-C0),0, or with a
carboxylic acid of the 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 formuia XLIl 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 salis, and
others.

25 Al reactions used in the above-described syntheses of the compounds of the
formuiae | 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
(Méthods of Organic Chemistry), Thieme-Verlag, Stutigart, 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 ali intermediates and final target compounds can also be



In the compounds of the formulae XLII and XLIII the groups A, Het, X, R2 and R3 are defined as in
the compounds of the formulae | and is and, in addition, any functional 25 groups can be present in
protected f&Y@ LHM&4Hrm of precursor groups. Such hydrolysis can be cafIREHIQ0GSA%TG a
compound of the formulae I or la, for example a compound of the formulae | or la in which the group
R'is a methyl group and the group R2 is hydrogefng4with a dilute acid, for example hydrochloric acid,
or an alkali metal hydroxide, for example a sodium hydroxide solution. In case R1 and R2, WO
2007/000248 PCT/EP2006/005716 73 together with the N-CO group which carries them, in the

compo i gh e fPERUIBEh Sr daifer m@ﬁééﬁgﬁﬁm'é%g@% seRBiRg BRI YRearoup), the

conversion into the compound of the formula XLIII can conveniently be performed by treatment with
hydrazifECtsPesIApRgh Ba dnividyabraseeinprsiariger veifian nwaatssberk$s 9ttfe well known

Cabriekgufiiaiapiaribhodlingg sosMbdees oo RITRAS AN dha prBUIae XXVII

and XXXIV, in general the amino compounds of the formulae X XLIV can again be converted

into furifePRLFANs AR Ed¥EHavRMSIR daraRaTariy Seclks iaclianabisonks R¥ diife@edidunds. The
Comﬁer%%e@i@@%f@ﬂ@%ﬁ&%@ﬂ%@ﬁ%%fﬁ@?%‘iﬁgHrSﬂWé hmpesrrasionpbagudes 10 and

lactams mentioned above, for example by reaction with a carboxylic acid chloride of the formula

R'-CO-&Inptians)@eens iRdhsfammugRrieoyreroainura Wikl i§iRr acricsmmartemhinia EreCOON by
means eééi%aivaﬁaﬂdﬁé%@@wﬂwggn{s@,e@ﬁ FORERIRRITIRONRS UnsshinL 16t BESIPRY 380

amides. Likewise, the NHZ group in the compounds of the formula XLIII can also be incorporated into

a ring, &auADBETHeRRENRIBhCEIBSRAYCEPHRS BFARINKIOXYFRI RO BY! I QHBSR Ifog¥aRRIRith the
N- CO greai Wi¥ed £FEHRSIRABrANpie B ien edHinRrralyfed HYRRIAABRPUARES Of the

formulae | and la can be obtained from suitable compounds prepared according to the

abdVe-Hilenrrarsiiccasit b B e ahRYI PR BP RS SARiAmSYNs SRt PR SATRMRF BYgroups
accordipgr 8{oREMPHRIQSRAERS oiok ARTEechY REAHIEAINBATNIGREAR WP als pRtherification,
alkylation, acCylation, sulfonylation, reduction, oxidation, conversion into salts, and
removed by treatment with piperidine, and protecting groups of carboxyiic acid
groups which can be protected as ester groups, such as tert-butyl esters which can
be deprotected by treatment with trifiuoroacetic 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 info an amino group by reduction,
for exampie 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 ;:iuriﬁcation procedures,

for exampie by recrystaliization or chromatography.

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

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



others. 25 All reactions used in the above-described syntheses of the compounds of the formulae |
and is are per se well-known to the skilled person and can be carried out under standard conditions
according & he@i&Mgéisly to, procedures described in the literature, for @HEFIEOM/MST¥en-Weyl,
Methoden der Organischen Chemie (Methods of Organic Chemistry), Thieme-Verlag, Stuttgart, or
Organic Reactions, 30 John Wiley & Sons, New Ymgk. 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 WO 2007/000248

PCTIEBZHBRIQOTREOI¢8 nflaipedite s feym plcaliscAs seraadiel i eptemhirb 0ygedgpgnding on the

circumstances of the individual case, in order to avoid an_unwanted course_of a reaction or side

reactioWdiRtHAGHREJRRIRIWER SR RATBRAUNES R sniaanise hapddaiRrdidgiRitageous to

temporaghrhipskdHnaboBsboauPs SyS8Y grucaficdsRie tivaapRUBEFIRd depiatest sbephaka later
stage of the synthesis, or introduce functional groups in the form of precursor groups which later are

converfRRAHEIBRAS R SRANBRCAEREY (SEESEAS BRZMSIR BPgItAdSRRS b LRSI dE cting

grogpsS?aﬁfm@@aﬁi@mﬁmﬁmm@mﬁ BAURS, ohpHedet arkavgrostpekEr example a
tert-butxl?xycarbpnyl group (= Boc) which can be removedéa% reatment with 10 trifluoroacetic acid (=

TFA), AHOBHRR5c RPN AR RSN FSRBEd D WROAARGYah SRR RN,
fluorenfndmaifexysrhersybarei) shiditsinibensga iRt P teatmealwitamieeidine, and protecting

groups of carboxylic acid groups whjch can be protected as ester grougai such as tert-butyl esters

which dE#NSAINRDERIAR) FRRRER W YRR BT BRIt SN BSReRHERAYRGHRES S be 15

deprotegigadyarptahpiskydicacnidi @R ob AdEr @Y PRIEAERArGBNSeE QI HHBIEnEEHP may be
mentioned which can be converted into an ami%p Hj%éo_up by reduction, for example by catalytic

hydPogERERRIE BORPERRRRITERh BRI MY VBl B RUErGR Shhfth are
suitableHg asppeilindass tacerknauiadd ted skileadecnseraidiesissuderightaned compounds of
formulae | and la, as well as . .
postmenopausal women or after intake of contraceptives. Compounds of the
formulae | and la can additionally be used in the treatment, including therapy and
prevention, of diabetes and diabetes complications such as nephropathy or
15 retinopathy, angiogenesis, asthma bronchiale, chronic renal faiiure, cirrhosis of the
liver, osteoporosis, restricted memory performance or a restricted ability to leamn.
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 pharmaceuticais, preferably with compounds
which are able to enhance the effect of the compounds according o the formulae !
and la . Examples of such other compounds include statins; ACE inhibitors; AT 1
antagonists; argininase inhibitors; PDE V inhibitors; calcium antagonists; alpha

25 blockers; beta blockers; metlimazol and analogous compounds; arginine;

tetrahydrobiopterin; vitamins, in particular vitamin C and vitamin B8; niacine.

The compounds of the formulae 1 and la and their physiologically acceptabie saits,

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

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

pharmaceutical compositions. Further subjects of the present invention therefore also



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

pharmaco&§ &Y %G, or pharmaceutically active, compounds which moeliEte4 e edfession of

endothelial 25 NO synthase, and more specifically upregulate, or stimulate, the expression, or
transcription, of endothelial NO synthase, and whigh 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
diseasggeahed dineasrifssyfithie fosmotheieard tiansmadtipetpblimiticfidisibasesepid s cadis
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€ compounds Giae | and la lower
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a restrrcteﬁl ab'“tger.?trca fy acceptable carrier, i.e. one or more pharmaceutically acceptable

carrier substances and/or additives.

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, agueous, alcoholic or cily solutions, syrups,
emulsions or suspensions, or rectally, for example in the form of suppositories.
Administration can also be carried out parenterally, for example subcuianeously,

20 intramuscularly or intravenously, for exampie 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 of aerosol mixtures, or, for example, microcapsules, implants or rods. The

25 preferred administration form depends, among others, on the disease o 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 fo about 500 mg, in pariicular
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



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 uséttre@ordsingkion with other pharmacologically active compound$arEFzasacéiticals,
preferably with compounds which are able to enhance the effect of the compounds according to the
formulae I and la . Examples of such other comppginds include statins; ACE inhibitors; ATI
antagonists; argininase inhibitors; PDE V inhibitors; calcium antagonists; alpha 25 biockers; beta
blockers; metimazol and analogous compounds; arginine; tetrahydrobiopterin; vitamins, in particular

vitamin, 6, 3 aaﬁfakfs@éﬁﬁn%asuifb%qaraeeuﬂ@@ HhasfarByiasidRnermanshigib@iysigiogically

acceptable salts, optionally in combination with other pharmacologically active compounds, can be 30

adminiierfrmiasrhakipragiapirer phvsiskasically dcsspiale sllantde pRIIMRREuticals by

themSQW§?hQrm%ém§&i%%ﬁ%§%H§rsﬂ inethadosd ot PR RapfBicRheampasitinsTdurther
subjects of the present invention therefore also WO 2007/000248 PCT/EP2006/0Q05716 76 are the

compotiHe§ ot (e eorn e erapeaRdsinshimIlnegraccaprisrtasitPysifiegcally

phasmageutizalye theifsRathBIONHIAIRG 29 ehETeRsiarai§ORFIRaINASBEMIIaliRgeageNts or
upregulating agents, of the expression or transcrlgcl[on of endothelial NO synthase, for example in

conditiSHEHPVFRSN(BR YEE eI REYE 5giivaST S dERboRSHPERRERSASENDAevel or the
normalizaighafisripigraffdNeidenaliiad BaientinderitetogRral) R siipiunge in the

treatment, including therapy and prevention, of the above-mentioned diseases or syndromes, as well

as thelfadegdreransidlic citiprPeRKiaFifASIRD S Brrught ittore sHEabF RpBEBE BRRermore, a
subjectofthe: ISSSHE el H L BRAABAGLIIGBLCAN RYTERRfa QS KR AR MigsRiHieal preparations,

which comprise an effective dose of at least one compound of the formulae | or la and/or a
phiRioMiRENGR SR salt thereof and a pharmaceutically acceptable carrier, i.e. one or more
pharmaceutically acceptable carrier substances and/or additives. 15 The pharmaceuticals according

to the invention can be administered orally, for . .
For the production of pills, tablets, sugar-coated tablets and hard gelatin capsules it

is possible 1o use, for example, lactose, starch, for example maize starch, starch
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 exampie, water,
physiologically sodium chloride solution, aicohols such as ethanol, glycerol, polyols,
sucrose, invert sugar, giucose, mannitol, vegetable oils, etc. It is also possible to

20 lyophiiize the compounds of the formulae | and la and their physiciogically
accepiable salts and to use the resulting lyophilisates, for exampie, for preparing
compasitions 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, filiers,
disintegranis, binders, lubricants, wetting agents, stabilizers, emuisifiers, 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



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 exampl&in 7 fa s f suppositories. Administration can also be carrie@CUEPagea gy, for
example subcutaneously, 20 intramuscularly or intravenously, for example in the form of solutions for
injection or infusion. Other suitable administratioryfprms 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

examplg, FFRFIPREE o BB G R thd kil esredASRRisERoAIAEDLIS RSt mamONg

others, on the disease to be treated and on its severity. The amount of a compound of the formulae |

or la arfffectsTinsiliggrangsRedhepriwsanidbersavantypaiheAsarear Lehpdeamad normally
ranges o, 38 §RAHE L0 WERRISPIRiRIRRIMIFaghahedhade Sbeid ROMEW oin particular

from about 1 to about 200 mg, per dose, but depending on the type of the pharmaceutical composition

it may @86 dreiresiedrrptheelficareang sitisternabamisn eidbe S prraEndsdseto 716 77
ususly MRS 1R aRRUS QS InahouER] s b Weibpldnsameiiehylaeterplac | or

la and/or their physiologically acceptable salts. The production of the pharmaceutical comP05|t|ons

can be @aBEHE! iRtEeNhARHER KOFMPPBHSErPRIANNIHEref doRAHEN SR RITRGLBE e thifhulae |
or la angyjor, thelr physioleoically 51 agceniablissakisingaibet with oRg/RE R salid 06 liagitlg,

pharmaceutical carrier substances (or vehicles) and/or additives (or auxiliary substances) and, if a

combinBlrfarRly famaPrH st dagtiade Fhawt AQBEka BRI SR Jmaabadl A therapeutic or
Prophylagelik AEIABEIR Hipiaty inca s ikiie &%@W@%é@gﬂ@e@ﬂ%@@%%@&am then be
used as a phiarmaceutical in human or 10 veterinary medicine. For the production of pills, tablets,
sudBr-cieiaiEmiendsanrd g ueiobing akeyt TP ssingmedsriecohizindis slesirsossitich, for
exampleiRaafsifsel SiArek administered in a single dose or, in particular when larger
amounts are administered, divided into several, for example two, three or four
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 exampie the use in methods for determining the activity of endothelial
NGO synthase in biologica!l samples, the use as biochemical tools and the use as
20 intermediates for the preparation of further compounds, for example further

pharmacoiogically active compounds.

Examples

25
Compounds containing a basic group which were purified by preparative HPLC using
an eluent which contained trifiuoroacetic 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 liguid chromatography (HPLC) andfor mass spectrometry (MS) and/or nuclear
magnetic resonance specirometry (NMR). The MS data were obtained by electron
spray ionization (ESI). The HPLC conditions were as follows.



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¥orag/pregaration of solutions, for example of solutions for injectizRPmeetesTssions or
syrups are, for example, water, physiologically sodium chloride solution, alcohols such as ethanol,
glycerol, polyols, sucrose, invert sugar, glucose, fannitol, 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
pharmddetived HBhp dsiferivmanraniedshsae dudispesiSoerasmples@iven; fiepsonasnkegrants,
binders, Jupuieaiso W Anga0eniR, AR Rers AL LsiieRyglsRErsasisy BiFiRRafivesgsecteners,
colorants, flavorigs, aromatizers, thickeners, diluents, buffer substances, solvents, solubilizers,

agentsnifrathfevintpaalabse st sasdor dhtarh§ msoentolicSoreésind e Gitrigtiggénts or

antioxi ade. { { glpound of the formulae | or is to be administered and/or of a
phy%iol%%?ca'l y%%c@fﬁﬁje saﬂ %glé?reﬁ(% depends on the individual case and, as is WO 2007/000248

PCT/EP2006/005716 78 customary, has to be adapted to the individual circumstances to achieve an

optimuf sg'y Bies el ehaisnBlienAEeAILIE frRveUnaliie disaier © be treated, and

also on the sex, age, weight and individual responsiveness of the’human or animal to be treated, on

the effibagane/methgonitthenen %ﬂtﬂeqamﬂjaimma-ms%d@%wl@ﬁéwer@ﬁ@m @ﬂ@nﬂsmﬁerapy ofa
acute oL ghAle direasayl BRI BRI se AN RIP BropirLvl CpapmRilnaiedminlaered In

addition to compoun e formulae I or la. In general, a daily dose from about 0.01 mg/kg to about
1080mgikg, fpmiferiabipfareitioat detamgirgtionpeliretemgmdmeparticular from about 0.3 mg/kg to
about 5 mg/kg (in each case mg per kg of bodyweight) is appropriate for

Method HPLC C: Column material: see the specific examples. Ejuent:
ethanol/methano! 1:1 containing 0.1 % diethylamine. Column dimensions and flow
rate: 250 x 50 mm and 50 mi/min for preparative separations, 250 x 4.6 mm and

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

Method HPLC D: Column material: see the specific examples. Eluent;
heptanefisopropanc! 4:1 containing 0.1 % diethylamine. Column dimensions and flow
rate: 250 x 50 mm and 50 mi/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 examplies. Eluent:
heptane/methanolfisopropanc! 5:1:1 containing 0.1 % diethylamine. Column
dimensions and flow rate: 250 x 50 mm and 50 mi/min for preparative separations,

25 250 x 4.6 mm and 1 mimin for analytical determinations of retention time.

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

30



10 administration to an adult weighing about 75 kg in order to obtain the desired results. The daily -
dose can be administered in a single dose or, in particular when larger amounts are administered,
divided inteygeygradolioisexample two, three or four individual doses. In sopegREesuIRRSRAING 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 %ao 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 interdeiates for the preparation of further compounds, for
example further pharmacologically active C oungs. Examples 25 Compounds containing a basic
group which were purified by preparative HPLE; using an eluent which contained trifluoroacetic acid,

i inag in t}?;’é)fﬁ(n of_acid adghtion-salts with trifluoroacetic acid (TFA) which is not
depicted in the\formylae \n the’examptes. The compounds were characterized by analytical high
pressure 30 liquidchromad¥egtraphy (HPLC) and/or mass spectrometry (MS) and/or nuclear magnetic
resonance spectrométry (NMR), The MS data were obtained by electron spray ionization (ESI). The
HPLC conditions were as follows. WO 2007/000248 PCT/EP2006/005716 79 Method HPLC A:
Column material: see the specific examples. Eluent: isopropanol containing 0.1 % TFA. Column

dimengidasmgdFlos raies 2o «-Gitopn? and/BPipalidim Icsmee paGitivg SEBE ations) 366-x 4.6 mm and
0.3 mi/min for lytical 5,deteyminations of retention time, Method HP : Column material: see the
specifig]@@f'ﬁgggf}[ﬁ‘l%‘?ﬂ?’ {RNERIRS 2T ﬁ&@?ﬁ%%ﬁ@%ﬂ%%%%ﬁ%ine. Column
dimengigiphiciybhowpiaieisipaleBim(iehibbideniein fisqulea i sapafdtietisylabiine4.6 mm

and the mixture was stirred at 50 °C for 8 h. The solvent was removed by

evaporation, and the residue was purified by preparative HPLC (RP-18,
acetonitrile/waier containing 0.01 % TFA). Yield: 152 mag.
MS: M+H™ = 308.
10
Example 2
1-(3-(6-(2-Fluorophenyl)pyridin-3-vl)prop-2-ynylipiperidine-2 ,6-dione trifluoroacetic

acid salt

/N

i

The compound was prepared analogously to example 1 from 588 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-Fluorophenyi)thiazol-2-ylhallyl)-1H-pyridin-2-one



10 and | mUmin for analytical determinations of retention time. Method HPLC C: Column material: see
the specific examples. Eluent: ethanol/methanol 1:1 containing 0.1 % diethylamine. Column
dimensionsypgddiomsgatie: 250 x 50 mm and 50 ml/min for preparative sepasatianRsoepn%#L mm and
15 1 mi/min for analytical determinations of retention time. Method HPLC D: Column material: see the
specific examples. Eluent: heptane/isopropanol 4. containing 0.1 % diethylamine. Column
dimensions and flow rate: 250 x 50 mm and 50 nﬁ/ in 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/methanoi/isopropanol 5:1:1 containing 0.1 % diethylamine.
Column dimensiong an jra & 250 X 50 ml/min for preparative separations, 25 250 x

: @%ns offretention time. Example 1
1-(3-(6-(2-Fluorophenyl pyridirﬁ‘!3-yl) p- peridin-2-one trifluoroacetic acid salt 30 WO
2007/000248 PCTIEP2006/005746 80 0 ND ND F 544 mg (3.96 mmol) of
1-(prop-2-ynyl)piperidin-2-one, 500 mg (1.98 mmaoi) of 5- bromo-2-(2-fiuorophenyl)pyridine, 38 mg of

copper ithg%r&gﬁgéﬁggﬁﬁfgj§0§e(‘t§@éqagkglg§;@@@ne)palladium(fl)chloride were dissolved in 20 ml

of trietgamlne and the mixture was stirred at 50°C for 8 h. The solvent was removed by evaporation,

and ther8stdd O s pabifdEoy prepaidiviugrrbenyii et anane et 33Ehmgodods TFA).
Yield: 152 mpthbyiidacerdifde Yere stirred in 100 mi of ethanol at room temperature for

2 h. After concentrating, the residue was heated with ethyl acetate, the insolubles

were filtered off, and the filtrate was evaporated. The obtained acetal (6.2 g) was
stirred with 50 mi of acefone, 50 mi of water and 1 ml of 2N hydrochloric acid at room
temperature for 4 h. Evaporation of the mixture yieided 4.22 g (88 %) of the title

10 compound. '
MS: M+H" = 207.2.

b) 3-(4-{4-Fluorophenylithiazol-2-yi))propenal

1 g (4.82 mmol) of 4-{4-fluorophenyi)thiazole-2-carbaldehyde und 1.76 g (5.79 mmol)
15  of 2-{triphenylphosphoranylidene)acetaldehvde were stirred in 40 mi of THF at room

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

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

%}.

20 c) 3-(4-(4-Fluorophenythiazol-2-yhprop-2-en-1-ol
682 mg (2.97 mmol) of 3-(4-(4-fluorophenylithiazol-2-yl)propenal and 224.5 mg (5.83
mmmol) 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-fluorophenylthiazole
258 pl (3.3 mmol) of methanesuifony! chloride were slowly added to 265 mg (1.12
30  mmofl) of 3-(4-(4-flucrophenyithiazol-2-yhprop-2-en-1-ol and 456 mg (4.5 mmol} of



Example 2 1-(3-(6-(2-Fluorophenyi)pyridin-3-yl)prop-2-ynyl)piperidine-2,6-dione trifluoroacetic acid
saltO 7N N O 15 F The compound was prepared analogously to example | from 599 mg (3.96 mmol)

of 1-(propwaysndiigensin-2,6-dione. Yield: 130 mg. MS: M+H+ = 323. 20p4a¢@piReR05716
1-(3-(4-(4-Fluorophenyl)thiazol-2-yl)allyl)-1 H-pyridin-2-one WO 2007/000248 PCT/EP2006/005716

81 F/S NND a) 4-(4-Fluorophenyl)thiazole-2-carpaidehyde 5 g (23.04 mmol) of
2-bromo-I-(4-fluorophenyl)-ethanone and 3.76 g (23.04 mmol) of 5 2,2-diethoxythioacetamide were
stirred in 100 ml of ethanol at room temperature for 2 h. After concentrating, the residue was heated

h h bi filtered off, and the fil d. The obtained I
(6.2 0\ R BRI GO G SR SR LI A PRI R SRR M oo
tempem&fﬁw@m EAvidgmossdiading mmmmméagm&&wm@mﬁeammag. MS:

A s G LDt L6 SR ran

2- (trlpmﬁmébmammm@ﬂmﬁﬁehxﬂﬂmmred in 40 ml of THE at room temperature for 5 h.

Th% mixture was evaporated, and the residue was purified by

g} 1-(3-(4-(4-Fluorophenylithiazol-2-yhaliyl)-1H-pyridin-2-one

23.7 mg (0.54 mmot) of sodium hydride (55 % in mineral oil) were added to 60.4 mg
(0.54 mmol) of 1H-pyridin-2-one in 8 mi of DMF. The mixture was stirred at room
temperature for 1 h, 92 mg (0.36 mmol} of 2-(3-chloropropenyl)-4-(4-

10 flucrophenylthiazole were added, and the mixture was 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 (RP18,
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-fluorophenylithiazol-2-
yhallyloxy)pyridine were obtained.

Example 4
3-{3-(4-(4-Fluorophenylithiazol-2-ylalivl)imidazolidine-2 ,4-dione

20
| 78 ON-N
F{}*N@/\j;g
O

The compound was prepared analogously to exampie 3e) from 92 mg (0.36 mmol) of
2-(3-chloropropenyl)-4-{4-flucrophenylthiazole 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-Fluorophenylithiazol-2-ylallyl)pyrrolidine-2,5-dione



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-I-ol 692 mg (2.97 mmol) of
3-(4-(4-fluogpghemybspagol-2-yl)propenal and 224.5 mg (5.93 mmol) of sodigrrPeidede were
stirred in 50 ml of ethanol at room temperature for 3 h. Water was added, and the mixture was
concentrated. The residue was taken up with watL%r and ethyl acetate. The organic phase was
separated and evaporated. The 25 residue was p %ied 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-I-ol and 456 mg (4.5 mmol) of WO 2007/000248

PCT/EP2006/0057 triet ine in 1@ml of dichloromethane at room temperature and the
mixture was sWWmding atr emperature over the weekend, the mixture was
extracted with a sodi ydrogﬁi&@a@glutio . Evaporation of the organic phase yielded 280
mg of the title compound. 5 e) 1-(3-(4-(4-Fluoroplienyl)thiazol-2-yl)allyl)-1H-pyridin-2-one 23.7 mg
(0.54 mmol) of sodium hydride (55 % in mineral qit) were added to 60.4 mg (0.54 mmol) of 1
H-pyridin-2-one in 8 ml of DMF. The mixture was stirred at room temperature for 1 h, 92 mg (0.36
mmol) of 2-(3-chloropropenyl)-4-(4 10 fluorophenyl)thiazole were added, and the mixture was stirred at

room tempery zﬁﬂﬁ%ﬁ@ﬁfeﬁr@&%ﬁ SUER AL R p 0B ,r&ﬁﬁeﬁ@@?ﬁg@%@%%@ rwas

added and the product was extracted with ethyl aCetate. The orgahic phases w evaporated and the

resiueaivds(Briitlerpyanepdi-fivé HperopRend)thiarsisiard i mEtigunothafFA). Yield: 26

mg (235@}@@1}4@;2\@#@&%33{%&:@ e(p[r?d)gy_t, 8 mg of 2-(3-(4-(4-fluorophenyl)thiazol-2-
yI)aIIon§§)/§pyridine were obtained. Example 4
cM+H" = 317.0,

Example 6
10 1-(3-(6-{4-Fluorophenvi)pyridin-3-yhallypiperidine-2,6-dione trifluoroacetic acid salt

p— O
OO,

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

15 A mixiure of 2880 mg (12.31 mmol) of 3-(6-bromopyridin-3-yhacrylic acid methyl
ester, 2067 mg (14.77 mimol)} of 4-flucrophenylboronic acid, 138.2 mg (0.61 mmof) of
palladium(ibacetate, 322.9 mg {1.23 mmol) of tﬁphenylphosphane and 14.7 miof a
1M sodium carbonate sclution in 72 mi of toluene and 20 mi of ethanol was heated
under reflux for 1.5 h. Afier cooling, the mixture was poured onto waler and exiracted

20 with ethyi 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-yi)prop-2-en-1-ol
520 mg {2 mmot) of 3-(6-(4-fiucrophenyl)pyridin-3-yhacrylic 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 diisobutylaiuminum hydride in hexane were slowly added. The



3-(3-(4-(4-Fluorophenyl)thiazol-2-yl)allyl)i m idazolidine-2,4-d lone 20 F---(])- S (r)N The compound
was prepared analogously to example 3e) from 92 mg (0.36 mmol) of

2-(3-chlorogie pgstyddhd#-fluorophenyl)thiazole and 54.4 mg (0.54 mmol) 0b2& /kp2006/005716
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 WO 2007/000248 PCT/EP2006/005716
83 \~SOFNO The compound was prepared §ﬁalogously to example 3e) from 100 mg (0.39 mmol)
5 of 2-(3-chloropropenyl)-4-(4-fluorophenyl)thiazole and 46.8 mg (0.47 mmol) of pyrrolidine-2,5-dione.

Yield: 24.mg (17 %). MS: M+H" = 317.0, Example 6 10 . X

13- TR ARG RS SR bbb e 326 A ARSIOR A ROSTLSHITeRRRN o
3-EG-é4m@@(;leﬁ¢b?ylﬂdﬁ?p%ﬁdia%y|iﬁi?¢iﬂiﬁﬁibﬂ @s&ra(éiifem'Mga‘rf@%?um @Eéé}bmmol) of .
3-(6-bromopyridip-3-ylacrylic acid me ter, 2067 mg (14.77 mmol) of 4-fluorophenylboronic acid,
138.2 rﬁﬁ"‘(é)%é?#:ﬁ%% e Qﬁﬂ%ﬁéjm%ﬁ;géﬁ@% ; n{ﬁ (2.23 mmol) of triphenylphosphane and 14.7
ml of aiM sdiine&arbdonate solution in 73 mi of toluene and 20 ml 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-heptay)&gthyliseetaieoddnylYigldd Adagdphdn)pyridine
436 mg (3.8 mmol) of methanesulfony! chloride were slowly added at room
temperature to 513 mg (2.24 mmol} of 3-(6-(4-fluorophenyl)pyridin-3-yl)prop-2-en-1-
ol and 678 mg {6.71 mmol) of triethylamine in 20 ml of dichloromethane. The mixture
10 was stirred at room temperature for 6 h and extracted with a'sodium
hydrogencarbonate solution. The organic phase was evaporated to vield 550 mg of
the title compound. MS: M+H" = 248.1.

d) 1-(3-(6-(4-Fiuorophenyl)pyridin-3-yl)allyhpiperidine-2,6-dione trifluoroacetic acid
15 salt
20.9 mg (0.48 mmol) of sodium hydride (55 % suspension in mineral oil) were added
to 35 mg (0.31 mmol) of piperidine-2,6-dione in 5 m! of DMF, and the mixture was
stirred at room temperature for 1 h. 64 mg (0.25 mmol) of 5-(3-chloropropenyl)-2-(4-
fluorophenyljpyridine were added, and the mixture was stirred for 1 h and allowed {o
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
(S %).
MS: M+H" = 325.0.
25
Example 7
1-(3-(6-{4-Fiuorophenylpyridin-3-yhaliyl)piperidin-2-one triflucroacetic acid salt



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 ml of

dichlorome ip,rb(a led to -70 C. Under argon, 4.65 ml of a 1 M soluti é;lg g) uminum
hydride in rz‘gxarhr?e We(r%%glowly added. The WO 2007/000248 PCT/EP2006/%%£ g%) 3#%%( ure was
stirred at -70 C for 3 h, quenched with a solution of sodium sulfate, and warmed to room temperature.
After filtration over Celite, the organic phase was &@parated and evaporated. Yield: 430 mg (93 %)
MS: M+H': 230.1. 5 c) 5-(3-Chloropropenyl)-2-(4-fluorophenyl)pyridine 436 mg (3.8 mmol) of
methanesulfonyl chloride were slowly added at room temperature to 513 mg (2.24 mmol) of
3-(6-(4-fluorophenyl)pyridin-3-yl)prop-2-en-1- ol and 679 mg (6.71 mmol) of triethylamine in 20 ml of
dichlororelhat,diif L et asAkRsL LIPS IRRBIa s ik aadRxgdathiiap sodum

hydrogencarbonate solution. The organic phase was evaporated fo yield 550 mg of the title

compofiPipesidins2tone s0d 99 F@(@Qmm@éﬁer@d%@ﬁfgwm%ﬁféndme 2,6-dione
trlfluoro%g}wﬁygéﬁ%&?@ Y-8 %W) of sodium hydride (55 % suspension in mineral oil)

were added (0.31 mmol) of piperidine-2,6-dione in 5 ml of DMF, and the mixture was stirred
at réomMSnprbiure 38 Oh. 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
evapordxé@mRletRe residue was purified by preparative HPLC (RP18, acetonitrile/water containing 0.1

% TFA) Yield: A SRk Ao Misiitmyddmiirriazolidine-2,4-dicne trifluoroacetic acid
salt
10

) \_,l

The compound was prepared analogously to example 6d) from 48 mg (0.48 mmol) of
imidazolidine-2,4-dione and 88 mg (0.4 mmol) of 5-(3-chioropropenyl)-2-(4-

- 15 flucrophenyl)pyridine. Yield: 24 mg (14 %).
MS: M+H" = 312.0.

Example
1-(3~(6-(4-Fluorophenyl)pyridin-3-ylaliyl)pyrrolidine-2,5-dione triflucroacetic acid salt
20

The compound was prepared analogously to example 8d) 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 fluorophenybpyridine. Yield: 51 mg (30 %).
MS: M+H" = 311.0.



Example 7 1-(3-(6-(4-Fluorophenyl)pyridin-3-yl)allyl)piperidin-2-one trifluoroacetic acid salt O H-0 WO
2007/000248 PCTIEP2006/005716 85 The compound was prepared analogously to example 6d) from

47.5 mg (08 RPRdepiriperidin-2-one and 99 mg (0.4 mmol) of 5-(3-chlo &y& g(, -
fluorophenyl)pyridine. Yield: 8 mg (5 %). 5 MS: M+H+ = 311.0. Example 8%%%5 )G > %6

3-(3-(6-(4-Fluorophenyl)pyridin-3-yl)aliyi)imidazofidine-2,4-dione trifluoroacetic acid salt 10 H O/ N F
The compound was prepared analogously to exa%le 6d) from 48 mg (0.48 mmol) of
imidazolidine-2,4-dione and 99 mg (0.4 mmoi) of 5-(3-chloropropenyl)-2-(4 15 fluorophenyl)pyridine.
Yield: 24 mg (14 %). MS: M+H+ = 312.0. Example 9
1-(3-(6-%&%?0?)ﬁenyl)pyridin-3-yl)alIyI)pyrroIidine-2,5-dione trifluoroacetic acid salt 20 O N O N The

ComPQQﬂ@»WQﬁ@FWr@EﬁQ Rhio§ leidhbonaif é-2 MaGi(S:ABAmeh Metic acid
pyrrolidine-2,5-dione and 99 mg (0.4 mmol) of 5-(3-chloropropenyl)-2-(4 25 fluorophenyl)pyridine.

Yield: 5%8hg (30 %).

H

_ OQ\/Nl

F N
O

400 mg (1.59 mmol) of 2-bromo-5-(4-flucrophenyl)pyridine, 335 mg (2.39 mmol) of 3-
allylimidazolidine-2,4-dione, 88 mg {0.39 mmol) of paliadium(il)acetate and 119 mg
(0.39 mmol) of tri{ortho-tolyl)phosphane were dissoived in a mixiure of 5 mi of

10 triethylamine, 10 mi of acetonitrile and 2 mi 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-Fluorophenylpyridin-3-ylallyl)-5,5-dimethylimidazolidine-2 4-dione
trifluoroacetic acid salt

20

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 pailladium(ilacetate
25 and 152 mg (0.5 mmol) of trifortho-tolyl)phosphane were dissolved in 5 ml of

triethylamine heated at 90 °C for 1 h. The solvent was evaporated, the residue taken



MS: M+H+ = 311.0. WO 2007/000248 PCT/EP2006/005716 86 Example 10
3-(3-(5-(4-Fluorophenyl)pyridin-2-yl)allyl)imidazoiidine-2,4-dione trifluoroacetic acid salt H Ozz< N 5
400 mg (1. -bromo-5-(4-fluorophenyl)pyridine, 335 mg (2.39 mmol) of 3-
aIIyIimidazc?%Qgﬂg%&gé%gﬁe, 88 mg (0.39 mmol) of palladium(ll)acetate and f %sz 0?6’.’%5?%%00 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 8@lvent 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 MBinwaies 310 extracipleviiinzetByic:ceipieorbbaaginye dinedss sHgte 3idatimethylimidazolid -

ine-2,4-dj ifluer i i 4 - Qki/ . f
5-bromgg§§?ﬁgg%l§p%§ny )%;%ﬂ%?%%%%ﬁgdm%rﬁcﬁ?%%égii%ég%%&l?midazolidine-2,4-dione,
112 mg Cstamiidg/vigianseintaming i %25 BAd. 162Idig7@Bmgnol) of tri(ortho-tolyl)phosphane

were dis!%v 4@5%&& triethylamine heated at 90 C for 1 h. The solvent was evaporated, the residue

taken WO 2007/000248 PCT/EP2006/005716
5

Example 12
3-((E)-3-(6-(4-Fluorophenylamino)pyridin-3-yhallyhimidazolidine-2,4-dione
trifluoroacetic acid sait

F

& o
O
H N / \ O

a} (5-Bromopyridin-2-y)-(4-fluorophenyliamine

10

5 g (21.1 mmol) of 2,5-dibromopyridine, 4.4 ml of 4-fluoroaniliine, 4.10 g (42.3 mmol}
of sodium-tert-butanolate, 200 mg (0.8 mmol} of palladium(li)acetate and 200 mg
15 (0.3 mmol) of R-(+)-BINAP were dissolved in 60 mi of dioxane and stirred at reflux
temperature for 1 h. The mixture was poured info ice-water and exiracted 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). Yieid:
210 g.
20
b) 3-((E)-3-(6-{4-Fluorophenylamino)pyridin-3-yhallyilimidazolidine-2,4-dione
triflucroacetic acid salt
The compound was prepared analogously to exampie 11 from 300 mg (1.12 mmol}
of (5-bromopyridin-2-yl)-(4-flucrophenyl)amine, 276 mg (1.97 mmol) of 3-allyl-5,5-
25 dimethylimidazolidine-2,4-dione, 63 mg (0.28 mmol) of pailadium(llacetate and 86
mg (0.28 mmol) of tri(ortho-tolyl)phosphane in 3.75 mi of triethylamine. Yield: 17 mg.
MS: M+H" = 327.



87 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:
750 mg. MSyMddr 50846 5 Example 12 3-((E)-3-(6-(4-FI uorophenylam 'n(i)Ei‘Hﬂ’zoesmnsm
in-3-yl)allyl)imidazolidine-2,4-dione trifluoroacetic acid salt FH ON N-N HO 10 a)
(5-Bromopyridin-2-yl)-(4-fluorophenyl)amine 5 g (21.1 mmol) of 2,5-dibromopyridine, 4.4 ml of
4-fluoroaniline, 4.10 g (42.3 mmol) of sodium- tertetﬁjtanolate 200 mg (0.8 mmol) of
palladium(ll)acetate and 200 mg 15 (0.3 mmol) of R-(+)-BINAP were dissolved in 60 ml of dioxane
and stw&éat r%ji temperature for 1 h. The mixture was poured into ice-water and extracted with
ethyl a organic phases were dried and evaporated, and the residue was purified by
column thgoBaledrphstRtingIgsiridihepianalenyHaestadarS2hng eliiiudrba ceirddvid salt
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 mmol) of

(5-bromopy(din-2-yl)-(4- quorophenyI)amlne 2469 (1.97 mmol) of 3-allyl-5,5- 25
dimethylimidazolidine-=2,4-dione~63 mg (0.2 of palladium(ll)acetate and 86 mg (0.28 mmol) of
.( 1

. ' ing. Yield: 17 mg.
NS

The compound was prepared analogously to exampie 11 from 323 mg (2.39 mmol)

tri(ortho-tolyl)ppo

n

of 1-aliyl-1H-pyridin-2-one. Yield: 8 mg.
MS: M+H" = 307.

10 Example 14
{E)-3-(2-(6-(2,4-Difluorophenvl)pyridin-3-yljcyclopropylyimidazolidine-2, 4-dione

0
"”N/[(NH
O)\/

15 a) (E)-3-(6-Bromopyridin-3-yl)acrylic acid methyl ester
5.045 g (27.12 mmoly of 6-bromopyridine-3-carbaldehyde were dissolved in 50 mi of
THF. 8.068 g (27.12 mmol) of 2-(triphenylphosphoranylidene)acetic acid methy! ester
were added and the mixture was stirred at RT for 4 hours. After evaporation, the
residue stirred with methanol and the solid was filiered off. The filirate was

20 evaporated and the residue was purified by chromatography (silica gel, ethyl
acetate/n-heptane 1:4). Yield: 5.01 g (V6.3 %)
MS: M+H" = 242.02.

b} (E}-3-(6-(2,4-Difluorophenyl)pyridin-3-yl)acrylic acid methyl ester



MS: M+H4 = 327. WO 2007/000248 PCT/EP2006/005716 88 Example 13
1-(3-(5-(4-Fluorophenyl)pyridin-2-yl)allyl)-1 H-pyridin-2-one trifluoroacetic acid salt N F N O The

compoundwasarenakad analogously to example 11 from 323 mg (2.39 mpphahdoalivsdis
H-pyridin-2-one. Yield: 8 mg. MS: M+H' = 307. 10 Example 14 (E)-3-(2-(6-(2,4-Difluorophenyl)pyrid
in-3-yl)cyclopropyl) im idazo lidine-2,4-dione FAE' \~}NHNjNHD\ andFFND 15a)
(E)-3-(6-Bromopyridin-3-yl)acrylic acid methyl est8P5.045 g (27.12 mmol) of
6-bromopyridine-3-carbaldehyde were dissolved in 50 ml of THF. 9.068 g (27.12 mmol) of

2-(triphenylphosphoranylid tic acid methy| est dded and the mixt tirred at RT
for 4 nOUSARCT L THBEILBCHE s CcRr R R o RS I  TRU bR e RGO, The

filtrate \vpe2 thevep@pLed amddnspirsiiiBoranip wiie dinachramatogtaphyrisilies gel, ethyl

acetate/n-heptane 1:4). Yield: 5,01 g (76.3 %) MS: M+H: = 242.02. b
(E)-3-(6TRNEM %‘Hl?i)ﬁr%ﬁrf@)@a%rﬂ}?ﬁ‘aﬁi&fnﬁ’giﬁﬁi‘é’&g%%ﬁﬁ%%ﬁﬁaeobzg g (5.37

PCT/ERZ#006/0824:01mTarBdhdclienanatirrd dbor A0Gionatmyaicin 2t i vl evatist medly| ester,

78258 rg?gon at 100 °C for 8 h. The mixture was filtered, evaporated and the residue
dissolved in methanol. By treatment with thionyl chloride the partially saponified
methyl ester was re-esterified. After evaporation, the crude product was purified by
chromatography (RP18, acetonitrile/water containing 0.1 % TFA). Yield: 434 mg (25
%).

10 MS: M+H" = 276.05.

c) (E)-2-(6-(2 4-Difluorophenyl)pyridin-3-ylcyclopropanecarboxylic acid methyl ester
438.2 mg (1.89 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 mi of dry DMSO were slowly added, and the mixture was stirred for 30 min
{o give a clear solution. 406 mg (1.475 mmol) of (£)-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-Difiucrophenyl)pyridin-3-yl)cyclopropanecarboxylic acid

25 181 mg {0.557 mmol) of (E}-2-(8-(2 4-difiucrophenyl)pyridin-3-
yhcyclopropanecarboxylic 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 exiracted with
ethyl acetate to yield 186 mg of the fitle compound (containing some salf).

30 MS: M+H" = 276.05.

e) (E)-2-(6-(2 4-Diftuorophenyl)pyridin-3-yljcyclopropylamine triflucroacetic acid salt



(4.95 mmol) of 2,4-difluorophenylboronic acid, 108.4 mg (0.413 mmol) of triphenylphosphane, 46.38
mg (0.2 mmol) of palladium(ll)acetate and 1.75 g (5.37 mmol) of cesium carbonate were stirred in 40
m! of diox water under 5 argon at 100 G for 6 h. The mixture i porated
and the reS|dueH égo?%ed in methanol. By treatment with thionyl chloride the paritllalﬁ’;%/%ggpag%]med
methyl ester was re-esterified. After evaporation, the crude product was purified by chromatography
(RP18, acetonitrile/water containing 0.1 % TFA). 91d: 434 mg (25 %). 10 MS: M+H+ = 276.05. c)
(E)-2-(6-(2,4-Difluorophenyl)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) wer%ﬂ%.m Fﬁﬁ@?dﬁd%)rﬁd%ﬁ%@ﬂﬁﬁﬁ@?%ﬁﬂﬂj’ﬂﬂﬁI‘bﬁcﬁfﬁ)wgﬁ%@%owly added,

and the. gy ;wséaaﬂvsﬂ EmE(nirs Wxﬂi&% 3 éﬁ#@ﬁﬂsﬂﬁé@%@d@ér{@fﬁgﬁ of (2.82
(E)-3-(6-(2,4-di quoroghenyl)pyrldln 3- y%acryllc acid methyl ester in 6 ml of dry DMSO were slowly

added, raﬁap{h@f Fiivamisaswess heated in Zemhpl issrdrianelicndatdeihtc fak faoNEs extracted

with ety @estalgreTRELEIBBISRNY SVaRAEAtediald tRsidbg Rurfigdday gRchsaraatadrapy (RP18,
acetonitrite/water containing 0.1 % TFA). Yield: 161 mg (37.7 %). MS: M+H" = 290.10. d

(E)2-(Ehyhaseiaieo JheTgARigiRRS 5, WRiR GYARSEAISE:NE H&%owwrﬁwﬁégﬂ mol) of
(®)-2-(G 2 AuplRSpRBROYBINERIES N ARIsloReos b i skhmey asiaras e sifad with

26.66 mg (1.11 mmol) of fithium hydroxide in 10 ml of THE and 2 ml of water at room temperature for

5 h. ANEHEPIpbR{RM h&HHaiaRGRES acidimdInmMm IRRABAE JEXRRREASARARE with ethyl

acetateg ﬁ@é@aéﬁ%%%ﬁ%@@% eArR(GRIEAINTU SR IBNRiMhg: A bl FFA6.05. e)
(E)-2-(6-(2,4- D|fluorophensygpoyr|d|n -3-yl)cyclopropylamine trifluoroacetic acid salt WO 2007/000248

PCT/EP@(%%‘R) 818ad %o} of the titlie compound.
10 MS: M+H" = 247.10.

) (3-((E)-2-(6-(2,4-Diflucrophenyl)pyridin-3-yl)cyclopropyljureido)acetic acid ethyl
ester |
44.08 mg (0.34 mmolj of Esocyanatoacatic acid ethyl ester were slowly added to 123
15 mg (0.34 mmol) of (E)-2-(6-(2,4-diflucrophenyl)pyridin-3-yhcyclopropylamine
trifluorcacetic acid salt and 180 pi {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 ethy! 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-Diflucrophenyl)pyridin-3-yijcyclopropyljimidazolidine-2,4-dione
1067 mg (0.285 mmol) of (3-((E)-2-(8-(2,4-diflucrophenylipyridin-3-yl)cyclopropyl)-
ureido)acetic acid ethyl ester were heated with 1 ml of ethanol and 5 mi of a 4N

25 hydrochioric acid at 90 °C for 5 h. The mixiture was evaporated, and the residue was
purified by chromatography (RP 18, acefonitrile/water containing 0.1 % TrA) to vieid
a racemic mixture of the fwo 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,28)-2-(6-(2,4-



273 mg (0.99 mmol) of (E)-2-(6-(2,4-difluorophenyl)pyridin-3-yl)cyclopropane- carboxylic acid, 764.6
mg (2.78 mmol) of diphenylphosphoryl azide and 393 pl (2.82 mmol) of triethylamine were heated in
20 ml of tert-butanol under reflux for 8 hours. The mixture was evaporated and the residue treated
with water 308 B A8E&S with 5 ethyl acetate. The organic phases were ev&’%@%@?%ﬁobtained
crude (2-(6- (2,4-difiuorophenyl)pyridin-3-yl)cyclopropyl)carbamic acid tert-butyl ester was stirred with
5 ml of 90 % trifluoroacetic acid at room temperatfifie. Evaporation and purification by chromatography
(RP18, acetonitrile/water containing 0.1 % TFA) vyielded 128 mg (35.8 %) of the title compound. 10
MS: M+H. = 247.10. f) (3-((E)-2-(6-(2,4-Difluorophenyl)pyridin-3-yl)cyclopropyl)ureido)acetic acid ethyl
ester 4dif8arqp(@synwigiret vdoyaicpoepeitradareiitinestef wWirns aodythel dddeof28hits mg

(0.34 | -66762,4-diflar Iging3- ronylanyne: i1 efig acid salt and
150 ol L TR o e B e v
evaporgiedaand the residue was taken up in water and ethyl acetate. The organic layer was

evapor ' %) of the ti 0 qgﬂ§ H:71376.2300)
3-((E)-§](€6g?§%%i%j&%%%%éﬁ%%righ- ?ﬁ%ﬁég&o’%)ﬁﬁim ine- ,m-i%oiﬁz 1% Qr'n'tj1 (0.285 mmol)
of (& ((Eparib(aes-diflasasppleniti i Retentipy diomcpIh-Ifanio)dd&id\thi st3d@stdr were heated
with 1 ml of ethanol and 5 ml 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
% TFARxepgle d3acemic mixture of the two enantiomers of the (E)-configured (= trans-configured)

(metnod NELE % SoT1e Beicd CoA o R e o R S e HChls S e

enantiomers one of which is 3-((1 R,2S)-2-(6-(2,4 WO 2007/000248 PCT/EP2006/005726

O O
A ~ Ak
Cl \N o d Ci \N O)\/
an

10 F F

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 mixiure of the enantiomers by HPLC on a chiral phase
{method HPLC A, column: Daicel Chiraipak AD/H) vielded 4 mg and 5 mg,
respectively, of the pure enantiomers one of which is 3-((1R,25)-2-(6-(3-chloro-4-
fluorophenyl)pyridin-3-yljeyclopropyllimidazolidine-2,4-dione and the other.cf which is
3-({18,2R)-2-(8-(3-chloro-4-fluorophenyl)pyridin-3-y)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" = 348.10.

Exampie 16
25 3-((E)-2-(6-(2,3-Diflucrophenyl)pyridin-3-yhcyclopropyljimidazolidine-2,4-dione



91 difluorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione and the other of which is 3-((1
S,2R)-2-(6-(2,4-difluorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4- dione. Enantiomer 1
(example ntime = 14.27 min. MS: M+H+ = 330.11. 5 Enan e 14-2):
Retention 1'Eviyme = @B%[z]}%n MS: M+H+ = 330.11. Example 15 Beff}ﬁﬁfnsgkéﬂg%’é
3-((E)-2-(6-(3-Chloro-4-fluorophenyl)pyridin-3-yl)cyclop ropyl) imidazolidine-2, 4-dione O O NH NA
NN CIN/ JCINJ jOand/ 10FF AnalogousWto 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 bngPLC on a chiral phase (method HPLC A, column: Daicel
Chiralpak AD/H) yielded 4 mg 5 mg,respectively, of the pure enant|o Aers one §f which is 3-((1
R,2S)-2-(6-(3- r\gﬁﬁyﬁg{ﬂﬁm 3-yl)cyclopropyi)imi ipe<2A-dione<and the other of
which is 3-((1 $,2R)-2-(6-(8-chloro-4+tluorighenyl)pyridin- -yl)c cloprpyl)lmlda lidiné-2,4- 20 dione.

i 1): Rete ime = 16.48-min-MS. MeH+~= 346.08 tiomer 2
(example 1 : time = 18.97 min. Mg M+HH 10 Example 1825

PCT/EP2006/005716 9200 FNHF NA

Analogously to example 14, a racemic mixture of the two enantiomers of the (E£)-

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 OJ/H) yielded 14 mg each of the pure

enantiomers one of which is 3-((1R,28}-2-(6-(2,3-difluorophenyl)pyridin-3-

ylicyclopropyl)imidazolidine-2,4-dione and the other of which is 3-((15,2R)-2-(6-(2,3-
10  diflucrophenyi)pyridin-3-yhcyclopropyl)imidazoiidine-2,4-dione.

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-Dichlorophenylpyridin-3-yl)cyclopropyljimidazolidine-2,4-dione

Ci

Analogously to exampie 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,25)-2-(6-(2,3-



n-N F ' /lam (r) and N O Analogously to example 14, a racemic mixture of the two enantiomers of the
(E)- configured (= trans-configured) title compound was prepared. 5 Separation of the racemic mixture
of the enanyj LC on a chiral phase (method HPLC A, column: Daicel Chiralcel OJ/H)
yielded 14%%%@ﬁ9g?%§; pure enantiomers one of which is I%%Tﬁzmoﬁ/&osnﬁ
3-((1R,2S)-2-(6-(2,3-difiuorophenyl)pyridin-3- yl)cyclopropyl)imidazolidine-2,4-dione and the other of
which is 3-((1 S,2R)-2-(6-(2,3 10 difiuorophenyi)py#lin-3-yl)cyclopropyl)imidazolidine-2,4-dione.
Enantiomer 1 (example 16-1): Retention time = 17.69 min. MS: M+Ht = 330.14. Enantiomer 2
(example 16-2): Retention time = 21.55 min. MS: M+H™ = 330.13. Example 17 15
3-((E)-Z{eniereabienidspridinySoybeinicpyopybispdagoicitezbidiiers aaibHee otiteCpAMIESH NA NH
CIRCI; I | Lo ToYasl] tipmers of the
(E) 20 c!gr%f\llé@r%%%g t?a&és??d%?i%iﬁf‘ggﬁlt ec oiltlJérﬁ v:%?'i)?sie}|c%?epcgar{f:'%dk.5 @e%a@a%ﬂ%ﬁ%éﬁ ’rlgcemic mixture
of the efi@Momers by HPLC on a chiral phase (method HPLC A, column: Daicel Chiralcel OD/H)
vielded 3 {JnGende 1P @earfBROITN £l AbIIoRHiEM LB RIANRISE WNE IS 3861 f0,25)-2-(6-23
WO 2007/000248 PCT/EP2006/005716 93
dichfordpmremiiomainiSxampigobfoby Refentiondireeu 1§ dieraint M8 ditHoRW3igh0R
3-((1S,2R)-2-(6-(2,3-dichlorophenyl)pyridin-3-yl)cyclopropyl)imidazoiidine-2,4- dione. Enantiomer 1
(example 17-1): Retention time = 16.28 min. MS: M+H+ = 362.10.

Example 18

3-{(E)-2-(6-(4-Fluoro-3-methylphenyl)pyridin-3-yhcyclopropyl)imidazolidine-2,4-dione

O
PTAN |
- | )\/NH

N o}

O
o Al

O

NH

and
10

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: Daicei Chiralpak AD/H) yielded 6 mg each of the pure
enantiomers one of which is 3-((1R,2S)-2-(6-{4-flucro-3-methyiphenyl)pyridin-3-
ylcyclopropyl)imidazoiidine-2,4-dione and the other of which is 3-((1S,2R)-2-(6-(4-
fluoro-3-methyiphenyl)pyridin-3-yl)cyclopropyhimidazolidine-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.

Exampie 19 7
3~((E)-2-(6-(3,4-Difluorophenyl)pyridin-3-yl)cyclopropvi)imidazolidine-2,4-dione
25



5 Enantiomer 2 (example 17-2): Retention time = 18.18 min. MS: M+H+ = 362.09. Example 18
3-((E)-2-(6-(4-Fluoro-3-methylphenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-d ione O O NA\ I, NH
NH N OX __and 10 F Analogously to example 14, a racemic mixture of the two enantiomers of the (E)-
configured‘flzet?g%@g%gured) titte compound was prepared. 15 Separatioﬁcwgorogé@ﬁﬁ%ﬁmixture 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 &4wvhich is 3-((1
R,2S)-2-(6-(4-fiuoro-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-d lone.
20 Enantiomer 1 (example 18-1)s Retenti@h time = 5.22 min. MS: M+H+ = 326.23. Effantiomer 2

.68 min. MS: M+H+ = 326.24. & o.:&u,

3-((E)-2-(6-(3,4-Diflucfophehyl)pyridi f-d ione W@2007/000248
PCT/EP2BQ6/08 94 O A'NA
mixture of thg
preparedF

3 lopropyl)imidazolidjfie-2

Analggously to le 14, a racemic
onfidﬂred) titte € mpound was

Analogously to example 14, a racemic mixture of the two enantiomers of the (E)-
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 Chiralpak AD/H) yielded 4 mg and 5 mg,
respectively, of the pure enantiomers one of which is 3-((1R,25)-2-(6-(3 4-
diflucrophenylpyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione and the other of which
10 is 3-({13,2R)-2-(6-(3,4-difluorophenyl)pyridin-3-yljcyclopropyhimidazolidine-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.

15 Example 20
3-((E)-2-(6-(4-Fluorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione

O H
\\f»N
W
el | O
S
N

20 Analogously to example 14, a racemic mixiure of the two enantiomers of the (E)-
configured (= trans-configured) title compound was prepared, i.e. a racemic mixture
of 3-{(1R,28)-2-(6-(4-fluocropheny!)pyridin-3-yl)cyclopropyl)imidazolidine-2 ,4-dione
and 3-((1S,2R)-2-(6-(4-fluorophenyl)pyridin-3-yhcyciopropyl)imidazolidine-2,4-dione.



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-(}%1 R 28?)—2- 6-(3,4- difluorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione and the
other of whith i???é %Q%%is,2R)-2-(6-(3,4-dif|uorophenyl)pyridin-3-y|)cycloprgﬁgma%@%%aﬂ‘ﬁe-z,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: 8#+H" = 330.12. 15 Example 20
3-((E)-2-(6-(4-Fluorophenyl)pyridin-3-yl)cyclop ropyl)im idazolid i ne-2,4-d lone DN AlO F /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, %%{gse% fluorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione and
3-((1S,2R)-2-(b-( -?Iuorophenyl)pyridin-3-yl)cyciopropyl)imidazoliidine-2,4-dione. WO 2007/000248
PCT1ERZ(DeB 136 H6rE&xiafiysephenipzidr(3-ghiyaopropyl)imidazolidine-2,4-dione
"-fluorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione (r)~N ~IE7 CIN F5 a)
6-Bromopyridine-3-carbaldehyde 40.1 ml of a 2M solution of n-butyimagnesium chloride in THE (80.2

mmol) were O H
YN
Ny
= l o)
Cl =
N
5 F

a) 6-Bromopyridine-3-carbalaehyde
40.1 mi of a 2M solution of n-butyimagnesium chioride in THF (80.2 mmol} were
added to a solution 100.2 ml of a 1.6M solution of n-butyliithium in hexane (160.41
10 mmol} in 50 mi of toluene and 50 mi of THF at-10 °C 1o 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 mi of toluene and 200 mi of THFF 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 mi of DMF (274.3 mmol) in 100 mi of toluene and 100 mi 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 mi
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 exiracts 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 23.8 g (60.8 %) of the title compound as a white solid.
Mp. (melting point): 108 °C. 'H-NMR (400 MHz, CDCh): & (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



added to a solution 100.2 ml of a 1.6M solution of n-butyllithium in hexane (160.41 10 mmoi) in 50 ml
of toluene and 50 ml of THE 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 %E%;/%&&pmoi) of 2,5- dibromopyridine in 200 ml of toluene and 200 ml of THE was
-added dropYXI LARVRIEHh while maintaining the temperature of the mixture ngggoé{oﬁ?ééresulting

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 and9®0 ml of THE 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 eactZBfe{h{ Carurmb of e (biphisingpbasph e amdidenejavaticsadidmetijdestatwereentrated in
20 vac gﬁ% 'H'ﬁ aspyrifi romatQok i K thyl acetate 9:1) to
give 23%8‘8-%%9& 0 oé@éfe%ﬁiécbg%%uﬁ?d?a@qa%v%‘u%%%”ﬁﬂ@p&?#g’?{%@%ﬁﬁ%‘? ‘li% C. 'H-NMR (400
MHz, CBOsidepaenin-anisy@rousiy Hrost (o’ Q. Ahe mbdura was1gitsed at)0 7S Hp room

3-(6-Brp€fgqﬁpé( idin. 46 aCl 7 4 0g(59.8
mmol) 0 -(trfﬁ@fi%ﬁ%%ﬁ%n%%ﬁg%ggﬁéﬁg erf%]l(e)@iiﬁ% g&ér%@%gﬁ%%%%%%tk%ﬁ%é solution
of 19.1ky(sbrematrgyan By HRiicagel itk Rhexantletiydapetate/Bbobsttigivati® 4. g KeOdixture was
stirred raon h. \ in vacuo and the residue was
purified%%oigﬁ?oﬂrﬁglgéra%ﬁy@l{gg %%%E%y%@%e@)%\r% eﬁ%ﬁ'g@é’%%&g%ﬁ) to give 13.1 g (90.4 %) of the
title corMpouRBAtFERs iR @98 Mz WRIEISCIE.(MpT)15® E 518, MR §40dHA) TS HY; 6 (ppm)

=3.75 %fﬁ)Sﬁﬁ%ﬁ]@%?ﬁ (PepL 51 5344, 1 H), 7.6 (d, 1 H), 8.4 (s, 1 H). 10 0)

(E)-2-(6-Bromopy yclopropanecarboxylic acid methyl ester 80 ml of anhydrous dimethyl
sulfoxide were added over 15 minutes to a mixture of 0.76 g (19 mmol) of sodium hydride (60 % in

Ln;'ti‘ﬁ53%2i%%'giv(ga?@%éﬁm@ﬁﬂ%ﬂaﬁ%@%&md%&%ﬁgﬂwé@t%P ice bath. The cooling
80 mi of anhydrous dimethy! sulfoxide were added over 15 minuies to a mixture of
0.76 g (18 mmol} of sodium hydride (60 % in mineral oil) and 4. 8 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~-(8-bromopyridin-3-yhacrylic acid methyl ester in 50 ml of anhydrous
dimethyl suifoxide was added io the mixture over 10 min. The resulting
homogeneous vellow solution was stirred for 2 h at room temperature and poured
into 200 mi of cold water. The solution was exiracted three times with 300 m! each of

20 ethyl acetate, and the combined exiracts were washed with 500 ml of brine. The
organic layer was dried over sodium sulfate and concentrated in vacuo. The residue
was purifled by chromatography (silica gel, cyclohexane/sthyl acetate, 85:5) {o give
2.9 g (68.8 %) of the iitle compound as a beige solid.

'H-NMR (400 MHz, CDCh): 8 (ppm) = 1.35 (m, 1H), 1.7 (m, 1H), 1.85 (m, 1H), 2.55

25 {m, 1H), 3.8 (s, 3H), 7.25 (d, 1H), 7.45 (d, 1H), 8.25 (s, 1H).

d} (£)-2-(6-Bromopyridin-3-yi)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 mi of THF, 5 mi of water and 2.5 mi of ethanol, The mixture was stirred
at room temperature for 18 h. The solvent was removed in vacuo. The residue was

dissolved in 3 mit of water and the resulling solution was neutralized by agueous 1N



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 gver 179 min.sThe resulting homogeneous yellow solution was sti&red for02 hgat room
'temperaturg?gnzé’ %éﬁ?ﬁ% into 200 ml of cold water. The solution was extracted tHIERAE< Rith 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 concentr&&d in vacua 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. 1H-NMR (400 MHz, CDCI3): b (ppm) = 1.35 (m, 1H), 1.7 (m, 1H), 1.95 (m,
1H), 2. bydpsoiniprictagid.st®, *SH) ezpradintiteiie e @hie st B bk ation. washed with

s TR e iR PRARSEABIL LeARYd Lbice 5 aeh aidtiumdngisie vere.

acid methy edtde incdid0 mixture of 5 ml of THF, 5 ml of water and 2.5 ml of ethanol. The mixture was

stirred @t roqey-tepIpgLa f?&é.g @@w&%?tgv%@;né_)vpg Srlénvaﬁq N2T Orqﬂgl;% g/ 4’dissolved

in 3 ml of Watér and the result ng solution was neutr y aqueous 20 8
PCTH/ER2)08/606ETH )7 Bivdtachidrict dcid(at.0l€; THeQrécipitate was collected by filtration, washed

with diethyl ether and dried over phosphorus pentoxide to give 2.3 g of the title compound as a white
solid. Mp.: 166 C. 1H-NMR (400 MHz, CDC13): 6 (ppm) = 1.5 (m, 2H), 2 (m, 1H), 2.5 (m, 51 H), 7.6
(dd, 2H3) §(E)2-1B-Hramapyndin:3-givgrnpep it -atesicmaoisy i8I @ibropyl)carbamic acid
tent-buty! IyH )1 okl }%,@EW_@[ JaeiAImYsilelelcals] jpoxylic
acid in %(O%?ﬁrg? fo t?ﬁi%@&%ﬁ?@# %)é%%iﬁg)go iphénylp _os%z‘%{y[a%idg and 10 6. r?l (47.5
mmol) atirddthRPninkof teriHeatatcds $0. € fol . 5 meraoly ehdipheradpbasphovdotddarithe residue
Wa?cd'sc‘?.@‘é?@ é@?‘?ﬂﬂuﬁ&ﬁ%ﬁri@ﬁ%@ﬁﬂﬁ@%&Q%‘&{é&@% BEspeR WA arAlULBIEdRQNIoN of sodium
hydrogencarbonate an

removed in vacuo, and the residue was dissolved in ethyl acetate. The resulting

solution was washed with a saturated solution of scdium hydrogencarbonate and

with brine. The organic fayer was dried over sodium sulfate and concentrated in

vacuo. The residue was purified by chromatography (silica gel, cycichexane/ethyl

15 acetate 8:2) to give 10.5 g (81 %) of the {itle compound.
H-NMR (400 MHz, CDCh): & {ppm) = 1.25 (m, 2H), 1.5 (s, 9H), 2.1 (m, 1H), 2.75 (m,
1H), 4.8 (m, 1H-NH), 7.45 {d, 2H), 8.3 (s, 1H).

fy (E)-2-(6-Bromopyridin-3-yl)cyciopropylamine dihydrochioride
20 41.9 ml of a 4N solution of hydrogen chloride in dioxane (167.6 mmo!) were added o
| 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 dichioromethane at room temperature. The mixiure
was stirred overnight at room temperature and the soivent was removed in vacuo.
The residue was dissolved in diethy! ether. The precipitate was fillered, washed three
25 times with diethyl ether and dried over phosphorus pentoxide to give 8.5 g
(quantitative yield) of crude title compound.
Mp.: 180 °C.

g) (3-((E)-2-{8-Bromopyridin-3-yl)cyclopropyhureido)acetic acid ethyl ester

30 To a solution of 9.5 g (33.5 mmol) of (E)-2-(6-bromopyridin-3-yljcyclopropylamine
dihydrochloride in 100 ml of dry THF were added 15.4 mi (110.65 mmol) of
triethylamine, followed by 3.83 ml (33.5 mmol) of isocyanatoacetic acid sthyl ester.



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 co -NMR (400 MHz, CDCI3): 6 (ppm) = 1.25 (m, 2H), 1. . 1H), 2.75
'(m, 1H),4. (%gh&%“%.ékl%) 7.45 (d, 2H), 8.3 (s, 1 H). 1) (E)-2-(6-Bromopyrid|§f1(-§§ty cy%%’bojgéé%ﬁylamine

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-br&&opyridin-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

preqipitﬁmmf@rw,wfsmﬂahr@@rzstﬁ_m@@mwai&h@ BthidieaRalvaBtRE M PRBHRBIIS pentoxide
to glve_g_ QOKW%Q&’%@Q%QWJ'W%%%t%M%@ four times with water

(3-((E)-2-(6-Bromopyri cyclopropyl)ureido)acetic acid ethyl ester 30 To a solution of 9.59 (33.5
mmol) & praBvisriryepyiesisiied eyetopasiymaraiiaigiang cemeanE atetb vireradp BiVE were

added :Iﬁér@é%gtgﬁ\@%\%}g)gfteg&%am@ggm gd by 3.83 ml (33.5 mmol) of isocyanatoacetic
S

acid ethy r. WO 200 248 PCT/EP2006/005716 98 The mixture was stirred at room
temperblore 1647 6. THNIMRAORA Memi@lin: ddepenhic r38idudihsidsioh i in2 85 (abetate

and wasisd J® fRPANS Wate2 1A A3GIoAYCE AR A4 _w%sgfﬁ B Selfpte andopgentiated

in vacuo to'give 11 g (qUantitative yield) of crude title compound. 5 C. 'H-NMR (400 MHz,
CDCI3B & (srPithlE 1.25 (t, 3H), 1.3 (m, 2H), 2.05 (m, 1 H), 2.65 (m, 1 H), 3.9 (q, 2H), 4.15 (g, 2H), 5.3
(m, 2H; NH), 7.3 (d, 1 H), 7.35 (d, 1 H), 8.2 ((s, 1H). h)
3-((E)-2-(6-Bromopyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione 10 A solution of 10.7 g (31.2 mmol)
of (3-((E)-2-{ESrarfommmeny iy dophonpiRRensd) aieaz e fedient 63.6 mi of aqueous 5N

hydFpchlaic aeish 34 848184 .2 mmol) of (3-((E)-2-(6-bromopyridin-3-yl)cyclopropyl)ureido)-
acetic acid ethy! ester in 63.6 mi of agueous 5N hydrochloric acid and 14 ml of
ethanol was heated at reflux for 3 h. The solvent was removed in vacuo. The residue
was dissolved in ethano! and the solvent removed in vacuo. This operation was
repeated three times. The resulting 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, CDCh): & (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)

iy 3-((E)-2-(6-(3-Chloro-4-fluorophenyl)pyridin-3-ylcycloprepyljimidazolidine-2,4-

20 dione
Under an argon atmosphere, a solution of 0.13 g (0.39 mmol) of 3-((E)-2-(6-
bromopyridin-3-yi)cyclopropyl)imidazolidine-2 4-dione, 0.136 g (0.78 mmol) of 3-
chioro-4-fluorophenylboronic acid, 0.162 g (1.17 mmol) of potassium carbonate and 9
mg (0.0078 mmal) of tetrakis(friphenylphosphane)palladium in 2 mil of DME and 1 mi

25 of water was heated at 85 °C for 5 h. 7 ml of brine were added o the mixture. The
resulting soiution was loaded onto a ChemElut® column and extracted with
dichioromethane. The solvent was removed in vacuo. The residue was purified by
chromatography (silica gel, cyciohexane/ethyl acetate/ethanol 5:5:0.01 {0 5:5:0.1) to
give 0.082 g (60 %) of the (E}-configured (= trans-configured) title compound, t.e. of a

30 racemic mixture of 3-({1R,28)-2-(6-(3-chloro-4-flucrophenyl)pyridin-3-yi)cyciopropyl)-
irmidazolidine-2 4-dione and 3-{(18,2R)-2-(6-(3-chloro-4-flucrophenylpyridin-3-
yl)cyclopropyl)imidazolidine-2,4-dione, as a beige solid.



ethanol was heated at reflux for 3 h. The solvent was removed in vacuo. The residue was dissolved in
ethanol and the solvent removed in vacuo. This operation was repeated three times. The resulting
white solid was dried over phosphorus pentoxide 15 overnight to give 10.3 g of the title compound.
Mp.: 198 CANRAR%80 MHzZ, CDCI3): 6 (ppm) = 1.55 (m, 1H), 1.65 (m, %ﬁf’%‘?ﬁ%"ﬁ(ﬂ?ﬂl ), 2.75
(m, 1 H), 3.9 (s, 2H), 7.6 (s, 2H), 8.35 (s, 1 H), 10.4 (m, 1 H; NH) i)
3-((E)-2-(6-(3-Chloro-4-fluorophenyl)pyridin-3-yl)c§8lopropyl)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-Mpuot@ahayMerddieHitid 388 6 Hg NME? (4080l bizp GBS lkimbcirponatelahdro, Atd)(0.0078

mmol) qf tetrakis (i alladiumd | ;of and, L.ml\2 er,was-hgated at 85
Cron b o e e e e L S T 2R B R S
ChemBEot(i2dplinTd 4 dkiradt8d With 1éHehbidr(ethtide. 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
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Nip.: 17ReCiokute RS B{( Q4. treMEI 10 MR -opEin:Bypovejeptopyhimignzaidinm214t), 2.5

, 1H),. , : vi: , . 95 (m, 1
. 5 EEREr Eaetiies 22 o a0 Wt frGhdrct P el B byl franeRonQbebdl 1
fluoropkemyisamdicaiditecdinptoyiadindensipl el antimatis respetereatomatic gerupfRcs@mula
R50:B . 3-((E)-2+(6-R5Q-nyridin-3- imidazaligi ' les 22 t
R e o ke AL R T
aromatid)oybiepropybimitezpidmasiddicne and the 3-((15,2R)-2-(6-R¥-pyridin-3-

ylicyclopropyl)imidazolidine-2 4-dione of the formulae tm and In.
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The names of the compounds of exampies 22 {o 40 are obtained by replacing the
identifier R* in the general name 3-((E)-2-(68-R>-pyridin-3-yljcyclopropyl)-

20 imidazolidine-2,4-dione of the compounds of formula Ik with the meaning of R given
inn 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

guinolin-6-yi group, the prepared compound of the formula Ik thus is 3-((E}-2-(6-



10 specified in table 1, which are racemic mixtures of the 3-((1R,2S)-2-(6-R50-pyridin-3-
yl)cyclopropyl)imidazolidine-2,4-dione and the 3-((1 S,2R)-2-(6-R50-pyridin-3-
yI)cycIopropyzimidazolidine-2,4-dione of the formulae im and In. C~N N 0 Ik R50\N 15 0 0 NAR50 \N
(NH\ ! t NHYR R4AP#E24he names of the compounds of examples 22 to 40%r&BHtaiREdBIfreplacing
the identifier R50 in the general name 3-((E)-2-(6-R50-pyridin-3-yl)cyclopropyl) 20
imidazolidine-2,4-dione of the compounds of formi.g& Ik with the meaning of R50 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 R50 is a quinolin-6-yi group, the prepared compound of the

formula(Hinasinse3 By A(6- B0 20OBIN0PARMET/ERANBEN0HIA6e 186d in the case of

R50 s EXIR R TEIBENEy Rt e BFSdaIual Chpaeha qup- e BepleS ERRER R ™ "
3-((E)- 2 B{REyanG4 S agophdnilimoidiariyhesidioptophbimidprogivijienid 4z diafirevEhkdicas also be
named as 5-(5-((E)-2-(2,5-dioxoimidazolidin-1.5 lopropyhoyridin:2-yl)-2-fluorobenzonitrile. Table
1. Exan’ﬁﬂl céoﬁ%o%%és 6t ?&‘Fﬂﬁgﬁﬁ éi?h@%”%%%%%ﬁiﬁ%? Er'195\"4‘!5?uoro-2-methylphenyl 326
23 4sflugraeniphrepsiidyyitia®2-yl)-2-fluorobenzonitrile.

Table 1. Example compounds of formula Ik

Example R MS
no. M+H"
22 4-fluoro-2-methylphenyl 326
23 4-fluoronaphthalen-1-yl 362
24 3,5-difluorophenyl 330
25 guinofin-6-yi 345
26 2.3, 4-trifluorophenyl 348
27 | 3,4, 5-triflucropheny! 348
28 3-cyano-4-fluorophenyl 337
28 3,5-dichlorophenyl 362
30 3, 5-dimethyipheny! 322
31 2,3-dimethyiphenyl 322
32 quinolin-5-y! 345
33 naphthalen-1-yl 344
34 naphthalen-2-yi 344

35 3,4-dichlioropheny! 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 naphthaien-2-yl 344 35
3,4-dichlordpRefyT 88248 0 2007/000248 PCT/EP2006/005716 101 ExampfePB3HfL%REM+H+ 36
4-chloro-3-fluorophenyl 346 37 3-fluoro-4-methylphenyl 326 38 4-cyano-3-fluorophenyl 337 39
4-trifluoromethylphenyl 362 40 5-methylthiophent®4yl 314 Example 41 3-((E)-2-(6-(4-Fl uo
ro-2-methylphenyl) pyrid in-3-yl)cyclopropyl) imidazolid i ne-2,4-d ione O O ONA\!JNHNHF (/O
and C 5F Separation of the racemic mixture of the enantiomers of the (E)-configured (= trans-
configuEed titlf compound ined in example 22 by HPLC on a chirg/ohase (method HPLC D,

column~Aicel Thiralcel O H) yielded the pure enantiomers one 10 of which is 3-((1
R,2S)-2%%6-(4-fluoro-2-methylphenyl)pyridin-3- HH"

36 4-chiloro-3-fluoropheny! 348

37 3-fluoro-4-methylphenyl 326

38 4-cyano-3-fluorophenyl 337

39 4-trifluoromethyliphenyl 362

40 5-methylthiophen-2-yi 314

Example 41

3-((E)-2-(6-(4-Fluoro-2-methylphenyl)pyridin-3-yheyclopropyllimidazolidine-2,4-dione

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,28)-2-(6-(4-fluoro-2-methylphenyl)pyridin-3-
yhcyclopropyl)imidazolidine-2,4-dione and the other of which is 3-((1S,2R}-2-(6-(4-
fluoro-2-methyiphenyl)pyridin-3-yhcyclopropyl)imidazotlidine-2, 4-dione.
Enantiomer 1 (example 41-1); Retention time = 18.87 min. MS: M+H" = 326.
Enantiomer 2 (example 41-2); Retenticn time = 20.78 min. MS: M+H" = 326.
15
Example 42
3-({E)-2-(6-(3,5-Difluorophenyl)pyridin-3-yl)cyclopropyllimidazolidine-2 4-dione



yl)cyclopropyl)imidazolidine-2,4-dione and the other of which is 3-((1S,2R)-2-(6-(4- fl
uoro-2-methylphenyl)pyrid in-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¥AFUYE248 5 Example 42 3-((E)-2-(6-(3, 5-Difl uorophenyl)pyid /EP2006/005716
in-3-yl)cyclopropyl)imidazolid i ne-2,4-d ione WO 2007/000248 PCT/EP2006/005716 102 0 0 NH N
1YHI FF(r)and 100 FF Separation of the rad@aic mixture of the enantiomers of the
(E)-configured (= trans 5 configured) title compound obtained in example 24 by HPLC on a chiral
phase (method HPLC B, column: Daicel Chiralcel OJ/H) yielded the pure enantiomers one of which is
3-((1 R,2S9)-2-(6-(3,5-difiuorophenyl)pyridin-3-yi)cyclopropyl)imidazolidine- 2,4-dione and the other of
which is 3-((1 S,2R)-2-(6-(3,5-difluorophe6yl)pyridin-3 yi) cyclopropyl) i m id azol id i rffz, 4-dione. 10

Enantiomer 1 (example 42-1): ntion me = 8.66 min. MS: M+H' = 330. ntiomef;2 (example

42-2): Retention time 6'min. MRj-H' = 330. Example 43 = "*:N
3-((E)-2-(§-(Quinolin- :Xi)p ridin-3-ylWB‘pyl)im id%zolidine-2,4 dioné 1500 WJ/] leiH O
0 N o X
G
and

Separation of the racemic mixture of the enantiomers of the (E)-configured (= trans-
5 configured) title compound obtained in example 24 by HPLC on a chiral phase

(method HPLC B, column: Daicel Chiralcel OJ/H) yieided the pure enantiomers one
of which is 3-{((1R,23}-2-(6-(3,5-diflucrophenyi)pyridin-3-ylcyclopropyl)imidazolidine-
2 4-dione and the other of which is 3-{(1S,2R)-2-(6-(3,5-difluorophenyl)pyridin-3-
yheyclopropyl)imidazolidine-2,4-dione.

10 Enanfiomer 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.

Example 43
3-({{E)-2-(6-(Quinolin-B-yhpyridin-3-ylcyclopropyl)imidazolidine-2,4-dione
15

L

\ o
"NJ(

O

NH

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,28)-2-(6-(quinolin-6-yl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-



and | 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 0J) yielded the pure enantiomers one of which is 3-((1
R,2S)-2-(6-{itSi %28 pyridin-3-yl)cyclopropyl)imidazolidine-2,4 WO 200 FP/0bESAg6/005716
PCT/EP2006/005716 103 dione and the other of which is 3-((1 S,2R)-2-(6-(quinolin-6-yl)pyridin-3-
yl)cyciopropyl) im id azolidine-2,4-dione. Enantiomgg 1 (example 43-1): Retention time = 10.48 min.
MS: M+H' = 345. Enantiomer 2 (example 43-2): Retention time = 14.51 min. MS: M+H' = 345. 5
Example 44 3-((E)-2-(6-(2, 3,4-Trifl uorophenyl)pyrid in-3-yl)cyciop ropyl)im idazolid ine-2,4-d ione O
OF Nmﬁﬁélﬁm RhhE Eth@ﬁ(va(thhHé/er(MQF&@@Q&(@Q:@MM&%@@MW&U@ of the enantiomers
of the (E)-configured (= confi %e compound obtained in example 26 by HPLC on a chiral
phase qﬁ?’f—?@ﬁ r@‘ Wﬁp%ggvc Falcel 0J) yielded the pure enantiomers one of which is

3-((1R, Eﬁaﬁﬁ(@%&ﬁﬂf@wl&@ﬂy hrRatim@on Xoyslopripylimitaddiling 15 244kne and the other

of which.is 2 lugr ridin-3- yhcyclopr, A@rrgi %‘éjﬁnne -2,4-dione.
Enanti %@rf% E‘gf@%%%gf 3% ?%ﬂ? ¥9)Ip§{1 i/é/? W nantiomer 2 (example
44-2): Retention time = 13.13 min. MS: M+H+ = 348. 20 Example 45

Example 44
3-((E)-2-(6-(2,3 4-Triflucrophenvlpyridin-3-yi)cyciopropylyimidazolidine-2,4-dione

O
PUTAN |
\N I )\/NH

0
NJ(NH
o)\/

10
Separation of the racemic mixture of the enantiomers of the (E)—conﬂguréd (= trans-
configured) title compound obtained in example 26 by HPLC on a chiral phase
(method HPLC B, column: Daicel Chiralcel QJ) vielded the pure enantiomers one of
which is 3-((1R,23)-2-(6-(2,3,4-trifluorophenyl)pyridin-3-ylicyclopropyl)imidazolidine-
15 2.4-dione and the other of which is 3-((1S,2R)-2-(6-(2,3,4-triflucrophenyl)pyridin-3-
yhcyclopropyl)imidazolidine-2,4-dione.
Enantiomer 1 {(example 44-1): Retention fime = 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-Trifluocrophenyl)pyridin-3-yl)cyclopropyljimidazolidine-2,4-dione

0
MNJ(NH
o)\/




3-((E)-2-(6-(3,4, 5-Trifluorophenyl)pyrid in-3-yl)cyclopropyl)imidazolidine-2,4-d ione NH N NH F F F:)!
Nand FI>N FF WO 2007/000248 PCT/EP2006/005716 104 Separation of the racemic mixture of
the enantlom rs f%éﬂﬁzgg) configured (= trans- configured) title compound %é@& £xam ple 27 by
HPLC on a'thifal BRase (method HPLC B, column: Daicel Chiralcel OJ) yie e pure enantiomers
one of 5 which is 3-((1R,2S)-2-(6-(3,4,5-trifuorophenyi)pyridin-3-yl)cyclopropyl)imidazolidine- 2,4-dione
and the other of which is 3-((18,2R)-2-(6-(3,4,5-tr1fﬂﬁorophenyl)pyridin-3- yl)cyclopropyl) imidazol
idine-2;4-dione. Enantiomer 1 (example 45-1): Retention time = 11.19 min. MS: M+H+ = 348.
Enantiomer 2 (example 45-2): Retention time = 14.84 min. MS: M+H+ = 348. 10 Example 46

5 (5 ((E) -2-(2,5-Dioxoimidazolidin-1-yl)cyclopropyl)pyridin-2-yl)-2-fluorobenzonitrile O O NBC \ ~ NH \

(E) conti ure’é% hdt % %‘?ﬁﬁiﬁ‘é &%@sﬁaﬁﬁa}ﬁe%wﬁ@géﬁsaﬁau%e s phihe

trans- co |gure ) title compound obtained in example 28 by HPLC on a chiral phase

(metho@mgm}jmm@am@@@mwmﬁa s &ER SR BonFeesiBARISESich is 5-(5-((1
R,2S in=1- [ her o
)- i{%@%éﬁﬂfﬂ?%&@im 15 548!0&9}@18&7 einj3idiaa 4l prabesaniitingadine gther of

which azolidin-1-
5 which is 3-((1R,25)-2-(6-(3.4,5-trifiuorophenyijpyridin-3-yiycyclopropyl)imidazolidine-

2.4-dione and the other of which is 3-({(1S,2R)-2-(6-(3,4,5-triflucrophenvl)pyridin-3-
yheyelopropyliimidazolidine-2,4-dione.

Enantiomer 1 (example 45-1): Retention time = 11.19 min. MS: M+H" = 348.
Enantiomer 2 {(example 45-2): Retention time = 14.84 min. MS: M+H" = 348.

10
Example 46
5-{5-((E)-2-(2,5-Dioxoimidazolidin-1-ylcyclopropylpyridin-2-yl}-2-flucrobenzonitrile
f O O
a8 /MNH ~ ““NJ(NH
N e} N
and
F F
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,28)-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-
ylicyclopropyhpyridin-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-Dimethylpheny!)pyridin-3-yljcyciopropyl)imidazolidine-2 4-dione



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-D imethylphenyl)pyrid in-3-yl)cyclopropyl) imidazolid ine-2, 4-dione
WO 2007/0862%48 B8P 2006/005716 105 1[ _NH * NH (r) and N O Sepafati&R-dpPeie5deemic
mixture of the enantiomers of the (E)-configured (= trans- configured) title compound obtained in
example 30 by HPLC on a chiral phase 5 (method@#”LC C, column: Daicel Chiralcel OJ/H) yielded the
pure enantiomers one of which is
3-((1R,2S)-2-(6-(3,5-dimethylphenyl)pyridin-3-yl)cyclopropyl)imidazolidine- 2,4-dione and the other of
which is 3-((1S,2R)-2-(6-(3,5-dimethylphepyl)pyridin-3- yl)cyclopropyl)imidazoljdine-2,4@ione.
Enantiomer 1 (example 47-1):, tion ffme = 9.89 min. MS: M+H+ = 322. pant/ld{ner 2
(example 47-2): Retenon fiMe = 14. : NH
3-((E)-2-(6(2,3:-Rimethylphenyl)pyridig-3-y)cyclopropyl)imidazolidigg:2,4Yd lone O Q. L XI NH NH N
Jrationhbf the rac@mic mixture of the endatiomers of khe (E)-comfigured (= trans-

itle compound obtained in example@f’by HPLC op-a chiral phase (method HPLC E,
column: Daicel Chiralcel OD/H) yielded the pure enantiomersione 20 of which is 3-((1
R,2S)-2-(6-(2,3-dimethylphenyl)pyridin-3-yl)cyclopropyl)imidazolidine- 2,4-dione and the other of which
is 3-((1 S,2R)-2-(6-(2,3-dimethylphenyl)pyridin-3-

Separation of the racemic mixture of the enantiomers of the (E)-configured (= trans-
configured) title compound obtained in exampie 30 by HPLC on a chiral phase

5 (method HPLC C, column: Daicel Chiraicel OJ/H) yielded the pure enantiomers one
of which is 3-{(1R,2S)-2-(6-(3,5-dimethylphenyl)pyridin-3-yi)cyclopropyllimidazolidine-
2.4-dione and the other of which is 3-((15,2R)-2-(6-{3,5-dimethylphenyljpyridin-3-
yheyclopropyl)imidazolidine-2,4-diohe.
Enantiomer 1 (example 47-1): Retention time = 9.89 min. MS: M+H" = 322.

16 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-yljcyclopropyl)limidazolidine-2,4-dione

and

19

Separation of the racemic mixture of the enantiomers of the (E)-configured (= trans-

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-yicyclopropyl)imidazolidine-

2.4-dione and the other of which is 3-({1S,2R}-2-(6-(2,3-dimethylphenyl)pyridin-3-

yheyclopropyhimidazolidine-2,4-dione.

Enantiomer 1 (example 48-1): Retention fime = 9.55 min. MS: M+H" = 322,



yl)cyclopropyl)imidazolidine-2,4-dione. Enantiomer 1 (example 48-1): Retention time = 9.55 min. MS:
M+H+ = 322. WO 2007/000248 PCT/EP2006/005716 106 Enantiomer 2 (example 48-2): Retention
time = 11.08 min. MS: M+H4 = 322. Example 49 3-((E)-2-(6-(3,4-Dichlorophenyi)pyridi n-3-yl)cyciop
ropyi) im id¥ZORCHEEEIE dione 5:nINJ N H NH and Cl Separation of the FicEFREUIHITEDf the
enantiomers of the (E)-configured (= trans- configured) title compound obtained in example 35 by
HPLC on a chiral phase 10 (method HPLC B, cokgs: Daicel Chiralcel OJ) yielded the pure
enantiomers one of which is
3-((1R,2S)-2-(6-(3,4-dichlorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine- 2,4-dione and the other of
which ig ga(tlidnidR PdkB el tdipyophasntipyr ithne3= vicgelopropMBnividaibEdng-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-C
hioro-3&xmrasiaety/l)pyridin-3- yI)cycIop ropyi) im idazolid ine-2,4-dione O O NH NANH F\F N (r) ~

N
O 20 d.ClS U er mlc of the ena lomers e figured (= trans
confio T o e é’%&#ﬁ‘r@ﬁ@ﬁ%}%&% T IHEEe (a8 HpLc ¢
colynn: Daicel Chiralcel OJ) yielded the pure enantiomers one of WO 2007/000248
PCT/EP2006/005716
/\ A\. NH /YA . NH
O

Cl

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) vielded the pure enantiomers one of
which is 3-((1R,28)-2-(6-(3,4-dichiorophenyl)pyridin-3-yl)cyclopropyl)imidazolidine-
2 4-dione and the other of which is 3-((15,2R)-2-(6-(3,4-dichlorophenyl)pyridin-3-
vhcyclopropyliimidazolidine-2,4-dione.
Enantiomer 1 {example 48-1}; 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-flucrophenyl)pyridin-3-yhcyclopropyl)imidazolidine-2,4-dicne

. 0
o NJ{NH
o}\/

20 Cl

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) vielded the pure enantiomers one of



107 which is 3-((IR,2S)-2-(6-(4-ehloro-3-fiuorophenyl)pyridin-3- yl)cyclopropyl)imidazoiidine-2,4-dione
and the other of which is 3-((1S,2R)-2-(6-(4- chioro-3-fluorophenyl)
pyridin-3-yl)cyclopropyl)imidazolidine-2,4-dione. Enantiomer 1 (example 50-1): Retention time = 7.82
-min. MS: M¥1308788624% Enantiomer 2 (example 50-2): Retention time = 1BZERAONIS 4+ H+ = 346.
Example 51 3-((E)-2-(6-(3-F luoro-4-methylphenyl)pyridin-3-yl)cyclopropyl)imidazolidine-2,4-d Tone O
ONHNNH ii FNFand O 10 Separation of thegracemic 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-((1 Rva§12 166303 firopg panetinglpheind) pyffisirophiemgpkiipyBimidazolidine-2,4-dione and the

her of which is 3-((1S,2R)-2-(a-(3-fl -4- henylpyridin-3-yi imi lidine-2,4-d
e, EHIAORRIEE RN s R e Coooih ] WSS oo St 2
(exampiaibio2)-Retespiemineyrdd- 3% upciSodyiimia 326lidaExanpins? "
3-((E)-%—é%{(}5®|\§%%%§he -2- I)E%ggln-?;-gg%clo r% I%'ﬂ%%%niﬁ%ﬁ*d:l%m%o O€e"NH N and

SsOa
5 Enantiomer 2 (example 50-2); Retention time = 10.42 min. MS: M+H" = 346.

Example 51
3-({E)-2-(6-(3-Flucro-4-methylphenyl)pyridin-3-yl)cyclopropyhimidazolidine-2 4-dione

and

10

Separation of the racemic mixture of the enantiomers of the {(k)-configured (= trans-
configured) title compound obtained in exampie 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,28)-2-(6-(3-fluoro-4-methylphenylpyridin-3-
yheyciopropyliimidazolidine-2,4-dione and the other of which is 3-((15,2R}-2-(6-(3-
fluoro-4-methylphenyl)pyridin-3-vlicyclopropyl)imidazolidine-2 4-dione.
Enantiomer 1 (example 51-1): Retention time = 2.89 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-Methylithiophen-2-yhpyridin-3-yljcyclopropyllimidazolidine-2 ,4-dione

0 0
a ‘N‘A\NANH ~ I'”N/[(NH
S = }\/ S

\/ N © and \/ N C

/



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) yielded the pure enantiomers one of 5 which is 3-((1
R,2S)-2-(6-BhitfiMAtdPhen-2-yl)pyridin-3- yl)cyclopropyl)imidazolidine-2, f@ﬁﬁ@ﬁ?ﬁdﬂﬂﬁéléther of
which is 3-((1 S,2R)-2-(6-(5--m ethylth io p h e n-2-yi) pyrid i n-3-yl)cyclopropy!) imid azo lid i n e-2,
4-d io ne. Enantiomer 1 (example 52-1): Retentiopgdgne = 12.82 min. MS: M+H"™ = 314. Enantiomer 2
(example 52-2): Retention time = 18.72 min. MS: M+H" = 314. 10 Determination of the biological
activity A) Activation of eNOS transcription 15 Activation of eNOS transcription was measured as
described in detall by Li et al., "Activation of protein kinase C alpha and/or epsilon enhances

t f1h d th it id nth Mot Ph l, 1998) 630.
Brity, T3 RE] HE A ST N L GG U P SRDB S SRRUBRIREH 26 efences

and clonedﬂgzirr@iwualﬁsmawwmmneﬁaﬁr@ﬁbmmm@ly%mm@h afdhipa@asgromoter by

reporter, human en oth lin ted and expressing this
promoté\%l%rlbfgﬁé%ggg% JﬁﬁTaB s‘ﬂﬁéda%% '@'@%gf’@ﬁ Fith the
compouyigishlb mtmpsmwetmmwﬁem@)mﬂhygsuIfOX|de (DMSO). A final

concentr, tlo of 0.5 % DMSO. p med| Iow nductlo e
expresé’ %’é@@“’c@f@% [%%Cﬁéﬂ%% Fﬁcﬁ’ E;géﬁ (%é%‘t)eé'@n{éga Cat. No.
E150) mm@tmdpﬁmmmm@lm@miwgmm@@ﬁ%mgells incubated with
compo ere co aredt S ate with s t ajon th activities
(transc%fﬁ')#lmaﬁ& %%% ﬁ[s%ﬁ SRRPES mnct%n élf%?n&?h% gﬁu %Qa%ron. Typically, TIR
values Bratttidmido® (mmpieaﬂar:@)a%mmtkmdtca&!mrmmommwwffec:&ﬁnd WO
20%/000248 PCT/EP2006/005716 109

Determination of the biological activity

A) Activation of eNOS transcription
15
Activation of eNOS transcripticﬁn 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 {19288) 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 consiruct 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 aliowed. induction of reporter
gene expression in these cells was measured using a standard luciferase assay
system (Promega, Cat. No. E150) according to the manufaciurer'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



extended up to a maximum TIR value TIR(max) which indicates the increase of the eNOS
transcription. EC50 values of transcription induction ratios as a function of compound concentration
were determined graphically. 5 Numerous compounds of the instant invention were tested by the
-above-des#Bed4¥&¥End found to increase protein transcription. GenerdfyT #2868 d6mpounds
exhibited EC50 values of less than about 50 pM. Preferred compounds, including the compounds of
examples 2, 3, 11, 32, 38, for example, exhibited4@SQ values of from about 5 pM to about 0.5 pM.
More preferred compounds, including the compounds of 10 examples 14-2, 15-1, 16-1, 17-2, 18-1,
19-1, 21, 25, 28, 34, 40, for example, exhibited EC50 values of less than about 0.5 pM. The effect of

compogrtindee NP totmnrsstinion WIS el MiR(m s edoot assiexidased pireNesSqafrpiein
detection, Primary human umbhilical vein cord endothelial, 15 cells (HUVEC) were isolated and
cultvaB QS ARG 1D i o YRR LT P LI ARG S A CORpBunds for 18 h
and theceffgut@ndedin Senieitn ewdre skitsraitedngrag iy liguantitative 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

polymchyilamitegetelegicepliy esithandsunitadventisnaetinorestagrohraneabdsingsseppeific primary
monoclonal antibopli?/%l B( ransduction Labortatpries, UK) and Ikalinﬁf?ﬁsptg%%;e labelled secondary

antiboo%ﬁﬁﬁa){:@}sin F%‘Qﬁé%%?@%g'% SRR WS E Y e 1 ntREP tona
chemoiixhibiedrEe detedlion ai¢isedhah hbew ol dfiiiferefumeeuncmobiivifrimtiagihgeid:la can

Iso be investigated in the followj ' imal iment formed. i d
PP Y AR N b e e e o i
given hytibetGuie foralbeLfars phil Merobleleoratbuopoiria of itsiudidl dhionalnidinaiitues of
o)) Ails 900 eL(E e 95 51D} A9, S0 80Rg g G T/Ep200gioose

exhibited ECs values of less than about 0.5 pM.

The effect of compounds on eNOS-transcription was confirmed in a second assay
based on eNOS protein detection. Primary human umbilical vein cord endotheiial

15 celis (HUVEC) were isolated and cuitivated according to standard procedures.
Confluent cells were incubated with compounds for 18 h and the effect on eNOCS
protein expressioh determined by a quantitative Western blotling 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 biotted fo
nitrocellulose membranes. Using a specific primary monoclonal antibody
{Transduction Laboratories, UK) and alkaline phosphatase iabelled secondary
antibody (Jackson Labs), a specific eNOS protein band was visualized and quantified
based on a chemofiucrescence detection method.

25
The effect of the compounds of the formulae | and ia 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).

Animails and treatment (experiments B - D)



110 ApoE and eNOS deficient mice (C57BU6J background, Jackson Laboratory, Bar Harbor, Me) are
used. All animals are 10 to 12 weeks of age and weigh 22 to 28 g. Three days before surgery mice
are divided into 4 groups (apoE control, n = 10 to 12; 5 apoE with test compounds, n = 10 to 12; eNOS
control, n M@ WP TH¥EHOS with test compounds, n = 10 to 12) and receiv® ehfEr2PeiidHrd rodent
chow (containing 4 % of fat and 0.001 % of cholesterol; in the following designated as placebo group)
or a standard rodent chow + test compound (10 130 mg/kg/day p.o.). 10 B) Anti-hypertensive effect
in ApoE knockout mice 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

treatme nhibition_of n omtr a.for enesis uff) fter 3 day
treatm %ﬁﬁ@l‘:&&gﬁ Pﬁ%g W?r@?s%%a’%ﬂ/ gd%eg%) g'/?(%%ég &eé\e;d in chow),
animals-an®enavtiesizedawith Ah aﬁrmrtmeammemamaﬁmem@mm @eiggad)jddidged by an
intram uIar Iaﬁ% %of xylazin (2. m uff.is placed ar und.the f rréri)ral ar{eﬂ( aj
descrlb ER'S i ol (g _aL YT§€%§ ?%?gﬁ’y ﬁg{?é’fﬁ% oral artery IS diSsected.
A n@n- onmmlésﬁwmpumuyenecmftmade@N%mmtnnga(mn@rtdramem«m@wﬁmegﬁ outer
diameter 0.965 m Bec ig}ﬁlnsonrMountal VI?WS éslp?!ace }2 [z{)trte%a%ioyed in
place \Aﬁm‘“‘f‘ s&ure g&mqer%%%i |sa|solaat q' oA e surrou ing SHE84es But a cuff
is not pd:ﬁf(fadaiEtBatatEthﬂvaﬁdheimG&ﬁtmetimermimmdus:immnamﬁfas Padepoaretusqrgesy. Then
the anl éa)g The orta are taken {gpdet ?pf vascglar eNOS expressions by

quantlt ggﬁﬁ?‘gﬁ?ggng ie¥ are 'l &Y Fs&¢ in formalin and embedded

in paraffin. 20 Cross sectlons (10 pm) are cut from the cuﬁed portlon of the left femoral artery and from

tlhlelgorrg)spong\rqg a gren enr% 9(3!{, {tahgﬂrg &Qtigrﬁe;{g en%'c qns are i\([:’Veo 2007/000248 PCT/EP2006/005716

Blood-pressure is determined in conscious mice using a computerized tail-cuff
system {Visitech Systems, Apex, Nc}. After treatment of Apok deficient mice and
‘eNOS deficient mice with the test compounds the bicod pressure is compared fo the

15 results obtained with a placebo freatment.
C) inhibition of neointima formation and atherogenesis (femoral artery cuff)

Afier 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 pentobarbitat (60 mg/kg) followed by an intramuscular injection of xylazin
{2 mg/kg) and a cuff is p!acéd around the femoral artery as described in Moroi et al.
{4 Clin. Invest. 101 (1988) 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 animails are sacrificed.
The aorta are taken for determination of vascular eNOS expressions by gquantitative

30 western blotting. Both femoral arteries are harvested, fixed in formalin and embedded
in paraffin. 20 cross sections (10 ym) are cut from the cuffed portion of the left
femoral artery and from the corresponding segment of the right artery. Sections are



subjected to standard hematoxylin and eosin staining. Morphometric analyses are performed using an
image analysis computer program (LeicaQWin, Leica Imaging Systems, Cambridge, GB). For each
cross section the area of the lumen, the neointima and the media are determined. To this end, the
“neointima V@2#7&¥%4%he 5 area between the lumen and the internal eladtfcHiZRA ARt the media is
defined as the area between the internal and the external elastic lamina. The ratio between the area
of the neointima and the area of the media is expressed as the neointima/media ratio. The results
obtained in the compound group are compared to those obtained in the placebo group. 10 D)
Prevention of atherosclerotic plaque formation in chronic treatment ApoE deficient mice are treated for

16 wegkmitfoth eresnetineamaRirnersedsin ctainingdVioatiaaetificathalystasare removed
from each_mouse, fixed in formalin 15 and embeci%ed inéaraff' . J%ra%%blsformation is measured via
eicar

lipid leBRRQTBRAARIRG R IMAREat Al S GRIDRIS 19 0 IR 9 Ged o
stainingyERimau@ditinades cifecrdtbacrapectveection thedmrveisthsdumédSiexpression the

femoral arteries are used in this experiment, The restlts obtained in the,compoun [oup are
compa‘f‘@&’%‘fﬂ@@gmqﬁ@ %%m%%p{:e#ﬁ Fit r(%gﬂ?ﬂ%?wag%§%ﬁpundgﬁ§nt%ﬁ diseased
ApeE dedisieatmien @ld Malenwiddd e GhIBidbd!astie Eharteaiiiee Wigdi6 mltiefibatztedd), and
apoE deficient mice (C57BU6J backgroupd, Jackson Laboratory, Bar.Harbor, NMe) of 6 25 month of
age ar@SRIGRINGHERNIBY 'Qg rlﬂ‘?(i((%ﬂ#ﬁ?&gﬁﬁﬁlﬁ%ﬁiﬁé@%ﬁg%hﬁgd’aé (I¥ID %@V‘fgﬁﬂs C57BU6J, n
= 8; apgls £entieh feaiftiapoErwithecspectiercompding expr8ysad sedtigafariftivenksasither a
standard rodent chow (containing 4 % of fat and Q.001 % of cholesterol) or a standard.rodent chow +
respec’fﬁfg’gae%éﬁﬁg Bgﬁﬁw? /ﬂf?:\ﬁé}?&?Wﬁ@ﬁ@%%%%ﬁﬁi%m}%ﬁﬁego%umgpsj%n %Lge'ir e%gﬁ\e (100
mg/kg fid)pRRSHs! gheupearts 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)
whRh is started immediately at a constant perfusion

D}  Prevention of atherosclerotic plague formation in chronic treatment

ApoE 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. Plague formation is measured via lipid lesions formation in
the aortas (from aocrtic 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 Apok deficient mice

Old Maie wild-type C57BL/6J mice (Charles River Wiga GmbH, Sulzfeld), and apok
deficient mice (C57BL/8J 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 (C57BLYBJ, 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 cannuiated and connected to a perfusion apparatus (Hugo Sachs |
Electronics, Freiburg, Germany) which is started immediately at a constant perfusion



WO 2007/000248 PCT/EP2006/005716 112 pressure of 60 mm Hg. Hearts are perfused in a
retrograde fashion with modified Krebs bicarbonate buffer, equilibrated with 95 % 02 and 5 % CO2
and maintained at 37.5 C. A beveled small tube (PE 50) is passed through a pulmonary vein into the
left ventricky@ndopifiettghrough the ventricular wall, anchored in the apex RCAHEIGB A6 and
connected to a tip-micromanometer (Millar 1.4 French). The left atrium is cannulated through the
same pulmonary vein and the heart switched to §ygpworking mode with a constant preload pressure of
10 mm Hg and an afterload pressure of 60 mm Hg. Aortic outflow and atrial inflow are continuously
measured using ultrasonic flow probes (HSEFfransonic Systems Inc.). Coronary flow is calculated as

the 10 differenas,patyiern Aliailanaarkansitidew imk Pé{mfgt‘;lﬁaﬁﬂhisﬁ%ﬁ amrdigiiaeeat a sampling
rate of 1000 Hz and recorded with a PC using spezialized software (HEM, Notocol%?él.inl-%%?rts are

allowedifsshirprmae hiffehPeviisahui Ahanfieand are $5Hmand may Fady state,
and dugng;\lune,aRgiiessidIe AasEineE L) WqEaalREHPGHAECHINSDAEEOBRITIEEREhBY Varying

pre-load pressure. For acc’wsmon of preload curves, afterload is set at 60 mm Hg and preload is

adjustelafiveHiaieigdepliofeiniadagdns vaBtosHanvRy. ABSREE IR SRAIZYEE baseline
Cons“ti@?ﬁsPsﬁa%a@aéwﬁ)wﬁawﬂ@mﬁw@ WRA0DH 0248 PERERACAANASZL6 113
Patent claims 1. A compound of the formula I, IO R3iX~ 7A., NAR1 1 Het 1z 5 k2 in which
cannulated through the same pulmonary vein and the heart switched to the working
mode with 2 constant preload pressure of 10 mm Hg and an afterload pressure of 60
mm Hg. Aortic outflow and atrial inflow are continuously measured using ulfrasonic
flow probes {HSE/Transonic Systems Inc.). Coronary fiow is calculated as the
10 difference between atrial flow and aortic flow. All hemodynamic data are digitized at a
sampling rate of 1000 Hz and recorded with a PC using speziafized software (HEM,

Notocord).

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 aliowed to stabilize at
baseline conditions between pressure and volume loading.

20



A is chosen from -CH=CH-CH2-, -C=C-CH2-, which groups are bonded to the group Het via the
terminal atom of the double or triple bond, the group of the formula 1l, 10 which is bonded to the group
Het via a ring atom, and the group of the formula I1ll, CHz)a CHZ)S (CH2)r it lll wherein in the
formulae |i WiSPNHIEBHNds via which the groups are connected to the 15 BEHERASGBRIBES are
depicted by the lines starting at ring atoms and at the group (CH2)r, and wherein all groups A can be
substituted by one or more identical or different gylstituents R4; 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, NR13, 0 and S and which can be substituted by one or more identical
or diffepestsisiiignts R5; X is chosen from a direct bond, CH2, 0 and NH; 25 R1 and R2 are
independently of each other chosen from (C7-C6)-alkyl, (C3-C6)- alkenyl, (C3-C5)-alkynyl,
(C3-C7)-cycloalkyl-CnH2n-, phenyl-CnH2n- and heteroaryl WO 2007/000248 PCT/EP2006/005716
114 C,H2A varngdrihgait thaeshtanaoe hydrogen, wherein the groups (C1-C6)-alkyl, (C3-
C?)-cycloalkyl, (C3-C6)-alkenyl and (C3-C6)-alkynyl can all be substituted by one or more identical or
different substituents R6, and the groups CH2" can all be substituted by one or more identical or
different substituents chosen fromfjuorine and 5 (C1-C4)-alkyl, and all phenyl groups and heteroaryl
groups can indepeﬁently of each |pther be substituted by one or more identical or different
substituents Rg? ot réog ~iQdethes with the N;CO group which carries them, form a 4-membered
to 1 0-membered, mondcyclic of bicyclic, saturated or unsaturated ring which, in addition to the ring
nitrggen atom being part of thelN-CO group, can contain one or 10 two further hetero ring members
chosen from N, NR 12, 0, S, SO and SO2 which can be identical or different, with the proviso that two
ring members from the series 0, S, SO and SO2 cannot be present in adjacent ring positions, wherein
the ringrfomimett by

A is chosen from -CH=CH-CH;-, -C=C-CH3-, 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 i,

(CH,);

i i

wherein in the formutae il and {ll the bonds via which the groups are connected to the

15 adjacent groups, are depicted by the lines stariing at ring atoms and at the group
(CHa2):, and wherein all groups A can be substituted by one or more identical or
different substituents R®;

Het is a 5-membered or 8-membered, monocyclic aromatic group which contains one
20 or two identical or different hetere 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 and NH;

25 R'and R? are independently of each other chosen from (C1-Ce)-alkyl, (Cz-Ca)-
alkenyl, {C3-Cs)-alkyny!, (C3-Cr)-cycloalkyl-CiHzn-, phenyl-CoHon- and heteroaryl-



R'and R2 and the N-CO group which carries them can be substituted by one or more identical or
different substituents R8; 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, (C1-C4)-alkyl,
(C1-C4)-aA8fIe%0ED)-alkyl-, OH, (C1-C4)-alkyloxy which can be substﬁ&t@%‘fﬂ?ws more
fluorine atoms, (C1-C2)-alkylenedioxy which can be substituted by one or 20 more fluorine atoms,
(C,-C4)-alkylmercapto, NH2, (C,-C4)-alkylamino,idigC1-C4)- alkyl)amino, ((C1-C4)-alkyl)-CONH-,
di((C1-C4)-alkyl)aminocarbonyl-, ((C1-C4)- alkyl)aminocarbonyl-, ((C1-C4)-alkyloxy)carbonyl-, COOH,
CONH2, CN, CF3, H2NSO2- and (C1-C4)-alkyl-SO2-; 25 R4 is chosen from (C1-C4)-alkyl and

fluorings fRE.is eivesk famimaldgition(64 KAretion, (WistAhatiylgrysR1UC2Ea)kglkyDK(C1-C4)-
b e X D PP B s i
di((Cl1aéreluemainoeaiiferyht §@biGdealkyREnind theborypg(ClHeddaallalida)carbonyl-, COOH,
O S Bl b A e T g o
((C3-Ceyatsy)) RGN bindc bl Gher)-ghodlmnindcaetendry( @ bupé) carkyhaiopeademyy oCEXOH,
L P R o
which earRBeasidbRfituterbineonsthrtneole- (i gneuponmciCi@a) thiepimiavamol-Nd2nbered
(& i S S R B
and (Cadaftical kw60 ZridRGitinghasatvfrobeing qgeh ofCie0d )k grd@3- €30 CyntaiikyhE€oF 2n-,
P 8 el Ptara g Thambe & Rl N ¥ RYN R BlY S R & Tafialkyloxy which
be identical or different, with the proviso that two ring members from the series O, §,
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
R is chosen from phenyl, naphthaleny! and heteroary! which can all be substituted
by one or more identical or different substituents chosen from halogen, {C1-Cy)-alkyl,
(C1-Cq)-alkyloxy-(C+-Cy)-alkyl-, OH, {C1-Ca)-alkyloxy which can be substituted by one
or more fluorine atoms, (C+-Ca)-alkylenedioxy which can be substituted by one or
20 more fluorine atoms, (C1-Ca)-alkyimercapto, NHp, (C+-Cs)-alkylamino, di({(C4-Cq)-
alkylamino, ({C1-Cs)-alkyl}-CONH-, di{(C+-Cs)-alkyl)aminocarbonyl-, ({(C4-Cq4)-
alkyhaminocarbonyl-, ((C1-Cs)-alkyloxy)carbonyi-, COOH, CONHz, CN, CF3, HaNSO,-
and {C4-Ca)-alkyl-SOp-;

25 R*is chosen from (C-Cy)-alkyl and fluorine;

R is chosen from halogen, (C+-Ca)-alkyl, (C4-Ca)-alkyloxy-(C1-Co)-alkyl-, OH, (C1-Cy)-
alkyloxy which can be substituted by one or more fluorine atoms, (C1-Cq)-
alkylmercapto, NH;, (C1-Ca)-alkylamino, di((C+-Cg)-atkylyamino, ((C1-Cy)-alkyl)-

30 CONH-, di{(C4-Cs)-alkylaminocarbonyi-, ((C1-Ca)-alkylyaminocarbonyl-, ((C4-Cy)-
atkyloxy)carbonyl-, COOH, CONH,, CN, CF; and (C4-Ca}-alkyl-SO2-;



can be substituted by one or more fluorine atoms, (C1-C2)-alkylenedioxy which can 15 be substituted
by one or more fluorine atoms, (C1-C4)-alkylmercapto, NH2, (C1-C4)- alkylamino,
di((C1-C4)-alkyl)amino, ((C1-C4)-alkyl)-CONH-, di((C1-C4)- alkyl)aminocarbonyl-,

((C1-C4)-alR paTeeebonyl-, ((Cl-C4)-aIkyloxy)carbonyl-, COOH, CONHSTERZGEYIIPNSO2- and
(C1-C4)-alkyl-SO2-, wherein all phenyl groups and heteroaryl groups can independently of each other
be substituted by one or more 20 identical or diffgrent substituents chosen from halogen,
(C1-C4)-alkyl, CF3 and (C1- C4)-alkyloxy; R12 is chosen from hydrogen, (C1-C4)-alkyl,
(C3-C7)-cyCloalkyl-CnH2, , phenyl-CnH2n-, heteroaryl-CnH2n , ((C1-C4)-alkyl)-CO-,

(C3-C TR GZAenep 511y bRIH-C GlRyi ey (G RPIro4iis; GGk O-CO

and phenyl-CnH2n-O-C rein g aryl grou n suhstituted by one
or moré: @'{ﬁgﬁﬁr@frﬁ?ﬁggﬁtgz &r&bm eq%(% a‘?ﬁr@@@i’ﬁ’gﬁﬁ CE@:&%%‘ T1-C4)-
alkyloxgiidfoRyigdmergse COmHNBDNgERn, (Bl ed)@fyl and phenyl-CnH2n-, Wherein the phenyl
group can be substituted by one or more identical or different substituents chosen WO 2007/000248

PCTIEP2006/005716 116 from halogen, (C1-C4)-alkyl, CF3 and (C1-C4)-alkyloxy, where all groups
R9% afRTili@@ﬁ@Qéﬁﬁmﬁ&%bg@ﬂe'{@P@Qﬁa kgl iqentica)-alidifterpnC heipratkyl-isAH-(Gantagred or

netoro AN R LR RORFHLIRREY 606G ST DO Stare G chibers n are
indepepflensabarsty hRhESHCES bebidieniinhbyr shifesemtictd Biairine Aands (DRCL)-15sis 1, 2, 3
SR ARt A T S AT N e
CONH-, di{{C+-Cs)-alkylyaminocarbonyl-, {{C+-Cq)-alkyl)aminocarbonyl-, ((C+-Cs)-
10  alkyloxy)carbonyl-, COOH, CONHa, CN, CF3, HaNSO»- and (C4-Ca)-alkyl-SO;-;

R® is chosen from halogen, (C+-Cg4)-alkyl, (C3-C;)-cycloalkyl-CrHan-, phenyl-CrHan-,
heteroaryl-CoHazn-, (C1-Ca)-alkyloxy-(C1-Ca)-alkyl-, OH, oxo, {(C4-Cy)-alkyloxy which
can be substituted by one or more fluorine atoms, (C4-Cz)-alkylenedioxy which can
15 be substituted by one or more fluorine atoms, (C1-Cy)-alkylmercapto, NH;, (C4-Cy)-
atkylamine, dif{C-Cy)-alkyl)amino, ((C1-Ca)-alkyl}-CONH-, di({T+-C4)-
alkyhaminocarbonyl-, ((Cs-Cq)-alkyl)aminocarbonyl-, ((C+-Cq)-alkyloxy)carbonyl-,
COOH, CONH,, CN, CF3, HaNSO,- and (C1-C4)-alkyl-S0O,-, wherein all phenyl groups
and heteroaryi groups can independently of each other be substituted by one or more
20 identical or different substituents chosen from halogen, (C1-Cg)-alkyl, CF3 and (C4-

Ca)-altkyloxy;

12 is chosen from hydrogen, (C1-Ca)-alkyl, (C3-Cr)-cycloalkyl-CoHan-, phenyl-CoHan-,
heteroaryl-ChHan-, ((C1-Cy)-alkyl)-CO-, (C3-Cr)-cycloalkyl-CyHz,-CO-, phenyl-CrHan-
25 CO-, heteroaryl-ColHan-CO-, {{C1-Cq)-alkyl)-O-CO- and phenyl-CyHza-0-CO-, wherein
all phenyl groups and heteroaryl groups can be substifuted by one or more identical
or different substituents chosen from halogen, (C1-Cs)-alkyl, CF3 and (C4-Cs)-

alkyloxy;

30 R'™ s chosen from hydrogen, (C1-Ca)-alkyl and phenyl-ChHzq-, wherein the phenyl
group can be substituted by one or more identical or different substituents chosen



a physiologically acceptable salt thereof. 20 2. A compound as claimed in claim 1, in which A is
chosen from -CH=CH-CH2-, -C=C-CH2-, 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 ¥Eh2AFOE4EH2) wherein in the formula lla the bonds via whick $HEE§A80H ¢Bhnected to
the adjacent groups, are depicted by the lines starting at a ring atom and at the group (CH2),, and
wherein all groups A can be substituted by one oyfgore identical or different 30 substituents R4; WO
2007/000248 PC IEP2006/005716 117 or a physiologically acceptable salt thereof. 3. A compound as
claimed in any of claims 1 and 2, in which A is chosen from -CH=CH-CHZ- and -C(r)C-CH2-, which

groupsase, basisaroe oRukiieORa el idemiraliaioryoiiherdastblsron s barel, or a
physiologically acceptable salt theregf. 4. A compoun as#Eimeg_géin any of claims 1 and 2, in which A
is the grogperaRNtBHRAENRIRNA Wﬂ%%?ﬂfé%‘i‘é@(ﬂ/ﬂk fr&%Foup is connected to the adjacent 10
groups are depicted by the lines starting at ring atoms, lic or a physiologically acceptable salt thereof.

15 5. A compound as claimed in any of claims | to 4, in which R1 and Rg to%etheré‘/vi the N-CO
group WRIEFPEIHIS TrermaBine L4 -MidB FE%%EQOW&R%? G 35818 9(90 6PoEVETt, saturated or

unsSitupeE BNy doRtisiiendEnthar egdiiferean keesrdding marhbetisecNo€&h dromp Ngan contain
one or twq 20 further hetero ring members chosen from N, NR 12, 0, S, SO and SO2 which can be
identic&l®r d@e?éﬁ,ﬁmith the proviso that two ring members from the series 0, S, SO

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

identical or different;
10
gis1,2, 3 4orb;

risGor1;
15 sis 1,2, 3ord4;

in any of its sterecisomeric forms or a mixture of sterecisomeric forms in any ratio, ot

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-CH,-, which groups are bonded {o the group
Het via the terminal atom of the double or triple bond, and the group of the formula
ita, which is bonded to the group Het via a ring atom,

A fia
(CH,)

r

25

wherein in the formula lia 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 (CHz);, and
wherein all groups A can be substituted by one or more identical or different

30 substituents R*;



and SO2 cannot be present in adjacent ring positions, wherein the ring formed by R1 and R2 and the
N-CO group which carries them can be substituted by one or more identical or different substituents
R8; 25 or %‘Ph siolo%ically acceptable salt thereof. 6. A compound as claimed in anX of claims 1 to 5,
in which R @%W@ﬁ’)‘) %ihich can be substituted by one or more identical or HirfeFEAP & I8t ients which
are chosen from halogen, (C9-C4)-alkyl, (C'-C4)-alkyloxy-(C1-C2)- 30 alkyl-, (C9-C4)-alkyloxy which
can be substituted by one or more fluorine atoms,{€1 WO 2007/000248 PCT/EP2006/005716 118
C4)-alkylmercapto, (C1-C4)-alkylamino, di((C9-C4)-alkyl)amino, CONH2, CN, CF3 and
(Ct-C4)-alkyl-SO2-; or a physiologically acceptable salt thereof. 5 7. A compound as claimed in any of
claims d; 3 ghysidi6gicallyictdestahegralifhefrtuf formula lla, which is bonded to the group Het via a
ring atom, lla (CHZ) 10 wherein in the formula Ila 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 (CH2)r, and
whereig thecgnoppohthesdalaimad icamybef sigistitutears) 2)ie ohicbré ideshicseorfraifierent

substitugnis R4; 15 Het ig cha: rom pyridinediyl, thiazqledi ediyl, imi ly] and
thiophé’ﬁ%ﬁ%ﬁé 26%?%%??&%{5—%}96%{ 5y gﬁggﬁsr%géeﬁgggééﬁﬁéf%}ga subzg'?ll?eu%%s R5 and
wheTeireomiral themingf titeogentitonns rip ith bomdl) arctepliytsicdogicediviascegieble gadsen from
hydrogéepr(égaﬁn (C1-C4)-alkyl; 20 X is chosen from a direct bond and 0; R1 and R2, together with the

N-CO hich 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 e ZrpBlRG IR R TPIRPLFBARRR IOMA'E i (i R W RS dplprmed by
formuia lic, in which the bonds via which the group is connected to the adjacent

10 groups are depicted by the lines starting at ring atoms,

A e

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 o
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'?, O, 8, 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-CC 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-Ca)-alkyl, (C+-Cg)-alkyloxy-(C4-Cz)-
30 alkyl-, (C1-Cq)-alkyloxy which can be substituted by one or more fluorine atoms, (C+-



R1 and R2 and the N-CO group which carries them can be substituted by one or more identical or
different substituents RB; R3 is phenyl which can be substituted by one or more identical or different
30 substituents which are chosen from halogen, (Ct-C4)-alkyl, (Cl-C4)-aIkonx/§:éC1-C2E%WO
2007/0002%PBHTREHE06/005716 119 alkyl-, (C1-G4)-alkyloxy which carF’Eéy BUREEd By one or
more fluorine atoms, (C1- C4)-alkylmercapto, (C1-C4)-alkylamino, di((C1-C4)-alkyl)amino, CONH2,
CN, CF3 and (C1-C4)-alkyl-SO2-; 5 R5 is chosefriBom halogen, (C1-C4)-alkyl,
(C1-C4)-alkyloxy-(C1-C2)-alkyl-, OH, (C1-C4)- alkyloxy which can be substituted by one or more
fluorine atoms, (C1-C4)- alkylmercapto, NH2, (C1-C4)-alkylamino, di((C,-C4)-alkyl)amino,

((C1-Ca)pE G toC@E) -Gy BRfran {0002 yalkyRofind, (ORMNBIghObErOFerand
(Cl-C4g-aI I ar}%ﬁg' R 12 is chosen from H and (C1-C4)-alkyl-; risOorl; 15 in any of its
stereoiSoneAE FOT 9253' mixture of stereoisomeric forms in any ratio, or a physiologically acceptable

salt theseef phydisiogipatincessgtimiedsitdngeicflaims 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 R5,

or & piisiolegiestyraieenialifeediiraeneof A8iAR A roSessdér thenhieparation of a compound as
claimed in of claims 1 t0.9, or.a physiologically acceptable salt thereaf, in which A.is
CHoCR B0 BT B TRl WA B i 5o He O S 88 Bund of the

formula VII, WO 2007/000248 PCT/EP2006/005716 120

/A\ lia
(CH)—

10 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 (CHgj:, and
wherein the group of the formula lla 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 imidazolediy! group

carries a group chosen from hydrogen and (C+-Ca)-alkyl;
20 Xis 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 heterocycie 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'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 R5;

R® is phenyl which can be substituted by one or more identical or different
30 substituents which are chosen from halogen, (C1-Cg4)-alkyl, {C+-Cs)-alkyloxy-(C4-Cg)-



0 CHZ\) ~R'9 RZ XN CH2 3/XN -L R 30 Het N R Het VIl 12 R VI Ib wherein Het, X, R', R2 and R3
are defined as in claims 1 to 9 and, in addition, any functional groups can be present in protected form
or in the form of precursor groups, 5 and L' is a nucleophilically substitutable leavin group. 11. A
compound™& W4 any of claims 1 to 9, or a physiologically acceptat}igT&alftzPﬁ(%e"reoﬁgor 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/&8 a physiologically acceptable salt thereof, and a
pharmaceutically acceptable carrier. 13. The use of a compound of the formula la, 150 R3iXN Het'~
A~, NAR la 1 RZ in which A is chosen from -CH=CH-CH2-, -CEC-CH2-, which groups are bonded to
the grailleyR0{EleOyadigitetmnivhick aarobthsubstiideast MiptmbaTdnbee fhoopns giemsinitia 1, which

T PO TP s 1 i LR o G ek ETHB B R CEHAS

(61—04)-3“(}4-302-;

5 R®is chosen from halogen, (C1-C4)-alkyl, (C1-Ca4)-alkyloxy-(C+-C2)-alkyl-, OH, (C4-Ca)-
alkyloxy which can be substituted by one or more fluorine atoms, (C-Ca}-
alikylmercapto, NHy, (C1-Cg)-alkylamino, di((C.-Cs)-atkyamino, ((C-Caj-alkyl)-
CONH-, CONH;, CN, CF; and {C+-C4)-alkyl-SOg-;

10 R®is chosen from (C1-Cs)-alkyl and oxo;
R'? is chosen from H and (C+-Cg)-alkyl-;

risbori;
15
in any of its sterecisomeric forms or a mixture of stereoisomeric 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 physioclogically 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> ora
physiologically acceptable salt thereof.

25
10. A process for the preparation of a compouhd as claimed in any of claims 110 §,
or a physiologically acceptable salt thereof, in which A is -CH=CH-CH;- (formula ib),
comprising reacting a compound of the formula Vt and compound of the formula Vi,



wherein in the formulae Il and Il 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 5 (CH2)r, and wherein all
groups A can be substituted by one or more identical or different substitue X is.5-membered
to 10-mem‘89ré‘&ﬂ7fﬂ%%6%yclic or bicyclic, aromatic group which contains or?ﬁ)rgré]zé?g@%ﬁﬁggal or
different hetero ring members chosen from N, NR13, 10 0 and S and which can be substituted by one
or more identical or different substituents R5; X ¥£8hosen from a direct bond, CH2, 0, S, NH and
N((C1-C4)-alkyl), or X is absent and in this case the phenyl, naphthalenyl or heteroaryl group
representing the group 15 R3 is fused to the group Het; R1 and R2 are independently of each other
chosen from (C1-C1o)-alkyl, (C3-C10)- alk&hyl, (C3-C10)-alkynyl, (C3-C90)-cycloalkyl-CnH2n-,
phenyl-CnH2n-, naphthalenyl- CDH2n- anﬁteroaryl-CnH?n-, and R2 can in addition be hydrogen,
wherein the 20 groups (CTI® o)-alk;?l,\(ﬁ -CI@lcycloalkyl, (C3-Clo)-alkynyl and (CgyClo)-alkynyl
can all be substituted by one or more ijgﬂtical or different gubstitugats R, @ht} the grdups CnH2n can
all be subst'&i{[ed by one or more identical or different st ne{%sé from\fN ine and
(C1-CpAkyr, %(’tl/a phenyl, naphthalenyl and heteroaryl grou g can independepfly of each other be
substituted by one or more identicafor different 25 substituents R7, or R1 and R&together with the
N-CO group which carries them, form a 4-membered to 10-membered, Eg\onocyclic or bicyclic,
saturated or Yihsaturated 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, NR12, 0, S, SO and SO2
which can WO 2007/0002482PCT/E|:3’2006/005716 122‘33% identical_or d{i{lerent vglth the proviso that
two riny/AesRiBdist dmRnelReABs & BredriRgden iB4iabrsd freddidn ‘Qo?é@é ‘??inﬁr&ositions,

Whefeiﬁjﬁlﬁisﬂst@fmﬁ% et Sananfshadbe P BravpMhighecriiaolpmcasdigratissiuted by

one or moreiiden ical or different substituents R8;
5 and L' is a nucleophiiically 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 physioiogically acceptable salt

thereof, and a phamaceutically acceptable carmer.

13. The use of a compound of the formula la,

15
O

RS/X\ /A\ JJ\~ 1

Het N R

in which

A is chosen from -CH=CH-CH,-, -CZC-CH,-, which groups are bonded to the group
20 Het via the terminal atom of the double or triple bond, the group of the formuia 1,

which is bonded to the group Het via & ring atom, and the group of the formula i,



5 R3is chosen from phenyl, naphthalenyl and heteroaryl which can all be substituted by one or more
identical or different substituents chosen from halogen, (C1-C6)-alkyl,
(C1-C6)-alkyloxy-(C1-C6)-alkyl-, OH, (C1-C6)-alkyloxy which can be substj by o r_ more
fluorine até#%,z{ iq@é‘}?alkylenedioxy which can be substituted by one or %‘.ﬁ%%é ﬁﬁ%%r}lsn%ﬁatoms,
(C1-Ce6)-alkylmercapto, NH2, (C1-C5)-alkylamino, di((C1-C6)- alkyl)amino, ((C1-C6)-alkyl)-CONH-,
di((C1-C6)-alkyl)aminocarbonyl-, ((C1-C6)- alkylfedftinocarbonyl-, ((C1-C6)-alkyloxy)carbonyl-, COON,
CONH2, ON, CF3, ((C1-C6)- alkyl)NHSO2-, di((C'-C6)-alky)NSO2-, H2NSO2- and
(C1-Cb5)-atkyl-SO2-; 15 R4 is chosen from (C1-C6)-alkyl, halogen and oxo; R5 is chosen from
halogen, (C1-C6)-alkyl, p hﬁél?quHZfl-, (C1-Ce6)-alkyl )@'F@l-CS)- alkyl-, OH, (C1-C6)-alkyloxy which
can be substituted by o ore fluorine atoms, (C}-C@-%\Ikylmercapto, NH2, (C1-C6)-alkylamino,
di((C1-C5)-alkyl)aming, ((C1-CEL2), fHeyh)-CONH-, di¢C%<C6)-alkyl)aminocarbonyl-,
((C1-Co6)-alkyl)aminocarbonyl-, ((C1- C6)-alkyloxy)carbonyl-, COOH, CONH2, ON, CF3, H2NSO2-,
((C1-C6)-alky)NHSO2-, dif(C1-C6)-alkyllNSO2- and (HI'l-CG)-aIkyI-SOZ-, wherein the phenyl group
can be substituted by one or more identical or different substituents chosen from halogen,
(C1-C4)-alkyl, CF3 and (C1-C4)-alkyloxy; 25 R6 is chosen from fluorine, OH, oxo, (C1-C6)-alkyloxy,

(C1-Ceyrekgimindhptiouige- Iospdill thedendgoiaad)iaikinecomgs are connected to the

di((C1-C8)- | inQcarhonyl-. -C G- ; I : F3; 30 R7 is
chosen ogr%hl%@ége\'r%%g{{éc‘g%arﬁ%%&?%%aﬁ%y)%xy- l—%’g)- %ﬁﬁ?‘n Cﬁ%%%(%%%ﬁ(% oxy which can
be Subitdahddrydonbarein @k groviselatanshecLissiuind fon ome sy WNE antead@stituted by one
or mor i%%??ﬁ@s%@ggi , é -66) WO 2007/000248 PCT/EP2006/005716 123 alkylmercapto, NH2,
(C,-Ce6)-alkylamino, i%‘ -C6)-alkyl)amino, ((C,-C6)-aikyl)- CONH-, di((C1-C6)-alkyl)aminocarbonyl-,
((C,-C6)-alkyl)aminocarbonyi-, ((C,-C6)- alkyloxy)carbonyl-, COOH, CONH2, CN, CF3, SF5,

H2NSQes g%ﬁ%@%’@ﬁ%ﬂ@%&%ﬁemmmd, monocyclic or bicyclic, aromatic group which
contains one or more identical or different hetero ring members chosen from N, NR'?,

10 O and S and which can be substituted by one or more identical or different

substituents R>;

X is chosen from a direct bond, CHz, O, S, NH and N{{C4-Cy)-alkyl}, or X is absent
and in this case the phenyl, haphthalenyl or heteroaryl group representing the group
15 R®is fused to the group Het;

R' and R? are independently of each other chosen from (C4-Cio)-alkyl, (C3-C1o)-
atkenyl, (C3-Cqp)-alkynyl, (C3-Cyp)-cycloalkyl-CnHan-, phenyl-CyHzq-, naphthalenyl-
ChHon- and heteroaryi-CphHap-, and R? can in addition be hydrogen, wherein the

20 groups (C1-Cig)-alkyl, (Cs-Co)-cycloalkyl, (C3-Cyo)-atkenyt and (C3-Cio)-alkynyl can
all be substituted by one or more identical or different substituents R® and the groups
CoHan can all be substituted by one or more identical or different substituents chosen
from fluorine and (C1-Cs)-alkyl, and alt phenyl, naphthalenyl and heteroaryl groups
can independently of each other be substituted by one or more identical or different

25 substituents R7,
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



di((C,-C6)-alkyl)NSO2- and (C,-C6)-alkyl-SO2-; 5 R8 is chosen from halogen, (C1-C6)-alkyl,
(C3-C7)-cycloalkyl-CnH2n-, phenyl-CnH2n-, heteroaryl-CnH2n-, (C1-C6)-alkyloxy-(C,-C3)-alkyl-, OH,
oxo, (C,-C6)-alkyloxy which can be substituted by one or more fluorine at m&%\? £a}%%/lenedioxy
which can“%%zggﬁgﬂ}éa é]d by one or more fluorine atoms, (C,-C6)-a|kylmer%§1§to, & , -C6)- 10
alkylamino, di((C1-C6)-alkyl)amino, ((C,-C6)-alkyl)-CONH-, di((C,-C6) alkyi)aminocarbonyl-,
((C1-C6)-alkyl)aminocarbonyl-, ((C,-C6)-alkyloxyl)éérbonyl-, COOH, CONH2, CN, CF3, SF5,

H2NSO2- and (C,-C6)-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,

(C1-Chpatighticatorsidiena, ‘@it dney royiso thas e sherepmiriolem (heeesiani; S.

(C3-C - - , - .
(Ca- R S g oR et B AR poRtia, e Rimed & o co-
and pﬁ'éhyndmMMwaﬂMﬁi%@Wﬁg%ﬂm%%%%?F'&%Q%%%@%Mﬁuted by

one or, ' iGat oL igﬁ@a{.ﬁgﬁgiwents chosen from halogen, (C,-C4)-alkyl, CF3 and (C1-C4)-
alkyloiﬁéﬁﬁfgfgcﬁgt%n'ﬁom h)?érogen, (C1-C4)-alkyl and phenyl-CnH2n-, wherein the phenyl 25

gramp can be substituted by one or more identical or different substituents chosen from halogen,

(C1-Chsalicu, Gy ;@ﬁiﬁ&?ﬂ%ﬁﬁa\’éﬂ%%ﬁﬁ WS RIRHRHRAPEN RS @S GRefeether and

can be identical or rent; hétéroaryl is a 5-membered to 10-membered, monocyclic or bicyclic

aromakiy gruipr BeoRigeiirabrisifierenhsoesifepita GhaReBe r@ﬁf‘h@@ﬂgﬂﬁg (fefrpbAditfosen from
e IS B el S i e Gentl O A ent G Lo b e
or more fiuorine atoms, (C-Cs)-alkylenedioxy which can be substifuted by one or
10 more fluorine atoms, (C1-Cs)-alkylmercapto, NH;, (C4-Ce)-alkylamino, di({(C+-Ce)-
alkyl)amino, ((C1-Ce)-alkyl}-CONH-, di({C+-Cs}-alkyljaminocarbonyl-, {(C4+-Cs)-
alkylyaminocarbonyl-, ((C1-Cs)-alkyloxy)carbonyl-, COOH, CONHg, CN, CF3;, ((C+-Ce)-

alkyl)NHS Oz, di{(C1-Ce)-alkyDNSOy-, HzNSO,- and (C1-Ce)-alky--SO5-;
15 R*is chosen from (Cy-Ce)-alkyl, halogen and oxo;

R® is chosen from halogen, (C+-Ce)-alkyl, phenyi-CoHan-, (C1-Ce)-alkyioxy-(C-Ca)-
alkyl-, OH, {C+-Cg)-alkyloxy which can be substituted by one or more fluorine atoms,
(C1-Cg)-alkylmercapto, NH,, (C+-Cs)-atkylamino, di{{C-Ce)-alkyhamino, ((C+-Ce)-

20 alkyl)-CONH-, di({C+-Ce)-alkyl)aminocarbonyi-, {(C1-Cs}-alkyllaminocarbonyi-, ((C+-
Ce)-alkyloxy)carbonyl-, COOH, CONH,, CN, CF3, HoaNSO2-, ((C1-Ce)-alky)NHSOo-, |
di({C4-Ce)-alkyl)NSO.- and (C+-Ce)-alkyl-SO,-, wherein the phenyl group can be
substituted by one or more identical or different substituents chosen from halogen,
(C+-Cs)-alkyl, CF5 and (C4-Cs)-alkyloxy;

25
R® is chosen from fiucrine, OH, oxo, (C4-Cs)-alkyloxy, (C+-Cs)-alkylmercapto, di((Cs-
Ce)-atkylyamino, ((C+-Cs)-alkyl}-CONH-, di({C+-Ce)-alkyllaminocarbonyl-, {(C4-Cs)-
alkyloxy)carbonyl-, COOH, CONH,, CN and CFs3;

30 R’ is chosen from halogen, (C4-Ce)-alkyi, {(C1~-Cg)-alkyloxy-(C4-Ca)-alkyl-, OH, {C+1-Ce)-
alkyloxy which can be substituted by one or more fluorine atoms, (C1-Cs)-

alkylenedioxy which can be substituted by one or more flucrine atoms, (C+-Ce)-



5ris0Oorl; sisl,2,3or4; 10 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 exFression of endothelial NO synthase. 14. The use of a c%r,t{)gzound as defined in

claim 13 or‘g%ﬁ?}gilg > PRIt for the

(%fgally acceptable 15 salt thereof, for the manufacture
treatment of cardiovascular diseases, stable or unstable angina pectoris, coronary heart disease,
coronary artery disease, Prinzmetal angina, acut&2€oronary syndrome, cardiac insufficiency, heart
failure, myocardial infarction, stroke, thrombosis, peripheral artery occlusive disease, endothelial
dysfunction, atherosclerosis, restenosis, endothel damage after PTCA, 20 hypertension, essential

hypertealsiymersaptoaiHay feréhsialtk danundadi((GyperkadiyhaminvadCutdsdlypéitbnsion, chronic
glomen&gﬁ@ hrifis, erestie [ iculararshythmias i iabetes<omplications,
nephropathy, r‘e#&%%at ‘9?%'%?0%@&&%,@%%@%@@% @%ﬁ%ﬁﬁa fgﬁﬁfg%gﬁr?c%is of the

liver, osaéofioxpiiar bestyletdeRErh SHPpbito N EF or STastidésiabi I((ﬁno%&@k&i‘)m%e lowering
clamec G AT A S tind of the. formula a s & compound of he
formfula | as defined in any of claims 1 to 9 or a 30 physiologically acceptable salt thereof.
R® is chosen from halogen, (C5-Cg)-alkyl, (Ca-Cr)-cycloalkyl-CoHaq-, phenyh-CoHog-,
heteroaryl-CoHan-, (C1-Cal-alkvioxy-(C+-Ca)-alkyl-, OH, oxo, (C-Cs)-alkyloxy which
can be substituted by one or more fluorine atoms, (C+-Cj)-alkylenedioxy which can
be substituied by one or more fluorine atoms, (C+-Cs}-alkylmercapto, NH;, (C1-Cg)-
10 alkylamino, di{{C1-Cs)-alkyhamino, {(C+-Cg)-alkyl}-CONH-, di({(C+-Ce}-
alkylaminocarbonyl-, {{C+-Cg)-alkylyaminocarbonyl-, {((C+1-Cg)-alkyloxy)carbonyl-,
COOH, CONHa, CN, CF3, SF5, HaNSO;- and (C+-Ce)-alkyl-S0,-, 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+-Cy)-alkyl, Crs
15  and (C4-Cy-alkyloxy;

R'?is chosen from hydrogen, (C1-Cs)-alkyl, (C3-Cr)-cycioalkyl-CnHan-, phenyl-CoHan-,
heteroaryl-CpHaq-, ({(C1-Cg)-alkyl)-CO-, {C3-Cy}-cycloalkyi-ChH2q-CO-, phenyl-CyHay-
CO-, heteroaryl-ChHzn-CO-, ((C1-Ce)-alkyl)-C-CO- and phenyi-CoH2,-0-CO-, wherein

20 ail phenyl groups and heteroaryl groups can be substituted by one or more identical
or different substituents chosen from halogen, (C+-Cy)-alkyl, CF3 and (C4-Cy)-

alkyloxy,

R* is chosen from hydrogen, (C1-Ca)-atky! and phenyl-CHa,-, wherein the phenyl

25 group can be substituted by one or more identical or different substituents chosen
from halogen, {C+-Ca)-alkyl, CF3 and (C4-Cqs)-altkyloxy, where all groups R™ are
independent of each other and can be identical or different;

heteroaryi is & 5-membered fo 10-membered, monocyclic or bicyclic aromatic group
30 which contains one or more identical or different hetero ring members chosen from
N, NR™ Cand 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;

gis 1,2, 3,4o0r5;

risOort:

sis 1,2, 3o0r4;

in any of its sterecisomeric 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 acceptabile
salt thereof, for the manufacture of a medicament for the treatment of cardiovascular
diseases, stable or unstable angina pectoris, coronary heart disease, coronary ariery
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, asthrma 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 1o S ora

physiologically acceptable salt thereof.



