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PHENYL CYCLOHEXANECARBOXAM DES HAVI NG ADENGCSI NE- UPTAKE- | NHI BI TI NG ACTI ON 5
The, present invention relates to substituted phenyl cycl ohexanecarboxani des
havi ng adenosi ne-uptake-inhibiting action, to processes for their
preparation and to their use in medicanents, in particular for treating

i schaem ¢ br#ih0@7327ders. Adenosi ne i s-dn endogeni c ef f ediGHERDY/R4417
cell-protective activity, in particular under 10 cell-damagi ng conditions
with |imted oxygen and substrate suppl such or exanple,

as, f o n
i schaeni a, s$WBR EBr ai nPHENYREY NBE ARBAXAMIRES on BAVING
adenosi ne i swm_m@_mwnqgsmm@ssi on of presynaptic glutamate
|

rel ease and mtation of postsynaptic depolarization. This prevents toxic
calciuminflux into postsynaptic nerve cells via NVDA receptors. Under
I schaem ¢ or hypoxic 15 conditions, the extracellular concentration of

adenosine in_the CNS.is d,ramaltical I% ] n%{/e\flise ) ]T ere ars var.i QUS i

i ndi cati ons bie BIEREIBYTBOBAEkIfS o sHstittied Rhviryclohprangeatpexatiges iaving

sl eep- i nduci agnpsihenpiake-inHibitidg aosin) e protedses fonkticln proparaticn ancktotthaly usnhance
the 20 intrinsic,.effects of .adengsine.by. i.nhi bjf] | el I ul ar reupt ake.
Accor di ngl y, ™ TefHeATaemis, 1 el diap itrﬁfl?'}glgc@gwléb%]aa rhéér{laeé ered orally or

intravenously for the prevention and treatnment of cerebral ischaen a,
stroke, T epeﬁ\&&ﬁ)'sﬁ'l% 9389 80e i@k ffectdd MR Rell YFAETRe RAFRYEn PARIdERUNder
respiratory arrest, cardiac arrest, Reie S ‘syndrone, cerebral thronposis,
enbol i, uimoellsdamrging condiers wilichpiad cryeem end substrats, ayRRLhcISHaS tIPE,
spi nal i nj uri@spldOoft iRR&IMAh! YBol ahd WHAINBASumA NTHE ineEropeotkdiBrer &dtidhaof OF
(Ithe optical nerve after g,l ﬁucprra, i schaem a, hfy;POX' a .oqdema or traurrc? and
in the adenosine 1s essentially effected via suppression of présynaptic glutamate release an
limitation of postsynaptic depolarization. This prevents toxic calcium influx into
postsynaptic nerve cells via NMDA receptors. Under ischaemic or hypoxic
15  conditions, the extracellular concentration of adenosine in the CNS is dramatically

increased.

There are various indications of a neuroprotective, anticonvulsive, analgesic and
sleep-inducing potential of adenosine-uptake inhibitors, since they enhance the
20 intrinsic effects of adenosine by inhibiting its cellular reuptake. Accordingly,
adenosine-uptake inhibitors can be administered orally or intravenously for the
prevention and treatment of cerebral ischaemia, stroke, reperfusion damage, brain
trauma, oedema, spasms, epilepsy, respiratory arrest, cardiac arrest, Reye’s
syndrome, cerebral thrombosis, emboli, tumours, haemorrhages, encephalomyelitis,
25  hydroencephalitis, spinal injuries, post-operative brain damage, injuries to the retina
or the optical nerve after glaucoma, ischaemia, hypoxia, oedema or trauma and in the
treatment of schizophrenia, sleep disturbances and pain (Cerebrovasc. Brain Metab.
Rev. 1992, 4, 364-369; Drug Dev. Res. 1993, 28, 410-415; Science 1997, 276, 1265-
1268; ‘Adenosine in the Nervous System’, Ed.: Trevor Stone, Academic Press Ltd.
30 1991, 217-227; Ann. Rep. Med. Chem. 1998, 33, 111-120).

Adenosine-uptake inhibitors can also be employed for potentiating the effect of

nucleobase, nucleoside or nucleotide antimetabolites in the chemotherapeutical

treatment of cancer and antiviral (for example HIV) chemotherapy (Curr. Med.
35 Chem. 1997, 4, 35-66).



treatment of schi zophrenia, sleep disturbances and pain (Cerebrovasgy g8pain
Metab. Rev. 1992, 4, 364-369; Drug Dev. Res. 1993, 28, 410-415; Science
199;7, 276, 1265- 1268; "Adenosine in the Nervous System, Ed.: Trevor
Stone, Academ c Press Ltd. 30 1991, 217-227; Ann. Rep. Med. Chem 1998,
33,1 111-120) . Adenosi ne- upt ake i nhi bi tor< can al so be enpl oyed for
potentiating the effect of nucleobase, nucleoside or nucleotide
antinmetabolites in the chenotherapeutical treatnent of cancer and

antiviral (f aml.e Hi che rapy (Curr. Med. 3 em 1997, 4,
35-66). 1 1 EpA SRl f67é\ﬂ}{)p€PoAéf?5§§6f Qﬁéomh@nwlcrgshmf?@%m which
phenyl cycl oheaybecayel dmamdatiag athdiosBlerdsinBr waeshotior treating

at heroscl erosis and/or restenosis. The present invention relates to
conpounds of the general formula (1) 5 in which 10A, D, E and G are

i dentical orTbé pfeseretritveatidn redqieeoavinpodndy efups gaterdifomada(l) at ons, L' and L2
are identd cal or different and i ndependently of one another each represents
one or re radicals selected fromthe group consisting of hydrogen,

15hal ogen, hydroxyl, carbogyl, 0, nitro, trifluoronethyl,

trifluoromethoxy, (CL406)7alK - CE%; al koxy or (Cl-C6) - al koxy-
roup, or represents a radical of the
a

carbonyl, OR represeﬂs e
formula CO-NR4R5 i n which re identical or different and each

represents hydrogen or (C1-C6)-atkyl,

RJ

in which
10 A, D, E and G are identical or different and represent CH groups or nitrogen atoms,

L' and L? are identical or different and independently of one another each represents
one or more radicals selected from the group consisting of hydrogen,
halogen, hydroxyl, carboxyl, cyano, nitro, trifluoromethyl,

15 trifluoromethoxy, (C,-Cg)-alkyl, (C,-C¢)-alkoxy or (C;-Cg¢)-alkoxy-

carbonyl,

R! represents the CH,-OH group, or
represents a radical of the formula CO-NR'R®

20
in which

R* and R® are identical or different and each represents hydrogen or (C,-Ce)-alkyl,
25 R? represents (C3-Cg)-cycloalkyl,

represents (C,-Cg)-alkyl which is optionally interrupted by an oxygen or
sulphur atom or by a radical NR®,



25R2r epresents (C3-Cg)-cycloal kyl, represents (Ci-C8)-alkyl which isl1SEPIM
optionally interrupted by an oxygen or 6 sul phur atomor by a radical NR
11SEP?" -3 represents a 4- to 8-nmenbered saturated heterocycle which is
attached to the imdazole ring via a nityogen atom and which optionally
contains a further oxygen or sul phur atofhi or represents a 4- to

8- nmenbered saturated heterocycle which contains a 5 radical of the formula
NR7 and optionally additionally one nitrogen, oxygen or sul phur atom

where (C3-Cg)-cycl oal kyl C, - C8): al kyl ich is optionally interrupted by
one oxygen or sul phurrcéﬁﬁ#s %ﬁ@toﬁ-wa%ggt%ﬁﬁl&lgghg%&%y%{?é@quolsr?éqa@l?e@ctpc| e
which is attached to thdrémidarelazivlgevis iangtryged Romi ndOFRIRh FpBidhal AN Eortdlihe i
optionally contains %‘Ehf urt her rg)é}/p%n or sul phur atomand optionally

(Gi-C8)-al kyl which s TAEFRT Laom8f cal NR6 and optionally the 4-
to 8-nmenbered sat ur atregtesentses de ytol mehberedcaniraied heterodyell &hlchofonitdifs a

formul a 7 and opti y I 1 I 70ne nitrogen 5 0 en or_ sul phur
atom ar ehgubst i tut ed(?@&%n%faﬁ% f%ﬂ?@@ h%r%@y?ptb?%ﬂﬁsdddéhod'ﬁw iogei-cal
of the fornul a - NRSR®Xygenwrisglphanateg, and R7 are identical or different and
each represents hydrogen, (C -C6)-alkyl, hydroxy-(C,-C6)-alkyl or

(C3-C7)-cycl oal kyl, 25
where (C;-Cg)-cycloalkyl, (C,-Cg)-alkyl which is optionally interrupted

by one oxygen or sulphur atom, the 4- to 8-membered saturated
10 heterocycle which is attached to the imidazole ring via a nitrogen atom
and which optionally contains one further oxygen or sulphur atom and
( optionally (C;-Cg)-alkyl which is interrupted by a radical NR® and
optionally the 4- to 8-membered saturated heterocycle which contains a
radical of the formula NR’ and optionally additionally one nitrogen,
15 oxygen or sulphur atom are substituted by one to three hydroxyl groups
and/or by a radical of the formula -NR*R’

in which

20 R® and R’ are identical or different and each represents hydrogen, (C;-Cg)-alkyl,
hydroxy-(C;-Cg)-alkyl or (C5-C7)-cycloalkyl,

R® and R’ are identical or different and each represents hydrogen, (C;-C¢)-alkyl or
(C5-Cy)-cycloalkyl,

‘ 25
or
R® and R’ together with the nitrogen atom form a 4- to 8-membered saturated
heterocycle which may optionally additionally contain one oxygen or
30 sulphur atom or a radical of the formula NR'°
in which
R' represent hydrogen, (C;-Cs)-alkyl or (C;-C7)-cycloalkyl
35

and



R8 and R9 are identical or different and each represents hydrogen, 1 1 SEP 2003
(C -C6)-al kyl or (C3-C7)-cycloalkyl, or R8 and RO together with t

nitrogen atomforma 4- to 8-menbered saturated heterocycle mhlch nay
optionally additionally contain one oxygen or 30 sul phur atomor a radical
of the fornmula NR1O 35 in which Rl repre§ent hydr ogen, (Cl-GC6)-al kyl or
(C3-C7)-cycloalkyl and I 1 SEP 2003 4 R3 represents a phenyl, naphthyl,
pyrimdinyl, pyridyl, fury/ or thienyl ring, where the rings are
optional Iy nppo- or polysubstltuted by radicals selected fromthe group

consi sting oR hal ogefEPres¢ais dBhenyle appishyli pyrapishingl, pyiidyh.duryt or thiemd 6ings hy! |

trifluoronethoxy, (Cilvh@éi:) R ks afeChp G@ﬁa‘l] | @¥Y- OF podysubstituted by radicals
- C6) - al koxycar bonyl , %Pel r sal ts sl ol g'gl cal I acc pt abl e salts of
6ct@ T f

t he conpounds accor df Pﬁ@h?EVEHFPBﬂ Og§ 1 FQ¥¥(ﬂMQQH » Y% ances

according to the invaid, QﬁﬂNUrbﬂﬂemnﬁﬁmOramb@kaxy 0@, yxlliyt, (E¢iIC{Balkbxy or
sul phoni ¢. aci ds. Parg/dalrglga% refs ce Is given, for exanple, to salts with
r

hydrochl oric acid, h W' sul phuric aC|d phosphoric acid,

nmet hanesul phoni ¢ aci d, ethanesulphonlc acid, toluenesulphonic aci d,
benzenesulphg &eﬁ%hg; napht hal enedi sul phoni ¢ acid, acetic acid, propionic
acid, 15 lac |c acird, tartaric acid, citric acid, fumaric acid, naleic
acid or benzoic acid.

Physiologically acceptable salts of the compounds according to the invention can be
10 salts of the substances according to the invention with mineral acids, carboxylic acids
or sulphonic acids. Particular preference is given, for example, to salts with
hydrochloric acid, hydrobromic acid, sulphuric acid, phosphoric acid,
methanesulphonic  acid, ethanesulphonic  acid,  toluenesulphonic  acid,
benzenesulphonic acid, naphthalenedisulphonic acid, acetic acid, propionic acid,

15 lactic acid, tartaric acid, citric acid, fumaric acid, maleic acid or benzoic acid.

The compounds of the general formula (I) according to the invention can occur in
different stereoisomeric forms which are either like image and mirror image
(enantiomers), or which are not like image and mirror image (diastereomers). The

20 invention relates both to the enantiomers and to the diastereomers and their
respective mixtures. The racemic forms, like the diastereomers, can be separated in a
known manner into the stereoisomerically uniform components.

Furthermore, certain compounds can be present in tautomeric forms. This is known
25 to the person skilled in the art, and such compounds are likewise included in the

scope of the invention.

(C-Cg)-Alkyl, (Cy-Cg)-alkyl etc., represent a straight-chain or branched alkyl radical
having 1 to 8 or 1 to 6 carbon atoms. Examples which may be mentioned are: methyl,

30 ethyl, n-propyl, isopropyl, tert-butyl, n-pentyl and n-hexyl. Preference is given to a
straight-chain or branched alkyl radical having 1 to 4 carbon atoms (C;-Cy).
Particular preference is given to a straight-chain or branched alkyl radical having 1 to
3 carbon atoms (C;-C;).

35 (C-Cs)-Alkyl, (C,-Cg)-alkyl etc., which is interrupted by one oxygen or sulphur atom
and which is substituted by one to three hydroxyl groups and/or by a radical of the

formula -NR®R® represents, for example, 1,3-dihydroxy-prop-2-oxy-methyl, 2-




The conpounds of the general fornmula (1) according to the invention 92N <P 2003
occur in different stereoisoneric forns which are either |ike inage ané
nirkor i mage (enantioners), or which are not |like imge and mrror inmge

(di astereonmers). The 20 invention relates_both to the enantioners and to

t he. di astereoners and their respective mMxtures. The racemic forms, |ike

t he” di astereoners, can be separated in a known manner into the

stereoi sonerically uni form conponents. Furthernore, certain conpounds can

be present in tautoneric fornms. This is known 25 to the person skilled in
the art, andYEORYEGHPIURSEY ar e 2riydeasysrropricougmathvh t REhydreryr@rair- [ 1omy-

i nvention. Clmdthf) - Aitorpholin(-$EiefdykY| fbdidin 1ORIRSRAL 2 254hiRb@MhyIChabn or
branched al ky]l %ﬁd%cal haylgg % to0. 8 or 1 to carbon atons. Exanples

whi ch may be SHBAYBALRC-giY! ondiethylamingymethdy | n-propyl, i sopropyl,

tert-butyl, n-pentyl and n-hexyl. Preference is given to a straight-chain

or branchgd akkw . radic aving | tq.4 carbon atqns 1-
pref erenc i&ﬁﬂ@éﬁ%—@f &4 -G R R e RS, 5

to 3 car bon optiomly( 0bs@Bjed B o6 to -tkilte -hAldkoxlyl @Groups ardlde by etradicalvbf elhie i S
i nterrupted C 0 ure at dwhieh is substituted by one
to three hydw 4 %ﬁwanﬁ}’g‘#&ﬁ?f gofagl (I:naﬁg’ofﬁ?%g@d‘lroéyﬁm@ ‘Jfrﬁwth ’
represents, MofZ-bydiapy-ethyh:I$-refitiylcangrgmpthyh- 2- oxy- MmN MNrbis-(2-Hydio:SERhPID03 5
hydr oxy- et hoxyighdiiyl, 2- hydroxy-prop-|-oxy-nethyl, 3-hydroxy-prop- | -oxy-
met hyl , rranrphol in-4-yl-methyl, piperidin-I-yl-methyl, 2-am no-ethyl, 2-

di net hyl é I no-ethyl or-diethylam no-nethyl. 5 (C1-C8)-A kyl, (Cl-C6)-alKkyl
etg. , Whi CQ By drgxdyend, %ﬂ(\/‘l’%oﬂ Hﬂ%x@adclmamdi//@iﬁk&gntbsa @tgﬁigm{ﬂ@{aliry or

(sq stitute %Yangﬁeed élﬁyltracrliggl ha\//glrgolx t%lﬁ c_)lglr t%uﬁp gar l?n at(c))rrns. '}(heaexra?npllgsawhi%{n ngaye

be mentioned are: hydroxymethyl, 2-hydroxy-ethyl, 2-hydroxy-prop-1-yl, 3-hydroxy-

prop-1-yl, 3-hydroxy-prop-2-yl, 2-hydroxy-but-1-yl, 5-hydroxy-pent-l-yl and
15  6-hydroxy-hex-1-yl. Preferencé is given to 2-hydroxy-ethyl.

(C)-Cs)-Alkoxy represents a straight-chain or branched alkoxy radical having 1 to 6
carbon atoms. Examples which may be mentioned are: methoxy, ethoxy, n-propoxy,
isopropoxy, tert-butoxy, n-pentoxy and n-hexoxy. Preference is given to a straight-

20  chain or branched alkoxy radical having 1 to 4 carbon atoms (C,-C4). Particular
preference is given to a straight-chain or branched alkoxy radical having | to 3
carbon atoms (C;-C;).

(Ci-Cs)-Alkoxycarbonyl represents a straight-chain or branched alkoxycarbonyl
25 radical having 1 to 6 carbon atoms. Examples which may be mentioned are:

methoxycarbonyl, ethoxycarbonyl, n-propoxycarbonyl, isopropoxycarbonyl and

tert-butoxycarbonyl. Preference is given to a straight-chain or branched

alkoxycarbonyl radical having 1 to 4 carbon atoms (C,-Cg). Particular preference is

given to a straight-chain or branched alkoxycarbonyl radical having 1 to 3 carbon
30  atoms (C-C3).

(C3-Cs)-Cycloalkyl, (C;-C;)-cycloalkyl etc., represents, in the context of the

invention, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or
cyclooctyl. Cyclopropyl, cyclopentyl and cyclohexyl may be mentioned as being
35  preferred.



formula - NRBR9O represents, for exanple, N (2-hydroxy-ethyl)-am nomethyISEP 7003
N- (;2- hydr oxy- et hyl ) - N-net hyl - am nonmet hyl or N, N-bi s-(2-hydroxy-ethyl)-

am nonet hyl . 10 Hydroxy-(Cl-C -alk | or h drox - CG-C4 -__a) |kyl

represents a straight-chain or branched alkyl radical having 1 to 6 or |

to 4 carbon atons. The exanpl es which nmf’ be nmentioned are: hydroxynethyl,

2- hydroxy-ethyl, 2-hydroxy-prop-I-yl, 3-hydroxy- prop-1-yl,

3- hydr oxy- prop-2-yl, 2-hydroxy-but-1-yl, 5-hydroxy-pent-l-yl and 15

6- hydr oxy- hex-1 - Pref erence |s given to 2-hydroxy-ethyl. (C, -C6)-Al kox.v
r epr esent s a%&—%&-ﬂg‘l’h thenemtexd rofj bF@nHWéEF‘%ﬂ E@Walﬂhdﬁﬁﬁﬁe“ﬁaﬂpﬂ@m’i ghdprine,

carbon atons brdimamahesodl\m PrefB@iicddR gt doaNRE e ilorifR! AWPBromle! PXNicular

n- pr opoxy, §$ ox terh but ox LR%’E‘ entoxy and n- hexoxy. Preference is

given to a s? g e|§ Ivepde “?J‘?“eoq‘érfé ®al koxy radical having 1 to 4

carbon atons (Cl C4). Particul ar pref erence is given to a straight-chain

or branched i havi.n .

-Al koxycgs‘raboﬁéyh%réeloﬁlﬁeexgé’ﬁ?he 'éwg?tf T SR FIE >

r adi cal pajurhtadohdienoqydie mhatho s laea; mﬂmam:h avom dmei whruhlgg_t anye

met hoxycar bo , 0 n and
Boain€ LROKHARE B ho: @uﬂ%&p %@g@?{?&(é for %aeﬁggogmgg@%m @he

tert-but oxyc grve ran
al koxycar bon?lpel"ﬁ'@rbal n?%'?‘ﬂ@"'lﬂ &lmemlebn%lmFI( Imcatm;romam-mm ar
preference is given to a straight-chain or br anched al koxycar bonyl radi cal
cl aIk 1 CS C7 -¢c cloalk |

25

havi ng | arbon atoms (Cl-C3). C -
etc. rep'rcfa fﬁ e ‘i(’tlftetxﬁ(??él?fn’t“é?(’i“% 2ty d U208 dhut y! ,
cycl opent yl , satyratedhieet elhithepdnthin®ra_radical ODﬂ'teroeraCNRﬂrahﬂyémlonallv

{CyC| opentyl Q&lﬂti&ﬁ'aqllvogﬁéykitﬂgggn,ng%ﬂt io(r)nseu phitiz lzgtom gre:presents for example,

pyrrolidin-2-yl, 1-methylpyrrolidin-2-yl, pyrrolidin-3-yl, pyrazolidin-1-yl, piperidin-
2-yl,  1-isopropyl-piperidin-3-yl, morpholin-2-yl, 4-cyciohexyl-piperazin-1-yl,

15  thiomorpholin-3-yl, l-ethyl-1H-hexahydroazepin-3-yl or 4-methyl-1H-hexahydro-
1,4-diazepin-1-yl. This heterocycle can be attached to the imidazole ring via a ring
carbon atom or a ring nitrogen atom.

Preference is given to compounds of the general formula (I) which have the absolute
20  configuration given in the general formula (I')

4 A\
R—< -—l—L1
G R?
O /l\ 1
N R
H

(I'))
L2

The compounds according to the invention can be present in four different relative

configurations (A) to (D):



35 preferred. 1 1 SEP 2003 6 Hal ogen in the context of the invention P.7
generally represents fluorine, chlorine, bromne and iodine. Preferé%é& 'Qm
given to fluorine, chlorine and brom ne. Particular preference is given to
fluorine and chlorine. 5 In the context of the invention, a 4- to

8-menbered (preferably 5- to 7-nenbered)-7saturated heterocycle which is
att’ached via a nitrogen atom and which o tionall contains one further
oxygen or sul phur atomrepresents, for exanple, pyrrolidin-1-yl,

pi peridin-I-yl, nDrpholln 4-yl, thionorpholin-4-yl or

1H hexahydr oazepi n- 1-yl Jn the context of the |nv ntion, a 4- to
8-menbered (preferadlyy -I oD -renber ed) satHL_ge | Qcycle whi ch
contains a radical of foEmula NR7 and o tion itionally one

ni trogen, oxygen or sullphuP atom represents, for le, pyrrolidin-2-yl,
1- met hyl pyrrolidin-2-yli, pyrroI|d| 3- yl, pyrazolldln 1- yI pofrldln-

2-yl, 1-isopropyl - pi peragis ,Qhol in-2-yl, R
H hexahydr oazepi n- 3-yl w 2 El
> O
U

4- cycl ohexyl - pi perazi n- | onor phol i n- 3- yI,

- | H hexahydro- 1, -1-yl. This
het erocycl e can be atta .ed to i m dazole ring i carbon atom
or aring nitrogen atom Prefer®&nhce is given to conpounds t he general
formula (1) which have the éﬁsolute 20 configuration given in the genera
formula (1') The conpounds cording to the i nvention €n be present in
four different relative configurations (A to (D): 11 SEP 2003 -7 V

New A2
( R~ || —/—V
N ~g2F

(C) (©)
Preference is given to the configuration (D).

5  Preference is likewise given to compounds of the general formula (I) in which R’
represents a radical of the formula CO-NR*R’ where R* and R® are each as defined
above. Moreover, preference is given to those compounds of the general formula (I)
in which R? contains a basic nitrogen atom.

10 Basic nitrogen atom is to be understood as meaning a nitrogen atom which, after
protonation of the compound under aqueous standard conditions, has a pKa of more

than 6.

Particular preference is given to compounds of the general formula (I} according to
15 theinvention

where

A.D,Eand G each‘rcpresenl the CH group,



(A (O (B) (0) Preference is given to the configuration (D). 5 Prefqrﬁr}pmrj
Is |l.ikewi se given to conpounds of the general forrmula (1) in which
represents a radical of the fornula CO NR4R5 where R4 and R5 are each as
defined above. Moreover, preference is given to those conmpounds of the
general formula (1) in which R2 containsga basic nitrogen atom 10 Basic
nitrogen atomis to be understood as nmeaning a nitrogen atom which, after
protonation of the conmpound under agueous standard conditions, has a pKa of
nore than 6. Particular preference is given to conpounds of the general
formula (1) according to 15 the invention where A, D, E and G each
represent the CH up, .l 0 one of the radic and G
represents a HP{“F%B}? %Hﬁ&diﬁgtﬁ@%fﬁ@p?sﬁ%ﬁ“’FB%frne"é%Wta“gﬁg e ejhe ‘Eﬂ‘ib

and Lz are i demeseanthe@@Hdrduper ent and i ndependently of one anot her each
represents 5 one or nore radicals selected fromthe group consisting of
hydr ogen, quorlne chlorine, cyano, trifluoronethyl or trifluoronethoxy,

R represent & ahe L? @r2idehticul oup;ffemm aeg irekperidenty oA dne aotindr eable rdpogsanisa

- CO-NR 4R one or more radicals selected from the group consisting of hydrogen, fluorine,

chlorine, cyano, trifluoromethyl or trifluoromethoxy,

R represents the -CH,-OH group, or
represents a radical of the formula -CO-NR*R’
10
in which
R* and R® are identical or different and each represents hydrogen or
(Cl-Cg)-alkyl,
15
R’ represents {C;-C7)-cycloalkyl,
represents (C;-Cg)-alkyl which is optionally interrupted by an oxygen or
sulphur atom or by a radical NR®,
represents a 5- to 7-membered saturated heterocycle which is attached to
20 the imidazole ring via a nitrogen atom and which optionally contains a
further oxygen or sulphur atom, or
represents a 5- to 7-membered saturated heterocycle which contains a
. radical of the formula NR’ and optionally additionally one nitrogen,
L oxygen or sulphur atom,
25

where (C3-Cq)-cycloalkyl, (C,-Cg)-alkyl which is optionally interrupted
by one oxygen or sulphur atom, the 5- to 7-membered saturated
heterocycle which is attached to the imidazole ring via a nitrogen atom
and which optionally contains one further oxygen or sulphur atom and

30 optionally (C;-C¢)-alkyl which is interrupted by a radical NR® and
optionally the 5- to 7-membered saturated heterocycle which contains a
radical of the formula NR’ and optionally additionally one nitrogen,
oxygen or sulphur atom are substituted by a hydroxyl group and/or by a
radical of the formula -NR°R®

35

in which



10 in which R4 and R5 are identical or different and each represents? 1 SEP 2003
hydrogen or (C, -C3)-alkyl, 15 R2 represents (C3-C7)-cycl oal kyl

represents (C,-C6)-al kyl which is optionally interrupted by an oxygen or

sul phur atom or by a radical NRG6, represegts a 5- to 7-nenbered saturated
het erocycle which is attached to 20 the i'mdazole ring via a nitrogen atom
and which optionally contains a further oxygen or sul phur atom or
represents a 5- to 7-nmenbered saturated heterocycle which contains a

radical of the fornula NR7 and optionally additionally one nitrogen,

oxygen or sul phur atom 25 where (C3-C7)-cycloalkyl, (C, -C6)-alkyl which is
optional Iy i nReardRt arg idasyicalms diffsrgeirandreastutepresentahydrpgdnh e (Gr-ChealRylnenber ed
saturated heterocycl L Che L6 \E O iyri dazole ring via a
nitrogen atom and mh?%ﬁﬁg% |b§gﬁ%%ﬁg%§€%F §5§ﬁ3h$%rther oxygen or sul phur
atomand 30 optionally (Cl-C6)-al kyl which is interrupted by a radical NR6

and opti gnalkYasd&° e {RnicdARIFRBIEAnS RIHE | gy ins a
radi cal of the ?or mul ﬁ; IYE%{Z Ig{_}d lé)(pti o?lal 'y %ﬁﬁ?ﬁag&ﬁgﬁ@%ﬁ% \#Ij{ ?g)ggﬁpltg]l
oxygen or sul phur at oYr3ar@¥ei8a b ut ed by a hydroxyl group and/or by a

radi cal of the fornula.-NR8R9 35

or

10 R and R’ together with the nitrogen atom form a 5- to 7-membered saturated
heterocycle which may optionally additionally contain one oxygen or
sulphur atom or a radical of the formula NR'°

in which
15
R' represent hydrogen, (C,-Cs)-alkyl or (C;-Cs)-cycloalkyl
and
20 R’ represents a phenyl, pyridyl or thienyl ring which is optionally mono- or
polysubstituted by radicals selected from the group consisting of fluorine,
chlorine, cyano, triflucromethy! or trifluoromethoxy,
and their salts.
25

Very particular preference is given to compounds of the general formula (I)
where
30 A, D and E each represent the CH group,
G represents a nitrogen atom or represents the CH group,
L' and 1.2 each represent hydrogen,

35
R! represents a radical of the formula -CO-NR*R’ ,



in which 1 1 SEP 2003 9 R6 and R7 are identical or different and ea°P1SEP2%3
repr-esents hydrogen, (Cl-C4)-al kyl, hydroxy-(Cl-C4)-al kyl or
(C3-C6)-cycloalkyl, 5 R8 and RO are identical or different and each
represents hydrogen, (C-C4)-alkyl or (C3-C6)-cycloalkyl, or 10 R8 and R9
together with the nitrogen atomforma 510t0 7-menbered” sat ur at ed
het'erocycl e which may optionally additionally contain one oxygen or

sul phur atomor a radical of the formula NR1O in which 15 R represent

hydr ogen, (Cl-C4)-al kyl or (C3-C6)-cycloal kyl and 20 R3 represents a

phenyl, pyridyl or tRR¥MAR ring which is optionally nono- or

pol ysubstituted by radicals selected fromthe group consisting of fluorine,

chl ori ne, cyano, trifg‘;uorgzr;et | or trifluoromethoxy, and their salts. 25
Very particul ar pref &r SREE CaCTHiepEett §Yd08slhunds of the general formula (1)
where 30 A, D and E each represent the CH group, G represents a nitrogen

atomor rgprgsents t g, (Hndr QURe,) alky Whii? isCEstbna AP ifEE IS8 %S GChkygen
atom, or
7 . . .
represents a 4-R’-piperazin-1-yl radical

where (C,-C4)-alkyl which is optionally interrupted by one oxygen atom
10 is substituted by a hydroxyl group or by a radical of the formula -NR*R®

( in which

R’ represents hydrogen, (C,-Cq)-alkyl or (C3-Cg)-cycloalkyl,

15

R® and R® are identical or different and each represents hydrogen,
(Ci-Cy)-alkyl or (C3-Cg)-cycloalkyl,

or

20
R® and R’ together with the nitrogen atom form a morpholine radical,

and
" 25 R represents a phenyl radical,

and their salts.

Moreover, processes for preparing the compounds of the general formula (I) have
30  been found which are characterized in that

[A] compounds of the general formula (IT)

v

0 o-T

(ID.
L2




35 represents a radical of the formula -CONRAR5, 1 1 S E P 7003 -10 #ni SEP 2003
whi ch R4 and RS each represent hydrogen, 5 R2 represents (G -C4)-al kyl
which is optionally interrupted by one oxygen atom or represents a

4- R7- pi perazin-1-yl radical where (G -C4)-al kyl which is optionally
interrupted by one oxygen atom 10 is saBdti t ut ed by a hydroxyl group or by
a radical of the fornmula -NRBR9 15 in which R7 represents hydrogen,
(C1-A4)-al kyl or (C3-0C6)-cycloalkyl, R8 and RO are identical or different
and each represents hydrogen, (C 1 -C4)-alkyl or (C3-C6)-cycloal kyl, or 20
R8 and RO tod#ehEh with the nitrogen atom forma norpholine radical, and

25 R3 represents a phenyl radical, and their salts. Mreover, processes
for preparing,the- ds of the general formula (1) have 30 been found
which are ch é%?sé%%gg@gg‘h"et hat [A] compounds of the general fornula (I1)

5 T represents (C,-C4)-alkyl, preferably methyl or tert-butyl,
and
\% represents a suitable leaving group, such as, for example, halogen,
10 mesylate or tosylate, preferably bromine,

{ is initially converted by reaction with compounds of the general formula (III)

N-_-As
11 / D 1
R | -t ),
N P
H
in which
15
A D E,Gand L! are each as defined in Claim 1
and
20 R" has the meaning of R? given in Claim 1, where amino and hydroxyl

functions are optionally blocked by suitable amino or hydroxyl protective

groups,

in inert solvents, depending on the definition of R'' optionally in the presence of a

25  base, into the compounds of the general formula (IV)

y ),

in which



V (I1), 1 1 SEP 2003 -11 in which L2 is as defined above, 5 T represehtstP 71N
(C1l~-C4)-al kyl, preferably nmethyl or tert-butyl, and V represents a

sui tabl e. | eaving group, such as, for exanple, halogen, 10 nesylate or

tosyl ate, preferably bromne, is initial converted by reaction with
compounds of the general formula (I11) (M), 15in which A, D, E, G and L'

are each as defined in daim1l 20and R' has the neaning of R2 given in
Claim1, where am no and hydroxyl functions are optionally bl ocked by

suitabl e am pa Qr ~hydroxyl 2prot.ecti v r,oups, .25 n inert solvents,
dependi ng onth ’E%EIﬁrﬁr&hag?&ﬁ“:%ﬁﬁﬁgﬂgﬁ%?JWHV?he presence of a base,
into the conpounds of the general formula (IV) -~ A RL LI | EpL" in
which 1 1 SERifNhee converted in a subsequent step using acids or bases into the corresponding

carboxylic acids of the general formula (V)
Ne A%
R :[ ——L
N G’/E
CO,H
4 V),

in which
R ‘, A,D,E, G, L' and L? are each as defined above,

10 which are subsequently, following activation, reacted by known methods with
compounds of the general formula (VI)

R

A, (vD),

HNT R

in which
15 R'and R? are each as defined above
in inert solvents,
and, if R'' carries one of the abovementioned protective groups, these are optionally
20 removed by customary methods either in the hydrolysis to the acids (IV) -> (V) or
after the reaction with the compounds of the general formula (VI),

or

25  [B] if R® represents a saturated heterocycle which is attached directly via a nitrogen

atom to the imidazole ring,




.12 R', A D E G L', Lz and T are each as defined above, which afé SFP 7™
converted in a subsequent step using acids or bases into the correspondi ng
carboxylic acids of the general formula (V) NY~ LI 5 in which R", A D, E
G L' and L2 are each as defined above, 10 which are subsequently,

fol l.owi ng activation, reacted by known nEthods with conpounds of the
general formula (M) (M), in which 15 R and R3 are each as defined above
ininert solvents, and, if R' carries one of the abovenentioned protective
groups, these are optionally 20 renoved by customary nethods either in the
hydr ol ysi s t thet dbevementsongd \ompougds) obthe gfieml fotmaula e hicomitidllyhcartverted

conpounds of I 25 [B] if R2 represents a
sat urat ed hefvgetpggﬁgpgﬁ(\i/’smqfc%% f%ed&gl)r ectly via a nitrogen atomto
the imdazole ring, 1 1 SEP 7'M t he abovenenti oned conpounds of the

general formula (I1) are i\n.i_ré’al .QBDALELI“t ed wth c(mpunds of the general
N

formula (l111a)

in which
5

A, D, E, Gand L' are each as defined above

and
10 Y represents halogen or mesyl, preferably chlorine, bromine or mesyl,

in inert solvents into the corresponding compounds of the formula (VII)

v— Iﬁ\—r- Lt
co,-T
L2 (VID),

in which
15

Y.A D E G, L!, L? and T are each as defined above,

which are reacted in a subsequent step with compounds of the general formula (VIIX)
20 HNR'R" (VII)

in which

R'? and R" together with the nitrogen atom form a heterocycle according to the

definition of R?

25

to give compounds of the general formula (IX)



NAJ/L Y-<1 N(llla), HrES5in which A, D, E Gand L' are each asHSEPZUH3

defined above 10and Y represents hal ogen or nesyl, preferably chlorine,
brom ne or nesyl, in inert solvents into the correspondi ng conmpounds of the
formula (M1) 15 (M 1), in which Y, A D,,E, G L', L2 and T are each as
defi-ned above, which are reacted in a suﬂgequent step W th conpounds of the
general fornmula (VII11) 20 R12R13 (VI11) in which 25 R 12 and R 3 together
with the nitrogen atomforma heterocycle according to the definition of R
2 to give conpounds of the general formjl a (IX) 11 SEP 2003 -14

12R13N_</ __’__ L
G

co,-T

(1),
L2

in which

A, DE, G, Ll, Lz, R'z, R'? and T are each as defined above,

5

which are, in the subsequent steps, converted as described under [A] by hydrolysis

into the corresponding carboxylic acids of the general formula (X)

RR“N _</ E L!
CO,H
(X},
LZ

in which

10

A,D,E, G, L', L% R'? and R" are each as defined above,

and these compounds are subsequently, following activation, reacted with the
compounds of the general formula (VI) according to known methods for preparing
15 amides from carboxylic acids and amines and, if appropriate, converted into the

corresponding salts by reaction with an acid.

The processes according to the invention can be illustrated in an exemplary manner

by the formula schemes below:




R RI3N (). inwhich A, DL E, G L', L2, R12, RI3 and T are each as Hé&fpRdd]
above, 5 which are, in the subsequent steps, converted as descri bed under
[A] by hydrolysis into the corresponding carboxylic acids of the general
formula (X) RI2RIBN.y L, 916~ A in which 10 A, DL E, G L', L2, R12 and
R13 are each as defined above, and t hese L onpounds are subsequently,
follow ng activation, reacted with the conpounds of the general fornula
(VI) according to known methods for preparing 15 am des from carboxylic
acids and am nes and, if appropriate, converted into the corresponding
salts by reaction{Ajith an acid. The processes according to the invention
can be illustrated in an exenplary manner by the fornmula schenes below 1
1 SEP 2003 -15 [A] NaH, DWF 1 1 SEP 1093 -16 1 1 SEP 2003

o)
[: :] Br EBu
N" N
|_</|\
-

N
H N




-17 [B] d NaH/ THF HB3C-N NH ~ f NH2 Suitable am no protective groupé % $EP 2003
the .context of the invention are the customary am no protective groups

used in peptide chemstry. 1 1 SEP 2U33 -is These preferably include:

benzyl oxycar bonyl, 3,4-di methoxybenzyl oxycarbonyl, 3,5-

di met hoxybenzyl oxycar bonyl , 2, 4-di met hoxy®enzyl oxycar bonyl , 4-nmet hoxy-

benzyl oxycar bonyl , 4-nitrobenzyl oxycarbonyl, 2-nitrobenzyl oxycarbonyl,
2-nitro- 4,5-di nethoxybenzyl oxycarbonyl, nethoxycarbonyl, ethoxycarbonyl,
propoxy 5 carbonyl, isopropoxycarbonyl, butoxycarbonyl, isobutoxycarbonyl,
tert-butoxy- carbonyl, allyloxycarbonyl, vinyloxycarbonyl,

2-ni trobenzyl oxycar bonyl, 3,4,5- tri xybenzyl oxycar bonyl ,

cycl ohexoxycar bonyl, 1,1-dineth xycgr bonyl, adamantyl carbonyl ,
pht hal oyl , 2,2,2-trichl oroetho nyts 2,2,2-trichloro-tert-
but oxycar bonyl, nment hyl oxycafbony phéﬁoxycarbonyl,

4-ni trophenoxycar bonyl, 10 f§ uoreryl - 9- net hoxycar bonyl, fornyl, acetyl,

propi onyl, pival oyl, 2-chtforoscet br onbacetyl, 2,2,2-trifluoroacetyl,
2,2,2-trichl oroacetyl, bqugyl, 4-ch benzoyEQCH.- br onobenzoyl ,

4-ni trobenzoyl, phthalim¥g, i'soval e br bepzyl oxymnet hyl ene,

4-ni trobenzyl, 2,4-dinitro§bnzy| or

A preferred protective
group for primary amnes is phthalim de. ed protective groups for
secondary am nes are

Y H,N CONH,




15 benzyl oxycarbonyl and tert-butoxycarbonyl. The amino protective gtbgpgg 2003
can be renoved in a manner known per se, for exanple under the
hydrogenol ytic, acidic or basic conditions, preferably using acids, such
as, for exanple, hydrochloric acid or trifluoroacetic acid, in inert
solvents such as ether, 20 dioxane andliethyl ene chloride. A suitable
hydr oxy protective group in the context of the definition given above is
generally a protective group fromthe series: trinmethylsilyl,
triethylsilyl, triisopropylsilyl, tert-butyl-dinmethylsilyl, di
met'hyl t hexyl sifBlyl , tert-butyl-di phenylsilyl, 25
trimethylsilylethoxycarbonyl, benzyl, triphenylnethyl (trityl),

nmononet hoxytrityl (MMIr), dinethyloxytrityl (DMIr), benzyl oxycarbonyl,
2-nitrobenzyl, 4-nitro- bengyd, 2- nitrqg@nzyloxycarbonyl

4- n|trobenzyloxyca bony| , t-rt but yl ox arbonyl 4- ybenzyl
I S é) trlchI8F§§%£ﬁ§

4- nethoxybenzyég

2,2,2-trichl orget? -thoxybenzyT“Z‘ﬂ—ﬂ?ﬁethoxybenzyl 30
oxycarbonyl met hokymethyl , net¥ et hyl , met hoxyet hoxynet hyl ,

[ 2- (trlnethyI5|IyI et hoxy] - met hyl , R- (pet hyl t hi omet hoxy) et hoxycar bonyl ,
tetra- hydropyranyl, benzoyl, N-succihi mde, 4-nethylbenzoyl,

4-ni trobenzoyl, 4- fluorobenzoyl, 4-chlorobenzoyl or 4-nethoxybenzoyl .
Preference is given to tert- but |dimethylsilyl. 1 1 S E P 2003 -19 The
hydroxy protective group, b ved in a nper per se, for
exanpl e using acid or gF_Q? ddlt 87 of éﬁ' but $$annnniunfluoride,
or is carried‘UUf‘UUrlng thv hydr ol of t he car LC acid. 5 Suitable
sol vents for the processes are 8%&(@ organi ¢ sol vents whi ch do not
(change under the reaction cond . EThese include ethers, such as diethyl

et her,

Suitable amino protective groups in the context of the invention are the customary

amino protective groups used in peptide chemistry.



di oxane, tetrahydrofuran, glycol dinethyl ether, or hydrocarbons, such
benzene, toluene, xylene, hexane, cyclohexane or nineral oil fractlbh§£PdW3
hal ogenat ed hydrocarbons, such as dichl oromet hane, trichl oronet hane,
tetrachl or onet hane, 10 di chl oroet hyl ene, trichl oroethyl ene or

chl orobenzene, or ethyl acetate, pyridi-nd- dinmethyl sul phoxide,

di met hyl f or mam de, hexanet hyl phosphoric triam de, acetonitrile, acetone or
nitromethane. It is also possible to use m xtures of the solvents
mentioned. For the process [A] (Il) + (l111) - (1V), preference is given to
di et hyl et héfhes¢ eteferhlylgrioélude peazydodicambonyll Bérdrmﬂmyb@aﬂpkmmﬂ% erence

|'s given {nﬁ@%}(ﬂ@ﬂlﬂy o&ﬁéﬂ%ﬂyge §"4' &1?r¥éltl‘?oxfy9énz ﬁ)?( es l40mEdBx Py OCess

accordi ng to |c 0 rgani ¢ bases.
These pr ef ertebkylokyarheag!, artmurmbqayﬂpmadmyl sarmtr nzyiexycaeb@abfbl &N um

hydroxi de oty Bl iR e/ e kil B! INAREAENN, TR BKBSRE! dpRporf. such

as, for exanple rirum I de; "al kal| ‘netal . carbonates, 'such as sodi um

carbonat &, pwerkesyluisapsonsBaearbonsl, dueesyGARbeRY!HoisabWoX RNy e IELPYIR Ket al

carbonat es, SpshyRS aﬂzio&yéﬂ?b&f}‘l bqri'ﬁstlsrxycafboaylkablmufr@&eabylexyoawmy] ng,&srth
net al aIkOX|des suc

S so E@X|de o &ﬁtaiz oxl de qdlum
et hoxi de or trimsthesybenaylaxpes ?f@’ orSYFPEEIYEHCP f S{'F@(X YerFRAH
am nes (tri addsﬁiaﬁ@lcaa&)n@ﬁ) pHthaRs), 252erictdoroethek yuattamyhe 2, Qcil-trhxhic&o@crycl es,

16 di azabi YEPBERTRY v AN TRBUFRRETF R, dmiephensxyeabony!
met hyl pilger i Biiorenyd+9-mothpRpdarremyl, | foringl, adestylp psenionyd, povalpyd, 2- Cé‘bbe%F@ésl
alkall metalpoilisledt ffg-tHﬂh%ng et[)ﬂetrzzhéﬂéﬁlog@a%e yBUelzes, @@momehwl' de.

Preference i'sS given arbongte, , . cae

assi um
{car bonat e, %btm@zcnwyénﬂn@trottw%t npqhaﬁmﬁ@ ipRRleIp¥leor PRIHIOXY RS ylene,

t 2” I |bUt oxi Id‘I?I %@2@1 @Am{robéf&ryy opatﬁltrﬁpllle@l'yl YA Rfr&faﬁéd pebtEqivet grous tfep
[ALCT) =+ rzlar_y_armgnes is phtha lmlde %’refo rrec? protectwe g¥oups ?or secondary amines are

15 benzyloxycarbonyl and tert-butoxycarbonyl.

The amino protective groups can be removed in a manner known per se, for example
under the hydrogenolytic, acidic or basic conditions, preferably using acids, such as,
for example, hydrochloric acid or trifluoroacetic acid, in inert solvents, such as ether,

20  dioxane and methylene chloride.

A sujtable hydroxy protective group in the context of the definition given above is
generally a protective group from the series: trimethylsilyl, triethylsilyl,
triisopropylsilyl, tert-butyl-dimethylsilyl, dimethylthexylsilyl, tert-butyl-diphenylsilyl,
25  trimethylsilylethoxycarbonyl, benzyl, triphenylmethyl (trityl), monomethoxytrityl
(MMTr), dimethyloxytrityl (DMTr), benzyloxycarbonyl, 2-nitrobenzyl, 4-nitro-
benzyl, 2-nitrobenzyloxycarbonyl, 4-nitrobenzyloxycarbonyl, tert-butyloxycarbonyl,
4-methoxybenzyl, 4-methoxybenzyloxycarbonyl, formyl, acetyl, trichloroacetyl,
2,2,2-trichloroethoxycarbonyl, 2,4-dimethoxybenzyl, 2,4-dimethoxybenzyl-
30  oxycarbonyl, methoxymethyl, methylthiomethyl, methoxyethoxymethyl,
[2-(trimethylsilyl)ethoxy]-methyl,  2-(methylthiomethoxy)ethoxycarbonyl,  tetra-
hydropyranyl, benzoyl, N-succinimide, 4-methylbenzoyl, 4-nitrobenzoyl, 4-
fluorobenzoyl, 4-chlorobenzoyl or 4-methoxybenzoyl. Preference is given to tert-

butyldimethylsilyl.



In general, the bases are enployed in an anpbunt of from 0.05 nol to 10 SEBIIN
35 preferably froml not to 2 nol, based on |I. not of the conpound of the
formula (11). 1 1 SEP 1 ? -20 The process (I1) + (Il1l) -3 (1V) according to
the invention is generally carried out in a tenperature range from-20C to
+60C, preferably fromOC to +60C. The prggess (rr)y + (rer)y -> (1v)

according to the invention is generally carried out 5 under atnospheric
pressure. However, is al so possible to carry out the process under

el evat ed pre%ﬁé’fﬁd?c&c Egﬁ?erctlvgd# £ B 1ehtay h%h IRIRES Knduil P& gE {rom

0.5to 5 bar fa" CAr oxylc esters I1s carrfFed dut by
customary netxemople bymgm:ld roeélasmgarttiyeacéksmcm of tatrabuyl ameminremflyondld, hor is

cust omary ba edBQtedLﬁ-Fhl ttﬁ%%&gsné‘ﬁﬁ eq:ra S{gh‘ph&%al | y being converted by

t r eat ment WI aC| I nt e car acl in the case of the
t-butyl esters, with acid. Suitable bases for the hydrol ysis are the

CUSt omar ys i NGy %of%lﬁﬁsfor Tﬁ@néﬁ‘oc%s%ﬁ S‘F@QL%O“I% b%ﬁﬁxla‘ds%l@n'fsabdhlé}?ﬁ@not

hydr oxi des or a ka I ne earth r oxi exanpl e, sodium
hydr oxi de, IFI!EWBGrﬂﬂﬁ%lFl‘t?xﬁ'eél‘étlonpﬁ"éls@f\ﬁrrﬂi%r'ﬁﬁliud% etherp Aurhuds dishiybsige, or .

al kal i met al gipRhRONSFBSdroTinh, §cc§Qﬂh1:céfﬂ pemeprtﬁ:tr@d%caﬂﬁnasmcur@s sarbriat e
rererence. I s

or sodi um bi c rbonad%? P?hgt i cu i;etn t.0 usi ng}aiodl um

hydr oxi de or lyeng; FHId 5% ¢e CYSE QEﬁ“FaBT é“‘zEETa(lj gactipps, o @, genated
trifluor oacehydro@arb@hs swchhusl dlcal@rd}nethmtbr ogihlcebhethhts, tettughioogmechbneom de
and acet |

wat er . efe 1§ﬁlo(goet%ym(al ven %EISF% ?enﬁeﬁr ?Ogg?e g at?err %Itynorgtgt:cétli?@dzi%l 'din

t he case of dintethyler sulpmyﬂc,esﬁmﬁhﬁmmltﬂgdr betdmethdphasplioriay tthiemidse of

the methyl eglliSiile, acetone or nitromethane. It is also possible to use mixtures of the

\ solvents mentioned. For the process [A] (II) + (II) — (IV), preference is given to
diethyl ether, tetrahydrofuran and dimethylformamide. Particular preference is given

15 to dimethylformamide.

Suitable for use as bases in the process according to the invention are, in general,
inorganic or organic bases. These preferably include alkali hydroxides, such as, for
example, sodium hydroxide or potassium hydroxide, alkaline earth metal hydroxides,

20  such as, for example, barium hydroxide, alkali metal carbonates, such as sodium
carbonate, potassium carbonate or caesium carbonate, alkaline earth metal
carbonates, such as calcium carbonate, or alkali metal or alkaline earth metal
alkoxides, such as sodium methoxide or potassium methoxide, sodium ethoxide or
potassium ethoxide or potassium tert-butoxide, or organic amines (trialkyl(C,-

25  Ceg)amines), such as triethylamine, or heterocycles, such as 14-
diazabicyclo[2.2.2]octane (DABCO), 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU),
pyridine, diaminopyridine, methylpiperidine or morpholine. It is also possible to use,
as bases, alkali metals, such as sodium, or their hydrides, such as sodium hydride.
Preference is given to sodium hydride, potassium carbonate, caesium carbonate,

30 triethylamine, trimethylamine, pyridine, potassium tert-butoxide, DBU or DABCO.
Very particularly preferred for the step [AJ(II) + (I} — (IV) is the use of sodium
hydride.

In general, the bases are employed in an amount of from 0.05 mol to 10 mol,

35  preferably from ! mol to 2 mol, based on 1 mol of the compound of the formula (II).



25 Solvents which are suitable for the hydrolysis are water or organig] SEp 1™
solvents customarily used for hydrolysis. These preferably include

al cohol's, such as nethanol, ethanol, propanol, isopropanol or butanol, or
et hers, such as tetrahydrofuran or dioxane, dinethylformam de,
dichloronethane or di nmethyl sul phoxide. It is also 30 possible to use

m Xtures of the solvents mentioned. PreféPence is given to

wat er/tetrahydrofuran and, in the case of the reaction with trifluoroacetic
acid, dichlgronethan e case of hydrogen . chloride,

et ahydr of urldR ProFeet I+&F?1'F OV heiiGe 0 1P YRRt if BAnFELly Shmiogeatsing
carried out iemperhtanpmngd from -2 £6090) Prefdrably HORDM°A tol+68EE. 2003 -21 In
general, the hydrolysis is carried out at atnospheric pressure. However, it
is also possible to operate under-reduced pressure or under el evated
pressure (foithexmogsise (If #oiil0—5 (10 &coaling tbthefievertianriyigegerally cadied out

hydr ol ys b, X e unt _ of
yar ol yses, LhGerds iifes enfch@,aesﬁ HAWAERA! % Gk SBLBKH Ll But BEOHBLCRT
ester. The can%ﬁs)@}@watedalfeasgre(ovynéfﬂecm&pre,ssu;c(ﬁovaxemplbw deingg froond.&rtv ed
into the 105¢gfresponding acyl halides, preferably acyl chlorides, or
pre-activation with a .customary condensing agent, which can take place I n
situ or by isolating the activated carboxylic acid derivative. The acyl

hal |t ﬂes can tf\lﬁe tyelpslyas d@yth@ lt%mtb@ﬁ(ﬁlﬁdé ebifshRdgarried' bat %§Q:L@fon@fﬁ|lﬁéth&ib| gyi de
or i on 0 oned a

auxi | i ar Yde B'g%tﬂlgf %‘F%t%%}és lgn{lﬂgsqlﬁ?%ﬂ“ %S@P@f%ﬁ&%ﬁé‘? ﬁﬂtsa‘&lé‘ﬁé are toredy ence
i's given her entiglybéing comnerted by sreamyent oviteasd irgo algefitescarboroflicagids, or, in

fcar bodi i mi dege &0 of the t-butyl esters, with acid.

Suitable bases for the hydrolysis are the customary inorganic bases. These preferably

15  include alkali metal hydroxides or alkaline earth metal hydroxides, such as, for
example, sodium hydroxide, lithium hydroxide, potassium hydroxide or barium
hydroxide, or alkali metal carbonates, such as sodium carbonate or potassium
carbonate or sodium bicarbonate. Particular preference is given to using sodium
hydroxide or lithium hydroxide.

20
Suitable acids are, in general, trifluoroacetic acid, sulphuric acid, hydrogen chloride,
hydrogen bromide and acetic acid, or mixtures thereof, if appropriate with addition of
water. Preference is given to hydrogen chloride or trifluoroacetic acid in the case of
the tert-buty] esters and to hydrochloric acid in the case of the methyl esters.
‘ 25

Solvents which are suitable for the hydrolysis are water or organic solvents
customarily used for hydrolysis. These preferably include alcohols, such as methanol,
ethanol, propanol, isopropanol or butanol, or ethers, such as tetrahydrofuran or
dioxane, dimethylformamide, dichloromethane or dimethyl sulphoxide. It is also
30 possible to use mixtures of the solvents mentioned. Preference is given to
water/tetrahydrofuran and, in the case of the reaction with trifluoroacetic acid,
dichloromethane and, in the case of hydrogen chloride, tetrahydrofuran, diethyl ether

or water.

35  The hydrolysis is generally carried out in a temperature range from 0°C to +100°C.



exanple N, N -diethyl-, N, N -dipropyl-, N, N -diisopropyl-, 11 SEP 2003
N, N - di cycl ohexyl - carbodii m de,

N—(3 di met hyl am noi sopropyl) - N - et hyl carbodi i m de hydrochloride (EDC) or
car bonyl conpounds, such as carbonyl diim dazol e, or 1,2-oxazolium 20
conpounds, such as 2-ethyl -5-phenyl -1, 2- oxazol i um 3- sulphate or
2-tert-butyl -5- nethyl-lsoxazol|un1perch2brate or acylan1no conpounds,

such as 2-ethoxy-1- ethoxycarbonyl- 1, 2-di hydroqui noli ne,

propanephosphonlc acid an(ﬁdrlde or  isobutyl chloroforqg or

bi st ( 2- oxo- 3logenesali e dyHydl priv BHRETSA Owt aimespheric pressure. Howéver, it is also

benzotri azol J)ééiﬁ{e td bé&bﬁ&lﬁmﬂ AEuBg) plaesieheniivdsr eatdduaeaphogphat angled, as
25 bases, aI| arbonates, for exanple sodi um carbonate or
3t Sbas

bi car bonate gﬁﬁl um car bonate or bicarbonate, or organic bases, such
as trialkylanmnes, for exanple triethylamne, N-ethyl rmrphol I ne,

N- et hyl pi p d|ne or diis et hyl am n Part.i cul ar,,preference is

gi ven to i RiCtHE t&ﬁgéﬁﬁ%kw rlrlé%/h %Bﬁfﬁndﬂ% gegncally cmpﬁ)yed tr an

1- hydr oxy benambnmtaifd‘rm 1Roelf08r meld psacﬁd:mbllytfmm ars tod) envl,dmsedB0On flonokef tha ar e
di chl or onet hane, and DMF. The conpounds of the general forrmulae (I1),

(rrra, (VI) gﬁd (VI'1l) are known or can be prepared by customary nethods
(cf. EP-A-0 725 061, EP-A-0 725 064). 35 Most of the compounds of the

general for r n Y a yP I eghveriedt Mo Cge
that R’ doe?hgtédr%% (Ialge%ma? g glr%og&brg \Aﬁmallesb altbtggghegnv di rec%:g‘ﬁ\‘?l a N,

by reactlhg eompooRdiag ocyt H@hg%eprafer%y Agyh chlordes, or Pre=aptivatiey )2 5 10
15 in which cystomary condensing agent, which can take place in situ or by isolating the activated
carboxylic acid derivative. The acyl halides can be prepared by customary methods.

The use of oxalyl chloride or thionyl chloride may be mentioned as an example.

15 Preferred auxiliaries used for the amide formations are condensing agents. Preference
is given here to using the customary condensing agents, such as carbodiimides, for
example N,N’-diethyl-, NN’-dipropyl-, N,N’-diisopropyl-, N,N’-dicyclohexyl-
carbodiimide, N-(3-dimethylaminoisopropyl)-N’-ethylcarbodiimide hydrochloride
(EDC) or carbonyl compounds, such as carbonyldiimidazole, or 1,2-oxazolium

20 compounds, such as 2-ethyi-5-phenyl-1,2-oxazolium-3-sulphate or 2-tert-butyl-5-
methyl-isoxazolium perchlorate, or acylamino compounds, such as 2-ethoxy-1-
ethoxycarbonyl-1,2-dihydroquinoline, or propanephosphonic acid anhydride, or
isobutyl chloroformate, or bis-(2-oxo-3-oxazolidinyl)-phosphoryl chloride or
benzotriazolyloxy-tri(dimethylamino)phosphonium hexafluorophosphate and, as

25  bases, alkali metal carbonates, for example sodium carbonate or bicarbonate and
potassium carbonate or bicarbonate, or orgariic bases, such as trialkylamines, for
example triethylamine, N-ethylmorpholine, N-methylpiperidine or diisopropyl-
ethylamine. Particular preference is given to the combination of EDC, N-
methylmorpholine and 1-hydroxybenzotriazole. Preferred solvents for the amide

30 formation are dichloromethane and DMF.

The compounds of the general formulae (I}, (IMa), (VI) and (VIII) are known or can
be prepared by customary methods (cf. EP-A-0 725 061, EP-A-0 725 064).

35 Most of the compounds of the general formula (III) are novel, and they can be
prepared, in the case that R'! does not represent a heterocycle which is attached

directly via N, by reacting compounds of the general formula (XI)



A, D, E, Gand. L' are each as defined above wi th conpounds of the geheER00}
formula (XIl) R'-CO2H (XI'l1) in which RL1 is as defined above wth renoval

of the water of reaction, if appropriate in the presence of an acid,
preferably PPA, HO and p-TsOH (cf. also J. Org. Chem 1941, 6, 25 ff, and
Bull.. Soc. Chim Fr. 1991, 128, 255-259) 20 and, in the case that R
represents one of the radicals |isted ab¥re under R2 which may optionally

al so carry a protective group, by converting conpounds of the general

formula (XI) initially by reaction with conpounds of the general formula
(XI'I'1) HOR14-C2H (XI11) 25 in which R 14 represents (C 1-C$)al kanediyl 30

i nto conpounds of the generag_lzﬁrrml %\I.‘Xl\/) 11 SEP 2903 N HOR14 ' ---~

LL N®& H(XIV), in which b’;\cuna] G Rl14 and L' are each as
defined above in inert solvents, I

-
H.N G~
Z (XT),
in which
5
A DEG and_Ll are each as defined above
with compounds of the general formula (XII)
10 R"'-COH (XID)
in which
R" is as defined above
15

with removal of the water of reaction, if appropriate in the presence of an acid,
preferably PPA, HCI and p-TsOH (cf. also J. Org. Chem. 1941, 6, 25 ff. and Buil.
Soc. Chim. Fr. 1991, 128, 255-259)

20  and, in the case that R' represents one of the radicals listed above under R? which
may optionally also carry a protective group, by converting compounds of the general
formula (XI} initially by reaction with compounds of the general formula (XIII)

HO-R'™-CO,H (XT)
25
in which

R  represents (C;-Cg)alkanediyl

30  into compounds of the general formula (XIV)



subsequent |y substituting the hydroxyl group by hal ogen, nesyl ate 0r1TSEP2M3
tosylate, thus 10 producing the compounds of the general formula (XV)

Z-R14 // L1 ° (LGE 15 in which Rl4, AL D, E, Gand L' are each as deflned
above and 20'Z represents hal ogen, mesylate or tosylate, and reacting

these with am nes of the general fornmula (XVI) R$RONH (XVI) 25 (XV) in
whi‘ch R8 and R9 are each as defined abovi (cf. also J. Am Chem Soc.
1948, 70, 3406; J. Heterocycl. Chem 1969, 759-60). | | SEP 20[3 -24

Sol vents which are suitable for the process are custonmary organi c sol vents.
whi‘ch do not change under the r cti ~xconditions. These preferably

i nclude ethers, such a oxan t et rahydr of uran, gl ycol
di mret hyl ether, or hyd Qarg)ns{ ie1

t ol (Xd&/),xyl ene,
hexane, cycl ohexane or m neral

ns, or halogenate& hydr ocar bons,
such as di chl oronet hane, trlchIoaneth e, carbon

in which
5 A, B, D,[lacuna] G, R' and L are each as defined above
in inert solvents,

subsequently substituting the hydroxyl group by halogen, mesylate or tosylate, thus
10 producing the compounds of the general formula (XV)

N ‘\\D
ZR'*—{ :[——i——- L'
(XV)

e
in which
15
R A, D,E, Gand L' are each as defined above
and
20 Z represents halogen, mesylate or tosylate,
and reacting these with amines of the general formula (XVI)
R®R°NH (XVD)
25

in which
R® and R are each as defined above

30  (cf. also J. Am. Chem. Soc. 1948, 70, 3406; J. Heterocycl. Chem. 1969, 759-60).



tetrachl oride, dichloroethylene, trichloroethylene or chlorobenzene, PREP 201
ethyl acetate, triethylamne, pyridine, dinmethyl sul phoxide, i
di met hyl f or mam de, hexanet hyl phosphoric triamde, acetonitrile, acetone or
nitromethane. It is also 10 possible to use m xtures of the solvents

menti oned. Preference is given to dichlgfonethane, tetrahydrofuran and

di et hyl f ormam de. Bases suitable for use in the process according to the

i nvention are, in general, inorganic or organic bases. These preferably
include al kali metal hydroxides, such as, 15 for exanple, sodium hydroxide
or potassium hydroxi de, al kaline earth nmetal hydroxides, such as, for
exanpl e, bar POYEMY YU 868 sudable for the pracessATe SREPBAry YRHNC salverdpwihigh do

carbonate, ppéasHRhEETuArAB FERiOH c@ﬁ@i@ibhﬁﬂ’l@%ﬁ@?&@érﬁblyﬁh&ﬁh& efeRAlhéh aEt al
car bonat es, ﬁu&g aéﬁc%{C|un1carbon te, or qua | ge al or 8Ika%|ne earth
metal  al kox{GBY! eEgE K Qe G AMIFIE X Blyeol mstvh sbFt, O AXEIOERTOARS. SE&i um
et hoxi d? r 20 b}@@zems,s itolirered, hopéerte l&?]camt@&sdheﬁmeebt-nhmem{i ﬂie,fravtioag,gaﬂi c ]
am nes (tria Cl- an nes) su as . triet am ne, . or heterocyc] es suc
as 1,4- di azh"g%{%"&(f‘@%g[ g%r_o&?r%%% all %( Bi\B%iEﬁ'lP“’P%JJ%PIQ tnchfc))romcthane, XarLon
azabi cycl o[ Stetradtjlomdte clichlenoethyPBL)) trichlpyuekidilene, ordihdorobanaynd, direehyl acetate,

met hyl pi peri di - or phgl i It i lLso p Lhl.e.to u ,

al kali netal g%eﬂ&ljc mg’g sodl qu]nse’m t%%%?ﬁydr?@ggglgﬁch a‘gﬁlse(t)hﬁéﬂﬁ%@g%i de.
25 Pr ef er enckexamedivirhospleprico thiamirpy aesterstrilposceterieunt dulrepethane, It is also
triethyl gm NBossibld 'tHEhﬂ_aV | ARUREs dPY fHedisBRentPOlRAGhNA (IREferdteb Ol Guen DRV OF
DABCO. | n general, tlpe baseﬁmalr%a errpr{ﬁ&(ed I n.an ampunt of from0.05 nol to
10 nol, prefishlogmethangefrapyrofugamand dimeghylemmypide. ol of the compound of

the formula 30 (XV). The process according to the invention is generally
‘carried out 'nate[ referabléifrom

7300 to seoch®sd SR BLUE hA ke el Png R TS0 Fhril BT
carried out imedgnicaarrasggphebises. These preferably include alkali metal hydroxides, such as,
15 for example, sodium hydroxide or potassium hydroxide, alkaline earth metal
hydroxides, such as, for example, barium hydroxide, alkali metal carbonates, such as
sodium carbonate, potassium carbonate or caesium carbonate, alkaline earth metal
carbonates, such as calcium carbonate, or alkali metal or alkaline earth metal
alkoxides, such as sodium methoxide or potassium methoxide, sodium ethoxide or
20 potassium ethoxide or potassium tert-butoxide, or organic amines (trialkyl(C,-
Cg¢)amines) such as triethylamine, or heterocycles such as 1,4-
diazabicyclo[2.2.2]octane (DABCO), 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU),
pyridine, diaminopyridine, methylpiperidine or morpholine. It is also possible to use,
_ as bases, alkali metals, such as sodium, or their hydrides, such as sodium hydnde.
: 25 Preference is given to sodium hydride, potassium carbonate, triethylamine,

trimethylamine, pyridine, potassium tert-butoxide, DBU or DABCO.

In general, the bases are employed in an amount of from 0.05 mol to 10 mol,
preferably from 1 mol to 2 mol, based on 1 mol of the compound of the formula
30 (XV).

The process according to the invention is generally carried out in a temperature range
of from -50°C to +100°C, preferably from -30°C to +60°C.

35  The process according to the invention is generally carried out under atmospheric
pressure. However, it is also possible to carry out the process under elevated pressure
or under reduced pressure (for example in a range from 0.5 to 5 bar).



pressure. However,, it is also possible to carry out the process unde¢r SEP 2003
el evated pressure or under reduced pressure (for exanple in a range from
0.5 to 5 bar). 1 1 SEP 2003 -25 The conpounds of the general formulae (Xl),
(XI1), (Xi11)*and (XVI) are known per se or can be prepared by custonary
met hods. 5 Sone of the conpounds of the general fornulae (XIV) and (XV) are
novel, and they can be prepared, for ex %ple, as descri bed above. The
conpounds of the general formulae (1V), (V), (M1l), (I1X) and (X) and their
salts are novel and can be prepared as descri bed above. 10 Surprisingly,

t he conpounds of the general fornula (1) according to the invention and
their anal ogurancts) cdsmpmmhdfmﬁa)gmmemgmweﬂml(Xﬂil)atxmmhmngﬂ arakhbwhtper
spectrum conbined with an | oved sglubility in water. 15 It has been
found that tFE" 8&WH@“§@@U£§F%EFYEpéhéé&invention i nhi bit adenosi ne

upt ake. They can be used orally or intravenously for the prophylaxis and

t r eat ment. of r al | ' ' ral auna,
oedorm, | spasiRiEsh teyqrhAEHac DLy b Bl RETIVRLRCABORovcl Ay 2
syndrone, cecabbeprepiredrfooeiample,enidetciribed abaygr s, haenor r hages,
encephal onyel itis, hydroencephalitis, spinal injuries, post-operative
brain damage, injuries to the retina or the gﬁtical nerve after glaucom,

i schaeni a, hypesempowklatdheogenerad fermudaradVh Vi MIPDediasng (81 and their salis
schi zophr eni g rphverMddiaf b phspafsasdestribal Abov2d Oni ng to their inproved

solubilihy in water, the conpounds according to the
Surprisingly, the compounds of the general formula (I} according to the invention and
their analogues have an unforeseeable useful pharmacological activity spectrum,

combined with an improved solubility in water.

15 It has been found that the compounds according to the invention inhibit adenosine -

uptake.

They can be used orally or intravenously for the prophylaxis and treatment of
cerebral ischaemia, stroke, reperfusion damage, brain trauma, oedema, spasms,
20  epilepsy, respiratory arrest, cardiac arrest, Reye’s syndrome, cerebral thrombosis,
emboli, tumours, haemorrhages, encephalomyelitis, hydroencephalitis, spinal
injuries, post-operative brain damage, injuries to the retina or the optical nerve after
glaucoma, ischaemia, hypoxia, oedema or trauma and in the treatment of

schizophrenia, sleep disturbances and pain.

25
Owing to their improved solubility in water, the compounds according to the
invention are particularly suitable for intravenous administration.
Test systems

30

1. Determination of the solubility
To determine the solubility, a precipitation method was used:

35 10 mg of the test substance are completely dissolved in 50 pl of DMSO (stock
solution). 20 ul of this solution are added to 2000 pl of physiological saline. This



invention are particularly suitable for intravenous adm nistration. M
systenms 30 1. Determination of the solubility To determne the solu |I|§J

a precipitation nethod was used: 35 10 ng of the test substance are

conpl etely di $ésolved in 50.t1 of DMSO (stock solution). 20 | of this
solution are added to 2000 tl of physiological saline. This | 1 SEP 2333
-26 solution, in turn, is shaken at 25C-2d-a Thernom xer Confort (from
Eppendorf) at 1400 rpmfor 24 hours for equilibration. The precipitated
fractions of the test substance are centrifuged off u n a Bi ofu e 15 5

fr om Her aeusS@Btan 136WMy Fnibaken & 43°f. injagBlermogiixgr{eors & ce

nore centri ﬁmﬁ,mmrm@ul\g@f@@mg&aﬁé@m Becknmann at 45, 000 rpm = 125, 000
g. 10 Al of this centrifugation supernatant are then diluted with 1000 tl|

of DMSO, and this solution is nmeasured by HPLC (Hew ett Packard 1090,
net hod, gr adil"ﬁélbrefcipimeﬂ(}‘reibﬁe% HBSE: (<1 §lﬁfstaﬁl:i: a?reéeﬁtﬂfligl%dﬁﬂfw‘mg 4 m&mge 15

acetonitrile.ove 8: PBS b is a
physi ol og‘Jf ca ro%ﬁeﬁagg * 3?{’@{% ‘E‘BJ ﬁgge@" f)l?’Hngl OI?PL%?I’%%M[ serl q[n@e Bﬁ?rf:er) .
Usi ng a cal i beratifugad osing @ MichefugefremBatkpeank atd56@000fpnt hd 25HP0Cgneasur ement
is 15 converted into substance concentration. For the calibration curve,

20 .tl1 of the stock solution are diluted successively with DMSO such that 5

concentrat i oh@ MbPf this ceririfugation supsapgt arer thew diluted h‘é&hel@)@I Htaf dPRISE}, @nd

! : kte\tM se Meank @@htuhun '“Fhm@a&fr&? b EIHIQ (HARRYEPack&AdIGJ0E nRERIM, BFRA (TR
protte a& aIO(BJ‘%CPBSO bu%er pHe (é:lotgcl ‘%E E)&%fér%b%% acetonitrile over a period of 15 min,
column: RP18; PBS buffer pH = 4 is a physiological saline solution adjusted to

pH = 4 using phosphate buffer).

Using a calibration curve, the measured peak area of the HPLC measurement is

15 converted into substance concentration. For the calibration curve, 20 ul of the stock
solution are diluted successively with DMSO such that 5 concentrations of 2.5 mg/l
to 2000 mg/l result. These solutions are likewise measured by HPLC (see method
above), and the peak areas. are plotted as a function of the concentrations.

20  The solubility, determined by this method, of Examples 3 and 5 is 176 and 16 mg/l,

respectively.

2. Binding of the compounds according to the invention to an adenosine

transport protein from calf cortex

25
The ability of substances, to influence the adenosine uptake system is investigated
firstly by determining the binding affinity of selected substances to an adenosine
transport protein of the CNS and secondly by determining the inhibiting effect of the
substances on functional adenosine uptake.

30

For the binding test, a membrane preparation of cerebral calf cortex is used, which
expresses the relevant adenosine transporter. The binding affinity (Ki value) is
determined by measuring the displacement of a specific radio-labelled ligand
[nitrobenzylthioinosine (NBTI)} from the binding site in question by test substances.
35  The binding site is the binding site on the transport protein which is relevant for the
actual transport process. Thus, binding of test substances in this experiment results in



20 The solubility, determined by this method, of Exanples 3 and 5 id h¥g 2003
and .16 ng/l, respectively. 2. Binding of the conpounds according to the

i nvention to an adenosine transport protein fromcalf cortex 25 The
ability of substances, to influence the adenosine uptake systemis

i nvestigated firstly by determ ning the ?inding affinity of selected

subist ances to an adenosine transport pfg €in of the CNS and secondly by
determning the inhibiting effect of the substances on functional

adenosi ne upt ake. .. Faor._t he.bi ndi ng. t est r.ane, preparati.on

cerebral cal f upyss Sieiseor B AticsERe NBaT SR PRI B EhaRB e

t ransport er. Kikelubipnshilg. df Nembthen{iktry 128289, i84-19d&t er mi ned by neasuri ng

t he di splacenent of a specific radio-Ilabelled |igand
[nitrobenzylthioinosine (NBTI)} fromthe binding site in question by test
subst ances. 3Bamplesi3i andirighbitthBTEbinHmgbinredcingassiwith KF2tnd. t r ansport
protein which is relevant for the actual transport process. Thus, binding

of test substances in this experinent results in 1 1 SEP 2333 -27 a
quant i fi abl e 3r el edBhibitiomoohdadengsimgc ipsakensn alfi coortexk synaplosemienabyon of

the Ki value posgbiipdunddacdVedin@db e fifventidpS2, 39, 184-191). Exanples 3
and 5 inhibit NBTI-binding, in each case with K;=2 nM 5 3. Inhibition of

adenosi ne uptake in calf cortex synaptosones by conpounds according to the
i nvention FolFot e fumddbn0nden@drngRbkeetesaddiRaptosime Prepifatiph eI Rerebral

preparat i(? : fczril M6t erxqu alesed which expresses the adenosine transporter in question.
Synaptosomes are cell-free, functionally active vesicles which are obtained from
( cortex tissue using sheer forces and which still have the properties of an intact
synaptic knob. The inhibitory activity (ICso value) is determined by measuring the
inhibition of the uptake of the specific radio-labelled “substrate” adenosine into the

15  synaptosomes (J. Neurochemistry 1990, 53, 541-550).
Examples 3 and 5 inhibit adenosine uptake into synaptosomes with ICsp = 8 nM and

14 nM, respectively.

The neuroprotective activity of the compounds according to the invention was
20  determined in .the animal model of transient occlusion of the middle cerebral artery
(tMCA-O) and the subdural haematoma (SDH).

4. - tMCA-O

25  This rodent model (rat) imitates the pathophysiology and cerebral pathology of stroke
or circulatory arrest (embolization, thrombosis, vaso spasm, cardiac arrest, rapidly
and dramatically reduced blood pressure, high blood loss, etc.) with subsequent
recirculation in man (modified according to: J. Cereb. Blood Flow Metab. 1997, 17,
1066-1073).

30
Under general anaesthesia (inhalation anaesthesia with isoflurane), the hairs in the
lower anterior neck region are shaved off, in the dorsal position, the head is fixed, the
skin is disinfected and the neck area is opened in the middle along the trachea. The
right lateral neck muscles are severed bluntly and, together with the skin, pulled to

35  the side (retractors) so that the common carotid artery is clearly visible. The common
carotid artery is exposed towards the head up to the point where it branches into the

internal carotid artery and the external carotid artery. Using surgical suture matenal,



10 calf cortex is used which expresses the adenosine transporter in 171 SEP M7
qguestion. Synaptosones are cell-free, functionally active vesicles which

are obtained from cortex tissue using sheer forces and which still have

the propérties of an intact synaptic knob. The inhibitory activity (1C5Q
value) is determ ned by neasuring the inhibition of the uptake of the
specific radio-labelled "substrate" adend$ine into the 1.5 synaptosones

(J. Neurochem stry 1990, 55, 541- 550). Exanples 3 and 5 inhibit adenosine

upt ake i nto synaptosones with 1 C50 8 nMand 14 nM respectively. The

neut opr ot ect thgecoqampny ﬁﬂr@tldfameﬁe(@@rnﬁbéuh@rgthcbm gréemne qanetid pRrytaroHedas

20 det er m negfri mygifie aaﬂhc%&laﬂ? e ?rfter‘hﬁfi@z?rbﬁ&tar%ﬁ'xb‘sdl%dofen{fb?a%%E

cerebral artery (tMA- O t he subdural haematonm

Thi's rodent HRYBEEDCREQE aﬂﬁﬂt lapégnqdh@ldp%ﬂﬂebwaiwt éi‘ﬂ@l‘ %@u@ﬁ?damp aad ﬁol ogy
of stroke Oénla%ﬁec&[dlﬁh@f ¥t ald; iﬂ of ﬁﬂﬁpirbzgﬁﬁdeerthroh@ﬁ Qh’é)@@rhﬁwn\ba&mds

cardi ac rest agP ?ﬁl Eg.&uramatll cal i;in? tﬁl qQod essure, g

bl ood | oss, 8% AftePPeIag gL S Do 2B 1 ° falf WOfIF@a‘C% Br di ng
to: J. hOe_r ebclp&hdmdeyﬁi Ofl\/tHVErhﬁid#]e de2&otal dﬂhcry U?ﬁ@-twlﬂ?thpo&@y klﬁtdﬂ:rlogﬁﬂetﬂal
anaest hesi a nhal at j.on, anaest hesj a | sof L.ur ane t L rs, in

Moner an er i BRI 52 BTRE SLOFAL Sutiid b ke BRERour, FR B bR e
is fixed, theut,gkd theiigtegna icafotidtaenaard thheomendn caretad agerypentidd pff aboge

m ddl e aI ong hin@C are severed
bluntly and, thte 1}[118 ﬁ[vaﬂ%tdrl\sélﬁ] héigilatlhé &{Tﬁ%ra%lt %ggs tql??;g%&?%g (retractors) so

that the Q:ommn carotld artery is clearly vi sible. The comon carotid

artery is exp@seshckox@hihsstialien Ngaskgun aﬁe&ﬁemml e Whier ofi ﬁepbﬁadi@meq"he nto
the internal carotid arfery and Itlhe eié cf:r csrotldharterl)(/l dg
ﬁsurgl cal sut BPEARL ePpyld 1s surglca looke ater ring the operation an the

administration of. the substance (infusion), the body temperature is kept constant

using a heating plate.

L5
After 2 days of post-operative survival, the volume of the cerebral infarct is
determined with the aid of a computer-supported image analysis system using
preproduced series of histological brain sections. The size of the infarct is evaluated
differentially by cortex, striatum, hippocampus and other brain areas.

20
At a dose of 0.001 mg/(kg x h) (i.v. infusion), Examples 3 and 5 reduce the infarct
volume by 81 and 91%, respectively, in comparison to control animals.
5. Subdural haematoma in rats (SDH)

25 '

This rodent model (rat) imitates pathophysiology and cerebral pathology of the blunt
skull-brain trauma with subdural haemorrhage and development of a subdural
haematoma in man. (Neurosurgery 1990, 27, 433-439).

30 Under anaesthesia, the animals are unilaterally injected subdurally with their own
blood. Under the haematoma, an infarct forms. The substance is administered
according to different schedules and via different administration routes (i.v., i.p.).
The size of the infarct is determined as described in the model of the transient focal
ischaemia in rats (tMCA-O).

35
At a dose of 0.001 mg/(kg x h) (i.v. infusion), Examples 3 and 5 reduce the infarct

volume by 30 and 45%, respectively, in comparison to control animals.



11SEPY." 7 -28 the conmmon carotid artery (near the thorax) and t?%Ele3
external carotid artery are tied off. Using a mcroclanp, the internal
carotid artery is closed tenporarily. The common carotid artery is opened,
and a nylon nonofilament with a rounded tip and a silicone cylinder of a

| ength of 1 cm are passed through the comgpn carotid artery 5 and, after
opening of the mcroclanp, further through the internal carotid artery, to
close the exit of the mddle cerebral artery. Using two tenporary suture

| oops, the filament is fixed in the internal carotid artery-. After one

hour, the fil gnment LS pulled out, and the internal carotid artery and the
cormmon car ot i AAIAVEL JFUYF SOMPRENASAN hp soryerted in & seow mganmirdole the cusipmhiyed

via the cont rfaimiletiéds, ik Uhatatads! edated GabBSIANS CoArTIed 2bo8blk ORyhHsPegun
directly with the start of .repg{liusi on. The. operation wound is sufgically

| ooked af t er STBOMPRY PHRECHIER PO nSOlHPS hdiSingq IRGHt sPeTPYIEn Rbprmsreulcallyt ance
(inf ]lc.ISi onp, dtshﬂaﬂjodyrrteeqmeroa\tdntselﬂ thikepe tlf@ﬂ}‘éfa@l%ﬁticlaw iaB@\;eacdiﬂlﬂidnﬂngBhl?{t €.

15 After 2 ) -0 l.ye surviyv t he,vo t er ebr
Forarct oAbl BRSoERESAL o BB phabp R L e PP Satedrys i
syst em usi ng prefeeaphoide@dtos EPYely wEight, sif cheogitad ahixbireaj ire. sieatboms .whitieagi ze
of the infar ' ' r | by. corntex, striatum

hi ppocanpus g&glcg%rﬁgfbﬂé?gﬁgacg%g%gﬁe %Léfﬂjaggedgégg% "0.001 nmg/ (kg x h) (i.v.

i nfusion), Exanples 3 and 5 reduce the infarct volume by 81 and 91%

r etspectS | Y@ Y TheTokRuIREEr s8¢ pleBarB @Yo Skarffle "B scterkling B AL A cAAASITRES Wakni N
rats - : .

(SBH) solvents and/or excipients, if appropriate using emulsifiers and/or dispersants, where,
for example, if the diluent used is water, organic solvents can optionally be used as

auxiliary solvents.

15  Administration is carried out in a customary manner, preferably orally, transdermally
or parenterally, in particular perlingually or intravenously.

In general, it has proven advantageous in the case of intravenous administration to
administer amounts of approximately 0.00001 to 10 mg/kg, preferably approximately
20  0.0001 to I mg/kg, of body weight to achieve effective results.

In spite of this, if appropriate, it may be necessary to depart from the amounts
mentioned, namely depending on the body weight or the type of administration route,
on the individual response to the medicament, the manner of its formulation and the
25  ume or interval at which administration takes place. Thus, in some cases it may be
adequate to manage with less than the abovementioned minimum amount, while in
other cases the upper limits mentioned must be exceeded. In the case of the
administration of relatively large amounts, it may be advisable to divide these into

several individual doses over the course of the day.

30
Abbreviations
DMF: N,N-dimethylformamide
DMSO:  dimethyl sulphoxide

35 PPA: polyphosphoric acid

TFA: trifluoroacetic acid
THE: tetrahydrofuran



25 This rodent nodel (rat) imtates pathophysiol ogy and cerebral patiq#gﬁnmn
of the blunt skull-brain trauma wth subdural haenorrhage and devel t

of a subdural haematoma in man. (Neurosurgery 1990, 27,433-439). 30 Under
anaesthesia, the animals are unilaterally injected subdurally with their
own . bl ood. Under the haematoma, an infarct fornms. The substance is
adm ni stered according to different sch3dul es and via different

adm nistration routes (i.v., i.p.). The size of the infarct is determ ned
as described in the nodel of the transient focal 1ischaemia in rats
(t MCA- O . 35Startingamaterials 0. 001 ng/ (kg x h) (i.v. infusion), Exanples 3 and

5 reduce the infarct volune by 30 and 45% respectively, in conparison to
control animals. 11 SEP 2003 -29 The novel active conpounds can be
converted i nExamplgA manner into the customary fornulations, such as
tablets, coated tablets, pills, granules aerosol s, syrups, emnulsions,

suspensi ons usi |ner nont oxi c phar ceutically 5

sui tabl e fﬂgﬂzﬁ Jsﬁ‘ne&'éﬂté‘ be’é?é@él'f"?ré’of‘ﬁ'é"r%gati cally active
conpound should in each casge, b present |n conc Lﬂatlon of about 0.0001
to 90% by wei ght, preferablp].0Lh001 1.0 ES of the total

m xture, i.e. in amounts which’are |ent e order to achieve the
dosage range indicated. 10 The for s arezprepared, for exanple, by
extending the active conpounds wt H’4~ ts g/ or excipients, if
appropriate using enul sifiers and/or Sper

ere, for exanple, if
the diluent used is water, organic solvents i onal |y be used as
auxiliary sol vents.

(

Racemic  (1R*2R*)-2-(4-methyl-phenyl)-cyclohexane-1-carboxylic acid was
prepared analogously to the process described in US-A-5,395,840, column 16. The
10 . resulting racemic material was separated into the enantiomers using the following

procedure:

The racemic acid (415 g; 1.9 mol) and triethylamine (96.2 g; 0.95 mol; 131.8 ml)
were suspended in a mixture of THF (2.7 1) and water (5.3 1). At 60°C, S-(-))-

15  phenylethylamine (115.2 g; 0.95 mol) was added dropwise, resulting in a precipitate
being formed. The mixture was stirred at 60°C for 2 h and then cooled using an ice-
bath. The precipitate was filtered off with suction, giving predominantly the
phenylethylamine salt of the (1S5,2S)-enantiomer. The filtrate was acidified using
conc. HCI and extracted twice using dichloromethane. The combined extracts were

20  dried over sodium sulphate and concentrated. Yield: 202.4 g (28%) of a mixture of
enantiomers enriched with the (1R,2R)-isomer.

This mixture was treated with R-(+)-phenylethylamine as described above to
precipitate the desired enantiomer as a salt. The colourless crystals were filtered off
25  with suction and recrystallized from acetonitrile/methanol (6:1). X-ray analysis of
these crystals confirmed the (1R, 2R)-configuration. Yield 136.9 g (46%). Work-up
(see above) gave 89 g of (IR, 2R)-2-(4-methylphenyl)-cyclohexane-1-carboxylic

acid.



15 Adninistration is carried out in a customary manner, preferably oralll3EP 2003
transdermal | y parenterally, in particular perlingually or

i ntravenously. In general, it has proven advantageous in the case of

i nt ravenous adnlnlstratlon to adm nister amounts of approximtely 0.00001

to 10 ng/ kg, preferably approximately 20 0.0001 to 1 ng/kg, of body wei ght
to 'achi eve effective results. In spite of3lt-his, if appropriate, it may be
necessary to depart fromthe anmounts nentioned, nanely depending on the

body wei ght or the t iége of admi nistration route, on the individual

response to tha ment, the manner of its fornulation and the 25 tine

or interval at which adninistration takes place. Thus, in sone cases it my

be " adequate | ess than the abo i one anount ,
ohi 1o ot et aga TR LRt At bR e bt B baRHE | n ¢ he
case of the adm nistration of relatively |arge anpunts, it nmay be

advi sable to divide these into _several i oses over the course of
the day. 30 Abbreviations DVF. O N di net hyl for DVMSO.  di et hyl

sul phoxi de 35 PPA: pol yphosphor|{c acid T, tey fluctoacetic acid TI-F:

tetrahydrofuran 1 1 S E P 2003 -3 St i gqﬁa erials Exanple 1A 5 (1R
dar boxgyl ic acid

2R) - 2- (4- Met hyl - phenyl ) - cycl ohexa

i The intermediate was prepared analogously to the procedure for the racemate
(US-A-5,395,840, column 17). For purification, the resulting mixture was stirred
with diethyl ether.

10 Example 3A

2-(2-Phthalimidylethyl)-benzimidazole

N
0 /
N
N {
H
o)

15  2-Aminoethylbenzimidazole dihydrochloride (Bull. Soc. Chim. Fr. 1991, 128, 255-
259; 2.34 g, 10 mmol), phthalic anhydride (1.63 g, 11 mmol) and triethylamine
(2.79 le, 20 mmol) in chloroform (25 ml) were heated at reflux overnight , and the
mixture was then cooled to room temperature, diluted with ethyl acetate and filtered
off. The filtrate was washed with saturated sodium carbonate solution, buffer

20 (pH=7) and saturated sodium chloride solution and dried over sodium sulphate.
Chromatography (dichloromethane:methanol 10:1, R¢ = 0.4) gave 2.08 g of 2-(2-
phthalimidylethyl)-benzimidazole (71.4% of theory) as a colourless foam. MS (DCI,
NH;) = 292 (M+H". 'H-NMR (DMSO-dg): 3.15 (2 H, t); 40 (2 H, t); 7.05-72 2 H,
m); 7.4-7.5 (2 H, m); 7.8-7.9 (4 H, m); 12.4 (1 H, br s).

25



H3C. O OH Racem c (1R*, 2R*)-2-(4-nethyl - phenyl)-cycl ohexane-| - car bokyIJE¢ 7555
aci ¢ was prepared anal ogously to the process described in US-A-5, 395, 840,
colum 16. The 10 . resulting racenmic material was separated into the

enanti omers usi ng the follow ng procedure: The racemc acid (415 g; 1.9
not)- and triethylamne (96.2 g; 0.95 not ,32131.8 m) were suspended in a

m xture of THE (2.7 1) and water (5.3 1)7“At 60C, S-(-)) 15

phenyl et hyl am ne (115.2 g; 0.95 not) was added dropw se, resulting in a
precipitate I and,t hen
cool ed using Tﬁﬁ ‘fg"%%'-“a%‘r?‘d‘h# hég#%érga?n&?gmmsf}gis]&%g%ttg% 5%93%] p%cﬁ?dﬁ' su%’?llaon

gi vi ng pr edogndh&nas Wleﬁtllféled@ﬁ@\‘ylaed mrf&rﬂﬂﬁét@athe pifthalingd¢ gupsy cloaser dimer .
The filtrate,wascadbtdhdibgd using conc. HCL and extracted tw ce using

di chl oronet hane. The conbi ned extracts were 20 dried over sodi um sul phate
and concentrated. Yield: 202.4 g (28% of a mxture of enantioners

enri ched g\,itllgxhhﬁﬂéhx 2R)-isoner. This mxture was treated with

R- (+) - phenyl et hyl am ne as descri bed above to precipitate the desired
enantionmer as a salt. The colourless crystals were filtered off 25 with
suction and 4N sdmixlyethedymethyl)apaidol23rdlimidaeolkeanol (6:1). X-ray anal ysis
of these crystals confirnmed the (1R 2R)-configuration. Yield 136.9 ¢
(46% . Work-up (see above) gave 89 g of (1R,
2R) - 2- (4- net hyl phenyl ) - cycl ohexane- | - car boxylic
Exanpl e 2A Tert-butyl (1R N

2R) - 2- (4- br ononet hyl - phenyl ) - cycl ohexane- | /:ar bixyl zfa}
. N N

O !
S
HO

1,4-Dioxan-2-one (6.13 g, 60 mmol) and 2,3-diaminopyridine (5.46 g, 50 mmol) in

11SEP2033 -31

10

mesitylene (100 ml) were heated at reflux in a Dean-Stark separator for 10 h. After
cooling, mesitylene was decanted off and the residue was purified by silica gel
chromatography (dichloromethane:methanol 9:1) (yield: 8.47 g, 87% of theory).

15
MS(DCD=194 (M+H, 100%); 'H-NMR (DMSO-ds): 3.78 (2H, m); 3.89 (2H, m);
491 (2H, s); 5.3 (1H, s); 7.18 (1H, dd); 7.95 (1H, d); 8.43 (1H, dd); 12.7 (1H, br s).

Example 5A
20
2-[2-(tert-Butyldimethylsilyloxy)ethoxymethyl]-pyrido[2,3-d]imidazole



5 The internedi ate was prepared anal ogously to the procedure for the {1 SEp 103
racemte (US-A-5, 395,840, colum 17). For purification, the resulting

m xture was stirred wth diethyl ether. 10 Exanple 3A

2- (2- Pht hal i m'dyl et hyl ) - benzi m dazol e 15 2- Ami noet hyl benzi m dazol e

di hydrochloride (Bull. Soc. Chim Fr. 1991, 128, 255- 259; 2.34 g, 10

mol ), phthalic anhydride (1.63 g, 11|ﬂﬁﬁ3 and triethylamne (2.79 m, 20
mol) in chloroform (25 n) were heated at reflux overnight , and the

m xture was then cooled to roomtenperature, diluted with ethyl acetate and

filtered of f3-4TBe4Bidl: muead) whs2ixbydrax yathox yoethyl etpyride-643 W idhimidazale)

sol ution, buffgrq2Q u( Pﬁ 2 fmandr By lﬁlfnﬁﬁ @91%' HBRoPRHoh! B9 sPloftDRE ARd
dried over SOdI um ut %Jai r omat Ofgﬁlﬁﬁ di chl or onet hane: net hanol 10: 1,
Rf = 0.4) gav’d be (4.8 pRLe ﬂ%fh{g;m}% HermixiTE y2eming tprbayt of

E Bﬁ/ggéG?s g ttitgt:oaltlh@sgsatf@am teNEeI(lﬂGé was bbiinued 2822 6 Mirtd{ the mikkuM/Ras then

m: 7.8-759 (apwtédz inyo Wi%fzﬁl(lﬂg epa?dlg% in %Stﬂ%@e%ﬁ f@ﬁﬂr@a’a was ﬁftﬁréd G
synthesi s is wili rsuetorgutashed Ivatwi adittldevgangidbnat aacauligh viculn, SANERaS

ronti oned bel pirsfiy o i35 s$16R; ol 332RHG! 5358H%004Rs G LAY ©f

as descri bed

2- (2- Hydr oxy e Hodg)gt 301 H, deix: BAS[(RH3dd)} il 2O aobes)HO 10
10 Example 6A

( 2-fert-Butyldimethyisilyloxymethyl-benzimidazole:

H30H30\
H c—>— |

3 i—O
/ 7
H,CH,C \—<

At room temperature, triethylamine (2.27 ml, 16.3 mmol) and TBDMS chloride
(1.65 g, 10.95 mmol) were added to a solution of 2-hydroxymethylbenzimidazole
(1.48 g, 9.95 mmol) in DMF (30 ml). After 3.5 h, the reaction was terminated by
addition of water, the mixture was extracted with diethyl ether and the organic phase

15

20  was dred over sodium sulphate. Chromatography (silica gel, cyclohexane:ethyl
acetate 2:1, R¢=0.35) gave 2.52 g of 2-tert-
butyldimethylsilyloxymethylbenzimidazole (97% of theory) as a brownish powder.
MS (DCI, NH;) = 263 (M+H"). 'H-NMR (DMSO-dg): 0.00 (6H, s); 0.80 (9H, s);
475 (2H, s); 7.0-7.1 (2H, m); 7.4-7.5 (2H, m); 12.15 (IH, br s).



f 1,4-Di oxan-2-one (6.13 g, 60 mvl) and 2, 3-di ami nopyri di ne (5.46 g 158EP 200i
nmml-) in nmesitylene (100 m) were heated at reflux in a Dean-Stark
separator for 10 h. After cooling, nesitylene was decanted off and the
residue was purified by silica gel chromatography

(di chl oromet hane: met hanol 9:1) (yield: 8447 g, 87%of theory). 15
M5(DCl)-194 (M+H, 100%; 'H-NVR (DVSO-d6): "3.78 (2H, m); 3.89 (2H, m;

4.91 (2H, s); 5.3 (1H, s); 7.18 (1H, dd); 7.95 (1H, d); 8.43 (1H, dd); 12.7

(1H, br s). gﬁr@ll A 20

2-[2-(tert-Butyl dinethylsilyloxy)ethoxynethyl]-pyrido[2,3-d]imdazole 1 1
SEP nu3 - 33 8.4 g (43.48 mmol ) of

2-(2- hydroxygi(bq;mkp&h},xﬁggmygqje[,&ifﬁrmolgﬁi m dazole) and 4.84 or (47.82
mmol ) of triethylam ne were dissolved in 120 m'of DVMF and adm xed with
7.21 g (47.8 muol) of TBDMS chloride, the m xture warm ng to about 40C.
Stirring at roomtenperature was continued for and the m xture was
then 5 poured into water, giving the producN- al line form The
product was filtered off wth suction, vva)ﬁed little water and
dried under high vacuum 'H NVR (DVSO, " 0.0 s); 0.83 (9H, s);
3.52 (2H, t); 3.75 (2H, t); 4.73 (2H, B); 7.4f dd); 7.90 (1H, dd);
8.43 (1H, dd); 12.9 (1H, br s). 10 Exej“rple Gf\

2-tert-Butyl dinethylsilyl oxymet hyl #benzi m dg4ol e: H3CH3C HC Si-4

HO

Using a Dean-Stark separator, I,4-dioxan-2-one (2.04 g, 20 mmol) and 1.2-
diaminobenzene (2.16 g, 20 mmol) were heated under reflux in mesitylene (150 ml)
for 10 h. The crystals formed on cooling were then filtered off with suction (2.94 g,

10  77% of theory). R¢ (dichloromethane:methanol 10:1) = 0.45, MS (EI) = 192 (M",
20%), 148 (20%), 147 (40%), 132 (100%), 'H-NMR (DMSO-dg): 3.6 (4H, s); 4.65
(1H, s}; 4.7 (2H, s); 7.1-7.2 (2H, m); 7.45 (1H, d); 7.55 (1H, d); 12.4 (1H, brs).

General alkylation procedure [A]:
15 '
In a typical batch, sodium hydride (6.3 mmol) was, at 0°C, added to a solution of the
imidazole of the genelral formula () (6 mmol) in dry DMF (30 ml). After 30 min at
room temperature and 30 min at 40°C, the compound of the general formula (II)
(6.3 mmol) was added at 0°C, and the reaction mixture was stirred at room
20  temperature overnight. The reaction was then terminated by addition of water, the
mixture was extracted with diethyl ether and the organic phase was then dried over
sodium sulphate. Chromatography (silica gel, cyclohexane:ethyl acetate) gave the
product in a yield of 60-70%.

25  General procedure for ester hydrolysis [B]:

In a typical batch, trifluoroacetic acid (5 ml) was added at room temperature to a
solution of the ester of the general formula (IV) (T = tert-Bu; 1.5 mmol) in
dichloromethane (5 ml). Afier 2 h, the mixture was cooled to 0°C, adjusted to pH = 2
30 using aqueous sodium hydroxide solution (about 30 ml, 2M) and extracted with




C3 3 15 At roomtenperature, triethylamne (2.27 m, 16.3 mol) and1TQQW%MB
chloride (1.65 g, 10.95 mmol) were added to a solutlon of

2- hydr oxynet hyl benzi m dazole (1.48 g, 9.95 nmmol) in DMV (30 m). After 3.5
h, the reaction was term nated by addition of water, the m xture was
extracted with diethyl ether and the organi c phase 20 was dried over sodi um
sukphate. Chromatography (silica gel, cycﬁ%‘heXane. ethyl acetate 2:1,

Rf =0. 35) gave 2.52 g of 2-tert- butyldi rret hyl si | yI oxynet hyl benzi m dazol e
(97% of theor as a NNR
( DVBO- d6) : %%W Bt E)“Em@jr%g(% eqrganig él‘@s? SMeEr §§’d'“‘7ﬂ ég)'?*(‘%e( e,

7.4-7.5 (2H amceril@mﬂnﬁ thd Ebmpounsl)af tHe denSEPfofthhld(V)34 Exanpl e 7A

2- (2- Hydr oxyet hoxynet hyl ) - benzi m dazol e: HO 5 Usi ng a Dean- Stark separator,
1, 4- di oxan-2-one (2.04 g, 20 mmol ) and 1. 2- di am nobenzene (2.16 g, 20
mol ) wer e heaemralipebeedurefforamide formiatiphd€d: (150 i) for 10 h. The
crystals kornmed on cooling were then filtered off vm'th suction (2.94 g, 10
77% of theory Rf (di chl oronet hane: net hanol 10:1) = 0.45, M5 (EI) = 192
(M, 209, 148spspeogion 107 gadofV) 162 mredy) (S): nhemwgyemMed(hgdroal@an
s); 4..65 (Idg2 rﬁholﬂillyﬁ%ﬁffbékotnazélc%e;a rﬁ.%'é'l) Bbc ﬂydffébhﬁéﬂée @)% mfoPPardlH

d); 124(IH s).. Genera | ati on procedure
nethylamme (12 mmol}) in dlchloromcthanc (40 ml) was stirred at room temperature

for 24-48 h. Water was added, and the mixture was then extracted with
10 dichloromethane (in some cases with methanol) and the organic phase was dried over

sodium sulphate (or magnesium sulphate) and chromatographed (silica gel,

dichloromethane:methanol). This gave the desired product in a yield of 60-80%.

Analogously to procedure C, it is possible to employ phenylglycinol instead of
15  phenylglycinamide.



15 In a typical batch, sodiumhydride (6.3 mmol) was, at 0C, added to1a1 SEP 1003
solution of the 1imdazole of the general fornmula (Il11) (6 mml) in dry DVF
(30 mM). After 30 min at roomtenperature and 30 mn at 40C, the conpound
of the géneral formula (11) (6.3 nmvl) was added at OC, and the reaction
m xt-ure was stirred at room 20 terrperaturg overnight. The reaction was then
term nated by addition of water, the miXPire was extracted with di et hyl

et her and the organi c phase was then dried over sodium sul phate.

Chr omat ogr apgi Esi It.i ca gelg cycl ohexane: et hyl acetate) gave the product in
a yield of 6 A 2 procedure for ester hydrolysis [B]: In a
typical batch, trifluoroacetic acid (5 mM) was added at roomtenperature to
a solution (i;ambqegster of the general formula (1V) (T =tert-Bu; 1.5
mmol) in di cRIPOToNEt hane (5 mM). After 2 h, the m xture was cooled to 0C
adjusted to pH = 2 30 using aqueous sodi um hydroxi de solution (about 30 m,
2M and e ”§§}-ﬁd{r(m*=,hzk*ﬂ{cﬁfﬁ 28 GdnodRyb&iRIdAZEE N met i )pHeay D eyl
organi ¢ phase ‘over sodi um sul phat e  gave, after concéntrat’ion, the conpound
of the gener dexfloylgarkopxh-phenpyighsinamideedure for amide formation [C]: 5 A
suspension of acid (V) (4 mmol), (S)-phenylglycinam de hydrochloride (4.2
nmol ), 1-hydroxybenzotriazole (4.4 mo EDC hydrochl oride (4.8 mmol) and
triethylamne (12 mmol) in dichl gqoopthamg (40 M) was stirred at room

tenperature for 24-48 h. Water ‘ided, and the m'x esWas t hen
SOHE cases vvithol) and the

extracted with 10 di chl oronet
organi ¢ phase was dried over N

H,N

10 A suspension of (285)-N-[(2R*)-(4-{2-(2-phthaloylaminoethyl)-benzimidazol-1-yl-
methyl }-phenyl)-cyclohexyl-( IR *)-carbonyl]-phenylglycinamide (prepared according
to the general procedures [A-C] from the compound of Example 3A and the racemate
of Example 2A according to US-A-5,395,840, Example IV; 500 mg, 0.78 mmol,
mixture of diastereomers) in ethanol (25 ml) was admixed with hydrazine hydrate

15 (0.38 ml, 7.82 mmol). The mixture was stirred at room temperature overnight and
then adjusted to pH = 2 using hydrochloric acid (IM) and concentrated. Partition
between 10% aqueous sodium bicarbonate solution and dichloromethane, drying of
the organic phase over sodium sulphate and chromatography (silica gel,
dichloromethane:methanol:conc. aqueous ammonia 100:13:1.3, Rf(10:1:0.2) = 0.1)

20 gave the title compound (292 mg, 72%, mixture of diastereomers) as a yellowish
powder. MS (DCI, NH3) = 510 (M+H"). 'H-NMR (DMSO-dg): 1.2-1.5 (4H, m); 1.6-
1.9 (4H, m); 2.0 (2H, br s); 2.6-3.0 (6H, m); 5.1-5.2 (A:1H, d; B:1H, d); 54-5.5
(A:2H, s; B:2H, s); 6.85-7.0 (4H, m); 7.1-7.3 (7H, m); 7.4-7.5 (1H, m); 7.55-7.65
(4H, m); 8.05-8.15 (A:1H, d; B:1H, d).

25



sodi um sul phate (or magnesi um sul phate) and chromat ographed (silica @¢élSEP 2003
di ch] or onet hane: net hanol ). This gave the desired product in a yield of

60- 80% Anal ogously to procedure C, it is possible to enploy phenyl gl ycinol
instead of 15 phenylglycinanmide. 1 1 SEP 2H3 -36 Preparation exanples
Example 1 5 (S)-N{(1R*, 7

2R*) - {4-[ 2- (2- Am noet hyl - benzi m dazol - 1-')?] ) et hyl ] phenyl } - cycl o-

hex-2-yl -ca rbonyl } - phenyl gl yci nani de 10 A suspension of

(29 -N[(2R") ’gz}neélg-z(Z pht hal oyl am noet hyl ) - benzi m dazol -1 -yl - net hyl
}-phenyl) -cyc 211 (I R*)-carbonyl ] - phenyl gl yci nami de (prepared according
to the general procedures (A-C] fromthe conmpound of Exanple 3A and the

racemat e of 2

055 ol AR AR, PARREEE (e MinincltyT et 'Fﬂla‘“ﬁ yRRFRUE A LD, |
hydr azi ne hydl%t'eﬂl@fbeﬂﬂéphﬁﬂﬂgﬂygﬂawﬂﬁ(}Ihy hiiideur e was stirred at room
t enper at uge overnight and then adjusted to pH = 2 using hydrochloric acid
(I'M and concentrated. Partition between 10% aqueous sodi um bi carbonat e
sol ution and di chl oronmet hane, drw [ [
sul phate and chromat ography (sil]
aqueous ammoni a 100:13:1. 3, : ) Z
(292 ng, 72% mxture of dia tereddrers) as a yeIIovv| . jwder. MS (DCl,
NH3) 510 (I\/HrH+) 1H—NM:N ; 8- 1.9 (4H, m; 2.0
(2H, br s); 2.6-3.0 (6H, n') 5.4-5.5 (A 2H, s;
B: 2H, s); 6.85-70(4H n; , m; 7.55-7.65
(44, m; 8.05-8.15 (A'1H, d; B:1H,

2 HCI

Chromatographic separation of the starting material from Example 1 (silica gel,
methylene chloride:methanol) gave diastereomerically pure (S)-(N)-{(1R, 2R)-2-{4-
10  {2-[2-(phthaloyl-amino)-ethyl]-benzimidazol-1-yl }methyl }-phenyl}-cyclohex-1-yl-
carbonyl }-phenylglycinamide which was deprotected analogously to Example 1 and
then dissolved in as small amount of dichloromethane as possible, treated with
approximately 2 equivalents of 1M HCl in diethyl ether and concentrated.
Found: C 64.21 H6.58
15 Calc.: C6391 H6.49

Example 3

(S)-N-{{(1R, 2R)-{4-{2-[2-(Morpholin-4-yl-methyl)-1H-pyrido[2,3-djimidazol-1-
20  yllmethyl}-phenyl}-cyclohex-1-yl}carbonyl}-phenylglycinamide




25 1 1 SEP 2033 -37 Exanple 2 (S)-N-{(1R 11 SEP 205
2R) -{4-{[ 2- (2- Am noet hyl ) - benzi m dazol - 1-yl ) met hyl } phenyl } - cycl o-

hex- 1-yl - car bonyl } phenyl gl yci nam de di hydrochl ori de 5 Chromat ographic
separati on of ‘the starting material from Exanple 1 (silica get, nethylene
chloride: nethanol) gave diastereonerically pure (S)-(N-{(1R 2R -2-{4 10
{ 2-[2-(phthal oyl -ani no)-ethyl]-benzini dadal -1-yl } methyl }-phenyl

}-cycl ohex-1-yl - carbonyl }-phenylglyci nanm de which was deprotected

anal ogously to Exanple 1 and then dissolved in as snmall anount of

di chl oronet hane as possible, treated with approximtely 2 equival ents of
IM HC in di ejhyl BHperoxgmethgbDnHeridaf23ld]imeduagle C 64. 21 H 6.58 15 Calc.:
C 63.91 H 6.49 Exanple 3 (S)-N-{{(1R

2R) -{4-{2-(2-(Morpholin-4-yl-nmethyl)-I Hpyrido[2,3-d]imdazol -1- 20

yl ] met hyl } - phenyl } - cycl ohex- 1-yl }@ bonylrh- phepyl gl ycinam de 7 1 SEP PUI
-38 2-Hydroxyneth yl-1 H pyri do] -d] )} ¥m~yda e 5 using a Dean-Stark
separator, 2,3-diam nopyridine (54. 6\“g 6.5 ) @nd glycolic acid (38 g;
0.5 nmol) in 700 nL of mesitylene were boly n reflux until the

cal cul ated anount of water had separat echloff. Nrhe mixture was then cool ed
to room - ‘

5
using a Dean-Stark separator, 2,3-diaminopyridine (54.6 g; 0.5 mol) and glycolic acid
(38 g; 0.5 mol) in 700 mL of mesitylene were boiled under reflux until the calculated
amount of water had separated off. The mixture was then cooled to room
( temperature, and the resulting precipitate was filtered off with suction and, with
10  addition of activated carbon, boiled in 800 mL of water for 15 min. The hot
suspension was filtered and once more cooled to room temperature, and the
colourless crystals that precipitated out were filtered off with suction and dried.
Yield: 56.4 g (75%).

15 b) 2-Chloromethyl- 1 H-pyrido[2,3-d]limidazole hydrochloride:

CI\/i;J \ N/
N
HCI

The compound from Example 3a (14.9 g; 100 mmol) was suspended in 25 mL of
20  ethanol, and a stream of dry HC] was introduced until the mixture was saturated. The

resulting hydrochlonide was filtered off with suction and dried under reduced

pressure. Yield 18.1 g (100%). This was suspended in 100 mL of chloroform and

mixed with 35 mL of thionyl chloride. The mixture was then heated under reflux for

24 h and filtered whilst still hot, and the precipitate was washed with chloroform and
25  dried under reduced pressure. Yield 18.9 g (92%).

c) 2—(Morpholin-4-yl—methy])-lH -pyrido[2,3-d}imidazole:



tenperature, and the resulting precipitate was filtered off with Suc}ﬂ§5P2%3
and,. wwth 10 addition of activated carbon, boiled in 800 nL of water for 15
mn. The hot suspension was filtered and once nore cooled to room
temperature, and the colourless crystals that precipitated out were
filtered off with suction and dri ed. ghd: 56.4 g (75% . 15 b)

2- Chl oronret hyl - 1H pyri do[ 2, 3-d] i m dazol €é“hydrochl oride: CI HCI The conpound
from Exanple 3a (14.9 g; 100 mmol) was suspended in 25 ni of 20 ethanol,
and a streamof dry HCl was introduced until the mxture was saturated. The
resultlng hydrochl ori de was filtered off tion and dried under
reduced pressure. Yield 18.1 g (100% . uspended in 100 nlL of
chloroformand mxed with 35 niL of tphrONyI i de. The m xture was then
heat ed under reflux for 24 h and fijljtereddwhil'St still hot, and the
precipitate was washed with chlozif'r an 25 dried under reduced

pressure. Yield 18.9 g (92% . c)

2- (Mor phol i n-4-yl -net hyl ) - 1H pyri 3-d]imdazole: 1 1 SEP 2003 -39 The
conpound from Exanple 3b (13.7 g; mol ) and norpholine (28.6 g; 328
mmol ) were boiled under reflux for 3 h. The m xture was concentrated and
the 5 residue was taken up in sodi um bi carbonate solution. This suspension

was, with aq*detaampamhdammvmaaﬁblsasﬂoqm 7bgi bBdnkel) ARd %mpﬁmdxesmeo%lent Iy

flltered whi St oncentrat ed and ting
product was bgéﬁn ?}b |“f°f 01&9’ unng [Fﬁ’l‘ cjﬁf gﬁht rapRye Slcioé"ée"ér@ ed("‘fﬁls'%%
mesh ASTM ; mbiueeww]mn ypOOn 8@tidm wtdponae ebhttieheThiznaispénsicat b, awithe) .
The product GaMiBe of G VAR drbAE HofldPFBr Qs Wiln and subsequently filtered whilst still

hot. The mixture was concentrated and the resulting product was then punﬁed by
column chromatography (silica gel (70-230 mesh ASTM); mobile phase: 100:30:1
ethyl acetate/ethanol/triethylamine). The product can be recrystallized from ethyl

{

10 acetate/hexane.

d) tert-Butyl (1R, 2R)-{4-{[2-(morpholin-4-yl-methyl)-1H-pyrido[2,3-d}imi-
dazollyllmethyl }-phenyl } -cyclohexane-1-carboxylate

15

Under argon, a 60% strength suspension of sodium hydride in oil (2 g; 51.6 mmol)
was suspended in 150 mL of DMF, and the compound from Example 3¢ (9.5 g;
43.5 mmol) was added. The mixture was heated at 50°C for 30 min, and a precipitate
20  formed. The mixture was then cooled to room temperature and the compound from
Example 2A (17.3 g; 44 mmol) was added, and the mixture was then stirred at room

temperature for 20 h. The resulting clear solution was concentrated under high



10 acetate/ hexane. d) tert-Butyl (1R 2R)-{4-{ 11 SEP 2003
[ 2- (.mor phol i n-4-yl -nmethyl)-1H pyrido(2,3-d]im- dazol | yl]nmethyl } -phenyl

| -cycl ohexane-|-carboxylate 15 Under argon, a 60% strength suspensi on of
sodi um hydridé in oil (2 g; 51.6 mmpl) was suspended in 150 nmL of DMF, and
t he conpound from Exanple 3c (9.5 g; 43.B mmol ) was added. The m xture was
heated at 50C for 30 mn, and a precipifé € 20 forned. The m xture was then
cooled *to roomtenperature and the conpound from Exanple 2A (17.3 g; 44

mmol ) was ad e s then.stirred at,room.tenperature for
20 'h. The regﬁﬂFFﬁgq%F%%FggééE%Sé%gmd%’55%5@8F¥%§% eﬁﬁﬁ%?HﬁFdﬁB?"ﬁP 2003
- 40 vacuum andstsspamniesi eftiednealsoteaksediunp sulphate cinH oroacettfasede /That esidud veas -

Coneent ot oq M ETIREReY B8R Uomop g (GlcE 08 T BN ASH: marye

(silica gel @Eheeep3O0Agichlosempahanetpisthagol) phigktO g (19%) of a brown viscose oil.

di chl oromgt hane/ net hanol ). Yield 10 g (47% of a brown viscose oil. 5 e)
, -2-{4- - hol i n-4-yl - hyl ) - id ,3-dlimd | -1-

yi 1ot byl 3 pienyl (§EiBbadxAadMorpabokyl-methubt d-2oridbia ipisand-F - om

Exanpl e 3d (10g; 239nfkutiyigihtnyl iR 1dRexatfe- Le&bboyiRmRihane and 100 niL of

trifluoroacetic acid were stirred at roomtenperature for 1 h. Wth
cooling, the mxture was then neutralized with conc. agueous sodi um

hydr oxi de solution and the org. phase was.separated off, dried and
concentrated. The residue was purifi 5\ col unm chronat ogr aphy (nobi | e
phase: dichl or onet hane/ net hanol 100:/6). \Yi el

N~ N

(N
- j O -OH
0 Y

10 , ,
The compound from Example 3d (10g; 20.4 mmol), 120 mL of dichloromethane and
100 mL of trifluoroacetic acid were stirred at room temperature for 1 h. With cooling,
the mixture was then neutralized with conc. aqueous sodium hydroxide solution and
the org. phase was separated off, dried and concentrated. The residue was purified by
15 column chromatography (mobile phase: dichloromethane/methanol 100:6). Yield
7.3 g (80%) of a colourless amorphous solid.

) (8)-N-{{(1R,2R)-2-{4-{[2-(Morpholin-4-yl-methyl)-1 H-pyrido[2,3-
dlimidazol-1-yllmethyl }-phenyl}-cyclohex-1-yl }carbonyl } -
20 phenylglycinamide




7.3 g (80% of a colourless anorphous solid. f) (S)-N {
{(1R,2R) 2-{4-{[ 2- (Mor phol i n-4-yl -nmet hyl ) - 1H pyri do[ 2, 3-

1 SEP 2003

d]i m dazol - 1- yl]net hyl }-phenyl }-cyclohex-1-yl }carbonyl } 20

phenyl gl yci nami de 1 1 SEP 2003 -41 According to the general

process [(,

t he conpound from Exanple 3e (1.4 g; 3.22 nmmol) was reacted with addition
of "a spatular tip of DMAP (4- dinethyl amM4lopyridine). For work-up, the
product was extracted with 5 dichl oromethane and purified by col um

chr,omat ogr aphy (di chl or onet hane/ met hanol 100:6). Yield 1.7 g

(93% of a

pale yel | owi sh powder. 'H NVR (300 WMHz; CDC13) 6[ppn]: 1.25-1.5 (3H br n,
1.62 (IH dQ)Accl‘Jrﬁng?’tH th erg_{ene 1%%&&&4 [%gd}he é)xﬁ%gt(ﬂ%l Hﬁmdpmmalbe‘lge ((Zﬂd’ gB 3

m, 2.67 (IH_dt)

(2H d+d), 5.322 mmel) M@SS}eaC@dmw(h Haddyyon 601’82a(m4tula1) tip 60©2D(N2A+P d
6.98 (2H, d), dlﬁeﬂglﬂlﬁog%eﬁ 1&0(' Hyox‘k)u_}J tﬂg’ (ﬁkﬁﬁu&'d)wa@ Q@tr&dté’(ﬂ)@1th{8 42

(1H; d) 15 2025

{ (1R 2R) - P4- {DEBHOARFRHE] i n- 20 | - rreELHsf ol 1H— ;Wr i doF?lUHU'd] | hichprpAtography
yl ] met hyl) - phaildroigtlandraxthbnyl J00e6)0 ¥ ) : @@%)gifwarbamldmmu%hl oride

The conpound from Exanple 3 was conpl etely

ssolved in as small an anpunt

° 'H-NMR (300 MHz; CDCls) 8[ppm]: 1.25-1.5 (3H; br m), 1.62 (1H; dq), 1.8 (3H;
m), 1.94 (1H; dd), 2.31 (1H; dt), 2.42 (4H, br m), 2.67 (1H; dt), 3.61 (6H; m), 5.21
10 (LH; d), 5.49 (1H, br s), 5.63 (2H; d+d), 5.72 (1H; br s), 6.41 (1H; d), 6.82 (2H; d),
6.92 (2H; d), 6.98 (2H; d), 7.13 (2H, 1), 7.18 (1H; t), 7.23 (1H; dd), 8.03 (1H; d), 8.42
( (LH; d)

MS (DCI/NHj;)[m/z]: 567 (100, M+H)
15
Example 4

(S)-N-{{(1R,2R)-{4-{2[2-(Morpholin-4-yl-methyl)-1H-pyrido[2,3-d]imidazol-1-
yllmethyl}-phenyl}-cyclohex-1-yl}carbonyl}-phenylglycinamide hydrochloride

20

The compound from Example 3 was completely dissolved in as small an amount of
dichloromethane as possible and treated with approximately 2 equivalents of 1M-

HCI in diethyl ether. The resulting precipitate was filtered off with suction [m.p.

158 °C (decomp.)].
25
Example 5

(S)-N-{{(1R,2R)-2-{4-{[2-(4-Methyl-piperazin-1-yl)-benzimidazol-1-ylJmethyl}-

phenyl}-cyclohex-1-yl}carbonyl}-phenylglycinamide
30

a) tert-butyl (1R,2R)-2-{4-[(2-Chloro-benzimidazol-1-yl)methyl]-phenyl }-cyclo-

hexane-1-carboxylate



di chl oronet hane as possible and treated with approxi mately 2 equi val hEP i3
IM HC in diethyl ether. The resulting precipitate was filtered off with
suction [mp. 158 C (deconp.)]. Exanple 5

(S)-N{{(1R 2R) - 2-{4-{[ 2- (4- Met hyl - pi perazi n-1-yl)-benzi m dazol - 1-yl ] net hyl
}- phenyl }-cycl ohex- 1-yl }car bonyl } - phenyl gl yci nam de a) tert-butyl

(IR 2R)-2-{4-[ (2-Chl or o- benzi m dazol - 1-y|4 met hyl ] - phenyl }-cycl o- hexane- |
-carboxyl ate 1 1 SEP 2003 | CH3 CH3 According to the general procedure
[A], the title conmpound was prepared from 2- chl orobenzi m dazol e and the
corrpound from Exanple 2A [Rf ( ae: ethyl 5 acetate = 1:1) = 0.85].
b) (1R 2R)-2-{ 4-{[2-(4- I\/bthylc? 1-yl)-benzimdazol-1-yl]nmethyl}-
phenyl ) - cycl ohexane-| - car C A sol ution of thé conpound from
Exanple 5a (34.0 g, 56.0 1) hyl pi perazine (77.7 nL, 700 mmol)
was heated at 100C overni ght and*then concentrated and chromat ographed
(silica gel, dichloronethane: rrethanol = 20:1 to 15 10:1, Rf (10:1) = 0.32).
This gave 32.0 g of tert-butyl ( 2 {@i p(4 rrethyl

pi perazin-1-yl)-benzi m dazol - 1-yl ] ,

}-cycl ohexan-1-carboxyl ate which M eact ed at Harrper ature with

hydrochloric acid (180 m, 6M overw The rea H M xture was washed
F 3

According to the general procedure [A], the title compound was prepared from 2-
chlorobenzimidazole and the compound from Example 2A [R¢ (cyclohexane:ethyl
5  acetate = 1:1) = 0.85].

b) (1R,2R)-2-{4-{[2-(4-Methyl-piperazin-1-yl)-benzimidazol- L-yl]methyl } -
phenyl}-cyclohexane-1-carboxylic acid

10

A solution of the compound from Example 5a (340 g, 56.0 mmol) in N-
methylpiperazine (77.7 mL, 700 mmol) was heated at 100°C ovemnight and then
concentrated and chromatographed (silica gel, dichloromethane:methanol = 20:1 to
15 10:1, Re (10:1) = 0.32). This gave 32.0 g of rert-butyl (1R,2R)-2-{4-{[2-(4-methyl-
piperazin-1-yl)-benzimidazol-1-ylJmethyl }-phenyl }-cyclohexan-1-carboxylate which
were reacted at room temperature with hydrochloric acid (180 mL, 6M) overnight.
The reaction mixture was washed at pH = 7 with dichloromethane and the organic
phase was dried -over magnesium sulphate and chromatographed (silica gel,
20  dichleromethane:methanol 5:1, Ry = 0.13}, giving 19 g (78% of theory over 2 steps)



phase was dried over magnesi um sul phate and chromat ogr aphed (sili ca Fg P%H
di chl eronet hane: nethanol 5:1, Rf = 0.13), giving 19 ¢ (78% of theory E/

2 steps) 1 1 SEP 2003 -43 of the t|tIe corrpound M5 (ESI) 433 ( MrH+) .

"H NVR (BMSO-d6):1.35-1.5 (4H, m; 1.65-1.8 (3H, nm); 1.9- 2.0 (IH, m; 2.2
(3H,.s); 2.4-2.5 (SH, m,; 2.6-2.7 (IH m; 3.15 (4H, yr t); 3.4 (1 H very
br-s); 5.2 (2H, s); 7.0-7.2 (7H, m; 7.4-41-H, d). 5c¢c) (S-N{ f

(1R, 2R)-2-{4-{ [2-(4-Methyl -pi perazi n-1- yI) benzirn'dazol-l- yl ] met hyl
}-phenyl }-cyc] ohex-1-yl }carbonyl phe i nam de 10 A suspensi on of
the compound 9@@&%@%@% Mﬁg@ D) 2439 iqulcwkﬁmsp -Gy T hdi(dH,

hydr ochl or i dem)81.85-198 (%6 .nd); 0D b, (1111 mjdz @weﬁzm ?%fﬁil Pm) 276 8% %—1 gr{%
nmol EDC h d dt i,
175. ) mmol ) |y 18?%?{31%%‘{ agﬁée%ﬂmb 5&32}\%@& 72‘?17@(%'8{ 8 76c§hH @)errper ature

over the weekend. Water was added, the nmixture was then extracted with 15

dichloro hane/ rre s.dried, over rragne5| um sul phat e
and con(ﬁltr t ed. ‘{;ﬁgqé ﬁgffpr@? Zﬁ 6%#@(5’?968&%% - benziprdazpl-1-
di chl or omet hane/ meyHmediyt }-pHedyll;cy2RBexdl}yl fracbdnh B -pleagilyciddnside onpound was

filtered off with suction and dried under reduced pressure at 40C (14.5 g,
59% . Rf (dichloronethane: net hanol 10 1) 0 30. M5 (DCl, NH3) = 565 (MtH+).

"H-NMR (DMSO-d6): 1.2-1.5 (4H m: 5(4H m: 2.2 (3H s); 2.45
4H, t); 2.65 (IH br t 15 (4H, 1V . 5.15 (1H, d);
z(3.2(32/|r4, )s) 69E2H d; )/sg_ﬁnQ—KuH 74(5(1H, .6(1H,( br si;
8.0 (1H, d). Exarrpl e 6Hg6“

(S)-N({(1R 2R)-2-{4-{[ 2- (4- yl - pi

erazin-1-yl)-benzi zol -1-yl ] met hyl

N

N

NH,

10 A suspension of the compound from Example 5b (19 g, 43.9 mmol), (S)-
phenylglycinamide hydrochloride (8.61 g, 46.1 mmol), 1-hydroxybenzotriazole
(7.68 g, 48.3 mmol), EDC hydrochloride (9.68 g, 50.5 mmol) and triethylamine
(24.5mL, 175.7 mmol} in dichloromethane (1000 mL) was stirred at room
temperature over the weekend. Water was added, the mixture was then extracted with

15  dichloromethane/methanol and the extract was dried over magnesium sulphate and
concentrated. The slightly yellowish solid was stirred in dichloromethane/methanol
(10:1, 220 mL) and the clean title compound was filtered off with suction and dried
under reduced pressure at 40°C (14.5 g, 59%). R¢ (dichloromethane:methanol 10:1) =
0.30. MS (DCI, NHs) = 565 (M+H"). 'H-NMR (DMSO-dg): 1.2-1.5 (4H, m); 1.6-

20 1.85(4H, m); 2.2 (3H, s5); 2.45 (4H, y t); 2.65 (1H, br t); 2.8 (1H, td); 3.15 (4H, v t);
3.15 (1H, d); 5.2 (2H, s); 6.9 (2H, d); 6.95-7.2 (11H, m); 7.45 (1H, d); 7.6 (1H, br s);
8.0 (1H, d).

Example 6

25
($)-N-{{(1R,2R)-2-{4-{[2-(4-Methyl-piperazin-1-yl)-benzimidazol-1-ylJmethyl }-
phenyl}-cyclohex-1-yl}carbonyl}-phenylglycinamide hydrochloride



phenyl } - cycl ohex-1-yl } car bonyl } - phenyl gl yci nam de hydrochloride 1 1 1SF§)EF2%3
-44 The conpound from Exanple 5 (100 ng, 0.177 mmol ) was dissolved in

di chl or onet hane/ net hanol (2.5:1; 5 nL) and admi xed with 1M HC / di et hyl

ether 5 (0.177 mmol ), and the m xture was stirred for 5 m nutes and then
concentrated under reduced pressure in the cold. The title conpound was
obtai ned as a colourless powder (106 ng¥4-M p. 200C (deconp.). The
Exanples 7 to 10 listed in Table |I bel ow were prepared anal ogously to
Exanple 10 5, using the correspondi ng substituted piperazines. Table 1:

Ex." No. StructureRf * NH 7- 0.3 (10:4.0 ~N O ~- NO ,NHBS8N -

NHO. 3(10: 1: 0. 1) //——\N_’q

HCI

The compourid' from Example 5 (100 mg, 0.177 mmol) was dissolved in
dichloromethane/methanol (2.5:1; 5 mL) and admixed with IM HCl/diethyl ether

5  (0.177 mmol), and the mixture was stirred for 5 minutes and then concentrated under
reduced pressuré in the cold. The title compound was obtained as a colourless
powder (106 mg). M.p. 200°C (decomp.).

The Examples 7 to 10 listed in Table ! below were prepared analogously to Example
10 5, using the corresponding substituted piperazines.

Table 1:
Ex. No. R¢*
7 0.3 (10:1:0)
8 0.3 (10:1:0.1})




03 N\ 171 SEP I

~r ND NH 111 " 1 1 SEP 2003 -45 Ex. No. StructureRf NHt
0.4(10:1:0,1) NO - N N 210N~-\~" 1 NH 0.3 (10:1:0.1) HNN~ Q O NH *
CH2dl 2: net hanol : conc. anmoni a

. -45 -

. Ex. No. Structure Re*

0.4 (10:1:0.1)

10 N " 0.3(10:1:0.1)
K\NJQQA’

* CH;Cl;:methanol:conc. ammonia

5  The examples 11 and 12 listed in Table 2 below are prepared according to the general
procedures A, B and C, starting with the compound from Example 6A.

Table 2:
Ex. No. Structure ' R, *
11 0.4 (10:1)
12 0.35 (10:1)




5 The exanples 11 and 12 listed in Table 2 bel ow are prepared accordih& SEB 1003
the general procedures A, B and C, starting with the conpound from Exanpl e
6A. Table 2: Ex. No. StructureRl 111 f! 0.4(210:1) r L HOOH NH 12N

0.35(10:1) HO // NH, N 0 O-,?- NH1 | SEP 2003 -46 * CH2Cl 2: met.-hanol
Exanple 13 5

(S -N-{{(1R 2R)-2-{4-{[2-(2-Hydroxyet hox‘y‘$6rr'et hyl ] - benzi m dazol -1 -yl } met hyl }

- phenyl }-cycl ohex- 1-yl }car bonyl } - phenyl gl yci nam de HO

* CH;Cl;:methanol
Example 13

5 (8)-N-{{(1R,2R)-2-{4-{[2-(2-Hydroxyethoxy)methyl]-benzimidazol-1-yl}methyl }-
phenyl}-cyclohex-1-yl}carbonyl}-phenylglycinamide

10 Starting from the compound of Example 7A which is silylated with TBDMS chloride
analogously to Example 6A and then reacted according to the general procedures A,

B and C, the title compound is obtained.
- K

Ry (dichloromethane:methanol 20:1) = 0.20., 2

15 -
MS (ESI) = 541 (M+H"). '"H-NMR (DMSO-de): 1.2-1.5 (4H, m); 1.6-1.9 (4H, m);
2.6-2.7 (1H, m); 2.75-2.85 (1H, m); 3.5 (4H, s); 4.65 (1H, br s); 4.6 (2H, s); 5.15
(1H, d); 5.55 (2H, s); 6.9 (2H, d); 6.95-7.2 (10H, m); 7.45 (1H, m); 7.6 (1H, s)“;,?._65
(1H, m); 8.05 (1H, d).

20

Examples 14 to 16 listed in Table 3 below are prepared analogously to Example 13
from the appropriate starting materials.



10 Starting fromthe conpound of Exanple 7A which is silylated with TBPMEP 7003
chloride analogously to Exanple 6A and then reacted according to the
general procedures A, B and C, the title conmpound is obtained. Rf

(di chl oronet hane: met hanol 20:1) = 0.20. 15 M5 (ESI) = 541 (MrH+). 'H NWR
(DVBO-d6): 1.2-1.5 (4H, m; 1.6-1.9 (4H m; 2.6-2.7 (1H, m; 2.75-2.85
(IH, m; 3.5 (4H, s); 4.65 (IH, br s); 44 (2H, s); 5.15 (1H, d); 5.55
(2H, s); 6.9 (2H, d); 6.95-7.2 (LOH, m; 7.45 (IH, m; 7.6 (IH s); 7.65
(IH, m; 8.05 (1H, d). 20 Exanples 14 to 16 listed in Table 3 below are
prépared analpgslsty to Exanple 13 fromthe appropriate starting
materials. 1 1 S E P 2003 -47 Table 3: Ex. No. StructureRf M5 CH2C12: MeCH:
conc, ammonia) 7 14N 0.44 (10:1:0) /LNH oy~-10

Ex. No. Structure Ry MS
(CH;CIzZMEOH:
conc. ammonia )
14 044 (10:1:0)
15 046 (10:1:0)
16 EL 541
™M)




1504 0.46 (10:1:0) ° O-NHI HO 541 16N IM- + O( N) O -ir-NH) ( -

SEP 2003 Clains 1. Conpounds of the gef®ral formula (1) where A D hﬂlcﬁEEZUM
each represent the CH group, G represents a nitrogen atomor represents the
CH group, Li and L2 represent hydrogen,

Claims

1. Compounds of the general formuia {I)

’—( [—r—'L1

G

Ll
where
A, D and E each represent the CH group,
G represents a nitrogen atom or represents the CH group,
L' and L2 represent hydrogen,

R1 represents a radical of the formula -CO-NR*RS,
in which

R4+ and RS denote hydrogen,
R? represents (C,-C,4)-alkyl which is optionally interrupted by one oxygen atom, or
represents a 4-R7-piperazin-1-yi radicel
where (C,-C,)-alky! which is optionally interrupted by one oxygen atom is substituted by a hydroxyl group
or by a radical of the formula -NR8R?
in which

R7 denotes hydrogen, (C4-C,)-alkyl or {C3-Cg)-cycloalkyl,

R® and R? are identical or different and denote hydrogen, (C,-C4)-alkyi or {C4-Cg)-cycloalkyl,
or

R® and R? together with the nitrogen atom form a morpholine radical,
and
R3 represents a pheny! radical,

and their salts.



Rl represents a radical of the fornmula -CO NR4AR5, in which R4 and R% SEP 200
denote hydrogen. R2 represents (Cl-C4y4%l kyl which is optionally

interrupted by one oxygen atom or represents a 4-R7-piperazin-1-yl

radi cal where (Cl-C4)-alkyl which is optionally interrupted by one oxygen
at® N-gubat i 2 tze CEY] Entbin 9 LyBLHRnZiMRida kY- 1 Hl]rhat o cybibRext QpdibBny!
-N%Iéﬁfﬂéq M {tggnot%zwg?drogerﬁ (Cy-A) - a?l]<yl Wlﬁfﬁ ﬁ]t -cyp’f]ozgg Eyy}
R8 and are |dent| cal or different and denote hydrogen (C_| C4) - al kyl or
(C3-Cs)-cycloalkyl, or R8 and RO together with the nitrogen atomforma

nor pholine radical, and R3 repr es nt phenyl radical, and their salts.
49 11 SEP 2903 2. (S) N—{{ ‘
2R) - 2-{4-{[ 2- (4- Met hyl - nzi m daz )yl } net hyl } - phenyl ) -cy

cl ohex- 1-yl ) carbonyl } - phen yC| A de N, C and §&s/salts. 3. Process for
preparing conpounds of the general flagCording to Cains 1 to 4,
characterized in that [A] conpounds hggﬂaner al Jl_prrml a (lI1) in which
L2 is as defined in Caiml,

and its saits.

3. Process for preparing compounds of the general formula () according to Claims 1 1o 4, characterized in that

{A] compounds of the general formula {Il)

v

(I,
L2

in which
L2 is as defined in Claim 1,

T represents {C4-C,)-alkyl, preferably methyl or tert-butyl,
and _

V represents a suitable leaving group, such as, for example, halogen, mesylate or tosylate, preferably
bromine,

are initially converted by reaction with compounds of the general formula (111)

N Axp
R’ /H | v (),
_ o

in which



T represents (Cy-C4)-alkyl, preferably methyl or tort-butyl, and V 11 SEP 003
represents a suitable |eaving group, st@h as, for exanple, hal ogen,
rnesylate or tosylate, preferably bromne, are initially converted by
reacti on,wit qunds of the_general formula (ill) ND R L-<-!- L Q&
in whi ch‘"‘;i O@&cg,%q gg’e@%h@ecﬁqc%uﬁas defined in aim1 and 1 1 SEP 2003
R11 has fhe meani ng of R2 given in Caiml, where am no and hydroxyl
function Hq]rag opt i onal Iﬁﬁzsbl ocked Dby typical am no or hydroxyl protective

groups, A1 meaRIng Oh RS Ivelbip SR 1 gwisie emiso gad hysryldunciiensierd opsiopaliy bimkkeg i n
the presPhYRCYaminoos Bydroxypretestive SEWABOUNds of the general formula (IV) 9Gw
inwhich RI1, A D, E, G L1, L2 and T are as defined above, are converted
in a YUB¥EIRiEATS darepdingseife defindian of R gptisnaliyrin the presernerof & basenidioniye eempoondg! i C
aci ds obhe gerergdarar@i formula (V) in which R11, A, D, EE G L1 and L2 are
as defined above, and are subsequently reacted by known nethods with
conpounds of the general formula (VI)"-

_<fN | g L
:R" I 1
N i

G

‘L2 (w)t

in which
R, A D, E G, L', L2 and T are as defined abovae,

are converted in a subsequent step using acids or bases into the corresponding carboxylic acids of the general

formula (V)
N >
v d I‘_\g_u
N G’/E
‘CO,H
Y V),
in which

R, A D, E, G, L'and L2 are as defined above,

and are subsequently reacted by known methods with compounds of the general formula (VI

R3

X . (VD),

HN” R

in which



R3i HZN. Rin which -51 Rl and R3 as defined in Caim1l 1 1 SEP 2033EP1i00]
inert solvents, and, if R 1 carries ond&l-of the abovenentioned protective
groups, this is optionally renoved by customary nethods either in the
hydrolysis to the acids (I1V) -> (V) or after the reaction with the
corrpounds1 of the gfeneral ~formula (M), or [B] if R2 represents a saturated
het er ocy¥ 1889\ a8 Aefned iy Gl@fed directly via a nitrogen atomto the inidazole
ring, the abovenentioned conpounds of the general fornula (11) are
i ni ti'Ameyselypidrted with conmpounds of the gen- eral formula (1lia) in which
A, D, am, it B'hpairigsiongras thesapuermentidnddrpralectivengloupsinibls ¥ optiprads esmavediby ogptomany
mesy | efhedsfaitherlil e bydralysiate thelacigsi{Vie> §¥) oneftey the reactionvgththesompeuntds of thd genkfae
cor r elopaiiMlly conpounds of the fornmula (VI1) (Vt4. in which Y, A D E G
Li, L& and T are as defined above, are reacted in a subsequent step with
conmpounds of the general formula (VII1) HNR12R13

[B]if R2 represents a saturated heterocycle which is attached directly via a nitrogen atom to the imidazole ring,

the abovementioned compounds of the general formula (1) are initially converted with compounds of the gen-

eral formula (llla)
N A
y—¢ :[ —’g— L (Ila),
N~ ~e”

in which

A, D, E, G and L1 are as defined in Claim 1
and

Y represents halogen or mesyl, preferably chlorine, bromine or mesyl,

in inert solvents into the corresponding compounds of the formuta (Vi)

N 'y
<
_<N | =

CO,-T
¥ (vn,
in which

Y, A D, E G, L' L2and T are as defined above,
are reacted in a subsequent step with compounds of the general formula (VIil)

HNR'2RY Vit

in which

R12 and R13 together with the nitrogen atom form a haterocycle according to the definition of AR



in which (VIIl) R12 and R13 together with the nitrogen atomforma 11 SEP 7003
het erocycl e according to the definitiof-of F-52 to give conpounds of the
general fornul a (dl X% hR12Rt :ﬁl}lr%”l agP 2003 in which A, D, E, G L1, L2, R12,
A13 anl HVeFPTPRUTE S MREFABITUELRL i n the subsequent steps, converted as
descri bed under [A] by hydrolysis into the correspondi ng carboxylic acids
of the general formuta (X) R 2R 3NN i.ch A, Db EfE G L1, L2, F112 and
R13 are as defined above, m'o C r‘qﬁ.mds are subsequently reacted with
t he conpounds of the general ftor \é; according to known methods for
prepari ng am des from carboxylic agi ds "and am nes and optionally converted
into the <corresponding salts by rqaction with an acid. 4. Conpounds of the
general formula (IV) (m in which AN It L2, Rif and T are as
defined in Cainms | and 3 and their SEP 2003 -53 5. Conpounds
of the general formula (V) (%),

in which
A, D, E, G, L L2 A2 R13and T are as defined above,

are, in the subsequent steps, converted as described under [A] by hydrolysis into the corresponding carboxylic
acids of the general formula (X)

N
R1!R‘ ’N / l % L|
o,
G

.
L2

in which

A, D, E, G, L', L2 R'2 and R13 are as defined above,
and these compounds are subsequently reacted with the compounds of the general formula (V1) acco_rding to
known methods for preparing amides from carboxylic acids and amines and optionally converted into the

corresponding salts by reaction with an acid.

4. Compounds of the general formula (IV)

S S
N~ g”

0,7

A(IV),

in which

A, D, E, G, L L2 R and T are as defined in Claims 1 and 3

and their salts.




in which AD E G L1, L2 and R11 are as defined in Clains 1 and 3 1(Jﬂ§(§P2[][l3
their salts. 6. Conpounds of the gener%?l formula (VII) in which A, D E G
L1, L&, YompeunlsaftBe gencitdrnad (0 C ai s | and 3 and their salts. 7.
Conmpounds of the general formula (1X) "R 2R 3N in"which A D E G LI,

L2, R12, R13 and T are as deflned in Gaims 1 and 3 and their salts.

(VII). -54 8. Conpounds of the ormula (X) Rr2RI3N 1 1 SEP 2003 in
which A D E, G L', L2, RLIR® ’Rlz s defined in Claims 1 and 3 and
their salts. 9. Medicanents, conpMNShrgf a compound of the general fornula
(1) according to either of C ai ns |l cand 2 in adm xture wth at |east one
pharmaceutically acceptable, esse - no -tOXI c carrier or excipient.

nd 2 for use as nedi canent

e of compgunds according to
ments for ke treatnent and/or

in the treatment of humans and ani md ]
either of Clainms 1 and 2 for preparing ne
prophyl axi s of ischaem c brain disorders.

in which
A D E, G, L1, L2 and R are as defined in Claims 1 and 3
and their saits.

6. Compounds of the general formula (VIl)

N S
v—(’NIé—E— L
G

O, T
VII),
¥ (VID)
in which
A,D,E, G, L, L2 Y and T are as defined in Claims | and 3
and their salts.
7. Compounds of the general formuta (IX)
N LY
-Rt'.*RuN _<ﬁ I E L
N G4E
0,-T
(IX)

L2

in'which
A D, E G, L1, 12 R12 A3 and T are as defined in Claims 1 and 3

and their salts.



12. Use of conpounds according to either of Clains 1 and 2 for preparli h§EP 2003
medi canents for the treatnment and/or -prophyl axis of stroke, reperfusion
damage or brain trauna.

8. Compounds of the general formula (X)

N >
—.<N | o

COMH

L2

in which
A, D, E, G, L1, L2 R and R12 are as defined in Claims 1 and 3
and their salts.

9. Medicaments, comprising a compound of the general formula (1) according to either of Claims 1 and 2 in admixture
with at least one pharmaceutically acceptable, essentially non-toxic carrier or excipient.

10. Compounds according to either of Claims 1 and 2 for use as medicament in the treatment of humans and animals.

11. Use of compounds according to either of Claims 1 and 2 for preparing medicaments for the treatment and/or
prophylaxis of ischaemic brain disorders.

12. Use of compounds according to either of Claims 1 and 2 for preparing medicaments for the treatment and/or
prophylaxis of stroke, reperfusion damage or brain trauma.




