MO 2004/ 087692 PCT/ EP2004/ 002351 Chronenonei ndol es The i nvention rel ates
to chromenonei ndol e derivatives of the formula |l 5 -KI A HNC RY 10 15 20
C 25 | i wahomesRd2is H OH CN Hal, CONHR, OB, CO2B,PCHBP20f#EI02INRCOR,

~NRCOOR or

NRCONR2, R2 is NR2, NRCOR, NRCOCR, NRCONR2, NO2, NRSO2R2, NRCSR

or NRCSNR2, R3 is H OH OCN, Hal, CONHR, OB, CO2B, CF3, NO2, NR2, NRCOR

NRCOOR or

NRCONR2, R, independently of one another, are H, B, Het or Ar,

A is a straight-chain or branched, nono- or pol yunsaturated carbon chain

havi ng 2,

3, 4, 5 or 6 C at ons,Chiromeron¢indiodds - chai n or branched al kyl

radical having 1, 2, 3, 4, 5 or 6 C atons, and pharmaceutically usable

pr odr ugs,

derivatives, solvates, stereo- 30 isoners and salts thereof,

i ncluding m xtures thereof in all ratios. The invention had the object of
fi ndi ng novel conmpounds whi ch have high bioavailability and are capabl e
of si gni fi chné inventioneelitetd drecsmnoneindolsdetieatblesi of thedormdah. WO
2004/ 6587692 PCTI EP20041002351 5 10

10
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C- 2

30

35

/T \ R2
A—N N BN
HN AN \ _/ |
R 0 0]

R1
in which

R' isH, OH, CN, Hal, CONHR, OB, CO,B, CF3, NR;, NRCOR,
NRCOOR or NRCONR,,

R®> is NR,, NRCOR, NRCOOR, NRCONR;, NO,, NRSO,R,, NRCSR or
NRCSNR.,

R® isH, OH, CN, Hal, CONHR, OB, CO,B, CF3, NO,, NR,, NRCOR,
NRCOOR or NRCONR;,

R, independentiy of one another, are H, B, Het or Ar,

A is a straight-chain or branched, mono- or polyunsaturated carbon

chain having 2, 3, 4, 5 or 6 C atoms,
B is a straight-chain or branched alkyl radical having 1, 2, 3, 4, S or
6 C atoms,

and pharmaceutically usable prodrugs, derivatives, solvates, stereo-

isomers and salts thereof, including mixtures thereof in all ratios.

The invention had the object of finding novel compounds which have high
bioavailability and are capable of significantly increasing the serotonin

level in the brain.



15 20 -2 It has been found that the conpounds of the formula | and
-pharmaceu- tically usable prodrugs, derivatives, solvates, stereoi

and salts

t her eof have val uabl e pharnmacol ogi cal properties. The

soners

conmpoundswef20048769%or nul a | exhi bit particul ar acti onsPEHEPHE4/BRATY g
“nervous system in particular 5-HT repptake-inhibiting and 5-HTx

agoni stic and/or -antagonistic actions, where HI,, is taken to ne
HTI A, HT1D, HT2A and/or HT2C. Conpounds having a simlar structur
described in DE 197 30 989. It has now been found that a group of
certain chronenonei ndol es, nore precisely those in which R2 is on
the radi cal s NR2, NRCOR, NRCOOR, NRCONR2, N2, NRS(2R2, NRCSR or

NRCSNR2, halt dasibgenffooadthat theicghmgounideaf die &dyitiula ¥ and pmparredceit h ot her

chronenonei ndol es and/ or cause. a S

hi_gh serotonin |

i gni ficantl er
the brain (teallyrisgble prodsugs deryativasSalvAias, FEEORQIBRS 415 83t he

i nvention s
to the said app

e Y e

i'cat’i on. onin reu

they are pafdrintid P&XHibit peiticiidreactiong Bin theywnttal Asrvole wystemptincs,
anti depressants, anxiolytics a 25 and/or antihypertonics. The conpounds
exhi bi t serpardicliar Sgdhireuptakgrighibiting ard A Ti-aggnisteand®s. They inhi bit

(Cossery ot-tadbrstCpiors WheRe HE s [kEAG oh S IS T T ey SRR

(Cossery et

synapt osomagerotoni n reupt ake (Sherman et 30 al., Life Sci. 23 (

1863- 1870) .

In addition, changes in DOPA accunulation in the stri

alnd 5-HT accunul ation in ?/ari ous regions of the brain occur (Seyf

- E J. P . 16 989), 31-, 41). - =

ng:,: on 1 o ACABIROLPEE SIS 4P otk ABIdESCHEeB ) PR 5T é\p?ﬁﬁr
caused by o 2rPERAPY Povtia et S B ER Eatih ShrcthehobiBRETIRLS,

PCTI EP2004/ prea®ly those in which R? is one of the radicals NR;, NRCOR, NRCOOR,
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NRCONR;, NO;, NRSO;R;, NRCSR or NRCSNR3, have significantly
higher bicavailability compared with other chromenoneindoles and/or
cause a significantly higher serotonin level in the brain (see Figs. 1, 2 and
3). The compounds according to the invention should thus be regarded as

a selection invention with respect to the said application.

Since the compounds inhibit serotonin reuptake, they are particularly
suitable as antipsychotics, neuroleptics, antidepressants, anxiolytics
and/or antihypertonics. The compounds exhibit serotonin-agonistic and
-antagonistic praperties. They inhibit the binding of tritiated serotonin
ligands to hippocampal receptors (Cossery et al., European J. Pharmacol.
140 (1987), 143—-155) and synaptosomal serotonin reuptake (Sherman et
al., Life Sci. 23 (1978) , 1863—-1870). In addition, changes in DOPA
accumutation in the striatum and 5-HT accumulation in various regions of
the brain occur {Seyfried et al., European J. Pharmacol. 160 (1989), 31-
41). The 5-HTx-antagonistic action is demonstrated in vitro, for example
by inhibition of the abolition of electrically induced contraction of the

guinea pig ileum caused by 8-OH-DPAT (Fozard and Kilbinger, Br. J.

an
e are

e of

evel in

espect
pt ake,

rs

1978),
atum

ri ed et
ni stic
t he
eum



.-3 5 10 Pharmacol. 86 (1985) 601 P). The 5-HT1lA-antagonistic action is

det ect ed

ex vivo by inhibition of 5-HTP accunul ati on reduced by

8- OH DPATWO(28myi8rdoed et al ., European J. Pharnacol. 16BCT/ERB®3H233)- 41)

-and

t he

ant agoni sati on of 8- OH DPAT-1i

duced effects in the ultrasound

vocal i sation test (DeVry, Psychpharmacol. 121 (1995), 1-26). Inhibition
serotonin reuptake can be detected ex vivo using syntaptosomal

of

inhibition (Wng et al., Neuropsychopharmacol. 8 (1993), 23-33) and

upt ake

p- chl or oanpRerimmacte. 861( tARS)IGOTR() FTihé rHE{s-aritagodistiChstioméndetebtend Ther .
212 (1980), 115-119). Furthernore, anal gesic and hépot ensi ve_actions

occur. The @bMyahydshlition ake41dt aceumulabpa redvcad,

y Br@ERBAT of

esti na

oo o0 ko ST HERAS PhhorTog LopdicBs SFD R B2 53

tardi ve dys

rs,

earning disorders,

age-r el at edgmfagbhisatioh P BARHDPATYIRA066S efdéls i thed QRtdsouady | nfl uencing
obsesbi ve- conpul sive disorder (OCD) and eating disorders (for exanple

bul i mi a). Twesalisatiomtest 20eYey, iRsyshphatmacalet?t 61995 1026, Inhibitien of n

particul ar additi.onal

5- HT1A- i i d 5: HT ke-inhj biti
D o, Tresrolanin feyni3i€ canThe dePeeck & MR amaliRoal fPtake |
tions. Th _ _ P
Comhari N9 Oinhidifort VBAG A - NeRiofGicABPRarmact. 28 109Y), £9PR0) 4 2

cerebri),

t reat nent op-chidroamphetaniak ardagonisind® ubér eicals JofPhasmaobdke fixpcthend

s_dij se. 35 .The conpounds of the fornula | are therefore
2 1e TTES: et PrRSTRom, saaldstn 270y RAPREING 2HeRs rent of

Par ki mgon'
suitable b
dysfunction

Qoe,used for&t: er' prophylaxis of and for conbating the consequences

cer ebr al

of

the central nervous system and of inflammation. They can

of

I nfarction (apoplexia cerebri), such as strokes and cerebral

I schaem a, and for the treatnment of extrapyramdal notor side effects of
neur ol ept i cEhesampoupds jare hgrefore suitable for the treatment of schizophrenia,
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cognitive deficits, anxiety, depression, nausea, tardive dyskinesia,
gastrointestinal tract disorders, learning disorders, age-related memory
disorders, psychoses and for positively influencing obsessive-compulsive
disorder {OCD) and eating disorders (for example bulimia). They exhibit
actions on the central nervous system, in particular additional 5-HT -
agonistic and 5-HT reuptake-inhibiting actions. They are likewise suitable
for the prophylaxis and the combating of the consequences of cerebral
infarction (apoplexia cerebri), such as strokes and cerebral ischaemia, and
for the treatment of extrapyramidal motor side effects of neuroieptics and

of Parkinson’s disease.

The compounds of the formula | are therefore suitable both in veterinary
and in human medicine for the treatment of dysfunctions of the central
nervous system and of inflammation. They can be used for the prophylaxis
of and for combating the consequences of cerebral infarction (apoplexia
cerebri), such as strokes and cerebral ischaemia, and for the treatment of
extrapyramidal motor side effects of neuroleptics and of Parkinson’'s
disease, for the acute and symptomatic therapy of Alzheimer’s disease

and for the treatment of amyotrophic lateral sclerosis. They are likewise



.di sease,

However,
anxi ol ytics,

for the acute and synptomatic therapy of Al zheinmer's disease

and for the treatnent of anyotrophic |ateral sclerosis. They are |ikew se
WO 2004/ O80a9R/BTP2EP2004/ 002351 ¢ 5 10 15 20 25 30 35PCHEBHOHAMIBE as
-therapeutic agents for the treatnment off _brain and spinal cord trauma
they are al so suitable as nedicanment active ingredients
anti depressants, antipsychotics, neurol eptics, antihyper-
tonics and/or for positively influencing obsessive-conpul sive disorder,
sl eepi ng di suitakde as thenagpeutic dgehtsfos ihg tremmentn:@ bdalgcambswnabqudr el at ed

menory di sorders, K eati n? td| sorde ?Bp?e bu I ma,, and/ar %’ﬁ%

dysf unct i on§aumBeHOWEYR
[ e I ferred,
g SR IcRCanfidspeSsarit, sl WPIBEos kBB O s
of the fOrmdn&s]and?oefcerwsuwelyelnﬂuendﬂagmbtsesgve@mrnpulsme'pimmder of the
in which the radical R3.is H where R R2, A and B are as
defi ned abo$EeBing HaprsiRrs, ftéfdlY%QY%ﬂ%Qn%r@Pgﬁ@rﬂgﬁwﬁgﬁ related of er ence

mRRKERtRAEE SR ord . O U Pl UGB 1Y B

aysfuftctior’s3, A and B are as defi ned above and bel ow for the
Preference is also given to the conpounds of

formul a |
and R R2,

formuPa |

is |likew se
I's NRCOR or
Het or Ar,
conpounds of the formula I.

Bey areeﬁ aﬁw qanen) artiyRdagrgd

B are |ne bove an

the formula I in which Ais (CH2)m where m= 2, 3, 4, 5 or 6,

parti QI arl
and bel ow f

C -

C -
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grﬁ%?ﬁ@ﬁﬂ%ﬁ{gégglgfre%%ﬁd compour%)’s 8! %e%o‘%ﬁlaal in wergucﬁ] ﬁ'ge above

radlcal R' is CN or Hal, where CN is preferred, and R, R? R®> AandB are

as defined above and below for the compounds of the formula |.

Preference is furthermore given to compounds of the formula | in which the
radical R is H, where R, R', R*, A and B are as defined above and below

for the compounds of the formula I.

Preference is likewise given to compounds of the formula | in which the
radical R is NRCOR or NRCOOR, where R, independently of one
another, can be H, B, Het or Ar, and R', R?, A and B are as defined above

and below for the compounds of the formula |.

Preference is also given to the compounds of the formula 1 in which A is
(CH2)m, where m = 2, 3, 4, 5 or 6, particularly preferably 4, and R, R', R?,
R® and B are as defined above and below for the compounds of the

formula 1.

Particular preference is given to the compounds of the formula | in which
R'is CN or Hal, where CN is preferred, and R® is H, where R, R?, A and B

are as defined above and below for the compounds of the formula I.

for



formula 1. Particular preference is given to the conpounds of the formula
‘Il inwhich R is CNor Hal, where CNis preferred, and R3 is H, where R
R2, A and B are as defined above and bel ow for the conpounds of the
fornul a |WORNEAHL087692 PCT/ EP2004/ 002351 5 10 15 SHEE/WZ‘}%’P‘WEU ar

‘preference is given to the conpounds of-the formula | in which R is CN,
R3is H and Ais (CH2)m where m= 4, and R, R2 and B are as defined
above and bel ow for the conmpounds of the formula I. In particularly

preferred enbodinents, the indole radical is substituted by R in the
5-posi ti on, VEO PArEiEwiGr erefesengenisigiersto e corprRaindsoef. the domnwlar yn

par Ll 2 LynRRGKEGGH, 61 IR Bl AEREI + VA RCRE b v e

la to le: *HCHefingd aBévé\laHdtber FordheNontpdufrdsbfthe %ﬂﬂa i
H i ndol - 3-yl ) butyl ] pi perazi n-1-yl }-2-o0xo0-2H chronen- 3-yl)nethyl am de

(HCl) _( EMD 391987) Et hyl

5
Chr omeon- 3. y I} BABHREY TS AR 256 indap 593 ok SUbStiuict by

R' in the 5-position, furthermore also in the 6- or 7-position.

In a very particularly preferred embodiment of the present invention, the

10 compounds of the formula | are selected from the following sub-formulae
C. - lato le:
NN N
15
S AN Y
N \_/ m Hol  a
0
O O
\

20 N
N-(6-{4-[4-(5-Cyano-1H-indol-3-yl)butyl)piperazin-1-yl}-2-oxo-2H-chromen-
3-yl)methylamide (HCI) (EMD 391987)

C-
NN N0
S \_/ m D
b
o 0
30 ©

\
\N

Ethyl (6-{4-[4-(5-cyano-1H-indol-3-yl)butyl]piperazin-1-yl}-2-oxo-2H-
35 chromen-3-yl)carbamate (EMD 480247)



.5 10 Cc Methyl N-(6-{4-[4-(5-cyano-1
H i ndol -

487535) HMOROM408T692 || d 15 20 25 30 N-(6-(4-[4-(5-Cy

*H i ndol
3-yl)-2, 2-di net hyl propi onam de (EMD 480248) PCTI EP2004/002351 * HCl e
3-{4-[ 4-(3- Am no- 2- 0xo- 2H-chr onen- 6-yl ) pi perazi n-1-yl ] butyl }-1

H i ndol e-5- carbonitrile (HC') (EMD 480246) 35 For all radicals which
nore than once, such as, for exanple, R or B, their neanings are
I ndependent of one another. W) 2004/087692 PCTI EP2004/ 002351 -7 5 10 15

occur

20 25 30 35 The radi cal
particular 1, 2,
radi cal ,
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3-yl ) butyl]pi perazin-1-yl}-2-o0xo-2H chronen- 3&%;;&5&)@%5 (EMD

- 3-yl) butyl] pi perazi n-1-yl }-2-o0ga- 2H chr onen-

Bis alk adha3123H4 5o0r 6, in

m ~Q”/erqnched al kyl

Methyl N-(6-{4-[4-(5-cyano-1H-indol-3-yl)butyllpiperazin-1-yl}-2-oxo-2H-
chromen-3-yl)carbamate (EMD 487535)

N N N

OO
o

C "o

\
\N

pr ef eifbbl y~fan

N-(6{4-[4-(5-Cyano-1H-indol-3-yl)butyl]piperazin-1-yl}-2-oxo-2H-chromen-
3-y1)-2,2-dimethylpropionamide (EMD 480248)

N N NH

0 "o
N\
\N

3-{4-[4-(3-Amino-2-oxc-2H-chromen-6-yl)piperazin-1-yl]butyl}-1H-indole-5-
carbonitrile (HCI) (EMD 480246)

For all radicals which occur more than once, such as, for example, R or B,

their meanings are independent of one another.



.unbranched al kyl radical, and nmay be nono- or poly- by halogen (Hal), for
exanpl e perfluori nated. If an al kyl radical is substituted hal ogen, it
pr ef er abl WO 2068732 ng on t he nunber of carbon atonms inP @’Ff@l’%{%ﬂwz:‘ﬂadl cal ,
-has 1, 2, 3, 4 or 5 halogen atons. |If-an al kyl radical is substituted by
halogen, It preferably, depending on the nunber of carbon atons in the

al kyl radical, has 1, 2, 3, 4 or 5 hal ogen atons. Exanples of alkyl
groups are therefore nmethyl, ethyl or isopropyl, furthernore n- propyl,
n- butyl, sec- butyI or tert-butyl, furthernore also pentyl, 1-, 2- or

‘z’_ rretzflyl bUtﬁné ﬁaql;g'@lhl?,ps a%(gln ;cp %a% 1dbn§t2¥a BF §p§1l par%c Itarrnﬁ' Erﬁ%gh’ exyI
di met hyl but abﬂq§ Al @a%@él Bbeanhea a@ﬁméméar rﬁ?éf@vémy Py

1- et hyl - 2-met hyl' propyl, 1,1,2- or 1,2, 2-trinethyl- propyl, furtherm)re
al so fl uor onmm;nbhedlaikyumd)wt aguu may bé maomos o8 poiy- by]halpgen {HalgHioor oet hyl

or penrtafluoroethyl._ The ter ar s an tituted or nono- or
pol ysubst i t 8X&mpl eé?eifﬂ'd‘?”'latﬁﬁ% an %4‘3" f68'0? 55(,""9‘@#@’%%@%?/ 5@3 'tr adi caI
such as, ,

napht hal enebrl ng y?te eﬁd%@ﬁﬂnﬁ Q%Mg?Péfu(?ét}ngé%@?ﬁ s'rt] ?‘?étjgn s I nc ude
NC2-, F-, Chas 1]32 3, 4 or SH@ogéﬂQétcms HBMR\Iatky[ %@Hs sabmmte,d By kyl -

CF3-0O, aIk , a/ . , }/I-CC]\IH- yl SO2- or
aryl SO2- H\- almeneltpr@‘e@mbt qn%mryg %&h%eembero ﬁe@w@rﬁiemsup tae one

oot 0. O, bR a1 € 0 bl G5 RO Aoty

recycl i ¢ hgtectheeatele methiyide®dl or i8Bphsiye fartab@ndre Spropyd! n-Butlyserscur
nee to three tinmes. Exanples of suitable substituents include NO2-, F-,

C -, Br-, |bytyHortert-butyl, fumllmore(a@ pentyl,al-kgt or 3-anedpyibetyl, TA3- 0-

oL $6l e BBl e R 32 G ERARRL 07351,

may 0Bcur, piperendqnil y 0f 2 906y 3ngk BEL difeftyitutyl ABSr 2-ethylbutyl,
1-ethyl-1-methylpropyl, 1-ethyl-2-methylpropyl, 1,1,2- or 1,2, 2-trimethyl-
propyl, furthermore also fluoromethyl, difftuoromethyl, trifluoromethyl, 1,1,1-
trichloroethyl or pentafiuoroethy!.

20
The term “aryl” covers an unsubstituted or mono- or polysubstituted
aromatic mono-, bi- or tricyclic hydrocarbon radical, such as, for example,
a benzene ring or anthracene, phenanthrene or naphthalene ring systems.
C : 5 Examples of suitable substituents include NO2-, F-, Cl-, Br-, |-, HO-, H;N-,

R°HN-, (R%;N-, alkyl-, alkyl-O-, CF5-O-, alkyl-CO-, aryl-, aryl-O-, aryl-CO-,
aryl-CONH-, aryiSO,- or arylSO,-HN-, where the substituents may occur,
independently of one another, 0 to 5 times.

%0 The term “Het” covers an unsubstituted or mono- or polysubstituted,
saturated, unsaturated or aromatic mono-, bi- or tricyclic heterocyclic
radical. As hetero atoms, S, N or O may occur once to three times.
Examples of suitable substituents include NO,-, F-, Cl-, Br-, I-, HO-, HoN-,

35

R®HN-, (R*,N-, alkyl-, alkyl-O-, CF-O-, alkyl-CO-, aryl-, aryl-O-, aryl-CO-,



.The invention furthernore relates to a process for the preparation of the
conpounds of the fornmula | and pharmaceutically usable 8rodru S,

deri vat i W0 20860872 es, st ereoi somers and sal ts ther eof PCHEBIAEPEBYsed in
-that a compound of the forrmula Il N NHBv Il in which R2 and R are as
defined above and bel ow for the conpounds of the formula I, is reacted
with a conpound of the formula 11l 11l 25 30 in which R and A are as

defi ned above and bel ow for the cog())unds of the formula I, and L is O,
Sr, 1, OH oaryaC¥Ut iargh$O0esard anl&OOHNy wheresthe substituants mayi | y

nucl eophilically. substitutable |eavin 0 such as al kyl sul f onyl oxy
having 1-6 % O’REEP?qu'ﬁé’a -2 ﬂ%‘?thgﬂe(g{ﬂ #@Hﬂﬂsoxy) or aryl sul f onyl oxy
having 6-10 C atons (for exanpl e benzenesul f onyl oxy,

p-tol uenesul fonyl oxy or 1- or 2- naphthal enesul fonyl oxy), where | is

preferred. BbBe ihentioafenbeimmwerelabes to & prbcassrfol theepraparatiqy ofies for t he

preparation of the conpaunds of the fornula I and pharnaceutically
usabl e prod?%@?“’%%? 2/1oEm¢e] @m@@@%‘@‘sﬂs %piﬁ'}'QsQO 25 30

derivative e r Qi erised in
thaltva l:\c/)rr;g%':r\?\%ﬁg?gt %%IV Ogéﬁé;é@%@%@ﬁﬁgﬂ%?%ﬂ}gﬁﬁg%Qérad;.g in%ﬁﬁ‘above and
bel ow for ttmat acupepoudsl oftheliermuia Il

10
R / \
- = N NH
C - n__/ il
0 O R
15
in which R? and R’ are as defined above and below for the compounds of
the formula |, is reacted with a compound of the formuia I
20 u
/ il
R A—L

in which R' and A are as defined above and below for the compounds of
the formula |, and L is Cl, Br, {, OH or a reactively esterified OH group or
another readily nucleophilically substitutable leaving group, such as
alkylsulfonyloxy having 1-6 C atoms (for example methanesulfonylioxy) or
30 arylsulfonyloxy having 6-10 C atoms (for example benzenesulfonyloxy,
p-toluenesulfonyioxy or 1- or 2- naphthalenesulfonyloxy), where | is

preferred.

35 The present invention likewise relates to a process for the preparation of

the compounds of the formula | and pharmaceutically usable prodrugs,



.formula I, and R4 is an am no-protecting group or H, is reacted, Iin a
M chael - analogous reaction, with ethyl nitroacetate and dieth Iannonlum
chl ori de,Wano04{08&9i tro group i s subsequently reduced, P¢HEROHHM
-conpound of the fornmula V V and the cogpound of the fornula Vis reacted
with a conpound conformng to the fornmula Ill. In addition, the
conpounds of the fornula | are prepared by nethods known per se, as
descri bed, for exanple, in Houben-Wyl (Methoden der O ganischen Chem e
[ Met hods ofdemngﬁwee Siieaties; stpfeoisemers and salts thareph ghamaierispd N, O gani c
Reactions, John Wle New York) or in DE 197 30 989, to be
preci se und ? Pé%%qqﬁgd%éﬁﬂﬁﬁg?%W@ A¥ are known and suitable for the said
reactions. Use can al so be made here of variants which are known per se,
but are not nentioned here in greater detail. 35 WD 2004/ 087692
PCT/ EP2004/ 002351 -10 5 1®15 20 25 30 35 The starting materials for the
cl ai néd process may al so, | deS|red formed in situ by not isolating
them fromthe reaction st eg—ig@redi atel y converting them
further into the conpounds of |a/1. The majgrity of the
pi perazi ne derivatives of G N la I'l'l are known. |If they are not
commercially avail abl e or own, tkey can be prepared by nethods known
per se. For exanple, they can be prepared by reaction of
bi s(2-chl oroet hyl ) am ne or bis(2-chl oroethyl)amoni um chloride with
am nol8ubstituted benzopyran conpounds.

in which R® is as defined above and below for the compounds of the

C ': formula 1, and R* is an amino-protecting group or H, is reacted, in a
Michael-analogous reaction, with ethy! nitroacetate and diethylammonium
chioride, and the nitro group is subsequently reduced, to give the

15
compound of the formula V

TN N  N—R¢
20 v
0?0
R3

and the compound of the formula V is reacted with a compound

( . o925  conforming to the formula I.

In addition, the compounds of the formula | are prepared by methods

known per se, as described, for example, in Houben-Wey! (Methoden der

30 Organischen Chemie [Methods of Organic Chemistry], Georg Thieme
Verlag, Stuttgart; Organic Reactions, John Wiley & Sons, inc., New York)
or in DE 197 30 989, to be precise under reaction conditions as are known
and suitable for the said reactions. Use can also be made here of variants

which are known per se, but are not mentioned here in greater detail.
35



The majority of the indole derivatives of the formula It are known and
»sonme are also commercially available. Furthernore, the conpounds can be
prepared from known conpounds by el ectrophilic or in certain cases also
nucl eophi WP SASZi ¢ substitutions. The starting subsPQHEBZMEBRDS pref -
“erably a correspondi ng indol e-3-al kanadic- acid (which can be prepared

anal ogously to a Japp-Klingemann-type Fischer indole synthesis, cf. in
this respect Bottcher et al., J. Med. Chem 1992, 35, 4020-4026 or |yer
et at., J. Chem Soc. Perkin Trans, 11 1973, 872-878). Primary al cohols
of the fornijhgstartmgmamnelﬁ for the claimed grasess May el§9affﬁiesmieb f or

therbof . TrioUAR SHPER nchobfing ARBR T el ARt ikt e JER Bisad® hCr s
tribrom de imedigtdiRtonPertingNhé@TRHBHME theeSompPeus@s bR |. hal i des

of the formula I'lIl 1n which L is a hal ogen. The correspondi ng

sul fogyl oxy conpounds are obtainable fromthe al cohols by reaction with
the c rresp di ng sul | .chlorides. The ipdi co unds 0 formul a
(o T e ftioraby eivetarne detiyetves o et ERO SR el & i

| odi de on Ae A h@ﬁfﬁﬁ’er@réllg'é%ﬂéﬁl'é' SroHowrR ghél 8 ﬁé%r@bar‘é@rtﬁfspond' ng
chl orides. So of the startihg nmaterials of the fornula 1V are known. |If
t hey are nomethodsinovrnpgr sarfF dresxangpe, they manrie prmbearkdubmepetrorsef WO
2004/ 087692 PCTI EP2004/ 902351 -11 The reﬁ él on of t ounds Il and
111 azpwel | biggZ-phigreethy) a'ﬂi‘#ﬂ?c%'a@(%?h'oﬁ%‘%t ¥ %magowa ¥H3m t he
literalure of 5 am nes. The conponents
can be nel té@rw gﬁb%hé%lgﬁ%%rﬁi&;ﬁbﬁ ?&lf"?& presence of a solvent, if
desired in a sealed tube or in an autoclave. How ever, it is also

C.DOS'SI ble to_react the conpounds in the presence of an |nert sol vent .
Sui t abl e sollfiemajorlyf the indgle Mgrivativgseldba fewmda Ikaenknowmand spage,

Soch as et ARG ool bR S/ATARRS FAFRERRGS g HbbBliHs Pef el o5
t et r aipdr of gfeyaréd flom R’rﬁovdh RuAipRUNAS bYeSectFopHilicer M catdiv chsesabode

(DMF) or N-nethyl pyrrolidone; nitriteS, such as acetonitrile, if desired
al so  ni xt unecleophilin@semetic substiutipng Tdeestartinghsubstance used issoref+ h wat er .
The

et

erably a corresponding indole-3-alkanocic acid (which can be prepared
analogously to a Japp-Klingemann-type Fischer indole synthesis, cf. in

20 this respect Béttcher et al., J. Med. Chem. 1992, 35, 4020-4026 or lyer et
al., J. Chem. Soc. Perkin Trans. 1l 1973, 872-878).

Primary alcohols of the formula ili in which L is an OH group are obtain-
C -: 25 able, for example, by reduction of the corresponding carboxylic acids or
esters thereof. Treatment with thionyl chloride, hydrogen bromide, phos-
phorus tribromide or similar halogen compounds gives the corresponding
halides of the formula 1l in which L is a halogen. The corresponding

sulfonyloxy compounds are obtainable from the alcohols by reaction with

30
the corresponding sulfonyl chlorides. The iodine compounds of the formula
Ifl (L = 1) are obtainable, for example, by the action of potassium iodide on
the associated p-toluenesulfonic acid esters or corresponding chlorides.
35

Some of the starting materials of the formula IV are known. If they are not

known, they can be prepared by methods known per se.



15 addition of an acid-binding agent, for exanple an al kali or al kaline
earth netal hydroxide, carbonate or bicarbonate or another salt of a
weak aci dwoofood/eze®l kal i or al kaline earth metals, prefPET&EPRI4HH2351

pot assi um sodiumor calcium or the gﬂglition of an organi c base, such
as triethylamne, di 20 nethylaniline, pyridine or quinoline, or an
excess of piperazine derivative of the formula 11 may be favourable.
Dependi ng on the conditions used, the reaction tine is between a few

m nutes and 14 days, and the reaction tenperature is between about 0 and
150, normal Ly between 20 and 130. 25 30 35 Where appropri ate, ii} IS
necessary t dhgrreagtien pitherrampennds hapdl asvealbas %ﬁh@@cﬁﬂé? Xtion or

fenct one anetbls ASHE RS e LG R o SRAAIHEOCEGUSUTEL oy
general ter g@niads Trd SbrApohéntdcaniise ilited witreose ahethee wilout theot ecting an

am no 5group agai nst chem cal reactions, but are easily renovable after
t he desired pegsariceatf a selventoif desyeddem sraled tubepor inAnsautoglayee How-t he

I le. Si . ' f thi . he | - d [ d
Feroval i horier. ibisaseppegniin 1Baclhe St Atfeaest e otarf Mol o, "
nurer ous 1 el8RRE Suifle SENBRASKS, 1dfthanisediRboliorlsseurEagbbR- O eat er

detail at this point. WO 20045 087’692 PCT/ EP 47002351 -12 5 10 It is
f ur t her nor e zpoegsidilene or xbese; rkedones sochdsacetdree bobuianane; algoholsati ng a

precurigor containi ng one or nore reducible groyp(s) instead of hydrogen
at ons and/ oSUBR&@sgrethgpal, é@&@ﬂqldﬁaproea@OLﬂaﬂé?&%gﬂﬁ Siﬂﬁf?s?u‘?ﬂ & a
reduci ng ag - in the
@r esence of ?%%aq@gf%ﬁgf 'imr:lﬁ){ B@%P@%ﬂ%“‘%édgg{:%\?grﬂ('ﬂé@ﬂggﬂéﬁep aceabl e)
groups are, (DMMasrtN-endtayipyaslideme; initriles; aubb @isl aggtenitrile h desixed alsar yl
sul fonyl oxy (for exanple p-tol uenesul fonyl oxy), N-benzenesul f onyl,
mixtures of these solvents with one another or mixtures with water. The
15 addition of an acid-binding agent, for example an alkali or alkaline earth
metal hydroxide, carbonate or bicarbonate or another salt of a weak acid
of the aikali or alkaline earth metals, preferably of potassium, sodium or
calcium, or the addition of an organic base, such as triethylamine, di-
20 methylaniline, pyridine or quinoline, or an excess of piperazine derivative
of the formula I} may be favourable. Depending on the conditions used, the
reaction time is between a few minutes and 14 days, and the reaction

temperature is between about 0 and 150°, normally between 20 and 130°.

M

= Where appropriate, it is necessary to protect further amino groups present
against alkylation or acylation by introducing suitable protecting groups
before these reactions are carried out. The term “amino-protecting group”

30 is known in general terms and relates to groups which are suitable for
protecting an amino group against chemical reactions, but are easily
removable after the desired chemical reaction has been carried out else-
where in the molecule. Since protecting groups of this type and the intro-
duction and removal thereof are well known to the person skilled in the art

35 from numerous references and textbooks, this need not be discussed in

greater detail at this point.



-N-benzyl or O benzyl. It is in principle possible to convert conpounds
containing only one or those sinultaneously containi ng two or nore of

t he aboveV@2M48HO3 15 groups or additional bonds i nt oPQEBHMIYINRSof t he
‘fornmula | by reduction; at the sane-ti2we, substituents in the group |
which are present in the starting conpound can be reduced. This is
preferably carried out using nascent hydrogen or conplex netal hydrides,
furthernmore the Wl ff 20 Kishner reduction or reduction is preferably
carried out using hydrogen gas with transition-netal catalysis. If the

exanpl o byftes Blfpe PASERIE o bR BobBliiq S he RrfRRELBL BRathdl
exanpl e, a gipréelirSoPtorthiting\bhé oricrbirefBtiBle dnodippiidstesdloftyarogen of

iron 25 with acetic acid can be used. Al so suitable is the use of sodium
or angther atemsand/neoae odinerelagsiitional £rCandenC:Ndeor(with Aanol |

0P SPan) e RS Ao 5 eSS el S By PAED 1°
al kal i ne/ agyfagmce oF ie%|3t ohb iskre 56K EntiRdHuCcRsIEihy @Bgeh-rBblRBable) Sodi um

amal gam or al um nium amal gam i n aqueous/ al cohol1c Or aqueous sol ution
i s al so sui getups drey ingearticalar,axygéntiha caboryltgrouy.dnyalyexyl, atyé r eact i on

can also be carried gut in the heterogeneous phase, in ich case it is

advant ageouSUHQVIRRY (g‘?f %mﬁf-ﬁimsg'ﬁen&m% b@'éﬁ?@f@%"%‘b uene phase.

VO 200@/ 087ﬁgger%grélz§gggngﬁ02351 -13 5 10 15 20 25 30 35 Reducing agents
oyed aref

whi ch can be enp urthernore particularly
C - It is in principle possible to convert compounds containing only one or

those simultaneously containing two or more of the above-mentioned

15 groups or additional bonds into a compound of the formula | by reduction;
at the same time, substituents in the group | which are present in the
starting compound can be reduced. This is preferably carried out using
nascent hydrogen or complex metal hydrides, furthermore the Wolff-

20 Kishner reduction or reduction is preferably carried out using hydrogen
gas with transition-metal catalysis.
If the reducing agent used is nascent hydrogen, this can be generated, for
example, by treatment of metals with weak acids or with bases. Thus, for

Q_ 25 example, a mixture of zinc with alkali metal hydroxide solution or of iron

with acetic acid can be used. Also suitable is the use of sodium or another
alkali metal dissolved in an alcohol, such as ethanol, isopropanol, butanol,
amyl alcohol, isoamyl alcohol or phenol. It is furthermore possible to use

30 an aluminium/nickel alloy in alkaline/aqueous solution, if desired with
addition of ethanol. Sodium amalgam or aluminium amalgam in aqueous/
alcoholic or aqueous solution is also suitable for generation of the nascent
hydrogen. The reaction can also be carried out in the heterogeneous
phase, in which case it is advantageous to use an aqueous phase and a

35 benzene or toluene phase.



-advant ageously conpl ex netal hydrides, such as Li AlH4, NaBH4, dii so-
butyl al um ni um hydri de or NaAl (OCH2CH20OCH 3) 2H2 as wel |l as di borane, if
desired WORMEASYO2on of catal ysts, such as BF3, Al Cl 3PGHEPB#0028%4 t abl e
“sol vents for this purpose are, in partyzcul ar, ethers, such as diethyl
ether, di-n-butyl ether, THF, dioxane, diglyne or 1,2-dinethoxyethane,
and hydrocarbons, such as benzene. For the reduction using NaBH4,
suitable solvents are primarily alcohols, such as nethanol or ethanol,

f ur t her nor eRedating agents whivhaan be eoipddyed e furtbsomone: patisylariye r educt i on

Is pref- erably carried out at tenperatures bet - nd +150, in
particul ar a@d@wp%&mmgl%e%ngggrQ%_sqc aé\éﬁﬁ‘ﬂﬂbﬁ?a%% AlS%ossible to
carry out cghl,ai WQH ' f | diBoldh@. if

catal ytic alglf't?gdrll&g trgﬁgﬁ??éﬁmﬁﬁ?gmgt%?€£3 zl?zggsg%gr%l:%,o Rah'ey N or
Pd. I n thisdegited with additiopl of catdlyst8r such aSBFRay AiQ1 ; oe LiBa. Suitables al so OH

group§ can be replaced by hydrogen. The NH2 group in the com pound of
the fornul aSOVeRts for IesPYPase a8t 1 RRTHCYIAR Athas, SHEh asghethy! 8hercat al yti c

nydr ogenat | gty WaiIRuR TR kR ARlmERT A ARl tinahlos Se cont or m

to the fornula tontarn one'o nore sol'vo e gr'oup(s) instead

of one or drothdioPBBscad Beh LN -FdritEe dediidtiopAlising NaBH.h yditablgsed, to
t he conpounds of the fornmula |I. Furthernore, a conpound of the formula I

can bg conveglventsiare prisrarily alconolssueh @sdnethract of éiianol, Tughermaigds known
per s#&0 Co nds of the f I ip wiich R _is_ a R.radjical can be
bbt ai ned byWalH: 927 PauPTun SisPhe. BrPeftintndin, e fodion i tthds of t ne
Lformula 1 byrapdf tariledid @ tetipératiiresibetivieh 080 BRES- 1508 SinPticulast |y to
\byerol yse cyano-substituted conpounds of the formula | to acids and to
ani dat e t hebetwsiensahurit fgand abeutyl 6. secondary ami nes. Preference is given
to the WO 20041087692 PCTI EP20041002351 -14 5 10 15 20
15 In addition, it is possible to carry out certain reductions through the use of
H. gas with the catalytic action of transition metals, such as, for example,
Raney Ni or Pd. In this way, for example, CI, Br, |, SH or in certain cases
also OH groups can be replaced by hydrogen. The NH; group in the com-
20 pound of the formula V can likewise be obtained from the nitro group by

catalytic hydrogenation using Pd/H> in methanol.

Compounds which otherwise conform to the formula |, but contain one or
C - 25 more solvolysable group(s) instead of one or more H atoms can be solvo-

lysed, in particular hydrolysed, to the compounds of the formula 1.

Furthermore, a compound of the formula | can be converted into another
30 compound of the formula | by methods known per se.
Compounds of the formula | in which R' is a CONHR radical can be
obtained by derivatisation of corresponding substituted compounds of the
formula | by partial hydrolysis. It is furthermore possible firstly to hydrolyse
35 cyano-substituted compounds of the formula | to acids and to amidate the

acids using primary or secondary amines. Preference is given to the



.25 30 35 reaction of the free carboxylic acid with the am ne under the
conditions of a peptide synthesis. This reaction preferably succeeds in
t he presewoeoefos7@2dehydrating agent, for exanple a caPOBEPEHE®3SEUCh as
~di cycl ohexyl - carbodiimde or -14 -

N- ( 3- di net hyl am nopr opyl ) - N- et hyl car bodi i ni de, further- nore

pr opanephosphoni ¢ anhydride (cf. Angew. Chem 92, 129 (1980)),

di phenyl phosphoryl azi de or 2-ethoxy-N-ethoxycarbonyl -1, 2-di hydro-

qui nol i ne, feactionichéne freeIcaetnuxylib«acicbwﬁrrﬂiheamirtmhngemmeecbridjtébrtscdr bon,

such as di chl or gret hane, et her,. such as ' THE or di ox an am
such as DIVFa@PPHgWﬂWé@et his wactigp pseferably jsucc ”égeélfﬁﬁﬂﬁec? le, at

tenper atut eg dRjHRRAHRE, Jg?gﬁrﬁﬁled'gcamo‘?fuﬁﬂ | uchFaBRIcBhaRY- 30

| nst ead of s al'so possible to errp oy reactive

derivati vescarbotiiide smﬂqead]mylamimropﬁpNethLyldaobo@mmpl furthepse in
whi chS reactive groups are tenporarily bl ocked prot ect i ng groups The
aci ds can aMmese B@Rﬁi@@hpﬁpﬂwcf&ﬂhbfﬂﬁdel(ﬁeﬁﬂgﬁm 22428139800 ch are

dvant
yar oxyberdBhePPEBSPAStFatie ns SRR S ES ek ‘i‘%"{i'hﬂ’gr % so
possi bl e, fgQhinBXA&Nhan iheft soheH Ofop eRainple s SRIldgeHRIted hipdiceahsord 0 be ,
hydrol ysed to car boxyi ndol e or carboxam doi ndol’e radi cals. However, it is

al so parti csuichr ay dichi@omstihane, carpeﬂ,ﬂpar%lmms THFrar digxane, @neamidever se

10 b | h d f |
by means. of Skt & PGBt iR FcsarerpaA i HeE S 3SoN A o Toas)] “or
,_us~1-ng PCC 3teH% erSlifes BRRRer?8podt?98d dnkPed) ref?rétﬁ?ﬁ Q%?f?d e the

\fornula | can 'be converted into the associ acl tlon salt using
an aci d. Sulristddotbiedid or atiide; it isalso possible mrmsploywbacﬂmegl ve
physi ol ogi cal |y accept able salts. Thu It IS gosm ble to use ‘Q’b rganic

acids, for Qriyaives Qi these EU%%CG%W gHgaslion, fpryexarmplerthase in, hloric
h h hor i
A

acid, nitric ac e org
speci fi cal | Yhelacpisadarcalselbecysed in, theifaim phtHdicactivatet bsiers rwiich@recycl i c

nmono
advantageously formed in situ, for example by addition of 1-hydroxybenzo-
triazole or N-hydroxysuccinimide. Thus, it is also possible, for example, for

20 cyano-substituted indole radicals to be hydrolysed to carboxyindole or

carboxamidoindole radicals.

However, it is also particularly favourable to prepare the nitriles in the

)

25 reverse manner, by elimination of water, starting from the amides, for
example by means of trichloroacetyl chloride/Et;N [Synthesis (2), 184
(1985)] or using POClI; (J. Org. Chem. 26, 1003 (1961)).

30 A resultant base of the formula | can be converted into the associated
acid-addition salt using an acid. Suitable acids for this reaction are those
which give physiologically acceptable salts. Thus, it is possible to use
inorganic acids, for example sulfuric acid, hydrohalic acids, such as
hydrochioric acid or hydrobromic acid, phosphoric acids, such as ortho-

35 phosphoric acid, nitric acid, sulfamic acid, furthermore organic acids,

specifically aliphatic, alicyclic, araliphatic, aromatic or heterocyclic mono-



WD 2004/ 087692 PCT/ EP2004/ 002351 -15r 5 10 15 20 25 30 35 or polybasic
carboxylic, sulfonic or sulfuric acids, such as formc acid, acetic

aci d, prop0em4eszekd, pivalic acid, diethylacetic aci dPCHEPWAHB0233Y d,
"succinic acid, pinelic acid, fumaric_.ggd, nmaleic acid, tactic acid,
tartaric acid, malic acid, benzoic acid, salicylic acid,

2- phenyl propionic acid, citric acid, gluconic acid, ascorbic acid,
nicotinic acid, isonicotinic acid, nethane- or ethanesulfonic acid,

et hanedi sul éopolgbasic dartxylicr sutfpaicamsulfusicl aads, csushias fopeitzagidsul f oni ¢
acid, p-toluenesul.fonic.acid,. naphthal ene. no-..and. -di sul.foni ¢ acids,

| auryl sul f LRFRUICRGIH, PreRIoTG @Q'%B@’@@CS'F'C{?ﬁéefgg'ﬁﬁﬁﬁ*%aﬁdcm??"'i“? df&%ired, be
i ber ated foamuliBeicld phhbfo bl WIrRAEEEH, Heldlc Hld 15ctRARIS, taftdfil_as

sodi um hydr oxi de, potassium hydroxi de, sodium carbonate or potassium
car bonat e, aegid) matic asid)bentoictduid, salicglicagdolphenypropiesenacid ncitrive

nmol ec@le. In those cases where the. conmpounds of the formula | contain
free acid gaedpalucenictaciéyaasorkif asith Ni¢aticksAcid, ISONEAENISRA&IDby t r eat nent
wi th bases. | .t abl . | i . qr.0x| \ LAg earth
metal hydr O(Anlgme 6r°?§?8%%%€%§§§é&@nétp ﬁ@g&g ldlrf m’gfa %gir %?—@H/rﬁk ebgﬁgary or

tertiary angiifshic abie; BBAZemsRIfRaIcCAdid Pp-Bsleehessiforic hbid, paphaigie-of the
formula | according to the invention were tested as follows: The

bi oavai | abi mong- and -disuenicasids Jaurysulivdea@gidret hod described in  many
t ext bd®ks of pharmacoki netics with the aid of the AUC (area under the
concentration/time curves) neasured after po and iv adm nistration. For

oA e determ nag iR Riselst tA Fthitii& | BaAS Bkbiréd | Be Nberkfsd RbASABIrMSeNn-
~ by treatment with strong bases, such as sodium hydroxide, potassium
hydroxide, sodium carbonate or potassium carbonate, so long as no
15 further acidic groups are present in the molecule. In those cases where the
compounds of the formula | contain free acid groups, salt formation can
likewise be achieved by treatment with bases. Suitable bases are alkali
metal hydroxides, alkaline earth metal hydroxides or organic bases in the

20 form of primary, secondary or tertiary amines.

The pharmacological properties of the compounds of the formula |

according to the invention were tested as follows:

The bioavailability was determined by a standard method described in
many textbooks of pharmacokinetics with the aid of the AUC (area under
the concentration/time curves) measured after po and iv administration.

30 For the determination of the absolute bioavailability, the plasma concen-
tration curve of the said substances was determined after intravenous (iv)
and oral (po) administration to Wistar rats (male; N=3
animais/administration). The following experiment design was selected:

Administration method: iv and po

35 Dose: iv - 0.2 mg/kg; po - 0.5 mg/kg



.tration curve of the said substances was determ ned after intravenous
(iv) and oral (po) admnistration to Wstar rats (male; N = 3

ani mal s/ adoeismBTeari on) . The fol | owi ng experinent desiREIBRRIOGURIIL ed:
-Adm ni stration nmethod: iv and po Doseygiv - 0.2 nmg/kg; po - 0.5 ng/ kg WO
2004/ 087692 PCT/ EP2004/ 002351 -16 5 18 15 Tinme of blood sanpling for the
determ nation of the plasma concentrations: iv: 0.1,0.5, 1, 2, 4, 6 and
24 h po: 0.25, 0.5, 1, 2, 4, 6 and 24 h The plasna concentrations were

det er m ned WiTime dfeblebd samplifg ey 8. detbemiphtisnef dunplastraat i ons were used
to calculate the AUC (area under the concentration/tine curve) in
accor dance wicancepratiensgal | ed trapezium formula. The bioavailability is

obtalnedfromth c th the follow ng fornul a:

Bi oavai | abi | i'fy r /QAL{('ESFLSOél E?‘i\gﬁg?%)w AUC iv) f (dose iv | dose po) This
measur ement %ﬁye @zglgqu.ljgablé bhd 2afh 10% for the conpound 3-(4-(4- 20
(2- oxB- 2H 1- benzopyr an- 6-yl') -'1- pi perazi nyl ) but yl )i ndol e-5-carbonitrile

( EMD 135894Theipmsma)emhcemtrmOm9weze detsrmisgd wdthtthestid of he/MB8MSai | ability
of the compound ethyl (6-{4-[4-(5-cyano-1 H
I ndol - 3-yl ) butyl ) pi perazi n-1-yl } - 2- oxo- 2H chronen- 3-yl ) carbamate (see 25

formila 15 BRI dddcatiniphd Werk (3BH!Y cAIGAE tha ATRE YardlUitidef 0% 30 35

In order to erm ne ect € substances o0 e cortical

serotonin thewincentratidriitime oUrve) indactordaritealifts tie po-calledirapeaium
sem pggneabl e mem brane was inplanted into the brain tissue and perfused

with a sol dorsHla.
"
-
The bioavailability is obtained from the AUC in accordance with the
following formula:
15

Bioavailability [%] = 100 x (AUC po) / AUC iv) / (dose iv / dose po)

This measurement gave a bioavailability of 10% for the compound 3-(4-(4-
20 (2-oxo0-2H-1-benzopyran-6-yl)-1-piperazinyl)butyl)indole-5-carbonitrile

(EMD 135894) described in DE 197 30 989.

By contrast, the bioavailability of the compound ethyl (6-{4-[4-(5-cyano-1H-

indoi-3-yl)butyl]piperazin-1-yl}-2-oxo-2H-chromen-3-yljcarbamate (see

)

25 formula Ib; EMD 480247) was significantly higher, namely about 20%.

A

In order to determine the effect of the substances on the cortical serotonin
level in rats in vivo, a microdialysis probe with a semipermeable mem-

brane was implanted into the brain tissue and perfused with a solution

%0 matched to the composition of cerebrospinal fluid (see in this respect, for
example, Di Chiara, Trends Pharmacol. Sci. 11, 117 — 121, 1990). The
molecules of the extracellular space, such as, for example, also of the

2 neurotransmitter serotonin, diffuse via this membrane into the interior of

the probe in accordance with their concentration gradient. From there,

they are transported with the perfusion stream to a collecting vessel. The



.matched to the conposition of cerebrospinal fluid (see in this respect,
for exanple, D Chiara, Trends Pharmacol. Sci. 11, 117 - 121, 1990). The
nmol ecul eswoowes7e@xt r acel | ul ar space, such as, for exaf@I/EP2084/4339f t he
‘neurotransmtter serotonin, diffuse viqg this nenbrane into the interior
of the probe in accordance with their concentration gradient. From
there, they are transported with the perfusion streamto a collecting
vessel . The WD 2004/ 087692 PCT/ EP2004/ 002351 -17 look, 5 10 15 20 25 30
35 ser ot oni gerotomire sbnedritcationnintthe dibilpdate aibtainbd dm trésl way islsubseay i s
subse- quently determ ned by means_of high-sensitivity anal tiﬁg(

anpl e,

met hods. ThHauentlyfeteunseg hyanaans af highgeansitivityianalgical msthodsy,

15 - 20 m t I crpt ' e .

trans erfalsaRBeb R réguet [arARREEEbLARPRI B 20MiNLR),
hours. The ;08¢eflédtaké eBneéntidtRirseidngesiithe trankhwttatiialdueation ikt rstly
measubed without any influence. The “substance to be tested is then

appl i ed, arkrairhtissue overra peiechotaeveral bows. Hbesoacanigation ef the sero-

SO 5Bl BB P e R o R 8 o

results 10 Qusditd (%0 tested isihgh Ii.@HP&?@tH@}’ otdrdin coRgeiatidhs han
adm ni stration of the sanme concentration (1 ng/kg 1.p.) of the conpound
3- (4- (4- ( 2-oeforeBhd dften adpymisinaliory bj the- suhstarscaisrgrie)dompargd.

I ndol ¢95-carbonitrile (EVD 135894), which is described in DE 197 30 989
and has been sel ected as conparative substance. Vil azodone

Charboxam oenS ERRSedli oIy, Yotk ifhiRRLBH6h X P EBEROUBATND o
391987 (see formula la) results in a significantly higher serotonin level in
the brain than administration of the same concentration (1 mg/kg i.p.) of

15 the compound 3-(4-(4-(2-ox0-2H-1-benzopyran-6-yl)-1-piperazinyl)butyl)-
indole-5-carbonitriie (EMD 135894), which is described in DE 197 30 989

and has been selected as comparative substance.

20 Vilazodone (5-{4-{4-(5-cyano-3-inolyl)butyl]-1-piperanzinyi}benzofuran-2-
carboxamide; EMD 68843), which is described in EP 0648 767 B1 and is
already in clinical trials, was also employed as comparative compound
since it likewise has 5-HT reuptake-inhibiting and 5-HT,-agonistic and/or

C : 25 -antagonistic properties. EMD 391987 also results in a significantly higher
serotonin level in the brain compared with this compound, which causes a
comparable increase in the concentration of serotonin in the brain to EMD
135894.

30 As shown by Figure 2, a further substance of the formula 1 according to the
invention, 3<{4-[4-(3-amino-2-0x0-2H-chromen-6-yl)piperazin-1-yijbutyl}-
1H-indole-5-carbonitrile (EMD 480246, see formula le), results in an even
higher serotonin level than EMD 391987, which is itself superior to the

comparative compounds EMD 68843 and EMD 135894.
35



already in clinical trials, was al so enpl oyed as conparative conpound
.since it |likew se has 5-HT reuptake-inhibiting and 5-HTx-agoni stic and/or
-antagoni stic properties. EVMD 391987 also results in a significantly

hi gher 3@ 2¥8/@87%92evel in the brain conpared with thiRCTEERIMMMEISIWNI ch
‘causes a conparable increase in the_ggncentration of serotonin in the
brain to EMD 135894. As shown by Figure 2, a further substance of the
formula | according to the invention,

3-{4-[4-(3-am no- 2- oxo- 2H chr onen- 6-yl ) pi perazi n-1-yl ] butyl }

1H- i ndol e- SEthygh (Goff-14-(3-eyqriEnmbH4i800K8 -yl butyllpinararia-1-w)-2-0¥edH-s in an even

Conpar at ?C%@S#%@ﬁﬁ%b%%%ﬁ%g%w deaniiadbigisn Shelss 1 ° 1"
PCTI EP2004 5 : - 4- ( 5- 1
1 ndol -3 yTRAE sperdt detBntd yhaecdbrieFMDEBEAI oed PId 0\ caf bamt o ( END

480247, see formula I b) also exhibits a clearly superior action to
vi | az®done (EMD 68843) (see Fig.. 3). Consequently, . the compounds of the
formula | deendseAuentlyotherrompruids ¢fithe dern ﬁééﬂcpér‘grﬂﬁ)gﬂ I8Nk ot her

conpounds | f{;é%rﬁgsépgbr% td e g%e?%%mszﬁdrﬁgx[dg%e%cﬁégd i® E)EB‘}Q?I"EB@H'Q? spect to

bi oavai | abi e inCrease in onin l'evel's or i I'b1tion of

serot oni n ranPERKEG48 17671 B ithireSpédtitd besavaiilabilie) ah@thd inchdéuseline of the
conpound of the form ula | and pharnaceutically usabl e prodrugs,

deri vat i vesserstanimieyes et imhition gbaenotonindedptake. t her eof , i ncl udi ng
m xt ut@s thereof in all ratios, for the preparation of pharnaceutical
preparations, in particular by non-chem cal

C, The invention furthermore relates to the use of the compound of the form-
] ula | and pharmaceutically usable prodrugs, derivatives, solvates, stereo-
isomers and salts thereof, including mixtures thereof in all ratios, for the
15 preparation of pharmaceutical preparations, in particular by non-chemical
methods. They can be converted here, for example, into a suitable dosage
form together with a solid, liquid or serhi»liquid excipient or adjuvant and
optionally in combination with one or more further active ingredient(s).
20
The invention furthermore relates to compositions, in particular pharma-
ceutical preparations, comprising at least one compound of the formula |
and/or one of its pharmaceutically usable prodrugs, derivatives, solvates,
C t 25 stereocisomers and salts. These preparations can be employed as medica-
ments in human and veterinary medicine. Suitable carrier substances are
organic or inorganic substances which are suitable for enteral (for example
oral), parenteral or topical administration and do not react with the novel
30 compounds, for example water, vegetable oils, benzyl alcohols, polyethyl-
ene glycols, gelatine, carbohydrates, such as lactose or starch, magne-
sium stearate, talc or Vaseline. Suitable for enteral administration are, in
particular, tablets, coated tablets, capsules, syrups, juices, drops or
suppositories, suitable for parenteral administration are solutions, pref-
35 erably oil-based or aqueous solutions, furthermore suspensions, emul-

sions or implants, and suitable for topical application are ointments,



nmet hods. They can be converted here, for exanple, into a suitable dosage
.formtogether with a solid, liquid or sem-1liquid excipient or adjuvant
and optionally in conbination with one or nore further active
i ngr edi erWVPI9O4/08FE2 | nvention furthermore rel ates to coffptEPIPHHESY
"particul ar pharma- ceutical preparati-ags, conprising at |east one
conpound of the formula | and/or one of its pharnaceutically usable
prodrugs, derivatives, solvates, stereoisoners and salts. These
preparations can be enployed as nedica- nents in human and veterinary
nedi ci ne. SueaEls & pawdersr Tee povahewspeynds Ry alsebe lyanfiisgshand the

re suita

or topt cal "aaHanCy e E hBetlofon BRFel. of e SEREFn. O Flebtieinae. <t or

exanpl e vat g avfidfisabl e oils, benzyl alcohols, polyethyl- ene glycols,
gel atine, car 8ohydrat es, such as |actose or starch, magne- sium stearate,
talc or Vaseline. Suitable for enteral admnistration are, |

n
tieul ,tablets, ted tablets, capsule Syrups, juice drops or
Supposi t or | BRS Staied RepRATRKENS, AiaY e staf sed ARl CRMASRe ABUG Sy SUsHe.
f- bl = | : i0NS,
Bl - <1 oneds UericaRfe BreékerpahAR Siabflstrs ARBior WERTEEBAG, SHERGfE
oi ntment's, YRAOP AIGHNYHTRAhEGEMAROOrEE8023 blffer $Gbstanfed Tolfrahts; 25 30 35

creans or powders. The novel compounds may al so be |yophilised and the
resul t ant | {j@¢mirs pegdics aro@asubsiancesafsiesired otheyHeay alse-(0M0prise one

oo 1 5o o BRE TSV g eRlAis AbEOARE D Srthole vBaRE | 227!

anel or wetting agents, enulsifiers, salts for nodifying the osnotic
ressure, buffer substances, colorants, .
The compounds of the formula | and pharmaceutically usable prodrugs,

derivatives, solvates, stereoisomers and salts thereof can be used in the
15 therapeutic treatment of the human or animal body and in the combating of
diseases. They are suitable for the treatment of diseases of the central
nervous system, such as states of tension, depression, anxiety states,
schizophrenia, gastrointestinal tract disorders, nausea, tardive dyskinesia,
20 Parkinson’s disease and/or psychoses and of side effects in the treatment
of hypertonia (for example using a-methyldopa). The compounds can
furthermore be used in endocrinology and gynaecoiogy, for example for

the therapy of acromegalia, hypogonadism, secondary amenorrhoea,

v}

25 premenstrual syndrome, undesired puerperal lactation, furthermore for the

s

prophylaxis and therapy of cerebral disorders (for exampie migraine), in

particular in genatrics, in a similar way to certain ergot alkaloids.

They can also particularly preferably be employed as therapeutic agents

30
for combating the consequences of cerebral infarction (apoplexia cerebri),
such as strokes and cerebral ischaemia, and for the treatment of brain and
spinal cord trauma.

35

However, they are particularly suitable as medicament active ingredients

for anxiolytics, antidepressants, antipsychotics, neuroleptics,



flavours andl or aroma substances. If desired, they nmay al so conprise one
.or nore further active ingredients, for exanple one or nore vitamns. The
conpounds of the formula | and pharmaceutically usabl e rodrugs,

deri vati W8 200888%42 es, stereoi soners and salts thereongﬂﬁpﬁﬂfﬂg@ﬂ in the
‘therapeutic treatnent of the human or.2gni mal body and in the conbating of
di seases. They are suitable for the treatnent of diseases of the central
nervous system such as states of tension, depression, anxiety states,
schi zophreni a, gastrointestinal tract disorders, nausea, tardive

dyski nesi a, antitypertosiss andiesion pesiinglyonflpeneing obsessive-epmpuldvesf f ects in

t he treatnent f rtonia (for exanple using a-methyldop

conpounds c%}ﬁor%r(%nﬁﬁa@p ﬂ'§86’eqrﬁ'q%ﬁ(§3%|dyﬁ‘gm83@ Lﬁ%mWn@%}%rg;E%y, f or
exanpl e fOragé-P@afé&%ammeis%@a@r@?aaim@disﬁympge& S8 DURRFE IO
anmenorrhoea,”™ prenenstrual syndrome, undesired puerperal |actation,

furt her nor eséhal thsfunptiamehy| axi s and t herapy of cerebral disorders (for
exanpﬁe mgraine), in particular in geriatrics, in asimlar way to
certain ergot alkaloids. They can also particularly preferably be

enpl oyed as ' : | ; of
cerebral i nTﬁaé]gp ?%‘%HIE%%%}%@F@ %i@%sﬁ?%ﬁ%sé%héﬂge@ﬁ?%ﬁ@!ﬁ g{r\?gé%erebral

i schaem a, amalofous!y e khowatcremeredailyravailabledoreparatainsqordexanaplen.
However, the{aiare particul arly suitable as nedi canent active ingredients

for anxi ol yEitalapraghend dupsetingy prefarabiy i dosas efdetyvean abopt Dsand\p

M T e e b e N e e T
di sorders, gaddlisvsrefbrabiyistiveen |apau00TM10k 5P 99igkg ohBedy WekjirdTRBNDI Y

(Ji sorders, eati ng di sorders, such as bulima, and/or seXxual
dysf unct i onlow dtsessareshetween ahoubdd and 6601hg; inpasticulanbaiweendhar al | y

o o g et (T ReRIRE5 Tabis B Aok e SRBRBE. o0 .
32?3 1%}2 gg:ﬁ'if; ;&o‘fzﬁ’@.d@l’ td 61088rha/kY 't boB§ WG Gre paRftubity Blitdfé dosage
for use as migraine agents; for the other indications, doses of between 10
and 50 mg per dosage unit are preferred. However, the specific dose for
each particular patient depends on a very wide variety of factors, for
20 example on the efficacy of the specific compound employed, on the age,
body weight, general state of health, sex, on the diet, on the time and
method of administration, on the excretion rate, medicament combination
and severity of the particular disease to which the therapy applies. Oral

C - 25 administration is preferred.

Figures:

Fig. 1: Change in the serotonin concentration (5-hydroxytryptamine,

30
5-HT) in the dialysate as a function of time before and after
administration (i.p.) of EMD 135894, EMD 68843 and EMD 391987
(concentration in each case: 1 mg/kg of body weight).

35 Fig. 2: Change in the serotonin concentration (5-hydroxytryptamine,

5-HT) in the dialysate as a function of time before and after



.dose is preferably between about 0.001 and 10 ng/ kg of body wei ght. The

| ow doses are between about 0.2 and 500 ng, in particular between 0.2
and 50 nyYOp¥MO8W8xge unit. The | ow doses (about 0.2 tREHERROHMR3Yosage
15 unit; about 0.001 to 0.005 ng/kg obihody weight) are particularly
suitable for use as mgraine agents; for the other indications, doses of
between 10 and 50 ng per dosage unit are preferred. However, the

specific dose for each particular patient depends on a very wide variety
of factors, for Z@mnigstationdnp:)ief EMD 488246 @ndibEMDs$R987 (eagbnpound

enpl oyed, on the e bo ight..general state of health, sex, on the
diet, on the ti nﬁgﬂéﬂlkﬂ\gﬂ'{m&?&%% inistration, on the excretion rate,
medi canment conbi nati on and severity of the particul ar di sease to which

the therapyrigogl i@ﬁng@ri?«.lthe%%raamrﬂé&%dewaﬂani(?-r@aﬁé)@&wbmiﬁbgures: 30

Fig. 1. Chande I1n the serotonin concentration (5-hydroxytryptam ne,
5-HT)2in the di al5aén e dialysatd asa fahctionef timé deformrandbfter

adm nistration (i.p.).of EMD 135894, END 68843 and ENMD 391987
(concentration i @‘E&'@lﬁt@é@e:('-ﬂ-)%P@WKQJBH?O%@WSW or 3 ﬂ’lngg of Change

o th t oni : : ) T h
il yeato as a f D Anopfof ED fegys7 Bahhic afh filesedbyin D,
PCT/ EP2004/ 002351588431 1atigikgiof tiodllyivegight). p. ) of EMD 480246 and EMD 391987

(each 0.3 ng/kg of body weight). 5 10 15 20 25 30 35 Fig. 3: Change in
the s®lotonin concentration (5-hydroxytryptan ne,

Examples:

Example 1

15 Synthesis of N-(6-{4-[4-(5-cyano-1H-indol-3-yhbutyllpiperazin-1-yi}-2-oxo-
2H-chromen-3-yl)methylamide

a)
H N H
20 k/
HN X NY N X NY
0 0
0 0 O O
1 2
C - 2
20.0 g (91.7 mmol) of 1 were initially introduced in chiorobenzene
(600 mi), 16.4 g (91.7 mmol) of bis(2-chloroethyl)ammonium chioride and
12.7 g mg (92.0 mmol) of potassium carbonate were added, and the
mixture was refluxed for 4 days. The residue was filtered off, washed with
30

copious water and dried in a vacuum drying cabinet.
Yield: 14 g of colourless solid (2)
[M+H]" 288 (HPLC-MS)

3B/



.5-HT) in the dialysate as a function of time before and after
admnistration (i.p.) of 0.3 ng/kg of body weight or 1.0 ng/kg of body
wei ght ofWeRBMA8D®27 conpared with vil azodone (EMD 68BUBEPWOHH2RF} of
“body weight). Exanples: Exanple | Synthesis of N (6-{4-[4-(5-cyano-1
H i ndol - 3-yl ) butyl ] pi perazi n-1-yl }-2-o0xo- 2H chronen-3-yl)nethyl am de a)
HIl 2 20.0 g (91.7 mol) of | were initially introduced in chl orobenzene
(600 M), 16.4 g (91.7 mml) of bis(2-chloroethyl)anmoni um chl oride and

12.7 g ng (92.0 mml) of 4potassi um carbonafe were added, m xt ure
was refluxe The ¥eShdue was iR , W\ h
copi ous wat er and \n a vaculin dryigg cabi rehd: 14 g of

colourless solid + 288 (HPLC-M5) b) W
PCT/ EP2004/ 00235 7>~y C 5 10 15 20 25 30 35 %

5 3 4

3 (150 g, 0.65 mol) was dissolved in 500 mi of acetone (dried), and sodium

iodide (580 g, 3.87 mol) was stirred in. The suspension was stirred at RT.
10 After 118 hours, a further 18 g of Nal (0.12 mol) were added, and the

mixture was stirred at RT for a further 3 days. The suspension was filtered
C - off with suction, rinsed with acetone (dried), and 100 g of Nal (ground in a
mortar) were added, and the mixture was stirred at RT. After 24 hours, a

further 100 g of Nal (ground in a mortar) were added, and the mixture was

* stirred for a further 72 hours. A further 100 g of Nal (ground in a mortar)
were subsequently added, and the mixture was stirred for a further 5 days.
The suspension was filtered off with suction and rinsed well with acetone,

00 the filter cake was discarded, and the filtrate was evaporated to dryness.

The residue was stirred with water and extracted by shaking with ethyl

acetate, and the ethyl acetate solution was dried, filtered and evaporated

to dryness. The residue was stirred with a mixture of 300 ml of petroleum
- ether and 200 mi of diethyl ether and filtered off with suction. The crystals

C - 25 were rinsed on the suction filter with 50 ml of cold diethyl ether and dried

In air.

Yield: 184 g of brownish crystals (4)

[M+H]" 325 (HPLC-MS)

30
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-4 3 (150 g, 0.65 mol) was dissolved in 500 m of acetone (dried), and
sodium iodide (580 g, 3.87 nol) was stirred in. The suspensi on was
stirred aWORW4OSA92er 118 hours, a further 18 g of Nal PCOERZ004B2351er e
‘added, and the m xture was stirred atoRT for a further 3 days. The
suspension was filtered off with suction, rinsed with acetone (dried),
and 100 g of Nal (ground in a nortar) were added, and the m xture was
stirred at RT. After 24 hours, a further 100 g of Nal (ground in a
mortar) were) added, and the mixture was stirred for a further 72 hours.
A further 100 g of Nal (ground in a nortar) were.subsequently added, and

the m xture stirred for a further si on was
filtered of fMYwi tlh suction @nd rinsed well hefllter gake
was di scar dedh._4 Rt e vvads evapo N

was sfirred with
t he ethyl acetate d“Ofo Was drled filtered and evapor at ed o)
dryness. The residue wasastirred with a mixture of 300 m of pétrol eum
ether and 200 ml of diethyl ether and filtered off with suction. The
crystals were rinsed on the suction filter with 50 ml of cold diethyl
et her and d2idegl(43.0 namol) ofi2elvere thBén gipah Mmmhjdpyrrohdrma(’écxmn [ MHH] +
325 (HPLC— M5) WD 20041087692 -23 C) PCT/EP2004/002351 4 5 10 15 20 12.4
g (43.0 3)9@{4320mel)to§weandjﬂm1rg @%&nﬁmpbﬁmﬁ@@r@w@qtbwamwe 13.9 g

1
(43. 010! | A2 kb Ak ol Wil B 110 R SBY I BT RTLAS
C solution was poured into ice-water, and the brown precipitate was filtered
off. The residue was purified by column chromatography (ethyl acetate/-

MeOH, 9:1), and the virtually clean fraction was recrystallised from tert-butyl

15 methy! ether/hexane. The solid was converted into the hydrochloride in the
usual manner.
Yield: 3.8 g of colourless solid, HCI salt (5)
[M+H]" 484 (HPLC-MS)

20

Example 2

" Synthesis of N-(6-{4-[4-(5-cyano-1H-indoi-3-yl)butyl]piperazin-1-yl}-2-oxo-
C ~ 25 2H-chromen-3-yl)ethylamide

% XOJLN/ﬁ H /J<Oi

35 7



-were added, and the m xture was stirred at 140C for 3 days. The reaction
solution was poured into ice-water, and the brown precipitate was
filtered WO2M4/08A92r esi due was purified by col um chr oRET/EB2@HIE235%ket hy|
"acetate/- MeOH, 9:1), and the virtuallgg clean fraction was recrystallised
fromtert-butyl nethyl ether/hexane. The solid was converted into the
hydrochloride in the wusual manner. Yield: 3.8 g of colourless solid, HC
salt (5) [MtH + 484 (HPLC-MS) Exanple 2 Synthesis of

N-(6-{4-[4- Q 52@.969] (6511—|m'mnlinl etBymi)rbacth}qa(S:p@@ a1lj 78.8-mivol Raruk dietts-

2H- chr onen- 3 hyl am de a 2004/ 087692 PCT/ EP20041002351
-24 C 5 10 a9 %‘@351%@%% Bg& ﬁ??o'ﬂ?aegtqw?%?fr%%&%? e (9.00

' %63 Tt i BB SO Er%l@&'?&ftuene oo Vs W) T e

heat ed on a water separa ays I'n e cool ed

reaction sollihwzterasd deedetie dwing agent wafilteted off, ahti¢helspivept wgent was
filtePed off, and the solvent was _renoved. The residue was purlfled by
col um chr oIk r@éldﬁ'?lWa%@éf‘@@%biﬁ@'%ﬁﬁ%‘)‘atowﬂm (eity!2 g of

yel low sh sgliidilid)eiohexane).
Yield: 13.2 g of yellowish solid (7)
[M+H]® 376, [M-55]" 320 (HPLC-MS)

10
C - b)
O
SN :
) 2 X
15 ‘\/N N o N/\
O — Sy
= 2
7 o” Yo
20 7 (3.00 g, 7.99 mmol) was dissolved in MeOH (50 ml), Pd/C.5% (1 g) was
added, and the mixture was stirred for 24 hours in a hydrogen atmosphere.
The catalyst was filtered off, and the filtrate was evaporated to dryness.
The residue was purified by column chromatography (ethyl acetate/
C - methanol).
-~ 25
Yield: 1.50 g of brownish solid (8)
[M+H]* 346, [M-55]" 290 (HPLC-MS)
30

35



[ MPFH] + 376, [M55]+ 320 (HPLC-M5) 7 7 (3.00 g, 7.99 mmol) was di ssol ved
in MeOH (50 m), Pd/C.5% (1 g) was added, and the mxture was stirred
for 24 h hydrogen at nosphere. The cat al yst off
and the ?‘?Ptzf"g%é WAs evaporated to dryness. The residu T/&Eﬁs&%&@? |ed by
"col unm chromat ogr aphy (et hyl acetat el 25®ethanol). Yield: 1.50 g of
browni sh solid (8) [MtH + 346, [M55]+ 290 (HPLC M5) WO 2004/ 087692
PCTI EP2004/ 002351 -25¢) 59 CIAW10 15 20 25 8 (375 ng, 1.09 mmol) was
di ssolved in dichloronethane (10 m ), pyridine (0.11 m, 1.1 muol) was
added, and %he mixture was cooled to OC. Ethyl chloroformate (141 nyg,
1.10 mml) was added dropwi se at this tenpera- ture, and the m xture was
stirred overnight at roomtenperature. The batch was evaporated and

purified by cqglumchromat ography (ethyl acetate/ cyclohexane, 1:1).
Yiel d: 320 Mourless solid [MH+ 418, [M55]+ 362 (HPLG-M5) The

subst ance o d TR7thins way was stirred for % utes at room
tenpefature in satur% t hanol i ¢ HC aol ution n]), and the sg va
was stripped off i€ m‘a el ess solk\/ W\[{O
O
O
9
10

8 (375 mg, 1.09 mmol) was dissolved in dichloromethane (10 ml}, pyridine

C d (0.11 mi, 1.1 mmol) was added, and the mixture was cooled to 0°C. Ethy!
chloroformate (141 mg, 1.10 mmol) was added dropwise at this tempera-

15 ture, and the mixture was stirred overnight at room temperature. The batch

was evaporated and purified by column chromatography (ethyl acetate/

cyclohexane, 1:1).

Yield: 320 mg of colourless solid

[M+H]" 418, [M-55]" 362 (HPLC-MS)

20
The substance obtained in this way was stirred for 60 minutes at room
temperature in saturated ethanoclic HCI solution (10 ml), and the solvent
was stripped off.
C - o5 Yield: 270 mg of colourless solid, di-HCI salt (9)
[M+H]" 355 (HPLC-MS)
d)
30
N
HN/\| H \ Q‘\ N/\I \’
Y T L i
\C]\/I o N " = \ﬂ/o
(o} o} O
9 10 o o
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[ MtH] + 355 (HPLC-MS) d) 30 4 N 9 10 35 WO 2004/ 087692 PCTI EP2004/ 002351
-26 5 10 15 20 25 30 35 9 (200 ng, 0.51 mmol), 4 (see Exanple 1l: 166 ny,
0.51 moiWYO2AW874930- propyl ethyl anine (0.26 m, 1.53 RAHE 20002351 | uxed
‘for 18 hours in aceto- nitrile (5 m)-.26he sol vent was renoved, and the
residue and purified by colum chromatography (ethyl acetate/nethanol).
The solid was converted into the hydrochloride in the usual manner.
Yield: 70 of colourless solid, HJ salt (10) &I\/Hrl—l]+ 514éHI?LC- VB)
Exanpl e 3 Sm@m 0031 mwa@). (4(5ee foxanaglignt - 166 Mg, 0.51 mmol) and diiso-

Hindol - 3- YL )utethyiBMes 5 28, ¥ dindfPwerd Feflis8E TSy 78 Kbu¥Thbestd- O O

NNB8 4P
nitrile {5 mi). The solvent was removed, and the residue and purified by

column chromatography (ethy! acetate/methanol). The solid was converted

5
into the hydrochloride in the usual manner.
Yield: 70 mg of colourless solid, HC! salt (10)
[M+H]" 514 (HPLC-MS)

10
Example 3

Ay,
C—- Synthesis of N-(6-{4-{4-(5-cyano-1H-indol-3-yl)butyl]piperazin-1-yl}-2-oxo-

2H-chromen-3-yl)amine

15

a)
Ju!
(0] N
” T cTCC
8

Compound 8 was prepared analogously to steps a) and b) in Example 2. 8
C - (1.00 g, 2.90 mmol) was subsequently stirred at room temperature for 60
- % minutes in saturated ethanolic HCI solution (10 ml), and the solvent was
stripped off.
Yield: 880 mg of colourless solid, di-HC! salt (8)

[M+H]® 246 (HPLC-MS)

30 Compound 8 obtained in this way (50 mg, 0.16 mmol) was refluxed for 18
hours with 4 (77 mg, 0.24 mmol) and diisopropylethylamine (0.08 mi,
0.47 mmol) in acetonitrile (2 ml). The solvent was removed, and the
residue and purified by column chromatography (ethyl acetate/methanol).
35 The solid was converted into the hydrochloride in the usual manner.

Yield: 25 mg of colourless solid, HCI salt (11)



. Compound 8 was prepared anal ogously to steps a) and b) in Exanple 2. 8
(1.00 g, 2.90 mml) was subsequently stirred at roomtenperature for 60
m nut es iWO2004N824928d et hanolic HCl solution (10 m), aPROI/ERXOSINENt was
"stripped off. Yield: 880 ng of colourlgss solid, di-HC salt (8) [MH+
246 (HPLC-Ms) Conpound 8 obtained in this way (50 ng, 0.16 mmol) was
refluxed for 18 hours with 4 (77 ng, 0.24 mmol) and

di i sopropyl ethylamne (0.08 m, 0.47 nmol) in acetonitrile (2 mM). The
sol vent was[M-erpwvidg, (HRLCAMB) resi due and purified by col um

chromat ography (ethyl acetate/nethanol). The solid was converted into
the hydrochloride in the usual manner. Yield: 25 ng of colourless solid,

HCl It (1 0 / EP20041002351 - 27 5 10 [M+H + 442
L iR SR iy

(HPLC- Mb) orres A mxture of 20 g of an active

i ngredi ent Afmikiige op20W 6f 4n aetiveRirigesdivht &f th&édBrraulaf| is aydtedesitti hi n and
1400 @ of cocoa butter, E&}Jred into noulds and allowed to cool. Each

supposi t or y1@@gtefiseyaecihin end4400.¢of eepasdpuliar, peneadinto moulis and on A
solution is_pre ed fromJd of .an active LRnaredient of formula I,
C-e 9. 38 ga'g‘?‘”?[@{%%- Ragn ﬁ%@@%mggéfams k@ﬁiﬁbgﬁa "’fz'”ﬂé’%%%rﬁtd 0.1 g of
benzal konium chloride in 940 m of bidistilled water. The pH is adjusted
to 15 6.8, and the solution is nade up to 1 |1 and sterilised by
irradiation. This solution can be used in the formof eye drops. Exanple

C. O m@nent _20 500 of .an active ingredient of the fornula | are m xed
with 99.5 gEﬁ?mﬂ%%ﬂ@'tMﬂer aseptic conditions. 25

C ': A solution is prepared from 1 g of an active ingredient of the formula |,
9.38 g of NaH,PQ, x 2 H,0, 28.48 g of NaH,PO, x 12 H,O and 0.1 g of
benzalkonium chloride in 940 m! of bidistilled water. The pH is adjusted to

15 6.8, and the solution is made up to 1 | and sterilised by irradiation. This
solution can be used in the form of eye drops.
Example C: Ointment

20 500 mg of an active ingredient of the formula | are mixed with 99.5 g of

Vaseline under aseptic conditions.

- Example D: Tablets

C -~ 25 A mixture of 1 kg of active ingredient of the formula |, 4 kg of lactose,
1.2 kg of potato starch, 0.2 kg of talc and 0.1 kg of magnesium stearate is
pressed to give tablets in a conventional manner in such a way that each
tablet comprises 10 mg of active ingredient.

30

Example E: Coated tablets
Tablets are pressed analogously to Example D and are subsequently
coated in a conventional manner with a coating of sucrose, potato starch,

35 talc, tragacanth and dye.



-30 35 Exanple D Tablets A m xture of 1 kg of active ingredient of the
formula 1, 4 kg of lactose, 1.2 kg of potato starch, 0.2 kg of talc and
0.1 kg of WKW T6h st earate is pressed to give tabl ePET{EF2¢04/002351
‘conventional manner in such a way that2gach tablet conprises 10 ng of
active ingredient. Exanple E: Coated tablets Tablets are pressed

anal ogously to Exanple D and are subsequently coated in a conventi onal
manner with a coating of sucrose, potato starch, talc, tragacanth and
dye. WO 200Exenwde F:pEapsmes04/ 002351 -28 5 10 15 20 25 30 Exanple F:

Capsul es 2 f. active i di f the f la | i d i
hard-gel ati £ AP orelrt e L il FatstieeBene BBl GRIARRS, ' cach
capsul e concapalles irP8 coRventidrid nririer tn 506K adiv@that B4eRREBsle dyaoul es A

solution of 1 kg of active ingredient of the formula | in 60 | of

bi di stsi | | edtainmPOmg of theaactiveringrediento anpoul es, |yophilised under
aseptic conditions and seal ed under sterile conditions. Each anmpoul e
contains 10 ng of active ingredient. 35 WD 2004/ 087692 PCT/ EP2004/ 002351

-29 Patent Elxgme G: Ampoules

A solution of 1 kg of active ingredient of the formula | in 60 | of bidistilled

water is transferred into ampoules, lyophilised under aseptic conditions

10
and sealed under sterile conditions. Each ampoule contains 10 mg of
C. j active ingredient.
15
20

C - 2

30

35



.5 10 15 20 C - 25 30 1) Compounds of the fornmula | in which R is H OH,
CN, Hal, CONHR, OB, CO2B, CF3, NR2, NRCOR, NRCOOR or NRCONR2, R2 is NR2,
NRCOR, NREOQRM/REBNR2, NO2, NRSO2R2, NRCSR or NRCSNRPCTHEE2004/0033510H (N,
"Hal , CONHR, OB, C2B, CF3, N2, NR2, - MRCOR, NRCOOR or NRCONR2, R,

| ndependently of one another, are H, B, Het or Ar, Ais a straight-chain
or branched, nono- or polyunsaturated carbon chain having 2, 3, 4, 5, or
6 C atonms, B is a straight-chain or branched al kyl radical having 1, 2,
3, 4, 5 or 6 C atons, and phar rafatent@laignsusabl e prodrugs, derivatives,
sol vates, stereo- isonmers and salts thereof, and m xtures thereof in all
rati os. 2) Conpounds of the forrmula | according to Claiml, characterised
in that the fad JRdsi St thdlfSimugli. preferably CN. 35 3) Conpounds of
the forrmula | ‘according to daim1l1 and/or 2, characterised in that the
radical R3 is H WD 2004/087692 PCT1EP20041002351 -30 5 10 15 4)
Conmpounds of the fornmula | according to one or nore of Clains 1 to 3,
characterised in that the radi caI/—RQ\i s NRCOR or NRCCXR.

i NATR S T
R 0 o)
10 R
~ -
-~ - in which
15 R' is H, OH, CN, Hal, CONHR, OB, CO,B, CF3; NR,, NRCOR,
NRCOOR or NRCONR;,
R? is NR; NRCOR, NRCOOR, NRCONR;, NO,, NRSO;R,,
NRCSR or NRCSNR,,
20 R® is H, OH, CN, Hal, CONHR, OB, CO,B, CF3, NO;, NR,
NRCOR, NRCOOR or NRCONR:,
R, independently of one ancther, are H, B, Het or Ar,
A is a straight-chain or branched, mono- or polyunsaturated
C - carbon chain having 2, 3, 4, 5, or 6 C atoms,
- B B is a straight-chain or branched alkyl radical having 1, 2, 3, 4, 6
or 6 C atoms,
and pharmaceutically usable prodrugs, derivatives, solvates, stereo-
isomers and salts thereof, and mixtures thereof in all ratios.
30
2) Compounds of the formula 1 according to Claim 1, characterised in
that the radical R* is CN or Hal, preferably CN.
35 3) Compounds of the formula | according to Ciaim 1 and/or 2,

characterised in that the radical R® is H.



.5) Conpounds of the fornmula | according to one or nore of Clains 1 to 4,
characterised in that Ais (CH2)m where m= 2, 3, 4, 5 or 6, preferably
4. 6) ConyOoreo083692t he fornmula | according to one or nBEEEFROGNINE 1 to
"5, characterised in that the radical R§jgls CN or Hal, where CNis
preferred, and R3 is H 7) Conpounds of the fornula | according to one or
nore of Clains 1 to 6, characterised inthat R is CN, R3is H and Ais
(CH2)m where m= 4. 20 8) Conpounds of the formula | according to one
or nore of Claims 1 to 7, characterised in that the radical RL is in

f I I f f la |
ggflelet gg f5rg L |ndo esoft d'fc():r?nula%accordgrzg to gﬁogrgnsorg oftCt?aenmsO{rm a

N-(6-{4-[4-(5- C!éaERa:%'ét r&%ﬁ' lﬂ%é{ﬂtgg?%éi{c%PRpfé ﬁﬁdbli ofINREODR: 2H+

chr onmen- 3-yl ) et hyl am

H i ndoI 3-yl) butyl]pi pera2| n-1-yl}-2 oxo 2H ch rorren 3-yl )carbamate,
rrethy N-(6-{4- FL->4(5 cyano-1 Hindol -3-yl)butyl]pi perazin-1-yl}-2-oxo- 2
H chrone n-3-9) urisls ohtae éormydahac G&]@WG’Q@OP@RTEI@@(@M‘Qﬁl -31

Mg Wt gmge@arkeﬁ{tg%gﬂh e AKDHMDLPWRBIER £215) X! 8 oPp0x0- 2H

ropi Fam
3-{4-[4-(3-am nergfefatsly 4H chromen- 6-yl ) pi perazin-1-yl Jbutyl}-1 H
i ndol e-5-carboni tri Ie and pharmaceutically usable prodrugs,
derivatives, solvates, stereoisoners and salts thereof. 10

10 6) Compounds of the formula | according to one or more of Claims 1 to

PN

C ' 5, characterised in that the radical R' is CN or Hal, where CN is

preferred, and R* is H.

15 7) Compounds of the formula | according to one or more of Claims 1 to
6, characterised in that R' is CN, R%is H, and A is (CHz)m, Where m =
4

20 8) Compounds of the formula | according to one or more of Claims 1 to
7, characterised in that the radical R is in position 5 of the indole

radical.

C - 25 9) Compounds of the formuia | selected from the group
N-(6-{4-[4-(5-cyano-1H-indo!-3-yl)butyl]piperazin-1-yl}-2-oxo-2H-
chromen-3-yl)methylamide,

ethyl (6{4-[4-(5-cyano-1H-indol-3-yi)butyllpiperazin-1-yi}-2-oxo-2H-

chromen-3-yl)carbamate,

30

methyi N-(6{4-[4-(5-cyano-1H-indol-3-yl)butyl]piperazin-1-yl}-2-oxo-

2H-chromen-3-yl)carbamate,
35



-10) Process for the preparation of conpounds of the fornmula I according
to one or nore of Clains 1 to 9, characterised in that a corgound of the

formul a | WOI0498769220 i n which R2 and R3 are as defi ne8CTHPZIOANI3 | o
‘reacted with a conmpound of the formudz LIl 25 111 30 in which RL and A
are as defined in daiml1, and L is d, Br, I, OHor a reactively

esterified OH group or another readily nucleophilically substitutable
| eavi ng group. 35 WO 2004/ 087692 PCT/ EP2004/ 002351 -32 11)Process for
t he prepar ati on Nf{6-{4ibdosyanes! H-indol-sryhhuylipiper@gint i-21%0uttd- or nore

of Clainms | to 9, charagcter Lh : ound of the fornmula IV 5
"V C 1015 20 28nrmaEyTRS dinelyigtphicBaf B o 1, and R4 is an

am no-protecting group or H is reacted, in a M chael -anal ogous
reaction, with ethyl nitroacetate and di et hyl ammoni um chloride, and the

nitro Jroup i s FB{bperaming-2raxdu2ddhromenioryl)piperannmdeyifuty}-1the fornul a
v indole-5-carbonitrile,

and pharmaceutically usable prodrugs, derivatives, solvates,

stereoisomers and salts thereof.

10
C. o 10) Process for the preparation of compounds of the formula | according
to one or more of Claims 1 to 9, characterised in that a compound of
the formula ll
15
R /N
=~ N NH
__/ i
O 0] Ro
20

in which R? and R® are as defined in Claim 1, is reacted with a

compound of the formula llI

C - 25

H
N
/. 1
A—L
30
in which R' and A are as defined in Claim 1, and L is Cl, Br, I, OH or
a reactively esterified OH group or another readily nucieophilically

substitutable leaving group.
35



N NNR4 V and the conpound of the fornmula Vis reacted with a conpound
-conformng to the formula I11. 12)Conpounds of the formula | according to
-one or nore of Clainms 1 to 7 as nedicanents. 30 35 13) Medi canent

conpri si NYOZ$0EIERt | ve ampunt of a compound of the f8FKFFROYIEL di ng
‘to one or nore of Clains 1 to 9, opti-ag@mtly in addition to one or nore

i nert excipients, adjuvants and/or diluents. 14)Medi canent according to
Claim 13, characterised in that at |east one further medi canent active
ingredient is Pr esent. WD 20041087692 PCT/ EP2004/ 002351 -33 5 10

15) Process f ot1)Precessdpatha pepasatien erfe%nraarhwﬂs alcbsfaimglal AcCPEIR® 13 or

or more of d ai 0ROk et AR Tp B, ghabeldtBR el 8RR, ; UC°

ingredient is i fPfmiu AP 1 nto one or nore |nert eXC|p|ents and/ or

di luents by non-chem cal nethods. 16)Use of the conpounds of the formula
| accqrding to one or nore of Cains 1 to 9 for the preparation of a
medi ¢ nt for the prophyl axi and/ or therapy of diseases in which 5-HT
plays a role. 17)Use of the conpounds of the formula I according to Claim
16, 15 characterised in thH di sehsed are selected fromthe group
depressi on, strokes, cerébral JET Yrami dal nmotor side
effects of neuroleptics and of |ns dlsease IM zhei nmer's di sease,
anyotrophic lateral sclerashs, .'n and splnal cord trauma, 20

obsessi ve- conpul si ve di sorder, sleﬁélng di sorders, tardive dys kinesia,

| ear ni'fg di sorders, age- related menory di sorders, eating

C - in which R is as defined in Claim 1, and R* is an amino-protecting
group or H, is reacted, in a Michael-analogous reaction, with ethyl
nitroacetate and diethylammonium chioride, and the nitro group is

15
subsequently reduced, to give the compound of the formula V

HN ~ N N—R*
20 — v
0~ 0
R3

and the compound of the formula V is reacted with a compound

C ~ 95 conforming to the formula |I.

12)Compounds of the formula | according to one or more of Claims 1 to

7 as medicaments.

30
13)Medicament comprising an effective amount of a compound of the
formula | according ic one or more of Claims 1 to 9, optionally in
addition to cne or more inert excipients, adjuvants and/or diluents.
35

14)Medicament according to Claim 13, characterised in that at least one

further medicament active ingredient is present.



. di sorders,

such as bulima, and/or sexual dysfunctions. 25 18)Medi canent

-kit consisting of separate packs of a) an effective anmount of a conpound
~of the fowoubasms?Iecording to one or nore of C ai ns 1PCDED2M#HEI2E) an
“effective amount of a further medicameyy_active ingredient. 30 35

(‘\

10

15

20

25

30

35

15)Process for the preparation of a medicament according to Claim 13
or 14, characterised in that a compound of the formula [ according to
one or more of Claims 1 to 9 and, if desired, a further medicament
active ingredient is incorporated into one or more inert excipients

and/or diluents by non-chemical methods.

16)Use of the compounds of the formula | according to one or more of
Claims 1 to @ for the preparation of a medicament for the prophylaxis

and/or therapy of diseases in which 5-HT plays a role.

17)Use of the compounds of the formula | according to Claim 16,
characterised in that the diseases are selected from the group
depression, strokes, cerebral ischaemia, extrapyramidal motor side
effects of neuroleptics and of Parkinson’s disease, Alzheimer's
disease, amyotrophic lateral sclerosis, brain and spinal cord trauma,
obsessive-compulsive disorder, sleeping disorders, tardive dys-
kinesia, learning disorders, age-related memory disorders, eating

disorders, such as bulimia, and/or sexual dysfunctions.

18}Medicament kit consisting of separate packs of

a) an effective amount of a compound of the formula | according to
one or more of Claims 1 to 9 and
b) an effective amount of a further medicament active ingredient.



