10

15

20

WO 20061008133 PCT/EP2005/007846 MODULATORS OF ALPk1A7
NICOTINIC ACETYLCHOLINE RECEPTORS AND THERAPEUTIC
USES THEREOF The present invention relates to compounds with a?
ri@ae/oeédylcholine receptor (0 nAChR) agonistic activity, PrCEBH®S/007846
for their preparation, pharmaceutical compositions containing the same

th
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T ' fs; involving
excitotoxic insults (1-5), trophic deprivation (6), ischemia (7), trauma (8),
AB-mediated neuronal death (9-11) and protein 10 aggregation mediated
neuronalhgegereseaton(9eItiom rialeinstanceshsradaicutitle displaysotinic

a neuroprotective effect, a direct j vement of receptors comprising the i
S R EER T Ra AL RIS B B Wit BERVERTER o their

%Feﬁﬂ%ﬁ%%ﬁcﬁﬂmg&ﬂﬁgﬂni80 6%‘&&19}!@%6%‘%‘38{8(; rﬂ?fy_?gme and the use

instrumental in mediating the neuroprotective effects of nicotine. The
alailebfefdiStHata suggest diakine R Eisbiinit poeiieaaing yegeaptor
represents a valid molecular target for the development of
agoniséxsEgroEHRte I8 werliens neuroprotective molecules.
IndeedAa7mrll}ggtln|c fec%% ar 8§on|st%iggve alrea oaf/ Elpeeor% |% npfled and

er of 16 IV o1t enti gurgprotective
evaluated as possible lea S for the %evefoﬁ)ment n uropro%ecltllve Pugs

@820 yRivament of Ohieslinic Aselehaling AeeepsRIdNN animals and in
inflammatory processes has also recently been described (23). Thus, the

deslopientlef riovel‘v_\ivmglum@lts_misirspét}ﬂto(r]sﬁhuIti‘@@dqmpvbdaﬁon (6),
e LV Ll e
fb!&é%fegé{f@l @Qﬂgéd%wggﬁoﬁé%gﬁégﬁl8&@%?2%“&1%@14&s%anoes where
nicotine displays a neuroprotective effect, a direct involvement of receptors
comprising the o7 subtype has been invoked (7;11;13-16) suggesting that
activation of a7 subtype-containing nicotinic acetylcholine receptors may be
instrumental in mediating the neuroprotective effects of nicotine. The available
data suggest that the a7 nicotinic acetylcholine receptor represents a valid
molecular target for the development of agonists/positive modulators active as
neuroprotective molecules. Indeed, a7 nicotinic receptor agonists have already
been identified and evaluated as possible leads for the development of
neuroprotective drugs (18-22). Involvement of @7 nicotinic acetylcholine
receptor in inflammatory processes has also recently been described (23). Thus,
the development of novel modulators of this receptor should lead to novel
treatments of neurological, psychiatric and inflammatory diseases.
Summary of the invention

The invention provides compounds acting as full or partial agonists at
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the a7 nicotinic acetylcholine receptor (a7 nAChR), pharmaceutical
compositions containing the same compounds and the use thereof for the
treatment of diseases that may benefit from the activation of the alpha 7
ML @8 BBy Icholine receptor such as neurological and psyeliRER2085/007846

disorders, in particular Alzheimer's disease and schizophrenia, Description

of the invention In a first aspect, the invention provides a compound of
fhiemuid | Ri@tiviieX 20ety) clvbldnsin 1ycpioyrolp/-CONILRNH@Haceutical
-NHCO-; :SO2NH-; -NHSO2-; -NHSO2NH-; %CONA;; -NHCOQ Q is af5

P RPATIIS S BN SPhefiRsa SRRy PAR Rhytipdhrteot for the

halogeo,fingag;branched 4r ﬁ»/&u%(%%fﬁggrakllﬁv'th@%k%h@#%ﬁ% agflha 7

hydroxy; cyano; nitro; mono- or di- (C1-C6) alkylamino, acylamino or

aliodaimio ocadiphpiotarbamaydp (6i6-Cleharyl oncf@dibfical and psychiatric
alkylsulphonylamino; (C6-C10) aryJ- or (C1-C6) alkylsulphamoyl; a5 to
IBLFRERTERrBUNAGHRRIA S HBEIBaFohiitrarm g HbaSAIRPSIBRIRUted with:

20 hfallcigaesr}:;rlfr.l%rﬂ %@{ﬁ@(igvoern@(&qc (C1-C3) _aIkyI, haloalkyl, aII_<oxy or
aeyl; hy rox;B cyano; nitro; amino; mono- or di- (C,-C6) allcylamino,

acylaming ofr AlkyjRpin e pYRML B0 YRSy LRI Aoy e ?) vhu® 1
(CI-C6) alkylsulphonylamino; (C6-10) aryl- or (C1-C6) allcylsulphamoyl; X
is a group of formula 25 WO 20061008133 PCT/EP2005/007846 3 R"

-NN-R'\ ? N-om R/Q\Y/\/\\/X
@

wherein:

Y is a group —CONH-; -NHCONH-; -NHCO-; -SO,NH-; -NHSO,-;
-NHSO,NH-; -OCONH,; -NHCOO-

Q is a 5 to 10-membered aromatic or heteroaromatic ring

R is hydrogen; halogen; linear, branched or cyclic (C{-C4) alkyl,
haloalkyl, alkoxy or acyl; hydroxy; cyano; nitro; mono- or di- (C;-Cg)
alkylamino, acylamino or alkylaminocarbonyl; carbamoyl; (C4-Cyg) aryl- or
(Cy-C¢) alkylsulphonylamino; (Cg-Cyg) aryl- or (Cy-Cg) alkylsulphamoyl; a 5
to 10-membered aromatic or heteroaromatic ring optionally substituted with:
halogen; linear, branched or cyclic (C{-C;) alkyl, haloalkyl, alkoxy or acyl;
hydroxy; cyano; nitro; amino; mono- or di- (C;-C¢) alkylamino, acylamino or
alkylaminocarbonyl groups; carbamoyl, (Cg-Cy) aryl- or (Cy-Cq)
alkylsulphonylamino; (Ce-1g) aryl- or (C;-Cs) alkylsulphamoyl;

X is a group of formula
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R'PR'P\R'PNON\N/NSiOs onN RppsN4)S N(tR, 'onp/one
wherein R' represents (CI-C6) acyl; linear, branched or cyclic (CI-C6)
alkyl; a 5 -(CH2),-R™ group, whereinj=0,1and R"isa5to
YOormweie8tat aromatic or heteroaromatic ring optionally sulpstituieosien?s46
halogen; hydroxy; cyano; nitro; (C1-C6)alkyl, haloalkyl, alkoxy, acyl,
acylamino groups; Z is CH2, N or 0 m is an integer from 1 to 4 10
nisOork;s\s | or 2; pisO,Iorf," ~independently from one another for p =
2, ré“d?’@_gﬁﬁ*ﬁydrogen; halogen: ) droxy; cyano; nitro; linear, branched
or cyclic (C1-C6) alkyl, 15 haloalkyl, alkoxy, acyl; a -(CI-12)j-R™ group,
wherein n and R™ are as above defined; carbamoyl; (C6-Clo) aryl- or
(CI-C3) alkyl sulphonyl amino; (C6-C10) aryl- or (CI-C3) alkylsulphamoyl;

mrRipQ: or di-[linear, branched or cyclic (C1-C6) alkylJaminocarbonyl; A
firsf] o p (185 of preferred compgiynds of formula | are tho%@d'n 20 which:

W @;@‘&133 PCT/EP20051G07846 4)s (s
On ’ on > '
R"p ‘
N ps N\ QS
LA N Rt _L_ N
Oon ™ On >
wherein

R' represents (C;-Cg) acyl; linear, branched or cyclic (C;-Cq) alkyl; a
-(CHp);-R"™ group, wherein j = 0,1 and R™ is a 5 to 10-membered aromatic or
heteroaromatic ring optionally substituted with: halogen; hydroxy; cyano;
nitro; (Cy-Cy) alkyl, haloalkyl, alkoxy, acyl, acylamino groups;

Z is CHy, N or O

m is an integer from 1 to 4

nis 0 or1;

sis 1 or2;

pis 0, lor2;

R", independently from one another for p = 2, represents hydrogen;
halogen; hydroxy; cyano; nitro; linear, branched or cyclic (C;-Cg) alkyl,
haloalkyl, alkoxy, acyl; a -(CH,);-R"' group, wherein n and R" are as above
defined; carbamoyl; (C4-Cyo) aryl- or (C;-Cs) alkylsulphonylamino; (C¢-Cig)
aryl- or (C1~C3) alkylsulphamoyl; mono- or di-[linear, branched or cyclic
(C4-Cg) alkyllaminocarbonyl;

A first group (Ia) of preferred compounds of formula I are those in

which:
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Y is -CONH-; -NHCO ; -NI-ICONH Q is a 5 to 10-membered aromatic or
heteroaromatic ring; R is selected from the group consisting of hydrogen;
halogen; linear, branched ar cyclic (C1-C6) alkyl, alkoxy or alkylamino;
wWeedowmikesiphenyl; 5 naphthyl; pyridyl; pyrimidinyl; quinolinyBCT/EP2005/007846

_isoquinolinyl; indolyl; thienyl; benzothienyl; furanyl; benzofuranyl;

imidazolyl; benzoimidazolyl; pyrrolyl; optionally substituted as indicated

above Mrishé€OMpoutdsl efermUiEON s a group R"p .Om 10
ZisCH2,Nor0 m is gn integer from | to 4, pisQ, | or2 R", independently from

one an H%_taférr]tﬁ ﬁg%’%@&@&%@ﬁ%@ﬁ%ﬁﬁ“&%&%ﬂ@ _’iﬂ‘lﬁi/drogen;
mono- 8 (- liedle P RORNGHLLANENCASkiSil ¢ B CHEHIBIUROSAIRARAE tinear,
linear, branched or cyclic (C1-Cb) alkyl, alkoxy, acyl; Particularly preterred

dompdieddsriapel ¢hdSe Gh)edtkyY, ia ORN bH @Q)kylisiady tilkkoelkperetenyl;

aromatic or heteroaromatic ring R is selected from the group consisting of
ERER R HRpREY by mayEm By sRaligsiaofssauiR bl dplably thieny;
thienyl:.benzothienyl: furanyl: bBenzofuranyk imidazqlyl: benzojmidazolyl; ,
B e B e B o RO Qo
fopmotally: isaiatedny ildiiRadl HONM dp wWhersdirfubids VPR rmula (1);

X is a group

Zis CH,, Nor O

m is an integer from 1 to 4

pis0,1or2

R", independently from one another for p = 2, is selected from the group
consisting of hydrogen; mono- or di-[linear, branched or cyclic (C;-Cq)
alkyl]aminocarbonyl; linear, branched or cyclic (C;-Cg) alkyl, alkoxy, acyl,;

Particularly preferred compounds Ia are those where

Y is -CONH(Q)-;

Qis a5 to 10-membered aromatic or heteroaromatic ring

R is selected from the group consisting of phenyl; naphthyl; pyridyl;
pyrimidinyl; quinolinyl; isoquinolinyl; indolyl; thienyl; benzothienyl; furanyl;
benzofuranyl; imidazolyl; benzoimidazolyl; pyrrolyl; optionally substituted as
indicated above for the compounds of formula (I);

X is a group
R!lp

N .z
“om

where

ZisCH,, Nor O
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WO 2006/008133 PCT/EP2005/007846 5 m is an integer fromito 4 pis

0, 1 or 2 R", independently of one another for p = 2, is selected from the
group consisting of hydrogen; mono- or di-[linear, branched or cyclic
(@BE@)y/®&kyllaminocarbonyl; linear, branched or cyclic (C1leC@)rtopk/007846
alkoxy, acyl; Another group of particulady preferred compounds la are

those where Y is -NIICONH(Q)-; Q is a 5 to 10-membered aromatic or
heteroaroimaticiritgp & ifremldctedfrom the group consisting of halogen;

linear, branched or 10 cyclic (CI-C6) alkyl, alkoxy or alkylamino; haloalkyl;
phenyl; Pn%?p@ltﬁypr ﬁyrldyl pyrimidinyl; qumollnyl |soqumollny| indolyl;

thienyl; ﬁenﬁéﬁe%e uranyl; ben gﬁ{&n% olyl: HenzQInidazoll oroup

pyrrolyl; op y's s?’tu ed asindicated above for the compounds 0

fopmsistit)s XoiS BarRRR; MtonoN.-GMdLPIZiseH 2Naicha isarjegeC,-Cy)

from1to4 pis0, 1or2R" independently from one another for p = 2, is

wﬂeﬂmnmﬁwmb@ﬁu&lr@@remgmh@dmwbgd@mﬁxr)calbrldla[llﬁéar acyl;
branched orc clic (ClI- éﬁ alk moc I; linear, bra ched or cg/cllc
(C1- 06)“51}29? ARDXP & ﬁaﬂ Hf& eéﬁéﬁ?&ﬂ%%}‘ﬂ? kg those where

compoupds lwge@}@ﬁ?@hgre Y = -NHCO(Q) Q is phenyl

Q is a 5 to 10-membered aromatfo or heteroaromatic ring

R is selected from the group consisting of halogen; linear, branched or
cyclic (C;-Cg) alkyl, alkoxy or alkylamino; haloalkyl; phenyl; naphthyl;
pyridyl; pyrimidinyl; quinolinyl; isoquinolinyl; indoly!; thienyl; benzothienyl;
furanyl; benzofuranyl; imidazolyl; benzoimidazolyl; pyrrolyl; optionally
substituted as indicated above for the compounds of formula (I);

X is a group

R"p

/_-*‘\

/N\ Z '

Om

Zis CH;, Nor O

m is an integer from 1 o 4

pis 0,1 or2

R", independently from one another for p =2, is selected from the group
consisting of hydrogen; mono- or di-[linear, branched or cyclic (C;-Cg)
alkyl]aminocarbonyl; linear, branched or cyclic (C;-Cy) alkyl, alkoxy, acyl;

Another group of particularly preferred compounds Ia are those where

Y = -NHCO(Q)-;

Q is phenyl

R is selected from the group consisting of phenyl; naphthyl; pyridyl,
pyrimidinyl; quinolinyl; isoquinolinyl; indolyl; thienyl; benzothienyl; furanyl;

benzofuranyl; imidazolyl; benzoimidazolyl; pyrrolyl; optionally substituted as
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25 R is selected from the group consisting of phenyl; naphthyl; pyridyl;
pyrimidinyl; quinolinyl; isoquinolinyl; indolyl; thienyl; benzothienyl; furanyl,
benzofuranyl; imidazolyl; bcnzaimidazolyl; pyrrolyl; optionally substituted

ay y\bay20136008133 PCT/EP2005/007846 6 indicated aboveI,f@f/ﬁ],g005/007846
compounds of formula (I); X is a group Fé p ~NOm where 5 Zis CH2, N

or Oinis an integer from1to4 pis0,1or2R" mdependently of one

ariatiienfod piodcisaRSIESLIRLINE SFAANSARSIEING of hydrogen;

mono- or di-[linear, branched or cyclic (C1-C6) 10 alkyllJaminocarhonyl;
linear, bréﬂ@rféér@ﬂpycllc (C1-C6) alkyl, alkoxy, acyl; A further group (Ib)
of preferred compounds of formula (1) &'e those in which Y is -CONH(Q)
Q is phenyl, indolyl 15 R is selected ffo the group consisting of halogen;
phenyl; naphthyl; pyridyl; quinolinyT; |ngumollnyl' ind.olyl; thienyl;
benzothienyl; fu.ranyl; benzofuranyl; imidazolyl; benzoimidazolyl; pyrrolyl;
optlonallygﬁﬁstltuted as indicated above for the compounds of formula
(1); X'is & &@%/\ ~NV -R' 20 where R' is a 5-10-membered. aromatic

or heteroarom & ring’
m 1s an integer from 1 to 4

pis0,1or2

R", independently of one another for p = 2, is selected from the group
consisting of hydrogen; mono- or di-[linear, branched or cyclic (C1-Cs)
alkyl]aminocarbonyl; linear, branched or cyclic (C;-Cs) alkyl, alkoxy, acyl;

A further group (Ib) of preferred compounds of formula (I) are those in
which

Y is -CONH(Q)

Q is phenyl, indolyl

R is selected from the group consisting of halogen; phenyl; naphthyl;
pyridyl; quinolinyl; isoquinolinyl; indolyl; thienyl; benzothienyl; furanyl;
benzofuranyl; imidazolyl; benzoimidazolyl; pyrrolyl; optionally substituted as
indicated above for the compounds of formula D;

Xisa 'group

H . v
where R' is a 5-10-membered aromatic or heteroaromatic ring

optionally substituted with halogen or (C1-Ce) alkoxy groups:;

A further group (Ic) of preferred compounds of formula (I) are those in

which
Y is -NHCONH(Q)
Q is phenyl, indolyl
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optionally substituted with halogen. or (C1-C6) alkoxy groups; A further

group (Ic) of preferred compounds of formula (I) are those in which 25Y

is -NHCONH(Q) Q is phenyl, indolyl WO 2006/008133

R@I1&R2@IB007846 7 R is selected from the group consistipg@p2005/007846
halogen; phenyl; naphthyl; pyridyl; quinplinyl; isoquinolinyl; indolyl;

thienyl; benzothienyl; furanyl; benzofuranyl; imidazolyl; benzoimidazolyl,
pyrrolyRoptieciallyesli bsituted agdnglicatedsahigyve faidhaeampiosnds 8hphihyl;
formula (1); 5 Xisagroup -N \--/ NI-R' where R' is a 6-membered aromatic

skitElomsinaliehg spavirelinglibdadabd withinadyresretiian)l; furanyl;

lkoxy groups; 10.Another group (1d) of preferred compounds of formula |
T, PR T R PR PRAC g o
thRIHoLa GRRSISRY @fep&ﬁﬁ;%mmyfb%@x'gﬁ quinolinyl;
pyrimidinyl; isoquinolinyl; indolyl; thienyl; benzothienyl; furanyl;
benzofdamy; gmoigiazolyl; benzoimidazolyl; pyrrolyl; optionally substituted.
as indicated above for the compounds of formula (I); X is a group -N N-R’
20 where R' is a phenyl ring optionattyssubstituted. with halogen or

.(C1-C6) alkoxy groups; Partiché‘W‘éWed are the compounds (Id)

wherein Y is -NHCO(Q);
where R' is a 6-membered aromatic or heteroaromatic ring optionally

substituted with halogen or (C;~Cq) alkoxy groups;

Another group (Id) of preferred compounds of formula I are those in -

which

Y is -NHCO(Q);

Q is phenyl, pyridyl

R is selected from the group consisting of phenyl; naphthyl; pyridyl;
quinolinyl; pyrimidinyl; isoquinolinyl; indolyl; thienyl; benzothienyl; furanyl;
benzofuranyl; imidazolyl; benzoimidazolyl; pyrrolyl; optionally substituted as
indicated above for the compounds of formula (I);

X is a group

where R' is a phenyl ring optionally substituted with halogen or (C;-Cy)

alkoxy groups;

Particularly preferred are the compounds (Id) wherein

Y is ~-NHCO(Q);

Q is phenyl

R is selected from the group consisting of phenyl; pyridyl; indolyl;
pyrimidinyl; optionally substituted with: halogen; linear, branched or cyclic

(C1-C3) alkyl, alkoxy or acyl; cyano; (C{-C¢) alkylamino; acylamino;
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Q is phenyl 25 R is selected from the group consisting of phenyl; pyridyl;
indolyl; pyrimidinyl; optionally substituted with: halogen; linear, branched

or cyclic (C1-C3) alkyl, alkoxy or acyl; cyano; (CI-C6) alkylainino;
agglamenosidsO 2006/008133 PCT/E'P2005/007846 8 alkylaminao@iddeoysss

~ groups; carbarnoyl; Xis a, group -N N-R' where R' is a phenyl ring

optionally substituted with halogen or (C1-C6) 5 alkoxy groups The
camdennids of i ventios cenbanoithe form of free bases or acid
addition salts, preferably salts with pharmaceutically acceptable acids.
The inveAti8rE&s® includes separated isomers and diastereomers of
compounds |, or mixtures theregjéé”.'g.\r\g_a} emic mixtures), 10 The
compounds of Formula (I) can be prepared through a number of synthetic
routes amongst which the ones illustrated in Schemes 1, 2, and 3 (see

also forwatereReesBiqargn M eth Chyeonkelty. i tot63) vitlD12d8pem) or (C;-Cq)
Scheme 1: X BrOK0234 RR 45i15 Y'=activated acid, isocyanate Y
AKFEGTOUNCONH According to Scheme 1, a suitably activated

butyiphijpligide, (EmPRKRK2) . (eAded Wit 80 RIS (COmPOURG AR, ,cig
an organic solvent in € presence of a base. For example, a mixture of

(e dafaydrachiondersplblyandl% axate i ehinc Bueibylathyb keionadnabiRls. The
presence of alkaline carbonate
invention also includes separated isomers and diastereomers of compounds I,
or mixtures thereof (e.g. racemic mixtures).

The compounds of Formula (I) can be prepared through a number of
synthetic routes amongst which the ones illustrated in Schemes 1, 2, and 3

(see also for reference Bioorg. Med. Chem. Lett. 1995, 5 (3), 219—222).

a) Scheme 1:

O O
X + N B N . X/\\/\\/NHz
Br/\\/\/ X/\/\\/
o} 0
2 3 4

1

v R R
X/\/’\/ NH2 " ———
4 & }
Y' = activated acid, isocyanate Y = -NHCO-, -HNCONH-

According to Scheme [, a suitably activated butylphthalimide
(compound 2) is reacted with an amine (compound 1) in an organic solvent in
the presence of a base. For example, a mixture of 1 (or its hydrochloride salt)
and 2 are refluxed in methylethyl ketone in the presence of alkaline carbonate
until the reaction is complete, then the reaction mixture is cooled, the

insoluble materials removed by filtration, the filtrate washed with CHCl3, and
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20 until the reaction is complete, then the reaction mixture is cooled, the
insoluble materials removed by filtration, the filtrate washed with CHC13,

and WO 2006/008133 PC17PP2005/007836 9 the filtrate and washings
concenireded o dryness. In the following step, the PCT/EP2005/007846
N-(4-aminobutyl)phthalimide 3 is conveéted into a (4-aminobutyl)amine 4, -
for example by refluxing a mixture of 3 and hydrazine hydrate in ethanol.

Tthemitigtteacded Wihap achvaierhareaiegrbrizgich as for example (but
not limited to) an acid chloride or an isocyanate in an organic solvent in

the preberibe 66 ABEsE Fspethmple(dominpbuiy Dpdthabdibida GH2CoRverted

triethylamine and a catalytic amount of DMAP.are added, to give
OO IR IARRHROERFS it SXPHPE £ grixture of 3 and

FhoniidinidesnleAnibMAP pieeRdeddR U AAAMBRUIR L] Rocics 5

Scheme 2: HO~~Y OH +'---~ R R 7 Y'= activated acid or isocyanate

-Nidio @k fur-SH4QON HbOQ1 o1 ¥idtell/t0Y ¥irbeYd NRBHEQAC hRisodytitdin an
1 (Ia) (I(3) According to Scheme 2, aminobutanol is reacted with an
REBFRHEP NS b AR RICEANRD O) hBfse. (BPBLEMBRIGLIR AcRINREIabY) @nd 5

subsy cid, 15 chloride 6 in the presence of a -.1g an organi .
A B AR L R S A P AECARG o v
thumpbtained is thermudices ungersiandard eonditions (for exAwaRiemide or
Swern oxidation) and

carbonyldiimidazole and DMAP are reacted to yield compounds I,

b) Scheme 2:

Y
HO\\/\\/\Y OW\Y
HZN\/\/\OH + @ [N N
R R { X R
6

7

Y'= aclivated acid or isocyanate Y = -NHCO- or -NHCONH-

Ov\\/\Y X\/\/\Y X\/\/\Y
NaBH(OAC),
+ X B T ————
G G Gr
=

8 1 (i) (ipy

According to Scheme 2, aminobutanol is reacted with an activated acid
species or an isocyanate - for example (but not limited to) a substituted acid
chloride 6 in the presence of a base - in an organic solvent like
dichloromethane until the reaction is complete. The alcohol 7 thus obtained is
then oxidised under standard conditions (for example Swern oxidation) and
aldehyde 8 is then reacted with the suitably substituted amine 1 under standard
conditions - for example with sodium triacetoxyborohydride - to afford
compound Ia. In the case of R being a halogen, Ia can be further processed -

for example via a cross-coupling reaction with a boronic acid - to yield
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aldehyde 8 is then reacted with the suitably substituted amine 1 under
standard conditions - for example with sodium triacetoxyborohydride - to
afford 20 compound la. In the case of R. being a halogen, is can be further
processeosi Ior example via a cross-coupling reaction with a potioRia@sEh 7846
to yield WO 2006/009133 PCT/EP200§/6)07846 10. compound | P. c)
Scheme 3: o NH2Brw X Br'_ AC!+Y R TR 910 X =amine --~-
Yorkfobiit B R ()a) OP) 5 Accordlng to Scheme 3, 5-bromopentanoyl
chloride is reacted with an (hetero)aromatic amine 9 in the presence of an
organicbase ¥¢&#MEd3a 5-bromopentanoic acid amide 10. This species is
reacted with an amine 1 to displace the halogen and furnish compounds

la. In the case of R;Reing a halogén, la can bedurther processed,- for
example yj “epupling actionwith a boronic gcid - toyrettt
R . : .
compounds IP. The compound formula I, their opticdl isétrers or
diast:ereomers can be purified or separated according toWwell-known
procedures, including but not limked to chromatographtf with chiral matrix
and fractional crystallisation. The pharmacological activity of a

representat;ye roup of compounds of 15 formula | was demonstrated in
an in vitro assay utilising cells stably transf\e/ctgd/vm h the alphga /zRigotinic
acetylcholine recep@n@ cellsTexpressing the alpha | and alpiaCgNH-
nicotinic acetylcholinesfeceptors and 5HT3

{la) (18

According to Scheme 3, 5-bromopentanoyl chloride is reacted with an
(hetero)aromatic amine 9 in the presence of an organic base to afford a
5-bromopentanoic acid amide 10. This species is reacted with an amine 1 to
displace the halogen and furnish compounds Ia. In the case of R being a
halogen, Ia can be further processed — for example via a cross-coupling
reaction with a boronic acid - to yield compounds Ip.

The compounds of formula I, their optical isomers or diastereomers can
be purified or separated according to well-known procedures, including but
not limited to chromatography with chiral matrix and fractional crystallisation.

The pharmacological activity of a representative group of compounds of
formula I was demonstrated in an in vifro assay utilising cells stably
transfected with the alpha 7 nicotinic acetylcholine receptor and cells
expressing the alpha 1 and alpha 3 nicotinic acetylcholine receptors and SHT3
receptor as controls for selectivity. Neuroprotection of these compounds was
demonstrated in a cell-based excitotoxicity assay utilising primary neuronal
cell cultures.

According to a further aspect, the invention is therefore directed to a

method of treating neurological and psychiatric disorders, which comprises
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receptor as controls for selectivity. Neuroprotection of these compounds

was demonstrated in a cell-based excitotoxicity assay utilising primary
neuronal 20 cell cultures. According to a further aspect, the invention is
thesefommeirected to a method of treating neurological and pgyehialfies/ nors4s
disorders, which comprises WO 2006/%8133 PCTIEP2005J007846 11
administering to a subject, preferably a human subject in need thereof, an

effRlivetaror took asamRpQUpEedismulatuaurdlogjeal anduesychiaier, an
disorders that may benefit from the treatment with the invention

afifigstivedsminshidetbat crapoetifieddesmelild dbwieinlagicedraivh peyfididatric
disorders, 5 Alzheimer's djsease and schizophrenia. In general, the

BT aH B et b Gy Wt fgppounds
disorder e dystunglien il nay Repslt Famihe aciyalion LI ibs HPBR drders,

nicotinic acetylcholine receptor, including but not fimited to Parkinson's
disehsankitniingiansathibsehizapiyeotropliic friesed s desosisn powltipdeot formula
sclerosis, epilepsy, memory or learning 10 deficit, panic disorders,

dogiibe dEtsfdirs Lirabios BN, Sispars, epnftionindarbms e lianction that
L?:%%%f@%%g{%/ é’:@éﬁr s e goRans aﬁ‘ﬁ]h;éj“d‘%@%@%z{gc%%ﬁ 'eéf%erea#’ééepmr,

vary depending upon, for example nistration Tou

naliRiand sarerityof s sisersepigrRasial, dagsepPtdiiatington’s chorea,
pharmacological effect in humans may be 15 obtained with daily dosages

ranging drgrcdoera) S meisomid tipteastl etvsi asgrdbeptie inesntiyror learning

refe[s.to a pharmaceutical compgsition containing,one or,more | .
S BETF 1o TR o ZO Rt onC WA BFarrFISEERRR ATy AEESiatiEhritis.

CRFHISES UG @i%{ﬁﬁ&%@g@@@ﬂg@g_ compositions can be in the

form of solid, semi-solid or liquid preparations, 20 preferably in form of

solutioriBhs ubpensions thowdarsogndsufes, usbletsthessulesysyapsiepending
suppositories, aerosols or controlled delivery systems. The compositions
B ARfmfrarepde: HPa ddmeR) SratiaresOifethsgriire and severity of the

disease. In general, an acceptable pharmacological effect in humans may be
obtained with daily dosages ranging from 0.01 to 200 mg/kg.

In yet a further aspect, the invention refers to a pharmaceutical
composition containing one or more compounds of formula I, in association
with pharmaceutically acceptable carriers and excipients. The pharmaceutical
compositions can be in the form of solid, semi-solid or liquid preparations,
preferably in form of solufions, suspensions, powders, granules, tablets,
capsules, syrups, suppositories, aerosols or controlled delivery systems. The
compositions can be administered by a variety of routes, including oral,
transdermal, subcutaneous, intravenous, intramuscular, rectal and intranasal,
and are preferably formulated in unit dosage form, each dosage containing
from about 1 to about 1000 mg, preferably from 1 to 600 mg of the active
ingredient. The compounds of the invention can be in the form of free bases or

as acid addition salts, preferably salts with pharmaceutically acceptable acids.
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transdermal, subcutaneous, intravenous, intramuscular, rectal and
intranasal, and are preferably formulated in unit dosage form, each

dosage containing 25 from about 1 to about 1000 mg, preferably from 1 to
600 mgoédie active ingredient. The compounds of the invengienmgambeo7s4s

_in the form of free bases or as acid adgjtion salts, preferably salts with

pharmaceutically acceptable acids. WO 2006/008133
RbT PRYe0Em0784® 1mThelasvestimraiisb inotues seprral¢d s eisrs of
and diast reé)mers of compounds, |, or mixtures thereof (e.g. racemic

I
(KRR O e TN Bt TRRIHS S BictHBiGrepatattion of he principles and
phanpacquiealaupastisnsapiiestiban(of exam é@gﬁ%”%‘g%%@ﬁ,ed for

Pharmaceutical Science, Mack ing Company,

Branitdn RdhedsigurePrgue bfieat ofeasnovnd i PmEXAMARe Bhpany,
on NMDA-induced toxicity in rat cortical neurons. Rat cortical neurdns
\Eé?éoﬁrégt?e)ated with the compound at 10 the indicated concentrations 24

h beforﬁeastgg{ti(gn of(al DA and toxicity determined by lactate
dehydrogenagelﬂ_rb ) eadBiifEnts after 24 h. Data. of all experiments

are nommglised to 100% NMDA toxicity. Statistical analysis: * p< 0.05 vs
NMDA treatment; One-Way ANOVA and Tukey post test values were

normalfsdectooth edmpshotNVIE Exa005%) 61 50oRiIMIPAE R a¥d toxicity in rat
nt of compound from Example 1 or nicotine on

sub-chronic treatment
RG] BFGI0RT R ek SRS SRR L AL W dobeu o pernd at
@i@qﬁgi@ﬂgﬁaléo&%ﬂ’tﬁ’%g%%gg%agg%?'eSt Eﬁ(filtgénhggw{?/gf%%%utﬁ&icity

quisqualic acid injection and for 7 days after lesioning. DOses: co

dengtignied. RO Idaihtodoloaling O3 sOYIKYHP nteilu ThE #RSERWS . Data of

selected on the basis of literature data and comparable effects in

BUHRRRSFHPSRIgieEe ReFmsdissHioulBA% N e senit ity 96 tistigeb amlysis:

non-injg%}gcbl‘“@blﬂ.\i%%%g tf’irg%%lr%ggn%;n ?)lxgi—%\]ay ANOVA and Tukey post test
values were normalised to the level of NMDA (=100%).

Figure 2

Effect of sub-chronic treatment of compound from Example 1 or nicotine
on number of ChAT-positive neurons in the nucleus basalis of quisqualic acid
injected animals. Compounds were administered 24 h and 1 h before quisqualic
acid injection and for 7 days after lesioning. Doses: compound 3 mg/kg i.p.
daily or nicotine 0.3 mg/kg i.p. daily. The doses were selected on the basis of
literature data and comparable effects in behavioral studies. Number of neurons
is expressed as % changes vs non-injected hemisphere. Statistical analysis:
ANOVA and Fisher Post-Hoc test: F(3,21)= 13.00 P<0.001 * P< 0.05 vs
quisqualic acid injected rats # P<0.05 vs nicotine treated rats.

Figure 3

Figure 3a - Results of passive avoidance test

Effect of acute administration of compound from Example 1 on
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ANOVA and Fisher Post-Hoc test: F(3,21)=13.00 P<0.001 * P< O.QS VS
quisqualic acid injected rats # P<0.05 vs nicotine treated rats. 25 Figure 3
Figure 3a - Results of passive avoidance test Effect of acute

aslonmisinagioa of compound from Example | on WO 2006/008438kp2005/007846

- PCT/EP2005/007846 13 scopolamine-ipgluced amnesia in young rats in

passive avoidance test and reversion by the selective alpha-7 antagonist

MicApAnmésia indsdadunad dya shopaiamineasSimg/kesin 20MinPeIos: and
training trial and the compound (3 mg/kg i.p.) was |nJected' 5 min after
sEBBEIBIRhBY NbA (8 FRENG 2P avAdiBtagieniit Fd 1 d mirckiefores induced by

' ompound adypinistration. Results are presented as
e R R .nmgx?ﬁaqfog@trgﬁegpgnm@w@e«ﬁmnpouna
migkey Post-wiacigeiie s P ¥hesallnp sRgscoPRiRmine treated,
?a(g 4lgP<§.O€ 3ﬁali§g%egted rats. Figure 3% - Reﬁ%ﬁt@b?gcfn g%{g Lp.) was
réseginiiArasht 100 Efechefacuteagmiainiratiomd eompund TO8ninistration.

am%%e 1on sco&%olgmine-induced amnesia in young rats.. Amnesia

STt A5G P sellpb idtirtesd iangiesisst horfies tardrainimpitneadial

<
was |

and the %ﬁﬁ%@éﬁldaﬁﬁlmékgﬁlﬁ())wgs g Cé?uq(gg&% g—él%ro;ﬁ % I an 592 0.05 vs

Results are presented as discrimination index ¢

esalioratiod tioup ofaneinidMeansti ko rtamitian () obiegts dwinghe iest trial
performed after 2 h from the training trial as follow: Discrimination index:

N-F/N+E&tagistalkaraisiel RRIAOVe caga Tigkese Rost-Hoc test: * P<
compouns Ao S5 GBI B oe S GEmu e uEIRAY agetle 1 on
Vantan Metoury Pris 400, e e agT NS PR AgUCed by
Biroaitamiprobe. mg/kg i.p. 20 min before training trial and the compound
(3 mg/kg i.p.) was injected 5 min after scopolamine. Results are presented as
discrimination index calculated on the exploration time of new (N) and
familiar (F) objects during the test trial performed after 2 h from the training
trial as follow: Discrimination index: N-F/N+F. Statistical analysis: ANOVA
and Tukey Post-Hoc test; * P< (.05 scopolamine-treated rats.

Experimental Procedures - Synthesis of compounds

General

Unless otherwise specified all nuclear magnetic resonance spectra were
recorded using a Bruker AC200 (200 MHz) or a Varian Mercury Plus 400
Mhzspectrometer equipped with a PFG ATB Broadband probe.

HPLC-MS analyses were performed with an Agilent 1100 instrument,
using a Zorbax Eclipse XDB-C8 4.6 x 150 mm; a Zorbax CN 4.6 x 150 mm
column or a Zorbax Extend C18 2.1 x 50 mm column, coupled to an

atmospheric API-ES MS for the 2.5 minutes method. The 5 and 10 minute

methods were run using a waters 2795 separation module equipped with a
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HPLC-MS analyses were performed with an Agilent 1100 instrument,
using a Zorbax Eclipse XDB-C8 4.6 x 150 mm; a Zorbax CN 4.6 x 150
mm 25 column or a Zorbax Extend C18 2.1 x 50 mm column, coupled to
ana@bnesphesic API-ES MS for the 2.5 minutes method. The p@Rgrbiys/o07s46
minute methods were run using a waterg 2795 separation module :
equipped with a WO 2006/008133 PCT/EP2005/007846 14 Waters
Mibrtariabéi AQNIES idhlsefiBripaimiiivajeas PDARRIOPIISIMPOONasaiE a Waters
igﬁrra MS CIS 3.5§m 2.1 x 50 min column. Preparative HLPC was run
ihgEWhterd $ 767 Wikterh Wit BBIg @ adient Module Waters 2525
pump icrQmass E Waters 248 .
DD, (S M BE S ol PR R  binary

Grastieeis Meduteriisiog 2325 faumnip agidveisTeanth & W ateritlicromass ZQ
acid/acetonitrile with gradient 5/95 to 9515 in the run time indicated. All

BidrhrPEnbrietd g4y RaDpensinged Ppwing thésnusttgd HIS 10 KRill5.0 pm
CIO‘]x ?lr Chemoé3 2923 (1978). All TLC analyses were performed on
silica gel MErck B@§54) and spots revealed by UV visualisation at 254

NM angKBRRAsORFIRNYHN SiaH: Bl DICIOWAYE IRATHORISWEIR 0.1% formic

performed in a CEM Discover oven.. N-(4-(Arylpiperazin-1
-ghidagtionitrliermathsgt it CofifpoupasSvie et prepatendoloning dne
general qﬁoce ure outlined in Nishikawa, Y.; et al; Chem. Pharm. Bull.;

1989, 371{15O10BA CAANAHABTARIYNYASHPSFIOBTSH - frilextingidhe method of
. - - B [ i 0.00135 ), K2CQO3
(9915 W.O@r%l (1N QBD%QWl%r%Z%@Gf% ﬁré%} see?r?\grgll‘s %r%rmed on

(0.00270'mol), Nal (0.001856 mol) and S

reflivceddb(Rtuivil 2Q Stiyring! Aftas thersaddarsway coRledidhon at 254 nm
insoluble materials were removed by filtration and washed with CHC13.

el kPanO4rrr wialaliimegitere concentrated to dryness in vacuo.

All microwave reactions were performed in a CEM Discover oven.

N-(4-(Arylpiperazin-1-yl)-butyl)phthalimides

The compounds were prepared following the general procedure outlined
in Nishikawa, Y.; et al; Chem. Pharm. Bull., 1989, 37 (1), 100-105.

A mixture of N-(4-bromobutyl)-phthalimide (0.00135 mol), 1-(aryl)-
piperazine hydrochloride (0.00135 mol), K,COs; (0.00270 mol), Nal
(0.00186 mol) and methylethyl ketone (7 mL) was refluxed for 20 h with
stirring. After the mixture was cooled, the insoluble materials were removed
by filtration and washed with CHCIl; The filtrate and the washings were
concentrated to dryness in vacuo.

The residue was subjected to chromatography on silica gel using
CHCl3/MeOH 95/5 as eluent.

4-[4-(Aryl-piperazin-1-yl)]-butylamines

A solution of N-(4-(Arylpiperazin-1-yl)-butyl)phthalimides
(0.236 mmol) and hydrazine hydrate (0.478 mmol) in ethanol (2 mL) was
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The residue was subjected to chromatography on silica gel using
CHC13/MeOH 95/5 as eluent. 25 4-[4-(Aryl piperazin-1 yl)]-butylamines A
solution of N-(4-(Arylpiperazin- | -yl)-butyl)phthalimides (0.236 mmol) and

hwdra@igeokiadrate (0.478 mmol.) in ethanol (2 mL) was WO 2p8¢/058436 7846
PCT/EP2005/007846 15 refluxed for 24 with stirring. After the solution '

had cooled, the insoluble materials were removed by filtration and
wﬁlmaﬂvxfmm e2thHyithestirate. addtahdhwashingswbeel conckdy atesl insoluble

ness in vacuo. Ther e was taken up with CHC13. The CHC13
5 %méwr{ﬁﬁ( ?L iR A oRperh DG e %@'ate and

i { | I e a):.kFol
D e T R 8
adite C HCGLSUBRE IO 914y 4 viaro makiuyl whih avineid el (bed, dnd. Edﬁwﬁsated
sodium iodide (1.33 g, 8.85 mmol) 10 and potassium carbonate (3.67 g,

%%‘fﬁﬁhﬂ)tiﬁ@%téﬁone (70 mL). The resulting suspenS|on is stirred for

18 h at 1 eck. The, reaction is filtered and the

solvent rgé)% Rg ﬁo\%écﬂ}l\lﬂ FHRHSRIBRLAZ e &0 Ry Yt edissolved in 5%

MeOHn dichigrmsthane, pashed o el ansl sakldaGhrdned ﬁitiﬁérazme

Na2S04. The solvent is removed under reduced 15 pressuré to yleld

iﬁeélrempibodudf?a% a thickoelloiv oiladthedresidue s extrantadimto etfyl N-(4-
cetat %&? Q{i‘ d with water and then saturated brine and dried over

o eft is Bt usadiadadde pirleé%uge $085 mmol)

for f
%E?y ?Z%é ole- (izaéﬁj %ﬁ%&g:%em%houte?n%gﬁu%lcanon |n 9 nHN The
RO (TR0). s pénMof2 Methewy-pben)ipipetatine | HaFdey C- MS check. The

}-isoindole-1,3-dione (5.01 g, 12.7 mmol) is dissolved in abs. EtOH (60
HRRYERR H§,dfal£ﬁﬁ§d and the solvent removed by vacuum distillation; the
resulting oil is dissolved in 5% MeOH in dichloromethane, washed with water
and sat. NaCl, dried over Na,SQy4. The solvent is removed under reduced
pressure to yield the desired product as a thick yellow oil. The residue is
extracted into ethyl acetate and washed with water and then saturated brine
and dried over sodium sulphate. The solvent is removed under reduced
pressure to afford 5.01 g of 2-{4-[4-(2-methoxy-phenyl)-piperazin-1-yl}-
butyl}-isoindole-1,3-dione used without further purification in step b) below
(72%).

2-{4-[4-(2-Methoxy-phenyl)-piperazin-1-yl]-butyl }-isoindole-1,3-dione
(5.01 g, 12.7 mmol) is dissolved in abs. EtOH (60 mL) and hydrazine
monohydrate (2.54 mL, 26 mmol) is added dropwise. The reaction is heated at
100°C for 1 h; the reaction is filtered, concentrated at reduced pressure and
transformed into its hydrochloride salt. The salt is dissolved in 15% NaOH
and extracted into ethyl acetate to yield 2.04 g of 4-[4-(2-Methoxy-phenyl)-

piperazin-1-yl}-butylamine as waxy solid (7.8 mmol, 61%).
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monohydrate (2.54 mL, 26 mmol) is added dropwise. The reaction is

heated at 100C for | h; the reaction is filtered, concentrated at reduced
pressure and 25 transformed into its hydrochloride salt. The salt is
dissobeedor 385% Na.OH and extracted into ethyl acetate to \ielgehdsa ks
4-[4-(2-Methoxy-phenyl)- piperazin-I-ylbutylamine as waxy solid (7.8

mmol, 61%). WO 2006/008133 PCT/EP2005/007846 16 C151125N30
Mass (a6t M268 Relcftaind) [W6HII | Goansd) DE-FI<]0-4%93%

(5 min methodéNMR 400 MHz, CD 1@: 1.48 (2H, m); 1.57 (21-1, m);

2.42 G KT %85 ,°t§§),112$?@g9 ): 3.1 (4H, bs); 3.86 (3H, s); 6.85

(111, O 6,9 )  4-Dif nyl)piresazin-1 .
yIj-butis/r)lt}'i[kr@@r1|r?é@t)_k\:;{I %o%’b%%fé il’-éf-%goler%o%utyl’)p%%ﬁallm%lg’er}?é’g%f%%& m);
nqliangsl; 1274-dfgoreypBenydnipeyaszige (3H/ S)mendt) (E2; kit One 3 H,

(100 mL), potassium carbonate (26.6 mmol) and potassium iodide (13.3
mmmol) were 10 added. The resulting mixture was heated at 90C overnight.

After coaling the. solution was filtered and evaporated to dryness. The
residut WRS LA THERI GPAREP AR (LoD S S Wshed with
waterTthe QieaYe Brass WesosiiedgVRiERdiumeighate ant mmol) and 1-
evaporated. This material was dissolved in ethanol (100 mL) and

Byérdifine(e-phynyds pitdedzilite §bIuTidn waoleflixed-buforanhoid0 mL),

when a thick precipitate formed. Cone. 11C1 (5 mL), was then added and
RAEARHA & R ol 20 (AP AD AP BSSTHG AAROR b aadimD were

g&/@éj@rﬁgfgﬂj%rﬁﬁ%ed@ﬁglﬁggt% Mk (S00-Mbh TSP KON g the

was filtere agueous filtrate evaporated again to dryness. The
senitlitrowrestiervhandkevaipoisnpdopadot (3 Nl anc fiesestdo diveothed in
20 hydrochloride salt of the required product. The salt was converted in

diehiesemgthaaen| N9seitoAnA dLudthwRteindlderaeganiGinhase was

i 0 03 *
9%?@&05%%}3 E;Q) igm(zs'glghgé@ﬁd evaporated. This material was dissolved in

ethanol (100 mL) and hydrazine (2 eq) was added. The solution was refluxed
for 4 hours when a thick precipitate formed., Conc. HC1 (5 mL) was then added
and the mixture heated for a further hour. After cooling the solvent was
evaporated and the residue dissolved in 2M HC1 (100 mL). This solution was
filtered and the aqueous filtrate evaporated again to dryness. The resulting
residue was taken in isopropanol (30 mL) and filtered to give the
hydrochloride salt of the required product. The salt was converted in the free
amine by dissolution in NaOH (15% w/w) and extraction with
dichloromethane. (2.6 g, 54%).

'H-NMR (CDCl3) 6 1.3 (br s, 2H), 1.46-1.58 (m, 4H), 2.41 (t, 2H), 2.62
(s, 4H), 2.73 (t, 2H), 3.05 (br s, 4H), 6.77-6.83 (m, 2H), 6.87-6.94 (m, 1H)

(M+1) e/z 270

4-Morpholin-4-yl-butylamine

a) Following the general procedure, morpholine (1.7 mL, 20 mmol) is
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'H-NMR (CDC13) 6 1.3 (br s, 2H), 1.46-1.58 (m, 4H), 2.41 (t, 21-1), 2.62

(s, 4H), 2.73 (t, 21-1), 3.05 (br s, 4H), 6.77-6.83 (m, 2H), 6.87-6.94 (m,

1H) 25 (M+1) e/z 270 4-Morpholin-4-yl-b utylanx ine a) Following the
geoembpiecadure, morpholine (1.7 mL, 20 mmol) is WO 2006{308%3%/007846
PCT/EP2005/007846 17 added to a syspension of S
N-(4-bromobutyl)phthalimide (5.36 g, 20 mmol), sodium iodide (1.5 g, 10
widsl) dadepstapsisivcarfohbtd (8:6819buG Hphdihinm2deu(sBie (8 mmol),

mL). The resulting_suspension js stirred for 18 h at 100C, before LC-MS
SRainmriodide boh s %ﬁ%ﬂ%h&‘%ﬂé’@fﬂé&‘h‘ﬁ?&ﬁb@%ﬂ&@@cauw mmol) in

S s O L ST ORI v

ferfionced. GRNES reldeided Phessenerionyipidiiherdasitrd RRRAVSHARArENG ed by
yellow oil. The residue was extracted into ethyl acetate and washed with

WatEHEh o distHlgtioratcthprinesalidngriceibvisr sdtiismivediphates TheMeOH in

nt 10 was removed under reduced pressure tg afford 5.7 g of
T T B RS o e e =50, The
pulifigationrensier O)uprion:c Gl Igula :
(found) [M+H+] = 289.36 Le Rt=0.83 gsg% gérﬁ]é?n@e%(&% %%’Jgﬁr%%"t as @
thigkrppBar 2ill-Biny Irsdihtoiea Bgivmee® B9gethy hamatis a8 washed with
dissolved.in.abs. EtOH (95 nl1L) and hydrazine monohydrate (3.8 mL, 80
RIS AR SFRHTHSE PR Roheusacan IO W ieL Ehmsolvent

b A L A AR A AR R TR

reduced pressure and taken toluene and dichlorom

tertdyesebbsis 1hihdioydrazidentheorude-a@inmismuiiiad iBYsRE%) below.
column, eluting 20 with McOH:dichloromethane 1:1 followed by 2 M NH3

in MeGHiskldidta Mass geaiouinted), [288$ Estiisrzd MasEidacaret
[158.28];, ¢und) d5M 48} T3 3R hhethod)

b) 4-Morpholin-4-yl-butyl-isoindole-1,3-dione (5.69 g, 19 mmol) is
dissolved in abs. EtOH (95 mL) and hydrazine monohydrate (3.8 mL,
80 mmol) is added dropwise. The reaction is heated at 100°C for 1 h; LC-MS
show the reaction to be complete. The reaction is filtered, concentrated at
reduced pressure and taken up with toluene and dichloromethane to remove
excess phthathydrazide; the crude amine is purified by SCX column, eluting
with MeOH:dichloromethane 1:1 followed by 2 M NH3 in MeOH, to afford
1.46 g (9.2 mmol, 48%).

CgHisN,O Mass (calculated) [158.25]; (found) [M+H+] = 159.27

LC Rt =0.29, 96% (3 min method)

NMR (400 MHz, CD30D): 1.51 (4H, m); 2.36 (2H, m); 2.46 (4H, s);
2.64 (2H, m); 3.68 (4H, m).

'H-NMR (CDCl;) 6 1.26 (br s, 2H), 1.44-1.57 (m, 4H), 2.35 (t, 2H),
2.44 (br s, 4H), 2. 71 (t, 2H), 3.72 (m, 4H)
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(M+1)

LC Rt =0.29, 96% (3 min method) NMR (400 MHz, CD30D): 1.51 (4H,

in); 2.36 (2H, m); 2.46 (4H, s); 25 2.64 (2H, in); 3.68 (41-I, m), 'H-NMR.

(CDCI3) a 1.26 (br s, 2H), 1.44-1.57 (m, 4H), 2.35 (t, 2H), 2.44 (br s, 4H)5

Av@2oie/Rd)38.72 (m, 4H) WO 2006/008133 PCT/EP2005/00¢/8A8rb&0s/007846

4-(4-Meth))I piperazin-1-yl)-butylamine;Rrepared in.analogous manner as

4-[4-(2,4-difluoro-phenyl)-piperazin- 1-yl]-butylamine and obtained in yield

= 25% 4 HMNMEHpmsp oD 29Y B ihib3ek@idin. 2H), 1.66-1.74 (in, 2H),

52.80 (t, 2H), 2.85 (s, 3H), 3.17 (in, 2H), 3.38 (br s, 411), 3.67 (br s, 411);
fgetr%med AP EERUSyIgHRAA RTINS &)‘#&I‘brﬁrrﬁbldw@é\nelsé) piperazin-

rQ re N- 4 bro thalimi g, 20 mmol) was added to
e (pren ?8%10 § %err %glgggénﬂﬁ %0 %% mol), sodium iodide (1.5 g,
10 mma})adRotassIYTGAIDeNE (159126 1 ')zfrg husgoene (00 o),
mL). The resulting suspension was stirred for 18 at 85C. The reaction
W& filtePdd) aR B théssoMONd rErioveltby dabdifbr sidkllgtioa? tie edikingM+1)

oil was washed with water and recovered with dichloromethane. The
&ofvbftwas removed under reduced pressure to afford 15 3.7 g of

desired, XY{‘ g l%eld 65%). C17H22N202 Mass
(calculat [286 38% (foun ? =287 Lc Rt=0.97, 95% (5 min

method)) NVRI 40 M Hhecwﬁéll Aloctduid), NAGbEM(EbL)phthalimide
1.65-1.72 (2H, tn), 2.15-2.35 (6H: m), 3.69-3.73 (61-1, m), 7.69-7.74 (2H,

it: 96867 ezmolan)wer) @5@694 mpénmepmmyr)fnsmpamréme Giof8 mL,
D T iRl ToaB L Blo e e R s 15 &
@qa@%&ﬁﬁpj%lﬁéhd%e(ﬂww). The resulting suspension was stirred for
18 h at 85°C. The reaction was filtered and the solvent removed by vacuum
distillation; the resulting oil was washed with water and recovered with
dichloromethane. The solvent was removed under reduced pressure to afford
3.7 g of desired product as a white solid (yield: 65%).

Ci7H2oN,0, Mass (calculated) [286.38]; (found) [M+HA+] = 287

Le Rt =0.97, 95% (5 min method)

NMR (400 MHz, CDCI3) 1.41 (2H, m), 1.49-1.59 (6H, m), 1.65-1.72 (2H,
m), 2.15-2.35 (6H, m), 3.69-3.73 (6H, m), 7.69-7.74 (2H, m), 7.80-7.85 (2H, m).

b) 2-(4-Piperidin-1-yl-butyl)-isoindole-1,3-dione (3.7 g, 13 mmol) was
dissolved in EtOH (50 mL) and hydrazine monohydrate (1.26 mL, 26 mmol)
was added dropwise. The mixture was heated at 80°C for 4 h. The reaction
was filtered, concentrated at reduced pressure and taken up with toluene and
dichloromethane to remove excess phthalhydrazide by filtration; the crude
amine was purified by SCX column, eluting with MeOH:dichloromethane 1:1
followed by 2 M NH3 in MeOH, to afford g (410 mg, 35%).

CoHaoN, Mass (calculated) [156.27]; (found) [M+EH+] = 157
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was filtered, concentrated at reduced pressure and taken up with toluene
and dichloromethane to remove excess phthalhydrazide by filtration; the
crude 25 amine was purified by SCX column, eluting with
MeQbtigiioblosomethane 1:1 followed by 2 M NH3 in MeOH, tecaftarsh@/o07s46
(410 mg, 35%). COFI20N2 Mass (calculgted) [156.27]; (found) [M+H+] = -
157 WO 2006/008133 PCT/EP2005/007846 19 LC Rt=0.31 (5 min

method) NIIRL(A0D NIz i@ BR@RNL.45-1.62 (10 H, m), 2,30-2.43 (10 H,

m), 2.64-2.67 (2H; m). 1-(4-At77ino-butyl)-piperidine-3-carboxylic acid
diethylaivéR 6189 Pdibayic e Benéraf prackdlfeFoommardiaiB. 4 dilaold, m),
N,N-diethylnipecotamide (3.4 g, 40 mmol) was weighed, placed in a flask

2t efis? |€%%>iﬁliso mL 2-butanone. To this N-(4-bromobutyl)phthalimide

(11.3 9,30 oh, Nob(B 9,20 mOLsaR A0S 8,28 e A0 RN ere

added. The resulting mixture was heated at 85C for 20 The solution
10 wasajried silowtin@acutina angkifeeatrude caddion waswaskedaliice wittilable
water and. dichloromethane. The organic layer was purified by flash

SNebdtieshrapine cospidrchlotoim éh MBI orpielrese niaedds mbssk and

(calculated).[38 ];. (found) [IM+H+] = 386 .LC Rt,=2.63. 94% (10 min .. .
SR To RhatoTiob s SEBESy 110b 115 O i o p S hatimide
in);1 135¢; 4/ énBdtY, M1 231 £1H0Mind B3addH PR 0B 4% (A4 eMy02ndfhol) were
(IH, nl), 2.94 (2H, m), 3.29.3.35 (4H, in), 3,69-3.73 (211, in), 7.71-7.82

(adiTioh), The2-RBBi(ZH sy Pres pheniairidd 5745 AephstdbosdsusTihg trlution
Spperlmet deserbed, e Boyous s 0 Shan e Seoled .
g%é'glﬂi}lﬁ;éﬁgez{i%g%;’l:‘nh)(%'?%g@gglg}(fﬁyégq)t{}lmgd(‘ﬂ)?qmcﬁgﬁgc@graphy
using dichloromethane/MeOH 96/4.

C,,H3{N305 Mass (calculated) [385.50]; (found) [M+H+] = 386

LC Rt = 2.63, 94% (10 min method)

NMR (400 MHz, CDCI3): 1.08-1.12 (2H, m), 1.14-1.21 (2H, m), 1.52-
1.76 (8H, m), 2.1 (1H, m), 2.23 (1 H, m), 2.44 (1H, m), 2.79 (1H, m), 2.94 (ZH,
m), 3.29-3.35 (4H, m), 3.69-3.73 (2H, m), 7.71-7.82 (2H, m), 7.82-7.86 (2H, m).

b) The phthalimide was deprotected using the general method described
for the previous examples to obtain the desired product in 38% yield.

C14H,9N30 Mass (calculated) [255.23]; (found) [M+H+] = 256

LC Rt=0.35 (10 min method)

NMR (400 MHz, CDCI3): 1.09 (3H, m); 1.21 (3H, m); 1.50-1.60 (1H, |
m); 1.62-1.84 (6H, m), 2.13-2.19 (1H, m); 2.35-2.40 (1H, m); 2.46-2.50 (2H,
m); 2.79-3.02 (5H, m); 3.27-3.47 (4H, m); 5.20-5.31 (3H, m).

General Procedure for the synthesis of biaryl carboxylic acids

Prepared according to the procedure outlined in Gong, Y. and Pauls, H.

W. Synlett, 2000, 6, 829-831.
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m); 1.62-1.84 (6H, m), 2.13-2.19 (1H, m); 2.35-2.40 (1H, in); 2.46-2.50
(211, in); 2.79-3.02 (5H, in); 3.27-3,47 (4H, in); 5.20-5.31 (3H, m). 25
General Procedure for the synthesis of biaryl carboxylic acids Prepared

awooreingoiasthe procedure outlined in Gong, Y. and Pauls, Hp W eS¥aedhrs4s
2000, 6, 829-831. WO 2006/008133 PCT/EP2005/007846 20 A catalytic

amount of Pd(PPh3)4 was added to a gassed solution of

4-carboxypheRoeRAFIdA DY Pﬂ I) d Al db{lgng(' m%) sps]%}]%l I of

0.4 M sodium carbonate solution (5 acetonltr

nixtareonsiplivestbdatr80Qeiddel. B@lf@ndﬁ aRdhafh ol BUSPETRNmol) in
was flltered The filtrate was concentrated to about a half the original

SQUUHEFARRIEE SoTHtEInAC QLTﬁé(bqwéuﬁlralye@iAmL)amdlfled

Wlth co H l.and the resulting pre was,coll

2' Amlnpﬁhp eggff carabo;lly IC%:’(% %\E%?J ESHS}AirO H ﬁﬂ{/IRl?C%)\%db)Ehe hot
(PpspEnSickD (ehsl Hlerb80 (the R4 §Mis Addh%ﬂﬁté%sﬁdn%c{ﬁt 214half the
(M+1, 100%). 4-(Pyridin-2 yl)-benzoic acid Yield: 70%; 1H-N.M'R

(0DB08) BYbpns): 8163 Kbl@ﬂH)N&bBctrTthi)CHQ@]@n Td); atmdont (hayer was
A RSN A T 00 DaRIBAY e iscirtoxyic
acid ZOj:P_rgpﬁ%dg%%gypgdg&q}&n P %darocedure outlined in
Leadbeater, N. E.; Marco, M; Org. 1]_}ett. 2002, 4 917) 2973-2976: In a 10
mL gla§r§1a]de8/0%e placed 4-carboxyphenyl boronic acid

'H-NMR (CD;0D) & (ppm): 8.10 (d, 1H); 7.50 (d, 2H); 6.94 (m, 4H)

Mass (ES) m/z %: 214 (M+1, 100%).

4-(Pyridin-2-yl)-benzoic acid

Yield: 70%:;

'H-NMR (CD;0D) & (ppm): 8.63 (d, 1H); 8.05 (m, 4H); 7.90 (m, 2H);
7.51 (m, 1H).

Mass (ES) m/z %: 200 (M+1, 100%).

4-(1-Oxy-pyridin-2-yl)-benzoic acid

Mass (ES) m/z %: 216 (M+1, 100%).

2'-Methylbiphenyl-4-carboxylic acid

Prepared with a modification of the procedure outlined in Leadbeater,
N. E.; Marco, M; Org. Lett. 2002, 4 917) 2973-2976:

In a 10 mL glass tube were placed 4-carboxyphenyl boronic acid
(166 mg, 1.0 mmol), 2-bromotoluene (120 pL, 1.0 mmol), Na,CO; (315 mg,
3 mmol), Pd(OAc), (I mg, 0.004 mmol), 2 mL of water and a magnetic
stirbar. The vessel was sealed with a septum and placed into the microwave
cavity. Microwave irradiation (maximum emitted power 200W) was used to

increase the temperature to 150°C; the reaction mixture was then kept at this
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(166 mg, 1.0 mmol), 2-bromotoluene (120 L, 1.0 mmol), Na2CO3 (315
mg, 3 mmol), Pd(OAc)2 (1 mg, 0.004 mmol), 2 mL of water and a .
magnetic 25 stirbar. The vessel was sealed with a septum and placed into

tReoBiGEQNAYS cavity. Microwave irradiation (maximum emittg@f;%%mms%
200W) was used to increase the temp?rature to 150C; the reaction . :

mixture was then kept at this WO 2006/008133 PCT/EP2005/007846 21
téenperedtires f6or55naiin The mixture was allowed to cool to room
temperature, and the reaction mixture was filtered washing with little

CHCI3.The BYsEBEsYayHipaeh i tario ome iregipiteter | cotiadtest reaction
T rified by 5.chromatography jlica gel using
p%?r‘c?t%ﬁ?nﬁ“*é%ﬁi‘?}ﬁ%% t%%/é%n&% el t%gt%iv .M&f‘ofa@feﬁw? é;m?r was
' y D i ( M4 , g@rom);
(a1, arom): 2.2 (L 30 BCRI3) Mo £ /b (16U oy
1 romresiphbyinstt daogylivsioi Hairalstitre & SUHOECHE T 50/50 as eluent to

2'-aminoRiphenyl-4-carboxylic acid (213 mg, 0.001 mol) in
I%Sn@x’%a%@/&%@%n@%g@%% 1nL), were added at 0C NaHCO3 (400

mg) and XN (A 5 Aft mi cond.portion, of, _ C ‘

(4%%) mg) and %xéo%qe%%%%)?o g %Vags?(gsd?gd ggld,%ff?grl 073;]{]?(311?%n§|mm),

potiofnof AAHCGS) (40021(g) 3Hd OxEe(r) (1050 mg) was added. After 6
h the suspension was diluted with water and the organic layer was

extractS@*RitEOHRE1 % AR d8Mbihedorganic layers were evaporated to

[ -itrg= bi -4- [ [ : ), yield
give 2 -t iphenyl-4-carboxylic,acid (1385 mg, 0.00057 mo .
57%. 'I—?:'N tﬁe%(%%)%gﬁ? g (6%’an¥x¥.lé6‘(ﬁ€, 8H) 20 Mass (ES neg) m/z %:

250 Lo Ml S A e GO
0.001 mol) in hexane/water/acetone (6.7:5:1, 6 mL), were added at 0°C
NaHCO; (400 mg) and Oxone (1.050 g). After 20 min a second portion of
NaHCOj3; (400 mg) and Oxone® (1050 mg) was added and, after 20 min, a
final portion of NaHCO3 (400 mg) and Oxone® (1050 mg) was added. After
6 h the suspension was diluted with water and the organic layer was extracted
with CH,Cl,. The combined organic layers were evaporated to give 2'-nitro-
biphenyl-4-carboxylic acid (138.5 mg, 0.00057 mol), yield 57%.

'H-NMR (CD;0D) & (ppm): 7.80 (m, 8H)

Mass (ES neg) m/z %: 242 (M-1, 100%); 226 (M-1-16, 70%)

2'-Methoxy-biphenyl-4-carboxylic acid

To a solution of 4-carboxyphenylboronic acid (3.32 g, 20 mmol),
Fibrecat®1007 (2 g) and potassium carbonate (3.03 g, 22 mmol) in
ethanol/water (20 mL/20 mL), l-bromo-2-methoxy-benzene was added
(4.11 g, 22 mmol). The reaction mixture was heated to reflux for 3 hours.

After cooling, was filtered and the solution evaporated under reduced

pressure. The residue was suspended in aq. citric acid (10% w/v), filtered and
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Fibrecat(r)1007 (2 g) and potassium carbonate (3.03 g, 22 mmol) in
ethanol/water (20 mL/20 mL), 1-bromo-2-methoxy-benzene was added 25
(4.11 g, 22 mmol), The reaction mixture was heated to reflux for 3 hours.
Altercamliiggsswas filtered and the solution evaporated under kgeuEER0s/007846
pressure. The residue was suspendedég ag. citric acid (10% wi/v), filtered
and WO 2006/008133 PCT/EP20051007846 22 washed with water and

dietbid etharn Thakas uiinosselif Wagdriet pndesasuun) inyigld the tiley nder
compound (4.02 g, 88%). 'H-NMR (dmso-d6) 6 3.79 (s, 3H), 7.08 (m, 1H),

T 3duim) 111 §168helfitdeyonpeddd )2 2-@Bkip-biphenyl-4-carboxylic

acid A mixture of 4-carboxip§hen Iboronic acid (3.32

20 mmal),
Fibrecafh 200K (@gsysta APpohike’(8 41, égéll}m?\él‘? el 1H), 7.58 (d,

%Pfg?'?@’&&&f”%‘gben.zene (4.2 g, 22 mmol) were e_xposed to microwave
irradiation in a M Discovery Microwave for 15 minutes up to the

maximurad@veperatpieabL9-LdbkoAlierkaegling, the mixture was filtered
and the solution evaporated under reduced pressure. The residue was
suspendediMXMIE CP Sotiitianb drtarbenathonasive cewith a2 agd diéthgimol),

her. Th ting solid was.dried under v to.yjeld the title
cEASANG VI . o LA NG CEEUS - P4 ACD) o 1-bromo-2-
TR0 AefiPe st 47298 818 2 bl 53 8/% 23 % rowave irradiation in a
2',4'-Difluoro-biphenyl-4-carboxylic acid Prepared as outlined for
2CEMNDBiiphenyMicarbaxgitoadid exidutistaiped thymlaknd@dotdhidebdRire of
(dms0-d6) 6 7.24 (m, 1%.42 (m, 1H), 7.62-7.60 (in, 3H), 20 8.04 (d,
L) e+ s S8l Bige HimamosB ey LU iEssAoaAc theiF Didinpctyagorated

%@%@%%%éﬁhHé’s‘QBPQ.e%&:*P&ﬁ%%%&a@c%é‘ﬁgnded in IM HCI solution,
filtered and washed with water and diethyl ether. The resulting solid was dried
under vacuum to yield the title compound (4.0 g, 86%).

'H-NMR (dmso-d6) & 7.38-7.45 (m, 3H), 7.50-7.59 (m, 3H), 7.98-8.02
(m, 2H); (M+1) e/z 233

2", 4'-Difluoro-biphenyl-4-carboxylic acid

Prepared as outlined for 2'-chloro-biphenyl-4-carboxylic acid and
obtained in yield = 49%.

'H-NMR (dmso-d6) ¢ 7.24 (m, 1H), 7.42 (m, 1H), 7.62-7.60 (m, 3H),
8.04 (d, 2H); (M+1) e/z 235

2'-Carbamoyl-biphenyl-4-carboxylic acid

Prepared as outlined for 2'-chloro-biphenyl-4-carboxylic acid and
obtained in yield = 29%.

'H-NMR (dmso-d6) 6 7.33 (s, 1H), 7.40-7.52 (m, 6H), 7.70 (s, 1H),
7.95 (d, 2H); (M+1) e/z 242

2-Methyl-biphenyl-4-carboxylic acid

Prepared as outlined for 2'-chloro-biphenyl-4-carboxylic acid and




10

15

20

25

obtained in yield = 29%. 1H-NMR (dmso-d6) b 7.33 (s, 1H), 7.40-7.52 (in,
6H), 7.70 (s, 1H), 25 7.95 (d, 2H); (M+1) e/z 242
2-Methyl-biphenyl-4-carboxylic acid Prepared as outlined for
Avohlareebipis enyl-4-carboxylic acid and WO 2006/008133 PCT/EP2005/00
PCT/CP2005/007846 23 obtained inygield = 59%. 'H-N,MR (dmso-d6) &
2.29 (s, 3H), 7.31-7.50 (m, 6H), 7.83 (dd, 1H), 7.89 (s, 1H); (M+l) e/z 213
SRhesynigiidie @885 Prepared as outlined for

2'-ch|qro-biphen I-4-carboxylic acid '"H-NMR (dmso-d6) 8 7.47-7.55 (m,
3H), 8. H(HMR) (gmacelte (- 2816583 (db3HY 6% 8s, 6, TH3ddds 1H),

oH) ( ) el 0 A-(5-px0-4,5-dihydro-[J,2, 4]oxadiazol-3 yl)-benzoic
2&5% I:{l-%:}l’-Pﬁy\/@rﬁzyetggr’éz#imidoyl)-benzoic acid methyl ester 10 A
mixturg_gld:pyenebenzoiraeid methyl ester (16.5 g, 102 mmol),
hydroxylamine hydrochloride (102 mmol), NaHCO3 (110 mmol) in

methaPoip (200 asl)uilasestifred? fohBOorimpbes pl-fooartermpirakice and
heated to the reflux for a further 3 hours, After cooling, water (400 mL

was adgeti e its follétteh by fration: wadhel anddardedlifal6 (m,
u r&R0 (ve, thetl s a white

R S S ot RS T ST

4loxadiagblbgonly; besiznidracid Dosd saldiwobi3-y) -benzoic acid

4-(N-hydroxycarbamimidoyl)-benzoic acid methyl ester (5.7 g, 29.4 mmol)

in diox@hté-( kﬁéﬁ%ﬁg@g@é@mﬁpmzbéq;pmécQbméé{@r'{oﬁffﬁrxture was

heated,to 110C for 30 minutes. After cooling th lvent vapqrated,

the redtL AR P SRS BT e Sl BTN (O 2 it 0 ARG

3o rNaRIgs PR YAScedeates Mnftiatioa@sned 10 mmol) in methanol

(200 mL) was stirred for 30 minutes at room temperature and heated to the

7846

reflux for a further 3 hours. After cooling, water (400 mL) was added, the
precipitate collected by filtration, washed and dried in a vacuum oven at 50°C
for. 8 hours to give the title compound as a white solid (16,5 g, 83%).

(M+1) e/z 195

b) 4-(5-Oxo0-4,5-dihydro-[1,2,4]oxadiazol-3-yl)-benzoic acid

To a solution of 4-(N-hydroxycarbamimidoyl)-benzoic acid methyl
ester (5.7 g, 29.4 mmol) in dioxane (30 mL) was added CDI (1.2 eq). The
reaction mixture was heated to 110°C for 30 minutes. After cooling the
solvent was evaporated, the residue suspended in water and the pH adjusted to
pH=2 with aq. HC1 (3M). The precipitate was collected by filtration washed
with water, suspended in aqueous solution of NaOH (30 mL,10% w/w) and
methanol (50 mL) and left stirring at room temperature overnight. After
evaporation of the solvents, the residue was taken in water (30 mL), pH
adjusted to pH=2 adding aq. HCl (3M). The precipitate was collected by

filtration, washed with water and dried under vacuum to yield the title
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with water, suspended in aqueous solution of NaOH (30 mL,10% w/w)

and methanol (50 mL) and left stirring at room temperature overnight.

After 25 evaporation of the solvents, the residue was taken in water (30

kg 2pdd vagisisted to pH=2 adding aq. HCI (3M). The precipitgieWas oos/007846
collected by filtration, washed with water and dried under vacuum to yield

the title WO 2006/008133 PCT/EP20051007846 24 compound as a white
stie ddnld 68 %hitel NNR(UIMgoadBI B 2.29 (s, 3H), 7.31-7.50 (m, 6H),

7.83 (gd, H), 7.89 (s, 1H); (M+1) e/z 213 4-(.3-Methyl-[1,2,

AloxadRzZORSR [{dsapesi6)atid 8 A)s, 3H), 7.31-7.50 (m, 6H), 7.83 (dd, 1H),

-(4-Methaoxycarhqnylbenzoyl)oxy)acetamidine To a solution of
ﬁ_\% pgﬁthl i %’m+trﬁo?%rzgrg}1yl ester (5 g, 27.7 mtnol) in dichloromethane
(40 ml), &% (27577 monef) was addesl, Altse 4 pinutgs  stirring,

N-hydroxy-acetamidine (27.7 mmol) was added and the resulting mixture

stirredaatVe pnitenipeyaturkobor! 8dnaays) e aotttiondires filtered and 10
evaporated under reduced pressure to yield the titfle compound as a. white

solid (MOPGEOIBEAD RALFEPA DA PEIRIAR R Y bester (5 g, 27.7 mmol) in

HBRAG A PEOZIE PR TR lihgl) wag added. After 10, minutes
SOdiP, aEplate 36/ semnal] dine eaohiftol) Lrasdaddter 420 nie) wasilting

heated to 90C for 8 hours. After cooling a solid crystallised out of solution.
mivturgigtivaedirereandespesntreon ahorsoliksoreish qa ovesilicrsd and

mL) and methanol (30 mL) and left stirri room temperature overnioht. ..
SRR IR OhCR RBETAILE JMdp L E oL s e ol
il e¢5t%p_H:3 adding aqg. HCI (6M). A precipitated formed, which was

colleGted by filtration, washed with water, diethyl ether and dried under
vacuuifMa y)etdztRdtitle compound as a white solid (2.5 g, 44%).

b) 4-(3-Methyl-[1,2,4]oxadiazol-5-yl)-benzoic acid

A mixture of N-(4-methoxycarbonylbenzoyl)oxy)acetamidine (4.9 g,
20.7 mmol) and sodium acetate (20.7 mmol) in methanol (70 mL) and water
(20 mL) was heated to 90°C for 8 hours. After cooling a solid crystallised out
of solution. The solid was filtered out, suspended in aq. NaOH solution (10%
w/w, 30 mL) and methanol (30 mL) and left stirring at room temperature
overnight. The solution was then evaporated under reduced pressure, the pH
adjusted to pH=3 adding aq. HC1 (6M). A precipitated formed, which was
collected by filtration, washed with water, diethyl ether and dried under
vacuum to yield the title compound as a white solid (2.5 g, 44%).

"H-NMR (dmso-d6) § 2.44 (s, 3H), 8.17 (m, 4H); (M+1) e/z 205

4-(1H-Tetrazol-5-yl)-benzoic acid

A mixture of 4-cyano-benzoic acid methy! ester (4.02 g, 25 mmol),
sodium azide (32.5 mmol) and triethylamine hydrochloride (32.5 mmol) in

toluene (40 mL) is heated at 97°C for 7 hours. After cooling the solution,
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11-I-NMR (dmso-d6) d 2.44 (s, 3H), 8.17 (m, 4H); (M+1) e/z 205
4-(IH-Tetrazal-5 yl)-benzoic acid 25 A mixture of 4-cyano-benzoic acid
methyl ester (4.02 g, 25 mmol), sodium azide (32.5 mmol) and

tvetd@migeshydrochloride (32.5 mmol) in toluene (40 mL) isphgateshfoors4e
97C for 7 hours. After cooling the solutigg, WO 2006/008133 :

PCT/EP2005/007846 25 water (100 mL) was added. The aqueous phase

westsedttegBhdrasthiddsalution HGheone thedeviaaddpdrfed and to this
precipitate formed which was isolated by filtration and washed with water.

THAWina At semcwdseusps rigisteth g Preeipiatoifnione@ovinich16% isolated
.and methanol (20 mL) and left stirng at 5. te, ture for2
R R ek AP R "SRR B (HSPSRARsbin o0
andde pithacidifiarwith HOL @M) ANhilRHRERTBIE MPSHivE WA at

isolated by filtration, washed with water and dried under vacuum to give

theditietcomppoim (405 3, B6663. T MRy ¢oinsvasGh 608 O8:Bol7téd, dtdder was

(Mﬁﬁ? e/z 191 1Q 4-(5--4dethyl-[1,2,4 ,oxadia.zol-gﬁli)-benzoic acidToa

sFant et eriroA)catha mg}l}ﬁsén\m% id (&l cstBiteapgecipitate
0. di L), .acetig anhydride (40 mmol) was

S B M T S andr

Iabours therbadvidit tivas mapotaied 40y Edipe(30 mL) was 15 added and
the reaction mixture heated at 95C for 2 days. After cooling the solution a

solid cryStehivE Glmer-skilitioh 0Po%His Soudibh; Wdtet X2ezrhR) was
the soli SRR P SUiE AACEG PERARRPIFF AL RO (30 L, 109%
e TN R RHORSINE, sl, e
vester (80 %L)ngOadjusté&i t'mpl_dirh_hntdmgthqnﬁ CRBM)LA preetpitatmhydride
ogpedwohas coleisg by fuation, washed wi water and died
overnight. After 16 hours the solvent was evaporated, pyridine (30 mL) was
added and the reaction mixture heated at 95°C for 2 days. After cooling the
solution a solid crystallised out of solution. To this solution, water (20 mL)
was added and after 2 hours stirring at room temperature it was filtered and
the solid collected. The solid was suspended in aq. NaOH (30 mL, 10% w/w)
and methanol (50 mL) and left stirring at room temperature overnight. After
evaporation of the solvents, the residue was taken in water (30 mL), pH
adjusted to pH=2 adding aq. HCl (3M). A precipitate formed which was
collected by filtration, washed with water and dried under vacuum to yield the
title compound as a white solid (3.8 g, 93%). (M+1) e/z 205.
General Procedure for the synthesis of biaryl-carboxylic acid chlorides
The biarylcarboxylic acids (0.00057 mol) were treated with 5 mL of
SOCI, for 5 h under reflux. The excess of SOCI, was removed by distillation

and the crude acid chloride was used in the next reaction without further
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titte compound as a white solid (3.8 g, 93%). (M+I-1) e/z 205. General
Procedure for the synthesis of biaryl-carboxylic acid chlorides 25 The
biarylcarboxylic acids (0.00057 mol) were treated with 5 mL of SOCI2 for

Séounegsoseltux. The excess of SOC12 was removed by distibators 367546
the crude acid chloride was used in the %ext reaction without further WO

2006/008133 PCT/EP2005/007846 262 urification. General Procedure
fonAgidgifypine coupling method using acid chlorides A mixture of
4-aryl-piperazin-1-yl)-alkylamine (0.3 mmol), 5 biarylcarboxylie acid
chloridef@8raimshotidetimdayined@d6-mmah archaptaialytieanwuniab acid
DMAP in CH2C12 was stirred at OC for 10 min. then at room temperature
6P %PRe CH2C12 layer was washed with water, dried and

concentated. . residue purified by chromatography on silica gel with
CHCI3Z Me%l%g% as‘?dfio i t%gt\gf%/e%hne%ﬁeséglrr%gaﬁﬂal.%eﬂgr%\; mmol),
Fyaepiise bxtyie the AITUREOERIDIDS MSHRSLY, Usieth RERAL MIdecAmmol) and a
solution of (4-aryl-piperazin-1-yl)-alkylamine (0.00014 mol) in 5 mL of dry
Cratytrviasesdled 10MMA.PTie Cafbokylicaacitii®:0002090£or150 min then at
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC)

( 68b5M8 r&ﬂ%f%%ét lytic amount of DMAP were added and the

reaction RIEIRNAR TR ALAGIBISMRLIRINES, fefi%ﬁe%ﬁ*b%ﬁéﬁ{%%‘%d. The

layer was then washed with water, dried and concentrated In vacuo a

thes rdsid pepficficdybylrbromatogpaphyekitiog with wighadida!,.20leOH 95/5 as
CHC13/MeOH 99:1 to 95:5. General Procedure for acid - amine coupling
RUEBHIGsEYE fhRUissemmeimtiazole (CDI)

General Procedure for acid — amine coupling method using
carbodiimide

A solution of (4-aryl-piperazin-1-yl)-alkylamine (0.00014 mol) in 5 mL
of dry CH,Cl, was cooled to 0°C. The carboxylic acid (0.0002 mol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC)
(0.0002 mol) and a catalytic amount of DMAP were added and the reaction
mixture was stirred at room temperature for 16 h.

The CH,Cl, layer was then washed with water, dried and concentrated
in vacuo and the residue purified by chromatography eluting with a gradient
CHCI3/MeOH 99:1 to 95:5.

General Procedure for acid - amine coupling method using
N,N’-carbonyldiimidazole (CDI)

To the preweighed acid (0.55 mmol), dimethylformamide was added
(2 mL) to dissolve, followed by N,N’-carbonyldiimidazole (CDI) (0.55 mmol).
The solution was then left for 60 minutes before adding the amine (0.6 mmol)
and the reaction was stirred for a further 16 hours. The solvent was removed

under reduced pressure and the crude mixture was treated with 5% MeOH in
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To the preweighed acid (0.55 mmol), dimethylformamide was added (2
mL) to dissolve, followed by NN'-carbonyldiimidazole (CDI) (0.55 mmol).
25 The solution was then left for 60 minutes before adding the amine (0.6

yaol)ifaekiBe reaction was stirred for a further 16 hours. Thepgq}}ég%g\@ﬁ,s%
removed under reduced pressure and4he crude mixture was treated with.

5% McOH in WO 2006/008133 PCT/EP20051007846 27

dicbidooomeshiznes (22 andnwlashed sdithy k84 00tligputndrndeostioniution
(2. mL). This mixture was passed through a column packed with 5 grams
Jf diledmblisom s wie prswdiiganehprodabimithpdidkedrovithtifageams of

The, collected organic layer, containing, the desired compound, was

O B A S B P e obhowiobpe. The

ciell hange gt ining theips o .

thgnsé(’)ﬁ%ﬁrl]t remO\C/ed uﬁ(ciag)r§l fg?j%{geg}%gfessareg%\ggﬁgéﬁ%q?gﬁ%}fy%lﬁed

abittyg ddaviation wastagreninlistietiny Wihtin§ YheVeHD RGO FsBdthane,
fore adding the amine (1 eq). 10 (IM solution in dimethylformamide) to

thE AL F PR B pBIF cBEIEHECTe QBR R afetnshakensal vemimremoved

tgﬁmr@gﬁ%ggrﬁgggﬂ@. Alternatively, to a solution of carboxylic acid (0.3
mmol) and CDI" (0.3 mmol) in acetonitrile (3 mL), the amine (0.3 mmol)

was adbler &ftar rhAstiineitearfdg RAGKRMMBdUreaNaE SXB9SEWnplished by
microwave irradiation for 15 10 minutes at 100C. After cooling the reaction

mpatingwis arReptien o aO8EX Eairtridde, btdue withiitiehigrontetiinne(1 eq)
A T S e SR 9o ool the

was puri y silica” column elutin

acetaielCiciabarant eh hi-rsshy teafeipiRme Y peeigtg/methanol (9:1).

The fractions containing the product 20 were combined and the solvent

evaporétéernatinets Reoeedatation cofipimpotylioxehlityd-Benzaotidead CDI
) ; iovlati

V(I&3rergl%1c(§%eiglI%?t(‘)%ri]trile (3 mL), the amine (0.3 mmol) was added after

~ 10 minutes. The reaction mixture was exposed to microwave irradiation for

10 minutes at 100°C. After cooling the reaction mixture was absorbed on a
SCX cartridge, eluted with dichloromethane, methanol and methanol/
ammonia solution. After evaporation, the residue was purified by silica
column eluting with a gradient ethyl acetate/cyclohexane (1:1)—-ethyl
acetate—ethyl acetate/methanol (9:1). The fractions containing the product
were combined and the solvent evaporated.

General Procedure for coupling of 4-oxo-butyl-benzamides via
reductive alkylation

a) 4-bromo-N-(4-hydroxybutyl) benzamide

A solution of 4-aminobutan-1-ol (20.71 g, 232 mmol) in
dichloromethane (50 mL) was added to a stirring solution of 4-bromobenzoyl
chloride (51 g, 232 mmol) in dichloromethane (250  mL).
Diisopropylethylamine (40.4 mL, 232 mmol) was added and the colourless
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a) 4-bronco-N (4-hydroxybutyi)benzamide A solution of 4-aminobutan-I-ol
(20.71 g, 232 mmol) in 25 dichloromethane (50 mL) was added to a
stirring solution of 4-bromobenzoyl chloride (51 g, 232 mmol) in

dichlyRncthane (250 mL). Diisopropylethylamine (40.4 mL, 2320800007546
was added and the colourless WO 2006/008133 PCT/EP2005/007846 28. .

- solution was stirred at room temperatu? . LC/MS indicated completion of

hguEeactionalissof ﬁi%ﬁ%rﬁgm%&vaﬁéfﬁ\%f%ﬁ%ﬁe& égﬁlgﬂ%vgg&;l of the

funnel and washed with water. A'white solid precipitated out w

fikecebnfi fiod SWasted Wi dinltiowwethanesteatarepuseposiet. fhhgel and
filtrate was treated 5 with H20 which gave rise to further precipitate. The

rgahse 1k wadakadnedikigelid PeritipleaHToyah verietilbeesd off and

VSRR L R BB IS TR et
4R romENHHrax vy e nz ampider 104 ku%@m@fe%@gxh@l%@ﬁ(ﬂaésﬁvashed

mL, 471.6 mmol) in dichloromethane (200 mL) was stirred under a N
floithat MAC RRES (B0 nika95@iedmavewde 80defiterdibasty concentrated

ensuring that the temperature remaiped below -50C. After 15 mins a
BAGH o OB AR b bR HBE 365k B rbimol in a
mixturq@gc{iggy)ﬁqmgmgp@ L), THE (40 mL) and 15 DMSO (5 ml-)

was added. After 30 mans the temperature had risen to -50C. After | h

triethyl@min@(a#H3/7\3 (4ed8pumyiplpwasadded. The mixture was allowed
to warm to room.temperature and stirred overnight. LC/MS indicated

cqmpleﬁo?PBftﬂ?@ r@%@ﬁéhf.l Kb 1e0 L Wls, dddednaeib ireditiioromethane
T S B TR R R o
a0aQraade it &) MSERY a2 2620RDa %9 33R4iRE below -50°C.
After 15 mins a solution of 4-bromo-N-(4-hydroxybutyl)benzamide (10 g,
36.6 mmol) in a mixture of dichloromethane (20 mL), THF (40 mL) and
DMSO (5 mL) was added. After 30 mins the temperature had risen to -50°C.
After 1 h triethylamine (1.637 g, 16.18 mmol) was added. The mixture was
allowed to warm to room temperature and stirred overnight. LC/MS indicated
completion of the reaction. H,O (200 mL) was added to the reaction mixture.
The organic layer was washed with 1M HCI, NaHC03 (sat) and brine, dried
over MgSO,, filtered and concentrated in-vacuo to afford an orange oil
(9.93 g).

MS (ES) m/z 270/272 (Br); 252/254 (Br)

a) 3-Bromo-N-(4-hydroxybutyl)benzamide

A solution of 4-aminobutan-1-ol (20.3 g, 228 mmol) in dichloromethane
(50 mL) was added to a stirring solution of 3-bromobenzoyl chloride (50 g,
228 mmol) in dichloromethane (250 mL). DIPEA (39.6 mL, 228 mmol) was

added and the colourless solution was stirred at room temperature. LC/MS
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a) 3-Bromo-N-(4-hydroxybutyl)benzamide A solution of 4-aminobutan-I-ol
(20.3 g, 228 mmol) in dichloromethane 25 (50 mL) was added to a stirring
solution of 3-bromobenzoyl chloride (50 g, 228 mmol) in dichloromethane

(RaD20060oRBEA (39.6 mL, 228 mmol) was added and the celepglesss/no7s4s
solution was stirred at room temperaturge, LC/MS WO 2006/008133 . .
PCT/EP2005/007846 29 indicated corfigletion of the reaction after 50

MiREcdfeg sehiipnugs Banglerreshi9igSeparating funngl and,washflion was

with water. A white solid precipitated out which was filtered off and

westefdrmdth tiehlergmettiape fionafiorh b washradl ueitil he dikratédwadhite solid
treated with. H20 which gave rise to 5 further precipitate. The organic

\RyEriRHet A AR Rias EH taFre oAb s Wahs dmidthodishigems thane to

U G R AT AN Y 0 FAIECHR e
2B EA (B} Pk AR rOROINs TR s tab e nZaBid & A ANIOIEIORAl NaHCO,;

oxalyl chloride (20.85 mL, 239 mmol) in dichloromethane (900 mL) was
stieéd drigéroy ot Miphnt Boerep msD-@RMimted i8-mimol) twadiaddedfurther

ti ing that th t ined below - fter 15
R SR SRR I\ oy RIS e (80 104
mmol) i admiggreyed g@@b%@/wfm%k@@)mtx THE (400 mL) and 15
DMSO (50 mL) was added. After 30 mins the temperature had risen to

-50C. Aftet-Brdrethyidimme (0617, 856ammalsl) was added. The mixture
was -allowed to warm to room temperature and stirred overnight. LC/MS

indica_lteé %H?mé‘ti%ﬁ%‘fath’é ?Qé‘?:‘f A.(R936 @l %@&s%@l’d’éb ify ghghloromethane
R A R R O LR
tanaifosd st osangeudily( B ASugin g 1ORYo 1R Yerbbeeabyrt GAMRINBE 3188; -50°C.
MS (ES) m/z 252/254, 270/272 (Br) .
After 15 mins a solution of 3-bromo-N-(4-hydroxybutyl)benzamide 1 (50 g,
184 mmol) in a mixture of dichloromethane (100 mL), THF (400 ml) and
DMSO (50 mL) Was added. After 30 mins the temperature had risen to -50°C.
After 1 h triethylamine (96.7 g, 956 mmol) was added. The mixture was
allowed to warm to room temperature and stirred overnight, LC/MS indicated
completion of the reaction. H,O (1 L) was added to the reaction mixture. The
organic layer was washed with 1M HCI, NaHCO; (sat) and brine, dried over
MgSO4, filtered and concentrated in-vacuo to afford an orange oil (9.93 g,
>100%, 97% pure by LC/MS).
Rt =1.18; MS (ES) m/z 252/254, 270/272 (Br)
Reductive alkylation on N-(4-oxo-butyl)benzamides
To the preweighed amine (1 equivalent), the aldehyde was added
dissolved in anhydrous dichloromethane (1.2 eq, dichloromethane). The

solution was left to mix for 90 minutes before addition of sodium

triacetoxyborohydride (1.5 equivalents). The reaction was left to mix for a
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Reductive allcylation on N- (4-oxo- butyl) benzam ides To the preweighed
amine (1 equivalent), the aldehyde was added 25 dissolved in anhydrous
diehloromethane (1.2 eq, dichloromethane). The solution was left to mix

far§Quisinstas before addition of sodium triacetoxyborohydriq%g:}ﬂgzoos/omm

~ equivalents). The reaction was left to mix for a WO 2006/008133

PCT/EP2005/007846 30 further 16 hotffs. The crude reaction was then_
washed i rated 03 (2 mL sqlution/reaction) and the organic
layer ex%g%%&%rﬁ%igwg rﬁ%%ﬁ%ﬁlewg rSuQE}}aerslom@r? é\/%%a%@@aafﬁg)mc O3
& BCX clokiomrelutiog tha desiregapiadusl dp 0% aRINeRia dichloramethane

methanol. Fractions containing the compound were 5 combined an
prodacobtinBd s thevsedite 1RLGIBE XGarlerah Pencdyt éod Suaidkbroduct
> ug{j@ of N-(4-amino)butyl-3- or _4-bromobenzamides - exemplified in

Jgtai (c?r R EfécéMB?Sé%HQ AR 40rsAiBI Apicwmppund were

CRANIRNPIYIDROWRBEY purified further usi
N0 (- acetyipipetaanc -y Dol forther using HEL Copreh: 100,225

mmol) Weie digs dive dediBM FOEt sl (Zﬁﬂ(pll.z)n@ﬂd;ﬁ@&)‘e(dzlg,ﬁmg) butyl-3- or
icrowave tube containing 2-etéﬁylphenylborqn ie acid (34 mg, 0.225
%:“ SrOPRIREBEES In BEEYREiedddad fata]l, 53 Mrier feliowedptyerazin-1-

PICERIAA s2f e 0582 TP Jhe lybe uas capped, shaken by

hand and loaded into the microwave he reaction

was filtéree thracelypetite abBrand yyesbag-with dMeen Jhe;filrate ‘l’gl"géL o e

concentrated in-vacuo and purified by reverse phase preparative
tHe produelvaridaseh it einly ROt AR HAI €20: 200) 435 MAIE o a

BRI e et e e ot
8 NS NS Bl
B-eromopéRiahayhoHlorbie tube was capped, shaken by hand and loaded into
the microwave for 10 mins at 150 °C. The reaction was filtered through celite
and washed with MeOH. The filtrate was concentrated in-vacuo and purified
by reverse phase preparative HPLC. The product was taken on directly to form
the HCI salt: 200 pl 1.25 M HCI in MeOH and 800 ul dichloromethane were
added to the title compound and the solution was shaken and concentrated in-
vacuo to afford the hydrochloride salt (38.7 mg).

MS (ES) m/z 408

General procedures for S-alkylaminopentanoic acid arylamides
preparation from 5-bromopentanoyl chioride

In dichloromethane at 0°C-room temperature: A solution of aromatic
amine (1 eq) and triethylamine (1 eq) in dichloromethane (0.2 mmol/mL) is
cooled at 0°C under nitrogen atmosphere. 5-Bromopentanoyl chloride (1 eq)

in dichloromethane (0.3 mmol/mL) is slowly added and the mixture stirred at

room temperature for 1.5 hr. The amine (5 eq) and triethylamine (1 eq) are
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In dichloromethane at 0C-room temperature: A solution of aromatic amine
(I eq) and triethylamine (1 eq) in dichloromethane (0.2 mmol/mL) is 25
cooled at OC under nitrogen atmosphere. 5-Bromopentanoyl chloride (1

edRodiglakakgmethane (0.3 mmol/mL) is slowly added and th?c@ﬁ‘iﬁ@smm 46
stirred at room temperature for 1.5 hr, .The amine (5 eq) and triethylamine

(1 eq) are WO 2006/008133 PCT/EPQ 05/007846 31 added at once and
1hadE3R RIS stitregkat A ACAREFALa1fob 4R REnPEROIIABICA0 hrs. The

solution is then washed with brine, dried and the solvent removed. The
@reshict sotuciystadliteenbyhexedhevidietintethdried ongutiifiedabyeiidstemoved.
chromatography. 5 Modified room temperature conditions for arra

Thameeruict e salistinhisedrhnnborane) %W&I%Yi]&ﬁ%ﬂér%iﬁec’(&ma}%?d by flash

%lzcglr(l)l%%neth%ne (2 mL) at room temperature was slowly added

romo-%%ar%a%‘oyl chloride (I eq) and the mixture stirred for 1.5 hr. The
solutiopyyvagaqidesbin arpreyiuslydrepatedonial gontaining thenatieie (STo a

eq) and triethylamine (1 eq) and the reactions 10 were shaken at room

soluporafefoing Hredmndrirastieydatation(Wesvis deeh lonemsthane(danl,)
and the solvent removed. The produc ere purified by flas .
%Bf8m8t8’d}“£ﬁﬁ§/“6¥eb§7B?e%&%@v%ggﬁfﬁ on}i)o-pen ar}/oyf1 clﬁiorxde (1 eq) and
gichiorasthansidimathyiformamidealRRfn Hasupiitdted AMPRlasAMifsared
(1 eq) and triethylamine (1 eq) are weighed in a glass vial and 15
¥j2tdichlainétlaties ismdde d oy euadl 12 dthybiutiors, Hibkophewalehd reactions
chloride (0.95 eq) is then added dropwise as g solution jn .
mﬁs@t%%ammfm?raﬂmﬁeqé&%n ihenoneanig sgbpiion was washed

PRIAIY Rl R AT LR AR o Tk Sristaaming (@i lash

then added as a solution in DCE (amine concentration 1.8 M) and the

EpREHONRGBDSHES ShakeprapabiGiferHPiL.@fter 20 this period, the reaction
mixture is cooled and partitioned between water and dichloromethane;

the organidithjerdetizrpsdmativdtar maeidna? died oversrherbged arematic
gg{ldneearqideeq oggac{n%%%g}effasr%}/lgn{ Fvg&or%téo%%gé%%ﬁc?g a glass vial and
1,2-dichloroethane is added to give a 1.2 M solution; 5-bromovaleryl chloride
(0.95 eq) is then added dropwise as a solution in dimethylformamide (1.2 M)
and the reaction is shaken at room temperature for 1 h 30 min. The amine
(3 eq) and triethylamine (1 eq) are then added as a solution in DCE (amine
concentration 1.8 M) and the reaction mixture shaken at 55°C for 4 h. After
this period, the reaction mixture is cooled and partitioned between water and
dichloromethane; the organic layer is washed with sat. NaCl and dried over
NayS0Oy,. The crude qmides obtained after solvent evaporation at reduced
pressure are purified by preparative HPLC.

5-(4-Methyl-piperazin-1-yl)-pentanoic acid (4-bromo-phenyl)-amide

Prepared according the general procedure in dichloromethane at room
temperature to give 3.7 g (70%) of the title compound.

C16H24N20OBr Mass (calculated) [354.29]; found [M+H+] = 354/356
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pressure are purified by preparative HPLC. 5-(4-Methyl piperazin-1 yl)
pentanoic acid (4-bromo phenyl)-amide 25 Prepared according the
general procedure in dichloromethane at room temperature to give 3.7 g

(Wyedwfddaestitle compound. C16H24N30Br Mass (calculated)d32d»a58 007846
found [M+H-1-] = 354/356 WO 2006/0}_(?)2133 PCT/FP2005/007846 32 . .

(Br), Le Rt = 0.5 8, 93% NMR (400 MHZ, DMSO): 1.43 (2H, m); 1.55
%73 m); 2.23 (3H; s); 2.27-2.50 (12H, m); 7.44 (21-1, d, J= 9 Hz); 7.55
.’d, J= 9 Hz); 10.05 (1H, 5s). General Suzuki cross-coupling
procedLteRortlgesRyriResis of arylamides To a degassed mixture of
5-alkylamino-pentanoic acid bromoaryl-amide (0.1 g,

1 d
substithTB AL & AHen M3 RS )1 1 éqgmlgﬁ&ét.éﬁifqi%fg‘aﬁg.zs GH, s;
O SRl R A e S0 8 BN s

inutes under microwave irradiation (150 Watt) and then again other 20
minutes. The organic layer was separated and purified by SCX column,
The solFenenvds Bwaskid enaderamdtides) presserbie afford the  synthesis  of
corresponding 15 product. General procedure for urea synthesis from
i%li@ﬁ'ﬁfﬂ%‘% To a cooled 0.2 M solution of amine (1 eq) in

dichlorgmethang 1%,k RremPRNARVISRGHBNALE WAS: Bdded bf BB caryl-amide

mixture was left stirring at OC and it was stopped when a white solid was
fesmedg(1 H), aftpr cand. housubkeRBeprodeat emshacaieredddy fittatioreq) in
as a white solid which was used without further purification. General

QestMEFIELs QBTG TroREa R D aRluiprnsis(brmfesg catalytic amount of

Pd[(PPh3)]4 (5 mmol %) was added. The reaction mixture was heated at 90°C
for 20 minutes under microwave irradiation (150 Watt) and then again other
20 minutes. The organic layer was separated and purified by SCX column.
The solvent was removed under reduced pressure to afford the corresponding
product.

General procedure for urea synthesis from isocyanates

To a cooled 0.2 M solution of amine (1 eq) in dichloromethane, 1 eq of
bromophenylisocyanate was added. The mixture was left stirring at 0°C and it
was stopped when a white solid was formed (1 h), after ca. 1 hour. The
product was recovered by filtration as a white solid which was used without
further purification.

General Suzuki cross- coupling procedure for the synthesis of ureas

Microwave irradiation

To a degassed 0.067 M solution of bromide (1 eq, prepared following
the procedure for ureas described above) in acetonitrile/water (1/1), the
appropriate boronic acid (1 eq) and Na2CO3 (3eq) were added followed by

Pd[(PPh3)}4 (10% mol). The solution was irradiated under microwave
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Microwave irradiation To a degassed 0.067 M solution of bromide (1 eq,
prepared following 25 the procedure for urcas described above) in
acetonitrile/water (1/1), the appropriate boronic acid (1 eq) and Na2CO3

(Sesnonesesdded followed by Pd[(PPh3)14 (10% mol). The sieleRiias7sas
irradiated under microwave WO 2006/ 98133 PCT/EP2005/007846 33 -

conditions, using the following parameters: power = 200 watt; ramp time =

loBigiRels Ime e 20 BIEWRE BRbmPIessUewet0d DB Wgi: ramp time =

acetonitrile layer was separated and the crude mixture was purified using

d SCX; doMnimeasAAgwiith WickplordHidthareme®H I0wed EhdaQitbnitrile
nd then 5 NHB/QI\}/;%?H trﬁBlute the product. The fractions co,ntainin%the

3@%%%%%?@@% RO A AR RS PREISed g S CX column

nal heating T. [ 1 red_following,the
%%eiﬁ%re?ggg?%@%%%, p aczgl}ﬁqg%&}nec{ fllg)s%@a%d and  then
diEsslddtardegasstit peoseletiorheffagetontrdpinated/ hddi4iMy product
this solution boronic acid (1.1 eq), Na2CO3 (3 eq) and Pd[(PPh3)]4 (10%

TS R neibiaad titcthbades 1rducedateebs:80C and stirred for 20

hours. nge ﬁ%lﬁ)%r&évas filtered on Celite layer and purified using SCX or

preparatlvéﬁ >;<z§mple 1 15 N-{4-[4-(2,4-Dimethoxy phenyl)

piperazpiird ylcRuivksAviR)girkbar21Yh ,?Fe@ﬂ'gﬁ Fllowing the procedure fi
1-(2,4-dimethoxy-phenyl) piperai(lne %t))/ rochloride Preparé%d withpa w2

ratsdificitioni bé P aboais )). @ acetlein BuR-dedkeflatihemt, di890y @b in a degassed
291-293: a solution of 1.48 g (0.0097 mol) of 2,4-dimethoxyaniline, 20
f.%{é“do('@.ﬁ"e%fﬁ%ﬁl&“ﬁiﬁzwzﬂ- |c§f’6éth9|8%ih@hﬁ?o&hﬂ%r&ﬂ%%alzmﬁléﬁ acid
T L T on
was heated at 80°C and stirred for 20 hours. The solution was filtered on
Celite layer and purified using SCX or preparative HPLC.

Example 1

N-{4-[4-(2,4-Dimethoxy-phenyl)-piperazin-1-yl]-butyl}-4-(pyridin-2-
yl)-benzamide

a) 1-(2,4-dimethoxy-phenyl)-piperazine hydrochloride

Prepared with a modification of Pascal, J. C.; et el. Eur. J. Med. Chem.,
1990, 25, 291-293: a solution of 1.48 g (0.0097 mol) of 2,4-dimethoxyaniline,
1.89 g (0.0160 mol) of bis-2-chloroethylamine hydrochloride and 2.00 g of
K,CO3 in 25 mL of 1-butanol was refluxed for 24 h then filtered hot.

The solvent was removed under reduced pressure and the residue
triturated with acetone. The resulting powder was filtered and dried to give
1.25 g of the title compound.

'H-NMR (DMSO-dg) § (ppm): 9.21 (br s, 1H); 6.82 (d, 1H); 6.52 (s,
1H); 6.42 (d, 1H); 3.74 (s, 3H); 3.68 (s, 3H); 3.12 (s, 4H); 3.07 (s, 4H).

b) 2-{4-[4-(2,4-Dimethoxy-phenyl)-piperazin-1-yl]-butyl}~isoindole-1, 3-
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triturated with acetone. The resulting powder was filtered and dried to give
1.25 g of the title compound. 25 'H-NMR (DMSO-d6) S (ppm): 9.21 (br s,
1H); 6.82 (d, 1H); 6.52 (s, 1H); 6.42 (d, 1H); 3.74 (s, 31-1); 3.68 (s, 3H);
3‘,;1@2@)(%9133 07 (s, 4H). b) 2-{4-[4-(2,4-Dimethox),-phenyl}
piperazin-1-yi-butyl)-isoindole-1,3 WO 221%06/008133 PCT/EP2005/067848 ¢
34 dione Prepared following the general procedure outlined in Nishikawa,

Yii aI Chem, Pharm. Bull., 1989, 37 (1), 100-105. A mixture of

N-(4- bromobutyl)phthallmlde (O 00135 mol), 1-(2',4'- 5

dlmethdkmiam&'lf{ﬂlpwamn&m)gémﬁabpdmeﬂm&l@ﬁtmmﬂ KPR @Bikawa, Y.; et
(0.00270 mal), Nal M 0186 mol) and metha(lethyl ketone (7 mL) was

rekiuSédtor Wﬁ”@w firriR3 addr the MdiPhad cooled, the insoluble

mareria were remoy, filtratio ?[ﬁ&p The f rate ;- 4
and th§ Waslnlngs Weffe?klcb%clbentr%t%ggq rynesgl?/r}],g\?ag 6:&Itzja'?he reiﬁdfe(2 4

wameHitieshRksromaingiaphy onisiigaciebyiith CligC81MsOHMBIY, as K,CO;
eluent. Yield: 68%. 'H-NMR (CDC13) S (ppm): 7.73 (in, 4H); 6.82 (d, 111);

6(A®0A72HNRoB)7Nal 300N B3t 1312any mstbmlemw Xo®ne, dHynL) was

;%Wegh%)neﬁ?gé’az%ﬁl&(%t L)ﬁ%l‘%fi’f?‘iélgﬁ E%IJ i St PIOe® e insotuble

24l A-imetBRac bRy hBiRe Rz ind w&mlwﬁ%ﬁ@@ TRedifRite and
(0,000236 mol) and hydrazine hydrate (0.000478 mol) in ethanol (2 mL)

whs neflsagfowerh woticstitritgd Afterthe solntierehad cooled, any
insoluble materials were removed by filtration and washed with 20 EtOH.

The filtratCarks HE'6/aBngd Waks CoRdetFaBaPLvarly ryHiiss. gre with
Péf({?l %}9@(%6@&(@% Bpa\év%ﬂl %C%i?’elgh §eHC13 layer was washed with
water, dried and concentrate

to give t ¢ title amine. Yield: 50%.
'"H-NMR (CDCl;) 8 (ppm): 7.73 (m, 4H); 6.82 (d, 1H); 6.40 (m, 2H);

3.79 (s, 3H), 3.73 (s, 3H), 3.65 (m, 2H); 2.98 (m, 4H); 2.61 (m, 4H); 2.41 (¢,
2H); 1.66 (m, 4H).
¢) 4-[4-(2,4-Dimethoxy-phenyl)-piperazin-1-yl]-butylamine
A solution of 2-{4-[4-(2,4-dimethoxy-phenyl)-piperazin-1-yl}-butyl}
-isoindole-1,3-dione (0.000236 mol) and hydrazine hydrate (0.000478 mol) in
ethanol (2 mL) was refluxed for 2 h with stirring. After the solution had
cooled, any insoluble materials were removed by filtration and washed with
EtOH. The filtrate and the washings were concentrated in vacuo to drynéss.
The residue was taken up with CHCl;. The CHCl; layer was washed with
water, dried and concentrated to give the title amine. Yield: 50%.
'H-NMR (CDCl3) 8 (ppm): 6.85 (d, 1H); 6.41 (m, 2H); 3.81 (s, 3H);
3.75 (s, 3H); 3.01 (m, 4H); 2.63 (m, 4H); 2.40 (t, 2H); 1.35 (m, 6H).
d) N-{4-[4-(2,4-Dimethoxy-phenyl)-piperazin-1-ylj-butyl}-4-(pyridin-2-
yl)-benzamide

Prepared by reaction with 4-(pyridin-2-yl)-benzoic acid according to the
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1H-NMR (CDC13) S (ppm): 6.85 (d, 1H); 6.41 (in, 2H); 3.81 (s, 3H); 3.75

(s, 3H); 3.01 (m, 4H); 2.63 (in, 411); 2.40 (t, 213); 1.35 (m, 61l). 25 d)
N-(4-[4-(2,4-Dimethoxy phenyl) piperazin-1-yi]-butyl}-4-(pyridin-2-
webmanzasside Prepared by reaction with 4-(pyridin-2-y1)-bengoiceeeids/ 007846
according to the WO 2006/008133 PC{4EP2005/007846 -35 general
procedure (acid chloride method), Yield: 35%. Mp 154.5-156C (free

pesela At 24 B o KiCi alt] orideMiR a1 3) S (ppm): 8.66 (d, IN); 8.02

(d, 2H); 7,85 (d, 214; 57.75 (m, 2H); 7.23 (m, 1H); 6.96 (br s, IN); 6.76 (d,
1H); 6. 2‘3&6 9,/06.36 (dd, 11-1); 3.78 (s, 3H); 3,72 (s, 3H); 3.47 (m, 2H);

2.97 (Msg 4K 2 . 247 (X, s L 20 ss (ES) m/z %:
475 (I\r/INfEI%O%%S(ﬁggA@i a? @%%QP%JC% céghr#r_%l )?t)ﬂﬁ)ax C8 McOH
80% / HRQURORG(CIOMMY/ minp k) REBGE4 @radrs: %% FNample 27 85 (d, 2H);

Bi\?henyl-4-carboxylic acid (4-/4-'2, 4-dimethoxy phenyl) piperazin-I-
yrI-blE) Hehidé-Pieparddiftom96 (br s, 1H); 6.76 (d, 1H); 6.42 (d, 1H); 6.36

7[A4-(24-dimgthoxy-ph -pipgrazin-1-yll-bytylamine 15and =
T oyt oD e HenEr A brodScul 8 e G 450
methadpYield:7 {ﬁSﬁﬂIMR (CDCI3) S (ppm): 7.82 (d, 2H); 7.5-7.6 (in,
4H); 7.48- 5 (m, 3H); 6.89 (br s, 1H); 6.77 (d, IN); 6.45 (d, IH); 6.34 (dd,
1H); 318, (BSNn/A. 78 £05($VBH), B0 (m42M)M-964(m.94kh); 2.64 (m,
4H); 2.4%5 2H); 1.68 (in, 4H). Mass (ES) m/z %: 474 (M-?-1, 100%); 496
(M+N B3 HEBm o 16RARRao b i x MRCEE R %0% gD 2EF8CHOHMIHmMIn;

R26334; area = 99%

Example 2

Biphenyl-4-carboxylic acid {4-[4-(2,4-dimethoxy-phenyl)-piperazin-1-
yl]-butyl}-amide

Prepared from 4-[4-(2,4-dimethoxy-phenyl)-piperazin-1-yl]-butylamine
and 4-biphenylcarboxylic acid following the general procedure (acid chloride
method).

Yield: 35%

'H-NMR (CDCl3) & (ppm): 7.82 (d, 2H); 7.5-7.6 (m, 4H); 7.48-7.5 (m,
3H); 6.89 (br s, 1H); 6.77 (d, 1H); 6.45 (d, 1H); 6.34 (dd, 1H); 3.80 (s, 3H); 3.73
(s, 3H); 3.49 (m, 2H); 2.96 (m, 4H); 2.64 (m, 4H); 2.45 (t, 2H); 1.68 (m, 4H).

Mass (ES) m/z %: 474 (M+1, 100%); 496 (M+Na, 6%).

HPLC: column: Zorbax CN AcCN 40%/H,0 (CF;COOH pH = 2,3)
60%, 0.8 mL/min; Rt = 5.396; Area 98%

Example 3

2'-Nitro-biphenyl-4-carboxylic  acid  {4-[4-(2,4-dimethoxy-phenyl)-
piperazin-1-yl]-butyl}-amide

Prepared from 4-[4-(2,4-dimethoxy-phenyl)-piperazin-1-yl]-butylamine
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60%, 0.8 mL/min; Rt = 5.396; Area 98% Example 3 25
2'-Nitro-biphenyl-4-carboxylic acid {4-[4-'2, 4-dimethoxy phenyl)- piperazin
1-ylJ-butyl}-amide Prepared from

“lé-teodrdimethoxy-phenyl)-piperazin-1-yl]-butylamine WO 2Q06/008135) 7546
PCT/EP2005/007846 36 and 2'-nitrobiphenyl-4-carboxylic acid following

the general procedure (acid chloride éthod). Yield: 17% 1H-NMR

(GRCL &B@}%)@ (4L N - : 7.3-7.4..5 =) .
6.84 (b;r%sl% SR %&%éﬁ%@@é@? ﬁ%nf %16 f’g@ csédﬂrp (acid
Lot SHEtBA (1n, 2H); 2.97 (M, 4H); 2.63 (in, 4H); 2.46 (t, 2H); 1.68

(m, 4H) Mass )iES miz %: 519 (M+1, 100%): 541 (M+Na, 11%) HPLC:
columnZ6i8a MeOH 50% / H20 (CF3COOH pH = 2) 50%, 10 0.4

mL/ming, Rt = 14 g % Example 4 2'-Fluoro:bi -4-carboxyli

i (4 B S N R oy L A Rl 1 -7
fram 314; (8. 94dmethomppheylaip erazin 4 il bytylargine dRiandr): 3.80 (s,
2'-fluorobipbenyl-4-carboxylic acid following the general procedure (acid
chibride hdtd]) Viel®: Q09N 2.924m24H5C R6BAHCABIMECH O5/5)); 1.68
0.21 20.1H-NMR (CDC13) S (ppm): 7.81 (d, 2H); 7.56 (d, 2H); 7.1-7.4 (1n,
A(i!ﬁ’, .99 (s br, 111); 6.76 (d, 1H); 6.43 (d, 11-1); 6.33 (dd, 1H); 3.78 (s,

g:g i’:_é%ag%l ’(gﬁg;ﬁ/ﬁﬁ%ms P02 194 083 H343- eI A1 194, 744 (&

HPLC: column Zorbax CN MeOH 50% / H,O (CF;COOH pH = 2) 50%,
0.4 mL/min; Rt=17.209; Area 88%

Example 4

2'-Fluoro-biphenyl-4-carboxylic acid  {4-[4-(2,4-dimethoxy-phenyl)-
piperazin-1-yl]-butyl}-amide

Prepared from 4-[4-(2,4-dimethoxy-phenyl)-piperazin-1-yl]-butylamine
and 2'-fluorobiphenyl-4-carboxylic acid following the general procedure (acid
chloride method).

Yield: 20%

Mp = 124-125.5°C

R; (CHCl3/MeOH 95/5) 0.21

'H-NMR (CDCl) & (ppm): 7.81 (d, 2H); 7.56 (d, 2H); 7.1-7.4 (m, 4H);
6.99 (s br, 1H); 6.76 (d, 1H); 6.43 (d, 1H); 6.33 (dd, 1H); 3.78 (s, 3H); 3.71 (s,
3H); 3.46 (m, 2H); 2.94 (m, 4H); 2.60 (m, 4H); 2.44 (t, 2H); 1.66 (m, 4H)

Mass (ES) m/z %: 492 (M+1, 100%);

HPLC: column Zorbax CN AcCN 50% / H,O (CF;COOH pH = 2,3)
50%, 0.4 mL/min; Rt = 13.525; Area 96%

Example 5

2'-Methyl-biphenyl-4-carboxylic acid ~ {4-[4-(2,4-dimethoxy-phenyl)-
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Mass (ES) m/z %: 492 (M+1, 100%); HPLC: column Zorbax CN AcCN

50% / H20 (CF3COOH pH = 2,3) 25 50%, 0.41nL/min; Rt = 13.525; Area
96% Exainple 5 2'-Methyl-biphenyl-4-carboxylic acid
{4vli268sAdimethoxy-phenyl) i WO 2006/008133 PCT/EP2005/0078468.3 /7546
piperazin-1-ylf -butyl)-amide Prepared fIr; m
4-[4-(2,4-dimethoxy-phenyl)-piperazin-I-yl}-butylamine and
2pipetayihinhenyld-sarhexyde acid following the general procedure (acid
chloride method). 5 Yield: 21% 'H-NMR (CDC13) 8 (ppm): 7.80 (d, 214);

7.35 (d,Frenyred from - (412, 6-88nithoxiHpIGITd Yehipta)zm 46 i -Hd)ylamine
6.36, (M, 11-1);3.82 (s, 3H); 3.76 (s,, 3H); 3.50 (m, 2H); 2.98 (in, 4H); 2.66
(r%?%f%-;né?ﬁ%&%;) y ésc?g?@m?ﬁ%@n,f%iev&wa@@ (@@}wi grocedure

4?&Wéﬁl&@@g/%g@bg"column Zorbax C8 AcCN 40%/H20 (CF3COOH
pl-l =2,3) 60%, 1.0 mE/min; Rt = 11.748; Area 96% Example 6

N-{4-[4-P2dUetRd%y-phenyl) piperazin-]-vlj-butyl}-4-(pyridin-2-yl)- 15
J1-buy ) HSONABIEILA Hlohd Tngarol b HHIng 6 g @iblal 2-7.4 (m, 45);
OSSO S50 BT SOENR Qo) 1 (VAR 008 .
28001 S (ninftHDH); 2.98 (m, 4H); 2.66 (m, 4H); 2.47 (m, 2H); 2.25 (s, 3H);
1.70 (m, 4H)
Mass (ES) m/z %: 488 (M+1, 100%)
HPLC: column Zorbax C8 AcCN 40%/H,0 (CF;COOH pH = 2,3) 60%,
1.0 mL/min; Rt = 11.748; Area 96%
Example 6
N-{4-[4-(2-Methoxy-phenyl)-piperazin-1-yl]-butyl}-4-(pyridin-2-yl)-
benzamide
a)  2-{4-[4-(2-Methoxy-phenyl)-piperazin-1-yl]-butyl}-isoindole-1, 3-
dione
Prepared according to the general procedure
Yield: 80%
'H-NMR (CDCl) & (ppm): 7.72 (m, 4H); 6.89 (m, 4H); 3.81 (s, 3H);
3.69 (t, 2H); 3.15 (m, 4H); 2.60 (4H, m); 2.40 (t, 2H); 1.66 (m, 4H).
b) 4-[4-(2-Methoxy-phenyl)-piperazin-1-yl]-butylamine
Prepared according to the general procedure
Yield: 53%
'H-NMR (CD;OD) & (ppm): 6.90 (m, 4H); 3.83 (s, 3H); 3.05 (m, 4H);
2.79 (t, 2H); 2.66 (4H, m); 2,43 (m, 2H); 1.60 (m, 4H).
Mass (ES) m/z %: 264 (M+1, 100%).
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b) 4-/4- (2-Methox))phenyl) piperazin-1-yl]-butylamine Prepared
according to the general procedure Yield: 53% 25 1H-NMR (CD30D) S
(ppm): 6.90 (in, 4H); 3.83 (s, 3H); 3,05 (m, 4H); 2.79 (t, 2H); 2.66 (4H, m);

D200/ Rk1)31.60 (M, 4H). Mass (ES) m/z %: 264 (M+1, 100§} WShos/007846
2006/008133 PCT/EP2005/007846 3

) ,
N-{4-[4-(2-Methoxyphenyl)piperazin-l-s?j%butyl}-4-(pyridin-2 yl)- benzamide
Prepareggl W{@aﬁiqmwit!}léai@){éiﬁ@%ﬂ)yﬁdqb?%@%%Wﬁm&}ﬂ?&mz—ya-

. 5Yield:

general procedure - carbodiimide metho %o Mp =
V2 3:8d65C Rt (CHCI3/MeOH 95/5) = 0.15 'H-NMR (CDC13) 8 (ppm):

8,66 (d,.1H); 8.00 (d, 2H); 7.84 (d, 2H); ,7,70.(rn, 211); 7.21 (m, 1H); .
e.8-7.olzrﬁﬁé@rg%yg@%%?%%&ﬂ-éﬁ%%ﬂ-é.—é%?- Gt aRgiIG s (Rding to the
4%3%&a4§)§%&1ﬂ}61@§1@‘8dﬁﬂdwﬂfﬁﬂg§) m/z %: 445 (M+1, 100%); 467
(M+Na, 78%). HPLC: column Zorbax CS MeOH 80%1H20 20%, 0.8
mL/minYRilé: 4172; area: 99.9%. Example 7 15 IH-1ndole-6-carboxylic

acid (41r4(2, 4-d~luoro phenyl) piperazin-I- yl]-butyl}-amide Following the
generaPMprocedire -6ifdvlecarboxylic acid (44 mg, 0.27 mmol) is

:jrzzscgvg %%@%@%@%@? ;Z(Jgrggl_f)lua:)nrg 2161'-(:arbonyldiimidazole (44
e e PR s G o g0 20
7.70 (m, 2H); 7.21 (m, 1H); 6.8-7.0 (m, SH); 3.80 (s, 3H); 3.44 (m, 2H); 3.03
(m, 4H); 2.62 (m, 4H); 2.43 (m, 2H); 1.65 (m, 4H).

Mass (ES) m/z %: 445 (M+1, 100%); 467 (M+Na, 78%).

HPLC: column Zorbax C8 MeOH 80%/H,O 20%, 0.8 mL/min; Rt =
4.72; area: 99.9%.

Example 7

IH-Indole-6-carboxylic acid {4-[4-(2,4-difluoro-phenyl)-piperazin-I-
yi]-butyl}-amide

Following the general procedure, 6-indolecarboxylic acid (44 mg,
0.27 mmol) is dissolved in dimethylformamide (I mL) and
1,1’-carbonyldiimidazole (44 mg, 0.27 mmol) is added. 4-[4-(2,4-Difluoro-
phenyl)-piperazin-1-yl]-butylamine (73 mg, 0.27 mmol) dissolved in
dimethylformamide (0.25 mL) is then added and the mixture is allowed to
react for 18 h. Work-up followed by preparative HPLC affords the title
compound (51 mg, 41%, > 95% pure) as formate salt.

Cy3HyF,N4O Mass (calculated) [412.49]; (found) [M+H+] =413

LCRt=3.02, 100% (10 min method)

NMR (400 MHz, CDCI3): 1.51 (4H, m); 2.34 (2H, t); 2.47 (4H, bs);
2.93 (4H, bs); 3.26 (2H, m); 6.49 (1H, s); 6.95-7.01 (2H, m); 7.12-7.17 (1H,
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react for 18 h. Work-up followed. by preparative HPLC affords the title
compound (51 mg, 41%, > 95% pure) as formate salt. C23H26F2N40

Mass (calculated) [412.49]; (found) [M+H+] =413 25 LC R.t = 3.02, 100%
(HOMismRtRed) NMR (400 MHz, CDC13): 1.51 (4H, m); 2.34,(2H, 1 247 .
(4H, bs); 2.93 (4H, bs); 3.26 (2H, m); 6.49 (1H, s); 6.95-7.01 (2H, m);
7.12-7.17 (IH, WO 2006/008133 PCT/PB2005/(107846 39 m); 7.40 (2H,

. 7.6 =8.4,1:2), 8;09.(11, $),8.47. (IHHCOQH,s); 8. ,
P e e S (s JF OV e SRR Pt oo
y8-batyDrdpyridin2ryltbgngamide 5 a)
N-(4-Hydroxy-butyl)-4pyridiin-2-yl-benzamide CDI (4.07 g, 25 mmol) was
added &*@®eMgtibn of 4-pyridin-2-yl- benzoic acid (5.0 g, 25 mmol) in

dichl h d.th ' IXf tirred for 4 :
raminQBUGHOTCI0 Fil 36 MO AL el GHEF e FBacion mixure
stirred for ﬂ#@%@%ﬁ%@h}mwmmwﬁ%ﬁﬁdwh a 10 saturated

solution of Na2CO3. The organic layer was separated, dried over
MgSO4 Tilfefdd0dngd, it solvenl) remasveddaddeo redschdipressirg.phhilin-2-y1-
product was purified by column chromatography (dichloromethane,

dieRftbmRithie/ Mo _1%171%% $iohlpremel %ea?ébbrg&ecrmo&immixwre
S AR RN (OO S D R g o

(2dakstthBriikkke/s Q2rdd 3D Wlhbura ) fleAGrHidh (Abls M) tidBSAitwaghbd with a
Hz), 3.42 (2H, dd, 6.6 Hz, 12.0 Hz), 3.35-3.25 (2H, m), 1.60-1.42 (4H,m).

2By Nqd- ettty DL aNveidAa2 ilse azantive layssiotieon sfnsalgdhibikte over
(ﬁ/%gIS’(S) '?%f‘%%(gll)a@d%lﬁg I%?v@%@%%oved under reduced pressure. The product

- was purified by column chromatography (dichloromethane,

dichloromethane/MeOH 1%) to give 2.4 g of the title alcool.

LC Rt=0.98 min (5 min run)

(M+1=271)

'H NMR. (400 MHz, DMSO): 8.71-8.66 (1H,m), 8.53-8.46 ‘(IH, m),
8.78 (2H,d, 8.1 Hz), 8.12 (1H, d, 8.3 Hz), 7.94 (2H, d, 8.1 Hz), 7.92-7.83 (1H,
m), 7.46-7.36 (1H, m), 4.38 (1H, t, 6.6 Hz), 3.42 (2H, dd, 6.6 Hz, 12.0 Hz),
3.35-3.25 (2H, m), 1.60-1.42 (4H,m).

b) N-(4-Oxo-butyl)-4-pyridin-2-yl-benzamide

A solution of oxalyl chloride (42 pL, 0.48 mmol) in dichloromethane
(5 mL) was stirred under N, at -60°C. DMSO (34 pL, 0.48 mmol) was added
followed after 15 mins by a solution of alcohol (100 mg, 0.37 mmol) in
dichloromethane (100 mL). After 2 h triethylamine (106 pl, 0.74 mmol) was
added. The mixture was then allowed to warm to room temperature and stirred
overnight. LC/MS indicated completion of the reaction. The organic layer was

washed with a saturated solution of NH,Cl, dried over MgSOQ,, filtered and
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(5 mL) was stirred under N2 at -60C. DMSO (34 pL, 0.48 mmol) was
added followed after 15 mins by a solution of alcohol (100 mg, 0.37
mmol) in dichloromethane (100 mL). After 2 It triethylamine (106 1, 0.74

mwodl)osags B added. The mixture was then allowed to warm $e+8@930s/00784¢
temperature and stirred overnight. LC/MS indicated completion of the

reaction. The organic layer was washedWith a saturated solution of

N j il WQ 2006/00813 .
Pgb%%éﬁl%{%%%%%%égﬁﬁ%%%g n lgrer(gg) égg@ pOr)?egsWéﬁt% Rivgder (92%
19Q:mcbef BO/NE [Faveen RPUre-bydoyIMBIRE: R8s M hi=tR8Next step
which was used in the next step without further purification. cj

NWHhozE Fasthet-purificatinmidin-2-yl-benzamide 5 Azepane (50 ul, 0.45

mmol) w jghed into a clean glass vial, To this, the crude
N-(4-ox§§8¥%ﬁfﬁ§ﬂ8fd—?§7§g b é’éf@t@@zfﬁ&,b?ﬂé?’ﬁi%l) was

added, digsghed {9 piL olaniysleaysAiclirometans: TN8e526H0 vial. To

was left to niix for 90 minutes before ‘addition of sodium

triéstoxyivoroleyddde (M 84y dtafytirohyrftar- whith énwamstisred fiay mg,
1§ [;]L6 hours_ at room temperature before washing the crude reaction with
Sdt

GtclrafBi NaTitsss ¢odndisealtisn) ardalktricamdeo vighisld tapersthhae. The
di%.t'@tri% et\]ggp_el(e}ttld?osoj{#gg g&gsé)@ S%nel%&pég u&%}‘gﬁgfcﬁ?&%ﬁg&%f sodium

eluting the desired product in 20% ammonia i m

coritaieiogyther otgrapasnd nerameomsesaad therrrodugi it Uhe g for
using HPLC prep 15 to yield

NL@heyep ahreqmpamnesasyrid e foss- ashingitlecas tide feantitmsaith(édturated
nig 06yie ). ' HNMR CtDC 3) 8.08 (m, 4H), 7.77 (m, 3H), 7.27 (m, 1H),
359 (m. 2H)- 3,101 (m 381 980 FRY6HT<TaSIng, 6HACEXARIBRI® 2lpyer. The
SdrdpesiiRrtHaRRNRNQIC AHELGHCRIA %me{k%ﬁ'&? gﬁ’ lompg Mmn eluting
general procedure in dichloroeth an e/dimethyl formamid e ’
the desired product in 20% ammonia in methano!l. Fractions containing the
compound were combined and the product purified further using HPLC prep
to yield N-(4-Azepan-1-yl-butyl)-4-pyridin-2-yl-benzamide as the formate salt
(47 mg, 36% yield).
'H NMR (CDCl;) 8.08 (m, 4H), 7.77 (m, 3H), 7.27 (m, 1H), 3.54 (m,
2H), 3.10 (m, 6H), 1.89 (m, 6H), 1.73 (m, 6H)
Example 9
5-Piperidin—J—yl-pentanoz’c acid (3-chloro-phenyl)-amide
Following the general procedure in dichloroethane/dimethylformamide
at 55°C, 3-chloroaniline (76 mg, 0.6 mmol) and triethylamine (60 mg,
0.6 mmol) are dissolved in dimethylformamide (0.5 mL) and 5-bromovaleryl
chloride (113 mg, 0.57 mmol) in dimethylformamide (0.5 mL) is added
dropwise. After 1h 30 min, piperidine (153 mg, 1.8 mmol) and triethylamine

(60 mg, 0.6 mmol) in dimethylformamide (0.5 mL) and the reaction mixture

heated at +55°C for 4 h. Wok-up followed by preparative HPLC affords the
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at 55C, 3-chioroaniline (76 mg, 0.6 mmol) and triethylamine (60 ing, 0.6
mmol) are dissolved in dimethylformamide (0.5 mL) and 5-bromovaleryl
chloride (113 mg, 0.57 mmol) in danethylformamide (0.5 mL) is added 25

diapWigseoReisr [ 30 min, piperidine (153 mg, 1.8 mmol) and yigthylamine
(60 mg, 0.6 mmol) in dimethylformamidg (0.5 mL) and the reaction mixt{Jre846

‘heated at +55C for 4 h. Wok-up foIIowéj’& by preparative HPLC affords the

W@e%%‘?@é%%%@s E;ﬁ%@ﬁ%f&og Wfidolile &%B%%C‘Pg 5%1%,8 mg, 67%)

as a whit C16H23C1N20 Mass ated)
[294.82; (ayEINM Mk & R Ul R F707B210086uA ) TivI-FRRthed) o 5
NMR (400 MHz, dmso-g@?/: 1.48 (2H, m); 1.52 (6H, m); 2.31 (2H, t); 5
2.48 (6HCiIR 7.05/@&H 08¢0 (38 mipypthodlH, m); 7.41 (1H, dd, J=8.4,

0.8); 71]%;[ H E}% IH, HCQQH,s); 11-1, le. .
5-morpho n%ﬁﬂlﬁ%en aébl;‘%r%%?d -bfo#%ﬁ%%éﬁ%%?n?&%ﬂ%@?“ (2H, 1);
acaerdang he,geosral pracedire in dichioromethane, at IoMHL g, 1=8.4, 0.8);
temperatur[ggto give 2.49 (93%) of thg;title compou?:d. ClsﬂlziNZOZBr 0.8)

NIc&ss (EBllcelafod) [GHE, AL QOBHIML014] 1341043 (Br) LoRt=2.30,

100% NMR (400 MHz, DMSO): 1.44 (2H, m); 1.57 (2H, m); 2.29 (8H, m),
15 35401/ U7 44 (2H, d, =7 Hz), 7.54 (2H, d, =7 Ni). Example 1I
5-P'persdmairgywﬁma%%%@ﬁ%zpwg ~5W%'d”lr?}%%¥

. ! ??&%589
according the general procedure in dichlorometharie at toom temperature

- to give Rrémp{83% afritia ditth coenauhgr 26 GlaHRS WROBE dMaghane at room

(calculated) [339.28]; found [M+H] = 339/341 (Br),
temperature to give 6.4 g (93%) of the title compound.

CisHyN,O,Br Mass (calculated) [341.24]; found [M+H+] = 341/343
(Br)

Lc Rt=2.30, 100%

NMR (400 MHz, DMSO): 1.44 (2H, m); 1.57 (2H, m); 2.29 (8H, m),
3.54 (4H, m), 7.44 (2H, d, J=7 Hz), 7.54 (2H, d, J=7 Hz).

Example 11 '

5-Piperidin-1-yl-pentanoic acid (3-bromo-phenyl)-amide

Prepared according the general procedure in dichloromethane at room
temperature to give 1.7 g (33%) of the title compound.

Ci6H23N,OBr Mass (calculated) [339.28]; found [M+H+] = 339/341
(Br),

Le Rt =1.86, 98%

NMR (400 MHz, DMSO): 1.51-1.64 (10H, m); 2.34 (2H, m); 2.23 (2H,
m); 2.76 (4H, m); 2.97 (2H, m); 7.12-7.264 (2H, m); 7.48 (2H, br d, J= 8 Hz),
7.97 (1H, s).

Example 12

5-Morpholin-4-yl-pentanoic  acid (2'-trifluoromethyl-biphenyl-4-yl)-
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Le Rt = 1.86, 98% NMR (400 MHz, DMSO): 1,51-1.64 (IOH, m); 2.34

(21-1, m); 2.23 (2H, m); 2.76 (41-1, m); 2.97 (2H, m); 7.12-7.264 (2H, 1n);
7.48 (2H, br d, J=8 Hz); 25 7.97 (1H, s). Example 12
Ssdanpbadinsg-yl-pentanoic acid (2°-trifluoronaethyl-biphenyl-4 ) i pdie 007846
2006/008133 PCT/EP2005/007846 42 amide Prepared according the
general procedure in dichloromethane atToom temperature followed by
Syizskicoupling to give 0.1 g (92%) of the title compound. 5
C22H25N202F3 Mass (calculated) [406.44]; (found) [M-+-11+] = 407 Lc Rt

= 3.36, 98epaxadR (40BdAE 2D MBM)al . ABoc2ture)irl 8 (R 1brBihethad 85 room
m); 3.55 (4H, m); 7.21 (2H, d, J=8.4 Hz); 7.36 (1H, d, J=7.3 Hz); 7.56
(fﬁ@il?%&,f%sfogéﬂwashbz.§\lffza%<17 eeuplingnto 7gr9e(1H] dg JO2%Hey ihe title

Eggmg& 4'-[5-(4-Methyl piperazin-1-yl)

penta oyégmino]-biphenyl-3-carboxy|ic acid amide Prepared according
the geneaky0eaULre M@@b&ﬂ@mﬁieé}‘%@%@@'{]@ (rempey e ol awgg,
by Suzuki coupling to give 0.07 g (63%) of the title 15 compound.

C23H30N4RDTVERSS (GdBulated) [394.51]; (found) [M+H+] = 395 Lc Rt =

L9 SRS R BT E e e

7 A3y 2 2Q BP0a(LeSk Bl 6 B D994,y 9 12, 7.56 (11, m); 7.63
(2H, d, J=8.4 Hz); 7.68 (1H, m); 7.79 (1H, d, J=7.7 Hz)

Example 13

4'-[5-(4-Methyl-piperazin-1-yl)-pentanoylamino J-biphenyl-3 -carboxylic
acid amide

Prepared according the general procedure in dichloromethane at room
temperature followed by Suzuki coupling to give 0.07 g (63%) of the title
compound.

Ca3H30N4O, Mass (calculated) [394.51]; (found) [M+H+] = 395

Lec Rt =1.06, 100%

NMR (400 MHz, DMSO): 1.43 (2H, m); 1.58 (2H, m); 2.10 (3H, s);
2.12-2.44 (12H, m); 7.40 (1H, s); 7.49 (1H, m); 7.68 (4H, m); 7.78 (2H, m);
8.06 (1H, s); 8.11 (1H, s); 9.97 (1H, s).

Example 14

J-(4-Acetyl-piperazin-1-yl)-pentanocic acid (2'-methoxy-biphenyl-4-yl)-
amide

Prepared according the general procedure in dichloromethane at room
temperature followed by Suzuki coupling to give 46 mg (51%) of the title
compound.

C24H3N303 Mass (calculated) [409.531% (found) [M+H-+] = 410
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Example 14 5-(4-Acetyl piperazin-1-y1)-pentanoic acid
(2'-methox),-biphenyl-4-yl)- am ide Prepared according the general
procedure in dichloromethane at room 25 temperature followed by Suzuki

cauRlingdesgiye 46 mg (51%) of the title compound. C24H31N(;39/§%§/%07846

(calculated) [409.53]$ (found) [M+H-+] = 410 W(r) 2006/008133

PCT/EP2005/007846 43 LCRt=2.21, 1d8%(10min method) NMR (400

MHz, C@J@p@t)gﬁggl(sz@rgg%%ﬁ%fgw (3H, s); 2.41-2.49 (8H,

m); 3.53 (2H, m); 3.58 (2H '98 (111, m); 7.04 (1H, d,

J=8); 7. 2N (400 MBAZCD3ODY: 8.892 728 (2h; &y F2828], Syesmple 3y, s);
15 4-Acetyl-I-[4-(2', 3'-difluoro-biphenyl-4-ylcarbamoyl)-butylJ-
[124dizE8ak Feu it FoArte( Pre park Batt diihghiedgéhdrlilprceal@te (1 H, m);

0 8 OB L e o oo, ComiaSRBcIE B bk .o
(calculatgﬁ&,[ﬂﬂ@.@;/%ﬂl]; (found) [M+H+] =430.28 Lc Rt =2.98, 100%
NMR (400 MHz, DMSO): 1.44 (214, m); 1.58 (2H, m); 1.66 (1H, m); 15

1.75 (IH#rdy;c396! (3W(S), D-82 20t o rbYpRekd [2Hy el r Bbidof A ben)i[2-62
(ﬂ,tﬁ)-s.m (4H, m), 7.24-7.42 (3H, m): 7.5 (2H, d, J=9 Hz): 7.7 (2H, d,
Jg ?f%?fé”(ﬁ,‘@ﬁ’?’l/@.’@@‘@ﬂ s) Example 16 5-Piperidin-l-yl pentanoic

gfgiéﬁ:?g%gﬁdh%%%%%t' ‘@gg%%%? Exroe&%fgrde ageqiding, s general room

temperature followed by Suzuki coupling to give 0.04 g (37%) of the title
compound.

CaqHzoN305F, HCO,H Mass (calculated) [429.51/46.01]; (found)
[M+H+] = 430.28

LcRt=2.98, 100%

NMR (400 MHz, DMSO): 1.44 (2H, m); 1.58 (2H, m); 1.66 (1H, m);
1.75 (1H, m); 1.96 (3H, s), 2.32 (2H, m); 2.42 (2H, m); 2.52 (3H, m); 2.62
(1H, m); 3.54 (4H, m), 7.24-7.42 (3H, m); 7.5 (2H, d, J=9 Hz); 7.7 (2H, d, J=9
Hz); 8.16 (1H, s); 10.03 (1H, 5)

Example 16

S-Piperidin-1-yl-pentanoic acid (3'-hydroxy-biphenyl-3-yl)-amide

Prepared according the general procedure in dichloromethane at room
temperature followed by Suzuki coupling to give 0.06 g (58%) of the title
compound. ‘ |

Ca2HasN20y Mass (calculated) [352.47]; (found) [M+H+] = 353.32

Lec Rt =1.90, 99%

NMR (400 MHz, DMSO): 1.34 (2H, m); 1.40-1.47 (6H, m); 1.57 (2H,
m); 2.19-2.33 (8H, m); 6.73 (1H, d, J= 8 Hz); 6.95 (1H, 5); 6.99 (1H, d, J= 7
Hz); 7.23 (2H, m); 7.32 (1H, m); 7.51 (1H, d, J= 9 Hz); 7.87 (1H, s); 9.56
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temperature followed by Suzuki coupling to give 0.06 g (58%) of the title
compound. C22H28N202 Mass (calculated) [352.47]; (found) [M+H+] =
353.32 Lc Rt =1.90, 99% 25 NMR (400 MHz, DMSO): 1.34 (2H, m);

WS heditokaks, m); 1.57 (2H, m); 2.19-2.33 (8H, m); 6.73 (H, s 5B di 784
6.95 (1H, s); 6.99 (1M, d, J=7 Hz); 7.23,(2H, m); 7.32 (1H, m); 7.51 (IH,
d, J= 9 Hz); 7.87 (11-1, s); 9.56 WO 20061008133 PCT/EP200n/007846

A4TFI( B39 9% 0194 63H, 5). Example 17
1-(2'-Chloro-biphenyl-4-yl)-3-(4-morpholin-4-yl-butyl)-urea
1-(4-Brépeyrphieni)-3-(4-morpholin-4-yl-butyl)-urea was weighed 5 (0.8 g,
0.22 mmol), placed in 2 necks flask and dissolved in a degassed_solution

of acetd T (R AR T ) o R T BE 4 (0.5

g, 0.24 mmo L*?geg ®.6b ol) én talytic amount af,.:
Pd[(PPr?;g?A?%v%?g? then ggdfd&ﬁ Iggg%glfgﬁgﬂgéﬁ nﬁ&'[%%r)éeawasmﬁgateogvg%ghed

80 andGiechfooDD hbuxs! TheXsaoletivn lasliltaréddiss el layer dedassed
purified 10 using preparative HPLC. C21H26CIN302 Mass (calculated)

(38t Pp abanaiomitie (4 még andpyaten bl oed) AifiRleapphagylboronic acid

1); H ol 98 (211, m +3.2
094 DR A L1 0,2 A P TR B o
(B[ (P18 31 whirkisihEabladedBxarpglem d8-4h# thabigdshowsschsaleatigng 0°C
of the compounds synthesised, which were prepared according to the
nagthstinrsl e d Grhwias sadibeosolmiti on thia sdblteeationdiseliss deyier dedipirified

the.Experimental Prglgg ures with the synthesis of 20 Examples 1-17.
Wﬁ%}%tﬂleeggﬁ%gﬁ 'dicated as the HCI salt, the salt was

Cq1H36C N3O, Mass (calculated) [387.91]; (found) [M+H+] = 388

Le Rt: 3.20 (96%)

NMR (400 MHz, MeOH): 1.56-1.58 (2H, m), 1.71 (2H, m), 2.94-2.98
(2H, m), 3.06-3.22 (4H, m), 3.22-3.25 (2H, m), 3.8 (4H, m), 7.24-7.29 (5H,
m), 7.37-7.42 (3H, m), 8.31 (1H, s)

Table I - Examples 18-254

Table 1 shows a selection of the compounds synthesised, which were
prepared according to the method indicated in the last column of the table and
discussed in detail in the Experimental Procedures with the synthesis of
Examples 1-17. When the compound is indicated as the HCI salt, the salt Waé
formed by dissolution of the free base in methanol and addition of 1 eq 1M
HCI in ether followed by evaporation of the solvents, When the compound is
indicated as HCOOH (formic acid) salt, the compound was purified by

preparative HPLC.



formed by dissolution of the free base in methanol and addition of 1 eq IM
HCI in ether followed by evaporation of the solvents. When the compound

is indicated as HCOOH (formic acid) salt, the compound was purified by
PRRPRINRBYPLC. 25 WO 2006/008133 PCT/EP2005/00784§ 4‘5&?2815/007846
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Biolegicabsastivity Cloning of alpha? nicotinic acetylcholine regepigpangoorsss
generation of stable recombinant alpha? nAChR expressing cell lines Full
length eDNAs encoding the alpha7 nicotinic acetylcholine receptor 5 were

cloneg{[)%%fb@tak%@{qﬁDNA library using standard molecular biology
techniques. Rat GH4C1 cells were then transfected with the rat receptor,

clone@andranalyzeg oV functional alpttait hiddtiaicaegsiptowedppessiontion of
STaRe Recambindnt Gloha) nACKE eprossing cell lhweq o iar catetum
Full length cDNAs encoding the alpha7 nicotinic acetylcholine receptor
5  were cloned from a rat brain ¢cDNA library using standard molecular biology
techniques. Rat GH4C! cells were then transfected with the rat receptor,
cloned and analyzed for functional alpha7 nicotinic receptor expression
employing a FLIPR assay to measure changes in intracellular calcium
concentrations. Cell clones showing the highest calcium-mediated
10  fluorescence signals upon agonist (nicotine) application were further
subcloned and subsequently stained with Texas red-labelled u-bungarotoxin
(BgTX) to analyse the level and homogeneity of alpha7 nicotinic
acetylcholine receptor expression using confocal microscopy. Three cell lines
were then expanded and one characterised pharmacologically (see Table 2
15  below) prior to its subsequent use for compound screening.

Table 2 - Pharmacological characterisation of alpha7 ndAChR stably
expressed in GH4C1 cells using the functional FLIPR assay

Compound ECsy [microM]
Acetylchaoline 3.05 = 0.08 (n=4)
Choline 24.22 + 8.30 (n=2)
Cytisine 1.21 £0.13 (n=5)
DMPP 0.98 + 0.47 (n=6)
Epibatidine 0.0 12+ 0.002 (n=7)
Nicotine 1.03 £ 0.26 (n=22)

Development of a functional FLIPR assay for primary screening
20 A robust functional FLIPR assay (Z' = 0.68) employing the stable
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concentrations. Cell clones showing the highest calcium-mediated 10
fluorescence signals upon agonist (nicotine) application were further
subcloned and subsequently stained with Texas red-labelled

avoungenotexin (BgTX) to analyse the level and homogeneity et aipfdad007346

‘nicotinic acetylcholine receptor expressiofr, using confocal microscopy.-

Three cell lines _were then expanded and one characterised

peRemMBERISGi @M%bé:qiém@ez % h&SRAOpREr to itstsapstiuelnhst féeotinic

creen rma ologl | chayacterisation of
alcehggp 1rset%l a'gress (flyli&T ce S‘ﬁ%u{g RSO fSRGRts of real
ﬁ@%R@ﬁ%&%}ﬁ%@E@%g@@qu iviAEeBeARONgS03 =408 sensitive
(n=4) Choline 24.22 8.30 (n=2) Cytisine 1.21 0.13 (n=5) DMPP 0.98

Gludrgscohed IdEpiGatidires Fno2)0.003 (msTHuicatieeabR3 sk 2Gfeam@dy for

Devel ment of a functional FLIPR assay, for primary screening 20 A .
R R nat egmrs bsdy @irb ao%ssvé%ﬁoy%@ﬁs lscatbh@pressed in

%ﬁqg@p%ﬁ% PCT1EP20051007846 recombinant GH4C1 cell line was
developed to screen the alpha7 nicotinic acetylcholine receptor. The
FLIPR syétem/allans the measurements of real time Cat+-concentration
changes in living cells using a Ca2+ sensitive fluorescence dye (such as

Fluo4) %&Asﬁ%ﬁeﬁﬁmmﬂﬁ@%@%@ﬂ%w@a@@ﬂﬁm (see above)
%taé;%‘ ISHS he ha? nAChR ch% nnels stabl ﬁr in GH4C 1
cells

buldre°G9aty dEnsPSahy, 6 ngrcle GE QshaTSheetment of

(586xR0ONE) plates with poly-D-lysine was carrxed out. Cells are grown in
150 cm? T-flasks, filled with 30ml of medium at 37°C and 5% CO,.

Data analysis

ECso and ICsq values were calculated using the IDBS XLfit4. ] software
package employing a sigmoidal concentration-response (variable slope)
equation:

Y= Bottom + ((Top-Bottom)/(1+((ECsy/X) ~HillSlope))

Assay validation

The functional FLIPR assay was validated with the alpha7 nAChR
agonists nicotine, cytisine, DMPP, epibatidine, choline and acetyicholine.
Concentration-response curves were obtained in the concentration range from
0.001 to 30 microM. The resulting ECsq values are listed in Table 2 and the
obtained rank order of agonists is in agreement with published data (Quik et
al., 1997).

The assay was further validated with the specific alpha7 nAChR
antagonist MLA (methyllycaconitine), which was used in the concentration
range between ImicroM to 0.01 nM, together with a competing nicotine
concentration of 10 microM, The ICsq value was calculated as 1.31+0.43 nM

in nine independent experiments.
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were used. These cells are poorly adherent and therefore pretreatment of

10 flasks and plates with poly-D-lysine was carried out. Cells are grown in
150 cm2 T-flasks, filled with 30m1 of medium at 37C and 5% C02 Data
amelysis/&@€59 and IC50 values were calculated using the IDBS»dbidodo07846
software package employing a sigrnoidaﬂ"concentration-response

(variable slope) 15 equation: Y= Bottom + ((Top-Bottom)/(1-((EC50/X)
"HillSRpedjopwsay QAlidatitn el uittional P IPRsadeed wixs velidgted

with the alpha7 nAéCé%%} agonists nicotine, cytisine, DMPP, epibatidine, . .
cholinE R aRekyicHidl &S%Wﬁ&%ﬁﬁgﬁm?ésﬁbﬂg SRRy Selectivity

&bﬁ&ﬁg)g&ﬁéga%iﬁﬁﬂﬁ%‘% E&‘ﬁ?rﬁagfe&ﬁa%]a}fh% Eﬁob(%a :%fumic) nACh

result ues are listed in 2 and the obtained rarik order of

1RgOpists iand apeeemestuwithy prdilisbed dates (Qeikmbral F a0 UkkcTiménation of
assay was further validated with the specific alpha7 nAChR 25 antagonist

agtiaimethiipsadonrrtdLoihis hEd L sePTgssrs chhcBifrafieh deimyasarcoma
etwe ickaM tq.0.01 nM, together with a competing nicotine .. s
TSP Mo of TN TS Mo Tt e e gh gsitive
Mg IRy Ring dodepepdentexparimentfe 20RO 38nined by a calcium-
CT/EP2005/007846 84 Development offunctional FLIPR assays.for

seeitivingtesting s FusictipriakF niRR eaS$yEYoefe davelopad In ovdéertoto test
test the selectivity of compounds against the alphal (musgular) and

salA TataoicisAC e daptEOhid RO LRt IR Y 83igpastructed
éeﬁ CRION °h%ﬂﬁ:;}%i%%&%&“V&%@gh?dph%ge%%ﬁewﬁf@éive&ns and a

ressed in myosarcoma ved TE 671 cell line an assay
ematavingonroge fPRNtishsansiledyes was used, whereas alpha3

selectivity was determined by a calcium-

Screening of compounds

The compounds were tested using the functional FLIPR primary
screening assay employing the stable recombinant GH4C1 cell line expressing
the alpha7 nAChR. Hits identified were validated further by generation of
concentration-response curves. The potency of compounds from Examples
1-254 as measured in the functional FLIPR screening assay was found to
range between 10 nM and 30 microM, with the majority showing a potency
ranging between 10 nM and 10 microM.

The best exemplified compounds were also demonstrated to be selective
against the alphal nACh, alpha3 nACh and SHT3 receptors.

Cell based assay of neuroprotection

Neuroprotective activity of selected compounds was analyzed in an
established cell-based assay of excitotoxicity induced by NMDA in mixed
primary rat cortical neurons as described previously (Stevens et al, 2003). In
brief, tést compounds were added 24 h before NMDA application. Incubation
with NMDA lasted 10 min or 24 h and cell mortality was assessed 24 h after

application of the excitotoxic stimulus (see Figure I). Selected compounds (at
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15

monitoring assays using the native SH-SYSY cell line. In order to test
selectivity against the 5-HT3 receptor, a recombinant cell line was

constructed 10 expressing the human 5-HT3A receptor in HEK 293 cells

and ocabgisan-monitoring FLIPR assay employed. Screeningef/ep2005/007846
compounds The compounds were tested u$ing the functional FLIPR

primary screening assay employing the stable recombinant GH4CI cell
liters@Irassings 1Enpimglfver? AACHRL. Hitscickevi)fised werd wadidalid on average
furth eneration of concentration-response curves. The potency of
st

ot EREIR SR CIBEAS AnfBaE U noh S QA ckewenrpiPRion was
seiegningassay was found to range between 10 mM and 30 microM, with

. the majority showing a potency ranging between 10 nM and 10 mieroM.

20 The lfestexexplfipe cempauigdsvere also demonstrated to be
selective_against the alphal nACh, alpha3 nACh and 5HT3 receptors. Cell

based NSRBI AtaGbR rRidvith NeeoblrOwdsV asctivity ot Géteatelh vivo animal
C s.was analyzed in an established cell-based assay.of, ., . .
AR Do B AR ot ieeieg in the

agtgsasiied AreviTualy (BYeRRAE R HER0RnIN iekaiert COMPORAS with the
were added 24 h before NMDA application. Incubation with NMDA aéted

100ipangshaeatioscell hontplity wasltssas66t24 duafion appicdtigenetation of

the excitotoxic stimulus (see Figure 1), Selected compounds (at WO
26?6%%%&*53 PEHIRP 2060 el ShclRiskBIAHATIRY b oumber of

1emiarghda servaed: BRrtalin, Q0aYeIA0e By A0 and nsome
experiments a maximum of 6% neuroprotection was 0 served fndivo
neuroprGegtitiv adsdy; bidMguroprotective activity of compounds was

analyzed in an in vivo animal model of cholinergic degeneration induced

by quis&%@&lgg@ quﬂné studied for selected compounds from example

using the passive avoidance (PA) and object recognition (ORT) tests in order
to test the capability to reverse scopolamine-induced amnesia in rats. The
compounds showed mild to good cognitive improvement of short
term-working and episodic memory by inducing significant reversion of
scopolamine-induced amnesia in one or both tests (a representative result is

shown in Figure 3).
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nucleus basalis of rats, Subchronic treatment i.p. daily, for / days, with the
compound at a. dose of 3 mg/kg resulted in 60% reduction in the

degeneration of cholinergic neurons as demonstrated by determination of
tiveonsneloes19f 10 ChAT-positive neurons %a representative reggtli®n00s/007846
shown in Figure 2). Cognitive behaviour é gnitive behaviour was studied

for selected compounds from example using the passive avoidance (PA)

B dddeNednpnition (ORT) tests in order to test the capability to

reverse scopolamine-induced amnesia in rats. The 15 compounds

showed mild to good cognitive improvement of short term-working and
episodic JNEEIBRERYNNAUCIRG SigNIficRNT Bﬁﬁ?@?@ﬁ)ffloliey, R.C., Pauly, I.R.,
scopolamine-induced amnesia in one or both tests (a repréSentative result
Isitdhtwvn id. Mouré28)) W ON2ZOOEAR0 813 8t & Ci HR2B0HBATEHG]-D-aspartate
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inflammation. Nature 2003, 421:384-388. t OYQJ WW/ISE 89 CLAIMS 1.

A compound of general formula (1): $R'Q"Y X (I) wherein: Y is a group

-CONH(Q)- or -NHCONH(Q)-; Q is a 5 to 10-membered aromatic or
Clhgtwvimromatic ring; 10 R is hydrogen; halogen; linear, branched or cyclic

(C1-Ce6) alkyl, haloalkyl, alkoxy or acyl; hydroxy; cyano; nitro; mono- , or

di- (Cl C6) alkylamino, acylamino or alkylaminocarbonyl; carbamoyl;

(C6- [ C{ISCG) a k Isul lamino; (C6-CI3) aryl- or (C1-C6)
L alkyls u‘i rﬁ%?fi(o 5816 rr%i/ gp?‘e romatic or heteroaromatic ring
optlonally substituted with: 15 halogen; linear, branched or cyclic (CI-C3)

alkyl, haloalkyl, alkoxy or agyl; Wd’rbey/c?aﬂ’c?( nitro; amino; mono- or di-
(CI-C6) alkylamino, acylamino or alkylaminocarbonyl groups; carbamoyl;
(C6-CI0) aryl- or (CI-C6) alkylsulphdhylamino; (C6-C10) aryl- or (CI-C6)
alkylsulphamoyl; X is a group 20 R"P N-"Om wherein Z is CH2, N or 0;
WHEInn integer from 1 to 4:

Y is a group -CONH(Q)- or ~-NHCONH(Q)-;
Q is a 5 to 10-membered aromatic or heteroaromatic ring;
R is hydrogen; halogen; linear, branched or cyclic (C;-Cg) alkyl, halbalkyl,
alkoxy or acyl; hydroxy; cyano; mitro; mono- . or di- (C;-Ce) alkylamino,
acylamino or alkylaminocarbonyl; carbamoyl; (Cy-Cyo) aryl- or (C1-Cg)
alkylsulphonylamino; (Ce-Cio) aryl- or (Ci-Cq) alkylsulphamoyl; a 5 to
10-membered aromatic or heteroaromatic ring optionaﬁy substituted with:
halogen; linear, branched or cyclic (C;-C;) alkyl, haloalkyl, alkoxy or acyl;
hydroxy; cyano; nitro; amino; mono- or di- (C;-Cy) alkylamino, acylamino or
alkylaminocarbonyl groups; carbamoyl; (Cg-Cio) aryl- or (Ci-Cyo)
alkylsulphonylamino; (C¢-C,q) aryl- or (CI—CG) alkylsulphamoyi;
X is a group

R'p

N-—-(m

wherein

Z is CH,, N or O;

m 1s an integer from 1 to 4;

pis0, 1 or2;

R", independently from one another for p = 2, is selected from the group
consisting of hydrogen; mono- or di-[linear, branched or cyclic (C,-Cg)

alkyllaminocarbonyl; linear, branched or cyclic (C,-Cs) alkyl, alkoxy, acyl;
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25 pis 0, 1 or 2; R", independently from one another for p = 2, is selected

from the group consisting of hydrogen; mono- or di-[linear, branched or o

cyclic (C1-C6) alkyllaminocarbonyl; linear, branched or cyclic (CI-C6) LLOYD WISE

alkyl, alkoxy, acyl; t.L.OYD WISE 90 salts, isomers, diastereomers or

racemic mixtures thereof, with the9éxception of the following compounds:

IS N-[4-(Dimethylainino)phenyl]- i -piperidinepentanamide
saltd\ikbrhcelytRharybompiparidinepaitanamides thereof,

N-(4-Methoxyphenyl)-1-piperidinepentanamide

N-withithsptesnpiionpeigidepentinmagpounds:

-Phenyl-1-piperidinepe amide ,N-(4-Methylphenyl)- 1-pip
N"[ie\"lr(iﬁﬁ%y ]Egpﬁ‘g}ﬁ?gg%#zﬁ" %%%ﬁ%%%?—%%?&r% iRepentanamide. 10 2.
N-(H L8 _e\AGCRIIperiaiai@immtvaskeir: Y is -CONH(Q)-; Qisa5to

10-membered aromatic or heteroaromatic ring; R is selected from the
N-(4gidisphoanysistingl of Iphepastidinpheinyioaynidld; pyrimidinyl; quinolinyl;

isoquinaglinyl; indolyl; thienyl; benzothienyl; furanyl; 15 benzofuranyl;
N-(4rhto8RA: aﬂéﬁmﬁéliiﬂﬁ?ﬁ?%’&}f?bﬁionally substituted as indicated in

N~Pﬁ@lm~%;—éﬁ%ﬁ&%ﬁ%ﬁ'&amiﬁeum where 20 ZisCH2,NorO
N-.(4—Methylphenyl)- l-pipe;ridinepentanamide

N~(4~Chloropheny1)- 1-piperidinepentanamide.

2. A compound according to claim 1 wherein:

Y is -CONH(Q)-;

Q is a 5 to 10-membered aromatic or heteroaromatic ring;

R is selected from the group comsisting of phenyl, naphthyl; pyridyl;
pyrimidinyi;'quinolinyl; isoquinolinyl; indolyl; thienyl; benzothienyl; furanyl;
benzofuranyl; imidazolyi; benzoimidazolyl; pyrrolyl; optionally substituted as

indicated in claim 1;

X 1s a group
. Rp
ua
/N\ 2
Om
where

- Z1sCHy, NorO

m is an integer from 1 to 4

pis0,1or2

R", independently from omne -another when p = 2, is selected from the group
cbnsisting of hydrogen, mono- or di-[linear, branched or cyclic (C;-Cg)
alkyl]aminocarbonyl; linear, branched or cyclic (C;-Cq) alkyl, alkoxy, acyl;

3. A compound according to claim 1

wherein
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m is an integer from 1 to 4 pis0,1lor2 R", independently from one another
when p = 2, is selected from the group consisting of hydrogen; mono- or
di-[linear, branched or cyclic (CI-C 6) 25 alkyllaminocarbonyl; linear,
branched or cyclic (CI-C6) alkyl, alkoxy, acyl; 3. A compound according to
claim I wherein LLOYD WISE 91 al ¥is -NHCONH(Q)-; Qis a5 to
10-membered aromatic or heteroaromatic ring; R is selected from the
YieuNERDSISIgPEhalogen; linear, branched or cyclic (Ci- C6) alkyl,
alkoxy or alkylarnino; haloalkyl; phenyl; naphthyl; pyridyl; 5 pyrimidinyl;
%&%ﬁa;h@a&sm&rﬁaw THABIpLI S RERRBRRRIMERYITEranyl;
iorrzalRavdm IR b prarRARZoM X IAl iRt SHEPEHIS e (C. -
as indicated in claim 1; X'is a. group’'R"p 10Z --N()m Zis CH2, N or0'in
Gs)arvitdgerafloryl tor abkplsjnar 2hrlatidelperphemty; frompmntkyl;  pyridyl;

another when p = 2. is,selected from the group f_consisting of hydrogen:; _
R R B e P AL (R PR Turanyl
Hinearubianthes eyt (6dnkdimliadoBIKOPYREW1 A optRiIIINAGaBYGRIted as
.composition containing a compound according to
indicated in claim 1;
X is a group

Rllp

/N\ vz

(O

Zis CH,, Nor O

m is an integer from 1 to 4

pis0,1or2

R", independently from one another when p = 2, is selected from the group
consisting of hydrogen; mono- or di-[linear, branched or cyclic (C;-C)
alkyllaminocarbonyl; linear, branched or cyclic (C;-Cy) alkyl, alkoxy, acyl.

4. A pharmaceutical composition containing a compound according to
claims 1-3, in combination with a pharmaceutically acceptable carrier or
excipient.

5. The use of a compound according to claims 1-3, for the preparation of a
medicament for the treatment of neurological, psychiatric, cognitive,
immunological and inflammatory disorders.

0. The use according to claim 5, for the treatment of Alzheimer's disease.

7. Use of a compound according to claims 1-3 in the manufacture of a
medicament for the prevention or treatment of diseases, conditions or

dysfunctions involving the alpha 7 nAChR.

LLOYD WISE




20 claims 1-3, in combination with a pharmaceutically acceptable carrier

or excipient. 5. The use of a compound according to claims 1-3, for the LLOYD WISk
preparation of a medicament for the treatment of neurological,

psychiatric, cognitive, immunological and inflammatory disorders. 25 6.

The use according to claim 5, for the tregatment of Alzheimer's disease. 7.

Use of a compound according to claims I-3 in the manufacture of a

edic nt fqr t tion or treatment of diseases, canditions or .. .
ysfunaﬁensé%{:/o%?r?é%%%lp a 9}%1%22 IYKI&%D\N%E %ﬁ%a.theClﬁ)é‘émwn or
dgstudigptoiokaiivihgithergiphthd dis€dse icanditiondep cestinatidisease.
involving the alpha 7 nAChR is a neurodegenerative disease. 9. The use

ccordingtd SO fRerdth G HetrotRGSHar iRkt igedsasaerative disease is
AlEhRinRrs disease o sahizanhenia.



